WO 2010/029119PCT/EP2009/061733 NOVEL IMIDAZOLIDINE COMPOUNDS AS ANDROGEN
RECEPTOR MODULATORS. BACKGROUND OF THE INVENTION [0001] The present invention
relates to igigpzaliding compounds that can affect the activity of the andreger-pesRRIOM§4R). In one
aspect a compound of the invention is an antagonist or partial antagonist and is of use in the
prevention and/or treatment of androgen dependent tumors and/or all the conditions in which AR
stimulation could be detrimental such as acne, alogrecia and/or hirsutism; or in an alternative aspect a

compound i Y- iHVER Pt B IS AP AN B ety SOEPRE FROU BT (B BritsPBIUAEERS.

agonists/antagonist) that can be used in the treatment of conditions of cachexia and muscle wasting
disorders (including but not Iimiteglg%mﬁﬁi@gldﬁgqﬂﬁ@q?@ﬁﬁ%induced, glucocorticoid-induced,
immobilization-induced, diet-induced muscle loss, thermal burns, chronic renal failure, congestive
heart failure, chronic obstructive pulmonary disease) age-related functional decline (including but not
limited ¢o03qrcapeniaandieeimale orfemale:0sieopaosisnihadprase niain weRtiomalsa: providase
processes for the rog] ion of comppunds of the invention, pharmaceutical co sitions.containing a
Comp o R B S e o
of the idisbrsrels HistRysatcRarsinT footZqfrPhiaf oartiferfad ST RN fes Bl fhecivadigstd mitkbolite
5a-DHiRagesthiednainendegrrous e RieseRtative slvpteiassooiatatndth thedeyelepment ape: a
e SneR LR RaN Tale Shaciersles GRUII e deleins, RlasiAls, esTaL el
and secoﬁo’lary male Characteristics (deve op%nent ot hair, muscufature of tﬁeﬁar nx, distribution of
fatty tig8t62brheAbUT B HITERYY. thaaditivn, sheghestapt aus mitisdiecaendipdvdsimemtt and
also aghAndhe henatpgoiesisadhexcenial neivals sy sterandisexidal furcion tRR03kle.aamen,
androgeps have.een, nvolved inier, alig In the develpment and majnienange ofibane ssile and
Iibidoﬂ 50 Brogressn’/e reduction In fevels of circula ifg androgens’In aging men USA AN partial
androgehngesiinishssaprag ivieny domiipatdsddra dpeeifieaumblisfisinicativsammesatonsnicRiding
osteopekaiislegmeinuseie raRss ianskength:raskGtior-indlibid enane sexxlial dysiupatian canaemia

and aghande in codnition, mood, wings, Q%PE%%SJ;&%)S&% Rgyisw In Kauiman JMand vermeyen A.,
2005,uﬂl1e echine of an rogenqeve Shiel eﬁ;fmen nd s cflnlcafané‘ fherapeutlc |mplﬁgalf|ons

EndodhReverieres hypicrisivevekavacslinidht datetyrofisplarebetictherapy for cardiovascular and

prostaigodineasesis, unersiain, Themsiareseadiagemsunnicmeniationismoltegemmendeskiasiealthy,
‘elderly men (Liu PY at al. 2004, CIini(I‘aI review, 171: %he rationale, efficacy and sTgeciiéof androgen
n

theragy T SIEER Me R ratt P e S SRR St R PR HRR VERBIh A BB ABRE™) "I BRESERIS).
Metab(cBid5789, 969 dAErR010/029 k1 SR ET¢ER2009EBLTERIA0008 Aayrdrsine desdaiated with the

reductign indevelsRfgincuialing anRArAernS (AR FisANdMoeRAecling: i) femalel sl 0.hesht.
described in women. It can have varigus causes inﬁludinég chemothera%/ and infection Qy the

agin

AIDS Pri¥sAS BRI EYHBRIS Mda6e SstadporsarR é‘t‘%%bgh'a‘iegg?&%}%ﬂ A Ptgcie?
weakrfessimeduction in libido, sexual dysfunction, change of cognition, mood swings, and depression.
Endomgjigsisiang Atingeasad fisk 8EOreaziytierne ARd.PHArRNFRRCAIS RS AISA.RESR plgRcribed
(Davison SL and Davis SR 2003 Androgens hi women. J. Steroid Biochem. Mol. Biol. 85:363- 366).
The adisigtHiRifPor high doses of androgens to women can lead to the appearance of signs of
maqummgtiomdg}mdrswmgﬁmd Beeie.oﬂ'hmmﬁﬁgﬁn@ughhedagmg into mi!deraﬁiaﬁawhﬂmgen
administering androgens. iawamen; 10006k TG IMIBIORS 10,16 MsS: Ol SRl 8‘&1@% gndregsn regeptors
agonists or antagonists, becomes clear as these are plagued with undesirable effects due to their
metabdiiEAtion TS Hither SERNGHIGHR e b Sutl RicR ISteRn MR Brth e SIS | B! pEEEYT[0007]
Therefased @@ﬂ@eﬁqjeb@iiaﬁeﬁmﬂwe&am: beim@zamvggtigﬁtadramdzafexpaﬁdﬁu mﬁa/cﬁgsiée@f beoapse they
allow e paneiisal silseineliesInslfIonG:an SRREiGAAANS (e dad musele issyed.and ophe

d, an ely to lead dary |

libido to be maintained, arc less likely ad to secondary effects in specific tissues, such as the
prostattmisahiatsd %F@%Fé‘rﬂ%?fﬁ?mﬁ%%‘é@%’é? HRIIPYIIE FHREHETS WRTTRE hORFHORS! SYERET They
represeph Rrsafet @lte mative theaneftt oadlithelapie sdm aby: pathologies:|inkeddvithian, androgen
def'c'tréﬂ&lﬁfé!“&&%’?‘;‘) RR{%RIRQ" &%ﬁ%‘igﬂa&%&%ﬁ&'m&}” Jkidogssogiated with syndrp rﬁ%?ti,?,l the
PADAM and ADIF type. They may also Be usedn the treatment of cachexia induced by épem ic
diseadeRer diopant &1i8r RS in iMeHE- FE4tHiert of muscle loss induced by long-term treatment
with glucocorticoids. Moreover, they may be used in the treatment of androgen dependent tumors,
such as prostate cancer, or hyperplasia, which growth at an early stage can usually be regulated by
administering steroidal anti-androgens. [0008] Selective modulators of the androgen receptor (SARMs
- selective androgen receptor modulators) of non-steroidal structure are molecules which act as
ligands of the androgen receptor (AR) with a degree of tissue specificity. [0009] The importance of the
AR as a target is great in many areas of drug discovery and therapy. The compounds of the invention
disclosed herein are suggested to have two main modes of action: As antagonists (complete or
partial), inhibitors of the AR may be employed in oncology, and may be particularly useful in the

treatment of androgen dependent prostate cancer. They may also be used for male contraception and
heniaon hvvnernlacia nof the nroctate novvarian and hraact cancer (for a comparativie revview c<ee Mohlar et



antimicrobial agents. [0013]WO 2007/137874 discloses imidazolidine compounds similar to those of
the present invention but wherein, in Formula (1), at least one of R3' or R31'is OH, SH or a derivative
thereof. Thege aaoapounds require an OH or SH group to be available in theragtivespemgpounds in
order to be able to bind His-874 of the androgen receptor. These compounds show high in vitro activity
but disappointingly low in vivo activity, such that these compounds are not deemed commercially
viable, [0014]Surprisingly, it has now been found that in vivo activity can be substantially increased by

eliminHiigkne \wenrigscriiesHEh STt 3ig BietogrBuls e dLAUSHoERRATREHS ikl this BHSFSH,
from theR3 poditioric)ShdMM RO BcftdEcINMENTON. [0016] e cempseundsof tvdiiiventag.may

show good absorplion;aead-haifife.Aa89d salubility,ggod ﬁiﬁ%ﬁ%@ﬁ@%%@%@t%@%ﬂ%@%@ﬁiﬁam"tY-

In particular, dis€losed is a compound as described herein that exhibits unexpected significant
improt&RBFE b AEFRISEGRSGRSI BB BB R a4y HPTOVR S BRI RSP T TBA8] TS the
preseatdisplosive pEovicdesrivridazdlidiiverceny atived, tandtmethods foovddmtifying amd desighing a
compaundiQf e, AEF RNt Hisaskrer Whish.campoaund AfiRSS theaclyiy ol ANAIRgasiJECepigss.

[0017£n ?artlcular the present disclosure providés a compound as described herein according to
Formul®{a D& RITALRIADNED GFE; RRIERES: 101 e ISR ot s 1BE LI, C5i8y of
cycloatkytp@ds@omlienyls GRChdlkyry| Tandt Cd«CHuacyt; eaahiofowhishimayoptionadyibestsidzstituted
with cyang, 806, mare halo, hydroxyl, or unsubstituted C1-C6 alkoxy; R22 is selected from H,
S(02)0H, F¥(O)(IOH 2, and C(0)(CH2)IC(0)0H; or R2a is selected from C1-C6 alkyl, C1-C6 acyl, and
C3-CAURehyi Tabrisigmithirayoptona BeSerstiratPWitR AR, ArfMsbR Cal SO 8 B, 1, 2,
3, or 4heach:RRbandvR2iddnae peftentlinselattadicabuidaandi£d «B6rakelioonb2b addtRZGsmay

join to&ﬁf&%%z‘;%ﬁh@e99&%%%%?1%@@."; R3a is H, halo, cyano, or nitro; or R3a is C1-C6 alkyl
optionally substituted with halo, cyano, nitro, hydroxyl, or C1-C4 alkoxy; or R3a is amido optionally
substitdéd withhersies %gkysp,eroidal alternatives arc being investigated and are particularly desired becaunse they

allow the beneficial effects of testosterone on specific organs (bone and muscle tissue) and on the libido to be
maintained, and arc less likely to lead to secondary effects in specific tissucs, such as the prostate in men and
the uterus in women, as they would not interfere with the hormonal system. They represent a safer alternative
to conventional therapies in any pathologies linked with an androgen deficit, including osteoporosis or
sarcopenia, and decline in libido associated with syndromes of the PADAM and ADIF type. They may also
be used in the treatment of cachexia induced by specific diseases, such as cancer or AIDS, or in the treatment
of muscle loss induced by long-term treatinent with glucocorticoids. Moreover, they may be used in the
treatment of androgen dependent tumors, such as prostate cancer, or hyperplasia, which growth at an carly
stage can usuzlly be regulated by administering steroidal anti-androgens.
[6608] Selective modulators of the androgen receptor (SARMs - selective androgen receptor modulators)
of non-steroidal structure are molecules which act as ligands of the androgen receptor (AR) with a degree of
tissue specificity, _
{6009] The importance of the AR as a target is great in many arcas of drug discovery and therapy. The
compounds of the imvention disclosed herein are suggested to have two main modes of action:
® As antagonists (complete or partial), inhibitors of the AR may be employed in oncology, and may
be particutarly useful in the treatment of androgen dependent prostate cancer. They may also be used
for male contraception and benign hyperplasia of the prostate, ovarian and breast cancer (for a
comparative review, see Mohler et al., Expert Opin. Ther, Patents (2005) 15(11), 1563-1585).
® As agonists (complete or partial, including mixed agonists/antagonists), they may be particularly

useful for metabolic and endocrine discases disorders, especially age-related diseases and conditions



each R3b is independantly halo, cyano, or nitro; or each R3b is independently C1-C6 alkyl optionally
substituted with cyano, or halo; or each R3b is amido, optionally substituted with Ci-Co alkyl; each lea,
and leb is independently H, halo, cyano, carboxy or nitro; or each R4a, and Ra is selected from C)-C6
alkyl, and G3-Gh alkoseashigfahicmeayptionatiynbe supsttNadbyane @kinake haleedn @t-C6
alkoxy; or I%gaelandelr'\;ta %'%i eggnéoggtheesrkt ) form a 5 or 6- membered cycloalkyl, 5 or 6-membered
heterocycloaIY< ?,p or b-membere aryl, or 5 or 6-membered heteroaryl; R4c is halo, cyano, or nitro;
and (#1810, Undprmnamh1eTads Hiskipsandwertotiiptiiitr Bedrainten forr adEBriRigY8eBrAiALTb
below:abihendrataln, ¥is @ BHSsdRd isikdiiaRhipselesterMronlCiwCosiatkyli-C3a£ RigyisldatiatieC3-C6

alkeryq, 3-%%,@C{il%&xlm%}%ﬂc%%ega‘an%%ae&%@mmﬁ@ DAy REonaly heiuhstiiied Mid.cyang, one
or more halo, hydroxyl, or unsubstituted CI-Co alkoxy; R23 is selected from ljlfég?(:%(OH)?’ and

. . .. . —X -. A, - ]

c(oyteHoyBe @)bmetr R 2and i crriRish 6@1%@%‘89%% ESRERPAIRER] SIRAEKTHEY
pption&it;u@etmhﬁﬁiﬁuﬁedis itk caedinercdr garhoity; 0 lhs0plh2 pBisort dyveaidin R S@mdrfRGatis there is
BSOS o B2t Ry on ogeher o forn 2 C9C7
Ccycloalkyl; koa 1S alo, cyano, or nitro, or Koa Is L1-U6 a gy optionally substituted wit 0, cyano,
ol M thony T o ST AR PRE 1M B NAIY ST P CEED SR S oo i
indep:ahademﬂjﬂlmt&;yano, or nitr_o; or each R3b is independently C1-C6 alkyl optionally substituted
with (AR, owFﬁEmgnmh agaog%samme&er@t%&u%&@m Wit G- GemalkpbiseachwiAanand R4b
is independent , %c’:, cyano, carbaxy arnitro. o each R4a, and R4h is.selected from C1-C6 alkyl,
and B1EE é%éﬁu?a Of i r‘# a%/ oé’/prt(il)%)nla%l|§%eg }gu%gt% g%l%%/toeﬁeeodrsgﬁgsr%cﬂrg%? or C1-C6 AlkoxY:;

OH or SH group to be available in the active compounds in order to be able to bind His-874 of the androgen

receptor. These compounds show high in vitre activity but disappointingly low in vive activity, such that these

compounds are not deemed commercially viable.

[0014]  Surprisingly, it has now been found that in vivo activity can be substantially increased by eliminating the

weakly acidic phenolic OH or SH group, or derivatives that can yield this OH or SH, from the R’ position.

SUMMARY OF THE INVENTION.

[0015] The compounds of the invention may show good absorption, good half-life, good solubility, good
bioavailability, and good metabolic stability. In particular, disclosed is a compound as described herein that
exhibits unexpected significant improvements in pharmacological properties, in particular improved bioavailability.
[0016]  Thus, the present disclosure provides imidazolidine derivatives, and methods for identifying and
designing a compound of the present disclosure, which compound affects the activity of androgen receptors.

[0017]  In particular the present disclosure provides a compound as described herein according to Formula Ia

below:



or R4a and RI4b are joined together to form a 5 or 6- membered cycloalkyl, 5 or 6-membered
heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl; R4a is halo, cyano, or nitro;
and mlis 0, 1, or 2. [0018a] Thus, in one aspect, there is provided a compound according to Formula
Ib: Ib wherein Xis 0 or S; Rl is H; or R1 is selectge.from C1-C6 alkyl, C3-07 cycloalkyl, C3-C6 alkenyl,
[@Bffally be substituted with cyano, one or more
halo, hydroxyl, or C1-C6 alkoxy; R2a is selected from H=P{Q)(Ok2, and C(0)(CH2)IC(0)0H; or R2 a'is
selected from C1-C6 acyl, and C3-C6 alkeny.eac r@ may optionally be substituted with amino,
or carboxy; nlis 0, 1, 2, 3, or 4; gagh R2b and/R?a, is indepen 3f’l&lnselected from H, and C1-C6 alkyl;
or R21' and R2a may join together to.formg -C7ZNyelgalkyl; 1t.3a is H, halo, cyano, or nitro; each
R31' is independently halo, cyano, or each R4a, and R4b is independently H, halo, cyano,
carboxy or nitro; or each R4a, and R4t js-selected from C1-C6 alkyl, and C1-C6 alkoxy; each of which
may optionally be substituted b)%cne or more halo, or C1-C6 alkoxy; or R4a and R4b are joined
together to form an 5 or 6- membered cycloalkyl, 5jar 6-membered heterocycloalkyl, 5 or 6-membered
aryl, or 5 or 6-membered heteroaryl; R4b is halo, cyano, or nitro; and mlis 0, 1, or 2; or
pharmaceuf‘f"cgffi}nacceptable salts, and the solvates of the compounds or the solvates of the
pharmaceuticilfy @cteptable salts thereof. 100191Also disclosed is a compound according to Formula
(VI): R'isH; or

R' is selected from C;-Cy alkyl, Cs-C cycloalkyl, Ca-Cy atkenyl, Ca-Cy alkynyl, and C;-Cg acyl:

each of which may optionally be substituted with cyano, one or more halo, hydroxyl, or

unsubstituted C;-Cq alkoxy;
R* is selected from H, $(0,)OH, P(O)(OH),, and C{O}CH,), C(O)YOH; or
R™ is selected from C;-Cs alkyi, C;-Cy acyl, and C3-Cq alkenyl; each of which may optionally be
substituted with aryl, amino, or carthoxy; ntis 0, 1, 2, 3, or 4;
each R* and R® is independently selected from H, and C-Cs alkyl; or
R™ and R* may join together to form a C-C; cycloalkyl;
R*is H, halo, cyano, or nitre; or
R* is C;-Cs alkyl optionally substituted with hale, cyano, nitro, hydroxyl, or C;-C; alkoxy; or
R™ is amido optionally substituted with C,~Cy alkyl;
each R* is independantly halo, cyano, or nitro; or
each R is independently C-Cy alkyl optionally substituted with cyano, or halo; or
each R* is amido, optionally substituted with C1-C; alkyl;
each R*, and R™ is independently H, halo, cyano, carboxy or nitro; or
each R®, and R™ is selected from C;-C; alkyl, and C;-C; alkoxy: each of which may optionally be
substituted by one or more halo, or Ci-C; alkoxy;
or R® and R*™ are joined together to form a 5 or 6- membered cycloalkyl, 5 or 6-membered
heterocyeloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl;
R* is halo, cyano, or nitro; and
mlis@Q, 1,012,

{0018]  Also disclosed is a compound of the invention according to Formuia Ib below:



wherein: R5 is H, C16 alkyl, C2-6 alkenyl, 02-6 alkynyl, or Ci4 alkyl substituted with a cyano group or
one or more halo groups; R6 is H or C14 alkyl; R7 is halo, cyano, C14 alkyl, or C14 perfluoroalkyl; R8
is halo, cyano, nitro, 014 alkyl, or C14 perfluoroalkyl; pis 0, 1, or 2; g is 1, 2, or 3; when p is 2 then
each 12.7 is the same or different; when q is 2 g3 then each R8 is the same or different, and
pharmaceutically acceptable esters thereof. [ Q@Eﬁsclosed is a compound according to
Formula VIl wherein X isO; R5 is H, C1-C6 alkyl, C3-C& h@r C3- C6alkyny| each of which may

derivative thereof, oracarboxyllchbc,ter G :
-C(=0)CH(NH3C1)iPr; R6b is H; Roe js-hdepende y=$@Iected from H, and C1-C6 alkyl; R7a s H,
halo, cyano, C1-C4 alkyl, which may ubst| ted or substituted with one or more halo; R71' is
halo, cyano, or C1-C4 alkyl, which.afay be-unsubXtituted or substituted with halo; each R8', and leb is
independently H, halo, cyano, crea alkyl, each of which may be unsubstituted or substituted by one
or more halo; R8' is halo, cyano or nitro; and plis § |, or 2. [0021]In a further aspect, the present

disclosure prlcl)vides pharmaceutical compositions comprising a compound
WIErem

XisOor§;

Rlis H; or
R is selected from C;-Cy alkyl, C3-Cy cycloalkyl, Cs-C, alkenvyl, Cs-Cq alkynyl, and C;-Cq acyl;
each of which may optionally be substituied with cyano, one or more halo, hydroxyl, or
unsubstituted C;-C;; alkoxy;

R™ is selected from H, P(OYOH);, and C{O)CHy),,;C{OYOH; or
R* is selected from C;-Ce acyl, and C5-Cy alkenyl; each of which may optionally be substituted
with amino, or carhoxy; nl 180, 1, 2, 3, or 4;

each R™ and R is independently selected from H, and C,-Cy alkyl; or
R* and R™ may join together to form a Cs-C; cycloalkyl;

R* is H, halo, cyano, or nitro; or
R¥ s C;-Cy alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C,-C, alkoxy; or
R™ is amido optionally substituted with Cy-Cy alkyl;

each R™ is independently halo, cyano, or nitro; or
each R™ is independently C;-Cy alkyl optionally substituted with cyano, or halo; or
each R™ is amido, optionally substituted with C;-Cy alkyl;

each R* and R* is independently H, halo, cyano, carboxy or nitro; or
each R4a, and R* is selected from C;-Cs alkyl, and C,-C; alkoxy; each of which may optionally be
substituted by one or more halo, or C-C; alkoxy;

or R* and R™ are joined together to form a 5 or 6- membered cycloalkyl, 5 or 6-membered

heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl;

R*is halo, cyano, or nitro; and

mlis0, I, or 2.

[6018a] Thus, in one aspect, there is provided a compound according to Formula Ib:



as described herein, and a phafinaceutical carrier, excipient or diluent. In this aspect of the present
disclosure, the pharmaceutical composition can comprise one or more of the compounds as described
herein. Moreover, a compound of the present disclosure is useful in the pharmaceutical compositions
and treatment methods disclosed herein, is phaimgaceutically acceptable as prepared and used.
QRsceptible to or afflicted with a condition from
among those listed herein, and particularly age-related-giseases,icluding, but not limited to
sarcopenia, conditions of cachexia and musél [ e by diseases including, but not limited to,
cancer and AIDS, bone and joint g'ggeas F i Oros
dysfunction or anemia, which method_cen
mixed agonist/antagonist compound § gcribed herein or a pharmaceutical composition comprising
an agonist or mixed agonist/antagonist.eempound as herein described. [0022a] In a further aspect, the
present disclosure provides a C(ﬁ'n‘:pound or pharmaceutically acceptable salt as defined herein for use
in medicine. [0023]Also disclosed is a method of trggting a mammal susceptible to or afflicted with
androgen-dependent tumors, such as prostate cancer or hyperplasia, which method comprises
administering an effective amount of an antagonist compound of the invention or a pharmaceutical
compositiorXgefpri8ing an antagonist compound as herein described. 10023a] In a further aspect, the
present disglogyfeqprovides an agonist or mixed agomst/antagonist compound or pharmaceutically
acceptable salt thereof, as defined herein for yuse in treatment or prophylaxis of cachexia
osteoporosis, sarcﬁéplesnsl%%egeggll%e i fi lldyg’aéilﬁ' of Cég%gfll ’d?/é"ﬁﬁ%‘fﬁgg.’[ 65&?&%%%&0%% %
compound as deséribieef évieirnfor ogmialithectrabtitont sithrevention of aaohditoydetetied Frdm
those listed hereingiaqgd-particularly age-related diseases, including, but not limited to sarcopenia,

conditions C}{ZE%%QE%(@Qg?{J)% @if?@rg(%? S gggﬁsgh% ﬂ%??gﬁgﬁf iglcluding, but not limited to, cancer and

AIDS, chronic dbstryac‘ ive pu isease, alfure, thermal bums, bone and joint
diseases, such asBstédpiseisdisore qutticih Aiido-anef'sextisrdyefuriétomor etemil, Wwhbatiethod
comprises adminisigting:ac efteethig;ameunt of armagonist or mixed agonist/antagonist compound as
described hgg%iﬁm&%%hqg%%%#ﬂg&{ COMPOsiil ”}an%nd%iﬁ %Igﬁ_%gonist or mixed agonist/antagonist

compound as hereir) described. [002 a%l(? a further aspect{ﬂi e’present disclosure provides an
antagonist or mixel a§Giistantay Hiets iR dome orfrartlktdutically acceptable salt thereof, as
defined hergififc, ek, nytreatmens:or prophylaxis of androgen dependent tumors, such as prostate
cancer or hyperplasia. [0025]Also disclosed is a compound of the invention for use in the treatment or
prevention of a cgndition selected from those listed herein, such as prostate cancer or hyperplasia

winch methB§edmis/REESHFATRiLHLYiRG ih Efd&ive amount of an antagonist compound as described

herein or a pharmaceutical composition comprising an antagonist compound as herein described.

[0026]Also Qi%ﬁl\@‘g,eﬁx@l@brﬂ%ﬁ%ﬁdgﬁ mt%?o?iz;m,acﬁ;gmgglm@@%xﬂescribegogir%n, V\gth |
representative synthetic,protocqls an ways disclgsed later on herein, 7]Also disclosed are
methods for deterr%ﬁcr?irﬁlgg tﬁréd(;%oﬁissﬁ?ftg?%ﬁ%?ﬁﬁ%ﬁ%y cat‘ﬁ\‘}i@'g‘ﬁﬁf%xﬁr/fp%ﬂhn 38 ?@ﬁﬁ%‘)ﬂag%%ﬁ.
[0028]Accordingly sibigitatgstincipabobjectdpihisinventiontorprovide a novel series of compounds,
which can modulatethadartivity. ghithe andieges raserios (AR) ansdhtaus R Oriraat apmRaladies
that may be causglll[ééerrglcatc?(gaikola grr_}rﬂg z%gglr\ég t@e&e%.r @9}%9 Igeiﬁh% 1Lurtheir object of the present
invention to provi eacoympo "ot the invention as aforesaid tha ]

I | can furction as an agonist or mixed
agonist/ant&gohist bHBEcAR N thereby effective to treat or alleviate maladies such as age-related
diseases ingludingi lwtnot limited to sarcopenia, conditions of cachexia and muscle loss induced by
diseases '”8!»%%%&%&&%%‘5%‘@5&%gﬁ%?&%ﬁ‘é‘%ﬁi@?@f’?ﬁ%”c%ﬁ‘}”&aﬁ Nt %S%‘S’lée%s sugh as :
osteoporosis, reduction in libido and sexua ys?unctlon or anefmia. [0030]1t |safturt?1er an object of this
invention toPBrBUAGR ac ek Res BBl NS e that can act as antagonists of AR, and that thereby are
effedivestio traddoqtisalleviate: nvalpeissotsymptomamiasame, such as androgen dependent prostate
cancer, male contraception and benign hyperplasia of the prostate, ovarian and breast cancer. In one
aspect a compound of the invention is an antagonist or partial antagonist and is of use in the
prevention and/or treatment of androgen dependent tumors and all the conditions in which AR
stimulation could be detrimental such as acne, alopecia and hirsutism; or in an alternative aspect the
compound of the invention is a selective androgen receptor modulator (agonist or mixed
agonist/antagonist) that can be used in the treatment of conditions of cachexia and muscle wasting
disorders (including but not limited to cancer-induced cachexia, HIV-induced, glucocorticoidinduced,
immobilisation-induced, diet-induced muscle loss, thermal burns, chronic renal failure, chronic
obstructive pulmonary disease) age-related functional decline (including but not limited to sarcopenia)
and male and female osteoporosis.



10031]The present invention also provides processes for the production of a compound of the
invention, pharmaceutical compositions containing a compound of the invention and the use of a
compound of the invention in the prevention or treatment of any one of the disorders disclosed herein.
[0032]A still further object of this invention is to provide iQ;eyrmaceutical compositions comprising or
ncluding a compound of the invention, for the therap uSes recited herein. [0033]lt is a still further
object of the invention to provide methods of treath ploying a compound of the invention and/or
a pharmaceutical composition of the invention. Other objects and advantages will become
apparent to those skilled in the art from a consi iornofthe ensuing detailed description. WO
2010/029119PCT/EP2009/061733 DETAILED DES@{LPTION OF THE INVENTION Definitions

[0035] The following terms are intended to hav, meg@nings presented therewith below and are
useful in understanding the description a?ﬁaﬂ” d scope of the present invention. [0036] When
describing the invention, which may include ‘compounds\of the invention, pharmaceutical compositions

contaiping such compounds of the invention and methods of using such compounds of the invention
and compositions, the following terms, if present, have the following meanings unless otherwise
indicated. h sfodfidlafss BE'hiveetdiBl thatwieh HéscAted HRYEHANG O A hBRESY & Torth
below may behglehstituted with a variety of substituents, and that the respective definitions are intended
to include suchesupstitatedipeieties within their scope as set out below. Unless otherwise stated, the
term "substituted" is to be defined as set ouFtﬁ%elow. It should be further understood that the terms
"groups” and “tatiikifs “YaR be'd 218%%‘63 JRANYeable when used herein. [0037] The articles ‘a’
and 'an’ may Bé mbeld. lspretnnitdter thdrre Grtocrfioreothah one (i.e. at least one) of the grammatical
objects of the gayfigle, By,way of example "an analogue" means one analogue or more than one
analogue. [OO;;,CSJ 'I\/&yggg_fers to a radical -C(0)R20, where R2 is hydrogen, C1-C6 alkyl, C3-C7
cycloalkyl, C3- 110 cycloalkylmethyl, 4-10 membered heterocycloalkyl, aryl, arylalkyl, 5-10 membered
heteroaryl or Héwrairy ksl RisfifedamseidifRepresentative examples include, but are not limited
to, formyl, acetykncyGlohexyleadacinyt, icyelehexylmathylcadaonyl, benzoyl and benzylcarbonyl.
Exemplary “acyl' groups. are.- C , =C(0)-C1-C6 alkyl, -C(0)-(CH2)(C6-Ci0 aryl), -C(0)-(CH2)(5-10
membered helf}é&}oa.lartileig;n,cfjl (6§? 1 ?%f(%ﬁ%i%ﬁg cloalkyl), and -C(0)-(CH2),(4-10 membered
hetel8§8MIoalkiAy dntetedisriscamq @@Pf?ﬁkﬁ%gﬁ"ﬁ?? ] Vicylarnino refers to a radical
-NR22C(0)R23, where R22 is hydrogen, C1-C6 glsyl, C3-C7 cycloalkyl, 4-10 membered

b omyl or heteroarylalkyl and R23 is
hydrogen, C1-C6 alkyl, C3-C cycloalkyl, 4-10 me be etevticycloalkyl, C6-C10 aryl, arylalkyl, 5-10
membered heteroaryt or heteroarylalkyl, a$ defpeghz .\E(m’nﬂplary “acylamino' include, but are not
limited to, formylamino, acetylamino, ehexylcarReydamino, cyclohexyhnethylcarbonylamino,
benzoylamino and benzylcarbonylamin mp\lfrary “acylamino' groups are -NR2FC(0)-C1- C6 alkyl,
-NR121'C(0)4CH2)1(C6-C10 aryl), oM
(CH2),(C3-C7 cycloalkyl), and -NR21'C(0)-(CH2),(A\7ilIO membered heterocycloalkyl), wherein t is an
integer from O to 4, each R21' independently repreéer?ts H or Ci-C6 alkyl. [0040] "Alkoxy' refers to the
group’h@R26 where R26 is C1-C6 alkyl. Particular alkoxy groups are methoxY, ethoxy, n-propoxy,
isopropoxy, n=bgexy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy, and 1,2- WO
2010/029119PCT/ERP2009 33 dimethylbutoxy., Particular alko raups are lower alkoxy, i.e. with
petween 1 and Gl BON A U AHE R ST o R SR LT e ch BB ome
[0041] *Alkoxy¥ssegr vesersrsca#iadical -C(0)-01227 where R27 represents an CI-C6 alkyl, C3-C7
cycloalkyl, C3r00icHcloalleyiatiod: 4stOomrmheredhbeteracyaloalyabsd; aralk-o0pB-1@ nuambered
heteroarylalky}.as.defined herein. Exe . xycarbonyl" groups are C(0)0-Ct-C6 alkyl, -C(0)0-
(01-12),(ca-ci%?%ﬂ?ﬁgaségé-(éﬁ%)@% ‘rﬁé%nlq?ia%’red heteroaryl), -C(0)0-(CF12)(03-C7 cycloalkyl),
and - C(O)O-(Cﬁ—|2§t({l-10 membered heterocycloalkyl), wherein t is an integer from 1 to 4. [0042]
'CD-Aryl-carb@iyik ieferstendyr aticali-640)H04:R1 29 Whise; 1229 represents an C6-Co aryl, as defined
herein. Exemplary "0-Aryl-carbonyl" groups is -C(0)0-(C6-C10 aryl).
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[0043] "Hetero-0-Aryl-carbony!' refers to a radical -C(0)-OR3' where R31 represents a 5-10 membered
heteroaryl, as defined herein. [0044] 'Alkyl' means straight or branched aliphatic hydrocarbon 1 to 6
carbon atoms. A further particular group has 1 to 4 carbon atoms. Exemplary straight chained groups

include methylbaethlylhaigr 3E %n ufyl Brlargchgguggetan? ggrgggst%tnaor h%\r’;\éer aIk groups such
afnea f\f‘g% @ln

as methyl, et ﬁ??’ a% exe ranc roups
include |sopro§ g\ 33“5 yina[?ﬁbﬁglﬁ&r%“ﬁge St stét#? il d0a61
'Alicylamino’ r e’rss“tij_)e‘i’ﬁ ({0 PQQWWe?éWﬁﬁqg ko) &%PC[WHW"‘R ‘?&/Pé W Wefers to
the group - NF@BSF@BWIM?@?em R36 is C6-C10 aryl and Rr is CI-C6 alkyl. [0048] 'Arylamino’ means a
radical -NHRAWkdvaoR#deoseleittadfom C6-Cm aryl and 5-10 membered heteroaryl as defined
herein. [0049]Bialkytarhino' refers to the group -NR42R43, wherein each of R42 and R43 are
indepEndently aclette dsram ikt lnEamleylo {030 idahdaminaicd ferstaithesgroupisNRa46RebRnd
wherginceaphidfcla: 46 angiRdh@igidndependeniesaleaiaehfromiGoaptot atyth] PR} dvnisasuifenyP
or 'sylfpnanigearefarsoinitheckadicabrad LW M Ziurd of IR0 Aralkyl isandalkykirefermiaan alkyl
group,As.defined.above. sulistitdted withione grmoreaiil cspyRsias definedrRovenmbarticulacarallcyl
or arﬂé@ 15951%‘1‘8%85&915 ydlcgg&gﬂg ;ﬁjg%ggé Withyone aryl group. [00531 ‘Aryl' refers to a
mo”&Yeﬁﬁ”t A mé" G0, 5305%% 2 9%? de“"%%% tsh% 'Er%"?o? 3&%99&@!%%5%%%%”9'3
1

carb aren aromatic ring articu ragylr atn aromatlc r|n ruc
gte E&E‘F]IC e/ a %as S, IBC U ml O S&l G NS O
IC or_poly:cycli lude mem ere the

mono-C

aryl ra%ﬁlrsaawﬁa& Ve ‘Hﬂ‘{f Qremsrri%rerécr&?rﬂarryu&alﬁ AR B SR ‘P %%ﬂ dr8lips
inclutiec Bt SYek iStIRRTREPES: endriRiterrshesteh Rt %@?fﬁﬁﬁtﬁ@f@hé“eﬁhﬁd Compﬁses
aceHE R o & TATE 200070 2 1 SR EPPO0S Or 1 PHE A R CERROWS e Ae i kHEn SRy sene,
coronbreafiudraltareitbocromeishe xacerrest hexapdaaenifertkomes! sgupriad enkeradagussek, indane,
indené)23aphihal énéeoatprente eotegpph dindpoctaianalcovalenupé nopRydndierzalhemtepénis, pértalene,
pentaphedasperyene iphetialene, phenanthrene, picene, pleiadene, pyrene, pyranthrene, rub icene,
triphgagtgnc amng Wnspbihale aedariculamdy asyhgrmupsuanehste phenyfinaphthy adaceeyldapattient
tetrahyghenaphthylJORs dnAmideyraiarsiiohenradical <GPV 24h00RGhe GRUOXJ afefsntathe
rad'Carta&@@&dn&%@]o&y&hﬁ%hb{&&%@@%@y&@ma@m@s hyghacarby graunsshavingfran3 to 7

car g&ﬂo&a&%&ich cycIoaIkyI groups include, by way of example, single ring structures such as

cycl cI tyl, C ent l, C Io exyl and oy, cIohe I [0057] Cyano' refers 10 al
Rl R AR BT RE ?{ééet f orsg B S A SR
groups are 8“&? !"fl aﬁcre(ﬁjtor%r?ﬁ } gln ur s 18 dedenbe & Bmpdind of & group
pres&Ht SRS LoiisRMmE: ﬁg%ﬁlfgetﬁ’a e aﬁqf?ﬁé%u AP681 Ca’t?ﬂns in the compound or group have been
repla84thy s Mitr8ERsE:y denmBr Eiftirdestehbsri® s io Tl Be s RIS s bP i ki St arby!
groupdedieddiie dhetsdired lerrias arkyrricy e terosiRE eersekiicialiiehBie roE s sk sarppeaiy,
heteradjionyelcatkernyhnd guejclotrcrdroadiydcaspitplioding Pavirigifro 0. e Sesmd pEPicehericfrom
1 to 3tsetetivatoimeniDD6idaelatoroarynm &alns ahearohtatio. regestrd ctinelismmno-oytlic ortgotyeyelic,
that irdlisdesioneidsr mbsexhateraatorns anctorio, 1Riringabeinkers;mordnissalysSie i tirgmembers.
The hetgroanigroumsan besdiorexaoinie cadpseonambeielar Bhecmaembefeanvanacyclisnthogiona
bicydigrpiiysture.formed fraoa fussd fiveand: shmamberRefingsasdvo fused six membered rings or,
by waph2fa TUrthel-fxample, aueusedilvedme mpsaggﬂar; NE8cHACRINAMNANRAUAR IR LA und

hetelgaps.picaly s i e R tgr%dﬂ?fsé?%%mgm”

contadn upto4 eteroehtoms mare typi to 3 heteroatoms, more usually up'to 2, for example a
ent tumors, suc rostate cancer or
sing| e erogiom In one S B odlme ?h%p eroarytl rin .Gon alns %nleast one rlncg1 m}rog tom

242 SO dlSC 0‘3 a comgoul €_Inven { e ireal or _preve:

The hitroden atdms’ i th 1ﬁeter ryl rings can be basi ¢,'as in the case Cof AP imidazole or pyr| |ne or
esseffiEifA BT ﬂ’é’§?81§f§dlﬁefﬁlé‘ é&%‘é%f’ﬁ)ﬁt?r?&&f@eéf”bwg@aﬁ frogen. In general the number of basic
nitrogen atoms present in the heteroaryl group, including any amino group substituents of the ring, will
be less than five. Examples of five membered monocyclic heteroaryl groups include but are not limited
to pyrrole, furan, thiophene, imidazole, furazan, oxazole, oxadiazole, oxatriazole, isoxazole, thiazole,
isothiazole, pyrazole, triazole and tetrazole groups. Examples of six membered monocyclic heteroaryl
groups include but are not limited to pyridine, pyraZine, pyridazine, pyrimidine and triazine. Particular
examples of bicyclic heteroaryl groups containing a five membered ring fused to another five
membered ring include but are not limited to imidazothiazole and imidazoimidazole. Particular
examples of bicyclic heteroaryl groups

€X1a,



WO 2010/029119PCT/EP2009/061733 containing a six membered ring fused to a five membered ring
include but are not limited to benzfuran, benzthiophene, benzimidazole, benzoxazole, isobenzoxazole,
benzisoxazole, benzthiazole, benzisothiazole, isobenzofuran, indole, isoindole, isoindolone, indolizine,
indoling, SRR NG RLE B E:GrerRY SR RB. GHANIAGIBE A7 QiR PUIAZOIARMHIMId I BR HisZ alopy irdine,
benzodioxole anld pyrazolop%/{rldlne grougts. Pagtlcular eéan}{ples ?f bi ghC heteroaryl groups
contRIRIT SHECR SEBPER RS REES R L IR R & BB BH R SETFHitEE ¥8 Guinoline, isoquinatine,
cluort@g?slthiotheodiraivsabroneribods dehrombsseingh popaanoind chirshsenb e creraiai oxdn repaepralitine,
benzgxazing-henaosiasine Hyddepwiding uhexaline, quinazoline, cinnoline, phthalazine,

nap jdine, and pteridine groups. Particular. hcteroaryl groups are those derived from thiophene,
il o e el i B Bk e s e e
[006 $3Ezahpiessnof representative aryl having hetet atoms containing substitution include the
folloywiogs aY aXaewheraineashpdl isiselectss frami(RI4)2DREA:Dand S cansbeathwiis selected
from carbonyl, NI and. S; apd RS54 is independently hydrogen, C1-C }%ﬂ GR:GAQ ¢ycloalkyl, 4-10
merﬁB%‘%%é*%%Fe?‘E‘)%c"i}%S% f/ll,a 6 C A Cgﬁéﬁr and 5-10 membere ﬁgteﬁoﬁﬁ 08362?iafix§7mples ofXJ
reprégleistitve et isaRtpeRIde the following:  wherein each Y is selected from carbonyl, N, NR55,
0 angh@eand K55 fs-ined epende nityplyedragen itile@o Gd: € doayolodlky thdit@membetedaid that can
heteroeyrlpalkyl, &G 10k ARdiS7AQ REMREHRAREEPANLR00RL AR UPRNE BIE IS IRERes

“heterocycloalkyr refers to a 4-10 membered, stable heterocyclic non-aromatic ring and/or including
ringsSEhAIARRGIRY SRt ARt ShABIER dR Tty BERESAPRURINC (CFERES, TR SSHerEs. A
fusedhheterbg yidlesengdydtenvimayt inchied eccampecyadic Hily D anchnbpéhotibzans] vdd eneshetersoyclic
ring. Examplesgldhetaraeyslic dngsiincude Bt are not limited to, morpholine, piperidine WO
2010/029119PCT/EP2009/061733 (e.q. 1-piperidiny], 2-piperidinyl, 3-piperidinyl and 4-1Pipericlin0¥e,
pyrrafidie (etds 1RFBRENST: o1 BirBYERRA SRS Arofidingh © %Wl?ﬂ? %Féai 5%’3?{ BEEBYPAR BF
4H-pyRannddihy teothiopheiiati dihy drepyratic diteydebilicary; dibytirotiibsole, welrahydholsragependent
Fetrgbb%{gﬁm%%ﬁﬁe QEQPE@E.I_ @hﬁgﬁtﬁlﬁb M%%H}ﬁ@@q%%@a éf‘tﬁ@%ﬁﬁ%{l@&%%@%&%ﬁ@%ﬁm (li'ln lont_e aspect
imidazolidinone, oxazoline, thiazoline, 2-pyrazaoline, pyrazolidine, piperazine, and N-a iperazines
e v et e e R e S
(partidutettyeerideneompiblineds Stfl flrtrepcadising|sshciudl avetibimg (ipétadnensipdraEdne disd
N-alkybpipersings.ssehasNrarthykpinepding. Pastisulanexamplesiof hateneeye aalkyl@ravpsdare

shown in the following illustrative. mples: :--,VV . 1) 2! | wherein each Ml is.selected from CR56,
e Gend WS ANE POTRIY, i 1 v L SR SAER SISO o
hydrégefe Ciste dikgasieeiadafidal AmighiempereithstsrGestrsaliay ericely grjposriqid-
menﬁlaeﬁadl,hma&ny&;ﬁﬁe&ech@teiﬁgy@mﬂ(yhdﬁgs Ay bemratidmﬂy sipstituteshwithiloae Granore
9f°“8§s§rﬁi%9$e‘f%1 l%m&hﬁs%(?eﬁ' F%éé%ﬁﬂé(&i%9&%9)/he@ﬁ%a{m&'ﬂf&&cb{&?%lé(t(g&‘ﬁ’&yl@g&%éQi)ﬁ%@é'n%liéoxy’

alkoxycarbonyl, alkoxycarbonylamino (-NR"-alkoxycarbonyl or -NH-C(0)-OR27), amino, substituted
amin® HAG C318PF famido or -C(0)-NR72), aminocarbonylamino (-NR7-C(0)-NR72),
aminpeatrbon{lexyréstat GEAINR 720 amingsuttorsghesitfohdamihstiaryf -0-andoaridd, barsesgeeyano,

cyclaglkyl, halogeR By RXY B ERIOk s ettt lo r PN O) W 20D A2 2r BK Y BTG
-S(0)2-aryl. Substituting groups include carbongf!ﬂ%l&ritgg?)c r%nyl which provide, for example, lactam

and (& BEVTAIRISE TREERAT S9EORY f b LR [die&t 2BE™0065] 'Nitro' refers to the radical

-NOZ0032] A siill further object of this invention is o provide pharmaceutical compositions comprising or including
a compound of the invention, for the therapeutic uses recited herein.
[0033]  Itis a still further object of the invention to provide methods of treatment employing a compound of the
invention and/or a pharmaceutical composition of the invention.
[0034]  Other objects and advantages will become apparent to those skilled in the art from a consideration of the

ensuing detailed description.



