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WO 2009/ 010299 PCT/ EP2008/ 005913 SUBSTI TUTED

HETEROARYLPI PERI DI NE DERI VATI VES AS MELANOCORTI N- 4
WOREOEPTIZR MODULATORS 5 Field of the I nventi on AGEEP2008/005913

present invention relates to substituted

het er oaryl pi peri di ne derivatives as nelanocortin-4

receptor nodul ators. Depending on the structure and

t he stereochem str_ﬁ(5 t he corrpounds of the invention

SUBSTHY RQARYLPIREBUDINE DEBIVAJIMESAS

Zgoﬁriaﬁﬁgﬁﬁﬁﬂcgﬁiﬁoﬁréﬂb AR ManULATORS S

and di seases such as obesity, diabetes and sexua

dysfunction, whereas the antagonists are useful for

the treatnment of disorders and di seases such as cancer
Field 6ffHeaWvantiBHscl e wasting, anorexia, anyotrophic

ateral sclerosis, anxiety and depression. GCenerally
all di seases and di sorders where the regul ation of the
[ v n t ; At

The BRSSRt | BubBi | Rlafe? 107 sybouligEy AttetdioiRfdine  derivatives as
melanbmfant4| mcep®r vhdduiatoos. t Derendigs pn she stricctune and the stereochemistry

the coRledui8y 8FFieRRE Rk ApisibPt pelb b o b nEiEh & Gonists o the

humara niethrovoeti-¢-retéprot wmg%hownma@omét(mdbﬁbb uséa-fbﬁtrheaﬁdatment of

‘ange in |ze roml2 to 39 cj ds.
disordfissand &5 (SUCBR Eﬁws AReles enforen Sysiingtism phereas the

antag@ﬁétsva«@ Q@e@Pﬁ@ﬁVtﬁet@eélﬁ‘\efnh%ft fisHRier eild UsetsedBElich as cancer
Anong MCs, it was reported that a-MSH acts as a

cacheﬁeumﬁ@larv@,aﬁtm eANQIexa5 ARyaHeRDIa lataral scierosineartiaty And epression.
f
Genergﬁ’)?éﬂ G%%as Glélo?d%% wheSthe E&}* @G‘c’j&lfgge I\@:Z-glﬁnlg involved can be

ects o oglca function
treatedbMth\the)ccmppgmmomeomwemdnexocr| ne function. The
bi ol ogi cal effects of a-MSH are nedi ated by a
sub-famly of 7- transnmenbrane G protein-coupled
Backdr&S& tqt ternmed mel anocortin receptors (MC-Rs).
Mof these MC-Rs results in
stimulation of cAMP formation. 30 To date, five

di st.i nct pes of receptor subtype fo
Melanggorigg ( N‘é‘«ﬁi eBniromyeia PRiPEE! aéWGOFWeQPeO&Eé g, f@?@éﬂ'c cleavage.

o gl 30 0 RO, LR o

(a-MShig,di+MSHhgnd e SHy eanger ihailuesfrorh N ol3Ramino acids. The most important

endogenous agonist for central MC-4R activation appears to be the tridecapeptide «-

MSH. Among MCs, it was reported that o-MSH acts as a neurotransmitter or
neuromodulator in the brain. MC peptides, particularly o-MSH, have a wide range of
effects on biological functions including feeding behavior, pigmentation and exocrine
function. The biological effects of o-MSH are mediated by a sub-family of 7-
transmembrane G-protein-coupled receptors, termed melanocortin receptors (MC-Rs).
Activation of any of these MC-Rs results in stimulation of cAMP formation.

To date, five distinct types of receptor subtype for MC (MC-1R to MC-5R) have been
identified and these are expressed in different tissues.
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animal s were shown to lead to alterations in

pi gnent ati on and a subsequent |ighter coat color by
w@wwooi2bd ng t he conversi on of phaeonel ani n t oPCT/EP2008/005913

eunel anin through the control of tyrosinase. From

these and other studies, it #s evident that M1 R is

an inmportant regulator 5 of nelanin production and

oat ,oI r in animals and skin col or .in _hunmans
MC- ”ﬁ/ﬂ" W&%‘@Jﬁﬂoﬁﬂeﬁe Nadyralha cceirEng 'P%‘BW@S‘@’G@PF&;“ MC-1R in
amma@@ef@gﬁb\hﬁ%ﬂ’éé& to aléralibns #Rpighdhtich BRE BPssehBEnt lighter coat

is the receptor for the adrenocorticotropic
color hyncnntli@"mg the\CPRVersion]1of piaeanmeiamini to ewpel@siethrough the control of

tyrosirgc{es,r%' F—'h&q rtﬁéjst%rgr{ba&ﬂ f' {%@Fe%t ﬁ‘i‘ %gd%ﬁgggy PRk lpﬁ %gHﬁr)npgrqgnt regulator

er al | SSUEes nt a, a

of melhninnmodud:tlostarw ccatlcalos in anmélednd lsRin ddter in MUndAstray be
responsi ble for alterations in feeding behavior, body
wei ght and thernogenesis. 15 The MCG-4R is primarily

The WCQRei%Sé@)rés%eHhﬁ thé AdendPytint Ripie wtmgetaewnqrrbcé;hsf The MC-
role of MC-4R in energy honeostasis netic

2R is pabaKesertor forduHiStd ud ds $ip ceqemtargar the adrempcomicolepic formone |
(ACTI-ﬂ}i mal s have shown that agoni zing the MC-4R causes
ight I oss and antagoni zi ng t he MC-4R produces
wei ght gai n (A Kask et al., "Selective antagonist for

i.n- 1 f
The MGBEL B PrpRReed btk Bedis SRR & by chvagliflamus) and
penph@fﬁl’rﬂﬁ?,ues qike: gtﬁoalﬁﬁ p(ak@88), ) andVknSdk-bist st h kS |ré&/ealed that the

pressed in rmm)% peri pher al tlssues i ncl udi ng whit
MC- 3$a{“ayplb§cé?§%9“3 for| gligrations iBf %@ﬂﬂ%s@*&wqfs Qaﬂdé(o weight and
therm@gsRisked in the brain. However its expression is 25
greatest in exocrine glands. Cenetic knock-out of this
receptor in mce results in altered regul ati on of

. ' q .

rhe WRSH W BAEA S HESIPT,  BAACOEEIARIER 0 M8 e ot o

MC-4Rlis cereegye dlomendtasisi Gebetae kosclgbatadand phdrmacalolgic trhamipulation of
Chen_et_al

91: .789-798 (,199 30 Attentl 0
vC-41 J0°Ballelf harec gy Mt FaRo0e B MS-4F Cotoarg weibht loss and
antagcbmﬂub gﬁeJMC aFRObrbb@(téis§rgh't gamg(AeKbsn et bpdﬁe!wtlgétantagonist for the
di sQoraers SucC esi t an Xl a.
melangiatiarfossierior KL RatoaoRe 1063 JAHF S TR ePQd dls.” Biochem.

Biophpd) ¥ds0 \Comnifiah., 245.630-93 ppsdg)ps thelr role in
regul ating pi gmentation, feéeding behavior and exocrine

function. In particular, a-MSH W 2009/ 010299
MC-SFE)%I—{JETDQ%RQ&@%ngIJéSGd in many peripheral tissues including white fat, placenta

and a low level of expression is also observed in the brain. However its expression is
greatest in exocrine glands. Genetic knock-out of this receptor in mice results in altered
regulation of exocrine gland function, leading to changes in water repulsion and
thermoregulation. MC-5R knockout mice also reveal reduced sebaceous gland lipid
production (Chen et al., Cell, 91: 789-798 (1997)).

Attention has been focused on the study of MC-3R and MC-4R modulators and their use in
treating body weight disorders, such as obesity and anorexia. However, evidence has
shown that the MC peptides have potent physiological effects besides their role in

regulating pigmentation, feeding behavior and exocrine function. In particular, a-MSH



10

15

20

25

30

3 recently has been shown to induce a potent

anti-inflanmatory effect in both acute and chronic
woredeos020d | nfl anmati on i ncl udi ng i nfl ammat or yPCT/EP2008/005913

bowel - di sease, renal ischemi a/reperfusion injury and

endot oxi n-i nduced hepatitis.3Adm nistration of a- MSH

| n these nodels results in substantial reduction of

| ammat i on- medi ated ti ssue danmge ni fi cant
recentyphamean, %hq“@ura)muge.%fnommaqnﬂd%ﬂ%malaéo &t iis both acute and
chronléedeBHélgn b GhiRirRh&Hon evﬁblﬁdi‘ﬁé SWIEHH\&SF&: a%mj-a ease, renal

nmedi ators to near baseline . Recent ‘st udi es have
ischemiafreperfusigre thjutyhaind tehdotoxin-indaéédh imepatitisy Adnintstratioh of o-MSH in
ani sm b

a- are medi at ed -1. R Th
these FaRid, fHsG T sbsiepbl EoLaR of PERRT Ao Riglest JS5uE damage, a
signifida®s RleBfask Sn llél@cyte Mfibiation dndha Brdmatic @lduttién in elevated levels of
pro-inflanmatory transcription activator, NF-KB. NF-

CY'IOK"?%S IGothsr é'l‘eC!l@ﬁotsoFﬂJB‘P\%frﬁa%ﬂ'n? lavels- Recent ﬁ“"l‘i’tﬁsd?%)’e demonstrated
that th‘éaactﬁ ﬁamﬂ{bqoﬂxtascti%ﬁ% Y- %eﬁﬂié& %k Tﬁl? mechanism by
Nl ammat or Ition

y i seases.
which aagcmsrmfd)famm-ﬂﬂ yesultsi onanofant-inBirhmatyyy brespomsepas tll,kely through

inhibitig - o AR oD AR oS 0B plyal NE AR RE € a pivota

compadeas idf ytheaprovipfla@iatbse Basddue, da iiti getivadibh hQUthentral event in
evi dence has been presented that MC-4R signaling

'n't'at'ﬁgrﬂ!ﬁrtYawﬂammat%/dﬂWﬁﬁ@S rAdditionplye RAViRlanBatgry actianelef o-MSH
may b& P?aﬂ* mézo‘fae@q%? a?foﬁfs‘ﬁ{ St Pic- §%%§’ﬁjﬂgr Ael: injection of

otortin eptor I gands esear ch, 80:
302-306 (1998)). Further evidence for the i nvol venent

A speffi, S M RE ot BB oM k"R B ghipiy g ot vet been

|dent|f"eE§aMgiladgrEevN5n8& rasdbddn ‘bféswte‘tbﬂfﬁjiqi MOWI\;%Cﬁgmm@lQZQ important in
t,a OCKI. N on of t e thre - S Cadn
mediafingtpeina RlEr Ridre G GraliR Lah: Feetiipeaiietts & ppiiamis injection

of méfdiuebRIi4 MceBpldP. lihtidsar Brhird| ReseafdH, . 863 30393310614(1998)) Further
1997)) recapltul ate the phenotype of t he agout

ewdenl(qg ferthginvalvamentaf MCRsinghesity mg:juc{qqe1 Lihel quutl (A"y) mouse which
ectopu{%@t%%%bg 'H:Hté‘g@rg&rkgrihé mENR, Me- Sﬁ"aﬁ@mdé 8RS [dbé8e, indicating

R agoni st) injec
that blogking dbe edntion eoft theseltareeyIV(G -89 calm Iemjé@twperrmlgtaesnd metabolic

( \ A " . |
disorag 3P o) MR KhopRAR. ByicBnide H&%al FCRPS CRERE, 18T 0e1 (1997))
recapitute ke @hénéﬂ?peaﬁtthgmgogm mb@d&ﬁd aheke biitegonobége; 3) the cyclic
. t can ag _
neptarghfih res anetadinell (REUERE mpameisive MCHIEKER: P4 gnil k68 agonisy
|njectewl |hfﬂa@é1e§roN@RtTNEldrl§e(llCVﬁtn Vcﬁen(é‘ﬁe@@@és fb%)‘éj hm |n several animal

ported to activate R and

feeding FGSIRNY oaltiobs aautis faster el 1M @lﬁct%Sh'Lb%}g IMESOR and 4R
o HBRNRSS F0d . snCRO0E) SouBlses (FLARR U EopThati Hbernaois
4) chrenic dntiaperiorndad dreatment! ofliZlsker fattynrats with an a-NDP- MSH derivative
(HP-228) has been reported to activate MC-1R, -3R, -4R, and -5R and to attenuate food
intake and body weight gain over a 12 week period (I. Corcos et al., "HP-228 is a potent
agonist of melanocortin receptor-4 and significantly attenuates obesity and diabetes in

Zucker fatty rats”, Society for Neuroscience Abstracts, 23: 673 (1997)).
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Zucker fatty rats", Society for Neuroscience
Abstracts, 23: 673 (1997)). WO 2009/010299

wWEINHBRR008/ 005913 4 MC-4R appears to play a POI/BP10A8/005913
ot her physiol ogical functions as well, nanely
controlling groom ng behavi%br, erection and bl ood
pressure. Erectile dysfunction denotes the nedical

MC-4# GPPeiscfh ey ik i olhel Py Ik PR ion @ Wil famely controling

groomlrigTBéﬁail‘tﬁeeré&loﬁfdn@rbléwkz»ﬁé/s%dré Erdeie 'dyBRinthib® denotes the medical
reval ent condition hetic 5 nmel anocortin receptor

Condlt@go% inabilityatpeaghieve m@uﬁ@ erectioni suffieientefas uceessfulniniasgourse. The
ycho I n S t
o bberESY ROBREH CoFERGblLf ESTHRE " il dcEMBoR! Syrnete
melangeartini aeeplar Rganigist HnaPeybbetgeﬁmuodEtceannnate erections in men with
sfunct i

psych enig oq;g?tq%t Qy%ﬁjnbct@nB I-:l nﬂlessg@% e?ﬁg%rtr?eltt{fg%gnotroplc Peptide

InitiateACEfectibh®h MerﬁWnﬁﬂPQy'tfHdg@mcf E@%ﬂIeODﬁszﬁcﬁd?ﬁ Ehmmlélsnnd Placebo
use nornmal stinmu i on of sexual arous

Contralpciigesoyes Sgving UrkbortoRIRE 298, (129831 rAGABORA% mplanocortn
receptBFé”@f' tﬁeﬁéM%pp@ﬁ‘ﬁJ fdznt‘:‘eiu.ls‘@é"hdri%a@I 8liAllagen | 'o? sW&al Q\%Jéq’ 7@\ndence for

Di abetes is di sease in which a mamal 's ab
the Inv@g%manteotgll\{lﬁrﬁ’s@ Ineajle| and/er feraalg| sywal éiysmmpmn e&jdetanled in WO
00/74 ause the mammal has a reduced ability to convert

gl’ucose to glycogen for 15 storage in nuscle and
liver cells. I'n Type | diabetes, thls reduced ability
nsu

Diabettsg 6%%%%65%&& o§€ | %fﬁ%ﬁ%@& gﬁlll{yetp reRBIﬁ q glga?s'*.enlevels in the blood is
mpaw&rb@ﬁdem théDimadmainab hd®lal rddugéd (AiliBPhY cbﬁvér’ﬂ@ltfdbemt@fglycogen for

t rof ound. resi stance
storagP S T4t ThiNes Bt 16TvPeg STaRases, Tairreavceshagiyde Siore glucose s

caused‘rﬁil Iré ik dTHsuhR | bl%ﬂhbt'ibrt h‘ﬁ'yﬁ@' N diaBetest rbrsqw -is¥fin Dependent
sues, nuscle, lTiver and i pose tissue. This

Dlabeteéé\ﬂ@tﬂaﬁ NIDDMWhisthierforn qfé%qmﬁ%s waiehsis dt@sf@l a profgund resistance
to msuli?lséltflrﬁhfé'tlﬁgto(i' fé?'didt&élaéﬁééfaéﬁ c%ge d+bc ﬁg HRtgHoRsm in the main
tora I nadequat e

oxi da e 1 n nus
insulinisepaitive tisgiess snusclef IlverpahQSad;pose disspasdhis sesigtaacel to insulin

esporlyentd SRR RUGGERL TSR o ks il ygpion ane

storage fim maustcte canﬂpeadeqlmtbynspnmd@prmudeprélylma@bose tissue and of
s of insulin

glucospy BRrPrtn aitspaelas do; ek e ot el deshmen gesensitzed to
insulinE Ry Bo@ trieadto é’cﬁnf)@rlhémé by%r’@@@cnh@%ﬂnbﬂnbﬂ*y higholeved dfNnsulin and

pronoting the cel ar uptake of cgucose am no aci ds
hyper"w!:emla @ﬁy%rHW'"ﬁﬂlﬁm'@ P’ﬁea?tﬂOG@de ynth Mygertansiem andelevated body

welghtC SHC% mhnfrﬂﬁWs' |HvbI0§8q§ngr¥bt‘ng_%nﬁ]%l L?ﬂtél(b of Eﬁ%a(f,garrgmo acids

[evel's of triglyceridés an e ris
and triglyceridasi fsamdbealdeodiby inssdin sensitive celts; tinsulintinsensitivity can result in

elevated [RERG tY\GinQri&&%r\‘éj EBLWHSH ia'?é’ lf’ilsﬁ %8opsoiﬂbéarpgigva\{\éctutﬂar diseases.
The constellation of symptoms which includes hyperinsulemia combined with
hypertension, elevated body weight, elevated triglycerides and elevated LDL, is known as
Syndrome X. MC-4R agonists might be useful in the treatment of NIDDM and Syndrome
X.
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hypertensi on, el evated body wei ght, el evated
triglycerides and elevated LDL, is known as 30
w@egedioone X. MC- 4R agoni sts might be useful i nPCTEP2008/005913

treatnment of NI DDM and Syndrome X. WD 2009/ 010299

PCT/ EP2008/ 005913 5 Anopbng receptor subtypes, the

MCA receptor is also of interest in terns of the

re ons stress t he regul at,i on of enof
Amongel(@: rfertal stByBabo e MCH ecsRiOfds HRRchn INSTeY ikdgms of the
relationBhipl 13l StFesd drRNPleregbRB6A T etiotioRaPBEsaAor Adtbdsed!didthe following

endocrine, biochem cal and behavioral events. Many of

findingshe SHepe siiatess arcomplex i @&%»‘adgyot despensest that include endocrine,
bloch%ﬂEE\I &g& r&ﬁ??m’f&]'ﬁ%ﬂt?%é@? és@RFe)sRaM% ar%"ﬁﬂ A4 by release of

ol o
corticatropin-teleasipgi factos| %thMfJacOwen amaEJBacNEmeRaﬁ/ “Rig/siology and

425:- 473 (199 addi t t,Q,activatipn of
pharmig gy el rbirbpn el ig 1a8e, &Rt L B85 . 4dkeza (1991 I
additiérh & activdtdnogiothel biirl B syywant theleeard s@eral lines of evidence that
pr oopi O{ﬁégnocortl n by enzymatic processin nedi at e
a e

melanogding HERER rieMa HAM,iPERIRioM e anoFIlip o énzygatic processing,

medla&! i@portamd beRANSAN ERAt bibchdical rr@§p§>‘n‘s€§ L{Be§ré§s\3 Qﬁ@ €ESnsequently,
| ke anxi ety and depression (Shigeyuki Chaki

stress"walweﬂ dispeders jlike wty\rmdd@@r@gsgm(smgeauhc@hwteteaj “Anxiolytic-

Like 9hd Nﬁhﬁﬁ%&eééa:{t( A&t]ﬂslt%sh(qf Rﬁ@_%'z)g 21{fs)-2-(4-Fluorophenyl)-2-(4-

I SOpr opy pera

isopropxﬂp(pbrad!nhbxlyeth)dhﬂh dhea- melylb)(ynapﬂtﬂajemd F)d)hut;é]p;pwazme) a Novel
and P%q\ﬁg:%o&%:%g}iﬁg tﬁ\%?égc é‘ﬁq oq? '%é ?ﬁel oméij‘-é)ecoefﬂllt €J. Pharm. Exp. Ther.

304233626 @083926 (2003)). 15 Chrom c di seases, such as

mal i gnant tunors or infections, are frequently
associated with cachexia resulting froma conbinati on

Chron®d diBe866d, &%eR ds"mARGArtttemans oRinfé&onsf a}eeﬁéq&@ﬂw associated with
nmass. Extensive | oss of |ean body mass is often

cacheyiai iggitieq feam ancombinaliamohidydenraass in apiptite andsa igsyof lean body
mass TR ey V] Pt G5 1 R TBoBRIR By B0 AFEARADA process and
is usumllyShbsaciatéd withaiincreased \pdasroa leveldCd cyokioesr e.g.n Thfea), which
. hyp thala S by a- educes, appefite and ases ,

increage fof 2l & VIS, 1 el Ach@uRgcol Med darentors in the

g g a e Gi r

“Vp°‘”ﬁa?§""“§ve"?se§ “ﬁgﬂgi‘%‘e’??%“ VP RASe R, REraRel! SHBRYE jexpenditure
Experimerdak evidérnascikdumor Dearing ories seggests that wachgtia ican tueeprevented or

oversp ) GBIESIGE RO IR0 2B ARl Jpe ncreas

body weight ia th®tleatddunice istatiributabloioea irgéramoenttafdéan body mass, which

. I ' .
malnlyrrgogsr}(s)tgoéft Isipeletal muscle (D.L. Marks et al. “Role of the central melanocortin
system in cachexia.” Cancer Res. 61: 1432-1438 (2001)).

Clinical observations indicate, that progression of amytrophic lateral sclerosis (ALS) might
be inversely correlated with body weight (e.g. Ludolph AC, Neuromuscul Disord. (2006)
16 (8):530-8). Accordingly, MC-4R inhibitors could be used to treat ALS patients.

Modulators of the melanocortin receptor are already known from the literature. WO
2004/024720 A1 describes piperazine urea derivatives which are selective agonists of the
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systemin cachexia." Cancer Res. 61: 1432-1438
(2001)). dinical observations indicate, that

wee@gnerst on of anytrophic |ateral sclerosis (PUBEP2008/005913
m ght be inversely correlated with body weight (e.g.
Ludol ph AC, Neuronuscul Disofd. (2006) 30 16
(8):530-8). Accordingly, MZ4R inhibitors coul d be

used to treat ALS patients. Mdulators of th
humar nelAReesK i reaeiipt 3R0 28 SUSN taaigracianmed todi vsaiul in the treatment

of prel/éﬁtﬁinaéftﬁb%snmIat%@%ét%%é?sz0 Al describes piperazine

urea deri vat are sel ective agonists of the
WO 2009/ 010299 PCT/ EP2008/ 005913 6 human

wo. BROGBRTAS R ¢SSR Pk BRIGHD ASKIRESORMUAEY wncn ao

postulatmsﬂotfunct&inaasemewrmodmrrece;vt@r 2§6isie47253 Al descri bes
4, 4-di substituted piperidine derivatives which are 5

postul ated to function as nel anocortin receptor

| | I | S
U998 RS B ot 050011 T olts to

carboa@ic@gqﬁ@ncbgﬁ@fsshmw adPiperislinrering pna n«n)e;gznoe ring as the central core
o e A b dnd 85 By S5y Bl it B PRFgbon oy 2 57
membesed hptesocyol eb)phan'isl- find,0a rpmilimeednd er ex ttnazdle ring. Said rings are

. i o a dine ri or a thjazole rjin Said .
optionBif ibsthued oy Ksler R ot GrafowlscBuied Pps Feseration of a
medicaiment dop thian dreahent! ¢ chdadathes, phepaisalin afepdindant diabetes mellitus

d| canent fo[?ét he treat ment of headaches, non-insulin

(NIDD pVaRcyiatice s dISERRES usMORIIMEIyancear dfigeasasul gf i dhe  skin,

|nflamﬁ1a$|6ﬁ§eSaIIéFQIE:IOWh%ﬁ)A eraiefRa, duzeases Witht Nastlia?. dilatation and,
Iarrmatlons Ilergic rhinitis, asthma, diseases

Conseqmmﬂw éﬂé@uﬂeﬁucm biaost ¢isqviation, ln1t§8é@$ms@qmmr Ipjeemptive treatment of
menoﬁﬁ%‘é? Rét Rished of %ﬁ‘rgrﬁkfrﬂ? 8n 'e@trB Eﬁ’%em E{he treatment of pain.
usa es o

nptive treatnment of nenop
vvorren W|th an estrogen deficiency or for the treatnent

v g3 e L BHTEnABE DSOS, ARG oD ciorcor o

discusséed calxwed italzour, objectl of the pheseot inferitiba tor paRide novel substituted
stituted 20

neteropBYiSPeufie ferbiatien avite Tomeq cebili &' crapeotnes iage prgn barrer,

which tafe GRS ak ieelbhecsHiRaaicteprRf mddulatord e @arliéeP tHéndédda, muscle
nmel anocortin-4 receptor npdul ators to treat cancer

wasting, aReeXi2, apuiedl. depiRssiam gbesiti disheles, fexval gysfunction, amyotrophic
rﬁ%g;é% Mysfunction,
Iateral%ﬁy@{gﬁ%%ﬁ?cotﬂ?gnﬁééér%es%fﬁbﬁos' s'and other di seases with

MC- 4R i nvol venment. 25 Sunmary of the Invention

Summary of the Invention

The present invention relates to substituted heteroarylpiperidine derivatives of structural
formula (1)

o} RS
0
1 NH
R N
)

BT XX

I

D.__~G



10

15

20

25

30

The present invention relates to substituted
het er oaryl pi peri di ne derivatives of structural
WO 2080199 1) OR5 30 ONH R N (I) Il DEG R3 RACTAEP2008/005913
2009/ 010299 PCT/ EP2008/ 005913 7 wherein R, R3, R4,
R5, B, D, E and G are defined as described bel ow. The
het eroaryl pi peridine derivatives of structural fornula

e 5 5 L 2 R BEER A A SBB e 7

mel anocortl n-4 receptor 5 (MC-4R) nodul ators. They
are therefore useful for the treatnment of disorders _
The hetesearyifiperidine dativativesrofistacturalafiormulaofl) ateeeffgstiyr asr melanocortin

ool oS, SRR BAEH L RS BRRb recotor

(MC- 4ﬂ)xmatiuld;csr§ UTie¢y are therbfore asefuhdomathicaigedtnadnt ohrdisorders where the

activalfis 1 NCHAERY of dERoMG4 B IR | AGOTlRofa, b used for the

treatanifrdmruersl éﬁ@fcﬂéea%%bei&ﬁ' &s obkSity, diavdtes yandleemyﬂ dysfunction,
epr essi on. Thus pr esent inventions rel ates

wheregg ihe AiagesTists cﬁ*ﬁlHS@fl('lf?f e trei@ant cl cheardormand diseases such as
canceP'caBh¥li Qxhﬁxsefe \‘fvﬁﬁtﬁf?’ dTT 6! AmyBUHSGhiE IA‘%%_ S%Weroms (ALS), anxiety

anorexi a, anytrophic lateral’ scler03|s
and depreissibn, depression, obesity, diabetes nellitus, nmale
or femal e sexual dysfunction 15 and erectile
dysfunction. In a further aspect, the invention
Thus, rtké present invdntions eclafesatoccommeaundisadf fommutal () fol thd treatment and/or

prophgllmglpogtr 5$ atat Ia?f)%reglfao?mggcﬂ% gyarglgtghf@?g{)@txpaen%éw%ﬁc lateral sclerosis
(ALS)Vahkibtyy deprRsRN|, dbesity, tdigiies rﬂiéﬂﬁt@é amaRCbefedsale deRlid) dysfunction
anxi ety depr essi on, obesity, 0 diabetes mellitus,

and efegtile dysfyncliine sexual dysfuncti on and erectile
dysfunction. The present invention also relates to
phar maceuti cal conpositions conprising the conpounds
In a fytharraspeck dbatinventientreatesitithe pseofracearopeund of formula (1) for the

prepalaa"flﬁﬁpéfaglrﬁeﬁfaﬁmeﬂ{ “fonzﬁ'ne treatment and/or prophylaxis of cancer cachexia,
muscle wasting, anorexia, amytrophic lateral sclerosis (ALS), anxiety, depression, obesity,
diabetes mellitus, male or female sexual dysfunction and erectile dysfunction.

