Novel CIS-1m dazolines The present invention relates
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suppresser protein that plays a central role in
protection agai nst devel opnent of cancer. It guards
cellular integrity and prevents the propagati on of
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ability to transactivate p53-regulated genes In addltlon MDM2 mediates the ubiquitin-

dependent degradation of p53. p53 can activate the expression of the MDM2 gene, thus
raising the cellular level of MDM2 protein. This feedback control loop insures that both
MDM2 and p53 are kept at a low level in normal proliferating cells. MDM?2 is also a

cofactor for E2F, which plays a central role in cell cycle regulation.

The ratio of MDM2 to p53 (E2F) is dysregulated in many cancers. Frequently
occurring molecular defects in the pl6INK4/p19ARF locus, for instance, have been
shown to affect MDM2 protein degradation. Inhibition of MDM?2-p53 interaction in
tumor cells with wild-type p53 should lead to accumulation of p53, cell cycle arrest
and/or apoptosis. MDM2 antagonists, therefore, can offer a novel approach to cancer
therapy as single agents or in combination with a broad spectrum of other antitumor
therapies. The feasibility of this strategy has been shown by the use of different
macromolecular tools for inhibition of MDM2-p53 interaction (e.g. antibodies, antisense
oligonucleotides, peptides). MDM?2 also binds E2F through a conserved binding region
as p53 and activates E2F-dependent transcription of cyclin A, suggesting that MDM?2

antagonists might have effects in pS3 mutant cells.
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US 6,617,346 B1 issued September 9, 2003 and US 6,734,302 B2 issued May 11,

2004 disclose related racemic cis-imidazolines. US 6,734,302 B2 particularly discloses a
closely related broad genus of racemic compounds which generally encompasses the
presently claimed compounds save for the chirality and narrow genus of the present

compounds.

The present invention provides at least one compound of formula I
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mechanism of action. These compounds can be potent and selective anticancer agents.

The present invention provides at least one compound of formula I and the

pharmaceutically acceptable salts and esters thereof,

wherein

R represents a saturated or unsaturated 5 to 6 membered ring containing at least one

hetero atom selected from S, N and O; and
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O; OCH2CF3, -OCH2CH2F; Y1 and Y2 are each independently
sel ected fromthe group consisting of

X, and X, are independently selected from the group consisting of hydrogen, lower
alkoxy, —CHzOCH3, -CHzOCHzCH3, -OCHzCF;z,, -OCHzCHzF;

Y, and Y, are each independently selected from the group consisting of
-C}, -Br, -NO,, -C=N, and -C=CH; and

the absolute stereochemistry at the 4 and 5 position of the imidazoline ring are S and R

(as drawn in the formula I), respectively.

In one preferred embodiment, the present invention provides at least one compound

selected from a compound of formula I
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selected fromthe group consisting of -G, -Br, -NO2,
-CN, and -CCH, and the absol ute stereochen1stry at the
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Yi and Y2 are

Y, and Y, are each independently selected from the group consisting of
-Cl, -Br, -NO,, -C=N, and -C=CH, and

the absolute stereochemistry at the 4 and 5 position of the imidazoline ring are S and R

(as drawn in the formula I), respectively.

Further preferred compounds are compounds of formula I wherein Y; and Y are

each independently selected from-Cl and —Br.

Further preferred compounds are compounds of formula I wherein R is
piperazinyl substituted with at least one group selected lower alkyl, cycloalkyl, C(O)R,
lower alkyl substituted with hydroxy, lower alkyl substituted with -NH,, lower alkyl
substituted with —C(O)R;, N-lower alkyl, -SO,CHs, =0, -CH,C(O)CHs, or

piperidinyl substituted with at least one group selected from

C1-C3 alkyl, -C1-C2 alkoxy, -C(O)CHjs, -SO,CHs, -C(O), -OH, -CHNHo,
-C(O)CH,NH,, -C(0)CH,0H, -C(O)C(OH)CH,OH, -CH,C(OH) CH,OH, -C(O)N(CHa)z,
-C(O)NH,, and -C(O)N(CH;)CHs, -N(CH3)CHj, pyrrolidinyl and piperidinyl.
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pi perazinyl or piperidinyl, substituted with

wherein

R is piperazinyl or piperidinyl, substituted with
C1-C4-alkyl;
-C(0)~(C1-C4-alkyl);
pyrrolidin-1-yl;
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Xiis  -O-(C1-C4-alkyl);

X,is hydrogen or —~O-(C1-C4-alkyl);



ad-CG4-alkyl; -C(0)-(d-C4-alkyl); pyrrolidin-1-yl; =0;
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is hydrogen or -0-(d-C4-alkyl);nis 0, 1 or 2; and
t he absol ute stereochem stry at the 4 and 5 position
of the imdazoline ring are S and R respectively.
Further preferred are conpounds of fornula | wherein R
i s seisé@cl ed2fandm pi perazi nyl and substituted
pi perazinyl. Such conpounds are for exanple :
| -{4-[(4S,5R) -4, 5-Bi s-(4-chl oro-phenyl)-2-(2-i sopropox
y- 4-HE LB KYe fhesHe i dnybut titH 4¥Hdr Ppdsitiod 2% leimidazoline ring are S
1-car bonyTJ- pi perazin-1-yl} -ethanone;
4- [ (a8 IS Rsptielg s- (4- chl or o- phenyl ) - 2- (2-i sopr opoxy- 4
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di hydr o-i m dazol e-| - car bonyl ] ~pi per azi n- 2- one;
Further preferred are compounds of formula I wherein R is selected from

piperazinyl and substituted piperazinyl.
Such compounds are for example :

1-{4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-

dihydro-imidazole-1-carbonyl]-piperazin-1-yl} -ethanone;

4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-

dihydro-imidazole-1-carbonyl]-piperazin-2-one;

[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-
dihydro-imidazol-1-yl]-(4-pyrrolidin- 1-yl-piperidin-1-yl)-methanone;

4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-

imidazole-1-carbonyl]-piperazin-2-one;

1-{4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-

imidazole-1-carbonyl]-piperazin-1-yl} -ethanone;

2-{4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-

imidazole-1-carbonyl]-piperazin-1-y1}-1-morpholin-4-yl-ethanone;

[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro -imidazol-1-
y1]-[4-(2-methanesulfonyl-ethyl)-piperazin-1-yl]-methanone; and
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[ (4S,5R) -4, 5-Bis-(4-chloro- phenylt) - 2-(2- et hoxy- phenyl)
- 4 “Bffdttimecmmuintti eans b bypbint[that is effective to prevent, alleviate or
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subsequently.
“Alkyl” denotes a straight-chained or branched saturated aliphatic hydrocarbon.

“Lower alkyl” groups denote C1-C6 alkyl groups and include methyl, ethyl, propyl,
isopropyl, butyl, t-butyl, 2-butyl, pentyl, hexyl, and the like. Generally, lower alkyl is
preferably C1-C4 alkyl, and more preferably C1-C3 alkyl.

“Cycloalkyl” means a non-aromatic, partially or completely saturated monovalent
cyclic hydrocarbon radical containing 3 to 8 atoms. Examples of cycloalkyl groups

include cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
“Alkoxy” denotes -O-alkyl. “Lower alkoxy” denotes —O-lower alkyl.

The expression “containing at least one hetero atom” in connection with the above
defined 5 to 6 membered rings, means that said rings contain one or more, preferably one,

two or three heteroatoms.
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compounds of the present invention and are formed from suitable non-toxic organic or
inorganic acids or organic or inorganic bases. Sample acid-addition salts include those
derived from inorganic acids such as hydrochloric acid, hydrobromic acid, hydroiodic
acid, sulfuric acid, sulfamic acid, phosphoric acid and nitric acid, and those derived from
organic acids such as p-toluenesulfonic acid, salicylic acid, methanesulfonic acid, oxalic
acid, succinic acid, citric acid, malic acid, lactic acid, fumaric acid, and the like. Sample
base-addition salts include those derived from ammonium, potassium, sodium and,
quaternary ammonium hydroxides, such as for example, tetramethylammonium
hydroxide. Chemical modification of a pharmaceutical compound (i.e. drug) into a salt is
a technique well known to pharmaceutical chemists to obtain improved physical and
chemical stability, hygroscopicity, flowability and solubility of compounds. See, e.g., H.
Ansel et. al., Pharmaceutical Dosage Forms and Drug Delivery Systems (6th Ed. 1995) at
pp. 196 and 1456-1457.

“Pharmaceutically acceptable,” such as pharmaceutically acceptable carrier,
excipient, etc., means pharmacologically acceptable and substantially non-toxic to the

subject to which the particular compound is administered.



Desi gn and Devel opnent (2d Ed. 1996) at pp. 152-191.

"Pharmaceutically acceptable salt” refers to
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salts that retain the biological effectiveness and

properties of the conpounds of the present invention
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into a salt is a technique well known to

phéFaversendy eihe pieesnt ssnticy asisreamplifiadpdayeecpns shagy 1C50s
ﬁ&ﬂ%b&ﬂ%ﬂEQQEgﬁ§ﬁﬁhliéXNLhygrOSCOPiCity' flowability
and solubility of conp

ounds. See, e.g., H Ansel et.

