11111121111121111 1 *159159* SMALL MOLECULE I NHI BI TORS OF MDWM2 AND THE
USES THERECF BACKGROUND OF THE I NVENTION Field of the Invention [0001] This
invention is in the field of nedicinal chem stry. Im particular, the

invention relates to small nol ecul es which function as a | t he
interaction between p53 and MDM2 and their use as a new Bﬂ‘%mﬂw‘ﬂ‘m‘“w
therapeutics for the treatnent of cancer and other disea . Rel ated Art

[ 0002] The aggressive cancer cell phenotype is the rersul—t—effé”%}gri’etV—of
genetic and epigenetic alterations |eading to deregulation of intracellular
si gnal i ng pat hways (Ponder, Nature 411:336 (2001)). The commonality for all
cancer cells, howevsviALL MOIBEULE DINBITGRS @F MOR2UAND FHE &ISBPt ot i ¢ progr am
and | ack of appropriate apoptosis dUBEREORIef ects in the normal apoptosis
machinery is a hallmark of cancer (Lowe et al., Careinogenesis 21:485
(2000)). The inability of cancer cells to execute an apoptotic program due
to defects in the normal apoptotic nmachinery is thus often associated with

an increase in resistanc ?E%&tﬁﬁe ﬁtl" , or

i mmunot her apy-i nduced ap%g ; n‘éﬁ%ﬁ\g\% |k(§]§ resi stance of human
cancer of different origins to current treatnment protocols due to apoptosis
defects is a major _problemin current cancer therapy (Lowe et al.,

Car ci nogenesi s ZiclaaEhedsgE0™ N chol son, Nature 407: 810 (2000)).

Accordi ngly, rrent..and future ef t owar ds .designi ng,.and devel opi ng
new nol ecul é?ogﬁar get T@%’é‘%ﬁn 1Pt BT tfl:eg‘{n%f:"?eh C'Iw\ﬁ%rca%'i“gu?' & gpain%?glfl B\tr}’g survival and
qual ity of |ife infentieangietes rashainmsleqyies twhich dimetlen a¢ prigzegjite of thhat

speci fically tariggfctoBNGalect §h3 A8 NIOMBNGE thér BROM @Sled- chdd drhi s regard,
targeting crucial ne%atlve regul ators that play a central role in directly

i nhi biting apoptBEEIcRTox thy Feaimeubefcancerapd ez Ais<ases. i ghly proni si ng
therapeutic strategy for new anti cancer drug design. 110011
Related Axt

[0002] The aggressive cancer cell phenotype is the result of a variety of
genetic and epigenetic alterations leading to deregulation of intracellular
signaling pathways (Ponder, Nature 411:336 (2001)). The commonality for
all cancer cells, however, is their failure to execute an apoptotic program, and
lack of appropriate apoptosis due to defects in the normal apoptosis machinery
is a hallmark of cancer (Lowe et al., Carcinogenesis 21:485 (2000)). The
inability of cancer cells to execute an apoptotic program due to defects in the
normal apoptotic machinery is thus often associated with an increase in
resistance to chemotherapy, radiation, or immunotherapy-induced apoptosis.
Primary or acquired resistance of human cancer of different origins to current
t{reatment protocols due to apoptosis defects is a major problem in current
cancer therapy (Lowe et al., Carcinogenesis 21:485 (2000); Nicholson, Nature
407:810 (2000)). Accordingly, current and future efforts towards designing
and developing new molecular target-specific anticancer ther;clpies to improve
survival and quality of life of cancer patients must include strategies that
specifically target cancer cell resistance to apoptosis. In this regard, targeting
crucial negative regulators that play a central role in directly inhibiting
apoptosis in cancer cells represents a highly promising therapeutic strategy for

new anticancer drug design.
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111112121212 11 11 *@0002* 2 [0003] The p53 tunor suppressor plays a
central role in controlling cell cycle progression and apoptosis
(Vogel stein et aL, Nature 408:307 (2000)). It is an attractive therapeutic
target for anticancer drug design because its tunor suppressor activity can
be stinulated to eradicate tunor cells (Vogelstein et al., Nature 408: 307
(2000); Chene, Nat. Rev. Cancer 3:102 (2003)). A new approach to
stinmulating the activity of p53 is through inhibition of its interaction
mﬁth t he protein'NDNE usi ng non-peptide smal | nol ecul e inhibitors (Cherie,
Rev. ncer 3; 2003); Vassilev et ., ocience 303: 844 (2004)).
NDNQ and d§§3hre p ?pgflﬁﬁs °5OF @ﬁﬁﬁﬁﬁ?yg#é%ﬁmﬁﬂ et ﬁ%vw et al.
Genes Dev. 7: 1f@Gestiv®idl)apoptdslDlfPogelsteinreanls dutptdoaned @Joopctiivat ed by p53 and

A Genes | pove e by f’?@@?ﬁf g by e B3R obALERCTRAOTL DOC Lo he
p53, t ransact i veppTessorchetialy ifam Stmbteébq/efﬁﬁwebmmsr B8V Oﬂémﬂaﬁfed

transactivati 0&1 A§@Fe0m330’?@b’6’0) RflﬁﬁeeWQt RANERICDS3: Bo2NBsBar gyport signal
sequence, and on bi ndj n u%& s.the nuclear export of p33,

prevent i ng p53a ‘f"B‘ﬂ‘\ 15 vie t??@"‘fya?'ggfeéf’ Breash mhhitiog ofMBVR protein is an
E3 ubi qui tin |ingastinawdh U prdin AIDY2 t @ing Sibnipeptib| enallomplsatet e pS3

degr adat i on. fu i,oni a doge S ceI | ul ar

i nhi bitor of H@@g%‘i §a4’e‘% A W Qb 32 Q%f)' ﬁ“s@“v 2, 5% H&di at ed

apoptosi s, cel $03(§94:K2@0”é} rMWQaﬂd pBNArermep oF pn aﬁrh@g@#twéeedévm | - mol ecul e

i nhi bi torts t?ﬁlboﬂotx?ﬁi el t@z NEDME: pad 7h|1mt<19§d))e Mﬁm@fﬁ%@fbﬁ tﬂﬁ%ﬂ@egg ND(I;/TZ and p53
can pronote the . activi nctjonal p53 an

stimul ate p53-FHHA® é’d’sgé?‘{ MFDE’P E‘f’f‘ ‘%%P:Sﬁ aéi‘é""é’g’P'lat EE tEeear 1 est

apopt osi s, or DiMBanispaitu & Geres Nb.. 7:Re6 . (IS@ah@mt BIOMP2 prio2@03) ; Vassi | ev et

al, Science 3Oﬁre§g4blgd% 04 ool A0, AL QUSG5 gty PPt | de- based

i nhi bitors have succes y deS|gne ci a- Echeverri a
et al., Med. Chelpedspngothatiqn Sgond M@Mé@@tenmmnﬁinﬁ ermyclearexpogt  drug- | i ke

nol ecul es becadi@ﬁl s@flueﬁdéeénﬂ u@@ﬂfmcﬂ&@t& ﬂefnaﬁ,@sbmg hitcYeaP&Xgork &ﬁSBVO
bi oavai l abi lit Despi %ﬁ I nt$n5| V&«égarf orts by the pharmaceutical industry,

hi gh t hr oughp RSEPEEAT Ag™ dinime ﬁ?ﬁegl%ﬁd“\}‘ér M2 A8 Ssuccess i n
i dentifying poteli pbingtie figst |adnéumrfalhﬂ1dmgoioe;fsalle abiahb Ipkdnoresps3 3 Accor di ngly,

there is a need:j, Qo AR RE %‘g%ﬁlﬂ%%%eédtgﬁﬁmgﬁgg%ds cgﬂ?llla?%glbﬁol nhi bitors of

t he p53- VMDV2 |n eractlon I non- pepti de Smal | - ol ecul e
inhibitors t hat pLS%l?cgél{cy 2 effectively inhibits p53-mediated apoptosis, cell cycle

arrest and DNA repair. Therefore, small-molecule inhibitors that bind to
MDM2 and block the interaction between MDM2 and p53 can promote the
activity of p53 in cells with a functional p53 and stimulate p53-mediated

cellular effects such as cell cycle arrest, apoptosis, or DNA repair (Chene, Nat.
Rev. Cancer 3:102 (2003); Vassilev et al., Science 303:844 (2004))

[0004] Although high-affinity peptide-based inhibitors have been successfully
designed in the past (Garcia-Echeverria et al., Med. Chem 43:3205 (2000)),
these inhibitors are not drug-like molecules because of their poor cell
permeability and in vivo bioavailability. Despite intensive efforts by the
pharmaceutical industry, high thronghput screening strategies have had very

limited success in identifying potent, non-peptide small molecule inhibitors.



p53-MDMR2 interaction is currently being pursued as an attractive strategy
for anti-cancer drug design (Chene, Nat. Rev. Cancer 3:102 (2003); Vassilev
et al., Science 303:844 (2004)). The structural basis of this interaction
has been established by x-ray crystall ography (Kussie et al., Science

274: 948 (1996)). The crystal structure shows that the interaction between
p53 and MDMR is primarily medi ated by3three hydrophobic residues (Phel 9,
Trp23 and Leu26) from p53 and a small, deep hydrophobic cleft in MDM2. This
hydr ophobic cleft is an ideal site for designing small-nolecule inhibitors
that can disrupt the p53-MDM2 interaction (Chene, Nat. Rev. Cancer 3:102
(2003)). SUMVARYcc@RINGIHEtheMENT @l f0006j)eptidej drugdiver sallymeiestspt ed t hat t he

inability of capggiors?tilepsRimhightagigRPorting cells to undergo apoptosis in
response t?uaogeneti c_lesions or exposure to inducers of apoptosis (such as

anti cancer [%0&nt s afle fesign Sf nemperiids smafhwpolspuls dphjbiiprsthet dagget dikset  and
progressi on of pSaMEVI2 infdfRtidn 6l tiGlehtBbef pRPRP bOSI afirabiveGaAGSForcel | s or their
supporting cells,.(e.g., neavascul ar, cells in t ., vascul ature) is

t hought to be aanﬂ'(ﬁ?“&%rdsm HEC aﬁ’fes%atb?eva f"fc(‘)'ng'pgr(tzwmaéﬁ%f“ﬂ/e’all of the

ef fective cancet. fdrerafidiits COUD Jde sruciurtibagis phHihistitternctipn bas beaw t he mar ket or
in practice tO%Mblis@a%yrﬁﬁﬁ&[?lstIlQEraﬁ]@?Khﬁi@@ &1l ¥t 29468190k undergo
apoptosis is a decreasé in the tunof suppressor activity of” p53, which in
many i nst ances 1% cge! i"b‘ctt‘%éh‘?‘ﬁ‘fﬁf‘*’éiﬂtedf‘?fa%f@flib6?Y§e”oﬁ53l‘@Bﬂ/Eﬁ?iY§2 53 in tunor

clel I's cont ai ni n@inktiRcidiralby ﬂ&e%-hyaib;ﬂloi)iﬂ:Pésiﬂhési(]?lﬁlg?frrﬂl5?ncﬁ§€uh66: ty results in
alterations in gpopt,0sis way.s . a as C requl ati on.

[ 00071The preseﬁrslbtlir)n ]Qstr?vaél% isx%%ﬁ,gge thé’%%é)p{gg{e?ﬁ%@wpo{éﬁsrl@%rgf’hogﬁi mal s suffering
from cancer t o ddficis apidaalisiiafor desighing smplirmolagwtsuinbibitors thatreamy fisypt( e. g., smal |

nol ecul es) t hatid fHNERAL inkenRtidntOfdnk, HL RDv. €51cBIB03BoPP3-Tel ated proteins
(e.g., p63, p73) by inhibiting the interaction between p53 or p53-related
proteins and 4 MDMR2 or MDMR-rel ated proteins (e.g., MOMX) will inhibit the
grow h of cancer cells or sYUPIMARYQF BE INVENHONght and/ or render such
cells as a population nore susceptible to the cell death-inducing activity
of cancer t0véélapeut itds genegdy Geceptadlitiat itteninitiiey apicaser éeils panteircul ar, the

i nhibitors of t i j p ..t lf-]ife of. p53 by interfering
with the p53- Nﬁ?ﬁoﬁ%{g@g&c?’? S‘Ir;l@{gﬁa{pg\l}gstﬁ}l { %gl)ronrr%l {Oyéeﬁétbcn%%%rgd(ggr adati on of
p53. The pr eserfpdsire éninduotrs efeneniasis(weheas antieertcer agénitdnnd pdistig iskehe i nt er act i on
bet ween p53 or RHI-fabed At BE oREPLA] PR NINEnRND HEONRwE&RIased protei ns
satisfy an unnet need for t of nmultiple cancer types, either

h]]? t [ eat nent I

when admi ni st er8FP %S HERST AP AT YPROREE EL Eel e gP WA ™S ti on,

apopt osi s and/ onmaetascuziped) 6s drongs tto ibe) acanessl wehdnism of asheforadm ni stered in
a tenporal rel a‘ﬁlltug@s{q&tﬂgetf@ctgggdngér%ﬁgeuﬁg%qés(&)r disE BeRSespher cell

deat h-i nduci ng or ce cycle disrupting cancer t.':he_r_apeu c drugs or

radi ation t her di Barketcs b Pregiice deay.-h &g seagoen) for the irsbilipof epdleic a great er

pL oportion of tud@er rdpEREsisGed ctre@ ISHPRABL fuMResc hbtdity MSB SRRl € t]9 exlefut! ng
t he apoptosis programconpared to.the corres oportion of cells in
an ani mal t reat"éﬁ’gr(‘?'n'f’?m\ﬁfstlﬁd‘feﬂ%a‘fmétPrytaﬁtE’P%lgfg[ﬂgw%B%]gg‘(ﬂm?‘adi ation

t her apy al one. lB0@8{ainmgclendtionah p&iThdtk mbiditen of pbhectivity esstilksoin, conbi nati on
treatment of anigmls, wamm@isLma@pss%hqgéellxyc?efr@&?a&iwe amount of* a conpound
of the present invention and a course of an anticancer agent or radiation
produces al¥PBat er Thsrmgsent Bypning eoniepglates fhpf sxpasup afrefmals sufferipgch ani mal s
clorrpar ed tot haﬁm bﬁﬁatﬁgthwhﬂehﬁoﬁmﬁ eﬂ@ﬂ%ohkﬂdxal@rofaéli‘rltlli;(@a(}.f‘g.ejrsnﬁllugS/ radi ation

al one. Put another ecause .t he n Wi ower e apoptotic
threshol d of alf’ ecf‘:‘(A,I\IE,"\@S(H,“‘t Fﬁrgasf)ﬁ’(gBW?qngsﬁgpo‘f%@%qsq’sé'r‘flﬁﬁ‘l PrQiEns E‘Zssguccessf ul ly
execut e t he apopl.p2})dy phibging the interscé spiBiveen 150 ot pid-relpedprasinsandnduci ng
activity of anticancer drugs/radiation is increased. Alternatively, the
conpounds of the present invention will be used to allow adm ni stration of
a lower, and therefore less toxic and nore tol erable, dose of an anticancer
agent and/or radiation to produce the same tunor response/clinical benefit
as the conventional dose of the anticancer agent/radi ation alone. Since the
doses for all approved anticancer drugs and radiation treatnents are known,
the present invention contenplates the various 5 conbinations of themwth
t he present compounds. Al so, since the conpounds of the present invention
may act at |least in part by stinulating the pro-apoptotic and/or cell
cycle-inhibiting activities of p53 and p53-rel ated proteins, the exposure
of cancer cells and supporting cells to therapeutically effective anpbunts
of the conmpounds should be tenporally linked to coincide with the attenpts
of cells to execute the apoptosis programin response to the anticancer
agent or radiation therapy. Thus, in sone enbodi nents, adm nistering the

S " Y S " o o - . e o



[ 0010] The present invention relates to conmpounds that are useful for
inhibiting the interaction between p53 or p53-related proteins and MDM2 or
MDM2-rel ated proteins and increasing the sensitivity of cells to inducers
of apoptosis and/or cell cycle arrest. In one particul ar enbodi nent, the
conpounds have Formula I: 6 DR4A 1.3 RR R5 RR6 9-1I. R8 or a
pharmaceutically acceptable salt or grodrug thereof, wherein: Xis CH 0O,
N, or S, wherein R8 is absent if Xis Oor S; Yis 0 S, or NR; R, Rz,
R3, R4, R5, R6 and R7 are independently H or optionally substituted al kyl,

cycl oal kyl , | k ter yI| CO2R
R . CONRR" WW%P;}%@&& hss%fm&%" (’@_ﬁ&bﬁ MO KR R: or R7
forns an aryl, capgec|bd loc yipporting ledtsesutrpht landforgrendep swelt hell@nae of Rs or R6; R8
st PR LB AR Sl 0
(C=NR ) NR'R " : threapeptic diigs qrgadiasion thyrepiahs i petiepian dheriphilitossedfethe ed fromH, F,

a, Br, I, ,mb&a@on lﬂlekﬁfJ)len G2t Poh3 bkl Wik MelpgaMeamy |, al I cynyl,
aryl, het er ocycl i C, ( R, .OCOR I§'tR' le§'3 NR't 02R"
SC2NR R', or (E_T\?ﬁé“j“N#?‘R“"“ o qlfgsrpromaty, fegradation”of p e presen

invention contemplates that inhibitors of the interaction between p53 or p53-
related proteins and MDM2 and MDM2-related proteins satisfy an unmet need
for the treatment of multiple cancer types, either when administered as
monotherapy to induce cell growth inhibition, apoptosis and/or cell cycle
arrest in cancer cells, or when administered in a temporal relationship with
additional agent(s), such as other cell death-inducing or cell cycle distupting
cancer therapeutic drugs or radiation therapies (combination therapies), so as
to render a greater proportion of the cancer cells or supportive cells susceptible
to executing the apoptosis program compared to the corresponding proportion
of cells in an animal treated only with the cancer therapeutic drug or radiation
therapy alone.

[6008] In certain embodiments of the invention, combination treatment of
animals with a therapeutically effective amount of a compound of the present
invention and a course of an anticancer agent or radiation produces a greater
tumor response and clinical benefit in such animals compared to those treated
with the compdund or anticancer drugs/radiation alone. Put another way,
because the compounds will lower the apoptotic threshold of all cells, the
proportion of cells that will successfully execute the apoptosis program in
response to the apoptosis inducing activity of anticancer drugs/radiation is
increased. Alternatively, the compounds of the present invention will be used
to allow administration of a lower, and therefore less toxic and more tolerable,
dose of an anticancer agent and/or radiation to produce the same tumor
response/clinical benefit as the conventional dose of the anticancer
agent/radiation alone. Since the doses for all approved anticancer drugs and

radiation treatments are known, the present invention contemplates the various



each RI, 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 R" and R", forma ring; or when one of R3 and R4 is CONRR ,
then one of Rand R rmay further be (CH2).-NR R', (CH2)"-NR COR',
(CH2)fi-NR SO2R", (CH2)-- NRI(C=NR')NR'", (CH2)"-COOH, (CH2),-COOR ,
(CH2)n-CONR R*, (CH2)nOR , (CH2)n-SR5, (CH2),-COR, (CH2),-SO3H,
(CH2)n-SONR R', (CH2) nSO2NR R', (CH2CH20),,-(CH2),,-OH,

(CH2CH20),, - (CH2) m OR', (CHZCHZO)n (CH2),..-COOR ,

(CH2CH20) 1, - (CH2) I n-OONR. T. ", (CH2CH20) n- 7
(CH2), - NRR", (d“i?‘éﬂz@‘)fﬁ ety t’mﬂ&xeﬂt CRERgH) n-deree RRTC=NR' ) NR"
(CH2CH20), , - DudﬁRoﬁﬁQ]Resmt(nﬁbﬁ)oﬁv(aﬁhﬂ eHeA) in p&AR) stinflaking the

(CH2) p- (CH2CH CH2CHR0) CH

(CH2) ( O- (Cllzdi’t)ﬁd 4?93 n‘}"" iﬁl’h\?é&quj(“a‘{% %ﬁfﬁ“"‘tt&b‘-’&&ﬁ?’ﬂa R %(nNRI R,

( CH2) p- ( CH2 CH2prpiging, Chi2gxpuhd@DRRincer(c€R2nd JurpGHRL AR 6 thergrS®pMNRI ( C=NR"') NR' 1,

( CH2) p- (ng—lzg}ecuVe(a%Mg mfdtil\gr(%g%g{mds ﬂggl)dlge temj oc'l% l’mkgcf to"cottaiR and n, m and
p are each i ndependentl }/ 11The i nvention rel ates to conmpounds

repr esent ed byWFﬂbP‘ﬁﬂ‘I“S&‘PSOfﬁﬁS%exé‘i”@ ths#peRiPYioeE st ItERonshicdkact i on bet ween
p53 or p53-rel ameﬂc@r @ge@u las r&fiﬁxoﬁﬂ&@a@r I\ﬂw fnehcﬁﬁeedmbfb'dﬁlﬁﬁtsnS. The

i nvention rel at £s ne! rlﬁ,- Fh r’g)n%l Qvenél on to induce
cell cycle ar r%snfm%rf&g ‘5’&3’8‘1‘%@?8 R PEEY g‘v%n(glﬂ?glﬁ"ﬂeﬁ Yuketi onal p53 or
p53-rel at ed pr efrtein nsmpdFd erelatinnglrips, @rovales espe@dlint eficatioust therapestic of t he
conmpounds of thesi.fnvention for sensitizing cells to additional agent(s),
such as inducers of apoptaosis and/or cell cycle arrest, and chenoprotection
of normal BWO] s t nimaGer swhedimerts of the invsptioneinhiviiass, pleths dfisgagtiony j or t o

tr:eat ment wit h?}&\g&ﬁ@?jﬁ&r;ﬁpt&!lﬁtédcpr@@ﬁsmnﬂ MIbN2 mwamednm&emi Ee | n\éentl on

rel ates to nethods of ren nor nt chenot her apeuti c
agents or t r eal ReREECt nomaijf&gs’lngn‘g%’oﬁfon%tmtmg Cflhe cei?‘f;§l Cte%foés conmpound of the
i nvention. |n ofrertamjoaotirenmentic dgent§ and gaviation ppssibhtthroughcherabilitods  of
protecting nor g@ke ﬁﬁtxk&seomda& c@ﬂhmlareégttﬂlrﬁniem%prnﬂibh&@sﬁu ve disease from
the toxic side effects of chenotherapeutic agents_or treatnpents, conprising
adni ni stering FETEN BPsTErRL syole SHED IrfGlotompridns WS BSA YIly a parti cul ar
enbodi nent , thmvinguﬁrafﬂearbmcsnodi dSeﬂeb@ﬁbrismg tuGitetl rog @bivfed b33, amid | or ati on, or
prevention of Qh?rg Frrgtb tlvee ec aya.cf‘low’f()r(:)r C%gnvgtrgnsen?ayc%gcg by the

adm ni stration o enpt her apsut e ag ent's noncancerous cells by
admi ni st eri ng bxoalleringtiernss Oﬂm@msmgloemrrﬁﬁﬁh@rsavéyheam@emnmd of the
present inventjdps #X@élﬁdeﬁé @xﬁho%%re%r&o{hg%ﬁc apd grAdidri Qs caused by
chenot herapy include, without [imtation, nmucositis, stomatitis,

xer ost oni a, gag‘faf”%ﬁ“ht estinal disorders, and al opecia. 8 [0012] The
conpounds [0610f he | MUentdsam iAveatidns fatts fBOcrontphﬁndi rieatape néeful atorel i orati on, or
prevention of %&%ﬁ?ﬁ% er§c%i8JP Aech 185G 5§§%%s | Yi8nd 9 'n{i’ﬂbif“ on of apoptotic
cell death, e. sor ers c arac ar i 2 opsreg ion " of apopt osi s,

i ncl udi ng hypeWWHdP@ﬁaMW@ apd inegasing ﬂselﬁ?hﬁlfa'gy cherdlefo indusergef t ai n

enbodi nent s, Qm%m&llc%lebﬁ'nédﬁe(int&let;{aﬁﬁﬁlar aBddinatig, Or prevent
cancer that |s cﬁ erized gy resi stance to cancer therapies (e.g., those
cancer cells V\ﬁ‘ﬁ"@ﬁ“ F VRfUmBPesi stant, radiation resistant, hornone
resistant, and the like). In other enbodi ments, the corrpounds can be used
to treat hyperproliferative di seases characterized by expression of
functional p53 or p53-related proteins. In other enbodinents, the invention
relates to the use of the conpounds of the invention to protect nornal
(e.g., nonhyperproliferative) cells fromthe toxic side effects of

chenot herapeutic agents and treatnments by the induction of cell cycle
arrest in those cells. [0013] The present invention provides pharnmaceuti cal
conpositions conprising a conpound of Formula | in a therapeutically
effective anobunt to induce apoptosis in cells or to sensitize cells to

i nducers of apoptosis. [0014] The invention further provides kits
conprising a conmpound of Formula | and instructions for adm nistering the
conpound to an animal. The kits may optionally contain other therapeutic
agents, e.g., anticancer agents or apoptosis-nodu]ating agents.



[ 0015] The i nvention al so provides nethods of maki ng conmpounds of Fornula I.
BRI EF DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0016] Figure 1 shows the design
of a new class of MDM2 inhibitors based upon spirotryprostatin A

[ 0017] Fi gures 2A and 2B show the predicted binding nodel of conpounds |a
and id to MDM2. [0018] Figure 3 shows the X-ray structure of

(1"R, 2"S,2'R 3 R 35,4 R 6- 6

chl oro-4'-(3-chl oro-phenyl)-1'-(2-hydroxy-1, 2-di phenyl -et hyl)-2'-(3-nethyl -
9 butyl)-2-o0xo0-1, 2-di hydro-spiro[indol e-3,3 -pyrrolidine]-5"-carboxylicacid
di met hyl am de. [0019] Fi gure 4A shows the saturation curve of PVDMVG-F

bi nding to MDM2 protein. [0020]FiguR§ BB shows the conpetitive binding
curves of unl abel ed fl uorescent pr@pe and native p53 peptide to MDMVR
protein. [0021]Figure 5 shows the g i tRsve binding curves and K1 val ues

of Rs

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;

Yis O, S, orNR,

Ry, Rz, R3, Ry, Rs, Rg, and Ry are independently H or optionally substituted
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, CO.R',
OCOR', CONRR", NR"COR', NR'SO;R", SO,NRR", (C=NR)NR"R", or
NR'R“; or

R7 forms an aryl, cycloalkyl, or heterocyclic group with one of Rs or R;

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

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
COR, OCOR, CONRR", NR"COR, NR'SO,R", SO,NRR', or
(C=NRONR"R"™, or NR'R"; 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; or

when one of Rz and R; is CONRR, then one of R and R' may further be
(CHy)»-R!, (CH2):-NR'R", (CH),-NR'COR", (CH;);-NR'SO;R", (CHy),-
NR'(C=NR")NR", (CH;),-COOH, (CHy),-COOR/, (CH),-CONR'R", (CHy)s-
OR', (CH),-SR!, (CHp)»-COR', (CHy):-SOsH, (CHy):-SONRR", (CHy)s-
SO,NR'R", (CH,CH;0),~(CH2)r-OH, (CH,CH;0),~(CH)-OR',
(CH2CH,0),-(CH3)m-COOR', (CHoCH,0)n~(CHp)»-CONR'R", (CH,CH,0),-



I nhibitors of MDM2 as determ ned using a FP-based bindi ng assay.

[ 0022] Figure 6 shows the inhibition of cell growh in LNCaP prostate cancer
cells with wild-type p53 as determ ned by a WST cell growth assay.

[ 0023] Figure 7 shows the inhibition of cell growh in PC3 prostate cancer
cells with mutant p53 as determ ned by a WST cell growth assay.

[ 0024] Figure 8 shows the inhibition @&f cell growh in PrEC normal human
prostate epithelial cells with wild-type p53 as determ ned by a WST cel |
growt h assay. [0025]Figure 9 shows conpetitive binding curves of several

I nhibitors of the p53-MDM2 interaction. EOO“ZG] Fi gure 10 shows the

di sruption of (@@%M i n(EHEEefCHm YRCAR", [ dEHAHPYFE)d1 shows the cel |

gr F\c/ivt h i nhi b|3 tm@n;:amt' ! y(@i,cﬁgjﬂ@:ﬁz%szz@,w ,C LBy, (CrelchHsoM t h or me t hout
Wi type p5 n | stern ot

anal ysi s of th@!&&éﬂé @?@E(%I?%b@ Schg)"f(?llé (&yépépéﬁfggﬁ}{’gﬁoducts MDM2 and
p2|1I i 3 caﬂcer CROR's(CHh), A& BER)e (TH)HEOMBR", [CDRATHGUORLCH3A and I1|C~EB shgw
ce eath an cer cells an
nornmal cells. ﬁ 8EE ?ﬂé&%ﬁ qﬁé ﬂgﬁ:@c?ﬁf%ﬁ@ f&{rte)gsg?% "of col on cancer
cell lines ex "'I MWH@@%KCHM T*its 3 -a@® .ndMal col on cells
after treat meng:.gd,Rh4e-43 and nutlin-3.

n, m, and p are each independently 1-6.

[0011] The invention relates to compounds represented by Formula I, which
are inhibitors of the interaction between p53 or p53-related proteins and
MDM2 or MDM2-related proteins. The invention relates to the use of the
compounds of the invention to induce cell cycle arrest and/or apoptosis in cells
containing functional p53 or p53-related proteins. The invention also relates
to the use of the compounds of the invention for sensitizing cells to additional
agent(s), such as inducers of apoptosis and/or cell cycle arrest, and
chemoprotection of normal cells through the induction of cell cycle arrest
prior to treatment with chemotherapeutic agents. In one embodiment, the
invention relates to methods of rendering a normal cell resistant to
chemotherapeutic agents or treatments, comprising contacting the cell with a
compound of the invention. In one embodiment, the invention relates to
methods 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 the invention. In a
particular embodiment, the invention is directed to the treatment, amelioration,
or prevention of disorders, side effects, or conditions caused by the
administration of chemotherapeutic agents to normal noncancerous cells by
administering to an animal undergoing chemotherapy a compound of the
present invention. Examples of such disorders and conditions caused by
chemotherapy include, without limitation, mucositis, stomatitis, xerostomia,

gastrointestinal disorders, and alopecia.



[ 0031] Fi gures 15 shows protection of normal cells from TAXOL treat nent by
Ke-63. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00321The present
invention relates to conpounds represented by Fornula |, which function as
inhibitors of the interaction between p53 or p53-rel ated proteins and MDW
or MDWMR-rel ated proteins. By inhibiting the negative effect of MDM2 or
MDMR-rel ated proteins on p53 or p53-Mel ated proteins, these conpounds
sensitize cells to inducers of apoptosis and/or cell cycle arrest and, in
sone instances, thenselves induce apoptosis and/or cell cycle arrest.
Therefore, the invention relates to nmethods of sensitizing cells to

i nducers oP%Zhopt odPE SRBPBHS CBIthe (YRIH A% dStilaf $® FATKBds of i nduci ng
apopt osi s and/ emeliotkibn, Glyﬁéventﬁ:ﬁ bEdifordefs, el is&hos@ﬁﬁﬁaﬁdl\&ltﬂ@d&bﬁ&{ acting the
cells with a compou Formula |. a i nat th additional
agent (s), e.g. of B traﬁ%l Waass eé’polorderss&%rrm%m%dlg rﬁgsr?ﬁ“ gtigf} §}rMupt er. The

i nvention furt n@ptorlellaqhelglgthwmhbmveomseaaeeauth@ camllna‘mrr ng, or

preventing di SQK‘r\%@fn%nfsnth@-@orﬂﬂhmlcan S Glkaas ufesroeﬂelmet ofﬂf,evéh@sponw ve to
i nducti on of apoptagsis, mprising adm nistering t he ani mal a conpound

of Fornula I WC%HBWF%W&‘F“Z&@E‘hF?gi)“CC@“@}m‘ t%?rrpreﬁ&rgeéwswca’popt osis. Such
di sorders i ncl gle whithse cndmreaﬁmrmaimnbe;slsamdmha@uésastmpmdqﬁe apopt osi s and

t hose charact e“{,ed by é)léfter i on_of .cel ﬁi)exsg etssr ng functional p53
or p53-related prot &l Hae RS D SIPRBALS & 78 PRV SRt ¥6h rel ates to

met hods of pr obm@rdr&rmm ntéﬁa866 ehagpcterized b eprzession lof fuaetipndl\pé) ocel I's in an

ani mal from t hgsst@xicg prolefls BifBCdmbodhefil) SRR RRLAREM: kFmageE s and
treatments co rising adm nistering to the animal a conpound of Formula I.

[ 00331The ter nE®" SAPPURHCcEf Hgerftventighg to aptoreetarioBpal d{4&y, "™8s used herein,
refer to any th@b@ﬂﬁ&iﬂu%)&@@lﬁbﬁﬂ(e&o;@&de@ffﬁitﬂ]ﬂ'bl&hﬂm%ﬁdxﬁcEfgélﬂé’pounds and/ or
nol ecul ar ther ?ﬁ%ﬁdn@nt%)@e%&gt? o Bt eann_ses tlﬂ(e%zg radi ati on therapies,
or surgi cal rventio et e tFeat hent ‘o hyperprol iferati ve

di seases slﬂ%lﬁl as cé’heepre(eet gmventhm nexpivides sPhanFl@@@wa_lThemp@rth prodrug," as

used herein, I gn@hiSing #cdnpBRRATIRERANATif flnbdpcu G LivRtiHGHLYAL ve of a parent
"drug" nol ecul e that requires biotransforpation (e.g., either spontaneous

or enzymatic) Wd'f"ﬁ?‘lr‘f’pf"ﬁé“’tc%}rsdéf" seiies Sioigimduersf 4oBATS 11 to rel ease, or to
convert (el0@ld] enzyiminvendbd fisthephry€des kinGiomatiding,a compdiansfFatnkuys

el ectromagnet i h t] v . d Pr odrugs are
designed to ovg@gél%%uctg?% f%gng{ngggho% %O%lé’gun%q a'li Uﬂ} Y, *Toxi ci ty, lack of
speci ficity, opptonallyt exitais @%zvrart}lﬁémqﬁ?tsgent&xmlaam%tr @gRntiger conpri se an

active drug nokRewdiiembduk@hdagangd a chem cal maski ng group (e.g., a group
t hat revera[%l y suppresses tge actrvrtgy Ej};ﬂ)@grug Sorre ref erred

pr odr ugs ar i at PorEeBIongdg TR e 8lpdse ARIOTPRRdshaV e gr oups

cl eavabl e undeFommledbol i ¢ conditions. Exenplary prodrugs becone
pharmaceutically active in vivo or in vitro when they undergo solvol ysis

under physi ol ogi cal under enz tic degradation or other
bi ochem cal transf orﬁgﬁ‘g@%ﬁ@%ﬁc’h{f}ﬁgﬁ H} r ogenati on,

dehydrogenation, glycosylation). Prodrugs often of fer advant ages of

sol ubi | i t yjpots] SSuU€ FEERPAHWR thi tidkign OF a A&} BYELr MINEABRiLIs bdiga mammal i an
organi sm (See e. ., Bund ard Design of Prodrugs, pp. 7-9, 21- 24,

El sevi er, Anst &8 °F$§§ % and Silverman, The Organic Chem stry of Drug
Desi gn andODﬂng Ac Figores 2ppnd 35 BhodOds prémademmnﬁﬁﬁsof Sapouniego, CA (1992)).
Comon prodr ugs, J.R¢h 1 ﬁ@rd derivatives such as esters prepared by
reaction of parent _acids with a suitable alcohol (e.g., a |ower al I canol ),
ani des pr éB‘Eg]ed by Fiebgct phoirs dhe Koy prarcurst ofa@IRIZESRFRBTHRI 6h an ani ne, or
basi c groups raasé-edq3-thobPrdRyT-@EYd@kad- 9@y yat gyl e. 9., a |over

al kyl am de) . [00351$he te?éﬁwghérn%cgﬁtrc ?Iacgepgablgysalt " as used
herein, refers to any salt (e.g., obtained by reaction with an acid or a
base) of a conpound of the present invention that is physiologically
tolerated in the target animal (e.g., a mammal ). Salts of the conpounds of
t he present invention may be derived frominorganic or organic acids and
bases. Exanples of acids include, but are not Iimted to, hydrochloric,
hydr obrom ¢, sulfuric, nitric, perchloric, fiimaric, maleic, phosphoric,
glycolic, lactic, salicylic, succinic, toluene-p-sulfonic, tartaric,
acetic, citric, nmethanesulfonic, ethanesulfonic, formc, benzoic, nalonic,
sul foni ¢, napht hal ene-2-sul fonic, benzenesul fonic acid, and the like. Oher
aci ds, such as oxalic, while not in thenselves pharmaceutically acceptable,
may be enployed in the preparation of salts useful as




12 intermedi ates in obtaining the conpounds of the invention and their
phar maceutical ly acceptable acid addition salts. [0036] Exanpl es of bases
i nclude, but are not limted to, alkali netal (e.g., sodiun) hydroxides,
al kaline earth netal (e.g., magnesiun) hydroxi des, ammoni a, and conpounds
of formula NW+, wherein Wis Cl-4 alkyl, and the |ike. [0037] Exanpl es of
salts include, but are not linmted to® acetate, adipate, alginate,
aspartate, benzoate, benzenesul fonate, bisulfate, butyrate, citrate,
canphorate, canphorsul fonate, cycl opentanepropionate, digluconate,

dodecyl sul fate, et hanesul fonate, fumarate, flucoheptanoate, '

gl ycer ophosphat bty Dietrp-d drifhyene: SP‘W&B?%?E“‘H@R%&%@W chl &F‘Flde bromi de,

i odi de, 2- hydrmﬁyemwbmmsul fonate, lactate, naleate, nesylate,

met hanesul f te, n I | f.0n £ pal noat e,
pectinate, [(m?}sul falflé‘fj1 pg‘élgﬁwg&rggag‘f%h%a%r% oqygrﬁ%&léep%m%h%ﬁ@ﬁ&pr opi onat e,
succi nat e, tartrdti®, thiocyanate, tosylate, undecanoate, and the |ike.

Qt her exampogsy of Sabls 4pGhdddemanicapsiOf il ce&mumam%leahe present
i nvention conmpounded with a suitable catian suc as Nat, NH44-, and NW 4+

(wherein Wis dvesespentpiohs PYPYGayd natiypSs praptifs R MDMEGROW®iRer apeut i ¢ use, salts
of the conpmands ofFighe 5pshe®£|ﬂie ctompam‘w ohdag euenbiTR] adled ds bei ng

phar maceuti cal I, h%m r ci ds _and bases that are
non- phar maceut i %aqﬁ%f/s ogcce 2ta5 Tterm ‘3?/“55 ga%;baseg{)m&ég SFr exanple, in the

prepar at i 000321 pur i Figuae Flmws%mlbpimapfmﬂgmﬂvalwa&msmmm conpound.

[ 0038] The ter mcelﬁsﬂﬁ{h&ﬁﬁ e p8d dsYet@fuRE by ¥R SREONURSwth 238, USed herein, refers
to that a n of t Eﬁﬁ%ﬂpeuu ‘r‘?gf}é ufficlent to result in

amel i orat i f on st?ﬁr’ﬂg‘B cell vl infey3 Prafatfa¢REnt  advancenent
of a disorder, oelﬂsvﬁﬂhlnﬁﬂnﬁﬁgbﬁ&%ﬁhﬂedﬁyatwﬂﬂ“déﬂgmwdﬂbsayFOI’ exanple, with

respect to tre UII#)E&J fectlve anount
preferably (¥r02 ers f‘%ﬁﬁ?ﬁgs%%(&% %ﬂutm ?fthcgﬁﬁrpe I'C agél% a{lllﬁ 1at 'decr eases t he
rate of tunor @retehepitepielr eslis with tilddype 1PAS 25 deferovined a2 WISE aslinber of

met ast ases, | NGEAABKRSyt i Me to tunor progressi on, or increases survival tine
by at | eas 9 prefera at |least 10% at ast 15% at | east 20% at

| east 25% tmé'?s/l eastlt‘ ’%@f %f”s Fuapsiivg 8 ‘“%fuweéagfe"e‘il:%“%@/ﬁs ohthe| east 45% at

| east 50% at |pdasDMESRderaation] east 60% at | east 65% at | east 70% at | east

75% at gf%_ﬂgof[%erﬁ%u é mgws%:/((ilsr@pttlon &%§§ M%Q(th@ltactlosggke g? % or at |east

100% [003 sensitize used herein, refer
to maki ng, [@RHough ¥igae Bawows the Fﬁlﬁ@ﬁh@fhlb&loﬂla%@tyaﬁﬁhﬁ jneolgn | g corrpound of

Fornula 1), an oaz&blrsalhsvaﬂmawﬁwu{wm@ﬁu;mamlﬁﬁunﬁalcelrmre susceptible, or nore
responsi ve % t he é)l ol ﬁg%cal eff eq (1 9; promytion_or retardation of an
aspect of ul ar f ﬂwﬁWEﬁt%l? ﬂtd‘“a’ffﬁ fﬁBF"qr‘Tsﬂ?”tcgc? 19di%el | di vision,
cell growt h priokdt bew atoihwts MIDMY arglipd hin camer-ceibgene®ns o Kedy. 03| s, or

apopt osi s) (%59]61 Secﬁé‘ﬂesqgﬁgﬁd 13H'§ﬁov§§en§i%ﬁ Zﬂd op?c%{st%ﬁieceﬁfb !,’I‘ st agent on a

t ar get ceII can be neasure erence’i nt ed bi ol ogi cal
effect (e.g., prOREP]Beaser celspad weapdleflsof an aspect of ceI | ul ar function

i ncl udi ng, [dwa] not Ihgm 118 dhdwR, cell Bytle Q:fo@i%slibn c;rr&ldnfc@ﬁc'a; b&Nlines NVasi on,

angi ogenesi's, or qﬁ g qiaﬂ% Sbserv%d qgg 1 mn ration of a second
agent with and S¥TRGEY W O PR 8 BF "PTe ‘1°°P§? Ség‘é‘ﬁf?“""l‘ﬁe response of
t he sensiti zed vd®lKe-43 ami nydini3ncr eased by at | east 10@6 at least 20% at

| east 30% | east t 70% at | east
80% at Iea@%”% Flé@ Sqelggs%m&ls /éaérp lggréatl c%igg%%m ggrg%hE%%O% at | east
350% at |east b8 @%@@ at least 350% at |east 400% at |east 450% or at

| east 500% over the response in the absence of the first agent. [0040] The
term "dysregul ati on of apoptosis,” as used herein, refers to any aberration
inthe ability of (e.g., predisposition) a cell to undergo cell death via
apoptosis. Dysregul ation of apoptosis is associated with or induced by a
variety of conditions, non-limting exanples of which include, autoinmune
di sorders (e.g., system c |upus erythenmatosus, rheumatoid arthritis,
graftversus-host disease, nyasthenia gravis, or S Ogren's syndrone),
chronic inflamuatory conditions (e.g., psoriasis, asthma or Crohn's

di sease), hyperproliferative disorders (e.g., tunors, B cell |ynphonas, or
T cell lynphomas), viral infections (e.g., herpes, papillom, or HV), and
ot her conditions such as osteoarthritis and atherosclerosis. It should be
noted that when the dysregulation is induced by or associated with a viral
infection, the viral infection nmay or may not be detectable at the tine
dysregul ati on occurs 14 or is observed. That is, viral-induced
dysregul ati on can occur even after the di sappearance of synptons of viral

i nfection.



[0041] The term "functional p53," as used herein, refers to wild-type p53
expressed at normal, high, or low levels and nutant p53 that retains at
| east 5% of the activity of wild-type p53, e.g., at least 10% 20% 30%
40% 50% or nore of wild-type activity. [0042] The term "p53-related
protein,"” as used herein, refers to proteins that have at |east 25%
sequence honol ogy with p53 have tunmd® suppressor activity, and are
inhibited by interaction with MDM2 or MDM2-rel ated proteins. Exanpl es of
p53-rel ated prot eins include, but are not limted to, p63 and p73.

[ 0043] The term " MDMR- refers to proteins
t hat have at | east 250/&1:3 ]D}g%@ég‘#@go%@ﬁWSNand interact wwth and
inhibit p53 or p53-related proteins. Exanples of MD1VI2-related proteins
: ncl ude, Dbighspr € Notye Heﬁgn{ 1%51511;1(91 relMc@tﬂ&uk@h@presér@Q%]FImlatler m

hyperprollfera j ve di seas any condition in
whi ch a locali f’gﬁ h Sstimagsi ‘Blﬂblfﬁ?fs ‘ﬁrtﬁ‘f i“feéatc'é‘f"i W&”eéﬁlpf% of P|53afﬁ‘atﬁ‘?n mal is not
governed by t herotefisahd MDMZatNmm-rﬂitempbtaﬁé By @Mblitmglﬁ)eangdt@s of
hyperprolifera A r e nphomas and the
l'i ke. A neopl ats*rfﬁcl?g salg/f ¢ B%ngéag?% ’&HFPSW&OE?’Q ur?&det%{résb i nvaS| on or
met ast asi s and el Gogmayngs FGF‘SIP%C Whel wflucpreof ewomowwed/om@eﬂ fEtlast atic" cell

means that theaggl Lndcmoinamgﬁ‘ceamnﬂém ﬁmce%bﬂ&n%u/egcemgae structures.
Hyperplasia is a for roliferation i nv?éw ng an _increase in cell

nunber in a ti 854k EF;r%fPrﬁ’aﬁ \Iﬁ‘)tg‘??Bﬁt’el%t? Sl FRedh T S76IEFE PUR 9 n structure or
function. Met apldasisacfi sporposfscantion Eelicgynle ra@’edtedd @e lkthgls oftitduting whi ch one type
of fully diffe I ] f differentiated
cell. [0045] ThEﬁﬁ%lﬁﬁféﬁlakd‘;%%é&%&“% g Rt BB U ot en
results in an agspepaspdiplelamyel dlene orrin gombivagon with additiomehagent(s). condi ti on. As

used herein, thg, Eﬁfnﬂﬁceﬁéﬂa@bmrb?adélﬁ@(:ﬂ%‘smpfe?f ﬂiesn&egucﬁrmmfepndl tion in
whi ch an or gani iﬁg%sprod Jmune s whi.ch recogni ze the

s antib [
organi snis own" R dte g“é’gs Efa agngoflm? i‘°§a§% WFP“I“? r‘?is?‘fi?fﬁ T&npl es of
aut oi mmune di senigielr sich dFhasnibhtuctaesportsive mmmoh©Moptb31sc®qﬂmn@, aut oi mmune
hepatitis, Berggl; , chronic
fatigue syndrogrr@rl nl&eﬂgﬁggé @ggscgép%ggﬁfﬁﬁgm IPVantd%chm?% ?Q& algia, graft
versus host di §éa§bmd‘@fé‘§é¥’°§t°éﬂ; s%la%étsor%%!ml%tt@sgcmwms@bx4 s, idiopathic

t hr ombocyt openuﬁrd@uaﬁvdroaapobtbﬁﬂﬁxa tdkeAdRkkSaterizRl tyl thd ﬁolﬁ&&&h@ﬁéeﬂs nmyast heni a
gravis, psoriasi geumatl grg t hr | er oder ma,

Sj ogren' s synd?’@ﬁéésm @5%“8??1& B°3I s're@Fe PREHS °r e 8“"’]3 %bet es,
ul cerati ve col imversion v rdlatdsi go, rmtiubds hef Iprlszter:tmgooxdﬁial e tenm " neopl astic
di sease, " as UsgERgRRIHe) Ee%eiasmt Aty ﬁ%mna{e”&kmggmﬂeﬂecfsogﬁe' I's being

ei t her beni gn (non cancerous I gnant (cancerous 47] The term
"normal cel |, " chemotherapputic pgsn anfle‘feé'tnsmtf FORPRESHIE| adtﬂh!mteqns tadke under goi ng
abnormal gr owt hmﬁﬁladbmpc&hd)chFoﬂﬁllarIm cell's are non-cancerous and are not

part of an perproliferati di segse. or ..di sor.det,. The term
"anti - neopﬁ\soawl c ag}gntems aélhcdlgceﬂa%?@ﬁ' &P npicepesr drigy @ 5%?93’84%0und t hat
retards the proifirfteraay ithgrepeuge egnts, (egr, CSWOQ&dp«m‘hc aompnugdt ad/of e. g.

rml i gnant) neoﬂx'oﬁ&ﬂ@r t}[egtgéh%]: I&ﬁoﬁrﬁi‘é}”&tlse%eem&ﬂﬁes radlmoﬁ\tﬂ%ﬁbi'epgr " and

"prevent i on, as used herein,
surgical interventions, used in the treatment of hyperproliferative diseases

such as cancer (e.g., in mamimnals).
{0034} " 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



refer to a decrease in the occurrence of pathol ogical cells (e.qg.,
hyperproliferative or neoplastic cells) in an animl. The prevention nay be
conplete, e.g., the total absence of pathol ogical cells in a subject. The
prevention may al so be partial, such that the occurrence of pathol ogi cal
cells in a subject is less than that which would have occurred w thout the
present invention. [0050JThe term "apbpt osis-nodul ati ng agents," as used
herein, refers to agents which are involved in nodulating (e.g.,

i nhibiting, decreasing, increasing, pronoting) apoptosis. Exanples of

apopt osi s-nodul ati ng agents include proteins which conprise a death donain
such as, but n#trelepspi arde) conyert (eegs/ capyBlicalirghpsiologigallR meceallypR2, DR3, DR4,
DR5, DR6, FADDele@:Bﬁlag%aFw11>§1tﬁaep&od@gam9 kiRSic@fe dRROMGISIgS 2AREkMn8d | Ng agents

i nclude, but are not e NFoc,. Fas |'J gand,  ant] bOdI es to Fas/ CD95
and ot her TNF PMTFV“W%%FGFSEWMSFRWE“{”&PSE?’“R %ﬁk ASPRIFEHY. O gand or

Apo2L/ TRAI L), Hnitddbidiadisbilitp. HdeAblryRlodaizs ddnditike dActivBdiig olepBl3, BAX, BAD,

Al ct, CAD, PI3, P ) ting agents

br oadl y. i nol udsSanss sheka hlskne 805 635 830 MEhellhy MBENE 17 20"
famly |i gandsﬂleiﬂqi’dm @féhesimLﬂomem@rra@nrn@rsgswab@omrdmvemm menbr ane bound

(e.g. ligand ogf em&ﬁ@ram Rivef g@ape hiansRt Gxﬁeﬁ*xﬁ%@bﬂcﬂ:&nﬁﬁo&gems are
i nducers of apg hbas IL\III—') aTNFreIated li % particularly a

TRAMP | i gand, 5 {PERIMA P aé‘“*‘ﬁﬂﬁﬁ"‘ﬁ‘!ﬁ"ﬁ”@d’h&w’ O YRAMDn [ 00511 The
i nhi bitors of thh;euﬂdartgesca\mnys@mnd@epm@elﬂglpﬁaorﬂhﬂnd\ﬂ})hﬂdeago ehf}&xaﬁd’ esent invention

are compounds gl GRIULAohic FREhic Rl BlIRGRULGAY, acoeptanl e sal ¢

or prodrug ther ereln: “is absent if X
is 0 or S Y iBdpeomtionyy d@hwmgeﬂlfwﬂ Relycomgdation)s, dem% Oﬁarnopfh'i are

i ndependent |y kava{tag@ptor Qaaddny ﬁéégésEbrﬁ]&&hﬁﬂtyabk)ﬂklayeﬁ%@ie&@l1KYthe al kenyl,

cycl oal kenyl Kk ?et e cl R R', NF\"CCR
NR SO2R', SO2 Nﬂarﬁm}g{‘ G’gan‘y"NR‘ F%“ g ﬁ?z“ﬁ Q 6‘%““15‘? Ff’o7r an aryl,
cycl oal | cyI 024, e gero dynstbridon (198H)p andi Silveronme b (Rganr CHafmjstriR8f i s H or

aryls hetor ZES@P OSBRI pol B R SRR (TR ™

92)). 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). .

[0035] The term “pharmaceutically 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 {imited to, hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric,
maleic, phosphoric, glycolic, lactic, salicylic, succinic, toluene-p-sulfonic,
tartaric, acetic, citric, methanesulfonic, ethanesulfonic, formic, benzoic,
malonic, 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



RO is one to four groups independently selected fromH, F, d, Br, |, OH,
N2, al kyl, cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, aryl, heterocyclic,
OR, CO2121, OCCOR, CONR R', NR'COR, NR SO2R', SO2NR R', (C=NR )NR'Rm or
NR R'; and 17 each R, R' and R'" is independently H or optionally
substituted al kyl, cycloal kyl, al kenyl, cycloal kenyl, allcynyl, aryl, or
heterocyclic; or R and R', or R®" anl2 R', forma ring; or when one of R3
and R4 is CONRR, then one of Rand R may further be (CH2)"-R,

(CH2)n-NR RH, (CH2)n-NR COR', (CH2)n-NRI SO2R', (CH2)nNR1(C=NR')NR",

(CH2) n- COOH, (CH2) n- COXX (CHZ)n CONR R', (CH2)nOR , (CH2)n-SW (CH2)n-COR ,
(CH2) n- SOBH, (laiapyedietsonRy Fdtainipgoithe) reseprpds ot thecinyention)aad (thsip) m OH,

( CH2CH20) n- (cmmmmau GGk a R ) COOR

(OC20) T2 mbiaot by SEESH AN e s Mo e,

( CH2CH20) | | (Otflzy:m) hymkxs@z Rilcaling Getl yqtel ((€E2 GMEGsID) Hy@Liads, - 011,

Eagg p- Eag a; ..mnn(acgﬁc;&ﬁ ds @m&%@v,,)@ %5%13—71 % ml@%yﬁll&pgé)z@

(CHZ)B (c112c:|42l®j’n (CH2) MNR COR', (CH2) p- (CHzcllzoj’n (C112) MR (c’_NR')Nlr,
(C';Z) p- (CI|12631%20) nﬁﬁﬁlﬁ&dend’f -shild ﬁ@&g but- 4ndt 11m1te$EtR acet@tfl %dﬁ@R eng(r;gi Pn,an{n

an are eac epen ,
one gf RL and P& %paépaétﬁtﬁfs{’%f%fe Ben%?neﬂ'ﬂ‘ﬁ'%s Tsf% t{Té phenyl ),
substituted orcampbdysit,i t cangdiodvdfoestgar yiclopayrosracpidoyk,, sltgﬁtamgm or branched

alkyl. an de Ojoiesiiat, LAREAARRAR! 0 SORAUMIRNccOByBlicS and RS 15
C3-18 al kyl group, , 1 sopropy sec- bt butyl,

i sopentyl | cycﬁ‘%%‘ﬁ%? h?ﬂ%“%“rryl he"é‘i*""“édar?&“?ﬂ?ﬁ B‘Pm%i‘% ifides_ nember ed aryl
or heter oaryl gnfumyetﬁﬁ%ﬁanh@ aw&eﬁua@mod;bgyﬁm,mgtb@e@ﬁma@unds of Formul a

|18have a ster ei? napﬁ&lgr%!sult%;[xatceu%c%{letea%xaa O\Apglrrllogte F;?JCQ“ ate, persulp {e Formula 111:

)

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*, NH,", and NW,* (wherein W is a C;4 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.

[0038] The term “therapeutically effective amount,” as used herein, refers to
that amount of the therapeutic agent sufficient to result in amelioration of one
or more symptoms of a disorder, or prevent advancement of a disorder, or
cause regression of the disorder. For example, with respect to the treatment of
cancer, a therapeutically effective amount preferably refers to the amount of a
therapeutic agent that decreases the rate of tumor growth, decreases tumor
mass, decreases the number of metastases, increases time to tumor
progression, or increases survival time by at least 5%, preferably at least 10%,

at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least



v wherein RL-R9 and Y are as defined above. 100561l n anot her enbodi nent,
t he conmpounds of Fornula IV have a stereochem cal structure as shown in
Formula V or Formula VI: WI or a pharnmaceutically acceptable salt or
prodrug thereof. 19 [0057]1In one enbodi nent, the conpounds of Fornula I
have Formula VI1: 1/11 wherein R1-R9 are as defined above. 10058]1n
anot her enbodi nent, the conpounds of1¥ornmula VI|I have a stereocheni cal
structure as shown in Fornula VIIl or Fornmula IX

40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,
or at least 100%.

[0039] The terms “sensitize” and “sensitizing,” as used herein, refer to
making, through the administration of a first agent (¢.g., a compound of
Formula I), an animal or a cell within an animal more susceptible, or more
Tesponsive, 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.

[0040] 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 gi:avis, or Sjogren's syndrome), chronic
inflammatory conditions (e.g., psoriasis, astima 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 infection, the

viral infection may or may not be detectable at the time dysregulation occurs



pp RAD., RA RRNR7T RRNNR7T R'. S R1I""'"O R Rg -110 -"-"-2Z------ N HH
Viiiix or a pharmaceutically acceptable salt or prodrug thereof. [0059]In
one enbodi nent, the conmpounds of Fornmula | have Fornmula XX R10 0 NR1 1 RIN
R5 R9 N wherein:
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or is observed. That is, viral-induced dysregulation can occur even after the
disappearance of symptoms of viral infection.

[0041] The term "functional p53," as used herein, refers to wild-type p53
expressed at normal, high, or low levels and mutant p53 that retains at least
5% of the activity of wild-type p53, e.g.. at least 10%, 20%, 30%, 40%, 50%,
or motre of wild-type activity.

[0042] The term "p53-related protein," as used herein, refers to proteins that
have at least 25% sequence homology with p53, have tumor suppressor
activity, and are inhibited by interaction with MDM2 or MDM2-related
proteins. Examples of p53-related proteins include, but are not limited to, p63
and p73.

[0043] The term "MDM2-related protein,” as used herein, refers to proteins
that have at least 25% sequence homology with MDM?2, and interact with and
inhibit p53 or p53-related proteins. Examples of MDM2-related proteins
include, but are not limited to, MDMX and HDM?2.

[0044] 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 differentiated cell
substitutes for another type of differentiated cell.

[0045] The pathological growth of activated lymphoid cells often results in an
autoimmune disorder or a chronic inflammatory condition. As used herein,
the ferm “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



20 R, R5, R7, and RO are as defined above; R10 and R11 are independently
H OH or optionally substituted al kyl, cycl oal kyl, al kenyl, cycl oal kenyl,
all cynyl, aryl, heterocyclic, (CH2),1-R, (CH2)"-NR 112.", (CH2)n-NR COR',
(CH2) . - N\MVB2R', (CH2)nNRL(C=NR')NR', (CH2),-COOH, (CH2)n-COOR ,

(CH2), - CONRL11", (CH2)NnOR, (CH2)n-SR.', (CH2)n-CORI, (CH2)n-SO03H,
(CH2)n-SONR R', (C112) nSO2NR1R', ( CHRCH20) n- (CH2) m OH,

(CH2CH20) ,, - (CH2) m OR, (CH2CH20) n-(CH2).-COOR , (CH2CH20)n-(CH2) m CONRI R*,
( CH2CH20) n( CH2) m NR1IR', (CH2CH20)n-(CH2),,,-NR CCR",

(CH2CH20) n- (CHR INR' C-NR)NR' (CH2CH20) n- (CH2 mNR' 2R,

( CH2) p- ( CH2CF1 P8R @4igizymune ch‘ir“de"élﬁﬁ‘eﬁ““’( dl%?Z@!?B‘)e heredipy (HoreRy's

(CH2) 1ACH20120i3<hse( drhiPd aeph¥obhthy, ¢4hkt? Jppue( SRrbhicHRMDuE syt NECKNRR" | '
(QL12)p ( HPCIIZ0) Dol SRS Rl {8 RR OBl B R OO

(CH2) p- (CH2C1 1Ql@f)aielHé®HD)q hﬂlwﬁidsﬁzwpathmoﬂbocytom purpore, iBEGPR ; and n, m

and p are eac hplhlﬂﬁle{?ﬁﬂgﬁ Ndoledbsid - ﬁyasﬁerQaG(gla'v@ Esoix&b'fst bﬁeﬁm%ﬁbﬁ%rmnt the.

conmpounds of For mul a | have ane of Fornmulae 1.q- XXV wherein R, R5, R7)
R9, R10, and Rf e‘l"“"é‘Pealﬁ?“ﬂeﬁqlﬁ%@%owégre‘fsoﬁﬁﬂqnﬁ aﬁétfrﬁ’ér NPHbodi ment, t he
conpounds of Faffitthaoshs, Fpy Bdighees, afcertidie BbUta.6/itKEY lahd @OGkeXXVI | 1 1 22 R
AEERE —[064_61 --0 The term “neoplastic disease,” as used herein, refers to any abnormal

growth of cells being either benign (non-cancerous) or malignant (cancerous).

[0047] 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.

[0048] 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.

[0049] 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.

[0050] 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, DR5, DR6, FADD, and
RIP. Other examples of apoptosis-modulating agents include, but are not
limited to, TNF¢, Fas ligand, antibodies to Fas/CD95 and other TNF family
receptors, TRAIL (also known as Apo2 Ligand or Apo2L/TRAIL), antibodies
to TRAIL-R1 or TRAIL-R2, Bcl-2, p53, BAX, BAD, Akt, CAD, PI3 kinase,



9 1G---- NHXXVI | wherein R, Rs, R7, RO, R10, and Rl1l are as defi ned

above. [0062] I n anot her enbodi nment,
XXI X:. wherein: Zis 0, NHL NR, CH2, CHR, or CRR'; and Rl

and R10 are as defined above. [0063]1n a further enbodi nent,
have one of Fornul ae XXX-XLV: wherein Z, R, R5, R7, RO, and
R10 are as defined above. [0064]1n al&urther enbodi nent, the conpounds of

Formula | have Fornula XLVI:

of Formul a |

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). Preferred apoptosis-modulating agents 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. '

[0051] The inhibitors of the interaction between p53 and MDM?2 of the

present invention are compounds of Formula I:

Ry, |
Ry, V=N
Ry

rR7
Rs

Re

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

X is CH, O, N, or §, wherein R is absentif X isO or S;

YisO, S, or NR

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

Ry forms an aryl, cycloalkyl, or heterocyclic group with one of Rs or Rg;

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

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
CO,R', OCOR/, CONR'R", NR"COR', NR'SO,R", SO,NR'R", (C=NR)NR"R",
or NR'R"; and

t he conmpounds of Fornula | have Fornul a

R5, R7, R9,
t he conpounds



24 wherein R,

R5, R7, and RO are as defined above. [0065]1n anot her

enbodi nent, the conpounds of Fornula | have Fornula XLVII:
R3, R9, and RO are as defined above; R12 is one to four groups

i ndependent | y

selected from1-1, F, d, Br, |, OH N2, alkyl,
al kenyl, cycl oal kenyl, allcynyl, aryl, heterocyclic, OR, CO2R ,

R wherein:

CONR R', NR'COR, NR SO2R', SO2NR12.1'7 (C=NR )NR'R', or NR R'; and

ni s0,1,or2. [0066]In another enbodi nent,

Formul a XLVI I |

[0052]

[0053]

[0054]

t he conpounds of Formula |

have

: wherein: R, R3, R4, R5 and RO are as defi ned above;

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

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

when one of Ry and R4 is CONRR!, then one of R and R' may further be
(CH2)o-R', (CH2)pNRR", (CH).-NR'COR", (CH3)o-NR'SO,R", (CHy)n-
NR'(C=NR")NR", (CHz),-COOH, (CH,)»-COOR', (CH,),-CONR'R", (CH,),-
OR!, (CH2)x-SR', (CH2)»-COR!, (CH,);-SOsH, (CH;),~SONR'R", (CHy),-
SO;NRR", (CH;CH20),-(CH2)m-OH, (CH,CH20),-(CH2)m-OR",
(CH,CH>0),-(CH))m-COOR!, (CHCH,;0)o-(CHy),-CONR'R", (CH,CH,0),-
(CHz)»-NRR",  (CH,CH,0),~(CH;),-NR'COR", (CH2CH0),-(CHz)m-
NR(C=NR")NR", (CH;CH;0),-(CHy)n-NR'SO:R", (CH3),(CH,CH;0),-
(CHa)m-OH, (CH2)p-(CHCH0)-(CH2)m-OR', (CHz)p-(CH2CH0),-(CHp)m-
COOR', (CHz),-(CH2CH;0),4-(CHy)m-CONR'R", (CHy)p-(CH2CH20)o-(CHz )
NRR", (CHz)p-(CH2CH;0)1-(CHz)n-NR'COR", (CHy)p-(CH,CH0)(CH2) e
NR(C=NR"NR", (CHy)p-(CH,CH;0),~(CH2)n-NR'SO,R", -CO-R’, -SOR’,
or -SO;R’; and

n, m, and p are each independently 1-6.

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

In another embodiment, one of Rs and R¢ is a Cy.15 alkyl group, e.g.,
propyl, isopropyl, sec-butyl, zert-butyl, isopentyl, cyclopentyl, norbomyl, or
adamantyl, or a 5- or 6-membered aryl or heteroaryl group.

In another embodiment, the compounds of Formula I have a

stereochemical structure as shown in Formula I or Formula Ii:

R,

cycl oal kyl ,
OCOR

25



[00671In a further enbodi nent, the conpounds of Fornmula |I have one of
Formul ae XLIX-LXIV: RBR3 N- 4 'R5 XLIX

o LXILXITLXITILXIV wherein: 121
R3, R4, R5 and RO are as defined above. [00681In a further enbodi nent, the
conmpounds of Fornmula | have one of Fornulae LXV: 26

18

or a pharmaceutically acceptable salt or prodrug thereof.
[0055) In one embodiment, the compounds of Formula I have Formula IV:

wherein R;-Rg and Y are as defined above.

[0056] In another embodiment, the compounds of Formula IV have a

stereochemical structure as shown in Formula V or Formula VI

Ry

.IIHIH‘EU

or a pharmaceutically acceptable salt or prodrug thereof.



LXV wherein: R, R4, R5, R9, R10, and 1111 are as defined above. [0069]In a
further enbodi nent, the conpounds of Fornula | have one of Fornul ae LXVI
and LXVII: Ro ONNR11 ".. LXVILXVI1 wherein: R, R41 RS, R9, R10,
and RI are as defined above. [00701ln a further enbodinent, the conpounds

of Formula | have one of Formulae LXVIII and LN YVIX 711
19

[0057] In one embodiment, the compounds of Formula I have Formula V1I:

wherein R,-Ry are as defined above.
[0058] In another embodiment, the compounds of Formula VII have a

stereachemical structure as shown in Formula VIII or Formula IX:

VI IX

or a pharmaceutically acceptable salt or prodrug thereof.

[{0059] In one embodiment, the compounds of Formula 1 have Formula X:

wherein:



wherein: R, R4, R5, RO, Rl |, and Z are as defined above. [0071] Usef ul

al kyl groups include straight-chained or branched C1.18 al kyl groups,
especially methyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, 3-pentyl,
adamantyl, norbonyl, and 3-hexyl groups. [0072] Useful al kenyl groups

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

et henyl, propenyl, isopropenyl, bute¥yl, isobutenyl, and hexenyl.

[ 0073] Usef ul al kynyl groups are C2-18 al kynyl groups, especially ethynyl,
propynyl, butynyl, and 2-butynyl groups [0074] Useful cycloallcyl groups are
C3_8 cycloalky pi c cl.o groups include cycl opropyl,

cycl obutyl , %lgbéﬁ99$ﬁ9‘%Eﬁﬂﬁ%i%%whnd cycl oheptyl . [0075]Lbeful'aryl

gr oups includeRQBmﬂ4Rﬁr¥é1mEﬁm&mﬂﬁHIyOHheﬂnymﬂEpthMMﬁ pikgnant hr enyl ,

ant hr acenyl , , ph nyl fl uorenyl
groups. [0076] | (B e °f‘"‘e 1 %é’x’{l “Budf’e]e%“t%ﬁyg“yl(w 'Q%ZO[b]thl enyl |
napht ho[ 2, 3- b]ﬁﬁhhﬁ?ﬁ“ thléﬁbhﬁﬂh9¢R'furyCHﬂp¥R§@#V i s6ehzof uranyl ,

chronenyl , xanpﬂa ENRNRE N E@dj@@y(sz gtb@xr ((Q{Zylgomyﬁvr @), 1 m dazol yl,
pyrazolyl, pyrl yr dazi ny |ndoI|2|nyI

4z
Lo ndol yi . TS HORAdBrSRY (eS| ﬁ@%@ﬁ%ﬁ Rl S5k gl | 2 o1
i _soqu: nol ?/I qsmzmmllvl | phCHaCEORYCH,)Rapht hy r (CH,OH0),- Cﬂ'HzWI?L i mé I -
ci nnol i ny » ridiny
acridinyl, per nlgh%% H@Hc%gﬁ€h¢ﬁ¥ %ﬁ &ﬁﬁﬁgg%ﬁ%yF(EH% Q Iazol yl |
phenoth|a2|nylﬁﬁh&d%ﬁ&alyKCHiﬁkghéﬁﬁﬁmNEﬁ@ﬁbxazK%§¢HiﬁnKﬁh%
2] pyr i -4 o B pentor SO “@‘Sé’éﬁﬁ”@‘%ﬁ‘% R oxindol yl, and
2- oxobenzi m da T&H v&‘?&ﬂe%&f‘?&%ﬁ@r 8%&%" éﬁ: CEa By é é)mnl trogen atomin
ari ggl iﬁJCh %@@B‘g@ﬂ:ﬁ{W) %bnﬂcmmm QCM)@@WHMMHQ% '?hg ¥ ﬁ
pyri dy OXi 2)Y n e like.
[ 0077] Usef ul heterg&? f&%£§ (ﬁ g ﬁﬁﬁ%%%ﬁ}g?ﬁé g%%éa%gan pyranyl,
“INR™, (CHj),- CHZCHZO),, {CH,)u-NR'SO;R", -CO-R’ —SO
or-SO,R’; and
n, m, and p are each independently 1-6.
[0060] In a further embodiment, the compounds of Formula I have one of
Formulae XI-XXVT:



pi peridinyl, piperizinyl, pyrrolidinyl, imdazolidinyl, imdazolinyl,

i ndol i nyl, isoindolinyl, quinuclidinyl, norpholinyl, isoclu-omanyl,

chromanyl , pyrazolidinyl, pyrazolinyl, tetronoyl, tetranoyl, or

t et r ahydr oi soqui noli nyl groups, as well as heterocyclic groups fused with a

heteroaryl ring, e.g., optionally substituted

5, 6-di hydro-8H[1, 2, 4] tri azol o[ 4, 3- Blpyrazinyl. [0078] Optiona

substituents include one or nore al kyl; hal o; hal oal k-yl; cycloal kyl; aryl

optionally substituted with one or nore | ower alkyl, |ower alkoxy,

met hyl enedi oxy, halo hal oal kyl, am nosul fonyl, aryl, Qr het er oaryl groups;

aryl oxy optionally @pbstltutedlﬁﬂth one or ﬁpre Iomer %L%K | ower al koxy,
ete

met hyl enedi oxy, ¥a¥o, hal oal , anlnosuD&onyf, aryl © roaryl groups;
aral kyl ; het er oaryl/—4p¥i onal k B8t it ut gy th one gy e | ower al kyl,

| ower alkoxy, ngg%é;gn@dlox N 3, halgf§§;$mqanln . |, aryl, or

het eroaryl gr ogy heter oars 7=<mpt| on Sgbst iR d Wot h one or nore

| ower al kyl, | ower &l koxy, neth | enedi oxY, hal o, hal %al mcyl am nosul fonyl ,
aryl, or heteroaryl X4roups; by: al kyl t 8I8: arylthi ¥V ani do; anino;

am noal kyl , al kyl arg no, acyloxy[Q arylacylo¥y optlonallﬁ substituted with
one or nore | ower Zﬁ_ |, | ower m&ﬁoxy netmykgnedloxy N @10 hal oal kyl ,

am nosul fonyl, a®¥, or hetel@
substituted w t hropeNdt nor erl.
hal o, hanaIkyI Qaulfo

ryl group§§¥d|phenylpﬁ phi_nyl oxy optlonally
77 al kyl R,,,.I al kowy /W&t hyl enedi oxy,
;. heterocyclo
al koxy,
met hyl enedi oxy, haI haloalky am nosu aryl, heteroaryl, am no
acid substituted sugybnyl ggwno aci d déwrbatlve sURVHE ¢ ut ed sulfonyl
gr oups; heterocyclq@cyl optlon Iy 29 subgtituted with one or nore | ower
al kyl, | ower aIkoxMQRnEtherne Qxy hal o, @Ioalkyl %ﬁknosulfonyl aryl,
or heteroaryl gr &sys; hetero Ioalkoxy Qﬁ{lonally s@ uted with one or

more | ower al kyl g,/ al kox hyleng Mﬁ“ halo&
am nosul f onyl o o; het Frsgr ou fiall

heterocycloalk&Eiﬁb_ all&igﬁh (Iuteﬂ—WL ne otst bower al kyl, | ower
al koxy, nethyl enedi hal o, | oal kyl , nﬂnosulfonyl Haryl, or heteroaryl
groups; or partiallgéénsaturat het er ocycK¥l kyl oxy  olonal Iy substit ut ed
with one or nore |ouer alkyl, hgmer al koxy , _net hyl enedigoxy, hal o,

hal oal kyl , anlnosulﬁﬁnyl aryl,w@ﬁ heteroanyh gr oups. hﬁﬂZQ]CErtaln of the
conpounds  of t he %% i nvel i or _may efist as ster sogers i ncl udi ng
optical isomners. RT e |ﬁvent|6n i fcl udes al Téreois&, r both as pure

i ndi vi dual ster pre s ang ed pI a-aﬁ%ons of each, and
bot h the racenfeg ' o5t erfb] S astewy 9 the |nd|V|dua

enanti onmers t hat separa ccordin o met hods W t are well known
to those of skillnagxﬂﬁe art. t)égya]The co%ﬁ@bnds and g@esses of the
present inventjRpiiw,| ks, Rerb&t %Rq‘qqee;sggfglggagooe connection with the
follow ng s nthetlc schenes whic | ustrate the nethods by which the
conpounds (¥t he |HV%H??bﬁm%ﬂVwﬁeﬂﬁﬁ€E§M&¥°%f%ﬁ¥*ﬁdmﬁhﬂ§ﬂﬁals can be
obt ai ned fr ommeamEo0Al agXNVIBS or prepared by well-established literature
met hods known to those of ordinary skill in the art. It will be readily
apparent to one of ordinary skill in the art that the conpounds defined
above can be synthesized by substitution of the appropriate reagents and
agents in the syntheses shown bel ow. [0081] Conpounds have the general
structure of formula X are synthesized by using a asymmetric 1, 3- dipolar
cycloaddition as the key step (Schene 1). R9- |IOR CHGCaRO +Ph 4 0 23R55




6X [0082] Reagents and conditions: a) CH2Cl12- CH3CN, KF-Al 203, m crowave, or
nmet hanol , piperidine reflux; b) 4A nol ecul ar sieves, toluene, 70C «¢)
amne, r.t.; d) Pb(OAc)4, CH2C12-MeOH (1:1), 0C, or ammonium ceriun(lV)
nitrate (CAN), CH3CN, K2CO3, r.t. [0083] Conpounds having Forrmula XXl X are
prepared by the procedure shown in Schene 2. Schene 2. [00841Reagents and
conditions: a) 4A nol ecul ar sieves, ol uene, 70C, b) ethanol/HCl, reflux;
c) NaBH4, ethanol reflux; d) TBDVMSC1l, im dazole, DVF, e) i) trinethylacetyl
chl oride, diisopropyl ethylamne, CH2Cl2, ii) HC /ethyl acetate, r.t.; f)
CBr4, Ph3P, CH2Cl12; R100Na (for Z = 0), or RIONH2 (for Z = NH) or other
standard procedure; h) Pb(OAc31ﬁ1 CH2C12- I\/bOH'%Ol 1), OC or CAN, CH3CN,
K2C3, r.t.; i) HCHO, NaB \"REH3CN (f or M) or other standard
procedure. [0085] Conpounds havi ng, Formul a Vi ’Egy be prepared by a

publ i shed 1, 3-di pol ar cycqu 76N reacti &y, wn in Schenme 3 (Fejes et
al ., Tetrahedr on 57:1129 g, 32 [ \8‘ ounds havi ng Formul a
XLVI1 may be prepared tg%/i_l_ %oﬁubl i srp@ 13- '8 | ar cycl oaddition
reaction as shown in Sc N(F ej es et / N
XXVIii XXVHI
wherein Ry, Rs, Ry, Rs, Ryg, and Ry are as defined above.
[0062] In another embodiment, the compounds of Formula I have Formula
XXIX:

VA
TRyp

N/R7

H
XXIX

wherein:
Zis O, NH, NR’, CH;, CHR’, or CR’R"; and
Ry, Rs, Ry, Ry, and R g are as defined above.
[0063] In a further embodiment, the compounds of Formula I have one of
Formulae XXX-XLV:



al ., Tetrahedron 57:1129 (2000)). Schene 4. [ 0087] Conmpounds havi ng
Formul a LXV are prepared by a simlar nmethod as the preparation of Formul a
X (Scheme 5). Schene 5. 0 16217R55 18LXV

23

Rip FI(W Rio Rio
Z 7 / A
Ry N—R7 Ry N—R7 Ry / N-R7 Ry N-R7
X “Rs NN Rs N Rs T NN Rs
Reg (o} Rey > s} Rg—lr 0 Rg 1 0
= N N N
H H ]
XLH XL XLuv XLv

wherein Z, Ry, Rs, R7, Ry, and Ryg are as defined above.

