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due to their netabolisation into other sex-hornones and steroids, which
in-turn induce undesirable effects. [0007] Therefore, non- ster0|dal
alternatives are being investigated and are particularly desired because
they allow the beneficial effects of testosterone on specific organs (bone
and nuscle tissue) and on the libido tb be nmaintained, and are less likely
to lead to secondary effects in specific tissues, such as the prostate in
men and the uterus in wonen, as they would not interfere with the hornonal
system They represent a safer alternative to conventional therapies in any
pat hol ogi es Iinked with an androgen deficit, including osteoporosis or
sarcopenla and decllne |n I|b|do a5500|ated mnth syndrones of the PADAM
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[ 0015] The conpounds of the invention may show good absorption, good

hal f-1ife, good solubility, good bioavailability, and good netabolic

stabi | i t ywOl2nioe02pEpt i cul ar aspect, a conpound of the i NPEMEPIVIBKITEDI t S
unexpected significant inprovenents in pharmacol ogi cal properties, in
particul ar inproved bioavailability. [0016] Thus, the present invention
provi des i m dazolidine derivatives, and nethods for identifying and

desi dAOHY aA compoundssofiateh@ith herediasion imiivel of sirpduing zafifogas L ADH - agdriogdnt y

of arhg&ﬂlg ﬂ 4&;1%8@3%95 Also [bggnl leschlpedpglr WO&QA ary tCl;'lF hQ{ e%%n)ltus cws%%haﬂdlgé %mges

a conp ound nvention according to For
2010/@@@@11®WT¢IE92®©®®B>1MSAIDS Vauswh dssetinteXisgmproms i®ludRl ojteppptosiglostiRpeiis,

S el e%ar%%)gtl{a%q%] %éc@ﬁgékﬁgsls ’re(%]étl&l?lnq%%o I)ﬂ(ba?f ld; ﬁ%tl&@ cﬁi&ég Y J:d&mﬁ%n %OO% S&XI&X'

eac my o substrtute yano,” ‘one
or nmené dtratselon hddasepiigsisomd @n smsthww b@astO@te@id@Iﬂyyvalﬁ@apancscrsslealveelsefdednr om

H S " C6
SR GO B oSN SRILACLON U o RSB IE| ER Y Q0
subst3|66)ut éhe wimlhlsmtgph of dnghndgscopf emirdgonsyto Wdméns cad, ledd t02the 3ppwrands oksighy ¢2b

and %ascdhﬁlsht%qeglg&g YarRiHefE ! I:'El st B0tk 1n%c Yration! &/h%ﬂfﬁﬂgerﬁé
S R, BL OBl S e

may join together to rma als cyano,
ni t r endrogenR® wena@l- C6 al kyl opti onal I y substl tuted with hal o cyano, nitro,
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each substituted with Cl-C6 al kyl; each R4a, and
Rdb i'S Kit?lr% g‘méh“ ucel]lngé)sf—iaﬁ%gflifecy cyano, carboxy or nitro; or each R4a, and R4b
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heter 19 élrué in Wome-n ast hl?ey Vifoufdy not 1n’terfére \{Illltht tlile hormr(;nal 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 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] Sclective 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:
J 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 benign hyperplasia of the prostate, ovarian and breast cancer (for a
comparative review, see Mohler et al., Expert Opin. Ther. Patents (2005) 15(11), 1565-1585).
J As agonists (complete or partial, including mixed agonists/antagonists), they may be particularly

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



m is O, 1, or 2. [0018] In a further enbodi ment, the present invention
provi des a conpound of the invention according to Formula | b below. WO
2010/ 029WORCIV@EPAO09/ 061733 | b wherein Xis 0 or S; RCTIEP2049/06173R1 i S
selected from C1-C6 al kyl, C3-C7 cycl oal kyl, C3-C6 al kenyl, C3-C6 al kynyl,
and G -C6 acyl; each of \/\hi ch may optionally be substituted wth cyano, one
or nore hal o, h drox%1 unsubstituted G -C6 al koxy; R2a is selected from
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[0013] WO 2007/137874 discloses imidazolidine compounds similar to those of the present invention but
wherein, in Formula (I), at least one of R** or R is OH, SH or a derivative thereof. These compounds require
an 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 vifro 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
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 a particular aspect, a compound of the invention exhibits
unexpected significant improvements in pharmacological properties, in particular improved bioavailability.
[0016] Thus, the present invention provides imidazolidine derivatives, and methods for identifying and
designing a compound of the invention, which compound affects the activity of androgen receptors.

[0017] 1In particular the present invention provides a compound of the invention according to Formula Ta

below:



m is 0, 1, or 2. [0019] In a further enbodi nent, a conpound of the
invention is according to Formula (VI): WD 2010/ 029119PCT/ EP2009/ 061733
wherei n: Wb 208/02011€1 6 al kyl, C2_6 al kenyl, C2_6 al kynylPCT@P2@2/0417a3 Ky |
substituted with a cyano group or one or nore halo groups; R6 is Hor G _4
al kyl; R7 is halo, cyano, Cl1_4 alkyl, or Cl_4 perfluoroal kyl; R8 is halo,
cyano, nitro, Cl 4 alkyl, or Cl 4 perfluoroal kyl; pis O, 1, or 2; qis 1,
2, or 3; when pis 2 then each R7 |sRhe§@ge or different; when q is 2 or
3 then each R8 is the sane or diffeRent; and phar maceut i caIIy accept abl e
esters thereof [0020] In another furth ETTDHO Rnt, a conpound of the
invention is according to For mR%a °\ 0 R5 is H Cl1-C6 al kyl,

C3-C6 al kenyl, or C3-C6 algeynyl h r’(91e unsubstituted or
substituted with cyano, one QX ha M—m6a is H or a phosphoric ester
or derivative thereof, or a ¢ ester, and preferably P(0)(OH) 2,

C(=0)-(CH2) 2-CO2H, or -(C(= (MHBCL) ixPr R6b is H R6'" is independently
selected fromH, and G - ®&°al kyl ;

wherein

XisOorS;

R'is H; or
R' is selected from C;-Cs alkyl, Cs-C; cycloalkyl, Cs-Cs alkenyl, Cs-Cg alkynyl, and C;-Cs
acyl; each of which may optionally be substituted with cyano, one or more halo, hydroxyl, or
unsubstituted C;-Cg alkoxy;

R* is selected from H, S(0,)OH, P(O)(OH),, and C(O)(CH,),;C(O)OH; or
R™ is selected from C-Cgalkyl, C,-Cs acyl, and C5-Cgalkenyl; each of which may optionally
be substituted with aryl, 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,-C alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C,-C, alkoxy; or
R* is amido optionally substituted with C,-Cs alkyl;

cach R™ is independantly halo, cyano, or nitro; or
cach R™ is independently C,-Cs alkyl optionally substituted with cyano, or halo; or
ecach R™ is amido, optionally substituted with C;-Cg alkyl;

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

or R* and R™ arc 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

ml is 0, 1, or 2.

[0018] 1In a further embodiment, the present invention provides a compound of the invention according to

Formula Ib below:



WD 2010/ 029119PCT/ EP2009/ 061733 R7a is H, hal o, cyano, G -C4 al kyl, which
may be unsubstituted or substituted with one or nore halo; R7b is hal o,
cyano, orwQ@i2em2aiikyl, which may be unsubstituted or sulpstirPated61ms h hal o;
each R8a, and R8b is independently H halo, cyano, Ci-C4 alkyl, each of
whi ch may be unsubstituted or substituted by one or nore halo; R8e is halo,
cyano or nitro; and pl is 0, 1, or 2. [0021] In a further aspect, the
present invention provides pharnaceuf?%ahDQanositions conprising a
conpound of the invention, and a plRgrogCeutical carrier, excipient or
diluent. In this aspect of the inventipn, maceuti cal conposition
can conprise one or nore of thévef\:ou ok ‘hj % vention descri bed
herein. Moreover, a conpoyps of| the/i nkentNon u Bfdnt in the phar maceuti cal
conpositions and treatnent m ise¥oged herein, is pharmaceutically
accept abl e as prepared and us [002R] In a further aspect of the
invention, this invention p s a Rethod of treating a nmamal
susceptible to or afflictRd with a condition fromanong those |isted
herein, and particularly age-rel ated dhseases including, but not limted to
sarcopeni a, conditions of cachexia and scle loss induced by diseases

i ncl udi ng,whetdin Nnot limted to, cancer and AIDS, bone and joint diseases,
such as os}egporosis, reduction in libido and sexual dysfunction or anem a,
whi ch net Hot ﬂﬁ%rises adm ni stering an effective anount of an agoni st or
m xed agori's§Wiadt agoni st conmpound of the invention or a pharnmaceutica

conposition conprising an agonj s or, m xe nji, st/ ant agoni st _conpoun f
Che i nvent i on db arer s erpatyt Fe@f}m? i%@taﬂ]@ﬁnﬁ?}a%&ee{kwﬁaﬂﬁr@s nt
i nvention proviad@scadh FEFRIEEmE§ oftioaalyl eGustifidiFith Suiss epd érlth@e halo, Mydroxyl, or
afflicted with agﬂrﬁgen-dspg dent tunors, such as prostate cancer or
hyper pl asi a, WHPERSHEERGECeHrBYi ses administering an effective amount of an
ant agoni strR’tie spaiadroad Hie)(Omy g Bid O)@H, R, @bsTMBEGeUt i cal conposition
conprising an apfagoni st conpound of the ipvention as herein descr.i bed.
[0024] In a fu hésrseé“s"&écg?mt(ﬁé Gp?‘éfle?’i‘p Frive At ??Fa]&)\}’?d@%"}hm%rﬂ%ﬁmﬁyd%e
the invention fsgfstitde with dnfifo, bf @8RBI 100, 1p2.8yenk;i on of a condi tion
sel ected fr t hose.] i.sted herein, d parti | y age-rel ated di seases,
i ncl udi ng,*® ’ ﬁBﬁRIFH¥?@Wd?§y§QWE%ggﬁ? ;mﬁéﬁgﬁg&ﬁﬁgrof cachexi a and nuscl e
| oss i nduced bR*Uig@ds@sy joimabditicn@,foldtld CROL cykiontkyled to, cancer and Al DS
chronic oﬁggrEﬁLHve ¥ulnnna{y di sease, chronic renal failure, thernal
burns, borle Bnd "} it OdP'IEEEES, such as osteoporosis, reduction in libido
and sexual dysfRihigTi-CRaleyl ptieilasubkitueh witk hiletys@pitrb S8 aroadindrd, St.eMlkioRg oan
effective anoung, of an agonjst or m xed agonjst/antagoni st conpound of the
i nvention or aqghﬁFW%@QB W@QX“@SﬁﬁgiWF?Sﬁgéakﬁrising an agoni st or m xed
agoni st/ arh@gohissidep@apalyndiopéyahd)er nitvemt i on as herein described. [0025] In
a further aspect, the.present invention provides a caonpound qf the
Cnvention for e naHEbTRELY e b BrBudNeronuG SAMEeH viTBk: Sol ect ed
fromthose |i steech iefsaiido, SpdhalBSubstiasddatich Cancatyl;or hyper pl asia WO
2010/ 029119PCT,/ EP20Q9/.06173 ich met hod conprises adm ni stering an
e i

effective® nt"ofr &HER o REBUGHLEY YRE% Avention or a

phar maceuti cal caehTROShiid BF & ORFRES ifivgh anCanlkgy amid St,-COoMROYN daddf oft WRich may

i nvention as herein described 0026] | ddi ti ongl aspects, this invention

provi des nethod@“TBPyE?ﬁ%ﬂggf%kkﬂwgr%ﬁﬁgﬁﬁnﬂ' #2@ﬂ@X$nvention, with
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deterniniﬁﬁwFﬁgﬁﬁﬁﬁﬁgéglémﬁﬁmﬁ ?gﬁéﬁ'gf?ﬁwgﬁFﬁéﬁ?VaHﬂ3a conpound of the

i nvent i on Rieis alb.agshohergird).and 0028] Accordingly, it is a principal object of

this invention t rovide a novel series of conpounds, which can nodul ate

the activit% Bﬁ’ﬁﬁgzandrogen receptor (AR) and thus prevent or treat any

mal aqoem|t hata fier Bebsdahgalalymp&indbedic iRe@ldand @6drdiag td Mrila gy eof [ 0029]

It is a further object of the present invention to provide a conpound of

the invention as aforesaid that can function as an agoni st or m xed

agoni st/ antagoni st of the AR, and is thereby effective to treat or

all eviate nmal adi es such as age-rel ated di seases including, but not limted

to sarcopenia, conditions of cachexia and nuscle | oss induced by di seases

including, but not limited to, cancer and AIDS, bone and joint diseases,

such as osteoporosis, reduction in |libido and sexual dysfunction or anem a.

[0030] It is further an object of this invention to provide a series of

conpounds that can act as antagonists of AR, and that thereby are effective

to treat or alleviate maladies or synptons of sane, such as androgen
dependent prostate cancer, nale contraception and benign hyperplasia of the
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Definitions [0035] The followng terns are intended to have the neanings
presented therewith bel ow and are useful in understanding the description
and i nt esecomonpy9of the present invention. [0036] WherCaaEpeomlbs17g3t he

i nvention, which may include conmpounds of the invention, pharnmaceuti cal
conposi tions containing such compounds of the invention and net hods of
usi ng such conpounds of the invention and conpositions, the follow ng
terns, if present, have the follow ng neaniRigs unl ess ot herwi se indicated.
It should al so be understood that whepg esé i bed herein any of the noieties
defined forth bel ow may be substltuh% A a variety of substituents, and
that the respective definitions are ded.to include such substltuted
noieties within their scope as set o

el Unl ess ot her wi se stated, the
term"substituted” is to be defined as Meg out below. It should be further
understood that the terns "groups” "radi cal s" can be consi dered
i nt er changeabl e when used herei n. 3 03y] The articles 'a' and '"an' nmay be
used herein to refer to one or t®)ap thap one (i.e. at l|east one) of the
gramatical objects of the article. By way of exanple "an anal ogue" neans
one aWslcdyue or nore than one anal ogue. [0038] “Acyl' refers to a radical
- ¢(0) R20, V"Refsq{ k2, £I§ylh&2d6raﬁ<g§ﬁ ngal'k%lab'r@ alk)@%ulggtuf‘eﬁ%lnﬂ%lcg'ﬂo &? opoﬁ% or
cycl oal kyl net hyl’,” 4-10" nmenbered heterocycl oal’kyl, aryl, aryl a%< ,
menber ed heﬂ@ﬁd&#y¥m6$ het er oaryl al kyl as deflned her ei n. Representatlve
exanmpl es i ngbudeq, BYLIKGEe not limted to, fornyl, acetyl,
cyclohexylcarbon |, cycl ohexyl net hyl car bonyl , benzoyl and benzyl car bonyl .
Exenpl ary ° Beipirlogeyaup &1 aplisyl. or§opdfluareliofs c1- 05 al kyl, - C(0) - ( CH2) t ( CB- Co
aryl), - O Ok (GHR) 5&/(@150 %Qron@p@rfc& bel gAMYL -C(0)- (CH)t(C3-Go
cycl oal kyl), 10 menber ed héterocycloal kyl ), whereint is
an i nteger Pwﬁhﬂgﬂﬂo 4. [0039] “Acylamino' refers to a radical -NR
22c(0) R23, &@@rg &32 is hydrogen, G- C6 aIkyI C3-C7 cycl oal kyl, 4-10
mermber ed heterocycl oal kyl ,. C6-Cio aryl, yIaIkyI 5-10 menber ed het er oar yl
or heter oaryfrlemwt@ﬁ@aq@s lmew@r%gecﬁrena C6 al kyl, C3-Cio cycloal kyl,
4-10 nmember gfleNel8r®6 Yitch @adn¥lis thComfd  aftfeydnt, oRT Y1 al kyI 5-10 nenbered
heteroaryl or heteroarylal kyl, as defined herein. Exenplary acyl am no
i ncl ude, buphamecenelly poeprtdte estsrs thefegfy| ani no, acet yl am no,
cycl ahgxy! can Qaﬂarlﬁﬁmepanbogmpa%m{;aﬁa'awhsﬁrvgefaxhsaamd?&rn Rangayih i no and
benzylcarbonylanlno Exenpl ary " acyl am no' groups are -NﬁZ C(0)-G c6 al kyl,
-NR2i "C(0)-(CH2)t(C6-cio aryl), -NRxRev Q)-(CH2)t (5-10 nenbered
heteroaryl), -NR2i ' C (0)- (CH2)t(RBE 4c|oa|ky|) and
-NR2FC(0) - (CH2)t (4- 10 nenbered hegt%rocc 7)a, wherein t is an integer
fron10 to 4, each R2I' |ndepe£de tl 2 e, or G- C6 al kyl. [0040]
“Al koxy' refers to the groud?~0RR6 ene—k26 is & -os al kyl . Particul ar
al koxy groups are nethoxy, eth \ﬁropoxy, i sopropoxy, n-butoxy,
tert-butoxy, sec-butoxy, n-pgrte nxhexoxy, and 1,2- WD
2010/ 029119PCT/ EP2009/ 061733 di net hyl but oxy. Partlcular al koxy groups are
| ower al koxy, i.e. with between 1 and 6/Igarbon at ons. Further parti cul ar
alko>§%l Eoups have between 1 and 4 carbon atons. [0041] " Al koxycarbonyr
refers to a radical -C(0)-0R27 where R27 represents an G -C6 al kyl, C3-C7
cycl oal kyl , XG80¢Ci o cycl oal kyl al kyl , 4-10 nenber ed heterocycloalkylalkyl

aralkyl or 5 ar s_def her.ei n.
alkoxycarbonyl raup§>§r§f@fﬁﬁ>‘%ﬁq%éﬁgﬁﬁﬁ*% ﬂé&é&ﬁmw%ﬁﬁle ' o aryl)
-C(0)0- (C}Q}M$ﬁm&d@thﬁheﬂﬁdohmm&ﬂmhryI) -C(0)0- (CH2)t(C3 C7 cycIoaIkyI)

?2? e;gerC( ? 3 8%6 )"r%%hfsdg%ﬁ‘]emb‘”&%“Ya%X%{ %’%@P”“Jﬁ% %“C °S" a“& %Eﬁtem'bfy
-C(0) - OR29 wRiB@HRAY= OemIQSsze(EKDfH an-(CBe [AHNEFGiPr; as def| ned her ei n.

Exenpl ary "ghArﬁl-carbonyl groups is -C(0)0-(C6-C10 aryl). [0043]

Il etero-O Aryl-carbonyl' refers to a radical -C(0)-0R31 where R31

represents &%5s ihGepemdthidy etbcted fromdhrayd C -Gsallkdéf i ned herein. [0044] ' Al kyl

means straight or branched aliphatic hydrocarbon 1 to 6 carbon atons. A

further particular group has 1 to 4 carbon atons. Exenplary straight

chai ned groups include nethyl, ethyl n-propyl, and n-butyl. Branched neans

that one or nore | ower al kyl groups such as nethyl, ethyl, propyl or butyl

is attached to a linear alkyl chain, eXenplary branched chain groups

i ncl ude isopropyl, iso-butyl, t-butyl and isoanyl. [0045] 'Am no' refers to

the radical -NH2. [0046] Al kylam no' refers to the group -NHR34, wherein

R34 is G -C6 alkyl. [0047] "Alkylarylam no' refers to the group - NR36R37,

wherein R36 is C6-Co aryl and R37 is G -C6 alkyl. [0048] "Arylam no' neans

a radlcal -NHR4 where R4 |s selected fron1C6 CIO aryI and 5-10 nenbered

T . ~NN AN Y M T




ant hracene, azul ene, benzene, chrysene, coronene, fluoranthene, fluorene,
hexacene, hexaphene, hexal ene, as-indacene, s-indacene, indane, indene,
napht hal ewe,20maanene, octaphene, octal ene, oval ene, peRCIAP2D06EBE,
pent acene, pental ene, pentaphene, peryl ene, phenal ene, phenant hrene,
pi cene, pleiadene, pyrene, pyranthrene, rubi cene, triphenyl ene and
trinaphthal ene. Particularly ary groups include phenyl, naphthyl, indenyl,
and tetr ahy 87 ondptsida gyano [Qe54]kyl, mrlrriqlie'lawbeﬂe&ubsﬂrlnec{) eubsaweéa‘rlthoeé 91)1NP112
[ 0055] Cargggy refers to the radical -C(0)0OH [0056] "Cycloal kyr refers
to cyclic non- ‘aromati ¢ hydrocarbyl groups having from3 to 7 carbon atons.
Such’ cycl oaRKy$ hade. syawe. drifaiGualkyl, biichanpy b¢ ulexla@mrprt@ or §ybyatuesd mithdalet agleRUr es
such as_cyclLopgoRYhde &M@Atgft}!["th)ﬁlo’ cyad e toeegﬁ(%rﬂ eacﬁ}ff:\lvﬁa??ﬁwbe & sﬁtﬁrehsahept yl.
[ 0057] " Cyano’ refers to the radi'cal - or al ogen' refers
to fluoro (Fybstigtsi by enq@more o (Br) and iodo (1). Particular halo groups
are either RkyorQ, Q.6 Q6 ani0059] ~Hetero' when used to describe a
conmpound or a group present on a conmpound neans that one or nore carbon
atons in theigbnbouhd or group have been replaced by a nitrogen, oxygen, or
sul f tero r f b S
descﬁp%ﬂg e%o%lté:&{sﬂﬁrc h'iﬁ}gcéet 3 ”@rxseﬁtel&&{%ihh%ﬂo%gﬁs Wn&ce& 08 {M@loﬁﬁ&{s NompBLiRY R
het ercompaindafl Ry linveatiop] ande. mharnipetuticd gryier, exojméndat dibwayt | In dhsgaspect of the invention,
CyCl e ﬁ;ﬂ@ée&%gw:ompfeglgg%F& }:_ée 159%}{)-: '89 nIoEeO 0t 1]he Sm) oun%p%f Rgr 1tnl1&1|t111)1?"21!35¥r11§é’d0m
et er oat ons t'eroary means an a ic ring structure,
m)no-h@l;pml i Momovgoh yeyrdung of theanvdntied @éé i e rdmrmmmélchieqoemoatlwnématﬁlemo
12 ri H@yg . Jhe heteroaryl group
can 5%%1?§%Qg§§dh$95 |v%%%g%g%%gég%ﬁéggygﬁengere nnnocyclic ring or a
bi cydﬂﬂl:’l]stlmLmtﬁuTher hapeered’ the omehtige dhi$ iimentamdpsiidesme nimeho&idofr irwgsg @r mémmal
f ursﬂe)gsPsZ:I X[irbﬁ {ggg (-?rr %ﬁlc n\%"?h c’onclP ‘Xo \A%Xmogmo%gz (I;s;[poles{edeh & r,oafl
seIechedwihmhﬂmgﬂmog@mmn@mhphumpamdcmxwgmmof&WmmmaMHym&hemhemékmabyﬂmﬂﬁﬂg
w1 | 1 c(i)u putu@t t11 1ted etca?r{‘cora%n%%DS (I;nee atn p(')l%taél selél,psuE:}? as3 osk[]ee ! (()Erl‘ glsa trg ucti 1n
usual? for exanple a ‘single heteroa I'n"one e ?h
het erlmaioyalnd sexugl dofunetionsor ahedne,a\slulclomethpd ngnpists a)iyemstamltgrmn élf'r‘eemru amauge(pf an
or “poet i o Pl e KB AP B i B« BT SRl BPa bgpRAY ©
yr r cahegcmlstt morgand agomsgmt@pmi;t cvinpound whéae inyEntlvass berein tiesogaxd. at ons  pr esent i n

th | udi t t f th

e TR R, T B 8 A0 B, P RSt Lo Rl

gr oupsflictad vitd andﬁugen&l’eﬁenﬂéﬁt thrhats, tsach ﬁsOprmtm odrecr (frthﬁﬁﬂplailhlvﬂﬁﬂ‘]Eﬂﬁ&hod tonghazsl e,
f di t I

| ot MBUETSIE R SISTEE Foraset & AnirePe Sumed ™ PEae m el led Hpraeguice
rrerrbebﬁploslmm@ompﬂlsmg dneuhmg@mt yomgiuoadipithé ncdntide adheteiddescrivet. 1inmted to

i azi ne, ri. mdi ne and trra Part.i cul ar
R IR PR Bl oDt BF B e Bt Roigeat pf Jis incptiaf S e gy he
f Usgdreﬁ@eﬁlflﬁtplﬁ‘@éntfog\bﬁa ﬂEﬂd ﬂﬁ&ih%éllgcftbd’ligoﬂl Ifl(bkélﬁlﬁedlﬁzfenﬁraﬁd particuldryi agé‘rdslattélil diseases,
I mdaz | a e an I mdazol.m ol e ] CU icyclic
ot om e B SE e A i oh prgReT pisaaisr bt pasTaamuair Ry e nbGier od
ring bilUﬁ(ﬂdmile&o fda@r ﬁﬂfd&ﬁbfﬁd:hfdnfég)blsﬂiiibltluﬁpulbluﬁar@.I’dﬁed%é)tchfdnm fe@l fhiure, thermal
benzfura ben thlo hene, enzi m dazo | g, oxaz ob. enzoxazo
R ban® SRE St RIS uch RS5O ok radfioicR 6 IRA 268 oSt BLRO R OF aneias
i nd0|v61,1chl ﬁﬁihﬂ@ﬂ@bﬁpnde§ edinthat@ng, anl ORIV bmeynt | T0M| addist oS GhixdiohdonBY/ arfdgohife

(e.q. uani ne |nda oIe razolo rimdine, triazolo yrlnrdlne
bons SR e Sorl p P eioh ophrh drmebrgie COPRPTIOR | PAPMBIgAY L 0BPT e JURICL

hetem@aﬁykn@gmup&mmmmdmﬂmdﬁwéwwhiumuﬁh@ﬁdmaenbered ri ngs include but are
not Ib 1.t ed toﬁggrnolrne |so ui.nol i ne, gronan throgg}onan ronene,

i socH nel® & A BRaHPetsBe IHFeé Vel Ay 8 2h COERAUAG 0 en]@VenB%‘h G5 i he
benz agh@#hie prdd¥iftiod 0PY Ednditide scl € dTRadhblistcd UbrBRAZQICh BEpro@itB@bdrRE hyperplasia
pht hal azi ne, naphthyridine and pteridine groups. Particular heteroaryl
groups are those derived fromthi ophene, pyrrole, benzothiophene,
benzofuran, indole, pyridine, quinoline, imdazole, oxazole and pyrazine.

[ 0061] Exanpl es of representative aryl having hetero atons containing
substitution include the following: WWA > Y /andY , ,Y wherein each Wis
selected fromC(R54)2, NR54, 0 and S; and each Y is selected from carbonyl,
NR54, 0 and S; and R54 is independently hydrogen, G -C6 al kyl, C3-C70
cycl oal kyl, 4-10 nmenbered heterocycl oal kyl, C6- Cl0 aryl, and 5-10 nenbered
het eroaryl. [0062] Exanples of representative heteroaryls include the
following: & \\N& 1\ 131 " 1 YY' YN

1cFlaHY age[ Te'laYeed



N wherein each Y is selected fromcarbonyl, N, NRS5, 0 and S; and R55 is

i ndependently hydrogen, C -C6 al kyl, C3-C7 cycloal kyl, 4-10 nmenbered

het er ocycwoabioi2911€6- Ci o aryl, and 5-10 nenbered het er o2CYIEP2¢00063B3 As used
herein, the term heterocycloal kyr refers to a 4-10 nmenbered, stable

het erocyclic non-aromatic ring and/or including rings containing one or
more heteroatons independently selected fromN, 0 and S, fused thereto. A

f us edviicht ragthrshaomipeis s iadgingyasing an ﬁﬁgﬁtlwwnwm%@ra@@gymncempmgs>f thednvigeieah @l y

i ncl yele0REBRLSHAEHSh béndrshg-an BY ouRE QNS idiFas hebSickdpLade, but
are morPREoR hhs or p lfa”. e, p?%?@rs. R s e TSt Btbor 061733
(e [0@26] 1Inap<ihpor@t dsgeatpy this 12vqm112n fpYidismydthodgfor pynphesiping d compyind ofthelingeniop,
eridi | i yrrolidinyl and

5" pyr Bl AEE QLA ok ool an s RR YRUSC e oo Bl 770

di hydfPe2hi oiphe digthediabpedy ml]:wplasem aiMalytdmolﬁruvmﬂ melihbgsdfoot deicamining, the agonistic or

t et rahydr of.ur t rahydr di_0x tetrahydropyran (e.g. 4-

t et re'ilil"lféé s a&ﬂ%f)fa Comrﬁéalé(ﬂgrhe lgvenp()ﬂd 5‘3{% 3136 i hone, oxazoline, thiazoline,

2- py r[a(nﬂ]l n&accopyﬂgayz arlid zdpnne;papcbbgmr afzhlﬁmveﬁnﬂ td\brak idy h n@\iepmnaszbfmemp&uﬂh vatich

S oxi‘ab afRE Rk BRfoefE TR Ty AR BB AT e Feageml ToIpgry fipmay be

exanpheslly rkleddeatereitiadivirg thepioper i done, pi perazone, and N-al kyl pi peridines

such i peri di Partj cul ar exanpl es of heterocycl oal kyl oups
or o dRE TR Rl OB previet Sei0s SRRNRY Bgombound bR de Gt Al
sel eahfdad fablidaRRGn 4g0MH6)r 2nix MdREORishn@aehiS; ofandl ARaGHR ¥ th&cisedfaetiechoftfcanar

NR56, .0.and S;. and R56 is i nde drogen, Cl-C6 al kyl , . C3-C7 .
Cyol GUPGT it e st HLOSPOe A it oG P Srppers SR poghei
het eragamykcle lbheisgucb@be iioeys! imaldyy, biit idg Emii@YtoPenephh®ABDY, Yosdbadtjdihidigdsew t h
one or nore (g)roups gel.ec.t ig?fero t%g rﬁ(J)u]p consi sting of acyl, acylam no,
acyl O¥§P 3 ORI e u-cﬂﬁf(](ﬁ‘ﬁ Pod Y Qgs e RbYPBony | , al koxycar bonyl ani no
(- NR'[6@d 0§ oxy csarmbm% olgect nNhhsGﬁ&thR%)mwm Rfes &wbﬁlbwnug e @H‘a&% antagonists
am nocar boﬂ%/ , -am nocar bonyl am no & 0)-NR'2),

am noEathd rha&g}lef(ebsoafe éffe‘)“VFxll’-f? stat Oéﬁlllet’fW? BHGH OF SYMPIOBH P i 89 i ppdrogen’

- 0- Ard&élbend@ai |p€t@tateC@aﬁlb@Xﬁﬁhle &M@d’é@ptloﬁ)ﬁ@lh Q3hiky Ih eﬁﬂzlts@g@mthe @Ydifa@()bvar&htaﬁl@ sbreast
thiol, -S-alkyl, -S-aryl, -§0)-alkyl,-S(0)-aryl, -$(0)2-alkyl, and

- ( O)CQHCQ’E* iR, Ongﬁr‘{?%‘ftlat‘i?fqpﬂﬁldgﬂf BVinHeY e aﬁtﬁg%’éﬁﬁ 9‘[ pagiial phfpgnuict H@n‘? 1of Yitgi g phe
Pr oVipi&entfo@ran@xaFidi@ent loR GARBRANRPUER nelfdrs WAL A1V 88 -coh@B]in “erm Ytimilgdgar s
to the radical -OH [0065] 'Nitro' refers to the radical - . [ 0066]

' Sub<Pylel e dgirimepiebiugh gy agieqplopgpiaiand W PRiRMo fein g W@HW@?%@H canponad f ghe

each igeRandedtdive fiRIRIgak RdephbritbduRer 0B ntkdafa86:8Atant UasH) thid @51{ §cSdsed in

Typi cal substituents % be selected fromthe group consistin hal ogen,

-R57, the @eatme.n(t) of C@ﬁgrpns 0 q;qglyema @d musgle WWW ers_m:gufhng l@ttjlgt lgm@isto capeqr-
gs:l(\%ndugg;hachégl?o)H(Igd(ﬁ;dzuced\%l(ugc))d(ﬁgtggl;ﬁﬁgicg@ '1181';1'(0%;11%)6%2%@8%(5 gl)egﬁﬁ%;(eg;%}gél@ 2049:
- o S)hesal Buepso e rénabfdlyRRSrReg 24 EpEegRuImoneyy: leﬂ%e% e%kmig

- NR5 Qfat ONNRB RS Blimit dNFS et INERD) iR R2.8d %ﬁleﬂe%&)SNR57 R58

2010/ 029119PCT/ EP2009/ 061733 wherei n each R57, R58, R59 and R6 are

i nded@ ntT}V preswdp@@‘@(?p al@lpr@gd%mg%esset@r @f(pra@ﬂlon (grmoa}pQg,qd ofcthe fnyention,

cycl %hﬂﬁiﬁbeuﬁéal%@mﬁ@sﬂ%ﬁ @c%tzﬂﬁih% ROHHLARI Edthe imvedifbnBIADEE ach cﬁ'fe& %&Qﬁfu}{h of the
het er oaryl al kyl ; or éndsubstltuted wi th hal o or hydroxy; or

C6- CIuyegfigp in t@@l@@%@ﬁ@éﬁ%ﬂ%? &g pf thegsarderedigqlessd kgjsinor 4- 10 menber ed
het er @@ml O@'s{ﬂﬁlmrﬁﬁp %B]'e(gtl'gf Rl B eHRALDSS 'pfo%(ﬁq)h%a%u@ah I%hpo%n@ comprising or

unsubstl tuted - koxy, unsubstituted Cl-C4 hal oal kyl, unsubstituted
Cl- mnqh}ﬂ@wamw Ofﬁ)ﬁ inNeBtiss for thethesapeaticogestiedited hieiny or hydr oxy.

[0033] Tt is 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.



In a particul ar enbodi nent, substituted groups are substituted with one or
nore substituents, particularly with 1 to 3 substituents, in particular
wi t h one wobkstoeant group. [0067] Terfluoro' when usedPa3/ER2gwebi733 refers
to a group were all the hydrogen atom(s) of said group have been repl aced
with fluorine atons. Particularly, the termperfluoroal kyl, refers to an

al kyl (as defined herein) in which all the hydrogen atons have been

repl aced by fluorine atons. A particular perfluoroal kyl group is CF3.

[0068] In a further pp@ﬁ%ﬁﬂhﬁﬁnﬁﬁﬁ%ﬁﬁqﬁﬂknﬁ?ﬁE%NVﬁNfﬂﬁ$t group or groups

are selected from halTD, : : , trifluoronethoxy,
azi d@efinitipasSCPR', - S2NR'R', -C(0)R', -C(0)OR', -0C(0)R', - NR-C(0)R',

-C(OMNRR , +=NRI R = ( CR-R- in. 'S t .

oot oIDBST. - T g (el O ARG EnR R Bl e By SRRttt i

het eroderstandng-thcCggrip(i@Bangdintendell bk yil the pragedt in(a@HR)., (4- 10 nmenber ed

het er | | wherei.n t.is an.integer . fromO to.4; and.. any al kyl..

o7 oo BT, SV bekerERE fltchiide® nitn BEOEAL MR o the AR MheBithlica

?Lylpo?@@ﬂkﬁanmhﬁn?g?h?mmmgMumh(ﬁgh?ﬁ?mymg@aghyMugsEﬂrsmﬁmfhemmpmmgyoffwt .
ensel ves subst.itu unsubsti.t u - J al.0. unsu itute

c e e 55 GBS B b ISHR] I, (abe (i Bl iRy HISHBRENGY

hydr oxdiceltddy |1t shonlduatss o Sinildrsib@dth@IwlCa dascribal lkeooiy amyr ofhicl moiesies dediodil fafth below

i ndependently. represents.H or - al kyl... [0069] ' Sulf.0" or. sulfoni

o) GRERAE AN AEPIARE Mk s Ohun ThichR Fla et e bl S imi A OMhciuge

i Nt eclaubstinftedongjenivs svithinribdiesos: asisdtloutrtebog binkes dtheawist htatedrabel teamsnsnitvend” of

het er.0 ikn stabl e, .chem |y feasihle. h ocyelic ring. whether, it

'S orORE AlFhed I B 31 B, SRS B8 Kkl SASLALEWIGHEIREY Chbtps { 4dOradtlIR" Bifoe

degr eensaderadnsterchimgeablerwtendsetlihereinal ence of the heteroatons. In general, a

het er lic ring nay have onge to,.four heteroato so long as t
not or B B tibigt ot AERFLES 13 b brES AR Ry P FGpEficl Meast ono)of
" Pharthegeninhiial bbjecacafald atitle’ Bpeansf appiptevad aodlogppmoaa bhe aiajogae veguleakanr y

agenc oflthe Federal or a state governnent or the correspondi ng agency in
count®'f 8¢ Gt'fier than the United States, or that is listed in the U S

Phar r[?@&&}oe‘ia%ylorref&k hes rzgﬁ::aer(ie(bwﬂr\aﬁ@@nﬁozedyqs%aﬁ,gmoc@m@/ A 9'1,a%3t©C;rT 73@13)31(1;'5618 /cg-gm a3
animal s, a re rticu in ns. 119P EP 17
[007ZTaO%Hg?nged%Bia@PQME%Qé%FHﬁVﬁoﬁgﬁt@“@eﬁgﬂékéof%‘%d??n@ﬁ“%if%ﬁ%%’nﬂ’of
Ej he ihl@béﬁ)ﬁihyilacﬂt’yl b atfides hlpﬂaalr N éﬂtﬁfﬂ@eﬁmﬁ{ﬂ@&ﬂ&lﬁxﬂﬂ, eutasd ngmmflﬁqitm§ﬁ>§ﬁgl§ adeh@
esire r COl ogl.Cca act 1 vi Yy t he rent .c ou . n particul ar,

such C§§P]§)e§?]é?r 0 5)1‘?9?181%81“}‘?3\,‘/}{’6@0?3&0‘?’35% { %add’ﬁn@rlcﬁgﬁp%‘- %é?‘ﬂpl?féfd?c?} GHPUBRI s
agg_ ga@m,awp)m;mé %ﬂiy}j s-C(SpeTiifhiat ) wryDs HGt’O)s(@'H;z]ﬁ(Sjlﬂclhgﬁiﬁ'reﬁl( Hetergy1fl —C(0)-

a |1 TI a S, r W | C Cl Suc a V' OC ori ¢ acid,

odr dbPaE ek eratsaTaly tua IO W) A erd gt haRr e E Ry VES Gt B en s fram 0

i kejtoor fornmed with organic acids such as acetic acid, propionic acid,
hexangj ¢ acji d, cycl opentanepropi oni ¢, aci gl ycalic acid, pyruvic acid,
oot B0 G APt oG s Saok P e T el S IS i c
aci d.cy&@dkydr i4C1 0aGhcthberllt hdtodyeioblikylDeNZOI, CardiGi &lylafkyl 45-y dhENYREN 2RM%tobryl o
benzoic acid, cinnam c acid, nandelic acid, nethanesulfonic acid,

et haESTPPGNYE bR o Is hydmgen. faites 2BV S G fCorfiveloalkylgd-19 mepapsk eernaisoativk 6mlCe
aci d,arﬁ?ﬁ?ﬁﬂ@ﬁlﬂ-ﬂp{ﬁ&ﬁb@% %teﬁa@mbpﬁ&&@ﬂ?ﬁtﬂl@&wsfd@ﬂﬁe@ Redifl, Exemy lary ‘acylamino’
2- napht hal enesul foni ¢ acid, 4-tol uenesul fonic acid, canpharsulfonic acid,
4- metPRNdS; Byicarg ot Smipd dovt formylarpino.1 accylanipn, Avplehagyfe PO%E%&% ePelghexImeghyy,
3- pheaybiaRhe HefzodBintho nl bRy Ry a6 Anhifo. Exbiblplatyehidyladlio’ Rriupd a6 eNRE @0)-d,-
lauryl sul furig.acid 3Iuconic acidzyglutanic aci d, hydroxynapht hoi ¢. aci d,
sal i &yl MV lacPNE PR Gl el s c Il ¢ CHr G HIEFd 0 1 membsrede hetgioaiyhy —§BT 1{O)-

f or medaWheNnC A8y cRRIke) Cand-BREIC () @S BN 4-1 M nlechBeP@h&Bbec R MAROUNEh@éih P& ad Bteger
repl aced by a nmetal ion, e.g., an alkali netal ion, an alkaline earth ion,
or an™dt e 4 Eeh o nindenendeady episstnisd of ¢ HCer gani ¢ base such as

et hangba) nalkAllethanehrmag —oRPI Wi Rarro iamiduky N Fifdnak slksSATUPE aRBSbHRES
like. Salts further include, by way of exanple only, sodium potassium

cal ciCtif*Yraghe9RUmSORIPRDTY: uRrPUPBk r %&rﬁ@%xmﬁ%ww afrle N, | F-Reoxandndhletr
the conpound contains a basic functionality, salts of non toxic organic or
i norgani ¢ acids, such as hydrochl ori de, hydrobrom de, tartrate, nesyl ate,
acetate, naleate, oxalate and the |ike? The term "pharmaceutically
acceptabl e cation" refers to an acceptabl e cationic counter-ion of an
acidic functional group. Such cations are exenplified by sodium potassium
cal cium magnesi um anmoni um tetraal kyl ammoni um cati ons, and the |ike.
[0073] 'Pharmaceutically acceptable esters' are those which are
sufficiently non-toxic to be regulatorily approvable. Preferred esters are

. o B - S " . o




synptom, physiologically, (e.g., stabilization of a physical paraneter),

or both. In a further enbodinent, "treating" or "treatnent" relates to

sl owi ng twe 2proagerssi on of the disease. [0082] As used [ReraPR)0ORE33 er m
‘cancer' refers to a malignant or benign growh of cells in skin or in body
organs, for exanple but without limtation, breast, prostate, |ung, kidney,
pancreas, stomach or bowel. A cancer tends to infiltrate into adjacent

ti ssulemahdbuipnye ddrtionler dkaxaierae) are dovdr ket Lorglirkstwernl aekappbe atemb divether
liver artﬂch&ngaugUx gbﬁp@l{a% B‘etw@él us89 ch‘B&%tM he term cancer includes both

met astati c turmur cell types, such as but ot Ilmted to, nelanony,
| ynpHOOHL] | édﬂkam@nylf irpfen star € orrdical rﬁ@bd&y@é@nﬁc@nﬁeprawdts rmsCo@ytabw’a GHd

type?g‘?r’a”%"aﬁ %3 e %ap&miy SHGH ASmbiLd %&Ergk§cﬁﬂail<§ﬂll{yf ar&ﬁlor LT HANGRL

pros 'ung cancer an l'ung cancer,
br eashetetfaryd?élryl apainﬁlreédterem c &nouyrlary lakdeieprbemic eropps emdl(Oedubc€k alkyh stG(OKO-

Camﬁ& H)J- 8 P Oﬁwosa (Pgéllf‘i‘(s\l i gaéga};erg%ﬁ{‘ét%roaryﬁvaEQB (ﬁ%’})&%r F&gaéatugﬁ aﬁéFncer

and uterine ere e term on|

used AO)QH€SKHD{bE membepel I@ferqs:m%kmnwmramthﬁlmdlgegenframrlecépt or and tr| gger s a
sign an a a | Ler s
receg?%if] arbg Eﬁ%rg%nygsrgfte 40 a radlgal egd) (§1¥ZI gvg%:r% 1{2 re }ese%ts (If" | a t eﬁn

conpdwrech. thxemplaiyc'®©- A:rylbcznbcmgl @(bups es}ﬁ?(m)sﬁ)a(dsfﬁb 1rsl) m)l ecul ar tar get [0084] As
d i he .t t 5d t hat
ot VEHE el BT B Feuh E2IBH L o kB PERM PR 1 18 SRR &P

bl OCIhSteﬂ)larydjaﬁl‘ﬁﬁ’[hsdB@aﬁl st-nedi at ed responses. [0085] As used herein the

Lo ortbFElTC AU ot Do F TR AP BEGer (o RARIE

expr es&ip®ss i fwll dzldﬁﬁ atoh @@h@rawﬁtghi dhainby grags epihab hetlsalethsl n- @ﬂaﬂylt 41 n-butyl.

