WD 2010/ 056022PCT/ KR2009/ 006568 1 Description Title of Invention:
MELANCCORTI N RECEPTOR AGONI STS Technical Field [1] The present invention
rel ates twoaomarspizand of the follow ng fornula 1 havi ngraTgredosamesssst i C
activity to nelanocortin receptor, oripharmaceutically acceptable salt or
i soner thereof: (1) [31lwherein Rl, R2, R3, R4 and R5 are as defined bel ow.

[4] [51The present invention als ég oS a process for preparing a
conmpound of the above fornula 1. éﬁfﬁilﬁﬁé present invention also

rel ates n ni. stiL co it ' t\O he&kNg a
compound Tt s NSatinf HEL AROLORTIN R ECERTOR SGONESS ™,
conposition #f ntion and treatnent of obesity, diabetes,
inflannationjgﬁghgggggﬁﬁg dysfunction. [81 Background Art [91Five subtypes
of recéplors haeergserning¢nsivadelaisd teheermpeundiof gt foHowing feahaladdwvingre fam | y.
These G prot gh,8d GRIMN IR FRLRLAEIEN SR cSHb T Al BmbhORIHEANFAREGRAL salt or
transduction’pathway in many different tissues, nediating a w de range of
physi ol ogi calSOMEKERE#Hs. Mel anocortin 1 receptor (MCIR) is mainly expressed
in nmel gppcytes, nonocytes, and mast cells, to nediate pignentation of the
hai r and skin and togpbl Ninﬂﬂannation. MC2R i s expressed in adi pocytes
and adrenal cellgh t g nedi ate st eroi dogenesis in the adrenal gland. MC3R i s
present in th@_hqaﬂ , Ryphot hal amus, heart, gut, and placenta, and has been
associated with éneygytggheostasis and inflammati on. MZAR i s uni quely
expressed in the brqgn, nd gontrol s feeding behavior, energy honeostasis,
and erectile function. nock-out mce reveal ed the phenotype of
hyper phasi a and obesityr* MC5RRfs found in a wide range of tissues and is
considered to ay a role for the exocrine gland system WO
2010/056022PC¥? R2009/ 006568 2 [llé Wth a plethora of physiol ogical
functi ddb of releagioddr RENR3.RepiR S areans|dgfiged bplewser of conpounds have been
desi gnegy and synthesized in search for potent agonists and antagoni sts.
Early exanpl es_are synthetjic peptjides and peptide anal ogues that have [12]
been’ i deht i fi ddCHeEREINBEYIOB 3B related fo i BIRSCRYBhPEPAUEEHCURPAUBH of fheedave
pepti de agonifeinsilhave been used to characterize the function of these
receptqéé. NDP- MSH is a highly potent and nonsel ective agonist of MCIR, 3R,
4R and , and has been reported to attenuate food intake and body wei ght
gai n i n7y at noldelpseselk inyaltioo alveptiaepd adegduistic lcompoginionomieddnoapitin a
simlar non- i of i i i : ven in
Climi oal i arSPEne SFRREL i fmpR Qe AURE AT T ok 3FaclRR ipGEReA! B

particular, a composition for the prevention and treatment of obesity, diabetes, in-

flammation and erectile dysfunction.

[8]
Background Art

[9] Five subtypes of receptors have been cloned and characterized in the melanocortin
family. These G-protein coupled receptors (GPCR) stimulate the cAMP signal
transduction pathway in many different tissues, mediating a wide range of physi-
ological functions. Melanocortin 1 receptor (MC1R) is mainly expressed in
melanocytes, monocytes, and mast cells, to mediate pigmentation of the hair and skin
and to block inflammation. MC2R is expressed in adipocytes and adrenal cells, to
mediate steroidogenesis in the adrenal gland. MC3R is present in the brain, hy-
phothalamus, heart, gut, and placenta, and has been associated with energy
homeostasis and inflammation. MC4R 1is uniquely expressed in the brain, and controls
feeding behavior, energy homeostasis, and erectile function. MC4R knock-out mice
revealed the phenotype of hyperphasia and obesity. MCS5R is found in a wide range of
tissues and is considered to play a role for the exocrine gland system.

[10]



[ 14] Smal |l nol ecul e agonists for the nelanocortin receptors have been
reported to have significant activity in drug trials for the treatnent of
obesity, woxoalosa2sf uncti on or inflanmation. For exanpl @CTAKRQ09/®6568f
potent and sel ective MCAR agoni sts hag been identified, one of which
denonstrated significant effect for augnenting erectile response in mce
(J. Meq111ChemwRRA2]ethdra of BRloloAcdl fiiReionobf MEMRoagom it oy targd s@mbeen

i dentified, i ch di ayed hyphophasi.c acti.vit.y an nti-obesity effect in
the rat model FETBOFES PRt e BTy Sy Bfguredit sEth ARgolBP Eonls Sdcp o
Lett. 2005, 1btag@i30, Edlycoxagplaviad: syGtrent peptides a@dpEptide binalds@h that have

e s goni aefjdsiricd 6 HaBRe of GoBARI B iRTR SLMISRE TYAL BH3AE OTho NS
02/ 081443, \W\eeopsty bagobeenas@oFh78601z8NDe (168 B8 thesenpceptp G DEBMSHOS a

2004/087159, h%l}zg&éﬁtoaﬁazl%ﬁseléé@vgg Q8 XA IR, WR, AROBIAGRY 48J hasWeen
2006/ 020277, 2

07/ 041052, WD 2007/ 041061, WD 2007/ 047496). [.15] [ 16]
O her phar maERNEE 49 a%ﬁﬁ@%?%lnéﬁié&nﬂgﬁ?iy VrigBbeadp Bt jak Bedels: /%GVél%FaL?R)'us
smal | - nol ecultgpeMiR BJoHiisisadomist pathentisil{Mon0lQ5 90 P filaMehd 24 BBibeutic WO
02/ 059117, WD 02/0Q059108, WD 02/.085925 03/.009847 3/009850, WD
02/ 018327, \Absez%%)“‘gﬁ%ﬁqyﬁ? 1‘\/%%?@3}%%%% tr?ﬂi?l%%@gff??ggfg’,sﬁ\ﬂﬁl%oy 077935,
WD 200613172393, WD 2007/ 015157, WD 2007/015162, JP 2007131570, WD
2007/ 096,486, :
70001 08 aa0) . PyBPRAEDRE Epchis RO hdctiin el @ D8 itportl o have
smal | nol ecuPENHAAT astiyity Hodiug sidls forrtheesmprf obesivatgrupkdysington e fbuse
nodel (J Med rehemid80Ror ek@mplel Idries [of Bhten{ @l selebtivd BNTARS adofRtsuik 8s& ved

deficienci es.of the vari.oys armaceuti.cal. co unds as discussed above,
et e T R A K R O v el g
phar macol ogi cadponenposicd (Jodt Obdm. 202, 45384 ed minderat®IEIR gmhisprieive| es.

It is, W2 / 022 P¢ 0 . hij
present | nvenPEaR T ReB I SO d SeaBioaSE ALt BhuffhEth foct I°
treat ment of tisbesinodel (BicahetMel. (drewcLet. @08Y.skuhét.itboorgntleilnCheapbatti W5, [ 21]

D scl osure of; sl swvenpi R (&l g, BELE68I & BaPD! B aiddn a0RRIKSE T oS BHeh& ¥
have a limt for using as an orally adm njstered dr ecause of their

! . al 1y ug b
mol ecul ar chatlekarplipaiang sor thgiyaiqus rampoundsie Mg rgeisformsnBdpYPdi ¢ snal |
ol ;aculbe NgRogtgngQtwor(ﬁwm%e,dwmpowom w6 lnowigd44m WO@ZQ%?G9,iW®SPeCt sdof
oral apbsorpba - [ I | or aer
For therr uedzueries SBRBHIFR3D 1p8 (issRE PRIl 30y B acpiRo¥r 1L
present i nveMWDRO0OT78 DT Mo0i2006/A09787e PG 300G 01277 MdIQe 2 E0NOR2 6N st s

with a new st } sed for prevention and treatnent of
obesity, di agg?@?@@}g@{??g‘?@%?‘?ﬁ&i on and inflammtion. [25] [26]

Speci fi[é%]l ly, the object of the present invention is to provide a
non- pepiéide canpesirfhcelifédNebpdnibomidBav@TileX sl iin RIS mAf-f ect on

MCRs, ticul | ectivel j I

sal T or i Somdigg WS sgommps o Barmandihar OsuPle WG PSIOATE: StaRERERLER: Ton
is to prO\é! dave (2/a59ees, Wor020859a5,| W 031e098ampwand3/069§50; Wd 62/018329] [ 30]
Anot her obj e o) i qgﬁ n
receptor aj_gocr??gglfogg@g(r)rgfggi (?29@@%%13&%39@520?3%13%%5%@@@9?’@ la 1, or
phar maceut i caDP§0ALOBpWABPBOEA] 1156r WG 2000 151 62612083 | A 78cWGre | ngr edi ent,
together W t hogy BOASEBERRYDHGAHIY 63CRRPLEPY £11885 W) 20087Bb414,3¢b | N

particular, the conposition according to the present invention has a potent
effect for pPBUAPTGR)-and treatment of obesity, diabetes, erectile
dysfungtyon and inflammation. [33] Best Mde for Carrying out the

mvent g 3 et Y B0 AR %, 1 SRRl Ly o
inflammation efficacy in an acute mouse model (J Med Chem 2003, 46, 1123).
[19]
[20] In view of the unresolved deficiencies of the various pharmaceutical compounds as
discussed above, there is continuing need in the art for small molecule MCR agonists

and pharmacological compositions that have improved pharmacological profiles. It is,



11351 WD 2010/ 056022PCT/ KR2009/ 006568 4 (1) [36] [37] wherein [38] 12
represents hydrogen, or represents Cl-Cl0-al kyl, C3-C7-cycl oal kyl,

C6- C10- arwD,20tvat5e020cycl e or heteroaryl, each of which i #CunsRebevi06i8ed or
substituted with at | east one substit8ent selected fromthe group

consi sting of hal ogen, am no, Cl-C4-alkyl, trifluoronethyl, hydroxy,

Cl- C4- al koXy th&G¥BRO 2R BEljthX(ﬁ thd ﬁ%lent _[Iﬂf@]lti(ﬁ?torlﬁ@\'f’ﬁ@ RONcS c@fﬁﬁ&iﬂds Hat are
h is unsubstituted or no- or

si x-menbered heteroaryl’, each_of whic )

di - subst i t ut & %&fﬁ@fm%@ﬁ?éesg& Jehessr- F@BW@M@H@?W&H@@%@%@?%@- of

hal oge21lhydr oxy, Cl-C4-al kyl, Cl-C4-al koxy, cyano and am no; [41] [42] R3
represents h n.. Ole fepresents Cl- C6-al kyl or C3-C7-cycl oal kyl each of
which is unsﬁ%?ﬁﬁwgdﬁ(}&‘@&gwt uted with substituents selected fromthe
group ¢2nsi st iThg abbresrad peeide MER gbnists sevferelphaveed hiwlit, fohydin®xsyanasrallaradno;
[43] [44] R4_.represen A- Cri-cvel oal kyl por nocycl i ¢..heter cl.e.. each
of whi ch 15 (HESRLERENE Bt LR b Rl R PR S B S Ften <
sel ected frowf nhepeptolipsdhgiokcillegoR dgahisgeaporteddipdn fateGhowdd balikptoved

Lri Tl vor omet fiybepeGl o hik@ivhnfltd IX61-BRfin TERIGSRAMSHRIGANY o ficad) if-dFEIDET o
het er oaryl , eacﬁ),of which 1 s unsubstituted or no-or di-substitiuted with
subst i t uent s feEheiE besRsty BediERE: gr oup consi sting of hal ogen, hydroxy,
Cl-CA-gbky!, trifluoronethyl, Cl-C4-alkoxy and amino; and [45] [46] RS

i o, T G- ARy s il ETOSTR gt sehlihis O BB RSB o
het eroaryl omotembcyKIR gednétewok yokw sihetues whikl can be ureddbsprevattiod aod

conai st ng.ofterrin: of RSy Mbere i B AR S ERAARY 2 P no

acetyl dA¥lno, cyano, E:_ar banoyl . di et hyl ’c_ar banoy! and 0XO0, and pheny! “or
heterogpy| i s JpRSHRSIY, HE Qfe@bf RMeseR infhmDHRST frifi8d a WohpepitRst i tuent s

1 1 uor omet FYTPOMELHORYM A THHAN eXeRezDRombsE o0 2T MRBO0IFIT53EE 5 [ 47
trifluoromet ) : g

[48] In the dekithiely @NMOMR, 9ubhatiateiaizhisy Aeeptable seloopumer bErebar mul a (1)
accordg to the present invention, the term"al kyl," when used alone or in
combi n on as "al kyl oxy," means straight-chain or branched-chain

hydr ocd2®lon r afshatledr objEkeoft the preseny chweatity is"to pepridssepiosesa fergtrepaingdhal | phati ¢

ring includi @Sm?bf&ﬂd)m&{hula[l‘lg] [50] The term"aryl" represents 6- to 10-
menbered aromatic group | ncluding phenyl, naphtyl, etc.

[29]

[30] Another object of the present invention is to provide a melanocortin receptor
agonistic composition comprising the compound of the formula 1, or pharmaceutically
acceptable salt or isomer thereof as an active ingredient, together with a pharma-
ceutically acceptable carrier.

[31]

[32] In particular, the composition according to the present invention has a potent effect
for prevention and treatment of obesity, diabetes, erectile dysfunction and in-
flammation.

[33]

Best Mode for Carrying out the Invention
[34] The present invention provides a compound of the following formula 1, or pharma-

ceutically acceptable salt or isomer thereof:
[35]



[51] [52] The term "heteroaryl" represents an aromatic 3- to 6- nenbered
ring containing 1 to 4 heteroaton(s) selected fromthe group consisting of
ni t rogen woaemo/drgegen at om and sul fur atom which can beComR200%06368f used
wi th benzo or C3-C8 cycl oal kyl. The exanpl es of nonocyclic heteroaryl are,
but not limted to, thiazole, oxazole, thiophene, furan, pyrrole,

i m dazol e, isoxazol e, pyraz ~ trhazol e, thiadiazole, tetrazole,
oxadi azol e, pyridine,q, dgzi ng, pyrimdine, pyrazine and simlar groups
*T ic heteroaryl are, but not limted to,

t hereto. The exanpl
i ndol e, benz eﬂ%~ nzofuran, bezi m dazol e, benzoxazol e,

benzi soxazol e, b nzbthrgz e, benzot hi adi azol e, benzotriazol e, qui noline,
isoquinoline, purin furgpyriali ne and simlar groups thereto. [53] [54]
The term™ heterocycIBE repy nts a 4- to 8- menbered ring containing 1 to
2 heteroaton(s) selected froange group consisting of nitrogen atom oxygen
atom and sul fur atom li ch can be optionally fused with benzo- or

C3- C8-cycl oalkyl and is saturated or unsaturated with 1 or 2 doubl e bonds.
Exanpli t hereof are, but not limted to, piperidine, norpholine,

t hi ano %ﬂoline, pyrrolidine, imdazolidine, tetrahydrofuran, piperazine and
si m | af3gr oupsvlieh@net o. [55] [56] Preferred conpounds anong the conpounds
of for @ 1 Vv r 5

(56 1 P T BEFEREAR iyl B ERE R CUERLIT, @ e RS O s
i sopropyl, b@tagyclejos bﬁewryl qaéh ot Wrrtcralls uw@rtﬁbreéﬁyﬁubsawdowﬁ rleast ond

cycl opent yI Qhbseivilem PO d fréth tl'i@ ﬁﬁ@&{s%tﬁ?%ﬂﬁhlo X agmid, ay.G,-dliF dazalo nyl
t hi azolinyl, tet arﬁ ?ﬁ{ﬁ tra 8 hlopyranyl |n1dazolyl,

oxazol yl , thrr‘él?‘?) yb yéﬂ? ré alkexy, SYHIAAN %07 i di nyl , pyri mi di nyl |
piperidB%yl or prrrdazrnyl each of which is unsubstrtuted or substituted
?y;EOSLﬂQ@E)I ;ﬁg@trr(:%%sen% do&%?xgr@eﬁl regrhsfépoarﬁgga{c r\])vglécgl;l Gral‘slu%gtltuted qrt hyl,
tert-butyl omaype bb@rsoligytﬁtutedmﬂeq@lbetstemts sqméfnyﬂromtﬂe@ gahy d@l@mrmgmf/l

thi azol yl, plﬁ!ﬂ%ﬂ% dr 306 di vl Qe Pyikd éla%'andﬁm of which is WO
2010/056022PCT1 RZ00910 65%8 ASubst it u or substituted with

substrtﬁ@nt(s) sel ected fronrthe group consisting of hal ogen, nethyl, cyano
and hyqaoxy, [B%bprefed@hyido eﬁ%ﬂlepreeﬁmlscpmyi oM CAcycfoalng usxgrcbftxmleid or

nono- or di-subst stitu S ec onrthe

Consi sti ng. of® FRUBHHES of g RIE Vg éﬂ%@ﬁ%%ﬁamﬁﬁﬁwrw e o
pref erabl vy, Rmogapm&sbﬁtsﬂnmnhmﬂhﬁphﬁydxymndhnﬁnd;fIuorophenyl, [61] [62]
i) 4§Fpresents hydr ogen, nethyl, ethyl, propyl, isopropyl, butyl,

i sobutyl’” tert - butyl, cyclopropyl, cyclobutyl or cyclopentyl, and nore
pr ef er aftly R:R“rrergrpee@é&@zs hexplesdien or menhgyclic deteyicyele, ¢ash of Biyoh, is [veSIb- [ 64]

iv) R4 repre%ﬁﬁ&eﬂ &%M%ﬂ%&%ﬁé{&h@@%ﬁlsubﬁﬂﬁén@shemcyéd,fr&nrefr'et yhgycl ohexyl,
4, 4- di net hyl cycl ohex | lgr oc 4 exyl or

drfluoro ?
4-trifluor onﬁf"ﬂﬁﬁ“@;g& SRS hyeroxre résélrlwg trifuasgmethpl C Cf o W@Béprmred or

mono- or di- fsqifalegentsqﬂleﬂlyl\mm BeiBékd uetatdarﬁeéaenbedzhfcmmﬁslmestgmupr ]Enono-b |
consisting o uor n re erably
Rt epr esant o S SRS S URsBRen S LR B B8 il cRsRESy
4, 4- difIuoro@y&wsmhéx@ldbylBﬂhxmmhﬂh@rébﬁbﬂﬂhmypﬁapnnmﬁﬁmdv) R5 represents
nethyl[ 5rif|uoronethy|, hydr oxynmet hyl , net hoxynet hyl, ethoxynet hyl,

propyl , |soprlf i sobutyl, tert- butyI CH2CH2COH %@HMGCHZCH"
- O CH3) 42 OH R rereramyy CHOaHfD, difgorppythdy giierometud6) gl kylopraingh |
oxazol i nyl, 'G]]Giaell@lhrﬁthlog df(@f @Z—Ql'kbll)yﬂnnot Fﬁén?h%r@@&’dltﬁﬂ]}[éter%drm &@ﬁ&lo)é&chc
etra ur an

oxazol yl, th azol ra i azol

di hydr of ur an Fter({cé‘ﬁlf’é’ﬁi}ﬁf‘r ?ZJLE%%HWU swreﬁar ﬁ&‘rtPS“B]rteC{v)WHBPF ]GP?? Hmﬁﬁge

preferably, Baecteqb fresethe grdu@@pmmﬂg, oftfhrotdq Untyyhioxy, Iﬁé@&ﬁ)ﬁ@'@mmiwr anyl or

tetrahydrof ur EQXX a (%74 acrltgéénno ano arB r%f & eth ”Rr%yimg§l an@r)](% énrgie
Hﬁla pre en Ve are tho

conpounds of ’acc ention se wherein
[69] 12 repmb@eﬂpshﬂsmpnd@wmmwﬁwmw®gmymn@ﬂHGVQubwﬂﬁ@ywuh@ummepnesents
phenyl, tetrabydre l%ﬁﬁtm! rouﬁ)ryoﬁglg of hg)(f }% lroxygbﬁle’th Qflﬂﬁ((groﬁl%thyl
pyrrdazrnyl each of I ch' s unsu strtuted stituted w't
substrtuent(§¥ﬂ§§Wé@ﬁ@Hn$Qon1the group consi sting of hal ogen, nethyl, cyano
and hydroxy, [70] R2 represents 4-chl oropheyl or 2,4-difluoropheyl, [71] R3
represents hydrogen, nethyl, ethyl or isopropyl,



[ 72] R4 represents cycl ohexyl, 4-nethylcycl ohexyl, 4, 4-di nmethyl cycl ohexyl,
4, 4-di fl uorocycl ohexyl or 2,4-difluorophenyl, and 11731R5 represents

i sopr opylwoterwoskezeyl , - C( CH3) 2CH20H, furanyl or tetrahpdTafRweEmpb568 WO
2010/ 056022PCT1KR20091006568 7 [74] P75] The representative conpounds of
formula 1 accordi ng to the present invention include the followng |isted
corrpourMS] [76] N (35,5 9-1- { [(3S,4R) -

(et Wb per it IHIIIO B REA G0l i P SO0 g cy

cl ohexy I ) ac etpassentdeyenfiigi] thidterin(“ 3kyh Swhin ugec{ 2(16@ &R chbmlatlelbaﬂ Yalkydoxy,”

érzbflnﬁi )pyr QA R gl bR o, e BB By

(29)-N- { ( 3gepr§egys_alsatugatﬂ glg)h@[;gy ring 1nclud1ng cyclohexyl.
1-tert ot y1-4- (4-chl orophenyl)pyrrolidin-3-yll carbonyl 1-5-

11(4- yl pi perazin-1-yl)c arbonyl] pyrr i n-3- 11 - N 4-di thylcy

cl ohe;T:II t et P@Wﬁﬁbfm’%ﬁeﬁe?ﬁb@}%h? d%lemﬁe;rg a’f@na{t “@3%P lﬁdgémg Ph{m3[ (3S, 4R) -

1-tert-butylndpKtdk efal or ophenyl ) pyrrolidin-3-yll carbonyl 1-5-

(4- rretnll%/hpl perazin-1-yl)carbonyl |l pyrrolidin-3-yll -N- (4

, 4-di yl cycl ohexyl )-3-hy dr oxy-2,2-di nethyl propanam de; [80] N { (3S
, 5 S)- 132 [(3@.64@1)01 ‘Tetareary apig dends {r2ardmdiid Buroréoprlreemhelre)qaymg ghitdihing 3-t9| |

carbonyl} - £ I I THCE - (4
4 di et hyl cy ‘1@%*%%0@2%%2&%%%?%1’0@ SORHPRDRYCh ot {%%IV%R Ha

1-tert- but ylﬁﬂlf‘(fzﬁtQFHdWIlllchéﬁlbb%@IﬁWn)ﬁB&] IISésﬂ maihrheszq py Coly

I1 )1( 4- tet hyl 8' Ié%rﬁ% le@oﬂrnkéh& iOBEWoh: Zgafeobmdidﬂhﬁnﬁéalo hhibAblé dihimé hmbﬁmieohexy

acetam i de;

8
1-tert-buty1f tlaxIYEOJﬁ P %IBHéWI?IZ IIW%’II‘I?%UH&ZI@%Iﬁla%%%%ﬁ%ﬁa}mle 5-
11(4-i sopr opy)kmdla)mieapyndmeyp})rMaZMGrmlrmymb yirgidime hdydrhilaNero(pk thdreth. e hyl cy
cl ohexyl ) ac 3 R
I-tert ybIJ ty 1%&%@? Rﬁ Iglggélﬁgﬁte%())a(rii ar%,I | gIlot]igniI?c{ () %dé’l )BeinZ(ithg)pthe
(4- et hyl pi pebamiofuran ey pair b bepsoxpaie, dqen21so>samlel\be(lmothladphqefohm0@ycl ohexyl)
acetam de |[ 8421dlau'ole{ bé&%tna:‘éol% LIinol{ne[ (s%?.uﬂgﬁne Purme furopyndme and simijlar
1-tert-butyl-4-(4-chl oroph eny pyrrolidin carbonyl 1-5- [ (4-is
opr opy! pi per &i‘?‘ﬁslt e)?‘Ft))car bonyl | pyrrolidin-3-y11 -N
(4, 4-difpgt hyl cyclohexyl)aceta m de; [85] N- { (38 59-1- { [(3S 4R -

1-tert tyl- hl. |  1-.5-

(4 (ranrat IIg pI/peII%II%AI?I%l I%Itej% Eé(rII’IIEIII’” rao t8| n- mgI’fie%l\rk O%Etaﬂ?lﬂ%tIII?/Pcycl ohexyl
-2,2-di net ﬂlylemamjnqtlamlazbeqd f[rt&ﬁ]thd\gro{lp @@Sls,tlﬁg 8f aitrogfn poBSoARen atom, and

1 tert-butyl, él'flgrzazt(%nd\k/fl ygﬁrpggﬁgﬁn)aﬁy IflIs rbgﬁzé’ g CIC{I-% Q:EIQIY)IJI&I andPrs

[ (4- nethylplpera2|n 1- y
, 4- di met hy| cyenetrsgunsgtumtedgyied m%ﬁp@@ahamlsu&arpslw th(e;zesf arg, byt nogs | 5
f) 51 { [(3S1i#fRed td.-gigeridiy imbkpiblind - hhRrsRinayiyRYilHe! inslifzobuibl t&%?o nyl

[ (4- et hyl pi p&FYZIA: RPGiRYEa ABOMIIE§FBE GI5h0-3- y11- N- (4, 4- di et hyl cycl ohexyl
)tet ra[ﬁydrofuran 2- car boxam de; WO 2010/ 056022PCT1KR20091006568 8 [ 88]
Eisz:hl (Iggé)hen tg %/rlecli' 95 %(IlI %Saélg g &ha(?rc%)%lrﬁtopncf (ﬁ]fminelﬂa 1 accordmg to the present

opr opy! pi peralzwentlbn gtﬂe)thosarvﬁt@m}n] pyrrolidin-3-yl11 - N- (4 ,4-di met hyl cy
cIoheXé et rahydr of ur an- 2- car boxam de; [89] (2S)-N { (3 S,595-1- {
[(3S, 4 g l-tert-butyl-4-(2,4-difl uorophenyl)pyrrolldl n- 3- yllcarbo

ny11- 51P814- metthi ppens hwdmesn, yreshtariyli ikpetethnl.iranylaisomopy; Bt net hyl cy
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11491(2S)- N

R3R, 4(R) -)1-tern’éld‘b7ut y1-4-(4-chl orophenyl)pyrrolidin-3-ylicarbonyl

1- 5- 1(410mt hylnpif pﬁrﬁzim{[@333{4%)@febpwt&l-mxz,ﬂqiiﬂwrap&nyﬂ;ﬂyn&ﬂrdiﬁ-giyc}]carbonyl}-

-4- et hyl cycl_ohexyl ) tetr ahydrof uran-2-car hoxamn de; 501(2S) -

(3589 1= RIS RS En e e OO B G b B SR 22rbony)
1- 5- 1( 4- met hypthpprezinamidey| ) car bonyl | pyrrolidin-3-y11 -N- (cis

j{ ?é gEtS g}@@}/ cl qa@ )XX, 'l {)(.;)fg $ )- £ ?P@f ,ij‘! i —%.Vt—%ﬁ&"f‘—rélb(ﬂ&%mrg&en}ﬁgﬁg&%ﬁ% 1#1] carbonyl
{R3 S, 4 R) - 1- t drt-tBunsthylpipemzivhl -ohephemylDypiptidior3-ol 1nV34 ydideerbeysjehexyl)tetr

1- 5-1( 4- met hy L, piBREAZD Rado¥hk@ar bonyl | pyrrolidin-3-y11 -N- (cis

- 4-met hyl cycl ohexyl )tetr WO 2010/ 056Q22PCT/ KR2009/ 006568 13

ahydr o i Ein- 2-(8%%}6’6&%%?@&-{[@8#)-(1 2ay-ntyle-@gsdifiyorgphgnylipyrrolidin-3-yljcarb

R3S, 4R) - 1- t elchyl)W-Nd-rdethyipipel2m0 pROBMbHPY [pyalolidin3-3H YN (4 gatibethylcydohexy

11(4- et hyl pi)gﬁra%zi n- 1&2 carbonyl| |l pyrrolidin-3-y11-N (2, 4-di fl uorophenyl )t

etrahyd rof ULy Lo it Ar EXANER] " N R3S, 59) - 1-{

R3S, 4R)[108]t er tN-H(AS\OR)4- (43 HR ot -ophenty -9 Arditliaiophedy )by calidodyyl lcalbohyl §

pi perazin-|-ykear o] WHe - 2wl Ads

PN (o ai 11 Ut apheny BRSAR IR b b 2Nmp N -y

[ (3S, 4R) - 1- t slaheryliprepapamades h| or ophenyl ) pyrrol i di n-3-yl | carbonyl 1-5- |

(4- et hybqi per@gy-N-(1395 k¢ e R0 Yk Fubydianc3emdibphenty B p dnéliidih-Boy RRARAYL) - 2-

met hyl pr o pag?ﬂg_e : }5115); ﬁ— & g?’ﬁ%ﬁapﬁ)}{ N4 Dtet

[ (3S, 4R) - 1- t ert LBUPS Y RIPCRZEh - SPEHREM IYBRPAET T3l I 34 rdimedy sy ripheyiiiet |

(4- met hyl pi pestgaidfaibnyl-gabshatiyd;l pyrrolidin-3-y1l1-N(2, 4-difluorophenyl)-2,

2- di et yy)| PT QRANRAY BE5 1 1_([(35,4R)- 1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yljcarbonyl
}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohexyl)tetr
ahydrofuran-2-carboxamide;

[111] N-{(3S8,5R)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-[
(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-3-hydroxy-2,2-dimethyl-N-(cis-4-m
ethylcyclohexyl)propanamide;

[112] N-{(3S8,5R)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-[
(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)acetami
de;

[113] N-{(3S8,5R)-1-{[(3S,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbonyl }
-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)acet



[156] N- R3S,5S5)-1- {

R3S, 4R) - 1-tert-butyl-4-(4-chl orophenyl)pyrrolidin-3-ylicarbonyll-5-(

pi per azi rwb-2g9iooasi@onyl ) pyrrol i din-3-yl] PCT/KR2009/006568

-N-(2, 4-di fl uorophenyl) -2, 2-di net hyl pwopanam ide; [157] N { (3S,5 §)-1- {

[(38 4R)-1-tert-butyl-4-(2, 4-difluorophenyl)pyrrolidin-3-yll carbonyl 1 -
amide;

%1é4dfﬁif‘%ﬂL5: PRI o ACRE RO LR 0l g St ot S Larpemy ) -

[(3S, 4R) - 1- tééﬁ{lsobmpyﬂpipbr@zindmlmadmngﬂwqcmdnn Ohyil BiVatc8-4rhiethydeyistmgkyl)acbta |
(4- et hyl pi pgﬁ Eg_l n- yI ) car bonyl I pyrrol idin-3-y11-N- (2, 4-difl uorophenyl) - 2-

furam de; N] i? i -1-
[(38 4F§}15J] t er@Rb{t {3S.3R] {ﬂ@§|4ﬁ)1lot|€6dﬂ‘éﬂy4 it pephenyhp3uglidincayliesnianyl -

}-5-[(4-methylpi erazm 1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohexyl)tetr
ypp car bgnyl I py}; rpgl i di n- 3yy11 (2, 4- (}j’l ?,I uorgphenyl)

11(4 nmet hyl pi in-1-

2-furam de. Fi‘%@ﬁz uraf- 6:11] O’Fﬁﬁldéonpounds according to the present invention
al so canidjor m(p@)ammw)L paﬂ@ympaep&abk@maym 9. (teﬁuhwlpkm mﬁwt yo@lrtoli
acceptabl e salt di.t.ion salt i

phar mmoeut i oot VBT GrRdN baSRahet vl CORT BV I AR o Y o h Pt

i ncl udi ng, fdwlcwlah@{yé)tetraﬂlad@anam2a@rtd)3amm¢h as hydrochl oric acid, sulfuric
aci d, |c d I i and
a1 4 LTS 3090 (PIOSOOT(63 38) 44 YR LA 3 SRl g N AL y3Ek on

citric acid, Yh}cét[i"cma@mmqrw%ﬁr%ﬁa@@éyh By rEdiden-3 o} -t dimesileycideayDt
gl uconi c aci Qtralli)ﬁ!ﬂéfmaﬁl AghBoxdn@i@éi ¢ acid, fumaric acid, naleic acid, and

e LRl (ARG R sl pap e anes SR S Ao BRI SRt it &
preferably adi-d-yapdibonpl}- Ssahnsethyipqseﬂlzimyl sYtdrbonyd]|pyaiotdinFyHaisd i fdineih aC| d
or hydrohall 37 ?%ﬂet} Jé)fﬁﬁn 2T boé‘(app&)unds of formula 1 according to

the present ©n can conver 0O Tts salts by conventi onal

et hodd 190 Z00ONIEBOSDPCHIKRIBDS 1066588 erhany B3 (Creidomppwints 4By di ng
Lo the presenigiy§NLirathyiRs. NAMRUAIRSLI ICyIGAIRATIARIRTN 380 A8Qi cat be

present as I sonmeric racemat es,” di astereomarlc m xt ures, and
i ndi vi dual d|eg‘é’ﬂ“é@@Bﬁ@flgetraméroéﬁlfé’é@n‘far]?wgﬂ‘iq 'on enconpasses all of t hese

i soner ife2djor M2§PA- (I35 e$E3S, Zlﬁﬂ]l (2 4 1ifforbpheagDt lh@rEhh@lS hdaztlﬁke?)@/ﬂ@&ﬁﬁt

oventon or o e 2 Bt ness L iesant o Ui cameue 7 55w e o

conpound of fdryyckh8xyljtdifdlydrofurag2ycaii®@@midd;169] R3 [ 170] (1) [172]

wherei 1K), Rioolndy3$%s)2nd 59 4R7- 8 (ARAIEHRAAST- 195 h NS I BRAY 8- yikchfdny11-
5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetra
hydrofuran-2-carboxamide;

[122] (25)-N-{(35.,55)-1-{[(3S,4R)-4-(2 4-difluorophenyl)- 1-(tetrahydro-2 H-pyran-4-yl)pyr
rolidin-3-yl]carbonyl }-5-[(4-isopropylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-
dimethylcyclohexyl)tetrahydrofuran-2-carboxamide;

[123] (25)-N-{(35,55)-1-{[(3S,4R)-4-(2 4-difluorophenyl)- 1 -(tetrahydro-2 H-thiopyran-4-yl
)pyrrolidin-3-yl]carbonyl }-5-[ (4-isopropylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl}-N-(
4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide;

[124] N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-(tetrahydro-2 H-pyran-4-yl)pyrrolidin-3
-yl]carbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcy
clohexyl)-3-hydroxy-2,2-dimethylpropanamide;

[125] N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-(tetrahydro-2 H-pyran-4-yl)pyrrolidin-3
-yl]carbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-difluorocyc
lohexyl)-2,2-dimethylpropanamide;

[126] (25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)- 1-(tetrahydro-2H-pyran-4-yl)pyrroli



[174] Additionally, the present invention provides a process for preparing
the conmpound of formula 1 conprising the steps of am de-coupling a conpound
of for mulwo2o01wvissiz2a conpound of fornula 3 to form a compBR@I00EIEMUI a
|'; and deprotecting the conpound of flormula |': WO

2010/ 056022PCT/ KR2009/ 006568 15 O LL p _HR2 (2') [176] R3 O | (1)

[180] [181] dwhsryﬂbarbbﬂ;@b-[m_‘mdﬂgpp %ﬁﬂfﬁﬁl yelirbgsMpyfrdBdh-3R2,}- R84, 4 dland RS

are the sane as fined abqgv a represents am no-protecting
group, pref eggﬁp&%ﬁg)ﬂﬁ%@@g&%@ﬂ%—? 0833 fnezyl oxycar bonyl (Cbz) or

f 1 uor edy2’het hc(i&)cﬁ{{bb‘h@ﬂ?x FH8) 4R)-483 Y-difla@epheAgd- 1 - totratiyldyo-2 tHeyrpr-dséipyr
I nvention pr S I ne -
compri si g Rg L S RIRAE A R RO O RPN IRY R AR A By |
t he above pr é@@@hykwlpwatmhyc}ro%m%ﬁaxb@xamdﬁat ion with Cl-C10-al kyl ,
C3- C7- gypdjoal kyl( Mss*)ﬁtﬁ(%CM@Lﬁ 2 mifuﬁirqgleﬁmn EMRRTALUIN Ly Ah-4- ympﬁml
vmtharylhalldg(f r%tersaxl ﬁl 117

in-3-y fcar onyl }- —[( met ylplperazm— -yl)carbonyl]pyrrolidin-3-yl}-2,2-dimethyl-