[0066] 'Substituted' refers to a group in which one or more hydrogen atoms are each independently
replaced with the same or different substituent(s). Typical substituents may be selected from the group
consisting afidalegen: iR57, -0-, =0, -OR57, -SR57, -S-,-Nee, =NW', -CCla;rEEansed739CN, -SCN,
-NO, -NO2, =N2, -N3, -S(0)20-, -S(0)20H, -S(0)2e, -0S(02)0-, -OS(0)2R57, -P(0)(0-)2, -P(0)(0R57)(0),
-0P(0)(0R57)(010, -C(0)R57, -C(S)R57, -C(0)0R57, -C(0)NR57R58, -C(0)0-, -C(S)0R57, -
NR59C(0)NR57R58, -N1259C(S)NR571e, -NR66C(NR59)NR57R58 and -C(NR59)NR57R58; WO
20101029119PCDEP20091061733 Whereln each R57 R58 11.59 and R6 are independently:
hydrogen, C1-C6 alkyl, C6-@QHEY AINVIEBrPRIKURICE OYCIGAK N VIENT fieimbered heterocycloalkyl,
5-10 rpembered heteroaryl, heteroarylalkyl or Cl1- C6 aIkyI substituted with halo or hydroxy; or
C6-C10 aryl, 5-10 membered heteroaryl, C-C7 cycloalkyl or 4-10 membered heterocycloalk
bt oy THELTOE 14 PR ol S S A SR RO AL SHE Rl
haloaklyd eiynsting titaigdcGp ol dnb yedsadybdkos of thnpebsiitited©d.-C4 haloalkoxy or hydroxy. In a
paft'C%%sgb%@%am&Qe IS AIRUPS RS SHRSIHUIRE i &&nﬁs%%rml%ﬂﬂh iz pafliyarly

with 1'to bstituents, in 6art|cu ar with one su tltuent gro 0067| erfluoro’ when used as a
prefix CRETRRSItENA eoaBNeTEchlFHD PRRdFote A iBYRIEY b ABRIBEREHH T avinn ik repmesivih iorine
atomSnP@fﬂﬁﬂéﬁlﬂ)éotﬂﬁﬂEl’dﬁ pm&ﬂm&malkg/ie;r@ﬁe iS peeant syt @s defined hereimpinwbichiadtthe
nyarogeRalams WkseseRiAced v ars slams ApaticHARR aIRalpAG RS (Ef, [0068]

In a further particu ar em ment the su stltuen igroup or groups are se ected front halo cyano, nitro,

trifluoFBRH e FRbHIRS O fRiC a SRS SNRISD P has o NRPEEEYS AP areCrIed 1 Tt 12.7, -
NR?C(@}Rsﬁb:Ezﬁ&)l\lﬁomes -\Nﬁiﬂﬁ%ﬁ sd§pRaRst @R)éiowheres@ oeashii Ztﬁﬁemdﬁﬂ@ﬂd&ﬂﬁ}ﬁﬁﬁﬁdﬁd from
H, ClI- C CH2 10 ar H red et roaryQ, -(CH2 € lkyl),
and (8%&#%1% OaSh%gm ered e%e%hgdél)}%cl%j%(t 'wh eerlggﬁo'? |§§r?7int%§1esr to&(%(r:l%é%gn{ﬁa%?
groupsoppEsEstinsEpapgAbieN e B@%bﬁ%ﬁ’tuted by halo or hydroxy; and any aryl, heteroaryl,
cyclogiytr hetrraeyrloatyloreURsPHeSEa! ey themselves &a&uﬁs&itﬁe@@xwaﬂﬂ%ﬂm@m-c4
alkyl, q]alo unsq{bs itut ed C £C4 {;t\J ox;g unsubet{g%ﬁe%@l -C4 fialoalklxl unsmlJcbﬁ!I uted mfe than
hydroxyaﬁ?y o 1ﬁ?’lsu ?uq[egﬁa 5 %ydrox PEadh R* i epen en repre%%n? Bor ‘&i-CG
alkyl. [o0894logedfo’ or “sulfonic acid' refers to.a radical such as -5031-1. [0070] One having ordinary
skill ingagart @L@fga}aﬂ&sswahegi@aw@(@@@%e thet the,aximum oumBer of etespalemsing, stable,
chemlcally feasible heterocycllc ring, whether %ﬁ@:om tic or n n arog:(ﬁtlc is detdg guned b the size

of the PRGNS ee ot LinBERREHEN SHEPERE c&TSF tHE Rtk oatoms i B et & BoterStyclic
ring meyehravgadng 4o defirel dtersatdhasrsuiBhigeas thelteieriodeohuaticering llieldhte tnidatiysfeasibie and

stable, ai&@ﬁéayﬁi}%m%%ﬁ@%%a@me@m@yﬁ&%@@ﬁeﬁ@a%%mmﬁa@pmyaa@gw@mfsvdegency of
the Federal or a stateégovernment or the correspo dln%@aenc in countr‘gj éder than he'rLjJ ted

States- P that 8isted m ¥R U S BrarHdEshoe s or i‘gﬂﬁloré%b "HHSP R HCopbéa for
use |n(@ﬂuﬁélsCa)nvdfqlnelﬁelmaiﬁtd}tﬂlﬁﬂy(ﬂﬂﬁtﬂﬁnb{]@enm@@@@mgm@ﬂﬁﬂer%,gﬂog&1@@1@%0111 0
[0072)Plharmaceutically acceptable salt' refers to a salt of a compound of the invention that is
pharmaceutlcally acceptable and that possesse§ the desired phagrmacological activity of the parent
compotififlin pAYlRmEP, SFERSs At ariBh TORicCHAT be Wty ahic Br BYGRRRE abid-adtiition Salts and
base aglditidiy sakts.0Speeificatly suetrgaltsline|ucieC (1 padid apldikign salls, fembeddvithtinarganic acids
such %%tgmxﬁgﬁgq%@ﬁvd13%9959%'6@%1yﬁl&f% aeidainiie 36it-pRASANAUC AR, AP Ehe like; or

formed with drgahic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentaneproplonlc

acid, givdotie atrl syt bvmeabsae ddeie o, %%?E?ﬁ?é‘ﬁ@&‘yéu%cﬁlﬁ@%{&%el%llgéﬁm’ Hal8fR '4BI8° fumaric
acid, taxatle &m«damtnet duaidichenz dicradichiBs (dudeydaoxydh enzpidtyndsicyaoidocinyarhis doidhyhandelic
acid, @ﬁ&%@&%ﬁo%&&%nﬁ@@ﬁ&’é&&%@&@o@ﬂa&i@oeﬁ% grggmé m&%&ﬁaméom@t@@?wlfomc

acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid léP halenesulfonic acid, ...
4- toIu&ﬁe%lﬁfﬁbnﬁgcﬂ((ebfﬁﬁh)e{&%ﬂ@n%@mdwm(e(tﬂg/ &gﬁf)él PHPEES- BB @é{?’bo%ﬁlc%{g&
gIucohcmgm-@eldyc&@hﬁmdpdem@ﬁ‘lC:(aE]{ﬂCHme{hylmemherabisbmen}amamylad:retmrmzld,aiamrygaulfuric

acid, glgonic g(ggchq{utqm%&le{iwgg%&ggﬁk&l@lccaggwsal|cyI|c acid, stearic acid, muconic acid, and

the like; or g ) salts formed when an acidic proton present in thea%r?rent compound either is replaced

by a mi840ion, lkpxErieiniatr feeariem Ok a*rﬂeem% eaftiforlkst it o oBs oo rRMaEs with
an organicbasesyekvasieihapsiamineuxdigthasotamine, idethaneamine;dNymethytglycaminel @nd the
like. Salts further include, by way of example only, sodium, potassium, calcium, magnesium,
ammonium, tetraalkylammonium, and the like; and when the compound contains a basic functionality,
salts of non toxic organic or inorganic acids, such & hydrochloride, hydrobromide, tartrate, mesylate,
acetate, maleate, oxalate and the like. The term "pharmaceutically acceptable cation" refers to an
acceptable cationic counter-ion of an acidic functional group. Such cations are exemplified by sodium,
potassium, calcium, magnesium, ammonium, tetraalkylatnmonium cations, and the like. [0073]
'‘Pharmaceutically acceptable esters' are those which are sufficiently non-toxic to be regulatorily

approvable. Preferred esters are phosphoric esters and derivatives thereof; and carboxylic esters. In
nenaral nharmacaeriticallyy accentahle actare mav he formed with nharmaceriticallyy accentahle aride

-




[0074] 'Pharmaceutically acceptable vehicle' refers to a diluent, adjuvant, excipient or carrier with
which a compound of the invention is administered. WO 2010/029119PCT/EP2009/061733 100751
trodrugs' reiges 40 eraounds, including derivatives of the compounds of e ipwaasioa,yghich have
cleavable groups and become by solvolysis or wider physiological conditions the compounds of the
invention which are pharmaceutically active in vivo. Such examples include, but are not limited to,
choline ester derivatives, N-alkylmorpholine esters, glycine, valine or other aminoacid esters and the
like, cABERYIGKI Serarazsplfary BrRpRGEpAte Ty 1B078] REBIGEe: TRISH STSMANTDt 3EBhpound
that aremssibeitecywitlha solveetyasuallyl Byeatsolewlysis reaction. This physical association includes
hvdfom?pnqu&%&@ﬁw?&Ligolxemaﬁb%hud@(&@é%w Sfhgnokacelicagid &n@}.&? ke Thec,

compounds of the invention may be prepared e.g. in crystalline form and may be solvatéd or hydrated.
Suitas58ilgte§ ifcludechrbpidutclyaesptanis soraterdkditalag iatates, skt RFRSFHclude
both sztedﬁhi.ﬁyﬂmkllsit Boledites andinorEstaighiomaiicselvaiel. drocertain ti‘msganCeS?Jhﬁ@b!vate)@HI be
Capabdéﬁ&t%%.'agoamf?f@@*@%@;gﬁ}&m8r&ﬁe&a{bm&{%@x&%%?@w@&ﬁgm?@m 5?&99}421 th crystal

lattice ‘of the cgsta né soli vate' encompasses both’solution-phase and isolable solvates.
RepreSeénarvéasiviieciniidd Hyararieetharibiad e fietraioTatds H0077] 'Subject includes
humansede termsyhwmain) patient anddsubjeat)are isedrinketchangaably bereinaf@048dkfined
‘Thergpeutically effective amount' means the ai t of a.compound of the invention that, when
admigl%ig}rné tx(;é rgpiﬁ%jgéc?t‘% rf:raeirg%%ae ag‘r(?%galsser:@gﬂs%@%ﬁﬁg ffect s}tijch treatment for the disease.
The "tHé4Heutiatpdiféaiedmolineizanvantdederting n thkcsoRpotie Sftie mientivberede
diseasganghits senarty nerd.the age, weight, etc., of the subject to be treated. [00791 'Preventing' or
‘preventjon, refers tg a reduction in risk of acquiring.or. developjng a disease or disgrder (i.e., causing
oV R of B FIEE SO BT A LLHRE ROt Tt L LA oo LRy BB bsec o
a disegsepdas dinglagent drpsedispober tritie diseaserimdvantensfidis etsbramsptl, [0O80)ITHe term
‘Prophiylaxiscis felatadtRIGVRBLOoRwaANdIERTEIHEe RNEASHNEQr AIACEEILE theurtrRAsaAENDIEh is to
prevent, rather than to treat or cure a d'lsease. Nqn-'limitin egam}gh?)s é)J E%ﬂyl ctic mﬁasures may
includBiE BRI SHBRP BV BECHEL “HRE SERHIR R RHDRGF I fotsBiidrWelight REER¥n to hospital

- patieni8detstisk’ fonith’ onibosishduglifer-skample, to immobilization; and the administration of an
anti-rr@mlﬂl agen ﬁ%qgoa&]%m%%%ﬁ%pigi\ﬁ%ya%&%@siqg @_@Ggﬁ&graphical region where malaria is

endemic or the risk of contracting malaria is high, [(3)7081] ‘Treating’ or‘treatment; of any disease or
disordd0rters At gae lampo dRffere & srraliordiny thddrdedsddrdisottidrii& | drfetinglifle disease
or redywiag)the Apanifestation. exiemtor severiynof akleasiareohithe cliaical-symptomsdbemai. In

anoth%r embodimde t 'tc{?ating' or 'treatment’ refers to ameliorating at least one physical parameter,
. e’feroa'r(\;{%; féjme b
which'may not be di

Seeriible by the subject. In yet another embodiment, 'treating' or 'treatment’ refers
to modidfdfihg théetidemsm oraisotdeheeitior phiRiEAlyviergn stabilifakidrrod Kdiscernilsteniwoy
2010/Q204 L9RGT (ER20Q9/061733 symptom), physiologically, (e.g., stabilization of a physical
parameter{h or both. In a further embodiment, treating” or "treatment" relates to slowing the
progreddh of %‘W@B’&Qeﬂ%@é?f%ﬁﬁ%@ﬁ%r&n: YHE el CerarekBrs 15 HRRangRant BIB&Rign
growthirofmaell€ imskin or in body organs, for example but without limitation, breast, prostate, lung,

Kidneyopafireas, SIRMAG I ONEL A GRNSREEs Infitiats fofp adjacent tissue and spread

(metastasise) to distant organs, for example to bone, liver, lung or the brain. As used herein the term
cancelifERides\pdkn! nvetastatie fumiatcen Hkpbeosnct 48R HErinredtBchidianemhea NI pRdma,
leukagmiansfiRsasdicaris. AR RMMOsARANA 3NN astosy emaiandype suktisstievaarenoma, such
as but not limited to, colorectal cancer, prostate cancer, small cell lung cancer and non-small cell lung
cance%l%ulpe'ast cancer, pancreatic cancer, bladder cancer, renal cancer, gastric cancer, g,lioblastoma,
primah@8§dk cancar refvmrian tanceleprasmraccaterthed eraviristispdrhy dsararsid [0088hscgsed
h_ereirllamﬁ t?érma{@g@mg@r&&uﬁ@g te Q?ﬁ‘éﬂbﬁ(ﬁﬁﬁ@iﬂi @ammf iR gathalii raes? igfsr@mﬁ?ﬁad@g? rs a
signal transduction reaction. The aility to alter the activity. of a receptor, also known as onisfs

o Toacy BT TS i P K TR e Ot e gt
[0084]iksandegtdierisin, Hvederic aimagoist ispadediirte serssatcenipourienthal iesek Hpt groveke a
biologigaltRspRNSRitss fipra RINAIRGO &feceRioh Rulbliecks O AempRRsAGoRshMAdiRtathe,
responses. [0085] As used herein the term "compound(s) of the invention', and equivalent
expressions, are meant to embrace compounds of the Fommlate) as hereinbefore described, which
expression includes, the pharmaceutically acceptable salts, and the solvates of the compounds or the
solvates of the pharmaceutically acceptable salts, Hlg., hydrates, where the context so permits.
Similarly, reference to intermediates, whether or not they themselves are claimed, is meant to
embrace their salts, and solvates, where the context so permits. [0086] When ranges are referred to
herein, for example but without limitation, CI-C6 alkyl, the citation of a range should be considered a
representation of each member of said range. [0087] Other derivatives of the compounds of the

invention have activity in both their acid and acid derivative forms, but in the acid sensitive form often
Nnffare advvantanac nf enlithilitns ticeciie comnatihilitn/, or dalavved relaace in the mammalian nraoanicem



and that vary in the displacement of hydrogen atoms and electrons. Thus, two structures may be in
equilibrium through the movement of it electrons and an atom (usually H). For example, enols and
ketones arefiomesspgcause they are rapidly interconverted by treatmegtyyith@ither-a¢id or base.
Another example WO 2010/029119PCT/EP2009/061733 of tautomerism is the aci- and nitro- forms of
phenylnitromethane, that are likewise formed by treatment with acid or base. 100941 Tautomeric

forms may be relevant to the attainment of the optimal chemical reactivity and biological activity of a
comp ARSI taresic ARCISEE KBRSt RITACC SHBHIMI O tRE AR eittitrFifchidedithe Biitdiferic
forms afitlieceampodadsdischasgddcht] bapHHVIBE) U & 4 Q0D ehhargntse nd iives ieftand-piravides

imidazoliging d g&%{%té\{g e% e 9%&@ idsnitying, and.desi H&Qesb‘l%ﬁ&%%%(‘ T%H@EHQ“'W

the présent invention p sac oun of the invention according to Formula la b Is wherein
Xis 0 b%erg fgippepyla ?@%é‘?@@fé@ﬁf é’?@@%‘ﬂ%yil@&f@?’%ﬁqw&ﬂ(%e%G‘B’H%WC@ @l
aikynyknaadifodagithacyl; each of WhICh may optionally be substituted with cyano, one or more halo,

hydr unsub t|1u ted s selected from H, S(02)0H, P(0)(OH)2, and
C(O)(éﬁyﬁ (O%Hg a%sfgee 3cted E}%ﬁ C6 alkyl, C1-C6 acyl, and C3-C6alkenyl; each of which
may of$#Sahlly’ 6@@3@5fﬁfﬁ@@ﬁh@h@ml &tfneHor carboxy; n1is 0, 1, 2, 3, or 4; each R2b and R23 is

indepegpgied)tly eslaciadiramtt (Pl ke foRalkula®y i@@s@r%gﬁgrm@y 1@{&@%&@@&%@%%@% GoRR?
cycloalkyl; R33 is H, halo, cyano, or nitro; or R3'is C1-C6 alk¥ tionall substlltuted with glo cyano,

nitro, RYEHGYSIOHFE Beus, %&?ﬁ b B34 74 TR SopHgSagE RSt Ge it SRRk UalibRab
independemtttyyis dyaldhesyana] cychibapiydr

[0657] ‘Cyanc’ refers to the radical -CN.,

[0658]) ‘Halo’ or ‘halogen’ refers to fluoro (F), chloro (Cl), bromo (Br) and iodo (T). Particular halo groups
are either fluorc or chloroe.

[0059] ‘Hetero’ when used to describe a compound or a group present on a compound means that one ot
more carbon atoms in the compound or group have been replaced by a nitrogen, oxygen, or sulfur heteroatom.
Hetero may be applied to any of the hydrocarbyl groups described above such as alkyl, e.g. heteroalkyl,
cvcloalkyl, e.g. heterocycloalkyl, aryl, e.g. heteroaryl, cycloalkenyl, e.g. cycloheteroalkeny!, and the like
having from 1 to 5, and particularly from 1 fo 3 heteroatoms.

[G060] ‘Heteroaryl’ means an aromatic ring structure, mono-cyclic or polycyclic, that includes one or more
heteroatoms and 5 to 12 ring members, more usually 5 to 10 ring members. The heteroaryl group can be, for
example, a five membered or six membered monecyclic ring or a bicyclic structare formed from fused five
and six membered rings or two fused six membered rings or, by way of a further example, two fused five
membered rings, Fach ring may contain up o four heteroatoms typically selected from nitrogen, sulphur and
oxygen. Typically the heteroaryl ring will contain up to 4 heteroatoms, more typically up to 3 heteroatoms,
more usually up to 2, for example a single hetercatom. In one embodiment, the heteroary! ring contains at
least one ring nitrogen atom. The nitrogen atoms in the heteroaryl rings can be basic, as in the case of an
imidazole or pyridine, or essentially non-basic as in the case of an indole or pyrrole nitrogen. In general the
number of basic nitrogen atoms present in the heteroaryl group, including any amino group substituents of the
ring, will be less than five. Examples of five membered monocyclic hetero.aryl groups include but are not
limited to pyrrole, furan, thiophene, imidazole, furazan, oxazole, oxadiazole, oxatriazole, isoxazole, thiazole,
isothiazole, pyrazole, triazole and tetrazole groups. Examples of six membered monocyclic heteroaryl groups
include but are not limited to pyridine, pyrazine, pyridazine, pyrimidine and triazine. Particular examples of
bicyclic heteroaryl groups containing a five membered ring fused to another five membered ring include but

are not limited to imidazothiazole and imidazoimidazole. Particular examples of bicyclic heteroaryl groups
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WO 2010/029119PCT/EP2009/061733 each RTh is independently Cf-C6 alkyl optionally substituted
with cyano, or halo; or each Rsb is amido, optionally substituted with Cf-C6 alkyl; each R4a, and R4b

is independgily i h¥a'qo Cyano, earboxy or nitro; Or each R4a, and R4b isselasipd ft9msC1-C6 alkyl,
and CI-Cs allcoxy; each of which may optionally be substituted by one or more halo, or CI-Cs alkoxy;
or R4a and R4b are joined together to form a 5 or 6- membered cycloalkyl, 5 or 6-membered
heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl; Fee is halo, cyano, or nitro;

and mfqetEing Félx[m’éﬁeirﬁdp‘é?ﬁcﬁ‘%@t%%?é%éﬂ?‘ﬂ?\?@ﬁt%’r‘pdf’@lﬂé"eg"é E‘Gn‘iﬁbhﬁ&‘@f%éq‘ﬁ\ﬁéﬁﬁon
accordingitdopiomautadbhelon, [batberaik X9 onSizReisokizanRinis, selmmdoﬂﬁpme@lis&&adkyl

C3-Craycloatol, GiS ke, Q%&%Q&k}{{&\é umd&d%ﬁ@ A Xaﬁ%% QLX%Q'CD /9P %%Qf?}l 8) OH)2,

substituted with cyano, one or more halo, hyd rOXé or Ci-Cs alkoxy; R2"is sel lected from

and C(@‘j’(@’l‘%)‘é’f@(@i@wiﬁﬁﬁa ‘?%aé%ll%’ﬂé‘ﬂ fiafn es1zedbonels, a&ﬁ&@%@@ﬁl@éﬁy@é‘é@h O?Wﬁéﬁ’-"may
optlonad@nip&somﬁt&uﬁednmtbu@mgﬂmpm(ﬁmiﬁmgmmjfuse@ sik, idgnhedtddipacit RBbangeR isnited to

'“dep‘%ﬁﬂl%ﬂﬂé/ RSl % o AN Jm%ﬁleﬁ!ké‘l‘.r&ﬁﬁ?t?s@&ﬂgﬁ%n@&%d%ﬂlt‘?ﬁ%%%na?v%%% Aokt 7

cycloalkyt; R3a is H, halo, cyano, or nitro; or R3 is C1-0 op’uona y substitute alo, cyano,
nitro, Hyavaszw%P@iO@&%de%}*?@a%s%ﬁamEﬁfi'éﬂaﬂg}l@@ﬁgﬁuﬂ@wﬂmml@eimyp@wm% 3b is

indepenplighitydhaland yanidier gities. OPaMtOla2 (40231 TR Tl BROOMO6A7B3m thiophene, pyrrole,
benzothiophene, benzofuran, indole, pyridine, quinoline, imidazole, oxazole and pyrazine,

[6061] Examples of representative aryl having hetero atoms containing substitution include the following:

€1 £ £

wherein each W is selected from C(R™),, NR™, O and S; and each Y is selected from carbonyl, NR¥, O and
S; and R™ is independently hydrogen, C;-Ce alkyl, Cs-Cyp cycloalkyl, 4-10 membered heterocycloalkyl, Ce-
Cip aryl, and 5-10 membered heteroaryl,

{0062] Examples of representative heteroaryls include the following:

N \ ~
SES NS RN

R XN = YR
EKN/ / HKNJ [N; NI/ =

N N
OO GO D
N/ Y/ Y Y

wherein each Y is selected from carbonyl, N, NR”, O and S; and R is independently hydrogen, C;-Cg alkyl,
Cs-Cy cycloalkyl, 4-10 membered heterocycloalkyl, Ce-Cyp aryl, and 5-10 membered heteroaryl.

[0063] As uscd herein, the term ‘heterocycloalkyl” refers to a 4-10 membered, stable heterocyclic non-
aromatic ring and/or including rings containing one or more heteroatoms independently selected from N, O
and S, fused thereto. A fused heterocycelic ring system may inciude carbocyclic rings and need only include

one heterocyclic ring. Examples of heterocyelic rings include, but are not limited to, morpholine, piperidine
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each 1236 is independently C1-C6 alkyl optionally substituted with cyano, or halo; or each RTh is
amido, optionally substituted with CI-C6 alkyl; each R4a, and R4b is independently H, halo, cyano,
carboxy or (jisoafeactvlea, and leb is selected from C1-C6 alkyl, and CcGa-adsoxys€ash of which
may optionally be substituted by one or more halo, or C1-C6alkoxY; or Rt and R4b are joined together
to form a 5 or 6- membered cycloalkyl, 5 Or 6-membered heterocycloalkyl, 5 or 6-membered aryl, or 5
or 6-membered heteroaryl; R4' is halo, cyano, or nitro; and ml is 0, 1, or.2. 100971 In one embodiment,
with réSgedrRl SEBMpouNBTE G inVeRHN RECBRdIAT RFRGRMbIPYE GBS X5 0. [BUEE] ¥ioné
embogimentinwlithd gpectitbny Eempoidact ofthe (Bventioroadterdiag, thhFdnthinahkao dhy R2prieH.
(009940 A fHEtRer @mBamiment. %%@h%?%%hfotéﬁﬁm%Bﬁa&f&h%ﬂ!}%ﬁ&“%eﬁﬁ%ﬁ%& tecfrorpula la
0

or Ib, RZb is Me or Et. [00100] in another embodiment, with respect to a compoun the inyention
accorfif g R oRAAN Fa BHIZMRHes BifedidRaNC (0B B a RHAR e nibOameaHE wWitheadpitt to a
compeiprcofcheninMentidnppecaicingutd: Eohutshid ppdbzR2 BuhhdMexonits [00102thimondoline
embogment iihirespeet $013,GompauRaRi NG IMve s Accidingde. Farmpia Ia.andb. SaRiand R2c

are joined together to form a cyclopropyl, or cyclobutyl ring. [00103] In one embodiment, wijth respect
to a cHMBEERY SFRFETTeriidn -e@a}d?ﬂiﬁswfarma ¥ OF BUGHCRRESH Mhd RE1AN S[56°264] th
anothéctemiyoditightravjthare sipeat totbedoiapongitdueirtkiecioxvenmtion according to Formula la, R2' is H,
S(02)0H, or P(0)(OH)2, C1-C6 alkyl (which C1-C6 alkyl may optionalw e substituted with aryl), or
Ci-Cs acyl (which C1-C6acyl may optigndlly be/s stitytety Withﬁﬁ\wiﬁoéarboxY). [00105] In another
embodiment, with respect to a poube th in(?entfon/accoﬁm’d\t@Formula Ib, R2"is H, or
P(0)(OH)2, or C1-C6 acyl (which C1-C6 acyl may optionally be substituted with amino, carboxyY).
[001061 In another embodimentwith kgspect to & tempou f the- tion according to Formula la,
R2a is C1-C6 alkyl optionally substituted with aﬁt\kO@lOT];{n /an(imhe‘ embodiment, with respect to a
compound of the invention accorling to Fomniula Ia or Ib, R2d is C1-C6 acyl optionally substituted
with amino, or carboxy. WO 2010/029119PCT/EP2009/061733 1001081 In another embodiment, with
respect to a compound of the ipventioh accerding lﬁfé‘Fgﬁi‘lgma la or Ib R2 is H. 1001091 In another
embodiment, with espect to a compound gf the invention‘according to Formula la or Ib, leais
C3-Cé6alkenyl. [00110] In a funher embodiment, with respect to a compound of the inyention

accordibRy¥s Fentiis faleian IRBLR CAROHAMRHLO a0 2 fAch HittieleSrdsmEnt: RithdSspect to
a comp@urd pfithepiaventionyaesendingdpfetnmula | aydiz:RalisibenzyinfoRd hajducadotiiet, erpbadiment,
with r%%ﬁ?&tl%})n%z%gg? cﬂ%’le?goqa}cytlt]%ﬂge\é%gggpc%qgﬂf(glqglég l‘ﬁa%/r eu(!gtilc%aﬁyzbaulig‘ﬂ?&gg )J\QIEIY O%rf: E})I(GQSQH)Z
groups selected from the group consisting of acyl, acylamino, acyloxy (-O-acyl or ~OC(O)R™), alkoxy,
alkoxycarbonyl, alkoxycarbonylamino (-NR -alkoxycarbonyl or -NH-C(0)-OR?), amino, substituted amino,
aminocarbonyl (amido or -C(Q)-NR',), aminocarbonylamino (-NR'-C(0)-NR';), aminocarbonyloxy (-O-
C(O)-NR';, aminosulfonyl, sulfonylamino, aryl, -O-Axryl, azido, carboxyl, cyano, cycloalkyl, halogen,
hydroxy, nitro, thiol, -S-alkyl, —S-aryl, -S{O)-alkyl,-S(0)-aryl, —S(O).-alkyl, and -S{O),-aryl. Substituting
groups include carbonyl or thiocarbonyl which provide, for example, lactam and urea derivatives.
[0664] “Hydroxy’ refers to the radical -OH.
[6065] “Nitro’ refers to the radical —-NQ-.
[0066] ‘Substituted’ refers to a group in which one or more hydrogen atoms are cach independently
replaced with the same or different substituent(s). Typical substituents may be selected from the group
consisting of!
halogen, -R¥, -O7, =0, -OR”, -SRY, -§", =S, -NRR*, =NR"", -CCl;, -CF;, -CN, -OCN, -SCN, -NO,
NO,, =Na, -Na, -S(0),0, -S(0),0H, -S(0)R”7, ~0S{0)0', -OS(0):R”", -P(OY O, -P(OYNORHO),
-OP(O}ORVYOR™), -C(ORY, -C(SIRY, -C(O)ORY, -CLONRRY®, -C(0), -C(S)OR”, -
NR¥C(O)NRYR™, -NRPC(SNRTR, -NRUC(NR®)NRTR* and -C(NR¥)NR'R™,

13



100113] In another embodiment, with respect to a compound of the invention according to Formula la,
lea is a pharmaceutically acceptable salt of S(02)0H. 1001141 In another embodiment, with respect to

a compoung,gfihgdpyaetion according to Formula la, R2a is S(02)0Na. 1£844pianather
embodiment,espect to a compound of the invention according to Formula Ib, R24 is P(0)(OH)2.

[00116] In another embodiment, with respect to a compound of the invention according to Formula la
or Ib, R2a is a mono or bis pharmaceutically acceptable salt of P(0)(OH)2. [00117] In another
embodiment, with rEEFEQ AT orRpobndiiheihet4ording to Formula la or Ib, R24 is

P(0)(ONa)2. [00118] In angthefsambedimeant, wulmffgsmcatgﬂ@@nm@n@ﬁﬁih@ﬂn&entimmding to
Formula la or Ib, R2a is C&g@é%ﬁé@o%&@)g% %@%J&%@h@ce}ngyf,’ﬁxém@a%m}l] n,another embodiment,

with respect to a compoun invention according to Formula ia of Ib,"R2a is

C(0)-CH2CH2-C(0)0H* [081 20 ]rikvAfdHErEhibb et it Yesbect to a compound of the invention

according to Formula la ogjtg R2ais an phasmeseuticaliagceptablesalsabE () -CH2GlZb6Q)0H.
1001211 In another embodiment, with respect tq a compound of the inyention according t mula la
orlb, R ais C(O)-CHchi’-‘i‘f(@%ﬁ‘é"‘.f%]éi[ﬁ’;i’]“ el B, %Sr‘%?ﬁ%‘g‘%ﬁ?rgé‘ﬁf, il tﬁlé‘gioe‘fcg é%“?&%é"ém of
the invention according toaetmulentabetitiied Xa 1s:Chelraiid PoONESIupd0 £28% |hsFoirmeyl, or

embodiment, with respect{g.asempaund, afthervention agcording to Formula la or Ib, R2ais

C(0)-CHOPQNH3C1. WO 2010/029 ];9PQ'[/EI? 009/061733 [00124] In embodiment, wi
PR R S e AR S R S L S
embodiméntbylitierss pat tsidecwiipasndbeftisetigrivehtion according to Formula la or Ib, R1 is C1-C6

alkyl sigagtiuted.yith-hale,Lyane & hyriexyb:004,26 é&gﬁ@@i&)@ﬁ fuethenerehadiments with gespect to
a compound of the invention according tQ Formuﬁl or Ib. RI és CI_IEGI allgl ST“bSt'tHite}%WﬂthX%‘no'
[0012717R 7B "SRNSS AP RN AR AR oL i LB Ot R PR O Rt AP REE 51 dThy 18 iiiada or Ib,

HV&ntion actordihg Srmufa

R1 is &3e@hialkpinyl 21081 BB dgeam fiorth drenthodinpdetdbithresipe ctaoa donapouiad of theriallention
according.ta Fprmula la or Ib, Rlis -CH2-CF=-CH. 100129] In one embodiment, with respect to a
compound of the invention according to Formula la or Ib, Rt is C1-C6 alkyl. [00130] In one

embodfifesit, Witk fadise eptdeu e amBotimgs fih s UaIb A QU BT &P ot I BF PRORP e, Et,

::::: "

i-Pr, onirPrrifl03aihyh aifurtherémbyodindenNWithOrBS et ISRaRcoMHOUR X hemyedfchRceording
to Poriele g . I @ Nrrive- 100332) dkone, esmbodient il asherh Re-companacebie évention

according to Formula'la or Ib, lea is H, halo, cyano, or nitro. [001331 In another embodiment, with
resperitia cofdothalor S niERRdT Kb Rt Rl EOPIS e rdrled oty (CH (-

10 membered heterocycloalkyl), wherein t is an integer from 0 to 4; and
s any alkyl groups present, may themselves be substituted by halo or hydroxy; and
e any aryl, heteroaryl, cycloalkyl or heterocycloalkyl groups present, may themselves be
substituted by unsubstituted C,-C, alkyl, halo, unsubstituted C,-C, alkoxy, unsubstituted C;-
C: haloalkyl, unsubstituted C;-C4 hydroxyalkyl, or unsubstituted C,-C; haloalkoxy or
hydroxy. Fach R independently represents H or C-Cg alkyl.
[0069]  “Sulfo’ or ‘suifonic acid’ refers fo a radical such as ~SO;H.
[0070] One having ordinary skill in the art of organic synthesis will recognize that the maximum number of
heteroatoms in a stable, chemically feasible heterocyclic ring, whether it is aromatic or non aromatic, is
determined by the size of the ring, the degree of unsaturation and the valence of the heteroatoms. In general, a
heterocyclic ring may have one to four heteroatoms so long as the heteroaromatic ring is chemically feasible
and stable. ,
[0071] Pharmaceuticaily acceptable’ means approved or approvable by a regulatory agency of the Federal
or a state government or the corresponding agency in countries other than the United States, or that is listed in
the U.S. Pharmacopoeia or other generally recognized pharmacopoeia for use in animals, and more

particularly, in humans.
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100134] In another embodiment, with respect to a compound of the invention according to Formula la
or Ib, lea is C [-C6 alkyl substituted with halo, cyano, nitro, hydroxyl, or CI-CA, aLkoxy. [001351 In

another embagipanb ot respect to a compound of the invention accordipgqteHespdada or Ib, R3a is
amido. [00136] In another embodiment, with respect to a compound of the invention according to

Formula la or Ib, lea is amido substituted with Ci-C6 alkyl. [001371 In one embodiment, with respect to

a compound of the invention according to Formula la or Ib, RTh is halo, cyano, or nitro. 1001381 In
one er&’(%a]méﬁﬁa%ﬁﬁeégﬁéb’t fsErgHspEUnd efthdonveatiopl at coraeynd Fothsulaveabmibhehl is O.

[00139hatmanoibarembpdinent wilhhrespestite asamprind.afheinvention accandingdedoermula 1a
or b, BTN J5.GECo Ay, WOR0I0I02911 96 CTIER2000/061 22 [91401,In angther cpbadient
with resﬁ)ect to @ compound of the invertion ac@orcﬁng%og?ﬂormu ajaorip’ ]ﬁi Is CL- aﬂ<yﬁ ’
substifthesdfith: v selaireluibo 14 PP kheddbtner bmisoahweit sads peids toch sompotineriofed
inventigarasoaiidingde HemmpubdaenitcRipisphick 4004 hinasothesgeabedineativdithyesaect to a
componng.al the ention acearding foLarmuia a,onla, i e amiag.substited with GLiGealo
10014?39] R one ehﬁ)opdllment, with respect td ac mpouﬁd)%]ﬁhe invention accorcﬁ)r‘hg {6 Formiidla or
b, the2€Bhipbeiie sftHadgeivismish Rebcedding s motnianatic acidhereliv Ri, R3is 2RdDbRAbic R4d, and
ml are3as-descrid AR BByeRe Qﬁ&hﬁ:fmedi% ﬂﬁliﬁaiaﬁﬁa,- Mﬁﬁﬁdﬁoﬁﬁ%&ﬂp@@Q&l@g%l?&:éelﬂlﬁd,espeCt
toac und of the invention according to Farmula Il, R4 is cyapo, halo, or nitro. n.one
bod e e AR o 2 Ay o e T S RS Bt T B Sy RE
1001481917 -ardtheleesnboainmsit, Withiressenivrg bomphorid 6ot edidvémishy Biewstelihg 2 ®bfmula |1,
leb is bichalapeyanaucial G akiathy L2rCOIMIORNiIA0 144] ihamothesie rRodimantwithsarpect to
a coméjo&qguoflthgﬁll@ventl n ﬁccordln%to Formula.(!il,llegr is Cl, F, CN or CF%{.&}POM ] In a further

ot L Su iCoac UCOLC acky, clu 1C acl OXYna Jﬁt A01C AC1d, 8a 1C, @ siear 1
embo |ment,r\¥wﬁ1 respec toa compouné’ otta{ﬁe Invention ccbrc}lng {6 Formula’l Rini 18 CF3! 00149]

In one"Bigsifd s ihtniFesped 1ol Eompbrihe: of tsalinvetriopraccordimgprecEonmatant] dther is FI,

halo, eyan@dGi-Laalkidn ok £ b tubalaalkyiof0al 30k Inaduihes embpdimentsWith esRectind

compound, of (he inyention, according (o Farmulall, Raa s Gl of B 10QLSLL I ?};réof@er i%”ﬁﬁ?rﬁke.

embodiment With reapect 16 a Canpoting Of Thavantion SeRdraiG to ESmea A Ba an
Salts further include, by way of example only, sodium, potassiom, calcium, magnesium, ammonium,
tetraalkylammonium, and the like; and when the compound contains a basic functionality, salts of non toxic
organic or inorganic acids, such as hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate
and the like. The term “pharmaceutically acceptable cation” refers to an acceptable cationic counter-ion of an
acidic functional group. Such cations are exemplified by sodium, potassium, calcium, magnesium,
ammonium, tetraalkylammonium cations, and the like.
[0673] ‘Pharmaceutically acceptable esters® are those which are sufficiently non-toxic to be regulatorily
approvablie. Preferred esters are phosphoric esters and derivatives thereof, and carboxylic esters. In general,
pharmaceutically acceptable esters may be formed with pharmaceutically acceptable acids, such as phosphoric
acid and ester-forming derivatives thercof, such as alky! and dialkyl esters of phosphoric acid, and organic
acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid, 4-methylbicyclo[2.2.2]-0ct-2-
ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the
like.
[6874] Pharmaceutically acceptable vehicle® refers to a diluent, adjuvant, excipient or carrier with which a

compound of the invention is adminisiered,
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WO 2010/029119PCT/EP2009/061733 [00152] In one embodiment, with respect to a compound of the
invention according to Formula Il, the compound of the invention is according to Formulae llla or Ilk:

OHOH whegein Raa,R3%p, Rn4b, and ml are as described in any one of the-Ripsaging pasagraphs.

[00153] In one embodiment with respect to a compound of the invention of Formulae llla or irsb, R4b is
H, halo, cyano, Ci-C6 alkyl, or C1-C6 haloalkyl. [00154] In a preferred embodiment with respect to a
compound of the invention of Formulae Ma or lllb, R44 is Cl, F, CN or CF3. [00155] In a more
prefert887@bdimteat rfsrespasineradsompeting dristivavehtisncompemdaial i, RENtRMEHERh
[001563vin-anoibrr tnore prefricadcmbedionent withdaspeeidRaceDEapaUbsk ehdneipwentioss afe
Formula, 1IB, R&ﬁ%%{"%%ﬂé&a%ﬁ? embodiment, with tesbect to g compound of.the invention
according to Formula I?,t e compogn of the mvertion is accor INg to6 Formulae a or VDO 1FOH
R3a CFBNE v Tesh NohbYERIBADR &t arilyAitare s destubesineisiicone atdike hilkscedingylic
paragRphs:dQ0L8:In pragabegireent with respect to a compound of the invention of Formulae IVa

or IVb is H.halo, .cyano, C1-C6 alkyl, or C1-C6 haloalkyl. [00159] In a preferred embaodiment, with
ospol V6T coRtBulhd S e TRVGroh 5 STRLIAL 17 PV MO GIES R bl AT WO
2010/0291119 PET/EFgod 30817338 {00468 Inidrasotediembodirstaivith respedide watonspeuwrid of the

inventipaighEi@aniREIéA Bl Mhaohitd @i 1QRAGH AR Ppofher eMbedimentaMINEERRAEHIR Be
compound of th inveratio (%f ormulae IVa or FVb, Rib.is halo I-C6 alkgl, oLCi-CGh loalkyl.
e I

. , C :

1001631 15 oS eraB BT GRY St VAL DR 2 EL At aE ke SN BB AV o

I'Vb, RibthstNrehgt, IRiCiokGmEsic solvates and non-stoichiometric solvates. In certain instances the solvate
will be capable of isolation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid  ‘Solvate’ encompasses both solution-phase and isolable solvates.
Representative solvates include hydrates, cthanolates and methanolates.
[0077] “Subject’ includes humans. The terms ‘human’, “patient’ and ‘subject’ are used interchangeably
herein,
[0078] ‘Therapeutically effective amount” means the amount of a compound of the invention that, when
administered to a subject for treating a disease, is sufficient to effect such treatment for the discase. The
“therapeutically effective amount” can vary depending on the compound of the invention, the disease and its
severity, and the age, weight, etc., of the subject to be treated. '
[0079] ‘Preventing’ or ‘prevention’ refers to a reduction in risk of acquiring or developing a disease or
disorder (1.e., causing at least one of the clinical symptoms of the disease not to develop in a subject thet may
be exposed to a disease-causing agent, or predisposed fo the disease in advance of disease onset.
[0080] The term ‘prophylaxis’ is related to ‘prevention’, and refers to a measure or procedure the purpose
of which is o prevent, rather than to treat or cure a disease. Non-limiting examples of prophylactic measures
may include the administration of vaccines; the administration of low molecular weight heparin to hospital -
patients at risk for thrombosis due, for example, to immobilization; and the administration of an anti-malarial
agent such as chloroquine, in advance of a visit to a geographical region where malaria is endemic or the risk
of contracting malaria is high.
[0081] ‘Treating” or ‘treatment’ of any disease or disorder refers, in one embodiment, to ameliorating the
disease or disorder (i.e., arresting the discase or reducing the manifestation, extent or severity of at least one of
the clinical symptoms thereof). In another embodiment ‘treating” or “treatment’ refers to ameliorating at least
one physical parameter, which may not be discernible by the subject. Tn yet another embodiment, ‘treating” or

“freatment’ refers to modulating the discase or disorder, cither physically, (e.g., stabilization of a discernible
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[001631 In another embodiment, with respect to a compound of the invention of Formulae 1Va or 1VDb,
nil is 0. [00164] In one embodiment, with respect to a compound of the invention of Formula I, the
compound fgheimgentien is according to Formulae Va, Vb, Vc or Vd: RieRaapdaMbdRagRic  Vcvd
wherein Ria is as described in any one of the preceding paragraphs; R3' is H, halo, cyano, or nitro; or
Ri" is CI-C6 alkyl optionally substituted with cyano, or halo; or Ric is amido optionally substituted with
C1-C6 aIkyI [00165] In one embodiment, with respect to a compound of the invention of Formula I, the

compSYEI B HRRALHEHYS (Soott e BopfriLRIN S (8072BKI T ShELbBtnBHE TR $EL)Et to a
compdéuediat the inwentiohrebormlilarhghie pompoimd Ghthiismvention is according to Formula 'Vb.

WO 2 9#29%%5%?%{4?3?9199!&9112%%&093@ A oRg: SIRQLEDARE Wil esRest ﬂ&’[&l&%m{?%&ﬂ of the

invention of Formula |, the ‘compound of the invention is according to Formula Vc. [00168] In one
embodliFEht it BRI 5 S ey rBUaHeR o PEFRS Vet ion Bt &ifiRETa IR o RTBt P b indention
IS accedaiagttads o intiladin{0@die8hninione anhgodihaniavitiscpspdetaio &campourshgldheinvention

of Formulag adr\AB RACHS) y&e@l%ﬂézﬁh@%ﬁi Qaanééﬁ&Hau&fé %Jrﬁ%@:ﬂ tﬂaé%%g]céﬂ %{B?s eﬁlﬂ%g EREeNt,

with respect to a comggun of the invention of Formulae Va, Vb, Vc or V CN, ClI, or F and

Rk is BOT&nt?d TorrmsReerbbaphent: Witkeradpe i ucesih ﬁB%Hi’a‘B?‘ﬁ?écﬂﬁ% ﬁﬂf&rﬂﬁfiﬁﬁmﬁma@% Vb,
ye or Y2 36tisind;canthdda iadd ah bl nG 1x0Bealky kGie@6 halealkylsotreeyane, 061 /2] kmanoiher

embodiment. Wit E‘é‘ﬁﬁ%ﬁ‘gtéé’née %%QQ%Q&&“ PRgiovenign o EAMUIAR V3. MPe Y E T Y i Ransds H:
and R.35i1sCN, CI, F, Méor C

Uhobl:mstoma pnmary liver cancer gvarian cancer, prostate cancer and uterine leiomyosarcoma .

[6083] As used herein the term ‘agonist’ is used to describe a type of compound that binds to a receptor
and triggers a signal transduction reaction. The ability to alter the activity of a receptor, also known as the
agonist's efficacy, refers to the ability of a compound to induce a biological response in its molecular target.
[0084] As used herein, the term ‘antagenist’ is used to describe a compound that does not provoke a
biological response itself upon binding to a receptor, but blocks or dampens agonist-mediated responses.
[0085] As used hercin the term ‘compound(s) of the invention’, and equivalent expressions, are meant to
cmbrace compounds of the Formula(e) as hercinbefore described, which expression inciudes, the
pharmaceutically acceptable salts, and the solvates of the compounds or the solvates of the pharmaceutically
acceptable salts, e.g., hydrates, where the context so permits. Similarly, reference to intermediates, whether or
not they themselves are claimed, is meant to embrace their salts, and solvates, where the context so permits.
[0086] When ranges are referred to herein, for example but without limitation, C,-Cs alkyl, the citation of a
range should be considered a representation of each member of said range.

[0087] Other derivatives of the compounds of the invention have activity in both their acid and acid
derivative forms, but in the acid sensitive form often offers advantages of solubility, tissue compatibility, or
delayed release in the mammaiian organism (see, Bundgard, H., Design of Prodrugs, pp. 7-9, 21-24, Elsevier,
Amsterdam 1985). Prodrugs include acid derivatives well know to practitioners of the art, such as, for
example, esters prepared by reaction of the parent acid with a suitable alcohol, or amides prepared by reaction
of the parent acid compound with a substituted or unsubstifuted amine, or acid anhydrides, or mixed
anhydrides. Simple aliphatic or aromatic esters, amides and anhydrides derived from acidic groups pendant
on the compounds of the invention are particularly useful prodrugs. In some cases it is desirable to prepare
double ester type prodrugs such as (acyloxy)alkyl esters or ((alkoxycarbonyl)oxy)alkylesters. Particular such
prodrugs are the C; to Cq alkyl, C;-Cy alkenyl, aryl, C;-Cy; substituted aryl, and C:-C,; arylalkyl csters of the

compounds of the invention.
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[00173] In a further embodiment, with respect to a compound of the invention Formulae Va, Vb, Vc or
Yd, each 1235 and R35 is H. [00174J In a preferred embodiment, the compound of the invention is

according tesfPsmpp{ywherein Rid and led are H. [00175] In another prefqried gimiedisnent, the
compound of the invention is according to Formula Vd, wherein lea and Rid are H. [00176J In one

embodiment, the compound of the invention is selected from the compounds of the invention listed in
Table 1. [00177] In a further embodiment, the compounds of the invention are those of Formula (VI):

wherelAO is 1 veet BesRyIheTBnikeiic coiomiiagi, R RETROEN hftgPa RS HURHBFORORRNO

group ﬁ;mmmh&i@«g@ﬁiﬂ%ﬁﬁﬁ it s GlidsadkydRpbisdato; eyanas, @zmlaﬂ@ﬁc%ﬁﬂnﬂof a
perflugr 0 9P T/EP 09/061733 R8 is Io ano njtro, Cm.a kyL or |
R L AR SR A B o e e S M

is 2 orcgrber 2a - F@gf%%ﬂﬁé %m oF 'é}ﬁﬂélff@n%‘ HHobpmarrdeatitealy ae%@p@ab%@ét@%cﬁhléwqoons]
In onesenpeGinE Mt it-jShpreferad: ua@taﬁ@herpx{@%ma}wﬂﬁ@@ﬂwf@&ae@bia mpretesied thatle is
methyl,or.ethyl 801 It isfurthe egred that RE.is 001811 ne as referred
that p |}59/§) Igr}}%ﬁfis%aspe tglét: é&lpre eFP ?i that R7 | %Cﬁ)r EJE%%ZW “8%%‘ [ Pc?tn }esng))f%ecefl}tlega%%\t le is

in the PAFP pARIBINGHO BTN siberidhcipekikqtiscpleratyenligranty i@gude the preparation of isotopic

variants with radioisotopes, in the instance for example, where the resulting compound may be used for drug
and/or substrate tissue distribution studies. The radioactive isotopes fritium, i.e. °H, and carbon-14, i.e. “C,
are particulariy useful for this purpose in view of their ease of incorporation and ready means of detection,
Further, compounds may be prepared that are substituted with positron emitting isotopes, such as ''C, %, ¥0O
and N, and would be usefil in Positron Emission Topography (PET) studies for examining substrate receptor
occupancy.

[6089] All isotopic variants of a compound of the invention provided herein, radioactive or not, are
intended to be encompassed within the scope of compounds of the invention as herein defined,

[0090] It is also to be understood that compounds that have the same molecular formula but differ in the
nature or sequence of bonding of their atoms or the arrangement of their atoms in space are termed ‘isomers’.
Isomers that differ in the arrangement of their atoms in space are termed ‘stereoisomers’.

[6691] Stereoisomers that are not mirror images of one another are termed ‘diastereomers’ and those that
are non-superimposable mirror images of each other are termed ‘enantiomers’. When a compound has an
asymmetric center, for example, it is bonded to four different groups, a pair of enantiomers is possibie. An
enantiomer can be characterized by the absolute configuration of its asymmetric center and is described by the
R- and S-sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the plane of
polarized light and designated as dextrorotatory or levorotatory (ie., as (+) or (-)-isomers respectively). A
chiral compound can exist as either individual enantiomer or as a mixture thereof. A mixture containing equal
proportions of the enantiomers is called a ‘racemic mixture’,

[6092] Al stercoisomers of the compounds are encompassed within the term compound of the invention as
used herein. A compound of the invention is generally available as stereoisomers at the stereocentre on the
imidazole ring. The present invention envisages the use of cither enantiomer, or racemic mixtures in any
proportions, where there is an optical centre.