The present invention also relates to pharmaceutical compositions comprising the

compounds of the present invention and a pharmaceutically acceptable carrier.

Detailed Description of the Invention
The present invention relates to substituted heteroarylpiperidine derivatives useful as
melanocortin receptor modulators, in particular, selective MC-4R agonists and MC-4R

antagonists.

The compounds of the present invention are represented by structural formula (1)



Det ai | ed Description of the Invention The present

invention relates to substituted heteroaryl pi peridine
waeleowardyes useful as nelanocortin receptor PCT/EP2008/005913

nodul ators, in particular, selective MC-4R agoni sts

and MC-4R 30 antagoni sts. TRe conmpounds of the

present invention are represented by structural

formula (1) WD 2009/010299 PCT/ EP2008/ 005913 8 O R5

ONH (I) RNS5it \ (\ DIG%S R4 ndthe-

enantioners, diastereoners, 4a ‘\Ee/rs sol vates and

phar maceutically acceptable ||salts thereof, 10 wherein

RL is -N(R10) - (qu)z) RENR) , - T, or )]

-0 (C(RE)2) M T;R [ pengdently sel ected from 15
H F OH _ optionally substituted
wth 1to 3 ' S 3 hal ogen, 20
CN, OH and , ptionally
substituted \mth/lstossubstltu ectedfrom

hal ogen, CN, OFEand ocH3; T i ®°NR7RS

and the enantiomers, diastereomers, tautomers, solvates and pharmaceutically acceptable
salts thereof,

wherein

R'is -N(R™)-(C(R®)2)m-T
-(C(R%2)-T, or
-0-(C(R%)2)m-T;

R® is independently selected from
H,
F,
OH,
OCHs,
Ci.s-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCH3;, and
Cs.s-cycloalkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN, OH and OCHj;

Tis NR’R®,
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15

20

NN- 10 O o R(RO)P(RO)P WN Q 10 0 R WO
2009/ 010299 PCT/ EP2008/ 005913 9 s W/ (R )p NXY JO

we Rbpr2d® N V/ (R11)r S A or R7 and R8 are PCT/EP2008/005913

|ndependentl/y\ el’'Bcted from hal ogén s GNY OH,
Cl_6-al kyI A,-0pt onally substituted V\/I\t ]/to 3
substi t uent? L,ected from hal ogen,

i ndependently from each other selected from H,
Cl.6-alkyl, 5 C2_6-al kenyl,® C2_6-alkinyl, and
C2_6-al kyl ene-O-C1_6-al kyl, wherein each al kyl,

al kenyl and al kinyl is optlonally substituted by one

nor e haloge( )atoms CN or OH 10 Ry is

;A%;R”» N

\‘N 11 N
(R)
( A " oor
s ;

R’ and R® are independently from each other selected from

H,

Ci.s-alkyl,

Coe-alkenyl,

Co¢-alkinyl, and

Coe-alkylene-O-C,¢-alkyl, .

wherein each alkyl, alkenyl and alkiny! is optionally substituted by one or more
halogen atoms, CN or OH;

R® is independently selected from

R'%is

halogen,

CN,

OH,

Ci.e-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH, and

O-C,¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,

Ci.s-alkylene-O-C,¢-alkyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH, or

NR12R13;

H, or

Cy-g-alkyl;

R" is independently selected from

halogen,



10

15

20

25

30

15 CN and OH, and O Cl_6-al kyl, optionally substituted
wth 1 to 3 substituents selected from hal ogen, CN

W@ R@IDH29LCL. 6- al kyl ene- O C1. 6- al kyl , opti onal | PCT/EP2008/005913

substituted with 1 to 3 subsgiituents selected from

hal ogen, CN and OH, or 20 NRt2R13; R o is H or

Cl-6-alkyl; R11 is independently selected from

halgﬂ\z WD 2009/ 010299 PCT/ EP2008/ 005913 10 CN, OH,
| kyl, optionally substituted with 1 to 3

sub@mtuents sel ected from hal ogen, OCN and OH, 5

CZ6aIkenI C2.6-al kinyl, O Cl.6-alkyl, optionally

subQﬂStQJK)édomqnﬁ”nSt"éStGU'@gwt"i 1 t;eatsyb%téu@r@ﬁ@e ecteshirom halogen,

hal qg¢ @yand OH C, _6-al kyl ene- O C1_6-al kyl,

opti onaPFy substituted with 1 to 3 substituents 10

sel éxteealkényhm hal ogen, CN and OH, CO_6- al

kyl ég‘égk %Cl oal kyl, -0OC(OCl _6-al kyl, -NH2,

- NH 'BY'xyl), and 15 -N(Cl_6-al kyl)2; R12 and R13

are @m %mmlamlbmaﬂy Qubstiansd aither toS:Elsﬁl@étmbrfté g8lected from
Cl - al kyl 8na| |y substituted with OH,

-aéﬂg«e@n
C1.6 aIkerne O-C,¢-alkyl, optionally substituted with 1 to 3 substituents

selected from halogen, CN and OH,
Co-s-alkyl-Cs.¢-cycloalkyl,
-OC(O)C;.¢-alkyl,

-NH,

-NH(C,¢-alkyl), and

-N(C.6-alkyl);

R'? and R* are independently from each other selected from

Wis
Xis
Y is
Zis

Ais

Bis
Gis

Dis

Ci-6-alkyl, optionally substituted with OH,
Coe-alkenyl,

Coe-alkinyl,

C.¢-alkylene-O-C,¢-alkyl, and
Ca.s-alkylene-N-(Cy-alkyl)y;

CH, O or NR',
CHorN;
CH or N;
CH or N;

a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2
nitrogen atoms;

CR2?or N;
CR2?or N;

CR?or N;



C2.6-al kinyl, 20 C2.6-alkyl ene-0O Cl1. 6-al kyl, and
C2_6-al kyl ene-N-(Cl.6-al kyl)2; Wis CH 0 or NRLO; X
WO 2000010209 N, Yis CHor N, 25 Zis CHor N, A PGI/EP2008/005913
3-7-nenbered saturated, unsaturated or aromatic ring
containing 0-2 nitrogen atohs; Bis CRZ or Ny Gis
CRR or NN 30 Dis CR2 or Ny WD 2009/ 010299
. PCT/EP2008/ 005913 11 Eis CRZ or N, with the proviso
Eis thatCBn@rdk two of the variables B, G D and E nust be
N, R2 is independently selected from H 5 F,
withibe prexis@thaieae ochgo of theraariableg B, @ D angd, Emustgpm R4
is d, 15 For CH3;
R%is mdependently selected from

H,

5 F,
Cl,
CHs,
OCHj;, and
CF3;

10 R3is H,
Cl,
F, or
CHs;

R*is Cl,
15 For
CHg;

R%is
L A U
N / A (Rﬁ)r N\(")/p
( - , t R15

morpholine, optionally substituted by 1 to 3 same or different substituents R'*,
20 4 to 7 membered, saturated or partially unsaturated heterocycle containing in
the ring one nitrogen atom and optionally a further heteroatom selected from O,
N and S, wherein heterocycle is optionally substituted by 1 to 4 same or
different substituents R'", or
NR12R13;
25 R"is Ci.¢-alkyl,
Ci¢-alkylene-O-C,.¢-alkyl,
C,6-alkylene-OH,
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20

25

R5is ,a.(R11) RI2i r ~Rl1~ .NAt RI5 S
nor phol i ne, optionally substituted by 1 to 3 sane or
waolpdoperest substituents Rl4, 20 4 to 7 nenberRd[/EP2008/005913
saturated or partially unsaturated heterocycle
containing in the ring one 1h?ttrogen atom and
optionally a further heteroatom selected fromO0O, N
and ei eterocycle is optionally substituted
by 1 !@)mﬁ(y&é'ﬁg\”g di fferent substituents R11, or
6- al kyl ene- O C1. yI Cl 6- al kyl ene-OH, WO
2o09¢o¢@&w@nP¢mKEmzﬂbﬂkoos913 12 Cl1_6- al kyl ene- NH2,
5. CL_6- al kyl ene-NH C1_6-al kyl, or
R'®isC1_6Hairkyl ene- N(CL_6-al kyl )2; R15 is Hor 5
ClGCalg%, lis 0, 1,2,3,0r4; mis 0, 1, 2, 3, or 4
o1is or 2; pis O, 1, 2, 3, or 4, 10 r is O, 1,
. , is 1 or 2andt is Oor 1. In a
lis pref%’rf’gd%e%%’di ment, the conpounds of formula (1) are
m is deflg’eﬁﬁa,gph;l ows: 15 RlLis -N(RLO)-(C(R6)2) m T

ois 0,1, o0r2
pis 0,1,2, 3, 0r4,;
ris 0, 1,2, 3,0r4;
sis 1, or2 and
tis Oor1.

In a preferred embodiment, the compounds of formula (1) are defined as follows:
R'is -N(R'®)-(C(R%2)m-T

-(C(R%))-T, or

-0-(C(R%2)m-T;

R®is independently selected from
H,
F,
OH,
OCHjs,
Ci.-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCHj;, and
Cs¢-cycloalkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN, OH and OCHg;
Tis NR'R®,
morpholine,



10

15

20

-(C(R6)2),-T, or -O(C(R6)2)mT;, R6 is independently

selected fromH 20 F, OH OCH3, Cl.6-alkyl,
W@pponmabd y substituted with 1 to 3 substit uenPGI/EP2008/005913

sel ected from hal ogen, CN, OH and OCH3, and 25

C3_6-cycl oal kyl, optionally Sibstituted with 1 to 3

substituents selected from halogen, CN, OH and OCH3;
T is NR7R8, norpholine, WO 2009/010299

PCT/ EP2008/ 0Qg913 13 R9)P (R9)P N N111~/QO N Rio 9
10N-R7) R, Yr* NR ~/ ~Ri1) o~ 2" or N-x Y R7 and
R8 are ijndepgndently from ea ot per selected from H,
Cl. 6-al L\LKI%/NS\ C2_6-al kenyl %; al ki nyl, and
C2_6-al kylt¥ne- ®'C1. 6- al kyl ,

(R%)p 1

. R'Y),
\ ) (R
o , ( or
S
- X
\N/ \/Y
Z ;

R” and R® are independently from each other selected from

H,

Ci.s-alkyl,

C.6-alkenyl,

Cz¢-alkinyl, and

C..¢-alkylene-O-C,.¢-alkyl,

wherein each alkyl, alkenyl and alkinyl is optionally substituted by one or more
halogen atoms, CN or OH;

R? is independently selected from

halogen,

CN,

OH,

Ci.¢-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH, and

O-Ci.¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,

Ci.s-alkylene-O-C,_¢-alkyl optionally substituted with 1 to 3 substituents selected
from halogen, CN and OH;

H, or



wherei n each al kyl, al kenyl and alkinyl is optionally

substituted by one or nore halogen atons, CN or OH;
WA 00R01G289 | ndependent |y sel ected from hal ogenPCT/ERE008/005913

OH, Cl1_6-alkyl, optionally substituted with 1 to 3

substituents sel ected from H& ogen, 15 CN and OH, and

O Cl_6-alkyl, optionally substituted with 1 to 3

subzéi tue ts seI ected from hal ogen, CN and OH,

j AMRY e-O Cl_6-al kyl optionally substituted with

lto 3 substltuents sel ected from hal ogen, CN and OH;
'Smemﬁd%lyﬁe'%ﬁte%ozbog/ 010299 PCT/ EP2008/ 005913 14

Cl- (b4 'I@é l; R" is independently selected from

halo en, CN, 5 OH, Cl _6-alkyl, optionally substituted

N, to 3 substituents selected from hal ogen, CN

and , OCl _6-alkyl, optionally substituted with 1 to

3 substituents selected from halogen, CN and OH, 10

Cl_ecad- klkyle optiéndlly_subatitaydd wibtli tor® ulystitudrits iseléicesti from halogen,
Wi th o'@jsubst ituents selected from hal ogen, CN
and d NH(Cl_6-al kyl), and -N(Cl_6-al kyl)2:
15 @%1%IWI, MNptionally substituted with 1 to 3 substituents selected from

halogen, CN and OH,

Ci6-alkylene-O-C,¢-alkyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH,

-NH,

-NH(C,.¢-alkyl), and

-N(C1.¢-alkyl)z;

Xis CHorN;
Y is CH or N;
Zis CH or N;
Ais a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2

nitrogen atoms;

Bis CR?or N;
Gis CR%orN;
Dis CR?or N;
Eis CR?orN;

with the proviso that one or two of the variables B, G, D and E must be N;

R? is independently selected from

CHgs,
OCHas, and
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15

20

25

YisCHor N Zis CHor N, Ais a 3-7-nmenbered
saturated, unsaturated or aromatic ring containing 0-2

woRapotem atons; 20 Bis CR2 or N, G is CR2 oPCINEP20D8/005913

is CRRor N Eis CRR or NN, with the proviso that one
or two of the variables B, 39 D and E nust be N, 25
R2 is independently selected fromH, F, d, CH3, 30
OCH3.-and WD 2009/ 010299 PCT/ EP2008/ 005913 15 CF3;
R3iGH, O, F or 5CH: R4is dorF; R5is NN

Ris (R A als

R*is

RS is

Cl,
F, or
CH3;

ClorF;

. (R™),
\N,(/\)z,/

o
\ ( % R"),
q y ( S y

morpholine, optionally substituted by 1 to 3, same or different substituents R'#,
or
NR12R13.

R'? and R'® are independently from each other selected from

lis
m is
ois

pis

Ci-s-alkyl,

C.s-alkenyl,

Coe-alkinyl,
Co¢-alkylene-O-C,¢-alkyl, and
C..¢-alkylene-N-(C,.g-alkyl)y;

Ci.¢-alkyl,
Ci¢-alkylene-O-C,¢-alkyl,
Ci-¢-alkylene-OH,
Cie-alkylene-NH,,
Ci.s-alkylene-NH-C,.¢-alkyl, or
Ci6-alkylene-N(C;.¢-alkyl)s;

0,1,2, 3 0r4;
0,1,2 3 0r4;
0,1,0r2;

0,1,2, 3, o0r4;



10

15

nor phol i ne, optionally substituted by 1 to 3, sane or

di fferent substituents R14, or 10 NRt2R13; R12 and R
wadoae2dhdependent |y from each ot her sel ect edPEF/BP008/005913

Cl_6-al kyl, C2.6-al kenyl, C2_6-alkinyl, 15

C2.6-al kyl ene-O-Cl. 6-al kyl, %hd

C2_6-al kyl ene- N-(Cl6a|ky|)2 R14 is Cl.6-al kyl,

. Cl. 6; a | ene- O Cl1. 6-al kyl, Cl.6-al kyl ene-CH, 20
qis 1 %%l lé)% ﬁe NH2, CL. 6-al kyl ene- NH-C1. 6-al kyl , or
C16a£l%/Ie &16-al kyl)2i 1lis 0, 1,2,3,0r4; mi

%a 25 0is 0, 1, or 2; pis 0, 1, 2,
. or 4; V\D 2009/ 010299 PCT/ EP2008/ 005913 16 q is O,
sis 2 ohof2r js o0, 1, 2, 3, or 4 and sis 1,0r2. 5 .
Preferably, t he conpounds according to fornula (1)
adopt the structural conformation of the follow ng
Preferablyy ¢he sompounds @gtarding ja faimula ‘(1) REopDthée sikactudi donformation of

the following sterecisomer formula (I’):
\’/Rs
R )K/ ()

BT XX
I
D. _G
\E/ R3 R4

wherein B, G, D, E, R', R®, R* and R® are as defined above.

S

ris I3
1,

R1

The moiety ”/&%( in general formula (1) is selected from the following

structures: D EyG



10B DE%S R3 R4 wherein B, G D, E Rl, R3, R4

and R5 are as defined above. 15 R The noiety 11 zV in
w@emenai299 ormula (1) is selected fromthe fol|PUI/AB2008/005913

structures: D\E -G WD 2009/ 010299 PCT/ EP2008/ 005913

177RIRLRL NR R R/ iR, RNR?2 RR
RILRLRL R~/ N'VN I / NR N, RNR R, R R
RLRLRL N\ ~R\ Rand Nl N/ Ni 2 R YNR R
R2 Rl R i
R’ R’ R'
R2 R2 _
Y YY ﬁ
N =
R2 Z gt g2 | R N R ,
R2 R?
R1 R1 R1
R2
Y ”Ik\f
R? AN e AN Rz/kN/ R? ’
R? R?
R' R' R'
R2 R2
N \%S/ \%9/ \157/
I I \ I\! and
N P Rz, P \N/ R2
R2 R?
RI
R2
N
R? NéN

Therein, the variant R? is defined as above. In a preferred embodiment of the present
invention, R? represents H, Cl, F or CHs. More preferred, R? represents H or CHj.

R1
Preferred embodiments of the moiety are the following structures:



R2) 1 /N Therein, the variant R2 is defined as
above. In a preferred enbodi nent of the present
wo pwesta2en, R2 represents H, G, F or CH3. NMorBCT/EP2008/005913
preferred, R2 represents Hor CH3. 5 1 Preferred
enbodi ments of the noiety R e the foll owing
structures: B zV 11 D -'E G W 2009/010299
PCT/ EP2008/ 005913 18 Rl R1 N~V R2ZV R2Z R2 R2 NR2
R2 In a preferffed enbodi ment of theRpresent invention,

the variant R] represents - N(g0)- )2)m T,

-(C(R6) 2), - N7 -(C(R6) 2) m ' and R10 are
preferably ||i ndependently sel ect m t he group
consi st d C1_6-alkyl, iNs further

preferr t hatl R3 r®Epresents B or CH3, nore

preferably CI.Rgln an alternative egbodinent, R3
preferably represents F. Preferably, R4 represents C.
10 In a preferred enbodi rent of the present invention,

n a BB KB b g S5 5R Se Fhobfo, Yy Sl L BFoderts (A"
(C(Rs)ay,n*lﬁ,er-(w(mﬁ)z)zr,f d:g ‘@*g@@%”efrw’gfﬂéd a?boﬂlm preferably
. at ast. ope .0 an i S .se e ro e grou
indepqhigeofiE SplegRegh o the STLA Conetag o ELsiyd Cr oyl ol £ ny |

and C2. 6-al kyl ene-O Cl1. 6-al kyl, nore preferably from

., G2 6-al kenyl, C2 6-alkinyl and
It is fu@g@prg[qy@cﬁﬂp@l B tepresanteyH, Cl, or CHa, more preferably Cl. In an alternative

embodiment, R® preferably represents F.
Preferably, R* represents ClI.

In a preferred embodiment of the present invention, the variant R® represents

(R,

N\_(]
)g

wherein r preferably is 0 or 1 and q preferably assumes the number 1 or 2.

In a further preferred embodiment at least one of R’ and R® is selected from the group
consisting of Cje-alkyl, Cse¢-alkenyl, Cye-alkinyl and C,s-alkylene-O-Cq¢-alkyl, more
preferably from Ca¢-alkenyl, Cp¢-alkinyl and C,.¢-alkylene-O-C,.-alkyl.

It is preferred that R® is independently selected from the group consisting of halogen, CN,
OH, Cy¢-alkyl optionally substituted with 1 to 3 substituents selected from halogen, CN
and OH, and O-Cis-alkyl optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH.

The variant | is preferably selected from 2 or 3.

The variant m is preferably selected from 2, 3 or 4, more preferably from 2 or 3.



20 It is preferred that RO is independently sel ected
fromthe group consisting of hal ogen, CN, OH,
W@20080#12ky| optionally substituted with 1 to 3PCT/EP2008/005913
substituents selected fromhal ogen, CN and OH, and
O CL 6-al kyl optionally subst9tuted with 1 to 3
substituents selected from halogen, CN and OR 25 The

var.i ant p f er abl elected from2 or 3. The o
As regAtis Zannaunds Bl Bl CEimelesebly selicied o ng rawp gonsisting o
the folsvah8radabxisf rom 2 or 3. WO 2009/ 010299

PCT/ EP2008/ 005913 19 As regards conpounds of formula

(1), T.is preferahly selﬁected fyromthe gr

oy
consi gt ng t:ﬁrzfoll ng r calﬁ‘J ryﬁoso FF
HHO3 -0 N w -- @N

N~N" 1 N~d uNK fJN”RlQN "FoF FTF F FF
FFNNN 1~\N1IIVI Y )/|\/| (Ny0-|r~CJ—|OV
V OH N aN (_g' N

N

(J

O

WO ¢

2,

S 6 Qb0 0 G
) 6.0 O b
b b b &

Y QL
E'I( FJ:T/ F—P‘" Honl/ ‘oﬂ/ EN\
NGNS RSN

' ‘ ! : ! :
NH, rNH IN\ jN\ N\I
F #Z /r



Y1~~NNPFr FFHOO- rN JII | NN-Ji | rN f
l 1 Q QI I NH -INHNHF NN ~N~rNI WO
WQOBIHRIR99 PCT/ EP2008/ 005913 20 N 5060 . F
HO-O-O NNN(N~-/ OHvO OFF/ -r FFF NN
N N(N O NNNNNNN B&Fx3FpoF '1 F F F F FF
FNNN/N NOHNO HO vJvyv HeOrc CN1 N v\
1

&puppwpo

B (e Mgvv

FPET/EP24(0B/005913

F
A

® $ oSN g ol
Q HOL’J be n’r ot
RO SR SR

Ay s N S AN
[ ?I ?f ?f 1?

’ 1] ]
NH,  HN NH

r F Im\ /rﬁ\ /rﬁ\l

In a further preferred embodiment, R® is preferably selected from the group consisting of



NO N" ~N) ON I I CN 0- ONOQT O-. V ON N N~

CCN FF--PFHOj 21 1., krNI rN_rN rN~-rN f
WOR0oD/0102p4 1 | Q) Q1 1 QQ | | 1 NH2 HNC NH SNPCTMEPI0$005913

1~ In a further preferred enbodinent, R5 is preferably

sel ected fromthe group conskting of WO 2009/ 010299

PCT/ EP2008/ 005913 21 050)N 5060 FF HHe -F O -1~ H2N O
NN N o "% OH joo~' OH rQ 64F F N~/ --~ FF - N
H2N F NNN WN N RO (~[)~f -OH +40H F (OH OH

@xﬁ“ NQQ?OQ;JQ&JQ

ron Cron (e q‘[&gru/v QQ

¢ LA GGG

O Q Q Q Q sFeQe

oig Q0L QG
QHOLJHooLJn’f O

F
F HO ~o N HN

Ew. o f f o

At ?ﬂ AN ars
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30

OH/OF NNPNCcFx3FpoF FFFFF FFF11, , | NN

NNN(OH YHO" v HO' v v OH (N),*, ~NaN aN NN N
WORONON2MO GN ~N' F P! IN F F HO O H2N  r NNPQUMRINIG08/005913

'"OH ~OH HOr HO (I HOP HOHO CF3 (N N- ((J NI °

rN-rN fNj g HOENNIT | QP4 | .O WD 2009/ 010299

PCT/ EP2008/005913 22 Conpounds of the formula (I) in

which s of the above- oned groups have
CompPids o B ST ) Mispishcraiie b ah o Py paed Jrgyps have the
prefer@d] ¢t Ghor@ foréfb@ed R2AINGS lafy/ 8186 A @bijﬂOﬁth@ pPd¥RYiLineéstionhe

follow ng, the enployed terns have the neani ng as

descri bed below. 5 Alkyl is a straight chain or

In the *éb@(?@ Qﬁg tife Hlbmﬁﬁl‘j’ ki erh pid%@ téﬁ‘ﬁ@ﬁﬁv@m eaﬁlHﬁ his@fescribed below:
, ethyl, n-propyl, “i sopropy
|sobutyl tert- butyl n-pentyl, isopentyl, neopentyl

Alkyl &'a s“%?@ﬁlt chain or branched alkyl having 1 to 6 carbon atoms, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, isopentyl, neopentyl, or
hexyl.

Alkenyl is a straight chain or branched alkyl having 2 to 6 carbon atoms and which
contains at least one carbon-carbon double bond, such as vinyl, allyl, 1-propenyl,
2-butenyl, 2-methyl-2-butenyl, isopropenyl, pentenyl, or hexenyl.

