SMALL MOLECULE INHIBITORS OF MDM2 AND THE USES THEREOF
BACKGROUND OF THE INVENTION Field of the Invention 10001]This
invention is in the field of medicinal chemistry. In particular, the invention
Weategiidmall molecules which function as antagonists oPETERHEFAGHM
between p53 and MDM2 and their use ds a new class of therapeutics for

the treatm [ I 1The
aggressivgg}é%%ﬁ@gﬁép%@%m&%%%ﬁg of genetic and

epigenetic alterations leading to deregulation of intracellular signaling
pathways (Ponder, Nature 41/:336 (2001)). The commonality for all cancer
cells, however, is their failure to execute an apoptotic program, and lack of

appropriate apoptQsi ects i ptosis machinery is
a hallmark of Can?;?g%&%@% @@ﬁm’?é@g&% (2000)). The
inability of cancer cells to execute an apoptotic program due to defects in
the narmabapepirtigsmachinery is thus often associated with an increase
in resistance to chemotherapy, radiation, or immunotherapy-induced
#98Ptosis. Py gPHiEduibe a8 stsnsdictd thunstn dapvrudfdiferent
originsntentiotireiitseatsrent pootoke|s/idiie indpoplosiageiects isa major
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(ZOOOEINICth?n Natu&gﬂ407:810 200 '2 A\ccordingly, current and
eutics Tor the fr nt of cancer,and oflier diseases,

future efrons towards aae5|gn|ng and deve oping néw molecular

target-specific anticancer therapies to improve survival and quality of life

of candertpsediénts must include strategies that specifically target cancer

cell resistance to apoptosis. In this regard, targeting crucial negative
feguiators thad plakaiveniiakrole ndisgptydnhintiog apeRiRsis i cancer
cells reaiasshl> &R0l HEBING.IRGERReUlic silale gy IRLeanticancer
drug design. 2 [0003]The p53 tumor suppressor plays a central role in
controit ’E%ﬁag%‘?@s OB &t L AP pOLS (gﬁg@%?ﬁag‘tyiﬂf Nature
408:36l7 rcoeyilsibisvensraittheitifdluivaragpenutiotampetofismansticancér drug
desigmbesapseiiatupipios PRI eshRcRcliibhaGan heoskimuaterds

eradicgte ﬁHiHQ:ﬁ«QQ'L%&%P%%‘@EeéP&E 2L, DR A0S0 L8000 Gehene,
Nat. Re\{),. Cancer 3:101% 003@. A new approach to stimulating the activity
of psF USRS SheAF eiﬂé?%@ﬁ%%ﬁﬁ‘?h%‘%%?&%‘ﬁﬁﬁm using
non-pBptdk BRpitimerstiievinhibio e hensiapdt RE \enCarrese 31102
(2003)¢sutassil ey atabthSgienediaBos: 844n(200dy)dyHnd2: arshp&d.are part
of an autotegulateis legdRadk ﬂm&@%@&@dﬁf@&%%!a% olrbh2

(1993)). MDM2 is transcriptionally activated by p53 and MDM2, in turn,
inhibitzs)ef) & ﬁ/%co%y%% f%éig?}%?rése%#gc 1§r?”|sxﬁggr glgﬁld? “ERes Dev.
7:11 26799 d s K5 R 2Csrertiere e g3 iRaL oo lsg B Nature
transattivitieoo@matncandthlye setyninhibitsupSdomeasiateddansactivation.
Seconds BRMZmpAIcincanials SAurea exRaTSigRalsegence. and
upon BIngg, 19 o3 ndces he uclear export of pos, preveniing ps3
from binding to the tgrgete NASTHirE" "Brofefi S8 E¥ ubiquitin -
ligase R EIHE HIBH ARELEE P S3ireeBe 18opivsin Ot this Basedh tergtion.
Hencejdoipfumagtioningésoss pbientag ndogendusece | diaein hibitangf p53
activity,JMEIMR effestivelyoinhibits, RRAMediated ARoRIgS LMEJJ gycle
arrest %vgd DINA r aiﬁe'lgherefore, small-molecule inhibitors that bind to
MDMZand block the mtaraction 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-affmity peptide-based inhibitors have been
successfully designed in the past (Garcia-Echeverria et al, /Wed Client
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 throughput screening
strategies have had very limited success in identifying potent, non-peptide
small molecule inhibitors. 3 Accordingly, there is a need for non-peptide,
drug-like, small molecule inhibitors of the p53-MDM2 interaction.
0005]The design of non-peptide small-molecule inhibitors that target the



p53-MDMZ2 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
Wiﬂt%“r%ff%‘ﬁ‘%as been established by x-ray crystallography ’(Rﬂ@ssl@%@fogfnl
Science 274:948 (1996)), The crystal structure shows that the interaction
between p53 and MDM2 is primarily mediated by three hydrophobic
residues (Phel9, Trp23 and Leu26) from p53 and a small, deep
hydrophobic cleft in MDM2. This hydrophobic cleft is an ideal site for
[f@&lgning Lhian: 3&6?8’631@’5%‘?5&8@ TW&T‘E‘&W%@W%@ Rifv2
interattints{@Rah epdasis RégeiBein cer/3 NOZ 20337 RIMMARYOF THE
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cells Qr HREILSURRRY UM%%H%&&%‘J‘%%%%&O &%%'éelﬂ (5 %’ R3S to genetic

lesions or exposure to inducers of apoptosis (such as an icancer agents
and EdHEs) 18 A G8% a@%?%e%ﬁs%i”éﬁ’ma B¢ o detancer.
The ivdtretioricoftapitirasiberncinizericeils brtheigsugpoitngtéls (e.g.,
NeoVAGEAHRMCRlls imléhgr&bmowmuhm%iﬁpﬂa@&g kist@ BeopRiversal

mechmﬁggs%ge%opafp Ryirtually, all Hj‘,t%(%fegt ve.cancer thy éhera eutic

drugs or radiation therapies on t \e marKet of in practice to
reas6R o t#@%?&blwli‘ﬁ‘ AEAP I rRIE §bea sBigtE eI ey frstd gé“&se in the
tumoegupBredser deapitPor 753 20vhieIn MRV Anstancedpisdie to the
inhibiarsaciopsshVRMA0m ph3 RHUMsCalsepBiainiagiwagtional p53.
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proteln X) will. inhibi rowth of cancer cells or supporting
cells ojgrglg% 1%11%1/2/' T R & ce(%sg 8 B30Bd %ﬁé‘h H8¥%shgteptible to
the clara&sm-iHenseity B}éﬁmfa&an@@nm&wmﬁ@ﬂmwwmanon
theragie®. detiparticulz, ciftetintyliificbgofsthaeddirvehiion: s girojgag the
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nor ro radati invention contemplates
that inhi |torg] o] e%l%tegéacctlgﬁ% etween ?%% rgiscanlra’rt rr(‘!fpr%felns F;md
MDM2%i ‘l@lbﬁ%/lz’ et o fansEoastidy & lﬁ%@%é@mﬂm@
treatrabirisrofimtltiplecericeritses, sitheriwhehNadeinistaeed Ms.
monmme@a&yrt@ﬂm;o@;pajggn@y\gmnm}@u@g@gﬁm@@@;@ and/or cell cycle
ngﬁst in cq&n{ﬁglg g%llgch n‘ﬁ@%@ gcgerrglnl e%% In a;(]e&@eggsr%crelgﬂonshlp with
dea

itional agent(s), such as other cell Inducing or ce gle

disruIStBe I RE PR Gt TCRaYiIgR Srtadiadidrian efaRmes @R?ﬁibmatlon
therasess inkibitars tery et ainee-gike ateiqonbyp drtiemso ofhabancer adlls or

SUppREHERY BUSCOPE mf@mmwtmm a&%@s&s@fmpg@m compared
to th?hﬁ%&?e%@@ﬁ%ﬁ&@%ﬁ{% 0 ?h Op t §relgn 1an mal (}Bﬁ% 398 with the

cancer therapeutic ¢ dru or ra era ain
embSHFEMES? Y @’h‘fﬁ)??t%rﬂ?ﬂr%%‘% ﬁ’@%\‘trﬁ@ﬁ‘t"éﬁ ahfitrs 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 compound OT 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 5 combinations of them with the
Nnracant comnniinde Alena cince the ecomnoiinde of the nreaceant invventinn



[0010]The present invention relates to compounds that are useful for
inhibiting the interaction between p53 or p53-related proteins and MDM2

or MDM2-related proteins and increasing the sensitivity of cells to
WRANREIEYF apoptosis and/or cell cycle arrest. In one parti@§&US2006/006221
embodiment, the compounds have Formula L 6 or a pharmaceutically
acceptable salt or prodrug thereof, wherein: X is CH, 0, N, or S, wherein
Rgisabsentif XisOorS;YisO0, S, or NR'; Ri, R2, R3, R4, RS, R6, and
R7 are independently H or optionally substituted alkyl, cycloalkyl, Antony’,
cycloaweanipiglnll ey iawindrété&rooyeliepBO 2R DRBRORIAIC DDRUR",
NR'CORiNRBARZ MBNENRIRAC=NR)NR"R", or NR'R"; or R7 forms
l, cycloalkyl, or heterocyclic group with o f R3 qr.R6; is1-1 or
B e o SN R S e B R oy
heter@dyEMB EFECHeTC LT p) RiRERreued BN RIBSCLST YElRRDNIVIV';
RO is otiectofodng eips (Odepaid ety Selectd R (200B); FaEilpBe; |, OH,
NO2, alkydicaciontio! %@”YS‘%@“@%@M&@" hgé%]gle@mbnhﬁ%@@gyclic,
OR/, R QR " iy g ! . ", oror
NIVR%%%%hggg }I(<Ia crésni\laﬁ a%l 3i'n_ gsﬁleeneégln"%/aﬁ%er%o%t?(%ﬁé?é?j bstituted
alkyl, S%M‘Rﬁlﬁuﬁﬂ@ﬁﬁﬁoﬁ’ﬁéfﬁé&%HW}"%HE‘%/HW%?WE%&H@W%M; or R’
and RorimrrlY raddhRY'byf dmee aydroghabiowrsaines (iha P 1 23 2anaR4izCONRR,
then argeERaand Hial)AYefioRbRBic cleft in MDM2. This hydrophobic

cleft is an ideal site for designing small-molecule inhibitors that can disrupt
the p53-MDM?2 interaction (Chene, Nat. Rev, Cancer 3:102 (2003)).

SUMMARY OF THE INVENTION

[0066] It is generally accepted that the inability of cancer cells or their
supporting cells to undergo apoptosis in response to genetic lesions or
exposure to inducers of apoptosis (such as anticancer agents and radiation) is a
major factor in the ouset and progression of cancer. The induction of
apoptosis in cancer cells or their supporting cells (e.g., neovascular cells in the
fumor vasculature) is thought to be a universal mechanism of action for
virtually all of the effective cancer therapeutic drugs or radiation therapies on
the market or in practice today. One reason for the inability of a cell to
undergo apoptosis is a decrease in the tumor suppressor activity of p53, which
in many instances is due to the inhibitory actions of MDM2 on p53 in tumor
cells containing functional p53. The inhibition of p53 activity results in
alterations in apoptosis pathways as well as cell cycle regulation.

[0007] The present invention contemplates that exposure of animals suffering
from cancer to therapeutically effective amounts of drug(s) (e.g., small
molecules) that increase the function(s) of p53 and p53-related proteins (e.g.,
p63, p73) by inhibiting the interaction between p53 or p53-related proteins and



(CH2)"-NRIR", (CH2)-NR'COR", (C1-12)11-NRIS02R",
(CHOWNRIC=NR")NR", (C1-12),e-COOH, (C1-12)8-COOR,
(CH2),-CONWR", (C112)"- OR', (CI-12),-SW, (CHArCOR', (CH2)n-S0313,
WAIPIHBHENRR", (Ca),- SO2NRR", (C1-120-120)n-(CH2) XE{US2006/006221
(CH2CH20)n<C112),,-01V, (ClI2gH2C)n-KCH?2),-COOR,
(CH2C1120)n-(Cli2)m-CONRR", (CH2CH20)n- 7
(OH2),"-NR'R",(C1-12CH20),,-(CH2)m44RICOR" (C1-12CF120),;(CH:0" -
NR:(C=NR")Nr, (CH2C1- 120),, CF12 SQ2R"
(C1. MDY @ N ZERGEIOS 6&11"{‘)3‘14& (é@ﬁﬁ"z@?‘ﬂ*&b‘iﬁz)m-om,
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relates to methods of protecting normal cells in an animal with a
hype’ﬁﬁ‘ﬁ??félr‘a’ﬁve disease from the toxic side effects of chemotherapeutlc
[eg8ints or freatrbnesitedimpisrfghadrmrRite: oGt eia SRRt 4F
compaeuad afithenaMpationtyl siecpartioukar @mbodinvahtf theprsahtion is

direcfed 10 (G dreaimenh ﬁ%ﬁi&%&?@&n%ﬂ%@)é%ﬁl@fé&t&ls%@ms side

effects, or conditions the m|n|§trat|on %ftgl&egg%g%@peutlc
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undevgbirts chERBIR Yy EEBIBEY R Eioth @i sERt MOBHIBA:
Examplesofsushgisntdets hwer conelitiong: chusedinf ehaptisttherapy

include, Without IR MUEOsiiR SIAnM s X6 Pisyran in
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inve i Ste LS aPIB ot At oration, or prevention of

disoréisrensedichligmahivsse heSHBRSE &% tﬁ‘?dﬁ‘??ﬁﬁtﬁ”t‘ﬁ?rﬁ‘ﬁﬁ BESRA & death,
e.g., disncdemmphanactestadavoy oystegiation ofiagmmesislrmsieding

hyperpoliferative:diseases:susdiasaaneeto Ipsaiiaineaheodimants, the
compounds cancg)le tglﬂseegltto treat, Qorrpv%ll rate, Rl eprg.quﬁg cangerthat is

nse/clt
(:harart‘ffg?lzeo1 B‘y resistance to cancer t erapies (e.g., those cancer cells
whichtgreafieine rssRstaics i deshiradl %fﬁ?f?vﬁ%m%ﬁ@cfe%a A and the
like). tntathe rembodimdantsytie pmmwcawaWMWﬁ
hyperproliferative diseases characterized by expression of functional p53
or p53-related proteins. In other embodiments, the invention relates to the
use of the compounds of the invention to protect normal (e.g.,
nonhyperprolifemtive) cells from the toxic side effects of chemotherapeutic
agents and treatments by the induction of cell cycle arrest in those cells.
[0013]The present invention provides pharmaceutical compositions
comprising a compound of Formula | in a therapeutically effective amount
to induce apoptosis in cells or to sensitize cells to inducers of apoptosis.
(0014] The invention further provides kits comprising a compound of
Formula | and instructions for administering the compound to an animal.
The kits may optionally contain other therapeutic agents, e.g., anticancer
agents or apoptosis-modulating agents. [0015]The invention also provides
methods of making compounds of Formula |.




BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES [0016]Figure |
shows the design of a new class of NEDIvI2 inhibitors based upon
|rotry rostatin A. [00171Figures 2A and 213 show the predicted bindin
W81 ¥ mpounds in and Id to MDM.2. [00181Figure 3 BhBWEY Pi@o%%%/
structure of (111R.,2"8,211t.,3'R,38,41R) 6-
chloro-4'-(3-chloro-phenyl)-11-(2-hydrotty-1 ,2-diphenyl-ethyl)-2'-
(3-methyl- 9
butyl1)-2-oxo-1,2-dihydro-spiro[indole-3,3'-pyrrolidine]-5'-earboxylicacid
dim efhEakiens. poothon Fitlirdha AshElcwesattratiFPc e GRPMDM6-F
bindiagrioidds M2hp peiein {COR0) Meguie 4 B:shiowsithestanpative binding

curv o I 2 d, eptide to
%(ﬁ!%@?%{ﬁ%%@@ﬁ%ﬂ%& Et)r%lﬂ’e%%/n? o5 Qéllj%\rfg wﬁi %:frves and

tlt
L VBT TS S S e LR AR O EBERIRAD b
assayf.ffeﬂmm@ﬁref e H@W@‘m’é ?hwme%?@élvdwm oiidsa P

prostaith ¢an@empts of cells to execute the apoptosis program in response to the
anticancer agent or radiation therapy. Thus, in some embodiments,
administering the compositions of the present invention in connection with
certain temporal relationships, provides especially efficacious therapeutic
practices.

{0009] In other embodiments of the invention, inhibitors of the interaction
between p53 or p53-related proteins and MDM2 and MDM2-related proteins
may protect normal (e.g., non-hyperproliferative) cells from the toxic effects
of certain chemotherapeutic agents and radiation, possibly through the ability
of the inhibitors to induce cell cycle arrest. In particular, the inhibitors of the
invention may cause cell cycle arrest in cells comprising wild-type p53 while
having no effect on cancer cells comprising mutated or deleted p53. This
differential protective effect may allow for more effective treatment of cancer
by allowing the use of higher doses or longer treatments of chemotherapeutic
agents or treatments without increasing the toxic side effects of such
treatment.

[0010] The present invention relates to compounds that are useful for
inhibiting the interaction between p53 or p53-related proteins and MDM2 or
MDM?2-related proteins and increasing the sensitivity of cells to inducers of
apoptosis and/or cell cycle arrest. In one particular embodiment, the

compounds have Formula I;




cells with wild-type p53 as determined by a WST cell growth assay.
[00231Figure 7 shows the inhibition of cell growth in PC3 prostate cancer
cells with mutant p53 as determined by a WST cell growth assay.
WOFPA1Eigdfre 8 shows the inhibition of cell growth in PrECP&ArHaP¥(HeaH

prostate epithelial cells with wild-type p53 as determined by a WST cell
growth assay. [00251Figure 9 shows competitive binding curves of
several inhibitors of the p53-MDM2 interaction. 100261Figure 10 shows
the disruption of p534MOM2 interaction by Ke43. 100271Figure 11 shows
the cell growth inhibition activity ﬁf KE&#43 in colon cancer cells with or
without wild-type p53 and in ngsl B R 0028]Figure 12 shows Western
blot analysis of the expressiongm, target gene products MDM?2
and p21 in cancer cells in re KeRgS [0029]Figures 13A and 1313
show cell death and apoptosis. y Ke-43 and Ke-61 in cancer
cells'and normal cells. [00301Figurel14 shows cell cycle progression of
colon cancer cell lines expre4sing willi-type p53 or mutant p53 and normal
colon cells after treatment with Ke-#3 and nutlin-3. [0031)Figures 15
shows protection of normal cells from TAXOL treatment by Ke-63.

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Xis CH, O, N, or §, wherein Rg is absent if X is O or ;

Y is O, S, or NR";

Ry, Ro, R, Ry, Rs, R, and Ry are independently H or optionally substituted

alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, CO:R',
OCOR!, CONR'R", NR"COR!, NR'SO;R", SO,NRR", (C=NR)NR"R"™, or
NR'R"; or

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

Rg is H or optionally substituted alkyl, cycloalkyl, alkenyl, eycloalkenyl,
alkynyl, aryl, heterocyclic, CO,R', OCORY, CONRR", SO;NR'R", or
(C=NRHNR"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’,
COzR, OCOR!, CONRR", NR"COR' NR'SO,R", SO,NR'R", or
(C=NRINR"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 R and Ry is CONRR), then one of R and R' may further be
(CHy)-R, (CH2)r"NRR", (CHz)o-NR'COR", (CHyp),-NR'SO,R", (CHp),-
NR'(C=NR")NR", (CH3);-COOH, (CHy)»-COOR', (CH,),-CONR'R", (CHy),-
OR!, (CHpn-SR!, (CHz),-COR!, (CH2)n-SO3H, (CHz)n-SONR'R", (CHy),-
SO;NR'R"Y, (CH:CH2O)n-(CH2)m-OH, (CHCH20)+(CHz)m-OR,
(CH2CH,0)p~(CHy)-COOR!, (CHyCH;0),~(CHp)m-CONR'R", (CH,CHy0),-



10 DETAILED DESCRIPTION OF THE INVENTION [0032]The present
invention relates to compounds represented by Formula I, which function
as inhibitors of the interaction between p53 or p53-related proteins and
WOBNSLYS1¢/IDM2-related proteins. By inhibiting the negatR/er8ffedtopez21
MDF/12 or MOW-related proteins on p53 or p53-related proteins, these
compounds sensitize cells to inducers of apoptosis and/or cell cycle arrest
and, in some instances, themselves induce apoptosis and/or cell cycle
arrest. Therefore, the invention relates to methods of sensitizing cells to

induders) eIV ptosiSTEtddh cEIHIp AR &PBSt antFibGHeha@E0f-inducing
apomw&@amebt@me"<%tﬁwmmmteswprtsingpqcntastjog the cells
with ﬁqmgguregﬁa (81'{'2'}% a(l@gsm lin ‘E@ﬁ‘# @92%\65&5 |t|ona|

age an inducer of apoptosis or cle disriptef. "The
mverﬁ%&%u&fﬁ@? gf&@% A‘Fép Ha&é’%&ﬁﬁ@’» ﬁHFQtITﬁH@F‘preventlng
disoriBR"ifiCEh) aftithaHAUcCHD NS EARAL G SHotlia{6 ktiction of
apOPIESIS=CRNNIIS NGREMURISIRIIYCHNARBOIAN 2-Conrpowatk of Formula
I andop%gjtig%hagent(s) e.g., an inducer of apoptosis. Such disorders
include those characterized by a dysregulatlon of apoptosis and those
charZc AXLRAR AL HIBRREPATOH bf cells expressing functional p53 or
[¥88Lrelatediprirentisn Keldieh&r evmpodintepesentsd iRamtion kotbids to
methaesnafopsatectitg inermmn(@gweshnmby pe rplifriativelaelisgin an
animgirdtem thaniaxicside effasts %&hl%@ﬂ%ﬁ%ﬁ%?%'%@%”&% @hd

treatments co %lsln admlnl termgto }he animal a compound of Formula

l. [oo%"é}jﬁﬂ%‘ A IRVTR O AP SR ARG R %é%"éé?"d’tﬁf& neelised
hereﬁﬂnfté?é’ﬁt@‘ﬁﬁ‘gﬂthé?%tﬁem?c@@ehﬁo(@@ , Bivanverier alse eites
.compothads antifonnmoleds tEtih erapiutforcaniponnds), ta aliense
therapiggyadiation therapiesr AsMssicahinergntions. 4agd inghe
treatment of h%g %ollfer?té\éﬁs seaﬁetﬁ such asc nc

mammaﬁls e’term prodm 28 BEEER ereln regfersatroesé
pharﬁﬁ'%?&é?o‘@%‘ﬁﬁ?tlWé@t%%?%ﬁ%dﬁ%ﬁaréh?ﬂﬂ ﬂf?ﬁ")‘?ﬁ’@ﬂ@c&e that
requitesnbiotresvsfornatehdds. of etverigpontameduselr esizymatic) within

the targababysitodicals SYStehedd, %ﬁ@tﬁ@@%ﬁtﬁé&g%vc%ﬁ it

enzygg)%tlg%léybp&gsillg}g%calI@ mechalgngal ectron1 gneltlcallé/) the
prodr f%g?to the active drug rocfrugs are é3|%(r)1e 0 overcome

probBAFe Y dorteinsvitrath sy aRichirdaritor dyeemeiietrdimited
bioavistadsilitym Excrrivlaide pfodsigsiconiprimeudn getivedregmmciecule
itself _BghRisHemisRlMRASKIRGIHAMR (SofnpauBd GdRiNatIRMRTSIDlY
suppigssER MR AR Y, vsn%g%)ataecm%o eleted prodiigs are

vana 10NS or rivatives of compounds t hat ave I'Olj sc]eavszle under

metaBoREEBHiSh <! Hewem pféﬂ"’y piedtugs B‘é‘&‘i’rﬁ‘@ riﬁ&?%dﬁ’elﬂﬁ’cally
activedininipretion inf viemolibrerettie yaantsi ¢y gorselvolysisamderiphysiological

condikiessariderg aanay matigaaoadainney otherhiaehansical
tra”%%é&%‘t&%nﬁ&g RhosRhary Ao o %%“%% 1 th%drc?%e”a“o”

glycosylation). Prodrugs often offer advantages of solu |ty, tissue
comﬁg?mﬂwa@’r HEpe g Fany ’W?ﬁé%?ﬁﬁﬁéﬁ%ﬁ%ﬁ%ﬁﬁm@ee e.g.,
BundgsireinBtimibtisofdmrord depepip. 7-9, 21- 24, Elsevier' , Amsterdam
(1985); and Silverman, The Organic Chemistry of Drug Design and Drug
Action, pp. 352401, Academic Press, San Diego, CA (1992)). Common
prodrugs include acid derivatives such as esters prepared by reaction of
parent acids with a suitable alcohol (e.g., a lower alkanol), amides
prepared by reaction of the parent acid compound with an amine, or basic
groups reacted to form an acylated base derivative (e.g., a lower
alkylamide). [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 limited to, hydrochloric,
hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycolic, lactic, salicylic, suecinie, toluene-p-sulfonic, tartaric, acetic, citric,
matharteciilfoniec eathaneciilfonic formiec benzoiece malonie <iilfonice




ammonia, and compounds of formula NW:, wherein W is Ci4 alkyl, and
the like. [00371Examples of salts include, but are not limited to: acetate,
adipate, alginate, aspartate, benzoate, benzenesulfonate, bisulfate,
WBHYPAEtrate, camphorate, camphorsulfonate, cyclopehtdnefopafkte,
digluconate, dodecylsulfate, etharhesulfonate, fumarate, flucoheptaneate,
glycerophosphate, hemisulfate, heptanoate, hexanoate, chloride, bromide,
iodide, 2-hydroxyethanesulfonate, lactate, maleato, mesylate,
metbanesulfonate, 2-naplrthalenesulfonate, nicotinate, oxalate, palmoate,
[Wetinate, Persisranghefyiisropieniote, 3icratd! pitialtee tstbiBnate,
succinterdsiir aterdhintyatdierdas\datessinde capeate; tandiktdike. Other

_exa”BE“Qp%;%t&aUéliQﬁQﬂQeq Diaﬁa&té%a%m@%@zmﬁasw
invention ompeunded with pisuiiable cation such g Nag, NEidr, and
Nwzﬁp{’% %Sl’eln KR chb aIFCII group), and't eﬁlke. For ﬁerapeutic use,
saltsBPATEnEdin FEuTRP SNt € 93 S SR Y dtstio ARgoBEN @ FIERd as
beingaptranmeceisiicalhizddoepiable: ol cuvey drrgatts of. Abidscandrbases
f\tl]a: alfi %ﬁ@%@@ﬂ%ﬁ%ﬂﬂ%ﬁﬁﬁ@fﬁ@ﬂ@nh ! m§9rﬁﬁa§aﬁ§&ég{g?xample,
: reparation or purification of a pharmaceutically acceptable
com?)%{}hd.%b i ﬁ'é%}%drlr%enfﬁe%pé}ﬁ |8%Lﬂ§géeﬁé%til?/ee gsr_%%oﬂ(r’]t,méts used
herefffPraralEte i it e tRE i r apeitienatfeHrgiomE Rt 0 result in
ame pédativladafrariesofmatke ymiients tbé ardisondeltatpievwenss
advagcemanhida digorder, i%gaaﬁetsegg gsiongtdhe gigordey, For
exanplesihiesacch g e Ueaimantl cancer, aihelapeutically
effective amount prefera @ refers to the amount 0 arﬁﬁ’erapéu IC agent

that ABtREUREYhe hafedBrnpbey FarrrraetBasesimor mass,
[@d8feasesTive muwber ofmBtastasédsinohemsesiticne t@iypasdions
ProgeRssiameQr dRereanes Buhvival ek akinastaiwrIeisially at least
L0%, a1 Jeast 450, abieas| 20%, 21 JASt, 2n%%, 2} least 30%, at least 35%,
at least 13 46%, at least 45%, at least 50%, at leas %‘% at least 60%, at
LYt 6500, "4t IBUEH PO IS RE S8 S oRPrg v oRtd e5Er S, at least
90% ! and @bt 9iB9s feoyedmiisisitt0%e 0089 P he deinmis Thehiitize/' and
"sensiiiwingy asnusebherein:aefiar tagaking,, thigkghthesadmigistration

of a fggggggg&gggrgméaag&ggpound of Formula 1), an animal Or a cell within
@H animal more susceptible, OT more responsive, to the biological effects
€.

! , O]
3., promifioH P et iR BR SR s & e b REftFa P FIRAHSA Mcluding,
but nésmitkd to, cell division, cell growth, proliferation, invasion,
angiogenesis, necrosis, or apoptosis) of a second agent, The sensitizing

effect of a firskRageptseraetarget ceticar bemessuted@s the difference in
the intended biological effect (e.g., promotion or retardation of an aspect

hgplular unetonpeliging.put ol dimited o, Gl arowih, Arauteration,
Invasion, a_nélogenesls, or ap%lp(t)osns observed upon the adnimistration of
a seCBPRTBIHFRPRIBAA without administration of the first agent. The

[fesponse Gidives Sensiti 280sbel banrbicintbdsisedgcabieaspdifs, at least
20% ;1 atdeast3Nvat least 40%, at least 50%, at least 60%, at least 70%,

S A RIS g 200%

least 350%, at least 300%, at t , ast 450%, or
at le&Bles0tdA- e ais s hotleimne? ditents brireGrasthyent.
[0040]The terra "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,
autoirtunune disorders (e.g., systemic lupus etythematosus, rheumatoid
arthritis, graftversus-host disease, myasthenia gravis, or SjOgren's
syndrome), chronic inflammatory conditions (e.g., -psoriasis, asthma or
Crobes disease), hyperproliferative disorders (e.g., tumors, B cell
lymphomas, or T cell ymphomas), viral infections (e.g., herpes, papilloma,
or I-11V), and other conditions such as osteoartluitis 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 14 or is observed. That is, viral-induced
Avieraainilatinn can oceciir evven aftar the dicannearance nf evvmntome nf




100411The 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%,
WADRSEOM60r more of wild-type activity. [00421The term |‘5§§/V§f‘8?é/806221
protein,” as used herein, refers to %rotelns 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.
1004 3tFhe-tenmn . 2NinNe-yeteliedhlorbieirotidinpdStichbpaitic refersido
proteimmébgihaige at least 25% sequence homology with MDM2, and
jBbespct with 0 JARLPRE Oh ARG (RIGLRE RIS oATPIO60
DM_2-related proteins include, but arc not limited to, MDMX andlIDM2.
1004FP1FHE term ' ‘hyperproliferative disease," as used herein, refers to
HOtonditidiemewiHichhae chtizeuppesiiutatiindiog pratiterafinglekeikstin an
animafisraed-gpes PRIbIY thendswa stradationnaivp prrigrowth,
F%ﬂ?‘p'es Ci%QXE’E‘s'psﬁ%"!J?rtﬂé“’c%n‘i{J&R{%eﬁ% U&%&HW%{ NGARIAGMS,

ymphomas and the like. A neoplasm is said to be benlgn if it does not
under ‘?H?iﬁgfcMDMﬁ%?g*ﬁf%%déﬁa%E?é’ﬁ?&ﬂ? [PH§8Eeither of these. A
PadhstaticFigotk heans theantihisieredf egheravide BNdaBestrely pretghboring
body stndcilesidHyie @ lasiadsmadoti of Celeprpdikaiatian involving an
WsEgase in sl DYHRGK lﬂeauﬁﬁﬁl%&%rfQQE%MHQ%Q%&@QL&EGWUO” in

structure or. function. Met Ia 1aIS Q% of controlled cell growth in
which®ShetiHB 6 Ha ﬁ i ‘Eh?laté'aa c % §f‘fﬂf%as%¥ another type of
Hiffdientiatetizees (8 IWB&W@%@W] GB@?&&%WIWM%X@MWWOM
cells gliemegitisiin anauioimititne disoe eemarhenic Witammatory
condition, A3diged herein, the term "autoimmune disorder” refers to any
ghtlon mgzvhm%1 nor anlsrtrlmvgll'9 nﬁc%eﬁsur%gstlbf%gégsl%&%}@g&e cells
recog e org AniBim's own Mrolecules. cels or tssues.
Non IlﬁﬁﬁnW@]é{?(é‘i‘ﬁfﬂ@é"bf autoimmune disorders 15 include autoirnmune
esasdlytic afignmed 0 autestmimeiepaitis Mg ergdiseds erigA
m@hropathmggeéiapsﬁmt@wqmp@mﬂamt@m@lm%f ferains.aisease,
dermatotréyomlsﬁ{‘lbrorﬁ algia, or aft x%us host disease, Grave's disease,
Hashimoto's. yrol ditis |d|opath rom topcnla purpura, lichen
A%, muIF‘ﬁiEes]@Ié%‘ﬁs méﬁﬁyﬁﬁ’ﬁfé 6%?%@%"5%% fever,
rheuntatiet gsthntisuse MYdermda? SiCgrem s byindripare; ByStdic lupus
elythpmatosusirty peal Aliabeiesvier miealiisovililigae.ang thadike.

[0046];';1@?(&%"1”11 ch?%P@Et%ﬂ%%%ensas used herein, refers to any

abnormal growth of cells being either benig np%non cancerous) or
M&Bnant (5&‘?&%?&u§)°"[ﬁ)d%‘7]°ﬁ“ﬁfep[‘é’ﬁ?ﬁ“}?8r Aol ovuger Sl fisrein,
refersexrrassiefl Widttiserndt armiuigtihtand nomalxolrowth adedivisient. Normal
cells aranucancenans.and are not part of any hyperproliferative disease
disorder. AQ04SL s el ARl spiaelneagn BT SRdAglen
refers_to_any compound that retards the proliteration, growth, or spread of
a targ&é& ‘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.,
hypaproliferative or neoplastic cells) in an animal. The prevention may be

WO R4S g., the total absence of pathological cells in a RuHfE0RRe221
prevention may also be partial, sugh that the occurrence of pathological
cells in a subject is less than that which would have occurred without the
present invention.. 100501 The term "apoptosis-modulating agents," as
used herein, refers to agents which are involved in modulating (e.g.,

inhibiting, decr%ﬁ&ﬁﬁ@%ﬁﬂﬁﬁ%?ﬁﬁwggﬁ Examples of

apoptosis-modulating agents include proteins which comprise a death
@amain suaheasedahtineblioaitesdow casioRabrepiRAME byl Mok DR 1,
DR2, 2R ﬁ%%&ﬁﬁ.h&%&@ Eﬁﬁ%@m@@&ﬁ'%’en%ﬁaq!s%'pﬂ?éa@efa

apoptosis-modulating agents inc uge but are not |mJte to, TNFa, Fas

ligand St BeidE RS EOMTRY BIREPTNE AR R R ﬂféngerRAl L
(also Hivehi HHMPB o VigdAechicA porinT rmi) candibestied pPRAIL-R1 or
TRAIkdR2¢didpdumdtis poitBA X1 B ADnddigh: GABoRdsd: kA eselL6yRP1, and

CasF’%?t@s%?JeiE SoMapata %&@&@shﬁmlm@&i@ mdlp E‘éﬁt§y§1@d

antag onlsts F family receptors and TN f1)S/I| ands.
0ds_ O

Apop% (ﬁﬁ? ¥irg's m‘r’ﬁémr’ﬁ N He 46 st [(g)r hSFBYARE B85y (e.g.
I|gan@’é\@@céﬁ?@?}”@%ﬁéﬁ%d@béﬁéﬂ@ﬁﬁ(%‘hI‘ﬁtm@haésehﬁsnéﬁél#ﬁducers of
apopRsiSstLtll/ acelNiyclr atrekiNiPest ata@thligian chnpatiig tachnawiR AMP

ligand, 523G RORUGANT R ONFR &A&Qﬁ%%&%&ﬁ%;@%&&@e

inhibitors of the |ntefract|on betwe n 3.and MDMZ2 .of the p ent

invenfifin Are (‘:‘8??100 Slsﬁfélr?ﬁu e&ﬁrﬁggh i“ ﬁghﬁp 8 RD-,| Rs
ora ﬁﬁ’éﬁﬁ&téﬁﬂ@éﬂf%&%@ﬁ@alﬁf@e‘%ﬁt’@&%%@’fﬁér@?fﬁdWhéh—ﬁﬁ. Xis CH,
0, N, oSl wivkraithd2Btist alosenbnfixé i Ddoptisn of apoptosis, comprising

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

[0033) The terms “anticancer agent” and “anticancer drug,” as used herein,
refer to any therapeutic agents (e.g., chemotherapeutic compounds and/or
molecular therapeutic compounds), antisense therapieé, radiation therapies, or
surgical interventions, used in the treatment of hyperproliferative diseases
such as cancer (e.g., in mammals).

[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




Yis 0, S, or NR'; RI, R2, R3, 124, R5, R6, and R7 are independently H or
optionally substituted alkyl, cycloalkyl, alkenyl, cyeloalkenyl, alkynyl, aryl,
hetero clic, CO2R’, OCOR', CONItIR", NR"COR', NRIS02R", SO2NR'R",
ﬁ%/ fWR™, or NR'R": or R7 forms an aryl, cycloalkyIPST/Hé%%W&ﬁb
group with one of R8 or R5 R8 is H or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyi, aryl, heterocyclic, CO2W,
OCOR', CONR'R", SO2NR'R", or (C=NR')NR"R"; R9 is one to four groups
independently selected from H, F, Cl, Br, I, OH, NO2, alkyl, cycloalkyl,
alkery| rdsrsto atkde rephvatk (gaylenariativabigy pbysitle siolYY, OQRRICTULOR!,
CONWRrgridEReGIWY , INRSR 2R SR2NMRA s, (Brobiivyy MR dBRimear NM",;
and {7, %&é%&%mﬁ@%&&%&%ﬁ&%ﬁ ”@é(xﬁr?rx%%tb‘%@&l}ﬁ?%p%f't“ted

alkyl, cycloalky alkenyl cycloalkenyl |, aryl, or heterocyclic; or R’

and Ii‘m‘gfl HWSH?‘WW& 1‘8‘?}?{“5? ﬁf?d“‘&? WH‘@HS%Fféaﬁtfvﬁér‘éﬁfa"ﬁ%‘ﬁ
GONIBRE aerchicol Roding Roum@@eiurthiepbat reversitiy stpesR 111,

(CHZhe DRVEIRbe (G2l 52) ﬁﬂﬁsﬁﬁ?ﬂlﬁed Roddys VR LifordNRIdMNRives

(-3l Cesut QU SIRER R baghpr

(CIr2 X KPS T QPO A fopen o e

(CH2@'-1%2@)??%1‘1?)?!%@@%}’{@2&12@i@@@n@t—@ﬁﬂ&@m@{i

(Cl12 Gga@ton (GH Rt)lqr NRHRem(@ll hﬁﬁ%fdﬁﬂ)xoﬁCGeng) PRk Bon,

(C]-l? 9:.9‘:0 dro era

(CH2C1 T RISO2R" (O CHACH I N oL a1

(CH 2 B @%T /éﬁfg }(%1 xéjﬁeaca’??gtx%%w or dzelayed z%le(ase in the

(C1- mxign(@ﬁxm@t) (@qqg;mgg@g\ard Design of Prodrugs, pp. 7-9, 21-

(C||2mcam&2@)ns@mmwﬁaFsﬂvéﬁm,znpmgahmaﬂm@mir

(CH) H20 A%Q)% I??)ﬂb‘i\l&@% Press, San Diego, CA
z)mnllti(C----

(C11%) &5‘%%1% gi‘z’%?"l’t‘ ,‘!,z%ﬂdé’ E?W"SéB*‘IFS BB 302R": and

n, m banfaaf}la?é%%wtrﬁa@ﬁéﬁ@eﬂnwible feRSD tag nrifsre plspriehilar

embadiremtsmnd bf Rattand{Ry imarsabstintechnt witsabstituées aryl (e.g.,

phenybicsghspiuiasar unsshstiuigthReteseandveaiaoalkyl . stiaight or
brang} lﬂ% [, amide or ester. (00531In another embodiment, one of R5
24is a

and 1 >3-15 alkyl grou ropyl, isopropyl, sec-butyl, teri-butyl,

Pentyl, I&S‘EHWS?%‘S‘F 38?‘38 B}ﬁﬁi‘ﬁ’tylasd‘ﬁeé Bergip 6o bered
aryl cﬁnhe%bl(earwbgm@%bﬂ@mmthmméroemmghnfemmwm@nﬁpounds
of Fommapladnhmavasian that is physiologically tolerated in the target animal (e.g.,

a mammal). Salts of the compounds of the present invention may be derived
from inorganic or organic acids and bases. Examples of acids include, but are
not limited to, hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric,
maleic, phosphoric, glycolic, lactic, salicylic, succinic, toluene-p-sulfonic,
tariaric, 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




stereochemical structure as shown in Formula Il or Formula lll: 18 R3
...N.7RRs R1 R2N \ Rs R2,N, Rg- | )i( R8RS iilit or a pharmaceutically

acceptable salt or prodnig thereof. [0055]In one embodiment, the
WEHISAEHAS of Formula | have Formula IV: PCT/US2006/006221

12

intermediates in obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.

[6036] Examples of bases include, but are not limited to, atkali metal (e.g.,
sodium) hydroxides, alkaline earth metal (e.g, magnesium) hydroxides,
ammonia, and compounds of formula NW,", wherein W is Cy4 alkyl, and the
tike.

[0037] Examples of salts include, but are not limited to: acetate, adipate,
alginate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,  digluconate,
dodecylsulfate, ethanesulfonate, fumarate, flucoheptanoate, glycerophosphate,
hemisulfate, heplanoate, hexanoate, chloride,  bromide, iodide,
2-hydroxyethanesulfonate, lactate, maleate, mesylate, methanesulfonate,
2-naphthalenesulfonate, nicotinate, oxalate, palmoate, pectinate, persulfate,
phenylpropionate, pictate, pivalate, propionate, succinate, fartrate, 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 Cy.4 alky! 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 fo the treatment of
cancet, 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 1o fumor
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




Iv wher_ein R1-R9 and Y are as defined above. [00561In another
embodiment, the compounds of Formula IV have a stereochernical

truc shown in Formula V or Formula VI: RdR4
WORHSbTeTe uia v Vg
pharma_lceutlcally acceptable salt or prodrug thereof. 19 [ 8@9 0rﬁglgoe6221
embodiment, the compounds of fzormula | have Formula VII: 1/11
wherein It..]-R9 are as defined above. [00581In another embodiment, the

compounds of Formula VIl have a
40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at
Jeast 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 (e.g., a compound of
Formula 1), an animal or a cell within an animal more susceptible, or more
responsive, to the biological effects (e.g., promotion or retardation of an aspect
of cellular function including, but not limited to, cell division, cell growth,
proliferation, invasion, angiogenesis, necrosis, or apoptosis) of a second agent.
The sensitizing effect of a first agent on a target cell can be measured as the
difference in the intended biological effect (e.g., promotion or retardation of
an aspect of cellular function including, but not limited to, cell growth,
proliferation, invasion, angiogenesis, or apoptosis) observed upon the
adminisiration 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 agsociated with or induced by a
variety of conditions, non-limiting examples of which include, autoimmune
disorders (e.g., systemic lupus erythematosus, theumatoid arthritis, graft-
versus-host disease, myasthenia gfavis, or Sjbgren's syndrome), chronic
inflammatory conditions (e.g., psoriasis, asthma or Crohn's disease),
hyperproliferative disorders (e.g., tumors, B cell lymphomas, or T cell
lymphomas), viral infections (e.g., herpes, papilloma, or HIV), and other
conditions such as osteoarthritis and atherosclerosis. It should be noted that
when the dysregulation is induced by or associated with a viral infection, the

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




stereochemical structure as shown in Foiwula VIII or Formula IX: wherein:
20 RI, R5, R9, and R9 are as defined above; Rai and R11 are
independently H, OH or optionally substituted alkyl, cycloalkyl, alkenyl,
W&H&?Réﬁﬁﬁl, alkynyl, aryl, heterocyclic, (CH2)-R', (CH2),-,13@§?°,06/ 06221
(CH2)n-NR'COR", (C1-12),I-Nn02R", (CHONNIV(C=NR")NR",
(CH2),,-COOH, (C112),,-00011.", (CH2),-CONRW, (CH2),- OR’,
(CH2)n-SW, (C112),1-COR’, (CH2)n-SO2H, (CH2)n-SONR'R", (C112)11-
SO2NR'R", (CH2C1120),,-(CH2),"-OH, (CHzCH20)"-(C112),,,-ORl,
(CH2e s 20paved Ribhic trapdyeH e 24 20n @HE - oNTx 2R
(CH268x3p260) (62 sl dyproddRB Risa( Gid 262k 1 20) , -, -(CH2)maC011",
R 2O GHDMNAZRGENRONBY WEIPCHRO GRIZM R SO2R”
(C1 2)p-(CH2CH§%n(CH2)m-OH, (CHd2)p4CH2CH20)%,.-( H2)m-011.%
(CHZ%RW 1o )61-%1@ f_)fjj)l)% &?&E '&n’ futant p53 that retains at least
(CH2Yp- ety ity Wi Kid 1 e G @ Bl1 at least 10%, 20%, 30%, 40%, 50%,
(C1138r ottt 2anieli2iaNR'R",

Sl crec T SN S e
b Gl B B ”

(0-12): > 50X SBROEY TEHBR:- By ARG B°qre each
indepehtiEntyd1 26 [0OBIGTIN Y forietembadiddi, choEbRpdeeds of
Formptigelhavemplesof F3rreatkaicréledaxdddiud RV are-nstlinhidd RSpEX| Rla
ON-R1 K Bij\l-R? N-R7 N 7 1115R5
{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 pS3-related proteins. Examples of MDM2-related proteins
include, but are not limited to, MDMX and HDM2.
[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
iike. 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 term “autotmmune 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




ORI, XXHIXXIVXXV R5-5-  XXVI wherein It1, R5, R-7, K9, RAN and
1251 are as defined above. Ma]ln another embodiment, the compounds of
Formula | have one of Formulae XXVII and XXVIII: wherein 121, Rs, R

WR2KBI4Hd R11 are as defined above. [0062]In anotherpgﬁ{gt%}?ﬂg%tm

the compounds of Formula | havellgormula XXI.X: wherein: Z is 0, NH,
NR', CH2, HR', or CR'R"; and 121, R5, R7, Rg, and R10 are as defined
above. [00631In a further embodiment, the compounds of Formula | have

one of
include autoimmune hemolytic anemia, autoimmune hepatitis, Berger's

disease or IgA nephropathy, celiac sprue, chronic fatigue syndrome, Crohn’s
disease, dermatomyositis, fibromyalgia, graft versus host disease, Grave's
disease, Hashimoto’s thyroiditis, idiopathic thrombocytopenia purpura, lichen
planus, multiple sclerosis, myasthenia gravis, psoriasis, rheumatic fever,
rheumatic arthritis, scleroderma, Sjdgren's syndrome, systemic lupus
erythematosus, type 1 diabetes, ulcerative colitis, vitiligo, and the like.

[0046] The term “neoplastic disease,” as used herein, refers to any abnormal
growth of cells being either benign (non-cancerous) or malignant (cancerous),

100471 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 ocourrence 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 (eg, inhibiting, decreasing,
inecreasing, 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, DRI, DR2, DR3, DR4, DR5, DR6, FADD, and
RIP. Other examples of apoptosis-modulating agents include, but are not
timited to, TNFo, Fas ligand, antibodies to Fas/CD95 and other TNF family
receptors, TRAIL (also known as Apo2 Ligand or Apo2L/TRAIL), antibodies
to TRAIL-R1 or TRAIL-R2, Bel-2, p53, BAX, BAD, Akt, CAD, PI3 kinase,




Formulae )OCX-XLV: wherein Z, RI, R.5, R.7, R.9, and R10 are as
defined above. [00641In a further embodiment, the compounds of
Formula | have Formula XI,VI: 24 wherein RI, R5, R7, and R9 are as

RH1068%4¢6ve. [0065]In another embodiment, the compoutfd<GRESHGR |
have Formula wherein: RI, R3, R9, and R9 are as defined above; Rt2 is
one to four groups independently selected from H, F, Cl, Br, I, OH, NO2,
alkyl, cycloallcyl, alkenyl, cycloallcenyl, alkynyl, aryl, heterocyclic, OR’,
CO2R", OCOIt, CONR1R", NR"COR’, NR'S0212", SO2NR'R",

(0---NIRG IR "Repagt NoCKS:; drdupingazensy Rofdgdeivfe ageniserand

embaslinpeits the TomEipein escplokamautal Rams Fiasnas|apbpidis-
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/CDI5 ligand, a TNFR-~1 ligand, or TRAIL. '

[0051) The inhibitors of the interaction between p33 and MDM2 of the

present invention are compounds of Formula I:

ora pharmaceutically acceptable salt or prodrug thereof, wherein:

X1is CH, O, N, or S, wherein Rg is absent if X is O or S;

Y is O, §, or NR/;

Ry, Ry, Ry, Ry, Rs, Rg, and Ry are independently H or optionally substituted
alkyl, cycloalkyl, alkenyl, cycloalkenyl, atkynyl, aryl, heterocyclic, CO,R’,
OCOR', CONR'R", NR"COR', NR'SO;R", SO,NRR", (C=NR)NR"R", or
NR'R" or

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

Rg is H or optionally substituted alkyl, cycloalkyl, atkenyl, cycloalkenyl,
alkynyl, aryl, heterocyclic, CO:R', OCOR, CONRR", SO,NRR", or
(C=NRHNR'R™,

Ry is one to four groups independently selected from H, F, Cl, Bz, I, OH, NOa,
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




XLVIII wherein: R1, R3, Rtt, R5 and R9 are as defined above; 25 [0067]In
a further embodiment, the compounds of Formula | have one of Formulae

wobisSibrdy: NiR3121 liCy-R4Ri it-R4 0 .R3R 00 LXILXILgEHl in:
R3, K4, R.5 and R.9 are as defined above. [90681In a furthe/rlﬁgib(oxmgffll

embodiment, the compounds of Formula | have one of Formulae LXV:

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; ot

when one of Ry and R4 is CONRR, then one of R and R' may further be
(CH2)e-R!, (CHp»-NRR", (CHy)»-NR'COR', (CH)w-NR'SO:R", (CHa)n~
NRY(C=NR"NR", (CHy):-COOH, (CHz),-COOR, (CHz)n-CONR'R", (CHa)n~
OR), (CHy)n-SR, (CH2)n-COR!, (CHg)a-SOsH, (CHy),~SONRR", (CHa)x
SO,NRR", (CH;CH0)n-(CH2)w-OH, (CH2CH,0)a-(CHa)-OR',
(CHrCH0)p-(CH2)i-COOR!, (CH2CH0)(CHy)m-CONRR, (CH,CHO)yp-
(CH)w-NRR",  (CH;CH;0),-(CHz)-NR'COR", (CH2CH2O)-(CHy )
NR(C=NR"MNR", (CHyCH;0),-(CHy)n-NR'SO:R", (CHa)p-(CH2CH20)-
(CHp)m-OH, (CHa),~(CH2CHyO)-(CHa)m-OR’, {CH2)p-(CH2CH20)p-(CH )
COOR’, (CHy),-(CH,CH0)y-(CH2)m-CONRR, (CHz)p~(CH2CH20)~(CHp )~
NR'R", (CH2)p-(CH2CH,O)p-(CHz)m-NR'COR", (CHz)p-(CH2CH,0)-(CHp)u
NR(C=NRMNR", (CHy)p-(CH,CHO)p-(CH)n-NR'SOR", -CO-R’, -SOR’,
or -SO;R’; and

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

10052} Tn a more particular embodiment, one of Ry and R, is a substituted or
unsubstitated aryl (e.g., phenyl), substituted or unsubstituted heteroaryl,
cycloalkyl, straight or branched alkyl, amide or ester.

{0053} In another embodiment, one of Rs and Re is a Ca.s alkyl group, e.g.,
propyl, isopropyl, sec-butyl, ter¢-butyl, isopentyl, cyclopentyl, norbornyl, or
adamantyl, or a 5- or 6-membered aryl or heteroaryl group.

[0054] In another embodiment, the compounds of Formula I have a

stereochemical structure as shown in Formula II or Formula IIT:




26 LXV wherein: RI, R4, P1/45, R9, Rio, and R11 are as defined above.
[0069]In a further embodiment, the compounds of Formula | have one of
Formulae LXVI and LXVII: RioRio 0 N-R11 -R4R4 /FR_R5 5 0 LXVILXVII

WORMERIM, R4 Rs, Rs, Rie, and K11 are as defined above: T067Hfi%22!
further embodiment, the compoungls of' Formula | have one of Formulae
LXVIII and LXVIX:

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

stereochemical structure as shown in Formula V or Formula VI

or a pharmaceutically acceptable salt or prodrug thereof.




if N R4AWRA4 , IRE 0 LXVIIILXIX wherein RI, R4, Rs, Rs, R.11, and Z are
as defined above, [0071]Useful alkyl groups include straight-chained or
branched C448 alkyl groups, especially methyl, ethyl, pr |so
Wl%"ﬂ?}?f -butyl 3-pentyl, adamantyl, norbomyl, and 3- hggﬁ 006/5) 3/6221
[0072]Useful alkenyl groups inclugg straight-chained or branched C 248
alkyl groups, especially ethenyl, propenyl, isopropenyl, butenyl,
isobutenyl, and hexenyl, [0073]Usefu| alkynyl groups are Cus allcynyl
oups, es C|aIIy ethynyl, propynyl, butynyl, and 2-butynyl groups
([%:5374] 'Us “6‘3?3}5%91’83‘71’ ?Bﬁﬁ@p&i’éd@ 49/ B‘WH&{I P llls%i‘&“a\%ycloalIcyI
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl.

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

stersochemical structure as shown in Formula VI or Formula IX:

VI IX

or a pharmaceutically acceptable salt or prodrug thereof.

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

wherein:




[0075]Useful aryl groups include C6-24 aryl, especially phenyl, naphthyl,
phenanthrenyl, anthracenyl, indenyl, azulenyl, biphenyl, biphenylenyl, and
fluorenyl groups. [0076]Useful heteroaryl groups include thlen
W2 nyl, naphtho[2,3-b]thienyl, thianthrenyl, alry]
isobenzofuranyl, chromenyl, xanthgnyl, phenoxanthenyl, 211 pyrronI
pyrrolyl, irnidazolyl, pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl,
quinolyl, phthalzinyl, naphthyridinyl, quinozalinyl, cinnolinyl, pteridinyl,
carbé‘Zo‘fﬁRﬁlan‘?@éﬁrﬁcﬁlﬁﬁﬁd6\’%’ﬁ’anthrld|nyl acridinyl, perimidinyl,
phen&adirdliyl, phen&eemyiniisothia28lydr phévrethiasieribrisbrizblyl,

furazaewangheames@zirwbzamﬁeﬁi}hy@h@gwn@eyaliﬁ@e%én@h@n@m)n-m
7- am Bﬁlisq&lgwnmm dﬁlﬂ'} g‘a]pyrlr@glz WR,, (CHy)»-

1,2-benzdisoxazol- 3 en2|m| azolyl,

2-oxOBERZARI R ol Whg%)fﬁécll%{)el%%% é%{ab QQH%%S(S}HPWogen
atomdR'a qm@,ﬁmch(ﬁnmgématmm@@m (OB -RONRET aridW=bxide, ag.,

a pyrigyidzoxide, qm@mm)[‘\l@mgneogyrimidi@y{zkj}%jg@;@zmgdﬁe like.