[0093] ‘Tautomers’ refer to compounds that are interchangeable forms of a particular compound structure,
and that vary in the displacement of hydrogen atoms and clectrons. Thus, two structures may be in
equilibrium through the movement of 7 electrons and an atom (usually H). For example, enols and ketones

are tautomers because they are rapidly interconverted by treatment with either acid or base. Another example
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[00184] It is generally preferred that any perfluoroalkyl group is a trifluoromethyl group. [00185] In
another aspect, it is preferred that q is 2. In this embodiment, it is preferred that each R.8 is selected
from F, ClI, i methyl, and methyl. [00186] When q is 2, it is preferred that one le
substituent??ﬁ%ﬁgﬂggaég%osition and the other is at the meta position. [OOE%WWH%%)&I@}Z, in one
embodiment, it is preferred that each R8 is Cl. In another embodiment,it is preferred that each R8 is
selected from cyano and trifluoromethyl, and it is particularly preferred that a first le is p-cyano and the
secondREH IR iRt 1001 S8PA Yahrewlaite pesferretipharitavauticatiyiasoeptable ester is
the phesphatesester. [00189] A particularly preferred pharmaceutically acceptable ester is the

hemi- gl tel_g%toeﬂr].e 00}0?0 A m[‘;artt)i_culirl referred pharmaceutically acceptable ester is the valinate
ester. [00191] In'a another FUTthEr apderthe' presthAIRTERTSPbribgies s b sheptithd SrirEimention
of Formiglagfsal yctiite ki oo @ 261610291 49P GT¢EPRO 090633 bishk ifsnGaalkyl G3-C6
alkenylhofaiisnfecatinm s fachnglonichawpe unsubstituted or substituted with cyano, one or more
halo; Rs is H, or a phosphoric ester or derivative thereof, or a carboxylic ester, and preferably
P(0)(OH)2, 2-0)-(CH2)2-CO2H, or -C(=0)CH(NFI3C1)iPr; R6b is H; R66 is independently selected
from H, and C1-C6 alkyl; Rba is H, halo, ZARS;GVSALUNDR, which may be unsubstituted or
substituted with one or in. ore halo; Rib is halo, cyano, or C1-C4 alkyl, which may be unsubstituted or
substitbt&gssn/itthhalo; ‘eatch Rs, and R8b is independently H, halo, cyano, CL-C4 alkyl, each of which
may b bsttufed Bt B hy 8HaS ivdrectdns: dedvidyraiondyardsh dirodemdmeierd, |, or
2. [00egtting paticotaraspect Ryisiselectsd franmHianed Gl -Gdvalkyh [Q%3hina particuaiaspect
R76 is.seleetedotrhila Ralewand cyano. [00194] In a particular aspect Wl is C1-C4 alkyl. [001951 In a
particular aspect R7a is C1-C4 alkyl, substituted b%é one or more halo. [00196] In a particular aspect Rs
is CF3. [00197] In a particular aspect RTh is seletited fsgma halo, cyano, or C1-C4 alkyl, which may be
unsubstituted or substituted by one or more haio,

ria O
R4b

N N“~~R1
Rtic X
la
wherein
XisOQorS;
R'is H; or

R' is selected from C1-Cs alkyl, Cs5-C; cycloalkyl, Ci-Ce aikenyl, Cs-Cs alkynyl, and C,-Cg
acyl: each of which may optionally be substituted with cyano, one or more halo, hydroxvyl, or
unsubstituted C,-Cg alkoxy; '

R™ is selected from H, S{02)0H, P(O)(OH),, and C(O)(CH,),,C{O)OH; or
R™ is selected from C;-Cg alkyl, C;-Cs acyl, and Cs-Cgalkenyl; cach of which may optionally
be substituted with aryl, aniino, or carboxy; nl is 0, 1,2,3, 0r4;

each R™ and R* is independently sclected from H, and C,-Cgalkyl; or
R* and R* may join together to form a C5-C; cycloalkyl;

R*is H, halo, cyang, or nitro: or
R*is C-Cs alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C;-C, alkoxy; or
R* is amido optionally substituted with C,-Cs alkyl:

T . . .
each R™ independently is halo, cyano, or nitro; or
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[00198] In a particular aspect each Rs, and Rs is independently H, halo, cyano or Ci-C4 alkyl, which
may be unsubstituted or substituted by one or more halo. [00199] In a particular aspect 1266 is H.
[00200] In aghagHicianaspect Rs is H. [00201] In a particular aspect Rs isg2PUEhsdP32021 In a
particular aspect .125 is methyl or ethyl. [00203] in a further particular aspect R5 is propynyl. [00204]
In a particular aspect pi is 0. [00205] In a particular aspect Rls is Cl or F. [002061 In a particular aspect
R7ais H. [00207] In further particular aspects where an alkyl group is substituted by halogen, the
halogen is F. In a fuftffeR parirdsner s &ithe Lo Snfi i a iy F s e YR SFGERY | group. WO
2010/029119PCTIERE0RY/O617RB3 hOO2MS Lusswnpattidilar, aspast;each R8a, Rselected from F, Cl,
cyano, nitro, égka@%ﬁWm Zigggmy @ﬂl@&g&ﬁ&%ﬁg&gg Jrom F,,Cl, cyano and nitro [00209] In a

particular aspect R8a is H. 1002101 In a particular aspect téb and Rs' are Cl. In another embodiment,
R8b and Rs' are sef@tted frotfclant arectrhidtidntethyi2 i b paftictikarenspetivhettice Eyano
and the R8b is triflugromatihyk {0B2i1dPrefesredeontpouods, af thiednvention are selected from: 4-
[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4- imi idin- 1 -yll-2¢ tri hylbe itrile;
4[2,5-Dioxo-ﬁ(ﬂ{ghydrox pr%%;i%%%;r?]ge ﬁﬁefggg%lek?y%rﬁggg%hgm%él -ZE{J%H%%%%ﬁe%ﬁg}e%ﬁ%%ile;
4[2,5-Dioxo-A3 48 tﬁyﬁ-@?ﬁ@l’rﬁﬁﬂ}:@%é’ﬁ?lRﬁiﬁ@%@ﬁ&i?ﬁl@ﬂ%’f%iﬂuoromethylbenzonitrile;

442 5-Dioxo#*(#-fhlareopheny hiwd;(aytdroxymethyl)-3-methylimidazolidin- | -yl]-2-
trifluoromethylbenzanitrile;
444-(4-Chloropheny1)-2,5-dioxo-4-hydroxymethy1-3-methylimidazolidin-1-y1)-2-

trifluoritithy | b prsRaTe e posam B SR o MRS S 67T ERURAE bR yRHETHOR 3cpotiingpyriiymula T
dazolidéntry1]-2- trifluoromethylbenzonitrile; 444-(3-Chlorophenyl)-2,5-dioxo-4-hydroxyme
hy1-3-methylimidazolidin-I-y1)-2- trifIuoromethyl%gzonitrile; (S)-
4[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimid&Rsedin y1]-2- trifluoromethylbenzonitrile; (R)-

444-(4-Cyanopheny1)-2,5-dioxo-4ghydroxymeth dBZ0kidin-l-y1)-2-

trifluoromethylbenzonitrile; N\{(N‘*Fv
X
Rac
b
wherem
XisOorS;
R'is H; or

R' is selected from C,-Cs alkyl, C3-Cy cyeloalkyl, Cs-Cy alkenyl, Cs-Cy alkynyl, and C,-Cs
acyl; each of which may optionally be substituted with cyano, one or more halo, hydroxyl, or
C1-Cs alkoxy;

R™ is selected from H, P(O)(OH),, and C{O}CH,)., C(O)OH; or
R™ is selected from C,-Cs acyl, and Cs-Cs alkenyl; cach of which may optionally be
substituted with amino, or carboxy; nl is 0, 1, 2, 3, or 4;

each R™ and R* is independently selected from H, and C;-Cgalkyl; or
R™ and R may join together to form a Cs-C, cycloalkyl;

R*is H, halo, cyano, or nitro; or
R™ is C-Cs alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C-Cy alkoxy; or
R™ is amido optionally substituted with C;-Cg alkyl;

each R™ is independently halo, ¢yano, or nitro; or

20



444-(3-Cyanopheny1)-2,5-dioxo-4-hydroxymethy1-3 cthylimidazolidin- | -y1)-2-
trifluoromethylbenzonitrile;
442,5-Dioxasdshygrgamethyt-3-methyl-4-(3-trifluoromethylphenypimidaz@ligif-phayblngr 33
trifluoromethylbenzonitrile;
1-(3,4-Dichlorophenyl)-4-hydroxymethy1-3-methyl-4-phenylimidazolidine-2,5-dione;
4-[2,5-Dioxo-4-(hydro xymethyl)-3-(1-methylethyl)-4-phenylimidazo lidin- 1-y1]-2- triflu
oromethylbenzonitrfitsh é/d%@‘i%ﬂ*)"ﬁ?ﬂ@?’@T berygreBy Fapstituted with eyano, or halo; or
4-[3-Cyanomethy1-2,8- et xoadi(loy cisteyiie thyd)idspheny imicazetidin-1-y1]-2-
tnfluoromethg&@gﬁz?&gligﬁ %—ijxlgegépd%g-ﬁ-’(ﬁyg’r%mgmy&-y%pﬁ%yk@ -(1 -propynyl)imidazolidin-1

-yl]-2- trifluoromethylbenzonitrile; , .
442 5-Dioxo-4-hydrégInfeth§144%phénsarsitdaZ eidin- 1 Holidnd drofrre BlABE nFG trife which may
4-[2,5-Dioxo-4-hydraptgmethyd sSostietily dné3or methiphenyilicydazofdin- 1 -yl)-2-
iluorometbyognzgpiile: LIRS 2SO P-4 AL gtdidaeg an- 1
-yD)-2- trifluoromethylbenzonitrile; [l 4 -Cyano-3-tr|fluoromethc}llp eny 1)-2,5 -dioxo-3 -met’hyl- -pheny
| imidazo lidiRSF)fITRaERH diffyrsgds pheispitatesr 6-membered heteroaryl;
441-(4-Cyana‘3ittifllspcomethyhhenyd )-2,5-4ioxo-3-methy1-4-pheny midazol d
n-4-ylmethoxy4sgxgbutanoic acid; and (2S)- 1 41 -(4-Cyano-3 -trifluoromethylphenyl)-2,5-dioxo-3
-methy1-4-phenylimidazolidin-4- yli methoxy-3-methy | -oxobutan-2-aminium chloride.
4-[1-(498Y2h o 13 -eFLBREAYETSY BHEATEDR B-4fesmnt efils-aoisheenfrrahsotiiierayidtethBxydisoxobut
anoic acid;
((fr)ly( j;@‘gggﬁgﬁgs%ﬁ;%%%r R ey 3, Y S e A R niimidaz oidin gt
(S)-4-f¢H(4-cyano-3-(trifluoromethyl)pheny1)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-
yome[b@%ﬂ)'ﬁ%%}%m&ﬁ%&%@%@ﬂ&ﬂﬂ%_ %Baﬁimﬁé%&gmp&e%% K@%&%&Qﬂ'&’ qu&_COFding
to any gne of the embodiments herein is not an isotopic variant. 1002131In one embodiment, with
respe& t&*FoF#iA 1, the compound is selected from the compounds listed in Table I. [002141In one
aspecttihhpoundiof thebinfteationidcesyeding tocamnyconéd wiftth énemiiadinenis hrerginrddstribad, is
presepbas @Q_%éfr;,ggypase. 100215]In one aspect a compound of the invention according to any one of
the embodiments herein described is a pharmaceutically acceptable salt.

00101] Ina forther embodiment, with respect to a compound of the invention according to Formula Ja or Th,

R is H, Me or Et.

[68102] In one embodiment, with respect to a compound of the invention according to Formula Ia or Ib, R®
and R* are joined together to form a cyclopropyl, or cyclobutyl ring.

[00103] In one embodiment, with respect to a compound of the invention according to Formula Ia or Ib,
each R” and R™ is H.

[00104] In another embodiment, with respect to a compound of the invention according to Formula Ta, R™ is
H, S(0G,)0H, or P{O}OH),, C;-Csalkyl (which C,-Csalkyl may optionally be substituted with aryl), or C;-Cq
acyl (which C,-Cs acyl may optionally be substituted with amino, carboxy).

[060105) In another embodiment, with respect to a compound of the invention according to Formula Ib, R* is
H, or P(O)(OH),, or C,-Cg acyl (which C,-Cs acyl may optionally be substituted with amino, carboxy).
[00106] n another embodiment, with respect to a compound of the invention according to Formula Ta, R* is
C;-Csalkyl optionally substituted with aryl.

[00107] In another embodiment, with respect to a compound of the invention according to Formula Ta or b,

R™ s C,-Cs acyl optionally substituted with amino, or carboxy.
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[002161In one aspect a compound of the invention according to any one of the embodiments herein
described is a solvate. [002171In one aspect a compound of the invention according to any one of the
embodimengﬁfggﬁ?m%%%gribed is a solvate of a pharmaceutically acceptable salt. WO
2010/029119PCT/EP2009/061733 1002181 While specified groups for eadif &hbdaifietithave
generally been listed above separately, a compound of the invention includes one in which several or
each embodiment in the above formula, as well as other formulae presented herein, is selected from
one orlH{B8bfipanituiatmhednbers witigreups designateddespectivelyofoceaghariabiaTherefore,
this inygntian is intended to include all combinations of such embodiments within its scope. 1002191
The pr ﬁ@bjnvention provides the use of a compound of the invention as defined above in the
prophﬁé r [PeRtiRenEgh AR Ht R MA TR o CBNPOSIT FONS O 8220 W Henr b,
employétiss:ffhalimadeuticals, a compound of the invention is typically administered in the form of a
pharm ieal.c if] Such compositions can be prepared in a manner well known in the
pharmgggggzgna(%ﬂ%%%§c§gqr§%dr?ggndt%{£g }rel%&é)c Ve }81?%%8 (%1% TSR oK s b Ak,
invention ’s@bhifictred in a pharmaceutically effective amount, The amount of the compound
actualipeutministeraiail fupisalbnbe deiemingd B HNEFAR IR IALALIES FIRYRNL, 5>
circumgstances, including the condition to be treated, the chosen route of administration, the actual
compoun ministered, the age, weight, and response of the individual patient, the severity of the
patient@dyi plosrstiigoabrdinhe. pritr maceuticalcogmpasiticrsotifis nventionsan-heagnifisered
by a varetyaf septesdng/uding oral, rectal, transdermal, subcutaneous, intra-articular, intravenous,
intram LiI%r,land intranasal. Depending on the intended route of delivery, the compounds of the
invention ard pretayAsiy TOATSIEA HE KRS ihfecaaBrs S Urdr domipositenidizas Balvels Tasiidiions or
as patchbymikcfotitelinsdepnalcadmifiidatin. (002221 The compositions for oral administration can
take t iquj ' r.suspensions, or bulk.powders. More commonly, however, the
comp?jgﬂfgﬂ gﬁe%éé%ﬁ%%ﬁﬁtgggg e@gﬁrﬁgot%l ?a%riﬁit?aﬁ AT R %ﬂﬂa“{?nﬁ%dﬁsage
formsF&r&P8'to physically discrete units suitable as unitary dosages for human subjects and other
mamniéds 1 8pah aniheontaiing &, prREeipERiRet aHaRIHY Qfrcive.mateialealaylalad 1o Rreduge the
desir 2('eutic effect, in association with a suitable pharmaceutical excipient, vehicle or carrier.
Typical unit dosage forms include prefilled, premeasured ampules or syringes of the liquid
compditidfs & pindetambesivepsuidsrepthiedikedmihe:dasehofsolidaompasitic Fohmskah or Ib,
compaéiﬁ@ﬂﬁlomm%dgﬁg@@@wadyigdégﬁgm é;grgpp(@g onent (from about 0.1 to about 50% by

dehtﬂ%rl?‘}if 1£%gg¥hfrrom about 1 to about 40% by weight) with the remainder being various vehicles
or cartiers ahd botadsiiy SR He IR i TR e S dbe desmiiptanseitiog sBtiommadarer s

suitabfe foPEP¥Aéivninistration may include a suitable aqueous or nonaqueous vehicle with buffers,

suspending ang Lispgns tS,; I d like. Solid forms may include, fo
e, ag%gof e R Pl ac
microcrylsst il Lo 20186781 2B ETIER 90b9/061733 cellulose, gum tragacanth or gelatin; an
excipidii S8t Nasstarchmnihotaseyie disjate gy atiogrRgsnbsuchAsRINC Aaid: REMogRl RLean
starchyzaluResant 4£N-3s mggnesium stearate; a glidant such as colloidal silicon dioxide; a
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl
salicy[gf’é,z%} 3%@@?{%%4@?@[@@zﬁh]rwe@tamecmwsﬁf@hsi@r@miaaibycmsed:mpmimeeuaple
sterilRSaline prphosphate- ket salipecpontherdniecidhigicarriers known in the art. As before, the
active[m Qgﬂiqisyggb%%gn eogiti%1§eis tgég{ically a minor component, often being from about 0.05 to
10% by weight with The remamder BEAGHRE fhieCEBRELefite Ang e neeobeprd rravdade entbal
compBsitidr$ afeltiblc&l((? Fohfaulated as a topical ointment or cream containing the active
ingregimnt(s), ganeiialei, 8ROt ranging.fro out 20%. by weight, preferably from
about?:gil} ?pgﬁg%%%o/ by weigh’t, pre%%%}glgoféogrﬂ@%ﬁ%%gggg%a}tnfﬁ%r 1}1/1%6%%%&113563 More
preferab}fl i(o abbu 1?%))%‘to about 15% by weight. When formulated as an ointment, the active
ingred#8i#S vith typidallyniie dorbindd wigheithecampatalfinicona wWatartisekie AitMARtLaSe,
Alterqﬁig@@é@ﬁ@){@@yedients may be formulated in a cream with, for example an oil-in-water
cream base. Such transdermal formulations are well-known in the art and generally include additional
ingredients to enhance the dermal penetration of stability of the active ingredients or the formulation.
All such known transdermal formulations and ingredients are included within the scope of this
invention. [00226] The compounds of the invention can also be administered by a transdermal device.
Accordingly, transdermal administration can be aggomplished using a patch either of the reservoir or
porous membrane type, or of a solid matrix variety. [00227] The above-described components for
orally administrable, injectable or topically administrable compositions are merely representative.
Other materials as well as processing techniques and the like are set forth in Part 8 of Remington's
Pharmaceutical Sciences, 17th edition, 1985, Mack Publishing Company, Easton, Pennsylvania, which

is incorporated herein by reference. [00228] The compounds of the invention can also be administered
1N crictained relaace forme or from crietained releaace Adriia delivveryy evveteme A decerintinn of



WO 2010/029119PCT/EP2009/061733 Formulation 1 - Tablets [002301 A compound of the invention
may be admixed as a dry powder with a dry gelatin binder in an approximate 1:2 weight ratio. A minor
amount of rRAgReRIMESiearate may be added as a lubricant. The mixturegds. farmed inta.240-270 mg
tablets (80-90 mg of active compound per tablet) in a tablet press. Formulation 2 - Capsules [00231J A
compound of the invention may be admixed as a dry powder with a starch diluent in an approximate
1:1 weight ratio. The mixture may be filled into 250 mg capsules (125 mg of active compound per
capsuléy ‘Réiniuiatrormsedingiddoosee & esnipsund dfttsenvansiatorcotdiBeringjormul becadmied with
sucroseH1.75 g) and xanthan gum (4 mg) and the resultant mixture may be blended, passed through a

No. 1 .S. sieve, and.then mixed with a previousl de solution of microcrystalline cellulose
and SQ e LR RO AT o (B8 S G AR S QMY bEFIBRES (ENEY oolband
color dettiffutechivittrhstiaiedridthdaledowith etibsitrgxSufficient water may then be added with stirring.
Sufficigitisetenisihen addedimpraduse.adotabuqine ahrmih of ermuation 4:JaRists 1002331 A
comp?und gf%hevg‘lv nrtiorl mkz);l be admixed as a dry powder with a dry gelatin binderin an
approximate T: 3 Wweight gAY ShiSHIt of magnesium stearate is added as a Iubricant. The
mixturbi{e 2Gime e tonbbdi:060, mightadsiets (15630 0umip Oftadtivercanpaunid} io Potahletipress. R
Formulatiopss injggtion [00234] A compound of the invention may be dissolved or suspended in a
buffered sterile saline injectable agueous medium to a concentration of approximately 5 mg/mL.
FormUid b Iredirisr o dise sl rensshioia ogorgy el Buinvetissreraidng 5orgriniobbmelted
at aborit £ 5CHaudekteNn a mixture of a compound of the invention (50 g) methylparaben (0.25 g),

propyl n.(0.15 dium lauryl sulfate (10 nd propylene glycol (120 g) dissqlved in water
(abou@O g Eéé?%%%&?g Ié?\vc‘i%ﬁg& }escltj%nagé?ﬁ}? u}% iggﬁr%xﬂh%ﬂ | %%%é’éé‘f ggw Ao I,
2010/629149PF/EP2009/061733 METHODS OF TREATMENT [00236] The present invention
relatesg@1Boy ahionidazelding.compaupss whishmadylatenthe ey eE e ADHREEN BEERIOES.
Theselscl%@%c(f)ul_q)ds may be of use in the treatment and/or prevention of a number of disorders as will
be disCusSed in further detail below. It will be appreciated by a person of skill in the art that the activity
of a cdb¥pdlndrof fimthinvehtibmeas, antantaganist (complete iohparkatioonagefiigt(Campleieaor partial)
represgnts\g. continuous spectrum. Therefore, whilst some compounds will be clearly agonists or
clearly antagonists, some compounds will exhibit both agonistic and antagonistic activity. These
compol ith e Al e R ihificps Atiary B s L hin tetiennsreriies & Gamatp & eidorBers.
Provided.ihalhsexamplétherein are details of how the relative activities of a compound of the invention
may Diasified andclassiisg. oo Aganiats, aniaganistaof mixed adonists/antagonists, 1 s terefore
clear that it is well within the ability of a person o?s IFin‘the art using their conimon generalO ’
knowlgdd%ptf&ﬁrﬂ%‘ﬁbd with the information provided in the examples herein, to identify whether a
pharticqmusemmm@;emegm@mimmﬁ@pea@@rais&@r@tagwi&mmmMWM@:&%%@@C?@ us
the apptoppia e id compound, [00237] A compoun the invention may show goo
abso%%&ﬁ%%ﬁ’aﬁ?ﬁ?ﬁg%%‘gﬁgg‘gﬁ%’n ff'%“g(’o%‘& ‘%ji%%%’f?ﬁbﬂ%té" W%%?em binding affinity, less
drug-dh8d3atetaetigheaam ebodrimeidbustipestabilitgmirenpaftivular aspeetcardogipFanchibf ther firesent
inventigmexhibits unexpected significant improvements in pharmacological properties, in particular

impro joavailability. Where a compound of the invention exhibit any one or more of these
improy{z@gﬁg’tﬁ?gtﬁ'%%bﬁ\%rﬁﬂt’e%l&f SRR B &ImRAE L Sh Bt BRS WieB ApaE e YR Beile,

whereRd mmus@m@wmmm&xhipit_s an improved bioavailability it wou_ld be expected that a
compas Al s aRiancAlIaRs Al sl aha lPwet dosg, s adlrina e secuenee of any

possible undesired side effects. Similarly, improvements in er propefties listed above'will also
confelS A RTARR S Aife potential uses of a compound of the invention.

[00138] In cne embodiment, with respect to a compound of the invention according to Formula Ta or Ib, ml
is 0.

[00139] In another embodiment, with respect to a compound of the invention according to Formula Ta or Ib,
R is Cy-Cs alkyl.
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[00238] The present compounds are useful as therapeutic agents for the treatment of conditions that
are causally related or attributable to an alteration in levels of circulating androgens in mammals.
Accordingly \ii0R8R5PE6! the present invention provides a compound of the invention for use in
medicine. [00239] In one embodiment, the present invention provides a co?ﬁaéptﬁ"rao%’ﬁ%?f’nvention for
use in the prevention and/or treatment of age-related diseases including, but not limited to sarcopenia,
conditions of cachexia and muscle loss induced by diseases including, but not limited to, cancer and
AIDS, Hiticéebyttermiaidbuens eitiong term drmmphiligatiohs anehbansandgintrisaasesesuch as
osteopRtasis,-tedustianindikigeand sexpal,dysfunction, or anemia. In a particular aspect of this

embo ?Qi a comgound of the invention is an agonist or mixed agonist/antagonist of the AR.

[0024 ]5Pn A R GO RTEPR S B rSSRt 1RO SRUBAUSAOV dhesay séeh er oiing Abrfemtunbor Tb,
preverﬁféﬁﬁ efalye-related diseases including, but not limited to sarcopenia, conditions of cachexia and
muscledessingdueediy diseases,| in t not limited to, cancer.and AIDS, bone and joint
diseas?e§,_sulph as ostec?poros?s% tvr&%%%i% gg‘éif%%?)gﬁg%ﬁ&b%‘f%%c?gﬁﬁ%@rf MBiE shtbsexual
dysfurletich®Bia st ehidtettodE8mprising administering to a subject in need thereof a

therap\tledlly leféeeun ameuntofacpmpeundal shsinvention.eLRbamasskisgleompgsition, of the

|nven_tl%%ﬂ&_§d%§gggr}l I 3s %cécog }&IS %ﬂ%%g%lﬂ‘ﬁﬂt, the corr_lpound of t_he invention is agonl_st or mixed
agonisFantagonist of the AR or the p%’armaceuﬁcal composition comprises an agonist or mixed

agonist/antagonist of the AR. [00241] In one embodipiént, the present invention provides a compound
: A andrfgggn-dependent tumors, such as
s ¢mbodiment, a compound of the invention
ent-the~fiRE8ent invention provides a method
q ors, such as prostate cancer or hyperplasia,
said method comprising administeri g to asubjest’in need thereof a therapeutically effective amount of
a compound of the invention or pharmacetitical composition of the invention. In a particular aspect of
this embodiment, the compouri@#of the invention is antagonist of the AR or the pharmaceutical
composition comprises an antagonist of the AR. [00243] In one aspect the present invention provides
a compound of the invention which is androgen recﬂptor antagonist according to any one of Formulae
-Vl avbueiwkEraih e KSakfichvatie is belRvedigiifohHsa.BriRe 1ﬁ5@é’{§ﬁgi29£}a%ﬁg§smmem of
androgan-gap nt t rs, such as prostate cancer or hyperplasia. [00244] In one aspect the
presemﬁnt%ngl%rgﬁ%%gl%ﬁeﬁ% CSE FeathSAPRAESP Tﬁ%%ﬁﬁf?’b%ﬁ%‘?@ééﬂ-%‘%’éﬁd%nﬁcu%ors,
such ﬁgaﬁ?ogfgiéfd%%er or hyperplasia, said method comprising administering to a subject in need
thereqbarttirapentcaboatiestivedmapny of 2 comprarngofdhe Invention agcording to,any pne of
Formt&@}a{)l-Vﬂ above, wherein said compound of the invention is an androgefi receptor antagonist,
whereih the KSchild value is below | glVI. [00245] In one aspect the present invention provides a
compiiHd @ thevrhentioboditioh, isidndspge roreceptonaganistiormixetagenistianiaganistigegording
to anyoRaRtRAITwae Ml gbeve whergin the EC50 and KSchild values are both below I gM for use
in the %[ﬁg‘%?tion or treatment of age-relatéd diseases including, but not limited to sarcopenia,
[

condit CHEREDRE SARIHOSEIHLETRR Sl Byrarsad e iireiseiing, 2but diog tirited:tolicRficer and
AIDS Canid ©5me @nd joint diseases, such as osteoporosis, reduction in libido and sexual dysfunction,
or anemqi 0024 § ect the,present invention proyides a method of treatment and/or
preve?r?triﬂc?g 8oif g&é%ﬁ%%%%%gé’s ‘ﬁé{) uding. but %Oc]i’fq?rlﬁllpe%}[f[gesié%%%?ﬁ?oég’ﬁa itfor By e defexia and
musci®$6&s induced by diseases including, but not limited to, cancer and AIDS, and bone and joint
diseafitsl 4)chascosieoparasisvireaustionin dhigeand sexyaldysiunclion. ar 20ami.said mgthod
compﬁggwgy%%n@i_%teﬂ%g t(())r As '%%g ip |1”|eed thereof a therapeutically effective amount of a”
compound of the invention actor Ing oyany one of Formulae I-VII above, wherein said compound of
the inHE8h i arfusther egboipeeprotiagaristior mixpdiadohist AantagenistrwhereinthalEG50-and
Ksmig valstegs are both below | gM. WO 20101029119PCT1EP20091061733 [00247] Transdermal
dosei Beggﬁgerall¥ seﬁcted to provide similar or lower blood levels than are achieved using injection
dose “Z? AR JRRbrt s RRadEh BERSHRATTd o RettRoR IS BriTeuitas ol misgiyEntoravil be
admifisterédo a patient at risk for developing the condition, typically on the advice and under the
supervision of a physician, at the dosage levels described above. Patients at risk for developing a
particular condition generally include elderly people, whose muscle mass decline results in the loss of
motility or more difficult movements. [00249] When used to prevent an osteoporosis condition, the
compounds of this invention will be administered 2@ a patient at risk for developing the condition,
typically on the advice and under the supervision of a physician, at the dosage levels described above.
Patients at risk for developing a particular condition generally include elderly people, whose bone
density reduction may cause increased fracture risks. [00250] When used to prevent a cachexia
condition resulting from a primary ailment, for example from, but not limited to, cancer, HIV, stable

chronic obstructive pulmonary disease (COPD), congestive heart failure, or late stage renal failure, the
comnniinde of thice invvention will he adminictarad to a natient tv/nicallyy on the acdvice and 1inder the




[00252] In one embodiment, a compound of the invention is co-administered with another therapeutic
agent for the treatment and/or prevention of sarcopenia condition; particular agents include, but are
not limited tQ.igstAgieraAng. corotinoids, androgens, SARMs and insulin Iik%gi?k\{\l/)%gactor 1. [00253] In
one embodiment, a compound of the invention is administered with anothert erape%’tf&%’gimen for
the treatment and/or prevention of sarcopenia condition; particular regimens include, but are not
limited to physical exercise alone or in combination with creatinine monohydrate or with dietary
protein§9[3G2 54 encorrebeditbodirmithtrarcohipousenpbithe ifvieatioriscosacministereckwith Anather
therapeutiscagent derithe.eatment and(ok pravartien Pigsteoporosis; particular agents include, but
are not limited to bisphophonatgr%(so ium alendronate, reisedronate, ibendronate, or zoledronic acid),
teriparatide, strontium ranela ormone replacement, (raloxifcne), calci @F vitamin D supplement.
Addthe invention is co-admjnistefed Rer therapeutic
ten @fzgachexia; particular agents i ? t Limited to
cs (for examplemf)ut withoBgtdimitation Meegestrol ,
tetrahydrocannap - 0'2010/029119PCT/EP2009%06%%33\nhibitordeBeta blockers,
anabolic agenis gxample but without limitation oxandrolg androlone, ghrelin). [00256] In one
embodime%ﬁ:a compound of the invention is co-administEred W anotHgr therapeutic agent for the
treatment and/or prevention of HIV induced cachexia; particular agents include but are not limited to
nucleotide analog reverse trangcriptase inhibitors (NtARTIs or NtRTIs) (foli@xample but without
limitatisheenBio Wiy RAdefovitgkenodenutlaDs deyraversadirnsaiiptssednbilitors (NNRTIS) (for

exam Wi t limitation Efavirenzt, Nevirapinee, Delavirdineg, EtravirineQ), protease.inhibitors
for e e R R L R Lot -
Lopind¥iRy ¢ Yoz &mdvirlk Bogdrmbremiaaity Tipranavirg, Damnavire), entry inhibitors (for example but
withouwtinsigtion\araviroan Enfivirtideg}opdntearase nhibiters. (o example, Ruhithgut Himitation
raltegrgyﬂ'r)l?[ §r7 one embodiment, a compound of the invention is co-administered with another
therapeutic agent for the treatment and/or prevention of congestive heart failure induced cachexia;
particufdr &8k itsainsivdectuted renhodilinmitortorerakcloop whinpetics (fuioscmide; omemidaios R is
bumetamide), beta-blockers (bisoprolol, carvedilol, and sustained-release metoprolol), ACE inhibitors
(Capt&géii,ﬁfenopril, Enalapril, Ramipril, Quinapril, Perindopril, Lisinopril, Benazepril, or Fosinopril),
angiotenael PBEBETST BESgeTaR @kt h st direrarersd iohs By mitiste inmatitiEnt, a
comp®ihd 6f the invention is co-administered with another therapeutic agent for the treatment and/or
prevemg I ai induced cachexia; particular agents include byt are not limited to
ACE .%ﬁﬁéﬁ?ﬁﬁg {Z&g%gth%%{ﬁ } cé leg:zliatp?ri , gr%{rﬁl}ff%é{?ﬁ&%\rrll grf‘r?a(gé}ﬂ% It_‘i)slllér%%ﬁ]ﬁ’ éﬁrg%epril,
or FoSIBRPHT It dibiBrinicn ietspiirambaoritas (Garddartan), vitamin 03, or calcium associated to
phosphate binders. [00259] B -administration is included any means of delivering two or more

therapeutic- agents to the patie ari-of the same treatment regime, as Wil be apparent to the

skilled person. Whilst tw agents may be administered 5imu| neousIy in-&&ingle

formulatio&l_;his is not esgentjal. ageﬁ"ts hmay be administered in"differentforimHati and at
-y

different imeSNGENERAL SYNTEETIC PROCEDURES @&eneral [00260 ,\‘[[]e comp @@@bf the
invention can bared rom readily available starting ma S| e Mﬁ’owing general methods
and procedi@és il be dppreciated that where typical or p ed pragess conditions (i.e., reaction
temperatures, times, mole ratios of reactants, solvents, &’essu s, etc.) are given, other process
conditions can also be used fdless otherwise stated. Optimum reaction c?%jitions may vary WO
2010/029119PCT/EP2009/061733 with the particular reactants or solvent uSed, but such conditions
can b& kst inBd 5ybme aRitedrseried iremyorsutiites oprdizationgrobedures. [00261] Additionally, as
will bgenagsrent sactbaseaskiledin the it LoBYERYRNANRIOIRCING OrowRS.MAY RS DERaSSary,tg prevent
certalprggncctéggaé g&ou&slfro %qe[ C%n(f’; undesired reactions. The choice of a suitable protecting
group]flor’ayparticﬁla? functional gr au%’ €'well as suitable conditions for protection and deprotection are
well kHEWAPih the pnafared exdndptent ik rossproteciing gralgahand-dhein intaaationane: removal,
are desefibedjn &1 W.cRrgang and P. G. M. Wuts, Protecting Groups in Organic Synthesis, Second
Edition, Wiley, New York, 1991, and references cited therein. [00262] The following methods are
presented with details as to the preparation of representative compounds that have been listed
hereinabove. A compound of the invention may be prepared from known or commercially available
starting materials and reagents by one skilled in the art of organic synthesis. [00263] All reagents are
of commercial grade and are used as received witlsout further purification, unless otherwise stated.
Commercially available anhydrous solvents are used for reactions conducted under inert atmosphere.
Reagent grade solvents are used in all other cases, unless otherwise specified. Column
chromatography is performed on silica gel 60 (35-70 pm). Thin layer chromatography is carried out
using pre-coated silica gel F-254 plates (thickness 0.25 mm). '1T NMR spectra are recorded on a
Bruker DPX 400 NMR spectrometer (400 MHz). Chemical shifts (6) forNMR spectra are reported in

narte nar millinn (bnmM) ralativive to tetrarnethvicilana (A O OO nr the annronriate recidiial enhvvent neale




Gradient: 100% B to 0% B front 0 to 3.5 min; 0% B front 3.5 to 4.5 min; 0% to 100% B from 4.5 to 4.6
min 100% B from 4.6 to 5 min. Flow rate: 2.5 mL/min. List of abbreviations used in the experimental
section: DCWD Bighitasemethane DIPEA: N,N-diisopropylethylamine MeCRt@zeraniibe 1B C
tert-Butyloxycarbonyl DMF N,N-dimethylformamide TFA Triftuoroacctic acid NMR Nuclear Magnetic
Resonnance DMSO Dimethylsulfoxide DPPA Diphenylphosphorylazide LCMS Liquid Chromatography

COUplTﬁiﬂtloﬁM afnsa§£ﬁcg‘t[z%@§£1¥em, with respect 10 a compound of the invention of Formulae IVa or IVb, ml is
Tor2
[00161] In another cmbodiment, with respect to a compound of the invention of Formulae TVa or TVb, R™ is
halo, cyano, C-Cg alkyl, or C;-Cg haloalkyl
[00162] In a preferred embodiment, with respect to a compound of the invention of Formulae IVa or IVb,
R¥is Me, CL, F, CN or CFs.
[00163] In another embodiment, with respect to a compound of the invention of Formulae IVa or IVb, ml is
0.
[00164] In one embodiment, with respect to a compound of the invention of Formula I, the compound of the

invention is according to Formulas Va, Vb, Ve or Vd:

RSC
OH
o R3a R3a
NC 0
Va Vh
R3° R3c
OH
R3a
O 1
cl o
Ve vd

wherein R™ is as described in any one of the preceding paragraphs;

R* is H, halo, Cyano, or nitro; or

R* is C,-Cs alkyl optionally substituted with cyano, or halo; or

R is amido optionally substituted with C;-Cg atkyl.
[00165] In one embodiment, with respect to a compound of the invention of Formula I, the compound of the
invention is according to Formula Va.
[00166] In cne embodiment, with respect to a compound of the invention of Formula I, the compound of the

invention is according to Formula Vb.
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ppm part-per-million Fr frontal ratio Rt retention time s singlet hr s broad singlet il MU It plet d doublet
Mp Melting point rt Room temperature Rt Retention time TEA Triethylarnine GENERAL

PROCEDUR&S 010/029119 PCT/EP2009/961733

[00167] In one embodiment, with respect to a compound of the invention of Formula 1, the compound of the
invention is according to Formula Vc.
[00168] In one embodiment, with respect to a compound of the invention of Formula 1, the compound of the
invention is according to Formula Vd.
[00169] In one embodiment, with respect to a compound of the invention of Formulae Va, Vb, Ve or V4, R™
is H, halo, or cyano; and R* is H.
[06170] In one embodiment, with respect to a compound of the invention of Formulae Va, Vb, Ve or Vd, R*
is H, CN, C, or F and R* is H.
[00171] In one embodiment, with respect to a compound of the invention of Formulae Va, Vb, Vo or Vd, R*
is H; and R* is H, halo, C;-Cs alkyl, C;-Ce haloalkyl, or cyano.

- [00172] In another embodiment, with respect to a compound of the invention of Formulae Va, Vb, Vc or
Vd, R*is H; and R* is CN, C1, F, Me or CF;.
[06173] Ina further embodiment, with respect to a compound of the invention of Formulae Va, Vb, V¢ or
Vd, each R™ and R™ is H.
[06174] In a preferred embodiment, the compound of the invention is according 1o Formula Vb wherein R™
and R™ are H. -
[00175] In another preferred embodiment, the conpound of the invention is according to Formula Vd,
wherein R and R¥ are H.
[00176] In one embodiment, the compound of the invention is selected from the compounds of the invention
listed in Tabie 1.

[06177] Tna further embodiment, the compounds of the invention are those of Formula (Vi)

wherein:
R’ is H, C6 alkyl, Cs.galkenyl, Cyp.galkynyl, or
R’ is C,.. alkyl substituted with a cyano group or one or more halo groups;
R%is H or Ci.q alkyl;

R is halo, cyano, C; 4 alkyl, or Cy4 perfluoroalkyl;
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General scheme: 1002641 Compounds of the invention may be prepared according to the following
procedures: Method A Scheme 1 WO 2010/029119PCT/EP2009/061733 Method B Scheme 2

Example 1: %3 2090l019%@-4-hydrmoonethy1-3-methyl-4-phenylimidazolidinsdyylp2s00/061733
trifluoromethylbenzonitrile (Method A) Step 1: 1-Phenyl-2-(2-propenyloxy) ethanone 100265]This

compound is prepared from 2-hydroxy-1-phenylethanone, according to the procedure used by G.A.
Molander and TA. McKie on 1-hydroxy-2-butanone, J. Org.Chem. (1995), 60, 872-882. Protection step
(optional): [00266] ey E8R- B Hufaridie t4h‘be HFEHeEtaliy a variety of well known groups
according to roptirie precedures well known by the man of skill in the art. For example,
2-(tert-ButyI-dir@gtlpy@@@@yloxy)-1-phenyl-ethanone is obtained quantitatively by mixing
1-hydroxy-2-butanone, tBDMSCI, and imidazole in DMF (see ref 10). This intermediate is then used as
described in th& 15BWiA G Rep %téspt}?:Sﬂl-lﬁi?éHﬁfﬁeﬁ@?ﬁropenyloxy)onidazoIidine-2,5-dione
[00267]0.775 gdied qpbéry 323 -prapylibxylethanbfie 0548 g of potassium cyanide and 1.6 g of
ammonium carhonate.are.neated o R G far3deurs in 23 mL of a 50/50 ethanol/water mixture. The
“reaction WO 2010/029119PCT/EP2009/061733 mixture is diluted with water and extracted with ethyl
acetattd A 0P &RFCEBRITBRMYS thisBFéd e Bt fated aqueous sodium chloride solution, then dried
over sgdilTa}sulfateandeapnnateditaals thadesiradpsaduct (whitish yellow solid).

[00180] 1t is further preferred that R is propynyl.

[06181] 1In one aspect, it is preferred that p is T, In this aspect, it is preferred that R is Clor F.
[00182] Whenp is 1, it is preferred that R’ is in the para position.

[06183] In another aspect, it is preferred that p is 0.

[00184] Itis gencrally preferred that any perfluorcalkyl group is a trifluoromethyl group.

[00185] Tn another aspect, it is preferred that q is 2. In this embodiment, it is preferred that each R® is
selected from F, Cl, cyano, trifluoromethyl, and methyl.

[00186] When qis 2, it is preferred that one R® substituent is in the para position and the other is at the
mieta position.

[08187] When qis 2, in one embodiment, it is preferred that each R® is Cl. In another embodiment,it is
preferred that cach R® is selected from cyano and trifluoromethyl, and it is particularly preferred that a first R®
is p-cyano and the second R® is m-trifluoromethyl,

[00188] A particularly preferred pharmaceutically acceptable ester is the phosphate ester.

[00189] A particularly preferred pharmaceutically acceptable ester is the hemi-succinate ester.

[00190] A particularly preferred pharmaceutically acceptable ester is the valinate ester.

[00191] Ina another further aspect the present invention provides a compound of the invention of Formula

(VII):

wherein

Xis O
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TLC: Fr = 0.42 (heptane/ethyl acetate 50/50) 6 1T-1 NMR (CD30D): 3.68 (d, 1H); 4.13 (n, 3H); 4.22 (d,
| H); 4.92 (s, 2H); 5.22 (dd, 1H); 5.34 (dd, 1H); 5.95 (ddt, IH); 7.45 (in, 3H); 7.64 (d, 2H) LCMS: (Rt =
5.79 min): 28&hH4MhMeCN+) Step 3 : PCT/EP2009/061733

412 ,5-Dioxo-4-pheny1-4-112-propenyloxyPnethyllimidazolidin-l-y1J-2-trifluoromethylbenzonitrile
[00268]To a solution of 0.47 g of 4-phenyl-2-(propenyloxy)intidazolidine-2,5-dione in 30 mL
dimethylacetamide is added 0.28 g of copper (1) oxide and 0.81 g of )
4-bromo-2-trifldord et pakLo e g riktife FHBAt SR AL TEBENBRB IS SIFLAMEd A mixture is
diluted with a 5@tsraguéwilb selutioncoframmbalia and extracted with ethyl acetate. The organic layer is

dried over sodiRm@ﬂl,faltswﬁk@ggﬁ&h@%%@@@{@% ARSEHAERIRIYE! ispuified ay.ghyomatography
over silica gel while eluting with 70/30 hemane/eth§l acetate to provide the desired product. TLC: Fr =

0.30 (heptane/SHI A4S 058P 6 TRFNUIR (CHEISYT18BITE, 1M); 4.14 (sI, 2H); 4.27 (d, TM); 5.28
(d, TM); 5.32 (R™1#)4;5.89 (ddt, 1H); 7.52 (m, 3H); 7.70 (m, 2I-1); 7.98 (m, 2H); 8.14 (m, IH) LCMS: (Rt

- 600 min): 414 (Mali)opigR dide IR MEDHlcdrphertyl 4-1(2-propenyloxy)methyl
dazolidin-1 triflugromethylbelizonitrite [00269]To a solution of 0.86 g of

442,5-dioxo-4-&éﬁyllﬁi/?(fi’ﬁ‘%pgﬁw}n‘émﬂﬂ%‘é&‘&ﬁ&ﬁﬂiﬁ%%&Pﬁﬁ?&i‘&ﬁw‘@fﬁ;ﬂ%@h&ﬂﬁtriIe and
0.26 mL of ioddaiethane in 30 mL of DMF is added 430 mg of potassium carbonate. The mixture is

stirred at rt for RhQurs, eYapoated ¢ Syness.dilian M&Mﬁl&%@%@%&@%ﬂ%a%';!axh@@etate- The

organic layer is dried over magnesium sulfate, filtered and evaporated. The crude product is purified
by chromatogrdph{} otdP&meafeububhile! sl G wint 78136 tepeirdisthie s ce vbsikiiFto provide the
desired productuliti@teFryo k37 ithepidne/ethyl acetate 70/30) 6 M NMR (CDCI3): 3.07 (s, 3H); 3.98

(d, 1H); 4.14 (bgs; 2R 4446k AD; 5,28 (d, 1H); 5.32 (d, TM); 5.87 (ddt, TM); 7.39 (m, 2H); 7.49 (n,
3H); 7.92 (d, 113); 8.00 (d, TM); 8.13 (in, 1H) LCMS : (Rt = 7.11 min): 471+ (MM, MeCN) WO
20101029119 EP2A369/061733 Step

5:4-[2 D ER{o-4- hyanaxyansiil 15 methyled-phenylimidazotelyly 1 1-2-trilluoromethyl- benzonitrile
[0027 lytionofQ.5290f442, 5-diox0-3-methyl-4-phenyl-4-[(2-

propeﬁ%/}ig)%%omlfentﬁﬁ mic gg%bﬁjgfn- yﬁﬁgﬁ?%%%%#é}t ??b%]ﬁgz%ﬁ?ﬁle in 40 mL of dichloromethane is
added 904 bf kifl nenebravecdimhethGistifie’complex in 10 mL of dichloromethane. The mixture is

stirredigg 16491 & RQrSaRARAIed-IRE & SaiWialac ANEYIROIUm Digarbonate solution and
extracted with ethyl acetate. The aorganic layer is dried over magnesium sulfate, filtered and

evapol a0 irHE ERiE PoeREi& piivificd by chromatography over silica gel while eluting with 70/30
heptarj@éafiny deeatpteimixtuspeto Providedae flesited, prack et VT Fal60 Chidl Gy a@BRituted

(hepta&%gﬁt;@{,}u%%@é%ég/gg}qua NMR (CDCI3): 3.09 (s, 3H); 4.18 (d, 2H); 4.73 (d, IH); 7.38 (ni, 2H);
7.50 (m, 3H); 7.93°(d, 1H); 8.02 (d, 1HE); 8.17gm, 1H)
[00198] In a particular aspect each R™, and R® is independently H, halo, cyano or C,-Cy alkyl, which may

be unsubstituted or substituted by one or more halo.

[66199] In a particular aspect R% is H.

[00200] Ina particular aspect R is H.

[00201] In a particular aspect R® is P(O)OH),.

[00202] 1In a particular aspect R® is methyl or ethyl.

[00203] In a further particular aspect R’ is propynyl.

[00204] In a particular aspect p; is 0.

[00205] In a particular aspect R is Clor F.

[00206] 1In a particular aspect R™ is H.