CcopBhE! Rt S5° BRGHH g fiuat Ay GHR S The UMD LBIRLPPT. P SRYpry,

r ef eri@ed QlkyOchaiif @reﬂipdf;airﬁﬁhed/xﬁmmgﬁfup@mcmaﬁ isdpi&y ], idoense | t\was1 afdascahagl. med, s
nmeant 6&1enbrace their salts, and sol vates, where the context so perm’ts.
[OOSdP en Arpg aefers ity adicph-Ni>t o herein, for exanple but without

L'i mi tgddean, Aﬁaﬂa@@n@lr&wsmﬁl@gm% LﬁHR@nw&frelﬁRF“ampc mul d be considered a
representation of each nmenber of said range. k9087 Q her derivatives of

t he d8%pdunddkydfrylemimoi refeesp ﬁhsrgrwavERaBt i whetrgm ip6t-Goenbind Rics & 4nalkiki d
deri e f b a 48 bov; n r C of
sol Ty, o CHat bl R ORTL [ KT L B O 8l ha SN AR
or garicsroalys esedefliBudar. d, H., Design of Prodr ugs, pp. 7-9, 21-24, Elsevier,
Anst L Prodrugs.inpclu d,derjvatiy 4 w i

pracﬁl ?@g]ne?%ﬁﬂ lantnﬁ% ar tosﬂl% gl? a]ﬁk R Whé/r?m eaglit}é\%s %l}d;%ar%rg ! %/ep?néiglgp i on
of t helepal feorh CaCk dkyli t h a suitable al cohol or am des prepared by reaction

AR o T s e T

am desna@&Canhydri des deri ved fron1aC|d|c groups pendant on the conpounds
of t venti.on are partj.cul arly_ useful d In some cases it is
Gest 1t Fienp i Bo el et et B e s (acy  oxy) al kyi

est ergosy] ( (L\aélkﬁxofcaﬁymw |réf@r)§ ya aai X1 B8FfuB S defRl b&id] @bstiue wik @Qw GRrddrel
the Cl to C2- al k , aryl, C7-Cl2 substi tut ed ary and

C7- CEOURP S aﬂeﬁ%d aé?g‘fee .Pgmsvlart ﬁéﬂ%wéﬂﬂ%ﬂ%l geure REF #lkY eeupy ﬁubstlxmd Vit one aryl
2010@@2@119PCT/EP2009/061733 [ 0088] As used herein, the term'isotopic
variant' refers to a conpound that contains unnatural proportlons of

i sot dP®B]at “Asrlerchis tograongyalem aromagedly dropgtbop groep iderijed by theremerhefilang hygrggen
examudn &l a'sinSRIRBOE atbA df @ Phrentfrorfate AR @wﬂéﬁq Cle'flg)aﬁﬁﬁlﬁladr{}! rOfR t&hn ﬁ@f’n@m ring
non-radi oactive isotopes, such as for exanp uterium (2H or

car boRuetae maejcycli erislyesychsthatingdes §Pmt5h‘§ lﬂurwé mepbex mprebléuaém @de é@ oddere
t hat ,thd fryPoGQITROM HQnWS&@Hcen@J%ehﬁi@ﬁo%@ér&nﬁﬂsbééﬂtatmét 6 @&bdiS atBﬁQ erpicBPaJy%ﬂoﬁW ng
at ons, mﬁere present, ‘may vary, so that for exanple, a rogen

OH/ D,inckilg. Bafr H6rhopApited t‘lB&BOUI@rdeélﬁg‘/d Aoy frganhnggye. eenpg lmilyl%md afqﬁh%naflthléﬂene
presence and pl acenent of such atons may be determined within the skill of
the art. Likew se, the invention may include the preparation of isotopic
variants with radi oi sotopes, in the instance for exanple, where the

resul ting compound may be used for dru§ and/or substrate tissue

di stribution studies. The radioactive isotopes tritium i.e. 3H and
carbon-1 4, i.e. 14C, are particularly useful for this purpose in view of
their ease of incorporation and ready nmeans of detection. Further,
conpounds nmay be prepared that are substituted with positron emitting
|sotopes such as 11C 18F, 150 and 13N and mould be useful in Positron

— = - [ T~ p——— o - r o . . e



RlLis H or Rl is selected fromCl-C6 al kyl, C3-C7 cycloal kyl, C3-C6

al kenyl, C3-C6 al kynyl, and C -C6 acyl; each of which may optionally be
substi t utwo 2eitdz9onyano, one or nore hal o, hydroxyl, or eoswravat’esl Ci - C6
al koxy; R2a is selected fromH, S(02)0H P(0)(OH) 2, and C(0)(CH2)IC(0)OH
or RRa is selected fromCl-C6 al kyl, Cl-C6 acyl, and C3-C6 al kenyl; each of
which may optionally be substituted with aryl, am no, or carboxy; nl is O,
1, 2anfracegne, 4zulemgchenrab. elvivbeRy 'cojogeren flegramiprant fluorens] bexpesse.f resenhiene, dexlap.- C6

al kyl F 1&5%'3@@ 1%ge152mdﬁ@ymdlegb rhaﬁlﬁﬂa%nl@ etfcta%é}le (ﬁﬁdﬁh&e%'ta%e C(}(,gll gé@ﬁl -2 4%& S

cyano, or nitro; or optionally tituted with
haI 0 pe@twn@ peml@meopewmr@xmryle@r pl@nalem, mer@wl}reneoplcm, plgla@nlw d)éire@ptpmnﬂarqny

subs a o)
i b A e BBy B SRR, AR S, Al My 2ind

al kyltet@bwr@wahthyl substituted with cyano, or halo; or each R3b is amido,
opt i gp@g‘hy ‘%{Q&; |réfg%@0dthmah{3aloc (gngal kyl; each Rd4a, and R4b is independently
H, hal o

\ , cyano, oxy or each Rda, and R4b is selected from
Ci - C40883y| ‘Caroagly’ GiferSto tt iad)cyL -Ce&a¢. of which may optionally be substituted

Py PO TSl B i ARG R

or 6- Smemtmﬂcﬁlkyagryshps ia¢lude, by way e shatpid singlt @ig atrydtyresdich s cyridpeypyL; yadicbutydr
nitro; [0096] In particular the present invention

pr ovie eﬁty?&‘r%%ﬁ%l %pcm%h PRbention according to Formula Ib bel ow | b
wher g0087Xi s‘(Qar rers to the radical -CN.

[0058] “Halo’ or ‘halogen’ refers to fluoro (F), chloro (Cl), bromo (Br) and iodo (I). Particular halo groups
are either fluoro or chloro.

[0059] “Hetero’ when used to describe a compound or a group present on a compound means that one or
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,
cycloalkyl, e.g. heterocycloalkyl, aryl, e.g. heteroaryl, cycloalkenyl, e.g. cycloheteroalkenyl, and the like
having from 1 to 5, and particularly from 1 to 3 heteroatoms.

[0060] ‘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 monocyclic ring or a bicyclic structure 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. Each ring may contain up to 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 heteroatom. In one embodiment, the heteroaryl 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 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
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RlLis H or Rl is selected fromCl-C6 al kyl, C3-C7 cycloal kyl, C3-C6
al kenyl, C3-C6 al kynyl, and Cl1-C6 acyl; each of which may optionally be
subst i t utwo 20iottz9nyano, one or nore hal o, hydroxyl, or ECcTEF2@blexg; R2a is
selected fromH P(0)(OH) 2, and C(0)(CH2)"1C(0)0H, or R2a is selected from
Cl-C6 acyl, and C3-C6 al kenyl; each of which may optionally be substituted
with am no, or carboxy; nlis 0, 1, 2, 3, or 4; each R2b and R2' is
i ndeerigiging|aysis arcabersd ring dineH,to anfeveGhertiBra g inclgde Retpranet Rattedntgybepgiman,
togetb@l@ﬁhl&;ﬁleflﬁo rb'g?lz"i’ml(c\léz0%7 b%ﬁ(z%!(%iekyslobenmzﬂé HE'HZIML_Q)’IG q%ﬁ@lﬁazofér bﬁﬂz 'E)@iiazPE R3
is ClL-Cb tionally substituted wt ni t cfroxy or
G - w@tnzgﬁlyan mdolmwlﬁdgleamla@)lmt un@qiamleym@,qhmstﬁomp wmnﬁ (@ @@ma% lqutmneéach
R3b i; I r
2010/ 3361 TR ERe tel o s ARG IR nd resplopygding gy | Partcler
opt i erales of Gisselicthgteradryhiztonpscspaamingdwo fgpbdsix memb@:é%ﬂm tnglusle pg @@not limited to
opt | ofiblide, 36 ihU G bnith tBioro i, Bhisikne, BAGR0RYR, ctAfthnRl Btk ndnMEEPERASRL | ¥
, cyano carboxy or nitro; or each R4a, and Rab s selected from
o CRlutEpkaine, n@xamec:@e%ﬂom;@e Ié’é}éWY@ﬂmWhﬂléhpxﬂhV chinpehiag. | gneéing uthdaleineed
by O%@p}{?ﬁyrﬂg{eeang'ﬁ{eﬂdmg)gmgﬂs %r@duka?)ﬁ&ero%l %%ﬁ'psaa{?gth&%bde?ﬁfﬁi jGh @ﬁgpﬁe{?@%wag tO
fo nber e mber ed het erocycl oal kyl';
6- nerbb@wémopéml benmﬁn@n,cndom ﬁﬁrﬁ@@r @dnqi@ts,embiazgl% oxqgle apdpyigdies. cyano, or

nitr d

comp 0o Bk ls deratheslaidear 441 ﬁ o fF %598%m‘“?%t“‘*%z“dﬁ&%&e%%%ﬁﬁ

one enbodinent, wt Yect to a '-o Wof the inye onwaccording to
Forrmula la or Ib, s H) [0099] further enbo t, jth respect to
a conmpound of the ent i og accordi 0 Foryula |a bis Me or Et.

[00100] In anot her nt, with ™Speet to andonp ond of the invention

accor éagh E\F)‘L &ec{ 1@?18 rCéIE?Z, @ (5 3, ¥ %‘?ﬁ&h‘@/ S° selLQleﬁ)&ll cArB d% ﬁfl\i‘ﬂsI Qfgnd

enmbodi nent respec conpoun e invention accor
For mﬂ and B* gy indinendRatly gdrbgenhE: -6+ alleyl, Ci-001edbalkyd, bhemembadd h@ﬂbcycwaltkw Cs-

resp%targ arﬁiscﬂﬂﬂ d. 0k C;Jagy i nvention according to Formula la or Ib, R2b
] ol ne oget er to forma cycl opropyl, or cycl obutyl ring.

[001018062]n bmmp@srbﬁdpmwmatwwhetdnoamsmelude dlc)fcﬂilowmlgpound of the invention
according to Fornula la or each R2b and R2' is H.

OF sHsESN®
SONSHONSS
O Coy OO O

wherein each Y is selected from carbonyl, N, NR™, O and S; and R is independently hydrogen, C;-Cs alkyl,

Cs-C; cycloalkyl, 4-10 membered heterocycloalkyl, Co-Cyg aryl, and 5-10 membered heteroaryl.

[0063] As used 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 heterocyclic ring system may include carbocyclic rings and need only include

one heterocyclic ring. Examples of heterocyclic rings include, but are not limited to, morpholine, piperidine
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[00104] In another enbodinment, with respect to a conpound of the invention
according to Formula la, RRa is H S(02)0H, or P(0)(OH) 2, Ci1-C6 alkyl
(whi ch CiwGoaowldeyilormay optionally be substituted with aPgEP2am/0Q7386 acyl
(which Cl1-C6 acyl nmay optionally be substituted with am no, carboxy).
[ 00105] In another enbodinent, with respect to a conpound of the invention
according to Formula Ib, RZa is H or P(0)(OH 2, or Cl-C6 acyl (which Cl-C6
acyl (psy loycridingl | pibaidsiybs 8-pipgtidthyhian h 4amiendinybaphoxifine (00108frrdldinahot-her
enbo t

%'F/H&%nyl whd i‘p;FrPo%Hﬁlg:% @ﬂkﬁ?&l@ RSk ?i/rah D ?%/Igﬁb ki ljur@tﬁﬁgﬁe% Qﬁayh%%ran

Formufa la,” R2a | lonal I'y substituted wth ['00

anot Wéhydehiserdi febydrothiggalyy Feéslgyé@tfurﬁlb etreleydppdhienhees @lh?@nﬁanvﬁ‘@ﬂhydmﬁ)m@c@fgdl
to F Nl b S I st

or corbaide! Pudivyy ey BERILS o BEK SRIRT ey L bR %ﬂa%&‘?%
Wi th pnr@%@e,t angd N-alkgloppaseas eficht 43 N-imgthghpib epzinge Eoitlehr ﬁgammespmlmﬂ thlonarnbphneb
R2' aﬁd Kk EEQ)Q&Q %lld ISnS gllaﬁhp?ﬁar@ém%' tﬂ.ﬁ)%rphmlﬁel)" §tﬂ§@1ﬁ% teQarﬁ’pl 0 QZ Ehe
i nvention according to Fornul a C3- Coal keny 10i I'n a
f ur t waneridersodipaamne, wid WN- frlbsép@mﬂdnr@s au@o ﬁﬁpd}hmdthmlf plpﬁéhlilmvé?mtic@hr & i ¢fg
to Fch fg}blc%léa@(y@érohlg’ar&l@whﬁlt%'ll%gﬂgrstr&tgfg 11,713111 lésn a further embodi ment,

with respect to a conpound of thelnventlon accordlngto Formula la, R2' is

benzyl . [00112] I n anoth Nresp a conpound of the
i nvention according to )a 02) or J(0)(01-1)2. [00113]
I n anot her enbodi nent, mﬂth reapect ﬁo a cdnpouno he i nvention

according to Formul a Ia R2a is a pharmaceutically acceptable salt of
S(02)OH. [00114] In ano |manrtﬁ\;vlth a conpound of the
i nvention according t r i ﬁjo@ 0115] I n anot her
enbodi nent, with respect 'to a c‘brrpoundwof theNl nventi ®n according to
Formula Ib, Rka is P(0)(OH) 2. [00116] I n anot her enbodi nent, with respect

to a compound of thelnvent|Q cordin ormJIaIa or Ib, R2a is a nono
or bis pharmaceutical lyla ce e sal’:l (0)(01-1)2. [00117] In another
enbodi nment , W|th respect to a rrpound Yhe invention accordi ng to

Formul.a la o P39 Zqr®60911 her .
B AT s Xt e s e e S PR R G A AT
is Cld) Réfl—ﬁ)md]:ﬁnﬁérﬁ)llyl hyédiogdern rl{s alkyl, Ts-(2 cy@oalid/l, 4-00hd@berbdhadrotyaalkyl, Ce-Cio
enbodi W 1 h ect of t he J n nt| rdi to
For mird 110 mihbeed RERSFY. HenERBREBNE Sy 1%y bOSR B B RE RS Bhab Semaisne
W t h glf(ﬁs)pedbctécbframabm@updom;ﬁstltngeaf|any/1earrIyﬂamnaevcplrody (}gf) -4c@] Hror@T(GARI’Y abioxy,b,
R2a i har eutl le s It of 0 0121]
In ar‘i@i"ﬁ-‘é"r"‘ ”% ‘H‘éfﬁatr "n\Xna @%E Oxyegraonil; B]%( g Oc?ﬁ%?“%e%’g%‘ﬁwmm"
acco radnmgarﬂ)omﬁ@mndb aorl aS(OD NRD), aﬂﬁmaasooaylamammmc@@mm amfrdEil @y lokn (-O-
anot ect to a oun the i nventl rdi ng
£ o EQTRURER g F o SRS, bRiakRBE Tt S3or SIS et RS GRleE
vvi t h Hy&ap;ecmtrcb ohial, c8Halk@LIRG-a0f], tSm@) hlhyd,eﬁ(@)ennylae:e(@)ﬁalkgg ﬁrml BO0atya Slmsm'muﬂgb
i 0/029 9CT/EP09061 00124] In one
oo I PR TR U paigenitond CESHORTE BT SiRB RoaReTOR AR Gty to
For mjb@64]a ©rydioRy’ r&trsits thelradical -OH.
[0065] “Nitro’ refers to the radical —-NO,.
[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 of:
halogen, -R”, -0, =0, -OR”, -SR”, -S", =S, -NR*'R*!, =NR”’, -CCls, -CF3, -CN, -OCN, -SCN, -NO,
-NO,, =N, -N3, -S(0),0’, -S(0),0H, -S(0);R”, -0S(0,)0", -OS(0),R’’, -P(0)(O),, -P(0)(OR*')(O"),
-OP(0)(OR™)(OR™), -C(O)R”, -C(S)R”, -C(O)OR”, -C(O)NR’R™, -C(0)O, -C(S)OR”,
NR”C(O)NRR™, -NR¥C(S)NRR™ -NR®C(NR*)NR'R* and -C(NR*)NR'R*;
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[00125] In another enbodinment, with respect to a conpound of the invention
according to Formula la or Ib, RL is Cl1-C6 al kyl substituted with hal o,
cyano or Woanmob119[ 00126] I n anot her further enbodi menPCTEPRIVINEEPRCt tO a
conmpound of the invention according to Formula la or Ib, RL is G -C6 alkyl
substituted with cyano. [00127] In one enbodiment, with respect to a
conmpound of the invention according to Fornula la or Ib, Rl is C3-C6

al kynyl . [001287herain cach Br't herR esnd |%‘f@ﬁlﬁepemlethYrespect to a conmpound of the

i nvention accordipg ng frE!J'ca 41%066- ?rﬁflh(bﬁalkvenfl Onycl[)aﬁ%?ﬁ?]lo'rﬁen%?ed

enbodi nent, with res 0 a colrpoun accordin
Formula la or |b, Rheiewc@iloalidl, éfllbyhemb[efﬁ@i@@l]oaltyh hom@awiiodionent , with

respect toaconpu to Fornula la or Ib, RLis
Me, Et, i-Pr, or 9 &dco B‘%Q@Rﬁtﬂ‘?{t (?ﬁr%&dl%sﬁ%g)dl ment, with respect to a
corrpound of the mveim(fh@rar;apdomdmglbbmdﬂmamlqa ICGa- (brcycb),alklﬂl or s4-Me . m¢riAca2 |
In one enbodlrrent t to 0 nventi on .a r,di to
Formil a |a or lefbgbERRE b P 8 TR B3 61CF ol TB I, FRuRBERLE
enbodi nent, w t h r e&pkexg‘z asubsttweapolind, dhloblhel, | meetiived &G-Cor bydnekybldyl, or
Formula la or sugftmt%ﬁ%gs%ﬂalf kox; gml)ﬁfl n anot her enbodi ment, with

respect to a corrpour]il(rtl1 | on ng to Fornula la or Ib, R3a
i s Cln @pargibiiyt enbubdistent substituted gﬂwﬁsaalr@subayaabwlﬂm biier @@ ,mdny chibetitydnts, partiilarg4vith

al koxy, 0 n_anot with respect to a conpound of the
|nve)r(11t| %Qbﬁé%lgrt%lmn%antl%l alr:gmho?e Sugsmuen%grgup R3a is am do. [00136] In another

enboqm@f]t ‘Pedflubror @d@eaded a0 a prad@mpount Dfrotiyh &ctermllett hadioge Gantls)Ng shid group
For la la or. IDb is amdo substituted wt 71, L.n one
bod eiien MR ik Bubedhe e BB e b FrR e e oA g e gelied
For Mbhkein) an @hich Al 1R3D/ dt@ehatoms heweaston replacél by Buorin@@h38] A particidar BT CiodR YL ,
wth respe to a conpound of the invention according to Fornula la or 1b,
m i SET00139] In another enbodiment, with respect to a compound of the

Iz(r)“{ 8 /r[g%s} al%%_?_f/ﬁﬂhdﬂ ggﬁtllﬁuolg%nﬁﬂghﬂbegﬁtﬁg Eub}sbtuerl?%h)ﬁlb Sr @}r?g&ﬁgrak&qwted frdﬁ? halo, cyano,
n_anot her .enbodl nt thr ect to
a coy Ypforp AP REA Y 8B ﬁ& P&RForN AR a (%p 'C@SA‘B 'S (556 -

al kleIf ia{@@m tiaj(@mmgthméﬂttﬁ,-(maﬁgtOR[ 0QA4dih, dgﬁh Rﬂ@ﬁﬂﬂﬁﬁen@éﬁiﬂ?@%l%ﬁfr?rﬁi{g gfib
respec ouna o e 1l nvent)] on, accor n O FOornmul a or

| o Bl [ BENT Uriraivt e (o o BamHRL HesiH -+ Gdpetce b VoS H The
l nverl'()'nﬁl’lﬂab@l‘é@ﬁét@ﬂoéb@l&alkyﬁ%ﬁ&dlﬁt ik an RfegbfronRB R 4;Sanam do substituted with
C-C6 al kyl. [00143] In one enbodiment, with respect to a conpound of the

i nvention actorddY ﬁlﬁytgé"“lﬁﬁopﬁﬂnbn}a&ﬂt?ms?lbesb?ﬁ‘é’sﬁ%%élﬁh%ioélfhwyﬂﬁl@ent| onis
accordi ng toe FQRfUA hdteroaryl, 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;-C; hydroxyalkyl, or unsubstituted C;-C; haloalkoxy or
hydroxy. Each R’ independently represents H or C,-Cg alkyl.
[0069] “Sulfo’ or ‘sulfonic acid’ refers to a radical such as —SOsH.
[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] ‘Pharmaceutically 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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| I wherein R3a, R3b, Rda , R4b, Rd4c, and ml are as described in any one of
t he precedi ng paragraphs. [00144] In one enbodinent, with respect to a

conmpound WO 20tve2dnvent i on according to Formula |1, Rde PST®PaO/0617a$ 0 oOr
nitro. [00145] In one enbodinent, with respect to a conpound of the
I nvention according to Fornmula I'l, Rd4e is cyano. [00146] In another

enbodi nent, with respect to a conpound of the invention according to
For miP@72]| , ‘PRrma¢eyti¢a]ly hexbepfabley sal0, reCis- @6 aaakty bf, a ogom@owi@s ohaheoaivintion (h@0i47]

0 0B RO T 1 ) S25E L SRR 1 8y LK
enbodn petitylarviuch salie sppeon-toxic may bhotgatic of orghrac pqd editiconaliscmd baicragdition salts.
For mg dﬂ“ Aa 1y,'3ﬁ91 éaﬁs &Elﬁde kﬂg&ﬂ%h(a ith é?iﬂ? fﬁﬁgg wltﬁ‘%f})?ganﬁl iﬁcﬁs Elﬁﬁiggﬁ?dlr(gc(ﬁloﬁc ac1d

nvent | on ‘accor
O C&yémkly)mlc gnd, Gilfude abid] whicleyid, pk[oslﬂmﬁﬁ]md rend tieurkeherfomrrd odibnagenjc amdts Iauch

r es pea% %6%%%(1‘3@%81&{99 i@ he %(Ql%lé AP @%%nt@&eﬁ%%n&gaﬁ@ g Sy%l{E”a!cﬂl biruviadid! 1%‘390 .

n anot urther”’ a COI’TpOU
t he mnrglem@lpmg agd,csgcrc@hm@ld aonalfio perdl| mealdi¢ aciR4amarss aeid, taytg@ic ac1d citric acid, benzoic acid,

2010/ %ﬁ@?ﬁgﬁ%&ﬁ QR REL3 Ehe ‘r%gcl %&, tnlla% aﬁ%c%m%ﬂéﬂéﬁﬂfomc%tdhmﬁ SeRGhi ha?

CO”DOU vention acco ornu e conpoun
i nvent3-ghanesliatfonicdicny 2thy d oy ethdeul iniozcidipen Qi fohicakid, Hrcwwbmzmeﬁs&mc

b as. dascy i Ve, : s
R R e R R R R e R e e
For mshaxé-civhoxyliciobid, Edd¢phipgoc adid) @-phwmlo@ aC@B trahétlyylacetic adtil, t@Bark Abighckiel |

001 t
| nvertonls s B SEUC B EAROR eyl Lbia” BARGEharkol RRCRAMDR fua Mire seig,
pr ef enucedic eqrthadil therike;wir {1 saledpaestl whon an whppmm pofsertt frethe parertcpopovofl elter vul a
I 01 6 d t
o5 e B gl i 32 R B RUD B P RIRE S AL SRR IEE futof Do BiReC
e nbodfvlﬁleimtorgaWCths erse@pa@ cthan@araing glipeoeldnint, ttlttbamhvem:t Nomﬂadgimamlrmgmﬂ the like.
For mﬁéﬁf &'gga kg&@%@&%@ & etaldfpid BYENEIR,! ForAGERT WiBlm! IeRLTIM, Aftnrhoffurl

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.

[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 general,
pharmaceutically acceptable esters may be formed with pharmaceutically acceptable acids, such as phosphoric
acid and ester-forming derivatives thereof, such as alkyl 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]-oct-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.

[0074] ‘Pharmaceutically acceptable vehicle’ refers to a diluent, adjuvant, excipient or carrier with which a

compound of the invention is administered.

15



| Va |

Vb wherein R3a, R3b, and ml are as described in any one of the

precedi ng paragraphs. [00158] In one enbodinent with respect to a conpound
of the irwennioomond Fornul ae IVa or |Vb, R3a is H, hal oPCEEee@9/ 036

al kyl ,

to a

conpound of the invention of Fornmulae IVa or Vb, R3a is H M, d,

or Cl1-C6 hal oal kyl. [00159] In a preferred enbodi nent, with respect

F,

CN or CF3. WD 2010/ 029119PCT/ EP2009/ 061733 [00160] In anot her enbodi nent,
with [%Edec‘ﬂ’rqdmga’ tnpeuerthpofinds hiscluding retiiafivesf of Fbe perhmends\vel the invelgionywhidhs 1

or2

Cnvent {' -l Qf%lll& gpou ?g%ch?{?gﬁg?9%\ﬂggég B%L&Fl gﬁ?spo?(%cai 901%&%9%@1%%81p?&nd& Q? &e

hal oahveytion {iuo 82 phdrmaceupieadly ectrviedn &ivb.o Giehesxamples inklude dpeor nt)tohrmteddtmdmlm@ of
3
E'ttgﬁ&hk]%{r%ﬁ%g\‘ ﬁ?ﬂ%}pﬁghrk @tel%r %1&%\{1?6 Vﬁﬁltg 0% %th'é{‘ea d%a]pld eﬁtelg\ing IEhecl:lllz(g' calb?%‘ig ]

I n ano

the i

to a compoun nventi on

For makidesteryzsutiate bMihosphhteiesiers., [00164] I'n one enbodiment, with respect to a

corrpcig Of ‘SE) ha?te’I 1%}’6 S tol\i;(ojr?ns&];t)’ a'zc&qlg(l)'luln \}1&11 altehagvg’%g Ca!l s(()) ve hl?su!ollsy lgfgt ICP Slsbed

accor
in anyacomre Tiﬁs pmscqjmsoedlqngnqhaieagyﬁnges bormig {Csnventidnall so]venty axlmde waten |eﬂ1a1®,l or

R3" i

am do optT1ona

ere n

C | | d.W
R R i R s G G B T P

Wi t h splestpé ot hytdmtal. critploe sdvaés indledd phvermcewicalbf ackgptabld @lvates.tdoeh a:solmdmmdardf
the I hee? J%nlcf?lge lb(?th %t(%)%: 1r0dI p g solQlatle:sO gn no%—s%(/){ijl 9’11636 %lvaﬁes f”em%m%% anc so¥\\nfa¥e
respect mfe he rnvention 0O S| , e Co oun

I nventilldn ca[sblacot csplzlnorg farexéoplorwhen Mg, or nWEx é&ﬂ)@@f ﬂ@@dlﬂ@lia@rm&l?ﬁ@@t@d ﬁﬁt]ha 33stal

lattice of the crystalline solid.  ‘Solvate’ encompasses both solution-phase and isolable solvates.
Representative solvates include hydrates, ethanolates 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 disease. 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 (i.c., causing at least one of the clinical symptoms of the disease not to develop in a subject that may
be exposed to a disease-causing agent, or predisposed to 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 to 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 disease 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. In yet another embodiment, ‘treating” or

‘treatment’ refers to modulating the disease or disorder, either physically, (e.g., stabilization of a discernible

16



[00167] In one enbodinent, with respect to a conpound of the invention of

Formula I, the conmpound of the invention is according to Fornula Vc.
[00168] Iwocenw/eaoedi nrent, with respect to a conpound ofPCThEP200006r783 on of
Formula 1, the conmpound of the invention is according to Fornula Vd.

[00169] In one enbodinent, with respect to a conpound of the invention of
Fornmul ae Va, Vb, Vc or Vd, R3' is H, halo, or cyano; and R3' is H [00170]
| n oneEmeinivddihirepipgicallyt (e-g.eséabdizatianoofzn physipd atkmstert hiebithy &g ifgihen pmRghiment.ae

Va V'E}ea‘u g” W“trygmelﬁsreléte% t(!_lslomééhg rog?amgn @ﬂﬁ‘e cﬁgbasé s H [00171] In one

nmbodi nen h respect to a oun the 1 nvention of Fornulae Va, Vb,
Vc or[0882] RS usp@ héseingthel teRB  canger Hetehrah @, madigna@6 orabckigh gra@ith chcala inodirkar|in besly

o700y 007 yb SRS GERRGA TR L PRl ey BETRRY ol [,
or Crancef @@@%Q]inﬂlm\atalntmdmem tissvio @dd srererd, (mpfasthsisel pbgant prgass, f@repouridtodfont.he
! nverftvk‘régl g n{)t'ﬁg [)I%‘H ag u%/eﬂ ’h61¥91 thev &rrg Ean},[g i (gl?(fépb(@ﬁ %e@a@tgtlcﬁ%moﬁrsceﬁtyﬁgg ?%cﬁé]s bllltn a

preferr odl nent , e conmpoun e tnvention Is accor nmul a
Vb whet BiniteR®;, maldor®g' lyraphe leplgRmES [fibtosaremay, Weabdpnebarqrexd andribwsipeyemta, artdhe

B e R A R R e e S L T S
f romanﬂ]eoremmﬂd@goﬁnqehé)rqast\p@mer, nndrfrasc e@wnblmm eanger, fe@ TAKET, astrac dapear.her
crood Ry DpESTROLAY SIS LD FILLER L5 DR Sl EoG g (V).
al kyl [OMstAs wteé deraintthe &rrg y@mmstg fisouspd Gr dm@c@rtymfesoh)abmldgh@ psls tRE rdceptéd or
Ltk T B0 e i S S i
per f lagari'akiigdcy, pferssto the abilityoof akpmqound t(ﬂ.l,ndIR:e ad»liol(&lca\]/\ﬂwmnp i §s ﬁlotehéair tggeh R7
:jisf ]E gﬁ%ﬁ ne%sgése IIIeIe?r{ %he tern\q'hantag%mst 152 used t§ dtesrzz%ge %%%le(%snd' tﬁattcn)%s %gtn]g?m\(f)orke a
biological response itself upon binding to a receptor, but blocks or dampens agonist-mediated responses.
[0085] As used herein the term ‘compound(s) of the invention’, and equivalent expressions, are meant to
embrace compounds of the Formula(e) as hercinbefore described, which expression includes, 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;-Cg 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 mammalian 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 unsubstituted 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 Cg alkyl, C,-Cg alkenyl, aryl, C;,-C,, substituted aryl, and C;-C, arylalkyl esters of the

compounds of the invention.
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pharmaceutically acceptable esters thereof [00178] In one enbodinent, it is
preferred that R6 is H [00179] In another aspect, it is preferred that R5
i s met hylworzomwdryilo [00180] It is further preferred thatCREPR&IPsSURYNYI .
[00181] In one aspect, it is preferred that pis 1. In this aspect, it is
preferred that R7 is O or F. [00182] Wen pis 1, it is preferred that R7
Is in the para position. [00183] In another aspect, it is preferred that p
i s 0.1008%) 184 uskd hérsingbntsrmlibgtoe edrant’ edders et compyuipkshdticogrivalkoylurag pongrtips a
tr| fl t | n f. 1 S
| BRRR bl RN Por AR PR B o BRREEL rub bk BIERE LGRS
cyanco;ompcvunﬂlcam [cont@n topk or amtmje n@t nﬂioaotivam]ss \Ahdnasqgfor sxéZr,lplfv,tdeutsrupn éfrepr @d

t hat bst | t 15 e e : |1 '

ot & G b TERRATT (Bsr e RAGALEGTIIB0ACH, § BRhRELGSh il
each sB@tijusiods maldp thenfotléveing etatve diheesmiresient, ingy prefethaelr efaaplecaythyR@génsmay be

that B LRGN of Kb AL AR Y xSt bR DG phEhARK 7 TS%%B@%S]
A pamaydgldatetnyingsirweifher the dkif kathrate bikicwak.|the nvaéEpt mby eclde @m piegaratym g rotpleat e
?:t erV‘an{}an%%?JadAsB%ﬁés ﬁqu%LtX 08 6(%98%15@9 \91@%%@ 1{1/;;0 wrﬁé)}/)ul@(fﬁﬁpﬁeal% (?fo?%h%r

em -succl nat e’ ester. aI’tICU
phar mad;/elumbsialtd ssecdgpbutioh @tUQm efhg Igdltomwv abiogesttetu@s,tle;r ’H,[00t@bpn- 14 ig '

anot Q?er ;aﬁg uséﬁl%ﬂ tg%?po?é \i}ﬁ\%&% of ﬂkﬁ%ﬁ%od} %Pp‘()&a%ﬁ aft RAPRURI o?‘?iet&é?l%n

i nvent I
20 10/@@@@1@@@@92@@ of oewe@hm&m sibpitutel wids pesitiopl emitgBg 6topdskenlybs ' Gr “FC30C6

al kgl e fo LGl ITRAIS MISUSHLLbAGE PETAUBRS LAt RYaRRe gne

or nore or a p rivative thereo
car bexguppsyest er, and preferably P(O)(O—|)2 C(=0) - (CH2) 2- CO2H, or

. _C(ngg% {\I!_ng%%(‘)ltolppgc’ l\fii%%btslo% a i:o ouné %ﬁ_lﬂ%ilen ?elknl((il)ﬁ r]]p (\)/\%deaﬁheﬁcg‘r%e%dlg%: r%\sleulé!’ P?t?% %ed
or sutysided uttednyvniplassed within thu‘smﬂ)efmﬁb(o)npounds 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 ‘stercoisomers’.
[0091] Stereoisomers that are not mirror images of one another are termed ‘diastercomers’ 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 possible. 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 (i.e., 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’.
[0092] All stereoisomers of the compounds are encompassed within the term compound of the invention as
used herein. A compound of the invention is generally available as stercoisomers at the sterecocentre on the
imidazole ring. The present invention envisages the use of either 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 electrons. Thus, two structures may be in
equilibrium through the movement of © 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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R7b is hal o, cyano, or Cl-C4 al kyl, which nmay be unsubstituted or
substituted with hal o; each R8a, and R8b is independently H, halo, cyano, C
i -C4 al kywo 2ew0i290p whi ch may be unsubstituted or subst iPCHEPdOOOP6BE OF
nore halo; R8e is halo, cyano or nitro; and pi is 0, 1, or 2. [00192] In a
particul ar aspect R6e is selected fromH and G -C4 alkyl. [00193] In a
particul ar aspect R7a is selected fromH, halo, and cyano. [00194] In a

par t iof tAutemetisp éscthe ®reand 9itQr faoms af rghyInifrometdsie, thet 28 Iyemisicdenmed bagpawent RAd i s
Cl- G4 .alkylse substituted by one or nore halo. [00196] In a particular
aspect Rr/a 1s CF3. [00197] In a particular aspect R7/b is selected from

hal 0,[0894dnclautnmed -feansainky Ibe nglsivaty torethe lbdainmenyedt the wpemaloehemidab réatiintieydarigly
one Qf - r S e -

e R pIRl P of & PAAREh Lo e R AL G RS RE KRR RO LBludes,
s ubsttha tagteeripyfommef dre compenndadisclosf®0199] In a particul ar aspect Rée is H

[ 00200] In a particular aspect Réa is H [00201] In a particular aspect R6a
is P(0)(01-1)2. [00202] In a particular aspect R5 is nethyl or ethyl.
[00203] In a further particul ar ETEHEOMPBUNDSpr opynyl . [00204] In a
particul ar aspect pi is 0. [00205] In a particular aspect Rfais d or F.
[00206] In a particular aspect R7fa is H [00207] In further particular
asped895lhefle @pseal kyéntign @ug pravidss fsidazolitliee donrvaia¢so geh methds fomlidapefyingsarfd,

In a further particular aspect substituted al kyl gro i : :
T R BT B b S L I L
par t iacerding @djpeunila bachwikBa, R8b is selected fromF, C, cyano, nitro,
trifluoromethyl, and nethyl. and R8ed,s selected fromF, d, cyano and
nitro [00209] In a particular aspect R8_QORH [00210] In a particular
aspect R8b and R8e are . In anot HEF e'rrent3 R8b and R8e are sel ected
fromcyano and trifluoronethyl,_ ang in| a /part; d?ﬁr enbodi nent, R8e is
cyano and the R8b is trifluoromethyh {B0RL1J~RyRégrred conpounds of the
invention are sel ected frdft "
4-[ 2, 5- Di ox0- 4- ( hydr oxynet hy
trifluoronethyl benzonitrile;

hﬁ,l"_‘z.%henyl i m dazol i di n-1-y1] - 2-

4-[ 2, 5- Di 0x0-4-(1- hydr oxyfrop 2 3- nehy1- 4- phenyl i m dazol i di n- 1-y1] - 2-
trifluoronethyl benzonitrile;
4-12, 5- Di 0x0- 4- (1- hydr oxyet hyl ) - 3- met hyd - 4- phenyl i m dazol i di n- 1-y1] - 2-
trifluoronethyl benzonitrile;

wherein

XisOorS;

R'is H; or

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

R* is selected from H, S(0,)OH, P(O)(OH),, and C(O)(CH,),;C(O)OH; or
R* is selected from C;-Cg alkyl, C;-C¢ acyl, and Cs-Cgalkenyl; each of which may optionally
be substituted with aryl, 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,-C alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C,-C, alkoxy; or
R* is amido optionally substituted with C,-Cs alkyl;

each R independently is halo, cyano, or nitro; or
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4-12, 5-Di ox0-4- (4-fluorophenyl)-4-(hydroxynet hyl)-3-nethylimdazolidin-1-yl
]-2- trifluoronethyl benzonitrile;

4-[ 4- (4- GNDanophenyl) - 2, 5- di oxo- 4- hydr oxynet hyl - 3- net hy PCRiE®a@olostBh- 1- y1) -
2- trifluoronethyl benzonitrile;

4-[2, 5- Di 0x0- 4- (4-fl uorophenyl) - 4- hydr oxynet hyl -
3-(2-propyny|)inid%szidin-l-él]-Z- trifluoronmethyl benzonitrile,;

4-14-(3-Chl or or@h@r&i)sﬂlﬂ, Bendproby 61 4~k entipedly lyhistigiodetithyelyangi efdhrlet p1di n- 1-y1) -
2- trifluoronet e a1 Eddoea : : :

4-[2, 5- Di oxo- %_e%%lylgr e {)1‘540? '“fl?&?cr%i“ﬁuff-‘ﬂfh Faryl i dazol i di n-1-y1] - 2-

trifl uor Omhrﬁ/ i, BehR G i ipqle]pplgént{yﬁ){,_halo, cyano, carboxy or nitro; or

4-12, 5- Di 0XO0- 4-{ liy ArOXYTRINK! e iRy & 4 ROSIYNE 4820kl Radk ¥ hhh may
trifluoronethyl benzonitrile;

4-[ 2, 5- Di oxo- 3-optionplly e fulstituteckppneeioy mpredaloherfytGotilkdgy;ol i di n-1-y1]-2-trifl uo
romet hyl b%?zfgn'aﬁ({ 'Rl‘“eére joined together to form a 5 or 6- memberedhc cloalkyl, 5 or 6-membered

4 - (4- Cyanophenyl) - 2,'5- di oX0- 4- hydr oxynet hyl - 3- net y¥|n1 azolidin-1-yl)-2

-[4

'E rif 1 uorheiercysioaieh 2omotmgmbgred aryl, or 5 or 6-membered heteroaryl;
-[4-(3-CM@ngHQgQ%%};g;@ﬁp5950-4-hydroxynethyI-3-nethy|inidazolidin-l-yl)-z
trifluoromethyl benzonitrile; 4- [2, 5 -Dioxo-4 -hydroxynethyl-3

- met hyl - 406138 0t k.jof 2.uor ormet hyl phenyl )i nmidazo lidin- 1 -y1)-2 -

trifl e itrile: . . . . .