Alkinyl is a straight chain or branched alkyl having 2 to 6 carbon atoms and which contains
at least one carbon-carbon triple bond, such as ethinyl, 1-propinyl, 1-butinyl, 2-butinyl,
pentinyl or hexinyl.

A 3-7-membered, saturated, unsaturated or aromatic ring containing 0-2 nitrogen atoms
encompasses a 3-7-membered saturated carbocycle such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl. Said term further encompasses 3-7-membered
unsaturated carbocycles such as cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl,
cyclohexa-1,4-diene or cycloheptadienes, or aromatic rings such as benzene. Nitrogen-
containing, 3-7-membered, saturated, unsaturated or aromatic heterocycles are further
encompassed by the above term. Examples thereof include azetidine, pyrrolidine,
piperidine, azepane, piperazine, pyridine, pyrimidine, pyrazine, pyrrole, imidazole, and
pyrazole.

The compounds of structural formula (1) are effective as melanocortin receptor modulators
and are particularly effective as selective modulators of MC-4R. They are therefore useful
for the treatment and/or prevention of disorders responsive to the activation and
inactivation of MC-4R, such as cancer cachexia, muscle wasting, anorexia, amyotrophic
lateral sclerosis, anxiety, depression, obesity, diabetes, sexual dysfunction and other
diseases with MC-4R involvement.
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10 Al kenyl is a straight chain or branched al kyl
having 2 to 6 carbon atons and which contains at
WO ewspi@me car bon- car bon doubl e bond, such as RECTEP2008/005913
allyl, 1-propenyl, 2- butené 2- net hyl - 2- but enyl ,
I sopropenyl, pentenyl, or ?en Al kinyl is a
strai ght chain or branched al kyI havi ng 2 to 6 carbon

The c@tggg@?&stgfr 8 gp(ipr,ai?gnrtg\atg% alrg lﬂa;qt C&Eaar& Hzﬁqu as antagonists of MC-4R.

Thus, lhéV %Pé 'ﬁl‘éferébl@tﬂs'ea)’ior the tbfébé%'tlon d?eé‘tméw‘&ar%nt for the treatment
hexi nyl nber ed, saturated, unsaturated or

and/or prgwghtien rqfngamn gacmep@ ongseietwggtmg adnarexia, amyotrophic lateral
C nbered saturated carbocycl e such
sclero§§ m@i%ﬁép‘)ﬁlpﬁ sg'd}fobutyl 20 cycl opentyl,
cycl ohexyl or cycl oheptyl. Said term further
enconpasses 3-7-nenbered unsaturated carbocycl es such
Opticaldsomers b Disstereomngrs OGedhwisit IsomerohTs ers
cycl oheptenyl, cycl ohexa-1, 4-di ene or
cycl ohept adi enes, or aromatic rings such as benzene.
CompOliidsO8E BtruStard Soihid, (1P céntaRTBAE &8h mofd Ws tric centers and can
unsaturated or aromatic heterocycles are further
occur @aJarpAasgtasdany racemighBpdunes, mngéx an@mtm@rﬁe digstereomeric mixtures
and |Hdﬂﬁ&d§ied|§§t§Féo%é}§ Tﬂ%f@%‘sgﬁﬂ Wﬁengg’n Rd F?ﬁéérFi'tBecomPrehend all such
pane, yrim di ne azl ne,
|some|ptnymB@f thm@apohrﬂs taﬂﬁrucpyabtwhela (Mhe conpounds of
structural formula (1) are effective as nelanocortin
receptor nodul ators and are particularly effective as
Comps@idct ofv estrusiudait dorennd  NIJ- 4Ray Tivey separatedr aﬁw etheir individual
t nent and/ o ntion

dlaster&ogsgpbeéﬁg&, gg%éémpiet acgtmaém%h%r ev&am a suntable solvent, for

examplé Aeithars oP Bthef aé@at‘lfﬂar & HiuASthe st S6r \ﬁé‘@ﬁi?él'&forﬂliﬁfg'r@phy using
wasti ng, anoreéxia myotrophic |ateral sclerosis,

an optigally e@tyfe slationasny phase dMEslute sterpachanaistry swayike determined by X-ray

crystafdgantff ot @pstalificHrifiers 8 SEAIMLIBATIAAAES ppich, gre gerivatized,

necessajvrpomiﬂusa ofeagentic tomtainin@r am| asyrhinetrice genter cofl &nbwn absolute
| as antagonists of MC-4R Thus, they are
Conf'g%@g{)@rabl y used for the preparation of a medi cament
for the treatment and/or prevention of cancer

AterdiGE; 45 SETPaFRGEL S 2 6PN o hEaeBEte SR @) e obtained

by stelevepetific -syﬁtf%%tseﬂﬁﬁg&fmlcallﬁpgf@bfdrﬁnd afHiBrids -or reagents of known
Taut oner s, Conpounds of structural formula (1) contain

absolugheonfigurdfios. asymmetric centers and can

Salts

The term ‘“pharmaceutically acceptable salts" refers to salts prepared from
pharmaceutically acceptable non-toxic bases or acids including inorganic or organic bases
and inorganic or organic acids. Salts derived from inorganic bases include aluminum,
ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts,
manganous, potassium, sodium, zinc and the like. Particularly preferred are the
ammonium, calcium, lithium, magnesium, potassium and sodium salts. Salts derived from
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10 occur as racemates and racem c m xtures, single

enantioners, diastereoneric mxtures and individual
welr@svenreoners. The present invention i s meantPEDEP2008/005913

conprehend all such isoneric fornms of the conmpounds

of structural forrmula (I). éﬁn’pounds of structural

formula (1) may be separated into their indi vidual 15

di ast e e0| so for fractj onal .
pharmp Sy AoEeahe s o 1oHs BAsest VElide Tl of e secondary
and teﬂﬁrﬁ%ﬁﬂhe@%ﬁsﬂtﬂte@%ﬂhﬁé@ wﬁilmﬂng‘”néh}l’éﬂ?y bB&Irﬂﬁé suBbtitited amines,
chiral chromatography using an optically active

cyclic amingscang 9a%ﬁmexm1ﬂeuteém§t suctas argisiney betajnep eaffeine, choline,
N,N'- dfgr%hgﬂcthg%eménﬁn it é/Y | nﬁ'llel 0g! éﬂ&?élam mﬂ&étﬁﬁﬁ&' | Sfimethylamino-

or Ccrys t et
ethanaljeethgaelamink, etlﬁylemmilamm W- emytmorzphohmgéﬁ}tstmdmpemdlnelgglucamme
nown_absol

.asy ric center of. k
ucosHFE ¥ PSR, © AMEbADISe! ySoRpvartieof DsiRg: omethviglucamine,
morphommopipdraziné hgipgediag alpolyaiithé aresins, "Ycdife O PuAhes dtheobromine,
ereospeci fic synthesjs using optically pure
tﬂethV'é%/rm.tﬂ@eH&aéwnsi glp&pvﬂ%@@ntrgm@?nawamndaégal«m e
configuration. 25 Salts The term "pharnmaceutically
acceptable salts" refers to salts prepared from 30
When ghe repiereund: f Ithe aprespmtainventiom-is ddsic, bsalissmay bei prepared from

pharm%é%tlatlfﬁlgwggé:%gé@%motﬁéﬁglcoém'| cIB&iﬁ %gnicnﬁtcgg@&%lcoémds Such

ertved from anic
acids inglidedacetio)nienzenesulfomini henzowal aa mphorsmtmm,, cifriey retisanesulfonic,

formiof A bt Bl B S5 e, tactic, maei
malic, Pwnﬂewlrﬁethnn@ﬁlﬂﬁoatd eshlarie, mieic, ARG Paridic,edribHBhic, phosphorlc
ot assj um and sodi um sal t s.

Sal t
proplorag,r W%Qi"'f-’r 6%&% 2‘66@/?)19‘2@'99WfEP@068/‘W9@%§'0 ng'd and the like.
Pamcm&w PREHED Grb | ditrieC $RRAAG) I@yd?b%?rh& Hgdr;rgbﬁ’léhé ha&e, phosphoric,

i nclude salts of prinary, secondary tertiary
SU”U”Ca@\'?qﬂ@ﬂaf@@ﬁ&Sr tuted amines including naturally

occurring substituted am nes, cyclic am nes and basic

i on exchange resins, such as arginine, betaine,
It will beagridgrstooddhal, aseisedMjerkindidferengee tdjheeoedipaundseof formula (1) are

meant 4 QAR e il SBnlBPR ey © ™ A0 0

N- et hyl nor phol i ne, N-ethyl pi peridine, glucam ne,

gl ucosam ne, histidine, hydrabam ne, isopropylam ne,
Utility | ysi ne, net hyi gl ucam ne, norpholine, piperazine,

pi peri di ne, polyam ne resins, procaine, purines,

t heobr omi ne,

The compounds of formula (I) are melanocortin receptor modulators and as such are
useful in the treatment, control or prevention of diseases, disorders or conditions
responsive to the inactivation of one or more of the melanocortin receptors including, but
not limited to, MC-1R, MC-2R, MC-3R, MC-4R or MC-5R. Such diseases, disorders or
conditions include, but are not limited to, cancer cachexia, muscle wasting, anorexia,
anxiety, depression, obesity (by reducing appetite, increasing metabolic rate, reducing fat
intake or reducing carbohydrate craving), diabetes mellitus (by enhancing glucose
tolerance, decreasing insulin resistance) and male and female sexual dysfunction

(including impotence, loss of libido and erectile dysfunction).
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triethylamne, trinmethylamne, tripropylam ne,

tronet ham ne and the |ike. 10 When the conpound of the
WEe@Weem299 nvention is basic, salts nmay be prepBCHEPIOHNSI13

pharmaceutically acceptabl e non-toxic acids, including

I norgani ¢ and organic aci ds.2%uch acids incl ude

acetic, benzenesul fonic, benzoic, canphorsulfonic

The cémI t[ppr Igﬁf,‘i %gwnefgau &)n?n%%: bﬁ);&f?tgf&nmcsgp,flgrtng irlggtm uggntrol or prevention

of hydeﬁ‘t?ehblbn H?b@r'llﬁlderﬁ@%&eoém{?ﬁlg' b&nce‘?feéélﬁﬁlﬁa%rf 8RkSse, sleep apnea,
mal oni ¢, nucic, nitric, parnoic, pantothenic

compwﬁ@gph@eutoseﬁs insepiniafsteeps udisonies, substandec, abuse, pain, fever,

mflam@’fﬂéetfoﬁr Lr@muﬂﬁé rél Cédﬁ?ﬁaﬁlrﬁg%ﬁ id Ehh itid rs?(ﬁ\cfa%nﬁ'\ga%cﬂ%aéﬁ% other skin

preferred are Ci

disordeysjrmlleumprotech\xeerIcmgmuvermirfei anemioos parchiancement  including the
sulfw\% and, t(ﬁrtari c acids. It will be understood
treatmeit OF AlZheel$ §18¢35%, references to the compounds of

formula (1) are 20 neant to al so include the
phar maceutical ly acceptable salts. Uility 25 The

Admiﬁmm@bofsgrmg@gl) are nel anocortin receptor
nodulr ators and as such are wuseful in the treatnent,
control or prevention of diseases, disorders or

Any sErir@é{ngé g{;&?ﬁo{; afoﬁﬁﬂ.%{}ah&f n{a?/ ﬁ@grﬂtpﬂlf')‘/éﬁ'f}ﬂﬁﬁoyhﬁgé aorﬂ?m%al especially

anocortin’recé sinc
a humamwitke édint effedtiiie HoRagd/of 2R;onviib BT oMBedtesenthbvé&ionSiroin example,

orl, 458 5kl QMR o8 SO kP4 e P rhPoe emotoyec
Dosagendsrens ancldde aametst ytroohes/ @@emortusqbgssﬁgyssibhs %@Fﬂﬁi@h@gcapsules
rate, reducing f

appetite, increasin t abol i
crearm S IRt BGRSPIR 208l s 4P aPselBrahly | TPeHTEise hdormula () are

admln@éﬂeutdiéllyl&ﬂo?l&aﬁmc' ng gl ucose tolerance, decreasing
insulin resistance) and nale and fenal e sexual

dysfunction (including inpotence, |oss of Iibido and
The ol SBabY o ike Wkeghht SURRYGREAE vapgopansing pp the particular
compeund peplayedhdhe usede iaf admeinistratiometinte, cmuﬂiﬁmrolbedrrg treated and the

sovef B g AT 508, Sy HBEA WloBh scorpipgg recy by

persompkitled in thergrtil si on, neuroses, insomi a/ sl eep disorder,
subst ance abuse, pai n, fever, i nfl ammati on,
i mmune- nodul ation, rheumatoid arthritis, skin tanning,

When&ﬁé&@in@ﬁﬂn@éh@&ch’é&iaﬂ nustieS AaSRiE ,anerdbﬁrcC’IhﬁﬁéI' 3%er@8@ or anorexia
cognitive and nenory enhancenent i'ncludin

genergliyesatiptaatonys reaplisarreptaineg whgs dhe Aemnquag$ &f .tm] pseRent invention
are adrivinRtdf@H3R % daily dosage of from about 0.001 milligram to about 100 milligrams

per kilogram of body weight, preferably given in a single dose or in divided doses two to
six times a day, or in sustained release form. In the case of a 70 kg adult human, the total
daily dose will generally be from about 0.07 milligrams to about 3500 milligrams. This
dosage regimen may be adjusted to provide the optimal therapeutic response.

When treating obesity, in conjunction with diabetes and/or hyperglycemia, or alone,
generally satisfactory results are obtained when the compounds of the present invention
are administered at a daily dosage of from about 0.001 milligram to about 100 milligrams
per kilogram of body weight, preferably given in a single dose or in divided doses two to
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10 Any suitable route of adm nistration may be
enpl oyed for providing a mammal, especially a human
woRab/oamIef f ecti ve dosage of a conpound of theP@F/EB®A]/005913
i nvention. For exanple, oral, rectal, topical,
parenteral, ocular, pul rmnar%f5 nasal and the |i ke may
be enpl oyed. Dosage forms include tablets, troches
sol uti ons, psul

. i sper si ons, Sus ensi ons,
Six TGS EY. O iSHEHME] AR HORna e HESe I 3 TtKe pdhi upran, the tota
daily HQé@WHF‘één@Fallilodemf’flo% Gbbuf 07 ﬁ'ﬁ'lg%;rﬁhﬁst S aBoar 856y rﬁ’iﬂlgrams This

topicall'y. The effective dosage active I ngred ent
dosagerfppisyenimasibeadiystad e ptivide e antiea) drerapeltiorresponse.

conmpound enpl oyed, the node of adm nistration, the

condition being treated and the 20 severity of the
Whenc trediirig diabstes anélliest add/obusipedyigcaysian@g bell as other diseases or

: scertai.ned readil a son led in the art.
disordifis for HIGK PAyReURE oF lorfid (b 3rnSeikb Raertygatsficlory resuts are
obtain@BUFHerPPlel Corh LBl of 15 PFedend uﬁenﬁdwa@amlrw@@aadtlaydauy dosage

satisfactory results are obtai ned when the conpounds

of frorprabion O s@iigram, tonabeii 10@5malnlg;a@dmrnkl@géarec9fanlraal body weight,
prefer%gg %/«?f’lﬁl rrgfe é&s‘é"&ﬁh%ud&i QQ%ES”MJ t'o%ﬁﬂ?ntegraa\?’%“tor in sustained

O ram o
releasgi foem. Iinrtha case gf a 7@dsgeadnlt humanthe é@taUd@bsdqsmNdlcgenerauy be from

about 5O i, A R B8 ooty ¥ tusen o
providedhe optital therdpeuticabspdnse. 07 m | ligrans to about 3500

mlligranms. This dosage regi nen nay be adjusted to
provi de the optimal therapeutic response. 30 Wen

For thbftl%%h‘néﬁt alsés(uhlydysfmwcmm S po@its/ditthe Prademt ffvetish Bfe given in a
yperglycem a, or ?ener ally satisfactory

dose raan BF GORT JhiliEraBa ybey 100 BTiiramPest lagearp, ek dagy weight,
Dfefergglgl;%trétéoé’igglead&eadjrﬁilf‘brsé§5‘?l‘éséltsp?a ai |y dosage of from

mlligramto about "100 mlligrans per
kil ogram of body weight, preferably given in a single
dose or in divided doses two to WD 2009/ 010299
Form@atibAP2008/ 005913 26 six times a day, or in sustained
release form In the case of a 70 kg adult human, the

total .dail ene e fr bout 0.0
The qainarpeln o’ YsoBrate Rl farmiietef o §obagige form prior to
administ@itiorn Acoordinggdithet present PindBhtith télgooiﬁdluws a pharmaceutical
t herapeuti c response. 5 \Wen treating di abe
compqﬁéqqu QapLising g,cown&@égmtga (Ixand& qunggleoql'}@émaceutlcal carrier.
di seases or disorders for which conpounds of fornula

(1) are useful, generally satisfactory results are
The present pharmaceutlcal compositions are prepared by known procedures using well-

known and readily available ingredients. In making the formulations of the present
invention, the active ingredient (a compound of formula (1)) is usually mixed with a carrier,
or diluted by a carrier, or enclosed within a carrier, which may be in the form of a capsule,
sachet, paper or other container. When the carrier serves as a diluent, it may be a solid,
semisolid or liquid material which acts as a vehicle, excipient or medium for the active
ingredient. Thus, the compositions can be in the form of tablets, pills, powders, lozenges,
sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosol (as a solid or
in a liquid medium), soft and hard gelatin capsules, suppositories, sterile injectable

solutions and sterile packaged powders.
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are adm ni stered at a daily dosage of from about
wW@2@9010299 | i gram t o about 100 m |l ligram per ki PGHERIPSH05913

ani mal body weight, preferably given in a single dose

or in divided doses two to 2% tines a day, or in

sustai ned 10 release form In the case of a 70 kg

adult humgn, the total daily dose wil ener
Some ?’@H‘P'&Eg& 5‘6“3(5’% R e S ﬁﬁ%P'PBtSaBBﬁtd'éﬁ‘Ggﬁ Iﬂc qeglagtﬁ§e dextrose,
sucrog@' SOOI ARSI staRYe8e @ifth Uak&éal CcalBilARY| ﬂﬁ)s‘phﬁte alginates,

opti mal therapeutic response. For the treatnent of
tragacsedtualgetatisr ugaiciuon, sitieatpoumitsoasystalive pcelidase.i payvinydpyrrolidone,

cotdlpt FlFtsior, mbf oSS Bing; 834 BophbGibdnzoates, i
magnesnamestebta)te alsadanmemjlcnl d‘oeefoanalbtnqrasacar?a?dltloa?w inlclude lubricating
agent§y Waiting oadBN. 1 GTIHISRINGL #9H o SUSRAOIEL AGHTIsprRiEPening agents,

sweetéﬁiﬁpnbgéﬁt@t bPHavOfR§" ﬂgé}ﬁby Thiee compositibnd Nofe frid Qﬁ‘véHt@ﬁ may be
udés a phar maceutical _composition conprising

formulateghsarms o prYMﬂJﬂH'Cl‘»I §U%ﬂ'ﬂeﬂ o Jelayad f%!%ﬁenﬁf:ﬂ”lﬁ a@tme ingredient
after ddMhihistratiot ® J%i})ffeﬁﬁem phar maceuti cal conpositions
are prepared nown procedures using well- known and
readily available ingredients. In making the
formul ati ons of the present invention, the active
Preparation @f €@dmpaund thel Idfentiomul a (1)) is usually
mxed with a carrier, or diluted by a carrier, or

th n a.carr,i na be,in }he B
WhenZfcsebiaee RispRBHON S, Be HFSeTembeiTits Rlefomulii g terms *A
moiet@arBi RbiHET 4RG “ES ridiéty’! ued lused thdIBW. Wﬁlsarrﬁﬁétycbon@@?t is illustrated

semsolid or liquid material which acts as a vehic
beloWex0|p|ent or mediumfor the active ingredient. Thus,
the conpositions can be in the Q of tablets, pills,
powders, | ozenges, sachets, X lixirs,
suspensi ons, dyrups, aerosol (as
a solid or iy =Jo [ oft and hard gelatin
capsul es, suppositorie - P nj ectable solutions
and steril e [pack . W3, 2009/ 010299

PCT/ EP2008/ of suitable
carriers, cl ude | act ose,
dext r ose, , Starches, gum

acaci a, calci
gel atin, calci Z Jbine cel | ul ose,
pol yvi nyl pyrrolidone, cellulose, water=syrup, nethyl

cel lul ose, nethyl and propyl hydroxybenzoates, talc,
The preparation of the compounds of the present invention may be carried out via

tragacant h,

sequential or convergent synthetic routes. The skilled artisan will recognize that, in
general, the A and B moieties of a compound of formula (I) are connected via amide
bonds. The skilled artist can, therefore, readily envision numerous routes and methods of
connecting the two moieties via standard peptide coupling reaction conditions.

The phrase "standard peptide coupling reaction conditions" means coupling a carboxylic
acid with an amine using an acid activating agent such as EDCI, dicyclohexylcarbodiimide
and benzotriazol-1-yloxytris(dimethylamino)-phosphonium hexafluorophosphate, in a inert
solvent such as DCM, in the presence of a catalyst such as HOBt. The uses of protective
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5 magnesium stearate and mineral oil. The fornul ations

can additionally include |ubricating agents, wetting
Wawan29emul si fyi ng and suspendi ng agents, prRBSEERI00§/005913

agents, sweetening agents or flavoring agents. The

conpositions of the inventi may be fornulated so as

to provide quick, sustained or del ayed rel ease of the

aounf bt bl S ARt P s iz

undesWe8NredRE6h RirB Iwkh eddduphentad @bn@ftioh@eré?iluﬁéﬁnfo remove Bprotecting
conpounds of fornmula (1), the ternms "A 15 noiety", "

t ,
groupsrhighymayhe presem eanbe foundiis Saresae @Nal.;rﬂrcgeweeégows in Organic
Cont s 0Ll d _ R NN 20 B 11

Synthgﬂg’ﬁ{"@eﬁh‘é@sﬁ %&ﬁ%‘;&?rdg%{avgﬂiggﬁ' of the compounds

of the present invention nay be carried out via
0 nthetjc route

equent i al., or. nver t s .. The skill ed .
Protedifil GRlipSiKe 7, B ATG ERosdi® PSEd BBk inthS ingsi: and their
removaPicehdigendfaré walinpsaias! 1 fthd<y Bkilled (ih théret. FU@&Endsle, removal of

via am de bonds. The skilled artist can, therefore,

Z groursea Pe achievrdPynedalvie hypnaesatiom withehyssegernin the presence of a
noble ARG ilskidd) S ubM@s PAIIBHILAT oN 'a@ti\%tﬁ@ @QL%nﬂﬁféEbr@ﬁc §Qlvent, such as
coupling reaction conditions. 30 The phrase "standar
ethangle imegg@mre n@atayﬁ@thygrpggmapn i ig mntrﬂhﬂ@t@b oyl thegpeesence of
other g@%ﬁ@%& rjﬁéctg%gi’hjﬂc%rt It)ggera%\?of PédiPal b@cdcﬂieved by treatment with
a solution yf Ihydegehdarobnide imadetic agid, or by treatment with a mixture of TFA and
. ben rigzol - 1- XYt ri I et hyl am no) - phosphoni u
ametRILERIe, SR PR MRS IRGDUPS ot FalToch Qi Tad Bokpnt such as
methylghet ¢rtoride; IRaBAnOI ortethigl &tetate witlsa StforfdBEid, dish HSEGFA or HCI or

of grot,gct ive WO 2009/ 010299 PCT/ EP2008/ 005913 28
hydrogen chloride gas.

The B and C moieties of a compound of formula (l) are linked together via a urea function.
The skilled artist can, therefore, readily envision numerous routes and methods of

connecting the two moieties using different well known methods.

The compounds of formula (I), when existing as a diastereomeric mixture, may be
separated into diastereomeric pairs of enantiomers by fractional crystallization from a
suitable solvent such as methanol, ethyl acetate or a mixture thereof. The pair of
enantiomers thus obtained may be separated into individual stereoisomers by
conventional means by using an optically active acid as a resolving agent. Alternatively,
any enantiomer of a compound of the formula (I) may be obtained by stereospecific
synthesis using optically pure starting materials or reagents of known configuration.

The compounds of formula (I) of the present invention can be prepared according to the
procedures of the following schemes and examples, using appropriate materials and are
further exemplified by the following specific examples. Moreover, by utilizing the
procedures described herein, in conjunction with ordinary skills in the art, additional
compounds of the present invention claimed herein can be readily prepared. The
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groups for am ne and carboxylic acids to facilitate

the desired reaction and mnimze undesired reactions
W@ e@nei2b9 docunent ed. Conditions required to rREDER2008/005913

protecting groups which may be present can be found

in Greene et al., Protective® Groups in Organic

Synt hesi s, John WI ey & Sons, Inc., New York, NY 1991.