H06207]  In further particular aspects where an alkyl group is substituted by halogen, the halogenis F. Ina
further particular aspect the substituted alky! group is a triflucromethyl group.
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LCMS: (Rt = 6.53 min): 358- (M-CH20OH-) Examples 2 &
3:442,5-Dioxo4-(1-hydroxypropyl)-3-methy1-4-phenylimidazolidin-1111-2- trifluoromethyl-benzonitrile
(Method B) RteRokiaMethyl 2-methylainino-2-phenylacetate [00271]6.63 ml gfiionshlasde are
slowly added to a solution of 1.5 g of 2-methylamino-2- phenylacetic acid in 100 mL of methanol. The
mixture is heterogenous and becomes limpid after two hours stirring. The mixture is stirred for 48 h at
it then the solvent is evaporated to dryness. The crude product is diluted with an agqueous sodium
bicarb B Eokiiditinde stpsetstrivith- &hya skestatdiorhes Ggaviophitisesifirer vsshidchudthetbster then
brine, andkérieskyen magResiliasulfaieifiltered and evaporated to provide the desired product, which
is use §2§gc for %h%&%%(tsste% gﬁll_CH: Fr - 0.56 (dichloromethane/methanol 90/10) 81H NMR
(CDC ?: 96-1 98bF S R 1381 3H): 3.73 (s, 3H); 4.30 (s, 1H); 7.31-7.42 (m, 5H) Step 2:
4-12, S%NY- 3 nrenhy ke IRTiara B lidin-C 11 agethitttorbriethyl-B&nzd Bilfde: [80272]Fora solution
of 126, iPRRSSRNR i 20 QF;%BNQFQH@&@!H&H%S added slowly ResQIHHRR,BhLd 9 of
4-amlg§){-&i§gl oromeﬁhylbenzonltrl e in 16 nal, of anhydrous dioxan. The mixture is refluxed for 1.5

€r coo

hour. TRGoRER TREnHR R RedUSPHAEY 1eGRHESE’ To this crude product diluted with 50 mL
of anhydrous THRE.sRidded-biBogyofahethi2etna thylamihe:@xphidhylagetate in 10 mL of THF. The
mixture is stirregh@f fQr39:RiN 496 ML of TEA is added, the mixture is refluxed for 1.5 hour and
stirred at rt for 16 h then evaporated to dryness. The crude product is diluted with an aqueous solution
of WO 2010/0251 TIPEFIE BB 783 sothtiy sidkrslimidaasid 8xtidléted with ethyl acetate. The
organic phasegradfeowastiatheviithiwigter then brine, and dried over magnesium sulfate, filtered and
evaporated. Theorudepioduct imcrysialisech i ageiain, i apghrinsed wih ety ether to
provide the desired Product. TLC; Fr = 0.67 (dichloromethan/ethyl ethér'90/10) 61H NMR (CDC's):
3.06 (s, 3H); 5.68%(8,01%5‘33’}1?%@?‘.@9“@, 2H): 7.48-7.56 (m, 3H): 7.96 (d, 1H) 8.0 (dd, 1H): 8.18 (d, IH)
LCMS : (rt = 2.9 iapolafriethadicnydtddhizabienBiep)3- B4 Brbitxokd{1-kydroxy
propyI)-3-methmgﬁm%in5@}Q%gqggn-I-yII-2-trifIuoromethylbenzonar le [00273]To a solution of 200
mg of 442,5-dioxo-3-methy1-4-phenylimidazolidin-1-y1]-2- trifluoromethylbenzonitrile in 4 mL of
anhydrous THE €6618d {5 2Basey 1 hadey S oxsnsht-srnatriimbiaiftyisiyfiamide 20% in
hexane. The sdtiitiorviredgimesaiérkdrown. The mixture is stirred at -78C for 10 min. Then 121 pL of

propanaidenyde are siowly addegt.ie-splutinbesamice daskiad The.adolin. o another 121 pl of

propanaldehyde leads to the total discoloration of the mixture. The mixture Is stirréd at - 78C for 30
min and the re 3 ARFHENREYEIS78C with an aqueous solution of ammonium chloride. The
mixture is warméé @t Changibey Bque diss phagérisexdigtchwiiyiielilylacetiatel)The organic phases are
washed with waigp dhen.hUne.Andsried over magnesium sulfate, filtered and evaporated. The crude
product is purified by chromatography on silica gel while eluting with 1/1 to 0/1 heptane /

dichloromethan® nixfer e INsh o8 er uBricbrdmiatmarmstimiamiétrnixlirgs, to afford two
diastereomers tigwremAbaivdigemdeB. [00274]Analytical data for isomer A: TLC: Fr =0.45

(diCh|0rometha@@%%??;}?{(}%ﬁiﬁ;ﬁ%%?ﬂ%(QB&%;»?)&&& &Bﬁ@éﬁé&%@%(m, 1H); 1.65-1.78 (m,

1H); 3.26 (s, 3H); 2 (m, 5H); 7.93 (d, 1H); 7.997(d, 1H); 8.13 (s, IH) LCMS:
(Rt =3.47 mm)?rgg'é’fo(lﬁ?-t@i%ﬁ?ﬂl?@ltfbm- 100275]Analytical data for isomer B:
4-[2,5-Dioxo-3-ethyl-4-Chydroxymethyl)-4-phenylimidazolidin-1-y1]-2-trifluoromethylbenzonitrile;

4-[4-(4-Cyanopheny!)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-y1)-2-
trifluoromethylbenzonitrile;

4-{4-(3-Cyanophenyl)-2, 5~-dioxo-4-hydroxymethyl-3-methylimidazolidin- 1-y1)-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-triffuoromethylphenyl jimidazolidin- 1-y§)-2-
trifluoromethylbenzonitrile;
1-(3,4-Dichlorophenyl}-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2,5-dione;
4-[2,5-Dioxo-4-(hydroxymethyl)-3-(1-methylethyl)-4-phenylimidazolidin-1-yi]-2-

trifluoromethylbenzonitrile;
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TLC: Fr = 0.36 (diehloromethane/ethyl ether 9/1) 61H NMR (CDCI3): 1.18 (t, 3H); 1.42-1.55 (m, 1H);
1.72-1.84 (m, 1H); 3.08 (s, 3H); 4.63-4.70 (m, 1H); 7.39-7.55 (m, 5H); 7.95 (d, 1H); 8.02 (d, | H); 8.15
(s, 11-i) LCM; 7 mm): 358- (M-CH3CH2CHOH)- Examples 4 &
5:4-12,5-Dic@%ﬁ%&%oxyethw-3-nzethyl-4-phenylimidazolidin-l-yII-Z- ﬁ%ﬁ%%??‘%?ﬁﬂgﬁenzonitrile
WO 2010/029119PCT/EP2009/061733
10027614-[2,5-Dioxo-4-(1-hydroxyethyl)-3-methyl-4-phenylimidazolidin-l-y1]-2-
trifluoromethylb@h¥énttre hsbiairber oy -(sifythacamd-photobolids et foilexamples 2 & 4 starting
from 4- [2,5-dioxtRGortaeinyibénphemydimidazo lidin-l1-y1]-2-tri fluoromethylb enzonitri le by using

acetaldehyde ingstgac ropionaldeh he crude product js purified by chromatography on silica
gel while eluting ﬁﬁé’%gﬁ%‘é" @‘é‘r‘%{g@b 'Pgl%?itwfgfﬁgﬂlé’%wll}%ﬁﬁzé’ﬁ% X515
dichIoromethan?’éﬂ‘iﬁf‘é’fﬁ@ﬁﬁﬁ%%é{fi@ afford two diastereomers: isomer C And isomer D.

1002771A(nalyti«cgi),data»famiapmy%@a:[ﬁ%ﬁyﬁ)na@a&@iﬁ%@f@@@t%ﬁ%&%mmﬂ%%)}!ﬁﬂ%“(dg0/ 1)0/0-1)
6 H-NMR (CDC13):1.42 (d, 3H): 3.26.(s, 3H):.5.03-5.61 (m, 1H): 7.47-7.60 (M, 5H); 7.93 (d, IH); 7.99
(d, 1H); 8.12 (s,4l f’?-ﬁll{)(lfﬁg?ﬁ? Oyl El"’r?)még%l“%dEﬁ 6] 351T§6§@}§Th idlical data for isomer
D: TLC: Fr = 0. 28 rdicristofhesmaidlethyl ether/NH4OH 90/10/0.1) 8 'H-NMR (CDCI3): 1.44 (d, 3H);
3.10 (s, 3H); 4.9845DC Koy - 42-0iH6-Uhyak Xy By (9. hEhy B:02:4dndHH): §116.(s, 111) LCMS: (RI =
3.34 min): 358-4%%{@%%5@@511

Example
6:444-(2,5-Dioxo-4-fluorophetty }ﬁ?ﬁydroxymethyl-3-methylintidazolidin-1-y|]-2-
trifluoromethylbdrZdnitire X dtadnat gebeny 1 2 A-duorbpivenyE)pRehyidrokyethinons {08279]2 g of
2-bromo-1-(4-fluesaphenyheihanone, and 6 eq of sodium formate in 15 rit of Ethanol/Water are

irradiated undey, micrgwave for. 5 min at 150C, 11 bars. After filtration and evaporation of ethanol, water
ﬁ@ege st ”0""‘1*8*51%? thi%a ISP TR (O Rret B didi te/brbesst2 (in,

is added. The ex product is isola
1H); 7,35 (m, 214y* 8004w, 2id) 2EMS: (RI = 2.51 ruin) No ionization -
(28)-1-{1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3 -methyl-4-phenylimidazolidin-4-
yljmethoxy-3-methyl- I-oxobutan-2-aminium chloride. |
4-{1 -(4—Cya110-3-m'ﬂuc}romethylphenyi)-Z,5—diox0—3 -methyl-4-phenylimidazolidin-4-ylImethoxy-
4-pxobutanoic acid;
(8)-(1-(4-cyano-3-(trifluoromethyl)phenyl)-3-methyl-2,5 ~dioxo-4-phenylimidazolidin-4-yl)methyl
dihydrogen phosphate;
{5)-4-((1-(4-cyano-3-(trifluoromethyl)phenyi)-3-methyl-2,5 -dioxo-4-phenylimidazolidin-4-
ylmethoxy)-4-oxobutanoic acid.
[60212] In one embodiment the compound of the invention according fo any one of the embodiments
herein is not an isotopic variant.
[06213] In one embodiment, with respect to Formuia 1, the compound is selected from the compounds
listed in Table 1.

(69214} In one aspect a compound of the invention according to any one of the embodiments herein

described is present as the free base.

[GG215) In one aspect a compound of the invention according to any one of the embodiments herein

described is a pharmaceutically acceptable salt.

[60216] In one aspect a compound of the invention according to any one of the embodiments herein

described is a solvate.

{00217} In one aspect a compound of the invention according to any one of the embodiments herein

described is a solvate of a pharmaceutically acceptable salt,
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Step 2: I-(4-Fluorophenyl)-2-(2-propenyloxy)ethanone [0028012.4 g of
1-(4-fluorophenyl)-2-hydroxyethanone obtained in Step 1, 10 mL of allyl bromide and 9.4 g of CaSO4
are mixed togefhef,eiRy argon atmosphere. 6.2 g of Ag20 are added by porfions for 1.5 b. This
mixture is stirred 3 h at rt, diluted with ethyl ether, filtered and the solvent is evaporafg?j1 ﬁe crude
product is purified by chromatography over silica gel while eluting with 90/10 heptane/ethyl acetate
WO 2010/029119PCT/EP2009/061733 6 'EI NMR (DMSO 06): 4.05 (m, 2H); 4.82 (s, 2H); 5.17 (dd,
1H); 5 P83, 1H); 3O arncifia); o (for, 21h): 810012 Hivk CSa I [Rbee2 B dnit)vdNepiarization
Step &Anﬁ@:ﬁwdm@h@&ﬂ%ﬂ%&m&mw%@;gm@éml&’@dm%ﬂ&& ir i ABEANARHIL 8 9 dﬂ

ea

1-(4- fI phenyl 0 han e obtained in Step 2, 1.21 g of potassium cyani

469 g gf arr{(}rlﬁldér% & {%(fl’)llzl are h%gf é? %O%O&eff}? 5“?{8@@’%1%% PEPEEBos et @‘Eﬁ%ﬁ‘?ﬁ}’&%}é‘@r
mlxturéﬁsmih@lﬁegﬂn‘ﬁlfthéf%m%fdre%mm% grofngimnonitmlchrbonatdeisiadoatiR tisnestafter | hour,
4 and &ﬁbh@mﬁsnteaméggiiyegy@@he reaction mixture is then diluted with water and extracted with ethyl
acetatfuo'g% ? nlc solutlon is dried.over sodium sulfate and evaporated to provide the desired
produdt Y211 - T RRIRTTO RIS BETO5 %0 1 UbRT 3 oBRoEna-9). e ety ds s d abpvern 5,25 (dd,

1H, (dBrophiasies (ddilma_rlﬁi))f?a@&(m 2H): 7.58 (in, 2H); 8.65 (s, IH); 10.80 (s, IH). LCMS: (Rt = 2.43
min): No ionisation. Step 4:
4-12,5-Dioxo-4-(4-fluoropheny0-4-
trtfluorotnethylbenzonitrile [0028
4-bromo-2-tofluoromethylbenzonitHle are added to a solution of l g

4-(4- e I imi 5-dione obt ine te
AR e e S R SR
aqueo{?’snéﬁ‘frﬁd FAISSTINEH SPPastigtersligrensyitisee by ﬁ@I@F&éM@IW@%Wib@l@W@nls@mum

sulfateyMilterechticd avapcbcatadrs?Iael&mdﬁ@adt&bcbﬁlwmﬂedew; ehyomaiegraphyomersiica.gel while

luti : D DB): 3.62 ( ° (d,
O e e

8.33( y;il I\d%crw H’}a%?}?t Wg]qt Lp Pé;ﬁeg:van{ c1rcumstanccs mcluding thc: condifion to be
442 5®mcbme®dadstamrqnheﬂyﬂhﬁammhtyﬂ,{ﬂclal:ﬂmr@mq;ayﬁ@xt&ﬂﬁ}ﬁi&)’&ﬂrm{é%@16@9%1& Stdrdponse

trlfluomgggﬁlbﬁgg%%d{e tﬁ%q&g]@%@&gpg{] &%as%? N carbonate and 0.25 mL of iodomethane are

added to a solution of 0.8
4-12,5180844! 4’(&%&1&?8)&?%9&) AR AY I8N JAERITinsiabodinitistale@ by a varicty of routes
trifluotechethylbenzeoiiljlenbiained imstemndbuslisseivaddn:3, M0t Frn&@ﬁﬁ&mw re.s shopgdat rt for

4 hou e orate to dr nes ilyted with water and brine and extracted
with e%%’ll%l%%%;(tgeg Q%qéﬁqg}%%ahl ﬁ%y%f\r/%? dried 03§P ]s% iim sﬁﬁiaetémfﬁté? SRR S rE b vide

the deSPETTHFEEbIE" PR 2BROTt0T T0P SIS PBO0I06T 28 36 AU MIRUEDMS B DEINRISE (8. 3H): 4.17
(m, 2+ﬂ()921220 (daclddmp%s@)ﬁd foktdaroudBidirddthi Qe el 87 it ) s B0 N Zithicd R (N,
2H); pQu@p&\U&@ ]I\%oge 'CO n?a‘aongf, h dw%.r'é' 't eC cl\éln%po §¥0;1s3ar%%rreglqute<li\l 1% é?lg%gstégg forms to facilitate

accurate dosing. The term “unit dosage forms™ refers to physically discrete units suitable as unitary dosages

propenylox )net12 1f|nndazoI|d|n l-y1J-2-
"~..-.\-.|i'._-_;--.. =.Q5'£-a‘—' ) gof

3in of
5161

for human subjects and other mammals, each unit containing 2 predetermined quantity of active material
calculated to produce the desired therapeutic effect, in association with a suitable pharmaceutical excipient,
vehicle or carrier. Typical unit dosage forms include prefilled, premeasured ampules or syringes of the liquid
compositions or pills, tablets, capsules or the like in the case of solid compositions. In such compositions, the
active compound is usually a minor component (from about 0.1 to about 50% by weight or preferably from
about 1 to about 40% by weight) with the remainder being various vehicles or carriers and processing aids
helpful for forming the desired dosing form.

[00223] Liquid forms suitable for oral administration may include a suitable aquecus or nonagueous vehicle
with buffers, suspending and dispensing agents, colorants, flavors and the like. Solid forms may include, for

example, any of the following ingredients, or compounds of a similar nature: a binder such as microcrystalline
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Step 6: 4-12,5-Dioxo-4-(4-fluoropheny1)-4-hydroxymethyl-3-methy -dazolidin-1 -y11-2-
trifluoronzethylbenzonitrile [00284]Thecrudemixtureof442,5-dioxo-4-(4-fluorophenyl)-3-methyl-4-[(2-
propenyloxyymehylisgigazolidin-l-yi]-2-tifluoromethylbenzonitrile obtaineddpsigRmdpaaidbilised in 5
mL of DCM under argon atmosphere. 0.9 mL of trifluoroboranc-dimethylsulfide complex is added. The
mixture is stirred at rt for 7 hours. A saturated aqueous sodium bicarbonate solution is added slowly,
the product is extracted with DCM and the organic layer is dried over sodium sulfate, filtered and
evapor SHBIS S HR TR S B R ITiHR G5 R SHY AT 5y BVaTeiica SEGRIETSIERY WHER 271
DCM Hatyit acetabein®ddt MM BMSBO:DE):i@u8 7fsh 3H 081 steht)id 4 Ql{dantldddh mBo(isiddiH);
7:30 (it 001 20 e L 00 G BRI DM B SR L DIl
7:4-[41 ‘(‘&%’M&P&iﬁlﬁ@tﬁf}@% HE%824- hydroxymethyl-3-methylinddazolldin-l-yll-2-

trijluorfiaERidy Ihenzomtkienfviethad A) SehemerStepdh: ﬁgééfﬁkﬂ@faﬂhelyﬂé arhydspigrethanene WO
2010/ P /Q6 0285.1Using,the_prat f Exam ste 1 react 2 g of
2- bror%%%]e]?% %?% e%glgy% %tligr%g(r]?g%yleh?s% Etzhaé't dégl%Pﬁrgguct 5 i(ﬁdo éb gg}oﬁ 9%3 gg 2H);
5.15 (P72 s0Ter, S¥porYh e hyingdions A2 5SS i N’o"‘f@‘ﬁl&dﬁéﬁtﬁé@?mdm being the
1-(4-Ghjeraphenyk)-242tpnapenyloxy)ethanone [00286]Using the protocol of Example 6, step 2,

reacti g.0f 2:bromo-1-(4- .chlorophen et ano ields the esired roduct 6 'H NMR (DMSO
Doy ] R o e R e T PR o SR P8 05 ary
Step aacavemgmi@rﬂphéﬁg@dhy(mm@p@nmewag@mwéoztslaioqq@bp@ow mwmghth@q:fmbjaémﬁ
Exzmaiﬁ@ step a)om@%gﬂv)@gwéﬂcf&mm@mm 21@ggmnemg>?%agmaaﬁtﬂ@d@ &ﬁftﬁﬁsn(rgg
ro 3,5 H): 4

EH)US 21“(?} J%E) (}Eg FY)“‘?’ %}ﬁ f‘"’é’ af éﬁ‘)mﬁé - (e gt%ﬁ\ﬂl‘é“)‘ B8 in): No
|on|saﬁéﬁoﬁwdﬂf""ﬁhlﬂﬂm@ﬂ@fﬁwh@h?ﬂa@%ﬁ@bbéﬁﬁlﬁﬂlﬁﬁdﬁé%ylﬁwwml}mmanlﬂﬁjltl@ﬂz

trifluor@methylbanzeRith e cream with, for example an oil-in-water cream base. Such transdermal formulations

are well-known in the art and generally include additional ingredients to enhance the dermal penetration of
stability of the active ingredients or the formulation. All such known transdermal formulations and
ingredients are included within the scope of this invention. -

[00226] The compounds of the invention can also be administered by 2 transdermal device. Accordingly,
transdermal administration can be accomplished using a patch either of the reservoir or porous membrane
type, or of a solid matrix variety.

[00227] The above-described components for orally administrable, injectable or topically administrable
compositions are merely representative.  Other materials as well as processing techniques and the like are set
forth in Part § of Remington’s Pharmaceutical Sciences, 17th edition, 1985, Mack Publishing Company,
Easton, Pennsylvania, which is incorporated herein by reference.

[00228] The compounds of the invention can also be administered in sustained release forms or from
sustained release drug delivery systems. A description of representative sustained refease materials can be
found in Remington’s Pharmacentical Sciences.

[00229] The following formulation examples illustrate representative pharmaceutical compositions that may
be prepared in accordance with this invention. The present invention, however, is not limited to the following

pharmaceutical compositions.
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[002881Using the protocol of Example 6, step 4, reacting |.4g of 4-(4-chloropheny1)-4-(2-
propenyloxy)imidazolidine-2,5-dione yields the desired product. NMR (DMSO D6): 3,71 (d, 1H);
i|_(|)5 (in, ZHMQ'&%Q&I{QQ' 5,13 (d, IH?; 5,2_1 (d, IH);.5,85 (ddt, 1H)i 7.53 (d’p%Ql '1)72,0%%! 917%I3f|); 7.98 (d,
); 8.10 (s, 1H); 8.31(d, 1H). LCMS: (Rt = 3.41 min) (448/450)- (M-H-)
Step414-(4-Chloropheny1)-2,5-diato-3-methyl-41(2-propenyloxyPnethyl] dazolidin-l-y11-2-
trilluoromethylbenzonitrile 1002891Using the protocol of Example 6, step 5, reacting 0.50 g of
4-[4-(4-chlorophenyl)-2,5-dioxo-
4-[(2-propenyloxy)methyllimidazolidin-I-y &sdifugranethyiaenzonitrile yields the desired product. 6 Ili

NMR ( D6): 2.87(s, 3H); 4,10 (m. 2H): 4.18 (d, 1H); 4,40 (d, 1H); 5,15 (d, 1H): 5,21 (d, 1H); 5,88
it LT Ao e s SR O Red 4 iy LKA, Sk & S8 2 PG Aton

WO 2GP0/0294¢ IRCTREOGO0/06 1738 amount of magnesium stearate may be added as a fubricant. The

Step4 Léx4rSh kanapherykh 2 Hioxmdxyaranet iy 3: i IRz
trifluoromethylbenzonitrile [00290]%sir119851e protéﬁc%tl %‘éﬁ?m%%,%?% %é,{s:g]acttxl#g%. Sa' of

444-(4-chlorophenyl)-2,5-dioxo-3-
methyl-4-[(2-propenyloxy)methyl]limidazdlamulatid)-2-trifipendsnethylbenzonitrile yields the desired
produge2 HNMR M DRE)iR- - 3H):. 4. ;4,40 (m, 1H). 5.82 (n), Hi); 7,51 (m, 4H); 8.03
(d, ) 8.1]; s,}iﬁigé,s 3% (d%%f%é%ﬂ@?aﬁz: %’.‘ i%@%?fé:?‘%%%%‘ﬁ%’?ﬁl@ﬁz%ﬂﬁ‘s _Elg%"ﬁ{{p’l% an
8:4-112 P EIIEHS Shie B0 10y o Ko HRHIR SRS AU RS . 6y G msiaa o I eive compound
trifluorprmetryplibenzonitrile Step |I:
4-[2,5-Dioxo-4-(4-fluorophenyl)-4112-propenylo*methyli-3-(2-propynyOunidazolidin-1-321]-2-
trifluoromethylbenzonitrile. [00291]Toasolutionof0.42gof4-[2,5-d iox 0-4-(4-fl u orop heny -4-[(2-
propenyloxy)methyl] imidazolidin- | -yl]-2XrfRIBRSARthy bisi#bnitrile in 3 ml. of DMF, 160 mg of
potasdliA3garbonatecand @.2mitvefiprapasgyibremide 48Qi%edsolution-Rdoluene A eAddaduhng

mixturg,ds stired Qb it ien 4 hours at here..Then 0.04 mL af propargylbromide (80 %
solution ﬁw toluene) is added and&i?hgeg%?@%%gsgﬁﬁg%u%%goa Brt?%%’a@é?ﬁf‘é%’t%“@?%é%fc iltitd with
water AREBIRE Irdesaiuior afviie emiyrdine eadrorentgedien aybois b ovbisediumssafate)filtered
and evaporateds {0208 ThaterudenEnducts purited:bychimmategraphyover siica gakvwhile,gluting
with 4é‘sjt1fﬁcient water may then be added with stirring. Sufficient water is then a&dcd to produce a total volume of

5 ml.

Formulation 4 — Tablets
[00233] A compound of the invention may be admixed as a dry powder with a dry gelatin binder in an
approximate 1:2 weight ratio. A minor amount of magnesium stearate is added as a lubricant. The mixture is

formed into 450-900 mg tablets (150-300 mg of active compound) in a tablet press.

Formulation 3 - Injection
[00234] A compound of the invention may be dissolved or suspended in a buffered sterile saline injectable

aqueous medium to a concentration of approximately 5 mg/mL.

Formulation 6 — Topical
[00235] Stearyl alcohol (250 g) and a white petrolatum (250 g) may be melted at about 75°C and then a
mixture of a compound of the invention (50 g) methylparaben (0.25 g), propylparaben (0.15 g), sodium lauryl

sulfate (10 g), and propylenc glycol (120 g) dissolved in water (about 370 g) may be added and the resulting

mixture is stirred until it congeals,
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heptane /ethyl acetate. = NMR (DMSO DO: 3.17 (s, 1H); 4,05-4.12 (m, 2H);_ 4.25-4.40 (m, 4H); 5,12
(d, 1H); 5,22 (d, 1H); 5,88 (ddt, IN); 7.30 (in, 2H); 7,60 (na, 2H); 8.00 (d, IN); 8.12 (s, 1H); 8.33(d, 1H).
LCMS: (Rt 5346:1ie Al ionization Step . PCT) 01061733
2:4-(4-Fluorophenyl)-z,5-dioxo-4-hydroxyn2ethyl-3-(2-propyro,Dlmldazollcﬁ:ﬁr-fmﬁ-@-
trifluorotnethylbenzonitrile
[00293]0.45g0f4-[2,5-diox0-4-(4-fluoropheny1)-4-[(2-prop
= IL : 11 IR A

propynyfiimidazolidin-1-y1]-2-trifluoron ) ( . . :
under prozE% ptMESRReRe R Aok Rfiifluorohe Eﬁﬁ&z@mx@@‘&’éﬁw&ﬁ%&%&l%%@%‘iﬁgaJPv%g”g‘rl;ﬁ%‘ere s
stirred at.rt for 18 hours. A saturated ah(‘é]uqous sodium, blcarbqnate s,olutlon IS sIQW_y added. ef
product e i A dith DERMeSBATHSRETE ByEFi dRe A3 vEr s BIRTSREORIRér auaphyr ©
evapofateiderside v biedieyderst is foubifieldty tohremiatoijrap yp et bya gaiswm&ﬁlutmwt&mﬁﬂ
DCM/athiesaiaie, W:3a4002L4SBETIEPEO0RNGHISE AJIINVR (MPE DAY S 49 gﬂ&aé’"; ’
4.10-4.4 SE 4H '651.80&(in JAH); 7.28 (m, ZI% 7,60 (AB'%H); 8.05 (d,1 )15;8'%10%;8’1|Nf 39 (d, ). -
LCMS}ZM(%t _:3:3 rﬁllﬁ)? 818_11 _Eﬁ}rﬁ 0 £ EixﬁEciEc, whist some compounds will be clearly agonists or
9:4-14<(3IEHIBREPHERYDPE, Seioxod-hijiroinbttiytdmvathylimitazelitinedsdil -These compounds
trilluoramethykbenzaniiaiMathad fhStend: :lﬁ(&&m&m%@xwa%aﬂygmég§)%zf§%ﬂopr%¢99f?%4 2SI
the protocollollg IrExgm I§ 6, step 1, reaqélrtl%ég.o_ft_z-bromo-l(&chIogophenyl_ ethanone yl? ds the
desired product. 8 F-1 KR OIS GBB%e (€191 BeommeHnd pfythy macptiopHyay beadetified arigg (d,
1H); 79b55(824 #4)2400NS 2 RE B0 miy M odonizatioreStep. 21t is therefore clea}l that it is Ivelé wﬂt-hm t;.c
1-(3-Clvmy anyloxi Pe0goBLYs! 10 nle 6. step.
reéct?:;‘“%‘?‘{g%'?W??é?z‘ﬁff?‘?ﬁp’%eﬁyﬁﬁ%?g;%x e e e R R o
D6): 41?8"7" m. IH) 4 P2 7, 18 YT HY eEbsh | dartieyascemnaitd mifhy BEeptiortiapmrponid, IN);
7.88 (8n3gppist ganised pppnitaptazoti{BaGhilosoph enyd)riti2psapeiyiogimidazoltdine-2,5-dione
(00296édzing heniplaral of fxamule Aloh e A ®R! 13 ANPIRE SR NRHRY. cood

ylox anone yields the desired product. ) _ -
prOpeQ%ava){l)a%E ity, low grotem binding afhmi}pf, less drug-drug interaction, and good metabolic stability. Ina

enyloxy)methyl]-3-(2-
el ARIFRE ARMBAT in step 1 is dissolved in 5 int, of DCM

particular aspect, a compound of the present invention exhibits unexpected significant improvements in
pharmacological properties, in particular improved bioavailability. Where a compound of the invention
exhibit any one or more of these improvements, this may have an effect on its use in the conditions described
herein. For example, where a compound of the invention exhibits an improved biocavailability it would be
expected that a compound of the invention could be administered at a lower dose, thus reducing the
occurrence of any possible undesired side effects.  Similarly, improvements in the other properties listed
above will also confer advantages in the potential uses of a compound of the invention.

[00238] The present compounds are useful as therapeutic agents for the treatment of conditions that are
causally related or attributable to an alteration in levels of circulating androgens in mammals. Accordingly, in
one aspect, the present invention provides a compound of the invention for use in medicine.

[00239] In one embodiment, the present invention provides a compound of the invention for use in the
prevention and/or treatment of age-related diseases including, but not limited to sarcopenia, conditions of
cachexia and muscle loss induced by diseascs including, but not limited to, cancer and AIDS, or induced by
thermal burns or long term immobilisation; and bone and joint discases, such as osteoporosis, reduction in
bibido and sexual dysfunction, or anemia. In a particular aspect of this embodiment, a compound of the
invention is an agonist or mixed agonist/antagonist of the AR.

[00246] Tn a further embodiment, the present invention provides a method of treatment and/or prevention of
age-related diseases including, but not limited to sarcopenia, conditions of cachexia and muscle loss induced

by discases including, but not limited to, cancer and AIDS, bone and joint diseases, such as osteoporosis,
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: ; ; ; ; 5. d, IN); 5.85 (ddt, 1H);
6NMR (HMSO D6): 3.52 (d, 1H); 3.95 (d, 1H); 4.02(d, 2H); 5.16 (dd, 1H); 5.25 (d :
7.44 (m(, 2H); 7.52 (in, IN); 7.59 (s, 1H); 8.70 (s, IN); 10.83 (s, 1I—I|). L)CMS(; (Rt|'3'2.517 Tm). No
ionization S A14-(3-Chlorophenyl)-2,5-dioxo-4-[(2-propenyloxy);neidazolidin-1-y
trtfluoromethﬁ%éehr%za(})%r%%?i g [00297]Using the protocol of Example 6, step 4,Pr_%%(€ﬁﬁ?;f’%'61@3éf
4-(3-chlorophenyl)-4-(2- propenyloxy)imidazolidine-2,5-dione yields the desired product. NMR
(DMSO D6): 3.72 (d, 1H); 4.05 (in, 2H); 4.18 (d, 1H); 5.13 (d, 1H); 5.21 (d, 1H); 5.85 (ddt, 1H),_7.50_
(in, 2HISPBROR libidy, and eexsalidy fn@B (dor i) 1Qi(mbttyi SRR elin )il (nd H)a LEMS 4Rt =
3.41 mﬁﬁéd(%éﬁ@)-’g}ﬂ%ﬂ;&u}jg\ﬁl@ 2@&&{&2%%85 C(;IE-/ EngOQIQQO/lgl 1%? Steﬁ)vel tion or -pharmaceutical

flox 1]-5-

netl ﬁl]lnu azo-y

5:4-1-443-Chloropheny.1)-2,5-dioxo-3-methyl-4-[(2-propenyloxy _ . o
trifluo%%n%& Sf}l Ogrll8 zpo8 ﬁ%l zéelfaﬁligé} VTR THE S5 ST FrEsaheginetstepcampsanding e guion is

444-(32EPIET ﬁ@ﬁyi)agqgis@ﬁ@@gonist of the AR or the pharmaceutical composition comprises an agonist or
4-[(2§pmm1r§@xwm§§mﬂjmﬂggmjgin-I-yll—Z-triquoromethylbenzonltrlle yields the desired product. S

i DS): 2.88 (s, 3H): 4,10 (m, 2H); 4.20 (d, IF!); 4,42 (d, IF!); 5,16 (d, IF!); 5,22 (d, IF!);
I5", ala\lgw(lj\g@m%,% (Fﬁl}%fﬁgfs?@}%%%'(ﬁwl?ffﬁj’f RO PYVBlE0 qompaynd a5 i itvel)i@ F8(disd ) (CMS:

(rt =3.BFYANionpolHmethocty: N@Mg&t#@ﬁpﬁi@ﬁﬁiﬁo@-@ﬁiﬂﬁ@@?@iﬁ%@':@aﬁ_é@ or hyperplasia. In a
oxo--pudranymplhvirrinsihiinidezald ol 2yirifluoremetiibenzonirie (00g991Using the
protocp] of Example 6, step 6, reacting o.éo g o? 4_44-Z -C ?orop enyﬁ-ﬂl,%- | ]x - - _
3-met@@ﬁ§fzﬁb%b‘é‘hiﬂ8‘§29yﬂi@m’§d it gHdiveR{ja) oravifleoronsdun i enaonitriled el theidesired
produetidroz MR (MeOD)n&08uS, AHH)oGate 2nEH o B D s imbfiD Uhnlfdnd A2 14
(in, 2"9};&%@( (§ nddd kb §ih@dtp§u§c%9%@flﬂe}f (.%Qa%ip./(%ugzé l)o_f Zlcb?g%%_l;@k/ﬁ{%;%g}l%gn or g%}annaceutical
II:(S)_%éjrth’(?s&t%g)g-élléh%gggé&w%ﬂ%l;;E;ticgitarya;pég (?frlr%/li]srglmggdir:mm, the compound of the invention is
antagonist of the AR or the pharmaceutical composition comprises an antagonist of the AR,
[00243] In one aspect the present invention provides a compound of the invention which is androgen
receptor antagonist according to any one of Formulae I-VII above wherein the Ksene value is below 1pM for
use in the prevention or treatment of androgen-dependent tumors, such as prostate cancer or hyperplasia,
f00244] In one aspect the present invention provides a method of treatment and/or prevention of androgen-
dependent tumors, such as prostate cancer or hyperplasia, said method comprising administering to a subject
in need thereof a therapeutically effective amount of a compound of the invention according to any one of
Formulae I-VII above, wherein said compound of the invention is an androgen receptor antagonist, wherein
the Ksaaa value is below 1pM.
{00245} In one aspect the present invention provides a compound of the invention which is androgen
receptor agonist or mixed agonist/antagonist according to any one of Formulae I-VII above wherein the ECs,
and Ksene values are both below 1uM for use in the prevention or treatment of age-related diseases including,
but not limited to sarcopenia, conditions of cachexia and muscle loss induced by diseases including, but not
limited to, cancer and AIDS, and bone and joint diseases, such as osteoporosis, reduction in libido and sexual
dysfunction, or ancmia.
[00246] In one aspect the present invention provides a method of treatment and/or prevention of age-related
discases including, but not limited to sarcopenia, conditions of cachexia and muscle loss induced by discases
including, but not limited to, cancer and ATDS, and bone and joint diseases, such as osteoporosis, reduction in
libido and sexual dysfunction, or anemia, said method comprising administering to a subject in need thereof a
therapeutically effective amount of a compound of the invention according to any one of Formulae I-VII
above, wherein said compound of the invention is an andro gen receptor agonist or mixed agonist / antagonist,

wherein the ECs and Kggya values are both below luM,
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trWuoromethylbenzonitrile&( R )4-12,5-Dioxo-4-hydroxymethy1-3-methy1-4-
phenylimidazolidin-1-y11-2-trifluaromethylbenzonitrile [00300]The two enantiomers of

442 5-dioxogdahyss@sypethy 1-3-methy1-4-phenylimidazolidin-l-ylk 2-triflugrornetaylagmpzanitrile are
separated by chromatography of a 1.5 g sample of the racemic mixture obtained in Example | on
Chiralcel OD (LC50 Prochrom column) while eluting with a 75/25 heptane / isopropanol mixture.

1003011The (S) enantiomer is eluted first. By evaporating the solvent, the desired compound is
obtainE§ 2 o eansdesrae | doses 9y, gepolallyspicesd ernrarids OBl siUpuEEerd lsthihgn are achieved
heptansiigogtopandsés/25, flow rate 1 mL/min, Rt: 9.01 min. [00302]The (R) enantiomer is eluted

secon ther purification in the same.conditions followed by evaporating the sqglvent provides the
cesrel P S T S R S O Lo S S
heptarteAsepian ahoisk Sr2 Sleflehap g e hentbndivrREyISIDA mihe WO R01g/0241 TBP &P ERRB0G/361733

Alterngtivecraite: {0030aR0lIWINgihersamaieute as.deseripedrierdxampnie 4 denisied inaghame 3,
purification can e?caiggyyout qn the "n-1 in{ermedi te", to otl)tain he]gcg)rypou%ds fro%r%)éaﬁ?&l[? 10
m o]

and 1£ aftér deprotection"using a chiralpakADAT colimn (250 X 4.6 M), Using a nixture

superéfftiealad®?2 / MeCN / iPrOH (90 / 5/ 5) at 40C, under 100bars, followed by removal of the

2rg;egwamgpﬁgcjgfir:@dt&wgw&p%@?%g#@ﬁl_(ﬁfif%ﬁ;%%i@%mgﬁéf this i};ﬁclllgon Will_t‘t_\le
- ,o-LJIOX0-o- 1 y -4- roxy et -4- enviintuaazolidin-1- Loz~ Il orome y enzonitriie
(Mot BTRTSS 10 F1BHE Gl il o RS TR TS s S St TR ol B g 52

i0X0-3-e
trilluorswrrstipyi e 2arivsitea1 00302 dThee frvde dave ibfdkantpl 8atic8sep sk fplidddordn23 gagfcular

442,5-dioxfot-Rhsayd st-duprepapyiaxneiiyiinidazolidindildaddrifugtemsthylpenzeonitilgwith 0.18
inL of tgﬁig&wane provides the desired compaound. LCMS ; (Rt = 3.20 min): 444+ (MH+)

When used to prevent a cachexia condition resultimg from a primary ailment, for example from, but
not Iimited to, cancer, IV, stable chronic obstructive pulmonary discase (COPD), congestive heart faifure, or
late stage renal failure, the compounds of this invention will be administered to a patient, typically on the
advice and under the supervision of a physician, at the dosage levels described above. Typical patients
generally inclade patients being treated for cancer, HIV or AIDS. | ‘

{60251] A compound of the invention can be administered as the sole active agent or it can be administered
in combination with other therapeutic agents, inchiding other compounds that demonstrate the same or a
stmilar therapeutic activity, and that are determined to be safe and efficacious for such combined
administration. In a specific embodiment, co-administration of two (or more) agents allows for treatment of a
primary condition, and its associated side cffects.

[00252] In one embodiment, a compound of the invention is co-administered with another therapeutic agent
for the treatment and/or prevention of sarcopenia condition; particular agents include, but are not limited to
testosterone, corotinoids, androgens, SARMs and insulin like growth factor 1.

[00253] In one embodiment, a compound of the invention is administered with another therapeutic regimen
for the treatment and/or prevention of sarcopenia condition; particular regimens inciude, but are not limited to
physical exercise alone or i combination with creatinine monohydrate or with dietary proteins.

[00254] In one embodiment, 2 compound of the invention 1§ co-administered with another therapeutic agent
for the treatment and/or prevention of osteoporosis; particular agents include, but are not limited to
bisphophonates (sodium alendronate, reisedronate, ibendronate, or zoledronic acid), teriparatide, strontium
ranclate, hormone replacement, {raloxifene), calcium or vitamin D supplement.

[60255] In one embodiment, a compound of the invention is co-administered with another therapeutic agent
for the treatment and/or prevention of cachexia; particular agents include but are not limited to appetite

stimulants / anti emetics (for example but without limitation Megestrol acetate, tetrahydrocannabinol), ACE
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Step 2: 4-12,5-Dioxo-3-ethy1-4-hydroxymethyl-4-pheny idazolidin-I-y1]-2-01fluoromethylbenzonitr e
WO 2010/029119PCT/EP2009/061733 [00305]0.2 g of

442 ,5-dioxo splhenyl-4-[(2-propenyloxy)methyflimidazolidin-l-y1]-2- frifluoromethylbenzonitrile
is treated Wiﬁ%%gﬁr%ﬁ.ﬁ]%??riﬂgorob[(graﬁe-gim)e/thy)I/squide complex as descri %gjﬁgﬁggﬂ) é%, Step 2, to
provide the desired compound. TLC : Fr = 0.35 (heptane/ethyl acetate 20/10) 6 iff NMR (DMSO D6):
1.05 (t, 3H); 3.32 (g, 2H); 4.22 and 4.40 (2m, 2H); 5.62 (t, | H); 7.4-7.5 (m, 5H); 8.08 (d, 1H); 8.20 (s,
1H); 8P H PLCIS kRt angbglic mgeps TRl (REHe O -FiExamipeiti®n oxandrolone, nandrolone,
4-14-(gl»ﬁ‘eyia)r]ophenyl)-Z,5-dioxo-4-hydroxymethyl-3-methy|imidazolidin-l-y1I1-2(30306]A u .
trifluor I-benzonitrile (Method A) Step.]: 4-(2-HydroxyacetyObenzonitrile solutionof 1 g
ot (AR AN o B ) A (ORI Bl Al RSO
irradiafiBlQ2BEMSY AriHYT Plvecstene BRPE imerrtlisacondu cretefive tgmes mAlidhewials anelieokdcted,

extracteewitheatib e toensdrias QyREMaanasiy W@iﬁ @%ﬁ@ﬁ?%&f%ﬁ%y%{ YARMETARdiye the
thyl acetate/cyclohexane 30/70) 6NMR (CDC13): 4.94 (s,

desi 0307]TLC: Fr =0.15 \ 1Y) :
A S e R e e
412-(ZipigpeniioxyyactiiverrioritriRe 00B08TT & sastiuntioh mhRaFegribd(R-Hiydeoagmcetylfpenzonitrile

in allyliaremise ke added Q2 iagalcium sufate.and 6.h.afier oxide ; The nixture,is stired
underljclr on and jrbth. dark for.2 t]S)urs. The mixture is diluted with AcOEt, filtered on celite,

concentrated and parifiarsh Sica ST TR actiste/ MUGEREXAS - AT /S0 givEhREdesired
compad#ayiTee; e gtige(ethyitemetatehdytionéxanedl/60) NMRIGRGL3)40ki(d, 2H); 4.57 (s,
2H); 518826 )or 225D 2 ERpoBRiEPend fhedif4 (b2l o bk e el Bl QR min):
Not io?(i?ag%eatmem and/or prevention of congestive heart failure induced cachexia; particular agents include but
arc not limited to oral loop diuretics (furosemide, torsemide or bumetamide), beta-blockers (bisoprolol,
carvedilol, and sustained-release metoprolol), ACE inhibitors {Captopril, Zofenopril, Enalapril, Ramipril,
Quinapril, Perindopril, Lisinopril, Benazepril, or Fosinopril), angiotensin I receptor antagonists
(Candesartan), or vasodilatators.

[00258] In one embodiment, a compound of the invention is co-administered with another therapeutic agent
for the treatment and/or prevention of late stage renal failure induced cachexia; particular agents include but
are not limited to ACE inhibitors (Captopril, Zofenopril, Enalapril, Ramipril, Quinapril, Perindopril,
Listnopril, Benazepril, or Fosinopril), angiotensin I receptor antagonists (Candesartan), vitamin D3, or
calcium associated to phosphate binders.

[00259] By co-administration is included any means of delivering two or more therapeutic- agents to the
patient as part of the same treatment régime, as will be apparent to the skilled person. Whilst the two or more
agents may be administered simultaneously in a single formulation this is not cssential. The agents may be

administered in different formmlations and at different times.

GENERAL SYNTHETIC PROCEDURES

General _

{00260] The compounds of the invention can be prepared from readily available starting materials using the
following general methods and procedures. It will be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given,

other process conditions can also be used unless otherwise stated. Optimum reaction conditions may vary
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[00309]Step 3: 442,5-Dioxo-4-112-propenyloxy)methyllimidazolidin-4-yllbenzonitrile To a solution of
500 mg of 442-(2-propenyloxy)acetyllbenzonitrile (in EtOH (5 mL) and water (5 inL) is added 324 mg
potassium cygyidesend b 67 g of ammonium carbonate. The mixture is refixegboyightat 55C. The
WO 2010/029119PC T/EP2009/061733 mixture is extracted with ethyl acetate, dried over magnesium
sulfate and concentrated under vacuum to give the desired compound. TLC: Fr = 0.16 (ethyl
acetate/cyclohexane 30/70) 8 'FI NMR (CD30D): 3.45 (d, 1H); 3.86 (m, 3H); 4.95 (d, 1H); 5.06 (dd,
1H); 568 89 BA[HT G e2F 8 BN &7 LPTICRIS DR IUSeoadiing covbe dRfiyned by one skilled in'the art by
Stepd4ddis{d e@yanaphanyddd:s-dioxo-47(2-propenyloxy)methyllimidazolid n-l-y1.1-2-
trifluor I itrile lution. of ' i
2 R o oh o A o conyentopl porcing sroups may b
4-brorﬁ6€%§ﬂﬁ'ﬁ&%?6?ﬁ%ﬁﬁﬂlﬁ@ﬁ%ﬁmr@h Areymnats U ndRiEsiBe WdsHret EEspes()Bxidwirs shyedt e
mixturgrésecaflpxesote mighicaki 80Cichiemixtireds sonaeriy ateditak és prdRcMy wdshededtba 10 %
aqueo ia sOJuti ne,.T ' is. drie . ! "

3 QEARNIA SolHtion and %{[}‘ﬁﬁ% Fm%@ﬁ&“ﬂ%%?@e?ﬁg%ﬂﬂ, &9 ﬁ&méﬁ%'asagmaﬁolfga%v%z re

concentrated under vacuum an on silica gel eal acetate/cyclohexane: O O_fSO) to
give tHE9ERFbE donfhouriareri: i Hla8VtnraedngdegasieigasorsofeiivireebEfdrs.85 (d,
1H); 4094, 1w o) 981 2orbrdr ety 5h8R1B.87 (M, 1H); 6.07 (s, 1H); 7.79-7.84 (s, 4H); 7.95 (s,
2H); 8 1 S: (Rt = 3.29 min): 439- (M-H)-.Step 5; ) o
a4 (e R o S SR e rparion ey erssenie  pgmpounds
trifluordah iryibiFRoHitEfe 00722 T asd| GHBNEMS OFh deTA (a3t Ao he iy §)eres - Hisk okaef(R-or
propeayiexyxnaiimidazelidip dactid-Adlugremethdbanzeanitrie ebisipedin Sterdsin DMF (1.5
mL), 1 of, potassium carbonate and 130 gL of methyliodide are.added. The mixture is stirred 3
MU U e e S s sy
and cotesnisatsaad Givertseidbsiradlgdmpairdtbus solvents are used for reactions conducted under inert

atmosphere. Reagent grade solvents are used in all other cases, unless otherwise specified. Columm

chromatography is performed on silica gel 60 (33-70 um). Thin laver chromatography is carried out using pre-
coated silica gel F-254 plates (thickness 0.25 mm). "H NMR spectra are recorded on a Bruker DPX 400 NMR
spectrometer (400 MHz). Chemical shifts (3) for 'H NMR spectra are reported in parts per million (ppm)
relative to tetramethylsilane (8 0.00) or the appropriate residual solvent peak, i.e. CHCl; (8 7.27), as internal
reference. Multiplicities are given as singlet (s), doublet (d), triplet (1), quartet (q), multiplet (m) and broad
(br). Coupling constants (J} are given in Hz. Electrospray mass spectra (MS) are obtained on a Micromass
platform LCMS spectrometer. Column used for all LCMS analysis: Chromolith Performance RP-18 100 mm
x 3 mm (Merck AG). All the methods are using the following gradient:

Solvent A: MeCN; solvent B: H,0, both solvents contain 0.1% formic acid.

Gradient: 100% B 1o 0% B from 0 to 3.5 min; 0% B from 3.5 to 4.5 min; (% to 100% B from 4.5 to

4.6 min; 100% B from 4.6 to 5 min. Flow rate: 2.5 mL/min.

List of abbreviations used in the experimental section:

DCM: Dichloromethane

DiPEA: | N,N-diisopropylethylamine
MeCN Acetonitrile

BOC tert-Butyloxycarbonyl
DMF N, N-dimethylformamide
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TLC: Fr = 0.54 (ethyl acetate/cyclohexane 50/50) 'El NMR (CDC13): 3.09 (s, 3H); 3.95 (d, 1H); 4.14
(m, 2H); 4.39 (d, IH); 5.28-5.34 OA 2H); 5.84-5.91 (m, 1H); 7.57 (d, 2H); 7.80 (d, 2H), 7.95 (s, 2H),
8.10 (s, 1H}& M (331 3.81 min):: Not ionisable
Step4-14-(4-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-inethydazolidin- | -y1.1-2-
trifluoromethylbenzonitrile WO 2010/029119PCT/EP2009/061733 1003121To a solution of 433 mg of

444-(4-cyanophenyl)-2,5-dioxo-
propenyloxy)methyflimidazolidin
600 uL of boron trifluoride-dimet
diluted with DCM, washed with &
sulfate, concentrated and purifie
desired compound. TLC: Fr = 0.
(d, IH); 4.73 (d, 1H); 7.57 (cL 2

383- (M-CH20H)- Example 14:

4-14-(3-Cyanopheny1)-2,5-dloxd

3-methvi

A4-[(2-

PCT/EP2009/661733

TRA 12

riﬁﬁ@ﬂ‘fﬂ@ﬁ%lﬁ@ﬂzonitrile ol

ytained in Step 5 in DCM (5 mL),

Fyharilfide

capleXigmadd@dscbhanmi

i (V)
d on silica g

¥#ﬁ§%ﬂﬁMHMWJ

acetate/cyclohe

187ethyl ¢

adupkeapMeMmeERE 80/70)

)Léwsg (d

D-4-hydroxy

Ziohid CheondiBetiphzH), 8.1
R S S RS b1id

ture is stirred 8 hours at rt,

nate, dried over magnesium
ane: 0/100 to 50/50) to give the
NMR (CDCI3): 3.14 (s, 3H); 4.16
3 (s, 1H) LCMS: (Rt = 3.05 mm)’

lin-1-y11-2-

trifluoromethyl-benzonimile (MethathA) Ste

776 mg of 3-(2-bromoacetyflben

cpart-Be(2nilyeiroxyacetyl)ber

hzonitrile [003131A solution of

Zp{nltr"e 1§
mi)-~Fhe

ackigmiie G mL) an

enmn QV

microwave irradiation (125C, S0Hnin)

the vials are collected, extracted
under vacuum to give the desire
(CDCI3): 4.94 (s, 2H); 7.71 (t, 1}
31(2-(2-Propenyloxy)acetyl] be

with ethyl €

mfﬁiétl“”af'léla over magnesit

dscompoy

rd-
zonitrile [(

ndhgldtC: Fr = 0.38 (ethyl ag

1
0’21A1Tn a qnllmnn nf 1.08

awa
perimentis-reall

er (10 InL) is treated under

d a second time with 976 mg. All
m sulfate and concentrated
etate/cyclohexane 30/70) BNMR
1H) Step 2:

g of

3-(2-hydroxyacetyl)benzonitrile i
are added. The mixture is stirred
acetate, filtrated on celite, conc

30/70) to give the desired comp
(CDCI3): 4.18 (d, 2H); 4.73 (s, 2

General scheme:

n“allyl bro

IEPEmML) 4 g of calcium

>ulfate and 2.6 g of siver oxide

tinder ar

;am;axad dark overnlght Thd

mixture is diluted with ethyl

I M GI.Cd af

add. TLQ:

Hilrlillcu UII DIIIbCl UCI \CI.I I_)
% 9] %i (ethyl acetate/cy

| acetate/cyclohexane 0/100 to
clohexane 30/70) 8BNMR

HY; 5.31 (

ROPIY: tEBRrEEAra 11): 5.92-6.,

02 (m, 1H); 7.66 (t, IH):

Rt Retention time
TEA Triethylamine
GENERAL PROCEDURES:

[06264] Compounds of the invention may be prepared according to the following procedures:

Method A

Scheme 1
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7.90 (d, IH); 8.22 (d, IH); 8.29 (s, IH) LCMS: (Rt = 3.04 min: Not ionisable Step 3:
3-112,5-Dioxo-4-02-propenyloxy,Pnethyllimidazolidin-4-ylibenzonitrile [00315]To a solution of 450 mg
of 3-[(2-(2-psapenylexnacetylibenzonitrile (in EtOH (5 mL) and water (5 mpg-223- 09, efppfassium
cyanide and ammonium carbonate are added. The mixture is refluxed one WO
2010/029119PCT/EP2009/061733 night at 55C. The mixture is extracted with ethyl acetate, dried over
magnesium sulfate and concentrated under vacuum to give the desired compound TLC: Fr=0.1
(ethyl acetate/cyclohexane 30/70) 6 IH NMR (CD30D): 3.70 (d, IN); 4. 10414 (m 3H); 5723 (d, 1H);
5.33 (d, IN);.5, ‘.!, 59&(3@@1H) 7 671(t,dH); 7.80 (d, 2H); 7.§8-8.02 (i Ty "o .