1 (o BT BRI AT PG Biyetion providey a gompoud pf fhe vt accopding o Formuls T
i one:below:

4-[ 2, 5- Di ox0- 4- (hydr oxymet hyl ) -3-(1-
-2- trifluoronethyl benzonitrile; xi&z
- Cyanonet hy1- 2, 5- di oxo- 4- (hydr oxyngt h
trifluoromethylbenzonitrile; 4-,[25
-(1 -propynyl)imdazo lidin- 1":yl]

- Nvﬂ\@/ 2,%- Di oxo- 4- hydr oxynet hy1- 3
Iixin- 1 -yl)-2-

hyl et hyl ) - 4- phenyl i m dazol i di n- 1-y1]
Ar29119PCT/ EP2009/ 061733 4- [3
enylim dazolidin- 1 -yl] -2-
3roxynethy|)-4-pheny1-3
(Regt hyl benzonitrile; 4-
1

-y1l]-2-trifluoronet hyl benzoni
-nmet hyl -4- (3 -net hyl phenyl )i
trifluoronethyl benzonitrid,g’
[ 4- (2- Chl or ophenyl) -2, 5- di oxo- 4- hydroxynet hyl -3 -nethylimdazo lidin- 1
-y1l)-2- trifluoronethyl benzonitrile; Ib

[ 1- (4- Cyanqg- 3-trifl uoronet hyl phenyl) -2, 5-di oxo- 3- net hyl - 4- phenyl i m dazol i di
n- 4- yl ] mety¥I°4i hydr ogen phosphat e;

4-[1- (4-Cpap@ &9 ri fl uoronet hyl phenyl) - 2, 5- di oxo- 3- net hyl - 4- phenyl i m dazol
di n-4-yl ] net hoxy4- oxobut anoi ¢ aci d; and

(2S)-1-[ 1R 2 no- 3-tri f I uor omet hyl pheny1) - 2, 5- di oxo- 3- net hyl - 4- phenyl i ni d
azol i di n-4- yl ]R8t baeyed3tonel lay hhd, QX0 RYEIGIKyZ,- @NT NIk € k- 0F; hlteayl 4and[d,-C,
-(4-Cyano-3 -trifluoropethyl phenyl)-2, 5-di oxo-3

- met hy1- 4- phenyFYnaah oy high mev orfiopss B o XAt YAl @neyerjrppre halo, hydroxyl, or

(S) - (1-(4-cyan@ Fhlkoky;| uor onet hyl ) phenyl) - 3-met hyl- 2, 5- di oxo- 4- phenyl i m da
zol i di n-4-y] ) et hyl di hydrogen phosphat e;

(S)-4- (1K 48 é%}%?%ﬁ?-f%‘)ﬁ(lflﬁ(PP(&é%ﬁﬂ%@>§%E®Q}Q@%t hy1- 2, 5- di oxo- 4- phenyl i m
i dazol i di n-4- y{?) metdxy) frdm xohULEN0ia eLCdalkéRN242h loh vaner arbagiiomny deche
conpound of the invention according to any one of the enbodinents herein is
not an i sotopi Subshputed,yyith amino, or carboXy; nl is 0,71, 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,-C alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C,-C, alkoxy; or
R* is amido optionally substituted with C,-Cs alkyl;

each R™ is independently halo, cyano, or nitro; or

20



[00213] I n one enbodi nent, with respect to Fornmula I, the conpound is

sel ected fromthe conpounds listed in Table 1. [00214]1n one aspect a
conpound w0 20tv2dnvent i on according to any one of the embodiPaeaisi7Ber ei n
described is present as the free base. [00215]1n one aspect a compound of
the invention according to any one of the enbodi nents herein described is a
pharmaceutical ly acceptable salt. [00216]1n one aspect a conpound of the

i nventi on accorcaéhiy” isandspgndemly GfCstabel entiberdly wabstigitedevidicsandeerdrlobed i s a
solvate. [00217 ORE L ARP t vention according to any
one of the enbgg#ﬂ%ngg'hergﬁﬁn%g%grl |£§%ﬁ§§?§2te of a pharmaceutically
acceptabI@W§d$fandB@mﬂ@%@ﬁ@@@bﬂ@P@#%EP2®@9®@6T¥33N$9@218]V%lIe specified
groups for each,GrRodLipat RANEAEHRAL,HAGT disStad, ARRYE SEPET R ¥nayd
conmpound of the i nvention includes one in which several or each enbodi

in the above fomhwwﬁyb%%mﬂEW¥d@%m@phé@“ﬂ@bnwﬂaékﬁﬂ@§3nted herein, is

sel ected f.qm GRP ROT IOt WAL ) TEHDE ofber®] BUASIIRSS 9L bercd
respectively, for eachvaria herefore, this invention’is intended to
i ncl ude aﬂkwﬁﬁﬂﬂWWatﬂdﬁéI@ﬁﬂﬁﬁéﬁménbééfﬁﬁﬁﬁ@@@ﬂhﬁﬁﬁmvhs scope. [00219] The
present i nventign gﬁp&hg@§ahye use of a conpound of the invention as
defined above in ? he prophyl axis or treatment of cachexia. PHARMACEUTI CAL
COVPCSI TI ONB! [s00220P- When enpl oyed as pharmaceutical s, a conpound of the
v 1 of B o ACHH B8 1 Ll Bud 6 R ReBUAL ISR IR 10 X i
conp S|t|on nposi ti can D& prepared in a manner we known' i n

t he ﬁharnaceutlcal art and conprise at Ieast one active conpound

Sﬁg?:{a t 10 é)l‘n? er;rlgl())(#é? en? \&\//1%1 rgs e(g\{(%e x | Or})utl otqg(%n nv#n%fnﬁ accordm § t(g‘ ﬁ(c)irméﬂat Ia oir Fb R
adnlnsHtered mnll typically be deternlned by a phy5|0|an in the Ilght of

h h b
R L R R S R R A T

vei g™, isafebriesponse of the individual patient, the severity of t he

o DO ) A B b et ob EAERFErlo AT B M OF " GBS oGP o o 1o

rect &’ isCr-apsider mal , subcutaneous, intra-articular, intravenous,

intr | ar, and |ntranasal Dependi ng on t he |ntended route of dellvery
the Ett@&t nid Tether frabq Htfélﬁﬂl%lﬁesat% 45 ‘é’F@P‘é‘tﬂ qf thegpyfiiion asgerdige i fqppla Ia or Ib,

i nj eq’ableveriorer.al conpositions or as salves, as lotions or as patches al
for transdernal adnjnistration. [ 00222] The conpositions for oral

admi AP&E024 ¢ Inore embpdimgs Yitkaeast e HEOTHINRA pf thyiingensien adcpising to Forsiidla s toRs |

or byhkrRPAVGEIS! 10 MR (FRAFR By Noprdp VeV lcloblihErife0OMPOSI ti oNns are presented in
uni t do%§$e forns to facilitate accurate dosing. The term"unit dosage

f or md 001031 elnong gmbpdimpriavity regpest roet eonyrviund of thie tialishiéongascerding &¢ §orgmdealgess 1b.or
human, §UP» geitse apd ot her mammal s, each unit containing a predetern ned
uant|t¥ of actlve mat eri al calculated to produce the desired therapeutic

ef f ed00104h lazsabirgmbodimeiit Wltlarewctttablcem]pﬂmad nbibe ivertiah aeeuiing te formujeehi BT & or

carriperg [ 0 c I a | es

o sy B QUKD CPE P (R L CEhH Suloflin) hc o BURREESHE FEVPIR S
I|ke2mﬂ(wh@h6a§emmtm@b@ﬁmnﬁbﬁp@@mnmwdamhhmmwu@hhumhpositions the active

conp of...C ent rom 5000 Ypoa

wei gﬁp@thI] [S)IPe ('Se{rﬁéargf{iboql?l(e)r}ﬁ ath %%H%%q a corg%ou{ld %5/9 glveann as%] Sda %0[ Ir”FI IIB, R™is

r emaithaeP(hedthg ov &i- C@wyl (wehidhal 6% a0yl negopiierBy wbqumuexb\sﬁh ngtnalcdrsbom)l pf ul

R R R e U o

buffahakaEgB@ﬁ&@Mggdﬁmﬂwdmmhans|ng agents colorants, flavors and the like.

Sol i may. i ncl ude, for exa he follomnn or
comp AT o TRk e G R s 6 Tiiosciby g FHRERYBR S
2010//0219 £1-2P6eh G204/ 06133l il dbthQSecarlitin t ragacanth or gel atin; an
exci pi ent such as starch or lactose, a disintegrating agent such as al ginic
acid, Prinogel, or corn starch; a |ubricant such as magnesi um stearate; a
glidant such as colloidal silicon dioxide; a sweetening agent such as
sucrose or saccharin; or a flavoring agent such as pepperm nt, nethyl
salicylate, or orange flavoring. [00224] Injectable conpositions are
typically based upon injectable steril2d saline or phosphate-buffered saline
or other injectable carriers known in the art. As before, the active
conpound in such conpositions is typically a m nor conponent, often being
fromabout 0.05 to 10% by weight with the remai nder being the injectable
carrier and the |ike.




[ 00225] Transdermal conpositions are typically formul ated as a topical
oi ntment or creamcontaining the active ingredient(s), generally in an
anount rawmgi2zog/f2eam about 0.01 to about 20% by wei ght, pcefePe@dloy1783 om
about 0.1 to about 20% by weight, preferably fromabout 0.1 to about 10% by
wei ght, and nore preferably fromabout 0.5 to about 15% by wei ght. Wen
formul ated as an ointnent, the active ingredients will typically be
conbi[AEH8hi Infanegsherisambodimpaty with jeppect tora campeitng of thie swvichtfica agéanding et Fobagle Ja or Ib,
Al terpatiyvely, the active ingredients may be formulated in a creamwth,
for exanple an oil-in-water cream base. Such transdermal formulations are
wel | (A0S Innnethe canbbdismaat, wetines@kd tp aicamperohd o thd iitvientival ac¢andjng thi Fentrsla fzoor Ib,
enhaqge %h% gﬁmnp penetratlon of stability of the active ingredients or
forhula 4 such known transdermal fornul ations and ingredients
ar e i[oel 110¢Ie1d avﬂntlbr antbdalen@c; ofith resbedt i Scanpwent dfolie. in{edBd2GEording tocCiumipol ids 16
the i ye al so be adm nistered by a transdernmal device.
Acco g*ggﬂtgggsdernal adm ni stration can be acconplished using a patch
eit hE{OOHfl] tie ffiEe EMBodimext, it Rigcite ako@ap@int ¥ Phe irventh adcosdihd @ Avainglh Xa, R*
vari et 00227] The above-descri bed conponents for orally adm nistrable,
|njedt%ﬁ’ “or topically adm nistrable conpositions are nerely
r epr §0eN2qt in\Both&XechBbdiBitEW itltdeSpcdiSto Webthp sd B BE 85 &itidE atREdMY 16 WesmAE, R he
like are set forth in Part 8 of Remi ngton's Pharnmaceutical Sciences, 17th
edi t i%H)OHogs (ONRER- Publ i shi ng Conpany, Easton, Pennsylvania, which is
i ncorperd) ed AAGh&IhbBYmERS RfieRGRet b R&ARund B?th@ ARBRMA A oRfind (D€ oinRYLAL RBR
can also be adm nistered in sustained release forns or from sustai ned
r el edgbaneaytigalviagepipbls jdt f#60)@descri ption of representative sustained
r el 3o IR fizhithe ofiBien Qidyicbt (S THAAKAR o FHERAETRE Stbidh 1o P RACESR™ i
[00229] The follow ng foriul ation exanples illustrate representative’
pharﬁﬁ@é@Nﬁcal conpositions that may be prepared in accordance with thls

par o0 oG R R S {3 D8 PG s b Bt BosEliulso Et Pt €09
- Tall(@xeH):00230] A conpound of the |nvent|on may be adni xed as a dry
Pnome[b% #DE h.[{l an(?tflét egl%oc? t[nlerrl][ \tx)/{t espe to a com (F))u%d 8%(1 thnq‘rgveé‘nttlonz V(\)%!hg h%o Pro%nflhla Ta (;')61’ IP re

nor neS|unis eara
IS fdfhednwnbmﬂﬁﬂﬂmﬁm&aHQMMabqu$kﬂﬁmoﬂﬂomﬁﬁbt actlve conpound per tablet)

oD GRS b G B R SRR o e TR R R of ik for 1,

appr ot igRt@(ANd),.wei ght ratio. The mixture nay be filled into 250 ngy

caps 5 of active conpound per ca For nmul at.i on Li qu

[ 0624867181 B pdirmr i O BN O oS! Mk BB PRE G E BB
(1.758@&(ﬁmmcﬂgﬂthgoﬂgmmhﬁ4snglzamd t he resultant m xture may be bl ended,
passeggiﬁy . 10 mesh U S. sieve, and_then m xed with a preV|oust
made { i Iaﬁnettlerrﬁn@?@eﬁ%wat [osRFet i@ PP e oA IRGHIRACERTiBD iy s fa or Ib,

ceIIq¥0§ex%ﬂ@ &%,-@0)om) in water. Sodium benzoate (10 ng), flavor, and
col or _are luted with water and added with stirring. Sufficient wat er

t hen [BRI204 dagnothe smbedimentnyith wegers tejasamp e of the dnvepfen agediae tod oppda lrce Ib
tot aIRW@wﬂtanﬁtceéwahy ac%gftamlg attlop@(db mEablcedoH.00233] A conpound of the

i nvention may be adm xed as a dry pomd%r with a dry gelatin binder in an
appr dO91{ elnrn@hwn@h@mp@t Vish respogi ta@rcompemd f 8k invspfragicenidisg wdtoamda laordbded
as a}?“@ﬁ:@ﬁ@ﬁg}fhﬁcﬁbﬁéure is formed into 450-900 ng tablets (150-300 ny
of active conpound) in a tablet press. Fornmulation 5 - Injection [00234] A
conpd 0?26 f Intaheshirrpubpdiinent, witly rebiecdtio s sompeud of ths isgetirdedcedrdingtolfief el édor Ib,

st erifeg @ﬁ b ﬁctable aqueous nediumto a concentration of

apprOX|na g ﬁ% fL. Fornulation 6 - Topical [00235] Stearyl al cohol (250
9) ar{ﬂﬂb23\}\/nlintaeotb@ftembb<amamn VRbOsigrt trmycotnpouns |of ehd imentatncuator dibgxodivdmalh é&nordb,

m xt 28, g %aggqg of the invention (50 g) nethyl paraben (0.25 g),

pr opy par ? sodium lauryl sulfate (10 g), and propyl ene gl ycol
(120 g) dlssolved in mater (about 370 g) may be added and the resulting

m xture is stirred until it congeals. W) 2010/ 029119PCT/ EP2009/ 061733
METHODS OF TREATMENT [00236] The present invention relates to novel

i m dazol i di ne conpounds whi ch nodul ate the activity of the androgen
receptors. These conpounds may be of @8e in the treatment and/or prevention
of a nunber of disorders as will be discussed in further detail below It
w Il be appreciated by a person of skill in the art that the activity of a
conpound of the invention as an antagoni st (conplete or partial) or agoni st
(conplete or partial) represents a continuous spectrum Therefore, whil st
sone conpounds mnll be cIearIy agonlsts or cIearIy antagonlsts sone

Y D T T I T ey e T



[00240] In a further enbodi nent, the present invention provides a nethod of
treatnent and/or prevention of age-rel ated di seases including, but not
limted two=ariepani a, conditions of cachexia and nuscl eCir@Epgomocireed by

di seases including, but not limted to, cancer and AIDS, bone and joint

di seases, such as osteoporosis, W 2010/ 029119PCT/ EP2009/ 061733 reducti on
in libido and sexual dysfunction, or anem a, said nmethod conprising

adm P82 | Ingnt embodsmbit.exith respecided cothpad pf the itvertmpeatordiag toyF oufile &t ¢rib, R'
annuq{Hof a conmpound of the invention or pharnmaceutical conposition of the
invention. In a particular aspect of this enbodinent, the conpound of the

i nverl09123] i ls aa@;bﬂiesfoodimem witltlresigrontio stcbmpeuand of ihs tinvofitidnirecoldRngto Roveula Ia or Ib,
phar GE t C 0 [ $854an agonlst or m xed agoni st/ ant agoni st
of tﬁg A &zﬁﬁ%%%%ahéd“mgﬂgnbgk(”ﬂ O)fhe present invention provides a
corrpc[(lmm)flntahaha:rrﬂnelm k@bodigent, Usich lleﬁpebthe abaipanidiod thedmethtion dcc@dingwnForaiila

andr pe h as prostate cancer or hyperplasia. In a
partﬁ%ﬂ?@r %Eé@ lggsﬁﬁlgm@ %&VW@ht a conpound of the invention is an

ant agooi2y] @font Bi@bditnert 0A@Apetino @ cf)rblpduﬁi& of @ehedhtimantcordiRetooasenta or Ib, R’
inventéog rovjdes a nethod of treatnent and/or prevention of

andr dyen é¥dent tunors, such as prostate cancer or hyperplasia, said

met hqgo LX3MDlhiaFhrft@r SHFTANh A SFTNNEpEQ (P SHoBRE oFiR: IFRAGkE 4eesr@8@ak tAFormula Ia or Ib,

t hera eutlcalkX%effectlve amount of a compound of the invention or

phar onposition of the invention. In a particular aspect of this
e nboc[notmg , Into€ crROSTRAALHR Aviflf redpR@ th BYEMSIuAR of Bic ARERDARLSEIRS totHIEMANRILS: 15, ht@
phar maceuti cal conposition conprises an antagoni st of the AR [00243]

one dspeet2lbhe present invention provides a conpound of the invention mhlch
| S 206 LAENNRE SRDfimARLARORIEL BECORNRD of e AR RRGBRiFPI P Afa b ofth, R
above wherein the KSchi'ld val'ue is below 1[L use I n the prevention or
t r eatinlintEtofPragrdrgen- dependent t unors, such as prostate cancer or

hy per[@b aI‘n a[ﬁQ@% Zl'[llbddﬂne(l)l? %vn%%psggét td J‘&n@o&&ﬁ tthe i e'ﬁﬁ(;ﬂ a%@orRl'thd IQ) ul@ Iep@rtIQOd
of treat nt and/or prevertion andro ependent tunors; suc
prosﬂhu@Mcancer or hyperplasia, said nmethod conprising adntnlsterlng to a
subj eed thereo a ther eutlcaII fective a und of
the NIOLIRT, BRRELbORERTY ot SRSAREE ARy iS5l 2 TR o FhmBiE R P B
conpoqummfcwme<unment|on |s an andr ogen receptor antagonlst wherein the

o e e do S Vi raer B S T R R AR R rou R R B b o

ntxed@agoh{$hmﬂntagonlst according to any one of Fornulae |-VII above

wher e ECs sehild val ues are both _hel ow 1[ LN n

pr evihﬁ%‘:ﬂ Pn‘ttﬁeéét‘t%@ﬁtneﬁf WHRY BSOS tataéama?@étézéﬁ@ VY d‘lc‘if’écfh%t?t%s FfB‘tla 4 ?ﬁeﬂP’ed
t o sa’tioPEe) akylcabdididdania tafo, cpahextahansckyles cl-€, dRss. i nduced by dl seases
InC|qui§% but not limited to, cancer and Al DS, .and.bone and |

di sed | Saepothe cpepdmpyr Bl Esperiqdeemparnd ot e HVGHI%RGC%‘@R%QI FO&%@ ihettPon,
or anenkamid00246] I n one aspect the present invention provides a nethod of
treat ment and/ or prevention of age-rel ated di seases includi ng, but not

li mi tIBQ136h lsapetbpenbpadimeynyith resnsst o compeiad o the iy cpiipprerdiag ® Formye &gordy.
di segses ahiielstsdtifeed Wathtc fQtayl. M ted to, cancer and AIDS, and bone and j oint
di seases, such as osteoporosis, reduction in |ibido and sexual dysfunction,
or alBM3] Isanecmbadimaent.oGpeiPsitiiga aemionndefhe ingertion accerdisjede Forinmlmie@g b, R
theregﬁﬂgcﬁggnggﬁHtlcalIy effective anount of a conpound of the invention
according to any one of Fornulae |I-VIlI above, wherein said conpound of the
i nverd0938] i ln can cabadinogenvithaewpttde a aguamvivsd ofghe imivsngign agronlingtto Formmlaalgonibs m1
mhere%g t he EC50 and Ksehild values are both below 1[LM WO

2010/ 029119PCT/ EP2009/ 061733 [00247] Transdermal doses are generally

sel ed0eBN olnpn«zthctrd:elbscilimbﬂltawitlmrespeoWera chinpadhd o€ the lisvettivmracar éngotioeved Iugihg
|njqut sg [ 00248] When used to prevent a sarcopenia condition, the
conpoun hls invention will be adm nistered to a patient at risk for
developlng the condition, typically on the advice and under the supervision
of a physician, at the dosage |evels described above. Patients at risk for
devel oping a particular condition generally include elderly people, whose
nmuscl e mass decline results in the loss of notility or nore difficult
nmovenents. [00249] Wen used to preved® an osteoporosis condition, the
conmpounds of this invention will be adm nistered to a patient at risk for
devel oping the condition, typically on the advice and under the supervision
of a physician, at the dosage |evels described above. Patients at risk for
devel oping a particular condition generally include elderly people, whose
bone density reduction may cause increased fracture risks. [00250] When



[ 00258] I n one enbodi nent, a conpound of the invention is co-adm nistered
wi th anot her therapeutic agent for the treatnent and/or prevention of |ate
st age remaD 2brid2erie | nduced cachexi a; particul ar agent s PCm@EPa@e/0b1LT83 ar e not
limted to ACE inhibitors (Captopril, Zofenopril, Enalapril, Ram pril,

Qui napril, Perindopril, Lisinopril, Benazepril, or Fosinopril), angiotensin
Il receptor antagonists (Candesartan), vitamn D3, or calciumassociated to
phos d88t49] binpdethg cmpod269] wBy resectid micningeund of the invsntiongicerddiog wriiermela fesordb,
del i veri ng : . C- agents to the patient as part of the
sam\{fr%g?%%%ﬂy&g%%%\%@q{ﬁ@?% !é' apparent to the skilled person. Wil st

t he t[0@l4d] Inenehagehbdimamywilercsghoi toiasbmpachdof thalitvaneoustoydingitodt osiulg llzor Ib,
for”1ﬂ3laf[si1?qndot his is not essential. The agents nay be adm nistered in
differeff tornulations and at different tines. GENERAL SYNTHETI C PROCEDURES
Gener[80142]) 0@ 26& her Ehdodimmupuild sespakt thheompaad ol i iivantidaec@irdipatodtbrivilom or Ib,
readiJ;y. avaj | abl.e starti erials using the follow ng general nethods
and olééna’ﬁpéﬁbsn}ufe l{hldlggaﬂ%i)reci ated that where typical or preferred

pr ocg06143¢niicht eMSodither®. with' repeétit®@f céByGued aft thE BSentibh BRS:didab Eofmafld RSr Of, the
reactants, sgl vents, pressa,res, etc.ilfare gi ven, other process conditions
can &PLBouyd of b fpvanjoadsaceerfing i emuadk ed. Opti num reaction conditions may
vary WD 2010/ 029119PCT/ EP2009/ 061733 Wi M t he particul ar reactants or

sol vent used, but such conditions can Pe determ ned by one skilled in the
art by routine optim zation proce@ures [0 ddi ti onal | y, as will be
apparent to those skilled in tRE ary, co a(B?:g))rot ecting groups may be
necessary to prevent cerRasn fynctipnal ofhder goi ng undesi red
reactions. The choice of a Ftabl gy pr oNegpé ng group for a particul ar
functional group as well as abl e Yonditions for protection and
deprotection are well known e arl. For exanple, nunmerous protecting
groups, and their introgucti o and renoval, are described in T. W Geene
and P. G M Wits, Protecting Goups in Oganic Synthesis, Second Edition,
Wl ey, New York, 1991, and references dited therein. [00262] The foll ow ng
met hods are, presented with details as to the preparation of representative
compoUNEN Rhdt > Rav8 bR erffl e asersHieicePsHiB 8Weone AT 5 REFSEARE RIS i nvent i on
ey heo e P@aree ofhbainknOWih Rsp &P TINEEGHRLAY 0P il A @é@aih%ﬂgmaﬁlﬁrm,ai“s isand
reagents ]&){ one skilled in the art of organic synthesis. [00263] All

r eag MY, B eOIgE'Commer ci al grade and are used as received without further
puri froGR#s) R onk B SEmEH NG S Foch [oBd Ehnp oRITDEILE liRlchtonRIriAD kL FRIMAT, ALS 55
solvents are used for reactions conducted under inert atnosphere. Reagent
gr adeydwl vents are used in all other cases, unless otherw se specified.

Col u y il - - i THi o

oy eV LE LR SRS EH e Ao P9 AC oy Blich 3ot & EimuI 10" i

pl at &b hilohivekmn €s€s BkPA5ortmCshrloNkR. spectra are recorded on a Bruker DPX 400

vepon Py rinaasper! Aaba O v RATLARS 3hhb of Bt Bk R EBFERA, T o)

or tH8, B ofiti:at e resi dual sol vent peak, i.e. CHC13 (6 7.27), as internal
refer . ltiplicities are given as single S doubl et. tri (T
() TR bR bt P e B3oBertp 5] a b Bt Elpar b 1 %5

gi vens Ch. Hz. El ectrospray mass spectra (M5) are obtained on a M cronass

pl at f spectroneter,. Columm used for all LCMS anal ysis: ogplith
Ber 1 JPOERS eSSBS s DR Rt RO TR St RS T Ur R e
f ol | amiongyafys, @GHCR Blky1, SO M&HaloAikyIMeCN, sol vent B: H20, both sol vents contain

0.1% ic acjd. Gadjent: 100% B to 0% B fr 0 to.3.5mn; 0%B from3.5
to 4.[[%8{#5:11;111@0 gt i@g@fiﬂee%‘w# Lgsngcl tg a £oP oA ;O?%e%egl%aa?ﬁ@%t%@f@ulﬁ#h REl ow

rate;is@ &P/ mn List of abbreviations used in the experinmental section:
DCM  Di chl or onet hane Di PEA;. N, N-di i sopropyl et hyl am ne MeCN Acetonitrile BOC
t er t IR oeyreethes digher pvRoRINR. oV itteichRePt B Rreampetind of the invention according to Formula

I, R*is H.
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TFA Trifluoroacetic acid NVR Nucl ear Magnetic Resonnance DMSO

Di et hyl sul f oxi de DPPA Di phenyl phosphoryl azi de LCVS Li qui d Chronmat ogr aphy
coupl ed twoNBrg2Bpectronetry PPm part-per-mllion Fr frecrapP2eoso3Rt
retention tinme s singlet br s broad singlet mnmultiplet

[00152] In one embodiment, with respect to a compound of the invention according to Formula II, the

compound of the invention is according to Formulae II1a or I1Ib:

OH OH
3a 3a
0 R 0 R
R (R®)_, - (R®),_,
D/N\“/N\Me D/N\H/N\Me
NC O cl o
Illa b

wherein R* R™, R™, and m1 are as described in any one of the preceding paragraphs.

[00153] In one embodiment with respect to a compound of the invention of Formulae I1Ta or IIIb, R* is H,
halo, cyano, C;-Cg alkyl, or C-C¢ haloalkyl.

[00154] In a preferred embodiment with respect to a compound of the invention of Formulae I1Ta or ITIb, R*
is CL, F, CN or CF;.

[00155] In a more preferred embodiment with respect to a compound of the invention of Formula I1Ta, R™ is
CFs.

[00156] In another more preferred embodiment with respect to a compound of the invention of Formula I1Ib,
R™is Cl.

[00157] In one embodiment, with respect to a compound of the invention according to Formula II,, the

compound of the invention is according to Formulae [Va or IVb:

OH
, OH
(@) R R3a
©Fs N.__N~Me cl \ ™
\‘( N ~Me

- o h

Cl O

IVa
Vb

wherein R* R™, and m1 are as described in any one of the preceding paragraphs.
[00158] In one embodiment with respect to a compound of the invention of Formulae IVa or IVb, R* is H,
halo, cyano, C;-Cg alkyl, or C-C¢ haloalkyl.

[00159] In a preferred embodiment, with respect to a compound of the invention of Formulae IVa or Vb,
R*is H, Me, CI, F, CN or CF,
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d doublet Mp Melting point rt Roomtenperature Rt Retention time TEA
Triethyl am ne GENERAL PROCEDURES:. General schene: [00264] Conpounds of the
i nvent i orwoayioaesppepar ed according to the foll ow ng precedwe@s/o6ives hod A
Schene 1 WD 2010/ 029119PCT/ EP2009/ 061733 0 Br HCOONaCHO,

-(R3b)m (R3b), (R3b) m aEt OH H20 R3aR3 | a2aP = protecting group3a

[00160] Inanother embodiment, with respect to a compound of the invention of Formulae IVa or IVb, m1 is
1or2.

[00161] In another embodiment, with respect to a compound of the invention of Formulae TVa or IVb, R™ is
halo, cyano, C;-Cg alkyl, or C-C¢ haloalkyl.

[00162] In a preferred embodiment, with respect to a compound of the invention of Formulae IVa or 1Vb,
R™is Me, Cl, F, CN or CF;,

[00163] Inanother embodiment, with respect to a compound of the invention of Formulae IVa or IVb, m1 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 Formulae Va, Vb, Vc or Vd:

R3c R3¢
OH
o R3a R3a
C FsD/ N \‘( N el M e
NG O
Va Vb
R3c R3c
OH
o R3a R3a
Oy
o 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,-C alkyl optionally substituted with cyano, or halo; or

R is amido optionally substituted with C;-Cg alkyl.
[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 one 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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HN y NH 04a Met hod B Schene 2 Exanpl e 1:

442, 5- Di ox0- 4- hydr oxynet hyl - 3- net hyl - 4- phenyl i m dazol i di n-1-yl ] - 2-

trifl uorowethytengonitrile (Method A) Step 1. 1-Phenyl PRT(EP2g000pERY| OXY)
et hanone [ 00265] This conpound is prepared from 2- hydroxy- 1- phenyl et hanone,
according to the procedure used by G A Ml ander and J. A MKie on

1- hydr oxy- 2- but anone, J. O g.Chem (1995), 60, 872-882. Protection step
(opt i[6OEA7) : In opo ORGE[Menhyrdtharspe@ 1hutamoned efdie ipeenprooidoreda bythacowmpirstof thef
wel | . . { to routine procedures well known by the man of
ski | |I@ﬁ%ggcg?&t%ﬁlgg‘gf&{éjgg% e, Y

2- (t dPOLa8lIt nlond pmistdingdng iwitirgdpect yo a donptoemi/éf-tiet ineemo meofi Boroth &iteechmpound of the
guant.it at i vel 1 Xin - hydr oxy- 2- but anone, tBDMSCLl, and i m dazole in
DVF (“%Vee%mrnel? a“%ﬁk)%?{lg%%(%mﬂ%fl\éetr?rredi ate is then used as described in the

f ol | qOA 69| Sheps cmiSidapen? withrEpemyd a @n{ppuaind iyl ioveydiondfdasmalld i) &b 2y GerdV d) RE

[ 00267]).0. 775 of 1-phenyl -2-(2-propenyl oxy) et hanone, 0.575 g of potassium
cyanilﬁ%’olgodo %énoga%q‘ﬁg ni um carbonate are heated to 55 C for 3 hours in
23 mjoef709 QLhSEmRidhadme Withatspect i XdouipeundldTehcrigaatiénadT FoMflae Va, Vb, Ve or Vd, R*

2010/, 089 B 1Ehaa, o173
[00171] In one embodiment, with respect to a compound of the invention of Formulae Va, Vb, V¢ or Vd, R*
is H; and R* is H, halo, C;-Cs alkyl, C;-Cg 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, CI, F, Me or CFs.

[00173] In a further embodiment, with respect to a compound of the invention of Formulae Va, Vb, Vc or
Vd, each R* and R* is H.

[00174] In a preferred embodiment, the compound of the invention is according to Formula Vb wherein R**
and R* are H.

[00175] In another preferred embodiment, the compound 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 Table 1.

[00177] Ina further embodiment, the compounds of the invention are those of Formula (VI):

wherein:
R’ is H, C alkyl, C,.¢alkenyl, C,¢alkynyl, or
R’ is C\4 alkyl substituted with a cyano group or one or more halo groups;
RéisHor Cy4 alkyl;
R’ is halo, cyano, C\4 alkyl, or C,4 perfluoroalkyl;
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mxture is diluted with water and extracted with ethyl acetate. The organic
solution is washed with a saturated aqueous sodi um chl oride sol ution, then
dri ed ovewozouvaamigul f ate and evaporated to yi el d the desirmpdoognedast
(whitish yellow solid). TLC. Fr = 0.42 (heptane/ethyl acetate 50/50) 6 1H
NVR (CD30D): 3.68 (d, 1H); 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 =579 R rs)haloz%no, @WI% Nel), Osﬁeqmesﬂuoroalkyl;

4-12, 5 Di 0X —Sﬁqh&@yl -4-[(2-propenyl oxy)nethyl ]im dazolidin-1-yll-2-trifluo
rorret hyl benzoni’tril e [00268] To a solution of 0.47 g of

4- phenyl - 2- gpylbgeryt oxy) i mi dazol i di ne-2, 5-dione in 30 nL di nmet hyl acet ani de
i s added 0. 280, Qb 1GARREIR G the Qg dﬁf&ijenp 81 g of

4- br ono- 2- trl?luororrethyl benzoni tri | The mixture is heated at 160C for 3
hours. At Wheft%@Zmrﬁtth?ﬂéaqthdﬁ‘lhm?@u:%dtff?fﬁ‘at BWY% aqueous sol ution of ammonia
and extract organic layer is dried over sodium
sul f at e, ?gaere%{hl&hme(%g%%ﬁ%?%gﬂh%ﬁg crude product is purified by

chr or[ﬁ@b@ﬂ abhqpe@mépdlmpml it s pegsérrogitha B® sIFut i ng with 70/ 30 hept ane/ et hyl

et PR, ST hR o5 BOGA by, 1,3 (00 a7 (4, 1,

5. 28 [0ai1 801 H)t;is ﬁﬂB&p(dferreﬂilﬂ)a;tR&s&ﬁ)pﬁ/ﬁtdt 1H); 7.52 (m 3H); 7.70 (m 2H);

7 98 14 (m .H- ep
1[&@8%? 9‘13‘3?8 2t AT Tebﬁcgsylls Jpd I%aSBFC&ﬂ‘elﬁ%ﬁeBﬁ’%ﬁf?é 1%?? ?ﬁ%azol idin-1
-y1] -[80182] i WHiRp WY proRAZOMLARTI B thdfddbRsitena sol ution of 0.86 g of
5- di_ ox0- 4- pheny1-4-[ (2- propenyl oxy) met hyl ] i m dazol i di n- 1-
yl] i 91f83ﬂ| s %WCI tenpisfered e ifd” 0. 26 ml of i odomet hane in 30 nlL of
so B ed i¢30 By HErROT ASShY B%rﬁ%rpﬁf'ﬁ?%lp Thaetnﬁh&&’ﬂétﬁyl'&ouﬁt' rred at rt
for hours evaporated to dryness, wat er and extracted with
et hy [[0&5St aﬂreanofhhleasmcg atri$ prefemry@that gsis dr fretdiis @méodmmgnms ipafiered Itfaatash Rf is| t er ed

and . rified by chromatography over silica
%@@9&@&?1%9 W ﬁyﬁ}’?f%%%p%%ﬁé}@]hyl acetate mxture to provide the

deS| r 801861 o8Nteh q iSTL @ is priferred Batfic Rhepstinat stiihk pacgisitien 4H0/HBOYhG isHERVR

(CDCM' 3.07 (s, 3H); 3.98 (d, 1H); 4.14 (br's, 2H); 4.44 (d, 1H); 5.28

(d, “PETSY (d, 1H); 5.87 (ddt, 1H); 7.39 (m 2H); 7.49 (m 3H); 7.92 (d,

1H); [Bﬂm] ( d\{heﬂh[I)S,Z & dn3 emibpdithbdt, i@l}zﬁeferre(dlﬂﬁat sack Ri& @1i M anothélemboMrhenflBISN+)

WO 201 P2009 61733

5- Di dX0%4 H’Qf‘i Sﬁk‘r“i ?%BFWP %F‘g]ﬁ&?{i?VIFW lugdf ' gireufarlypryforred that a first R

- 2- t rid f-byao ﬁm&sdcendﬁéﬁimﬁtlﬂlﬁdrbrﬁethyl

L?gs«iﬁ@%;% ]In%( Pr’iegzér%{’l?a %’61%1“3 Og‘(“gepttarl{lgfa%s{]% ﬁféﬁ’ﬂ %%ﬁs}l‘éfm t2 I-’I le in 40

L of[oeisoil @r@ﬂﬁmaﬁyl&efe&e@ﬂld@qao%utmaupicc&mbﬁé MRS @b&rl@ﬁﬁswcﬂi@tte Rytksul i de
conplex in 10 nL of dichl oronmethane. The m xture is stirred at rt for 3

hour OB pouerisuierly Breferredipharmtcsdicatirsseniabionicnintis elboie sol ution and
extr 6[@69}11] Wi f @a&%h@ﬁrtﬁ&%&&&ﬁhe J%%nﬂﬁ&ﬂﬁ&f?prl)@&% fa cbidy Q{nh%@'th@%%nt@%??&hﬂ[@
sul fate iltered and evaporate The crude progu ? I's purif

chr orfbfﬂbgr aphy over silica gel while eluting with 70/ 30 heptane/ et hyl
acetate m xture to provide the desired product. Mp = 160 C. TLC : Fr = 0.33
(hept ane/ et hyl acetate 50/ 50) 6a

wherein

Xis O;
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61H NVR (CDC13): 3.09 (s, 3H); 4.18 (d, 2H); 4.73 (d, 1H); 7.38 (m 2H);
7.50 (m 3H); 7.93 (d, 1H; 8.02 (d, 1H; 8.17 (m 1H LCMs: (Rt = 6.53

m n) 358WO0(2ModR20R- ) Exanples 2 & PCT/EP2009/061733

3: 442, 5- Di 0x0- 4- (1- hydr oxypropyl ) - 3- net hyl - 4- phenyl i mi dazolidin-1-yl|-2-
trifluoronethyl-benzonitrile (Method B) Step 1: Met hyl

2- met hyl am no- 2- phenyl acetate [ 00271]6.63 nL of thionyl chloride are slowy
added to a olsdtiCofs atkyl1CHCepllghylpomfat Gpplkamglractpel winehrmydyeamsubstiatedion n 100
m. of net hagg}sﬁtu{gﬁg{,itgicﬁngroqlei0§m[;1%thglroogenous and becones linpid after two
hours stirring. The mXxture is stirred for 48 h at rt then the solvent is
evapor at ed Ro idygrebospifree esteueialepyaidedercps ot daghosgliosteh aphpralgisébius sodi um
bi car bonat e i Qfl—_an t M .acetate. The organi c phases
are washed &?Léﬁm;az’%r 6? Ebe}(?(zbér(?z?é,%p%ég?ﬁ@gy@%}gg magnesi um sul f at e,
filtered an® evHporated to provide the desired product, which is used as
such for th@shexhesh &Ry stkbter fibh I 2 épcgggjgg.hl or onet hane/ met hanol 90/ 10)
61H NWVR (CDC713§: 1 96- 1. 99 rs, ’1I—8; 2.43 (s, 3H); 3.73 (s, 3H); 4.30 (s,
1H); 7.31- 7RA3s K phalos pangt(gf-s2lkyl, which may be unsubstituted or substituted with one or more