N-(cis-4-methylcyclohexyl)propanamide;

[129] N-{(3S,5R)-1-{[(35,4R)-4-(4-chlorophenyl)- 1-(tetrahydro-2H-pyran-4-yl)pyrrolidin-
3-yl]carbonyl }-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(4-methylcycl

ng

ohexyl)acetamide;

[130] (25)-N-{(3S,5R)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-cyclopropylpyrrolidin-3-yl]carbo
nyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)
tetrahydrofuran-2-carboxamide;

[131] (25)-N-{(35.,55)-1-{[(3S,4R)-4-(4-chlorophenyl)- 1-cyclopropylpyrrolidin-3-yl]carbon
yl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)t
etrahydrofuran-2-carboxamide;

[132] (25)-N-{(3S,5R)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-cyclopropylpyrrolidin-3-yl]carbo
nyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)
tetrahydrofuran-2-carboxamide;

[133] N-{(35,59)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-cyclopropylpyrrolidin-3-yl]carbonyl } -
5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)-3-h
ydroxy-2,2-dimethylpropanamide;

[134] N-{(35,59)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-cyclopropylpyrrolidin-3-yl]carbonyl } -
5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)-3-hy
droxy-2,2-dimethylpropanamide;

[135] N-{(35,59)-1-{[(3S,4R)-1-cyclopropyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]carbony
1}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)-3
-hydroxy-2,2-dimethylpropanamide;

[136] N-{(35,59)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-cyclopropylpyrrolidin-3-yl]carbonyl } -
5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-difluorocyclohexyl)-3-hy
droxy-2,2-dimethylpropanamide;

[137] N-{(3S,5R)-1-{[(35,4R)-4-(4-chlorophenyl)- 1 -isopropylpyrrolidin-3-yl]carbonyl }-5-[
(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)acetami
de;

[138] N-{(35,59)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-(6-methylpyridazine-3-yl)pyrrolidin-3-
yl]carbonyl }-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-N-(4,4-dimethylcyc
lohexyl)-2,2-dimethylpropanamide;



WO 2010/ 056022PCT/ KR2009/ 006568 16 R O ON NN [188] (1) [189] wherein [190]
Rl represents Cl-Cmal kyl, C3-C7-cycl oal kyl , heterocycl e or heteroaryl which
i s unsubswototoedée substituted with at | east one subst PCU&R2089810es8ed from
the group consisting of hal ogen, am n@, Cl-C4-alkyl, trifluoromethyl,
hydroxy, Cl-C4 - al koxy, cyano and oxo, and [191] R2, R3, R4, R5 and P are
t he same3gs dev-i{(mb'@hpﬁ@5,41®%14-cﬂ1aﬁ>§heﬂyﬂ)-'1@yﬁdﬁé@pﬁpy@oﬁdangasn]cﬁrmgl}t he

above process according to.the present invention i .a conventio

ol vent whi or RdanrEy RibRreE R FaBb TR e PO DaepR R R 7 2

pr ef er abl e t edivgthydpreporanmids;e sol vents sel ected fromthe group consisting
of , but t i At e _Qr e iet hylaces am

et ranydi g ur o Sl AGT SR TRA A SPR i R uRees S ey cuto
Depr ot ect i on nyBatld @onethpipingnazio | gilsapendinyrisdidiasviled-(@dtdimsthyleyclphexdhce
of strong aci@rsvehrganhydrshih@le: ¢ aci d(HCl), trifluoroacetic aci d(TFA),
etc., inthetprgn{c r%%a'g gaﬁesu as triethylamne, . |

i 1 sopr SBUI et o sy B PERC S ¢8R To 3 Bllu et Brot U R OBt SpUaEn on
condi ti ons afidid@sgticitbealyl}13-[T4-WetHgiperakinG- M)yl | phroliEe3- y¢-NA Gsspsnd N
o gani ¢ Synt Ql%eyﬁcl:};sclohrcej)gals)tteggh ZiTofF.)l an%cg:érég%;rmglé‘;gfs] [197] Add! ti onal Iy, known
coupl i ng agent’suse YR c,youp I'ng Feactionare, but not linmited to,

car boi i[MHes N¢BSES)di dy. Ohedc(A-cldptvptienyhi- Hoy DOE)ine-2-ylpyrrolidin-3-yl]carbon

1- ( 3- di met hyl @i nop -3 pt| i i et ERCY . v Qg )
2010/ 056022P ﬁ%@g@g%ﬁ%%%%ﬁ?W{fc%fb%?gﬁ]%ﬁ%f?%%ﬁ i @gz%lfnee%héﬁ‘fy)c}()hg?%l? in
conbi nati on Wi AmetyleeasAEdSot ri azol e( HOBT) or

1- hydr ox¥317- azabenzess 5HZel R SIONL-(2 ardiRi§OghaD- Bp @@z iyipyolidibbasphi ni c

TR QB I LG A

nam n un( HATExyl)tetrghydrdf8Rin-2-fa#b0janditie conpounds of formula 1 prepared by

‘('-: gﬁv i .23 OB%%“)E@E@E%% (I BYERIURA HRPREN TPV A G dyRafRIE S bIFsIRAL Y
3-yl]carbonyl }-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylc
yclohexyl)tetrahydrofuran-2-carboxamide;

[145] N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)-1-(1,3-thiazole-2-yl)pyrrolidin-3-yl]carb
onyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexy
1)-2,2-dimethylpropanamide;

[146] (25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)- 1-(2-methylphenyl)pyrrolidin-3-yl]c
arbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcycloh
exyl)tetrahydrofuran-2-carboxamide;

[147] (25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)- 1-(1-methyl-6-oxo0-1,6-dihydropyrid
azine-3-yl)pyrrolidin-3-yl]carbonyl }-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3
-yl}-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;

[148] (25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)- 1-(6-oxo0-1,6-dihydropyridazine-3-y
Dpyrrolidin-3-yl]carbonyl }-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl }-N-(ci
s-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;

[149] (25)-N-{(35.,55)-1-{[(3R,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohexyl)tetr
ahydrofuran-2-carboxamide;

[150] (25)-N-{(35,55)-1-{[(3S5,4S5)- 1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohexyl)tetr
ahydrofuran-2-carboxamide;

[151] (25)-N-{(BR,55)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl
}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohexyl)tetr



[201] [202] After the above reactions according to the process of the
present invention are conpleted, products can be separated and purified by
convent i onal2opasseer eat nents, for exanpl e, chromat ogr aplrgT/KR2009/006568
recrystallization, etc. [203] [204] Bhe conpounds of the present invention
have potent agonistic effect against nelanocortin receptors, and so the
present i nvenhy@ofupddicd®dx@nile| anocortin receptor agonistic conposition

o oottt horaSr AL Ess A LM frdo i MG TRES bRl RS S Rty
accept abl e c3gr¥-[(drmethylpjparazire iHyrearboing | pyorwbdimi-3-y BrVd2 datiluergphiemyt) leerapyd s ent

invention has polent, stfegh.for the prevention and treatment of, but not
limted to, %eg%nt aerectlfe dysfunction, diabetes and i nf | amat i on. [ 205]

[206] \Wh&H t héV- Héﬁééirﬂ]d [@é&&)dmg huiylth - o eraphenylipy eratidiars-yidcaseimvhi-54 er ed
for clinical sz%h%@ @rwn%gyﬁ&hcﬁngayl] W-@QS@ifNBHIpHeRg )Wrﬁé’ﬂhﬁ fopgndnange of

ﬂb%véﬁg‘a S%%émﬁ@ %@rf@ﬂe t?%‘@fﬁﬂ&gfrp gléxls ﬁ@iﬁ ﬁ-Yﬁ‘éar fgwlbé[

dependi ng upmn&p}mplbemmolrrpk)mbbrtym pheolidied-y\WeV-ghi-difhexopheegl)- Lhmebnicd i on,
di et, adm ni stratl on time and nmethod of drug, excretion rate, drug m xing,

and severlt Pgd |sease condition. [207] [208] The conmpounds according to
the prés&Eit i MN-¢ESS ledBIER)ab rrirnbwyed-€d-chliorophnyy)ypyutodiddepeHdirhonyd hr3-[

pur pose. Inj r t ; ¢
the adm ni st (r%ﬁnlﬁ o I%E&qﬁlg ﬁg&%??%@?;gﬁoﬁmﬂﬁ - ﬁit ?g&ﬁ@gﬁg‘f@% 2-8hedRH

r et roper i t ondiPpAnHd er’eCt al route. [209] [210] Injection preparation, for
exanpl E{1563qUeqwé(3grSSP'll{Y(?ySWS@QD@hOJhtﬁQI (Bt18biopBedyNpeabIiA. 3- giddhrRgypyr-epar ed

accordi ng to known usi n d rsants ents or
Stspend ng. agutm-Eatsiang puge i Borrariesl-SARpERHea L i th R gonme
sol uti on, anddd:sotonic NaCl solution. Sterilized fixed oil is also used

t [ 9 di
rodt o L o s AR S P o S ARG bR nd o RS leaRURRSTE M9
used for thi$- andgéplpmdnfhybgarlaMYﬂpﬁﬁdm13§ Wil éY- &‘&dlfdl%@hebﬂ)ﬂs?e@lmeor

i njection pr@mﬁ@bh&%ﬂéﬂl] [212] Solid dosage forms for oral

adm nistration are ablets, pills, powders and. granul e

parti chi], ca%éiﬁSe%9> dnﬂ(%Sa%’f>e1(-éertaPlétYhE-é‘frﬁhlpmpélsmémr@ﬁémp% g1 T
preferably prepatedpi ‘ﬁbﬂaﬂnelnyﬂédrﬁor@@ %riramdin.‘scﬁi}dv—dm@ﬁm&rm 16-2rfuenide;
prepared by m(>1<| ng the conpounds of formula 1 according to t%e pr esent

i nvention wi fA%0one or nmore inert diluents such as sucrose, |actose, starch,
etc., dh®]car rN é@é’ 5)-Ae{[E&PDI e tert-binyi-¢-antslifluidcephreaghpgrelmisBedlcatbenyl } -

descri bed 1 n st SRl EPROE SraSh bRl SR TS QARSI RILIAR |

t he scope of ?he present invention is not I|mted t hereby in any manner.
[215] [[@#6] Abbreviations used in the follow ng Preparations and Exanples

are as []i(? ll]I C)W$1;he C%%lg)]ourf\c(i:s: acg(():r?hr%é to the present invention also can form pharmaceutically
acceptable salts. Such pharmaceutically acceptable salts include acid-addition salts
formed by acid having pharmaceutically acceptable anion to form non-toxic acid
addition salt including, for example, inorganic acids such as hydrochloric acid, sulfuric
acid, nitric acid, phosphoric acid, hydrobromic acid, hydroiodic acid, and the like;
organic carboxylic acid such as tartaric acid, formic acid, citric acid, acetic acid,
trichloroacetic acid, trifluoroacetic acid, gluconic acid, benzoic acid, lactic acid,
fumaric acid, maleic acid, and the like; sulfonic acid such as methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid or naphthalenesulfonic acid, and the like;
and more preferably acid-addition salts formed by sulfuric acid, methansulfonic acid or
hydrohalic acid and the like. The compounds of formula 1 according to the present
invention can be converted to its salts by conventional methods.

[162]



[218] AcOH acetic acid [219] (Ac)20: acetic anhydride [220] Bn: benzyl
[221] n-Bu: n-butyl [222] t-Bu: t-butyl [223] Bu: butyl [224] BOC(Boc):
t - but oxycaiokzotyise(2225] c- Hex: cycl ohexyl [226] c-Bu: cy@®CoRrR2909/(0233]
c-Pen: cyclopentyl [228] c-Pr: cycl opeopyl [229] Cs2CCO3: cesium carbonate
[ 230] Cu504. 5H20: copper (11) sul fate pentahydrate [231] DAST:

gl eL lhyl[aﬂsn]nﬁs UEHengbuﬁdsLmdgdﬁl o[ td3] p @%ﬁt 1r§b1§tiﬂngfa?|¢ffaf?@- El{rﬁéiﬁﬂ; ch6bh

i chl or omet hane i me iflu

i+ Sopr opyl 6ERIEAATE B PTRRAR 5 oS rR I R By PN BT

N, N- di net hy| forwees, ael ihd R3BGDMBIeredimeest hii¢ prebdényxnatetionhcompasses all of these

2010/ 056022PGT K200 09G%0R 49, [ 240] EDC

1-(3- d&ﬁg%hylanlnopropy et hyl carbodi i m de hydrochloride [241] Et: ethyl

[165] In another aspect, the present invention provides a process for preparing the
compound of formula 1 comprising the step of amide-coupling a compound of formula

2 with a compound of formula 3:

[166]
[167] ﬂ
1 " "OH
R N:i(
\R2
(2)
[168]
[169] (/\N/R’
oﬁrﬁ\/J
"
\__.f\ 0
N
R4
3)
[170]
[171] o Nﬁ\N,Ra
TN
/
\_#\\ L. o

N
AR
(1)

[172] wherein R!, R2, R3, R* and R? are the same as defined above.

[173]

[174] Additionally, the present invention provides a process for preparing the compound of
formula 1 comprising the steps of amide-coupling a compound of formula 2’ with a
compound of formula 3 to form a compound of formula 1’; and deprotecting the
compound of formula 1’:

[175]



[ 242] EtOAc: ethyl acetate [243] Et20: diethyl ether [244] HCL:

hydrochl oric acid [245] H202: hydrogen peroxide [246] Hex: normal hexane

[ 247] HOBYO 2hydisenegbenzot ri azol e [ 248] HBTU: PCT/KR2009/006568

2- (1H benzotriazole-1-y1)-1,1, 3, 3-tet¥sanet hyl ur oni um hexaf | uor ophosphat e
[249] i-Pr: isopropyl [250] i-Bu: isobutyl [251] K2COB3: potassium carbonate
[ 252] LHMDS: lithiumgbis(trimethylsilyl)amde [253] LiBlizt: lithium

bor ohydride [254]  Li d: lithiumchloride [255] LiOH |ithium hydroxide

[ 256] Me: methyly [?}'57] OMeOH net hanol [258] MIBE: net hyl t-butyl ether [259]
MySO4: magnesi um\sﬂkf ate [260] NaBH4: sodi um borohydride [261] NaBH3CN:
sodi um bor ocyanohydride [262] NaBH(OAc) 3: sodium triacetoxyborohydride
[263] NaTO4: sodi um et aperiodi nate [264] NaQt Bu:. sodiumt-butoxide [265]
NaOH: sodi um(Aydroxi de [266] NaN3: sodium azide [267] 0s04: Osmi um

t et roxifgmg)[ 268] Pyr: pyridine

[177] o R
R -
N Qo
R2
/ NN 5
R R
(1)
[178]
[179] o OY N[”'A\/Nf R3
A
R'—N A I)Lhﬂ
_«\\\Rz _ O
, N —4
R4 R5
(1)
[180]
[181] wherein
[182] R! represents hydrogen,
[183] R2, R3, R* and R? are the same as defined above, and
[184] P represents amino-protecting group, preferably t-butoxycarbonyl(Boc), bnezyloxy-
carbonyl(Cbz) or fluorenylmethoxycarbonyl(Fmoc).
[185]
[186] Additionally, the present invention provides a process for preparing the compound of

formula 1 comprising the steps of deprotecting the compound of formula 1’ or 2’ in the
above process followed by 1) reductive amination with C;-Cyy-alkyl, C;-C;-cycloalkyl
or heterocycle including oxo- substituent or ii) coupling with arylhalide or heteroaryl
halide:

[187]



[269] Ph: phenyl [270] Pr: propyl [271] t-Bu: t-butyl [272] TEA:
triethylamne [273] TFA: trifluoroacetic acid [274] THF. tetrahydrofuran

[ 275] [ 2¥6]20Re0s602¢ul arly, in the foll ow ng Preparati on®CaR2Boopicss, the
conpounds of the present invention weke prepared according to the foll ow ng

synt hesi s procedures (Reaction Schenes A & B) OOHR3 1IN O N,...)
r'N'. Rs LiOHP-N\__i 4M HC—-& PEA HBTU P-N  I-IN 1o IN--Ic 101 0
N-4\N. -- R4Rs// o . N
O NS
~ A
p N T N \>
- .
\ 0
R* N
RE R
(1"
[188]
-
[189] o N[ N— R
A
/\\A
N T
;PF\‘RZ IO
/N_Q
R4 RS
(1)

[190] wherein

[191] R! represents C,;-Cjp-alkyl, Cs-C;-cycloalkyl, Cs-Cip-aryl, heterocycle or heteroaryl
which is unsubstituted or substituted with at least one substituent selected from the
group consisting of halogen, amino, C;-Cs-alkyl, trifluoromethyl, hydroxy, C;-C, -
alkoxy, cyano and oxo, and

[192] R2, R3, R%, R> and P are the same as defined above.

[193]

[194] It is preferable to carry out the above processes according to the present invention in
a conventional solvent which has no adverse effect to the reaction, and particularly
preferable to use one or more solvents selected from the group consisting of, but not
limited to, dimethylformamide, dimethylacetamide, tetrahydrofuran, methylene
chloride, and chloroform.

[195]

[196] Deprotection reaction for amino groups can be carried out in the presence of strong
acid such as hydrochloric acid(HCI), trifluoroacetic acid(TFA), etc., in the presence of
amine base such as triethylamine, diisopropylethylamine(DIPEA) etc., or by hydro-
genation. Specific reaction conditions are described in T.W. Green & G.M. Wuts,
Protective Groups in Organic Synthesis, Chapter 7, pp 309-405.

[197]

[198] Additionally, known coupling agents useful in coupling reaction are, but not limited

to, carboiimides such as dicyclohexylcarbodiimide(DCC),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide(EDC),



RARSRARs [ 280] [ Reaction Schenme B] WO 2010/ 056022PCT/ KR2009/ 006568 21 P:
Protective group [282] The preparation nethods of the Internediate Al
conpoundsweaneiomsbizows: [ 283] [284] Preparation 1: Met hpCT/KR2009/006568

(2S, 4S) - 1- Boc- 4- ami nopyrrolidin-2-earfoxyl ate [285] Step A

(4R) - 1- Boc- 4- hydr oxy- L-proline [286] (4R) -hydroxy-L-proline (5.08 g, 38.77
mol ) was di gsioldiesbdnyldihitiesdit(CHD), &lc) irdithbinftiodivoikane (40 m ), and to the

resulting solution, di-t-bu i.carbonate (9.3 42. 6 as. added
i opwi e at _dehy Ry bPali PRl O BE PR Prdfensd oA B T or
hour s, concen2abv-8ebxanolideylpphesphohid aced chiptite (BRPHCH), dighehyéphiosgotgdzide t h
Et OAc. The orgpph¢ fRxtracts were washed with brine, dried over MySO4,
filtered, an(g concentrated in vacuo to give the title conpound (8.84g, 99
% . [287] WNo[dmathydapive- i R)3-rzgel4.5{bdmajdigy bylmethyiepelyN-methylmethanamin
(2S, 4R) - 1- Bognftydro&cvpyrrol i di ne- 2- car boxyl ate [290]
(4R)4Bgf%(g- hydr oxy-L-proline (8 g, 34.63 nmol) obtained in the Step A was
WO 201 6022PCT/ KR2009/ 006568 22 di ssolved in DM (80 m) and K2C33 (14
g, 101 [pomdl ) Ve cadgedndshefeinmyla &pokparidiyl the pahiceks of Zhebpratent mlreioa@h)bewas
added dr opwi %gnaetrteg%s t@ L€ask ic%ﬂvéﬂtf(()t yre Was stirred at roomtenperature
for 5 hours, “CONCentT &t 8d IR VACUO, “and exiracted with Et 0Ac. The organi c
extract{80Mere washed with water and brine, dried over M\gSO4, filtered, and
concent, ed i ' t [ : 95..% 91]
VB[ M+I-|][Q(22]246 I‘{%??é’?ozogg ]réHc %832{%@081?3%1 t%tﬁé)h}gt%ﬁéé?gf ﬁzlﬁ é)@f,:‘s?int Rl%&f:n@on ok
) - 1- Boc- 4- [ ( §ERgtash PYadH cok e aparaid adlidrpﬂszlﬁé%bbésmeaﬂ@nal PosiATealyBens; for
(2S,4R) - 1- Bo@Xéfnﬁu%}@éfmwgf&hyc}%&a@i@mmytbate (8 g, 32.65 mml) obtained
in the g(éﬁp B was dissolved in (80 m) and TEA (11.99 nm, 81.56 mmol)
was add t hereto, and nethanesul fonyl chloride (3.77 m, 48.9 muol) was
added de@fw seThatcobpouddstatithd presene astentdon lmve poteat y@missit ieffeetchgainst oom
tenperature f T | .C . WAS i .
satar at ed NarGaRshibaseertd ;p 38 M Sh! ASt RGBS AR Mt Retlde
and concent r ageistiqcoppoaion gogipyising flee campoand offsomutl {,9r phymageutizplly [aR95]
MB[ MeH| - = 32%61§t%1%)53.1t or isomer thereof as an active ingredient, along with pharmaceutically ac-
ceptable carrier. In particular, the composition according to the present invention has
potent effect for the prevention and treatment of, but not limited to, obesity, erectile

dysfunction, diabetes and inflammation.

[205]

[206] When the compound according to the present invention is administered for clinical
purpose, a preferable daily dose would be within the range of 0.01 ~ 10 mg/ kg body
weight as unitary dosage or separated dosage. However, a dosage level specific to in-
dividual patients can be varied, depending upon specific compound to be used, weight,
sex, health condition, diet, administration time and method of drug, excretion rate,
drug mixing, and severity of disease condition.

[207]

[208] The compounds according to the present invention can be administered via any route
depending on purpose. Injection, and oral and nasal administration are preferred, but
the administration may be made through dermal, intraperitoneal, retroperitoneal, and
rectal route.

[209]

[210] Injection preparation, for example, aqueous or oily suspension for sterile injection,

can be prepared according to known method by using proper dispersants, wetting
agents or suspending agents. Solvents useful for this purpose are water, Ringer's

solution, and isotonic NaCl solution. Sterilized fixed oil is also used conventionally as



[296] [297] Step Do Methyl (2 S .4 S

) - 1- Boc- 4- azi dopyrrolidin-2-carboxylate [298] Mt hyl

(2S, 4R) - wBaotrosp2aet hyl sul f onyl ) oxy] pyrrolidi ne-2- car POXHRD@®/(068568, 27. 86
mmol ) obtained in Step C was dissolved in DM (80 m) and NaN3 (2.7 g,
41.79 mol ) was added thereto and stirred at 90C for 10 hours. The reaction
m xture was @@lﬂeﬂﬁirl’sai}_ﬁdcti]ihg n_\bali‘d,l(é\,ny_elbgl’iﬁﬁﬁlﬁél fwéd zil %cﬂfaﬁng ﬂig@opﬂg@mcﬁride
extracts were washed wi rine, dr over iltere o
concent r at ed FhBY AEUdOH et HECa SRl BaTe «chhe Biesdbinissrapny

(el uent, EtOAcdpaexioh/4) to give the title conpound (6 g, 80 % . [299]

VB[ M+H] 21:1]271 (M+1l) [300] [301] Step E: Methyl (2 S .45

)-1- Bocg- 4-"am nopyrrolidin-2-carboxylate [302] Methyl '

(2S, 4S)212] Boc-&)%dziomi@wl fioglprel pdipEyYhEKoR ateccappiley, taplets pillsypevydeshand ned in
the Step D wasandles Sfldvif PaktRulbbicapskPestall tailéls bel v¥BtulYiaphesati I8 48- 36 Nl ,

26. 64 mol ) was. added thereto drqopwi se af 0-5C. The reaction m xture was
stirred at r GBTIFRBIISFRAGH It GRCHC ARG, §@t¢n§0éﬁ$er§f@a%bwe%?d %sified

W th a sat ur atigithgNedsBpands exkfoiaakaeichcabitdinglo QReprievdnt envertien Wity ané or
extracts was _concentrated in vacuo t ive the title compouynd as oil, (5.34
g, 8.5 9. [IOSTepR ey sheh i faqg i ot < AR PER D by (2
R ,4 S)-1- Bbccantahknmpgrasoin sieara®; diambpgrantabeding3@@itheact i t1 e conpound was
pr epar ggljrom (4R) - hydr oxy-D-proline according to the WO

2010/ 0 60£2PCT/ KR2009/ 006568 23 sane procedure as in Preparation 1. [307]
VB[ MrH][2 #1245 Thewprgsepsinsgntion 3pdgscpbedyamere datad by e fajlowing Kyeparagions and

) - 1-Boc- 4- amEi@ﬁhéIe@,Oddt ‘ﬂiékta}i@@ﬂth@ﬁbéséﬁt%\[e%ﬂi_@ﬂ isTof Libdidell ShGEVRAWAY n¥ABer.

pr epar i? gdr om (4S) - hydroxy-L-proline according to the sane procedure as in
Pr epar dn 1. [311] MS[MtH] = 245 (M+l) [312] [313] The preparation

met hodg2td] t heAthnewaatived ivadEinARe frdlopauynbiepaneorisaind daampled hdd as fpBaG}:

Pr epar Eyﬁn 4:0 8,45 i met hyl - cycl ohexanone [ 316]

4, 4-di yl-¢ ¢l6hexen- | - one (5 g, 40.3 mol) were placed in a hydrogen
react i dAl8lessercQichcatipatidane (15 m) was added, and Pd/ C (500 ng) was
added thgysiet 0. Athe. hydicagryurf@act i on vessel was pressurized wi th hydrogen
(25 psié and the reaction was conducted for 30 mnutes. After conpleting
the redétQlon, BHéeadlid Iike material was filtered through Celite and the
filtrateamas goBgenbi@ted in vacuo to give the title conmpound (5 g, 98 9.

[317] YBLAFH 5, 020,6440) [318]

[223] Bu: butyl

DIPEA: diisopropylethylamine
DMAP: 4-dimethylaminopyridine
DMEF: N,N-dimethylformamide
DMSO: dimethylsulfoxide

[224] BOC(Boc): t-butoxycarbonyl
[225] c-Hex: cyclohexyl
[226] c-Bu: cyclobutyl
[227] c-Pen: cyclopentyl
[228] c-Pr: cyclopropyl
[229] Cs,COs: cesium carbonate
[230] CuSO,-5H,0:copper (II) sulfate pentahydrate
[231] DAST: diethylaminosulfur trifluoride
[232] DCE: dichloroethane
[233] DCM: dichloromethane
[234] diMe dimethyl
[235] diF: difluoro
|
|
|
|



[319] Preparation 5: 4,4-difluoro-cycl ohexanone [320] Step A

8, 8-di fl uoro-1, 4-di oxospi rol4. 51decane [321] Commercially avail able

1, 4- cycl onexarads@a- nono- et hyl ene ketal (25 g, 160 nmol pPCRaR2dis®eiesed in
DCM (500 m) and DAST (52 g , 2.0 mot9) was added dropw se at OC. The
reaction mxture was slowy warnmed up to roomtenperature, and stirred
until th40]r ea®DON-WRGinEegA@ISHropH)tBéthgloabbditiniig HydaichRlridet he reactant s
di sappi%@d byEéTeI:‘tE the reaction solution was added to a saturated NaHCO3
aqueou | ut i on S7100 m) to termnate the reaction, and extracted with
DCM The4gr garditOAextthgkdcstaver e washed wit h a sat urated NaHCO3 aqueous

sol uti nd bRE; ' ver My504, filtered, and concentrated in vacuo.
The ob?gﬁlﬂed %%?d%lgﬁ&/g%ﬂﬁlged in the next reaction wthout further

purifi d&#4lon. H@phydropldons agdep B: 4, 4-di f1 uor o- cycl ohexanone [ 324]

8, 8- di fihbamyr o- Iy by, i igeRixfudldecane obtained in the Step A was dissol ved
in acetone (90 nl) an§ 3N HC1 (900 m), and stirred until the reaction was
conpl et[g‘b(ﬁ TheteX: PREY 88X on i xture was extracted with DCM washed with
brine, [247]ed d¥eBTMyaRéxybehtdigizte and concentrated in vacuo. The obtai ned
residu s u in next .reaction w,t-hout furiher. rifdcation,
13051 i e O B SRt b Sos e e b B TSRt 27y
The netd@s f orPrpsepapylng commerci al |y unavail abl e I nternedi ate A3

conpou are :as,.t : [328] [329] Preparation 6: (2 S

)-tetrgﬁﬁgr of df@lﬁ}%l—bg \rI\,;onyI chl oride [330]
(28)-té?%lldhydrwa]?p@s&l@?%kwﬁt% acid (25 g, 0.215 nol) was dissolved in
DCM (2%251]) andiiming: siedisthivr@sh @aphpehid® 0C, and oxalyl chloride (43.7 g
: 0.34i gﬂ:) ﬁé@ﬂdﬁd dtr)og]\ét\n"écﬁ_ie thereto. DVMF (500) was added to the

reacti ofoHi xt i RO dSn mixture was stirred at room tenperature
for 10 [B®Yrs. IH@edithinlmechi@aket | on m xture was concentrated in vacuo at

20- 30C il ot Les. I Ll yme of the reaction m xture becane about 30
m . Thé%rgtéact iﬂgﬁ’ﬁm%x lgllrdg‘y%%)gﬂ eated at about 150-160C and distilled in
vacuo aE5@0- 10d¢ wéthylhner tenperature to give the title conpound (24 g,
82.8 %2511331IMebR3RdthiAEPar ation 7: (2 R)-tetrahydrof uran-2-carbonyl

chl ori (5e 4&333] The title corTEound was prepared from

(2R) - t 838 hydrMT BEamedwE kPWILSHh$c aci d according to the sane procedure as
in Prepas@ti orMBSOL: dakhesilid3bifatbr eparation 8: Tetrahydr of uran- 3- car bonyl
chlori 32%6 336] r_ahﬁﬁﬁlr %f ur. ag-ﬁ-car boxylic acid (25 g, 0.215 nol) was

di ssol ]i n 280 r)‘1 05% t'He sol ution was cool ed to OC and oxal yl

chl ori d261143. NaBH:(N:3ddiunobdrosyasoladididd dr opwi se t hereto. DVF (500) was
added t he r i m.xt-ure . gl on m xture was stirred at room
terrperg%ie folfﬁ%%e(ﬂ%l}?ss&#h&lgtf\l,g&?%%}%?g%??ﬁ%én m xture was concentrated in
vacuo a26310- 30@IMmtseHivphaetapaiilizdte vol une of the reaction nmixture became

about 3%eqyl . TOBRL @IdNGAH (beRikflee was used in the next reaction wthout
further rifi ion [337 338] Preparation 9: 3-furoyl chloride [339]
3-fur oi[%&gci dlfa%ﬁgs,‘)d .nlb%rﬂgfl? was dissolved in DCM (25 nl) and the

sol uti gpesjas aoN-.esbdivm@gidand oxal yl chloride (39.0 g , 0.307 nol) was
added W S d)\l;@ 500) .was, added to the reaction m xture and the
reactig%é)ﬁi xt S(?Se y glg‘usniliertré)éldﬁt roomtenperature for 10 hours. Then, the
reacti ¢263h xt tiye: maslisoncentrated i n vacuo at 20-30C until the residual
vol unme redgt he pieaaddpn m xture became about 30 mi. The obtained residue was
used in_the next reaction without further purification [340] [341]
Prepar 487Un 13 propyldi net hy1- 3- acet yl oxypropi onyl chloride [342] Step A
2. 2-di nethy1- 3-mgembytydxypr opi oni ¢ acid

[272] TEA: triethylamine

[273] TFA: trifluoroacetic acid

[274] THF: tetrahydrofuran

[275]

[276] Particularly, in the following Preparations and Examples, the compounds of the

present invention were prepared according to the following synthesis procedures



1134312, 2-di net hy1- 3- hydr oxypropi onic acid (11.8 g, 100 mmol) was di ssol ved
in pyridine WD 2010/ 056022PCT/ KR2009/ 006568 25 (30 nlL), and the reaction
sol uti on waxowasbed to 0C. Acetyl chloride (11.8 g, 15. @CRER2p0IMES68] ow y
added dropwi se, the tenperature was t#en rai sed to roomtenperature, and
the reaction solution was stirred at roomtenperature for 3 hours. After
the reaction was conpleted, 1IN HC1 (30 nmL) was added to adjust pHto 3-4,
and then the reaction m xture was extracted with Et0Ac. The organic
extracts were wa@eedionisSthemesM &®), 4-5 tines, dried over MJSO™4, and
concentratE% jn vacuo, give the title corrpound (15.2 g, 95.0 % [344]

V5[ M+H] I (Mrl) [345] [346] Step B: 2, 2-di nethyl-3-acetyl oxypropionyl
chloride [X87] TiReapioodebémof] Step A, 2, 2-di met hyl- 3-acet yl oxypr opi oni ¢
acid (11. 7[5279 80 Mol ) was dissolved in benzene (100 nL), and the reaction
sol uti on. was cool edP4oMOC, and then ox&xyPMechl oride (15.0 R« 220 mmol) was
sl owy added dropwd, After 3, (y\c)s ptN sol v&nt wagg,r enpved in vacuo, and
the reaction m xt urg@/vas kelins t uo,t g Jgi ve _oire tit'h e/ coppound.
[348] MS[ MHH] = 179 (Mrl)Af349] [350] T pre grRatlon met hod f the
Internediate A4 comwbunds are follows: [R51] F 52] Prepar at |R6n &l (3S ,4R
)-1-t-butyl-4-(2, 4-difl uorophenyQopyrrolidine-3-carboxylic acid [353] The
title conpound was prepared according to the procedure described in WO
2004/ 09126. [354] [ 355] Preparation 12: (3 S .4

)-1-t-butyl-4-(4-chlorop T‘)pyrr/oj\ldl ne-3- ga Vﬁoxyllc acgdt/;s'“,%] The title
conpound was prepapgd fropcomerti a-Ry obt @i ned

2- br ono- 1- ( 4- chl oroptrenyl hanore—aceor dinigyt o t h&" ¥ pey cedure as in
Preparation 11. [357] [358],N‘§r epababi on 1 S ,4R

) - 1- Boc- 4- (2, 4-di f| uor ophemyl )®yrrol i di ne- 3 ¢a boxyllc aci d/r§59] Step A
(4 R ) 4- (2. 4-difluorophenyl)pyrrolidine-3- Sarbbnitrile [ 860] ¥
(4R)-1-t-butyl-4-(2, 4-di fl uokophenyl ) pyrrolidine-3-carbonitrile (4 g, 15.15
nmol ) WhICh was preparedaacvdbrdl ng to the, presgdwre described in WO

2004/ 09126, was dissol ved i n- (10 2 ,izhﬂ\;fchl oroet hyl chl orof ormate

(2.45 m, 22.68 nmol) was ed deopWi '\ké: 0C. The reaction solution was
heated to 70C, and vvitrmi"m‘m ni ng erat ure,
1, 8- bi s(di net hyl am no) papht hal ene (4 7 g, % 72 mmol ) dissolved WO
2010/ 056022PCT/ KR2QQ9/ 006568 26 i k- (&0 mg) was added dropw se for 2
hours. After the reaatijon was conpl eted,
(Y o o 0 N I
o N

P : Protective group
(280] [Reaction Scheme B}

HAHEX (7= H26X)



met hanol (10 m) was added, and with maintaining the tenperature, the
reaction mxture was stirred for additional 1 hour, and concentrated in
vacuo. Thwoabtodismed concentrate was used in the next reRCTIKRRMWIhI®Et
further purification. [361] MS[M1] =21209 (M+1l) [362] [363] Step B: (4
R) - 1- BOC- 4- ( 2, 4-di ful or ophenyl )pyrrolidine-3-carbonitrile [364]

(4R)-4-(2, 4-di fl uorophenyl ) pyrrolidine-3-carbonitrile obtained in the Step
A DVAP (1.8 g, 15.15 mml) and TEA (5.56 m, 15.15 nmol) was dissolved in
DOM (10 m Y28Ad di-t-butyl dicarbonate (4.9 g, 22.7 mol) was added

dropwi se at 0C. The reaction m xture was stirred at roogaterrperature for 8

hours, concentraigdouf vacuo,pang extracted with E The or gani g™y~
extracts were washed with IN HC1 and brine, driegd M504, C@nqp\/tlrated
in vacuo, and peyjN edioy cek chr omaLBgPaphy Iuent(C ﬁSOAC/ 1/ 6)

to givethetitlecrrpW’d( _<g, ovefaH——y»eb Steﬁs—A Rd, B 72°/c)
[ 365] MS[ MtH]| 309 Mr1) [366] Yy [367] Sﬁ%

)-1-Boc-4- (2. 4- d|f| uor ophenyl )pyrsrol i di REES. car boxyphl c aC| d [368]