: eny)-2 xb-41(2-propenylexy)iethyii ddzoltd =y t1- 2- &
thylbenzo?‘ucﬁﬁéo[O@ 16]To a solution of 57 mg of EIOH H20
342,5-dioxo-#%-[(2-propenyloxy)methyflimiddZ&1iHi#i24- ylibenzonitrile and 534 mg ofo 4
4-bromo-2- (trlfluoromethygenzonltnle in DMAC (2.5 inL), 183 mg of copper oxide are added. The

mixture is refluxed oveé& at 130C. The m#kture is concentratedi’taken in DCM, wash&d with a
solution of 10 % €eo monia sdfutjon, and brine. The™ar c phase is driecb magnesium
sulfate, cohge(Tts tedXinder vacuus drifiad on SI|I0ﬂ*‘ }R%eetate/c&?cloﬁg@;@ﬂoo to
50/50) to % elesired-compt '€ Fr=-6-3Tt ket STERIshex % 11-I NMR
(CDCI3): 8i85ud, 1H); 4874,2 ) 5.26-5,38,(A2N);5.80-5.89 My 2 (s, IN); 7.59-7.70
(in, 1H); 7.88(d, 1H); 7.94-8. 19 (in, 5H) LCMS:s¢Rt = 3. 26 min): 439- (M-H)- Step 5:
4-043- Cyanopﬁenyo 2,5-dioxo-3-tnethyl- 8- 1(2- propenyloxonle?ﬁyl] dazolid n-I
trifluoromethylbenzonitrile [00317]ToasolutionofgaRaapf444-(3-cyanophenyl)-2,5-dioxo-4-[(2-
propenyloxy)methyllimidazolidin-1-y1]-2- trlfluorgr‘gethg{benzonltnle in DMF (1.5 niL) 135 mg of
potassium carbonate and 101 j.iL of methyl iod dded. The mixture is stirred during the night at
room temperature, evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium
sulfate and concentrated to give the desired compound. TLC: Fr = 0.58 (ethyl acetate/cyclohexane
50/50) 6 1121NMR (CDC13): 3.09 (s, 3H); 3.95 (d, 1H); 4.14 (m, 2H); 4.38 (d, 1H); 5.29-5.34 (m, 2H);
5.84-5.91 (m, 1H); 7.63-7.79 (m, 4H); 7.96 (&" 2H); 8.11 (s, 1H)- 3R/|s (Rt=3.81 ﬁgnpez(udf jonisable

Step 6: 414:—(%Cyanopheny0 28=ioxo- ﬁy@@xﬁmethyl § Wllmldazo din-I

los}

Ta

e

4
-2- tnfluorpn%e@eﬂlaemzahztnle fj)\ o R . Ria m1Base \/
S N e
RS&A\\\ s Triphosgene /\/ \/ R o /)
Rab) RSD) Dioxane R4 RZb)\RZC R4° -
B2 10a 113

Example 1: 4-{2,5-Dioxo~4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-ylf-2-
triﬂuomméthylbenzonitrile (Method A)

Step 1: 1-Phenyl-2-(2-propenyloxy) ethanone

[00265] This compound is prepared from 2-hydroxy-1-phenyiethanone, according to the procedure
used by G.A, Molander and J.A. McKie on 1-hydroxy-2-butanone, J. Org.Chem, (1995), 60, 872-882,

Proteciion step {optional):

[00266] I-hydroxy-2-butanone can be protected by a variety of well known groups according to
routine procedures well known by the man of skill in the art. For example, 2-(tert-Butyl-dimethyl-
silanyloxy)-1-phenyl-ethanone is obtained quantitatively by mixing 1-hydroxy-2-butanone, tBDMSCI, and

imidazole in DMF (see ref 10). This intermediate is then used as described in the following steps.
Step 2: 4-Phenyl-2-(propenyloxy)imidazolidine-2, 5-dione

[066267] 0.775 g of 1-phenyl-2-{2-propenyloxy)ethanone, 0.575 g of potassium cyanide and 1.6 g of

ammonium carbonate are heated to 55 °C for 3 hours in 23 mL of a 50/50 ethanol/water mixture. The reaction
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WO 2010/029119PCT/EP2009/061733 [00318]328 p,L of trifluoroborane-dimethylsulfide complex are
added to a solution of 354 mg of 4-0- (3-cyanopheny1)-2,5-dioxo-3-methyl-4-17
2-propenyloympeiilimygazolidin-1 1-2- trifluoromethylbenzonitrile (in DCM % mL The mixture is stirred
6 hours at room temperature, diluted with DCM, washed with an aqueous s O &Y Y3 dicm
bicarbonate, dried over magnesium sulfate, concentrated and purified on silica gel (ethyl
acetate/cyclohexane 0/100 to 50/50) to give the desired compound. TLC: Fr = 0.30 (ethyl
acetat8fEyeIpHekBifd 5oinHyter andrax el pOD @1 B)ai1ad. (Bre3tyrmdckplirnHyadhddwioh 4 kh)nAi665-7.79

(in, 4HJieQ4-S0dnihihd)s Sikdds Hdd kM BlimndsQdmiIMa ﬁc%&%gygw@égp@ﬁ) l%o]dgc:t
4-12,5:i 99%%?1 é(gro?(égnethyl -3-methy1-4-(3-trifluoromethylphenyl)imidazolidin-l-y11-2-
trlfluor&m enzom ile (Method A) Step I: | (3-Trilluorometl12ylphenyl)-2-hydravethanone

[0031 91K S diLitiBri bfeniremtyl Bawidl jofEhethyl)phenyflethanone (1 g) in acetonitrile (2.5 mL) and

water (LOHmMNIIS {reatedhLnderdnicrpwave iiragiaton (1266, 20min)kNe 5aMQ axpesinenyis frpeated
five '[II’T%Q)% @é tli‘ﬁ v17a4§ re3 Ilg%t S‘f % racted with DCM, dried over magnesium sulfate and
concentrat er va the desired compound. 8 IFINMR (CDCI3): 4.96 (s, 2H); 7.70 (m,
1H); 7193\ (ﬁllj“,%?i@(@ ?c%)‘r @@QI‘(@CNH) Step 2: 2-1(2-Propenyloxy)methyl

(3- triIIuoromethyIphenyOethanone [00320]To a solution of

1-(3-trifluoro hen I h yethan ne 3 | bromide (20 mL) is added calcium
sulfateg(efo%r:g S ve¥r)f)h>2<€f %70 B Rem AT rg)?éf? g‘ﬁ’hdéﬁa%d’ciﬂ“ﬁ’??df’ﬁ%fﬁ’ﬁﬁﬁﬁﬁ "%hours.

The mi%i%e8]s dllut€d> witle ethyh adetaté, filéreerbm delite;gendentrated-ahd-purifigden siluagel (ethyl

acetateeysphexang QL0040 d.5485)ta,give (tfa%ﬂségﬁ@@@ﬂw&m@%%%m%mé’t gﬁg onitzile, _
acetau?é clohexan 50/ %; NMR (CDCI3): 4.20 (m, ZH); 4.78 (s, é B, 1H):
5.94-6 g (GIREE)R eéée a‘lﬁf%’ é%f (copED 25 Tig (e, i t@t%i—}’jlﬂtﬂ\ﬁ A(Weosss@lﬁﬂﬁy Mot

ionisablensep 31Ua(RaPhoipeitlyloty)methydl- I Seftrifiio romethylphemy@unidaz olitine2 Haionend

[00321;],'5 lutiQn 9f < 0 dphenyflethanone in
EtOH Polga;f;@ggl WQ:ter fﬁf&%@%{fﬁcﬁ%ﬁ“&%%& lSEJGJQt{prgg?é/a%Jg amrﬁo%?&m “(:Ekl()lr%)a é (3.2

Q). The Vil %@76§W§§ mixture is refluxed overnight at 55C. The mixture is
extractéd-witrr Etbiy [ Ipttaethdtisttavetird@gnesium sulfate and concentrated under vacuum to give the

desiresl'gQmBOUNOCT,): 3.86 (d, 1F); 4.14 (sl, 2H); 4.27 (d, 1H): 5.28 (d, 1H); 5.32 (d, 1H); 5.89 (ddt, 1H); 7.52
(m, 3H); 7.70 (m, 2H); 7.98 (m, 2H); 8.14 (m, 1H)
LCMS: (Rt =6.91 min): 414~ (M-H-)

Step 4 : 4-(2,5-Dioxo-3-methyl-4-phenyl-4-[(2-propenyloxy)methyljimidazolidin-1 ylj-2-
trifluoromethylbenzonitrile

1002691 To a solution of 0.86 g of 4-[2,S~c§ioxo—4-phenyl~4~[(2-propenyioxy)methyi]imidazolidin—1-

ylj-2-trifluoromethyl-benzonitrile and 0.26 mL of iodomethane in 30 mL of DMF is added 430 mg of

potassium carbonate. The mixture is stirred at rt for 5 hours, evaporated to dryness, diluted with water and

extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and evaporated. The

crude product is purified by chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate

mixture to provide the desired product.

TLC : Fr=0.37 (heptance/ethyl acetate 70/30)

§ 'HNMR (CDCL): 3.07 (s, 3H); 3.98 (d, 1H); 4.14 (br 5, 2H); 4.44 (d, 1H); 5.28 (d, 1H); 5.32 (d, 1H); 5.87

(ddt, 1H); 7.39 (m, 2H); 7.49 (m, 3H); 7.92 (d, 1H); 8.00 (d, 1H); 8.13 (m, 1H)

LCMS : (Rt=7.11 min): 471+ (MH, MeCN+)
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TLC: Fr = 0.45 (ethyl acetate/cyclohexane 50/50) 8 IF1 NMR (CDCI3): 3.80 (d, 1H); 4.00-4.10 (m, 3H);
5.20-5.27 (in, 2H); 5.77-5.87 (m, 1H); 6.77 (s, 1H); 7.57 (t, | H); 7.67 (d, 1H); 7.77-7.88 (in, 2H), 8.59
(s, IH) LCMS; = in): 313- (M-H)- Step 4:
4-[2,5-Dioxcﬁé?(&gég&ﬁ%r;laxy)methle-4-(3-trifIuoromethylphenyo nidafgﬂ%":r]l)ﬁqw\q@éz”
trifluoromethylbenzonitrile [003221To a solution of
4-[(2-propenyloxy)methy1]-4-(3-trifluoromethylphenyflimidazolidin-2,5- dione (1.45 g) and
4-brom&2trifluorofetiyMeansdnittite (1t 8-gyieDMRG(7 imidds Bdddd Eoppat.oxide 528 mg). The
mixture is refluxed guermightat 130C. The mixture is concentrated, taken in ethyl acetate, washed with
a 10% us amlinonia solution and brine, The organic phase is dried over magnesium sulfate,
concer@rate under Vacuufh andBtifed orfsilicalgd€(ethytacetdblcy tivHekanaltotes bomkd) to
give thEderytesy coripbimideplidinFryi-0:681(ethyktcttatesoidlohexame 50450)BokbtlaNMRKCPL13):
3.84 (Ghatl b #dddobPragdRirdk RO {RaEE Do AR B i . (M, 1E); 6.57 (s, IH); 7.62:7.66
(t, 1H), 7.74 rg%plu%; 7.t91-7.969$r§, 45)9,08.ﬁ(ﬁ%ﬁ@ﬁ%@ﬁ?&%@%rﬁﬁ)q?%%? mﬁffjaf@féé"é
4-12, 5 BIoX0 S REHIAA: 113 B SORSABS AR R B FifRIBHEP ayipRssOTih G b Restite. ZD<-
trifluoreigratieyiyenzotitrile {608281FoasclutiondfiBtdngdd viha; Hdioxe: 4+ {(R-propen W oaimethy]-4-(3-
trifluorennstBahanyRim. Idigal: -t itrile.in DMFE (1.5 mL) is added
potassium carbong,tye (%7%%%%%1%}%& %ﬂ %{g %ﬁzﬂg){ %ﬁ?@ﬁ@}nﬁﬁﬁ% I}l;&é%f(reré%péoh%{ U r@ﬁa%er%rgfin
tempe% uur%; evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium
sulfatévhiri lédri€entrated to give the desired compound. TLC: Fr = 0.39 (ethyl acetate/cyclohexane

30/70)16.d 151 NMR (CRGI3N3 294s H8a3-98 (d. 1H); 4.14-4.19 (m, 2H); 4.42 (d, 1H); 5.28-5.34 (m,

2H); 5.85-5.9 H); 7.64-7.68 (m. 3H); 7.75 (d, 1H); 7.93-8.00 (in, 2H), 8.12 (s, 1H) LCMS: (Rt =
4.05 n%iiné){:%éig)gr}l?s&i?ﬁegégeﬁ’é:@if;%glf)‘iiog(@ﬁr?ﬁc%ﬁ%%é’tﬁ?/iﬁggréé fyfl4opg3H); 7.93 (d, 1H); 8.02
fluorotdeifiphény@diitdazoliding -y1]-2- trifluoronzethyl-benzonitrile WO

2010/MQR&T&E@%QQ%9@%{@%{@@%2)4]T0 a solution of 782 ing of
4-[4-(3-Troluoromethylpheny9-2,5-dioxo-3-methyl-4-[(2- propenyloxy,)inethylpmidazolidin-]
-yll-2-trifluoromethylbenzonitrite in DCM (5 in L), 662 !..iL of trifluoroborane-dimethylsulfide complex
are adéeutisihe dikture issfitiedi6eliis-bidooprtpppRradine.aphiediwii REM.nygshed with an

aqueous solution of sodiumﬁﬁjgpgggmw_gegggg@ysgﬁmium sulfate, concentrated and purified on
silica gel (t?_t | acetate/cyclohexane 0/100 to 50/50) to give the desired compound. TLC: Fr = 0.45
atc

(ethyl A tatdI R SHESAHE B850 e KIfMBAE DC 13): 3.14 (s, 3H); 4.18 (d, 1H); 4.75 (dd, 1H);
7.62- 182, 3H); 3.75:(d, AH)jdhPEeldoridd)s:8. .02t dddy:d8dl 6 (Sulibh LOMS: (Ri-m3ulmiR)»426-

(M-CHR2QM-EXARBIE 166 m1. of methanol. The mixture is . anid af N
1-(3,4-Dic Iorophe,n%/l)-_4-hn;/dr%i??nle%[rﬁgll-?}?rﬁné}fﬁi}mb-Sﬁtgﬁoﬁ%(} a%qi%?ﬁ%@f%%’%ﬁeaftﬁ}ié‘fﬁjohd)%j

stirring, The mixfure is stirred for 48 h at rt then the solvent is evaporated to dryness. The crude product is
diluted with an aqueous sodium bicarbonate solution and extracted with cthyl acetate. The organic phases are
washed with water then brine, and dried over magnesium sulfate, filtered and evaporated to provide the
desired product, which is used as such for the next step.

TLC : Fr = 0.56 (dichloromethane/methanol 90/10)

& 'H NMR (CDCL): 1.96-1.99 (br s, TH); 2.43 (s, 3H); 3.73 (s, 3H); 4.30 (s, 1H); 7.31-7.42 {m, 5H)

Step 2: 4-[2,5-Dioxo-3-methyl-4-phenylimidazolidin-1-y1]-2-triftuorom ethyl-benzonitrile

[00272] To a solution of 1.26 g of triphosgene in 20 mL of anhydrous toluene is added slowly a
solution of 1.18 g of 4-amino-2-trifluoromethylbenzonitrile in 16 mL of anhydrous dioxan. The mixture is
refluxed for 1.5 hour. After cooling at 1t the mixture is evaporated to dryness. To this crude produet diluted
with 50 ml. of anhydrous THF is added 1.13 g of methyl 2-methylamino-2-phenylacetate in 10 mL of THF.
The mixture is stirred at rt for 30 min. 1.96 mL of TEA is added, the mixture is refluxed for 1.5 hour and

stirred at rt for 16 h then evaporated to dryness. The crude product is diluted with an aqueous solution of
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Step 1: -Phenyl1-2-(2-propenyloxy) ethanone [00325]This compound is prepared from
2-hydroxy-l-phenylethanone, according to the procedure used by GA. Molander and J.A. McKie on
1-hydroxy-b —2c . Org.Chem. (1995), 60, 872-882. Step 2:

4-Phenyl-4-]§g§%§g§g§§/ oxi)methylinnidazolidine-2,5-dione [00326]0.775 58?”2009/061733
1-phenyl-2-(2-propenyloxy)ethanone, 0.575 g of potassium cyanide and 1.6 g of ammonium carbonate
are heated to 55 C for 3 hours in 23 mlIL of a 50/50 ethanol/water mixture. The reaction mixture is
dilutecs Ot RAtaD aprdcad sategtovithitthylvhcetate. Thhergrgambsclutionishadstigdwaithhesatirgted
aqueousiswrim@hiagideiseluiiens thendried Quensedum.suibale and cxanofled o )ield e,
desire 1ﬂ(;rgpo(@‘mg. gl‘_N(EHR = 0t42 silica eII eluant : heptane-ethyl acetaté 50-50) 8 11-I-NMR

(CD30 § 3768 T3 B AT P S F 9P ISH): 5.22 (dd, 1H): 5.34 (dd, IH); 5.95 (ddt,
1H); 7547 36 77 SghieromiaPuaing: qie= 9%/ 79 min): 288+ (MH, MeCN+) Step 3: 1
-(3,4-Dighloropheny®yisaliepysibls 2onenyiay nethybitnidazoliding:2 Sdio 87 f
4-phe%-2§(%?ﬁ%ﬁgxy§iﬁrﬁgﬁzo&dingj-(rZ,S-g%neare dglggomgﬁﬁ%”%&r_%%%%%%%@gg% nﬁé% ozf(%’)
1,2-dichl6ro-4-iodo-benzene are added, followed by 234mg of copper (l) oxide. The mixture is warmed
at 160698 3 FHotts Imint apdamiathied isrolilatédhdth a 20% aqueous solution of ammonia and extracted
with ethyl acetate. The organic layer is dried over sodium sulfate, filtered and evaporated. The WO

2010/Q29119 /EP20Q9/061733 crude product is purified by chromatography over silica gel while
eluting%% v?ﬁt]%l tr{ﬁ Zgiaﬁfgﬁfa?éa'/%t rﬁ%@%@%”&fﬁ"é‘f“@%ﬁzf{fﬂﬂ)ﬁzfﬁﬂ%@%?? (s 4 fi‘-"lﬁfhﬂ%%”@ﬁ%@ﬂ); 4.15
(d, 1H)9&2T31(d, IN)T6.25 (ekhlate); 588 pdat, biel); oF. 38-[7,50i¢r0; YihpI162pfn 2t} g 67a(m - Y- 7.78
(d, 1HYi BubYScdbibehfoMPud Bt #n3: - r IORIZALion Rlepyd; i§ added s mL of lithi
I-(3,4-Dichlor Elgglne%-;l-ltig,rqﬁ rﬁé%ﬁéﬁ??n@%ﬁgﬁﬁg%%m?c?agolidﬁlﬂdefiz,%’-\?ill%ggl L of lithium
10032 GE R ROR 7S 1 (3 25 OB R e pathe mitir s sird a1 75°C for
propeﬁQIG)ty)r?i@thyﬂilmiblaz’qiidixas@@@adﬁ@m.Hhoﬁrm\hﬂ@édpﬂ;ﬂé:saﬁ&ﬂWn@@taﬁﬁiu&m qaghoratehatd
0.143 mmbeef iodqMehAQEnEREUX IR R SHE R PLILIL OO UISH EYRROIAIEA 9, Aness dilied with

brine qlgﬁgchtr cted with ethyl acetate. The organic layer is drie over sodium su .ate,lﬁ‘iftél_'red and
evaporated Yo a8 4 75 GFYENBWTHERGA R 18 hamiuresonrss Ao of Dewniwereidon he
atmosiphaves i Mamicddttrifiud tbberanesdimet hytsulfidel eompliex isdhenBddeghnihemixkeeisisired at

rt for Syhaursi-Adaaiaied AdueUS sodivm.bisarbonate %ﬁd{&t&%ﬁ adlc (;?3%%4& The mixture is

extractedfw'tg D1CM and the organic layer is dried over sodium su fate, filtered and evaporated. The
crude PrOGUCEIS BURRCE IR E RS SHioH R TE M tHY e M Peptans MNIWRomIstRYe DRI IBR): 4.20

(d, 1H)?4. 826, dihjorpmziBathirng b JnikiG8s(do A 7e@2i(eickid)indts7 B i BHhdLGMS HRt = 3.13
mm) N@{;m]zation Q@ﬂﬁg@a[i%g&c%glg&]f&%l?xamples 17 to 19, (Method A) Step |
TLC: Fr = 0.45 (dichloromethane/ethy! ether 9/1)
8 'H NMR (CDCL): 1.19 (¢, 3H); 1.48-1.63 (m, 1H); 1.65-1.78 (m, 1H); 3.26 (s, 3H); 4.70-4.77 (m,
1H); 7.46-7.62 (m, 5H); 7.93 (d, 1H); 7.99 (d, 1H); 8.13 (s, 35}
LCMS: (Rt = 3.47 min): 358- (M-CH;CH,CHOH)-

1006275] Analytical data for isomer B:
TLC: Fr = 0.36 (dichloromethane/ethyl ether 9/1)
& "H NMR {CDCly): 1.18 {1, 3H): 1.42-1.55 (m, 1H); 1.72-1.84 (m, 1H); 3.08 (s, 3H); 4.63-4.70 (m,
1H); 7.39-7.55 (m, SH); 7.95 (d, 1H); 8.02 (4, 1H): 8.15 (s, 1H)
LCMS: (Rt = 3.46 min): 358- (M-CH;CH,CHOH)-

Examples 4 & 5: 4-{2,5-Dioxo-4-(1-hydroxyethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-

trifluoromethyl-benzonitrile
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[00329]0.415g0f4-[2,5-diox0-4-phenyl-4- [(2-propenyloxy)methyl] imidazo lidin-I-y 1] -2-
trifluoromethylbenzonitrile are dissolved in 40 mt. of DMF with the appropriate alkyl halide and 163 mg
of potassium,eshaNRsJ he mixture is stirred at rt for 5 h, evaporated to #ness diluted with water
and extracted with ethyl acetate. The organic layer is dried over magnesiu glﬁ?&?g Atk Bd and the
solvent is evaporated. The crude product is purified by chromatography over silica gel while eluting
with 70/30 heptane/ethyl acetate mixture. Step 2 [00330]0.3 mL of trifluoroborane-dimethylsulfide
complé®4A76d mL of‘d%ﬁﬂ%i@métﬁahﬁeﬁsxaddeﬂftelath@lﬂtiojmg’ﬂith‘ﬂmmﬁmm@!}szobtained in Step |,

dissolvaeiprdhntisbsichiorameth Y XK £ anome hyl and
0.4 gEN- ErOB%réqu e pixtre |%&%§{§§M§%§tbf§é¥eoﬁ% o R P € SR

poured‘iiito & satur Efle%u?‘g% ‘}H“ﬂ|é’é}rﬁéﬂg‘t‘@‘%ﬁﬂ?@iﬁ’%E}né‘i?ﬂFa[&é*GEWﬂ?@#%ﬂhﬁé‘ét&%@dcf he
organléﬂam%ﬁﬂﬁbﬁﬁ@v@hmagh@sﬂdmtsa atedilteredandevaporateticd bel mmcé&mfa@uﬁtﬂa/@u&fled

by chromaiqaraphviaysr.siliea askhileluing wish 10fERERANG/EINY| 3RE\AIR M exRample 17
4-12,5- D|9xo -4- hé/droxgrr(l, éf%yl -3-(1-methylethyl)-4-phenylimidazolidin-l-y11-2-

trlfluororﬁ;e hy enZoninle gﬁsﬁ’.ulf 13 S-Dioxo-3-11-nzethylethy0-4- phenyl -4-1(2-propenylag)methyll

dazolidin-lI-y11-2- trifluoromethylbenzonitrile [003311TLC: Fr = 0.65 (heptane/ethyl acetate 50/50) 6

114 NMBZ(;@PCIB) & 3Dk 50 @H); 3.37 (dt, 1H); 4.12 (d, IH); 4.13 (sl, 2H); 4.42 (d, IH);
5.25 (d, 1H); 5,32 (d ?}‘587 ddt, TH); 7.35 (m, 2H); 7.48 (m, 3H); 7.93 (d, 1H); 8.01 (d, IH); 8.15 (m,

1H) LCMS: ( L )(d&glﬁomtp%{gbyl ether/NHAOH 90/10/0.1)

2:4-1-2,5- DI@(WK@W&thWﬁ{(BﬁEWQﬁW%QWﬂW (gazehdinaby148(m, 5H); 7.93 (4, 1H);
trilluoromethylbenzom rlgel[ZO(QSﬁg)]TLC Fr = 0.45 (heptane/ethyl acetate 50/50) '14 NMR (CDC's):
1.41 (d, 3H); 1,83 (d g 340(dt IH): 4.30 (d, 1H); 4.72 0, 1H); 7.37 (m, 2H); 7.48 (m, 3H); 7.93 (d,
1H); 8.06 (d, 1Y 8 BH 612 My LEMSRECHOID min): 386- (M-CH20H-) Example 18:
4-12,5-Dioxo-3-eyartomethyl-4- Itydroxymethyl-4-pheny|imidazolidin-l-y11-2- trifluoromethylbenzonitrile

Step ]{(ﬁ;j—ﬁgf?yanotgg&@ygagd%cy&)ggoéep@enyI -4-1(2-propenyloxy)methydazo
trlfluoromethg{lbenzonltrlle 1003331TLC: Fr = 0.25 (heptane/ethyl acetate 50/50) NMR (CDC13):

4.09 (d, IH); 4220 {Fr 819, dhipremethppeeby! @hadyEEGI0 {81940))5.33 (d, 1H); 5.92 (ddt, 1H); 7.38 (in,
21-1); 7.53 (if, BINMR 1COB(hr BARK), BILDB (Ar (s, 284) 4.98-5.06 (m, 1H); 7.42-7.56 (m, 5H); 7.95 (d, 1H);
8.02 (d, 1H); 8.16 (s, 1H)

LCMS: (Rt = 3,34 min): 358- (M-CH:CHOH)-

Example 6: 4-{4-(2,5-Dioxo-4-fluorophenyl)-4-hydroxymethyl-3-methylimidazolidin-1 -ylf-2-
trifluoromethylbenzonitrile (Method A)

Step 1: 1-(4-Fluorophenyl)-2-hydroxyethanone

[60279] 2 g of 2-bromo-1-(4-fluorophenyljethanone, and 6 eq of sodium formate in 15 mL of

Ethanol/Water are irradiated under microwave for 5 min at 150°C, 11 bars. After filtration and evaporation of

ethanol, water is added. The expected product is isolated by filtration

8 '"H NMR (DMSO Dg): 4.78 (s, 2H); 5.12 (m, 1H); 7,35 {1y, 2H); 8.00 (m, 2F).

LCMS: (Rt = 2.51 min): No ionization

Step 2: I-(4-Fluorophenyl)-2-(2-propenyloxyjethanone

[00280] 2.4 g of 1-(4-fluorophenyl)-2-hydroxyethanone obtained in Step 1, 10 mL of allyl bromide
and 9.4 g of CaSO; are mixed together under argon atmosphere. 6.2 g of Ag,O are added by portions for 1.5 h.
This mixture is stirred 3 h at rt, diluted with ethyl ether, filtered and the solvent is evaporated. The crude

product is purified by chromatography over silica gel while cluting with 90/10 heptane/ethyl acetate
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LCMS: (Rt = 3.39 min): not ionisable Step
2:4-R,S-Dioxo-3-cyanomethy1-4-hydroxymethy1-4-phenylimidazolidin-I-y1]-2-
trifluoromethylhenmanissje [00334]TLC: Fr = 0.35 (heptane/ethyl acetate 594%%1,%8 61733
2010/029119PCT/EP2009/061733 6NMR (CDCI3): 4.10 (d, 1H); 4.46 (d, 1H); 4.69 (g ]iﬁ); 4.77 (d, IH);
7.36 (n, 2H); 7.53 (n, 3H); 7.98 (d, 1H); 8.01 (d, IN); 8.12 (br s, IN) LCMS: (Rt = 3.12 ini)' 383-
M-CH2QH-) Example 19: 4-12,5-Dioxo-4-hydroxytnethy1-4-pheny1-3-(2-propynyOlmidazolidin-1
fyl J_2§2 %lﬁ%\“&ﬁ@ﬂ%@@ﬁoﬂi’ﬁi@ﬁ% 4.82 3(/5, 2H)y 5.17 {dd, 1}%; 5.2% (dd,(}HF)); 5%, ():idt, 1FD); 7.37 (m,
I:4-12 BDiox6-daptiényl-4-[(2-propenyloxy)tiethyl]-3-(2-propynylfimidazolidin-1-y1J-2-
trifluorgmgqxjgw@@;;ﬁi}l . [0033BLELE: Fr = 0.65 (heptane/ethyl acetate 50/50) 6 'FINMR (CDCI3):
2.27 (in, 1H); 4.06 (dd, 1H); 4.14(m, 2H); 4.22 (d, 1H); 4.40 (dd, 1H); 4.46 (d, IH); 5.26 (d, 1H); 5.31 (d,
IN); 5.91 (ddt, 1H); 7.41 (n, 2H); 7.49 (in, 3H); 7.94 (d, 1H); 8.01 (dd, IN); 8.14 (br s, 111) LCMS: (Rt
=3.45 fnin): detidhisableSlep-2 Xptapbrilionardrhytiexysnethyb-4-ahapy 1-3-(2-propynyl)
dczzolig 1]-2- trifluorotpethylhenzonitrile J00336]TLC: Er = 0.40 (heptane/ethyl acetate 50/50)
NMR ?g%%%): 2-481(%:1, h%ﬁecf%,ﬁ%%, H :352{4.&9.(}3? : ‘ﬁ‘.’?ﬁﬂ(%?“i‘f{‘f);(‘%%fegﬂd?l ) 7%46"&?1,%% 7.51
(in, 3HPEYEREY e mB4E0 219528 e iBmce iyt e e 8 36° Mfin) 2382rs(M-OHZOH 2) BxE@mple
2c)): 4-tbrDiexarrhydraxymetbyti<e phonidinidazotidin-ds e 2ifluere metbylbe nzanitrle (Mathod
A) Step.l.. . . . . . . \
4-12,5%%&8?&1?@?]3%@iﬁﬁa“%szf%?%ﬁg‘aﬁyirogﬁﬁst DTy it v ans A e sy
[0033 7110 2 LaittidR YrenAYREraipd t e Beipropdhin eny rvrethyicimiokz alidineldidiontadn. 30 mL
of DM¥ is sdded0.28 ®of sepperi();sideand) 83:90h4rhromedd; tiflugremathyibenzanitrites sThe
mixtur@& Y\f%r;rg_ggl (%;13 _ gg%r 20 uygpgﬁ:} l(ljilés ﬁ)vgtpgs)(;? d to dryness. The crude product is diluted

f xtracted w

with a 20% aqueous ‘solution of ammionia Ith ethyl acetate. The organic layer is dried
over mrighe<idhT Sditareniliededisatierevaporated. The crude product is purified by chromatography
over silica gel while eluting with 70/30 heptane/ethyl acetate. TLC: Fr =0.30 (heptane/ethyl acetate

OB e RN R I LA AR B 520 3 52 6 s
trifluoromethylbenzonitrile
[60282] 0.33 g of copper (1) oxide and 0.95 g of 4-bromofi2~’triﬂuoromethylbenzonitrile are added to a
solution of 1 g 4-(4-fluorophenyl)-4-[(2-propenyloxy)methyl]imidazolidine-2, 5-dione obtained in step 3in 3
mlL of DMAC. The mixture is heated at 160°C for 3 hours. After cooling, the mixture is diluted with a 50%
aqueous ammonia solution and extracted with ethy! acetate. The organic layer is dried over sodium sulfate,
filtered and evaporated. The crude product is purified by chromatography over silica gel while eluting with
2/1 heptane/ethyl acetate. :
& 'H NMR (DMSO De): 3.62 (d, TH); 4.07 (m, 2H); 4.15 (d, 1H); 5.15 (d, 1H); 5.22 (4, 111); 5.85 (ddt, TH);
7.30 (m, 2H}; 7.70 (m, 2H); 8.00 (d, 1H); 8.10 (s, 1H), 8.33(d, 1H).
LCMS: (Rt = 3.30 min): 432- (M-H-)

Step 5. 4-{2,5-Dioxo-4-(4-fluorophenyl)-3-methyl-4-, (2-propenyloxy)methyllimidazolidin-1-yI]-2-
trifluoromethyibenzonitrile

[60283] 325 mg of potassium carbonate and (.25 mL of iodomethane are added to a solution of 0.85 g
0 f 4-[2,5-dioxo-4-(4-fluorophenyi)-4-[(2-propenyloxy)methyl limidazolidin-1-y1}-2-
trifluoromethylbenzonitrile obtained in step 4, dissolved in 3 mL of DME. The mixture is stirred at rt for 4
hours under argon atmosphere, evaporated to dryness, diluted with water and brine and extracted with ethyl

acetate. The organic layer is dried over sodinm sulfate, filtered and evaporated to provide the desired product.
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WO 2010/029119PCT/EP2009/061733 LCMS: (Rt = 6,91 mm) 414- (M-H-) Step 2:

442 ,5-Dioxo-4-hydroxymethy1-4-phenylimidazolidin-1-y1J-2-trifluoromethylbenzonitrile [00338]To a
solution of Gl B #h(39316i0x0-4-phenyl-4-[(2-propenyloxy)methyllirnidazolidipslysLls, 0661733
2-trifluoromethylbenzonitrile in 15 mL of DCM is added 0.2 mL of trifluoroborane-dimethylsulfide
complex in 10 mL of dichloromethane. The mixture is stirred at rt for 6 hours and poured into a
saturated aqueous sodium bicarbonate solution and extracted with ethyl acetate. The organic layer is
dried Svet H%&&w@%?{? QA >iettd 4id Ghatdrated. (EnERrdde frobdistsid hikfiEa: §y21 (d, 1H);
chromatigsiphylaveksiticargenshite, elajirgwith 704301 beptanetethyt acstate mixture. TLC: Fr 0.25
(heptaﬂ@@éhﬁk@ﬁ@?@%ﬁ%@i§n;}a&ol{\"V'R (CDC13): 3.99 (d, IH); 4.42 (d, 1H); 7.11 (br s, 1H); 7.49 (in,
3H); 7.64 (in, 2H); 7.94 (n, 2H); 8.10 (br s, 1H) LCMS: (Rt = 3.02 nun): 344- (M-CH20H-) Example 21:
4-12,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-thethylphenyllitnidazolidin-1-yll-2-

trifluor&mz éthitbhézionitriler (MethodA) Stepito2ramo-L(@ymethylphenyDethanone [00339] To a
solutiqgﬂ&é%mgm%%p%)@ethanone (2 g) in ethyl ether (20 niL) is added bromine (726 ttL) at OC.
The mixture is treated with an aqueous solution of sodium bicarbonate, extracted with ethyl ether,

dried $9&#88hgnesidi sulfaf@i%oncertisted and shrified o Silisrgéi((elgtabeteloycibiiekiRe
0/100)topgivéndyardasingdi conpoung LG nnanQdAkethiasetaieieciphexane 9. NMRnL
(COCID AL £S:3H)5 4,49 (8, 2H); f :40-72.47 (n, 2H): 7.81-7.91 (in, 2H). LCMS: (Rt = 3.42 min): not
ionisabl _el? Step g?rzf r%% ?g%/g-lljﬁl%{em)géét?ﬁ?ﬁpﬁféﬁyéoé‘ﬁgg%gﬁéﬁ f@%@ijﬁlﬁ&egg#ﬁ?%}ﬁ of B B b
2-brorMidTE 8L MRy BRERY et arcg) i edisto hinab (28 irlytiand vadted @ewhi s tredtediunder
microwave istadiatiDONLARCLER M) I heisame Sxpermentisrepaated ke tnes.Alhthe yials are
collec racted. with DCM. dried over magnesiym sulfate and,co rated under vacuum to give
e e e R e e e e T B ey 247 (o
3H); 4%08 RMFHPMH Beiad-§ih(spfH): 7. 98.(m7BHn 4 20 m\ViD; 2030002011 IR CTHERP00SDEL, 238; Step
32-172-propenyloxi)inethylis b4@tnethylphenyl)ethanone [00341] To a solution of

2-hyd d-(3-methylphe ?509-9191 (1.95 g) in allyl bromide (10 inL) is added calcium sulfate (7.9
0) and%gﬁ'rgg)&idg%ﬁ&?;@ﬁe mixtuzrqgﬁl( stirred under argon and dark during 2 hours. The mixture is
diluted with ethyl acetate, filtered on celite, concentrated and purified on silica gel (ethyl

actetatigygionexane D(AAnIsdHSH)I0 YiNe N HRSIGShEMMBOMAy it 5l Q54 &thy!

acetateICyC|oheXanﬁ’i}‘léf?f‘/o?tggtizyibenzonitrile {Method A)

Scheme 3

Ag,0 KCN \i cl
o o
o NH,),CO,.
Br HCOON: Ok CaSOd a ( 4)2 3 HZO s}
Ry o]
[T . B g
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Step 1: 1-(4-Chlorophenyl)-2-hydroxyethanone
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8 11-1 NMR (CDC13): 2.45 (s, 3H); 4.20 (d, 2H); 4.79 (s, 2H); 5.29 (d, 1H); 5.37 (d, 1H); 5.96-6.04 (m,
1H); 7.37-7.45 (m, 2H); 7.75-7.79 (m, 2H). LCMS: (Rt = 3.30 min): not ionisable. Step 4:
4-[(2-propenylexpinsihybd-4-43-inethylphenyl)imidazolidine-2,5-dione [003%%} To a solution of
2-[(propenyloxy)methyl]-1-(3-methylphenyflethanone (690 mg) in ethanol (% Efé‘ﬁ’ﬁ’%éfé? (B IIL)is
added potassium cyanide (472 mg) and ammonium carbonate (2.44 0. The mixture is refluxed
overnight at 55C. The mixture is extracted with ethyl acetate, dried over magnesium sulfate and
conceﬁﬁ%@éﬂ under Vaeati negine thexdesired sanpounin G2 4-HNNREC DL oS @b)oae’8 (d,
1H); 4 G6kd.09 {Hairathsoand2-5.30 (m, 2H); 5.81-5.90 (m, 1H); 5.94 (s, IN); 7.21-7.39 (m, 4H); 7.61 (s,

IH). LCMS; =2, in; iopisable. Step 5:

4-12,5-dio%@f&-@-im'&e@yfgﬁe?]%aﬁgﬁ)l oB%H%@yx?)?Réﬁn%ﬁ?h?o%lz@ﬁaW-341-z-

trifluorbiridthyibenzanimite: [So3udETea solution of

4-[(2-propenyloxy)methy1]-4-(3-methylphenyDimidazolidine-2,5-dione (899 mg) and

4-bromo-2+(trifluc Trr}eth benzonitrile (863 mg) in DMAC (5 mL) is added copper () oxide (395 mg).

The r:i%ﬁﬁe( fjs)?e%lﬁ?ea %%%lkbn%?t)%‘to ﬁ@@éﬁ?%“ﬁ%&ure is concentrated, taken in ethyl acetate, washed
“with a {§%8elqueoud’sinemeria sotutidn ahdesrimeleThe arganiz; phasenis dried gvegrmagrgsiui sulfate,

conceema@qlwg%y%%@@gmggﬁ%%@yca gel (ethyl acetate/cyclohexane 0/100 to 50/50) to
I TLC: Fr = 0.30 (ethyl acetate/cyclohexane 30/70). 11INMR (CDCI3):

give the.desired ound.

2.44 (26(,a W%E%%@f% (F, B A28 dT k) (98 E8p5A%, 2dd: BB359DOIN, 1) 76.8%(S, IN);
7.26-7285; (if24HP19.93-7.98 (s, 2H); 8.11 (s, 1H). LCMS: (Rt = 3.43 min): 428- (M-H)-. Step 6:

412 ,5-Dioxo-3-methy1-4-(3-methylpheny0-41(2-propenyloxy)methylfimidazolidin-1-y1J-2-

trifluorg ejthyl})eg)glor_litr}'le 0 2010/029119PCT/EP2009/061733 003441 To a solution of
442,5-d%xo-4“- 3T SRR TP B SR i thyifititazolidin-l-y1]-2-
trifluorti®iithlyloenzohitilel(828amglinDMEHMS BLds addespaiassium garbanaie-(320mae @nd

m_ethyﬁgﬁ@;;&%@tﬂnblgg%mimgragsii%g%’gro%g 3 hours at it, evaporated, washed with brine, extracted
with e bﬁ&cetaﬁ dried over MgSO4 and concentrated to give the desired compound. TLC: Fr =0.43

(ethyl AcetiteRkAMRER AR 3H) 16) BN (OB 40343, BH) (B, 0M 55 3H)dE. 9. (dd1HY: 4.94 (m,
2H); 4@, (DI} BR526 84, fmin2 ) 5s85-6, 11 (ino k)i 7145, (M, 2H); 7.26-7.28 (in, 1H); 7.93 (d, 2H);

8.01 (dchh):(B: 155 8 b NCMRsatRE = 4.01 min): not ionisable. Step 7:
412,5-Dioxo-4-hydrazymethyl-3-methyl-4-(3-nzethylphenAimidazo di, 1-y1J-2-

trifluoromethylbenzonitrile [00345] Toasolutionof856mgof

4-[2, 55 X043 gty lonbH@ipthylpheny 1y 24Mdenyioxy methyljimidazolidin-1-yl]-2-
propen%g&yg@?mmjg%olidin-l-ylI-2-trifluoromethylbenzonitrile inDC M (5mL)is added
trifluorghorane-dimethylsulfide complex (812 pi). The mixture is stirred 4 hours at rt, diluted with DCM,
Washé% an aquéBs ¥6IutBiRCst sddfirmisarboriete 4drieatitner] MagrfediGhnisuttatenehrcentrated

and porified orysiticdagel datiyk anatate/tyalehrkans, AR to 50/50) to give the desired compound.
TLC: Fr7 08 tatelcyclahexane: 50/50), . -1 NMR_(GDCI3): 2.44 (s, 3H); 3.09 (s, 3H); 4.17
(. 1H): 4.93 d‘%ﬂﬂ%ﬂie}(ﬂ gﬁﬁg}@%%”l 575y ’ﬁﬂf (337<.6§ L AR (S HD(d e g g (s,
111). 53 (d, 2H); 7,68 (d, 2H); 7.98 (d, 1H); 8.10 (s, 1H); 8.31{d, 1H).

LCMS: (Rt = 3.41 min): (448/450)- (M-H-)

Step 5: #-[4-(4-Chlorophenyl)-2, 5-dioxo-3-methyl-4-/, (2-propenyloxyimethyllimidazolidin-1-y]-2-
trifluoromethylbenzonitrile

160289] Using the protocol of Example 6, step 5, reacting 0.50 g of 4-[4-(4-chlorophenyl)-2,5-diox o~
4-{(2-propenyloxy)methyl]imidazohdin-1-y1] -2-trifluoromethylbenzonitrile vields the desired product.

& 'H NMR (DMSQ Dg): 2.87(s, 3H); 4,10 (m, 2H); 4.18 (d, 1H); 4,40 (4, 1H); 5,15 {d, 1H); 5,21 (d, 1H); 5,88
(ddt, 1H); 7,54 (m, 4H); 8.00 (d, 1H); 8.12 (s, 1H); 8.33(d, 1H).