0077 t fur [,
poet R B Ll E S A A iy,

pyra28tiiayR' Wﬁzol(ﬁ%%@ﬁ@i;}eﬁaﬁ@ﬂ or(@ﬂzhﬁ?ﬁn@i&@umolinyl

grctw m@mw@"(?ﬁbpe@mmaﬁ}; Grﬂgp@mswkmttcﬁ»bﬁtﬁn@mmngl eg.,

optio s in
plven s %t)l‘i%%gg%lfu {Mgnclu e o]Rz f’(t:]l%a%@i?é ﬁ?%fﬁﬁ :

[00783 Optlona su ne or more a jaloalkyl;
cycloﬁﬁ& éWF)@ %ﬁ%ﬁg%wﬁ%% 69@’5#%%%9%& yl, lower
alkoxyRIEHR DR i3 481, IhdaicH, aNkiSRRtonyD-Biy-S6Rheteroaryl
groups;:sgxydoptionally substituted with one or more lower alkyl, lower

alkoxy, m@%@p&g{qﬁ% Qﬂg;lﬂyglg)alkyl aminosulfonyl, aryl, or heteroaryl

ps; ar tcro tlo aII subs tu with gne or more lower
R oworai B AT

lower'a oxy?rrﬁrél eneﬂloxy FEia hiRESOORYI, aryl, or

heter%ﬁmlgﬁrﬁhﬁé{%eteroaryloxy optlonally substltuted with one or more
lower alkyl, lower allcoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl,
aryl, or heteroaryl groups; alkoxy; alkylthio; arylthio; amido; amino;
aminoalkyl, alkylamino, acyloxy; atylacyloxy optionally substituted with
one or more lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl,
aminosulfonyl, aryl, or heterearyl groups; diphenylphosphinyloxy optionally
substituted with one or more lower alkyl, lower alkoxy, merhylenedioxy,
halo, haloalkyl, aminosulfonyl, aryl, or hetemaryl groups; heterocycle
optionally substituted with one or mom lower alkyl, lower alkoxy,
methylenedioxy, halo, haloalkyl, aminosuffonyl, aryl, hetcroaryl, amino
acid substituted sulfonyl, or amino acid derivative substituted sulfonyl
groups; heterocycloacyl optionally 29 substituted with one or more lower
alkyl, lower alkoxy, methylenedioxy, halo, haloallcyl, aminosulfonyl, aryl,
or heteroaryl groups; heterocycloalkoxy optionally substituted with one or
more lower alkyl, lower alkoxy, methylenedioxy, halo, haloallcyl,
aminosulfonyl, awl, or heteroaryl groups; partially unsaturated
heterocycloalkyl optionally substituted with one or more lower alkyl, lower
alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, awl, or heteroaryl
groups; or partially unsaturated heterocycloalicyloxy optionally substituted
with one or more lower alkyl, lower alkoxy, methylenedioxy, halo, '
haloalicyl, aminosulfonyl, awl, or heteroaryl groups.

¥I| 006/006221



[0079]Certain of the compounds of the present invention may exist as
stereoisomers including optical isomers.The invention includes all

W%ttzeorgc/)(lsognsers, both as pure individual stereoisomer prep%r&t}%&%@amm

enriched preparations of each, and both the racemic mixtures o
stereoisomers as well as the indivjdual enantiomers that may be
separated according to methods that are well known to those of skill in the
art. 10080]The compounds and processes of the present invention will be
better understood in conn%ction with the fgllowing synthetic schemes
which iIIusﬁ‘_&gfe the methoqﬁ’{@y which the gfﬁ;{ppounds of tﬁ‘éq;pvention may
be prepéred. étarting rials can be @istained from cgmmercial sources
or prepared iy ell-estanyished literat thods knowe/td\those of
ordinay iffthe arty bésreadily spfrarést to Queafgdihary skill in
the gttt ghe’compd Ht\de(ﬁned SBext-gar be sy 'geooby
substitutionf'of the appropriélie reagents ar)amgents in thexgyntheses
shown below. 100811Compounds have the general struct}lque of formula X
are synthe%l%cad by using ag%@ymmetric 1,‘Z’,{’-RQipolar cyclogﬂqyion as the
key stofP¥&cheme 1). ch%me 1. [@%Z]ﬁeagents 8m conditions: a)

CI-IZC%@N, KF-Ri2@3Y microwave,, 6 T&thanol, pigeridine reflux: b)

4A mo [ Seves, tolberie, POC; 0)hifie, Rt.; d) PITSAE)ARs

CH2EE: g@mlzlﬁ‘-’ : aﬂwmonﬁh@ﬁl' ian(w) itrate{CAN), CIISCN,
Q0

K2CO3, r.t. 831Compop(*'IWS having Fo;&mla XXIX areypygpared by the
procedure shown in Scheme 2 Scheme 2. [0084]Reagents and

conditions:'?aJ)Q4A moIecuIaE’%ieves, toluenB70C; b) Rao
N-Rq1 ™M N"Rﬁ N"‘R"
O=y/ G NV O
N o ~R:
R/ N Ry Ry N R/ N7
{ Sy "’Rs { * f Ry Rg 1 Ry Rs
Rt Ay o) RoT Rt A 0 Rt N o
H H H
XiX XXi
R0 Ria
N—R N-R,
OR{’ 41 o Oa{ 11
W Ry, Ren /N
1 Sy WRE { Ry 7 AN Rg
N N
XX XXV XXV
wherein Ry, Rs, Ry, Ry, Ryg, and Ryy are as defined above.
[0061] In another embodiment, the compounds of Formula I have one of

Formulae XXVH and XXVII:




ethanol/HC1, reflux; c) NaBH4, ethanol reflux; d) TBDIYISC1, imidazole,
DMF; e) i) trimethylacetyl chloride, diisopropyl ethylamine, CFI2C12, ii)
HCliethyl acetate, Lt.; f) 3r4, Ph3P, C1-12C12; KiOONa (fqr Z =

WEIRS( Pﬂ){ S z = NB) or other standard procedure; 11) Pb /Sli%&l?l@gﬂ
MeOH (1:1), 0C or CAN, CFI3CN,,K2CQOg, rt.; i) lICII0, NaBII3CN, CII3CN
(for R7 = Me) or other standard procedure. 100851Compounds 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)). 32 100861chmpounds having For’ﬁﬁ‘UIa XLVIT may be
prepared by anothe@gﬂﬂi@ﬁed 1,3--dipolas )Cibatidition reaction as
shown in Scheme 4 (Fe'e§,@t7at Tetrahedro £;1429 (2000)), Scheme 4.
[00871Compounds’?1 ing Formula LXV &Yé-grepared by a similar method

as the preparatiory mul*&sx (Sche e é%e 5.Ri00Ph
Rg“’i" 9 T

H
XXV XXV!H

wherein Ry, Rs, Ry, Rs, Ryo, and Ry are as defined above,

{0062} In another embodiment, the compounds of Formula I have Formula
XXIX:

wherein:
7.1is O, NH, NR’, CH,, CHR’, or CR'R"; and
Ri1, Rs, Ry, Ro, and Ry are as defined above.
[0063] In a further embodiment, the compounds of Formula I have one of
Formulae XXX-XLV:




ph40S 16217

C142C12-C113CN, KF-AI203, microwave, or methanol, piperidine influx;

18LXV [0088]Reagents and conditions: a)

b) 4A molecular sieves, toluene, 70C; c) amine, rt.; d) Pb

OAcgf,
WeREYIMe011 (1:1), OC, or ammonium ceilum(1V) nitrat(gc(ff 06/006221

ClisChi, 1(2003, rt. [0089]One aspect of the invention related to methods of
preparing NEDM2 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
10 Rie Ryp R

Formula 2, |

_(Z

Ry, /~n-Ri
N7 Re
Rg 2 P =0

Tz

XXX

4
7 Syt Rs
Re g o o}
H
XXXVl

Reo

1

Ry, PRy

7w Ry
Rg— _ O

N
H
XL

XLt

s

Ry
4
Pq N»—RT
R_L\l‘“ OR:‘,
§ T
F =N
H
XL
F]’wo
{Z
Ry, /~n-Rr
Ry N Ry
9 ¢}
XLV

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

[0064]
XLVL
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In a further embodiment, the compounds of Formula I have Formula




e.g., in a solvent or a mixture of solvents (e.g., Cli2C12 and CII3CN)
under microwave in the presence of a catalyst (e.g., ICF -Al203) or in the
presence of a base in a suitable solvent to form a compound of Formula 3;
Wi%2B368Mtensing the compound of Formula 3 with a comp&UieP#iie/006221
Formula 4 and a compound of Fo‘{ ula 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 70C) to form a compound of
Formula 6; and 346 c) treating the compound of Formula 6 with an
oxidizing agent (e.g., Pb(OAc)4 Ammonium cerium nitrate) in a solvent or
mixtiEErduents ‘(‘5 A "(ﬁﬁé@?ﬁ@éﬁ‘ﬂ%eOll C1-13CN) at a suitable
[0@Fiperatube {@§er abbud @@ ohrcomptandp efdtera)itd fionm Beweiapound of
FormylenX; wherein: RI, and Rs are independently H or optionally
substituted alkyl, cycloallcyl, alkenyi, cycloalkenyl, allcynyl, aryl,
heterocyclic, CO2RI, OCOR', CONR'R", NR"COR', NR'SO2R",
SO2NR'R", (C=NR')NR"Rm, or R R"; 12.5 is one to four groups
independently selected from I, %I, Br, I, OH, NO2, alkyl, cycloalkyl,
alkenyl, cycloalkenyl, aIkan, C|IC OR', 35 002w, OCOW,

CONRIR", NR"COR', NTR'SO2R" ", (C=NRONR"R™, or NR'R";
Ris and R; | are indepenfe op onaIIy substituted alkyl,
cycloallryl, allcenyl, cy&ldal kyny, ar ﬁl’?eterocycllc (Cl2)"-R',
(al2),,-NR'R", (C1-12)-NR CORﬁ(@l 12)"-NR'S0211", (O112)"-
NR(O=NR")NR", (CH2),,-CO H2)n-000R’, (C1-12),-00NTR",
(CH2)11- OR', (CH2)n-SR, ( 2CORI, (CH2)ir-S021i, (CH)-SONR'R",

(CH2)sS02NR'R", (CH2C1120),,-(CH2),-01-1, (CH2C1-120)4CH2k-ORI,
(CH2@4:4i20),:(0-12)m-000R% (CH2C1-120)n-(C1-12)m-00NR'R",

H%O)d%&kégrlglé)&&lgglﬁ gc1 12CH20)n-(alz)m-NR'COR",

(C1-32G
(CH2CI120)h-(ai2kNR1(C-NRINR", (CH2CH30)n- (al2)m-14R'SO2R",

(CH%}&(&‘EH“[“&%E’&Sr%(&‘fﬂ?)d%i‘ient‘éfsf?fé“(tf??zbﬁz%) TG 2Hh-oR,
(C1-NOrEHACII Ry L (Geny pribe bRy, aryl, heterocyclic, OR,
)-(CH2H 20K CLaR)RCANRRRNRISEHR) a2 H2YHBRBMNKR",
(CLIZ)RR@UIGH2D)s-(C142), -NRICOR', (C1-12)r(CH2CH?20), (C1-12),, -
N|U(F§) NR Sgtr\gz , (CI-12)s(CH2C7-120),LACH?2),,-bTR'S0212." -CO-R/,
-SO

[0066] In another embodiment, the compounds of Formula I have Formula
XLVIIL

XLVIH

wherein:
Ry, R, R4, Rs and Ry are as defined above;



n, m, and p are each independently 1-6; and each R', R" and R" is
independently H or optionally substituted alkyl, cycloalkyl, army’,
cycloalkenyl, alkynyl, aryl, or heterocyclic; or W and R", or R" and R™,
WERMSORHAS 100901In another embodiment, the invention PFEHEE /406221
method of preparing a compouncipaving 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., ClI2C12 and CH3CN)
under microwave in the presence of a catalyst (e.g., KF-Al203) or in the
[opeEsence bf afvdse mbednitablbessrventnds AL mMBTaRETFormula
17; 38muik6ziik-bxoandensing the compound of Formula 17 with a
compound @f Formula 4 ang a compound:f Formula 5, erg., in a

non-polarsgvent (e.g., to & in the ph be of a detm g agent
(e.g., 4 ' eeylar siey “elevated, ure (Re. et 70C) to
form & sand of Fdreauld 8; afd Sertréafing the' & und of

Formula J& with an oxidjzing agent (e.g;, Pb(0Ac)4, Anamonium cerium
nitrate) in a solvent or mixtyre of solvents (e.g., C1-12C12:and MeOH,

CHS3CN) a@,Ra §L{41able temperatare (e.9.:a 0C or roo:me?1 erature) to
form a C‘fﬂ'&%‘d of Fo&iiggv; Lﬁ}ﬁ%@@sin: _@r@:
RQ'T'/ O;QO Ra"f‘/ 0/‘!§0 RQ"T'/ OFO Ry Z O;QO
uv w v

L

Ry Ra Rz F\'_;
R"QN‘R‘ RlQ—-Rq. R4 n—Re R1/' N-Ra
AN Rs N N'Rs AN Rs { Ryw 'I'Rs
A s i i Rl N
Ry > d Q Rs"@\O o} Refy P d o] LT P o
Lvit Lvi LiX X
Rs Ra Rq Rg
Ry N—Ra Ri N-Ra Ry, /~n~Rs Ry n-Re
“ * K e At
Roit A~ [+] &g 0 g o] P
LX1 LXn LXK LXiv
wherein:
Ry, Rs, R4, Rsand Ry are as defined above.
{0068} In a further embodiment, the compounds of Formula I have one of

Formulae LXV:




37 RI, R5,129, Ria and RI are as defined above, [0091)In another
embodiment, the invention relates to a method of preparing a compound
having formula )(sax, comprising a)condensing a compound of Formula 3
WWifﬁoé?Q?é%ound of Formula 4 and a compound of Formut& BU&?g 636321
non-polar solvent (e.g., toluene) % the presence of a dehydrating agent
(e.g., 4A molecular sieve) or by azeotropic distillation at elevated
temperature (e.g., about 70C) to form a compound of Formula 7, b)
heating the compound of Formula 7 in the presence of an acid (e.g., HO)
and then adding a reducing agent (e.diinaBl-M) to form a compound of
Formula 8; c) condensing the ggmpog f Formula 8 with a blocking
agent (e.g., a trialkyl silyl halide s as TBDMSCI) in a polar solvent
(e.g., DMF) followed by trimetlwlace | crﬂgaige or other protective agents
in a solvent or a mixture of solvé (e.&), dilsopropyl ethylarnine, CH202)
and then acid (e.g., 11C1) to form ound of Formula 10; d) treating
the compound of Formula £0 logétsating agent (e.g., C13r4 and
Ph3T) in a solvent (e.gR
11; 1011

LXV
wherein:
Ry, Rs, Rs, Ro, Ryg, and Ry are as defined above.
{0069} In a further embodiment, the compounds of Formula I have one of
Formulae LXVI and LXVIL
R
I!Q«]O \10
O N“‘Rﬂ
Ry, /~N-Ra
Co Rs
Rog P 0
0
LXVI LXVil
wherein:
Ry, 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:




e) displacing the halo group of the compound of Formula 11 with R100Na
or 11.I0N112 to form a compound of Formula 12; lePh BrPh ,1-OPhPh
RAINRi Re Rs 1112 39 1.)treating the compound of Formula 12 with an
VWi 4bent (e.g., Pb(0AC)4, or ammonium cerium nitrdey IR REHEAt
or mixture of solvents (e.g., C'11202 and Ivle011 or CII3CN) at a suitable
temperature (e.g., about OC to room temperature) to form a compound of
Formula 13; and 1213 g)alkylating the compound of Formula 13 with an
alkylating agent (e.g., NaBI-13CN, and CH3CN) to form a compound of

Formula XXIX; TM
Z
Xy Rs
Ro—u Ro o)
Z N
H
LXVHI LXIX
wherein:
Ri1, R, Rs, Ry Ry, and Z are as defined above,
[0071] Useful alkyl groups include straight-chained or branched Cj.z alkyl

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

[0072] Useful alkenyl groups include straight-chained or branched Cy.ig alkyl
groups, especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and

hexenyl.

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

{0074] Useful cycloalkyl gioups are Cag cycloalkyl. Typical cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl.

[6075] Useful aryl groups include Cs.s 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-bjthienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl,
chromenyl, xanthenyl, phenoxanthenyl, 2H-pyrrolyl, pyrrolyl, imidazolyl,
pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindoly],
3H-indolyl, indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinalyl,
phthalzinyl, naphthyridinyl, quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, 8-




wherein RI, R5, R9, R9, R15 and Z are as defined above. 100921An
important aspect of the present invention is that compounds of Formula |
induce cell cycle arrest and/or apoptosis and also potentiate the induction
Wt YB/YEE arrest and/or apoptosis either alone or in respgdngE¥§06/006221
additional apoptosis induction sig gls Therefore, it is contemplated that
these compounds sensitize cells t0 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
MDMz2reingh M phreaiteidiprbteittsidnthe pragedinihveritorréaityd used to
indugReapaplosishiazany pAd disainar Hoai-681) hextienletearagligrated, or
brevania A0 RhaPOP oS5 ARG, P U gk he Inhibitors

can be used. to induce apoptosis jn cells comprising func |'p53 or

p53-AeTStEY BroiRs" B He PRBE ARt HEsiieAtibn
pertadrisqerraoisrsting Bhem gedwsinnt svoitetk it aitrsreirigdssociated

with eregfHEhR.aRORRSEN LA Iaingraents-dkXaraples afdyl N-

apopagﬁ@@}%yﬁ%%g ﬁ%lﬂ%’%%&gtaﬁ&%@ﬂk&'m'ted to, Fas/CD9s,
AMP, | ILL D DR4, DRS, DR6, FADD, RIP, TNFux

Ilgand etﬁ‘ﬁ%&&|e%r%DSFFéfl\°llﬁdﬁlt?ﬁaﬁyﬁrﬂ?ﬁaﬁ’é BEF p53,
BAxpBﬂ@nﬂkﬁmﬂPmﬁh@é mipzidind aipidereliprbtiidelingither

agenisimstlyed imthelaitiatiomadeoisien anddegragatioshphase, of
apopfosis arg,al %2& hided. Examnles.of apapigsismedylating agents

include agents E 65(13th|'[¥ resence or che%b e incon entratlon of
eterolys

which Can raﬁovépula?tse 05|sg|rﬁu§ rerfSiFE: F'ting, .2,
apop?é%%aﬁéfdﬂ‘ﬁﬂt&ﬁﬁ@%@m@fﬁﬁlmﬁﬂééoﬁm@?ﬁuch as TNF or a
[TUAEE - relatetpligah dpipéatimet anbhee T BHAMP tigandise Fas/Qiedkgand, a
N FBy&Am@n%@ro&%uy Q0844 sameem mﬁé%%ﬁlme 16Qpppositions
and r’qgt}tgo %flt res nlt |q1v% aﬂﬁ'g %gl?n&% tref;\t dlﬁgase cells,
tissues, c??’gans or pa ogfca itlons ana% Ce 856 Stares in an

anim&i°t&sy a’%‘)ﬁ%(a?ﬂtt‘ﬁ’ﬁiﬁrﬁ%ﬁ’j‘@ﬁ‘% NGty B‘Bferﬂﬁt"ﬁ?ﬁﬂ@ﬂ {&"#Humans
and wtenmatthalimidsy, klthisiejatdavakdolfsdiseataes asetqathologies

are aﬁ&g@&h@xﬁ@tr&m@ﬁt@lﬁ&mhwaeﬁi&tg@imhtmﬁep&em ipethods and
Com%ﬂéﬁ'%feﬁ 20 %%9@%8‘%%@‘94 ! Sal%%%%%s%i?o &s2nd

Brosta
COﬂdItIOI’]S includes; but IS not limite reast cancer, JI’OS ate cancer,

IympH@Fﬁ"éryélﬁﬁ“ﬁﬁnéﬁ?r‘ﬁ’%?f‘r’éé’ﬁﬂ"égrl?’cé?b%‘&ﬁﬁ S fiefoma,
maligaen aflialanen alkoya riaribulenckexbregle. catve byl prinmasyifongin

carciaginax headoneck-eapsesighipmaxolial |l asipma, Jivas.caneer, bladder
cancer R IRY ARkl G S80EsLARAY RARES SRR ﬁmbom%ast

carcinoma, oyarian carcinoma, hung carcinoma, sma
carciforSB WL &ftior! °&V€Fvu%§5?’8'aré?ﬁ%?4we£“{8§¥rc&Fé‘r‘ cgar]é’mlﬁ’llﬂa
bIadcféﬁ’t‘ﬁ?lfmhﬁyipﬁn@@amw%MOﬁ@eﬁma&mﬂammﬁmﬂbolon
carcinoniadrotatie Gar6ia e, auen oL B&B)ﬁy@&féﬂ@@ﬁ@dioimﬂﬂw
carc'Hamyxeﬁgmaa%a};cw'rmacmﬁ'gms ﬂéte%éy&g'g mygioma,

adren Carc noma, renal C§ car %% ometrial carcinoma, adrenal

corteX carcmomao?ngﬂﬁ‘ﬁﬁ ‘ﬁ%ﬁ% ﬁomgyﬁf?ﬁﬁ’ﬁéﬁ‘f‘@arcmmd
carcifitipatyleroiowiraidorh hﬁwe@gisammgme@bmawgmdw or
hyperealoemiajtenveatiyipepiarialeumminacuindympaosyte
leukemia, chronic lyrophocytic leukemia, acute royelogenous leukemia,
chronic myelogenous leukemia, chronic granulocytic leukemia, acute
granulocytic leukemia, hairy cell leukemia, neurohlastoma,
rhabdomyosarcoma, Kaposi's sarcoma, polycythemia vera, essential
thrornbocytosis, Hodgldn's disease, non-Hodgkin's lymphoma, soft-Ss=
sarcoma, osteogenic sarcoma, primary macroglobulinemia, and
retinoblastoma, and the like, T and B cell mediated autoimmune diseases;
inflammatory diseases; infections; hypeiproliferative 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. [0095] In some embodiments, infections suitable for treatment

with the compositions and methods of the present invention include, but
are not limited to infactinne caricad by virtricaee hactaria fiinAi




42 complex) with a Bc1-2 family protein such as Bax; alkaloids; alkylating
agents; antitumor antibiotics; antitnetaboljtes; hormones; platinum
compounds; monoclonal or polyclonal antibodies (e.g., antibodies
Vel with anticancer drugs, toxins, defensins), toxing$ FAGRAtENAES;
biological response modifiers (e.qg., interferons (e.g., 1EN-et) and
interleukins (e.g., IL-2)); adoptive %ﬁwmunotherapy agents; hematopoietic
growth factors; agents that induce tumor cell differentiation (e.qg.,
all-trans-retinoic acid); gene therapy reagents (e.g., antisense therapy
reagevitsiatd withicheo tides); uraoilyd denveskeanygiogaiesitonyhialtors;
protemgmﬁ iQGIQEQﬂ%nNP -8 reodistatars; iz DicerBpeMRds; IDAC
|nh|b|tors Su %Ié% merous other ex amplqﬁgg)f ?hemoqgerapeutlc

y I. Wer ¥
com S an antlcancert eraples SUIta le fOI’ o-administration with

the di%%l@?é?ji’ebifnBﬂ&n@?ﬁl‘é‘kﬁﬁ\ﬂﬁf‘t’@fﬁbé’@’él&ﬂé’ﬁtiﬁ%ﬁ’é EPEPH098]IN

prefepracipmisadineitssrantitaigbrptigetijssustipedeidgents that induce or

stimulatg amgpﬁe&iﬁ aﬁ@@ﬁt%@@fei{aﬁt@ﬁﬁ apepinsndnciuteehare not

limited o ra%e etr'c‘?an %g) " )S( ray amma | ggxs&y\égte%gnqoaﬂwfross factor
’ Eﬁ?aml

(TNé-rélate actors receptor ?rotelns Ro-famil
ligangRioPHIA | FubsHtHSd %’éhto‘”ﬁ?ﬂrl L“F?feo MOFRIA ‘FﬂQ)“’M‘ﬁaég‘]ﬁhlblto rs
(e.g. repivlentiakyg telvthafeadiol, redepitiv(EGHFRY kinaseirgwbitor, vascular

[grmyth facmaﬁf):iptm& (&ﬁgogr)dkilaﬂ% ilrﬁwéaﬁpanégambla%tygsﬁwthsfactor
receplor FGERII se Inhibi atelet-derived growth factor receptor
R e L e R
GLEE*VE‘FES’)“%E@M@‘%T@E’GR&@ &fﬁ‘?b*BﬂFéWBa&“%W?m

RIT UtréphtatioBs\ oA eddl, amicdVRGTtA)icaniivestggertssiesgisosdoxifene and
tamowie ) HRMiRDgeRB AR gt wia pidenica kiarmigeo inasiaride,

amingglutethamide, kefacs J}%Ex‘ﬁ'% g, corticosteroids); cyclooxygenase 2
g 0OX-2) inhibitors ( e§ celecoxib, meloxicam, NS-398, and non-steroidal

(98 mflam SRR a&ﬁg,&?ﬁﬁéﬁ‘)ﬁ) oL Pﬁﬁ&%m‘ﬁtﬁﬁ? éﬁ‘Hd’§ P&,
butazeHetifiodd BT ApwrRecsin Diith Tths N inge xenthetinassberees which
dexameihasarensteisol PEXOMNEHNADRGhe hyekaxyelpragquine,

IVIETY %QBJ E&lar%%&'é%&@ Nan @R O5aN Fro B YRRE OB A0S or
PEDIA

e, PLA IL, 43 prednis Ione
oreaEERE BT SR e FANBERRIE ST a haF ShabiRerapeutic
drugshd . ﬂ‘Frﬁ’ibt%@’&M@N%FW@@AR)“E#P@IWGH&F&SWE“(‘FIWEU DARA),
dacarbazineindd Cfioekabrethas dresymiksicad tvp nepdiiviiond TARE, VP-16,

CiSp'QHﬁoﬁ@J@%@H@ oAl Hm s e LOXBRMRIGHY, gesncitabine,
1tf:izomlb c?:?f't'ndbh Qg¥a0|zu %J@X(Q%mu r ;@Xt L ? ec(‘l%llular
S|gnaI|ng molecules: eeramides an okines: uro norlsnze and the like.
[OOQQﬁWgﬁﬂFBB’E‘H‘@P’éHnBo@ﬁﬂé?ﬁ%d%f@‘%}%‘?ﬁb@%mﬁé%ﬁdhﬁﬁ@t%ds of the
present invention provide a compound of Formula | and at least one
antihyperproliferadve or antineoplastic agent selected from alkylating
agents, antimetabolites, and natural products (e.g., herbs and other plant
and/or animal derived compounds). (01001Allcylating 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 busulfan); 4) nitrosoureas (e.g., carmustine (BCNU); lomustine
(CCNU); semustine (methyl-GOND); and streptozocin (streptozotocin));
and 5) triazenes (e.g., dacarbazine (DTIC;
dimethyltriazenoimid-azolecarboxamide). 10101)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., rnethotrexate
(arnethopterin)); 2) pyriznidine analogs (e.qg., fluorouracil (5-fluorouracil;
5-FU), floxuridine (fluorode-oxyttridine; FudR), and cytarabine (cytosine
arabinoside)); and 3) purine analogs (e.g., mercaptopurine
(6-mercaptopurine; 6-MP), thioguanine (6-thioguanine; TO), and
pentostatin (2'-deoxycoformyein)). [01021In still further embodiments,

chemotherapeutic agents suitable for use in the compositions and
moethnde nf the nrecent invvention inchiide bhiit am not limited to° 1) vinea




44 dactimanycin (actinomycin D), daunoruhicin (daunomycin;
rubidomyciu), doxonthicin, bleornyein, plicamycin (mithrarnycin), and
mitomycin (mitornycin C)); 4) enzytnes (e.g., L-asparaginase); 5)
WasMEAftesponse modifiers (e.g., interferon-alfa); 6) plafiftifS2006/006221
coordinating complexes (e.g., cisplatin (cis-DDP) and carboplatin); 7)
anthracenediones mitoxantrone); 8) substituted ureas (e.g., hydroxyurea);
9) methylhydrazine derivatives (e.g., procarbazine (N-methylhydrazine;
NM)); 10) adrenocortical suppressants (e.g., mitotane (o,p'-DDD) and
aminddghmethimide); 11) adrenocorticosteroids (e.g., prednisone); 12)
progestins (e.g., hydroxyprogesterone capragte, medr. esterone
acetate, and megestrol acetate); 13) estrogeps (e.g., diethyistilbestrol and

ething|-Estradi '014}) antigstrogens &(se g ifen); 15)fandPbgens (e.g.,
testosterdrie"fropionate and fhtoxyrne ); 16) antiandrogéns (e.g.,
qutamide):1and 17) g%nadotropin-releasing] Hbrmone aﬁ@?gs (e.g.,
leuprolide): [01031AnY oncolytic agent that is routinely usét in & cancer
therapy context finds use in the compositions and methods of the present
invention. For exam[alg\, the U.S. Food and Drug Agmiristration maintains
a formulary of oncolytic lagents approved for use ig. tite United States.
International counterpatt ageficies to the U.S.F.D.A \ maintain similar
formulaties. Table Rprovitesg list of éxemplanf lastic agents
' Y-SrThose sKilled in t preciate that
the "product laBets" rgquited on all U.S. ap e mbBtherapeutics
describe approved ndidations, dosing information, téxicity data, and the
like, for the exemplary agents. Table 1. Aldesieukin (des-alanyl- I,
serine-125 human intefieukin-2) Proleukin Chiron C8rp., Emeryville, CA
Alemtuzumab (IgG.I K anti CO52 antibody) Cainpath Millennium and ILEX
[#82iners, 1HRaacdnabtichgaiting A Cieblrdih (8- Bis4&thonicasieleRanretin
LigamctRaar mipestiicatixdng 4 Sacidieg 6iEA, Aaperine; o) amine,

r.t; 4) Pb(OAc)s, CHCL-MeOH (1:1), 0°C, or ammonium cerium(IV) nitrate

(CAN), CHsCN, K,CO;3, 1.t

[0083] Compounds having Formula XXIX are preparéd by the procedure

shown in Scheme 2.

Scheme 2.




(1,5-dihydro-4 H -pyrazolo[3,4-djpyrimidin-4- one monosodium salt)
Zyloprim GlaxoSmithKline, Research Triangle Park, NC Altretamine
(N,N,bil,2\P,N",N",- hexamethy1-1,3,54riazine- Hexalen US Bioscience,
W aae@dieshohocken, PA 45 2, 4, 6-triamine) AmifestineR{ayRaMa1e221
2-[(3-aminopropyl)amino], dihydropen phosphate (ester)) Ethyol US
I3ioscicnce Anastrozole (143-Benzenediacetonitrile, a, a, a', ai-
tetramethyl-S-(111-1,2,4-triazol-1-ylmetha

Ph

Ho-Ho
i
N

Ry

[0084] Reagents and conditions: a) 4A molecular sieves, toluene, 70°C; b)
ethanol/HCl, reflux; ¢) NaBHy, ethanol reflux; d) TBDMSCI, imidazole,
DMF, e) i) trimethylacetyl chloride, diisopropyl ethylamine, CH;Cl, ii)
HCl/ethyl acetate, r.t; f) CBry, PhyP, CHCly; g) RygONa (for Z = O), or
RioNH, (for Z = NH) or other standard procedure; h) Pb(OAc)s, CHyClp-
MeOH (1:1), 0°C or CAN, CH3CN, KaCOs, r.t.; i) HCHO, NaBH;CN, CH;CN
{for Ry = Me) or other standard procedure.

10085} Compounds having Formula XLVI may be prepared by a published
1,3-dipolar cycloaddition reaction as shown in Scheme 3 (Pejes et al,
Tetrahedron 57:1129 (2000)).



Arinsidex AstraZeneca Pharmaceuticals, LP, Wilmington, DE Arsenic
trioxide Trisenox Cell Therapeutic, Inc., Seattle, WA Asparaginasc
(L-asparagine amidohydrolase type EC-2) Eispar Merck & Co., Inc,

W RASHBI¢4E Station, NJ ECG Live (lyophilized preparatiorf 6F&r2006/006221
attenuated strain of Mycobacteriym bovis (Bacillus CatholicG-aldn MCC),
substrain Montreal) TICE EGG Organon Teknika, Corp., Durham. NC
bexarotene capsules (4-11-(5,6,7,8-tetrahydro-3,5,5,8,8-
pentamethyl-2-napthaleny0 ethcnyll benzoic acid) Targretin Ligand
Phababsmesiticals bexarotene gel

Ry 0 R, N/
/ \\"‘*‘R5 5
a X Ry
Re T | o *F OH ReT \ o
N MeHN/ﬁJ)/ N
3 14 LXVI
10086} 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.
Ry
4/
Rl | o
B N N
H
3 18 LXxvit
[0087] Compounds having Formula LXV are prepared by a similar method as

the preparation of Formula X. (Scheme 5).




Tangents Ligand Pharmaceuticals Bicomycin (cytotoxic glycopeptide
antibiotics produced by Streptomyces veriicillus; bleomycin A2 and
bleomycin B2) Blentixane Bristol-Myers Squibb Co., NY, NY Capecitabine

WO 20846 -fluoro-N-Rpentyloxy)earbonyl]- cytidine) Xcl&8a/Faee06221
Carboplatin (platinum, diammine [1,1- evelobutaniglicarboxylato(2+0,
01-,(SP-4-2)) Paraplatin Bristol-Myers Squibb Carmustine
(1,3-bis(2-chloroethyl)-I-nitrosourea) DCNO, BiCKU Bristol-Myers Squibb
Carmustinc with Polifeprosan 20 Implant

Scheme 5.
Ry Qs O-_4Ph
p LI
= = N Ph
Retm | O 4 RCHO 2 = + A
) ©j0>= " Ry i Ry @O 4
%
16 2 17 R, 5
Rw\N,RﬂO R10\N/R11
o Iph o
b, ¢ Ry N o d Ry NH
N Rg = Rs
Rg‘“‘!“ O Ro 0
g Z~d
18 LXV
10088] Reagents and conditions: a) CHyCl-CH3CN, KF-AL O3, microwave, or

methanol, piperidine reflux; b) 4A molecular sieves, toluene, 70°C; c) amine,
r.t.; d) Pb{OAc)s, CHCL-MeOH (1:1), 0°C, or ammonivm cerium(IV) nitrate
(CAN), CH3CN, K;COs, 1.t

[0089] One aspect of the invention related to methods of preparing MDM2
inhibitor compounds. In one embodiment, the invention relates to a method of
preparing a compound having formula X, comprising
a) condensing a compound of Formula 1 with a compound of Formula 2,
e.g., in a solvent or a mixture of solvents (e.g., CHCl; and CH;CN) under
microwave in the presence of a catalyst (e.g., KF-AL,03) or in the presence of

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

Ry
/

w_/ l s}

—
Rg“*\ | 0 R4CHO Re

Iz




Gliadel Wafer Guilford Pharmaceuticals, me., Baltimore, MD Celeccodb
(as 445-(4-methylpheny1)-3- (trifluoromethyl)- 1H-pyrazol-1-yl]
benzenesulfonamide) Celebrex Searle Pharmaceuticals, England

WOHMEIAISHEIl (4-1bis(2chlorethyl)aminolbenzenebutanoic BeldyZeEraH
CliaxeSmithKline Cisplatin (PtChli QNZ) Platinol Bristol-Myers Squibb
Ciadnbine (2-chloro-2'-dcoxy-b-D-adeno5ine) Leustatm, 2-C4A R.Johnson
Pharmaceutical Research Institute, Raritan, NJ Cyclophospbainide
(2-1bis(2-chioroethyl)amino) tetrahydro-2H- 13,2-onzaphosphorine 2-oxide

monohydrate)
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 (eg., 4A molecular sieve) at elevated

temperature (e.g., about 70°C) to form a compound of Formula 6; and

¢) treating the compound of Formula 6 with an oxidizing agent (eg.,
Pb(0Ac)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 tetnperature) to form a compound of Formula X;

Rip~, ~R14

N

wherein:

Ry, 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";

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




Cytoxan, Neosar Bristol-Myers Squibb Cytarabine
(1-b-D-Arabinofuranosyleytosine, C2110205) Cytosar-U Pharmacia &
Upjohn Company cytarabine lipesomal DepoCyt Skye Pharmaceuticals,

WRANEMMHfiego, CA Dacarbazine DTIC- Bayer AG, Leveridéb2Hg/006221
(5-(3,3-dimethyl-l4riazeno)-imidazgle-4- carboxamide (DTI) Dome
Germany Dactinornycin, actinomyein D

CO2R', OCOR', CONRR", NR"COR', NR'SO;R", SO;NR'R", (C=NRJNR"R",
or NRR"
Rio and Ry are independently H, OH or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, (CHj),-R',
(CHy),-NR'R", (CHa,),-NR'COR", (CHy)»~-NR'SO;RY, (CHy)pr
NR(C=NR")NR", (CH2):-COOH, (CHz2),-COOR, (CHy),~-CONR'R", (CHy)y-
OR', (CH2)-SR', (CH2):-COR!, (CH),-SO:H, (CH»),-SONR'R", (CHy),-
SO,NR'R", (CH,CH,0)~(CHz)m-OH, (CHzCH0),-(CHz)-OR,
(CHCH0),5-(CH2)m-COOR!, (CH2CH20)5-(CHa)m-CONR'RY, (CH,CH,O)y
(CHy)-NR'R", (CH,;CH20),~(CH,)m-NR'COR", (CH2CH20)y-(CHy)
NR(C=NR")NR", (CH2CH;0)¢-(CH2)n-NR'SO;R",  (CH3)p-(CH,CH;0),-
(CHa)w-OH, (CHa)p-(CH2CH;0)(CHa)n-OR', (CHy)y-(CH,CH,O)-(CHy)
COOR, (CHz)}p~(CHzCH;0),~(CHz)-CONR'R", (CHy)p-(CH.CH20)-(CHy )
NR'R", (CH2)p-(CH2CH20)~(CHz)mn-NR'COR", (CHz)p~(CH,CH0)-(CHz)pn-
NR(C=NR"NR", (CH)p-(CH;CH0),~(CHy)-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 heteracyclic; or
R'and R", or R" and R", form 4 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., CHyCl; and CH;CN) under
microwave in the presence of a catalyst (e.g., KF-Al,Os) or in the presence of

a base in a suitable solvent to form a compound of Formula 17;




(actinomycin produced by Streptornyces parw Eta, Ce2Ha5N120ts)
Cosmegen Merck Darhepoetin alfa (recombinant peptide) Aranesp
Amgen, Inc., Thousand Oaks, CA daunorubieinliposomal
Wogees)@sacetyl-10-[(3-amino-2,3,6-trideoxy- PCT/US2006/006221
it-L-lyxo-hexopyranosypoxy)-7,8, S%Rlo
telrabydro-6,8,11-trihydroxy-1-methoxy-5,12- naphthacenedione
hydrochloride) DanuoXom e Nexstar Pharmaceuticals, Inc., Boulder, CO
Daunorubicin 140, daunomyein ((1 S,3
S)-3-Acety1-1,2,3,4,6,11-hexahydro-3,5,12-trihydroxy-10-metboxy-6,11-di
oxo-lI-naphthacenyl 3-amino-2,3,6-trideoxy-(alpha)- 1#- otro
-hexopyran%%@nde&gggjbldm% erst, Madison, NJ
Denileukin dift recombinant peptlde) Oom en, Inc., Hopkinton,
MA Dexrazoxane ((S)-4,4'-(1-methyl-1,2- ethanedlyl)bls -2,6-
piperazinedione) Afecard 2

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

temperature (e.g., about 70°C) to form a compound of Formula 18; and

Ry
/ 0. O Ph
o O
RQ I 0 T I &“‘Rs
NS o N Ph
H
17 4 5 18

c) treating the compound of Formula 18 with an oxidizing agent (e.g.,
Po(OAc)s, Ammonium cerium nitrate) in a solvent or mixture of solvents
(e.g., CH,Cl; and MeOH, CH3CN) at a suitable temperature (e.g., about 0°C or

room temperature) to form a compound of Formula LXV;

Rw\Nan

wherein;




Pliturnacia & Upjohn Company Docetaxel
((2R,3S)-N-carboxy-2-phenylisoserine, N-tert- butyl ester, 13-ester with 5
b-20-epoxy123,4,7b,10b,13 a-hexahydroxytax- 11-en-9- one 4-acetate
W BB, trihydrate) Taxotere Mantis Pharmaceuticals, FaEUS2006/006221
Bridgewater, NJ Doxorubicin 'ICI 3,
(85,10S)-10-[(3-amino-2,3,6-trideoxy-a-L- Eyxo-hexopyranosyl)oxyj
-8-glycoly1-7,8,9,IDtetrahydro-6,8,11- trihydroxy-I-methoxy-5,12-
naphthacenedione_hydrochloride) Athiamyein , Rube* Pharmacia &
Upjofrr EofgpPaBRSrE B SR REAS ¥ cin PPS Intravenous injection
[ABrmacialgawfjotim@dimphriic doketigbicltsipo s ot DdvieSdogius
Pharaaeguiicaisyviig GorMarnonpaeknmteigiomostanolone propionate
(17h-FydrogaaRipelima:Reriasian 3:Ans BiaRRNALSkRIARMostano

lone Eli Lilly & Comfpany, Indianapolis, IN dromostanolone propionate
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) or by azeotropic

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

Formula 7;

R OTOIPh

Q
A " oy s
+ B s

Rg""‘l (o]
™ N 4

H
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b) heating the compound of Formula 7 in the presence of an acid (e.g.,
HCI) and then adding a reducing agent {e.g., NaBH,) to form a compound of

Formula 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 tfrimethylacetyl 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;




Masterone injection Syntex, Corp., Palo Alto, CA Elliott's B Solution
Elliott's B Solution Orphan Medical, Inc Epirubicin
((8S-cis)-10-[(3-amino-2,3,6-trideoxy-a-L- arabino-
Wiarepraatisyl)oxy]-7,8,9,10- tetrahydro-6,8,11-trihydroxyR§<T/US2006/006221
(hydroxyacety0-3-metboxy-5,12- ngphtbacenedione hydrochloride)
Silence Pharmacia & Upjohn Company Elpoetin alM (recombinant
peptide) Epogen Amgen, Inc 47 Bstramustine
(estra-1,3,5(10)-triene-3,17-diol(17(beta))-, 3-
[bis(2-chlorocthyl)carbamate] 17-(dihydr0gler€hosphate), disodium salt,
monohydrate, or estradiol 3;[higf-chlorqgthy amatej 17- (dihydrogen
phosphate), disodium sdft-mo og drate) EmcytiBRarmacia & Upjohn
Company Etoposidc pha € 04'-Denftkyl ipodophyliotoxin
944,6-0-(R)- ethylide sid®|, 41- (d:hydrogen
phosphate)) Etopop 's/ ©

N
H

d) treating the compound of Formula 10 with a halogenating agent (e.g.,
CBry and PhyP) in a solvent (e.g., CHyCL,) to form & halo compound of

Formula 11;

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

R1oNH; to form a compound of Formula 12;




Bristol-Myers Squibb etoposide, VP-16 (4'-demethylepipodophyllotoxin
9-[4,6-0-(R)- ethylidene-(beta)-D-glacopfianosidel) Vepcsid Bristol-Myers
Squibb Exernestane (6-methylenandrosta-1,4-diene-3, 17-dione)

W EPAEEI* Sharmacia & Upjohn Company Filgrastim F) ,(r-RtetEtieades221
Neupogen Amgen, Inc floxuridine {gntraarterial) (2'-deoxy-3-fluorouridine)
FUDR Roche Fludarabine (fluorinated nucleotide analog of the antiviral
agent vidarabine, 9-b -0- arabinofuranosyladenine (ara-A)) Fludara

f) treating the compound of Formula 12 with an oxidizing agent (e.g.,
Pb(OAg)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

1o room temperature) to form a compound of Formula 13; and

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

R-]o"'“"z

Rm"z
Ry N"R7
Rs
Ry o e Rs
N Relt o
H N
13 XXIX

wherein Ry, Rs, Ry, Rg, Rypand 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




Berlex Laboratories, Inc., Cedar Knolls, N1 Fluorouracil, 5-FU
(5-fluoro-2,4(11-1,314)-pyrimidinedione) Adrucil ICN Pharmaceuticals, Inc.,

Humacao, Puerto Rico Fulyesirant (7-alpha-[9-(4,4,5,5,5-penta
W%ﬁ%ﬁtﬂ?lsulphlnyl) nonynestra-1,3,5-(10)- triene-3,17-b&GLdie§06/006221

Faslodex IPR Pharmaceuticals, Gigayama, Puerto Rico Gemeitabine
(2'-deoxy-2', 2'-difluorocytidine monohycirochloride (b-isomer)) Gemaar
BE1 Gemtuzurnab Ozogamicin (anti-CD33 hP67.6) Mylotarg Wyeth

A

prer Saael gl eeele sl oD SO OB AT

[CS&§HW1@@’1 411@(2(3;@9{@21)?}1‘: the inhibitors can be used to induce apoptosis
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, TNFg, Fas ligand, TRAIL, antibodies to TRAIL-R1 or
TRAIL-R2, Bcl-2, p53, BAX, BAD, Akt, CAD, PI3 kinase, PP1, and caspase
proteins, Other agents involved in the initiation, decision and degradation
phase of apoptosis are also included. Examples of apoptosis-modulating
agents include agents, the activity, presence, or change i 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, organs, 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 cancer, lymphoma, skin cancer, pancreatic cancer, colon cancer,
melanoma, malignant melanoma, ovarian cancer, brain\ canoer, 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 ocarcinoma, bladder carcinoma, pancreatic
carcinoma, stomach ocarcinoma, colon carcinoma, prostatic carcinoma,

genitourinary carcinoma, thyroid carcinoma, esophageal carcinoma, myeloma,




Zoladex Implant AstraZeneca Pharmaceuticals Hydroxyurea Plychma
Bristol-Myers Squibb Ibutumomab Tuixetan (immunoconjugate resulting
from a thiourea covalent bond between the monoclonal antibody
WiBAKHIBHHD and the linker-ehelator hxehan PCT/US2006/006221
[N-1.2-bis(carboxymethypaminol-3-(pisothioeyanatophenyl)- propylk[N42-
bis(carboxymethyl)amino]-2-(motﬁ§l)- othyll lyeine) &tabu Slogan DEC,
Inc., Cambridge MA Idarubieinrldamycin cs, 12-Napbthacenedione,
9-acetyl-7-[(3- amino-23,6-trideoxy-(alpha)-L- lyxo -
hoxopiytame sy oed; 73881 Gdetratndrat] Kell 1etriinarg xgiyairochloride,

(78- GishdRRAMRRRR SokiRihR fPARNAS lTstamidelhfoma,

(3- 2 OOty e 2 ety Aok et ahy e Hakiidss,
oxazaphosphorine 2-oxide)

malignant hypercalcemia, cervical hyperplasia, lenkemia, acute lymphocytic
leukemia, chronic Iymphocytic leukemia, acute myelogenous leukemia,
chronic myelogenous leukemia, chronic granulocytic leukemia, acute
granulocytic leukemia,  hairy  cell leukemia, neuroblastoma,
thabdomyosarcoma, Kaposi's sarcoma, polycythemia vera, essential
thrombocytosis, Hodgkin's disease, non-Hodgkin's lymphoma, soft-Hssue
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.

[0095] In some embodiments, infections suitable for treatment with the
compositions and methods of the present invention include, but are not limited
to, infections caused by viruses, bacteria, fungi, mycoplasms, prions, and the
like.

[6096} Some embodiments of the present invention provide methods for
administering an effective arnount of 2 compound of Formula I and at least
one additional therapeutic agent (including, but not 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).

{0097} A number of suitable anticancer agents are contemplated for use in the
methods of the present invention. Indeed, the present invention contemplates,
but is not limited to, administration of numerous anticancer agents such as;
agents that induce apoptosis; polynucleotides (e.g., anti-sense, ribozymes,
siRNA); polypeptides (e.g., enzymes and antibodies); biclogical mimetics

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




Bristol-Myers Squibb Imatinib Mesilatc
(44(4-Methy1-1-piperazinyOmethy0-N-(4- methy1-3-[f4-(3-pyridiny1)-2-
pyrimidittyllamino]-phenynbenzamidc methancsulfonate) Oleevec Novartis
WRAEMEA%KOSWitzerland Interferon alfa-2a (recombinant pe‘iﬁiﬂgﬁzoomo"’nl

Roferon-A Hoffmann-La Roche, Ing., Nutley, NJ Interferon Rife-26
(recombinant peptide) Intron A (Lyophilize d Betaseron) Schering AG,
Berlin, Germany Irinotecan I-ICI ((43)-4,11-diethy1-4-hydroxy-94(4- piped-
dinopiperidino)carbonylotcyl1-1H-pyrano[31, 4": 6,7] indolizino[1,2-b]
quinckrels) #ik- BoH) Hivibve rsidiro shibrid eBaih pihedeily; Gdlyipiosar
Pharmgagia Sahdpiabn Gaippary Letiezalinltd -(Addnbndsd platinum
'Tria%gllﬁ o1 Agsl,er;x%%@ﬁga)l 9}%‘31%1‘8{1‘4?'&%?&1@%{&1%%, antibodies conjugated

with anticancer drugs, toxins, defensins), toxins; radionuclides; biological

response modifiers (e.g., interferons (e.g., IFN-¢)) and interlevkins (e.g., 1L~

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 Ber-Abl kinase inhibitors (such as GLEEVEC));

antisense molecules; antibodies (e.g., HERCEPTIN, RITUXAN, ZEVALIN,

and AVASTIN); anti-estrogens (e.g., raloxifene and tamoxifen); anti-

androgens (e.g., flutamide, bicalutamide, finasteride, aminoglutethamide,

ketoconazole, and corticosteroids); cyclooxygenase 2 (COX-2) inhibitors (e.g.,

celecoxib, meloxicam, NS-398, and non-steroidal anti-inflammatory drugs

(NSAIDs)); anti-inflammatory drugs (e.g, butazolidin, DECADRON,

DELTASONE, dexamethasone, dexamethasone intemsol, DEXONE,

HEXADROL, hydroxychloroquine, =~ METICORTEN, ORADEXON,

ORASGONE, oxyphenbutazone, PEDIAPRED, phenylbutazone, PLAQUENIL,



Novartis Leuciavorin (L-Glutamic acid, N(4[[(2amino-5-formyl- 1,4,5,6,7,8
hexishydro4oxo6- pteridinyOmetbyliamino)benzoyl], calcium salt (1:1))

Wellcovori n, Leucovorin Immunex, Corp., Seattle, WA Levamisole |-ICI
W@aoe@flf4§5 6-tetrahydro-6-phenylimidazo [2,1411 thiazbre /USZOO6}006221

monohydrochloride ClI 11-1121"12§5-HC1) Ergarnisol Janssen Research
Foundation, Titusville, NJ Lomustine (1-(2-chloro-ethyl)-3-cyclohexyl-1-
nitrosourea) CeeNU Bristol-Myers Squibb Meclorethamine, nitrogen

mustard (2-chbro-N-(2-chIoroeth%%-Nmeth]erthanamine hydrochloride)
-Mué’trﬁf’@’éﬂ"ﬁ}i’eraf?dms‘m 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, bevacizamab, 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-
byperproliferative or antincoplastic 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 (eg.,
mechlorethamine, cyclophosphamide, ifosfamide, melphalan (L-sarcolysin);
and chlorambucil); 2) ethylenimines and methylmelamines (eg,
hexamethylmelamine and thiotepa); 3) alkyl sulfonates (e.g., busulfan); 4)
nifrosoureas (e.g., carmustine (BCNU); lomustine (CCNU), semustine
(methyl-CCNU); and streptozocin (streptozotocin)); and 5) triazenes (e.g.,
dacarbazine (DTIC; dimethyltriazenoimid-azolecarboxamide).

[0101} In some embodiments, antimetabolites suitable for use in the present
compositions and methods inclnde, but are not limited to: 1) folic acid analogs
(e.g., methotrexate (amethopterin)); 2) pyrimidine analogs (e.g., fluorouracil
(S5-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’-deoxycofortmycin)).