[0064] In a further embodiment, the compounds of Formula I have Formula
XLVI:
Rl s
ST _ N O
H



[ 0088] Reagents and conditions: a) CH2C12- CH3CN, KF-Al 203, m crowave, or

nmet hanol , piperidine reflux; b) 4A nol ecul ar sieves, toluene, 70C «¢)

amne, r.t.; d) Pb(OAc)4, CH2C12-MeOH (1:1), 0C, or ammonium ceriun(lV)
nitrate (CAN), CH3CN, K2CO3, r.t. [0089] One aspect of the invention related
to met hods of preparing MDM2 inhibitor conpounds. In one enbodi nent, the
invention relates to a nethod of prédaring a conpound having formula X,
conpri sing a)condensi ng a conpound of Fornmula 1 with a conpound of Formul a
2, e.g., in a solvent or a mxture of solvents (e.g., CH2C12 and CH3CN)
under mcrowave in the presence of a catalyst (e.g., KF-A 203) or in the

presence of a base in_a _suitable vent to forma conpound of Fornula 3;
RL RO -, L ":"‘%“’.re.‘“.l.i‘f .5.’%’?‘3%9?{’6@3 abo¥o3 34 h) condensing the conpound
of For mul 4085w t h & sotpoubddiedntHbe nerhmudis af HFomuboimpee Bdmafa For mul a 5,

e.g., in a nongpat.ar solvent (e.g., toluene) in the presence of a
dehydrating agent (e.g., 4A nolecular sieve) at elevated tenperature (e.g.,
about 70C) to forma conpound of Fornula 6; and RI O?N, R1. 10

XLVii

wherein;

Ri, Rs, Ry, and Rg are as defined above;

Ryz is one to four groups independently selected from H, F, Cl, Br, I, OH,
NO;, atkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
CO2R', OCOR', CONR'R", NR"COR', NR'SO;R", SO,NR'R", (C=NR)NR"R™,
or NR'R"; and

nis0, 1, or 2.

[0066] In another embodiment, the compounds of Formula I have Formula
XLVIII:
Rs3
N-R4
Rs
Ro o)

Z 0

XLVHI

wherein:
Ri, R, R4, Rsand Ry are as defined above;



3456 c) treating the compound of Fornmula 6 with an oxidizing agent (e.g.,
Pb(0Ac)4, Ammonium ceriumnitrate) in a solvent or mxture of solvents
(e.g., CH2A 2 and MeOH, CH3CN) at a suitable tenperature (e.g., about 0OC or
roomtenperature) to forma conpound of Forrmula X; X wherein: R, and R5
are independently H or optionally substituted al kyl, cycloal kyl, al kenyl,
cycl oal kenyl, allcynyl, aryl, hetero2yclic, CO2R CORI, CONRR', NR'COR ,
NR1SO2R', S2NR R', (C=NR)NR'Rm or NRR'; R9 is one to four groups

i ndependent ly selected fromH F, d, Br, I, OH N2, aI | cyl, cycl oal kyl,
al kenyl , cl oal kenyl allcynyl, aryl, het er ocl%mlll C , 35 CO2R , OCCR' ,
CONR R, | TEOR' | fstbzRﬂmbos#@zNthﬁ-‘/|°°mm&4ﬁF9f) e { hfme RMROR . R10 and R11

are i ndependenpd,rm“iaiexﬁbtpxmptl onal Iy substituted al kyl, cycl oal | cyl,
al kenyl , cycl oal keny,J al kynyi, _ar yI het erocyclic, ( 2) n- R .

(Cr2) n- NR R, (CH2)n: RJCCR', . S&f ';R,,(CHZ)rH,\J- Qc
7 :

(CHZ)n CORI | c@
(CH2CH20) n- (CHZ) P CHZCH (CH2) m ) (CH2CH2
(CH2CH20) n- (CI-lZ)rm-»CO\IR R', (CH2CH20) n( CH2) m NR. 112. 'Ly
(CH2CH20) n- (CH2) . - NR, COR", (C|—|26:j—|20)n (CH2)MRL(C=NR. ") \R",

(CH2CH20) n- ( CH2) m NR<SE R €57 p—R(CHZCHZO Q(RQHZ),-CH, n-Ra

( CH2) p- ( CH2CH20) nx( GH2) m OR (CHZ

( CF12) p- (CH2CH2%%n]] m Gl /"§o { CHQ cr;ggmzo) PaiRI R

( CH2) p- ( CH2CH20) n~( CH2) |, - NRI COR™, (C|—|2)p (d—|2C1120) n- CH2) rrNI\/C-NR)NR‘ 1,
(CH2) p- (C112CH20) H“(CHZ)mNR’ %02R", - -SOR, om-S2R'; n, m and p
are each independentdy 1-6; andR each R' R" and R IS kndependently H or

optionally substi ten; Fal kyI .aal kyI Ry @nyl cyzg ,@JRkenyI al l cynyl,
aryl; or heterocy .a ring. [0090]In
| nv orel at oef matR e q%reparl ng

anot her enbodi n®

LV Lvill
Ry
13 ’Rﬁ “w e
O\ R5 Rot- O\ Rl O\% R9©\o s
Lxn LXm LXiv
wherein:
Ry, Rs3, R4, Rsand Rg are as defined above.
[0068) Ina ﬁlﬂhet_embodiment, the compounds of Formula I have one of

Formulae LXV:



a conpound having fornula LXV, conprising a)condensing a conpound of
Formula 16 wth a conmpound of Fornula 2, e.g., in a solvent or a m xture of
solvents (e.g., CH2Cl2 and CH3CN) under mcrowave in the presence of a
catalyst (e.g., KF-AI203) or in the presence of a base in a suitable

solvent to forma conmpound of Formula 17; Rl b) condensing the conpound
of Formula 17 with a conpound of For#ula 4 and a conpound of Formula 5,
e.g., in a non-polar solvent (e.g., toluene) in the presence of a

dehydrating agent (e.g., 4A nolecular sieve) at elevated tenperature (e.g.
about 70C) to forma conpound of Fornmula_ 18; and H 174518 c) treating

t he conpound of Fornula 18 with an oxi dif®iong agent (e.g., Pb(0Ac) 4,

Ammoni um ceriumnitrate) in a solveat ornymxture of solvents (e.g., CH2Cl12
and MeOH, CH3CN) at a suitable tenpe ureF§é.g., about OC or room

t enperat ure) H)meacmmmmdoka la LXV, LXV wherein:

N4

LXV

wherein:

Ry, R4, Rs, Ry, Ryg, and Ry are as defined above.

[0069) In a further embodiment, the compounds of Formula I have one of
Formulae LXVI and LXVIL
Rio
O N—R1 9
Ry /~N-Ra
I Sy Rs
Rg | / O
O
LXVI LXVii
wherein:
Ri, R4, Rs, Ro, Ryg, and Ry are as defined above.
{0070} In a further embodiment, the compounds of Formula I have one of

Formulae LXVIII and LXVIX:



37 R, R5, RO, Ro and RI | are as defined above. [0091]1n anot her

enbodi nent, the invention relates to a nethod of preparing a conpound
havi ng formul a XXI X, conprising a)condensing a conpound of Fornmula 3 with a
conmpound of Formula 4 and a conpound of Formula 5, e.g., in a non-polar
solvent (e.g., toluene) in the presence of a dehydrating agent (e.g., 4A
nmol ecul ar sieve) or by azeotropic di¥tillation at el evated tenperature
(e.g., about 70C) to forma conmpound of Formula 7; b) heating the
conmpound of Formula 7 in the presence of an acid (e.g., HCl) and then
addi ng a reducing agent (e.g., NaBH4) to form a conpound of Forrmula 8; 78
c) condensing the conpound ofRﬁornuIa 8 with a blocking agent (e.g., a
triallcyl silyl halide such a4 TBDMSCL1) in a polal solvent (e.g., DW)
fol l owed by trinethylacetyl ctdoride or other pr £ective agents in a
solvent or a m xture of solvents (e.g., diisoprdoyl ethylamne, CH2C 2) and
then acid (e.g., HCl) torfor ﬁ,¢gnpound of Rgr =9} d) treating the
conpound of Fornula 10 wi t'X a hal ogenati ng agef .g., CBr4 and Ph3P) in a

solvent (e.g., CH2CL2) \\f r 'aRhan conp d“ knula 11; e)
di spl aci ng the hal opgrioup of:%gg éonpouad_pf or a1l wth RIOONa or
RIONH2 to forma co N othul a 12790 o N O
H H
LXVIII LXIX
wherein:
Ry, R4, Rs, Ro Ryy, and Z are as defined above.
[0071) Useful alkyl groups include straight-chained or branched Ci.;s alkyl

groups, especially methyl, ethyl, propyl, isopropyl, t-butyl, sec-butyl, 3-pentyl,
adamantyl, norbomyl, and 3-hexyl groups.

f0072] Useful alkenyl groups include straight-chained or branched C,.i5 alkyl
groups, especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and
hexenyl.

[0073] Useful alkynyl groups are Cj.;5 alkynyl groups, especially ethynyl,
propynyl, butynyl, and 2-butynyl groups

[0074] Useful cycloalkyl groups are Cig cycloalkyl. Typical cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl.

[0075] Useful aryl groups include Cg.i4 aryl, especially phenyl, naphthyl,
phenanthrenyl, anthracenyl, indenyl, azulenyl, biphenyl, biphenylenyl, and
fluorenyl groups.

[0076] Useful heteroaryl groups include thienyl, benzo[b]thienyl,
naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl,
chromenyl, xanthenyl, phenoxanthenyl, 2H-pyrrolyl, pyrrolyl, imidazolyl,
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl,
3H-indolyl, indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinotyl, quinolyl,
phthalzinyl, naphthyridinyl, quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, 8-



39 treating the conpound of Fornmula 12 with an oxidizing agent (e.g.,

Pb(0Ac)4, or ammonium ceriumnitrate) in a solvent or m xture of solvents

(e.g., CH2C12 and MeOH or CH3CN) at a suitable tenperature (e.g.,

to roomtenperature) to forma conpound of Forrmula 13; and R10-Z R NH
R6 Rg 10 13 12 g)allcylating the compound of Formula 13 with an

allcylating agent (e.g

HCHO, NaBH3®N, and CH3CN) to forma conpound of

about 0C

Formul a XXI X; R10- ZRlOZNH R5 0 R NR7

carbolinyl, phenanthridinyl, acridinyl, perimidiny!, phenanthrolinyl,
phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl, phenoxazinyl,
1,4-dihydroquinoxaline-2,3-dione, 7-aminoisocoumarin, pyrido[1,2-
alpyrimidin-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., 2 pyridyl N-
oxide, pyrazinyl N-oxide, pyrimidiny]l N-oxide, and the like.

Useful heterocyclic groups include tetrahydrofuranyl, pyranyl,
piperidinyl, piperizinyl, pyrrolidinyl, imidazolidinyl, imidazolinyl, indolinyl,
isoindolinyl, quinuclidinyl, morpholinyl, isochromanyl, chromanyl,
pyrazolidinyl, pyrazolinyl, tetronoyl, tetramoyl, or 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.

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, baloalkyl,
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 lower alkyl, lower alkoxy, methylenedioxy, halo,
haloalkyl, aminosulfonyl, aryl, heteroaryl, amino acid substituted sulfonyl, or

amino acid derivative substituted sulfony! groups; heterocycloacyl optionally



R5 0 13XXI X wherein RI, R5, R7, RO, Rio and Z are as defined above.

[ 0092] An i nportant aspect of the present invention is that conpounds of
Forrmula | induce cell cycle arrest and/or apoptosis and al so potentiate the
i nduction of cell cycle arrest and/or apoptosis either alone or in response
to additional apoptosis induction signals. Therefore, it is contenplated

t hat these conpounds sensitize cell 2% o 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-rel ated
proteins and or, NDM2-real ted oteins of th presen |nventi on can be
used to |nduceg“'éﬁf}6‘&fié"étf‘§n?%“§ﬁ3}°“'9{0{k&r logrrploxy ;g y]E%ﬁqu% Hpeat ed,

amel i orat ed, anloplicaly anifimehlfoyylt B, 1 6rd tetrbayl gbupapmpremsycmalkdsuy one enbodi nent,
the inhibitors nduce. apopt,0si s onprrsrng
functional p53F gonag%sﬁug&ﬁlgefleg‘tbr Btelns’ OI{) JO%3] ?ﬂﬁqan&eﬁ P&hbodi nent , t he

i nvention per tradtindentdoxypald, delodlylamiapulfings pyl, 25 dgebatlegowt;at € whi ch is

associ ated W t RO REw RS fe 1813 il st RGRNLR or RSRNMPI es Of
apopt osi s- rrnduﬂlaatfgﬁul amentst?%gl u‘g@ wﬁt gr esnol? | im teoél to, Fas/ CDO5,

TRAMP, TNF Rl O‘mlal@br@”ef Bfeexy: Erelylepsdioxy, e, hatoafip. emfuesulfenEa,  Fas | i gand,
TRAIL, anti boohq&,s ot Ghettishryl gRlipDHror ThfMally RisatfBadd Zeteqpd3loalBAoky BAD, Al a, CAD,
Pl 3 ki nase, 3€ ofein ts. invalved in the
initiation, de flgn%o S%Q%R%e F“%a%"?on‘s °<'%1)':sre]gvE g“g}gptﬁ%wselrsa(?lfar al so incl uded.
Exanpl es of apoidesedionydlol @ﬁqarkgl agemﬂ@nvlnwlu@téletalggmltgsoum he activity,

presence, [g9ichangeertah Gpﬁ{éed&tniwﬁﬁxhéjef el memnv&% pReukiat & apoptosis in a
subj ect . Preferred op tos‘k‘ﬁi nodul atin ents are inducers of ~apoptosi s,

such as TNF orSSPOPREST cPgidRg (0pRah dsoms rt| | mygntion, ig9lKdem 4li gand, a
Fas/ CD9O5 i garwb;eoaoﬁ{wlﬂothah pigamdivided sEEB&bdmer progiPdibhsing eihe@nbodi nent s, the

conposi tions and resent inventdon ed to treat
di seased cells, s rqgons Ogeacgraa%&%} hg mcemlf H’é’f oesl 055110}’05%?18“?1?66%&55 and/ or di sease

states in an arﬁllr?aﬂw@@lvgiual eaanmrmmﬂhrtanybmpemd dopredingdp mgthodsut not |i nited

t o, humans andnhy el &l R [RbeRF ki in kR afthi s regard, various di seases and
pat hol ogi ﬁ@’ @re angnabl e tqQ treatnent or prophyl axis. usi ngethe pr esent

met hods a onpos 5 GRBoUnES #dPracstysof My ras gtign wilkhe Bsfer hose di seases
and condi t i onsmti¢rgbadd s cornetttion SvithOthe| foltbwiegl syhetibrseieaies oebivher , pr ost at e

cancer, 'y”phC{HPsuaé'ﬂe mEROHs Hy: Wil b ec%*)cﬁm&sa&ct%é ’mvgrmog ?/et%cer el anom,

mal i gnant el anona, ovarian cancer . n cancer rain carcinona,
head- neck candé?Pareé‘l iSeATEng @f?f@blt’a%lber?htamﬁ {rem ceramrelpl Sobllcﬁd‘a‘er cancer,

non-snal | cel lprdpaiRg b?a\féﬂ-%&abhglﬁ@-@te%r@ﬂ&&o&%Mﬁmﬁ@se RE eRmbryCar ci nom,
ovarian carcin

| un Ci smal | -cel | carcinonma, WIns' tunor,
cervical carci %’(Bﬁ‘éthefuég(ff"@th 8‘5’??#’3‘1’%%?“ I"%‘&E'r %361?@??{6 , pancreatic
carci noma, st chactmmwandsidebmel, abod can ‘asynihesiaed by prubsitusidit of dar ci nong,
geni tourinary Ga6ekRQuRend Y LM SR GhAQBRGSRRGAgeal carcinoma, nyel om,

[0081] Compounds have the general structure of formula X are synthesized by
using a asymmetric 1, 3- dipolar cycloaddition as the key step (Scheme 1).



41 nmul tiple nyel oma, adrenal carcinoma, renal cell carcinoma, endonetrial
carci noma, adrenal cortex carcinoma, malignant pancreatic insulinom,
mal i gnant carcinoid carci noma, choriocarcinona, mycosis fungoides,

mal i gnant hypercal cem a, cervical hyperplasia, |eukem a, acute |ynphocytic
| eukem a, chronic |ynphocytic | eukem a, acute nyel ogenous | eukem a, chronic
nyel ogenous | eukeni a, chronic granul®cytic | eukem a, acute granul ocytic

| eukemi a, hairy cell |eukem a, neurobl astonma, rhabdomyosarcom, Kaposi's
sarcomm, polycythem a vera, essential thronmbocytosis, Hodgkin' s disease,
non- Hodgki n' s | ynphoma, soft-tissue sarcomm, o0steogenic sarcomm, primary
macr ogl obul i ne gmebling retinobl astoma, and the like, T and B cell nedi ated

aut oi nmune di seases; inflammtory di seases; &nfecti ) erproliferative
di seases; AIDS; degenerative conditions, vasgular digea es, and the |ike,
hi some enbodigqgfiggzg% cancer cejls bed reatgd a tastatic. In

ot her enbodi ment camcet el s bl ated ‘are esigtant to

anti cancer agents, [(D951 |In sone enbodimenks, infegtions suitable for
treatment with thetconpositi ons and nethods of the pﬁe$§nt5invention

i nclude, but are not limted to, infections caused by viruses, bacteria,
fungi, mycoplasm, prions, and the |ike. [0096] Sone enbodi nents of the
present invention provide gpth@ s for adm ni stemripg.FAan ef fective anount of

a compound of Fornula | and 4 t one additi t her apeuti c agent
(including, but not limte nmot her apeuti c apti neopl asti cs,
apopt osi s- nodul abjdig agenks, Ficrobjals, arftiyi ™l s, antifungal s, and
h ict euQ, (e.g., surgica
3 Fes). [0097k.A hu of suitable
anticancer agents are coO i ted for use in t hods of the present
i nvention. |Indeed, the preseht invention contenplates, but is not limted
to, adm nistration of numer Qus anti cancer agents ch as: agents that
i nduce apoptosis; polynucleotides (e.g., anti-sense, ribozynmes, siRNA);
pol ypeptides (e.g., enzymes and anti bodies); biological mnetics (e.qg.,
gossypol dPOSBH3 i Retgenisand cengiianss a)tUHRCL-LHEN, K&-42Qs, miciogereeet ze or 42
conpl ex) with guBedr ﬁp&@me!réﬁuarmﬁ!rﬁmewm@é, Bittne, Aokah) Qinhs; all cylating
agents; antitunor antibiotics; antinetabolites; hornones; platinum
conpounds: nonteOREPASr Gty MR VARG FommestpeeipmDamitaodi es conj ugat ed
W th anti canceCAN)UCBCNI KxXioag.t. def ensins), toxins; radionuclides;
bi ol ogi cal ponse nodifiers (L. i rferaon e.g.. |FN-a) and
interleukﬁﬁ@sﬁe.g.?O?Egﬂ%ﬁg&gﬁgﬁFﬁngkg%ﬁﬁor 5Fép %g@ﬁ??gmhenatopoietic
growt h fact or sshoggdckemeRat i nduce tunor cell differentiation (e.g.,
all-trans-retinoic acid); gene therapy reagents (e.g., antisense therapy
reagents and ngcleotides); tunor vacci nes; angi ogenesi s inhibitors;
prot eosone i nhPPFPHFs: NF-KB nodul ators; anti-CDK conpounds; HDAC _
inhibitors; and the |ike. Numerous ot her exanples of chenotherapeutic
conpounds and anticancer therapies suitable for co-admnistration wth the
di scl osed conpounds are known to those skilled in the art. [0098]In
preferred enbodi nents, anticancer agents conprise agents that induce or
stinmul ate apoptosis. Agents that induce apoptosis include, but are not -
limted to, radiation (e.g., X-rays, ganma rays, WV); tunor necrosis factor
(TNF)-related factors (e.g., TNF famly receptor proteins, TNF famly
| i gands, TRAIL, antibodies to TRAIL-RL or TRAIL-R2); kinase inhibitors
(e.g., epidermal growth factor receptor (EGFR) |cinase inhibitor, vascular
grom h factor receptor (VGFR) kinase inhibitor, fibroblast growh factor
receptor (FGFR) kinase inhibitor, platelet-derived gromh factor receptor
(PDGFR) ki nase inhibitor, and Bcr-Abl kinase inhibitors (such as GLEEVEC));
anti sense nol ecul es; antibodies (e.g., HERCEPTLIN, RI TUXAN, ZEVALIN, and
AVASTIN); anti-estrogens (e.g., raloxifene and tanoxifen); anti-androgens
(e.qg., flutam de, bicalutam de, flnasteride, am nogl utetham de,
ket oconazol e, and corticosteroids); cyclooxygenase 2 (COX-2) inhibitors:
(e.g., celecoxib, neloxicam NS-398, and non-steroidal anti-inflanmatory
drugs (NSAIDs)); anti-inflammtory drugs (e.g., butazolidin, DECADRON,
DELTASONE, dexamet hasone, dexanet hasone intensol, DEXONE, HEXADROL, N
hydr oxychl or oqui ne, METI CORTEN, ORADEXON, ORASONE, oxyphenbutazone,
PEDI APRED, phenyl butazone, PLAQUENI L, 43 . prednisol one, prednisone,
PRELONE, and TANDEARI L); and cancer chenot herapeutic drugs (e.g., _
i rinotecan (CAMPTOSAR), CPT41, fludarabi ne (FLUDARA), dacarbazine (DTICQ),
dexanet hasone, m toxantrone, MYLOTARG VP-16, cisplatin, carboplatin,
oxal i platin, 5-FU, doxorubicin, gentitabine, bortezomb, gefitinib,

. o o — N J PN ——— -_— AN \ I B o N T Y L

i ntervention, and/or radi



[0101] 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., nethotrexate (arnethopterin)); 2) pyrimdine anal ogs (e.g.,
fluorouracil (5-fluorouracil; 5-FU), floxuridine (fluorode-oxyuridine;
FudR), and cytarabine (cytosine arabjnoside)); and 3) purine analogs (e.g.,
nmer capt opuri ne (6-nercaptopuri ne; 6-%#0, t hi oguani ne (6-thi oguani ne; TG,
and pentostatin (2'-deoxycofornycin)). [0102]In still further enbodi nents,
chenot herapeutic agents suitable for use in the conpositions and nmethods of
the present invention include, but are not Ilnhﬁed to: 1) vinga al kal oi ds
(e.g., vinblastine (VLB), vincristine); 2y p podophyl | et

et oposi de and teni p&si dePs Prant i bi oti ca.(eng., 44 dagt) cin
(actinomycin D), - norub e( daunonycirg 1 domaycin Qr ubi cin,

bl eonycin, plié o( i t I*Uamym ny, Lpofycin (mid ghoeion C));  4)
enzynes (e.g., L- asparagl ase); 5) blologldal response nD ifiers (e.qg.
interferon-alfa); %) plati &n1ﬁoord|nat|ng conpl exes (e.d., C|splat|n
(ci s-DDP) and carbopl atin); 7) ant hr adep®edi ones (e.g. Otoxantrone) 8)
substituted ureas (emg)Hagz roxyurea) . ﬁethylhydragln erivatives
(e.g., procarbazine ($+ ydhydra2|ne 10) adre 0 et 1 cal
suppressants (e_.ﬁ.‘1 ane (e, p' - nd anlnoglut% I de); 11)
adrenocorti cost er okgs ) °, prednjs 212) proggs ..,

hydr oxypr ogest erone taptoate, medro Nogest erone ac and negestrol
acetate); 13) estrogens (e.g. dlethyI%tllbestroI and et hinyl estradiol);
14) antiestrogens (e.g., (gnDX|fen) 15) androgens (e.g., testosterone
propi onate and fluoxynéékérqpe) 16 antlandrogens (e.g., flutam de): and

17) gonadotropi n-rel east or none 0ogs (e. Gusz euprollde) [ 0103] Any
oncol ytic agent tdat ig Phel iy usB a_‘can tver apy context finds

use in the conpositio ention. For exanple,
the U S. Food and Dr drni st rafi& & mul ary of oncol ytic
agents approved for use in the United States. Intefnational count er part
agencies to the U S.F.D2A. maintain sB¥mlar formi¥ries. Table 1 provides a

list of exgpayary %&%eﬁ'@%& %ﬁlﬁ&sa@eﬂg SoRRMr QS towenelwcl g the U.S. Those
skilled in the art_w preci ate product | apel s required on

all U'S. approV Hmwwgnﬁ#H rQb@ﬂ#ﬁc§mﬂﬂt6#wbe®aEBP¥§@H‘?ﬂﬁ?@at|ons dosi ng
i nformati on, tDMFcleD ) @ideshylacand dhiveidd, |ckimprcfpyir eth)hzemﬁagéﬂmbm’ i) agents. Table

1. Al desl eul ci F'e%ta@e”& serg Cjﬂgél r | n: 2) Proleukin
. e {f‘%
Chiron Corp., @ﬁ %ﬁ efit uz arma (I%g& * 8nt i body)
R,ONHo (for Z = NH) or other standard procedure; h} Pb(OAc)s, CH,Cl,-
MeOH (1:1), 0°C or CAN, CH;CN, K»CO;, r.t.; 1) HCHO, NaBH;CN, CH;CN
(for Ry = Me) or other standard procedure.

{0085} Compounds having Formula XLVI may be prepared by a published
1,3-dipolar cycloaddition reaction as shown in Scheme 3 (Fejes et al,
Tetrahedron 57:1129 (2000)).



Canpath M Il enniumand | LEX Partners, LP, Canbridge, MA Alitretinoin
(9-cis-retinoic acid) Panretin Ligand Pharmaceuticals, Inc., San Diego CA
Al l opurinol' (1,5-dihydro-4 H -pyrazol o[ 3, 4-d] pyri m di n-4- one nonosodi um
salt) Zyloprim d axoSm t hKline, Research Triangle Park, NC Altretam ne
(NNNN,N,N',N',- hexanethyl-1, 3,5-triazi ne- Hexal en US Bi osci ence, West
Conshohocken, PA 45 2, 4, 6-triam n@) Am fosti ne

Scheme 3.
Ry o R s
1 N
/ \\—R5 5
=3 | o + , X Rs
Rg'—' OH RQ_I_ (0]
N -
N MeHN/\g/ N
3 14 LXVI
[0086] Compounds having Formula XLVII may be prepared by another

published 1,3-dipolar cycloaddition reaction as shown in Scheme 4 (Fejes et
al., Tetrahedron 57:1129 (2000)).

Scheme 4.

[0087] Compounds having Formula LXV are prepared by a similar method as
the preparation of Formula X (Scheme 5).



(et hanet hi ol
Et hyol
tetramethyl-5-(1H 1, 2,4-tri azo
Phar maceuti cal s,
Ther apeutic, Inc.,
type EC- 2) El spar

Seattl e,
Merck & Co.,

(l'yophilized preparation of an attenuated strain of Mycobacterium bovis

(Bacillus Cal metteGul cin [ BCQO),

2-[ (3-am nopropyl )am no] -,
US Bi osci ence Anastrozole (1, 3-Benzenedi acetonitrile,
-1-ylnmethyl)) Arimdex AstraZeneca
LP, WI m ngton,
WA Aspar agi nase (L-asparagi ne am dohydr ol ase,

di hydrogen phosphate (ester))
a, a, a',

DE Arsenic trioxide Trisenox Cel
I nc. ,33%Whi t ehouse Station, NJ BCG Live

substrain Mntreal) TICE BCG

Scheme 3.

R4 0 (o] Ph
y I
/
~d N Ph
_— a
Re QIO/EO + RCHO & Rg—@}o + n .
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16 2 N g 5
Riow ’Rﬂ RW\N’R“
(0]
o /tph 0
b, ¢ R4 N o d Ry NH
S ——
R AN Rs
N 5 ]
Rg'—{- Q Re 0
A~g Z 0
18 LXV

[0088]

Reagents and conditions: a) CH,ClL-CH3CN, KF-ALO,, 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), CH3CN, K,COs, 1.t
[0089]

One aspect of the invention related to methods of preparing MDM?2

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 CHiCN) under

microwave in the presence of a catalyst (e.g., KF-Al,O3) or in the presence of

a base in a suitable solvent to form a compound of Formula 3;

R4
y /
Rer— | ) =~
T R{CHO Ro— | o)
N AN N
H H
1 2 3

a



Organon Tekni ka, Corp., Durham NC bexarotene capsul es

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

benzoic acid) Targretin Ligand Pharmaceuticals bexarotene gel Targretin

Li gand Pharnmaceuti cal s Bl eonycin (cytotoxic glycopeptide antibiotics

produced by Streptonyces verticillus; bleonycin A2 and bl eomycin B2)

Bl enoxane Bri stol -Mers Squi bb Co. KN NY Capeci t abi ne

(5' - deoxy-5-fl uoro- N—[(pentyloxy)carbonyl] cyti di ne) Xel oda Roche

Carboplatin (platinum diammne [1,1- cycl obutanedi carboxyl at o( 2+0,
1-,(SP-4-2)) Paraplatin Bristol-Mers Squibb

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 compound of Formula 6; and

R1°‘ - rPh
et T s c?i

c) 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;ClL, and MeOH, CH;3;CN) at a suitable temperature (e.g., about 0°C or

room temperature) to form a compound of Formula X;

R10\N,R11

wherein:

Ry, 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";

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,



Carnustine (1, 3-bis(2-chloroethyl)-1-nitrosourea) BCNU, Bi CNU Bristol - Mers
Squi bb Carnustine with Polifeprosan 20 Inplant diadel Wafer Guilford
Pharmaceuticals, Inc., Baltinore, MD Cel ecoxib (as 4-(5-(4-methyl phenyl)- 3-
(trifluoromethyl)- 1 Hpyrazol-1 -yl] benzenesul fonam de) Cel ebrex Searl e
Phar maceuti cal s, Engl and Chl or anbuci |

(4-[ bi s(2chl or et hypam no] benzenebut ahoi ¢ aci d) Leukeran d axoSm thKli ne
Cisplatin (PtCl2H6N2) Pl ati nol Bristol - Mers Squi bb

CO;R', OCOR!, CONRR", NR"COR', NR'SO2R", SO,NR'R", (C=NR')NR"R",
or NRR";
Riyp and R;; are independenily H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CH,),-R',
(CH2).-NR'R", (CH,),-NR'COR", (CH,),-NR'SO;R", (CHy),-
NR'(C=NR")NR", (CH2);-COOH, (CHz),-COOR', (CH3),~CONRR", (CHz)s-
OR!, (CHz)s-SR', (CH3),-COR!, (CH3):-SO3H, (CH,);-SONR'R", (CHa)n-
SO,NR'R", (CH,CH;0),-(CH;)-OH, (CH,CH;0),-(CHy)n-OR,
(CH,CH;0),(CH),~COOR’, (CH.CH>0),-(CH3)n~CONR'R", (CH2CH20),-
(CH2)m-NR'R, (CH;CH,0)4-(CH2)m~-NR'COR", (CH,CH,0),~(CHy)p-
NRY(C=NR"INR", (CH,CH;0)-(CHz)n-NR'SO;R", (CH,),-(CH,CH,0),-
(CH3)m-OH, (CHa3)p~(CH2CH20)s-(CH2)m-OR!, (CHz),~(CH;CH;0)n-(CHa)m-
COOR!, (CH3)~(CH2CH;0);-(CHz)m-CONR'R", (CH,),~(CH;CH0) - (CH) -
NR'R", (CH),~(CH;CH30),-(CH2)m-NR'COR", (CH3)p-(CH2CH;0),5-(CHz)m-
NR(C=NR")NR", (CHz)p-(CH;CH;0)~(CH2)m-NR'SO:R", -CO-R’, -SOR’,
or -SO;R’;
n, m, and p are each independently 1-6; 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,

[0090] 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., CH>Cl; and CH;CN) under
microwave in the presence of a catalyst (e.g., KF-ALQO,) or in the presence of

a base in a suitable solvent to form a compound of Formnula 17,



Cl adri bi ne (2-chloro-2'-dcoxy-b-D adenosi ne) Leustatin, 2-CdA R W Johnson
Phar maceutical Research Institute, Raritan, NJ Cycl ophospham de

(2-[bi s(2-chl oroet hyl)am no3 tetrahydro-2H 13, 2- oxazaphosphori ne 2-oxi de
nonohydr ate) Cyt oxan, Neosar Bristol-Mers Squi bb Cytarabine

(1- b- D Ar abi nof ur anosyl cyt osi ne, C9H13N305) Cytosar-U Pharnmaci a & Upj ohn
Conpany cyt ar abi ne |iposomal DepoCyt36Skye Pharmaceuticals, Inc., San Diego,
CA Dacarbazi ne DTI C Bayer AG Leverkusen,

R4
“ l o = /
Re < o R;CHO Rg__\ | § 0
16 2 17

b) condensing the compound of Formula 17 with 2 compound of Formula 4
and a compound of Formula 3, 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

Riow _R
N Ho
Ry _
/ Os O LPh
3 Q,
Ro— | 0 T I g,
NP N~ YPh
H
17 4 5 18

c) treating the compound of Formula 18 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;CN) at a suitable temperature (e.g., about 0°C or

room temperature) to form a compound of Formula LXV;

R1°‘N’R"

wherein:



46 (5-(3,3-dinethyl-1-triazeno)-imdazol e-4- carboxai nide (DTl) Done
Germany Dacti nomycin, actinonycin D (actinonycin produced by Streptonyces
parvul | us, €621486111200 Cosnegen Merck Darbepoetin alfa (reconbi nant
pepti de) Aranesp Angen, Inc., Thousand Caks, CA daunor ubi cinli posonal
((8S-cis)-8-acetyl-10-[(3-am no- 2, 3, 87- trideoxy-
6. - L-1 yxo- hexopyranosyl ) oxy)-7, 8,90 0-
tetrahydro-6, 8, 11-tri hydroxy-1-met hoxy-5, 12- napht hacenedi one
hydrochl ori de) DanuoXom e Nexstar Pharmaceuticals, Inc., Boul der, CO
Daunor ubi ci n HgJ ; 0 | Nredk dd¥matt ab
S)-3-Acetyl-1, 3’&?’%$ﬁ@ﬁ5x§hydr%’- _3a, %Y?'lz-t ri hydr oxy- 10- net hoxy- 6, 11- di oxo-
| - napht hacl@®li  3- ad srother anbedimentthoiyention 1pipty to ametliod ebpremMER®pyr anosi de
hydr ochl ori de) , 654pdRiddhss formula XXIX, comprising

a) condensing a 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., 44 molecular sieve) or by azeotropic

distillation at elevated temperature (e.g., about 70°C) to form a compound of

Formula 7;
o)

3 { N~ “Ph \—Rs 5
Rg=— l o + H

2 N 4

H
3

b) heating the compound of Formula 7 in the presence of an acid (e.g.,

HCI) and then adding a reducing agent (e.g., NaBHj) to form a compound of

Formula §;

HO Hoj
Ph
Ry N
S Rs
Rg'_| o]
Z =N
H
8
c) condensing the compound of Formula 8 with a blocking agent (e.g., a

trialkyl silyl halide such as TBDMSCI) in a polar solvent (e.g., DMF)
followed by trimethylacetyl chloride or other protective agents in a solvent or
a mixture of solvents (e.g., diisopropyl ethylamine, CH,Cl,) and then acid
(e.g., HCI) to form a compound of Formula 10;



Weth Ayerst, Madison, NJ Denileulcin diftitox (reconbi nant peptide) Ontak
Seragen, Inc., Hopkinton, MA Dexrazoxane
aS)-4,4"-(1-nethyl -1, 2- et hanedi y1) bi s- 2, 6- pi perazi nedi one) Zi necard
Pharmaci a & Upj ohn Conpany Docet axel ((2R, 3S)-N-carboxy-3-phenylisoseri ne,
N-tert- butyl ester, 13-ester with
5b-20-epoxy12a,4,7b,10b,13a-hexahydr8§ytax- 11-en-9- one 4-acetate
2-benzoate, trihydrate) Taxoterc Aventis Pharmaceuticals, Inc.,
Bri dgewat er, NJ Doxorubicin HClL (85,10S)-10-[(3-am no-2,3,6-trideoxy-a-L-
| yxo- hexopyranosyl ) oxy] -8-glycolyl-7,8,9,0-,tetrahydro-6,8, 11-
tri hydroxy-| -nmet hoxy-5, 12- napht hacenedi ydrochl ori de) Adriamycin ,
Rubex Pharmaci a & Upj ohn Conpanyo. d@kor ubigin o anycin PFS | ntravenous
i njection Pharnmacia & UpjohnH npan hdoxoRru i cijpy | posonal

N N

1

d) treating the compound of Formula 10 with a halogenating agent (e.g.,
CBrs and PhiP) in a solvent (e.g., CH,CL;) to form a halo compound of

Formula 11;

e) displacing the halo group of the compound of Formula 11 with R;ONa or

R;oNHj; to form a compound of Formula 12;

:J_<f ~ <9
Ph Ph

Br Oi Rm—‘z 01
R‘l N ph R1 Ph
Rt > OR5 Rg—ir ORs
= N 9 N
H H
11 12



Doxi | Sequus Pharmaceuticals, Inc., Menlo park, CA dronostanol one

propi onate (17b-Hydroxy-2a-net hyl - 5a- andr ost an- 3- one propi onate) Dronpstano
lone Eli Lilly & Company, Indianapolis, |IN dronostanol one propionate

Mast erone injection Syntex, Corp., Palo Alto, CAElliott's B Solution
Elliott's B Solution O phan Medical,, Inc Epirubicin
((8S-cis)-10-[(3-am no-2, 3, 6-tri deoxy-a-L- arabino-

hexopyr anosyl ) oxyl-7,8,9, 10- tetrahydro-6, 8, 11-tri hydroxy- 8-
(hydroxyacet yl) - 1- net hoxy-5, 12- napht hacenedi one hydrochl ori de) Ellence
Pharrnaci a & Ugj ohge RiRimfaeb! Foritlih 32 GG GARIA pRE 014 d) EpOgEN

moen. Pb(OAc)s, or ammonium cerium nitrate) in a solvent or mixture of solvents
(e.g., CH;Cl; and MeOH or CH3CN) at a suitable temperature (e.g., about 0°C

to room temperature) to form a compound of Formula 13; and

g) alkylating the compound of Formula 13 with an alkylating agent (e.g.,
HCHO, NaBH3CN, and CH3;CN) to form a compound of Formula XXIX;

R10"Z

wherein Ry, Rs, Ry, Rg, Rjpand Z are as defined above.

[0092] 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



47 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), disodium salt, nonohydrate) Enctyt Pharnmacia & Upj ohn Conpany

Et oposi de phosphate (4t - Derret hyl epi podophyl | ot oxi n 944, 6-0-(R) -

et hyl i dene- (bet a) - D- gl ucopyr anosi de] 041- (di hydr ogen phosphate)) Etopophos
Bristol -Mers Squi bb etoposide, VP-16 (4'-denethyl epi podophyl | ot oxin
944,6-0-(R) - ethylidene-(beta)-D glucopyranosi dep Vepesid Bristol-Mers
Squi bb Exenest drosta-1, 4-dj 17-di.o Aromasi n

Pﬂar maci a & Up%q ldérgga%grwe E%%gr élge?%’%ei}’rér‘?g v%?%—‘%stll—l lrﬁe&l én Angen, Inc
f1 oxuridi ne (i rapepieaist bqunabl)lqu@‘lemd@ewibﬁm P@@FGmdltqjlnm@} a}ﬁbEFiS

in cells comprising functional p53 or p53-related proteins.

[0093] 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, DRI, DR2, DR3, DR4, DRS,
DR6, FADD, RIP, TNFe, Fas ligand, TRAIL, antibodies to TRAIL-R1 or
TRAIL-R2, Bel-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. Preferred apoptosis-modulating
agents 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.

{0094] In some embodiments, the compositions and methods of the present
invention are used to treat diseased cells, tissues, organms, or pathological
conditions and/or disease states in an animal (e.g., a mammalian 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 cancet, lymphoma, skin cancer, pancreatic cancer, colon cancer,
melanoma, malignant melanoma, ovarian cancer, brainl 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,



Roche Fl udarabine (fluorinated nucl eotide anal og of the antiviral
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(1 H 3H)-pyri m di nedi one) Adruci

| CN Phar maceuti cal s,

Humacao, Puerto Rico Fulvestrant (7-al pha-[9-(4,4,5,5,5-penta
fl uoropentyl sul phinyl) nonyl]estra-148B,5-(10)- triene-3,17-beta-diol)

Fasl odex | PR Pharmaceuticals, Guayanma, Puerto

Ri co Gentit abi ne

agent

I nc.

(2' -deoxy-2', 2'-difluorocytidi ne nonohydrochl oride (b-isoner)) Genear

Lilly Gentuzumab QOzogamicin (anti-CD33 hP67.6)

{0095}

[0096]

[0097]

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, mneuroblastoma,
rhabdomyosarcoma, Kaposi's sarcoma, polycythemia vera, essential
thrombocytosis, Hodgkin's disease, non-Hodgkin's lymphoma, sofi-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.

In some embodiments, infections suitable for treatment with the
compositions and methods of the present invention include, but are not limited
to, infections cansed by viruses, bacteria, fungi, mycoplasma, prions, and the
like.

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 mnot limited to,
chemotherapeutic antineoplastics, apoptosis-modulating agents,
antimicrobials, antivirals, antifungals, and anti-inflammatory agents) and/or
therapeutic technique (e.g., surgical intervention, and/or radiotherapies).

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; polﬁﬁcleotides (e.g., anti-sense, ribozymes,
siRNA); polypeptides (e.g., enzymes and antibodies); biological mimetics

(e.g., gossypol or BH3 mimetics); agenis that bind (e.g., oligomerize or

Eli



M/l otarg Weth Ayerst Goserelin 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

[ C59H54N18014 (C2H402) x Zol adex | npl ant AstraZeneca Pharmaceutical s

Hydr oxyurea Hydrea Bristol -Mers Squi bb Ibritunmomab Ti uxetan

(i mmunoconj ugate resulting froma th2urea coval ent bond between the

nonocl onal antibody | britunomab and the |inker-chel ator tiuxetan

[ N42- bi s(car boxynet hyl ) am no] - 3- (pi sot hi ocyanat ophenyl)- propyl]-[N-[2-

bi s(car boxynet hyfl am no]-2-(nmethyl) - ethyliglycine) ' Zevalin Biogen | DEC
| nc., Canbri dgeompisx) &dk @bBdi nfa(ngy PofeitNGsh t 48 e allisleife allylatigget y| - 7- [ ( 3-

ami no- 2, 3, 6- t r idROXYmfiRmBN Ahntibiotiésy X @ntimetabolites; hormones; platmum

Ele)s(o? 3” ?gg_%lcl) ﬁ)n}{aLunds monoc}galto?})gl)gclérlxa antlbod’les% e.g., ta%b@%gg go)fl}{lg%dg ochloride, (7S
with anticancer drugs, toxins, defensins), toxins; radionuclides; biological
response modifiers (e.g., interferons (e.g., IFN-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.

[0098] In preferred 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 réceptor (VGFR) kinase inhibitor, fibroblast growth factor receptor
(FGFR) kinase inhibitor, platelet-derived growth factor receptor (PDGFR)
kinase inhibitor, and Bcr-Abl kinase inhibitors (such as GLEEVECQ));
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, PLAQUENIL,



Phar maci a & Upj ohn Conpany 48 Ifosfam de (3-(2-chloroethyl)-2-[(2-
chl or oet hyl ) am no] t et rahydro-2H-1, 3, 2- oxazaphosphori ne 2-oxide) |FEX
Bristol-Mers Squibb Imatinib Mesilate
(4-[(4-Methyl -1 -pi perazinyl)nmethyl]-N 4- nethyl-314-(3-pyridinyl)-2-
pyri m di nyli am no] - phenyl ] benzam de net hanesul fonate) G eevec Novartis AG
Basel, Switzerland . - Interferon al4a-2a (reconbi nant peptide) Roferon-A
Hof f mann- La Roche, Inc., Nutley, NJ Interferon alfa-2b (reconbi nant
peptide) Intron A (Lyophilize d
" prednisolone, prednisone, PRELONE, and TANDEARIL), and cancer
chemotherapeutic drugs (e.g., irinotecan (CAMPTOSAR), CPT-11,
fludarabine (FLUDARA), dacarbazine (DTIC), dexamethasone, mitoxantrone,
MYLOTARG, VP-16, cisplatin, carboplatin, oxaliplatin, 5-FU, doxorubicin,
gemcitabine, bortezomib, gefitinib, bevacizumab, TAXOTERE or TAXOL);
cellular signaling molecules; ceramides and cytokines; staurosporine, and the
like.
[0099] In still other embodiments, the compositions and methods of the
present invention provide a compound of Formula I and at least one anti-
hyperproliferative or antineoplastic agent selected from alkylating agents,
antimetabolites, and natural products (e.g., herbs and other plant and/or animal
derived compounds).
[0100] Alkylating agents suitable for use in the present compositions and
methods include, but are not limited to: 1) nitrogen mustards (e.g.,
mechlorethamine, cyclophosphamide, ifosfamide, melphalan (L-sarcolysin);
and chlorambucil); 2) ethylenimines and methylmelamines (e.g.,
hexamethylmelamine and thiotepa); 3) alkyl sulfonates (e.g., busulfan); 4)
nitrosoureas (e.g., carmustine (BCNU); lomustine (CCNU); semustine
(methyl-CCNU); and streptozocin (streptozotocin)); and 5) triazenes (e.g.,
dacarbazine (DTIC; dimethyltriazenoimid-azolecarboxamide).
[6101] 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 (amethopterin)); 2) pyrimidine analogs (e.g., fluorouracil
(5-fluorouracil; 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)).
[0102] 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.,



Bet aseron) Schering AG Berlin, Germany Irinotecan HCl
((4S)-4,11-diethyl-4-hydroxy-9-[(4- piperi-

di nopi peri di no) car bonyl oxy] - 1H pyrano[3', 4': 6,7] indolizino[l, 2-b]
qui nol i ne- 3, 14(41-1, 12H) dione hydrochloride trihydrate) Canptosar
Phar maci a & Upj ohn Conpany Letrozole [{94, 4'-(1H1,2,4

-Triazol -1-yl net hyl ene) di benzonitri f ) Femara Novartis Leucovorin
(L-Gutamc acid, N4[[(2am no-5-fornyl- 1,4,5,6,7,8 hexahydro4oxo6-
pteri di nyl) nmet hyl | am no] benzoyl ], calciumsalt (1: 1)) Vel | covori n, .

Levcouor 0 LTHBRg 5 oS8 e Ssabes Skl 5) 2 >

| Hl 2N2S- HCl ) Eﬁ(g(gﬂiplgy@j bleomycin, plicamycin (mithramycin), and mitomycin
(mitomycin C)); 4) enzymes (e.g., L-asparaginase); 5) biological response
modifiers (e.g., interferon-alfa); G6) platinum coordinating complexes (e.g.,
cisplatin (cis-DDP) and carboplatin); 7) anthracenediones (e.g., mitoxantrone);
8) substituted ureas (e.g., hydroxyurea); 9) methylthydrazine derivatives (e.g.,
procarbazine (N-methylhydrazine; MIH)); 10) adrenocortical suppressants
(e.g., mitotane (o,p’~DDD) and aminoglutethimide); 11) adrenocorticosteroids
(e.g., prednisone); 12) progestins (e.g., hydroxyprogesterone caproate,
medroxyprogesterone acetate, and megestrol acetate); 13) estrogens (e.g.,
diethylstilbestrol and ethinyl estradiol); 14) antiestrogens (e.g., tamoxifen);
15) androgens (e.g., testosterone propionate and fluoxymesterone); 16)
antiandrogens (e.g., flutamide): and 17) gonadotropin-releasing hormone
analogs (e.g., leuprolide).

[0103] Any oncolytic agent that is routinely used in a cancer therapy context
finds use in the compositions and methods of the present invention. For
example, the U.S. Food and Drug Administration maintains a formulary of
oncolytic agents approved for use in the United States. International
counterpart agencies to the U.S.F.D.A. maintain similar formularies. Table 1
provides a list of exemplary antineoplastic agents approved for use in the U.S.
Those skilled in the art will appreciate that the “product labels” required on all
U.S. approved chemotherapeutics describe approved indications, dosing

information, toxicity data, and the like, for the exemplary agents.

Table 1.

Aldesleukin Proleukin  |Chiron Corp., Emeryville,

(des-alanyl-1, serine-125 human interleukin-2) CA

Alemtuzumab Campath Millennium and ILEX

(1gG1k anti CD52 antibody) Partners, LP, Cambridge,
MA

Alitretinoin Panretin Ligand Pharmaceuticals, Inc.,

(9-cis-retinoic acid) San Diego CA

Allopurinol Zyloprim  |GlaxoSmithKline, Research

(1,5-dihydro-4 H -pyrazolo[3,4- d]pynmldm -4 Triangle Park, NC

one monosodium salt)

Alfretamine Hexalen US Bioscience, West

(N,N,NSNSN" N~ hexamethyl-1,3,5-triazine- Conshohocken, PA




Janssen Research Foundation, Titusville, NJ Lonustine
(1-(2-chloro-ethyl)-3-cycl ohexyl -1nitrosourea) CeeNU Bristol-Mers Squi bb
Mecl or et ham ne, nitrogen nustard

(2-chl oro-N-(2-chl oroet hyl ) - Nnet hyl et hanam ne hydrochl ori de) Mist ar gen
Merck Megestrol acetate 17a( acetyl oxy)- 6- nethyl pregna- 4,6- diene3, 20-
di one Megace Bristol - Mers Squi bb Melphal an, L- PAM (4-[bi s(2-chl oroet hyl)
am no] - L- phenyl al ani ne) Al keran d axoSm t hKl i ne Mercapt opurine, 6-M
(I,7-di hydro-6 H -purine-6-thi one nonohydrate)

2, 4, 6-iriamine)
Amifostine Ethyol US Bioscience
(ethanethiol, 2-{(3-aminopropyl)amino]-,
dihydrogen phosphate (ester))

Anastrozole Arimidex |AstraZeneca
(1,3-Benzenediacetonitrile, a, a, ', a- Pharmaceuticals, LP,
tetramethyl-5-(1H-1,2,4-triazol-1-ylmethyl})) Wilmington, DB
Arsenic trioxide Trisenox  {Cell Therapeutic, Inc.,
Seattle, WA
Asparaginase Elspar Merck & Co., Inc.,
(L-asparagine amidohydrolase, type EC-2) Whitehouse Station, NJ
BCG Live TICE BCG {QOrganon Teknika, Corp.,
(lyophilized preparation of an attenuated strain Durham, NC

of Mycobacterium bovis (Bacillus Calinette-
Gukin [BCG), substrain Montreal)
bexarotene capsules Targretin | Ligand Pharmaceuticals
(4-[1-(5,6,7,8-tetrahydro-3,5,5,8,8-
pentamethyl-2-napthalenyl) ethenyl] benzoic

acid)

bexarotene gel Targretin | Ligand Pharmaceuticals
Bleomycin Blenoxane (Bristol-Myers Squibb Co.,
(cytotoxic glycopeptide antibiotics produced NY, NY

by Streptomyces verticillus, bleomycin A, and

bleomycin B,)

Capecitabine Xeloda Roche
(5*-deoxy-5-fluoro-N-{(pentyloxy)carbonyl]-

cytidine)

Carboplatin Paraplatin | Bristol-Myers Squibb

(platinum, diammine [1,1-
cyclobutanedicarboxylato(2-)-0, 0']-,(SP-4-2))

Carmustine BCNU, Bristol-Myers Squibb

(1,3-bis(2-chloraethyl)- I-nitrosourea) BiCNU

Carmustine with Polifeprosan 20 Implant Gliadel Guilford Pharmaceuticals,
: Wafer Inc., Baltimore, MD

Celecoxib Celebrex Searle Pharmaceuticals,

(as 4-[5-(4-methylphenyD)-3- (trifluoromethyl)- England

1H-pyrazol-1-yl]
benzenesulfonamide)

Chlorambucit Leukeran |GlaxoSmithKline

(4-{bis(2chlorethyt)amino]benzenebutanoic

acid)

Cisplatin Platinol Bristol-Myers Squibb

(PtClHgNy)

Cladribine Leustatin, |R.W. Johnson

(2-chloro-2'-deoxy-b-D-adenosine) 2-CdA Pharmaceutical Research
Institute, Raritan, NJ

Cyclophosphamide Cytoxan,  |Bristol-Myers Squibb

(2-[bis(2-chloroethyl)amino] tetrahydro-2H-  {Neosar
13,2-oxazaphosphorine 2-oxide monohydrate)

Cytarabine Cytosar-U {Pharmacia & Upjohn
(1-b-D-Arabinofuranosylcytosine, CoHy3N;Os) Company
cytarabine liposomal DepoCyt  {Skye Pharmaceuticals, Inc.,

San Diego, CA
Dacarbazine DTIC- Bayer AG, Leverkusen,




Purinet hol d axoSm thKline Mesna (sodi um 2-mner capt oet hane sul f onate) Mesnex
Asta Medica Methotrexate (N-[4-[[(2, 4-di am no- 6-

pt eri di nyOnet hyl ] met hyl am nol benzoyl Rgl ut am ¢ aci d) Methotrexat e Lederle
Laborat ori es Met hoxsal en Uvadex Therakos, Inc., Way Exton, 49

(9-nmet hoxy-7Hfuro[ 3, 2-g][1]- benzopy£6an- 7- one)

(5-(3,3-dimethyl-I-triazeno)-imidazole-4- Dome Germany
carboxamide (DTIC))
Dactinomycin, actinomycin D Cosmegen |Merck

(actinomycin produced by Streptomyces
parvullus, CszHgsNuOm)

Darbepoetin alfa Aranesp Amgen, Inc., Thousand Oaks,
(recombinant peptide) CA

daunorubicin liposomal DanuoXom {Nexstar Pharmaceuticals,
((8S-cis)-8-acetyl-10-[(3-amino-2,3,6-trideoxy- e Inc., Boulder, CO

a-L-lyxo-hexopyranosyl)oxy]-7,8,9,10-
tetrahyydro-6,8,11-trihydroxy-1-methoxy-5,12-
naphthacenedione hydrochloride)
Daunorubicin HCI, daunomycin Cerubidine {Wyeth Ayerst, Madison, NJ
(15,3 8)-3-Acetyl-1,2,3,4,6,11-hexahydro-
3,5,12-trihydroxy-10-methoxy-6,1 1-dioxo-1-
naphthaceny! 3-amino-2,3,6-trideoxy-(alpha)-
L- lyxo -hexopyranoside hydrochloride)

Denileukin diftitox Ontak Seragen, Inc., Hopkinton,
(recombinant peptide) MA

Dexrazoxane Zinecard Pharmacia & Upjohn
((S)-4,4-(1-methyl-1,2-ethanediyl)bis-2,6- Company
piperazinedione)

Docetaxel Taxotere Aventis Pharmaceuticals,
((2R,3S)-N-carboxy-3-phenylisoserine, N-tert- Inc., Bridgewater, NJ

butyl ester, 13-ester with 5b-20-epoxy-
12a,4,7b,10b,13a-hexahydroxytax- 11-en-9-
one 4-acetate 2-benzoate, trihydrate)
Doxorubicin HCI Adriamycin |Pharmacia & Upjohn
(8S,108)-10-[(3-amino-2,3,6-trideoxy-a-L- , Rubex Company
lyxo-hexopyranosyl)oxy} -8-glycolyl-7,8,9,10-
tetrahydro-6,8,11- trihydroxy-1-methoxy-5,12-
naphthacenedione hydrochloride)

doxorubicin Adriamycin |Pharmacia & Upjohn
PFS Company
Intravenous
injection
doxorubicin liposomal Doxil Sequus Pharmaceuticals, Inc.,
Menlo park, CA
dromostanolone propionate Dromostano|Eli Lilly & Company,
(17b-Hydroxy-2a-methyl-5a-androstan-3-one  {lone Indianapolis, IN
propionate)
dromostanolone propionate :\r/\ljg;rc)c:]nc Syntex, Corp,, Palo Alto, CA
Elliott's B Solution Elliott's B |Orphan Medical, Inc
Solution
Epirubicin Ellence Pharmacia & Upjohn
((8S-cis)-10-[(3-amino-2,3,6-trideoxy-a-L- Company

arabino- hexopyranosyl)oxy]-7,8,9,10-
tetrahydro-6,8,11-trihydroxy-8-
(hydroxyacetyl)-1-methoxy-5,12-
naphthacenedione hydrochloride)
Epoetin alfa Epogen Amgen, Inc
(recombinant peptide)




Pa Mtonycin C Mutamycin Bristol-MWers Squi bb mtomycin C Mtozytrex
SuperGen, Inc., Dublin, CA Mtotane

(1, 1-di chl or o- 2- (0o-chl orophenyl ) - 2- (pchl orophenyl ) ethane) Lysodren
Bristol - Myers Squi bb M toxantrone (1, 4-di hydroxy-5,8-bis[[2- [(2-

hydr oxyet hyl ) am noj et hyl ] am no] - 9, 10- ant hr acenedi one di hydr ochl ori de)
Novant rone | mrunex Cor porati on Nandr®f one phenpropi onate Durabolin- 50

Bstramustine Emcyt Pharmacia & Upjohn
(estra-1,3,5(10)-triene-3,17-diol(17(beta))-, 3- Company
[bis(2-chloroethyl)carbamate] 17-(dilrydrogen
phosphate), disodium salt, monohydrate, or
estradiol 3-[bis(2-chloroethyl)carbamate] 17-
(dihydrogen phosphate), disodium salt,
monohydrate)

Etoposide phosphate Etopophos |Bristol-Myers Squibb
(4-Demethylepipodophyliotoxin 9-[4,6-O-(R)-
ethylidene-(beta)-D-glucopyranoside], 4'-
(dihydrogen phosphate))

etoposide, VP-16 Vepesid Bristol-Myers Squibb
(4'-demethylepipodophyllotoxin 9-[4,6-0-(R)-
ethylidene-(beta)-D-glucopyranoside])

Exemestane Aromasin  |Pharmacia & Upjohn
(6-methylenandrosta-1,4-diene-3, 17-dione) Company

Filgrastim Neupogen |Amgen, Inc
(r-metHuG-CSF)

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

Fludarabine Fludara Berlex Laboratories, Inc.,
(flucrinated nucleotide analog of the antiviral Cedar Knolls, NJ

agent vidarabine, 9-b -D-
arabinofurancsyladenine (ara-A))

Fluorouracil, 5-FU Adrucil ICN Pharmaceuticals, Inc.,
(5-fluoro-2,4(1 H,3H)-pyrimidinedione) Humacao, Puerto Rico
Fulvestrant Faslodex IPR Pharmaceuticals,
(7-alpha-[9-(4,4,5,5,5-penta Guayama, Puerto Rico

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

Gemcitabine Gemzar Eli Lilly
(2-~deoxy-2', 2'-difluorocytidine
monochydrochloride (b-isomer))

Gemtuzumab Ozogamicin Mylotarg  [Wyeth Ayerst
(anti-CD33 hP67.6)
Goserelin acetate Zoladex AstraZeneca Pharmaceuticals

(acetate salt of [D-Ser(But)® Azgly'"JLHRH;  |implant
pyro-Glu-His-Trp-Ser-Tyr-D-Ser(But)-Leu-
Arg-Pro-Azgly-NH2 acetate [CsoHgsN;5014

(GH40;),

Hydroxyurea Hydrea Bristol-Myers Squibb
[britumomab 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-
isothiocyanatopheny!)- propyi]-[N-[2-
bis(carboxymethyl)amino]-2-(methyl) -

ethyllglycine)
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, (75- cis ))




Organon, Inc., Wst Orange, NJ Nof etunomab Ver| uma Boehringer |ngel heim
Pharma KG Germany Oprelvelcin (1L-11) Neunega CGenetics Institute, Inc.,
Al exandria, VA Oxaliplatin (cis-[(1R 2R)-1, 2-cycl ohexanedi am ne- N, N1

[ oxal at o(2+0, 0] platinum Eloxatin Sanofi Synthel abo, Inc., NY, NY
Paclitaxel (513, 20-Epoxy-1,2a, 4,713, 10B, 13ahexahydroxytax-11-en-9-one
4,10-di acetate 2- benzoate 13-ester wijh (2R, 3 S)- N-benzoyl- 3-

phenyl i soserine) TAXOL Bristol -Mers Squi bb Pam dronate (phosphonic acid
(3-am no- | hydr oxypropyl i dene) bis-, disodiumsalt, pentahydrate, (APD))
Aredia Novartis

Ifosfamide IFEX Bristol-Myers Squibb
(3-(2-chloroethyl)-2-[(2-
chloroethyl)aminojtetrahydro-2H-1,3,2-
oxazaphosphorine 2-oxide)

Imatinib Mesilate Gleevec Novartis AG, Basel,
(4-[(4-Methyl-1-piperazinyl)methyi]-N-[4- Switzerland
methyl-3-[[4-(3-pyridinyl)-2-
pyrimidinyl]amino]-phenyllbenzamide
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 HC] Camptosar |Pharmacia & Upjohn
((48)-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 hexahydrodoxo6- Leucovorin
pteridinyl)methyl}amina]benzoyl), calcium salt

(1)

Levamisole HCI Ergamisol |Janssen Research

((-)-( S)-2,3,5, 6-tetrahydro-6-phenylimidazo Foundation, Titusville, NJ

{2,1-b] thiazole monohydrochioride
C[ 1H12N23‘HC1)

Lomustine CeeNU Bristol-Myers Squibb
(1-(2-chloro-ethyl)-3-cyclohexyl-1-

nitrosourea)

Meclorethamine, nitrogen mustard Mustargen |Merck

(2-chloro-N-(2-chloroethyl)-N-
methylethanamine hydrochloride)

Megestrol acetate Megace Bristol-Myers Squibb
170 acetyloxy)- 6- methylpregna- 4,6- diene-

3,20- dione

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)methyljmethylamino)benzoyl}-L-
glutamic acid)
Methoxsalen Uvadex Therakos, Inc., Way Exton,




Pegademase ((nononet hoxypol yet hyl ene gl ycol succinimdyl) Il - 17
-adenosi ne deam nase) Adagen (Pegademas e Bovi ne) Enzon Pharnmaceutical s,
Inc., Bridgewater, NJ Pegaspargase (nonomnet hoxypol yethyl ene gl ycol
succi ni m dyl L-asparagi nase) Oncaspar Enzon Pegfil grasti m (coval ent

conj ugat e of reconbi nant nethi onyl human G CSF (Fiigrastinm and

nononmet hoxypol yet hyl ene gl ycol) Neul a8t a Angen, Inc Pentostatin N pent
Par ke- Davi s Pharmaceuti cal Co., Rockville, M Pipobroman Vercyte Abbott
Laboratories, Abbott Park, IL

(9-methoxy-7H-furof3,2-g][1]-benzopyran-7- Pa

one)

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 §)- N-benzoyl-3-
phenylisoserine) :
Pamidronate Aredia Novartis
(phosphonic acid (3-amino-1-
hydroxypropylidene) bis-, disodium salt,
entahydrate, (APD))

Pegademase Adagen Enzon Pharmaceuticals, Inc.,
((monomethoxypolyethylene glycol (Pegademas | Bridgewater, NJ
succinimidyl) 11 - 17 -adenosine deaminase) |e Bovine)

Pegaspargase Oncaspar  |Enzon

(monomethoxypolyethylene glycol
succinimidy! L-asparaginase)
Pegfilgrastim Neulasta Amgen, Inc
(covalent conjugate of recombinant methionyl
human G-CSF (Filgrastim) and
monomethoxypolyethylene glycol)

Pentostatin . Nipent Parke-Davis Pharmaceutical
Co., Rackville, MD
Pipobroman Vercyte Abbott Laboratories, Abbott
Park, 1L
Plicamycin, Mithramycin Mithracin  |Pfizer, Inc., NY, NY
(antibiotic produced by Streptomyces plicatus)
Porfimer sodium Photofrin  |QLT Phototherapeutics, Inc.,
Vancouver,
Canada
Procarbazine Matulane  |Sigma Tau Pharmaceuticals,
(N-isopropyl-p-(2-methythydrazino)-p- Inc., Gaithersburg, MD
toluamide monohydrochloride)
Quinacrine Atabrine Abbott Labs

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




Plicanmycin, Mthranycin (antibiotic produced by Strepioinyces plicatus)
Mthracin Pfizer, Inc., NY, NY Porfimer sodiumPhotofrin QT

Phot ot herapeutics, Inc., Vancouver, Canada Procarbazi ne

(N-isopropyl - R (2-net hyl hydrazi no) - p- tol uam de nonohydrochl ori de) Matul ane
Si gma Tau Pharnmaceuticals, Inc., Gaithersburg, MD Quinacrine (6-chloro-9-(
1 -met hyl - 4-di et hyl -ami ne) Atabrine ASbott Labs 50

but yl am no- 2- met hoxyacri di ne)

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

[[(methylnitrosoamino)carbonyl]amino] -
a(and b)) - D - glucopyranose and 220 mg citric
acid anhydrous)

Tale Sclerosol | Bryan, Corp., Woburn, MA
(Mg;8i4010 (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-demethylepipodophyllotoxin 9-[4,6-0-(R)-
2- thenylidene-(beta)-D-glucopyranoside])
Testolactone Teslac Bristol-Myers Squibb
(13-hydroxy-3-ox0-13,17-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 HCl Hycamtin |GlaxoSmithKline
((S)-10-[(dimethylamino) methyl}-4-ethyl-4,9-
dikydroxy-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)

Tositumomab, I 131 Tositumomab Bexxar Corixa Carp., Seattle, WA

(recombinant murine immunotherapeutic
monoclonal IgG,, lambda anti-CD20 antibody
(I 131 is a radioimmunotherapeutic antibody))

Trastuzumab Herceptin | Genentech, Inc

(recombinant monoclonal 1gG, kappa anti-

HER?2 antibody)

Tretinoin, ATRA Vesanoid |Roche

(all-trans retinoic acid)

Uracil Mustard Uracil Roberts Labs
Mustard

Capsules




Rasburi case (reconbi nant peptide) Elitek Sanofi-Synthel abo,
(reconbi nant anti-CD20 anti body) Ri tuxan CGenentech, Inc., South San

Fr anci sco,

Streptozocin (streptozocin 2 -deoxy - 2 -

gnet hyl ni t rosoam no) car bonyl ] am no] 3
ng citric acid anhydrous) Zanosar Pha

1
i

(My3Si 40113 (OE) 2)

Valrubicin, N-trifluoroacetyladriamycin-14- Valstar Anthra --> Medeva
valerate

((2S-cis)-2- [1,2,3,4,6,11-hexahydro-2,5,12-
trihydroxy-7 methoxy-6,11-dioxo-[[4 2,3,6-
trideoxy-3- [(trifluoroacetyl)-amino-a-L-lyxo-
hexopyranosyl]oxyl)-2-naphthacenyl}-2-
oxoethyl pentanoate)

Vinblastine, Leurocristine Velban Eli Lilly
(CaHsgN4O1rg*H,S0,)

Vincristine Oncovin Eli Lilly
(CasHsgN4O10°Ha804)

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-imidazol-1-yl-phosphonoethyl)
phosphonic acid monohydrate)

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 nses. 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, BR-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, HuMax-CD4, iloprost, imiquimod, infliximab,
interleukin-12, IPI-504, irofulven, ixabepilone, lapatinib, lenalidomide,

lestaurtinib, leuprolide, LMB-9 immunotoxin, lonafarnib, lumiliximab,

I nc.,

Ri t uxi mab

CA Sargranosti m (reconbi nant peptide) Prokine |Inmunex Corp

a(and b) - D - glucopyranose and 220
maci a & Upj ohn Conpany Tal c



Scl erosol Bryan, Corp., Wburn, MA Tanoxifen
((Z2)2-[4-(1, 2-di phenyl-1-butenyl) phenoxy]-N, N-dinethylethanam ne

2- hydroxy-1, 2, 3- propanetricarboxylate (1:1)) Nol vadex AstraZeneca

Phar maceuti cal s Tenozol om de (3, 4-di hydr o- 3- net hyl- 4- oxoi m dazo[ 5, 1-d] -
as-tetrazi ne-8-carboxam de) Tenodar Schering teniposide, VM 26

(4' - denet hyl epi podophyl | otoxin 9-[4,80-(R)- 2-

t henyl i dene- (bet a) - D- gl ucopyr anosi deD Vunon Bri stol - Myers Squi bb
Test ol act one (13- hydroxy- 3-o0xo0-13, 17- secoandrosta 1, 4- di en-17-0ic acid

[ dor 1.1t onch JRaARG 507151 AR TR eal Ry o T
monoclonal antibody J591, motexafin, MS 275 MVA MUC1-IL2,
nilutamide, nitrocamptothecin, nolatrexed dihydrochloride, nolvadex, NS-9,
OG-benzylguanine, oblimersen sodium, ONYX-015, oregovomab, OSI-774,
panifumumab, paraplatin, PD-0325901, pemetrexed, PHY906, pioglitazone,
pirfenidone, pixantrone, PS-341, PSC 833, PXD101, pyrazoloacridine,
R115777, RADOO1, ranpimnase, rebeccamycin analogue, rhuAngiostatin
protein, rthuMab 2C4, rosiglitazone, rubitecan, S-1, S-8184, satraplatin, SB-,
15992, SGN-0010, SGN-40, sorafenib, SR31747A, STI1571, 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.

[0105] For a more detailed description of anticancer agents and othér
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 et al., 2002,

[0106] The present invention provides methods for administering a compound
of Formula I with radiation fhei’apy. 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.

[0107] 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 accelerator. While the beam of radiation is localized to the tumor site, it



d axoSm t hKl i ne Thi otepa (Aziridine, 1,1',1"-phosphinothioylidynetris-, or

Tris (1-aziridinyl) phosphine sulfide) Thioplex | munex Corporation

Topot ecan HCL ((S)-10-[(dinethyl am no) nethyl]-4-ethyl-4, 9-

di hydr oxy-1H pyrano[3', 4': 6,7] indolizino [1, 2-D]

qui nol i ne- 3, 14- (4H, 12H) - di one nonohydr ochl ori de) Hycantin QG axoSm t hKl i ne

Torem fene (2-(p-[(Z2)-4-chl oro-1,2-% phen yl-I-butenyll-

phenoxy) - N, N-di met hyl et hyl amine citrate (1:1)) Fareston Roberts

Phar maceutical Corp., Eatontown, NJ Tositunonmab, 1131 Tositunonmab

(reconbi nant nurine i mMmunot herapeutic nonocl onal |g&a | anbda anti-CD20

anti body (1 13i npaslygmpesgibleithieidorprsia 98 permal hestdohiése) JHomsyeskar Cori xa Cor p. ,

Seattle, WA Tr3sta? WiBod (€60 RaNtold@UOs) amahls.| BRkaKaBRfonant i HER2

anti body) 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 delivery systems that specifically target cancer cells
(e.g., using particles attached to cancer cell binding ligands). Such implants
can be removed following treatment, or left in the body inactive. Types of
internal radiation therapy include, but are not limited to, brachytherapy,
interstitial irradiation, intracavity irradiation, radioimmunotherapy, and the
like.

[0108] The animal may optionally receive radiosensitizers (e.g.,
metronidazole, misonidazole, intra-arterial Budr, intravenous
iododeoxyuridine (TudR), nitroimidazole, S-substituted-4-nitroimidazoles, 2H-
isoindolediones, {[(2-bromoethyl)-amino}methyl}-nitro-1H-imidazole-1-
ethanol, nitroaniline derivatives, DNA-affinic hypoxia selective cytotoxins,
halogenated DNA ligand, 1,24 benzotriazine oxides, 2-nitroimidazole
derivatives,  fluorine-containing  nitroazole  derivatives, benzamide,
nicotinamide, acridine-intercalator, S-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 (eg., cysteamine, aminoalkyl dihydrogen
phosphorothioates, amifostine (WR 2721), IL-1, IL-6, and the like).
Radiosensitizers enbance the killing of tumor cells. Radioprotectors protect
healthy tissue from the harmful effects of radiation.

[0109] 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). lonizing radiation is



Herceptin Genentech, Inc Tretinoin, ATRA (all-trans retinoic acid) Vesanoid
Roche Uracil Mustard Uracil Mistard Capsul es Roberts Labs 51 Val rubicin,
N-trifluoroacetyl adri anycin-14- valerate ((2S-cis)-2- [1,2,3,4,6,1

1- hexahydro-2,5,12- trihydroxy-7 nethoxy-6,1 1-dioxo-[[4 2,3,6- trideoxy-3-
[(trifluoroacetyl)-anino-a-L-/yxohexopyranosyl]oxyl]-2-naphthacenyl]-2-
oxoet hyl pentanoate) Val star Anthra -54> Medeva Vi nbl astine, Leurocristine
(C4A6H56N40104. 004) Vel ban Eli Lilly Vincristine (C46H561 14010H2SO4)

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 controlled by the clinician. The
dose of radiation is preferably fractionated for maximal target cell exposure
and reduced toxicity.