(4R) - 1- BOC-4- (2, 4-di f | uor ophenyl ) pyrrol i di ne- 3- carbonitrile (3.3 g, *10. 6
mol ) obtained in Step B was di ssolved in ethanol (10 m) and 6N NaCH
solution (5 m) was added, ang;?u rR¥ed at 70C for 4 hour§,\ Afgser the |

reacti on was comﬂd % thgsl nt was renoved, the ealctlon m xture was
diluted with eth ﬁt ic solutlonv\@@suffl @ht/ljy acidified and

washed w th 6N ned orgathQ: sol ubman was Mashed with brine,
dried over M504, reand conc ntratetl i H vaguo To give the t|6| e conpound
(3.43 g, 99.0 % x{&69] MS[ M~]] = 328 A3Wk1) [370] [371 Nﬂ(aeparatlon 14: (3
S ,4 R )-1-Boc-4-(4-chlorophenyl)pyrrolidine-3-carboxyli/c acid [372] The

ti t | e conpound was prepared ¥rom 4-chl or ophenyl pyrrol i d*neRB8-carbonitrile

i nternedi ate obtained in Prepar atl on 12 according to the sane procedure as
in Preparation 13. [373] M Mtl] = 326 (M+1l) [374] [375] Preparation 15:
(3R, 4R)-1-t-butyl-4-(4- chlorep ﬁi/l)pyrrolidi n- 3-carboxylic acid [376] Step
A (SR.4R-1-t -butyI 44 chl or ophenyl ) pyrrol i di ne- 3- ca('Enb@mJ’s\N il

1137713- { t- Butyé|325) 29! Ioro n 1) § 2- hy yet hyl | g}ﬁ NS
} propanenitril e 010/ 056 KR200 6%&@}\& \mol )
prepared according to th ocgs$ desc bed i +—AB-2004/ 0 6 di ssol ved

in THF (27 nL). The reactth{[Z(;xture /c oled to -20 C | es %‘?o whi ch
was added chl orodi et hyl phosphate (2 69 18. 70 nmol ) . react non
tenperature was naintai ned Rt £2-18 CR dﬁrl ng which 1M S R87. 4R |
37.38 mmol) was added dropw se over 2 holif After the reaction was

conpl eted, water (45 nlL) was added while the tenperature was nai ntai ned at
15 C or less. The resulting mixture was stirred for 30 mi nutPe8rotegtg group
extracted with Et 0OAc. Thus extracted organic solution was concentrated in

d f h t h | uent: EtOAc/ Hex = 1/3) t
bive t o (2L B RS i R fods ol By iy odiotr | B marobiog 1) [ 379]
[380] Stef!B] (3 R.4 R-1- t
z%‘étik>41¢g’§?ﬂi§‘§"ﬂ*4.”<,ﬁ“‘*pﬁm‘“k‘%“?ﬁ- PRIy 4 g 1. 52
mmol ) Othlndl L AW S eadedli@ghe. HC1L (10 nl), and the mxture

was stirr&Pofor G’rﬂiéﬂd@mﬂu -frdlneds5.08fd, 88.7¢ Qd’fﬁ(bl%'h@&isgdi\?edrﬁ@NtNﬁH @

t ; t Ag th
Xt ure vs §8°%’§§‘t?§t°§§“€3§°@é>¢%ﬁ%‘* Pirauing hotion grES B eatbnnil Gdged 1o

the residue, FEngl was pdded drepwise mr@?@ Tlog redetibnhoituge svadstiriddtaerodeh tedn-gi ve
the title conpopmatufc@odhdirs, 68aRRtrdd inl 388, a@@flﬁcw&nﬂr@%lﬁm:‘e}(tracted with
EtOAc. The organic extracts were washed with brine, dried over MgSQ,, filtered, and
concentrated in vacuo to give the title compound (8.84g.99 %). -
[287] MS[M+H] =232 M+D)
[288]
[289] Step B: Methyl (25.4R)-1-Boc-4-hydroxypymolidine-2-carboxylate
[290] (4R)-l-Boc—4—hydroxy-L-proline (8 g, 34.63 mmol) obtained in the Step A was

HAHEX (7= H26X)



[383] [384] Preparation 16: (3 S ,4 S )-1-t

- butyl - 4- (4-chl orophenyl ) pyrrolidin-3-carboxylic acid [385] Step A- (3 S ,4
S )-1- t wbubosde204- chl or ophenyf |l pyrrol i di ne- 3- car boni PCTIKER20§93B6§683- {
t-But y1R2R) - 2- (4-chl orophenyl) - 2- hyd2oxyet hyl| -am no }propanenitrile (5

g, 17.80 mmol ) which was prepared from (R

) - 1- met hy 1- 3 dasélived 8nyMEG0 akly aidKpYO! ke, 101 2n6dl) was addedxbakonnl @ebver

three steps acgordi t he proces SCr . 126 was reacted
nccordi ng & o it Cunit oL B LIS e SRR R DG RN SRERNES | he
title conpoundrré¢datGogn t&ApB2tued for P3W®WLs, MBkeMedddin268ud, I‘d!nd_)exi[rﬁ&@] with 389]

St Bt SEGR) T orariPbklaholdGRAAT ORRSALRY BHRL Mo Ta g 8onY! | ©
(3S, 4S) - 1- t - bilieted, and epnediitestasiin @agYo) ey Yeothp dila eompewntdidhl £.901%)- (0. 4 g, 1.52
mol ) ¢bygi nedispMPHER 2Ac\RS-1§dded conc. HC1 (10 nL), and the m xture was
stirre§ %ﬁr 5 hours at 110 C. After conpleting the reaction, the mxture
was coof to 20-25 C, and concentrated in vacuo Agal n, the nixture was
concent[egd]ed iSiepr@cMethizd B § RS- 1LBbI olidin-2t dueba titelue,

compound Ho. 19161933453 ocf%%g}@?@g@gg@;ggf}@%g%ogs@ M5 Pudpdd ©
I\/B[ Mrl] = 282ﬂ (HVISl@p B362disspl3edin PCapailani) and TEA (13.98 mY 8RS56 mmol) was
) - 4- (4- chl or g @&ﬂ){é)efol aﬁc? Hé’sluﬁwgl%?drﬂe%?) Yh hRYA bl NGasa&RURRSW L€

acid [394] Ste
) - 4- (4 chl or @b&@nﬁfBebf}}erf@% 19N AEXBUR WA HRAda goom somertars for 3 hours, the

4R) - 1- BOGC- 4- (fgal Stapheveyd %@M{eﬂ%t}ﬂlmm Salrhed WaHt GLGiq dé&ls,?segmoa and nmmol)

ﬁiaggﬁgdi dr 55&? SRR BRI T By ﬁ?l}cs%%%%su? Eﬂglﬁe HEHE SO &

m) was adde(d9tl(g Phéo)r eaction solution. Then, the reaction solution was
stirre r f r 3 hours and concentrated in vacuo. DCE
(2n) iz%)t EtO c gﬁ‘%%\t%gre algded to the obtained residue. Then, the

reacti ¢A90t xture was stirred at roomtenperature for 1 hour and filtered to
ﬁls\ég]t §9e1't|%t 1 (D5 465 §1-9Q-8-aoptiRflin-MebMbllare 240 (M1) [397]

- 4- (4l%$ﬁo lor oaﬂ%thyly(ﬁé‘ FR)EBosrhifmsiisslfon ey pysoliding-2uroxslateAOmo 2y 84t e
[399] The pr oghiel obfaindtl @pSHp Cehd¥iksolved in DMF (80 ml) and NaN3 (27 41 79

(3S,4R) - 4- (4-chl roI| in r.bo Iate 0. 46 nmol ) was
di ssol ved i nHHP%IE g %Ef%r{%‘? ég\ (‘i éng for aﬁﬁgﬁ mlxmre was
3- chl or o- 6- mebmgehpyted davacue, e()mnamdgmthsitm\mffhd: ))rgnﬁmexadded/ereTW$hBémﬂhl on

was conduct eq gt 480G LONBITINIES uff LOBAERQAEL AR el (£AGHIRD

m xture was concentr at tain resid
The mi xture REsoBimehsemajorrply (AgentESed il iarse tbmaﬂq)mmm@é By
colum chr orr@t)@pgy aphy (eluent: EtOAc/Hex = 1/2) to give the title conpound

(0. 48 h\ag VX(@ = 332 (Mrl) [401] [402] Step C (3 S,4 R
)-4- (4%?3 oropMé /T %Wlhyl pi per azi n-3-yl ) pyrrolidine-3-car boxyl iC
aci d [48d]] The product of Step B, nethyl (3S,4R

)4(4 orophenyl P 1.0l i di ne3carboxy|ate
(0.48 ¢ &ﬂ DNl £ 8 RELObS 4%(0.4 ), and

L| OH ( @3] lg, M@.@yln@EM)S) -Whocdearidbpyihbdingactrbotylate xG gr 2. 20ammol) obtadedain r oom
t enper ature j i due was
nmp fiRY 53 Wéssdlﬁﬁ%@'vcfﬁ‘?ﬁ'q@gi (1%&1%9) a{enﬁ tMEhe g lph}%ﬂuﬁé)&a%é}ag 526353

diluted with wate ded.

Then, the r eéﬁ@ﬁ?léwaﬁﬁ%eértberﬁ@sdr@&w@é&%é Ca’Tthieﬁ%%:tw HXEEEV Megied POTOPM The
organi ¢ ext rQ&hﬁerMﬁfeefoﬂQ h@ﬁrs%&emn vabigh, %@ﬁﬁ@d\{v[tﬁ'fa%dtubm&BNaH€dy@ﬁéﬂ to

%IIZSGEE’E e;;: lg%‘i %:ﬁ tﬂ %éégc t\ﬁlc% The orggmc xtraC][s was conlggntrate%i n VgCLIO gL405]
the title compound as oil (5.34 g, 98.5 %).

[303] MS[M+H] = 245 (M+1)

[304]

[305] Preparation 2: Methyl (2 R ,4 S )-1-Boc-4-aminopyrrolidin-2-carboxylate
[306] The title compound was prepared from (4R)-hydroxy-D-proline according to the
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)-4-(4-chl orophenyl)-1-(1, 3-thiazol -2-yOQpyrrolidine-3-carboxylic acid [407]
Step A NMEOlgi10/058023 , 4 R PCT/KR2009/006568
)-4-(4-chl orophenyl)-1-(1, 3-thiazol - 23yl ) pyrrol i di ne-3-carboxylate [408]
The product of Step Ain Preparation 17, nethyl

(3S,4R) - 4- (43@1&1&91:0@9&136% e pahiichi ne- 3- car boxyl ate (0.46 g, 1.92 mmol) was

(Zjl Efgl qj? ﬁY@Q\gT@TI%@ %)6 ETEFSA\ \(/v:e}rgdfaglﬂded7 '?’Eemrrgla)ct ?gﬁ was

conduct[é@lat 180C for 20 minutes with mcrowave. Then, the reaction mxture
was co trat C t I t OAc,
washed it necphibiilRt MthyFRb ke JACBSER M EolR oS BRI, ) o
= 1/ 3) [BWIgi ve heﬁéletqomp@u@bmwmare@ from @:5)- Qsd%y-%[-mvbpe NMSPIdiRg tohg sang M 1)
[43-10](4 [411] g&@m@asg-ﬁ?’P@ pardti6h 1. 2oy i di 3 b . i

oro i azol -2-yl) pyrrolidine-3-carboxylic aci
[412] fﬁ@mﬁ@@éﬁ%bu&é‘%wﬂg g, 70 %9 was prepared fromthe product of
Step A[3mt hyl
(3S, 4R) (4- I aro n i azo rrol.idi car boxyl at e
(0-15 §31Y. as ThrgrSPagi ety e M EERA S KR LA N ST
PrepareiBl‘Hn 17. [413] VB[ I\/H—I] = 311 (M+l) [414] [ 415] Preparatlon 19: (3S
, 4R
) 4- (2 SC]I fluo regalﬁltmn% 44?lmet locryc?theX aOznlene 3-yQpyrrolidine-3-carboxylic
acid [iﬂﬁ St élpél Almepg@flmyplo@gxeg -1- QpeFQS g, 40 3 mmol) were placed in a hydrogen reaction
)-4-(2, 4- dl f Iva@epmemyéﬁtﬁwm@mlﬂwaﬁa&reaadlﬂ@wtam mp 4] addee tﬁdr&tbenfeonpound
(0.46 g, @ aredfromthe 8 %&}ﬁ ggfratlo
(3S, 4R) - 17 Bo GOS0 Fagie Vo) S A YR oYty ecse B%%«mlﬂwaremea“% g,
2. 15 mmol ) acondwteddfot 80 miventsamegtepcanpldtngthasedstiop, the odlidRilepastatialomas1?.
[418] MS[ M+l t t.
)-4-(2,4-di f}ﬁ&tgre(%)ﬂﬁro%q@e]i{e%glt% %ﬁ%@wﬁ, g@?‘%ﬁ%%% E%?ugoit d\lzeflﬂel- Elcar boxyl at
e [421] Thecpmpdust (5af 98t%ep A, met hyI (3S, 4R
)-4- (2,414 f q@gmmﬁpym%};@qg i di ne-3-carboxylate (0.46 g, 1.91 mmol) was
di ssol ved i n di oxane | PEA (1.33 nm., 7.64 mmol) and
3, 6- di ¢AlYr opyri dazine (1. 42 g, 9.55 mol) were added. The reaction was
conductgmh]at Mpﬁ'zftibh554m-ﬂﬂh1©50-@?ﬂoﬁéxai;5ﬁeC for 10 mnutes with

m crowiéfor Th N L g concent rated in vacuo. The
obtain e5| RICIRe I s¥stred with water and purified by

col umm [8hi] orrat(bgnmph;allyam@fwe 1 E{c@@lohﬂemedqoﬂmﬁ)nota‘nhgenﬁd(emé% gi16® mowopound
0.44 g, 65 9 PGTL, 5 54

EM+ 5 ? 429] G%azgﬁ%&gﬁpng@??gs%éﬁ @%%%89% 68) fthdifhead ad¥Blh Mddwise o2

)-4- (2, 4-di f! dér%rréw@)lrryxzuee ¥t IPwpyViRed; up- 9190 pympest e wed Siresdr boxyl i c

a]g:I cSi t [ 4% 5] The! th HR66OWROUGHpIERA 3R cofBnMngWRs RN RPRLEENE LRI sdgedyyoduct
0 ep

(3S, 4R) - 4- (gqjﬁﬁ ithq TG rinprahien wes eddedie sroayatt 4N HEOs 25985 S8 HPR  199- 3- car b

oxyl at e accomg) rgtefrpinhidehes eaetiq, ateekiraetedesicr DO® The oBiaic &tatbtsRiepar ati on
17. [426] IVB[W lll_tgd Wltg’a sathed) NaHCO; aqueous solution and brine, dried over MgSQ,,

filtered, and concentrated in vacuo. The obtained residue was used in the next reaction

without further purification.

[322]

[323] Step B: 4.4-difluoro-cyclohexanone

[324] 8,8-difluoro-1,4-dioxospiro[4.5]decane obtained in the Step A was dissolved in
acetone (90 ml) and 3N HCI (900 ml), and stirred until the reaction was completed.
Then, the reaction mixture was extracted with DCM, washed with brine, dried over
MgSQ,, filtered, and concentrated in vacuo. The obtained residue was used in the next

reaction without further purification.
[325] MS[M+H] = 135 (M+1)



[427] [428] Preparation 20: (3 S ,4 R

)-4- (4-chl orophenyl)-1-(6-chl oropyridazi n-3-yppyrrolidine-3-carboxylic acid
[ 429] Thewoizniose@apound (0.30 g, 70 %9 was prepared fr @CTIKR0@VO6E6St Of
Preparation 14, (3S,4R)-1-Boc-4-(4-chorophenyl)pyrrolidine-3-carboxylic
acid according to the same procedure as in Preparation 19. [430] MS[ Mrl] =
242 (Mf3)6)[ 431] [432] Preparation 21: (3S ,4R o .

ééfé( f‘;@%}°gf2@%}%&%@;@%@@%@@%@%&%%hé‘v‘a%aﬁ’@RP{t%{n‘%édiﬂé W& SRRyl i ¢

) - 4- (4- chl or epherfpllgwd- ( 1. 6- di hydr opyri dazi n- 3-yl ) pyrrol i di ne- 3- car boxyl at e
[ 434] Tﬁ'ﬁ]i nt er medi at e obtai ned during Preparation 20, nethyl (3S, 4R

) -4-(4-chl’orophenyl) - 1- (6-chl oroEyri dazi n-3-yl)pyrrol.idine-3-carboxyl ate
(1.0 g[32l8a Hrepyratien aai(ZSottekahydrofwom-2-sahony! chlaridg cl ohexadi ene (2. 27
gi_ 28. 33(%1[” ) (@Sb?teﬂfgt%dl%’fﬁlﬁn(z]}cﬁb?i nﬁ%ﬁi @@%ﬁd.-zﬂ Hﬁ)l{ @é’stcdigé?ﬂ‘ve@iﬁﬁjm\q (z\rﬁs
stirred at roq nper ature for Qurs an oncentr i.n vacyo. e

obt ai ned r esPALEAEE SORfigk B U i Gacanstiekani chlarda (5 SuBE?%éIF‘?Lf} W3S The
filtrate was ad@sc@dpwae ebréto. DREUGOaNdypuidiéd eth®yeachbiimixtaRraadaicogr aphy

E zellg,g]e ntSt eEt g?ga%g‘gém?%%%z\%ast s?in%ld\é?rotorﬁlete%llpte}a urg ?&pl%%%rs(. Chuz,r% i re%gtig{? - [439]

) - 4- (4- chl or opkemywis doncentBuel] impadropyri0ddFCringl the yepjduabl oldimee! Shecrradsony | i ¢
g?' CSit 2332\] ;r%%xﬁ%é i)&aﬁl%%@t&‘tr% Iﬁp Tﬂg r&ctigrpm%tuWaSQ{eth@raﬁgad(u'f ?%-ﬁ@@cl%‘admt

) - 4- ( 4- chl or dptHag I vapue gt $)-§RSIPhinyen tempeatise (1 gipy e sitie spreoand @tgoxy| at e
(0.72 g, 2.2%2mwmph) according to the sane procedure as in Step C of
Prepar%éﬂn 17. [438] MS[ M+rH = 304 (Mtl) [439] [440] Preparation 22: (3 S
4 R

5 - 4- (4{831]or odtrepyriatioh-7: 62 Bx)etelrabydidfuckim Pycatrleawl ohldridepyr r ol i di ne- 3- car box

yiie Y5010 RARRZEMHRAAAHRBERE Froft 225 réhrdn§diblunah SReafboxYRE BAL (3 S .4

) - 4- (4- chl or eptreding Yo the(semepeeced@eds hyDieppypidmazi n- 3-yl ) pyrrol i di ne- 3- car bo
xyl ate[3j4ﬁ42] To the internedi ate obtained during Preparation 20, nethyl
(3S, 4R) -4- (4-chl orop,herhyl -1-(6-chl orgpyridazi n-3-yl)pyrrolidine-3-carboxyl
ate (1.183Y, 2.Bygpanation =Aie@aéwdmfyr%§-caam.l chigidecact i on was conducted at
200_Cdf Q836 m'OI Fﬂltbtt@ﬁ}éd&bﬁuh%ﬂ??élégﬁb‘bﬂyﬂﬁ: @iwl(zf?cg& oexs E@dl¢®a§ msgmn Die (thrriﬂb,n?d
resi due was dil yted, wit t 0AC .an e . r rgani ¢ sol ytion
was concent r areie it du sty B0 B SO ERE L Tredog? ARRDM R el

Et OAc/ Hex = Utdpwisethgiewe NME (50 4¢)) evas adgroun the(1@act®ngnix80e ¢d the4&8fiohS] MrH] =
334 (MFl) [4 - - o

-4 (4 ohi or Sk Pk e (oo 10 hours They, he sesction mixqure vag oo
xylic acid [42&jentpedin yacgoapapatiduntd .ﬂ@lreglgluail(w%m@/@%s/thw@ﬁmremwr@m t he
product of Stegifd at¥at BYInl. The obtained residue was used in the next reaction without
(3S,4R) -4-(4- ct}I&or oggen, 1)-1-(6-0x0-1, 6-di hydropyridazi n-3-yl)pyrrolidine-3
-carboxy | at &SI PEIHCA®NS g mpl ) according to the same procedure as in
Step C[a$7]Preparation 17.

[338] Preparation 9: 3-furoyl chloride

[339] 3-furoic acid (25 g, 0.192 mol) was dissolved in DCM (25 ml) and the solution was
cooled to 0°C and oxalyl chloride (39.0 g , 0.307 mol) was added dropwise. DMF
(5040) was added to the reaction mixture and the reaction mixture was stirred at room
temperature for 10 hours. Then, the reaction mixture was concentrated in vacuo at
20-30°C until the residual volume of the reaction mixture became about 30 ml. The

obtained residue was used in the next reaction without further purification

[340]

[341] Preparation 10: 2,2-dimethyl-3-acetyloxypropionyl chloride

[342] Step A: 2.2-dimethyl-3-acetyloxypropionic acid

[343] 2,2-dimethyl-3-hydroxypropionic acid (11.8 g, 100 mmol) was dissolved in pyridine



[447] MS[MtH] = 320 (M+1) [448] [449] Preparation 23: (3 S ,4 R

)-4-(4-chl orophenyl)-1-(1-nethyl-6-o0xo-1, 6-di hydropyri dazi n-3-yDpyrrolidine
-3-c arbowgl2ow/msei2d [ 450] Step A1 Met hyI (3S,4R PCT/KR2009/006568

) -4-(4-chl orophenyl)-1-(1-nmet hyl- 6- 0xX3- 1, 6-di hydr opyridazin-3-yl)pyrrolidin
e-3-carbo xylate [451] Methyl

(3S,4R) - 4- (4($(hhmj)cm1henwﬁe)1ctim(s@mm \ﬂasa:odlehy@lowpwce@azmenae yinpyrisad i di ne -
3-carboxyl ate Obl% eld | CEL??(&F aratlo Cg oIvedtln DMF (5

m). Cs2 cos 1Y% > % hd SP"G;&% @8“35% Wr?’%fl}ﬂ?lralis% Od8T'L i,

11. 40 mmol ) wesitwaddad thy @peti@ssolulive waeamre«bat nobxt temeenaage 8iririroacs. atfteP0- 30C
for 2 hours r lut ed

W th EtOAc, (Rad i Th oG NEEP ORI B AURE R AR hE 0y S

(el uent: Et 0Aeg jeastion mixqure pgs g¥twtqdné1ﬂt EtQac. chwmgmp ¢ragt were %@slwl Wity 52]

MS[ MtH| = 348 N(trL -5 ﬂél%l driedoddr MbS0O,, Bnd tncentréefRin vacuo, give the title

)-4-(4- chlorophe 1- 6-0x0- 1. 6- di hydropyri dazi n-3-yl )pyrrolidin
e-3-carbo xyICP@PQ%C/W%(% ?réni)o”%seozzpcw KR2009/ 006568 32 [455] The title

conpoung44]0. 3SMgM¥H] %16MM+pDepar ed fromthe product of Step A nethyl
(3S, 4R)[éf5r](4 chl orophenyl) - 1- (1- et hy1- 6- oxo- 1, 6- di hydr opyri dazi n-3-y1)

pyrroli e3- car boxyl ate (0. 55 g, 1 58 mml) accordl ng to the sane
procedlﬁ%ﬁ as iMep Be2.gtdamet@ B tloay P ‘3 = 334 (M)
[457] 8] H‘h% GARPHf fztzhéi Y?c%j?r drAeekil 11“&? I%O%&@ re of
React i on chene are asg%c))ﬁ 60 brgﬁ f ' Y % S B
)-1-{[(3 S yaRd}ssque(i g}rlyenzene (100 ) and the reaction solutlon Was cooled toO C and

butyl - 4-(4- chﬁ&mra%eemeaau@o Ngurzoanmbi)wslawglad&d[c(r WBe.witddi 3pRiuag itk 1- !
)car bonyl ] pyrrol n- nmet hﬁl e;écl ohex %ﬁlcet am de TFA sal t

[461] TFA Salsolvgrilt WTSZ{%I?])XCC{ 1&é/§fu(§tag%t}}& re gas isidled in vacuo to give
) - 1- BOG 4- [ ( 4hedtitth crmm;m)ahdycl ohexyDam nol pyrrol i d| ne- 2- carboxyl ate [464]

Met hyl 4S) rrolidine-2-carboxylate (1.07 g, 4.38 nmmol)
obt ai ne %ﬁn Pr e%g\?g@ on é}?](gﬁﬁy4 4- di met hyl cycl ohexanone(0.66 g, 5.25 mmol)

were dil$4dlved in DCE (10 nl), and NaBH(OAc)3 (1.39 g, 6.57 mmol) was added

theret ¢34 roofge fé%%tﬁ)’h%&hocﬁf&f%e hklﬁqn%@ﬁfé%@@orﬂbéﬁn‘dé Gre¥fowd:i rred at room
terrperature for hours, the organic extracts were extracted with a

sat ur atlédlINaHCO3 aqueous solution. The extracted organic solution was dried
over Mj38¥, fiPrdepaedionand(XSNERNtTated in vacuo The obtai ned residue was

purified by I a({]% Iuen /2) to give the
title conpouﬁg I(J'qnwg‘ug@%ﬂgf g 8&'? i 'caﬁ%gyelmaf)‘&MGG] [467] Step
B: Met h§33](2 FhedBle compound was prepared accordmg to the procedure described in WO

) - 1- BOC- 4- f acghydé fhed- di met hyl cycl ohexyDam nol pyrrol i di ne-2-carboxyl ate
[468] Met hyl

(2S, 4S)334l BOC—4 11(4, 4-di net hyl cycl ohexyl ) am nol pyrrol i di ne-2- car boxyl ate

g ﬁdo ;10 gsssﬁ 84 PRéphvatRRl2: (B9 4 R )F-EBufyl-4@ScHlbvphkNApyrfoliihe-SLaghéy1iL) |

acid

[356] The title compound was prepared from commercially obtained
2-bromo-1-(4-chlorophenyl)ethanone according to the same procedure as in
Preparation 11.

[357]

[358] Preparation 13: (3.5 ,4 R )-1-Boc-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic
acid

[359] Step A: (4 R)-4-(2.4-difluorophenyl)pvrrolidine-3-carbonitrile

[360] (4R)-1-t-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-carbonitrile (4 g, 15.15 mmol)
which was prepared according to the procedure described in WO 2004/09126, was
dissolved in DCE (10 ml) and 1-chloroethyl chloroformate (2.45 ml, 22.68 mmol) was
added dropwise at 0°C. The reaction solution was heated to 70°C, and with maintaining

this temperature, 1,8-bis(dimethylamino)naphthalene (4.87 g, 22.72 mmol) dissolved



WO 2010/ 056022PCT/ KR2009/ 006568 33 (1.34 ni, 14.20 mmol) was added thereto
at roomtenperature. The reaction solution was heated to 90C and was
stirred fwo20105028. After the reaction was conpl eted, CUSGIEHBOOFHICOUS
solution was added and the solution vis extracted with Et OAc. The extracted
organic solution was dried over MJSO4 and concentrated in vacuo. The

obt ai ned r esiigDEBNAS Nyl niab a@&dmfo ks &110t ZQiUHMngﬂﬁﬁBz}{:ubﬁMh@I&bm EtddAc/ Hex =

E-/4]7-)0] t 0[ £91l7\{]e ntg'th}g ! glloerﬁﬁ gnE%Hded I(l)d \%?th %iamtalnl@g thL tem erzlYB Je%kﬂreaztlgr? 7 (M)

)-1- BOC 4-f aa:ratcguif( Waﬂstdradﬁbhgdchty@iabh(hmy@am owmicentsgedini vaeuo. [The dptaitedhydn-
(2S,4S

) -1- BOC- 4- [aceentgaiiﬁlas usgd mf CY eé(;r(:efm °é‘x‘§ Oelllrtnﬁ%lr(t) er 1rlrrl% . I'ne- 2- car boxyl at e
(0.98 ¢364. 47 Flov2@ il n Step B, was di ssol ved in MeOH (8 nL) and
wat er (368 m_) LiOH (0.18 g, 7.52 rrrml) was added thereto at 0-5 C. After
t he re ?ﬁ% t _ asg - ) d ] g ours and
concentlr@tled i e S & MRS wat er and t he
sol ut on3egs exﬂR}aLtI(Ed Mﬂﬁ&oﬁﬁeﬁh&bpyrﬂﬂ&hﬁ%BIcatbbﬁdnlerdeﬂhdd inchauStep A, DASARAS hed

X“OLBOBLA”?O QNG 1 Yo7 TERS R B 8o By B L Pp Pl DB o

S . and d1 t- butyl dicarbonate (4.9 g, 22.7 mmol) was added dropw1se at 0°C. The reaction

)- 180G 4- fa?ﬁ&?ﬁ}é Fradtsdl éﬁ%?&d&Y&ﬁ&Pﬁﬁ%%@ R8s Aot TRy WRbReRAFI N-1-y1)

arbon vl rrolidine
(4S) - 1- BOC- 4ﬁ[<%‘éffdywh AF rEterRdYe PEFRSisyWora sl with A Y| H@leanddprige, driedy 41
ol ) obt ai N@ded M %@Qo&aﬂ&sw@lhﬁss}iu\éeﬂqd DVl L@mﬂﬁ clabfatd gﬁ‘?‘\ (dudl: N,

PBTU (0 o1 o EioReHiG o I8! fifke ﬁaeéﬁfe%aﬁaﬁviﬁf%goo RIDer Sied oy b 77"

reaction sol g¢).on was stirred at roomtenperature for 2 hours, the solution
was co trat a Mk resi due was diluted with Et 0OAc and washed

W th sggé‘s:]at ed\qgﬂ%ﬂa% 21398 rls)sol ution. The extracted organi c solution was
dried 3@ MySH4, concentrated in vacuo and purified by col um

chronnt[gdaphysté cuend AN Masid £ (A9/430, ok Qi ViSpRBidfdel -6 608 RRURE (1. 06 g,

E|3|_5( Z() 418 Het h)ﬂf‘ %]HB %{2,)4; { ?qrgp}g:nygpjgrohdme 3- carb%mtnle (3.3 g, 10.6 mmol)

% . g }18§ 41”28 Igwamaeﬁ azdfrlz ﬂaayﬁ%saﬂbwwml |dﬂﬁ|¥lblr'] @blnldll) @ncB6N|Na&§I$E@lmlﬁi€(5hl{nﬂ)&st

, -1- -4-] acet 4z t cygl.ohex m nol - 2- t i perazi
hoTry1 ) car baHgId ARFIBTGH L PRy SBERte b Bk ehnaetl Eaf¥eflias

di ssolved in \x[a@lmr(laverdLyheaWtién/hHmﬁ(Wamcﬂi)ut@/@withdﬂhedalditbpwrgmctsbhﬁ@hcwasAf ter
the reaction / i r.ed at
room t enper atsgﬂe*%m? qildﬁgd%%%e %ﬁ??ﬁn@;gﬂgog%gﬁgﬁéé %cfy@) In tg)télc\{lj%s

resi due was owweeshyitabepe.idiicd axerdVgdO0giané censentrated & askpsugie fB3oleny, 99 8
9% . [481] I\/B[CMﬁlpq)quﬁ::},GEy,ély@b)%MBZ] [483] Step @ N{ (3 S,5S ) 1-f
{(3S, 4 9J] te SfMﬁ/ 325%\40” or ophenyl ) pyrrolidin-3-yllcar bonyll -{(4-met
hyl pi

per azi rﬁ31’(} yl) carbonyl | pyrroli din-3- yI | - N- (4, 4-di net hyl cycl ohexyl ) acet am de
TFA sal [484] Iy Yl @ . 1e .

(35, 58138 1 Ersppiiutn e RS RIS B g mopbemamyreptiding sl e
(0.83 g, 2.2@&cidol) obtained in Step E was di ssol ved in DMF (5 nL) and

Dl PEA 9 my )

P Lot Bt - 4 Rt hen*ﬁ%@? ?f@?ﬁi‘%ﬁa ol Jepgopye iny g
nmol ) obt ai ntqrﬁleﬁ”(aé%é?rt@fl? wf:r_repaamp cp H%tog C@Wfﬁ?ﬁﬂu)‘e #ePe al so added
thereto in orp@qfaratﬁhtlgr the reaction solution was stirred at room

t enper r e solution was concentrated in vacuo. The

resi duigz% :Mﬁﬁ%ﬁﬁm ??16 é?t’ﬂﬂ?c and washed with saturated NaHCO3 aqueous

sol uti ¢B74]The extracted organic solution was dried over My504, concentrated
in vac _ ) TG [ (1.22
g, 85 [48F5HI kfé‘t ﬂ]bpS %gk? g'l)"Yt? gé? Q%IBR%YP)%B}%& Wﬁj’ 140C)
6 7.44-7 31(3m 4H) , 78468(br 1H) 394356(m 10H), 3.43-3.26 (m
3H), 324513 034 &

1H), 1.[g6( , m .

20
7] 3-{ Butyl[(2S) 2-(4-ch orophenyi) 2- hydroxyethyl ammo}propanemtrlle g,



(m 6H), 1.39 (s, 9H), 0.92, 0.90 (2s, 6H) [487] [488] Exanple 2: NNR3 S
,5S)-1-{R3B S ,4 R

)-1-tert-wot2gl0/066(22, 4- di f | uor ophenyppyrrol i di n-3-yl i car POmKR208/00pioper azi n-
| -yl ca rbonyppyrrolidin-3-y11-N- (4, 4-i et hyl cycl ohexypacet am de TFA sal t
[489] TFA salt of / ONNHNNF [490] [491] Step A (2 S .4 S

) - 1- BOC- 4- {aqetgxolmﬁolé}pﬁe hb ezl h@i@;ﬂ@fﬂs@@émﬁbé@inﬂ&(ﬁlﬂ%f@l%%ﬁ bonyl ) py

(195 00 4 SRR b T A L RS RSB RySReh 8950 20 e e g gich a1

mol ) obt ai nedhsiaddest anporGdiethybphasgiiae (2 69«17&5 1817§smhvledTherre£WBn(tarﬁperh1)Jreand
DI PEA (1.05 . aﬂ?—%
nmol ) and HB% (ﬂg&%%nm 2 \%@ i re a o) agi ed ﬁ%@ztﬁ%%ﬁr&%&er > Afte

the reaction a@@qdﬂrpbwsmgersit hoy theogasticapscamplaed, grate (hpuls Washe
sol uti on was ,g@ACRRNd @b & d‘ﬂat\d&%é& mdilRideask d51eC WaRsdmhu @1y trﬁlxﬁerAc and

washed wi th saturat gueous sol uti The extracted or
sol ution was “rfrisrélae%g)é%%ebt&s a%fﬁ%@ﬁ{eﬁarlghﬁﬁmg@%extwe dERHY P
purified by el ueﬁbeetratedai ogiuaphy pefieriy coliioh MadirharogkOphl) (efvengi @ Ache
title conpou 9 493 1 (MH1) [494] [495] Step
B: N- (4. 4-di s @{}tﬂg%%egler{%ﬂeﬁg ghnd B Ho.6o 47
) - 5- ( pilpétlazi ri\/ISEMrrb]aﬂr B@ﬁr@M}b}yrrol idin-3-yllacetanide [496]
(2S, 4S) 4 BOC- 4- [acetyl(4, 4-di met hyl cycl ohexyl)am nol - 2- (pi perazin-1-ylcarb
onyl) p rroI|d| ne (1. 01 g, 2. obtained in Step Avvas reacted
accord|% 1n.=en4- .I. _____ RITA ~Chlo LOD K1Y DT Xh eLlei ve t he
tS It tl ecqggrhqutrndrd (BRURYL-1- 9& B4 %—ch][oﬁgﬂsnmyﬁvﬂbﬁhme ﬁé&b&%ﬂé ((Mg8i 52 hA28)

ep
)-1-tert-but ﬂta&“e 2“E?ed$tﬂ? WM&H@FS%W&H%@H A0 e BPEYS S SETEhPer azin
-1 -yl carbon hmﬁﬂsrayﬂt(b?@ difrer Senbletihk (e, adionethh yhigyed whesyolddao0and te TFA
salt [500]
N- (4, 4~ di met YT ERFBRERY I VRV (3RIB 4 By B sr o A Y B Y5 81 di -
3- yf | ac et amEd@A(:ﬂé@Argwaszadzmd mrtblb)resmcbmaanﬂe@ie rnnxttgrfewaBtwe@gl fai Qpeﬁallfh DIVF
(5 m) and DEREAAGG.AR (LinScafodild.mascadded, thereto. (3S, 4R
)-1-t-but ]\g § uorophenyl )pyrrol I di ne- 3-carboxylic acid (0.63 g,
2. 24 miota obt 5H\éﬁlm ®réfathati on 11 and HBTU (0.85 g, 2.24 nmmol) were
added thg3jeto in order After the reaction solution was stirred at room

oo aud tbs amrspariincle: S A5 Tl R GRARFOM IR R el

sol uti on. Thackltracted or ganr c solution was dried over My504, concentrated

in Vac;[: The te A ) olidved. y Iite phenYDS YL fidlfefs S8hbni@flet he title
conpou d6(]1 2_, 3 0 I 0
[38 3 2-hydroxyethyl]-amino } propanenitrile (5 g,
17.80 mmol) which was prepared from (R
)-1-methyl-3,3-diphenyltetrahydro-pyrrole[ 1,2-c][1,3,2]oxazaborole over three steps
according to the process described in WO 2004/09126 was reacted according to the
same procedure as Step A of Preparation 15 to give the title compound (0.6 g, 12.82
%).
[387] MS[M+1] =263 (M+1)
[388]
[389] :
[390] To (35,45)-1-t-butyl-4-(4-chlorophenyl)pyrrolidine-3-carbonitrile (0.4 g, 1.52 mmol)

obtained in Step A was added conc. HCI1 (10 mL), and the mixture was stirred for 5
hours at 110 °C. After completing the reaction, the mixture was cooled to 20~25 °C,
and concentrated in vacuo. Again, the mixture was concentrated in vacuo 2~3 times
using DCM. DCM was added to the residue, and the mixture was stirred for 3~4 hours
and filtered to give the title compound (0.19 g, 44.30 %).