Phar maceuti cal Dosage Forns and Drug Delivery

al .,

Systens (6th Ed.. 1995) .at . 196 _and 1456- 1457,

" éﬁ&iﬁﬁﬁ@&@ﬁdﬁ g&i id‘i;: pé%sgéﬁpg%ﬁ%gn .aresu[fgﬁp 513&113 ggatmeét ¢r control of
cdINBERRELEVE HRaldeds, RGRERIER becdlegitHl efsordext iMhcedompiinds, and

means phar macol ogi cal |y accept abl e and substantialhy
fommnlations contagnipggaid compounds may be useful in the treatment or control of

solid tumors, such as, for example, breast, colon, lung and prostate tumors.

A therapeutically effective amount of a compound in accordance with this invention
means an amount of compound that is effective to prevent, alleviate or ameliorate
symptoms of disease or prolong the survival of the subject being treated. Determination

of a therapeutically effective amount is within the skill in the art.

The therapeutically effective amount or dosage of a compound according to this
invention can vary within wide limits and may be determined in a manner known in the
art. Such dosage will be adjusted to the individual requirements in each particular case
including the specific compound(s) being administered, the route of administration, the
condition being treated, as well as the patient being treated. In general, in the case of oral
or parenteral administration to adult humans weighing approximately 70 Kg, a daily
dosage of about 10 mg to about 10,000 mg, preferably from about 200 mg to about 1,000
mg, should be appropriate, although the upper limit may be exceeded when indicated.
The daily dosage can be administered as a single dose or in divided doses, or for

parenteral administration, it may be given as continuous infusion.
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subject to which the particular conpound is

adm ni stered. "Substituted" neans that the substitution
w@amws0emar at one or nore positions and, unl esBCT/EP2005/006167

ot herw se indicated, that the substituents at each

substitution site are independently selected fromthe

specified options. "Therapeutically effective anpunt™

nmeans an anmount of at | east one designated conpound,

that significantly inhibits proliferation and/or

prevents differentiation of a human tunor .c
i nclibgarsentiuteaROR dpRProvides PRATRaeUTiey) ﬁﬁl&aﬂ%@f&fcom‘émg at
g@ ﬂoﬁ]ﬁ{& Bf fo%uﬁsi &’%mhhideﬁgcaﬂ§\é@€ébﬁ9%0§dﬁ loy esiQMéreof,
rom about 020 uMto about "20 uM The

ndcamharmdsumxfally Iaeceptabbsnmqr aueNsinien. ar e usef ul in the
treatnment or control of cell proliferative disorders,

in particular oncol ogi cal disorders. These conpounds
and fornul ati ons contai ni ng said conpounds may be

us eftiél coinpotirtiie of theatr¢esent invantion pdrr e prefargbidedrdingtortles following
such _as, for exanple, breast, colon, lung and prostate
scheiBls. A therapeutically effective amount of a
conmpound in accordance with this invention neans an
amount of conpound that is effective to prevent,
alleviate or aneliorate synpﬁ@#@ﬁdf di sease or prolong
the survival of the subject beingytreated.

I

Det er ¥i yeut i cal ETecti ve amgunt is
wthint agily- The the oelthcal

ef fective ge of a gonpoUndiyacgor, to
this inverti 8Q can v Wit hi n wi de Nan xQe
det erm nown in the H

Y, Y,
X,
O H 1. R group O H 1
N 2. Chiral Separation é
N - N
X

3 Cl

I rac-4

R group Chiral Separation
Y1

HE\ -
N +
O N X, X,
H 0]

Y3 Cl

enant-5A enant-5B

The synthesis commences with the coupling reaction of a benzimidate 2 (prepared
from the corresponding benzonitriles using hydrogen chloride gas in ethanol, US

6,617,346 B1) with a diamine 1, for example meso-1,2-bis-(4-chlorophenyl)-ethane-1,2-
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art. Such dosage will be adjusted to the individual

requi renents in each particular case including the
W@ p@silttice1 conmpound(s) bei ng adm ni stered, the POIER200$/006167

adm ni stration, the condition being treated, as well

as the patient being treated. In general, in the case

of oral or parenteral adm nistration to adult "humans

wei ghi ng approxi mately 70 Kg, a daily dosage of about
didRinBYpreparad eordify RARe plceduiedstitidpyentaradiolit]. 200, Cmrcer

t bout 1, 000 , should b te, alth h
Respr. Qroni 148y 156 SES8IVRImEn COSF RaTe 8. Chite 6 1476, 109
1%??7 A0E sAht ggc}?ﬂrgt%hélt. e E4mes: & 118 RIS HRSE whh phBsgene in the

I'ded doses, or for parenteral admnistration, it
praseycdel ahase fuchss tietbylanime gives theshemiTbarbgmed ehloride 4. The

i nventiop.als rovides phagnmaceut i 1 i ons
crBB RS e Pt N Our o SPRSe SETB T oy 3
clRGALORESI. | TR dhyraPeaRphAHasSRIRE Whklked 1 ewaildbér thofugh Redis

a pharmaceutically acceptablg carrier, or ci.pient. .
Terheolesifp canhe uetd. Goappeatdht dgsH Fﬁainsﬂmefafl BEn SPRIGRT

) . i b FemboundI@f ¥ Thiags &
m@%ﬁ%g%%ggngﬁ?%@?%g%%ggz?ﬁﬁg§$ggcti%n of a benzi m date

2 (prepared fromthe correspondi ng benzonitriles using

C\Ay :&]ﬁgse %s%%,ﬁ%é l%gelgl‘afcoriélg%%l; 2)? 90|r1'nuf’¢{% &n @égregéll@d Bloh rac-6
usTiespproptial migé ghhbo(indibaeyis)R gionpy eFtle, camtioamdrnef I then can be
(prepared according to the procedure d scrﬂbe?
se\p@qqﬁé,b‘)@hﬁgl qbrorgatogipphye 1rgies§a_tloéarlylp_ aﬁ]%laﬁ:e_ g]é”ak OD or
-H8; Vogtle, F.; Goldschmtt, E. Chem Ber.
A%é%%P§%§3? 1-40), in a solvent such as ethanol.
Treatment of the im dazoline 3 with phosgene in the
presence .0 base such.as trie ' [
r ag]g}ﬁ s%lg{eﬁg%v erg]ﬁfj P}? i a%lﬁ\LeTﬁi&]lEP{lJio%qgr 81 & ci‘é?&?rn{rﬁg based on
the crystal structure of its complex with the human MDM?2 (Vassilev et al. Science, 2004,

303, 844-848.

The following examples and references are provided to aid the understanding of the

present invention, the true scope of which is set forth in the appended claims.

. L N >
SO

cis-4.5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-1H-imidazole was

Example 1

prepared according to the procedure as described in US 6,617,346 B1.
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enanti oners of the carbanmoyl chloride rac-4 can be
separated using chiral chromatography. The chira
wgar@sitzasar y phase R R-Wel k-A , avail abl e t hr oRQYER®gH/6806167
Technol ogi es, can be used. Coupling of the desired
enanti omer 5A with appropriate am ne groups (indicated
as R group) provides the conpounds of the fornula I
If it is desired, the racem c conpounds of fornula I
can be prepared fromrac-6 using appropriate am ne
groups (indicated as R group). The enantioners of |
€gan be separated by chiral chromatography. The
chiral stationary phase D acel \Chiral Pak GD or AD can
be used. The absol #e_stereochepi-stry of the active
enantionmer of | is d ned based on the crystal
structure of its conplex ™\ ;
et al. Science, 2004, 303
exanpl es and reference
under st andi ng of the
of which is set fold

Phe foll ow ng
Yo aid the
i nvention, the true scope

IAI

d eu R t6%1t7f’5a6 Bl.
ARG R o S E

c/ s-4, 5-Bi s-(4-chl oro- phenvl V2- (2-i sopr opoxy- 4 nethoxy
3 henv) ) - 4, 5-di hvdro- 1 H m dazol e was prepared
ng to the procedure as described in US
6,617, 346 Bl . c Chiral

(J

O
1-{4-[(4S.,5R)-4.5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4.5-

dihydro-imidazole-1-carbonyvl]-piperazin-1-yl}-ethanone

To a solution of cis-4,5-bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-
dihydro-1H-imidazole (5.48 g, 12.03 mmol, example 2) in methylene chloride (100 mL)
cooled to 0 °C were sequentially added triethylamine (11.8 mL, 84.21 mmol) and
phosgene (30.53 mL, 60.15 mmol, 21% solution in toluene). The reaction mixture was
stirred at 0 °C under argon for 0.5 h or until thin layer chromatography (silica gel, 100%
ethyl acetate) showed no starting material left. The solvent and excess reagents were
removed under reduced pressure, and the residue was dried under vacuum for 1 h. The
residue was dissolved in methylene chloride (100 mL) then a solution of 1-

acetylpiperazine (1.619 g, 12.63 mmol) in methylene chloride (10 mL) was added. The

