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| NHI BI TORS [0001] The present invention relates generally to novel

conmpounds {wiakodd1BdeRi t the binding of the Smac protein p@rt§hhAARG
of Apoptosis Proteins (1 APs). Mre specifically, the present

invention includes novel conpounds, novegl conpositions, nethods of
their use and nmethods of their manufacture, where such conpounds are
general |y pharnmacol ogically useful as agents in therapi es whose

mechani sm of action r eMAcHEHTNSOMENICY WsEFULXS (APANRIBITOREP
interaction, and nore particularly useful in therapies for the

treatnment of proliferative diseases, including cancer. Background
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[ 0003] AHBHQ%'PQ mdgmlmglcnletlwm@ ratherapleadaitiie eehtmentaif phutiferative

i ntrinsi cqivdiBs TReh@htFeayr death receptor-1igand interactions or
extrinsic when nmedi ated by cellular stress and mitochondri al

perneabi |l i zati on. Both pathways ultimtely converge on individual

Caspases. Once activated, Caspases @aery@uadnunber of cell
deat h-rel at ed substrat es, effecting destruction of the cell. [0004]
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[0004] Tumor cells have devised a number of strategies to circumvent apoptosis. One
recently reported molecular mechanism invoives the overexpression of members of the IAP
family. 1APs sabotage apoptosis by directly interacting with and neutralizing Caspases. The
prototype IAPs, XIAP and clAP have three functional domains referredto as BIR 1, 2 & 3
domains. BIR3 domain interacts directly with Caspase 9 and inhibits its ability to bind and
cleave its natural substrate, Procaspase 3.

[0005] It has been reported that a proapoptotic mitochondrial protein, Smac (also known as
DIABLO), is capable of neutralizing XIAP and/or clAP by binding to a peptide binding pocket
(Smac binding site) on the surface of BIR3 thereby precluding interaction between XIAP
and/or clAP and Caspase 9. The present invention relates to therapeutic molecules that bind



RlLis H Cl1-C4 alkyl, C2-C4 al kenyl, .C2-C4 al kynyl or C3-C10

cycl oal kyl, which RL may be unsubstituted or substituted; R2 is H,
Cl-C4 al k\yo Sodedebsod! kenyl, C2-C4 al kynyl, C3-C10 cycl Oﬁéw&zow&jﬁﬂom
may be unsubstituted or substituted; iS H CF3, C2F5, Cl-C4 al kyl,
C2-C4 al kenyl, C2-C4 al kynyl, CH2-Z, or,R2 and R3, taken together
with the nitrogen atomto which they are attached, forma
heterocyclic ring, which alkyl, alkenyl, alkynyl or het ring nmay be
unsubst i t {Gt'BYSBEC SigEe;RoGKet Hergby; prorpplingrapoptosigiin ragidly, diiipecrellsCigerh or
CH201- 1, tRérdpautitdfiBledliece/dre usBiulliOr Mk keBilent SurdifedliVeditaseSinctekthg cancer..
cycl oal kyl, wherein the Co_|o al kyl, or cycloal kyl group 1's
unsubstituted or substituted; A is het, which nmay be substituted or
unsubstituted; D is Cl-C7 al kylsananany cf2héBivehti@nyl ene, C(0), 0, NR7,
S(0)r, C(0)-C1-C10 al kyl, 0-Ci1-C10 al kyl, S(0O)r-C1-C10 al kyl, C (0)

Q0- C10 armbaédkwe prg%éﬁﬁ%st%ﬁ%lgt]egw rapv%! car Lﬁ?&gﬁ??&fﬁl rﬁ’lgulf%/ el}f whi ch al kyl

and aryl groups may stituted o ] is 0, 1 or 2;
Al is a substituted or unsubstituted aryl Junsubstituted or
substituted het which subsRjtuents ©On nd het are hal o, alkyl,

| oner al koxy, NR3F26, CN, Sl Rs: \gach A_s i_n%epen ently H,
Cl1- C10 al kyl, C1-cC10 4l y,yary am al koxy, d2| -c1-Bho ali kyl ,
- (CH2) 0-6-C3-C7 cycl oal kyl, aryl, Baryl CGo alkyl, 0-(CH2)0-6 aryl,
i (CH2) 1-6 het, het, 0-(CH )1-8 hetRs Z0R11, C(O)R11, -C(0)N(R11l)(R12),

N(RL1) ( l%awal%%%]éuticailé acceptable salts thereof,

wherein

R1is H, C4-C4 alkyl, C-C, alkenyl, C»-C,4 alkynyl or C;-Cyo cycloalkyl, which R, may be
unsubstituted or substituted;

Rais H, C4-C,4 alkyl, C,-C, alkenyl, Co-C,4 alkynyl, C3-Cyo cycloalkyl which R; may be
unsubstituted or substituted,

Rais H, CF;, CoFg, C4-C, alkyl, C,-C, alkenyl, C,-C,4 alkynyl, CH,-Z, or

Rz and R, taken together with the nitrogen atom to which they are attached, form a
heterocyclic ring, which alkyl, alkenyl, alkynyl or het ring may be unsubstituted or
substituted;

Zis H, OH, F, Cl, CH,, CH.Ci, CH4F or CH,OH:;

Rsis Coioalkyl, Co1oalkenyl, Co.i0 alkynyl, C5-Ciq cycloalkyl, wherein the Co.1e alkyl, or
cycloalkyl group is unsubstituted or substituted:

A is het, which may be substituted or unsubstituted;

D is C4-C; alkylene or C»-Cs alkenylene, C(0O), O, NR;, S(O)r, C{0)-C4-C;q alkyl, O-C-Cyq

- alkyl, S{O)r-C4-Cyo alkyl, C (0) Co-Cyo arylalkyl, OCy-C1o arylalkyl, or S{0)r Co~Cyq

arylalkyl, which alkyl and aryl groups may be unsubstituted or substituted:

risQ, 1or2;

A1 is a substituted or unsubstituted aryl or unsubstituted or substituted het which
substituents on aryl and het are halo, alkyl, lower alkoxy, NRsRs, CN, NO, or SRs:

each Q is independently H, C1-Cyo alkyl, C4-Cyp alkoxy, aryl C,-Cyo alkoxy, OH, O-C;-Cyp
alkyl, (CH2)o-¢-C3-C; cycloalkyl, aryl, aryl C;-Cyo alkyl, O-(CHa)os aryl, (CHz)4-s het,
het, O-(CH,)+.s het, -OR44, C(O)Ry4, -C(OIN(R11)(R12}, N(R11)(R12),8R14,



S(O)RiI,S(0)2 RL1, S(0)2-N(RiI')(R12), or NR11l-S(0)2-(R12), wherein
al kyl, cycloal kyl and aryl are unsubstituted or substituted; nis O,

1, 2 or 3,whaofyoibawgr 7; het is a 5- to 7-menbered MONOgYQLiR707790
het erocyclic ring containing 1-4 heteroring atons selected fromN,

and S or an 8- to 12-nenbered fused ri ng. system that includes one 5-

to 7-menbered nonocyclic heterocyclic r|ng containing 1, 2 or 3

het eroring atom; selected fromN and S, which het is unsubstituted
or substit ut ed>@fa3Y- R_v23&9)@”{%@)&%@}1aéNRhyS(p)zﬂR@M@mnalkklycycloalkyl
( CHR) 0- 6- C3- C7 any ahypalekitkubsiiichi?) §-sBbstf@sd;6. 1 (aryl) 1.2, C(0)-Cl-Ci o

al kyl, -C(0)-(CH2) 1-6-C3-C7 cycl oal kyl, -C(0)-0-(CH2) 06 ar Yl ,

- C(0) - ( CHR) 04s B-T. 2w Betd. 6 aCfD) - NH-(CHZ)O 6-aryl, C(0)- (CI—|2)04-aryI

0 CH2) 1- {
(Cz:g/cl) oal( i ) Gnegé a0§ t%ﬂ%%er%%h@jchc l'é&éﬁl c&%ﬁ% %o galﬁ?gf I9:-4Ohrc=zteenrorrng
(' S) - NH ( GH2) 0- 6- GA‘P'W selegtedr D'Pdﬂébarﬁi%lown é-rtOG@sJ)er(l@Fﬂ; fusedhiing system that

0)R11, C(0)NRL
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are unsubstit ut ed'S& °%’190%th’€' Selggted Gomph © ﬁ’HHg-FYi"QC"a'P% 'S&'@H%%'Etit@‘h@fnt

that facilitates dupstigte@rt of the nol ecul e across a cell nenbrane, or
R11 and R12 t eth with the ni n.at f het, wherein the

al kyl substi t&ghf’g B2 48 dghend %’% E‘Hi(ﬁé&ﬁt%%&yﬁ?a'%&ﬁp)@m ed
gycingzs orI rkmlre SLS{BBiomtamsz(@BCeCtoe&ylf FW)@HQlQCﬁCkwbipamﬂl m;qelylo@ﬂz o
-C1- al kyl, e tit clo
substituents of Iﬁfﬁaggo%@%\ﬁ &Eﬁ%g?yl‘mwgp%ﬁéi #@520'52 og-ary &6)‘
substituents sel d&Heas fwtOfﬁ(@) C2CGaBylatI(BREGHAL- GSEDﬂ:WyéH;yI ha(Sge(CHN:
0C1 - Co al kyl; 1%@% h r
substituted ar yI %ng: Zﬁgﬂ{yls{?géi ﬁ%lf}t@@ One :&Iﬁg"r*'a%l &
substituents sel &(gbﬁ:‘fzﬁ@rﬁehzﬁ Bifem, CEYMHR Ry, C@)IE41.§I(CR)}'IR11. )eHR11Ry2,
al koxy, nitro, CNQ—Q(&)Z' @%)ﬁ%abl‘soNRﬁm @Q@bﬁ%h%e% Qkﬁy%cloaﬁylaﬁﬁa?ﬁ'd
R7 are independentl en, | ower al Ry ,
cycl oal kyl , or cy¥§ ﬁ"aﬁ%ﬁ‘t” 8RB pubsfitiad: 0%@?% @(@?RBE’S“@(EOVOPU&C' By N
R5R6, Snd tge S:Jb@hsilidn&ﬁ’fttﬁe mBleRlle la&%ss R@fl{(ﬁémb@neaﬁd f\kandl All groups
are i ndepende ower wer al keny ower

al kynyl , | owe?%h &4;383‘?9‘-‘%6@% ’Rté‘?%?” a§9r9|¥or | ower al kyl, ami no,
am no | ower alwherein di | ower al kyI am no, I ower al kanoyl , am no | ower

al koxy, nitro, c rbox r cat%lg | kox
| ower al kanoyl , g.t?& K %Mg#ﬂ"v?/g%v}ghﬂ beéjgr bsrlrﬁgél%,or 'ﬁ'&e-dp%%/d%,
N-di | ower al kyI or more substituents selected from C-Cioalkyl, halogen, OH, O-C-Cs alkyl,

-8-Cy-Cgalkyl, CFaor NRy;R12;
substituted cycloalkyl substituents of Rq4 and R, are substituted by one or more
substituents selected from a C,-Cy alkene; C4-Cs alkyt; halogen; OH; O-C;-
Cs alkyl; S-C4-Csalkyl,CF3; or NRy;R42 and
substituted het or substituted ary! of Ry, and Ry, are substituted by one or more
substituents selected from halogen, hydroxy, C+-C,4 alkyl, C-C, alkoxy, nitro,
CNQ-C(0)-C,-Cialkyl and C(Q)-0-C,-C4-alkyl;
Rs, R and Ry are independently hydrogen, lower alkyl, aryl, aryl lower alkyl,
cycloalkyl, or cycloalkyl lower alkyl, C(O)Rs; S(O)Rs C{O)ORs, C{O)N RsRs, and
the substituents on Ry, Ry, R;, Ry, Q, and A and A, groups are independently halo,
hydroxy, lower alkyl, lower alkenyl, lower alkynyl, lower alkanoyl, lower alkoxy, aryl,
aryl lower alkyl, amino, amino lower alkyl, diloweralkylamino, lower alkanoyl, amino
lower alkoxy, nitro, cyano, cyano lower alkyl, carboxy, lower carbalkoxy, lower
alkanoyl, aryloyl, lower arylalkanoyl, carbamoyl, N-mono- or N, N-dilower alkyl



WO 2008/ 016893PCT/ U82007/ 074790 -4- carbanoyl, |ower alkyl carbamc
acid ester, amdino, guanidine, ureido, nercapto, sul fo | ower

al kyl t hi o, W@,lyogsqﬁgggg\o sul f onam de, benzosul f onam de, {/9%67?1174790
sul fanyl | ower alkyl, aryl sulfonam de, hal ogen substi tut ed ar

sul fonate, |ower al kyI sul finyl, aryl sul f| nyl ; aryl -1 ower

al kyl sul finyl, lower alkylaryl suI finyl” 41 ower al kyl sul f onyl,

aryl sul fonyl, aryl-Ilower alkylsulfonyl, |ower aryl alkyl |ower

al kyl aryl sul forcyrlb,amb;all logenalkyl @mamﬁddc)démérpaﬁﬂﬁw nﬁmﬁﬂudemwmercapto

| kyl | f I h I
phosphory1 o A0 SORF SRylric yalesmieh onatidy Ko Rnefieka Slonggsutany
al kyl carbam c ImrdlkelsarqISLdfonmdaaTm:rges sOirstituNRBRY Vs ulfoduts, dower BtkyBokinyl,
SII-ifylcanoI)eRI;:]héem JLTW @H&{vﬁ %@F}IEII ﬁ)@%&#lﬂﬂgﬁﬁngﬁﬂtIB%er%lI%rsqung/Wr
8- menber ed het @nm%f@lwl @Wlilwr@&mlsalfqmvh@waranytalb)djmwehekdaqtsum@yamimgen-
and may opti ongley aFRﬂHIe?daBtoOHQlo n-ole: & %ﬁé&fh%ﬁ:oﬁ&iﬁ&grﬁftﬁ)@ﬁgfﬁ
I'c I'ng

sel ected from nitrogeén, nd su
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al kenyl, | ower mlekmylloardmé 835 estbOYRGrAMEEYor -ARIK,Q: am no, | ower
al kyl, am no, diloweral kyl am no, cyano, carboxy, |ower carbal koxy,

fornyl, Iovv@’I‘e?Irkanoyl oxo, carbarrnoyl, N-lower or N, N-dilower
al kyl car banoyR, andeR,; adi tea th@rsaIn@\@EﬂlﬁQIeKVérIcI‘ér@ mo@BéIchﬁ’sly R5P 1ovad alliSor

are i ndepende dro r.a o tituted | ower
Ryl i e Ak R R Blof i o1 E Brreamei helkiorugenng
substi tuted aryl dootetningad kijrbger| (€dlingTatemp bas el obtiaraiy totailbs® or two
rel ates to phar I o [ in t her apeytical | v.
effective amun?}%g@%hﬁﬁstg?&mg%?%% ore?rcltj IIIIIIIIII%O 8é¥qeﬁtﬁ5‘H sUifdt, which
her ei nabove, or defegysiciing manbeé ynsubstidged bt substiltedivwibriewd allkghtala, lower
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invention is directed to treatin
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dependent on the dRb NeHrttamal, MiGvesrERN, r@lemivf‘ér'alkylcbal-&épn%yl %&hp?é oPF&WéPr
whi ch net hod corrpr es admnistering to said manmal 1'n need

treatnent an anti? Iﬂﬁ'ﬂ?o"fr@r ative effective anmount of a corrpound of
formula (1), @, RiphdRIpeedepahdatipraRideablowesaky, ﬁéweﬂ@hbstmh&c lower

present invention | also irected to nuf ac ds, of
formula (1), for aLIgI 2"%?@&?‘%%?93&5“95‘?&9&8 ik@gen W?Snﬁ’te aryl
2008/ 016893PCT/ UMHWM?QO -5- Detailed Description of the Present
| nventi on

[0007] The present invention also relates to pharmaceutical compositions comprising
therapeutically effective amounts of compounds of formula (1), as defined hereinabove, or a
pharmaceutically acceptable salt thereof, and a pharmaceutical cartier therefor. In another
embodiment, the present invention is directed to a method of treating a mammal, especially
human, afflicted with a proliferative disease, especially those dependent on the binding of the
smac protein to IAPs, such as cancer, which method comprises administering to said
mammal in need of treatment an anti-proloferative effective amount of a compound of
formula (1), or a pharmaceutically acceptable salt thereof. The present invention is also
directed to the manufacture of compounds of formula (l), for use in the treatment of said
diseases.



[ 0008] As used herein, the term"aryl"™ is defined as an aromatic
radi cal having 6-14 ring carbon atons, and no ring heteroatons. The
aryl groupwg%%ﬁﬁ ggypnocyclic or fused bicyclic or tri Cyﬁ({:hﬁszoﬁﬁmﬁb’
be unsubstituted or substituted by one or nore, preferably one or
two, substituents, wherein the substitugnts are as described herein.
As defined herein, the aryl noiety may e conpletely aromatic
regardl ess of mhether it is nnnocycllc or bicyclic. However, if it
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t et rahydropyran
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pyrroli dxbaogqy HE@' asdjs@d lherémlréréﬁltahetew ahy beteﬁﬁﬁdhg¥5mp@l¥{d§%&]ﬁ¥i’n ng at
pyr azi nyI yrim , 1.soxazo yrazin ui nol I soqui no‘g
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hal ogen, especi a uori ne r chl ori
as net hylindagalybe azoaiimamlwwwroll%mﬁplmyy thiezohb orazaid. mriddxgyrazolyl,
nitro, -Qykazfyt, @?tnrﬁ;ﬂln?i ié)zskaz%ryl p%%yloq&ﬂml%s@&d%w] SABGAHy, - mono-

or NN—dlIower ¥ ghé' wer carbam ¢ acid este
ani di no, deH'ﬁPHF‘Wb “rfh‘yé'ldﬂo'”d rE%[BPB"’V slftﬂnr’-‘ﬁh'of'-'@(}»eqe“é?’ll‘}ﬂ'!tl Hhegzothienyl,
sul f oani pyrazslyl, fplpﬁﬂrm;l[ Oeiperazihyi anddlieyl, Bodphalmyl beﬁﬂ\la%lylnbstrfcﬂbq‘arnogﬂ aAd the

ot 0y 1 B e oalis 475 vigine SRR Ry e dafpon Bhen ool s mstsrearys are
car boet hgysidyl, W/@%%MWS&@B&WBM&B@I -The rhé&d bEb]ferWaHﬁet hlwtbyrrdyl

substitu | tr a
Saer &t oElRAOOBRSRYl e P RURBL Y RRUALD o SO & ALl
ni t r ogen-ige preierracrpatr !ﬁgnsmtﬂhte@igr éaubstmtﬂbnx |seszlb$tttmed|en aaadloe atom by

pi peridi 'P\%lolggh %‘b@&él@qmoﬁ% SnldriRé; n DF(gQJS M%ﬁ?& Es mte\t,u\ﬂ/%%l gthyl, Cs:C

oxazol e, di ne @ | SOX erein SUd
het may oty <aBeqaly (Rt 1ang oy 1l O K O 1-Cin sy e FIOH &b OV 64 alk,

[0011] H%hﬂg.%ylwrﬁbwrommdmémk%arww P ikl A csa@gﬁtbra"y

fluorine and chlorine. [0012] UnleSs ot herw se sp eC|¥
ei t her a@mn‘brg”?ﬂ'd@ﬁn‘b’?ﬁatm%rﬁaptprﬁﬂ‘fed@‘yersﬁt"ﬂﬁh'arﬁ“'féﬁm@Pa%ﬁ'é@!"’é%al n

al kyl,  syglforiste, BBFhyl, SCNd‘ry'htro &dhré)rmtfégenla‘wﬁb?@)ﬂm alkypléﬁbécnally methyl or
sec- butyI ie{)t(? ; I enté and branched pentyl, n-hexy nd
br anched SH¥ @ ﬁ @'kpll R eCQdoriaf Al Vc?/{ﬂh@élcﬁwomeﬁ'i%lﬁﬁr %gq%hoxy



WO 2008/ 016893PCT/ US2007/ 074790 -7- one, two or three substituents,
sel ected fromthe group consisting of: halo, such as C or Br;

hydr oxy; such as C1-C3 al kyl; | ower al kyl
substi tute ﬂi any of the substituents defined herei npﬂlﬁghow4gﬁ
al kenyl ; Iomer al kynyl ; | ower al kanoyl; _| ower al koxy, such as

met hoxy; aryl, such as phenyl or napht h'9T; substituted aryl, such as
fluoro phenyl or nethoxy phenyl; aryl |ower alkyl, such as benzyl,
am no, nof8g1air Witen vavesbstitlikyts fogethehwils a dbmetohly lbaondaitrogeovare had, k&noy |

am no ace ity o
cyano: oy nkeribdRnatfl P ALRES S g S i Bler keI suM s e
car bonyl ; azgtigingpazele, gfaarmtmﬁIplneraﬂr@onprmyﬂmypycalebmyzole ltiawsle, axsdotey | |
such as bganigpyl %yrﬁrﬁcﬁlpém?&azolé\l' dr"ife hI% w%ljélincgucljrg yaAGJ(IXAS GafRadgy!

| ower al kyI carbam ¢ _aci d ester; i no; guani di ne; H

mer capt o: SUbstitited assipfinednacginabave: sul f oam no; sul fonam de

benzosul f onam de; sul fonate; sul fanyl |ower al kyl, such as nethyl

sul f anyl ; [oewi]f il9alBa10s fladride, SHIbARNBGIEIR orlicdied @gbe%tébﬁﬂedrmte &fd ehlorine.

unsubst i t ut ed aryl sul fonate, such as chl oro- pheny sulfonate | ower

| kyl sul f | f | L fi .
kot oy B8 Ut ibtaulsBprafiel e ingine? abdtet i cstrionapy Fodsssiraiont
al kyl sul fmrtydmchbdem alkyll smhlq,slmethy)vmhyla" hmb)drlydarsoﬁyfl onyltyl, sec-butyl, tert-

hal ogen- | f |,.0 qu such as

tri f?uor %hagé&ga{ﬁgb?&ﬁhgd Rar ! ';g'ﬁfg}f‘)(lagvgé\ l% %x‘fl Ia)c/}ll'"'}ll’ea of the

formul a (Rs%?? NC( 0) N( Rlp) R13) wherein Rg, R10 and R13 are as

def i ned HEPEIA "ayealkysaiore meghs Gs-Crd ayrigalky havnm 31105ha sgtbon atems atidkydy

carbanm ¢ pcied., Q@Ezi@ﬁrogj?l SRID Rffﬁtsﬁb%pe‘ﬁl»w f&ﬁéﬁhe?&lhWcl‘o'h‘éﬂ??d?ﬂrcl&@cftﬁ%%PranyI
4 ferent and’are

or -NR8R14, rei can
i ndependefidl %\hﬁ‘ C'QP' yigroup rgay beywppgayclicsr fiysed Sicyglico s prefamegighat it

and R14, i$ ﬁgﬁbbﬁ:ﬁc Wibfeoldrethh padferied &Eyaloakgl groud i9 c&ldﬂéﬁ@%ﬁ@clohexyl Most
het er ocyc| teror

rin 0
opt i onal Ip;ye%ﬁaé)lyogy‘f?/\gkyié&lya&b%p %ﬁ’gtchIS?'Pﬁﬁmé’ngqf P[B’cﬁaéﬂatﬂj@ﬁ??rﬂ@'y
gr oup colnmsaturaigd @Ithmugrlrtngemfergedygam iahdy satlifated. (Aes. dpfingd ﬁﬁéﬁzﬁ Bydiudes
razin en
Phi om0l y1°isEiSs, AhEtle *QA*B’?@%P ey g hpoiasay iosestd VAP Kty 1
wher e t héUhéf!twé%w ined bne ngpte&jatﬁbhslgﬂmdmxutoearﬁs tlkylasuchas mdiieyl.
substituents defined herei nabove. [0017] Preferably the above

ment i oneqoed ﬂubsmugrk@a{alnacmta@ma@wh ogﬂhemc@reeacw%@%%nqwdryne are
unsubstituted oy are wldstltutci | ower al , ower

al kyl , ca&PRER° theggalsELp 1 me 9”%&89'@%&&*%1[3?? Sy %@wwar@qetaiswug
OCH3| ssmu-a;l v Foah, VOB@\lpprMBLtﬂsqweﬁQm]r%ﬁagf@(ﬂ HN&sH raews Pphérb:@ Ffe@r m
ower a or.in,c | nati1.on, .re

cont ai ni ng 128 %&eﬁgﬁéﬁt%mﬂgﬁh QISI?W%Q‘?%?F#B?PW&%& H‘Hﬂﬁ JBV%

st r ai ght JipbphiliesbséidnissncisleceC{-0qdikyewkich slsatveated, Wdnounsaturated,

insubst | LD A FERAnG bt fene FreltTobR BN P Rt ebe M budRier ei n.
The car benbeiivtsd hy doeibf @oﬁbr@hﬁlkaobas tiét%@edoakw Gsvity ayaloblayl vatiahris of
the al ke@[ubstﬁut@&'ﬂ%ohé of tol an?ll%ﬁrohgge x eéa ?Int)@'r@ény]r \@fch%s substituted in

car bon-car bon car bon-car
doubl e bdfgiPherykring wermﬁ or dwe G Cralylgso sy ¥i- @hﬂe exeioaliwiorot-GrGmyblealky!