[0102] In still forther 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.,




Megestrol acetate I7a( acetyloxy)- 6- methylpregna- 4,6- diene3,20- dione
Megace Bristol-Myers Squibb Melphalan, L-PAM (4-[bis(2-chloroethyl)
amino)-L-phenylalanina) Alkeran GlaxoSmithKline Mereaptoourine, 6-MP
W?,72UiP3A4¢6-6 H -purine-6-thione monohydratc) Purinethof CT/US2006/006221

GlaxoSmithlaine Mesna (sodium 2ginereaptoethane sulfonate) Mesnex
Asta Medico Methotrezate (N-V-([(2,4-diamino-6-
pteridinyl)methyllmethylaminoThenzcyll-Lgiutamic acid)

dactinomycin (actinomycin D), daunorubicin (daunomycin; rubidomycin),

doxorubicin, bleomycin, plicamycin (mithramycin), and mitomycin

(mitomycin C)); 4) enzymes (e.g., L-asparaginase); 5) biological response

modifiers (e.g., interferon-alfa); 6) platinum coordinating complexes (e.g.,

cisplatin {cis-DDP) and carboplatin}; 7) anthracenediones (e.g., mitoxantrone);

8) substituted ureas (e.g., hydroxyurea); 9) methylhydrazine derivatives (e.g.,

procarbazine (N-methylhydrazine; MIH)); 10) adrenocortical suppressants

(e.g., mitotane (0,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

(IgGlx anti CD52 antibody) Partners, LP, Cambridge,
MA

Alitretinoin Panretin Ligand Pharmaceuticals, Inc.,

(S-cis-retinoic acid) San Diego CA

Allopurinol : Zyloprim  |GlaxoSmithKline, Research

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

one monosodium salt)

Altretamine Hexalen US Bioscience, West

(NN NN N N, - hexamethyl-1,3,5-triazine- Conshohocken, PA




Methotrexat e Ledede Laboratories Methoxsalen Uvadex Therakos, Inc.,

W.ay Exton, 49 (9-methoxy-7H-furo[3,2-g][1]-benzegyram7- one) Pa

Mitom vain C Mutamyein Bristol-Myers Squibb mitemycin C Mitozytrex
WO EEH Inc., Dublin, CA Mitotane PCT/US2006/006221

(1,1-dichIore-2-(o-chIoroplienyl)-%—s(pchlorophenyl) ethane)

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

Anastrozole Arimidex |AstraZeneca
(1,3-Benzencdiacetonitrile, a, a, 8, 8- 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, tyne BC-2) Whitehouse Station, NJ
BCG Live TICE BCG |Organon Teknika, Corp,,
(lyophilized preparation of an attenuated strain Durham, NC

of Mycobacterium bovis (Bacillus Calmette-
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
Bleomyein Blenoxane |Bristol-Myers Squibb Co.,
{cytotoxic glyeopeptide antibiotics produced NY, NY

by Streptomypees verticillus; bleomycin A, and

bleomycin B,)

Capecitabine Xeloda Roche
(5*-deoxy-5-fluoro-N-[(pentyl oxy)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-chloroethyl)-1-nitrosourea) BIiCNU

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

Celecoxib Celebrex Searle Pharmaceuticals,

(as 4-[5-(4-methylphenyl)-3- (trifluoromethiyl)- BEngland

1H-pyrazol-1-yl]
benzenesulfonamide)

Chlorambugil Leukeran | GlaxoSmithKline

(4-[bis(2chiorethyl)amino]benzenebutanoic

acid)

Cisplatin Piatinol Bristol-Myers Squibb

(PICl HNy) "

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-chloroethylyamino] tetrahydro-2H-  {Neosar
13,2-oxazaphosphorine 2-oxide monohydrate)

Cytarabine Cytosar-U |Pharmacia & Upjohn
{1-b-D-Arabinofuranosyleytosine, CoHyaN;Os) Company
cytarabine liposomal DepoCyt  |Skye Pharmaceuticals, Inc.,

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




Lysodren Bristol-Myers Squibb Mitoxantrone (1,4-dihydroxy-5,8-bis[[2-
f,(2- hydroxyethyDamindethyliaminol-9,10- anthracenedione
dihydrochloride) Novantrone Immunex Corporation Nandrolonc
Wﬂ%ﬁ?ﬁ%‘ﬁl‘énate Durabolin- 50 Organon, Inc., West Orangpe(,nﬂllfls’?‘ou6/006221
Noletumomab Verluma Boehringegngelheim Pharma KG, Germany
Oprelvolon (IL-11) /Neumega Genetics Institute, Inc., Alexandria, VA
Oxaliplatin (eis4(1R,2R)-1,2-cyclohexanediaraine-N,N1 [oxalato(2-)-0,01
platinum) Fioxatin Sandi Synthelaha, Inc,, NY, NY

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

(actinomyein produced by Streptomyces
parvullus, CeHgeNipOts)

Darbepoetin alfa Aranesp Amgen, Inc., Thounsand QOaks,
(recombinant peptide) CA

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

&-L-lyxo-hexopyranosyl)oxy}-7,8,9,10~
tetrahydro-6,8, 1 1-trihydroxy-1-methoxy-5,12-
naphthacenedione hydrochloride)
Daunorubicin HCI, daunomyein Cerubidine {Wyeth Ayerst, Madison, NJ
(13,3 8)-3-Acetyl-1,2,3,4,6,11-hexahydro-
3,5,12-trihydroxy-10-methoxy-6,11-dioxo-1-
naphthacenyl 3-amino-2,3,6-trideoxy-(alpha)-
L~ lyxe -hexopyranoside hydrochloride)

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

Dexrazoxane Zinecard  {Pharmacia & Upjohn
((8)-4,4'-(1-methyl-1,2-ethanediyl)bis-2,6- Company
piperazinedione)

Docetaxel Taxotere Aventis Pharmaceuticals,
((2R,38)-N-carboxy-3-phenylisoserine, N-tert- Ine., Bridgewater, NJ

butyl ester, 13-ester with 5b-20-epoxy-
122,4,7b,10b,13a-hexahydroxytax- 11-en-9-
one 4-zcetate 2-benzoate, trihydrate)
Doxorubicin HCl Adriamycin {Pharmacia & Upjohn
(88,108)-10-[(3-amino-2,3,6-trideoxy-a-L~ , Rubex Company
lyxo-hexopyranosyl)oxy] -8-glyeolyl-7,8,9,10-
tetrahydro-6,8,11- trihydroxy-1-methoxy-5,12-
naphthacenedione hydrochloride)

doxorubicin Adriamycin | Pharmacia & Upjohn
PES Company
Intravenous
injection
doxorubicin liposomal Doxil Seguus Pharmaceuticals, Inc.,
Menlo park, CA
dromostanolone propionate Dromostano | Eli Lilly & Company,
(17b-Hydroxy-2a-methyl-5a-androstan-3-one  {lone Indianapolis, IN
propionate)
dromostanclone propionate {\éjﬁgroc;zne Syntex, Carp., Palo Alto, CA
Blliott'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~ hexopyranosyljoxy]-7,8,9,10-
tetrahydro-6,8,11-trihydroxy-8-
(hydroxyacetyl)-1-methoxy-5,12~
naphthacenedione hydrochioride)
Epoetin alfa Epogen Amgen, Inc
(recombinant peptide}




Nontoxic! (513, 20-Epoxy-1,2a, 4,7E, 1013, 13ahexahydroxytax-I
I-en-9-one 4,10-diszetate 2- benzoate 13-ester with (2R, 3

S)-N-benzoyl-3- phenylisoserine) TAXOL Bristol-Myers Sgwbb
WO 4te (phosphonic acid (3-amino-lhydrox)propylidéfs

%06/006221

disodium salt, pentahydrate, (APD)) Aredia Novartis Pegademase
((manomethoxypolyethylene glycol succinimidyl) 11 - 17 -adenosine
dcaminase) Adapt, (Pegademas e Bovine) Enzort Pharmaceuticals, Inc.,
Brldoewater NJ Pegaspargase (m

conJ

nomet

oxygolyethytene gl

col

b@i%@@rﬁglﬁé‘%@ca upe
mﬂma binant-@et

esﬁamgmmmet réarbamq(?l)

(dihydrogen phosphate), disodium salt,
monohydrate)

EBat En

nyl human

SO EIgPStim (g

0-CS? (fligrastim) and

ovalent

Etoposide phosphate
(4'-Demethylepipodophyliotoxin 9-{4,6-O-(R)-
ethylidene-(beta)-D-glucopyranoside}, 4'-
(dihydrogen phosphate))

Etopophos

Bristol-Myers Squibb

etoposide, VP-16 Vepesid Bristol-Myers Squibb
(4"demethylepipodophyllotaxin 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.,
(fluorinated nucleot:de analog of the antiviral Cedar Knolls, NJ
agent vidarabine, 9-b -D-

arabinofuranosyladcninc (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
fluoropentylsulphinyl) nonyljestra-1,3,5-(10)-

triene-3,17-beta-diol)

Gemgcitabine Gemzar Eli Lilly

(2-deoxy-2', 2'-diflucrocytidine

monohydrochloride (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 [CspHysN 15014

*(CoH02)y

Hydroxyurea Hydrea Bristol-Myers Squibb
Ibritumomab Tiuxetan Zevalin Biogen IDEC, Inc.,
(immunoconjugate resulting from a thiourea Cambridge MA
covalent bond between the monoclonal

antibody Ibritumomab and the linker-chelator

tiuxetan [N-[2-bis(carboxymethylamino]-3-(p-

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

bis(earboxymethylyamino)-2-(methyl) -

ethyllglycine)

Idarubicin {damycin  |Pharmacia & Upjohn
(5, 12-Naphthacencdione, 9-acetyl-7-[(3- Company

amino-2,3,6~trideoxy-(al pha)-L.~ lyxo -
hexopyranosyl)oxyl-7,8,9,10-tetrahydro-

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




Neulasta Amgen, Inc Pentostatin Nipent Parke-Davis Pharmaceutical Co.,
Rockville, MD Pipobroman Vercyte Mithracm Abbott Laboratories, Abbott
Park, IL Pfizer, Inc., NY, NY Plicamycin, Mithramycin (antibiotic produced
W 2N Iwees plicatus) Porfimer sodium Photefrin QLFCT/US2006/006221
Phototherapeutics, Inc., Vancouver, Canada Procarbazine

(N-isopropyl-p-(2-methylbydrazino)43- toluaraide mon ohydrachloride)
lvlatulane

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)methyl}-N-[4- Switzerland
methyl-3-[{4-(3-pyridinyl)-2-
pyrimidinyl]amino]-phenyl]benzamide

methancsulfonate)
Interferon alfa-2a Roferon-A  |Hoffmann-La Roche, Inc,,
(recombinant peptide) Nutley, NJ
Interferon alfa-2b Intron A Schering AG, Berlin,
{(recombinant peptide) (Lyophilize |Germany

d

Betaseron)
Irinotecan HCI Camptosar |Pharmacia & Upjohn
((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 -Triazo!l-1-yimethylene)
dibenzoniirile)

Leucovorin Wellcovori | Immunex, Corp., Seatile, WA
(L~Giutamic acid, N[4{[(2amino-5-formyl- n,

1,4,5,6,7,8 hexahydrodoxo6- Leucovorin
pteridinyl)methyl}amino]benzoyl], calcium salt

(1:1))

Levamisole HC! Brgamisol |Janssen Research

(()=( 8)-2,3,5, 6-tetrahydro-6-phenylimidazo Foundation, Titusville, NJ

[2,1-b] thiazole monchydrochloride
CyHpN,S-HCD

Lomustine CeeNU Bristol-Myers Squibb
(1-(2-chloro-ethyl)-3-cyelohexyl- i~

nitrogourea)

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-chioroethyl) 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 Laborataries
(N-[4-[{(2,4-diamino-6- e

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




Sigma Tau Pharmaceuticals, Inc., Gaithersburg, MD Quinacrine
(6-chloro-94 1 -methyl-4-diethyl-amine), Atabrine Abbott Labs 50
butylamino-2-methoxc dine) Rasburicase (recombinant peptide) Elitek

WO EHtthelabo, Inc., Rituximab (recontbinant anti-00 BYG{ o221
Rituxan Genentech, Inc., South Sq@ Francisco, CA Sargramostim
(recombinant peptide)

(S-methoxy-7TH-furo[3,2-g][1]-betizopyran-7- Pa

one)

Mitomycin C Mutamyein |Bristol-Myers Squibb
mitomyein C Mitozytrex |SuperGep, 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-bisf[2- [(2-
hydroxyethyl)amino]ethyl}amino}-9,10-
anthracenedione dihydrochloride)

Nandrolone phenpropionate Durabolin- |Organon, Inc., West Orange,
: 50 NI

Nofetumomab Verluma  |Boehringer Ingelheim
Pharma KG, Germany

Opreivekin 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-1,22, 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,
pentahydrate, (APD))

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

Pegaspargase Oncaspar  {Enzon

(monomethoxypolyethylene giycol
succinimidy! L-asparaginase)

Pegfilgrastim Neulasta  |Amgen, Inc

{covalent conjugate of recombinant methionyl

human G-CSP (Fiigrastim) and

monomethoxypolyethylene glycol)

Pentostatin Nipent Parke-Davis Pharmaceutical
Co., Rockville, MD

Pipobroman Vercyte Abbott Laboratories, Abbott
Park, IL,

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-methylhydrazino)-p- Ine., Gaithersburg, MD

toluamide monohydrochloride)

Quinacrine Atabrine  |Abbott Labs

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




Prokine Immunex Corp Streptozocin (streptozocin 2 --deoxy - 2 -
[[(methylnitrosoamino)carbonyl)amino] - a(and b) - D - glueopyranoac and
220 mg citric acid anhydrous) Zanosar Pharmacia & Upjohn Company i
WQRIEHAEROI0 (014)2) Scterosol Bryan, Corp., Woburn, BAPaHMApa1
((2)244-(1,2-dipherty1-1-butenyl) pgtéancxy]-N, N-dimethylethanamine
2-hydroxy-1,2,3- propanetricarboxylate (1:1)) Nolvadex AstraZeneca
Pharmaceuticals Temozolomide
(3,4-dihydro-3-methy1-4-oxoimidazo[5,1-d]as-tetrazine-8-carboxamide)

aRinhrggxyacridine)

Tem C%uricase < Elitek Sanofi-Synthelabo, Inc.,
(recombinant peptide)
Rituximab Rituxan Genentech, Inc., South San
(recontbinant anti-CD20 antibody) Francisco, CA.
Sargramostim Prokine Immunex Corp
{recombinant peptide)
Streptozocin Zanosar Pharmacia & Upjohn
(streptozocin 2 —~deoxy - 2 - Company

{[{methylnitrosoamino)carbounyl]amine} -
a(and b) - D - glucopyranose and 220 mg citric

acid anhydrous)

Tale Sclerosol  {Bryan, Corp,, Woburn, MA
(M3 84040 (OH)p)

Tamoxifen Nolvadex |AstraZeneca Pharmaceuticals

{(Z)2-[4-(1,2-diphenyl-1-butenyl) phenoxyl-N,
N-dimethylethanamine 2-hydroxy-1,2,3-
propanetricarboxylate (1:1))

Temozolomide Temodar  |Schering
(3,4-dihydro-3-methyl-4-oxoimidazo[5,1-d]-
ag-tetrazine-8-carboxamide)

teniposide, VM-26 Vumon Bristol-Myers Squibb
(4*-demethylepipodophyliotoxin 9-[4,6-0-(R)-
2~ thenylidene~(beta)-D-glucopyranoside])
Testolactone Teslac Bristol-Myers Squibb
(13-hydroxy-3-oxo-13,17-secoandrosta-1,4-
dien-17-oic acid [dgr J-lactone)

Thioguanine, 6-TG Thioguanin |GlaxoSmithKline
(2-amino-1,7-dihydro-6 H - purine-6-thionc) e
Thiotepa Thioplex |Immunex Corporation

(Aziridine, 1,1',1"-phosphinothioylidynetris-,
or Tris (1-aziridinyl) phosphine sulfide)
Topatecan HCl Hycamtin | GlaxoSmithKline
{((S)-10-[(dimethylamino) methyl}-4-ethyi-4,5-
dihydroxy-1H-pyrano[3', 4" 6,7] indolizino
[1,2-b] quinoline-3,14-(4H,12H)-dione

monohydrochioride)

Toremifene Fareston Roberts Pharmaceutical
(2-(p~[(Z)-4-chloro-1,2-diphenyl-1-butenyl]- Corp., Eatontown, NJ
phenoxy)-N,N-dimethylethylamine citrate

(1))

Tositumomab, 1 131 Tositumomab Bexxar Corixa Corp., Seattle, WA

(recombinant murine immunotherapeutic
monoclonal IgGy, lambda anti-CD20 antibody
(1 131 is a radicimmunotherapeutic antibody))

Trastuzumab Herceptin | Genentech, Inc

(recombinant monoclonal IgG; kappa anti-

HER2 antibody)

Tretinoin, ATRA Vesanoid  |Roche

(all-trans retinoic acid)

Uracil Mustard Uracil Roberts Labs
Mustard

Capsules




teniposide, VM-26 (4'-demethylcpipadophyllotoxin 9-[4,6-0-(R)- 2-

thenylidene-(bota)-D-glueopyranosidell Vumon Bristol-Myers Squibb

Testolactone (13-hydroxy-3-oxo0-13, | 7-secoandrosta-1,4- clien-17-oic acid
WAGPIGAIEHe) Teethe Bristol-Myers Squibb Thioguanine, Ef£FES2006/006221

(2-amino-1,7-dihydro-6 H - purine-g-thione) Thioguanin ¢ GlaxoSmilnKline

Thiotepa (Aziridine, 1,1',1"-phosphinothioylidynetris-, or Tris (1-aziridinyl)

phosphine sulfide) Thioplex Immunex Corporation Topotecan RC1
((S)-RR-ffctimetam cé?yw%?&???‘;:&'?*i e a-SrativataybH-pyranol3l, 4
6,7] uzw’]o 1% b qumo Ine-3,14+(4H,121+1)-dione monohydfochloride)
HyCleﬁ?y@i?J?m?ﬁ@G 1- frie E(E:szz?slé
trideoxy-3- [(triftuoroacetyl)-amino-o-L-lpxo-
hexopyranosyljoxyl]-2-naphthacenyl]-2-
oxoethyl pentanoate)

Vinblastine, Leurocristine Velban Eli Lilly
 (CasHsNyO1o°Hy804)

Vincristine Oncovin  |Eli Lilly
(CdsﬂsaNaow‘HzSOA)

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-i-yl-phosphonoethyl)
phosphonic acid monchydrate)

[0104] Anticancer agents further include compounds which have been
identified to have anticancer activity but are not currently approved by the
U.S. Food and Drug Administration or other counterpart agencies or are
undergoing evaluation for new uses. Examples include, but are not limited to,
3-AP, 12-O-tetradecanoylphorbol-13-acetate, 17AAG, 852A, ABI-007, ABR-
217620, ABT-751, ADI-PEG 20, AE-941, AG-013736, AGRO100, alanosine,
AMG 706, antibody G250, antineoplastons, AP23573, apaziquone, APC80135,
atiprimod, ATN-161, atrasenten, azacitidine, BB-10901, BCX-1777,
bevacizumab, BG00001, bicalutamide, BMS 247550, bortezomib, bryostatin-
1, buserelin, calcitriol, CCI-779, CDB-2914, cefixime, cetuximab, CG0070,
cilengitide, clofarabine, combretastatin A4 phosphate, CP-675,206, CP-
724,714, CpG 7909, curcumin, decitabine, DENSPM, doxercalciferol, E7070,
E7389, ecteinascidin 743, efaproxiral, eflornithine, EKB-569, enzastaurin,
etlotinib, exisulind, fenretinide, flavopiridol, fludarabine, flutamide,
fotemustine, FR901228, G17DT, galiximab, gefitinib, genistein, glufosfamide,
GTI-2040, histrelin, HKI-272, homcharringtonine, HSPPC-96, hul4.18-
interleukin-2 fusion protein, HuMax-CD4, iloprost, imiquimod, infliximab,
interleukin-12, IPI-504, irofulven, ixabepilone, lapatinib, lenalidomide,

lestaurtinib, leuprolide, IMB-9 immunotoxin, lopafarnib, luniliximab,




Toremifene (2-(.p-[(2)-4-chloro-1,2-diphenyl1-1-butenn-
phenoxy)-N,N-dirnethyiefitylamine citrate (1:1)) Eareston Roberts

Pharmaceutical Corp., Eatontown, NJ Tositumomab, 1131 Tositumonab
WRSLBHIBIAKNt marine immunotherapcutic monoclonal IgG2JGaTEgL/006221

anti-CD20 antibody a 131 is a radigimmunotherapeutie antibody)) Bexxar
Corixa Corp., Seattle, WA Trastuzumab (recombinant monoclonal 1g(31
kappa antiHER?2 antibody) Herceptin Genentech, Inc Tretinoin, ATRA
(all-trans retinoic acid) Vcsanoid Roche Uracil Mustard Chen Mustard

) ¢ 5 ;
Cap%&f%%&@%‘éé’ %&_}L)X 010, MLN2704, monoclonal antibody 3F8,
monoclonal  antibody 1591, wmotexafin, MS-275, MVA-MUCI-IL2,

nilutamide, nitrocamptothecin, nolatrexed dihydrochioride, nolvadex, NS-9,
O6-benzylguanine, oblimersen sodium, ONYX-015, oregovomab, OSI-774,
panitumumab, paraplatin, PD-0325901, pemetrexed, PHY906, pioglitazone,
pirfenidone, pixantrone, PS-341, PSC 833, PXDI101, pyrazoloacridine,
R115777, RADOO1, ranpimase, rebeccamycin analogue, rhuAngiostatin
protein, thuMab 2C4, rosiglitazone, rubitecan, S-1, S-8184, satraplatin, SB-,
15992, SGN-0010, SGN-40, sorafenib, SR31747A, ST1571, SU011248,
suberoylanilide hydroxamic acid, suramin, talabostat, talampanel, tariquidar,
temsirolimus, TGFa-PE38 immunotoxin, thalidomide, thymalfasin, tipifamnib,
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 other
therapeutic agents, those skilled in the art are referred to any number of
instructive manuals including, but not limited to, the Physician's Desk
Reference and to Goodman and Gilman's “"Pharmaceutical Basis of
Therapeutics" tenth edition, Eds. Hardman et al., 2002,

[0106] The present invention provides methods for administering a compound
of Formula I with radiation therapy. The invention is not limited by the types,
amounts, or delivery and administration systems used to deliver the
therapeutic dose of radiation to an animal. For example, the animal may
receive photon radiotherapy, particle beam radiation therapy, other types of
radiotherapies, and combinations thereof. In some embodiments, the radiation
is delivered to the animal using a linear accelerator. In still other
embodiments, the radiation is delivered using a gamma knife.

[0107) The source of radiation can be external or intemal 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




Valrubicin, N-trifluoroacetyladriamycin-14- valerate ((28-cis)-2-
[1,2,3,4,6,11-hexahydro-2,5,12- tribydroxy-7 motboxy-6,11-dioxo-[[4 2,3,6-
trideoxy-3-

WRR9AGEPES etyl)-amino-u-L-fyxohexopyranosyl)oxyl]-2-nagHtiAceyis221
oxoethyl pentanoate) Vaistat Anthya --> Medeva Vintriastinc, Leurocristine
(C44Hs6N40irl-12304) Velban Eli Lilly Vincristine
(C4414541°14010H2304) Oncovin Eli Lilly Vittorelbine (3'
,4l-didehydro-4'-deoxy-enorvincaleukoblastine [R-(124,R*)-2,3-
dibydserybuitarrseibate (R Ime)y NonstsihbeaaxsSmitiiieer,
Zolcdxematernfiotetl ranisuainydwélt Hylekmy w3-imidatz ofdd-phaspiienoethyl)
phOSﬁ&%&%m@ﬁ%%ﬂgﬂgrﬂg&glgﬁn‘a%ﬁh%o%@&? 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 optonally receive radiosensitizers (eg.,
metronidazole, misonidazole, intra-arterial Budr, intravenous
iododeoxyuridine (TudR), nitroimidazole, 5-substituted-4-nitroimidazoles, 2H-
isoindolediones, [[(2-bromoethyl)-amino}methyl}-nitro-1H-imidazole-1-
ethanol, nitroaniline derivatives, DNA-affinic hypoxia selective cytotoxins,
halogenated DNA ligand, 1,2,4 benzotriazine oxides, 2-nifroimidazole
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, nitrosoursa, mercaplopurine, methotrexate,
fluorouracil, bleomyein, vincristine, carboplatin, epirubicin, doxorubicin,
cyclophosphamide, vindesine, etoposide, paclitaxel, heat (hyperthermia), and
the like), radioprotectors (e.g., cysteamine, aminoalkyl dihydrogen
phosphorothioates, amifostine (WR 2721), IL-1, IL-6, and the like).
Radiosensitizers enhance the killing of tumor cells. Radioprotectors protect
healthy tissue from the harmful effects of radiation.

[6109] Any type of radiation can be administered to an animal, so long as the
dose of radiation is tolerated by the animal without unacceptable negative
side-effects. Suitable types of radiotherapy include, for example, ionizing
(electromagnetic) radiotherapy (e.g., X-rays or gamma rays) or particle beam

radiation therapy (e.g., high linear energy radiation). Ionizing radiation is




[01041Anticancer 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
WiheRpgBIat evaluation for new uses. Examples include, bBCArBSAMGIMsE
to, 3-AP, 12-0-tetradecanoylphorbgl-13-acetate, 17AAG, 852A, ABI-007,
ABR- 217620, ABT-751, ADI-PEG 20, AE-941, AG-013736, AGRO100,
alanosine, AMG 706, antibody 0250, antineoplastons, AP23573,
apaziguone, A2C8015, atiprimod, ATN-161, atrasenten, azacitidine,
BB-16904¢ BCHILTY chremiiz Uttt SBO0DOYPS s bramidEcen S
247551%@%@3@%%%@5;%1& Nead, A UG EE kR RRIC b abs GG 7Y gr
DB-291 XL t Y/ :.%18@1 ing, g@g&}gr tatin A4
phosf)’lﬁag]té,b’g?ligig?g‘? 2%8% %435'%%2%%{%%&6 Z9§?9?lq§reutnin; ?gfitabine,
DENSEIRA ofiBioRIGiebe 2 IeHP gy © %f%ﬁﬁ%s%i%n S &taproxiral,
eflomitisinef, vEkeBoB Boprefabistdartionarbitnipaderl mse Tehretnsite,
flavopiidedudideasabine, flutamide, fotemustine, FR901228, 017DT,
il meb-aefinbgenisiginsgiasiamide GT g bistiggn,
1-272, omoabanmgtonlned HSPPC-96f hul4.18- ﬁratgrk?ulgn-Z fusion
protefP i AMSEEER, RISy A a=iRtbdmEpt 17 Y o e
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

out

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
daysiweek, 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



interleultin-12, 11'1-504, irofulven, ixabepilone, lapatinib, lenalidomide,
lestaurtinib, leuprolide, LMB-9 immunotoxin, lonafamib, luniliximab, 52
mafosfamide, MB07133, MDX-01D, MLN2704, monoclonal antibody 3F8,
WAGHMASHAS antibody 7591, motexafin, MS-275, MVA-MUELT52006/006221
~ nilutamide, nitrocamptotheein, nolatrexed dihydrochloride, nolvadex,
NS-9, 06-beuzylguanine, Winters= sbdium, ONYX-015, oregovomab,
081-774, panitumuniab, paraplatin, PD-0325901, pemenexed, PHY906,
pioglitazone, pirfenidone, pixantrone, PS-341, PSC 833, P,CD101,
pyrazolga@gBIths Bl BéréfeunRARMA L oraiRiip dSesdebateaayeinianalogue,
rhuAngiosIaiin, Broiei sAHMa0.2fad. FRSIgRZANE niBIRCRANmT e
5-8184, satraplatln SB-, 15992, SGN-0010, SON-40, sorafcnib,
5R3174Pfﬁe“éﬂ%‘?ﬁfn SU011248 suberoylanilide hydroxamic acid,
supailn, talab@m@rqlaaérﬁp@mrwtaaqmmmems%|HﬁésaST@lmaﬂFfE%
immunaigxiniialideside:tnmnaltasigetipita eyl apanac sk 286,
trabectagil, JIHESIAIR SGUMA Gk Atal foN e lOIC2GIE

vinflunine, 'VNP4010IM, volociximab. vorinostat, VX-680. Z §
ZD647ngE‘?FeCﬁP6‘?ﬁlp§‘Fﬁﬂ‘ ?d%aﬂifﬁﬁ%‘ﬁ?fdro‘éﬁ%??d%miﬁ%|‘—“81" Pri%re
detailechttestripnitnd of anticarrd rsagbiie anilfioipte eabodipe intibigents,
those skilleshindheminsits)) afeysad iR herehindgtustivagaanuals

including, O {Qt &mtﬁ&l&rm&ﬁﬂm@m@@% ﬁﬁﬁbes@gmamn;g
Goodman an(aGlIman erapeu

utlcal t nth
edition, Bd&° 1&?5‘%%%’5&1“ 5’6? [Hiﬁ%tﬁ.efﬂeembre Bt m%ﬂl{: ﬁ%rfmdes
methodsnﬁflﬂl’aﬂmﬁﬁi@séﬂ%@@d%mpound of Formula | with radiation
therapy. The iRvenitoeniBotiatclimitediey thety feenamounisnasuaelvfery and
adm'n'S%@mﬁ Fysiems usellde drlyerdbe fhrrapeniic.dese phkagiation to

an anlma For egam le, th animal may rece t& oton radi otherapy,
1stere un el‘ c Or Ore 0 C(m lthnS
particle BEAM RS SiSh HERY ther types o pies, an

combina¥ietmetieditiss, s%rﬁ@ceéﬁﬁmméﬁt:%t ?I‘fée‘i"éﬂféﬂﬁﬁ‘f%%ﬁéred to
the anindéfausingaitinesivacosie wtoin| st bathdimenth 6dimapisydhie
radiation dsidelvargeusing tﬁegemmarkmanis}lagznlme gource Phradiation
can be ytqinal riniernal o he aningl, Extenal (adlplon therany. i
most comman and MVOVEés dn’eétlng a beam’ of Righ- energy radiation to a
tumor site R eI ERSHY, TR HRers sy |I%b (? REFEBHS While
the bearheoforamiation dénadwdizéaftn thretiemportisite, antiB8ems raeakly s,
impossilgle, 10 Aw0id £xposue of kAl hgaltbyotissws blowgvek:external
radiation, issuall el iolerajed B ARMAlS Jpie PLsadiatan stapy

involves |mpslant|ng a radiation emitting source, such as beads, wires,
pellets, EpetmBe i apat e DTGRIET;IE ﬁ?@ﬂﬁefh%g%oﬁea?‘{??‘ﬂg%ﬁ“}he
tumor siteninvokadinbptive difiroft deipdelep, systdmsimaruddeifiailizttzad et
cancer cglls (i@ HesiRgyRant demadiachegioicaneriseall bindingdigands).
Such 'm&@é‘é%ﬁﬂ@vé’&ee%”&‘éggvﬁgl'%‘%megi%a&%%%e%r}%%%é@% bady

inactive. Types of internal radiation therapy include, but are not I|m|ted to,
brachy RS P pRIEtRidh fr ASTRIEH 1S LTS (PRERAnRek vhle the
radioimrfenptitisrenrpticamcht hgetilkie :{OIGSITEA dadnioned trveaplo privmadly
receive radivaprskizeisplionidazelendisenitgazelerdnfra-arterial Budr,
intravenous iododeoxymidine (ludR), nitroimidazole,
5-substituted-4-nitrohnidazoles, 2Hisoindolediones,
[[(2-bromoethyl)-aminoitnethy Thnitto-IN-imidazole-1- ethanol, nitroaniline
derivatives, DNA-affinic hypoxia selective cytotoxins, halogenated DNA
ligand, 1,2,4 benzotriazine oxides, 2-nitrohnidazole derivatives,
fluorine-containing nitroazole derivatives, benzamide, nicotinamide,
acridine-intercalator, 5-thiotretrazole derivative, 3-nitro-1,2,4- triazole,
4,5-dinitroimidazole derivative, hydroxylated texaphtins, cisplatin,
mitomycin, tiriparamine, nitrosourea, mercapiopurine, methotrexate,
fluorouracil, bleomycin, vincristine, carboplatin, epirubicin, doxorubicin,
cyclophosphamide, vindesine, etoposide, paclitaxel, heat (hyperthermia),
and the like), radioprotectors (e.g., cysteatnine, aminoalkyl dihydrogen
phosphorothioates, amifostine (WR 2721), IL-1, IL-6, and the like).

Radiosensitizers enhance the killing of tumor cells. Radioprotectors
nrotect healthy ticeciie from the harmfiil effecte 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 sidc-effects. Suitable types of radiotherapy include, for example,
WO tetectromagnetic) radiotherapy (e.g., X-rays or gaRfrvA2RP&1 8221
particle beam radiation therapy (e.g., high linear energy radiation).
lonizing radiation is 54 defined as rafliation 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
herain by refewpestisnitswemtiretyy. Idwpeefiectsiof iaeiasionehddeant least
part'a"x&%&rﬁtﬁ%ﬁé@emgu%mdgf Sadaseliodistiondsontaleraply

fractionated for maximal ta f cel] ex osure nd reduced toxici g%ﬁb
ly is

0110] TALBIATBER B et YA AR PRPRLT LB R0 SSniMAF iy
about .04e@G reay(Gsinoinaboupi opim). Rrere qfretférétﬂw%efet@o@y to

about G5 pyrkds, Wiyt SIGYe2BGY, 25pBally3h&osnpouty, MG Gy, 45
GY, 50 Gi¥meefay v tldial) 959 MEA@'%T@%PX%EQ%P@H@? B 50

treatment. While in som em diments a %ose of radiation can
be adn &t r&y By EP R EI‘P§5“6f° el a“Ph%e‘fo% ‘a8esne té‘ie%ﬁ’r&/
fractionteecdlapry dae o] %@%&WW%@@&‘P@&W@%W&%M fiendtRerapy
is adminigieed euehiiencdussaehatidastighott 8.cagbeutns algeast 5, 7,

10, 14, rl' 1§ﬂy gﬁm%ﬁcrgd?’tdgﬁeésané}glo% 512 rggvéxg g@:‘!’lsd@d?@g ]F'§

weeks), Accord ose of rad ill comprise approximately
5 Gy HEPHAL R 1 s e oyt P oL R sy, 3 2
Gy, 3. 5*“(9%31@1@? surt@v mtrmvu]ar épe wdbr@@ﬁsr%ai@de& 1.5-2
Gy). Thaglallynd aget plfaslibiitonsitoutd.bietsafficigntcginduce destruction
of ghesfargeteghcalis oﬁﬁé‘é‘é%@&ﬂ;ﬁ{s@ rﬁ’&ﬁi%&@ﬁﬁﬂ&ﬁbm&f@é@%’ is not

admlnlsteggrgb e% td)alymrﬂ)elrle %allo ggrg anim tcl)1 nr’.egt and the effects
of the therapy 1o be rea |ze ore e rajdlatlon deswaqola

admmrs%@?éﬁsﬁﬁ%o%ﬁ"s‘é&rﬁﬁwm aaﬁder?of“affrfﬁﬁﬁié’?éd’dﬂe?edﬁys for
each weekapiitgdammanty thete Byal lGvwiggenoimisstbf 7est pas weelng
Howevey; hadiatiemcanbaiadeninistered 1 day/week, 2 days/week, 3

da} ﬂ eek, 4daé/sll cgk,fés mgﬁ%%/l\l/verge Conda%sgrveek grall 7 aé/s/week
dependlng on the animal's res%onsweness Fand an poteRtla side effects.

RadiatiSRPTEFY{5) CRA°HY fHitiafePAreny et i titerEpb atpatiod.
Preferabiybodiméatidire isoimitiene a ipreseé kt s opveentiki2n af dhigadffihistered
for the ragainingedpreadisnyohihe (et eigial PRIAGEakEXUFRIE).4
radiatiop) s gdministered in weeks 1-6 or in weeks 2-6 of a therapeutic
perlod comprising_6, weeks for treating, for instance, a solid tumor.
AlldHtively, %5‘?515‘8?1 i &Wﬁ%é&ﬁ%@%‘w& 155 B SPAEBks™ 5 of 2
therapetaierperds of desrinyersiemnBnisekmintiasbae vetmsiappandfontieslapy
adminiseagipiaChediiamarenatiintenaead hewryendtepimi thenpsesent
inventiog, [Q1 1L 1ARLPUGLoRIA! Hhaf: Qx@e%u%é}g?{&tﬁtma}{ré’éé%&e 45gd as

therapeutic agents in the present invention. Any agent that can kill, inhibit,
or other%f&%"%‘t?%Hﬁ%‘té%%“f’&ﬁ%’ﬁb“#t %?f‘r%"iéFS%P %ﬁﬁﬁ?&?ﬂ% Fredsr B used,
as well s aryamiers coticalildtest wchaviosuvhidctanthesadmtisisiedobial
agents inelyder; hugicane ned limnitaddn, Batusal and synikesieangikiatics,
antibodigs,;IRRIRIRr.BFUEIRSAS B de TERRINSL, ANHREPRSAL GGG ACIdS,
membrane disruptive agents and the like, used alone or in combination.
Indeed, any type .of antibiotic may be used including, but not limited to,
antibacterial agents, antiviral agents, antifungal agents, and the like.
[0112]In some embodiments of the present invention, a compound of
Formula | and one or more therapeutic agents or anticancer agents are
administered to an animal under one or more of the following conditions:
at different periodicities, at different durations, at different concentrations,
by different administration routes, etc. In some embodiments, the
compound is administered prior to the therapeutic or anticancer agent,
e.g.,05,1,2,3,4,5,10,12,0r 18 hours, 1, 2, 3, 4, 5, or 6 days, or 1, 2,
3, or 4 weeks prior to the administration of the therapeutic or anticancer
agent. In some embodiments, the compound is administered after the
therapeutic or anticancer agent, e.g., 0.5, 1, 2, 3, 4, 5, 10, 12, or 18 hours,

1 2 2 41 BE nrAdave nr1 2 2 nr 4 weealke aftar the adminictratinn nof the



[0114]The unit oral dose may comprise from about 0.01 to about 1000 mg,
preferably about 0.1 to about 100 mg of the compound. The unit dose may
be administered one or more times daily as one or more tablets or
WORI6(8L64% ch containing from about 0.1 to about 10 mg, BOMYEATAH RG22
about 0.25 to 50 mg of the compound or its solvates. [0115]In a topical
formulation, the compound may be present at a concentration of about
0.01 to 100 mg per gram of carrier. In a preferred embodiment, the
compound is present at a concentration of about 0.07-1.0 mg/rill, more
preferaiythalpenstd In@u wagites] geisobayir efencabityrs dadsuinges] iy tel.
[0116]pagdiiendeRdminisiRHNFHOR GamHeBs.a rawgherNGcal, the
compoyes Rl EMIoR Ay BRAJTISIRREABRAY BL&crons

pharmzt“a‘fé}j utical preparation containing suitable pharmaceutically
acceptiBiECamies OB IrRisHYIG Bxbipfamr g atsdliSAL LR R Ebilitate
procespiefgafitirencarmp O 2ads Thtorpre paretiionsawhioKDaleds b géd
pharmagasitically. Preferably, the preparations, particularly those
PriRgyatonsyhich,can hisafminisiered.oraly R (aiGRl andwhich can
be used for the fe erredutype of administration, such as tablets, dragees,
slow reﬂ@ﬁ%‘@tf“ﬁ?%ﬂ GREARIRF R, BEL T Peretieial seRRRithewashes,
gels, liquithsudpeh diomschizn. rifvsasshamaqe|sich ramplo ascandoaile
preparaiionsicheapdeadvemnisieras waeiadly/ Shck amatpposiories, as
well as,aiiabie Rel RN [0k AR IAYEROUG PR
injection, topica R/ or oralfy, contain from about 0.01 to 99 percent,
prefera%ﬁl“ﬁ%m about 0.25 to 75 percent of active compound(s), together
withifhe excihentomorbinds] Tide nhasvratieal theaipesiiepo Sitsas vithe
inventiQiniayghe Bany nsiey editaray aeimatwitighrpoay Bipeignce the
beneficjgl gHgetsof the campeynds.efihs, invgRtionEoremastAmong

such animals are mammals, % mapsB althoughhthelinvt(rentionlls not
intend B BB L |HTTRH ‘SR animars inc Gdte Vetetirary'dnimals (cows,
sheep, ipigsaslorsiesicd aeesc Alcanirtyeok ke werPiig | Fhwdmion tadls and
pharmageutinadenianao Sittolsafaareddisney vl adaapaistaregobyhame,means
that achigye heinaiendedowaass; kRE SXIBmBle.AdmIBRIAORNay be
by pareigteral, gﬁpcg&aqeoy%emt&%veﬂgyaf |§t5am%§cular, intraperitoneal,

transdenfial, Buccal, w?Pra%ﬁecall}afn ?a?cranla, infranasal or topical routes.

Alfishtively, T6p cBERMPERif SEPARIARALIOh Ry ey e Bhite. The
dosagenadniictistéiec withize diipe sdeslf ipomtie egephkebitmeandiveight

of the regiRigni.KiRciaf coORGUHRN ikealmAR: TR AL REN B,

treatment, and the nalture of ¥hel effect desired 1191Ttge J%harm%ceutical
QCES88Es us, pharnmnacenlica. r{)IG arations for orgl use can he tamed Y .
prepareftﬁons of the rfresent Invention are manufactured in a manner which

is itself SHEINIRE S EsEn RO By e RS i Rt RB e B g iR ulating,
drageemsdknggnichiss ohiingcosihedpilizing pfiosedsesitcr hdbng suitable
pharmaggutica) Qr&%%@&}qa@eﬁlg_ag@ tabbisg GReS @kgﬁw' o&esy corrllnbining

t ive co nds with solid.excipients ion rinding. t

e i e A N e B
suitablePSIERAERSe frRRSREaBr HEL S SRR B BRaRPE3TRIS S Y Blgee
cores. [¢126} Suitpiiples efcci piantd drealthnpanitiepiate, fillevisigudivdasgen
sacchagglasnaio) £ %M e ACIOSRHOL: SHEIP SR EMBARI10 Ha8RIRItRlize
cellulose preparations and/or calcium phosphates, for example tricalcium
phosphate or calcium hydrogen phosphate, as well as binders such as
starch paste, using, for example, maize 58




starch, wheat starch, rice starch, potato starch, gelatin, tragacanth, methyl
cellulose, hydroxypropylmethylcellulose, sodium carboxymethylcellulose,
and/or polyvinyl pyrrolidone. If desired, disintegrating agents may be
WESHMR19h as the above-mentioned starches and also  PCT/US2006/006221
carboxymethyl-starch, cross-linked polyvinyl pyrrolidone, agar, or alginic
acid or a salt thereof, such as sodiuft alginate. Auxiliaries are, above all,
flow-regulating agents and lubricants, for example, silica, talc, stearic acid
or salts thereof, such as magnesium stearate or calcium stearate, and/or

polyethylene alygollrages &Qéﬁsp@fﬁop&'@lﬂ a@iih Eitabie eaatings
which, If %S'fefh SIS ANR RIS IS %B%n&ﬂsﬁ{&@ﬁﬁose,

concen‘ira‘fe sacc pgé?utl ns may be used, whic mayo tionally

contaurfﬁ‘@‘h?i?lPét}ﬁﬂ’i’é‘1 P@Bﬁv%ﬁ%ﬁd’lﬁ%ﬁatﬁélmfg% GI§/ESt and/or
titaniunaudioxide, daoguamsoiedisashan dnd isalseborymeie sBvdn 8508+ solvent

mixtureg,iy 96@@&5@ Bﬁ@dl&@ﬁ‘ecpgﬂinﬂ&gﬂﬁisaaﬂltotoagaﬁtﬂ&e&mi@aﬁ, solutions

of suitable cell Ios atlons sugh as, EC?B(JP% ase R ;ggl%g or
hydroxyp‘?opyl#%tﬁyl -cellu oréeé a‘efhaquff’e are usedghlé)ﬂ eEstu S Oor pigments

may be“ﬁ’&&%’&’té"fh@‘ié’@]%t§15?acFPé‘i;e“ée‘58a‘iﬁﬁcb§r fif’tlt%ﬁléﬁ? Pte Yy 2
identificadimesiomistarae otocdhiarasterike wdermpebnigmo sl wseapound

doses, J&&%&Qﬂ%ﬁfe@mlﬂrba@maie@tﬁgemraﬂw&wﬂak;lareaﬁmeaed
orally includ we‘shé GaRSM! %@g@&%%&aﬁ&h@ﬁd\@'@& A8a0fl.sealed

capsules ma& ge atin and a plasticizer such as oI or sorbitol.
The pu§FF‘?1t“(f&ﬁ’sﬁ‘Fé(s°BB‘???§5’n"t%fW%%n&@ﬁ?}’éct%}%ﬁ) %’% iR ERA Y of
granulesixdiiclermalyind sniediwitntiférddsuleniae ledtbas, Bheatidlsuch as
starchegandiorbakricasiss waknas (aleaimagnmsiinsigaaieand,

optionally,, stalilizers I fall cPSHes. NEIRRIYe GOMANAISAI o
prefera%ly dissolved or suspend(;% in suit bIe |IICIUIﬁi§ %\f atg\{ oils, or
liquid pAFEHH IS AT S Shilts e ARy BE RG G o8 P9 BB Ehle
pharmaeeétiee W@parmm%%ﬁ%%ﬁé%@&%@ta! |GF3ERS GRS
exampleyrSixppps|tasiagenthiietos an sistabatc ombinatie raidnens nfore of

the actl\égtlggmgmggo\ggﬁth a suppository base. Suitable suppository
bases are, for xample, natur | or SY, nthetic tri erlde ffin
h)}(qf'%garbons ?f‘ ;'3% ace 51590 ptgélglwlf%c 09?}45% ge éfuorf r ctaflall s sules
59 whickrgofisrepwics E’éi’ﬁtﬁﬁéft b o e etivE: ST AR S\/\Hﬂﬁiea ase.

Possibledbaiserhadsiaiizinsivids, figccentampleididqiidrtrltifcerads can
polyethylgng, ahcRld.XoRBEaAin iR YeY asar bppendRd 43EE wikg e mixed
formulatiopsfor.Rare eI AdmiLstaton JEhuds akiaabizag i of the

active compounds In water- §O orm, OI’ exam le, water-soluble salts

and alkaHAESBRFIEHYED Fieaaaifth 08%}3%3?61?1@2815'[% BRI PBunds
as appregivateniyinjectqnesusiie disios! rmasndpendeihiinisitelrie di@isitable

lipophili%@bé%&fs\@h@%mhﬂdﬁ faltvonisaiorexampladssesame oil, or
e o A L AP MRlE Gl P SRR denfy
ye ylene gf CcO 48 queous’injection suspensions may contain

su bstan%@%fﬁ%f?ﬁ’@?éeﬁ'épm%t?ﬁ%é@ﬁ;‘ P %{fsffé?"’é‘??ﬁ?’iln"(gl ERfe for
examplepsodiuhe editzosoprpetiiy| o e lvsposionbist, Snitide dwresdery
OptionaUysegher§umeeﬁ&mmammo&ommtﬁtabgmfﬂe@o&%mﬁe
topical omBaRiAn LRI eh MBI RS RIFleiAPbL A1
creams, Totions, ointments and { eﬁ by choice of approprlate carriers.
Suitable carriers include vegetable or mineral oils, white petrolatum (white
soft paraffin), branched chain fats or oils, animal fats and high molecular
weight alcohol (greater than C/2). The preferred carriers are those in
which the active ingredient is soluble. Emulsifiers, stabilizers, humectants
and antioxidants may also be included as well as agents imparting color or
fragrance, if desired. Additionally, transdermal penetration enhancers can
be employed in these topical formulations. Examples of such enhancers
can be found in U.S. Pat. Nos. 3,989,816 and 4,444,762. 101251Creams
are preferably formulated from a mixture of mineral oil, self- emulsifying
beeswax and water in which mixture the active ingredient, dissolved in a
small amount of an oil such as almond oil, is admixed. A typical example

of such a cream is one which includes about 40 parts water, about 20
narte heeccwavy ahoiit A0 narte minearal nil and ahoirit 1 nart almond nil




ingredient, in a suitable high molecular weight alcohol such as propylene
glycol or polyethylene glycol. [0128]The following examples are
illustrative, but not limiting, of the method and compositions of the present
WREPRHIBHSOther suitable modifications and adaptations of #a&/ V28415721
conditions and parameters normally encountered in clinical therapy and
which are obvious to those skilled in°the art are within the spirit and scope
of the invention. EXAMPLE 1 DESIGN OF MDIV12 INHIBITORS
[0129]Since many anti-cancer drugs are either natural products or contain
a core phatnasephis eottiveid fitthe adittrapaoddictitha bsarbsib&s done
for natyral produsts that ceuidRiyidgia Mayekaeatfelskigidhagesion of
compounds capable of. |nh|b|t|ng the interaction between p53 and MDM2.
[0130] @rd?‘?fﬁ (Siﬁocfﬂef ﬁ(lng studies were carried out using the GOLD
prd&HEIm (verSiiable fymiiatione ohersestc fripdeton AT S uctures
of ligansigusiekeot tia atitivetethadutdd BivdarSofubth Emardyr miimipkzeddoy Tripes

force figlg,plhend QM%&L%@%@&A@S pxrasied famihes vy sialstRecture of
MDM2 bound with p53 (PUB code: X lelydrogenswer ad e%to the
g\ag €ec OI% Sus

protein ERETRG LY BY PPRB4F, mgcﬁ{/e R RS R éncompass all

atoms vﬁhiﬁﬁhlﬁllmz’hhteaﬂiﬂ%@ﬁh%ﬁ]éd?ﬁh‘&é‘%ﬁ@h?\}éa@rlﬁ’@é‘i‘é‘ﬂ » 35tHE center
of the Tep23 ohtheiphBypeptidersTiestamitarthyb elstiorAlgbrithdes protocol

was Selﬁ(ﬁgeﬁt;fgﬁéhgx %kmg qusoe%cm@ampcwmnﬁf&ﬂn@wdwag@@cklng
runs were conduc The generated 2 ions 0 | ere
ranked ag’c%r ﬁg“fom éngrgégrqu? &1em%c§#a&1 The b ’a(lel(gs?granl‘%eij?:lr| iy\[Jtlon of

each ligEBRas RbED rearprReiph ré Siests e hithe 1 Her & Ehsis of
binding opdoeilythd0d3dBpireirylrostatnsibigeresents a class of natural

alkgigyds isolaiga Qmmﬁpéamem@mmﬂa ot Aspergillys fupigaius
(Usul 2 gl SHoChSo: dind dha WNE LresbloCmipRHRNaLdRCKING

studies & Oweénfhat sp frotr prostatin A ca ind in"the hydrophobic
cleft of NS, %Hﬁﬁé“%‘ﬁ%(&%ﬁtﬁ]ﬂﬁfér grigeral oilsiiHhiLS) p(?gf’éa@ﬁ“u% 12 may
be usedsels pertfic) stafkbld fdrith ételesiofts ofimalkfete kadshishimelibitds of the
P53-MDy2iniesdelighatthgaxiprhole seitclosalkmiriassthie whipRBoesidue

in both fydroagn-nond {ormarpn %%1QX%°PJ?&Q&e&Qteﬁ9&U&&%V'%MDM2
The pyrrolldl gz/ll rlng provides a rl%ﬂ scaffqld with which two hc)églro hobic

groups CAPPHET AR WMV EAD Bt PR PRETYR) “Rohihber of
templatdrepmpo ifitisipde Adfitigola drapsiisgraifrereiritiou paiisen et daps with
differentegpnfjgu ratinss wptdhesebmppungila vascshaluicée minic p53

well in '%MBQQ@’FQ%&'@@@@J@X Sysgirephobic interactions W|th MDM2
(FIG. 2A). The_ 6-chloro s EL;R}% tu ateghf%e oxmdole I‘II}%OCC iafsmall

hyg)rlgﬁhoblc POERE R IR AR Thte raction Which has géan Shown to be
effectiveeirrlsitian dirrgvitie %th‘iﬁgf arrirties BPpss- B‘és@&"ﬁe’ﬁﬁfd@%hlbltors
of MDM2i{Giascink cheverianadtad sildet et bit) 3 320520 0a}al
EXAM P%ﬁ%pﬁ%@s@éﬁ%%%ﬁ"‘é@ﬁc RRLARIGAT LQLN@BX@'M@A@éP%
[0132]Compound is \%/ ntheS|ze as s(p%wn in % using an

e

t1
asymmetie 1A e ARHE T ALY RR)"SP8h (@eﬁ ar et at,, J Am.
Ch8fa6l 62  Ointments may be formulated by m1x1ng a solution of the active

ingredient in a vegetable oil such as almond cil with warm soft paraffin and

allowing the mixture to cool. A typical example of such an ointment is one




Soc. 122:5666 (2000)). The absolute stereochemistry of la and other
designed analogues was determined by an X-ray crystallographic analysis
of one of the key intermediates, (10R,218,TR,31R,38,4122)

W 2A61B244¢ (3-chloro-pheny1)-V- CT/US2006/006221
(2-hydroxy-1,2-diphenyl-ethyl)-2'43%mothyl-butyl)-2-oxo-1,2-dihydro-spire
[indole-3,3cpyrrolidine]-5'-carboxylic acid dimethylamide (FIG. 3). 101331
To determine the ability of la to disrupt the interaction between MDM2 and
p53, a fluorescenc gization.(EP)-ha elg& odin assa )
P e Al A R D A b e
peptid&ei@hrcia-Echeverria etal., J Med Chem 43:3205 (2000)) labeled
Witt7h fluoréstencentagbel henflndréscerppedbey, Wemend MOMEYE, had
the SegUeMER, in a suitable high molecular weight alcohol such as propylene
(5-Farg%&la-%]{g- e‘Qe-ll\é((i}-Aib-pTyr-(6-C1-1-Trp)-GIu-AcC’-,c-Leu-Asn-14
112) ( £0 15 :Y‘, whérein Fern is carboxyfluoroscein, Aib is
§iiathinoisobtiyrile ks el eALS 4 RS T AR HYCTE IBTBE &% Hefitsoxylic
acid. Thédéhpaitieodtite biesdingrobtiis Gdsignediermbéiicidd M2 protein
was JBIGIHIBULIBRA00E (oM ARl sbaiAg Al bissepide

inds to the ace packet,of the N rotein with,very high. affinity
(16, B e D e o
PMDM§-2H ﬁB‘#f@"f’B BBV BHSRein by an unlabeled peptide with the
identical sequence. It was determined that the corresponding unlabeled
PMDMG6 peptide (IC; = 0.7 rtM BXEMRE significantly higher binding affinity
than the wild-type p53 peptide (PLSQETFSDINKLLPEN-N112) (SEQ ID
NO:2) (K; = 6.7 AM 1 DEJISGORBDNREVEESFIFiHant MDM2 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. 10134]The
d¥I38} dependiors hing kg -exprsdmes s withee Tdirboroutsvcesralkdilutions
of the ¢estereampautadsrirDidd Quthab pMEar) pleeattheatesigdsamples
and preinchiatac @M%mtgssk,@-oalqd%\ﬂ)saﬁglf%PM@-&@@FJUPG

(0.001 AM) in_assay buffer (100 MM potassium phosphat 7.5; 100
g BRI TR O B OO B e from
N#bgen LifemmaiHerslotrking etediexeert rrayeRto gsthe o igekD

round pettan(patesy(Histie mhs Clenittio): thopso ductoa fialsvadumecnf 125 Al

For eagh g5 J&Qu@%@&@%@@@ﬂ%d%&gﬂn%@@m%}éﬂg%protein
ept

and P -F jvalent to 0%.inhibition). and free ol
g R R e R s e
includ 8Pt HEH Rz RSl eredredsures Aitet B B BPRiRubation
when thiahHYHEY fdadhe dedquilibrissmetistd ¢p anctipii Al REMSDERN(Tecan

U.S. Inciz Resgarchdtiansle EakwhiGledcDl alias: treninmiyiol
conceplration al.which 507 of pound peptide is displaced, were. .
determinéd f%’o?n a plot using non mearfeast-s uares analysis. éurve
fitting WadoErBrRcEErpRIPeriat) By b dordsive Sumtvyerres pesPaishPad
Softwéite, gererp@ard Bilgoms CPepc0kBE] Tore sdukad tectivdinpindingaftinity

constaat@%rfl@cafe.iniﬁ!f;b itelSmiles fwﬂgwﬁgtg gzgy aten deveiened ﬁg -
computing the K: values in FP-hased binding assays was use
Klr.-{lﬁcgglaélﬁ%%ﬁ{“ﬁ?&ﬁ? ES Sllsnowﬁllglﬁg[ﬂ%(% denotes the concentration

of the free inhibitor at 50% inhibition, [I150 the concentration of the free
labeled ligand at 50% inhibition, [1310 the concentration of the free protein
at 0% inhibition, and Kd the dissociation constant of the protein-ligand
complex. For accurately computing the K values of inhibitors using the
presented equation, a computational procedure was developed to
compute the accurate values of all of the parameters required in the
equation (Nikolovska-Coleska at at, Anal. Mechem. 332:261 (2004)). A
web-based computer program was also developed for computing the IC1
values for inhibitors in FP-based binding assays based upon the same
equation. [0136]The fluorescently labeled p53-based peptide had a 1Q
value of 1 nM with MDM2, which is consistent with its previously reported
high affinity to IVIDIVT2 (Garcia-Echeverria at at, Med. aetn 43:3205
(2000)). In this binding assay, a natural p53 peptide (residues 13-29),

which wace 11ead ac a nncitivve contral and in were determined t0o have KA




[01381Modeling studies showed that introduction of a chlorine atom at the
rneta-positon of the phenyl ring in la can exploit the additional room
available at this binding site and improves the hydrophobic interaction.
Wih8eBiGtfies also showed that introduction of a chlorine BtGAYP¥iH6421
the pan- or the ortho-position of thgjphenyl ring in In may vitiate binding to
MDM2. Compound Ib with a m-Cl was synthesized and determined to
have a KJ value of 300 nM. It is thus 28-times more potent than la (FIG.

o thither confirm the model|n edlc ion, the C ith a p-Cl
Uistiwent (65 RS A SR BT e GBS B tent than
Ib (1Kt fermentatigy, bexh OFbA%erélﬂu{dmm iftigate dladirféerthd isobutyl
groupjmdwismm)pm_imahand thehydoaphetiintefaciomatdnisgaite was
furthegp‘?ﬁ&i}?}é&ﬁyﬁ NGiRARIE %W&Bﬁthﬂ‘%‘éﬁ‘Qf%ﬂﬁ!@SﬁP%ed that a

2,2-dimeth ? grou an enh %ncte e hyd obic. inter n (FIG.
2) and Y PSS Mty é’é%oplou??ac GRS 8 PR HE c? o have a

K, valffs ¢ d6iemaiarmsichiseelanhiiery ﬁd’eemﬁrmmrlwm@m@hm DM2
interactinolbeifig dd@dimas ot pOLE3t tadudhe nathiray@bdnpeptide. 66

formation and hydrophobic interaction with MDM2. The, pyrrolidiny! ring
provides a rigid scaffold with which two hydrophobic groups can be attached
to mimic Phel9 and Leu26 (FIG. 2A). A number of template compounds
were modeled using different substituent groups with different configurations.
Of these, compound 1a was shown to mimic p53 well in its hydrogen-bonding
and key hydrophobic interactions with MDM2 (FXG. 2A). The 6-chloro
substituent on the oxindole ring occupies a small hydrophobic pocket in
MDM?2, an interaction which has been shown to be effective in enhancing the
binding affinities of p53-based peptide inhibitors of MDM2 (Garcia-
Echeverria ef al., Med. Chem 43:3205 (2000)).