[0110] The total dose of radiation administered to an animal preferably is
about .01 Gray (Gy) to about 100 Gy. More preferably, 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 radiation can be administered over the
course of one day, the total dose is ideally fractionated and administered over
several days. Desirably, radiotherapy is administered over the course of at
least about 3 days, e.g., at least 5, 7, 10, 14, 17, 21, 25, 28, 32, 35, 38, 42, 46,
52, or 56 days (about 1-8 weeks). Accordingly, a daily dose of radiation will
comprise approximately 1-5 Gy (e.g., about 1 Gy, 1.5 Gy, 1.8 Gy, 2 Gy, 2.5
Gy, 2.8 Gy, 3 Gy, 3.2 Gy, 3.5 Gy, 3.8 Gy, 4 Gy, 4.2 Gy, or 4.5 Gy), preferably
1-2 Gy (e.g., 1.5-2 Gy). The daily dose of radiation should be sufficient to
induce destruction of the targeted cells. If stretched over a period, radiation
preferably is not administered every day, thereby allowing the animal to rest
and the effects of the 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. Preferably, 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



Oncovin Eli Lilly Vinorelbine (3" ,4'-didehydro-4'-deoxy-C -

norvi ncal eul coblastine [R(R*, R*)-2, 3- di hydroxybut anedi oate (1:2)(salt)1l)
Navel bi ne @ axoSm t hKl i ne Zol edronate, Zol edronic acid
((1-Hydroxy-2-imdazol - 1-yl - phosphonoet hyl ) phosphoni ¢ aci d nonohydr at e)
Zonmeta Novartis [0104] Anticancer agents further include conpounds which
have been identified to have anticanceys activity but are not currently
approved by the U S. Food and Drug Adm nistration or other counterpart
agenci es or are undergoi ng evaluation for new uses. Exanples include, but
are not limted to, 3-AP, 12-0-tetradecanoyl phorbol -13-acetate, 17AAG
852A, ABI-007, ABRREE2E of AfBdraptbtic, peAibll edripGsiRf); wedks.OFlgse AEmPRI 736, AGROLO0O0,
al anosi ne, AMG 7 i apazi quone,
APC8015, ati pri n‘gg’c’ﬂ‘%’% ?@%}gu%?g%hg% Rge“ggé‘%?‘%e?% ﬁ%@‘ﬁ&ﬁ, BCX- 1777,
bevaci zumab, BGOH@E@‘]Fm"Bﬁt@aI ut am de, BMS 247550, bortezom b, bryostatinil,

buserelin, qedigjtri ommﬁ;@lobm?&em@& 2&3&4,m@eilé&(bérﬁsedce@tﬁiéﬂlfeﬁtﬁb C0070,

cilengiti de cl of ar abi nbr et as e, CP-675, 206,

7oA 710, CpG TR R e (LY MEERSBN G PUR o of | E7070,
E7389, ect ei nas cattdnuateManunefoapf odrobiall orgedisnGnmdyhbernesed, EKB«eEGQanyenzast aurin,
erlotinib, eX|su o JS =T T Y [ ,g” f1utam de,
ot emust i e, FRoGIDSw b Bilfher baRKRR & wh%%?%%?ﬁh%?%

gl uf osf ami de, Gﬁre zemjmtqdu 8 m@}ral rand mtheﬂvznﬁmmwaﬁrho ing tighitliteey, HSPPC- 96,

hul4. 18- interl eMKt'elﬂs(%gf 'é&fbrﬁﬁls psrﬁseggemudwwag lMbrark liRREMR lagentsM qui Mod,
inflixinmb, interl i

rof ulven, i xab one, |apatini b
| enal i domi de, | einf]g}ﬁ:j cf r‘i‘f% aIOPee‘?frW %ﬂ”}’bﬁléhon l]l?j}ﬁeeél ?W%F%Y{”ﬂm %S naf ar ni b,
l uni i xi mab,  52bemestd stlading dout fdi JDREB R, aMbX6tPibDagehth, MATGA] aggmsoc| onal
anti body 3F8, nopaghonale@ahd & J591, notexafin, Ms-275, MA-MUICL-I1L2,
nilutamde, nit roca & Qgtentecf'n Qﬁ%l at rexed di hydrochl ori de, nolvadex, NS-9,
06- benzyl gudfiRk, fi ehes BRbadisespis gt BRNERESERt STveBfioag Gy esmRRIndCES) - 774,

pani t umunab, parlapﬁlaslxrhndeae(b%&QQhaer QB eXeor aftich(36ageddt @RI i t azone,

pi rfeni done, pixant PS- 3 PSC 83 raz ] oacr i di ne,
R115777, RADOOL, aa 58“?“‘ t&%*‘m?’ gggeggﬁ@g.%ora@%aéq}g% Fiso¥t atin protein,
rhuMab 2C4, rosi @ffﬂtlapm;cmleutat tiéerant, du&hdns 8- Bifdeht c&aemqninathyn SB-, 15992,
SG\- 0010, SG\* 40d1ff§r9ﬁ§éxﬁﬂi's@m §[F)S§é2 A m} bdlﬁ%%sll}%%%m s pgroyl anilide
hydroxam c acid, suram n, al abost at, anpanel , tari i t ensi rol i nus,
TGFa- PE38 i mmno"th&fPﬁ*Fr’SdtHﬁlall‘Péhﬁﬁl‘ieEP@euhﬁ H‘)ﬁﬁ*ﬁ?aﬂ%fé?ﬁﬁnt &5 é’rﬁ %»4 bi rapazani ne,

TLK286, trabect e m, of 18 Hmfs,rfmaz @, globi6 tdye 2l &, 3,Tdr@Vasks gedeiNd theval proi c acid,

vi nfl uni ne, VNP4 ost at 680 1839 ZD6474,
zi l euton, and zogiﬁnéﬁq%mn °tf%‘ ﬁ?;‘(/e&alp%“g‘ﬁl%?“u&aémrf%efBSI]“If?)‘Pe ghogiEn et ai | ed
descri pti on of atht remewdris atpenistercdipftr dieleraptiiieroa peistrcer aggedsgs, those
skilled in the ag$ 158 aesf %, rlsdorﬁ@haﬂe/l%b@rs &6 &2? Fczt!a & 4manual s

including, but not [imt t o, Physi éi an's erence and to
Goodnan and G | rr‘ﬁ‘f‘?kssaﬁevh%ﬁ%‘é‘ﬁﬂf“?“c%@e BaicpseigRenthigsgpetRiof@enttent h edi ti on,
Eds. Hardman et tt .compff® and @tOfirdfeatidd oL sidhinctm YR ke hdpidwiedes net hods f or

adm nistering a c%gcn?relwg'q)ut on different schedules, e.g., the compound is administered

. =

\'a*

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.



of Formula | wth radiation therapy. The invention is not |imted by the
types, anobunts, or delivery and adm ni stration systens used to deliver the
t herapeutic dose of radiation to an aninmal. For exanple, the ani mal may
recei ve photon radiotherapy, particle beamradiation therapy, other types
of radi ot herapi es, and conbinations thereof. In sone enbodi nents, the
radiation is delivered to the aninmal wsing a |inear accelerator. In still
ot her enbodi nents, the radiation is delivered using a ganma knife.

[0107] The source of radiation can be external or internal to the aninal.
External radiation therapy is nost common and involves directing a beam of
hi gh- ener gy [#1d8li at i oforpsitionsumishin s the e scopy cfigHeist Hevetionninglsdengall f or i nst ance,
a |inear accel er@igl uow\»ﬂeﬁeﬂtnﬁ AR cle3lsah [-OhsbPack Ofilrbd /4 1O the tumor
site, it 53 is ne rl 0ssihle'to avol osure of nornal, healthy

ti ssue. However, anéxww Wakch js sHechys to achieye ﬁ%lufamqegp%qw Wide éndizidedl by ani nal s.

| nternal radiat IIQEHst\}a@{ aagmmﬂaml MesptinBIaagRE ioh @ffétiveAsthaihis @R <&k t ti ng source,
and. the |ike, inside

such as beads, wres S art cl es,

the body at or n@glPodteWe‘s th es"iq‘lqlg ch%i“ﬁ alyhgletﬁngpo(‘}Pdsd%ﬁyl‘\?ery syst ens
that specifical Iéﬁmmeg@ttocaammls eel hgnahg . qgplly atisi dvge pf0.OIXS| tessOat t ached to
cancer cell bi ndfh%ngg Idr%néélﬁmale@muﬂtrmhﬁ@ RariR0uRENY SUBNA FL Ll | ow ng
treatment, or left 1n the %llnactlve ypes of |nterna radi ation

t herapy i ncl ude, he5et pardey ﬁ%*#le qdifimeight of §re memmahiping dreaipd for disordsysst i t i al
irradiation, i ntrés'pSﬁWelo)&nduEﬁcﬂ:difaﬁobﬁﬁs PeBbG] mmlh@mﬁamm@ the Iike.

[ 0108] The ani mal, tio cei adi osen s, (e.q.,

met roni dazol e, it gf)a)r{ll?' (?gnzngfs{gred t%ttrre Egt érP%{lgfa? Cal” BT S‘fc t S&WE‘%OE‘%

i ododeoxyuri di nentfamystRlar injectianptherilche sodererally-abonb stie-ialftof the 4:ahddse.oi m dazol es,
2Hi soi ndol edi orb%sexamue(a%umbgmmycm@o@a ‘ommtaey&bnws%&o&éds' m dazol e-1-

ethanol, nitroaniljne derivatives, DNA-affinic hypoxia selective
cytot oxi ns, hal B®FeatEdroshuRteiila fam 3110“20 911 Babprbt PEEEi ne oxi des,

2-ni troi m dguiakle der Theatnitwes dost kniag kormiRise foth abdit 091 Bi dbb@ased @g,deri vatives,
benzam de, nicotina ridin nt er.cal at or th| ofretra. zol e
derivative, 3-niXrt ﬁg%oﬂtaoclttpia{éozug}do g of E&PTHP%“P% ‘%’Fe zH’er’:’l vati ve,

hydr oxyl at ed te>@émthtem;i ong prypdretifes, daity sy oif more tabbtsrwammlqaegchm trosourea,
mer capt opuri ne, aaﬁamg &@m%&t of k&%&%a@ honvmﬁ%w&hm 25\b BE LSt ne,

carbopl atin, epirubicin, doxorubjcin, cyclophospham de, vindesine,

et oposi de, pacl iof é?mpoﬂ’éda‘t“tfwlﬁ@ft her m a), and the like), radioprotectors
(e.g., cyst emm;]ne ani Bomdpikdt ylormlildngslr ogemnphaaphey Ofehines%ﬁte&, aam fostine (WR
2721), 1L-1, n iosensitizers. enha the killing of
tunor cells. dgme?'gt onchtg?bgutkdre%t t@??ghga?etr Kyt |§°saﬁneerf r on‘%r‘%ﬁréghar nf ul

ef fects of radi mbeﬁmer[tMquyndtrymeesm a‘rtaehna@mtwn@émbdneoaﬂﬂri)nl stered to an
ani mal, so | ong @emt, heord pRRa0fy, bR &10G8Nm) /§11 tRdse pRkEMIyDY¥bduf 8 42N Mal wi t hout
unaccept abl e ne%?tl ve side-effects. Suitable types of radiotherapy include,
for exanpl e, grh g (el ectromagnetic) radiotherapy (e.g., X-rays or ganma
rays) or paniigil e behnaddisioh &t bdntinistéring Sy cdnfoghd, ashd g:lw theRAl tRNer gy

radi at i On) ! Omc%h &mﬁ Iﬂ%tﬂn%ﬁho'n%% %e az%? {ugtgrgéj as%}irto atl %Qutlcqnp“ S| ng
particles or photo at have surficren uce 1onization,

i.e., gain or | d%@aﬁﬂonelf@é‘?mtﬂés syifable d @barmpdseiibain, aCF“«Qntabbxampllee U. S.

5,770,581 incor Rﬁﬁlﬁﬁ% 8RHRLE A Juﬁilﬁk@ﬂﬁﬁ’nh' ﬁci'lﬁa& ?r@éeksﬁrat ¥ the Te effects of
radi ati on can be at &ast l%artl al control i nician. The dose

of radiation is BPRYEHABPY P"r’%{’t?{‘si ?i‘tcé’ﬂib‘f‘iff‘d ?Pé?‘i“’ﬁﬁ’?c"tu&rpé"é?‘atﬂléll exposur e
and reduced t oxitid pryparatiGds,] fdriiduiarly @osd prekﬁmmﬁfwmadctaatbleamnadfﬂeﬂl stered to an
ani mal preferabl S t re preferably,
about 10 Gy to ahoot °rag’8l'cja§/”y o Qf‘%%b‘%r% ‘559?3?9 g ¢ p"‘% °f30 @/, 35 G
40 Gy, 45 Gy, SGdWIS“GEHGyCh %frta%@S @}eearS@Wammqq|1<¥@r@efeahdo>a§nle$,he cour se of
treatnent. Wiile in sone enbodi nents a conpl ete dose of radiation can be
adm ni stered over the course of one day, the total dose is ideally

fracti onated and adm ni stered over several days. Desirably, radiotherapy is
adm ni stered over the course of at |east about 3 days, e.g., at least 5, 7,
10, 14, 17, 21, 25, 28, 32, 35, 38, 42, 46, 52, or 56 days (about 1-8
weeks). Accordingly, a daily dose of radiation will conprise approxi mately
1-5 & (e.g., about 1 &, 1.5 G, 1.8 G, 2 G, 2.506, 2.8 ¢, 3 G, 3.2

G, 3.50G6, 3.8CG, 4G, 4.2 G, or 4.5 Gy), preferably 1-2 & (e.qg.,
1.5-2 Gy). The daily dose of radiation should be sufficient to induce

destruction of the targeted cells. If stretched over a period, radiation
preferably is not adm nistered every day, thereby allowing the aninal to
rest and the effects of the therapy to be realized. For exanple, radiation
desi rabI y |s adm n| stered on 5 consecutl ve days and not adm ni stered on 2

______ Y o, o o oy




55 or weeks 2-5 of a therapeutic period conprising 5 weeks. These exenpl ary
radi ot herapy adm ni stration schedul es are not intended, however, to limt
the present invention. [0111] Antim crobial therapeutic agents may al so be
used as therapeutic agents in the present invention. Any agent that can
Kill, inhibit, or otherw se attenuate the function of mcrobial organisns
may be used, as well as any agent contsenpl ated to have such activities.
Antim crobial agents include, but are not limted to, natural and synthetic
antibiotics, antibodies, inhibitory proteins (e.g., defensins), antisense
nucl ei c aC|ds menbrane di sruptive agents and the I|ke used alone or in
conbi nati on. | ndeasth ringgsgnd menth wishesrpelsiasid isuspomgignsplsiniiness IRinesludi ng, but not

limted to, antishaglss Anﬁ'als@ﬂﬁﬂér&onsaﬂﬁxbwéah%E 2afigikRd r@f&tlj' fsiohgal agents, and
vention, a conpound of

the like. [0112]1n sone enb dlne present.

Formula | and ortBPROFHCHEy &8 ¥ leqséb‘@%@lsﬁluua‘ﬂ%ﬁ’f drB‘f”sﬁar'i’f’? S%H‘E@Ye "8ents are

adm ni st er ed t o isfiasi@i) infeadionptopiedlly ©n erally, conmirefrai atione0.610tb 90wyt condi ti ons:  at
different perio L, i Liel SRk
concentrations, q’t&&%ﬁbﬁ o g}r?fl tcUa rtng?lblelgsl%cre g# ?%trtll ér)%ﬁr?m‘g‘ (Sp Jg& ot

enbodi nent s, théhWPPB'é’Hnd is adm nistered prior to the ther apeut| c or

anticancer a@ent, €.the pharMacedtical?, co&pos&mnsS of1Qhe lidvenfith Jrﬁayhcwr s, 1, 2, 3,
4, 5, or 6 days,

, 5, eks pr.ior t istration of the
Cherapout o o - AfPIskitdS  guiel whish S SeserRL G Rekee S S Bhmound i o

adm ni st er ed af tcempdulnds éfhibe @p&itivn. FodmoaninotA NCE aniagl nite, memgals, 0.5, 1, 2, 3,
4, 5, 10, 12, or gl% m%raﬁﬂl lggh tl% m\%nuo% 18 §otuﬁéndgitg%¥§o lu(aftedlo 3.’ or 4 weeks
after the adm ni‘&fration of t1cancer agent sonme enbodi nents, the
conpound and t he“nlf%@rlléﬁﬂj’éaﬂ’?t@né‘iy aalmals EeE-cheehgugs: hcaf?ee daghntati @der ed
concurrently buttheqn{e}ji fferent schedules, e.g., the corr'pound is adm ni stered

daily while ther eutic qr a cancer ent i st red once a
week, once é‘i}éﬁy %%E’O“"gﬁéléyg{'fé??a‘ftﬁ?l %“\R&Séﬂ?&s %Bfeog 8ver y four
weeks. I n other aémm&rqmma& m¢ahethaapiior tidiriigerdehpuniosd. Eoredargiice a week whil e
the therapeutic a%m%%ﬂoﬁarlﬁa%‘zr 15'%991?31 béex@é?ﬁ‘ ”Luﬁéﬂn%sd%&%enog ce a week,

once every two week S, once every hr ee or once every tour weeks. 56
[0113] Conposi ti antEmyFonlar. ﬁntfaﬁeﬂ@eepeane#m% %“C?ahv’éﬁ"cﬂﬂeﬁﬂ nieragigk al |

conposi tions mﬂﬁ@h&aﬁdﬂ&pﬁﬂ@@d{l“ﬂ&nﬁﬁvelyh@r RRRESH, daRw@Rhticamagr € contai ned
in an anopunt V\/mctglse ose. Wile

ct nt
i ndi vi dual needs vAFY Ok Ptg #%e césf’% ﬁmdjfsgﬁe%t“flﬁ EET &epiﬁd’quoc‘} eeaE‘nf’ectl ve amounts
of each conponerhealfhg ami Whght dfHee ekipieht, brfndtOIﬁeore;mtrent Tiggsmo| if wny.t he conpounds
may be admini st QﬁEIQmE}pof'ﬂ"@ﬁ{:{@‘llt,%1’1dtﬁergjlturg"cﬂ‘rt]iﬁré?fec’cf‘i)é’s{filedI y at a dose of 0.0025 to
50 ny/ kg, or an equival ent anmount of pharmaceutically acceptable salt
t hereof, pef®&dy of The Phrsmsretiistly ﬁfep%ﬂt“’f‘sné’f nBfmBeseplejifgiticredted for
dLsorders r/eiporiﬁdn\iﬁctﬁlﬁd 1nrwamﬁﬁ1erom@f1sawmnm For d?areﬁlerb@bfleyns oatbout 0.01 to ]
about 25 ng/kg is orall yadmoni stered to t 0 or prevent suc
di sorders. For i"APFaddmirss ey %t&gi o?ﬁee'f'h%m%gge(’?még §e Inr)f%ptrhﬁﬁ % about
one- hal f of t he pocedsesdBwe. phﬁmaceem}"nptreratlals§Qr|0Eféb$eecan bt otagimed byl ar dose woul d
be about 0.0025 cmmﬂﬂg% adive BBRHp K\grds @msome&lp%efﬁsaghygm%g%about 0.01 to
about 5 ng/kg. [0114] The unit ora dose may .conprise from about 0.01 to
about 1000 ny, ;5?Sé'l“§$ mpfye a8 Bipcestnaiths BxgELfEerees Al afdingmutblsrpound. The
unit dose may bauﬂﬂdﬁenhmmeﬁtm&a@rmﬁﬁtﬁﬁtableﬁﬁﬁdrﬁlg% bcyesas one or m)re _
tablets or ul es conta ni n '
conveni ent | ;‘ﬁg@out 0§L50b}]? excg’('fns i ?“Pr{ebcn](%%ers E'fh e Sactcﬁan(ae \floét es '[0115] I n
a topical for nulexmnmbnlactesher ayenwommﬂm;/sotiewbpfébbﬁﬁtpr@taraaonsemddrent rati on of
about 0.01 to 1QQiim ﬂﬂ@srphegés F5 SfanfpR' thibaRium Lﬁbsﬁa@ro‘? Q&Erﬁ‘iy&ﬂ%é{?d' ment, the
conmpound i s present_ at concentratijon of about O. , nore
preferably, abodfosh aiedeseelhﬁ/bmdem P58 s ﬁ%f@f@ﬁtemsv& f%&fé&f{ml@ D§izgy/ nd . [0116] I n
addition to adm ni stering the conpound as a raw chem cal, the conpounds of
the invention nay be adm nistered as part of a phar rraceuti cal preparation
cont ai ni ng suitable pharmaceutically acceptable carriers conprising
exci pients and auxiliaries which facilitate processing of the conpounds
into preparations which can be used pharnaceutically. Preferably, the
preparations, particularly those preparations which can be adm ni stered
orally or topically and which can be used for the preferred type of
adm ni stration, such as tablets, dragees, slow rel ease | ozenges and
capsul es, 57



mout h rinses and nouth washes, gels, liquid suspensions, hair rinses, hair
gel s, shanpoos and al so preparati ons which can be adm nistered rectally,
such as suppositories, as well as suitable solutions for adm nistration by
i ntravenous infusion, injection, topically or orally, contain from about
0.01 to 99 percent, preferably fromabout 0.25 to 75 percent of active
compound(s), together with the excipiegg. [0117] The pharnaceuti cal
conpositions of the invention may be adm nistered to any ani nal which may
experience the beneficial effects of the conpounds of the invention.
Forenost among such animals are mammals, e.g., humans, although the

i nvention i s not stadab,evigetdstdreh, lviee Siorch |p"a5tatoedarc}£1gelaﬁn, aragaasmiﬂs rhetyl ude
veterinary ani na Vg, or the li ke).
[0118] The corrpou%leglgfogehd f?%bn%&me Pﬁa}m@e §°%§’mt %gﬁgxyfrﬁ%%&n?ﬁg

admi ni stered by arﬁiéofme’ems}’ltphmhda@hifei&?%feﬂ,rﬁeﬂlrrtegraﬁtlsamefel npurbpe@ed For exanpl e,
adm ni stration mayhhe tRkbRRHRAGGRER arciBY REUIIRNGA R metHyL & AUE B:‘B!:és

i ntramuscul ar, intraperitoneal, transdermal, buccal, "intrathecal,
intracranial, i nfiFsAaelying pyrelidpnespear. o plgunc asdios arial thyepky sich s concur rent |y,
adm ni strati on nmeagidae alpjhateh@usitidtes raaa,ltaeboveThle fios pgeating Nigaiistaed ed Wil | be
dependent upon t nd | the e i-ent i nd of
concurrent treat %@H‘%ﬂg fop%%n;ptp? Sl%ca t')ﬁg e %ld sal{s t%érQOf S"tc?légnat ure of the
effect desired. pEduERSHT h@arpthar Prﬁ@ermsfpcah ap‘rl/eqomhathwbmglmol tthegepr esent

invention are gyt Yobded Witd su?BIE 88atiddli viHih] ?fde&eelafre fenioum o for exanpl e,
by nmeans of conventj onal X1 ng E}gr anul atin maki ng, . di ssol ving, or

ee-
| yophi i zi ng pr o&88EEuicesT ?fsﬂusrﬁ‘f f?a@‘é‘lﬁ?’i“&tﬁ‘? S‘iﬂ’l@ﬁg SAYIBRS ™AL PE or al  use can
be obtained by coswhjwhichgnish@tiaelly vertaogmostads talt, tphiysiaylipgrraenepi ent s,
optionally grindj . m xture of
granul es, after g‘g}%t %e ??ogb%‘éggrgtgkm}lﬁ glrol%dgqgcq? 81%0%8 39(1 Suht‘r?%lcessary to
obtain tablets oPrgefF%@éent@mseb’ent nfigurg) n @nrﬁmb@ce%@hm enisgntar e, in

particular, fill Is&csbllﬁ&s,asoolﬁﬁ’&ﬁh@f" isgesie OhuRx apBlebACkRge .0r sucrose,
manni tol or sor b| tokfﬁluge !#l % grrﬁ arations and/or cal cium phosphates, for
5 28 ¥a

exanpl e trical ci 6P VR PRy R Erelpigs pHiaiate 4% wel | as

bi nders such as stedrige spus bepigmisisngpy e @dded xap kablets wadzgee cblingt ar ch, wheat
starch, 1ice Stagg Rl A:0udliftih oOf! Bl cﬁaaﬁ%ﬁgeaﬁmfmﬁ%& byl cellulose,
hydr oxypr opyl net hyl cel’l ul ose, | um car boxynet ose, and/or

pol yvi nyl pyrrol P%ﬁ@mpwﬂd@éﬁ red di sintegrating agents nmay be added such

as the abovepmanti onejihes&)aarrﬁmeﬁucarﬁepaiaﬁ&ls%Ech%&'ﬂ@ﬁda&loraﬂ alcfBs cross-linked
pol yvi nyl pyrrolld

or ,alginic alt thereo such as
sodi um al gi nat e. 'ﬁu%?f:apé‘g?s fedg 0 egdgﬂ‘o@sewgﬁs SO f?a-‘féﬁ’ﬁ‘ileét‘f“’r‘?& ggent s and
| ubricants, for eolatinphds pladtitizar aychhagtgcerosdrasanbita. Eeipashefit cqpaliészat her eof , such
as nmagnesi um ste . gl ycoI
Dragee cores ar e%l%g)lﬁtlhg Eccjﬁlglc%ﬁg%d? :uggl@ ZJ’r{(f:lllooallctaélLl %619! \/\)ﬁgH ﬁl%} Q%’Jng‘gi red, are
resistant to gast”iq‘ Eillgrs guglnas lacgasg, btnﬁ?%s“ﬁ’m?spféi’é‘é‘es ensies itigasts eh gcchar i de

so: uti onls may bletalbsﬁdnagﬂé&luﬁlhstém% £} dppbally, »sta@i(qjx?&salm s«gu&bameagﬂl@ Ej al cI

pol yvi nyl pyrrolidone and/ or titan oxi de, | acquer
sol utions and sufta a%dep%'r‘mdémc%esfd%%g?%ﬁ%% %FWB‘%P %s‘ﬂ?%}?g] in order to
produce coati ngssuckss fsttm}s ot houifhmtaffindinjaddigesstatdligbns napbesadddd. sui t abl e

cel lul ose pr pay at . OB3esiC Bha@:ﬁac@tﬁﬁ&lyﬁr&ﬁlahbﬁs0§ﬁchog£rh%!;:/‘%tsgd Howlly

hydr oxypr opyl net hyl - cel | ul ose pht hal at are
may be added to t“ﬁlé % 5 P leofunppsiRyen Vhish consigisof arembiaation i ee of or

identification Omotertf @etiCtivetcOmpdiadsaGitnes éué@sﬁ@ﬁbds@@ultmsuﬁgosﬁﬁ} i ve conpound
doses. [0121]C1h§ase g%rrnaceutical p{e ar |ons rhrg can be_used orally

i ncl ude push-fit Capsti d¥ RERHM2YR %@ fighperides. B Pt g| ed capsul es
made of gel ati n bydgbcarbglsakot ddditigrerit & wbh pasfbl}I tpowe @tlatprregdrdpstied . The
push-fit capsul es can contain the active conpounds in the formof granul es
which may be mxed with fillers such as |actose, binders such as starches,
and/or lubricants such as talc or nagnesium stearate and, optionally,
stabilizers. In soft capsules, the active conmpounds are preferably

di ssol ved or suspended in suitable liquids, such as fatty oils, or liquid
paraffin. In addition, stabilizers my be added. [0122] Possible
pharmaceuti cal preparations which can be used rectally include, for
exanpl e, suppositories, which consist of a conbination of one or nore of
the active conpounds with a suppository base. Suitable suppository bases
are, for exanple, natural or synthetic triglycerides, or paraffin
hydrocarbons. In addition, it is also possible to use gelatin rectal
capsul es 59 which consist of a conbination of the active conpounds with a
base. P055|ble base naterlals |nclude for exanple I|qU|d trlglycerldes

g, Y Y NA NS o

pi gnent s




solutions of the active conpounds in water-soluble form for exanple,

wat er-sol ubl e salts and al kaline solutions. In addition, suspensions of the
active compounds as appropriate oily injection suspensions my be

adm ni stered. Suitable |ipophilic solvents or vehicles include fatty oils,
for exanple, sesane oil, or synthetic fatty acid esters, for exanple, ethyl
oleate or triglycerides or polyethyl eng gl ycol-400. Aqueous injection
suspensi ons nay contain substances which increase the viscosity of the
suspensi on i nclude, for exanple, sodium carboxynethyl cellul ose, sorbitol,
and/ or dextran. Optionally, the suspension may al so contain stabilizers.

[ 0124] The t opi cawhicloeqmsisiof & comdbinafiontdfi ks a¢tive esmpiownis avitk a baye.Robséideed pref er abl y
as oils, creans tfgﬁe&g i approprl ate
carriers. Suit abll)gésgglgtrg{b?sel?cgﬁ‘ilan d‘?‘%%‘ﬁ g%}ygédg% %&{}ﬁg{'g%&ﬁw%,

petrol at um (whi t & PeBHn BY&PeHORy  branched chain fats or oils, ani rral fats
and hi gh noljecas} ar wsuigihte @hﬁﬂﬁﬁ&hs (ogbﬁéﬂt@é’l ardiaaﬁkugﬂoa)mcma&qwoea‘ erred
carriers arethos onsc}’tmn » eact t%ﬁ& s sol uble. Emulsifiers,
stabilizers, hun&crant® "8dg Vﬁr?f"f‘%oﬂ é‘hf”%er @ ETRY) Ee’iaWBIFU‘Ef‘éed' as wel | as
agent s i npart i ngsotubleosalip pndf zlkedina padwions. fin dtkmlon,esimspeﬂdm“uf ahmaichyg t ransder nal
penetration enhagg;ﬁ]p;, I ations.

Exanpl es of such enhgnr?ggga&??ﬁﬂggﬁ%/ﬁﬁeg E%E&HE%B%%@ ahffs %889 816 and
4,444, 762. [01253¢RRa Heorhitiesqhyeats et whics ‘P?i\*qﬁf%(t"ééi fvrrempép pssmeur e of i ner al

Oi | sel f- enmul séif, vt E}gthblﬁﬁféﬂ}a%ldadgtdrs%i &Emﬁ)lé‘ e\MS}l &@htemr)htiglfc@n&ep@r active
i ngredl ent, di SSO'I%%dlehen a3 § of as alopond oil, is

admi xed. A typi c&lYEXanDl suc queous e%loflssuéﬁeémﬁﬂ’?l é’ﬁy f8flides about 40
parts water, abou@st@@%pa'hlpls lme@wzan ws;b%tommepmnemqm ivelndd, foi | and about 1
part alnond oil. exangllZGS]odxgnmc%Me cht‘l]oEQr hl?otl e%n Xr %tl'aﬂg a sol ution
of the active ingredient in a veg et l e oil such as a d oil with warm
soft paraffin an ptéﬂnflgvﬁhﬁﬂlsﬁeﬁ%°“rﬁ‘%¥tal§? eenta@ sgagilipers- A t ypi caI exanpl e of such

an oi ntment [R4pne ﬁﬂe\wblba(l borhp’dﬁhdﬂﬂGﬁth@bﬂéiﬁlo@ﬁ%@o%hﬁm&ﬂpr&bﬂablﬁm about 70%

white soft paraff,| 0127 o e conveni ently prepared
by di ssol ving t hedsa%r V\{et‘ @glé'eéﬁtafl %h go@'tﬁh?lé%? SPAPYREFBITES Ul ar wei ght
al cohol such as $uieby Icem?s gicguétz)i/eg@mblpgd yisthlyéilnehigl peodhtum [(@RRE] The

fol l owi ng exanpl &3 ki), drtRhdaBlnhi¥ Fats ngﬂsngﬁlm!ill mst 11191 h% 1defi Method and
conpositions of the present i1nvention. her suit Ifications and

adapt ati ons of tﬁ@gi}?é]r“?h@{ \pregier tE@rﬁ?)t?‘Sﬁ?feéfFﬂfaﬁ%ffsﬂFéfl@?g‘Wﬁ@l ly
encountered in cicini dadredidaeriapsolubled Builsfersar @abiawrs, 0 UémécBnishage skilled in
the art are withj . eof t he ipventi.on. EXAMPLE 1 DESI GN
OF MDM2 I NHI BI T {%%59’?@ léoe%rrénr?ﬁg nfS YehAt &P TEETE &% Pher nat ur al
products or cont Bagenee ef(ﬂeéreéh%ddmwmm@emt panethtiby enkeners wenalle pr oduct s, a
search was done énﬂﬂoy@@tnutﬁé%la t@fc?ldfdﬁﬁuﬁmgrﬂaﬁxa gféé gfﬁﬁlpyﬂhgrﬁerg Aoyel scaff ol d

for the design of rTBouns capable of 1nhibiting the interaction between
p53 and MDMVR. | ?L“oddj‘ éoﬁﬁﬁﬁoéﬁs’é?ré}“ﬂ%éﬁ”ﬂézstudl es were carried out using

t he GOLD pr dgt28m ( vecCsdamsar2 pieferablyt thmiuhed GhardSantue cfﬂnhﬁmsufsumctl on. The

structures of Ii d_at. SYBYL y mnimzed by
Tripos force fi ei 3 ﬁH%EQQﬁr ucﬁﬁne V"\%’/&‘f}s1 X reac rlgﬁﬁe&ﬁrg’ crystal
structure of NDIVESSB’@WEIHWQIHH}S%O(@DBSwdealmgﬂd\@R)saan*Wrbgewsl were added to

the protein usi n@alsmsmu@la%rea;h@o&qmcmm&u@seabmaogséwteldaﬂoqtﬂncowpass al |
atons within a 12 Abradlézﬁ{t%ere .whose origin was l'ocated at the center

of the Trp23 of RPHEPHEEEX %aﬂsmsraé?ﬂefﬁﬂahoat IR elmopd % gor i t hm pr ot ocol
was sel ect ed026r t heOchomdaisngay boformalated G QA d, soRford BOE Piival docki ng runs
wer e conduct ed. 4 e f .each I| and.ver.e ranked
according to the %cé%gao%%%ﬁ%lgcb%gﬁ y&l%m 11%eogtwn‘r%an BB B of each

| i gand was r escoleyingfhexnigursrte cophdd Gpisel skamlhef suck ztm(entrnamas y&i s of binding
node.

)




61 [0131] Spirotryprostatin A represents a class of natural alkal oids
isolated fromthe fernmentation broth of Aspergillus fum gatus (Usui et al.,
Bi ochenz. J. 33:543 (1998)) (FIG 1). Conputational docking studies showed
that spirotryprostatin A cannot bind in the hydrophobic cleft of MDWM2, but
t he spiro(oxindole-3,3 -pyrrolidine) gore structure nmay be used as arigid
scaffold for the design of a new class of inhibitors of the p53-MD\VR
interaction. The oxindole unit closely mmcs the Trp23 residue in both
hydr ogen-bond formation and hydrophobic interaction with MDM2. The.
pyrrolidinyl ripgnRhded@dn@od Mbshamahi bt Mol Wniwhof Badkii@ vhy dr ophobi ¢
groups can be attached to mmc Phel 9 and Leu26 (FIG 2A). A nunber of
tenpl ate conpo Lwer e nodel ed using different substituent groups wth

di fferent qmefii gur aLdtfaﬁbs mafa‘bet BSéiently FRpLradl bbadxmsmghw\nacﬁve mmc p53 well
inits hydrogen b h hObl |ons th MDM2 (FI G
2A). The 6-chl %" wn atsﬂl nreel}l%nh %édlecuar Nt ‘i%“"’trlﬁ n ‘o0&t IOP)\’% a smal |

hydr ophobi c pocglbeolormlmmneﬁwd nteraction which has been shown to be
effective 'd’izﬁ“hancmgbﬁ Qk&qﬂéggre@ﬁufsﬂrﬁ'vé b@c%ogfmlﬁ)%ﬁottiﬁ@%oge ptide

i nhibitors of MDM2 (GarciaEcheverria et al em 43: 3205 (2000)). O N
/R NH/L.. | é“‘é:F‘m@eﬂmE e prRIRERSES RIS st PRP 'y APAERIIBINBI NG ASSAY

[0132] Conpound ad@ptatiass ﬁmtvb@ay Mncﬁt&n§hﬂmm&e§@hﬁﬁﬁv dncolfitert an asymetric

1, 3-di pol ar reaction as the Sebehar Chem 62 Soc.
122: 5666 (2000)4 dmfﬁlt% Bngoafl%f”g'\éé erglgvééél gorngs Skﬂ? {h%.h%.?l "$PRer desi gned
anal ogues was d@t@mﬁmﬂ@@bpbyﬂtmn%ﬂvl@y crystal I ographl C anal ysis of one of
the key internediates, (1"R 2"S, 2'R 31R, 3S, 4' R

6-chl oro-4' - (3-chl oro- phenyl )-11-

(2-hydroxy-1, 2-di phenyl -et hyl ) -2 -rrthyI butyl ) - 2- oxo-1, 2-di hydrospirof[i

ndol e- 3, 3' - pyrrolidine]-5 hyl am de (FI G 3). [0133)
To deternmine the ability ofﬁgé{%&(ogﬂﬁépﬁgyﬂ{sztﬁ%teracti on between MDM2 and
p53, a fluorescence pol arization (FP)-based binding assay was established

usi ng a reconbi nant human MDM2 protein and a p53-based peptide
(Garci a- Ecli2@r ri a &hceahany antil:cah@ddﬁgem diSe3R0mal PROQ®) or chatiebked With a

(5- Fam PAl o O S PRaTREr s REREE hofl B phield b s aon R 1 oned) (S0
ID NO. ), wher @PHaERmdpds dut Beﬂ% Prayise s aeieh scaffpls fos tig- éﬁﬁgncﬂfsobutyrl c acid,
gnddAc3c :c s 1- &mgp&aw@preepmmgmaﬁmxwmbewa&ﬂpes anghl@m valjue OL tge001
inding o s desj.gned _prohe. to r ot ei s deter to be 0.

AM (1 nM é‘hg@ pr’llgan{’)nﬁg?"‘ikﬁ‘?s’\t@\%t"{%ﬁeCaﬂ? 0°§‘ 88 e ace pocket of

t he MDM2 pr ot elpmgveint(I’vexviemg/l)fmghha@ﬁemﬁcctrg/ﬁt@ﬁ @nctibA) TheAwsayressyfeci ficity was
confirnmed by CQ@H@E%&\%&s&’&c&@ ?%?r% o ef?{fief Eﬂga&d\gﬁg %& MDM2 protein by

an unl abel ed peptide with uence et erm ned t hat

t he correspondififlf: TR MM 2sHuBNONE SsEasier fam figjcustalptryetgapiMaY2 had

?IP Ega; |T E%Bi %L%%h%ﬂbm@m cadef 1VCR)Y Hylavgeds RraMdaélr b YREprSia pegtB |) deTh
e
r econbi nant u‘rprg%lgrgo?% ?‘?PYGNSS‘%?V%JSU&F“%t°lT§3m3aEfsag(§i° SWM‘:E tag at the N

t erm nus was staallzlieraém@lsmmoee origindwasderated gidhe @ntet dfgheFRpI3aged bi ndi ng
assay. the p53 peptide. The standard Genetic Algorithm protocol was selected for

the docking. For each compound, 20 individual docking runs were conducted.
The generated 20 solutions of each ligand were ranked according to the score
of ChemScore. The best ranked solution of each ligand was rescored by X-

Score and used in the further analysis of binding mode.



[ 0134] The dose-dependent binding experinments were carried out with serial
dilutions of the tested conpounds in DMSO. A 5 Al sanple of the tested
sanpl es and prei ncubated VDM2 protein (0.010 AM and PNMDMB-F peptide (0.001
AM in assay buffer (100 nmM potassi um phosphate, pH 7.5; 100 Ag/m bovine
gama gl obul i n; 0.02% sodi um azi de, rchased fromlnvitrogen Life

Technol ogy), were m xed in Dynex 96-wel |, black, round-bottom plates

(Fi sher Scientific) to produce a final volume of 125 1d. For each assay,
the 63 bound peptide control containing MDM2 protein and PVDVG- F

(equi val enfy;f O%Isyvo@;f} sQ@ﬂA@é}%anfs%‘%laQsed?hétﬂﬁla‘ﬁ@ﬂd&%hlaﬁ@ﬂ&rﬁ“ ning only free
PVMDMVB- F (equi val ent 't o 100% 1 nhi'bition) were included. The polarization

val ues were nedbufarenigtien proth ‘I’fréfpﬁf!’”}‘%@tﬁ‘fﬁéﬁ‘? dHsuivse Al t Fieeheinfli ng r eached
equi librium usl3:3g4ar(1siga)TRm(E§EﬁDEI®o(n$ﬁe@ﬂaluioSng REdies Rasearsdh Triangl e Park,

N0 LCo0 VAl st BGRB8 i, oty 39 Dound pepi de
anal ysi s. Cur vepitd(oindalg-3\iapyrobdife) pore srugtgiengpy GRARERADrIEREERbId of t war e
(GraphPad Sof t vwgrig, delsl%l?oﬁafré@r&lag o?%]blt&ébfthlg%ﬁ nfi@lGH. afne the binding

affinity constants (K inhibitors | owi n quat | on devel oped for
conputing the Kexingelf yai claselymipics e BpRsitprifug 48 Al {%5%0

K, =-[ I LAL] 501 K fortatfaO4nl Thydrdphobit indthctibn [vith m»d:enm'hepyriohmnﬂemgent ration of

the free inhibitor o Lnhibitio L].50 the conce n of the free

| abel ed 1§ gand Psbh s B AeBRE NEh VB P obl B e POFBGFT he. f 1 oe
protein at 0% iimmiipictHhel?, and Aeu2€dFI @A) @sowibat ¢fopmmpon stepetndsf t he
protein-1igand ammldXd ubiQ) aleavidldaled: gmgmm Qerbd? Bonlfburtiphyies of

i nhibitors using the presented equation, onput ati onal procedure was
devel oped to c ee°?“?f€%@&fa&f"éwv5’l‘ﬂé‘écpé?Wa‘H‘l"Ef’ydcf‘Pﬂé“'b‘é’fié‘ﬁet ers required
in the equati onnd Mek b dumkide Gabraesika with adDM2 Aa. 2ARI 'ﬂ{éhﬁ‘rﬂhlor332 261 (2004)).
A web- based co [am was . al so _devel o ti g t he K1 val ues
for inhibitor s%gﬁﬂtbﬁgg%o T di rrlln occuéessa a@gg"dxoﬁ e&%ams equati on.
[0136] The fl uorl‘é@Mémlnyerh@breww @@Beebamt@mffedye hmihalcmghval ue of 1 nM
with MDMZ, whi QJ’hd Qtﬁnﬁéss%?%s \Ms&i" pkﬁtﬁe QBﬁMto%U%HMbﬁ@Ogd £k high affinity
to MDM2 (Garci everria et 3205 (2000)). In this

bi ndi ng assay,aE[f Nerarg- %%lefé‘pﬁ-’&@sﬁzp@%)r dues 13-29), which was used as a
positive control, and |la were deternmiyned to have Ki values of 6.7 tMand
8.5i/M respectively (FIG 5). HegnceNTa is a fairly potent inhibitor of
the p53- MDM2 interaction. 64 [O13%Analysis of the nodel of la bound to
MDOM2 (FI G 2) suggested that i ke f ur/t her optim zed for better

i i i ph ring of la binds to the

hydr ophobi ¢ bi ndi ng pocket occupiéd »,/(b"\’he side chain of Phel9 but there is
addi ti onal space in this pocket. ' | #=+Q@, the isobutyl ggpup of la fills
t he hydrophobi ¢ bi ndi ng pocket-oceapred by Leu26 but a | arger hydrophobic
group coul d be accommodat ed. New anal bgues of la were designed in an
attenpt to optimze further the interactions at these two hydrophobic

bi ndi ng sites. [0138] Mbdel i ng studi es showed that introduction of a
chlorine atom at the neta-positiopxatpihe phenyl ring in la can exploit the
addi tional roomavailable at this binding site and inproves the hydrophobic
interaction. These stg @bﬁﬁs@éﬁ% QA'}IWBINBE@@Q glyon of a chlorine atom
at either the para- or the ortho-position of the phenyl ring in |a may
vitiate binding to MDM2. Conpound Ib with a mCd was synthesized and
determned to have a Ki value of 300 nM It is thus 28-tines nore potent
than la (FIB325) Teommertdnhtt vwabivteriradnyd thowe|in Pghagieeliveins @m, t he conpound

with a p-d subsmaumta-(ﬂpa)r :wﬁon&ymefke;sst@e{slebamemun%nt orhe 26-tines |ess
potent than Ib (1(1= 7.7 AM.




65 b Ic I f [0139] As indicated above, the isobutyl group inlais
not optimal and the hydrophobic interaction at this site was further
optim zed using Ib as the tenplate. Mdeling studies showed that a

2, 2-di met hyl propyl group can enhance the hydrophobic interaction (FIG 2)
and the resulting conpound |d was synthesized. It was found to have a IC
value of 86 nMand is thus a highly ﬂ tent inhibitor of the p53- VDM

i nteraction, being 78-tines nore potent than the natural pl3 peptide. 66
[ 0140] To confirmthe inportance of the hydrophobic interaction at this

site, conpoundsg| ' r ' s [ . ing a smal | er
and a | arger h?ﬁ?gﬁﬁgﬁFg%gvgdﬁegﬁghggggmﬁggﬂé§??€§ﬁfﬁg eﬁE@%ng st udi es
suggest ed that ddedved wasdpamiined b anKdatreystaBesaphioreabisisofieny of eand in fact,
FP-based bi ndi ngy %&ﬁé&iﬂ&ﬂfﬁ&?@h@{ﬁj‘@ﬂﬁ hadiorb2-@RMololphetihyiih K. 1 val ues -of

- id (Fl
850 and 990 M, (2RSSl HSLafn B 5. SRy ALY 1Y 1 1553aR0T SNt than 1d (FIG

spiro[indole-3,3'-pyrrolidine]-5'-carboxylic acid dimethylamide (FIG. 3).

[0133]) To determine the ability of 1a to disrupt the interaction between
MDM2 and p53, a fluorescence polarization (FP)-based binding assay was
established using a recombinant human MDM?2 protein and a p53-based
peptide (Garcia-Echeverria et al., J Med Chem 43:3205 (2000)) labeled with a
fluorescence tag. The fluorescent-probe, termed PMDMSG6-F, had the sequence
(5-Fam-BAla-fAla-Phe-Met-Aib-pTyr-(6-Cl-1-Trp)-Glu-Ac3c-Leu-Asn-NH;)
(SEQ ID NO:1), wherein Fam is carboxyfluoroscein, Aib is S-aminoisobutyric
acid, and Ac3c is 1-aminocyclopropane-1-carboxylic acid. The Ky value of
the binding of this designed probe to MDM?2 protein was determined to be
0.001 pM (1 nM + 0.09), showing that this peptide binds to the surface pocket
of the MDM2 protein with very high affinity (FIG. 4A). Assay specificity
was confirmed by competitive displacement of PMDM6-F binding to MDM2
protein by an unlabeled peptide with the identical sequence. It was’
determined that the corresponding untabeled PMDMS6 peptide (K; = 0.7 nM %
0.1) had significantly higher binding affinity than the wild-type p53 peptide
(PLSQETFSDLWKLLPEN-NH,) (SEQ ID NO:2) (K; = 6.7 uM * 1.2) (FIG.
4B). The recombinant MDM?2 human protein (residues 1-118) fused to His-
tag at the N terminus was stable and soluble, and was used for the FP based
binding assay.

[0134] The dose-dependent binding experiments were carried out with serial.
dilutions of the tested compounds in DMSO. A 5 ul sample of the tested
samples and preincubated MDM2 protein (0.010 M) and PMDM6-F peptide
(0.001 pM) in assay buffer (100 mM potassium phosphate, pH 7.5; 100 ug/mi
bovine gamma globulin; 0.02% sodium azide, purchased from Invitrogen Life
Technology), were mixed in Dynex 96-well, black, round-bottom plates

(Fisher Scientific) to produce a final volume of 125 pl. For each assay, the



EXAMPLE 3 CELL GROWH I NHI BI TI ON [ 0142] One maj or advant age of non-pepti de
smal | - nol ecul e i nhi bitors over peptide-based inhibitors is their superior
cell perneability. It is predicted that potent, non-peptide inhibitors of
the p53-MDWM2 interaction such as id will be effective in inhibition of cel
growm h and division in cancer cells ﬁ@th a wld-type formof p53 through
stinulation of the activity of p53. Furthernore, they are predicted to have
selectivity in cancer cells with either a | oss of p53 or a nutated,
non-functional formof p53. To test these predictions, a cell growh assay

was devel oped ginAGeHdbBiheBl Qithiding MIMNIE SotelnNe@ BMONEIF Wahitkndny Pe) and PC-3
(p53 null) cell lines. The toxic effects of npounds on normal cells were

. T . .CO
al so exami ned &h0% WEPIHRD apt Heg Bpldeciontd epitaining eply fieg RMDOM6H 43] Cel I's were
seeded in 96- wWedguiviibato 1004 inlbiG@) ek ihcludée The pbiRSzatdn aleeR&tty of 3-4x103

cells/well and_incubated.in.th resence .of. co unds for 4 days. The rate
of cell grow h™A ufegfl%“irgl!‘frsgfh et atg) évz‘[;rfé%‘f‘n%)ﬂgt’ﬁa%Feﬁc?Fl@@ﬂ“%‘Sl%ncent rations of
t he conpounds wadLABASREADRRA Tewh ALS. BT -FssaRh (IBangle Park, NC). ICs

met hoxy- 4- ni tr QRRENWL) mBividt- b @RIRE MY Wick 6626 4 Sthd QBAROYL) - 2H

tetrazol i um nonosodi um salt (Dojindo Ml ecular Technol' ogies Inc.,

Gai t her sbur g, I@ﬁ?‘%eﬁﬁfffe.deml’@%ﬁg@%lﬁd’é‘% nantineat ip3ghsquaresf@dYs at i on of 10%to
each wel |l and tChee fitthp @as peforndd nEiHaR RBHPAD BRISM @ftware 3Giapipad The 67

absor bance of tshg sa@\I S ) asured at 450 nmin a plate reader
D0
N ﬂﬂﬁﬁéﬁ)%r

(Mol ecul ar Devi ce- he concentration of the conpounds that

i nhi bited ©&¥1 groviiohcaylaB0de (brdbe)afimily wattats Glledd bfbgenpde i ng absor bance
in the untreat edonfl| QuaBf deiopb®ibrScohp@Bkefle W, IAntN & §PRREUNDS. The
conmpounds i ndu%g]g, cell growth inhibition in a dose-dependent fashi on.
[0144] As predPCFBYHESONFINM i d was highly effective in inhibition of cell
growh in LNCaP cells conprkspl, /el dxt /pp3y) Wi th an 1050 val ue of 0.83
j.tM(FIG 6). Compounds |b, IE and] ?If< gllpgo gﬂecti vely inhibited cell

growth with 105078 [Hadenptes $he poncentration gf the freayubifjfor pieQppdphibitias y (FI G 6).
Their activiti ¢slsithe tonbentition 6Nthe fre€ Rbdledaizamt 4 50% kNGadR, Pg) ke correl ate
perfectly with Lr-binding affinities to VDM - Cellul ar selectivity was
eval uated in P&{mgg"g e ﬁnsor}\c/i\}] % %eeapr?%lg satt(()) ’ lﬁég‘.uonAsa n(iekf)cgh(?t&éjs(ﬁ?mt“ﬁ’ése NDVR

i nhi bi tors wer eony@ethof| thes projstiand ¢ompRE- Foc etchmtetyheompitimg tNCEP cel s (FI G

7). For exanpl Qands@f inMultbts _asnn%ﬁégregé%@é‘qugéon?zc&pmahénwpr&%\ﬁe cells, was
27-tinmes | ess act ve than in LNCaP cells. H‘[OMS] Since normal cells also
have wil d-type "B5%7elope Breampiatie ahiee yaies Af 3l of &F Bassstes B9uPhhi bit ors of the
p53- MDV2 i nt er &cthe equatid (Nikeloaski-Coleskn eedl., didlQBodhem.t3aR61 Lens)may be

nonsel ective a | I ive in killi normal cells as_they are in
killing cancer B‘g‘gﬁ%ségdé%rﬁg‘%rr%o?ﬁn \X’/ﬁssaltsaci/g 613 eélgfgli A Strmr%a'ﬁe ﬁtma% prostate
epi thelial cel VaussPoE@hibjjprs hin\wWfH-kpsqdy pindips 3ssaysdbased wees Hetsemsri ned that id
had an 1050 vakqgisf 6.0 /AMin PrEC cells (FIG 8). Hence, id was 13-tines

| ess potent jn PrEC cells than in LN%%P cel|ls and di splays_a good
sel ecti vi t{?lkgr nor ﬁﬁﬁ“?f‘ésf"f y labpled f pepjide had a Kq value of ¥ 1M
3- E- BENZYL| DENEith MOMIIORMich isScobdidttMDRID: itd\ibliouly @d§brted high affinity to

MDM2 (Garcia-Echeverria et al., Med. Chem 43:3205 (2000)). In this

binding assay, a natural p53 peptide (residues 13-29), which was used as a

positive control, and 1a were determined to have K; values of 6.7 uM and 8.5

pM, respectively (FIG. 5). Hence, 1a is a fairly potent inhibitor of the p53-
MDM?2 interaction.



[ 0146] General techniques: Elenental analyses were perforned by the
Departnent of Chem stry of the University of Mchigan, Ann Arbor, M. Were
nol ecul ar fornulas are given, elenental conpositions were found to be
within 0.3%of the theoretical values unless otherw se noted. Opti cal
rotations were determned at 589 run gt 25C on a Perkin-El ner 241
polarimeter (in CHCL3). Single-cryst X-ray analysis was perforned at the
Naval Research Laboratory, Washington, DC. 111 NWVR spectra were recorded at
300 MHz and 13C NWR spectra were recorded at 75 MHz on a Bruker AVANCE300
spect r onet gjiapAl |l Nwly%@%@&éﬂmm%mm t@%lﬁ@g@%%ugéégeétﬁﬁm ts were

recorded as parts per I'liton (pp downti el romtetranethylsilane (TV5).

The fol OWI ng ABbroald; ber fugthe eptimized dor bedier itrraction with (DM NMR signals: s =
31 ng: et, d dgumg]ﬁa, ,metphcn;tlrrlngloetla lﬁndE t&lﬂ@rﬁ}aiophdmc-blﬂa&gt%&k&g Fglmcli('\)/gblhed
oubl et, dt = dou u uar t a t ho
A To a solutidf° “8?‘ yélhel %&oéh&?qﬁc})&’f"g ?ui%??% adgéblﬁlo t?‘ﬁ 60

CHRC12: CHBCN ( bockpt, Bieritaayl, dighigabety{ 2up Of lmﬁll@ thaﬂsidﬂﬁsbo&b Zﬂﬂmé 10 g) were
added. After 1 tu e goved in vacuo,
and the residu gmte{;é)et R‘éf%\?\rn] tiﬁmti)ﬁgélijl b E’r\/%/{i,}grot%?)I'"\é %gm:,\?&é({% crowave oven
and heat ed for 25*°RM3dten New gpplagpes OEk%Y’%{%ﬁqs’@PFd\A&@ AEPRLtEePtimiFe Wit h 150 ni

CH3CN, the sol |fahmaaemte}a&medtleiefmoafaebphckmmhﬂg@ﬂas was renoved in vacuo to

yield the e praodu whi.ch, wa rther pur| fication. 69
[ 0148] Met hg(éy% Toolgo s?%'i’%?t‘i‘dbeﬁ Sged e r"g‘f’%f%% #&o‘ih tipe atgm ahthe 10 0 mmol ) in
60 nL net hanol mebenvzitiord ehhdephed . rihg nimola) caanmpioit plaa difitiveal(26mg) were added
Tl tered off anadt Kl Godfasic e tipSas eindoofie npfall MLE Suct

[ 0149] 1HNVR (36%5‘ diggglso Sbi‘m?él)at 5*“9!1119@11(06? chlquie atom g githegjthe para- o5 67 Hz, 211)),
7.55 I(_l;tl J 8 .t /orthiz-posltidh , of fhedSheryd ring ir-1:Dm8y vitigte bihlithy ito K/ID?@) (d 3 =17.85
Hz, 2H), 6. 90 1 EXAMPLE 5
[0150]1n a sinmiTaP 0“%%2‘)%3215”31 élt“ﬁ‘s Syf‘é’?ﬁlzeéf’ﬁzdetg%'ﬁ%cgﬁ%%age ﬁg’rvé‘l % epar ed.

a) 3- E- 6- Chl or of 300 ®Mc Ht brips 281imps mdenwlentlth®:r t GJGr 8- | Todlddhe?- one [ 0151111
NVR (300 Mz, %Xheﬁn&hﬁ%f%mm;@e co%ﬁczu%d G a%l sy ségl(%nt (lcg 61 (m 111),

7.55 - 7.43 (m 4H) = 1.91, 8.18
Hz, 1H). Syg’f’h@%‘éff?f?qﬂe&bé 2q-timeyipss potprs thﬂﬁ&b@_ﬁ



[0152] 111 NMR. (300 MHz, CDC13) 5 8.32 (br, 1H), 7.87 (s, 111), 7.77 - 7.66
(m 311), 7.75 - 7.43 (m 3H), 7.24 (td, J= 1.10, 7.69 Hz, 1H), 6.93 - 6.87
(m 211). <c¢) 3-E-6-Chloro-3-(4-chloro-benzylidene)-1, 3-di hydro-indol-2-
one d) 3 -E-B enzylidene-6-brono-1, 3-di hydro-indol-2-one e)

3- E- Benzyl i dene- 6-f 1 uoro-1, 3-di hydr o4k ndol- 2- one f) 3 -E-B
enzylidene-6-trifluoronethyl-1,3 -dihydro-indol-2 -one g)

3- E- 6- Chl or 0- 3- (4- brono- benzyl i dene) - 1, 3-di hydr o-i ndol-2- one h)

3- E- 6- Chl or 0- 3- (4- net hyl - benzyl i dene) - 1, 3-di hydr o-i ndol-2- one i)

3- E- 6- Chl or o- 3- (4- net hoxyl - benzyl i dene) - 1, 3-di hydro-i ndol-2- one 70 j)
3-E—6-Ch|oro-3-(@ltqbeN6Tonethyl benzylldene). , Ndi hydr oi ndol-2-one k)
3- E- 6- Chl or 0- 3- (34 dbq@loro benzyl i dene), ygir o- i ndol 2- one

1) 3-E-6-Chl oro-3 B- chi~tNH or -benzylldene apdir o-/i ndol - 2-one m

3- E- 6- br or no- 3- (: 0Bl dene) -1, 3-di Ky igdal, one n)

3-E-6-Chl oro-3- (3, ‘ﬁ&l butylldene) 1, 3-d Uﬂwlndol 2- one 0)
3-E—6-Ch|oro-3-g? DRyl i dene) - 1, 3- di hydr ot i n@o®- 2- one

1f

[0139] As indicated above, the isobutyl group in 1a is not optimal and the
hydrophobic interaction at this site was further optimized using 1b as the
template. Modeling studies showed that a 2,2-dimethyl propyl group can
enhance the hydrophobic interaction (FIG. 2) and the resulting compound 1d
was synthesized. It was found to have a K; value of 86 nM and is thus a
highly potent inhibitor of the p53-MDM?2 interaction, being 78-times more
potent than the natural p53 peptide.



p) 3-E-6-Chl oro-3-(2-cycl ohexyl -ethylidene)-1, 3-di hydro-indol-2- one q)
3- E- 6- Chl or o- 3- cycl ohexyl net hyl ene- 1, 3- di hydro-i ndol-2-one r)

3- E- 6- Chl or o- 3-cycl opent yl net hyl ene- 1, 3-di hydr o-i ndol-2-one s)

3- E- 6- Chl or o- 3-t hi ophen- 2-yl net hyl ene- 1, 3-di hydro-i ndol-2- one t)

3- E- 6- Chl or o- 3- pyri di n- 2-yl net hyl enegd, 3- di hydr o-i ndol-2-one u)

3- E-3-(6-Chl oro-pyridin-2-yl net hyl ene) - 6-chl oro- 1, 3-di hydr oi ndol-2-one V)
3-E-3-(3-Chl oro-2-fl uoro-benzylidene)-6-chl oro-1, 3-di hydroi ndol-2-one w)
3-E-3-(3-Chl oro-4-fluoro-benzylidene)-6-chl oro-1, 3-di hydroi ndol-2-one x)
3- E- 6- Chl oppsoB- ( 3- aBlcokRmhd ihipertafedx T iz\y idgHaB): inkerdetioh RUEE Gtendol- 2- one  y)
3- E- 3- (3-Bronp- benzyl i dgrpIl ).-1, 3-di h%:dr 0- i {lld.ol- % one Z%‘i’

3-E-3-(3-Br ono9°6’E’ﬁ'2‘%f/‘F LY EKS werepTamed SRR 12vesdi ol 87 %01- 2- one 71
EXAMPLE 6 (2' Rja&Ss KyliRphdble) grp BRAONIE; dbpeétBelRRONDIRE RirdRd Juggsted 2, 2- DI METHYL-
PROPYL 1 2% bkl R SRR kOO TR WAk inding CARBOKYLI C A D

DI METHYLAM DE (| CE- ] .
' experiments determined that 1e and 1f, with K; values of 650 and 390 nM,

respectively, were substantially less potent than 1d (FfG. 5).

[0141]

EXAMPLE 3

. CELL GROWTH INHIBITION

[0142] One major advantage of non-peptide small-molecule inhibitors over
peptide-based inhibitors is their superior cell permeability. It is predicted that
potent, non-peptide inhibitors of the p53-MDM2 interaction such as 1d 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 on normal cells
were also examined on a normal prostate epithelial cell line.

[0143] 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 inhibition after treatment with increasing
concentrations of the compounds was determined using WST-8 (2-(2-
methoxy—4-nitrophenyl)-3-(Z-nitrophenyl)—S-(2,4disulfopheny])-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



[ 0153] Under argon, to a 100 nL flask with stir bar was added (28, 3R)-

2,3,5, 6-tetrahydro-2, 3-di phenyl-1, 4- oxazi n-6-one (1.0 g, 3.96 mml),

3-E-(3- brono)-benzylidene-6-brono-1, 3-di hydro-indol-2-one (4.75 mmol), 2 g
freshly activated 4 A nol ecul ar sieves, 3,3-dinethyl-butyral dehyde (4.75
nmol ) and tol uene (50 nlL). The m xtuge was heated to 70C and kept at that
tenperature for 5 hours. The m xture was cooled to roomtenperature and the
nol ecul ar sieves were filtered off. The sol vent was renoved in vacuo and
the residue was purified by chromatography to yield the 1, 3-dipolar

product . [015éﬂso£££k@elef3héﬂls§me@rwdarmuﬁsd 6244) H?H'Dxln)a?ﬁkaieﬁkﬁg was di ssol ved
i n THFdi et hyl am ne, (4 resulting solution was stirred at

and th
r oom t enper at ufdolERIkF PFBWETECﬁ%UEM)e nﬁ’ewa%ce?‘@ﬁﬂ\/%fd hg ¢pmpaEds and t he
IreR)si gug was guthaf fifhibitey c€lh gwal bgrsaphfCh wys ehichldidd bRcompaling 2' R, 3 'R 35, 4
- br ono-
(3- br ono- phenyﬁsoré)amf 51 t?e antreatte%yeills and the fslls hfatf(kwhth ct}le compoim%s di phenyl et hyl)
- 2-o0x0-1, 2-di ﬁWsW#‘edl{WMbEfeW@ u:l!mn'i!?}'lrﬂr ofdsetfapedders’ fas?@@n boxyl ic acid

g' lr)ret hyl Zr mm? [ 0185 iictdd CordpBund 18 Wall big) eBbctibein ihiktion A Bl 3 'R 3S, 4'R)
r ono-

phenyl ) - 2' ?°HF%WFP RS pemmrising Wi RS, BiSe ¥ik 40 Koseivalr&hlP2 et hyl ) - 2- oxo- 1,
2-di hydr o- Spl rguM(EIE;I@ Gonpourly 15,k el 1f elko Hfectalylinhibiled esligedwdh di met hyl am de
72 (2.0 mol ) .k ( 1o (1,3 3.0 nmol ) was
added. The reac gtr? m%éesg/glp?rleéqa%ogf‘of resBecg?%lei& #? 4hmglﬁd the sol ution
filtered thr oungélﬁsslll‘lombﬂsqﬂqueﬁl gevth gplNEe?, ceffheorrslatepenfictiyusish r eroved i n
\[Igiééf <[':mdf t hetglfeﬁwnditﬂgaffmesnug%madciﬁmﬁpme Qs aamégic fla gdﬁlgdlg h(ebpr 0‘3‘;,;“ -
ccfsn r ,
7.20 - 7.28 (nfe%‘é ivitg“ °Ssz°f1’é3 AS?‘”%W(H thpse 2 18*“@‘?“(%“" ’E‘}Ckg‘ess 6.86 (d" J =
8. 00 Hz 1H), ﬁotamx(m: 3 Jells t1in GENGAP cdll IFIG. ). Sbr (ebmpB=1df wiBatz, 1H), 3. 99

11), 2,91 (s, LAY (a5 g i b e e () 07018

Hz, 111), O. 830‘{1§ 9H); 13C NMR (75 MHz, CDC13), & 181.16, 170.08, 142.73,

141. 20, 13disp, 113Gtk nodmdDeddo als&%Zve&%ldt%?Jp@ga 3i8RiaD Soncekdn 60, 122. 58,
121. 46, 113.17 f 37.21, 36.19, 30.10,

59 79 EXANPL Eﬂe?rel%?rflenﬁogmg%ﬂs f,)th %%lgggfgjgtiractwn a$ new anti-Cancer
6- CHLORO- 4' 4' HEMNYY_is That @Ry H‘KDR&))(Msdbcﬂve and equally active in killing normal

SLFSE%DEIE%@% SRR By R £ el QPR 14 o5 R B o [ 0157) [ a
-81.9 (c, 0.3,® 1@)ﬂaNWRstft390thma&ceH€@@@)M§ Wildtgpe(§p andjitpas 7. 73 (d, J =

3. §8lgzo7l :_|iz) deﬁrﬂa&eiﬂ%ﬂ?h&m&n 15 1vk)ue oB.6.08uM Sin m,ceﬁb %@G(l 1Hzl 1471 644( i'o
(m 111), 3. 50?{5(]& was_13° S%:?@"‘“‘T rEéﬁ"’l%iéha(“ @%ﬁt‘zﬂ”z‘ %dzlt (dd, J =

12. 45, 73 displays a good selectivity for normal cells.



13. 20 Hz,

(d, J =6.38 Hz, 3H), 0.54 (d, J = 6.08 Hz, 3H): 13C NMR (75 Mz,

1H),

1.95 (s, 3H), 1.73 - 1.65 (m111), 1.13 - 1.07 (m 1H), 0.85

CDC13) 8

176. 43, 174.25, 140.95, 140.55, 135.38, 133.91, 133.77, 131.39, 130.81,
129.78, 127.96, 127.81, 127.58, 126.58, 125.90, 125. 36,

[0146]

[0147]

68

EXAMPLE 4

3-E-BENZYLIDENE-6-CHLORO-1,3-DIHYDRO-INDOL-2-ONE

Yt

(L=
cl N
H

General techniques: Elemental analyses were performed by the
Department of Chemistry of the University of Michigan, Ann Arbor, ML
Where molecular formulas are given, elemental compositions were found to
be within 0.3% of the theoretical values unless otherwise noted. Optical
rotations were determined at 589 nm at 25°C on a Perkin-Elmer 241
polarimeter (in CHCl;). Single-crystal X-ray analysis was performed at the
Naval Research Laboratory, Washington, DC. 'H NMR spectra were recorded
at 300 MHz and C NMR spectra were recorded at 75 MHz on a Bruker
AVANCE300 spectrometer. All NMR spectra were obtained in CDCl; and
results were recorded as parts per million (ppm) downfield from
tetramethylsilane (TMS). The following abbreviations are used for
multiplicity of NMR signals: s = singlet, d = doublet, t = triplet. q = quartet, m
= multiplet, dd = double doublet, dt = double triplet, dq = double quartet, br =
broad. '

Method A: To a solution of 6-chloro-oxindole (1.67 g, 10.0 mmol) in
60 mL CH,Cl:CH;CN (1:1), benzaldehyde (10. 0 mmol) and KF-ALOs (10 g)
were added. After 10 min at room temperature, the solvent was removed in
vacuo, and the residues together with the flask were placed in a microwave
oven and heated for 5 min (60 ~ 80 W). Extraction was carried out with 150
mL CH;CN, the solid was filtered off, and the solvent was removed in vacuo

to yield the crude product, which was used without further purification.



122.19, 110.52, 75.52, 75.10, 73.58, 64.71, 60.59, 58.45, 57.52, 37.34,
36.54, 36.30, 29.56, 28.12. EXAMPLE 8 (1 "R 2 "S,2 'R, 3S, 4R 5
'R) 6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 1' - ( 2-

69

[0148] Method B: To a solution of 6-chloro-oxindole (1.67 g, 10.0 mmol) in
60 mL methanol, benzaldehyde (10.0 mmiol) and piperidine (10 g) were added
and the resulting mixture was refluxed for 4 hrs. The precipitate was filtered
off and washed by cold methanol to yield the pure product.

[0149] '"H NMR (300 MHz, CDCl3) § 7.90 (br, 1H), 7.63 (d, ] = 5.67 Hz, 2H),
7.55 (d, J =8.27 Hz, 1H), 7.49 (d, J = 5.87 Hz, 2H), 7.39 (d, ] = 7.85 Hz, 2H),
6.90 (s, 1H), 6.85 (d, T = 8.22 Hz, 1H), 4.66 (s, 1H).

EXAMPLE 5

[0150] In a similar procedure, the following compounds were prepared.
a) 3-E-6-Chloro-3-(3-chloro-benzylidene)-1,3-dihydro-indol-2-
one
(0151} '"H NMR (300 MHz, CDCls) & 8.08 (br, LH), 7.76 (s, 1H), 7.62 ~ 7.61
(m, 1H), 7.55 ~ 7.43 (m, 4H), 6.92 (d, ] = 1.52 Hz, 1H), 6.89 (dd, ] = 1.91,
8.18 Hz, 1H).
b) 3-E-Benzylidene-1,3-dihydro-indol-2-one
[0152] "H NMR (300 MHz, CDCl3) & 8.32 (br, 1H), 7.87 (s, 1H), 7.77 ~ 7.66
(m, 3H), 7.75 ~ 7.43 (m, 3H), 7.24 (td, J= 1.10, 7.69 Hz, 1H), 6.93 ~ 6.87 (m,
2H).
c) 3-E-6-Chloro-3-(4-chloro-benzylidene)-1,3-dihydro-indol-2-
one
d) 3-E-Benzylidene-6-bromo-1,3-dihydro-indol-2-one
€) 3-E-Benzylidene-6-fluoro-1,3-dihydro-indol-2-one
1] 3-E-Benzylidene-6-trifluoromethyl-1,3-dihydro-indol-2-one
2 3-E-6-Chloro-3-(4-bromo-benzylidene)-1,3-dihydro-indol-2-
one
h) 3-E-6-Chloro-3-(4-methyl-benzylidene)-1,3-dihydro-indol-2-
one
i) 3-E-6-Chloro-3-(4-methoxyl-benzylidene)-1,3-dihydro-indol-2-

one



HYDROXY- 1, 2- DI PHENYL- ETHYL) - 2?- | SOBUTYL- 2- 0X0- 1, 2-
DI HYDRO- SPI ROpNDOLE- 3, 3' - PYRROLI DI NE] - 5SLCARBOXYLI C ACI D DI METHYLAMEDE i HO
Ph N (R} ph [01581[c(115, -76.0 (c, 0.2 CHCL3); 111 NWR (300 MHz, CDC13) 8

8.15 (br, 1H), 7.75
4.51 (d, J 3.45 Hz,
10.99 Hz, 1H), 2.90
3H), 1.85 - 1.56 (m

140. 80, 140.61, 136.

(d, J =7.91 Hz, 1H), 7.21 - 6.86 (m 14H)
= 7.82 Hz, 1H), 6.73 (s, 1H), 5.18 (s, 111), 4.69 (d, J = 10.28 Hz,

1H), 4.32 (br, 1H? 4.22 - 4.11 (m 1H),
(s, 311), 2.57 (dd, J = 12.53, 13.24 Hz,

6.82 (d, J

1H),
3.48 (d, J =
111), 2.06 (s,

1H), 1.10 - 0.95 (m 1H), 0.84 (d, J = 6.41 Hz, 3H),

0.47 (d, J = 6.90 F%&731%§?¥%§)&§M5ﬁ5&§m%ggﬁ%&£§%g%}ﬁ}%ighQ6, 173. 83,

indol-2-one

k) 3-E-6-Chloro-3-(3,4-dichloro-benzylidene)-1,3-dihydro-indol-
2-one

1)) 3-E-6-Chloro-3-(3,5-dichloro-benzylidene)-1,3-dihydro-indol-
2-one

m) 3-E-6-bromo-3-(3-bromo-benzylidene)-1,3-dihydro-indol-2-

n) 3-E-6-Chloro-3-(3,3-dimethyl-butylidene)-1,3-dihydro-indol-2-

0) 3-E-6-Chloro-3-(3-methyl-butylidene)-1,3-dihydro-indol-2-one

D) 3-E-6-Chloro-3-(2-cyclohexyl-ethylidene)-1,3-dihydro-indol-2-

q 3-E-6-Chloro-3-cyclohexylmethylene-1,3-dihydro-indol-2-one
I) 3-E-6-Chloro-3-cyclopentylmethylene-1,3-dihydro-indol-2-one
s) 3-E-6-Chloro-3-thiophen-2-ylmethylene-1,3-dihydro-indol-2-

t) 3-E-6-Chloro-3-pyridin-2-ylmethylene-1,3-dihydro-indol-2-one

u) 3-E-3~(6-Chloro-pyridin-2-ylmethylene)-6-chloro-1,3-dihydro-
indol-2-one

v) 3-E-3-(3-Chloro-2-fluoro-benzylidene)-6-chloro-1,3-dihydro-
indol-2-one

W) 3-E-3-(3-Chloro-4-fiuoro-benzylidene)-6-chloro-1,3-dihydro-
indol-2-one

X) 3-E-6-Chloro-3-(3-chloro-5-fluoro-benzylidene)-1,3-dihydro-
indol-2-one

y) 3-E-3-(3-Bromo-benzylidene)-1,3-dihydro-indol-2-one

Z) 3-E-3-(3-Bromo-benzylidene)-6-trifluoromethy!-1,3-dihydro-

indol-2-one



134. 06, 133. 86, 130. 81, 130. 71, 129. 54, 129. 23, 128.09, 127.87, 127.62, 127.38,
126.70, 125.80, 125.54, 122.39, 110.60, 73.92, 72.51, 72.23, 62.55, 60.41,
56.75, 39.23, 36.59, 26.43, 23.39, 21.03. 74 EXAWPLE 9 (1 "R 2 "S, 2
"R 3S, 4R 5 '1?) 6-CHLORO- 41- (4- CHLORO PHENYL) - 1' - ( 2-

HYDROXY- 1, 2- DI PHENYL- ETHYL) - 2- | SOBUTY,- 2- 0X0- 1, 2-

DI HYDRO- SPI RO [ NDOLE- 3, 3LPYRROLI DI NE] -'5' - CARBOXYLI C ACI D DI METHYLAM DE
[0159][a]ts, -93.3 (c, 0.2 CICL3); 1H NWR (300 MHz, CDC13) 8 7.80 (br,

EXAMPLE 6

(2'R,35,4'R,5'R) 6-BROMO-4'-(3-BROMO-PHENYL)-2'-(2,2-DIMETHYL-
PROPYL)-2-0XO0-1,2-DIHYDRO-SPIRO[{INDOLE-3,3'-PYRROLIDINE}-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-29)

[0153] Under argon, to a 100 mL flask with stir bar was added (25 3R)-
2,3,5,6-tetrahydro-2,3-diphenyl-1,4-oxazin-6-one (1.0 g, 3.96 mmol), 3-E-(3-
bromo)-benzylidene-6-bromo-1,3-dihydro-indol-2-one (4.75 mmol), 2 g
freshly activated 4 A molecular sieves, 3,3-dimethyl-butyraldehyde (4.75
mmol) and toluene (S0 mL). The mixture was heated to 70°C and kept at that
temperature for 5 hours. The mixture was cooled to room temperature and the
molecular sieves were filtered off. The solvent was removed in vacuo and the
residue was purified by chromatography to yield the 1,3-dipolar product.