Exanpl es WH'ESH |§ggb§§di'&nw onelor%@@?@é |aik ?grQ&FS%P@Hé(He X I @Ué réYIJyI wIP]lch is

2- butenyl , 2- 3/ orp adi enyl and 't

pr ef erred’aﬁ-'lr%@ﬁirw '@“Bg"ﬂ agedé%rﬁgwymsatl{rg@g@pd ?"fﬁ@g'ﬂt@f Hﬁanp!aﬁﬁeqham kynyl "
as used herein, refers to an al kynyl group containing 2-6 carbon

at ons. Ar[omia;yjmhbsgmerpisiimemdwdmanrbeu hydrbgatiis ERN¥nR iibB@u@it. | east
one carbon-carbon triple bond. The carbon-carbon triple bond may be

bet ween fwtywt] \g}cgpqrag %Qs&?bgghglfeinﬁ Qﬁy gfl thg ggéveqeﬂrlmjeod arglflt hétsalﬁ)yrl ea}clkeernyl alkynyl

or cycloalkyl, may be unsubstituted or independently substituted by up to four, preferably



[0025] The term "lower thioalkyl" refers to an alkyl group, as
defined herein, connected to the main chain by a sulfur atom

Exanpl es 'ﬁ'@z‘dﬁ’&%lk@ onet hyl (or nercapto nethyl), thioe /J? -GRRt O
et hyl ) and the li1ke. W) 2008/ 016893PCT/ US2007/ 074790 - %2%% %@l

term "l ower carbal koxy" or synonymther§to refers to an

al koxycar bonyl group, V\/nere the attachrrent to the main chain is

t hrough the aryl group ( . | es include nethoxy carbonyl,

et hoxy c oy Ordh@etshbsﬂtl-iel@ﬁ S?'@@ nﬁomﬂh& group corsistinglef: dla@oduqultdnBr

t er m nol r&(yoﬂ)wéleéll?ﬂ %ut:ﬁ’a@& L5AK0r B4Ry al}e{l ?E‘f"\ méé}b%jﬁlbgﬁbt‘éa%rth any of the

aldehydre or .acid or acid derivative. ers
-S=0 gr ouy'bsiitpentspefmed heesin; M%PHGH!*H@W@@W@( ra'&@@yh lqM@rtalkexy. such

nunber of asmpBeKy; AP Fchad £ rap/hRUs fidf
S(0)r = 8302 Whgyn kYR ¥Bic Q@W ? ?l Jé%ltu%ﬁ%l s\é)gﬁrﬁsﬂuoao%heﬁwgp

i S ,
S(0)r is "sethmb@yaf‘y&ﬁ'a‘ ?é’?m'k%@ugh a5 beral apinoe Meno gedifewar Ayl guch as
'?‘ﬁf i nit Icnm]%?ﬂwahw loRr akRa@byl am;)a]a@?ty{aﬁfrﬂf mird 180ErQIloRY, QQBh §§ ons.
us, means, t ha e ar rou

firect 1 y SODREearflorane BV a) obR Sk capitiydofl Ahelsnauat ky meten
group br |o}hgbmgl tnkpeopey carbhayi or ko-pedpoay yérbgiyqumer[ae,@@ﬂ)]suiﬁ’n@s b@’fzzmg .

"(CH2) O- r [ | a_lar 0 e.g. -
Ca- C2 cyccl %@ﬁ’@m%%rg @ allogrbﬁﬁ IcHrgtam gl lr? r%ﬁ%&%rﬁgmkﬁﬁtefor to
a group tavaitine pgHaaidine; UreBior metsaptoasuiosloweHakth®; s|ida@sido; Fuilenamide)

" (CH2) 6- G5enChD FortarkiBl:Y: s?u)f&rha%e ’su Flgﬁerd?g_‘r% ﬁfh 8@ m%tr]ymlﬂfaﬁﬂds%mb

i ntended to nean one

or (CH2) Bufonamigle; hatagen subgti owzc}r %umwm@uﬁonaﬁm Gugnas etibre-phanyl
refers t C’suﬁb‘rﬁﬁi@rioﬁér a‘?&&%ﬁtﬂhiﬂUé@l@@lﬁn)@@r&lh&u&ﬂﬁy%hH‘zFNiQMJver alk7ylarylsuif|nyl lower

(tetrahydro The
deternin "“F'ﬁ %ﬁ'%‘b%’ﬁ"%'ﬁ"”@ §Ub§’t""?f E’Eﬂ?‘ﬁfoﬁﬂ @Wér Wrﬁ“ﬁfi ilyven @lkylarylsulfonyl;
(tet rahydfaqbg@ysrlds\oénel@y;nﬁera@to Rakgén woJeYahﬂsnmfoawemch%tﬁfm%ro%aetﬁ’aneél or 5

t f th | i t th
D ol i pitghor s and SuodebPebtures B e R RO NS Sy whsigin
subst i t utReRy, aadhy; efe astdméned:taa‘ranrsmh @BBIrea & waﬂwr@h@dngantﬁbr@aﬂrha,]fﬁlkylh
th ' th
e Y AR Mo 3P ied DRGSR VR a0 B e
sanme or d?afandr%mt:an boriheseme qn,ﬁ‘é‘nrent and @e indepandsntly bf Iowaeallsaév@gl methyl,
possi bl € et blopAnbrirshalh,, MibireR QiR kg EJnY?cH'ﬁ'{]e? aw@érﬁ%rsém be

t he sanme or dl?ferent en n ossi bl e
substi t uth@Fﬁrgcyé’F‘"e”'H CO&'W'@%@ ”6’9&%’? h¢t¢'\¢énmat@m am’e%’éﬁ@é‘mph? OQWO@UIUOHBI

defined hetfbihg M6RE sBetisd ﬂomttﬁ@@ohﬂi'b@f%réi’iﬁ Bf‘l‘ﬁt@é:e‘ﬁeﬁ‘xyB@ﬁ%h@lsLﬂfur%eg
substituents ar t he mai nder are dependent |y as defined

herei n. \RIRG&FY ,Ipyra:)zmyf er%ﬂrplgﬁrazgr% PYEY H“%\Q@'BP'@’B& ZoMient s
are H, anéntdtRiophdist, p?ﬂﬂﬁlﬂ&yﬁp@e@lﬁ@od&ﬁdaﬂ@lﬁwybWh@iel"the Hé©rochclicFing mdylban

two of the ue ar.e and the renmal nder are H.
When n i s suigﬁx?ﬁgﬂﬂﬁﬁ[‘w tﬁ%%s‘?{“ﬁ@s %%’@é&hﬁ%’é@spa/ US2007/ 074790 -
1 0O-

[0017] Preferably the above mentioned alkyl, cycloalkyl, and aryl groups are independently

unsubstituted or are substituted by lower alkyl, aryl, aryl lower alkyl, carboxy, lower
carbalkoxy and especially halogen, -OH, -SH, -OCH,, -SCH;, -CN, -SCN or nitro.

[0018] As defined herein, the term "lower alkyl”, when used alone or in combination, refers to
alky! containing 1-6 carbon atoms. The alkyl group may be branched or straight-chained,
and is as defined hereinabove.

[0019] The term "lower alkenyl" refers to a alkenyl group which contains 2-6 carbon atoms.

An alkenyl group is a hydrocarbyl group containing at least one carbon-carbon doubie bond.



seven possi ble substituent is Q and the remainder are H Finally,
when n is O, aII seven of the substituents are H. [0033] It is to be
under st 0o of the Q substituents nmay be the S?E‘Fm

may be dif erent %8034] Where the plural formis used Tor %%@gﬁ S,
salts, pharmaceutical preparations, thig is intended to nmean also a
si ngl e conmpound, single pharmaceutical preparation, salt and the
like. [0035] It will be apparent to one of skill in the art that the
conpounds*ofiefinRe hpieds & may hpunsubbitutecher seiRstipted with theegubstiteenty described
especi al Inergh. Fhe 88rb6n aﬂ@bﬁ baibie séﬂds%ayaoeb&%ﬁe@%ytﬂve ear%afk Et‘om\éyb?g] e

COITpOUI’]d ?%ql sts in a_ salt ﬂ} such salt fornms are 1 ncl
the scope vt graup- n\t/@rﬂr‘?fﬁﬁed hERMFNRAPT 3 5pPOR 6?"1‘?P'|‘rﬁ9u%%b?f§’é1aﬂﬁ more
cheni cal ;framsmw riel c2RSan-GIASIh dtibRWonhfli TRé hIQéhy{DQKbGSM%‘é str&@hb’chamed or

phar maceytic accept ab lts are us for r.maceuti cal

Pt oduct < Riprehine SREBERe Moke AleDH: FPOuSa. PePRRGAERT PR grating:
salts inct- pld:@enyM‘l‘e:B}baﬂamEGﬂl’andtI& likphahapefaiddemenyl grogapemiehg base
addition salts and acid addition salts, for exanple, netal salts,

such as 4 ar S m sa

organi c gbb% ggm?cl)&r}@és & gﬁ 'a"i'E gﬁ%%‘na%#eéggd%%ygﬁpgsgﬂ%on?dé'mp 26
sul f onat ecashan a;omdAn akymyl Geoup Ach tydaokesrivyil group abntginingcit ledst dnecad@ni ¢
acl d addidehomh gk bind SHE el AEAPAbRIOAE a§%£fb%fvfeeﬁ%ﬂ RRPSROH Som of
and organic aclid addition sa , sSuc % é

aryl sul f dh%ﬁli‘vnséa@eat 4 is prafeagd ghat mﬂﬁkw@mqm@mm@ orc? garbanecathen triple
lactate ajyhdt BAd Hol@pre@‘a’ﬁl%tﬂﬁc%on@r@dn tﬁ@b%@n@rﬂn@élmi q(rH@ﬁ by Bal ts,

such as i thl salt, sodjumsalt and potassi um sal aline earth
et ol - Sal BN AT RS ST BRI TS, APV Sy,
and zi nc hltynyhaed theeiké.i Kies prefeaienlaggn@ graupndathigisal t s are anmoni um
salts and tetranet hyl ammoni um salts and the |ike. Exarrpl es of organic

am ne ad I re li.ne and p| d| ne and t he
ko, Bxdoot Aol hoif 1Rl okl ReB, = 2P SR RORASH E ydiae
phenyl al a@hﬁtﬁléﬂy hridoingi adkyleoe dreumd Elxye:lplee irghudietbeaz)ll, mbenetﬁxu faphtiyimesia.t s
i ncl ude S

| Tke. [ OBBaITe M, ToR ProrBh fu A ARTREENS > YRl B BloT BB B b Hyaro
in free fI5PYR eAnpestpdinthe maﬂmeﬁawbbm bidaingeslylenglareup- i ncl udi ng those
salts that can be used as internediates, e.g., in the purification or

i ﬂent ifi lqamzzq rrmftemhalkqmmoumde othet o ANBERrAH ah%lkE/DQTEu;i Brld@béﬂdlﬂhéﬁ?na'hﬂd
thelr sa

ce to t nds he nbef or e
ner el na CBFdBRen &PROERE S8R CaRTE B 41 THPHRASRE. chy b 31 e ks
be understood as referring also to the correspondi ng tautoners of
these cofPitlds,used periraliiefent "lowsmpiiandg” efers teea lbernalkydehdid Jn-whithbne of
2008/ 016 = t
conpoundiﬁ@?“éf?%ﬁ@“ R AT N GG ik
salts of e&f§0 W‘etSH’é’% lenpar 'aﬁmroﬁﬁlﬁavf theaneletyx Faamplas inglyde fq’rmmloacetyl
nmenti oneg. %EQ{ qq,ropa{ngg%ﬁ]j iyke@symetri ¢ carbon atom may be
present int dé)‘l - or (R S)-configuration, preferably in the

R - or r 0 Substityents at a ring at atons th
S o ot 308 e Hg% éfﬁ”fﬁ@?‘%@ 2B B DB B R FOBERBLS tRagai

possi bl e chbia hyraesspder ato@ Exémgled inelude haslisoxy dthdxyfapti e ikBe conpounds
may thus be present as mxtures of isonmers or preferably as pure

i soners By, |1 di ast rSn Qb RuUr e
enant i omg %@82%}6 ee?pr es@ﬁ?gqé%eax &rﬁ o %g d?{'r\’/ﬁdtr%r n'ictog s the
prodr ugs naﬂm chain byasulfur@tonof Exdmplésingnde thivmeithyl (e mererpto metbil), ghioethylgs
will be fupebbenabydfhinsfdeves of a conpound of the invention which
are readlly convertible in vivo into the conpound fromwhich it is

notional ly derived. Conventional procedures for the selection and
preparation of suitable prodrugs are descrbied, e.g., in Design of



[0042] R3 is preferably Hor Oa, alkyl especially hydrogen nethyl,
or ethyl and nost especi ally methyl or ethyl, and nost especially

nmet hyl , 2 unsubstituted or substituted. R3 W’%{B?zom 24790
unsubstituted or tituted as defined herein. It is preferred that

it is unsubstitut ed met hyl . [0043] R4 ig preferably C5-C7 cycl oal kyI,
and nore preferably cyclopentyl or cyclohexyl, isoproyl, and nost

preferably is cyclohexyl. One may be substituted or unsubstituted. If
subst i t ut[@826]; thejternprefercatialkoxyles synooywdhatetchefemie anaikeyycadepegral, y

net hyl . 'TJQY!?&I He at!aE:hrh@nt% ﬁ'fe%éiﬁghéllhgt’thljgé%ﬁ fhe i Fbé}n Eﬁé)dex As%a[f&lee

pyrrolidinyl ring can have u SI X 1 ndépen itue
t her eon. Methpxy garlearyl plh@xy paipornyl aid the Skeand even nore preferably nis
0, 1, or 2 and even nore preferably, nis 0 or 1 and nost preferably

nI iks 0I | 0oL urs].sm BS efiderstbdd ihat thE e‘rmrnbﬁ:@y tﬁ(@j reférd © 4 Q}MU graLi Whether it be
al KOX 1 0O an no,
2008/ %168!‘&%?'9@%’6?7? @Pﬁ?@'@c'dl%%"ﬁtﬁmglm' f'yssa(@n? éﬁ?%’ B %R yS70 groupy

6- menbered het, and nore preferably is 5- or 6-nenbered heteroaryl,
especi al 1[9028] %meﬂhmﬁb@ve teert E(@areférs ta thg nuoheoofmixpgeredtome Bstdednethe

1119 et QiAo SRIEGLe AR NESE! N GRS YL 08\ SL of LERRRI (= 0

oxygen an coﬁtal rien eroa 1era
cont ai ns ttlefbﬁ(@rrsl?ng het eroat oms, and nore preferably contains at
|l east 1 N ring heteroatom and the other ring heteroatomis, if

present, [8024]tTHed&H "csgxségeae@ﬁeraul ésu;sart @frédde‘mﬁl@n Br ftypasitl g & f Qéee%t
IS n|trog%n or Sulfur pre er ab y resent I S SUF

The pr ef SEFREA DN H8MSH TJ’L\U%S p?w.a@g}ra'kv'pme?ﬂ% Hehgh? aryh gepup i %Pzeﬁwlrequyto
may be unbelhein ¢HatreC.)0dr thatlisdré Isf ©HC ,lalkylehe RFRip®IBGiAg tHaahaif\ch&in to an aryl
unsubstltuted or substituted with alkyl, amno or halo. [0046] D is

preferabl%/ "or C(0), NR7 or S(O)r and nore preferably is 0 or C(0),
CH3N, HN or S and even nore preferably is 0 or C(0) or CH3N, HN and
nmost pr ef[@03M I Thederor "(CX18)).«" af @od 7] defibitios oba bFgar ghiup, ags (DidDitCt@d aryl

Bie?‘QrSﬁﬁg%"‘*‘“’sﬁeﬁﬁﬁ“ﬁﬁ‘”sﬁ Hrepese R (ORErRE v et AT B opreen

or subst idePetetser oaryl . Most preferably, Al is a substituted aryl.
The nost preferred yalue of Al is a substituted phenyl. [0048] It is

|tor ef e[) r ?C[?d}:i‘ﬂ‘ghgfterﬁ 'l(eH?getv {CHLS, ahﬂ% mﬁWhlt[beﬂ% afll Rlﬂ})%tlhtblg&é%ﬂoolr
ri substitute 0 e er el napove n
an embodi"Heto" A?f ﬂ?er}e Rﬁ’f}f a'l%(tg,ﬁa@@’p‘grgﬁgaj &'{}

chl oro, and m)st preferably fluoro. [ 0049] Anot her errbodl nent of t he
conpound [8932] dysruskd hérejn, hesvariahvlatn”asfetsDo ndmBaiNA sDbglitutgdia pmereaytrolididyl y

accept ablyaaldrSpyrofN ¢RE: TRERIAR is defined as 0-7 and it determines the number of Q
substituents on the pyrrolidinyl (tetrahydro-pyrrolyl) ring. Q can only be present at the 2, 3, 4
or 5 positions of the pyrrolidinyl ring, i.e., at the carbon atoms of the pyrrolidinyl ring. Except
for carbon number 2 that can allow for one substitution, each of other carbon atoms are
saturated and each of them may have two substituents thereon. When nis 7, then each of
the carbon atoms are bonded with Q as defined herein. Each Q may be the same or
different. However, when n is 6, then one of the seven possible substituents is H, and the
other five are Q, which can be the same or different. Further, when n is 5, then two of the
possible substitutents are H, and the other five are independently Q, as defined herein.
When n is 4, then three of the seven possible substituents are H, and the remainder are Q
independently as defined herein. Where n is 3, then four of the seven possible substituents
are H, and the other three are Q as defined herein. When n is 2, then two of the seven
possible substituent are Q, and the remainder are H. When nis 1, then only one of the



wherein Rl, R2, R3, Q n, A D and Al are as described herei nabove,;
and Mis a Hor a substituent on the cycl ohexyl group, as déefined
above. 93PCT/ US2007/ 074790 -13- (0050] It d
that Mi \s/%,%qﬁgfog;gsgﬁydroxy; | ower al kyl; | ower al kenyl; Pﬁ:]smgfoﬁz'f/(ﬁﬁﬁ
al kynyl; fornyl; |ower al kanoyl; aryl, 1chl oal kyl , aryI | ower al kyl,
| ower al koxy; aryl |ower alkyl, am no; am no, nono- or disubstituted
| oner al kyl am no; am no | ower al kyl; |ower al kanoyl; am no | ower

al koxy; rfieveppossipnaibstitvantds Qoars thalrdayaindes ardldx Finalhowien oas B.adlllsexsn of
| ower al I : |l ower aryl al kanoyl; carbanoyl; N nono- or
N, N- | Omhﬁé‘%ﬂsﬂtu@@}é%ﬁbyl | ower al kyl carbam c acid ester; -NRL3R16,
wherein R16 and can be the sane or different and are

i ndependdfP33) s i bef WRRErsterddppt eash oRing hpibsttuents gtayirdbe Gamdor they may
at om f or rgeadifferetto 8- menbered heterocyclic ring containing 1-4

ni trogen, oxygen or sulfur ring atons. The preferred value of Mis

hydr ogen eferred values of .Rl, R2, n, Q A Al _and Y .
oscr | bodothdl SPhs Bl salut Bsay i comppindEneat edmaisuficat e artms i
In an anos hmEndedtmdéa'ealscp apingfestomeduiad, ainglznghammaks:utidal papatation, (shit hndihe
pharmaceytical ly acceptable salts thereof, wherein Rl is Hor Cl-C4

al kyl, which may be unsubstituted or substltut ed; R2is Hor

d-cral kyl, which nay be unsubstituted or substltuted R3 is Hor

Ga, al k3100351m Wil berappasentin sod st skillin the astthatibe £ompauads ofdse ipgesent invention

cycl oheXyan elkizPRd 98 forrﬁ‘/ﬂésﬁbmé‘@}és% depsdaRioh szITl 6:ch BiseS4HRRbA SaM ffherd

Is 5- or 6-nenbered nitrogen, gen or sulfur containing heteroaryl,
whi ch mayFOBwOHRR e Itq saltforr. Sé'ﬁ*b%‘%'i fpimsrre '@*H@d @ithin theyscoge @f theor
NR2; invention. Although any salt form may be useful in chemical manipulations, such as

purification procedures, only pharmaceutically acceptable salts are useful for the

pharmaceutical products of the present invention.

[0036] Pharmaceutically acceptable salts include, when appropriate, pharmaceutically
acceptable base addition salts and acid addition salts, for example, metal salts, such as
alkali and alkaline earth metal salts, ammonium salts, organic amine addition salts, and
amino acid addition salts, and sulfonate salts and the like. Acid addition salts include
inorganic acid addition salts, such as hydrochloride, sulfate and phosphate; and organic acid
addition salts, such as alkyl sulfonate, arylsulfonate, acetate, maleate, fumarate, tartrate,
citrate and lactate and the like. Examples of metal salts are alkali metal salts, such as lithium
salt, sodium salt and potassium salt, alkaline earth metal salts, such as magnesium salt and
calcium salt, aluminum salt, and zinc salt and the like. Examples of ammonium salts are
ammonium salts and tetramethylammonium salts and the like. Examples of organic amine
addition salts are salts with morpholine and piperidine and the like. Examples of amino acid
addition salts are salts with glycine, phenylalanine, glutamic acid and lysine and the like.
Sulfonate salts include mesylate, tosylate and benzene sulfonic acid salts and the fike.

[0037] In view of the close relationship between the compounds in free form and those in the
form of their salts, including those salts that can be used as intermediates, e.g., in the
purification or identification of the compounds, tautomers or tautomeric mixtures and their
salts, any reference to the compounds hereinbefore and hereinafter especially the
compounds of the formulae (I)-(VI1}, is to be understood as referring also to the

corresponding tautomers of these compounds, especially of compounds of the formulae (1)-



A is aryl, which is substituted; and n is as defined hereinabove.
[ 0052] The preferred definition of the various vari abI es descri bed

her ei nabov, r applicable in this enbodi nent.

preferred @gﬁg@éﬁ%@?m is Hor methyl. In addition, the %ﬁ@z& 420331790
value of R2 is hydrogen or nethyl. The pref erred val ue of R3 is
hydr ogen, ethyl or methyl. [0053] It i preferred that nis 0, that
I's, the remaining substituents on the pyrrolindine ring are all

hydr ogens( .VIID Q@& diherldvaixured ﬁrthesé omaipuer&isoésp@aciaw & compOUinds dﬂ&!ﬁbf?rl’nﬁﬂiabﬁ -
het er oary 0 | east om . .Prefera

e cont ai CYAD £ SsRY B e e afaniets Bad ERRARR L Plucnss iy
heteroatoms and 3-4 ring carbon atons, wherein 1 of the ring atoms IS
a ni t r ogel@038lony askonettréc cartrreratermh mpyhetreessat iothe KR )alS)oryEed); ccmﬁd;draﬁon,

R 7
o 4m |to ;ggeefe@gm t@grrp&erg) Ee{:ﬁi’géﬂﬁon %@%ﬂ@%@%@% g@&% pfy&rél gl]] nyl
t hi azol yl bon@ﬁ & etrqasntuawé Oﬁ)ﬁ@fl’t?ﬂ;ﬁﬁfboé dguble QOIMSrm@M. ;f Iposdilge 3| presentin
enbodi mendis-Alz-j & 1RO ELE- thRdTRY Mmpoﬁﬁ&erﬁb)a{th bhé E%Eﬁttdétﬁﬁu%%_ﬁ}gomers or

wherein the su strtuents are as defined herel nabove

pr ef er r ePTGRIAAERUBISCRIEES; Bieferably a5 engotiomgmatly SHrecd ANERP ACPY'E Or
0. [0057]erpndies. enbodi nent is a conpound of formula (1) has fornula
(I'V): (0)6 R30 Z>C HI'I N'' ..0 -NAD

[0039] The present invention includes within its scope, prodrugs of the compounds of the
invention. In general, such prodrugs will be functional derivatives of a compound of the
invention which are readily convertible in vivo into the compound from which it is notionally
derived. Conventional procedures for the selection and preparation of suitable prodrugs are
descrbied, e.g., in Design of Prodrugs,H. Bundgaard, Ed., Elsevier (1985).