- 13 -



Exanpl e 3 Chiral
| -(4-f(4S,5RV4, 5-Bi s- (4-chl oro-phenyl ) -2-(2-i sopropoxy

WO Ze0582380KY - phenyl ) - 4, 5- PCT/EP2005/006167
di hydr o-i m dazol e-| - car bonvn- pi perazi n-1| -yl j-ethanone
To a solution of
c/ 5-4,5-Dbi s-(4-chl oro-phenyl)-2-(2-1sopropoxy-4-net hox
y-phenyl)-4,5- di hydro-IHimdazole (5.48 g, 12.03

redBiBh mifXA WPAsSstiZeed ifdt 1reithiyédre nenmdidtorel (ckeurtil Q6 smﬁ)ngamztble'mi was

R T T e e
adﬁ&f/" oﬂ%éhﬁg whd e)EtQa.lc’céﬁ R m&ﬂﬁeﬂ@é}ﬁéﬂ&qz R 90t1ﬁI,)9 THSorganic

stirre under argon for 0.5 h or until thin

1aj/en§/WBreo7VHSbﬂhWﬁlg brphil X 24 mLa;alng% (anhydrous sadim sgEdée) ape)
no star {
copgodaied bt bl Shifien htriontiS B YfiBhnaRitboty

(Bzm@lget @aemgmggigm?ssg fuing60 An;thifca geB elutiny frdth 1D0% etiyl@cetate
due was di ssol ve n t d 10
themuiih 4%BRBEIR i GhY! fcetla@eggg? ’fﬁy p]e"g‘gﬁ‘f Ei}ls(éf ‘g‘iog' 9‘3@9 58
1séﬁ¥9¢&xgl:{‘rln%t)§y bﬁé@l)%ﬁ-@fﬂy@&—ﬁrﬁ@az@i@-l-ﬁﬁﬁoxﬁfﬂ}jﬁgerazm-1 -yl}-
on mxture was sStirred for 1h at room
ethanopersanorengedpam (-2 gholt wearectystyllirad avthapetidencsdioridsypnd

et%{iigg}elﬁ %ﬁlegc ggll ¢ %12%5 (ggéﬁ}r}gﬁ%ﬂﬁﬁt chéfs ??Lh ;[HnSFbé% l(J4Cchloro-
phbﬁﬁl)e@rliﬁ@&@ﬂ)xw%ﬂnemyhzﬂmyb 4gﬂ;ﬂ1hydm$em(1®z&le510carb9nyl]Th e
organic | ayers b .
pipgrge cb&hﬁé@w&;@égm%ﬁﬁg%gﬁﬁ)fe%gf%égﬁ#@ﬁ% ?‘5}%% liapor after
pdé-ﬁfcgﬁ’on R ﬂésil'cﬁﬁ;nh éifh t(Bﬁ)t@'eléﬁlﬁeﬁleﬁPfﬂ}ﬂl@“ BY——éf?J ;ﬁﬁh60 A silica

omat agr aphy aesstem KP-Si | (t )
geBDelmting Wi laOQj/e e bmtmtm@ewﬁ%ﬁnqb@mé B gl a'a%t@tf: aif @tal yield:

6.922 g (94%). HR-MS (ES, m/z) calculated for C3;H3sN4O4Cl, [(M+H)"] 609.2030,
observed 609.2045.

The enantiomers of rac-1-{4-[4,5-bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-
phenyl)-4,5-dihydro-imidazole-1-carbonyl]-piperazin-1-yl} -cthanone were separated by
chiral chromatography (Daicel ChiralPak OD, eluting with 1:1 ethanol and hexanes).

The first peak coming off the column is the desired enantiomer, 1-{4-[(4S,5R)-4,5-bis-(4-
chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-dihydro-imidazole-1 -carbonyl]-
piperazin-1-yl}-ethanone. LR-MS (APCI): 609.12 [(M+H)"].
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then with 5% nethanol in ethyl acetate gave
rac-1-{4-[4, 5-bis-(4-chloro-phenyl)-2-(2-

WO 3@pnedsoKy - 4- met hoxy- phenyl ) - 4, 5- di hydr o-i m dB@DER2005/606167
arbonyl ] - pi perazin-1-yl}- ethanone as an orange foam
(~7.2 g). It was recrystallized with nethyl ene
chloride and ethyl ether (6.721 g, white solids).
Addi ti onal anount of

Ex#&fiple-4 4- [ 4, 5- bi s- (4-chl or ophenyl) -

2- (2-1sopropoxy- 4- met hoxy- phenyl ) - 4, 5- dlhydro I m dazo
e-1-carbonyl]- pigerazin-|-yl ethanéﬁ@a(201 nmg, tan
col or) was recover om t he/not her |iquor after

purification by fla omatQgr aphy (Bi otage system
KP-Sil (tm) 32-63 mm 60 %ﬂ%l) eluting with
100% et hyl acetate then 8% mehhanol™\in ethyl acetate.
WA\ _HR-M5 (ES, niz) calcul ated
9. 2030, observed
609. 2045. The en&h

Total yield: 6.922
for C32H35NAO4C 2

s pf
rac-l-{4-[4,5-bis-(4-chl@;g-phenyl)-2-(2-isopropoxy-4-
nmet hoxyphenyl ) - H

4‘5 d|h droL|n1dazoIe | - _ ' ' -Ftha
diﬁhfﬁhﬁﬁéz@ll ceak'fi'&r )_}Il:gp gk#iﬁlgﬁd %n@%ﬁﬁ&:pm%ﬁ é)ﬁgéggﬁi?jzg s-(4-

cldo@nilicayltip2 - (lesofpﬂor{o((ﬂ% hEhexy-Bhdnyy-4( SAdihydro-1H-imidazole (example
2)011% %p 1‘21%3 olpém %@ég? m%j%(lyas%escn%hc? ot ex%'};%i‘eyi )Hﬁ I\?S ?ES
m@}) Bﬁ&éﬂ&ﬂeﬂ f&r%bﬁalmd)@?[{}%ﬁbﬁ 995, 1APGbkerv@DSB11270b( MH )

Chi ral
f(4S 5R) 4.,5 Bi s- (4- chl or o- phenvl V2- ( 2-i sopr opoxy-4

E&gﬁingﬁy-phenvl)-4.,5-
ol >_ Chiral
N

[(4S,5R)-4.5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4.5-dihydro-

imidazol-1-yl]-(4-pyrrolidin-1-yl-piperidin-1-yl)-methanone was prepared from cis-

4,5-bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-dihydro-1H-imidazole
(example 2) and 4-(1-pyrrolidinyl)piperidine in an analogous manner as described in
example 3. HR-MS (ES, m/z) calculated for C3sH4N4O3Cl, [(M-+H)*] 635.2550,
observed 635.2558.
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di hydr o-i m dazol e- | - car bonvn- pi per azi n- 2- one was
prepared from cw 4, 5-bi s-(4-

webdosnezsephenyl ) - 2- (2-i sopr opoxy- 4- met hoxy- phenpC)/EB2085/006167
i hydro-| H i m dazol e (exanple 2) and 2-pi perazi none in
an anal ogous manner as described in exanple 3. HR- M
(ES, mz) calculated for C30H3 1NAOXC 2 [ (M+ H) 4]
581.1717, observed 581.1709. Exanple 5 Chiral f(4S

EfRipld 65- Bi s- (4- chl or o- phenv
-2-%2-|sopropoxy-4-nethoxy phenyl V4. ﬁ dlhvdroinidazo
- I -vn-(4-pyrroligin-1-vl- pldﬁ__d|n P P - net hanone was
prepared from ci s-

4, 5-bi s-(4-chl oro- @ -2-8 -1 sopr opoxy- 4- met hoxy- ph
enyl) 4, 5-di hydro- 1 Hi m[d oI gnpl e 2) and

4- (I-pyrroI|d|nyI)p R d an anal ogous manner as
descri bed in exanplfe HH?=¥§ (ES, nmlz) calculated for
50, observed

C35H4i N\dQ3d 2 [(%%-
Ch|r

635. 2558, Exarrpl e al

1nuﬂhnM¢- 1 ideon of ¢
-4, 5-Dbi s- (4-ch|oro-phenyl)-2-(2-isopropoxy-4-nethoxy-p
henyl )-4,5- di hydro-im dazole (5 g, 10.98 mmol

T&X asIplién @) cis-n,S5rbas- txybmme-pmbhyiy-ae(é-is(o@ﬁ)pmweocth@iy-ph@nml)-4,5-
0OC were added trl t%;gg m ne

dlbmgg@m_@z?]g & gnJ[_O emlol?: ;3) {Tr}_ met%yl%ﬁg gﬂggfcie @8 gnL) cooled to
0 °C were added triethylamine (3 mL, 21.96 mL) and phosgene (8.7 mL, 16.47 mmol,
~20% solution in toluene), respectively. The reaction mixture was stirred at 0 °C for 30
min then the excess reagents and solvent were removed under reduced pressure. The
residue was taken in methylene chloride (~100 mL) and the solution was filtered through
a plug of silica gel (~50g). The silica gel was washed with 20% ethyl acetate in hexanes.
The filtrate was concentrated in vacuo and the residue was purified by flash
chromatography (Biotage system, KP-Sil™ 32-63 pm, 60 A silica gel, eluting with 5%,
10%, 20% ethyl acetate in hexanes) to give rac-4,5-bis-(4-chloro-phenyl)-2-(2-
isopropoxy—4—methoxy—phenyl)—4,S-dihydro-imidazole-l-carbonyl chloride as white
solids (4.31 g, 76%).