1a
EXAMPLE 2
FLUORESCENCE POLARIZATION BINDING ASSAY
[0132] Compound 1a was synthesized as shown in Scheme 1 using an

asymmetric 1,3—dipolar reaction as the key step (Sebehar et al,, J. Am. Chem.




[01401To confirm the importance of the hydrophobic interaction at this
site, compounds le and if were designed and synthesized, having a
smaller and a larger hydrophobic group than Id, respectively. Modeling

WQI8e8%Egested that both le and if should be less potenP $HAYSH0SA 3R
fact, FP-based binding experimentg,determined that le and If, with IC;
values of 650 and 390 aM, respectively, were substantially less potent
than Id (FIG. 5). 10141] EXAMPLE 3 CELL GROWTH INHIBITION
[014210ne major advantage of non-peptide small-molecule inhibitors over
peptldgé'cbétzgesé‘%ﬁFﬁ%??&s%eﬁ“’é?ﬂ%%eéﬁﬁp%ﬁ“ﬁ@m?eﬁﬁ|ﬂi’§Frﬁ%‘gﬁ?%dlcted
that petdeguassrspleptidecdhbibitcfsayfoeaiEED Meintarfaetof tech as id
will begfiaekivedrinds ibitios, @k@eilagwmﬂa aislivisiondin-griags!icells with
a wildesypg, form z%géﬁﬁ%%ge ) DARHOHAR OIBe, A YA PO

Furthermore,t are predic ave sé ect|V|ty in cancer cells with
elthersauﬂg’éj%?"ﬁ PErLRekArsub o teaniddinrby onite 1553 To test these
Pédictions Ta detirgviosvthe sabdity watndevditopedhesingaimantpeastate
cancenbNCaR 353aildrtyRageasbiin(p3 sl calHp @@@T hgstoxic
effects of GABRANACS i%@oHBIM' lﬁs«AL& vxﬁs&fls&gx énane LA prmal

prostatet}eagghella ef;ll line. [ Cells were see t bottom

cell chfRRHE Srates ks 5"8%%&%%%{&63 ééﬁ%?ﬁ/@l?@??daﬁ?&%‘é{?éﬂ in the
presefleacgiceentigodri8usrsteniayabeT naned RVBINEN.drdwithsaahibition after
treatnie RNl RIINYEKICTIEHANS- Dh|ECRBROHNANES)

deter W WI%%&I@n(g ‘carboxyfluoroscein, Aib is -aminoisobytyric
methoxy '}'t/&o gy 1§§§ nltro henréo -5-(2,4disulfophenyl)-2H-

tetrazBfiim moHos FOBSRIGD RS f?’cﬁdecﬂﬁolféd?é‘éelﬁfc
Gaith&tsblfgevaiiatisispl ris 4Rl et s avin st eoritehigdion of
10% tacsaphiileivand dhesphates we s patibatedab B Guforpsckyis. The

67 ab@p{mﬁm,@ foHBRS AP IRS WAS 5@&%@@%@@ 84&}5%@} AiRigle reader
(Molecular TECAI\% LTR f) Eia{}on of the compounds
that inhi l';mte ﬁ % vg(%ﬁp (o orﬂ was C§Fbu n&“}*}f CM% rmg
absorBai&e Ii’ﬁ e \HHTPélﬁi?eaeP,%‘st Hil the Kemicttewmangrith fhevas
compéeirdnct thetcbrnepowspagiipdubéed «caiMimgd tiapitieiition nmat +

dose- d@p&&d@éﬂﬁ@aﬂﬂﬁoﬁg@mﬂawﬂ%@&@@eQ@m%g'ﬂg?)'gem highly

effect lls. compri d type
p53, vk\}?%ég%@l%gio value ofﬂof%yv (ghld\;l (@@alg (ﬁgosréng %di%ﬁgéand If
also efBctlEITPIAmITRSE ERNG fawen Wﬂﬁ“?@ﬁ‘\‘}gﬁd Yfysed 19 Hisgng 1.9
AM, réspsciSIEtRIG: 8)s Thidéraadtivitlds mdmhibitionoficelifgrowth in
LNCakngelissefrelate perfectly with their binding affinities to MDM2.
fodhlar selaliit was BuaAa] I BlnESls YA Resgl g3 Ao

expeccﬁtd these MDM2 Inhibitors were much less potent in PCH cells

than ift CREERD BEIETR &mrred B e, A Witiare elsBe 5/ of 22.5
MM irf9Pels adliseiraba 2t Ia pesem@thie tivBrih INTDAFFqelisde
[0145@3canermealaslitaino AaygadtdyRespRd, AoRtenE) gancern in
develga%@QM&A%@M%W&B@% M!i%'\{%réﬂa% Jon. %%évﬁ%”“ cancer

drugsl; rb may be nonselective an equa y active | Ing normal
cells aStHRYHTe Wi SRR eI tOmpRidrIdhetw fisted in
norm@%ﬁﬁ%ﬁﬁi@t&té@bﬁhéliﬁ%@lﬁ%P@@ﬁ withBevilekedy peap58eand it
was determined that Id had an ICso value of 6.0 MM in PrEC cells (FIG.
8). Hence, Id was 13-times less potent in PrEC cells than in LNCaP cells
and displays a good selectivity for normal cells. 68




EXAMPLE 4
3-E-BENZYLIDENTE-6-CHLORO0-1,3-DIRYDRO-INDOL-2-ONE
[0146]General technigues: Elemental analyses were performed by the
WHS9eHiNeHt of Chemistry of the University of Michigan, Ay KH5é#0q(pe221
Where molecular formulas are give; elemental compositions were found to
be within 0.3% of the theoretical values unless otherwise noted. Optical
rotations were determined at 589 mu at 25C on a Perkin-Elmer 241
polarimet é)n CHCl?a) Single-c | X-ray @\Xlﬁ er ormed at
the. NERH FESHE R LAY SN D R FEHfa wore
recorﬁe@”@t@@@%@éﬁdﬂ%@ﬁ@@bé@%@%&r@bééé?c?é@)&i@% MHz on
a BmkgtitANCHEBAGns pakipel eicAitdN ITHR st eiienwaties ektained in

rom e for

r

multlﬁﬁcﬁ? gfﬁ\ﬁ&%é]) r&ﬂarf‘?a = snl;{lgle 9c d%ﬁ%%? Fetor et %f“- quartet,
m = rﬁﬂﬁ?ﬁléﬁed@‘ﬂbd@u ppEcaRsEbmaL, a4t high 3906 t%lbﬁ“ltﬂ‘q rertidulite quartet,
br = btiegsh{f) b Methask Ao 2apBolisthg ndafifet Mescs@xindatey (k.67 g,
10.0 Ak E Qb RS b HRENE A bisnZalEhy 184 mmol)
and I%F@%Q%n 1(%3 ege& ded. After 10 min at room temperature, the
solvent'was rem’ove iTvactia, and the residues together with the flask
W83 placeda w@%dwav@d&zeﬁffaﬁa et Ok PhimigbBorssdhey).
Extradtlonnmg sqatinie deribpet hfdSniuting 18O 1K, thivesohidRR-asséitered off,
and thg.aguentyas fggoved in vacua to yield the crude product, which
was used without further %m 6'1?) gl} ethod B: To a solution of
6-chloro-oxindole (1.67°Qg, olﬁ JH .’methanol, benzaldehyde
(10.0 imviah ﬁhddmpe$lmm(®@tgywef@1aﬂcbdhmrméﬂﬁé$ﬁmihgnmixtu re
was refiuxed dakéhdagenl Sanereq nitaia was diliesed Q,ﬁl@ﬂ@hvmgm%d by cold

methgnol. X [ gluat }n 1- 1N 30 o 0CDC )8
790%691%’5 %do%f%ﬁl%l gl?éé Kt «{P ‘}HJ% Mﬁ%@ aM %f 45

= 5. PG e Bgivligad %’W 2E‘)r @W@ya%’%%t&m% % 2 Hz,
111), %86 (£ TN EOARMPhEBsUb O sinvmptood doreadtie
following ResrpaiddenwrEaHe Eﬁﬂ@iﬁdalues of all of the parameters required
3-E-6;CAlorgAnds RAloR:Repalidens): LA by 0:indabd- 004y,

A web-based computer program was also developed for computing the X

v

values for inhibitors in FP-based binding assays based upon the same
equation.

[0136] The fluorescently labeled p53-based peptide had a Xy value of 1 nM
with MDM2, which is consistent with its previously reported 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 X; values of 6.7 uM and 8.5
UM, respectively (FIG. 5). Hence, 1a is a fairly potent inhibitor of the p53-
MDM?2 interaction.




one 101511IH NMR (300 MHz, CDC13) 58.08 (br, IN), 7.76 (s, 1H), 7.62 -
7.61 (m, 11-1), 7.55 - 7.43 (m, 411), 6.92 (d, J= 1.52 Hz, Ill), 6.89 (dd, J .=
1.91, 8.18}k, 111). Is)3-E-Benzylidene-1,3-dihydro-indol1-2-one

WOLSHINANMER (300 MHz, CDCI3) 5 8.32 (hr, 1111 72 F(3/UEH6PAR21
7.66 (m, 3H), 7.75 - 7.43 (m., 3H)¢4/.24 (td, J = 1.10, 7.69 Hz, 11-1), 6.93 -
6.87 (in, 2H). c)3-E-6-Chloro-3-(4-chloro-henzylidene)-1,3-dihydro4ndol-2-
one 4)3-E-Benzylidene-6-bromo-1,3-dihydro4ndol-2-one

e)3-E-Benzylidene-6-fluoro4,3-dinydro-i -2-

e

3-E-B+Chioo 8- {broertishiarz fid Spey- insrang b d8AY3: offe n)
3-E-GsGhleyon3- (henyetingl baazylide ne)hi , Bydiipysio- riatbh poke i)
3-E-6,Chloro;3-(4-methaxy trosnaylidenglliSsdivdiodndoh2wm@ne 70
pocket. Similerly, the isobutyl group of la fills the hydrophobic binding
pocket occupied by Leu26 but a larger hydrophobic group could be
accommodated. New analogues of 1a were designed in an attempt to optimize
further the interactions at these two hydrophobic binding sites.

{0138} Modeling studies showed that introduction of a chlorine atom at the
meta-position of the phenyl ring in 1a can exploit the additional room
available at this binding site and improves the hydrophobic interaction. These
studies also showed that introduction of a chlorine atom at either the para~ or
the ortho-position of the phenyl ring in 1a may vitiate binding to MDM?2.
Compound 1b with a m-Cl was synthesized and determined to have a X value
of 300 nM. It is thus 28-times more potent than 1a (FIG. 5). To further
confirm the modeling prediction, the compound with a p-Cl substituent (1¢)

was synthesized and found to be 26-times less potent than 1b (Kj=7.7 UMD,




j) 3-E-6-Chloro-3-(4-ttifluorometkyl-benzylidene)-1,3-dihydroindo1-2-one
k) 3-B-6-Chloro-3-(3,4-dichloro-benzylidene)-1,3-dihydro-indol2-one
1)3-E-6-Chloro-3-(3,5-diehloro-benzylidene)-1,3-dihydro-indol- 2-one

W HEBIBtHMOo-3-(3-bromo-benzylidene)-1,3-dthydro-indBETABpfie 006221
rt)3-E-6-Chloro-3-(3,3-dimethyl-bugylidene)-1,3 -dihydro-indo3-2- one 0)
3-E-6-Chloro-3-(3-methy1-butylidene)-1,3-dihydro-indol-2-one p)
3-E-6-Chloro-3-(2-cyclohexyl-ethylidene)4,3 -dihydro-indo1-2- one Q)
3-E-6-Chloro-3-cyclokexylmethylene-1,3-dihydro-inclol-2-one r) 3
-E-6-ChdIbro-§-cy}glapentylmethykne-1,3 -dihydr%-in -2-0ne S)
3-E-6-Chjsrg-3fhjophen-2-yimethylenes1,3-giydigpindol-2- one 1) 3
-E-6-Ch R-pyridiH-2-ylmethylene-1, -d|-in NHon¢ u) 3-E-3

3 o-441uoro-benzylideneb
-dihydroindo1-2-6he x) H
3-E-6-ChIoro-3-£§-chloro-5-fluoro-benzylidene)-l,:iédihydroindol-z-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-MDM2 interaction, being 78-times more
potent than the natural p53 peptide.




y) 3-E-3-(3-Bromo-benzylidene)4,3-dihydro-indo1-2-one z)
3-E-3-(3-Bromo-benzylickne)-6-trithoromethyl-1,3-dihydroindol-2-one 71
EXAMPLE 6 (2',R,38,472,511)

VEIBREANB541-(3-13ROMO-PHENYL)-21-(2,2-DIMETFIY [ECT/US2006/006221
PROPYL)-2-0X0-1,2-DIHYDRO-SIROUNDOLE-3,2.-PYRROLIDINE1-
5'-CARBOXYLIC ACID DIMETHYLAM1DE (ICE-29) [0/531Under argon,
to a 100 mL flask with stir bar was added (28,3R)-

6-tetr, -2.3-Cliphen 1 3 96 romol),
@%0?(3 bro%o% Fenztg %étxﬁr%r%gqy% qh ro%l:rlga ?f?é-one gﬁ 75
mmoRPEPerrs RIS ﬁw&éww%@wﬁf%&éymg a smaller an
3,3-dimettiyldlpbybid gelvy dief A d, Sespendt}ian dtdtlien eEe: inlg)estdde mixture
was hﬁﬁlt%ga t&q Zﬁ@fatmlls%met@tg&a&t@fma@mwf{ar@mgéetﬁmﬁ}%f ?Ixtt:j re
was coole rogm te ure e cu ve iltere

off. THE €6V gﬁng v%ggl?er?nove(i ?ﬁlc{/aéuéta}}gg he re%réubi Wdzgel OSl‘J&fled by
chrorfFaRsGraphy 96 SHetantiatvies mpafdapAdie: £81541 The 1,3-dipolar
product (2.0 mmol) obtained was dissolved in TRYdimethylamine (4 M, 5
WtHand the resulting solution was stirred at room temperature overnight.
The solvent was removed in vacua and the residue was purified by
chromatography to yield (1"'R,2X3.8%2E 87?,33,,PR) 6-bromo-4'-
(3-bromo-pheny1)-21-(2,2-dimethyl-propyl)-11-(2-hydroxy-1,2-diphenyl-et
hyl)- 2-oxo0-1,2-dihydrocqirofirdeten33smmolidine]-5Learboxylic acid
dimethylamide, 10155]At OC, to a solution of (2 '92,2"8,21R,3112,35,4 77?)
64rromo-4'-(3-bromo-

johvahy 1)-2'-QRs2xaljpaetivybiinro p§/hel-hefBda erokydieuit phiatiyd=e tryt) - 2-0x0- 1
722?Mgg&%ﬁﬁ&@ﬁﬂﬂ%&&zﬂﬁxmﬁmal ﬁnﬁegmgylt& 'Qdféiéﬁ%wlamide
o e e P e s e Bt s st L
the sRTER fﬂté’%‘ﬂ%‘r&ﬁijﬂ FebAd it gr iR T B nERavEAt was
removed frmyafp@ tmuhgheinegidereofitbsaptvified 5§ dhrématogbphy to
yield taeppiasiicio IRISEImRS)iS 2:ode cABGHERR) mowmaoo MIL,

CDC%ﬁ)me‘a &Hr) f&m{xc}r\l_‘)fmzm QE% 2§o(glt %%‘sg'gtla&c%ons Qe:ﬁ%\- \'&’%H) 6.97

(s, 1F1), 6.86 (d, J 2808 Hz, 111}, 4.54 (d, 5
7.50 B5HY, "@@1’6& "§“¥ %“i&’i‘fﬂfﬁﬁ %“%ﬁ IBFCA (53 Wik fp and 13 1,
1H), 303 (25313 2e8lies. IFY, toxirgefficts PEBSoRsh PzmaH¥10.90 (d, J
= 13.5R:kscln DA (S nSirk)] A3 RIMLRIG Bz, CDC13), S 181.16,

bIBP8, 14%&@mﬂefe]séﬁ’ed%%s%u]fﬁ@b%@m}@&r%m aRE ue o deydfly 126.08,
124.60, 1 %)58 3%;1 46, 113,17, 68,03, 6515, 58.08, 43.12, 37.21,
0.1

361 9 ell and incubated in the presence’o 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—(1—nitrophenyl)-5~(2,4disu1fophcny1)~2H-

tetrazolium monosodivm  salt (Dojindoe 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



EXAMPLE 7 (I'12,2"3,2'R,15,41R,5 72)
6-CHLORO04-PHENYL-V-(2-HYDROXY-1,2-
DIPRENYL-ETHYL)-27-1ISOBUTYL-2-0X0-1,2-DIHYDRO-
VERRGDNOOLE-3,3'-PYRROLIDESE]-5'-CARBOXYLIC AXSITUS2006/006221

DIMETHYLAMLDE [0157][ea -81.97(c, 0.3, CHC13);NMR (300 MHz,
CDCI3) 8 8.25 (br, 1H), 7.73 (d, J = 7.88 Hz, 1H), 7.42 - 6.93 (m, 1611),
6.78 (s, 111), 5.20 (s, 1H), 4.64 (d, | = 10,07 Hz, 111), 4.59 (s, 1H), 4.52

=3. A7 -4. . , d, .=10.83 Hz, 1H), 2.86
Eg,’ él"f’)g)? %EHFZ((%%%’? ﬁai%"aﬁgw%{g’r%ﬁg%%ﬁ“ggé 7138584 6%21 73
1120 PMplenjerDor s TEFAN URERA). 6The gornpenmyatipr of She oompqunde3), 0.85
(d, J +h8.3ibird 3], Grodi(chy. 156946 WS 2va3 HplclBEdNI R dnffmddii z,
CDC18orehéb it Iclbfharra 148 I #AQR treated with the compounds.

The compounds induced cell growth inhibition in a dose-dependent fashion.
[0144] As predicted, compound 1d was highly effective in inhibition of cell

growth in LNCaP cells comprising wild type p53, with an ICsp value of 0.83

M (FIG. 6). Compounds 1b, 1e and 1f also effectively inhibited cell growth

with ICsy values of 2.1, 2.7, and 1.9 uM, respectively (FIG. 6). Their

activities in inhibition of cell growth in LNCaP cells correlate perfectly with

their binding affinities to MDM2. Cellular selectivity was evaluated in PC-3

cells with a loss of p53. As expected, these MDM2 inhibitors were much less

potent in PC-3 cells than in LNCaP cells (FIG. 7). For example, 1d, with an

ICsp value of 22.5 pM in PC-3 cells, was 27-times less active than in LNCaP

cells.
[0145] Since normal cells also have wild-type p53, a potential concern in

development of inhibitors of the pS3-MDM2 interaction as new anti-cancer

drugs is that they may be nonselective and equally active in killing normal

cells ag they are in killing cancer cells, Compound 1d was evaluated in

normal human prostate epithelial cells (PrEC) with wild-type p53 and it was

determined that 1d bad an ICsy value of 6.0 pM in PrEC cells (FIG. 8).

Hence, 1d was 13-times less potent in PrEC cells than in LNCaP celis and

displays a good selectivity for normal cells.



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,
WO 2006/091646 , PCT/US2006/006221
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EXAMPLE 4

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

9,
/
Noes

[0146] 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.

[0147] Method A: To a solution of 6-chloro-oxindole (1.67 g, 10.0 mmol) in
60 mL CHyCl:CH3CN (1:1), benzaldehyde (10. 0 mmol) and KF-ALO; (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.




28.12. EXAMPLE
(17R,2"S,2R,3S,41R,SR)6-CHLOR0-4'-(3-CHLORO-PHENYL)-11-(2-
HYD1tOXY-1,2-DIPHENYL-ETHYL)-2MSOBLITYL-2-0X0-1,2-

WY YIREISSPIRO[INDOLE-3,3cPYRROLIDINE]-5LCAR B XAEEF06AP9331
DIMIETHYLAMIDE 101581[a]; -769 (c, 0.2 CHC13); 1H NMR (300 MHz,
CDC13) 8 8.15 (IN, 111), 7.75 (d, 3 = 7.91 Hz, 111), 7.21 - 6.86 (in, 14H),
682(d S =7.82 Hz, lll), 6.73 (s, 1H), 5.18 (s, HI), 469(d J 10.28 Hz,

451( 5Hz, 1H r. 1H 2 3.48 (d, =

S Hz, 111 ’%% 3 éﬁk}ﬁ’ki%"sg‘%(%%‘b? °}‘l‘f§° “?ﬁ % é 3% 06 (s,
3H) 1988L 1% ‘(?hbi‘ﬁﬁldi%ﬁ (18 Omn)) and piesudined19 @ wereagied ) 0.47
(d, 1=800ckiznEH) G NMRITEMbiZ, IBD CiS)B:b76:06, TRE3,
140.8QkADv3ned 36 2ib rlodRfitho k34406 33:86u30.81, 130.71, 129.54,

3,128 1, 126.7 8 122.39,
1585, 75 é%ﬁ%@é@é@% WG R, 0y
23_397@@@3{ 8.27 Hz, 1H), 7.49 (d, = 5.87 Hz, 2H), 7.39 (d, J = 7.35 Hz, ZH)

6.90 (s, 1H), 6.85 (d, ] = 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, CDCl3) § 8.08 (br, 1H), 7.76 (s, 1H), 7.62 ~ 7.61
(m, 1H), 7.55 ~ 7.43 (m, 4H), 6.92 (d, J = 1.52 Hz, 1H), 6.89 (dd, ] = 1.91,
8.18 Hz, 1H). ‘
b) 3-E-Bengzylidene-1,3-dihydro-indol-2-one
{0152} "H NMR (300 MHz, CDCls) & 8.32 (br, 1K), 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-B-6-Chloro-3-(4-chloro-benzylidene)-1,3-dihydro-indol-2-
one
d 3-E-Benzylidene-6-bromo-1,3-dihydro-indol-2-one
e) 3-E-Benzylidene-6-fluore-1,3-dihydro-indol-2-one
f) 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
1) 3-B-6-Chloro-3-(4-methoxyl-benzylidene)-1,3-dihydro-indol-2-

one




74 EXAMPLE 9 (1"R,2"8,2'12,3S,41R,51/1)
6-CHLOR.0-41-(4-CHLORO-PHENYL)-1"K2"
HYDROXY-1,2-DIPHENYL-ETHYL)-21-I80BLITYL-2-0X04,2-
WB60ISH0-SPIROPDOLE-3,3'-PYRROLIDINE3-51-CAREEpI§096221
ACID DIMETHYLAMIDE OHO 2,, Cjj(N---~(s) Ph (R):5' 11 N ph 2' vi? N
3r,- r Cl [01591tcx12d -93.3 (c, 0.2 CHC13); 1H 141VIR (300 MHz,
CDC13) 8 7.80 (br, 111), 7.74 (d, | = 8.09 Hz, 111), 7.34 - 6,90 (m, 1411),

. , 1=8,41 Hz, .
6.91(d ) 3-B-6-Chloro-3-(4-triflnoromethyl-benzylidene)-1,3-dihydro-

indol-2-one

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

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

q) 3-B-6-Chloro-3-cyclohexylmethylene-1,3-dihydro-indol-2-one
) 3-E-6-Chloro-3-cyclopentylmethylene-1,3-dihydro-indol-2-one
8) 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-B-3-(3-Chloro-4-fluoro-benzylidene)-6-chloro-1,3-dihydro-
indol-2-one

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

y)  3-BE-3-(3-Bromo-benzylidens)-1,3-dihydro-indol-2-onc

z) 3-E-3-(3-Bromo-benzylidene)-6-trifluoromethyl-1,3-dihydro-
indol-2-one



6.78 (s, 111), 5.18 (s, 111), 4.65 (d, 3= 9.89 Hz, 111), 4.51 (d, J = 3.54 Hz,
111), 4.36 (br, 111), 4.18 - 4.10 (m, 111), 3,48 (d, 1= 10.96 Hz, 111), 2.89
(s, 310, 2.59 (dd, 3 = 12.39, 12.77 Hz, 111), 2.05 (s, 311), 1.70 - 1.60 (m,
WOL206WI6461.00 (m, 111), 0.85 (d, 3 = 6.28 Hz, 3H), 0.49 RETIUSBISO0RA2]
310; 13C N1vIR (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,
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, 44, 23.38,21.06. WO
2006/091646PCT/USZOOGlO@é%z%\ﬁ’?/E %XAMPLE 10 (1'R,2

BRI, .

OXO- ZIN 7A€ T W@mm)l\la -51-
CARBOXYLIC ACID DIMETHYLAMIDE HOE" N----(s)Ph 5'1'1 N (R) Ci
[016011c124 -92.7 (c, 0.6 CHC13); 114 N1V1R (300 MHz, CDC13) 6 7.85
(br, 1H), 7.45 (d, J = 8.1@Hz, 214), 7.41- 6.72 (rn, 2411), 6.68 (d, J = 7,72

112, 114), 5.43 (4, J = 3.24 Hz, PNQ_!kgzl‘("br 111), 4.50 (cl, 3- 3.55 Hz,
114), 4.38 (d, J - (

[0153] Under argon, to a 100 mL flask with stic 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-B-(3-
bromo)-benzylidene—G-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 toluepe (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 iz 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 (1"R,2 "S 2'R,3'R,35,4'R) 6-bromo-4'-
(3-bromo-phenyl)-2'-(2,2-dimethyl-propyl)-1 \.(2-hydroxy-1,2-diphenyl-ethyl)-

2-0x0-1,2-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,35,4'R) 6-bromo-4'-(3-bromo-

phenyl}-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




10,46 Hz, 1H), 3.98 (d, 3 = 10.46 Hz, 111), = 9.00 Hz, 12.00 Hz, 114),
2.86 (s, 3H), 3.65 (d, J = 9.00 Hz, 1H), 2.97 (dd, 1.94 - 1.85 (m, 111), 1.93
(s, 31-1), 0.79 (s, 911); 13C INIMR (75 MHz, CDCI3) 5 174.32, 140.84,

WRBYE093636 32 134.20,133.71,130.97,129.51, 129.08, 1T 852986996221
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.

(2.0 mmol) in CHCl-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.

[0156] [0)®p 82.7 (¢, 0.3 CHCLy); 'H NMR (300 MHz, CDCl), § 9.15 (br,
1H), 7.20 ~ 7.28 (m, 2H);] 7.18 ~ 7.03 (m, 2H), 6.97 (s, 1H), 6.86 (d, J=8.00
Hz, 1H), 6.34 (d, J = 8.08 Hz, 1H), 4.54 (d, I =7.50 Hz, 1H),’ 3.99 (4, J=7.49
Hz, 1H), 3.63 (br, 1H), 3.51 (d, I = 9.13 Hz, 1H), 3.03 (s, 3H), 2.91 (s, 3H),
1.48 (dd, T =9.85, 14.01 Hz, 1H), 0.90 (d, J = 13.50 Hz, 1H), 0.83 (s, 9H); Bc
NMR (75 MHz, CDCl3), § 181.16, 170.08, 142.73, 141.20, 131.55, 13049,
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-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3-PYRROLIDINE]-5-CARBOXYLIC ACID
DIMETHYLAMIDE

\ HO 2"
O\\:/ N~ \=Ph

Cl

[0157) [0 -81.9 (¢, 0.3, CHCL); 'H NMR (300 MHz, CDClL;) & 8.25 (br,
1H), 7.73 (d, ] = 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 (4, T = 3.13 Hz, 1H), 4.17 ~
410 (m, 1H), 3.50 (4, J = 10.83 Hz, 1H), 2.86 (s, 3H), 2.64 (dd, J = 1245,



76 EXAMPLE 11 (1 "R,2 "5,2112,38,4 'R, 5
R)6-CHLORO-41-(3-CHLORO-PHENYL)-1'42-
HYDROXY-1,2-DIPHENYL-ETHYL)-2-PROPYL-2-0X0-1,2-DIHYDRO-

WOBIRAPIROOLE-3,3'- PYREOLIDINE1-5LCARBOXYLIC REN(S2006/006221
DIMETHYLAMIDE 10161][ce1265 723.9 (c, 0.3 CHC13); 111 NMR (300
MHz, CDC13) 5 8.27 (br, 111), 7,66 (d, J = 8.01 Hz, 18), 7.63 (d, | = 6.97
Hz, 111), 7.42 (d,1 = 6.99 Hz, 111), 7.32 (d, 3 = 7.26 Hz, 111),

13.20 Hz, 110, 1.95 (s, 3H), 1.73 ~ 1.65 (m, 1H), 1.13 ~ 1.07 (m, 1H), 0.85 (d,
T = 638 Hz, 3H), 0.54 (4, J = 6.08 Hz, 3H); C NMR (75 MHz, CDCls) 3
17643, 174.25, 140.95, 140,55, 13538, 133.91, 133.77, 131.39, 130.81,
129.78, 127.96, 127.81, 127.58, 126,58, 125.90, 12536, 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,3S,4'R, 5 R) 6-CHLORO-4"-(3-CHLORO-PHENYL)-1'-(2-
HYDROXY-1,2-DIPHENYL-ETHYL)-2-ISOBUTYL-2-0X0-1,2~
DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-5-CARBOXYLIC ACID
DIMETHYLAMIDE

[0158] [a]5 -76.0 (¢, 0.2 CHClL); "H NMR (300 MHz, CDCl;) & 8.15 (br,
1H), 7.75 (4, T = 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 = 345
Hz, 1H), 4.32 (br, 1H), 422 ~4.11 (m, 1H), 3.48 (d, J = 10.99 Hz, 1H), 2.90
(s, 3H), 2.57 (4d, T = 12.53, 13.24 Hz, 1H), 2.06 (5, 3H), 1.85 ~ 1.56 (m, 1H),
1.10 ~ 0.95 (m, 1H), 0.84 (d, T = 6.41 Hz, 3H), 0.47 (d, J = 6.90 Hz, 3H); “C
NMR (75 MHz, CDCly) § 176.06, 173.83, 140.80, 140.61, 136.27, 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.




7.28 - 6.57 (m, 1411), 5.14 (s, HI), 4.60 (d, 3 = 10.06 Hz, H), 4.58 - 4.48
(m, 11I), 4.48 (d, 3= 3.32 Hz, 111), 4.17 - 4.10 (m, 11-1), 3,37 (d, 3=10.11
Hz, IH), 2.87 (s, 38), 2.56 -2.40 (m,111), 1.99 (s, 311), 2.00 - 1.88 (m,

V(@ 200610915460.87 (m, 211), 0.27 -0.72 (m, 311). EXAMPLEPCI/LS2R6/00622D
7e.,33,41R,5 1?) 6-CFILOR0-4'-(34GHLORO-PHENYL)-11-(2-
1-1YDROXY-1,2-DIPBENYL-ETHYL)-T-(3-METHYL-BUTYL)-2-0XO0-
1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYREOLIDINE1-5LCARBOXYLIC

ACID DIMETHYLAMIDE 77 [%%&%g -85.6 (c, 0.4 CHC1a):;INFMR
(300 MHz, CDC13) 8 8.68 (Ur (d, J =7.77 Hz, 111), 7.28 -

6.81 (m, 16H), 5.1 1(5,.111), 4.46

@ Zé%ﬁjé% leg ‘%’ﬁ&éﬁﬂgﬁiﬁ e o6 1,
1415 mizakdmm]shmmm&mﬁ) 111),

148 -1,42 (m, HD, 0.95 -0.8RIMETHIDABIPE (t, J = 5.50 Hz, 611), 0.70 -

0.60 (in, 18); 13C havIR (75 MHz, CDC13) 5 176.58, 173.82, 140.98,

140.53, 136.12, 135.21,

HO 211
\\;/N\{S)

"

Cl

Cl N
H
[0159] (o -93.3 (¢, 0.2 CHCl); "H NMR (300 MEz, CDCl;) 8 7.80 (br,

1H), 7.74 (4, T = 8.09 Hz, 1H), 7.34 ~ 6.90 (m, 141D, 6.91 (4, J = 8.41 Hz,
1H), 6.78 (s, 1H), 5.18 (s, 1H), 4.65 (4, T = 9.89 Hz, 1H), 4.51 (d, = 3.54 H,
1H), 4.36 (br, 1H), 4.18 ~ 4,10 (m, 1H), 3.48 (d, T = 10.96 Hz, 1H), 2.89 (5,
3E), 2.59 (dd, J = 12.39, 12.77 Hz, 1H), 2.05 (s, 3H), 1.70 ~ 1.60 (m, 15,
1.10 ~ 1.00 m, LE), 0.85 (d, J = 6.28 Hz, 3H), 0.49 (d, 1 = 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, 128.25, 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.



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.
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EXAMPLE 10

(I"R,2"S,2'R,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

HO 2"
A
¥ 1|
Gy
N Ph
Gl 4'{R) ) m}gll
(o
Ci N
H
[0160] (o) 927 (¢, 0.6 CHCL); "H NMR (300 MHz, CDCl;) 8 7.85 (br,

1H), 7.45 (4, ] = 8.10 Hz, 2H), 7.41~ 6.72 (m, 14H), 6.68 (d, J = 7.72 Hz, 1H),
5.43 (d, T = 3.24 Hz, 1H), 4.84 (br, 1H), 4.50 (d, = 3.55 Hz, 1H), 438 (d, I =
10.46 Hz, 1H), 3.98 (d, T = 10.46 Hz, 1H), 3.65 (d, J = 9.00 Hz, 1H), 2.97 (dd,
J = 9.00 Hz, 12.00 Hz, 1H), 2.86 (s, 3H), 1.94 ~ 1.85 (m, 1H), 1.93 (s, 3H),
0.79 (s, 9H); *C NMR (75 MHz, CDCly) & 174,32, 140.84, 135.61, 135.32,
13420, 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.




EXAMPLE 13 (23,5,4'R, 5
72)6-CIILORO0-4'-(3,4-DICHLORO-PHENYL)-2142,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
WOVRROLHSINE]-5LCARBOXYLIC ACID DIMETHY LAMIDECHKEXp6/006221
[0163]Using a method similar to thayg Example 6, this compound was
synthesized. [0164][a]25D 128.0 (o, 0.2 CHC13);NMR (300 MHz, CDCI3),
8.64 (s, 111), 7.35 (s, 13), 7.22 (d, | = 1.79 Hz, 18), 6.97 (dd, 1- 1.80, 8.30
Hz, 111); 6.88 (d, J 1.65 Hz, 1%%; (91d 1=1.75, 8.10 Hz, 113), 6.35
(d, .1 -=8.06 Hz, 1I1), 4.47 (d, 3=7. %Iz, 1H), 4.07 (d, J = 7.91 Hz, 114),

3.48 (d, 3= 9.47 7 HD, 3 1), ) 9(dd, 3 =
9,88, 1%&%%@%%%&5%%&%&%&&%% 475 MHz,
CDC13), 5 §3h8ANboY #3131 42130 BT 5 LORBAXMAAGACIB1.32,
130.41, 127.14, 126.60, 125.6OEPIIAMIDE.41, 68.64, 65.41, 64.20,

57.67, 43.15, 37.28, 36.16, 30.14, 29.81. EXAMPLE 14
o | HO o

\\:/N\(S) Ph
ol

“™ph

Cl N

[0161] [o]% -73.9 (c, 0.3 CHCly); 'H NMR (300 MHz, CDCL;) 8 8.27 (br,
1H), 7.66 (4, T = 8.01 Hz, 1H), 7.63 (d, T = 6.97 Hz, 1H), 7.42 (d, = 6.99 Hz,
1H), 732 (d, T = 7.26 Hz, 1H), 7.28 ~ 6.57 (m, 14H), 5.14 (s, 1H), 4.60 (4, T =
10.06 Hz, 1H), 4.58 ~ 4.48 (m, 1H), 4.48 (4, = 3.32 Hz, 1H), 4.17 ~4.10 (m,
1H), 3.37 (d, J = 10.11 Hz, 1H), 2.87 (s, 3H), 2.56 ~ 2.40 (m,1H), 1.99 (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-OXO-
1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC

ACID DIMETHYLAMIDE

Cl

w3




(2R, 38,4'R. 5 'It) 6-CHLORO-2L(2,2-13IMETITYL-PROPYL)-2-0X0-4'(3-
TRITLUOROMETHYL-PHENYL)-1,2-D1BYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYIAMIDE (KE-21)

WO 2851094y a method similar to that in Example 6, this cdfipOGAYPaE:21
synthesized. [01661(01250 61.0 (c,3.2 CHCI3);NMR (300 MHz, CDC13),
88.19 (br, 111), 7.45 - 7.21 (in, 4H), 6.82 (d, J = 1.82 Hz, 111), 6.70 (dd,
3= 1.90, 8.12 Hz, 111), 6.39 (d,1 = 8.11 Hz, 111), 4.57 (d, = 8.28 Hz, 111),

3§54 52 (D o ee 4 oo, B gt SESTBEAY Do
(s, 911} HLICNMR=(7% MHE)CRT18515m 800G 1899, 84), 442(63,=139.71,
133.6414.32:831 129.995,1126, 126 185 73,94 22, 08), 124.Q07 £20.1831. 10.14,
68.44, 620931 (g, 7 = 10.26 Hz, 1H), 2.85 (5, 3H), 2.60 ~ 245 (m, 1H), 1.99 (s,

3H), 1.95 ~ 1.84 (m, 1H), 1.48 ~ 1.42 (m, 1H), 0.95 ~ 0.82 (m, 1H), 0.77 (t, J

= 5.50 Hz, 6H), 0.70 ~ 0.60 (m, 1H); *C NMR (75 MHz, CDCL) & 176.58,

173.82, 140.98, 140.53, 136.12, 13521, 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,35,4°R,5°R) 6-CHLORO-4'-(3,4-DICHLORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-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] [0]%p 128.0 (c, 0.2 CHCL), 'H NMR (300 MHz, CDCl;), 6 8.64 (s,

1H), 7.35 (s, 1H), 7.22 (d, T = 1.79 Hz, 1H), 6.97 (dd, T = 1.80, 8.30 Hz, 1H);
6.88 (d, J = 1.65 Hz, 1H), 6.78 (dd, T = 1.75, 8.10 Hz, 1H), 635 (d, T = 8.06
Hz, 1H), 4.47 (d, T = 7.92 Hz, 1H), 4.07 (d, T = 7.91 Hz, 11), 3.48 (d, ] = 9.47




64.38, 58.55, 43.26, 37.02, 36.15, 30.17,29.82; EI/MS, 508 (M++ 1);
HRMS C261130C1F3N302 ([M+11]+) required 508.1979, found 508.1965.
79 EXAMPLE 15 (2'R,38,47?,5

WM B1¢241-(4-CHLORO-PHENYL)-21-ISOBUTYL-2- FPCT/US2006/006221
OX0-1,2-DIHYDRO-SPIRO[INDOL#-3,3"-PYRROLIDINE)-5L

Hz, 1H), 3.03 (s, 3H), 2.91 (s, 3H), 1.49 (dd, J = 9.8, 14.3 Hz, 1H); 0.90 ~
0.88 (m, 1H), 0.84 (s, 9H); C NMR (75 MHz, CDCl;), 6 180.88, 169.71,
142,30, 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,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL}-2-0X0O-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] [e]®p 61.0 (¢, 0.2 CHCL); "H NMR (300 MHz, CDCl3), & 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, J = 8.11 Hz, 1H), 4.57 (d, J = 8.28 Hz, 1H), 4.18 (d, T =8.10
Hz, 1H), 3.50 (d, ] = 9.80 Hz, 1H), 2.99 (s, 3H), 2.93 (s, 3H), 1.52 (dd, T =
9.84, 14.22 Hz, 1H), 0.96 (4, T = 14.23 Hz, 1H), 0.90 (s, 9H); *C NMR (75
MHz, CDCly), 5 180.70, 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; EUMS, 508 M+ 1); HRMS
CasHioCIF3N; O, ([M-+H]Y required 508.1979, found 508.1965.




CARBOXYLIC ACID DEVLETHYLAMIDE (K.E.10) 101671"Using a
method similar to that in Example 6, this compound was synthesized.
[0168][a1250 68.0 (c, 0.3 CHCI3);NMR (300 MHz, CDCI3), 5 8.98 (hi,

WA 3906098460, J= 8.18 Hz, 211), 7.09 (d,3" = 8.17 Hz, 211)PET8638064 06321
(d, 1= 7.75 Hz, 111), 6.46 (d, 3= 7.7§,Hz, 111), 4.59 (d, 3= 7.63 Hz, 111),
3.99 (d, J = 7.64 Hz, 111), 3.56 (in, 114), 2.96 (s, 311), 2.85 (s, 311), 1.68
- 1.53 (in, 211), 0.98 0.88 (in, 111), 0.79 (d, J = 12.1 Hz; 314), 0.77 (d, J =
12.0 Hz, 311); 11C NMR (75 MHz, CDC13), 3 180.86, 170.40, 142.35,
136.85, 133.62, 133.28, 80 EXKMBEEA b
(2'8,3R,413,5E)6- CHLORO 41-(4-CHLORO- PHENYL)-21 1%9 UTYL-2-
0X04, 2-SHAVERO BERB ARG B L 7
CARBOXYLIER 1o DISIE 28) :l(@_gji[@ 5D -65.8 (c,
0.3 CHC13); 111 MYER (300 MHz CDC13), 58.98 (Ur, 1H), 7.21 (d, J
8.18 Hz, 211), 7.09 (d, J = 8.17 Hz, 2H), 6.86 (s, 1H), 6.74 (d, = 7.75 Hz,
HI), 6.46 (d, I= 7.78 Hz, 111), 4.59 (d, 3= 7.63 Hz, 111), 3.99 (d, == 7.64
llz, 111), 3.56 (m, 111), 2.96 (s, 3H), 2.85 (s, B11), 1.68 - 1.53 (m, 211),
0.98- 0,88 (m, 111), 0,79 (d, J = 12@Hz, 3:0.77 (d, | = 12.0 Hz, 31-1);
13C NMR (75 MHz, CDC 80.86,370.40, 142.35, 136.85, 133.62,
133.28, 130.04, 15876, 125.73:121.87, 110.29, 68.90, 64.35,

63.60, NH
K ,'//////A\
//‘\\\o
Cl

H

{0167] Using a method similar to that in Example 6, this compound was
synthesized.

[0168] [a]®p 68.0 (c, 0.3 CHCl); 'H NMR (300 MHz, CDCl), 8 8.98 (br,

1H), 7.21 (4, T = 8.18 Hz, 2H), 7.09 (d, J = 8.17 Hz, 2H), 6.86 (s, 1H), 6.74 (4,
=775 He, 1H), 6.46 (d, T = 7.78 Hz, 1H), 4.59 (d, J = 7.63 Hz, 1H), 3.99 (4,
J=17.64 Hz, 1H), 3.56 (m, 1H), 2.96 (5, 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), 0.7 (d, T = 12.0 Hz, 3H); °C
NMR (75 MHz, CDCL), § 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; EUMS, 460 (M'+ 1); HRMS
CoaHzsCLN3O, ([M+H]) required 460.1559, found 460.1552.



59.40, 38.66, 37.24, 36.24, 25.83, 23.42, 21.76;BUMS, 460 (M++ 1);
HAMS C24128C12N302 ([M+11r) required 460.1559, found 460.1552.
81 EXAMPLE 17 (213,3R,415,5',S)

WEL 2N/ ORG4c(3-CHLORO-11-1ENYL)-2LISOBUTYL-2- PCT/US2006/006221
OX0-1,2-DIHYDRO-SPIRO(INDOLE-3,31-PYRROLIDINEJ-5c
CARBOXYLIC ACID DIMETHYLAMBE (ICE-34) Cr CI[0170]ja.]25D
-50.0 (c, 0.3 CHCI3); LIl NMR (300 MHz, CDC13), & 9.30 (br, 1H), 7.27 -
6.95 (m, 411), 6,88 (s, 110, 6.73 (d, J = 8.00 Hz, Ill), 6.47 (d, 8.01 Hz,
111), 4.61 (d, 3=7.66 Hz, 111) BX8NFUE .16 = 7.64 Hz, 111), 3.58 - 3.54 (m,
1H), 2.97 (s, 311), 2.88 (s, 311), 1.65 - 1.45 (in, 211), 0.98- 0.91 (in, 111),

0.78 (d, G4 RI#5.3515-GIVERE-4H(6-CELAROSTENYD) RINGRRYS WAz,
CDC13) 0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-5'-
' CARBOXYLIC ACID DIMETHYLAMIDE (KE-38)

[0169] [x]®p -65.8 (c, 0.3 CHCL); "H NMR (300 MHz, CDCl,), & 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,
I=7.75 Hz, 1H), 6.46 (d, J = 7.78 Hz, 1H), 4.59 (d, T = 7.63 Hz, 1H), 3.99 (d,
J =17.64 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, CDCl), & 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; EUMS, 460 (M'+ 1); HRMS
C4HysCLNO, ([M%-H}*) required 460.1559, found 460.1552.



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,
36.21, 25.78, 23.38, 21.72; E1/MS, 460 (Mt+ 1); IIRMS
WO2A06/4%181612N302 (M+11]1) required 460.1559, found 48§ HEE06(RAG321
20061091646PCT/US20061006224182 EXAMPLE 18 (272,33,4R,5 72)
6-CHLORO0-41-(3-CHLORO-PhTENYL)-2-ISOBUTYL-2-

EXAMPLE 17

(2'S,3R,4'S,5'S) 6-CHLORO-4"-(3-CHLORO-PHENYL)-2"-ISOBUTYL-2~
0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-34)

cl
o Ne_
///,,I,' NH
et
(o}
Cl N
H
[0170] [a]p -50.0 (c, 0.3 CHCly); 'H NMR (300 MHz, CDCly), 6 9.30 (br,

1H), 7.27 ~ 6.95 (m, 4H), 6.88 (s, 1H), 6.73 (d, I = 8.00 Hz, 1H), 6.47 (d, 8.01
Hz, 1H), 4.61 (d, ] = 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 ~ 1.45 (m, 2H), 0.98 ~ 0.91 (m, 1), 0.78
(d, T = 6.63 Hz, 3H), 0.76 (d, T = 6.53 Hz, 3H); “C NMR (75 MHz, CDCLy), §
180.98, 17023, 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 (M'+ 1); HRMS Cp4HpCLN;O;
([M-+HT" required 460.1559, found 460.1551.




OXP-1,2-DIHYDRO-SPIRO[rDOLE-3,3LPYRROLIDE4E]-5'-
CARBOXYLIC ACID DEMETHYLAMIDE (KE-9) [01711[0;]25D 50.0 (c,
0.3 CHC13); IHNMR (300 briElz, CDC13), 6 9.30 (br, 1H), 7.27- 6.95 (in,
WOAP6EBRYs, 111), 6.73 (d, J 8.00 Hz, 111), 6.47 (d, 8.01 R¢F/{IN W/,
3= 7.66 Hz, 111), 4.00 (d, | = 7.648z, 1H), 3.58 - 3.54 (n, 1H), 2.97 (s,
3H), 2.88 (s, 311), 1.65 - 1.45 (in, 214), 0.98- 0,91 (in, 111), 0.78 (d, | =
6.63 Hz, 314), 0.76 (d, J 6.53 Hz, 3H); I3CNMR (75 MHz, CDC13), 6
180.98, 170.23, 142.44, 140.48; 5363761 33.58,129.77,128.68, 127.64,
126.94, 125.64, 121.75, 110.36, 68.84, 64.08, 63.59, 59.50, 38.54, 37.22,
36.21, 2% 38+ R3:3f-SATTR EYMSOR MHENY L FAMBHA4R23CI2N302

([M+Hr) reqiite24BH 1550, SRIROIMBOLESS1-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-9)

Ci

-

NH
"‘I”/ “I",////L
&\0
ci N
H
[0171] [¢]”p 50.0 (c, 0.3 CHCls); 'HNMR (300 Mz, CDCL),  9.30 (br,

1H), 7.27 ~ 6.95 (m, 4H), 6.88 (s, 1H), 6.73 (d, T = 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, 1H), 0.78
(d,J = 6.63 Hz, 3H), 0.76 (d, T = 6.53 Hz, 3H); PCNMR (75 MHz, CDCL), §
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,
36.21, 25.78, 23.38, 21.72; EIMS, 460 (M'+ 1); HRMS CyHsCLN:0,
(IM+HT required 460.1559, found 460.1551.




83 EXAMPLE 19 (2 R, 38,4 '1?, 5 R)
6-CHLORO-21-ISOBLITYL-2-0X0-41-PHENYL-1,2-
DIHYDRO-SPIRO[INDOLE-3,31-PYRROLIDINE3-51-CARBOXYLIC ACID
VAN AMIDE (KE-5) CI [0172][a]250 24.7 (e, 0.8 CHOFY 11 NHR!
(300 MHz, CDC13), 8 8.20 (br, 111337.38 - 7.01 (m, 511), 6.80 (d, 3= 1.86
Hz, 11-1), 6.66 (dd, J = 1.91, 8.10 Hz, 111), 6.32 (d, J = 8.13 Hz, 111),
4.63 (d, 1= 7.12 Hz, 111), 3.94 (d, J = 7.18 Hz, 1H), 3.65 - 3.55 (in, 111),
2.97 (s, 311), 2.75 (s, 311), 1. 36ad5ik:((g, 211), 0.99 - 0.88 (m, 111), 0.82
(d, | = 6.63 Hz, 3H), 0.78 (d, J = 6.52 Hz, 311); 13C NNIR (75 MHz,
CDCI3), 386k34%, st Q- Cor bkd 36isb3Rr68: 2353 DAg$; 138.63,
128.43DAEHRO- SRR R B B -2 2RS, 1D RIS 7, A Q9868 8C/AC104 . 59,
63.72, 59.87, 38.58, 37.1DIGBTEFI28/@BE PRE4D, 21.74; EI/MS, 426 (M++
1); HRIVIS C24H29C1N302 ([1\11+H]4) required 426.1948, found
426.1937. 84 EXAMPLE 20 (2'S,3R,4'8,5'3)
6-CHLORO-2MSOBUTYL-2-0X0-41-PHENYL-1,2-
DIHYDRO-SPIRO[INDOLE-3,3I- BINE]-51-CARBCDCYLIC
ACID DIMETHYLALMIDETKE-4) 101731Vq251) -24.7 (¢, 0.8 CHCL3);
%, 111), 7.38 - 7.01 (n, 5H), 6.80 (d, 3
4..8.10 ¥, 1H), 6.32 (d, 5--- 8.13 Hz,
1H), 4.63 (d. 1= 7.12 Hz, 115, 3.94Yd, J47.18 Hz, 111), 3.65 -3.55 (in.
111), 2.97 (s, 311), 2.75 ( - ‘,,1 5% 99 - 0.88 (n, 1H), 0.82
6.52 fiz=31); I3CNMR (75 MHz,
188.68, 133.34, 128.78,

[0172] [0]%p 24.7 (c, 0.8 CHCL); 'H NMR (300 MHz, CDCly), § 8.20 (br,
1H), 7.38 ~ 7.01 (m, 5H), 6.80 (d, J = 1.86 Hz, 1H), 6.66 (dd, T = 1.91, 8.10.
Hz, 1H), 6.32 (d, J = 8.13 Hz, 1H), 4.63 (d, J = 7.12 Hz, 1H), 3.94 (4, T=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, T = 6.63 Hz, 3H), 0.78 (4, J = 6.52 Hz, 3H); C
NMR (75 MHz, CDCls), & 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 Cp4Hz9CINO, ([M-+H]) required 426.1948, found 426.1937.




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; BITMS, 426
(IMl+ 1); HRMS C241129C1N302 ([M+Hr) required 426.1948, found

WHHIEYI4635 EXAMPLE 21 (212,35,4145'R) PCT/US006/00G221
6-CHLORO-4'-(3-CIILORO-PHENY})-2L (3-METHYL-
BUTYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3LPYRROLIDINE]-5¢
CARBOXYLIC ACID DIMETHYLAMIDE (ICE-16) ci NH 14 0174]
{a1250 25.1 (e., 0.5 CHC13); H NMR 300 MHz, CDC13), 88.15 (br, 111),
7.21-7.07 (m, 411), 6.81 (s, 1HFBMBEAD J = 1.85, 8.06 Hz, 1B), 6.49 (d.
| - 8.08 Hz, Ill), 469 (d, | = 7.90 Hz 1H d,5 1H), 3.53
o - A R e 1)
1,46 - 136 ¢RRD g@_z, 99 (m, 111), 0.78 (d,
T6.46 Hz, 311), 0.75 (d, 3 648 Ha 311); f3c NMR (75 MHz, CDC13), 3

Ne—

Q”fl/’
S e
e
Cl N
H -
[0173] [o%p -24.7 (¢, 0.8 CHCL); 'HNMR (300 MHz, CDCly), & 8.20 (br,

1H), 7.38 ~ 7.01 (m, 5H), 6.80 (4, T = 1.86 Hz, 1H), 6.66 (dd, J = 1.91, 8.10
Hz, 1H), 6.32 (d, T = 8.13 Hz, 1H), 4.63 (4, T =7.12 Hz, 1H),3.94 (d, ] = 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 (¢, I = 6.52 Hz, 3H);
3CNMR (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 CpsHagCIN;O, (M+H]) required 426.1948, found 426.1937.




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.ELMS, 474 (Mti- 1); MIMS

WO2848BK49N302 ([MI-H]4) required 474.1715, found 474 RGV/ES28¢/006221
EXAMPLE 22 (29,38,41¢e,5R) 85
6-CHLORO4-(2,2-DIMITHYL-PROPYL)41-(3-10DO-

EXAMPLE 21

(2'R,35,4'R,5'R) 6-CHL.ORO-4"-(3-CHLORO-PHENYL)-2'-(3-METHYL-
BUTYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-16)

[0174] [e]®p 25.1 (¢, 0.5 CHCL); 'H NMR (300 MHz, CDClL), 6 8.15 (b,
1H), 7.21 ~7.07 (m, 4H), 6.81 (s, 1H), 6.76 (dd, J = 1.85, 8.06 Hz, 1H), 6.49
(d, T =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 (5, 3H), 1.68 ~ 1.56 (m, 1H),
1.46 ~ 1.36 (m, 15D, 1.30 ~ 1.20 (m, 2H), 1.11 ~ 0.99 (m, 1K), 0.78 (d,] =
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
CasHzoCLN;O, ((M+H]Y) required 474.1715, found 474.1714.