LCMS: (Rt = 3.57 min): No ionization
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LCMS: (Rt = 3.19 min): 372- (M-CH20H)-. Example 22:
4-14-(2-Chloropheny0-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-l-y11-2-
trifluorotnethylbegzpmitylg [00346]Using the protocol described in Example 6 ste? 6, reacting 0.80g of
444-(2-chloropheny1)- 2,5-dioxo-3-methy1-44(2-propenyloxy)methylIimidag‘c;;ﬁﬂ‘?ﬁ-RQ%@T1733
-2-trifluoromethylbenzonitrile yie ids the desired compound. 8NMR (DMSO D6): 2.69 (s, 3H); 64.25 (m,
IH); 4.46 (m, IH); 5.90 (t, IH); 7.50 (m, 311); 7.58 (m, 2H); 8.05 (m, 2H), 8.35(d, 111). LCMS: (Rt = 3.47
min). (§§ﬁ/394)— (|\/|-6CH20H-). ‘Eﬁafﬁﬂ@whenyﬁ-l5~a’i0xo~4-hydroxymethyl—3mmethylimidazolidin»]-yi] -2-
111-(4:xfano+-:Arifliarometaylpheny0-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-yllinethyl hydrogen
sulfate@ﬁ@@OlO/O%%ghl%EeCI EPchOfOEC)IOG 733 1003471A solution of 0.39 g of .
413-methyl-4-hydroxymethy1-2 5-diox6-A-Bhieny i iazstiaml e § ¢h4-FrrironismiBehdonitite and
0.48 g%?%ﬂrﬁ BipeRIdCpY el | ovidpielidin- RO IR tof pyridtiog i sefluxet: fondBiQiEs e duct.
evaporatediiardrpness. oEhexarude pepduet ig,puifi I _ ilica,gel while eluting
with 9%/_}9/}/}71%%%%9 4 nougfeticpacid/vtéger &?&%@@%@g@%@ggﬁ%éﬁféﬁ%ﬁée{%
acid/water 90/10/171). 6 LK NMR (CD30D): 3.09 ( NCH3); 4.69 (d, 11i); 5,03 (d, 1H); 7.54 (m, 5H);
8.13 (M3) (825 (s M1 [3PTIHE: (RtCHZBR)min): 468- (M-H-). Example 24:
11-(4-Cyano-3-trifluoromethylpheny1)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylinzethyl dihydrogen
phosp ten |: [1-(4- no-3-triflyoromethylpheny1)-2,5-dioxo-3-methyl-4-phenyin
dazo|i%%@ﬁ?ﬁeth;%’l‘gé%r'ﬁ”ﬁﬁ‘é{’s’%ﬁﬁféz[Efd?zfg]ﬁ’%’rﬂﬁwﬁe&}&&@"ﬁmmwmidmh‘din-l-yll-z-
4-[3-methy1-4-hydr8idaneamgtioiBesionidide phenylimidazolidin-1-y1]-2- trifluoromethylbertzonitrile in 2
nth of pyridine and 0.2 mL of diethyl phosphate is stirred for 3 hours at it under argon atmosphere. The
mixture, is gu with agueous hydrochloric acid and extracted with diethyl ether and ethyl

e bin ‘E%g“x“‘4'é"l%§‘%9o |ffgﬁ%%%gﬁi%”ﬁ?ﬁa’éﬁﬁ%wwé%ﬂtﬁf&@@vwm@@@ﬁﬁglwﬁwm

acetate. The crude produ
DCM/EYPEetitébaitufdleTLC: Fr = 0.7 (4/1 DCM/ethyl acetate).  IH NMR (CD30D): 1.31 (g, 6H);

3.03 ($0®H9);)4.15 (ing 4H)z 4.83.87d,p.07.2m, 23); 7.45-7.55 (in ; 8.06 H); 8.15 (in, 213).
LCMS)ZrSRt =}13.76 in?'_526 + M?I—?-%?Ste%%: [{?ﬂ é §15 4'?5,@-C§OX0-45‘{]4':—{'][1101‘(}[}}1611}?}8-4-{(2_
(4-Cy AR SR F S SRR Aiy1)-B 5 didkesramsiianacsielsy i iz ofi B2 L0 methg bdlitsyidrogen
phosplEtef 0883 e o ipgemargithasphe 8) % mlwibhiemaicivethyladeneris added to @salutign of

0.39 g@lslndAsGy¥ano3:dH fiuRtomeathiphs 2 3-dioxo-3:methyl-4-pheny limidazolidin-4-y | ] met hy
| diethyl E%_)s Shﬁate.in%io L of DCM ccg)lglge%ﬁ%%(%? ?%r%%%t?onrélgs(ségrr/%éf%w HolrsPBcs filhtLg
hours at ?& " SORE Sﬂmg] ATt faRP e sthirRess dilseiveh inasermindbrinofwiaterastd ethanol.

he solventis
Solvefitty kestaivagdratedrantthis prodess: repieatedbmcreida:crudgpraduct is purified by

chromategmphy ovear.siica gelwhile eluting with 85/15/1/1 DCM/methanol/acetic acid/water mixture to
provide 0.25 gl&; white solidg.i After Wfaeéhing v\\%t ?aﬁl |lgf¢{(§ﬁlg?ﬁérf6’5wéﬁcea ik TIPS (RS STFRR 4/1
0

compound i< BReArRe:
8 " NMR (DMSO Dy): 3.17 (s, 1H); 4,05-4.12 (m, 2H); 4.25-4.40 (m, 4H); 5,12 (d, THD); 5,22 (d, 1H): 5,88
(dd, TH): 7.30 (m, 2H); 7,60 (m, 2H); 8.00 (d, TH); 8.12 (s, 1H); 8.33(d, 1H),
LCMS: (Rt = 3.46 min): No ionization

Step 2: 4-f 4—(4—Fluoropizenyl)—2,5—dioxo—4-hydroxymethyln3—(Z-pmpyny!).imidazolz’dm-]wy[]—Z—
trifluoromethylbenzoniirile

[06293] .45 g of 4-[2_,5—dioxo~4-(4wﬂuorophcnyf)-éi—[(2~propsnylox.y)methyl]-3—(2-
propynyl)imidazolidin-1-yI]-2-trifluoromethyibenzonitrile obtained in step 1 is dissolved in 5 mL of DCM
under argon atmosphere. 0.2 ml, of trifluoroborane-dimethylsulfide complex is added. The mixture is stirred
at rt for 18 hours. A saturated aqueous sodium bicarbonate solution 1s slowly added. The product is extracted
with DCM and the organic layer is dried over sodium sulfate, filtered and evaporated. The crude product is

purified by chromatography over silica gel while eluting with 6/1 DCM/ethyl acetate.
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WO 2010/029119PCT/EP2009/061733 8 'FINMR (DMSO Ds): 2.90 (s, 3H); 4.58 and 4.70 (m, 2H);
7.49 (m, 5H); 8.04 (d, 1H); 8.20 (s, 1H); 8.35 (d, 1H). LCMS: (Rt = 2.46 min): 468- (M-H-). Example 25:
11-(4-Cyang:8-tufitieramethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazptidiareosns1733
yllinethoxy-3-methyl-Foxobutan-2-aminium chloride Step
1:(2S)-2-[(1,]-Dirnethylethoxy9carbonylamino1-3-m e thylbutanoic acid [ I-(4-cyano-3-

trifluor, N-2,5-diox0-3-methyl-4-phenylimidazolidin-4-ylfinethy| ester [00350]A solution of
0.3 0 81 140 LI e RO A e LB o 2 T (4
2-triflubioriéthyldénzoafthlel 12179 of (2S5)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic
acid, . ch22 @of 4imethyleminapyidine and 0.3 g of
1-(3-dhnethylaminopropy1)-3-ethylearbodiimide hydrochloride in 50 mL of dichloromethane is stirred
for 18 hours then poured into water and extracted with ethyl acetate. The organic layer is dried over
magndsigrmmie Hifate ik ePedidndrévarbiatetn Phlprice peddiStisiutifietido)dhbpalography over
silica gel while elutipgnnith-Z2430nbeRianalemYiRgeiate mixture to provide the desired compound. TLC:
Fr=0,20 (hep ethyl acetate 70/30). LCMS: (Rt = 4.07 min): 489+ (M-tBuOCO+H+). Step 2:
[1-(4-é%ﬁr@é@%%’r%%ﬁ%’iﬁ%&%ﬁ%— ‘88 6x0-3-methyl-4-phenylimidazolidin-4-ylimethoxy-3-
methyl@03Rébutan- 2 engitfiepmotividrid € 0085 11 2am L. ofatrifhgcrgadétio aniel dfechidded e begeiution of

0.43 9,0 {2R)-@did s gitRethylethoxy)carbonylamino]-3-methylbutanoic acid
[1-(4-cyano-3-trifluoromethylpheny1)-2.5-dioxo-3- methﬁjﬁﬁhenﬁlimidazolidin-4-y| metb%): ester in 20

mL of SiEhSRISR Ot e Triidiie R2Siiedfat 25805 GrehB (hie ShvErt e R?ah ated to

dryneds. Mid Rirudeprodutlasodilated with a saturated aqueous sodium bicarbonate solution and
extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and
evaporated. [00352]The crude product is dissolved in 100 mL of dichloromethandethyl ether mixture

(5/95) 47 0/2 T BY B0 HyarOGER CRIBHAE B ion in ethyl ether is added. After filtration: the
desire@2ffipound i nbtalre grlol Fof= Ex2n{slichoramethanetmiathasolg9o5 )L -BNMR EEBI0D): 1.06
(m, 6qugdg;et@m%ggie;d%e(qe&@;pgo&gm(_m, 1H); 4.75 (dd 1H); 4.88 (t; 1H); 7.58 (m, 5H); 8.19 (in,

2H); 8.26 (m, 1?. L MS:éRt = 2.8'mm): 489+ (M+H+). WO 2010/029119PCT/EP2009/061733
Examplé 28 R{PNEL Pahd-8tHudiortethiyishbng 68298- didya-30rdHylu sk Aghintidia ofidhin 4k
ylfinethagyddioxohsganoielacid{Q03681To a solution of 0.20 g of
443-methyl-4-hydroxymethy1-2,5-dioxo-4-phenylimidazolidin-1-

Step 3: 4-(3-Chiorophenyl)-4-{2-propenyloxy)imidazolidine-2, 5-dione

[60296] Using the protocol of Example 6, step 3, reacting 1.5 g of 1-(3-chloropheny!)-2-(2-

propenyloxyjethanone yields the desired product.

5 'H NMR (DMSO Dg): 3.52 (d, 1H); 3.95 (d, 1F0); 4.02(d, 2H); 5.16 (dd, 1H): 5.25 (dd, 1H): 5.85 (ddt, 1H):

7.44 (m, 2H); 7.52 (m, [H); 7.59 (s, 1H); 8.70 (s, 1H); 10.83 (s, 1H).

LCMS: (Rt =2.57 min): No ionization

S e p 4 4-[4-(3-Chlorophenyl)-2,5-dioxo-4-{ (2-propenyloxy)methyl]imidazolidin-1-y1]-2-
trifluoromethylbenzonitrile

[60297] Using the protocol of Example 6, step 4, reacting 1.0 g of 4-(3-chlorophenyl)-4-{2-
propenyloxy)imidazolidine-2,5-dione yields the desired product.

& '"H NMR (DMSO Dg): 3.72 (d, 1H); 4.05 (m, 2H); 4.18 (d, 1H); 5.13 (d, 1H); 5.21 (d, 1H); 5.85 (ddt, 1H);
7.50 {m, 2H); 7.62 (m, 1H); 7.70 (s, 1H); 7.98 {d, 1H); 8.10 (s, 1H); 8.32 {d, 1H); 9.12 (s, 1H).

LCMS: (Rt = 3.41 min): (448/450)- (M-H-)
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y1]-2-trifluoromethylbenzonitrile in 3 inL of pyridine was added 6 mg of dimethylaminopyridine and
0.052 g of succinic anhydride. The mixture is stirred for 12 hours then evaporated to dryness. The
crude produgbissnasihiesd with water and extracted with DCM. The organicplayaipis@riggreyer
magnesium sulfate, filtered and evaporated. The crude product is purified by chromatography over
silica gel while eluting with 50/50 cyclohexane/ethyl acetate to give the desired compound. TLC: Fr =
0.17 (cyclohexane/ethyl a%etﬁtle 50/50) 6 1H NMR (CDCI3): 2.67-2.72 (m, 4|;|83/'_3:02 (s..3H); 4.92 (d,
1H); 503 @, 1H); 7.3 (RS- 7B i -Srafior ot la iy 8- oA (e iy s s/ (0 A e Mg (Rt =
3.49 M358 b= 2(-C4HA400. Example 27:

(S)-11{%»111'9@&”0-?{3%{%@%&@%%@%%&@%%;(ék%@;%{@&ﬁ@d:&@'@W{H@éﬁ@&%&%ﬂi{@l&mﬂ
dihydrogen phosphate Step | : (S

L1 ARG K BB S S BEJRFRGA cioty
phosph&ieNBBEEAYS Saddtion 88f (1, 21@)0f, 10 (m, 2H); 4.20 (d, TH); 4,42 (d, 1H); 5,16 (d, 1¥); 5,22 (d, 1H);
(S)-4-Emathvid:ysy axymsthwba, o phenylimidazaliding y 12-giflyeramethylbenzonitrile in

6 mL (a;?p ridine and 0.6 inL of diethyl chlorophosphate is stirred for 48 hours at room temperature

under EmospRETePPRE" e HsAtrRd with 2M aqueous hydrochloric acid and extracted

with ethyl acetate. The crude product is purified by chromatography over silica gel while eluting with

1/1 heptane/ethy! acgtate mixiuse. Tk 1,704 2(1/% hentans/sthyl acetate), 6, 1 NMB, (CDOL3):
1.45 (m, 6H): 175 (sl. IH): 3.10'(s. 3H); 413 (m, 4H); 4.65(q, 114): 5.02 (q, 114); 7.37 (m, 214); 7.51

(m, 3TEY P gy R9AS BB dd, 1H); 8.13 (sl, 1H). LCMS: (Rt = 4,66 mm): 526+ (MH+). [a]0 = - 44.8 (¢
= 1 %[EDN). Step si6D the protocol of Example 6, step 6, reacting 0.60 g of 4-[4-(3-chlorophenyl)-2,5-dioxo-
)L1-(4:Gyang-Baly Ipheny1)-2,5:dioxo-3-methyl-4-phenvlimidazolidin-A-ylfipethyj dihydrogen
phosp‘ahate O%O%%%%%%%P% /I%GPZ(% 91%1@’133%@ %% 5‘%]06%31%%gﬁ%§[§m0§5ﬁ55e%%5 %IS_HS%{
bromdififiethylsilane is added to a solution of 0.80 g of

(S)-[14Arcyme-Btaiosarsethyiphemylt) (2 StHipxas Btmethyl-A4phenyimidazaligior: ylimew idiethy
phosphate in 25 inL of DCM cooled at OC. The reaction is stirred for 1 hour at 0C then 18 hours at
room températtre. The solvent is evaporated then the residue is dissolved in a mixture of water and

methdrfol. S él/entd Aramiadsrated @htthidbtocess repeated twice. The crude product is purified by
chromatography over silica gel while eluting with 90/10/1/1 to 85/15/2/2

dichlotometha S/m;}han?{l‘éj_ _eég'c agid/water mixture to provide the de ire%c 9# TLC:Fr=0.12
(B8 e A s o OSSP A By 3,00 (n
2H); 3.37(sl, 3H); 4B8f4ermefyyihegiopirihder waker pedk) /¥HY: FESYArf- B8 18l DEIFIBI2H (in,
IH). LCMS: (Rt = 2 papiia)idaL8dididA NP2 )i il cme i e Gomidid5%, EIOH). Example 28:
(S)-11-(4-Cyano-3-trifluoromethylpheny0-2,5-dioxo-3-nzethyl-4-phenylimidazolidin-4-
ylimethoxy-4-oxobutanoic acid [003561To a solution of 0.60 g of
(S)-448138hy1-4-hyiroxyreuorsodibikd Sadishertyliriierazotiéli-3-methyl-4-phenylimidazolidin-1-y1]-

2-rifluoromethylbenzonitrile are separated by chromatography of a 1.5 g sample of the racemic mixture

obtained in Example 1 on Chiralcel OD (L.C50 Prochrom column) while eluting with a 75/25 heptane /

isopropanol mixture.

100301] The (5) enantiomer is cluted first. By evaporating the solvent, the desired compound is

obtained.

folp = - 40.8° (c =1 %, EtOH).

HPLC: Chiralcel OD, column 250 x 4.6 mun, heptane/isopropanol 75/25, flow rate T mL/min, Rt: 9.01 min.

[06302] The (R} enantiomer is eluted second. A further purification in the same conditions followed
by evaporating the solvent provides the desired compound.

[op = +41.1° (¢ =1 %, EtOH).

HPLC: Chiralcel OD, column 250 x 4.6 mm, heptane/isopropanol 75/25, flow rate [ mL/min, Rt: 13.24 min,
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l-y1]-2-trifluoromethylbenzonitrile in 24 mL of pyridine was added 19 mg of dimethylaminopyridine and
1.54 g of succinic anhydride. The mixture is stirred at 110C for 7 hours then evaporated to dryness.
The crude ppgugidswashed with water and extracted with dichlorometh ST/'EkI;eﬂor%)anic layer is
dried over magnesium sulfate, filtered and evaporated. The crude product’is puri%lé}a %}733
chromatography over silica gel while eluting with 50/50 heptane/ethyl acetate to give the desired
compound. TLC: Fr = 0.17 (cyclohexandethyl acetate 50/50) 6 'FINMR (CDC13): 2.67-2.74 (in, 4H);
3.02 (s, 3H); 4.92 (d, 1H); 5.03 (d, 1H); 7.38 (in, 2H); 7.52 (in, 3H); 7.96 (d, 1H); 8.04 (dd, IH); 8.18 (d,
1H). LEMSa(¢ mBe22 min): 358- (M-H-CH20-C4-1403). Example 29:
(S)-((S)-1—(4-@yano-3-(trif|uoromethyg)tB ﬁgyl)-fs-methyl-z,5-dioxo-4-phenylimidazolidin-4-

yl)methyle3-methylbutanoate-2-amimgnium chloride Step | : (2S 0
)-21(1,1-Diniethyleth&B)&ibonylaniinol-3-ineth{ibutaReleatid(S)111-(4- HBOMS

trilluorom pheryO-ZB’:dioxo-C% hyl-4-pheny itﬂé'z lidin-4-yll met)(l 03571A solution of
0.45 g of 42,5-dfn6gﬁ§§ﬂ?(hydr ethyl)-3-me ylfﬁi?p%henylimidazoﬂdinﬁ

1-y1]-2-trifluoromethylbenzonitri le, 0.33 g of
(2S)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic WO 2010/029119PCT/EP2009/061733
acid, 0.185 g of 4-dimethylamino pyridine and 0.45 g of | -(3-dimethylaminopropyl)-3-ethykarbodiimide

hydrochlarite in 70 inL of dichlorometfénes.stirred for 1 hour then pouggbinto water afid ekttacted
with ethyl ac. The organic layer is dr'ver aggt%%iikhr&p sulfate, filéded a(;ﬁd eva -$ ed. The
i th 70/
[

crude productys py f'chromatogifaphy ove fica gel while eluting wi BOBﬁeptaneFemel
acetate mixture torovi e desired compo?)ddN i = 0.20 (Neptane/ethyl acetate 70/30). 6 '11
NMR (CDC13): 8.89rand Q.97 (2di®H); 1.46 (s, OH); (in, 1H) 3.0 H);24.22 (1 %LH);4.93 (in,
2H): 5.04 (in, 1H); 7.38 (M, 2H)™7.52 (in, 3H): 7.96 (d, 1H}~8:04 (GF°IH) 8. 18T, 1HS.BL MS: (Rt =

3.90 min),. 489+ (M-tBUOCO+H+je%n 54.7 (c = 1.25 %, EtQkhicatep 2: N
(S)-(l-(4-€m3-t-iguoroniethylphe Wl)-2.5-d oxo-3-methyl-4-pheny midazolitlin ntethary-3-
methyl+a -25aininm chloride [09358]3 nib of trifluoroacetic acid are added to a solution of 0.65
g of (28)-21(1,162@ sthylethoxy)cafbenylammet<a-methiutanocic acid ™ ntemediate
(S)41-(4-cyanos34rifluc thylphenyl)-2,5-gi% Mriethyl-4-phenylimidazolidin-4-yllmethyl ester in
30 mL of dichlorotnethan& The mixture is sfirrediat ¥oos temperature for 5 hours, 20 niL of toluene
are adgigshiien thesglvent is evaporated to dryness. The crude product is diluted with a saturated
aqueous sodium bicarbonate solution and axTHetSd WitheEms I alersted risisranmieuafettiendrad over
magn@SRAfsirfae fiRérellinintrediaptr atetiafhbarudpopnodictis disstdviedia 1206l otection

dichlossimet bringfethyb etharmixtses (1O/9Q 8 letidessglytign in ethyl
ether 5, qug@g?ﬁgrlf'l%atio%ig?e %%sired c%ﬁq%%n? ;!sﬁ(%%%gi%gé% @éﬁg@}é&%@ﬂ% 8%?&” S

(dichloromethane me’ﬁwaﬁlgi BRI (EBISBIY A e 1590 (P LEHY D PBGEHSe8.07 (s,
3H); 4441%d, | H): 5.22 and 5.36 (2d, 2H); 7.58 (in, 5H); 8.19 (AB, 2H): 8.25 (s, 1H). [a]Jn = - 46.7 (c =

1.08%, EtOH). Example 30:
412 ,5:Maxo-4-hydr hyl-3-methyl-4-phenylimidazolidin-1-yll-2-methaxybenzonitrile
*xam;%e 1 P:y 2%),/935}0%-;- W;yl-zhydrgxym2’/1‘11}*1»-4-111?1en yiimia'}z/zolidin-l myl]-Z)f

trifluoromethylbenzonitrile (Method A)

Step 1: 4-[2,5-Dioxo-3-ethyl-d-phenyi-4-[i (2-propenyloxy)methyljimidazolidin-1-yi]-2-
irifluoromethylbenzonitrile
[60304] The procedure of Example 1, Step 1 applied to 0.23 g of 4-2,5-dioxo-4-phenyl-4-[(2-

propenyloxy)methyi}imidazolidin—1—yl}-2-triﬂuoromethyibenzonitriie with 0.18 mL of iodoethane provides
the desired compound.

LCMS : (Rt =3.20 min): 444+ (MH+)
Step 2: 4-[2,5-Dioxo-3-ethyl-4-hydroxymethyl-4-phenvlimidazolidin-1 VIf-2-trifluoromethylbenzonitrile
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Step I: 4-12,5-Dioxo-4-hydroxymethyl-4-phenylitnidazolidin-I-yll-2-inethoxybenzonitrile [00359]A
solution of 384 mg of 4-cyano-3-methoxyphenyl isocyanate (prepared according to WO 2007/137874)
in 8 mL dioxgng 1518458 4to a solution of 200 mg of 2-hydroxyrnethy42-phenylglycine (prepared -
according to literature procedure) in an aqueous solution of 1.8 niL IN sodiﬁﬁ%‘?&%yﬁﬁg 2 mL of
water. The mixture is stirred at room temperature overnight, acidified by adding 3 ml. 12N HCI and
heated at 110C for 2 hours. The solution is then treated with a saturated aqueous solution of sodium
bicarbd%&3 w0 201%/029 PLoRETAEIRR0ERI8 1 F3B@xiradtRdwiththy) Bariate: drssover Sufate

magnesifimrdiergth-avapenatedand Rusifies over §iﬁ9§r&%r¥¥1@%n§éﬁ§ﬁ}s%w#ehc§9@9xhe%an*i%é%gigll\l R
y :

acetatg, mix ive the expected prqoduct. TLC: Fr = 0.30 (heptané/ethyl acetate
(CDC%%%%%?%%;Y%Pé%vgégghiifégéa‘foﬁiﬂﬁ?%‘?07 (bs, 1H): 7.23 (ni, 2H); 7.51 (m 3H); 7.66 (ni, 3H).

LCMS TRt F52h hihgrBos v CHROMYL0Step 2:

4-12,559mxm-mmmelmtssmgmyiﬁm@nmmmQﬂqmﬁ!-y&}azggﬂgﬂ?g?yf%r}zsogitr' g

10036 _ otassi rbonate and 864 methyl iodide are added i3 a solution of T ’m'88 -
Tt

[2,5-diox0 )Xyme nylimidazolidin- 1-y11-2-methoxybenzonitrile in 2 niL DMF. The
mixture§SStinidSvEr it He roBng teMierature, evaporated to dryness, The residue is taken in water
and extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered,

evapogated and.clu-omatographed over silica gel while eluting with 70/30 heptane/ethyl acetate
mixture 10 give the é%ggé?gﬁ“bp‘r’g%ﬁ” fb/'ézflfflWﬁ"(&’i’fﬁ'@i’%‘ﬁ‘.”ﬁfﬁﬁg‘(@?‘ﬁl‘fé‘?@?W(!s:}’yl-?); 4.17 and 4.72
(2d, 2H); 7.27 (m, 2flpse¢tiyiidyzanaiéradamyd 264 (in, 1H). LCMS: (Rt = 5.67 mm): not ion sable.
Example 31: (S)-1-(3,4-Dichloropheny1)-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2,5-dione
Step 1, (S)-1;(3,4;Dichloropheny0-4-hydroxymethy1-4-phenylimidazolidine-2,5-dione [003611217 mg
of (S)-ZI-R dr%%%‘é%[ﬁﬂquﬁgﬂ%@%?%e (prepared according to A.Olma, Polish J. Chem., 70, (1996),
1442-1 dre dissobetiin & ing GHASHbagueoud sadiimdydeKide1309.mg é?,fd%vércxddmlﬁﬁ?ghenyl

isocyarateidissal vae-ina Dik-Ligxan ase-gloyly add er 10 min then the mixture is stirred for 1 h,
the pI—\l}% aroun%zZl et§ 75 3mhof 0.5 N aduggoaggéc?cﬁ%% ydroxi é’%rié SISt Rt BrPsikaline

then 300°Mg ot &A% CRISEENE P80 &lheticdisssaenmsismmil o sancare slowdy wddedagain The
mixtu@ s Baeddbedrfurthér hour at room temperature then 12N hydrochloric acid is added to acidic

pH anm@bg';rpixturejrg@qutg@.fgr(élﬂllg‘;i%ggd@%%g@v%%{%%{/)?ghe dioxan is removed by evaporation

under V%C{d% the a%ueous phase’is extracte et cetate. The extracts are washed with brine,

dried Over MayReidh Sk &te? Bid SVt P tD: 88, MherBsidue is purified over silica gel while

eluting\Whth: aRyradi€hmimixtine dremb Ineptane to pure ethyl acetate to provide expected product. [alp = -
13.3 (c = 1,02%, MeOH). Step 2: (S)-1-(3,4-Dichloropheny0-4-hydroxyn
ethylfSB-m thy1-4-phenylimidazolidine-2,5-dione WO 2010/029119PCT/EP2009/061733 [00362]150
mg of (§- fgi CRISPRERSPO SRR EXmethyl-4-phenylimidazolidine-2,5-dionc are

[¢6308] To a solution of 2.7 g of 4-(2-hydroxyacetyl)benzonitrile in allyl bromide (15 mL) is added

10.2 g calcium sulfate and 6.7 g of silver oxide. The mixture is stirred under argon and in the dark for 2 hours.

The mixture is diluted with AcOEL, filtered on celite, concentrated and purified on silica gel (ethyl

acetate/cyclohexane : 0/100 to 50/50) to give the desired compound,

TLC: Fr = 0.38 (ethyl acetate/cyclohexane 40/60)

I
& 'H NMR (CDCk): 4.01 (d, 2H); 4.57 (s, 2H); 5.13 (d, 1H); 5.22 (s, 1H); 5.73-5.86 (m, 1H); 7.64 (d, 2H);
7.91{d, 2H)

LCMS: (Rt = 3.05 min): Not ionisable

[00309] Step 3: 4-{2,5-Dioxo-4-/, (2-propenyloxy)methyl]imidazolidin-4-vl]benzonitrile To a solution
of 500 mg of 4-[2-(2-propenyloxy)acetyi|benzonitrile (in EtOH (5 mL) and water (5 mL) is added 324 mg

potassium cyanide and 1.67 g of ammonium carbonate. The mixture is refluxed overnight at 55°C. The
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dissolved in 5 mL of dimethylformainidc then 165 mg of potassium carbonate are adc_ie_d foIIOW(_ad by
137 nL of dimethylsulfate. The mixture is stirred overnight at room (tjemf)here:';]ure thetntlt |§I_';]aekg)r(1tgcets
mixture of wg acetate. The aqueous phase is extracted with ethyl acetate.

are washed wﬁ%ﬁgf,égiged OVCT magnesium sulfate and evaporated to AR Rsidue is
purified over silica gel while eluting with a gradient mixture from heptane to pure ethyl acetate to
provide the expected product. 6'H NMR (CDC13): 3.04 (s, 3H); 4.11 and 4.65 (2d, 2H); 7.37 (m, 3H);
7.51 (EHY 7 S6rteed Mith Om SeqRe 80 6 YHin)a SEHIB6 64 iM ki - 323AA3R (MdEH2@M o Zive38.5
(c = 0.92518r L if)p JARB63] Table 1: Representative compounds of he invention ID Structure Name

Calc'd MW. H iHQiJGi %ﬁtr?fg g@gﬁl%h&%/dr%% thyl)-3- methy1-4-phenylimidazolidin-1 -y11-

2- trlfluorometh 0 N IPO
5 '"HNM {CDgOD) 3.45 (d, 1H); 3.86 (m, 3H); 4.95 (d, 1H); 5.06 (dd, 1H); 5.60-5.73 (m, 1H); 7.58 (s, 4H)

LCMS: (Rt =2.77 min): 270- (M-H)-

St e p 4 4-[4-(4-Cvanophenyl)-2,5-dioxo-4-f (2-propenyloxy)methyl]imidazolidin-1-yI]-2-
trifluoromethylbenzonitrile

[0G310] To a solution of 675 mg of 4-[2,5-dioxo-4-[(2-propenyloxy)methyl]imidazolidin-4-
vl]benzonitrile and 622 mg of 4-bromo-2-trifluoromethylbenzonitrile in DMAC (2.5 mL) 214 mg of copper
(I} oxide is added. The mixture is refluxed overnight at 130°C. The mixture is concentrated, taken in DCM,
washed with a 10 % aqueous ammonia solution and brine. The organic phase i3 dried over magnesium sulfate,
concentrated under vacuum and purified on silica gel (ethy] acetate/cyclohexane: 0/100 to 50/50) to give the
desired compound.

TLC: Fr = 0.48 (cthyl acetate/cyclohexane 50/50)

§ 'H NMR (CDCL): 3.85 (d, 1H); 4.09-4.19 (m, 3H); 5.25-5.31 (m, 2H); 5.80-5.87 (m, 1H); 6.07 {5, 1H};
7.79-7.84 (s, 4H); 7.95 (s, 2H); 8.07 (s, 1H)

LCMS: (Rt = 3.29 min): 439- (M-H)-

Step 5. 4 4-(4-Cyanophenyl)-2, 5-dioxo-3-methyl-4-/, (2-propenyloxyimethyllimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00311] To a  solution of 4359 mg of  4-[4-(4-cyanophenyl)-2,5-dioxo-4-[(2-
propcnyloxy}methyi}imidazolidin«1-yI]~2—triﬂuoromc‘r,hy1banzonitrile obtained in Step 4 in DMF (1.5 mL),
173 mg of potassium carbonate and 130 pL of methyliodide are added. The mixture is stirred 3 hours at rt,
cvaporated, washed with brine, extracted with ethyl acetate, dried over magnesium sulfate and concentrated to
give the desired compound.

TLC: Fr = 0.54 (ethyl acetate/cyclohexane 50/50)

& 'H NMR (CDCL): 3.09 (s, 3H); 3.95 (d, TH); 4.14 (m, 2F); 4.39 (d, 1H); 5.28-5.34 (m, 2H); 5.84-5.91 (m,
1H); 7.57 (d, 2H); 7.80 (d, 2H), 7.95 (s, 2H), 8.10 (s, 1H)

LCMS: (Rt = 3.81 min):: Not ionisable

St e p 6 4~[4—(4—Cyanopheny!)—2,5~dioxo—4—}zydroxyn-zethyl~3—melkylimidazo[idz'n—1-yl]-2-

trifluoromethylbenzonitrile
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NF FF 4[2,5-Dioxo-4-(1 -hydroxypropyl)- 3-methy1-4-phenylimidazolidin-ll -
yl]-2-trifluoromethylbenzonitrile Isomer A 417.4 1D Structure Name Calc'd MW 3 HO# O N 111 OF NF

F 4-[2,5-DioxpcdsélghysexypropyD- 3-methyl-4-phenylimidazolidin-1- yl]'%é[fi%ﬁrg%@&q‘ 3I3benzon|trlle
Isomer B -

[0¢312] To a solution of 433 mg of 4-[4-{4-cyanophenyl)-2,5-dioxo-3-methyl-4-[(2-
propenyloxy)methyl]imidazolidin-1-ylj-2-trifluoromethylbenzonitrile obtained in Step 5 in DCM (5 mL), 600
uL of boron trifluoride-dimethyl sulfide complex is added. The mixture is stirred & hours at rt, diluted with
DCM, washed with an aqueous solution of sodium bicarbonate, dried over magnesium sulfate, concentrated
and purified on silica gel (ethy! acetate/cyclohexane: 0/100 to 50/ 50) to give the desired compound.

TLC: Fr =0.10 {ethyl acetate/cyclchexane 30/70)

8 'H NMR (CDCl): 3.14 (s, 3H); 4.16 (d, 1H); 4.73 (d, 1H); 7.57 (d, 2H); 7.82 {d, 2H), 7.93-8.00 (m, 2H),
8.13 (s, 1H)

LCMS: (Rt = 3,05 min): 383~ (M-CH,OH)-

Example 14: 4—[4—-(3-—Cyanophenyl)-Z,5-dioxo~—4-h3}droxymethy[-,?-methylimidazolidin-l-yl]-}-
trifluoromethyl-benzonitrile (Method A)

Step 1: 3-(2-Hydroxyaceivl)benzonitrile

[00313] A solution of 776 mg of 3-(2-bromoacetyl)benzonitrile in acetonitrile (5 mL) and water (10
mL) is treated under microwave irradiation (125°C, 50 min). The same experiment is realized a second time
with 976 mg. All the vials are collected, extracted with ethyl ether, dried over magnesium sulfate and
concentrated under vacuum to give the desired compound.

TLC: Fr = 0.38 (cthyl acetate/cyclohexane 30/70)

8 '"H NMR (CDCL): 4.94 (s, ZH); 7.71 (t, 1H); 7.95 (d, 1H); 8.18 (d, 1H); 8.25 (s, 1H)

Step 2: 3-[(2-(2-Propenyloxyjacetvi] benzonitrile

[00314] To a solution of 1.08 g of 3-(2-hydroxyacetyl)benzonitrile in allyl bromide (8 mL) 4 g of
calcium sulfate and 2.6 g of siver oxide are added. The mixture is stirred under argon and dark overnight. The
mixture is diluted with ethyl acetate, filtrated on celite, concentrated and purified on silica gel {ethyl
acetate/cyclohexane 0/100 to 30/70) to give the desired compound.,

TLC: Fr = 0.64 (cthyl acetate/cyclohexane 30/70)

3 '"H NMR (CDCl); 4.18 (d, 2H); 4.73 (s, 2H); 5.31 (d, 1H); 5.37 (d, 1H); 5.92-6.02 (m, 1H); 7.66 (1, 1H);
7.90 (d, 1H); 8.22 (d, 1H); 8.29 (s, 1H)

LCMS: (Rt = 3.04 min: Not jonisable

Step 3: 3-[2,5-Dioxo-4-{(2-propenyioxy)methyl] imidazolidin-4-yl] benzonitrile

[00315] To a solution of 450 mg of 3-[(2-(2-propenyloxy)acetyl]benzonitrile (in EtOH (5 mL) and

water (5 mL) 291 mg of potassium cyanide and ammonium carbonate are added. The mixture is refluxed one
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417.4 HO . 0 4-[2,5-Dioxo-4-(1 -hydroxyethyl)-3- 2-trffluoromethylbenzonitrile Isomer A 403.4 4 4 N-
110. FNF F 5 HOIlk O N 7\F F F 442,5-Dioxo-4-(1-hydroxyethyl)-3-

methyl-4-phgaytimigiagakdin-1-y11- 2-trifluoromethylbenzonitrile PCT/EP2009/061733

night at 55°C, The mixture is extracted with ethyl acetate, dried over magnesium sulfate and concentrated
under vacuum to give the desired compound.

TLC: Fr = 0.1 (ethyl acetate/cyclohexane 30/70)

8 'H NMR (CD;0D): 3.70 (d, 1H); 4.10-4.14 (m, 3H); 5.23 (d, 1H); 5.33 (d, 1H); 5.89-5.98 (m, 1H); 7.67 (4,
IH); 7.80 (d, 2H); 7.98-8.02 (m, 1H)

St e p 4 4-[4-(3-Cyanophenyl)-2,5-dioxo-4-[(2-propenvioxy)methyllimidazolidin-1-ylj-2-
trifluoromethylbenzonitrile

[60316] To a solution of 3579 mg of 3-[2,5-dioxo-4-[(2-propenyioxy)imethyl)imidazolidin-4-
ylbenzonitrile and 534 mg of 4-bromo-2-(trifluoromethyl)benzonitrile in DMAC (2.5 mL), 183 mg of copper
oxide are added. The mixture is refluxed overnight at 130°C. The mixture is concentrated, taken in DCM,
washed with a solution of 10 % aqueous ammonia solution and brine. The organic phase is dried over
magnesium suifate, concentrated under vacuum and purified on silica gel (ethyl acetate/cyclohexane (/100 to
50/50) to give the desired compound.

TLC: Fr = 0.3 (ethyl acetate/cyclohexane 50/50)

8 'H NMR (CDCly): 3.85 (d, 1H); 4.07-4.21 (m, 3H); 5.26-5.38 (1, 2H); 5.80-5.89 (m, 1H); 6.24 (s, 1H);
7.59-7.70 (m, 1H); 7.80(d, 1H); 7.94-8.19 (m, 5H)

LCMS: (Rt = 3.26 min): 439- (M-H)-

Step 5. 4-[4-(3-Cyanophenyl)-2, 5-dioxo-3-methyl-4-[ (2-propenyloxy)methylJimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

166317] To a solution of 358 mg  of  4-[4«(3-cyanophenyl)-2,5-dioxo-4-[{2-
propenyloxy)methyljimidazolidin-1-yl]-2-trifboromethylbenzonitrile in DMF (1.5 mL) 135 mg of potassium
carbonate and 101 pL of methyl iodide are added. The mixture is stirred during the night at room temperature,
evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium sulfate and concentrated to
give the desired compound,

TLC: Fr = 0.58 (ethyl acetate/cyclohexane 50/50)

& 'H NMR (CDCls): 3.09 (s, 3H); 3.95 (d, 1H); 4.14 (m, 2H); 4.38 (d, 1H); 5.29-5.34 (mn, 2H); 5.84-5.91 (m,
1H); 7.63-7.79 (m, 4H); 7.96 (s, 2H); 8.11 (s, 1H)

LCMS: (Rt =3.81 min): Not ionisable

Step 6. 4-[4-(3-Cyanophenyl}-2,5-dioxo-4-hydroxymethyi-3-methylimidazolidin-1-yl]-2-trifluoromethyl-

benzonitrile
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Isomer B 403.4 6 OH. 4-[2,5-Dioxo-4-(4-fluorophenyl)-4- (hydroxytnethyl)-3-

methylimidazolidin-1-y11-2- trifluoromethylbenzonitrile 407.3 N 11, N/p ID Structure Name
Calc'd IVIWAWO 2016/2bHO11 PCT/EP2009/061733
[60318] 328 ulL of trifluoroborane-dimethylsulfide complex are added o a solution of 354 mg of 4-/4-

(3-cyanophenyl)-2, 5-dioxo-3-methyl-4-{(2-propenyloxy)methylimidazolidin-1-yl] - 2-
trifluoromethylbenzonitrile {in DCM (5 mL. The mixture is stirred 6 hours at room temperature, diluted with
DCM, washed with an agueous solution of sodium bicarbonate, dried over magnesium sulfate, concentrated
and purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the desired compound.

TLC: Fr = 0.30 {ethyl acetate/cyclohexane 50/50)

8 "H NMR (CDCls): 3.14 (s, 3H); 4.17 (m, 1H); 4.71 (d, 1H); 7.65-7.79 (m, 4H); 7.94-8.02 (m, 2H); 8.14 (s,
1H)

LCMS: (Rt = 3.04 min); 383- (M-CH,OH)-

Example 15: 42, 5-Dioxo-4-hydroxymethyl-3-methyl-d-(3-trifluoromethylphenyl)imidazolidin-1-yi]-2-
trifluoromethyl-benzonitrile (Method A)

Step I 1(3-Trifluoromethylphenyl)-2-hvdroxyvethanone

[60319] A solution of 2-bromo-1-{3-(trifluoromethyl)phenyljethanone (1 g) in acetonitrile (2.5 mL)
and water (10 mL) is treated under microwave irradiation (125°C, 50 min). The same experiment is repeated
five times, All the vials are collected, extracted with DCM, dried over magnesium sulfate and concentrated
under vacuum to give the desired compound.

3 'H NMR (CDCL): 4.96 (s, 2H); 7.70 (m, 1H); 7.93 (d, 1H); 8.14 (d, 1H), 8.22 (s, 1H)

Step 2: 2-[(2-Propenyloxy)methyl]-1(3-trifluoromethylphenyl)ethanone

[60326} To a solution of 1-(3-trifluoromethylphenyl)-2-hydroxyethanone (3.66 g) in aliyl bromide (20
mkl) is added calcium sulfate {10.9 g) and silver oxide (7.1 g). The mixture is stirred under argon and dark
during 2 hours. The mixture is diluted with ethyl acetate, filtered on celite, concentrated and purified on silica
gel (ethyl acetate/cyclohexane 0/100 to 15/85) to give the desired compound.

TLC: Fr = 0.79 (ethyl acetate/cyclohexane 30/50)

8 'H NMR (CDCL): 4.20 (m, 2H); 4.78 (s, 2H); 5.30 (d, 1H); 5.38 (d, 1H); 5.94-6.02 (m, 1H); 7.66 (1, 1H);
7.88 (d, 1HY; 8.18 (d, 1H), 8.25 (s, 1H) '

LCMS: (Rt = 3,53 nun): Not ionisable

Step 3: 4-[(2-Propenyloxy)methyvi]-4-(3-(irifluoromethyiphenvlimidazolidin-2, 5-dione

[00321] To a solution of 2-[(2-propenyloxyjmethyl]-1-(3-trifluoromethylphenyliethanone (1.17 g) in

EtOH (5 mL} and water {5 mL) is added potassium cyanide (624 mg) and ammonium carbonate (3.2 g). The
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O N 111 // F NF 444-(4-Chloropheny1)-2,5-dioxo-4- hydroxymehy1-3-methyl- imidazolidin-1-y1)-2-
trifluoromethylbenzonitrile 423.8 8 HO411 0 442,5-Dioxo-4-(4-fluorophenyl)-4- hydroxymethyl- 3-(2- .
propynyflimigazaligissk ry1]-2- trifluoromethylbenzonitriie N . 0 ,,, /F INRcrEp2009/061733

mixture is refluxed overnight at 55°C. The mixture is extracted with ethyl acetate, dried over magnesivm
sulfate and concentrated under vacuum to give the desired compound,

TLC: Fr = 0.45 (ethyl acetate/cyclohexane 50/50)

8 'H NMR (CDCls): 3.80 (d, TH); 4.00-4.10 (m, 3H); 5.20-5.27 (m, 2H); 5.77-5.87 (m, 1H); 6.77 (s, 1H); 7.57
(t, 1H); 7.67 (d, 1H); 7.77-7.88 (m, 2H}, 8.56 (s, 1H)

LCMS: (Rt=3.19 min): 313- (M-H)-

Step 4 : 4-[25Dioxo-4-[(2-propenyloxyimethyl]-4-(3-trifluoromethylphenyl)-imidazolidin-1-yI]-2-
trifluoromethylbenzonitrile

[06322] To a solution of 4-[(2-propenyloxy)methyl]-4-(3-trifluoromethylphenyl)imidazolidin-2,5-
dione (1,45 g) and 4-bromo—2—(triﬂuoromethy§)ben20nitri}.e {1.15 g) in DMAC (7 ml.) is added copper oxide
{528 mg}. The mixtare is refluxed overnight at 130°C. The mixiure is concentrated, taken in ethy! acetate,
washed with a 10% aqueous ammonia solution and brine. The organic phase is dried over magnesium sulfate,
concenirated under vacuum and purified on silica gel (ethyl acetate/cyclohexane (/100 to 50/50) to give the
desired compound.

TLC: Fr = 0.69 (ethyl acetate/cyclohexane 50/50)

& '"H NMR (CDCls): 3.84 (d, 1H); 4.10 (m, 2H); 4.20 (d, 1H); 5.25-5.30-(m, 2H); 5.80-5.89 (m, 1H); 6.57 (s,
1H); 7.62-7.66 {1, 1H); 7.74 (d, 1H); 7.91-7.96 (m, 4H), 8.09 {5, 1H)

LCMS; (Rt = 3.535 min): 482- (M-H}-

Step 5: 4-[2.5-Dioxo-3-methyl-4-[(2-propenyloxyimethyl]-4-(3-triffucromethylphenyljimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[60G323] To a solution of 814 mg of 4-[2,5—di0x0~4«[(2»pr{}penyiexy)methyﬂ-4-(3-
trifluoromethylphenyl)imidazolidin-1-yI]-2-trifluoromethylbenzonitrile in DMF (1.5 mL) is added potassium
carbonate (279 mg) and methyliodide {420 pL). The mixture is stirred 5 hours at room temperature,
evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium sulfate and concentrated to
give th.e desired compound.

TL.C: Fr = (.39 {(ethyl acetate/cyclohexane 30/70)

& 'H NMR (CDCly): 3.09 (s, 3H); 3.98 (d, 1H}; 4.14-4.19 (m, 2H): 4.42 (d, 1H); 5.28-5.34 (m, 2H); 5.85-5.92
{m, 1H}); 7.64-7.68 (m, 3H); 7.75 (d, 1H); 7.93-8.00 (m, 2H), 8.12 (s, 1H)

LCMS: (Rt = 4.05 min): Not ionisable

Step 6  4-[25-Dioxo-4-hydroxymethyl-3-methyl-4-(3-trifluoromethylphenyljimidazolidin-1-y1]-2-

triffuoromethyl-benzonitrile
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9 Cl HO411414-(3-Chloropheny1)-2,5-dioxo-4- hydroxymethy1-3-methyl- imi_dazolidin-l -y1)-2-
trifluoromethylbenzonitrile 423.8 N #,,,/F NF 10 HO 10 O N o (S)- 4-[2,5-Dioxo-4- (hydroxymethyl)-3
-methyl-4- phenylimyigazplidin-l-y1]-2- trifluorornethylbenzonitrile 389.3 oo 000061733

[00324] To a solution of 782 mg of 4-/4-(3-Trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-{(2-
propenyloxy)methyl]imidazolidin-1-vi] - 2-trifluoromethylbenzonitrile in DCM (5 mL), 662 ulL of
trifluoroborane-dimethylsulfide complex are added. The mixture is stirred 6 hours at room temperature,
diluted with DCM, washed with an aqueous solution of sodium bicarbonate, dried over magnesium sulfate,
concentrated and purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the desired
compound. '

TLC: Fr = 0.45 (ethyl acetate/cyclohexane 50/50)

5 '"H NMR (CDCls): 3.14 (s, 3H); 4.18 (d, 1H); 4.75 (dd, 1H); 7.62-7.69 (m, 3H); 7.76 (d, 1H); 7.95 (d, 1H);
8.02 (d, 1H); 8.16 (s, 1H)

LCMS: (Rt = 3.10 min): 426- (M-CH20H)-

Example I6: 1 -(3,4-Dichlorophenylj-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2, 5~dione
(Method A4)

Step 1: 1-Phenyl-2-(2-propenyloxy) ethanone

[00325] This compound is prepared from 2-hydroxy-1-phenylethanone, according to the procedure

used by G.A. Molander and J.A. McKie on 1-hydroxy-butan-2-one, J. Org.Chem. (‘1995), 60, 872-8%2.

Step 2: 4-Phenyl-4-[(2-propenyloxyimethyl]imidazolidine-2, 5-dione

[06326] 0.775 g of 1-phenyl-2-(2-propenyloxy)ethancne, 0.575 g of potassium cyanide and 1.6 g of
ammonium carbonate are heated to 55 °C for 3 hours in 23 mL of a 50/50 cthanol/water mixture. The reaction
mixture is diluted with water and extracted with ethyl acetate. The organic solution is washed with a saturated
aqueous sodium chloride solution, then dried over sodium sulphate and evaporated to yield the desired
compound.

TLC: Rf = (1.42 (silicagel, eluant : heptane-ethyl acetate 50-50)

§ 'H-NMR (CD;0D): 3.68 (d, 1F); 4.13 (m, 3H); 4.22 (d, 1H); 4.92 (s, 2H); 5.22 (dd, 1H); 5.34 (dd, 1H);
5.95 (ddt, 1H); 7.45 {(m, 3H); 7.64 (d, 2H)

LCMS: (rt = 5.79 min): 288+ (MH, MeCN+)

Step 3: 1-(3,4-Dichlorophenyl)-4-phenyl-4-[(2-propenyloxy)methylJimidazolidine-2, 5-dione

[60327] 0.7 g of 4-phenyl-2-(propenyloxy)imidazolidine-2,5-dioneare dissolved in 2 mL DMAC and
780 mg of 1,2-dichloro-4-iodo-benzene are added, followed by 234mg of copper (I} oxide. The mixture is
warmed at 160°C for 3 hours. At rt the mixture is diluted with a 20% aqueous solution of ammonia and

extracted with ethyl acetate. The organic layer is dried over sodium sulfate, filtered and evaporated. The
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/[N 1D Structure Name Calc'd MW 11 HO (R)- 412,5-Diox o -4- (hydroxym ethyl)-3-m ethy1-4-

ph enylimidazo lidin-1 -yl] -2- trifluoromethylb enzonitrile 389.3

WO 2010/629119 PCT/EP20609/061733

crude product is purified by chromatography over silica gel while eluting with the 2/1 heptane/ethyl acetate
mixture,

& "H NMR (DMSO): 3.70 (d, TH); 4.08 (m, 2H); 4.15 (d, 1H); 5.17 (d, 1H); 5.25 (d, 1H); 5.88 (ddt, 1H); 7.38-
7.50 (m, 4H); 7.62 (d, 2H}; 7.67 (m, 1H); 7.78 (d, 1H), 9.40(s, 1H).

LCMS: (Rt = 3.44 min}: no ionization

Step 4: 1-(3,4-Dichlorophenyl)~4-hvdroxymethyl-3-methyl-4-phenylimidazolidine-2, 5-dione

[00328] To a  solution of 045 g of  35-1-(3,4-dichlorophenyl)-4-phenyl-4-[(2-
propenyloxy)ymethyllimidazolidine-2,5-dione in 3 mL of DMF, 238 mg of potassium carbonate and 0.143 mL
of iodomethane. The mixture is stirred at rt for 5 hours, evaporated to dryness, diluted with brine and
extracted with ethyl acetate. The organic layer is dried over sodium sulfate, filicred and evaporated to afford
0.47 g of yellow oil, which is then dissolved in 5 mL of DCM under argon atmosphere. 0.4 mL of
triftuoroborane-dimethylsulfide complex is then added. The mixture is stirred at rt for 5 hours. A saturated
aqueous sodium bicarbonate solution is added slowly. The mixture is extracted with DCM and the organic
layer is dried over sodium sulfate, filtered and evaporated. The crude product is purified by crystallization
from DCM/ethyl ether.