The enantiomers of rac-4,5-bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-
4,5-dihydro-imidazole-1-carbonyl chloride were separated by chiral chromatography
using a Waters Delta Prep 4000 and Modcol spring column (50 mm x 70 cm) packed
with R,R-Whelk-O1 spherical Kromasil silica gel (purchased from Regis Technologies).
Eluent: 30% methylene chloride in hexane. Flowrate: 85 mL/min. Loading scale: ~2 g.
The first peak coming off the column is the desired enantiomer, (4S,5R)-4,5-bis-(4-
chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5 -dihydro-imidazole-1-carbonyl

chloride.
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-20% solution in toluene), respectively. The reaction
m xture was stirred at 0 OC for 30 mn then the excess

wOo e@daniest and sol vent were renoved under reduckdI/EP2005/006167
pressure. The residue was taken in nethylene chloride
(~100 nmL) and the solution was filtered through a plug
of silica gel (~50g). The silica gel was washed wth
20% et hyl acetate in hexanes. The filtrate was

Egsmnprit rated in vacuo and the residue was purified by
flash chromat ography (Bi otage system KP-Sil(tm 32-63
mm 60 A silica ggl, eluting with 5% 8o 20% et hyl
acetate in hexanes) glve
rac~4, 5- bi s- (4- chl orQ o

I) 2-(2-
I Sopr opoxy- 4- met hoxy- phe'y di hydr o-i m dazol e-1-c
arbonyl chloride as w S .oI (4.31 g, 7699 . The
enanti oners of r
nmr§:9 (2-1 sopropoxy- 4- net hoxy-

c-4, 5-bi s-(4-chl .
phenyl)- 4, 5- dihg%ro I m dazol e-1 -carbonyl chloride

143655 1?-455% e%aﬁompﬁéﬁ%gi (zzbﬂ;leﬁbr 2 VIRAR-di 'm%i?){%ﬁtﬁ
merﬁpaﬂed/ﬁi@w Sc-jn?«gﬁn%pm:menwagﬁ%é';mhowmhe@w-
({]ﬁ)&#&%ﬁﬁ%ﬁ(ﬁg JX&I% e %1& Hﬁ%&%}%% 98! 1%?18 %Oélglrr“ﬁﬁﬁ%rnas A0Bibed in

ene ¢ e’ nhexa
exangdé 69 scale: ~2 g. The first peak con1ng of f the
colum is the desired enantioner, (4S,5R)-4,5-bis-(4-
chl or o- phenyl ) - 2- (2-i sopr opoxy- 4- met hoxy- phenyl ) -4, 5-d

Exhmdle® | m dazol e-| - carbonyl chloride. Exanple 7 Chira

O H O/_ Chiral
N>_©
(o
Cl (Hi‘go

4-1(4S.5R)-4.5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihvdro-imidazole-1-

Cl

carbonyl]-piperazin-2-one

To a solution of (4S,5R)-4,5-bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-
imidazole-1-carbonyl chloride (100 mg, 0.211 mmol, example 7) in methylene chloride
(3 mL) cooled to 0 °C were added triethylamine (30 uL, 0.211 mmol) and 2-piperazinone
(23 mg, 0.232 mmol), respectively. After 15 min, thin layer chromatography (silica gel,
20% ethyl acetate in hexanes) showed no starting material left. The reaction mixture was
loaded into a flash silica gel column (12g). Purification by flash column chromatography
(eluting with 5% methanol and 0.1% triethylamine in ethyl acetate using Intelliflash 280
system) gave 4-[(4S,5R)-4,5-bis~(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-
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f4S, 5R) - 4, 5- Bi s- (4- chl or o- phenyl V2- ( 2- et hoxy- phenv
-4, 5-di hydro-i m dazol e-1 carbonyl chloride was prepared
WO e@i1124369t bi s- (4- chl or o- phenyl) - 2- ( 2- et hoxy- phPOI/EP2005/006167
4, 5-di hydro-im dazol e (exanple 1) and phosgene in an
anal ogous manner as described in exanple 6. Exanple 8
Chi r al
4-f(4S.,5R)-4.5-Bi s- (4-chl or o- phenvl) - 2- (2- et hoxy- phen

ImYcia)zol%r 15|caiibckiwr;ﬁp¢rmlﬂamle @s h editb dourn (F9phge rER-MS ES)me?z)
a sol ution

Cak%@t@ﬁ))l' @30§3§4Q4?kl@ﬁ%} 52 HhEY) ?bsﬁr"@% By phenyl ) - 4
, 5-di hydr oi m dazol e- 1-carbonyl chloride (100 ng, 0.21
1 nmol , exanple 7) in nethylene chloride (3 nL) cool ed

Examile@C were added triethylamne (30 uL, 0.21 1 mmol)
and 2-pi perazi none (23 g, 0.232 mmol),. respectively.
After 15 min, thion | ayer chronatograp y (silica gel,
20% et hyl acetate |xanesb/§10wed no starting

material left. The Yyl hxture was | oaded into a
flash silica gel colum (1%@rifi cation by flash
col utm chr omat ogr ap ghntin th 5% net hanol and
0.1%triethyl am ne @ Hh);\l:&\cetate using Intelliflash
280 system) gaveg,
4- [(4S 5R) -4, 5- bi's-(4- _/féro phenyl) - 2- (2- et hoxy- pheny
[)-4,5-di hydroi m dazol car bonyl ] - pi perazi n- 2- one
as a white foam (690@@ HR-MS (ES, mlz) cal cul at ed
for C30H3 1NAO4C 2 [(M+H)+] 581.1717, observed
1 ?? }(4% 12% 4E§(ﬁrrp(l -ch?oro-phenvl) 2-(2-ethoxy-phenyl)-4.5-dihydro-imidazole-
1-carbonyl]-piperazin-1-yl}-ethanone was prepared from (4S,5R)-4,5-bis-(4-chloro-

phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-imidazole-1-carbonyl chloride (example 7) and
1-acetylpiperazine in an analogous manner as described in example 8. HR-MS (ES, m/z)

calculated for C3oH3N4O3Cl, [(M+H)+] 565.1768, observed 565.1772.
Cl —
Oy @

N
N\
N
(A o
Cl (‘
)
o
(—N
)

2-4-](4S.5R)-4.5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-imidazole-

Example 10
Chiral

1-carbonyl]-piperazin-1-yl}-1-morpholin-4-yl-ethanone was prepared from (4S,5R)-

4,5-bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5 -dihydro-imidézole-l—carbonyl
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Chi r al

| -{4-[(4S, 5R) -4, 5-Bi s-(4-chl oro-phenvl) -2-(2-ethoxy-ph
wWe@rys)23696- di hvdr o-i m dazol e- PCT/EP2005/006167

1- carbonyl | - pi perazn-I -yl | -ethanone was prepared from

(4S, 5R) -4, 5- bi s- (4~chl or ophenyl ) -

2- (2- et hoxy- phenyl) - 4, 5rdi hydr o-i m dazol e-1 - car bonyl

chl oride (exanple 7) and 1-acetyl pi perazine in an
chﬁmle QSQHDITAHAB rﬁ@rpﬂ&ﬁ@“ybg@lpefazﬁx&@b&a&neﬂi@dﬁﬁhl()ﬁ&b

m z) cal cul ated for C30H3 1NACG3Q 2 A\/H— 65@1}%{\??
(Oekweod/ Shemigdls)in PR anateenps manney aé:ﬁFfi"élF?e example 8 (ES,
L4

m/2)2é t";oxd)?f()?%éﬁh)? I\?'()Bbg [g\ﬁhvd ggf %gcﬂ%%g%efl #50.2299.

car bonvU- pi perazin-1-yll-I|-norpholin-4-yl-ethanone was

pre ared from (4S, 5R) -

- (4-chl oro- phenyl) - 2- (2- et hoxy- phenyl ) - 4, 5- di hy

dro i m dazol e-1-car bonyl chl oride (exeahpde 7) and

| - mor phol i n-4-yl £ per azi n- J—yl - et hanone

hydr ochl ori de (Qak o fthem oal s) i n an anal ogous

manner as descri bed xRl HR- M5 (ES, m z)
cal cul ated for C34H38Ns(M H) +] 650. 2296,

observed 650.2299. it % 11cAiral
Dr'0- nvl) - 2-(2-ethoxy-phenyl) -

[ (4S, 5Rv4, 5-Bi s- (4-
4, 5-di hvdr o-i m dar éV\ -

[ 4- (2- et hanesul f onyl -et hyl Vpi per azi n-1 -yl 1- net hanone
Met hyl vinyl sulfone (278 nL, 20.1 nmol) was added to
a solution of |-(tertby\tyl oxycarbonyl)

[(4S.5R)-4,5-Bis-(4-chloro-phenvyl)-2~( 2-ethoxy-phenyl)-4,5-dihydro-imidazol-1-yl]-

[4-(2-methanesulfonyl-ethyl)-piperazin-1-yI]-methanone

Methyl vinyl sulfone (1.8 mL, 20.1 mmol) was added to a solution of 1-(tert-
butyloxycarbonyl)piperazine (1.50 g, 8 mmol) in methanol (84 mL). The reaction
mixture was stirred at room temperature for 4 h and concentrated to a white solid.
Purification of the solid by flash column chromatography (silica gel, eluting with 1-5%
methanol in methylene chloride) gave 1-tert-butyloxycarbonyl-4-(2-
methanesulfon};léthyl)piperazine as a white solid (2.29 g, 95%).