PHENYL)-2-0X0-1,2-D11-1YDRO-SPIRO[E\TD012-3,3LPYRROLIDINE]-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (CE-22) 101751[a1% 842 (c,
0.4 CHC13); tH NMR (300 MHz, (3DC13), S 8.79 (br, 111), 7.50 (m, 211), -

WP 290¢Q91§4¢ 7 68 Hz, 1H), 6.96 (dd, J = 7.80, 8.10 Hz, 111’%?8’.%&2‘{%5,’%@)%
6.73 (dd, J = 1.59, 8.10 Hz, 111), &40 (d, 1= 9.10 Hz, 111), 4,52 (d, J7.50
Hz, 1H), 3.96 (d, 1= 7.50 Hz, 111), 3.50 (d, 9.96 Hz, 111), 2.98 Cs, 311),
2.91 (s, 311), 1.48 (dd, J = 9.90, 14.11 Hz, 1H), 0.89-0.85 (m, 1H), 0.84
(s, 911),13C1iIMR (75 MHz, GDG13) 43 181.03, 170.10, 142.37,

(2'R,35,4'R 5'R) 6-CHLORO-2-(2,2-DIMETHYL-PROPYL)-4'-(3-I0DO-
PHENYL)-2-0X0-1,2-DIHYDRO-SPIRO{INDOLE-3,3-PYRROLIDINE]-
5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-22)

-

[0175] [a]®p 84.2 (c, 0.4 CHCL); 'H NMR (300 MHz, CDCL), & 8.79 (br,
1H), 7.50 (m, 2H), 7.15 (d, ] = 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, J = 9.10 Hz, 1H), 4.52
(d, J=17.50 Hz, 1H), 3.96 (d, J = 7.50 Hz, 1H), 3.50 (d, J = 9.96 Hz, 1H), 2.98
(s, 3H), 2.91 (s, 3H), 1.48 (dd, J = 9.90, 14.11 Hz, 1H), 0.89-0.85 (m, 1H),
0.84 (s, 9H), *C NMR (75 MHz, CDCl3), 6 181.03, 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 CpsH3oCIIN;O, ([M+H]") required 566.1071, found
566.1063,




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; EIIMS, 566 (M+-1- 1);: HRMS C23H30CIIN302 GM+1-11+) required

WBS8'¢6%4460und 566.1063, 87 EXAMPLE 23 (222,38,497% B/53006/006221
6-CHLORO-2'-(2,2-DIMETHYL-PRODPYL)-2-0X0-4'-
PHENYL-1,2-DIHYDRO-SPIRORNDOLE-3,3-PYRROLIDrNE1-5¢
CARBOXYLIC ACID DIMETHYLAMIDE (ICE-7) CI [0176][c]25p 53.3 (c,
0.9 CHC13); 111 NMR (300 MHa,&RG13), 5 7.68 (In, 11-1), 7.28 7.12
(In, 511), 6.78 (d, 3'= 1.84 Hz, 111), 6.43 (dd, 1= 1.88, 8.14 Hz, 111), 6.23
(1, 3= A 2 IR A00 ol kit NG9 Koo §.8¢ . 1),
3.53 (d, Pemeydd: @mmsxﬁmﬁmma,@&@mpm@(s, 3H), 1.48
(dd, | = 9,64, 16/85BEXYLI0) UBYIMBTIIAMBE :B6)(s, 911),

°\/”i’\

[0176] [o]®p 53.3 (¢, 0.9 CHClL); 'H NMR (300 MHz, CDCls), & 7.68 (br,
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, J = 6.84
Hz, 1H), 3.53 (d, ] = 8.99 Hz, 1H), 3.39 (br, 1H), 2.98 (5, 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), EIMS,
440 (M™ 1); HRMS CpHiCIN3O, (IM+H]") required 440.2105, found
440.2102.




440 (M."-F 1): HRMS C251130C111502 ([1\4+Hr) required 440.2105,
found 440.2102. 88 EXAMPLE 24 (218,3R,4'3, 5'S)
6-CHLORO0-21-(2,2-DIMETHYL-PROPYL)-2-0X0-41-

WORRYE64E 2 DIHYDRO-SPIRO[INDOLE-3 ,31-PYRROL S E]#§/006221
CARBOXYLIC ACID DIMETHYLARKDE (ICE-14) [01773[a]250 -50.6 (c,
0.6 CHC13): 1H NKR. (300 MHz, CDC13), b 7.68 (br, 111), 726 - 7.12 (m,
5H), 6.78 (d, | = 1.84 Hz, 11-1), 6.43 (dd, 3 = 1.88, 8.14 Hz, 1H), 6.23 (d,
8.13 Hz, 111), 4.60 (d, J =- 6. %ﬂﬁ 1H),3.92 (d, Jr 6.84 Hz, 111), 3.53
(d, J = 8.99 Hz, 1H), 3.39 (br, TH). 2.8 (5, 3H), 2.76 (s, 3H), 1.48 (dd, f =
9.64, 14,35 Hz,d 14)¢ O970xbH 69 ﬂﬂ&bﬁﬁ?ﬁ ﬁio%%ja%%’ia 440 (M++

1); Fram$g2idA 300D kotkmiresunsd DR dommaiA.2102. 89
EXAMPLE 25 CARBOXYLIC ACID DIMETHYLAMIDE (KE-14)

(2R,38,4'R,5R)6-CHLORD-4'-(3,5-DICHLORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-OX0O-1,2-DIH ‘DRD-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'- CARBOXYLI% ACID DIMETHYLAIVIIDE (KE-20)

[0177} [a}®p -50.6 (¢, 0.6 CHCL); 'H NMR (300 MHz, CDCl), § 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, 1K), 0.86 (s, 9H), EV/MS,
440 (M™+ 1); HRMS CysH3CIN3O, ([M+H]") required 440.2105, found
440.2102.




[01781[0125D 69.1 (c, 0.6 CHC13);NMR (300 MHz, CDC13), & 8.03 (br,
111), 7.33 (d, J = 8.00 Hz, IH), 7.13 (s, 1H), 7.12 (dd, J = 1.84, 7.95 Hz,
1H), 7.04 (d, 3 = 1.85 Hz, 2H), 6.80 (d, 1.84 Hz, IH), 4.73 (d, 1= 8.52 Hz,

VR 00498644 1= 8.51 Hz, Il), 3.68 (d, 3 = 9.12 Hz, 111), 3'EE(ES28${00528%
(s,311), 1.44 - 1.22 (m, 111), 0.99 - Q89 (in, 111), 0.84 (s, 9H), 13C NMR
(75 MHz, CDC13), 181.07, 172.13, 141.75, 139.98, 134.69, 134.00,
127.69, 127.04, 126.36, 12148, 123.11, 110.55, 66.57, 66.08, 61.65,
56.48, 43.34, 37.49, 36.32,30. 15 29.78. 90 EXAMPLE 26 (2

'R,35,4'R 5'R) 6-CHLOR04-(3-CHESRGBHENYL)-2-(2,2-

DIMETHYL PROPYL 5-(4-METHYL-PIPERAZINE-1 -CAR'BONYL) 1H-
SPIRD[IN ﬁ%ﬁé@ (5 S adki 0 88.5 (c,
0.2 CHC @{Pq 218714 (m,

311), 7.05 - 702(m 1H), 6.85 (d, | = 1.58 Hz, 1H) 6.72 (dd, J= 1.61, 8.1
Hz, 111), 6.41 (d, J8.12 Hz, 111), 4.50 (d, | = 7.42 Hz, 1H), 3.99 (6,1
=7.49 Hz, 1H), 3.68 -3.35 (i1, 7H), 2.41 -2.33 (in, 2H), 2.25 (s, 3H), L47
(66,1 = 9,90, 14.15 Hz, 1H)| 1,03 -B:884M1-3H), 0.72 (s, 911); '3C NMR

(75 MHz, CDC13), 181.155,143'2.42, 140.76,
NH

Ci

Cl

[0178] [a]®p 69.1 (c, 0.6 CHCl3); 'H NMR (300 MHz, CDCly), § 8.03 (br,
1H), 7.33 (d, J = 8.00 Hz, 1H), 7.13 (s, 1H), 7.12 (dd, T = 1.84, 7.95 Hz, 1H),
7.04 (d, T = 1.85 Hz, 2H), 6.80 (d, 1.84 Hz, 1H), 4.73 (d, ] = 8.52 Hz, 1H),
448 (d, T = 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,
CDCl), 8 181.07, 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.




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.
WO 2006/091646 PCT/US2006/006221

90

EXAMPLE 26

(2'R,35,4'R, 5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5"-(4-METHYL-PIPERAZINE-1-CARBONYL)-1H-
SPIRO[INDOLE-3,3-PYRROLIDIN}-2-ONE (KE-27)

[0179) [a]®p 88.5 (c, 0.2 CHCl3); 'H NMR (300 MHz, CDCly), § 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 (4, ] = 8.12 Hz, 1H), 4.50 (d, T = 7.42 Hz,
1H), 3.99 (d, T = 7.49 Hz, 1H), 3.68 ~ 3.35 (m, 7H), 2.41 ~2.33 (m, 2H), 2.25
(s, 3H), 1.47 (dd, T = 9.90, 14.15 Hz, 1H), 1.03 ~ 0.88 (m, 1H), 0.72 (s, 9H);
BC 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,

28.79.




91 EXAMPLE 27 (218,38,41R,5'R)
6-CHLORO-2)-(4-CHLORO-1'HENYL)-41-(2.2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIELYDRO-SPIRO[INDOLE-3,3'-

WORIREILGSINE]-SLCARBOXYLIC ACID DIMETHYLANIDEGRESZY§/006221
[0180][61125D 124.0 (c, 0.2 CHC1g); IEI NMR (300 MHz, CDC13), 5 8.46
(br, 1F1), 7.25- 7.09 (nn, 3H), 7.02°(dd, 3= 7.85, 7.93 Hz, 1H), 692 (s, 11),
6.75 (s, 111), 6.43 (d, J = 7.45 Hz, IIl), 4,31 (s, 111), 4.02 (d, .1= 6.82 Hz,
111), 3.28 (s, 1H), 3.12 -3.06 (nn, 111), 3.06 (s, 3H), 2,96 (s, 311), 1,59
(dd, J = 7,69, 7.80 Hz, 111), 1Z8M 32011, 114), 0,55 (s, 911);L3C NMR

(75 MHz, CDC13), S 180.58, 170,44, 142,54, 137,79 133,99,

13384129083 55) 6-CHI.ORO-2'~(4-CHLORO-PHENYL)-4"-2,2-
841604 ”PROPYL)-2-OXO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-39)

[0180] [a]®p 124.0 (c, 0.2 CHCL); 'H NMR (300 MHz, CDCls), 5 846 (br,
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, ] = 7.45 Hz, 1H), 431 (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); "*C 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,



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 (2 'R,38,4 R,
5 "12) 41-%—BROMO-PHENYL)4.CIFLORO-Zl-(Z,Z-DIME%[@%lB-Z /

WBRBBYI%%51-(MORPHOLINE-4-CARBONYL)-11-1-SPLR OPE%3-

PYRROLMINJ-2-ONE (KB-28) jc PZ-Th

EXAMPLE 28

(2°R,35,4'R,5'R) 4‘»(3—BROMO-PHENYI)-6—CHLORO—2'-(2,2—DIMETHY'L~
PROPYL)~5'—(MORPHOLINE—4—CARBONYL)—1 H-SPIRO[INDOLE-3,3'-
PYRROLIDIN]-2-ONE (KE-28)

[0181] ' NMR (300 MHz, CDCly), 8 836 (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, T = 7.99
Hz, 1H), 445 (d, T = 7.64 Hz, LH), 4.05 (4, 7 = 7.51 Hz, 1H), 3.66 ~ 3.23 (m,
OH) 1.53 ~ 1.43 (m, 1H), 1.05 ~ 0.90 (m, 1H), 0.85 (s, 9H).

EXAMPLE 29

(2'R,354'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)




~ CI 10181111 NIVER. (300 MHz, CDC13), 8 8.36 (br, 111), 7.34 - 7.25 (m,
211), 7.14 -7.04 (m, 211), 6.86 (s, 111), 6.74 (d, J = 7.87 Hz, 111), 6.44
g, J = 7,99 Hz, 1H), 4.45 (d, 1 7.64 Hz, 111), 4.05 (d, | = 7,51 Hz 111

WO @06/991645 1) "9y’ 1 53 - 1.43 (m, 1H), 2.05 - 0.90 (m, 1195 B8,
EXAMPLE 29 (2 R,35,4"1452) 93
6-CHLORO-41-(3-CHLORO-PHENYL)-T-(2,2-
DIMETHYL-PROPYL)-51-(MORPFIOL1INTE-4-CARBONYL)-1H-

OHNDQOLE-3,31-PYRROLONL 2 ONE (GE- )[a]2s))
é’f*?(c, 0.3%H?3§%%;](1’1% NMR%O%%@@D@%%% 59’73% i%%r%%’ll), 7.18
158, 1Ly Fibdh Fo (101 86 655 E L BERELIE P (4. S
= 1.7698 16 K5, 1.10 i 14D, (@121, 8,1 8. 144 1H), 446{d] 3 757787 Hz,
1H), 484 {@a 16533z, 11.13.68-66:53. 86, brp Ilde) (dk,46- (sleh, 3709.94,
14-09x§',21f@113%o§1;00‘.‘g§ 8% ok, B4 & R S HAMBELS MHz,

CDC13),
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

(2R, 35,4R,5'R)y 4-(3-BROMO-PHENYL)-6-CHLORO-2'-(2,2-DIMETHY L~
PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-
5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-23)

[0183] 'H NMR (300 MHz, CDCL), & 8.73 (br, 1H), 7.33 ~ 7.28 (m, 2H),
7.14 ~ 7.07 (m, 2H), 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, T =7.54 Hz, 1H), 4.00 (d, J = 7.53 Hz,
1H), 3.50 (d, T = 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, CDCL), § 181.49,
170.49, 14276, 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 CysHyBrCIN;O;
(IM+HT") required 518.1210, found 518.1177.




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 7/, 3,4 It 51?)

WO 9B O-PHENYL)-6-CHLORO-2'-(2,2-DIMETHY - FCT/US2006/006221
PROPYL)-2-0X0-1,2-DIHYDRO-SRIRO[INDOLE-3,3-PYRROLIDINE]-

EXAMPLE 31

(2'R,3S,4'R,5'R) 6-CHLORO-4"-(3-CHLORO-PHENYL)-2-0X0-2'-
PROPYL-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-PYRROLIDINE]-5"-
CARBOXYLIC ACID DIMETHYLAMIDE (KE-30)

[0184] [@]®p 42.2 (c, 1.0 CHCL); 'H NMR (300 MHz, CDC), 6 9.39 (b,
1H), 7.16 ~ 7.05 (m, 4H), 6.87 (s, 1H), 6.74 (d, I = 7.98 Hz, 1H), 549 (d, J =
8.07 Hz, 1H), 4.62 (d, J =7.82 Hz, 1H), 4.00 (4, J = 7.81 Hz, 1H), 3.51 (dd, J
= 9,15, 9.27 Hz, 1H), 2.97 (5, 3H), 2.74 (5, 3H), 1.65 ~ 1.44 (m, 2H), 1.29 ~
1.18 (m, 2H), 0.77 (t, ] = 7.15 Hz, 3H); C NMR (75 MHz, CDCl), &
180.89, 17027, 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, 1400, EIUMS, 446 (M™+ 1); HRMS Cy3HzsCLN;O,
([M+HT required 446.1402, found 446.1408.




5'-CARBOXYLIC ACID DIMETHYLAMIDE (ICE-23) [0183)11-1 NMR
(300 MHz, CDCb), 6 8.73 (br, 111), 7.33 - 7.28 (n, 211), 7.14 - 7.07 (m,

214 6.86 (d, J = 1.79 Hz, 1H), 6.72 (dd, J = 1.86, 8.10 Hz, 1E1
WO 209640946361 1) 4.54 (d, .1= 7.54Hz, 1H), 4.00 (d, S = 7.53 HY

ol

(d, 1=8.63 Hz, 111), 2.92 (s, 31l), 2.87 (s, 311), 1.52-1.44 On, l1), 0.97 -

0.92 (n, 1E), 0,89 (s, 911); 13C NMR (75 MHz, CDC13), & 181.49,

170.49, 142.76, 141.68, 134.00, 132.02,130.95,130.51,127.96, 127.02,

126.23, 121.05, 122.24, 110'70E}E%M5P%E6352'62’ 64.85, 60.84, 58.59,

(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)

N—__

b -4

[0185] [0]%p 469 (c, 0.4 CHCL); 'H NMR (300 MHz, CDCls), & 7.87 (br,
1H), 7.34 (d, ] = 8.02 Hz, 1H), 7.12 ~ 6.93 (m, 2H), 6.74 ~ 6.64 (m, 4H), 4.87
(d, T = 8.60 Hz, 1H), 4.34 (d, T = 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, CDCL), & 178.33, 17323,
159.20, 141.99, 137.60, 133.54, 129.22, 127.24, 123.59, 122.63, 120.63,
114.03, 112.75, 110.15; BIUMS, 470 (M*+ 1); HRMS CpsHsCIN;Os
(IM+H]") required 470.2210, found 470.2222.




43.61, 37.66, 36.62, 30.57, 30.25. ELMS, 519 (}t+1); H-Rivis
c25H39BraN302 ([M+H]4) required 518.1210, found 518.1177. 94
EXAMPLE 31 (272,33,4'R,572)

WA BIY-4-(3-CH10120-PHENYL)-2-0X0-2'-
PROPYL-1,2-DIHYDRO-SPIRO[INROLE-3,31-PYRROLIDINE]-51-
CARBOXYLIC ACID DIMETHYLAMIDE (ICE-30) 10184][a]250 42.2 (c,
1.0 CHC13); 113 MAR (300 MHz, CDC13), 6 9.39 (br, 111), 7.16 - 7.05
(n, 411), 6.87 (s, 1H), 6.74 (d,%d(%&?;, 111), 5.49 (d, J = 8.07 Hz,
111), 4.62 (d, S= 7.82114 U), 4.:00'(d; 3= 7.81 Hz, 111), 3.51 (dd, | = 9.15,
9.27 Hz, 11.1)s 2,875 45 635 02 I 4 5: i@k&z?ﬁﬁﬁ%ﬂ@ﬁﬁ , 1.29 -
1.18 (mn, 5@&@1@@@@&@@%@5 018G NMR kG2 MiRz; $DC13),
180.89, 170.27 A4XBOKYLIC ACID DIMETHYLAMIDE (XE-19)

PCT/US2006/006221

Gl

lx\

N
H

(0186} [0 33.0 (¢, 0.3 CHCL); 'H NMR (300 MHz, CDCly), § 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, I =7.81 Hz, 1H), 3.99 (d, T = 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), 148 ~ 1.42 (m, 1H), 1.26 ~ 1.15 (m, 6H), 0.80 (t, J= 6.81 Hz,
3H); "*C NMR (75 MHz, CDCly), 5 180.13, 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; EIMS, 474
(M 1).




140.30, 134.34, 133.59,1.29.75,128,67, 127.65, 127.21, 126.94, 125.73,
121.73, 11034, 70.65, 63.85, 63.49, 59.66, 37.21, 36.21, 31.92, 20.77,
14.00;BINS, 446 (1st+ 1):FIRMS C23H25e12N302 ([M+Flr) required

WIRYEASYHound 446.1408. 95 EXAMPLE 32 (2 'R,35, 4R)CT/US2006/006221
6-CHLORO-21-(2,2-DIMETHYL-PRBPYP-4'-(3-
METHOXY-PHENYL)-2-0X0-1,2-DIHYDRO-SPIROUNDOLE-3,31-

EXAMPLE 34

(2'R,35,4'R,5'R) -BUTYL-6-CHLORO~4'-(3-CHLORO-PHENYL)-2-0XO-
1,2-DIHY DRO-SPIRO[INDOLE-3,3"-FYRROLIDINE]-5'-CARBOXYLIC
ACID DIMETHYLAMIDE (KE-18)

Ci

" "'/, ‘e 0{// /\/
7

/=0

N

H

[0187] [0]*p 20.0 (c, 0.3 CHCL); 'H NMR (300 MHz, CDCls), 6 8.03 (br,
1H), 7.24 ~ 6.8 (m, 4H), 6.78 (5, 1H), 6.76 (dd, J = 1.90 Hz, 8.08 Hz, 1H),
6.48 (4, ] = 8.10 Hz, 18D, 4.62 (d, J=7.83 Hz, 1H), 3.99 (d, I = 7.83 Hz, 1H),
3.81 (dd, J = 9.19, 9.51 Hz, 1H), 2.94 (s, 3H), 2.84 (s, 3H), 1.68 ~ 1.52 (m,
1H), 1.45 ~ 1.33 (m, 1H), 1.31 ~ 1.18 (m, 4H), 0.75 (t, 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).




PYRROLIDINE]-5LCARBOXYLIC ACID DIMETHYLAMIDE (KE-25)

101851[ceo 46.9 (c, 0.4 CHCI3); 1H NMR (300 MHz, CDC13), 3 7.87 (by,

1115}), 7.34 (d, 18.02 Hz, 1M, 7.12 - 6.93 (m, 211), 6.74 - 6.64@04%&&
WEMAY498 60 Hz, IH), 4.34 (d, 1= 8.55 Hz, 111), 3.79 (A FEB0Y 72
111), 3.63 (s, 311), 2.97 (s, 311), B.96 (s, 311), 1.68 (br, 111), 1.37 - 1.27
(m, 111), 0.92 - 0.88 (In, 111), 0.84 (s, 911); 'Sc NKR (75 MHz, CDC13), 3
178.33, 173.23, 159.20, 141.99, 137.60, 133.54, 129.22, 127.24, 123.59,
122.63, 120.63, 114.03, 112 244945 BUMS, 470 (M++ 1); HRMS
C2611133C1N303 GM-11-11) required 470.2210, found 470.2222. 96
EXAME B 380 27R 3G B1DRD-2- ISOBUTYL-2-0X0-4-PHENYL-1,2-
6-C HLIBRORA-$BEIHIND RICE-B,BHE KRR ()1 ZE0IE)}- 2-CARBOXYLIC ACID
PENTYL-1,2-DIHYDROBHRGINBOELKE; 3P YRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (ICE-19) CI NH /C) ClI
[0186][a]25n 33.0 (a, 0.3 CHCI3); 1H NM1t (300 MHz, CDC13), (3 8.23
On, 11-1), 7.23 - 6.99 On, 410, 82 (dxJ.= 1.59 Hz, IIl), 6.76 (dd, S =
1.92, 7.86 Hz, HI), 6.48 (g~1.= 8.10%z, 1H), 4.61 (d, 3= 7.81 Hz, 1lI), 3.99
(d, J = 7.80 Hz, 111), 3,81 (dd\ 1=9.35, 9.49 Hz, 111), 2.98 (s, 311), 2.83
(s, 311), 1.66 - 1.54 (n, . in, 1H), 1.26 - 1.15 (n, 611), 0.80
(t, 6.81 Hz, 311); 13C IN1 /CDC13), 8 180.13, 170.17,
140.31, 134.43, 133.65, 1 ¥78,71,427-¥3, 127.19, 126.95, 125.88,
121.91, 110.06, 70.93, 63 .42, B9, 37.22, 36.22, 31.67, 29.82,
27.25, 22.39, 13.89; E! #7A S+ 1). 97

Cl

[0188] [aPp 55.7 (¢, 0.6 CHCL); 'H NMR (300 MHz, CDCl), & 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, 7 = 6.97 Hz, 1H), 3.93 (d, ] = 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 (4, 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.




EXAMPLE 34 (2 112,38 ,4'R,511?)
"BUTYL-6-CIILDRO41-(3-CHLORO-PHENYL)-2-0X0-
1.2-DILTYDRO-SPIROUNDOLE-3,31-PYRROLIDINE)-51-CARJ30XYLIC
YR BINE THYLAMIDE (KB-18)  [0187][c(]25D 20.0 (c,’§ 5 Ere14)5221
NMR (300 MHz, CDCI3), & 8.03 (byg ll), 7,24 - 6.88 (m, 411), 6.78 (s,
11-1), 6.76 (dd, J = 1.90 Hz, 8.08 Hz, 1H), 6.48 (4,1 = 8.10 Hz, 111), 4.62
(d, J'7.83 Hz, 1H), 3.99 (d, 1- 7.83 Hz, 1H), 3.81 (dd, J = 9.19, 9.51 Hz,
1H), 2,94 (s, 311), 2,84 (s, 3HE§A,§§, _,*’:1?22 (m, 111), 1.45 - 1.33 (m, IH),
1.31-1.18 (m, 4H), 0.75 (t, J =& 891 HY 311); INIMR (75 MHz, CDC13),

LA
127.74, 12 732 20z 50eR4; i 32%%%

. 63.37, 596K B IBEERS.CRRBOSILIZN6HE DA HKE. SRS 1460 (M++
). 98 EXAMPLE 35 (2 'R,3S,4'R,5712)
6,7-DICHLOR0-2MSOBUTYL-2-0X0-4'411ENYL-1,2-
DII-IYDRO-SPIRO[INDOL ‘-3,3L€YRR$LIDINE1-5'-CARBOXYLIC ACID

DIMETHYLAM1DE (ICE- X7

Ct

[0189] [0®p 60.9 (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, ] = 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 ~ 142 (m, 1H),
0.91 ~ 0.83 (m, 1H), 0.82 (s, 9H); "*C NMR (75 MHz, CDCL), § 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, 11041, 68.13, 65.22, 64.41, 58.08, 43.10,
37.21, 36.19, 3001, 29.79; EUMS, 474 (M*+ 1); HRMS CasHzeCLN:O,
(IM+H]") required 474.1715, found 474.1713,




1018811a125n 55.7 (¢, 0.6 CHC13); EH NMR (300 MHz, CDC13), 5 7,83
(br, 111), 7.28 - 7.15 (m, 511), 6,75 (d, J= 8,15 Hz, 1H), 6.19 (d, J = 8.15
Hz, IIl), 4.61 (d,T= 6.97 Hz, 111), 3,93 (d, S = 6.97 Hz, 111), 3.60 - 3.50

WA B\¥ 04 (s, 311), 2.74 (s, 311), 1.80 - 1.55 (in, 211)F HES 2B
111), 0.85 (d, S = 6.80 Hz, 3H), 0,g® (d, .1" 6.53 Hz, 3H); L3C NMR (75
MHz, CDC13), 179.16, 170.50, 140.27,138.57,131.44, 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.

(2'R,35,4R,5'R) 6-CHLORO-4'~(4-CHLORO-PHENYL)-2-0X0-2(2,2-
DIMETHYLPROPYL)-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-31)

[0190] EUMS, 474 M+ 1) HRMS CpsHyCLN;O; ((M+H]") required
474.1715, found 474.1703.

EXAMPLE 38

(2'R,35,4'R,5'R) 2'-ISOBUTYL-2-OXO-4-PHENYL-1 ,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID
DIMETHYLAMIDE (KE-8)

[0191] " NMR (300 MHz, CDCls), 8 9.13 (br, 1H), 7.28 ~ 6.98 (m, 6H),
6.81 (4, T = 8.25 Hz, 1H), 6.68 (t, T = 7.66 Hz, 1H), 6.50 (d, ] = 7.41 Hz, 1H),
4.69 (d, T =7.47 Hz, 1H), 3.96 (4, ] = 7.43 Hz, 1H), 3.65 ~ 3.60 (, 1H), 3.58




99 EXAMPLE 36 (2W, 35,4 72,5 11)
6-CHLORO-4L(3-CHLORO-PHENYL)-2-0X0-2'-(2,2-
DIMETHYLPROPYL)-1,2-DIHYDRO-SPIRO[INDOLE-3,31-

WOVREBISINE3-5'CARBOXYLIC ACID DIMETHYLAMIDECHYSE6/006221
101891[c(]25D 60.9 (c, 0.4 CHCI3)yMR (300 MHz, CDC13), 3 9.36 (br,
HD, 7.35 - 6.97 (In, 413), 6.90 (s, 113), 6.69 (d, | = 8.10 Hz, 111), 6,38 (d,
J=8.11 Flz, 111), 4.54 (cl, _I= 47.41 Hz, 111), 4.00 (d, J = 7.39 Hz, 111),
3.50 (d, J = 9.41 Hz, Hi), 3.17 g%g, 1H), 2,97 (s, 313%.91 (s, 313), 1.51 -
1,42 19110, 395 BD(AB3(F) 30827898 3NV &% - 2leDC13),
181.3%;7170).16,614263318,1003,(4.34=3890138.58); “°C NMR (75 MHz,

129.7 641328:087834,941 214401 26556}, 1253651 3527b,627.31,041,

68'13'1'975.2 ,212%5'6‘:%2?%0?81’06.?39}%8%1'%g'.’i1, 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)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-
$.CARBOXYLIC ACID (3-MORPHOLIN-4-YL-PROPYL)-AMIDE (KE-

40)

[0192] '§ NMR (300 MHz, CDCl), & 845 (br, 1H), 7.40 ~ 7.20 (m, 2H),
7.15 ~ 7.00 (m, 2H), 6.80 (s, 1HD), 6.72 (d, J = 8.34 Hz, 1H), 6.30 ~ 6.25 (m,
1H), 429 (d, J = 3.92 Hz, 1H), 3.85 (d, T =4.04 Hz, 1H), 3.80 ~3.57 (m, 4 H),
3.56 (d, ] = 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), 5 180.44, 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.




36.19, 30.01, 29.79;El/MS, 474 (/34++ 1);HRMS C25IL30CI2N302
([M+11]+) required 474.1715, found 474.1713. 100 EXAMPLE 37
g'1435i47457) 6-CHLORO-41-(4-CITLORO-PHENYL)-2,-OX0-2'42 2-
WBANEANYE PROPYL)-1,2-DTHYDRO-SPIROUNDOL E-3 571 US 20067006221
PYRROLIDINE)-5'CARBOXYLIC AGID DIMETHYLAMIDE (KB-31) CI CIU
101901ET/MS, 474 (Ivt+ 1); FIRMS 0251-130C12N302 ([M+11]t) required
474.1715, found 474.1703. EXAMPLE 36 (222,38,4'R/577)
2-1ISOB1JTYL-2-0X0-4LPHENYL-1,2-DIHYDRO-
SPIROUNDOLE-3,3LPYRROE®IMEESY -CARBOXYLIC ACID

DIMETILYLAMIDE (KE,]E8§ !%L%l (1)-141_ 3-%/}%50&3Q%%§%L)C}2QC13), & 9.13

2R3
(br, HD&&%' 12-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE)-5-CARBOXYLIC ACID DIMETHYLAMIDE (KBE-41)

Cl

[0193] ' NMR (300 MHz, CDCL), & 8.98 (br, 1H), 7.34 ~ 7.00 (m, 4H),
6.87 (d, T = 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, T = 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), 8
180.80, 17029, 142.39, 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.




6.81 (d, J = 8.25 Hz, 111), 6.68 (t, J = 7.66 Hz, 1H1 6.50 (d, | = 7.41 Hz,
1H), 4.69 (d, 3 = 7.47 Hz, 1H), 3.96 (d, J= 7.43 Hz, 1H), 3.65 - 3.60 (m,
1H), 3.58 101 (bx, 1H1 2.95 (s, 3H), 2.83 (s, 311), 1.67- 1 & éi @%’[
WE 806K (s, 1H), 0.75 (d, 3= 6.94 Hz, 311), 0.73 (d, J P%T.% %"z‘% .

BC NNIR (75 MHz, CDC13), 6 1818, 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. EXAMPLE 39
(22,33,41R,57) 6-CHLORD-4'-(343ROMO- PHENYL) -2-(2,2-DIMETHYL-
PROPYL)-2-0X0-1,2-DIHYDRO2SPIRAIINDOLE-3,31-PYRROI MINA-

(50115;\1 %%%( &%@%&%&N -4- YL;E;%@I\)MDE (KE- 40)

HYDO (m,
211), BASRIGOE ZED 6 RO, i),

[0194] 'H NMR (300 MHz, CDCly), 6 8.44 (br, 1H), 7.29 (4, J = 7.99 Hz,
LED), 7.26 (s, 1H), 7.11 ~ 6.96 (m, 3H), 6.81 (s, 1), 6.72 (d, T = 8.08 Hz, 1H),
6.33 (4, = 8.07 Hz, 1H), 432 (4, T = 7.15 Hz, 1H), 3.86 (4, T = 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 = 9.9, 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, 13144, 130,49, 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.




6.30- 6.25 (m, lI), 4.29 (d, J = 3.92 Hz, 111), 3.85 (d, J = 4.04 Hz, IH),
3.80 - 3.57 (m, 4 H), 3.56 (d, J 8.44 Hz, Ill), 3.40 - 3.20 (m, 411), 2,55 -
2.35 % 611), 1.70 - 1.60 (m, 211), 1.55 - 1.48 (n, 111), 0.98 -0.83 (m,
WA 18095446, 9H); 13C NMR (75 MHz, CDCI3), 6 180.44, B7H'6100¢4963%,
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. 102 EXAMPLE 40 (277, 33,4 72, T)
6-CHLORO0-41-(3-CHLORO-PHENYL)-2- |
CYCLOHEXYLMETHYL-2-0X0EKANHERDRO-SPIRO[INDOLE-3,3'-
PYRROLTDMIE]-5LCARBOXYLIC ACID DIMETHYLAMIDE (1(13-41) Cl
Cl [0193HIR 38, NivIR) ¢3THLVRDz4' CRTRORBI S YORA-PHENYRE2-2,.80 (m,

411), 6.87XBBTHYLEROPNT)Pq X@#W&W% WPLE-391) 6.43 (d,
J=8.09 f?i‘}‘ﬂ{‘?,nﬁ%é' B0 Lo CI M &@;%@g’hm,
3.65 - 3.55 (n, 111), 2.98 (s, 311), 2.86 (s, 311), 1.68 - 1.30 (n, 711), 1.11
- 0.85 (n, 411), 0.78 (t, J = 10 41 Hz, 111),[0.66 - 0.55 (m, 111); 13C NMR
(75 MHz, CDCL3), 5 180.80{ 170.2 N~

Ip.%ﬂ

{0195 [of%s 101.5 (¢ 1.1 CHClL); 'H NMR (300 MHz, CDCly), & 8.56 (br,
1H), 6.95 ~ 6.85 (1, 3H), 6.83 ~ 6.74 (m, 2H), 6.50 (d, J = 8.10 Hz, 1H), 4.47
(d,T=7.97 Hz, 1H), 4.12 (d, T = 7.81 Hz, 1H), 3.48 (d, J = 9.83 Hz, 1H), 3.10
(s, 3H), 2.97 (s, 3H), 146 (dd, T = 6.98, 14.11 He, 1H), 1.05 ~ 0.98 (m, 1H),
0.84 (s, 9H); 3C NMR (75 MHz, CDCls), § 180.87, 169.59, 142.72, 142.62,
14229, 13523, 133.82, 126.57, 125.61, 124.69, 122.01, 11539, 114.37,
11043, 68.66, 6525, 64.22, 57.94, 43.19, 37.28, 36.18, 30.17, 29.84;
CasHasCLEFN:O, requires C, 60.98; H, 5.73; N, 8.53; Found C, 61.12; H, 6.14;
N, 8.00.




142.39, 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. 103 EXAIs/IPLE 41ﬂlgR, 38,4

W9 BSBIE | ORO-41-(3-BROMO-PHENYL)-21-(2,2-DIMETLIy1006/006221
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EXAMPLE 43

(2'R,35,4'R,5'R) 6-CHLORO-4'-(4-CHLORO-3-FLUORO-PHENYL)-2'-(2,2~
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-46)

.

Cl H

[0196] [e)®p 58.0 (c 0.75, CHCly); "H NMR (300 MHz, CDCl3), 5 9.25 (br,
1H), 7.28 ~ 7.20 (m, 2H), 7.04 (d, T = 7.67 Hz, 1H), 7.90 (s, 1H), 6.69 (d, ] =
7.94 Hz, 1H), 6.41 (d, j = 2.82 Hz, 1H), 4.65 (d, T = 7.60 Hz, 1H), 432 (d,J =
7.54 Hz, 1H), 3.48 (d, T = 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, CDCL), &
181.46, 169,84, 157.92, 142.78, 133.61, 129.63, 128.26, 128.07, 12746,
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; CysHyCLFN;O-+ H,0 requires C, 58.83; H, 5.92; N,
8.23; Found C, 59.09; H, 5058; N, 8.16.




PROPYL)-2-0X0-1,2-DIHYDRO-SPIRORNDOLE-3,31-PYRROLIDINE1-
51-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-ETHYL)-AMIDE (KE-43)
101941111 NMR (300 1fflz, CDC13), .3 8.44 (br, 1H), 7.29 (61, J s= 7.99
WOANER6466 (5 111y, 7.11 - 6.96 (m, 3H), 6.81 (s, I1I), 6.727GLBIBHPF21
111), 6.33 (d, J = 8.07 Hz, IH), 4.3p,4d, | = 7.15 Hz, 1FI), 3.86 (d, I= 7,13
Hz, 1H), 3.65 - 3.50 (m, 3H), 3.56 (d, J - 9.41 Hz, 11-1), 3.40- 3.35 (m,
2H), 2.50 (in, 71-1), 1.53 (dd, = 9.99, 14.06 Hz, 111), 1.28 (hi, 1H), 0.99
-.0.92 (m, Hi), 0.85 (s, 911): 13C NM ngs MHz, CDC13), IS 180.19,
171.65, 142.09, 141.11, 133.78°1$1 44'130,49, 130.00, 127.49, 126.47,

g S

D E-3

sspﬁm A FEGIHEOR0 1 ’5 YL)-2'42,2
- DIMETITYL PROPYL) -2-0X0-1,2-DIHYDRO- SPIRO[INDOLE 313'
PYRROLIDINE]-5'CARBOXYLIC ACID DIMETHYLAMIDE (KE-47) CI
(01.95)[a]25D 101.5 (c 1.£1CHOW; IHNMR (300 MHz, CDC13), 88.56 (br,
111), 6.95-' 6.85 (in, 311), 6.83 -6.(in, 21650 (d, J = 8.10 Hz, 111),
4.47 (d, 1= 7,97 Hz, 4f1), 4 d, 1= 781 Hz, 1H), 3.48 (d, S = 9.83 Hz,
111), 3.10 (s, 311), 2.97 @ . d.N3: 6.98, 14.11 Hz, 1H), 1.05 -

0.98 (in, 1H),

ol N

[0197] []®p 97.4 (c 1, CHCl); 'H NMR (300 MHz, CDCly), & 9.10 (br,
1H), 7.18 (d, T = 6.16 Hz, 1H), 7.01 ~ 6.0 (m, 2H), 6.89 (d, T = 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 (4, 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); 2C
NMR (75 MHz, CDCls), & 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, 3726, 36.17, 30,12, 29.80; CysHyCLFN;O, requires C,
60.98; H, 5.73; N, 8.53; Found C, 61.05; H, 6.26; N, 7.97.




0.84 (s, 911);13C NMR (75 MHz, CDCI3), 8180.87, 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;
WEORAIE 2ENZ02 requires C, 60.98; H, 5.73; N, 8.53; ESUAG B @522
H, 6.14; N, 8.00. 105 EXAMPLE 4® (2272, 361,417, R)
6-CHLORO-4'"-(4-CHLORO-3-FWORO-PHENY)-2'-(2,2-

EXAMPLE 45

(2'R,35,4'R,5'R) 6-CHLORO-4'-(3-CHLORO-PHENYL)-2'-(2,2~
DIMETHYL-BUTYL)-2-OX0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-48)

[0198] 'H NMR (300 MHz, CDCl;), 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, T = 8.13 Hz, 1H), 4.53 (d, J = 7.38 Hz, 1H), 4.01 (d, ] = 7.41 Hz,
1H), 3.49 (4, 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, I = 7.51 Hz, 3H); '*C NMR (75 MHz, CDClL), § 181.18,
170.13, 14246, 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.




DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRODNDOLE-3,31-
PYRROLIDINEJ-5LCARBOXYLIC ACID DIMETHYLAMIDE (KE-46) Cl
W10%9%)25o 58.0 (¢ 0.75, CHCI.3); 111 NMR (300 MHz, CDC13), 5 9.25
BRI 28 7.20 (m, 211), 7.04 (d, J = 7.67 Hz, 111), FOH[&RY{y6221
6.69 (d, J = 7.94 Hz, HD, 6.41 (d, j;5@.82 Hz, 111), 4.65 (d, | = 7.60 Hz,
1H), 4.32 (d, 3= 7.54 Hz, H), 3.48 (d, | = 9.44 Hz, 111), 3.02 (s, 311), 2.99
(s, 31), 1.50- 1.42 (m, 1H), 1.03 - 0.95 (m, 1H), 0.82 (s, 911); 15C NMR
(75 MHz, CDC13), 181.46, 169.84, 157.92, 142.78, 133.61,
129.63,128.26,128.07, 127.46EX8BIF 494,79, 124.54, 121.67, 110.47,

(2'R,38,4'R,5'R) 6-CHLORO-4'-(6-BROMO-PYRIDIN-2- )-2'-(2,2~
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5'-CARBOXYLIC ACID DIMETHYLAMIDE (KE-50)

Br

!L\

Ci H

[0199] I NMR (300 MHz, CDCly), & 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, T = 8.41 Hz, 1H), 3.67
(d, T=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), 0.9 ~ 0.90 (m, 1H), 0.87 (s, 9H); °C NMR (75 MHz,
CDClL), & 181.25, 170.60, 159.68, 141.96, 141.14, 138.80, 133.38, 127.06,
126.98, 126,36, 123.62, 121.98, 100.88, 69.70, 64.79, 64.11, 60.08, 42.97,
37.32, 35.92, 30.19, 29.84,

EXAMPLE 47

1“METHYL-2'-(2-METHYL-PROPENYL)-4-PHENYL~1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE (KE-13)




68,26, 63.73, 52.27, 42.85, 37.02, 36.13, 30.08, 29.76;
C251-128a2FN302+ 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,38,4R,59?

WE. PR HEH- 41 -(3-CHLORO-4-FLUORO-PHENYL)-21-(2, 2 C T/US2006/006221
DIMETHYL-PROPYL)-2-0X0-1,2-R§HYDRO-SE IRO [IND OLE-3,31-
PYRROLIDINE]-51-CARBOXYLIC ACM DIMETHYLAM1DE (KE-45) Cl
[0197][aro 97.4 (c 1, CHC13); 111 NMR (300 MHz, CDCb), S 9.10 (br,

,7.18 (d, 1-= 6. 111) (E 6,89 (d, J = 1.75 Hz,
E]?% 75 (d% ’?"‘“f"s‘égeaﬁiz* PES h‘.‘ﬁ‘f t 4%1‘( ““%%%{'? 9017 (d J =
7.73 Pizzlqm,glbfeeﬂ(eﬁﬁwmap&BmygbAgZ(wal él@moml} 11pPmp 08 (s,
6H), 1ofBriCehsk A6 T4 Bz, T sdheR whk 8Gndvedlhd kho:83u¢s, 91-f);
13C NMB (#2425 E REL RISl 8di2Re 16985, 158.69, 142.49, 135.97,

65, 6 25.62, 121 85, 121.08, 116.75, 110.50,
Bait 5,450 DR 3% TR G T 15 o
C2,311ﬁ8@PZFN@0(21ré§QuFe7§ C 660,68, )5 72 (w 681 Fouridc, 61.05;
11, 6.263 N, 719755107 EX#VIRLP A5 ~ 2.61 (m, 1H), 2.32 (dd, T = 5.31,
(277,35 AR R Gtk QR4 T3 %WﬁRQ% FRA 2B %
DlMEIS'E)'.X F4L3J yLPS SQX?S}S% 12% 1§P R7 RNIQ%IEEI ’732

127.10, 121.45, 120.85, 110.33, 67.38, 57.30, 47.31, 43.06, 34.77, 23.99,
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, CDCl3), 8 7.56 (br, 1H), 7.28 (d, I = 8.04 Hz,

2H), 7.13 ~ 7.02 (m, 4H), 6.72 ~ 6.67 (m, 3H), 5.73 (s, 1H), 3.49 (dd, T = 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 (5, 3H); “C NMR (75 MHz, CDCls), 5 180.21,
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.




PYRROLIDINE1-5LCARBOXYLIC ACID DIMETHYLAMIDE (KE-48) Cl
[0198]111 NMR (300 MHz, CDC13), 6 8.88 (In, 1H), 7.17 - 7.14 (m, 311),
7.05 - 7.02 (m, 111), 6.88 (d, J = 1,77 Hz, 111), 6.70 (dd, J = 1.83, 8.1)
WO 37 (d. 1= 8.13 Hz, 1H), 4.53 (d, J 7.38 Hz, 1115 CHB /et
7.41 Hz, 1H), 3.49 (d, | = 9.41 Hz,11411 2.98 (s, 311), 2.92 (s, 311), 1.45
(dd, 1= 9.87, 14.17 Hz, Hi), 1.28 (br, 114), 1.20 - 1.16 (n, 2li), 0.92 - 0.87
(n, 111), 0.78 (s, 6H), 0.62 (t, J = 7,51 Hz, 311); 13C INTMR (75 MHz,

CDC11),t5181.1R, 170.13, %4%5@9618154{9.13, 134.39,

133.55,129.82,128.68,127.57, 6.54, 125.78, 121.74, 110.32,

67.90, 65,36, B4 AT, 5805 A Tk HeRe PR 34 1B 2715
26,91, 8MRO[INDOLE-3,3-PYRROLIDINE]-4-CARBOXYLIC ACID TERT-
BUTYL ESTER (KE-3)

[0204] Using a method similar to that in Example 47, this compound was

synthesized.
{0205] "HNMR (300 MHz, CDCl), & 8.53 (br, 1H), 7.42 (d, T = 7.40 Hz, 1H),

7.20 (td, J = 1.27, 7.69 Hz, 1H), 6.99 (td, J = 0.97, 7.53 Hz, 1H), 6.86 (d, ] =
7.66 Hz, 1H), 442 (dt, J = 1.33, 9.32 Hz, 1H), 3.85 (dd, J = 5.51, 9.72 Hz,
1H), 3.66 (dd, J = 5.49, 10.80 Hz, 1H), 3.58 (4, J = 9.32 Hz, 1H), 2.70 (t, T =
9.87 Hz, 1H), 2.28 (s, 3H), 1.63 (d, J = 1.23 Hz, 3H), 1.49 (d, J = 1.20 He,
3H), 0.95 (s, 9H); "CNMR (75 MHz, CDCl), 6 179.44, 169.54, 14121,
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,




108 EXAMPLE 46
(2'R,3S)47t,51R)6-CHLOR0-4146-BROMO-PYRIDIN-2-YL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO- SPIRO[IND%@l- % 221

WBYRHBIIHINEL-51-CARBOXYLIC ACID DIMETIPILAMI l‘%’é )
[01991til NMR (300 Mllz, CDC13),18 8.37 (br, 111), 7.25 - 7.23 (in, 211),
6.81 - 6.77 (m, 41l), 5.04 (d, J = 8.34 Hz, 111), 4.17 (d, 3= 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, 3=9.99, 14.10 Hz, 111):,0,981 80 (in, 111), 0.87 (s, 911); 13C NivIR
(75 1vlHz, CDC11), 5 181,25, 170.60, 159.68, 141.96, 141.14, 138.80,
133.38, 127,06, 126.98, 126.36, 2 121.98, 109.88, 69.70, 64.79,
64.11, 69.08, 42.97, 37.32, 35.9 9, 29.84. EXAMPLE 47
11.-METHYL-2'-(2-METHYL-PRO L)-4LPHENYL-1H-
SPIROF1NDOLE-3,3cPYRRQLIDITT-2-ONE (KE-13) 109 102001A
mixture of 3-E-3- benzylldene 1,3ydihydro-indo1-2-one (10.0 mmol),
Ninethyl-glycine (14 napol) ) nd 3 nethyl but-2-enal (14 mmo!) in 100 rot
toluene was refluxed'forgs-h A he-golvert was removed and the
residue was purified on S|I|ca g ield the product. 102011NMR
(300 MHz, CDCI5), 5 8. 3.01 Hz, 1H), 7.10 - 6.95
(n, 411), 6.74 - 6,67 (M 5 (in, 111),

[0206] To a solution of (2-oxo-1,2—dihydr0*indol-3-y1idene)—aoetic acid ethyl
ester and the complex formed by 2-bromo-1-phenyl-ethanone and 3,4-
dihydro-isoquinoline (a salfy in CHCl, BN 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, CDCly), & 8.13 (br, 1H), 8.10 (4, J = 147 Hz,
11), 8.07 (d, J = 7.58 Hz, 1H), 7.63 ~ 7.59 (m, 1H), 7.55 ~ 7.49 (m, 2H), 744
(s, 1H), 7.32 (4, J = 7.62 Hz, 1H), 7.21 ~ 7.16 (m, 1H), 7.08 ~ 7.05 (m, 11},
6.86 ~ 6.80 (m, 2H), 6.16 (d, T = 7.65 Hz, 1H), 542 (d, T =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, T = 5.14 Hz, 1H),2.95 (4, J = 5.83 Hz, 1H), 0.76 (4, I = 7.15 Hz, 3H);
BC NMR (75 MHz, CDCh), & 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, 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.




3.48 (dd, 3 = 5.51, 12.01 Hz, 111), 2.71 - 2.61 (in, 111), 2.32 (dd, = 5.31,
18.54 Hz, 111), 2.05 (s, 311), 1.84 (s, 611);13C NMR (75 MHz, CDC13), 8
180.61, 143.07, 138.56, 135.89, 133,75,128.14,127.78,127.55, 127,32

WP06U9K649 45 120,85, 110.33. 67.38, 57.30, 47.31, 43,05 YUS3H6L4UHS
14.19. 112

EXAMPLE 51

[0208] Using a method similar to that in Example 50, this compound was
synthesized. .
[0209] ' NMR (300 MHz, CDCls), & 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




EXAMPLE 48
6-CHLORO-P-METHYL-2'-(2-METHYL-PROPENYL)4-PHENYL-111-
SPIRO%IN‘DOLE-3,3LPYRROLIDIN]-2-ONE(KE-2) [0202]Usi hod
WO 5 hat in Example 47, this compound was synthesﬁé%ﬁ%@é@ﬁgﬁl-l
NMR (300 MHz, CDC13), 5 7.56 (13 111), 7.28 (d, J = 8.04 Hz, 2H), 7.13
-7.02 (m, 411), 6.72 - 6.67 (in, 311), 5.73 (s, 1H), 3.49 (dd, 1= 5.46, 12.21
Hz, 111), 2.65 (dd, J = 12.64, 17.30 Hz, 111), 2.32 (dd, 3= 3.21, 18.31 Hz,
Hi2.08 (s;,611). 1,93 (@,S%;% %qg E%Q?% M CDC1?%)ﬂ%5 180.21,
51?42. 6. 138,57 13580, 13375 12817 157 81 12764 12733 127.11,
121.5%196 %5 110.20, 67.40, 57.33, 47.33, 43.15, 34.74, 23.12. 110
BXAMPLE ZONMR (300 MHz, CDCl;), & 7.93 (br, 1H), 7.57 ~ 7.42 (m, 3H),
11-MEFHY b.22] 62 -ME THYL PR AP EN Y62 8%0-(h 2B ¥ PR~

SP'R%‘&\@%&E; .4?’%%&@.9&(!!?}@%ké‘k%ﬁ%,%%&%‘%%ﬂﬁ THRT-
BUTYL ESTER' (KE- )
4,10 ~ 4.03 (m, 1H), 4.04 (q, T = 7.14 Hz, 2H), 3.24 ~ 3.20 (m, 1H), 3.12 ~
3.03 (m, 1H), 2.98 (d, T = 5.88 Hz, 1H), 2.89 ~ 2.81 (m, 1H), 2.55 ~ 2.50 (m,
1H), 0.93 (t, J = 6.40 Hz, 3H); *C NMR (75 MHz, CDCls), 5 178.51, 170,99,
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.

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), 5.42 (d, ] =
6.62 Hz, 1H), 5.28 (1, J = 6.16 Hz, 1H), 3.59 ~2.83 (m, 6H), 1.46 (s, 9H).




102041Using a method similar to that in Example 47, this compound was
synthesized. [0205]JHNMR (300 MHz, CDC]), 8 8.53 (br, 1H), 7.42 (d, =
7.40 Hz, IH), 7.20 (td, J = 1,27, 7.69 Hz, 1H), 6.99 (td, J =0.97, 7.53 1-17,
WONOOUAY Y = 7 66 Hz, 1H), 4.42 (dlt, 3= 1.33, 9,32 Hz, TET{USReERg2)
=5.51, 9.72 Hz, 111), 3.66 (ad,! =1349, 10.80 Hz, 1H), 3.58 (U,! 9.32 Hz,
1H), 2.70 (t, | = 9.87 Hz, 1H), 2.28 (s, 3H), 1.63 (d, 3 1.23 Hz, 311), 1.49
(4.1, T = 1.20 Hz, 311), 0.95 (s, 911); I3CNMR (75 MHz, CDC13), fi
179.44, 169.54, 141.21, 138,?1%(‘;%%%{%0 ,127.89,126.16, 122.15, 120.52,
108.86, 80.80, 71.64, 60.95, 54.48, .34, 39.97, 27.17, 26,05, 18.48.
111 EXAMPLE Q402081 18 308D Bkxy1 22,2 DIMETHYL -
Z-oxob @@f@g@ﬁwm@@m@%ﬁ@ (B ansiie complex
formed by 2-bremesBpienyt-aidinmomes B AMiiigd-isoquinoline (a
salt) in C112C12, Et3N was added, The resulting solution was stirred at
room temperature overnight The solvent was removed and the residue
was purified on a silica gel colu to’l\pgeld the product [0207] IJJNMR
(300 /v1142, CDCb), 6 8.13 (b n‘&‘g 8.10 (d,  =1.47 Hz, 11.1), 8.07 (d,
= 7.58 Hz, 111), 7.63 - 7.5 CHNEBS [ 2.49 (m, 211), 7.44 (s, 111),
7.32 (d, 1=7.62 Hz, 111), 7.2 LG4, , 7.08 -7.05(m, 111), 6.86
-6.80 (m, 211), 6.16 (d, | = 7.6 3{%&,05.42 (d, J -a--7,38 Hz, 111), 5.19
(s, 111), 4.27 (d, J' 7.35 Kz~ 349 - 3.76 (m, 311), 3.22- 3.15 (in, 1H),
112 ENAMPLE Si 102081Using a riethod similar to that in Example 50,

eI A eSzgs 02051 ANE, G99 iz, GO0
(d, J= 8.0Hz, 1H), 3.26 (d, I= 8.3, 1E), 3.11-2.95 (m, 2H), 2.89 (d, J = 4.5Hz,
3H), 2.50 (t, J = 3.3Hz, 1H), 2.29 (br, 1H), 1.93 (s, 1H), 1.70 (s, 1H), 1.43-
1.21 (m, 5H), 1.19-0.85 (m, 3H), 0.74 (s, 9H); *C NMR (75 MHz, CDCL), 5
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

(2R, 35,4'R,5'R)y 6-CHLORO-4-CYCLOPENTYL-2-(2,2-DIMETHYL-
PROPYL)-2-0X0O-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-
5-CARBOXYLIC ACID DIMETHYLAMIDE (G-~52)




211), 735 - 7.22 (i, 311), 7.01 - 6.95 (in, 511, 6.95 - 6.89 (m, 3H), 5.15 (d, J
=3.90 llz, 111), 4,18 (ad, J = 4.15, 9.09 Hz, 111), 3.93 (d, 3= 9.10 Hz,
111), 3.57%5, 111), 3.37 -3.30 (in, 111), 3.18 - 3.15 (in, 111), 2.90 - 2.80
W(ﬁq%"éﬁ’iﬂf,lﬁ‘. 8 (s, 911). EXAMPLE 52 113 [0210]This corﬁﬁ)gﬁﬁaog\%@&m
prepared by hydrogenation of thejggmpound of example 50. [0211]IF1
NMR (300 MHz, CDC13), 3 7.93 (br, 1H), 7.57 - 7.42 (m, 3H), 7.35 - 7.23
(in, 4H), 7.11 - 6.93 (m, 311), 6.76 - 6.67 (in, 211), 6.08 (d, J 7,70 Hz, 1II),

5.41 (s, 1H). 5.24 (d, J 5.83 Hz, [H), 4. = 10 - 4.03
Fiiohis), 4 i 009 Vi i, 4P I T i
1H), 24083 M= BB G AT 2780 D)8 514y 285 23758 tH: 111),

0.93 .6 & H-40%z, BN ). D3RG 2V MHZ,BDE T8), B7E78.84):170.99,
141. 75 13 £r3 (751308 b e 9§, k3829423, 15129943 12,7 12¥.,60,26.34,

125'892’5%%,512(32.16}121‘%)'.%7%’6%5?,’?&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.35,4'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)

N
O\\/ \\
NH
- ‘""/////k
A\O
Cl H
[0216] | 'H NMR (300 MHz, CDCl), & 9.33 (s, 11), 7.10-6.85 (m, 4H), 3.76

(s, 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, 129.02, 121.86, 116.72, 11048, 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.