5 Pratecting. sI| candF c_are use
comp LT8RV BR S o RIS TS bR gl as forming the
only g@ﬁﬂ@' 'tﬁatQQ%oﬁélﬁeV&i hs Kﬁ@wﬂ/ehﬁor‘i hhse erdrnble8%uithet MBstrate- details for
For exanple, renoval of Z groups can he achi eved by

the prea@rammaj th9 drastRAEdSoRf thiet Preggntr Byemtiom Thqsep'il@lmtnethe art will
readllypfmﬁers{é‘ﬁgl tﬁaf‘Eﬁ&kn %nél‘i&s?&‘ﬂctﬂgoqo\?lgﬁ{&nglsan?iaﬁljgggﬁﬁg &the following
prepamlhapmcedurescmbe wised dao peepalrg theseropdypmumdat The instant compounds

are geﬁgg% yll @ﬁht g% ﬁi{ ﬁth'?ar e encgc%;tlczﬁi gﬁé%é?é)@gntglltg | slt}eh as those
descrlbé@lped\ﬂduély Th@dté&ﬁtmr\@ bhsesicenbsidrlingto ysliul@Bd salts can be
brom de in acetic acid, or by treatnent with a m xture

generdpdTRY afeutralizatiehy Wit f?dé“'tﬂé‘ﬁo\kﬂs%f SHER @Sotq4E0Ng sodium

hydro&rf&l%ria?e Csddi urﬁdca‘?HéndtQ %ﬁ@hvﬁ)f&roﬁ%fhn%spotﬁg&bﬂ R{froxide, and
l'oride, methanol or ethyl acetate wt ng

extraca@n af theiberated wnerfreﬁmasgrmtow m@n@g@lwam MIOM@I lyagvaporation.
r
he oflF 3188 BeSeTRORLE Ty oy FATRR 2 86 {RARY et fito anciner
pharmaceutially anc:eptablees&ait by dissablitiby i amloxgamcmmlmmtxﬂlowed by addition
nol et |

of the rERAART ol A, HPaauth vabpBen. Beroialan ot atelization. Al

tempeedtufedrareldegtdes CelRi. exi sting as a di astereoneric
m xture, may be separated into diastereoneric pairs
of enantioners by fractional crystallization froma

In thes fehgmes. sﬁfﬁ%fﬁﬁ'og%cﬁn%se’f?é‘?lP\‘SﬁoPe'o\é't hYATioXE e f@AgGeNy Synbols and
abbre\ﬂbﬂﬁriérr?a\fehﬁé?&fown-'r@%é?if‘]'l C§;s enantioners thus
talned may be separated into individual
stere0|soners by 25 conventional neans by using an
AC;0 opti Ca%e |¥aﬂﬁ{;dchfe acid as a resol ving agent.
Al ternatrve any enantionmer of a conpound of the
AcOHf or mdceti¢ byridray be obt ai ned by stereospecific
synt ibs.using optically pure starting nmaterials or
Boc reaggﬁ't§§ Uiy, ﬁﬂ&ﬁﬁ'%onfi guration. The conpounds of
Bu formbutyl(l) of the present invention can be prepared
accord| to the 30 procedures of the follow ng
Buli gcherRdy ﬁﬂlﬂ‘"’éxanpl es, using appropriate materials and
DBU are f8ifdiabicyemlk Ogurﬁiécb#ehé‘e fol | owi ng speci fic
exanpl es. Mbr éover, utilizing the procedures
DCC descrY, b’eﬁ'%@'ﬁbﬁwlcafhoé'@”ﬁ]dgnct| on with ordinary skills

DCE ' N theo gdhiordgiiahbonal
DCM dichloromethane
DEAD diethyl azodicarboxylate

DIAD diisopropyl azodicarboxylate
DIC N,N'-diisopropylcarbodiimide
DIEA ethyl-diisopropylamine

DMA N,N-dimethylacetamide

DMAP 4-dimethylaminopyridine
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conmpounds of the present invention clainmed herein can
be readily prepared. The WO 2009/ 010299
wWEQDABRRROD8/ 005913 29 conpounds il lustrated iPCT/ER2008/005913
exanpl es are not, however, to be construed as form ng
the only genus that is consildered as the invention.

The exanples further illustrate details for the
prepar.ation of the cqonmpounds of the present invention.
DMF Thos@i&pim%gy|f9fm%8%rt will readily understand that

DMS knowngimaetyadiifts of the conditions and processes of

the followng 5 preparative procedures can be used to
DMSCbrepaﬁ'@eﬂ’%@gfoéﬁgpounds. The instant conpounds are

generall kAniRE of their
dppf phar wgge%ﬁdﬁel%y%géé%'bggfeg%gbts such as those
EDCI descrt -(ﬁadinmtbylbuﬂnﬁ;}gropﬂmle-e‘tlnyg&rbloﬂih'ﬂidbafygﬁochIoride g
corre ndi to the isolated salts can be generate
Et:O neﬁ?‘?‘é{ﬁ?tggfi on with a suitable base, such as
EtOARquethylsedtdien hydr ogencar bonat e, sodi um car bonat e,
sodi um¥1ydr oxi de and pot assi um hydroxi de, and 10
EtOH ext r R58¥ of the |iberated anine free base into an
or gany. y evaporation. The am ne
Fmocfreembggif@hglmgé?)ggwdr%%)}sp manner can be further
convdluE®) i nt o anot her pharmaceutical |y acceptabl e
salt b ' | ' rgani ¢ sol vent followed by
HOBt addi tfﬁ%&bgﬁ#@%%ﬂegh |%@e aci d and subsequent
HTMPevapd,a6iGtetranrethylpipeadinen or crystallization. All
MeCNt enper ai ur. eEe are degrees Celsius. 15 In the schenes,
prepaﬂ‘cgqnétﬁ' and exanpl es bel ow, various reagent
MeOHsynbaqhsthanel abbrevi ati ons have the fol |l ow ng
meani ngs: Ac20 acetic anhydride 20 AcOH acetic acid
mMP.  Boc tBEHNHRPHycarbonyl Bu butyl BuLi butyl!lithium
NMM DBU N redhafdbbiolinkol 5. 4. 0] undec- 7-ene 25 DCC
N, N' - di cycl ohexyl carbodiim de DCE 1, 2-dichl oroethane
PG DcMm dretecindamiu®ane DEAD di et hyl azodi car boxyl at e

PPh; triphenylphosphine

RT room temperature

TEA triethylamine

TFA trifluoroacetic acid

THF tetrahydrofurane

4 benzyloxycarbonyl

Z-OSu N-(benzyloxycarbonyloxy)succinimide

The following amino acid derivatives were custom synthesized by PepTech Corporation,
20 Mall Road, Suite 460, Burlington, MA 01803 USA: D-2-chloro-4-fluorophenylalanine
methyl ester hydrochloride, D-4-chloro-2-fluorophenylalanine methyl ester hydrochloride,
and  D-2,4-difluoro-phenylalanine  methyl ester hydrochloride.  D-2-Chloro-4-
methylphenylalanine methyl ester hydrochloride and D-4-chloro-2-methylphenylalanine
methyl ester hydrochloride were obtained from NetChem, Inc., 100 Jersey Ave, Suite
A211, New Brunswick, NJ 08901 USA.

Cis-3-aza-bicyclo[3.1.0]hexane hydrochloride was prepared as described in US4,183,857.
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DI AD di i sopropyl azodi carboxylate 30 DI C
N, N -di i sopropyl carbodiimde D EA
we@ewl1add sopr opyl ami ne  DVMA N, N-di nmet hyl acet aP¢THEP2008/005913
DVAP 4-di net hyl am nopyri di ne. WD 2009/ 010299
PCT/ EP2008/ 005913 30 DMF NIN-di net hyl f or mani de DVS
di met hyl sul fi de DVBO di net hyl sul f oxi de dppf

2 Fluql[c')%)'j_ dosis di o ﬁgh%@@e&gﬁ@é’cﬁ@[‘mgﬁqqq%1gga 54, 4899-4912.
4- F|udawét.eealr;9hum@ wad &%pﬁre%iéyhe ibeH #trghﬁh % '19@96&@%9 64.

CH et hanol Fnoc 9-fl uorenyl net hy oxycar bonyl
hour(s) HOBt 1 hydroxybenzotrl azol e hydrate HTI\/P
2,2,6,6-tetramet hyl pi peri dine MeCN acetonitrile MeOH
Reaction seheine 1t5 np. nelting poi nt NVMM N net hyl nor phol i ne

. Lot ect roup PPh3 triphenyl phosphine RT room
Dlrecﬁmﬁg‘mﬁgﬂgﬂgqa triethylamne TFA trifluoroacetic
acid THE tetrahydrofuranga-BuZi benzyl oxycar bonyl

|
N — . Ny
D D

.G THF .
E HTMP E
-78°C

The starting material for the synthesis of heteroarylpiperidines, ortho-fluoro-iodopyridines,
-pyridazines and —pyrazines, can be prepared as shown in Reaction scheme 1. A fluoro-
substituted heteroaryl can be metallated with an amide prepared from a reagent such as n-
butyllithium and an amine such as diisopropylamine or 2,2,6,6-tetramethylpiperidine at an
appropriate temperature in a suitable solvent such as THF. The resulting lithio derivatives
can subsequently be reacted with iodine to yield the desired compounds.

Reaction scheme 2:
Acetylation

OH A?zp J\

pyridine 0”0
BN Br .
D. .G DCM BT
“E” 0°C D. .G
\E’,
OH Ac,O J\
pyridine 0”0
BN Cl ol
D. .G DCM BTX
~E* o 1]
0°C D. .G

\E,

Another starting material for the synthesis of heteroarylpiperidines, ortho-acetoxy-
bromopyridines, -pyridazines and —pyrazines, can be prepared as shown in Reaction
scheme 2. A bromo- or chloroheteroaryl containing a hydroxy group in ortho-position to the
bromo atom can be reacted with an acetylating reagent such as acetic anhydride in the



Z-OSu N-(benzyl oxycar bonyl oxy) succi ni m de 25 The
follow ng am no acid derivatives were custom
wagmwoherpred by PepTech Corporation, 20 Mall ROEEP2008/005913
Suite 460, Burlington, MA 01803 USA:
D- 2- chl or 0- 4- f | uor ophenyl al 8% ne nethyl ester
hydr ochl oride, D-4-chloro-2-fluorophenylal ani ne nethyl
r hI ori de, and DZ 4-di f | uor o- phenyl al ani ne

preserp,%q ﬁha &l W@gmoﬁ dpyrid |Dezlnc§m &pPpropriate solvent like DCM at a
su,tab@{emﬁépg@;yl al ani ne nethyl ester hydrochloride and
D- 4-chl oro- 2- m et hyl phenyl al ani ne nmethyl ester
hydrochl ori de were obtained from Net Chem Inc., 100
Jersey Ave, Suite A21 1, New Brunswi ck, NJ 08901 USA.
5 Reakti®ns sCheme-Ji cycl 0[3 1. 0] hexane hydrochl ori de was

. b scr d in Us4 83 85.7. 009/ 010299
NegisBECRERShedensan e Blombrpt fdpsinalifed Heteraaa.
prepared as descrl bed im Tetrahedron 1998, 54,

4899-4912. 4-Fl uor o- 3:AQdo- pyri di ne was prepared as
descri bed |n Tetrahedrlon]1993, 49, 49-64. 5 Reaction

schene 1: DiFected ort'ﬁo met al | atg on B F ~/1
B --"1 |23 BFT D, CGTHED MP E~ -78C The
starting ma nerl for e synt he§| sYof

het er oaryl pipefTd tho fluar odopyri dines, 10
- pyridazi nes and %‘33%02%‘?&30 Man be prepared as shown

in Reaction schene 1. BMA uoro- substituted het er oar yl
can be netall ated W|th an am de prepared froma
reagent such as n- but i thiumand an am ne such as
di i sopropyl am ne or 2, 6-tetranet hyl pi peri di ne at

an appropriatte ten‘pera\‘.“ure in a spit NSOI°vent such
as THF. The g tin P‘Fhl o deriv t| can
subsequent | y“ begr eact e th i odﬁne 0 y| eld the
desired corrpo‘um S. P&de;ﬁ)‘%ﬂCthM s@hg&fé 2:

DMA
Znl

@ .Boc
. . OH
OJ\O Boc OJ\O N Boc LiOH N
Br = BT
B X Cul B AN H,0O B

~ ’G
D.c-G  Pd(dppf)Cl, x DCM D. £G MeOH E*
DMA
Znl
J\ (:'j J\ .Boc
. 3 OH
0”0 Boc 0”0 N Lo N
(o I — ™ B
l|3I N Cul ||3| X H,0 1] &
D.-G  Pd(dppf)Cl,x DCM  D._.G MeOH “E”
DMA

10 As shown in Reaction scheme 3, ortho-fluoro-bromopyridines, pyridazines and —pyrazines
can be subjected to a Negishi coupling with (1-tert-butoxycarbonylpiperidin-4-yl)(iodo)zinc
(J. Org. Chem. 2004, 69, 5120-5123) in the presence of copper(l) iodide and dichloro(1,1’-
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Acetylation OH Ac20 ~Br pyridine 0 0 D,,GDCMB ~ Br

EOCD,EG OHAc20 ~Cl pyridine 0 0 D E, G DCM BsCl
WOQDIH2® 20 Another starting material for theCT/EP2008/005913

synt hesi s of heteroaryl pi perjdi nes, ortho-acetoxy-

br omopyri di nes, -pyridazi ness¥ind - pyrazi nes, can be

prepared as shown in Reaction schene 2. A brono- or

ol RO ETaoR P <t 10 S A3 Thca st spbvgnt such as

DMA %ﬂé‘l@%é‘ ksl Wﬁ@r dife! cthe?sarké prdductidotiaings Wﬂer‘i BRho-fluoro-
2009/ 01029 /'EP2008/ 005913 32 presence of

iodoopyridings, epysigaginea @ndaPypazines are usedas stppinggnaterial.

The NI Monbike P Bindiyel b A EEPRIAL I orfp agegpysubstiten
bromapyndmés,smysdazluesedndHeperamreﬁl fzom BdacﬁorNscheme 2 as starting material.
The frmld,:o L ‘] Bocdéy,\ﬁpqqggé ion of the acetlc é]g %gIe?r wﬁ\ a base such as
lithium hydroxide in a suitable solvent such as mixture of water and methanol. Usage of
ortho-acetoxy-chloropyridines, -pyridazines and —pyrazines as starting materials results in
formation of the same products.

Reaktion scheme 4:
Negishi Coupling Reaction of Heteroaryls with a Carboxaldehyde or Benzylamine

Function
(Z%I
Os N s N ! N
Boc T-H
- — BT — B
n ul ! NaBH(OAc);
D.g-G Pd(dppf)Cl, x DCM D.g2G DCE P
DMA
Znl
O\ T qj T N/Boc
BN none, S
B .G  NaBH(OAo), D. .-G Cul D. -G
E DCE Pd(dppf)Cl, x DCM

DMA

Optionally substituted ortho-carboxy-bromopyridines, pyridazines and —pyrazines can be
subjected to a Negishi coupling as depicted in Reaction scheme 4. Reaction with (1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc in the presence of copper(l) iodide and
dichloro(1,1’-bis(diphenyl-phosphino)-ferrocene)palladium(ll) DCM adduct in an inert
solvent such as DMA leads to the resulting arylpiperidine. Reductive amination with a
capping group T-H in the presence of a reducing agent such as sodium
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Boc DDE,GCul B D, G Pd(dppf)Cl2 x DCM E DVA Znl OO
Boc OONBoc LiOHOH NNBoc B\ Br Cul B\ HROD G

WO2@IBIRYY dppf ) Cl2 x DCM D11 ,E .G MeCH | E  DRET/EPI00EIDS913
Boc OONBoc LIOHOHAH NBoc B\ CQul B\ HO 11 D, E, G
Pd(dppf)Cl2 x DCM D, E G MeOH#D, EE G DVA 10 As shown in
Reacti on schene 3, ortho-fluoro-bronopyridines,

triace%gt!pda I@?ﬂ}pﬁn%éﬁf)ﬁzs&vent scu%rr]\ a?se 1S2u8{cﬁlcc:>troeethar?e ?eads to the Boc-

protedtéd nehbiept oxycar bonyl pi peri di n-4-yl) (i odo)zinc (J.
Chem 2004, 69, 5120-5123) in the presence of

Altern@t—sﬁibr (ontianally d subsiifutedc heha-carboxydmopwidines o pyridazines  and

Py GEICROF “BRbSise g 'Tielive amisaan sap be{are e gpishi couping

is pertladdadt i n an inert solvent such as DMA to yield the

The r%%?:ﬁl { '%e% éﬁé’ X %ﬁ:‘g%pauapg@eel%gbne@é% Qqﬁufﬂgmlormed using optionally

substituagd bdwcaemx@rmh|orbﬁyﬁmné@§)yﬁa§zm§§ en@s-p§iairidsng
material. The Negis coupling can alternatively be

performed using the ortho-acetoxysubstituted 5
brom)ﬁyrl di nes, -pyridazines and -pyrazines from
Reaktign schemeRihene 2 as starti ng material. The free

Aminagﬁgngi Pi‘épé}mlﬁhned by saponification of the acetic
acl

ester wmth a base such as |ithiumhydroxide in a
sui tabl e sol ve 'N such as ﬂ turfe of water and

met hanol . Usag O((:(R6 pcyx.y r ridines,
- pyri dazi nes a(]:qt) Cp gﬂl —e‘sTS’t ar/{m! ﬂ%%t‘erl al s

results in formatioH of thesame ﬁﬁb@t@,t,s

Yo
\(C(Rs)g)m 1 (\I
RG \(C(Re)g)m 1
(R7),C K, CO R
“OH (R9),C
MeCN "OH

N-substituted amino alcohols HO(C(R®),)n-T can be obtained as described in Reaction
scheme 5. Reaction of an optionally substituted amino alcohol HO(C(R®).)mNH, with a
mixture of formic acid and formaldehyde in a suitable solvent such as water at a given
temperature results in formation of the corresponding N,N-dimethylated amino alcohols.

Cyclic analogs of such amino alcohols can be obtained by reacting optionally substituted
amino alcohol HO(C(R®),)»NH> with o, w-dibromoalkanes in the presence of a base such

as potassium carbonate in an appropriate solvent like acetonitrile.

Reaktion scheme 6:

Epoxides as Aminoalcohol Precursor
T

A o Wk
 ———
R H,O R “OH
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10 Reaktion schene 4: Negi shi Coupling Reaction of

Heteroaryls with a Carboxal dehyde or Benzyl am ne
wo-0emiem Znl O CN O N.Boc T N, Boc Boc T- H BUBEPB0&005913

Cul 11 NaBH(QAC)3 D E G Pd pf)Cl2 x DCM D, EG DCE

D, EG DMVA Znl OTTBoc N'NBBr T-HBr BB D G

NaBH( OAc) 3 D Cul D, E DCE E Pd(dppf)Cl2 x DCM E 15

As sngi i FeRBORR) S5 eBp0r DRINALY syPeiiited spoxideg can be reacted in a

regioseRttiog Wagwifedn E?pro’ﬁHBiee%ﬁfé T-01 A d\e@tabld sGIEm! Iik@grv&'lér to form o-
depicted’in Reaction schene 4. Reaction wwth (1-te

substituted Ryarsinbalagh@speri di n-4-yl) (i odo) zinc in the
presence of copper(l) iodide and 20
di chloro(1, 1' - bi s(di phenyl - phosphi no) -ferrocene) pal | ad
fum(l1) DCM adduct in an inert solvent such as DVA
| eads to the resulting aryl pi peridine. Reductive
Reaktion sehe®e %ii th a capping group T-H in the presence of

Nucledphfift'Ardfafie Siibstititiod Redetion™ VO 2009/ 010299
BT/ EP2008/ 005913 34 tri acet oxyborohydride in a

sui t abl e sol vent such as TJ@ gﬁ)z)C“ chl 6§ﬁs)2ane | eads to

t he Boc- pgot -nD| My opglonally
substitut el orlt ho carboxy bPBnDpy %i nes
and -py?az es”can firs ﬁ Subj ecte to a teductive

am nat i oB. Es{Gep bef ore the | shi co‘ﬁjpl
D._-.G
E
e e T
E N-BoC (RYLe\y R
)\(O b (RS)ZC]\;RiO,Boc
BT
I DIEA
D.g-G E.’ \
\E’,

As shown in Reaction scheme 7, fluoro-substituted pyridyl-, pyridazyl- and
pyrazinylpiperidines can be subjected to a nucleophilic aromatic substitution reaction with
a w-T-capped alkylalcohol in the presence of a base such as sodium hydride in a solvent
such as DMF at a suitable temperature to obtain the Boc-protected A moiety.

Alternatively, the fluoro-substituted heteroarylpiperidines can also be reacted with a ®-T-
capped primary or secondary alkylamine in the presence of a base like BuLi or DIEA in an
appropriate solvent like THF or without a solvent at a suitable temperature to obtain the
Boc-protected A moiety.
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5 is perforned. The reaction sequences described above
can al so be perfornmed using optionally substituted
W@raono11289 boxy- chl or opyri di nes, pyridazi nes aneCT/EP2008/005913
-pyrazines. 10 Reaktion schene 5: Am noal cohol
Preparation H2NI,C(R6)2)m13§A(}| H,N(C R6 ()2~-m1
(R6)2C, \ " OHH2O (R6)2COH y r BBr 2 C(R6)2)mt
ON 0 RICR~mt ( 2 OH K2C38 (R6)2C. MeCN OH
Rea“l\?%ﬁﬁﬁ?"ﬁﬁ éd ami no al cohols HO(C(R6)2) m T can be
Synth@b,t@bmdwa@ueswmaﬁﬂn TydiRCAMmiles 15 scheme 5.
Reacti on of an optiona Iy substituted am no al cohol
HO(C(R6) 2) MNH2 with a mxture of forpre acid and
formal dehyde in a suitaby Ns h as water at a

gi ven tenperature resul n for on of the
correspondigng Pret h °ed al cohol S. C,ycl iC
anal ogs of suc 1 nNo é‘f* obt

reactingk on y subst teE am nQ al coh I

HO( C( R6) vvlth a, Uw rormalk@ne\s i ™t he
presence of- a base such 2 S pot asQLtuﬁ carbonate in

an appropri at e solvent like acetonitrile. Reaktion
schenme 6: Epoxides as Anmi noal cohol Pre sor T-HT a
25 R H2O R OH WO 2009/ 010299:«s,PCﬁFGJ.:NP /005913 35 As
shown in Reaction schéeifen opti onalyl subst i tuted

epoxi des can b ﬁaance i
(L0,  ((RALC)5y N-BOC
BT —
1] NaH S
D.g-G DMF i
E D\E’,G

As shown in Reaction scheme 8, the intermediate product from Reaction scheme 3,
optionally substituted fluoropyridines, -pyridazines and —pyrazines, can also be subjected
to a nucleophilic aromatic substitution reaction with an alcohol which contains a cyclic
tertiary amine moiety, in the presence of a base such as sodium hydride in a suitable
solvent such as DMF to give the Boc-protected A moieties.

Similarly, an alcohol containing a protected cyclic secondary amine moiety can be
introduced as building block using the conditions described above. The protecting group
has to be orthogonal to the Boc-protecting group used for protection of the piperidine. After
coupling of the A moiety with the B-C moiety this protecting group can be removed using
standard methods.



regi osel ective way wth an appropriate amne T-Hin a
sui tabl e solvent |ike water to forma- substituted
WO 0ainenl cohol s. 5 Reaktion schenme 7: Nucl eoptil/EP2908/005913

Aromatic Substitution Reactiogn F N ,Boc T (C(R) )m,

T (9(R6))m1 (R 2C-0H R62C.@'/N.Boc B Il NaHB D, E G

ii DMF DbE G T.(C(R)m, T Boc (R6)2C NH (C(R6)) m1 F

N~ Ro%i1 )2C.N.R10 N.Boc DIEA B D EGIf D EGI10
Reactian S¢RRMe Y, Reacti on schene 7, f1uoro-substituted
AlternaYive ®{/nthe Sid'dfIR Mdietiéd Wit NGAtRE Bpaeet (R SORHRRS.-T)

subjected to a nucl eophilic aromatic substitution

reaction with a w T-capped al kyl al cohol in the

presence of a base such as sodium hydride in a sol vent

such as DMVF at a suitabl e‘?i‘@rperaﬂ%@qsto obtain the

Boc- pr ot ecrg iBeg. FI8-cnl t er nat I e}z)j?',‘ t he

AR
fl uoro-subtlt het er oagy! pi pEf kHiges can&%%o be
reacted Wthya WwT- capp@ rmary or) sedgondary
al kyl am e L@ the presencs’ﬁ3 a basB MKe BuLi or DI EA
[

in an applEopri ate sol ven ke THEDQr.GM t hout a
solvent at a suitable tenperature to Obtain the
5 Boc-protected A noiety. 20 25 WD 2009/ 010299

PCT/ EP2008/ 005913 36 ] 6
The synthesis of A Moieties bearing an alkylether spacer (R' = -O(C(R°)2)n-T) can

alternatively be performed as depicted in Reaction scheme 9. The Boc-protected

piperidine is reacted with an alkylchloride or alkylboromide bearing the capping group T in

the presence of a base such as Cs,CO; or NaH in an appropriate solvent such as DMF to
10  give the Boc-protected A moiety.

Reaction scheme 10:
Synthesis of A Moieties with Alkylether Spacer (R' = -O(C(R®),)n-T) Using Mitsunobu
15 Conditions

T
Boc  CFny  CER)

oH N FuC.qy (AL N -BoC
B™ -
“E* PPh, rs
THF E*

Br
B GR) I

.Boc
OH N &
)\/Q L0y (R,Cog N-BoC
BT —
il DEAD BN
\E,

PPh, n
D._-
THF g=C

RGO
H-T  (RIC. N-BoC
K2C03 B)\(Q
MeCN B‘E"G
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Reaction schenme 8 Synthesis of A Mieties Containing
Cyclic Amnes R10 (RoRloN (R9) P N1 F G-Boc )p
W@ trRom)neH ((RMC) D N.Boc B u NaH B D, E, G DMFCHER068/005913
PG N (RAP PGN (R9)e Boc>a 4 F N ((R~j 2C), CH
((Rj200)M N.Boc B- O NaH 88E,GDM- B D.E,G 5 As
shown in Reaction scheme 8, the intermediate product
from Reactjon schene 3, optional Ié/ substituted |
As s@wuan?ﬁwtwné@em%ﬁﬂ dheiRtesmasiiat Preduat feam Reartignsgcheme 3,
; 0 [
optnon?@ﬁ&@éﬁ%&‘%ﬂy&@x éggﬁg?% é:e{qrfag%%f gﬁhsaq%os gQSafIWIé’tEH%th an o-T
capped aikyladeohohin the presenaceg of mreagenpseefeas ®OEAD ar AP andcé phosphine

sucn s AR S i e A o oD B BBl A oetes

an al cohol containing a protected cyclic secondary
am ne noiety can be introduced as building bl ock
Similaghsjthg same diermediaiescancbe reaetad ayan arheome @ldaleenyl, using the

reactlo@lr e&ﬁhltlé}%s F%ﬁrﬁ%do?%\?@ élTyE éc'é@s B8CH r@ér?é:s%foﬁgmglgther which

used per |ne
subsemmmllylaayl bé uskd ta aﬂwlmeythwl ctdpptrigegrBuﬁ Tnin ¢éhe/ ptdsence of a suitable

vase efl B keC ot 8,5 1806BTRE BRI BoSIRSCN, THF, or DM, at a

suitable temperature, to yield the Boc-protected A moieties.