[502] 'FI NMR (500 MHz, DVBO-d6, 140C) 6 7.64-7.50 (m 1H),

2H), 4.77-4.64 (br, 1H), 4.04-3.48 (m 11H), 3.46-3.17 (m 4H), 3.

7.11-

6.96 (m
17-3. 01

(m 4H), RO4BHASER2(m 1H), 2.26-2.12 (br, 1H), 1.97 (sPCIHR200/®8568. 72 (m

1H), 1.68-1.50 (br, 1H), 1.49-1.20 (ms 6H), 1.38 (s, 9H), O.

[503] 115041Exanple 3: WD 2010/ 056022PCT/ KR2009/ 006568 36

91 (s,

6H)

(2S) - 43S, 5PYSM+ 1 (BBARN+L-tert -butyl -4-(4-chl orophenyl ) pyrrolidin-3-yli

car bon

y11-5- [[%42 met hyl pi perazi n-1-y1l) carbonyl ] pyrrolidin-3-yll-N (4, 4-di net hyl cyc
| ohex y{B9ilet ralhypanftmndﬂ-%.&aétﬂoxam de TFA salt [505] TFA salt of 0 O/ N

[506] [507] )§t
(4, 4-di ent hyl'c
pyr r ol ilé94e- 2- '-1

% %ﬁﬁfm?‘rpiﬁ’da @@ﬁyrzmhﬂ'c“g; AN

Roal (Anadd orephenyvl)p rrohdme 3-carboxvlate

ylic acid
am no |

ol ved

(2S, 45)395|B0C-(4s, J41¢a(>43b@l4emémé@€ﬁé b@y&bﬂcﬁﬁé Bf&laﬂ%&p@é Kdidqoerog: 2.a5 B a

bt d S
(r)rL) i [I]'EA '(2 ?a?%ﬂdn Emmfa@@niét‘@

162%%12(9%@&%@ a@é@ﬁ Ff@é?

é@lbwas ! gde (

(25)-tetrahy drcqfwds@an& sth@rdon mydm mehhperratd& fol 2 héwg, MBOBR(SmD lwas abitied toakk i n

Preparation 6 ded ter the rea

roomtenperature an e reac n was Co

n, sol ution

cac 10 sé:iu%mhour Setfle H:a% on solutt n as s%rreg at roopletfemgeraﬁe for

S .St

uti on

was concent r aved and corrotatedat Wcat)daCNa(P:i@D&nd@@éus{l@Dl) weroaddedgo dtstded to
the remai ni ”%b&ﬂleﬁtrbﬁ?@ueaﬁﬂeﬁ hie 1%9&}1&1 dﬂ&tﬁ‘u"ﬁ%va%ﬂfr@&&t"r?o%‘térﬁ é?&tgfeclg

extracted organi c solution was was uti on

-ﬂi‘l%ur

over

MySO4, concentd Hitegdito 2iys dhfotiteepnpraving (@d6 By9®®irm chr omat ogr aphy (el uent :

Et OAc/ lfieo6)= 1/Mi¥[N1Q1 10 Y40 tMg1fitle conpound (1.05 g, 82 %.

453 (I\/Hr%% [510] [511] Step B: (4 S )-1-B0C 4- (4, 4-dinethylcyclohexyl)[(2
Hydrofuran 2-yl carbonyll amno I-L-proline [512] Methyl

S) tet

am nol pyrrol i
reacted acco

[ 509]

VB[ M+H]

5

rred at

(2S,4S ) -
B 0C{39¢] (4, anMet_}mu QySLébhexyl ) 11(25)-tet rahyrofuran 2-yl carbonyl |

le 1to

give t ha9%kli t | eTh@(m@bman $t@p ggng:th}g]??)&;@R) 4 (4- chlorophenyl)pyrrohdme 3 -carboxylate
(0.46 g, 1.92 mmol) was dissolved in dioxane (2 ml). DIPEA (1.34 ml, 7.67 mmol) and

3-chloro-6-methylpyridazine (0.74 g, 5.76 mmol) were added. The reaction was

conducted at 180°C for 5 minutes with microwave. Then, the reaction mixture was

concentrated in vacuo. EtOAc was added to the obtained residue. The mixture was

diluted with EtOAc, washed with water and purified by column chromatography

(eluent: EtOAc/Hex = 1/2) to give the title compound (0.48 g, 75 %).
[400] MS[M+H] =332 (M+1)
[401]
[402] StepC: 3S 4R

-4-(4-chlorophenvl)-1-(6-methvlpiperazin-3-vpvrrolidine-3-carboxvlic acid

[403] The product of Step B, methyl (35,4R

)-4-(4-chlorophenyl)-1-(6-methylpyridazin-3-yl)pyrrolidine-3-carboxylate (0.48 g,
1.45 mmol) was dissolved in MeOH (4 ml) and water(0.4 ml), and LiOH (0.1 g, 4.18

mmol) was added. The reaction mixture was stirred at room temperature for 3 hours

and concentrated in vacuo. The obtained residue was diluted with water. To the diluted

mixture, IN HCI (4.18 ml) was added. Then, the reaction mixture was extracted 3
times with DCE/MeOH (10/1). The organic extracts were dried over MgSO4, and con-

centrated under reduced to give the title compound (0.32 g, 70 %).
[404] MS[M+H] = 318 (M+1)
[405]
[406] Preparation 18: (35 4 R

in Step A was



[513] MS[ MtH] = 439 (M+l) [514] [515] Step C (2 S .45 )-1-B0C 4-f

(4. 4-di met hycycl ohexyl )[(2 S

) - t et r ahywloahuvme22- yl car bonyl | am nol- 2-[ (4- et hyl pi per &zirkRzogd/06mB8bONY! | p
yrrolidin WD 2010/ 056022PCT/ KR2009/M06568 37 [516] (4S)- 1-BOC-4- ({

(4, 4-di net hyl cycl ohexyl ) R2S) - t et r ahydr of ur an- 2-yl car bonyl | am no}
-L-proline (() 49@-chlordbphenyiya (1, 3ofhiadoRed/py riglind33washoxgie heid according to
t he sa _@r ur in I%tep D of Exanple 1 to give the title conpound
(1.12g, (£ —%%%ﬁ%}@—&q—_ 521 (W1) [518] [519] Step i (2S

)-N-(4,4-di : A i B-jthif S-yImpvEolidine-3-carboxylate

b0>5(aEn(i ('5@t ;j:vleg‘;%cﬁﬁgif% é}dﬁjip@g{tdnpwg{gﬂﬂl n- 3-yl I t et r ahydr of ur an- 2- car

(4, 4- di net hyI( 8RR dyhiorombenylepyreigineot-cerhpxydaty (&4¢ BohyF mumel) was

ngtl 2- 84 Wefdm&m%dpﬁmmdﬁbx%né' (D ;Br b@ﬂélyAl(pznhﬁl 7.67 Hﬁﬁé‘l dd ga 2.15 nmol % )

(0] ai ne In s.re acCcor al [ocedur e as n e
Step E of Ex @011“?811@4@%5 Sﬁe‘z @QWO@%%%@A&% longyasgogyl UCtTAS%tl]

VB[ MrH] 42]18()‘1‘(Z}lrﬂ)) 20 bddtes fvftﬁ JiciBape. El"heﬁZthSreakslﬁf)I( BmSureSw:S Jondenffa(ed i . 4 R

% ( 3‘1 tﬁg: Lylbglt )é/élclgué)z I([ﬁe PQ la%e8 RS Rl ! E&)Xe weS R PO ol 2nd purified

car bonyl | pyr b@lcphmm Gugrhatokaply Lelaintet iy cdiet o HEN YO ivettheaedeapfipouad- 2- car bo

xam de TFA sght %@? (28) N- (4, 4-di et hyl cycl ohexyl ) - N {

(3S,59) - 5- 11? ng pi perazi n-1-yl ) carbonyl | p

yrrol i dtl3- yIM@@(ﬁ" hydeofMrdn- 2- car boxani de (903 ng, 2.15 nmol) obt ai ned

in Step4f@and (3S,4R)-1-t- butyl 4-(4- chI or ophenyl ) pyrrol i di ne- 3-car boxyl iC
' d di :

acid oE%gi ned I 2

proced las iHeRd v i a . e

conpound (1. 2bidg, 85 %. [525] I\/IS[ |VH—|] = 684 (IVH) [526] "1-1 NMR (500 VHz,
DVSO-d 40C 6. 15,
o1 vz iy, 3 bt %H@ %?w%%répirgd @%@th%@f@ﬁ%é&gﬂ X 1
3.28-3.17 (m(3blﬂv6€) -4-34- mlzlompgtgnxl (418ythiazol72-yDpyrr@iine-3-cabogyla® (O g19946

2.24-2.14 (b ccoRdi b rokEDure s ToreMra 1.75-1. 62
T 62_(1 Tmmdihe o%dggtolth% 8P o&l)b& 3 %Ilﬂcgfpléﬁa éc!‘r?ﬂo 03 5 9 Egis

6H) [ 549131 [5é‘é¥ﬂ‘éﬂ<1éitbpl3é14Mﬂ\hS{(3 S . 58)-1- {[(3 S,4 R
) - 1-tenatfutyl - 4- (4-chl or ophenyppyr roI i din-3-ylicar bonyl) 5-[ (4- met hyl pi per
2 i ot R pr ATSHEHUSE HER SR [ SoonTrR salt of v ) YA
2010/ 056022 PGH-RER 01BY000a a3 1)31B (6-Chlotipyridazine-3-yl)pyrrolidine-3-carboxylic acid
[416] Step A: Methvl (3 S .4 R)-4-(2.4-difluorophenyl)pvrrolidine-3-carboxylate
[417] The title compound (0.46 g, 90 %) was prepared from the product of Preparation 13,
(3S,4R)-1-Boc-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid(0.70 g, 2.15 mmol)
according to the same procedure as Step A of Preparation 17.
[418] MS[M+1] =242 (M+1)
[419]
[420] Step B: Methyl 3 S 4 R

-4-(2 4-difluorophenvl)-1-(6-chloropvyridazin-3-yl)pvrrolidine-3-carboxyvlate

[421] The product of Step A, methyl (35,4R
)-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylate (0.46 g, 1.91 mmol) was dissolved
in dioxane (2 ml). DIPEA (1.33 mL, 7.64 mmol) and 3,6-dichloropyridazine (1.42 g,
9.55 mmol) were added. The reaction was conducted at 120 °C for 5 minutes and at
150 °C for 10 minutes with microwave. Then, the reaction mixture was concentrated in
vacuo. The obtained residue was diluted with EtOAc, washed with water and purified
by column chromatography (eluent: EtOAc/Hex = 1/5) to give the title compound
(0.44 g, 65 %).



N'--\\ O NOH\ [530] [531] Step A: Methyl (2 S ,4 S)-1-B OC 4-

[ 3- (acet oxy) - 2, 2- di net hyl propanoyl | (4, 4-di net hyl cycl ohexyl )am no [ pyrr

ol i di ne- 2woantysyi2zat e [ 532] Met hyl PCT/KR2009/006568
(2S,4S)-1-B0C-4-[ (4, 4-di met hyl cycl oheXyl ) ami nol pyrrol i di ne-2-car boxyl at e
(1.01 g, 2.84 mol) obtained in Step A of Exanple 1 was dissolved in DCE (5
m.) . TEAZAS5 mMMSpidHPMABR4(01+34 g, 2.84 nmmol ) were added thereto and

2, 2-di ﬁ%ﬁyl- 3-acet yl oxypropi onyl chloride (1.01 g, 5.68 mmmol) obtained in
Pr epar n 10 was added thereto. The reaction solution was heated to 90 C
and sti[#24d f GQtepl@: Botirisk After the reaction was conpl eted, the solvent was
removed i n VGO, 4 Sihfdh el NAEOR AGHEANS H SOL - AIRRS: addsd 1k ackne

remai ni ng sol Ot om and tnNe Sof Uti On was extracted wth ETUAC. Ihe extracted

or gani ¢4&71 ut i3 titssommened OnpQ & 7DNe HEas BisPued divm de ipealusielrStamBomethyl

concent r at ed (3014 ¥RGUD 42t REpRehlyBA - RY.cHS BTG - HIRARY. 3 (IR Plaie

Et 0Ac/ Hex = i/ 43 ?ﬁ% ive the}Bti Ige ?é%ogggﬁioggj?bﬁ& 9% . [533] Smtal\/lS[ M-H] =

497 (M+1) [5399 rdlflsé(g]hegﬁlélﬁ pg)cefhare§esc ed in Step C of Preparation 17.

) - 1- BOQ4Z6|[ ( 4, MSvinHE] bBuoykl+ahexyl ) ( 3- hydr oxy- 2, 2- di met hyl pr opanoyl )

am nol h%.ar oline [536] Methyl (2S,4S )-1-B OC- 4-

113-(a(£e xXy) -2, 2-di met hyl prop anoyl] (4, 4-di net hyl cycl ohexyl ) am nol pyrr

ol i di né42Z]car drephration(20: 8BSgd R1. 77 mol ) obtained in Step A was di ssol ved

in MeOH (8 niy),.@n E?l%% s 81 AT ed

t hereto. Th?r%ggg}l%%&)gg?ﬂ?llgg%%m I rréﬁ%?)c')l?igyﬁ (glti]}? ?&@?’éﬁﬁtﬁgﬂr eaction

was corf?dt ed, Therfilecerwpereh () 2t100%) Waspiepesd fophthe grodyctfdispargiqngi4 i ed

with 1N HCl @319!43%1Jlﬁ)@tze@-cvm&ﬂ@p_ﬁér%%yrrahtﬁn%tcra%s(szﬂc i@ aticedif@tdthe @Am¥as

washed with 1N Hé:l sol. Uf)l on, .drﬁg over Mg504 and concentrated in vacuo to

give the titPEEOHSSAHNTEBRYOY, Y95 0. [537] MS[M+H = 441 (M+1) [538]

[539] $4¥Y C NIS[Nb+115242 (M+1)

)-1- BO([:A%[ (4. 4-di met hyl cycl ohexyl ) ( 3- hydr oxy- 2. 2- di et hyl pr opanoyf | am n01-

2-[ (4 2010/ 056022PCT/ KR2009/ 006568 39

- met hyll$3Her adimeparagionde bbhydt Rpyrrol i di ne [ 540]

(4S)-1-BOC 4')341((44@lﬂ()1‘3pﬁ€%}g¥-|19(¥ ‘5'-&ﬁgdﬂ’d#ﬁmﬁﬂﬂj?bﬁyﬁnﬂdﬂk@&@ﬂoﬁ&l?cpﬁd?@y| ) am
t1. n4m1) obt Step

nol L-proline (0.74 ained 1n B was reacted according
to thelddHe p ' Re Step D of Exanple 1 to give the title
conpound (0. §3-@ ch¥Sroffieny])SH L. 6-NByWddlyriga 231 Mybblild Bl carbSdBde St ep D

) 6 Ay A Ry Frosg bl e S G ae
)-4-(4-chlorophenyl)-1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxylate (1.0 g, 2.84
mmol) was dissolved in MeOH (5 mL). 1,4-cyclohexadiene (2.27 g, 28.4 mmol) and
10% Pd/C (1.0 g) were added. The reaction mixture was stirred at room temperature
for 10 hours and concentrated in vacuo. The obtained residue was diluted with EtOAc
and filtered through Celite. The filtrate was concentrated in vacuo and purified by
column chromatography (eluent: EtOAc/Hex = 1/2) to give the title compound (0.72 g,
80 %).

[435]
[436] StepB: 35 4R

[437] The title compound (0.48 g, 70 %) was prepared from the product of Step A, (35,4R
)-4-(4-chlorophenyl)-1-(1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylate (0.72 g,
2.27 mmol) according to the same procedure as in Step C of Preparation 17.

[438] MS[M+H] = 304 (M+1)

[439]

[440] Preparation 22: 35 4 R
)-4-(4-chlorophenyl)-1-(6-0x0-1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylic



[ 544]

(2S, 4S) - 1- BOC- 4- R4, 4- di net hyl cycl ohexyl ) ( 3- hydr oxy- 2, 2- di net hyl propanoyl ) am
i n 0] -2- [Wo-20ds¢i2pi per azi n- 1-yl ) carbonyl | pyrrolidi ne (@C3KRPN09100658 M0l )
obtained in Step C was reacted accordilng to the sanme procedure as in the
Step E of Exanple 1 to give the title conmpound (0.67, 99.8% . [545] MS[ M+H]
= 423 (M+l) [aoii6] [547] Step E Nf (3 S.5S)-1-{1(3 S .4 R

)-1-tert-hutyl:4- 4 roph yI)pyrrolldln 3-yll carbonyl 1-5-
R4- et ElZl‘ipe]S ?Ef

car bonyl | pyr - G4ek

IQII-’ (()28‘2 [ 'lig:t'ﬁ‘c ?xﬁ% e[d%q'gébtﬁmgcri gl)l(nn%Prfpacfatlon %0 mei\ryl

(3S,59)- 5 [ (4 hﬁf(ﬁﬁbéﬁ@ph@n 4= (@rmpmmmp@wmrr@mn@yanbpmp@r{é& de

g gS6Z71R§], 11£ % tﬁ%mrﬁm@lzt@éh(:)‘lq@ I‘nﬂ wis@Bddd. %j@ r%actlon was conbducteld at 200°C Cll?or Sb . q

u Cc oro r 1 dl ne rDOXy acCl i ne

in Preparati gﬁn%tﬁs %‘émF’é)éi‘@tV%an‘g‘é%UF@%/ 6‘?’(“0”9“% ﬁ‘ﬁr?gt%‘}eélcréﬂg‘t‘eewé% f“ﬁe(f

Step F of Exanpl EtOAd endgiasted Wwih Saltdr. Olie diigenit isdllueto oap oadntidle®d GcudS % .
549] WMS[ M+ M1 55 500 6, 140

2437 50 ( mend it B uiss e lomatigha TG ORI AL e

3H), 3.24-2. 9ompaynd/d)76 L80Fe)s, 3H), 2.42-2.32 (m 1H), 2.23-2.11 (br,

1H), 8ol 7316tk 340873.56 (br, 1H), 1.47-1.18 (m 6H), 1.39 (s,
9H) , 1[1?15]( I—&MJr !_LLZQ) (S 90}(25 6H) [551] [552] Exanples 5-15 [553]
Corrpourﬁ'(’d‘é4 of Preparations 1-23 were reacted according to the sane procedure

as Exanmas 1-HedB: S/e,le:onpounds of follow ng Exanpl es. 115541 WO
2010/ 056022P 5)%1?001'(9)/ 0601’16 68 I'Ir:EHI 1ne%—car§3 |?IC acid

[446] The title compound (0.51 g, 70 %) was prepared from the product of Step A, methyl

(35,4R)-4-(4-chlorophenyl)-1-(6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxy
late (0.76 g, 2.28 mmol) according to the same procedure as in Step C of Preparation
17.

[447] MS[M+H] = 320 (M+1)

[448]

[449] Preparation 23: 35 4 R
)-4-(4-chlorophenyl)-1-(1-methyl-6-oxo0-1,6-dihydropyridazin-3-yl)pyrrolidine-3-¢
arboxylic acid

[450] Step A: Methyl 3 S 4 R

-4-(4-chlorophenvl)-1-(1-methvl-6-0x0-1.6-dihvdropyvridazin-3-yDpyvrrolidine-3-carbo

xylate

[451] Methyl (35,4R)-4-(4-chlorophenyl)-1-(6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidine -
3-carboxylate obtained in Step A of Preparation 22 was dissolved in DMF (5 ml). Cs,
CO; (1.11 g, 3.41 mmol) was added, and methyl iodide (0.71 mL, 11.40 mmol) was
added dropwise. The reaction mixture was stirred at 20-30°C for 2 hours and con-
centrated in vacuo. The obtained residue was diluted with EtOAc, washed with water
and purified by column chromatography (eluent: EtOAc/Hex = 1/1) to give the title
compound (0.55 g, 70 %).

[452] MS[M+H] = 348 (M+1)

[453]

[454]  StepB: (35S 4R

xylic acid



(Mr1) 5 2,4-diF Mo Me 630 6 2,4-diF Et Me 644 7 2,4-diF i-Pr Me 658 8 4-C1
Et Me 642 9 4-C1 i-Pr Me 656 10
WO 2010/056022 PCT/KR2009/006568
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[455] The title compound (0.37 g, 70 %) was prepared from the product of Step A, methyl
(35,4R)-4-(4-chlorophenyl)-1-(1-methyl-6-ox0-1,6-dihydropyridazin-3-yl) pyrrolidine-
3-carboxylate (0.55 g, 1.58 mmol) according to the same procedure as in the Step C of
Preparation 17.

[456] MS[M+H] = 334 (M+1)

[457]

[458] The compounds of the Examples synthesized by the procedure of Reaction Scheme
A are as follows:

[459]

[460] Example 1: N-{(3.5,55)-1-{[(35 ,4 R )-1- tert -
butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[(4-methylpiperazin-1-yl)car
bonyl]pyrrolidin-3-yl}- N -(4,4-dimethylcyclohexyl)acetamide TFA salt

[461] TFA salt of

o N
\ ] T .
NN
= P
f j\ . {Nﬂﬂ
Y

k

cl —Y-/

[462]
[463] Step A: Methyl (2S5 .4 S
-1-BOC-4-[(4.4-dimethylcyclohexyl)amino]pyrrolidine-2-carboxylate
[464] Methyl (25,45)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol)
obtained in Preparation 1 and 4,4-dimethylcyclohexanone(0.66 g, 5.25 mmol) were
dissolved in DCE (10 ml), and NaBH(OAc); (1.39 g, 6.57 mmol) was added thereto at

room temperature. After the reaction mixture was stirred at room temperature for 4

hours, the organic extracts were extracted with a saturated NaHCO; aqueous solution.
The extracted organic solution was dried over MgSQ,, filtered, and concentrated in
vacuo. The obtained residue was purified by column chromatography (eluent: EtOAc/
Hex = 1/2) to give the title compound (1.16 g, 75 %).

[465] MS[M+H] = 355 (M+1)

[466]

[467] Step B: Methyl (254 S
)-1-BOC-4-[acetyl(4.4-dimethylcyclohexyl)amino]pyrrolidine-2-carboxylate

[468] Methyl (25,45)-1-BOC-4-[(4,4-dimethylcyclohexyl)amino]pyrrolidine-2-carboxylate
(1.01 g, 2.84 mmol) obtained in Step A, was dissolved in pyridine (5 mL), and Ac20



4-C1 Me t-Bu 670 11 2,4-diF Me t-Bu 672 12 4-C1 Et 0/ 698 13 4-Cl i-Pr
21cj 712 14 2,4-diF Me _Flici 686 15 2,4-diF
WO 2010/056022 PCT/KR2009/006568

[469
[470
[471
[472

—_— e e

[473]
[474]
[475]

[476]

[477]
[478]
[479]

[480]
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(1.34 mL, 14.20 mmol) was added thereto at room temperature. The reaction solution
was heated to 90°C and was stirred for 2 hours. After the reaction was completed,
CuS0O,5H,0 aqueous solution was added and the solution was extracted with EtOAc.
The extracted organic solution was dried over MgSO, and concentrated in vacuo. The
obtained residue was purified by column chromatography (eluent: EtOAc/Hex = 1/1)
to give the title compound (0.98 g, 87 %).

MS[M+H] =397 (M+1)

Step C: (4 §)-1-BOC-4-[acetyl(4.4-dimethylcyclohexyl)aminol-I.-proline
Methyl (25,45
)-1-BOC-4-[acetyl(4,4-dimethylcyclohexyl)amino]pyrrolidine-2-carboxylate (0.98 g,
2.47 mmol) obtained in Step B, was dissolved in MeOH (8 mL) and water (1.6 mL).
LiOH (0.18 g, 7.52 mmol) was added thereto at 0~5 °C. After the reaction mixture was

stirred at room temperature for 3 hours and concentrated in vacuo, the obtained residue
was diluted with water and the soluton was extracted with EtOAc. The extracted
organic solution was washed with brine, dried over MgSQO,, and concentrated in vacuo
to give the title compound (0.92 g, 97 %).

MS[M+H] = 383 (M+1)

Step D: (2548

(45)-1-BOC-4-[acetyl(4,4-dimethylcyclohexyl)amino]-L-proline (0.92 g, 2.41 mmol)
obtained in Step C was dissolved in DMF (10 mL) and DIPEA (1.05 mL, 6.01 mmol)
was added thereto. 1-methylpiperazine (0.32 mL, 2.89 mmol) and HBTU (091 g, 2.41
mmol) were also added thereto in order. After the reaction solution was stirred at room
temperature for 2 hours, the solution was concentrated in vacuo. The residue was
diluted with EtOAc and washed with saturated NaHCO; aqueous solution. The
extracted organic solution was dried over MgSO,, concentrated in vacuo and purified
by column chromatography (eluent:MC/MeOH = 10/1) to give the title compound
(1.06 g, 95 %).

MS[M+H] = 465 (M+1)

Step E: N-(4.4-dimethylcyclohexyD)-N-{(3 S .5 S
)-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }acetamide

(25,45)-1-BOC-4-[acetyl(4,4-dimethylcyclohexyl)amino]-2-[ (4-methylpiperazin-1-yl
)carbonyl]pyrrolidine (1.06 g, 2.28 mmol) obtained in Step D was dissolved in DCM
(1 mL) and 4M HCI (1 mL) was added dropwise thereto. After the reaction solution



Me C(CH3) 2CH2OH 688 [555] [556] Example 5 (TFA salt) [557] NMVR (500 Mz,
DVSO- d6, 140C) 6 7.66-7.53 (m 1H), 7.12-6.97 (m 2H), 4.76-4.64 (br, 1H),
4. 04- 3. 8OWO108I%0223. 80- 3. 56 (m 7H), 3.45 -3.27 (m 3HPCTKR2#B068( m
1H), 3.17-3.02 (m 4H), 2.77 (s, 3H),342.46-2.35 (m 1H), 2. 23-2.12 (br,
1H), 1.97 (s, 3H), 1.85-1.73 (m 1H), 1.64-1.50 (br, 1H), 1.47-1.20 (m 6
l(_DSbol M3—|§ (s, v&&h%grr&i %(])I'Oéﬁl ,tei@pbrafubdfy 1 Hoah e @Iﬁiﬂ%{)ﬁz&sﬁ%ﬂ&ﬁraﬁe@ ih )vacELﬁ)f;g] 4N25/§
(hro o aesSuye i eofyehiSRiyfn 3l affding fndComscihyh Fiog 0
3 27 3[4@1(m MS{)M+H]i9363(m1Qm 4H), 2.47-2.35 (m 1H), 2.23-2.12 (br,
[%%2 1.86-1.73 (m 1H), 1.67-1.55 (br, 1H), 1.47-1.20 (m
1.27, 1.25 (2s, 6H), 0.91 (s, 6H) [561] [562] Exanple 8
(TFA séﬂ$3) 11@91&&&_{&&@5&, DI\/SO d6, 1400) 6 7.43-7.33 (m 4H)
4.78-4.68 (b, . 0

1H) 1.96 (s PEHE Kvl)ag ’
6H), 1.[3®%4)(s, M), 4 dlm@tﬁy(c'ycloﬁéﬂyl) N- {925 SSb 9(X4(rﬁ$thyl@l}&erizﬁﬁﬂ-]yl)c{n’6615jl @ﬁ@ﬁpl e

11 (TFA salt 00 d6 1 7..66-7. 56

L1, (TEA S iSSPl g0, BN Sy 18900 6, R0 8RS0 310

8H), 3.57-3. 4@ )(amd DIAEA ®.M4mB, 289 (mmolPivps aRle@@hedet04(36#HR 5H), 2. 78 (s, 3H),
]2_ 52- ]2_ 28 g_ lltHQutyl24 %é? 01%0 il%rl)pé/ 1d1né 39821 ﬂ‘DXZ’%C AL 6é§)l g é2§ Iféb&lf” d
[ I;)68] Exanpl i Eg*g]al(agg} lman(é g Q.&_ , 2 28 mmol) Were also added ﬂlereto in order

[ (3S, 4R) - 1- t @fter et stdetibn (sGrueioh a0 §hﬁ£ﬁlitt)r@(yﬁlrt&hpéihtﬁlré3f0y Q'h@)ﬁfsbﬂl@)éblutmn

ol ytetra hyBEBEaRGnT2ed boRan oL b viyabuithieoNeary Syrhebuh ' O
saturated NaHCO; aqueous solution. The extracted organic solution was dried over
MgSO., concentrated in vacuo and purified by HPLC to give TFA salt of the title
compound (1.22 g, 85 %).

[485] MS[M+H] = 628 (M+1)

[486] 'H NMR (500 MHz, DMSO-d6, 140°C) 6 7.44-7.31 (m, 4H), 4.78-4.68 (br, 1H),
3.94-3.56 (m, 10H), 3.43-3.26 (m, 3H), 3.24-3.03 (m, SH), 2.78 (s, 3H), 2.42-2.33 (m,
1H), 2.24-2.12 (br, 1H), 1.96 (s, 3H), 1.87-1.75 (m, 1H), 1.69-1.57 (br, 1H), 1.49-1.20
(m, 6H), 1.39 (s, 9H), 0.92, 0.90 (2s, 6H)

[487]

[488] Example 2: N-[(35,55 )-1-{[3S 4R
)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yl]Jcarbonyl}-5-(piperazin-1-ylca
rbonyl)pyrrolidin-3-yl]-N-(4,4-dimethylcyclohexyl)acetamide TFA salt

[489] TFA salt of

OO@N NH
__\\ )
/TN \r |' ,
F - O
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S
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\

[490]
[491] Step A: (2 5.48




[571] Step A Methyl (2 S .4 S

)-1-BOC-4-{(ci s-4-net hyl cycl ohexyDam nol pyrrolidine-2-carboxylate [572]
Met hyl ( 28028)0/F6@Boc- 4- am nopyrrol i di ne-2- car boxyl at e ( PCOKRP)0900888 0| )
obtained in Preparation 1 and 4-net hydcycl ohexanone were di ssolved in DCE
(30 nm.) and NaBH(QAc)3 (1.39 g, 6.57 mmol ) was added thereto at room

t enper a49me. /m)eI-Hd@4r[e@@ylt@md&ﬁétuylbpaom 1)&inido]-@dpiotifie 4.9 %34 Binndddom

t emper at ur e, t ur.at aqueous ti.an t he
S0l bt on s CBRIAHAR SEFPA PHEFRSAE 0 R I edaﬂﬁ@?éﬁ?mﬁﬁag Eifr 8 P08

or gani ¢ sol utlgre.Wasmadshechdded thetntm rfhperdmeed) Wver2. 8mo]) mid HBTEd0&hd
concentrated i I ujds he
obt ai ned re5|gd@ Y%H&())Wu%n‘?ﬁalsé(ﬂror?%ﬂg&‘?tgﬁ l[B?gl uenttﬂ%g%io%gﬁéﬁ%ﬁ%a}fg%& gi ve
the title cospwntiepperyrg forzzhayys, tlp%sr@,qthvsywq}went@zﬁﬂ ip vpepp. Thgrsidue
115751St ep Biy Rl vhith 10 ABank- \&asﬁ%élmkﬁﬁta'ied‘mﬁlﬁtbx b&ﬂ%h@t&ﬁﬂé& RBeS WO
2010/ 056022PCT/ KR2009/ 006568 42 e rah uran 2- gf (far bon I,Il am.no |
pyrrol i di ne- ngacéel:cb%r)g?,l’lllats%lutlt)njyg% di 4, concentrated in Vacu he residue

(2S, 4S) - 1- BOG 4 pRdtisd By H(ﬂhhmlohymhﬂhgupﬂ}) (&meﬂﬁll\m@,ﬂ\rléﬂ)ldlmﬂ}/ﬂ)-m@ﬁ\bﬂhy tide e
(0.84 g, 2. 4%Orrﬁrml d@l{har ﬁgq/ n St ep A was reacted according to the sane
procedure as APPH f"Exanple 3 to give the title conpound (0.92 g,
87 9% . [#%¥317] I\D@[S[\NHHH 44391\4(+I\1/BL1) [578] [679] Step C. (4 S

)-1- BO@Z@ {(cis-4-nmethylcyclohexyl)[(2 S )-tetrahydrofuran-2-ylcarbonyll
amno I-L-proline [580] Vet hyI
(2S, 4S)4931Bo C- ey BN 4l-¢ignetiy

) - t et r ahydr ofy 4 @iedsYh-C
reated ccod to the sane roce re
E[BC%YW Dy faclphgpla @aﬁ%@we@g SiargEyey

2o i TRt o e

[ 581] MS[ M+Hpymsoddine (MHLY, ZL %ﬁl]rnOII 8@ BhedinefrePA Wi BactdbadcoitilBOC-the f;ame

(ci s-4-net hyl X

et ayar of uP eI Sk B of Bxamade o e il sapaoaid B34 BESBETN 1 pyr
olidin [4%7 [584\]15KM5§1] 1353@71*49 {

(cis-4 r@g hyl cycl ohexyl ) 11(2S) -t et rahydrof uran- 2-yl carbonyl | am nol-

L- prollne (0 85 g, 2.00 rrm)l) obtained in Step C was reacted according to

t he san®’ roc@%&@—@ﬂ@ﬁﬂ%—éﬁ@p&ﬁ—%f Exanple 1 to grvethetrtle conpound
(0.95 g, 94 %N1-teftSRoh- M Mittluorogh@dy {ifhblid{nS861]carb&8iT ] -5 SbBerazin- (21Brbon
)-N-(cis-4-nmethyl c‘;,he1 ) : o A salt

)-5-[(4-meth S ot P YRR S S Sy E88E T ahydr of ur an- 2- car
boxam dg00][ 588Y- (4( Q@m&}lyl’byﬂﬁﬁwﬂ) I{I [(3S 58)-5-(piperazin-1-ylcarbonyl)pyrrolidin-3-yl]ac

(cis-4-net hyl g?%r az% :Eliélzrﬁ oté)e(;brt cﬂﬁ%ftéﬁ B% dYJsSl@é@ B‘EMMF’E‘(? r@%) and

01211(4rret ar o@ﬁ/ prror i ne ol )
obt ai ned in QI A[§ M@keﬁa@q @(Hﬁ(ébYYé?r deg thegetpHS Sélgme procedure as in the

Step E of Ex l§ht 14 @demldr }Lﬁr&famoyeﬂbéﬁyh&cm 3 294 m{n%i%9]

;VB [1N!t+(|:]rt_but ;9? azpe 4n Fﬁpa a&ahg ri ef% 9%55&%2%%03}%%@? th[ﬂ{ﬂ%ﬁétﬁgﬂ pi pe

razin-1-yl) After the reaction solution was stirred at room temperature for 2 hours the solutlon

gﬁ]r 32”)/%_::2\)/; réxfoa{s Icgrllcen?fa%& mn Va(:%C 'fhe regnfal Xﬁ:llltg(? \e)v)% %tgkc an anh 2- car box

saturated NaHCO; aqueous solution. The extracted organic solution was dried over

MgSO., concentrated in vacuo. The residue was purified by HPLC to give TFA salt of
the title compound (1.20 g, 87 %).