[0040] The preferred R, group is H and C+-C, alkyl especially methyl. R; may be
unsubstituted or substituted and is most preferably unsubstituted. The most preferred values
of Ry is H, methyl and ethyl, and especially methyl or ethyl and most especially methyl.

[0041] Rz is preferably H or C4-C, alkyl, especially methyl. R, may be unsubstituted or
substituted. It is most preferably unsubstituted. It is preferred that R, is hydrogen.

[0042] R;is preferably H or C4-C, alky! especially hydrogen methyl, or ethyl and most
especially methyl or ethyl, and most especially methyl, which may be unsubstituted or
substituted. Ry may be unsubstituted or substituted as defined herein. It is preferred that it is
unsubstituted methyl.

[0043] R, is preferably Cs-C; cycloalkyl, and more preferably cyclopentyl or cyclohexyl,
isoproyl, and most preferably is cyclohexyl. One may be substituted or unsubstituted. If
substituted, it is preferably substituted with lower alky! especially methyl. However, it is
preferred that R, is unsubstituted.

[0044] The pyrrolidinyl ring can have up to six independent Q substituents thereon. Itis
preferred that n is 0-3 and even more preferably, n is 0, 1, or 2 and even more preferably, n
is 0 or 1 and most preferably nis 0. If Q is present, it is preferred that Q is lower alkyl,

alkoxyl, alylthio, amino, sulfonylamino, acylamino.



| O or pharmacetuically acceptable salts thereof, wherein Rl R3 Q
n, Al, D, Mare as defined herei nabove; and Y I's hal o, Iower v

al koxy N%B%r?@}k oNO2 or SR6, wherein RS and R6 are d:%é'@ﬁﬁoﬁ‘ﬁﬁml

[0058] In an’e ment, Y is halo. It is preferred th I's on
para position. The preferred val ue of , R3, Q n, Al and D

descri bed herei nabove are al so applicable in this enbodinent. It is
nost preferred that Y is fluorine. [0059] A further enbodinent is
di r ect ed [084¥ohisaueferablyfa & toe Sinugmipdred (1al) andomoneiaefembly s 5-ozrléyembered

accept abl H;etétﬁergp eEﬂE%faﬁPg 5 df"@ 'ﬁ%téréarg’rggﬁioﬁtﬁrahﬁﬁ%v Rt dndtiad hetero

cycl ohexyl; are er el nabove:
2008/ 01Ggggrp(§ﬂeggg@@wtbqglpyg con3|strng of nitrogen, oxygen and sulfur and containing 1-4

ring heteroatoms. Preferably, it contains 1 or 2 ring heteroatoms, and more preferably
contains at least 1 N ring heteroatom, and the other ring heteroatom is, if present, a nitrogen,
oxygen or sulfur, and more preferably if present is nitrogen or sulfur, and most preferably, if
present, is sulfur. The preferred value of A is pyridyl, pyrimidiny!, and thiazolyl. A may be
unsubstituted or substituted. It is preferred that A is unsubstituted or substituted with alkyi,

amino or halo.

[0046] D is preferably O or C(O), NR; or S(O)r and more preferably is O or C(0), CHsN, HN
or S and even more preferably is O or C(O) or CH;N, HN and most preferably O or C(O).

[0047] A, is preferably a substituted aryl or en unsubstituted or substituted 5- or 6-membered
het and more preferably is a substituted aryl or a 5- or 8-membered unsubstituted or
substituted heteroaryl. Most preferably, A, is a substituted aryl. The most preferred value of
A; is a substituted phenyl.

[0048] ltis preferred that if A is aryl, it is monosubstituted, disubstituted or trisubstituted by
one of the substituents enumberated hereinabove. In an embodiment, A, is substituted by

halo, especially fluoro or chloro, and most preferably fluoro.

[0049] Another embediment of the compound of formula (1) has formula (1)

(I

or pharmaceutically acceptable salts thereof, wherein
wherein '
Ri, Rz, Rs, Q, n, A, D and A, are as described hereinabove; and

M is a H or a substituent on the cyclohexyl group, as defined above.



-15- (0060] The various values of Rl, R3, A, D, On and Y described .
her ei nabove are al so applicable. In the conpound of forrmula (V), in
an enbodi nwot2eosaaesdescri bed herei nabove, n | SO [0061] Parresporderned
enbodi mrent of the present invention, R3 and R4 have the

stereochem stry indicated in fornula (M3}, with the definitions of
the various substituents described herei nabove with respect to

f or mul ae 0 a WA 0,C 0 s of

anot her e@gg%ﬁ? 'srﬁ){gfer{eqotﬁ &M sql_sl °'i?'%8ﬁ o(%erag(yld °P”8 %E%’yl io"f‘%ﬁg%%ds

of f or mulfarnil Bwer alkanbit; RA}I oycloahal petbuer elayl] lpwercaiepy syl dovesalatiyl, amino;

t her eof r LN

any of t he @?T’bqh@jﬁor %gﬁg&dr@ﬁove yl%aéf]n%)néﬁg’eﬁ% I&N& "%% ?%1'8#

t he presdawei akaxt nigei cyanm cmm@mrdallwf catbpmllcave(rvar)oalhaw tolver alsannyl; a

(V1) | |p|'a@g l‘éhk'éh ! £ kR Qh r

o R, ar?E;o l”?r? (ﬁ@ c'a)r?a% @JI 0? ci@ é\freggngg rbawaﬁ RlBr Syl
carbamlc ac1d ester -NR15R16, wherem R15 and R16 can be the same or dlﬁerent and are
independently H or lower alkyl; or Rys and R, together with the N atom form a 3- to
8-membered heterocyclic ring containing 1-4 nitrogen, oxygen or sulfur ring atoms. The
preferred value of M is hydrogen. The preferred values of Ry, R, Ra, n, Q, A, D, A;and Y

described hereinabove are also applicable in this embodiment.

[0051] In an another embodiment, preferred are compounds of formula (i)

or pharmaceutically acceptable salts thereof, wherein
R: is H or C;-C4 alkyl, which may be unsubstituted or substituted;
R is H or C,-C,-alkyl, which may be unsubstituted or substituted;
Ra is H or C4-C, alkyl, which may be unsubstituted or substituted;
R4 is cyclohexyl, isopropyl, which may be unsubstituted or substituted:
A'is 5- or 6-membered nitrogen, oxygen or sulfur containing heteroaryl, which may be
unsubstituted or substituted;
D is C(0), O, S(O)ror NRy;
A, is aryl, which is substituted; and

n is as defined hereinabove,

[0052] The preferred definition of the various variables described hereinabove are also
applicable in this embodiment. However, the preferred values of R; is H or methyl. In
addition, the preferred value of R is hydrogen or methyl. The preferred value of R; is
hydrogen, ethyi or methyl.

[0053] It is preferred that n is 0, that is, the remaining substituents on the pyrrolindine ring
are all hydrogens.

[0054] The preferred values of A is a 5- or 6-membered heteroaryl ring containing at least 1
nitrogen ring atom. Preferably, it contains 1 nitrogen ring atom and 4-5 carbon ring atoms or
2 ring heteroatoms and 3-4 ring carbon atoms, wherein 1 of the ring atoms is a nitrogen
atom, and the other ring hetercatom is an oxygen, sulfur or nitrogen atom. Examples include



[0063] It is to be understood that the preferred values of the
vari abl es descri bed herei nabove with respect to conpounds of fornul ae

(1)-(V) argoazheswieppl i cable to the conpounds of fornul apctidéhoBdtdoo
(VIl). [0064] The conpounds of the present invention are prepared by

art recogni zed techni ques. For exanple,, compounds of fornula (1) are
prepared by reacting a carboxylic acid or acylating derivative
thereof, such as an acid halide of formula (VIIl) with an am ne of
fornul a (PYRAYIUAGeR-rite3-Pwidd, agd-owity)t pysimsdinyl,Walazolyl, oxazolyl and pyrrolyl,
2008/ 016893P&T, L,JgipO?/ 074790 - 16- (MII)Y(IX) (1) wherein R1, R2,
R3, , Q n, Ly) and Al are as defined hereinabove or Rl, R2 as an
am no protectin roup, that is renpved after the reaction is _

af f ect ed. [OPB6 BN AMbarimant delspubsititenaiyl gepasially gastiluipdnhenyhayhasein the
pr epar ed dupstitedstt arbassdafinedRxginhsovaci d of formula (X) or acyl ating
derivative thereof, such as acid halide, and the like with a

o rRil_ :\IOC“ & SO Ea (allds SR BINS!S, WY, Th hoSPILELR S 0) or .

[0057] Another embodiment is a compound of formula (1) has formula (IV):
Q

{Q),
R Q
ST [ [
Risy N _C—N A—D@Y (V)
: |

M

or pharmacetuically acceptable salts thereof,
wherein
R:, Rs, Q, n, Ay, D, M are as defined hereinabove; and

Y is halo, lower alkoxy, NRsRs, CN, NO, or SRs, wherein R; and R; are defined above.

[0058] In an embodiment, Y is halo. It is preferred that Y is on the para position. The
preferred value of Ry, Ry, Q, n, Ay and D described hereinabove are also applicable in this
embodiment. It is most preferred that Y is fluorine.

[0059] A further embodiment is directed to compounds of the formula (V):

(@),
R O
w1l
Risy NYC N (V)
[ A—D Y
R, O R,
or pharmaceutically acceptable salts thereof,
wherein
Ry is H;

R, is unsubstituted cyclohexyl; and

R4, Ra, A, D and Y are as defined hereinabove.
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A D R20 [ 0066] The above reactions are preferably conducted under
effective conditions. For exanple, if the reactants of fornul ae

(VI 1) andwothostiigsoaci d hal i des, for instance, then theycauSoirasioed
wi th conmpounds of formula (1 X) or (Xl), respectively, to forma
compound of formula (1). Alternatively,gthe acid of formulae (VIII)
and (X) is reacted wwth a compound of fornulae (IX) and (XI),
respectivel to generate a conmpound of fornmula (1) in the presence

of a coupﬁ“Pﬁ@ Theatsens valyssipf 8. 4Bt D. Gr pd)Y dgecrivrd herelnaboyerare iaiso

presence gpplieabi&ak thAcnpotHe bf REnWh BN A IRt L&k bitRd h[sfé% ve, n
The corrpau&d of formula (VII11) is either comercially-avail able or

prepared By art recogni zed procedures. [0068] The conpound of formula
(I'X) is also prepared under anmi de form ng conditions by reacting a
conpound [096fldnmprefered dhbadimaatydf el presetieinvargion VR, driteR aefvetid h a

conpound s(?&et)gr{e%étﬂ; irgal%gtéd invf%)rmzuq)ap &/I)O\.Jﬁlﬁﬁ %%Pd%?}éiyosnzsog%eov?aﬁ%gg sflb%zt_uents
described hereinabove with respect to formulae (1)-(V) also applying to compounds of
formula (VI). Thus, another embodiment of the present invention is directed to compounds of
formula (Vi):
(Q)

n
R 0 rf ]
Y I
N _C—N A—D—A,  (VI)

R
™~y ~"

0O R

I
R, 4

or pharmaceutically acceptable salts thereof, wherein Ry, Ry, Rs, Ry, Q, n, A, D and A, are as
defined in any of the embodiments hereinabove.

[0062] In another embodiment of the present invention, the compound of formuia (Vi) has
the formula (Vi):

R1\N \./C-_N (VIL)
| ! A—D—A,
or pharmaceutically acceptable salts thereof, wherein Ry, Ry, Rs, Rq, A, D, Q, A, and n are as
defined hereinabove,

[0063] It is to be understood that the preferred values of the variables described hereinabove
with respect to compounds of formulae (1)-(V) are also applicable to the compounds of
formuiae (V1) and (Vii).

[0064] The compounds of the present invention are prepared by art recognized techniques.
For example, compounds of formula () are prepared by reacting a carboxylic acid or
acylating derivative thereof, such as an acid halide of formula (Vill) with an amine of
formula (X} under amide forming conditions:



(XIV)(XI') under amide formng conditions, wherein Pl is an am de
protecting group; and R4, Q n, A D and Al are as defined herein.
[ 0069] Forwexesguisseas descri bed herei nabove, a conpoundp@fuéesiihdo
(XI'V) is reacted with a compound of forrmula (XlI) in the presence of a
peptide coupling reagent known in the art, such as HOBt, HBTU, and
the like in the presence of a weak base such as diethylam ne and the
like. Alternatively, if the acetylating derivative of conpound of
formula (XIV) were an adi,d halide, e.g., an aci oride, then it
woul d react with the amjne of fornula K(ﬂ.\_'f\/) ﬂ/vit|houtl t he necessity of
a coupling agent to'tarmtdegronpaund faq N ~AFOOF, The
compound of fornula (XIV) lis a protected 4nino acid and either
comer ci al | y-avai | abl B2or Is prepared frog formula (XV): HN C COOH
(XV) H R4 in which the anmino group is reatted with an am no
protecting group under ditions known to one of, ardinary skill in
the art. [0071] The con@@ nd of fornmula (XV) is épﬁher
comerci al | y-avail abl e or prepared under art recogni zed conditions.
[0072] The conpound of for rrul(p (XI') is either commercially-avail able
or may be preapred according to the scheme shown bel ow. -18;

wherein Ry, Ry, Rs, Rs, Q, n, D, A and A, are as defined hereinabove or Ry, R, as an amino

protecting group that is removed after the reaction is affected.

[0065] Alternatively, a compound of formula (I) may be prepared by reacting a carboxylic
acid of formula (X) or acylating derivative thereof, such as acid halide, and the like with a

pyrrolidine of formula (XI) under amide forming conditions:

R 0
w1 @
T Y ¥ N A—D—A
R, O R, H 1
(X) {X1)

— ()

[0066] The above reactions are preferably conducted under effective conditions. For
example, if the reactants of formulae (Vill) and (X) are acid halides, for instance, then they
are reacted with compounds of formula (IX) or (XI), respectively, to form a compound of
formuia (I). Alternatively, the acid of formulae (VIIl} and (X) is reacted with a compound of
formulae (IX) and (XI), respectively, to generate a compound of formula (1) in the presence of
a coupling reagent, such as HOBt, HBTU and the like, in the presence of a weak base, such
as diethylamine and the like.

[0067] The compound of formula (VIIl) is either commercially-available or prepared by art
recognized procedures.

[0068] The compound of formula (IX) is also prepared under amide forming conditions by
reacting a compound of formula (XIV) or acylating derivative thereof with a compound of
formula (XI):



O (L)ACOOH O (Li)A(L2) wherein A, Al, Qand n are as defined
her ei nabove; L2 and L3 are |eaving groups; and is a protecting group

and/ or a clWoreds/askss! i ary. [0073] The conpound of for mup@rii8ehe 4790
prepared by art recogni zed techni ques. For exanple, the conpound of

formula (M 11) or acylating derivative.qthereof is reacted wth a
conpound of forrmula (XXI) under am de form ng conditions:

0 {Q),
H H
N—C—C—-0H o+
1 HN

A—D—A,

(X1v) (X1 ——— (IX) ’
under amide forming conditions,
wherein
P, is an amide protecting group; and

Rs, Q, n, A, D and A, are as defined herein.

[0069] For example as described hereinabove, a compound of formuta (XIV) is reacted with
a compound of formula (XI) in the presence of a peptide coupling reagent known in the art,
such as HOBt, HBTU, and the like in the presence of a weak base such as diethylamine and
the like. Alternatively, if the acetylating derivative of compound of formuta (XIV) were an acid
halide, e.g., an acid chloride, then it would react with the amine of formula (XV), without the
necessity of a coupling agent to form the compound of formula (1).

[0070] The compound of formula (XIV) is a protected amino acid and either commercially-
available or is prepared from formuta (XV):

H
Hﬁ-—C{—COOH (XV)

R,

in which the amino group is reacted with an amino protecting group under conditions known
to one of ordinary skill in the art.

[0071] The compound of formula (XV) is either commercially-available or prepared under art
recognized conditions.

[0072] The compound of formula (X!) is either commercially-available or may be preapred
according to the scheme shown below.



(M) (XXI) WO 2008/ 016893PCT/ US2007/ 074790 -19- wherein R, R2,
R3, R4 are as defined herein, or RlI1 Rzas an am no protecting group
that is rewovesk/@aéder the reaction is affected; and P3 »Er/as2007/074790
carboxylic acid protecting group. [0074] The preparation of a
conmpound of forrmula (VII1) is describedgherei nabove. The conpound of
formula (XXI) is derived froma conpound of formula (XV), which is

al so descri bed hered' nabove. [0075] Each of the reactions described

herei nabove are préferably_conducted in _a solyent in which the
reactants are.sq| e, such as methyl effé ctf’ori‘de, di etBH ether, and
the like. In dditiorp,"'the reactionl$O At ed at g er at ures

ef fecti ved BHBEECct i ons to take BP ace. [0076] If ady Yroup on the
reactants i s reactive under the conditions described it is protected

by a protecting group known in the art, prior to conducting the

reacti ons descei +éred,nabove and then renoved after the reaction
is effected. |[Protlecting groups nornally used in these reactions are
descri bed Bamtitled Protectrve' oups in Organic Synthesis,

Theodora W "Greene, John Wley & Sons, NY, NY (1981), the contents of
whi ch are incorporated by reference. [0077] As discussed above, the
conpounds of tohe present invention are useful for tregting
proliferative diseases. Thus, the present invention f(fther relates
to a met hog)atooHeating an animal having a proliferatiwe di sease

whi ch conprisgs admnistaring a theffapeutically effed e anount of a
conmpound of fornul ae—+H—=®vIil) to ef erably ashuman, in
need of sudkAl2at ment. [0078] #HE term agyfherapeutical ly effective
anount” or synonym thereto of the conpound of formulae (1)-(V11), as
defined herein, is that anount sufficient to effect beneficial or
desired results, . ncluding clipgigal results. For exanple, when
referring to ap a eng“ﬁ§at inhibits cell poliferatrion, a

t herapeuti cglyly_eyfectTve amoune’ of the compoun ~—fDe+Ayl ae
(1)-(M1) is"eq., that amoung pguf ficief@); chi eve such a

reduction in cander cell proliferdtion as congared to the resgonsgx”
% of

obtained in the ence of (or w thout adm ni ring) the conpoun
formulae (I)-(Vl

wherein
A, A, Q and n are as defined hereinabove;

l.1, Lz and L; are leaving groups; and

@ is a protecting group and/or a chiral auxiliary.

[0073] The compound of formula (X) is prepared by art recognized techniques. For
example, the compound of formula (Vili) or acylating derivative thereof is reacted with a

compound of formula (XXI} under amide forming conditions:

O
R OH H
1\IT|)\”/ + “'—(iJ—C—O
R R

2 0 4 -P,

IZT

(Vi) (XXI)



WD 2008/ 016893PCT/ US2007/ 074790 -20- results can include, but are not
limted to, allevation or anelioration of one or nore synptons or
condi t i onswodiond/mssanent of extent of disease, stabilizedr/($20e074190t
worsening) state of disease, preventing spread of disease, delay or
sl owi ng of disease progression, aneliongtion or palliation of the

di sease state, and rem ssion (whet her partial or total) whether
detectabl e or undectable. "Treatment"” can al so mean prol onging

survi val ¥¥€reBnpared to expect ed survival if not receiving treatnent.

[ 0080] " Pal der ns. t ha

and/ or undegrfbﬁg Ré%re?\%%g%rgr%ﬁlgr ?Pﬁ % o'? %m&pé&?d&gg UPEH;'%ﬂ'%ease
st at e ar eemeserkaitat thargadionts affecteduarske of the progression is slowed or
| engt hened, pas corrg0 Ie cﬁ nf)t treating the disorder. [0081] The term
"modul at e”, P& LERPHIG TPl YeYP t he i nhibition or suppression of
a function or activity (such as cell proliferation) as well as the

en hancendf074fThe frepacatioornf e compdundidf jormUBQABR) isTaestnbedihereinabove. The
"suppres ' , C r I
prol 1 or aerieund Gftia Bl oGk £ Edhidner R WL AER T8 <
ot her wi sealesgiiedderaitabovmns except for a condition or paraneter of
interest, or alternatively, as conpared to another conditions. [0083]

The t er mppey¥)ERich of M8 réb%‘ﬁgnshé‘ésﬁhtfbd HeRihabd9s ard Areﬁ%mﬁ‘aaﬁd%e& ne s%weﬂﬁh

Ki ngdom [ nc;l u in umans and non- humans. The aninmal “i s preferab

hurran, oo R ATe SOLGE SUth 28 M atenea it He. sty aiNeb 264 hecikl i y
of cell s ademm rlhét'délt:hdrg e EOINOIO At efparatidks effdtfilaHde el rBadtiohDio t8Re
vivo and in vitro treatnent. [0085] The term "cancer cells", as used
herein, iffudes all forms of cancer or neoplastic disease. [0086] A
prol i ferat| ve disease is mainly a tunor or cancer and/or any

met ast as 48076 Heanyanpupuandtbe efactants ip resstive urider tatcouditians eleparibed dud protegted
usef ul fqf 4 5eakiCorBuS RISRTin tH- St an?ﬁ@@érﬁdugﬁ’ﬁbctﬁé res3fidHs dp%géﬁb%ary

cancer, lung cancér, gdastrointesti cancer dérnoid cance
mel anorm, hesR/aatoxs apdhiner empndafentse ceastien is eﬁ@@te@bl’mcbmgrom%mprmﬂw or

neck cangged f thBde@dions ARCAIscritidld if a b@ol@érﬂﬁ@@ Pr&é‘d?ﬁ@ Grr&,fb"élm owaﬂgn or

gastric cancer br eas der noi
Do | s o HesisaHeaBaaN doiean et Wiay 8rSohe KT et Tie GRplspis < whish:
a Iung tlan@rnpo@o@ted@r‘éfmér{cecell or non-small cell lung tunor; a
gastroi ntestinal tunor, a colorectal tunor; or a geni touri nary

5008/ 01658%75&%5@&%%18%%8“ TR e Prepdinvepton s el don 5ty

(ii) a pmmhféretﬂ@tdmﬁaseﬁ sewsethe peasentgnvepfioraftrtberyelatesthe Methet afenmating drh
ot her %mgﬁéﬁﬁﬁ'é&)}dﬁ%ratﬁé disehde which %F@Sns%ggﬁmln%térﬁp aqﬁérgéé/utlEQII
S Ista

treatment with ot enot herapeuti c (TJ
effective amount of a compound of formulae (1)-(Vil) to a mammal, preferably a human in

need of such treatment.

[0078] The term a "therapeutically effective amount” or synonym thereto of the compound of
formulae (1)-(Vil}, as defined herein, is that amount sufficient to effect beneficial or desired
results, including clinical results. For example, when referring to an agent that inhibits cell
poliferatrion, a therapeutically effective amount of the compound of formulae (I}-(Vll) is, e.g.,
that amount sufficient to achieve such a reduction in cancer cell proliferation as compared to
the response obtained in the absence of (or without administering) the compound of
formulae (I)-(VIl).