122.60, 109.65, 10.84, 69.22, 67.95, 61.06, 60.60, 44.58, 26.92, 22.64,
13.74. EXAMPLE 53 KE-6 [0212]This compound was prepared by the

Wr;}/dro%enation of example 51. [0213]LIT NMR (300 MHz, MeOH-ds), B

B HS4n, 6H), 7.23- 7.18 (in, 311), 6.96 - 6.93 (m, 21} E 25§y
7.85 Hz, IH), 6.00 (s, IH), 5.42 (d, 115 6.62 Hz, 111), 5.28 (t, | = 6.16 Hz, |
H), 3.59 - 2.83 (n, 611), 1.46 (s, 911). 114 EXAMPLE 54 (22(,3S,41R,5
'R) 6-CHLORO04-CYCLOHEXYL-2'-(2,24JIMETHYL-
P1tOPYL)-2-0X0-1,2-DIHYDRQ-BRIROINDOLE-3,31-PYRROLIDINE]
51-CARBOXYLIC ACID DIMETHYLAMIDE (G-51) CI [D21411H NKR.
(300 M5 OGN 6 800 A1) oAb 610 ) S7R . ) 8.0z
» i =Y.

A by S 22BN LE ), 2. BERELIBNESbiZ,
CARBOXYLIC ACID DIMETHYLAMIDE (G-56)

,L

[0217] 'H NMR (300 MEz, CDCly), & 9.13 (s, 1H), 8.61 (¢, J= 2.2Hz, 1H),
7.38 (t, 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, T = 8.0Hz, 1H), 5.23 (4, J = 7.8Hz,
1H), 4.12 (d, T = 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, 12630,
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,




311), 2.50 (t, J3.3Hz, 111), 2.29 (br, 111), 1.93 (s, 111), 1.70 (s, 111),
1.43-1.21 (m, 51-1), 1.19-0.85 (m, 311), 0.74 (s, 911); 13C NME. (75
MHz, CDC13), 182.36, 176.77, 142.27, 133.62, 128.30, 125.29, 122.09,

WOENIEHR0, 67.14, 61,70, 57.76, 43.20, 38.51, 34.61, FLFESZNEN6221
30.64, 30.02, 29.71, 26.29, 26.02,135.69. EXAMPLE 55

EXAMPLE 58

(2'R,3S5,4'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)

L

J=o
cl
[0218] 'H NMR (300 MHz, CDCls), & 8.38 (s, 1H), 7.10 {4, }=5.0Hz, 1),

6.80-6.35 (m, 5H), 4.48 (d, J= 7.0Hz, 1H), 4.27 (4, J=7.3Hz, 1H), 3.51 (d, ] =
9.3Hz, 1H), 2.98 (4, J = 7.8Hz, 6H), 1.52-1.44 (m, 1H), 1.31-1.23 (m, 1H),
0.84 (s, 9H); “CNMR (75 MHz, CDCly), § 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-
0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (G-58)




(2 PR,38,4'R,5111) 6-CHLORO-4'-CYCLOPENTYL-2-(2,2-DLMETHYL-
PROPYL)-2-OXO-1,2-DIRYDRO-SPIRO[IN. DOLE-3,31-PYRROLIDINE)-
5-CARBOXYLIC ACID DIMETIFILAMIDE (0-52) 115 [0215]1H NMR (300

WRNROBIEG 3), 5 9.12 (s, I1l), 7.26-6.97 (m, 41), 4.13 (d, I THRYPRp?2
3.68 (d, 1= 7.711z, 1H), 3.11-2,95:m" 2H), 2.97 (s, 31-0, 2.62 (t, .1 =--
2.2Hz, 1H), 1.92-1.86 (m, 21-1), 1.61-L08 (m, 711), 0.75 (s, 911); 111C
NMR (75 MHz, CDC13), 5 182.52, 174.10, 142.48, 133.71, 128.60,

125 65, 122,26 7. 68.98. 66.47. 61,94, 59.09, 43,50, 4158, 31.59,
RS 30,6 SUBQ TNEE JDA) Fog By L 5 ()
(2'&3343 R BRY6. CHr OGR4l e o XY TMEt T Hv T 421 /(P 31
DIME T4 sPROP Y1 2=00004 ZSIIH I RS PHR @UIND Ot E63 B4-

PYRR%'PAN Fals GARBRVEGIAK D 1 MEET b1 LMD Enl(-58)-
[0216]1F]

NMR (300 M 3 7.10-6.85, (m, 411),
3.76 4% 1f§?9”5°?n2?,(‘10%%]?;§.25%5%§’11 N%&i%@(%é g‘iiina
131-1.159.2%,189.23. 0185, 191691 5¢ NMRIES MAZ cB@1%)18182.80,
170.3221.40. 5k, (6 332860,129, 0%, 10260865 0 670, K164 S8 26.60263.54,
69.48 3534 #3290 3%.86. 37.53, 35.96, 35.50, 32.86, 32.13, 30,09,
20.82,26.36, 26.12. 116

EXAMPLE 60

(2'R,35,4'R, 5'R) 6-CHLORO-2'(2,2-DIMETHYL-PROPYL)-4"-(1-METHYL-
1B-PYRROL-2-YL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (G-84)

[0220] 'H NMR (300 MHz, CDCly): & 8.3 (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 (d, J =7.3 Hz,
1H), 343 (4, J = 9.3 Hz, 1H), 3.14 (s, 3H), 3.05 (s, 3H), 2.90 (s, 3H), 1.41-
127 (m, 1H), 0.92 ~ 0.90 (m, 1H), 0.89 (s, 9H); "*C NMR (75 MHz, CDCls):
§ 180.62, 170.48, 148.61, 133.57, 13031, 126.26, 123.71, 122.62, 12221,
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.




EXAMPLE 57 (2R,..38,41?,511)
6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-0X0-4J-
PYRIDIN-2-YL-1,2-DIHYDRO-SPIRO[NDOLE-3,3LPYRROLIDINE]-5'-

WORMBOIYLIC ACID DIMEIHYLAMIDE (0-56) [021711PGToR0¢806321
MHz, CDC13), 5 9.13 (s, HI), 8.61 {§93= 2.211z, IR), 7.38 (t, J = 2.2Hz,
1H), 7.07 -7.03 (m, 111), 6.86 (d, 3= 2.1Hz, 111), 6.78 (d, 8.0Hz, IH),
6.63-6.60 (M, 111), 6.50 (d, J = 8.0Hz, 1H), 5.23 (d, J 7.811z, 111), 4.12
(d, | = 8.0Hz, 1H), 3.51 (d, J- 9.311zIll), 3.0-2.92 (m, 6H), 1.50- 1.32 (in,
1H), 0.88 (m, 111), 0.82 (s, 91 TRLHIH (75 MHz, CDCI3), 181.80,
171.13, 158.49, 148.66, 142.33, 136.51,133.12,127.04, 126.30, 125.74,
124.29, (2'R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL~-PROPYL)-2-0X0-4'-

PYRIDIN-4-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID DIMETHYLAMIDE (G-83)

[0221) 'H NMR (300 MHz, CDCL): & 8.91 (s, 1H), 8.39 (d, /= 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, 1H), 3.04 (s, 3H), 2.91 (5, 3H), 1.31-127 (m, 1H), 0.90 ~ 0.86 (m, 1H),
0.85 (s, 9H); *C NMR (75 MHz, CDCly): & (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

(2'R,35,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-OXO-4'-
PYRIDIN-3-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-5"-
CARBOXYLIC ACID DIMETHYLAMIDE (G-82)




122.19, 121.56, 109.97, 68.86, 64.88, 63.77, 59.85, 5341, 42.76, 37.08,
35.91, 31.55, 30.43. 117 EXAMPLE 58
(21R,35,47?,51R)6-CIELOR0-2'-(2,2-DIMETHYL-PROPYL)-2-0X0-4J-

WIOHIOFIE4)-2-YL-1,2-DIHYDRO-SPIROUNDOLE-3,3LPY REH A 5221
5'-CARBOXYLIC ACID DEVIETHYLAMIDE ((3-57) ci [02181'11 NMR (300
MHz, CDC?), 8 8.38 (s, 1H), 7.10 (d, 3=5.011z, 1H), 6.80-6.35 (m, 511),
4.48 (d, 3 7.01-1z, 111), 4.27 (d, J=.7.3Hz, 1H), 3.51 (d, | = 9.311z, 111),
2.98 (d, S = 7.8Hz, 611), 1.52-1.44 (m, 111), 1.31-123 (m, 1H), 0.84 (s,
OHIR22BCNM BI (WBIRIER) WHCER®:)1 8062 (516510841 4R .80, 712 13D,
133.587 426066l 361/ 354 26.207 ﬁ@ﬁﬁﬂfllgfd@* 321,93 B19.06767.69,
67.52 0934 2 S 9% 0 Pt h AR nd b1 DR ERANIPLE
R 52)41? 34 B ROMSBME (Y MEs P IDINE AV BRAEMT) 1890,

143.03, 136.76, 135.03, 134.09, 127.09, 126.17, 123.83, 122.27, 110.85,
68.98, 65.34, 64.07, 56.55, 43.58, 37.72, 36.60, 31.99, 30.59, 30.25.

EXAMPLE 63

(2'R,38,4'R,5'R) 6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-4'-FURAN-3-
YL-2-0X0O-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-
CARBOXYLIC ACID METHYLAMIDE (G-81)

[0223] 'H NMR (300 MHz, CDCl): & 9.01 (s, 1H), 7.30-6.56 (m, 5H), 6.01
(s, 1H), 4.08 (4, 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): & 18126, 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.




OX0-1,2-DIHYDRO-SPIRO[INDOLE-3,3LPYRROLIDINE]-5'- CARBOXYLIC
ACID DIMETHYLAIVIIDE (0-58) 118 [02191111 NMR (300 MHz,
CDC13), 3 8.75 (br, 1H), 7.30 - 7.27 (m, 211), 7.08 - 7.03 (n, 311), 6.83

W8,2006/09288 Hz, 114), 6.74 (ad, J = 7.45, 7.49 Hz, 111), 6BSTE2006/009225
Hz, 111), 4.55 (d, J = 7.68 Hz, 1H);4.02 (d, 3 = 7.67 Hz, 111), 3.54 (d, 3 =
9.14 Hz, 111), 3.21 (br, 1H), 2.98 (s, 311), 2.93 (s, 311), 1.54 - 1.46 (in,
11-1), 1.03 - 0.92 (In, 111), 0.82 (s, 911); ISCNMR (75 MHz, CDC13), 6
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, 75XAMPLE 64

(2'R,38,4'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, CDCly): & 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, CDCly): &
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)




109.60, 68.09, 65,06, 64.65, 58.32, 43.25, 37.22, 36.14,30.12, 29.80.
EXAMPLE 60 (2'R,35,4R,51.22)
6-CHLORO0-21-(2,2-DIMZETHYL-PROPYL)-4'-(1-METHYL-

WO 2906000 L -2- Y L)-2-0X0-1,2-DIHY DRO-SPIRO[INDO B U£006/006221
PYRROLIDINEET-CARBOXYLIC AGID DIMETHYLAMIDE (0-84)
102201111 NMR (300 MHz, CDC13): 8 8.33 (s, 111), 6.88 (s, 111), 6.71
(d, J=- 7 Hz, 114), 6.38-6.08 (in, 411), 4.56 (d, J = 7.0 Hz, 111), 4.01 (d,

A=7.311.z, 111)343(dJ 9.3 Hz, 111 3.14 (s, 311), 3.05 (s 314)
[0225] 'HNMR (300 MHz, CDCly) 8 8.55 (s {H), 7.30°(d, T = 7.1 Hz, 2

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 =173 Hz, 1H), 3.73 (s, 3H), 3.48 (d, J = 8.3 Hz, 1H), 2.97 (s, 3H), 2.90 (s,
3H), 1.51-1.43 (m, 1H), 1.28 (m, 1H), 0.83 (s, 9H); °C NMR (75 MHz,
CDClLy) & 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)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5°-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
BTHYL)-AMIDE (KE-79)

[0226) [a]®p 45.29 (c 0.17, CH,CL); '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, J =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), 1.29-1.21 (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,



2.90 (s, 3H),1.41- 1.27 (m, 111), 0.92 - 0.90 (in, 1H), 0.89 (s, 911); iJC
NMR (75 MHz, CDC13): 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,

WERMRA 86 42 25 37.25, 36.23, 34.64, 33.17, 30.09, 2FEE/U§486/006221
EXAMPLE 61 (2'R, 38,4'R, .57R) 123
6-CHLORO-2'-(2,2-DIMETHYL-PROPYL)-2-0X04-
PYRIDIN-4-YL-1,2-DIHYDRO-SPIRO[INDOLE-3,3LPYRROLIDINE1-51-

CARBQXY A R, (300
MHsz?@a%é%ﬁ%%% 1t é *”Wd SR SH TR T 7 i
111), BaFeynd . 15 41 08°0d, J = 7.1Hz, 2E1), 6,75 (s, 1ll), 4.89 (d,
J-8.10 Hz, 111), 4.49 (d, .1= 8.12 Hz, 111), 3.75 (d, J 9.32  111), 3.04 (s,
311), 2.91 (s, 311), 1.31-1.27 BRAMPLE €.90 - 0.86 (m, 111), 0.85 (s, 911);
13C NMR (75 MHz, CDC13). 8 (ppm) 178.60, 172.67, 149.87, 148,85,
142.78, 1362@LSHRR) (LI 0RO S THI LRDSUENIE. RY-(2.20.92, 66.75,
66,39, 6 PREEBELE § 629X B B YRRB SPROBIIOKE/BL E 62

(2T,38,49% SR} &% ﬁ@ﬁ%ﬁﬁ@;ﬁﬁgﬁ BEEGEPTS:310%0-49%-
PYRIDIN-3-Y1,-1,2-DIHYDRO-SPEROPNBOL E-3,3'-PYRROLIDINES-5-

[0227] 'H NMR (300 MHz, CDCly), 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, J; = 7.3 Hz, J;
= 1.6 Hz, 1H), 6.27 (d, J = 8.1 Hz, 1H), 428 (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, 1F), 1.29-1.26 (m, 2H),
0.84 (s, 9H); °C NMR (75 MHz, CDCL) 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.




CARBOXYLIC ACID DIMETHYLA.MIDE (G-82) CI -r'-I"N 120 [0222]111
NMR (300 MHz, CD013): 8 9.08 (s, 111), 8.45 (d, J -= 7 Hz, 211),
7.44-6.42 (m, 511), 4.58 (d, J= 7 Hz, 1H), 4.16 (d, J= 8 Hz, 11), 3,53 (d,

WE2006/00446111), 2.98 (d, J 611z, 611), 1.53-1.43 (m, 111), RS- §E 200 FBOA31
111), 0.84 (s, 911); 130 NMR (75 Mijz, CDC13): 6 181.44, 170.26,
150.07, 148.90, 143.03, 136.76, 135.03, 134.09, 127.09, 126.17, 123.83,
122.27, 110.85, 68.98, 65.34, 64.07, 56.55, 43.58, 37.72, 36.60, 31.99,
30.59, 30.25. EXAMPLE 63 (2'R, 3S, 4 'R,.5
6-011LOR0-2'-(2,2- DIMETHYERES % 4'-FURAN- 3-

YL-2-0X0-1,2-DIHYDRO-SPIRO INDOLE 3){)}5

CARB‘%? B R Ej 1300
MHz, € (ki .08 (d, J=
7.50 Hz, 111), 3.75 (4, 3= 7.50 Hz, Il) 342(d g 900Hz 111) 2.99 (s,
311), 1.53-1.43 (m, 111), 0.91 - 0.86 (in, 111), 0.84 (s, 91-1); 130 NMR (75

MHz, CDC13): 8 181.26, 173.14, 143.6§, 142.69, 140.61, 134.18, 127.30,
126.60, 123.45, 123,41, 111.10%‘2 57.97, 66.08, 62.96, 48.57,

[0228] 'H NMR (300 MHz, CDCLy) & 8.59 (s, 1K), 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, LFD), 4.01 (d, J= 6.1 Hz, 1H), 3.50 (m, 1H), 3.03 (s, 3H), 2.91 (5, 3H),
1.51-1.45 (m,‘ 1H), 1.29-1.26 (m, 2H), 0.84 (s, 9H); °C NMR (75 MHz,
CDCly) & 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)




EXAMPLE 64 (22438,4R, 5'R)
6-CHLORO-T-(2,2-DIMETHYL-PROPYL)-4!-FURAN-2-
YL-2-0X0-1,2-DIHYDRO-SPIRO1INDOLE-3,3LPYRROLIDINE1-5L
WORRISE9%E IC ACID METHYLAMLDE (0-80) ON NH NetRCH/USg5496221
NMR (300 MHz, CDC13): 8 8.98 ($24H), 7.43 (.1. 4.8 Hz, 1H), 7.13 - 6.74
(rn, 31-1), 6.10 - 6.05 (in, 2H), 4.47 (d, J = 9.30 Hz, 111), 4.17 (d, J = 9.35
Hz, 111), 3.67 (d, J- 8.00 Hz, 111), 2.89 (d,!= 4,90 Hz, 3H), 1.39- 1 24 (m,

g}go 93 - 0,85 &%m 88 (s 521‘391% 13C NMR (75 MHz, CDC13):

%5, 17358 %96‘4% Chr5 821 ¢3hhe/ 136047158 85 2 33,

111.17.23 (s, 1H), 7.10 (d, J = 8.0 Hz, 1H), 6.94-6.77 (m, 3), 4.98 (d, /= 8.45 Hz,
1H), 4.80 (d, J = 8.6 Hz, 1H), 3.78 (d, J = 8.7 Hz, 1H), 3.01 (s, 3H), 2.97 (s,
3H), 1.31-1.27 (m, 3H), 0.84 (s, 9H); *C NMR (75 MHz, CDCly) § 178.77,
172.84, 148.09, 142.12, 134.23, 126.61, 126.54, 124.72, 124.07, 116.51,

116.28, 110.47, 67.08, 66.23, 61,98, 48.40, 43.87, 37.77, 36.70, 35.06, 31.99,
30.58, 30.21,

EXAMPLE 70

(2'R,35,4'S,5'R) 6-CHLORO-2'~(2,2-DIMETHYL-PROPYL)-4-(2-CHLORO-
3-FLUORQ-PHENYL)-2-0X0-1,2-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 (t, 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 (d, J = 3.2 Hz, 1H), 4.25 (d, /= 2.5 Hz, 1H),
4.43 (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); *C NMR (75 MHz, CDCL), 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.




110.49, 107.83, 65.77, 65.20, 64.01, 52.45, 45.11, 32,00, 30.57, 3036,
26.48. EXAMPLE 65 (2 72, 3S, 4 12,5 'R)
4'-(3-BROMO-PHENYL)-2"-(2,2-DIMETHYL-PROPYL)-6-

WIETIMOXO662-0X0-1,2-DRIYDRO-SPIROpNDOLE-3, 3L P YFIR(OBHIRReR21
5-CARBOXYLIC ACID DIMETHYLAMDE (KE-61) 122 [0225]111 NIVIR
(300 MHz, CD013) 8 8.55 (s, 1H), 7.30 (d, J = 7.1 Hz, 211), 7.08 (d, J =
3.9 Hz, 2H), 6.43-6.23 (In, 311), 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, 111), 2.97 (s, 311), 2.90 (s, 3E1),
1.51-1.43 (m, 111), 1.28 (m, 115-083%J1911); 13C NINIR (75 MHz,

CDC13) 318211, 170,81 189,97, 142 25, 13210, (1.5%11
SR

[0231] C NMR (75 MHz, CDCL;) § 181.25, 170.16, 142.89, 134.06, 133.01, -
128.70, 12849, 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-OX0-1,2-DIHYDRO-SPIRO[INDOLE-3,3’-
PYRROLIDINE]-5’-CARBOXYLIC ACID (2-MORPHOLIN-4-YL -
ETHYL)-AMIDE (KE-90)

)




(272,38,4'R.,5'R) 6-(CHLORO-4'-(3-CHLORO-PIIENYL)-2]-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[IDOLE-3,3'-

ARYRROLIDINE]-5-CARBOXYLIC ACID (2-MORPHOLIN- 45} @ -
CRYPSRIDE (KE-79) 102261[n]256 45.29 (¢ 0.17, CHEET)F Lol KR
(300 MHz, CDC13) 6 8.33 (s, 111)27.17-7.10 (m, 411), 6.95 (d, J= 4.4 Hz,
111), 6.81 (dd, J = 8 Hz, ./2= 1.6 Hz, 113), 6.70 (d, J= 1.8 Hz, 111), 6.31
(d,../ 18 Hz, 114), 4.33 (d, J = 7.1 Hz,ll), 3.88 (d, J= 7.12 Hz 1H),

67-3.60 ( | 3 1-2.28
f?%”?‘H) 15 % @O%YR% %fééj’fgfé 2? ellliﬁ‘) 8318659(4 7,2 13C§ISIMR
(75 MRz BE3EA3)8 G}Bd@ﬂﬁé 37 (%, Ef%“’l]éﬁ 60744, 18,
130.1%n,1628, 98, 1298 2314647126 U2, 1261215 (323D00-97.6,68):67.51,

2(7) gg ’gg‘lg?i 219%12%7%@73 y 517800 5343, 44.28.1362042830%5. mg gg ?\IS
o b, PR B 360, 4 B R e B R oy M0

(2'R,334R SJ@GOGHEWO 4'-(3-CHLORO-PHENYL)-21-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DLHYDRO-SPIROUNDOLE-3,3i-
PYRROLID1NE1-5LCABBOX¥kIMAGH T (3-MORPHOLIN-4-YL-
FROPYL)-AMIDE (10E-78) 10227111-1 NMR (300 MHz, CDC12), 5 8,57
(s, 111@27?339:'&;5 )R ZBRE- 201 ADBHITBYIGPB (IS ind-(3HBRMBISO (d, J-
1.6 Hz, 124 NYE)?Z Q¥ | JODHH BRY,SPIRG B@@? d:3= 8.1 Hz,
111), 4.5 O}ID P ARBO YR GCTP PIMETE LAY 87 (in, 4H),
3,35 (d, J= 7.6 Hz, lli), 3.89-3.34 (m, 2H), 2.43-2.37 (m 611) 132-1.68 (In,
213), 1.53-1.48 (n, 111), 1.29-1.26 (In, 2!11) 0.84 (s, 911); 13C NMR (75
MHz, CDC13) 8 180.91, 172.08 Q@? $41.34, 134.76, 134.19, 130.13,
e 229 110.63, 67.79, 6735,
66.62, 63.80, 57.47, 57.41, 54,10, 2 , 31.99, 30.59, 30.40,

30.26. =
7<o
cl N
[0233] 'H NMR (300 MHz, CDCL) & 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),
4.604.53 (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).




124 EXAMPLE 68 (2 22, 35,412)5 '?) 6-CHLORO-2 '
-(2,2-DIMETRYL-PROPYL)-4-(3 -FLU ORO-
PHENYL)-2-0X0-1,2-DIHYDRO-SPHIO[INDOLE-3,3-PYRROLIDINE]-5-

WOAMBEIIYLIC ACID DIMETHYLAMODE (ICE-75) [0228)R{WRSE8e ML,
CDC13) 8 8.59 (s, 111), 7.29-7.20 (,l11), 6.98- 6.87 (m, 413), 6.68 (dd,
J,=7.8 Hz, .12 = 1.7 Hz, 11-1), 6.35 (d, J= 7.5 Hz, 111), 4.56 (s, Ill), 4.01
(d, J= 6.1 Hz, 111), 3.50 (n, 111), 3.03 (s, 3H), 2.91 (s, 313), 1,51-1.45 (in,
111), 1.29-1.26 (In, 213), 0.84 (s, 9E); 13C NMR (75 MHz, CDC13) 8
180.91, 170.20, 164.33, 161.06S4AY85E 141 71, 133.51, 130.20, 126.54,
125.66, 121. 75 11574, 114.49, 110.19, 68 14, 65,34, 6136, 43,12,

%gs B

3-MORPHOLIN-4-YL~

37.16, ,

6-CHLOR ME4

DIELUORO-PHENYL)- -OXQ@bﬁPAWQSﬁIRORNDOLE -3,3-
PYRROLIDINE]-5-CARBOXYLIC ACID DIMETHYLAMIDE (KE-74) 125
[0229]IHNMR (300 MHz, CDC13) 5 8.21 (s, I1),.7.40 (d, J= 8.0 Hz, 11-1),
7.23 (s, 111), 7,10 (d, J= 8.0 Hz, 1H), 6.94-6[77 &n, 311), 4.98 (d, J= 8.45
Hz, 1H), 4.80 (d, J= 8.6 Hz, 1H), 3.78 (d; ZHz, IH), 3.01 (s, 311),

2.97 (s,

[0234) 'H NMR (300 MHz, CDCly) 8 7.70-7.00 (m, 5H), 6.62 (s, 1H), 6.49 (d,
J=17.8 Hz, 1H), 6.20 (d, J= 7.8 Hz, 1H), 4.40 (4,7 = 7.7 Hz, 1H), 4.07 (, 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), 1.54-146 (m, 1H), 0.98-0.91 (m, 2H), 0.87 (s, 9H); *C NMR (75
MHz, CDCl;) & 181.12, 17246, 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.




3H), 1.31-1.27 (m, 311), 0.84 (s, 9H); 13C NMR (75 MHz, CDCI3) 8
178.77, 172.84, 148.09, 142.12,134.23,126.61,
126.54,124.72,124.07,116.51, 116.28, 110.47, 67.08, 66.23, 61.98, 48.40,
WPRB/08¥6467 36 70 35.06, 31.49, 30.58,30.21. EXAMPLECTH{3%ARYRE
sT) 6-CHLOR0-2"-(2,2-DIMETEIYL-BROPYL)-4-(2-CHLORO-
3-FLUORO-PHENY14-2-0X0-1,2-DIHYDRO-SPIROUNDOLE-3,3-
PYRROLMINE1-5-CARBOXYLIC ADD (2-DIETHYLAMINO-ETHYL)-
AMIDE (KE-73) [023011HNMR (300 MHz, CDC13), 88.55 (s, 111), 7.50
(M, 111), 7.18 (t, J= 2.4 Hz, IHXANBYE B= 3.2 Hz, 111), 6.86 (s, 111),

6.64 (d, J= 1.6 Hz, Ill), 6.26 (d, J= 3.4 Hz, 11 Hz, 111),
e
-3%C

4.25 (d, Ji@é’%
3.60-3.51 4 On6iis. 1.48-1.43

(in, 211), 1.19-1.14 (t, J = §rdbiz. B4MDE. @& (E)9H); 13C NMR (75 MHz,
CDC13), 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, 67.909, 66.56, 63.64, 53.01,
51.62, 43.60, 35.88, 31.99, 30.54, 23.26, 2 NSS)'O

[0235] 'H NMR (300 MHz, CDCL) § 8.53 (s, 1H), 7.54 (m, 1H), 7.10-6.95
(m, 2H), 6.94 (s, 1H), 4.20-4.11 (m, 4H), 3.43-3.15 (m, 4H), 2.65-2.34 (m,
6H), 2.29 (m, 1H), 1.76-1.18 (m, 7ED), 0.76 (s, 9H), 0.55 (s, 9H); BCNMR (75
MHz, CDCly) § 18224, 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.




126 EXAN1PLE 71 (27433,474 5'R)
6-CHLORO-2"-(2,2-DIMETHYL-PROPYL)-4-(3-CHLORD-
PFIENYL)-2-0X0-1,2-MHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE)-5-

WORMBIIE IC ACID METHYLA.MIDE (KE-71) 10231]13&GEf00p406221
MHz, CDC13) a 18125, 170.16, 142.89, 134.06, 133.01, 128.70, 128.49,
126.82, 125.59, 125.37, 125.21, 12221, 110.62, 68.94, 64.30, 64.09,
52.99, 43.32, 37.48, 36.55, 30.58, 30.25. EXAMPLE 72 (2 '22,38,4'3,5'R)
6-(CHLORO-4"-(3-BROMO-2-FLUORO-PHENYL)-21-(2,2-
DIMETHYL-PROPYL)-2-0X0-12-RHptHDRO-SPIRODNDOLE-3,3'-
PYRROLIDINE]-5'CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
ETHYL)-AMERE ACA0 1l@d0-4°-2,2-DIMETHY L-PROPYL-2"-(2,2-

DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3 ’.
PYRROLIDINE]}-5’-CARBOXYLIC ACID METHYLAMIDE (KE-94)

[0236] 'H NMR (300 MHz, CDCl3) 5 8.90 (s, 1H), 7.10-6.90 (m, 3H), 3.52 (d,
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);
130 NMR (75 MHz, CDCl;) § 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°S,5'R) 6-CHLORO-4’-(3-CHLORO-2-FLUORO-PHENYL)-2’-
(2,2-DIMETHYL-BUTYL)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3’-
PYRROLIDINE]-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-
PROPYL)-AMIDE (GM-29)




[0232]111 NMR (300 MHz, CDCh) 5 7.99 (m, 111), 7.10-6.90 (m, 411),
6.78 (a, 1H), 3.73-3.67 (in, 4H), 3.42-3.39 (m, 311), 3.01-2.96 (in, IlI),
2.56-2.49 (m, 611), 2.3-2.2 (in, 211), 1.51-1.47 (m, 111), 1.27-1.18, é{%@z
WOOHEHHE 911); 13C NMR (75 MHz, CDCb) 5 179.40, FEAF52P99%a21
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, 44.58135.50, 30.59, 30.11, 29.90. EXAMPLE
73 (21?,33,41,3,57)
6-CHLORO0-21-(2,2-DIMETHYL-PROPYL)-4-(3-BROMO-

oL I e Ao e o1)
102331111 NioTIA00 WD GRL 3 e G o G f el
6.98- [BROOAIN)=6. 82 s, TN 69 (o 585 1D 1836 U= 6.7 Hz,
1), 4.6844 58, 3116285 (eh, 38)7 14/ Hrz6d ()2 B)AB5 8345 (m, 1H), 3.05 (s,
311), 300 3, gﬁl%ﬁﬁ,%@éﬂt&éﬁ,@k}ﬂﬂ@@%@@ﬁ%ﬁﬁ §isn- 34 JmO386 (s, 911).
128 EXAMPLE 74
(2W,33,413,5fR)6-METHYL-4'-(3-CHLORO0-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-0X0-F%" BRO-SPIRORNDOLE-3,3"-
PYRROLIDINE L CARRRXYHCAGIR EHARBHRLA s
PRO P@ @iimféﬁ;@ v2-0)t<30~1 ,2~DIHYDRO—SPIRO[H\]DOI%§~§,3I(’%
PYRROLIDINE]-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL-
PROPYL)-AMIDE (KE-101)

[0238] "H NMR (300 MHz, CDCl3) § 7.89 (s, 1H), 7.74-6.09 (m, 3H), 6.83 (s,
1H), 6.68 (d, J = 8.0 Hz, 1H), 627 (4, J = 8.1 Hz, 1H), 440 (4, J = 7.6 Hz,
1H), 4.08 (d, J = 7.5 Hz, 1H), 3.77 (m, 4H), 3.50-3.36 (m, 5H), 2.54 (m, 7H),
178 (m, 2H), 1.51-1.47 (m, 1H), 1.27 (m, 4H), 1.12-0.76 (m, 8H); *C NMR
(75 MHz, CDCly) 5 180.75, 171.96, 142,71, 141.96, 13435, 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,38,48,5°R) 6-METHOXY-4’-(3-BROMO-2-FLUORO-PHENYL)-2’~
(2,2-DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-




102341'H NMR (300 MHz, CDC13) 5 7.70-7.00 (in, 511), 6.62 (s, 111),
6.49 (d, 1=7.8 Hz, 111), 6.20 (d, J!= 7.8 Hz, 111), 4.40 (d, J = 7.7 Hz, 111),
4.07 (d, J= 7.8 Hz, 111), 3.82 (m, 411), 3.52-3.34 (m, 311), 2.62 (m, 611

Wé’éﬁ“éé”%‘ﬁ) 1.85 (m, 211), 1.54-1.46 (m, Ill), 0.98-0.91 (¥ £ ‘7"?&

9H); (3C NMR (75 MHz, CDC13) 5 181.12, 172.46, 141.51, 138.67,

129.71, 129.01, 128.81, 127.87, 124271, 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. 129 EXAMPLE 75 (2'R,3'8,4 R, 5'R)

6-CHLOR® Ak eR BNMETENBERORYACTL{ MDRPHOLIN-4-YL-

DIMETHYL-PROPY L)-2- ¥ 2/EDEIRELEPIROFINDOLE-3,3 -

PYRROLIDINE)-51-CA_RBO3CYLIC ACID (3-MORPIIOLIN-4-YL-

PROPYL)-AMIDE (1.2,-93) Co N*)  [0235]1H MR (300 MHz, CDC13) 8

8.53 (s, 1H), 7.54 (m, HI), 7.10-6,95 § 210, 6. étﬂ)Hl) 4.20-4.11 (m, 4H),

3.43-3.15 (m, 4H), 2652,&‘]:1)%([ 1), 1.76-1.18 (m, 7H),

0.76 (s, 911), 0.55 (s, BHY,NSCNMR (75 MHz, C13C13) 8 182.24, 142,81,

134,08, 129.13, 127.09, 122.46,X10)81, £8,70, 67.44, 64.53, 62.82,

57.80, 54.12, 49.41, 43.97 {4364 ‘3g .99, 31.99, 30.64, 30.52,
30.21, 29.39, 25.74. N/\O

HaCO b
[0239) 'H NMR (300 MHz, CDCl) 8 7.55 (s, 1H), 7.41 (m, 1H), 7.32-7.00

(tm, 3H), 6.36 (s, 1H), 6.26-6,17 (m, 2H), 4.37 (d, /= 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); 3C 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[INDOLE-3,3’-
PYRROLIDINE]-5’-CARBOXYLIC ACID (3-MORPHOLIN-4-YL~
PROPYL)-AMIDE (KE-103)




130 EXAMPLE 76 (2 IR, 3 3,4 '12, .5 110
6-CHLORO0-41-2,2-DIMETHYL-PROPYL-2"-(2,2-
DIMETITYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

WOVRIHIF1DINE]-5'CARBOXYLIC ACID METHYLAMEDEFKUSH|6/006221
[0236]IIINTLVER (300 MHz, CDCI3) 5 8.90 (s, 1H), 7.10-6.90 (m, 3H),
3.52 (d, J 7.6 Hz, 1H), 3.25 (d, J= 2&Hz, 1H), 2.88 (d, J' 4.5 Hz, 311),
2.54 (m, 111), 2.30 (m, HI), 1.64-1.45 (m, 3H), 1.27 (m, 2H), 0.76 (s, 91),
0.56 (s, 9H); uc NMR (75 MHz, CDC13) 5 182.51, 17337, 142.95, 134.13,
129405, 127.1#1\1131@2(3%,1\1119.QﬁcZ)lalfﬂalﬁ&,OﬂH)ﬁizﬁQnM}Q?s.%e(,QQ, jzé888,
39.81, 31.99, , 30,20,.29,35, 26.43, PLE 77.(2.7?,3 8,4
35K %%éﬂé%%@%%?c%t%fé%%%%%é&%%ﬁéﬁ%@%gr 28
(2,2-DINfEs FEALBEr 3.8, 4% 6: 1 BV BRe: PR St G1:E58: 31-
PYRROBIDMERSEBARBO ] CH.OIT (URFERAED.RY(4-%D; “C
PROPXirAMI NEA G295 15331, 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, §7.63, 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,35,48,5'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, CDCl3) & 8.23 (s, 1H), 7.43-7.01 (m, 410), 6.87 (d,
J=6.0 Hz, 1H), 6.22 (d, J = 8.6 Hz, 1H), 4.40 (d, /= 8.0 Hz, 1H), 4.12 (d, /=
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, CDCly) &
180.62, 171.58, 138.22, 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,38,45,5°R) 6-CHLORO, 7-FLUORO-4’~(3-CHLORO-2-FLUORO-
PHENYL)-2’~(2,2-DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-




[023711H NMI2 (300 MHz, CDCI3) 58.23 (s, 111), 7.39-7.21 (m, 3H), 7.05
(t, J = 7.9 Hz, 111), 6.83 (s, 1H), 6.68(d, J =- 8.1 Hz, 111), 6.30 (d, | = 8.0
Hz, 111), 4.40 (d, J = 7.90 Hz, 111), 4.09 (d, J=.7.6 Hz, 1113, 3.81-3.67
Wi A99164054-3.31 (in, 311), 2.62-2.34 (in, 611), 1.75-1.68 (V44006221
1.51-.145 (n, 111), 1.24-1.20 (n, 21;1]), 1.18-1.10 (n, 211), 0.76-0,70 (in
6l1), 0.57-.061 (in, 311). EXAMPLE78 (272,33,451,5
R)6-CHLORO0-4'43-CHLORO-2-FLUORO-PIIENYL)-2'-(2,2-
DIMETIIYL-PENTYL)-2,-OX0-1,2-DIHYDRO-SPIROHNDOLE-3,3'-
PYRROISIRNENEENEARBYXROUDATIE (GARESIREING AR |-
PROPYL)-AMIDEOREEQLIN 1 Yo I Rt P30 ¥nl42) cbc13)s 7.89 (s,
11.1), 7.74-6.09 (m, 311), 6.83 (s, 111), 6.68 (d, J= 8.0 Hz, 111), 6.27 (d,
J=8.1Hz, 111), 4.40 (d, J = 7.6 Hz;111), (l, 17.5 Hz, Ill), 3.77 (n,
413), 3.50-3.36 (n, 511), 2587 ¥q,(in, P11), 1.51-1.47 (n, 1H),
1.27 (at, 411), 1.12-07648 : '3C NMR (75 MHz, CDCI3) 8 180.75,
171.96, 142.71, 141.96, 134.35¢124'99,1128.33, 127.81, 126.69, 126,65,
L0552,67.03,66.66, 66.07: 63.06, 57.25, 53.96,

44.98, 41.69, 38.53, 33.00 72‘80)5 27.88,
cl N
[0242] 'H NMR (300 MHz, CDCl3) 8 8.53 (s, 1H), 7.23-7.10 (m, 4H), 6.87 (4,

J=6Hz, 1H), 6.22 (4, /= 8.5 Hz, 1H), 443 (d, /= 8.1 Hz, 1), 4.14 (4, 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, 158.37, 15570, 152.47, 138.31, 13028, 128.34, 127.90, 125.08,
12218, 120.94, 11351, 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.3S,48,5°R) 6-CHLORO, 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] ' NMR (300 MHz, CDCls) § 9.79 (s, 1H), 8.60 (s, 1H), 7.57 (s, 1H),

7.27-6.87 (m, 3H), 5.90 (4, J = 8.1 Hz, 1H), 4.51 (m, 1H), 4.23 (m, 1H), 3.7-




25.82, 23.06, 17.31, 15.32. EXAMPLE 79 (222,35, 4S,5
6-METHOXY-4'-(3-13ROMO0-2-FLL/ORO-PHENY1)-2'-
(2,2-DEVIETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIROONDOLE-3,3'-
WBPESHREOIDINE)-5'-CARBOXYLIC ACID (3-MORPHGIBU42406/006221

PROPYL)-AMIDE (KE-102) s

3.1 (m, 9H), 2.12 (m 3H), 1.49-1.41 (m, 4H), 0.82 (s, 9H); *C NMR (75
MHz, CDCly) § 181.11, 174.19, 155.66, 138.77, 130.35, 127.98, 127.39,
12543, 121.79, 121.52, 121.12, 11338, 113.06, 11233, 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

(2'R,38,48,5 'R) 6-CHLORO, 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-
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, CDClL;) 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.




1023911H NMR (300 MHz, CDC13) 8 7.55 (s, 1H), 7.41 (m, 1H),
7.32-7.00 (m, 311), 6.36 (s, 111), 6.26-6,17 (m, 211), 4.37 (d, J' 7.9 Hz,
111), 4.0 (d, J = 8.2 Hz, la), 3.73 (s, 311), 3.70 (m, 611), 3.44 (d, J = 8.1

WQ2046/00164638.3 34 (m, 211), 2.43-2,38 (m, 411), 2.05 (InPETHSA%8%2F9
(m, 211), 1.51-1.47 (m, 111), 0.97 0.89 (m, 1H), 0.79 (s, 911); 13C NMR
(75 MHz, CDC13) 8 181.37, 160.20%142.56, 129.72, 128.27, 127.85,
125.55, 119.62, 119,05, 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
(21R,38,4R,5 6-CHLORO-4'-(ZEANEMR®55-FLIJORO-PHENYL)-2'42,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIR011NDOLE-3,3'-
PYRROI(BINEL SR)CARBOROY T-RE VRO A SAME REHSHTOR Ot -
PROPYL%EKWE" k@2 BBfET l¥ - ,(;g:DCB) 8
8.31 (m, E%%E{EN LD B0 | AL, 375 Hz, 111),
4.25(d, 3.= T8z 111) 3.88 (d. J= 8.2 Hz, 111), 3.78 (in.'411), 3.53 (d.
J =8.1Hz, 111), 3.39 (m, 211), 2.54-2.49 (it, 6H), 1.80-1.74 (m, 211),
1.51-1.46 (m, 111), 0.90 - 0.85 (, Wu); 13C NIVIR (75
MHz, CDC13) 8 180.31, @  R3.02,142.37/135.42, 126.51, 126.18,
125.16, 122.58, 115.82; 44,83, 114.54, 110.70, 67.63, 67.01,
66.79, 63.58, 57.26, 54. ‘

PHENYL)-2'-(2,2-DIM HYL-PR@PYL)-Z-OXO-l,Z-DIIIYDRO-

TR HOL NP TR P e Do s S 6268
J =85 Hz, 1H), 438 (4, 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); °C NMR (75
MHz, CDCly) 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, 33.16, 30.56, 30.36, 30.23, 27.12.

EXAMPLE 86

(2'R,3S,4R,5 'R) 6-CHLORO-4’~(3-CHLORO-5-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRC-SPIRO{INDOLE-3,3’-
PYRROLIDINE]-5’-CARBOXYLIC ACID (2-MORPHOLIN-4-YL-
ETHYL)-AMIDE (KE-115)

F 0
W

X




[0241]IHNMR (300 MHz, CDC13) 8 8.23 (s, 111), 7.43-7.01 (m, 4H), 6.87
(d, J = 6.0 Hz, 1H), 6.22 (d, J= 8.6 Hz, 111), 4.40 (d, J= 8.0 Hz, 111), 4.1)2
d, J= 7.8 Hz, 111), 3.70 (m, 411), 3.56-3.48 (m, 411), 2.67-2.60 (m, 711),
"‘%??89%9?66%, 211), 0.90 - 0.88 (n, 1H), 0.86 (s, 9H); 13C RKH 188/ A%
CDC13) 180.62, 171.58, 138.22, 12§§ 0, 127.92, 127.57,125.07,125.02,
122.17,121.93, 120.98, 120.72, 113763, 111.58, 67.43, 67.18, 66.22,

63.61, 57.42,

[0246] 'H NMR (300 MHz, CDCly) 3 8.01 (s, 1H), 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, 4H), 3.56 (d, J = 9.1 Hz, 1H), 3.43-3.37 (m, 2H), 2.56-2.40 (m,
A1), 1.80 (m, 2H), 1.51-1.46 (m, 1H), 0.90 ~ 0.85 (m, 1H), 0.86 (s, 9H); 1*C
NMR (75 MHe, 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,35,4S8,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENY1L.)-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)

[0247) 'H NMR (300 MHz, CDC3) § 8.65 (s, 1H), 7.33-7.20 (m, 2H), 7.08-
7.03 (m, 2H), 6.83 (d, J = 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, /= 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, J = 9 Hz, 1H), 0.82 (s, 9H); *C NMR (75 MHz,
CDCl) 8 181.10, 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.




54.05, 51.79, 43.68, 38.79, 32.00, 30.86, 30.55, 30.38, EXAMPLE 82 (2'R,
3S,48,5 'R) 6-CHLORO, 7-FLUORO-4'-(3-CHLORO-2- FLUORO-
PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-2-0x0-1,2-DIHYDRO- 134

VEBIIS OLE-3,3-PYRROLIDINE]-5-CARBOXYLIC A& [52006/006221
MORPHOLI1C-4-YL-PROPYL)-AMME (ICE-109) [0242)1H NMR (300
MHz, CDC13) 58.53 (s, IIl), 723-7.10 (m, 41H, 6.87 (d, J = 6 Hz, 114), 6
22 (d, J= 8.5 Hz, Ill), 4.43 (d, = 8.1 Hz, 1), 4.14 (d, J = 8.1 Hz, 111), 3.68
(m, 4H), 3.463,41 (m, 311), 2.54-2.47 (m, 611), 1.51-1.46 (in, 1H), 0.92 -
0.89 (m, 211), 0.86 (s, 911); I3ENMPELER MHz, CDC13) 5 180.83, 171.55,
158.37, 155.70, 152.47, 138.31, 130.28, 128.34, 127.90, 125.08, 122.18,

120.042RBE45%5 JD&%@% ??%@ D%‘%‘%‘%{@%@% 51.76,
43.66, 3 % : erpd "R)
6-CHLOR o 4 L LHER-AeE-b3JORO-

PHENYL)-2'-(2,2-DIMETHYL- PROPYL) -2- oxo 1,2-DIHYDRO-

SPIRO[INDOLE-3,3'- PYRROLIDINE -5'-CARBQXYLIC ACID (2-

PYRROLIDIN-1-YL-ETHYL \{1\ 43)IfINMR (300 MHz,
1% ) 7

'/’§o
N
H

[0248] [e]% +5.8 (c 0.9 CHCL); 'H NMR (300 MHz, CDCls), 5 7.83 (br,
1H), 7.34 ~ 7.20 (m, 3, 7.07 (t, dd, / = 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, /= 8.17 Hz, 1K), 444 (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, CDCl), § 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; CayHasCLEN,Os + H,0 requires C, 5849; H, 6.26; N,
9.41; Found C, 58.70; H, 6.44; N, 9.23.

Ci




7.27-6.87 (in. 311), 5.90 (d, J = 8.1 Hz, 11), 4,51 (m, 111), 4.23 (m, 1H),
3.7- 1353.1 (in, 911), 2.12 (m 311), 1.49-1.41 (m, 411), 0.82 (s, 9H); 13C
NMR (75 M1-lz, CDC'3) 8 181.11, 174.19, 155.66, 238.77, 130.35,
WOPGHIIGT 39, 125.43, 121.79, 121.52, 121.12, 113.38, PLI/GE004/906231
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 (2'R,33-#3,5 R.) 6-CHLORO,
7-FLUORO-4'"-(3-CHLORO-2-FLUORO-
PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-2-OXO-1,2-DIHYDRO-
SPIRO[LNDOLE-3,3'-PYRROLESHVELE SCARBOXYLIC ACID (2-
PIPERIDIN-1-YL-ETHYL)-AMIDE (KB- 111) [0244]IH NMR (300 MHz,

CDC:) @RIUT 7B (FFLOR0F I3, ge 1%28 2 Hz,
111), 4. 42‘%{%‘%}}“@%&% % -31), 2.47
(m, 711) z CDCI3) 8
180.89, 171.50, 158.38, 15560 15247 130 10, 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. 136
EXAMPLE 85 (222,35,4S, 5% cc:i/%h N\)
7-FLUORO0-41-(3-CH
PHENYL)-21-(2,2-DINETR) -no 2-0X0-1,2-DIELYDRO-
SPIROIJNDOLE-3,31-PYRR ‘ ] ARBOXYLIC ADD [2-

Cl

[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,J=1.8 Hz, 1H), 6.80 (dd, J; = 8.1 Hz, J; = 1.8 Hz, 1H),
6.30 (d, J = 8.1 Hz, 1H), 4.44 (4, 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, CDCl;) &
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.




(TETRAHYDRO-PYRAN-4-YL)-ETHYLI-AMIDE (KB-112) [02451NMR
(300 MHz, CDC13) 88.51 (s, 111), 7.32-6.78 (in, 311), 6.26 (d, J 8.5 Hz,
1), 4.38 (d, J= 7.8 Hz, 111), 4.05 (d, J = 7.7 Hz, 111), 3.90-3.78 (in, 214),

WOZR0§BM¢fn 6H), 1.65-1.25 (n, 11H), 0.86 (s, 911); 13C NiVFE7EHAREZ21
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%0, 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,3,8,4R,5 '12)
6-CHLORO-4'-(3-CHLORO-5-EKUMIRB-PHENYL)-2'-(2,2-
DIMETH'YL-PROPYL)-2-OXO-1,2-DIHYDRO-SPIROfINDOLE-3,3'-
PYRRO CBEGKF&B@%Y@@%QK@@EM@R%@W&%%

ETHYL)- E-%’% &% |3) 88.01
s 1), 7' 5 ;{T%W ¥ 4.30 (@,
J= 7.6 Hz, IN), 3.88 (d,7.6 Hz, 1H) 3568 (in, 411), 3.56 (d, J= 9.1 Hz, IIl),
3.43-3.37 (in, 21-1), 2.56-2.40 (m, 411), 1.80 (in, 21-1), 1.51-1.46 (in, 1H),
0.90 -0.85 (en, 114), 0.86 (s, 9H); 135; NMR} (75 MHz, CDCI3) 8 180.17,
171.69, 142.97, 142.28, 135, 435, 126.76, 126.13, 125.07, 122.60,
115.81, 115.48, 114.47, CIU.88 W\,@(s 66.93, 63.86, 57.32, 57.22,
53.66, 44.27, 35.99, 30.65, 3Q 0. DA PLE|87 (2 'R,35,43,5 71)
6-CHLOR041-(3-C1LORO-2- . )-21-(2,2-
D/IMETHYL-PROPY14-2-0X0 -SPIROHNDOLE-3,31-
PYRROLIDINEJ-51-CAR ID [2-(TETRAHYDRO-PYRAN-4-

[0250] ' 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 (4, J = 7.5 Hz, 1H), 431 (4, 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)-2-0XO-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))

H
O
‘e, NH

A
Cl/©\N °
H



YL)-ETHYL]JAMIDE (KE-MDM2-108) [0247]111 NIvIR (300 MHz, CDCI3)
5 8.65 (s, 1H), 7.33-7.20 (en, 211), 7.08- 7.03 (in, 211), 6.83 (d, J = 1.8
Hz, 1H), 6.67 (dd,J,r 8.1 Hz,1.8 Hz, 114), 626 (d, J- 6 Hz, 111), 4.13 (d,
WL2P893648 1) 4.06 (d, J= 7.5 lIz, 1H), 3.96- 3.91 (in, 2115 FHEHEF/ P2
Hz, 1H), 3.38-3.29 (m, 411), 1.61-1,48 (in, 611), 1.31-1.27 (m, 2H), 0.86
(d, J = 9 Hz, 1H), 0.82 (s, 911); 13C NWIR (75 MHz, CDC13) 5 181.10,
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,
IR88, 33.260.533:-65,(30.5BCED CALABETHRRANROESE( 138,48 5,
R)6-CYLe)R0o4't(Bokatd O3 932: b WHORO-RHENYR Y33# RiRz, cpcly),

DIMET, - -2 -1.2- -SRIRO, LE-3,3'-
PVRROLLDIREESACARIADSY TS ALID Phagn oL R
ET1YLS:ARESERCELSS (44 T 58 F 619 A Ea]~% Y RkR (300
MHz, CDCH3)(d.9 7 BB s, .Y 1 7 (84 =B.20HE 81388 tnO#H), TP, = 7.91,
794 (r@.gsl@naﬁﬁam 32018377, 1 Kb 1ha6/69 (i1 AT TBOS, bhHz, 1H),

. Jr 3. ol 4'1{d , 4 =3.04 Hz,
112y, S8 LG B MM S s a8 o,
1.52 (dd?3% 98671 4296"M22% 1) 10/ 8% 18789 (M0 1%1)26%84 Y& ¥11); 13C
NMR (V8 .8H2]1 €DEL8), B.28B03B, §72330,7042.46,5138.89311.20.57,
128,123012,/3884,22¢309, 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; Capli35a2FN403 + 11, ires,C, 58.49; I, 6.26; N, 9.41; Found
C, 58.70; I, 6.44; N, 9.23. 13%@& 89 (2'R,38,48,57)

DIME

66"”3_{‘?5,95%}(33 EILERARR S Ak AR 2@ enmETHYL.

TY LpREQBY420%0-dA2BN S PROSBIR bE-3,3"-

SPIRO[INDOLE-3,3'-PYRROLIDINE]-1-CARBOXYLIC ACID METHYL
ESTER (KE-66)

[0252] "H NMR (300 MHz, CDCly), 8 7.86 (s, 1H), 7.70 (s, 1H), 7.27 ~ 6.95
(m, SH), 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,38,48,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-




PYRROLIDINE1-51-CARBOXYLIC ACID (3-IVIORPHOLIN-4-YL-
PROPYL)-AMIDE (ICE-64) [0249]HNMR (300 MHz, CDC13) 8 8.40 (s,
1H), 7.31-7.20 (in, 3H), 7.10- 7.05 (m, 111), 6.83 (d, J=4.8 Hz, III), 6.80

WRPWBY, 12 = 1.8 Hz, 111), 6.30 (d, = 8.1 Hz, 111), A HEFR04W6E24
Hz, 114), 4.13 (d, 8.1 Hz, 111), 3.70;3.66 (in, 411), 3.49-3.40 (m, 311),
3.08 (m, 211), 2.55-2.46 (m, 611), 1.561- 1.45 (m, 111), 0.95 - 0,85 (m,
111), 0.83 (s, 9H); BC NMR (75 MHz, CDCb)
180.61,171.38,142.38,133.85, 129.55, 128.09,127.90,127.07, 126.14,
125.08, 12X RROIFDINE]-5'CABBOXYS A GH SDREIFHYEAMING0 40, 56.77,
53.18, 51.25, 43.30, 3555 LAY FEHEE-AMIDE (KE-62)

[0253] ' NMR (300 MHz, CDCL), 5 7.28 ~ 7.16 (m, 3H), 7.06 (¢, 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, 15),
6.39 (d, J = 8.17 Hz, 1H), 4.44 (d, J = 8.05 Hz, 1H), 4.12 (4, J = 8.04 Hz, 1H),
3.49 ~ 3.35 (m, 3H), 2.99 (s, 3H), 2.59 ~ 2.40 (m, 2E), 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, 9H).

EXAMPLE 94

KE-68

[0254] "H NMR (300 MHz, CDCl;), § 828 (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, J= 12.1 Hz, 1H), 4.69 (s, 2H), 4.24 (m, 1), 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, OH).