[501] MS[M+H] = 616 (M+1)

[502] 'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.64-7.50 (m, 1H), 7.11-6.96 (m, 2H),
4.77-4.64 (br, 1H), 4.04-3.48 (m, 11H), 3.46-3.17 (m, 4H), 3.17-3.01 (m, 4H),
2.45-2.33 (m, 1H), 2.26-2.12 (br, 1H), 1.97 (s, 3H), 1.88-1.72 (m, 1H), 1.68-1.50 (br,
1H), 1.49-1.20 (m, 6H), 1.38 (s, 9H), 0.91 (s, 6H)

[503]

[504] Example 3:



[ 592] (2S)-N-(cis-4-nethylcycl ohexyl)-N{

(3S,5S5)-5-11(4- et hyl pi perazi n-1-yl ) carbonyl | py

rrolidi n-8eybiowmssahydr of ur an- 2- car boxam de (0.76 g, 1. 8CTmR0()9/mbicai ned in
Step E and (3S,4R)-1-t-butyl-4-(4-chl¥®rophenyl)pyrrolidine-3-carboxylic
acid obtained in Preparation 12 were reacted according to the sane
procedur e as (28)-NHe3SHESP1-F (38, 4R)A1Dt3ﬂnﬂit95wmm¥6m&ﬁ%ﬁaﬁﬁ3 ABlclatuipl e 1

1509 'St ep oo TR berting ooy b rofitn- Y5, ikt etdneh 9

)-1-tert- butyDtetra(hqwhhﬁman-[iF@Wb))qmldledFEMsaitS yl I carbonyl 1-5-

[(4 eyl pi pey y1) |

car bon dyrro i d| n -y11-N-(ci s-4-net hyl cycl ohexyl )t etrahydrof uran-2-car bo
xam de HCl salt [596 'deA of the conpound obtained in Step F was
basified with 1IN Na and™ e>gt_rﬁ%ted with Et0OAc. This organic solution was
dried over My504, <o tvated in vacuo and 4M HCl/di oxane was added

t hereto. The reatﬂ\'glcpn sol utlon was stirred for 1 hour at roomtenperature
and concentrated IT. vacuo’ wi tdnout further purification to give HCl salt.
[597] '"H NWR (500=N DIV&B 6 140C) 6 7.54-7.22 (m 4H), 4.79-4.65 (br,
1H), 4.53-4.43 (m % (‘3,96-, 58 (m 10H), 3.58-3.37 (m 2H), 3.37-3.22
(m 2H), 3.22-2.94-(mf 5Hy (s, 3H, 2.64-2.50 (m 1H), 2.43-2.27 (m
1H), 2.20-2.09 (m 1Hﬁ." 09-1797 (m 1H), 1.97-1.74 (m 5H), 1.61-1.44 (m
4H), 1.40 (s, 9H), 1.37-1.22 (m 3H), 0.95 (s, 3H) [598] [599] Exanples
17- 25 [[8@d] Conpounds of Preparatl ons 1-23 were reacted according to the

same ph dur 2 : \ @ | owi ng Exanpl es.
116011 [%:V@ GS 0560 20097 006563 ON ? Exanpl e R2'
R3 )—tetrahydrofuran 2-ylcarbonyl |am1n0 {pyrrohdme—2—carb0xylate

[508] Methyl (25,45)-1-BOC-4-[(4,4-diemthylcyclohexyl)amino]pyrrolidine-2-carboxylate
obtained in Step A of Example 1 (1.01 g, 2.84 mmol) was dissolved in DCE (5 mL).
TEA (5 mL) and DMAP (0.34 g, 2.84 mmol) were added thereto.
(25)-tetrahydrofuran-2-carbonyl chloride (1.14 g, 8.52 mmol) obtained in Preparation
6 was added thereto. After the reaction solution was stirred at room temperature for 2
hours and the reaction was completed, the solution was concentrated in vacuo.
Saturated NaHCO; aqueous solution was added to the remaining solution and the
solution was extracted with EtOAc. The extracted organic solution was washed with
IN HCI solution, dried over MgSQO,, concentrated in vacuo and purified by column
chromatography (eluent: EtOAc/Hex = 1/4) to give the title compound (1.05 g, 82 %).

[509] MS[M+H] = 453 (M+1)

[510]

[511] Step B: (4 §)-1-BOC-4-{(4.4-dimethylcyclohexyD[(2 S
)-tetrahydrofuran-2-vlcarbonyllamino}-I.-proline

[512] Methyl (25,45
)-1-BOC-4-{(4,4-dimethylcyclohexyl)[(2S)-tetrahyrofuran-2-ylcarbonyl]amino } pyrroli

dine-2-carboxylate (1.05 g, 2.32 mmol) obtained in Step A was reacted according to
the same procedure as in the Step C of Example 1 to give the title compound (0.99 g,
97 %).

[513] MS[M+H] = 439 (M+1)

[514]

[515] Step C: (2 5.4 §)-1-BOC-4-{(4.4-dimethycyclohexyD[(2 S




RS M5 (M+l) 17 4-C1 Me t-Bu 656 18 2,4-diF Me t-Bu 658 19 4-Cl1 Me
C(CH3) 2CH20OH 672 20 2,4-di F Me C(CH3) 2CH2CH 674 21 2,4-di F Me 2v
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[516]

[517]
[518]
[519]

[520]

[521]
[522]
[523]

[524]

[525]
[526]

[527]
[528]

[529]

37

(45)-1-BOC-4-{(4,4-dimethylcyclohexyl)[ (25)-tetrahydrofuran-2-ylcarbonylJamino }
-L-proline (0.99 g, 2.26 mmol) obtained in Step B was reacted according to the same
procedure as in the Step D of Example 1 to give the title compound (1.12g, 95 %).

MS[M+H] =521 (M+1)

Step D: (2 §)-N-(4.4-dimethylcyclohexv)-N-{(3S 5 S

-5-[(4-methvlpiperazin-1-vl)carbonvlIpvrrolidin-3-vl }tetrahydrofuran-2-carboxamide

(25,45)-1-BOC-4-{ (4,4-dimethylcyclohexyl)[(2S)-tetrahydrofuran-2-ylcarbonyl ]Jami
no}-2-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidine(1.12 g, 2.15 mmol) obtained in
Step C was reacted according to the same procedure as in the Step E of Example 1 to
give the title compound (903 mg, 99.8 %).

MS[M+H] =421 (M+1)

Step F: 2 S)-N-{(3S.55)-1-{[BSA4R

-1-tert-butvl-4-(4-chlorophenvl)pvrrolidin-3-vllcarbonvl }-5-[(4-methvlpiperazin-1-vl

carbonyl]pyrrolidin-3-v1}-N-(4.4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide
TFA salt

(25)-N-(4,4-dimethylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin-1-yl)carbonyl]p
yrrolidin-3-yl }tetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained in Step D
and (35,4R)-1-t-butyl-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained in
Preparation 12 were reacted according to the same procedure as in the Step F of
Example 1 to give TFA salt of the title compound (1.25 g, 85 %).

MS[M+H] = 684 (M+1)

'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.43-7.31 (m, 4H), 4.80-4.68 (br, 1H), 4.49
(dd, J =6.15, 6.1 Hz, 1H), 3.92-3.57 (m, 12H), 3.57-3.46 (m, 1H), 3.41-3.28 (m, 2H),
3.28-3.17 (m, 1H), 3.12-2.92 (m, 4H), 2.71 (s, 3H), 2.42-2.30 (m, 1H), 2.24-2.14 (br,
1H), 2.08-1.98 (m, 1H), 1.96-1.77 (m, 5H), 1.75-1.62 (m, 1H), 1.62-1.46 (m, 4H), 1.38
(s, 9H), 1.37-1.24 (m, 1H), 0.92, 0.90 (2s, 6H)

Example 4: N-{(35,55)-1-{[3S 4R
)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-[(4-methylpiperazin-
1-yl)carbonyl]pyrrolidine-3-yl}-N-(4,4-dimethylcyclohexyl)-3-hydroxy-2,2-dimeth
ylpropanamide TFA salt

TFA salt of



oi 672 22 4-Cl Et oi 684 23 4-Cl i-Pr oi 698 24 2,4-diF M '----\\0 668
25 4-C1L Me 670 [602] [603] Exanple 17 (TFA salt)
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[530]

[531] Step A: Methyl 25 .4 S

-1-BOC-4-{[3-(acetoxvy)-2.2-dimethvipropanovl](4.4-dimethvicyclohexvyl)amino } pvrr

olidine-2-carboxylate

[532] Methyl (25,45)-1-BOC-4-[(4,4-dimethylcyclohexyl)amino]pyrrolidine-2-carboxylate
(1.01 g, 2.84 mmol) obtained in Step A of Example 1 was dissolved in DCE (5 mL).
TEA (5 mL) and DMAP (0.34 g, 2.84 mmol) were added thereto and
2,2-dimethyl-3-acetyloxypropionyl chloride (1.01 g, 5.68 mmol) obtained in
Preparation 10 was added thereto. The reaction solution was heated to 90 °C and stirred
for 48 hours. After the reaction was completed, the solvent was removed in vacuo.
Saturated NaHCO; aqueous solution was added to the remaining solution and the
solution was extracted with EtOAc. The extracted organic solution was washed with
IN HCI solution, dried over MgSO,, concentrated in vacuo and purified by column
chromatography (eluent: EtOAc/Hex = 1/4) to give the title compound (0.88 g, 63 %).

[533] MS[M+H] = 497 (M+1)

[534]

[535] Step B: (4 S
)-1-BOC-4-[(4.4-dimethylcyclohexyl)(3-hydroxy-2.2-dimethylpropanoyl)
amino|-L-proline

[536] Methyl (25,45
)-1-BOC-4-{[3-(acetoxy)-2,2-dimethylpropanoyl](4,4-dimethylcyclohexyl)amino } pyrr

olidine-2-carboxylate (0.88 g, 1.77 mmol) obtained in Step A was dissolved in MeOH
(8 mL) and water (1.6 mL). NaOH (213 mg, 5.31 mmol) was added thereto. The
reaction solution was stirred for 12 hours. After the reaction was completed, the
reaction solution was concentrated in vacuo, acidified with 1N HCI and extracted with
EtOAc. The extracted organic solution was washed with 1N HCI solution, dried over
MgSO, and concentrated in vacuo to give the title compound (0.74 g, 95 %).

[537] MS[M+H] = 441 (M+1)

[538]

[539] StepC: (2549




[604] NWR (500 MHz, DMSO-d6, 140C) 6 7.44-7.29 (m 4H), 4.79-4.67 (br, 1H),
3.99-3.88 (m 1H), 3.86-3.47 (m 10H), 3.43-3.28 (m 2H), 3.18-2.99 (m
5H), 2. 75W0201081%0222. 48-2.40 (m 1H), 2.16-2.05 (m 1H) PCI/KRRo®/®E&568m 2H),
1.66-1.48 (m 5H), 1.43-1.18 (m 2H),391.39 (s, 9H), 1.15 (s, 9H), 0.98 (d,
3H) [605] [606] Exanple 26: N{(3 S,5S)-1-{[(3 S ,4 R

) - 1-tert - but yinethy(pApetidien opiRamehyByyrid@idigd ne- 3-yl i carbonyl) - 5-[ (4- et hyl pi p

Oy oA iny | 149 FRQGH S imeteysdobegD - bRy 2o RP oy BN pr oa

nam de TFA dapiolid D74 FHACSmintol pdbtaiid RSP B5GB22RET KRBOINRY ©0BS5681e45

[608] [609] :
)1 Boc a- 1. PR G Ruee HEBer BoPxinble | o sive e fie compound Q&35 93 80 61
Vet hyl [958, 4S)M&U‘éth;l Ko s of i mas2 oot boxyl ate (20 5 420 mrob)

obt ai ngglydjn Preparation 1 and 4, 4-difluoro-cycl ohexanone (19.31 g, 144

nmol ) ined,in_P epar tion 5 was d soI ved DCE aBH(QAc).3 (37 g, 180
mol ) &g%ﬁadd R ReNd 431 STLSAE et a S IR g }5‘6 hours at
room terrpera At [@4-nffiligpi éﬂaelnrls &arbcﬁh rrC l3e 1épko hﬂfwmsel ution was

concent [ u d t her et The
colutt dnTas Gty S et R RSB SO P2 B R B e B P rm o
and purifi ed o -[¢emethyliberanmt logh @ptmny{leyuelntine €@ 8Bg/IHkmmol)y abained igi ve t he
title corrpourgde (@%fa§§eagted%§co4?i g%&a{e%taﬁfé fréc%ahd{%%tsm/ he@%@ 3Pk dmBle Fo4-

[ (4 -quoroc &l ohex- 3- en-1- m no oY i ne-2- car boxyl ate.” [ 611]

VB[ MH] 3631‘(‘3%‘15“1? eqr;zwoun%@é? ESRY )B Methyl (2 S .4S

)-1- BO(F5,4I5 1- (AvidpMi-HE 2angeyrliphexyl ) (2, 2- di net hyl propanoyf | am nd pyrrolidin
e- 2-car g)fﬂxyl ate [614] Met hy?

(2S, 48)[ 1lgoc a- 11(4, 4-di fl uorocycl ohexyl ) am nol pyrrolidi ne-2- carboxyl ate
(1.03 ¢547. 84 SwwE) N} 8i.h8d 11 (BFepRA was di ssolved in DCE (5 nL) and TEA

(5 ni) and | &%ﬁ,ﬁ@@% gﬂigg}ﬁofﬁgf.}eé foa &@@@rpc'ﬁ@ﬂuuglg The

avai | abl e pi var
-(dot-dimethy lesciahe ) -B drvdpak vinh Prdsg yipegpanhe

reaction sol gubonyhhpysrabidiy sy
reacti on was ,GRAPTEA &%« the soI vent was renoved in vacuo and sat ur at ed
NaHCC3 %eous solufron was added, The saol ution was extracted with EtOA

The extl?¥dt ed W@éﬁl@e@&lcmlpwy\l/\)a% hydrened- Q\AﬁllﬂTF?t@ﬂrN—'iﬁﬁSﬁl)ﬁtﬁ%ﬁleﬂdilli’lé%lfaover
M504 Conce@hfB@Qdmbﬁmﬂﬁ@u@hamQSpM@hﬁhﬁﬁnb&(067gnDSQhﬁﬂ@ﬁbﬂ@m@@hyS&FEnent

Et OAc/ Hex = ?1 351t %i)? ¥§1fnézgﬁ ((:Ell %L?r@%%%?pyrrohﬁme 3 cgrboxy%lc QCld (gbt%amld in

447 (Mr1) [618
)-1-BOC- 4- 1- (P:ﬂn;m;adlohllaommymabwﬂequrdmg t@tldlsambrpycbqodmpaﬂuyﬂlbmmdzﬁ L-proline

WD 2010/ 0560 0

(2S,49)-1- Bozg%g- eﬁ%%%?ﬁ%?(%@?ﬁ h@%gh%ﬁ%}/ I e ‘%hyl propanoyl ) am noj
pyrrol ile#He- 2-Maioly 86 Mt-102 g, 2.32 mol) obtained in Step B was
react eqsggcor dgngmMiro st)b@wﬁ@mm@emo@msv 4317Bmem81qu46801 cExample 1 to

?Its\z/f] t gteefol t[)'g,e%ggy ﬂ)ﬁ 39956 O 3{Q) 3§59, JVBL#{H—% 75 3313_1)(4\%15 35620]

) - | 1- BOC- 4- {(4HA} 2p3- Quor(bg)liel)ohw)llm((ﬂ} ZHd,I[]nES -hybrbopanol4T-amsrel, 625.{1(30 met h
yl pi pe razi I 622
(4S)-1-B0C 4%?{% gl? |ngﬂérdo%crdah(gxy (2, 2- d| met hyl pr opanoyl ) am nol - L- pr ol

ine (0.[8%llg, 2.2 mml) obtained in Step C was reacted according to the sane

proced%@z as 'E‘xatnﬂﬁes%ﬂg D of Exanple 1 to give the title conpound (1.05 g,
39%.

[553] Compounds of Preparations 1-23 were reacted according to the same procedure as
Examples 1~4 to give compounds of following Examples.
[554]



[623] MB[ M+H]
N- (
5

)
(2
1(

(Mr1) [628]

erazin-| -yl

) cabonyl | pyrrolidin-3-y1l1-N (4, 4-difluo ed
e TFA salt [630] N-(4,4-difluorocycl ahexy

= 515 (M+l) [624]
4. 4-di fl uorocycl ohexyl)-2. 2-di net hyl
-{(4- nwOhylogisperazi ne- 1-yl ) car bonyl | pyrrol i di n- 3-yl | pcogRac/mes6s] 626]
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{sflﬁ“ej yII
e

[625] Step E:
“Nf (3S.5S

0 9.
S,4R

2, 25d|nethyl

S, 4S) - 1- BOC-4- 11(4, 4-di fl uorocycl oh®xyl ) ( 2, 2- di net hyl propanoyl ) am nol
4-me t hyl pi perazin-1-yl)carbonyl | pyrrolidine (1.05 g,
in Step D was reacted according to the sane pro
Exanple 1 to give the title conmpound (845,08
[629] Step F: N{(3 S ,5

)-1-tert-butyl-4-(4-chlorophenyl)pyrrd

N-{

-2-1

2.04 mmol ) obtai ned
2dure as in the Step E of
[627] MS[ MtH]

= 415

car bonyl11-5-{(4-nmet hyl pi p

xyI) 2, 2- dlnethylpropananld

(3S,5S5)-5-11(4- nethylplpera2|n 1- yI)car bony Ipyrrolldln 3-yl | propanam de

(845 ng, 2. 04rmrel)—ebtained—+n—StepE-and
(3S, 4R) - 1- t - but ¥iadplé 4-|chl orRphenyl|) pyrrbl i di ne- 3- cRt boxyl i|c 8§$;Obtdlned
i i were lreacted according to the same procedure 1) nt
in Preparati op—12 eactedaccardi le—sahe—proce he
Step F of Exanple 3l to givé‘#@ﬂ sallt ofMehe title dMempound (1.1@“@, 8% % .
[631] MS[MH | = 678 (Mtl) DGRZF ' |1 NVR:(500) Mz, GWSO d6, |140Chadb
7.42-7.30 (m 4") 4-86=4-—T70(ht J.I‘I), 91=8-82(m 1H),—382=-3, 55 (1
10H) . 3.39-3.28 (i 2H). 3274%% 1o *i’ 02- 2@% . 9%s (d
3H), 2.39-2.30 (m8 1H),| 2.22-Q. 13 (br, BH), 2.13-1.:8d (m 6H), 4453-1./56
m 1H), 1.56F1.48 (m [IH 38 (S, 9H 17 (s 63
(11634?Exanpl es 97béqg WO )2010, loser(az ODch%DRPQn N9/ 5065“25) Al7 [ J351 Bihounds of
Preparations [1-2310ere |reactted accardi Meto the satBuprocedure 8% Exanpl es
1-4, 26 to giyve ceppounds of4 figl | owi ng Ngxanples. O¢gy\ N R3 N gh1-7,/ V\
R5 Exanpl e 3—R5 a
12 4-Cl Et 4 698
o]
H
_ : )//\
13 4-Cl 1-Pr \oj 712
H
14 2,4-diF Me A 686
o]
15 2,4-diF Me C(CH;),CH,OH 638
[555]
[556] Example 5 (TFA salt)
[557] 'H NMR (500 MHz, DMSO-d,, 140°C) 8 7.66-7.53 (m, 1H), 7.12-6.97 (m, 2H),
4.76-4.64 (br, 1H), 4.04-3.80 (m, 3H), 3.80-3.56 (m, 7H), 3.45-3.27 (m, 3H), 3.27-3.17
(m, 1H), 3.17-3.02 (m, 4H), 2.77 (s, 3H), 2.46-2.35 (m, 1H), 2.23-2.12 (br, 1H), 1.97
(s, 3H), 1.85-1.73 (m, 1H), 1.64-1.50 (br, 1H), 1.47-1.20 (m, 6H), 1.38 (s, 9H), 0.91 (s,
GH)
[558]
[559] Example 7 (TFA salt)
[560] 'H NMR (500 MHz, DMSO-d,, 140°C) 8 7.65-7.54 (m, 1H), 7.10-6.97 (m, 2H),
4.77-4.66 (br, 1H), 4.03-3.80 (m, 3H), 3.80-3.60 (m, 7H), 3.47-3.27 (m, 4H), 3.27-3.19
(m, 1H), 3.19-3.02 (m, 4H), 2.47-2.35 (m, 1H), 2.23-2.12 (br, 1H), 1.97 (s, 3H),
1.86-1.73 (m, 1H), 1.67-1.55 (br, 1H), 1.47-1.20 (m, 6H), 1.38 (s, 9H), 1.27, 1.25 (2s,
6H), 0.91 (s, 6H)
[561]
[562] Example 8 (TFA salt)
[563] 'H NMR (500 MHz, DMSO-dg, 140°C) 0 7.43-7.33 (m, 4H), 4.78-4.68 (br, 1H),



M5 (Mr1l) 27 4-C1 Me Me 636 28 4-C1 Et Me 650 29 4-Cl i-Pr Me 664 30 2,4-di F
Me t-Bu 680 31 4-C1 Me 1( O J
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3.93-3.56 (m, 10H), 3.43-3.26 (m, 3H), 3.23-3.03 (m, 7H), 2.43-2.33 (m, 1H),
2.22-2.11 (br, 1H), 1.96 (s, 3H), 1.87-1.76 (m, 1H), 1.69-1.57 (br, 1H), 1.48-1.20 (m,
6H), 1.39 (s, 9H), 1.24 (t, 3H), 0.92, 0.90 (2s, 6H)

[564]

[565] Example 11 (TFA salt)

[566] 'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.66-7.56 (m, 1H), 7.10-6.98 (m, 2H),
4.77-4.67 (br, 1H), 4.07-3.91 (m, 2H), 3.89-3.57 (m, 8H), 3.57-3.46 (m, 1H), 3.44-3.28
(m, 2H), 3.20-3.04 (m, 5H), 2.78 (s, 3H), 2.52-2.40 (m, 1H), 2.17-2.06 (br, 1H),
1.92-1.79 (m, 1H), 1.66-1.54 (br, 1H), 1.49-1.18 (m, 6H), 1.39 (s, 9H), 1.16 (s, 9H),
0.92 (s, 6H)

[567]

[568] Example 16:
(2S)-N-{(3S,55)-1-{[(3S,4R)- 1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }
-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetra
hydrofuran-2-carboxamide HCl salt

[569] HClI salt of

S J - ) O

r‘f"\h ~ _<N - H
L\\7 ___'_i‘;"l \ O/‘f \
cl S o

[570]

[571] Step A: Methyl 2.5 .4 S

-1-BOC-4-[(cis-4-methvicvclohexvDaminolpvrrolidine-2-carboxvlate

[572] Methyl (25,45)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol)
obtained in Preparation 1 and 4-methylcyclohexanone were dissolved in DCE (30 mL)
and NaBH(OAc); (1.39 g, 6.57 mmol) was added thereto at room temperature. After
the reaction solution was stirred for 4 hours at room temperature, saturated NaHCO;
aqueous solution was added thereto and the solution was extracted with DCM (50 mL
X 2) and EtOAc. The extracted organic solution was washed with brine, dried over
MgSO,, filtered and concentrated in vacuo. Cis- and trans- compounds were separated
from the obtained residue by column chromatography (eluent: EtOAc/Hex = 1/2) to
give the title compound (0.84 g, 57 %).

[573] MS[M+H] = 341 (M+1)

[574]

[575] Step B: Methyl (2 S .4 S)-1-BOC-4-{(cis-4-methylcyclohexyD[(2 S




692 [637] [638] Example 32: (2 S)-N{(3 S,5R)-1-{{(3 S,4 R
)-1-tert-butyl-4-(2, 4-difluorophenyl)

pyrrol i diwl-2g9ivmserdony11- 5- [ (4- net hyl pi perazi n- 1-yl ) car pomR2p4wa06d68di n- 3-y
|1 -N-(4, 4-di met hyl cycl ohexyl )t etrahyfr of uran- 2- car boxam de TFA salt [639]
TFA salt of [640] [641] Step A: Methyl (2 R,4 S

) - 1- BOG- 4- [ ( 4,tékrhiyaRifinyth Oy@at 056N [aith }@&gﬁﬁméimﬁaﬂﬁm&}a@ar boxyl ate [642]

Met hyl 4S) yrrolidi n I at , 438 1)
bt o) ndtiTin PPASEVERs a8 S G G Ry SOhPS R e gl 0
were di ssol vé@lS# g, DEEn(R@) nbpinaddh SiaBH @Acedcted a@9rdjng 6 tHh same blocwdise adlded
thereto at r (- T i red for 4 hours
at roomtenp glﬁ)g}teur ng%lglpletaxﬁ% Cf@@%&ﬂ?ﬁﬁ%d&)@%f?fand Et OAc. The
ext ractl&dlor geMSF:MtHﬂ #td8itMid$ washed with brine, dried over M504,
filteraseg] and concentrated in vacuo. The WO 2010/056022PCT/ KR2009/ 006568
48 obt ﬁlléib d re i due we L d,sb I %r? at ogr aphy (el uent,

Et OAc/ . PR e , 75 % . [643] MS[M+H] =
355 (Mrl) [ 644dtrahly6ei5l 1$t2§5§ dborlvitTahh }5 @lmfb S
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(1.16 g, 3 27)b{lﬁﬂ%'d)m 'R%aﬁ %9¥éa@te§ta€<fbré’in§@§tl{e% ﬁoc@&&%ragh{‘@lets &;t@% same

procedure as _In titl corrpo 1 21 g,
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82 9% . [647] Hvs[flmtoglnes@e(tM£ymPem(0 8[5@13}5 %tep C (4 S)-1-BOC-4- f
(4. 4-dijpethyl oysivbpaxylaps (#1+3)) - t et rahydr of ur an- 2-yl car bonyl | am no
I-Dpri%ﬁ [ 650] Met hyl (2R 4S5)-1-B OC-4- { (4, 4-di methyl cycl ohexyl)[(2S

tetr rof uran- 2-yl car bonyl | am nol pyrrol i di ne-2-carboxylate (1.21 g,
2. 67 mipt3] obtSaembd(A .4 EB)MS risakineth cl«»helx S) the sarre pr ocedure
as in the St 3l § gi.vethe t e sy iidid -
[651] MS[ M+ Ret% 01ll Q-2 ylealh Q{2 QL0 |- 41111 Pt 1 _;Z -_ PYITO ld@

(4. 4-di met hylecycl ohexyl )f(2 S

Lyﬁ et rabygr of fagpLs %o@ qa{r(ag Wb AgTe9abndyb 3 RRb YA BHRAT 831 Ardhny T hifioony |

(4, 4- di met hy|1c9r@ilafh @%ﬁ g ﬂ‘%@@}nql)e@%m%%?tw Griva-reacted asepisling ihgme
D proline (brddd@e agitbBesid D odBkamprd dorzivet @P tiffe VarBpos BRSNS 0¢gs)di ng to

'Er11faZgagsgﬁgog@%ﬂg{]gggf:i'ééikﬁéﬂﬁt:egzi) (()}‘\/H%a[néllsg] 1 togive the title conmpound
[586]

[587] Step E: (2 S )-N-(cis-4-methylcyclohexyD)-N-{(3 S .5 S

-5-[(4-methvlpiperazin-1-vl)carbonvllpvrrolidin-3-vl }tetrahydrofuran-2-carboxamide

[588] (25,45)-1-BOC-4-{ (cis-4-methylcyclohexyl)[(2S5)-tetrahydrofuran-2-ylcarbonylJamin
0}-2-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidine (0.95 g, 1.87 mmol) obtained in
Step D was reacted according to the same procedure as in the Step E of Example 1 to
give the title compound (0.76 g, 99.8 %).

[589] MS[M+H] = 407 (M+1)

[590]

[591] Step F: 2 S)-N-{(3S.5S5)1-{[BS 4R

[592] (25)-N-(cis-4-methylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin- 1-yl)carbonyl]py
rrolidin-3-yl }tetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in Step E
and (35,4R)-1-t-butyl-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid obtained in

Preparation 12 were reacted according to the same procedure as in the Step F of



[657] Step E: (2 S )-N (4, 4-dinethylcyclohexyl)-N{(3 S ,5R

)-5-1-(4-net hyl pi perazi n-1-yl)carbonyl | pyrrolidin-3-ylltetrahydrofuran-2-ca
r boxam dewoO[2668)56022 PCT/KR2009/006568

(2R, 4S)-1-B0C-4-{(4, 4-di met hyl cycl ohe®dyl ) [ (2S) - t et rahydr of ur an- 2-yl car bonyl
| am no 1-2-[(4-nethyl pi perazin-|-yl)carbonyllpyrrolidine (1.29 g, 2.48
mrol ) obt ai n@tampleSt @il mfﬂﬂeeaﬁlﬁeﬁhca(qcmgjiga%;o the sanme procedure as in

t he St e title conpound(1.04 g, 99.8 %. [659]
W[wm?gﬁwlwhfaéﬁ)%vﬁééu Step F: (2 S'-Nf(3S.5R'-1-{[(3 S .4
R )-1{p@4t-butyl-4-(2.4-difluorophenyl)pyrrolidine-3-yll carbonyl

1-5- 11i g@t hylsqél%@[r ﬁz_zgg m%)scgrﬁoggt*?y;rgl i di n-3-y1l-N- (4. 4-di nmet hyl cycl oh
exyl)t ? hydr -2 056022PCT1KR20091006568 49 mde TFA
salt [662] (2K pi@pE aohidin=3npl 1}-5 Ipi

(3S,5R) - 5- 11@%%1]“\5@%11@% azi }an(Z:iéléb ﬁ}%fm)ﬂdhgxVl)tetrahvdrofuran 2-carboxamide
yrrolidin-3- é rahydrofuran-2-carboxamde (I.04 g, 2.47 mmvol) obtal ned
in Step E an Lsalt
(3S, 4R)596]t - butBAL st cﬁt&héle@ihﬁcbmﬂrdbmwhﬁmgﬁ olas BadiftedBwitian NaxyOHanaci d
obtained in Pr [ were reacted accordi sane ocedure as
" the Step FRORiBROFe Bigo(SREERPTRE diRPelianion 10k Redegy!

[ 663] MS[ M+H] vaclmd(élMﬂCI{cE@@pe M ahvRled3 0@ et he RVBEOButihOB)s Bired 63-17. 53
(m 1H)1 7. O%er ﬁgoérmterg]g@ratuha: 291% C% Q&t&{%ﬁqn %wu’o véitlﬁ)jat §lﬂ'ﬁl€r rif@ca?ionﬁ) 15 He,
1H), 4.19-4.08 (m 82-3. 66 488553 (m
2H), 3.53- 3@%(1%1@) 3.34 (dd J= 11 6 11.0 Hz, 1H), 3.23-3.13 (m 1H),

3. 13- 3.[8971(m IHHDIMRZ(SMMHZ BYS0-&; 060°2) 86 .4417. 21@[1; 413),Q8r914.88 (Hrm HLH) ,

L oo 100, S bt ek of s Bty ) %5%@]%@%#@3932”“40”

[ 667] Conpoun@ds22ei. 94P(rﬁpﬁﬂ}312176r(s 3H)23.6MeX ) (nealdt)e?l 43.cr @, gl 220-2d)95@ne

procedure as 52epbaalnt 110 G4YS RMPSHATSG R 4h ohl 9 NUREA) §57- 122

(m, 3H), 0.95 (s, 3H)

[598]
[599] Examples 17~25
[600] Compounds of Preparations 1-23 were reacted according to the same procedure as

Examples 1~4, 16 to give compounds of following Examples.
[601]



R4 RS M5 (M+l) 33 2,4-diF Me cis-4-Me-c-Hex t-Bu 658 34 4-C1 Me

4, 4-di Me-c-Hex 2\z:

684 35 4-Cl1 Me cis-4-Me-c-Hex 2\:,j] 670 36 4-C1 Me

Ci s- 4- Me-WOHeK/G(aRI3) 2CH20H

[602]
[603]
[604]

[605]
[606]

[607]

PCT/KR2009/006568
44
N __ RS
Ba: N
u L
g ﬁ
2 5 MS
Example R R’ R (M+1)
17 4-Cl Me t-Bu 656
18 2,4-diF Me t-Bu 658
19 4-Cl Me C(CH;),CH,OH 672
20 2.4-diF Me C(CH3),CH,0H 674
H -~
21 2,4-diF Me A;:; 672
H
22 4-Cl Et Ag D 684
H
23 4-Cl i-Pr Ag:; 698
. A
24 2.4-diF Me “J 668
H PN
25 4-Cl Me “ 670
o]
Example 17 (TFA salt)

'"H NMR (500 MHz, DMSO-dg, 140°C) 6 7.44-7.29 (m, 4H), 4.79-4.67 (br, 1H),

3.99-3.88 (m, 1H), 3.86-3.47 (m, 10H), 3.43-3.28 (m, 2H), 3.18-2.99 (m, 5SH), 2.75 (s,

3H), 2.48-2.40 (m, 1H), 2.16-2.05 (m, 1H), 1.94-1.81 (m, 2H), 1.66-1.48 (m, SH),
1.43-1.18 (m, 2H), 1.39 (s, 9H), 1.15 (s, 9H), 0.98 (d, 3H)

Example 26: N-{(3 5,55 )-1-{[3S 4R

)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidine-3-yl]carbonyl }-5-[(4-methylpiperazin
-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-difluorocyclohexyl)-2,2-dimethylproanami
de TFA salt

TFA salt of



672 37 4-Cl1 Me cis-4-Me-c-Hex Me 614 38 2,4-diF Me cis-4-Me-c-Hex Me 616 39
4-Cl i-Pr cis-4-Me-c-Hex Me 642 40 4-C1 Me cis-4-Me-c-Hex 670 [669]

WO 2010/056022 PCT/KR2009/006568
45
0] N N—
, O N
“‘“l\ P N/\
N H\ ra
7N L/
: - 0
= N
e @
Cl F
F
[608]

[609] Step A: Methyl 2.5 .4 S
-1-BOC-4-[(4.4-difluorocyclohexyl)amino]pyrrolidine-2-carboxylate
[610] Methyl (25,45)-1-Boc-4-aminopyrrolidine-2-carboxylate (29 g, 120 mmol) obtained
in Preparation 1 and 4,4-difluoro-cyclohexanone (19.31 g, 144 mmol) obtained in
Preparation 5 was dissolved in DCE. NaBH(OAc); (37 g, 180 mmol) was added

thereto. The reaction solution was stirred for 6 hours at room temperature. After the

reaction was completed, the solution was concentrated in vacuo and NaHCO; aqueous
solution was added thereto. The solution was extracted with EtOAc, dried over MgSO,
, concentrated in vacuo and purified by column chromatography (eluent: EtOAc/Hex =
1/4) to give the title compound (23.66 g, 55 %) separated from methyl
(25,4S)-1-BOC-4-[(4’-fluorocyclohex-3-en-1-yl)amino]pyrrolidine-2-carboxylate.