[0154] The 1,3-dipolar product (2.0 mmol) obtained was dissolved in THF-
dimethylamine (4 M, 5 mL) and the resulting solution was stirred at room
temperature overnight. The solvent was removed in vacuo and the residue
was purified by chromatography to yield (7 “R,2"S,2'R,3'R,3S,4'R) 6-bromo-4'-
(3-bromo-phenyl)-2'-(2,2-dimethyi-propyl)-1'-(2-hydroxy-1,2-diphenyl-ethyl)-

2-o0x0-1,2-dihydro-spiro[indole-3,3'-pyrrolidine]-5'-carboxylic acid
dimethylamide.
[0155] At 0°C, to a solution of (1"R,2"S,2'R,3'R, 3S5,4'R) 6-bromo-4'-(3-bromo-

pheny1)-2'-(2,2-dimethyl-propyl)-1'-(2-hydroxy-1,2-diphenyl-ethyl)-2-oxo-
1,2-dihydro-spiro[indole-3,3'-pyrrolidine]-5'-carboxylic acid dimethylamide



111), 7.74 (d, J = 8.09 Hz, 1H), 7.34 - 6.90 (m 14H), 6.91 (d, J = 8.41

Hz, 1H), 6.78 (s, 1H), 5.18 (s, 1H), 4.65 (d, J = 9.89 Hz, 111),

= 3.54 Hz,

111), 2.89 (s, 3H), 2.59 (dd, J = 12.39, 12.77 Hz, 1H), 2.05 (s,
1H, 1.10 - 1.00 (m 1H), .85 (d, J = 6.28 Hz, 311),

- 1.60 (m
= 6.10 Hz,

126. 70, 125.80, 125.56, 122.42,
60. 41, 56.67, 38.03dmoly3B CHEGL-ReoRH0 mi3 13 ,ﬁb

4.51 (d, J

1H), 4.36 (br, 111), 4.18 - 4.10 (m 111), 3.48 (d, J 10.96 Hz,

3H), 1.70
0.49 (d, J

3H); 13C NWR (75 MHz, CDC13) 5 175.72, 173.98, 140.71, 140.59,
135. 08, 134.02, 133.80, 132.58, 130.86, 130.70, 128.25, 127.87, 127.62,

E

R 35 41R 5 'R) .6-CHLORO-4' - (3 - CHLORO- o
DI METHYL- PROPYLa)dS?%E -‘WB&O%‘{-ST‘*% B %ﬁEl\??E‘l‘ ETHVR.-2pd the solution
OX0- 1, 2- DI HYDRGIBRH RShugNDioH-sBic kel BNRROLTDIsoEt Hhs- reGARBDOEAC ACI D

DI METHYLAM DE

511" N (R phgfmeresiios e PEyAsE oY o eyt o gistd b

110.50, 74.54, 72.64, 72.19, 62.52, 60.59,

@f%lz?’;%’g’w%g 10 (1 "R 2"5,2

01 HO2 1 \\( N-st Ph
RO 6 CHC13) ;

H NMR (300

MHz, CDC13)0156]7. 85 [Ty 8LHNc, 02.CHCI):d 'H IMR G0 BHerCDGY) § 9.5 Bt~ 6. 72 (m

14H), 6.68 (d,

4.50 (d, J

= 3. B D e
Hz, 1H), 6.34 (d, ] = 8.08 Hz, 1H), 4.54 (d, T = 7.50 Hz, 1H), 3.99 (d, J = 7.49

Hz, 1H), 3.63 (br, 1H), 3.51 (4, J = 9.13 Hz, 1H), 3.03 (s, 3H), 2.91 (s, 3H),
1.48 (dd, J =9.85, 14.01 Hz, 1H), 0.90 (d, J = 13.50 Hz, 1H), 0.83 (s, 9H); °C
NMR (75 MHz, CDCly), 6 181.16, 170.08, 142.73, 141.20, 131.55, 130.49,
130.06, 127.52, 127.09, 126.08, 124.60, 122.58, 121.46, 113.17, 68.03, 65.15,
64.49, 58.08, 43.12, 37.21, 36.19, 30.10, 29.79.

EXAMPLE 7

- (I"R,2"S,2'R,35,4'R,5'R) 6-CHLORO-4'-PHENYL-1'-(2-HYDROXY-1,2-
DIPHENYL-ETHYL)-2-ISOBUTYL-2-OX0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE}-5'-CARBOXYLIC ACID
DIMETHYLAMIDE

0 | HO o

\\;/N\(s; Ph
gLy
' g

R
[T
oA

[0157) [ -81.9 (c, 0.3, CHCly); 'H NMR (300 MHz, CDC) & 8.25 (br,
1H), 7.73 (d, J = 7.88 Hz, 1H), 7.42 ~ 6.93 (m, 16H), 6.78 (s, 1H), 5.20 (s,
1H), 4.64 (d, T = 10.07 Hz, 1H), 4.59 (s, 1H), 4.52 (d, ] = 3.13 Hz, 1H), 4.17 ~
4.10 (m, 1H), 3.50 (4, J = 10.83 Hz, 1H), 2.86 (s, 3H), 2.64 (dd, J = 12.45,

%gﬁHz?.Jf—[zs%, zé)gl)m,lgi.fo% eede 57 @129, (o Hg00% 84 (br. 1H),



ks, Yri);UiNvl1ll.. IFIVIrLZ LL)A3) 01 /4...1.4,1iD.01, 134.20, 133.71,
130. 97, 129.51, 129.08, 128.16,128.02,127.60, 127.41, 126.48, 125.89,
125.17, 122.41, 110.48, 74.85, 73.82, 72.00, 62.31, 60.94, 60.41, 57.92,
42.19, 36.69, 30.31, 29.68.

73

13.20 Hz, 1H), 1.95 (s, 3H), 1.73 ~ 1.65 (m, 1H), 1.13 ~ 1.07 (m, 1H), 0.85 (d,
J = 6.38 Hz, 3H), 0.54 (4, J = 6.08 Hz, 3H); °C NMR (75 MHz, CDCl3) &
176.43, 174.25, 140.95, 140.55, 135.38, 133.91, 133.77, 131.39, 130.81,
129.78, 127.96, 127.81, 127.58, 126.58, 125.90, 125.36, 122.19, 110.52,
75.52, 75.10, 73.58, 64.71, 60.59, 58.45, 57.52, 37.34, 36.54, 36.30, 29.56,
28.12.

EXAMPLE 8

(I"R,2"S,2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-1'-(2-
HYDROXY-1,2-DIPHENYL-ETHYL)-2-ISOBUTYL-2-0XO-1,2-
DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID
DIMETHYLAMIDE

[0158] [«]5 -76.0 (c, 0.2 CHClL); 'H NMR (300 MHz, CDCl;) § 8.15 (br,
1H), 7.75 (4, J = 7.91 Hz, 1H), 7.21 ~ 6.86 (m, 14H), 6.82 (d, J = 7.82 Hz,
1H), 6.73 (s, 1H), 5.18 (s, 1H), 4.69 (d, J = 10.28 Hz, 1H), 4.51 (d, J = 3.45
Hz, 1H), 4.32 (br, 1H), 422 ~ 4.11 (m, 1H), 3.48 (d, T = 10.99 Hz, 1H), 2.90
(s, 3H), 2.57 (dd, J = 12.53, 13.24 Hz, 1H), 2.06 (s, 3H), 1.85 ~ 1.56 (m, 1H),
1.10 ~ 0.95 (m, 1H), 0.84 (d, J = 6.41 Hz, 3H), 0.47 (d, ] = 6.90 Hz, 3H); “C
NMR (75 MHz, CDCly) & 176.06, 173.83, 140.80, 140.61, 13627, 135.04,
134.06, 133.86, 130.81, 130.71, 129.54, 129.23, 128.09, 127.87, 127.62,
127.38, 126,70, 125.80, 125.54, 122.39, 110.60, 73.92, 72.51, 72.23, 62.55,
60.41, 56.75, 39.23, 36.59, 26.43, 23.39, 21.03.



76 EXAMPLE 11 (1 "R 2 "S,2 'R 35,4 'R 5 'R
6- CHLORO- 4' - (3- CHLORO- PHENYL) - 1' - ( 2-
HYDROXY- 1, 2- DI PHENYL- ETHYL) - T- PROPYL- 2- 0X0- 1, 2- Dl HYDRO- SPI R | NDOLE- 3, 3' -
PYRROLI DI NE] - 5' CARBOXYLI C ACI D DI METHYLAM DE [0161][a]g -73.9 (c, 0.3
CHC13); 111 NMR (300 MHz, CDC13) 8 8.27 (br, 1H), 7.66 (d, J = 8.01 Hz,
111), 7.63 (d, J = 6.97 Hz, 1H), 7.42 (d, 3 = 6.99 Hz, 111), 7.32 (d, J =
7.26 Hz, 111), 7,28 - 6.57 (m 1411), B.14 (s, 111), 4.60 (d, J = 10.06 Hz,
111), 4.58 -4.48 (in, 111), 4.48 (d, J = 3.32 Hz, 111), 4.17 -4.10 (m 1H),
3.37 (d, J =10.11 Hz, 1H), 2.87 (s, 3H), 2.56 -2.40 (m1H), 1.99 (s, 3H),
2.00 - 1.88 (m 111), 1.10 -0.87 ( 0.27 -0.72 (m 311). EXAWPLE 12
(1 "R2"S,2"'R3S, 4R5 'R 6 CHERMHEY 3- CHLORO PHENYL) - 1' - ( 2-
HYDROXY- 1, 2- DI PHENYL- ETHYL) - 2' - ( 3- METHYL- BUTYL) - 2-0X0- 1,2 - DI HYDRO-S PI RO
[IND OLE-3 , 3 ' - PYXRIEA'$ BREEF RE ROARBILORA-4 -GGl PROPRERMY)- Ki#-DE -
HYDROXY-1,2-DIPHENYL-ETHYL)-2'-ISOBUTYL-2-0X0-1,2~
DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID
DIMETHYLAMIDE

'e) | HO on

\\s/N\(S) Ph

®
o Ph

Cl

Cl

[0159] lalb -93.3 (c, 0.2 CHClLy); 'H NMR (300 MHz, CDCL) & 7.80 (br,
1H), 7.74 (d, J = 8.09 Hz, 1H), 7.34 ~ 6.90 (m, 14H), 6.91 (4, J = 8.41 Hz,
1H), 6.78 (s, 1H), 5.18 (5, 1H), 4.65 (d, ] = 9.89 Hgz, 1H), 4.51 (d, J = 3.54 Hz,
1H), 4.36 (br, 1H), 4.18 ~ 4.10 (m, 1H), 3.48 (4, J = 10.96 Hz, 1H), 2.89 (s,
3H), 2.59 (dd, J = 12.39, 12.77 Hz, 1H), 2.05 (s, 3H), 1.70 ~ 1.60 (m, 1K),
1.10 ~ 1.00 (m, 1H), 0.85 (d, T = 6.28 Hz, 3H), 0.49 (d, J=6.10 Hz, 3H); °C
NMR (75 MHz, CDCls) § 175.72, 173.98, 140.71, 140.59, 135.08, 134.02,
133.80, 132.58, 130.86, 130.70, 12825, 127.87, 127.62, 126.70, 125.80,
125.56, 122.42, 110.50, 74.54, 72.64, 72.19, 62.52, 60.59, 60.41, 56.67, 39.31,
36.58, 26.44, 23.38, 21.06.



77 [01621[aft; -85.6 (c, 0.4 CHC13); 11-1 NMR (300 Mz, CDC13) 5 8.68 (Ur,

1H),
(d, 3
10. 10
1H),
1H),

7.63 (d, J

77 Hz, 1H), 7.28 - 6.81 (m 16H), 5.13 (s,

1H), 4.59

7,
= 10.12 Hz, 1H), 4.54 (s, 1H), 4.46 (d, J = 2.94 Hz, 1H), 4.12 (d, 3=

Hz,

111), 3.31 (d, J = 10.26 Hz, 111), 2.85 (s, 3H), 2.

1.99 (s, SFD 1.95 - 1.84 (m 1H), 1.48 - 1.42 (m 1H),

0.77

(t, J =5.50 Hz, 6H), 0.70 - 0.60 (m 1H): 13C NMR

CDC13) 5 176. 58, 173.82, 140. 98, 140.%%, 136. 12, 135. 21,

EXAMPLE 10

({"R,2"S,2R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-1'-(2-HYDROXY-1,2-DIPHENYL-ETHYL)-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE

o | HOom

\ Nl 2P
> rR1ll
)
ol ‘ o Ph
G
(G
ci N
H
[0160] []5 -92.7 (c, 0.6 CHCl); 'H NMR (300 MHz, CDCl;) & 7.85 (br,

1H), 7.45 (4, ] = 8.10 Hz, 2H), 7.41~ 6.72 (m, 14H), 6.68 (4, J = 7.72 Hz, 1H),
5.43 (d. J=3.24 Hz. 1H). 4.84 (br. 1H), 4.50 (d. T =3.55 Hz, 1H). 438 (d, J =

VLIV (S, YY), U NV U2 MUZ, CUGI3) O L/4.34, 14U.04, 132,01, 132.52,
134.20, 133.71, 130.97, 129.51, 129.08, 128.16, i28.02, 127.60, 127.41,
126.48, 125.89, 125.17, 122.41, 110.48, 74.85, 73.82, 72.00, 62.31, 60.94,
60.41, 57.92,42.19, 36.69, 30.31, 29.68.

60 - 2.45 (m
0.95 -0.82 (m
(75 Mz,



134. 03, 133.76, 130.75, 129.43, 129.16, 128.04, 127.81, 127.59, 127.32,
126. 64, 125.86, 125.30, 122.29, 110.75, 75.18, 74.99, 73.10, 62.68, 60.39,
56.99, 37.22, 36.57, 36.42, 29.19,

76

EXAMPLE 11

(I"R,2"S§,2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-1'-(2-
HYDROXY-1,2-DIPHENYL-ETHYL)-2'-PROPYL-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'- PYRROLIDINE]-5-CARBOXYLIC ACID
DIMETHYLAMIDE

[0161] [o)3 -73.9 (c, 0.3 CHCL); 'H NMR (300 MHz, CDCl3) 8 8.27 (br,
1H), 7.66 (d, J = 8.01 Hz, 1H), 7.63 (d, J = 6.97 Hz, 1H), 7.42 (d, J = 6.99 Hz,
1H), 7.32 (d, T = 7.26 Hz, 1H), 7.28 ~ 6.57 (m, 14H), 5.14 (s, 1H), 4.60 (d, J =
10.06 Hz, 1H), 4.58 ~ 4.48 (m, 1H), 4.48 (d, = 3.32 Hz, 1H), 4.17 ~ 4.10 (m,
1H), 3.37 (d, T =10.11 Hz, 1H), 2.87 (s, 3H), 2.56 ~ 2.40 (m, 1 H), 1.9 (s, 3H),
2.00 ~ 1.88 (m, 1H), 1.10 ~ 0.87 (m, 2H), 0.27 ~ 0.72 (m, 3H).

EXAMPLE 12

(I"R,2"S,2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-1'-(2-
HYDROXY-1,2-DIPHENYL-ETHYL)-2'-(3-METHYL-BUTYL)-2-0XO-
1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC

ACID DIMETHYLAMIDE

cl l

Y s
R:
O ® N&

R \s ) A7 P

@ 'ﬁ;’)}
N

H

Cl



28.08, 22.61. EXAMPLE 13 (2 'R, 354 'R 5 'R
6- CHLORO- 4' - ( 3, 4- DI CHLORO- PHENYL) - 2" - ( 2, 2-
DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI R | NDCLE- 3, 3' -

PYRRCLI DI NE] - 5' - CARBOXYLI C ACI D DI METHYLAM DE (| CE- 32)

[0163] Usi ng a

method simlar to that in Exanple 6, Lﬂis conpound was synt hesi zed.
[0164][a] 25D 128.0 (c, 0.2 CHC13); 111 'NWVR (300 MHz, CDC13),
1H), 7.22 (d, J = 1.79 Hz, 1H), 6.97 (dd, J = 1.80, 8.30 Hz, 1H);

7.35 (s,
6.88 (d,
8.06 Hz,
3= 9. 47

Hz, 1H); 0.90 - BD8B6 (I A11)Hz,

180. 88,

J

= 1.65 Hz, 1H), 6.78 (dd, 3= 1.75, 8.10 Hz, 1H), 6.

ORI WO S KL

1)82,2§ 5 6.8 D Y 6H)3EI INWRH), A5 I =
10.12 Hz, 1H), 4.54 (s, 1H), 4.46 (d, J = 2.94 Hz, 1H), 4.12 (d, T = 10.10 Hz,
1H), 3.31 (d, J = 10.26 Hz, 1H), 2.85 (s, 3H), 2.60 ~ 2.45 (m, 1H), 1.9 (s,
3H), 1.95 ~ 1.84 (m, 1H), 1.48 ~ 1.42 (m, 1H), 0.95 ~ 0.82 (m, 1H), 0.77 (¢, J
= 5.50 Hz, 6H), 0.70 ~ 0.60 (m, 1H); “C NMR (75 MHz, CDCls) & 176.58,
173.82, 140.98, 140.53, 136.12, 135.21, 134.03, 133.76, 130.75, 129.43,
129.16, 128.04, 127.81, 127.59, 127.32, 126.64, 125.86, 125.30, 122.29,
110.75, 75.18, 74.99, 73.10, 62.68, 60.39, 56.99, 37.22, 36.57, 36.42, 29.19,
28.08,22.61.

EXAMPLE 13

(2'R,3S5,4°R,5’R) 6-CHLORO-4'-(3,4-DICHLORO-PHENYL)-2'(2,2-
DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE}-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-32)

[0163} Using a method similar to that in Example 6, this compound was
synthesized.
[0164] [a]®p 128.0 (c, 0.2 CHCl;); 'H NMR (300 MHz, CDCl), & 8.64 (s,

1H), 7.35 (s, 1H), 7.22 (d, T = 1.79 Hz, 1H), 6.97 (dd, J = 1.80, 8.30 Hz, 1H);
6.88 (d, J = 1.65 Hz, 1H), 6.78 (dd, J = 1.75, 8.10 Hz, 1H), 6.35 (d, J = 8.06
Hz, 1H), 4.47 (d, T = 7.92 Hz, 1H), 4.07 (d, ] = 7.91 Hz, 1H), 3.48 (d, ] = 9.47

8.64 (s, 1H),

35 (d, J =
1H), 3.48 (d,
= 9.88, 14.3
CDC13), 6



169. 71, 142.30, 139.07,133.72,132.55,131.32, 130.41,127.14,126.60, 125.69,
121.99, 110.41, 68.64, 65.41, 64.20, 57.67, 43.15, 37.28, 36.16, 30.14,
29.81. EXAMPLE 14 (2'R 3S,477?,5R

6- CHLORO- 2' - (2, 2- DI METHYL- PROPYL) - 2- 0X0- 4' - ( 3-

TRl FLUOROVETHYL- PHENYL) - 1, 2- DI HYDRO- SEé(Rq | NDCLE- 3, 31-

PYRROLI DI NE1- 5' - CARBOXYLI C ACI D DI METHYLAM DE ( KE-21) [ 0165] Usi ng a
nmethod simlar to that in Exanple 6, this conpound was

Hz, 1H), 3.03 (s, 3H), 2.91 (s, 3H), 1.49 (dd, J = 9.88, 14.3 Hz, 1H); 0.90 ~
0.88 (m, 1H), 0.84 (s, 9H); '3C NMR (75 MHz, CDCly), & 180.88, 169.71,
14230, 139.07, 133.72, 132.55, 131.32, 13041, 127.14, 126.60, 125.69,
121.99, 110.41, 68.64, 65.41, 64.20, 57.67, 43.15, 37.28, 36.16, 30.14, 29.81.

EXAMPLE 14

(2'R,385,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-0XO-4'-(3-
TRIFLUOROMETHYL-PHENYL)-1,2-DIHYDRO-SPIRO{INDOLE-3,3'-
PYRROLIDINE]}-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-21)

[0165] Using a method similar to that in Example 6, this compound was
synthesized.
[0166] [@]®p 61.0 (c, 0.2 CHCL); 'H NMR (300 MHz, CDCly), § 8.19 (br,

1H), 7.45 ~ 7.21 (m, 4H), 6.82 (d, J = 1.82 Hz, 1H), 6.70 (dd, J = 1.90, 8.12
Hz, 1H), 6.39 (d, ] = 8.11 Hz, 1H), 4.57 (d, Y = 8.28 Hz, 1H), 4.18 (4, ] =8.10
Hz, 1H), 3.50 (d, J = 9.80 Hz, 1H), 2.99 (s, 3H), 2.93 (s, 3H), 1.52 (dd, T =
9.84, 14.22 Hz, 1H), 0.96 (d, J = 14.23 Hz, 1H), 0.90 (s, 9H); 3C NMR (75
MHz, CDCL), & 180.70, 169.84, 142.03, 139.71, 133.64, 132.33, 129.09,
126.72, 125.73, 125.06, 124.09, 121.89, 110.14, 68.44, 65.05, 64.38, 58.55,
4326, 37.02, 36.15, 30.17, 29.82; EIMS, 508 (M'+ 1); HRMS
CasHaoCIFsN3O, (IM+H]) required 508.1979, found 508.1965.



synt hesi zed. [0166][aro 61.0 (c, 0.2 CHC13); 11-1 NWR (300 MHz, CDC13), 5
8.19 (br, 111), 7.45 - 7.21 (m 411), 6.82 (d, J = 1.82 Hz, 1H), 6.70 (dd,
J =1.90, 8.12 Hz, 1H), 6.39 (d, J = 8.11 Hz, 111), 4.57 (d, J = 8.28 Hz,
111), 4.18 (d, J = 8.10 Hz, 111), 3.50 (d, J = 9.80 Hz, 111), 2.99 (s,

311), 2.93 (s, 311), 1.52 (dd, J = 9.84, 14.22 Hz, 111), 0.96 (d, J = 14.23
Hz, 111), 0.90 (s, 9H); 13C NMR (75 M—&g CDC13), b 180.70, 169.84, 142.03,
139.71, 133.64, 132.33, 129.09, 126.72, 125.73, 125.06, 124.09, 121.89,
110. 14, 68.44, 65.05, 64.38, 58.55, . 43.26, 37.02, 36.15, 30.17,29.82;

EXAMPLE 15

(2'R,35,4'R,5'R) 6-CHLORO-4'-(4-CHLORO-PHENYL)-2"-ISOBUTYL-2-
0X0-1,2-DIHYDRO-SPIRO{INDOLE-3,3'-PYRROLIDINE)-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-10)

[0167] Using a method similar to that in Example 6, this compound was
synthesized.

[0168] [a]®p 68.0 (c, 0.3 CHCly); 'H NMR (300 MHz, CDCl), & 8.98 (br,

© 1H),7.21 (d, =8.18 Hz, 2H), 7.09 (d, J = 8.17 Hz, 2H), 6.86 (s, 1H), 6.74 (d,

J=7.75 Hz, 1H), 6.46 (d, ] = 7.78 Hz, 1H), 4.59 (d, ] = 7.63 Hz, 1H), 3.99 (d,

J=7.64 Hz, 1H), 3.56 (m, 1H), 2.96 (s, 3H), 2.85 (s, 3H), 1.68 ~ 1.53 (m, 2H),

0.98 ~ 0.88 (m, 1H), 0.79 (d, J = 12.1 Hz, 3H), 0.77 (d, ] = 12.0 Hz, 3H); *C

NMR (75 MHz, CDCly), § 180.86, 170.40, 142.35, 136.85, 133.62, 133.28,

130.04, 128.76, 127.16, 125.73, 121.87, 110.29, 68.90, 64.35, 63.60, 59.40,

38.66, 37.24, 36.24, 25.83, 2342, 21.76; EUMS, 460 (M'+ 1); HRMS
Co4HasCLN30; ([M+H]') required 460.1559, found 460.1552.



El /M5, 508 (Mt+ 1); HRVS C261130C1F3N302 ([ Mt11l]4) required 508.1979, found
508. 1965. 79 EXAMPLE 15 (2 72, 35, 4R, 5 'R

6- CHLORO- 4' - (4- CHLORO PHENYL) - 2LI SOBUTYL2-

OX0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3LPYRROLI DI NE1-5' - CARBOXYLI C ACI D

DI METHYLAM DE ( KE- 10) [01671Using a nethod simlar to that in Exanple 6
this conmpound was synthesized. [0168][&]2' D 68.0 (c, 0.3 CHC13); 11-1 NAIR
(300 MHz, CDC13), (5 8.98 (br,

EXAMPLE 16

(2'8,3R,4'S,5'S) 6-CHLORO-4'-(4-CHLORO-PHENYL)-2"-ISOBUTYL-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-38)

Cl

Cl

[0169] [a]®p -65.8 (c, 0.3 CHCl3); 'H NMR (300 MHz, CDCl), & 8.98 (br,
1H), 7.21 (d, ] = 8.18 Hz, 2H), 7.09 (d, ] = 8.17 Hz, 2H), 6.86 (s, 1H), 6.74 (d,
J=17.75 Hz, 1H), 6.46 (d, ] = 7.78 Hz, 1H), 4.59 (d, J = 7.63 Hz, 1H), 3.99 (d,
J=7.64 Hz, 1H), 3.56 (m, 1H), 2.96 (s, 3H), 2.85 (s, 3H), 1.68 ~ 1.53 (m, 2H),
0.98 ~ 0.88 (m, 1H), 0.79 (d, T = 12.1 Hz, 3H), 0.77 (d, T = 12.0 Hz, 3H); °C
NMR (75 MHz, CDCls), 5 180.86, 170.40, 142.35, 136.85, 133.62, 133.28,
130.04, 128.76, 127.16, 125.73, 121.87, 110.29, 68.90, 64.35, 63.60, 59.40,
38.66, 37.24, 36.24, 25.83, 23.42, 21.76; EIMS, 460 (NF+ 1); HRMS
Ca4HClLN;0, ((M+H]") required 460.1559, found 460.1552.



1H), 7.21 (d, J = 8.18 Hz, 2H), 7.09 (d, 3 = 8.17 Hz, 2H), 6.86 (s, 1H),
6.74 (d, J = 7.75 Hz, 1H), 6.46 (d, J = 7.78 Hz, 1H), 4.59 (d, J = 7.63 Hz,
1H), 3.99 (d, J= 7.64 Hz, 111), 3.56 (m 111), 2.96 (s, 3H), 2.85 (s, 3H),
1.68 - 1.53 (m 2H), 0.98 - 0.88 (m 1H), 0.79 (d, 3 = 12.1 Hz, 3H), 0.77
(d, J =12.0 Hz, 3H); 13C NWR (75 MHz, CDC13), 3 180.86, 170.40, 142. 35,
136. 85, 133.62, 133.28, 130.04, 128.76, 127.16, 125.73, 121.87, 110. 29,

68. 90, 64.35, 63.60, 59.40, 38.66, 37.54, 36.24, 25.83, 23.42, 21.76;El /M5,
460 (Mt+ 1); HRVE C24H28C12N302 ([ MtH]) required 460.1559, found 460. 1552.
80 EXAMPLE 16 (2'S,3R 4'S,5'S) 6- CHLORO-4' - (4- CHLORO PHENYL) - 2' - |1 SOBUTYL- 2-
OX0- 1, 2- DIHYDRO- SPI R | NDOLE- 3, 3L R¥BReki Dy NE] - 5' -

(2'S,3R,4'S,5'S) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-ISOBUTYL-2-
OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-34)

Cl
o N—_
////,," NH
et
(o)
cl N
H
[0170] [e]®p -50.0 (c, 0.3 CHCly); *H NMR (300 MHz, CDCly), 5 9.30 (br,

1H), 7.27 ~ 6.95 (m, 4H), 6.88 (s, 1H), 6.73 (d, J = 8.00 Hz, 1H), 6.47 (d, 8.01
Hz, 1H), 4.61 (4, J = 7.66 Hz, 1H), 4.00 (d, J = 7.64 Hz, 1H), 3.58 ~ 3.54 (m,
1H), 2.97 (s, 3H), 2.88 (s, 3H), 1.65 ~ 1.45 (m, 2H), 0.98 ~ 0.91 (m, 1H), 0.78
(d, J = 6.63 Hz, 3H), 0.76 (d, J = 6.53 Hz, 3H); "*C NMR (75 MHz, CDCl), 5
180.98, 170.23, 142.44, 14040, 134.35, 133.58, 129.77, 128.68, 127.64,
126.94, 125.64, 121.75, 110.36, 68.84, 64.08, 63.59, 59.50, 38.54, 37.22,
36.21, 25.78, 23.38, 21.72; EI/MS, 460 (M'+ 1); HRMS CpaHzChLN;O;
(IM-+HT") required 460.1559, found 460.1551.



CARBOXYLI C ACI D DI | VI ETHYLAM DE (| CE- 38) Cl [0169][a.125D -65.8 (c, 0.3
CHC13): |FINVR (300 MHz, CDC13), 5 8.98 (br, 1H), 7.21 (d, J = 8.18 Hz,
2H), 7.09 (d, J = 8.17 Hz, 2H), 6.86 (s, 1H), 6.74 (d, J = 7.75 Hz, 1H),
6.46 (d, J = 7.78 Hz, 1H), 4.59 (d, J = 7.63 Hz, 1H), 3.99 (d, J = 7.64 Hz,
1H), 3.56 (m 1H), 2.96 (s, 3H), 2.85 (s, 3H), 1.68 - 1.53 (m 2H), 0.98 -
0.88 (m 1H), 0.79 (d, J = 12.1 Hz, 3H), 0.77 (d, J = 12.0 Hz, 3H); 13C NMR
(75 MHz, CDC13), 6 180.86, 170.40, 142.35, 136.85, 133.62, 133.28, 130.04,
128. 76, 127.16, 125.73, 121.87, 110.29, 68.90, 64.35, 63.60, 59.40, 38.66,
37.24, 36.24, 25.83, 23.42, 21.76; EI/MS, 460 (he+ 1); FIRVS C24H28C12N302
([MtH]) required 460. 1559, found 460.1552. 81 EXAMPLE 17 (2'S,3R 4'S,5'S)
6- CHLORO- 4' - ( 3- CHLORO PHENYL) - 2L| SOBUIME 18-

OX0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D

DI METHYLAM DE ( KER,38¥'r CIRN6-BHLORDO)-{36fREORO-BRENY ()2 -IDBEYTRHGL3) ; 1H NVR (300
MHz, CDC13), 9. 30 OXur-1,2-DHYYDRO-BFIRO[BIDOEE(R-PHRROLIDNGS-5Cs, 1H), 6.73 (d, J
= 8.00 Hz, 1H), 6.47 (GARBOBYLIZACIDH)IMEZTHEFLAMIDE KE=9)7. 66 Hz, 1H), 4.00 (d,
= 7.64 Hz, 1H), 3.58 - 3.54 (m 1H), 2.97 (s, 3H), 2.88 (s, 3H), 1.65 -
.45 (m 2H), 0.98 - 0.91 (m 1H), 0.78 }ld, J =6.63 Hz, 3H), 0.76 (d, Jr=
.53 Hz, 3H); BC NMR (75 Mz, aDC13)0, a 180. 98,

N

[N NS

NH
'4!1,////k
(8]
Cl N
H
[0171] [e]®p 50.0 (c, 0.3 CHCL); 'BNMR (300 MHz, CDCls), & 9.30 (br,

1H), 7.27 ~ 6.95 (m, 4H), 6.88 (s, 1H), 6.73 (d, ] = 8.00 Hz, 1H), 6.47 (d, 8.01
Hz, 1H), 4.61 (d, I = 7.66 Hz, 1H), 4.00 (d, J = 7.64 Hz, 1H), 3.58 ~ 3.54 (m,
1H), 2.97 (s, 3H), 2.88 (s, 3H), 1.65 ~ 1.45 (m, 2H), 0.98 ~ 0.91 (m, 1H), 0.78
(d, T = 6.63 Hz, 3H), 0.76 (4, ] = 6.53 Hz, 3H); CNMR (75 MHz, CDCL), 6
180.98, 170.23, 142.44, 140.40, 134.35, 133.58, 129.77, 128.68, 127.64,
126.94, 125.64, 121.75, 110.36, 68.84, 64.08, 63.59, 59.50, 38.54, 37.22,
3621, 25.78, 23.38, 21.72; EUMS, 460 (M™+ 1); HRMS CaeHpsChLNyO,
(IM+H]") required 460.1559, found 460.1551.



170. 23, 142.44, 140.40, 134.35,133.58, 129.77,128.68, 127.64, 126. 94,
125. 64, 121.75, 110.36, 68.84, 64.08, 63.59, 59.50, 38.54, 37.22, 36.21,
25.78, 23.38, 21.72; EI/M5, 460 (M++ 1); HRVS C241128C12N302 ([ M+H| +)
requi red 460.1559, found 460.1551. 82 EXAMPLE 18 (2'R 3S,4' R 57?)

6- CHLORO- 4' - ( 3- CHLORO PHENYL) - 21- | SOBUTYL- 2-

OX0- 1, 2- DI HYDRO- SPI R | NDOLE- 3, 3LPYRRCLI DI NE] - 5' - CARBOXYLI C ACI D

DI METHYLAM DE ( KE- 9) 83

EXAMPLE 19

(2'R,35,4'R,5'R) 6-CHLORO-2'-ISOBUTYL-2-OXO-4'-PHENYL-1,2-
DIHYDRO-SPIRO{INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID
DIMETHYLAMIDE (KE-5)

[0172] [0]®p 24.7 (c, 0.8 CHCl3); 'H NMR (300 MHz, CDCl), & 8.20 (br,
1H), 7.38 ~ 7.01 (m, 5H), 6.80 (d, J = 1.86 Hz, 1H), 6.66 (dd, J = 1.91, 8.10
Hz, 1H), 6.32 (d, J = 8.13 Hz, 1H), 4.63 (d, = 7.12 Hz, 1H), 3.94 (d, J=7.18
Hz, 1H), 3.65 ~ 3.55 (m, 1H), 2.97 (s, 3H), 2.75 (s, 3H), 1.76 ~ 1.51 (m, 2H),
0.99 ~ 0.88 (m, 1H), 0.82 (4, J = 6.63 Hz, 3H), 0.78 (d, ] = 6.52 Hz, 3H); °C
NMR (75 MHz, CDCl;), & 180.54, 170.75, 142.16, 138.68, 133.34, 128.78,
128.63, 128.43, 128.30, 127.56, 127.11, 125.85, 121.67, 109.86, 68.75, 64.59,
63.72, 59.87, 38.58, 37.14, 36.23, 25.85, 2349, 21.74; EI/MS, 426 (M'+ 1);
HRMS C;4Hz0CIN;0; ([M+H]") required 426.1948, found 426.1937.



H [0171][a] 25D 50.0 (c, 0.3 CHC13); IHNMR (300 MHz, CDC13), 43 9.30 (br,
111), 7.27 - 6.95 (m 4H), 6.88 (s, 1H), 6.73 (d, J = 8.00 Hz, 1H), 6.47
(d, 8.01 Hz, 1H), 4.61 (d, J = 7.66 Hz, 1H), 4.00 (d, J = 7.64 Hz, 1H),
3.58 - 3.54 (m 1H), 2.97 (s, 3H, 2.88 (s, 3H, 1.65 - 1.45 (m 2H), 0.98
- 0.91 (m 111), 0.78 (d, J = 6.63 Hz, 3H), 0.76 (d, J = 6.53 Hz, 3H);

| 3CNMR (75 MHz, CDC13), (3 180.98, 170893, 142.44, 140. 40,

134. 35, 133. 58, 129. 77, 128. 68, 127.64, 126.94, 125.64, 121.75, 110.36, 68. 84,
64. 08, 63.59, 59.50, 38.54, 37.22, 36.21, 25.78, 23.38, 21.72; EUMS, 460
(Mt+ 1); HRVS C24H28C12N302 ([NH111+? re%ui red 460. 1559, found 460. 1551.
83 E LE 20

(2'S,3R,4'5,5'S) 6-CHLORO-2'-ISOBUTYL-2-OX0-4-PHENYL-1,2-
DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID
DIMETHYLAMIDE (KE-4)

(0173] [a]®p -24.7 (c, 0.8 CHCL); 'HNMR (300 MHz, CDCly), & 8.20 (br,
1H), 7.38 ~ 7.01 (m, 5H), 6.80 (d, J = 1.86 Hz, 1H), 6.66 (dd, J = 1.91, 8.10
Hz, 1H), 6.32 (d, J = 8.13 Hz, 1H), 4.63 (d, = 7.12 Hz, 1H), 3.94 (d, J = 7.18
Hz, 1H), 3.65 ~ 3.55 (m, 1H), 2.97 (s, 3H), 2.75 (s, 3H), 1.76 ~ 1.51 (m, 2H),
0.99 ~ 0.88 (m, 1H), 0.82 (4, J = 6.63 Hz, 3H), 0.78 (d, ] = 6.52 Hz, 3H);
“CNMR (75 MHz, CDCly), & 180.54, 170.75, 142.16, 138.68, 133.34, 128.78,
128.63, 128.43, 128.30, 127.56, 127.11, 125.85, 121.67, 109.86, 68.75, 64.59,
63.72, 59.87, 38.58, 37.14, 36.23, 25.85, 23.49, 21.74; EUMS, 426 (M™+ 1);
HRMS C34H,0CIN;0, ([M+H]") required 426.1948, found 426.1937.



EXAMPLE 19 (21t, 38, 41R 5' R) 6- CHLORO- 2! - | SOBUTYL- 2- 0X0- 41- PHENYL- 1, 2-
DI HYDRO- SPI R | NDOLE- 3, 3' - PYRROLI DI NE] - 51- CARBOXYLI C ACI D DI METHYLAM DE

(KE-5) [0172][c(]25D 24.7 (c, 0.8 CHC13): IIl NMR (300 MHz, CDC13), 8 8.20
(br, 1H), 7.38 - 7.01 (in, 5H), 6.80 (d, J = 1.86 Hz, 1H), 6.66 (dd, J =
1.91, 8.10 Hz, 1H), 6.32 (d, J = 8.13 Hz, 1H), 4.63 (d, J = 7.12 Hz, 1H)

3.94 (d, J = 7.18 Hz, 1H), 3.65 - 3.55 (m 1H), 2.97 (s, 3H), 2.75 (s, 3H
1.76 - 1.51 (m 2H), 0.99 - 0.88 (m 111), 0.82 (d, J = 6.63 Hz, 311), 0.78
(d, J = 6.52 Hz, 3H); 13C NMR (75 Mz, CDC13), 6 180.54, 170.75, 142. 16,
138. 68, 133.34, 128.78, 128.63, 13%md@rgbi8. 30, 127.56, 127.11, 125. 85,

121. 67, 109.86, 68.75, 64.59, 63.72, 59.87, 38.58, 37.14, 36.23, 25.85,

23.49, 21.74; EI/NS, A M azl = N3 Q2 ir) required
Fi el R
6- CHLORO- T- 1 SOBUTYL- 2- XY DBIETHYLAMIDE (KE-

DI HYDRO- SPI RO[ | NDOLE- 3, 3LPYRROLT DI NE] =5 - CARBOXYL G 201 D DI METHYLAM DE
(KB-4) Cl H[0173][cg250 -24.7 (c, 0.8 CHCL3): |HNMR (300 MHz, CDC13), 3
8.20 (br, 1H), 7.38 - 7.01 (m, 511), 6.80 (d, J. = 1.86 Hz, 111), 6.66 (dd,
J =1.91, 8.10 Hz, 111), 6.327(d, &.= 8.M3 Hz, 111), 4.63 (d, J = 7.12 Hz,
1H), 3.94 (d, J = 7.18 Hz, 3.65%73.55 (m 111), 2.97 (s, 311), 2.75
(s, 3H), 1.76 - 1.51 (m 2 99 - 5.88 (m 113), 0.82 (d, J = 6.63 Hz,
3H), 0.78 (d, J = 6.52 Hz, 3 3CMVR.75 MHz, CDC13), 3 180.54, 170. 75,
142.16, 138.68, 133.34, 128.% 63, [128.43, 128.30, 127.56, 127.11,
125.85, 121.67, 109.86, 68.75, 63,72, 59.87, 38.58, 37.14, 36.23,
25.85, 23.49, 21.74; El/NMS, 4f %) ; H29CIN302 ([M+H]) required

426.1948, found 426.1937. =g
Gl N/\
H
[0174] [a]®p 25.1 (¢, 0.5 CHCL); 'H NMR (300 MHz, CDCly), 5 8.15 (br,

1H), 7.21 ~7.07 (m, 4H), 6.81 (s, 1H), 6.76 (ad, ] = 1.85, 8.06 Hz, 1H), 6.49
(d, J = 8.08 Hz, 1H), 4.69 (d, J = 7.90 Hz, 1H), 3.96 (d, ] = 7.89 Hz, 1H), 3.53
(dd, J = 8.64, 9.19 Hz, 1H), 2.97 (s, 3H), 2.85 (s, 3H), 1.68 ~ 1.56 (m, 1H),
1.46 ~ 136 (m, 1H), 1.30 ~ 1.20 (m, 2H), 1.11 ~ 0.99 (m, 1H), 0.78 (4, ] =
6.46 Hz, 3H), 0.75 (d, T = 6.48 Hz, 3H); *C NMR (75 MHz, CDCly), &
180.00, 170.08, 141.83, 140.20, 134.45, 133.70, 129.82, 128.73, 127.78,
127.13, 126.93, 125.94, 121.98, 110.03, 70.69, 63.56, 63.33, 59.70, 40.43,
37.21, 36.51, 27.86, 27.33, 22.54, 22.15. EIMS, 474 (M'+ 1); HRMS
Cy5H3ClN;O;, ([M+H]') required 474.1715, found 474.1714.



85 EXAMPLE 21 (2 'R 3 S, 4 72, 5 R

6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 21- ( 3- METHYL-

BUTYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' - PYRROLI D[ NE] - 5' - CARBOXYLI C ACI D
DI METHYLAM DE (KB-16) CI CIN H [0174][a] 25D 25.1 (¢, 0.5 CHCL3); 111 NWR
(300 MHz, CDC13), 6 8.15 (br, 1H), 7.21 - 7.07 (m 411), 6.81 (s, 1H), 6.76
(dd, J = 1.85, 8.06 Hz, 1H), 6.49 (d,"J = 8.08 Hz, 1H), 4.69 (d, J = 7.90
Hz, 111), 3.96 (d, J = 7.89 Hz, 1H), 3.53 (dd, J = 8.64, 9.19 Hz, 1H), 2.97
(s, 311), 2.85 (s, 311), 1.68 - 1.56 (m 1H), 1.46 - 1.36 (m 1H), 1.30 -
1.20 (m 211), 1.11 - 0.99 (m 11gkavPrE82(d, J = 6.46 Hz, 311), 0.75 (d, J
= 6.48 Hz, 3H); 13C NMR (75 Mz, CDC13), 6 180.00, 170.08, 141.83, 140. 20,

134. 45, 133.70, 1% #2398 6/Curdrd 25 2-DIMETHYE-PROPYL)-4'-(3-10DO-
PHENYL)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-
5.CARBOXYLIC ACID DIMETHYLAMIDE (KE-22)

[0175] [a]®p 84.2 (c, 0.4 CHCly); 'H NMR (300 MHz, CDCl3), & 8.79 (br,
1H), 7.50 (m, 2H), 7.15 (d, T = 7.68 Hz, 1H), 6.96 (dd, J = 7.80, 8.10 Hz, 1H),
6.81 (s, 1H), 6.73 (dd, J = 1.59, 8.10 Hz, 1H), 6.40 (d, ] = 9.10 Hz, 1H), 4.52
(d, J=7.50 Hz, 1H), 3.96 (d, J = 7.50 Hz, 1H), 3.50 (d, ] = 9.96 Hz, 1H), 2.98
(s, 3H), 2.91 (s, 3H), 1.48 (dd, T = 9.90, 14.11 Hz, 1H), 0.89-0.85 (m, 1H),
0.84 (s, 9H), C NMR (75 MHz, CDCls), § 181.03, 170.10, 142.37, 141.28,
137.15, 136.45, 133.54, 129.98, 128.12, 126.60, 125.82, 121.75, 110.28,
94.45, 68.18, 65.17, 64.43, 60.40, 43.17, 37.23, 36.19, 30.13, 29.82; EI/MS,
566 (M'+ 1); HRMS C,sHsCIIN;O; ([M+HT") required 566.1071, found
566.1063.



126.93, 125.94, 121.98, 110.03, 70.69, 63.56, 63.33, 59.70, 40.43, 37.21,
36.51, 27.86, 27.33, 22.54, 22.15.El/MS, 474 (M++ 1); HRMVB C25H30C12N302

([ M11]4) required 474.1715, found 474.1714. 86 EXAWPLE 22 (2 'R 3S,4' R 5
"R) 6- CHLORO- 2' - (2, 2- DI METHYL- PROPYL) - 4' - ( 3- 10DO-

PHENYL) - 2- 0X0- 1, 2- DI HYDRO- SPI R | NDOW- 3, 3LPYRROLI DI NE] - 5' - CARBOXYLI C ACI D
DI METHYLAMLDE (| CE-22) Cl

EXAMPLE 23

(2R,35,4'R,5'R) 6-CHLORO-2'~(2,2-DIMETHYL-PROPYL)-2-0X0O-4'-
PHENYL-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-7)

o

| [0176] [e]®p 53.3 (c, 0.9 CHCL); 'H NMR (300 MHz, CDCl;), 5 7.68 (b,
1H), 7.28 ~ 7.12 (m, 5H), 6.78 (d, T = 1.84 Hz, 1H), 6.43 (dd, T = 1.88, 8.14
Hz, 1H), 6.23 (d, ] = 8.13 Hz, 1H), 4.60 (d, J = 6.81 Hz, 1H), 3.92 (d, ] = 6.84
Hz, 1H), 3.53 (d, J = 8.99 Hz, 1H), 3.39 (br, 1H), 2.98 (s, 3H), 2.76 (s, 3H),
1.48 (dd, T = 9.64, 14.35 Hz, 1H), 0.97 ~ 0.90 (m, 1H), 0.86 (s, 9H), EI/MS,

440 (M 1); HRMS CpsHiCIN;O; ([M+H]") required 440.2105, found
440.2102.



[0175] [c(e5D 84.2 (c, 0.4 CHCL3); 11-1 NMR (300 MHz, CDC13), (3 8.79 (Ur,
1H), 7.50 (m 2H), 7.15 (d, J = 7.68 Hz, 1H), 6.96 (dd, J = 7.80, 8.10 Hz,
1H), 6.81 (s, 11.1), 6.73 (dd, J = 1.59, 8.10 Hz, 1H), 6.40 (d, | = 9.10
Hz, 1H), 4.52 (d, J = 7.50 Hz, 1H), 3.96 (d, | = 7.50 Hz, 1H), 3.50 (d, J =
9.96 Hz, 1H), 2.98 (s, 3H), 2.91 (s, ggo, 1.48 (dd, J = 9.90, 14.11 Hz,

1H), 0.89-0.85 (m 1H), 0.84 (s, 9H), °13C NWR (75 MHz, CDCL3), 3 181.03,
170.10, 142.37, 141.28, 137.15, 136.45, 133.54, 129.98, 128.12, 126. 60,
125.82, 121.75, 110.28, 94.45, 68.18, 65.17, 64.43, 60.40, 43.17, 37.23,
36.19, 30.13, 29.82; EI/NMS, 566 (Mianprs#RVE C25H30CIIN302 ([ Mrl- 1] +)
required 566.1071, found 566.1063. 87 EXAMPLE 23 (2R 35, 4' R 51R)

6- CHLORO-2' - (2, 2 1k o fhor "o YDRO-S PI RO [ | ND
QLS 3--p(YRRq{%;§§§éEY 5’%&}3@% R |

NEDE, ( KE- 7)
[0176] [a] 250 53.3 (c, D 7. 68 (br, 111),
7.28 - 7.12 (m 5H), 6. 78 (o A e A A3 (dd, J = 1.88, 8. 14
Hz, 1H), 6.23 (d, J = 8.13 Hz, 1H), 4.60 (d, J = 6.81 Hz, 1H), 3.92 (d, J =
6.84 Hz. 111), 3.53 (d, J = 8.99 Hz, 1FD | 3.39 (br, 1H), 2.98 (s, 3H), 2.76
(s, 3H), 1.48 (dd, J = 9.64, 14.35 , 0.97 - 0.90 (m 1H), 0.86 (s,
OH), EI/MS, 440 (Me+ 1); HAMB £25H30 02 ([114+Hr) required 440.2105,
found 440.2102. 88 EXAMPLE

.4
6-CHLCR0-2'-(2,2-D|NETHYL-P-§§g!§§
PHENYL- 1, 2- DI HYDRO- SPI RQ] 1NDOEE=2

[0177] [a]®p -50.6 (c, 0.6 CHCly); 'H NMR (300 MHz, CDCly), § 7.68 (br,
1H), 7.28 ~ 7.12 (m, 5H), 6.78 (d, J = 1.84 Hz, 1H), 6.43 (dd, J = 1.88, 8.14
Hz, 1H), 6.23 (d, T = 8.13 Hz, 1H), 4.60 (d, ] = 6.81 Hz, 1H), 3.92 (d, ] = 6.84
Hz, 1H), 3.53 (4, J = 8.99 Hz, 1H), 3.39 (br, 1H), 2.98 (s, 3H), 2.76 (s, 3H),
1.48 (dd, J = 9.64, 14.35 Hz, 1H), 0.97 ~ 0.90 (m, 1E), 0.86 (s, 9H), EU/MS,
440 (M'+ 1); HRMS CpsH3CIN;O, ([M+H]") required 440.2105, found
440.2102.



CARBOXYLI C ACI D DI METHYLAM DE (I CE-14) CIN H [0177][a]l5D -50.6 (c, 0.6
CHC13): 111 NMR (300 MHz, CDC13), S 7.68 (br, 1H), 7.28 - 7.12 (m 5H),
6.78 (d, J = 1.84 Hz, 111), 6.43 (dd, J = 1.88, 8.14 Hz, 1H), 6.23 (d, J =
8.13 Hz, 1H), 4.60 (d, J = 6.81 Hz, 1H), 3.92 (d, J r-- 6.84 Hz, 1H), 3.53
(d, J =8.99 Hz, 1H), 3.39 (br, 1H), 2.98 (s, 3H), 2.76 (s, 3H), 1.48 (dd,
J = 9.64, 14.35 Hz, -111), 0.97 - 0.90 ¥m 111), 0.86 (s, 9H), E1/ MBS, 440
(MA+ 1); |1RVS C25H30CIN302 ([1\4+1-]') required 440.2105, found 440.2102.
89 EXAMPLE 25 (2 'R 3S, 4.R 5 'R

6- CHLORO- 4' - ( 3, 5- DI CHLORO- PHENYL) - %ééﬁﬁéﬁ
DI METHYL- PROPYL) - 2- 0XO0- 1, 2- DI HYDRO' PRDOLE- 3, 31-
PYRROLI DI NE] - 51- CARBOXYLIC ACID OLNETHYLAM DE (KB 20) |[0178] [ccf 5r, 69, 1

(c, OGCHClB) %@% Wﬁﬁ%ﬁ%i 242y 7.33 (d, J =
8.00 Hz, 1 ) -
1.85 He, H) ‘5F|9 % A YMEFHY LT

E3dn  7.04 (d, J =
~“UH), 4.48 (d, J
= 8.51 FE '3.68 (d, J = 9.12 Hz, 1H), 3.08 (s, 311), 2.96 (s, 3H),
1.44 - 1.22 (n1 1H), 0.99 - 0. 89 (m 1M, [0.84 (s, OH), 13C MR (75 Mz,
CDC13), (5 181.07, 172.13, 141.95, 1;9 98 134.69, 134.00, 127.69, 127.04,
126.36, 123.48, 123.11, 110.55, /66.5 *\@6’68\ 61.65, 56.48, 43.34, 37.49,
36.32, 30.15, 29.78. 90 EXAMP (2 ER 3S, 4R 5

[0178] [a]p 69.1 (c, 0.6 CHCl;); 'H NMR (300 MHz, CDCly), & 8.03 (br,
1H), 7.33 (d, J = 8.00 Hz, 1H), 7.13 (s, 1H), 7.12 (dd, J = 1.84, 7.95 Hz, 1H),
7.04 (4, J = 1.85 Hz, 2H), 6.80 (d, 1.84 Hz, 1H), 4.73 (d, J = 8.52 Hz, 1H),
448 (d,J =8.51 Hz, 1H), 3.68 (d, J = 9.12 Hz, 1H), 3.08 (s, 3H), 2.96 (s, 3H),
1.44 ~ 1.22 (m, 1H), 0.99 ~ 0.89 (m, 1H), 0.84 (s, 9H), *C NMR (75 MHz,
CDCly), § 181.07, 172.13, 141.75, 139.98, 134.69, 134.00, 127.69, 127.04,
126.36, 123.48, 123.11, 110.55, 66.57, 66.08, 61.65, 56.48, 43.34, 37.49,
36.32, 30.15, 29.78.



DI METHYL- PROPYL) - 5' - ( 4- METHYL- PI PERAZI NE- 1- CARBONYL) - 1H

SPI R | NDOLE- 3, 3' - PYRROLI DI N] - 2- ONE ( KE-27) [0179][a] 25D 88.5 (c, 0.2
CHC13): 11-1 NMR (300 MHz, CDC13), (3 8.91 ( br, 1H), 7.18 - 7.14 (m 3H),
7.05 - 7.02 (m 1H), 6.85 (d, J = 1.58 Hz, 1H), 6.72 (dd, J = 1.61, 8.11
Hz, 1H), 6.41 (d, J = 8.12 Hz, 1H), 4,50 (d, J = 7.42 Hz, 1H), 3.99 (d, J
= 7.49 Hz, 111), 3.68 - 3.35 (m 7H), 2.41 - 2.33 (m 2H), 2.25 (s, 3H),
1.47 (dd, 3= 9.90, 14.15 Hz, 1H), 1.03 - 0.88 (m 1H), 0.72 (s, 9H); 13C
NVR (75 MHz, CDC13), (3 181.12, 168.55,6142.42, 140.76, 134.47,

133. 62, 129. 89, 128. 73, 127. 69, 127. @RanbeBad2, 125. 79, 121.85, 110.30, 67.99,
65.24, 64.27, 58.01, 54.57,

(2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYTL)-2'-(2,2-
DIMETHYL-PROPYL)-5'-(4-METHYL-PIPERAZINE-1-CARBONYL)-1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE (KE-27)

/
N
0 N
N7
NH
/o
Cl N
H
[0179] [a”p 88.5 (c, 0.2 CHCL); 'H NMR (300 MHz, CDCls), § 8.91 ( br,

1H), 7.18 ~ 7.14 (m, 3H), 7.05 ~ 7.02 (m, 1H), 6.85 (d, J = 1.58 Hz, 1H), 6.72
(dd, J = 1.61, 8.11 Hz, 1H), 6.41 (d, J = 8.12 Hz, 1H), 4.50 (d, J = 7.42 Hz,
1H), 3.99 (d, J = 7.49 Hz, 1H), 3.68 ~ 3.35 (m, 7H), 2.41 ~2.33 (m, 2H), 2.25
(s, 3H), 1.47 (dd, J = 9.90, 14.15 Hz, 1H), 1.03 ~ 0.88 (m, 1H), 0.72 (s, 9E);
3C NMR (75 MHz, CDCly), & 181.12, 168.55, 142.42, 140.76, 134.47,
133.62, 129.89, 128.73, 127.69, 127.06; 126.42, 125.79, 121.85, 110.30,
67.99, 65.24, 64.27, 58.01, 54.57, 54.29, 45.49, 45.09, 43.08, 42.03, 30.13,
29.79.



54.29, 45.49, 45.09, 43.08, 42.03, 30.13, 29.79. 91 EXAMPLE 27
(2'S,3S,4' R 5 R 6-CHLORO- 2' - (4- CHLORO- PHENYL) - 4' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' -

PYRROLI DI NE1- 5LCARBOXYLI C ACI D DI METHYLAM DE (KE-39) Cl [0180][c] 25D 124.0
(c, 0.2 CHC13);NWR (300 MHz, CDC13), 8.46 (br, 1H), 7.25 - 7.09 (m 3H),
7.02 (dd, J = 7.85, 7.93 Hz, 1H), 6.93! (s, 1H), 6.75 (s, 1H), 6.43 (d, J =
7.45 Hz, 1H), 4.31 (s, 1H), 4.02 (d, J = 6.82 Hz, 1H), 3.28 (s, 1H), 3.12 -
3.06 (m 1H), 3.06 (s, 3H), 2.96 (s, 3H), 1.59 (dd, J = 7.69, 7.80 Hz, 1H),
1.23 - 1.18 (m 1H), 0.55 (s, 9H) ;3G NM3 (75 Mz, CDC13), 8 180. 58,

(2'S,38,4R,5'R) 6-CHLORO-2'-(4-CHLORO-PHENYL)-4'-(2,2-
DIMETHYL-PROPYL)-2-0OXO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-39)

[0180] []*°p 124.0 (c, 0.2 CHCl;); 'H NMR (300 MHz, CDCls), § 8.46 (b,
1H), 7.25 ~ 7.09 (m, 3H), 7.02 (dd, J = 7.85, 7.93 Hz, 1H), 6.92 (s, 1H), 6.75
(s, 1H), 6.43 (4, J = 7.45 Hz, 1H), 4.31 (s, 1H), 4.02 (d, J = 6.82 Hz, 1H), 3.28
(s, 1H), 3.12 ~ 3.06 (m, 1H), 3.06 (s, 3H), 2.96 (s, 3H), 1.59 (dd, J = 7.69, 7.80
Hz, 1H), 1.23 ~ 1.18 (m, 1H), 0.55 (s, 9H); '3C NMR (75 MHz, CDCly), &
180.58, 170.44, 142.54, 137.79, 133.99, 133.84, 129.18, 129.00, 128.19,
126.32, 126.19, 124.28, 122.13, 110.61, 74.67, 66.15, 60.40, 50.42, 4221,
38.88, 37.68, 30.30, 28.90.



170. 44, 142.54, 137.79, 133.99, 133.84,129.18,129.00, 128.19, 126. 32,
126. 19, 124.28, 122.13, 110.61, 74.67, 66.15, 60.40, 50.42, 42.21, 38.88,
37.68, 30.30, 28.90. 92 EXAMPLE 28

92

EXAMPLE 28

(2'R,35,4'R,5'R) 4'-(3-BROMO-PHENYL)-6-CHLORO-2'-(2,2-DIMETHYL-
PROPYL)-5'-(MORPHOLINE-4-CARBONYL)-1H-SPIRO[INDOLE-3,3'-
PYRROLIDIN]-2-ONE (KE-28)

[0181] 'H NMR (300 MHz, CDCly), § 8.36 (br, 1H), 7.34 ~ 7.25 (m, 2H),
7.14 ~ 7.04 (m, 2H), 6.86 (s, 1H), 6.74 (d, ] = 7.87 Hz, 1H), 6.44 (3, T = 7.99
Hz, 1H), 4.45 (d, ] = 7.64 Hz, 1H), 4.05 (4, T = 7.51 Hz, 1H), 3.66 ~ 3.23 (m,
9H) 1.53 ~ 1.43 (m, 1H), 1.05 ~ 0.90 (m, 1H), 0.85 (s, 9H).

EXAMPLE 29

(2'R,35,4'R 5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5'-(MORPHOLINE-4-CARBONYL)-1H-
SPIRO{INDOLE-3,3'-PYRROLIDIN]-2-ONE (KE-26)




(2'R 35,4R 5'R 4'- (3-B ROMD PHENYL) - 6- CHLORO- 2' - (2, 2- DI METHYL-
PROPYL) - 5' - ( MORPHOLI NE- 4- CARB ONYL) - 1H SPI RQ[ [ NDOLE- 3, 31- PYRROLI DI N] - 2- ONE
(KE-28) [0181] 1H NVR (300 MHz, CDCI3), 3 8.36 (br, 1H), 7.34 - 7.25 (m
2H), 7.14 - 7.04 (m 2H), 6.86 (s, 1H), 6.74 (d, J = 7.87 Hz, 1H), 6.44 (d,
J =7.99 Hz, 1H), 4.45 (d, J = 7.64 r% 1H), 4.05 (d, S = 7.51 Hz, 1H),
3.66 - 3.23 (m 9H) 1.53 - 1.43 (m 1H), 1.05 - 0.90 (m 1H, 0.85 (s, 9H).
EXAMPLE 29 (2 'R 3S, 4 'R 572) 6- CHLORO-4' - (3- CHLORO PHENYL) - 2' - (2, 2-

DI METHYL- PROPYL) - 5' - ( MORPHOL| NE- 4- CARBONYL) - 1H- . ( -
SPIRJ I N 3-P | N @ 56. 5 c .
CHCI 3) ; Eﬁﬁrﬁ%(sooyﬁ SoF 23261%6 ﬁ”%i 300 2[81‘17)&2“%]7%%"?5

7.04- 7.01 (m hmﬂ1%@@@@3H)J7ﬁ41786(m421m,|6|8ﬁ(d6 =186 FadiH)J6. 2 1 76 8 10 He,
1H), 6.42 (d, Jg 18 L%, sdo niHH), duAd, (Ls. 131Hz 1¥1)5Z4é-k7d yibsy 4. 04 (d, J =

Sjgng’m 1?%6,30 44?‘€<d3 H% g}%@,méﬁ%g djtﬁlféﬁlg ‘69%8%9%’?2 1%? 711 o
142. 40, 140. 74, Hz, 1H), 1.04 ~ 0.89 (m, 1H), 0.84 (s, OH); ‘3CNMR(75 MHz, CDCl;), &

181.05, 168.71, 142.40, 140.74, 134.48, 133.62, 129.90, 128.66, 127.71,

127.08, 126.37, 125.75, 121.84, 110.32. 68.29, 66.78, 66.58, 65.41, 64.26,

57.97,46.17, 43.02, 30.13, 29.80.

EXAMPLE 30

(2°R,35,4R,5'R) 4-(3-BROMO-PHENYL)-6-CHLORO-2'-(2,2-DIMETHYL-
PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE}-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-23)

{0183} 'H NMR (300 MHz, CDCly), & 8.73 (br, 1H), 7.33 ~ 7.28 (m, 2H),
7.14 ~ 7.07 (m, 2H), 6.86 (d, T = 1.79 Hz, 1H), 6.72 (dd, J = 1.86, 8.10 Hz,
1H), 6.40 (d, J = 8.13 Hz, 1H), 4.54 (d, ] = 7.54 Hz, 1H), 4.00 (d, T = 7.53 Hz,
1H), 3.50 (d, J = 8.63 Hz, 1H), 2.92 (s, 3H), 2.87 (s, 3H), 1.52 ~ 1.44 (m, 1H),
0.97 ~ 0.92 (m, 1H), 0.89 (s, 9H); "C NMR (75 MHz, CDCls), 5 181.49,
170.49, 142.76, 141.68, 134.00, 132.02, 130.95, 130.51, 127.96, 127.02,
126.23, 123.05, 122.24, 110.70, 62.59, 65.62, 64.85, 60.84, 58.59, 43.61,
37.66, 36.62, 30.57, 30.25. EUMS, 518 (M"+ 1); HRMS CysHaoBrCIN:O;
(IM+H]") required 518.1210, found 518.1177.



134. 48, 133.62,129.90,128.66, 127.71, 127.08, 126.37, 125.75, 121.84,
110.32. 68.29, 66.78, 66.58, 65,41, 64.26, 57.97, 46.17, 43.02, 30.13,
29.80. EXAWPLE 30 (2 'R 38,4 5 'R)

4" - ( 3- BROMD- PHENYL) - 6- CHLORO- 2' - ( 2, 2- DI METHYL-

PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO[ | NDOLE- 3, 3LPYRROLI DI NE] - 51- CARBOXYLI C ACI D
DI METHYLAM DE (| CE-23) [0183] .

EXAMPLE 31

(2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2-0X0-2"
PROPYL-1,2-DINYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-30)

[0184] [a]®p 42.2 (c, 1.0 CHCL); 'H NMR (300 MHz, CDCl), & 9.39 (br,
1H), 7.16 ~ 7.05 (m, 4H), 6.87 (s, 1H), 6.74 (d, J = 7.98 Hz, 1H), 549 (d, J =
8.07 Hz, 1H), 4.62 (d, J = 7.82 Hz, 1H), 4.00 (d, J = 7.81 Hz, 1H), 3.51 (dd, T
=9.15, 9.27 Hz, 1H), 2.97 (s, 3H), 2.74 (s, 3H), 1.65 ~ 1.44 (m, 2H), 1.29 ~
118 (m, 2H), 0.77 (t, ] = 7.15 Hz, 3H); C NMR (75 MHz, CDCly), &
180.89, 170.27, 142.47, 140.30, 134.34, 133.59, 129.75, 128.67, 127.65,
127.21, 126.94, 125.73, 121.73, 110.34, 70.65, 63.85, 63.49, 59.66, 37.21,
36.21, 31.92, 20.77, 14.00; EUMS, 446 (M'+ 1); HRMS Cyp3HsCLN;O,
(IM+HT) required 446.1402, found 446.1408,



7. 14 1H NMR (300 MHz, CDC13), 6 8.73 (br, 1H), 7.33 - 7.28 (m 2H), -
7.07 (m 211), 6.86 (d, J = 1.79 Hz, 1H), 6.72 (dd, J = 1.86, 8.10 Hz, 1H)
6.40 (d, J = 8.13 Hz, 1H), 4.54 (d, J = 7.54 Hz, 1H), 4.00 (d, J = 7.53 Hz,

111), 3.50 (d, J= 8.63 Hz, 111), 2.92 (s, 3H), 2.87 (s, 311), 1.52- 1.44
(m 1H), 0.97 - 0.92 (m 1H), 0.89 (s, 911);13C NMR (75 Mz, CDC13), 6
181.49, 170.49, 142.76, 141.68, 134.005 132.02, 130. 95, 130. 51, 127. 96,

127. 02,

EXAMPLE 32

(2'R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-4'-(3-
METHOXY-PHENYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-25)

.

Iz

[0185] [0]p 46.9 (c, 0.4 CHCL;); 'H NMR (300 MHz, CDCL), 6 7.87 (b,
1H), 7.34 (d, J = 8.02 Hz, 1H), 7.12 ~ 6.93 (m, 2H), 6.74 ~ 6.64 (m, 4H), 4.87
(d, J = 8.60 Hz, 1H), 4.34 (d, J = 8.55 Hz, 1H), 3.79 (d, J = 9.09 Hz, 1H), 3.63
(s, 3H), 2.97 (s, 3H), 2.96 (s, 3H), 1.68 (br, 1H), 1.37 ~ 1.27 (m, 1H), 0.92 ~
0.88 (m, 1H), 0.84 (s, 9H); '>C NMR (75 MHz, CDCly), & 178.33, 173.23,
159.20, 141.99, 137.60, 133.54, 129.22, 12724, 123.59, 122.63, 120.63,
114.03, 112.75, 110.15; EIMS, 470 (M™+ 1); HRMS CpH;;CIN;O;
(IM+H]") required 470.2210, found 470.2222.



126.23, 123.05, 122.24, 110.70, 62.59, 65.62, 64.85, 60.84, 58.59, 43.61,
37.66, 36.62, 30.57, 30.25. EI/MS. 518 (NI ++ 1); HRVS C25H39Br CLN302
([M+H ) required 518.1210, found 518.1177. 94 EXAMPLE 31 (2 'R 13,41R 5
"R) 6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 2- 0X0- 21-

PROPYL- 1, 2- DI HYDRO- SPI R(J | NDOLE- 3, 31- PYRROLI DI NEJ- 5' - CARBOXYLI C ACI D

DI METHYLAM DE (| CE-30) C 101841[ (4258 42.2 (0, 1.0 CHCL3); NVR (300 Mz,
CDC13), 8 9.39 (br, 1H), 7.16 - 7.05 (m 4H), 6.87 (s, 1H), 6.74 (d, J =
7.98 Hz, 1H), 5.49 (d, J -- 8.07 Hz, 1H), 4.62 (d, J = 7.82 Hz, 1H), 4.00
(d, | =7.81 Hz, 1H), 3.51 (dd, JpgafpiBss9 27 Hz, 1H), 2.97 (s, 3H), 2.74
(s, 3H), 1.65 - 1.44 (m 2H), 1,259 £ s

(2°R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2-0X0-2"-
PENTYL-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-19)

Gl

L

Iz

[0186] [o]®p 33.0 (¢, 0.3 CHCL); 'H NMR (300 MHz, CDCls), & 8.23 (br,
1H), 7.23 ~ 6.99 (m, 4H), 6.82 (d, ] = 1.59 Hz, 1H), 6.76 (dd, J = 1.92, 7.86
Hz, 1H), 6.48 (d, J = 8.10 Hz, 1H), 4.61 (d, J = 7.81 Hz, 1H), 3.99 (d, ] = 7.80
Hz, 1H), 3.51 (dd, J= 9.35, 9.49 Hz, 1H), 2.98 (s, 3H), 2.83 (s, 3H), 1.66 ~
1.54 (m, 1H), 1.48 ~ 1.42 (m, 1H), 1.26 ~ 1.15 (m, 6H), 0.80 (t, J= 6.81 Hz,
3H); '*C NMR (75 MHz, CDCls), 6 180.13, 170.17, 140.31, 134.43, 133.65,
129.81, 128.71, 127.73, 127.19, 126.95, 125.88, 121.91, 110.06, 70.93, 63.88,
63.42, 59.71, 37.22, 36.22, 31.67, 29.82, 27.25, 22.39, 13.89; EI/MS, 474
M+ 1).



1.18 (m 2H), 0.77 (t, 1= 7.15 Hz, 3H); 13C NWR (75 MHz, CDC13), 180. 89,
170. 27, 142.47, 140.30, 134.34, 133.59,129.75,128.67,127.65, 127.21,
126.94, 125.73, 121.73, 110.34, 70.65, 63.85, 63.49, 59.66, 37.21, 36.21,
31.92, 20.77, 14.00;E /M5 446 (M+-1- 1); HRVB C23H26C12N302 ([M-H])
required 446. 1402, found 446. 1408.

EXAMPLE 34

(2'R,3S,4'R,5'R) -BUTYL-6-CHLORO4'-(3-CHLORO-PHENYL)-2-OXO-
1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC
ACID DIMETHYLAMIDE (KE-18)

[0187] [a]*p 20.0 (c, 0.3 CHCly); 'H NMR (300 MHz, CDCly), & 8.03 (br,
1H), 7.24 ~ 6.88 (m, 4H), 6.78 (s, 1H), 6.76 (dd, T = 1.90 Hz, 8.08 Hz, 1H),
6.48 (d,J = 8.10 Hz, 1H), 4.62 (d, T = 7.83 Hz, 1H), 3.9 (d, ] = 7.83 Hz, 1H),
381 (dd, T =9.19, 9.51 Hz, 1H), 2.94 (s, 3H), 2.84 (5, 3H), 1.68 ~ 1.52 (m,
1H), 1.45 ~ 1.33 (m, 1H), 1.31 ~ 1.18 (m, 4H), 0.75 (t, ] = 6.891 Hz, 3H); °C
NMR (75 MHz, CDCly), § 180.30, 170.12, 141.93, 140.29, 134.43, 133.66,
129.81, 128.72, 127.74, 127.17, 126.94, 125.90, 121.93, 110.04, 70.58, 63.80),

63.37, 59.68, 37.36, 36.22, 31.57, 29.68, 22.58, 13.82; EI/MS, 460 (M'+ 1).



95 EXAMPLE 32 (2 'R, 3S, 4 'R 5 'R

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

METHOXY- PHENYL) - 2- 0X0- 1, 2- Dl HYDRO- SPI RJ | NDOLE- 3, 31-

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D DI METHYLAM DE (KB-25) [0185][cc] 250 46.9
(c, 0.4 CHC13); NWR (300 MHz, CDC13), g.87 (br, 1H), 7.34 (d, J = 8.02 Hz,
1H, 7.12 - 6.93 (m 2H), 6.74 - 6.6491 (m 4H), 4.87 (d, J = 8.60 Hz, IH),
4.34 (d, J = 8.55 Hz, 1H), 3.79 (d, J = 9.09 Hz, 1H), 3.63 (s, 3H), 2.97

(s, 3H), 2.96 (s, 3H), 1.68 (br, 1H), 1.37 - 1.27 (m 1H), 0.92 - 0.88 (m
[11), 0.84 (s, 9H);13C NAIR (75 Muzam@pGk3), 3 178.33, 173.23,

159. 20, 141. 99, 137.60, 133.54,129.22,127.24,123.59, 122.63,

(2°R,35,4'R,5R) 6,7-DICHLORO-2'-ISOBUTYL-2-0X0-4-PHENYL-1,2-
DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID
DIMETHYLAMIDE (KE-11)

NH
o
Cl N
H
Cl
[0188] [e)®p 55.7 (c, 0.6 CHCls); 'H NMR (300 MHz, CDClL), 3 7.83 (br,

1H), 7.28 ~ 7.15 (m, 5H), 6.75 (d, T = 8.15 Hz, 1H), 6.19 (d, ] = 8.15 Hz, 1H),
4.61 (d, J = 6.97 Hz, 1H), 3.93 (d, J = 6.97 Hz, 1H), 3.60 ~ 3.50 (m, 1H), 2.94
(s, 3H), 2.74 (s, 3H), 1.80 ~ 1.55 (m, 2H), 0.90 ~ 0.85 (m, 1H), 0.85 (d, J =
6.80 Hz, 3H), 0.78 (d, J = 6.53 Hz, 3H); “C NMR (75 MHz, CDCly), &
179.16, 170.50, 140.27, 138.57, 131.44, 128.77, 12847, 127.98, 127.74,
123.62, 122.90, 113.17, 68.92, 66.92, 65.21, 60.33, 38.51, 36.22, 35.30, 25.89,
23.53, 21.09.



120. 63, 114.03,112.75, 110.15; El/MS. 470 (M++ 1); HRVS C26H33C1IN303
([ M-11] +) required 470.2210, found 470.2222. 96 EXAMPLE 33 (2'R 3S, 472, 5R)
6- CHLORO- 41- ( 3- CHLORO- PHENYL) - 2- 0X0- 21-

PENTYL- 1, 2- DI HYDRO SPI RJ | NDOLE- 3, 3T- PYRROLI DI NE] - 5' - CARBOXYLI C ACI D

DI METHYLAM DE ( KE- 19) [01861[af 5D 33.0 (c, 0.3 CHC13); 11-1NMR (300 MHz,
CDC13), (5 8.23 (br, 1H), 7.23 - 6.99(m 4H), 6.82 (d, J = 1.59 Hz, 1H),
6.76 (dd, J ---= 1.92, 7.86 Hz, 1H), 6.48 (d, J = 8.10 Hz, 1H), 4.61 (d, J=
7.81 Hz, 1H), 3.99 (d, J = 7.80 Hz, 1H), 3.51 (dd, J= 9.35, 9.49 Hz, 1H)),
2.98 (s, 3H), 2.83 (s, 3H), 1.66 wﬁ&gm 111), 1.48 - 1.42 (m 1H), 1.26
- 1.15 (m 6H), 0.80 (t, 3= 6.81 H" *Y13C NMR (75 MHz, CDC13), (3
180.13, 170.17, 140.31  134.43, 133 65, 129 81 128 71, 127.73, 127.109,

R385 4'R, 5] -CHk ORI~ HEREL20X88-G7-
126. 95 125.88 13%: @Pﬁ%ﬁzﬁﬁ%i%ﬁ 9902 37,22, 36. 22,
15 XY ID DIMETAYLAMIDE (KE-17) '

R,
D
31. 67, 29..82, 27P%1§R3&

[0189] [a]®p 609 (c, 0.4 CHCL;); 'H NMR (300 MHz, CDCl), § 9.36 (br,
1H), 7.35 ~ 6.97 (m, 4H), 6.90 (s, 1H), 6.69 (d, J = 8.10 Hz, 1H), 6.38 (d, J =
8.11 Hz, 1H), 4.54 (d, J = 47.41 Hz, 1H), 4.00 (d, J = 7.39 Hz, 1H), 3.50 (d, J
= 9.41 Hz, 1H), 3.17 (br, 1H), 2.97 (s, 3H), 2.91 (s, 3H), 1.51 ~ 1.42 (m, 1H),
0.91 ~0.83 (m, 1H), 0.82 (s, 9H); "C NMR (75 MHz, CDCL;), 6 181.37,
170.16, 142.63, 141.05, 134.33, 133.50, 129.78, 128.64, '128.08,'1'27.52.,
127.04, 126.54, 125.65, 121.65, 110.41, 68.13, 65.22, 64.41, 58.08, 43.10,
37.21, 36.19, 30.01, 29.79; EUMS, 474 (M*+ 1); HRMS CasHaCLN:O;
(IM+H]") required 474.1715, found 474.1713.



97 EXAMPLE 34 (2 'R 38,411t,5' R
- BUTYL- 6- CHLORO- 41- ( 3- CHLORO- PHENYL) - 2- 0X0-
1, 2- Dl HYDRO SPI RO | NDOLE- 3, 3' - PYRRCLI DI NE] - 5LCARBOXYLI C ACI D DI METHYLAM DE

(KE-18) Cl
(br, 111),

Cl [0187][cc125D 20.0 (c, 0.3 CHCL3):NWR (300 Mz,
7.24 - 6.88 (m 4H), 6.78

CDC13), 8.03

H, 6.76 (dd, J = 1.90 Hz, 8.08

s, 1
Hz, 1H), 6.48 (d, J = 8.10 Hz, 1H), 45%2 (d, J = 7.83 Hz, 1H), 3.99 (d, J =
7.83 Hz, 1H), 3.81 (dd, J = 9.19, 9.51 Hz, 1H), 2.94 (s, 3H)
31-1), 1.68 - 1.52 (m 1H), 1.45 - 1.33 (m 1H), 1.31 - 1.18 (in, 4H), 0.75
(t, J = 6.891 Hz, 3H): 13C NMVR (7 §k§@LE 13), 45 180.30, 170.12, 141.93,

140. 29, 134.43, 133.66, 129.81, 178
121.93, 110.04, 70,58, 63
22.58, 13.82: El/ﬁ%?gﬁ %
6, 7- DI CHLORO- 2" -

DI HYDRO- SPI R] | S Jutc the-

( KE- 11)

[0190] E/MS, 474 (M'+ 1); HRMS CasH3pCLbN;O, ([M+H]Y) required
474.1715, found 474.1703.