4-[ 2, 5- Di ox@s3- met hyl - 4- phenyl i m dazolidin-1-yl]-2-trifluoromethyl-benzonit
rile [00272]To a solution of 1.26 g of triphosgene in 20 nL of anhydrous
tol uene i s Rddebple |cm,1;)p,>pr§1§@|au§y], Whicbfmalbg_gnsgbs@futed or substituted with halo; each R*,

4_' am no- _2' t l:aﬁdl I@ugrﬁq éda){ﬁti?/q{l%%! éy[éfl(l %1—'C9aﬂ<§l égch Qif wﬁamﬁ%%s@s%éﬁ or The

m xture is refluxed Tor 1.5 hour.” After cooling at rt the mxture is

evapor at ed subsipiphbggne oranorhiliado;cr ude product diluted with 50 ni of
anhydrous THE i 5, 2dded olnidd. Qqof methyl 2-net hyl am no-2- phenyl acetate in 10
mL of THF. The mXxture is stirred at rt for 30 min. 1.96 nL of TEA is
added, the mixfuker?s refluxed for 1.5 hour and stirred at rt for 16 h then

evap . ks~djplwted with an aqueous

sol uﬁ?gfnﬁgf hpi/%%%%gﬁ %Sgﬁég%#ﬁg%%g?g%dlg‘%d%%& um bi car bonat e and

ext r 40093] witt hpaetidular aspee Ratiesclctivd fonghiiab, pliases. are washed wiith water

t hen e, .and dried over .npagpesjym sul fate, filtered and evaporated. The
cr udéB?)irdg@ug’tali’a?lcél@%%pg(ftﬁ slggl'?hgﬂt@'f{hyl acetate, filtered and rinsed with

et hyl[0@195¢r It Dpapticatar apedt IRE idle s Cr ARyl psubdingéd by ldnCor Mbrehald, 67

(dichl (?é%mst han/ et hyl ether 90/10) 61H NMR (CDC13): 3.06 (s, 3H); 5.06 (s,
1H) ; (0] 7 Insgpariiulas ppect R4 Che 56" (m 3H); 7.96 (d, 1H); 8.03 (dd, 1H)

8. 18 106197} Hin d-SdMRular bdpbct R"4s SHd frodPRl ALyaAB LR OAL;, aR@L whieNind b EhsBsBiicd:
4-1 2, 5- Di 0x0-4-(1- hydroxypropyl) - 3- net hyl - 4-phenyl i m dazolidin-l-yl]-2-trif
| uor GRE{RYIISERY B9 & Mrehd®0273] To a sol ution of 200 ng of

4- [ 2’[50@8?)(91'%3%&)’ ;s_'péétfamlﬁg{ LA @%thegéﬂa'eﬂtl’yﬂ]hﬁlg'c ano or C;-C, alkyl, which may
trifluoromethyl benzonitrile in 4 nL of anhydrous THF cool ed ‘to -78C i's
addedeghwhttijuted @subptitugssd byjoptprumerbhalet ri met hyl si | yl ) ani de 20% i n hexane. The
sol utyj egp dark @wn, yThe mxture is stirred at -78C for 10 min Then
121 [[E@gﬁ) pro arllaFadeSr}i)%e are sl owl y added, the solution becones dark red.
The 4080200] ofn ofarémubr heect R%lis HLL of propanal dehyde | eads to the total

di sc ion of .the m xtur.e m xture is stirred at - 78C for 30 mn
and 3h@i@ia§ﬁ%aﬁtlﬁugrai%%?helﬂp(é%mﬁi)gc with an aqueous sol ution of ammoni um
chl or{06i202] Thea partidutal 8spec RAVarhdkl1 at ethfl. and t he aqueous phase is extracted

wth E{’ﬁﬁll acetate. The organigc phases are washed with water then brine,
and d oVt TURag madicylah 4s0Rct Rtie Propy-er ed and evaporat ed. The crude
prodygd2043 B pdrii@br B¥peG ! Bt Ography on silica gel while eluting with 1/1
to 0/1 %hp%gtane / dichl'oronethane mxture then 99/1 to 95/5

di chl[80%bt Fehpastiawlar awetidr infkerdres, to afford two di astereoners: isonmer A
and i lyt.l gal data for isonmer A: TLC. Fr = 0.45
(dicdﬁﬁgﬁleﬁﬁa%ﬁﬁé%ﬁ§§@§t é%ﬁgll) 6 1H NVR (CDC13): 1.19 (t, 3H); 1.48-1.63
(m  18)207]. &bfufthe? Partinglarlakf)ects vh2B afslkyBddpyp id subStitdted By hatpgelHhg halagdbisF. 622 (m

(5:\_/'_') dﬂé&%ﬁégﬁﬁ{% Iagﬂectz[hegs%bs(tﬁiutedl alﬂzy-l gr80'u1g' ?s a(trslﬂuojr'(l)_lgletfl‘yggvrso:up.( Rt =3.47 mn). 358-
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[ 00275] Anal ytical data for isomer B: TLC. Fr = 0.36 (dichloronethane/ethyl
ether 9/1) 6 1H NWR (CDC13): 1.18 (t, 3H); 1.42-1.55 (m 1H); 1.72-1.84 (m
1H); 3. 08wWO=201031W1194. 63-4. 70 (m 1H); 7.39-7.55 (m 5H) PCT/EP20000¢61733) ; 8. 02
(d, 1H); 8.15 (s, 1H) LCM5: (Rt = 3.46 min). 358- (M CH3CH2CHOH) - Exanpl es
4 & 5:442,5-Di 0x0-4-(1-hydroxyet hyl ) -3-net hyl - 4- phenyl i m dazol i di n-1-yl| - 2-
i fluoronethyl -benzonitrile W) 2010/ 029119PCT/ EP2009/ 061733 [00276] 4-

, 5-[0928] 01nda gattiduipe nspxet @adinR™) RY is spidctey o Fp b reydriompitia2tflorefhathyl-apH nethgl

i f Iaﬂgﬁm%egeg}égeiﬁné%nbg rC%,Jng a%u?nigg)t ai ned by using the sane protocol as used
r exanples 47st art ng from 4-

[ 2, 5-[002090- B atrtiopler dspphi@iis Hni dazol i di n-1-y1]-2-trifluoromet hyl benzonitril

eb i cet al. dehyde i Rst ead. of opi onal dehyde. _¥he. crude product is
our T ADEAOD, BEERBieotins ) 4o S G GBp AR IERERT: Rhg Tl Hrre B BE G
hept apaloding hifbporetlyhasd imaxphiticeart dadodi@Rht] RE @ Gahbanditied it 0t arifhtoaimvtiet.hy |
ether mxture, tq afford t .di astereoners:. isomer C And isoner D.
[oozi‘?%iu [i‘feifeé%?ﬁc%}alf"éﬂnﬁ?soqﬁ CdBFRpOTrS Hegted fpm (. 32 (di chl or onet hane/ et hyl
5. 035, 61 (M T 7 007 a0 (e ey a3 Aty 6e (a, 1k b1z (

. Uo- 0. m ; -/, m ; . ) ; . . ; . S,
1H) LOve: ( Bifluorogicdylbgnzonitriless ™ v cH3CHOH) - [ 00278] Anal ytical data for

i somer DI TUE 5Hroxe-0126 dfosll @ bhyor DaRiBN Bl Iyidaptibiar/W-AO0H 90/ 10/ 0. 1) 6
1H NWR (CDClg?: 1.44 gd, 3;) 3.10 (s, 3H); 4.98-5.06 (m 1H); 7.42-7.56
(m 5H); 7. §8lpgpmetpibenzenidie: § 11 8 16 (s, 1H) LCOMS: (Rt = 3.34 nin).
25181;14( ?/I-ZCIS-BWDI h'z)ﬁxéﬁqf lFﬂyﬂroxyethyil))—3—zle‘ﬁlyg4—phenylimir(liazloligin—1—ylzl|;2—| g i di e 1oyl ]
; -(2,5- X0-4-f| uor ophenyl ) - 4- r oxynet - 3- net i m dazolidin-1-
T noMURRy TS bRSSARERT e (Mot hod &) Stop 1 o ’
1- (4- Fl uor ophepypigxo-@yfilioeopyetyhan@nerokhb?f )] 2m@th@fimidazolidin-1-yl]-2-

2- brono-1-(4- Iuorq&ﬂeg%/l%et‘hanone, and 6 eq of sodiumformate in 15 nL of
Et hanol / Wat SHUgRgefybsefosinl§ ynder nicrowave for 5 min at 150C, 11 bars.
After filtraffd-0nCrRoepEmPQradibau-bdrédyhrmel-3-mealBhidagolidrded)-2The expect ed
product is isplate y filtration 6 1H NVR (DVMSO D6): 4.78 (s, 2H); 5.12
(m 1H); 7,§§ﬁ(°?ﬁme NHH M 2H) .

4-[2,5-Dioxo-4-(4-fluorophenyl)-4-hydroxymethyl- 3-(2-propynyl)imidazolidin-1-yl]-2-

tr
[ 2
tr
fo

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

(S)- 4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;

(R)- 4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-3-ethyl-4-(hydroxymethyl)-4-phenylimidazolidin-1-yl]-2-trifluoromethylbenzonitrile;
4-[4-(4-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl1)-2-
trifluoromethylbenzonitrile;
4-[4-(3-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl1)-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-trifluoromethylphenyl)imidazolidin- 1-yl)-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-yl]-2-

trifluoromethylbenzonitrile;
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LCVMs: (Rt = 2.51 min) No ionization Step 2:

1- (4- Fl uor ophenyl) - 2- ( 2- propenyl oxy) et hanone [ 00280] 2.4 g of

1- (4-f | uowophs2d)92- hydr oxyet hanone obtained in Step 1PCIEP2090617a3 | vyl
brom de and 9.4 g of Ca504 are m xed together under argon atnosphere. 6.2 g
of Ag20 are added by portions for 1.5 h. This mxture is stirred 3 h at rt,
diluted with ethyl ether, filtered and the solvent is evaporated. The crude
product is PusCrinemetyl-Ehdiratdhydaptypethy bré-michyligudagelidighivile-el uting with
90/ 10 hept agg{ugltolﬁ;é{ ﬁ)g&%gﬁlge WD 2010/ 029119PCT/ EP2009/ 061733 6 1H NVR ( DMSO
D6): 4.05 (m X (s, 2H; 5.17 (dd, 1H); 5.28 (dd, 1H); 5.92 (ddt,
1H); 7.37 (M2 21LBIOX084 @lﬁdf@mmezlﬁ)l) 4-ohymyl- %Qtpr&P@YB@n(ﬂﬁZ?ﬂ}dln Nolli2oni zat i on St ep
3: 4-(4-Fl ugg&g&g{éﬂ%)b I420[11nglepropenyl oxy) met hyl ]i m dazol i di ne-2, 5-dione
[00281]1 8 g £ uorophehﬁl) 2- (2- propenyl oxy) et hanone obtalned in
Step 2, [QSxﬂlowdbb}sinmby plepaylamidazgligio-1gylb3-tr, cthyibergobitlet e ar e
neated 1o O£ TR0 RO ﬁﬁm% Of (PmARBRHRARGLUMBRI ST o xture. While
heating the mxture at % ? anmoni um carbonate 1 s"added 3 tines

af ter 1 houfriflugromethylbsnzenitiils; respectlvely The reaction mixture is then

di luted with el ep,APkkn §tzrsa&5>€od4 Wbk Bl 3 ARAY ALRL-olf. 10figani ¢ sol ution
is dried over sodiumsu fe and evaporated to provide the desired

product .. 6triflqorgyrthyibRmonivgy;: 3. 50 (d 1H); 3.95 (d, 1H); 4.03 (d, 2H);:

5.15 (dd 1 ; § 7.58
(m 2H): ?(4&éyaa?3ggﬁ106&gé6hﬁﬁgnyl%m dioo %%é‘[ Y ph@'llg)hmlgazglﬁhr( @1 Igl'g%ll lS ation.
Step 4: dihydrogen phosphate

4-12, 5- Di ox v, yl |
AT Tl ot St f bens a ey B p 2 g R R M SRR

of 4- br ono- 2-oxeliutangigreideantly | benzonitrile are added to a solution of 1 g
4-(4-fluoro t ne

obt ai ned i npjg?r}y[%z; éyi&% tﬁhﬁ@%ﬁ%h%ﬂ(e)ngﬁ zn%ly‘!}g%oi@eg?éwh%g%éeﬂgﬁ%{i az%%}lgﬁéqf or 3
hours. Aftebll® Manme‘ﬂlWel priokbian-é-apanig chlpadk- wi t h a 50% aqueous anmoni a

sol ution ang [?{(4 C%B%Ctn%drgmﬁhﬂwlenﬁﬁgg%&o 3T£5@th91régﬂ{%hﬁ1d11@yz%ﬁdlh§ ﬂl‘iﬂeﬁg){?ver
sodium sul fate, filtered and evaporated. The crude product is purif

chr omat ograéWOW@lcgplﬂi ca gel while eluting with 2/1 heptane/ et hyl

7 15
?g,et ?It-i)e 5 'l\lgﬂ)(a%(arﬁgém?%gl?gpﬂe%l) ilﬁ')etha/ﬂZQ dl((xm4 Iﬁl'éﬁyhnﬂda%él({lp4 yi)hoevhgﬁ
1H); 8.10 (dihy pgenpéoszps'«(td 1H). LCMS: 3 30 m n) 432 (M H-) St ep 5

4-12, 5- Di oxggydr- Mfzﬂ‘ YRS 9%@{1&&%1%_‘,15&@@ 3. fhe{h 122 %dse@n%%xmgmdd imdazoli

di n-1-y1]-2- ‘trifludronmethyl benzonitr 5 ng of “potassi um
car bonat e ambmghesy)- ﬁwxdfutﬁn@d@ﬁlét hane ar e added to a solution of 0.85 g o f
4- @Z i ox 4(15
09212 95 A RRR&EAYGEha 4r the b 2atRh QP LAY B%M) BRI gﬁﬁle} IHAOR
lidi ﬁ (P NPl b r?ﬂ uor omet hglﬁ%enzonﬁ %rl}(l e obt%)l?neéd i ngrs tep 4 1{(.imsg&]%ved
in 3hm§mol$ n@lVFlsofﬁh@Vﬁnm ure is stirred at rt for 4 hours under ar gon
at no ev | 1 I, e n
e R G L e LM e
sul f disted irf Tdbteelr ed and evaporated to provide the desired product. WO
2010/ 9PCT/ EP2009/ 61733 6
Vet T R e i on i o e Rt R ko By SR bitge aingo gl
1H) déscBBed iprpreddd) as.tﬁeﬁ&b(am 2!—|) 8 00 (d, 1H); 8.12 (s, 1H), 8.33 (d, 1H).
LCNB'[()éﬁt 5] s r:% orrlrel arg ect a!l\lgonllp%lr}rllcg (%I tfleoipwention according to any one of the embodiments herein
described is a pharmaceutically acceptable salt.
[00216] 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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ep 6:
[ 2, 5- Di ox0-4-(4-fl uorophenyl)-4-hydroxynet hyl - 3- net hyl i m dazol i di n-1-y1] -
trifl woenmmidryiibenzonitril e [00284] Thecrudem xt ur eof 2CT[EP2&9/06176X0- 4-
(4-fluorophenyl)-3 -nethyl-4- [(2-
propenyl oxy) met hyl ] i m dazolidin-1-yl]-2-trifluoronethyl benzonitrile
obtained in step 5 is solubilised in 5 nL of DCM under argon atnosphere.
0.9 O8]t ri f |Winiteoiperifigregroipydothspbls enbddiment baysl gsrerilly badul disked Fhmere wepatatale ai s
stirr r u on
s, adainhr Gy it i (eITHRL SR GER TR, P RB BR0ARE, SPMLLCT
dr i edtley érmslodipremensadl eatig,is $dldctedriadn amdoremenp oxf @mldularTmanhﬂrudegrpmmcﬂwgnalt@l

pur BekO¥ i QRS OKABMYONEL Shi bRER) iy Wil Ra &, g o bl

1H) ; eﬁlbsmm(smwmi)nts?cosé) (m 2H: 7.52 (m 2H): 8.05 (d, lH) 8.19 (s, 1H),

8. 32(

7 24409298, iR S ol Ve e b ISR R e byt 1oy
- 2- tpwd[ﬂlylamsowrtedahgdnbﬁ‘rczdmxml |l e (Method A) Schene 3 Step 1:

1- (4- Chl or ophenyl) - 2- hydr oxyet hanone WO 2010/ 029119PCT/ EP2009/ 061733

[ 00285] Usi ng the protocol of Exanple 6, step 1, reacting 2 g of

2- br ono- 1- (4- chl or opheny| DIEA RBIASTEU TICGAIdE OMROSIFIONSd product. 6 1H NWR
(DVBO D6): 4.78 (s, 2H); 5.15 (m 1H); 7,60 (d, 2H); 7.94 (d, 2H). LQWE:
(Rt = 2.55 mn) No ionisation Step 2:

1- ( 4-[ @229 ophanstiplesd (aR pparmpenydatsx ¥ cedyhand e the Go281dnUs itypiratii edrpin'mteﬁaddh ti@f

P R T DA AR e e St e A

5,18 p(hdltihacéhiﬁ)cal dot. &A@l céﬁlﬂmseﬁlﬂﬂ)cast’im@ Act(vdtompdin)d; Génedelly( d codpund of K2 idknti@it)s

0008 PUETHRG TRETPB L S e R B o ey b T &S efin] o g gfiored wi

1- ( 4-tglidatiy bp He@erynined By @ Physician, in the light of the relevant circumstances, including the condition to be

St
4-
2.

treated, the chosen route of administration, the actual compound administered, the age, weight, and response
of the individual patient, the severity of the patient’s symptoms.

[00221] The pharmaceutical compositions of this invention can be administered by a variety of routes
including oral, rectal, transdermal, subcutaneous, intra-articular, intravenous, intramuscular, and intranasal.
Depending on the intended route of delivery, the compounds of the invention are preferably formulated as
either injectable or oral compositions or as salves, as lotions or as patches all for transdermal administration.
[00222] The compositions for oral administration can take the form of bulk liquid solutions or suspensions,
or bulk powders. More commonly, however, the compositions are presented in unit dosage forms to facilitate
accurate dosing. The term “unit dosage forms™ refers to physically discrete units suitable as unitary dosages
for human subjects and other mammals, each unit containing a 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 aqueous or nonaqueous 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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pr openyl oxy) et hanone yields the desired product. 6 1H NVR (DVSO D6): 3,50

(d, 1H); 3.93 (d, 1H); 4.03(d, 2H); 5,15 (dd, 1H); 5,25 (dd, 1H, (dd, 1H);

5, 84 (ddtwoD2bhoy0291147 (m 2H); 7,55 (m 2H); 8.67 (s, 1HpCTER282/06533 1H) .

LCVMS: (Rt = 3.06 min) No ionisation. Step 4:

4-1-4-(4-Chl orophenyl) -2, 5-di oxo-4-[(2-propenyl oxy) nmet hyl ]i m dazol i di n- 1-yl

| -2- trifluoromethyl benzonitrile [00288] Using the protocol of Exanple 6,

step cgllulgsgagm ﬁggagam]g obgelaﬁ.né 4n ekdigiews pﬁh@hgsl%tarqh 9121actose a disintegrating agent such as

pr op%fg\[{)Gg)w 'mﬂ@gﬁp'& %ﬂaesza%ehS a%me;gﬁg@ual gssma%}ﬁsﬂlﬁss'teraﬁ% R ag@@a&ﬁtsuchfi?slédugl%ﬁ( "
H) sgicgsg d](ozgpég, a wgetenrpg 3gen(£ @uchZe}stucrvsegg seetharpor aAlag@ingchgentfpch & pappgraint,

1H); ngeﬂ%,}g 136D or O}aggésflavgﬂl = 3.41 mn) (448/450)- (MH) Step

5:4-1-4-(4- &I or ophenyl) - % di oxo- 3- net hyl - 4- 1- ( 2- pr openyl oxy) net hyl 1

i mi dd99324di Injedtable IcomQOSIttom Reuopigabt bagtdbepanomicciable stdritrO2$9¢ s ipheyphdtebuffered

222'5 ((gﬁlglg O‘thlgﬁlgg y% %%m?s 3&0\% in tﬁ@glrtl ) bgfoéothg agtﬁve compound in such compositions is

4- [ ( 2ympeadip enyinoxgompendny | dfienribeiag dloindibaut10.951 jo- % by frcightr witle theybibaindeo heing ithee

yi el duct. 6 1H NVR (DVSO D6): 2.87(s, 3H); 4,10 (m 2H);

4. 18‘1@;&%_1%%%55%%}1%5& 5,15 (d, 1H); 5,21 (d, 1H); 5,88 (ddt, 1H);

7 54 (002254 H)Trgnsaelﬁfal qunpos_lt-ﬂ))ns Be hypicaly folilate® a8 3 (tahical bintmdnCMScredriRcontaiBing the

W0, 2010/ 029119PCT/ EB20 0

S opaeh i gRGR, Be o R e R B ORI 0o nsistyrmrsirably i

- 1 y|ab912-0 1tu0|abbtudr)%rta/t \quaglbemzﬁmbtyrfrdneal{oﬁmcz%c} almungO% rbg weight, caundJ Imogf prEfeabiyl e
6, st r n of, (

(2 BB ER5 bRk By o gt ARGy SENE T sl BT B Wity

i el ds coinkinelbwith eichepa pauttinic 06 amtmqum&@n@m bas@. Bller(lzsl,veISH)lsa adhiv@ TngfatientsH) ;

40%%&%1&@% a(cr%nﬁ\é I‘hfor exa @ga? §%—w§t&%a&%8§§%@§%&%§dgﬁn§dl f(;l'rrl_rQuiatigﬁs?’z

4441{6( velFknoomoip hienart and2geﬁereﬂil3omoklde indditrooxlyingtdipdts B ¢nBarpe dpydeyphilipmaiatal ofdi n

|qur th enz rile.Step
o 15 b0 gb e HRRTRGBERETE IR Rl "Bt st b pmgterms! Famb gt  m
i daz ohgreﬂmnslarg/inbluded withiirf ﬂhumopﬂﬁt]my iyemioni tril e.

[00226] The compounds of the invention can also be administered by a transdermal device. Accordingly,

[
y
4,

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 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 in sustained release forms or from
sustained release drug delivery systems. A description of representative sustained release materials can be
found in Remington’s Pharmaceutical 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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[ 00291] Toasol uti onof 0. 42gof 4-[ 2, 5- di oxo0- 4- (4-f | uorophenyl)-4-[(2-

propenyl oxy) met hyl ]i m dazolidin-1-yl1]-2-trifluoronethyl benzonitrile in 3 nL
of DMVF, 18O 20m/mp1ipot assi um carbonate and 0.2 nlL of propar@pkéwoni7de (80 %
solution in toluene) are added. The mi xture is stirred at rt for 4 hours
under argon atnosphere. Then 0.04 nL of propargyl brom de (80 % solution in
toluene) is added and the m xture is stirred 1 hour at rt, evaporated to
dryness, diluted with water and brine and extracted with ethyl acetate. The
organic layer is dried over sogi, %thflgt Gabietst €r €d and evapor at ed.

[ 00292] The crude product is pur| chronat ography over silica gel

V\/m | 4062300 i A gpompeuimd Hf lhehlep@anleniaetbhwklma@étaataehy 6oviddr NNR o DIyE©lape pindgr, th7an( s,

1H); 1 88
(e DByt 5y W By, o g i T ity ek fmd B @38 i)
1H) . nu@NR:is (oRnedn®.246-2/0 m tabids (363D aegtaf ertivet@ppound per tablet) in a tablet press.
2:4-1-4-(4-Fl uorophenyl) -2, 5-di oxo- 4- hydr oxynet hyl - 3- (2- propynyl )i m dazol i d
in-1-y1]-2- trifluoronethyl benzonitrile [00293]0.45gof4- [2,5- diox 0-444 -
fl uor ophenyl) 4 - [(2-prop enymey)lathW-}q?apSBleS(Z -

prop vl trifly et hyl benzonitril.e o n st.ep
1 s)tg?dé)sl& ved ‘@ %LtlhgfmJ&'ﬁ}f a5 g%eda m)gr g"‘”&“ o § %‘9?‘ el

trif Iapmpmb@realnbwd:gmraﬂnyl Bhel rhixahee mwrlpﬁ ﬁiedﬁmo ad@leg cafiShles (2% tnyy & acvestomppwed at
rt for 18 hours. A saturated aqueous sodi um bicarbonate solution is slowy
added”ThE product is extracted with DCM and the organic layer is dried over
sodiumsul fate, filtered and evaporated. The crude product is purified by
chr omat ogr aphy over silica gel 3[yo\/ni I ﬁ?tﬂl 1[_‘5&)@ th 6/ 1 DCM et hyl acetate.

WO 2010/ 029119PCT/ EP2009/ 061733 6 3.10 (m 3H); 4.10-4.40

(m  46D2325. 80ortymund bij the hv2Bioh 111 252hd),; mas; lﬁi)ad(mxed%ﬂl suBosQSl (7681 g) dokd)xantBar2€hnd &,

1H); 8.35 (d L X = 3.07 m 400Q- Exanpl e . .

o a2 IR b TR mm B g P s i, 0SSR AT BT ey

- 2- tar;iré\hcm@lymmtb Rylht dnerf mticroérysthlbnd dditilo@chnA) o Giie parboxymethyl cellulose (11 89, 50 mg)

1- BChI 1 oxyet hanone,[ 00294 i t he prot

6.\ soagier PO o UL UE RSR0 e e R PBLRENY T bk ahd adio ke Re

deSI r%ﬂicﬁ)slhodueﬁ may6thdr-b dNNMRe d WMBDirHEy). : Su4ﬁc8é31t vater Bithen aBdedQo (omduc'bl'zl)tptaV\{diﬁne( &f,
.72 (d, 1H); 7.88 (d, 1H); 7.95 (s, 1H. LCMS: (Rt = 2.30 min) No

|on| ‘'on Step 2: 1-(3-Chlorophenyl)-2-(2-propenyl oxy) et hanone

[ 00295] Usi ng the protocol of Exanple 6, step 2, reacting 2.5 g of

1- (3-chl orophenyl) - 2- hydroxyethano 1¥' elil‘dﬁ hhe desired product. 6 1H NWR

(DMBO D6): 4.07 (m 2H): 4.88 (ormyfafond—=qIablelty 11y 530 (dd, 1H): 5.92

(ddt,[00238] A .co@pdund ofld)e invenfidn (Ely bt Hlmixéd 88 a(ddly pdwler with92dySgelatibbinder 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 5 — 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 propylene 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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Step 3: 4-(3-Chlorophenyl)-4-(2-propenyl oxy)i m dazol i di ne-2, 5-di one

[ 00296] Usi ng the protocol of Exanple 6, step 3, reacting 1.5 g of

1- ( 3- chl owophe2d)192- (2- propenyl oxy) et hanone yi el ds t hecaaEpeeoedépsdduct. 6
1H NVR (DMBSO D6): 3.52 (d, 1H); 3.95 (d, 1H); 4.02(d, 2H); 5.16 (dd, 1H);
5.25 (dd, 1H); 5.85 (ddt, 1H); 7.44 (m 2H); 7.52 (m 1H); 7.59 (s, 1H);
8.70 (s, 1H); 10.83 (s, 1H. LCOVMs: (Rt = 2.57 mn) No ionization

St ep4: 4- 1- 4- (3- Chl orophenyl)&@w&%penyl oxy) met hyl 1

I m d %3162 '@w]pré/sg'r;t xﬁr,enttl(fn rfellafég) [ %1% @?&@91? §51E1h u?ldfl \9 %?{ﬁé‘[g% a@t?vﬂ@rro(?ttl%cm

reacting orop
pr op@n@rbgﬁnyl)i‘cemoaiaz EhQSdlcwepczln&» dhphe 09 ned wsthe kreatohesi ané/dr prewehtion of 6 mibNMY

Qgro)gdzaars (ag WZI?be( %cu;s;ﬁ gloiﬁ{tge? dgt[[%l bég&ré &t‘lviljt%e %&rec?a!;gd?gsa p]e%miﬁg sk}il;ﬂmgléeSa(rg&\at( d,
44'8 s a_c([)V(tjs of a_ppmp®n®2f Verfion @, dipant gomﬂ_t omp;lem@r p@lﬁal) or 8gohist (nomplete or
(5: 4- 7 éig%)ée e{gll? op em}%?sl%! g&%}oxo%fogcg%ﬁﬁ?/ %ﬁ%( %ﬁlB%*gng (l))gﬁeaﬂ}f Fi%ﬂ S|Isrr?rdaz
ol i dickearly yithgoRistst soirfe|comp@mdt Will dxbivz daibt agmm&tw[@o 208jdusiingctiviie  phat oaaiounds
Exa”'%% ﬁmef EL(,QRI tés Wﬁl??ftreﬁtﬂgg%e% & Bfthe %aq’mgﬁ? 0?'3'\81:19[ Q? '&%éé;)dler% %r(q}l(%)((lqn tIf%

[ ( - propenyl o zol trifluo orret enzoni tril
yi el d:samMeh@els |aree?dtagj$ ofichewt the G:Ialle Nmtl(s{)hmom)mnd’@f 88 l(l\gnt@l-i)lay b, idntifind a@ll—l)

‘71' gg Eagmﬁe]d::%s éagéfisg ﬁlgtggoﬂ]_s{%_sbdr ’}’ﬁ%%d%é&g ?_é‘rl_gg'gmgtazﬁ ds( ﬁilirHﬁolfg gea? g%?lt gsd\g%_% wrh&'): ghf (d,
1|—|) abi@ivBof A person 0B si8IY imihn art aipiod ghelr rremhou gencNd khonlpdegat ¢ompirgd with the mformation
b UGS SR i s
6, staeg@ist peactd sgynBy Blggnistfand thugthe Bpmbﬂr@teopﬁeﬂiy@gl cgnpudd.oxo- 3 - et hyl - 4-
O T INE T S R .
3. 08 bimyaiBbi)ity, ﬂiovﬂpﬂ)ﬁbn( bmdﬂlg-lﬁfﬁndlyﬁ]fbss( dryg-diely ;intFradon( md gdel)i ;mcfabbRe §tabilitgH)In a
8.14 pgmculngzlg'pecQ; a% 5co géun% l_(Df "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 bioavailability 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 diseases including, but not limited to, cancer and AIDS, or induced by
thermal burns or long term immobilisation; and bone and joint diseases, such as osteoporosis, reduction in
libido 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.
[00240] In 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 diseases including, but not limited to, cancer and AIDS, bone and joint diseases, such as osteoporosis,
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LCVMs: (Rt = 3.10 min) (392/394)- (MCH20OH) Exanples 10 &

11: (S)-442, 5- D oxo- 4- hydr oxynet hyl - 3- net hyl - 4- phenyl i m dazol i di n-1-yl] - 2-
trifl uor owetzhyldengonitril e& R )-442,5- D oxo-4- hydr oxyrermpReSoeeshyl -
phenyl i m dazolidin-1-yl]-2-trifluoronethyl benzonitrile [00300] The two
enantioners of

4-[ 2, 5-di oxo- 4- hydr oxynmet hy1- 3- met hy1- 4- phenyl i m dazol i di n-1-y1] - o
2-tr |r¢duemnolnéfomylabé pexowl dypiup@ionr @ aserpiar wideicthyd edmmointg edmiapleyingfo asubjo&t g

SaW'n%e&ﬁheh{&? 4 %\;F\a[ﬁeﬁ&lcg‘l;xte%&w@%?duﬂ@@f' ¢ ﬁm& Sf Lt ?Wn%i&'ﬁB@'&%haQﬁc&h@o

Prochrom c e €lutin wltha75/25 t ane i sopropanol m xture
[ 003@91}1N¢ﬁé10€1$?)f theniavantiorre i ¢ Qaré¢uhr@apepi pfsthis engO@mpiorh&tOpmgoqnﬁ@f dlesl Weantion tshe

desi r f%mwdaéoﬁls%{agbrﬁﬁ%f tﬂe%[gr The }flﬁgnéel(tﬁ:al coang)o it ?(JY%vnss%_sipdnggomst or

Chi ra 0D, col'um hept anell sopr opa lowTate 1
m_/ mmxemonlg/m@gmlﬁo{@e)e@z] The (R) enantionmer is elut ed second. A further

pur i fb@?:ﬁ;] o déleselhlr%‘é diRHe th%ﬂﬂ%eﬁt' i ufnPHo@‘ﬁ)%dil%{mﬁé{ﬁ?%gﬁégﬂgﬁuﬁﬁ l_éodé\é%mthe

provi des ed cohpo
Chir aplreyelhtw@}nd@o trgatme@5g aadupg@r- dﬂm:ndmet tuanes/ sub s apestatd capB¢r2d, hyptrplasin.atle al

mL/ m %Tlﬁﬁh asé;l;é gf%hlﬁ‘&lﬂbodlmt %‘%%9&91%1%?%‘3 %/ Cf%]g%ﬁ{ a%%ézlﬁ?o{ OH}_I% aRnat ive route:

[003 sane route as describ depicted in
ScherB02342] plorai ftmtlmaembndlmam tb@preﬂmr inegtiouprovidest dvecthqi- ﬁ tnemmrmdfloapte%mlomof
obtalnthe (oJuss) nds le 10 and 11 after rptection usin

cri r AT P IRPH Mors 5B SR AR i B gt i BERL LRI B iRl By
Me CN o/ subjeut @Hheed thefeoba theﬁ))elm:alka(bﬁectim dapurit (OOiDacmmouﬁd)bﬂ tbwmderiuyn Dlephamadcemi‘calt he
protectin ccor di 0, ref 10 Dl e .12;
442, gow%%bog:??e ehm?lengmhygxgo artl r alspeg{ pff]tgﬁ;épi%odl azb &nd _%?Bventlon 1s
tri f Iautagcmimt)htiat B&nz dmpmrlﬂaeeu(lwbhm:bsman &quﬂsés an antagomst of the AR

4 12, [ﬁ ﬂ?i - et h%é oﬁﬁ In-él 1- > (S’F %%rrg hy1|nl | dz\aV ghjllcsjl n- g%‘l | -
SR S L ARG R e

appl iradptooarPagdBistthcadrdidd B, ﬁw@hexi)}?oﬁmp]lae ny1- afbe{le(\ﬂherem the Ksenig value is below 1uM for

propen 1Jn y@r It th%/ %I n;tda?z)tol I?ﬂ;dgo . ggb 2 LT |Of I uoiéomegS %I begzrc())n t I’el I1 e.Wth

b, 5 ThR RSB MR NE FROVT e emd R BEoboHB B HeRESe of RPRI5920 i ny

444+ [00244) 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 Kguiig value is below 1uM.
[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 ECsg
and Kgaia 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 anemia.
[00246] In one aspect 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 diseases
including, but not limited to, cancer and AIDS, 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 androgen receptor agonist or mixed agonist / antagonist,

wherein the ECsp and Kgaya values are both below 1uM.
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Step 2:

4- 12, 5- Di oxo- 3-et hyl-4- hydr oxynet hyl - 4- phenyl i m dazolidin-1-yll-2-trifluoro
met hyl berworzotowazba9 WO 2010/ 029119PCT/ EP2009/ 061733 [ 00BOBIEP2®996 1083 4-
[2,5-diox 0-3 -ethyl-4-phenyl-4- [(2-propenyl oxy)nethyl]imdazolidin-I-yl]
-2- trifluoronethyl benzonitrile is treated with 0.2 nL of
trifluoroborane-dinethyl sul fide conplex as described in Exanple 3, Step 2,
to prlB9247¢ Traesddesl ded woggeaty selefled to ploride signildsor(lneqtbdovd levek yhanacsetchiceed

20/ l%lngﬂ&%WDl\/SO D6): 1.05 (t, 3H); 3.32 (q, 2H); 4.22 and 4.40 (2m
7.4-7.5 (m 5H); 8.08 (d, 1H); 8.20 (s, 1H); 8.33 (d,
[0@2M8] WRtn useBtoiteventrs) sarc8f@ra oM@ @td—c)omﬁmmdp bﬁhﬂs 3ovention will be administered

t4fl4 f l(t(ﬁ' 8% 18 Qhat[]ff\{s] égnrzc(?)e’ﬁ/f:qul(;jllng eo (Wél? 18'5 qﬁng%erhcxll ﬁle a V1ce Xnd lqul e %heI slugel‘,rvmj(')n >é)lf la- 2-
4-(2 plhlyalh‘la:tx)aa(ﬂm yds)t@el‘ezdmdbﬂcrlbeﬂi {ﬂﬁb@éOﬁj]aﬁﬁrBD Iautlsk) lﬁ)rodevéﬂorgng)h partlcular condition

?r (e2 tg%ré‘e? ally dncqu(}/e e)lc%?lnzg(? Il% r\xlfho%[:: a%lscfiecet Oggc(%ne g;‘ﬁul Tn I:[r111‘s°_)|.| SS oq n\qM% 51? or more IE[‘f%lcult

m Cro rra i'on € sane
conduaivederfts.ve ti mes. the vials are collected, extracted WI t h et hyl
m sul fate .and concentrat ed

th d .Qi
Cho® doaddsL g Siedh g”eﬁs%%cf-ﬁ Srapordyi€ FopfRa At eOpbdmty of aponteoi, il oe°
30/ 7 imnistdrbdNMRa (206 3t - risk. B4 desclopaid) the 7coBBitidn, 8YpiCaly, o ithe; adiddSard. thdlef ddt,
o SRR G PR P o R SRR RRAP S RHEB 0B & ok desriowpe 5 pavtigne
4-( Zcbtycdmcﬁ»(gea@alwhdliu&rtmﬂy pedplee whobe adbheydendityoedudieon(rldy catisk incseasddidtuidisks. g

I t d 6.7 f I d Th t d uynd

o B 500 oo S Sl T B
fil telbel;ﬂnmlts e:lamde@ HIV,Whhﬂﬁ@(d)sﬁlmﬁv@plﬂinfmaﬁ?ﬁid1@é’itsé(ldOP_lDa, @agesietHey failure, or
acetate/cyclo

- 0/100 to 50/50) to give the . desired conpound
. 38° plaghirnaldg atx %tt@ E‘S’?ﬂ%ﬁ%ﬁﬁ]@s B ‘%h\lﬁq Wlit?‘ﬁ&fﬁ/‘) patignie fypyeglly ?‘H}%e
471 gz aﬁglce aid) under 13 suPlervidih ;of 2. phetsi€isn, athhe d&ai@kg’léelﬁ[a%sgﬂ:’;ﬁ()eg]:ldg))ve 7'§fip4caﬂ Paticdtd) ;
i sabl e t e
4-12, lé'l-%"l‘iﬁe[p(“?e“g bSBéﬁVTtB‘g%ﬁaé’f‘HyW?rrﬁﬁ 3zol i di n-4-yl ] bengonl trile To a

sol ut[om 19fA 5&deﬁad of thd irlyt{od o &pﬁwﬁlg&ﬁ ac@t vdid heine gt 6riil &m (bis AddEnQRrddd
m.) and water (5 i s added 324 ng, potassi um cyani de and g of

anmmorf ﬁ?ﬁﬂala?twan%}%ot FHECTAR KT PSS %Wa)@él&r SOBPHNGh the flenaest raterﬂ@ same or a

similar 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 effects.

[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, SARMSs 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 include, but are not limited to
physical exercise alone or in combination with creatinine monohydrate or with dietary proteins.

[00254] In one embodiment, a compound of the invention is 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.

[00255] 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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WO 2010/ 029119PCT/ EP2009/ 061733 mi xture is extracted wth ethyl acetate,
dried over magnesium sul fate and concentrated under vacuumto give the

desi red cwopowdo11?LC. Fr = 0.16 (ethyl acetate/cycl oheramn®&prP2@906)736 1H NVR
(CD30D): 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- (MH)-

tep4: 4-1-4- (4- C\éanophenyl)'- 2, 5-di oxo-4-[ (2- propenyl oxy) met hyl L}i m dazol i di n-
1- y| |iniphitors; j Bekay blogleest lapatiobe 2eemits (for ex b wishoyt diplitatieno pxapfiroBng pagdigfone,

4- [ 2,g§fegh)pxo- 4-[(2- propenyl oxy) met hyl ] i mi dazolidi n-4- yl]benzonitrile and
622 of " 4-brono-2-trifluoronethyl benzonitrile in DVAC (2.5 nL) 214 ng of
coppdP0256] lprine embalimehti@ackomphndrif dteuinesniian is ed-pdimiodteroderithi aghtheraherdiB0E; agthie

m Xt tnd o808 SRLEALSD AN R R RBEN ik o Bud B OARHGAUR, ARTRNA
solution an rine. e organi c phase 1s drfed over magnesi um su %ate,

conc emtleciide dnaloglerervatansenidayd inhihitiofsi (BWARYRLs oF INtRBlsgebr ¢xemplg|but without limitation

200, gTEHEyPOGEART Bl R R R kbt G PSS ARGy W™
4. 09-limith@or( IfaviBiHy®), MevBpiae 3 Defavirdined), EtGV80eS), Biotepsn inllibfjors @orGFarygle buthithout
(7|\/|-7 Eﬁh_?méﬁ(g{) %anﬂHQV;ir(@z R?t%na(ﬁr@, %ﬁﬁiﬁav@r@g 7Nélﬁnavilr@ &%avﬁ@ L%pl?la\%%,n}x{a}ana\lfliﬁ'

5: 4- Fogan{paen@yigiho PhiganaYr ®2 | Bartijagk®),3-cntest hiphibidor§ ( @orpregpamy | oty pitbotty lijnitaticdaz o
i di - 2 1 f [ A . T .