[0079] As used herein, and as well understood in the art, "treatment" is an approach for
obtaining beneficial or desired results including clinical results. Beneficial or desired clinical



[0087] In a broader sense of the invention, a proliferative disease
may furthernore be a hyperproliferative condition such as | eukem as,
hyper pl asiwe,206s/da689si s (especi al |y pul monary, but al so mheszotmpmoof
fibrosis, such as renal fibrosis), angi ogenesis, psoriasis,

at her oscl erosis and snooth nuscle prolisheration in the blood vessels,
such as stenosis or restenosi s follow ng angi opl asty. [0088] Were a
tunor, a turIDr di s a carcinonma or a_cancer are nentioned, also
met ast asi'€SY'§ EAMC F‘gt?"hé‘fe Rt Japedio. gllevatinn of ameleration ofipe of mere symptoms
| ocat i on carcendities, timiishesbnt bOS&RE ofldiceaco aranines (i@f, lobwBtebAAg)(state Wl 1)
selectlvedl%etomco nor e Cto&%@gidl’ﬁ roliferatin Ist

to nor nal érrspret?a P9 HIFH ?;}J’ﬁeﬁsh Ot §help ol dispase %03955'%%6
tunors. lon patlidiidn afithe disemse etane)landSermésutro(vw‘letme pérlixl-of Y&tdl) whethi&r detectable

srgnrfrc n ol Wye eff r QDL &5 differentiati
cort UpBease e ah ¥ St B8R RlogB T URE 11 o] s

furt her rsehvintad § nbloreceiving treatment. pronot | ng apoptosis in rapidly

proliferating cells, which conprises contacting the rapidly

prolifer Eﬁ)bfﬂﬂ "Bk étﬁ’rg% bRea @rfdfsgﬁ}e'r tg{%agéﬁ@%t ﬂ%ieﬁeﬂ{ i dﬂgeﬁrgpl\é%mgl

non- nat ur al 1y occurri %CO ound th sto Smac g
of Xl AP And)iigptationsmf g disceder o a pisaaser taje are lepsenad godat imaFeuseoefdlg ri ng

conpound dr&_;t]rasérmemdd of Ieh@ihEN £ 8s tdmpdr¥d 0 not Er@%ﬂg]thé BisgragPr dance
with a further aspect o the present invention, there is provided a

nmet hod f Joroliferation i nhibiting cell
prol' 1 er A0PER W Sl eiesaivse Bpféin et Fedh '?whgfawarreatw of
conpound farictibo onadtiaity (@ﬂrgh $3/dell)provliderationg b welt asitheramhangenteaedf 4 foedtieafor
The inver}’[t:h\gp al so includes a use of a conpound of fornulae (H-(V1)
to rmodul ate cell proliferation, preferably inhibit cell

proliferation. The i nvention further i ncl udes a use of a conpound of
t he i nved®9&2] Tooinbibl palr 'suRPreRsd Pt apdiise” 2 BInatimuar gctivity esuch e gandeeeelt i on,

pr ef er ablayoiidraiid, ts t6 %duc@il@ fuh@iof oF 8&tivity) \Qﬁgr?—ion'rﬁhrémﬁ cﬁ‘ﬁé?ﬁ%& sahB€
present invention g@??r des a nethod for nodul ati nlgqfcel proliferation

conpri si FGNAHPRSHE fotonditian PeparARgten AiTisEeshor AT aRHYBNNRE Gmpared to
f or mul ae ahddhet Mrditioh® a cell or animal in need thereof. Preferably,
the invention provides a method of inhibiting ceI | proliferation

conpri si Lni.stering.a ou

For hul ac 100831 B i Eahtrf SecHehon TpARY Bl afpmifhs S0P Hpfrafingdom
par ti cul dcludingehymans@dd obnthhmans Bt aromal iyeferably a human.

2008/ 016893PCT/ US2007/ 074790 -22- is useful in inhibiting the
proliferagogn ok t&pﬂ'@rc@w a@Uéed’t@rerﬁ‘%é@des%lu@hw £obaAs nﬁshmﬁﬁsltelrﬁg a

i nclude any type of cell that is causative of or involved in a

di sease &PMPEHL Plaﬁ?"md\ﬁﬁé‘r‘éY% ex vivp @ng dxiralhsament nodul at e or
inhibit the proliferation of the abnormal cell to treat the disease
or condi {foass] Thezerpl "esncet celkt)@smeed bakinsintinddésdlommed of@aaAtEr oPheoplastic
cancer ous;; ceI | s. [0093] The invention also includes a use of a
conmpound 6 "ttie i nvention of formul ae (1)-(VIl) to nodul ate cancer
cell proliferation, preferably to inhibit cancer cell proliferation.
The i nvei@986h A rreliferetive distasd ismainlyseumbr ar @oograndir efiy etasianes thieon

to prepar i r
preferabl g@gﬁlfﬁ@rﬁ%ﬁﬂlm}%%fp er at {yoL%@Hu‘ f8 g‘%ﬂn{g% c%gbé?b ghbreast
determ neancterﬁaserttw@néwme?rd@n@mm% g9pleajatastina €1, Spidemoalchzangerae

(1)- (VI )rneﬂér%nYaﬁ'bVar%hfc%ﬁ&érV&ar@Feag Ictatdenguee%%ron%ﬁhééd artufér%eert catrlasr or
same time they do not kill normal cell's. These properties make

conpound$! 9(9Fe't $RECH BB FProdiee ﬁ??sﬁﬁe@lt*?’@ﬁé’r gagiiesapcen ¥ Rartiqulag, a(a@éreast

agents. AGfér gh @gib¥moidtuaide seam@dbﬂememtotham%%am nkdMamMb} & mouth
provi des  a met hod .of i nhi bi ti ng h e(yg]roll(ﬁ‘?E tron of a cancer_ cell
conpri si A YRGB G- A5 lfcé’ ff igna tumen, g eastinteslinal thmer,

e.g., a colorectal tumor; or a genitourinary tumor, e.g., a prostate tumor (especially a



[0095] In a preferred enbodi ment the present invention provides a
met hod of inhibiting the proliferation of a cancer cell conprising
adm ni st erwogoemieds ect i ve amount of a compound of the peweswoRI40H
formulae (1)-(VIl1) to a cell or animal in need thereof. The cancer
cell treated may be any type of cancer, III’IC| uding but not limted to
hemat opoi ctic mal i gnanci es, including, | eukem a, a | ynphoma,

nyel oma, netastatic carcinonma, sarcomng, adenomas nervous system
cancers AREMefs-TefraciplyRapsjate dpeny:4il) agrroliferativer diesesertat isriafactory to the

transfor rtﬁ%{n‘i’e"ht Yith aikeér %éﬁ%théfﬁééuﬁ@@%?}fu aﬁﬁmhﬁt’hQﬂ i Fh@ﬂ‘a@fo?y t%&n%ln%?f?dmh
the inventors have rgre pared novel npounds of formulae )-(V

Accor di nGfRer chefrothe E%WFSFH%WP|BWUEH?§'%E§ all uses of the corrpounds
of the invention including their use in therapeutic nethods and
conposi t i[eosy] firoa broadert sinse of e lilvemtion iabmh&tratm disbAed hayfifthérore be a

di agnost i ¢ assa rese

euiton aLyPRRTITER TR SR sk e BLS BB dUREAIEop Abger Fobgeialy Pmonary,
nyel ocyt ibat dlew kibet BP%sﬁNﬁbroscshsmnfmas remaihbnosis] andiegdnasié (ddo)iasis hr on| C

| ynphocy o

IR - oS ast ety R0t el Y55 (087 06Kl Buonf iR

t he invematefrpSiafellqm MIQP@Stmat express a bcr-abl fusion protein,
such as Phil adel phia positive ALL cells, as well as Phil adel phia

negati ve (dgds] w.elréa tLEK@r”Q kmrqiseby@af&mmmlau%c@ £6 Heﬁt:cﬁléﬁ kélé& S
| ynphobi a, Hi dgkin's 'Eg)gorras non- Hodgki n' s | ynphonas, | ncl udi ng

the Ki- 1”&6%5'#?%'5%/@ t%O%B‘ Kaner figue 3P9’Hb!ﬁ‘cﬂ?&§th9fr'°€%tl'q" qr?fﬁbﬂmgedand

WO 2008/ 016893PCT/ US2007/ 074790 -23- rare | ynphonas such as |

hi sti ocy{6ass] yipkompsundechfopheiae (- (\rmebleaare!yltmmd tbtdﬁormld):hc plrapigtyel omas

[0097] Th t Bt Lon her.. r s to a nmethod of treating

or i nhi bi® Ihﬁeégtf]@nﬁellé {E\éﬁe‘gs %%r{:nlaL ?IE% pr%thllctuﬁlrl ehrﬁ/néa]n cancerqells, e.a., cancerous
"myel oma'tymers. Uswlt}@ermenompelllmseﬁfqrmulae(lo}ﬁﬁk) hemwwnbant;pejhfesatwé

the type eﬂQ&gEhé ro %ddlﬁé?eﬁtgﬂop@% &n(%"arra- &nd tc';é'f%!l tiple

nyel oma", as use erein, means 'a di ssem nate nant neopl asm of

pl asma ceI | s which is characterized by multiple bone mar r ow t unor

foci and [0S0} dpe BresERt MyeniPT BRPeTEIgtes(ta a matrd & REAMQtRERRBRIPHH I rApidlY

L ragment )arona@@m@l o’éll@dvh\Mhtdbrﬂlenﬁ%ﬂngDﬁlb@éﬁldd? p@ufe&&mg RElls VAEhHr dffRBtien
one pai

f t I
nor mocyt AEOBASE AR Ot PRI Ayar R A1G eI tne B eP ) A BOGE e Smac
convent i bmaingasitd ohXENP afaike chireprotelivest dpefesablyTthe nonveturalyroctating esngound
met hod of. s L L&A &J?‘ O@fd%uagml(\%gw ng a nyel oma, especially nyel oma

which is'5%sS s'% to conv nal chenot herapy, by admi nistering to
the patient an antl -tunor effective anount of a conpound of any
f or mul ae QOB {nvaqcprdappeaiiia &drthet aspecorfiushresah HIvEBOgtherrhe Ppavisise at

i nventi O%eﬁr?dﬁbﬁﬁo@ulﬁﬂlftdéllBl’b’ﬂfe'ﬁféﬁ%rbfé?dblﬁﬁﬁ!ﬁ% ééllq:!?éhférgfﬂ?{ doPhgiging
compound of fornula O their 'use In herapeutic (in a

br oader &9{pEYsierdg at"!ﬁ'(er‘m‘(?eﬁW?‘@ﬁ‘)faﬁ SHNRAUBH HS/fP'a'&Li'i’%§') &Vr' o i ﬁ‘ﬁﬂ‘tf’f@ﬂ'%‘ in
rret][lod oge%dﬂw@tdmnth@hrawtﬂéhaa&wmgad@%fQb@ﬁﬁmd éﬁﬁﬂ%ﬁﬂaél(l hyvity e g
preferred di ntj. oned_ ab ounds. for s use an
Do phar BT oAl R0 BEI PAToaH Tt ep PRRGRT g BrieT pordre
said us esdusb](cw ]?Qbmﬁhmdp:ﬁ mntfenn;auv ﬁ{:ﬁrb@eﬂe almaidaflent ®Mbduld ﬁe]ﬂfrbllgéraﬁkfnd
a conpound .o ) that convert in vivo to the conpoun
of for muPEERRY r(l'{ﬁ‘lt “)eﬁggoﬁ %ﬁm Any reference to a conpound of
formulae (1)-(VIl) is therefore to be understood as referring also to
t he cor r E892hih eng aspectdihegsesent invantion Mewidag a ofetiasfomadyldting cal

appr opri ai g é&ﬁ:m%ﬂ@ﬁé.ﬁ@%dmmﬁs@ﬂg am?feaﬂé"é%ﬁﬂtjd?g'c%ﬁi ancP&‘% fnd | B-ovin)

COITpOUI’ldS O sent 1 nventl resent 1In OI’

e.g., fotoapel ?rraé\ﬂﬁalaﬂ nesd iberephd?rﬁfﬁt@m tf@amveamwgwdﬁemmeth@dtof inhibiting
conpri se caNprefieRftibh ¥6mpamMy Y dnthisRrif® R v imbiif of 2ESHbARAGE) - (VI 1),

formulae (1)-(Vll} to a cell or animal in need thereof. In particular, the method of the invention



-24- disease that responds to inhibition of protein kinase activity,
conprising an anmount of a conpound of forrmulae (1)-(VII) or a

phar maceutwoabispi@orept abl e salt thereof, preferably wechuszo7/074790
effective for said inhibition, together with at |east one
pharmaceutically acceptable carrier. [2202] The pharnmaceuti cal
conpositions according to the invention are those for ent eral such
as nasal : rent eral uch as intr

o r avendt eSS b h T rlre RS tAREPimie B ok AL e Be fBEeTad o
hurman) , tihcltdecanypypnesd calhthef Beausatiee dbarénvalvet rea pibeasera ebadiichadridywherein
active i \/

phar macertF oat et ModPiEPARRMDE NG proiisindf e b pbafld b epling disease
phar maceuftr |Cea¢tii‘-3ﬂ doenpleats abraamai cslls intlyde dwtignat ort dapcerots vels.

i ngredi ent depends on the species of warm bl ooded aninal, the body

vei ght, t[bé’s:ﬁ%e |ﬁ»’éﬁtndd‘:§1$d’h@lhléés £ Q&dbfta' é?)'ﬂ‘lpohﬁ'c‘ijbfvthg Hﬁéntf&h%"f me:%é AN

dat a, the di sease treated and node of adm ni strat
[103] Thd® m@gletﬁcqnﬁveqﬂfptﬂtfqretloat erefeaab;l)bwt"ai"tat Cr?é@ﬁcf@"@fohtev@@ﬂnﬁh@ f or

a di seasenddhién fURAGIOREISIdsQ shtf BicbhPBuRf of dihMrBibM tprepSE a@ﬂéﬂlﬁmeﬁ‘tt to
prolifer at d| sease

ses mn stering (against the
nent i onedn %gggcjar %é”t%glf%[ﬁ%?ﬁ P *IFTF‘V”-:"?W &&?;“if-’é c‘él gp\fgz agP:‘ -a conpound
of formulae (1)-(V11l) or pharmaceutically acceptable salt thereof
accor di ngoewt] tittesibeer deteoninedthabthe aunpowrdstoh tiegpdseat ingention of

h t -

oy e dbiufife ¥ @fif 588R) hetfletat kiIRG Bhcer EARIHIE ol trelsin time they do not
ment i onedilliosmalsaeds. Tiwalpfwrt@amakprﬂeea@qmwnds 10 preFeng inkeptorodxtramely
conpound u%fafui @aﬁtpédﬁ%raé:‘geﬁt%) A(:yérti%gﬂrm%nglaﬁ'rb% BHE tt%%%rbé’en@%@r%ﬁb' e

salt thereof be adn ni st ered ode ani me
of appr oﬂ%\ﬁc{eéwm?fbowf =Bt‘}asvn9vtéteg:}ﬁ?"fer9t'%t <§ raatansencg" W"Eb@ﬁsﬁ'tﬂtﬂd@)tmﬁﬂﬂ@ an

3 ng to @ﬁaemlarm.ﬂtMal&ngmuﬁa)foenaéeti?a(\aphd'aEélpénaemiwaé@ttﬁérﬁoflo g
to approximately 1.5 g nost preferab rom about 100 ng to about

1000ng n/da V|ded A erably.into 1-3 | e _doses .whi ch
o 186451 955 Hibferr<e Bty B R b earovicRa adudint R o Des e
the deS| ealiferatsan df s cahseu&bll qulm'ismgcbrdenmstemm areeffeatife @hourhef adtuh;ﬁound of

d
Soosont Ay BIRRBSEYNEBlo £ ORRG K Ep B o ey
20%to amﬁy(bﬁ afdttﬁ?%ﬁf%%%tncaldm@lt)nﬁcﬁmﬂﬁd fmhamﬁtwu(hm)ma(hmmﬂes mcludmg
Phar ”Bce‘étlé%m&%%hémé)m%eﬁﬁfé)%é@atk k'ﬁ%ﬁan%/ﬁ%mg%dgﬁé(mgseneﬁogs

in unit dose form such as in th ormo Vi a
supposi t Syt Cad?edﬁé@% ge’tt%lnéfyscaﬁﬁerédﬁﬁﬁv ég‘ef "“@E“am transformation or any

2008 1016&9«?&?6{5&@&2@9 7h9héréRBeforPmentiochBd ] thd hoeMBRIHARE Biebbiedlnovel

t ft
OO B o RS og T e i ol ebn iy e B gt or e
m xi ng, gbmpuﬂnaisldflgtedﬂvemﬂﬁﬁ pelding rtmag @é%ﬁﬁ&@&utlc rhétidds drid dohﬁbosmons for
treat nent resent, i nvention

active. i MsPBlATGR o PRSP AN Tioy G horteafie RiFVE M nBlr BEs o Bisprgh toos
adm nistered for oral, topical, rectal, parenteral, |ocal, inhalant

or i nt r adeQ96bExamples of Ievkenriasinblode acie 4YUTpthMeSfIICriﬂukﬂmlao(A,LL); lasute myelocytic
Subst ancgg,k@hes @ ggp ngf{ﬁg rﬁ?elb:& lédﬂémfttmb] b8 iwnéh E?& @B&enﬂﬁgcﬂa and

suitabl e 1 ntrana or via tra sderna usin
of transdHeRis m%ﬂ‘é?ﬁoﬁaﬁﬁ'ﬁéﬁé—'kﬁfﬁ@/ﬁ% 1 hesspes Of(frl-éhtlﬁﬂmaySha trﬂatédwtmhe

art. To lé@mﬁgurﬂdg'&ﬂ'%rl%nhéh H?t@dé esR gt eaprgtsaélﬁetea'bw%.o%tdt&ﬁréﬁcﬁxét em

t he dosa%e adm ni stration Il be continuous rather than Intermttent
t hr ougho i YRR NE %blcﬁ@m as ygRibag ﬁB'@dﬁtﬁE'@§‘e§%Wea°fLé—cPeﬁ°e Examples of

admi ni st giethobias WayudefB- ealetguﬂt.ttsaﬁneﬁob‘sd @tmgkmtsqgrﬁﬁm&@&s%@H&@&r%ﬂ and
erre OI‘ m of

acm ni st DGR SadiNs Pedy? B a0 = meticeEhmafees drohromarss ong




WD 2008/ 016893PCT/ US2007/ 074790 -26- sel ective disintegration in the
gastrointestinal tract. Liquid dosage forns for oral admnistration
may cont aiWwoGelsanésong and fl avouring agents to increasepdidid8ittor4790
acceptance. [110] Water, a suitable oil, saline, aqueous dextrose,
and rel ated sugar solutions and glycol sg such as propyl ene glycol or
pol yet hyl ene gl ycols, may be used as carriers for parenteral

sol uti ons. Such solutions al so preferable contain a water soluble
salt of {HE HEPhamas;sygh é%li"éfr'ﬁcy""‘shﬁ“f’%\?ﬂ‘%‘-‘ SPRpIRlesAl Ay elagenineludg myitinte
necessar ynyeshdser substances. Suitable stabilizing agents include
antioxi di zi ng agents, such as sodi um bi sul fate, sodiumsulfite or

oo DL 718 L P B a5 B0 AR e
such as leepedaliiyomiltiphe mipdlomad@he renhiylyelomal me pgpéd paelabrelaiesaud tumor
hol b d b
ﬁefeﬂ]oc %Eﬁ'@ﬁéed %‘k:%lilsg#f thékgPé‘%ng"a‘ﬁ%%oﬂﬂE ’ﬁ}dthS %Bn %?ﬁmké S‘gﬂee {e”e hﬁ‘Ple
syst ens, Mygidinaisasyret hetein, Inzaaes Iaaitssemmatﬂders@hghmt@eomlmm afmaé.raa cells which

vesi cl es; axgﬂ Lg%t_gy Iﬁg}ui %ern%%Q%htuHopﬁﬁpéFfﬁ%eEr%ﬁorp& 4r @Emgéﬁemaa

vari et Yy Of such ester stearylam ne
phosphat |nzﬂn°°k9neillmﬁ'é§°9i¢mﬂm fragments assqciated witswidesrsearl ersgitie lesions

ment | one@lesmtbi uﬁ’b&"feﬂ;ﬁi Ipam%b!c%ctu?e@ hypddicheh wr%nns&mu%ﬁn&d‘yt.c

f or nul ae or their % armaceutlcall¥ acceptable salts
t her eof . 38 iRe mV‘ﬂ%mﬁl‘ BEHIEPIE RY E15t4SEP F%Pﬁtdl@a'amd highedosgf t he

conpound cﬁémbfhérapm%e mhé memtmlruldieago b ARitiodus @'ehﬂhgtdlﬁh@ﬂ%bhg armér&ﬁks
and corrp05| ti hei r us

atin rolif ratl
i agnos: pePeidlPuelingd Wiidh B tagae paBlsfion o utctierany g fsgorigteriy tothe
corrpoundsabéntfaolan'urtmmr(eﬁet(vVIah)oud'eﬁeraob-@dummofdarayaorinulmer(laq(vn)rray al so
be coupled with soluble polyners which are targetable drug carriers.
Exanpl es F‘Pl%l‘!ﬁ%@% %bXﬁEBét DEcl ude pol yvinyl pyrrolidone, pyran
copol yne yny XYpropyl net hacryl am de- phenol ,
pol ydr oxifet h I aspartam dthenoI or oI yet hyl eneoxi de- pol yl ysi ne
subst i t ulRPENITHR PERSERE RYGPTioN BlateR Rlso oﬂ’?ér"%\%quW‘@ PareRostipehECraRiisiYthces
may al so cble.psmfwrrmem quegtatablis |ﬁ%é’ﬂﬁ§fa§e&tﬁ:€tfnld brbéhle@%@;beﬁ:‘(bﬂﬁe
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ac: d, po Id‘;sepsa Ieepeumlp thel mefene@dlspa‘dey Imyeahtioned dbatey o ltheaibmrbpundsl for Sa]d use
t t
polvor Logil 4 o RBLAAET bl BRL S YOSV R0R: cRolusyBRegEyLaL e

substances can also be affixed to rigid polynmers and other structures
such as {QA99¢7Tbpecesent ipgatiery s redates tpPI@t]irtBh af areerepaund &f fopoupe §i-{Vldns

sui t abl et coRdriiALHs torthé QE‘mE&mdéUf rbrﬁqmaeta)-}vm) aé%gcmue\@frere%mewsls of
formul ae per uni n these gqar maceuti cal conpositions,

the acti 9émpm%&m@eé§é\ﬂ@w @S%@?ﬁ@ wRRpErstod as fefrgiingcRitmic the | |

ordi nari byrr@@oﬁﬁlﬁiﬁfﬁ-drugb ShabatbFtuna fof ALk (9,42 a%ﬁ%phéte\éﬁu ghdediapsed
on the total vvelgt of the corrp05|t|on [ 115] Suitable

h .
Gosage. 1 51981 IrE ParBhondiily Rent o ComPuABREl RRe et Rt Btk
Mack Pubbreskenig oCempiaysd, ed., Strahel pregaratibre ofgphmendcextical coragpdsitiohs thatlg

for mul at 'cglrﬂansel[ Mec{r@earﬁmng %%néﬁfwegﬁﬁ@%te éh—?\l\/ I@QB}I 2 éhaqmc(tcet'u?caliy

admi ni stere one of 1n co . | ncer agents
such as eocegptahiisalitthereofi ahadive ingredient taggtheenie silmixtuse with ooder pemet ease

inhibito ;
vascul ar "or R e e, BN A d Al ARE RN aocthRBRTah it el Bl Fteriale)
| i ke; cytotoxic drugs, such as antinetabolites, |ike purine and
pyri m di e ndhe e Pmﬁ@?tsﬁalsmt%g Pharchwttcg[q@pg@gm thaf is jggitable for

M cr ot ubdliirist@bb i0Zd WarnHbIbgSedadtmaNédpatibiBtd BurddrK@l & &8s oidedlih&d/dBrived

from a warm-blooded animal, especially a human, e.g., lymphocytes), for the treatment of a



Conmbi nations [117] A compound of formulae (1)-(VIl) or
pharmaceutically acceptable salts thereof nmay al so be used to

advant age wio 20emsgati on with other antiproliferative agenisooieho
antiproliferative agents include, but are not limted to, aromatase
i nhibitors; antiestrogens; topoisoner a? i nhi bitors; topoi sonerase
Il inhibitors; mcrotubul e active agent's; al kyl ating agents; histone
deacetyl ase |nh|b|tors conpounds whi ch i nduce cel | differentiation
pr ocessedisegge thebsepaensade NI of Biotein INNEse; a¢kYityi easmmsisingiRgRMount of a

i nhi bi t orcegmpahd m@%@a%t(!)qvﬁﬁ&' d‘ﬁ{aﬁhé’ée‘uﬁl@aﬁly a@ééfbﬁdbfé SMTRQEESreterably

conmpounds tar getl ng/ decr easi _ng protein or lipid kinase activity a
further &ftghi ﬁa?%@%Fﬂréald\wb'bzmmogfwsgmﬂm’(ﬂ%meww@?mwtw@u acceptab!e

conpoundgarr@npounds whi ch target, decrease or inhibit the activity
of a protein or |ipid phosphatase; gonadorelin agonists;
t hi oni ne am nopept i das

t d ; i hitors;
b1 sphos it ate PBrai o5 £ HPBRBR craae B e hision o hess ok el
ant i bodi esch hepasahnesta or nta, - paresteral rehich ia$ mtramacuRasr i ogens,C
i sof X ; t d
 S0F ot T SRR RSB B LSRG APPAR SR SR,
decr ease dgsge phihe iphamiaselogicalinactive lo@reailent, g8f a ¢dapEoing nhiobnmlae §)-(Vll) or
t emozol O?Fh) LitaBRal B8 3 LBsocididrt flin £.oREIRRURMAR adcBBiable

formul a used to advantage in co nation w
t her apeutCPU'ef)r @%@s"f th@ agtive ma@d@amqme@@%m thgspegieshefmanmedooged animal,

especi al ke basi vaélgm Nhe afe 4 rn&v@@ﬂ%%ﬁbrpfndfvﬂfu%r%rrﬁé&okmﬁc bdta, the
particul ar be used as a radi osensitizer, especially for the treatnent

of tumor 'S\ﬁ/ﬁF%H’ t@x‘Fﬁafﬁd(arﬂdB? mode of §TYRIYAOR: [ adi ot her apy. [ 120] By

"conbi nation”, there is neant either a fixed conbination in one
dosage uiil03)f ai ihenpresentanteintiorofelgberr dlso foar methed obindzitmertt fardndisgase tradti on

e o o TEURAHEG il o Bdlrikiddsl RO 8 oI 8 e R Rl PR

adm ni ster epen sepa

i nterval §dm$terempieg¢|eﬁt thye medtioned Higeaselka tl'@rﬂnenmtailmﬁqmve areogitshaw a

cooper at iy form(Aer Bi§ g

L s PR o @l & preini £Eb Al ARLoEORNLR ikt bR the

but not fyeP¥RS: OT?Fﬁuiomqu@’iﬁ @éﬁ@h%"ﬁ“acw@aﬂi{ @Ceptable Salt thereof, eSPeGla”y toa

1(S) - N U%)anih kO Bﬁ.m&e?%{e( RImatft a4l d iR oPEHRZI YD mé;’iﬂoﬂé@lﬂ‘s@aéé%]
et

pyrrolidin- 1 0X0 yl)-2- net hyI am no- pr opi onam de
title coffBY 'ﬁé E'cmstfeé“ﬂ eMfter, Conpound A, is prepared by the
foll owi ng reaction schene:
[104] The dose of a compound of the formulae ([}-(VIl) or a pharmaceutically acceptable

salt thereof to be administered to warm-blooded animals, e.g., humans of approximately

70 kg body weight, preferably is from approximately 3 mg to approximately 10 g, more
preferably from approximately 10 mg to approximately 1.5 g, most preferably from about
100 mg to about 1,000 mg/person/day, divided preferably into 1-3 single doses which may,
e.d., be of the same size or in sustained release form to obtain the desired results. Usualily,
children receive half of the adult dose.