[611] MS[M+H] =363 (M+1)

[612]

[613] Step B: Methyl 2 5§ 45

-1-BOC-4-[(4.4-difluorocyclohexvl)(2.2-dimethylpropanoyl)amino]pvrrolidine-2-carb

[614] Methyl (25,45)-1-BOC-4-[(4,4-difluorocyclohexyl)amino]pyrrolidine-2-carboxylate
(1.03 g, 2.84 mmol) obtained in Step A was dissolved in DCE (5 mL) and TEA (5 mL)
and DMAP (0.36 g, 2.84 mmol) were added thereto. Commercially available pivaloyl
chloride (1.03 g, 8.52 mmol) was also added thereto. The reaction solution was heated
to 90 °C and stirred for 24 hours. After the reaction was completed, the solvent was
removed in vacuo and saturated NaHCO; aqueous solution was added. The solution

was extracted with EtOAc. The extracted organic solution was washed with 1N HCI

solution, dried over MgSO. ,concentrated in vacuo and purified by column chro-
matography (eluent: EtOAc/Hex = 1/4) to give the title compound (1.04 g, 82 %).
[615] MS[M+H] = 447 (M+1)
[616]
[617] Step C: (4 S
-1-BOC-4-[(4.4-difluorocyclohexyl)(2.2-dimethylpropanoyl)amino]-L-proline




[670] Exanple 41: (2 S )-N{(3 S,5S)-1-{{(3 S ,4R
)-4-(4-chl orophenyl)-1-(tetrahydro-2H pyran-4-yl)pyrrolidin-3-ylicarbonyll-

5-[(4- WO 2010/056022 PCT/KR2009/006568
met hyl pi perazi n-1-y1l)carbonyl ] pyrrol i4i n-3-yl | -N- (4, 4-di nmet hyl cycl ohexypt et
rah WO 2010/ 056022PCT/ KR2009/ 006568 50 ydr of ur an- 2- car boxam de TFA

)Sagt (5@6 Irlﬁ JTFA Mahyl @QF, 4{9&723OC{45[13]4 cﬁﬂ@cﬂoéycldheB 002 BdithetklylSro anoyl)ammo]
C or

) -t etrahydr 0%8 ﬁé{égﬁfc@ggog‘glrﬁﬁ Lb?“{”éoﬁ Oiéﬁﬁ%ﬂlﬁ}l%ééf%ﬂaﬁ riacﬁ]d) gag goﬁyl | p

yrrolidin - ]a.egdrdimgrtdndn)sampyor(rcodmrd|am=n the &7ep] C of Example 1 to give the title

2S) - N- (4, 4- N-
ESS) 58)(5 11?2%13‘5% ra2| n) 1-yl)carbonyllp

yrrol i doH3- yIMSB\’If hyd‘ﬁéKM’Fdh 2- car boxanmi de (903 ng, 2.15 nmol) obtai ned
in Stepetyjof Exanple 3 was dissolved in DMF (5 nl). After DI PEA (0.94 ni,

5. 37 il]) was, adde her et o,
(3S, 4R\* BOC#%&—&%%—@P%SC $ phenyl ) pyrroli di ne- 3-carboxyl i c aC| d (0.70 g, 2.15
mol ) obt ai ned -BOCPt-g@ar-difluoivcidokoxd 0 i ilded

t her et o. Thergz%?cit 'I%Qrb%OI terO . Was sti red for 2 hour s andconcentrt ed in
vacuo. The revrdu-QL)wara?dlli%‘{-eg—w—th Et OAc and washed with saturated NaHCO3
aqueous6Zdl ut i(46)-1-BAC-dx{t4. ‘étcltféd)rm}’gbzhmsylﬁ@JMimmWspmb’b@miméL pBoet and
concentrated d)@% EQ%m&%%l\aﬂ&%a'lﬁg%f@%ﬂé%cﬁéﬁﬁc ihﬁ'tc?ﬁ%] QXmSﬁpO%he s

chr omat ogr aphy | uent gl ve e Cco

g, 85 9% . [675henspmvRigl Exampé(lu\ﬁpislvq@m}le C%lpvl}ndstléé BB®-s ' -N-{(3 s 5s
)-1-1[ (82F- 4 RAS[M+H] =515 (M+1)

)-4-(4[&}1 or ophenyl )pyrrol i di n-3-yllcarbonyll-5-{(4-nmethyl pi perazin-1-yl)ca
rbonyl |

rrolidi[623-y115tdp EAN 44&&%@@@1@6@&3@@ ﬂirm:th_@mm:bmg&n 2- cabr boxam de
# Wnfeddifa

[678] 1- BOC.
4, 4-di met h
§ ah_ydr :igfﬁ]a% 22§ HEnt f[&%ﬁﬁéﬂu@‘?%@@lﬁﬁﬁﬁ(ﬁﬂ dimsérvapropanbyh kinowd Beltdriepyr r o
lidin-1-y 11%%&&1%@5@&5&1’%@%&&1@% . 051g %m&l) SRLRENBRERDIFRP A was

di ssolved in d dropw se thereto. The
reaction sol G%%CE’H a\ﬁ&%rd@& tp Fwamrprqceﬁ%ﬁasa@ theo%?ﬁ E@ﬁﬁéﬁ@?lﬁﬂeﬂ)a&h@ the title
concent r at ed compy@rl@45 ;mgbye %he title conpound (1.14 g, 99.8 9. [679]
VB[ IVH—|] = 628 16 2010/ 056022PCT/ KR2009/ 006568 51 [681] Step
C (2 51N 1¢ y@;l)r%j[ 4?%%*\:4\98

) - 4- (4{6M]or ophenyl) - 1- (t et rahydro 2H- pyran-4-yl)pyrrolidin-3-yllcarbonyll-

hyl pi perazi n- 1=y roonyT 1 pyrr ‘ -3 yll- N-(44dlrrethylcyclohexyl)tetra
hydrofura n- 2=lcErid - epBe(Iy plad §4- 1

R3S, 4R) - 4- (4 @415!0 i

hyl pi perazi n-T - car bonyl I pyrroli y y

hydr of ura n- Zuéarboxam de (1.14 g, 1.81 mml) obt ained in Step B and
t et r ahye3@4H py{zandﬂﬂmecjcﬁ)haﬂymﬂz 2-Binfezh yd DK )3.5V58)-6 - [(U-at Wisigerain DGA) a2 0 L)
and NaBH( OA‘C)D §lgp rrol i —g— ﬁpro ana%nl Wg%ﬁg% gghher&iobtﬁlnea?rmegm%r ature.

After the react oo nmperat ure,
sat urat ed mmhqum 4s@NhlqnopthPalddefﬁn@cﬁdatU@eyb@aml pbingddn ext r act ed

wi th EtOAc. a?affoa%t\@é}e %agéa'aeco% la,g% B RS p%%&&fé aWir} ﬁﬁegﬁé of dri ed

over M504, tere concentrated in vacuo, obt ai ned resi due was

purified by ﬁaﬁﬂ@pieol i giee T%S@%pf théftlﬂﬂ?én‘&’wﬂl‘%(lc%ﬁnqd (1.16 g, 90 %.
[ 683] r[@gler] MS[?M:ZH Mgty (1684] ' H NMR (500 MHz, DMBO d6, 140C) 6 7.42-7.29

om Sty g alie ﬂ?@é&@? (Whrcdo B5730.05: G sty o, P53 20 (m

3H) 2. 43-2. 3®1(3B2 Uh) |HR 382-253 an  HiH), 1B9-3.2R OF-2H)93244%,123H),, | H), 94- 1 76

(m 4H), 13, 1 0 28 14! 85]
[886] Exampl o050 SR 5@@ R R R
) - 4-(4-chlor @bﬁeh@)l-iﬁ (oy d Hopk.Bpy 148 (m, TH), 1.38 (s, 9H), 1.17 (s, 9H)

pyrrol irgsq)- 3- yllcarbonyl)--5 { (4- met hyl pi perazi n-1-yl)carbonyl]pyrrolidin-3
-yl)--h%4 4-di et hy clohexyptetrahydrofuran 2- carboxam de TFA salt [687]
TFA sall34s [ dgempl Qﬁsg {(35,59- 1-

R3S, 4R) - 4- (4- chlorophenyl)pyrrolidin-3-y|1carbony11-5- [ (4- met

hyl pi perazi n-1-yl)carbonyl | pyrrolidin-3-y11-N

(4, 4-di net hyl cycl ohexyl ) tetrahydrofura n-2-carboxamde (1.14 g, 1.81 mmuol)
obtained in Step B of Exanple 41 was dissolved in DCE (20 nl).

1- et hoxycycl opropoxytri net hyl silane (0.47 g, 2.70 mmol) and NaBH 3CN (228
no, 3 63 nnDI) wer e added thereto After catalytlc anDunt of acetic aC|d

o o . o . - - o, NN N AL 2 o




WD 2010/ 056022PCT/ KR2009/ 006568 52 conpl et ed,

in vacuo.

NaHCO3 aogwecor/ised2at i on.
MySO4 and concentrated in vacuo.
to give TFA salt of the title conpound (1.03 g,
(Mr1) [[693]] N'VR)IﬁlﬁﬁﬁdMﬁZPre

(P4 20 ey

2[6%12.10 (m 1H),
1.62-1.46 (m 3H),
[ 691]

(br, 1H),

3.20-2.89 (m

1H),
2H)
(m 3H

[ (4-m

et hyl pi perazin-1 -

95-

2%

2.10-1.96
1.46-1. 20

[ 692] Exanpl e 43:
) - 4- (4-chl or ophenyl) - 1- ( 6- net hyl pyr

yl ) car bonyl ] pyrrol i di d@iy

136,- 21 40fe) rectad ol

85 9.

[689] NB[ MH]
2Ato(the sohid) prodeddice 4k 71

t he sol ution was concentrat ed
The residue was diluted with Et0Ac and washed with saturated
The extracted organi c sol uti onPERKRIID6ITHSEr
The 4bt ai ned resi due was purified by HPLC

668

3. 13 8-3.20 2

Ouﬁiif) Of(tgh%‘éf“’?% iﬁ (2m42 ;D 34 (m
(m 1H, ﬁ«xl <) (rn 3H) 1.76-1.62 (m
(m 3H)q 93 JO 90 (2s, 6H), 0.81-0.56

%cféj) ?iy
o

N{(3S,5S)-1-{{(3S,4R
I)pyrrolldln3yI|carbonyII-5-

N—(4 4-di met hyl cycl ohexyl )t et

rahyd rofuran-2-carboxan de TFA salt F[2693k Balt of O NN \NNN

[694] (2S)-N-(4,4- d| et hyl cycl ohexyl) NP

(38 58) 5 11('—!- IIBLIIyI PI PET dZ1 11= J. )I)bd.l UUIIyI |9

yrrolidin-3-y| IEmm;ahyclrof URAN- 2- ¢car boRANi de| (903 Ry, 2. 15 Q\g’ bt al ned
in Step D of [Exanple 3 twas—disselyedinDBM—{5rw)—DBHPEA (O r—5-38
mmol ) was added tRéretd and- ?BS 4R Me Me 636

) -4-(4-chl or ophenyd) - 1-(6 rm@hyl Py ri daEt n- 3-yl )pyr I’Mél di ne-|3- cagghpxyl iic
acid (0.68 g, 215 mot)—ob 1||t:u 1 Preparation 17 andHBTU 2.15
mol ) were added fh tunn 'I4§ reactioddol ution vvaév[gtlrre for6§4‘hours at
room tenperatjure and concentddted|in veleuo. The resBdue was di s6&l ved |with
Et OAc and washed W th sat urat ed NaHCOB aqueoys sol ution and wat er. The
extracted organi c3kol utli on &5 dried oMer M504 a /Eoncentrat et®3d n vacuo.
The resi due was—purified—byHPLCtogiveTFFA salt+—ofthetitle—conpound
(1.31 g i85 % . [695] MS[MrH| = 668 (Mrl)

[638] Example 32: (25 )-N-{35,5R)-1-{[BS 4R
)-1-tert-butyl-4-(2,4-difluorophenyl) pyrrolidin-
3-yllcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimet
hylcyclohexyl)tetrahydrofuran-2-carboxamide TFA salt

[639] TFA salt of

0 { \
N N—
AT
. e "N' \
7 NS
F. ¢ =0
e N~
T
A/ -
7 _\.L_) O\)
F Il
[640]
[641] Step A: Methvl 2R 4 S
-1-BOC-4-[(4.4-dimethylcyclohexyl)amino]pyrrolidine-2-carboxylate
[642] Methyl (2R.,45)-1-Boc-4-aminopyrrolidine-2-carboxylate (1.07 g, 4.38 mmol)

obtained in Preparation 2 and 4,4-dimethylcyclohexanone (0.66 g, 5.25 mmol) were
dissolved in DCE (20 mL) and NaBH(OAc); (1.39 g, 6.57 mmol) was added thereto at
room temperature. The reaction solution was stirred for 4 hours at room temperature
and was extracted with DCM (50 mL X 2) and EtOAc. The extracted organic solution

was washed with brine, dried over MgSO4, filterated and concentrated in vacuo. The



[ 696] NWVR (500 MHz, DWVBO-d6, 140C) 6 7.55-7.49 (m 1H), 7.43-7.30 (m 4H),
7.29-7.23 (m 1H), 4.84-4.73 (br, 1H), 4.55 (dd, J = 6.75, 6.1 Hz, 1H),

4. 14- 3. 79 0rmp10/086922010/ 056022PCT/ KR2009/ 006568 53 5H), BCTKRRGN06F8 7H) ,
3.62-3.32 (m 4H), 3.22-3.03 (m 4H),482.78 (s, 3H), 2.52-2.42 (m 1H), 2.46
(s, 3H, 2.21-2.10 (br, 1H), 1.97-1.86 (m 1H), 1.82-1.51 (m 5H),1.51-1.12
§m1 ?I[_%?» g 95btaﬂ1e82es(1&fe, wiHurife8 Bly co[eB¢hrEvnatplphddeludd, BOAIHE 3 18), 5 S
)-4- (2, 4- d|f|t%g]rv8|61?1 A5emporad thil @ Bopy #'dazi n- 3-y1 ) pyrrol i di n- 3-yI | car bony1
1- 5-[ (4643] MS[M+H] = 355 (M+1)

- met hyl @j# erazin-l-yQcarbonyl ] pyrrolidin-3-yll-N(cis-4-nethyl cycl ohexyptet
rah deo

ran- 2- carboxam de TFA salt 699 TFA salt of ON N 7------ ., k-
N---- @Q64AR: - - St ethyh@ R .4 5 )-1-B 4.4-diymethylcycjohexyl F [700]

ggg) '52; (ci 5' ~addinon,] rrolidine-2-carboxylate
Frol P RE- y1 (T Lo o Qb bl B A B no oy olighae e cehseslfed i n

Step E of Exanpbe, 1.87 amolf 38akRd in Step A was reacted according to the same procedure as
)-4-(2,4-difluor y hloro r|da2|n3 )QYr 9l di ne- 3-carboxylic
aci d obt ai ned” |81n eRé)%)aEtxam%g gtov%‘Fe rélggtcg pg%%od'l@q 8?0} he sane

pr ocedup4/]as |MS[MeHSFé1153IFM3ﬂ)Exaan e 1to give the t|tIe conpound (1.20 g,
88 9. k491l S| M+H] = 728 (|v++1) [702] NMR (500 MHz, DMBO d6, 140C) 6
751742(m1H) 7.37 (d . . I-3480472(br 1H),
4.53 (d&#91)= et @ )Ly 4 vicxclohexeli? §3 80-3.66 (m 7H),
3.63-3.48 (m)_ v f@an2- bRyl hino 12D7 RS 3H), 2.42-2.36 (m 1H),

22 SERETA e

, 5 S )-1-{[ ( 3-tSrah4didfuran-2-ylcarbonyl]amino } pyrrolidine-2-carboxylate (1.21 g, 2.67 mmol)
): 4[ Ei 4- di Tl 4ok BNE QYD B Fa LY ALQRNRL F5fe Ve praehiRll o fe Jiep & Gr bony1l
met hyl pi per azixampleyl t)O@YQ)@In;ﬁIﬂF}@ymPoﬂHiddGlnl-4:§,>9I7I%)\I-(4, 4- di met hyl cycl ohexypt et
rah ydr, @§ ran MK%J; 8 g TFA salt 117051TFA salt of WO

2010/0 60 2PCT/ 009/ 006568 54 [706] (2S)-N- (4, 4-dinethylcycl ohexyl)-N {
(3S, SS) %2-]11(4 met hyl pi perazi n-1-yl) carbonyl I p

yrroli qdess|3-yldw Dr 9 urme?;p rzb@mam C&@g g2 s2. 15 mol ) obt ai ned
in Step D of B .
)4(4ch|or PP G EY SO o Tre
acid obtained i n Prepar atl on 21 vvere react ed accor d| ng to the sarre

ggooc/()ed%ﬁ 135 idst e o8P FaUimERIL Bhdxy1 (23 Yeéirah P&rofilrhd-8- PG} 34 9.

-D-proline (1.14 g, 2.60 mmol) obtained in Step C was reacted according to the same
procedure as in the Step D of Example 1 to give the title compound (1.29 g, 95 %).
[655] MS[M+H] =521 (M+1)
[656]
[657] Step E: (2 S )-N-(4.4-dimethylcyclohexy)-N-{(3 S .5 R

-5-[(4-methvlpiperazin-1-vl)carbonvlIpvrrolidin-3-vl }tetrahydrofuran-2-carboxamide

[658] (2R,45)-1-BOC-4-{ (4,4-dimethylcyclohexyl)[(25)-tetrahydrofuran-2-ylcarbonyl]ami
no}-2-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidine (1.29 g, 2.48 mmol) obtained in
Step D was reacted according to the same procedure as in the Step E of Example 1 to
give the title compound (1.04 g, 99.8 %).

[659] MS[M+H] =421 (M+1)

[660]

[661] Step F: 2 S)-N-{3SSR)I1-{[BSAR

1-vDcarbonvllpvrrolidin-3-vI}-N-(4 4-dimethvlcvclohexvDtetrahvdrofuran-2-carboxa



[707] MS[MrH = 708 (Mrl) [708] NWR (500 Mz, DMBO-d6, 140C) 6 8.57-8.52
(d, 1H), 7.57-7.43 (m 2H), 7.22-7.14 (m 1H), 7.08-6.97 (m 2H), 4.84-4.72
(br, 1H),W0.288/086®2 (m 1H), 4.15-4.01 (m 3H), 4.01- 3. BET(KR20®H06563
3.83-3.45 (m 11H), 3.25-3.07 (m 4H49 2.81 (s, 3H), 2.46-2.35 (m 1H),
2.27-2. 14 (br 1H), 2.11-2.01 (m 1H), 1.99-1.74 (m 6H), 1.65-1.47 (m
4H), 1.40-1.3Qdé WFALE), 0.94, 0.92 (2s, 6H) [709] [710] Exanple 46: (2 S
)
)
n
1
(6]
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yrrolidin-3-yl}tetrahydrofuran-2-carboxamide (1.04 g, 2.47 mmol) obtained in Step E
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[ 714] I N ( . |]¥&7Lé ohexyl )-N- { (3S,5S)-5-

11(4- WQG(B’MI p| pHrl‘aMRn(SIDOMI)Iza])MS(D/diJ, p¥0°C) 6 7.63-7.53 (m, 1H), 7.08-6.98 (m, 2H),

rs[ce’:o' g' gf EX 5@@%@ YaAud: £F2%00%a%ee 119; 4 P Gosdind HPod-3 QBRI ned I n
(3S,4R) - 1- BOG:Ha {.82-0ii6od o fhien369-gypBr(al, RHI).ries B3 darimoxk).i334acldd/ st &, mnéd in
Preparation iy W& s23q5ef, RACOIH-060(4, &1?)9 el g5, 1.t he Step

F of Exanple glve eco 3:1118>0§ fG ’19 gMH-gll
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) - 4- (4- chl or gpheny,| )4y 1 .0olindTny, 3:36 ¢, 918y, bYOYS, 61)5-
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(1 nm) [HES added dropwi se thereto. The reaction_sol ytion was stirred for 1
hour at room t enper at ur e, concentrat ed |nov@10L,L6 N give the title corrpound
(1.01 g, 99.8 9% . [719] MS[ M+H| Gggu\m LI?Z@T [721] Step C (2 S
'-N-f(3S.55 )-1-{1(3 S.4R

)-4-(4-chl orophenyl) - phenylpyrrolldln -3- §T1cabbony11 5-

4-
1-
c
a

{ (4-net hyl pi perazin-1-yl)ca &\ W
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m de TFA salt ((2)-N| {63855 -1-{ [(38 4R) - 4- MS

(4-chl orophenyﬁ)‘iﬂ}%il' ol i dtn- 3-yl }{ car bonyl RSE -5- 4- met R’ (M+1)
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obtai ned in StepsB was digsol|vegei n t9hugne. C(ﬁ& m_). Sotium t - but gy de
(0.18 g, 1.87|nmol), |2-(di-t-|butyl ghosphi no)bi phenyl (42-fygy, 0.[14 nmol)),

Tri s(di benzyl | deneacet one).- di|p adl u 0. 09 ) and
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at 110 C. After eagti,0n co | NICIRPY; |
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Et OAc and washed3Wi th s#t@r at edMNaI-C@Sédﬂe@tﬂeXsol uti onMeThe orngafi€ llayer
was dried ovef I\/§§04 and;. gl@ncenMéat edciismr M@—%Li@ex _1e resMgue was pglfd fijed by

HPLC to gl ve thetitie COi"l"pO' ||uf; DN 78—%) 23] Pv IVITﬂJ =69 (l" 1)
[724] 'H NMR (508° |\/le. ANEO- d6,-Pra00) B 4Mes: (m 1Me. 7. 62- 708> (Im
9 4 83

2H), 7.52-7.40 7..40- 10 (1 10, 4
(E?, 1H), 4.55-21. 5 41(1111) 4%-%.86‘5'?)#6"5 ‘?X (%4 (H)m 11H§7

3.25-3.07 (m 4H), Z. 77 (s, 3H), 2.46-2.35 (m 1H, z 27-2. 14 (m 1H),
2.11-2[6d9)(m 1H), 1.99-1.74 (m 6H), 1.65-1.47

[670] Example 41: 2.5 )-N-{(35,55)-1-{[BS 4R
)-4-(4-chlorophenyl)-1-(tetrahydro-2H-pyran-4-yl)pyrrolidin-3-yl]carbonyl }-5-[ (4-
methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)tetrah




WD 2010/ 056022PCT/ KR2009/ 006568 56 (m 4H), 1.41-1.29 (m 2H), 0.98 (d, 3H)

[ 725] [726] Exanples 47-73 [727] Conpounds of Preparations 1-23 were

react ed awoantvosg2eo t he sane procedure as Exanpl es 1-4PCHEKRRE0KO6THBY e

conpounds of follow ng Exanples. 117281 WD 2010/ 056022PCT/ KR2009/ 006568 57

3 0 /* R -N\\ 0 NH% RAR5 Ex. RI R2' R3 R4 RS * M5 (M+l) 47 O/ N \/
ydrofuran-2-carboxamide TFA salt

[671] TFA salt of

o
» P
= N _T/\ H
\‘_,.Cfi A/r \ ca)fﬁ '
cl \f/ ~

[672]
[673] Step A: 1-BOC-(3 R 4 S )-3-(4-chloropheny)-4-({(2 S 4 S

-4-{(4.4-dimethylcyclohexyD)[(2 S

-1-vl}carbonyl)pyrrolidine

[674] (25)-N-(4,4-dimethylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin-1-yl)carbonyl]p
yrrolidin-3-yl }tetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained in Step D
of Example 3 was dissolved in DMF (5 mL). After DIPEA (0.94 mL, 5.37 mmol) was
added thereto, (35,4R)-1-BOC-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid (0.70
g, 2.15 mmol) obtained in Preparation 14 and HBTU (0.81 g, 2.15 mmol) were added
thereto. The reaction solution was stirred for 2 hours and concentrated in vacuo. The
residue was diluted with EtOAc and washed with saturated NaHCO; aqueous solution.
The extracted organic solution was dried over MgSO, and concentrated in vacuo. The
obtained residue was purified by column chromatography (eluent, DCM/MeOH =
15/1) to give the title compound (1.33 g, 85 %).

[675] MS[M+H] = 728(M+1)

[676]

[677] StepB: 2 5)-N-{(35.55)1-{[BSA4R

-4-(4-chlorophenvl)pyrrolidin-3-vljcarbonyl }-5-[(4-methylpiperazin-1-vl)carbonyl

rrolidin-3-y1}-N-(4.4-dimethylcyclohexyl)tetrahydrofuran-2-cabrboxamide

[678] 1-BOC-(3R,45)-3-(4-chlorophenyl)-4-({(25,45)-4-{(4,4-dimethylcyclohexy])[ (2S5)-tet
rahydrofuran-2-ylcarbonyl]amino }-2-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-1-y
1}carbonyl)pyrrolidine (1.33 g, 1.83 mmol) obtained in Step A was dissolved in DCM
(1 mL) and 4M HCI (1 mL) was added dropwise thereto. The reaction solution was
stirred for 1 hour at room temperature and concentrated in vacuo to give the title
compound (1.14 g, 99.8 %).

[679] MS[M+H] = 628 (M+1)

[680]
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[681] Step C: 2 S)-N-{(3S585)-1-{[BS 4R
)-4-(4-chlorophenyl)-1-(tetrahvdro-2H-pyran-4-vl)pyrrolidin-3-vl]carbonvl }-5-[ (4-met

hvlpiperazin-1-yl)carbonyl]pyrrolidin-3-v1}-N-(4.4-dimethvlcyclohexvl)tetrahydrofura

n-2-carboxamide TFA salt

[682] (25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-[ (4-met
hylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)tetrahydrofura
n-2-carboxamide (1.14 g, 1.81 mmol) obtained in Step B and tetrahydro-
4H-pyran-4-one (0.34 mL, 3.62 mmol) were dissolved in DCE (10 mL) and
NaBH(OAc); (0.58 g, 2.74 mmol) was added thereto at room temperature. After the
reaction solution was stirred for 2 hours at room temperature, saturated NaHCO;
aqueous solution was added and the solution was extracted with EtOAc. The extracted
organic solution was washed with brine, dried over MgSQ,, filtered and concentrated
in vacuo. The obtained residue was purified by HPLC to give TFA salt of the title
compound (1.16 g, 90 %).

[683] MS[M+H] =712 (M+1)

[684] 'H NMR (500 MHz, DMSO-ds, 140°C) 6 7.42-7.29 (m, 4H), 4.81-4.70 (br, 1H), 4.50
(dd, J=6.75, 6.7 Hz, 1H), 3.99-3.89 (m, 2H), 3.89-3.54 (m, 12H), 3.54-3.20 (m, 7H),
3.16-2.94 (m, 4H), 2.73 (s, 3H), 2.43-2.30 (m, 1H), 2.27-2.12 (br, 1H), 2.07-1.94 (m,
3H), 1.94-1.76 (m, 4H), 1.74-1.62 (m, 3H), 1.48-1.20 (m, 6H), 0.93, 0.90 (2s, 6H)

[685]

[686] Example 42: (2.5 )-N-{(35,55 )-1-{[(3 .5 ,4 R )-4-(4-chlorophenyl)-1-cyclopropyl
pyrrolidin-3-yl]Jcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-
(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide TFA salt

[687] TFA salt of

[688] (25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-[ (4-met
hylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)tetrahydrofura
n-2-carboxamide (1.14 g, 1.81 mmol) obtained in Step B of Example 41 was dissolved
in DCE (20 mL). 1-ethoxycyclopropoxytrimethylsilane (0.47 g, 2.70 mmol) and NaBH
sCN (228 mg, 3.63 mmol) were added thereto. After catalytic amount of acetic acid

was added, the reaction solution was stirred for 2 hours at 80°C. After the reaction was
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completed, the solution was concentrated in vacuo. The residue was diluted with
EtOAc and washed with saturated NaHCO; aqueous solution. The extracted organic
solution was dried over MgSO, and concentrated in vacuo. The obtained residue was
purified by HPLC to give TFA salt of the title compound (1.03 g, 85 %).

[689] MS[M+H] = 668 (M+1)

[690] 'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.44-7.24 (m, 4H), 4.80-4.71 (br, 1H),
4.29-4.20 (m, 1H), 3.95-3.38 (m, 13H), 3.38-3.20 (m, 2H), 3.20-2.89 (m, 6H), 2.74,
2.72 (2s, 3H), 2.64-2.49 (m, 1H), 2.42-2.34 (m, 1H), 2.25-2.10 (m, 1H), 2.10-1.96 (m,
1H), 1.96-1.76 (m, 3H), 1.76-1.62 (m, 2H), 1.62-1.46 (m, 3H), 1.46-1.20 (m, 3H),
0.93, 0.90 (2s, 6H), 0.81-0.56 (m, 3H)

[691]

[692] Example 43: (2.5 )-N-{35,55)-1-{[3S 4R
)-4-(4-chlorophenyl)-1-(6-methylpyridazin-3-yl)pyrrolidin-3-yl]Jcarbonyl}-5-[(4-m
ethylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)tetrahyd
rofuran-2-carboxamide TFA salt

[693] TFA salt of

0 PRI
0 “uN  N—
I S
a ﬂ§> N ‘!)\ N N
oz N—¢ H

[694] (25)-N-(4,4-dimethylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin-1-yl)carbonyl]p
yrrolidin-3-yl }tetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained in Step D
of Example 3 was dissolved in DMF (5 mL). DIPEA (0.94 mL, 5.38 mmol) was added
thereto and (35,4R
)-4-(4-chlorophenyl)-1-(6-methylpyridazin-3-yl)pyrrolidine-3-carboxylic acid (0.68 g,
2.15 mmol) obtained in Preparation 17 and HBTU (0.82 g, 2.15 mmol) were added in
turn. The reaction solution was stirred for 2 hours at room temperature and con-
centrated in vacuo. The residue was dissolved with EtOAc and washed with saturated
NaHCO; aqueous solution and water. The extracted organic solution was dried over
MgSO, and concentrated in vacuo. The residue was purified by HPLC to give TFA salt
of the title compound (1.31 g, 85 %).

[695] MS[M+H] = 668 (M+1)

[696] 'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.55-7.49 (m, 1H), 7.43-7.30 (m, 4H),
7.29-7.23 (m, 1H), 4.84-4.73 (br, 1H), 4.55 (dd, J = 6.75, 6.1 Hz, 1H), 4.14-3.79 (m,
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[697]
[698]

[699]

[700]

[701]
[702]

[703]
[704]

[705]
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5H), 3.79-3.62 (m, 7TH), 3.62-3.32 (m, 4H), 3.22-3.03 (m, 4H), 2.78 (s, 3H), 2.52-2.42
(m, 1H), 2.46 (s, 3H), 2.21-2.10 (br, 1H), 1.97-1.86 (m, 1H), 1.82-1.51 (m,
5H),1.51-1.12 (m, 6H), 0.95, 0.92 (2s, 6H)

Example 44: (25 )-N-{(35,55)-1-{[BS 4R
)-4-(2,4-difluorophenyl)-1-(6-chloropyridazin-3-yl)pyrrolidin-3-yl]carbonyl }-5-[ (4
-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetrah
ydrofuran-2-carboxamide TFA salt

TFA salt of

(25)-N-(cis-4-methylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin- 1-yl)carbonyl]py
rrolidin-3-yl }tetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in Step E of
Example 16 and (3S,4R
)-4-(2,4-difluorophenyl)- 1-(6-chloropyridazin-3-yl)pyrrolidine-3-carboxylic acid
obtained in Preparation 19 were reacted according to the same procedure as in the Step
F of Example 1 to give the title compound (1.20 g, 88 %).

MS[M+H] = 728 (M+1)

'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.51-7.42 (m, 1H), 7.37 (d, 1H), 7.05-6.94
(m, 3H), 4.80-4.72 (br, 1H), 4.53 (dd, J = 6.75, 6.1 Hz, 1H), 4.08-3.87 (m, 5H),
3.80-3.66 (m, 7H), 3.63-3.48 (m, 4H), 3.22-2.93 (m, 4H), 2.79 (s, 3H), 2.42-2.36 (m,
1H), 2.25-2.16 (br, 1H), 2.10-2.01 (m, 1H), 1.98-1.76 (m, 6H), 1.64-1.47 (m, 4H),
1.40-1.30 (m, 2H), 0.98 (d, 3H)

Example 45: (25 )-N-{(35,55)-1-{[BS 4R
)-4-(2,4-difluorophenyl)-1,6-dihydropyridazin-3-ylpyrrolidin-3-yl]carbonyl }-5-[ (4-
methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(4,4-dimethylcyclohexyl)tetrah
ydrofuran-2-carboxamide TFA salt

TFA salt of
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[706] (25)-N-(4,4-dimethylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin-1-yl)carbonyl]p
yrrolidin-3-yl }tetrahydrofuran-2-carboxamide (903 mg, 2.15 mmol) obtained in Step D
of Example 3 and (35,4R
)-4-(4-chlorophenyl)-1-(1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylic acid
obtained in Preparation 21 were reacted according to the same procedure as in the Step
F of Example 1 to give the title compound (1.34 g, 88 %).

[707] MS[M+H] = 708 (M+1)

[708] 'H NMR (500 MHz, DMSO-dg, 140°C) o 8.57-8.52 (d, 1H), 7.57-7.43 (m, 2H),
7.22-7.14 (m, 1H), 7.08-6.97 (m, 2H), 4.84-4.72 (br, 1H), 4.56-4.51 (m, 1H), 4.15-4.01
(m, 3H), 4.01-3.88 (m, 2H), 3.83-3.45 (m, 11H), 3.25-3.07 (m, 4H), 2.81 (s, 3H),
2.46-2.35 (m, 1H), 2.27-2.14 (br, 1H), 2.11-2.01 (m, 1H), 1.99-1.74 (m, 6H), 1.65-1.47
(m, 4H), 1.40-1.30 (m, 1H), 0.94, 0.92 (2s, 6H)

[709]

[710] Example 46: (2.5 )-N-{(35,55)-1-{[3S 4R
)-4-(4-chlorophenyl)-1-phenylpyrrolidin-3-yl]carbonyl}-5-[(4-methylpiperazin-1-y
Dcarbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxa
mide TFA salt

[711] TFA salt of

o s Ni_;“ -
({0
) s g 0
N N-¢
cl ) -/ T
[712]
[713] Step A: 1-BOC-(3 R .4 §)-3-(4-chlorophenyD-4-({(2.5 4 S

-4-{(cis-4-methvylcylcohexyD[(2 S




59 c-Pr 4-C1 Me cis-4-Me-c-Hex C(CH3)2CH2OH S 656 60 c-Pr 2,4-di F Me
Ci s-4-Me-c-Hex C(CH3)2CH2OH S 658 61 c-Pr 4-C1 Me 4, 4-di F-c- Hex
C( CH3) 2CHROH0B/6B6F®R262 i -Pr 4-Cl PCT/KR2009/006568

[714]

[715]
[716]
[717]

[718]

[719]
[720]
[721]

[722]

[723]
[724]

55

-1-yl}carbonylpyrrolidine
(25)-N-(cis-4-methylcyclohexyl)-N-{(35,55)-5-[(4-methylpiperazin- 1-yl)carbonyl]py

rrolidin-3-yl }tetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in Step E of

Example 16 and (3S,4R)-1-BOC-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid

obtained in Preparation 14 were reacted according to the same procedure as in the Step

F of Example 1 to give the title compound (1.18 g, 88 %).
MS[M+H] =714 (M+1)

StepB: 2 5)-N-{(35.55)1-{[BSA4R

-4-(4-chlorophenvl)pyrrolidin-3-vljcarbonyl }-5-[(4-methylpiperazin-1-vl)carbonyl

rrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide
1-BOC-(3R,45)-3-(4-chlorophenyl)-4-({(2S,45)-4-{ (cis-4-methylcyclohexyl)[ (25)-tet
rahydrofuran-2-ylcarbonyl]amino }-2-[ (4-methylpiperazin-1-yl)carbonyl]pyrrolidin-1-y

1}carbonyl)pyrrolidine (1.18 g, 1.65 mmol) obtained in Step A was dissolved in DCM
(1 mL). 4M HCI (1 mL) was added dropwise thereto. The reaction solution was stirred
for 1 hour at room temperature, concentrated in vacuo to give the title compound (1.01
2,99.8 %).

MS[M+H] = 614 (M+1)

Step C: (2.5)-N-{(35585)1-{[BSA4R

TFA salt
((25)-N-{(35,55)-1-{[(3S,4R)-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl }-5-[ (4-met
hylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetrahydrofura

n-2-carboxamide (1.01 g, 1.64 mmol) obtained in Step B was dissolved in toluene (10
mL). Sodium t-butoxide (0.18 g, 1.87 mmol), 2-(di-t-butylphosphino)biphenyl (42 mg,
0.14 mmol), Tris(dibenzylideneacetone)-dipalladium(0) (80 mg, 0.09 mmol) and bro-
mobenzene (29 mg, 1.87 mmol) were added thereto and stirred for 10 hours at 110 °C.
After the reaction was completed, solid like material was filtered from using the Celite.
The reaction solution was diluted with EtOAc and washed with saturated NaHCO;
aqueous solution. The organic layer was dried over MgSQO, and concentrated in vacuo.
The residue was purified by HPLC to give the title compound (0.89 g, 78 %).