[ 005 AL onthil LR MBI RRGRTI Chdnblc by itgous igitaton rytearayin.

pr opdf§255% ynrmet brybddiment azoimp dind-df thelihveBtidir is £o-admioivetddyithemptber therafeatic agent
obt ained jn. St i .5 ) 173 of t assi.um.carbonate.a 30
Pot 2R b Bodlo e ENop ot ke nf e flouRELA3RHBARLBEARHE iR b
evapaerabtedjminabtoadaiiovh durétis,(fueosematet wdseniiddordtuimetandd®t adteplodkdre thisopmiol,

0. 94 TFHP S S BRERREREILREN D A3, A (G RS RO Gy B S, o
(d, XWinapdl, 1Ber{ndppriH)Lisido83id (Rbpazkpi)l;, &. X®siborBd), ( mgidédsin 31 Sekedpt® 1 aftagoniki) ;
r7‘m)57 (ﬁg%de%%é)géggg)dglgatO%w , 7.95 (s, 2H), 8.10 (s, 1H) LOWs: (Rt = 3.81

t ep6:[402584 - in4nEyrahwihenyaldpmpoinddif chednventiondis oxydreiniieted vitheinbtitn thargleentd dgdih- |
E %l)g_fz%riﬂi%{rlggtrlg%}? r&{?ﬁiygrt r}%legﬁ(gé%g étlfilgeerena}{\?%iﬁlgeli%{h%% g:'a{lé &%E/pgr%%&grga{goer?tg' Zn%ﬁlde but

4- [ 4-afdnoty dimitph enYAQE Znlobitiro X Oa@eptridt Ayfkaepril,( Bralapril, Ramipril, Quinapril, Perindopril,

Lisinopril, Benazepril, or Fosinopril), angiotensin II 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 regime, 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 essential. The agents may be

administered in different formulations 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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propenyl oxy) met hyl ] i m dazolidin-1-yl]-2-trifluoronethyl benzonitrile
obtained in Step 5 in DCM (5 nlL), 600 [LI- of boron trifluoride-dinethyl

sul fi de cwopbex2dH9added. The mi xture is stirred 8 hour ®CaUEPRA09/06i7BHt ed
with DCM washed with an aqueous sol ution of sodium bi carbonate, dried over
magnesi um sul fate, concentrated and purified on silica gel (ethyl

acet at e/ cycl ohexane: 0/100 to 50/50) to give the desired conpound. TLC:. Fr
= 0. MOth(thg pryticulse ecpetorsy w@lvelﬁelx@n@tsmhml) tgong FhrNIvRC(CTDEIBYY: ong skiled iy thezi)by

4 16 g ine mlzaf]ﬁoz%r 9dure1sH) 7.57 (d, 2H); 7.82 (d, 2H), 7.93-8.00 (m 2H),
8.13 , 1 3.05 mn) 383- (MCH2OH)- Exanple 14:
444- (I ﬂm}én@memm aQwsl@n apered-th s oskyledtin e, ereyéngionatipehaecting glionpsmap e 2-

5 (o ESRRTD Do BRAEARhtudEL Lk R QliBhER whiesred spaciars. The ghoice ofa suitable
3- ( 2-Prtempaemty foy bemziortfuickienal groaeet vl as switable(cBnditigns &mgronestien andOprateytidng

t reata?edwéiﬁﬂl%(m% e QNG é{aﬁﬁg,?@ﬁﬁe?&ls kﬁ&gﬁ%gguﬂp Ma tfdEint @&gﬁ%ﬁm afeS

realized a secon t| me wt vials are co acted
Wi t h detchip¢d mt eV, Gdecnedndief. i?vhg\ﬁets,l ltrmeguigf@toepsamd)ngm@émthﬁtseaqunfdiéﬂltlon

vacu ON d TLC. Fr 0. 38 (ethyl

acet ;{?}e%yc %ﬁé&gﬁ% %‘%’/ [?tg% ‘%gﬁﬁmﬁ?geel?coms) 4.94 (s, 2H): 7.71 (t. 1H):
7.95 [00262]_ Hhe f8110128ng wgthddd)are IBesZﬁe(( wijth mdﬁbﬂsﬁs thh@preparation of representative compounds
3-1- (£ (& Pnane acetyli ,benzaoni sol ut i.op of e
of 2 b Ry Ry NP B RRELL o FRERIA of G SRS BenBibloCReR kindel
sul f a:bmrrandﬂlz a@ﬂgbloﬁtalsmg enteoxls aiel Iazrgntaﬂyjeld: skfﬂleé1rmle<1ruof®rgaa1csynth¢sed under

argo d rk ove t The m S ut ed ace

1 Ponaf SR Esapriit BEtsnpraluaeth olstie 1SSt ot oG PR untes

ac et attefveiyc !;tﬁlh@)@dm&n@élﬁlQOa\taﬂab?o@Aﬂﬁ')irohﬂ s@vene ztrbl asadefor reackiono rpaucdd uﬂ'cleCmeFtr =
he ane 30/ 70 73

| tate/ 1
?#_tﬁ\qs LY e(eaég'nt %_61:&/ ‘ff’? S ( %fe Tﬁs )5al]9 ﬁt%%r 6?65( rHCPC ()ther7w1ée6 S]eet(ccheﬂ H;é)olu?mg 0
( d Thoma®gaghy d perfdiingd 8n dBca(ge] 601(BY-70 CMp: ThiRhyer cldodtography iNotrriddoout saly pee-
St 3. . . .
3- 12 B3 s <8 K2 BIFGUHSIngsR ) e my 1 MRISBBI AP Feoardof ams iyl QFPY #00 NVIR
[ 003 kﬁécﬂf@m&eﬁ@b@lﬂ\lﬂﬂ)i) Ohendi&dd sﬁms a)&) tBr [H 2&1\(112 spéchp arylepoie)l A gl ﬂdaemmmqsgm)l e

(in EtOH (5 nm) and vvaterpré pot assi um cyani de and anmon
car boAIate tafeéfa@at&@aﬂanﬂf%o %&rﬁl%eeapp@p%@? reasé%l Sglt P 18, CHCI: (6 7.27) a5 ternal

2010/:08RALIRalipEEaQ0R¢ QR 33siRigt), aéub%‘@ @1) EHibi%t 08, Xubkt @ (dl)S nﬁl%[e@@h)e&dmréam

ethyl acetate, dried over magnesi um sul fate and concentrated under vacuum
to gibd Covplingoednstants HdAsotivea. I Tzc Elgcirosoray mass spasye (ME g obirgd P h dkigigass

30/ 79)lat1%rnl UCNM%p@&Q%QQ} :CotunfiDuskd for kcMs &&137%5 1éhr6fﬁbht§ Mkrforﬁlaﬁc% I(Id18 1dd im
5. ll\_/P 98 (m 1H); 7.67 ﬂ 0 (d, 2H); 7.98-8.02 (m
lH) X 3 mm (Merck AG) All'the methods are using the following gradlent

Solvent A: MeCN; solvent B: H,O, both solvents contain 0.1% formic acid.
Gradient: 100% B to 0% B from 0 to 3.5 min; 0% B from 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:

DCM: Dichloromethane

DiPEA: | N,N-diisopropylethylamine
MeCN Acetonitrile

BOC tert-Butyloxycarbonyl
DMF N,N-dimethylformamide
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St ep4: 4- 1- 4- ( 3- Cyanophenyl) - 2, 5- di oxo- 4-[ ( 2- propenyl oxy) net hyl ] i m dazol i di n
-1-y1]-2- trifluoronethyl benzonitrile [00316] To a solution of 579 ng of
3-[2, 5- diweaey20A9pr openyl oxy) met hyl ] i m dazol i di n-4- ylPCh@Erz@miosrds e and
534 ng of 4-brono-2-(trifluoronethyl)benzonitrile in DMAC (2.5 nlL), 183 ngy
of copper oxide are added. The m xture is refluxed overnight at 130C. The
m xture is concentrated, taken in DCM washed with a solution of 10 %
agueous ammoni a sol ution Eﬁ@ brlﬂ@ﬂumhgwé¢géhic phase is dried over
magnesi um sul fate, concepiixgted R0 rified on silica gel

(et hyl acetate/cyclohexangr 10C%HEE?6%%%¥&%%&qﬂ3§%the desired conpound.
TLC. Fr = 0.3 (ethyl acefBVaryqlbmethplndfozle50) 6 1H|NVR (CDC13): 3.85 (d,
1H); 4.07-4.21 (m 3H); bgH5 I tm 27580589 (m 1H); 6.24 (s, 1H
7.59-7.70 (m 11 7.80(EP iRy - [P PRGN LM (R = 3. 26 min)
439- (MH)- Step LCMS Liquid Chromatography
5:4-1-4-(3-Cyanophenyl) - R, 5-di oXo- 3-net hyl -4-[ ( 2-pr
lidin-1-y1]-2- trifl uorofet hyl ETET aéssf’eLtg"me%'y
[ 00317] Toasol uti onof 358nygind- [4-@3ﬁ@w@mﬂmhenyl) 2, 5- di oxo-4-[(2-

propenyl oxy) net hyl ] i m dageedin+—yi—2t+iHuvererethyl benzonitrile in DW
(1.5 nmL) 135 ng of potask um car|BBAS ©%nd 101 [LI., |of nethyl iodide are
added. The m xture is st]rred dyreegiohligeni ght at roon1tenperature,
evapor at ed, washed with prine—extracted wth ethyl acetate, dried over
magnesi um sul fate and coptentrat|/é#elb gi ve the desired conpound. TLC. Fr =
0.58 (ethyl acetate/cycl phgxane ngggm,ﬁtlH NVR (CDCl3): 3.09 (s, 3H); 3.95

openyl oxy) net hyl ] i m dazo

(d, 1H; 4.14 (m 2H): 4,38 (d, "'B°20.5 34 (m 2H); 5.84-5.91 (m 1H):
7.63-7.79 (m 4H); 7.96 (% 2H); nsﬂtlpiet(s 1H) LOMS: (Rt = 3.81 nin) Not
ioni sable Step 6: d doublet

4- 1- 4- (3- Cyanophenyl) - 2, b-di axo-/4- hydr oxynet hyl - 3- nef hyl i mi dazol i din-1-yl |-
2-trifluoromethyl benzonit W@Ie WY geayod29119PCT/ EP2009/ 061733 [ 00318] 328
[LI- of trifluoroborane-dimethytsgllde.chpEiex are added to a sol ution of
354 ng of 4-14- (3-cyano henvl)-%ﬁm pe
5-dioxo-3-nethy1-4-1-(2-prpenyIdkymnmtﬁqﬂl i mdazolifdin-1 -yl] -2-
trifluoromethyl benzonitr G e The—mixtufe is stirred 6 hours
at room tenperature, dilr?ﬁé ﬁY Cwﬁnﬂ%shed wi th amn aqueous sol ution of
sodi um bi carbonate, dried over nagnesiun1su|fate, concentrated and purified
on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the
desired conpound. TLC. Fr = 0.30 (ethyl acetate/cycl ohexane 50/50) 6 1H NWVR
(CDC13): 3.14 (s, 3H); 4.17 (GENERAL PRGCEDWREB:); 7.65-7.79 (m 4H);

Exgﬁp awﬁgécen%TD? 8.14 (s, 1H LCOVMs: (Rt = 3.04 min). 383- (MCH2OH) -

442, 0@ 6% oc dmpoyalds@x yhaetveytionIndyeie pydpardd (¢Rotdingftb the famttpdradeauryd: ) i m dazol i di
n-l-yII-2- trifluoromethyl-benzonitrile (Method A)

Method A

Scheme 1
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Step 1: 1(3-Trifluoronethyl phenyl)-2-hydroxyet hanone [ 00319] A sol ution of
2-brono- 1[ 3- (trifluoronethyl)phenyl Jethanone (1 g) in acetonitrile (2.5 ni)
and wat erwQ2010m2y110s treated under microwave irradi ati oRCCEP3@Y/0603¥1 n) The
sanme experinment is repeated five tinmes. Al the vials are collected,
extracted with DCM dried over magnesi um sul fate and concentrated under
vacuumto give the desired conpound. 6 1H NVMR (CDC13): 4.96 (s, 2H); 7.70
(m 1H); 7.93 (d, 1H); 8.14 (d 1H), 8.22 (s, 1H Step*?: .

2-[ (2- Prope yI oé_)é%)rret hyl ]-1{ 3-trifl uoronet hylphenyl ) etihemone T0 ]To a
sol uti orof riflue RYI pheny1), Syet hanone (3. @ al |yl

br oni d Etbl-SHZ(aéF al ci um sul fé%é"; .9 g) and.sibLyer oxhde (7.1 g).
The m xture |s stirred under arngohaAnd.dar k dur i ng 2 hours. Th m xture is
diluted wi'th ethyl acetat® filtered on celit®, concentrated and pﬁrlfled
on silica gel (eth «acet at e/ cycl ohexane 0/ 100 to 15/85) to give

desired conpoundRIJUC s Fr = 0.79 (&t hyl acet at e/c | ohexane 50/ 6 1H NWVR
(CDC13): 4.20r¥m ;

(m 1H);rJ (tR*"1H) ;

: Dl | oni ¥R re "
4-[(2- Propenyl oxy) Bmchy @ (@'—(t ri bnhFuor 0 h{ p'ﬁenyl )| m olydl n- 2, 5-di on
e [00321]ffo a sol uti orr*of RiX R

2- [ (2- pr opeqny! oxy) met hy1] - 1- (33;r|f?uororret hyl phenyl ) et hanone (3. 17 g) in
EtOH (5 nL) and water (5 nmlL) is added potassium cyani de (624 ng) and

ammoni um car bonate (3.2 g). The WOVR@i@A/®29119PCT/ EP2009/061733 m xture is
refluxed overnight at 55C. The m xture IS, extracted with ethyl acetate,
dried over magnesi um sul fate and coﬁgé#l—hat ed under vacuumto give the
desired conpound. TLC. Fr 0.45 (ethyl acetate/cycl ohexane 50/50) 6 1H NWVR
(CDC13): 3.80 (d, 1H); 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), 8.59 (s,

478%@,\, . 5.30 (dPo 5.38 (d, 1|e|)+ . 94-6. 02

&, 8. 18 §4d° X ®8y 25 (sRr= R R (R =

Deprotectlon R4b

1H) LQWVE: 3.19 min) 313- (MeH)- Step 4: R3a HO _,. R®
4-1-2,5- D) oxo 4-1- (2-pro enyI OX% u- Ay | = R\

-4-(3- trlT* HUOT oggt hyl phe Mﬁ) -| m d oI i di n )m1Base Rie © R3)
triflu Ay Befzoni 22] To @4bso n of  then Rev N N m

4- ( 2priypenyl oxy)ymeth -4& 3 trifluoro prh@nyl)bm dazdmﬁ- R'5-

di one (1.14%),9) and 4- bro 3b)21-(t”'phs‘ia”for thyl ?benzorybit il @ (1715°g) in DVAC

(7 rrL) | & added copper oxide (528 ng). The maxture S refI uxed over ni ght at
130C. g Jhs1.- 59 ;”r Vi celpbe, washed with a
10% acf-gegltfs g nll}éx%s{) ¢ %Iceféjglre %kﬁpﬁgllo{dg%é}#fh? pﬁgse is dried over
magné&ﬂm@@thﬂé@@onl@dﬂ@éﬂhq@i}ed under vacuum and purified on silica gel

(et hyl a,cqtf% 1.6y gé%} eQ 00, to 50/50) to give the desired conpound.
TLC It:e ?é %FUP ce’?at a}’cyecl ohexane 50/50) 6 1H NVR (CDC13): 3.84 (d,
H) ﬁ0216(5] ( m AH)s; compzmld(ld prepefed fBnp 3-h5dr@Qy-{ phen@ldjhande8@cerd8g to e alefpedud. 57

Jul_gd’ by G gzMz)lagger gurld J. A "1%:1(13 oz 4 h@rﬁ.’rox} 'ZDoutaZOn% Brgg &eml 9@'59, 60,%79—%82(. S

Protection step (optional):

[00266] 1-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

[00267] 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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Cvs: (Rt = 3.55 mn) 482- (MH- Step 5:

-1-2,5- D oxo- 3-net hyl - 4- 1- ( 2- pr openyl oxy) net hyl i

4- ( 3-t riwburoroonzetibyl phenyl )i m dazolidin-1-yli -2- PCT/EP2009/061733

rifluoronethyl benzonitrile [00323] Toa solution of 8l4ng of

-[ 2, 5- di oxo- 4-[ (2- propenyl oxy) met hyl] 4- ( 3-

rifl u‘ororr‘et‘hygiphenyl )i m dazolidin- ?‘/11 -2-trifluoronethyl benzonitrile in

DVF (niix®rens Ylilyted wsifoweteipod astgacwdw@tére@a reetate( Proorgagic salitioms teyhiad odihdesaiompg

[ LL) J&ﬁs ﬁdﬁﬁﬁl&ﬁoﬂd@ sélhﬁcyl{ gn%&lf"els oAfund ﬁ%%ﬁ(ﬁ%@ﬁ'&%ﬁﬁ)ylag%q{e%eﬁ%mduct

washed brine, extracte y acetate I ed over magnesium

sul fa(Wbltléthjﬂl@Wrﬁ@@itrat ed to give the desired conmpound. TLC. Fr = 0.39

(eth i I 6 1H Nl\/R(CDClS) 309(5 3H) 398(d
18 »ﬂ4Lca§1e4@t4§(%ghaa%%%at§%?%@ e e Sk i) @&g

7.6457! f@gn\wcmm ?6&5@1 (8): 413 (m, BHO3L B @ 1ii - 92@ 21g; 122 (dsi, nw 3¢ M HY:Rt

= 4. )

Step %5945%& l%)N‘?hs I%%mﬁe%ﬁgxzﬁget hyl- 3-met hyl - 4- (3-trifl uoromnet hyl phenyl)im

dazoIthMFm (Rt p79 mpn): 388t {MblY eféthy | - benzonitrile WO

2010/ 029119PCT/ EP2009/ 061733 [00324] To a solution of 782 ngy of

4-1-4-(3-Trifl uoronet hyl phenyl) -2, 5-di oxo- 3- net hyl -4-[ ( 2-

pr ope?m]?ﬁoﬂy/?rﬁe@llm fwh«i@éfé(ﬁ%@mzzﬂowwef@f]tlmlld@4oa@9ﬂd mt- Ay vverersiviberzpeitila DCM

2 ialy 0 [ I
it Q0B el st P DR P B i RO £ Bt 0BG
wi t h danetydassiomsdedpiddeil 028 gfofsoptict th) bkidaripbhat e of dibioaeh- bv@uowagﬁleﬁmmmmle

o/ Lot E SEREBTME) B A AL EA, PR A A RSL(RLM SRR STl ADRsne
acet amemuvmmn@d 50/50hyl@cdkicNVR ¢gDat 3yer 8. dripd(oger Sidjum 4ulfe, (fdterdd-gnd

&1 4 i iyl oo

1- ( 3,ptDicttiyd nagprieetn phoyvidd tlivyddsied progiidty | - 3- et hyl - 4- phenyl i mi dazol i di ne-2, 5-d
i one Method 36\ heﬁ{agget%yl a&etgg%ﬂéb) 2- (2- propenyl oxy) ethanone [00325] Thi s

npound I's roxy- 1- phenyl et hanone, according to the
pr oceSdHﬁ\é\/IBlﬁ@aCb)y 3@ M, 1Hﬁ1l4alr4ddr2fé)né1271 (dAIHNERB éd,d h): B-Iy(dr IdKys. Butddn112); Grse, J.

e ) \ 2: 4-Phenyl - 4-[ (2- propenyl oxy) net hyl ]
im d;a%ofﬁ)dﬁg%a @)S?%%@Z%B@%%lg]@j ?15)5 g of
1- phdMIS: ZR(?6ﬁl operitotd)Fer hanone, 0.575 g of potassiumcyanide and 1.6 g
of amoni um carbonate are heated to 55 C for 3 hours in 23 nL of a 50/50
et hanol /water m xture. The reaction mxture is diluted with water and
ext r dpeld Wi t h efPhiyPioaeévratiel-4-Fhveylot-ffadnr wemdbutiednl/ingdagabdied-Wi-3-h a
satur ated aque de solution, then dried over sodium sul phate
and evapor at edq#%u@%%t%eﬁ%ngégl red corrpound TLC. Rf = 0.42 (silicagel,
el uarl9026%ept an®- e sdiytionad @&t @ o650 BB lioxo-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-

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

L
4
t
4
t

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 (heptane/ethyl acetate 70/30)

8 'HNMR (CDCL): 3.07 (s, 3H); 3.98 (d, 1H); 4.14 (br s, 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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6 1H NWVR (CD30D): 3.68 (d, 1H); 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)
LCVE: (rtwe 2810/291mon) 288+ (MH, MeCN+) Step 3: PCT/EP2009/061733

1- (3, 4- Di chl or opheny1l) - 4- phenyl - 4-[ ( 2- pr openyl oxy) et hyl ]

i m dazol i di ne-2, 5-di one [00327]0.7 g of

4- phenyl - 2- (propenyl oxy) i m dazol i di ne-2, 5-di oneare dissolved in 2 nL DVAC
and 780 vy of ¥;2-dPiom-6rwlravingty-benreeriandinddgeldiinf ol/totddotoyeany of
copper (1) oxigg,, Jhg.m xture is warmed at 160C for 3 hours. At rt the
mxture is diluted wth a 20% aqueous sol uti on of anmmonia and extracted
with[802% acetTate. aThe S@lfvgaml c bayer0.53g dridd ovieR,Ssbekiotmmsthyfdaphenyl-4-[(2-
filt /. 9 uct
s pa B A R R VR R RN R 4B
hept mﬂeﬁ@tlﬂwrolwm%amreethmlmfideeomﬁle&tﬂ INVRL ¢ DNESGrom@hat. Tht, mlxﬂ)e is 4tir@8 af rnfor3H) ;

. 15 b fﬁwur%% %?%%)aqué) Sodyfta g&%ﬂﬁonaﬁ%ﬁmgﬂg%d( X%J;%ﬁ; it ?%t o( e

3 44 omgam)c laygy i$ dingdzewter maglgtsgpp mlfa]]_e., @ered and evaporated. The crude product is purified by
4-Di hél lgllg

5-di %ﬁ%ﬂfal g Eg:i/%%ezraggpy |1 g)r%gfjgﬁl go%})ﬁ'%d(%l,p%-ﬂ%l @élr:% enyl%)tb g}ogﬁ{a%he’ deEllre[d(
propemdudxy) met hyl ]i m dazol i di ne-2,5-dione in 3 nL of DVF, 238 ngy of

pot asg 15“ ¢ar bonate and 0.143 nL of iodonethane. The mxture is stirred at
rt for 5 hours, evaporated to dryness, diluted with brine and extracted

W th Téﬂ})ﬂr—a&fét(h@éaneffml agptgani0S0) ayer is dried over sodium sul fate,
filtengd; 0 4aff argdn0 || oWw0 h h

i ssql HodtiacBERRCLR BamE, o OOy ARl RER R isp APSRTYS & S 5.0
trifl(dotobddame-1d)net hyI sul fide corrpl ex is then added. The nixture is

stirr t t urat ed aqueous sodi um bi carbonate sol ution
is a&“gfe%ggsq{ WFfSﬂmI‘ﬁ tErHQOﬁ? extracted with DCM and the organic |layer is
dried over SOdI um sulfate filtered and evaporated. The crude product is

purlf rystalljzation frp - 20, H. ..__W:_ 3.02 (s,

B A T RS AR P B R bR 0%
1H) 7.75 (m 1H). L@Y@ml@ﬂhyli’e&owﬁhi(wthomwi oni zati on General procedure
for nm ( Step 1 [00329]0. 415gof4- [2, 5-di ox

% f?%h)}%('if%ﬁg"%ﬁ)”é’ %’WQ “@t%w ]inidazol i din-1-yl] -2-

t ri f I[ﬂfbﬂdﬂret hy |Go@nmbif thibig chloeiddiassddwigddided %0 svllutai DNVES gvof Profekiglamino-2-
gl?lpll: 9 dny a%cgtuia allcllf(y in 1@3' |1 d(gfvnéenlgarnéf%g n?ux(%u e?sﬁtleegegrgglegﬁr)rl}sca?(ri gé’c%%‘{eeh%g{& Aftdl %Vd)bhoursl S
ext r agtreg. Whe thixatriisl stlare@fcat4éh aThehemrtg@xul‘G:nt a)eeapdrasedimd@dlessvéhe cradpgeduens
FS)ﬂL T ]?61%1 g 8(1 w1ti1taﬁ Ia&ciu%o aSnSg)([jltél‘I%h 1cago\?é12r?te g(l)ll '[?Oélg?.\r/lg R ra\?:‘éﬁl\x/éth eeffm ?ﬁ:retléll e T e{_lo(%gaglﬁ:(%glases are
hept amh@t\mylh wacethat Ebrm,xmdrdeed St@pna%nfsm@BBﬁI}‘@e 331wt_edcafr1d evaporated to provide the
trifl e hyil i x in 10 nL of dichloronethane is
adde %ueﬁg%d&f%\r{llg%hg?g B %yuc{l 5 enegpslt btained in Step 1, dissolved in 15 n_
of diTglel (ﬁr&rtmmamblo(oneélpmmthmoy%mm% g of N-isopropyl, 0.4 g of

EI- g%?ﬁﬁm@(&[)éﬂ)d 1964.98 B, P IBa 9 573 [DSuM%bY §u).S 3 47 &dsa) rt for 6

._1

Step 2: 4-[2,5-Dioxo-3-methyl-4-phenylimidazolidin-1-yl]-2-trifluoromethyl-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 rt the mixture is evaporated to dryness. To this crude product 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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WO 2010/ 029119PCT/ EP2009/ 061733 poured into a saturated aqueous sodi um

bi carbonate solution and extracted with ethyl acetate. The organic |ayer is
dri ed ovewormagvesiiam sul fate, filtered and evaporated. Ph@/EPrardossdduct i s
purified by chromatography over silica gel while eluting with 70/ 30

hept ane/ et hyI acetate m'xture Exanpl e 17:

442, 5- Di 0x0- 4- hydr oxynet hyl - éll met hyl et hyl ) - 4- phenyl i m dazol i din-1-yl|-2-
tri f |sg@pmrbmam@|n{1jg p\lz(bmtltaqatpql witlse pjl acetate. The organic phases are washed wiith water then brine,

1:4-124 ﬁn{a cR?éPm§% Pﬁ%hmfé ?ﬁ@ﬂéh)anée\%&%éh e rddg gmdea%&g&amgeﬁ%& Byl ehdazo

lidin-1 | uor oret hyl benzonitrile [003
(heptféﬁq@ﬂ@nmnse%’éh ethel cHEr BEyoviicthe W%@B@%) 1. 41 (d, 3H); 1.50 (d, 3H);

3. 37 A Frlb%7gﬁc1&@f &charﬂé“ﬁ 1eﬂ11e1~'19%/12§ ’ 4.42 (d, 1H; 5.25 (d, 1H);
5.32 ( (ddt , 2H);748(m3;793d1

H)
8. 01 S(HNMRi)(CDglalé 061t 31194)5 avs H)( 5% 33 (2K P87 467, $HRT 9S(&FH): 8.03 (dd,
2: 4 [1%5% XH{4 hydr oxynmet hyl- 3- ( 1- net hyl et hyl ) - 4 phenyl i m dazol i di n- 1-y1]
-2- trif uoronet hyl benzonitrile [00332] TLC : Fr = 0.45 (heptane/ et hyl
acetd{CM%o(/rsm%mmeaneml@}wn@auq (d, 3H); 1.53 (d, 3H); 3.40 (dt, 1H);
4.30 (d, 1H); 4.72 (d, 1H); 737(m 2H); 7.48 (m 3H); 7.93 (d, 1H); 8.06
(d, 1H); 8.20 (br s, 1 LCVE: éRt 3.37 min) 386- (MCH2O0H) Exanple 18:
442 | 514pi 39 ol 23 -Ripsbrietidyeaopya WWTH -Pyanylauigive isghil vl ldas dlupaimsthybgnzpuigrile

t f I t hyl | .S
s YPERTD e R 1 S lh BEOR0, me o, dlpS o mayl ey mitroliding -,
- 1 yll]lﬂlznom‘tthﬁbmpmﬁé@ imA berf @Imythtom TEHIE ©®<8@Bt]0TIZ8fC lFladdfd(MOzSy 0 laé ptlaefditleitiny |
t 0 v
ace 0%? gmﬁl%ﬁ?ﬁhgﬁ?é&é éybﬁfﬁ)%é%@% 5@8&’0 q\_e‘gomeé l%r% b? dﬁm TBQ%X%J#E] is gﬁrre(‘d at(g?ol_éj R
7. 53 10muin3H)en 121 98 ¢flproppnalddHyde @e slow{ybadded, thd-holutioMBecofRe darkIed3 T haradditiomert
i oni s;

2-4- g&h&&%ﬁ %E og pr(i],oanaldeh%/(ﬁ liadi t(f'l total disco ora]‘uo%f of the m1>fture The m jxtu e 1s s 1rre(i']1t

0XO0- anorme roxyrre phenyl 1 m dazoli
trif178%¢ émnst) myh behtho reaction|ieqy; 660@34 TET WlﬂFan aqu©018501@h@mfatnmi0@umy¢hl<mdetﬁtee

150 L SRRSO AL CEERD el Oy
(d, My w@elthey birinel lpd dge@gve(rbmaggesmrh{)sulfate filtered and evaporated. The crude product is
purified by chromatography on silica gel while eluting with 1/1 to 0/1 heptane / dichloromethane mixture then
99/1 to 95/5 dichloromethan/ethyl ether mixtures, to afford two diasterecomers: isomer A and isomer B.
[00274] Analytical data for isomer A:
TLC: Fr = 0.45 (dichloromethane/ethyl ether 9/1)
8 '"H NMR (CDCl): 1.19 (t, 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, 1H)
LCMS: (Rt =3.47 min): 358- (M-CH;CH,CHOH)-

[00275] Analytical data for isomer B:
TLC: Fr = 0.36 (dichloromethane/ethyl ether 9/1)
8 'H NMR (CDCls): 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, 1H); 8.15 (s, 1H)
LCMS: (Rt =3.46 min): 358- (M-CH;CH,CHOH)-

Examples 4 & 5: 4-12,5-Dioxo-4-(1-hydroxyethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-

trifluoromethyl-benzonitrile
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LCVs: (Rt = 3.12 min) 383- (MCH2OH) Exanple 19:
442, 5- Di ox0- 4- hydr oxynet hyl - 4- phenyl - 3- (2- propynyl )i m dazol idi n-1-yl | - 2-

trifl uorowethidengonitrile Step PCT/EP2009/061733
1: 4-12, 5- Di ox0- 4- phenyl-4-[ (2- propenyl oxy) net hyl ] - 3- (2- propynyl )i m dazol i di
n-1-yl _1-2- trifluoronethyl benzonitrile [00335]TLC : Fr = 0.65

(heptane/ethyl acetate 50/50) 6 1H NWMR (CDC13): 2.27 (m 1H); 4.06 (dd,
[A0276] (m  2HP;5-Rio2@4-( dhydi¢syethyl)-Anetlgdr4-phef)ylimidaa@idid] -yl ; 5.26 (d, 1H);

301 i iy P 0 Bt B8 s

2: 4fPZ5SMEDdmoﬁMﬂHMdm@MW?@uwym}&wﬁH@Wﬁymﬁn@%wbpm@yh@kﬁfmﬁda@?hﬂ@%mémTyiw 2-

501 505 PO TR NI R o g P i I gy AP JRRIROGT Rl R LG

( d I)H) hepang/tlichlgthmetifelpe nifxtu@ ﬂ(lm 99%14)10695/7_5 alch(ognsn;@m)vi\e/:h&gtﬁcﬂ mi,xgwtp la&OtZDlgt_W(od,
AL R N OF S, 10 ) 52 (Micean) evarmle 2

442 0XO0- henyl i m dazol i din-1-yl]-2-trifluoronethyl ben
zonltrlle (Method A) Step 1:

4-12 X0- 4- enyl oxy)methyl Ji m dazolidin-1-yl _I-2-triflu
oroné?% enzoﬁ?asg¥%d§6%%§??$%8a solution of 0.47 g of

4- phenyl 4IKIEFﬁOG@Qh@ﬂ@KM%h@EhﬂW]ﬁhﬁ@ﬁfﬁﬁiﬁﬂﬁﬁQD 5-dione in 30 nL of DWF

i s added e Xl

4 br om- 21 [ PBOFBRIPRG TR v MR R Db ant 1o Tashim 30 1936450 2
hoursthen7@@(dsﬁﬁy&bb®aﬁéd to dryness. The crude product is diluted with a
096aqueo%§ﬂ&§kﬂ%'9§58m8 ﬁg%}ﬁeg Eﬁtracted with ethyl acetate. The

organic | ayer i's drie ésiumsul fate, filtered and evaporated. The
crude product is purified by chronatography over silica gel while eluting

wth hept ane/.e acetat TLC Fr 0. 30 (heptane/ethyl acetate
7/ - 3d§&%7§2H %5859?”%15@8@( . 4,14 (br s, 2H); 4.27 (d, 1H); 5.28

(d, 1H); 51132F(d0 28 Hjichl Go@&hdrd tthyl &h&/ﬂ\IHZL(B@Q/m/O.B)H); 7.70 (m 2H); 7.98 (m

421'1_% 8 14 5515951?1%@ (5_1)\6%:21%40@9?@)%]5.91'03((?,/355224%)8%.8?&131%1)%'7.58 R, 5. 3%(&“1?13

(M H
4-1 2, 5- D ®m-(4-hyds. oxgmahy1- 4- phenyl i m dazol i din-1-y1]-2-trifl uoronethyl be

nzoni 00 0.18 g
4-12, Léf‘\gééb ig‘ﬂ?@ﬁy%%&fw gﬁf?g‘énw oxy) net hyl ]i mi dazolidin-1 -yid-
2-trifluoronmethyl benzonitrile in 15 nL of DCMis added 0.2 nL of
trifI oro Qr ane | sul.fide co ex in 1 0 The
PP 1 o O G e P e g B I aqueous
sodi um b| car bonafigorsmbiijiboiionititle (Méth@ﬂ)ed with ethyl acetate. The organic
| ayer |s sulfate filtered and evaporated. The crude
pr odv&¥ |2(632”F¥§ﬁwggg@%(’ “G8faphy over silica gel while eluting with
78; 3Qooa19) ane/ et Bydf mehaagemgﬂwstdph@yl)ahzﬁiond:rang @%q (dﬁ&;lathamEfoelh:lityhn acemat @f49
> 5%_]33110!}7\;9%‘[3 (rr%%%eﬁ I.H?de@ &?utr anl_ﬁ l_Q 1§1nla(§ 1%00& gl balig_‘)After flltrat on ana evaplcgpa’uon of

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

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

LCMS: (Rt=2.51 min): No ionization

Step 2: 1-(4-Fluorophenyl)-2-(2-propenyloxy)ethanone

[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,0 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 eluting with 90/10 heptane/ethyl acetate
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LCVs: (Rt = 3.02 mn) 344- (MCH20H) Exanple 21:

442, 5- Di ox0- 4- hydr oxynet hyl - 3- net hyl - 4- ( 3- net hyl phenyl )i m dazolidin-1-yll-2

- trifluowvormetidnebtibenzonitrile (Method A) Step 1: PCT/EP2009/061733

2- brono- 1- ( 3- met hyl phenyl ) et hanone [00339] To a sol ution of

1- (3- et hyl phenyl ) et hanone (2 g) in ethyl ether (20 nlL) is added brom ne

(726 [LI-) at OC The mixture is treated with an aqueous solution of sodium

bi carfoOnHEMR (DB &bt dedSvii RHBt4RP! (sedthied.17 did &) ovidr (ddelghies Patdds UIbat. &7 (m,

concez@lt gaﬁoe(qxgﬁg purified on silica gel (ethyl acetate/cycl ohexane 0/ 100)
% e desired conpound. TLC. Fr 0.42 (ethyl acetate/cycl ohexane

10/ 909CM% @I—FNMW@}HR@M? (s, 3H); 4.49 (s, 2H); 7.40-7.47 (m 2H);

781791(m 2H). LCVs: (Rt 3.42 mn) not ionisable. Step 2:

2- hydr oxy- 1- ( 3- et hyl phenyl )et hanone }00340 A sol ution of

2- br o¥eap- 14((%Fﬁf9f<12?{1¢7aﬁéh§(?yéwmﬂ@n)éw(@]mdqz dwet orianei | e (2.5 ml) and water

(13 treat r 5 e
6281 gt SE%a?Qﬁe(? e@b{?&(ﬁg% (b q’?) &Jyg F\C]l% Cotaind %rs)teéo d'i 154

exper|nen is rep S are co l'ect extr cted
Wi t h pp@EMiund ryaadic eué f.6brg @smspmumaﬂwn@e awdle@:tgchmefrﬁt tCafoed hawrd éx S& aE-urimm 30650

o5 My RO LI oo it (Mol el oy e

7. 74a?ter7BhC(mn4 )15 hom@@@ﬁﬂz Ot IERCT ERROO 9 As0Bdi7BRtcgtvah water and extracted with

32-1-, e

ol ut!SHREPROTE AENTBRIVLL uhed oo RAI ORERAN SHRBACDE kAR W gl ot
(10 mLH NMRa(@MaiD Ba)l E;ﬁ@lfd sH); f3a&5e(d(lﬂ)94 8 (Ad):il5udd, 1bbki Hed (@8. lﬁ,@d 1Hih e85

m xt g 2 hours. The mixture is

di | u#gog Hﬁ ﬁ% nﬁﬁ%?l)acet ané‘ﬁﬂg%ls?éé‘ g%%ogsé fﬁ?e, concentrated and purified
on sﬂlGM& (@e*ZélénmyiN@mlneatmne/ cycl ohexane 0/100 to 15/85) to give the
desired conpound. TLC. Fr = 0.54 (ethyl acetate/cycl ohexane : 30/70) 6 1H
NVR (CDC13): 2.45 (s, 3H); 4.20 (d, 2H); 4.79 (s, 2H); 5.29 (d, 1H); 5.37
(d, Bkp;4: 5-Q6-Biogad{teludtblrenyl)-BT2Drdsnflony) Ryl imfidaelidindYi(-F 2H) . LCMS: (Rt
= . sable. Step 4:

4- [(gigpbrfy(g%)éer{ﬁ&% d)nﬁgleh | ]-4-(3-nmethyl phenyl )i m dazolidine-2,5-di one [ 00342]
To a [8@382]i on %332 §fcpprep Enyidxani fetshe fi- bler@@Qﬂnﬂ&de@dn}ceﬂth&mm@décﬁ@@

ng) in dd ot assi.um cyani

an BT BE a1 ot Rpd 45 Ghorkty Bk by PSR R B0 S ALt 5 30

The mixdUPEAG Téx tixaet édhoadetl it BORY forddetiat Afterdiob ek, dwamix wegin dﬂmtml'rwshl b 5@%e

R s T T e
5. 81-fBte8d a(lqh'ﬁvaj)b-i)atedﬁ @4 rds proidyt is purdfledby3@romatogddihhy oYer6ilich gel vitifle. elltiBlyB:ith( Rt

t n| sable. Step 5:
4 1292‘\17)1 léﬁp{yle/etﬁyq getmet hyl pheny1l) - 4-[ ( 2- propenyl oxy) net hyl ] i m dazol i di n-1-yl |

-2- ! HTNMBr(@M&m?k)béﬁZ(mllHD de)7[(6024B Y. 1P@d.al FHo$. U (dohHP5.22 (d, 1H); 5.85 (ddt, 1H);

ﬁgg(zza]h r%?grdg%}é%%&)ih%/%d %d411(1 8%}(37#12@%@%/“' g dazol i di ne- 2, 5-di one (899

Z0n e(863 nmg) in DMAC (5 nL) is
added-(\bpRr= §.B) mdxi 488- (\39B) ng) . The mi xture is refl uxed overnight at 130C.
The m xture is concentrated, taken in ethyl acetate, washed with a 10%
aqueous ammoni a solution and brine. The organic phase is dried over
nagnesapuim il Fives-+-cofleeop/reat edmatidiet-/ (I peepemianthapwt/iniled/idn 19it3-ca gel
(et hyJﬂy‘Zuo(};omé’#Ly?é Onmogexane 0/100 to 50/50) to give the desired conpound.