EXAMPLE 38

(2'R,35,4R,5'R) 2-ISOBUTYL-2-OXO-4-PHENYL-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]}-5-CARBOXYLIC ACID
: DIMETHYLAMIDE (KE-8)

[0191] 'H NMR (300 MHz, CDCly), & 9.13 (br, 1H), 7.28 ~ 6.98 (m, 6H),
6.81 (d, T = 8.25 Hz, 1H), 6.68 (t, J = 7.66 Hz, 1H), 6.50 (d, J = 7.41 Hz, 1H),
4.69 (d, J = 7.47 Hz, 1H), 3.96 (d, ] = 7.43 Hz, 1H), 3.65 ~ 3.60 (m, 1H), 3.58

2.84 (s,

7.74, 127.17, 126.94, 125.90,

S 00 Sogs! o 57

EGR MRS METHYLA M DE



cl [0188][a]25D 55.7 (c, 0.6 CHC13); 111 NIVIR (300 Miz, CDC13), 7.83 (br,
1H), 7.28 - 7.15 (m 5H), 6.75 (d, J = 8.15 Hz, IH), 6.19 (d, J = 8.15 Hz,
1H), 4.61 (d, J = 6.97 Hz, 1H), 3.93 (d, J = 6.97 Hz, 1H), 3.60 - 3.50 (m
1H), 2.94 (s, 3H), 2.74 (s, 311), 1.80 - 1.55 (m 2H), 0.90 - 0.85 (m
111), 0.85 (d, J =- 6.80 Hz, 311), 0.78 (d, J = 6.53 Hz, 3H); 13C NVR (75
MHz, CDC13), 179.16, 170.50, 140.27,1B8.57,6131.44, 128.77,

128. 47,127. 98, 127. 74, 123.62, 122.90, 113.17, 68.92, 66.92, 65.21, 60. 33,
38.51, 36.22, 35.30, 25.89, 23.53, 21.09. 99 EXAMPLE 36

(br, 1H), 2.95 (s, 3H), 2.83 (s, 3H), 1.67 ~ 1.56 (m, 2H), 0.98 ~ 0.85 (m, 1H),
0.75 (d, J = 6.94 Hz, 3H), 0.73 (d, J = 6.90 Hz, 3H); *C NMR (75 MHz,
CDCly), 6 181.18, 170.84, 14127, 138.59, 128.80, 128.33, 127.70, 127.51,
127.24, 124.90, 121.50, 109.39, 68.32, 64.11, 63.93, 60.04, 38.66, 37.11,
36.13, 25.70, 23.40, 21.68.

EXAMPLE 39

(2'R,35,4'R,5'R) 6-CHLORO-4'-(3-BROMO-PHENYL)-2'-(2,2-DIMETHYL -
PROPYL)-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-
5'-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-PROPYL)-AMIDE (KE-
40)

[0192] " 'H NMR (300 MHz, CDCL), & 8.45 (br, 1H), 7.40 ~ 7.20 (m, 2H),
7.15 ~ 7.00 (m, 2H), 6.80 (s, 1H), 6.72 (d, J = 8.34 Hz, 1H), 6.30 ~ 6.25 (m,
1H), 4.29 (d, J = 3.92 Hz, 1H), 3.85 (d, J = 4.04 Hz, 1H), 3.80 ~ 3.57 (m, 4 H),
3.56 (d, J = 8.44 Hz, 1H), 3.40 ~ 3.20 (m, 4H), 2.55 ~ 2.35 (m, 6H), 1.70 ~
1.60 (m, 2H), 1.55 ~ 1.48 (m, 1H), 0.98 ~ 0.83 (m, 1H), 0.83 (s, 9H); "C
NMR (75 MHz, CDCly), § 180.44, 171.61, 142.14, 141.12, 133.79, 131.58,
130.90, 129.98, 127.50, 126.91, 126.04, 122.77, 121.91, 110.18, 67.25, 66.83,
66.75, 66.11, 63.38, 57.06, 26.78, 53.54, 43.73, 38.24, 30.15, 29.95, 29.82.



(2'R 3S,41R 5'R) 6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 2- 0X0- 2' - ( 2, 2-

DI METHYLPROPYL) - 1, 2- DI HYDRO- SPI ROEI NDOLE- 3, 3' - PYRROLI DI NE1- 5LCARBOXYLI C
ACI D DI METHYLAM DE (KB-17) Cl"-. 101891[c(125D 60.9 (c, 0.4 CHC13); 11-1
NMR (300 MHz, CDC13), & 9.36 (br, 111), 7.35 - 6.97 (m 411), 6.90 (s, 1H),
6.69 (d, J = 8.10 Hz, 1H), 6.38 (d, J = 8.11 Hz, 1H), 4.54 (d, J = 47.41
Hz, 1H), 4.00 (d, J = 7.39 Hz, 1H), 3050 (d, J = 9.41 Hz, 111), 3.17 (br,
1H), 2.97 (s, 311), 2.91 (s, 3H), 1.51 - 1.42 (m 111), 0.91 - 0.83 (m
111), 0.82 (s, 9H); 13C NVR (75 MHz, CDCl3), 6 181.37, 170.16, 142.63,
141.05, 134.33, 133.50, 129.78, 128 64, 128.08, 127.52, 127.04, 126.54,
125.65 121.65 110.41 68.13, 65EX8MPEE401 58 08 4310, 37.21. 36. 19,
30.01, 29.79; EI/MS. 474 (M++ 1); HRVB C251130C12N302 ([ M+l.1]+) required
474. 1715, found 474, CRIARIB-CHMROE-GTHLORDPHENYLI2IR 5'R)

6- CHLORO- 41- ( 4- CHY SR ETHYL-BX 01,2+ RO-SPIRO[INDOLE-3,3'-

DI METHYLPROPYL) - ¥ YBRELIDPHECS-SARRONKDIS 4C1D IMETHYRAMIPEHEE4L) 5 CARBOXYLI C
ACI D DI METHYLAM DE (KE-31) CI Cl [0190] EL/ MS. 474 (M++ 1); HRVB
C25H3DC12N302 ([ M+1114) required 474. 171F found 474.1703. EXAMPLE 38
(21R3'S, 4R 5 R 21-1 S OBYIYL-2: o X0! 4 - PHENYL- 1, 2- DI HYDRO

cl y

[0193] 'H NMR (300 MHz, CDCly), 5 8.98 (br, 1H), 7.34 ~ 7.00 (m, 4H),
6.87 (d, J = 1.50 Hz, 1H), 6.73 (dd, J = 1.60, 8.08 Hz, 1H), 6.43 (d, J = 8.09
Hz, 1H), 4.59 (d, J = 7.56 Hz, 1H), 3.98 (d, J = 7.54 Hz, 1H), 3.65 ~ 3.55 (m,
1H), 2.98 (s, 3H), 2.86 (s, 3H), 1.68 ~ 1.30 (m, 7H), 1.11 ~ 0.85 (m, 4H), 0.78
(t, J = 10.41 Hz, 1H), 0.66 ~ 0.55 (m, 1H); *C NMR (75 MHz, CDCL), 6
180.80, 170.29, 14239, 140.63, 134.41, 133.57, 129.82, 128.72, 127.67,
126.99, 126.85, 125.66, 121.76, 110.28, 68.38, 64.36, 63.67, 60.39, 59.39,
37.22,36.23, 35.22, 34.17, 32.52, 26.37, 26.15, 25.96.



SPI RO | NDOLE- 3, 3' - PYRROLEDI NE] - 5' - CARBOXYLI C ACI D DI METHYLAM DE ( KE- 8)
[0191] 111 NMVR (300 MHz, CDC13), 5 9.13 (br, 1H), 7.28 - 6.98 (m 611), 6.81
(d, J = 825 Hz, 111), 6.68 (t, J = 7.66 Hz, 111), 6.50 (d, J = 7.41 He,
111), 4.69 (d, J = 7.47 Hz, 1H), 3.96 (d, J = 7.43 Hz, 111), 3.65 - 3.60
(m 111), 3.58 101 (br, 1H), 2.95 (s, 3H), 2.83 (s, 31-1), 1.67 - 1.56 (m
2H), 0.98 - 0.85 (m 1H), 0.75 (d, J1836.94. Hz, 3H). 0.73 (d, J = 6.90 Hz,
3H): 13C NMR (75 MHz, CDC13), S 181.18, 170.84, 141.27, 138.59, 128.80,
128,33, 127.70, 127.51, 127.24, 124.90, 121.50, 109.39, 68.32, 64.11,
63.93, 60.04, 38.66, 37.11, 36. 13, 25 70 23 40, 21.68. EXAVPLE 39

(2'R 3S,4'R 5 R) 6- CHLORO- 4' - ( 3- BRSAMEBEHAYL) - 2' - (22DII\/ETHYL-

PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RQ | NDOLE- 3, 3' PYRROLI DI NE] - 5l - CARBOXYLI C
ACI D (3- NORPHOL (2@, 25, 4. 5 PREEHL R(N‘VI'(D@ -P LD I‘MET 0 MHz, CDC13),
45 8.45 (br, 1 HPROPYEN2-OXP- 1223 &M IR?)[ OLE3, 306 g’é‘%@ 6.80 (s, 111),
6.72 (d, J = 8. §2F41szO>EYIﬂ!§ACéD OREF QEH‘{‘WLﬁFE)YL)A E(E4Y = 3. 92 He,

1H), 3.85 (d, J = 4.04 Hz, 3.80 --3.57 (m 4 H), 3.56 (d, J = 8.44
Hz, 1H), 3.40 - 3.20 (m 4FD 2.55 - 2.35 (m 0 1.70 - 1.60 (m 2H)

1.55 - 1.48 (m 1H), 0.98 - 0.83 (mq 1t 0 83 g, 9H): 13C NMR (75 Mz
CDC13), 5 180.44, 171.61, 142. 14~ 1ATYi2, 13§L19 131.58, 130.90, 129.98,
127.50, 126.91, 126.04, 122.8# . ,N%lo 18, 67.25, 66.83, 66.75, 66.11,
63.38, 57.06, 26.78, 53.54, 43.73, 3% 24, ”2:;5 29.95, 29.82. 102

[0194] 'H NMR (300 MHz, CDCl3), 6 8.44 (br, 1H), 7.29 (d, T = 7.99 Hz,
1H), 7.26 (s, 1H), 7.11 ~ 6.96 (m, 3H), 6.81 (s, 1H), 6.72 (d, J = 8.08 Hz, 1H),
6.33(d,J = 8.07 Hz, 1H), 4.32 (4, ] = 7.15 Hz, 1H), 3.86 (d, I = 7.13 Hz, 1H),
3.65 ~ 3.50 (m, 3H), 3.56 (d, J = 9.41 Hz, 1H), 3.40 ~ 3.35 (m, 2H), 2.50 ~
2.40 (m, 7H), 1.53 (dd, J = 9.99, 14.06 Hz, 1H), 1.28 (br, 1H), 0.99 ~ 0.92 (m,
1H), 0.85 (s, 9H); C NMR (75 MHz, CDCly), & 180.19, 171.65, 142.09,
141.11, 133.78, 131.44, 13049, 130.00, 127.49, 126.47, 125.87, 122.58,
121.91, 110.18, 67.11, 66.94, 66.26, 63.59, 57.05, 56.76, 53.18, 43.85, 35.59,
30.21, 29.88.




EXAMPLE 40 (2'R, 3S,47?,5R) 6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 2' -
CYCLOHEXYLMETHYL- 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 31-

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D DI METHYLAM DE (KE-41) C 11 [0193] 1H NVR
(300 MHz, CDC13), 8.98 (br, 111), 7.34 - 7.00 (m 4H), 6.87 (d, J = 1.50
Hz, 111), 6.73 (dd, J = 1.60, 8.08 Hz, 111), 6.43 (d, J = 8.09 Hz, 1H),
4.59 (d, J = 7.56 Hz, 1H), 3.98 (d, J f47.54 Hz, 1H), 3.65 - 3.55 (m 1H),
2.98 (s, 3H), 2.86 (s, 311), 1.68 - 1.30 (m 711), 1.11 - 0.85 (m 411),
0.78 (t, J = 10.41 Hz, 111), 0.66 - 0.55 (m 1H); 13C NMR (75 Mz, CDC13),
180. 80, 170.29, 142.39, 140.63, 134.41, 133.57,6129.82,128.72, 127.67,
126.99, 126.85, 125.66, 121.76, EXAMPLE 42

(2'R,38,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-5-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-47)

Cl

°\/'|‘\

NH
F
. /\o
ci N
[0195] [@]®p 101.5 (c 1.1 CHCL); 'H NMR (300 MHz, CDCly), 5 8.56 (br,

1H), 6.95 ~ 6.85 (m, 3H), 6.83 ~ 6.74 (m, 2H), 6.50 (d, ] = 8.10 Hz, 1H), 4.47
(d,J=7.97 Hz, 1H), 4.12 (d, J = 7.81 Hz, 1H), 3.48 (d, J = 9.83 Hz, 1H), 3.10
(s, 3H), 2.97 (s, 3H), 1.46 (dd, J = 6.98, 14.11 Hz, 1H), 1.05 ~ 0.98 (m, 1H),
0.84 (s, 9H); “*C NMR (75 MHz, CDCls), 5 180.87, 169.59, 142.72, 142.62,
142.29, 135.23, 133.82, 126.57, 125.61, 124.69, 122.01, 115.39, 114.37,
11043, 68.66, 65.25, 64.22, 57.94, 43.19, 37.28, 36.18, 30.17, 29.84;
C25H25C1LFN30; requires C, 60.98; H, 5.73; N, 8.53; Found C, 61.12; H, 6.14;
N, 8.00.



110. 28, 68.38, 64.36, 63.67, 60.39, 59.39, 37.22, 36.23, 35.22, 34.17,
32.52, 26.37, 26.15, 25.96. 103 EXAWPLE 41

(2'R 3S,4' R 5'R) 6- CHLORO- 41- ( 3- BROMO- PHENYL) - 21- ( 2, 2- DI METHYL-

PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SP| RORNDOLE- 3, 3' - PYRROLI DI ENE) - 5- CARBOXYLI C ACI D
(2- MORPHOLI N- 4- YL- ETHYL) - AM DE (KE- 43) [0194] 11-1 NMR (300 Mz, CDC13), 6
8.44 (br, 1H), 7.29 (d, 1= 7.99 Hz, 18§, 7.26 (s, 111), 7.11 6.96 (m 3H),
6.81 (s, 1H), 6.72 (d, J = 8.08 Hz, 1H), 6.33 (d, 1= 8.07 Hz, 1H), 4.32 (d,
J=7.15 Hz, 1H), 3.86 (d, J = 7.13 Hz, 1H), 3.65 - 3.50 (m 3H), 3.56 (d,

1-= 9.41 Hz, 1r0 3 40 - 3.35 (m §§4§0 2.40 (m 7H), 1.53 (dd, 1
9.99. 14.06 Hz, 1.28 (br, IH> 0.92 (m 1ro 0.85 (s, 9H): 13C
NVR (75 Mz, crnn ,8 ;80 19, 171,65 142 09. 141 133. 78, 131. 44,

130. 49, 130. 00, SR RO OR @PR@ HE L)&szls 67. 11,

66. 94, 66. 26, 63 ]% éi&? Y 21, 29.88. 104
EXAVPLE 42 (2'R 3 B BHENYL) - 2' - (2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DWDRG SPI RCIJNDC]_E-S 3' -

[0196) [a]*p 58.0 (c 0.75, CHCly); 'H NMR (300 MHz, CDCly), & 9.25 (br,
1H), 7.28 ~ 7.20 (m, 2H), 7.04 (d, J = 7.67 Hz, 1H), 7.90 (s, 1H), 6.69 (d, J =
7.94 Hz, 1H), 6.41 (4, j = 2.82 Hz, 1H), 4.65 (d, ] = 7.60 Hz, 1H), 432 (4, ] =
7.54 Hz, 1H), 3.48 (d, ] = 9.44 Hz, 1H), 3.02 (s, 3H), 2.99 (s, 3H), 1.50 ~ 1.42
(m, 1H), 1.03 ~ 0.95 (m, 1H), 0.82 (s, 9H); *C NMR (75 MHz, CDCly),
181.46, 169.84, 157.92, 142.78, 133.61, 129.63, 128.26, 128.07, 127.46,
126.70, 124.79, 124.54, 121.67, 110.47, 68.26, 63.73, 52.27, 42.85, 37.02,
36.13, 30.08, 29.76; CysHzCLFN;Oz+ HyO requires C, 58.83; H, 5.92; N,
8.23; Found C, 59.09; H, 5038; N, 8.16.



PYRROLI DI NE] - 5' - CARBOXYLI C ACI D DI METHYLAM DE (I CE-47) C Cl [0195][c(]25D
101.5 (¢ 1.1 CHC 3); IFINVR (300 Mz, CDCI3), (5 8.56 (br, 1H), 6.95 - 6.85
(m 3H), 6.83 - 6.74 (m 2H), 6.50 (d, J = 8.10 Hz, 1H), 4.47 (d, J = 7.97
Hz, 1H), 4.12 (d, J = 7.81 Hz, 1H), 3.48 (d, J = 9.83 Hz, 111), 3.10 (s,
311), 2.97 (s, 311), 1.46 (dd, J = 6.98, 14.11 Hz, 111), 1.05 - 0.98 (m
111), 0.84 (s, 9H);13C NVR (75 Mz, dB€13), (5 180.87, 169.59, 142.72,

142. 62, 142.29, 135.23, 133.82,126.57, 125. 61, 124. 69, 122. 01, 115. 39, 114. 37,
110. 43, 68.66, 65.25, 64.22,57. 94, 43. 19, 37. 28, 36. 18, 30. 17, 29. 84;

EXAMPLE 44
(2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-4-FLUORO-PHENYL)-2'-(2,2-

DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-45)

Cl

Ci H

[0197]. [o]®p 974 (c 1, CHCL); 'H NMR (300 MHz, CDCL;), & 9.10 (br,
1H), 7.18 (d, T = 6.16 Hz, 1H), 7.01 ~ 6.90 (m, 2H), 6.89 (d, J = 1.75 Hz, 1H),
6.75 (dd, J = 1.80, 8.10 Hz, 1H), 6.45 (d, J = 8.11 Hz, 1H), 447 (d, T = 7.73
Hz, 1H), 4.06 (d, J = 7.84 Hz, 1H), 3.49 (d, J = 9.62 Hz, 1H), 2.98 (s, 6H),
1.48 (dd, T = 9.96, 14.18 Hz, 1H), 1.03 ~ 0.89 (m, 1H), 0.83 (s, 9H); °C
NMR (75 MHz, CDCl;), & 181.25, 169.85, 158.69, 142.49, 135.97, 155.65,
130.51, 128.50, 126.62, 125.62, 121.85, 121.08, 116.75, 110.50, 68.37, 65.47,
64.27, 57.54, 43.13, 37.26, 36.17, 30.12, 29.80; Cy5HsCLFN30, requires C,
60.98; H, 5.73; N, 8.53; Found C, 61.05; H, 6.26; N, 7.97.



C25H28C12FN302 requires C, 60.98; H, 5.73; N, 8.53; Found C, 61.12; H,
6.14; N, 8.00. 105 EXAWMPLE 43 (2 'R 3S,41R 5 R

6- CHLORO- 4' - (4- CHLORO- 3- FLI JORO- PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DHI YDRO- SPI RO | NDOLE- 3, 3T-

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D DI gED‘Ié';?%(LAM DE ( KE- 46) §01?6]2[800) %55)052(3. 0
c 0.75, CHC13); 1H NWR (300 MHz, ), 6 9.25 (br, 111), 7. - 7. m
(211), 7.04 (d,)J = 7.67 Hz, 1H), 7.90 (s, 111), 6.69 (d, J = 7.94 Hz, 1H),
6.41 (d, ] = 2.82 Hz, 1H), 4.65 (d J =7.60 Hz, 111), 4.32 (d, J = 7.54
Hz, 1H), 3.48 (d, J= 9.44 Hz, EX%L@%EQ? 311), 2.99 (s, 311), 1.50 -
1.42 (m 1H), 1.03 - 095(m 1|—|) 911) 13C NWR (75 MHz, CDC13),

S o1 6, 16864, 157 B % Ao D SRS RIS 3E 120 7.

DIMETHYL-BUTYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-48)

Cl

N~_

,,,/ /(
cl b

[0198] 'H NMR (300 MHz, CDCLy), 6 8.88 (br, 1H), 7.17 ~ 7.14 (m, 3H),
7.05 ~ 7.02 (m, 1H), 6.88 (d, J = 1.77 Hz, 1H), 6.70 (dd, J = 1.83, 8.11 Hz,
1H), 6.37 (d, J = 8.13 Hz, 1H), 4.53 (4, J = 7.38 Hz, 1H), 4.01 (d, T = 7.41 Hz,
1H), 3.49 (d, J = 9.41 Hz, 1H), 2.98 (s, 3H), 2.92 (s, 3H), 1.45 (dd, J = 9.87,
14.17 Hz, 1H), 1.28 (br, 1H), 1.20 ~ 1.16 (m, 2H), 0.92 ~ 0.87 (m, 1H), 0.78
(s, 6H), 0.62 (t, J = 7.51 Hz, 3H); C NMR (75 MHz, CDCl3), & 181.18,
170.13, 142.46, 141.13, 134.39, 133.55, 129.82, 128.68, 127.57, 127.08,
126.54, 125.78, 121.74, 110.32, 67.90, 65.36, 64.47, 58.05, 40.79, 37.22,
36.20, 34.15, 32.57, 27.15, 26.91, 8.22.




127. 46, 126.70, 124.79, 124.54, 121.67, 110.47, 68.26, 63.73, 52.27, 42.85,
37.02, 36.13, 30.08, 29.76; C25H28C12FN302+ 1120 requires C, 58.83; H,
5.92; N, 8.23; Found C, 59.09; H, 5058; N, 8.16. 106 EXAMPLE 44

(2'R 33,4 R 5 R) 6- CHLORO- 41- ( 3- CHLORO- 4- FLUORO- PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI R([ | NDOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D DI METEHELAM DE (KE-45) [0197][a] 25D 97.4 (c
1, CHCL3); 111 NWR (300 MHz, CDC13), (5 9.10 (br,

EXAMPLE 46

(2'R,35,4'R,5'R) 6-CHLORO-4'-(6-BROMO-PYRIDIN-2-YL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-50)

Ci

[0199] 'H NMR (300 MHz, CDCls), 6 8.37 (br, 1H), 7.25 ~ 7.23 (m, 2H),
6.81 ~6.77 (m, 4H), 5.04 (d,J = 8.34 Hz, 1H), 4.17 (d, J = 8.41 Hz, 1H), 3.67
(d, J = 9.17 Hz, 1H), 3.09 (s, 3H), 2.96 (s, 3H), 1.73 (br, 1H), 1.50 (dd, J =
9.99, 14.10 Hz, 1H), 0.99 ~ 0.90 (m, 1H), 0.87 (s, 9H); *C NMR (75 MHz,
CDCly), & 181.25, 170.60, 159.68, 141,96, 141.14, 138.80, 133.38, 127.06,
126.98, 126.36, 123.62, 121.98, 109.88, 69.70, 64.79, 64.11, 60.08, 42.97,
37.32, 35.92, 30.19, 29.84.

EXAMPLE 47

I'-METHYL-2"-(2-METHYL-PROPENYL)-4'-PHENYL-1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE (KE-13)




111), 7.18 (d, J = 6.16 Hz, 111), 7.01 - 6.90 (m 2H), 6.89 (d, J = 1.75
Hz, 111), 6.75 (dd, J = 1.80, 8.10 Hz, 1H), 6.45 (d, J = 8.11 Hz, 1H), 4.47
(d J=7.73 Hz, 1H), 4.06 (d, J = 7.84 Hz, 1H, 3.49 (d, J = 9.62 Hz, 1H),

2.98 (s, 6H), 1.48 (dd, J = 9.96, 14.18 Hz, 1H), 1.03 - 0.89 (m 1H), 0.83
(s, 9H): 13C NVR (75 Mz, CDC13). (3 181.25, 169.85, 158.69, 142.49.
135.97, 155.65, 130.51, 128.50, 126. &P 125. 62, 121.85, 121.08, 116. 75,
110.50, 68.37, 65.47, 64.27, 57.54, 43.13, 37.26, 36.17, 30.12, 29.80;
C25H28CL2PN302 requires C, 60.98; H, 5.73: N, 8.53; Found C, 61.05; H,
6.26; N, 7&&@” 107, EXAVPL

R)

(2'R 35, 4 6- CRITCHE 4 4§§MZ&Q@%WC¥O'?‘1M(ZZ)HE(IOOmmol),

DI METHYL- BUTYL)N eBplElyting (1B dﬁtﬂR@dSR’n -biNECInEL- (B34 Bithol) in 100 mL

PYRROLI DI NE] - 5 11 NMR (300
Mo, CDOL) | 18 R ag bl e k7 TR e %%z”@nd%ﬂ%érﬁﬁu% 02 (m< iy
6.88 (d, J = 1.waypygie sml)cag@cql@mmdleldjhe:prqdues 8.11 Hz, 6.37 (d, J =
?dl?»JHZ glﬂz)ﬂ] 4. 53H BMRJ360 MH%SCIMZI;,&M)é (br41}£317{zzdd j—=8<ﬁ I‘ﬂzl HZ 131%7 3.49
14.17 He, Hﬁ@%‘ b?gs g‘if’}’ﬁ 617CZ 6672(1“ Srﬁz (ﬁiﬁgﬂ) ‘b159(‘2’ 87 (in, 1H),
0.78 (s, 611) 30864, (11—5511,:tzmaz, 1Hy, 2.8 11).61 GBCHNVR2(@S IME31, CDC13), a

181. 18, 170. 13¢.5342. 46 5441 3B, 1534 3 B83aiR 2 RmB2eBeg; §8 127. 57,

127.08, 126.54, 125.°78
18061 14307 138.56, 135.89, 133.75, 128.14, 127.78, 127.55, 127.32,

127.10, 121.45, 120.85, 110.33, 67.38, 57.30, 47.31, 43.06, 34.77, 23.09,
14.19.

EXAMPLE 48

6-CHLORO-1'-METHYL-2'-(2-METHYL-PROPENYL)-4'-PHENYL-1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE (KE-2)

[0202] Using a method similar to that in Example 47, this compound was
synthesized.
[0203) 'H NMR (300 MHz, CDCly), 6 7.56 (br, 1H), 7.28 (d, ] = 8.04 Hz,

2H), 7.13 ~7.02 (m, 4H), 6.72 ~ 6.67 (m, 3H), 5.73 (s, 1H), 3.49 (dd, J = 5.46,
12.21 Hz, 1H), 2.65 (dd, J = 12.64, 17.30 Hz, 1H), 2.32 (dd, J = 3.21, 18.31

" Hz, 1H), 2.08 (s, 6H), 1.91 (s, 3H); C NMR (75 MHz, CDCly), & 180.21,
142.86, 138.57, 135.89, 133.75, 128.17, 127.81, 127.64, 127.33, 127.11,
121.52, 120.75, 110.20, 67.40, 57.33, 47.33, 43.15, 34.74, 23.12.



121.74, 110.32, 67.90, 65.36, 64.47, 58.05, 40.79, 37.22, 36.20, 34.15,
32.57, 27.15, 26.91, 8.22. 108 EXAMPLE 46

(21R 3S, 4' R 5' R) 6- CHLORO- 4' - ( 6- BROVD- PYRI DI N- 2- YL) - T- ( 2, 2-

DI METHYL- PROPYL) - 2- 0XO- 1, 2- DI HYDRO- SPr Ro[ | NDOLE- 3, 3' -

PYRROLI DI NE1- 51- CARBOXYLI C ACI D DI METHYLAM DE (KE-50) N Cl'H [0199] 111 NMVR
(300 MHz, CDC13), 8 8.37 (br, 1H), 785 - 7.23 (m 2H), 6.81 - 6.77 (m
4H), 5.04 (d, J = 8.34 Hz, 111), 4.17 (d, J = 8.41 Hz, 1H), 3.67 (d, J
9.17 Hz, 111), 3.09 (s, 3H), 2.96 (s, 3H), 1.73 (br, 111), 1.50 (dd, J
9.99, 14.10 Hz, 1H), 0.99 - 0.90 gg%%%t% 0.87 (s, 9H); 13C NVR (75 Miz,
CDC13), 45 181.25, 170.60, 159. 68, 96° 141.14. 138,80, 133.38, 127. 06,

53-6.338,3;28.236,301 3%‘%%‘{ .-Z_I.(2 9.8 ENQ’%)— -%XOEE?,Q})?E 614(0_11, 60. 08, 42.97,
1' - NETHYL- 2 - (2- DBEER RO RRGLIL By ,gx_lj:)gQXYLICACIDTERT-

[0204] Using a method similar to that in Example 47, this compound was

synthesized.
{0205] "THNMR (300 MHz, CDCly), 6 8.53 (br, 1H), 7.42 (d, ] = 7.40 Hz, 1H),

7.20 (td, T = 1.27, 7.69 Hz, 1H), 6.99 (td, T = 0.97, 7.53 Hz, 1H), 6.86 (d, J =
7.66 Hz, 1H), 4.42 (dt, J = 1.33, 9.32 Hz, 1H), 3.85 (dd, J = 5.51, 9.72 Hz,
1H), 3.66 (dd, T = 5.49, 10.80 Hz, 1H), 3.58 (4, J = 9.32 Hz, 1H), 2.70 (t, ] =
9.87 Hz, 1H), 2.28 (s, 3H), 1.63 (d, J = 1.23 Hz, 3H), 1.49 (d, J = 1.20 Hz,
3H), 0.95 (s, 9H); SCNMR (75 MHz, CDCly), 6 179.44, 169.54, 141.21,
138.48, 129.20, 127.89, 126.16, 122.15, 120.52, 108.86, 80.80, 71.64, 60.95,
54.48, 49.94, 39.97, 27.17, 26.05, 18.48.



SPI ROONDCLE- 3, 31- PYRRCLI DI NI - 2- ONE ( KE- 13) 109 [0200] A mi xture of

3- E- 3-benzyl i dene- 1, 3-di hydro-i ndol-2-one (10.0 mml), N-nethyl-glycine (14
nunol ) and 3-net hyl -but-2-enal (14 nmol) in 100 nL tol uene was refluxed for
6 hours. The solvent was renoved and the residue was purified on silica gel
colum to yield the product. [0201]1}ﬁ NVR (300 MHz, CDC13), 45 8.06 (br,
1H, 7.28 (d, J =8.01 Hz, 1H), 7.10 - 6.95 (m 411), 6.74 - 6.67 (m 411),
5.72 (s, 111), 4.15 (m 111), 3.48 (dd, J = 5.51, 12.01 Hz, 111), 2.71 -
2.61 (m 111), 2.32 (dd, J = 5.31, 18.54 Hz, 1H), 2.05 (s, 311), 1.84 (s,
611); 13C NMR (75 MHz, CDC13), S 18QafbLE343. 07, 138.56, 135. 89,
133.75,128.14,127.78,127. 55, 127.32, 127.10,

[0206] To a solution of (2-0x0-1,2-dihydro-indol-3-ylidene)-acetic acid ethyl
ester and the complex formed by 2-bromo-l-phenyl-ethanone and 3.4-
dibydro-isoquinoline (a salt) in CH;Ch, EN was added. The resulting
solution was stirred at room temperature overnight. The solvent was removed
and the residue was purified on a silica gel column to yield the product.

[0207] '"H NMR (300 MHz, CDCl3), 6 8.13 (br, 1H), 8.10 (4, J = 1.47 Hz,
1H), 8.07 (d, J = 7.58 Hz, 1H), 7.63 ~ 7.59 (m, 1H), 7.55 ~ 7.49 (m, 2H), 7.44
(s, 1H), 7.32 (d, J = 7.62 Hg, 1H), 7.21 ~ 7.16 (m, 1H), 7.08 ~ 7.05 (m, 1H),
6.86 ~ 6.80 (m, 2H), 6.16 (4, ] = 7.65 Hz, 1H), 5.42 (d, J =7.38 Hz, 1H), 5.19
(s, 1H), 4.27 (d, J = 7.35 Hz, 1H), 3.89 ~ 3.76 (m, 3H), 3.22 ~ 3.15 (m, 1H),
2.96 (d, J=5.14 Hz, 1H), 2.95 (4, ] = 5.83 Hz, 1H), 0.76 (4, T = 7.15 Hz, 3H);
BC NMR (75 MHz, CDCly), & 197.64, 180.02, 169.25, 140.69, 137.00,
134.62, 133.07, 132.50, 130.99, 128.57, 128.50, 128.33, 126.91, 12631,
125.65, 124.68, 123.19, 109.10, 71.09, 70.71, 63.02, 60.55, 55.12, 46.76,
28.97, 26.95, 13.49.



121. 45, 120.85, 110.33, 67.38, 57.30, 47.31, 43.06, 34.77, 23.09, 14.19.
EXAMPLE 48 6- CHLORO- 1r - METHYL- 21- ( 2- METHYL- PROPENYL) - 4LPHENYL- 1H-
SPI RO | NDOLE- 3, 3' - PYRROLI D11\ 1] - 2- ONE ( KE- 2)

112

EXAMPLE 51

[0208] Using a method similar to that in Example 50, this compound was
synthesized.
[0209) 'H NMR (300 MHz, CDCly), é 8.25 (br, 1H), 7.51 (d, J = 7.26 Hz,

2H), 735 ~7.22 (m, 3H), 7.01 ~ 6.95 (m, 5H), 6.95 ~ 6.89 (m, 3H), 5.15 (d, J
=3.90 Hz, 1H), 4.18 (dd, J = 4.15, 9.09 Hz, 1H), 3.93 (d, J = 9.10 Hz, 1H),
3.57 (s, 1H), 3.37 ~ 3.30 (m, 1H), 3.18 ~ 3.15 (m, 1H), 2.90 ~ 2.80 (m, 2H),
0.78 (s, 9H).

EXAMPLE 52




[0202] Using a nethod simlar to that in Exanple 47, this conmpound was

synt hesi zed. [0203] 111 NWR (300 MHz, CDC13), 5 7.56 (br, 1H), 7.28 (d, J =
8.04 Hz, 211), 7.13 -7.02 (m 4H), 6.72 -6.67 (in, 311), 5.73 (s, 111),
3.49 (dd, J = 5.46, 12.21 Hz, 1H), 2.65 (dd J = 12.64, 17.30 Hz, 1H), 2.32
(dd, J = 3.21, 18.31 Hz, 111), 2.08 %3 1.91 (s, 311); 13C NWR (75
MHz, CDC13), 5 180.21, 142.86, 138.5%;° 135. 89 133. 75, 128.17, 127.81,
127.64, 127.33, 127.11, 121.52, 120.75, 110.20, 67.40, 57.33, 47.33, 43.15,
34 74, 23.12. 110 EXAMPLE 49

SPI gEqu_ @@23|_PY%&@QPK@%)N@%&%%%%%B%Wm%W ESTER ( KE- 3)

[0204] Usi ng a reempleS&inilar to that in Exanple 47, this conpound was

h 20 2 (d, =
?yzg a;l Ze%zli];) 5] 'IHNM?\ é@@%ff%“'ébc%b@a (b16 1ﬁ),51357(~bf 42 (:H")SH)Z g 9(7 7353

6. 99

Hz, 1H). 6. 86 (7d35':] 23@]6‘@&“1@83 (ﬂa3H26(7ét" 67 (w, 33 0891 éz Hz, 1H), 3.85
(dd, S = 5.51, )97071& Hz), 5.4H), 158, 68 ({,d¢.5.83 12, T1) 40 (4. 0= 8@9Hz,,1HlH) (3 58 (d, J
=9.32 H, III 2 63 J=1.23
Hz, 3H), 1.49 (4d1°23193§“£5‘9ﬁz°4%%3) 75 B%I_Z?*% 3% %ﬁ@% 175 Mz, CDC13). &
179. 44, 169. 54,3.904m, PH), 2.986!, 185.88 g, 12@28927283%, 1962.15> 25000,15, 120. 52,
é?(ii\/gﬁiz 28-80, 168, Gk (1, 69690 1P A8C MR 84 MiBIeBCL,), 817815, 17899,05, 18.48. 111

141.75, 137.37, 134.08, 128.96, 128.29, 128.15, 127.54, 127.17, 126.34,

125.80, 125.65, 124.98, 124.43, 122.60, 109.65, 70.84, 69.22, 67.95, 61.06

60.60, 44,58, 26.92, 22.64, 13.74.

2

EXAMPLE 53

KE-6

{0212] This compound was prepared by the hydrogenation of example 51.

[0213] "H NMR (300 MHz, MeOH-dg), § 7.65 ~ 7.42 (m, 6H), 7.23 ~ 7.18 (m,
3H), 6.96 ~ 6.93 (m, 2H), 6.23 (d, J = 7.85 Hz, 1H), 6.00 (s, 1H), 542 (4, T =
6.62 Hz, 1H), 5.28 (t, J = 6.16 Hz, 1H), 3.59 ~ 2.83 (m, 6H), 1.46 (s, 9H).



[ 0206] To a solution of (2-o0xo-1,2-dihydro-indol-3-ylidene)-acetic acid
ethyl ester and the conplex fornmed by 2-brono-I-phenyl-ethanone and 3, 4-

di hydro-isoquinoline (a salt) in CH2Cl12, Et3N was added. The resulting
solution was stirred at roomtenperature overnight. The sol vent was renoved
and the residue was purified on a silica gel colum to yield the product.
[0207] H NMR (300 MHz, CDC13), (5 8.1% (br, 1H), 8.10 (d, J = 1.47 Hz,

111), 8.07 (d, 3 = 7.58 Hz, 1H), 7. 63 - 7.59 (m 1H), 7.55 - 7.49 (m 2H)
7.44 (s, 1H, 7.32 (d, J = 7.62 Hz, 7.21 - 7.16 (n1 111), 7.08 - 7.05

1H), 6.86 - 6.80 2 7. 65 Hz, 5.42 (d, J =7.38
ﬁgf 1F3 5.19 (s, 1%0(”2 2;D(d ngggmgé fz 3 89 - 3 76 §.n 3H),

3.22°- 3.15 (m 14 sw - 5.83 Hz, 1H),
0.76 (d, J = 7. ¥% “ 4 180 02,
169. 25, 140. 69, Tr97 ﬂD& 128. 50,

128. 33,

[0214] 'H NMR (300 MHz, CDCl;), 8 9.05 (s, 1H), 7.26-6.79 (m, 4H), 3.72
(d, J= 8.0Hz, 1H), 3.26 (d, J= 8.3, 1H), 3.11-2.95 (m, 2H), 2.89 (d, J = 4.5Hz,
3H), 2.50 (t, ] = 3.3Hz, 1H), 2.29 (br, 1H), 1.93 (s, 1), 1.70 (s, 1H), 1.43-
1.21 (m, 5H), 1.19-0.85 (m, 3H), 0.74 (s, 9H); C NMR (75 MHz, CDCly), 6
182.36, 176.77, 142.27, 133.62, 128.30, 125.29, 122.09, 110.62, 67.30, 67.14,
61.70, 57.76, 43.20, 38.51, 34.61, 32.77, 31.54, 30.64, 30.02, 29.71, 26.29,
26.02, 25.69.

EXAMPLE 55

(2'R,35,4'R,5'R) 6-CHLORO-4'-CYCLOPENTYL-2'-(2,2-DIMETHYL-
PROPYL)-2-0OX0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (G-52)




126.91, 126.31, 125.65, 124.68, 123.19, 109.10, 71.09, 70.71, 63.02, 60.55,
55.12, 46.76, 28.97, 26.95, 13.49. 112 EXAMPLE 51 [0208]Using a net hod

[ 0209] NMVR
735 - 7.22
6.95 (m 5H), 6.95 - 6.89 (m 311), 5.15 (d, J = 3.90 Hz,

simlar to that i
(300 MHz, CDC13),
(m 311), 7.-01 -

n Exanpl e 50, this conpound was synt hesi zed.

3 8.25 (br, 1H), 7.51 (d, J = 7.26 Hz, 2E1),

111), 4.18 (dd, J = 4.15, 9.09 Hz, 1Hf> 3.93 (d, J = 9.10 Hz,

111), 3.37 - 3.30 (m 1H),

(s, 9H).
[0215]
(da

'"H NMR (300 MHz, CDCly), & 9.12 (s, 1H), 7.26-6.97 (m, 4H), 4.13
J =7.1Hz, 1H), 3.68 (d, J = 7.7Hz, 1H), 3.11-2.95 (m, 2H), 2.97 (s, 3H),

2.62 (t, J = 2.2Hz, 1H), 1.92-1.86 (m, 2H), 1.61-1.08 (m, 7H), 0.75 (s, 9H);
BC NMR (75 MHz, CDCly), & 182.52, 174.10, 142.48, 133.71, 128.60,
125.65, 122.26, 110.57, 68.98, 66.47, 61.94, 59.09, 43.50, 41,58, 31.59, 31.45,
30.84, 30.06, 26.29, 25.48, 24.63.

EXAMPLE 56

(2'R,3S,4'R,5'R) 6-CHLORO-4'-CYCLOHEXYLMETHYL-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

- PYRROLIDINE}-5'-CARBOXYLIC ACID DIMETHYLAMIDE (G-53)

[0216]
(s,

ct N

'H NMR (300 MHz, CDCL), § 9.33 (s, 1H), 7.10-6.85 (m, 4H), 3.76
1H), 3.31-2.95 (m, 10H), 2.56 (s, 1H), 1.83-1.54 (m, 6H), 1.31-1.09 (m,

6H), 0.85 (s, 9H); *C NMR (75 MHz, CDCl), 6 182.80, 170.32, 142.54,
133.86, 120.02, 121.86, 116.72, 110.48, 76.60, 63.54, 69.48, 51.01, 43.29,

37.

86, 37.53, 35.96, 35.50, 32.86, 32.13, 30.09, 29.82, 26.36, 26.12.

1H),

3.57 (s,

3.18 - 3.15 (m 111), 2.90 - 2.80 (m 211), 0.78



EXAMPLE 52 113 [ 0210] Thi s conpound was prepared by hydrogenation
of the conpound of exanple 50. [0211] 111 NMR (300 MHz, CDC13), 6 7.93 (br,
111), 7.57 - 7.42 (m 3H), 7.35- 7.23 (m 411), 7.11 - 6.93 (in, 311),
6.76 - 6.67 (m 211), 6.08 (d, J =7.70 Hz, 1H), 5.41 (s, 1H), 5.24 (d, J =
5.83 Hz, 1H), 4.60 (t, J 5.89 Hz, 1%“1) 4.10 - 4.03 (m 111), 4.04 (q, J
= 7.14 Hz, 2H), 3.24-320(m 1H) 12 - 3.03 (m 111), 2.98 (d, J =
5.88 Hz, 111), 2.89 - 2.81 (m 1H), 2.55 - 2.50 (m 111), 0.93 (t, 3 = 6.40
Hz, 311); 13C NWR (75 MHz, CDC13), 5 178.51, 170.99,

EXAMPLE 57

(2'R,38,4'R,5'R) 6-CHLORO-2"-(2,2-DIMETHYL~PROPYL)-2-0X0-4'-
PYRIDIN-2-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (G-56)

,L

[0217] '"H NMR (300 MHz, CDCls), & 9.13 (s, 1H), 8.61 (¢, J= 2.2Hz, 1H),
7.38 (t, ] = 2.2Hz, 1H), 7.07 -7.03 (m, 1H), 6.86 (d, J=2.1Hz, 1H), 6.78 (d, T =
8.0Hz, 1H), 6.63-6.60 (m, 1H), 6.50 (d, J = 8.0Hz, 1H), 5.23 (d, J = 7.8Hz,
1H), 4.12 (d, J = 8.0Hz, 1H), 3.51 (d, J = 9.3Hz, 1H), 3.0-2.92 (m, 6H), 1.50-
1.32 (m, 1H), 0.88 (m, 1H), 0.82 (s, 9H); '>C NMR (75 MHz, CDCL), &
181.80, 171.13, 158.49, 148.66, 142.33, 136.51, 133.12, 127.04, 126.30,
125.74, 124.29, 122.19, 121.56, 109.97, 68.86, 64.88, 63.77, 59.85, 53.41,
42.76, 37.08, 35.91, 31.55, 30.43.



141.75, 137.37, 134.08, 128.96, 128.29, 128.15,127.54,127.17, 126. 34,

125.80, 125.65, 124.98, 124.43, 122.60, 109.65, 70.84, 69.22, 67.95, 61.06,
60. 60, 44.58, 26.92, 22.64, 13.74. EXAWPLE 53 KE-6 [0212] This conmpound was
prepared by the hydrogenati on of exanple 51. :

117

EXAMPLE 58

(2'R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-0X0-4'-
THIOPHEN-2-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (G-57)

Ci
[0218] 'H NMR (300 MHz, CDCls), & 8.38 (s, 1H), 7.10 (d, J=5.0Hz, 1H),
6.80-6.35 (m, 5H), 4.48 (d, = 7.0Hz, 1H), 4.27 (d, J=7.3Hz, 1H), 3.51 (d, ] =
9.3Hz, 1H), 2.98 (d, J = 7.8Hz, 6H), 1.52-1.44 (m, 1H), 1.31-1.23 (m, 1H),
0.84 (s, 9H); “CNMR (75 MHz, CDCL), & 180.64, 169.93, 142.30, 142.09,
133.58, 127.06, 126.73, 126.20, 125.34, 124.30, 121.83, 110.05, 67.69, 67.52,

64.34, 53.28, 43.05, 37.09, 36.21, 31.57, 30.15, 29.82.

EXAMPLE 59

(2'R,35,4'R, 5'R) 4-(3-BROMO-PHENYL)-2(2,2-DIMETHYL-PROPYL)-2-
0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'"-
CARBOXYLIC ACID DIMETHYLAMIDE (G-58)




[ 0213] IHNVR (300 MHz, MeOH-d6), 6 7.65 - 7.42 (in, 611), 7.23 -7.18 (in,
311), 6.96 - 6.93 (m 2H), 6.23 (d, J = 7.85 Hz, 1H), 6.00 (s, 111), 5.42
(d,”J = 6.62 Hz, 1H), 5.28 (t, 3 = 6.16 Hz, 111), 3.59 - 2.83 (in, 611),
1.46 (s, 9H). 114 EXAMPLE 54 (2 'R 3S,4 'R 5'R)

6- CHLORO- 4' - CYCLOBEXYL- 2' - ( 2, 2- DI METHYL-

PROPYL) - 2- 0X0- 1, 2- DI CHYDRO- SPI RO | NDAUE- 3, 3' - PYRROLI DI NE] - 5LCARBOXYLI C
ACI D DI METHYLAMLDE (G 51) [0214]11-1 NMR (300 MHz, CDC13), (3 9.05 (s,
1H), 7.26-6.79 (m 4H), 3.72 (d, J= 8.0Hz, 111), 3.26 (d, J= 8 3 1H),

3.11-2.95 ( 2 (i 2.29
(br, 111), Tﬁ?‘“&%"?&”%%%% ¥ Br T leglib“ %50 55 (m
3H), 0.74 (s 9#908 ~1736 (B, 783 (2 = 7@EDELE3)ED, 674 61, BE74LTROTE, 142.27,
133. 62, 128. 30, 1&%%52? 13%59{9 1}%%%5‘?@4 =6%s%0; 115,74 Aq, 1&Y 4, 57- 76, 43. 20,
38.51, 34.61, 32 1.5
H),354(d, 7= 914Hz 1H),3.21 (br, 1H), 2.98 (s, 3H), 2.93 (s, 3H), 1.54 ~

1.46 (m, 1H), 1.03 ~ 0.92 (m, 1H), 0.82 (s, 9H); *CNMR (75 MHz, CDCl,), 5

161.22, 170.23, 141.42, 141.19, 131.61, 130.22, 129.85, 128.25, 127.75,

127.56, 124.93, 122.40, 121.75, 109.60, 68.09, 65.06, 64.65, 58.32, 43.25,

37.22, 36.14, 30.12, 29.80.

EXAMPLE 60

(2'R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-4'-(1-METHYL-
1H-PYRROL-2-YL)-2-0OXO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (G-84)

{0220} '"H NMR (300 MHz, CDCl3): & 8.33 (s, 1H), 6.88 (s, 1H), 6.71 (d, J =
7 Hz, 1H), 6.38-6.08 (m, 4H), 4.56 (d, J = 7.0 Hz, 1H), 4.01 (4, J =7.3 Hz,
1H), 3.43 (d, J = 9.3 Hz, 1H), 3.14 (s, 3H), 3.05 (s, 3H), 2.90 (s, 3H), 1.41-
1.27 (m, 1H), 0.92 ~ 0.90 (m, 1H), 0.89 (s, 9H); *C NMR (75 MHz, CDCly):
5 180.62, 170.48, 148.61, 133.57, 130.31, 126.26, 123.71, 122.62, 122.21,
109.66, 107.37, 106.90, 67.50, 65.41, 63.44, 48.36, 42.25, 37.25, 36.23, 34.64,
33.17, 30.09, 29.80.



30.02, 29.71, 26.29, 26.02, 25.69.  EXAMPLE 55 (2 'R SR

6- CHLOR04- CYCLOPENTYL- 2' - (2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO - SPI RO
[ | NDOLE- 3,3 YRRO LI DI NEJ 5' - CARBOXYLI C ACM DI METHYLAM DE (G 52) 115
E0215111-1 NWVR (300 MHz, CDC13), (5 9.12 (s, 111), 7.26-6.97 (m 4H), 4.13

119

EXAMPLE 61

(2R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-0XO-4'-
PYRIDIN-4-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (G-83)

[0221) 'H NMR (300 MHz, CDCls): 6 8.91 (s, 1H), 8.39 (d, J = 10 Hz, 2H),
7.53 (d, J =7 Hz, 1H), 7.34 (d, J= 7 Hz, 1H), 7.08 (d, J = 7.1Hz, 2H),' 6.75
(s, 1H), 4.89 (d, J = 8.10 Hz, 1H), 4.49 (d, J = 8.12 Hz, 1H), 3.75 (4, J = 9.32
Hz, 1H), 3.04 (s, 3H), 2.91 (s, 3H), 1.31-1.27 (m, 1H), 0.90 ~ 0.86 (m, 1H),
0.85 (s, 9H); *C NMR (75 MHz, CDCL): & (ppm) 178.60, 172.67, 149.87,
148,85, 142.78, 136.81, 134.41, 126.71, 123.92, 123.80, 123.20, 110.92,
66.75, 66.39, 61.60, 55.46, 43.84, 37.91, 36.72, 30.59, 30.22.

EXAMPLE 62

(2R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-0XO-4'-
PYRIDIN-3-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (G-82)




(d, J = 7.111z, 1H), 3.68 (d, J = 7.7Hz, 111), 3.11-2.95 (m 211), 2.97 (s,
311), 2.62 (t, J = 2.2Hz, 111), 1.92-1.86 (m 211), 1.61-1.08 (m 7H), 0.75
(S, 911); 13C NI\/R(75 VHz , CDC13), .3 182.52, 174.10, 142.48, 133.71,

128. 60, 125.65, 122.26, 110.57, 68.98, 66.47, 61.94, 59.09, 43.50, 41.58,
31.59, 31.45, 30.84, 30.06, 26.29, 25.48, 24.63. EXAMPLE 56 (2 'R 3S, 4 'R
5'R) 6- CHLORO- 4LCYCLOHEXYLMETHYL- 2' -(129 2-

DI METHYL- PRCPYL) -2-0X0- 1, 2- DI HYDRO- SPI ROUNDOLE- 3, 3' -

PYRROLI DlNE) 5' - CARBOXYLI C ACI D DI METHYLAM DE (G—53) [0216111 1 NVR (300
Mz, CDCL3), 6.9.33 7.10- in. 411), 3.76 (s, 111), 3.31-2.95
e or ) woBar o S leve i, R Sy 18 B 1065 B ) o856
oH): 13C NVR (757M‘R42(QD€H)3)158@ 182 B0V B2~ 442, 159,,3.5838 /86, 129. 02,

3506, 35,50, 30 b 39 7% (gt e By 13 B msfiol o 73 B, 31 5

(2'R 3S,4'R 5R) @84asuam‘3<2mm(7zmm/enmmmuyo% D3(074148.90,
PYRI DI N-2- YL- 1, 2¢ D, Y CARBOXYLI C
ACI D DINETHYLAM & %_N i!g Bfoﬁ %é %2 9N|v|?26 f 3@?%51%6?@)85 5 9.13 (s,
1H), 8.61 (t, 1=58984%34, 64y, 56.55,43.58,37.72, 36.60,31.99, 30.59, 30.25.

EXAMPLE 63

(2'R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-4-FURAN-3-
YL-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID METHYLAMIDE (G-81)

[0223) 'H NMR (300 MHz, CDCly): & 9.01 (s, 1H), 7.30-6.56 (m, SH), 6.01
(s, 1H), 4.08 (d, J = 7.50 Hz, 1H), 3.75 (d, J = 7.50 Hz, 1H), 3.42 (d, J= 9.00
Hz, 1H), 2.99 (s, 3H), 1.53-1.43 (m, 1H), 0.91 ~ 0.86 (m, 1H), 0.84 (s, 9H);
®C NMR (75 MHz, CDCL): § 181.26, 173.14, 143.63, 142.69, 140.61,
134.18, 127.30, 126.60, 123.45, 123.41, 111.25, 110.62, 67.97, 66.08, 62.96,
48.57, 44.09, 30.57, 30.35, 26.60.



7.38 (t, J = 2.2Hz, 1H), 7.07 -7.03 (m 1H), 6.86 (d, 3= 2.1Hz, 1H), 6.78
(d, J = 8.0Hz, 1H), 6.63-6.60 (m 1H), 6.50 (d, J 8.0Hz, 1H), 5.23 (d, J =
7.8Hz, 1H), 4.12 (d, J = 8.0Hz, 1H), 3.51 (d, J = 9.3Hz, 1H), 3.0-2.92 (m
611), 1.50- 1.32 (m 1H), 0.88 (m 1H), 0.82 (s, 9H); 13C NMR (75 Mz,
CDC13), 5 181.80, 171.13, 158.49, 148,66, 142.33, 136.51,133.12, 127. 04,
126.30, 125.74, 124.29, 122.19, 121.58! 109.97, 68.86, 64.88, 63.77, 59.85,
53.41, 42.76, 37.08, 35.91, 31.55, 30.43.

EXAMPLE 64

(2'R,35,4'R,5'R) 6-CHLORO-2"-(2,2-DIMETHYL-PROPYL)-4-FURAN-2-~
YL-2-0X0-1,2-DIHYDRO-SPIRO{INDOLE-3,3-PYRROLIDINE]-5"-
CARBOXYLIC ACID METHYLAMIDE (G-80)

[0224] "H NMR (300 MHz, CDCls): & 8.98 (s, 1H), 7.43 (J = 4.8 Hz, 1H),
7.13 ~ 6.74 (m, 3H), 6.10 ~ 6.05 (m, 2H), 4.47 (d, J=9.30 Hz, 1H), 4.17 (d, J
= 9.35 Hz, 1H), 3.67 (d, J = 8.00 Hz, 1H), 2.89 (d, ] = 4.90 Hz, 3H), 1.39-1.24
(m, 1H), 0.93 ~ 0.85 (m, 1H), 0.88 (s, 9H); °*C NMR (75 MHz, CDCL): §
178.45, 173.65, 151.36, 14240, 142.15, 134.26, 126.04, 125.88, 122.33,
111.11, 110.49, 107.83, 65.77, 65.20, 64.01, 52.45, 45.11, 32.00, 30.57, 30.36,
26.48.

EXAMPLE 65

(2'R,35,4'R,5'R) 4'-(3-BROMO-PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-6-
METHOXY-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-61)




117 EXAMPLE 58 (2 '12,3S, 4 R 5 '17?)

6- CHLORO- 2' - ( 2, 2- DI METHYL- PROPYL) - 2- 0X0- 4' - THI OPHEN- 2- YL- 1, 2

- DI HYDRO- SPI RO [ ENDO LE-3 , T- PYRROLI DI NE] 5LCARBOXYLI C ACI D DI METHYLAM DE
(G 57) [ 0218] NMR (300 MHz, CDC13), 5 8. 38 (s, 1H), 7.10 (d, J=5.0Hz,
1H), 6.80-6.35 (m 5H), 4.48 (d, J= 72% , 4.27 (d, J=7.3Hz, 111),
3.51 (d, J 9.3Hz, 1H), 2.98 (d, J = 7°8Hz, 1.52-1.44 (m 1H),
1.31-1.23 (m 1H), 0.84 (s, 9H); |3c44R(75 |sz, CDC13), S 180.64, 169. 93,
142.30, 142.09, 133.58, 127.06, 126.73, 126.20, 125.34, 124.30, 121.83,

20 5. EXAMLE so (3 NHk A iy s, ] @ I8 A 57, 50T
4' - ( 3- BROVD> PHEM&()LJZ*W@&Z&PDE\EWK“!PW (dpl=6.6 Hz, 1H), 3.95 (4,

OX0- 1, 2- DI T1 YDRO: SELROUNDAL: Sy 4§°(Mmlg»|ﬂzl\ﬂ) 557 (;CARBOYE C ACI D
DI NETHYLAM DE (3%)5¥)51 1.43 (rg, {1), 12§L ](m 15y, 0. Ny (s, 9H); *C NMR (75 MHz,
CDCl3) & 182.11, 170.81, 159.97, 142,78, 142.25, 132.10, 130.64, 130.32,
128.08, 126.09, 122.86, 120.31, 107.33, 97.00, 68.46, 65.74, 64.75, 58.54,

55.72,43.63, 37.64, 36.56, 31.99, 30.59, 30.30.

EXAMPLE 66

(2'R,35,4'R,5'R) 6-(CHLORO-4’-(3-CHLORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5’-~CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
BETHYL)-AMIDE (KE-79)

[0226) [0]®p 45.29 (c 0.17, CH,Ch); 'H NMR (300 MHz, CDCl;) § 8.33 (s,
1H), 7.17-7.10 (m, 4H), 6.95 (d, J = 4.4 Hz, 1H), 6.81 (dd, J,; = 8 Hz, J,= 1.6
Hz, 1H), 6.70 (d, J = 1.8 Hz, 1H), 6.31 (d, /=8 Hz, 1H), 4.33 (d, J= 7.1 Hz,
1H), 3.88 (d, J = 7.12 Hz, 1H), 3.67-3.60 (m, 4H), 3.57 (d, J = 8.1 Hz, 1H),
3.43-3.40 (m, 2H), 2.71-2.28 (m, 7H), 1.53-1.43 (m, 1H), 1.29-1.2 (m, 1H),
0.85 (s, 9H); "*C NMR (75 MHz, CDCl;) & 180.82, 172.17, 142.67, 141.28,
134.76, 134.18, 130.15, 128.98, 127.98, 127.46, 126.92, 126.25, 122.29,
110.66, 67.51, 67.33, 66.65, 64.03, 57.47, 57.20, 53.61, 44.28, 36.04, 31.99,



41(R) (2) 2" oRY'i NrH 118 [0219]11-1 NMVR (300 MHz, CDC13), 8.75 (br, 1H),
7.30 - 7.27 (In, 2H), 7.08 - 7.03 (m 3H), 6.83 (d, J = 7.63 Hz, 1H), 6.74
(dd, J = 7.45, 7.49. Hz, 1H), 6.53 (d, J = 7.45 Hz, 1H), 4.55 (d, J = 7.68
Hz, 1H), 4.02 (d, J = 7.67 Hz, 1H), 3.54 (d, J = 9.14 Hz, 1H), 3.21 (br,
1H), 2.98 (s, 3H), 2.93 (s, 3H), 1.54,: 1.46 (m 1H), 1.03 - 0.92 (in, 1H),
0.82 (s, 9H): I3CNMR (75 Mz, CDC13),'2361.22, 170.23, 141.42, 141.19,

131. 61, 130.22,129.85, 128.25, 127.75, 127.56, 124.93, 122.40, 121.75,

[0227]

30.63, 30.50, 30.31; CooH3pClaN4O5 + 0.5 HyO requires C, 61.26; H, 6.56; N,
9.85; Found C, 61.38; H, 7.08; N, 9.50.

EXAMPLE 67

(2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-
PROPYL)-AMIDE (KE-78)

9

'"H NMR (300 MHz, CDCL3), & 8.57 (s, 1H), 7.29 (s, 1H), 7.28-7.10
(m, 3H), 6.96-6.93 (m, 1H), 6.80 (d, J = 1.6 Hz, 1H), 6.68 (dd, J; = 7.3 Hz, J;
= 1.6 Hz, 1H), 6.27 (d, J = 8.1 Hz, 1H), 4.28 (d, J = 6.9 Hz, 1H), 3.87 (d, J =
7.3 Hz, 1H), 3.86-3.67 (m, 4H), 3.35 (d, J = 7.6 Hz, 1H), 3.89-3.34 (m, 2H),
2.43-2.37 (m, 6H), 1.72-1.68 (m, 2H), 1.53-1.48 (m, 1H), 1.29-1.26 (m, 2H),
0.84 (s, 9H); C NMR (75 MHz, CDCls) 5 180.91, 172.08, 142.67, 141.34,
134.76, 134.19, 130.13, 129.08, 127.99, 127.49, 126.76, 126.31, 122.29,
110.63, 67.79, 67.35, 66.62, 63.80, 57.47, 57.41, 54.10, 44.15, 38.83, 31.99,
30.59, 30.40, 30.26.



109. 60, 68.09, 65.06, 64.65, 58.32, 43.25 37.22, 36.14, 30.12, 29.80,
EXAMPLE 60 (2'R, 3S,4112,5'R)

6- CHLORO- 2' - (2, 2- DI METHYL- PROPYL) - 41- ( 1- METHYL-

1H PYRROL- 2- YL) - 2- 0X0- 1, 2- DI | | YDRO- SPI ROJ | NDOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D DI METHYLAM DE ( G 84) [ 0220] 111 NWVR (300
MHz, CDC13): 8 8.33 (s, 1H), 6.88 (s, %11), 6.71 (d, 7 Hz, 111), 6.38-6.08
(m 4H), 4.56 (d, J = 7.0 Hz, 111), 4.01 (d, J =7.3 Hz, 1H), 3.43 (d, J=
9.3 Hz, 1H), 3.14 (s, 3H), 3.05 (s, 3H), 2.90 (s, 311), 1.41- 1.27 (m 1H),

0.92 - 0.90 (m 1H), 0.89 (s, 911)'x%@§i§@§ (75 MHz, CDC13): 180. 62
170. 48, 148.61, 133 57, 130.31, 128 71, 122.62, 122.21, 109. 66,

107.37, 106.90, 67.50, 65.41 63 44, 48 36 42,28, 37,25, 3623, 34.64,
33.17, 30.00, 2d2&GS4RpH6 _ %%, qag%%' 3§§§;@g
6- CHLOR0- 2' - (2, 22D BRIy DB LE-3,3- HHNE]5

X METHYLAMIDE (KE-75)

'0

{0228] 'H NMR (300 MHz, CDCly) 8 8.59 (s, 1H), 7.29-7.20 (m, 1H), 6.98-

6.87 (m, 4H), 6.68 (dd, J; = 7.8 Hz, J; = 1.7 Hz, 1H), 6.35 (4, J= 7.5 Hz, 1H),

4.56 (s, 1H), 4.01 (d, J = 6.1 Hz, 1H), 3.50 (m, 1H), 3.03 (s, 3H), 2.91 (s, 3H),

1.51-1.45 (m,. 1H), 1.29-1.26 (m, 2H), 0.84 (s, 9H); °C NMR (75 MHz,

~ CDCls) & 180.91, 170.20, 164.33, 161.06, 142.33, 141.71, 133.51, 130.20,

126.54, 125.66, 121.75, 115.74, 114.49, 110.19, 68.14, 65.34, 61.36, 43.12,
37.16, 36.19, 31.89, 30.13, 29.82.

"EXAMPLE 69

(2'R,35,4'S,5'R) 6-CHLORO-2°-(2,2-DIMETHYL-PROPYL)-4-(2,3-
DIFLUORO-PHENYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-74)




PYRI DI N- 4- YL- 1, 2- DI HYDRO- SPI R. O | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C

ACI D DI METHYLAM DE (G- 83) [0221] 1H NMR (300 MHz, CDC13): 6 8.91 (s, 1H),
8.39 (d, J = 10 Hz, 2H), 7.53 (d, J= 7 Hz, 1H), 7.34 (d, J= 7 Hz, 1H), 7.08
(d, J = 7.1Hz, 2H), 6.75 (s, 1H), 4.89 (d, J= 8.10 Hz, 1H), 4.49 (d, J =
8.12 Hz, 1H), 3.75 (d, J- 9.32 Hz, 1% 3.04 (s, 3H), 2.91 (s, 3H),
1.31-1.27 (m 1H), 0.90 - 0.86 (m 11"}, 0.85 (s, 911): 13C NVR (75 Mz,
CDC13): 8 (ppm) 178.60, 172.67, 149.87, 148,85, 142.78, 136.81, 134.41,
126.71, 123.92, 123.80, 123.20, 110.92, 66.75, 66.39, 61.60, 55.46, 43.84,

37.91, 36. 723y030. 59 ' ARE

6- CHLORO- 2 [-32(231,32- O G e CBa 86 A1 %5 T g (R 38‘%@-11{,)*2- DI HYDRO- SPI RO
[ 1 NDOLE- 3 , 3 - PYRRSUHER'NEYd g=28. BOX§P4-€7N@) BHDE RETYEANS BE ( 0- 82) 120
0222] NVR (300 74 sG@CA3)% 5 18, Bn087d @, s L bl 8153 b, 335, FoHe, 2H) .
[7.44-%5.42 Em 5%%43. 8‘?5,6 J:B‘!/) i @ija?{»ﬁ%%?ﬂﬁ %Déiglﬁé 1H), 3.53 (d,
J = 7.7 Hz, 1H) Hpl3kle7m, 3H). &8 (. §H) "CINMR (15 Wiz GPClHd 178G7.00 - 0.85 (m
1H), 0.84 (s, 934 18@.0bVR(125 1M3B, 18663 3»s.5H 12832, 41k4.01 70636, 150. 07,

110,85 o6 6. BEI 18, 6205 08, b6 3040 35 6 s Mo Sone M Po0s’ 30 56,
30. 25. EXAMPLE Wg(sz 3S4' R 5 'R
6- CHLORO- 2' - ( 2, 2- DI METHYL- PRCPYL) - 4L FURAN- 3-

YL- 2- 0X0- 1, 2- DI HYDRO- SPI R( | NDO_EE%-LE¥EZRO_I Dl NE] - 5' -

(2'R,35,4'5,5'R) 6-CHLORO-2’-(2,2-DIMETHYL-PROPYL)-4-(2-CHLORO-
3-FLUORO-PHENYL)-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-
PYRROLIDINE]-5-CARBOXYLIC ACID (2-DIETHYLAMINO-ETHYL)-
AMIDE (KE-73)

[0230] '"H NMR (300 MHz, CDCL), & 8.55 (s, 1H), 7.50 (m, 1H), 7.18 (t, J =
2.4 Hz, 1H), 7.08 (1, J = 3.2 Hz, 1H), 6.86 (s, 1H), 6.64 (d, J = 1.6 Hz, 1H),
6.26 (d, J = 3.4 Hz, 1H), 443 (4, J= 3.2 Hz, 1H), 4.25 (d, J = 2.5 Hz, 1H),
443 (d,J = 8.1 Hz, 1H), 4.16 (d, /= 7.8 Hz, 1H), 3.60-3.51 (m, 2H), 3.41 (d,
J = 8.3 Hz, 1H), 3.40-2.91 (m, 6H), 1.48-1.43 (m, 2H), 1.19-1.14 (t, J= 6.8
Hz, 6H), 0.79 (s, 9H); 3C NMR (75 MHz, CDCl3), 8 181.59, 177.47, 172.58,
143.39, 134.01, 129.76, 127.48, 126.92, 125.51, 124.85, 121.99, 110.70,
67.90, 66.56, 63.64, 53.01, 51.62, 43.60, 35.88, 31.99, 30.54, 23.26, 23.05.



CARBOXYLI C ACI D METHYLAM DE (G 81) [0223] NMR (300 MHz, CDC13): 5 9.01

(s, 1H), 7.30-6.56 (m 5H), 6.01 (s, 1H), 4.08 (d, J= 7.50 Hz, 1H), 3.75

(d, J = 7.50 Hz, 1H), 3.42 (d, J = 9.00 Hz, 111), 2.99 (s, 3H), 1.53-1.43
(m 1H), 0.91 - 0.86 (m 1H), 0.84 (s, 9H): 13C NMR (75 Mz, CDC13): 5
181.26, 173.14, 143.63, 142.69, 140.6],, 134.18, 127.30, 126.60, 123.45,
123.41, 111.25, 110.62, 67.97, 66.08, %E 96, 48.57, 44.09, 30.57, 30. 35,
26.60. 121 EXAMPLE 64 (2 'R 38,4'R 5 'R)

6- CL110R0- 21- ( 2, 2- DI METHYL- PROPYL) - 4t - FURAN- 2-  YL- 2- 0X0- 1, 2- D11- 1YDRO- SPI RO
[IND OLE-3 ,3'-PYRRO LI DINE]-5' - CARR@MEHC ACIDIVETHYLAMDE(G80) cl

[ 0224] NVR (300 Mz, CDC13) 8 8.98 (s, 111), 7.43 (J -- 4.8 Hz, 7.13 -
0.3 te, 1), BRI e E EAUEE
9.35 Hz, 111), iz_ ol ( ? ngYﬂROL , 311),
1.39-1.24 CARBOXYLIC ACID METHYLAMIDE (KE-71)

|
OgNH

cl NH)<
/=0
cl N
[0231] 13C NMR (75 MHz, CDCl3) § 181.25, 170.16, 142.89, 134.06, 133.01,

128.70, 128.49, 126.82, 125.59, 125.37, 125.21, 122.21, 110.62, 68.94, 64.30,
64.09, 52.99, 43.32, 37.48, 36.55, 30.58, 30.25.

EXAMPLE 72

(2'R,35,4'S,5'R) 6-(CHLORO-4’-(3-BROMO-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3 -
PYRROLIDINE]-5’-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
ETHYL)-AMIDE (KE-90)




(m 1H), 0.93 - 0.85 (m 111), 0.88 (s, 911); 13C NVR (75 Mz, CDCl13): 8
178. 45, 173.65, 151.36, 142. 40, 142. 15, 134.26, 126.04, 125.88, 122. 33, 111.11,

110. 49, 107.83, 65.77, 65.20, 64.01, 52.45, 45.11, 32.00, 30.57, 30. 36,
26. 48. EXAMPLE 65

127

[0232] '"H NMR (300 MHz, CDCls) & 7.99 (m, 1H), 7.10-6.90 (m, 4H), 6.78
' (s, 1H), 3.73-3.67 (m, 4H), 3.42-3.39 (m, 3H), 3.01-2.96 (m, 1H), 2.56-2.49
(m, 6H), 2.3-2.2 (m, 2H), 1.51-1.47 (m, 1H), 1.27-1.18 (m, 3H), 0.87 (s, 9H);
3C NMR (75 MHz, CDCL) § 179.40, 174.02, 142.20, 134.24, 126.74, 125.84,

122.70, 111.22, 68.96, 67.92, 67.25, 65.40, 57.64, 53.84, 49.27, 44.95, 44.58,
35.50, 30.59, 30.11, 29.90.

EXAMPLE 73

(2'R,35,4'S,5'R) 6-CHLORO-2’~(2,2-DIMETHYL-PROPYL)-4-(3-BROMO-
2-FLUORO-PHENYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-91)

[0233] 'H NMR (300 MHz, CDCls) 8 7.65 (s, 1H), 7.39-7.24 (m, 1H), 6.98-
6.90 (m, 1H), 6.82 (s, 1H), 6.69 (d, J= 6.5 Hz, 1H), 6.41 (d, J= 6.7 Hz, 1H),
4.60-4.53 (m, 1H), 4.35 (d, J = 7.4 Hz, 1H), 3.43-3.34 (m, 1H), 3.05 (s, 3H),
3.00 (s, 3H), 1.51-1.45 (m, 1H), 1.30-1.25 (m, 2H), 0.86 (s, 9H).



(2'R 3S,4'R 5'R) 4'43- BROVD PHENYL) - 2' - (2, 2- DI METHYL- PROPYL) - 6-

METHOXY- 2- 0X0- 1, 2- DI HYDRO- SP| RORNDOLE- 3, 3LPYRROLI DI NE1- 5' - CARBOXYLI C ACI D
DI METHYLAM DE (KE-61) 122 022511H NMR (300 MHz, CDC13) 5 8.55 (s, 1H)
7.30 (d, J = 7.1 Hz, 2H), 7.08 (d, J= 3.9 Hz, 2H), 6.43-6.23 (m 3H), 4.50
(d, J- 6.6 Hz, 1H), 3.95 (d, J=7.3 Hz, 1H, 3.73 (s, 3H), 3.48 (d, J = 8.3
Hz, 1H), 2.97 (s, 3H), 2.90 (s, 3H), 1!281-1.43 (in, 1H), 1.28 (in, 111),
0.83 (s, 9H); 13C NMR (75 MHz, CDC13) 5 182.11, 170.81, 159.97, 142.78,
142.25, 132.10, 130.64, 130.32, 128.08, 126.09, 122.86, 120.31, 107. 33,
97.00, 68.46, 65.74, 64.75, 58.54,f§%9£§; 3.63, 37.64, 36.56, 31.99,
30.59, 30.30. EXAMPLE 66 (222, 3S, 41.

6- ( CHLORO- 4" - (3- CHLORO: PHENYL) - 2" -

DI METHYL- PROPYL) {85 ¢S R A-JAETR
PYRROL| DINE] - 5' - CARE
102261Pxj 25D 45. 29 17, 13) 5 18.33 (s,

1H), 7.17-7.10 (m 4H), 6.95 ( =4 6.81 (dd, Ji = 8 Hz, J2=
1.6 Hz, 111). 6.70 (d, J= 1.8 Hz, 1H). 6.31 (d, J-8 Hz, 1H), 4.33 (d. J=
7.1 Hz, 1H), 3.88 (d, J=' 7.12 Hz, 1H), 3.67: (m 4H), 3.57 (d, J = 8.1
Hz, 1H), 3.43-3.40 (in, 2H), 2.71-2.28 (m q@ih;1.53-1.43 (m 111),

8
1.29-1.21 (m 1H), 0.85 (s, 9H); 13C NWR (
142. 67, 141.28,

2 %AM DE (KE- 79)

5o

, CDC13) 5 180.82, 172.17,

[0234] '"H NMR (300 MHz, CDCl3) § 7.70-7.00 (m, SH), 6.62 (s, 1E), 6.49 (d,
J=17.8 Hz, 1H), 6.20 (d, J = 7.8 Hz, 1H), 440 (d, J = 7.7 Hz, 1H), 4.07 (d, J =
7.8 Hz, 1H), 3.82 (m, 4H), 3.52-3.34 (m, 3H), 2.62 (m, 6H), 2.24 (s, 3H), 1.85
(m, 2H), 1.54-1.46 (m, 1H), 0.98-0.91 (m, 2H), 0.87 (s, 9H); °C NMR (75
MHz, CDCly) & 181.12, 172.46, 141.51, 138.67, 129.71, 129.01, 128.81,
127.87, 124.71, 124.65, 124.50, 123.04, 121.81, 110.73, 66.64, 66.17, 63.08,
57.03, 53.74, 51.37, 43.76, 38.18, 30.56, 30.22, 30.10.