MS[M+H] = 690(M+1)

'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.75-7.64 (m, 1H), 7.62-7.52 (m, 2H),
7.52-7.40 (m, 2H), 7.40-7.27 (m, 3H), 7.24-7.10 (m, 1H), 4.92-4.83 (br, 1H), 4.56-4.45
(m, 1H), 4.15-3.80 (m, 5H), 3.80-3.44 (m, 11H), 3.25-3.07 (m, 4H), 2.77 (s, 3H),
2.46-2.35 (m, 1H), 2.27-2.14 (m, 1H), 2.11-2.01 (m, 1H), 1.99-1.74 (m, 6H), 1.65-1.47



Me cis-4-Me-c-Hex M@ R600 63 -,-.- NN 4-Cl Me 4,4-di Me-c-Hex t-Bu S 706
64 K\, __ \'n/i 4-C1 Me 4,4-diMe-c-Hex t-Bu S 691 65 ,"--- 4-C1
WO 2010/056022 PCT/KR2009/006568
56

(m, 4H), 1.41-1.29 (m, 2H), 0.98 (d, 3H)

[725]
[726] Examples 47~73
[727] Compounds of Preparations 1-23 were reacted according to the same procedure as

Examples 1~4, 41~46 to give compounds of following Examples.
[728]



Me 4, 4-di Me-c-Hex 2\i,",) S70566 /-\ /,)--- NN 2, 4-diF M
cis-4-Me-c-Hex A,/ 0/ S 694 67 K-N,$)--- 4-C1L Me 4,4-di Me-c-Hex t-Bu S 692
VWO 2010/ Os6020RGEHI2KR2009/ 006568 58 PCT/KR2009/006568

57

O YyN_
ron N
S
y §)
R R R
1 v 3 4 5 « | MS
Ex. R R R R R (M+1)
H
Y1 o = | 24-diF | i-Pr | 44-diMe-c-Hex A7 S| 742
OJ
48 /N R~
s - 24-diF | i-Pr | 4,4-diMe-c-Hex X S| 758
_ OJ
49 OCH 4-Cl Me | 4,4-diMe-c-Hex | C(CH3),CH,OH | S| 714
501 g - 4-Cl Me | 4,4-diF-c-Hex t-Bu S| 706
51 an R
g 4-Cl Me | 4,4-diF-c-Hex <X S| 720
_/ oJ
21 o - | 24diF | iPr | 44-diMe-c-Hex 0 R| 742
53 o 24-diF | Me | cis-4-Me-c-Hex t-Bu S| 686
40 9 - 4-Cl | Me | cis-4-Me-c-Hex Me R| 642
55 N
- c-Pr 4-Cl Me | 4.4-diMe-c-Hex ~ (;j R| 668
56 R
‘ c-Pr 4-Cl Me cis-4-Me-c-Hex A(;j S| 654
57 N~
c-Pr 4-Cl Me | cis-4-Me-c-Hex Agj R| 654
58 c-Pr 4-Cl Me | 4,4-diMe-c-Hex | C(CH;),CH,OH S| 670
59 c-Pr 4-Cl Me | cis-4-Me-c-Hex | C(CH3),CH,OH | S| 656
60 c-Pr 2.4-diF Me cis-4-Me-c-Hex | C(CH3),CH,OH | S 658
61 c-Pr 4-Cl Me | 4,4-diF-c-Hex | C(CH;),CH,OH S| 678
62 1-Pr 4-Cl Me cis-4-Me-c-Hex Me R | 600
63 4:N>H 4-Cl Me | 4,4-diMe-c-Hex t-Bu S| 706
/N . .
64 & ’\{>—» 4-Cl Me 4 4-diMe-c-Hex t-Bu S| 691
65 | /N . H .
W 4-Cl Me | 4,4-diMe-c-Hex X7 S| 705
SN ) ) R
66 S N/>—’ 2.4-diF Me | cis-4-Me-c-Hex A(; Y S| 694
—N
7| L) 4Cl | Me | 44-diMe-c-Hex t-Bu S| 692

[729]



68 ' - N 2,4-diF M cis-4-Me-c-Hex 3\ ,N? O-/ S 693 69 -\ CN/)-.- 4-Cl Me
cis-4-Me-c-Hex ! lc 0-, S 716 70 ,s 4-C1 Me 4, 4-di Me-c-Hex t-Bu
WO 2010/056022 PCT/KR2009/006568
58
—= -
68 G Vs 24-diF | Me | cis-4-Me-c-Hex ‘)\;j S| 693
N H/
09 | o \ N//H 4-Cl Me | cis-4-Me-c-Hex ‘)\0:7 S| 716
5
0 L 4-Cl | Me | 44-diMe-c-Hex t-Bu S| 697
//j\ R
71 \LQH 4-Cl Me cis-4-Me-c-Hex ‘)\/\7 S 704
AN o !
— H O
72 o= = | 4l | Me | cis4-Me-c-Hex e S| 722
//j\ H
73 Oj\NfN)_’ 4-Cl Me | cis-4-Me-c-Hex ‘)\0/:7 S| 708
H

[730] Example 48 (TFA salt)

[731] 'H NMR (500 MHz, DMSO-dg, 140°C) 6 7.61-7.48 (m, 1H), 7.08-6.95 (m, 2H),
4.79-4.69 (br, 1H), 4.51 (dd, J =6.15, 6.1 Hz, 1H), 4.04-3.94 (m, 1H), 3.94-3.81 (m,
2H), 3.81-3.56 (m, 9H), 3.54-3.45 (m, 1H), 3.45-3.33 (m, 2H), 3.33-3.23 (m, 2H),
3.23-3.11 (m, 3H), 3.11-2.98 (m, 2H), 2.78-2.70 (m, 2H), 2.70-2.61 (m, 2H), 2.44-2.30
(m, 3H), 2.26-2.13 (br, 1H), 2.08-1.99 (m, 1H), 1.96-1.64 (m, 7H), 1.45-1.20 (m, 6H),
1.27, 1.26 (2s, 6H), 0.92, 0.90 (2s, 6H)

[732]

[733] Example 56 (TFA salt)

[734] IH NMR (500 MHz, DMSO-d,, 140°C) 6 7.43-7.24 (m, 4H), 4.81-4.70 (br, 1H),
4.28-4.20 (m, 1H), 3.95-3.38 (m, 13H), 3.38-3.19 (m, 2H), 3.19-2.89 (m, 6H), 2.74,
2.72 (2s, 3H), 2.64-2.50 (m, 1H), 2.42-2.34 (m, 1H), 2.26-2.10 (m, 1H), 2.10-1.97 (m,
1H), 1.97-1.77 (m, 3H), 1.77-1.62 (m, 2H), 1.62-1.46 (m, 3H), 1.46-1.20 (m, 4H), 0.95
(d, 3H), 0.81-0.56 (m, 3H)

[735]

[736] Example 61 (TFA salt)

[737] 'H NMR (500 MHz, DMSO-d¢, 140°C) & 7.36-7.28 (m, 4H), 4.79-4.70 (m, 1H),
3.88-3.57 (m, 8H), 3.57-3.46 (m, 2H), 3.41 (s, 2H), 3.32-3.16 (m, 3H), 3.16-2.96 (m,
4H), 2.75 (s, 3H), 2.60-2.49 (m, 1H), 2.42-2.32 (m, 1H), 2.24-2.12 (br, 1H), 2.12-1.82
(m, 6H), 1.66-1.58 (m, 1H), 1.58-1.50 (m, 1H), 1.28-1.17 (m, 1H), 1.14 (s, 6H),
0.80-0.70 (m, 2H), 0.70-0.62 (m, 2H)

[738]

[739] Example 63 (TFA salt)

[740] 'H NMR (500 MHz, DMSO-dg, 140°C) & 7.53-7.48 (m, 1H), 7.40-7.28 (m, 4H),
7.28-7.22 (m, 1H), 4.82-4.70 (br, 1H), 4.12-4.02 (m, 2H), 4.02-3.92 (m, 1H), 3.88-3.79
(m, 1H), 3.79-3.62 (m, 7H), 3.62-3.55 (m, 1H), 3.55-3.46 (m, 1H), 3.42-3.30 (m, 1H),
3.22-3.02 (m, 4H), 2.77 (s, 3H), 2.52-2.42 (m, 1H), 2.46 (s, 3H), 2.20-2.09 (br, 1H),



S 697 71 /

-\)-- % \ 4-C1 Me cis-4-Me-c-Hex 3 ,\,,,,,? 0, S 704 72 0/

/[ 4-Cl1 Me cis-4-Me-c-Hex ..2-1"1\ .z,, O0-' S722 /-\ NNH4-C1
WO 2010/056022 PCT/KR2009/006568

[741]
[742]
[743]

[744]
[745]
[746]

[747]
[748]

[749]

[750]
[751]

[752]
[753]
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1.97-1.86 (m, 1H), 1.82-1.70 (br, 1H), 1.51-1.12 (m, 6H), 1.17 (s, 9H), 0.95, 0.92 (2s,
6H)

Example 64 (TFA salt)

'H NMR (500 MHz, DMSO-dg, 140°C) 6 8.5-8.0 (m, 1H), 7.64-7.56 (m, 1H),
7.42-7.25 (m, 4H), 6.69-6.60 (m, 2H), 4.81-4.70 (br, 1H), 4.04-3.92 (m, 3H), 3.87-3.66
(m, 6H), 3.66-3.45 (m, 4H), 3.45-3.32 (m, 1H), 3.24-3.04 (m, 4H), 2.78 (s, 3H),
2.52-2.40 (m, 1H), 2.20-2.07 (br, 1H), 1.98-1.86 (m, 1H), 1.84-1.70 (br, 1H), 1.52-1.12
(m, 6H), 1.17 (s, 9H), 0.94, 0.92 (2s, 6H)

Example 66 (TFA salt)

'H NMR (500 MHz, DMSO-d, 140°C) 6 8.55-8.50 (d, 1H), 7.56-7.43 (m, 2H),
7.20-7.13 (m, 1H), 7.08-6.96 (m, 2H), 4.82-4.71 (br, 1H), 4.56-4.50 (m, 1H), 4.15-4.01
(m, 3H), 4.01-3.87 (m, 2H), 3.83-3.45 (m, 11H), 3.25-3.07 (m, 4H), 2.80 (s, 3H),
2.46-2.35 (m, 1H), 2.27-2.14 (br, 1H), 2.11-2.01 (m, 1H), 1.99-1.74 (m, 6H), 1.65-1.47
(m, 4H), 1.41-1.29 (m, 2H), 0.97 (d, 3H)

Example 74:
(25)-N-{(3S,5S5)-1-{[(3R,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbon
yl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohex
yDtetrahydrofuran-2-carboxamide TFA salt

/N
N N—

7L “”\?\NO\? -
1

gs

(25)-N-(cis-4-methylcyclohexyl)-N-{(3S,55)-5-[(4-methylpiperazin-1-yl)carbonyl]py
rrolidin-3-yl }tetrahydrofuran-2-carboxamide (0.76 g, 1.87 mmol) obtained in Step E of

TFA salt of

Example 16 and (3R,4R)-1-t-butyl-4-(4-chlorophenyl)pyrrolidine-3-carboxylic acid
obtained in Preparation 15 were reacted according to the same procedure as Step F of
Example 1 to give the title compound (1.10 g, 88 %).

MS[M+H] = 670 (M+1)

'H NMR (500 MHz, DMSO-d¢, 140°C) 6 7.42-7.21 (m, 4H), 4.70-4.19 (m, 2H),
3.90-3.78 (m, 1H), 3.78-3.68 (m, 3H), 3.68-3.48 (m, 6H), 3.42-2.95 (m, 5H), 2.87 (s,

N-N



Me cis-4-Me-c-Hex __1(N O -/ S 708 [730] Exanple 48 (TFA salt) [731] NWR
(500 MHz, DMBO-d6, 140C) 6 7.61-7.48 (m 1H), 7.08-6.95 (m 2H), 4.79-4.69
(br, 1H),wo.bl/5ee2 J= 6.15, 6.1 Hz, 1H), 4.04-3.94 (m PUHKR2B09WeRS81 (m
2H). 3.81-3.56 (m OH), 3.54-3.45 (m60lH), 3.45-3.33 (m 2H), 3.33-3.23 (m
2H), 3.23-3.11 (m 3H), 3.11-2.98 (m 2H), 2.78-2.70 (m 2H), 2.70-2.61 (m
2H), 2. 44-2. 301)(1y0-3H1, (m2 486, 234-3. 16, 28h)2.02108h, 98),(1095- L (m1598- 1. 64

[ 753] Beamp 485" (7R L0 & my R0 Nhég I a8 ftﬁ@&j i L2

7.43-7.[2%4](m 4H) 4.81-4.70 (br, 1H), 4.28-4.20 (m 1H), 3.95-3.38 (m

13 7 72 (2s, 3H), 2.64-2.50
(mH)l %75%; 421@" g'itmf%b(fﬂf) ihg{(ég&?gs()”i [&%ﬁé)ét‘i’g 1, 9(7 (m H) , 1.97-1.77
(m 3H . 1 7hutylsb@shlomphenyl)garalidie- 3( HlcmiphyILsib-ettylpmer - 1-5)a8 (4
3H), 0.81-0. HBnf ﬁbﬁdlﬁﬂﬁﬁ N 736] Exanple 61 (TFA salt) [737] NMR (500
MHz, DVBO- d6, .1 4. 79- 3.88-3.57 (m
8H) . 3.57-3. 45 érﬁ‘e‘élpq}cyc‘@ﬁﬂ’iﬂ{‘s‘rgg]ﬁ}m%aé?zz ?YP@X?W}‘ig’tﬁ&@Q“le 2.96 (m (4H),
2.75 ($§75@H), 2.60-2.49 (m 1H) . 2.42-2.32 (m 1H), 2.24-2.12 (br, 1H),
2.12-1.82 (m 6H), 1.66-1.58 (my %H)\l IN58-1.50 (m 1H), 1.28-1.17 (m 1H),
1.14 (s, 6H), 0.80-0.70 (m 2 70=0.62 (m 2H) [738] [739] Exanple 63
(TFA salt) [740] NMR (5 DMS d6, 140C) 6 7.53-7.48 (m 1H)
7.40-7.28 (m 4H), 7.28-7.2 O4 82470(br 1H), 4.12-4.02 (m

2H), 4.02-3.92 (m 1H), 3.8 .7 3.79-3.62 (m 7H), 3.62-3.55 (m
1H), 3.55-3.46 (m 1H), 3. 3.22-3.02 (m 4H), 2.77 (s, 3H),
2.52-2.42 (m 1H), 2.46 (s, 2@}209(br1,V\0

2010/ 056022PCT/ KR2 09/ 0065@8 59/°1.97-1. 86 (m 1H), 1.82-1.70 (br, 1H),
1.51-1.12 rn saltyol 7 (s, 9H), 0.95, 0 92 (2s, 6H) [741] [ 742] Exanpl e

o4 TERAL) AL L5500, e R L0050 8 Ty .0, (0 M,

1H), 4.04- 3 9r2)11(1m 3-3Hxetraby8riof3am8-darhoxahdjde (8.766x, 3 845mifol) obtdined3n l$fep3£ 8f2 (m

19223 B i G0 (oS AT AP A

9|—|) 0. 94, 0obrinegdn Peigpration 16 were reacted according to the same procedure as Step F of
Example 1 to give the title compound (1.10 g, 88 %).

[758] MS[M-+H] = 670 (M+1)

[759] H NMR (500 MHz, DMSO-ds, 140°C) 6 7.39-7.28 (m, 4H), 4.48-4.43 (m, 1H),
4.41-4.35 (m, 1H), 3.92-3.82 (m, 2H), 3.82-3.73 (m, 2H), 3.73-3.59 (m, 8H), 3.50-3.36
(m, 2H), 3.25-3.18 (m, 1H), 3.18-3.04 (m, 4H), 2.77 (s, 3H), 2.29-2.19 (m, 1H),
2.10-1.99 (m, 2H), 1.95-1.79 (m, 5H), 1.79-1.69 (m, 1H), 1.62-1.46 (m, 4H), 1.41 (s,
9H), 1.39-1.25 (m, 3H), 1.00 (d, 3H)

[760]

[761] Example 76: (25 )-N-{3R ,55)-1-{[(35 4 R )-1- tert -
butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]carbonyl}-5-[(4-methylpiperazin-1-yl)car
bonyl]pyrrolidin-3-yl}- N -( cis -
4-methylcyclohexyl)tetrahydrofuran-2-carboxamide TFA salt

[762] o ./

TFA salt of



[744] [745] Exanple 66 (TFA salt) [746] NVR (500 Mz, DMVBO-d6, 140C) 6
8.55-8.50 (d, 1H), 7.56-7.43 (m 2H), 7.20-7.13 (m 1H), 7.08-6.96 (m 2H),
4. 82- 4. 7IWOD10/B622 4. 56-4.50 (m 1H), 4.15-4.01 (m 3HPCTAR09B080S( M
2H), 3.83-3.45 (m 11H), 3.25-3.07 (mt 4H), 2.80 (s, 3H), 2.46-2.35 (m
1H), 2.27-2.14 (br, 1H) 2.11-2.01 (m 1H), 1.99-1.74 (m 6H), 1.65-

(m 4HY763. 41-1.29 (m 2H), 0.97 (d, 3H) [747] [748] Exanple 74:

(2S) - N_[%‘as 5@& 1Msi?hR flf% L}Rt)elrﬁoaujw(lm - (4-chl orophenyQpyrrolidin-3-ylic

ar bon
yl)--5-[(4- cdhtedi n-3-y1)--N-(cis-4-nmethylc

yooherd)!t thé’tﬂ%ﬂ({z gﬂBeéc i@%@g@ﬂg I.'égba%)éylitg (27 ¢ [750hmdiy 51]
[ (4- et hyl pi I@b‘;ag)pdnn fre)ﬂaya@gn 50W|rp1y§yed accordmg to the same procedure as Step A of

rrolidin-3-ylHsgl [ealr@/t@rg@\tel%@ﬂﬂgcgﬁf)&gfga(mgq% 69946 9, 1.87 mmol) obtained in

Step E
(3R 4R)[9é6-]t Hﬁ%ﬁw r}gllll(]éflﬁébhenyl )pyrrolidine-3-carboxylic acid obtained

in PrepagAtion 15 vvere reacted according to the sarre procedure as St ep F of
Exarrpl ég:i venl 2 Cf LAd 1 88 9 I VE[ MtH] 670

(WD) 17 iR Botich) v it L= DEL S &%, 4.70-4.19 (m
2H) , 3903 3.42-2.95 (m

S, 2180 | 12(;% 516@(3@ &i(c -glgafocg@gﬁgxgﬁgnﬁﬁa oﬂcﬁngz@argoszyla@*) iy

2.34-2
1.61-1. 47 (m(O &Hﬁ 2.49 11?211‘{1% Obtgm)ed H!LS gl A Waprepsied aﬁtqaordlng tmthe§am99500f:dﬂ5a]as
L7?5} Exanpl @lteZ>5A oﬁzxsﬁln b%t&(g%egheﬁﬂg:ccl)mﬁm{l%((a 9% g ?{3@& 1- tth elrt - L

u I dl n- | car pon nme i perazin-
year B0 T oy s BRrET - 4BYA) ’ ’ PP ’

( CI S- 4{Wel] hyI cycl ohexyl)tetr ahydr of uran- 2- car boxam de TFA salt [756] /\ O

— WV Qep TR $31 808 {( cis -4-methyleyclohexy)[(2 §
)-tetrahyvdrofuran-2-ylcarbonyl]amino }-L-proline

[773] Methyl (2S,4R)-1-BOC-4-{(cis-4-methylcyclohexyl)[(2S
)-tetrahydrofuran-2-ylcarbonyl]amino } pyrrolidine-2-carboxylate (0.92 g, 2.10 mmol)
obtained in Step B was reacted according to the same procedure as Step C of Example
1 to give the title compound (0.85 g, 95 %).

[774] MS[M+H] = 425 (M+1)

[775]

[776] Step D: (2. 5.4 R)-1-BOC-4-{( cis -4-methylcyclohexyD[(2 S

-tetrahydrofuran-2-vlcarbonvl]amino }-2-[(4-methvlpiperazin-1-vl)carbonvlIpvrrolidin

e

[777] (4R)-1-BOC-4-{(cis-4-methylcyclohexyl)[(2S5)-tetrahydrofuran-2-ylcarbonylJamino }
-L-proline (0.85 g, 2.00 mmol) obtained in Step C was reacted according to the same
procedure as Step D of Example 1 to give the title compound (0.95 g, 94 %).

[778] MS[M+H] = 507 (M+1)

[779]

[780] Step E: (2. S)- N -(cis -4-methylcyclohexyD)-N-{(3R S5 S

[781] (2S5,4R)-1-BOC-4-{ (cis-4-methylcyclohexyl)[ (25)-tetrahydrofuran-2-ylcarbonyl Jami
no}-2-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidine (0.95 g, 1.87 mmol) obtained in
Step D was reacted according to the same procedure as Step E of Example 1 to give
the title compound (0.76 g, 99.8 %).

[782] MS[M+H] = 407 (M+1)



G [757] (2S)-N-(cis-4-nmethylcyclohexyl)-N {

(3S,5S5)-5-11(4- et hyl pi perazi n-1-yl ) carbonyl | py

rrolidi n-8eybiowmssahydr of ur an- 2- car boxam de (0.76 g, 1. 8CTmR0()9/mbicai ned in
Step E of Exanple 16 and 62

(3S,4S)-1-t-butyl-4-(4-chl orophenyl ) pyrrolidine-3-carboxylic acid obtained

in Prepagxtion 16 were reacted according to the sane procedure as Step F of

Exanpl & 88 9% . [758] MS[M+H = 670
(ML) | 7739-7.28 (m 4H), 4.48-4.43

(m 1H), 4.4Dbuyl35
(m 8H), 3.50r3.3f4iM
3H), 2.29-2. 18 ﬁdl, L0 1 11 4 ) R o T s £ | R 1 ) s e
1H), 1.62-1.48t(m 4H), 1.41 (s, 9H), 1.39-1.25 (m 3H), 1.00 (d, 3H) [760]
[ 761] | e (Z6)-N((&isA-thet¥yichSlofexyD)-F- 3R 55§ B4SnethyRRiperdzin-t §lfcarbonyl|py
buty! Z@th' Py By ke BHVE ¥ i TRk e RE 3 ™ 1Y
4- met hyl cycl ahexad,JRr)et-r-abtytinafiuhRinephea gl pordidie3-ThBosdlctac[d@RJin®@ inn 0 N N-
N 0GR Ykl 190, G104 039022 RET L S1RRO0R: 99228581 shep e L 1St e
4- et hyl cycl (b(hgi;vyltl)eatriﬂermngwundKl.dzl(i) pe8®%gar boxyl ate [765] Met hyl

(2S, 4R)[7§6]Boc-1\§} &W#H?QBGW)((’M qi)ne- 2-carboxylate (1.07 g, 4.38 mmvl) obtained
in Preparation §3 was react edL accordi%% to the sane procedure as Step A of
Exanpl é798 t o 'Hi NMR GO MIHr.DM b ht? €0 0848797 28 tmogth), priset SRErnid), = 341
( Zﬂ+1) t L7|67] |4[5b648.]47 %ﬁmgn.%.mm,( 122515, 3.463)261(115,%@})43.1()—3Qjﬁ(m,_SH), 2.80 (s,

-4- et hyl cyc e - rahydr ran-2-yl ca Y, m no
pyrrolidine- é?ﬁ é¥%éx‘$lz(gié®[é7§%f%g/éﬁghy IR (m, Eﬁ?qédl% (m, gH)’

(2S, 4R) - 1- BOC:-A- .44 ¢ihs4H), 180Ny dY)c | dhebaA (naBHo0.0¢(d,3H)di ne- 2- car boxyl at e
(0.84 788%'49 nmol ) obtained in Step A was reacted according to the sane
procedure as Step A of Exanple 3 to give the title conpound (0.92 g, 87 %
[ 770] NERN#H] Ehe4mppnds)of [tr7hamplaszyptigsigpd by thegpr@yedareBg Reqction Sahieme B

-4- et hyl cycl,ghexyhdf {2 S )-tetrahydrofuran-2-ylcarbonyl|l am no

| -L-proline [773] Methyl (2S,4R)-1-B OC-4- { (cis-4-nethylcyclohexyl)[(2S
)-tet réﬂ%r of uran- 2-yl car bonyl | am nol pyrrol i di ne-2-carboxylate (0.92 g,
2.10 mymd)] obtExangsle 77: XL PN (BBS,SSRL{F8 Sq¢Ror ding to the sane procedure

as Step C of )-L:I)-(%gm)gty}-4E(2-c%ll(}{%pflgl?yl)tpiytnl“oqid%ggpﬁi"cgudbtgnoy'lﬁg—[gl’-m%&yorgiperazin-
1-yl)carbonyl]pyrrolidin-3-yl}-N-(2,4-difluorophenyl)tetrahydrofuran-2-carboxa
mide TFA salt
[792] TFA salt of

B1DETHAZ1

[793]

[794] Step A: (2 5.4 S)-1-Boc-4-azidopyrrolidine-2-carboxylic acid

[795] Methyl (25,45)-1-Boc-4-azidopyrrolidine-2-carboxylate (10 g, 37 mmol) obtained in
Step D of Preparation 1 was dissolved in MeOH (100 mL) and water (100 mL). LiOH

(2.5 g, 111 mmol) was added thereto. The reaction solution was stirred for 3 hours at

room temperature, concentrated in vacuo and acidified with 1N HCI. The solution was



[774] MS[ MtH] = 425 (M+l) [775] [776] Step D: (2 S,4 R)-1-B0OC-4-1( cis
-4- et hyl cycl ohexyl )f(2 S

) - t et r ahywloahuvsn22- yl car bonyl | am nol- 2- 1- (4- met hyl pi pePaTiKR200%doy35ar bony| |
pyrrolidin e [777] (4R -1-B OC-4- { 63

(ci s-4-nmet hyl cycl ohexyl ) 11(2S)-tetrahydrofuran-2-ylc arbonyl] am no |
-L-proline (@xB&at@ wih BIOAVDINe Xlphadkedothahit sShigipn & samshep@itedridg giedi ng to

t he sane proced s Step D of ample 1.to.qgive the ti C nd (0.95
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- 4- met hy9adycl ovieRyH IQSJIM}I[R 5S

)-5-1- ﬁlgﬂet hyl pi perazi n-1-yDcar bonyl | pyrrolidin-3-y11tetrahydrof uran-2-car
boxam [ 781 (28 4R) 1- BOC—4 { '

(i 5- alretlhy| et BRI | Bop-das

1bt2 [ (139@ hylps, l@%)' PJEO@ - aﬁdiiggﬁohgﬁﬁ &YB(K)@'hﬁ:f%ZQ9 (S% @5 nQnOI; 0&31 i E of
obt ai ne I n éﬁ )O%f 8 (gng/y‘ﬁ_l: OC &%@as 3&1 0
[Kaskdded 407

te S rea
Exanple 1 to &i%“faﬁ 1SF?ItVP‘g
(M) WD 2011%&563&@9@@&2@99(5)955&5sﬁzn{n?cagmomgmk ﬂﬁpmlfol) {2 EDL- N

-1(3 R,5 S)
but y1- 4° (4- ch ﬁgr% ?312 ﬁﬂ‘?"@ﬁr BEREIAL SRR A BoRYF TR ORISR Y SR i n- 1-y
1) carbony 11pg% ﬂlpgtsw@mpng teyrmatme-a(ld cpm:entrated in vacuo. The residue was diluted with
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(2S)-N-(cis-4-neth oex

(3R, 5S) - 5- 11€3U##¢ gl]gg,lplﬁéglggpmwgs 9419%%%34&3%@1(1 concentrated in vacuo. The
rrolidin-3- y|résﬁcﬁier\ﬁdbﬁﬂ1h@fb§!|b RoRmEAFHRONXOLABhY (bl t:MCIMBBHNDY/) ) Phtiad ned in

Step E and ( 1 t - byt 1 ( | or ophenyl )pyrrolidine-3-carboxylic
aci d obt ai neghqtht ftf(](\;]nml% Q?ée%g reacted according to the same

pr oceduys@] as SﬂSiMFHQ)& 3B9anplle 1 to give the title conpound (1.10 g, 88 %.
[786] IYQB = 670 (M+l) [787] 'H NWR (500 MHz, DMSO d6, 140C) 6 7.37-7.29
(m 4Hy, 06498(br 1H) 452447(m 1H) 432340(m 12H)
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the Exanpl es 3§3?‘1§t%‘@§ >£>éalgrk?9 ip Ebéepd? W@%élﬁ?‘é“%ﬁ mﬂgb&% 91001?1 é&{@% ¥ Phpgphire
follows: [ 79Q3 40 WBB @mﬂpl)avaz 6dde(d2dr5p\)VISB|‘tl{e(r@£0 ot 055 & JFhé rédc(idn §blut401R

)-1-tert-but oph rroI|d|n 3 | pi per
2l Sypoar by Tiss FORTR S AR s el SRt B b R TR 2" e
rboxa m de TRAusadd N{HOQ} aqieaussilutiof. Toe boluti@Nwhb eftkOB1 wil7TBU)ASveptines (2 S
4 S ) -1-Bocyda gl AoRyed fl VAL gi'vg ﬁ{eqm%yéohﬁ)oﬁﬁdl th oil form (10.61 g, 98.5 %).

[804] MS[M+H] =313 (M+1)

[805]

[806] StepD: (2548

-1-Boc-4-[(2.4-difluorophenvlamino]-2-[ (4-methvylpiperazin-1-vl)carbonvl|pvrrolidin

e

[807] (25,45)-1-Boc-4-amino-2-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidine (10.61 g,
33.96 mmol) obtained in Step C was dissolved in toluene (100 mL). Sodium t-butoxide
(3.73 g, 38.81 mmol), 2-(di-t-butylphosphino)biphenyl (863 mg, 2.89 mmol),
Tris(dibenzylideneacetone)-dipalladium(0) (1.73 g, 1.93 mmol) and
1-bromo-2,4-difluorobenzene (7.48 g, 38.81 mmol) were added thereto and the
reaction solution was stirred for 10 hours at 110 °C. After the reaction was completed,
solid like material was filtered using the Cellite from the reaction solution. The
reaction solution was diluted with EtOAc and washed with water. The extracted
organic solution was dried over MgSQO,, concentrated in vacuo and purified by column
chromatography (eluent: MC:MeOH = 10/1) to give the title compound (11.24 g, 78



[ 795] Met hyl (2S, 4S)-1-Boc-4-azi dopyrrolidine-2-carboxylate (10 g, 37 mmol)
obtained in Step D of Preparation 1 was dissolved in MeOH (100 ni) and

wat er (10WoreR)o/056020H (2.5 g, 111 nmol) was added t her et @®CTKR20609%M®63680N
solution was stirred for 3 hours at r@om tenperature, concentrated in vacuo
and acidified with 1IN HC1. The solution was W)

2010/ 056022P@y. KR2009/ 006568 63 extracted with Et0Ac. The extracted organic
sol uti S d wt j dried over MgSH and concentrated in vacuo
to gi LA tﬁ@gg\%‘éﬁ%é‘gﬁgﬁﬁg% g, 95 9. [796] MS[M+H = 257 (Mrl) [797]
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52.5 and 0.2 52,5 mmpl ) were added thereto, urn. The
react i @m ut@gm-ifogﬁ-ﬁ?éadzlflks?m&lzenﬁawoéﬁ [?‘ﬁmﬁﬂw WB%%%# M nylIp
concent r at ed yriolidiae bl 2 pe2 6. 485ineHoe) mneﬂ inLﬂtquVwisheEttéﬁ%ceﬂﬁhgdmshﬁghn\M th
sat urated NaHCO3  agueou | ugi r.and Cl The g% Gte rgani C
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to give the ﬁhqm@mmuﬂ@ﬂﬁgo?QSf%drm (10.61 g, 98.5 % . [804] MS[M¥H =
313 (M’[é% [SO%S[Mﬁﬁ?L 4§B%M4J?? (25,458

) -1- Boc- 4- [( | uor ophenyf | am nol - 2- [ (4- et hyl pi perazi n-1-y1)carbonyflp
yrrolldgh e [807]

(2S, 4S)818] Boc-sftem @ ENLA(GSnes vl pipereri n- 1-yl ) carbonyl I pyrrolidi ne
(10.61 g, 33.¢ t~ obt nedin Ste.(?vga dISSO ved in toluene. (100 ni).
Sodi um t - but ] . h < oS - D ey

(863 ng, 2.8¢ ) idg1-Biyblel fdifnas heetratly rafurad? g '
1.93 nmol ) ang 1- bronD 2 4 d|quorobenzene (7 48 g, 38. 81 nnDI) wer e added
t hereto and reaction solution was stirred for 10 hours at 110 C After

t he redétdlon VBS-VdaprdtleeropbanidNt ((keS Pet-triasthwaiperazin-bybgahenyitpyriel
Cel lite fromgihe. yuﬁaﬁéﬂy@fbfmhqtéa%xam (ORRC, Izg%sfﬂﬂnub loBRiASn dté Ut Gds wi th

Et 0OAc and washed " w th water. The extracted 'ution was i ed over
My504, conceffaCEIAqeTingdR ths samg BEesetrieds “’b\g’ % ﬁﬂ?ﬁﬁ%ﬂlﬁﬂ&a@aw g?uent:
MC: MeOH = 10kdmpbendyilBd0tdy851t | e conpound (11.24 g, 78 WD

2010/ 0 2P / 0 808] MS[ M+ 425 (M+1 809 810
step E100 5 MOBHPH=RIBTS002 4l uor ophenyDy (2 6 ) Lo L)
) -tetrabydr of UHaNMER- 4500 Mo AYMIS&rilan b40°2) @(7441ﬁﬁt2&ymp51}5)3r73227r7121(131f Iidar bonyl | p

yrrolidin e 81331i07 L), 479-4.71 (br. 1H). 457445 (br, 1H), 4.06:4.0 1H), 3.82-3.67
(2S, 4S) - 1- Boc- %m Id” fluorop ern%/ mno > ) 11 ?gfl’per)azm I-yl)ca

rbonyllp yr I’(§1|nI> aﬂh ('(71§5Q&mg7H)2é RS )3 tzeﬁln% [fﬁa 3311)@8 5B (e r eact ed
accordi ng to 1t9%e1.890m, HHPQ%@UIS!OF@ 1HD), 1130- 156@@nﬁgmf 1 Bvangpi ?13&1)01917@ t he
title conpouggl)(ll}S {%Zﬁm %Iﬁl) 812] MS[ MkH] = 523 (M+l) [813]

[822]
[823] Examples 78~84
[824] Compounds of Preparations 1-23 were reacted according to the same procedure as

Example 77 to give compounds of following Examples.
[825]



[814] Step F: (2 S )-N-(2.4-difluorophenyl)-N {(3 S .5 S

)-5-{(4-net hyl pi perazi n-1-yDcar bonyl | pyrrolidin-3-ylltetahydrofuran-2-carbo
xam de [WO2P10(@B&)24S) - 1- Boc- 4-{ PCT/KR2009/006568

(2, 4-di fl uorophenyl ) R2S) -t et rahydr of udSan- 2-yl car bonyl | am nol- 2-

[ (4- et hyl pi perazin-1-yl)carbonyl | pyrrolidine (11.76 g, 22.50 mol)
obtained in Step E was reacted according to the sane procedure as in the
Step E of Exanple 1 to give the title conpouad 9.M9%g, 99.8 % . [816]

VB[ MHH] = 423 (M+1l) [817] [818] St%pa 2 i\/ /[(3 S.55)-1-{[(3 S .4
R

N
rdi nL?/ yl{ carbonyll-5-{(4-nethyl pi pe

)-1-tert-butyl-4-(4-chl orophenyfl pyrrol
razin-1-yl)

carbonyl | pyrrolidin-3-y11-N- (2, 4-difl yore
de TFA salt [819] (2S)-N-(2,4-difluoropheny]
(3S,55)-5-11(4-net hyl pi perazi n-1-yl ) carbonyl | pyrroli

di n-3-y|Itetra%drofuran-Z-garbmamd 3(9.49 g, 22,546 Mol ) oS ained in
Step F was react®dP%ccordiRg to fhe s procedure-as in fhemsugp |[F of
Exanple 1 to [gi vecthe Tl t/:ﬁecporrpound (H 3.107q, 85-%97. [ 820] MFH] = 686
(Mr1) [821] 'H-NMR (500 Mz~ DMBO-d6, 140C) 16 7417 23 (m S5Hy 7.27-7.21
(m 1H), 7.13-7.09 (m 1HA4-Ch.7944.71Mebr, 1H), 4i-B7-4. 45| (b638 1H)|,
4.06-4.00 1 3.82-3. 5H), \R. 67-3.50 7H), B.3 1 3H),
2.91-2.72 Em 3'|:|'\280 259 (546613'(—';n 1!_?36 1. 89 (m 1.&?3“1%9 1.8%7%.% ll(-l)m K
1.80-1.66 (m| 2HB! 1.59-1.4€Cl (m |1H), H.37 (s, 9HBu1. 35-1.285¢m |1H) [822]
[ 823] Exanpl €s 42]4_§q;r'rpounds Qfc Preparatigps 1-23| weggyredcted
accordl ng to t Hr o Evargr\l A 77 + 1'(tzlﬂ\lr\ c O ornde Af

GUCUUI A>3 ’AS I_I\Olllldl A>3 T [V UI VA2
fol | owi ng Exanpl @s. WO 200! 056022PCVeKR2009/ 006568 65 oN- B2/ Q \R5 //
-F R2- Exanple R2' °

84 2,4-diF Me <) 684
o

fFI\Fgf,et rahydr of uran- 2- car boxam

[826] Example 82 (TFA salt)

[827] 'H NMR (500 MHz, DMSO-d¢, 140°C) & 7.63-7.50 (m, 1H), 7.41-7.32 (m, 1H),
7.28-7.18 (m, 1H), 7.15-6.98 (m, 3H), 4.77-4.66 (br, 1H), 4.54-4.40 (br, 1H), 4.01-3.89
(m, 1H), 3.82-3.53 (m, 8H), 3.40-3.26 (m, 2H), 3.17-2.97 (m, 4H), 2.74 (s, 3H),
2.48-2.32 (m, 1H), 1.53-1.21 (m, 2H), 1.37 (s, 9H), 0.95 (s, 9H)

[828]

[829] Example 83 (TFA salt)

[830] 'H NMR (500 MHz, DMSO-dg, 140°C) & 7.48-7.44 (m, 1H), 7.43-7.30 (m, 5H),
7.26-7.18 (m, 1H), 7.13-7.05 (m, 1H), 6.38-6.34 (m, 1H), 6.30-6.25 (m, 1H), 4.86-4.75
(br, 1H), 4.71-4.59 (br, 1H), 3.88-3.50 (m, 8H), 3.41-3.20 (m, 3H), 3.11-2.92 (m, 4H),
2.71 (s, 3H), 2.62-2.46 (m, 1H), 1.73-1.63 (m, 1H), 1.44-1.32 (m, 1H), 1.38 (s, 9H)

[831]

[832] Physiological activity of the compounds of the present invention was assessed by
measuring agonistic activity as well as binding activity for melanocortin receptors
(MCR) according to methods A and B explained as follows.