Hydrochloric acid (42 mL, 168 mmol, 4 M in 1,4-dioxane) was added to a cooled
solution of 1-tert-butyloxycarbonyl-4-(2-methanesulfonylethyl)piperazine (2.29 g, 7.8
mmol) in 1,4-dioxane (42 mL). The mixture was stitred at room temperature overnight
then concentrated to give 1-(2-methanesulfonylethyl)piperazine bishydrochloride as a
white solid (2.05 g).
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pi perazine (1.50 g, 8 nmmol) in nethanol (84 nlL). The
reaction mxture was stirred at roomtenperature for 4
wo2@sd2zencentrated to a white solid. Purifi capCDRPIDS/006167
the solid by flash col utm chromat ography (silica gel,
eluting with 1-5% net hanol in nethyl ene chloride) gave
| -tert-butyl oxycarbonyl -4-(2-
met hanesul fonyl et hyl ) pi perazine as a white solid (2.29
(49;5R95:°/§-Bls|-'MCHh¢tﬁBJpﬁé 3@) -BL3- éthéﬁszpliﬂnyl)léﬁﬁdﬂﬁﬂio,—mﬂdd‘ﬂolem-
1, 4- dloxane ed to a cool ed soluti
carbopg} QNMW@W@Q Fbwwleaszt@ct withdr(Rz éﬁ%@%ﬂ%‘éﬁ’?ﬂ@%@rﬂ‘%ﬁ%ﬂe
blgl‘gfé}c{éﬁlo(qae %gmgt Pf en§ cl'ﬁHH!iQ uéﬂk[ t%n_grdéb&iﬁfé‘ Q@déséﬁaoemtﬁ exa-ﬁ'itﬂe 8 to
m°xture was sti room erature overni ght then
gm@ﬁé&,ﬁR}-&tSebis-t(@c@homaphenyl) -2-(2-ethoxy-phenyl)-4,5-dihydro-imidazol-1-yl]-

[4a(52(r5 Pog%r f:tgm {] i hz¥n- i]prrelgtﬂ%ﬂo%g Pllllspﬁéd(ﬁgc)ﬂ/z%ilgﬁated

mgtmfﬂﬁmﬁﬁ$eﬁ[@ﬂBH§]6§9¢7&wb@xphﬂmypﬂ7iv(2 et hoxy- pheny
[ )-4,5-di hydro-i m dazol e-1 carbonyl chloride (exanple

7) was reacted with

Y t hanesul f onyl et hyl ) - pi per azi ne bi shydrochl ori de
Eﬁﬁgﬁgg%ylene chloride using the procedure as described
in exanple 8 to gjve Chiral
[ (4S, 5R) -4, 5- blsq%‘r Y, or o- ph [)-2-(2-ethoxy-phenyl)
-4, 5- dlhydro i m daz

Fperazi n-1-yl]-nmethanone
CS 1H35N404SCl 2

HR-NB (ES, mz) cal cullat &d
: 175> Exanpl e 12

[ (MrH) +] 629, 1751, %62.

Chi ral
ff4S.,5R) -4, 5- BiéJ(4 c o- phenyl ) - 2-r2-i sopr opoxy- 4-
__>O|n1dazol-

nethoxy phenvC>4 5-di

[(4S.5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4.5-dihydro-

imidazol-1-yl]-(4-methyl-piperazin-1-yl)-methanone was prepared from (4S,5R)-4,5-

bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-dihydro-imidazole-1-
carbonyl chloride (example 6) and 1-methylpiperazine in an analogous manner as
described in example 8. HR-MS (ES, m/z) calculated for C3H35N404SCl» [(M+H)+]
629.1751, observed 629.1757.

Example 13

Chiral
cl >__
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| -yl'l-(4-nmethyl -pi perazin-I-yl)-nmethanone was prepared
from(4S, 5R) -4,

whe®s(1436ehl or o- phenyl ) - 2- (2-i sopr opoxy- 4- met hoRgF/phm0yH06167
)-4,5-di hydro-i m dazol e-1 carbonyl chloride (exanple 6)
and 1-net hyl pi perazi ne in an anal ogous manner as
described in exanple 8. HR-M5S (ES, mz) calculated for
C3 1H35NAO4ASA 2 [ (MHH) +] 629. 1751, observed 629. 1757.

[(EsRPY 8-Bis-(4- chloro-phenvl)—l (2-1sonropoxv-4-methoxv-phenvl) -4,5-dihvdro-

. Chiral T(I4S’ 5R) -4, 5-Bi s- (4-chl or O- pheny| 2- 1 sopr opo
Y(s il el v_;s_w_;.' 14 pugl-ethyl)y-pinerazip-1-y] -met anone was prepared
frJ)me-éé \5/\%);"4 %%&g&lg&%%ﬂeﬁﬁw 1) @%de))xffm%étﬁﬁ? buevion es-ha

dibidso Sﬁidﬁml&lmasboml mmjdemquﬁ» argl¢ @mgfbmqsplé@wmhsﬂ)e
s LN et e e i N R

6’124335{%1{)?1]6 (exanmple 11) in an anal ogous manner as
described in exanple 8. LR-Ms: 673.3 [(M+H) +]. Exanpl e
14 Chiral
Efahfrel144S, 5R) - 4., 5- Bi s- (4- chl or o- phenyl ) - 2- (2-i sopr opo
—XT'E—FTE't hoxy- phenyl) 4, 5-
di hydro-i m dazol g5| - car bonvl I>_per aghill -yl | -i VIV-di m
et hyl - acet am de wasysprepar ed
(4S, 5R) - 4, 5- bi s- (4- rkbé\Joh yl)-2-(2-isopropoxy-4-nme
t hoxy- phenyl)- 4, 5-drhyd ol e-| -carbonyl
chlori de (exanple 6) and -d hﬁ-z pi perazin-1yl -

2-{4-[(4S.5R)-4.5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4.5-

dihydro-imidazole-1-carbonvl]-piperazin-1-yl1}-/V.NV-dimethyl-acetamide was

prepared from (4S,5R)-4,5 -bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-
4,5-dihydro-imidazole-1-carbonyl chloride (example 6) and N,N-dimethyl-2-piperazin-1-
yl-acetamide (Oakwood Chemicals) in an analogous manner as described in example 8.
LR-MS: 652.3 [(M+H)'].
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acet am de (Oakwood Chem cal s) in an anal ogous manner
as described in exanple 8. LR Ms: 652.3 [ ( MtH) +]
WO Bvoampdeel 15 Chiral PCT/EP2005/006167
2-{4-[(4S,5RV4, 5-Bi s- (4-chl or o- phenyl ) -2-(2-i sopropoxy
- 4- met hoxy- phenv p-4, 5-
di hvdro-i m dazol e-1 -carbonvl | - pi perazi n-|-vU1 - nor phol
i n-4-yl - et hanone was prepared from
E,&%@@B%, 5- bi s- (4-chl oro- phenyl) - 2- (2-i sopr opoxy- 4- e
oxy- phenyl)- 4, 5-di hydro-i m dazol e- b ar bonyl
chl ori de (exanpl Q3|6) and | - noxphol i n=47
pi per azi n-1-yl - et hayfong hydr hl ori de (Oakvvood
‘Chemi cals) in an an@s maRner as described in
exanple 8. LR MS: 694. Exanpl e 16 Chir al
F(4S, 5R) -4, 5-Bi s-(4-¢ Q) -u /) - 2 r2-1sopropoxy-4-m
et hoxy- phenyl *)-4, i h-yd};Q m dazol -
| -vn- (4-et hanesulé W~ piper azi n-1 -yl ) - met hanone was
prepared from e)
(4S, 5R) - 4, 5- bi s- (4-ohl an-e<phenyl )-2-(2-i sopropoxy-4-mne
t hoxy- phenyl) -4, 5- d| roi m dazol e- 1-carbonyl
chl ori de (exanpl m and 1-et-hanesul fonyl - pi perazi ne
(prepared from 1{6 - but yl oxycar bonyl - pi per azi ne and
et hanesul fonyl chPoride) in an analogous nanner as
descrl bed in exanpl e 8. . 659. 2v[4£
S 5RA-4457Bisp{drghorg J-isopropoxy-d-methox -Dhenvl)-4 5-

dihvdro-imidazole—1-carb0nvl]-piperazin—l—vl}-l-morpholin-4—vl-ethanone was

prepared from (4S,5R)—4,5—bis—(4-chloro~phenyl)~2-(2—isopropoxy—4-methoxy—phenyl)-
4,5-dihydro-imidazole-1-carbonyl chloride (example 6) and 1-morpholin-4-yl-2-
piperazin-1-yl-ethanone hydrochloride (Oakwood Chemicals) in an analogous manner as

described in example 8. LR-MS: 694.3 [(M+H)'].