134.76, 134.18,130.15,128.98, 127.98, 127.46,126.92, 126.25, 122.29,
110. 66, 67.51, 67.33, 66.65, 64.03, 57.47, 57.20, 53.61, 44.28, 36.04,
31.99, 123 30.63, 30.50, 30.31; C29H30C121\1403 + 0.5 H20 requires C,
61.26; H, 6.56; N, 9.85; Found C, 61.38; H, 7.08; N, 9.50. EXAMPLE 67 (2'R
35,4 'R 5 'R) 6- CHLORO- 4' - (3- CHLORO PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0XO- 1, 2- DI HYDRO- SPI ROEI NDOLE- 3, 3' -

PYRROLLDI NE] - SLCARBOXYLI C ACI D ( 3- MORPHOLI N- 4- YL-

EXAMPLE 75

(2'R,3'S,4°R,5'R) 6-CHLORO-4’-2,2-DIMETHYL-PROPYL-2’-(2,2-
DIMETHYL-PROPYL})-2-0X0-1,2-DIHY DRO-SPIRO[INDOLE-3,3’-
PYRROLIDINE}-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-
PROPYL)-AMIDE (KE-93)

[0235] '"H NMR (300 MHz, CDCly) § 8.53 (s, 1H), 7.54 (m, 1H), 7.10-6.95
(m, 2H), 6.94 (s, 1H), 4.204.11 (m, 4H), 3.43-3.15 (m, 4H), 2.65-2.34 (m,
6H), 2.29 (m, 1H), 1.76-1.18 (m, 7H), 0.76 (s, 9H), 0.5 (s, 9H); *C NMR (75
MHz, CDCly) § 182.24, 142.81, 134.08, 129.13, 127.09, 122.46, 110.81,
68.70, 67.44, 64.53, 62.82, 57.80, 54.12, 49.41, 43.97, 43.03, 39.30, 38.99,
31.99, 30.64, 30.52, 30.21, 29.39, 25.74.



PROPYL) - AM DE (KE-78)  [0227] 111 NWR (300 Mz, CDCL3), 5 8.57 (s, 1H)

7.29 (s, 1H), 7.28-7.10 (m 3H), 6.96-6.93 (m 1H), 6.80 (d, J= 1.6 Hz,

1H), 6.68 (dd, J1= 7.3 Hz, .12 = 1.6 Hz, 1H), 6.27 (d, J= 8.1 Hz, 1H), 4.28
(d, J= 6.9 Hz, 1H), 3.87 (d, = 7.3 Hz, 1H), 3.86-3.67 (in, 4H), 3.35 (d, J=
7.6 Hz, 111), 3.89-3.34 (m 2H), 2.43-2. 37 (in, 6H), 1.72-1.68 (m 2H)
1.53-1.48 (m 111), 1.29-1.26 (m 2H),,0.84 (s, 911); 13C NVR (75 Mz,
CDC13) 5 180.91, 172.08, 142.67, 141. é%) 134.76, 134.19, 130.13, 129.08,
127.99, 127.49, 126.76, 126.31, 122.29, 110.63, 67.79, 67.35 66.62, 63.80,
57.47, 57.41, 54.10, 44.15, 38.83, 31.99, 30.59, 30.40, 30.26. 124 EXAMPLE
68 (2'R 3S,412,5 'R) 6- CHLORO- 2' - £24Rphk b/l ETHYL- PROPYL) - 4- ( 3- FLUORO-
PHENYL) - 2- 0X0- 1, 2- DIHYDROLSPIRC{INDCLE-S 3- PYRROLI DI NE] - 5- CARBOXYLI C ACI D

DI METHYLAM DE (I CE- 59 1
7.29-7.20 (m (1H) & "% 2 m@%%gj%;( 3 'S :H)l 7 h,

(.

1H), 6.35 (d, J= ic Mﬁ? 3. 50
(m 1H), 3.03 (s, 3H) 2.91 C51-1 9- 1 26 rn 2H) ,
0.84 (s, 9H); 13C NMR (75 N+E CDClB) 8 180. 91, 170.20, 164.33, 161.06,
142.33, 141.71, 133. 51 130. 20, 126.54, 1p5.66, 121.75, 115.74, 114. 49,
110.19, 68.14, 65.34, 61.36, 43.12, 3Pe¥H36.19, 31.89, 30.13, 29.82
EXAMPLE 69 (2 'R 3S,4'S, 5 '1?) 6- G LOR(E 2' - (2, 2- DI METHYL- PROPYL) - 4- ( 2, 3-
DI FLUORO- PHENYL) - 2- 0X0- 1, 2- DI HY| HNDOLE- 3, 3-

E;i%KE-74)

PYRRCLI DI NE] - 5- CARBOXYLI C ACI D DI

Cl ”
[0236] 'H NMR (300 MHz, CDCl3) 3 8.90 (s, 1H), 7.10-6.90 (m, 3H), 3.52 (4,

J=17.6 Hz, 1H), 3.25 (d, J = 7.5 Hz, 1H), 2.88 (d, J = 4.5 Hz, 3H), 2.54 (m,
1H), 2.30 (m, 1H), 1.64-1.45 (m, 3H), 1.27 (m, 2H), 0.76 (s, 9H), 0.56 (s, 9H);
3C NMR (75 MHz, CDCl3) 8 182.51, 173.37, 142.95, 134.13, 129.05, 127.14,

122.47, 110.96, 71.11, 68.01, 62.60, 48.92, 44.09, 42.88, 39.81, 31.99, 30.60,
30.51, 30.20, 29.35, 26.43.

EXAMPLE 77

(2'R,35,4°8,5’R) 6-CHLORO-4’~(3-CHLORO-2-FLUORO-PHENYL)-2’-
(2,2-DIMETHYL-BUTYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3’-
PYRROLIDINE]-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-
PROPYL)-AMIDE (GM-29)




125 [0229] 111 NWR (300 MHz, CDC13) 5 8.21 (s, 111), 7.40 (d, J- 8.0 Hz,
111), 7.23 (s, 1H), 7.10 (d, J= 8.0 Hz, 1H), 6.94-6.77 (m 311), 4.98 (d,
J= 8.45 Hz, 111), 4.80 (d, J- 8.6 Hz, 111), 3.78 (d, J= 8.7 Hz, 111), 3.01
(s, 3H), 2.97 (s, 311), 1.31-1.27 (m 311), 0.84 (s, 9H); 13C NMR (75 Mz,
CDC13) 5 178.77, 172.84, 148.09, 142.12, 134.23, 126. 61,

126. 54, 124. 72, 124. 07, 116. 51, 116. 28, %40 47, 67.08, 66.23, 61.98, 48.40,
43.87, 37.77, 36.70, 35.06, 31.99, 30.58, 30.21. EXAMPLE 70

[0237] 'H NMR (300 MHz, CDCl3) 5 8.23 (s, 1H), 7.39-7.21 (m, 3H), 7.05 (1,
J =79 Hz, 1H), 6.83 (s, 1H), 6.68(d, J = 8.1 Hz, 1H), 6.30 (d, J = 8.0 Hg,
1H), 440 (d, J = 7.90 Hz, 1H), 4.09 (d, J = 7.6 Hz, 1H), 3.81-3.67 (m, 4H),
3.54-331 (m, 3H), 2.62-2.34 (m, 6H), 1.75-1.69 (m, 2H), 1.51-.145 (m, 1H),
1.24-1.20 (m, 2H), 1.18-1,10 (m, 2H), 0.76-0.70 (m, 6H), 0.57-.061 (n, 3H).

EXAMPLE 78

(2'R,35,45,5°'R) 6-CHLORO-4’-(3-CHLORO-2-FLUORC-PHENYL)-2°-(2,2-
DIMETHYL-PENTYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3 -
PYRROLIDINE]-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-~
PROPYL)-AMIDE (KE-101)

[0238] 'H NMR (300 MHz, CDCL;)  7.89 (s, 1H), 7.74-6.09 (m, 3H), 6.83 (s,
1H), 6.68 (4, J = 8.0 Hz, 1H), 627 (4, J = 8.1 Hz, 1H), 4.40 (4, J = 7.6 Hz,
1H), 4.08 (d,J = 7.5 Hz, 1H), 3.77 (m, 4H), 3.50-3.36 (m, SH), 2.54 (m, 7H),
1.78 (m, 2H), 1.51-1.47 (m, 1H), 1.27 (m, 4H), 1.12-0.76 (m, 8H), 3C NMR
(75 MHz, CDCl3) 5 180.75, 171.96, 142.71, 141.96, 134.35, 129.99, 128.33,
127.81, 126.69, 126.65, 124.87, 123.36, 122.30, 110.57, 67.03, 66.66, 66.07,
63.06, 57.25, 53.96, 44.98, 41.69, 38.53, 33.00, 31.99, 28.05, 27.88, 25.82,
23.06, 17.31, 15.32.

EXAMPLE 79

(2'R,35,48,5°R) 6-METHOXY-4’~(3-BROMO-2-FLUORO-PHENYL)-2’-
(2,2-DIMETHYL-PROPYL)-2-0XO0-1,2-DIHYDRO-SPIRO{INDOLE-3,3’-



(27?,38,4'S,5' R) 6- CHLORO- 2' - ( 2, 2- DI METHYL- PROPYL) - 4- ( 2- CHLORO-
3- FLUORO- PHENYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO[ | NDOLE- 3, 3-
PYRROLI DI NE1- 5- CARBOXYLI C ACI D (2- DLETHYLAM NO- ETHYL) - AM DE (KE- 73)
[0230] 111 NMR (300 MHz, CDC13), 5 8.55 (s, 111), 7.50 (m 1H), 7.18 (t, J
2.4 Hz, 111), 7.08 (t, J = 3.2 Hz, 111), 6.86 (s, 111), 6.64 (d, J= 1.6 Hz,
1H), 6.26 (d, J = 3.4 Hz, 111), 4.43 {g, J= 3.2 Hz, 111), 4.25 (d, J = 2.5
Hz, 111), 4.43 (d, J = 8.1 Hz, 1H), 4.16 (d, J = 7.8 Hz, 111), 3.60-3.51
(m 2H), 3.41 (d, J= 8.3 Hz, 1H), 3.40-2.91 (m 611), 1.48-1.43 (m 2H),
1.19-1.14 (t, J-= 6.8 Hz, 6H), 0.79 (s, 911); 13C NMR (75 Mz, CDCL3), 8
181.59, 177.47, 17oYRIEOLIDAE)I3ACARBOXOLIC ACH FHORROI484-YI26. 92, 125. 51,
124.85, 121.99, 110.70, 67.90 PROBYBBAMEIE @&-1088. 01, 51.62, 43.60, 35. 88,
31.99, 30.54, 23.26, 23.05. 126 EXAMPLE 71 (272,3S,4'R 5' R)
6- CHLORO- 2' - ( 2, 2- DI METHYL- PROPYL) - 4- ( 3- CHLORO- PHENYL) - 2- 0X0- 1, 2- DI HYDRO- S
PI RO [ | NDO LE- 3, 3- PYRRO LI DI NE] - 5- CARBOXYLI C (ACT® METHYLAM DE (KE- 71)
1023111 3C NMR (75 Mz, CDCL3) 10%5;\1\1}0\; 2.89, 134.06, 133.01,
@ 7,

128. 70, 128.49, 126.82, 125_59 5 125.21, 122.21, 110.62, 68.94,
30. 58, 30.25. EXAMPLE 72 (2

O. ﬁﬁ!
Y ;J%RO PHENYL) - 2' - ( 2, 2-

o)
H,CO f;ll
[0239] 'H NMR (300 MHz, CDCls) & 7.55 (s, 1H), 7.41 (m, 1H), 7.32-7.00

(m, 3H), 6.36 (s, 1H), 6.26-6,17 (m, 2H), 4.37 (d, J = 7.9 Hz, 1H), 4.0 (d, J =
8.2 Hz, 1H), 3.73 (s, 3H), 3.70 (m, 6H), 3.44 (d, J = 8.1 Hz, 1H), 3.38-3.34
(m, 2H), 2.43-2.38 (m, 4H), 2.05 (m, 1H), 1.75-1.69 (m, 2H), 1.51-1.47 (m,
1H), 0.97 ~ 0.89 (m, 1H), 0.79 (s, 9H); *C NMR (75 MHz, CDCL) & 181.37,
160.20, 142.56, 129.72, 128.27, 127.85, 125.55, 119.62, 110.05, 97.05, 70.81,
67.33, 66.65, 66.16, 62.89, 57.36, 55.72, 54.11, 52.30, 51.57, 49.29, 43.75,
38.60, 30.59.

EXAMPLE 80

(2'R,35,4R,5 'R) 6-CHLORO-4’-(3-CHLORO-5-FLUORO-PHENYL)-2’-(2,2-
DIMETHYL-PROPYL)-2~-0X0-1,2-DIHYDRO-SPIRO{INDQLE-3,3’-
PYRROLIDINE]-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-
PROPYL)-AMIDE (KE-103)




DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI R | NDCLE- 3, 3' -
PYRRCLI DI NE] - 5' - CARBOXYLI C ACI D (2- MORPHOLI N- 4- YL- ETHYL) - AM

127 [0232] 11-1 NMVR (300 MHz, CDC13) 5 7.99 (m 111),
6.78 (s,

DE ( KE- 90)

7.10-6.90 (m 411),
111), 3.73-3.67 (in, 411), 3.42-3.39 (m 311), 3.01-

2.96 (m 1H),

2.56-2.49 (m 611), 2.3-2.2 (m 211), 1.51-1.47 (m 1H), 1.27-1.18 (m 3H),

0.87 (s,

911); 13C NWR (75 MHz, CDC13)335 179.40, 174.02, 142.

20, 134. 24,

126. 74, 125.84, 122.70, 111.22, 68.96, 67.92, 67.25, 65.40, 57.64, 53.84,
49. 27, 44.95, 44.58, 35.50, 30.59, 30.11, 29.90. EXAWVPLE 73

(21R 35,41, 3,5 R) 6- CHLORO- 2'

2- FLUCRGC PHtﬁNXb}) 2- OXONUR23 60 MMERDCEYERAN |(th, DO FAB@3-1H), 6.94-6.67

L O 5RO 6 Db TN B Kol o gyl 113 652

(s, 1H),

- (2, 2- DI METHYL- PROPYL) - 4- ( 3- BROMD-

6. 69 (OH)BT8Gm54HI3.531(8,1) = 8.6 BAIH)B.39)m, BD72.52.49 G4 FH), 4. 60- 4. 53 (m

111), 4.35 (d, ‘]1‘8071741 2H)15"251 i@széﬁ?ﬁ%%‘bﬂ%ss]dgp 1 ?95@,9%) 841), 3.00 (s,

128 EXAVPLE 74

311), 1.51-1. 45%
(2R 3S,41S, 5NW® (& mlzcwawse{me DI3162, UROY HABRMLIRE.SL, - ( 2, 2-

126.18, 125.16, 122.58, 115.82, 115.50, 114.83, 114.54, 110.70, 67.63, 67.01,
66.79, 63.58, 57.26, 54.08, 46.38, 38.60, 33.32, 30.59, 30.35, 30.23.

EXAMPLE 81

(2'R,35,45,5 'R) 6-CHLORO, 7-FLUORO-4’-(3-CHLORO-2-FLUORO-
PHENYL)-2’~(2,2-DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-
SPIRO[INDOLE-3,3’-PYRROLIDINE]-5’-CARBOXYLIC ACID (3-
MORPHOLIN-4-YL-PROPYL)-AMIDE (KE-104)

[0241] 'H NMR (300 MHz, CDCl;) & 8.23 (s, 1H), 7.43-7.01 (m, 4H), 6.87 (d,
J=6.0 Hz, 1H), 6.22 (d, J = 8.6 Hz, 1H), 4.40 (d, J = 8.0 Hz, 1H), 4.12 (d, J =
7.8 Hz, 1H), 3.70 (m, 4H), 3.56-3.48 (m, 4H), 2.67-2.60 (m, 7H), 1.76-1.70
(m, 2H), 0.90 ~ 0.88 (m, 1H), 0.86 (s, 9H); *C NMR (75 MHz, CDCls) &
180.62, 171.58, 138.22, 12820, 127.92, 127.57, 125.07, 125.02, 122.17,
121.93, 120.98, 120.72, 113.63, 111.58, 67.43, 67.18, 66.22, 63.61, 57.42,
54.05, 51.79, 43.68, 38.79, 32.00, 30.86, 30.55, 30.38.

EXAMPLE 82

(2'R,35,45,5'R) 6-CHLORO, 7-FLUORO-4’~(3-CHLORO-2-FLUORO-
PHENYL)-2’-(2,2-DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-



DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' -

PYRRCLI DI NE] - 5

[ 0234] | HNMR (300 MHz, CDC13) 5 7.70-7.00 (m 511), 6.62 (s,

J= 7.8 Hz,
J = 7.8 Hz,
(s,

EXAMPLE 75 (2'R SPIBOJINDQLES,

1H), 6.20 (d, J= 7.8 Hz, 1H), 4.40 (d, J= 7.7 Hz,

- CARBOXYLI C ACI D (3- MORPHOLI N- 4- YL- PROPYL) - AM DE ( KB-92)

111), 6.49 (d,
1H), 4.07 (d,

111), 3.82 (m 411), 3.52-3.34 (m 311), 2.62 (m 611), 2.24
3H)," 1.85 (m 2H), 1.54-1.46 (m 134), 0.98-0.91 (m 2H),
13C NMVR (75 Mz, CDC13) 5 181.12, 172.46, 141.51, 138.67, 129.71, 129.01,
128.81, 127.87, 124.71, 124.65, 124.50, 123.04, 121.81, 110.
66.17, 63.08, 57.03, 53.74, 51.37, 43.76, 38.18, 30.56, 30.22, 30.10. 129

DI METHYL- PROPYL) - 2- 0X0-MOBPEPLIVER.-EROREGUNMIAIE (KEsH09)

PYRROLI DI NE) - 5' -
(13 .1\1) C

(0242} "H NMR (300 MHz, CDCly) 5 8.53 (s, 1H), 7.23-7.10 (m, 4H), 6.87 (d,
J=6Hz, 1H), 6.22 (d, J= 8.5 Hz, 1H), 4.43 (4, J=8.1 Hz, 1), 4.14 (d, J=8.1
Hz, 1H), 3.68 (m, 4H), 3.46-3.41 (m, 3H), 2.54-2.47 (m, 6H), 1.51-1.46 (m,
1H), 0.92 ~ 0.89 (m, 2H), 0.86 (s, 9H); "*C NMR (75 MHz, CDCls) 5 180.83,
171.55, 15837, 155.70, 152.47, 13831, 13028, 128.34, 127.90, 125.08,
122.18, 120.94, 113,51, 111.66, 67.70, 67.28, 66.15, 63.96, 57.19, 53.85,
51.76, 43.66, 35.96, 31.99, 30.68, 30.27.

EXAMPLE 83

(2'R,35,45,5 'R) 6-CHLORQ, 7-FLUORO-4’-(3-CHLORO-2-FLUORO-
PHENYL)-2’-(2,2-DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3’-PYRROLIDINE]-5-CARBOXYLIC ACID (2-
PYRROLIDIN-1-YL-ETHYL)-AMIDE (KE-110)

[0243] '"H NMR (300 MHz, CDCl3) § 9.79 (s, 1H), 8.60 (s, 1H), 7.57 (s, 1H),
7.27-6.87 (wm, 3H), 5.90 (d, J = 8.1 Hz, 1H), 4.51 (m, 1H), 4.23 (m, 1H), 3.7-

0.87 (s, 911);
73, 66. 64,

YBROHINE]- 5 CARBIYINE MGHP ZPROPYL- 2' - ( 2, 2-
CARBOXYLI C ACI D (3- MORPHOLI N- 4- YL- PROPYL) - AM DE ( KE- 93)



H [02351ifl NWVR (300 MHz, CDC13) 5 8.53 (s, 1H), 7.54 (m 111), 7.10-6.95
(m 2H), 6.94 (s, 1H), 4.20-4.11 (m 411), 3.43-3.15 (m 4H), 2.65-2.34 (m
611), 2.29 (m 1H), 1.76-1.18 (m 7H), 0.76 (s, 9H), 0.55 (s, 9H); 13C NMR
(75 MHz, CDCl13) 8 182.24, 142.81, 134.08, 129.13, 127.09, 122.46, 110.81,
68.70, 67.44, 64.53, 62.82, 57.80, 54.12, 49.41, 43.97, 43.03, 39. 30,
38.99, 31.99, 30.64, 30.52, 30.21, 29339, 25.74. 130 EXAWPLE 76 (2 'R 3 S,
4 'R 5 'R) 6-CHLORO-4%, 2- DI METHYL- PROPYL-2' - (2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- Dl HYDRO-SPI RO [ IND OLE-3,3 ' -

PYRROLLDI NE] - 5S%CARBOXYLI C ACI D METHYLAM DE (KE-94) C [ 0236] 1HNMR (300
MHz, CDC13) 8 839(m 8D, 2 (mBHOLE-BY m4H3H)82 (. }QNMRﬂS? 6 Hz, 1H),
3.25 (d, J = 7. 4 1H), 2.30 (m
1, et 45@?1?20?&9’8 1?8%5%? £ﬂ19 5566 538"}2? 1?0'%?5? 12'%9‘% 117?931 o 2130 (R
(75 MHz, CDC13) 1% 41?8221572 12153 1 1712 121 389513 Ofah%é 6 112964(5‘5 63287 14, 122.47,
110.96, 71.11, 682035116860 4648 4989, 3695, 0850, 4214883.6639. 81, 31. 99, 30. 60,
30.51, 30.20, 29.35, 26.43. EXAMPLE 77

EXAMPLE 84

(2'R,35,45,5°'R) 6-CHLORO, 7-FLUORO-4’~(3-CHLORO-2-FLUORO-
PHENYL)-2’-(2,2-DIMETHYL-PROPYL)-2-OXO-1,2-DIHYDRO-
SPIRO[INDOLE-3,3’-PYRROLIDINE]-5’-CARBOXYLIC ACID (2-
PIPERIDIN-1-YL-ETHYL)-AMIDE (KE-111)

[0244] 'H NMR (300 MHz, CDCls) § 7.34-7.23 (m, 4H), 7.13 (m, 1H), 6.88
(m 1H), 6.22 (d, J = 8.2 Hz, 1H), 4.42 (d, J = 8.3 Hz, 1H), 4.15 (d, /= 7.8 Hz,
1H), 3.41 (m, 3H), 2.47 (m, 7H), 1.58~ 0.92 (m, 8H), 0.85 (s, 9H); °C NMR
(75 MHz, CDCls) 5 180.89, 171.50, 158.38, 155.69, 152.47, 130.19, 128.49,
127.88, 125.06, 122.09, 121.85, 120.60, 113.51, 111.63, 67.93, 66.13, 54.04,
57.80, 54.81, 51.76, 43.61, 36.14, 32.00, 30.85, 30.67, 26.25, 25.90, 24.39.



(2'R 3S, 4S, 5 'R 6-CHLORO- 4" - (3- CHLORO- 2- FLUORO- PHENYL) - 2' -

(2, 2- DI ME' THYL- BUTYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO[ | NDOLE- 3, 3' -

PYRROLI DI NE] - 5%CARBOXYLI C ACI D ( 3- MORPHOLI N- 4- YL- PROPYL) - AM DE ( GM 29)
131 [0237]114 NMR (300 MHz, CDC13) 8 8.23 (s, 111), 7.39-7.21 (m 311),
7.05 (t, J= 7.9 Hz, 1H), 6.83 (s, 111), 6.68(d, J = 8.1 Hz, 111), 6.30 (d,
J- 8.0 Hz, 111), 4.40 (d, J= 7.90 Hz,13611), 4.09 (d, si -7.6 Hz, I11),
3.81-3.67 (m 411), 3.54-3.31 (m 311), 2.62-2.34 (m GH), 1.75-1.69 (m
2H), 1.51-.145 (m 111), 1.24-1.20 (m 211), 1.18-1.10 (m 211), 0.76-0.70
(m 611), 0.57-.061 (m 311). EXAWMPLE 78 (2 '.R 3S,4S,5 'R

6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHEBRFANELE 85( 2, 2-

DI METHYL- PENTYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RQJ | NDOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBEIS|SIR) 6ATHIDR(S 7FOBBRIOL 44-8HIYORO-PROBYRD- AM DE (1 CE- 101)
[ 0238] 111NMVR (300 FHENYDECIS)-DEMETHBOL-PROPYIND)OXG-1240IEY0R0L M 3H), 6.83 (s,
111), 6.68 (d, J= SPIROIRIDONE-3.P -PYREILIPEINE]-J=C8RBOKYLICIACIP,[2-4. 40 (d, J= 7.6
Hz, 1H), 4.08 (d, J GEYRAHYPROPYRANM-YR)-ETHYIAMIDE (BB-182)36 (m 5H), 2.54
(m 7H), 1.78 (m 211), 1.51-1.47 (m 1H), 1.27 (m 4H), 1.12-0.76 (m
811); 13C NVR (75 Mz, CDCL3) 5 180.75  171.96. 142.71, 141.96, 134.35,
129.99, 128.33, 127.81, 126.69, 126065N. 124. 87, [123.36, 122.30, 110.57,
67.03, 66.66, 66.07, 63.06, 57 53987 42898/ 41.69, 38.53, 33.00,
31.99, 28.05, 27.88, 25.82, CPT.96X 1734, 15.32. EXAMPLE 79 (2 'R 3S,4S,5
| ?) 6- METHOXY- 4' 43- BROWD- 2- FLUQRO- PKE Lu%

Cl

[0245] '"H NMR (300 MHz, €DCls) § 8.51 (s, 1H), 7.32-6.78 (m, 3H), 6.26 (d,
J=18.5Hz, 1H), 438 (d, J= 7.8 Hz, 1H), 4.05 (4, J = 7.7 Hz, 1H), 3.90-3.78
(m, 2H), 3.54-3.22 (m, 6H), 1.65-1.25 (m, 11H), 0.86 (s, 9H); 3C NMR (75
MHz, CDCl;) & 180.66, 171.92, 158.32, 152.47, 138.28, 130.36, 128.09,
127.99, 127.77, 12749, 122.19, 120.80, 111.30, 111.65, 68.34, 66.96, 65.93,
63.42, 51.39, 43.76, 37.13, 37.01, 33.25, 33.16, 30.56, 30.36, 30.23, 27.12.

EXAMPLE 86

(2'R,35,4R,5R) 6-CHLORO-4’-(3-CHLORO-5-FLUORO-PHENYL)-2’-(2,2-
DIMETHYL-PROPYL)-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3 -
PYRROLIDINE}-5’-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
ETHYL)-AMIDE (KE-115)




(2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI CRJ | NDOLE- 3, 3' -
PYRROLI DI NE) - 5' - CARBOXYLI C ACI D (3- MORPHOLr N- 4- YL- PROPYL) - AM DE ( KE- 102)
[0239111-1 NVR (300 MHz, CDC13) 8 7.55 (s, 1H), 7.41 (m 1H), 7.32-7.00
(s, 111), 6.26-6,17 (m 2H), 4.37 (d, J= 7.9 Hz, 1H), 4.0
(d, ,1 =8.2 Hz, 1H), 3.73 (s, .3H), 3.70 (m 611), 3.44 (d, J = 8.1 Hz,

(in, 3H), 6.36
1H), 3.38-3.34

(m 211), 2.43-2.38 (i1 411), 2.05 (m 111),

132

1.75-1.69 (m

211), 1.51-1.47 (in, 111), 0.97 - 0.89 (in, 111), 0.79 (s, 9H): 13C NMR (75
MHz, CDC13) 8 181.37, 160.20, 142.56, 129.72, 128.27, 127.85,

119. 62, 110. 05

97.Q3, 70.81, 67.33, 66.65, 66.16, 62.89, 57.

54.11, 52. 3924651 57 HABVB 00 MHz, CDCls) 3 8.01 (5, 1H), 7.13 (m, 1H), 6,94-6.70

[0247]

(m, SH), 6.42 (d, /= 8.0 Hz, 1H), 4.30 (d, /= 7.6 Hz, 1H), 3.88 (d,J= 7.6 Hz,
1H), 3.68 (m, 4H), 3.56 (d, J = 9.1 Hz, 1H), 3.43-3.37 (m, 2H), 2.56-2.40 (m,
4H), 1.80 (m, 2H), 1.51-1.46 (m, 1H), 0.90 ~ 0.85 (m, 1H), 0.86 (s, 9H); °C
NMR (75 MHz, CDCls) & 180.17, 171.69, 142.97, 142.28, 135.35, 134.46,
126.76, 126.13, 125.07, 122.60, 115.81, 11548, 114.47, 110.69, 67.45, 67.36,
66.93, 63.86, 57.32, 57.22, 53.66, 44.27, 35.99, 30.65, 30.30.

EXAMPLE 87

(2'R,35,48,5'R) 6-CHLORO-4"-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID [2-(TETRAHYDRO-PYRAN-4-
YL)-ETHYL]-AMIDE (KE-MDM2-108)

'H NMR (300 MHz, CDCls) & 8.65 (s, 1H), 7.33-7.20 (m, 2H), 7.08-
7.03 (m, 2H), 6.83 (d, /= 1.8 Hz, 1H), 6.67 (dd, J; = 8.1 Hz, J,= 1.8 Hz, 1H),
6.26 (d, J= 6 Hz, 1H), 4.13 (d,J = 7.8 Hz, 1H), 4.06 (d, /= 7.5 Hz, 1H), 3.96-
3.91 (m, 2H), 3.50 (d, J = 9 Hz, 1H), 3.38-3.29 (m, 4H), 1.61-1.48 (m, 6H),
1.31-1.27 (m, 2H), 0.86 (d, / = 9 Hz, 1H), 0.82 (5, 9H); '*C NMR (75 MHz,
CDCls) & 181.10, 172.29, 142.98, 134.36, 130.06, 128.40, 128.21, 127.68,
126.36, 125.60, 124.83, 122.25, 121.77, 110.73, 68.34, 66.54, 65.88, 62.95,
43.82,37.11, 36.88, 33.26, 33.15, 30.56, 30.21.

125. 55,
36, 55..72,



43.75, 38.60, 30.59. EXAVPLE 80 (2'R 3S,4R 5 'R)

6- CHLORO- 4' - ( 3- CHLORO- 5- FLUORO- PHENYL) - 2" - ( 2, 2-

DI METHYL- PROPYL) - 2- 0XO- 1, 2- DI HYDRO- SPI RQ[ | NDOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D (3- MORPHOLI N- 4- YL- PROPYL) - AM DE ( KE- 103)

133 [0240]ill NVR (300 MHz, CDC13) 8 8.31 (m 1H), 7.42 (m 111), 6.94-6.67
138

EXAMPLE 88

(2'R,35,48,5'R) 6-CHLORO-4"-(3-CHLORO-2-FLUORO-PHENYL)-2’~(2,2-
DIMETHYL-PROPYL)-2-OXO-1,2-DINYDRO-SPIRO[INDOLE-3,3’-
PYRROLIDINE]-5'-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
ETHYL)-AMIDE (KE-63)

[0248] [o]b +5.8 (c 0.9 CHCL); 'H NMR (300 MHz, CDCls), & 7.83 (br,
1H), 7.34 ~ 7.20 (m, 3H), 7.07 (¢, dd, J = 7.91, 7.94 Hz, 1H), 6.83 (d, /= 1.83
Hz, 1H), 6.69 (dd, J=1.86, 8.11 Hz, 1H), 6.30 (d, /= 8.17 Hz, 1H), 4.44 (d, J
= 8.05 Hz, 1H), 4.12 (4, J = 8.04 Hz, 1H), 3.68 (t, J = 4.56 Hz, 4H), 3.49 ~
3.35 (m, 3H), 2.59 ~ 2.20 (m, 7H), 1.52 (dd, J = 9.80, 14.10 Hz, 1H), 0.95 ~
0.89 (m, 1H), 0.84 (s, 9H); °C NMR (75 MHz, CDClL:), 5 180.34, 171.30,
142.16, 133.89, 129.57, 128.12, 127.93, 127.09, 126.15, 124.42, 124.36,
121.93, 121.61, 110.13, 66.91, 65.63, 62.93, 56.79, 53.40, 51.28, 43.31, 35.55,
30.18, 30.04, 29.83; CaoHisCLFN4Os + HyO requires C, 58.49; H, 6.26; N,
9.41; Found C, 58.70; H, 6.44; N, 9.23, |



(m 5H), 6.38 (d, J= 7.5 Hz, 1H), 4.25 (d, J= 7.8 Hz, 1H), 3.88 (d, J- 8.2
Hz, 111), 3.78 (m 411), 3.53 (d, J = 8.1 Hz, 111), 3.39 (m 211),
2.54-2.49 (in, 6H), 1.80-1.74 (m 2H), 1.51-1.46 (m 1H), 0.90 - 0.85 (m
1H), 0.84 (s, 911); 13C NWR (75 MHz, CDC13) 8 180.31, 171.79, 143.02,
142.37, 135.42, 126.51, 126.18, 125.16, 122.58, 115.82, 115.50, 114.83,
114.54, 110.70, 67.63, 67.01, 66.79, &B.58, 57.26, 54.08, 46.38, 38.60,
33.32, 30.59, 30.35, 30.23. EXAWPLE 81 (2'R 35;45,5 'R) 6- CHLORQ,

7- FLUORO- 4" - ( 3- CHLORO- 2- FLUORO-

PHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO-

SPI RORNDOLE- 3, 3' - PYRROLI DI NE] - 5' - CRREEBEE $%C ACI D ( 3-
MORPHOLI N- 4- YL- PROPYL) - AM DE (1 CE-104) HC ON,,...,,,,,,, N NH

[0241] 111 NVR (3((@'131\?%5.5’@IK—:@E%-OBO’&?-@KJEEIQJ,RCH-ELUOROA’&LENYQLH’(—(mz-411), 6.87 (d,
J =6.0 Hz, 1H), @.HziﬁTg‘&L-PBQ %L>@-@§9—%1&WM$?§9[MG%3@’-W, 111), 4.12
(d, J= 7.8 Hz, 1117YRBOGISINELS £ARBOXYLEEAGIIE-MORPHGRIN-4YI57-2. 60 (m 711),
1.76-1.70 (m 211), 0.90 - 0. SBROEXLINMIDEGKES4Ys, 9H): 13C , NVR (75 Mz,
CDC13) 8 180.62, 171.58, 138.22,

[0249} 'H NMR (300 MHz, CDCl;) & 8.40 (s,' 1H), 7.31-7.20 (m, 3H), 7.10-
7.05 (m, 1H), 6.83 (d, /=-1.8 Hz, 1H), 6.80 (dd, J; = 8.1 Hz, J; = 1.8 Hz, 1H),
6.30 (4, J = 8.1 Hz, 1H), 4.44 (d, J = 8.1 Hz, 1H), 4.13 (d, J = 8.1 Hz, 1H),
3.70-3.66 (m, 4H), 3.49-3.40 (m, 3H), 3.08 (m, 2H), 2.55-2.46 (m, 6H), 1.51-
1.45 (m, 1H), 0.95 ~ 0.85 (m, 1H), 0.83 (s, 9H); °C NMR (75 MHz, CDCls) §
180.61, 171.38, 142.38, 133.85, 129.55, 128.09, 127.90, 127.07, 126.14,
125.08, 124.43, 121.84, 121.33, 110.23, 66.83, 65.61, 62.97, 60.40, 56.77,
53.18, 51.25, 43.30, 35.53, 30.16, 29.81.



128. 20, 127.92, 127.57,125.07,125.02, 122.17, 121.93, 120.98, 120.72,
113. 63, 111.58, 67.43, 67.18, 66.22, 63.61, 57.42, 54.05, 51.79, 43.68,
38.79, 32.00, 30.86, 30.55, 30.38. EXAMPLE 82 (2 R, 3S5,48,5 'R) 6- CHLORO,
7- FLUORO- 4" - ( 3- CHLORO- 2- FLUCRO
PHENYL) - 2' - (2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- 134

140

EXAMPLE 90

(RACEMIC) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-1-METHYL-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3-PYRROLIDINE]-5'-CARBOXYLIC ACID TERT-
BUTYL ESTER

[0250] 'H NMR (300 MHz, CDCL;) 5 8.16 (s, 1H), 7.53 (m, 1H), 7.30 (m,
1H), 7.08 (m, 1H), 6.93 (d, /= 1.8 Hz, 1H), 6.72 (dd, J; = 8.1 Hz, J, = 1.8 Hz,
1H), 6.11 (d, J = 7.9 Hz, 1H), 4.59 (d, J = 7.5 Hz, 1H), 431 (d, J = 7.3 Hz,
1H), 3.81-3.78 (m, 1H), 2.69 (s, 3H), 1.96-1.88 (m, 1H), 1.12 (s, 9H), 0.80~
0.89 (m, 1H), 0.63 (s, 9H).

EXAMPLE 91

(2'S,3R,4'R,5'S) 6-CHLORO-4'(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
ETHYL)-AMIDE (KE-98 (63B, MIRROR IMAGE OF KE-63))

50 H\/\Q

‘e, NH
W
Cl N °
H



SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D ( 2-

MORPHOL| N- 4- YL- PROPYL) - AM DE (| CE-109) [0242] 1H NMR (300 MHz, CDC13) 8 8.53
(s, 1H), 7.23-7.10 (m 4H), 6.87 (d, J'= 6 Hz, 1H), 6.22 (d, J= 8.5 Hz,
111), 4.43 (d, J= 8.1 Hz, 1), 4.14 (d, J= 8.1 Hz, 1H), 3.68 (m 4H),
3.46-3.41 (m 3H), 2.54-2.47 (m 6H), 1.51-1.46 (m 1H), 0.92 - 0.89 (m
2H), 0.86 (s, 9H); 13C MAR (75 Mz, OBC13) 8 180.83, 138.31, 130.28,

128. 34, 127.90, 125.08, 67.70, 67.28, 66.15 63.96, 57.19, 53.85 51.76,
43. 66, 35.96, 31.99, 30.68, 30 27. EXAWMPLE 83 (2 'R 35,4S,5 'R) 6- CHLORO,
7- FLUORO- 4' - ( 3- CHLOR052- FLI

PHENYL) - 2' - (0251} Dy viEgdavtG. W‘;ll)zcﬁk@ﬁlf&oﬁr Fhpregrires C, 58.49; H,

SPI RODNDOLE- 3, 362?@8@'}'@&%5@ 73 @ABB@R( lol 1€ '"AGINR (30 MLz, CDCl),

o D Y e i 5 e ) 0 Q)3 lvy&fim Y A P B
8.1 Hz, 1H), 4.HlJEMSBIHY) 1H)46258(d(dmr 1185,,8.13. Hz; 1H)1 850 (d, J = 8.17 He,

1H), 4.44 (d, J = 8.05 Hz, 1H), 4.12 (d, J = 8.04 Hz, 1H), 3.68 (m, 4H), 3.49 ~

3.35 (m, 3H), 2.59 ~ 2.20 (m, 7H), 1.52 (dd, J = 9.80, 14.10 Hz, 1H), 0.95 ~

0.89 (m, 1H), 0.84 (s, 9H); *C NMR (75 MHz, CDCl), 6 180.34, 171.30,

142,16, 133.89, 129.57, 128.12, 127.93, 127.09, 126.15, 124.42, 124.36,

121.93, 121.61, 110.13, 66.91, 65.63, 62.93, 56.79, 53.40, 51.28, 43.31, 35.55,

30.18, 30.04, 29.83.

EXAMPLE 92

(2'R,35,4R, 5 R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-DIMETHYL-
PROPYL)-5-METHYLCARBAMOYL-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]-1'-CARBOXYLIC ACID METHYL
ESTER (KE-66)

[0252] 'H NMR (300 MHz, CDCls), & 7.86 (s, 1H), 7.70 (s, 1H), 7.27 ~ 6.95
(m, 5H), 4.56 (d, J = 8.70 Hz, 1H), 3.93 (s, 3H), 3.87 (d, J = 9 Hz, 1H), 3.50 ~
3.47 (m, 1H), 3.05 (m, 1H), 2.88 (d, J = 5.1 Hz, 3H), 1.55 ~ 0.89 (m, 2H),
0.89 (s, 9H).

EXAMPLE 93

(2'R,35,48,5 'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-OXO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-



3.1 (m 9H), 2.12 (m3H), 1.49-1.41 (m 4H), 0.82 (s, 9H): 13C NMR (75 M
CDC13) 5 181.11, 174.19, 155.66, 138.77, 130.35, 127.98, 127.39, 125.43,
121.79, 121.52, 121.12, 113.38, 113.06, 112.33, 66.17, 64.44, 63.28, 55 27,
55.11, 49.44, 46.58, 43.89, 36.26, 30.50, 30.14, 23.66. EXAMPLE 84

(2R 3S,45, 5 'R) 6-CHLORO, 7- FLUORO- 4 - ( 3- CHLORO- 2- FLUORO:

PHENYL) - 2' - (2, 2-.DI METHYL- PROPYL) - 2- 0X®421, 2- DI HYDRO-

SPI R | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D ( 2-

Pl PERI DI N- 1- YL- ETHYL) - AM DE (KE-111) [0244]11-1 NMR (300 MHz, CDCL3) 6
7.34-7.23 (m 4H), 7.13 ﬁg& 1H), 688 (m1H), 622 (d J= 8.2 Hz, 1H), 4.42
(d, J = 8.3 Hz, 11FPYRROLL EJ(I%‘CAWOXYE}CH&CI PIMETHYLAMINGH) , 2. 47 (m 7H),
1.58- 0.92 (m 8H), 0.85 (sETHEH)-MESEY KoRiIpE ), CDC13) 8 180.89, 171.50,
158.38, 155.69, 152.47, 130.19, 128.49, 127.88, 125.06, 122.09, 121.85,
120,60, 113.51, 111.63, 67.93, 66 13, 54.04, 57.80, 54.81, 51.76, 43.61,
36. 14, 32.00, 30.85, 30.67, 26.25 P5.9N._2239. 136 EXAMPLE 85 (2 'R 3S,
4S, 5 'R) 6- CHLORO, 7- FLUORO-4' -£3{CHYORO- 2- FLUORO

PHENYL) - 2' - ( 2, 2- DI METHYL- PROPYL £ 3;2- DI HYDRO

SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - LI € ACID [ 2-
( TETRAHYDRO- PYRAN- 4- YL) - ETHYL] - AM DE~CKE [ 0245] NVMR (300 MHz, CDC13) 8
8.51 (s, 1H), 7.32-6.78 (m 3H) Aﬁﬁo
H
[0253] 'H NMR (300 MHz, CDCL), 6 7.28 ~ 7.16 (m, 3H), 7.06 (t, dd, J =

7.91,7.94 Hz, 1H), 6.82 (d, J= 1.83 Hz, 1H), 6.70 (dd, J = 1.86, 8.11 Hz, 1H),
6.39 (d, J = 8.17 Hz, 1H), 4.44 (d, J = 8.05 Hz, 1H), 4.12 (d, J = 8.04 Hz, 1H),
3.49 ~ 3.35 (m, 3H), 2.99 (s, 3H), 2.59 ~ 2.40 (m, 2H), 2.30 (s, 3H), 2.24 (s,
3H), 1.52 (dd, J = 9.80, 14.10 Hz, 1H), 0.95 ~ 0.89 (m, 1H), 0.84 (s, SH).

EXAMPLE %4

KE-68

[0254] 'H NMR (300 MHz, CDCls), 5 8.28 (br, 1H), 7.31 ~ 7.23 (m, 3H),
7.14 ~ 7.07 (m, 2H), 6.94 (d, J = 1.79 Hz, 1H), 6.75 (dd, J = 1.86, 8.10 Hz,
1H), 5.30 (d, /= 12.1 Hz, 1H), 4.69 (s, 2H), 4.24 (m, 1H), 3.86 (4, J = 8.12
Hz, 1H), 2.92 (s, 3H), 2.87 (s, 3H), 1.52 ~ 1.44 (m, 1H), 0.97 ~ 0.92 (m, 1H),
0.89 (s, 9H).



= 8.5 Hz, 111), 4.38 (d, J= 7.8 Hz, 111), 4.05 (d, = 7.7 Hz, 111),
3.90-3.78 (m 2H), 3.54-3.22 (m 6H), 1.65-1.25 (m 1111), 0.86 (s, 9H)
13C NVR (75 MHz, CDC13) 8 180.66, 171.92, 158.32, 152.47, 138.28, 130. 36,
128.09, 127.99, 127.77, 127.49, 122.19, 120.80, 111.30, 111.65, 68.34,
66.96, 65.93, 63.42, 51.39, 43.76, 37.13, 37.01, 33.25, 33.] 6, 30.56,
30.36, 30.23, 27.12. EXAMPLE 86 (2 "RI433S, 4R 5 'R

6- CHLORO- 4' - ( 3- CHLORO- 5- FLUORO- PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO | NDOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D (2- MORPHOLI N-4- YL- ETHYL) - AM DE ( KB- 115)
137 [0246] NVR (300 MHz, CDC13) 8 SEWYMPLE9SH)  7.13 (m 1H), 6,94-6.70 (m
5H), 6.42 (d, J= 8.0 Hz, 1H), 4.30 (d, J= 7.6 Hz, 1H), 3.88 (d, J= 7.6 Hz,
1H), 3.68 (m 4HPR 33488 R) 4 (3-BROYOPBENYINCHIDRGA2'Y2.3-DIMETHYH) . 2. 56- 2. 40

4H), 1.80 ROPYL)-210%Q9-1 - -SRI} O DGDOIE-3,3' (P YRR INE}) , 0. 86 ,
A B R reie Ao VLTI, PEORATRS | T o HE o8 2 a5
134. 46, 126.76, 126.13, 125. 07 ETH¥SI-ANMIDERE-®) 115 48 114.47, 110. 69,

67.45, 67.36, 66.93, 63.86, 57.32, 57.22, 53.66, 44.27, 35.99, 30.65,
30.30. EXAMPLE 87 (272, 3S,4S,5 '12) o

6- CHLORO- 41- ( 3- CHLORO- 2- FLUOR®PHENYLM- 22 ( 24

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRE:SP |2d%&3-

PYRROLI DI NE] - 5LCARBOXYLI C ACI# [R- ( EETRAHY YRAN- 4- YL) - ETHYL] - AM DE
( KE- MDM2- 108) [ 0247] H NMR ( 3QQ

N ¥WC13) 5 8.65 (s, 1H), 7.33-7.20 (m

2H), 7.08- , ,_515;
Ci N
H
[0255] 'H NMR (300 MHz, CDCl3), é 8.46 (br, 1H), 7.90 (br, 1H), 7.31 ~

7.23 (m, 2H), 7.14 ~ 7.07 (m, 2H), 6.94 (4, J = 1.79 Hz, 1H), 6.75 (dd, J =
1.86, 8.10 Hz, 1H), 4.45 (d, J= 11 Hz, 1H), 4.22 ~ 4.15 (m, 1H), 4.03 ~ 3.95
(m, 1H), 3.87 ~ 3.83 (m, 1H), 3.73 ~ 3.65 (m, 3H), 3.43 (m, 2H), 2.44 (m,
4H), 2.32 (s, 3H), 1.85 (m, 1H), 0.97 ~0.92 (m, 1), 0.89 (s, 9H).

EXAMPLE 96

(2'R,38,4S,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID (2-PYRROLIDIN-1-YL-
ETHYL)-AMIDE (MDM2-DQ-120)

Cl FO

H

NH
Nﬁ0><
Cl H
[0256] '"H NMR (300 MHz, CDCly), 6 7.50 (br, 1H), 7.41 (m, 1H), 7.28 (m,

1H), 7.10 (m, 1H), 6.85 (d, J= 1.54 Hz, 1H), 6.67 (ad, J = 1.54, 7.61 Hz, 1H),



7.03 (m 211), 6.83 (d, J= 1.8 Hz, 111), 6.67 (dd, J1 = 8.1 Hz, J2= 1.8 Hz,
1H), 6.26 (d, J= 6 Hz, 1H), 4.13 (d,J= 7.8 Hz, 111), 4.06 (d, J= 7.5 Hz,
111), 3.96- 3.91 (m 2H), 3.50 (d, J = 9 Hz, 1H), 3.38-3.29 (m 4H)
1.61-1.48 (m 611), 1.31-1.27 (m 2H), 0.86 (d, J= 9 Hz, 111), 0.82 (s,

9H): 13C NMR (75 MHz, CDC13) 5 181.10, 172.29, 142.98, 134.36, 130. 06,
128,40, 128.21, 127.68, 126.36, 125. 604 124.83, 122.25, 121.77, 110.73,
68.34, 66.54, 65.88, 62 95 43.82, 37.11, 36.88, 33.26, 33.15, 30.56,

30.21. 138 EXAMPLE 88 (2 'R 3S,4S,5 'R)

D1 NETHYL. PROPYL -3 (0 11 200 B bGP AP FROGDEL 5 46 540,134

PYRROLI DI NE] - 5' HEARBCHA+ £359G, BH, 2.7 GRRELI6H 45 SFD, 1 BTy 4l), AW DE ( KE- 63)
[0248][a.]ig +5.8 (c - OC13) 77,83 (br. 1M
7.34 - 7.20 (n1(§¥§ ggog%g§$%§§b°%?“ngxg%99 111), 6.83 (d. J= 1.83
He, 1H), 6.69 (dd, jr 1.86, 8.11 Hz, 6. 30 (d J= 8.17 Hz, 111), 4.44
(d J =805 H, 1H), 4. 12 (d. 3 ﬂEBMﬂML&E7 111), 3.68 (t, J = 4.56 Hz,
411). 3.49 3.35 (m 311), 2.59 - 2.20 (in, 7H). 1.52 (dd, Jr 9.80, 14.10
Hz, 111), 0.95 -(@R9s6M 6EHLDROG-BAHIORALELUOREGHINRL{FF2 Mz, CDC13), 3
180. 34, 171. 30, 14MEGHYIL-PRO89L)-ZLGR05 2 DIHFBROZSPIHAINSOGLE-327. 09, 126. 15,
124. 42, 124.36, PYRROBIDINZYS-6ARBOXYLI3ACIDA2-SIPEREANGRYL GZHIB) 56. 79, 53. 40,
51.28, 43,31, 35.55, 30.18, 30AMIDEUDEE:DERAMI5CI2FNAO3 - |- H20 requires
C 58 49; H 6.26; N, 9.41. Found C, 58.70: H, 6.44; N, 9.23. 139 EXAMPLE

89 (2'R 3S,4S,5'R) 6- CHLORO- 4' - ( 3- CHLCE%EEDEkL PHENYL)-2'-(2,2-
3,
' iﬁ mmmAmmu@M)

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI
}‘§0><
N
H

PYRROLI DI NE] - 5' - CARBOXYLI C ACI
[0257] '"H NMR (300 MHz, CDCl3), § 9.70 (br, 1H), 8.50 (br, 1H), 7.47 (m,
1H), 7.28 (m, 1H), 7.14 (m, 1H), 6.97 (s, 1H), 6.61 (d, J =8.41 Hz, 1H), 5.88
(d, J = 8.10 Hz, 1H), 4.90 (br, 1H), 4.42 (d, J = 8.14 Hz, 1H), 4.17 (d, J = 5.4
Hz, 1H), 3.69 (m, 2H), 3.53 (m, 2H), 3.33 (m, 4H), 1.90 ~ 1.53 (m, 7H), 0.93
(m, 1H), 0.82 (s, 9H).




[0249] 111 NWR (300 MHz, CDC13) 8 8.40 (s, 1H), 7.31-7.20 (m 3H), 7.10-
7.05 (m 1H), 6.83 (d, J= 1.8 Hz, 1H), 6.80 (dd, Ji = 8.1 Hz, J2 = 1.8 Hz,
1H), 6.30 (d, J= 8.1 Hz, 1H), 4.44 (d, J = 8.1 Hz, 1H), 4.13 (d, J = 8.1
Hz, 1H), 3.70-3.66 (m 4H), 3.49-3.40 (m 3H), 3.08 (m 211), 2.55-2.46 (m
6H), 1.51- 1.45 (m 1H), 0.95 - 0.85 (m 1H), 0.83 (s, 9H); 13C NMR (75

MHz, CDC13) 5 180.61, 171.38, 142.38, 14933.85, 129.55, 128.09,127.90, 127. 07,
126. 14, 125.08, 124.43, 121.84, 121.33, 110.23, 66.83, 65.61, 62.97, 60. 40,

56. 77,
EXAMPLE 98

(2'R,35,45,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-
PYRROLIDINE]-5-CARBOXYLIC ACID [2-(1-METHYL-PIPERIDIN-4-
YL)-ETHYL]-AMIDE (MDM2-DQ-122)

[0258] "H NMR (300 MHz, CDCl;), 8 7.41-7.22 (m, 3H), 7.07 (m, 2H), 6.81
(d, J = 1.82 Hz, 1H), 6.67 (dd, J =8.10, 1.83 Hz, 1H), 6.24 (d, J = 8.10 Hz,
1H), 4.41 (d, J = 7.83 Hz, 1H), 4.05 (d, J = 7.83 Hz, 1H), 3.51 (m, 1H), 3.33
(m, 2H), 2.93 (m, 2H), 2.32 (s, 3H), 2.02 (m, 3H), 1.72 (m, 2H), 1.53 (m, 3H),
1.35 (m, 3H), 0.93 (m, 1H), 0.82 (s, 9H).

EXAMPLE 99

(2'R,38,4S,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'(2,2-
DIMETHYL-PROPYL)-2-OXO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-
PYRROLIDINE]}-5'-CARBOXYLIC ACID (2-PIPERIDIN-4-YL-ETHYL)-
AMIDE (MDM2-DQ-123)

[0259] '"H NMR (300 MHz, CDCly), § 7.34 (m, 1H), 7.20 (m, 1H), 7.07 (m,
2H), 6.80 (d, J = 1.23 Hz, 1H), 6.64 (dd, J =8.11, 1.83 Hz, 1H), 6.24 (d, J =



53.18, 51.25, 43.30, 35.53, 30.16, 29.81. 140 EXAMPLE 90 ( RACEM C)

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

DI METHYL- PROPYL) - 1LMETHYL- 2- 0X0- 1, 2- DI HYDRO-

SPI RO | NDOLE- 3, 31- PYRROLI DENE] - 5" - CARBOXYLI C ACI D TERT- BUTYL ESTER

[0250] 11-1 NMR (300 MHz, CDC13) 5 8.16 (s, 1H), 7.53 (m 1H), 7.30 (m
111), 7.08 (m 1H), 6.93 (d, J= 1.8 HA6 111), 6.72 (dd,./1 = 8.1 Hz, J2 =
1.8 Hz, 1H), 6.11 (d, J = 7.9 Hz, 1H), 459(d J=7.5H, 1H, 4.31 (d, J
7.3 Hz, 1H), 3.81-3.78 (m 1H), 2.69 (s, 311), 1.96-1.88 (m 1I11), 1.12

6 CHLORD- 41 (3- G ot 1 ors BRERR 02005 G T ot He b 3Bt 9

DI METHYL - PROPYL )IHR-3GX {1250 DRHYDRE), SO RG] IMDOLEGSR, 38),-1.28 (m, 3H),
PYRROLI DI NE] - 5L | (2- MORPHOLI N- 4- YL- ETHYL) - AM DE ( KE- 98 (63B,
1S 2 AR et

I

EXAMPLE 100

(2'R,3S, 45,5 'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID (4-MORPHOLIN-4-YL-
BUTYL)-AMIDE (MDM2-119)

[0260) [a]5 2.6 (c, 0.5 CHCLy); 'H NMR (300 MHz, CDCl3), § 7.82 (br, 1H),
7.34 (m, 1H), 7.24 (dt, J = 1.43, 6.90 Hz, 1H), 7.10 ~ 7.05 (m, 2H), 6.83 (4, I
= 1.80 Hz, 1H), 6.68 (dd, J = 1.86, 8.11 Hz, 1H), 6.26 (d, J = 8.14 Hz, 1H),
4.42 (4,1 =7.80 Hz, 1H), 4.07 (d, I = 7.74 Hz, 1H), 3.73 (t, ] = 7.62 Hz, 4H),
3.48 (d, T = 9.16 Hz, 1H), 3.34 ~ 3.20 (m, 2H), 2.45 ~ 2.31 (m, 6H), 1.58 ~
1.47 (m, 5H), 0.92 ~ 0.88 (m, LH), 0.82 (s, 9H); '*C NMR (75 MHz, CDCl3),
5 180.57, 172.06, 142.60, 134.37, 130.01, 126.36, 125.66, 122.35, 110.52,
67.33, 66.67, 65.90, 62.83, 58.89, 54.04, 43.76, 39.53, 30.56. 30.21, 27.86,
24.16.

EXAMPLE 101

(2'R,35,45,3 'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-



141 [0251][a] -6.5 (c 1 CHC13); C291135C12FN403 + 1120 requires C, 58.49;
H 6.26; N, 9.41; Found C, 58.73; H 6.54; N, 9.18 IH NWVR (300 MHz, CDC13),
7.83 (br, 111), 7.34 - 7.20 (m 3H), 7.07 (t, dd, J=7.91, 7.94 Hz, 1H),
6.83 (d, J = 1.83 Hz, 1H), 6.69 (dd, J = 1.86, 8.11 Hz, 1H), 6.30 (d, J=
8.17 Hz, 1H), 4.44 (d, J- 8.05 Hz, 1H), 4.12 (d, J= 8.04 Hz, 1H), 3.68 (m
4H), 3.49 - 3.35 (in, 3H), 2.59 - 2.201(m 711), 1.52 (dd, J- 9.80, 14.10
Hz, 1H), 0.95 - 0.89 (m 111), 0.84 (s, 9H); 13C NWR (75 MHz, CDC13), &
180. 34, 171.30, 142.16, 133.89, 129.57, 128.12, 127.93, 127.09, 126. 15,

124 42, 124.36, 1 _ 158l 5079, 5240,
5128, 4331 35, SSRORIEhI L Wﬁ%ﬁ@ﬁ%@y 4R 5 'R)
6- CHLORO- 4' - ( 3- CHLORO PHENYL) - 2° -

PROPYL) - 5' - METHYL CARBAMOYL - 2 0X0- 1, 2- DI HYDRO-
SPI RO[ | NDOLE- 3, 3LPYRROLI DI NEHL GARBQXYL | O—IACI D METHYL ESTER ( KE- 66)
[0252] 111 NKR (300 MHz, CDCL3), \3_7. .70 (s, 111), 7.27 - 6.95

(m 5H), 4.56 (d, J= 8.70 Hz, (s 3.87 (d,9 Hz, 1H), 3.50-
3.47 (m 1H), 3.05 (m 1H), 2. J NH5. 1 311), 1.55 - 0.89 (m
211), 0.89 (s, 9H). EXAMPLE 93 35, 45 5 'R
6- CHLORO- 41- (3- CHLORO- 2- FLUCRO- BHENYL /=24
DI METHYL- PROPYL) - 2- 0X0- 1, 2- DIGHYDRE- SN RO[ LE-3, 3 -

[0261] 'H NMR (300 MHz, CDCly), & 8.37 (m, 1H), 7.35 (m, 1H), 7.23 (m,

1H), 7.06 (m, 2H), 6.86 (s, 1H), 6.68 (d, J = 8.11Hz, 1H), 6.30 (d, J = 8.12 Hz,
1H), 4.46 (m, 1H), 4.12 (m, 1H), 3.48 (m, 1H), 3.31 (m, 2H), 2.38 (m, 1H),
1.67 (m, 5H), 1.29 (m, 3H), 1.17 (m, 4H), 0.91 (m, 2ED), 0.81 (s, SH).

EXAMPLE 102

(2'R,35,4S,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-OXO-1,2-DINYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID [2-(4-METHYL-PIPERAZIN-1-
YL)-ETHYL]-AMIDE (MDM2-DQ-126)

[0262] 'H NMR (300 MHz, D,0), 6 7.36 (m, 1H), 7.19 (m, 1H), 7.05 (m, 2H),
6.77 (s, 1H), 6.50 (d, J = 7.80 Hz, 1H), 6.26 (d, J = 7.80 Hz, 1H), 4.46 (d, J =
7.51 Hz, 1H), 4.37 (d, J = 7.50 Hz, 1H), 4.05 (m, 1H), 3.60 ~ 3.21 (m, 12H),
2.90 (s, 3H), 1.83 (m, 1H), 0.98 (m, 1H), 0.89 (s, 9H).



142 PYRROLI DI NE] - 5t - CARBOXYLI C ACI D ( 2- DI METHYLAM NO- ETHYL) - METHYL- AM DE
(KE-62) [0253] 1H NMR (300 MHz, CDC13), 8 7.28 - 7.16 (m 3H), 7.06 (t, dd,
J =7.91, 7.94 Hz, 1H), 6.82 (d, J= 1.83 Hz, 1H), 6.70 (dd, J= 1.86, 8.11
Hz, 1H), 6.39 (d, J= 8.17 Hz, 1H), 4.44 (d, J= 8.05 Hz, 1H), 4.12 (d, J=
8.04 Hz, 111), 3.49 - 3.35 (m 3H), 2.99 (s, 3H), 2.59 - 2.40 (m 2H), 2.30
(s, 3H), 2.24 (s, 3H), 1.52 (dd, J= 9.8, 14.10 Hz, 1H), 0.95 - 0.89 (m
111), 0.84 (s, 9H). EXAMPLE 94 KE- 68 [0254] 1H NMR (300 MHz, CDCL3), S
8.28 (Ur, 1H), 7.31 - 7.23 (m 3H), 7.14 - 7.07 (m 2H), 6.94 (d, J = 1.79

Hz, 1H), 6.75 (dd, J = 1.86, 8.10 , J= 12.1 Hz, 1H), 4.69
(s, 2H), 4.24 (m 1H, 3.86 (d, J= Wt%izlmslll) 2. 92 (s 3H), 2.87 (s,

SH, L.52 - 1.44 (. m et . 143 EXAMPLE 95
(2'R 3S 4R 5 'R , ! AWL- PROPY
L) - 2 0X0- 1, 2- DI HY EH ¥a %ﬁnﬁg 3 ﬁ, ZIN-l-

YL)-ETHYL]-AMIDE (MDM2-DQ-129)

FO%:/“\/\N/\

: NH K/N\/

{0263] '"H NMR (300 MHz, CDCls), 8 9.46 (br, 1H), 7.70 (br, 1H), 7.50 (m,
1H), 7.26 (m, 1H), 7.12 (m, 1H), 6.94 (d, J = 1.56 Hz, 1H), 6.61 (dd, J =8.10,
1.80 Hz, 1H), 6.10 (d, J = 8.10 Hz, 1H), 4.51 (d, J= 6.30 Hz, 1H), 4.12 (d, J =
6.30 Hz, 1H), 4.05 (m, 1H), 3.53-2.66 ( m, 16H), 1.35 (t, J = 7.2 Hz, 3H), 0.92
(m, 1H), 0.80 (s, 9H).

EXAMPLE 104

(2'R.35,48,5 R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'(2,2-
DIMETHYL-PROPYL)-2-OXO0-1,2-DIHYDRO-SPIRO{INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID [2-(4-ISOPROPYL-PIPERAZIN-
1-YL)-ETHYL]-AMIDE (MDM2-DQ-130)

[0264] "H NMR (300 MHz, CDCls), § 9.80 (br, 1H), 7.88 (br, 1H), 7.52 (m,
1H), 7.24 (m, 1H), 7.13 (m, 1H), 6.97 (s, 1H), 6.61 (d, J =8.10 Hz, 1H), 6.08



5' - CARBOXYLI C ACI D [ 2+ ( 4- METHYL- Pl PERAZI N- 1- YL) - 2- 0X0- ETHYL] - AM DE ( KE- 67)
[0255] 1H NVR (300 MHz, CDC13), 8.46 (br, 111), 7.90 (br, 111), 7.31 7.23
(m 211), 7.14 - 7.07 (m 2H), 6.94 (d, J = 1.79 Hz, 1H), 6.75 (dd, J --
1.86, 8.10 Hz, 1H), 4.45 (d, J= 11 Hz 4.22 - 4.15 (m 1H), 4.03 -
3.95 (m 1H), 3.87 - 3.83 (m 111), Z‘%} '3.65 (m 311), 3.43 (m 2H),
2.44 (m 4H), 2.32 (s, 311), 1.85 (m 0.97 0.92 (m 1H), 0.89 (s,
911). EXAWPLE 96 (2 'R 38,4S,5 'R |

6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PBENYL) - 2' - ( 2, 2-

DI METHYL - PROPYL) (& &m0l 11Dl W%ngshﬁﬂﬂll g?ﬁai%1$nil3 , 3. 59-2 60 K,

PYRROLI DI NE] - 5' - OXYLI C_ACLD DE

( NDMR- DQ12E]0) lt‘%téi ﬂi“ﬁlw d(3606  CHp 52 4. 1%0780569 r, 1H), 7.41 (m
111), 7.28 (m 1H), 7.10 (m 1H) 6.85(d J = 1.54 H, 1H), 6.67 (dd, ..1=
1.54, 7.61 Hz, 1H), EXAMPLE 105 '

(RACEMIC) 6-CHLORO-4'<(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-1-METHYL-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3-PYRROLIDINE]-5-CARBOXYLIC ACID (2-
MORPHOLIN-4-YL-ETHYL)-AMIDE (KE-100)

[0265] '"H NMR (300 MHz, CDCl;), & 7.93 ~ 7.85 (m, 2H), 7.38 ~ 7.30 (m,
2H), 7.02 (t, J = 7.92 Hz, 1H), 6.83 (d, J = 1.86 Hz, 1H), 6.20 (dd, J = 1.91,
8.31 Hz, 1H), 5.61 (d, J=8.16 Hz, 1H), 4.70 (d, J = 7.86 Hz, 1H), 4.39 (d, J =
7.83 Hz, 1H), 3.90 (d, J = 7.31 Hz, 1H), 3.78 ~ 3.75 (m, 4H), 3.34 ~3.24 (m,
2H), 2.74 (s, 3H), 2.52 ~ 2.48 (m, 6H), 2.01 ~ 1.94 (m, 1H), 0.79 (s, 9H), 0.71
~ 0.67 (m, 1H); *C NMR (75 MHz, CDCl), & 179.72, 171.31, 142.57,
134.78, 130.29, 127.80, 127.34, 125.74, 124.83, 123.95, 122.07, 110.53,
74.22, 67.50, 65.09, 63.32, 57.11, 53.69, 45.13, 39.55, 37.30, 35.28, 30.67,
30.00.



144 6.33 (d, J= 8.17 Hz, 1H), 4.45 (d, J = 8.40 Hz, 1H), 4.13 (dd, J =

8.40, 1.54 Hz,

(m 4H), 1.

PYRROLI DI NE] - 5SLCARBOXYLI C ACI D (2- Pl PERLDI N- 1- YL- ETHYL) - AM DE
(MDM2-DQ 121) CIH FO -s.,..... AN e N~ - NHL L
---0 H [0257]11-1 NMR (300 MHz, CDC13), 5 9.70 (br, 1H),

N7- - -
1H), 7.47 (
J8. 41 Hz,

1H), 3.49 - 3.35 (m 3H), 2.78 (m 1H), 2.67 (m 51-1), 1.80

53 (dd, J= 9.60, 14.40 Hz, 1H), 0.93 (m 111), 0.81 (s, 9H),
EXAMPLE 97 (2'R, 3S,4S,5 R) 6- CHLORO- 4' - ( 3- CHLORO- 2- FLI JORO- PHENYL) - 2' - ( 2, 2-
DI METHYL- PROPYL) - 2- OX0- 1, 2- DI HYDRO- SHR§Y | NDOLE- 3, 3' -

m 111), 7.28 (m 1H), EXAM#LEm®s 1H), 6.97 (s, 1H),

L
8.50 (br,
6.61 (d,

1H), 5.88 (d, J= 8.10 Hz, 111), 4.90 (br, 111), 4.42 (d, .1= 8.14

Hz, 111), 4.17 (thaceMichsfudorollbleniolR2 FIUoRDIPHERE2 R2(BR- 211), 3.33 (m

45,

1.90 -

1.53 (mp Hy0-pPROPY -1 Mt -BExOS1,2-BiifDRO-
SPIRO[INDOLE-3,3-PYRROLIDINE]-5'-CARBOXYLIC ACID (3-
MORPHOLIN-4-YL-PROPYL)-AMIDE

N.——
." g
N >/
Cl b
[0266] 'H NMR (300 MHz, CDCly),  8.37 (s, 1H), 8.22 (t, J = 5.55 Hz, 1H),

7.42 ~7.28 (m, 2H), 7.03 (t, J = 7.45 Hz, 1H), 6.81 (4, J = 1.85 Hz, 1H), 6.63
(dd, J = 1.89, 8.96 Hz, 1H), 5.87 (d, J = 8.14 Hz, 1H), 4.65 (d, J = 7.50 Hz,
1H), 4.37 (d, J = 7.45 Hz, 1H), 4.05 ~ 4.01 (m, 1H), 3.77 ~ 3.74 (m, 4H), 3.30
~3.24 (m, 2H), 2.69 (s, 3H), 2.46 ~ 2.39 (m, 6H), 1.89 ~ 1.66 (m, 2H), 1.42 ~
1.38 (m, 1H), 0.99 ~0.87 (m, 2H), 0.76 (d, J = 6.53 Hz, 3H), 0.69 (d, J = 6.42
Hz, 3H).

EXAMPLE 107

(2°R,35,4°S8,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID [3-2-HYDROXY-ETHOXY)-
PROPYL]J-AMIDE




145 EXAMPLE 98 (2'R 3S,4S, 5 'R)
6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL) - 2' - (2, 2- DI METHYL- PRO PYL) - 2- 0X0- 1

,2-DIHYDRO -S PIRO [IND OLE-3 , 3'-
[ 2- (1- METHYL- P| PERI DI N-4- YL) - ETHYL] - AVEDE ( MDM2- DQ- 122)

PYRROLI DI NE] - 5' - CARB OXYLI C ACI D
[ 0258] 1H NVR

(300 MHz, CDC13), 8 7.41-7.22 (m 3H), 7.07 (m 2H), 6.81 (d, J= 1.82 Hz,

111), 6.67 (dd, J8.10, 1.83 Hz, 111), 6.24 (d, J= 8.10 Hz, 111),

J'=7.83 Hz, 1H), 4.05 (d, J = 7.83 Hzis11H), 3.51 (m 111), 3.33 (m 2H),

2.93 (m 211),
1.35 (m 311),

PYRROLI DINE] - 51- (\RBQRY, Girf)6lsb (da271PL PEREDL N As #b 1] ¥ls)@, vAM.PE

( MDVR2- DQ- 123)

4.41 (d,

2.32 (s, 311), 2.02 (m 311), 1.72 (m 211), 1.53 (m 3H),
0.93 (m 111), 0.82 (s, 911). EXAMPLE 99 (2 'R 3S,45, 5 'R
6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL) - 2' - ( 2, 2-

DI METHYL- PROBYET) - 2- 0XE-NMR (300 BEDRODSR), RE INDOHE-7363'.06 (m, 4H), 6.84

Hz, 1H), 4.43 (d, J = 4.8 Hz, 1H), 4.10 (d, J = 4.2 Hz, 1H), 3.79-3.41 (m,
11H), 1.84-1.81 (m, 2H), 1.51-1.46 (m, 1H), 0.93-0.89 (m, 1H), 0.81 (s, 9H);
BC NMR (75 MHz, CDCly), 6 181.12, 171.97, 142.93, 134.29, 129.95,
128.47, 127.66, 126.46, 125.57, 124.83, 124.78, 122.22, 110.71, 72.89, 70.62,
70.50, 69.73, 66.84, 66.01, 63.09, 62.11, 43.74, 37.57, 30.74, 30.34, 29.43.

EXAMPLE 108 .

(2'R,385,4°5,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5-FLUORO-2-0X0O-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID {2-[3-
(2,2,2-TRIFLUORO-ETHYL)-5,6-DIHYDRO-8H-[1,2,4] TRIAZOLO[4,3-
AJPYRAZIN-7-YL}-ETHYL}-AMIDE

[0268] 'H NMR (300 MHz, CDCL), 6 8.98 (s, 1H), 7.58 (m, 1H), 7.29-7.03

(m, 3H), 6.89 (d, J = 3.2 Hz, 1H), 6.02 (d, J = 8.1 Hz, 1H), 4.42 (d, ] = 6.1 Hz,
1H), 4.08-4.03 (m, 4H), 3.96 (d, J = 5.6 Hz, 1H), 3.93-3.78 (m, 1H), 3.71-3.42
(m, 2H), 3.19-3.12 (m, 1H), 3.02-2.74 (m, 3H), 2.10 (m, 2H), 1.54-1.48 (m,
1H), 1.24 (m, 1H), 0.96-0.92 (m, 1H), 0.86 (s, 9H); “C NMR (75 MHz,
CDCly), & 180.35, 173.22, 152.60, 138.67, 130.37, 128.25, 127.65, 127.32,
125.07, 125.01, 113.37, 113.04, 111.81, 66.16, 65.77, 63.14, 56.24, 49.80,
48.22, 44.27, 43.99, 36.89, 34.92, 31.99, 30.17, 23.06, 14.54.



[ 0259] NVR (300 MHz, CDC13), i5 7.34 (m 1H), 7.20 (m 1H), 7.07 (m 2H)),
6.80 (d, J= 1.23 Hz, 1H), 6.64 (dd, J =8.11, 1.83 Hz, 111), 6.24 (d, J =
146 8.11 Hz, 111), 4.41 (d, J= 7.81 Hz, 1H), 4.05 (d, J= 7.81 Hz, 1H), 3.45
(m 1H), 3.32 (m 2H), 2.86 (m 213), 1.92 (m 3H), 1.48 (m 313), 1.28 (m
313), 0.93 (m 213), 0.80 (s, 913). EXAWPLE 100 (2 ']?,3S, 48,5 'R

6- CHLORO- 41- ( 3- CHLORO- 2- FLUORO- PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI 8] | NDOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBOXYLI C ACI D (4- MORPHOLI N- 4- YL- BUTYL) - AM DE ( MDMVR- 119)
[0260][af D52.6 (c, 0.5 CHCL3); 11- 1N1VIR(300 MHz, CDC13), 7.82 (Ur, lit),
7.34 (m 113), 7.24 (dt, J = 1.43,_6.90 113), 7.10 - 7.05 (in, 2H),
6.83 (d, J = 1.80 Hz, 1H), 6.68 (d&XAMPLEiO%e 8.11 Hz, 113), 6.26 (d, J =
8.14 Hz, 11-1), 4.42 (d, J = 7.80 Hz, 113), 4.07 (d, J = 7.74 Hz, 1H), 3.73

(t, J =7.62 Hz, Aklss 33 ASs fzﬂs cﬁLOR(9—4L1(§ O ORBILUGR R PHENDL) R (m 2H), 2.45
- 2.31 (m 6H), IpbomMEIH$T-PROPYEH-0X0-192DRVORESKIRD n%@ira-s@ 82 (s, 9H);

| 3C NMR (75 MHz, m@lmrﬁE]lﬁ@Aiﬁoxiﬂﬁl ACID (4,4 DIAVDRORE- B'iJ7rYLj-30 01, 126. 36,
125. 66, 122.35, 110.52, 67.33, 66.67 AMIBDE9O, 62.83, 58.89, 54.04, 43.76,
39.53, 30.56, 30.21, 27.86, 24.16. EXAMPLE 101 (21R 38,4S, 5 'R)

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

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RCHONDCLE- 3, 3' -

[0269] 'H NMR (300 MHz, CDCLy), 5 8.72 (s, 1H), 7.31-7.21 (m, 3H), 7.08-
6.93 (m, 1H), 6.83 (d, T = 1.6 Hz, 1H), 6.66 (dd, J1 = 8.1 Hz, J2 = 1.8 Hz, 1H),
6.27 (d, = 8.01 Hz, 1H), 4.43 (4, J = 7.6 Hz, 1H), 4.20-4.03 (m, 3H), 3.58-
3.45 (m, 5H), 2.67 (m, 1H), 1.75-1.67 (m, 2H), 1.49-1.24 (m, 3H), 0.78 (s,
9H).