3 "H NMR (MeOD): 3.02 (s, 3H): 4.20 (d, 1H); 4.62 (d, 1H); 7.43-7.57 (m, 5H): 7.68 (d, 1H); 7.92 (d, 1H);
7.75 (m, 1H).

LCMS: (Rt =13.13 min); No ionization

General procedure for Examples 17 to 19, (Method A)

Step 1 7

[60329] 0.415 g of  4-[2,5-dioxo-4-phenyl-4-[(2-propenyloxy)methyl)imidazolidin-1-y1]-2-
trifluoromethylbenzonitrile are disseived in 40 mL of DMF with the appropriate alkyl halide and 163 mg of
potassium carbonate. The mixture is stirred at rt for 5 h, evaporated to dryness, diluted with water and
extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and the solvent is
evaporated. The crude product is purified by chromatography over silica gel while eluting with 70/30

heptane/ethyl acetate mixture.

Step 2
[00330] 0.3 mL of trifluoroborane-dimethyisulfide complex in 10 mL of dichloromethane is added to
a solution of the compounds obtained in Step 1, dissolved ir1 15 mL of dichloromethane (respectively 0.32 g

of N-isopropyl, 0.4 g of N-cyanomethyl and (.4 g of N-propargyl). The mixture is stirred at rt for 6 h and
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11 N/ 121t HO ON-N N 4 p O N/ FF 412,5-Dioxo-3- ethy1-4- (hydro xymethyl)-4- pb enylimidazo
lidin-1 -yl] -2- trifluoromethylbenzonitrile 403.4 13 N\\. ON

WO 2010/029118 PCT/EP2009/061733

poured into a saturated aqueous sodium bicarbonate solution and extracted with ethyl acetate. The organic
layer is dried over magnesium sulfate, filtered and evaporated, The crude product is yrified b
y g P p p ¥

chromatography over silica gel while eluting with 70/30 heptane/ ethyl acetate mixture,

Example 17:  4-{2,5-Dioxo-4-hydroxymethypl-3-(1 -methylethyl)-4-phenylimidazolidin-1-ylj-2-
triffucromethylbenzonitrile '

Step 1: 4-{2,5-Dioxo-3-(1-methylethyl)-4-phenyl-4-{{. 2-propenyloxymethyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00331] TLC: Fr = 0.65 (heptane/ethyl acetate 50/50)

§ 'H NMR (CDCly): 1.41 (d, 3H); 1.50(d, 3H): 3.37 (dt, 1H); 4.12 (d, TH); 4.13 (sl, 2H); 4.42 (d, 11T); 5.25

(d, 1H); 5.32 (d, 1H); 5.87 (ddt, 1H); 7.35 (m, 2T); 7.48 (m, 3H): 7.93 (d, 1H); 8.01 {(d, 1H); 8.15 (m, 1H)

LCMS: (Rt =3.71 min): 457+ (M+)

Step 2: 4-/2,5-Dioxo-4-hydroxymethyl-3-(1 -methylethyl}-4-phenylimidazolidin-1-yi]-2-
trifluoromethylbenzonitrile

00332] TLC : Fr = 0.45 (heptane/ethyl acetate 50/50)

8 "H NMR (CDClL): 1.41 (d, 3H); 1.53 (d, 3H); 3.40 (dt, 1H); 4.30 (d, 1H); 4.72 (d, 1H); 7.37 (m, 2H); 7.48

(m, 3H); 7.93 (d, 1H); 8.06 (d, 1H); 8.20 (br s, 1H)

LCMS: (Rt = 3.37 min): 386- (M-CH,OH-)

Example 18:  4-{2,5-Dioxo-3-cyanomethyl-4-hydroxymeth yi-4-phenylimidazolidin-1-yl]-2-

trifluoromethyibenzonitrile

Step 1: 4-[3-Cyanomethyl-2, 5-dioxo-4-phenyl-4-[(2-propenyloxy)methylJimidazolidin-1 -pl]-2-
trifluoromethylbenzonitrile

160333} TLC: Fr = 0.25 (heptane/ethyl acetate 50/50)

& "H NMR (CDCL): 4.09 (d, TH); 4.20 (m, 3H); 4.47 (d, TH); 4.60 (d, 1H); 5.29 (d, 1H): 5.33 (¢, 1H); 5.92

(ddt, TH); 7.38 (m, 2H); 7.53 (m, 3H); 7.98 (br's, 2H); 8.11 (br s, 1H)

LCMS: (Rt = 3.39 min}): not ionisable

Step 2: 4-[2,5-Dioxo-3-cyanomethyl-4-kydroxymethyl-4-phenylimidazolidin-1 -l]2-

trifluoromethyibenzonitrile

[00334] TLC : Fr = 0.35 (heptanc/ethyl acetate 50/50)
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O N"--- N IPO _ / F NF 41444 -Cyanopheny1)-2,5- di oxo-4- hydroxymethy1-3- methylimidazo lidin- 1-y
0 -2- trifluoromethylbenzonitrile 414.3 14 . OH 4- [4-(3-Cyanopheny 1) -2,5-di oxo-4- hydroxyrn
ethy1-3- mefyliigiara #din-1-y1)-2- trifluoromethylb enzonitrile 414.3 N ddOcbMaon61733

§ 'H NMR (CDCL): 4.10 (d, 1H); 4.46 (4, 18); 4.69 (d, 1H); 4.77 (d, 1H); 7.36 (m, 2H); 7.53 (m, 3H); 7.98
(d, 1H); 8.01 (4, 1H); 8.12 (br s, 1H)
LCMS: (Rt = 3.12 min): 383- (M-CH,0OH-)

Example 19:  4-[2,5-Dioxo-4-hydroxymethyl-4-phenyl-3-(2-propynyhimidagolidin-I-pl]-2-

triflucromethylbenzonitrile

Step 1: 4-[2,5-Dioxo-4-phenyl-4-{(2-propenyloxy)methyl] - 3-(2-propynylimidazolidin-1-yI]-2-
trifluoromethylbenzonitrile

[00335] TLC : Fr=0.65 {(heptane/ethyl acetate 50/50)

§ "H NMR (CDCly): 2.27 (m, 1H); 4.06 (dd, 1H); 4.14 (m, 2H); 4.22 (d, 1H}; 4.40 (dd, 1H); 4.46 (4, 1H); 5.26

(d, TH); 5.31 (d, TH); 5.91 (ddt, 1H); 7.41 (m, 2H); 7.49 (m, 3H); 7.94 (d, 1H); 8.01 (dd, 1H); 8.14 (brs, 1H)

LCMS: (Rt = 3,45 min): not ionisable

Step 2: 4-{2, 5-Dioxo-4-hydroxymethyl-4-phenyl-3-(2-propynyliimidazolidin-1-y1]-2-
trifluoromethyibenzonitrile

[060336] TLC: Fr = 0.40 (heptane/ethyl acetate 50/50}

8 "H NMR (CDCL): 2.48 (m, 1H); 3.83 (dd, 1H}); 4.48 (d, 1H); 4.73 (d, 1H); 4.81 (dd, 1H); 7.46 (m, 2H); 7.51

(m, 3H); 7.95 (d, TH); 8.03 (d, 1H); 8.18 (br s, 1H)

LCMS: (Rt=3.16 min): 382- (M-CH,OH-)

Example 20:  4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-ylj-2-trifluoromethylbenzonitrile
{(Method A)

Step 1: 4-[2,5-Dioxo-4-phenyl-4-{(2-propenyloxy)methyllimidazolidin-1-yi]-2-trifluoromethylbenzonitrile
[00337] To a solution of 0.47 g of 4-phenyl-4-[(2-propenyloxy)methyl]imidazolidine-2,5-dione in 30
mL of DMF is added 0.28 g of copper (I) oxide and 0.81 g of 4-bromo-2-trifluoromethylbenzonitrile. The
mixture is warmed at 135°C for 20 hoursthen it is evaporated to dryness. The crude product is diluted with a
20% aqueous solution of ammonia and extracted with ethyl acetate, The organic layer is dried over
magnesium sulfate, filtered and evaporated. The crude product is purified by chromatography over silica gel
while etuting with 70/30 heptane/ethyl acetate.

TLC: Fr = 0.30 (heptane/ethyl acetate 7/-30)

8 "H NMR (CDCL): 3.86 (d, 1H); 4.14 (br s, 2H); 4.27 (d, TH); 5.28 (d, 1H); 5.32 (d, 1H); 5.89 (ddt, 1H);
7.52 (m, 3H); 7.70 (m, 2H); 7.98 (m, 2H); 8.14 (m. 1H) ‘
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ID Structure Name Cale' d MW 15 FFOH 4-[2,5-Dioxo-4-hydroxymethy43- methyl-443-
trifluoromethylphenyDimidazolidin- 1-y1)-2-trifluoromethylbenzonitrile 457.3 N ip4d0 N/ FF 16 4111
HOO WO 2010/029119 PCT/EP2009/861733

LCMS: (Rt = 6,91 min): 414~ (M-H-)

Step 2: 4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin- ] -vi]-2-trifluoromethylbenzonitrile

100338] To a solution of 0.18 g 4-[2,5-dioxo-4-phenyl-4-{(2-propenyloxy)methyllimidazolidin-1-y1]-
2-triflyoromethylbenzonitrile in 15 mL of DCM is added 0.2 mL of trifluoroborane-dimethylsulfide complex
in 10 mL of dichloromethane. The mixture is stirred at rt for 6 hours and poured into a saturated aqueous
sodium bicarbonate solution and extracted with ethyl acetate. The organic layer is dried over magnesium
sulfate, filtered and evaporated. The crude product is purified by chromatography over silica gel while eluting
with 70/30 heptane/ethyl acetate mixture.

TLC: Fr (.25 (heptane/ethyl acetate 50/50)

§ '"H NMR (CDCL): 3.99 (d, 1H); 4.42 (d, 1H); 7.11 (br s, 1H); 7.49 (m, 3H); 7.64 (m, 2H): 7.94 (m, 2H);
8.10 (brs, 1H)

LCMS: (Rt =3.02 min}: 344- (M-CH,OH-)

Example 21:  4-{2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-methylpheny)imidazolidin-1-yi]-2-
trifluoromethyl-benzonitrile (Method A)

Step 1:  2-bromo-1-(3-methylphenyl)ethanone

[00339] To a solution of I-(3-methylphenyl)ethanone (2 g) in ethyl ether (20 mL) is added bromine (726 pl.}
at 0°C. The mixture is treated with an aqueous solution of sodium bicarbonate, extracted with ethyl ether,
dried over magnesium subfate, concentrated and purified on silica gel (ethyl acetate/cyclohexane (/100) to
give the desired compound.

TLC: Fr = 0.42 (ethyl acetate/cyclohexane 10/90).

5 "H NMR (CDChLY: 2.47 (s, 3H); 4.49 (s, 2H); 7.40-7.47 (m, 2H); 7.81-7.91 (m, 2H).

LCMS: (Rt = 342 min); not ionisable.

Step 2: 2-hydroxy-1-{3-methylphenyljethanone

[00340] A solution of 2-bromo-1~(3-methylphenyl)ethanone (1 g) in acetonitrile (2.5 mL) and water (13
mL) is treated under microwave rradiation (125°C, 50 min). The same experiment is repeated three times. All
the vials are collected, extracted with DCM, dried over magnesium sulfate and concentrated under vacuum to
give the desired compound.

TLC: Fr = 0.15 (ethyl acetate/cyclohexane : 10/90).

& 'H NMR (CDCly): 2.47 (s, 3H); 4.90 (s, 2H); 7.41-7.49 (m, 2H); 7.74-7.78 (m, 2H).
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N-4. 11, CICI 1 -(3,4-Diehlorophenyl)-4- hydroxymethy1-3-methy1-4- phenylimidazolidi_n§-2,5-dione
365.2 17 41) HO 0 4[2,5-Dioxo-4-(hydroxyme ty1)-3- (1-methylethyD-4- phenylimidazolidin-l-y1]-2-
trifluoromethylpeszaniiie 417.4 111) N"F 18 40 PCT/EP2009/061733

Step 3 2-[(2-propenyloxyimethyl]-1-(3-methylphenyl)ethanone

[60341] To a solution of 2-hydroxy-1-(3-methylphenyl)ethanone (1.95 g) in allyl bromide (10 mL) is added
calcium sulfate (7.9 g) and silver oxide (5.1 g). The mixture is stirred under argon and dark during 2 hours.
The mixture is diluted with ethyl acetate, filtered on celite, concentrated and purified on silica gel (ethyl
actetate/cyclohexane (/100 to 15/83) to give the desired compound.

TLC: Fr = 0.54 (ethyl acetate/cyclohexane : 30/70)

8 'H NMR (CDCl): 2.45 (s, 3H); 4.20 (d, 2H); 4.79 (s, 2H); 5.29 (d, 1H); 5.37 (d, 1H); 5.96-6.04 (m, 1H);
7.37-7.45 (m, 2H); 7.75-7.79 (m, 2H).

LCMS: (Rt =3.30 min): not ionisable.

Step 4: 4-{(2-propenyloxy)methyl]-4-(3-methylphenyl)imidazolidine-2, 5-dione

[06342] To a solution of 2-[(propenyloxy)methyl]-1-(3-methylphenyl)ethanone (690 mg) in ethanol (5 mL)
and water (5 mL) is added potassium cyanide (472 mg) and ammonium carbonate (2.44 g). The mixture is
refluxed overnight at 55°C. The mixture is extracted with cthyl acetate, dried over magnesium sulfate and
concentrated under vacuum to give the desired compound.

3 "H NMR (CDCls): 2.41 (s, 3H); 3.78 (d, 1H); 4.06-4.09 (my, 3H); 5.22-5.30 (m, 2H); 5.81-5.90 (m, 1H); 5.94
{s, 1H); 7.21-7.39 (m, 4H); 7.61 (s, 1F).

LCMS: (Rt = 2.97 min): not ionisable.

Step 5: 4-[2,5-dioxo-4-(3-methylphenyl)-4-{(2-propenyloxy jmethyllimidazolidin- 1 -yi] -2-
triftuoromethylbenzonitrile

[00343] To a solution of 4-[(2-propenyloxy)methyll-4-(3-methylpheny!)imidazolidine-2,3-dione {899 mg)

and 4-bromo-2-(trifluoromethyl)benzonitrile (863 mg) in DMAC (5 ml.) is added capper (I} oxide (395 mg).

The mixture is refluxed overnight at 130°C. The mixture is concentrated, taken in ethyl acetate, washed with a

10% aqueous ammonia solution and brine. The organic phase is dricd over magnesium sulfate, concentrated

under vacuum and purificd on silica gel (cthyl acetate/cyclohesane 0/100 to 50/50) to give the desired

compound.

TLC: Fr = 0.30 (ethyl acetate/cyclohexane 30/70).

8 'H NMR {CDCls): 2.44 (s, 3H); 3.80 (d, 1H}; 4.10 (m, 2H); 4.22 (d, 1H); 5.23-5.30 (m, 2H); 5.83-5.90 (m,

TH); 6.37 (s, 1H); 7.26-7.45 (m, 4H); 7.93-7.98 (s, 2H); 8&.11 (s, 1H).

LCMS: (Rt =3.43 min): 428- (M-H)-.

Step 6: 4-[2,5-Dioxo-3-methyl-4-(3-methylphenyl)-4-[(2-propenyloxy)methylJimidazolidin-1 -ylj-2~

trifluoromethylbenzonitrile
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' -2,5-dioxo-4- -4- imidazolidin-I-y1]-2-
4-[3-Cyanomethy1-2,5-dioxo-4- (hydroxymethyl)-4- phenylimidazo .
trifluoromethylbenzonitrile 414.3 HO O N 111 N"F  ID Structure Name Cale' d MW 19 40

442,5-Dioxosge{ byggmethyl)-4- PCT/EP2009/061733

[60344] To a solution of 4—[2,S»dioxo—4—(3«methylphenyl)—él—[(Z-pmpenyioxy)methyl}imidazolidin—1-y]]—2~
trifluoromethylbenzonitrile (829 mg) in DMF (1.5 mL} is added potassium carbonate (320 mg) and
methyliodide (480 ul). The mixture is stirred 3 hours at tt, evaporated, washed with brine, extracted with
gthyl acetate, dried over MgSO, and concentrated to give the desired compound.

TLC: Fr = (.43 (ethyl acetate/cyclohexane 30/70). |

& "H NMR (CDCh): 2.43 (s, 3H); 3.04 (s, 3H); 3.97 (d, 1H); 4.14 {m, 2H); 4.42 (d, 1H); 5.25-5.34 (m, 2H):
5.85-5.91 (m, 1H); 7.17 (m, 2H); 7.26-7.28 (m, 1H); 7.93 (d, 2H); 8.01 (d, 1H); 8.15 (s, 1H).

LCMS: (Rt =4.0! min): not ionisable.

Step 7: 4-[2,5-Dic‘)xo-4—kydroxymel/zy[—.')’-melhyl—%’-ﬁ-methyévhenyy.imidazo[idin-!-y.{]—i’»
 trifluoromethylbenzonitrile

[00345] To a solution of 8§36 mg  of 4—[2,5-di0xo~3—methy1—4-{3-methylphenyl)-ﬁim[(fl—

propenyloxyimethyllimidazolidin-1 -yl}-2-trifluoromethylbenzonitrile in DCM (5 mL) is added

triflucroborane-dimethylsulfide complex (812 pL). The mixture is stirred 4 hours at rt, diluted with DCM,

washed with an aqueous solution of sodium bicarbonate, dried over magnesium sulfate, concentrated and

purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the desired compound.

TLC: Fr = 0.76 (ethyl acetate/cyclohexane: 50/50), ‘

8 'H NMR (CDCL): 2.44 (s, 3H); 3.09 (s, 3H); 4.17 (d, 1H); 4.72 (d, 1H); 7.17 {m, 2H); 7.28 (m, 1H); 7.39

(m, 1H); 7.93 (d, TH); 8.03 (d, 1H); 8.18 (s, 15,

LCMS: (Rt = 3.19 min): 372- (M-CH,OH)-,

Example 22:  4-{4-(2-Chlorophenyl)-2, 5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1 ~yplf-2-

trifluoromethylbenzonitrile

{00346} Using the protocol described in Example 6, step 6, reacting 0.80g of 4-[4-(2-chlorophenyl)-
2,5-dioxo-3-methyl-4-[(2-propenyloxy)methyl Jimidazolidin-1 -yl]-2-trifluoromethylbenzonitrile  yiclds the
desired compound. _

3 '"H NMR (DMSO Dg): 2.69 (s, 3H); 8 4.25 (m, 1H); 4.46 (m, 1H); 5.90 (t, 1H); 7.50 (m, 3H); 7.58 (m, 2H);
8.05 (m, 2H), 8.35(d, 1H).

LCMS: (Rt = 3.47 min): (392/394)- (M-CH,OH-).

Example 23: [1-(4—-cyww-3-triﬂuoromethy&;henyl)-z’,5~diox0~3—methj:l~4;phenyiimidazalidin-4—yl]methyl
fipdrogen sulfate
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phenyl-3-0-propynyflimidazolidin- 1-y11-2 -trifluoromethylbenzonitrile 413.4 HOO N',.,,,ipO/F 20
4[2,5-Dioxo-4-hydroxymethy1-4- phenylimidazolidin-I-y1]-2- trifluoromethylbenzonitrile 375.3 HO ONH
N 41114 N/A¥o 2010/029119 PCT/EP2009/061733

[00347] A solution of 0.39 g of 4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylimidazolidin-1-y1i-
2-trifluoromethylbenzonitrile and 0.48 g of sulphur trioxide-pyridine complex in 20 mE of pyridine is refluxed
for 18 hours then evaporated to dryness. The crude product is purified by chromatography over silica gel

while eluting with 90/10/1/1 DCM/methanol/acetic acid/water mixture.

TLC: Fr = (.25 {DCM/methanol/acetic acid/water 90/10/1/1).
8 '"H NMR (CD;0D): 3.09 { NCH:); 4.69 (d, 1H); 5,03 (d, 1H); 7.54 (m, 5H); 8.13 (m, 2H); 8.25 (s}, 1H).
LCMS: (Rt =3.52 min): 468- (M-H-). '

Example 24: [1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-d-phenylimidazolidin-4-ylmethyl
dihydrogen phosphate

Step 1. [1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yi]methyl  diethyl
phosphate

[00348] A solation of 0.4 g of 4-[3-methyl-4-hydroxymethyl-2, 5-dioxo-4-phenylimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile in 2 mlL of pyridine and (.2 mL of diethyl phosphate is stirred for 3 hours at rt
under argon atmosphere. The mixture is quenched with 2M aqueous hydrochloric acid and extracted with
diethyl ether and ethyl acetate. The crude product is purified by chromatography over silica gel while eluting
with 4/1 DCM/ethyl acetate mixture.

TLC: Fr = (.7 (4/1 DCM/ethyl acetats).

3 'H NMR (CD;0D): 1.31 (g, 6H); 3.03 (s, 3H); 4.15 (m, 4H); 4.83 and 5.07 (2m, 2H); 7.45-7.55 (m, 5H);
8.06 (m, 1H); 8.15 {m, 2H).

LCMS: (Rt=3.76 minY; 526+ (MH+),

Step 2: [ I-(4-Cyano-3-trifluoromethylphenyi}-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl]methyl
dihydrogen phosphate

[060349] Under argon atmosphere, 1 mL of bromotrimethylsilane is added to a solution of 0.39 g of 1-
(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-yImethy! diethyl phosphate
in 10 mL of DCM cooled at 0°C. The reaction is stirred for 1 hour at 0°C then 18 hours at rt. The sofvent is
evaporated then the residue is disselved in a mixture of water and cthanol. Solvents are evaporated and this
process repeated twice. The crude product is purified by chromatography over silica gel while eluting with
85/15/1/1 DCM/methanolacetic acid/water mixture to provide 0.25 g of white solid. After washing with a

diethyl ether/pentanc mixture, the desired compound is obtained.
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21 OH 442,5 -Dioxo-4-hydroxymethy1-3 - methyl-4-(3- methylphenyflimidazolidin-1 -y1)-2-
trifluoromethylb enzonitrile 403.4 N 411 117F NF 22 4. Cl OH 444-(2-Chloropheny1)-2,5-dioxo-4-
hydroxymetiiyi grgnpthyd imidazolidin-1-y1)-2- trifluoromethylb enzonitrileeé2g&Br000/061733

& 'H NMR (DMSO Dg): 2.90 (s, 3H); 4.58 and 4.70 (m, 2H);7.49 (m, SH); 8.04 (d, 1H); 8.20 (s, 1H); 8.35 (d,
1H).
LCMS: (Rt =2.46 min): 468- (M-H-),

Example 25:  [I-(4-Cyano-3-trifluoromethyiphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-

ylfmethoxy-3-methyl-1-oxobutan-2-aminium chloride

Step 1: (28)-2-[(1.1-Dimethylethoxy)carbonylamino]-3-methylbutanoic acid [l-(4-cyano-3-
trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylfmethyl ester

[00350] A solution of 0.3 g of 4-[2,5-dioxo-4-(hydroxymethyl)-3-methyi-4-phenylimidazolidin-1-y1]-
2-trifluoromethylbenzonitrile, 0.217g of (28)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic acid,
0.122 g of 4-dimethylamino pyridine and 0.3 g of I1-(3-dimethylaminopropyl}-3-ethylcarbodiimide
hydrochioride in 50 mL of dichloromethane is stirred for 18 hours then poured into water and extracted with
ethyl acetate, The organic layer is dried over magnesium sulfate, filtered and evaporated. The crude product is
purified by chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate mixture to provide
the desired compound,

TLC: Fr = 0.20 (heptane/ethyl acetate 70/30).

LCMS: (Rt = 4.07 min): 489+ (M-1BuQCO+H+),

Step  2:  [1-(4-Cyano-3-triflucromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl{j methoxy-3-
methyl-1-oxobutan-2-aminium chloride

[606351] 2 mlL of trifluoroacetic acid are added to a solution of 0.43 g of (25)-2-[(1,1-
dimethylethoxy)carbonylamino]-3-methylbutanoic acid [1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-
methyl-4-phenylimidazolidin-4-y1Jmethyl ester in 20 mL of dichloromethane, The mixtore is stirred at 25°C
for 2 hours then the solvent is evaporated to dryness. The crude product is diluted with a saturated aqueous
sodinm bicarbonate solution and extracted with ethyl acetate. The organic layer is dried over magnesium
sulfate, filtered and evaporated.

[60352] The crude product is dissolved in 100 mL of dichloromethance/ethyl] ether mixture (5/95) and
0.4 mL of a 2M hydrogen chloride solution in ethyl ether is added. After filtration, the desired compound is
obtained

TLC: Fr =0.2 (dichloromethane/methancl 95/5).

& "H NMR (CD;0D): 1.06 (m, 6H); 2.25 (m, 1H); 3.07 (d, 3H); 4.12 (m, 1H); 4.75 (dd, 1H); 4.88 (1, 1H); 7.58
(m, 5H); 8.19 (m, ZH); 8.26 (m, 1H)}.

LCMS: (Rt = 2.8 min): 489+ (M+H+).
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[IP/NF ID Structure Name Calc'd MW 23 9 HO1-0 0 O N o [I -(4-cyano-3-
trifluoromethylphenyl)-2,5-dioxo-3- methyl-4-phenylimidazolidin-4- hydrogen sulfate
WO 2010/029119 PCT/EP2009/061733

Example 26:  [1-(&-Cyano-3-triflucromethylplienyt)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-

Ymethoxy-4-oxobutanoic acid

[060353] To a solution of 0.20 g of 4-[3-methyl-4-hydroxymethyi-2,5-dioxo-4-phenylimidazolidin-1-
yI]-2-trifluoromethylbenzonitrile in 3 mL of pyridine was added 6 mg of dimethylaminopyridine and 0.052 g
of succinic anhvdride. The mixture is stirred for 12 hours then evaporated t¢ dryness. The crude product is
washed with water and extracted with DCM. The organic layer is dried over magnesium sulfate, filtered and.
evaporated. The crude product is purified by clwomatography over silica gel while eluting with 50/50
cyclohexane/cthyl acetate to give the desired compound.

TLC: Fr=0.17 {cyclohexane/ethyl acetate 50/50)

& "H NMR (CDCly): 2.67-2.72 (m, 4H); 3.02 (s, 3H); 4.92 (d, 1H); 5.03 (d, 1H); 7.39 (m, 2H); 7.53 (m, 3H);
7.96 (d, 1H); 8.04 (dd, 1H); 8.18 (d, 1H).

LCMS: (Rt =3.49 min): 358 (M-H-CH,O-C4EH,O3).

Example 27:  (S)-{1-(4-Cyano-3-wifluoromethylphenyl)-2, 5-dioxo—3—methyl-tl-phenylimidazolidin—4~
yljmethyl dihydrogen phosphate '

Step 1: (8)-[1-(4-Cyano-3-trifluoromethylphenyi}-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-y Jmethyl
diethyl phosphate

[60354]} A solution of 1,2 g of (8)-4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylinidazolidin-1-
ylj-2-trifluoromethylbenzonitrile in 6 ml of pyridine and 0.6 mL of diethy! chlorophosphate is stirred for 48
hours at room temperature under argon atmosphere. The mixture is quenched with 2M aqueous hydrochloric
acid and extracted with cthyl acetate. The crude product is purified by chromatography over silica gel while
eluting with 1/1 heptane/ethyl acetate mixture.

TLC: Fr = (.12 (1/1 heptane/ethy] acetate).

§ '"H NMR (CDCI3): 1.45 (m, 6H); 1.75 (sl, 1H); 3.10 (s, 3H); 4.13 (m, 4H); 4.65(q, 1H): 5.02 (g, 1H); 7.37
(m, 2H); 7.51 (m, 3H); 7.95 (4, 1H); 8.0 (dd, 1H); 8.13 (sl, 1H).

LCMS: (Rt = 4,66 min): 526+ (MH+).

[olh =-44.8° (¢ = 1 %, EtOH).

Step 2: (8§ )-[1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-d-phenylimidazolidin-4-ylfmethyl
dihvdrogen phosphate
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469.06 Ityllmethyl /N 24 ZLfIL LL /0 0 0-fl-' 0 O [I -(4-Cyano-3-
trifluoromethylpheny1)-2,5-dioxo-3- methyl-4-phenylimidazolidin-4- yllmethyl dihydrog,en phosphate

469.31 25 ciyd3Nidifle PCT/EP2009/061733

[66355] Under argon atmosphere, 2.5 mL of bromotrimethylsiiane is added to a solution of 0.80 g of
(S)-[1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylmethyl diethyl
phosphate in 25 mL of DCM cooled at 0°C. The reaction is stirred for 1 hour at 0°C then 18 hours at room
temperature. The solvent is evaporated then the residue is dissolved in a mixture of water and methanol.
Solvents are evaporated and this process repeated twice. The crude product is purified by chromatography
over silica gel while eluting with 90/10/1/1 to 85/15/2/2 dichloromethane/methanol/acetic acid/water mixture
to provide the desired compound.

TLC: Fr=0.12 (85/15/2/2 dichloromethane/methanol/acetic acid/water),

8 "H NMR (CD;0D): 2.00 {m, 2H); 3.09 (m, 2H); 3.37(sl, 3H); 4.51 (di, 1H); 4.91 (dl under water peak}, 1H);
7.53 (m, SH); 816 (m, 2H); 8.27 (m, 1H).

LCMS: (Rt =250 min): 470 + (M-+H+).

[odp = - 47.6° (¢ = 1.05 %, E1tOH).

Example 28:  (5)-[1-(4-Cyano-3-irifluoromethyilphenyl)-2, 5-dioxo-3-methyl-d-phenylimidazolidin-4-

vijmethoxy-4-oxobutancic acid

[6G356] To a solution of 0.60 g of (8)-4-[3-methyl-4-hydroxymethyi-2,5-dioxo-4-phenylimidazolidin-
1-y1}-2-trifluoromethylbenzomnitrile in 24 mL of pyridine was added 19 mg of dimethylaminopyridine and 1.54
g of succinic anhydride. The mixture is stirred at 110°C for 7 hours then evaporated to dryness. The crude
product is washed with water and extracted with dichloromethane. The organic layer is dried over magnesium
sulfate, filtered and evaporated. The crude product is purified by chromatography over silica gel while eluting
with 50/50 heptane/ethyl acetate to give the desired compound. |

TLC: Fr = (.17 (cyclohexane/ethy] acetate 53/50)

8 'H NMR (CDCLY): 2.67-2.74 (m, 4H); 3.02 (s, 3H); 4.92 (4, 1H); 5.03 (d, 1H); 7.38 (m, 2H); 7.52 (i, 3H);
7.96 (d, 1H); 8.04 (dd, 1H); 8.18 (d, TH).

LCMS: (Rt = 3.22 mun): 358- (M-H-CH,0-CH,05).

Example 29:  (8)-((S)}-I-(4-Cyano-3-ttrifluoromethyljphenyl)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-

yhmethyl-3-methytbutanoate-2-ammonium chloride

Step 1: (28§ )-2-[(1.]-Dimethylethoxy)carbonylamino]-3-methylbutanoic  acid  (S)-[1-(4-cvano-3-
trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-viimethyl ester.

[00357] A solution of 0.45 g of (8)-4-[2,5-dioxo-4-(hydrexymethyl)-3-methyl-4-phenylimidazolidin-
1-yl]-2-trifluoromethylbenzonitrile, 0.33 g of (25)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic
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00N 111 N /F F F (2S)-1-[1-(4-Cyano-3- trifluoromethylpheny1)-2,5-dioxo-3- _
methyl-4-phenylimidazolidin-4- yljmethoxy-3-methyl-I-oxobutan- 2-aminium chloride 488.47
Structure Namer6alesd MW 26 HO 1010 N PCT/EP2009/061732

ID

acid, 0.185 g of 4-dimethylamino pyridine and 0.45 g of I-(3-dimethylaminopropyl)-3-ethyicarbodiimide

hydrochloride in 70 mL of dichloromethane is stirred for 1 hour then poured into water and extracted with

ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and evaporated. The crude product is

purified by chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate mixture to provide

the desired compound.

TLC: Fr = 0.20 (heptane/ethyl acetate 70/30).

8 'H NMR (CDCL): 0.89 and 0.97 (2d, 6H); 1.46 (s, 9H); 2.05 (m, 1H); 3.02 (s, 3H); 4.22 (m, 1H); 4.93 (m,

2H}): 5.04 (m, 1H); 7.38 (m, 2H); 7.52 (m, 3H); 7.96 (d, 1H); 8.04 (di, 1H); 8.15 (s, 1H).
LCMS: (Rt = 3.90 min): 489+ (M-tBuOCO+H+).
[aln =-54.7° (c = 1.25 %, EtOH).

Step 2: (8)-[1-(4-Cyano-3-triffuoromethylphenyl)-2, S-dioxo-3-methyi-4-phenylimidazolidin-4-yl]methoxy-3-

methyl-1-oxobutan-2-aminium chloride

160358] 3 mL of trifluoroacetic acid are added to a solution of 0.65 g of (28)-2-[(1,1-

dimethylethoxy)carbonylaminoe]-3-methylbutancic acid (S)-[l—.(4~cyano~3—’t.riﬂuoromethylphen_yi_)-2,5—dioxo—

3-methyl-4-phenylimidazolidin-4-yl]methyl ester in 30 mL of dichloromethane. The mixture is stirred at room

temperature for 5 hours, 20 mL of toluene are added then the solvent is evaporated to dryness. The crude

product is diluted with a saturated aqueous sodium bicarbonate solution and extracted with ethy] acetate. The

organic fayer is dried over magnesium sulfate, filtered and evaporated.

The crude product is dissolved in 120 mL of dichloromethane/ethyl ether mixture (10/90) and 0.75 ml of a

ZM hydrogen chloride solution in ethyl ether is added. After filtration, the desired comprrmd is obtained
TLC: Fr = (.2 (dichloromethane/methanol 95/5).

8 'H NMR (CD50D): 1.07 and 1.10 (2d, 6H); 2.26 (m, TH); 3.07 (s, 3H); 4.1 (4, 1H); 522 and 5.36 (2d, 2H);

7.58 (m, 5H); 8.19 (AB, 2H); 8.25 (s], 1H).
[alp =- 46.7° (c = 1.08 %, EtOH).

Example 30:  4-(2,5-Dioxo-4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-ylj-2-methoxybenzonitrile

Step 1: 4-{2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-methoxybenzonitrile

[60359] A solution of 384 mg of 4-cyano-3-methoxyphenyl isocyanate (prepared according to WO

2007/137874) in 8 mL dioxane is added to a solution of 200 mg of 2-hydroxymethyl-2-phenylglycine

(prepared according to literature procedure) in an aqueous solution of 1.8 mL. 1N sodium hydroxyde in 2 mi

of water. The mixture is stirred at room temperature overnight, acidified by adding 3 mL 12N HCJ and heated

at 110°C for 2 hours. The solution is then treated with a saturated aqueous solution of sodium bicarbonate,
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4. OF NF F 4-[1-(4-Cyano-3- trifluoromethylpheny0-2,5-dioxo-3- methy1-4-phenylimidazolidin-4-
yllmethoxy-4-oxobutanoic acid 489.41 27 (Abs (S)-(1-(4-cyano-3- (trlfluoromethyDphenyl)-3-methy|-
2,5-dioxo-4-phemilimidazolidin-4- yi)methyl dihydrogen phosphate 469.311)5%}3@%-{{5/‘}%1@% OmoO

extracted with ethyl acetate, dried over sulfate magnesium, filtered, evaporated and purified over silica gel
while eluting with 60/40 heptane/ethyl acetate mixture to give the expected product.

TLC: Fr=0.30 {heptane/ethyl acctate 50/50).

3 'H NMR (CDCL): 3.98 (s, 3H); 4.06 and 4.40 (2d, 2H); 6.07 (bs, 1H); 7.23 (m, 2H); 7.51 (m, 3H); 7.66 (m,
3H).

LCMS: (Rt = 5.44 min): 306~ (M-CH,OH)-.

Step 2: 4-[2,5 -Dioxo-4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-yl] ~2-methoxybenzonitrile

[603606] 173 mg potassium carbonate and 86pL methyl iodide arc added to a solution of 141 mg 4-
[2,5-di0xo-4-hydroxyme’rhyM—phenylimidazoiidin-1—yl]»2-methoxybenzonitriie in 2 mb. DMF, The mixture
is stirred overnight at room temperature, evaporated to dryness, The residae is taken in water and extracted
with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered, evaporated and
chromatographed over silica gel while eluting with 70/30 heptane/ethyl acetate mixture to give the expected
product.

3 "H NMR (CDCly): § 3.09 (s, 3H); 3.97 (s, 3H); 4.17 and 4.72 (2d, 2H); 7.27 (m, 2H); 7.40 (m, 2H); 7.50 (m,
3H); 7.64 (m, 1H). |

LCMS: (Rt = 5.67 min): not ionisable.

Example 31:  (8)-1-(3, 4’-Dichlorophenyl)-4-hydmxymethyl~3-methyl-4~phenylimidamlidine-z, S-dione
Step 1: (5)-1-(3, 4-Dichlorophenyl)-4-hydroxymethyl-4-phenylimidazolidine-2, S-dione

[00361] 217 mg of (5)-2-hydroxymethyl-2-phenylglycine (prepared according to A.Olma, Polish J.
Chem,, 70, (1996), 1442-1447) are dissolved in 5 mL of 0.5 N aqueous sodium hydroxide. 300 mg of 3,4-
dichlorophenyl isocyanate dissolved in 5 mL dioxan are stowly added over 10 min then the mixture is stirred
for 1k, the pHis around 7 to 7.5. 3 mL of 0.5 N aqueous sodium hydroxide are added to make the pH alkaline
then 300 mg of 3,4-dichlorophenyl isocyanate dissolved in 5 mL dioxan are slowly added again. The mixture
is stirred for 1 further hour at room temperature then 12N hydrochloric acid is added to acidic pH and the
mixture is heated for 1 h at reflux temperature. The dioxan is removed by evaporation under vacuum, the
aqueous phase is extracted with ethyl acetate. The extracts are washed with brine, dried over magnesium
sulfate and evaporated to dryness. The residue is purified over silica gel while eluting with a gradient mixture
from heptane to pure ethyl acetate to provide expected product.

[op = - 13.3° (¢ = 1,02 %, MeOH),

Step 2: (§)-1-(3,4-Dichlorophenyl)-4-hydroxymethyl-3 -methyl-4-phenylimidazolidine-2, 3-dione
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| F 28 [Abe) F F N (S)-4-41-(4-eyano-3- (trifluoromethyl)pheny0-3-methyl-
2,5-dioxo-4-phenylimidazolidin-4- yOmethoxy)-4-oxobutanoic acid 489.41 WO

2010/029119RGH{ER4PR9/061733 ID Structure Name Cale' d MW 29 AbS}CT/EPZ{}{)QI(}éﬂss
(trifluoromethyl)phenyl)-3-methyl- 2,5-dioxo-4-phenylimidazolidin-4-

{00362] 150 mg of (S)-1-(3,4-Dichlorophenyl)-4-hydrox ymethyl-4-phenylimidazolidine-2,5-dione are
dissolved in 5 mL of dimethylformamide then 165 mg of potassium carbonate are added followad by 137 uL
of dimethylsulfate. The mixture is stirred overnight at room temperature then it is taken in a mixture of water
and ethyl acetate. The aqueous phase is extracted with ethyl acetate. The extracts are washed with brine, dried
over magnesium sulfate and evaporated to dryness. The residue is purified over silica gel while eluting with a
gradient mixmire from heptane to pure ethyl acetate to provide the expected product.

& '"H NMR (CDCl): 3.04 (s, 3H); 4.11 and 4.65 (2d, 2H); 7.37 (m, 3H); 7.51 (m, 4H); 7.66 (d, 1H).

LCMS: (Rt = 3.16 min): 364/366+ (MH+); 333/335- (M- CH,OH)-.

[alp = - 38.5° {c = 0.925 %, EtOH).

[00363] Table 1: Representative compounds of the invention

. Cale’d
1D Structure ‘ Name
MW
HO
o N~ 4-[2,5-Dioxo-4-(hydroxymethyl)-3-
1 N"§ methyl-4-phenylimidazolidin-1-yl]- | 3893
Q( © 2-triflucromethylbenzonitrile
F
4
NOFF -
HO .
o 4-[2,5-Dioxo-4-(1-hydroxypropyl)-
i N 3-methyl-4-phenylimidazolidin-1-
2 N 417.4
0 yli-2-trifluoromethylbenzonitrile '
Isomer A
%
F
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yfimethy1-3-methylbutanoate-2- ammonium chloride 488.47 C1H3NO-,.,0N /NF 30O0OHS

WO 2010/025119 PCT/EP2009/061733
Cale’d
1D Structure Name
' MW

H;) ;<‘ 4-12,5-Dioxo-4-(1-hydroxypropyl)-
N 3-methyi-4-phenyhimidazolidin-1-

N
3 _§o yli-2-trifluoromethylbenzonitrile 474
Isomer B
/4 F
HO;{ Q) ,
4.12,5-Dioxo-4-(1-hydroxyethyl)-3-
0 N~
N—§ methyl-4-phenylimidazolidin-1-yl]-
4 . " 403.4
0 2-triflnoromethylbenzonitrile
Isomer A
4 F . - -
HG '
L< 4-2,5-Dioxo-4-(1-hydroxyethyl)-3-
C N
N& methyl-4-phenylimidazolidin-1-yl1}-
5 . . 403.4
0 2-trifluoromethylbenzonitrile
Isomer B
7 RE

4-12,5-Dioxo-4-(4-fluorophenyl)-4-

“f

(hydroxymethyl)-3-

N
N—& 5 methylimidazolidin-1-y1]-2-
Q ' triftscromethylbenzonitrile
7 E7F
F

4G7.3
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IP N ,-- 0 4[2,5-Dioxo-4-hydroxymethy1-3- methy1-4-phenylimidazolidin-1-y1]- 2-methoxybenzonitrile
351.37 31 Chiral OOHS elo CI CI (S)-1-(3,4-Dichlorophenyl)-4- hydroxymethy1-3-4..-4-
phenylimidageligingrab«ione 365.22 Biological Examples [00364]The aftigany:afothe eampound of
the invention herein described may be demonstrated in vitro in tests of transactivation after
simultaneous and stable expression of the human androgen receptor (hAR) and a reporter gene

S{ARE) in

the effects
er hand,

placed under the transcriptional control of the androgen receptor (AR) response elems
host cells. This tesfganstitutes agngthd of identifyjng pure or pagtjgl.agonists whid Hat
of natural hormomnes, such as DHT (dihydrotestosterone) in the present case or, on tié®th
antagonists whicfrimhibitthenm:—WO-2010/629119PCT/EP2009/061733 1003651 Fgr this
transactivation tgst, plasmids encoding porter gene and the human androgen
HO 4-[4-(4-Chlorophenyl)-2,5-dioxo-4-
0o N7 hydroxymethyl-3-methyl-
7 N imidazolidin-1-y1)-2- 4238
0
trifluoromethylbenzonitrile
%
N FF F
F
HO 4-12,5-Dioxo-4-(4-fluorophenyl)-4-
O .
N/\ hydroxymethyl- 3-(2-
N
8 N_QO N propynyl)imidazolidin-1-y13-2- 431.3
trifluoromethylbenzonitrile
%
N FF
Cl
HO :
4-[4-(3-Chlorophenyl)-2,5-dioxo-4-
hydroxymethyl-3-methyl-
’ imidazolidin-1-ylI)-2- 4238
trifluoromethylbenzoniirile
(S)- 4-[2,5-Dioxo-4-
(hydroxymethyl)-3-methyl-4-
10 phenylimidazolidin-1-yl}-2- 389.3
trifluoromethylbenzonitrile
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receptor (hAR) are introduced together by transfection into the HelLa cell line. The reporter riasmid
contains luciferase cDNA under the control of the AREs contained in the promoter sequences of the
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"3xpbAREminicoll-luciferase/pGL3" plasmid. The assembly [promoter - puromycin- resistance gene -
of polyadenylation sequence of SV4Q0] (fragment 1-1396, Gene library U07648) is subcloned using

PCR amplifigagion; gdasiipag from the plasmid "pPUR" (Clontech) , and usingéwﬁﬁﬁ%&&icé otides
ed. The 1,

(pPUR-sense and pPUR-rev) allowing the cleavage site BainHI to be introduce

0 base pairs

fragment obtained after PCR (30 cycles, 30 seconds at 94 C, 30 seconds at 55 C, 1.5 minutes at 72 C)

is digested by BamHl.then cloned at the single BamH]| site of the plasmid

3xpbAREminicolljlygjferase/pGLZ fhus, yielding the puromycin re%lftance plasmid | Calc’d
3xpbAREminicoll:luciferase/pGL3. The "coil-sense”

n 1 ﬁme H
and "coll-rev" oligonucleotide sg¢qygRce are as

follows: pPUR-sgmSE
(SEQ ID No: 6): 3 GA

"pcDNA3-11AR" plasmid [003
EcoRI and Arbal pf the pcDNAB.l()O

SEQ1DNo 55 TAAGGATECCGETGTFCGAATCTGTGTCAGTTI - pPUR-rev
CGG CATGATAAGATACATTGAS' 1.1 b- Construgtion of the

nce encod{qg’gtﬂ%_a_ﬁ%%%c%?ﬂgg betweer) the sites
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phase of stimulation. [00374TStimulation iNvoived crossimnyg a range of concentrationrs-of BHT (0.329
pM to 640 nM) with a range of concentrations of the tested compound (6.4 nM to 4 gM). The cells are
placed in contact with the compounds for 24 hours at 37 C, 5% CO2, high humidity. On day 4 the
medium is then removed and the luciferase activity reading reagent is placed in contact with the cells
in accordance with the manufacturer's instructions (SteadyLite, Perkin-Elmer). The luminescence
produced is detected on an Envision reader (Perkin-Elmer). WO 2010/029119PCT/EP2009/061733
[00375]The agonism is characterised by the ECK, value, in other words the concentration of tested
compound which induces 50% of the maximum agonistic effect observed with the tested compound.
The antagonism is characterised by the Kschod v&lue, in other words the concentration of the tested
compound which increases the EC50 of the DHT (DiHydroTestosterone) by a factor of 2. This
concentration is determined by a conventional Schild regression.



[00376]The determination of the relative agonism / antagonism-of a compound is obtained by
comparing the maximal activation obtained with said compound and the activation obtained with DHT
alone (100%y:dQ@a/hbhable 2: Measure of agonism and antagonism of th$3 w%%g}g ?%tge invention:
Semi quantitative scoring: ECso (nM) KSchild (nM) % effect relative to Ml 151 6) . ﬁ. NM; ****
0.01-10 nM: ++++ 41-50% 11-100 nM: *** 11-100 nM: +++ 21-40% 101-500 nM: ** 101-500 nM: ++
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Biological Examples

[60364) The efficacy of the compound of the invention herein described may be demonstrated iz vitro

in tests of transactivation after simultancous and stable expression of the human androgen receptor (hAR) and
a reporter gene placed under the transcriptional control of the androgen receptor (AR) response clements
(ARE) in host cells. This test constitutes a method of identifying pure or partial agonists which mimic the
effects of natural hormones, such as DHT (dihydrotestosterone) in the present case or, on the other hand,

antagonists which inhibit them.
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[00365] For this transactivation test, plasmids encoding a reporter gene and the human androgen
receptor (hAR) are introduced together by transfection into the HeLa cell line. The reporter flasmid contains
luciferase cDNA under the control of the AREs contained in the promoter sequences of the probasin gene
(3xpbAREminicoll-luciferase/pGL3-puro). The expression of the reporter gene constitutes an indication of
the transcriptional activity of hAR. It also encodes a protein allowing the cells expressing it (o resist a
treatment with puromycin. The plasmid encoding hAR contains the cDNA of hAR under the control of the
Cytomegalovirus (CMV) promoter. Tt also encodes a protein allowing the cells expressing it to resist a
treatment with neomycin. The treatment of cells with increasing amounts of potentially agonistic compounds
will mcreasc the expression of the reporter gene. To detect antagonists, on the other hand, increasing doses of
test compounds are tested in the presence of increasing concentrations of DHT. The expression of the repotter
gene, which is constant for cach dose of DHT, decreases when the concentration of the test compounds

HCreases.