Reaction scheme 11:
Synthesis of 5-piperidin-4-yl-pyrimidine-derived A moieties

o) o 0 ~o
B —
N TiCl, MeOH
|

Boc pyridine

NH - xHel _Boc
R’JLNHZ 0 N Hel 0 NH
N ~ N
NaOMe 2J|\ dioxane | < HCI
MeOH R H o) H?)\N o
AL Z
0 N Cl N
Z-OSu POCI,
— N —_— = N
TEA R?)l\ sym-collidine qylk _
DMF u O MeCN N~ Cl
Toe( R‘wm TC(R )dm1 H, ‘(C(Re)gm .
(R") C (R )2C\ N Pd/C (R9),C. \H
NaH CaO
THF Et,0
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37 Reaction schenme 9: Alternative Synthesis of A

Moieties with Al kyl ether Spacer (RlL = -Q(C(R6)2)m T)
Wa@oaorey) m|1 T Boc (R&) 2C ci ~C(R6)) m 1 OH N-PEI/EE1008/005913

(R6)2C,0 NBoc G Cs CO3 DE DV B D.E,G 5 The

synthesis of A Mieties bearqgng an al kyl et her spacer

(RL = -C(R6)2)mT) can alternatively be perforned

5- Plpe?gﬁiﬂgﬁ,y&%&gg@nq Egay X chgﬁne%ipggipﬁ}q rgqtls? %F\gv(?/n in Reaction
schenfd Y| BbeALSBelfste Esh bBQe&é\@B'vﬂ@m Srn%QmE dcitl didfer in the presence

presence of a base such as Cs2CO3 NaH i n an
of a reggendsuchas ttaniventetrechipride apira b@se sichyay @yrigige at an appropriate

tempe??l%:ro\éj. Rﬁegpfo:ogjcaomi%%%tgﬁﬁ&éﬂ @%ggg&edggagegj us?}{&@@;?tjaﬁ,st such as
10% paDadiuRe pa )amaidoalsl aguithbhle sobient sdch &s adnixturesof Beater and methanol
to yielX5S ohigBRorgingror 2-Riperidi BErtsioF. 2 Jiestae Reagtion with an
amidir%@Engdré}_:mB}Bﬂghrl %T_Iégdré%enég\éf dbhddRBlc a8 SYARAE n¥éthéxXidéin a solvent
like methanol leads to optionally substituted 1H-pyrimidine-4,6-dione which after
exchanging the Boc protecting group to a Z protecting group can be converted to the 4,6-
dichloro-pyrimidine using a reagent such as POCI; in the presence of a suitable base such
as sym-collidine in an appropriate solvent like acetonitrile. Optionally substituted 4,6-
dichloro-pyrimidine can be reacted with an o-T-capped alkylalcohol in the presence of a
base such as sodium hydride in a suitable solvent like THF. Subsequent hydrogenation
using a catalyst such as 10% palladium on charcoal in the presence of calcium oxide in an
appropriate solvent like diethyl ether yields the 5-piperidin-4-yl-pyrimidine-derived A
moieties.

Reaction scheme 12
A Moiety Deprotection

R N,Boc HCI R NH
—_—
BT dioxane BTX
O MeOH D x 3 HCI

Generally, the starting material of Boc-protected heteroarylpiperidine (A moiety) can be
deprotected in the presence of TFA/CH.Cl,, HCI/EtOAc, HCl/dioxane or HCI in
MeOH/dioxane with or without a cation scavenger, such as dimethyl sulfide (DMS) before
being subjected to the coupling procedure. It can be converted to the free base before
being subjected to the coupling procedure or in some cases used as the salt.
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HT (R6)2C-O N. Boc K2C03 B MeCN p, E . G WD 2009/ 010299
PCT/ EP2008/ 005913 38 As shown in Reaction schene 10,
W0 b@ofon2ed medi at e product from Reacti on schenePGI/EP2008/005913

optionally substituted

(hydr oxyhet er aoaryl ) pi peri difks, can al so be al kyl at ed

wWith an o-T- capped al kyl al cohol in the presence of a

re t su as DEAD or DI AD and a phosphine such as
Reactipi, an i tabl e sol vent such as THE to give the

Synthédfs 6f Ahﬁﬁb@l’-l R WRRY G?ﬁna'id ﬁé’ﬂch@hb%r l’itﬁﬁeﬁ’%@eagent
i nt er medi ate can be TeacC an co-brono

al kyl al usiRhijigBne re E) clepriotections d )¢$
abovgg @e access to ddh Lmt Eh

subsequently can be used to alky ate the capping g
T |n t he presence of a suitable base such as K2CQO3 or

| ppro|s;[0$a«zl@3 sol ve uch deprofdet@dN, TR )PL
&@Eﬂ?‘ toyierd H @ OH

Boc B ot ect e@ A ot i es‘?D ealti©n, schene 11: CF,

Synt hesi s of 5-pi pE'fl di n-4-yl -pyri mdi ne-derived A

noieties 0000 Oo0oo0 "1 O0O0-H OO~ o Pd/C CN

TiCl4 MeOH Boc pyridine N H2O N Boc Boc NH x HCl Boc
ReactiRANBCI@MEe O3NBhows HE@ syrthesie df dintires) &1-R° bebiihg avbyRioRy substituent

and oﬁle addutnon'a—l substltct)xent at the same carbon atom. Such amines can be synthesized
using oxo-substituted amines protected with a suitable protecting group. Suitable
protecting group includes, but is not limited to, Boc, Z, benzyl, and benzhydryl. Protected
oxo-substituted amines can be reacted with Grignard reagents in an inert solvent like THF
or diethyl ether at an appropriate temperature to yield the corresponding substituted
alcohols.

Alternatively, reaction of protected oxo-substituted amines with Rupert's reagent
(trifluoromethylitrimethylsilane) in the presence of a reagent such as cesium fluoride in an
appropriate solvent like THF at a given temperature leads to the trifluoromethylated
alcohols.

Protecting groups of protected amines H-R® obtained via the synthetic methods described
above can be removed using standard conditions.
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O NC N Z-0OSU PCCl3 TEA | sy co II|dine O MCN IN CI
DW HT.(C(F))mi T~C(R6)2m | T'(C(R6)2m |

W@ Re2COM{ R 6) 2C. 0 GNZ Pd/ C (R6) 2C.0 NH NaH CaCx/EpiB08/005913
Et20 ~\ 15 N CI N WD 2009/ 010299 PCT/ EP2008/ 005913

39 5-Piperidin-4-yl-pyrimdi - derived A noieties can
be synt hesized as shown in Reaction schene 11.

R 500-4- EHoeH_done can be reacted with a malonic acid
eactioR SCBPME14:he presence of a reagent such as titanium

BcMabw&pb}mm.dn and a base such as pyridine at an
appropriate tenperature. The product of this reactign

cdh be hydrogenated usinda catalyst such as 5 1% I
LREN atHUm on ctgfgcgoal N 0 8 _sNHj abl e sol vent suchJas |

i xtjure of wat t(blell el"ghesaene ~o
correspowdi ng Reery- pi peri dt : ”‘N‘Pﬁ:‘d:

di est g Reactlon with an ne hyrg:m) |de|n
theﬂﬁre enéé of a base sucR®*as”so@#um m@ xi de ing R4
solvent |ike nethanol |eads to optionally substit ut ed
1 Hpyrimdine-4,6- d| one which after exchanging the
Boc protecti ngog‘? F°to a otecti ng;@ can be
converted tQ te 10 dic ; ro-pyrigi di using a
readbrt_suchOds P 3 in the?preserf® of a suitable

i ,. sol vent

bas c as sykycallidi ne an approp

li kng\\get onitrile. @ i onal ,{E(—'ﬁﬁubst ituted
di chl or o- pyri m dggie~€arde reacted w t hgath#Igcapped

al kyl al cohol in the presence of a base such as sodi um
hydride in a suitable solvent |ike THF. Subsequent

The %ﬁ’d %g@%s;:c(a)ﬁ nb?u ?F’Ié/r’]‘g}e f: 3'8 o °<¥‘Zﬂu ﬁrﬁ] ﬁé%&i%?egﬁéng% ! {%{sn Optionally

substlﬁnéd ophemjlglanilev egn | b&kecohwirted ot ihe )Cbﬁﬂeéﬁoridiﬁg methyl ester
eridi n-4- tyrlmdlne derived A moietje
hvdm@éége@% SN AR rAStY N [LI9a05i KD %m'%@sd&h'qmwr Rxayt chloride in

methddel. ARindhcid methyl ester hydrochloride can be reacted with a reagent such as

triphosgene in the presence of a base such as NaHCQ; (aq.) in a suitable solvent such as
DCM to yield the isocyanate which can subsequently be reacted with an amine R°>-H in a
suitable solvent such as DCM or DMF. When R®-H is used in form of a hydrochloride, a
suitable base such as DIEA is used in addition to liberate the free amine R®-H. The ester
function can be hydrolyzed with a base such as LiOH in a suitable solvent or solvent
mixture such as water/THF/methanol to give access to the B-C-moiety.



10

15

20

B dioxane BII GMOHII G X 3 HJ E E Cenerally, the
starting material of Boc-protected
whedoenorsy| pi peridine (A noiety) can be depr oPETER0$/005913
the presence of TFA/ CH2Cl 2, HCI/Et OAc, HCl/di oxane or
HCl in 25 MeOH dioxane witHr without a cation
scavenger, such as dinethyl sulfide (DVS) before being
subj ect ed the coupling procedure. It can be
Reacté%%gﬁ {i the free base before being subjected to

Bch]etycgngmsgrggwﬂﬁggig or in sone cases used as the
salt. g0 WO 2009/ 010299 PCT/ EP200&j 005913 40

React i pn ene 13 nt hesi Arf| ne usi ng
G i goar %@&I ons 0 "%mert%va@gi:@ag ﬁH’EE“E@Rlplrbd\r;uffhe

1) q delrog ectioan_Sﬁ"O—lNPG HAPG OTHE—
PG RL1 R1 F3cs'MB® ) q deprotect i N~ CPCMN oH

PG O CF3 E 5 Reactiops 413 shows
the synthesis of anj H R5 bearing a hydroxy
substituent and oné itional substituent at the
sane carbon atom Su am' nes can be synt hesi zed

usi ng oxo$substitut Qes protecte Vﬁ( ui tabl e
pr oWeogy Nhdyp. Sub;a prwg.eg:\u g Q | udes,
but is not [[imted ta, Bic N% ben#yl, and benzh?‘@byl
Pr ot ect ed bstitwegd am nes can be cted with
Grignard rea i n apcmert solvent i HE 10 or
diethyl ethBf af aR* appropriate tenperrd R yield

the correspondi ng substituted al cohols.
Al ternatively, reacti o0 QfR%rotected oxo- SubSDI sed
am nes with Rupert's e%‘wnt

(triflHoPdmet hMa8igs il ane) irpat he MHof a

reag as cesium(fluoride ppropii at e
sol venECIiil ke THE at a gi terrpeﬁgi!“re | eads

trifluoronethylated R3

=

R4 R3

Alternatively, B-C-moieties can also be synthesized on solid phase as shown in Reaction
scheme 15. Wang resin can be loaded with optionally substituted Fmoc-protected
phenylalanine using a reagent such as DIC or DCC in the presence of a base such as
DMAP in a suitable solvent such as DMF or DCM. Capping of unreacted OH-groups on
the solid-support can be accomplished by subsequent reaction with acetic anhydride in an
appropriate solvent like DMF or DCM. After removing the Fmoc-protecting group with a
base such as piperidine or diethylamine in a solvent like DCM, the free amine can be
converted to an activated carbamate with p-nitrophenyl chloroformate in the presence of a
base such as TEA in an appropriate solvent like DCM. Reaction of said p-nitrophenyl
carbamate with an amine R°-H in a suitable solvent such as DCM yields the desired B-C
moiety. When R°-H is used in form of a hydrochloride, a suitable base such as DIEA is
used in addition to liberate the free amine R®-H. Cleavage from solid support can be
achieved by treament with TFA in DCM. B-C-moities obtained by this route can either be
purified or directly be coupled with an appropriate A moiety.
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15 al cohols. Protecting groups of protected am nes
H R5 obtai ned via the synthetic nethods descri bed
W@Rwve1ean be renoved using standard conditi onBCT/RR20026)5913
WD 2009/ 010299 PCT/ EP2008/ 005913 41 Reaction schene
14: B-C Mbiety Formation O 4300 N2 NH2 Il HO gOC12
O X HC triphosgene ON MOH NaHCO3 (ag.) R3 1 R4 R3
R4 RB R4 OO YRS LIOHOOI RS HR5 -O NH H0 HO
Reactign s 138 MeOH R3 R4 R3 R4 5 The B-C noieties can
Couplhﬁ% &V AlMSeity W4thAB-C IMulBty andRSARIFSHaAtIdiEe 14.
Optionally " substituted ‘phenyl al ani ne can be converted
to the corresponding ngthyd ester hydrochloride using
an activating reagentQstih as thionyl chloride or
oxalyl chloride iny ol. Amno acid nethyl ester
hydr ochl ori de can be r ed wth a reagent R&S

tri phosgene in the pres of a base such HCO3
(ad?) i Hsui t abl e soRYeAt Ruch ag!10 Hel d
t ' nat e whi ch—ean—stbsequent|l y eacfed with

athi ne” RS- }I—_\g'ln a sufPBbl e sol \BENNYSUTH as

DRA==Cvhen BN s usedEPR! form ofb.a.@ydr ochl orj
suitabl e base such as MMM is used5 n additidh to R
liberate the free am nBCM5-H. The ester function can

be hydrolyz coﬁi,nﬁ a base such as LiOH i n@ iR%bl e
e H

sol vent or Fpol nt mxture such as water / m

et manol tr-Oiw&thaccess tact he B- Gyhmi efyy H  x2Hcl
—_—

BT Et,O BT

I acetone I

D.-G B3 Rt D.-G n3 -

As shown in Reaction scheme 16, A moieties can be coupled with B-C moieties in the
presence of EDCI/HOBt, a base such as N-methylmorpholine (NMM) and a solvent such
as dichloromethane (DCM). A suitable solvent, such as DCM, DMF, THF or a mixture of
the above solvents, can be used for the coupling procedure. A suitable base includes
triethylamine (TEA), diisopropylethylamine (DIEA), N-methylmorpholine (NMM), collidine
or 2,6-lutidine. A base may not be needed when EDCI/HOBt is used.

Generally after the reaction is completed, the reaction mixture can be diluted with an
appropriate organic solvent, such as EtOAc, DCM or Et,O, which is then washed with
aqueous solutions, such as water, HCI, NaHSQ,, bicarbonate, NaH,PQO,, phosphate buffer
(pH 7), brine or any combination thereof. The reaction mixture can be concentrated and
then be partitioned between an appropriate organic solvent and an aqueous solution. The
reaction mixture can be concentrated and subjected to chromatography without aqueous
workup.

The product can be transferred to a pharmaceutically acceptable salt such as a
hydrochloride, using HCl in a solvent or solvent mixture such as diethyl ether/acetone.
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15 20 WO 2009/ 010299 PCT/ EP2008/ 005913 42 Reaction
schene 15: B-C Miety Solid-Phase Synthesis 0 0 HO
WORBAO02ANg, OH WAng, 0 NHFnoc pi peridine 1. BUTEP20D¥MM5913
DVAP 3 RS R4 DV RR4 2. Ac2Z0 D Oo0o o ~ ~0
Wang, 0 NH2 | Wang, NH X02 O%4%014 TEA R3 R4 DCM R3 R4
0 OYR5 0 OYR5 H R5 Wang,0 NH TFA HO NH DCM | DCM R3
R3 R4 5_Alternatively, B-C-noieties can also be
Reac"ﬂ’h?ﬂ'é%m ¢dd on solid phase as shown in Reaction
Urea Férifatforl via NiRFSbHEHY IforAtie Mitelm@dpew th optional Iy

substituted Fngc-protected phenylal anine using a

reagent such HBo®r DCC in the presence of a base
such as DVA® i a suitable solvent such as DVF or
DCM Cappi ng of acted OHgroups on the

q_-pi d- re cags gcconpl i;shed b ent

actl on W t h_aceti c_anhydri appr opr i &Ct

i ke DVRogt DCM _ dioxane
5rmg—prot)eaHIChg E®cpup Wi thtta ‘base such | perpshipe
o€ di et hyl am nenymm a sol ve?ftE’P’ ke DCM R% me anm ne
can be DCM
O NH
—————>
l \ NMM
D.g2G x3HCI 3 bCM

_HR N NH HCI
—_—
DIEA Et,0
THF acetone
R4

R5
0%y
R’ N NH X 2 HCI
BTN
1]
D.-G R3 R

The three moieties can also be combined stepwise, as shown in Reaction scheme 17. An
appropriate A moiety is coupled to a Boc-protected B moiety in the presence of
EDCI/HOBt, a base such as N-methylmorpholine (NMM) and a solvent such as
dichloromethane (DCM) followed by Boc deprotection with the aid of hydrogen chloride in
a mixture of dioxane and methanol. The product can be reacted with 4-nitrophenyl
chloroformate in the presence of a base such as NMM in an appropriate solvent such as
DCM to vyield the 4-nitrophenyl carbamate which subsequently can be treated with an
amine H-R® in the presence of a base such as DIEA in an appropriate solvent such as THF
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converted to an activated carbamate wi th p-nitrophenyl
chloroformate in the presence of a base such as TEA

W0 poogtai@ppr opri ate solvent |i ke DCM Reacti on BET/BR1008/005913
p-ni trophenyl carbamate with an amine R5-Hin a
suitabl e sol vent such as DCMYields the desired B-C 15
moi ety. Wen R5-H is used in form of a hydrochl orlde
a suitable base such as DI EA used in addition

to give; BEFeRSe 1@ Hide Faéee'aﬁpmponsdmf@ é'a@'a@équ%n‘Faéblqed Conve”ed to a
pharm%'é@Qﬁ’éatll%/%Be&ﬁbleastW A6 ChpeliaBayENt W th TFA in DCM

B-C-noifies obtained by this route can either be

purified or directly be coupled with an appropriate A

noi ety. 20 WD 2009/ 010299 PCT/ EP2008/ 005913 43
ReactRﬂaschemest&:erre 16 Coupl i ng of A Moiety with B-C

Urea%‘M Sa ¢ awlgoad% AR R50é-1’>“_| #adlde as

Reag OOyR500yR5RNNHHCI R~NNHX2HCI B Et 20
g 11 | acetone 11 DE G R3 R4 DE,GR3 R4 5 As shown
i n Reactign schene 16 Arml etiqs can be coupled with
B-C |et esmthd&*1 esence of EDCI/HGB] a base

sucmésNN-zﬁM Wt such
as d| hane tabl e sol'v , such as

DCM DWMF, THE or xture of t he above sol vents, can
be used for the coupl i ng procedure A suitabl e base
i ncl udes

H‘ N N,

B\

~ 5
*N{J R " Tea
THF
x 2 HCI
T Eo
acetone

As shown in Reaction scheme 18 1,1’-carbonyldiimidazole can be reacted with an amine
in an appropriate solvent such as THF at a suitable temperature. The product of this
reaction is further reacted with methyl iodide in a suitable solvent such as acetonitrile to
yield the 1-methyl-3-(amino-1-carbonyl)-3H-imidazol-1-ium iodide. This activated species
is reacted with a deprotected A-B moiety in the presence of a base such as triethylamine
in a suitable solvent such as THF to yield the final product. The final product can be
converted to a pharmaceutically acceptable salt as described above.
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10 triethylam ne (TEA), diisopropylethylamne (D EA),
N- et hyl nor pholine (NWM, collidine or 2,6-1utidine.
woase2smy not be needed when EDCI/ HOBt is USRCI/EP2008/005913

Generally after the reaction js conpleted, the

reaction mixture can be dil dt%®d with an appropriate

organi ¢ sol vent, such as EtOQAc, DCM or Et20, which is
Anal hepL@ﬁ%ed with 15 aqueous sol utions, such as water,
nalytiep o4, bicarbonate, NaH2PO4i phosphate buffer

(pH 7), brine or any conbination thereof. The reaction

xture can be concentrated and then be partitioned

The compaReads ahthaesatinueation gasordingdpyermpulant ware agabvead via
analytﬁ%'l HEL I@Q Tﬂ@%on&rﬁc 4 L&Y I thb lé{qr‘él;f\%ﬂ?sn%rg%uﬁﬂﬂﬁﬁigdv BI6W.

|ecte r omat ogr ap out agueous
wor kup. 20 The product can be transferred to a

Anal har ma iluti Carlnl acceptable salt such as a
——‘ﬁ%@%@ﬁrﬁgﬁ-@%,—"@%g HCl in a solvent or sol vent
m xture such as di ethyl ether/acetone. WO 2009/ 010299
P2008/ 005 1 4 e n 17: Urea
LC1OAS-EIr (e rvgghgpgrrﬂ O NS Thode s datscior apgyQP2010

MS- dé\’b@@? |rpESle6Pi|b's R?thFQvJHeMdﬁeﬁ aH§|14 aﬁd 'é@BtnnB Nz ~
di oxane D, E G NW E R3 R4

ColurrmcM/@teG(XZ!SeUamChB &rézur@r ZNH 'F@'N"Noe R N N0O2 B NwM
linear GrddiéntSuith acdtbhitrdRe ilTAatdrith 582 HedHH) 0 Oy RO

Flow rate of 0,4 ml/min;
Mobile Phase A: water (0.15% HCOOH + 5% acetonitrile)
Mobile Phase B: acetonitrile (0.15% HCOOH + 5% water)

Gradient A:

start concentration 1% acetonitrile (0.15% HCOOH)
9.00 min B.Conc 30

10.00 min B.Curve 3

12.00 min B.Conc 99

15.00 min B.Conc 99

15.20 min B.Conc 1

18.00 min Pump STOP

Gradient B:

start concentration 10% acetonitrile (0.15% HCOOH)
10.00 min B.Conc 60

11.00 min B.Curve 2

12.00 min B.Conc 99

15.00 min B.Conc 99

15.20 min B.Conc 10

18.00 min Pump STOP
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HRS RL GN NHHCI D EAB E20 acetone THE D, EG R3 Ra
0 OyR5 ZR, NNHx 2 HOI B D E,GR3 R4 5 The three

worienies can al so be conbi ned stepw se, as ShRPUFEP2008/005913

Reacti on scheme 17. An appro7ori ate A noiety is

coupl ed to a Boc-protected B oi ety in the presence of

EDCI / HOBt, a base such as N-nethyl nor pholine (NMW) and

a E&[vent such as dichl oronet hane (DCM fol |l owed by
GradigBE Ceprot ection with the aid of hydrogen chioride in

linear gradierit HoM 5% t6l SRR teHElleTR Waddtqh.15%hrcpoMiuct can be
reacted with 4-nitrophenyl 10 chloroformate in the

0.00 "ﬁiPesen@’é Bf a base such as NWin an appropriate
5.00 nsiR! vengsgyrh as DCMto yield the 4-nitrophenyl
car bamat e whi ch subsequently can be treated with an
510 mifi ne ¥RB in the presence of a base such as DI EA in
6.40 iiA appgeREg ate sol vent such as THE WO 2009/ 010299
PCT/ EP2008/ 005913 45 to give access to the target
6.50 MBnpou?’®.B The final product can be converted to a
8.00 miRar MepgHpi SpbPY acceptabl e salt as described above. 5
Reaction schene 18: Urea Fornmation Using
1- Met hyl - 3- (am no-1| - carbonyl ) -3H i m dazol -1 -i um i odi de
Gradigat pReagent 0 n * HR5 0 Mel NN /r-NR5 N~ THE N
MeCN

0 O CTNO OyR5 O CE=G x3HC R3 RI R1L N NH N RS
linear gradient fiom 5% to 80% acetonitrile in water (0.15% HCOOH)

0.00 min 5% B

5.00 min 80% B

5.10 min 99% B

6.40 min 99% B

6.50 min 5% B

8.00 min Pump STOP

Gradient E:

linear gradient from 1% to 70% acetonitrile in water (0.15% HCOOH)
0.00 min 1% B

5.00 min 70% B

5.10 min 99% B

6.40 min 99% B

6.50 min 5% B

8.00 min Pump STOP

The following tables describe detailed examples of the invention which can be prepared
according to the Reaction schemes 1 to 18. These examples are, however, not construed

to limit the scope of the invention in any manner.



Table

N THE D, E,G R3 R4

B acet one

an anm ne

suitabl e tenperature.
reacted with nethyl
sol vent such as acetonitrile to

1- net hyl - 3- (am no-1| - car bonyl ) - 34
This activated specie
deprotected A-B noiety in the

further

i odi de.

as triethyl
yield the f
converted t

descri bed above.