147 PYRROLEDI NE] - 5' CARBOXYLI C ACI D (2- CYCLOHEXYL- ETHYL) - AM DE
(MDMR- DQ 125) [0261] NMR (300 MHz, CDC13), (5 8.37 (m 111), 7.35 (m 1H),
7.23 (m 1H), 7.06 (m 2H), 6.86 (s, 1H), 6.68 (d, J= 8.11Hz, 1H), 6.30 (d,
J =8.12 Hz, 1H), 4.46 (m 1H), 4.12 (m 1H), 3.48 (m 1H), 3.31 (m 2H),
2.38 (m 1H, 1.67 (m 5H), 1.29 (nl, 3H, 1.17 (m 4H), 0.92 (m 2H), 0.81
(s, 9H). EXAMPLE 102 (2 'R, 3S, 4S, 51'5§)

6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL)=2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO [ | NDCOLE- 3, 3' -

PYRROLI DI NE] - 5' - CARBOX' YLI C ACI D [ 2- (4- METHYL- Pl PERAZI N- 1- YL) - ETHYL] - AM DE
(MDMR- DQ 126) [ 0262] 1H NI\/R(3OOE%@@%FD%?), (57.36 (m 1H), 7.19 (m
1H), 7.05 (m 2H), 6.77 (s, 1H), 6. , J- 7.80 Hz, 1H), 6.26 (d, J =
7.80 Hz, 1H), 4.46 (d, J 7.51 Hz, 1H), 4.37 (d, J= 7.50 Hz, 1H), 4.05 (m

111), 3.60 - 3. 2(2’R364'L2R)6-CHLORO-AS3-CHEPROL-BIIGRO-PHENYLIR @R-(m 1H), 0.89
(s, 9H). 148 DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID [2-(2-METHOXY-ETHOXY)-
ETHYL]-AMIDE

[0270] 'H NMR (300 MHz, CDCly), 8 8.64 (s, 1H), 7.32-7.19 (m, 3H), 7.08 (t,
Y =17.9 Hz, 1H), 6.85 (d, ] = 1.8 Hz, 1H), 6.68 (dd, J1 = 8.1 Hz, J = 1.8 Hz,
1H), 6.32 (d, J = 8.1 Hz, 1H), 4.46 (d, J = 8.0 Hz, 1H), 4.12-4.03 (m, 1H),
3.62-3.41 (m, 9H), 3.38 (s, 3H), 2.85 (br, 1H), 1.52-1.47 (m, 1H), 0.98-0.89
(m, 1H), 0.82 (s, 9H); C NMR (75 MHz, CDCly), & 181.41, 171.90, 143.07,
129.94, 128.50, 127.70, 126.97, 12549, 124.85, 124.81, 123.18, 122.17,
121.94, 121.68, 110.81, 72.19, 70.56, 70.16, 67.34, 66.71, 63.46, 56.39, 51.89,
43.66,39.18, 30.32, 29.29



EXAMPLE 103 (2 38,48,5 'R) 6- CHLORO- 4?- ( 3- CHLORO- 2- FLUORO- PHENYL) - T- ( 2, 2-
DI METHYL- PROPYL) - 2- 0XO- 1, 2- DI HYDRO- SPI RQ[ | NDOLE- 3, 3' -
PYRROLI DI NE] - 5' - CARBOXYLI C ACI D [ 2- (4- ETHYL- P| PERAZIN- 1- YL) - ETHYLFAM DE
(MDMR- DQ 129) [0263] 11-1 NMR (300 MHz, CDC13), & 9.46 (br, 1H), 7.70 (br,
1H), 7.50 (m 1H), 7.26 (m 1H), 7.12 (m 1H), 6.94 (d, J = 1.56 Hz, 1H),
6.61 (dd, J=8.10, 1.80 Hz, 1H), 6.10 (g, J= 8.10 Hz, 1H), 4.51 (d, J= 6.30
Hz, 1H), 4.12 (d, J= 6.30 Hz, 1H), 4.08%°(m 1H), 3.53-2.66 ( m 1611), 1.35
(t, J= 7.2 Hz, 3H), 0.92 (m 1H), 0.80 (s, 9H). EXAMPLE 104 (21R 3S, 48,5
"R) 6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL) - 2' - ( 2, 2-
DI METHYL- PROPYL) - 2- 0XO- 1, 2- DI HYDRO, NDOLE- 3, 3" -
PYRROLI DI NE] - 5' - CARBOXYLI C ACI D [ 2-(4-1 SOPROPYL- Pl PERAZLN-
1-'YL) - ETHYL] - AM DE ( MDMR- DQ- 130) [0264] 111 NVR (300 MHz, CDCL3), & 9.80
(br, 1H), 7.88 (br, @IR)S 45 BR4(NCHIAR)-2-FLUPROMAENYE)-2-(Z213 (m 1H), 6.97
(s, 111), 6.61 (d, DDEETEYIHPROMYI)R:036)-08-DIHYDRO-SPIRO[INDOLE-3,3'-

PYRROLIDINE]-5-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-

PROPYL)-AMIDE

[0271] '"H NMR (300 MHz, CDCls), & 7.45-7.04 (m, 7H), 6.83 (t, J = 7.5 Hz,
1H), 6.34 (d,J =7.5 Hz, 1), 4.45 (d, J = 5.8 Hz, 1H), 4.11 (4, T = 5.9 Hz, 1H),
3.75 -3.69 (m, 4H), 3.54 (d, J = 4.8 Hz, 1H), 3.42-3.40 (m, 2H), 2.55-2.50 (m,
7H), 1.58 -1.53 (m, 1H), 0.83 (s, 9H); °C NMR (75 MHz, CDCl3), 6 178.44,
171.32, 153.92, 153.58, 130.24, 129.61, 127.56, 125.13, 124.92, 124.40,
124.14, 122.12, 111.13, 110.92, 67.61, 67.33, 66.48, 62.19, 57.18, 53.83,
52.55,44.72, 35.91; 30.63, 30.40, 30.19.

EXAMPLE 112

(2'R,38,4°S,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYT)-2'-(2,2-
DIMETHYL-PROPYL)-1'-METHYL-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID [2-(2-
METHOXY-ETHOXY)-ETHYL]-AMIDE




149 (d, J= 8.10 Hz, 1H), 4.63 (m 111), 4.17 (m 1H), 3.61 (m 1H),
3.59-2.60 (m 1411), 1.55 (m 111), 1.35 (d, J= 6.3 Hz, 6H), 0.92 (m 111),
0.80 (s, 9H). EXAMPLE 105 ( RACEM Q)
6- CHLORO- 4" - ( 3- CHLORO- 2- FLUOROG- PHENYL) - 2" - ( 2, 2-
DI METHYL- PROPYL) - 1IWETHYL- 2- 0X0- 1, 2- DI HYDRO-
SPI R | NDOLE- 3, 3LPYRROLI DI NE] - 5LCARBOX¥1.1 C ACI D (2-
MORPHOLI N- 4- YL- ETHYL) - AM DE ( KE- 100) [ 0265] 111 NWR (300 MHz, CDC13), 5
7.93 - 7.85 (m 2}1), 7.38 - 7.30 (m 2H), 7.02 (t, J= 7.92 Hz, 111), 6.83
(d, J=1.86 1H), 6,20 (dd, J=.1.91 8.31 1H), 61 (d, J= 8.16 Hz,
1H), 4.70 (ditg@k 7. séj“i‘:ii?fgg S a spluigyi ‘(fé‘}e °39P°?Pg‘§f%{‘ﬁ?"i1 0,8@? (d, J= 7.31
Hz, 1H), 3.78 - 2 mMb BHENAL) mL37BAfermalil aitid]. [ mimoPNOBHZN/ 2 dfops of3H) , 2. 52 -
2.48 (m 611), 2, - ( ! .79 . -.0..67 (m 1H); 13C
NVR (75 Mz, CDéi@%? wgl% i%d 7’@;&3 r%%l%g%fgltl{n 4\§a.(s§t}r,re%|iq t'omg ‘teanperatu% f(@r
: 2 hirs, then 50 mL ethyl acetate was added. The resulting mixture was washed
with NaHCO; solution and brine and dried over Na;SO4, The solvent was
removed and the residue was purified by column (yvield, ~90%).
[0273) 'H NMR (300 MHz, CDCl3) & 8.01 (br, 1H), 7.52 (m, 1H), 7.28-7.02
(m, 2H), 6.85-6.52 (m, 3H), 4.15 (m, 1H), 3.87 (m, 1H), 3,72-3.51 (m, 8H),
3.44 (s, 3H), 2.96 (m, 1H), 2.52 (s, 3H), 2.16 (m, 1H), 1.61-1.48 (m, 2H), 0.58
(s, 9H).

EXAMPLE 113

(2'R,35,4°S,5°R) 6-CHLORO-4"-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2~
DIMETHYL-PROPYL)-1'-METHYL-2-OXO0O-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID (3-
MORPHOLIN-4-YL-PROPYL)-AMIDE

[0274) The compound of example-113 was prepared via same procedure as
Example-112.

[0275] 'H NMR (300 MHz, CDCL) & 7.97 (br, 1H), 7.52 (m, 1H), 7.14-6.98
(m, 2H), 6.85-6.52 (m, 3H), 4.17 (m, 1H), 3.85-3.62 (m, 6H), 3.52-3.32 (m,
3H), 3.06 (m, 1H), 2.55-2.25 (m, 9H), 1.61-1.48 (m, 2H), 0.57 (s, 9H).



134. 78, 130. 29, 127. 80, 127. 34, 125.74, 124.83,123.95, 122.07, 110.53, 74.22,
67.50, 65.09, 63.32, 57.11, 53.69, 45.13, 39.55, 37.30, 35.28, 30.67,

30. 00. 150 EXAMPLE 106 ( RACEM C)

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

156

EXAMPLE 114

(2'R,35,4°5,5’R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-1-METHYL-2-OXO-1,2-DIHYDRO-
SPIRO[INDOLE-3,3-PYRROLIDINE]-5-CARBOX YLIC ACID (2-
MORPHOLIN-4-YL-ETHYL)-AMIDE

[0276] The compound of example-114 was prepared via same procedure as
Example-112.

[0277) '"H NMR (300 MHz, CDCls), §7.62 ~ 7.30 (m, 2H), 7.21-6.92 (m, 3H),
6.92-6.50 (m, 3H), 4.17 (m, 1H), 3.79-3.36 (m, SH), 3.46 ~ 3.31 (m, 2H), 2.92
(m, 1H), 2.65 ~ 2.30 (m, 8H), 1.95 (m, 1H), 1.80 ~ 1.45 (m, 2H), 0.58 (s, 9H).

EXAMPLE 115

(2'R,35,4°S,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5"-[2-(2-METHOXY-ETHOXY)-
ETHYLCARBAMOYL]-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-1'-CARBOXYLIC ACID METHYL ESTER

H
OVN\/\O/\/O\
s O
: N»O/




DI METHYL- PROPYL) - 11- METHYL- 2- 0X0- 1, 2- DI HYDRO-

SPI RODNDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D ( 3- |

MORPHOLI N- 4- YL- PROPYL) - AM DE [ 0266] H NVR (300 MHz, CDC13), 5 8.37 (s, 111),
8.22 (t, J = 5.55 Hz, 1H), 7.42 - 7.28 (m 211), 7.03 (t, J = 7.45 Hz, 1H),
6.81 (d, J = 1.85 Hz, 111), 6.63 (dd, J= 1.89, 8.96 Hz, 1H), 5.87 (d, J =
8.14 Hz, 111), 4.65 (d, J- 7.50 Hz, 1% 4.37 (d, J= 7.45 Hz, 111), 4.05 -
4.01 (m 1H), 3.77 - 3.74 (m 411), b - 3.24 (m 211), 2.69 (s, 311),
2.46 -2.39 (m 611), 1.89- 1.66 (m 211), 1.42 - 1.38 (m 1H), 0.99 -0.87
(m 211), 0.76 (d, J- 6.53 Hz, 311), 0.69 (d, J= 6.42 Hz, 311). EXAWPLE 107

(2 'R 3S,4 "fmB' R Q‘h d40f'e((§n @R@a‘s I%%Em@smw&hurgls (2, 2-

DI METHYL PROPYJ 2- o§ % 2- Dl HYDRO SPI R

PYRROLI DI NE] - 5LCK 'C ACID [3-(2- HYDROXY— ETHOXY) - PROPYIJ-AM DE NH L"
N 151 [0267p219] NVR (BOMMRVED) MERCIBJL), £7.89 521H)$726L’H)0 (] 28670506 (m 64;1)5 : ”
6.84 (d, J = 1.8 e . ool (s , : ,
J =81 He, 1%{),7'55.25{%11?}1,6'8? @ﬁugﬁpﬁ%ﬁgz’u}%ﬁlé%% e 13{)%%

3.79-3.41 (m 116138, 38198 3H),58-0ith (m, BH), 259245 (m, BERE .41k 7S TmDHD), 0. 93 0.89 (m

111), 0.81 (s, 9H)413(3@nNMB 065 (@VH), COGRI , 751\/131&101)%13,367171%1; 1‘1132922

134,29, 129.95 128 47. 127.6 25 57, ,
110. 71, 72. 89, 7%6?9615 Z%‘% 9%9 1%03 ééséé.l%@ o@%s”@ég 6%56%1, 43. 74,
37.57, 30.74, 301B4&3, 22918431245>XAM 108, 70.69, 70.16, 66.16, 63.24, 61.27,

59.43, 54.71, 53.62,43.21, 39.92, 29.79, 23.06,

EXAMPLE 116

(1”R,2"§,2'R,35,4°5,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-
PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-1'-(2-HYDROXY-1,2-
DIPHENYL-ETHYL) 5'-HYDROXYMETHYL-1H-SPIRO{INDOLE-3,3'-
PYRROLIDIN]-2-ONE

Ph
HO\—HOi
O ~NTRTPh

Ci
- (R)"
/~—0
Cl N
[0280] Under argon, to a 100 mL flask with stir bar was added (2S,3R)-

2,3,5,6-tetrahydro-2,3-diphenyl-1,4-oxazin-6-one (1.0 g, 3.96 mmol), 3-E-(2-
fluoro-3-chloro)-benzylidene-6-chloro-1,3-dihydro-indol-2-one (4.75 mmol),
2 g freshly activated 4A molecular sieves, 3,3-dimethyl-butyraldehyde (4.75
mmol) and toluene (50 mL). The mixture was heated to 70°C and kept at that
temperature for 5 hours. The mixture was cooled to room temperature and the
molecular sieves were filtered off. The solvent was removed in vacuo and the

residue was purified by chromatography to yield the 1,3-dipolar product.



(2 'R3S, 4'S5'R 6-CHLORO-4' - (3-CHLORO- 2- FLUORO- PHENYL) - 2' - ( 2, 2-
DI METHYL- PROPYL) - 5- FLUORO- 2- 0X0- 1, 2- DI HYDRO-

SPI RJ | NDOLE- 3, 3LPYRROLI DI NE] - 5' - CARBOXYLI C ACI D {213-

(2,2, 2- TR FLUORO ETHYL) - 5, 6- DI HYDRO- 8H-[ 1, 2, 4] TRI AZOL{ 4, 3-

A] PYRAZI N- 7- Y- ETHYLI -AM DE | [0268] NMR (300 MHz, CDC13), 5 8.98 (s, 1H),
7.58 (m 1H), 7.29-7.03 (m 3H), 6.89 1%, .1= 3.2 Hz, 111), 6.02 (d, J =
8.1 Hz, 1H), 4.42 (d, J = 6.1 Hz, 111), 4.08-4.03 (m 4H), 3.96 (d, 3 = 5.6
Hz, 111), 3.93-3.78 (in, 111), 3.71-3.42 (m 2H), 3.19-3.12 (m 111),

o oo 5 o3 ety 2k o oot ot B45 i, Bt Nebsided B 150 5.
173.22, 152. 60, dBHoAIC] (IBALRR] tEA%ulihg sdlidibn 655 relidd 32%migR5TRY, 125. 01,
113,37, 113. 04 8 65 77, 63,14, 56 ) 22, 44,27,
43 55 36, 50, 347500 e dgacy ??"7 oot Jrpsdly %sl_gg‘?”%ﬁ&ﬁpﬁ 109 (2 'R
3S, 3 "S, 4 '5,5 NECQ/aP)apRextacted withctybagtate. AhejoreirpiEyyasdhed

(2, 2- DI METHYL- PRGRY INas58y, 0% Isoer?| wiY DBGyvel’ RO DD Ened redidae_was

PYRROLIDINE] -5 - R0 G habor i To P RIRE, 2 hadee! very coroRily.

The resulting mixture was refluxed overnight. The solvent was removed in
vacuo and the residue was treated with NaOH/H,O and extracted with ethyl
acetate. The organic phase was dried over Na,SO,, The solvent was removed
in vacuo and the residue was purified by chromatography to yield the product.

[0282] "H NMR (300 MHz, CDCl), § 7.60 ~ 7.34 (m, 11H), 7.14 ~ 7.09 (m,
1H), 7.04 ~ 6.93 (m, 2H), 6.82 (t, J = 7.98 Hz, 1H), 6.57 (d, J= 1.82 Hg, 1H),
5.38 (d,J=8.61 Hz, 1H), 4.47 (d, T = 8.40 Hz, 1H), 3.93 (dd, ] = 2.6, 12.0 Hz,
1H), 3.74 (d, J =9.21 Hz, 1H), 3.63 (d, ] = 11.30 Hz, 1H), 3.11 (t, J = 9.60 Hz,
1H), 2.64 (s, 1H),2.37 (d, F = 9.18 Hz, 1H), 1,84 ~ 1.75 (m, 1H), 1.15 (4, J =
14.44 Hz, 1H), 0.54 (s, 9 H).

EXAMPLE 117

(I"R,2"S,2'R,35,4°S,5'R) 5'-(TERT-BUTYL-DIMETHYL-
SILANYLOXYMETHYL)-6-CHLORO-4'-(3-CHLORO-2-FLUORO-
PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-1'-(2-HYDROXY-1,2-
DIPHENYL-ETHYL)-1H-SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE

[0283] To a solution of compound 116 (1.0 mmol) in 10 mL DMF, TBDMSC1

(1.1 mmol) and imidazole (1.1 mmol) were added. The resulting solutjon was



2'' 1" 0 NH ./.
6.83 (d, J
J = 8.01 Hz,

3.45 (m 511),
. 153 EXAWPLE 110 (2 'R 3S, 4
6- CHLORO- 4' - (3- CHLORO- 2- FLUORO- PHENYL) %' - (2, 2-

(s,

911).

[0284]

[0285]

-, (R 5 "1 4NH, 2 3-s., /--u NH[0269]111 NVR
(300 MHz, CDC13), 3 8.72 (s, 111), 7.31-7.21 (m 311), 7.08- 6.93 (m 1H),

1.6 Hz, 1H), 6.66 (dd, J1 = 8.1 Hz, J2 = 1.8 Hz,

'S, 5 'R)

stitred at room temperature for 2 hrs. The solvent was removed in vacuo and
the residue was dissolved with ethyl acetate and the solution was washed by
brine. The organic phase was dried over Na;SOs, The solvent was removed in
vacuo and the residue was purified by chromatography to yield the product.

'H NMR (300 MHz, CDCl), 8 7.62 (d, J = 6.98 Hz, 2H), 7.48 (d, ] =
7.33 Hz, 2H), 7.38 ~ 7.06 (m, 11H), 6.82 (t, = 8.16 Hz, 1H), 6.65(d, ] =1.78
Hz, 1H), 5.54 (d, J = 5.84 Hz, 1H), 4.54 (d, ] = 5.85 Hz, 1H), 4.23 (d, ] = 7.34
Hz, 1H), 4.10 (s, 1H), 3.82 (d, J = 8.57 Hz, 1H), 3.73 (dd, J = 3.36, 11.10 Hz,
1H), 3.49 (d, J = 10.23 Hz, 1H), 3.22 (d, J = 9.12 Hz, 1H), 1.89 ~ 1.81 (m,
1H), 1.34 (d, J = 15.60 Hz, 1H), 0.91 (s, 9H), 0.52 (s, 9H), -0.05 (s, 3H), -0.12
(s, 3H).

EXAMPLE 118

(I"R,27S,2'R,38,4'S,5'R) 2,2-DIMETHYL-PROPIONIC ACID 2-[6-
CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-DIMETHYL-
PROPYL)-5-HYDROXYMETHYL-2-0XO-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-1'-YL]-1,2-DIPHENYL-ETHYL
ESTER

To a solution of compound 116 (1.0 mmoi) in 10 mL CH,Cl,
trimethyl acetyl chloride (1.5 mmol) and diiospropyl ethylamine (2.0 mmol)
was added and the resulting solution was stirred at room temperature
overnight. The solvent was removed in vacuo and the residue was dissolved

with ethyl acetate. HCl (1 mL) was added to the organic phase and the

1H),

111), 4.43 (d, J = 7.6 Hz, 111), 4.20-4.03 (m 311),
2.67 (m 1H), 1.75-1.67 (m 211), 1.49-1.24 (m 3H), 0.78

6.27 (d,
3. 58-



DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RJ | NDOLE- 3, 3' -

PYRROLI DI NE] - 5t - CARBOXYLI C ACI D [ 2- ( 2- METHOXY- ETHOXY) - ETHYL] - AM DE

[0270] 1HNVR (300 MHz, CDC13), & 8.64 (s, 111), 7.32-7.19 (m 3H), 7.08 (t,
J=7.9 H, 1H), 6.85 (d, J =1.8 Hz, 1H), 6.68 (dd, J1 =8.1 Hz, J = 1.8
Hz, 1H), 6.32 (d, J = 8.1 Hz, 1H), 4.46 (d, J = 8.0 Hz, 1H), 4.12-4.03 (m
1H), 3.62-3.41 (m 9H), 3.38 (s, 3H), 12985 (br, 1H), 1.52-1.47 (m 111),
0.98-0.89 (m 1H), 0.82 (s, 9H): 13C NVR (75 MHz, CDC13), 5 181.41, 171.90,
143. 07, 129.94, 128.50, 127.70, 126.97, 125.49, 124.85, 124.81, 123.18,
122.17, 121.94, 121.68, 110.81, 72.19, 70.56, 70.16, 67.34, 66.71, 63.46,
56. 39, 51.89, A43reafiting3Bixthfy, waOstided at2Qod empbhadiredERANPARE Thén § L R 3S, 4 'S5

D NETHYL. PROPYL) NEGRID SR TR s R s ppgated. The orgni
PYRROLI DI NE] - 5' - BhARB@XrieCoyxENRSQ3- WIBREIHEhY WasFervbved PROPY1IndAhd DE

027111 FI NVR 30511 s cibia s o 683 t J:75Hz
[111) AT (30R M'elzw %@é@%y nom Z)géénﬂ Qélld(‘.]{ég k. (11 S

Hz, 1H), 3. 7l9i86!3 69 (HxNN&iﬁ??gMélzaEPQI ,87.39 7.5 @, F-&H) fr&f 6324m, 3. 40 (m 2H),
2.55-2.50 (m 7Hm), 146@, 5 13.58, 1H), 11 (4, 9= 831 HS,,IHQZBJIBwSJ-@@nNM? (75 Mz,

CDC13), (5 178. 44 2" 1 24 7.56, 125.13,
124. 9)2, (124. 40, 1'34(]&%411' 3%522?‘18}}%1&‘1) g%ag%@gﬂ %%‘?(de’%‘é‘%& 66. 48, 62. 10,
57.18, 53.83, 52H53H),4467R]=35300z, 18] 166~ 337@1}130 3001 2BEXANPOE 112

1.15 (s, 9H), 0.56 (s, 9H).

EXAMPLE 119

(I”R,2"5,2°R,35,4°8,5'R) 2,2-DIMETHYL-PROPIONIC ACID 2-[5'-
BROMOMETHYL-6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-
(2,2-DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

PYRROLIDIN}-1'-YL]-1,2-DIPHENYL-ETHYL ESTER

[0287] To a solution of compound 118 (1.0 mmol) in 10 mL CH,Cl,, CBr,
(1.5 mmol) and Ph;P (1.5 mmol) was added and the resulting solution was
stirred at room temperature for 6 hrs. The solvent was removed in vacuo and
the residue was purified by chromatography to yield the product.

[0288] '"H NMR (300 MHz, CDClL), 8 7.64 (4, J = 6.69 Hz, 2H), 7.50 (4, J =
7.20 Hz, 2H), 7.39 ~ 6.84 (m, 13H), 5.42 (4, J = 7.40 Hz, 1H), 4.53 (d, vJ =
6.90 Hz, 1H), 4.19 (d, = 9.00 Hz, 1H), 3.79 (d, J = 8.61 Hz, 1H), 3.63 ~ 3.58



(2" R3S, 4'S,5"'"R 6-CHLORO-4' - (3- CHLOR. 0- 2- FLUORO PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 11- METHYL- 2- 0X0- 1, 2- DI HYDRO-

SPI RJ | NDOLE- 3, 3' - PYRROLI DI NE] - 5' - CARBOXYLI C ACI D [ 2-( 2-

METHOXY- ETHOXY) - ETHYL] - AM DE 155 [0272] Under argon, to a solution of the
conpound of Exanple-110 (1 mmol) 20 nL CH3CN, 0.5 nL 37%formalin and 1.1
mmol NaBH3CN, 2 drops of HOAc were addggd. The resulting solution was
stirred at roomtenperature for 2 hrs, then 50 nL ethyl acetate was added.
The resulting m xture was washed with NaHCO3 sol ution and brine and dried
over Na2SO4. The sol vent was renoved and the residue was purified by col um
(yield, -90%. [ Qz78)NR & 30) 16Hz,1.5C061B), 15868 1080 (b1H), 1) (s, 9FDP2 (m 1H),
7.28-7.02 (m 2H), %%-6.52 (m 3H, 4.15 (m 1H), 3.87 (m 1H), 3.72-3.51
(m 8H), 3.44 (s°538%°®2 96 (m 1H), 2.52 (s, 3H), 2.16 (m 1H), 1.61-1.48
(m 2H), 0.58 (s, 9H). EXAMPLE 113 (2 'R 3S,4'S, 5 'R

6- CHLORO- 41- ( 3- CHLORO- 2- FLUORO- PHERXLMPRE 1402, 2-

DI METHYL- PROPYL) - 11- METHYL- 2- 0X0- 1, 2- DI HYDRO-

SPI RO | NDOLE- 3, 3' - PYRROLI DI NE] - 5LCARBOXYLI C ACI D ( 3-

MORF' HOLI N- 4- YL- PR@V%EWBE"F@?M ﬂ&@PRQdW&W%Q-Z-EkH%Pe- 113 was

i s R ) X -
D g o 155 B P igrgute AT (200 M. 0019

[0289] To a solution of 2-morpholin-4-yl-ethanol (10 mmol) in 10 mL dry
THF, NaH (10 mmol) was added and the resulting mixture was stirred at room
temperature for 2 hrs. Then compound 119 (I mmol) was added and the
Tesulting mixture was stirred at room temperature overnight. The solvent was
removed in vacuo and the residue was dissolved with ethyl acetate and the
solution was washed with brine. The organic phase was dried over Na;SO,,
The solvent was removed in vacuo and the residue was purified by
chromatography to yield the product.

[0290] '"H NMR (300 MHz, CDCh), 8 7.67 (d, ] = 7.05 Hz, 2H), 7.50 (d, ] =
7.38 Hz, 2H), 7.45 ~ 7.07 (m, 11H), 6.83 (t, J = 7.94 Hz, 1H), 6.64 (d, ] = 1.79
Hz, 1H), 548 (d, ] = 5.68 Hz, 1H), 4.53 (d, J = 5.82 Hz, 1H), 420 (4, ] =
10.61 Hz, 1H), 4.10 (s, 1H), 3.85 (d, J = 5.66 Hz, 1H), 3.74 ~ 3.40 (m, 8H),



(m 2I1), 6.85-6.52 (m 3H), 4.17 (m 1H), 3.85-3.62 (m 611), 3.52-3.32
(m 3H), 3.06 (m 1H), 2.55-2.25 (m 911), 1.61-1.48 (m 2H), 0.57 (s,
911). 156 EXAMPLE 114 (2 'R, 35,4 '5,5 'R

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

DI METHYL- PROPYL) - 11- METHYL- 2- 0X0- 1, 2- DI HYDRO-

SPI RO | NDOLE- 3, 31- PYRROLI DI NE] - 5LCARBC%¥LI C ACID (2-

MORPHOLI N- 4- YL- ETHYL) - AM DE [ 0276] The conpound of exanpl e-114 was prepared
via sane procedure as Exanpl e-112. [0277] 111 NWR (300 MHz, CDC13), 87.62 -
7.30 (m 2H), 7.21-6.92 (m 3H), 6.92-6.50 (m 3H), 4.17 (m 1H), 3.79-3.36
(m 5H), 3. 46 - 30(3@dd£m=225*)9602hz9 me1 LH)4g (2, 6D, 1.92~ 3@4(&{)1 H, 1.95 (m

111), 1.80 - 911) . EXAMPLE 115 (2 'R 354'S5" 'R
6- CHLORO- 4' - CZE%3§&LL%&§$F§RNL) 2 -(2,2-
DEVI ETHYL- PRODYL) 5' 42- ( 2- METHOXY- ETHOXY) -

ETHYLCARBAMOYI J- 2- 0X0- 1, 2- DI HYDRO 8RAMGLE NROLE- 3, 3' -
PYRROLI DI NE] - 1' - CARBOXYLI C ACI D METHYL ESTER

(2'R,35,4°S,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5'-(2-MORPHOLIN-4-YL-ETHOXYMETHYL)-1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE

0]

®

[0291] At 0°C, to a solution of compound 120 (2.0 mmol) in CH;Cl,-MeOH
(10 mL, 1:1), Pb(OAc) (1.34 g, 3.0 mmol) was added. The reaction was
stirred at 0°C for about 5-10 min, and the solution filtered through a short
silica gel column. The solvent was removed in vacuo and the residue was
purified by chromatography to yield the product.

[0292] 'H NMR (300 MHz, CDCl;), & 8.12 (s, 1H), 7.39 ~ 6.71 (m, 6H), 4.18
~3.40 (m, 11H), 2.63 ~ 2.47 (m, 7H), 1.29 ~ 1.13 (m, 2H), 0.85 (s, 9H).



157 [0278] The conpound of exanple 115 was prepared via sane procedure as
Exanpl e-112. [0279] .NWR (300 MHz, CDC13), S 7.89 (s, 1H), 7.26-7.20 (m
2H), 7.05- 7.03 (m 111), 6.84-6.82 (m 2H), 4.85-4.82 (in, 111), 4.11-4.05
(m 1H), 3.97 (s, 3H), 3.81 (s, 311), 3.58-3.47 (m 8H), 2.59-2.44 (m
311), 1.81-1.75 (m 1H), 1.34-1.30 (m 1H), 0.85 (s, 9H); 13C NWR (75 Mz,
CDC13), 171.62, 169.46, 151.15, 139.3&33 138.03, 135.56, 131.03, 129.02,
127.68, 125.62, 124.88, 124.82, 124.62,” 116.82, 72.19, 70.69, 70.16, 66. 16,
63. 24, 61.27, 59.43, 54.71, 53.62, 43.21, 39.92, 29.79, 23.06. EXAMPLE 116
(1"R2"S,2"'"R3S,4"'S5"'R 6-CHLORO-4) - (3- CHLORO- 2- FLUORO

PHENYL) - 2' - (2, 2- DI METHYL- PROPYL) - 1gx Apdpf/2ROXY- 1, 2-

Dl PHENYL- ETHYL) - 5' - HYDROXYMETHYL- 1H SPI ROUNDOLE- 3, 3' - PYRROLI DI N] - 2- ONE

[ 0280] Under argon, to a 100 nL flask with stir bar was added (2S, 3R)-

2, 3, 5, 6-t et r ahy d@26 33,435 YRhERLARQA-443- TR ORA-BFIIHRG-RHENYL)-B(BB ol ),

3-E- (2- fl uor o- 3- chlBMETHEERROPY HelMETHY R+ 35 (20MPRBHQLIAVAHYE= | ndo1- 2- one (4. 75
mol ), 2 g freshl EEPXMEREI AHBIRIINRPLE} $FYRROLIDIN|-2-ONE

3, 3-di net hyl - butyral dehyde (4.75 mol) and tol uene (50 nL). The m xture was
heated to 70C and kept at that tenpgyature for 5 hours. The m xture was
cooled to roomtenperature and theEm):gecul ar sieves were filtered off The
sol vent was renoved in vacuo and the fesidue was purified by chromatography
to yield the 1, 3-di pol ar product. 8 [0281] The 1, 3-di pol ar product (2.0
mol ) obtai ned was di ssolved in

cl
[0293] Compound 122 was obtained by a same procedure as example 112.
[0294) 'H NMR (300 MHz, CDCls), § 7.50 (d, J = 8.66 Hz, 1H), 7.28 ~ 7.17

(m, 3H), 7.02 ~ 6.88 (m, 1H), 6.88 (d, J = 1.80 Hz, 1H), 5.02 ~ 4.80 (m, 1 H),
3.96 (d, T= 11.15 Hz, 1H), 3.68 (1, ] = 4.50 Hz, 4H), 3.57 ~ 3.53 (m, 2H), 3.40
~3.32 (m, 2H), 3.03 (d, T = 6.83 Hz, 1H), 2.55 (s, 3H), 2.48 ~ 2.40 (m, 6H),
1.76 ~ 1.68 (m, 1H), 1.47 (d, J = 15.10 Hz, 1H), 0.61 (s, 9H).



ethanol /HC1L (10 nL) and the resulting solution was refluxed overnight. The
sol vent was renoved in vacuo and the residue was neutralized with

NaHCO3/ H20 and extracted with ethyl acetate. The organi ¢ phase was dried
over Na2SO4. The sol vent was renoved in vacuo and the residue was di ssol ved
in 20 nL ethanol and 10 nunol NaBH4 wa$4added very carefully. The resulting
m xture was refluxed overnight. The solvent was renoved in vacuo and the
residue was treated with NaOH H20 and extracted with ethyl acetate. The
organi ¢ phase was dried over Na2SO4, M& ol vent was renoved in vacuo and
the residue was purified by chr omapgﬁ ﬁﬁjnto yield the product. [0282]
NVR (300 MHz, CDC13), 5 7.60 - 7.34 (m 11H), 7.14 - 7.09 (m 111) 7.04 -

6.93 (m 2H, 6. 825%333"&4X59&§66¥&03{U)4[§13cﬁ01(<§'?}1émﬂz'§22- , 5.38
(d, J = 8.61 Hz, PR OPYE)-270%0-49-0& v pRb)SPIRb B ds 31 = 2 6, 12.0
Hz, 1H), 3.74 (d, PIRROBIDINE}HZC XYBICBACIDN 3 ADIEYDRORY-BULyIIH), 3.11 (t, J
9.60 Hz, 1H), 2.64 (s, 1H), 2. AMIDEHYDROGHLBRME 1H), 1,84 - 1.75 (m 1H),
1.15 (d, J = 14.44 Hz, 1H), 0.54 (s, 9 H. EXAMPLE 117 (1 "R2"S,2
'R 35,4 'S5 'R

- (TERT- BUTYL- DI METHYL- SLLANYLOXYMETHYL) -6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORG
PHENYL) - 2' - (2, 2- DI METHYL- PROPYL) - 1" - ( 2- XY- 1, 2-
DI PHENYL- ETHYL) - 1H SPI ROPNDOLE- 3, 3' - P DIN] -2-ONE [0283]To a sol ution
of conpound 116 (1.0 mmol) in 10 nL DVF,STBDMBCL (1.1 nunol) and im dazole
(1.1 mmol ) were added. The resulting solyion was 159 stirred at room
tenperature for 2 hrs. The sol vent was renpved in vacua and the residue was
di ssolved with ethyl acetate and the @M"{H on was washed by brine. The
organi ¢ phase was dried over Na23%4 TheR§(Hant was renoved in vacua and

Rt ol H ield the product. [0284] NWR
(300 MHz, CDC13), 8 7.62 (d, JB= 6. 98(R5 21%%7.48 (d, J = 7.33 Hz, 2H),
7.38 - 7.06 (m 11H), 6.82 (t, J HR“IHN 6.65 (d, J = 1.78 Hz,

111), 5.54 (d, J = 5.84 Hz, 1H), d/~FP=5.85 Hz, 111), 4.23 (d, J =
7.34 Hz, 111), 4.10 (s, 1H), 3.€@F (¥ Jh= 857Hz 111), 3.73 (dd, J =
3.36, 11.10 Hz, 111), 3.49 (d, J =10.25 Hz, 1H), 3.22 (d, J = 9.12 H,
1H), 1.89 - 9291 (m 'HNMR (300 34Hz 6D:QD)=5 836 60, M), 79011y 38 nIZ)(s, OH), O.52

(s, 9H), -0.05 (839 3'7')14&(%4 26§2S(,dd35"i)19ﬁ>§%/'ﬂz51}i)1§8((dd JR1%3p, 2 'R3S 4
'S,5 'R) 2,2-DI NETHYL- P

CHLORO- 41- ( 3- CHL 889258 @W@%ﬁer&wﬁ@'%% On, DHMERG, J = 10.85 Hz,
PROPYL) - T- HYDROXMiWET biYL 321 QufCsH, 2osD! :DOIRO1H), 1.64 ~ 1.46 (m, 3H), 0.85 (s,

SPI RO | NDOLE- 3, 331-{)?}68%%95%}'@38&), g”l%& 43' F6H|’.:54 1'2;3 ETHﬂ‘w 135.44,
131.84, 131.77, 130.54, 127.53, 127.18, 125.57, 122.68, 122.27, 110.67,
69.67, 66.09, 63.31, 63.23, 61.13, 60.58, 56.20, 41.53, 36.90, 32.66, 29.85,
28.49; BIMS: 580.1 (M*+1). '



ESTER [02851To-a solution of conmpound 116 (1.0 mmol) in 10 nL CH2C12,
trimethyl acetyl chloride (1.5 mmol) and diiospropyl ethylamne (2.0 mmol)
was added and the resulting solution was stirred at roomtenperature
overni ght. The solvent was renoved in vacua and the residue was dissol ved
with ethyl acetate. HCL (1 nip was add€¥ to the organi c phase and the 160
resulting mxture was stirred at roomtenperature for 2 hrs. Then 5 niL
NaHCO3/ H20 was added and the two phases were separated. The organi c phase

was dried over Na2SO4. The sol ventgﬂﬁlgigﬁ%ved in vacuo and the resi due was

purified by chromatography to yiel duct [0286] 1H NVR (300 MHz,
cbCl3), 5 7.59 - 7.15 (m 15 H), 6.84 - 6.82 (m 2H), 5.40 (d, J = 8.10 Hz,
1H), 4.48 (d, 3 = 82'Bks ki A kkR) 6-8uLBRO-4831EH(ARO-BRENYD).-Rb (-dd, J = 2.52,

11.87 Hz, 111), 3. 77 MIMETHYE-FROPYLIE-FLUORO-230%06-12bHIDROL0. 02 Hz, 1H), 3.16
(d, J = 11.80 Hz, SHRO[MDOGE-3,31P BRRANIDINE]S)-CARBGRYLIC A8D((Bw- 1H), 1.15 (s,
9H), 0.56 (s, 9H). EXAMPLE 11BIHYDROIXY-BUTHE)-&MIIE 3S, 4'S, 5 'R
2, 2- DENI ETHYL- PROPIONI C ACI D 2-[5' -
BROMOVETHYL- 6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL) - 21-
(2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SRI R | NDOLE- 3, 3' -
PYRROL1DI N} - 11-YL] - 1, 2- DI PHENYL- ETHYL ES o [0287]To a solution of
conmpound 118 (1.0 mmol) in 10 nL CH2C1. ¢Br a (1.5 nmmol ) and Ph3P (1.5
mmol ) was added and the resulting sol utiBh was stirred at roomtenperature
for 6 hrs. The solvent was renoved in vaguo and the residue was purified by
chromat ography to yield the product. oo NH

X

[0296] "H NMR (300 MHz, CDCL), 5 9.34 (br, 1H), 7.70 (t, J = 6.00 Hz, 1H),
7.27 ~ 7.12 (m, 3H), 7.00 (s, 1H), 6.90 (d, J = 7.40 Hz, 1H), 6.78 (d, J = 6.10
Hz, 1H), 5.84 (d, T = 8.94 Hz, 1H), 4.36 (d, J = 5.14 Hz, 1H), 3.80 ~ 3.47 (m,
7H), 1.70 ~ 1.98 (m, 2H), 1.52 ~ 1.44 (m, 1H), 0.94 ~ 0.90 (m, 1H), 0.83 (s,
9H) ; EIMS: 552.2 (M'+1).



[0288] 11-1 NVR (300 MHz, CDC13), 8 7.64 (d, J = 6.69 Hz, 2H), 7.50 (d, J =

7.20 Hz, 2H), 7.39 - 6.84 (m 13H), 5.42 (d, J = 7.40 Hz, 1H), 4.53 (d, 3 =
6.90 Hz, 1H), 4.19 (d, 3 = 9.00 Hz, 1H), 3.79 (d, 3 = 8.61 Hz, 1H), 3.63 -
3.58 161 (m 2H), 3.23 (s, 1H), 1.57 - 1.54 (in, 1H), 1.36 - 1.30 (m 1H),
1.25 (s, 911), 0.54 (s, 9H). EXAWPLE 160 (1 "R 2 "S,2 'R 3S,4 'S, 5 'R)

6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO

PHENYL) - 2' - (2, 2- DI METHYL- PROPYL) - 11- ( 2- HYDROXY- 1, 2-

DI PHENYL- ETHYL) - 5" - ( 2- MORPHOLI N- 4- YL- ETHOXYMETHYL) - 1H

SPI ROUNDOLE- 3, 31- PYRROLI DI NJ- 2- ONEEX4MB88}%0 a sol ution of

2-nmor phol i n-4-yl-ethanol (10 mml) in 10 nL dry THF, NaH (10 nmol) was
added and the resulti Bgs 4 P WBEORGLL AR DRI BHISARGRAt ure for 2 hrs.
Then conpound 119 Hr/HTRRA )PRERET S0G8D- PABIHSRAG-EBIROINDOLRIZELUr € was stirred
at room t enper at BYRROMBINEISNCARBORYER) ACIDL(3 BFDROXYOMLERITYDOXFCUO and t he
residue was dissolved with ethyl avetvajevapel t he sol ution was washed with
bri ne. The organi c phase was dried over Na2SO4. The sol vent was renoved in
vacuo and the residue was purified by chromatography to yield the product.
[0290] 11-1 NWR (300 MHz, CDCI3), 5 7.67 (d, | =7.05 Hz, 2H), 7.50 (d, J =-
7.38 Hz, 211), 7.45 - 7.QT (mcl H, 6.83 (t, J = 7.94 Hz, 111), 6.64 (d, J
= 1.79 Hz, 1H), 5.48 (d, J .68 R, 111), 4.53 (d, J = 5.82 Hz, 111),
4.20 (d, J = 10.61 Hz, 11Y 1H), 3.85 (d, 1= 5.66 Hz, 1H), 3.74 -
3

.40 (m 811), o
\') ‘ <N/\£)i/
IRA—NH  H O-lL-Ph

[0297) 'H NMR (300 MHz, CDCls), 5 8.46 (br, 1H), 7.46 ~ 7.23 (m, 15H),
7.18 ~ 7.09 (m, 3H), 6.90 (4, J = 7.00 Hz, 1H), 6.80 (s, 1H), 6.69 (d, J = 7.90
Hz, 1H), 6.19 (d, J = 7.59 Hz, 1H), 4.33 (5.82 Hz, 1H), 3.88 (br, 1H), 3.83 (d,
J=6.56 Hz, 1H), 3.65 ~ 3.55 (m, 2H), 3.34 ~ 3.10 (m, 4H), 2.71 (br, 1H), 1.73
~1.48 (m, 3H), 0.96 ~ 0.91 (m, 1H), 0.84 (s, 9H).



162 3.00 (dd, | = 2.25, 9.60 Hz, 111), 2.61 - 2.49 (m 611), 1.91 - 1.84
(m 1H), 1.35 - 1.30 (m 1H), 0.55 (s, 911). EXAMPLE 121 (2 'R 35,4 '8,5
'R) 6- CHLORO- 41- ( 3- CHLORO- 2- FLUORO PHENVYL) - 21- ( 2, 2-

Dl 1vl ETHYL- PROPYL) - 5' - ( 2- MORPHOUN- 4- YL- ETHOXYMETHYL) - 1H

SPI RO | NDOLE- 3, 3' - PYRROLI DK- 2- ONE [ 0294] At OC, to a solution of conpound
120 (2.0 mol) in CH2C12- MeOH (10 ni, 1:1), Pb(OAc)4 (1.34 g, 3.0 mmvl) was
added. The reaction was stirred at 0C for about 5-10 min, and the solution
filtered through a short silica gel_colum. The sol vent was renoved in
vacuo and the residue was purifie Wﬁ%t ography to yield the product.
[0292] 111 NWMR (300 MHz, CDC13), 5 8.12 (s, 111), 7.39 - 6.71 (m 6H), 4.18

-3.40 (m 11H), ((%153% 25 8)6- éﬁloﬁc'ﬁh 3 b drob-HUdKd-pRENYL)BR (s, 914).
163 EXAVPLE 122 DIME PPV PROPPL)- SRIMORPHOLINE-4-CARBONYL)-1 H-

6- CHLORO- 4' - (3- CHLORO- 2- FSIL@WBUEBMB)-PQRR@QD&]-Z ONE

DI METHYL- PROPYL) - 1' - METHYL- 5" - ( 2- MORPHCLI N- 4- YL-

ETHOXYMETHYL) - 1H SPr RJ | NDOLE- 3, 3LPYRROLI DI N] - 2- ONE

[0298] TH NMR (300 MHz, CDCly), & 8.39 (br, 1H), 7.27 ~ 7.13 (m, 2H),
7.05 ~ 6.99 (m, 1H), 6.87 (d, ] = 1.57 Hz, 1H), 6.72 (dd, J = 1.43, 8.08 Hz,
1H), 6.49 (d, J = 8.05 Hz, 1H), 4.61 ~4.54 (m, 1H), 4.39 (d, ] = 8.04 Hz, 1H),
3.80 ~ 3.45 (m, 8H), 2.97 (m, 1H), 1.80 (br, 1H), 1.51 ~ 1.42 (m, 1H), 0.90 ~
0.87 (m, 1H), 0.84 (s, 9H); "C NMR (75 MHz, CDCly), § 181.47, 168.74,
142.90, 134.17, 130.24, 128.44, 128.25, 126.69, 12537, 125.11, 122.38,
122.31, 110.75, 68.96, 67.26, 67.17, 64.38, 63.97, 52.84, 46.62, 43.21, 31.99,
30.58, 30.24.



[ 0293] Conmpound 122 was obtained by a same procedure as exanple 112.

[0294] 11-1 NMR (300 MHz, CDC13), 5 7.50 (d, J = 8.66 Hz, 111), 7.28 - 7.17
(m 311), 7.02 - 6.88 (m 1H), 6.88 (d, J = 1.80 Hz, 1H), 5.02 - 4.80 (m
111), 3.96 (d, J = 11.15 Hz, 111), 3.68 (t, J = 4.50 Hz, 411), 3.57 - 3.53
(m 211), 3.40 - 3.32 (m 211), 3.03 (48 J = 6.83 Hz, 111), 2.55 (s, 311),
2.48 - 2.40 (m 6H), 1.76- 1.68 (m 111), 1.47 (d, J -= 15.10 Hz, 1H), 0.61
(s, 9H). 164 EXAMPLE 123 (2 'R, 3S, 3 "S, 4 'R 5 'R

6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 2' - (2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDROEWIINDO_E-S,S' -

PYRROLI DI NE] - 51- CARBCMYLIC ACI D (3, 4- DI HYDROXY- BUTYL) - AM DE HYDROCHLORI DE
0 NH NH (R S 170 Gbp[:0395) MV 390, Ngah3_ 0-PRERYAG (DY, 1H), 7.50 -
7.38 (m 2H), 7. 303 N o DRO. S?mjo[g@b%ﬁaiﬁ Hz, 1H), 6.80

(d, J = 1.83 Hz, p¥RroHDBIE) SdCAkBGX‘JZQIC&(bI 3,4-DIVDRAEXB0)-AMIDE26 (M 1H),
4.20 (d, J = 10. 85 Hz, 111) SJHYDI&)@-iLdI{[DESI—D 2 05 - 2.00 (m 1H), 1.64
- 1.46 (m 3H), 0.85 (s, 9H): 13C NVR (75 Mz, CD30D), & 178.78, 165.54,
143. 64, 135.89, 135.44, 131.84, 131.77, 130.54, 127.53, 127.18, 125.57,
122. 68, 122.27, 110.67, 69.67, 66.09, 63H 1, 63.23, 61.13, 60.58, 56. 20,
41.53, 36.90, 32.66, 29.85 28.49: EIMS: 1580.1 (1\e+1).

HO.,

[0299] 'H NMR (300 MHz, CD;0D), & 8.46 (br, 1H), 7.26 ~ 7.15 (m, 6H),
6.92 (ad, J = 1.83, 8.13 Hz, 1H), 6.80 (d, J = 1.81 Hz, 1H), 5.13 (br, 1H), 5.09
(d, T = 10.71 Hz, 1H), 4.30 ~ 4.18 (m, 2H), 3.50 ~ 3.30 (m, 7H), 2.07 ~ 2.00
(m, 1H), 1.65 ~ 1.45 (m, 3H), 0.84 (s, 9H); "*C NMR (75 MHz, CD;OD), &
178.76, 165.45, 143.66, 135.62, 13545, 134.68, 130.34, 128.88, 128.78,
127.13, 125.51, 122.28, 110.67, 69.67, 66.07, 63.30, 63.21, 61.06, 60.58,
56.18, 41.49, 37.05, 36.91, 32.64, 29.84, 28.48; EIMS: 534.2 (M*+1).



165 EXAMPLE 124 (2 'R 3S, 3 "S,4 'R 5 'R

6- CHLORO- 4' - ( 3- CHLORO- PHENYL) - 2' - (2, 2-

DI METHYL- PROPYL) - 5- FLUORO- 2- 0X0- 1, 2- DI HYDRO-

SPI RO[ | NDOLE- 3, 3LPYRROLI DI NE] - 5' - CARBOXYLI C ACI D (3, 4-

DI HYDROXY- BUTYL) - AM DE [ 0296] 1HNVR (3099MHz, CDC13), 8 9.34 (br, 1H), 7.70
(t, J = 6.00 Hz, 1H), 7.27 - 712(m 3H), 7.00 (s, 1H), 6.90 (d, J = 7.40
Hz, 1H), 6.78 (d, J = 6.10 Hz, 5.84 (d, J = 8.94 Hz, 1H), 4.36 (d, J =
5.14 Hz, 1H), 3.80 - 3.47 (m 7H), WE %%8 (m 2H), 1.52 - 1.44 (in,
1H, 0.94 - 0.90 (m 1H, 0.83 (s, LEg 552.2 (M-F1). 166 EXAMPLE
125 (2 'R 35,3 "S,4 'R 5 'R) 6- CHLORO- 4' - (3- CHLORO- PHENYL) - 2' - ( 2, 2-

DI NETHYL- PROPYL) (20X0<5lc2 ) bPBORORLATHINE. FrduSho-rmNyiy2.

PYRROLI DI NE] - 5' - CARREXIUETAG, BROBY E¥ - BROT A OXrBRAEUTYL) - AM DE

SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID (3,4-
DIHYDROXY-BUTYL)-AMIDE

[0300] '"H NMR (300 MHz, DMSO-dg), § 10.44 (br, 1H), 8.11 (br, 1H), 7.73
(t, J = 6.69 Hz, 1H), 7.44 ~7.15 (m, 2H), 6.88 ~ 6.82 (m, 2H), 4.29 ~ 4.28 (m,
3H), 3.94 (d, ] = 9.60 Hz, 1H), 3.32 ~ 3.00 (m, 4H), 2.60 ~ 2.50 (m, 1H), 1.52
~1.17 (m, 3H), 0.82 (s, 9H). EIMS: 570.2 (M'+1).



[0297] 111 NVR (300 MHz, CDC13), 5 8.46 (br, 1H), 7.46 - 7.23 (m 15H), 7.18
- 7.09 (m 3H), 6.90 (d, J = 7. oo Hz, 1H), 6.80 (s, 111), 6.69 (d, J = 7.90

Hz, 1H), 6.19 (d, J = 7.59 Hz, 4.33 (5.82 Hz, 1H), 3.88 (br, 1H), 3.83
(d, J = 6.56 Hz, 1H), 3.65 -3. 55 (m 2%& 3. 34 3.10 (m 4H), 2.71 (br,
1H, 1.73 - 1.48 (in, 3H, 0.96 - 17 m 0.84 (s, 9H). 167 EXAMPLE

126 (2 '12,38,4 'S, 5 'R 6-CHLORO- 4' (3- CHLO?O 2- FLUORO PHENYL) - 2' - (2, 2-
DI METHYL- PRCPYL) 5' - ( MORPHCOLI NE- 4- CARBC]\IYL) 111-

SPI RO JNDOLE- 3, 31- PYRROLI DI N] - 2- ng Cl [0298] NVR (300 MHz, CDCL3),
8 8.39 (br, 1H), 7.27 - 7.13 (m -699(m1H) 6.87 (d, J =
1.57 Hz, 1H), 6.72 (dd, J = 1.43, 8.08 Hz, 6.49 (d, J = 8.05 Hz, 1H),
4.61 -4.54 (m 1H) (2‘9(339"&ﬁR5~k)3’(§-B@4)M@PH@ML) 63cBORO-3- (%5 (m 8H), 2.97
(m 1H), 1.80 (br, 1HmMETHS1-PROPYARS-FDUORALIOX®19DIHYORE7 (M 1H), 0.84 (s,
9H); 13C NMR (75 MROERODBEE-3,38PYFRROIBINEISECARBONYRCHTID(B4. 17, 130. 24,
128. 44, 128.25, 126.69, 125. INHYDROXNVIBUTY)-AGIDEL22. 31, 110.75, 68. 96,
67.26, 67.17, 64.38, 63.97, 52.84, 46.62, 43.21, 31.99, 30.58, 30.24. 168

[0301] 'H NMR (300 MHz, CDCl,), 8 9.47 (br, 1H), 7.72 (t, J = 5.59 Hz, 1H),
7.37 (d, T = 7.84 Hz, 1H), 7.18 (s, 1H), 7.11 (t, T = 7.77 Hz, 1H), 6.95 (d, T =
7.74 Hz, 1H), 6.78 (d, ] = 9.04 Hz, 1H), 5.85 (d, J = 8.96 Hz, 1H), 4.60 (br,
1H), 4.35 (d, ] = 4.94 Hz, 1H), 3.85 ~ 3.40 (m, 8H), 1.75 ~ 1.65 (m, 2H), 1.51
~ 1.43 (m, 1H), 0.90 ~ 0.88 (m, 1H), 0.83 (s, 9H); °C NMR (75 MHz,
CDCl3), 180.62, 174.19, 155.61, 141.86, 138.55, 132.04, 131.33, 130.66,
127.12, 123.26, 121.14, 114.20, 111.91, 70.47, 67.14, 66.98, 65.20, 63.49,
55.96,44.34, 36.97, 33.23, 30.55, 30.27.



EXAMPLE 127 (2 '12,3,3,3"S, 4 'R5 'R
6- CHLORO- 42- ( 3- CHLORO- PHENYL) - 2' - ( 2, 2-

DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RQ] | DOLE- 3, 31-

PYRROLEDI NE] - 5SLCARBOXYLI C ACI D ( 3, 4- DI HYDROXYL) - AM DE HYDROCHLORI DE HO
HO,,, (s) HO = (R NH* .-=---0 CIN HI’0299] 111 NWR (300 Mz, CD30D), 5
8.46 (br, 1H), 7.26 - 7.15 (m 6H), 6.92 (dd, J= 1.83, 8.13 Hz, 1H), 6.80
(d, J = 1.81 Hz, 1H), 5.13 (br, 111), 5.09 (d, J = 10.71 Hz, 1H), 4.30 -
4.18 (m 2H), 3.50 - 3.30 (m 7H),_.2.07.- 2,00 (m 1H), 1.65 - 1.45 (m
3H), 0.84 (s, 9H); 13C NMR (75 MzEX¢MEBB)30 5

(2'R,35,37S,4°R,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-
(2,2-DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID (4-HYDROXY-BUTYL)-AMIDE

OH

[0302) 'H NMR (300 MHz, CDCL), § 9.63 (br, 1H), 7.84 (s, 1H), 7.47 (s,
1H), 7.23 (t, J = 7.23 Hz, 1H), 7.09 (t, J = 7.20 Hz, 1H), 6.91 (s, 1H), 6.65 (d,
J = 8.07 Hz, 1H), 6.22 (d, J = 7.25 Hz, 1H), 4.61 (m, 1H), 4.12 (m, 1H), 3.65
(m, 3H), 3.48 ~ 3.25 (m, 4H), 1.65 ~ 1.50 (m, SH), 0.91 ~ 0.90 (m, 1H), 0.86
(s, 9H).

EXAMPLE 131

(2'R,38,3"S,4'R,5°R) 6-CHLORO-4'-(3-CHLORO-4-FLUORO-PHENYL)-2'-
(2,2-DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-
PYRROLIDINE]-5'-CARBOXYLIC ACID (3,4-DIHYDROXY-BUTYL)-
AMIDE




135. 45, 134.68, 130.34, 128.88, 128.78, 69.67, 66.07, 63.30, 63.21, 61.06,
60.58, 56.18, 41.49, 37.05, 36.91, 32.64, 29.84,28.48; EIMS: 534.2 (Ne+l).
169 EXAMPLE 128 (2 'R 3S, 3 "S,4 'R 5 'R

6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL) - 2" -

(2, 2- DI METHYL- PROPYL) - 5- FLUORO- 2- 0XO- 1,12 DI HYDRO-

SPI R | NDOLE- 3, 3' - PYRROLI DINE] - 5' - CARBOXYLI C ACI D (3, 4-

DI HYDROXY- BUTYL) - AM DE [ 0300] NVR (300 Mz, DMSO-d6), 5 10.44 (br, 1H), 8.11
(br, 1H), 7.73 (t, J = 6.69 Hz, 1H), 7.44 - 7.15 (m 2H), 6.88 - 6.82 (m
2H), 4.29 - 4038 (m Bﬁﬁ 713. (@40(M¢0H1) ngu\aO(ablem;Lamcomg)z 89.8. 00 (m 4H),

- +

170 EXAVPLE 129 (08D 7Ry ool U 78k P8 ke ) 2 a0 (o o
DI METHYL- PROPYL) - BD)FA0RQD 2-808z, 1 H2-4ASHYBR®, 1H), 3.91 (d, J = 8.1Hz, 1H),
SPI RO | NDOLE- 3, 3L Db 08 (1, SNBSS0 68081 (m, 1H), 0.84

(s, 9H); *C NMR (75 MHz, CDsCOCD3), § 180.40, 172.20, 158.73, 155.46,

144.00, 136.86, 133.30, 131.19, 129.97, 128.64, 126.92, 121.36, 109.91,

69.97, 67.33, 67.22, 66.73, 64.40, 58.92, 44.49, 36.39, 33.63, 29.40. ESIMS

[M+Na] = 574.1.

EXAMPLE 132

COMPETITIVE INHIBITION OF P53-MDM2 INTERACTION

[0304] The FP binding assay described in Example 2 was used to test the
ability of several synthesized compounds to inhibit the interaction between
MDM2 and p53. Compounds Ke-43 (Example 41), Ke-61 (Example 65),
PMDMS6 (Example 2), and Ke-63 (Example 88) were tested against the natural
p33 peptide (Example 2). Compounds Ke-43, PMDMS6, and Ke-63 were
shown to be more potent than the natural p53 peptide, with K; values in the
low nM to sub-nM range (FIG. 9).

EXAMPLE 133

DISRUPTION OF P53-MDM2 INTERACTION BY MDM2 INHIBITORS

[0305] Co-immunoprecipitation  (Co-IP)/Western blotting assays were
performed to assess the effects of Ke-43 on p53-MDM2 interaction. After
harvesting and washing once with cold PBS, HCT116 colon cancer cells were
lysed by sonication in cold Co-IP buffer (50 mM Tris (pH 7.5), 150 mM NaCl,
1 mM EDTA (pH 8.0), 0.5% NP-40) containing 1 mM phenylmethylsulfonyl

fluoride and protease inhibitor cocktail. Sonicated lysates were then



DI HYDROXY- BUTYP- AM DE ~ HO
5,

9.47 (br, 1H)),
1H), 7.11 (t,
9.04 Hz, 111),
Hz, 1H),

J

7.72 (t, J
= 7.77 Hz, 1

7.18 (s,

HO', (4 3" T 103011111 NVR (300 MHz, CDCL3),
59 Hz, 1H), 7.37 (d, J= 7.84 Hz, 1H)
H, 6.95 (d, J =- 7.74 Hz, 1H), 6.78 (d,

8

5.85 (d, J = 8.96 Hz, 111), 4.60 (br, 1H), 4.35 (d, J = 4.94

3.85 - 3.40 (m 8H), 1.75 - 11785 (m 2H), 1.51 - 1.43 (m 1H),

0.90 - 0.88 (m 111), 0.83 (s, 9H);13C NMR (7 5 MHz, CDC13), 180. 62,
174.19, 155.61, 141.86, 138.55, 132. 04, 131. 33, 130.66, 127.12, 123. 26,

121. 14,

centrifuged at 12,000xg at 4°C for 15 minutes. Supernatant containing 2 mg
protein was incubated in the absence or presence of Ke-43 for 1 h at 4°C,
followed by addition agarose beads, conjugated either with anti-p53 antibody
(FL-393, Santa Cruz) or with a non-specific antibody. After mixing for 2 h at
4°C, the agarose beads were washed 3 times with cold Co-IP buffer, boiled in
sample buffer followed by SDS-PAGE and the presence of p53 and MDM2
was detected by Western blotting with mouse monoclonal antibodies against
P53 and MDM-2 proteins. Increasing concentrations of Ke-43 resulted in
decreased immunopreciptiation of MDM2 by the anti-p53 antibody, indicating
that Ke-43 disrupts the interaction between p53 and MDM2 (FIG. 10).

EXAMPLE 134

CELL GROWTH INHIBITION BY MDM2 INHIBITORS

{0306] RKO (wild-type p53), HCT116 (wild-type p53), and HT-29 (mutant

p53) colon cancer cell lines 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 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). The concentration of the compounds
that inhibited cell growth by 50% (ICsp) was calculated by comparing
absorbance in the cells treated with the compounds with the untreated cells.
Compound Ke-43 (examples 41) showed a potent growth inhibitory activity
for cancer cells expressing wild-type p53 (FIG. 11). Notably, cancer cells
expressing wild-type p53 showed greater than 18-fold (HCT116) and greater



114.20, 111.91, 70.47, 67.14, 66.98, 65.20, 63.49, 55.96, 44.34, 36.97,
33.23, 30.55, 30.27. 171 EXAMPLE 130 (2 R 38,3 "S,4 'R 5 'R
6- CHLORO- 4' - ( 3- CHLORO- 2- FLUORO- PHENYL) - 21-
(2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RO[ | NDOLE- 3, 31-
PYRROLI DI NE] - 5' - CARBOXYLI C ACI D ( 4- HYDR@XY- BUTYL) - AM DE OH [ 0302] NVR (300
MHz, CDC13), 5 9.63 (br, 1H), 7.84 (s, 1H), 7.47 (s, 1H), 7.23 (t, J = 7.23
Hz, 1H), 7.09 (t, | = 7.20 Hz, 111), 6.91 (s, 1H), 6.65 (d, J = 8.07 Hz,
1H), 6.22 (d, J = 7.25 Hz, 1H), 4,61 (m 111), 4.12 (m 1H), 3.65 (m 3H),
3.48 - 3.25 (in, thepy3-fold GKQ) specHgity pyer fer cglls Gapressige ®gtantps3 )y, 0. 86 (s,
9H) . EXAMPLE 13126QrtdRi1)3S,3 "S, 4 'R 5 'R
6- CHLORO- 4' - ( 3- CHLORO- 4- FLUORO- PHENYL) - 2" -
(2, 2- DI METHYL- PROPYL) - 2- 0X0- 1, 2- DI HYDRO- SPI RORNDOLE- 3, 3' -

EXAMPLE 135

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

[0307) Cancer cells were treated with test compounds or 0.1% DMSO for 24
hours. Cells were harvested by trypsinization and washed with cold phosphate
buffer saline, pH 7.5 (Invitrogen, Carlsbad, CA). Cells were lysed for 30
minutes in ice-cold lysis buffer (50 mM Tris (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 were centrifuged at 12,000xg at 4°C for 10 minutes to
obtain clarified lysates. Protein was estimated by Bio-Rad dye. Cell lysates
containing 35 g protein were resolved on a 4-20% tris-glycine gel
(Invitrogen, Carlsbad, CA) and transferred onto poly(vinylidene difluoride)
membranes. Immunodetection of proteins on the transfer membrane was
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) was used to assess the protein
loading. When RKO (wild-type p53) and HT-29 (mutant p53) colon cancer
cell lines were treated with Ke-43 (Example 41) for 24 hours, Ke-43 induced
accumulation of p53 and its target gene-products only in RKO cells expressing
wild-type p53 (FIG. 12).



PYRROLI DI NE] - 5LCARBOXYLI C ACI D (3, 4- DI HYDROXY- BUTYL) - AM DE 172
[0303][cc]22 71.1 (c, 1.0 MeOH); 11-1 NWR (300 MHz, CD3COCD3), 8 9.74 (s,
1H), 7.74 (t, J 5.8Hz, 1H), 7.43 (dd, J = 2.0, 7.1Hz, 1H), 7.33-6.84 (m
5H), 4.42 (d, J = 8.4 Hz, 111), 4.05-3.98 (m 1H), 3.91 (d, J = 8.1Hz, 1H),
3.70-3.33 (m 6H), 3.04 (br, 211), 1.5@51.45 (m 3H), 0.98-.091 (m 1H),
0.84 (s, 9H); 13C NWR (75 MHz, CD3COCD3), 8 180.40, 172.20, 158.73, 155. 46,
144.00, 136.86, 133.30, 131.19, 129.97, 128.64, 126.92, 121.36, 109.91,

69. 97, 67.33, 67.22, 66.73, 64.40, 58.92, 44.49, 36.39, 33.63, 29.40. ESIM
[ MENa] = 574.1. EXAMPLE 132 COVPETEXAVELENB4 BI TI ON OF P53- MDMV2 | NTERACTI ON
[ 0304] The FP bi ndi ng assay described in Exanple 2 was used to test the
ability of severalCRLTHENTS A¢h ACOPPERINIDUCED BYMDNI2 INFEBITORS! act i on bet ween
MDM2 and p53. Conpounds Ke-43 (Exanple 41), Ke-61 (Exanple 65), PMDVb
(Exanmpl e 2), and Ke-63 (Exanple 88) were tested against the natural p53

pepti de (Exa@ﬁj 2) . R%r@%_d -4 _Pqu; a e-63 were. shown to be
nore pot ent asﬁ t he nat ralrgyp[%)ggﬁﬁlé?%{?&e,m\lm tﬂgﬂf(lﬁ?/% aﬂce%ceilﬁmf%e lowtiMto
sub-nM range (FI @4 9D-18Sonpme B iy GROPFIIONCERrep8S WDNRTdaNIERACTI ON' BY
MOMR | NH][ BI TOdRSt h&%]m{dﬁm“??&e‘f“aw ih%}(wén?e&@glkég)f 8 bRl ot t 't ng assays
were perforned to assess e effec of  Ke- on., - .interaction.
After harvesti nge)%?ﬁ“am%sg‘ms H’@recPﬁg%m\ﬁ?foﬁIef?H?lﬁe %Bgf‘mgl@‘?' e EDEPP cancer cel | s
were | ysed by soinwdeatcelbdeathn Aded 4da§ioef tHeatheitf fnatifgad addertiiticslis(vat 7. 5), 150
triMNaCl, 1 in )ewist.0n 70 NP- 4 i nicha 1.ni M
phenyl nmet hyl sul %%%Ié? F’%@rgg ‘gﬁdo'?rKSP gg@sag)bllu%%%ﬁl "o >t cgbit?ié’luls’. Soni cat ed
| ysates were theMO)1Pschdepmentiageeiogred v riplivdepndat ot {0grcelissvem nut es.
Super nat an}g c&nt adéxﬂﬁced!g(la?ls ﬁﬂn{ﬂ%%k?o | og'ic@ﬂb'-’thﬁ&ag _ete_ns xtvé}@scaké%cg ij
presence of' Ke- , foll owed | addi ti on agar ose beads,
conj ugated eit heéea&/i"q{?' é-ﬁtei"g b%%apaﬂﬁl%&?r ‘fgﬁ‘gﬁ@s‘f‘m@grﬁl £lEE95d or with a
non- speci fi ¢ ant whloohywithéitttet inkibisorsgps bagatyz&1 Uy padpidii@) iolike(Phgamige beads were
washed 3 tinmes Wikh 59l - ' {0 762 TR utf.er followed by
SDS- PAGE and the pr eosgl#ggeo of ¢V{c%))hS%‘rHaItrIE%{ W&%Bh{?\ggeddgt@%gﬁﬁ%b% Wga?t ern blotting
wi th mouse nonocitoRal- dterddardsinger Hee wpshed iiee WIDMIBS and eein¢drs. | ncr easi ng
concentrations otviﬂli(e-séa&ixfges%mti&eebniaﬂﬁdéq&ép%ﬁﬁ@%didggmQPS@ﬁg/m Lt ion of MDMW2
by the anti-p53 i bod i ndi ca{,é&g t%at, Ke-,4§ i Sr un[i)ts the interaction
%Bk?ﬁ A%'g?/ ]aO 6131 n , for 20 minutes in dark at room temperature.

bet ween p53 and

Acquisition of cells and analysis of sub-diploid DNA content was performed
by flow cytometry using CellQuest software. Only cancer cells expressing
wild-type p53 underwent apoptosis in response to administration of Ke-43
(FIG. 13).

EXAMPLE 137

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

{03091 Cell cycle progression was evaluated in RKO (wild-type p53) and HT-
29 (mutant p53) colon cancer cell lines and CCD-18Co mormal colon

fibroblast cells by determining S-phase cells by incorporation of



EXAMPLE 134 CELL GROWMH I NHI BI TI ON BY MDM2 | NHI Bl TORS [ 0306] RKO (wi | d-type
p53), HCT116 (w |l d-type p53), and HT-29 (rmutant p53) col on cancer cel

lines were seeded in 96-well flat bottomcell culture plates at a density
of 3-4x103 cells/well and incubated in the presence of conpounds for 4
days. The rate of cell growmh inhibititw after treatnment with increasing
concentrations of the conpounds was determ ned using WST-8 (2-

(2- met hoxy-4-ni trophenyl)-3-(4-nitrophenyl)-5-(2, 4di sul f ophenyl) - 2H et razo
i um nonosodi um salt (Dojindo Ml ecul ar Technol ogies Inc., Gaithersburg,
Maryl and) . WGT- 8 bigaedeeaynaiding (BréU)ifplipaed bostrining: Wit HTE¢rlagelediaptisBrd) each wel | and
the plates were hbdBadmGhedbtaBBIGA lbiiend bBstiihig with 0-aRARSRRGRCR f the sanpl es

was neasured at in.a plate, reader l\/b%e |.ar Devi ce- TECAN ULTRA) .
The concentrat i 027581“5?' ?1“8“8‘8&%’6&3‘?5@“’3’?1‘%‘“%”&%05‘“1 (gbo&%sé‘lef‘cebg?ﬁ\iofﬁ by 50% (| C50)
was cal cul at ed byAgoBelly cageeads ooralvelss, ifer ¢vemightihdubationeatkeitbated t h t he
corpounds i th t Gy Ukt 60 Ed 8k SAREUISEL T, (GIAIRLSR, I Showed

potent growth inhibitory ac ancer cel SIS ﬂugrsvvi | d-type p53
(FIG 11). Not abl{incéatraerithci®| M opRidH e Sslinygerahireesteq fxeh8d sthodved gr eat er
than 18-fold (HCHd6Gprrembend aad-8fdU dndd7lah@n 3nf okl difiRiosmasi ficity over

cancer cells expressi tant p53 (HT-29) (F] G, 11). EXAMPLE 135 EFFECTS
OF D2 | NHI BI TORRTERS Bhiopess &P{I?DB‘QWANB% d fipenelyZRddNESIPRODUCTS  MDIVR

AND P21 [ 0307] CaNekQuestesolftzarae(BD Blosihes). WKe3 tisdikedc o rgoaciepmdar 0. 1% DVSO

for 24 hours. Cel ner [ 4Nl | a hed with cold
phosphat e buffer di@?@ﬁé’&%ﬁ#‘%%@%‘?ﬁﬁv‘%ﬁ%%ga'l,dq&%ﬁﬂsg%&&%%%& l1s were

| ysed for 30 mi niibweblastelischethofwhich graiess vildftins p53 G0G.i1AMVEPHeer®sH 7. 5), 150 v
NaCéL 1M EDIQ @D;&a&i.rﬁ) aptp%aalﬂévleﬁ"&dioﬁmffl Lﬁﬂaé h)@%rzelsélgfii EPFH%?&QS |0- ]}:% SD_SL

cont ai ni ng sodi um ort hoy at e, enyl n sul fon uori de
and protease i nhTHtEPe E‘B@%pa?sRﬁ%Rg@hemﬂBﬁl ‘;%8‘6‘93‘8:11‘ ol fdihapol i's, IN).
Next, cell extrabds anigniicanteffectiin alglckesadd cdIB, 000xg at 4C for 10 minutes to
obtain clarified |lysates. Protein was estimated by Bi o- Rad dye. Cell

| ysates containing 35 tig protein wﬁgi%ved on a 4-20%tris-glycine gel
(I'nvitrogen, Carlsbad, CA) and tra nto pol y(vinylidene difluoride)
menbr anes. | nmunodetection of proteins on the transfer nmenbrane was
perfornmed by usi ngREAEFT R 58 BRRMEEMO BHERAEYIHERS, Bost on, MA),
anti-vVDM2 (SWMP1l4, Santa Cruz Bi ot A FB?,OR§anta Cruz, CA) and anti-p21
(BD Bi osci ences, San D ego, CA) nouse nonocl onal antibodies. Antibody to
r3-actin (Signma, St Louis, M) was used to assess the protein |oading. Wen
RKO (wi | d-t yj0810p53) ZEC hbirm2présmatet cpitticlif 58)s verd werled &N @€l paddsland | Nnes were
treated with Ke- I - 43 | ccunul ati on of
p53 and its tar gggu%ﬁg{}%r%ﬁﬁ ghggﬁpé%idr@%%%ﬁstégxgggi%\%V\,i | d-type p53
(FIG 12). 175 ErANPEE weSeddetfor 20T H oA bAPeRT 0si & AdDUOEREIBY NMDVR

| NH Bl TCRS [ 0308}bi (1 o oo P bWl pRSa kil BB erc0l 0N cancer
ce I nes pretreated with Ke-63, cells were protected from TAXOL (FIG. 15)
[0311] 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.



and CCD-18Co normal colon fibroblast cells were treated with increasing
doses of Ke-43 or Ke-61 for 4 days in 6-well Petri dishes. Trypan bl ue dye
excl usion assays were perfornmed to determne the ability of the inhibitors
to induce cell death. After 4 days of treatnent, floating and adherent
cells were harvested and stained with 72% of ypan blue solution (Sigm, St
Louis, MJ. Each treatnent was perfornmed in triplicate and at |east 100
cells were counted. Cells stained blue or norphologically unhealthy cells
were scored as dead cells. To eval uate apoptosis, sub-diploid DNA content
in cells treat edsygtg,lgei;]%s meFighest i nhibitors was anal yzed by propidium
i odi de (PI) staining. er washing once with cold PBS, cells were fixed in
70% et hanol for 1 day at -20C. Ethanol -fixed cells were then washed tw ce
with PBS and stained with a staining solution containing propidiumiodide
(PI') at 50 ug/nl and RNAse A at 100 ug/nil in PBS, for 20 mnutes in dark at
room t enper at ur e l. Acqusogippindiiavyfg Foahilsl: and anal ysis of sub-di pl oi d DNA
content was perfornmed by flow cytonetry using Cell Quest software. Only
cancer cells expressing wld-type p53 ungerwent apoptosis in response to
adm ni stration of Ke-43 (FIG 13). j:@? EFFECT OF MDM2 | NHI BI TORS ON
CELL CYCLE PROGRESSI ON OF COLON CAN 0309] Cel | cycl e progression
was evaluated in RKO (wild-type p53)R 9 (nmutant p53) col on cancer
cell lines and CCD-18Co normal col bifsst cells by determ ning
S-phase cells by incorporation oRe \Geoxyuri dine (BrdU) followed by
staining wwth FITC | abel ed anti - BrdU~ant ?,(body and the total DNA-content by
staining with 7-am noactinonycin D (7-AAR} according to manufacturer's
i nstructions (BD Biosciences, San Jose,;, CA). Briefly, cancer and nornal
cells, after overnight incubation, werée treated with without test conpounds
for 22 hours, followed by an additional 2 hours of incubation with 10 p. M
of Br g u.d UCel |OI s7vvefagahwamadaﬂyiaccépga;sedaled§gm_a:hgihe&s!f, %&elhn:Fl ng I a]?|eI ed
anti - Br an - AA cle .diLstrilbution was anal yze y ow
cytonmetry. Cell sé‘@%?%’c@ﬁqfﬁ%ygher%{ﬁgglaﬁlfsg‘tglﬁglfgfég; by using Cel | Quest
sof tware (BD Bi o¥d$@rfcedyR; Ke-43 i nduced a dose-dependent depl etion of
S-phase in RKO c recel | ngldi @ L0k . i bl ast cells,
bot h of which ex%?’ (eig’s&\’/\nﬁf’cfﬁ-’t@ﬁb%‘dp%Ba FI%&%?% %ﬁg%&l?g&féﬁ@&ﬁad no
appr eci abl e ef f e¥¥lofyoloalyl @ij/‘?f‘v’]e cyiqsteyd silkypylotryietargeyelid, IGORx pr essi ng
mut ant p53 (Fl G OC4R:, GONICR'L \NR"CORT NSO, RSO NRR" Ke=Ak)dr'¢"ngt have a
significant effect,j.n_all the tested cells. EXAVMPLE 138 PROTECTI ON OF
NORMAL CELLS FOR HERAPY W TH MDMVR | NHI BI TORS [ 0310] Pr EC nor nal
prost at e epit hel Raformesenjagyl, westogligleerdetdropyaliGgrowpl withpa¢ efRsarkk; i ncubat ed wit h
Ke-63 (1 ttM andRZiéHt&r'\@pﬁl&ﬂﬂy Sbs ] §lk¥l:[ @%ﬁb eyt GiMbnlA) aﬁﬁﬁ%‘ i taxel ) was

0

added for 2 days. Tr?’/'pan bl ue’ was used e.taerm ne celgflow apbility. The
data showed t hat 2¥&h 38y isicrosydist £0R'e G el CONREE! |SONRRE pretreated with
Ke-63, cells wergpmoNemRed from TAXOL (FIG 15) [0311] Having now fully

described the inyentiaqn. it wll be understood hy S ill in the art
that the same cairﬁ9 ’6%“%%?%%’ Prg eRe qeﬁtﬂﬁ%ﬁ?ﬁﬁ%&@ Feé[;%ffg’l Cg[%nl\%éange of

condi tions, fornekds Feshalkylanlenyt herloglengdmelaeyt alt heerveyalid €a’j ng the scope
of the inventi oncor BVORE HARHERR COREANRRD, RS Iw.l’e(@gﬁR%mka’nt _
applications-and publications cited herein are Full y i ncorporated by

ref erence herei n®iIHEh#d enti rety. 177

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; or



Statenents of invention 1. A conpound having Fornula |: or a
pharmaceutical ly acceptable salt or prodrug thereof, wherein: Xis CH O,
N, or S, wherein R8 is absent if Xis Oor S Yis 0, S, or NR; R, Rz
R3) R4, R5, Rs, and R7 are independently 1-1 or optionally substituted

al kyl, cycloallcyl, alkenyl, cycloal kermgl, allcynyl, aryl, heterocyclic,
CR12.1, OCCOR, CONRIR', NR'COR, NR SO2R', S&2NR R', (C=NR )NR'R'', or
NR R'; or R7 forms an aryl, cycloal kyl, or heterocyclic group with one of
R5 or R6; R8 is H or opti onal | y substituted al kyl, cycloallcyl, alkenyl,
cycl oal kenyl, al Iwéilhwe of & yapd Rh@t@@%%lycﬂlmonemald R ng@@Rther BONL2. 11"

SO2NRM', or (C-NE@I;2 R(CHZ),HQRRS Q@g LREORN }ngd;ﬂep@}g)ent ly sel ect ed
fromH F, O, Bﬁ N al kx HycI oal al kenKI cl oal kenyl ,
al k-ynyl, aryl, N8 %%q?%‘f » {CHPRCOOH, (C , *@é? NR SO2R'
S2NR R' (C-NR PRR' (RH;).-SR', NRHE,-CORNACHaGHOR, ,(cFi'z),,-so:dR'R“ ((:Hz)nndependent ly H
or opti onaIIy Subst ted a y al yI_, , | kenyl ,
al kynyl, aryl, orgéﬁﬁel%klefoc c¢| hi’@ @}ﬂﬁrﬁj&? %ﬁ%%y@h&ﬁ%%(gﬂform a ring;
or 178 when one(@:CRD)a zM@%R'C@HRRHgO)i-Wéh) SHENRIR", RCEAHLB).- may furt her
be (CH2),-X, (C1 _MR c @n oRCH2) Ry

vl A fic e cﬁz)% R', (CH2) nOR%

CH2) nNR ( C=NR
ECH2§ - SR’( (m)zw (%r_’)é") é?ﬁ %@H(C‘(I ﬁoé?é\l - (CEHFRABONR R,
(CH2CH20) , - ( CH2) (BHGN: OH( CHBAHCH)TH, OY-AGR,),,-0RR (CHY) Q2L ZO) A chHE2) m COOR
(Saeon | o) AR CREERM IR ey -
E ag )CHZ(()H]I " gg;(z) g NRé*NFéogz zCHE@H@pLx(I@rQ@i'i Z0YnL (@-{I?L%hgﬁwcm)m
NR @;ﬂa&"
(CHZ)B ( CH2CH20) n- %%32)% CH&’! %CHZ)p ?gﬁ )11 (CH’2) TR R',
E%ﬁ b E%gﬁ%;f éﬁﬂ;ﬂzﬁ‘éwblﬂ (PRI IR | | |
Mma, 1
(CHZ)B (CH2CH20) n- (CHZ)mNR' S2R', -COR, -SOR, or -S2R ; and n, m and

are each i ndepende 2. he co ound of cI aim1l, haV| n For mul a 11
gl’ Formula |11 pf %e %mpound of claim 1, hawrllrEFonnulaHor Formula IIT; g

or a pharmaceutically acceptable salt or prodrug thereof.