[00283] 325 mg of potassium carbonate and 0.25 mL of iodomethane are added to a solution of 0.85 g
0 f 4-[2,5-diox0-4-(4-fluorophenyl)-4-[(2-propenyloxy)methyl]imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile obtained in step 4, dissolved in 3 mL of DMF. 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 sodium sulfate, filtered and evaporated to provide the desired product.
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TLC. Fr = 0.30 (ethyl acetate/cyclohexane 30/70). 6 1H NVR (CDC13): 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. 9OWOrm10191196. 37 (s, 1H); 7.26-7.45 (m 4H); 7.93CT/EP00086172H); 8. 11
(s, 1H. LCMs: (Rt = 3.43 min) 428- (MH-. Step 6:
4-12, 5- Di oxo- 3- net hyl - 4- ( 3- et hyl pheny1l) - 4- [ ( 2- propenyl oxy) net hyl ] i m dazol i
din-1-yll1-2- trifluoronethyl benzonitrde WD 2010/029119PCT/ EP2009/ 061733
[003434'}{ NM¥Ra(DMNSQDsnR-881(s, 3H); 4.17 (m, 2H); 4.20 (d, 1H); 4.40 (d, 1H); 5.15 (d, 1H); 5.21 (d, 1H);
[2, Xané yfpﬂgp r tfiyl 11 m dazolidin-I-yi]
- 2- tS%SF(goggnétgﬁ(nF%ﬁzﬂom trlylljgegzbtgg(ﬁ %HQ ngm%ﬁg ﬁ% i s added potassium
car bdhdde @B‘-Z@th?@ahﬁ@iloﬁﬁﬁtlﬁyﬂ i odi de (480 [tt). The mxture is stirred 3
hours at rt, evaporated, washed with brine, extracted with ethyl acetate,
dried over I\/gSO4 and concentrated to give the desired conpound. TLC. Fr =
0. 43 Naptthy/2ackiont-éf tifet arendhé Bpp oy hyle3- e NvRIGC -3y -2, 43 (s, 3H);
304 1H; 4.14 (m 2H); 4.42 (d, 1H); 5.25-5.34 (m 2H);
g5 51 thyl&"%,zm(lg 7 (m 2H); 7.26-7.28 (m 1H); 7.93 (d, 2H); 8.01 (d,
H) [80283] ( s, . LawBle (Rt mixtgreQ1 nph)  dde, 5r(b<n<|054a(l§+fb10r<$h@1sl)'ﬁ -methyl-4-[(2-

> e ﬁ%ﬂtlﬂ%ﬁ%ﬁdﬁ%ﬁﬁﬁ“‘( e ‘E%%%%éﬁtfﬂf‘e R o

[ 2, SMD@%ulgiemgmya_[mqspb@e riet mylolﬁhé}uyljp))omne (!1(112t.h¥15ulﬁde complex is added. The mixture is
B&?ﬂpgg}‘r%{@% g&%{]ﬁ’)ﬁl&' R s‘Jﬁ%ﬁ%dr %L'é'ous]soa b blc%&fr{a'te Jfoﬂgiroﬁ TELdgh ?1%%99{ tﬂrb%tﬁ:t

tri or ane- t e conpl ex
m xt wmaqt@i \Sitth Dfleaml thougsniatayertis dagd Qnee@dwnt wli@@l\/ﬁltwa@ #reiobvwctrdrtedanﬂa:qm@bus
sol u oncentr at ed
and pir Lt U PRLERLARNS e flch 88 E P TROTAR BB ReukCT 200 B

gi ve &' H@MB@DW&D Bc)n%)&h@d3H7TE©8 (lﬁr 1H); .47 ﬁn{léi)hwo éoditht ’éiQ:gncIZblhe&%Mm 2H);

50/ 5 o( 44 (s, 3H); 3.09 (s, 3H); 4.17 (d, 1H); 4.72
(d. %)@5(571]#7% §%§§i;d21§1)(m 1H): 7.39 (m 1H): 7.93 (d, 1H): 8 03 (d,
1H) ; [&MB (R67 2.9Hmin){ IWEMURLOH-)3. 19 nin) 372- (M CH2OH)-. Exanple 22:

444- ( 2- Chl or opheny1l) - 2, 5- di oxo- 4- hydr oxynet hyl - 3- met hyl i m dazol i di n-1-y1]-2
- trifluoronethyl benzonitrile [00346] Using the protocol described in
Exangixgmple 75t e #-8;(41Cbbrenhanylp2, 80ipxof-lydipxprRetlyitomethriamiydylidin-1-yl]-2-

2, 5- di oxo- 3- net thyl ]im dazolidin-I-yl]

-2-trifluor orrett%%(f)réﬁ%%{"?{zl'Pﬁny{ﬁ%%)@he desired conpound. 6 1H NWVR ( DVSO
D6): 2.69 (s, 3H; 6 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(L.31H .- LCMS: (Rt = 3.47 nin)
(392/394)- (M CH20H ). Exanple 23:

[ 1- (4-cyano- 3-trifl uoronet hyl phenyl)g2, 5- di oxo- 3- net hyl - 4¥gheny|%ym dazaﬂ i di

n-4-yl ] met hgl hydrogen sul fabe WO ZQJSQ/ 029119PC3/ EPZOOQ(MQ&JE% [
solutio B3 QHGP O OH O
4-1 3- e 1- 4- hmyrret 2, 5-di o\o/—\ZIBr-prgle m dazol i dij ;;yl]

EtOH H,0

MW 150°C 11Bar 3b 0 ab

1 2b
Br
cl
_ \L cl
N/
\L cl £ - o OH
o)
Q K,CO, BF Me,S
o Cu,0 Mel
o} —_—
DMF CH C|
HN_ _NH DMAC _ o N
\g/ 160°C N/ NZ
F
oo

4b

Step 1: 1-(4-Chlorophenyl)-2-hydroxyethanone
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2-trifluoronmethyl benzonitrile and 0.48 g of sul phur trioxide-pyridine

conplex in 20 nL of pyridine is refluxed for 18 hours then evaporated to

dryness. Wbeonvaagn9pr oduct is purified by chronmat ographpCoEPromiobi’éh gel

while eluting with 90/10/1/1 DCM net hanoVacetic acid/water m xture. TLC Fr

= 0. 25 (DCM net hanoVacetic acid/water 90/10/1/1). 6 1H NVR (CD30D): 3.09 (

NCH3) 4.69 (d, 1H); 5,03 (d, 1H); 7.54 (m 5H); 8.13 (m 2H); 8.25 (sl,
[Q@@g] (Rt Usig, tm)rmocgl of Be@aplq Mstep )1, reftingd |ge)f 2-bomo-1-(4- chlorophenyl)ethanone

[1 ( r or oret hyl phenyl ) - 2, 5- di oxo- 3- net hyl - 4- phenyl i m dazol i di
?}'Ilé?%%%de lréélplh&%i“lrfltogen phosphate Step 1: [

1 (4-5®IMR3DM’S|GH)4)0#%M@J phemy 11);7,6-(di2dRo7. B+ (delthy| - 4- phenyl i mi dazol i din

4y|] L Y, ate [00348] A solution of 0.4 g of
4- 3- ere )’gy 2%5 gﬁrgxlﬁ/(ﬁg)?ﬁa%% 5- di oxo- 4- phenyl i mi dazol i di n-1-y1]-2-
trifl uororrethyl benzonl trilein 2 nm of pyridine and 0.2 nL of diethyl

phos t : [ rt. under argon atnosphere. The m xture
is qlr}z%czﬁé }hgp%%ﬁg @&3@%’8%%1”0% c acid and extracted with diethyl
et her[08286] et hyIUsargettm eproﬂibml of ubmnpoddctsteps 2pureadtingd 29¢  ghradmatbogna pitdr
over %00 ii i 1eld ut|Sl vxgtr% 4/1 DCM et hyl acetate m xture. TLC. Fr =
7 ChPEP e wSdr e AR Mo e Coa0D) - 1. 31 (. 6H) . 3.03 (s, 3H):
4 156(mNMR)(DMS(B®6)am®85mQZH)@ arsy (23H); F1346d,71E9552m (&H)H); S, D d¢mHLA)61 (8. 15
@ ) 3.76 min). 526+ (MH). Step 2: |
‘ano- rl fI uor orret hyl pheny1) - 2, 5- di oxo- 3- net hyl - 4- phenyl i m dazol i di n
-4 yI ] met hyI d| hydr ogen phosphat e [00349] Under argon atnosphere, 1 nL of
bro ri th il ane dde u 0.39 ¢ of 1- (4-cyano-3
-tr :Tlf%? ojfrg %lﬁ?"r" iy '( F%Den%{oxov%ml%whdtrie%q Bl phenyli mi dazo lidin-4-yl]
met hy[D0287¢t hyl Lrsltngspiaa;bretocaﬂ dtOEmlmmé mmpceolreﬁdm@t 26Cg ofh&(4-ddabplenyl)-2-(2-
stirred fﬁr hour aeé Otﬂ 18d htours at rt. The solvent is evaporated
t hen PEPEMY ¥R 8% e\%?iiqr?l U8 mixture of water and ethanol. Sol vents
are eVapaNat @St B (Hrgess @epeat oa(d Nics,15 Tk 18);wds (dd,odycdd, i1H); 5,84

ur|f| onat hy. .0 si |1 I ile eluting wwth 85/15/1/1
ﬁﬁ%ﬁ ﬁg@é??lﬁog%ég}ﬁ%mghhﬁgf??gs H\ﬁﬂvi de 0.25 g of white solid.

Af t erLCMS: iR 1vg3 .06 irfin) aN@lioatsition. et her / pent ane m xture, the desired conpound is
obt ai ned. WD 2010/ 029119PCT/ EP2009/ 061733 6 1H NVMR (DWMSO D6): 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) . SkdpMS7-/¢AR-CElo2oph&ryn 20)-dio kBB { (2{pkb ) oxy Xyl eid@dlidin-1-yl]-2-
[ 1- (4 ano- % rifl u romet hyl pheny1) - 2, 5- di oxo- 3- net hyl - 4- phenyl i m dazol i di
n- 4- R &”?"% hyl - 1- oxobut an- 2- ani ni um chl ori de Step
1: E2$))9228-8ﬂ (1, 1NidgetHey petdaoix y) aaahpry b.agimod, - @adtingt hyd uft anptidoraghedyl)-4-(2-
1-(4-c
trif I%%’FB‘&%YWIWQWT)Z Y digngyyigldy,the disizedRreduet nhenyl i mi dazol i di n- 4-yl ] et hyl
esters HQ@H@QDM&&DD@tBOD(@ﬁH@ 4059mQBH); 4,15 (d, 1H); 5,13 (d, 1H); 5,21 (d, 1H); 5,85 (ddt, 1H);

4[25d|0 y hyl ) y1-4- nyIim'dazoIidin-l-yl]-
Tt AL Yo ans G b b Ty S . P

(2S) 12:Ni€: IR - du mefihyles/mayyvearbonyl am no] - 3- met hyl butanoic acid, 0 .1 22 g
of 4-di methylam no pyridine and 0.3 g of

1- (3-di net hyl am nopr opyl) - 3- et hyl car bodi i m de hydrochloride in 50 nL of

di chlsoreoprethane i45[4szdahroe&phmﬂ) 2 B dlowiB-SnetMB [QQus ey by ke MRk dn-1-y1]-2-
extracted V\A%que acetate. The organic layer is dried over nagnesium

sul f dfdorerqpdrey” rrf{f evaporated. The crude product is purified by

chr ormag289) aphy (QuRIthSproioeal o Bkahle best@l 3 tréabngd. 5d1g é04- {30(4%1&@%4@215' Wioxo-
acetate mxture to pr ovi de .t he desired conpound. TLC

a§
( hept*afrePrepryloxy@ethytlanidese gy 1-yll c%vﬁlﬂuer&fnethﬂ&e@?mfﬁlﬁylelda@g ﬂescrm PTBG‘@@@ H+) .
St ep 82H NMR (DMSO Dg): 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

3-trif] thyl ph 5- di 3-met hyl - 4- phenyl i mi dazol i di
B30 b GGt B33k b o o e~ Premy! 1 dezeli

LCMS: (Rt =3.57 min): No ionization
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[00351]2 nlL of trifluoroacetic acid are added to a solution of 0.43 g of
(2S)-2-[(1,1- dinethylethoxy)carb onylamno] -3 -me thy Ib ut an o ic ac
id[ 1 - Wo-20wametr13 -trifluoronethyl phenyl)-2,5- di ox oPB8TAEP2009/061733

met hyl - 4- phenyl i m dazolidin-4 -yl]nmethyl ester in 20 nL of dichl oronet hane.
The m xture is stirred at 25C for 2 hours then the solvent is evaporated to
dryness. The crude product is diluted with a saturated aqueous sodi um

bi carSnat e sobPuti on arfd 4e%iGhaerddmbi-. rdiering iy devrathel-3-Taéy lbrigeaiidntiayle?- i s
drie sulfate, filtered and evaporated. [00352] The crude

pr odgg]?&/ﬂ?éméd}?g%g%\’/?génel n 100 nL of dichl oronet hane/ ethyl ether m xture
(5/9990280d 0. 4 Usingdhe pro@pd! vy Brangdno,steb ¢r fedaing 616w ofcin[4i(A-chlotpphened) Rehdipxp-3-

?Sfjﬁﬁ?eﬂ@f‘ b A e S R ST S

53 HOYMRADMS) Do)4 282 (1, AH); 1497 (. 175; 4,40(m, 1H);;5.52. (88 1€, 7.51Hh; 45; 8B3 (dn1H5H) ;

8.19 m 1H). LCMB : (Rt = 2.8 nmin). 489+ (MrH+). WO
2010/86?&%%%@2(5@9/ 06T)733 Exanpl(e 26: . ( .

[ 1- (4-C¢ariBt 3343 i) USPUBBOHM-PHePL) - 2, 5- di oxo- 3- et hyl - 4- phenyl i m dazol i di
n-4- yl ] met hoxy-4-oxobutanoic acid [00353] To a solution of 0.20 g of

4-[ 3- met hy1- 4- hydr oxynet hyl- 2, 5- di oxo- 4- phenyl i m dazol i di n- 1-

y1] - Zxumiplel 8aor drEtyliiprepdomiil-2,b1dexp-I18 droxyreéthylypr 2etirerg nyliiwidadd@h- 5y ifg- of

di met hyl am nopyy g of succinic anhydride. The m xture is
stirred for thﬂérrgﬁf’?r“gmgl\)fggéer ated to dryness. The crude product is

washed with vvater and extracted with DCM The organic layer is dried over
lf 4 t fied
by CRrGrat agr - o R B PRRER Bl - GBS B! T €
cycl dhﬁum«wedﬂetlmztonau@t ate to give the desired corrpound TLC. Fr = 0.17
/ I t 50/5 6 1 67-2.,7 02
Egyc W ngzeEIh By g 37 (d, q)lH)Ow 36 ((CPC 3‘)[2’? “Boxoy 4r21§4 %ﬂ%"%?lyg% %

1H); p&)]@)@ﬂyl@d/()inetﬁﬁl)lmldazollﬂm( ]dyl Ih-i)lﬂudtmylléﬂtOMrlB: #3B mif DMI5860 mg of potassmm

M H- CHZO 4 0
§ s) af7C4™ ano-@n{“ f‘i‘i’ “’“’“Hd? SRR, B BRIt Y1 A PR T 5% G4z ol

I dl n-fée-4 fduks mtﬂwgonchtﬂnyi[bhﬁgélfhep fod mﬁab@r&amlbIOml(dS@O % solution in toluene) is added _
Zilgdl fh%?ﬁrel%s '([sjtl{rlrezdll Oolilp ITE h% £B ePéb 55 cg fu (%Vl% wm’?t hﬁd Ermep a ? tracp‘I d W &‘Pl :

d| n- ut| on o
(S) - ébﬂ{yBaqmatehﬂe drghtydlagerym{ekip&erzpdimmsuifame ﬂlltqodrdemy kevappigd.ol i d| n-1-

y1] Iuor t ben01tr|1 ni . of r|d|n hyl
2l oSl phat d T i aa PopiriB S e el B Rt B 2 b
at nogipfreneeethylhectart.xt ure i s quenched with 2M aqueous hydrochloric aci d and
extrac vl t cru rQduct fi
chr onat oor ey B B a7 R B EaoSiniore” RuRRG i oh P RBcTinG 2k 1 Hucar o
m' Xt Wdde, THYLTC30 o, 28);07, 024 nf, 2H L 8106 0d, HHQJ&BIZF’(WIPB;:SSHM dH). 6 1H NVR (CDC13): 1.45
10 (s, 3H); 4.13 (m 4H); 4.65(q, 1H; 5.02 (q,
Q;D]\%%JU({ 3%§O‘ﬁ )#’F%E’m(z?ﬁ"nsm 7.95 (d, 1H): 8.0 (dd, 1H): 8.13 (sl, 1H).
= 4,66 mn) 526+ (MH). [a]r) = - 44.8 (¢ =1 % EtOH). Step 2:
P11 & aho- 3- tri HT G SO HhA S 2 BBy SRR R e ol
di n- 4righdrovedriybendintiytdr ogen phosphate WO 2010/ 029119PCT/ EP2009/ 061733
[00293] 0.45 g of 4-[2,5-diox0-4-(4-fluorophenyl)-4-[(2-propenyloxy)methyl]-3-(2-
propynyl)imidazolidin-1-yl]-2-trifluoromethylbenzonitrile 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 1t for 18 hours. A saturated aqueous sodium bicarbonate solution is 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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[ 00355] Under argon atnosphere, 2.5 nL of bronotrinethylsilane is added to a
solution of 0.80 g of (S)- [1 -(4-cyano-3 -trifluoronethyl phenyl)-2, 5-

di oxo- 3 -wetbhwlo2dtiphenyl i mi dazo lidin-4 -yl] nethyldi et rgi/Er2aspbese i n 25
m . of DCM cool ed at OC. The reaction is stirred for 1 hour at OC then 18
hours at roomtenperature. The solvent is evaporated then the residue is
dissolved in a mxture of water and met hanol. Solvents are evaporated and

t hi s pHIYEBSDMSERY ed- 10 WincED); Fhe-4dp (et tpi 58U 0D, TH; ha (028 TP (m, 2H); 8.05 (d,
chr OWH)-OQE@(E*‘DH oy e{ @Sisp) ca gel while eluting with 90/10/1/1 to 85/15/2/2

di chl oronet ’ang’/ rret(hénoVaceti c acid/water mxture to provide the desired
conpddidS: (RLe3.0Fmin: 404 M-CBEPHS/ 2/ 2 di chl or omet hane/ net hanoVacet i c
acid/water). 6 1H NVR (CD30D): 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 5H); 816 (m 2H);
8. 27 Fxamplerdy . | 4eNB3-(hiropheny 52 S1dioxy-4-hyd@xyuméthplidvipethjlgidyzobidin-147-25 (¢ = 1. 05
% EtOH). Exanpl; : 3 "y
(S)41- (4- Q/ang%-et“%?'{‘nftholrbgirzrzlgtnf‘tlrﬁep([l‘feetr?f;fl542 2, 5- di oxo- 3- net hyl - 4- phenyl i m dazol
i di n-Sgep iV i(frétieenopensl) kblduraaitineneaci d [ 00356] To a sol ution of 0.60 g of

(S)- thyl-4- - | OX0-4- AN 7ol 4 din-

2y OB Y LR T E i o Sl i R BRARERL M hoppen etgnens
di metyijdsahd deoipsdrpretiveie and 1. 54 g of succinic anhydride. The mixture is
stirred &t K. af : 1 . hgc oduct
e e R o A 4 I, T s R T Yag, PO e
i s driddS:aler 2 AtgresNuingaidnat e, filtered and evaporated. The crude product
is purified by chromatography over silica gel while eluting with 50/50

hept ane/ et hyl acetate to give the desired conpound. TLC. Fr = 0.17
( cyclSoivex driélLétorspherndet-@treox0rB0)etlgindeé NVMR (CDCL3): 2.67-2.74 (m 4H); 3.02

S, socf- 92 1H) ; 03 edH G 7.3 2H).. 7.52 s 14,96 :
10y 0t 4o, Sy Rl Sliphibin P T g Gk WEupt hiordnifinl S
( M HhEHROy O hifi®3) el ds Exadvpilk e p2@tuct.

S) - ((1Drindre (A= -3+ktriflu nyl) z 35 Pet hyl. 2 24 57.di.0x07 4~ yl i
i tado TR GV ERE: 01 b A RS Bt Do L L A B Mk 7 i B R T
) - 2- [X(72,(d-1Bhnksthidl BOhdLY jscadbonyl am no] - 3- net hyl but anoi caci d( S) - 11- (4- cyano
-3- trifluoronethyl phenyl)-2, 5-di oxo- 3- net hyl - 4- phenyl i m dazol i di n-4-yl |
met hyl ester. [00357] A solution of 0.45 g of
(S) - &idp; 3+ HCblooophe{yy2enryraay i) v Bzollinayl-diophenyl i m dazolidin- 1 -yl] -2

onyt JPEIST "5 den TR ok & i O Gist fobesinerbood YL B e 5455 o
(inj gmbmﬁﬁlmwbemlﬁmnm yotdsi thld d}b@{rﬁf}doﬁgﬁleg _o:‘ e oehl ot _

ai chitof SRR 8BS R L ary M oGP Prion PRI T oe s T e o b
Wi t h 7etdhiyl, 21dg é15at@, 1Hhe5D(sgHEN: 8.70 ay &1); 1 &83¢s) B#E). over magnesi um sul f at e,

filter apd. orated.. The crude product is purified by chromatography
over%“scﬁ\ﬁi‘lg"ggggg%?&fﬂ)ﬁgogflﬁ?tiloﬁlg with 70/ 30 heptane/ethyl acetate nmixture to

provi de the desired conpound. TLC. Fr = 0.20 (heptane/ethyl acetate 70/ 30).
SN (I 685 0T Bty e o5
3H) ; wtfi@worhdhyliehhonitBle04 (dl, 1H); 8.15 (sl, 1H). LCMS: (Rt = 3.90 mn)
489+ [6%9%?” CEOI-[}_S"IFI?g th[ecgrbtogol- 015 %ka?n(q)plé C6, :ste]f)' ,5 reoéz:tinlszgt ?'(_)l) g of 4-(3-chlorophenyl)-4-(2-
propenyloxy)imidazolidine-2,5-dione yields the desired product.
3 '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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Step 2:

(S)-11-(4-Cyano-3-trifl uoronet hyl phenyl) -2, 5-di oxo- 3- net hyl - 4- phenyl i m dazo
| i di n-4- yWorretonmasm93- net hyl - 1- oxobut an- 2- am ni um chl or ipde/HPR@38581733 Nl of
trifluoroacetic acid are added to a solution of 0.65 g of (25)-2-[(1,1-

di et hyl et hoxy)carb onylam no] -3 -nethy lbut an oic acid ( §)- [1 -
(4-cyano-3 -trifluoronet hyl phenyl) -2, 5-di ox

03- met i - 4- pheny/i i daotiidiph-43-glokaméviayfivl-e s evorien @@ methyglimidazolidin-1-yl]-2-

di Ch'tﬂﬁ%&é)@ﬂ&maﬁbﬁl m xture is stirred at roomtenperature for 5 hours, 20
m_ of ‘tol uene are added then the sol vent is evaporated to dryness. The
crudd0@Biuct isingithapretdestiof Bxamgadutat e deaaiineebefsg st 4aErdiocehbonal, & dioxo-

S0 Uty N ARGy RXDLAGLA b £ Lo GELAN Sy B RLARDL G, LBYEch Frcfidh o0 over

nagnes ere evapor at e I'ssol ved
i n 120 HNMBf (NS Do ohist (sadié): étl By, elﬂ)hérZOr@ii Xtr 447 GdO/lED)5 lard, Ui)75,22r1(_d dH)a

2M hy n LR rignS r |Itrat|on

t he (;dgel rg(gd oh%@ﬁ‘%ﬁ@g%%t%@é 6@(&@%&?@@@&@ ghfj%)f (é;?r% ‘nla e/ met hanol

95/ 5)LCNGS: TH=NVR 1i@B30oB) method Nadisdtioh0 ( 2d, 6H) 2 26 (m 1H); 3.07(s, 3H);
4.11 (d, 1H); 5.22 and 5.36 (2d, 2H); 7.58 (m 5H); 8.19 (AB, 2H); 8.25
(sl, 1H. [cd, = - 46.7 (c = 1.08 % EtOH). Exanple 30:

442, 5 Di oxo24- hy@r oxy net/MHyB-Clarenagt))- 25 -gvemyihydrodarediyi-simathy ingldizoBdind oy be
nzonit.pi

4- [ 2,téﬁ@r@%ﬁ@ﬁg@3?@fym hyl - 4- phenyl i mi dazol i di n- 1- y1] - 2- met hoxybenzoni t ri
| e [ Q0B29] A solUsitigahe pbtod@4f igarofle 4- sctqpaﬂqmeaeﬁnm ttox yirhER3chiosapbymhal, & dioxo-

d 00 dded
st ut B ER SIS M SR AR BT R BERARAS IR B8 Doty

to | iprelet ure procedure) in an aqueous solution of 1.8 nmL 1N sodium

hydr ox: 'n ) .« Ihe r tur

over % ght’, a%vlgeéjlﬂji ggg gsgglgj:igié‘nggb ’12@1 (Ilgibjl.ﬁ;( M’Sﬁ@% Pﬁr?ﬂg%?’t%eﬁ @m‘%g rs
The SA5Us.ileh is then treated with a saturated aqueous soI ution of sodium

bi car, te, _ 0 b 009/ 061733 extracted with ethyl acetate,

dri e&‘mgr(ﬁtsu}/\% négﬁg%} #{?E(Fl[?r red, evaporated and purified over silica
gel while eluting vvlth 60/40 heptane/ethyl acetate m xture to give the

expe d r ct,, T 3C /£ t e 20L20),. .6, 1H NVR

% gk’: Itl :3% ég %gwxo GPT%@% t){yléia %Li algmdazf{_es 17vl]6223 (m 2H):
7 51 (m 3H); TrW@r@mthﬂbanzom% (Rt& 5. 84 )-m[m)S-D@O@I-hJ(M@Hzmylﬁ-me&tyeg 2:
4-[2,5-Di oxo-4 0X thy]- 3-n Ilmdazolidin1y1]-2-nethoxyb
enzonitrile [Oé’gé@f Q%J}%} észstln ‘r’nxrg'é're%'g ze"etarnlcei 861Lit methyl iodide are
added to a solution of 141 ng 4-

R e LR ks G

evapartatledomethgibyimresisle Iﬁe epsaem@lble clnISmtaa)Igeaphy n fwatseg samyde eXthe amdeeﬁlc mmtthtre

cvapdP BB AR RRF diut Ul Urep EpTem B RS Sl §7 s boyss =

hept amr‘c@ﬁﬂbyhmamet ate mxture to give the expect ed product. 6 1H NWVR

][3334)6? %}és gr‘s%ﬁet%rglg ﬁ}?édﬁ?ﬁ%&;]%yﬁfvj%ﬁ?tqrgg'_é@éolv%ﬁ the (g) %efl?cr‘ﬁ%%))o&&}n Et

| on| sbhlmed. Exarrpl e 31:
(S) , 4- roph | ) - 4- hydr oxynet hyl - 3- met hyl - 4- phenyl i m dazol i di ne- 2
ailehe s e PRSP {5

4 Dirl@ Uﬁptteem xob), célniiy d5(D)X4' B&ink) hdptdhefdvpriphiol 7 813, dloivdhtd @ nd,/mn, REJO@N enin.
[00361]217 nmg of (S)-2-hydroxynmethyl-2-phenyl glycine (prepared according to
A.dm, Polish J. Chem, 70, (1996), 1442-1447) are dissolved in 5 nL of
0.5 Noesnegous sodi(Rnnaehinex ilsdautecng@oﬂm Aoflurtler purifida€ibh B @O BERYdontiSOSYRNG R
dissolved in 5 nL di oxan are ow y added over 10 min then the mxture is
st i r PEGV4Parating the sqlycat pravides %‘t%‘iﬁﬁ%ﬂc?ntpﬁu“ﬂ 5. 3 nL of 0.5 N aqueous sodi um
hydrqabde+awewadded1ggHmake t he pH al kal i ne then 300 ng of

3, 4-di chl or ophen i socyanate dissolved in di oxan are sl

agai fiPLfh é‘hﬁtl%tl 9?f>e<><i’1§m% ¥?0r ¥ &8 %Hle@ateafqpﬁ@ﬁn% 8@(?5 dlovitgls rlrﬂltIéWﬁbP\étlé% mt“hen
12N hydrochloric acid is added to acidic pH and the mxture is heated for 1
h at reflux tenperature. The dioxan is renoved by evaporation under vacuum
t he aqueous phase is extracted with et¥yl acetate. The extracts are washed
with brine, dried over magnesi um sul fate and evaporated to dryness. The
residue is purified over silica gel while eluting with a gradient m xture
fromheptane to pure ethyl acetate to provide expected product.



[cd, = - 13.3 (c = 1.02 % MOH). Step 2:

(S)-1-(3, 4-Di chl orophenyl) - 4- hydr oxynet hy1- 3- met hy1- 4- phenyl i m dazol i di ne- 2
, 5-di one W02801291029119PCT/ EP2009/ 061733 [ 00362] 150 ny @®CT/(EBRe02/061733

, 4- Di chl or opheny1) - 4- hydr oxynet hyl- 4- phenyl i m dazo |idine-2,5- dione are
dissolved in 5 nL of dinethylformam de then 165 ng of potassium carbonate
are added followed by 137 [tt of dinethylsulfate. The m xture is stirred
overnight at roomtenperature then it is taken in a m xture of water and

et hyljRegliad Sute.The aqueous phase is extracted with ethyl acetate. The
extracts are washed with brine, dried over magnesi um sul fate and evapor at ed
to dryness?H The residue is puBdMd ed over silica gel while eluting with a

gr adi ert xturM%lc e to purgy bby,l(cp@cet ate to poov &QDMé'Ie expect ed
13):

product. |6 1H N 3.04 (s, 3 .11 and 4. 65IN(2¢, 7.37(m
3H); 7. l—pagﬁgle%( H. LOVS: Et()RpH@ 3.16 nin) #3g4 C(MH) ;
333/ 335 cHZ = . 38.5 (¢ = 0.925 % %H)H (©0363] Tabie 1:

Representati ve conpounds of the invention ID Structure Nane Calc'd MW 1 HO
0 0 4-[2,5-D oxo-4-(hydroxynet hyl)-3- nethyl -4-phenylimdazolidin-1 -yl]-
2-trifluoronethyl benzonitrile 389.3

CN

NC NC Cu,0

@\ O @ P _oBDMS PVA B CF
r 3

FaC OH FsC Jgr

@ @ OtBDMS

Separation O
Ne K ] NC i
O . .
FsC @\ —OtBDMS n-1 intermediate
F5C N s
O)\
[00303] Following the same route as described for Example 1 depicted in Scheme 3, purification can

be carried out on the “n-1 intermediate”, to obtain the compounds from Example 10 and 11 after deprotection
using a chiralpakAD® column (250 x 4.6 mm), using a mixture of supercritical CO, / MeCN /iPrOH (90 /5 /
5) at 40°C, under 100bars, followed by removal of the protecting group according to known procedures (see
ref 10).

Example 12:  4-[2,5-Dioxo-3-ethyl-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile (Method A)

Step 1: 4-[2,5-Dioxo-3-ethyl-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00304] The procedure of Example 1, Step 1 applied to 0.23 g of 4-[2,5-dioxo-4-phenyl-4-[(2-
propenyloxy)methyl|imidazolidin-1-yl]-2-trifluoromethylbenzonitrile 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-phenylimidazolidin-1-yl]-2-trifluoromethylbenzonitrile
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FFF N 2 HO OMN ii O0// NF F 4-[2,5-D oxo-4-(1-hydroxypropyl)-
3-net hyl- 4- phenyli m dazolidin-1- yl1l]-2-trifluoronethyl benzonitrile |Isoner
417. 4 DoSpruepuupe Nanme Calc'd MV 3 PCT/EP2009/061733

[00305] 0.2 g of 4-[2,5-dioxo-3-ethyl-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-y1]-2-
trifluoromethylbenzonitrile is treated with 0.2 mL of trifluoroborane-dimethylsulfide complex as described in
Example 3, Step 2, to provide the desired compound.

TLC : Fr = 0.35 (heptane/cthyl acetate 20/10)

8 '"H NMR (DMSO Dy): 1.05 (t, 3H); 3.32 (q, 2H); 4.22 and 4.40 (2m, 2H); 5.62 (t, 1H); 7.4-7.5 (m, 5H); 8.08
(d, 1H); 8.20 (s, 1H); 8.33 (d, 1H).

LCMS: (Rt =3.81 min): 372- (M-CH,OH-)

Example 13:  4-[4-(4-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl]-2-
trifluoromethyl-benzonitrile (Method A)

Step 1: 4-(2-Hydroxyacetyl)benzonitrile

[00306] A solution of 1 g of 4-(2-bromoacetyl)benzonitrile in acetonitrile (5 mL) and water (10 mL) is
treated under microwave irradiation (125°C, 50 min). The same experiment is conducted five times. All the
vials are collected, extracted with ethyl ether, dried over magnesium sulfate and concentrated under vacuum to
give the desired compound.

[00307] TLC: Fr = 0.15 (ethyl acetate/cyclohexane 30/70)

8 '"H NMR (CDCl): 4.94 (s, 2H); 7.85-7.87 (dd, 2H); 8.05-8.07 (dd, 2H)

LCMS: (Rt =2.40 min): Not ionisable

Step 2: 4-[2-(2-Propenyloxy)acetyl] benzonitrile

[00308] 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 AcOEt, 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)

8 'H NMR (CDCl): 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-yl]benzonitrile To a solution

of 500 mg of 4-[2-(2-propenyloxy)acetyl|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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HO1 O M ii O0// NF F 4- [2,5-D oxo-4-(1-hydroxypropyl)- 3

- et hyl - 4- phenyl i m dazol i di n-1- y1]-2-trifluoronethyl benzonitrile |Isonmer B
417.4 4 N0 2010291190 // NF F 4- [2,5-Di oxo-4-(1-hydr oxyeChyPpec3/061733

met hyl - 4- phenyl i m dazolidin-1-yl1l]- 2-trifluoronethyl benzonitrile Isoner A

403.4 5

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 '"H NMR (CD;0OD): 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)-

S t e p 4 : 4-[4-(4-Cyanophenyl)-2,5-dioxo-4-[ (2-propenyloxy)methyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00310] To a solution of 675 mg of 4-[2,5-dioxo-4-[(2-propenyloxy)methyl]imidazolidin-4-
yl]benzonitrile and 622 mg of 4-bromo-2-trifluoromethylbenzonitrile in DMAC (2.5 mL) 214 mg of copper
() 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 is dried over magnesium sulfate,
concentrated under vacuum and purified on silica gel (ethyl acetate/cyclohexane: 0/100 to 50/50) to give the
desired compound.

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

8 '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 (s, 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-propenyloxy)methyl]imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00311] To a  solution of 459 mg  of  4-[4-(4-cyanophenyl)-2,5-dioxo-4-[(2-
propenyloxy)methyl]imidazolidin-1-yl]-2-trifluoromethylbenzonitrile obtained in Step 4 in DMF (1.5 mL),
173 mg of potassium carbonate and 130 uL of methyliodide are added. The mixture is stirred 3 hours at rt,
evaporated, 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)

8 '"H NMR (CDCL): 3.09 (s, 3H); 3.95 (d, 1H); 4.14 (m, 2H); 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

S t e p 6 4-[4-(4-Cyanophenyl)-2, 5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl]-2-

trifluoromethylbenzonitrile
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HX410 O \\ . 0 // NF F 4- [2,5-D oxo-4-(1-hydroxyethyl)-3 -
nmet hyl - 4- phenyl i m dazolidin-1-y1]- 2-trifluoronethyl benzonitrile Isoner B
403.4 6 QGWMORAOM2M19. O NI//FF 4- [2,5-Di oxo-4-(4-fl uor opo@mpr009461733
(hydroxynethyl )-3 - nethylimdazolidin-1-yl] -2-
trifluoronethyl benzonitrile 407.3 | D
[00312] To a solution of 433 mg of 4-[4-(4-cyanophenyl)-2,5-dioxo-3-methyl-4-[(2-
propenyloxy)methyl|imidazolidin-1-yl]-2-trifluoromethylbenzonitrile obtained in Step 5 in DCM (5 mL), 600
wL of boron trifluoride-dimethyl sulfide complex is added. The mixture is stirred 8 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 = 0.10 (ethyl acetate/cyclohexane 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)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl]-2-
trifluoromethyl-benzonitrile (Method A)

Step 1: 3-(2-Hydroxyacetyl) 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 (ethyl acetate/cyclohexane 30/70)

8 '"H NMR (CDCly): 4.94 (s, 2H); 7.71 (t, 1H); 7.95 (d, 1H); 8.18 (d, 1H); 8.25 (s, 1H)

Step 2: 3-[(2-(2-Propenyloxy)acetyl] 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)

8 '"H NMR (CDCly): 4.18 (d, 2H); 4.73 (s, 2H); 5.31 (d, 1H); 5.37 (d, 1H); 5.92-6.02 (m, 1H); 7.66 (t, 1H);
7.90 (d, 1H); 8.22 (d, 1H); 8.29 (s, 1H)

LCMS: (Rt = 3.04 min: Not ionisable

Step 3: 3-[2,5-Dioxo-4-[(2-propenyloxy)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

55



Structure Nanme Calc'd MV7 Cl HO411 O M iliO N 4-
[ 4- (4- Chl orophenyl) -2, 5-di oxo-4- hydroxynet hyl-3 -nethyl -
i m dazol iworeew/0249192- trifl uoronet hyl benzonitrile 423. 8PBTHP2000/0617B% //
NF 4- [2,5-D oxo-4-(4- fluorophenyl)-4- hydroxynethyl- 3-(2-
propynyl )i mdazolidin-1-yl] -2- trifluoronethyl benzonitrile
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 (t,
1H); 7.80 (d, 2H); 7.98-8.02 (m, 1H)

S t e p 4 : 4-[4-(3-Cyanophenyl)-2,5-dioxo-4-[ (2-propenyloxy)methyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00316] To a solution of 579 mg of 3-[2,5-dioxo-4-[(2-propenyloxy)methyl]imidazolidin-4-
yl]benzonitrile 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 sulfate, concentrated under vacuum and purified on silica gel (ethyl acetate/cyclohexane 0/100 to
50/50) to give the desired compound.

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

8 '"H NMR (CDCL): 3.85 (d, 1H); 4.07-4.21 (m, 3H); 5.26-5.38 (m, 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, SH)

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

Step 5 :  4-[4-(3-Cyanophenyl)-2,5-dioxo-3-methyl-4-[(2-propenyloxy)methyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00317] To a  solution  of 358 mg  of  4-[4-(3-cyanophenyl)-2,5-dioxo-4-[(2-
propenyloxy)methyl]imidazolidin-1-yl]-2-trifluoromethylbenzonitrile 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)

8 '"H NMR (CDCls): 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 (s, 2H); 8.11 (s, 1H)

LCMS: (Rt =3.81 min): Not ionisable

Step 6: 4-[4-(3-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl]-2-trifluoromethyl-

benzonitrile
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[00318] 328 uL of trifluoroborane-dimethylsulfide complex are added to a solution of 354 mg of 4-/4-
(3-cyanophenyl)-2,5-dioxo-3-methyl-4-[ (2-propenyloxy)methyl]imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile (in DCM (5 mL. 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 = 0.30 (ethyl acetate/cyclohexane 50/50)

8 'H NMR (CDCl): 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:  4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-trifluoromethylphenyl)imidazolidin-1-yl]-2-
trifluoromethyl-benzonitrile (Method A)

Step 1: 1(3-Trifluoromethylphenyl)-2-hydroxyethanone

[00319] A solution of 2-bromo-1-[3-(trifluoromethyl)phenyl]ethanone (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.

§ 'H NMR (CDCls): 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

[00320] To a solution of 1-(3-trifluoromethylphenyl)-2-hydroxyethanone (3.66 g) in allyl bromide (20
mL) 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 50/50)

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 (t, 1H);
7.88 (d, 1H); 8.18 (d, 1H), 8.25 (s, 1H)

LCMS: (Rt =3.53 min): Not ionisable

Step 3: 4-[(2-Propenyloxy)methyl]-4-(3-(trifluoromethylphenyl)imidazolidin-2, 5-dione

[00321] To a solution of 2-[(2-propenyloxy)methyl]-1-(3-trifluoromethylphenyl)ethanone (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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mixture is refluxed overnight 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 = 0.45 (ethyl acetate/cyclohexane 50/50)

8 '"H NMR (CDCl): 3.80 (d, 1H); 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), 8.59 (s, 1H)

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

Step 4 : 4-[25-Dioxo-4-[(2-propenyloxy)methyl]-4-(3-trifluoromethylphenyl)-imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00322] To a solution of 4-[(2-propenyloxy)methyl]-4-(3-trifluoromethylphenyl)imidazolidin-2,5-
dione (1.45 g) and 4-bromo-2-(trifluoromethyl)benzonitrile (1.15 g) in DMAC (7 mL) is added copper oxide
(528 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 dried over magnesium sulfate,
concentrated under vacuum and purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the
desired compound.

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

8 '"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 (t, 1H); 7.74 (d, 1H); 7.91-7.96 (m, 4H), 8.09 (s, 1H)

LCMS: (Rt =3.55 min): 482- (M-H)-

Step 5: 4-[2,5-Dioxo-3-methyl-4-[(2-propenyloxy)methyl]-4-(3-trifluoromethylphenyl)imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00323] To a solution of 814 mg of 4-[2,5-dioxo-4-[(2-propenyloxy)methyl]-4-(3-
trifluoromethylphenyl)imidazolidin-1-yl]-2-trifluoromethylbenzonitrile in DMF (1.5 mL) is added potassium
carbonate (279 mg) and methyliodide (420 uL). 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 the desired compound.