[105) The pharmaceutical compositions comprise form approximately 1% to approximately
95%, preferably from approximately 20% to approximately 90% of a compound of

formulae (1)-(VIl). Pharmaceutical compositions according to the invention may be, e.g., in
unit dose form, such as in the form of ampoules, vials, suppositories, dragées, tablets or
capsules.



.Compound A Step 1. Thioandie (1) [123] Lawesson's Reagent (13.9 g, 34

mmol, 0.70 equiv.) is added portionwi se (3 x 4.69) over 20 mnutes to
a sol uti onwofzolmaedosPro (10.5 g, 49 mol, 1 equivVv.) in FSr/od200h07d4cb
at 23C. The resulting cloudy yellow m xture is stirred vigorously for
5 hours, then is concentrated to a |ighis yellow solid. This residue
is partitioned between ethyl acetate (300 nL) and saturated agueous

sodi um bi solution (500 pL). The organic phase is separated
and the Aﬁﬁ@ﬁ%ﬁ@%ﬁ%t%mm@sﬂm P%‘é?étﬁsmtt"hveéi'm@remaéﬁden@zma@ner

500 n) . kHo®vnQiegad)ieCy. Hyaa€snsaT GomRATIN2EissOVAT]) %pM\mirﬁq BHikiRg afaotind br
and dried o eéganhﬁrdrous sodi um sul fate. The dried sol'utionis

filtered SNFC PP%stsgﬁtoallght yel low solid. This WO
2008/ 016893PCT/ US20071074790 -30- solid is triturated with
di chl or orféﬂ?ﬂarietf(leeatrﬂéJntmhﬁ)thmjsfaodatbmgoslirMSd)éﬂ'ier;mhehhlhmﬁblﬁlehelaaﬁea

br oopy 1 (VAR o e aP i, Bperbpical 368 Recrdd et donsii ot

syringe trarentasakfagake inbglanter inttacersihiatiesq. 1n a(l Emblédvment%@‘ tBe immerition 1the
equi v.) anlsRAbASHE H%Rﬁs@éé@mﬁh dhabiforth a 1oy ngé[gf’si,l?ab?eqmré/na)sal \Rpite

mL of di met hoxyet hane at e mxture turne on a
whi ch wa<LrvBniAnsterma faytes, using faupeef transdermakskin Pﬁi@emkkl@‘dm@ﬂ"gsesqfl rred

Vi gor ouslatdihgdy skt ifihati 3
trifluoro ce?rlwc arllh};dr IridBSTo Té;ﬁ?!h%te@&ph% foftn 3t }r&néﬂ%ﬁﬁﬂ%ﬂ@ew‘ﬁ(ﬁ%@n the

col | i di né'op3ge gdrpipistry! ‘FCOFE“BS%:{GWF %aP@f%radmt H'f%mplg a/fesage
canul a t aegitveny dhé eubsincesiten @g@wam[nma@b@waps? coﬁ@bﬂe@\/&'r BBwirBledse
addi tion,__an addi.ti onﬁl8t t hree rt| O%‘f}?ﬁ%f neat TFAA (8.8 nL, 63 nmol,

1 equi v. )C2RAYS BB AP hfi\dswg very g €.1.6 equiv.) are prepared

and added i n sequence dropwi se via canul a to the yell ow reaction
m xt ur e dtORICA materned darm af agminddtiabion isioxaluFer éxampte, far edhl udministratidryin ste

OC for 3

oo Ut on TWEEa 1bREG: BLAL the 2l sTbotarlca i UHe caBnLPRM &1 B9 non-towe
phases armbagpisutically aceestable. fettisaties snehgtleelgse. isG@rchs @udma;glu(:ﬁsm methy)
washed Wideluibsd, Rtag héé?&ln %hrat@@ﬂ:a@fdn?ﬁhd%}ﬁﬁéteaémﬂﬁ %&tégﬁr}ﬂﬁ%ﬁ#rﬁnﬂ hd
The d“eﬁh ﬂge}lonlg gconcentrate to I

solid. THMKEI9rgral @ 'BWHFPE'%H"B f%@hthe@r%ﬁﬁtw&rﬁ“eﬁaw@rcaaﬁy cerbiged o
2: 3 et hylwithcaiyara; r’maxtaﬂeSphaﬂﬁa?t\éutﬁtanga(&:ebtaglétlnéfﬁ&drﬁ%s‘&@ﬁ bélethanot, gl){cerol
Triturati O'?erOfanc}

t h forded the th
(3) as a Whité stgF?Eg?“]i@gbl\gW rs, E&’Eﬁé'ﬁs dﬁﬁt@r?tﬁ}%raggitfﬂr%ﬁ%‘iﬂ I0¢ peFNts
of the tlthnatsbee(®eridatgy intdbthd desae, forn &dasired)or nacdgeﬁwasymm bifgers ( 40
m. el
i v iR dar 28lath, e, S8S S HYLRHRE oh ot rmhdF g, °
vi gor ousInptusel apd eymtbeticumsiaush as hearia, yagmo@norr%qdem alging®@, nL. The
concentr %E%x%éth?l&&lub%e GRBleBHIhe gﬁ/g%laﬂ dsEnPie liRe. a%}féﬁfquttrfcgntg f.xpééj in

t he dropw se ion of concéntr Sol ut 1 on.
i s col | ed55¢ d95299 PPrpLinFiHge sasliysp ekseat@esqqﬁén glesiate dnagaedien pleamtasiodiumg )

as a Whi thensdhd, @ofimBcliated 488ium ShRRAS an¥eid e b ERFFhBIBs bPdisintegrators include

starch, methyl cellulose, agar, bentonite, xanthan gum and the like.

[109] Gelatin capsules may contain the active substance and powdered carriers, such as
lactose, starch, cellulose derivatives, magnesium stearate, stearic acid and the like. Similar
carriers and diluents may be used to make compressed tablets. Tablets and capsules can
be manufactured as sustained release products to provide for continuous release of active
ingredients over a period of time. Compressed tablets can be sugar coated or film coated to

mask any unpleasant taste and protect the tablet from the atmosphere, or enteric coated for



[ 126] HBTU (21 g, 55.5 mml, 1.5 equiv.) is added to a solution of
the acid (4) (11 g, 37 mmol, 1 equiv.) in DV (100 nL) at 23C. The
resul ti ng wioxhssasdos cooled to OC. DI EA (32.2 nm, 185 np@busioytoy. )
and NO- di net hyl hydr oxyl am ne hydrochloride <4.33 g, 44.4 mmol, 1.2
equiv.) are added in sequence to the r%%(_:ti on m xture prepar ed above
at 0C. WD 2008/ 016893PCT/ US2007/ 074790 - 31- The resulting mxture is
allowed to stir at OC for 1 hour, then at 23C for 3 hours. The

react i on selectivedisivieataiian irathe gastpiniedinahtiachi Liquidiesage deing der ora

parti ti onggiReirdRamatdant alrﬁ&ﬁ&ﬁ% ah@ASolikng té"t%tuﬁfresfsé padient lB&ptance.

organic phase IS separat ed an e aqueous phase is further extracted
wi th ethyl tate X, 500 The org;anl C hases are conbi ned,
washed V\/l[f'flno]sa ﬁﬁeétaeﬂ"tg?iﬁpbrﬁa & ARYRONE CEXESP ANIJRI ateg(fe'gﬂﬁ_ﬁo"-‘t'ﬂ%%?@d

wi th 5% cjijdols; saeh 2k @%W&ﬂe@WObmolﬁe%ylemgh&ﬂs whiybdlidef@s CaPidra¥b) and

d d t fil d.
ot o e ons S SionShiS preratatla i & Wit R lsler st ot frepigtive
fl ash colingnedieht, snmbrgtatpizing(abebtst andat riecesémw baﬁ@tﬁlbaahmal%&éble

Srep 6. Rt nd e bl aflents bt eein B idle sdub Sy
THF, 27. Ssgbrbifidmeither apnecuicombingd; cilritoleitl ahvdoifsvaadie and sodiyn ERFA. t 0 a
sol uti Onalﬂjrelgtg%l %@ut‘brngpnzﬁrgl&eco%@n Srés % %V%Ihfg %ﬁh mnga&oﬁ%'cﬁ o}ldé rﬁw T

(70 ni) I cel'i sopropano e mxture 1s s
-55C for Q[Pﬁ‘éﬁ!i‘Parﬁh@h aaﬁcafd@rptwtamu portion of 4-fluorophenyl
magnesi um bromde (0.8 Min THF, 27.5 nL, 22 mmol, 3 equiv.) is added

to drive g rﬁ@tetc'tlmng:%dréﬂnaHseﬁtiéann ddtBRhEemahiane H@éﬂ&msﬁeﬂea ;@{hbw
to vvar_mtog 1OC (ﬁ; qurs and Ftll‘l‘e at that enﬁ%%ure or
an addi t i BB YRIY ¥StepRSURD 3% E(P%' prllamgia] Veglgies dergg ubi Ighpsicles,
sat ur at echin@multilameiar e dasd dippebriéd cam HHOrnmdd) frans a added obisHaRphdigidy sich
syringe. afgrgwomsgérétﬁieeé’r\@ém%a”'p}w%% efjdypctom raariéqh E(1 L) and et hyl

acetate ( i ¢ (SRS and t he aqueous
phase is further extracted with ethyl acet ate (2 x 250 nL). The
or gani ¢ [IhhdeAshesein batornmdntiongd Hoel pawsent inyehtian ig Soected Yo egve! ehmpegnds of

over anhygmQlise @)oevuym tﬁé'a'r L@érﬁ]ac&h@awraceéﬂptmé S isQRerk st fAcl:&efnsQl magresent

concentrated to a |light ye . This ol 1s purit

col um cHRSRESD fE%ARF! E’iesgjfttrt? ‘3’”‘P°@P¢19ﬁ the, rwenitos InddingdBsir mo,ﬂaﬁrwutic

the ket ongeth6ds @& ddnfposi@ibngot moduldirg, cef Bfiiferatbd 28Eir d&tein rd%?th‘E a688)s
synt hesi s I om%zei)roced%bes that were disclosed in WO 05/097791

whi ch putﬂ”idg}ﬂ‘:éﬁu SJBeFaIH%%005, resulting in Conpound A: NS ESI
501,23 (MtH) +. - 32- Exanpl e
2('S) - N- U 13- Girel cohpryridsdf far@iag ()54 -deseried indataiblyetyin pyayi atliorbesopbled p

11T ol fa s b Ry b BRelt MRS DS |

the foll mlm@ pcéyamyip(yﬁolg@ﬁg nRyfargtopplymer, polyhydroxypropyimethacrylamide-phenol,

1- (5- Br orgiyRYdxyEthPashattahidbpR¥th B Yok ethABrdoxRid&ofylysine substituted with palmitoyl
residues. The active ingredient substances may also be coupled to biodegradable polymers
useful in achieving controlled release of a drug. Suitable polymers include polylactic acid,
polyglycolic acid, copolymers of polylactic and polyglycolic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyortoesters, polyacetals, polydihydropyrans, polycyanoacylates,
and crosslinked or amphipathic block copolymers of hydrogels. The substances can also be
affixed to rigid polymers and other structures such as fullerenes or Buckeyballs.

[114] Pharmaceutical compositions suitable for administration contain about 1-1,500 mg of
compounds of formulae {I}-(VI}} per unit. In these pharmaceutical compositions, the active



[130] . To a solution of 3,5-bibronopyridine (20.0g. 84.4 mmole) in 300
m. of ether at -70C, is added BuLi (30.4 nmL, 75.96 mmole, 2.5 Min
hexane) slwol2yostorgdont ai ni ng internal T< -65C). After stedruspgoiiarod 0C
for 1 hour, y-butyroactone (10.9g. 126.6 nmole) is added slowy
(maintaining internal T< -65C). After stirring at -70C for 2 hours,
the reaction mxture is warmed to 0C, and quenched with 100 nlL of

wat er and extracted with 2 x 150 nL of ether. The conbi ned organic

| ayers ar@OeBigEHl PuinedlyePrasent nascemapnkofabRut BRIy weight based on the

2008/016&8@%@@5&%74&%;.9&1 33- (CH2Cl12 95% EtOAc 5% to give
1- (5- bromo- pyridi n-3-yl)-4- hydroxy butan-1-one (1) (14.7 g, yield

799 d
o (s B ol D18 5teRE shiecsuricat Bty pad mettptis ofmsparpe shpmseuicebiasesen
of 1-(5- Howmnamp\Wesaibad Brlﬂférmmgtohymhewad@uﬁc&nsdlem Kagk RubliShiflg C3Mpany, a

ol e) in i s added a solution of Dess-Martin
peri odi nane (agg'rg?gre&?i% & P’Z ruq f?"’?b‘aﬁ‘i of CH2C1l2 slowy. After

stirring at 25C for 20 mnutes, the reaction mxture is diluted with
200 nL ofl1#8]hdhecampegndsfof e nr@sq@t Byenion maydecmiminigtated@onelve in

sol uti On)coﬁ%a‘ﬁgﬁbvﬁﬁotl%r Q’Ytﬁéaﬁ&?aj’&% Q0& £8dhpo EH&F@Q |hf%bft nidrl t ered

out and discarded. The filtrate s concentrate
di | ut ed AERIEORFISE SoftheRRiBasR HHIbEYS| %tzﬁqsvlawrymhd@q@rerﬁmmorﬁmaae amamtors,

preci pi t alaesulavashdbBEREY 6wy fakioh Fécébtbplﬂnas-ghﬂﬂﬁlldré élﬁi e 'Ill?e %ﬁc@ﬁ&i&t&
to give - 4- oxo- but yr al de

22pdl o b S Bl gt i B Someaanineaes: FHOIEE 15
C, Wi t hotike ticrbtobuole ptabliting atige Bndl antimiotit akkRRIs! EaftHuhPebordiRBn %om lexes;
|3 d:B;\gn?S)San %%@ﬁ%ﬁ%ﬁ%&%%ﬂﬂ%ﬁﬁ%ﬁ% Eu%ﬁre]z\éln%%tggx In']usp ¥Jsra?1|dln|trosoure S; " Pyr
4- ( 5- br orewdpgrinedigaats g;.lcyaﬁadveoed:nnhqpsarc[im;nddrogéﬁs ft-artizodene nestioggns?

20.5 . nl. of ti
acid m t%r'leg{g%#ég :{}Bmg%l um ﬁ)tr oh azgt%p Al% %g%%gﬁ'n%erﬁ%olg & dI tChen
R—(+) 1- @QW@RWN@WS)Q@@WW@WM ﬂQ%tanq aﬂmzmﬂmteswteﬁ ’rball 'y with
stirring.ovéfekgressdd d’nﬁidﬂgth@ﬁmsg nglfi&f a dod2fidh etét%‘ﬁc E}Qtﬂﬁ:%%%t @L@Féﬁ&faa daSin

warnmed to room tenperature. After stirring a erat u
2 hours, HHWMOESEL Bén %anlrlﬁir%ﬂ\a/vﬁ%‘)%ﬂ’f‘?‘ﬂ?%%faw t“ﬁ'b!!({f@: histors degqptglape and

washed Wiriibirs @latéih RiRasd inRiBitdrs, Sath ‘é@&@fneam%o%%erﬂnd@iro§ﬁé kih&deShibitors,
sodi um bi calcﬂJ onat e, After concentration, the

crude pr SECAPHER pmtg'@qryoiﬁe %Qamr@ tg‘?l‘é?rﬂ?é'? gyowtl faﬁfﬁ'? fheYeesPIeTp éﬁ‘l*l
g olburm c lkinapa inbiipitayshiyeréfctd? €lich ﬁ&'{)%ld&h&i\groﬁ% fatior GHceStor ||(!nE(ljSB mhlbtto:ll:s}

r ono 0x r ol i di r
i di ne ( 3)%%%@} e%détg@af é %ﬁ‘b;g?l TR ﬁ%%as%“ éb'érﬁ la H,%Wﬂ\;?cg osepy
i qui d. Stl'@q»tom1nsnurﬂi+@mr®wmfaa¢thgceptmthhgsl ammam@m.veqlgoomr[ ®adt To
a sol uti ‘Pébeﬂfor‘ﬂmfagé’ﬂﬁg*?@rgé% 3ﬁ%draétﬁmﬁm9 ’amAi'Fog? Enﬁbrt%%5&r§%@ﬁné‘mg f

DMF at roomtenperature, IS a 'l sopropy y am ne

145. 7 mmihibitorsappe eyclooxygenage ihibitersns. g epysioayasnesd-dor 2onhibitss.es, HOBT
(7.22 g, 53.43 mole), HBTU (20.26 g, 53.43 mmol e) and N, O-di et hyl
hydr oxy| @ghibnatiys ochl oride (5.69 g, 58.29 nmmole) are added to the
reaction solution. After stirring at roomterrperature for 2 hours,

zhi gga(r:ry fﬁ agc{oﬁi[ﬂoﬁn I %r%ut(@g(vm é’?ﬂqiagr?ac\%lcaqu acceptab% s%ltg\ﬁ'lsepe%g mvamy tallgo

2008/ 01686 3pPET 1o iBRBMFgDin4d6binaBanr with other antiproliferative agents. Such antiproliferative
agents include, but are not limited to, aromatase inhibitors; antiestrogens; topoisomerase |
inhibitors; topoisomerase Il inhibitors; microtubule active agents; alkylating agents; histone
deacetylase inhibitors; compounds which induce cell differentiation processes; cyclooxygenase
inhibitors; MMP inhibitors; mTOR inhibitors; antineoplastic antimetabolites; platin compounds:

compounds targeting/decreasing a protein or lipid kinase activity and further anti-angiogenic



| ayers is concentrated and purified by flash col um chromat ogr aphy
(hexane 70% EtOAc 30% to yield

4-f | uor o- NwoebismysolN- met hyl - benzam de (4a) (7.0 g, yielegcwd$he7/Siwp
4:

(4-Fl uoro-phenyl) - (5-{(S)-1-[ (R)-1-(4-pRt hoxy-phenyl)-ethyl|-pyrrolid
in-2-yl}-pyridin3-yl)- rret hanone (4) [ 134] To a solution of

3-brono-5-{(S L g %4 net hox henyl) ethyll-pyrrolidin-2- ¥

pyri di ne CP&‘% %J ‘é]'" oHgd WHWBI"%@e Ci?ﬁ?erﬂ_'r@fb'té’ﬂ%%?t"”&to‘c amgeteinjog i ded
al S \(/)\Al ut I( @ho@;ﬁhdmsbyd;odadbrhlim@dmsfs %nfﬂandrb@er?s ﬁ‘i@?ﬂilﬁme?arﬁnéﬂépﬂdé&%xm%rs

sl ow y

t T< -70C ti 3C for 30
o ot o DErDeRBra G (rspanse el ek A RRE TS HBRodRT: deprangee
(4.56 g, itdbi®rsnintibitprs af RbS ontogehicaddiermsi lcarbtesd isHiitery, ptoi@dsairaiimtibiGrs;

i nt er nal A 70C for. 1.5 hour

o quencRUETBISein 0 bEfurBhblyHeigais falonafiies sPmtiAeS whish fpro6 Gecredbe

t enper at wr mhvmttthe sdtivity ofrfdt-3; Fisp90 avibitbrisnigmovkotbriide (TEMODIALBE indildtolddi.

m. of EtO0Ac and washed with 2 x 30 nL of water. The organic |layer is

concentr 9

conce mﬁﬁéj A Vn%h@ beife gaé%q Iaetg%@%@g&g?&%&q{ﬁwc&nﬁa@m WitR khown

[ (R) - 1- (haferdiin prashesey19-g-etheyadministration ptihermenssigraspedialymadiation) - met ha

none (4) (6.4 g, yield 86% as a |ight brown viscose |liquid. Step 5:

El-l gISfoer Pt tnw am(p(oﬁa.d BF ML R paricuRy bb dbdy s & abitddBA P REpdcilly for
ut i

(4-f1 uor ﬁ'eptﬁ%aﬁ\'/“faﬁ'“(f@“"{‘(’%)ﬂ’hfh [EXRP ROQr ARSIty 18 AFIRtIREARY- et hyl]-pyrrolid

in-2- yl}-pyridin-3-yl)-nmethanone (4) (3.3 g, 8.17 nmole) in 5 nL of

TFA i s h¢aa0dd Byt'car@fi@tion”, theme Groee eithie adiked cdnatiinalidn i otk @sagd beit form, or a

i th 100 kPt bt bDRESBRERGA A it IRE ok opod ol T (a7 ot oc
sodi um bicermblpstien partnghrap bg admnidierge indiegerdentiyeat theagamk el opsepafatelylwithyin
flash CO&lH}@nntﬁhfaQr{ﬁét%@gé’dﬂW Stk the M Hiafor Piftn SOWIMERbLRIVE ¢.g.

gradient 1n 30 m nutes

4- | uor oSYHEBFHY s{iecbpr anyspn gtmqtlen Hepegfl - pyri di n- 3-y1) - met hanone (5)
(1.57 g, yield 7199 as a light brown viscose liquid. Step 6:

(S)-1-(( S)(AMR];ES ohexy1-2-{(S)-245-(4-fl uoro-benzoyl)-pyridin-3-yl13-p
yrrolidin-1-yl1}-2- oxo-ethyl carbanoyl) - et hyI ] - et hyl -carbam c acid

411 wor ol il T blgoshifpes PR hofre e oydnioeepirs
g, 9.5 mvole) an

(S)- [(S)_L(ﬂte&_l b{f) Ul o iphempl 1{(S)-2rlé-toflugrodisinaayl)-thizasdi2-wllyc| ohe

xylacetic acid (5 e 0C is
a)(;ded 4- (4, 6-di Ere% %ri?llftﬁn-@ ylf-?-ﬁ?gszli‘ﬁrylﬁi ;ﬂﬁﬁ?‘nneﬁoheﬁp%gﬁgl i ni um

chl ori de rate,(2.979, in one portion., After stirring
at 20C féi%g Rbep CQ”FPé’”P‘igﬁ?'g]%R‘?ﬁ QRPWP@J’]dg“dﬁFPfﬁE’%’BdWE'W fellswyirtg reggtion
Et 0Ac, aschanashed vmth 3 x 20 mL of water. After concentration, the
crude product is WD 2008/ 016893PCT/ US2007/ 074790 -35- purifi ed by
flash col um chromat ography (CH2C 2 95% MeOH 5% to give
(S)-14(S)-1-

cycl ohexyl-2-{(S)-245-(4-fluoro-benzoyl)-pyridin-3-ylypyrrolidin-1-yl
} - 2- oxo- et hyl carbanoyl) - et hyl Fet hyl -carbam c acid tett-butyl ester
(6) (5.0 g, yield 88% as pale yellow solid. Step 7:

(S)-N-((S)-1-Cycl ohexyl1-2-{(S)-245-(4-fluoro-benzoyl)-pyridin-3-yl}-p
yrrolidin-1-y1l}-2- oxo-ethyl)-2-nethyl am no-propi onam de

di hydrotrifluoroacetate (7) [137] To a solution of

(S)-1-((S)-1-cycl ohexy1-2-{(S)-2.15-{4-fl uoro-benzoyl)-pyridin-3-yll-
pyrrolidin-1-yl}-2-o0xo-ethyl carbanoyl yet hyl } - net hyl -carbam c acid
tert-butyl ester (6) (4.78 g, 8.05 nmmole) in 3 nL of CH2C 2 at -20 C,



Step 8: Y

(S)-N-((S)-1-Cycl ohexyl-2-{(S)-245-(4-fluoro-benzoyl)-pyridin-3-yl]-p
yrrol i di n-woybis/desopxo- et hyl ) - 2- net hyl am no- pr opi onam decguéet®@4700
(Conpound B) [139] The TFA salt,

(S)-N-((S)-1-cycl ohexyl-2-{(S)- 245- (4-Ljuor o- benzoyl) - pyri din-3-y1l-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methyl am no- propi onam de

di hydrotrifluoroacetate (7) (3.4 g) is dissolved in 50 nL of CH2Q 2,
and basified by turated sodiu i carbonate to pH = 8. The solyLi on
of free base |os shed with 2 x mL of wat er and dri ed over %ojci{)

1. KHCO,, DME
sul fate, S;lgg S copeeneiatedi aive 1 o 28 ‘e \o0 "
pyrrolidin-1Y1F- 2- oma- ethyl)’l methyl&m - pr oponamn de® (2m
¥

4.80 mmol e) swhireh i s dissolved 1n a solution of citric acid £901 ng,
4.80 nmmole) in 200 nL of water. The solution was dried by freeze
dryer to give (S)-N-((S)-1-cyclohexyl-2-{(S)-215-(4-fl| uson- fenz{oyl)
pyridin-3-yl]-pyrrolidin-1-yl}-2-o0xo-ethyl)-2-nethyl anm"MgHg opl onani d
e citrate, Conpound B WD 2008/ 016893PCT/ US2007/ 074790 -36- (3.239,

yield 59%in three gteps fromconpound 6) as |light yellow solig. M
ES1495. 27 (MtH) +. anpd-erniget S) \N- us) - 1 9/

cl ohexyl-2- ( (4- THFuPS- phEn r i e mos;

pyrrolidi nA%xo- % Fy - I}‘r;;ez’X &_ﬁﬁdﬁ]::]iﬁ% d?El[; The
title corrpOLPnd W |naft?,r, Conpéun can be R epar ed by

follow ng reacts on: Ste

3- ( 4- Fl uor ty=pRetiresfy'- 5- {(S) 1-[(R) - 1- (4 met hoxy- pheny1) - et hylj-pyrrol
idin-2-y1)- pyridine (4) [141] The m xture of

3- bronmo- 54(S) - 1- {5y (4- met hoxy- phenyO- gf hyl ] - pyrrolidin-2-y1)-
pyridine (3) (2.0 g, 5.54 mvle), 4f|uordph ol (3.1 g, 277mn;0|e)

copper oxide (0. 5 g, C I and ces C rboqgt m(5.
mmole) in 1 f - I\L?a'r%tg)@ﬂyﬁ,\pyr I":’| R |sm':§at él;ft@c;:

m crowave re ct'orH\\ r Wes% on solutio § il ted
with 150 nlL of EtO ¢ ant%tiwre ered t hr'd celite. The filtrgte is
washed with 4 x" 30 nL of water. The ofganic |ayer is concentrated and
purified by flash colum chronatography (hexane - 3d-LN@% { Qf ne
60% and Et OAc 40% by gradient in 20 minutes)) to gfRf&PEADME
3- (4-fluorophenoxy)-5-{(S)-14(R)-1-(4-nethoxy-phenyl)-ethyl pyrlro&,i di
n-2-yl}-pyridine (4) (1.98 g, vyiel d,,Qh.P/o as a light yellow wi&%e

li qui d. °
d F HN’EO e \€
0 TFA:DDCM (1:1)  Ar | ]
O),(f‘f m N 77’()\(_7
d M\ 99%

Compound A

sta

Step 1. Thioamdie (1)

[123] Lawesson’s Reagent (13.9 g, 34 mmol, 0.70 equiv.) is added portionwise (3 x 4.6 g)
over 20 minutes to a solution of Boc-L-Pro (10.5 g, 49 mmol, 1 equiv.) in 70 mL of THF at
23°C. The resulting cloudy yellow mixture is stirred vigorously for 5 hours, then is
concentrated to a light yellow solid. This residue is partitioned between ethyl acetate

{300 mi) and saturated aqueous sodium bicarbonate solution {500 mL). The organic phase
is separated and the aqueous phase is further extracted with ethyl acetate (2 x 500 mL).
The organic phases are combined, washed with brine (500 mL), and dried over anhydrous
sodium sulfate. The dried solution is filtered and concentrated to a light yellow solid. This



Step 2: 3-(4-Fkuoro-phenoxy)-5-(S)-pyrrolidin-2-yl-pyridine (5)

[ 142] A solution of

3- (4- f | uorwooesnasse} - 5- { (S) - 14( R) - 1- ( 4- met hoxy- phenyl ) - et hysdoe 47100 i
di n2-y1}-pyridine (4) (1.98 g, 5.05 nmole) in 5 nL of TFA is heated
at 100C in a mcrowave reactor for 20 mgnutes. The result solution is
concentrated to remove TFA. The residue is diluted with 20 nL of

CH2d 2 hi sat urated sodi um

bi car bongst% d 'QH@ %?‘S‘é{ﬁ?’ﬂ'mﬁgva}% égﬁggm'r)é‘ﬁgrd“r@ﬁ ERIEf F'E‘EP”PJE}G feaan
col um chuéfpmihigsal(yo o B42E). 2 100%to CH2Cl 2 95% MeOH 5% to give

3-(4-fluoro-phenoxy) - 5- (S) pyrrolidin-2-ylpyridine (5 (923 ng, yield

71% as | [ 143] For the rest of the synthesis of
Conpound%ggﬁlesqﬁ ?gyig;g 27 (l\/HrH) foll ow the correspondi ng procedures

‘(JZ)EdN'_ [‘J S;:_P‘l o %hreox gﬂ1§§%%?§q/ F’ﬁ%?ﬁ %Zu‘f\] f(lg adg’éj' drgfs\glgg L& f.f'rmge
pyrroli dltﬂﬂﬂn'y@}e@’t’@%(tﬁu Plarbeg Wltanmnb1mqglm)@n@mvtaasuﬁmhwprbvh@te
title conpeyrdsodenf, Bddurn I@Wﬂﬂ%@ldgﬁetlﬁ%ﬁveth&@é@@% eﬁh@%l)&lﬁ' turned

fol |l owi ng react i on schene: Br ono- pyri di ne-2- carboxylic aci
met hoxy- r¥&t WPD%%!O(HﬂhN[hl\M@] compiege wilhini5i ralﬁufgfs The resuiting mtxture is stirred

CoMmer ci ajdoro %}fﬂ 2DnhufesPie A oRUite heC. aR'n@at(rﬂthuF&oftlﬁﬁmﬁJaﬁm%ydrme

f
ﬁog Lﬁ;d?& ﬁ?Hfg@?i 8%%3@)%3575%(8 &3 %“hr@g)mm?'r?@teﬁy‘b’&iﬁ%’éed

(6.9 nm, dﬁao\ﬁsmbéanulam’tbeﬂgllomdhmdﬂ‘éﬁhred(aﬁﬁ)léat(om Golga,mﬂgflth@ Jaambn, an
d N, N—

2’? irring add H?F&%)r(r']l'r{e gﬁ%'grgré nga Aél@é&mi'ség H’ngl |e(ﬁ'l'ﬂ¥t aﬁg‘%g}j\%% 1§?’dml'

i nj ected 168 mlﬁolwssteguwheea(prehﬂed end ddded ipsegueassdropipisa viacmpllets the yeflow

th th O . 0,

and ext r aerag el e SFnd tekhih fyeey MBIRNE St ook by o sl

| ayers ar“éeft:‘dﬁfééﬁtqoe&tré'd l%lﬁ‘éﬁqﬁur'ﬁhf-’ |F%$Gll1tbg sehtiomis estgrcgshyith digiemaeettase,

Et OAc 5%(5epodh I§)d 'Tﬁ@b) ahR ;ﬂlbyt% e @Blﬂgﬂe@stﬂé@@‘tlgo %"N Q&B&SL% QCECS%EN%
met hoxy- net hx%am e as a thick é,d ow ol |

ES+ 247. 4900 washgy \Gli @rg‘m:(éqq sk @09 Avsd e an@girous sodium sulfate The dried

solution is filtered and concentrated to a light yellow solid. This solid is purified by flash
column chromatography (1:9 to 2:3 ethyl acetate:hexanes) providing a light yellow solid.
Trituration of this solid with ether (20 mL) afforded the thiazole (3) as a white solid (19 g,
92%).

Step 4. Acid (4)

[125] A solution of the thiazole (3) (5 g, 15.3 mmol, 1 equiv.) in tetrahydrofuran (40 mL) is
added to a solution of sodium hydroxide (3.68 g, 91.9 mmol, 6 equiv.) in water (40 mL) at
23°C. The resulting mixture is stirred vigorously at 23°C for 3 hours, then is concentrated to
20 mL. The concentrated mixture is cooled to 0°C and the pH is adjusted to 3 by the
dropwise addition of concentrated HCI solution. The white solid is collected by filtration to
provide the desired carboxylic acid (4) as a white solid (4.3 g, 94%).

Step 5. Weinreb Amide (5)

[126] HBTU (21 g, 55.5 mmol, 1.5 equiv.) is added to a solution of the acid (4) (11 g,

37 mmol, 1 equiv.) in DMF (100 mL) at 23°C. The resulting mixture is cooled to 0°C. DIEA
(32.2 mL, 185 mmol, 5 equiv.) and N,O-dimethylhydroxylamine hydrochloride {4.33 g,

44.4 mmol, 1.2 equiv.) are added in sequence to the reaction mixture prepared above at 0°C.



Step 2: 1-(4-Bronmo-pyridin-2-yl)-4,4-di net hoxy-butan-1-one (2) [146]
To a solution of (1) (8.86 g, 36.2 mmole) in 250 nL of anhydrous THF
in a 3-necwofdoeamassodri ed round bottom fl ask at -70C (acetmosootyratose
bath) is slowy added the Gignard reagent prepared from

br onopr opi onal dehyde di methyl acetal (4§.5 g, 90.4 nmol) and My
turnings (4.39 g, 181 nmmol) in anhydrous THF (250 nl), maintaining
internal tenperature around -68C to -70C. After stirring at -70C for
2 hours, THfIeruiing Miskirais,alawed lostippiQGEder Lnaus therpatA3" foradosrs. vinen

]E he dlr y |r@gcttbﬁtlé1thléﬁ&‘@ﬁ@ﬁtrafgb% o6l IR, rftﬁlsﬁ@érﬂlﬁq? m.ﬁbh@d%eﬂ@e{ea{e@ﬁyylw
unne an | I Mes_. W acetat e

m). The W&éﬁf@wfﬁg)@ﬂ %%?kmeag%w@ﬁ? eoﬁea@efedr%fst@awue Rigase is
sol vent _euaparextraded aty eingl stetald @k« 508 hiow Thielordahktphad@D4fe ebimbRel, vedsHed
?/g) ESF%Z%%%?tgggggﬁg P@ﬁf’%ﬁﬁo%%%rg%ﬁﬁ% éHo”mE) Xlagheﬁ w(?t)i(n% }3 0| r%ra%ldds%m{lde

1- ( 4- br onBo@nLi),dvashed with bAned(Ead mb) lukgridadvanadhydies 68diuracurte. Thoohed

Step 2, 1) t 1,0 erat

added t r bt figp B e BRg con o 8% o R ViouThanl S SBHEE bRty osr
m xt ur e icolumn ehremaiogeaphy (hd to Irhethylemetatanesases) pruiing te eeinrethamide (5)
resi due disssplnyedioliofd B/te(150 m.) and washed with water 3
times. Thes o@gaggg él)yepléﬁ @ rrbl ned, dried over Na2SO4 and the
sol vent eyvaporated. The resi due is purified by flash colum
chromato 5 y m%@t OAc in hexanes) to give

Bt 4 BB e e e BT M AT B oY 3l s
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('\%3HE ?C)ﬁ (él r:l-'rLrg ﬂm;/:? 3Aen d gqr:? d]réve t beactlon tg cgmgj&)m Thlehresuitmg
react i on Mifeisalipwe C&leaﬂ @do a‘t0 Cooem & mﬂfiamﬂ)ws stiried at that teaweiure dor an
room t e”%H%BH&I%OWnutSW&é‘&x&P@ls'tﬁ& Qeldy tanshe b%& 'salgraitéd Sthinbnil@f

anot her hours. action mxture is quench dding water (25
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Fol 1 ow t Ratnaf s 8eRHE O shah R IBR D Bl RETd Lot s
1 and 3. chman@mapmaeggemutmsac@atemm) p@@tdm&)ilaaﬂpﬂt@ﬂﬁ}sasadclu@en@c
| ohexy1- %2§§) ng 5-fluoro-2-[(4-fluoro-phenyl)-nethyl -

am no] pyri di'n-4- yl} pyrrolidin-1-yl)-2-oxo-ethyl]-2-nmethyl am no- propi

onanmi de iﬂs‘jo}rhzfa@stbr %E%yﬁﬁ&?@%wﬂs &eé@dupes%st%re GREBYNA vio 05897791
prepared by the follow ng reacti o

1- ( 2- Chl ddrhenupfighed Sgioher 4P, ¥°Q5MP§U'WQ40&°HE’PH'EQ& M ESHSA1.33 (MaH)".



[ 151] To a solution of My (0.71 g, 30 mmol) in THF (10 nL) are added
cat. iodine and a solution of 3-brono-1, 1-di met hoxy-propane (3.99 g,
21.57 mmol) in THF (10 nL). The m xture is stirred at room
tenperature for 2 hours. At -30C, to a solution of 2-chloro-5-

fl uoro- pyridi ne-4-carbal dehyde (2.0 g, 12.54 mmol) in THF (5 nlL) is
added to the above prepared Grignard redgent. The mixture is stirred
at this tenperature for 2 hours. Then the reaction m xture is cool ed

in anic ba h HA

o oxtr doedipng, n S RSH Yo SR M bt are M ol
brine, dried over 1hlﬂﬂzs%o-éthym-emﬁhﬂadx|mpm@mnaaﬁml down. The crude
product is purified by chromatography (EtOAc/hexane: 10% - 40% to
give 1- ([2291hIdeechitléedmmmnd.-nﬁyeihaﬂenreder;&ﬁ)teAs Zomdouret B dxgrepared by theddliowing
(0.81 g, eé‘h@] =264. 13{ M+r1] WD 2008/ 016893PCT/ US2007/ 074790

-41- l(i or o- | uor o- pyri di n-4-y1)4, 4-di met hoxy-butan-1| -one (2)

[ 152] The suspenS| on of

1-(2-chloro-5-fl oro n Anyptimedd, 4 d| hoxy- but an-1-01 (0.80 g,
erat

3.03 mmol ) and .64 mmol) in DCM (20 ni)
is stirred at roomterrp reE'fofDMg houns e precipitate is

filtered. Water is added to the filtrate and extracted with DCM The

conbi ned organic |layers are washed with er, br| REsm.Hlr i €d over
Na2SO4, filter® con rafed do e prodiict is purified
by chromat ograp ( Et OAc/ kexanerss 5% - /(),tomgl ve CH,CI,

1- (2-chl oro-5-fl uoro-pyridin- 4 yI) 4, 4-di mth%@ﬂw@m one (0.71

g, 89%. MZ=262.1 [M+1] ACOH ! CH,C1, B o
1- (2- Chl or o- 58" | S Wt hoxy! y1}-éth -pyrrol
i di n-2-y1}- pyrigl ne (o4) '3 TOseBn ton@bpbl |

1-(2-chl oro-5-fl uoro- pyrlﬁln 4-yl)-4, 4-di me y- But an- 1one(0 71 g,
2.71 mmol) in acetone 5 nmLp i s added Anbérlyst resin 15(1.1 and
water (0.5 nip« After%ﬁ\@;‘haﬁm ng f hogrs at room o
tenperature, the mxture I's fi efomalne ar‘é th
acetone and dehl or@%}anea The fi hdbtcate i

gi ve 4-(2-chloro-5FfTuoro-pyri d| n- 4- y0- 4- oxo- butﬁl al dehyd (3) Whl ch

is used in next $tep w thout her purification. [154] The
sol ution of 4- (“f‘ chl or o- 5 fI ro yr| di n- 4- yi:) vfe 0X0- b ehyde in
di chl or onet h§n 2’5 rrL) d 78C, then sodi um

triet hoxy 8 14N @ anqrmi@g,gjxgnea,c ar e
added. Aft ermtdre mxtur was stfrred at={ his tenpera e f.or

m nut es, R(+)-a-nethyl benzyl am ne (0.39 2.57 nmol ) i's gqggag an
the mixture was warnmed up to room tenperdatiure~overni ght. Sat urat ed
NaHCGB i s added¥t®: t he .jpj xi ur@icand the | are §epar ated. The
aqueous | ayer 1Is is extracted With dichlqr thgscga%r;rapl ned
organi c |layers are wa&Hd@stst h bri ne, /¥, , filtered and
concentrated down. The crude product is purified b hr omat ogr aphy

( Et OAdhexane: 5% - 20% to give Gompound B f
1-(2-chloro-5-fluoro-4-{(S)-1-[ (R -1-(4-net hoxy-phenyl)-ethyl]-pyrrol
i di n-2- Bigo- 1. py(S-Bliome-plydib-3-y0)-4-eR9xy-tdRnMBsse (W Z=335. 1330 [ Mrl]
(5-Fluoro-4-{(S)-1-[ (R - 1- (4- net hoxy- phenyl) - et hyl Fpyrrolidin-2-yl}-p

1SR4 e 4 20D T Mot o Il T8

pyrrol i ddgpdBurl{30pymi diSRS r(1m0l9. &g M 0 .heganemrelbivly il mainHinirariete(f@6T wi§5°A). e
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ng, 0. 0tBaintaining intedaplot 46%F) umfteestirrirtgm oM @ éor @8 ursy the@edtiiommidtyre isThigrmed
42 1 CRLECOBndThath Uiy Wit o'l B ALy da G Rlied Wik 35PRHl oFARE L e

room t enper at ur e ter an area e mxture
combined organic layers are concentrated and purified by chromatography




Exanpl es 6-31 [157] The._.foll ow ng conpounds are nade by procedures
simlar to those in the above exanples. Ex. Nane +M5 ESI (M+tH). 6

(S) - N-((S) wb26ed16838xy 1- 2- {(S) 244- (4-fl uoro- benzoyl) - SpEBisb7074790
thiazo-1-2-yl]-pyrrolidin-1-yl}-2-o0xo-et hy 0- 2- et hyl am nopr opi onam d

e 515 7

(S)-N-A{(9S)-2- [(S) 2-(4- Benzoyl 5- rrethyl axazol 2-y1)- pyrrolidin 1-y1]
- 1-cycl ohexyl- t hyl } - 2- net hyl ani no- propi onanm de 481

() N o) CELel eFn e Bhyth give D e pmo YA S b aUPry FE eI AA C1) (147
oxazol - 2-yidid 79%5 89paielyaiolr glil- 2- oxo- et hyl ) - 2- met hyl ani nopr opi onani de

Step 2. 4-(5-Bromo-pyridin-3-yl)-4-oxo-butyraldehyde (2)

[131] To a solution of 1-(5-bromo-pyridin-3-yl)-4-hydroxy-butan-1-one (1) (5.0 g,

20.5 mmole) in 90 mL of CH.Cl, at 25°C, is added a solution of Dess-Martin periodinane
(9.6 g, 22.5 mmole) in 70 mL of CH.CI, slowly. After stirring at 25°C for 20 minutes, the
reaction mixture is diluted with 200 mL of ether (a lot of white precipitates came out of the
solution) and cooled by dry-ice-acetone bath. The solid is filtered out and discarded. The
filtrate is concentrated. The residue is diluted with 100 mL of ether and cooled by dry-ice-
acetone bath and precipitates was removed by filtration. The filtrate is concentrated to give
6.2 g of 4-(5-Bromo-pyridin-3-yl}-4-oxo-butyraldehyde (2) as a pale brown oil which turned to

a pale brown solid after cooled to 0 °C, without further purification for next step reaction.

Step 3. 3-Bromo-5-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl}-pyrrolidin-2-yI}-pyridine (3)

[132] To a solution of 4-(5-bromo-pyridin-3-yt)-4-oxo-butyraldehyde (2) (crude from Step 2,
20.5 mmole) in 150 mL of CH,Cl, at -70°C, is added 3.5 mL of acetic acid and triacetoxyl
sodium borohydride (10.2 g, 48.0 mmole) and then R-(+)-1-(4-methoxyphenyl)ethylamine
(3.9 g, 26.0 mmole) slowly with stirring. After stirring at -70°C for 1 hour, the reaction mixture
Is warmed to room temperature. After stirring at room temperature °C for 2 hours, the
reaction mixture was diluted with 200 mL of CH,Cl,, and washed with a solution of 50 mL of
water and 20 mL of saturated sodium bicarbonate, and 2 x 100 mL of water. After
concentration, the crude product {(dr = 86 : 14 by HPLC analysis) is purified by flash column
chromatography (CH>Cl» 95%, EtOAc 5%) to give 3-bromo-5-{(S)-1-[(R)-1-(4-methoxy-
phenyl)-ethyll-pyrrolidin-2-yl}-pyridine (3) (4.7 g, yield 65% in two steps) as a light brown
viscose liquid.