140 EXAMPLE 90 (RACEMIC)
6-CHLORO0-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(22-
DEMETHYL-PROPYL)-T-METHYL-2-0X0-1,2-DIHYDRO-

WO RENMNISOLE-3,3LPYRROLLDINE]-5cCARBOXYLIC ABGHERE(Re206221
BUTYL ESTER [0250]11-1 NMR (300 MHz, CDC13) 8 8.16 (s, 111), 7.53
(in, 111), 7,30 (m, 111), 7.08 (in, 1H), 6.93 (d, .J- 1.8 Hz, 111). 6.72 (dd, .Jj
=8.1112,= 1.8 Hz, 111), 6,11 (d, J--- 7.9 Hz, 111), 4.59 (d, J = 7,5 Hz,
111), 4.31 (d, J = 7.3 Hz, 1I1), 3.81-3.78 (in, Il), 2.69 (s, 311), 1.96-1.88
(n, IH), 1.12 (s, 911), 0.80- 0.8F%HVERE §50.63 (s, 911).

(2'R,35,4R,5'R) 4'-(3-BROMO-PHENYL)-6-CHLORO-2"-(2,2-DIMETHYL-
PROPYL)-2-OX0-1,2-DIHYDRO-SPIRO[INDOLE-3,3-PYRROLIDINE]-
5.CARBOXYLIC ACID [2-(4-METHYL-PIPERAZIN-1-YL)-2-OXO-
ETHYL]-AMIDE (KE-67)

[0255] '"H NMR (300 MHz, CDCly), & 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 (44, J =
1.86, 8.10 Hz, 1H), 4.45 (d, /= 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), 343 (m, 2H), 2.44 (m,
4H), 2.32 (s, 3H), 1.85 (m, 111), 0.97 ~ 0.92 (m, 1E1), 0.89 (s, 9H).

EXAMPLE 96

(2'R,35,45,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-0XO0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
PYRROLIDINE]-5-CARBOXYLIC ACID (2-PYRROLIDIN-1-YL-
ETHYL)-AMIDE (MDM2-DQ-120)

X
Py

H
FO

NH
.” ")I
N/“\“o
cl N
[0256] 'H NMR (300 MHz, CDCly), & 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 (dd, J = 1.54, 7.61 Hz, 1H),




EXAMPLE 41 2's,3.12,4'R,557
6-CHLORO0-4'-(3-CHLORO-2-FLUORO-PHENYL)-2-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

WORRRBIHDINE]-55-CARBOXYLIC ACID (2-MORPHOLINAEAF2006/006221
ETHYL)-AMLDE (10E-98 (63B, MI ROR IMAGE OF KE-63)) 141
[02511cog -6.5 (c 1 CHC13); C29 0 2FN403 + 1120 requires C, 58.49;
H, 6.26; N, 9.41; Found C, 58.73; H, 6.54; N, 9.18 11-1NMR (300 MHz,
CDC13), 8 7.83 (br, 1H), 7.34 - 7.20 (n, 3H), 7.07 (t, dd, J= 7.91, 7.94 Hz,
111), 6.88d0/ 3 &17 B3 HB,; 449 (.6 63 (8dza ¥, 843844/ 241 1$46.30 (d,
J = 8.1%, Hg), bld): 4. 3044038y, 8705t 1 1197 4nl BHY 136 @uD4ENZ,.3311), 3.68
(n, 41})43:49 sﬁzﬁﬁdﬁz%ﬂ)ogﬁ% 1?-1)298(1 ,6&}), 1.52 (dd, J=9.80, 14.10
Hz, 111), 0.95 -'0.89 (n, 11-1), 0.84 (s, 911); 13C NN1R (75 MHz,
CDC13), 8 180.34, 171.30, 142 16, 133.89, 129.57, 128.12, 127.93,
127.09, 126.15, 124.42, 12438 43898%%21 61, 110.13, 66,91, 65.63,

6293, 5619, 93,40, 525,43 E 050,201,000, 29,83, EXAMPLE

92 (27t ;
PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

6-C1{L i BRAENY ki@l 22 LTI YL)-

PROPYL)-5LMETHYLCARBZMQXbr2-D%0:1)2-DIHY DRO-

SPIRORNDOLE-3,31-PYRROLIDINE)-11-CAR_BOXYLIC ACID METHYL
ESTER (KE-66) [0252]141 NMR (SOQ_lMHZ CDC13) 87.86 (s, 111), 7.70
(s, 1H), 7.27 - 6.95 (in, 5H) 4 3 Q{MNVJ& 11), 3.93 (s, 311), 3.87

(d,9 Hz, 1H), 3.50 -

[0257] 'H NMR (300 MHz, CDCly), & 9.70 (br, 1H), 8.50 (br, 1E), 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), 442 (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, 151), 0.82 (s, 9H).




3.47 (in, Il), 3.05 (m, 11-1), 2.88 (d, J= 5.1 Hz, 311), 1.55 -0.89 (n, 211),
0.89 (s, 91-1). EXAMPLE 93 (2112,35,4515 117?)
6-CHLORO0-41-(3-CITLORO0-2-FLUORO-PHENYLK-(2,2-
WOIRMEPAIMS-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[IND OB 8306446221
PYRROLIDINE1-5|-CARBOXYLIC ACID (2-DIMETHYLAMINO-
ETHY1)-METHYL-AMIDE (K&62) [0253]NMR (300 MHz, CDCI3), 5 728 -
7.16 (m, 311), 7.06 (t, dd, 7.91, 7.94 Hz, 111), 6.82 (d, J= 1.83 Hz, 1H),
6.70 (dd, J-'= 1.86, 8.11 Hz, 111), 6.39 (d, J 8.17 Hz, 111), 4.44 (d, J =
8.05 Hz, 110, 4.12 (d, J = 804@%&3‘3%49 3.35 (m, 311), 2.99 (s, 3H),
2.59 - 2.40 (m, 211), 230%@ 224(5 3H), 1.52 (dd, J 9.80, 14.10 Hz,

) i )-
IH), 0. 9@1&31\%% %RL%R XO I, -DIHYDRO SIE%%O {EI@QL 16%@21]
PYRROLIDINE]-5-CARBOXYLIC ACID [2-(1-METHYL- PIPERIDIN—4-

YL}ETHYL]-AMIDE (MDM2-DQ-122)

[0258) "H NMR (300 MHz, CDCLs), 6 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 (4, J = 8.10 Hz,
1H), 4.41 (d, J=7.83 Hz, 1H), 4.05 (d, /= 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,35,4S,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-PIPERIDIN-4-YL-ETHYL)-
AMIDE (MDM2-DQ-123)

NH

[0259) "H NMR (300 MHz, CDCly), 6 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 =



NMR (300 MHz, CDC13), t 8.28 (hi, 11-1), 7.31 - 7.23 (m, 3H), 7.14 -
7.07 On, 2111 6.94 (d, J1.79 Hz, 1H), 6.75 (dd, = 1.86, 8.10 Hz, 111),
5.30 (d, J- 12.1 Hz, 111),4.69 (s, 21-1), 4.24 (in, 111), 3.86 (d, J= 8.12

WQ2086{0PY645 92 (s, 31), 2.87 (s, 311), 1.52 - 1.44 (m, HI), ORFAUG284/4221
1H), 0.89 (s, 911). 143 EXAMPLE 95 (2 R, 33,4R,5 72)
4'-(3-BROMO-PHENYL)-6-CHLOR0-2'42,2-DIMETHYL-

8.11 Hz, 1H), 441 (d, J = 7.81 Hz, 1H), 4.05 (d, /= 7.81 Hz, 1H), 3.45 (m,
1H), 3.32 (m, 2H), 2.86 (m, 2H), 1.92 (m, 3H), 1.48 (m, 3H), 1.28 (m, 3H),
0.93 (m, 2H), 0.80 (s, 9H).

EXAMPLE 100

(2'R,3S, 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 (4-MORPHOLIN-4-YL-
BUTYL)-AMIDE (MDM2-119)

[0260) 1605 2.6 (¢, 0.5 CHCLy); "H NMR (300 MHz, CDCly), & 7.82 (br, 1H),
7.34 (m, 1H), 7.24 (dt, ] = 1,43, 6.90 Hz, 1H), 7.10 ~ 7.05 (m, 2H), 6.83 (d, J
= 1.80 Hz, 1H), 6.68 (dd, J = 1.86, 8.11 Hz, 1H), 6.26 (4, J = 8.14 Hz, 1H),
4.42 (4, T ="7.80 Hz, 1H), 4.07 (d, ] = 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, GH), 1.58 ~
1.47 (m, 5H), 0.92 ~ 0.88 (m, 1H), 0.82 (s, 9H); "*C NMR (75 MHz, CDCly),
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,35,45,5 'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'(2,2-
DIMETHYL~-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-




PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[1INDOLE-3,3LPYRROLIDINE]-
5-CARBOXYLIC ACID [2-(4-METHYL-PIPERAZ51-1-YL)-2-0X0- ETHYL]
-AMIDE (XE-67) [0255]NMR (300 MHz, CDC13), 8 8.46 (br, 1H), 7.90 (br,

WOHPOG0336467 23 (m, 211), 7.14 - 7.07 (n, 211), 6.94 (d, J'=PEFHHLIR65]
6.75 (dd, J 1.86, 8.10 Hz, 1H), 4.45 ¢dyJ= 11 Hz, 111), 4.22 4.15 (n, 111),
4.03 - 3.95 (m, 1l1), 3.87 - 3.83 (m, 111), 3.73 - 3.65 (m, 3H), 3.43 (n,
211), 2.44 (n, 4H), 2.32 (s, 3H), 1.85 (m, 111), 0.97 - 0.92 (n, Hl), 0.89 (s,
910. EXAMPLE 96 2 R.35,43.5R)

6-CILLOBBRFGS! %%g? Cﬁﬁéﬁ@ YFS L-ETHYL)-
DI21IETHYL- PROPYL) -2-0X YDRO:- OONDOLE 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), 446 (m, 1H), 4.12 (m, 1H), 3.48 (m, 15), 3.31 (m, 2H), 2.38 (m, 1H),
1.67 (m, 5H), 1.29 (m, 3H), 1.17 (m, 4H), 0.91 (m, 2, 0.81 (s, 9H).

EXAMPLE 102

(2'R, 35,48, 5°'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0XO-1,2-DIHYDRO-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), 8 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), 437 (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).




PYRROLIDINEFT-CARBOXYLIC ACID (2-PYRROLIDIN-1-YL-
ETHYL)-AMIDE (MDM2-DQ-120) [02561111 NMR (300 MHz, CDC13),
5 7.50 (br, 111), 7.41 (m, 111), 7.28 (n, 111), 7.10 (n, 111), 6.85 (d, J=
WPBWEH1) 6.67 (dd, J 1.54, 7.61 Hz, 111), 144 6.33 (dPGLELH{|Y221
HI), 4.45 (d, J= 8.40 11z, 1H), 4.13 ¢dg, J= 8.40, 1.54 112, 11-1), 3,49 -
3.35 (in, 311), 2.78 (m, 1H), 2.67 (m, 511), 1.80 (n, 411), 1.53 (dd, J=
9.60, 14.40 Hz, 1H), 0.93 (m, 1H), 0.81 (s, 9H). EXAMPLE 97
(2'R,3S,43,57Z) 6-CIILOR0-4'-(3- -2-FLUORO-PHENYL)-2'42,2-
DIMETHYL-PROPYL)-2-0X0-1, O-SPIRO[INDOLE-3,3"

PYRRO 5- IGA BIN:Ls XL)
T
111), 8.5RroL N 47cimﬁdm7c2£cﬁm{z'l-éhlﬁmﬂl, HIPERAIAN-6.97 ( s
11-1), 6.61 (d, J =8.4 X HZETHYL5.8810E MDBAORK2DH), 4.90 (In, 1H),

4.42 (d, J= 8.14 Hz, 111), 4.17 (d, .1= 5.4 Hz, 111), 3.69 (m, 211), 3.53

(m, 211), 3.33 (in, 411),41.90 - 153(,q 711), 0.93 (in, 111), 0.82 (s, 911).

[0263] 'H NMR (300 MHz, CDCl), § 9.46 (br, 1), 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, /= 6.30 Hz, 1H), 4.12 (d, /=
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, 1E), 0.80 (s, 9HL).

EXAMPLE 104

(2'R,35,45,5°R) 6-CHLORO4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-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, CDCly), 5 9.80 (br, 1E), 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




145 EXAMPLE 98 (21.1Z,38,4S,5 'R)

6-CHLORO-4L(3-CHLORO-2-FLUORO-PHENYL)-T-(2,2-

DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3"-
VEORIGONH45INE]-51-CARBOXYLIC ACID [2-(1-METHY L-PERAEeane146221

YL)-ETHYL]-AMIDE (MDM2-DQ-122)4§258]1H NMR (300 MHz, CDC13),

& 7.41-7.22 (in, 3H), 7.07 (n, 211), 6.81 (d, J- 1.82 Hz, 1H), 6.67 (dd, J

=8.10, 1.83 Hz, 11-1), 6.24 (d, J = 8.10 Hz, 1E1), 441 (d, J = 7.83 Hz,

114), 4.0 3 )3 ) 21-1),
252 . 30 B %"i’]& yalanE et
0.93 On lﬂ)l)‘ ﬁ@z @éié)(dEfx* M P 0(%2@88@4(888 (%85
6-CHLORO-4c¢(3-CHLORO-2-FLUORO-PHENYL)-2¢(2, 2-
DIMETHYL-PROPYL)-2-0X0-1, ZRAMYDR®-SPIRO[INDOLE-3,31-
PYRROLIDINE]-5'-CARBOXYLIC ACID (2-PIPERID1N-4-YL-ETHYL)-

AMIDE (MBMEBDIQ) 23} [ORGINNRI(GRO-MHGRDSEBNYLB2-(2- 111),

7.20 (n, lH) 7136171 ’rHH’z 3@0 dlvfé“l’liﬂz’?rﬂ@mi @Ima@ J=8.11,
1,83 Hz, 114} S B£2110, 4.05
(d, 1=7.81 Hz, 111 R R 5 W EH) 1.92 (n,

311), 1.48 (n, 311), 1.28 On '310, 0.93 (n 211), 0.80 (s, 91).

[0265] '"H NMR (300 MHz, CDCls), 6 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), 439 (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.



EXAMPLE 100 (2R,35, 45,5
'R)6-CHLORO0-41-(3-CHL0120-2-PLUORO-PHENITL)-21-(2,2,-
DrMETRYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRODNDOLE-3,31-

WO/ BI49INE]-51-CARBOXYLIC ACID (4-MORPHOLINEER{52006/006221
BUTY1)-AMIDE (MDM2-119) 10260)/all; 2.6 (c, 0.5 011013); LH NMR
(300 MHz, CD013), 8 7.82 (br, 7.34 On, 110, 7.24 (dt, J = 1.43, 6.90
Hz,7.10 - 7.05 (in, 211), 6.83 (d, = 1.80 Hz, 111, 6.68J1.86, 8.11 Hz, 1H),
6.26 (a, J = 8.14 Hz, HI), 4.42:d, F3EA&0 Hz, 1H), 4.07 (d, I= 7.74 Hz,
11), 3.73 (t, 1= 7.62 Hz, 411), 3.48 (d, | = 9.16 Hz, 111), 3.34 - 3.20 (In,
210, 2.4p 23} . B o 28 131c S 53R rigeR¥ 02310, 0.82 (s,
911); 1 %&i&&y@ﬁ@p@@@*kﬁhﬁiﬁ@bﬁdﬂlﬁﬁimo, 134.37,

SPIRO[INDOLE-3,3'-PYRROLIDINE]-5-CARBOXYLIC ACID (3-
MORPHOLIN-4-YL-PROPYL)-AMIDE

N—
= veyy
N/‘Q >/
Cl H
[0266] 'Hl NMR (300 MHz, CDCl), 5 8.37 (s, 1H), 822 (5, J = 5.55 Hz, 1),

742 ~ 728 (m, 2H), 7.03 (t, J = 7.45 Hz, 1H), 6.81 (d, 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 ¥z, 1H), 4.05 ~ 401 (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 ~
138 (m, 1H), 0.99 ~0.87 (m, 2K, 0.76 (d, J = 6.53 Hz, 3H), 0.69 (4, J = 6.42
Hz, 3H).

EXAMPLE 107

(2°R,38,4°8,5°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)-
PROPYLJ-AMIDE




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,33, 45,5 'R)6-CHLORO0-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-

WHRESTAC PROPYL)-2-0X0-1,2-DIHY DRO-SPH20[E\I DGR 46/006221

[0267] ' NMR (300 MHz, CDCL), & 8.59 (s, 1H), 7.36-7.06 (m, 4H), 6.84
(d, 7 = 1.8 Hz, 1H), 6.66 (4d, J1 = 7.5 Hz, 12 = 1.5 Hz, 1H), 6.25 (d, = 8.1
Hz, 1H), 443 (d, ] = 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 (5, 9H);
3¢ NMR (75 MHz, CDCly), & 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,35,4°S,5'R) 6-CHLORO-4-(3-CHLORO-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5-FLUORO-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3-PYRROLIDINE]-5-CARBOXYLIC ACID {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, CDCls), 5 8.98 (s, 1H), 7.58 (m, LH), 7.29-7.03
(m, 3H), 6.89 (d, ] =3.2 Hz, 1H), 6.02 (4, J = 8.1 Hz, 1H), 442 (4, ] = 6.1 Hg,
1H), 4.08-4.03 (m, 4H), 3.96 (d, = 5.6 Hz, 1H), 3.93-3.78 (m, 1H), 3.71-3.42
(o, 2H), 3.19-3.12 (m, 1H), 3.02-2.74 (m, 3H), 2.10 (m, 2H), 1.54-148 (m,
1H), 124 (m, 1H), 0.96-0.92 (m, 1H), 0.86 (s, 9H); “C NMR (75 MHz,
CDCly), & 180,35, 17322, 152.60, 138.67, 13037, 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,
4822, 44.27, 43.99, 36.89, 34,92, 31.99, 30.17, 23.06, 14.54.



147 PYRROLLDINEF5LCARBOXYLIC ACID (2-CYCLOHEXYL-ETHYL)-
AMIDE (MDM2-DQ-125) 102611NMR (300 MHz, CDC13), S 8.37 (m, HI),
7.35 (n, 1H), 7.23 (n, 111), 7.06 (n, 211), 6.86 (s, 111), 6.68 (d, J= 8.11Hz,
Vi9 POGBOHE, J= 8.12 Hz, 1H), 4.46 (m,, 111), 4.12 (n, 1H)PGUBSEAGHRAR1
3.31 (n, 211), 2.38 (n, I1), 1.67 (n, 5HY, 1.29 (m, 3H), 1.17 (in, 4H), 0.91
(in, 211), 0.81 (s, 911). EXAMPLE 102 (2238,48,520
6-CHLORO0-4'-(3-CIILOR0-2-FLUORD-PHENYL)-21-(2,2-
DIMETHYL-PROPYL)-2-0X0-1EX Y HRD-SPIROHNDOLE-3,3"
PYRROLIDINE1-5I-CARBOXYLIC ACID [2-(4-METHYL-P1PERAZIN-1-
YL)-ET bV by MR EAMRMoRQ41 260 HORERILF NOMR (300 MIHZ; D20),
87.36 (ir(z,z-bmmgmmﬂm—mxmziumw}%&}rgxgg;@% 33-7.80
Hz, 111) PEBRIDIEFBEARBATIHIAMEN 3.4 DI BRIV -RHTHIZ7 (d, J

-~ 7.50 Hz, 111), 4.05 (n, 113), 3:89°5.21 (m, 12H), 2.90 (s, 311), 1.83
(n, 1), 0.98 (in, 1H), 0.89 (s, 9H). 148 EXAMPLE 103 (272,38,48,51R)
6-CHLORO-4'-(3 -CHLORO0-2-FLUORORRHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DI¥DRG*SPIRO[INDOLE-3,3L
PYRROLIDINE]-5-CARBOXYLIC ACIDH@#(4-ETHYL-PIPERAZIN-1-

2

[0269] 'H NMR (300 MHz, CDCL), 6 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),
627 (4, ¥ = 8.01 Hz, 1H), 443 (4, ] = 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).




YL)-ETHYLFAMIDE (MDM2-DQ-129) [0263]111 NMR (300 MHz,
CDC13), 8 9.46 (br, 1H), 7.70 (br, 111), 750 (m, 111), 7.26 (In, 1H), 7.12
(m, 111), 6.94 (d, J = 1.56 Hz, 111), 6.61 (dd, Jr-8.10, 1.80 Hz, 1H), 6.10
WRIZPHAG*H1z, 111), 4.51 (d, I= 6.3Qskiz, 111), 4.12 (d, I —"8‘73‘%35%?26’3%131
4.05 (in, 111), 3.53-2.66 ( m, 16H), 1.35 (t, J= 7.2 Hz, 311), 0.92 (m, 1I1),
0.80 (s, 911). EXAMPLE 104 (27i,38,43,5
6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-2-0X0- E3BIENDHD-SPIRO[INDOLE-3,3"-
PYRROLIDINE]-51-CARBOXYLIC ACID
[2-(4-| SORRQRY R EER RAZL\T-CENOREFFLVICORA MMEWQ‘WDQ 130)
F NH 1\litRJ¥E 1 ng%@ 2 e @5‘@%@ @’@1@ 37.88 (br

111), 7. 52X FRO% ﬁ@%ﬁ %Eé“?‘? EB‘ XX (d, 18.10
Hz, 1H), 6.08 149 (d, J = 8.1 3'(m, Ill), 4.17 (m, 1H), 3.61

(m, 1H), 3.59-2.60 (In, 14H), 155 (m 11), 1.35 (d, J= 6.3 Hz, 6H), 0.92
(m, 11), 0.80 (s, H

[0270] 'H NMR (300 MHz, CDCl3), & 8.64 (s, 1H), 7.32-7.19 (m, 3H), 7.08 (t,
7 =179 Hz, 1H), 6.85 (d, ] = 1.8 Hz, 1H), 6.68 (dd, J1 = 8.1 Hz, J = 1.8 Hz,
1H), 6.32 (4, J = 8.1 Hz, 1H), 446 (4, J = 8.0 Hz, 1H), 4.12-4.03 (m, LH),
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), § 18141, 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,
43.66,39.18, 30.32, 29.29




EXAMPLE 105 (RACEMIC)
6-CHLORO-4'-(3-CHLORO-2-PLUORO-PHENYL)-2:-(2,2-
DIMETHYL-PROPYL)-1LMETHYL-2-0X0-1,2-DIHYDRO-
VERRANBOLE-3,3LPYRROLIDINE}5LCARBOXYLIC A&/ 52006/006221
MORPHOLIN-4-YL-E'rHYL)-AMIDE (ICE-100) [0265]NMR (300 MHz,
CDC13), 3 7.93 - 7.85 (in, 2H), 7.38 - 7.30 (m, 2H), 7.02 (t, J = 7.92 Hz,
1H), 6.83 (d, J = 1.86 112,6.20 (dd. ,J- %.19%, 8.31 Hz, 1H), 5.61 (d,J= 8.16
Hz, all 4.70 (d,./ = 7.86 Hz, 11%"%‘, @%" d, J- 7.83 Hz, 1H), 3.90 (d, J= 7.31

Hz, 1H), 3.78 - 3.75 (m, 411), 3.34 - 3.24 (in, 211), 2.74 (s, 3H), 2.52 -
2.48 (M, 6H)2RGI4 LI m-mm&ymw{gy@m?ﬁwm%@@m 11-1); ¢

iR (75 RRETEHOTOE I RIS bz

PROPYL)-AMIDE

127.80,127

[0271] 'H NMR (300 MHz, CDCly), & 7.45-7.04 (m, TH), 6.83 (t, J = 7.5 Hz,
15), 6.34 (d, J =7.5 Hz, 1), 4.45 (4, J = 5.8 Hz, 1H), 4.11 (d, T = 5.9 Hz, 1H),
3.75 -3.69 (m, 4H), 3.54 (d, ] = 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); 1°C NMR (75 MHz, CDCly), 5 178.44,
17132, 153.92, 153.58, 13024, 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,3S,4°8,5°R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'(2,2-
DIMETHYL-PROPYL)-1'-METHYL-2-0XO0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDINE]-5'-CARBOXYLIC ACID [2-(2-
METHOXY-ETHOXY)-ETHYL]-AMIDE




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
(RACEMIC) 6-CHLORO0-41-(3-CHLORD-2-FLIJORO-PIIENYL)-2'-(2.2-

WO RABSTRA0-PROPYL)-11-METHYL;250X0-1,2-DIlIY DRO- PCT/US2006/006221
SPIRODNDOLE-3,31-PYRROLIDINE1-5-CARBOXYLIC ACID (3-

[0272] Under argon, to a solution of the compound of Example-110 (1 mmol)
20 mL CH5CN, 0.5 mL 37% formalin and 1.1 mmol NaBH;CN, 2 drops of
HOAc were added. The resulting sclution was stirred at room temperature for
2 Birs, then 50 mL ethyl acetate was added. The resulting mixture was washed
with NaHCOs solution and brine and dried over Na;SO4, The solvent was
removed and the residue was purified by column (yield, ~90%).

{0273} 'H NMR (300 MHz, CDCl;) & 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,35,4S,5°R) 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 (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) 8 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).




MORPIIOLIN-4-YL-PROPYL)-AMIDE [0266]IH NMP. (300 MI-1z, CDC13),
f5 8.37 (s, 1H), 8.22 (t, J = 5.55 Hz, 1H), 7.42 - 7.28 (m., 211), 7.03 (i, J'
7.45 Hz, 111), 6.81 (d, J- 1.85 Hz, 111), 6.63 (dd, 1= L89, 8.96 Hz, 111),
WO 3P(Q01$46 8. 14 Hz, 111), 4.65 (d, 15 7.50 Hz, 114), 4.37HdS2000086%2
111), 4.05 - 4.01 (m, 111), 3.77 - 3,74 (m, 411), 3.30 -3.24 (m, 211), 2.69
(s, 311), 2.46 -2.39 (m, 611), 1.89 - 1.66 (m) 2143, 1.42 - 1.38 (m, 111),
0.99 -0.87 (m, 211), 0.76 (d, J =.6.53 Hz, 311), 0.69 (d, 1=6.42 Hz, 311).
EXAMPLE 107 (2 EXAMPLE 114
'R,38,4'8,5'R)6-CHLORO-4'-(3-CHLDRO-2-FLUORO-PHENYL)-2'"-(2,2-
DlMETﬁmﬂwh)mmozm@wmlsmg EOLE'$2841 -

PYRROLTDIN%E[@AF?B@WEW@{@? : OXY)-
PROPYLEXHH ?@ﬁ%@f gﬁ@i( b X Y6850, 111),
7.36-7.06 (n, 411), 6.84 (0 3= 1.8 Mz, 111), 6.66 (dd, 31 = 7.5 Hz, 12 =

1.5 Hz, 1ll), 6.25 (d, J = 8.1 Hz, IH), 4.43 (d, 3= 4.8 Hz, 1H), 4.10 (d, 3=
4.2 Hz, 111), 3.79-3,41 (n, Td1§),1.80-1,85.Qm210, 1.51-1.46 (n, Ill),
0.93-0.89 (n, 111), 0.81 (s L1 NMR (%z, CDC13), 6 181.12,
171.97, 142.93, 134.29, 15 127.667 126.46, 125.57, 124.83,

62.11, 43.74, 37.57, 30 a4, 7943 MPLE 108 (2 'R,38,4'13, 5
77?) 6-CHLORO-4-(3-CHIPRE WJORO-PHENYL)-21-(2,2-
DIMETHYL-PROPYL)-5-FLUORO-20X0-1,2-DIHYDRO-
SPIROQ[11'4DQLE-3,31-PYRROL Ej-51-CARBOXYLIC A 43-
S RiEL DBROETEN PR DY DRGBET S ATRICGIBH 5
APYRAHMNEFSYLEETHYL)AMIDE NCFa

[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,38,4°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




0 N NH [02681IH NMR. (300 MHz, CDCI3), 5 8.98 (s, 11l), 7.58 (m, 111),
729-7.03 311), 6.89 (d, J= 3.2 Hz, 111), 6.02 (d, 3= 8.1 Hz, 111), 4.42
(d, J = 6.1 Hz, 111), 4.08-4.03 (m, 411), 3.96 (d, J 5.6 Hz, 111), 3.93-3,78

WH2ON0%6AE-3.42 (In, 2H), 3.19-3. 1g§n 3.02-2.74 (n, 31 BCYUBA${00s320)
1.54-1.48 (n, 111), 1.24 On, 111), 0.96-0.92 (n, 111), 0.86 (s, 911); 13C
NMR (75 MHz, CDC13), 6 180.35, 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)778) 63.14 Th6PmpanRef aample Wb s RSRgtsd 38 SYTSATerS3us g
30.17, 22:061.24254. WO 20061091646PCT/US20061006221 152

EfppMPLE 149 ﬁ%&ﬂ 308 ﬁﬁi'@»@h? 3789 ) (s L), 726720 (, 26), 7.05-
6-CHLORO-41- LORO- %%%5 Eggln)lé 305 (. 1H). 3.97
(2,2-DINET Y b?ﬁlﬁ ?ﬂ?l_ ] Pllggn%NBiOLE 3,3-
PYRRG4BDI ME%-’@AR@GXW}C?%%@@% EHEPOROKEEYTL)-
AMIDE {3269H &m] NiyIRE3Q0 2} CRICR )5 MSZ2GBCEL ¥),17132-7.21
I(—Ilr; 22)1%%%@91%(1%%%)&3@&3 (6595 14. ]!-Fiz 13883, 66Gydehs¥b,= 8.1
z 7. 111).
4.20-4 0%k, B> 32?5%6% 51% Zflh 721%) @%l? %Pn“i%)g 1({9762 214651 ?nf 211))
1.49-1.384hn 5811 $3627 83 @L 3192 W@ 3866/091646PCTRIS2006/006221

153 EXAMPLE 110
EXAMPLE 116

(1"R.2"5,2'R,35,4°S,5R) 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

[0280] 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-ons (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.




(2R,33,4'S5
R)6-CHLORO0-41-(3-CHLORO0-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3 poczas

VOVRBISINE]-5LCARBOXYLIC AGED [2-(2-METHOXY: %Tﬂl?é
ETHYLI-AMIDE [0270]IHNMR (300 MHz, CDC13), & 8.64 (s, 111),
7,32-7.19 (m, 3H), 7.08 (t, = 7.9 Hz, IH), 6.85 (d, I= 1.8 Hz, Ill), 6.68 (dd,

11 =8.1 Hz, | = 12 Hz, 1H), 6.32(d, J = 8.1 Hz, 1H), 4.46 (d, 5= 8,0 Hz,
118984 12-4 Bk 31“1@“3 16‘2‘1%1?(91 ) ebinq ) dpsesedUin 113),
1.524. 4 PmoliHG)(10 98) 0ré@9hemesiti8Y, 18R 5,29 13)xEBGMIMIR (T MHz,
CDC L)l Lckiod 0 14207 A H S0 hE Quc LR

4. 121,68, 110.81,.72.19,
17%55%9 %Z‘f%gs’eﬂj‘i oe. “1‘“‘%%81 %5815,"95%1 g Pl was g

29.29 WH%@%%%B%‘%W‘/I@SZWBQ%%@E%AWE@ ¥4 (2
72,38,4 BBIR) it ABACIHIBROAE: FL DR CaBHBNY hdddi-(2p earefully.

DIMETI mﬁgﬁa@@maf;%ﬁegﬁe@ Ud&%pﬁeg%%\ﬁ%ﬁo%@ i
e R
(m, 711)ac ’Hle J)rga-?%pp'afe was dried over NaySO4, The solvent was removed

in vacuo and the residue was purified by chromatography to yield the product.

[0282) "H NMR (300 MHz, CDCl), 8 7.60 ~ 7.34 (m, 11H), 7.14 ~ 7.09 (m,

1H), 7.04 ~ 6.93 (m, 2H), 6.82 (t, ] = 7.98 Hz, 1H), 6.57 (d, ] = 1.82 Hz, 1H),

5.38(d, J=8.61 Hz, 1H), 4.47 (d, J = 8.40 Hz, 1H), 3.93 (dd, J = 2.6, 12.0 Hz,

1H), 3.74 (d, J = 9.21 Hz, 1H), 3.63 (d, J = 11.30 Hz, 1H), 3.11 (t, J = 9.60 Hz,

1H), 2.64 (s, 1H), 2.37 (d, J = 9.18 Hz, 1H), 1,84 ~ 1.75 (m, 1H), 1.15 (4, T =

14.44 Hz, 1H), 0.54 (s, 9 H).

EXAMPLE 117

(I”R,2"5,2°R,38,4°5,5°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 solution was




1H), 6.34 (d, 3 = 7.5 Hz, 1), 4.45 (d, 3= 5.8 Hz, 1H), 4.11 (d, 1= 5.9 Hz,
111), 3.75 -3.69 (m, 411), 3.54 (d,1 = 4.8 Hz, Ill), 3.42-3.40 (m, 211),
2552 50 (m, 7E1), 1.58 -1.53 (m, 111), 0.83 (s, 911); 13C 75 MHz,
W8M3?1§4%78.44, 171.32, 153.92, 158.58, 130.24, 129.6foN%%é,6%OMﬂ
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 (2'438,4'S 5 z% , ;
6-CHL SiReha(meHPeseit s ol RO PN T3 Fpses in vacuo an
DIME TiresRR @Rl telIETHiyL 2000 2021 PRADRIYS washed by
SPIROEND Qlefr2:3d sRYRR QKN ik NaISOARBOOREA a2 142-
METHOXY-ETIIOXY)-ETHYLI . '
20061(36%)18{’%1%8 5&6%5#5%%%%%%%3 (Iaerldatpegﬁ),d#gta solution
of ¥Rdlcompotiidh Gt B MBre IS L Binftdfy 25 il é?ﬁ%’gN7ﬁ§tﬁf 37%
formalin. zrek 2Aymtol NeBHICH), Raribds 61l HAGHNee @ddet 7 he
resulting, Solytion, wias-stised,afipany i@mperesus fan,2 by then 50 nil...
ta

ethyl a w dded resylii ' Ir: [ aliCo3
solutio ﬁnlg‘?)o ﬁ%ﬁe %n%sd %ggj]%\/%r %jz%ﬁlﬁ#g(? 3&%@%?%5’5%%%%\%‘% and
the resitiBe3084himddbiedinittyidid 8634268 3P Ak 300
MHz, Cixy;13)% 6804160 4 17052 GroDH) 7 (28,0205 (s 2H) ;6185-6.52
On, 31Q, 45 (n, 111), 3,87 (n, 111), 3.72-3.51 (n, 811), 3.44 (s, 3H), 2.96
(m, 111), 2.52 (s, 311), 2.16 (n, Ill), 1.61-1.48 (n, 211), 0.58 (s, 91).
EXAMPLE 113 (2 "R,35, 4 'S,

6-CHLOR0-4.-(3-CHLORO-2-F§E§8\&P&5§F}II—FENYL)-2'-(2,2-

(I"R,2”8,2'R,38,4°5,5 'R) 2,2-DIMETHYL-PROPIONIC ACID 2-[6-
CHLORO-4'<(3-CHLORO-2-FLUORO-PHENYL)-2-(2,2-DIMETHYL~
PROPYL)-5-HYDROXYMETHYL-2-0X0-1,2-DIHYDRO-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-1'-YL}-1,2-DIPHENYL-ETHYL
ESTER

[0285] To a solution of compound 116 (1.0 mmol) in 10 mL CH,Cl,
trimethyl acety! chloride (1.5 mmol) and diiospropyl ethylamine (2.0 mmol)
was added and the resulting solution was stired at room tfemperature
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




DIMETHYL-PROPYL)-1LMETHYL-2-0X0-1,2-DIHYDRO-
SPIRO[LNDOLE-3,3cPYRROLIDINE]-5'-CAR130XYLIC ACID (3-
MORPHOL1N-4-YL-PROPYL)-AMIDE [0274] The compound of

WA 3 was prepared via sa e procedure as Examfid/Y§806/4832L)
111 NMR (300 MHz, CDC13) 5 7.r9q7 YBI‘, 114), 7.52 On, 110, 7.14-6.98
(m. 211), 6.85-6.52 On, 310, 4.17 (m, 111), 3.85-3.62 (n, 611), 3.52-3.32
(m, 311), 3.06 (in, 111), 2.55-225 (m, 911), 1.61-1.48 (in, 21), 0.57 (s,
911), W@!2QO6I00L64EROTAS2006/02a6z e for 2 hrs. Then 5 mL

NaHCO,/H,0 was added and the two phases were separated. The organic
phase was dried over Na;SO4. The solvent was removed in vacuo and the
residue was purified by chromatography to yield the product.

[0286] 'H NMR (300 MHz, CDCl3), & 7.59 ~ 7.15 (m, 15 H), 6.84 ~ 6.82 (m,
2H), 5.40 (4, J = 8.10 Hz, 1H), 4.48 (d, J = 8.31 Hz, 1H), 8.18 ~ 8.10 (m, 1H),
3.94 (dd, J =2.52, 11.87 Hz, 1H), 3.77 (4, ] =8.72 Hz, 1H), 3.56 (d, = 10.02
Hz, 1H), 3.16 (d, J = 11.80 Hz, 1H), 1.66 ~ 1.57 (m, 1H), 1.30 ~ 1.28 (m, 1H),
1.15 (s, 9H), 0.56 (s, 9H).

EXAMPLE 119

(I"R,2”8,2'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)-2-0XO-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-

PYRROLIDIN}-1'-YL]-1,2-DIFPHENYL-ETHYL ESTER

[0287] To a solution of compound 118 (1.0 mmol) in 10 mL CHyCl, CBr4
(1.5 mmol) and PhsP (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] TH NMR (300 MHz, CDCl3), 8 7.64 (d, J = 6.69 Hz, iZH), 7.50 (d, J =
7.20 Hz, 2H), 7.39 ~ 6.84 (m, 13H), 542 (d, J = 7.40 Hz, 1H), 453 (d, T =
6.90 Hz, 1H), 4.19 (d, J = 9.00 Hz, 1H), 3.79 (d, J = 8.61 Hz, 1H), 3.63 ~3.58




156 EXAMPLE 114 (2'1?, 351,4'8,5'1)
6-CHLORO0-4'-(3-C11LORO0-2-FLUORO-PHENYL)-2'42,2-
DIMETFIYL-PROPYL)-E-METHYL-2-0X0-1,2-DLHYDRO-
WORMRIPNOLE-3,31- PYRROLLDINE] -5'-CARBOXYLIC ARET/§2106/006221
MORPHOLLN-4-YL-ETHYL)- -AMIDE! [02761The compound of
example-114 was prepared via same procedure as Example-112.
[0277]1H NMR (300 MHz, CDCI3), 67.62 - 7.30 (m, 211), 7.21-6,92 (n,
311), 6(;922ﬁ)5@?(!1cs3m§;) 1477 (53, (1] 13) 3.70~3136 (m,1B11),23 48H3,31 (n,
211), 2, fén ﬁil) 2.65- 2,30 (n, 811), 1.95 (n, 111), 1.80- 1.45 (n, 211),
0.58 (s 91 AMPLE 115 (2 'R,38,4'5,5
R)6-CHLORO0-4'-(3-CHLORO0-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5'42,-(2 KSR ETHOXY)-
ETHYLCAREAMOQYL]-2-0X0-1,2-DTHYDRO-SPIRO[LNDOLE-3,3'-

PYR ROLI[DINIE;”PMB@XMI&CE@E@MEWW@ESX -ERVORO-
PHENYL)-2'-(2,2-DIMETHYL-PROPYL)-1'-(2-HYDROXY-1,2-
DIPHENYL-ETHYL)-5'-(2-MORPHOLIN-4-YL-ETHOXYMETHYL)-1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE

[0289] To a solution of 2-motpholin-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 (1 mmol) was added and the
resulting 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 NaySOy,
The solvent was removed in vacuo and the residue was purified by
chromatography to yield the product.

[0290] '"H NMR (300 MHz, CDCl3), § 7.67 (d, I = 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, T = 1.79
Hz, 1H), 548 (d, ] = 5.68 Hz, 1H), 453 (d, ] = 5.82 Hz, 1H), 420 (d, T =
10.61 Hz, 1H), 4.10 (s, 1H), 3.85 (d, J = 5.66 Hz, 1H), 3.74 ~ 3.40 (m, 8H),




WO 2006/091646PCT/US2006/006221 157 [0278]The compound of
example 115 was prepared via same procedure as Example-112.
[0279].11-1 NIYIR (300 MHz, CDC13), 5 7.89 (a, Hi), 7.26-7.20 (in, 211),
WOPS0609846m, 111), 6.84-6.82 (m, 211), 4.85-4.82 (n, 111FATAPA06/80631
1H), 3.97 (s, 311), 3.81 (a, 3H), 3.58%.47 (m, 811), 259-2.44 (m, 311),
1.81-1.75 (m, 111), 1.344,30 (m, 111), 0.85 (s, 911); 13C NMR (75 MHz,
CDC13),5171.62, 169.46, 151.15, 139.49, 138.03, 135.56, 131.03,
129.02 31874885 422.62,6023,881),1241822.42 40681 1682, 1 82.(8, I[F), 69,
70.16, qg.glﬁi_§§ég§u§),1925§,(§@fﬁ3, 54.71, 53.62, 43.21, 39.92, 29.79,
23.06. EXAMPLE 116 (I 'R,2 "3,2 '3435,4 '43)5 2)
6-CHLORO0-4)-(3-CHLORO0-2-FLUORO-
PITENYL)-21-(2,2-DINIETHYLBRIBYE JAV-(2-11YDROXY-1,2-
DIPHENYL-EMYL)-5'41YDROXYMETHYLAH-SPIROpNDOLE-3,3'-
PYRRORIDSST3- 2R R EH[OREBAOBE QRGO Fid/ QROBHIN HBkK-With stir
bar waM@ﬂéﬂ%ﬁ%ﬁ%@&Wi%@WﬁMﬁ:&one
(1.0 g, 3.96 mmol), STEREE DOLE-3,3™- OLIDINI-2-
fluoro-3-chloto)-benzylidene-6-chloro-1,3-dihydro-indo1-2-one (4.75
mmol), 2 g freshly activated 4A T@ﬁcular sieves,
3,3-dimethyl-butyraldehyde (4.75 mipe!) and toluene (50 mt.). The mixture
was heated to 70C and kept at th&tf temperature for 5 hours. The mixture
was cooled to room temperature ard the molecular sieves were filtered
off. The solvent was removed in vacio and the residue was purified by
chromatography to yield the 1, /'i r product. 158 [02811The
1,3-dipolar product (2.0 mr&ol 'wre v}x\/jﬁs dissolved in

F ‘ /Q
(R
/=0

Cl

[0291] At 0°C, to a selution of compound 120 (2.0 mmol) in CH;Ch-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.

[06292] 'H NMR (300 MHz, CDCl3), § 8.12 (s, 1H), 7.39 ~ 6.71 (m, 6H), 4.18
~3.40 (m, 11H), 2.63 ~ 2.47 (m, 7TH), 1.29 ~ 1.13 (m, 2H), 0.85 (s, 9H).



ethanol/HC1 (10 mid) and the resulting solution was refluxed overnight.
The solvent was removed in vacua and the residue was neutralized with
NaHCO3/H20 and extracted with ethyl acetate. The organic phase was

VoSO EHNa2804, The solvent was removed in vacuo an"cﬂ&@%’@%ﬁ@ﬁ@n
was dissolved in 20 ml, ethanol anc? 0 mmol NaBH4 was added very
carefully. The resulting mixture was refluxed overnight. The solvent was
removed in vacua and the residue was treated with NaOH/1120 and
extracted with ethyl acetate. THE8MRIHIPBhase was dried over Na2S0O4.
The solvent was removed in vacua and the residue was purified by
chromatographystayieititbraregusinl6R8 2 FoNMRH3MZBDC13),
5 7.60 - 7.3 my1EiH) PROPLY- O ATH YL E),( 70 R 108, A1), 6.82 (t, J
= 7.98 HZETHAXYBE7HULY H-SFERAMNDOLE,38' S8 RECIPRIB2-GHE 111),
4.47 (d, I=8.40 Hz, 111), 3.93 (dd, J = 2.6, 12.0 Hz, 1H), 3.74 (d, J =9.21
Hz, 111), 3.63 (d, J = 11.30 Hz, Hl1), 3.11 (t, 3= 9.60 Hz, 111), 2.64 (s,
1H), 2.37 (d, 1=9.18 Hz, 1H), 1,84} 1.75 (m, 111), 1.15 (d, 14.44 Hz, 1H),
0.54 (s, 9 H). EXAMPLE 117 (MR;2",S2 35,4'8,5'R)
51-(TERT-HUTYL-DIMETHYL-SILANYLOXYMETHYL)-6-CHLORO-41-(3-
CHLORO0-2-FLUORO- I\

DIPHENYL-ETHYL)-1H-SPIR 1_E-3,31-PYRROLIDIN]-2-ONE
[0283]To a solution of conyoum N)/‘m

16 ol) in 10 mL DMP,
113DMSC1 (1.1 mmol) and irhi { e ,m% were added. The
bR T/US20061006221 159 stirred

at room temperature for 2 tgg” TH qﬂ{ent was removed in vacua and the
residue was dissolved with ethyl acetate and the solution was washed by
brigxe3irhe orgenicplase wiashdlied\wniiar80dud heealpentwas

re dinv sidie W fied ra to
yig%? i{ffe prod?cﬁ&%%%gmvmﬁ(@%% M dzﬁ C%éé%ﬁ%}%% ((? h\\{ =6.98
Hz, 21165788 1§ 35-5548.45) 555 07755130 Ble (D119 y 458571188 = 5,16
Hz, 111396 @5 (i L1 8 Y 316813, 75 53 {185 84 +F5°HD 285340, J =
5.85 Hz, 1ht) (4, 28)(d,02@d71346ldz HE 1), 4.30 ({531 1 483-82(dm,J6H)3.57
2 10373400, S 80 3L 10210803149 oy | = 10.23 iz, 111)
3.22 (d, Jo 9.12 Hz, 1H), 1.89 - 1.81 (m, 111), 1.34 (d, J = 15.60 Hz, 1H),
0.91 (s, 911), 0.52 (s, 911), -0.05 (s, 311), -0.12 (s, 31-1), EXAMPLE 118
(1"R,2"3,2'R,38,4'8,5'R) 2,2-DIMETHYL-PROPION1C ACID 246-




CHLORO0-41-(3-CHLORO0-2-FLHORO-PHENYL)-T-(2,2-DIMETHYL-
PROPYL)-5T-HYDROXYMETHYL-2-0X0-1,2-DIHYDRO-
SPIRO[LNDOLE-3,3LPYRROLIDIN]-11-Y1]-1,2-DIPHENYL-ETHYL
WOPPIRITE985]To a solution of compgund 116 (L.0 rtunol)BRFBSA}6/006221
CH2C1:, trimethyl acetyl chloride (1. gnunol) and dilospiopy! ethylamine
(2,0 minol) was added and the resulting solution was sill led at room
temperature overnight The solvent was removed in vacua and the residue
was dissolved with ethyl acetatBXM@PLE i38) was added to the organic
phase and the WO 206/091646PCT/ITS2006/006121 160 resulting
mixture wag gti§edat o iepmRaratue on2ons PRRRY S M12,2-
NaHCO3/bie mas. addesigndihe- (rapiEErRe-SRIRO BNPaiAias: - The
organic pHERRONVENNE S GARBOKI304.CTRE dINENDRAX YbhBWéd in vacuo
and the residue was purifiédTREERBRAGSAFRY to yield the product.
[0286]111 NMR (300 MHz, CDCI3), 5 7.59 - 7.15 (m, 15 H), 6.84 - 6.82
(in, 211), 5.40 (c1,1 = 8.10 Hz, 1H), 4.48 (d, J = 8.31 Hz, 111), 8.18-8.10
(m, 1H), 3.94 (dd, 3= 2.52, 11.87 Hz, 1 3.77 (d, 3=8.72 Hz, HD, 3.56
(d, J =10.02 Hz, 114), 3.16 (d, J = 48O 4-17,, 14-1), 1.66 - 1.57 (m, 1H),
130 - 1.28 (m, 111), 1.15 (s, 94-1), 0.56s, 911). EXAMPLE 119 (I 'R,2
"8,2 '&38,4 '8,5 'R) 2,2-DIMETHYL-PROPIONIC ACID 2-15'-
13ROMOIVIETHYL-6-CELORO0-4'-(3-C ‘\tpRO-Z-FLUORO-PHENYL)-Z'-
(2,2-DIMETHYL-PROPYL)-2- %D&D O-SPIROPEDOLE-3,3'-
PYRROLIDINNLYL]-1,2-DIP SLER

Br

Cl H

[0295] 'H NMR (300 MHz, CD;OD), § 8.46 (br, 1H), 7.50 ~ 7.38 (m, 2H),
730 ~ 7.14 (m, 4H), 6.92 (dd, T = 1.93, 8.13 Hz, 1H), 6.80 (d, J = 1.83 Hz,
1H), 5.08 (d, J = 10.84 Hz, 1H), 4.30 ~ 4.26 (m, 1H), 420 (d, T = 10.85 Hy,
1H), 3.51 ~ 3.31 (m, 8H), 2.05 ~ 2.00 (m, 1H), 1.64 ~ 1.46 (m, 3H), 0.85 (s,
9H); *C NMR (75 MHz, CD:0D), § 178.78, 165.54, 143.64, 135.89, 135.44,
131.84, 13177, 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; EIMS: 580.1 (M*+1). '



[0287]To a solution of compound 118 (1.0 mmol) in 10 mL C112C12,
CBr4 (1.5 mmol) and Ph3P (1.5 mmol) was added and the resulting
solution was stirred at room temperature for 6 hrs. The solvent was
WRMeREHGH vacuo and the residue purified by chromak6gfapi{piyez21
yield the product (02881NMR (BOOWZ CDC13),8 7.64 (d, J = 6.69 Hz,
211), 7.50 (d, | = 7.20 Hz, 2H), 739 - 6.84 (in, 13H), 142 (d, J = 7.40 Hz,
1H), 4.53 (d, | = 6.90 Hz, 11-1), 4.19 (d., 3 4.00 Hz, 11-1), 3.79 (d..1= 8.61
Hz, 1H), 3.63 - 3.58 WO 2006/994B6PEZ1/US2006/006221 161 (in, 211),
3.23 (s, 1H), 1.57 - 1.54 (m, 114), 1.36- 1.30 (m, 1H), 1.25 (s, 0.54 (s, 9H).
EXAMPLEGIZO( 453,258 20 SRAEEARIORO PIENYL) 201
6-CHLORO4-(3MEHTORERDHALY OROORO-2-0X0-1,2-DIHYDRO-
PHENY L)SPIRGIBDIMETHYYRRE) %Y Wéﬁ A
DIPHENYL-ETHYL)-51 42 BRBPHYR kL OXYMETHYL)-11I-
SPTROUNDOLE-3,31-PYRROLIDIN1-2-ONE 102891To a solution of
2-morpholin-4-yl-ethanol (10 mmol) in 10 mL dry  NaH (10 mmol) was
added and the resulting mixture was stiif&d at room temperature for 2 hrs.
Then compound 119 (1 mmol) was &§ded and the resulting mixture was
stirred at room temperature overnight. e solvent was removed in vacua
and the residue was dissolved with ethyl acetate and the solution was
washed with brine. The organic ph@§e Was dried over Na2204. The
solvent was removed in vacug-ang I%/ esidue was purified by
chromatography to yield the g A
87.67 (d, 3 = 7.05 Hz, 21-4Y, 7, OQ@I;
111!), 6.83 (t, J = 7.94 Hz, 11 ;

N
Cl H

(0296] ' NMR (300 MHz, CDCls), 8 9.34 (br, 1H), 7.70 (1, J = 6.00 Hz, 1H),
7.27 ~ 7.12 (m, 3H), 7.00 (s, 1H), 6.90 (d, T = 7.40 Hz, 1H), 6.78 (d, T = 6.10
Hz, 1H), 5.84 (d, ] = 8.94 Hz, 1H), 4.36 (d, J = 5.14 Hz, 1H), 3.80 ~ 347 (m,
7HD), 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). :




Hz, 1H), 5.48 (d, J 5.68 Hz, 111), 4.53 (d, | =5.82 Hz, 111), 4.20 (d, 3 =
10.61 Hz, 1H), 4.10 (s, IH), 3.85 (d, J = 5.66 Hz, 111), 3.74 - 3.40 (m,
81-1), WO 2006/091646PCT/11S2006/006221 162 3.00 (dd, J 2.25, 9,60
WQ29609364 51 - 2.49 (m, 6H), 1.91 - §36,84 (M, 1H), 1.35 - TSbYRF0pfez21
0.55 (s, 9H). EXAMPLE 121 (2 R, 384
'8,512)6-CHLORO0-4'-(3-CHLORO0-2-FLUORO-PHENYL)-2'-(2,2-
DIMETHYL-PROPYL)-5'-(2-MORPHOLIN-4-YL-EIHOXYMETHYL)-11I-
SPIRO[INDOLE-3,3-PYRROLESINELORE e" 0 [02911At0C, to a
solution of compound 120 (2.0 mmol) in CH2C12-MeOH (10 mL, 1:1),
Pb(0Ae)4 GLa3t @ Buneloweor eddedcHiereagtioryyas(stirred at 0C
for about BRIGTHIT,-BRARVE) i B h. FHEHDRI-GRTFOISDOHESCa gel

© columnPYRROSHPIERT -4 REABVEICI A VEG AR B rédiid s purified
by chromatography to yield thg%'ﬁw%llll NMR (300 MHz,
CDC13),88.12 (s, 111), 7.39- 6.71 (In, 611), 4.18 -3.40 (m, 1111), 2.63 -
2.47 (m, 711), 1.29 - 1.13 gln 211), 0.85 (s, 911).

Cl

[0297) 'H NMR (300 MHz, CDCls), 8 8.46 (br, 1H), 7.46 ~ 7.23 (m, 15H),
7.18 ~ 7.09 (m, 3H), 6.90 (d, T = 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, 1K), 0.84 (s, 9H).




WO 2006/091646PCT/1JS2006/006221 163 EXAMPLE 122 (272,38,4'5,5
2) 6-CHLORO-4L(3-CHLORO-2-FLUORO-PHENYL)-T-(2,2-
DIMETHYL-PROPYL)-P-KETHYL-5'-(2-MORPHOLIN-4-Y1.-

Ve PERIFETHYL)-1H-SPIRO[IND 17E-3731-PYRR0L|Dﬁ’ﬁT—’E§E9Rf§"62’*1
[0293]Compound 122 was obtaine ?)y a same procedure as example
112. 10294)tH NMR (300 MHz, CDC13), 5 7.50 (d, J = 8.66 Hz, 12), 7.28 -
7.17 (m, 32), 7.02 - 6.88 (in, 111), 6.88 (d., | = 1.80 Hz, 12), 5.02-4.80 (in,
12), 3.96 (d, = 11.15 Hz, 1H), ZBENEPIEZR6HZ, 411), 3.57 3.53 (m, 211),
3.40

(2'R,38,4°8,5'R) 6-CHLORO~4'-(3-CHLORO-2-FLUORO-PHENYL)-2"-(2,2-
DIMETHYL-PROPYL)-5'-(MORPHOLINE-4-CARBONYL)-1H-
SPIRO[INDOLE-3,3'-PYRROLIDIN]-2-ONE

[0298] " NMR (300 MHz, CDCly), & 8.39 (br, 1H), 7.27 ~ 7.13 (m, 2H),
7,05 ~ 6.99 (m, 1H), 6.87 (d, T = 1.57 Hz, 1H), 6.72 (dd, J = 1.43, 8.08 Hz,
1H), 6.49 (d, T = 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, 12844, 12825, 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.