TLC: Fr = 0.39 (ethyl acetate/cyclohexane 30/70)

8 '"H NMR (CDCl): 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-[2,5Dioxo-4-hydroxymethyl-3-methyl-4-(3-trifluoromethylphenyl)imidazolidin-1-y[]-2-

trifluoromethyl-benzonitrile
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[00324] To a solution of 782 mg of 4-/4-(3-Trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-[(2-
propenyloxy)methyl]imidazolidin-1-yl]-2-trifluoromethylbenzonitrile in DCM (5 mL), 662 uL 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)

8 '"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-CH20OH)-

Example 16:  1-(3,4-Dichlorophenyl)-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2,5-dione
(Method A)

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, 872-882.

Step 2: 4-Phenyl-4-[(2-propenyloxy)methyl]imidazolidine-2,5-dione

[00326] 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
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 = 0.42 (silicagel, eluant : heptane-ethyl acetate 50-50)

8 'H-NMR (CD;OD): 3.68 (d, 1H); 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)methyl]imidazolidine-2, 5-dione

[00327] 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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crude product is purified by chromatography over silica gel while eluting with the 2/1 heptane/ethyl acetate
mixture,

8 '"H NMR (DMSO): 3.70 (d, 1H); 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-hydroxymethyl-3-methyl-4-phenylimidazolidine-2, 5-dione

[00328] To a  solution of 045 g of  5-1-(3,4-dichlorophenyl)-4-phenyl-4-[(2-
propenyloxy)methyl]imidazolidine-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, filtered 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
trifluoroborane-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.

8 '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 =3.13 min): No ionization

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

Step 1

[00329] 0415 g  of  4-[2,5-dioxo-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-y1]-2-
trifluoromethylbenzonitrile are dissolved 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-dimethylsulfide complex in 10 mL of dichloromethane is added to
a solution of the compounds obtained in Step 1, dissolved in 15 mL of dichloromethane (respectively 0.32 g

of N-isopropyl, 0.4 g of N-cyanomethyl and 0.4 g of N-propargyl). The mixture is stirred at rt for 6 h and
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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.

Example 17:  4-[2,5-Dioxo-4-hydroxymethyl-3-(1-methylethyl)-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

Step 1: 4-[2,5-Dioxo-3-(1-methylethyl)-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

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

8 '"HNMR (CDCls): 1.41 (d, 3H); 1.50 (d, 3H); 3.37 (dt, 1H); 4.12 (d, 1H); 4.13 (s1, 2H); 4.42 (d, 1H); 5.25

(d, 1H); 5.32 (d, 1H); 5.87 (ddt, 1H); 7.35 (m, 2H); 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-yl]-2-
trifluoromethylbenzonitrile

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

8 '"H NMR (CDCL): 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-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-

trifluoromethylbenzonitrile

Step 1: 4-[3-Cyanomethyl-2, 5-dioxo-4-phenyl-4-[ (2-propenyloxy)methyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00333] TLC: Fr = 0.25 (heptane/ethyl acetate 50/50)

8 'H NMR (CDCL): 4.09 (d, 1H); 4.20 (m, 3H); 4.47 (d, 1H); 4.60 (d, 1H); 5.29 (d, 1H); 5.33 (d, 1H); 5.92

(ddt, 1H); 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-hydroxymethyl-4-phenylimidazolidin-1-y[]-2-

trifluoromethylbenzonitrile

[00334] TLC : Fr = 0.35 (heptane/ethyl acetate 50/50)

61



c C 17 4- [2,5-D oxo-4-(hydroxynethyl)-3 - (1-nethylethyl)-4-

phenylim dazolidin-l-yl] -2- trifluoronethylb enzonitrile 417.4 HO O M sk
0 F 18 wokow/02p39- Cyanonet hyl- 2, 5- di oxo-4- (hydr oxyne®Poy/EP26D9/061733
phenylim dazolidin-I-yl] -2- trifluoromethylb enzonitrile

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

Example 19:  4-[2,5-Dioxo-4-hydroxymethyl-4-phenyl-3-(2-propynyl)imidazolidin-1-yl]-2-

trifluoromethylbenzonitrile

Step 1: 4-[2,5-Dioxo-4-phenyl-4-[(2-propenyloxy)methyl]-3-(2-propynyl)imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

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

8 '"H NMR (CDCl): 2.27 (m, 1H); 4.06 (dd, 1H); 4.14 (m, 2H); 4.22 (d, 1H); 4.40 (dd, 1H); 4.46 (d, 1H); 5.26

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

LCMS: (Rt = 3.45 min): not ionisable

Step 2: 4-[2,5-Dioxo-4-hydroxymethyl-4-phenyl-3-(2-propynyl)imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00336] 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, 1H); 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-yl]-2-trifluoromethylbenzonitrile
(Method A)

Step 1: 4-[2,5-Dioxo-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-y[]-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 eluting with 70/30 heptane/ethyl acetate.

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

8 '"H NMR (CDCls): 3.86 (d, 1H); 4.14 (br s, 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)
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LCMS: (Rt = 6,91 min): 414- (M-H-)

Step 2: 4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-trifluoromethylbenzonitrile

[00338] To a solution of 0.18 g 4-[2,5-dioxo-4-phenyl-4-[(2-propenyloxy)methyl]imidazolidin-1-yl1]-
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 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 0.25 (heptane/ethyl acetate 50/50)

8 '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-methylphenyl)imidazolidin-1-yl]-2-
trifluoromethyl-benzonitrile (Method A)

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

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

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

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

LCMS: (Rt = 3.42 min): not ionisable.

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

[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 irradiation (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).

8 '"H NMR (CDCls): 2.47 (s, 3H); 4.90 (s, 2H); 7.41-7.49 (m, 2H); 7.74-7.78 (m, 2H).
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Step 3 2-[(2-propenyloxy)methyl]-1-(3-methylphenyl)ethanone

[00341] 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 0/100 to 15/85) to give the desired compound.

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

8 '"H NMR (CDCly): 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

[00342] 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 ethyl acetate, dried over magnesium sulfate and
concentrated under vacuum to give the desired compound.

8 '"H NMR (CDCly): 2.41 (s, 3H); 3.78 (d, 1H); 4.06-4.09 (m, 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, 1H).

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

Step 5: 4-[2,5-dioxo-4-(3-methylphenyl)-4-[(2-propenyloxy)methyl]imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00343] To a solution of 4-[(2-propenyloxy)methyl]-4-(3-methylphenyl)imidazolidine-2,5-dione (899 mg)

and 4-bromo-2-(trifluoromethyl)benzonitrile (863 mg) in DMAC (5 mL) is added copper (1) 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 dried over magnesium sulfate, concentrated

under vacuum 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 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,

1H); 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)methyl]imidazolidin-1-y[]-2-

trifluoromethylbenzonitrile
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[00344] To a solution of 4-[2,5-dioxo-4-(3-methylphenyl)-4-[(2-propenyloxy)methyl]imidazolidin-1-yl1]-2-
trifluoromethylbenzonitrile (829 mg) in DMF (1.5 mL) is added potassium carbonate (320 mg) and
methyliodide (480 puL). The mixture is stirred 3 hours at rt, evaporated, washed with brine, extracted with
cthyl acetate, dried over MgSQ, and concentrated to give the desired compound.
TLC: Fr = 0.43 (ethyl acetate/cyclohexane 30/70).
8 'H NMR (CDCL): 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 =4.01 min): not ionisable.

Step 7: 4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-methylphenyl)imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00345] To a solution of 856 mg of 4-[2,5-dioxo-3-methyl-4-(3-methylphenyl)-4-[(2-

propenyloxy)methyl|imidazolidin-1-yl]-2-trifluoromethylbenzonitrile in DCM (5 mL) is added

trifluoroborane-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 (cthyl 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, 1H); 8.03 (d, 1H); 8.18 (s, 1H).

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

Example 22:  4-[4-(2-Chlorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl]-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]imidazolidin- 1-yl]-2-trifluoromethylbenzonitrile ~ yields the
desired compound.

8 "H NMR (DMSO Dy): 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-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-yljmethyl
hydrogen sulfate
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[00347] A solution of 0.39 g of 4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylimidazolidin-1-yl]-
2-trifluoromethylbenzonitrile and 0.48 g of sulphur trioxide-pyridine complex in 20 mL 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 =0.25 (DCM/methanol/acetic acid/water 90/10/1/1).
8 '"H NMR (CD:0D): 3.09 ( NCHs); 4.69 (d, 1H); 5,03 (d, 1H); 7.54 (m, 5H); 8.13 (m, 2H); 8.25 (sl, 1H).
LCMS: (Rt =3.52 min): 468- (M-H-).

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

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

[00348] A solution of 0.4 g of 4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile in 2 mL of pyridine and 0.2 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 = 0.7 (4/1 DCM/ethyl acetate).

8 'H NMR (CDsOD): 1.31 (q, 6H); 3.03 (s, 3H); 4.15 (m, 4H); 4.83 and 5.07 (2m, 2H); 7.45-7.55 (m, SH);
8.06 (m, 1H); 8.15 (m, 2H).

LCMS: (Rt =3.76 min): 526+ (MH+).

Step 2: [ I-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylJmethyl
dihydrogen phosphate

[00349] 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-yl]methyl 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 solvent is
evaporated then the residue is dissolved in a mixture of water and ethanol. 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/methanol/acetic acid/water mixture to provide 0.25 g of white solid. After washing with a

diethyl ether/pentane mixture, the desired compound is obtained.
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8 '"H NMR (DMSO Dg): 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:  [I-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-

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

Step 1: (2S)-2-[(1, 1-Dimethylethoxy)carbonylamino]-3-methylbutanoic acid [I1-(4-cyano-3-
trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl]methyl ester

[00350] A solution of 0.3 g of 4-[2,5-diox0-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-1-yl]-
2-trifluoromethylbenzonitrile, 0.217g of (2S)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic acid,
0.122 g of 4-dimethylamino pyridine and 0.3 g of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride in 50 mL of dichloromethane is stirred for 18 hours then poured into water and extracted with
cthyl 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-tBuOCO+H+).

Step  2:  [I-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl]methoxy-3-
methyl-1-oxobutan-2-aminium chloride

[00351] 2 mL of trifluoroacetic acid are added to a solution of 0.43 g of (2S)-2-[(1,1-
dimethylethoxy)carbonylamino]-3-methylbutanoic acid [1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-
methyl-4-phenylimidazolidin-4-ylJmethyl ester in 20 mL of dichloromethane. The mixture is stirred at 25°C
for 2 hours then the solvent is evaporated to dryness. The crude product is diluted 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 dichloromethane/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/methanol 95/5).

8 '"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 (t, 1H); 7.58
(m, 5H); 8.19 (m, 2H); 8.26 (m, 1H).

LCMS: (Rt =2.8 min): 489+ (M+H+).
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Example 26:  [1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-

yljmethoxy-4-oxobutanoic acid

[00353] To a solution of 0.20 g of 4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylimidazolidin-1-
yl]-2-trifluoromethylbenzonitrile in 3 mL 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 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 chromatography over silica gel while eluting with 50/50
cyclohexane/ethyl acetate to give the desired compound.

TLC: Fr =0.17 (cyclohexane/ethyl acetate 50/50)

8 "H NMR (CDCl): 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,0-C4H405).

Example 27:  (S)-[1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-
yljmethyl dihydrogen phosphate

Step 1: (§)-[1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylJmethyl
diethyl phosphate

[00354] A solution of 1,2 g of (S)-4-[3-methyl-4-hydroxymethyl-2,5-dioxo0-4-phenylimidazolidin-1-
yl]-2-trifluoromethylbenzonitrile in 6 mL of pyridine and 0.6 mL of diethyl chlorophosphate is stirred for 48
hours at room temperature under argon atmosphere. The mixture is quenched 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/ethyl acetate mixture.

TLC: Fr =0.12 (1/1 heptane/ethyl acetate).

8 'H NMR (CDCI3): 1.45 (m, 6H); 1.75 (s, 1H); 3.10 (s, 3H); 4.13 (m, 4H); 4.65(q, 1H); 5.02 (q, 1H); 7.37
(m, 2H); 7.51 (m, 3H); 7.95 (d, 1H); 8.0 (dd, 1H); 8.13 (sl, 1H).

LCMS: (Rt =4,66 min): 526+ (MH+).

[a]p = - 44.8° (c =1 %, EtOH).

Step 2: (§8)-[I-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylJmethyl
dihydrogen phosphate
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[00355] Under argon atmosphere, 2.5 mL of bromotrimethylsilane is added to a solution of 0.80 g of
(S)-[1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-yl]methyl 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 (dl, 1H); 4.91 (dl under water peak), 1H);
7.53 (m, SH); 816 (m, 2H); 8.27 (m, 1H).
LCMS: (Rt =2.50 min): 470 + (M+H+).
[a]p =-47.6° (c = 1.05 %, EtOH).

Example 28:  (S)-[1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-

yljmethoxy-4-oxobutanoic acid

[00356] To a solution of 0.60 g of (S)-4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylimidazolidin-
1-yl]-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 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 =0.17 (cyclohexane/ethyl acetate 50/50)

8 '"H NMR (CDCl): 2.67-2.74 (m, 4H); 3.02 (s, 3H); 4.92 (d, 1H); 5.03 (d, 1H); 7.38 (m, 2H); 7.52 (m, 3H);
7.96 (d, 1H); 8.04 (dd, 1H); 8.18 (d, 1H).

LCMS: (Rt = 3.22 min): 358- (M-H-CH,0-C4H,05).

Example 29:  (S)-((S)-1-(4-Cyano-3-(trifluoromethyl) phenyl)-3-methyl-2, 5-dioxo-4-phenylimidazolidin-4-

yhmethyl-3-methylbutanoate-2-ammonium chloride

Step 1: (285 )-2-[(1,1-Dimethylethoxy)carbonylamino]-3-methylbutanoic  acid  (S)-[1-(4-cyano-3-
trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylJmethyl ester.

[00357] A solution of 0.45 g of (S)-4-[2,5-dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-
1-yl]-2-trifluoromethylbenzonitrile, 0.33 g of (25)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic
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acid, 0.185 g of 4-dimethylamino pyridine and 0.45 g of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride in 70 mL of dichloromethane is stirred for 1 hour then poured into water and extracted with
cthyl 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 (CDCls): 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 (dl, 1H); 8.15 (sI, 1H).

LCMS: (Rt = 3.90 min): 489+ (M-tBuOCO+H+).

[alp =-54.7° (c = 1.25 %, EtOH).

Step 2: (S)-[1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl]methoxy-3-
methyl-1-oxobutan-2-aminium chloride

[00358] 3 mL of trifluoroacetic acid are added to a solution of 0.65 g of (2S)-2-[(1,1-
dimethylethoxy)carbonylamino]-3-methylbutanoic acid (S)-[1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-
3-methyl-4-phenylimidazolidin-4-ylJmethyl 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 ethyl acetate. The
organic layer 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
2M hydrogen chloride solution in ethyl ether is added. After filtration, the desired compound is obtained

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

8 '"H NMR (CD;OD): 1.07 and 1.10 (2d, 6H); 2.26 (m, 1H); 3.07 (s, 3H); 4.11 (d, 1H); 5.22 and 5.36 (2d, 2H);
7.58 (m, 5H); 8.19 (AB, 2H); 8.25 (sl, 1H).

[alp =-46.7° (c = 1.08 %, EtOH).

Example 30:  4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-yl]-2-methoxybenzonitrile

Step 1: 4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-methoxybenzonitrile

[00359] 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 1IN sodium hydroxyde in 2 mL
of water. The mixture is stirred at room temperature overnight, acidified by adding 3 mL 12N HCI 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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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 acetate 50/50).

§ '"H NMR (CDCls): 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

[00360] 173 mg potassium carbonate and 86uL methyl iodide are added to a solution of 141 mg 4-
[2,5-dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-methoxybenzonitrile in 2 mL DMF. The mixture
is stirred overnight at room temperature, evaporated to dryness, The residue 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.

8 '"H NMR (CDCL):  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:  (S)-1-(3,4-Dichlorophenyl)-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2,5-dione
Step 1: (S)-1-(3,4-Dichlorophenyl)-4-hydroxymethyl-4-phenylimidazolidine-2, 5-dione

[00361] 217 mg of (S)-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 slowly added over 10 min then the mixture is stirred
for 1 h, the pH is 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.

[o]p = - 13.3° (¢ = 1.02 %, McOH).

Step 2: (S)-1-(3,4-Dichlorophenyl)-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2, 5-dione
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phenyl i m dazol i di ne- 2, 5-di one 365.22 Biol ogi cal Exanples [00364] The
efficacy of the conpound of the invention herein described may be
denonst r avecoion29iwro in tests of transactivation after PsirmpRacaneryas and
stabl e expression of the human androgen receptor (hAR) and a reporter gene
pl aced under the transcriptional control of the androgen receptor (AR

response elenents (ARE) in host cells. This test constitutes a nethod of
[ dent[ﬂ@%ﬁ%g purlé0 org gFas t i-63.4-BgbhiwheyhiHi-lohraxy metbylthehcaylirsidizelidiic-Aatdimag lare

ot ner e HEmESL R (RRAI IR 7 PR AR SORab IR RN B 0uk 75

[ 0036)5}:1ﬁmthyﬂsmfge ﬂﬂﬁa my #oiciiv giricd overaight, at ploasteinpgateredbai iniy taken apomixére giemscrand
t he t .eChi

1t o ey APAbEGRR ReERl | DARbRL N ol LD AR wihed ARG
underovertreagoeomim gilfatgfand hepsREd t(EdINtl®$ rTéld résiiue heupfishoresilieaglehbedutog vithe

pr ob Aiﬁﬁ[y / e expression of the
repo?dd?eng@%glré%ﬁlgt g ! esblgr%t{h%lc#&% ?O(r)&&ggeogﬁg’m%&g(ﬁ ré’?“}gt ional activity of
hAR. d|'H NYIBGCBAbbAS (@ 3P):dtIdiand 465 Bdi Ag); 7R (n.dH)sT. ekr é5si7ng ({Lt1Ho resist a
treat n g hAR contains the cDNA of hAR
under %éé cont?rlgﬁﬁng 73@6+&ﬁ%%§‘f§9\/§?1\? éﬁ% pronoter. It also encodes a
pr ot éu]iﬁ&H&ﬁRn(mgOi%@%EtOH;) expressing it to resist a treatnment with
neomycin. The treatnment of cells with increasing amounts of potentially
agoni stic conpounds will increase the expression of the reporter gene. To
det eq00363] aD4uM BiRepr@enthiivg @hipetindiaitiche inviatieasi ng doses of test conpounds
are tested in the presence of increasing concentrations of DHT. The
expression of the reporter gene, which is constant for each dose of DHT,
decreases whgn the concentration of thg test conpounds i ncreaségalcld | Tests
of functional| B¥fi cacy 1.St@stweruction |of plasmi d¥ame 1 a): - Construct|on of

t he puronycin resistance plasm d 3xpbAREm ni col | -1 uciferase /pQ@EL
[ 00366] The fi[rst [step 1 nvol yesd.l ntroduding, into the basic pA3 vectpr
(Promega), the mininmal pro @ of the |coll agenase gene upstream of the
gene encodi ng | ug¢iferase. " fwo oligonucleotides (coII-sense and|col | -rev)
are synthesi ged. [They allo troducti g es vage of [t he
restriction gnzymes Sadl ngIN&~ under sco@e ]BIOX? %éh rOX Iélﬁtcgig el ow) and
Bgl Il (doubl g ynderscore in W sequenceaetlmdqu)mMmddzeluﬁﬁlaﬂd 3Kgogngds
respectively |[of fhe sequeneg bebween the p?tsnﬂ%r%%%th ‘#2 ang11 46 (boldjin the
sequences bel|ow) [of the i bed promter” seq vence B ef ef al. 1987
Mol . Cell. Bijol. |7:2256-226%] .. After hybridi satl on and cI on| ng bet ween t he
Sad (position 8) [and Bgly | - p05|t|on 37) sites of the "pGA.3 basic"

plasm d, the ["m nicoll-N ucff ef ase/ pGA.3"| plasm d is obtai ned. The sequence
of the oli gonuctgotides “tokt=senseand —“cortrev s as fottov
coll-sense (SEQ I
5' CACTGTGT CGACGCH G BAGGGAGCTTCCTAGCT

GGGATATTGGAGTAGCH { ACECTTRRACTHERDY droxwrdpyDey (SEQ | D No:
2): 3' GATCTCAGIGLAAGGTAAGT TG&C‘I‘TCCCA( %M&Egg_
CAGCTAGGAAGCTCGCT CTGTATATATAGAGT CCTTGCACG [0Q367] The
second step ilnvolved nul yiferi sdng 3 ti|nedl-Fhidluanaedyanzoaisdpt or response
el enrent contdined on th pbasi n (pbARE) pronmotgg, Lol d in the¢ sequences
bel ow) (F. Cllaessens et 1996 J. Bigl. Chem 271:19013-19016) and
i ntroduci ng ilt between Sttes Kpnl and Ec113611- of the "mimicoll{ WO
2010/ 029119PCT/ EP2009/'061783 | uci f er asg/ pG.3" plasmid. Two ol i gonucl ot | des
(coil -sense and Ccoit-Tev) are synthesised. They at tow rntroductionm of the
sites of cleavage of the restriction enzynes Kpnl (single underscore in the
sequences bel ow) and a blunt end (double underscore in the sequences bel ow)
at the 5 and 3' ends respectively. After hybridisation, a DNA fragnent is
obt ai ned whi ch could be cloned between the sites Kpnl (position 1) and
Ec113611 (position 8) of the "mnicoll-luciferase/ p@3" plasm d, thus
generating the "3xpbAREm nicollluciferase/ pA3" plasm d. The 'coil-sense"
and " 3xpbARE-rev" oligonucl eotide sequences are as follows: 3XpbARE-sense
(SEQ I D No: 3):

72



5' CAAAGAGCTCTAGCTTAATAGGT TCTTGGAGTACTTTACGTGCTTAATAGGT TC

TTGGAGTACTTTACGTGCTTAATAGGT TCTTGGAGTACTTT 3

3' AAAGTAGYQCANAAACT AT TAAGCACGT AAAGT ACT CCAAGAACCT AT TAAGPCT/EP2009/061733

CACGTAAAGTACTCCAAGAACCTATTAAGCTAGAGCTCTTTGGTACS!

i nvol ved introduci ng the puronycin-resi stance gene into the

3XpbARE-rev (SEQ I D No: 4):
[ 00368] The third step

"3XpbAREmM nicoll-luciferase/pA33" plasnm d. The assenbly [pronoter -

pur omyci n- regsjsfance ge - of pol yadgnyl ati on sequence of 5V4@hlcd r agnent
1- 1396, Gene |I1hrary UO7§%§¥"F§ subcl orned usi ng ﬁ&gpﬁnplificatiogmys1arting
fromthe plagmd|"pPUR' (Clontech) , and using two oligonucleofides
(pPUR-sense gnd pPUR-rev) aN ow t he [cl eavage site BanH to be

i ntroduced. The 1, 550 baﬁg pai ragmgnt obtained after PCR (30 cycles, 30
seconds at 94 C, |30 seconds wat C, 1.5 pmpdq qak i.spdifgest ed by
BanH then clioned at the ol ~BanmH sié%g’%?@ﬁg%%lh%%?n%rdp?l)

3xpbAREN ni cql | -lfuci f er ase/ 'ﬁg t hus vyi|ePdiathyl-tHpbenyylimshaydidm-T-esi st ance

pl asmi d 3xpbAREni ni col | - | uck e(ﬁse/pcle-3ﬁh§uﬁﬁ&%hkﬁ§?%%?mﬁﬂ9 | -t ev"

ol i gonucl eoti|de s$equenc g as followg: " pPUR-sense E& D No: 5):|5
TAAGGATCCGCTGTGGAATGT GT AGTT3' pPUR-rev (SEQ ko 6): 3'
GACGGATCCA&%(MJIB¥D&AGA]}CA GA5' 1.1 b-| Construction of the "p¢DNA3-hAR'

pl asm d [00369] The seqweanFeﬁcoding the hAR cDNA i s cl oned befween the
sites EcoRI gnd Xbal of the pcDNA3. 1(+)| vector (lnvitrogen) starting|{from
t he vector pgg5-hAR (provide rof egsor P. Chanbon, 1GBMC, |Ilkirch
France). Thig plasm d co Lns seqyence described by Tilley WD et al.
[Tilley WD et| al | 1989 Prac t1 Acad Soi-[2l4SBiox 86+ BRydradieth@ene || i brafy
J04150]. 1. 2Establi shment t NE st abl g P cell line [00370Q] For this
test, HelLa cglls|are obtain romthe ﬂ£§&ﬂ@éﬁc ﬁ%d%ﬂ&FﬁfgﬂCbhfgct on
(Rockville, ND and cul tj%afed ®n DVEM|nedi-uimsontaibimngndis g L*%0f

gl ucose, suppl enmgnted w utamax and with nonessential am ng-acids and
with 10% of floetal calf um (SVF; Dorfi ni que DUF¥BHEr). wo

2010/ 029119PCT/ EP2009/ 061738~ 00371] On |t he day before transfection, a
mllion cellg ar¢ seedbd im MVEM nedi urh wi t hout phenol red, suppl enenpted
wi t h d ut ameX—and—wi-thdesteroiged—SYF (59— Petri—dishes— Tt e cetH s are
transfected With|4lag of the/p cin |resistance plasm ds pcDNA3- hAR and
3XpbAREM ni cql | -l uci f er astdpy, Sing tlhe reagent "Lipofectan ne plus”
(I'nvitrogen),| follow ng the 8h ier' s |reldonmBreat]-Brtoxyehglday after
transfection, the cells are Qggded to difémnaghestinliddemnsi-1iygs | (10, 000 to
100, 000 cell Ul gs|per Petri_dish). Two days after transfection, [t418.4
transfected dells are seq ed Yn DVEM|medi UHPRERGYPBREREE red,

suppl enented w th d utamax/7and with degteroi ded ©Mrer@% containi ng 400
[tg/ mL of (A18 (lnvitrogen)\ and 150ng/ i of puronycin (Sigma). |The culture
medi um i s rerjened meekfy updtdi F resistant clones appeared. The fesistant
clones are rgnoved and anplified beforg being tested for their |funct]onal
response. [0Q372] The functional rgesponge test is conducted as flollows: The
cells are seqded|(80, 000 cell gr welll, 48 wells per plate) 24 hours
before the phase|of stinul abH DMVEM nedi um containing 4.5 ¢/ L of

gl ucose, suppl eny amax and hrebpantti(hlflvenphroyladi ds, angd with
dest eroi ded $VF y- of stilnul ati adi ng diumis
repl aced by DVEM _phenol |red, s(g}g%(fxgnnlgtrlll?gg W th %g%lr_r;ax and
wi th desteroilded ni ng a |r angethplimdeebdintlrdi-?-ons | of r (1 pM
to 1 [LM. The ce i n contlact . \w mnds for 18| hours
at 37 C. The |[nedi renoved, the cgﬁ?§nP§§§3%§%@Rﬁﬁe | uci f er ase
activity meagur eq e reagent "Lyciferase assay systen (Pronega) in
accordance wi|th f{ rer's instiructions. The | um nescence propduced
is detected an_alTopCount-type counter [(Perkin-Elner). The cl ome (HALP2)

retained for the screening test showed a transcriptional response curve
simlar to that obtained after transitory transfection of the sanme vectors
in HeLa cells. 1.3Functional 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 nmedium (DVMEM wi th phenol red, 1% de Pen-Strep,

1% of non-essential am no acids, 10% of fcetal bovine serum 400 [tg/nL
Geneticin and 0.150 [tg/nmL puromycin) 78n day 1. After 24 hours incubating

at 37C, 5% CX2, high humdity (day 2) the nmediumis renoved and refreshed
with test nmedium (DVEM wi t hout phenol red suppl enented, 1% de Pen-Strep, 1%
of non-essential am no acids and 5% of desteroidised fcetal bovine serun.
After another 24 hours incubating at 37C, 5% CO2, high humdity (day 3),

the nediumis renewed once nore before the phase of stinulation.
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range of concentrations of the tested conpound (6.4 nMto 4 [LM. The cells

are placed in contact wwth the conpounds for

24 hours at 37 C,

5% CO2

hi gh

hum di t y.wOreotzo29o9t he mediumis then renoved and t he | RCTfEPR@O®6EGY | Vity

readi ng reage

manuf acturer's instructions (SteadylLite,

nt

Per ki n- El ner) .

is placed in contact with the cells in accordance with the
The | um nescence

produced is detected on an Envision reader (Perkin-El nmer) WO
2010/ 029119PCT/ EP2009/ 061733 [ 00375] Thg agoni smi s characteri s¢@abyd { he
EC50 val ue, i|nbiher wor RUHEE concentrlati on of t¥¥P%ed conpound ki ch
i nduces 50% qf the nmaxi num agonistic eflffect observed wth the tested
conpound. Thg anfagonismis chargtteri ged by the Kschild value| in otfher
words the corjcentrati on of thgT®sted donpound which increases|the EC50 of
t he DHT (D HydroTestoster a factlor of 2. This concentration i$§
deternined by a ¢onventional\&cHi | d regriegsidhlorpmontel. THioxedt er ni nati on of
the relative |agomni sm/ amagonjsm of a comg,gfa,qyﬂl&h}qb,tlﬁ&tﬂﬁd by | conpafing
the maxinmal gcti yation obtajngd with sgid compound ‘and the acti vggigon
obtai ned with DHJ al one (LQU%WY, [ 00377](Tabl elflzldaziqb‘él§1}ry@ Bf agomi sm and
ant agoni sm of| t he conpot of the inventi ORifluoRBiBh ﬂ}é%{tﬁl@tl ve scoring:
EC50 (nM Ksghim|(nM %ffect relative to DHT(1009% O0.01-10 nM ***¢
0.01-10 nM H+++|41-50% 00 nM *** 11-100 nM +++ 21-40%
N F
F
HO 4-[2,5-Dioxo-4-(4-fluorophenyl)-4-
N hydroxymethyl- 3-(2-
N
8 N _QO/\\ propynyl)imidazolidin-1-yl]-2- 431.3
trifluoromethylbenzonitrile
/
N/ FF F
Cl
HO ;
4-[4-(3-Chlorophenyl)-2,5-dioxo-4-
hydroxymethyl-3-methyl-
? imidazolidin-1-yl)-2- 423.8
trifluoromethylbenzonitrile
(S)- 4-[2,5-Dioxo-4-
(hydroxymethyl)-3-methyl-4-
10 phenylimidazolidin-1-yl]-2- 389.3
trifluoromethylbenzonitrile
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* *

101-500 nM
N A:
(100% Clwexnfomativon 1

101-500 nM ++ 6-20%
not applicable ID ECso (nM Kschim (nM

501- 1000 nMm

")/ 0 effect

* 501- 1000 nM + 0-5%
relative to DHT
PCT/EP2009/061733

Cale’d
ID Structure Name
HO
(R)- 4-[2,5-Dioxo-4-
© N (hydroxymethyl)-3-methyl-4-
11 N ‘§ . - 389.3
0 phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile
F
%
N F F
HO 4-[2,5-Dioxo-3-ethyl-4-
Ox" "N\
_& (hydroxymethyl)-4-
12 N o 403.4
o) phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile
% F
N FF
N\\
o 4-[4-(4-Cyanophenyl)-2,5-dioxo-4-
0 — hydroxymethyl-3-
13 N o 4143
N& methylimidazolidin-1-yl)-2-
Q\ o trifluoromethylbenzonitrile
%
e
OH
N™ o 4-[4-(3-Cyanophenyl)-2,5-dioxo-4-
N —
N & hydroxymethyl-3-
14 . 1 414.3
0 methylimidazolidin-1-yl)-2-
trifluoromethylbenzonitrile
%
N, F7F
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*Rkk iyt

Ant agoni st 4 N A ++++

M xed agoni st/ antagonist 2 N A +++
Ant agonist 5 N A +++

Ant agoni st 3 NN A +++

WO 2010/029119 PCT/EP2009/061733
Cale’d
ID Structure Name
4-[2,5-Dioxo-4-hydroxymethyl-3-
methyl-4-(3-
15 O trifluoromethylphenyl)imidazolidin- 4573
1-yl)-2-trifluoromethylbenzonitrile
% F
N F F
H8 _ 1-(3,4-Dichlorophenyl)-4-
N
16 N _Q hydroxymethyl-3-methyl-4- 365.2
o phenylimidazolidine-2,5-dione
Cl Cl
H8 /& 4-[2,5-Dioxo-4-(hydroxymethyl)-3-
N (1-methylethyl)-4-
17 N L 417.4
O phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile
Y/
N F7F
HO 4-[3-Cyanomethyl-2,5-dioxo-4-
o)
N _@l /\\\ (hydroxymethyl)-4-
N
18 O phenylimidazolidin-1-yl]-2- 414.3
trifluoromethylbenzonitrile
V.
7 F7F
N" F




Ant agoni st 6 *** +++

agoni st/ ant agoni st

M xed agoni st/ antagoni st 7 ** +++
ID ECso (nM Kschim (nM A) effect

M xed
relative to DHT

(100% Clhwieznfomatipon 8 PCT/EP2009/061733
Cale’d
ID Structure Name
MW
HO
o) N 4-[2,5-Dioxo-4-(hydroxymethyl)-4-
19 5 phenyl-3-(1-propynyl)imidazolidin- | 4134
1-yl]-2-trifluoromethylbenzonitrile
Y/
N7 P F
HO
o) NH 4-[2,5-Dioxo-4-hydroxymethyl-4-
20 N_QO phenylimidazolidin-1-y1]-2- 375.3
Q\ trifluoromethylbenzonitrile
V.
74
N F . F
Z f ~OH .
o 4-[2,5-Dioxo-4-hydroxymethyl-3-
N -
methyl-4-(3-
21 N _Q Y 403.4
O methylphenyl)imidazolidin-1-yl)-2- '
trifluoromethylbenzonitrile
Z
N F7TF
cl
OH .
o 4-[4-(2-Chlorophenyl)-2,5-dioxo-4-
N -
hydroxymethyl-3-methyl-
- N4 VORI 423.8
O imidazolidin-1-yl)-2-
trifluoromethylbenzonitrile
%
N F7TF




** +++ M xed agoni st/antagonist 9 **** ++++ M xed agoni st/ antagoni st 10
KRk ppt M xed agoni st/ antagonist 11 NN A + Antagoni st 12 ****

WO 2010/029119 PCT/EP2009/061733
Cale’d
ID Structure Name
MW
Q@
HO-$-0
0 [1-(4-cyano-3-
O N~ . .
trifluoromethylphenyl)-2,5-dioxo-3-
% N | 469.06
o) methyl-4-phenylimidazolidin-4-
ylJmethyl hydrogen sulfate
y F
4
NP F
Ho. 3"
’ /P -~ O
o)
o N— [1-(4-Cyano-3-
N _4 trifluoromethylphenyl)-2,5-dioxo-3- | 469 31
24 O methyl-4-phenylimidazolidin-4-
ylJmethyl dihydrogen phosphate
4
F
Cl H,N
5 0 (28)-1-[1-(4-Cyano-3-
0 N— trifluoromethylphenyl)-2,5-dioxo-3-
25 N _4 methyl-4-phenylimidazolidin-4- 488.47
o ylJmethoxy-3-methyl-1-oxobutan-
2-aminium chloride
7
F
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+++ M xed agoni st/ antagoni st 13 NV A Not avail able Antagonist 14 ** +++
M xed agoni st/ antagoni st 15 ** ++++ M xed agoni st/ antagoni st 16 **

WO 2010/029119 PCT/EP2009/061733
Cale’d
ID Structure Name
MW
HO ©
4-[1-(4-Cyano-3-
trifluoromethylphenyl)-2,5-dioxo-3- | 489 41
26 methyl-4-phenylimidazolidin-4-
ylJmethoxy-4-oxobutanoic acid
(S)-(1-(4-cyano-3-
(trifluoromethyl)phenyl)-3-methyl- | 469 31
27 2,5-dioxo-4-phenylimidazolidin-4-
yl)methyl dihydrogen phosphate
Abs
AN F
F
L.Cr™
~N~ N (S)-4-((1-(4-cyano-3-
g Y (trifluoromethyl)phenyl)-3-methyl- | 489 41
28 ~o 2,5-dioxo-4-phenylimidazolidin-4-
0 yl)methoxy)-4-oxobutanoic acid
o)
H -0
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+++ M xed agoni st/ antagoni st 17 ** +++ M xed agoni st/ ant agoni st 18 *
N A M xed agoni st/ antagoni st 19 ** +++ M xed agoni st/ antagonist 20 N A

WO 2010/029119 PCT/EP2009/061733
Calc’d
1D Structure Name
MW
Abs

(S)-((S)-1-(4-cyano-3-

CIH;N
(trifluoromethyl)phenyl)-3-methyl-
29 2,5-dioxo-4-phenylimidazolidin-4- 488.47
yl)methyl-3-methylbutanoate-2-
ammonium chloride
Y/
7 F77F
N" F
OH

o]
4-[2,5-Dioxo-4-hydroxymethyl-3-

N—
N
30 \( methyl-4-phenylimidazolidin-1-yl]- 351.37
_ © 2-methoxybenzonitrile
N=~
_0

OH
{

Chiral

(S)-1-(3,4-Dichlorophenyl)-4-
NN 365.22
31 \‘( hydroxymethyl-3-methyl-4- '
q 0 phenylimidazolidine-2,5-dione
cl

Biological Examples

[00364] The efficacy of the compound 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 placed under the transcriptional control of the androgen receptor (AR) response elements
(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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+++

Ant agoni st 21 * ++ M xed agoni st/ antagoni st 23 not avail abl e not

avai |l abl e not avail able not available 24 **** +++ M xed
agoni st/ anbagovizst1y WO 2010/ 029119PCT/ EP2009/ 061733 PCT/EP2009/061733

[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 plasmid 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 to resist a
treatment with puromycin. The plasmid encoding hAR contains the cDNA of hAR under the control of the
Cytomegalovirus (CMV) promoter. It 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 increase 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 reporter
gene, which is constant for each dose of DHT, decreases when the concentration of the test compounds

increases.

1- Tests of functional efficacy
1.1 Construction of plasmids

1.1 a):-Construction of the puromycin resistance plasmid 3xpbAREminicoll-luciferase /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 Bglll (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 et 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 oligonucleotides "coll-sense” and "coll-
rev” is as follows:

e coll-sense (SEQ ID No: 1):

5! CACTGTGTCGACGCGTGCAAGGACTCTATATATACAGAGGGAGCTTCCTAGCT

GGGATATTGGAGCAGCAAGAGGCTGGGAAGCCATCACTTACCTTGCACTGA 3

e coll-rev (SEQ ID No: 2):

3 GATCTCAGTGCAAGGTAAGTGATGGCTTCCCAGCCTCTTGCTGCTCCAATATCC
CAGCTAGGAAGCTCCCTCTGTATATATAGAGTCCTTGCACGCGTCGACACAGTGAGCT 5
[00367] 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 Ecl13611- of the "minicoll-
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| D ECso (nM Kschim(nM ")/0 effect relative to DHT (100% d assification
25 *** ++ M xed agoni st/ antagoni st 26 *** +++ M xed agoni st/ ant agoni st

2- Characwenosarbum in ani mal nodel s 2. 1Adapt ed nodel ofPCH@EPdMIOsTEs' S t est
[00378] The in vivo activity of the conpounds of the invention may be
denonstrated in an adapted

luciferase/pGL3" plasmid. Two oligonucleotides (coll-sense and coll-rev) are synthesised. They allow
introduction 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
Ecl13611 (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! CAAAGAGCTCTAGCTTAATAGGTTCTTGGAGTACTTTACGTGCTTAATAGGTTC

TTGGAGTACTTTACGTGCTTAATAGGTTCTTGGAGTACTTT 3'

e 3xpbARE-rev (SEQ ID No: 4):

3 AAAGTACTCCAAGAACCTATTAAGCACGTAAAGTACTCCAAGAACCTATTAAG
CACGTAAAGTACTCCAAGAACCTATTAAGCTAGAGCTCTTTGGTAC 5
[00368] 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 yielding the
puromycin resistance plasmid 3xpbAREminicoll-luciferase/pGL3. The "coll-sense" and "coll-rev"
oligonucleotide sequence are as follows:

e pPUR-sense (SEQ ID No: 5): 5' TAAGGATCCGCTGTGGAATGTGTGTCAGTT 3

e pPUR-rev (SEQ ID No: 6): 3' GACGGATCCAGACATGATAAGATACATTGA 5!

1.1 b- Construction of the "pcDNA3-hAR" plasmid
[00369] The sequence encoding the hAR ¢cDNA is cloned between the sites EcoRI and Xbal of the

pcDNA3.1(+) vector (Invitrogen) starting from the vector psg5-hAR (provided by Professor P. Chambon,
IGBMC, lllkirch, France). This plasmid contains the sequence described by Tilley WD et al. [Tilley WD et al.
1989 Proc Natl Acad Sci USA. 86:327-31; Gene library J04150].