Step 4a: 4-Fluoro-N-methoxy-N-methyl-benzamide (4a)

[133] To a solution of 4-fluorobenzoic acid (6.8 g, 48.57 mmole) in 100 mL of DMF at room
temperature, is added diisopropylethylamine (25.3 mL, 145.7 mmole). After stirring at room
temperature for 20 minutes, HOBT (7.22 g, 53.43 mmole), HBTU (20.26 g, 53.43 mmole)
and N,O-dimethyl hydroxylamine hydrochloride (5.69 g, 58.29 mmole) are added to the
reaction solution. After stirring at room temperature for 2 hours, the reaction solution is
diluted with 200 mL of EtOAc and washed with 4 x 50 mL of water. The combined organic
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(S)-NC(S)-2-[(S)-2-(4-Benzoyl -oxazol -2-yl1)-pyrrofidin-1-yl}-1-

cycl ohexy lwa»assanghy! } - 2- met hyl am no- propi onam de 485 gdrms2007/074790
(S)-N((S)-1-Cycl ohexyl-24(S)-244-(2,4-difl uoro-benzayl ythi azol - 2-

yl kpyrrolidin-1-yl1l1-2-oxo-ethyl)-2-nethyl am no- propi onam de 519 12
(S)-N-((S)-1-Cycl ohexyl-2-{(S)-2-[4-(1Hi ndol e-2-carbonyl) -t hi azol - 2-
yl1l] -pyrrolidin-1-y1}-2-o0xo-ethyl)-2-nmethyl am no-propi onam de 522 13

(S) - N- O Hvets ipponeeripe-apd pudfiedztyiash coll o coroptaaseanyy -(psxent 7 %4 EYAc
pyrrol i dizyed 1y dibr2s-MisRo-RiA¥hdzy iR W baB R a7 @ Pidite 76083 - 27

Step 4. (4-Fluoro-phenyh)-(5-{(S)-1-[(R)-1-{4-methoxy-phenyl)-ethyl]-pyrrolidin-2-yl}-pyridin-
3-yl)-methancne (4)

[134] To a solution of 3-bromo-5-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl}-pyrrolidin-2-yl}-
pyridine (3) (6.0 g, 16.6 mmole) in 100 mL of ether at -73°C, is added a solution of butyl
lithium ( 7.3 mL, 18.3 mmole, 2.5 M in hexane) slowly (maintaining internal T< -70°C). After
stirring at -73°C for 30 minutes, a solution of 4-fluoro-N-methoxy-N-methyl-benzamide (4a)
(4.56 g, 24.9 mmole) in 15 mL of ether is added slowly (maintaining internal T< -70°C). After
stirring at -70°C for 1.5 hours, the reaction is quenched by addition of 20 mL of water and
warmed to room temperature with stirring. The resulting mixture is diluted with 100 mL of
EtOAc and washed with 2 x 30 mL of water. The organic layer is concentrated and purified
by flash column chromatography (CH:Cl; 95%, EtOAc 5%) to give (4-fluoro-phenyl)-(5-{(S)-1-
[(R)-1-{4-methoxy-phenyl)-ethyl]-pyrrolidin-2-yl}-pyridin-3-yl}-methanone (4) {6.4 g, yield
86%) as a light brown viscose liquid. '

Step 5. 4-Fluoro-phenyl)-({ S)-5-pyrrolidin-2-yl-pyridin-3-yl}-methanone (5)

[135] A solution of (4-fluoro-phenyl)-(5-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl]-pyrrolidin-2-
yli}-pyridin-3-yi)-methanone (4) (3.3 g, 8.17 mmole) in 5 mL of TFA is heated at 100°C ina
microwave reactor for 30 minutes. The result solution is concentrated to remove TFA. The
residue is diluted with 100 mL of CH,Cl,, and basified by washing with & mL of saturated
sodium bicarbonate. The organic layer is concentrated and purified by flash column
chromatography (CH,Cl, 100% to CH,Cl; 80% MeQH 20% gradient in 30 minutes) to give
4-fluoro-pheny!)-((S)-5-pyrrolidin-2-yl-pyridin-3-yl)-methanone (5) (1.57 g, yield 71%) as a
light brown viscose liquid.

Step 6. (S)-1-((S)-1-Cyclohexyl-2-{( S)-2-{5-(4-fluoro-benzoyl)-pyridin-3-yl}-pyrrolidin-1-yl}-2-
oxo-ethylcarbamoyl)-ethyl]-methyl-carbamic acid terf-butyl ester (6)

[136] To a solution of 4-fluoro-phenyl)-{(S)-5-pyrrolidin-2-yl-pyridin-3-yi)-methanone (2.57 g,
9.5 mmole) and (S)-[(S)-2-{{ert-butoxycarbonyl-methyl-amino)-propionylamine]-cyclohexyl-
acetic acid (5) (3.58 g, 10.5 mmole) in 75 mL of THF at 0°C, is added 4-(4,6-dimethoxy-
[1,3,5]triazin-2-yl)-4-methyl-morpholinium chleride hydrate (2.97 g, 10.7 mmole) in one
portion. After stirring at 20°C for 2 hours, the reaction mixture is diluted with 100 ml. of
EtOAc, and washed with 3 x 20 mL of water. After concentration, the crude product is
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purified by flash column chromatography (CH,Cl, 95%, MeOH 5%) to give (S)-1-{(S)-1-
cyclohexyl-2-{(S5)-2-[5-(4-fluoro-benzoyl)-pyridin-3-yl]-pyrrolidin-1-yl}-2-oxo-ethylcarbamoyl)-
ethyl]-methyl-carbamic acid tert-butyl ester {6) (5.0 g, yield 88%) as pale yellow solid.

Step 7. (S)-N-{(S)-1-Cyclohexyl-2-{(S)-2-[5-(4-flucro-benzoyl}-pyridin-3-yl]-pyrrolidin-1-y{}-2-
oxo-ethyl)-2-methylamino-propionamide dihydrotrifluoroacetate (7)

[137] To a solution of (S5)-1-((S)-1-cyclohexyl-2-{(S)-2-[5-{4-fluoro-benzoyl)-pyridin-3-yl}-
pyrrolidin-1-yl}-2-oxo-ethylcarbamoyl)-ethyl]-methyl-carbamic acid tert-butyl ester (6) (4.78 g,
8.05 mmole) in 3 mL of CH.Cl, at — 20 °C, is added 10 mL of TFA {pre-cooled to -20°C)
slowly. After stirring at 0°C for 30 minutes, the reaction mixture is concentrated to remove
TFA as much as possible at room temperature under high vacuum. The crude product is
purified by reversed phase HPLC (Column: Waters Sunfire, 50 x 50 mm; mobile phase:
CH;CN 25% H,0 75% with 0.1% TFA to CH3CN 45% H,0 55% with 0.1% TFA by gradient in
8 minutes; flow rate 65 mL/minute; detector: 215 nm UV) to give (S)-N-{(S)-1-cyclohexyl-2-
{(S)-2-{5-(4-flucro-benzoyl)-pyridin-3-yl}-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylarmino-
propicnamide dihydrotrifluoroacetate (7) (3.4 g, 4.70 mmol, 58% based on 2 TFA salt) as

colorless glassy solid.

[138] An alternative procedure for Boc deprotection of Compound B employs HCl in
dioxane instead of TFA: 3.38 g of dipeptide-coupled product is dissolved in 50 mL of CH,Cl,
at -30°C. 8 mL HCI in dioxane (4.0 M) was added slowly and reaction was stirred at -30°C
for 30 minutes. The bath was then removed and the reaction warmed to room temperature
over 2 hours. By LC/MS, the reaction was complete at 2.5 hours. Evaporate the solvent to
dryness to get an oil, which is then purified on the HPLC. The yield is 70-81%.

Step 8. (S)-N-((S)-1-Cyclohexyl-2-{(8)-2-[5-(4-fluoro-benzoyl)-pyridin-3-yl]}-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propionamide citrate (Compound B)

[139] The TFA salt, (S)-N-((S)-1-cyclohexyl-2-{(S)-2-{5-(4-fluoro-benzoyl)-pyridin-3-yl}-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide dihydrotrifluoroacetate (7) (3.4 g) is
dissolved in 50 mL of CH,Cl, and basified by saturated sodium bicarbonate to pH = 8. The
solution of free base is washed with 2 x 5 mL of water and dried over sodium sulfate, and is
concentrated to give (S)-N-((5)-1-cyclohexyl-2-{(S)-2-5-(4-fluoro-benzoyl)-pyridin-3-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide (2.37 g, 4.80 mmole) which is
dissolved in a solution of citric acid (901 mg, 4.80 mmole) in 200 mL of water. The solution
was dried by freeze dryer to give (S)-N-((S)-1-cyclohexyl-2{(S)-2-[56-(4-flucro-benzoyl)-
pyridin-3-yl]-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide citrate, Compound B,
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[140] The title compound, hereinafter Compound C, can be prepared by the following

reaction:

Cu,0/Cs,L0, N = 0
NMP % o
91‘?/I.:‘.|l F Microwave = O fl(
0 4 /;(

100 °C N
cl) 71%
o/
L
|/\I J% )\ o o N TFA 1 CH,Cl,
o] o J(N_}—ﬁ o O
4 N
THF 94% /i o 6 Q

F As TFA salt

NaHCO, / H,0 Citric Acid
. ‘ - N
0 =
64% in three steps “_)\*“” 0 & 7 0,
RS

a N i z
as citrate salt

F

'ﬂ

Compound C

Step 1. 3-(4-Fluoro-phenoxy)-5-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl}-pyrrolidin-2-yI}-
pyridine (4)

[141] The mixture of 3-bromo-5-{(S)-1-[(R}-1-(4-methoxy-phenyl)-ethyl}-pyrrolidin-2-yl}-
pyridine (3) {2.0 g, 5.54 mmole), 4-flucrophenoal (3.1 g, 27.7 mmole), copper oxide (0.5 g,
catalyst) and cesium carbonate (5.4 g, 16.6 mmole) in 10 mL of 1-N-methyl-2-pyrrolidinone is
heated to 190°C in a microwave reactor for 30 minutes. The reaction solution is diluted with
150 ml. of EtOAc and filtered through celite. The filtrate is washed with 4 x 30 mL of water.
The organic layer is concentrated and purified by flash column chromatography (hexane
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am no] - 2-met hyl -pyri m di n-4-yl | -pyrrolidin-1-yl)-2-o0xo-ethy0-2-

met hyl am[hé2]prA polativardf d€4-fluoro-phenoxy)-5-{(S)-1-{(R)-1-(4-methoxy-phenyl)-ethylj-pyrrolidin-
2-yl}-pyridine (4) (1.98 g, 5.05 mmole) in 5 mL of TFA is heated at 100°C in a microwave
reactor for 20 minutes. The result solution is concentrated to remove TFA. The residue is
diluted with 20 mL of CH,Cl,, and basified by washing with 5 mL of saturated sodium
bicarbonate. The organic layer is concentrated and purified by flash column chromatography
(CH:Cl; 100% to CH,Cl, 95% MeOH 5%) to give 3-(4-fluoro-phenoxy)-5-(S)-pyrrolidin-2-yl-
pyridine (5) (923 mg, yield 71%) as pale yellow solid.

[143] For the rest of the synthesis of Compound C, MS ESI 483.27 (M+H)*, follow the
corresponding procedures used in Example 2.



511. 3 27

(S)-N((S)-1-{(S)-2-[6-(4-Fl uoro- benzoyO 2-met hyl -pyrimdin-4-yfl-
pyrrolidi ngobossaibenyl) - 2- met hyl - propy1) - 2- met hyl am nops@RiQIFNK7¢B0
458.2 -44- Ex. Nane +MS ESI (M+H)* 29

(S)-N[(S)-14(S)-2-{6-[(4-F uoro-pheny_l3)3;rret hyl - am nol - 2- rret hyl -
pyrimdin-4-yl}- pyrrol i di ne 1- car bony1l) - 2- net hyl - propy1] -

I NO- propi ongm de_ 4 30
met hyl aml?xan[i)g p g) -N-((S)- 1-Cyclohexy| 2-{(S)-2-[4-(4-fluoro-phenoxy)-pyridin-2-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide

[144] The title compound, hereinafter Compound D, can be prepared by the following

reaction scheme:

o}

0 ~
o  CDILE3N, DMAP MgITHF
S on L V\r ® >
P + o, = o
TFA/CH,CI, ACOM/ CH,CL %Br
N
ca = HC
C)k/\r ,O/\ TNaBH(OAGY, | @/\ N + \©\
4
Cu,0/Cs,CO
NMP A O +
F M:crowave N BocNH
H N £

OH  pDIEA/DMF
100 <G

j\ HOBTIHBTU
TFA/CHLI,
\©\ ———— N O + BocNJOH “DIEATDNE

N
Jf OQ_(% TFAICH,CI, N
N 0O N Q, Q s
N—?hH g H_}‘H o N g0
sy N Q As TFA salt

g F

Compound D F
Step 1. 4-Bromo-pyridine-2-carboxylic acid methoxy-methyl-amide (1)

[145] To a solution of commercially-available 4-bromopicolinic acid (10.0 g, 49.5 mmole) in
200 mL of anhydrous THF at room temperature is added N, O-hydroxylamine hydrochloride
(4.83 g, 49.5 mmol), triethylamine (6.9 mL, 49.5 mmol), carbonyl diimidazole (CDI) (12.0 g,
74.3 mmol) and N,N-dimethyl amino pyridine (DMAP) (20 mg, 0.18 mmol). After stirring at
room temperature for 4 hours, an aliquot is taken and injected on LC-MS to check the
reaction progress. Upon completion of the reaction, the reaction mixture is quenched with
100 mL of water and extracted with 2 x 150 mL of ethyl acetate. The combined organic
layers are concentrated and purified by chromatography (hexanes 95%, EtOAc 5% step
gradient) to give 4-bromo-pyridine-2-carboxylic acid methoxy-methyl-amide (1) as a thick
yellow oil (10.4 g, yield 86%) MS ES+ 247.02.
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Step 4. 4-Bromo-2-{(185,2S5)-1-[1-(4-methoxy-phenyl)-ethyl]-pyrrolidin-2-yl}-pyridine (4)
[148] To a solution of 4-(4-bromo-pyridin-2-yl}-4-oxo-butyraldehyde (3) (720 mg,
2.97 mmol) in CH;CI; at -70°C is added acetic acid (8.93 mg, 0.15 mmol}, NaBH{OAc)s
(1.8 g, 7.44 mmol) and (R)-(+)-1-(4-methoxyphenyl)ethylamine (540 mg, 3.6 mmol). The
reaction mixture is stirred at -70°C for 1 hour, then warmed up to room temperature by
removing the ice bath and letting it stir for another 2 hours. The reaction mixture is quenched
by adding water (25 mL)} is washed with 4 x 20 mL of water. The combined organic layers is
concentrated and purified by flash column chromatography (hexane 70%, EtOAc 30%) to
yield 4-bromo-2-{(1S,25)-1-[1-(4-methoxy-phenyl)-ethyl]-pyrrolidin-2-y|}-pyridine (4) (386 mg,
36% vyield) as a yeilowsolid: MS ES+363.10.

[149] For the rest of the synthesis of Compound D, MS ES| 483.27 (M+H)", follow the
corresponding procedures used in the synthesis of Examples 1 and 3.



Exanpl e 34 Tablets 1 conprising conpounds of the formula (1) [161]
Tabl ets, conprising, as active ingredient, 50 ng of any one of the

corrpounds wo 0@t (1) mentioned in the precedi ng Exap®l/gSod7dhsRb
the foll owi ng conposition are prepared using routine mnethod:

Conmposition Active Ingredient 50 ng V\hg@t starch 60 ng Lactose 50 ng
Colloidal silica 5 ng Talcum9 ny

Example 5 (S)-N-[(S)-Cyclohexyl-2-((S)-2-{§-fluoro-2-[(4-fluoro-phenyl)-methyl-
amino]-pyridin-4-yl}-pyrrolidin-1-yl)-2-oxo-ethyl]-2-methylamino-

propionamide

[150] The fitle compound, herein after, Compound E, is prepared by the following reaction

scheme:
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1-(2-Chloro-5-fluoro-pyridin-4-yl)-4,4-dimethoxy-butan-1-ol (1)

[151] To a solution of Mg (0.71 g, 30 mmol) in THF (10 mL) are added cat. iodine and a
solution of 3-bromo-1 ,1-dimethoxy-propane (3.99 g, 21.57 mmol} in THF (10 mL). The
mixture is stirred at room temperature for 2 hours. At -30°C, to a solution of 2-chloro-5-
fluoro-pyridine-4-carbaldehyde (2.0 g, 12.54 mmol) in THF (5 mL) is added to the above
prepared Grignard reagent. The mixture is stirred at this temperature for 2 hours. Then the
reaction mixture is cooled in an ice bath, saturated NH,Cl and water are added and the
mixture is extracted with EtOAc. The combined organic layers are washed with brine, dried
over Na,SO,, filtered and concentrated down. The crude product is purified by
chromatography (EtOAc/hexane: 10% ~ 40%) to give 1-(2-chloro-5-fluoro-pyridin-4-yl)-4,4-
dimethoxy-butan-1-ol {0.81 g, 25%). M/Z=264.13[M+1]
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(EtOAc/hexane: 5% ~ 20%) to give 1-(2-chloro-5-flucro-pyridin-4-yi)-4,4-dimethoxy-butan-1-

one (0.71 g, 89%). M/Z=262.10[M+1]

1-(2-Chloro-5-fluoro-4-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl] -pyrrolidin-2-yl}-
pyridine (4)

[153] To a solution of 1-(2-chloro-5-fluoro-pyridin-4-yl)-4,4-dimethoxy-butan-1-one (0.71 g,
2.71 mmol} in acetone (15 mL) is added Amberlyst resin 15 (1.1 g) and water (0.5 mL). After
mechanical shaking for 3 hours at room temperature, the mixture is filtered. The resin beads
are washed with acetone and dichloromethane. The filtrate is concentrated down to give
4-(2-chloro-5-flucro-pyridin-4-yl}-4-oxo-butylaldehyde (3), which is used in next step without
further purification.

[154] The solution of 4-{2-chloro-5-flucro-pyridin-4-yf)-4-oxo-butylaldehyde in
dichloromethane (25 mL) is cooled to -78°C, then sodium triethoxyborohydride (1.72 g,

8.14 mrmol) and acetic acid (0.2 mL) are added. After the mixture was stirred at this
temperature for 30 minutes, R(+)-a-methylbenzytamine (0.39 g, 2.57 mmol) is added and the
mixture was warmed up to room temperature overnight. Saturated NaHCOQ; is added to the
mixture and the layers are separated. The aqueous layer is extracted with dichloromethane
and the combined organic layers are washed with brine, dried over Na,SQ,, filtered and
concentrated down. The crude product is purified by chromatography (EtOAc/hexane: 5% ~
20%) to give 1-(2-chloro-5-fluoro-4-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl]-pyrrolidin-2-yl}-
pyridine (0.57 g, 62%). HR Mass M/Z=335.1330 [M+1]

(5-Fluoro-4-{(S)-1-[(R)-1-(4-methoxy-phenyl)-ethyl]-pyrrolidin-2-yl}-pyridin-2-yl)-(4-
fluoro-phenyl)-methyl-amine (5)

[155] To a solution of 1-(2-chloro-5-fluoro-4-{(S)-1-[(R)-1-(4-methoxy-pheny)-ethyl]-
pyrrolidin-2-yl}-pyridine (100 mg, 0.30 mmol) in toluene (25 mL) are added (4-fluoro-phenyl)-
methyl-amine (48 mg, 0.39 mmol), 2-(dicyclohexylphosphino)-biphenyl (10 mg, 0.03 mmob),
Pdy{dba); (14 mg, 0.015 mmol) and potassium tert-butoxide (84 mg, 0.75 mmol). The
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reaction mixture is stirred at 85°C for 3 hours and cooled to room temperature. Water and
EtOAc are added to the mixture. The layers are separated and the aqueous layer is
extracted with EtOAc. The combined organic layers are washed with brine, dried over
Na,SQOy, filtered and concentrated down. The crude product is purified by chromatography
(EtOAc/hexane: 10% ~ 40%) to give (5-fluorc-4-{(S)-1-[{R)-1-{4-methoxy-phenyl)-ethyl]-
pyrralidin-2-yl}-pyridin-2-yl)-(4-fluoro-pheny|}-methyl-amine (120 mg, 95%). M/Z=424.23
[M+1]

[156] For the rest of the synthesis of Compound E, MS ESI| 514.30 (M+H)’, follow the
corresponding procedures used in the synthesis of Examples 1 and 3.

Examples 6-31

[157] The following compounds are made by procedures similar to those in the above

examples,
+MS ESI
Ex. Name (M+H)*
6 | (S)-N-({S)-1-Cyclohexyl-2-{( S)-2-[4-(4-fluoro-benzaoyl)-5-methyl- 515
thiazo--2-yl]-pyrrolidin-1-yl}-2-oxo-ethy-)-2-methylamino-
propionamide
7 | {(8)-N-{{5)-2-[(5)-2-(4-Benzoyl-5-methyl-axazal-2-yl)-pyrrolidin-1-yl]- 481
1-cyclohexyl-2-oxo-ethyl}-2-methylamino-propionamide
8 | (S}-N-{{S)-1-Cyclohexyl-2-{(5)-2-[4-{4-fluoro-benzoyl)-5-methyl- 499
oxazol-2-yl[-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-
propionamide
10 | (S)-N-{(S)-2-[{S)-2-{4-Benzoyl-oxazol-2-yl)-pyrrofidin-1-yl}-1- 485
cyclohexyl-2-oxo-ethyl}-2-methylamino-propionamide
11 | (8)-N-((5)-1-Cyclohexyl-2-{(5)-2-[4-(2,4-difluoro-benzaoyl)-thiazol-2- 519
yll-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide
12 | {8)-N-{(5)-1-Cyclohexyl-2-{(S)-2-[4-(1H-indole-2-carbonyl)-thiazal-2- 522
yll-pyrrolidin- 1-yl}-2-oxo-ethyl)-2-methylaming- propionamide
13 | {S)-N-((S}-1-Cyclohexyl-2-{(S)-2-[2-(4-fluoro-phenoxy)-pyridin-4-yl]- 483.27
pyrrolidin-1-yl}-2-axo-ethyl)-2-methylamino-propionamide
14 | (S)-N-[(S)-1-((S)-2-{2-[(4-Fluoro-phenyl)-methyl-amino]-pyridin-4-yl}- 458.27
pyrrolidine-1-carbonyl)-2-methyl-propyl]l-2-methylamino-
prapionamide




[ 165] Manufacture: The active ingredient is mxed with the carrier
material s and conpressed by nmeans of a tabletting machi ne (Korsch
EKO, Stenpel durchnesser 10 nm. Exanple 36 Capsules [166] Capsul es,
conprising as active ingredient, 100 ng of any one of the conpounds
of formula (1) given in Exanples 1-4, of the follow ng conposition

are prepared according to standard pFS%edures: Conmposition Active
I ngr edi ept—1.00—mg—Avi-cel-200-ng PVRPRXL 15 ng Aerosil—2 ng

**** T 9 +M$S ESI
Ex. Name (M+H)*
18 | (S)-N-({5)-1-Cyclohexyl-2-{(S)-2-[2-(4-fluora-benzoyl)-pyridin-4-yl]- 495.27

pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide
16 | (S)-N-({S)-1-Cyclohexyl-2-{(S)-2-[2-(5-fluoro-pyridin-2-ylamino)- 483.28

pyridin-4-yl}-pyrrolidin-1-yl}-2-oxa-ethyl)-2-methylamino-
propionamide

17 | (S)-N-[(S)-1-Cyclohexyl-2-((S)-2-{3-fluoro-2-[(4-fluoro-phenyl}- 514.28
methyl-amino]-pyridin-4-yl}-pyrrolidin-1-yl)-2-oxo-ethyl]-2-

methylamino-propionamide
18 | (S)-N-({S)-1-Cyclohexyl-2-{{ S)-2-[3-fluoro-2-(4-fluoro-benzoyl)- 513.26
pyridin-4-yl]-pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-

propionamide

20 | (5)-N-{(S)-1-Cyclohexyl-2-oxo-2-[(S)-2-(4-phenoxy-pyridin-2-yf)- 465.3
pyrrolidin- 1-yl}-ethyl}-2-methylamino-propionamide
21 | (8)-N-((S)-1-Cyclohexyl-2-{(S)-2-[6-(4-fluoro-phenoxy)-2-methyl- 498.3

pyrimidin-4-yl]-pyrralidin-1-y|}-2-oxo-ethyl)-2-methylamino-

propionamide

22 | (S)-N-{(8)-1-Cyclohexyl-2-{(5)-2-[4-(4-fluoro-benzayl)-pyridin-2-y}- 495.3
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide
23 | (8)-N-((S)-1-Cyclohexyl-2-{{S)-2-[6-(4-fluoro-benzoyl)-2-methyl- 510.3

pyrimidin-4-yl}- pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-
propionamide

24 | (S)-N-[(8)-1-Cyclohexyl-2-((S)-2-{5-[(4-fluoro-phenyl}methyl- 406.3
amino]-pyridin-3-yl}-pyrrolidin-1-y1}-2-oxo-ethyl]-2-methylamino-

propionamide
25 | (S)-N-[(8)-1-Cyclohexyl-2-{(S)-2-{4-[(4-luoro-phenyl}-methyl- 496.3
amino]-pyridin-2-yl}-pyrrofidin-1-yl)-2-oxo-ethyl]-2-methylamino-

propionamide
26 | (8)-N-[(5)-1-Cyclohexyl-2-((8)-2-{6-[{(4-luoro-phenyl)-methyl- 511.3
amino}-2-methyl-pyrimidin-4-yl}-pyrrolidin-1-yl}-2-oxo-ethyl]-2-

methylamino-propionamide
27 | (S)-N-((S)-1-{(S)-2-[6-{4-Fluoro-benzoyl)-2-methyl-pyrimidin-4-yl]- 458.2
pyrrolidine-1-carbanyt}2-methyl-propyl)-2-methylamino-

propionamide




Magnesi um stearate 1.5 ng Total 318.5 ny [ 167] Manufacturing is
done by m xing the conmponents and filling theminto hard gel atine
capsules, size 1. [168] The term"active ingredient", as used
herein, refers to a conpound of fornulae (1)-(VII) or a
pharnaceutlcally acceptabl e salt thereof, as defined herein. [169]
The above preferred enbodi nents are gﬂ%en toillustrate the scope and
spirit of-the present invention.  The descriptions provided herein

will makie apparent to those skilled in the art other enbogi rfdft ?lan
exanpl es EXHese ot her enbodinent NHAY examl es are withintthEMt )

cont enpl [a2? dHSEM- % -G lets Brif4-THoerRheBd-meth¥rastionle; metRy- pr =serﬁ71-3
i nvention sI‘qj;h,el,.ch\ezuyn}.@yﬁ@ﬁ[n@mL%rwygaeﬂam@r@gmcI ains. |- 47 - VWHAT
I S CLAI MED | ][ ound, which is

(S)-N-((|9) -1 %‘i}@f%ﬂ'@%’i" NAM&IE 514 (4- 1 uor o- benzoyl ) - t hi azol - 2-
yll- pyrI‘OBIIlCI(B}-BI-(@:H%ZyCﬁDh@me )2[B- (Mndsryslpaamymﬁm)eml onam de,48013 a

phar maceuti gal l.y ,accept a cal cofrposi tion
Corpr 1 sing 4ty BREERI2EN oM By adoda SR RUrE et

(3)- N((3) 1- (bytlﬂlmrlam@al 2- {(S) 214- (4 fl uoro- benzoyl) t hi agol - 2-y11- py
rrolidinF f €, Pt

phar macqut | g ﬁ ta% e{g"?)a%‘amgqa °“§b“%§1@”{'”6§§?”‘%@9 Y'ﬁﬁ'gkﬁq arri grS?S 3.
Use of 3 then’ﬁwém'idwr’l wrmﬁyﬁf&meféwmﬁwhﬂ re¢thgamsdapound afpcording to
claim 1, in|theidepRaration of a medicament for treating p mamual
suffering fnoma proliferative disease 7J

|-

[158] In order to measure the ability of the inventive compounds to bind the BIR3 peptide
binding pocket an ELISA and a cell based assays are utilized.