[833]

[834] A. Luciferase assay

[835] As one of the methods to measure MCR agonistic activity of the compound
according to the present invention, the expression level of a marker gene (for example,
luciferase) which increases proportionally according to the increase of cAMP content

in the cell, was measured.
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[836]
[837] First, permanent expression HEK (Human Embryonic Kidney) cell lines (HEK

[838]
[839]
[840]

[841]
[842]

MCI1R-Luc, MC3R-Luc, MC4R-Luc or MC5R-Luc) expressing the MCR gene of each
subtype together with luciferase gene (CRE-LUC) under the control of CRE (cAMP
Response Element) were constructed. The above cell lines were incubated in an
incubator with 6% CO, atmosphere at 37°C using selection medium,

DMEM (Dulbecco's Modified Eagles Medium) containing 10% heat-inactivated fetal
bovine serum (Gibco/BRL), 100 unit/m¢, penicillin (Gibco/BRL), 100 unit/m¢
streptomycin (Gibco/BRL), and 200xg/m¢ geneticin (G418) (Gibco/BRL). When the
cell covered 70% of total surface of the culture dish with 100mm diameter, the culture
dish was rinsed one time with 10ml Phosphate Buffered Saline(PBS) free of Ca*+ and
Mg+, and then 3ml PBS solution containing 0.05% trypsin and 0.53mM EDTA was
added thereto. After the trypsin/EDTA solution was removed, the cell lines were
incubated in a thermostatic incubator for 1 minute at 37°C, and resuspended in 10ml
selection medium and centrifuged for 5 minutes at 1500 rpm. The supernatant was
discarded and the settled cells were resuspended in Sml selection medium free of
Phenol Red. The resulting cell-suspension was plated onto each well of 96-well culture
plates for Luminometer(Costar) with a concentration of 5x10* cell in 100.¢ culture
medium for each well and incubated in the incubator with 6% CO2 atmosphere at 37°C
for 18 hours. With MCR agonists (Example compounds) diluted stepwise using the
above culture medium, the cells were treated under the condition of the final DMSO
concentration not exceeding 1%, and incubated for 5 hours in the atmosphere of 6%
CO, at 37°C. Then, 5040 Bright-Glo (Promega) was added to each well. After allowing
the treated cells to be at room temperature for 15 minutes, luminescence was measured
for each well by using luminometer (Victor). The level of luminescence induced by the
stepwise-diluted agonist was converted to relative % value to those by the treatment of
10 uM NDP-MSH. The ECs, indicates the concentration of each agonist for inducing
50% of maximal luminescence by each agonist and this value was measured by a sta-

tistical software (Prizm).

B. cAMP accumulation assay
As another method to measure MCR agonistic activity of the compound according to

the present invention, an increase of cAMP amount in the cell was measured.

First, permanent expression HEK (Human Embryonic Kidney) cell lines (HEK
MCI1R-Luc, MC3R-Luc, MC4R-Luc or MC5R-Luc) expressing the MCR gene of each
subtype were plated onto each well of 24-well culture plates for Luminometer(Costar)

with a concentration of 2x10° cell in 1ml culture medium for each well, and then



t-Bu 674 83 4-CL Me ,' __ 0J 682 84 2,4-diF Me ,' __ oi/ 684 [826] Exanple
82 (TFA salt) [827] 'H NWR (500 MHz, DMBO-d6, 140C) 6 7.63-7.50 (m 1H),
7.41-7. 32wOrmp10d050227. 28-7. 18 (m 1H), 7.15-6.98 (m 3H) PCA/KR20E/®6568br
1H), 4.54-4.40 (br, 1H), 4.01-3.89 (m7 1H), 3.82-3.53 (m 8H), 3.40-3.26
(m 2H), 3.17-2.97 (m 4H), 2.74 (s, 3H), 2.48-2.32 (m 1H), 1.53-1.21 (m
2H), 1. 37 (s.in@bthted th Abincohat@Hyith 828J0, 4i5d9phex aRIPE f&D 4(hbiuA. Tak fed[®30] ' H

756 7. 18 "( mvenbymosdigty S il figebad silipe i Sl ottty
4.86-4.75 (bWith MICR 4gatiists (B@n{phe coripdund 9. BBl sSpw(isg usdtd) 2034 LAMBM20 (m
i 3 5 R P oy e Sy e el AT 1
conmpounds of cphdlipn ekdafinghl) SMCORISUIDINOE SEeHPL htra i inggbaigrbior SPi ¢
activity as wahhtedf the Qﬁilil(%ghéif@ bt ¥t gof ar377el BRACHE CAMP 866@§tGh SadhMel?)
according to nethods A and B expl ai ned as foll .. [.833] [834] A
Luci f erase ad¥Syngeays] UHas Smeer H%Mﬁ??é’ ltfﬁ%ﬁ% ure MCR agoni stic
activit{g43)f the conpound according to the present invention, the expression
R R T O TP
measur ed. WOe 2010 f OS5 BDRRPET/ KRN/ 0Q8pe8vas taken from each well and transferred
to microcentrifuge tube. 110 of SM KOH/1M Tris was added thereto for neu-
tralization and centrifuged at 12,000rpm for 1 minute. 500 of supernatant was taken
and 50/, of 3H labeled cAMP (0.9pmol, 0.025 uCi) and 100.¢ binding protein was
added thereto, and shaken for 5 seconds. After allowing the treated sample to be in ice
for 2 hours, 100.¢ charcoal was added thereto and centrifuged for 3 minutes at 4°C
under 12,000rpm. 2000 of supernatant was taken and transferred to scintillation vial.
Sm¢ scintillant was added to the vial and radioactivity was measured. The amount of c-
AMP induced by the stepwise-diluted agonist was converted to relative % value to
those by the treatment of 10 uM NDP-MSH. EC;5, indicates the concentration of each
agonist for inducing 50% of maximal c-AMP amount by each agonist and this value
was measured by a statistical software (Prizm).
[845]
[846] As aresult of measurement according to the above explained methods, the example
compounds according to the present invention showed agonistic activity to each MCR.
In particular, the compounds according to the present invention showed excellent
agonistic activity to MC4R with the ECs, values from 0.0001 uM to 0.1 uM.
Specifically, the compounds of Examples 1, 2, 3, 4, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 26, 30, 32, 34, 35, 36, 37, 38, 39, 41, 43, 45, 49, 50, 52, 53,
54, 58, 59, 60, 65, 66, 68, 69, 72, 73, 78, 80, 81 and 82 of the present invention showed
an ECs, value in the range of 0.1~10 nM; those of Examples 5, 6, 7, 31, 33, 42, 44, 46,
47,48, 51, 55, 56, 57,62, 63, 64,74, 77,79 and 83 showed an ECs, value in the range
of 10~100 nM; those of Examples 27, 28, 29, 70, 76 and 84 showed an ECs,value in
the range of 100~1000 nM; and those of Examples 67, 71 and 75 showed an ECs,
value in the range of 1000~10000 nM.
[847]
[848] For example, the specific activities of representative compounds are represented in
the following table:
[849]
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MCR agoni sts (Exanpl e conpounds) diluted stepw se using the above culture

medi um

concentration not exceeding 1%

of 6% CO2 at

37C. Then,

After allowing the treated cells to be at

| um nescence was neasured for each well

| evel of

the cells were treated under the condition of the final
and incubated for 5 hours in the atnosphere
500 Bright-A@ o (Pronega) was added to each well.

room tenperature for
by using | um noneter (Victor).

| um nescence induced by the stepw se-diluted agoni st was converted

15 m

DMVSO

nut es,
The

to relative %value to those by the treatnment of 10 [i M NDP- MSH. The EC50
i ndi cates the concentration of each agonist for inducing 50% of maxi nmal
| um nescence by each agoni st and this value was neasured by a statistical

software (Pri

zm). [838]

[839] B.

CcAMP accumul ati on assay [840] As anot her

met hod to nmeasure MCR agonistic activity of the conpound according to the

i nven
[ 842]

pr esent
[ 841]

i nes (HEK MCLR- Luc,
gene of each subtype were plated onto each well
Lum noneter(Costar) wth a concentration of 2x105 cel
WD 2010/ 056022PCT/ KR2009/ 006568 67
i ncubated in an incubator with 6% CO2 atnosphere at 37C for 24 hours.
followed by rinsing with 0.5m cold DVEM

for
medi um for ea

medi um was renoved from each wel |

tion,
First,

ch well, and t

MC3R- Luc,

an increase of cAMP anpunt
per manent expressi on HEK (Human Enbryoni ¢ Ki dney) cel
MC5R- Luc) expressing the MCR
culture plates
inlm culture

hen

MZAR- Luc or

of 24-

in the cell

wel |

was measur ed.

The

one tinme. Wth MCR agoni sts (Exanpl e conpounds) diluted stepw se using

200,0 DVEM i ncluding 500 [i M IBMX (isobutyl nethyl xant hi ne),

treated under the condition of the final

1%
the cAMP anou
(TRK432). [84

to each wel |,
taken from ea

KOH 1M Tris was added thereto for
500 of supernatant was taken and 500 of 3l
0.025 [iG ) and 100, 0 binding protein was added

After allowing the treated sanple to be
was added thereto and centrifuged for 3
12, 000rpm 200,0 of supernatant was taken and
5me scintillant was added to the vial

12, 000r pm f or
| abel ed cAMP
t her et o,

inice for 2

m nutes at 4C under
transferred to scintillation vial.

nt in each cel

3]
ch wel |

1 m nute.
(0. 9pnol ,

and shaken for 5 seconds.
100, O charcoa

hour s,

t he cell

S were

DMSO concentrati on not exceedi ng

and incubated for 30 minutes in the atnosphere of
was neasured using Amer sham cAMP assay Kit

[ 844] More specifically, 14.4,0 of 6M PCA (60% was added
and allowed to be in ice for

10 m nutes,

and transferred to mcrocentrifuge tube.
neutralization and centrifuged at
-1

6% CO2 at 37C.

Then,

and 200, 0 sanpl e was

110 of

and radioactivity was neasured. The anount of c-AMP induced by the
stepw se-di |l uted agoni st was converted to relative % value to those by the
treatnent of 10 [i M NDP-MSH. EC50 indicates the concentration of each

agoni st for inducing 50% of maxi nal
val ue was neasured by a statistica
result of nmeasurenent according to the above expl ai ned net hods,
conpounds according to the present

each MCR In

parti cul ar,

[ 845]
t he

5M

c- AMP anount by each agonist and this

software (Priznm. [846] As a

exanpl e

i nventi on showed agonistic activity to

t he conpounds according to the present invention

showed excel | ent agonistic activity to MAR with the EC50 val ues from

0.0001 [iMto

0.1

A~

M SpeC|f|caIIy,

~ A

”~ A

the conpounds of Exanples 1, 2 3, 4,



30, 32, 34, 35, 36, 37, 38, 39, 41, 43, 45, 49, 50, 52, 53, 54, 58, 59, 60,
65, 66, 68, 69, 72, 73, 78, 80, 81 and 82 of the present invention showed
an EC50 wsbueilwosei2ke range of 0.1-10 nM those of ExanplPe3/KR208/00856831, 33,
42, 44, 46, 47, 48, 51, 55, 56, 57, 6@, 63, 64, 74, 77, 79 and 83 showed an
EC50val ue in the range of 10-100 nM those of Exanples 27, 28, 29, 70, 76
and 84 showed an ECS50val ue in the Egg&ﬁgﬁ%%100-1000 nM and t hose of
Exanpl es 67, 71 and 75 showed an E in the range of 1000-10000 nM

[ 847] [bﬁfﬁﬁh For exawpl&coﬁlbsurﬁmqhéf&1oaﬁfﬁgf&ﬂmﬁq of representative
conmpounds are represented in the follow ng table: 68 Exanples EC50 (nM

Exanpl es N R
e
R' wN? N’\

/
R4 R

O

(1)

wherein

R! represents hydrogen, or represents C;-C,¢-alkyl, C;-C,-cycloalkyl, Cs
-Cp-aryl, heterocycle or heteroaryl, each of which is unsubstituted or
substituted with at least one substituent selected from the group
consisting of halogen, amino, C,-C4-alkyl, trifluoromethyl, hydroxy, C,
-C,-alkoxy, cyano and oxo;

R? represents phenyl or six-membered heteroaryl, each of which is un-
substituted or mono- or di-substituted with substituent(s) selected from
the group consisting of halogen, hydroxy, C,-C,-alkyl, C,-C,-alkoxy,
cyano and amino;

R3 represents hydrogen, or represents C;-Cg-alkyl or C;-C;-cycloalkyl,
each of which is unsubstituted or substituted with substituent(s)
selected from the group consisting of halogen, methyl, trifluoromethyl,
hydroxy and amino;

R* represents C,-C;-cycloalkyl or monocyclic heterocycle, each of
which is unsubstituted or mono- or poly-substituted with substituent(s)
selected from the group consisting of halogen, hydroxy, C;-Cs-alkyl,
trifluoromethyl, C;-C,-alkoxy and oxo; or represents phenyl or six-
membered heteroaryl, each of which is unsubstituted or mono- or di-
substituted with substituent(s) selected from the group consisting of
halogen, hydroxy, C-C,-alkyl, trifluoromethyl, C,;-C;-alkoxy and
amino; and

R5 represents C;-Cs-alkyl, difluoromethyl, trifluoromethyl, C;-Cs -
cycloalkyl, amino, C;-C;-alkylamino, di(C,-C,-alkyl)amino, phenyl,
monocyclic heteroaryl or monocyclic heterocycle where alkyl is unsub-
stituted or substituted with at least one substituent selected from the
group consisting of fluoro, hydroxy, mercapto, C;-C,4 alkoxy, acetoxy,

amino, acetylamino, cyano, carbamoyl, dimethyl carbamoyl and oxo



EC50(nM 1 10 26 6 2 6 32 4 3 3 41 3 4 0.2 43 10 16 0.4 458 WO
2010/ 056022PCT1KR20091006568 69 C ains [C ai m 11A conpound of the foll ow ng

formul a IWO(@22)0/056022 PCT/KR2009/006568
70

and phenyl or heteroaryl is unsubstituted or mono- or di-substituted
with substituent(s) selected from the group consisting of halogen,
hydroxy, methyl, trifluoromethyl, methoxy and amino, or pharma-
ceutically acceptable salt or isomer thereof.

[Claim 2] The compound of formula 1 according to claim 1, wherein R!
represents hydrogen, methyl, ethyl, trifluoroethyl, propyl, isopropyl,
butyl, isobutyl, fert-butyl, cyclopropyl, cyclobutyl, cyclopentyl or
cylcohexyl; or represents phenyl, oxazolinyl, imidazolinyl, thiazolinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, imidazolyl, oxazolyl,
thiazolyl, pyrazolyl, triazolyl, pyridinyl, pyrimidinyl, piperidinyl or
piridazinyl, each of which is unsubstituted or substituted with sub-
stituent(s) selected from the group consisting of halogen, methyl,
cyano, oxo and hydroxy, or pharmaceutically acceptable salt or isomer
thereof.

[Claim 3] The compound of formula 1 according to claim 2, wherein R!
represents isopropyl, tert-butyl or cyclopropyl; or represents phenyl,
tetrahydropyranyl, thiazolyl, pyridinyl, pyrimidinyl or pyridazinyl, each
of which is unsubstituted or substituted with substituent(s) selected
from the group consisting of halogen, methyl, cyano and hydroxy, or
pharmaceutically acceptable salt or isomer thereof.

[Claim 4] The compound of formula 1 according to claim 1, wherein R?
represents pheyl which is unsubstituted or mono- or di-substituted with
substituent(s) selected from the group consisting of fluorine, chlorine,
bromine, methoxy and methyl, or pharmaceutically acceptable salt or
isomer thereof.

[Claim 5] The compound of formula 1 according to claim 4, wherein R?
represents 4-chloropheyl or 2,4-difluorophenyl, or pharmaceutically ac-
ceptable salt or isomer thereof.

[Claim 6] The compound of formula 1 according to claim 1, wherein R?
represents hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, cyclopropyl, cyclobutyl or cyclopentyl, or pharmaceutically
acceptable salt or isomer thereof.

[Claim 7] The compound of formula 1 according to claim 6, wherein R?
represents hydrogen, methyl, ethyl or isopropyl, or pharmaceutically
acceptable salt or isomer thereof.

[Claim 8] The compound of formula 1 according to claim 1, wherein R*
represents cyclopentyl, cyclohexyl, cycloheptyl, 4-methylcyclohexyl,
4,4-dimethylcyclohexyl, 4-fluorocyclohexyl, 4,4-difluorocyclohexyl or



wherein 12' represents hydrogen, or represents Cl-Cl0-al kyl,
C3-C7-cycloal kyl, C6 Cl0-aryl, heterocycle or heteroaryl, each of which is
unsubst i twoedioose®abstituted with at | east one substit uent/KRb@uewst r om
the group consisting of hal ogen, am nd, Cl-C4-alkyl, trifluoromethyl,
hydroxy, Cl C4-al koxy, cyano and oxo; R2 represents phenyl or six-nenbered
heteroaryl, each of whighiflwreiiahias tydloieas; oF rdpaients Pheitlil whiddsik i dngtied with

bstit t | ect ed f th i Sti f .hal h
Sl al Kyl 1 oA al koRETyEAE G RO IR s iR QRS e B
represents Cl-C6-al kyl goufC3nSiatioy of Dedrkngl chleawnd) nafthyMand mett®xynsupltrmaut ed
or substituted with S“Q%hhéW@Q&%ﬁﬁﬂﬁ@&ﬁﬁﬁ?gn%QQﬂh&ﬁe group consi sting of

hal ogen, nethyl trifluorone am no; R4 represents

C4- C7- ¢Glim kyl or mnﬁlﬂﬁ@mwuh‘epﬁe%e@y@l leaccamling ofclaimi & WhessinRE ubst i t ut ed
or mono- or poly-substig ?é'hté’\é}lclbh% Shlrﬁéﬂl@ﬂ&}(&éh&?ﬂ ﬂqtcﬁ&ef}{y%?cidﬂ@x roup
consi sting of hal ogen, ‘%%g> é ’ﬁ% IéHhrlfluor R%g@ alkoxy
and oxo; or represents HﬁF“%ﬁ@ phe ‘WEPEW%ﬁ vt P FEWcashideh i s
unsubstituted or nono- w@ptablie-saltlos isotgt e@drant h SUbStItuent(S) selected from
the ar c i sting ofhal oge hydr ox | k trifl uoromet hyl,
ci- ARy na am no; Mg TESANd 8%?)5@3% Wl LS ROt ol
trlfluoronethyl, C3-C81Bm®ynm$mb%wl ﬂammwmﬁhﬁuh@ﬁnawmwmahmmdnmynwﬂwl

di (Cl1- C4- al kyl ) am no, | e I

het er ocycl e where al kyl is ungﬁﬁgﬁsﬁﬁt%@mgﬁ§g%g@hylhg{bﬁapngQHﬂfeast one
substituent selected frieMGHeC Eﬂaﬁp(agﬁ%hgﬁﬂﬁﬁ HGHUBH Oy dr GH:)-C
mercapto, Cl-C4 al koxy, opeeicqm3>2@915®9s xaml 1, iGY@R6linyd ahRasmu)

di met hyl carbanoyl and ox MO 201 H§EIOP2568 71 andlgpenyl
or heteroaryl is unsub§??? dEpyEmy o &W%VP > r1azo
substituent(s) selectedhﬁmghnmhmy@bﬁumndthyﬂbﬁmgumﬁahﬂdegnnmhy@Wn&myl

met hyl, trifluoromnet hyI ehla?dry% %g %ﬁg ?&maﬁ? lee%{a'ﬂ?e o'r?s%H Sgpt abl e

salt or isoner thereof. accor a im 1,
wher ei nCladm Idépr esent s Hechoorpennd pefogpila leadsgiding tojdldimolle h@thbropyl

i sopropyl, butyl, iSObH%?&mmﬁ@%élﬁ ]kat&ﬁ |QBFQE%bfb@¥FhR l%kteuﬂqp
cycl opentyl or cyl cohex represents. phen oxazol 1 nyl |n1dazoI|nyI

thi azolinyl, tetrahydr 9#%1} OrPE%Iirr&‘ﬁwﬂca%l}ﬁa%fﬁWsﬁwltOﬂﬁpaeﬁmemo

oxazol é[_Clairlhl’li2§iZO| yl, g }&Zdblmﬂoun(ﬂ of Rzl 1, adopidigh tydlaimply wdlmedm nyl, 4

pi peridinyl or piridazi unsubstituted or s te

Wi th substituent(s) se|‘§ et PR PO TSRV o piogYh B st By 1

cyano, oxo and hydroxy, wmﬂnﬁhqwnawemhmuﬂylpwabnﬁppﬁbhemSAbrpmmmusqhemch

thereof. The conpound of % s1i'bsﬁﬁ1‘% S s08sth e&'xxﬁ’fh%ﬁsmﬂ%h{%e“%

represents isopropyl tert utyl or cy ropy represents phenyl,

t et r ahydr opyr anyl , th|d%anym:epyppwwn@ngogbﬂpgﬁunwvwldwwmyWi %@%, each

?L which is unsu{ostltu]E;[ezﬂ;e s&M@@%h%ﬁkﬁ%ﬂMﬂjH§ﬂﬁﬁkﬁh nt(s) selected from
e group consisting of_ha n oxy, or

phar maceutical |y accepﬂ%ﬁF@fgﬁmﬁhiﬁé$¥bﬁ@&&fﬁ8928f“Oéﬁgﬂconpound of formula

1 according to clai m 1,Rwbplesints Gldhepylesaittisylghdopdexyihi ghdimethysologexyiut ed

or nono- or di-substitu siit ugnt se fromthe group

consi sting of quor|ne‘igﬁiﬁ$¥%éwﬂﬁcx%f%gQWSﬁ%%KyhmgﬁémﬁethyI or

phar maceutical |y accepﬂﬁhtpmsamsw@mbpﬁowﬁﬂnnﬁeﬁéﬁﬁhb@ﬁbOHOﬁpmun@r aétrdhyr mul a

1 according to claimd4, r

2,4+ L yorophenyl, or dfﬁ‘“‘f"%@l 53 L Ao DRl SRR Bercor o eor

The corbbumd3bf formul a 1@ QEveREd A 0@@“@1 laaqw@ngméﬂemnl%@ew%wh@bém s

hyd:’ ogen, erEt hyl, : Et PY:selel@fe@Fﬁdlm tHe%?M}p&%Elstllbg'bNﬂhe folEMaH ?/' tert- t butyl, 't
cycl opropyl, cycl obuty 0 accept a sa
or isoner thereof. Thejggﬁﬁgﬁﬁdlgﬁgéééhﬁf§7 u@%@%&ﬁ%hﬁqﬁﬁ %QEXWH %ﬁ@reln
123 represents hydrpgenmﬂmayhy$[Mehhywpqmnuaepnmpmmpnﬁmn@hﬁﬁnnﬁgthQAMly
acceptable salt or |son§£n&%ﬁcﬁ§£h iﬁ?dﬁ%FHQund of fornmula 1 according to

claim1l1, wherein R4 represe cycl ohexyl, cycl oheptyl,

4- et hyl cycl ohexyl , 4, dvﬂﬁﬁéﬁhﬁf ekyvtwaE4ﬂbﬂ@@?Hﬂ@ﬁ@nympwﬂﬂKhn3-
4,4-difluorocycl ohexyl W carb\Ale%Ojl@ﬁpééﬁgqpygirm?ﬁgﬁ@ﬁ:lﬁﬁyﬁ11\7 (4,4-dimeth
4-trifluoronethyl- cyclohexyl: or ‘represents phenyl which is unsubstituted
or nono- or di- substltdﬂ@ﬂ*ﬁF?ﬁl%ﬁE@Pﬂquent(s) sel ected fromthe group
consisting of fluorine, chlorine, nethyl and nethoxy, or pharmaceutically
acceptable salt or isomer thereof. [C aim9] The conpound of formula 1
according to claim@8, wherein R4 represents cycl ohexyl, 4-nmethyl cycl ohexyl,
4, 4-di net hyl cycl ohexyl, 4, 4-difluorocyci cohexyl or 2,4-difluorophenyl, or
pharmaceutically acceptable salt or isoner thereof:



[ Cl ai m 10] The conpound of formula 1 according to claim1l1, wherein R5

represents nethyl, trifluoronethyl, hydroxynethyl, nethoxynethyl,

et hoxymetwol2o1opse2gl , i sopropyl, isobutyl, tert-butyl, PCHNHIAOH06568

CH( CH3) CH20OH, - C(CH3) 2CH20H, - C(CH3) (ZH2CH) 2, - C(CH3) 2CH2 Owe,

- C(CH3) 2CH20Et , phenyl, oxazolinyl, imdazolinyl, thiazolinyl,

]Eet rah?/dr ?p%/r aﬂylj, :cm otax;laNyﬂ@SH@&az-@[(BS,AR;-mitta;zxtmwrl]A-qaymbheln,ybpyﬂr@mﬂl-y: :
uranyl, tetrahydrofur i ra . tetr r ranyl .. idi nyl or

i por i nyt, or” phar mcsibieeby e e R Et T BN Y 5

11] The clorrpound gf flor n=(|4,41—dirnahyloydohfg;yl)wtmhadmflitm—zwhﬂxoaamldas represents

i sopropyl, tert-butyl, & 2C fur an vk o 2 ¢

pharmaceutical ly accept]ggF e’s flﬂ'ﬂﬁﬂ@oﬁ%{}?%ﬂﬁg?gég%B{o@}%f#ﬁ?iﬁé{r%élnc% [ound

of formula 1 accordi ng %okl @-mehuipaiernzap1-yepbesyiysralidans gpyiV; (4,4

thi 820l yl, pyridinyl, porielciaeRsn Y Ry aD s iy ARy o

unsubstituted or substi 'dﬁgdeiRﬁnlfL[(&‘H@%’f'ﬁf@ﬁwgf@éréﬂt‘%ﬂ%ﬁ?ﬂﬁ%ﬁfﬁ?éup

consi sting of hal ogen, yHt&pbnylpYdbmeid]fiyeaanyl-ylRArboptpg@siidin-3-yl}-N-(

4-chl oropheyl or 2, 4-dif) uor eyl R3.represents hydrogen, nethyl, ethyl
or isopropyl; R4 repres@r‘ﬂ ém%ggf%%‘é%eﬁpa%?an%@ﬁw cycl ohexyl

4, 4- di met hyl cycl ohexyl ,N4 (353 {1- [635¢)e] -ohrekytyl-41(2.2;ditldorDpheay b pheelydin-3and
R5 represents isopropyl. ~hu ) e _3-v]V-N-
Kl]&ﬁﬁ&rgﬁgﬂsg[gr efth Ce%zt%ggf}ﬁeﬂéarbfomﬂwolﬂ’in 3-yl}-N-(4,

tetrahydrof uranyl, or pharmc > sal t soner “thereof
[ O ai m 13] The conpound ‘bfineshyeyciohex fanigRy to claim 12 thereof which is

sel ected fromthe groupyg ,5911i—f[93$1R)th?erf—Qﬁﬂpréﬂ, ‘diftborbpRedyBpy2S)did-3 {

[(3S,4R) - 1-tert-butyl-4- ggfchl ﬁr O[szengﬁl;) Wr rol i din- 3@611 (J:ar b?.ra}/l 3 11 5-

11( 4- met hyl pi per azi n- 1-YHSEBOBO i+ oProay ipderaza-y A cppoopy Inyrrolidin-3-yl -

- di met hyl cycl ohexyl ) aceV-a4uildigmetNylcly¢18ke 5Bheetdmid;

R3S, 4R)-1-tert-butyl-4-(2 4 difl e ) ol j din- 3- y111,5-

(pi perazi n-1 -yl car bony|1§’ §§fsr%)ildﬁ%§%| PQ-”_ ?\IB%{&{ %-(léi(ar}@{%hew)&ﬁﬁgﬂﬂ 2

yl cycl ohexyl ) acet ani de;carbhnoyDei-0Hesia0p2P@TIKRY Dogho0dpegolidingR @) =M 4.4-d( 3

S,5 9)-1- { R3S, 4R) - 1- tigf iUl lhedyl(Leahi@; ophenyl ) pyrrol i din- 3-yl|

carbonyl} -5- [(4-methylpiperazin-~1 -yl)c arbonyl ] E}rlrrol idin-3-y11-N

(4, 4- di met hyl cycl ohexyiytetr-2hylarl6Iutanl-2reRrgbdmcawrongenyDRysrofdm-Sylly . ¢

R3S, 4R) - 1-t ert - but y1- 4-dafboi Jo5-pbiesptbp ApipERFindl -gh Srydy1 parroBdmiy! 3- 31 9v-(

[ (4- et hyl pi perazin- 1 -%I 3{& fl)@ogéil I rzé&tsrr?l i.gi_n-3-y11 -N-(4,4

di net hyl cycl ohexyl ) - 3- Ry % DAY SFanani de: N { (3 S,5 S)-1- {

[ (3S,4R) - 1-tert - butyl-M{(35,3)di- {24 p hemy byl dichhirophgnylypyjrratidib oyl

}-5- [(4-nmethyl pi perazin- y N /Er o)) eli n-13- = N2 G

4, 4- di et hyl cycl ohexyl )daagr:bé)'%Z% %L@ ﬁétﬂ?@ﬂflagﬂyg @Ch%bwlﬁ%édﬁ% -gll} N-(d.4

1-tert-butyl-4-(2, 4-di fHuestbyreighexilr oHingthylgropgngmider bonyl } - 5-

5( 3_— et Pﬁl IOI pelr aﬁ I n-l )1 -NJ{BB@?%SMD s LIHT—I-@ér'ggiéﬂﬁ—a:(y,llldi%}'u?)osl()glgnyl)pyrrolidin—3

- di et hyl cycl ohexyl ) acet anj de; \. - 1- -

1-tert-butyl-4-(2, 4-di f-r/ﬁs%wwéh r[5%#%Elmrﬁgléﬁ-xlﬁc]aLWBB}ﬁ%?hf}mézyl}-N-<

[ (4-1sopropyl pi perazi n-4,4-din¢thglcarlbignxy)}2, pyimehylgiopadanyitids N

(4, 4-di methyl cycl ohexyl hCRt AL € 1 (((354R)-1-rerr-butyl-4-(4-chlorophenyl)pyrrolidin-
3-ylJcarbonyl}-5-[(4-ethylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N-(
4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide;
(25)-N-{(35,55)-1-{[(3S.,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-
3-ylJcarbonyl}-5-[(4-isopropylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }
-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide;
(25)-N-{(35,55)-1-{[(3S.,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrroli
din-3-yl]carbonyl }-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl
}-N-(4,4-dimethylcyclohexyl)tetrahydrofuran-2-carboxamide;
N-{(35,55)-1-{[(3S,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-
yl]carbonyl }-5-[(4-methylpiperazin- 1-yl)carbonyl]pyrrolidin-3-yl}-N-(



N{ (3S,59-1-{

R3S, 4R) - 1-tert-butyl-4-(4-chl orophenyl)pyrrolidin-3-yll carbonyl }-5-
[ (4- et hylwOpersassez2 1 -yl )c arbonyl] pyrrolidin-3-yll- NPCTAKRRO@H/006568
i met hyl cycl ohexyl )acetamde; N { (38,5 S5)-1- {

R3S, 4R) - 1-tert-butyl-4-(4-chl orophenyl)pyrrolidin-3-yll carbonyl }-5-
[ (4-1sopropyl pi perazin- 44@@&&@1@&1@1&&?) PKydroky-di2ndidreyhl dprbbdnamide;

4, 4- di net hyl cycl ohexyl )

,5.9)-1- .
e SR T ery S bate BN Ta S S s Br s T b G s lougphesmpyspoliin-
[ (4- met hyl pi perazin- 1 3-yljacbedybl§i[(4-mythytdipatazin3- }gl)lcia.rbomb'](]gymohdm 3-yl}-N
di t hyl | oh | 2, 2 3S, 4R
1-tort-butyl-4-(2, )G @%?ﬁiﬁﬂ“ﬂ%@ A9 “ﬁhyd}%f“{faﬁ(icg%’? ghr ) L (39 4R
[ (4- et hyl pi per azi n- 1 Ny(3%5 SribUA R prarobial-f-G<piptopieny] Y oyroiidin-3-y1)

4, 4- di met hyl cycl ohexyl
R3S, 4:Q;m 1-Tert-but 5)1(y4)ca900%?{mmhﬁé %&&m @gﬁl)ﬁél%&bfmf:ygio tl)lgﬁlyl }"5} g

or ophen ol i
[ (4- et hyl pi perazin- 1 ﬁﬁﬁﬁ'rqne %@fl@syﬂppma@ TGE (
4, 4-di et hyl cycl ohexyl )NQUSBSB,)dr p[twamy Rraabbgkan d&hﬂ(l(ﬂ‘Sﬂ)hdﬂ'yl){)ylﬁ@i(ﬁﬂ-s
S RS A ter Dkt PRSI B SRy fo i acg o)
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}-N-(4,4-dimethylcyclohexyl)-2,2-dimethylpropanamide;
(25)-N-{(3S5,55)-1-{[(3S,4R)-4-(4-chlorophenyl)- 1-(2-methylphenyl)py
rrolidin-3-yl]carbonyl }-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin
-3-yl}-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;
(25)-N-{(35,55)-1-{[(3S.,4R)-4-(4-chlorophenyl)- 1-(1-methyl-6-0x0-1,6
-dihydropyridazine-3-yl)pyrrolidin-3-yl]jcarbonyl }-5-[(4-methylpiperaz
in-1-yl)carbonyl]pyrrolidin-3-yl }-N-(cis-4-methylcyclohexyl)tetrahydr
ofuran-2-carboxamide;
(25)-N-{(35,55)-1-{[(3S.,4R)-4-(4-chlorophenyl)- 1-(6-ox0-1,6-dihydrop
yridazine-3-yl)pyrrolidin-3-yl]carbonyl }-5-[ (4-methylpiperazin-1-yl)ca
rbonyl]pyrrolidin-3-yl}-N-(cis-4-methylcyclohexyl)tetrahydrofuran-2-c
arboxamide;
(25)-N-{(35,55)-1-{[(BR,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-
3-ylJcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N
-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;
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(25)-N-{(35,55)-1-{[(35.,45)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-
3-ylJcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N
-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;
(25)-N-{(BR,55)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-
3-ylJcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N
-(cis-4-methylcyclohexyl)tetrahydrofuran-2-carboxamide;
(25)-N-{(35,55)-1-{[(3S.,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-
3-ylJcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl }-N
-(2,4-difluorophenyl)tetrahydrofuran-2-carboxamide;
N-[(35,55)-1-{[(3S,4R)- 1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]
carbonyl}-5-(piperazin-1-ylcarbonyl)pyrrolidin-3-yl]-N-(2,4-difluoroph
enyl)-2-methylpropanamide;
N-{(35,55)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]
carbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-y1}-N-(2,4
-difluorophenyl)-2-methylpropanamide;
N-{(35,55)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]
carbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-y1}-N-(2,4
-difluorophenyl)-2,2-dimethylpropanamide;
N-[(35,55)-1-{[(3S,4R)- 1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]
carbonyl}-5-(piperazin-1-ylcarbonyl)pyrrolidin-3-yl]-N-(2,4-difluoroph
enyl)-2,2-dimethylpropanamide;
N-{(35,55)-1-{[(3S,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3
-ylJcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(
2,4-difluorophenyl)-2,2-dimethylpropanamide;
N-{(35,55)-1-{[(3S,4R)-1-tert-butyl-4-(4-chlorophenyl)pyrrolidin-3-yl]
carbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-y1}-N-(2,4
-difluorophenyl)-2-furamide; and
N-{(35,55)-1-{[(3S,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3
-ylJcarbonyl}-5-[(4-methylpiperazin-1-yl)carbonyl]pyrrolidin-3-yl}-N-(
2,4-difluorophenyl)-2-furamide, or pharmaceutically acceptable salt or
isomer

[Claim 14] An agonistic composition to melanocortin receptor comprising the
compound of formula 1 as defined in claim 1, or pharmaceutically ac-
ceptable salt or isomer thereof as an active ingredient, together with
pharmaceutically acceptable carrier.

[Claim 15] The composition according to claim 14 for prevention and treatment of
obesity.

[Claim 16] The composition according to claim 14 for prevention and treatment of
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diabetes.
[Claim 17] The composition according to claim 14 for prevention and treatment of
inflammation.
[Claim 18] The composition according to claim 14 for prevention and treatment of

erectile dysfunction.