46 Anal yti

anal yti cal

tald
T

00 R HAO R1I NNH x 2 HC

DE,GR3 R4 10 As shown in Reaction
wa@ehwenw298 1, 1' - car bonyl di i m dazol e can be r eaPCEHEPA08/605913

amne inpgd
i nal prod
0 a phaiNma

cal LC

The prd

SH TR

f

2009/ 0102
sThe conpobihd

8

in an appropriate solvent such as THE at a
uct of this
iodide in a suitable
yield the

i zol -1 -ium
N eacted with a

reaction is

presence of a base such

vent such as THE to
product can be
yabl e salt as

A9 /| EP2008/ 005913
s of % he present
i1r]venti on according to formula (1) were analyzed via

i hal

LC-MS. The conditions used in the analysis

oo

[A“-A~ s a3 e a0

5 Analytical

conditions summry:

Et 20

LC0Advp- PUnp (Shinadzd) with|SPD MHPAG (VN § di ade MS
Nogr f ay S8t edt or aRd QP2310 R°Ms{dlet(@in)of methed 1 ns [ [M+HT
wi {h UV-detlection at 214 and 254 nm [0 Col um: (s&ledrg (found)
XTerra M5 @18, 3.5 pm |2.1 * 100 mm |linear ¢ratteent
with acetonitrile in water (0.[15% HCODH) Fl oy rladse of
10, 4 BRXHCH; Hl e Phage4Avlewat e4.360. [L5% BICOOH +6600 601
acetonitrille) NI
NH
2 2 x HCI 4-Me 5.34 B 614 615
CA
1
3 2 x 3-Me 3.99 B 614 615
HCOOH C\\,
1,
4 2 x HCI | 4-Me 5.60 B 586 587
@
N
5 2x H 5.80 B 587 590
HCOOH C‘N\L
Q
6 2 x HCI 4-Me 6.48 B 601 604
CNI
Q




Mobi | e Phase B: acetonitrile (0.15% HCOOH + 5% wat er)
15 G adient A: start concentration 1 % acetonitrile

W@ 20098 9626COCH)

20 12.00 min B.Conc 99 15.00 mn B.Conc 99 15.20 mn
B.Conc 1 18.00 min Punp ST&¥ 25 Gradient B: start

9.00 min B.Conc 30 10.00 mi n BPQUER08005913

concentration 10% acetonitrile (0.15% HCOOH) 10. 00
M-h—B-Conc—60—11. 00 mn B Curve 2 12 00 pin B Conc 9O
730(15,99 niln Bopnc 99 |15.80 i nb82conc 18 18. 061Rin| 616
PumSPaH Wo 2Q08. 010299 PCT/ EP2008/ 05913 47
‘G adient CJ| linear|gradient frlom5%tp 95%
acetonitrille in (0. 15% HCOCOH) .00 NmMn|5%B
5.00 min 95%B 5 5.i110|nmin 9998 6.40{min 99%B 6.50
M 5% B 800 nmPunp ST GRS 10 Sogdipnt—R—Himeat
gri%‘_é%%ﬁron@to 8095 2cd€ori t97Fe | n vt er (Og?g% 630
" $!
Q
9 2x 3-Me 6.90 B 629 630
HCOOH C,‘\]
Q
10 2 x HCI N H 6.14 B 599 602
o
. NN NH
6 H
AP 2 cl cl
R2 3
Table 2:
HPLC MS
No. salt R’ R° tr (Min) | method MW [M+H]*
(calc.) (found)
free
base
11 2 x HCI H 4.04 B 615 618

&




0.00 mn 5%B 5.00 mn 80%B 5.10 mn 99%B 15 6.40
mn 99% B 6.50 mn 5%B 8.00 mn Punp STOP G adient E:
wQeobjoness gradient from1%to 70% acet onitri | BCT/AP2008/005913
water (0.15% HCOCH) 0.00 min 198 5.00 min 70% B 5.10
nin 9998 6.40 nin 99% B 259%. 50 nin 5%B 8.00 nin
Punp STOP The followi ng tables describe detail ed
exanpl es of the invention which can be prepared 30
according to the Reaction schenes t\o 18. These
exanpl es are, however, not cog sﬂ N tolimt the
scope of the invention in any ner WO 2009/ 010299
PCT/ EP2008/ 005913 48'0O NH RL6 5N4 2 R

3 C C Table 1: HPLE . fsalt RL R tR (nin)
foun%@\
Cl Cl

met hod MW [ MtH] + 5(r:a?1\ 1)

R2 3
Table 3:
HPLC MS
No. salt R’ R® tg (Min) | method MW [M+H]*
(calc.) (found)
free
base
12 2 x HCI H 3.64 B 615 618
A
SN
13 2x | J H 6.43 A 589 590
HCOOH /N\t‘\
o)
o N
oY
o AN
6 H
(A Gt
4 N2 Cl Cl
R2 3
Table 4:
HPLC MS
No. salt R’ R® tr (Min) | method MW [M+H]*
(calc.) (found)
free
base
14 2 x HCI H 7.48 A 587 588
CNI
Q




free

base 1 2 x HCl 4-Me 4.36 B 600 601
HCI ~ 4-Me 5.34 B 614 615 N 3-Me 3.99 B 614 615 3 2

NNH 2 2 X

WOR@ONOHZ®OH 4 2 x HCl 4-Me 5.60 B 586 587 CN) RMCHEB2088005913

B 587 590 5 2 x ON HCOOH O_6 2 x HC
601 604 O WD 2009/ 010299 PCHIEP2008/ 005913 49 H 6. 32

ON 4-Me 6.48 B

B 615 616 7 2x ON HCOOH 8 2 x 4-Me 6.74 B 629 630

HCOOH N _a

9 2 x 3-Mp 6.90 B 629 63

HCOOH N-10 2

576

15H0] &ixd1Gh |B 599 602 1448 R 575
/'\IJ\
0
16 2 x HCI 4.47 601 602
Ch
by
17 2 x HCI 4.73 615 618
Ch
VIQ
18 - | J 8.99 589 590
/N\[f
0
19 2 x HCI 4.66 615 617
CNTJ
20 - | 5.15 589 590
/NJD
Q
21 2 x HCI | 4.28 587 588
@l
Q
22 2x | 8.72 589 590
HCOOH /N)\
Q
23 2 x HCI , 3.85 572 573
)




51 \
salt

wo pweobree 11 2 x HO H 4.04
2009/ 010299 PCT/ EP2008/ 005913 50 0 0y No RL N NH 6
R2 s Table 3: HPIBE M5 No.

1\

4N 2 R2 3 C C

RL RtR (mn) method MV[ MtH] +

51 \, ocl

(n1n) nethod MV [ MtH] +
3.64 B 615 618

Table 2: 5 HPLC M5 No.
(calc.) (found)
B 615 618 ON WOPCT/EP2008/005913

salt RLRtR

(calc ) (found)

6

free

base 12
43 A 580 5QQ

24Ho 24NT o ?y N4Me 784 A 629 630
HCOOH wa
Q
25 | HCOOH | H 7.76 A 575 576
/N\E“‘
Q
26 | 2xHCI N H 4.49 B 599 600
Vo
27 | HCOOH L 4-Me 8.93 A 603 604
/N\E“
Q
28 2 x < H 3.81 B 586 294*
HCOOH U
™~
29 2 x N H 4.54 B 599 600
HCOOH Cﬂl
0]
30 | HCOOH | H 4.75 B 603 604
,/N\ITL\
0
31 2 x HCI H 2.82 C 615 618
Q
32 | 2xHCI | H 2.95 D 589 590
@!
Q
33 | 2xHCI | H 4.90 B 589 590
/N\g
Q




INH RNG6 5\

No.

W@ t@wandR9 f ree base

salt

4 |

IN2 C C
RRtR (mn) nmethod MWV [
14 2 x HC

R2 3
M-H|
H 7.

1

N

WD 2009/ 010299 PCT/ EP2008/ 005913 5
4.18 B 575 576 N 4.47 B 60P%02 16

17 2 x HO "~ H4.73 B 615 618 N 18 - H 8.99 A 589 590

able 4: HPLC M5

(calc.)
A 587PGBBP20bB/®5913

2 x HC

~ H

Xx HO ONH)lo

0192 s HoON-H-4- 66 B 6156817020 H-5-15_A 586
34594 2% HCI | 5.09 B 589 590
590
/N\L
e
35 | HCOOH L 5-Me | 4.88 B 603 604
/NT‘
Q
36 [ HCOOH L 4-OMe | 5.41 B 619 620
/NT‘
Q
37 2x ~ H 3.33 B 616 617
HCOOH U
\LQ
38 | 2xHCI \,\O\ H 3.72 B 587 588
Q
39 | HCOOH SN 4-Cl 5.96 B 620 621
NN
40 | 2xHCI 4-Cl 6.78 B 649 652
CI\\IT\J
Q
41 2x ~ H 8.53 A 559 560
HCOOH N\:\\o
42 2 x \ H 412 B 573 574
HCOOH QNJ\
Q
43 2x \ H 4.31 B 573 574
HCOOH N
..




21 2 x HO H 4.28 B 587 588 N O'o
589 590 HCOOH N 23 2 x HCl H 3.85 B 572 573

22 2 x H8.72 A
(N N W

WQo®9/0020P99 PCT/ EP2008/ 005913 52 24 2 x 4- MePGT/BE2088/005913
629 630 HCOOH ONJ O 25 HCOOH ~ H 7.76 A 575 576

"INI,% O 26 2 x HO H 4.494 599 600 O 27 HCOOH ~ |

4-Me 8.93 A 603 604 "INO 28 2 x N H 3.81 B 586

204%  HOOOH ON-29 2 x N-H 4 54 B 599 HCOOH . r 9
4430 |HCEXH | |H 4.7 603 | (#4582| C 6B5 618 587 588
HCOOH N
Q
45 2x 4.33 587 588
HCOOH /N‘T\\
Q
46 | HCOOH | 4.68 605 606
/O\.\"" 0
47 | HCOOH | 4.45 605 606
/N
/O\J\O
48 2x / 4.29 603 604
HCOOH (/N
49 2x P 3.80 603 604
HCOOH O(\ N
0
50 | HCOOH | 4.20 614 615
\N/\[““\
K/N\'
51 HCOOH \ 4.19 587 588
"\
Q
52 2% / 4.61 603 604
HCOOH




312 x HOO ONHO 32 2 x HO H 2.95 D 589 590 N O

33 2 x HO H 4.90 B 589 590 N 0 WD 2009/ 010299
WOE@YBRRIDS/ 005913 53 34 2 x HC
"N~ 35 HCOOH ~ J 5-Me 4.88 B 603 604 O 36 HCOOH ~ J
%7 2 x N) H3.33 B 616 617

4-0Ove 5.41 B 619 620

HCOOH N 38 2 x HC

~N O

~''NH3.72 B 587 588 0O 39 HCOOH

~ H 5.09 B 58GCI/BERDM08/005913

4.Cl 5 96 B 620 621 N 40 2 x HCl ON4-Cl_6.78 B 649
5352 @ %1 2 NEB. 53 AH59 |5689THCpoH B 42 26634 604
4. 1HGOOH |574, P00
Q/’
54 | 2xHCI \ H 4.59 B 587 588
QE
Q
55 | HCOOH o H 4.70 B 603 604
N \\‘l
"1
0
56 2 X / H 413 B 616 617
HCOOH (\N)\
N ?
57 2 x \ H 4.50 B 601 603
HCOOH N—
0
58 | HCOOH | H 5.84 B 629 630
_N
>r o
FF !
59 | HCOOH SN 4F 5.74 B 604 605
NN
60 | 2xHCI L 4-F 5.88 B 607 608
N
61 | HCOOH | 4-F 6.41 B 607 608
@
0




10

O 43 2 x H4.31 B 573 574 HCOOH cN WD 2009/ 010299
PCT/ EP2008/ 005913 54 44 2 x H 4.45 B 587 588 HCOOH
WO 2049%10209 45 2 x H 4.33 B 587 588 HCOOH ~N 0 PUBGEPDEGOMS913
H 4.68 B 605 606 N "0",,\0 47 HCOOH H 4.45 B 605 606
" N"O- O 48 2 x / H 4.29 B%03 604 HCOOH (ii:1li, OO
49 2 x NH 3.80 B 603 604 HCOOH 0 0 50 HCOOH H 4. 20

B 614 615 —ON-51 HCOOH \—H 419 B 587588 N-= O
62 - SN H 4.21 589 590
(0]
* [M+2H]*
R
R! NI NH
|
a y2N2 Cl cl
R2 3
Table 5:
HPLC MS
No. salt R’ R* tr (min) | method MW [M+H]*
(calc.) (found)
free
base
63 2 x HCI H 6.11 B 616 621
A
SN
o
oY
R NJ\_/NH
6
LT L
72 cl cl
R2 3
Table 6:
HPLC MS
No. salt R’ R® ta (Min) | method MW [M+HT*
(calc.) (found)
free
base




52 2 x /| H4.61 B 603 604 HCOCH CO )

"O0 W

2009/ 010299 PCT/ EP2008/ 005913 55 53 2 x ~ H3.91 B
54 2 x HC \ H 4.59 B BGIVEBB88/005913
NO 55 HCOOH r0O H4.70 B 603 604 O56 2x ~ H4.13 B

W@OBIB0X9 HCOOH 0 N O
616 617 HCOOH (11 O

57 2

»/H 4.50 B 601 603 HCOOH

N O 58 HCOOH ~ H 5.84 B 629 630 F OFF 4-F 5.74 B

604605 659 HCOOH-ON-O 2 x HCO =7 F 588 B 607 608
640 g1H - 4-F 641 B49¥e q0s3-%N ¢ woB009) 018Fog | 605
PCT/ EP2008/ 0059'13[«‘
@
\ oA
S
N g NJ\E/NH
5N| AN 1 D\
4 hF 2 R R
R2 3
Table 7:
5
HPLC MS
No. salt R® R° R* | ts (min) | method MW [M+H]*
(calc.) (found)
free
base
65 2 x HCI 4-Me F Cl 5.33 B 570 571
66 2 x HCI 4-Me Cl F 5.06 B 570 571
67 2 x HCI 4-Me F F 4.51 B 554 555
o NN NH
6 H
4 KzN2 R R
R2 3
Table 8:
10
HPLC MS
No. salt R® R° R* | tg (min) | method MW [M+H]*
(calc.) (found)
free
base
68 HCOOH H Me Cl 4.45 B 595 596
69 HCOOH H Cl Me 4.33 B 595 596
70 HCOOH H Me Me 4.00 B 575 576
71 2x 4-Cl Me Me 6.83 B 609 611
HCOOH




56 62 -
R N Nz~

NHA4.21 B589 590 O"
5N \

[Mt2H + 0 O y No NH
~4 N2C G R 35 Table 5: HPLC M5

WORN0ISHI2P9 R1 R tR (min) nethod MV [ MH + ( cal BCY/EP2008/005913

(found) free base 63 2 X ] ~ H6.11 B 616 621 N
00 N R~ 1 NANH 5N Nz~ 198~ ~NC O R2 310
Table 6: HPLC M5 No. salt RL RtR (mn) nethod MV
[ M-H] +
! 9
NH
5 =
! T
A R R
Table 9:
HPLC MS
No. salt R* R° R* | tg (min) | method MW [M+H]*
(calc.) | (found)
free
base
72 |HCOOH | 4-Me F Cl 8.35 A 587 588
73 | HCOOH 4-Cl Me Me 5.91 B 583 585
5
OH
|
o NJ\E/NH
e O
4 42N2 R R
R2 3
Table 10:
HPLC MS
No. salt R® R° R* | ts (min) [ method MW [M+H]*
(calc.) (found)
free
base
74 | HCOOH 4-Cl Me Me 5.04 B 585 586
75 | HCOOH 4-F Cl Cl 5.13 B 609 610
10
A :
NI 0 OYR
0 N : NH
6 H
5 X7




(calc.)

(found)

WORY/010O N NOHCNI N 6 5N\ \ 4]

Table 7: 5 HPLC M5 No.

fred

free base WO 2009/ 010299
PCT/ EP2008/ 005913 57 64 HCOOH J 4-Me 3.93 B 604 605

/| R2PGI/RPRRA8/005913
salt RRRtR (mn) nethod MV

[MtH + (caic.) (found) base 65 2 x HC 4-Me F
Cl 5.33 B570 571 66 2 x HCl 4-Me O F 5.06 B 570 571
7.2 X HJ 4-Me FF 4.51 B554 555N ONJ OOy O
Tableﬁmn:_| 6
HPLC MS
No. salt R® R* | ts (min) | method MW [M+H]*
(calc.) (found)
free
base
76 HCOOH /3 H 4.83 B 601 602
z’.N
77 HCOOH | H 4.59 B 589 590
,—'N\
78 - ( H 5.51 B 617 618
AN
79 2 x HCI ( H 3.59 E 603 604
/'N\
80 2 x HCI H 8.12 A 631 632
,.NO‘OH
81 - H 5.02 B 633 634
,..NQ‘F
82 - F H 5.47 B 647 648
83 - F H 5.74 B 665 666
F
84 2x OH H 3.63 B 617 618
HCOOH ,.N/://
85 HCOOH 0~ H 5.18 B 677 678
"'N\/\O/
86 2 x HCI | H 4.66 E 619 620
/N\/\OH
87 2 x HCI | H 3.52 E 633 634
/.N\/\O/
88 - I/S H 5.09 B 633 634
N
89 2 x HCI H 2.97 E 631 632
A Dwon




5 4l

2x 4-Cl Me Me 6.83 B 609 61160
PCT/EP2008/005913 58 N |

N2 |/
RRRtR (mn) nethod MV[ MtH| +

R2 3 RR4 Table 8 10 HPLC M5 No.
(calc.) (found)

OO0 NH ONS5 4]

sal t

free
wWha®e/01389 HCOOH H Me C 4.45 B 595 596 69 HCORET/EPI00S8/005913
Me 4.33 B 595 596 70 HCOOH H M Me 4.00 B 575 576 71

HCOOH WO 2009/ 010299

N2 |

/

R2 3 Table O HPIC NS N salt DDDfD(mn\
gomai H’(')QOW[ M+H] gcal c|) Houhdf79rde B | 633 634
91 2 x HCI o H 2.70 C 631 634
N
92 2 x HCI (\O H 2.79 C 645 646
A
93 2 x HCI H 2.90 C 659 660
O
,—'N\)\
94 2 x HCI (') H 2.83 C 617 618
r‘.N
95 3 x HCI N= H 2.70 C 614 615
A
96 2x OH H 6.69 B 645 646
HCOOH ﬁ:j/
’,-N . .
97 2 x HCI ’7 H 2.86 C 627 628
—’.N
98 HCOOH (ONQ H 4.14 B 631 632
NT
99 - H 3.39 E 631 632
N oH
100 HCOOH O H 8.93 A 659 660
ATY
l!l J O _PR°
o N
o
492: N2 ci ci
Table 12:
HPLC MS
No. salt R° R° | tg (min) | method MW [M+H]*
(calc.) (found)




base

W@R0BR1RY 3 R R4 Table 10: HPLC M5 No.
(calc.) (found)

(mn) method MW [ MtH| +
HCOOH 4-CI Me Me 5.04 B 585886 75 HCOOH 4-F O d
5.13 B 609 610 10 ON,,J ORS ONONH 6 5 1 alci

72 HCOOH 4-Me F O 8.35 A 587 588 73 HCOOH 4-Cl
M Me 5.91 B583 585 504 NOOyY NYONNH 5\ 1\

sal t FCRERDFN05913

free

base 74

41 N2 R 2 2 Cl WD 2009/010299 PCT/EP2008/ 005913 59
Table 11: HPLC M5 No. shlt R B2 tR (njn) nethpd fia&
[MH + (cdlc ) (found) base
101 | 2xHCI - H 7.83 B 577 578
,"N\
102 | HCOOH OH H 3.46 B 591 592
T
103 | 2xHCI H 4.10 B 605 606
A Dwon
104 | 2xHCI | H 4.50 B 607 609
/'N\/\o/
105 | HCOOH O H 8.17 A 619 620
ANon
106 | HCOOH H 8.54 A 619 620
OH
107 | HCOOH H 4.16 B 619 620
A
*~OH
108 2 x H 4.05 B 619 620
HCOOH ,_,D—o\
109 2 x H 4.00 B 619 620
HCOOH ,,,D---o\
110 | 2xHCI Q( H 7.85 A 619 620
N OH
111 | HCOOH | H 418 B 621 622
N X
. OH
112 | HCOOH H 3.87 B 633 634
OH
—"N
113 | HCOOH Q H 4.03 B 619 620
~N OH
114 | HCOOH H 7.77 A 619 620
’_.D'"”\
OH
115 | HCOOH H 7.66 A 619 620
OH




free
4.59 B 589 590 78 -

wo2@B928 603 604 80 2 x HC ".
- ~H5.02 B633 634 F 82 -

81

base 76 HCOOH H 4.83 B 601 602 N 77 HCOCH |
/ H5.51 B 617 618 N~ 79 2 x HC

H

No-CH H 8. 12 APGBLPBB005913
FHS5. 47 B 647 648 83

FHG5.74 B 665 666 NaF 862 x ~OH H 3.63 B 617 618

HOOOH N 85 HOOOH O H 5.18 B 677 678 86 2 x HO | H
4 66 E 619 620 " N ' -'OH 87 2 v HCL | H 3 52 E 533
11630 HEROH (s H 5o B 638 6H4 |N349 2 x B [ NnPQ%H H 606
2.97 E 631 632,N5§'V@"2039/ 010499 PCT/|EP2008/ 005913
5090 HoOOM +H4.79 B 6B3 6341 01 2 W 1O ol 2 70 @
M3) HHOH L ooy 2w 1g rid |2 485c [pasBas | ©47 | 648
N
o/>\
118 | HCOOH /3[/ H 3.79 B 615 616
Faad
119 | HCOOH | | H 454 B 621 622
,'N\/\/O\
120 | HCOOH H 4.35 B 647 648
,D-o%
(@)
121 | HCOOH H 4.88 B 647 648
—"N
122 | HCOOH /9\/ H 4.63 B 633 634
N oH
123 5 x H 4.44 B 631 632
HCOOH @Y
W om
124 - H 414 B 605 606
S
“—OH
125 | HCOOH H 447 B 633 634
126 - H 5.31 B 647 648
HO%
127 - q' H 4.05 B 605 606
_N
OH
128 - F, H 515 B 673 674
~N OH




- N) 932 x HJ H2.90 C659 660 --.N- 94 2 x HCl D
H2.83 C617 618 N 95 3 x HJ Ne\ H 2.70 C 614 615

WO MDIDE?2% x OH H 6.69 B 645 646 HCOOH N~ 97 2PXI/ER100805913
2.86 C 627 628 N 98 HCOOH rO~ H 4.14 B 631 632 N 99
- H3.39 E 631 632 OH 100 BS800H - O~ H 8.93 A 659
660 - NJ/O NOOARS INH ONG6 5\ 4-N2 ~/ R2 3

C— Fable 12 5 HPLC M5 No.—salt P5 R tR (nin)
1 AN ~ m O [TV TN LA T TL U Tv

A ¥~ R e S | B = - gun | B A "~ Smmasn B = 40 Mg 3 Sl SR B = SN B T e N R |

Cl
129 e} hod” MW | MrH] +_ C'sal c.|) ffdund odo/ oBo2og 559 560
PQT/ EP2008 005937~0H

130 HCOOH H 4.92 B 659 660
N OH
131 - H 3.00 B 604 605
/.NO—NHz
132 2x / H 7.43 A 632 633
HCOOH JD—N\
133 2x | H 6.94 B 605 606
HCOOH N
H
134 2x | 0] H 7.06 B 633 634
HCOOH N

6

o 0
N

a9 =2 ci cl

R2 3
Table 13:
HPLC MS
No. salt R® R® ta (Min) | method MW [M+H]
(calc.) (found)
free
base
135 2 x HCI |/ H 7.76 B 577 578
- N\
136 HCOOH OH H 3.65 B 591 592
NT
137 2 x HCI H 412 B 605 606
138 2 x HCI | H 4.88 B 607 608
/'N\/\o/ o




61 free base 101 2 x HCl H 7.83 B 577 578 --N- 102
HCOOH OH H 3.46 B 591 592 N 103 2 x HCl H 4.10 B 605
WGO®H9/01029N "OH 104 2 x HCl | H 4.50 B 607 609 PQUOBP2008/005913
HCOOH H 8.17 A 619 620 N OH 106 HCOOH H 8.54 A 619
620 N R OH 107 HCOOH r H 45#6 B 619 620 N OH 108 2
xH4OSB619620 HCOOH -. NO-O 109 2 x H 4.00 B 619

NeMo—110 2 x I—I(‘I J 7 805 A 619 620 ocH111

A~ R~ amun g —a 1=

13%3{5‘435@34'18 21 622 H- 36 1ho oo 8087 B 606

638 634 OH -.
A .
O, S
o A
L
a=N2
2 s Cl Cl
Table 14:
5
HPLC MS
No. salt R® R® | ts (min) | method MW [M+HT*
(calc.) (found)
free
base
140 HCOOH OH H 3.17 B 589 591
T
141 2 x HCI H 3.52 B 603 604
142 2 x HCI | H 3.87 B 605 606
/'N\/\O/
143 HCOOH H 3.18 B 603 604
,NQ‘OH
5
\N/\ 0 Oﬁ,R
(A A
e 2
aX=N2
H2 3 Ci Cl
Table 15:
10
HPLC MS
No. salt R° R® ta (Min) | method MW [M+H]*
(calc.) (found)
free
base




10

15

20

25

113 HOOOH H 4.03 B 619 620 -.N OH 114 HCOOH H 7.77 A
619 620 OH 115 HCOOH H 7.66 A 619 620 N OH WO
WQO09HOROPI9 PCT/ EP2008/ 005913 62 116 HCOOH HPGI/EPR20B3/005913
605 606 ~OH ,.N H 4.58 B 647 648 117 HOOOH N..N O H
3.79 B 615 616 118 HCOOH I &3 /N 119 HOOOH H 4.54 B
621 622 1,.NQ, 120 HOOOH H 4.35 B 647 648 N 0 121

Q D 6/I7 R/IQ HO N 122 H 4 8633

Tad54 FICKQH 125 zj/ Taa% o1 483 Toodh Njoe0s. | 607
N

The following examples are provided to illustrate the invention and are not limiting the

scope of the invention in any manner.

Common Intermediates:
1-tert-Butoxycarbonylpiperidin-4-yl)(iodo)zinc:

o)
X
I\Zn‘(:’\j OX

Zinc activation. A schlenk flask was charged with Celite (1.28 g) and dried by heating in
vacuo. Then zinc dust (6.51 g) and dry N,N-dimethylacetamide (15 ml) were added. The
mixture was stirred at room temperature while a 7:5 v/v mixture of chlorotrimethylsilane
(1.14 ml) and 1,2-dibromoethane (0.80 ml) as solution in N,N-dimethylacetamide (1 ml)
was added at a rate to maintain the temperature below 65°C (~15 min). The resulting
slurry was aged for 15 min.