Example 16

Chiral
Cl >__
ROUNE:
N

O=c
— 50

[(4S.5R)-4.,5-Bis-(4-chloro-phenyl)-2-( 2-isopropoxy-4-methoxy-phenyl)-4.5-dihydro-

imidazol-1-yl}-(4-ethanesulfonvl-piperazin-1-yl)-methanone was prepared from

(4S,5R)-4,5 -bis—(4-chloro—pheny1)—2—(2—isopropoxy—4-methoxy-phenyl)-4,S-dihydro-

imidazole-1-carbonyl chloride (example 6) and 1-ethanesulfonyl-piperazine
(prepared from 1-tert-butyloxycarbonyl-piperazine and ethanesulfonyl chloride) in an
analogous manner as described in example 8. LR-MS: 659.2 [(M+H)+].
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The ability of the conpounds to inhibit the
i nteracti on between p53 and MDM2 protei ns was neasured
whgooan2iabi SA (Enzyne- Li nked | nmuno Sor bent AssB)/EP1905/006167
whi ch reconbi nant GST-tagged MDMR binds to a peptide
that resenbles the MDM2- interacting region of p53
(Bttger et al., J. Mdl. Bio. 1997, Vol. 269, pgs.
744-756). This peptide is inmobilized to the surface
e 16 Well plate via N-termnal biotin which binds
0 streptavidin-coated wells. MDM2 is added to each
well in the presence of anti-NMDM2 nouse nonocl onal

In ﬁri 0?-36- MP- 14, Santa Cruz Biotech). After renoval
¢ MDM2 protein, a peroxydase-|inked
secondary antibody (anti-nouse IgG Roche Ml ecul ar

Bi och I dth :
r S b e R 0

QXUAADS S HIFEAERMIBie6 LaMRhé SHieem hich
strat e?Saystem %P(I ry&g%agrd & Perrz Lab?@da&'?'ggfv *

remmbmm\xmetagg@wm& bipde tye paptjdathe regquéﬁi the MIPM2( 5

if
1n ?{;6136 ﬁ%glugl %RS? gﬁgégeli] %ﬁlz e)ﬁ\%)va;%m@ gr%g’y o\a/oelr s @ ﬂ%s 744-756). This
é?Ju@% ks 1g@nduﬂizléd 16te yhrfak dfk 06 kicigpldie friad¥ -t&rmmaabmtln gvhich binds
ovi ne ser %
B SIS ST RO NT 0 L5 S 890, SATES Y S v
moﬁsqugﬁdélotngl ﬁﬁ%@d}y‘(%MP 1B, SBtaltrueBidkkay kAlﬁ;@r ﬁufofv@lrofalmj

washed extensively after 1 h incubation.
ugtmupd A2 peoteingd paresilasalinked spronday ag%b%én (Pntbmgtl%e Ig(e

Lr
S U LD B SR OO 2 s
c@lﬂiﬂn@@ﬁm}y By thead@Qombfa peroxydase substrate (MTB Microwell Peroxydase

Substrate System, Kirkegaard & Perry Labs).

Test plates were prepared by coating with streptavidin (5 mg/ml in PBS) for 2 hours
followed by a PBS (phosphate-buffered saline) wash and overnight blocking with 150 ulL
of blocking buffer containing 2 mg/ml bovine serum albumin (Sigma) and 0.05% Tween
20 (Sigma) in PBS at 4 °C. Biotinylated peptide (1 uM) is added to each well in 50 uL of
blocking buffer and washed extensively after 1 h incubation. Test compounds were
diluted in a separate 96 well plate and added in triplicate to a compound incubation plate
containing a mix of the MDM2 protein and anti-MDM2 antibody. After 20 min
incubation, the content of the plate is transferred to the test plate and incubated for an
additional 1 hour. The secondary anti-mouse IgG antibody is added to the test plate
preceeded and followed by a triple wash with 0.05% Tween 20 in PBS. Finally,
peroxydase substrate is added to each well and the absorption was read using a plate
reader (MR7000, Dynatech) at 450 nm. The inhibitory activity of the test compounds
was measured as a percentage of the bound MDM2 in treated vs. untreated wells and ICsq

was calculated.
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i ncubation, the content of the plate is transferred to

the test plate and i ncubated for an additional 1 hour.
wab@saemondary anti-nouse |1 gG anti body i s addeBCT/@P100&006167

test plate preceeded and followed by a triple wash

with 0.05% Tween 20 in PBS. Finally, peroxydase

substrate is added to each well and the absorption was

read using a plate reader (MR7000, Dynatech) at 450

1CE08 shd Bl Biblo BichiOfctvidE thid/dpphesth chi@otirgls bf the mpigiuetdsatienst this
nmeasured as a percentage of the hound %I? treat ed
Tag Eae

inwestionmrngesden abrut 028w foabouigdssMa Pe qEpoe exammples
showi,.ng .bi ol ogi cal activity that applies to conpounds

areo‘fsoffl’\h%‘g%ubj ect matter of this invention ranges from
about 0.020 uMto abowmiple0 uMICGSdeM)i c data for sone
exanples are as foll pws: Exanple 50 (uM 4 0.604 5
0.071C ains 1. A compound of fornula I and the
pharmaceutically acceptabl e saltg.(8¢Md esters thereof,
wherein R represents a saturated or unsaturated 5 to 6
menbered ring containing at | east one hetero atom
selected fromsS, N and O and being optionally
substituted with a group selected from |l ower alkyl,
cycl oal kyl, -C(O-Ri,
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hydroxy, |ower al kyl substituted w th hydroxy, |ower
al kyl substituted with | ower al koxy, |ower alkyl
wQadpsiizieat ed with - NH2, [ ower al kyl substitut ePICTMEPID05/006167
-SO2-1 ower al kyl, lower alkyl substituted with -C(O-R
1, -NHlower alkyl, -N(lower alkyl)2, -SO2-Iower
al kyl, =0, -CH2C(O CH, or a 5 to 6-nenbered saturated
ring containing one, two or three hetero atons
asglected fromS, Nand O R is selected from
ydrogen, |lower alkyl, -NH2, -NHIower alkyl, -N(Iower
aIkyI)2 | ower al kyl substltuted w t h hydroxy, | ower
al kyl SUbl%dntd%tf Hd Dl the lﬁﬁngceﬁtléﬂly@ccég)?ﬂ%aﬁg and esters
sa u t &Y I'ng contal ni ng one or “‘three hetero
atomiggeefted fromS, Nand O Xi and X2 are
i ndependently selected fromthe group consisting of
hydr ogen, |ower al koxy, -CH2OCH3, - CH2OCH2CHS,
- OCH2CF3, - OCH2QHZF; Y1 and Y2 are each independently
sel ected from t hd yt# of -d, -Br, -N2,
-CN, and -CCH, and al “1eochenistry at the
4 and 5 position of ing are S and R

respectively. 2. A conpound | according to
claiml1l, wherein Ris seéwct g( sat urated and
unsaturated 5- and e dri Xalnlng at
| east one hetero atip hellei Niqpe hetero atomis
sel ected from S, S O an§%be|ng optionally
substituted mnth}a group selectedyfrom | ower alkyl,
cycl oal kyl, 1 ower al kyl

wherein

R represents a saturated or unsaturated 5 to 6 membered ring containing at least one
hetero atom selected from S, N and O; and

being optionally substituted with a group selected from lower alkyl, cycloalkyl, -C(O)-Ry,
hydroxy, lower alkyl substituted with hydroxy, lower alkyl substituted with lower alkoxy,
lower alkyl substituted with -NH,, lower alkyl substituted with -SO,-lower alkyl, lower
alkyl substituted with —~C(O)-R1, -NH-lower alkyl, -N(lower alkyl),, -SO,-lower alkyl,
=0, -CH,C(O)CHs, or a 5 to 6-membered saturated ring containing one, two or three

hetero atoms selected from S, N and O;