DRA 1.3, R7T RRN R6 RO--c 148 IIl or a pharmaceutically acceptable salt or
prodrug thereof. 179 3. The conmpound of claim1l, having Formula V. R3 or a
pharmaceutically acceptable salt or prodrug thereof. 4. The conmpound of

claim3, having Formula V or Formula VI: R4 R3//0 N'----- R7 R1 . t11111 RS
179
3. The compound of claim 1, having Formula IV:

or a pharmaceutically acceptable salt or prodrug thereof.



R6 Il RO 1 1/--YRe ii "....%%--c -c-ennn- "N ...\;,-"11 HH WI or a

phar maceutically acceptable salt or prodrug thereof. 180 5. The conpound
of claiml1, having Formula VI1: VI | or a pharnaceutically acceptable salt
or prodrug thereof. 6. The conpound of claim5, having Fornula VIII or
Formula I X2 R3 54R6R3 R4 7... R 7 R2, WRoR5

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

Vil

or a pharmaceutically acceptable salt or prodrug thereof.

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

or a pharmaceutically acceptable salt or prodrug thereof.

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 Ry and R; is cycloalkyl,

straight or branched alkyl, amide or ester.

9. The compound of claim 1, wherein one of Rs and Rg is C_i5 alkyl,

aryl, or heteroaryl.



RIR11". /R6R6 hg-l | 2=-0R9-1 10 NN H or a pharnaceutically acceptabIeA

salt or prodrug thereof

R2 is optionally

1, wherein one of Rl and R2 1S cycl oal kyl

am de or ester.
C3-18 al kyl, aryl
Formula XX R 0 |

7. The conmpound of claim 1, wherein one of

Itl and

substituted aryl or heteroaryl. 8. The conmpound of claim

strai ght or branched al kyl,

9. The conpound of cl @mm 1, wherein one of R5 and R6 IS
, or heteroaryl. 181 10. The conpound of claim1, having

N-R11 N - R7 RS

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

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Rio and Ry; are independently H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CH,),-R',
(CH3),-NR'R", (CH,),-NR'COR", (CH2),-NR'SO,R", (CHp),-
NR'(C=NR")NR", (CH;),-COOH, (CH;),-COOR', (CH,),-CONR'R", (CH,),-
OR!, (CHp)»-SR!, (CH2),-COR!, (CHp)n-SO;H, (CH),-SONR'R", (CHj)n-
SO,NR'R", (CH>CH;0),-(CHy)-OH, (CH,CH,0)~(CH,)»-OR",
(CH,CH20)n~(CH2)m-COOR!, (CH2CH;0),-(CH;),,-CONR'R", (CHZCHZO),,-
(CHp)m-NRR",  (CH2CH20)0-(CHz)n-NR'COR",  (CH2CH0)q-(CHz)m-
NR'(C=NR")NR", (CH;CH;0)s-(CH2)m-NR'SO:R",  (CH;)p-(CH2CH0)s-
(CH2)n-OH, (CHz)p-(CH2CH0)n-(CHa)m-OR', (CHz)p-(CH2CH;0)3-(CHy)m-
COOR!, (CH,),-(CH2CH20)0~(CHz)m-CONRR", (CH;),-(CH2CH20)0-(CHa )i
NRR", (CH2)p~(CH2CH;0)n-(CH2)m-NR'COR", (CHy),~(CH;CH20)0~(CHz)m-
NR'(C=NR")NR", (CH2)p-(CH2CH,0),-(CH2)u-NR'SO,R", -CO-R’, -SOR’,
or -SO,R’; and

n, m, and p are each independently 1-6.



-{...._ RO -T--N---- 0 Hx or a pharmaceutically acceptable salt or
prodrug t hereof, wherein: RL0O and R11 are independently H, OH or optionally
substituted aIkyI, cycloal l cyl, al kenyl, cycl oal kenyl, allcynyl, aryl,
heterocyclic, (CH2)n-R, (CH2)n-NR R', (CH2)n-NR COR', (CH2)n-NR SO2R’,
(Ai2)NNRL(C=NR')NR"', (CH2)n-COOH, (CH42)n-COOR , (CH2)n-CONR R',

(CH2)NnOR , (CH2)0-SR , (CH2)n-CORT, (CH2)-S03H, (CH2)n-SONR R',

(CH2) NS2NR R', (CH2CH20)"-(CH2),,,-OH, (CH2CH20)r,-(CH2),,-OR ,

(CH2CH20) n- (CH2) ,, - COOR , (CH2CH20) n- (CH2) m CONVWR', (CH2CH20) n(CH2) m NR R",
( CH2CH20) n- ( CH2) k. NR TEORmpofiGHdR @rILP rhaf i@ EreroRIR rin Gag\NRI- X KIAT: |

(CH2CH20) n- (CH2) , n- NRSO2R", (CH2) p- (CH2C1120) n( CH2) m CH,

( CH2) p- ( CH2CH20) n- ( CH3» m ORI, (ClE’?F)p (CH2CH2®) 11- (042)n0@0?

( CH2) p- ( CH2C1120) n- ¢GF2Ym CONR " (CH2) poFPCH0) - c( AR R,

( CH2) p- ( CH2CH20) n- (CHANTRNR CORY
(CH2) p- (CH2CH20) n- NR S
p are each mdepaghde t[#oi 6 .Roy-
For mul a XXDC: RlO ix or a
t hereof, wherein:

and n, m and

@ algh 1, having
salt or prodrug

or a pharmaceutically acceptable salt or prodrug thereof.



R10 is H, OH or optionally substituted al kyl, cycloallcyl, alkenyl,
cycl oal kenyl, al kynyl, aryl, heterocyclic, (CH2)n-R, (CH2)n-NR R',
(CH2) n- NRVOR", (CH2) n-NRSO2R*', (CH2)-NR (C=NRINR', (CH2)-COCH, (CH2)-COOR%
(CH2)-CONI VR*, (CH2)n-OR, (CH2)-SW (CH2)n-COR, (CH7)11-S03H,
(CH2)"-SONR R', (CH2)n-S2NR R', (CH2Gg20)n-(CH2),"-OH,

(CH2CH20) n(CH2) . -OR', (CH2CH20) n- (CH2) m COOR , (CH2CH20),-(CH2),-CONR R',
(CH2CH20),,-(CH2)n,-NR R, (CH2CH20),-(CH2),-NR COR', (CH2CH20)n- (CH2).-
NI V(C=NR')NR"', (CH2CH20),,-(CH2),,"-NR SC2R",

(C12) (CH2CH20) n( CH2) riid4 donfrOkiR)opelfiGHR MG FormulaGRIXm 01T, ( CH2) p-
(CH2CH20) n- (CH2) ,,,-COOR , (CH2) p- (CH2CH20) n- (CH2), - CONR R,

(CH2) p(CH2CH20) "- (CH2),,-NR R', (CH2) p- (CH2CH20) n- (CH2) n, - NR COR",

(CH2) p(CH2CH20) , - (CH2) n, - NR (C=NR") NR", ) PR CH2CH20) n- (CH2) MR SO2R";
-COR, -SOR, -S2R; and n, m and p ake each independently 1-6. 184
13. The conpound of claim 12, having one df FornHI ae XXX-XLV: Ric)R oRp , zl
ZZ NI --R7TRAIW-J; (7 ."/R8/Rs R -1 N© _R9,0n0 NE .. 0

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis O, NH, NR’, CH,, CHR’, or CR’R”;

Ry is H, OH or optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, aryl, heterocyclic, (CHz)s-R', (CH,),-NR'R", (CH,),-NR'COR",
(CH,)-NR'SO;R", (CH),-NR(C=NR")NR", (CH,),-COOH, (CH,),-COOR',
(CH2):-CONRR", (CHz),-OR', (CH,),-SR', (CH),-COR', (CH),-SOsH,
(CH2)»-SONR'R", (CH2)s-SO,NR'R", (CH2CH30),~(CH,)-OH, (CH,CH0),-
(CH2)m-OR!, (CH2CH,0);-(CH;)n-COOR!, (CH,CH;0),-(CH;),-CONR'R",
(CH2CH:20),-(CH2)m-NRR", (CH2CH,0),-(CH2)m-NR'COR", (CH,CH,0),~
(CHz)m- NR'(C=NR")NR", (CH;CH,0),~(CH2)»-NR'SO;R",  (CHp),-
(CHCH,0),-(CH)-OH, (CHy),~(CH2CH,0),-(CHp)m-OR, (CHy)p-
(CH,CH,0)n~(CH2)m-COOR', (CHz),-(CH2CH20)n-(CHa)m-CONR'R", (CHz)y-
(CH2CH;0)n~(CHz)m-NR'R", (CH)p-(CH;CH;0),-(CHy),-NR'COR", (CH,),-
(CH2CH;0)n~(CHz)m-NR'(C=NR")NR", (CH2)p~(CH,CH20)y~(CHz)r
NR'SO,R"; -CO-R’, -SOR?, -SO,R’; and

n, m, and p are each independently 1-6.



HHH XXXI R o R10 z R o 75 N XLV

184

13. The compound of claim 12, havixig one of Formulae X3{X-XLV:

Ew R“\; Ry $10
4 —/Z
Ry, ~n—Rr R, Mn-Rr Ry M ~N-Rr Ri, /~N-Rr
X Rs X Rs X TRs XN R
Rs-/No Rs‘T/No Rer ) o) RQ—I/NO
N N M
XXXvill XXXIX XL XLl
R
Rio e Rio
v Z Z
z 7 /
Ry, M~n-R7 Ri/~N-Rr Ri, /~N~Ry
2 R Ry "'Rs i
Re ___‘,_ 05 Re _{O\ ° ol [y v Rs
& Z N L %
N N N
H H H H
XLH XLm XLV XLV .

or a pharmaceutically acceptable salt or prodrug thereof.



XLI'V or a pharmaceutically acceptable salt or prodrug thereof. 185
14. The conpound of claim1, having Formula XXVI1 or Forrmula XXVIII: Fio
N-R11 O -/ RIN RY -2 /RS RL T HH XXVii) (XXIV! or a
pharmaceutically acceptable salt or prodrug thereof, wherein: R10 and R11
are independently H OH or optionally mygbstituted al kyl, cycl oal kyl,

al kenyl , cycl oal kenyl, al kynyl, aryl, heterocyclic, (CH2),-R,

(CH2),-NR R', (CH2)n-NR COR', (CH2)n -Nit' S 02R', (CHANI U(C=NR")NRI ",
(CH2)-COOH, (CH2)n-COOR , (CH2)n-CONR R', (CH2)nOR , (CH2)n-SR ,

(C1-12) n- COK ( CH23.n- S8 Hompaii ref SONIR R having 1FopnedS02NAI Rt |, Formula

(CH2CH20) , - ( CH2) mayeidy. (CH2CH20) ", - (CH2) . -OR, (CH2CH20) n- ( CH2) m COOR
(CH2CH20) . - (CH2) M CONR R', (CH2CH20)n(CH2).-NR R,

(CH2CH20) n- (CH2) m NRI COR", (CI—%F?Q—IZO) n- (CH2) nNR. 1(_C=NR") NL1r,

(CH2CH20) n- (CH2) M NR  SQ2R", ( p- (CH2CI - 120) 1140 ( CH2) m OH,

(CH2) p- (CH2CH20) n- (CH2) m OR, \[\’C 1P) p- - (CH2CH —Re112) mOOOR

(CH2) p- (CH2CH20) n- (CH2) m CGQR"R , &CHZ) p- (CH2 ) n- %CHZ) , NNR R",

(CH2) p- (CH2CH20) , , - (C112) m N - N-R7

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Ry and Ry are independently H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CH,),-R',
(CH,),-NR'R", (CH;),-NR'COR", (CH.),-NR'SO,R", (CH)n-
NR'(C=NR")NR", (CH;),-COOH, (CH,),-COOR', (CH,),-CONR'R", (CHy),-
OR!, (CH;):-SR', (CH3),-COR', (CH,),-SO3;H, (CH),-SONR'R", (CHj),-
SO,;NR'R", (CH,CH;0),-(CH3)n-OH, (CH,CH>0),-(CH)n-OR/,
(CHCH20)4-(CH,)m-COOR', (CH2CH;0),~(CHz)m-CONR'R", (CH;CH,0),-
(CHz)-NR'R", (CH;CH;0);-(CH3),-NR'COR", (CHCH,0)-(CHy)m-
NR(C=NR"INR", (CH2CH;0);-(CH2)n-NR'SO:2R",  (CH,)p~(CH,CH0),-
(CHz)m-OH, (CH2)p~(CHCH20)5-(CH2)m-OR!, (CH;)y-(CH2CH,0)5-(CH2)m-
COOR!', (CHz),~(CH;CH;0)a-(CH2)m-CONR'R", (CH3)p(CH2CH20),-(CHa)rn-
NR'R", (CH,)p~(CH,CH0)1~(CHz2)n-NR'COR", (CHy)p-(CHCH20),~(CHy)
NR'(C=NR")NR"™, (CHz),-(CH,CH,0),-(CH2)m-NR'SO,R", -CO-R’, -SOR’,
or -SO;R’; and

n, m, and p are each independently 1-6.



n, m and p are each independently 1-6. 186 15. The conpound
havi ng Formula XLVI: or a pharmaceutically acceptable salt or
t hereof. 16. The conpound of claim1, having Formula XLVIl: R3
pharmaceutically acceptable salt or prodrug thereof, wherein:

of claim1l,
pr odrug
or a
R12 is one to

four groups independently selected frogH, F, C, Br, |, OH N2, alkyl,
cycl oal kyl, al kenyl, cycloal kenyl, allcynyl, aryl, heterocyclic, OR
CR2R, OCOR, CONR R', NR'COR , NR SO2R', SO2NI VR', or NIVR'; and nis O,
1,or 2. 17. The conpound of claim1, having Fornmula XLVIII1: 187 R3 RN~ R4
R5 R9 71-0 15.  The compound of claim 1, having Formula XLVI:
R4 N-R7
X R
] 5
R —
9 _ N O
H
XLVI

or a pharmaceutically acceptable salt or prodrug thereof.

16.  The compound of claim 1, having Formula XLVII:

XLVII

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Ri2 is one to four groups independently selected from H, F, CI, Br, I, OH
NO,, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
COzR!, OCOR', CONRR", NR"COR', NR'SO;R", SO;NR'R", (C=NR")NR"R",
or NR'R"; and

nis0, 1, or2.

£

17. The compound of claim 1, having Formula XL VIII:



\--"--0 XLMI'I'I or a pharnaceutically acceptable salt or prodng thereof. 18.

The conpound of claim 17, having one of Fornulae XLIX-LXIV: XLI XLLI LI
LI T1LIVLVLVI LVITLVI T LI XLX
_ 187
R
Ri_ /~N-Ra
ReL s
ol S O
XLVHI

or a pharmaceutically acceptable salt or prodrug thereof.

18. The compound of claim 17, having one of Formulae XL.IX-1.XIV:

Ra
Ry, /~N-Rq
Ro-l X% ‘Re
97 [0}
F~0
L
R3
Rt /~N-Rs
(\ . R5
R P O/§O
L Lv LV Lvi
R Rq Ra Ra
R, /~N—R4 Rq N—Ra Ry N-R4 Ri, /~n-Ra
R, Xy Rs R N “Rs rofl Xy Rs R X Rs
i AL o A
) P ~d 0 9 A~d (o] o d 0 T d 0
[AY]] Lvin LIX LX
Ry R Ry Ry
Ry, ~n—Ry Ry N-Ra Ry, ~n-Re Ri_/~n-Ra
R 0 Xy "’R D R
Iy I T T
L2 g = o] 8 P d (o] 9t P> d o]
LXi LXn X LXIV

or a pharmaceutically acceptable salt or prodrug thereof.



LXITLXITLXITTIT-XIV or a pharmaceutically acceptable salt or prodrug
thereof. 188 19. The conpound of claim1, having Fornmula LXV: R 01 LXV
or a pharmaceutically acceptable salt or prodrug thereof, wherein: R10 and
R11 are independently H, OH or optionally substituted al kyl, cycl oal kyl,

al kenyl, cycl oal kenyl, al kynyl, aryl, #seterocyclic, (CH)n-R, (CH2)-NR R',
(CH2)-NRCOR', (CHA -NR S 02R', (CH2)NR (C=NR')NR. "1, (CH2) n- COCH,
(CH2)-COOR, (CH2).-CONR R', (CH2)OR , (CH2)n-SR , (CH2)n-COR% (Cl112)- SO03H,
(CH2) . - SONI VR CH2) S2NR1R", (CH2CH20),, - (CH2) m OH,

( CH2CH20) n- - ( m2§wmomp9@ﬂ2@mﬂaha@e}ﬁqm aCBWR |

(CH2CH20) n- (CH2) m CONRLR", ( CH2CH20) n(CH2)RZ NRlR'

(CH2CH20) n- (CH2) m NR COR", (CHZCHZO) . 9rrNR1( C=NR' ) NR",

(CH2CH20) n- (CH2) m NR SO2R", (CH2) p-( N Byin( CH2) m OH,

(C1-12) p- (CH2CH20) n- (CHZ)mOR (CHZ)CE

(CH2) p- (CH2CH20) . - (CH2) m CONR R"

(CH2) p- (CH2CH20) " - (CH2) "dNR COR',
(CH2) p- (CH2CH20) n- (CH2) m NR SC2R",
p are each independently 1-6. Zﬁg—flfhe co
Formul ae LXVI and LXVIIl: 189 =

2CH20) n- (CH2) nNR. 1( C=NR") NR' ,
§§R’ or -S®2R ; and n, m and
of claim19, having one of

LXv

or a pharmaceutically acceptable salt or prodrug theréof, wherein:

Rio and Ry; are independently H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CH.),-R’,
(CH)»-NR'R", (CH;),-NR'COR", (CH3),-NR'SO;R", (CHz)o-
NR'(C=NR")NR", (CHy),-COOH, (CH;),~-COOR/, (CH,),-CONR'R", (CH)n-
OR', (CHy),-SR', (CHy),-COR', (CH),-SOsH, (CH,),-SONRR", (CHj).-
SO,NR'R", (CH,CH,0),-(CH;)-OH, (CH;CH0)~(CH)-OR,
(CH,CH20)y(CH3)m-COOR!, (CH,CH,0),(CH2)-CONR'R", (CH,CH,0),-
(CHz)m-NR'R", (CH;CH;0),-(CH3)-NR'COR", (CH,CH,0),-(CHy) -
NR'(C=NR")NR", (CH,CH;0),~(CH,)m-NR'SO:R", (CH;),-(CH2CH,0),-
(CH2)m-OH, (CH3),-(CH3CH,0),-(CHy)n~OR!, (CHa),-(CH>CH;0)n-(CHo)r-
COOR', (CHz),-(CH2CH;0)n-(CH2)m-CONR'R", (CHy)p-(CH2CH;0),-(CHy) -
NR'R", (CHz);(CH2CH;0)n~(CH2)m-NR'COR", (CHz)p-(CH2CH,0)o~(CHz)rw-
NR'(C=NR")NR", (CHy),-(CH,CH,0),~(CH,),,-NR'SO,R", -CO-R’, -SOR’,
or -SO2R’; and

n, m, and p are each independently 1-6.

20. The compound of claim 19, having one of Formulae LXVI and LXVI:



LXVILX VII or a pharmaceutically acceptable salt or prodng thereof. 21. The

conpound of claim1, having one of Fornulae LXVIII and LXIX: or a
pharmaceutically acceptable salt or prodrug thereof, wherein: Z is 0, NH,
NR, CH, CHR, or CRR'; is H OHor optionally substituted al kyl,

cycl oal I cyl, al kenyl, cycl oal kenyl, al®gnyl, aryl, heterocyclic, (CH2)n-W

(CH2)n-NRIR', (CH2)-NR COR', (CH2)n-NRI SO2R', (CH2)11-NR(C=NR")NR'I

(CH2) n- COOH, (CH2)11-COOR, (CH2)n-CONR R', (CH2)n-OR, (CH2)n-SR ,

(CH2) n-CORI, (CH2)n-SO03H, (CH2),-SONR R', (CH2),,-SO2NRLR",

(CH2CH20) , - (CH2) m 011, (CI-lZCI—lZO)'\q CH2) “OR : (CHZCI-RQ) n- (CHZ) m COOR
CH2CH20) n- (CH2) . - CONI VR, (CH2 "-(CH2) m N

ECHZCHZO%n EcmgmNR COR', {Deazgjz'g%m-( 192) (CHRZR? NRR (C=NR)NR' |

(CH2CH20) n- ( CH2) m NRI SO2R (CH2CH20) , , (C11 m CH,

( CH2) p- (CH2CH20) n- (CL1. 12)n$ (@1&4) p( CH2CH20) Ry ( ZrejmRa00R |

(CH2) p- (CH2CH20) ,, - (CH?), , , - R F\", (CHZ)p(CHZCH 0)n{ (CH2) MR R',

(CH2) p- (CH2CH20) n- ( CH2) , 2) p( CH2 AR ,)(5, , -NR(C=NR')NR"" ,
( CH2) p- ( CH2CH20) n- ( CHRJ-HNR 02% R, Ry -SQBR5 “and n, m and p
are each i ndependently A rret hod of p ; a corrpound of Formul a

X, conprising: a) condensing a conpound of Fornmula 1 with a conpound of
Formula 2, to forma conpounﬂvpf Formula 3; Rl RQDRII?‘ Ri CHO 2

or a pharmaceutically acceptable salt or prodrug thereof,

21. The compound of claim 1, having one of Formulae LXVIII and LXIX:

R11 R11

NI

LXVII LXIX

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Zis O,NH, NR’, CH,, CHR’, or CR’R”;

R,y is H, OH or optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, aryl, heterocyclic, (CHz),-R', (CHj),-NR'R", (CH,),-NR'COR",
(CH3)»-NR'SOzR", (CH,)s-NR'(C=NR")NR", (CH;),-COOH, (CH,),-COOR',
(CHp)»-CONR'R", (CH)n-OR!, (CHy)n-SR!, (CHy),-COR', (CHz),-SOsH,
(CH3),-SONR'R", (CHz)p-SO2NR'R", (CH,CH,0),~(CHz)p-OH, (CH;CH,0),-
(CH2)m-OR', (CH;CH30),~(CH2)m-COOR!, (CH,CH30)p-(CH;),,-CONR'R",
(CH,CH20),~(CH2)-NR'R", (CH,CH20),-(CH2)m-NR'COR", (CH,CH,0),-



b) condensing the conpound of Formula 3 with a conpound of Fornula 4 and a
conpound of Fornmula 5 to forma conpound of Fornmula 6; and <c) treating the
conmpound of Forrmula 6 with an oxidizing agent to forma conpound of Fornul a
X; 191 X wherein: R, and R5 are independently H or optionally
substituted al kyl, cycloal kyl, al kenylisocycl oal kenyl, al kynyl, aryl,
heterocyclic, CO2R, OCOR, CONR R', NR'COR, NR SO2R', S2NRR',
(CENR)NR'R', or NRR'; R7 is H RO is one to four groups independently

sel ected from H F, d, Br NO2, al kyl, cycl oal kyI al kenyl ,
cycl oal kenyl, al (ol | NBK@TNR"H‘@%" er o@iz@ﬂ:@)n ) NSO, O63; CONI UR'
NR'COR , NR s R{GH,SEYR(ARL),,-O1E=NR! @ﬁ\ﬁ H;CHZOEH (bﬁ)ﬁ’o R o@pg. R11 are

[ ndependent ly H, r.o on t ed cl oaI cyI al kenyl ,
cycl oal kenyl , S&%?§ﬁzo>af‘§}+ ‘ﬁ&’%’r@g; 8 (%l—%‘hﬁﬁ N‘l%/ NR' R :
(CH2) n- NR OOR',  (QEH2Hi0)NRHRRR', ((G*B&ma&ommz»mmw( @#g),n- COOH,
( SN0 OO0 TR G K LR P RSB,
( CH2CH20) n- ( CH2) NR@%R" QRN nSQBH2Rd n- COOR , ( CH2CH20) n- (CH2) , - CONRLR",
( CH2CH20) n( CH2) my MR € EaeR (e ddady GER) - - NR oo
(CH2CH20) n- ( CH2) nNRf( é)-?\rIR)NF\’I (%HZCllZO)n (CHZ) - NRSO2R',
(CH2) p- (CH2C1120) n(CH2) , n- OH, (CHZ)p (C1120420) n- (CH2) m OR ,
st et 14

p- ! com o &b of Fotttul
S e R o oam m. m o o
are each independently 1-6; and 192 each R, R' and R' is |ndependently H
or optionally substituted al kyl, cycl oal kyl, al kenyfk1, cycl oal kenyl
allcynyl, aryl, or heterocyclic; or R and R or and R", forma ring.
23. A et hod of prepari r&g_@%gnd ngHfoorrmI a corrprl si ng:

1

b) condensing the compound of Formula 3 with a compound of Formula 4 and

a compound of Formula 5 to form a compound of Formula 6; and

c) treating the compound of Formula 6 with an oxidizing agent to form a

compound of Formula X;



a) condensi ng a conpound of Fornula 16 with a conpound of Formula 2, to form
a conpound of Fornula 17; Rl 16217 13) condensi ng the conpound of
Formula 17 with a conpound of Fornula 4 and a conpound of Formula 5 to form
a conmpound of Forrmula 18; and c) treating the conpound of Forrmula 18 with
an oxidizing agent to forma conmpound ©f Formula LXV. 193 LXV wherein: Rl
and R5 are independently H or optionally substituted al kyl, cycloal kyl,

al kenyl, cycl oal kenyl, allcynyl, aryl, heterocyclic, CO2R, OCOR, CONR R',
NR'COR, NR S2R', S2NR R', (C=NR )NR'R'"'", or NRR'; R4, is H RO is one
to four groups independently sel ectedRiprQmRH, F, C, Br, |, OH N, alkyl,
cycl oal I cyl, al kenyl, cycl oal kenyl, al yl, aryl, heterocyclic, OR,

CR2R, OCOR, CONR R', NR'COR , NIVSO2RY, SO2NR R', (C=NRDNR'Rm or NR R';
R10 and R11 are independently H, OH &y N“Ohal |y substituted al kyl,

cycl oal kyl, al kenyl, cycl oal kenyl, al ky aryl, heterocyclic, (CH2)n-R ,
(CH2)n-NR R', (O - 12) n- NR COR', PR’ (C1-12) nNR(C=NR') NRI ",
(CH2) n- COOH, (CH2) n- COCR , (CHZ) ' 2)nOR , (CH2),-SR,
(CH2),-COR, (CH2)n-SO03H, (CH2)n- SO\IRI R'{:{ (CH2) NS2NR R', (CH2CH20), ;
(CH2) m OH, (CH2CH20) n-(CH2) 7n-OR , (CH2CH20) n- (CH2) .- COCR ,

(CH2CH20) n- (CH2) m CONI M', ( CH2CH20) n(CH2) m NR R",

( CH2CH20) n- ( CHR2) whesiii: COR', ( CH2a120) n- (CH2) mM\R (C=NR') NR",

CH2CH20 CH2) g
ECHZ)p ()CHzg:Hzog b cHﬁjogth nde‘ggﬁgﬂw %ﬁﬂ}"%&&a :
( CH2) p- ( CH2CH20) ﬂkecl@Hz&)c}?elémn:\* (aaH tsropxclin G2R) OCORHEPARIR'R' |

( CH2) p- ( CH2CH20) RR(COH2 NR IR COBNRK"Cid2 Nps ISR Gk M@ n - ( CH2) rT1\1F31(C—NR")NR!
(CH2) 1, - (CH2CH20) N (,CHR) , -NR SCRR', "-CO-R', -SCR, or -502R ;

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
CO2R', OCOR!, CONRR", NR"COR', NR'SO,R", SO,NR'R", (C=NR")NR"R",
or NR'R";
Rio and Ry are independently H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CHj):-R',
(CH3)-NR'R", (CH2),-NR'COR", (CH,),-NR'SQ,R", (CHy),-
NR'(C=NR"NR", (CH2),-COOH, (CH,),-COOR', (CHz),-CONR'R", (CHy),-
OR’, (CHz):-SR', (CH2),-COR', (CHz)»-SO3H, (CH;),-SONR'R", (CHj).-
- SO,NR'R", (CH2CH;0),~(CH;)n-OH, (CH,CH;0)-(CHy)-OR',
(CH,CH;0),~(CHz)m-COOR', (CH;CH;0),-(CH)-CONR'R", (CH;CH;0)e-
(CH)-NR'R",  (CH,CH0),-(CHy),-NR'COR", (CH;CH;0),-(CHp)p~
NR'(C=NR"NR",  (CH2CH;0),-(CHz)-NR'SO;R",  (CHy),-(CH,CH,0),-
(CH)m-OH, (CH3)p-(CH;CH0)n-(CH2)m-OR', (CHz2)p~(CH,CH,0),-(CHo)m-
COOR, (CH,),-(CH2CH;0),~(CH3)n-CONR'R", (CH3),-(CH2CH;0)p-(CHy)m-
NR'R", (CH2)p-(CH,CH;0)n-(CH3)m-NR'COR", (CH,),~(CH;CH,0)-(CHy) -
NR(C=NR"NR", (CHy)p-(CH,CH;0),~(CH2)»-NR'SO,R", -CO-R’, -SOR’,
or -SO;R’;

n, m, and p are each independently 1-6; and



n, in, and p are each independently 1-6; and 194 each R, R' and R'' is

i ndependently H or optionally substituted al kyl, cycloallcyl, alkenyl,
cycl oal kenyl, al kynyl, aryl, or heterocyclic; or R and R', or R' andform a
ring. 24. A method of preparing a conmpound of Formula XXl X, conprising:

a) condensi ng a conpound of Fornmula 3 weth a conpound of Forrmula 4 and a
conpound of Fornmula 5 to forma conpound of Fornmula 7; 3 R1IPh 0 OR5 5 '4

b) heati ng the conpound of Fornmia 7 in the presence of an acid and then

addi ng a reduci ng agent to forma conpound of Fornula 8;
each R, R" and R"™ is independently H or optionally substituted alkyl,

cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, or heteracyclic; or
R'and R", or R" and R", form a ring.

23. A method of preparing a compound of formula LXV, comprising:
a) condensing a compound of Formula 16 with a compound of Formula 2,

to form a compound of Formula 17,

R4
= /
Roc | O RycHO 2]
[ o 1 Rg—_\ g (0]
16 2 17

b) condensing the compound of Formula 17 with a compound of Formula 4

and a compound of Formula 5 to form a compound of Formula 18; and

Rw\ /R11
Ph
Ry
Y Ox O LPh
== 0\

R"_—\I ° N YPh

0 H
17 4 5 18

¢) treating the compound of Formula 18 with an oxidizing agent to form a

compound of Formula LXV.



78 c)condensing the conpound of Fornmula 8 with a bl ocking agent followed by
trimethylacetyl chloride and then acid to forma conpound of Formula 10;
195 d) treating the conmpound of Formula 10 with a hal ogenati ng agent to
forma hal o compound of Formula 11; e) displacing the hal o group of the
compound of Fornmula 11 with 12.100Na ai93R1IONH2 to form a conpound of
Formula 12; f) treating the conpound of Formula 12 with an oxidi zi ng agent
to forma conpound of Formula 13; and 196 O

R10\N,R11

wherein:

R, and Rs 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";

R4y, 1s H;

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,,
alkyl, cycloalkyl, alkemyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
COzR’, OCOR', CONR'R", NR"COR', NR'SO;R", SO,NR'R", (C=NR")NR"R",
or NR'R";

Rio and R;; are independently H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CHa),-R,
(CHz)s-NR'R", (CHz),-NR'COR", (CH3)-NR'SO;R", (CHy)y-
NR(C=NR")NR", (CH;),-COOH, (CH,),-COOR', (CHy),-CONR'R", (CHy),-
OR', (CH,),-SR', (CH3),-COR', (CH,),-SO3H, (CH),-SONR'R", (CHg)n-
SO,NRR", (CH2CH;0)~(CHz)m-OH, (CH;CH;0),-(CHy)m-OR',
(CH2CH20)p-(CH2)m-COOR!, (CH2CH,0),~(CHy)m-CONR'RY, (CH,CH;0),-
(CH2)n-NRR",  (CHyCH20)4~(CH2)»-NR'COR",  (CH,CH,0),-(CH2)m-
NR'(C=NR")NR", (CH;CH;0);-(CH,)x-NR'SO;R", (CHy)p-(CH,CH,0),-
(CH)m-OH, (CH2)p-(CH,CH0)u-(CHz)w-OR', (CHa),-(CH2CH;0),-(CHp)rm-
COOR!, (CHz),~(CH2CH20)5-(CH2)m-CONR'R", (CHa)p-(CH2CH20),~(CHy)m-
NRR", (CH2)p-(CH2CH20)1-(CHz)m-NR'COR", (CHa)p-(CHCH,0),-(CHo)n-
NR'(C=NR"NR", (CHj),-(CH2CH20)~(CH,)m-NR'SO;R", -CO-R’, -SOR’,
or -SO;R’;

n, m, and p are each independently 1-6; and



R10-2 \o...rPh R6 0 9 12 R10-2 RINH _ R5 RO -j0 13
al kyl ati ng the conpound of Fornula 13 with an al kyl ating agent to forma
conmpound of Forrmula XXIX; R1I0O-Z NH 13 R5 O

194

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.

24. A method of preparing a compound of Formula XXIX, comprising:
a) condensing a compound of Formula 3 with a compound of Formula 4

and a compound of Formula 5 to form a compound of Formula 7;

Rq 0 (o} Ph
) LX :
7 + NTen N\, 5
Re T l 0 H ,
™ N 4
H
3

b) heating the compound of Formula 7 in the presence of an acid and then

adding a reducing agent to form a compound of Formula 8;

Ph
Ho- 1O
Ph
R4 N
2 Rs
Ro—r o}
8 U = N
H
8
c) condensing the compound of Formula 8 with a blocking agent

followed by trimethylacetyl chloride and then acid to form a compound of

Formula 10;



R5 0 wherein: RI, and R5 are independently H or optionally substituted

al kyl, cycl oal kyl, al kenyl, cycl oal kenyl, allcynyl, aryl, heterocyclic,
CR2R, OCOR, CONR R', NR'COR , NR SO2R', SO2NR R', (C=NR )NR'Rm or NRR';
R7 is optionally substituted al kyl, al kenyl, al kynyl, CO2RI, OCOR

CONR R', S2NR R', or (C=NR)NR'R "; R95is one to four groups independently
selected fromH, F, d, Br, I, OH N2, alkyl, cycloallcyl, alkenyl,
cycl oal kenyl, allcynyl, aryl, heterocyclic, OR, CO2R, OCOR, CONRR',
NR'COR, NR S2R', SO2NRR', (C=NR )NR'R', or NRR'; each R, R and R" is
i ndependently H or optionally substituted ky}° cycl oal kyl, al kenyl,
cycl oal kenyl, allcynyl, aryl, or hetggocycllc,oorPE? and R', or R' and Rm
forma ring; 197 R10 is H, OH i onal "9~sub tltuted aIkyI cycl oal kyl ,
al I cenyl, cycl oal kenyl, allcynyl, cTic, (CH2)n-R,

(CH2) n- NRR", (CH2)n-NR COR', R2)n NWC=NR')NR ",

(CH2) n- COOH, (CH2)n-COOR , ( NOR, (CH2)n-SR,

(CH2) n-CORI, (CH2)n-S03H, [ )-SOZl\TRIR'

(CH2CH20) , (CH2)n}CH (CllZCl420ﬁn(C112)n}CRl (CH2CH20), - (C112), - COCR

( CH2CH20) n- ( CH2) m CONRTR", ( CH2@H20) n- ( CH2) mN\RR"

"~ (CH2CH20) n- (CH2) r n- NRI COR", (GﬂOﬂ@n(GﬁMn-NM(GWRUNWI

(20O (OO T kB8 A REL OB e
( CH2) p- ( CH2CH20) foerg @:mq con@@muqum@m) p( CH2CH20) n- ( CH2) m NRLR",

( CH2) p- ( CH2CH20) n- ( CH2) m NRCOR", (CH2) 1, -
( CH2CH20) n- (CH2) ", - NRL(0- NR') NR"', ( CH2) p- ( CH2CH20) n- ( C112) nNR SO2R";

-COOR, -SOR, -SO2R; Z is|O0,.°NH, NR , CH2, r CRR'; and n, m and p
are each independently 1-6. . ,PA pharmaceuti cal g osition conprising a
conpound of claim1 and a ceutically accép abgg?carrler 26. A

met hod of inhibiting cell Shd/ or di vi siq 5E|ng apopt osi s and/ or

i nducing cell cycle arres ell conpri si
conpound of claim 1. 3z7f BSd of rendeyd
addi tional agent(s) N

AC ting the cell with a
Il sensitive to

e) displacing the halo group of the compound of Formula 11 with R;;ONa or

R0NH; to form a compound of Formula 12;

) treating the compound of Formula 12 with an oxidizing agent to form a

compound of Formula 13; and



conprising contacting the cell with a conmpound of claiml1l. 28. The nethod
of claim27, further conprising contacting the cell wth additional
agent(s). 29. The nethod of claim 28, wherein said additional agent(s) is
a chenot herapeutic agent. 198 30. The nethod of claim 28, wherein said
addi tional agent(s) is radiation. 31l.194 nethod of treating, ameliorating,
or preventing a disorder in an animal, conprising admnistering to said
animal a therapeutically effective anobunt of a conpound of claiml. 32.
The nethod of claim 31, further conprising adm nistering an additional
agent(s). 33. The nethod of claim32, wherein said additional agent(s) is
a chenot herapeutic agent. 34., The nethod of claim32, wherein said
addi ti onal agent(s) is radi athe® 35 The net hod of cIa|n131 wherein said
di sorder is a hyperprolifergtiveod Yease. Fo—zFhe nethod of claim 35,
wherei'n said hyperprollferatlve di se is capce 37. The nethod of claim
32, wherein said conpound of Rel/aitnm 1 i s adni ni S¥er Bd prior to said
addi ti onal agent(s). 38. T i rein said conmpound of
claim11 is adm nistered dhter S3 nt(s). 39. The nethod of
claim 32, wherein said conpo ndHof claim1l is adfinistered concurrently
with said additional agent (s) 42 40. A nethod ofizi nhibiting the interaction
bet ween p53 or p53-related proteins and VMDM2 or MDMR-rel ated proteins in a
cell, conprising exposing the cell to a conmpound of claiml.

2 alkylating the compound of Formula 13 with an alkylating agent to

form a compound of Formula XXIX;

R1o_z

wherein:

Ry, and Rs are independently H or optionally substituted alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, COsR', OCOR', CONR'R",
NR"COR', NR'SO;R", SO,NR'R", (C=NR')NR"R"™, or NR'R";

R7 is optionally substituted alkyl, alkenyl, alkynyl, CO,R', OCOR', CONR'R",
SO;NR'R", or (C=NR"NR'"R";

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’,
CO;R’, OCOR!, CONR'R", NR"COR', NR'SO,R", SO,NR'R", (C=NR’)NR"R",
or NR'R";

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;



199 41. A nethod of inhibiting growh of a hyperproliferative cel

contai ning functional p53 or p53-related proteins, conprising exposing the
cell to a conpound of claiml1. 42. A nethod of treating, aneliorating, or
preventing a hyperproliferative disease characterized by expression of
functional p53 or p53-related proteinsiorn an ani mal, conpri sing

adm nistering to said aninmal a therapeutically effective amount of a
compound of claim1. 43. A nethod of rendering a normal cell resistant to

chenot herapeutic agents or treatnents, conprising contacting the cell wth
a conmpound of cl Biors H, OH aupptiomally s¥bttitngnd by, esiclaplisyl Adkenyiheyeledlkenglai d nor nal

cel | conprises wilghyt ype, néérocycﬁé ((L‘Hﬁfﬁ{ hQ@h?tN]pROt@:g.g jAgdsemal cells in

an animal with a toxic side effects of
chenot her apeut i c(d}égﬁ‘f@%w t(ﬁ?é”gf ﬁ} %“R"E]B'ﬁ"pﬁq}%z? P UG @PRng to said
ani mal a conpoun(CH,-GONR'BN 1(CH)HOR!, T(GH,JySRh 0 (CHYf.-CORI MTHA-SOMHEr ei n sai d
e ooy BRI, EHRE B Ml Ly el 45, wberei
wherei n sai d cant&k)-c@Rip(CELELAM1i0Ha:-TOAR 0 (CHeTEO)ofHof-GOB®RR"'49. A net hod

for the treat rrengcﬁzgﬁgj)l @r}g}mLm " o(th@% Qe NRicor di @8IdEEH),Or condition
caused by the ad |strl§[z I on_of era(geutl C $%gent or 200 treatnent,

conpri sing co- ad “’ste F@%"%ou@&z%ﬁz%r Ao MR 2B affifivat under goi ng
treatnment with a(C(HaeHM)h@JHap.e:ml C UBNUCHICH,0R4CADHOR, S0(cHIfje net hod of

cerostom a. o galtr o RE RO GRTer ooy SRR CRh ST 0T of
cl ai m 49, wherei W%@H@)c@ﬁb}aﬁw KCIésze(CEh@izDh-(QHﬁhNRéQC&' e(i?H.b sai d ani nal
it compr 1 sing. a g P D T i her
conpri si ng mst?ﬂgsg&{ %P > 29k ERer i ng said corrpound to an ani mal .

Z1is O, NH, NR’, CH,, CHR’, or CR’R”; and

n, m, and p are each independently 1-6.

25. A pharmaceutical composition comprising a compound of claim 1 and

a pharmaceutically acceptable carrier.

26. 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 claim 1.

27. A method of rendering a cell sensitive to additional agent(s)

comptising contacting the cell with a compound of claim 1.

28.  The method of claim 27, further comprising contacting the cell with
additional agent(s).

29.  The method of claim 28, wherein said additional agent(s) is a

chemotherapeutic agent.



54. The kit of claim52, further conprising an additional agent(s). 55.
The kit of claimb54, wherein said additional agent(s) is a chenotherapeutic
agent. 56. The kit of claimb53, wherein said instructions are for

adm ni stering said compound to an ani mal having a hyperproliferative

di sease. 57. The kit of claimb56, whel98in said hyperproliferative di sease
is cancer. 201 Clains 1.A conpound selected fromthe group consisting of:
3- E-benzyl i dene- 6- chl oro- 1, 3-di hydr o-i ndol e- 2- one;

53- E-6-chl oro-3-(3-chl oro-benzyl i dene) - 1, 3-di hydr o-i ndol- 2-one;

3- E- benzyl i dene- 9.3_ gplﬁ?@p@l_qf ﬁ])ﬂl‘@l?‘BZW]éﬁ%‘} said additional agent(s) is radiation.

3-E-6-chl oro-3-(4-chl oro-benzylidene) -1, 3-di hydro-i ndol- 2- one;

3- E-benzyl i dene- §; br - - dj -indol- 2- e . .

3- E- benzyl i dene- gg:f | 3‘%8@1‘335%%%%8‘?@%%%%ﬁ’é‘;‘““g @ disorder in an

103- E- benzyl i dengigal; pqnfprising ednnibigring 1to 3aid japipdl » tiepsgyticaly gffective

3- E- 6- chl or o- 3- ( dnbimosmavhigibeyd drd@Re).- 1, 3- di hydr o-i ndol- 2- one;

3- E-6-chl oro- 3- (4- net hyl - benzyl i dene) - 1, 3- di hydr o-i ndol- 2- one;

3- E-6-chl or o- 3- (4- net hoxyl - benzyl i dene) - 1, 3-di hydr o-i ndol- 2- one,

3- E- 6- chl or 0- 3- (2t r iThe ubtthpde ohlainh iz yiptithge rfemprising- adnkyisieringi #dlol- 2- one;
153- E- 6- chl or 0- 3adafiorsl ddent) Or 0- benzyl i dene) - 1, 3- di hydr o-i ndol- 2- one;

3- E- 6- br onp- 3- ( 3- br ono- benzyl i dene) - 1, 3- di hydr o-i ndol- 2- one;

3-E-6-chl oro-3-(3, 3-di net hyl - butyl i dene) -1, 3- di hydro-i ndol- 2-one;

3- E- 6- chl or 0- 3- (3 netThy Imeathed yof; deimed2, 1wiredi 193idiragditiendb 2zept(Dnie; 2

3- E- 6- chl or 0- 3- ( dremyhboRedMeeret hyl i dene) - 1, 3- di hydr o-i ndol- 2- one;

203- E- 6- chl or o- 3- cycl ohexyl net hyl ene- 1, 3-di hydr o-i ndol- 2- one;

3- E- 6-chl or o- 3- c%cl opent yl met hyl ene- 1, 3-di hydro-i ndol- 2- one;

3- E- 6- chl or o- 3- t ¥t opA&amethed ofelnimA2ewikercin idgidiamelngént(elddradiatione;

35.  The method of claim 31, wherein said disorder is a hyperproliferative

disease.

36. The method of claim 35, wherein said hyperproliferative disease is

cancer.

37. The method of claim 32, wherein said compound of claim 1 is

administered prior to said additional agent(s).

38.  The method of claim 32, wherein said compound of claim 1 is

administered after said additional agent(s).

39.  The method of claim 32, wherein said compound of claim 1 is

administered concurrently with said additional agent(s).

40. A method of inhibiting the interaction between p53 or p53-related
proteins and MDM2 or MDM2-related proteins in a cell, comprising exposing

the cell to a compound of claim 1.



3- E-6-chl oro- 3- pyri di n- 2-yl met hyl ene-1, 3-di hydr o-i ndol- 2- one;
3-E-3-(6-chl oro-pyridin-2-yl met hyl ene) - 6-chl oro-1, 3-di hydro-i ndol- 2-one;
202 3-E-3-(3-chl oro-2-fluoro-benzylidene)-6-chloro-1, 3-di hydro-i ndol- 2-one;
3 -E-3 -(3 -chloro-4-fluoro-benzylidene)-6-chl oro-1, 3-di hydro-i ndol- 2-one;
-(3 -chloro-5-fluoro-bwazylidene)-1, 3-di hydro-i ndol- 2- one;
-(3

3 -E-6-chloro-3

3 -E-3 -(3 -brono-benzylidene)-1,3 -di hydro-indol-2-one;
- brono- benzyl i dene)-6-trifluoromethyl-1,3 -di hydro-i ndol-2-one.

conpound sel ected fromthe group consisting of: 3-E-6-chloro-3
-trifluoronet hyl 4benzymetiedel)inibithe-aiiviily df hyipemdrolifeitivneil cBntaiking- chl or 0- 3- (3

-1 odo- benzyl i denghetbnad g8 olF)bqﬁ %‘latédnﬁ&gmg chﬂfﬂsm%Oe’iposﬁgethe

0 a

and 53 -E-3

2. A

_(3

4
- br ono- benzyl i dene) - 6- chloro , 3- di‘hydro-1 ndol-2-one; té -chloro-3

- met hoxy- benzyl

SN °f°31m]d| hydro |ndol 2-one; 3 -E-3

- (6-brono-pyridin-2-yl met hyl ene) - 6-chl oro-1, 3 -di hydro-i ndol- 2-one;

-E-6-chloro-3 -(4.- met Ay ™
- di hydro-i ndol- 2- %ne 3 @%?&hﬁM&éQ&w%xthﬁkB%kgmﬁ fyperproliferative

agefihargotasized] bX AFPISESion @6 funstions| @53 9m3retatesl mrpibiay o- 3
-pyridin-3 -yl meinhyl afiifhal]l cOmpishhy dfxinisheiad t@ <410 Qinimal a therapeutically

-pyridin-4-yl net

3-E-6-chl oro-3-f
3-E-6-chl oro- 3-f

- br ono- benzyl i dene) - 6- nethoxy 1,3 -di hydro-indol- 2-one;
-fl uor o- benzyl i dene) -Al m3met bﬁ/fiﬂ&nhgﬂd%mat OdlCiesigthhd to Bherofhblapth

'?g%ﬁrz' 8 ictai) ey e ARt Wﬁ?&"’?ﬂ‘?ﬁ‘%‘l“ﬁ‘a‘%e

-di fl uor o- benzyl
- brono- 2-f | uor o-

A m\gﬁmfgﬁ]{%h%lfnggu%d%f%l%llhydro i ndol1- 2- one;

ur an- nme

44.  The method of claim 43, wherein said normal cell comprises wild-type
p53.

45. 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

claim 1.

46. The method of claim 45, wherein said normal cells comprise wild-type
p53.

47.  The method of claim 45, wherein said hyperproliferative disease is

cancer.

43. The method of claim 47, wherein said cancer comprises a mutation or

deletion of p53.

49. A method for the treatment, amelioration, or prevention of a disorder

or condition caused by the administration of a chemotherapeutic agent or

i hydro-indol-2-one; 3 -E-3
3 -E-6-chloro-3
& 3-(2,3

3

-(3

(3

-(3



3-E-3 -(3 -chloro-2-fluoro-benzylidene)-6-nethyl-1,3 -di hydro-indol-2-one,

3 -E-3-(3 -brono-2-fl uoro-benzylidene)-6-nethoxy-1 ,3 -di hydro-indol-2-one;
203

3- E-6-chl oro-3-(3-chl oro-2-fluoro-benzylidene)-5-fluoro-1, 3-di hydro-i ndol-2
- one; and 200

3- E- 3- (3- brono- benzyl i dene) - 6-chl or o- 5-fl uor o- 1, 3-di hydr o-i ndol- 2- one.

53. The compound of claim1l which is '
3-E-3-(3-chl oro-2-fl uoro-benzylidene)-6- chloro-1, 3-di hydro-i ndol-2-one.

4. The conpound oftregimgiitqompridinigcde-ainingtefngor eompoundedfielasn tid @raginke] 3- di hydr o-

i ndol e-2-one. 10 yp@rgoi SRR AP HcHRhothdrietfo hodbdrtRathnsnr

3- E-6-chl oro- 3-( gl-]cfloi)rgo?benzyl I dcene())- 1:&;'5 cdfghder ogi ndol-2-one. 6. The
conmpound of claim1l which is 3-E-6-chloro-3-(4-chloro-benzylidene)-1, 3-
15di hydr o-i ndol1- 20.0n€eThe migthdBhef clainmpd® nehendin Ghidi disoddemvor ebndition is

3- E-3-(3-chl oro-4;flyarg- her ' €) 5 Beoisiik 0 9 -difydr o-i ndol- 2- one.
20 8. A net hod of %Bl r J)esglg’rs%rl{gﬁ%ls’z%%dﬁ%&%’ n%jgao Olrﬁ%bl?rdu?lgojrg?g o g%gia'

51.  The method of claim 49, wherein said compound of claim 1 is
administered to said animal prior to administration of said chemotherapeutic

agent or treatment.
52.  Akit comprising a compound of claim 1.

53.  The kit of claim 52, further comprising instructions for administering

said compound to an animal.
54.  The kit of claim 52, further comprising an additional agent(s).

55. The kit of claim 54, wherein said additional agent(s) is a

chemotherapeutic agent.

56.  The kit of claim 53, wherein said instructions are for administering

said compound to an animal having a hyperproliferative disease.

57.  Thekit of claim 56, wherein said hyperproliferative disease is cancer.



204 wherein: R1 and R5 are independently optionally substituted
al kyl, cycl oal kyl, al kenyl, 5 cycloal kenyl, al kynyl, aryl, heterocyclic,

OCOR, CONR R', NR'COR, NR SO2R', S&ZNR R', (C=NR)NR'Rm or NRR'; R7 is

H, RO is one to four groups independently selected fromH, F, d, Br, I,

OH, NO2, al kyl , cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, aryl,
heterocyclic, OR, CO2R, 10 OCOR CONROR', NR'COR, NR SO2R', SO2NR R',
(CENR )NR'R', or NRR'; R10 and R11 are independently H, OH or

optionally substituted al kyl, cycloal kyl, al kenyl, cycloal kenyl, al kynyl,
aryl, heterqcyclic, (CH2)0-1V, (CH2)n-NRRH, (CH2)n- NR COR',

(CH2) n-NR S (CH2)n-NR (C=NR')NR"', (CH2)n-COOH, (CH2)nCOOR ,
(CH2)n-CONR R', (CH2)n-OR, (CH2)n-SR, (CH2)n-COR , (CH2)n-SO02H, 15

( CH2) n- SONR R*, X i indeglrgtpRiron theigrupGpRsist@manfim on,

( CH2CH20) n- (CHZ)nO?‘ g_CHZCHZO)n (CH2) m COOR , (CH2CH20) n- (CH2) m CONR R,
(CH2CH20) n( CH2) ﬁrEdReany, lera—QC]ﬂm}h,-Z'(dﬂﬂz)ro-rhnddR-@we; (CH2CH20) n- (CH2) m
NRL(C=NR') NR', (CH2CH20) n-(CH2) m NR SOZR" (CHZ)p (CH2CH20) n- ( CH2) m CH,

( CH2) p- § CH2CH20 B+E-6GHRr633@B-chldroHiRhiy lgifﬂﬁbnﬁ!é@@? (CH2) p- 20
( CH2CH20) n- (CH2) . - CONR R', ((CH2) p- (CHZCHZO)p (CH2)m NR R',” (CH2) p- 205

(CH2CH20) , - (CH2BIR- ne- (@d@g&@kﬂ%@ﬂ@%& (CHZ2) m NRI (C=NR") NRm
(CHZ)p(CHZCHZO)n(CH)mNRISOZ , -SOR, or -S2R; n, m and p

are each indepepgegth, 01‘(1'_36q &”&o be{m{l dtenec? F?@%yﬁrq\%g@g} g%l%ﬁ’sl s

i ndependently H or optiona subs al kenyl ,
cycl oal kenyl , a%ﬂﬁé’niyhgel}/e-fi b?ormo ?%eélg}(’: rgllrlufol-}one;

3-E-benzylidene-6-fluoro-1,3-dihydro-indol-2-one;

10 3-E-benzylidene-6-trifluoromethyl-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-bromo-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-methyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-methoxyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-trifluoromethyl-benzylidene)-1,3-dihydro-indol-2-one;

15 3-E-6-chloro-3-(3,5-dichloro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-bromo-3-(3-bromo-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3,3-dimethyl-butylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-methyl-butylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(2-cyclohexyl-ethylidene)-1,3-dihydro-indol-2-one;

20 3-E-6-chloro-3-cyclohexylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-cyclopentylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-thiophen-2-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-pyridin-2-ylmethylene-1,3-dihydro-indol-2-one;

3-E-3-(6-chloro-pyridin-2-ylmethylene)-6-chloro-1,3-dihydro-indol-2-one;



R and R', or R" and 1r, forma ring, the process conprising condensing a
conpound of Fornmula 1: / 1 RO -11 HL1 Wth RI CHO. 9. The nethod of claim
8, wherein the condensation of Fornula 1 with RICH() gives a conpound of
Formula 3: RL/ RO ---'".1N H3. 10. The nethod of claim8, wherein:

R1 and R5 are independently optionally substituted al kyl, cycl oal kyl,

al kenyl, 20cycl oal kenyl, al kynyl, aryl ,208r heterocyclic; RO is one to four

groups i ndependgnt hy354} G-tzﬁﬁmLB %pltd R%-?hlﬁrou §Jd}f1%'}Jd{o-§{dof-§oine' 206

R10 and R11 are in epen ent y y su

icgclaloﬁly:(yl , al k%ry% (3Cc¥1?(lr8621| ﬁuorxlben 1%8!9&3'.6_0116}5}6 1,3- d1hyrglro 1nd%?¥C| | C and R

3-E-6-chloro-3-(3-chloro-5-fluoro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-benzylidene)-1,3-dihydro-indol-2-one; and

5 3-E-3-(3-bromo-benzylidene)-6-trifluoromethyl-1,3-dihydro-indol-2-one.

2. A compound selected from the group consisting of:
3-E-6-chloro-3-(3-trifluoromethyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-iodo-benzylidene)-1,3-dihydro-indol-2-one;

10 3-E-3-(3-bromo-benzylidene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-methoxy-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(6-bromo-pyridin-2-ylmethylene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(1-methyl-1H-pyrrol-2-ylmethylene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-pyridin-4-ylmethylene-1,3-dihydro-indol-2-one;

15 3-E-6-chloro-3-pyridin-3-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-furan-3-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-furan-2-ylmethylene-1,3-dihydro-indol-2-one;
3-E-3-(3 -Bromo-benzylidene)-6-methoxy- 1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-fluoro-benzylidene)-1,3-dihydro-indol-2-one;

20 3-E-6-chloro-3-(2,3-difluoro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-2-fluoro-benzylidene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-3-(3-chloro-2-fluoro-benzylidene)-6-methyl-1,3-dihydro-indol-2-one;

3-E-3-(3-bromo-2-fluoro-benzylidene)-6-methoxy-1,3-dihydro-indol-2-one;



511. The nethod of claim 10, wherein: Rl is optionally substituted aryl; RS
is alkyl; and RO is one to four groups independently selected fromH, F, or
Cl 1012. The nethod of claim1l, wherein: R o is hydrogen; and Rl1l is
optionally substituted al kyl, aryl, or heterocyclic. 13. The met hod of
claim9 further conprising a 1, 3-di polar cycloaddition reaction 15
conprising the conpound of Fornula 3 a0a reactant. 14. The process of any

one of clains 8 [ aof, Formyla X is ived fraoma ¢ und of
fornul a R5CHO. 3aﬁgf%ogggr'@é@g%mb%'ﬁ%?rg}b Z’éldSPe)%?uWélr’éi ytdﬁ%mgigﬁgbund of
Formula 3 is selected fromthe group consisting of:

3- E- benzyl PB®M896- chl or o- 1, 3- di hydr o- i ndol e- 2- one;

3- E- 6-chl or o- 3- SS- chl or o- benzyl i dene%- 1, 3-di hydro-i ndol- 2- one;

3- E- benzyl i dene34E-3=(ditgmipdenzidisiend-tpeldoro-2finoro-1,3-dihydro-indol-2-one.

3- E-6-chl oro- 3- (4-chl or o- benzyl i dene) - 1, 3-di hydr o-i ndol1- 2- one,;

3- E- benzyl i dene- 6- br ono- 1, 3-di hydro-i ndol- 2- one;

3- E-benzyl i dene- 6-fl uoro- 1, 3-di hydr o-i ndol- 2- one;

3- E- bengyl BdeneThe toinpbwtal sfreddimyLlwhicBig3Fysl DehlbeR3-fRofNBénzylidene)-6-
53- E- 6- chl or o- 3- (4- br ono- benzyl i dene) - 1, 3- di hydr o-i ndol- 2- one;

3- E- 6- chl okRrofs-{ A-dBydHylindidzydd dene) - 1, 3- di hydr o-i ndol- 2- one;

3- E- 6- chl or o- 3- (4- met hoxyl - benzyl i dene) - 1, 3-di hydr o-i ndol- 2- one;
3-E-6-chloro-3-(4-trifluoronethyl -benzylidene)-1, 3-di hydro-i ndol- 2-one;
3- E-6-chl oro-3-(3, 4-di chl oro- benzyl i dene) - 1, 3-di hydr o-i ndol- 2- one;

4, The compound of claim 1 which is 3-E-benzylidene-6-chloro-1,3-dihydro-
indole-2-one.
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5. The compound of claim 1 which is 3-E-6-chloro-3-(3-chloro-benzylidene)-1,3-

dihydro-indol-2-one.

6. The compound of claim 1 which is 3-E-6-chloro-3-(4-chloro-benzylidene)-1,3-

15  dihydro-indol-2-one.

7. The compound of claim 1 which is 3-E-3-(3-chloro-4-fluoro-benzylidene)-6-

chloro-1,3-dihydro-indol-2-one.

20 8. A method of preparing a compound of Formula X:



103- E- 6-chl oro- 3- (3, 5-di chl or o- benzyl i dene) - 1, 3- di hydr o-i ndol- 2- one;

3- E- 6- br ono- 3- ( 3- brono- benzyl i dene) - 1, 3-di hydro-i ndol- 2- one;

3- E-6-chl oro-3-(3, 3-di met hyl - butyl i dene) -1, 3-di hydro-i ndol- 2- one;

3- E-6-chl oro-3-(3-net hyl - butyli dene) -1, 3-di hydro-i ndol- 2-one;

3- E-6-chl oro- 3- (2-cycl ohexyl - et hyl i dene) -1, 3-di hydr o-i ndol- 2- one;

153- E- 6- chl or 0- 3- cycl ohexyl net hyl ene- 1,284di hydr o-i ndol- 2- one;

3- E- 6-chl or o- 3- qycloggntylnethylene 1, 3-di hydr o-i ndol- 2- one;

3- E- 6- chl or 0- 3- t hi'oWhell- 2- yl met hyl ene- 1, 3- di hydr o-i ndo1- 2- one;

3- E- 6- chl or o- 3- p¥ridi n- 2- yl net hyl ene- 1, 3- di hydr o-i ndol1- 2- one;
3-E-3-(6-chl oro-pyry di n-2-yl met hyl ene) - 6-chl oro-1, 3-di hydro-i ndol- 2- one;
203- E- 3- ( 3- chl dto lhor o- benzyl i dene) - 6- chl or o- 1, 3-di hydr o-i ndol- 2- one;
3-E-3-(3-chlorg ’ -benzylldene) 6- chl or o- 1, 3-di hydr o-i ndol- 2- one;
3- E-6-chl orp-8- (3 go 5-fl uoro-benzylidene)-1, 3-di hydro-i ndol- 2-one;
3- E- 3- (3- br 0 be ene) -1, 3-di hydro-i ndol-2-one; and

3- E-3-(3-brono-benayliderg)-6-trifluoronmethyl-1, 3-di hydro-indol-2-one. 208
16. The process of clainms 9 or 13, wherein the conmpound of Fornmula 3 is
selected fromthe group consisting of:
3-E-6-chloro-3-(3-trifluoronethyl-benzylidene)-1, 3-di hydro-i ndol- 2-one;
53- E- 6- chlgﬂ% (3-io0do-benzylidene)-1, 3-di hydro-i ndol- 2-one;
3-E-3-(3-bro yenzyl i dene) - 6- chl or o- 1, 3-di hydr o-i ndol- 2- one;

3- E- 6-chl oro- 3- ( 3- ho enz ene, dr.o-i ndol-

3- E- 3- (6- br ono- &;@”ﬁﬁ%aﬁfy FRe WEY POBQ‘EW@F%%@@WW&}OGIKYEaéJ(fnz»one 3
-E-6-chloro-3-(1 -nethyl -1H pyrrol - ylnethylengz di hydro-i ndol-2-one;
103- E- 65ch|czzs¢1@alherpg},rall§wnyl Ayl hetenregydise OLOR' S QYRS NRd@QRer&MOzR"

3- E- 6-chl oro- 3- pyri di n- 3-yl met hyl ene-1, 3-di hydr o-i ndol- 2- one;
3-E—6-ch|oﬁﬁhﬂkﬂﬂhé®=BRyNBéRﬁmhéﬂ@RI;3-dihydro-ind01-2-one;

3- E- 6-chl oro- 3-f uran- 2-yl net hyl ene- 1, 3-di hydr o-i ndol- 2- one;

3- E- 3- (3- brono- Iggngyk i dene) - 6- net hoxy- 1, 3-di hydr o-i ndol- 2- one,

153- E- 6- chl or o- 3- ( 3- quoro benzyl i dene) - 1, 3-di hydr o-i ndol- 2- one;

g- Eg((:gl gig;rg-g%%%a]gér% en ypﬁ%}{ée%quém%S(%l}egfeglfmgpg%?g%ﬂ-n%g{] one;.
3 E 3 (3 oA S EnP o BR SYortARaT s BT ) o Qi B R 5. one:

10  OCOR', CONR'R", NR"COR', NR'SO,R", SO,NR'R", (C=NR")NR"R", or NR'R";

s

Ryo and R;; are independently H, OH or optionally substituted alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CH;),-R', (CH,),-NR'R", (CH3),-
NR'COR", (CH2),-NR'SO,R", (CH;),-NR'(C=NR")NR"', (CH;),-COOH, (CH>)n-
COOR, (CH;),-CONR'R", (CH3),-OR’, (CH2),s-SR', (CH3),-COR', (CH;),-SO:H,

15  (CHy),-SONR'R", (CH,),-SO,NRR", (CH,CH,0),-(CH3)»-OH, (CH2CH;0)p-(CH2)m-
OR', (CH,CH;0),-(CH3)m-COOR’, (CH,CH;0),-(CH,)in-CONR'R", (CH,CH,0),-
(CH2)m-NR'R", (CH,CH;0),-(CH2)m-NR'COR", (CH,CH20)p~(CH2) -
NR'(C=NR")NR", (CH,CH;0),-(CH2)m-NR'SO,R", (CH,),~(CH,CH,0),-(CH2),-OH,
(CH2)p~(CH,CH0)n~(CH2)m-OR', (CH,)p-(CH2CH20)4-(CH2)m-COOR', (CHa)y-

20  (CH;CH0),-(CH2)m-CONR'R", (CH2)p-(CH,CH0),-(CH2)m-NR'R", (CH2)p-



203- E- 6-chl oro- 3- (3-chl or o- 2-f | uor o- benzyl i dene) - 5-f |l uor o- 1, 3-di hydr o-i ndol

-2

one:;: and

3- E- 3-(3- brono- benzyl i dene) - 6- chl or o- 5-f | uoro- 1, 3-di hydr o-i ndol- 2- one.
17. The process of claim 16, wherein the conpound of Fornula 3 is 3-E-3-(3-
chl oro- 2-fl uoro-benzyl i dene) - 6-chl oro- 1, 3-di hydr o-i ndol- 2- one.

205
(CH,CH;0)5-(CH3)m-NR'COR", (CH2)p-(CH2CH20)n-(CH)m-NR'(C=NR")NR",

(CHa)p-(CH2CH0),0-(CH2)m-NR'SO,R", -CO-R’, -SOR’, or -SO,R’;
n, m, and p are each independently 1-6; and
each R', R" and R" is independently H or optionally substituted alkyl,
5 cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, or heterocyclic; or
R'and R", or R" and R"™, form a ring,

the process comprising condensing a compound of Formula 1:

~d
Rg_ l 0]
X N
H 1
10
with R;CHO.
0. The method of claim 8, wherein the condensation of Formula 1 with R;CHO
gives a compound of Formula 3:
15
R4
/
2
Ro— | 0
XN
H 3.

10.  The method of claim 8, wherein:
R, and Rs are independently optionally substituted alkyl, cycloalkyl, alkenyl,
20  cycloalkenyl, alkynyl, aryl, or heterocyclic;

Ry is one to four groups independently selected from H, F, Cl, Br, alkyl, or OR’;

209



206
Rio and Ry; are independently H or optionally substituted alkyl, cycloalkyl,

alkenyl, cycloalkenyl, alkynyl, aryl, or heterocyclic; and

R'is alkyl

5 11, The method of claim 10, wherein:
R, is optionally substituted aryl;
Rs is alkyl; and

Ry is one to four groups independently selected from H, F, or Cl

10 12.  The method of claim 11, wherein:
Ry is hydrogen; and

Ry, is optionally substituted alkyl, aryl, or heterocyclic.

13.  The method of claim 9 further comprising a 1,3-dipolar cycloaddition reaction

15  comprising the compound of Formula 3 as a reactant.

14. The process of any one of claims 8-13, wherein Rs of Formula X is derived from

a compound of formula RsCHO.

20 15.  The process of claims 9 or 13, wherein the compound of Formula 3 is selected
from the group consisting of:
3-E-benzylidene-6-chloro-1,3-dihydro-indole-2-one;
3-E-6-chloro-3-(3-chloro-benzylidene)-1,3-dihydro-indol-2-one;

3-E-benzylidene-1,3-dihydro-indol-2-one;



10

15

20

207
3-E-6-chloro-3-(4-chloro-benzylidene)-1,3-dihydro-indol-2-one;

3-E-benzylidene-6-bromo-1,3-dihydro-indol-2-one;
3-E-benzylidene-6-fluoro-1,3-dihydro-indol-2-one;
3-E-benzylidene-6-trifluoromethyl-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-bromo-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-methyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-methoxyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(4-trifluoromethyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3,4-dichloro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3,5-dichloro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-bromo-3-(3-bromo-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3,3-dimethyl-butylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-methyl-butylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(2-cyclohexyl-ethylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-cyclohexylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3 -cyclopentylmethylene- 1,3-dihydro-indol-2-one;
3-E-6-chloro-3-thiophen-2-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-pyridin-2-ylmethylene-1,3-dihydro-indol-2-one;
3-E-3-(6-chloro-pyridin-2-ylmethylene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-3-(3-chloro-2-fluoro-benzylidene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-3-(3-chloro-4-fluoro-benzylidene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-chloro-5-fluoro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-benzylidene)-1,3-dihydro-indol-2-one; and

3-E-3-(3-bromo-benzylidene)-6-trifluoromethyl-1,3-dihydro-indol-2-one.
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16.  The process of claims 9 or 13, wherein the compound of Formula 3 is selected

from the group consisting of:
3-E-6-chloro-3-(3-trifluoromethyl-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-iodo-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-benzylidene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-methoxy-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(6-bromo-pyridin-2-ylmethylene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(1-methyl-1H-pyrrol-2-ylmethylene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-pyridin-4-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-pyridin-3-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-furan-3-ylmethylene-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-furan-2-ylmethylene-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-benzylidene)-6-methoxy-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-fluoro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(2,3-difluoro-benzylidene)-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-2-fluoro-benzylidene)-6-chloro-1,3-dihydro-indol-2-one;
3-E-3-(3-chloro-2-fluoro-benzylidene)-6-methyl-1,3-dihydro-indol-2-one;
3-E-3-(3-bromo-2-fluoro-benzylidene)-6-methoxy-1,3-dihydro-indol-2-one;
3-E-6-chloro-3-(3-chloro-2-fluoro-benzylidene)-5-fluoro-1,3-dihydro-indol-2-

one; and

3-E-3-(3-bromo-benzylidene)-6-chloro-5-fluoro-1,3-dihydro-indol-2-one.
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17. The process of claim 16, wherein the compound of Formula 3 is 3-E-3-(3-

chloro-2-fluoro-benzylidene)-6-chloro-1,3-dihydro-indol-2-one.