Zink insertion. A solution of Boc-4-iodopiperidine (24.8 g) in N,N-dimethylacetamide
(39 ml) was slowly added to the mixture described above at a rate to maintain a
temperature below 65°C (~20 min). The resulting reaction mixture was then aged for
30 min at room temperature. The suspension was filtered through a frit under argon to
remove all solids. The resulting pale yellow solution was stored at room temperature under
argon and was directly used for the coupling reactions.

3-Fluoro-3',4',5',6'-tetrahydro-2'H-[2,4']bipyridinyl-1'-carboxylic acid tert-butyl ester:

o :
F N/U\O><
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124 - ~ H4.14 B 605 606 N ~( ~OH 125 HCOOH H 4.41 B
633 634 r:::~ ,NOH 126 - A/ H5.31 B 647 648 HO 127
WO 2049412% B 605 606 N OH 128 - :)< CF 3 H 5. RGI/BPHTS005913
674 -.N OH WD 2009/ 010299 PCT/ EP2008/ 005913 63 129 -
CF3 H9.04855956O OH ,. NP 130 HCOOH H 4.92 B 659
660 ,,.N OH 131 - NONHHSOOB604605 2 132 2 x
63263 2 x 1 H6.94 B 605 606

A sl Tish s ST, it ot e, [1.1-
bis(digPeRYIphdsphinditerrécéneldichloropalladium(ll) complex  with  dichloromethane

(1.39 g), copper(l) iodide (0.65 g), and dry N,N-dimethylacetamide (80 ml). The resulting
mixture was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (79.7 mmol) was added. The mixture was
degassed once again and then heated to 80°C overnight. The main part of N,N-
dimethylacetamide was then evaporated and the remainder was taken up in a mixture of
EtOAc and water (500 ml each). This was then filtered through Celite and transferred into
a separatory funnel. The phases were separated and the water layer was extracted with
EtOAc (3 x 250 ml). The combined organic layer was washed with water and brine (500 ml|
each), dried (Na>SQ,), filtered and concentrated in vacuo. The crude product was purified
by chromatography to furnish the desired compound in form of a brown solid.

(S)-1-Pyrrolidin-1-yl-butan-2-ol:
v
Do

Pyrrolidine (5.76 ml) was added to a mixture of (S)-(-)-1,2-epoxybutane (5.00 ml) and
water (25 ml). The reaction mixture was vigorously stirred overnight at room temperature.
More water (25 ml) was added, and the organic materials were extracted with diethyl ether
(2 x 100 ml). The combined organic layer was dried (Na,SQ,), filtered and concentrated in
vacuo. In order to get rid of volatile impurities several co-evaporations with ether and
toluene were carried out (each with 2 x 10 ml) to furnish the desired compound in form of a
colorless liquid.

(R)-2-Pyrrolidin-1-yl-butan-1-ol:

\s
~
«

Cw
OH

To a solution of (R)-(-)-2-amino-1-butanol (5.00 g) and 1,4-dibromobutane (6.61 ml) in
CH;CN (60 ml) was added K>CO; (15.48 g) and the resulting suspension was stirred at
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4 N2 R2 3 C C Table 13: 5 HPLC M5 No. salt R5 R
tR (mn) method MW[M+H + (calc.) (found) free base
WQA2®IR1029HCI H 7.76 B 577 578 ,,. N~ 136 HCOOHPCIT/EEX08405913

3.65 B 591 592 NY1372XHCIH412B605606()-|

138 2 x HCl H 4. 88 B 607 600D 2009/ 010299

PCT/ EP2008/ 005913 64 139 HCOOH H 3.56 B 605 606 -C]—I

N 37N pR5 6 5 I R2. 3 C Table 14: 5
reflux R PREAU{OF 19 BOUES ﬁhenﬁeﬁyt%mﬂarwmapma@e 4P cvafuo and the
residuel Wad1divided’ §&ween EtOAc and water. The organic layer was washed with water

and brine. The aqueous layers were extracted with EtOAc. The combined organic layer
was dried over Na,SO, and evaporated in vacuo to dryness. The crude product was
purified by Kugelrohr distillation (12 mbar, 106-150°C) to yield a clear colorless oil.

(S)-1-Dimethylamino-butan-2-ol:
\

N
e

A mixture of (S)-(-)-1,2-epoxybutane (9.66) and water (40 ml) was placed in a 100 ml
flask. Dimethylamine (40% solution in water, 20.3 ml) was added in one portion and the
reaction mixture was cooled for a few minutes with an ice bath and stirred overnight at
room temperature. Solid NaCl was added until saturation and the mixture was extracted
with DCM (3 x 50 ml). The combined organic layer was washed with water and brine
(30 ml each), dried (Na,SO,), filtered and carefully evaporated (20 mbar / 25°C) to yield a
colorless liquid.

(R)-2-Dimethylamino-butan-1-ol:

(R)-(-)-2-Amino-1-butanol (5.00 g) was added dropwise to cooled formic acid (11.0 ml).
Formaldehyde (36.5% aq., 10.73 ml) was added and the mixture was stirred at 0°C for 1 h.
It was then heated to 90°C for 4 h. The reaction was evaporated in vacuo and the oily
residue was partitioned between DCM (150 ml) and 1 N NaOH. The organic phase was
washed with 1 N Na,CO3; and brine. The DCM phase was dried over MgSQ,, filtered and
evaporated to yield a yellow oil. It was purified by Kugelrohr distillation (60 mbar, 85—
130°C). The product was obtained in form of a colorless oil.



10

15

20

25

base OH H 3.17 B 589 591 140 HCOOH 1Y 141 2 x HO H
H 3.52 B 603 604 142 2 x HO H 3.87 B 605 606 143

WOHSODRIMEB. 18 B 603 604 OH N p Oy R5  ON NNHPCHEEI00$05913
cc, R2 3 C Table 15: 10 HPLC M5 No. salt RR tR
(min) method MV[MH + (cal® ) (found) free base WO
2009/ 010299 PCT/ EP2008/ 005913 65 144 HCOOH _ \/ H

. 4-F 4.43 B 606,607 N The followi ng exanples are

2-Di @Peyeof%mq%gﬂma@-mé i nvention and are not

limting the scope of the invention in any manner. 5
Common Internedi ates: 1-t - But oxycar bon
yl pi peridi n-4-yl) (i odo)zihfc:

A mixture of 2-amino-2-methyl-1-propanol (5.00 g), formaldehyde solution, 36.5% in water
(10.73 ml) and formic acid (11.00 ml) in water (20 ml) was stirred at 0°C for 1 h and then
heated to 90°C for 4 h. The reaction mixture was concentrated in vacuo, the residue
diluted with water (20 ml) and made alkaline (pH 14) by addition of 1 N NaOH.
Furthermore, solid NaCl was added until saturation. The aqueous solution was extracted
with dichloromethane (3 x 50 ml) and the combined organic layer was dried (Na,SO,) and
concentrated in vacuo. Distillation under reduced pressure (40 mbar) afforded the desired

compound as colorless oil.

(S)-1-Methyl-piperidin-3-ol:

(.

A mixture of (S)-3-hydroxypiperidine hydrochloride (4.00 g), formaldehyde solution, 36.5%
in water (3.73 ml) and formic acid (2.19 ml) in water (20 ml) was kept under reflux
overnight. The reaction mixture was concentrated in vacuo, the residue diluted with water
(20 ml) and made alkaline (pH 14) by addition of 1 N NaOH. Furthermore, solid NaCl was
added until saturation. The aqueous solution was extracted with dichloromethane (3 x 50
ml) and the combined organic layer was dried (Na,SO4) and concentrated in vacuo.
Distillation under reduced pressure (10 mbar) afforded the desired compound as colorless
liquid.
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I~ Zn 10 Zinc activation. A schlenk flask was charged
wth Celite (1.28 g) and dried by heating in vacuo.
wap@p/ori2er dust (6.51 g) and dry N, N-di met hyl aRE€T/BP30d005913
(15 M) were added. The mxture was stirred at room
tenperature while a 7:5 v/v &% xture of
chlorotrinethylsilane (1.14 m) and 1, 2-di bronoet hane

as_solutiaqn in I met hyl ] de ,
SR EDIaeMberBin s Pul s 45 bl eRy R 2 Akl a1+
carb&?’:@‘ﬂcﬁﬁféﬁb&ﬁrl'@s@r The resulting slurry was aged
mn. Zi'nk insertion. A solution of
Boc 4 i odopi peridine|(24. 8 g) in N Ndinethylacetan de
(39 M) was slowy adde tothe xture descri bed
above at a rate to mai talna ture bel ow 65C
(-20 mn). The resulti ure was t hen
aged for 20 30 mn at r erature. The suspensi on
was filtered through a der argon to renove all
solids. The resulting RaLe yell ow sol uti on was stored
at room tenperature under argon and was directly used
for the coupling reactions. 3-Fluoro-3,4,5;
6=t et rahydro-2'Hf 2, 47bi pyri di nyl - 1- carboxylic acid
(R)-2-Dien¢thplamyimo-batasr 1-o(X1.604p) was ddded tide? @dgdr0a0aYo to a suspensmn

o i, LR PRI by S ol S0 ST by b vas

removléb@ﬁrﬂhhéﬁh&&fré mirﬁbdcétl r@bﬁp@ni@iawi’é fdr)2 ﬁomérea filotdr3',4',5',6'-
| or onet hane i odi de

tetrahigig KSR IPPAIRY iy catasbalic GBI B0 PHty! X+ 29010) g added and

the reﬁbﬂ%dégﬁxtgﬁez xfi‘a%?l?éét@& 141 130°8 I Bathi @ehpeRaUrEY AP being stirred at

120°ngwmgmutb@rryapﬁlq;emmﬁure avag ponestwpiechd? (vague. el remaining dark
o BE o O 0 S SIS RS9y i v 1

Na,C@y (B0 ad)etTdm cembinedt dpreoces dpyeravas resedtracted with EtOAc (30 mi)

and th&&%ﬁ}blﬁ%&@%‘?’\iéggﬁrﬂwg Hl:aghaggl h)g{q%f s{’{%lfégA etdh(%%gqf) filtered and

evapofeted teyialth Hamsrbanraid Itiwdspurified by column chromatography.

[(R)-1-(1',2',3,4',5',6'-Hexahydro-[2,4']bipyridinyl-3-yloxymethyl)-propyl]-dimethyi-

amine:

3-((R)-2-Dimethylamino-butoxy)-3',4',5',6'-tetrahydro-2'H-[2,4'Jbipyridinyl-1'-carboxylic acid
tert-butyl ester (788 mg) was dissolved in a mixture of dioxane (15 mil) and methanol
(4 ml). 4 N HCI in dioxane (15 ml) was added and the reaction was stirred at room
temperature for 1 h. Evaporation of all volatiles including co-evaporation with toluene (4 x
30 ml) gave a beige semisolid, which was dried further in high vacuum overnight. The
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a separatory funnel. The phases were separated and the

wat er | ayer was extracted with 10 EtOAc (3 x 250 m).
wWap@ooum» ned organic | ayer was washed wi th waPE&F/ER2908/005913

brine (500 M each), dried (Na2SO4), filtered and

concentrated in vacuo. The de product was purified

by chromat ography to furnish the desired conpound in

remai%i%&%ﬂé,ﬁq%irﬁﬁ?aﬁé@%ibqlfrgrpfg_%d_iet@q ether. 3he gaglvent was decanted

and tRrOALENASANE Fhydub. was added to a mxture of
(S)-(-)-1, 2-epoxybutane (5.00 m) and water (25 m).
The reaction mxture was vigorously stirred overni ght

; ! .ature. Mre water (25 m) was added,

Synt@%ﬁ?ﬁ?%%ﬁf‘%’mteri als were extracted with diethyl

B-C Muiétyr1:20 (2 x 100 m ). The conbi ned organic |ayer was

Inter. drciﬂe?l % 2SA), filtered and concentrated in vacuo.
Medigteyer’t o get rid of volatile inpurities several
co-evaporations with ether and toluene were carried
out (each wth 2 x 10N t@H urnish the desired
conpound in formof a Ocolprléss kH§Lid. 25

(R -2-Pyrrolidin-1-yl - but ans | : CNcOH To a solution
of (R)-(-)-2-am no-I-butanol 00 g) and
1, 4-di bronobut ane (6. 61 ngy CN (60 m) was

added K2CO3 (15.48 g) and the resulting suspension was
stirred at WD 2009/ 010299 PCT/ EP2008/ 005913 67 refl ux

To a SGEREIGoL ST, B%adlgblend b8 GO0 & Hiefaal® (100 mp was
dropwizgt adtiza thiocdjNechidridea13dr ml) TDaring grntsurb@ e the/gddivgsaetbar solution
and brjne. The, aq ers were

was Qiiet At e, ePR 1R ElR0E 1R SRR PSR AT KL s kephnder reflux

for 2 HITARA cBYRg PO terseral Al Ma rtdtutd w8 eVapdratel 1 @§Ress at 40°C.
The crude product was 5 purified b){1 Kugel r ohr
il

The crydetprogdugtiwas trityraashin diethsl atbet)andothgiiaseluble gogmpound was filtered
of, wisHeRY MR Rt Stoeh sty Yy e, AR BisiRom Engdlgpye over PO,
overnightd Thetpsedyctvasl gbtained i taredofi qolcrless Meetles.

Intermediate B1):

A 350 ml three-necked, flat-bottomed flask was equipped with a mechanical stirrer and
charged with DCM (80 ml), saturated aqueous sodium bicarbonate solution (80 ml), and
intermediate A1) (5.69 g). The biphasic mixture was cooled in an ice bath and stirred
mechanically while triphosgene (1.96 g) was added in a single portion. The reaction
mixture was stirred in the ice bath for 45 min and then poured into a 250 ml separatory
funnel. The organic layer was collected, and the aqueous layer was extracted with three
20 ml portions of DCM. The combined organic layer was washed with water, dried over
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flask. Dinethylamne (40% solution in water, 20.3 m)

was added in one portion and the reaction m xture was
W@ awpheth2dbr a few mnutes with an ice bath andPGI/EP20881005913

overnight at roomtenperature. Solid NaC was added

until saturation and the mixtlure was extracted with

DCM (3 x 50 m). The conbi ned organic | ayer was washed

Na:SG4 titefh Fnd Siancrpli 7 vodie o e ot Mo arite product as a
semlsb!ll@|'I¢1e&esia%6}fése§§rufie'd%v ﬂu%m no%rs?gﬁi?damn OzldO?gMggB SJJGA\P;\-;DS 08 mbar).

The p@@’@@blww @Btﬁ"se@ @%C@abc@grlesw c acid (11.0 m).
For mal dehyde (36.5% aq., 10.73 nml) was added and the
m xture was stirred at OC for 1 h. It was then heated
IntermedigteCfihr 4 h. The reaction was evaporated in vacuo
and the oily residue was partitioned between DCM (150
m) and 1 N NaOH. The organic aye was 25 washed with
1 N Na2CO38 and brine. Theg e was dried over

MpSH, filtered and vapfjr at to yield a yellow oil.
It was purified by KugEiO”oTTV'\g'Fstillation (60 nbar,

85- 130C). The product was ¥btained in formof a
colorless oil. W 2009/ 0102 EP2008/ 005913 68
2-Dimeth yl am no- 2- et hyl - ...— -ol: NOH A
m xture of 2-am no-2- rrethy 1- pro%anol (5.00 9),

f or mal dehyde sol utlon 36 5% in vvater 5 (10 73 m )

and formc acid (11.00 m) in water m) wa
To andge Wlééoattlooc?ff'@ﬁerrmeﬂ'aéml1i (99 ge it B M LZtlio] wa$ agded pyrrolidine

(4.56 E@ g% AP u@éﬁﬁfuﬁﬁ‘%ﬁh %@Crggfdvéh%gmd  SHrHAG W %ﬁqutejed for 4 h.

uted wth water
The re(aphmn)lxtbge wddievaporatéd in \mquad;he r@&ndwmwamewss@med th EtOAc and

the or%ﬁ: %‘fe T W d@ﬁsb’ﬁ W|tgls NJFI?% %\ﬁ L sgﬁ.( @ggﬁgsﬂ/\@gl’ ghé%‘?ine. All the

aqueoub daymsivwerecextragted with St@Ac/dhedcombinedlatGaMis layel Was dried over

ncent r at d i.n vacuo. Distillation under reduced
Na?scg‘rae@g‘ﬁ 0 6 B XASURFEYRRIF t he desired conmpound as

colorless oil.
B-C Moiety 1:

ooy
oA

CD\CI
Intermediate C1) (6.28 g) was dissolved in MeOH (100 ml) and THF (30 ml) at 0°C. A
solution of lithium hydroxide monohydrate (1.53 g) in water (30 ml) was added dropwise
over the course of 5 min. The mixture was stirred at 0°C for 60 min and then acidified by
adding 0.5 M HCI. The reaction mixture was extracted two times with EtOAc. The
combined organic layer was washed two times with water and with brine, dried over

Na>SO, and evaporated in vacuo. The solid residue was triturated in Et,O, then filtered off
and washed with Et,O. The product was obtained as a white solid.
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(S)-1-Methyl -piperidin-3-ol: N CI1OHd 15 A m xture of
(S) - 3- hydr oxypi peri di ne hydrochl oride (4.00 g),
wo eoopmidehyde sol ution, 36.5% in water (3.73 POl/EP20d8/005913
formc acid (2.19 m) in water (20 mM) was kept under
reflux overnight. The react’/Pon mi xture was
concentrated in vacuo, the residue diluted with water
2 .) and made al kaline (pH 14) by addition of 1 N
B-C M&é%yl.rg'FurthernDre, solid Nad was 20 added until
InternfedigfedA2n. The aqueous sol ution was extracted with
di chl oronethane (3 x 50 nl) and the conbi ned organic
| ayer was dried (Na2SO4) and c rated i n vacuo.
Distillation under reducgdogr re (10 nbar) afforded
the desired conpound as folorless liquid. 25 WO
2009/ 010299 PCT/ EP2008% oMl 69
3-((R)-2-Di met hyl am no-butpxy)-3;4;5;6
-tetrahydro-2'H (2,4 Jbipyr | -1- carboxylic acid
tert-butyl ester: I "IN O N5
(R) - 2- D et hyl am no- but an®-o (X004 g) was added
under argon at OC to a suspension of sodium hydride
(60%in mneral oil, 240 ng) in DVF (30 m). The
To anciceldofd) sbafttibnvetsinterarealiatd Bid(200emig) it andydrsisSDMA €15 ml) was

addedaé #)Iﬁﬁ%fogggﬁb?%%yfage{i&{m %ygi’ocmg?lrc]je (160 mg) and triethylamine (205 pl)

in anhy@ousMMFQ23 i) dnder] M. Mel Mixtore-was &M SiMiNY ia 08Cif8r 4 h 30 min.
tert-butyl ester (1.200 g) was added _and the reaction
The regétion, MxtEe; WAS A AOred 4 wacer-| Thearesiduenpyas slilytes) with cold EtOAC

(75 miAth € brdalidphadd WasWadhed Kithd® FPVR %9@5 @Q%dﬂe&ﬁ'\%?ﬂe aqueous

' e remaini ng

m xture was co_ncent rated i n VaCl,_IO. |
phase pagwig-extraciegswiih SR amdi the erganic abasexwas (dried aviey NaaB0,, filtered

and oSALIAGHaS: HERRS A, b JZERE (o Db
(30 m)

B-C Moiety 2:

OH

o NT

0]

Y
HOJ\_/NH

Intermediate A2) (255 mg) was dissolved in MeOH (1.5 ml) and THF (4.0 mi) at 0°C. A
solution of lithium hydroxyde monohydrate (62 mg) in H,O (1.5 ml) was added. The
mixture was stirred at 0°C for 4 h 30 min. The reaction mixture was neutralized by addition
of 1 N HCI and the solvents were evaporated in vacuo. The aqueous phase was then
acidified with 1 N HCI (pH ~ 1-2). The aqueous phase was extracted with EtOAc (~1 x
20 ml). The organic layer was washed with water and brine. The aqueous phases were re-
extracted with EtOAc, the combined organic layer was dried over Na,SO, and evaporated
in vacuo to yield a colorless solid.
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and the conbi ned organic | ayer was washed with brine
(50 M), dried (MgS™M), filtered and evaporated to
W@ t@bdieddar k brown oil. It was purified by coPCHREP2008/005913
chromat ography. 15 ((R)-1-(1;2;3 4',5;6: Hexahydro-[2, 4
Jbi pyri di nyl - 3-yl oxynet hyl )-7& opyl J-di net hyl - am ne: N
,~% x 3 HCO | O NH Q0 20 3-((R)-2-Di net hyl am
No- bélt oxy)-3',4",5 ,6'-tetrahydro-2'H[2,4" ]bipyridin
Bcwiﬂ carboxyllc aC|d tert-butyl ester (788 ng) was
/nte,,ﬁég,agg)qg)j in a mxture of dioxane (15 m ) and net hanol
(4 . N HCl in dioxane (15 nml) was added and the

reactlon was stirred at room erature for 1 h.
Evaporation of all voI at il ®Hng co-evaporation
with toluene (4 Xx mj\n/veabelge sem sol i d,
whi ch was dri ed furth‘e AHgh vacuum overni ght. The

WO 2009/ 010299 PCT/ EP2008/:005913 70 renmaining solid
was triturated with 10 m 0O di ethyl ether. The
sol vent was decanted and tie pgitoduct was dried in
vacuo. Synthesis of B-C MiietfYesCl 5 B-C Miety 1:
Intermediate Al): O ~ONH2 x HCI Cl aci To a

suspensi on of D2, 4-di chl orophenyl al anine (10.00 g) in

(R)-3- I?Wrdslamtdl (G,hGOQ)Fd/és atbded idadee® poldssdlibhesk |ntermed|ate B1) (1.50 g) in
Duri ng the course of

hl d 9. t
CH.CIa 4y T AN RINGRFS. 438 ioE RAih WakerTvREnal i i condiguieR dar 2 hours.

The re%bﬁér‘i ﬁﬁxthfé \Vv§§ |eVépor-5h§1 frﬁ?’é?ﬁ;bomh@‘réél&ﬁeew%sre&g%lvéﬁ‘ Fil\eEtOAc and
ux After cooling to roomtenperature t

the Oraﬁlm@ laver \»e?és \@@%ﬁm witad NHQk yasers sat. NEHCO,, Twiater audebrme All the
cuso 8461 IS PR BT Koty oo s oo

MgSQdli filtergd ard Bwaporated /hivaalio Yo dryness.i n vacuo at room
t enperature over P205

B-C Moiety 3:

OH
oy
P

CD\CI
Intermediate A3) (1.78 g) was dissolved in MeOH (35 ml) and THF (9.5 ml) at 0°C. A
solution of the lithium hydroxide monohydrate (0.41 g) in H.O (9.5 ml) was added dropwise
over the course of 5 minutes. The mixture was stirred at 0°C for 2 hours. The reaction
mixture was acidified by adding 0.5 M HCI and was then extracted twice with EtOAc. The
organic layers were washed twice with water and brine. The combined organic layer was

dried over Na,SO, and evaporated in vacuo. The solid residue was triturated in Et,O, then
filtered off and washed with Et,O to yield a colorless, crystalline solid.
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15 overni ght. The product was obtained in form of
colorless needles. Internediate Bl): O OC acl 20 A
WQ@2@m020hr ee- necked, flat-bottoned flask was BCUEPI®e005913
with a nmechanical stirrer and charged with DCM (80
m) saturated aqueous sodi ufft bi car bonate sol ution (80
and internediate Al) (5.69 g). The biphasic
e was cooled in an ice bath and stirred
Bc%@ﬁ’a%-l cally while triphosgene (1.96 g) was added in a
Interrhb8f#teé A¥)r tion. The reaction mxture was stirred in
the ice bath for 45 mn and then poured into a 250 ni
separatory 25 funnel. The organr¢ | ayer was coll ected,
and the aqueous | ayer was @xtnacye®HM th three 20 ni
portions of DCM The confi ndd organic | ayer was washed
with water, dried ovenaWDy /010299
PCT/ EP2008/ 005913 71 Na2SXM, filtered, and evaporated
in vacuo to dryness to yiel¥ crude product as a
sem solid. The residue was g i ed by Kugel rohr
distillation (200-240C, 0Cl04-¥. O%Inbar). The product
was obtained as clear colorless oil. 5 Internediate
A): 00Yr ~NH C aci To an ice cold solution of

(S)-3-Pptredimsli (@t43 gm)as(afh&a 19) a iick BERY ddM@idH of m&saéy&?ﬁte (1.50 g) in

Eérrolldlne ? After 10 m nutes the ice
CHClae ¢S mBhodliar 2 dnigptas thegicqebatl: gas rameyedoand, sHmnglrepntmued for 4

hours.TRe " Ra6fidrP fikturd Wa% BGHIRARACIAL S, 3 ﬁ'h\éaFéé%ueT%F redlssolved in

resi due was redissolved in EtOAc an organi c
EtOAq\asd \ihe nsganif dayer wasaashegmveth 1 MHCINNAGES SawdtlaiﬂC@@cand brine.

Each E@%ﬂﬁjs [%klar %Qg re: %9( SORY ity BISALCtRs %E%ﬂ'ngegegr@% chlayer was dried

organi c layer was dr
over Mg30qxfiltened @ndpevaaiomtednnvmuo tbodrglngm;esﬁqe pfoddcCwas obtained in

form o'Y%i ceotlélrlels:s, gtaglewgam'. —~NH

B-C Moiety 4:

Intermediate A4) (1.97 g) was dissolved in MeOH (35 ml) and THF (9.5 ml) at 0°C. A
solution of the lithium hydroxide monohydrate (0.45 g) in H,O (9.5 ml) was added dropwise
over the course of 5 minutes. The mixture was stirred at 0°C for 2 hours. The reaction
mixture was acidified by adding 0.5 M HCI and was then extracted twice with EtOAc. The
organic layers were washed with water and brine. The combined organic layer was dried
over Na,SO, and evaporated in vacuo. The residue was taken up in diethyl ether and
evaporated again. The remaining colorless foam was dried in vacuo.
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HO CI acl Internediate Cl) (6.28 g) was dissolved in
MeOH (100 mM) and THE (30 m) at 0OC. A solution of
WO paobounzehydr oxi de nonohydrate (1.53 g) in watRCT/EBD08/005913

m) was added dropwi se 20 over the course of 5 mn.