1- Tests of functional efficacy
1.1 Construction of plasmids

1.1 a):-Construction of the puromvcin resistance plasmid 3prAREminico1.1—1ueéiferase /pGL3

[00366] The first step involves introducing, into the basic pGL3 vector (Promega), the minimal
promoter of the collagenase gene upstream of the gene encoding luciferase. Two oligonucleotides {coll-sense
and coll-rev) are synthesised. They allow introduction of the sites of cleavage of the restriction enzymes Sacl
(single underscore in the sequences below) and BgllT (double underscore in the sequences below) at the 5" and
3" ends respectively of the sequence between the positions -42 and +46 (bold in the sequences below) of the
described promoter sequence [P Angel ot al. 1987 Mol. Cell. Biol. 7:2256-2266]. After hybridisation and
cloning between the Sacl (position 8) and Bglll- (position 37) sites of the "pGL3 basic" plasmid, the
"minicoll-luciferase/pGL3" plasmid is obtained. The sequence of the oligonucieotides "coll-sense™ and "coll-
rev” is as follows:

e coll-sense (SEQ ID No: 1):

5 CACTGTGTCGACGCGTGCAAGGACTCTATATATACAGAGGGAGCTTCCTAGCT

GGGATATTGGAGCAGCAAGAGGCTGGGAAGCCATCACTTACCTTGCACTGA 3

¢ coll-rev (SEQ ID No: 2):

3 GATCTCAGTGCAAGGTAAGTGATGGCTTCCCAGCCTCTTGCTGCTCCAATATCC
CAGCTAGGAAGCTCCCTCTGTATATATAGAGTCCTTGCACGCGTCGACACAGTGAGCT  §'
100367] The second step involved multimerising 3 times the androgen receptor response element
contained on the probasin (pbARE) promoter (bold in the sequences below) (F. Claessens ef al. 1996 J. Biol.
Chem. 271:19013-19016) and introducing it between the sites Kpnl and Ec113611- of the “minicoll-
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luciferase/pGL3" plésmid. Two oligonucleotides (colf-sense and cofl-rev) are synthesised. They allow
mtroduction of the sites of cleavage of the restriction enzymes Kpnl (single underscore in the sequences
below) and a blunt end (double underscore in the sequences below) at the 5' and 3' ends respectively. After
hybridisation, a DNA fragment is obtained which could be cloned between the sites Kpnl (position 1) and
Ecli3611 (position 8) of the "minicoll-luciferase/pGL3" plasmid, thus generating the "3xpbAREminicoll-
luciferase/pGL3" plasmid, The "coll-sense” and "3xpbARE-rev” oligonucleotide sequences are as follows:

e 3xpbARE-sense (SEQ ID No: 3):

5 CAAAGA(}CTCTAGCTTAATAGGTTCTTGGAGTACT'I*TACGTGCTTAATAGGTTC

TTGGAGTACTTTACGTGCTTAATAGGTTCTTGGAGTACTTT 3

¢ 3xpbARE-rev (SEQ ID No: 4):

3 AAAGTACTCCAAGAACCTATTAAGCACGTAAAG‘TACTCCAAGAACCTATTAAG
CACGTAAAGTACTCCAAGAACCTATTAAGCTAGAGCTCTTTGGTAC 5
[66368] The third step involved introducing the puromycin-resistance gene into  the

"3xpbAREminicoll-luciferase/pGL3" plasmid. The assembly [promoter — puromycin- resistance gene - of
polyadenylation sequence of SV40] (fragment 1-1396, Gene library U07648) is subcloned using PCR
amplification, starting from the plasmid "pPUR" (Clontech) , and using two oligonucleotides (pPUR-sense
and pPUR-rev) allowing the cleavage site BamHI to be introduced. The 1,550 base pairs fragment obtained
after PCR (30 cycles, 30 seconds at 94 °C, 30 seconds at 55 °C, 1.5 minutes at 72 °C) is digested by BamHI
then cloned at the single BamHI site of the plasmid 3xpbAREminicoll-luciferase/pGL3 thus vielding the
puromycin resistance plasmid 3xpbAREminicoll-luciferase/pGL3. The "coll-sense” and "coll-rey"
oligonucleotide sequence are as follows:

e pPUR-sense (SEQ ID No: 5): &' TAAGGATCCGCTGTGGAATGTGTGTCAGTT 3

® pPUR-rev (SEQ ID No: 6): 3'  GACGGATCCAGACATGATAAGATACATTGA 5

1.1 b- Construction of the "pcDNA3-hAR” plasmid
[60369] The sequence encoding the hAR cDNA is cloned between the sites AcoRI and Xbal of the

PEDNA3.1(+) vector (Invitrogen) starting from the vector psg5-hAR (provided by Professor P. Chambon,
IGBMC, Illkirch, France). This plasmid contains the sequence described by Tilley WD et al. [Tilley WD et al.
1989 Proc Natl Acad Sci USA. 86:327-3 1; Gene library J04150).

1.2 Establishment of the stable HALP cell line
[G0370] For this test, HeLa cells are obtained from the American Type Culture Collection (Rockville,
MD) and cultivated in DMEM medium containing 4.5 gL of glucose, supplemented with Glutamax and with

nonessential amino-acids and with 10% of foetal calf serum (SVF; Dominique Dutscher).
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160371} On the day before transfection, a million cells are seeded in DMEM medium without phenol
red, supplemented. with Glutamax and with desteroided SVF (5%} in Petri dishes. The cells are transfected
with 4pg of the puromycin resistance plasmids pcDNA3-hAR and 3xpbAREminicoll-luciferase/pGL3 using
the reagent "Lipofectamine plus” (Invitrogen), following the supplier's recommendations, The day after
transfection, the cells are seeded to different cell densities (10,000 to 100,000 cellules per Petri dish). Two
days after transfection, the transfected celis are selected in DMEM medium without phenoi red, supplemented
with Glutamax and with desteroided SVF (5%) containing 400 pg/mb of G418 (Invitrogen) and 150ng/ml. of
puromycin (Sigma). The culture medium is renewed weekly until resistant clones appeared. The resistant
clones are removed and amplified before being tested for their functional response.

[00372] The functional response test is conducted as follows: The cells are seeded (80,000 cells per
well, 48 wells per plate) 24 hours before the phase of stinulation in DMEM medium containing 4.5 g/LL of
glucose, supplemented with Glutamax and nonessential amino-acids, and with desteroided SVF (5%). On the
day of stimulation, the sceding medium is replaced by DMEM medium without phenol red, supplemented
with Glutamax and with desteroided SVF (5%) containing a range of concentrations of DHT (i pM fo 1 uM).
The cells are placed in contact with the compounds for 18 hours at 37 °C. The medium is then removed, the
cells lysed and the luciferase activity measured using the reagent "Luciferase assay system” (Promega) in
accordance with the manufacturer's instructions. The luminescence produced is detected on a TopCount-type
counter (Perkin-Elmer). The clone (I1ALP2) retained for the screening test showed a transcriptional response

curve similar 1o that obtained after transitory transfection of the same vectors in Hela cells,

1.3 Funciional response test

[00373] The functional response test is conducted on 96-well plates. The HALP2 cells are seeded
(20,000 cells per well) in culture medium (ODMEM with phenol red, 1% de Pen-Strep, 1% of non-essential
amino acids, 10% of feetal bovine serum, 4006 pg/mL Geneticin and 0.150 pg/mi. puronrycin) on day 1. After
24 hours incubating at 37°C, 5% COs, high humidity (day 2) the medium is removed and refreshed with test
medium (DMEM without phenol red supplemented, 1% de Pen-Strep, 1% of non-cssential amino acids and
5% of desteroidised foetal bovine serum). After another 24 hours incubating at 37°C, 5% CO,, high humidity
(day 3), the medium is renewed once more before the phase of stimulation.

[00374] Stimujation involved crossing a range of concentrations of DHT (0.329 pM to 640 nM) with a
range of concentrations of the tested compound (6.4 nM to 4 uM). The cells are placed in contact with the
compounds for 24 hours at 37 °C, 5% CO,, high humidity. On day 4 the medium is then removed and the
luciferase activity reading reagent is placed in contact with the cells in accordance with the manufacturer's
instructions (SteadyLite, Perkin-Elmer). The luminescence produced is detected on an Envision reader
(Perkin-Elmer).
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[60375] The agonism is characterised by the ECs value, in other words the concentration of tested
compound which induces 50% of the maximum agonistic effect observed with the tested compound. The
antagonism is characterised by the Kguye value, in other words the concentration of the tested compound
which increases the ECsq of the DHT (DiHydroTestosterone) by a factor of 2. This concentration is
determined by a conventional Schild regression.

[00376} The determination of the relative agonism / antagonism of a compound is obtained by
comparing the maximal activation obtained with said compound and the activation obtained with DHT alone

(100%).

[06377] Table 2: Measure of agonism and antagonism of the compound of the invention:

Semi quantitative scoring:

% effect relative lo
ECsy (nM) Ksenira (M)
DHT(100%)
0.01-10 nM: EEF 0.01-10 oM A 41-50% §§68§
11-100 nM: ok [1-100 aM: -+ o 21-40% §8%
1G1-500 nM: ok 101-500 nM: ++ 6-20% §§
501- 1000 nM: * 501- 1000 nM: + 0-5% §
N/A: not applicable
ECs Ksenia % effect relative ) .
11y Classification
{(aM) (nM) to DHT (100%)
Mixed
I FEAF At )
agonist/antagonist
2 N/A ot § Antagonist
3 NiA +4+ § Antagonist
4 N/A e § Antagonist
5 N/A A+ § Antagonist
Mixed
6| | §88
agonist/antagonist
Mixed
2 ot $8
agonist/antagonist
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ECs Ksenia % effect relative
E) Classification
(niv) (nM) to DHT (160%)
Mixed
] % +4+ §§
agonist/antagonist
Mixed
o | e | e $858
agonist/antagonist
Mixed
10 T b 888
agonist/antagonist
11 N/A + § Antagonist
Mixed
12 kK +++ § § § .
agonist/antagonist
Not .
13 N/A § Anfagonist
available _
Mixed
14 % g § § § .
agonist/antagonist
Mixed
15 * b §8§
agonist/antagonist
Mixed
16 > it §% . .
agonist/antagonist
Mixed
17 o et RN . :
agonist/antagonist
7 Mixed
18 ¥ N/A §8 . :
agonist/antagonist
Mixed
19 #% e §§ )
agonist/antagonist
20 N/A Sy § Antagonist
55 Mixed
® +
21 ‘ agonist/antagonist
not not . .
23 . not available not available
available | available
Mixed
24 ok ok JES B § § §
agonist/antagonist
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D _ _ Classification
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25 R ++ §§§ : .
agonist/antagonist
. ey Mixed
26 888 . :
agonist/antagonist

2- Characterisation in animal models

2.1 Adapted model of Hershberger's test

[80378] The in vivo activity of the compounds of the invention may be demonstrated in an adapted
model of the Hershberger test in the following manner:

[66379] The selective modulating activity of the androgen receptor is tested in a model of castrated
immature young rats. This model, which is widely recognised for evaluating the anabolic effects of androgen
compounds on the muscles and on the prostate, has been described by Hershberger et al. 1953 Proc. Soc. Expt.
Biol. Med. 83:175.

[00380] The method is based on the measurement of the well-known effects of androgens on the
growth of the muscles and the accessory male sex organs in animals, and also in men. The consequences of
castration appear in the form of a rapid involution and atrophy of the prostate and the seminal vesicles and of
the anus-lifting muscle (levator ani). This effect may be completely compensated by an £X0gencous
administration of androgen, in particular of testosterone, The model is thus used to determine the capacity of
the tested molecules to maintain the weight of the accessory sex and muscle organs in immature castrated rats,
and therefore their androgenic efficacy.

[00381] Immature young Sprague Dawley rats (4 to 5 weeks old) weighing approximately 140-160 g
(Charles River, Les Oncins, FRANCE) are distributed randomly in various groups and are kept in an
environment at 22 * 2 °C with an alternating day/night cycle of 12 hours and ad Hbitum access to food and
drink.

[60382] On day 0 (seven days before commencement of the first treatment) the rats are weighed
individually then anaesthetised with an intraperitoneal dose of Ketamine/xylazine (85/15 mg/kg,
approximately 2 ml/kg). Each animal is then placed on a sterile field and the abdomen and the scrotum are
disinfected with Betadine and 70 % alcohol. In the case of the orchidectomised control animals {ORX), the
testicles are removed via an incision in the middle of the scrotum. A sterile suture is then made to i gature the
supra-testicular portion of the tissue prior to surgical section of each testicle. The groups of animals to be
treated by the tested compounds are operated on in an identical manner. In the case of the intact control

animals (SHAM), the testicles are similarly extracted and reintroduced delicately to their original location.
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2.1Adapted model of Hershberger's test [003781The in vivo activity of the compounds of the invention
may be de in an adapted model of the Hershbcrger test in the following manner:
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may bérdai platety sompierfseden byraih. eXbg ereolisadrainistrationohasdneg ebdRenaltichiap of-

testostgrene.dihe mp@[@hi&gh}&gyéggiﬁg Q&%@{H&ztrﬁ capacity of the tested molecules to maintain the
A 1Ty,

weigh &Egg accessory sex and muscle organs in'immature castrated rats, and therefore their
androéenic Utficacy f6038 FFrHAe BN FRbisyae faHw ey (2 w S wEbkedoldhnaintiings
approxiefiatdlyels0-160 g (Charles River, Les Oncins, FRANCE) are distributed randomly in various
groups and are kept in an gRYip t [ { ing day/night, cycle of 12 hours and
ad libitum access toE food and drigiaﬁl%%gigi‘é%l%gj%%@e% ays be (%{Fé’ c?gr/nﬁng%?gear%ﬂ]ﬁ%‘?{fﬂe first
treatment) the rats 8f&Seighed individually then anaesthetised with an intraperitoneal dose of
Ketamine/xylazine @5/15 aRpkennaopgaxipateticie wikagdo Eashsanimakis then placsgpnasiesile field
and the abdomen apd the scrotum are disinfected with Bctadine and 70 % alcohol. In the case of the
orchidectomised control animals (ORX), the testicles are removed via an incision in the middle of the
scrotum. A sterile stiture i< TS B dedts Ry dtht dettid serpartedstional admioitiondointid dispegrisrito
surgical section of eaghutéstiolehdhhighotiaibtaimralsto Rectreatadmy the tested compounds are
opera@@mlm an |(}\%pq?éa%%j'

R A R R S e
similarly extracted and reintroduced delicately to their ofiginal IoCatfsAP A using a guillotine. The
2010/628'P1 8B &P So0BaSHS arhEssREcd e regishiihtatvehttn i shempatineidtusingesiasialsuture
threadisandhtheciibe is disinfesied againdhyapplicationfBataging.kachanmalistben keantynder a

sterile,pad, URtH itawoke, before being returped to its cage. The animals are kept in an environment at
22 2C with gr}? ialternaét%lng gaj/ﬁ?gﬁf%%gfeoo 74 tﬁg&ﬁ‘gﬁa@rgdw £ q}fBiP IS B S R StPh e diftk DY he
animaf&¥Eretdd itk T rase ek ths endadierdroirighos b tirg Sy ddycsnemt] gmijl dayild preceding
sacrifidgifdtinn BLY.OO %. The efficacy of each product is expressed as a percentage and calculated using the

following formula:

(W treated — W ORX) / (W SHAM - W ORX) x 100

106385] A subsequent ANOVA ftest is used for statistical analysis to identify the differences between
groups.
[00386] Table 3: Herschberger’s test data for selected compounds of the invention,

Semi quantitative scoring
0.5-25% %
25-50 % *
50-75 % wkE
75-100 % ks

Dose . Androgenic
Anabolic
Exanmple | fested activity %
activity %
{mg/kg) {Prostate)
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[00383]The rats are split into groups and treated daily from day 7 to day 10 under the conditions
defined below: 1. SHAM control group: Vehicle (PEG400 / DMSO / water; 79 / 1 / 20) administered
per 0s. 2. @RYes@nfEelgroup: Vehicle (PEG400 / DMSO / water; 79 / 1 / 30y agaunristaras per as. 3.
Treated ORX group: The tested compounds are administered individually per os in suspension in the
vehicle described above, in a dose of 10 mg/kg. [00384]After treatment for 4 successive days, the

animals are decapitated using 3
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3. Determination of absolute bicavailability

[00387] To screen rapidly imidazolidines derivatives based on their absolute bioavailabity, restricted
pharmacokinetic profile with only fours sampling time points after oral and intravenous route is investigated
in Sprague Dawley rats as follows: each test compound is dosed orally (10 mg/kg) and intravenously (3
mg/kg) to groups of 3 male Sprague Dawley rats. Oral doses are administered as solution in
EtOH/PEG400/H,0 (1/79/20; v/v) by esophageal gavage {2 mg/mL; 5 mL/kg)} and intravenous dose is given
as solution in DMSQ/PEG400/H,0 (1/65/34;v/v) as a bolus in the tail vein (3 mg/ml; 1 mlL/kg). Before oral
dosing, animals are deprived of food (water ad libitum) for at least 16 hours before the start of the study and 6
hours after administration.

[00388]

at the following sampling-times: 0.083, 0.25, 1 and 3h after intravenous injection and 0.25, 1, 3 and 6 hours

Blood is collected at the retro-orbital sinus into polypropylene tubes (Li-heparinate) at +4°C

after oral dosing. Three (3) animals are sampled per time-point; each animal being sampled four times. After
centriﬁgati011 at 5060 rpm for 10 min at + 4°C, plasma is collected into polypropylene tubes and kept frozen
at -20°C pending assays. Plasma samples are assayed by a LC-MS/MS method with a lower limit of
quantification of 1 to 10 ng/mL depending on the compound (volume of plasma: 100 pL).

[00389]

compound. Sample preparation consists of a precipitation of plasma proteins with methanc] and filiration by

A LC-MS/MS method for quantification in heparinized plasma was developed for cach test
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centrifugation of supernatant on Captiva deep-well 96 0.2 um filter plates. Water was added to methanol
supernatant phase prior to analysis by liquid chromatography (Pursuit 5 C18 20 x 2,0mm VARIAN, 2uL loop,
gradient Water/Methanol (90/10 to 0/100) over 1.7 min) with turboionspray tandem mass spectrometry
(API4000) in negative mode using multiple reaction monitoring. The method includes 8 standard and 3
quality control levels with lower limit of quantification corresponding 1o first standard level.

[60350} Exposures are determined using a non compartmental model (WinNonLin 2.1) and the
absolute bioavailability (F) is calculated as follows: [AUC(0-6h) oral * 3 mg/kg] / AUC(0-3h) TV 10 mg/kg]

and expressed in percentage.

[60391] Table 4: Measure of bigavailabilitv of representative _compounds of the invention:

Semi quantitative scoring:

>90% HH
50-90%: ##
(-49% #
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Bioavailability
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4. Determination of the absolute bioavailability of selected compounds of the invention in rats and dogs

[00392) Absolute bioavailabity of a drug after oral dosing with the corresponding ester prodrugs is
mvestigated in Sprague Dawley rats as follows: each prodrug is dosed orally (10 mg/kg i.e 8 mg/kg drug
equivalent dose) and the drug is dosed intravenously (3 mg/kg) to groups of 3 male Sprague Dawley rats. Oral
doses arc administered as solution in EtOH/PEG400/H;0 (1/79/20; v/v) by esophageal gavage (2 mg/mL; 3
mL/kg) and intravenous dose is given as solution in DMSO/PEG400/H,0O (1/65/34; v/v) as a bolus in the tail
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vein (0.6 mg/mL; 5 ml/kg). Before oral dosing, animals are deprived of food (water ad libitum) for at least 16
hours before the start of the study and 6 hours after administration.

[60393] Blood is taken via a catheter inserted in the jugular vein and collected into polypropylene
tubes (Li-heparinate) at +4°C at the following sampling-times: 0.05, 0.25, 0.5, 1, 3, 5 and 8h afier intravenous
injection and 0.25, 0.5, 1, 3, 5, 8 and 24 hours after oral dosing. To prevent any ex-vivo cleavage of prodrug
into drug, a volume of PMSF (5 mg/mL of phenyimethylsulfonyl fluoride in ethanolic solution} correspending
to 10% of blood volume collected is added to collection tubes. Three (3) animals are sampled per time-point.
After centrifugation at 5000 rpm for 3 min at + 4°C, plasma is collected into polypropylene tubes and kept
frazen at -20°C pending assays.

[G0394] In dogs, the absolute bioavailability of a drug after orai dosing with the corresponding ester
prodrugs is investigated as follows: cach prodrug is dosed orally (10 mg/kg drug equivalent dose) and the
drug is dosed intravenously (3 mg/kg) to 3 male Beagle dogs. Oral doses are administered as powder filled
into gelatin capsule and intravenous dose is given as sofution in DMSO/PEG400/H,0 (1/65/34;v/v) as a bolus
in the cepahalic vein (3 mg/ml,; I mb/kg). Before oral dosing, animals are deprived of food (water ad
libitum) for at least 12 hours before the start of the study and 4 hours after administration.

[060395] Blood is taken by direct venepuncture at jugular vein of each of the three dogs and collected
into polypropylene tubes (Li-heparinate} at +4°C at the following samplinéwtimes: 0.083, 0.167, 0.25, 0.5, 1,
2,4, 8, 10 and 24h after intravenous injection and 0.25, 0.5, 1, 2, 4, 6, 8, 10 and 24 hours after oral dosing. As
no cleavage of prodrug info drug, occurs ex-vive in dog plasma, no esterase inhibitor is added to collection
tubes. After centrifugation at 5000 rpm for 3 min at + 4°C, plasma is collected into polypropylene tubes and
kept frozen at -20°C pending assays.

[00396] Drug level is determined in rat and dog plasma samples by a LC-MS/MS method with a lower
limit of quantification of 1 ng/mL (volume of plasma: 25 pL). Sample preparation consisted of 2 precipitation
of plasma proteins with methanol and filtration by centrifugation of supernatant on Captiva deep-well 96 0.2
um filter plates. Water was added to methanol supernatant phase prior to analysis by liquid chromatography
(Pursuit 5 C18 20 x 2,0mm VARIAN, 2uL loop, gradient Water/Methanol (90/10 to (/100) over 1.7 min) with
turboionspray tandem mass spectrometry (API4000) in negative mode using multiple reaction monitoring.
The method includes § standard and 3 quality control levels with lower limit of quantification corresponding
to first standard level.

[6397] Exposures are determined using a non compartmental model (WinNonLin 5.2} and the
absolute bioavailability (F) is calculated as follows: [AUC{0-z} oral * 3 mg/kg] / AUC(0-z) TV 8 or 10 mg/ke]

and expressed in percentage.

Table 5: Measure of the absolute bioavailability of selected compounds of the invention:
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5. In-vive experiments.
51 Glucocorticoid-induced muscle loss (rat).
[00398] In this model the impact of the compound of the invention on muscle loss induced by

dexamethasone is investigated (Kun Ma er af, 2003), Male rats Sprague Dawley of 8 week-old are treated
daily with 0.3 mg/kg of dexamethasone by subcutaneous administration during 15 days. Rats are divided into
several groups: sham (no treatment, n=8), control (vehicle alone, n=8), nandrolone decanoate (3 mg/kg/day,
s.c., n=8) and the tested compound (selected oral dose range, n=8). After 15 days of treatment the
gastrocnemeius is collected and weighed and the muscle function is determined on the tibialis anterior
(Hourdé ef al, 2009),

52 TNF-induced cachexia (mice)

[06396] In this model (Dario Coletti ef al, 2005), the production of tumor necrosis factor-. (TNF) is
induced by electroporation of DNA with TNF genc expression in the tibialis of mice. Chronic exposure to
TNF triggers a muscle wasting reminiscent of cachexia. Male mice are divided into several groups: sham,
control, nandrolone decanoate and G100192, At the end of the treatment the gastrocnemeius and the soleus

are collected, weighed and the muscie function is determined on the soleus (Hourdé ef al, 2009).

5.3 Immobilization model (mice)

{00400} Skeletal unloading causes bone and muscle loss. The effects of the compound of the invention
on the skeletal unloading are investigated using tail-suspension for 14 days (Roland ef al/, 2005). Male mice
were divided into several groups unsuspended, tail-suspended, tail-suspended treated with the tested

compound and tail-suspended treated with nandrolone decanoate. At the end of the experiment, the soleus and
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3. Determination of absolute bioavailability [00387] To screen rapidly imidazolidines derivatives based
on their absolute bioavailabity, restricted phannacokinetic profile with only fours sampling time points
after oral ang {iayRRAYs route is investigated in Sprague Dawley rats as}t%l}%%&?ﬁc):& st compound
is dosed orally (10 mg/kg) and intravenously (3 mg/kg) to groups of 3 male Sprague Dawley rats. Oral
doses are administered as solution in EtOH/PEG400/H20 (1/79/20; viv) by esophageal gavage (2
mg/nalL; 5 mL/kg) and intravenous dose is given as solution in DMSO/PEG400/H20 (1/65/34;v/v) as a
bolus iHe8e EFEIR S aRgaitctatieirbyd Butdhe wraglefuipdordnitnaring defrivelof fdoddgvatdr ad
libitum) e at least 16 hours before the start of the study and 6 hours after administration.
[00388]Blood is collected at the retro-orbital sinus into polypropylene tubes (Li-heparinate) at +4C at
the following sampling-times: 0.083, 0.25, 1 and 3h after intravenous injection and 0.25, 1, 3 and 6
hours affer ofdi<4E&riy Tt eeda) Hhimals are sampled per time-point; each animal being sampled four

times. jAliep1gentrifugationabSO0R g ferlinalt AtcRiasmais aplleatad e &%%959@8%%@ tubes

and keg\g JE%ZE ok-Zuo&gggnding. tass(;x;i/ts. Pglnasrpa%sam ées are assayed by a LC-MS/MS method with a
lower limit of Gantification ot to 10 hoimLaR SRRy BATHE LS MpEEH R/BilTs 6t iadHianadsh uL).
[00388]R 1 KIS/IMS et folsdurmaifdationin he padnizddipldbidadias sevelbpedforeachaest
compasmsh) SaTHIRRSBRARHAN RARSISE of.ARIRGIRIALIeR Of RlasMa.Rrotsinswith methaneland
filtration b Vl\llg) XQ%Q/OZ 1t1{%PCT/EP200 /061733 ientrifgﬁaﬂon of supernatant on Captiva deep-well

96 0.2°Un Hlter plates. Water was Sadsd 6 retivaRiol 8l perALEXHT BRA88 S BFE stk dilis- ibeid
chrom@&BEaISHP TP i soitesid BB oskeRed mht eARBEN fanditido dpdgradiest W dtesiidetHENOIHAO/A0 to
0/100power 1.7 min) with turboionspray tandem mass spectrometry (AP14000) in negative mode using
multiple reaction monitoring. The method includes 8 standard and 3 quality control levels with lower
limit of quantification corresponding to first standard level. [00390]Exposures are determined using a
non cdA§d8Pimentaldtadélicafiod ok indihg pend thienibs alytedrisavaitabilityspb) dstealgWiate chasifollows:
AUC@&l el malkal AN, YeAdama/kolanch axaragsad I REFSSINACe A0039R Table 4

i
Measure. aof bipavajlability of representative compaounds of the invention: Semi quantitative gcormg:
00% A B oA A

106403} From the foregoing description, various modifications and changes in the compositions and

2 gacci@orated by reference herein as though fully set forth.

methods of this invention will occur to those skilled in the art, All such modifications coming within the
scope of the appended claims are intended to be included therein.

[00404] It should be understood that factors such as the differential cell penctration capacity of the
various compounds can contribute to discrepancies betweeﬁ the activity of the compounds in the in vitro
biochemical and cellular assays.

[60405] At least some of the chemical names of compounds of the invention as given and set forth in
this application, may have been generated on an automated basis by use of a commercially available chemical
naming software program, and have not been independently verified. Representative programs performing
this function include the Lexichem naming tool sold by Open Eye Software, Inc. and the Autonom Software
tool sold by MDL, Tnc. In the mstance where the indicated chemical name and the depicted structure differ,
the depicted structure will control.

{06406} Chemical structures shown herein were prepared using either ChemDraw® or ISIS®
/DRAW. Any open valency appearing on a carbon, oxygen or nitrogen atom in the structures herein indicates
the presence of a hydrogen atom. Where a chiral center exists in a structure but no specific stereochemistry is

shown for the chiral center, both enantiomers associated with the chiral structure are encompassed by the

struciure.
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Bioavailability 1 443 4 5 6 4ft7 84441044412 4. Determination of the absolute bioavailability of
selected compounds of the invention in rats and dogs [00392] Absolute bioavailabity of a drug after

oral dosingwithdhgeesrresponding ester prodrugs is investigated in Spraguya- Pewleysaissas follows:
each prodrug is dosed orally (10 mg/kg i.e 8 mg/kg drug equivalent dose) and the drug is dosed
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WO 2010/029119PCT/EP2009/061733 vein (0.6 ing/mL; 5 mL/kg). Before oral dosing, animals are
deprived of food (water ad libitum) for at least 16 hours before the start of the study and 6 hours after
administratio&dg%%?;ﬁ?od is taken via a catheter inserted in the jugular vein and collected into
polypropylene tubes (Li-heparinate) at +4C at the following sampling-time$ €'05:260/286193, 1, 3, 5 and
8h after intravenous injection and 0.25, 0.5, 1, 3, 5, 8 and 24 hours after oral dosing. To prevent any
ex-vivo cleavage of prodrug into drug, a volume of PMSF (5 mg/mL of phenylmethylsulfonyl fluoride in
ethanolic SSlutibigyiesiebsporiding thd@% BiploodandmercaliegieddsadoedlecallactiontubamsThree
(3) animals are sampleg. pgy time-point. After centrifugation at 5000 rpm for 3 mm at + 4C, plasma is
collected into p0|quOE) lene tubes and kept frozen at -20C pending assays. [00394]In dogs, the
absolute bioavaiIabffff;f}{"ol?j%1‘”6!’?&%;F After oY dprgTiuitrivee CoplesiondingibistedpritRegsimimestigated
as follows! &ack grodiig i dosed oralyndd ma/lgodisig egyivalantdose) g tesdrag s Soseek.
intravenously (3 mg/kgy .ty 3 male Beagle dogs. Oral doses are administered as powder filled into
gelatin capsule and intravenous dose is given as solution in DMSO/PEG400/H20 (1/65/34;v/v) as a
bolus in the cepah =TSR B “eisatingindaetd hensraiitiossaly, lemimnadsiangcdeprived of food
(water ad libitum) for at least 12 hours before the start of the study and 4 hours after administration.
[00395]Blood is taken by direct venepuncture at jugular vein of each of the three dogs and collected
into polypropylene tubes (Li-heparinate) at +4C at the following sampling-times: 0.083, 0.167, 0.25,
0.5, 1, 2, 4, 8, 10 and 24h after intravenous injection and 0.25, 0.5, 1, 2, 4, 6, 8, 10 and 24 hours after
oral dosing. As no cleavage of prodrug into drug, occurs ex-vivo in dog plasma, no esterase inhibitor is
added to collection tubes. After centrifugation at 5000 rpm for 3 min at + 4C, plasma is collected into
polypropylene tubes and kept frozen at -20C pending assays. [00396]Drug level is determined in rat
and dog plasma samples by a LC-MS/MS method with a lower limit of quantification of 1 ng/mL
(volume of plasma: 25 p.L). Sample preparation consisted of a precipitation of plasma proteins with
methanol and filtration by centrifugation of supernatant on Captive deep-well 96 0.2 gm filter plates.
Water was added to methanol supernatant phase prior to analysis by liquid chromatography (Pursuit 5
C18 20 x 2,0inin VARIAN, 2uL loop, gradient Water/Methanol (90/10 to 0/100) over 1.7 min) with
turboionspray tandem mass spectrometry (AP14000) in negative mode using multiple reaction
monitoring. The method includes 8 standard and 3 quality control levels with lower limit of
guantification corresponding to first standard level. [00397]Exposures are determined using a non
compartmental model (WinNonLin 5.2) and the absolute bioavailability (F) is calculated as follows:
[AUC(0-z) oral * 3 mg/kg] / AUC(0-z) IV 8 or 10 mg/kg] and expressed in percentage. Table 5:
Measure of the absolute bioavailability of selected compounds of the invention: WO
2010/029119PCT/EP2009/061733 >90% #### 50-90%: ### 20-49% ## <20%
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if 1D Bioavailability Rat Bioavailability Dog 27 ## ## 28 ### ### 5. In-vivo experiments.
5.1Glucocorticoid-induced muscle loss (rat). [00398]In this model the impact of the compound of the
invention on muscle loss induced by dexamethasone is investigated (Kun Ma et al, 2003). Male rats
Sprague Dawley of 8 week-old are treated daily with 0.3 mg/kg of dexamethasone by subcutaneous
administration during 15 days. Rats are divided into several groups: sham (no treatment, n=8), control
(vehicle alone, n=8), nandrolone decanoate (3 mg/kg/day, s.c., n=8) and the tested compound
(selected opgl dpsefangeo¥s8). After 15 days of treatment the gastrocnemeius is collected and
weighed and the muscle function is determined on the tibialis anterior (Hour& et al, 2009).
5.2TIVF-induced cachexia (mice) [00399]In this model (Dario Coletti et al, 2005), the production of
tumor necrosis factdREPTNTIFHERICaBY electroporation of DNA with TNF gene expression in the
tibialis of mice. Chronic exposure to TNF trigger?a m ﬁglae wasting reminiscent of cachexia. Male mice
are divided into several groups: sham, controRnagredfolone decanoate and G100192. At the end of the
; reiRfred and the muscle function is
'(:]{]h odel (mice) [00400]Skeletal
effects of the compotfd of the invention on the skeletal

determined on the soleus (Hour& et al, Z869)x5.3In AQbilize
unloading causes bone and musdkérloss, The

unloading are investigated using tail- iHnﬂdr 14Rfays (Roland et al, 2005). Male mice
X
Réc
ib
wherein
XisQorS§;
R'isH; or

R is selected from C;-C; atkyl, C5-C, cycloalkyl, Cs-Cq alkenyl, Cs-Cy alkynyl, and C;-Cq4
acyl; each of which may optionally be substituted with cyano, one or more halo,
hydroxyl, or C;-Cy alkoxy;

R™ is selected from H, P(O)(OH),, and C{O}CH,), C{0)OH; or
R* ig selected from Ci-Ce acyl, and C5-Cy alkenyl; each of which may optionally be
substifuted with amino, or carboxy; nl is G, 1,2, 3, or 4;

each R™ and R™ is independently selected from H, and C;-Csalkyi; or
R? and R™ may join together to form a C3-C- cycloalkyl;

R¥is H, halo, cyano, or nitro;
cach R™ is independently halo, cyano, or nitro;

each R4a, and R* is independently H, halo, cyano, carboxy or nitro; or
each R4a, and R™ is selected from C;-C; alkyl, and C;-C; alkoxy; each of which may
optionally be substituted by one or more halo, or C;-Cs alkoxy; or
R* and R* are joined together to form an 5 or 6- membered cycloalkyl, § or 6-membered
heterocyclealkyl, 5 or 6-membered aryi, or 5 or 6-membered heteroaryl;

LR .
R is halo, cyano, or nitro; and
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were divided into several groups unsuspended, tail-suspended, tail-suspended treated with the tested
compound and tail-suspended treated with nandrolone decanoate. At the end of the experiment, the
soleus and WO 2010/029119PCT/EP2009/061733 the gastrocnemeius are collected, weighed and
the muscle function is determined on the soleus (Hour& et al, 2009). 5.40rchidectomized model (rat)
[0040110rchidectomy increase bone turnover and muscle fat mass. The effect of the compound of the
invention, both muscle composition (ration lean to fat mass) and bone turn-over is investigated in this
model (Hour& et al, %%Qg)orly!ale rats Sprague Dalwey of 8 week-old are divided into several groups:
intact rats (sham), orchidecttorqf'zed ra%tﬁ treﬁlted for 2 rqogthsf\é\}/]ith eitherdvehit le, Qapdrc%l%ne
decanoate or the ?égPeaam%chﬁf)% BERE S BN Ot eescé&apeesrf}meﬁtcfﬁqé) Tatio of Iéan to fat mass and bone
turnover are studiRd RS ARt AeIRIANEIER S S eBected and weighed and the muscle function is
determined onzthe goleus(iHiourSetaty2Q009:(HOLR2Ahpuldlcatidng (dintludinghbuih 30t imited to
patents and patent appligationspicitasin:tais speslicationars hesgimineerparated by-reference as if
each individual pyplication were specifically and individually indicated to be incorporated by reference
herein as though fully set forth. [004031From the foregoing description, various modifications and
changes in the compositions and methods of this invention will occur to those skilled in the art. All such
modifications domiryawitkivnéne Beope ottt apperteticlarny drecidtendatnorbetineinded therein.
[00404]It should berurnderstondrthat faetors such as the differential cell penetration capacity of various
compounds can contribute to discrepancies between the activity of the compounds in the in vitro
biochemical and cellular assays. [00405]At least some of the chemical names of compounds of the
invention as given and set forth in this application, may have been generated on an automated basis
by use of a commercially available chemical naming software program, and have not been
independently verified. Representative programs performing this function include the Lexichem naming
tool sold by Open Eye Software, Inc. and the Autonom Software tool sold by MDL, Inc. In the instance
where the indicated chemical name and the depicted structure differ, the depicted structure will control.
[004061Chemical structures shown herein were prepared using either ChemDraw(r) or ISIS(r) /DRAW.
Any open valency appearing on a carbon, oxygen or nitrogen atom in the structures herein indicates
the presence of a hydrogen atom. Where a chiral center exists in a structure but no specific
stereochemistry is shown for the chiral center, both enantiomers associated with the chiral structure
are encompassed by the structure. WO 2010/029119PCT/EP2009/061733 REFERENCES: 1.
Kaufman .TM and Vermeulen A. Endocr Rev. 2005, 26, 833-76. The decline of androgen levels in
elderly men and its clinical and therapeutic implications 2. Liu PY et al. J Clin. Endocrinot Metab. 2004,
89, 4789-96
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Clinical review, 171: The rationale, efficacy and safety of androgen therapy in older men: future
research and current practice recommendations. 3. Davison SL and Davis SR. J. Steroid Biochem.
Mot Biol. 2003, 85, 363-366 Androgens in women. 4. Mohler c/at. Expert Opin. Ther. Patents 2005,
15(11), 1565-1585 5. EP-A-0966447 6. EP-A-0572191 7. W02007/137874 8. Bundgard, H. Design of
Prodrugs 1985, Elsevier, Amsterdam 9. Remington 's Pharmaceutical Sciences, 17th edition, 1985,
Mack Publishing Company, Easton, Pennsylvania 10. Greene, T.W. and Wuts, P.G.M. Protecting
Groups in Organic Synthesis, Second Edition 1991, Wiley, New York, 11. Molander, GA. and McKie,
J.A. 1 0rg.Chem. 1995, 60, 872-882 12. Angel, P. et al. Mol. Celt Bigl. 1987, 7:2256-2266 13.
Claessens, F. &t al. 1 BRI Re M o569 HEB T80 1K 1% Fitey A5 Y 8PP0t N5t Acad Sci
USA. 1989, 86:327:3tCGeitdifai 304150 15. Hershberger et at Proa Soc. Expt. Biol. Med. 1953,
83:175 16. Kun Ma, Con Mallidis, Shalender Bhasin, Vahid Mahabadi, Jorge Artaza, Nestor
GonzalezCadayid, Josg.Mrias and-BehreudisalehianAm dRhysieldndosringhMetab.2003, 285:
E363- E371: Gluccoo%%ggggligajc@g%ggeg keletal muscle atrophy is associated with upregulation of
myostatin gene expression. 17. C. Hou?ae, C. Jagerschmidt, P. Clement-Lacroix, A. Vighaud, P.
Anamann, G. S. Butler-Browne and A. FerryActa Ph fr 2009, 195: 471-482. Androgen replacement
therapy improves function in male rat muscles_jndepend of-Higprertrophy and activation of the
» .(%@rio Coletti, Viviana Moresi, Sergio
120- 2;3"

3 Tumor Necrosis Factor-a Gene
Transfer Induces Cachexia and Inhibit ’F‘eeﬁe efdfion

RA4c

wherein R® R™® R* R® R* and m1 are as in claim 1.
7. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-6,

wherein R* is cyano, halo or nitro.
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19. Roland M, Hanson AM, Cannon CM, Stodieck LS, Ferguson VI,. homed Sci Instrum. 2005,
41:128-34. Exercise prevention of unloading-induced bone and muscle loss in adult mice. WHAT IS
CLAIMED IS: A compound according to Formula lb:  Ib wherein Xis 0 or S; R1 is H; or Rl is selected
from C1-C6 alkyl, C3-C7 cycloalkyl, C3-C6 alkenyl, C3-C6 alkynyl, and C1-C6 acyl; each of which may
optionally be substituted with cyano, one or more halo, hydroxyl, or C1-C6 alkoxy; R2a is selected
from H, P(0)(OH)2, and C(0)(CH2)1C(0)0OH; or R2a is selected from C1-C6 acyl, and C3-C6 alkenyl;
each of which may optionally be substituted with amino or carboxy; n1is 0, 1, 2, 3, or 4; each RR2c is
mdependently selected from H, nd Cl- tC ]all% Sa t%nrgm %;cmgl%g(t)(l)na&o leetrg) Egcl)mfé){rp a C3-C7
cycloalkyl; RI ts H, ha?énpgu]én% poarmrlill o, each R3b |§ in er?endent(f lo, cyano, or nitro; éach R4a,
and R4b is mdepé‘ﬁéfé‘ﬁt%/ e%ﬁo@‘é%% carboxy or nitro; or each R4a, and R4b is selected from
C1-C6 alkyl, and C1-C6 alkoxy; each of which may optionally be substituted by one or more halo, or
C1-C6 alkoxy; or 12.4' and R4b are joined together to form an 5 or 6- membered cycloalkyl, 5 or
6-membered heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl; R4e is halo,
cyano, or nitro; and
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mlis O, 1, or 2; or pharmaceutically acceptable salts, and the solvates of the compounds or the
solvates of the pharmaceutically acceptable salts thereof. 2. A compound or pharmaceutically
acceptable salt thereof, according to claim 1, wherein X is 0. 3. A compound or pharmaceutically
acceptable salt thereof, according to claim | or 2 wherein R2b s H. 4. A compound or pharmaceutically
acceptable salt thereof, according to any one of claims 1-3 wherein R2' is H or C1-05 alkyl. 5. A
compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-4; wherein R’
is Me, Et, i-Pr, or n-Pr. 6. A compound or pharmaceutically acceptable salt thereof, according to claim
1, wherein the compound is according to Formula Il Il wherein RI', R3b, R4a R4b, 4.4c, x and ml are
as in claim 1. #A cohiSBaAE o PRATRSEET €A AREE SIS Ea TS % e %‘%dih‘ﬁ“ﬁéeléln%}eone of
claims 1-6, whereifiRAM{gsyepidrdalr oo A esmPound or pharmaceutically acceptable salt
thereof, according to any one of claims 1-7, wherein R4b is Cl, F, CN or CF3. 9.A compound or
pharmaceutically acceptable salt thereof, according to claim 1, wherein the compound is according to
Formulae Va, Vb, Vc or Vd:
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VcVd and wherein R3a is as in claim 1; and R3c is H, halo, cyano, or nitro; or R3 is C1-C6 alkyl
optionally substituted with cyano, or halo; or R3" is amido optionally substituted with C1-C6 alkyl. 10. A
compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein 123a is H, CN,
Cl, or Fand lecis H. 11. A compound or pharmaceutically acceptable salt thereof, according to claim
9, wherein Rsa is H; and R3c is CN, Cl, F, Me or CF3. 12. A compound or pharmaceutically
acceptable salt thereof, according to claim 9, wherein each R3a and R3" is H. 13. A pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a pharmaceutically effective
amount of a compound according to any one of claims Ito 12. 14. A compound or pharmaceutically
acceptable salt according to any one of claims 1 to 12 for use in medicine. 15An agonist or mixed
agonist/antagonist compound or pharmag&utically acceptable salt thereof, accoriing to any one of
claims 1 to 12 for use in treatmenf0r prg hyIaX|s of cachexia, osteoporosis, sarcopenia, a decline in
libido and/or sexual dysfunction. dhist or mixed agonist/gntagonis pdtind or
pharmaceutically acceptable ‘ accordlng to any one of clams=tT0 or use in treatment or

prophylaxis of anffege or h lasia. eolf-seq|
rschﬁﬁidt, Catherine Namour,

Florence Blanquené T Pei xd?o, Christophe Lefrancoig; Jeaa=MichelDeprez, Pierre Triballeau,
Nicolas Wigerinck, Piet TBP <120> NOVEL IMIDAZOLE COMPOUNDS AS ANDROGEN RECEPTOR
MODULATORS <130> PSK-137-\W®O-PCT Vb
R3c
OH
3a a
o ) R R3
Cl 0
Ve vd

and wherein R is as in claim 1; and

R ig H, halo, cyano, or nitro; or
R* {5 C;-Cq alky!l optionally substituted with cyano, or halo; or
R* is amido optionally substituted with C,-Cj alkyl.

10. A compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein R™ is H,

CN, CI, or F and R™ is H.

11. A compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein R™ is
H; and R*® is CN, C, F, Me or CF;.
12. A compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein each R*

and R* is H.
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<150> US 61/191,918 <151> 2008-09-11 <150> GB 0900333.6 <151> 2009-01-09 <160> 6 <170>
Patentln version 3.5 <210> 1 <211> 104 <212> DNA <213> Artificial Sequence <220> <223> Plasmid
<400> 1 cactgtgtcg acgcgtgcaa ggactctata tatacagagg gagcttccta gctgggatat60 tggagcagca
agaggctggg aagccatcac ttaccttgca ctgal04 <210> 2 <211> 112 <212> DNA <213> Artificial Sequence
<220> <223> plasmid <400> 2 gatctcagtg caaggtaagt gatggcttcc cagcctcttg ctgctccaat atcccagcta60
ggaagctccc tctgtatata tagagtcctt gcacgcgtcg acacagtgag ct112 <210> 3 <211> 95

13. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

pharmaceutically effective amount of a compound according to any one of claims t to 12,

14. A compound or pharmaceutically acceptable salt according to any one of claims 1 to 12 for use

in medicine.

15.  An agonist or mixed agonist/antagonist compound or pharmaceutically acceptable salt thereof,
according fo any one of claims 1 to 12 for use in treatment or prophyiaxis of cachexia,

osteoporosis, sarcopenia, a decline in libido and/or sexual dysfunction,
16.  An antagonist or mixed agonist/antagonist compound or pharmaceutically acceptable salt

thereof, according to any cne of claims 1 to 12 for use in treatment or prophylaxis of androgen

dependant tumors, such as prostate cancer or hyperplasia.
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<212> DNA <213> Artificial Sequence <220> <223> plasmid <400> 3 caaagagctc tagcttaata
ggttcttgga gtactttacg tgcttaatag gttcttggag60 tactttacgt gcttaatagg ttcttggagt actttos Page 1 eolf-seq|l
<210> 4 <211> 99 <212> DNA <213> Atrtificial sequence <220> <223> plasmid <400> 4 aaagtactcc
aagaacctat taagcacgta aagtactcca agaacctatt aagcacgtaa60 agtactccaa gaacctatta agctagagct

ctitggtac99 <210> 5 <211> 30 <212> DNA <ﬂfﬁﬂﬁhal Sequence <220>
SEQUENCE LISTING

<110> Galapagos NV
Nique, Francois
Jagerschm1dt Catherine
Namour, Florence
B1anque Roland
peixoto, Christophe
Lefrango1s, Jean-Michel
Deprez, Pierre
Triballeau, nicolas
wigerinck, Piet TBP

<120> NOVEL IMIDAZOLE COMPOUNDS AS ANDROGEN RECEPTOR MODULATORS
<130> PSK-137-WO-PCT

<150> usS 61/191,918
<151> 2008-09-11

<150> GB 0900333.6
<151> 2008-01-09

<160> 6

<170> PatentIn version 3.5

<210> 1

<211> 104

<212> DNA

<213> Artificial Seguence
<220>

<223> Plasmid

<4Q0> 1

cactgtgtcg acgcgtgcaa ggactctata tatacagagg gagcttccta gcetgggatat

tggagcagca agaggetggg aagcecatcac ttaccttgea ctga

<210> 2

<21il> 112

<212> DNA

<213> Artificial Sequence

<220=>
<223> plasmid

<400> 2
gatctcagtg caaggtaagt gatggcttece cagectcttg ctgetccaat atcccageta

ggaagctcce tctgtatata tagagtccti geacgcgicg acacagigag ct
<210> 3

<211> 95

<212> DNA

<213> Artificial Sequence

<220>
<223> plasmid

<400> 3
caaagagctc tagcttaata ggttcttgga gtactttacy tgcttaatag gttcttggag

tactttacgt gcttaatagg ttcttggagt acttt

Page 1

60
104

60
112

60
95



<223> plasmid <400> 5 taaggatccg ctgtggaatg tgtgtcagtt30 <210> 6 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> plasmid <400> 6 gacggatcca gacatgataa gatacattga30

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

aaagtactcc aagaacctat taagcacgta aagtactcca agaacctatt aagcacgtaa

4

99

DNA

artificial sequence

plasmid

4

eolf-seql

agtactccaa gaacctatta agctagagct ctttggtac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

30

DNA

Artificial Seguence

plasmid
5

taaggatccg ctgtggaatg tgtgtcagtt

<210>
<211>
<212>
<213>

<220
<223>

<400>

6

30

DNA

Artificial Sequence

plasmid

6

gacggatcca gacatgataa gatacatiga

Page 2
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