R, is selected from hydrogen, lower alkyl, -NH,, -NH-lower alkyl, -N(lower alkyl),,
lower alkyl substituted with hydroxy, lower alkyl substituted with NHy, or a 510 6-

membered saturated ring containing one, two or three hetero atom selected from S, N and

O;

X, and X, are independently selected from the group consisting of hydrogen, lower
alkoxy, -CH,OCHj, -CH,OCH,CHj, -OCH,CF3, -OCH;CHaF;
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substituted with hydroxy, |ower alkyl substituted with
-NH2, N-lower alkyl, -SQ2CH3, =0, -CH2C(O CH3, and 5-
war@sh23senber ed saturated rings containing at PEREP2005@06167
hetero atomselected fromS, N and O X1 and X2 are
i ndependently selected fromthe group consisting of
hydr ogen, | ower al koxy, -CH20CH3, -CH2OCH2CH3,
- OCH2CF3, - OCH2CH2F; Y1 and Y2 are each independently
selected fromthe group consisting of -C, -Br, -NO2,
-CN, and -CCH, and the absol ute stereochem stry at the
Y gangh¥ Se gendi indepandsmtly seleqied Hamdhs sraup Fongising Ofs and R,

Qh_ ga%%qgﬁngd ﬁh@ c&gpound of claim1l or 2 wherein

ar€ each independently selected fromd and
-Br. 4. The compound of claim3, wherein Ris

pi perazin substi t t ne qro
B aPEE Folep e T B Rt S Byt RO gt iRe are S and 2
<gﬁaayJ | ower al kyl substituted with hydroxy, |ower
al kyl substituted with | ower al koxy, |ower alkyl
substituted with -NH2, |ower al kyl substituted with
- C(DARomponid oﬁ@m&lawpc)ozdmg scdappl, Wprein cH2 C( 0) CHB;

Rq%é’g‘?e%]\iﬁrﬂ fb]tiﬁnﬁ %]hgaqv\lller%{eg :51(5&}/ T etrxl:d)[%? c@ﬁeﬁﬂﬁlng at
leAgt in® kyterol adome mhaténythe hertest atbmh@sblwtddl'frdrhls Nend O and being
ogtlg:'%g }Itl d n% B%u bs}}all ér%h}? (sjelectec{] from lcl)v(\?éarsaiky nc%%l%[ﬂ%yf’ lower alkyl
substituted with hydroxy, lower alkyl substituted with -NH,, N-lower alkyl, -SO,CHjs, =0,
-CH,C(O)CHj, and 5- and 6-membered saturated rings containing at least one hetero

atom selected from S, N and O;

X; and X, are independently selected from the group consisting of hydrogen, lower
alkoxy, —CH20CH3, -CHzOCHzCHg,, 'OCH20F3, "OCHZCHZF;

Y; and Y> are each independently selected from the group consisting of

-Cl, -Br, -NO,, -C=N, and -C=CH, and

the absolute stereochemistry at the 4 and 5 position of the imidazoline ring are S and R,

respectively.

3. The compound of claim 1 or 2 wherein Y; and Y are each independently

selected from-Cl and —Br.

4, The compound of claim 3, wherein
R is piperazinyl substituted with at least one group selected from lower alkyl, cycloalkyl,
C(O)-Ry, hydroxy, lower alkyl substituted with hydroxy, lower alkyl substituted with
lower alkoxy, lower alkyl substituted with -NH,, lower alkyl substituted with —C(O)R,
N(lower alkyl),, -SO,CHs, =0, -CH,C(O)CHj; and wherein
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C1-C3 al kyl, -Ci1-C2 al koxy, -C(OCH3, -S2CH3, -C(O),

-OH, -CH2NH2, -C(O CH2NH2, -C( O CH2OH5- C(O) C(OH) CH2OH,
WO a3@eee) CH20H, - C(O N(CHa)2, -C(O NH2, and PCT/EP2005/006167

-C(O N(CH3) CH3, -N(CH3) CH3, pyrrolidinyl and

pi peridinyl. 5. The conpound of claim4 wherein the

Xlgroup at ortho position is selected froml ower

al koxy, -OCH 2CF3 and - OCH2CH2F, and the X2 group at

para position is |ower alkoxy. 6. The conpound of

claim5 wherein the Xlgroup_at ortho pgsition is

RsisIselected fibmdydengkonigwer dlops Db N -lovsalloybaveagkyl substituted
- CH?F, : . iti [
W PEOEG v o 8 R B8 S PR ompound of
Icl ai trn 6 wherein R :s pi Se;azi nyl substituted with at
|l east one group.selecte rom | | kyl, | oal kyl ,
PR DRPUSIHPDRIE of Butbera PP STt 0t ed wi th
chygr éwi kd 1:7@@ Rlk8kK YE(G)aB| ISOJCEM, G(0)) -OBWTHATEROXY ,

| ower substituted with -NH2, | ower al

al Ky , kyl
QBTN 6 (R OB CIOIR QHE NG -CHAYPED CHeDB e0(C(CH)
G g PO I N G RO SR M e s
sub§t ituted with hydroxy, lower alkyl substituted with
¥, B PRSP b B Pt o
1ovfer IEER — 0 @PREEBnd -SLDCHFOrhd thE€W2 dd2p at para position is lower
alkoxy.

6. The compound of claim 5 wherein the X group at ortho position is selected from
ethoxy, isopropoxy, ~OCH,CF3 and -OCH,CH,F, and the X, group at para position is

selected from methoxy and ethoxy.

7. The compound of claim 6 wherein R is piperazinyl substituted with at least one
group selected from lower alkyl, cycloalkyl, C(O)-Ri, hydroxy, lower alkyl substituted
with hydroxy, lower alkyl substituted with lower alkoxy, lower alkyl substituted
with -NHo,, lower alkyl substituted with —C(O)-R;, N-lower alkyl, -SO,CH,
=0, -CH,C(O)CHjs, wherein

R; is selected from hydrogen, lower alkyl, -NH,, -N-lower alkyl, lower alkyl substituted
with hydroxy, lower alkyl substituted with NH,; or

piperidinyl substituted with at least one group selected from

C1-C3 alkyl, -C1-C2 alkoxy, -C(O)CHs, -SO,CHjs, -C(0), -OH, -CHoNH,,
-C(O)CH,NH,, -C(0)CH;0OH, -C(O)C(OH)CH,O0H, -CH,C(OH) CH,OH, -C(O)N(CHy)2,
~-C(O)NHS, and -C(O)N(CH;3)CHs, -N(CH;)CHs, pyrrolidinyl and piperidinyl.
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-C( O CH2NH2, -C(O CH2OH, -C(O C(OH) CH2OH, - CH2C( OH)
CH2CH, -C(O N(CH2)2, -C(O NH2, and -C(O N(CH3) CH3,
WO bi{oSHB36eH3, pyrrolidi nyl and piperidinyl.8. APCDEPIONGI6T
according to claim1, of formula I-A and
pharmaceutically acceptable salts thereof wherein Ris
pi perazinyl or piperidinyl, substituted with
d-Cc-alkyl; -C(O-(d-C4-alkyl); pyrrolidin-1-yl; 0 ;
-CHR Acéc@ oRd pbwokdifi®to 14, Gf Qrmi(2Q-A GAd ghdtyﬂa&euﬁpally
(CHR2)n-SR-(J -C4-alkyl); Xi is -O(A-C4-alkyl); X2
aqc@P‘ﬁWﬁ@@éhefé‘Pf 0-(C 1-C4-alkyl); nis 0, 1 or 2; and
the absolute stereochem stry at the 4 and 5 position
of the imdazoline ring is S and R respectively. 9.
The conpound of @ ., wherein the conpound
isl-{4-[(4S,5R)-4,5 (4schl orX; phenyl ) - 2- (2-i soprop
oxy- 4- met hoxy- pheny -

I-A,

wherein

R is piperazinyl or piperidinyl, substituted with
C1-C4-alkyl;
-C(0)-(C1-C4-alkyl);
pyrrolidin-1-yl;
=0;
-CH,-C(0)-morpholino;
-CH,-C(0)-N(C1-C4-alkyl)y;
-(CH,),-S0,-(C1-C4-alkyl),

Xiis  -0-(C1-C4-alkyl);

X,is hydrogen or —O-(C1-C4-alkyl);

nis 0, 1 or 2; and

the absolute stereochemistry at the 4 and 5 position of the imidazoline ring is S

and R, respectively.