1.2 Establishment of the stable HALP cell line
[00370] For this test, HeLa cells are obtained from the American Type Culture Collection (Rockville,
MD) and cultivated in DMEM medium containing 4.5 g/LL of glucose, supplemented with Glutamax and with

nonessential amino-acids and with 10% of foetal calf serum (SVF; Dominique Dutscher).
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The agonism is characterised by the ECsy 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 Kgua value, in other words the concentration of the tested compound

which increases the ECsy of the DHT (DiHydroTestosterone) by a factor of 2.

determined by a conventional Schild regression.

[00376]

This concentration is

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%).

[00377]

Table 2: Measure of agonism and antagonism of the compound of the invention:

Semi quantitative scoring:

% effect relative to
ECsy (nM) Ksenia (nM)
DHT(100%)
0.01-10 nM: ook 0.01-10 nM: ++++ 41-50% §8§$
11-100 nM: Ak 11-100 nM: +++ 21-40% §8§
101-500 nM: ok 101-500 nM: ++ 6-20%
501- 1000 nM: * 501- 1000 nM: + 0-5%
N/A: not applicable
ECs Kschila % effect relative
ID Classification
(nM) (nM) to DHT (100%)
Mixed
1 Hkkk A mm 8§88
agonist/antagonist
2 N/A +++ § Antagonist
3 N/A +++ § Antagonist
4 N/A -+ § Antagonist
5 N/A +++ § Antagonist
Mixed
6 | | e 38
agonist/antagonist
Mixed
7 +t 38
agonist/antagonist
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ID Classification
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Mixed
o | e |+ 3888 .
agonist/antagonist
Mixed
10 o -+ §§8 .
agonist/antagonist
11 N/A + § Antagonist
Mixed
12 ok e+ 88§ .
agonist/antagonist
Not .
13 N/A § Antagonist
available
Mixed
14 i HH §§8§ :
agonist/antagonist
Mixed
15| ik $§§ .
agonist/antagonist
Mixed
16| ** ook §§ .
agonist/antagonist
Mixed
17 i e+ §§§8 : :
agonist/antagonist
Mixed
18 * N/A §§ : :
agonist/antagonist
Mixed
1o | ook §§ .
agonist/antagonist
20 N/A +++ § Antagonist
Mixed
21 * ++ §§ : :
agonist/antagonist
not not . .
23 not available not available
available | available
Mixed
24 ok e+ 88§ .
agonist/antagonist
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2- Characterisation in animal models

2.1 Adapted model of Hershberger's test

[00378] 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:

[00379] 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 exogeneous
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 libitum access to food and
drink.

[00382] 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 ligature 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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[00385] A subsequent ANOVA test 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 % *x
50-75 % ook
75-100 %  FwE*

Dose Androgenic
Anabolic

Example | tested o activity %
activity %

(mg/kg) (Prostate)
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3. Determination of absolute bioavailability

[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,O (1/79/20; v/v) by esophageal gavage (2 mg/mL; 5 mL/kg) and intravenous dose is given
as solution in DMSO/PEG400/H,O (1/65/34;v/v) as a bolus in the tail vein (3 mg/mL; 1 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.

[00388] Blood is collected at the retro-orbital sinus into polypropylene tubes (Li-heparinate) at +4°C
at the following sampling-times: 0.083, 0.25, 1 and 3h after intravenous injection and 0.25, 1, 3 and 6 hours
after oral dosing. Three (3) animals are sampled per time-point; each animal being sampled four times. After
centrifugation at 5000 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] A LC-MS/MS method for quantification in heparinized plasma was developed for each test

compound. Sample preparation consists of a precipitation of plasma proteins with methanol and filtration by
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[00394] In dogs, the absolute bioavailability of a drug after oral dosing with the corresponding ester
prodrugs is investigated as follows: each 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 solution in DMSO/PEG400/H,0 (1/65/34;v/v) as a bolus
in the cepahalic vein (3 mg/mL; 1 mL/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.
[00395] 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 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 + 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 a 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 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
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:
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5.3l mmobi i zati on nodel (m ce) [00400] Skel etal unl oadi ng causes bone and
nmuscl e | oss. The effects of the conpound of the invention on the skel etal
unl oadi ngwvere1wnyHast i gat ed using tail-suspension for 14PdaEP2¢0Robeasl et al
2005). Male mce were divided into several groups unsuspended,

tail -suspended, tail-suspended treated with the tested conpound and

tail -suspended treated with nandrol one decanoate. At the end of the
experinment, the sol eus and MD 2010/029119PCT/EP2009/061733 t he
gastrocnenei us are coll ect ed; ggy ard thgpmogcel e function is determ ned
on the sol eus (Hour& et al, 2009) 40 chidect o zed nodel (rat)

[ 00401] Or chi dect ony i ncrease bonéOﬂW%nover a* miscl e fat mass. The effect
of the compound of the inverluun,ﬂp h Huullq##UIDOSition (ration lean to
fat mass) and bone turn-over| is inhvestigated in this nodel (Hour& et al,
2009). Mal e rats Sprague Dalwey of28%sweek- ¢l d#are divided into several
groups: intact rats (sham, 'erchidectomzed—+ats—treated for 2 nonths with
ei ther vehicle, nandrol one decanoate or the tested conmpound. At the end of
the experinment the|raf Bwaohildbaay | Bioavailabilag$ and bone turnover are studied,
t he gastrocnenei us| I3 collﬁgted nd i ghed|and the nuscle function is
determ ned on the sol eus ( fur & et al °®009). [00402] All publications,
including but not |hymted & patg¢nts amd patent applications, cited in this
specification are hereintpncorpotatedpy+refierence as if each individual
publication were saé%lflcaﬁﬁy and i ndf i dualjly indicated to be incorporated
by reference herein as though TulTy set forth. [00403] From the foregoing
description, various nodifications and changes in the conpositions and

met hGd&-pe eREEmeRtSent i on wi | | occur to those skilled in the art. All such
modi f5 cat iQN& 620G MEdihibct hes ggope of the appended clains are intended
to be included therein. hgo404]lt shoul d be understood that factors such as
the dP93%8enti dn thizimodsleetimandt ofh thapamrauyd of thanBvamion sismesiploemaduce chrpy

cont rdeRigtcthal e A HCEE &91@% Ngtmaem o neviag trhy Shdg®f DENRyY 6OERRUNGR akdkrdal
vitro biochem cal an | ul ar assa [ 00405] At | east sone of the chenlcal

nanesbY Wit Ad seesofelexanséhapgng éms%‘ﬁéa@uw%ﬁls Hign suting by daps. Rtstas divided into

appl Iss@errafgfbupnauanhal\(ﬁrelamt gegbe:s@}ﬁr%ﬂ(vemclealoﬁytn&ma&l%r@a@ &czﬁ%aﬂé%?n@fkgﬁlay,
commer ci al y avai |l abl e chem Ca namwg sof t war e program and have not been

i ndependemt [29d Ve efted gompripiddselsetat o depogriEats np@r NP%lﬁgiat/h pEtredfment i

i ncl ygd@rdhgnckRXil Qbﬁéﬁe@%nﬁelé&ﬁl and Qhd Mcl%ﬁtlgy & RUNRA D hPGibiaBOAnth&
Aut onom Software tool sold by MDOL, Inc. In the instance where the indicated
cheni(@ayrdhe b 2408 t he deplcted structure differ, the depicted structure
will control. [00406] Chem cal structures shown herein wer e prepared using
either ChenDraw0 or | SIS CD /DRAW Any open val ency appearing on a carbon,
oxyger? or WAFrindehcastad e he structures herein indicates the presence of
a hyqb@ﬁ,@ﬁ' at o, (B0 &l @Dzﬁm é(ﬁéttl (é?ﬂt ﬁOSﬁXﬂeﬁJt@ddcﬂo@ofstﬁrﬁMq{ek%ﬁs ?d‘é{or—rap(TNF) is
specific stereochemstry is shown for the chiral center, both enantioners
as s odpducedbyglediroppratieho rRAINA stithuldY i gane grresroonpad hesdis l@?mudﬁe Chranigegxppsire towD

2010/ 1‘%?59&1%25@/1&'?319Q%étﬁ%%%ﬁué@ﬁﬁ%?@é%a 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 muscle 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 et a/, 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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1. Kaufman JM and Verneul en A. Endocr Rev. 2005, 26, 833-76. The decline of
androgen levels in elderly nen and its clinical and therapeutic

i npl i cat iwo=x0/02i1@ PY et al. J. Cin. EndocrinoL MetabPC2049098617331789- 96
Clinical review, 171: The rationale, efficacy and safety of androgen
therapy in older nen: future research and current practice recommendati ons.
3. Davison SL and Davis SR J. Steroid Biochem ML Biol. 2003, 85, 363-366
Andr dlepegastrocnenpgivreanc collectib eighedandghe mpselpelnctiopispdetemhiaed orphe seleus (HO@EE ef al,
15( 1b)p9y1565- 1585 5. EP- A- 0966447 6. EP-A-0572191 7. \W2007/ 137874 8.
Bundgard, H. Design of Prodrugs 1985, Elsevier, Amsterdam 9. Rem ngton 's
Phar maceutical Sciences, 17th edition, 1985, Mack Publishi ng Conpany,

East ony P%l@ﬁ%c)’o%}eﬁwﬂogel ,eene, T.W and Wits, P.G M Protecting Goups in
Organi ¢ Sy esl s Seconcg dition 1991, WIley, New York, 11. Ml ander, G A

and NBdM] J. AOrghidect ognyGhaease h@BBUm@or arBIA@usBIg Fat IR:ss. ZRhg@ffect ¢ thesqomgbundivifithe

271: 19014 b dngd e r%rrgr% isTdpo S ARBBET S byneThrnd v B R ol 490
86: 32Mo®U¢ @erie2(0Phaly ra93rsguelBalwiier Shiverkgdd a@tdvalded lﬁrm.verS@IOUPExiptapt Bisol .
I\/ahabg%ﬁg ?fglﬁdélcz%lp‘}gd ratgl‘{ Mﬁ’for@ oﬁ{ﬁ% Lvﬁtgagher gﬁk@n&%ﬁ %}1%% 82\1{%I3Lg1e tested

taza, St or nza avi ose I’I as an rouz
Sal elvoanovyd. a\t Feyaid oif tierekper e | thavistia o 12003 fat 285s aBBBe tEBFer are studied, the

a uc%ﬁ%}{&h&g&& 15 Q&ifé&%&i al"f‘c*(\g&gl&e%lanm%lgcl@tﬂn%??y is i&?teﬁ%ﬁ&%naﬁl%golﬁggﬁourd et.al

upregul ation of nyostatin ne expression erschm dt,

P. Cd2et®nt - Lacror X, A Vi gnaud P. Ammann, G S. Butler-Browne and A Ferry
Acta Physio/. 2009, 195: 471-482. Androgen repl acenent therapy inproves
function in male rat nuscles independently of hypertrophy and activation of
t he ARV402TOR patlhpveyications, including but not limited to patents and patent applications, cited in this

specification are herein incorporated by reference as if each individual publication were specifically and
individually indicated to be incorporated by reference herein as though fully set forth.

[00403] From 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 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 penetration capacity of the
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.

[00406] 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

structure.
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WO 2010/ 029119PCT/ EP2009/ 061733 18. Dario Coletti, Viviana Mresi, Sergio
Adanmo, Mario Mdlinaro and David Sassoon Genesis 2005 43:120-128 Tunor

Necr osi s Wacowe2ai1@ene Transfer | nduces Cachexia and | nirCihiEPgoNMIsITTBR
Regeneration. 19. Roland M Hanson AM Cannon CM Stodieck LS, Ferguson VL.
Bi omed Sci Instrum 2005, 41:128-34. Exercise prevention of

unl oadi ng-i nduced bone and nmuscle loss in adult mce. WO

2010/ 029119PCT/ EP2009/ 061733 WHATREEERENOVED |S: 1. A conpound according to

Formul a I b: gaymmbPines Yérﬂmﬁﬂer?AoEVPfochiev%Os 526"!333% Rl is selected from Cl-C6
al kyl, C3-C7 cycloalk al kynyl, and G -C6 acyl; each

of whi ch may ape ileshad ¢fwn@eg®d@@tsma @iﬂ@ty Imrtﬂnd dfy elfmical endeshesapentisy ienp Heatigns

hydroxy}, BB, 9'&?ﬁxﬁndo%z'n§ez§b€‘bﬁf4@‘914%9%@H P(0) (O 2, and
C(O)(CHZ)"l 0)OH, 'or Rka is selected ffom CIl-C6 acyl, and C3-C6 al kenyl;

each of which yaldp\ﬂ@vodal | Khe pasionale stficagyt aad safpty lof andfagen theiapys rabdsk jpen: rfaufes

0, 1, 2, 3, O'Eeséarcheﬂlﬁﬁuﬁglp padfte RRomhendafi@gpendent |y sel ected fromH, and
G-06 al kyl; or R2b and R2 may join together to forma C3-C7 cycloal kyl ;

R3a is H hﬁ%Véﬁonéyah@)Da‘Gif Siik plgroicoBiopigmi HolCBiof3 083, 81368509 onal | y
substituted wiatfBBal9 we¥ano. nitro, hydroxyl, or G -C4 al koxy; or R3a is
am do optionally Substituted with C-C6 al kyl; each R3b is independently
hal o, c$anoMoler ek Experidppin. Ther. Patents 2005, 15(11), 1565-1585

5. EP-A-0966447

6 EP-A-0572191

7. WO 2007/137874

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, G.A. and McKie, J.A. J. Org.Chem. 1995, 60, 872-882

12.  Angel, P. et al. Mol. Cell. Biol. 1987, 7:2256-2266

13.  Claessens, F. et al. J. Biol. Chem. 1996, 271:19013-19016

14. Tilley, WD et al. Proc Natl Acad Sci USA. 1989, 86:327-31
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15.  Hershberger et al. Proc. Soc. Expt. Biol. Med. 1953, 83:175
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hypertrophy and activation of the Akt/mTOR pathway.
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each R3b is independently Cl1-C6 al kyl optionally substituted with cyano, or
hal o; or each R3b is am do optionally substituted with Cl-C6 al kyl; each
Rda, and Wokwim2dndependently H, hal o, cyano, carboxy oPCRiEP2@Y/06Y738ach
Rda, and R4b is selected fromG -C6 al kyl, and G -C6 al koxy; each of which
may optionally be substituted by one or nore halo, or Cl-C6 al koxy; or Rda
and R4b are joined together to forman 5 or 6- nenbered cycl oal kyl, 5 or

6- mrenbet®d PeicetdeticVoinkpMores Ssrzie Adenbéa Melnaro ard Bavig S@serenfyeess 2005
heteroaryl; R45.1h$hal o, cyano, or nitro; and WO

2010/ 029119PCT7 EP2009/ 061733 m i s 0, 1, or 2; or pharmaceutically

accept abl e salltmor l}imjoStstfectgbu\Q‘@D@Eranﬁffertlhréms&ﬁpmmddirhilftithé/thb Regomeradn. t he
phar mac ti a th f. r t 1y
accepta ‘e %@F%yﬁgﬁg% ’Q%ggg@d)%ﬁ%Mt g{ogﬁalf %Slb% %ﬁer ein %;"89891 @Bﬁ%&‘ io%@
conpound or pRadkwekutically acceptable salt thereof, according to claim1l
or 2 wherein I I pt abl e salt

t her eof , accorﬁg‘%}(rzllaeS Jébenq%r}ﬁ ?li%%g%ﬂl\%ée%rd g?%aaﬁg%%ﬁéfé 'l\/gsqgfl X‘Eﬁﬁﬁg A conpound
or pharmaceutically acceptable salt thereof, according to any one of clains
1-4 wherein R2"” is Hor C-C6 al kyl. 6. A conpound or pharmaceutically
acceptabl e salt thereof, according to claim5 wherein R2" is H M or Et.

7. A conpound or pharmaceutically acceptable salt thereof, according to
claiml1l or 2, wherein R2b and R2' are joined together to forma

cycl opropyl, or cyclobutyl ring. 8. A conpound or pharmaceutically
acceptabl e salt thereof, according to claiml or 2, wherein each of R2b and
R2' are H 9. A conpound or pharmaceutically acceptable salt thereof,
according to any one of clainms 1-8 wherein R2za is H, P(0)(OH) 2, or Cl-C6
acyl. 10. A conpound or pharmaceutically acceptable salt thereof, according
to any one of clains 1-8 wherein R2a is C3-C6al kenyl. 11. A conpound or
pharmaceutically acceptable salt thereof, according to claim 10 wherein R2a
is CH2-CH=CH2 12. A conpound or pharnaceutically acceptable salt thereof,
according to claim9 wherein R2a is H 13. A conpound or pharmaceutically
acceptabl e salt thereof according to claim9 wherein Ra is P(0)(OH) 2. 14.
A pharnmaceutically acceptable salt according to any one of clains 1-8
wherein R2 is P(0)(01-1)2 and the salt is a nono or bis salt thereof 15. A
pharmaceutically acceptable salt according to claim 14, wherein R2a is

P(0) (ONa) 2.
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16. A compound or pharnmaceutically acceptable salt thereof, according to
any one of clains 1-8 wherein R2a is C(0)(CH2)"1C(0)0OH, and nl1 is 0, 1, 2,
or 3. 17.w@2ewomeeund or pharmaceutically acceptabl e sal PCrThre@ofg17atcor di ng
to claim 16 wherein R2a is C(0)-CH2CH2-C(0)OH. 18. A pharnmaceutically
acceptabl e salt according to claim 17 wherein R2a is a pharmaceutically
acceptable salt of C(0)-CH2CH2-C(0)OH. WD 2010/ 029119PCT/ EP2009/ 061733 19.
A phWHAEdHLAINMED Idccept abl e salt according to claim 18 wherein Ra is
C(0) - CH2CH2- C(0) ONa. 20. A conpound or pharmaceutically acceptable salt

t hereof, according to any one of clains 1-8 wherein R2a is C(0)-CHOPONE1Z2.
21. A phar maeeundquadhdcgrdigdeperamladbsal t according to claim20; wherein R2a
is a pharmaceutically acceptabl e sal gaof C(0)-CHOPONE12. 22. A

phar maceutically acceptable salt acgokdifR*to claim 21 wherein R2a is

C(0) - CHOPONH3C1. 23. A conpound or$%h B.G i S%Ly acceptabl e salt

t hereof, according to any one Qéaciai 2 ein RLis H 24. A
conmpound or pharnaceutically accepts 5
of claims 1-22 wherein RIR'S Gl 06 bl kyj_op

cyano or hydroxy. 25. A conp arnﬁgeutically acceptabl e salt

t hereof, according to claim im RLis Cl-C6 al kyl optionally
substituted with cyano. 2&~ A 'onpounﬁ or pharmaceutically acceptable salt
t hereof, according to any one of clains 1-22 wherein RL is C3-C6 al kynyl .
27. A conpound or pharmaceutically accédptable salt thereof, according to
claim 26 erein RL is - CH2-CCH 28. A conmpound or pharnmaceutically
accept abl €4 thereof, according to claim?24 or 25; wherein Rl is M, Et,
i-Pr, or mRroord). A conpound or a pharnaceutically acceptable salt

t hereof, acgcording to claim?24 or 25 wherein RL is Me. 30. A conpound or
pharnaceuﬁ?é%@%? acceptabl e salt thereof, according to claim1l1, wherein the
conpound i s acaorigdkdg@tddordn® Cmak alkyll Cs-C, bydloaly&r@iay Mi3ayl, 830, alkkhal, akR4lo,-C
_Lc'-"4c, and ml_are as i.n claiml. g}. A .conpaund orwgharnac%%ahggl

accept abl e sal PYh@FR B VhighRay qUgERlyde SRy YA Y XFng AR of mekr halig, By Epiyl Rie

i s cyano, hal o @rcsaikokg. 32. A conpound or pharmaceutically acceptable salt

ther eof .~ 4ee0r 4L 2. & AOTOM: ohEISIdh o)

R* is selected from C;-Cs acyl, and Cs-Cg alkenyl; each of which may optionally be

¢grepf, according to any one
tionally substituted with hal o,

substituted with amino, or carboxy; nl is 0, 1, 2, 3, or 4;
cach 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,-C alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C,-C, alkoxy; or
R* is amido optionally substituted with C,-Cs alkyl;
cach R™ is independently halo, cyano, or nitro; or
ecach R™ is independently C,-Cs alkyl optionally substituted with cyano, or halo; or
cach R™ is amido optionally substituted with C,-Cs alkyl;
cach R*™ and R™ is independently H, halo, cyano, carboxy or nitro; or
cach R*, and R™ is selected from C;-Cs alkyl, and C,-Cs alkoxy; each of which may
optionally be substituted by one or more halo, or C,-Cg alkoxy; or
R* and R™ arc 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;

R* is halo, Cyano, or nitro; and

95



WO 2010/ 029119PCT/ EP2009/ 061733 33. A conpound or pharmaceutically
acceptabl e salt thereof, according to any one of clains 1-32, wherein R4b
is H halwp2010an9119Ci - C6 al kyl, or Cl-C6 hal oal kyl . 34. PATEPA@OOST3Dr
pharmaceutically acceptable salt thereof, according to claim 33, wherein
Rdb is A, F, CN or CF3. 35. A conpound or pharmaceutically acceptable salt
t hereof, according to claim34, wherein R4b is CF3. 36. A conpound or

phar maceutitlciall i oagicept abl e salt thereof, according to any one of clains
1-35, wherg plﬂal%%@euh&l?‘ ﬁ;‘ta%ie S8 sQ@atés' k¥ the QnpbedidSRr hﬂé OHH¥! of BE- A
conpound or har maceuti ca accept abl e salt thereof, according to c? aim 36
wher ei n R@éal‘il@ﬁ@hc%lb’ afeept3gle Sad\tséltﬁms?éund or phar maceut i cal | y acceptabl e salt

t hereof, ac

phar macsut i ear g e B R Bl RGeS oraiie AuFETRMARRE i 1 the
conmpound i sAaempnudil ﬁgpha@narc@mrmllﬁa@wm@lwltWre@lmr ing g1 ¢laim Wt ehaiciR®a is
R3b, R4b, and M are as in claim1. 40. A conpound or pharnaceutically
acceptabl e salt thereof, according to claim39, wherein Rdb is H hal g,
cyano, 1- G5 cempapnd opphagmacggicay trapiksple salf thergnf, c@@my@lug]d) Qifrlmp]h%fﬂmb@@tlchalFI y
accept abl g;sgld; thereof, according to claim40, wherein R4b is d, F, CN or
CF3. 42. A conpound or phar maceuti cal |y acceptable salt thereof, accordl ng
to clain 414 opmepwidrorRigroaseutcdly argeptable sptptaisel, aecophed taesupIcal plyims 1-4

accept abl g, 5aktr? Ref gaf, Lc6aa(ﬂ§/pr ding to claim1, wherein the conpound is

according to Formulae I'vVa or 1Vb: WO 2010/ 029119PCT/ EP2009/ 061733 I Va
| Vb whef-ei nARSapourdler phatahageiiticatly agpsptplle gglihatedf, according to claim 5 wherein R is H,
Me or Et.

7. A compound or pharmaceutically acceptable salt thereof, according to claim 1 or 2, wherein R™
and R are joined together to form a cyclopropyl, or cyclobutyl ring.

8. A compound or pharmaceutically acceptable salt thereof, according to claim 1 or 2, wherein each
of R*” and R* are H.

9. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-8
wherein R* is H, P(O)(OH),, or C;-Cg acyl.

10. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-8
wherein R* is C5-Cs alkenyl.

11. A compound or pharmaceutically acceptable salt thereof, according to claim 10 wherein R* is
CH,-CH=CH,

12. A compound or pharmaceutically acceptable salt thereof, according to claim 9 wherein R* is H.

13. A compound or pharmaceutically acceptable salt thereof according to claim 9 wherein R* is
P(O)(OH)..

14. A pharmaceutically acceptable salt according to any one of claims 1-8 wherein R* is P(O)(OH),
and the salt is a mono or bis salt thereof.

15. A pharmaceutically acceptable salt according to claim 14, wherein R* is P(O)(ONa),.

16. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-8
wherein R* is C(0)(CH,),;C(O)OH; and nl is 0, 1, 2, or 3.

17. A compound or pharmaceutically acceptable salt thereof, according to claim 16 wherein R* is
C(0)-CH,CH,-C(O)OH.

18. A pharmaceutically acceptable salt according to claim 17 wherein R* is a pharmaceutically

acceptable salt of C(O)-CH,CH,-C(O)OH.
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44. A conpound or pharmaceutically acceptable salt thereof, according to
any one of clains 1-43, wherein R3a is H, halo, cyano, Cl-C6 al kyl, or

Cl- C6 halweal2k10/02948. A conpound or pharmaceutical | y acceprare@Ivels3

t hereof, according to claim44, wherein R3is H M, d, F, CNor CF3. 46.
A conpound or pharmaceutically acceptable salt thereof, according to any
one of claims 1-45, wherein m is 1 or 2. 47. A conmpgund or

phar mac&ut i £ ahdryla@@tz@ﬁy adskrtatdafalt ap¢pedienio clagm d & Mliraig R ols £(Y)-OH£ bfC(O)ANas

1-46, wher el r&oﬁ?alﬂdsor%aﬁnac&}fﬁagﬂ adch tagj@e Qallﬂ(bﬁlereop ccgrdng? lf@hl%ﬁlnlﬁi‘y bt cléllﬁls IAS

conmpound or pharpnaceutical ly acceptable sal théreof, according to claim
47, wher eiheRBIRT & GY8)-CB(PHNH.CN or CF3. 49 A corrpound or pharnmaceuti cal | y

accept apj e &aahanﬁab%@g% acegpwéigma&&dﬁl Yo OMEimP50; GhiRkdB rY~ 45, PR &hficalll |

0. 50. A conmpound o arnmaceut i cal 'y acceptabl e’salt thereof, according to
claimai, Wﬁ@p@blﬁs%lh@%@hﬁﬁﬁﬁﬂNﬁs according to Fornulae Va, Vb, Vc or Vd:

WO 201%?2914%ﬁfﬁl&ﬁ%ﬁ%&@;ﬁﬂﬁm aa%rdlﬁg% cla}{ﬂypwhereﬁ{%v% @E@b @ﬁ@ﬂs H1c$3 I's as

in claim 1; cyano, tro; or
opti onally léw@glpﬁntndt@d)h@nmahe%ly%lhoaccwabbaﬂah th@“POfR@COlidslgdm am) OeaptOf GhalllSI 22

substi t ut gd Wik Gy C6 al kyl .

24. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-22
wherein R' is C;-Cg alkyl optionally substituted with halo, cyano or hydroxy.

25. A compound or pharmaceutically acceptable salt thereof, according to claim 24 wherein R' is C)-
Ce alkyl optionally substituted with cyano.

26. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-22
wherein R' is C;5-Cg alkynyl.

27. A compound or pharmaceutically acceptable salt thereof, according to claim 26 wherein R' is -
CH,-C=CH.

28. A compound or pharmaceutically acceptable salt thereof, according to claim 24 or 25; wherein R’
is Me, Et, i-Pr, or n-Pr.

29. A compound or a pharmaceutically acceptable salt thereof, according to claim 24 or 25 wherein R'
is Me.

30. A compound or pharmaceutically acceptable salt thercof, according to claim 1, wherein the

compound is according to Formula 11

OH

Ré4c
Il
wherein R* R™®, R*, R* R™, and ml are as in claim 1.
31. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-30,
wherein R* is cyano, halo or nitro.
32. A compound or pharmaceutically acceptable salt thereof, according to claim 31, wherein R* is

cyano.
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51. A conpound or pharmaceutically acceptable salt thereof, according to

clainms 50, wherein R3' is H, halo, or cyano; and R3'" is H 52. A conpound

or phar reweuviogeblly acceptable salt thereof, accordi ng POT@EPaINOBE33 wher ei n
R3" is H CN, d, or Fand R3' is H 53. A conpound or pharmaceutically

acceptabl e salt thereof, according to claim50, wherein R3' is H and R3'

is H halo, CG-C6 alkyl, C -C6 hal oal k or cyano. 54. A conpound or

phar mac&ut i 4 glompouad s phativlagcuged!ly qcmraééf salt aheémfdwﬁqdmé telapy anGef cloerledn
R3' is H f%n@dblslﬁ hgél o, CFC6M§ Sré:FC?’ haﬁélk A conpound or

phar maceut | caII acCept abl e ‘salf t ereof accgtﬂg‘%&g to claimb50, wherein

each R334.and CFzBpounné Ol—phasmcewcelbrm@mﬁﬂblemalt peego 1?&@I¢ﬂa}mééc\élﬁﬂ¢1%Re i@l t

thereof, aceqrgidpg to claim1, wherein the conpound is selected from

4-12, 5- D|oxo 4- (hydroxynet hyl ) - 3-met hy1- 4- phenyl i m dazol i di n- 1-y1] - 2-

trifl uofomet eymbamd onipharraesutically ap@pszlg sal dhereof, 1accigig &x 9lpit pis Tyhegein R*

-net hyl - 4-ghenyl i m dazolidin- 1 -yl] -2- trlfl uoronet hyl b enzom trile; 4-
[2,5-Di 0x0- 4- (1 -hydroxyethyl)-3 -nmeth ]E)henyl i m dazol i di n- -yl] -2-

trifl uoﬁ@m@mmb@mglmmpﬂmrmageutmaﬂy acceptable salt thereof, according to any one of claims 1-35,

[2, 5- D ox Qe sL}PﬁaQIBh&QHolbé'Qlﬂ%’ld(grc@(mgmﬁk}r?’ -met hyl i mi dazol i din- 1
-yl] -2- trifluorongethyl benzoni tri

[ 4- (4- Chl-ordshepyrmy DQplyer@w@aHy Wént@bl@/ff?éttthgrﬁofsaccwémaw clpim HapbreidiRn®is £1

-yl)-2- trj. &l uoronet hyl benzonitrile; 4-

[2,5-D oxo 4- (4-f1 uorophenyl) - 4- hydr oxymet hyl - 3 - (2-propynyl )i m dazol i di n-
1 -yl] 3%- Aepmpayed onbempchsrzbrfceaptable saltheredf, g@ording to claim 3 , wherein R* is H.

- Cnt or ophieny L Boidh O nﬂaéam%@%w%wmé LB Lccbfm%o&alqi 0 wilereiyl%eZ-

trifluoronethyl enzonl Di oxo0-4- (hydroxymet hyl)

- met hyl - 4£pmewﬂ|18rﬁ6@liamgi%ﬁqnmulie HI;ﬂIO]f Hlbz- tr| f 1 uor onmet hyl benzoni tri I e; (R-

4- [2,5-D oxo-4-(hydr oxyy thyI) 3 -net hyl - 4-phenyli m dazglyjidin- 1 -yl] -2-

[ iftri LZ 5-Di oxo-3 -

Ri'm dazolidin- 1 -yh] -

) R3a
Jq

R3b R3b)
, 5\ di 0Xo0- 4 &1 c]?‘oxymet R - yl i\gi_dazol i 4Rty
f\lb'\éﬁhzonltrlle4 [4( ~Me
5- di axo- 4- hydr oxymet hy1-3 - md zolidin- 1 -yl)-2-
‘ FoenzoPtrile; 4- [2,5- Dlox@l- it oxynmet hy1- 3 -net hyl - 4- (3
-tri fl uoronet hyl phenyl )i m dazolidin- 1 -y1)-2- trifluoronethyl benzonitrile;
-(3 , 4-Di chl or ophenyilix- 4- hydr oxynet hy1- 3 b
- rret hyI 4- phenyl i 3lgia;ﬂol i di ne-2,5-dione 4- [2,5-D oxo-4-(hydroxymnethyl)-3
(1 - et hyThsEiRY- Bs” BrefRA mhiraaygiclinh- 1 -yl] - 2-
trifluosmmes BUﬂlﬁIﬁlﬁ@@ﬂbﬁaﬁﬂﬁc@um&Hy dc3eptable salt thereof, according to claim 39, wherein R* is H,
- Cyanonet hy1- 2, 5-dj oxo- 4- rox%/)mat hyl ) - 4- phenyl imdazolidin- 1 -yl] - 2-

trifluor o&é?hwa%ﬁz&q?%ﬂr Pre -Gehaoslkel. b ox0- 4- (hydr oxynet hyl ) - 4- phenyl -3 - (1
- propynyi.) i Aicelagdhil di Prarntacedtichily @ceptdbld dald @fc@I¥E tabdok din €13 Z0h U0 j Wikrein R* is CI,

F, CN or CFs.

-y1)-2- tri

42. A compound or pharmaceutically acceptable salt thereof, according to claim 41, wherein R™ is
CFs.
43. A compound or pharmaceutically acceptable salt thercof, according to claim 1, wherein the

compound is according to Formulae [Va or 1Vb:
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4- [ 2, 5- D oxo-4-hydr oxymet hyl-4-phenylim dazolidin- 1
-yl]-2-trifluoronethyl benzonitrile; 4- [2,5-D oxo-4-hydroxynethyl-3
- met hyl - wWQ20towmebtiyl phenyl )i m dazolidin- 1 -yl)-2- PCT/EP2009/061733
trifluoromethyl benzonitrile; WO 2010/ 029119PCT/ EP2009/ 061733 4-
[ 4- (2- Chl or ophenyl) -2, 5- di oxo- 4- hydroxynet hyl -3 -nethyl-imdazo lidin-1
-yl)-2- trifluoronethyl benzonitrile;
[ 1- (4- Cyano-3-trifluor hyl pheny1l) - 2, 5- di oxo- 3- net hyl -4y phenyl i m dazol i di
n-4-yl ] met hyl di hydrogen @e (2 S)-1- [1-(4-Cyapmo-3 Rt

- n-4-

-trifluoronethylp y - et hy1- 4- phenyl i i

yI]nEthox& 3 -net hyl/- 1 X ?R o),

[ 1- (4- Cya::Z;;:jzfi &ylphenyl) 2, 5- diopxo- -ne&hlegMgheny i m dazol i di
n-4- yl]meth - oxofput anoi ¢ aci d;

(S)-(1-(4 (tr®fl uor onet hyl )phenyl) - 230~ di oxo- 4- phenyl i m da
zol i di n-4- yl)nethyl dihydrogen phosphate; ¢

(S)-4-((1-(4-cyano-3-(tvd fl uoronet hyl ) phenyl) - 3- net hyl- 2, 5- di oxo- 4- phenyl i m
i dazol i di n-4- yl)methoxy)-4-oxobutanoic acid; (S)-((S)- b (4-cyano-3 -
(trifIuorqagﬁﬁyk%gﬁ@amﬂ%jgm?gﬁhmﬁélz 5- di oxo- 4- phenyllnldazo l'i di n-4-

yl ) met h - met hy | but anoat e- 2- ammoni um chl ori de;

[2,5-Di %&o 2 cavawﬂmﬁw@m%tqﬁgﬂptahlepﬁ'«ﬂé bArs @a%mglta APy pog, pfj claims 1-43,

- 2- et hoxme&ﬁm@%istﬁ ihhi§; ¢ i@ﬁtﬂ C,-Cs alkyl, or C;-Cg haloalkyl,

(S)-1- ($§ - Di chlorophen drox met hy1- 3- neth - 4-phenyl i m dazol.i di ne- 2

, 5-di on Wcomp%‘ﬁéf’h@l@é‘ﬂ%‘ie‘é&? Bf:efﬁf%%hkﬁ ﬁh%?ﬂ%mc?ogﬂlﬁ@t%lmaﬁﬂwﬁfé@alp&alﬁH]
acceptaquA@@ﬂq1@N¢§Q@3a pharmaceutically effective anount of a conpound
according to any one of clains 1 to 56. 58. A conpound or pharmaceutically
accept afft-e A&PEPAIE Y dhpgeeticlly aseratable eft dhareefiaceeding te gpy geeof HeifsditS ne.
59. A compaunsh @f isphgnnaceutical ly acceptable salt thereof accordlng to any
one of clainms 1 to 56 for the treatnment or ophyl axis of a condition
char act &Fi z&¢ompornd O dhyraycadieallyjacgepipple i t Tgf‘ﬁ%ﬂf’o@é?fdméé%ﬁ%f’ne e%clalm% 1-46,
agoni st onwﬁk%ﬁgfgg@@l@kﬁ@m}@ggmypbr@o@pguﬁm,pr phar maceutical Iy acceptable
salt thereof, according to any one of claine 1 to 56 for use in treatnent
or proph| akPampgungd %M@Waaeutﬁgll.‘/ea@wfa&%sglt th§fz§PE ayranling to ghigeth, whereiR T P %o
and/ or sexyat cdysfamction. 61. An antagoni st or mxed agoni st/ antagoni st
conmpound or pharnaceutlcally acceptabl e salt thereof, according to any one
of claifg 1At8mBE Y pa%r@lapwt%ﬂéa?@?@mbleoﬁalt ShesesihycsRRg dp amy Aro flerlaias Pehdant
tunors, suahra@smpPis@state cancer or hyperpl asi a.

E

2d

i
zol

50. A compound or pharmaceutically acceptable salt thercof, according to claim 1, wherein the

compound is according to Formulae Va, Vb, Vc or Vd:
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51.

52.

53.

54.

55.

56.

WO 2010/029119 PCT/EP2009/061733

R3c

OH
R3a
O 1}
NC O

Va

R3c
OH

3a
Cl

Ve vd

and wherein R* is as in claim 1; and
R* is H, halo, cyano, or nitro; or

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

R* is amido optionally substituted with C,-Cs alkyl.

A compound or pharmaceutically acceptable salt thereof, according to claims 50, wherein R* is H,
halo, or cyano; and R* is H.

A compound or pharmaceutically acceptable salt thereof, according to claim 51, wherein R* is H,
CN, Cl, or F and R* is H.

A compound or pharmaceutically acceptable salt thereof, according to claim 50, wherein R* is H;
and R’ is H, halo, C;-Cg alkyl, C;-Cg haloalkyl, or cyano.

A compound or pharmaceutically acceptable salt thereof, according to claim 53, wherein R* is H;
and R* is CN, CI, F, Me or CF.

A compound or pharmaceutically acceptable salt thereof, according to claim 50, wherein each R*
and R* is H.

A compound or pharmaceutically acceptable salt thereof, according to claim 1, wherein the
compound is selected from:

4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin- 1-y1]-2-

trifluoromethylbenzonitrile;
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WO 2010/029119 PCT/EP2009/061733

4-[2,5-Dioxo-4-(1-hydroxypropyl)-3-methyl-4-phenylimidazolidin-1-yl1]-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-(1-hydroxyethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-(4-fluorophenyl)-4-(hydroxymethyl)-3-methylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[4-(4-Chlorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methyl-imidazolidin-1-yl)-2-
trifluoromethylbenzonitrile;

4-[2,5-Dioxo-4-(4-fluorophenyl)-4-hydroxymethyl- 3-(2-propynyl)imidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[4-(3-Chlorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methyl-imidazolidin-1-yl)-2-
trifluoromethylbenzonitrile;

(S)- 4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-1-yl1]-2-
trifluoromethylbenzonitrile;

(R)- 4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-3-ethyl-4-(hydroxymethyl)-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[4-(4-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl1)-2-
trifluoromethylbenzonitrile
4-[4-(3-Cyanophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl1)-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-trifluoromethylphenyl)imidazolidin- 1-yl)-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-yl]-2-
trifluoromethylbenzonitrile;
4-[3-Cyanomethyl-2,5-dioxo-4-(hydroxymethyl)-4-phenylimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-(hydroxymethyl)-4-phenyl-3-(1-propynyl)imidazolidin- 1-y1]-2-
trifluoromethylbenzonitrile
4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-methylphenyl)imidazolidin-1-yI)-2-

trifluoromethylbenzonitrile;
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57.

S8.

59.

60.

61.

WO 2010/029119 PCT/EP2009/061733

4-[4-(2-Chlorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methyl-imidazolidin-1-yl)-2-
trifluoromethylbenzonitrile;
[1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylJmethyl
dihydrogen phosphate;
(28)-1-[1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-
ylJmethoxy-3-methyl-1-oxobutan-2-aminium chloride;
4-[1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-
ylJmethoxy-4-oxobutanoic acid;
(S)-(1-(4-cyano-3-(trifluoromethyl)phenyl)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-
yl)methyl dihydrogen phosphate;
(S)-4-((1-(4-cyano-3-(trifluoromethyl)phenyl)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-
yl)methoxy)-4-oxobutanoic acid;
(S)-((S)-1-(4-cyano-3-(trifluoromethyl)phenyl)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-
yl)methyl-3-methylbutanoate-2-ammonium chloride;
4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-phenylimidazolidin- 1-yl]-2-methoxybenzonitrile;
and
(S)-1-(3,4-Dichlorophenyl)-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2,5-dione.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

pharmaceutically effective amount of a compound according to any one of claims 1 to 56.

A compound or pharmaceutically acceptable salt according to any one of claims 1 to 56 for use in
medicine.
A compound or pharmaceutically acceptable salt thereof according to any one of claims 1 to 56 for

the treatment or prophylaxis of a condition characterized by decreased activity of the androgen
receptor.

An agonist or mixed agonist/antagonist compound or pharmaceutically acceptable salt thereof,
according to any one of claims 1 to 56 for use in treatment or prophylaxis of cachexia, osteoporosis,
sarcopenia, a decline in libido and/or sexual dysfunction.

An antagonist or mixed agonist/antagonist compound or pharmaceutically acceptable salt thereof,
according to any one of claims 1 to 56 for use in treatment or prophylaxis of androgen dependant

tumors, such as prostate cancer or hyperplasia.
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