Example 32 Elisa

[159] Compounds are incubated with GST-BIR3 fusion protein and biotinylated SMAC
peptide (AVPFAQK) in stretavidin-coated 96-well plates. For XIAP BIR3 Smac Elisa, a GST-
BIR3 fusion containing amino acids 248-358 from XIAP is used. For CIAP1 BIR3 Smac
Elisa, a GST-BIR3 fusion containing amino acids 259-364 from CIAP1 is used. Following a
30-minute incubation, wells are extensively washed. The remaining GST-BIR3 fusion protein
is monitored by ELISA assay involving first, incubation with goat anti-GST antibodies
followed by washing and incubation with alkaline phosphatase conjugated anti-goat
antibodies. Signal is amplified using Attophos (Promega) and read with Cytoflour Ex

450 nm/40 and Em 580 nm. ICsps correspond to concentration of compound which displaces
half of GST-BIR3 signal. The ICg for non-biotinylated Smac is 400 nM. The [Csy values of
compounds of Examples 1-4 in the described ELISA assays ranged from <0.001-10 uM



4. Use of an effective amount of a conpound according to claiml, in
the preparation of a nedicanent for nodulating cell proliferation.

5. Use of wp 88siagdos ve amount of a conpound accordi ng tgoflgoiiel47eb N
the preparation of a nedicanment for inhibiting cell proliferation.

6. The use of Claim5 wherein said cell,proliferation that is
inhibited is cancer cell proliferation. ™ 7. A conpound of Fornula 5
(5- 8. A corrpound of Formula 6 - 48 - (6). 9. A conpound of

For mul a 7Exawple)33 Cell Proliferation Assay

[0160] The ability of compounds to inhibit tumor cell growth in vitro is monitored using the
CellTiter 96° AQ,e0us Non-Radioactive Cell Proliferation Assay (Promega). This assay is
composed of solutions of a novel tetrazolium compound [3-(4,5-dimethyithiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfopheny!)-2H-tetrazolium, inner salt; MTS] and an electron
coupling reagent (phenazine methosulfate) PMS. MTS is bioreduced by cells into a
formazan product, the absorbance of which is measured at 490 nm. The conversion of MTS
into the aqueous soluble formazan product is accomplished by dehydrogenase enzymes
found in metabolically active cells. The quantity of formazan product as measured by the
amount of 490 nm absorbance is directly proportional to the number of living cells in culture.
The IC5 values of compounds described in Examples 1-4 in this cell assay ranged from
<0.001-50 pM.

Example 34 Tablets 1 comprising compounds of the formula (1)

[161] Tablets, comprising, as active ingredient, 50 mg of any one of the compounds of
-formula () mentioned in the preceding Examples 1-4 of the following composition are
prepared using routine method:

Composition
Active Ingredient 50 mg
Wheat starch 60 mg
Lactose 50mg
Colloidal silica 5 mg
Talcum 9 mg
Magnesium stearate 1mg
Total 175 mg

[162] Manufacture: The active ingredient is combined with part of the wheat starch, the
lactose and the colloidal silica and the mixture pressed through a sieve. A further part of the
wheat starch is mixed with 5-fold amount of water on a water bath to form a paste and the
mixture made first is kneaded with this paste until a weakly plastic mass is formed.

[163] The dry granules are pressed through a sieve having a mesh size of 3 mm, mixed
with a pre-sieved mixture (1 mm sieve) of the remaining corn starch, magnesium stearate
and talcum and compressed to form slightly biconvex tablets.

Example 35 Tablets 2 comprising compounds of the formula (1)



!
_!

10. A compound sel ected fromthe group consisting of

(S)-N-((S)-1-Cycl ohexyl-2-{(S)-214-(4-fluoro-benzoyl)-5-nethyl -oxazol
2 A YT Ofvoiolindeny 1) - 2- 0x0- et hyl ) -2 et hyl i no- pr opi senkAginTim_
(S)-N-((S)-1-Cycl ohexyl-2-{(S)-2-[4-(2, 4-difluoro-benzoyl)-thiazol -
y1l]-pyrrolidin-1-yl}- 2-oxo-ethyl)-2-ne Epyl am no- pr opi onam de; and
(S)-N-((S)-1-Cycl ohexy1-2-{(S)-244- (1H—| ndol e- 2- carbonyl ) - t hi azol - 2- A
-pyrrolidin-1-yl)- 2-oxo-ethyly2-nethyl am no-propi onan de; or a

phar naceut1éh| @bl%té,cfé’ﬁtpabln@, aseActive paedisnt, 100 ma/af goyrprrisfdhe esrepauads of
fromthe graul (F}%ﬂ@*a‘iﬁpilé@%@‘care prepared with the following standard proced res:
(S)-N-((S)-1-Cycl ohexyl-2-{(S)-245-(4-fl uoro- benzoya) pyridin-3-yl kpy
rrolidin-{I- yT} 2- %554}%@ Z-Tet hyTJam no-propironam de;
(S)-N ((9)=1FCyct HEXy b,-aluwfluoro phefoxy Py
pyrr0||d|n 1 \111 Rgf@ﬂt?\ \-7 rYE_L\I|RI’Yi nn-prnpO(Qrmgndpj. .
(S)-N-((9)-1- c,\/clenféwneizaqqss) 2-[ 4- (|4-f | uor o- phed¥®xy - pyr i di n- 2- y1] -
pyrrolidijn-1-yl1}-2- oxdedt hyl)-2-netHyl am no- propg@pgm de;
(S)-NTS) - QICI ohexyl PvpPp®) - 2-{5-TTuor|o-"Z-T(4-T1 UOBQrfgTENy 1) - TTet hyl - am
Iyg?l_ ps)r/;:::“ :: 1-y1) Afr%l'n ethyl]-2-ngethyl anino- nrzmgnnam de:
(S)- N ((-1- 2*—"3‘@(33? 242- (4-f1 uor o- phend9y - pyr i di n- 4- yl]-p
yrrolidin-1-y1}-2- ox Gotat hyI ) - 2- met hyll am no- pr opigamang de;
(S)-N-KS)-1-((S)-2-{2-[ (4-Fl uoro-phenyl) - methyl-am noJ- pyri di n-4-y1}-
pyrrol i dilnes]l-Marauficure IYheZaative mgredino Byhikedwitrethb yhaiat matepbigphanam de

1) - di n-4-yl k
S pa e 8
S | oh 1-2-{(S)-212-(5-fl din-2 am no) - pyri
|(§) 4N;/(1]( -%Qéﬂﬂqé(é&o ei(r%/sy}esz{ (()XZ) et hyl() 2- lrjrg{ (r)\ylogt;nl nlo pro)pl)l onani de;

HA—-3-y 1} -

[166] Capsules, comprising as active ingredient, 100 mg of any one of the compounds of
formula (I) given in Examples 1-4, of the following composition are prepared according to
standard procedures:

Composition
Active Ingredient 100 mg
Avicel 200 mg
PVPPXL 15 mg
Aerosil 2 mg
Magnesium stearate 1.5 mg
Total 318.5mg

[167] Manufacturing is done by mixing the components and filling them into hard gelatine
capsules, size 1.

[168] The term "active ingredient", as used herein, refers to a compound of
formulae (1)-(VIl) or a pharmaceutically acceptable salt thereof, as defined herein.

[169] The above preferred embodiments are given to illustrate the scope and spirit of the
present invention. The descriptions provided herein will make apparent to those skilled in the
art other embodiments and examples. These other embodiments and examples are within
the contemplation of the present invention. Therefore, the present invention should be
limited only by the appended claims.
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(S)-N-[(S)-1- C,yclohexyl-24(S)-2-{3-fIuoro-2-[(4-f|uoro-phenyl)-rrethyl
-am no] - pyri di n-4-

yl1l}-pyrrolidin-1-yl)-2-oxo-ethyl]-2- rret hyI am no- pr opi onani de;

(S)-N-( ﬁ)—\T]I 59%1 2-{(S)-2-[3-fluoro-2-(4-fluoro-benzoyl)-pyrid
i n-4- y#pw—?—%ﬁg* = y1} - 2- oxo- et hyl) - 2-nmet hyl am no- pr opi onam de;

S)-N-{(S | ohe ol di
[ 1ty L TR S e AN S B AR L Sl riabl iRl 2
(S)-N (y{]$)yfrﬂnhdnydLw}hﬁmyd—eﬂwyl)(ﬁhem&lén(ma—bdopmemmmoeyﬂ:b]armetceullidaw-yI kpy
rrolidi n %t]ﬂ%ﬁ i OXO- et hyl y2- net hyl am no- pr opi onam de; _
(S) - N-[ 8'| ‘ohexyl-2-((S)-2-{5-[(4-fluoro-phenyl)-nethyl-am no] -
idin-3-yl
B;: Ir o: |r.]2d| nylﬁ% plarm2centwabedmypdsitidn metripyibiagiariberppepicatesifetbamanit of (S)-N-

(S)-NT n r
a2 R R S R P SR R R PR
or a phmthpiemutormablbyaranﬂeeqmaﬁhamaémtlcamcmebtablbaaaltwrm & pharoacdutifal
Claim (FI ected fromthe group consisting of

(S)-N % 1- Cycl ohexyl- 2-{(S)-215- (4-fl uoro-benzoyl ypyridin-3-yl kpyr
rolidin- 1 y1l}-2- oxo-ethyl)-2-nethyl am no- propi onam de;

(S)-N-@&S)- lJEGny lachesapeuially Sfectivé Brmpdnt df acroovebed exyordipg td diaim 3-iy e

(5" NS e g i heefndR i 7 At SR RErate sgss

pyrrolidine-1- carbonyl)-2-nethyl-propyl]-2-nethyl am no- propi onam de
and 4, Use of an effective amount of a compound according to claim 1, in the preparation of a

(S)-N ‘i%ca]me%{%rwag}qﬁc% §o1n?er%t (5-fluoro-pyridin- 2 yl am no) - pyri

din-4-y pyrrolidi yl) - 2- met hyl ami no- pr opi onami de;

5. Use of an effective amount of a compound according to claim 1, in the preparation of a

medicament for inhibiting cell proliferation.

6. The use of Claim 5 wherein said cell proliferation that is inhibited is cancer cell

proliferation.

7. A compound of Formula 5




or a pharmaceutically acceptable salt thereof. 13. A conmpound

sel ected fromthe group consisting of

(S)-N-((S)-1-Cycl ohexyl-2-{(9S)-216-(4-44 uoro- phenoxy) - 2-net hyl - pyri m
idin-4-yl]-

pyrrolidin-1-yl}-2-oxo-ethyl)-2-net hyl@m' no- pr opi onam de; (S
)-N-((S)-1-Cycl ohexyl -2-{(S)-246-(4-fI'Uoro-benzoyl)-2-nethyl-pyrimid
in-4-yl11- pyrrolidin-1-y1ll1-2-o0xo0-ethyl)-2-mnmethylam no-propi onam de;
(S) - N- BB) - 1-pwhphedyE-FRr0(l8)7- 2- { 6- [ (4-f | uor o- phenyl ) - net hyl - ami no] - 2
-met hyl pyri m di n-4-y1} - pyr reli-di N; 1-y1)-2- gxo- et hyl ] - 2- met hyl am no- pr
opi onam de; S

(S)-N-((S5)-1-{(9)-216-(4-

enzdy1) - 2{ net hyl - pyri m di n- 4-y1] - pyr
L hyl-am no- pr opi onani de;

s pyrimdin-4-ylFpyrr

O- propi onam de; -

anyl ) - met hyl - am

ol i di ne-1- carbonyl}-2-nethyl-propyl)-2-netk .

50 - (S)-N[(S)-14(S)-2-{6-[(4-Fluorm®

i no]-2-nethyl-pyrimidin-4-yl}- pyrrol id F

i ne-1-carbonyl)-2-net hyl - propyl]-2-nmethyl ami no-propi onam de;

(S)-N-((S)-1-Cycl ohexyl-2-{(S)-216- (4{f} uor o- phenyl am

ino)-2-nethyl-pyri md in-4-ylk

pyrrolidin-1-yl)-2-o0xo-ethyl)-2-nmethyl am no-propi onam de; and

() - N (1Us) - 1 Eqrapeuseeleptad fRsp S19:97eH CaRRiFiY o2 met hyl - pyr i mi di n- 4-yI k

pyrrolidi ne-($j-f\p(as)bnmyblbh8xyirﬂi{{mlz-[ﬂr(anwé)c-ta’errfawl)mlrﬁéthﬂCbxaéam-@p@mcmsth-

or a pharmaceutically acceptable salt thereof. 14. e conpound of

O ai m 12V eroe ety 13 BRIRe o B BB i ng of |

(S ;jl\k (( 2) - lJ(Eﬂqu)hﬁcyaoReiy(-@{tsa@m((é,—qtéamgbrb%ﬁﬂ%qmé):o|Zz-yuraw}vd|iamyf-yu}-

mid in-4-y . , :

pyr r ol i<P¥e-athyl)-2-metRyaminoRiPRionamigen @@ i no- pr opi onami de; and
(S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[4-(1 H-indole-2-carbonyl)-thiazol-2-yl]-pyrrolidin-1-yl}-

2-oxo-ethyl}-2-methylamino-propionamide;

or a pharmaceutically acceptable salt thereof.

11. A compound selected from the group consisting of

{S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[5-(4-fluoro-benzoyl)-pyridin-3-yll-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propionamide;

(S)-N-{(S)-1-Cyclohexyl-2-{( S)-2-[5-(4-flucro-phenoxy)-pyridin-3-yl}-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propicnamide;

(8)-N-((S)-1-Cyclohexyl-2-{(S)-2-[4-(4-fluoro-phenoxy)-pyridin-2-yl]-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propionamide;

(S)-N-[(S)-Cyclohexyl-2-({ S)-2-{5-fluoro-2-{(4-fluoro-phenyl }-methyl-amino}-pyridin-4-
yi}-pyrrolidin-1-yl)-2-oxo-ethyl]-2-methylamino-propionamide;

(8)-N-({S)-1-Cyclohexyl-2-{( S)-2-[2-(4-fluoro-phenoxy)-pyridin-4-yl]-pyrrolidin-1-yl}-2-
oxo-ethyl}-2-methylamino-propionamide;

(S)-N-[(S)-1-(({S)-2-{2-[(4-Fluoro-phenyh)-methyl-amino]-pyridin-4-yl}-pyrrolidine-1-
carbonyl)-2-methyl-propyl]-2-methylamino-propionamide

(S)-N-({S)-1-Cyclohexyl-2-{( S)-2-[2-(4-fluoro-benzoyl}-pyridin-4-yl]-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propionamide;

(S)-N-((S)-1-Cyclohexyl-2-{( S)-2-[2-(5-fluoro-pyridin-2-ylamino)-pyridin-4-yl]-pyrrolidin-

1-yl}-2-oxo0-ethyl)-2-methylamino-propionamide;



(S)-N((S)-1-Cycl ohexyl-2-{(S)-2-[6-(4-fluoro- benzoyl)-2-methyl -pyrim
i di n-4-y1]- pyrrolidin-1-yl}-2-o0xo-ethyl)-2-nmethyl am no-propi onam de;
or a pharnaceutically acceptable salt_jdereof. 15. A pharnaceutical
conmposi tion corrpri sing a therapeutically effect amount of a corrpound

of Cains 1 I

t her eof 3 21 ar ma% ?&é’ ?'(@?j'gg@%%'gg@l r&éﬁéﬁ&&t %ﬁél &FO]CPQI”PV -4

ef f ect iW}e.Oyanmbdln{I-yi)‘ 2-axgetyihdethglzorinh- p@ptooaﬁildﬂ ms 10 through 14, or

a phar naceut I e

I’I‘Egl canent ('Sfﬁ}d( af‘-ﬁ&él%&%%@-zts—h ug’h gé4ffih€r|9r1 &%6$%f$ﬁgahé%'y@ fhofin-1

di seasey.l}-zdzﬁoelbsle}-ZaﬁemmlaeﬁrfoembpioaamimUnt of a conmpound accord| ng to

Clains 10 t r I accept.a sal

T the prepaP e ey on By e A AT BRRR A2 D AU Rl

18. Use?-m{etramnemd-amlommunt of a conpound accor ding to dains 10

t hrough 14, t abl e S8

br eparat i on SME(GRRETREEM-PlS 5 ARGRREREb B bridlF SR Bl 15g-2-

The use)xo#eﬂ@l)ai meﬂ&laﬂuempmpxmmndde;el I proI iferation that is inhibited

I's cancer Cefgs Np[fé))l Eyclgﬁexyp2—((8)-2—{5—[(4—ﬂuoro-phenyl)-methyl-amino]-pyridin—s-yl}-
pyrrolidin-1-yl)-2-oxo-ethyl]-2-methylamino-propionamide; and

(8)-N-[(S)-1-Cyclohexyl-2-((S)-2-{4-[(4-fluoro-phenyl)-methyl-amino]-pyridin-2-yl}-

pyrrolidin-1-yl)-2-oxo-ethyl]-2-methylamino-propionamide;

or a pharmaceutically acceptable salt thereof.

12. The compound of Claim 11 selected from the group consisting of
(S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[5-(4-fluoro-benzoyl)-pyridin-3-yl]-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propionamide;
(S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[5-(4-fluoro-phenoxy)-pyridin-3-yl}-pyrrolidin-1-yl}-2-
oxo-ethyl)-2-methylamino-propionamide;
(S)-N-[(S)-1-((S)-2-{2-[(4-Fluoro-phenyl)-methyl-amino}-pyridin-4-yl}-pyrrolidine-1-
carbonyl)-2-methyl-propyl]-2-methylamino-propicnamide; and
(S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[2-(5-fluoro-pyridin-2-ylamino }-pyridin-4-yl]-pyrrolidin-
1-yl}-2-oxo-ethyl)-2-methylamino-propionamide;
or a pharmaceutically acceptable salt thereof.

13. A compound selected from the group consisting of
(8)-N-((S)-1-Cyclohexyl-2-{(S)-2-[6-(4-flucro-phenoxy)-2-methyl-pyrimidin-4-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide;
(8)-N-((S)-1-Cyclohexyl-2-{(S)-2-[6-(4-fluoro-benzoyl)-2-methyl-pyrimidin-4-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide;
(S)-N-[(S)-1-Cyclohexyl-2-((S)-2-{6-[(4-fluoro-phenyl)-methyl-amino]-2-methyl-
pyrimidin-4-yl}-pyrrolidin-1-yl)-2-oxo-ethyl]-2-methylamino-propionamide;
(S)-N-((S)-1-{( 8)-2-[6-(4-Fluoro-benzoyl)-2-methyl-pyrimidin-4-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-2-methylamino-propionamide;
(S)-N-((S)-1-{(S)-2-[6-(4-Fluoro-benzoyl}-2-methyl-pyrimidin-4-yl]-pyrrolidine-1-
carbonyl}-2-methyl-propyl)-2-methylamino-propionamide;
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(S)-N-[(S)-1-((S)-2-{6-[{4-Fluoro-phenyl)-methyl-amino]-2-methyl-pyrimidin-4-yl}-
pyrrolidine-1-carbonyl)-2-methyl-propyl]-2-methylamino-propionamide;

(S)-N-((S)-1-Cyclohexyl-2-{(S)-2-[6-(4-fluoro-phenylamino)-2-methyl-pyrimidin-4-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl)-2-methylamino-propionamide; and

(S)-N-((S)-1-{(S)-2-[6-(4-Fluoro-phenylamino}-2-methyl-pyrimidin-4-yl]-pyrrolidine-1-
carbonyl}-2-methyi-propyl)-2-methylamino-propionamide;

or a pharmaceutically acceptable salt thereof.

14. The compound of Claim 13 selected from the group consisting of
(8)-N-({S)-1-Cyclohexyl-2-{{ S)-2-[6-(4-flucro-phenoxy)-2-methyl-pyrimidin-4-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl}-2-methylamino-propionamide; and
(8)-N-{(S)-1-Cyclohexyl-2-{(S)-2-[6-(4-fluoro-benzoyl)-2-methyl-pyrimidin-4-yl]-
pyrrolidin-1-yl}-2-oxo-ethyl}-2-methylaminc-propionamide;

or a pharmaceutically acceptable salt thereof.

16. A pharmaceutical composition comprising a therapeutically effect amount of a
compound of Claims 10 through 14, or a pharmaceutically acceptable salt thereof, and a

pharmaceutical carrier.

16. Use of a therapeutically effective amount of a compound according to Claims 10
through 14, or a pharmaceutically acceptable salt thereof, in the preparation of a medicament

for treating a mammal suffering from a proliferative disease.

17. Use of an effective amount of a compound according to Claims 10 through 14, or a
pharmaceutically acceptable salt thereof, in the preparation of a medicament for modulating

cell proliferation.

18. Use of an effective amount of a compound according to Claims 10 through 14, or a
pharmaceutically acceptable salt thereof, in the preparation of a medicament for inhibiting cell

proliferation.

19. The use of Claim 18 wherein said cell proliferation that is inhibited is cancer cell

proliferation.