-3.32 (M, 2H), 3.03 (d, 3= 6.83 Hz, HI), 2.55 (s, 32), 2.48 -2.40 (M, 62),
1.76- 1.68 (in, I1l), 1.47 (d, J = 15.10 Hz, 12), 0.61 (s, 92). WO
2006/091646PCT/ES2006/006221 164 EXAMPLE 123 (2 R,38,3"S, 4 It5
WOHEHRO-4'-(3-CHLORO-PHENYL)-21-(2,2- PCT/U52006/006221
HIMETIYL-PROPYL)-2-0X0-1,2-DITIYDRO-SPIROMIDOLE-3,3'-
PYRROLIDISIE]-5SLCARBOXYLIC ACID (3,4-DIHYDRO3CY-BUTYL)-
AMIDE HYDROCHLORIDE HO Ha" (8) 102951H NMR (300 MHz,
CD30D), 5 8.46 (br, 111), 7.50EXABBYMIZIH), 730- 7.14 (m, 411), 6.92
(dd, J = 1.93, 8.13 HZ, 111), 6.80 (d, 3 = 1.83 Hz, 111), 5.08 (d, 3 = 10.84
Flz, 111), 43055526 (0% AL 300, 3 eioa6 PaEkD)-2.65- 3.31 (in,
811), 2,05DIMEIO¢ArRROHY)-BOX (- K S DI YIRD):-SOIBSISPOLE)333C NMR
(75 MHZPORROLIZNEIS TRRRSEEAIG ASTHA3 4 35IBDRAEVIA-APGPRA
131.77, 130.54, 127.53, 127 HEPROEHLOREF 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; HIMS: 580.1 (M++1). WO 2006/031646PCT/U82006/006221

[0299] 'H NMR (300 MHz, CD;OD), & 8.46 (br, 1H), 7.26 ~ 7.15 (m, 6H),
6.92 (dd, T = 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;0D), &
178.76, 165.45, 143.66, 135.62, 135.45, 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; BIMS: 534.2 (M™1).




165 EXAMPLE 124 (2 'R,333"3,4 R,5 R)
6-CHLOR0-41-(3-CHLORO-PHENTYL)-T-(2,2-
DIMETHYL-PROPYL)-5-FLUOR0-2-0X0-1,2-D1HYDRO-

W {SOLE-3,31-PYRROLIDINEL5LCARBOXYLIC ACIE(Z 40622
DIHYDRO)cY-BUTYL)-AMIDE [0296]IHNIVIR (300 MHz, CDC13), 5 4.34
(ix:, 111), 730 (t, 3 = 6.00 Hz, 111), 7.27 - 7.12 (m, 3H), 7.00 (s, 111), 6.90
(d, J = 7.40 Hz, 1H), 6.78 (d, 36.10 Hz, 111), 5.84 (d, J = 8.94 Hz, 111),
4.36 (d, 3= 5.14 Hz, 111), 3.80%&¥F¥h!?11), 1.70- 1.98 (in, 211), 1.52 -
1.44 (n, 111), 0.94 - 0.90 (n, 111), 0,83 (s, 911) ; EIMS: 552.2 (1)/C+1).
WO 20051081540RCTYSCADGIIEZ 2L HEGREX AFUED TAE Y R)38, 3 8,4
1.1?,5 6-CHLORBAEU CPRORD-PHEFPROZOROL,2-DIHYDRO-
D|METHY§EEQ@WBE?46>€%§L§- HRANE BRI
PYRROL1DINE]-5LCARBOXYLIC
BUTYL)-AMIDE

Cl

(0300 'H NMR (300 MHz, DMSO-dg), 8 10.44 (br, 1H), 8.11 (br, 1H), 7.73
(t, I = 6.69 He, 1H), 7.44 ~ 7.15 (m, 2H), 6.88 ~ 6.82 (m, 2H), 4.29 ~ 4.28 (m,
3H), 3.94 (d, J = 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).




HN.N.401HPh IS)- NH H-N-LN".0 ( Ph 0 Ph 10297111-1 MAR (300 MHz,
CDC13), 8 8.46 (br, 11!), 7,46 - 7.23 (in, 1511), 7.18 - 7.09 (m, 311) 6.90

“g | =7.00 Hz, 1H), 6.80 (s, 1H), 6,69 (d1 = 7.90 Hz, IH), 6,19 (d. S

BY#P1941), 4.33 (5.82 Hz, 111), 388 (br, Ill), 3.83 (d, J. RCgE PP?’“R“H}

3.65 - 355 (n, 211, 3.34- 3.10 (m, 411), 271 (br, 111), 1.73 -1.48 (In, 311)
0.96- 0.91 (m, 111), 0.84 (s, 911). WO
2006/091646PCT/US2906/0116221 167 EXAMPLE 126 (2R,38,4 '8,5 'R)
6-CHLORO0-4'-(3-CHLORO-2-FEXSRBIPRENYL)-T-(2,2-
DIMETHYL-PROPYL)-5L(MORPHOLINE-4-CARHONYL)-1H-
SPIRO[INQY 5-8:8L RY RROGI BROZIOREENY2SS]CHLNROHR-(380 MHz,

CDC13), & SIZOEBHYIA) 0?‘1217)-5? PAXD-7PBIEBIROM, 1H), 6.87
(d, 1= 1. 5?%?@&!@9@7%? %{g‘%ﬁ PRI 4-- 8,05 Hz,
111), 4.61 -4.54 (m, IlI), 3.80 - 3.45 (m, 811),
2.97 (m, 111), 1.80 (br, 1II), 151 -1.42 (m, 111), 0.90 - 0.87 (m, 11), 0.84
(s, 911); 13C NMR (75 MHz, CDClB) (181.47, 168.74, 142.90, 134.17,
130.24, 128.44, 128.25, 126.69, 12%33 35 11, 122 38, 122.31, 110.75,
68.96, 67.26, 67.17, 64.38, 63.97, 52.8¢46.62, 43.21, 31.99, 30.58,
30.24. WO 2006/091646PCT/1182006/096221

?

(0301] 'H NMR (300 MHz, CDCl), 8 9.47 (br, 1H), 7.72 (t, J = 5.59 Hz, 1H),
737 (d, T = 7.84 Hz, 1H), 7.18 (s, 1H), 7.11 (t, T = 7.77 Hz, 1H), 6.95 (4, T =
7.74 Hz, 1H), 6.78 (d, T = 9.04 Hz, 1H), 5.85 (4, T = 8.96 Hz, 1H), 4.60 (br,
1H), 435 (d, T = 4.94 Hz, 1H), 3.85 ~ 3.40 (m, 8H), 1.75 ~ 1.65 (m, 2H), 1.51
~ 143 (m, 1H), 0.90 ~ 0.88 (m, 1H), 0.83 (5, 9H); C NMR (75 MHz,
CDCls), 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.




168 EXAMPLE 127 (2 R13S, 3"8,4 1R,5 'R)
6-CHLORO-4L(3-CHLORO-PHENYL)-2-(2,2-
WDIMETHQ(L-PROPYL)-2-0X0-1,2-DIHYDRO-SPIRORND%%,F-{%&# 1
BINEL-5t-CARBOXYLIC AGID (3,4-DIHYDRO JURRITOE

HYDROCHLORIDE HO (s) ONH HCI NH / rThe-0 CI[0299]111 NMR
(300 MHz, CD30D), 3 8.46 (br, 111), 7.26 - 7.15 (in, 611), 6.92 (dd, 1=
1.83, 8.13 Hz, IlI), 6.80 (d, J = 1.81 Hz, 111), 5.13 (br, IH), 5.09 (d, I -
10.71 Hz, 111), 4.30 - 4.18 (mEAMFREFC 3.30 (m, 711), 2.07 -2.00 (m,
111), 1.65 - 1.45 (m, 311), 0.84 (s, 911);

(2°R,385,3"S,4’R,5'R) 6-CHLORO-4'-(3-CHLORO-2-FLUORO-PHENYL)-2'-

(Z,Z-DIMETHYDPROPYL)-2-OXO—1,2-DH{YDRO-SPH{O[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), 747 (s,
1H), 7.23 (t, T = 7.23 Hz, 1H), 7.09 (t, T = 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,35,3"5,4°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




13C NMR (75 MHz, CD30D), 178.76, 165.45, 143.66, 135.62, 135.45,
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
WOPHR R4S, EIMS: 534.2 (M4+1). WO PCTIUS2006/006221

2006/091646PCT/US2006/006221 168

[0303] [o]5 71.1 (c, 1.0 MeOH); 'H NMR (300 MHz, CD;COCDs), 5 0.74
(s, 1H), 7.74 (¢, T = 5.8Hz, 1H), 7.43 (dd, J = 2.0, 7.1Hz, 1H), 7.33-6.84 (m,
5H), 4.42 (4, T = 8.4 Hz, 1H), 4.05-3.98 (m, 1H), 3.91 (4, J = 8.1Hz, 1H),
3.70-3.33 (m, 6H), 3.04 (br, 2H), 1.53-1.45 (m, 3H), 0.98-.091 (m, 1H), 0.84
(s, 9H); *C NMR (75 MHz, CD;COCDs), § 180.40, 172.20, 158.73, 15546,
144.00, 136.86, 133.30, 131.19, 129.97, 128.64, 126.92, 121.36, 10991,
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-MDM?2 INTERACTION

[0304] The FP binding assay described in Example 2 was used fo 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
p53 peptide (Example 2). Compounds Ke-43, PMDM6, and Ke-63 were
shown to be more potent than the natural p53 peptide, with X 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-MDM?2 interaction. After
harvesting and washing once with cold PBS, HCT116 colon cancer cells were
Iysed by sonication in cold Co-IP buffer (50 mM Tiis (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




BXAMPT.P 128 (2 'R,38,3 "8,4 R,5 '10
6-CELLORO-41-(3-CELOR0-2-FLUORO-PHENYL)-2-
(2,2-DIMETHYL-PROPYL)-5-FLUORO-2-0X0-1,2-DIHYDRO-

WEBMEIIkIDO01,13-3,31- PYRROLlDlggJ -5l- CARBovalc"ﬁE‘W(’Q“zP”“ZZl
DIHYDROXY-BUTYL)-AMIDE 2 [0300]IH NMR (300 MHz, DMSO-d6),
8 10.44 (br, 1H), 8.11 (Ix, 1H), 7.73 (t, 3 = 6.69 Hz, 1H), 7.44 -7.15 (m,
2H), 6.88 - 6.82 (in, 211), 4.29 4.28 (m, 311), 3.94 (d, J = 9.60 Hz, 111),
3.32 -3.0f{fiped 4192, 064 2 B0 fon 1 1 bljytss 5 k(0 tor@ine 6,82 (s,

%(1'6)\ M%Me% Wi Oix%LﬁMédl)n M%%%QQ@@%&&@P&T@&ZQQG/@Q@Z% 170

R,38,3
7041 TN @&’é‘tﬁw 85 g c{fyep ith enti-p33 antibody
DI MET@L%F@@P@E}Z@W@@N@ ses 380 ApBody HAds R ¥ing for 2 hat
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-methaxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4disulfophenyl)-2H-
{etrazolium 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




SPIRO[INDOLE-3,3I-PYRROLIDINE]-5LCARBOXYLIC ACID (3,4-
DIHYDROXY-BUTYL)-AMIDE HO (-0 CI [0301]IHNMR (300 MHz,
CDC13), b 9.47 (Ur, 111), 7.72 (1,5.59 Hz, 111), 7.37 (d, J = 7.84 Hz, IH

WP IYEHHE), 7.11 (11 =7.77 Hz, 111), 6.95 (d, | = 7.74 HE?I@E?‘&%’(’J

3=- 9.04 Hz, 111), 5.85 (d, 1= 8.96 Hz, 111), 4.60 (br, 1H), 4.35 (d, 5 4.94

Hz, 1H), 3.85 -3.40 (in, 811), 1.75 - 1.65 (in, 2I1), 1.51 - 1.43 (in, Iil), 0.90

- 0.88 (in, 1H), 0.83 (s, 91-1); IIC NMR (75 MHz, CDC13), 180.62, 174.19,

155.611li4 138614 (BEG5pa @R 40 vEBaBEr a9 sBBesRE. 1ptaag DIl 21,14,

114.208kk@1%,170.47, 67.14, 66.98, 65.20, 63.49, 55.96, 44.34, 36.97,

33.23, 30.55, 30.27. WO 2006/091646PCT/US2006/006221 171

EXAMPLE 130 (2 R,35,3 "S,4

6-CHLOR0-41-((3-CHLORo-z-E%ég‘ég-BﬁENYL)-zu

QZD'%‘J@ BB Oads K RRG AR GHNROk 3,3
INEJ-9lhgey (%

PYRRO Y oo AGHRs Y RO -BUTYL)-AMIDE
OH 10302]NMR (300 NEI; CDCI3), 3 9.63 (br, 11-1), 7.84 (s, lll), 7.47 (s,

1H), 7.23 (t, S = 7.23 Hz, lll), 7.09 (t, 1= 7.20 Hz, 111), 6.91 (s, 111), 6.65

(cho3098-07 HZg bl 81246k Semtds drizst Wbmpb@lis(iR 0134 bMsb2rim4 111),

ggg gs ] 31|‘_I) C%Ié?vérg h%?ve rtrt]ad %y ]éiggat-io%'?n &/Tshg)é_l v)‘iﬂgégl%l f)h(?)é;p at(sm’ IL),

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 pg protein were resolved on a 4-20% fris-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-MDM?2 (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).



EXAMPLE 131 (2"S,4 'R, 5'R)
6-CHLORO0-4'-(3-CHLORO-4-FLUORO-PHENY1)-2'-
(2,2-DIMETHYTHPROPYL)-2-0X0-1,2-DIHYDRO-SPIRO[INDOLE-3,3'-
WOVRIRMILGSINE]-5-CARBOXYLIC ACID (3,4-DIHYDROXYB(¥F#§l006221

AMIDE H \- C1-- (R):OH NH CI"-—-YIN H wo
2006/091646PCT/US2006/006221 172 [0303][aft> 71.1 (c, 1.0 MeOH); [11
NMR (300 MHz, CD3COCW, 89.74 (s, 111), 7.74 (t, J = 5.8Hz, IH), 7.43
(dd, 1=2.0, 7.111z, 111), 7.33EX8K¥PE Bb1), 4.42 (d, 3 = 8.4 Hz, MB,
4.05-3.98 (m, HI), 3.91 (d, 3=8.111z, 1H), 3.70-3.33 (m, 3.04 (Ur, 211),
1.53-1.4%¥n1, BEATH SBROFOIEQSIHINDIBZEDSB Y MDY CNNR GRS MHz,
CD300CD3), a 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,
6@AB] 64.40REB. 9Zi|dkpd 95 BGUBFI B3%6B1u281 403 EENS {MeNd] in§74.1.
EXAMBLEJS218Co normal colon fibroblast cells were treated with increasing

doses of Ke-43 or Ke-61 for 4 days in 6-well Petri dishes. Trypan blue dye

exclusion assays were performed to determine the ability of the inhibitors to

induce cell death. After 4 days of treatment, floating and adherent cells were

harvested and stained with 0.2% of trypan blue solution (Sigma, St Louis,

MO). Each treatment was performed in triplicate and at least 100 cells were

counted. Cells stained blue or morphologically unhealthy cells were scored as

dead cells. To evaluate apoptosis, sub-diploid DNA content in cells treated

with or without test inhibitors was analyzed by propidium iodide (PI) staining.

After washing once with cold PBS, cells were fixed in 70% ethanol for 1 day

at -20°C. Ethanol-fixed cells were then washed twice with PBS and stained

with a staining solution containing propidium iodide (PI) at 50 pg/ml and

RNAse A at 100 pg/ml in PBS, for 20 minutes in dark at room temperature.

Acquisition of cells and analysis of sub-diploid DNA content was performed

by flow cytometry using CellQuest software. Only cancer cells expressing

wild-type pS3 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

{0309] Cell cycle progression was evaluated in RKO (wild-type p53) and HT-
29 (mutant p53) colon cancer cell lines and CCD-18Co normal colon

fibroblast cells by determining S-phase cells by incorporation of




COMPETITIVE INHIBITION OF P53-MDM2 INTERACTION (03041The
FP binding assay described in Example 2 was used to test the ability of
several s nthesized compounds to inhibit the interaction between MDM2
mpounds Ke-43 (Examp 4@ 41), Ke-61 (Examp%’%’% BRASKR
(Example 2), and Ke-63 (Example 8 )were tested against the natural p53
peptide (Example 2). Compounds Ke-43, PMDM6, and Ke-63 were shown
to be more potent than the natural p53 peptide, with 1(1 values in the low
11M to SupseatAorsEioeRaiUY folloxaip stEni@3vit] SR CHRHENIGBIdU
P53-M Diviizh bl Endd Alke T ANDBA. bt EMM ENHI&@%TIQE&noachnomycm D

(03081 Co-mppopEg IR GR FRIESITblolg saioyere

perform%%to assess the effects of Ke-43 on p5 interaction.
After harvelstity n&a&/%fsﬁ?ﬂfﬁ’%ﬁk%e%ﬂ?‘%rd&@% inopetiPrees BrEdncer
cells weréthgdkpijesioisiepgions iforcs d@w. TRldvedy GOdikbEHS Kpits 7.5),

150 mMo@ibstbirwihE D L8 6pEr&0) COus YN RaARHEO BIAINIAG sla izl

henyl it S ted
&Z?é”&%“!*?*@r@@%“%%%%@g%ﬁ SO GBes 1 v

centrifudBHZT4Y GOBT WA {674 5 5iR RGREeEty b tamag 2
mg prot&iptiRues! st e@h Riescineehcekord3réshnee ofite-dt8efdent h at

AC, follodegietiby aftitlifian agRKISEheAds)Can UgAeo-eitheromth stirp53
antibodys {93 1S BMAENHE QLI AL0p: SReGiflc t'%%%éfg«‘

mixing f%% i&at AC, theﬁ argse beads were washed 3'times with cold
buffer, boiled |nnosa{”lllﬁjp‘?((:e1 TP oF8 B e, By L EoP AT A Fthid®pPeence
of p53 aFdRAIIY PR RidtEEtRd Dy Vressieernobteitimbiisithkmousa not
monocldnead asitibfcke sfegaing! pbBsaddelM-2 proteins. Increasing
concentrations of Ke-43 resulted in decreased immunopreciptiation of
MDM2 by the anti-p53 antibody gipgigatingsthat Ke-43 disrupts the
_interaction between p53 and MDM2 (HG. 10). EXAMPLE 134 CELL
GROWTHhityHBITORWERO MY 2N BHR QRS HIBIEENMG Wity pe
p53), HCT116 (wild-type p53)viant tNHESforgant p53) colon cancer cell
lines were seeded in 96-well flat bottom cell cultwe plates at a density of
3-4x103 cells/well and incubated in the presence of compounds for 4
daipd1ifhe rat@BLoeklngi@rtinin bibikia afte Wﬁawmemtnvmikbeinﬁer@a&iﬂg

concentrﬁaga&%&fsg&ax gwlwawsetﬁm%qry%@& MRS
(2-methaxy-A-niiroplie 5(4 nitropheny)-5-(2, 4disulfo tf?hen vl 7 i-

tetrazoliim monosodlum saft Sglndor’?@f’olecula?sr‘é&ﬁﬁ% ramEl
GauthergﬁﬁEbeMEPﬁlsﬁﬂfhwsiﬂewasnmd arogAmaritolidentiation of
10% to emtbpiseiitrit: e cplatesayarecintiibatedkar 3FEC fog) 2-3 hrs. The

abgerpance ofithgsamnias WasmaastiectAld50 BN 1 aplalsreqder

(Molec rD%\/ -T TRA The conce tra on of the compounds
that inhibited cé %ro%v%% (%’ &8 cia/f/lgbs é’a’i@ﬁ‘f‘é L8 BN oRatig

absorbafEEalsthETes IR ﬁ‘@ét%%v H ﬁea?nwu?fa@ WAtHISRssUithenited
cells. Coffypogrite Keptd{Exdmpléssi ishowbedimepatert frawiatnkjbitory
activity faraangekaRls SXOFRSRNG Wik RERP3LRG, - Naiably,
cancer ¢ %%xggessm%vylldﬂ% e p53 showed greater than 18-fold

(HCT116) and greater 6/091646PC1717S2006/006221




174 than 13-fold (RICO) specificity over cancer cells expressing mutant

p53 (HT-29) (FIG. 11). EXAMPLE 135 EFFECTS OF MDM2 INHIBITORS

ON EXPRESSION OF P53 AND ITS TARGET GENE PRODUCTS

IVIDM2 AND P21 [0307]Cancer cells were treated with test compounds or csLLP
0.1% DMSO for 24 hours. Cells were harvested by hypsinization and

washed with cold phosphate buffer salifig] pH 7.5 (bavitrogen, Carlsbad,

CA). Cells were lysed for 30 minutes in ice-cold lysis buffer (50 inM Lis
(PHIABYSIGDAMMINACGE, 1 xnM EDTA (pH 80), 25 mM sodium fluoride,

1% NP40 and 0.1% WS) containing 2 mlVI sodium orthovanadate, 1 inM
phenylmethylsulfonyl fluoride and protease inhibitor cocktail (Roche
Applied’SaiensenthbiamapbiisniNg Next, cell extracts were centrifuged at

12,000xg at 4C for 10 minutes to obtain ¢larified lysates. Protein was

estimated by Bio-Rad dye. Cell lysates ¢ ining 35 jug protein were

resolved on a 4-20% tris-glycine gel Invihb‘d%m Carlsbad, CA) and

transferred onto poly(vinylidene difl ) membranes. Immunodetection

of proteins on the transfer membrane was-pgyfeltned by using anti-p53

(Ab-6, Oneogene Research Produc%l =
Santa Cruz Biotechnology, Santa Cm 3
Biosciences, San Diego, CA) mouise mo Ziantibodies. Antibody to
fil-actin (Sigma, St Louis, MO) was usst s the protein loading.

When RKO (wild-type p53) and HT-29 (my4ant p53) colon cancer cell lines
were treated with Ke-43 (Example 41) f¢ 24 hours, Ke43 induced

accumulation of p53 and its target gone%roducts only in RICO cells
%&‘Bf&ﬁ'ﬂﬁé@ﬂﬁé@lﬁﬁa@é (R 40) wif¥fin:

2006/091646PCT/US2006/006221 175 EXAMPLE 136 CELL DEATH
RnDinpeptiresys wbitts s amigdintlierrbreyphadsmryGoalkynyl, aryl,
iidyRaie S aid, EORR @URARTESS) SRAUGRNCEHIRR TPEFE@BARNR 'R, or
CCD-18Co normal colon fibroblast cells were treated with increasing

QU%Es:0f Ke-43 or ICe-61 for 4 days in 6-well Petri dishes. Trypan blue

e SUCIRSIBR araRySISTR Pl fREMBpiiaARtanmBINRtee ahiily efdhRikyl, alkenyl,
inhibitors to induce cell death. After 4 days of treatment, floatlnl%]%n

d
sutlerdedisaNeiy hatiebtebessiacsidifediteR . 596 Oy JaBRIB ', NR'COR,

SAULIOTR(SIGMAIER LquisNHNRERCh Jreatment was performed in triplicate
and at least 100 cells were counted. Cells stained blue or morphololgicay)y
disOH, NOy, alkyl,

(ars 05y R dpe R raRt Shdtpsadsatly sdnstefdionatiale &dofto

Sybrstindoid Rk BORRNbAKERYE theaied Wity orvithesdest DRIE,RasOCOR!,

analyzed hy propidium ipdide"(Pléstai'niqg. After washing once with cold

SRR Ri Nr BRed R SBOR oiQRbr 2 () RO SRER EAEAGH Fred cells

wele liemwasher twicendipeRBataneskainpd mithya $iBiRNe:goMEAN cycloalkyl,

containing propidium iodide (P‘;;I)P at 50 ug/ml1.and RNAse A at 100 1lig/m1l
Ioatksmihel e

HisBE; e3rosksing A TERRRisOe. Acquisition of cells

mgnanmysksmf aubRrdiphoich[AM&aoBient wgg;performed by flow cytometry

T o el Rttt
EX&NVP Ly d3alhiE GIkHy IMRIVIZ I HIBidrOURSiQNoC ECH S YIRLECH,),-NR'R",
KRS ol SiLAIER R (e Bes) AME I - (CHa)-COOH,
(CHp),-COOR', (CH2);-CONRR", (CH;),-OR', (CH,)y-SR', (CH,),-COR', (CHy)y-
SOs;H, (CHy)s-SONRR", (CH)s-SO:NR'R", (CH,CH,0),-(CH;)m-OH, (CH,CH,0),-
(CH)m-OR', (CH,CH;0),~(CHy),m-COOR', (CH,CH,0),-(CH;)n,-CONR'R",
(CH,CH20),-(CH2)-NR'R",  (CH,CH,0),-(CH)-NR'COR",  (CH,CH,0),-(CH;)u-
NR'(C=NR")NR", (CH,CH;0)p-(CH)n-NR'SO,R", (CH,)p~(CH,CH,0),~(CHz)m-OH,




29 (mutant p53) colon cancer cell lines and CCD-18Co normal colon

fibroblast cells by determining S-phase cells by incorporation of 176
bromodeoxyaridine (BrdU) followed by staining with RTC-labeled

anti-BrdU antibody and the total DNA-content by staining with MCSLLP
7-arainoactinomycin D (7-AAD) according to manufacturer's instructions

(BD Biosciences, San Jose, CA). Briefll7&ancer and normal cells, after

overnight incubation, were treated with without test compounds for 22

kG ties, {61 idyedh Oy el HlelilitfORal 2 hsihis)pd (idyBIHOM \((tH DR-TDORBrdU(CH,),-

S hi tegh fi¥ad,and staiped\wj Aab nti-Brdl) and
-A,&%E%: i g?ﬁ? “ﬂigi(rjlgl%%n’ was gg@?&?@%@%ﬁﬁ%&ﬁéﬂg werel CH2
deufrEt Qhd QHR-aNRYeB by using(CBHRWES €3 fatbre (B)m-NR'(C=NR")NR",
igsGie Jsycagragdese-depgnder pletic S-phase in
g?gp cg%?:%}é?gzn&dgfzanD-lg?g n%%%ll’c%‘tl(gir? fi§r§o(§;ta%%c’e Irs both of
RhiendRoréesnyilbepmeyd® (g and). However, Ke43 had no
apPRregiahle efigeh aue élng)éﬁl@ypjrggression of HT-29 cells expressing
mutant p53 (FIG, 14). Inactive control inhibitor Kt-61 did not have a
significant effect in all the tested cells. EXAMPLE 138 PROTECTION OF
MORM e G RO ST MEATHES ARYFITHMRMENHIBITORS
[0310]PrEC normal prostate epithelial cells were seeded in 6 well pates

and incubat&with Ke-63 (1 gI‘@I_Oand 2.5 gM) for 24 hours, then 1 gl\ﬁinR
R

within a wideygnd equivalent raﬁp of conditions,X‘mulaﬂons, and %ﬁgr
parameters without affecting the scope of the inv n or any
embodiment’qqt‘)]ereof. All patents,fatent applicatiops and publicationggited
herein are frilkRincorporated byNeference herein intkgir entirety. WHAR,,
IS CLAIMED IS: 1.A compolny having Formuf&X: 0 RiN-R7 R5 R

R “R
Ron. [N Rin/ ) Ry, /N7 N
Xy, Rs ~. Rs Ny, Rs 7 Rs
RQ‘T—/ NFO RQ“ FO Rg'T“/ /‘§O Rg_ /§O
N
H H

H H
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Rio Rio
N-R -
OQ{ 11 Oi/N R“
R % R
R1 N~ R1 N7
| AN /Rs | S R5 ‘
RoT Ay (o) Rg'r"/ \ ') Rew
H H
XX XXI
Rio Rio
N-R N-R
;, -R -, R
R1’r. N7 R1/,‘ N="7
R I Xyt /RS | ey Rs 1
o - N (¢} Rgl_/ N O Rg i
H H
XX XXV

or a pharmaceutically acceptable salt thereof.



N X or a pharmaceutically acceptable salt, wherein: R1 is optionally
substituted cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic,
OCOR', CONR'R", NR"COR, NWSO2R", SO2NR'R", (C=NR')NR"R", or
NR'R"; R5 and R7 are independently H or optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, CO2R’,
OCOR', CONR'R", NR"COW, NR'SO2R79 SO2NR'R", (C=NR')NR"Ir, or
NRIR"; R9 is one to four groups independently selected from H, F, Cl. Br,
R.OH, NB2;@tipdpogabalkith 2)kenidgdyaiaalkedlybratlsyimyllaaxplvI:
heterocyclic. OR', CO2R’, QCOR’', CONR'R", NR"COR'_NR'SO2R",
SO2NR'R", (C=NR')NR"Rm,'®r NR'R"; each R'. R" and Ris
independently H or ongn y Bubstituted alkyl, cyc§>al M—-&kenyl,
cycloalkenyl, alkynyl, arytxor heterocyclic; or W an or R"and R", form
a heterocyclic ring; RE0 a / 1Rwe independently H, PHpr Bptionally
substituted alkyl, cycloé al e)/nyl, cycloalkenyl, afiy

heterocyclic, or (C >{CHB4-NRR", (CH HINRIC
(CH2)"-NR'SO2R} -NFXEGNR")NR", (Eg- 00
(CH2),-COOW. (CH -corgf'R", (CH2)11-OR!, 2)'J§R',

(CH2)"-COR', (CH2)1S03H, (CH2)"-SONR'R", (CH2)11-SO2NR'R",
(CH2CH20)"-(CH2)10 6. (CH2CH20)11- (C112)01 XX VI
(CFI2CH20)"-(CH2)",-COOR', (CH2CH20)"-(ClI2)n-CONR'R",

eCppREmeEey ity aurablctall diezofi-(CH2).-NR'CORY,
(CH2CH20)"-(CL12)mNR'(C=NR")NR", (CH2CH20)"-(CH2).-NR'SO2R",
CH2)"-(CH2CH20)"-(CH2),"-OH, C|_P 178

%CHZ)[SE Fanepoy, aEt sl Orgein B pis o ptiop Poyuls et <00 O\Wptional ly
CHAROHGIT29),-(CH2),-CONRIR",(CH2)1,-(CH2CI
120),-(CH2),-NRIR",(CH2)p-
(CH2CH20),-(CH2),-NRCOR",(C112)r(CH2CH20),-(CH2),-NR:(0=NR")Nr,
§CH2) THCHRpb1A) of et mh NR QAR 1CO:R aRAR’, or -SO2R’; or RL

and RI | form a heterocyclic ring; and

MCSLLP

6. The compound of claim 1, wherein Ry is H.
7. The compound of claim 1, wherein Ry is selected from the group consisting of F
and Cl.

8. The compound of claim 1, selected from the group consisting of?




n, rn, and p are each independently 1-6. 2.The compound of claim 1,

haying one of Formulae XI-XXVI: Rio 1FioFitio N- R11N-R11N-Rii

0--/00---/0 R1 '7-1'j-R7N_R7,D 1\r7WIR7 R1 ,R5R5R5 LR5 RR54-R5 00

9LC ----- #--;"--"-----'RgKsc,"_Th 0 MCSLLP




HHH 1L6XXXXXIXXII IN_iciF1Ri 1 N-R11 0---10 SN-R7 IN 7 1R5, \'irisR5 1
OR 9'-'N H OR5-co "R5R9C'l I-0 ------- % "N HH
XXIHIXXIVXXVXXVI or a pharmaceutically acceptable salt thereof
MCSLLP

181

HO,,




179 3.The compound of claim 2, having Formula XI or Formula XXVI: io
N-1311 0-7 N-R11 N-R7N-R7 R5 NR5-rt0 XIXXVI or a pharmaceutically
acceptable salt thereof. 4. The compound of claim 1, wherein 121 is
optionally substituted aryl or optionally substituted heteroaryl. 5. The
compound of claim 1, wherein R5 is C3.18 alkyl. 6. The compound of
claim 1, wherein R7 is H. 7. The compldi#nd of claim 1, wherein R9 is
selected from the group consisting of F and CI. 8. The compound of claim
1, selected from the group consisting of 0HO

HO,,,

MCSLLP

or a pharmaceutically acceptable salt thereof.

9. A method of preparing a compound of Formula X, comprising:
a) condensing a compound of Formula 1 with a compound of Formula 2, to form a

compound of Formula 3;



MCSIAP  MCSLIP 181 HO HO,,, HO MCSIAP 182 HO HO,,

MCSLLP
183
R4
z A
Re—\ l o R{CHO Ro— | o)
H H
1 2 3

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

Ry
y Os_O_Ph 5
72
R | o T I \\—R5 Ror
NN N ph
H
3 4 5 6

¢) treating the compound of Formula 6 with an oxidizing agent to form a compound of

Formula X;

wherein:
Ri is optionally substituted cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, or
heterocyclic, or OCOR', CONR'R", NR"COR/, NR'SO,R", SO,NR'R", (C=NR")NR"R",

or NR'R";



or a pharmaceutically acceptable salt thereof. 9.A method of preparing a
compound of Foimula X, comprising: a)condensing a compound of

Formula 1 with a compound of Formula 2, to form a compound of Formula

3; MCSLLP 183 R9-,t10RICHOR - N 123 b) condensing the compound gf; s1.L.P
Formula 3 with a compound of Formula 4 and a compound of Formula 5

to form a compound of Formula 6; and184456 c) treating the compound of
Formula 6 with an oxidizing agent to form a compound of Formula X;

Rs is independently H or optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl,

alkynyl, aryl, or heterocyclic, or CO,R', OCOR/, CONRR", NR"COR', NR'SO,R"
SO,NR'R", (C=NR")NR"R", or NR'R";

R7is H;

Ry is one to four groups independently selected from H, F, Cl, Br, I, OH, NO,, alkyl,

M

cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heterocyclic, OR’, CO,R', OCOR!
CONRR", NR"COR', NR'SO,R", SO,NRR", (C=NR")NR'"R", or NR'R";
Rio and Ry; are independently H, OH or optionally substituted alkyl, cycloalkyl

5

alkenyl, cycloalkenyl, alkynyl, aryl, or heterocyclic, or (CH2)n-R', (CH,),-NR'R",
(CH2),-NR'COR",  (CH),-NR'SO;R",  (CH,),-NR'(C=NR")NR", (CH,),-COOH,
(CH2)n-COOR', (CH2)»-CONRR", (CH,),-OR', (CH,),-SR', (CH,),-COR, (CHy)y-
SO3H, (CH2)w-SONRR", (CHa)y-SO,NRR", (CH,CH,0),-(CH,)m-OH, (CH,CH,0),-
(CHy)m-OR', (CH,CH,0),~(CHy),,-COOR', (CH,CH,0),-(CH,),,-CONR'R",
(CH,CH0)p-(CH2)w-NR'R",  (CHCH,0),-(CH;),-NR'COR", (CH,CH20),-(CHy )y~
NR'(C=NR"NR", (CH,CH;0),~(CH;)n-NR'SO,R", (CH>),-(CH,CH,0),-(CH))iy-OH,
(CH2)p~(CH2CH20)n-(CH)m-OR',  (CHy)p~(CH2CH,0),-(CHy)n-COOR!,  (CHy),-
(CH,CH,0),~-(CH;)y-CONR'R", (CH,),-(CH2CH0),-(CH,)y-NR'R", (CHp),-
(CH,CH,0),-(CH,),~-NR'COR", (CH2)p~(CH,CH,0),-(CH,)m-NR'(C=NR"NR",
(CH2)p~(CH2CH,0)4-(CH2)u-NR'SO,R", -CO-R’, -SOR’, or -SO,R’; or

Ryo and Ry form a heterocyclic ring;

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 heterocyclic ring.

10. A pharmaceutical composition comprising a compound of any one of claims 1-8

and a pharmaceutically acceptable carrier.

11. The compound of any one of claims 1-8 for the preparation of a medicament for

the treatment of cancer.



Rio, Rti X wherein: Rl is optionally substituted cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, or heterocyclic, or OCOR', CONR'R", NR"COR,
NR'SO2R", SO2NR'R", (C=NR')NR"R", or NR'R"; MCSLLP 184 R5 is

independently H or optionally substituted alkyl, cycloalkyl. alkenyl, MCSLLP

cycloalkenyl. alkynyl, aryl, or heterocyclic. or CO2R'. OCOR’, CONR'R".
NR"COR', NR'SO2R", SO2NR'R". (C=N8B')NR"R, or R7 is H; Ry is one to

four groups independently selected from H, F, ClI, Br, I, OH, NO2, alkyl,
¢Qcloalkytoatiesitipoyaiogikiemy thtkyoyihamd, beterpoyielicf ORMEORRLA at least

y NR'R" "COR, NR;SO2R", SO2NR'R", (C=NR)NRI]r, or
R e 2 Ot an s oment ot
edigkreycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, or heterocyclic, or
(CH2)11-W, (CH2)ii-NR'R", (C112)1-NR'COR", (CH2)-NR'SO2R",
(CH2),,-NR(C=NR")NR", (CF12)0-COOH, (CH2)-COOR’,
(BH2) N BORRIRSI oM 2f dlDR'T JOMR) LN SR (BHDALICQR! is selected from the

nSQLLdi ACHZ), -SC " (GF12)11: R : N
%{‘?ZCHZ(%,,E%Clizc;ygn-gmggﬁ&zr%%o@l- ggé@ﬁd e, G-thioguanine, - 2-0
etradCHEO R} L E e, (GHRORD), aldehlin.C @RRtRzymab,  alitretinoin,
L6 Qﬁ@p)'aﬁgﬂ@mé!\lFgﬁli'fogt\ih@c!ﬂg@o '@H@ml’&!?g& ;OZolc; apaziquone,
(CH2CH20)n-(C112)mNR1(C=NR")NR", ((§H2CI—]20) -(CH2),,-NR SOZ% ,

g@mgy@s{cﬁ@wgw};_(@mpgﬂmomde, asparaginase, azacitidine, BCG live,

é%@)i)ﬂr&%%%)mé?ﬁéﬁ%é%%&ﬁ%%ﬁ%stef&@l?Ei}s%reun,
PGWE%H 20ytazekidin. colitrirt, (crfiltbing CFRIDYDIAGH 2 cAtN BRI C Bidixime,

Qél%‘coxib, cetuximab, chlorambucil, cilengitide, cisplatin, cladribine clofarabine,
(CH2CH20),-(CH2)n-NR'COR",(CH2)p-( H2CH20 11-(CH2).-NW(C=NR")

.

RoRROIREAS I (SHZORPIEIE (IR INFRRERRSPEAN e, - SORbie. SBombazine,
iR AREiRi fasmaphatarogmalic Hagdubiand Raigwach indareRdentiritox,
%égérggt%asone, dexrazoxane, diethylstilbestrol, docetaxel, doxercalciferol, doxorubicin,
dromostanolone propionate, ecteinascidin 743, efaproxiral, eflornithine, Elliott's B
Solution, enzastaurin, epirubicin, epoetin alfa, erlotinib, estramustine, ethinyl estradiol,
etoposide, exemestane, exisulind, fenretinide, filgrastim, finasteride, flavopiridol,
floxuridine, fludarabine, fluoxymesterone, flutamide, fotemustine, fulvestrant,
galiximab, gefitinib, gemcitabine, gemtuzumab ozogamicin, genistein, glufosfamide,
goserelin acetate, hexamethylmelamine, histrelin, homobharringtonine,
hydroxychloroquine, hydroxyprogesterone caproate, hydroxyurea, ibritumomab
tiuxetan, idarubicin, ifosfamide, iloprost, imatinib mesilate, imiquimod, infliximab,
interferon alfa, interleukin-12, irinotecan, irofulven, ixabepilone, ketoconazole, L-
asparaginase, lapatinib, lenalidomide, lestaurtinib, letrozole, leucovorin, leuprolide,
levamisole HCI, lomustine, lonafarnib, luniliximab, mafosfamide, mechlorethamine,
medroxyprogesterone  acetate, megestrol acetate, meloxicam, melphalan,
mercaptopurine, —mesna, methotrexate, methoxsalen, mitomycin, mitotane,
mitoxantrone, monoclonal antibody 3F8, monoclonal antibody J591, motexafin,
nandrolone, nilutamide, nitrocamptothecin, nolatrexed dihydrochloride, nolvadex,
phenpropionate, nofetumomab, oblimersen sodium, oprelvekin, oregovomab,

oxaliplatin, oxyphenbutazone, paclitaxel, pamidronate, panitumumab, paraplatin,



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

comprising a compound of any one of claims 1-8 and a pharmaceutically
acceptable carrier. 11. The compound of any one of claims 1-8 for the
preparation of a medicament for the tré&fment of cancer. 185 12. A
composition comprising the compound of any one of claims 1-8 and at
reastlemasgd diegapiEesapdagtlagstnforneneieisdratonteftatime dlearyléntazone,
ﬁ&éh&i@ﬁtmﬁﬁbgf&ﬁ&?erpl&ghl-ggﬁeco 11(599 o ﬁ@ﬁ?flgl W &rﬁm&agdlum
erapeutlc agent is selected from the group consisting of 5-fiucrouracil,
BueBIalprSpuRFRADE RO g REPRAEDaZine teRWEER IS iRBbaN B camstatealoxifenc,
Alapesige, Aldaaieukdn HAIRMUBUIDERAIIERENIDi RISRUERE a AUGIRM Wfaplatin,

amifostine, amlnoglutethlmlde anastrozole, apaziquone, atiprimod,

SRPASSHS N %%@é?ﬁ&btrlomét%ﬁ%agﬁ%§@yé%ﬁéﬁﬁjm@’@@@m% acid, suramin,

hevraialmalaRpsasotente bicalklamide. Rleqmysin, RRILeERIMIR,  temsirolimus,
bryostatin-1, buserelin, busulfan, butazolidin, calcitriol, capemtabme

{eMBRin{CSiHaRiSRfe leSiasiRTaRe CBIORISIR Ce iRIHRBIden GHigeHsmine. thiotepa,
dliengitidm, cisplatinisladiikpneasiatarabingecambeastatisfife R oAt omab,

curcumin, r$/clophospham|de Cytarabine, dacarbazme dactlnomycm

AR BH O TATEZHR Ro BB N SPSbiF e eRRA il Y ax. uracil mustard,

d@pﬂmﬁﬂaﬁﬁQ@nﬂﬂéﬁﬁﬁﬂ&h@ﬂ@ﬁﬂ@%@ﬂéﬂﬂ&r@inﬂ@&ﬁ@&ﬂhorelbme volociximab,
doxercale rol, doxoru %ﬂm dromostanolone propionate, ecteinascidin

VORQstaL, Fﬁ?%ﬁ{? R NG rSBIBRR B ErRE Rxiden, epimbicin,
epoetin alfa, erlotinib, estramustine, ethinyl estradiol. etoposide,
xeme ne, exisulind, fengetinide, filgrastim, finasteri avopirjdol,
FAurchiE, AREBNE: 1oy hGrerohe WS Tt HEGRSEC  agent is
éhbtﬁstmmpgaiwgaﬂm @@édtadbfrgmrmnﬂgbmg @eRKktadreab-aaegamicin) docetaxel,
Qser

t famid
B PGy T ahiie FioRedh iR g biingmyein. daunorubiin,

dycsmbichiprodeons;chydrokyprogasteanencapmate, Rysiapiibgea, interferon-alfa,
ibr momab tlP tan |darug|cm |fosfam|ﬁ£ |I%§‘iost imatinib esﬂate
X

I q%ﬁlrrrlfod FAERRHED it SR A e PR ArindtEEAR al?ﬂ)’?ﬁiver{mwtane

é:mbegllﬁaﬁph«adepmnahm@nba&g@mgmsgeé&mam|ba1$ﬁ5mhﬂmmtd0xyprogesterone
Iesﬁurtlnlb I zoIe eu ovg%llrgtl u ro |d levamisole 1C1 lamustine,

ace a ethin estra 10 tamoxi
?ona a’rr% un| X|ma maf mide, met:h orethaming, oxifen, testosterone

m@dmwyprﬁgesymestmtaietmgemaﬂmmhdneonmam,melphalan,
mercaptopurine, mesna, methotrexate, methoxsalen, mitomycin, mitotane,
mitoxantrone, monoclonal antibody 3F8, monoclonal antibody J591,
Iﬁotexéﬁw eranpooiohef nlkatarhldeyhriteocaanpiotheciny cldeategereatd by expression

gépghgqéﬁg 1 gﬂ,gfgteocp %[glonate noletumomab, oblimersen

um opr veﬁ oregovo oxatlplatln oxyphenbutazone,

paclltaxel pamldronate panltumumab paraplatin, MCSLLP 186
eﬁgad%ﬁq@és BEHRTRI AR PEPIIGAS Ty RS EEe RO A icament for

enylbutazone, piog |taz ne, pipobroman plrfenl one, plxa rone,
ffbmmvnﬁn,tpémwmfﬁmﬂfsmmetmm%ppmmmnmts.
pyrazoloacridine, quinacrinc, raloxifene, ranpirnase, rasburicase,

rituximab, rosiglitazone, rubitecan, sargramostim, satraplatin, semustine,
Ebrafedibe stapromstid anybaropibelicis Hy8lfoxdheiprapiagomarfimmedicament for
ﬁ%aﬁ%ﬁ{%ﬁ?'%@“ %Q&; @C g?ﬂﬁl%ﬁltiff nxg%ﬁgﬁg@r ’g?&?&?ﬂ%&?nal disorder, or
ternsirolimus, ten|p05| e, testolactoneé, testosterone propionate

aliRgtimide, thioguanine, thiotepa, thymalfasin, tipifarnib, tirapazamine,
topotecan HC1, toremifene, tositumomab, trabectedin, trastuzumab,

tretinoin, trimetrexate glucuronate, TroVax, uracil mustard, valproic acid,
Rlrubiie sompastidehvncasted clanfisni$ovinesralbinetinglogisemab,
vorinostat, zileuton, zoledronatc, and zosuquidar trinydrochloride.

or R" and R", form a heterocyclic ring. 10. A pharmaceutical composition MCSLLP




14.The composition of claim 12, wherein said therapeutic agent is a
chemotherapeutic agent selected from the group consisting of

5-fluorouracil, docetaxel, paclitaxel, vinblastine, vincristine, etoposide, MOSLLP
teniposide, dactinomycin, daunorubicin, doxorubicin, bleomycin,

plicamycin, mitomycin, L-asparaginase, interferon-alfa, cisplatin,

carboplatin, mitoxantrone, hydroxyured, §rocarbazine, mitotane,
aminoglutethimide, prednisone, hydroxyprogesterone caproate,

e droxbinr cgexterodectcktine | $nedestiol e mesdiet tistittesual, Bthirgtession
estradigh %ig;%gqlsépa%%r nepropionate, fluoxymesterone, flutamide,
S,

and leuprolide. 1 e compound of claim 11, wherein said cancer is
characterized by expression of functional p53 or p53-related proteins. 16.

hpe Coﬂ&om&ﬁa%?%%&%mah%f%% B@%Hﬁrﬁggﬁh@tﬁe toxic side effects

medicament for the treatment of the toxic side effects of chemotherapeutic
fbehessheemeHEnREeN? OT HeaBledund of any one of claims 1-8 for the
preparation of a medicament for the treatment of mucositis, stomatitis,
xerostomia. a gastrointestinal disorder, or alopecia. 18. The compound of
Aty ond &t epapRuRdBoloRNYsenn Afektimg dah der ugp @ Sreating FBEOsYiSTYHematitis,

ceroperns afalaim s whriainaaidcangsiis. characterized by
expression of functional p53 or p53-related proteins. 20. The compound

of any one of claims 1-8 for use in treating the toxic side effects of
ohemothesaRBYIIE GBS HHEAIRRINS pthd ICTE0BROWRL IRFANY QNG @t least

claims 1-8 for use in treating mucositis, stomatitis, xerostomia, a
gasReshticerh dearsriis 28 B tsa NS fngdidiSsition comprising the
compound of any one of claims 1-8 and at least one additional therapeutic

agent for use in treating cancer, o ) .
23, The composition of claim 22, wherein said therapeutic agent is elected from the

group consisting of S-fluorouracil, 6-mercaptopurine, 6-thioguanine, 2-O-
tetradecanoylphorbol-13-acetate, alanosine, aldesleukin, alemtuzumab, alitretinoin,
allopurinol, altretamine, amifostine, aminoglutethimide, anastrozole, apaziquone,
atiprimod, atrasenten, arsenic trioxide, asparaginase, azacitidine, BCG live,
bevacizumab, bexarotene, bicalutamide, bleomycin, bortezomib, bryostatin-1, buserelin,
busulfan, butazolidin, calcitriol, capecitabine, carboplatin, carmustine, cefixime,
celecoxib, cetuximab, chlorambucil, cilengitide, cisplatin, cladribine, clofarabine,
combretastatin A4 phosphate, curcumin, cyclophosphamide, cytarabine, dacarbazine,
dactinomycin, darbepoetin alfa, daunorubicin, decitabine, denileukin diftitox,
dexamethasone, dexrazoxane, diethylstilbestrol, docetaxel, doxercalciferol, doxorubicin,
dromostanolone propionate, ecteinascidin 743, efaproxiral, eflornithine, Elliott's B
Solution, enzastaurin, epirubicin, epoetin alfa, erlotinib, estramustine, ethinyl estradiol,
etoposide, exemestane, exisulind, fenretinide, filgrastim, finasteride, flavopiridol,
floxuridine, fludarabine, fluoxymesterone, flutamide, fotemustine, fulvestrant,
galiximab, gefitinib, gemcitabine, gemtuzumab ozogamicin, genistein, glufosfamide,
goserelin acetate, hexamethylmelamine, histrelin, homobharringtonine,
hydroxychloroquine, hydroxyprogesterone caproate, hydroxyurea, ibritumomab
tiuxetan, idarubicin, ifosfamide, iloprost, imatinib mesilate, imiquimod, infliximab,

interferon alfa, interleukin-12, irinotecan, irofulven, ixabepilone, ketoconazole, L-



23. The composition of claim 22, wherein said therapeutic agent is elected

from the group consisting of 5-tluorouracil, 6-mercaptopurine,

6-thioguanine, 2-0- tetradecanoylphorbol-13-acetate, alanosine, MCSLLP

aldesleukin, alemtuzumab, alitretinoin, allopurinol, altretamine, amifostine, )

aminoglutethimide, anastrozole, apaziquone, atiprimod, atrasenten,

arsenic trioxide, asparaginase, azacitidif®, BCG live, bevaeizumab,

bexarotene, bicalutamide, bleomycin, bortezomib, bryostatin-1, buserelin,

peRAIaIna bR tAcAdND.cd¢ortidhntlse diestoine ndareiptenite. clawasdne, leuprolide,

?@Jé?ﬂﬁgﬁlec ?i@f,o )fg?nﬁ:ﬁﬂié,' W&%ﬁmﬁamgﬁ&lnﬁ&? nlgfgx%%f%ﬂlea,tlgfechlorethamine

cladribine, clofarabine, combretastatin A4 phosphate, curcumin, ’

BIRIBPHDEPERIATABE cytarabiite, daeesbithe, daetitomydieleiigsapoetinelphalan,

AR favhainbicinpfggiiabing. glepigmicin q%%ﬁéxgﬁéﬁme%%gﬂ%n, mitotane,
ru

dexrazoxane, diethylstiIE)estroI, docetaxel, doxercalciferol, doxorubicin,

grépeatmsiomeopRsHwAhtantibasdnadERinmramdeaptoritibastioniinemotexafin,
EAlQHO3 RS ORI RIZ A AW BmBRIEHRIGIN, E&Q%Qeﬁlfadiﬁy&ztS%MOride, nolvadex,

estramustine, ethiny| estradiol, etoposide, exernestane, exisulind,

RSB ARIROA g radifis imastaide OPATRBGEOl, TRSiMdinepreldgkitbineoregovomab,
Busnyraasterspphdubamidae fotamustioe, fHMaHegainaRnaSIBiNBaraplatin,

gemeitabine, gemtuzumab ozgéamiein, genistein, glufosfamide, "oose re

RAGAIATRS o RERASRALBATE I RARELBRaSHEY nISHHRBRS indiBHasatn, phenylbutazone,

pisinensy 6HEOr gfipibeo N AT OB ATIRHES I NLAAIRNRALG M QXM §Rrfimer  sodium,
ibritumomab tiuxetan, idarubicin, ifosfamide, iloprost, imatinib mesilate,
R R infRKATEB O te rRAPGAT BIAD St PIB AN I iR teBUMARERGH i oXifene,
bsaprpiley)aakelacenazelexina8 8 asparaginanditdaatinikdenadidenid@raplatin,
lestaurtinib, Ietrfazo e, leucovorin, leuprolide, levamisole 11C1, lomustine,

FSPRIHR, 189HEM D, SERISESRte, SHERIdratHd il droxamic * acid,  suramin,
miedostpregestpiosicacsatermegerdnolaeaipiRimetaxicapiingiahalasirolimus,
mercaptopurine, mesna, methotrexate, methoxsalen. mitomycin, mitotane,
IFRRL A o fe RS e or ST QRS %@@}%ﬁﬁoé@&f’&ﬁﬁﬁog@%ﬁ?m@ thiotepa,
thpteatéfiin naisifatelie, nilafamidemd)itioparspiethEcn, nolatfeked, tositumomab,
ihydroghloride, nolvadex, phenprapionate, nofetumomab, ohlimersen,
%8%&?%, B SR BTR D (BRI, ESHFb A ONE B ard,
palpricicondtt , phmibirin malb] paitap leiicriptgg ddéntasenQedaspabasaolociximab,
egfilgrasti emetrexed, pentostatin, phenyibutazane, .pioglitazone,
e B e R SBS R Be oem
prednisolone, prednisone, procarbazine, pyrazoloacridine, quinacrine,

loxifepe, ranpirnase, rashuricase, rituximab, rosiglitazone, rubitecan, )
s%a'rgraentl}cl)estir%?%g?rséﬁ?ja in?l%slér(f?ﬁlsrﬁneé,t%org SA stralStoBedppeutic agent is a
shdanodyd&m'Hdédnghmb@h&hi@bfdgmlﬂ’&tIgh@utﬁt@h@'slﬁtgt_afmehr%lﬂ, docetaxel,

I s S R S P SR e bici
St TActone. TE s e R S o SRS St TR A %culélﬁﬁlfg,c%’iod(%lﬁﬁ),m e,
doxoraliasin, thdfamibinirapazanyirie, topictegaiHdl-atpeengiferse, interferon-alfa,
19 i}gtnﬁom roagt}ectedin trastuzumab, tretjingin, trimetrexate, . .
gfjacurlohate, o %%?’uram ltr%% %arroél,%alp{%(liéoggi%r,e\?alruBlrgfcrﬁr\b?ﬁ%l?gStinren,ltOtane’
vimadglistethimitienipes dnfrore bimedreaiquddestdrproriapstate ziteedoosyprogesterone

SQlRgonals. A J0uAUISRIUIIKAGNIPTEE: &4 108 GAMROSKORD! Clllcrone
22, wherein said therapeutic agent’is a chemo%erapeu IC agen)t(se]f‘éc i
promiahetey idugxporesistiong of B4 slo et IEwockdaxel, paclitaxel,

vinblastine, vincristine, etoposide, teniposide, dactinomycin, daunorubicin,
doxorubicin, bleomycin, plicamycin, mitomycin, L-asparaginase,

interferon-alfa, cisplatin, carboplatin, mitoxantrone. hydroxyurea,

procarbazine, mitotane, aminoglutethimide, prednisone,

hydroxyprogesterone caproate, medroxyprogesterone acetate, megestrol
acetate, diethylstilbestrol, ethinyl estradiol, tamoxifen, testosterone

propionate, fluoxymesterone, tlutamide, and leuprolide.