9. The compound of claim 1, wherein the compound is
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di hydr o-i m dazol e- 1- caf bonyl j - pi perazin- 1-yl}
- et hanone;
WA 20064869R) - 4, 5- Bi s- (4-chl or o- phenyl ) - 2- ( 2- i SOPCDRER20Y5/406167
- met hoxy- phenyl ) -4, 5-
di hydr o-i m dazol e-| - car bonyl ] - pi per azi n- 2- one;
[ (4S, 5R) -4, 5-Bi s- (4-chl oro- phenyl ) -2-(2-i sopropoxy-4-m
et hoxy- phenyl ) -4, 5- di hydro-i m dazol -
1- y1(-14g((4s,;5${r)!4;ﬂ-Bﬁi(nzchﬂor%-:ph@iyp)ezﬁ(ﬂis:ﬁgro%oy%}iéé-ﬁlﬂﬁtdmrpﬁﬁiyl)-4,5-
4-[(4S, 5R) -4, 5- Bi s-(4-chl oro- nyl)-2-(2-et hoxy-pheny
dllh)’érﬂ?ﬂ!%l-“gﬁzﬂ]g?dlr%i‘-r%ﬂy@é%%?ré?m'ldéﬁﬁg'ﬁwr}ei pi per azi n- 2- one;
| -{4-[(4S, 5R) -4, 5-Bi s- (4-chl oro- phenyl ) - 2- ( 2- et hoxy- ph
enyl ) -4, 5-di hydroi mi dazol e- 1-carbonyl]- pi perazi n-
1- y4-E(4S LRIrérSelis+(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-

-f£A4-]( - -RBi s-(4-.chl oro- phenyl ) -2-(2-et hoxy-ph

d%Xéﬁ%jlgniélag?%ﬁ%@%?%|yﬁi'@%ér% né'l-a‘ Bt afbonzl j) - pi |(oer azi n- P

1-yl} -1-norpholin-4-yl-ethanone;

R s S sk r 2RO S obrdposy iSO E NGRS
diglry&%ziﬁﬁﬁdﬁapﬁwl(ﬁ%yﬂoﬁ@ﬁlny&l)pipérﬂ%{-azyil)thnbmyﬂdne{ret hanone;

[(4S,5R) -4, 5-Bi s-(4-chl oro-phenyl)-2-(2-isopropoxy-4-m

eth [ 9~ . ..

ai oY B RERR st Phlorq phep ey thiieny-iydro-imidazole-
1-batpbhylivpiphmamrzpne;

[ (4S,5R) -4, 5-Bi s-(4-chl oro-phenyl)-2-(2-isopropoxy-4-m

et hoxy- phenyl ) -4, 5-

di hiy g aak R ,ZSJBTSL(ﬁ%hlo%-ﬁhé@i)@(ﬁ&ﬁ&%%ﬁeﬂwlﬁﬁ&ﬂﬁ)ﬁhr)o: pi

_perazin-1-yl]-niethanone;
inpidgzplq- {-4gbemyll-pipsraginsl -yl -cthAnenes - phenyl ) - 2- (2- i sopr opox
y- 4- met hoxy- phenyl ) - 4, 5-

2-{4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-

imidazole-1-carbonyl]-piperazin-1-yl}-1-morpholin-4-yl-ethanone;

[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-imidazol-1-
y1]-[4-(2-methanesulfonyl-ethyl)-piperazin-1-yl]-methanone; or

[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-
dihydro-imidazol-1-yl]-(4-methyl-piperazin-1-yl)-methanone;

[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-
dihydro-imidazol-1-yl]-[4-(2-methanesulfonyl-ethyl)-piperazin-1-yl}-methanone;

2-{4-[(4S,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-
dihydro-imidazole-1-carbonyl]-piperazin-1-yl}-N,N-dimethyl-acetamide;
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di hydr o-i m dazol e- 1- car bonyl j - pi perazin- 1-yl}
- N, N-di net hyl - acet am de;
WQ@2403AR3645, 5R) - 4, 5- Bi s- (4-chl or o- phenyl ) - 2- ( 2- PGDEPIPHN06167
y- 4- met hoxy- phenyl ) -4, 5- di hydro-im dazol e-
1- car bonyl ] - pi perazi n-1-yl } - 1- nor phol i n- 4-yl - et hanone;
or
[ (4S,5R) -4, 5-Bi s-(4-chl oro-phenyl)-2-(2-isopropoxy-4-m
et @ (ﬂB 6RZJ4)5' ~Bisy4-oihi diy-gharyl)rl-(risopropoxy-4-methoxy- phenyl) 4,5-
%@ anesul fonyl - pi perazi n-1- XE% nfthanone
dijsy tlwzf)]@rl PP RG24 B ot - redip RO Lo gt Pa RS Or
adm nistering to a patient in need thereof, a

therapeutically effective anmount of a coggound of the
f or[(A, 8RH4,600f Higrorgheny 2P 1s0p1qp0Xﬁc4|:m mcehﬁnbfball 5-

d
d@x@%ﬁ%ﬁl%w% yg'@[gtﬁa'fg&ﬁan%‘) e?rr?lizglcle'&t >cltn?]jlhy accept abl e
carriers or excipients. 12. A conpound of the formnul a:
43, 5R) - iy e o
: 5LOBiA)smftéﬂ<|1 G snipiEing fymo vt SEBPEHBX JIB IR L) & PR 1

né@d)the‘%eé\ Qtﬂ%ﬁ%%ﬁ’tﬁdﬂl? _ES R a&nouﬁfo QQ:Biﬁ ol Sthélfor@bla I
i s- (4-chl oro- phenyl ) - 2- et hoxy- phenyl ) -

mmOEMmgﬁmdhm&hln dazol e- | car bonyl chlorlde 13. A
process to produce a conpound of the fornula I
according to claim1, which conprises separating the
enartt. iAopriadititd eompesttiinoamrisiagaybmphiret oftfenmda I according
thereafter coupllaglthe d |red enantlon?r with an

togiprohrpdRerRaceH Yg"P?ﬁE’E SHEIBHY BOPEPS-vo X1 and

X2 have the neanings given in claiml.
12. A compound of the formula:
(4S,5R)- 4,5-Bis-(chloro-phenyl)-2-(2-isopropoxy-4-methoxy-phenyl)-4,5-dihydro-
imidazole-1-carbonyl chloride or
(48,5R)-4,5-Bis-(4-chloro-phenyl)-2-(2-ethoxy-phenyl)-4,5-dihydro-imidazole-1-

carbonyl chloride.

13. A process to produce a compound of the formula I according to claim 1, which

comprises separating the enantiomers of the racemic carbamoyl chloride
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14. The pharmaceuti cal conposition according to claim
11 for the treatnent of a di sease based on the
WO paosf12859i on of MDMR2 protein with a p53 |ike prREI/ER®05/006167
15. The pharmaceuti cal conposition according to claim
11 for the treatnent of a di sease based on the
interaction of MDM2 protein with the p53 peptide 16.
The pharnmaceutical conposition according to claim1l
arfdahertifeer cogdingehd desfred anaomerlwith aihapppdpaiateR-entinecgbup,
conposition according to claim 1l for the treatnent of
WBHFPY tunors. 18. The use of a conmpound according to
) %, BRL X3 ARtk SRt fendn Blagease based on the
R’lqrqf’lg;péc%ion %f VDIVR proteigﬁfwith a p53 like peptide.
19. The use of a conmpound according to claim1 for the

Vil ERCb el SRR s b3, 00 henc ot
disespbased oadedntdiraston of MIDMhprbtdiowith eS8 dikapemie. of

cancer. 21. The use of a conpound according to claim1l
for the treatnent of solid tunors. 22. The use of a

CONPOYRE pRERAESABA cbRpsdifddacholify th BRIAEN WhAGE HEAmeht of 2
medi canents for the treatnent of a di sease based on

dis¢nse bared pa ¢he ipterastionpDM b prsfein with thep395mptidsk e
peptide.23. The use of a conpound according to claim1
for the manufacture of nmedi canents for the treatnent
of 1. Thsphemabmsied compbdigor avtedangtth olrimfl 1 MDMBe pramentrof

cancer.

17. The pharmaceutical composition according to claim 11 for the treatment of solid

tumors.

18. The use of a compound according to claim 1 for the treatment of a disease based

on the interaction of MDM2 protein with a p53 like peptide.

19. The use of a compound according to claim 1 for the treatment of a disease based

on the interaction of MDM2 protein with the p53 peptide.
20. The use of a compound according to claim 1 for the treatment of cancer.
21. The use of a compound according to claim 1 for the treatment of solid tumors.
22. The use of a compound according to claim 1 for the manufacture of

medicaments for the treatment of a disease based on the interaction of MDM2 protein

with a p53 like peptide.
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with the p53 peptide. 24. The use of a conpound
according to claim1l for the manufacture of
wore@sazssent s for the treatnent of cancer. 25. FOBER®E5/006167
of a conpound according to claim1l for the manufacture
of nmedi canments for the treatnent of solid tunors. 26.
The i nvention as hereinbefore descri bed.

23. The use of a compound according to claim 1 for the manufacture of
medicaments for the treatment of a disease based on the interaction of MDM2 protein

with the p53 peptide.

24. The use of a compound according to claim 1 for the manufacture of

medicaments for the treatment of cancer.

25. The use of a compound according to claim 1 for the manufacture of

medicaments for the treatment of solid tumors.

26. The invention as hereinbefore described.
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