The nmixture was stirred at 0 for 60 nin and then

acidified by adding 0.5 MHCI. The reaction m xture

vvase% dtvvotlrres with Et OAc. The conbi ned
Svnﬂlﬁsg%ﬂf xq 2has washed two times with water and with

ied over Na2SO4 and evaporated in vacuo. The

Inten@%&{égerzg}sl due was triturated in Et20, then filtered

off and washed with Et20. The % t was obtained as

a white solid. WO 2009/Q102 ﬁ Oﬁ&oom 005913 72

B-C Miiety 2: I|nternedi OON/ ,~,NH O

Cl aci 5 To an ice col n of internediate 131)

(200 ng) in anhydrous DI\/F (2.5 M) was added a

sol ution of 3-hydroxyaz |d|ne hydr ochl ori de (160 ng)

and triethylamne (205 pl) in anhydrous DMF (2.5 m)

under Ar. The m xture was left stirring at OC for 4 h
A flanBOdriedh SchlEnk flaeh(wasocha’rgad with 3vbroney-2pfucrd-Gebitolinea@dd. mg), [1,1'-

bis(di%{%gh%g‘sgﬁ gg q&i@ﬁ&lgrqmﬂa&ynﬂllﬁq%le((273N|g1|5) ;Tpi;:nl%romethane
(56 m%ﬁd:d@bbflg |oime @BURGY Sadd dAN ABR-diMstHyRacexdrh et @dm tihe resulting

OQAc and the organic phase was dried over Na2SO4,
mixturg; | W@ﬁedde%egva\ﬂﬁh at dternatingy| yarwde/asgen wJuirges-ai haen  1-tert-

butox?’gyég&&ﬁn?ef%h %E?/M@Iéﬁa%lﬁ% Q8. 102N pRefardl & Yederibdd Ebove) was

added. The mixture was degassed once again and then heated to 80°C overnight. The

main part of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (50 ml each). The mixture was then filtered through Celite
and transferred into a separatory funnel. The phases were separated and the aqueous
layer was extracted with EtOAc (2 x 50 ml). The combined organic layer was washed with
water and brine (100 ml each), dried (Na,SQO,), filtered and concentrated in vacuo. The
crude product was purified by column chromatography to furnish the desired compound in

form of a colorless oil.

Intermediate 2b):

Cl‘\l 2 x HCOOH
1 JAX

N N

N
I/

In a sealed tube were placed intermediate 2a) (0.55 g), methyl-(2-pyrrolidin-1-yl-ethyl)-
amine (2.10 g), and N,N-diisopropylethylamine (286 ul). The reaction mixture was heated
to 150°C for 4 d. The main part of the volatiles was evaporated and the remainder taken
up in EtOAc (100 ml). The solution was washed with NaHCO; (2 x 25 ml) and the
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15 Internediate A2) (255 ng) was dissolved in MeOH
(1.5 mM) and THE (4.0 mM) at OC. A solution of
WO paobounzshydr oxyde nonohydrate (62 ng) in H2O ¥AT/BP290§/005913
was added. The mxture was stirred at OC for 4 h 30
mn. The reaction mxture wa® neutralized by addition
of 1 N HCl and the solvents were evaporat ed i n vacuo.

The aquequs phase was t cldifi 1 N HC
combipgl WEHET 4ver Has dermRtreigEadD BAAG eSamlled ha oroamicayers were
mergdd dndwasRed"ith bFRE (25 AN 'd?leHEKN%ES@)?)S fllt‘@féﬁ%d"\é\?a?o\‘ﬁéﬁ 'The crude
and brine. The aqueous phases were re- extract
produgtk wag putitird by eplumti ciomatpgraphy ¢o isgiate dmr%aj:teﬂfetartmg material and

a o R0 B B Ry s

by preparative HPLC nndenacidistoonddipns @ foriN d¢fl ZbtownliéhOegin. acl 5
(R -3-Pyrrolidinol (1.43 g) was added to a ice cold
solution of internediate 131) (1.50 g) in CH2C 2 (25

Intermédiaté’Epr 2 hours, the ice bath was renoved and
stirring continued for 2 hours. The reaction m xture
was evaporated in vac The ,ra5hdue was redi ssol ved
in EtOAc and the org Iayer was washed with 1 N
HCl, water, sat. NaHCG3, ter and brine. Al the
aqueous | ayers were extractgd wAhNRt OAc. The conbi ned
organi c layer was dried oveq S, filtered and
evaporated in vacuo to dr “C Moiety 3: Op NcOH
HQJ~~ NH C Cl 15 Interne A3) (1.78 g) was
di ssolved in MeCH (35 mM) and THE (9.5 n) at 0C. A
solution of the I|ithium hydroxide m)nohydrate (0.41 9)

in H2O (9.5 m ) was added dropw s
To Boc-protected intermediate 2b) (69 mg) in a mlxture of DCM (1 ml) and MeOH (1 ml)

was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred

at room temperature for 1 h. Evaporation of all volatiles and co-evaporation with toluene (2
x 5 ml), and acetone (5 ml) led to a beige solid, which was dried further in a desiccator
over Sicapent overnight.

Example 2:

Cl\\'\l\xiHCI JOJ\O/TI\;D

N =4
> PO
|
Z Cl Cl

Intermediate 2c) (68 mg) and B-C Moiety 1 (60 mg), 1-hydroxybenzotriazole hydrate
(32 mg) and N-methylmorpholine (58 pl) were dissolved in DMF (3 ml). After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (48 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (12 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. Na,CO3;
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over the course of 5 mnutes. The m xture was stirred

at OC for 2 hours. The reaction mxture was acidified
whyooaddizogg 0.5 M HCl and was then extracted twWCEHERI0D$1005913

Et OAc. The organic |ayers re washed twice with

wat er and brine. The conbin organi c | ayer was 20

dried over Na2804 and evaporat ed in vacuo The solid

(o x 25 RS e 4 B R Bl b P s anc

the soR@ht %md&@@ﬁﬁ&b@é@&%cﬁﬁ&% EPﬁ@Qﬁb@@% ct B¢ coRnth chromatography
Moiety 4. Internediate A4): " NY NJNH O Cd

furnished thg (:@)regzqqyimg,pmnq]@p f@rin £ queU@glsBdéé'ﬂ tT(Ijusavqa(§ed|ssolved in
I
EtOA&@SHH D) §Hdi FQ@F léﬁ RGd oBBRYCHGH etofécéoﬁ%rghgl).o Min %theé (114 pl).

e was renov
The r@ultrng sUsPenaioNNYas cﬁluted4wuthd1ﬁxane1(5emt)e|acmrden tcmobtam a complete

R T e i e

hexan&{Clandwaltied , insat deblethloB eavedt Bicapent dvaftightqte qrevidayte desired
was r ext acted wth Et OAc. The conbi ned organic

CommWéP n alrwitteRAUE- Myso4, filtered and evapor at ed

in vacuo to dryness. The product was obtained in form
of a colorless, stable foam B-C Miiety 4: OH O O NY

SvnthbsiA of E [3:Cl acl 15 Internediate A4) (1.97 g) was
ynthEsi® of EXApld A, (35 M) and THE (9.5 m) at 0OC A

Intermggliatei 42): of the |ithi um hydroxi de nonohydrate (0.45 @)
in H2O (9.5 m) was adoled dr opw se

SPS I

N

L~

To a cooled solution (0°C) of 1-methylpiperazine (257 pl) in dry THF (2 ml) was added n-
butyllithium, 2.5 M in hexane (0.50 ml) dropwise via syringe. After being stirred at room
temperature for 15 min, the resulting lithium amide was then added dropwise to a solution
of 2a) (387 mg) in dry THF (2 ml) at 0°C. After 2.5 h the reaction mixture was hydrolyzed
with sat. NH,CI (2 ml) and diluted with EtOAc (70 ml). Extraction of the organic layer with
NaHCO; (2 x 25 ml) and brine (25 ml), drying over Na,SQ,, filtration and concentration in
vacuo led to a yellow oil. This was purified by column chromatography to afford the desired

compound in form of a yellowish resin.
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over the course of 5 mnutes. The m xture was stirred
at 0OC for 2 hours. The reaction mxture was acidified
whooagidizeg 0.5 M HCI and was then extracted twWCEER0D$005913

Et OAc. The 20 organic |layers were washed with water

and brine. The conbi ned orggﬁl c layer was dried over

Na2SO4 and evaporated in vacuo. The residue was taken

ethyl ether and evaporated again. The

Intem?%ﬂg{e,# g colorl ess foamwas dried in vacuo. WD

2009/ 010299 PCT/ EP2008/ 00 913 75 Synthesis of

Example 2: Internediate 2 Q3hcNAO N Nk 5 A flane

dried Schlenk flask was ﬁg ed wth

3- br ono- 2-f | uor o- 6- pi col r'IE [1,1" -

bi s(di phenyl phosphi no) f er rjocehe] hl or opal | adi un(11)

ng), copper(l)

conpl ex with dichl or onet
di met hyl acetam de (3 m).

i odide (26 ng), and dry
The resulting mxture degassed with alternating

vacuum argon purges. Then 1l-tert-
but oxycar bonyl pi peri di n-4-yl) (i odo)zinc (3.19 mol,
To Bo@rpﬁcnaéted |ﬂt%rrﬂ@di(=‘1[é hsﬂuabcmg) m%ﬁnk@r@dﬂ@d;m ghﬁnlf'h%& WeOH (1 ml)
assed once agaln and then heated

was a@ﬂ%’r ’hY Agen shleridexd . Mspt ind . Adirxane 3 W)I %ﬂ‘&rﬁ%'%‘&as stirred
at roorh h@r‘?‘l p@?‘éﬁ@r‘ér faF §. @Qg&ﬁ? ioh ST &l %%ﬁlléﬁﬁg @&%ﬂaeﬁ&an(%r{‘wﬂh toluene (2

m xture of EtQAC an vvate
x 5 mivagnd peefone|(banbded e @uitigesiolid ewhighdvas dried durtket inra desiccator

funnel . The phases were separated and the
over Sgcgéggﬁé%ﬁlgﬁter was extracted with EtOAc (2 x 50 m).

The conbi ned organl c layer was washed with 15 water
Exmp Jborine (100 m each), dried (Na2SO4), filtered and
a @Sn‘ftentrat ed in vacuo. The crude product was purified
by col um chr omat ogra]phy t@ Ifurni S e desired
compound in form of ik 4 es§ ojfl.- 2l nternedi ate
2b): 2xHOOOH ON o[ﬁajNAO( oY
NH

N :
P PO
|
Z ci ci

Intermediate 4b) (66 mg) and B-C Moiety 1 (70 mg), 1-hydroxybenzotriazole hydrate
(37 mg) and N-methylmorpholine (68 pl) were dissolved in DMF (3 ml). After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (56 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (14 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. Na,CO;
(3 x 25 ml), H>O and brine (each with 25 ml). The organic layer was dried (Na,SO,4) and
the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a yellowish solid. This was dissolved in
EtOAc (1 ml) and treated with hydrogen chloride solution, 1.0 M in diethyl ether (214 pl).
The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with
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, 20 In a sealed tube were placed internedi ate 2a)
(0.55 g), nethyl-(2-pyrrolidin-1-yl-ethyl)- am ne

W@ 2002013¥9 and N, N-di i sopropyl et hyl ani ne (286 MNI/EP2DAg005913
reaction m xture was heated _to 150C for 4 d. The main
part of the volatiles was ev759porat ed and the remai nder
taken 25 up in EtQAc (100 m ). The sol uti on was washed

ith 25 m d the WD 2009/ 010299
nexanpaEbSBGE; B Hssicrd! oggwnéepap&neroweweht k@sprovide the desired
compd i tibas bed wHitehsdiOAc (25 nl). The organic layers

were nerged and washed with brine (25 m), dried
(Na2S®™4), filtered and evaporated. The crude product

was purified by colum chromatography to isol ate
SynthesissatExampie®: i ng material and a mxed fraction

g the desired product. The desired conpound
Intenﬁg@aﬁ ﬁ%ﬁl y isolated 5 by preparative HPLC under

acidic conditions in formof a boowg}%sh resin.
ng

Intermediate 2c): x 3 HC N_NH | , 10 To

Boc- prot ect ed i nter nedi b) N(6% in a mxture of
DCM (1 m) and MeCH (]\I added hydr ogen
chloride, 4.0 Msol. i 1 4-di oxane (2 m) and the
solution was stirred Zt oom tenperature for 1 h.
Evaporation of all vol atliles and co-evaporation with
toluene (2 x 5 m), and acetone (5 mM) led to a beige
solid, which was dried further in a desiccator over

A flan}%; Sﬁ%@ﬁb%nﬁrfmsﬂmas tRalged WP 3%brotho2e- Hbbrab-pfddiibe (1.00 g), [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) complex  with  dichloromethane
(129 mg), copper(l) iodide (60 mg), and dry N,N-dimethylacetamide (7 ml). The resulting
mixture was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (7.37 mmol, prepared as described in above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
main part of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (100 ml each). The mixture was then filtered through
Celite and transferred into a separatory funnel. The phases were separated and the water
layer was extracted with EtOAc (3 x 50 ml). The combined organic layer was washed with
water and brine (100 ml each), dried (Na.SQ,), filtered and concentrated in vacuo. The
crude product was purified by column chromatography to furnish the desired compound in
form of a white solid.

Intermediate 9b):

CI\\I x 2 HCOOH
0
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N I ClI C Internediate 2c) (68 ng) and B-C Miety 1
(60 ng), 1-hydroxybenzotriazole hydrate 20 (32 ng)

W@ ewomiazeet hyl nor phol ine (58 pl) were di ssol veRICT/RPION§7005913
(3 mM). After being stirred at roomtenperature for
30 mn N (3-dimet hyl ami nopr &%) - N-et hyl car bodi i mi de
hydr ochl ori de (48 ng) mas added and stirring mas
conti nued for another addj ti onal anoun

A solytioneoh {®hrbhPyHelidind xh@tm? Qha@%daeh 'raWEt(ﬂrmi)ngawded under
argonv‘%‘?{@fﬁcgtd s %&Hrgg&tsod Lﬂﬁéfy@ﬁe ﬁ?@lﬁ%&%@%lﬂé}dﬂbﬁ%s mg) in

DMF @oow). 0 he2xalirg hatirRasskeattedand/the( ixturdsstirted, aﬂ—mnamjnperature

for 1 %L{g@%&?&iﬂg‘ﬁ {)#lg?egrm%? B}Zﬁé@ﬁﬁ?) mﬁoﬁmﬁﬁ wad ggded and the

reactlcﬁur‘r1|)ftuceaWaQ eafed imesmﬁxe 1P OThee fedeyion Ghiktule was coqled to 0°C and

was ey uToN 280 Yo s SHAGEQ mD: HHRAS (EBY §esA0eed ARd the mixture was
washéed Qﬂﬁ l(léHG@a (@ngi a5 Ry eﬂwe""bérhbfﬁﬂéarét%@bu@hh?éﬂ %s re-extracted with

sol uti on, Min diethyl ether

EtOAg £2%Imh r@@dstjh@p@@mb@ﬁdv\ﬁgadlcl \ayeqd ﬂwft Mlaﬁbﬁ@rvélﬂ’( erne)(26nml) dried
e 0 [ t; [

NasSBILEINSRA NG R AP, RS, TS 008 Blod O was puried by
preparatize Hmudaﬁwrdhhe beuasmnmngjdntbrmaue imfoamadé s yatlatvigh oil.

over Sicapent overnight to provide the desired

compound in formof an off-white solid. 10 Synthesis
Intermédintegy):e 4: Internediate 4a): (N O NNO NI 15

To a cool ed solution (0C) of 1-nethyl piperazine (257

pl) indry THE (2 nl) added n- butyllithium 2.5 M
in hexane (0.50 m) d {se*¥i¥!syringe. After being
stirred at room tenperature for 15 mn, the resulting
[ithium am de was then ¢ dr Nae to a sol ution

t OC. After 2.5 h
ed with sat. NH4C
(70 m ). Extraction of

of 2a) (387 ng) in dry THE (2
the reaction m xture was
(2 M) and diluted with Et
the organic |layer with

To Boc-protected intermediate 9b) (125 mg) in a mixture of DCM (2 ml) and MeOH
(0.5 ml) was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution
was stirred at room temperature for 30 min. Evaporation of all volatiles and co-evaporation
with toluene, acetone, and diethyl ether (5 ml each) led to a white solid, which was dried
further in a desiccator over Sicapent overnight.

Example 9:

x 2 HCOOH O
N
o NN

|
# Cl Cl
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30

20 NaHC03 (2 x 25 ml) and brine (25 m ), drying over
Na2SO4, filtration and concentration in vacuo led to
W@ 200401399 oi | . This was purified by col um PCT/EP2008/005913
chromat ography to afford the desired conpound in form
of a yellow sh resin. 25 WD 81009/ 010299
PCT/ EP2008/ 005913 78 Internediate 4b): N) X 3 HCO (
N\ To Baqc-protected interned ate 4a)

Intermqq@eng)g)t (Remg) aesB-€ Moetynl (RBama). 11Thypr0)ybﬁﬁ§otraglzole hydrate
(29 mﬁfgﬁ‘ﬂl I\hmmﬁﬁrmhﬁé'@@ I)4w9re'\é| déﬂlved fh éM‘i—’gﬂ ﬁﬁ@aﬁﬁef Being stirred

nd t he sol utlonvva stirre room-t rature
at rdomm Ierl'ipeatuﬁorf@trl 30 ofmiml IN\(3+chmetrm;armndpropyl) -N-ethylcarbodiimide

nyarofBofié RRAT il "yl et SFAG stine yasckonip BB RFrafdfer nour. An
additiormal eanlewitcsfaem ethgmesrpBoliren et phwedniagbéd aha ﬁkﬁng)lvm$ continued
overnfbb} Zgr&rhe'% |érg)ﬁagt%r%w%:}l£ly§pﬂlwttg@%@?%o Iml wggi'led W|th sat. Na,CO;
(3 x 2b- rmédWQt@ft&?ﬂZ@r‘irfé @@hﬂ? eab,‘ﬁ*)r ahe or §|¥|c'159er5Wé’s dried (rzla2804) and the

nor pholine (68 pl) were dissolved in
solveriﬁ r)e.rnomefi di vaepagThe pwd@oproggcta«as eunﬁlqcbhwr%na;a@vef HPLC to afford

A et hyl carbodi i m de

the cqftbsPbANl igfh BRGNS Béd&ﬁ*‘%ﬂ ot Tring vas

conti nued for anot her hour. addi ti onal anount of

N- net hyl nor phol i ne (14 pl) vvas added and stirring was
Synthesis ohEzdmpdedini ght. The reaction m xture was dil uted
Int vvithtEt%O)c_ (70 M), washed wth sat. Na2C3 (3 x 25
"e"ﬂf‘s",a%é and brine (each with 25 m ). The organic

| ayer was dried (Na2SO4) and 2@t sol vent renoved in

vacuo. Purification of the arude Mduct by col umm

chr omat ogr aphy E N~ O

|\
N~

A flame dried Schlenk flask was charged with 3-fluoro-4-iodopyridine (1.00 g), [1,1"-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) complex  with  dichloromethane
(110 mq), copper(l) iodide (51 mg), and dry N,N-dimethylacetamide (6 ml). The resulting
mixture was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (6.28 mmol, prepared as described above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
mainpart of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (each with 100 ml). The mixture was then filtered through
Celite and transferred into a separatory funnel. The phases were separated and the water
layer was extracted with EtOAc (3 x 30 ml). The combined organic layer was washed with
water and brine (each with 75 ml), dried (Na.SO,), filtered and concentrated in vacuo. The
crude product was purified by column chromatography to furnish the desired compound in
form of a brownish solid.
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furni shed the corresponding amine in formof a
yell owi sh solid. This was dissolved in EtOAc (1 m)
wW@reonteest ed with hydrogen chloride sol uti on, BCOER200$/005913

diethyl ether (214 pl). The resulting suspension was

diluted with hexane (5 m) i8 order to obtain a

conplete precipitation of the correspondi ng

di{}%gqr/\%?g%ori de. The solid was filtered off, washed
Intermg 09/ 010299 PCT/ EP2008/ 005913 79 hexane, and

dried in a desiccat over Sicapent overnight to

provi de the desi YGQOWHGObH formof a white

solid. 5 Synthesis anple 9: olnternediate 9a): O

eF NAO N1 Aflangjzleds | ik M ask was charged

Wi th 3-brono-2-fl uor 0¥5- i (00 g), [1,1'- 10

bi s(di phenyl phosphi no) f di chl oropal | adi un(11)

conpl ex wi th dichioronel hagpe (129 ng), copper(l)

i odide (60 ng), and dr;f‘l di met hyl acetam de (7 m).

The resulting mxture vvas degassed with alternating

vacuunt argon purges. Then 1 -tert- butoxycarbonyl pi pe

i | | )1Z I
A sollggfglclr)f %);ji’ ka(rbgdgﬁ1 Wtﬁ.utér? 23% (gﬁﬁmgpﬁmr?mfgﬂtﬁg was added under
argon@t giCdtod emnagm ¢f %miwrn tHeydrideaf@%@ dispessionan eninergthoil (29 mg) in
DMF gz%%'ra S ﬁé thglfm r\&gngr%g%%n%c ml)%gxrél\%ﬁrrgg%r 1 h at room
tempematxnteJ rhenfa Etbl(Mon ahihtevatezdiaté 13@) (1 02mgh jn DM (2rink)t wae added and

i rel Al o5 bt G, el e B BTN hhEie i cooked to
0°C andtvﬁds tHery Byroaed exith aat evH EIt(h :Et)OEmAa (B09A)) rwas ad®&d and the

conbi ned organi c | ayer was washed with water and

mixturgy WA YEDET e N a (Eot 2RISR, combiedcaausays layer was re-
extracfémgﬁtﬂt Ef L8 (2?" rHI?CéfH‘Ei th@@or%gm‘éﬂ;@f?aﬁgca EF th@ﬁwaShed with brine

urifred b umh chr omat ogr aph
(25 m&e@fﬁde@aeﬁ b filteredrands eaneeptratedvinivaeua ol h%lcrude product was purified

by pre'pQFaqﬁ/g‘?-ﬂﬂ’l% fo gﬁ%rd tge\lcérrasm Gf?orﬁ#atﬁd\l%% of a yellowish resin.

Intermediate 11c):

C'\‘l x 3 HCI
A

0 NH

N~

To Boc-protected intermediate 11b) (111 mg) in a mixture of DCM (1 mi) and MeOH (1 ml)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred
at room temperature for 15 min. Evaporation of all volatiles and co-evaporation with
toluene (2 x 5 ml), and acetone (5 ml) led to a beige solid, which was dried further in a
desiccator over Sicapent overnight.



10

15

20

25

N | , W 2009/010299 PCT/ EP2008/ 005913 80 A solution

of (S)-1-pyrrolidin-1-yl-butan-2-ol (191 ng) in DVF (1
worgoosaeIadded under argon at OC to a suspensPCHERI008/005913

sodi um hydri de, 60% di spersion in mneral oil (36 ng)

in DVF (1 m). The cooling8ath was removed and the

m xture stirred at roomtenperature for 1 h. Then a

ion of intermediate 9a) (158 ng) in DVF (1 m)
Exanwz%ﬁdded and the 5 reaction mxture was heated to 60C

for 1 h. The reactlon m xture was coo d to 0OC and
was t hen hyr ol yz@wth salc NH4% . EtOAc (70

m) was added an m xture V\@s ed w t h NaHCO3
(2 x 25 m). The Qﬁneda eqQ INpyer was

re-extracted with ) :ndthe combi ned

organi c | ayer then wa ' brr~Qe 5m), dried

(Na2s&™4), filtered andfl c ncentrate vacuo. The

crude product was pur’1l #ed by 1gprefar@tive HPLC to

afford the corresponding diformate in formof a

yellowi sh oil. Internediate 9¢c): CaN X 3 HO e-- 15 H

- LAt 8!, .28 eq9 5, i ,

Interm Rig 118 REBRBY 3G, S'CMBIRNG), 188 g7 ot JHiceVdheayiacote hyarate
(31 mg))/mdaglemetﬂylmoﬂpbelinm(w M) sdre dissolved-idiRIMENS roB. After being stirred

rogg'g E%ﬁp % t?)ir o\gﬁ)zfsu ”ﬁg} gtm?tgo@gﬁrgo ropﬁ lf\,;-(gthfy?c;rarbodiimide
hydroc:mertdeamw ahgpnuasmatdmeaohn@r@.m@g:ahame;onﬂﬁdedilf@t Rfother hour. An

T ER G S e T
overm@hﬂe mhb%hctlépm@t@r@hﬁs Qiluted! wittPETORO (TN washedlWA sat. Na,CO4

(3 x 25 mI) HQO and brlne (each with 25 ml). The organic layer was dried (Na,SO,) and

the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a yellowish resin. This was dissolved in
EtOAc (1 ml) and treated with hydrogen chloride solution, 1.0 M in diethyl ether (143 pl).
The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with
hexane, and dried in a desiccator over Sicapent overnight to provide the desired
compound in form of a beige solid.

Synthesis of Example 12:
Intermediate 12a):

A flame dried Schlenk flask was charged with 4-fluoro-3-iodo-pyridine (1.00 g), [1,1"
bis(diphenylphosphino)ferroceneldichloropalladium(ll) complex  with  dichloromethane
(110 mg), copper(l) iodide (51 mg), and dry N,N-dimethylacetamide (6 ml). The resulting
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WD 2009/ 010299 PCT/ EP2008/ 005913 81 Internedi ate 9c)
(55 ng) and B-C Moiety 1 (55 ng), 1
WO bogpdiooybenzot ri azol e hydrate (29 ng) and  PCT/EP2008/005913
N- et hyl nor phol i ne (54 pl) were dissolved in DVF (3
m). After being stirred at84 oomtenperature for 30
mn, N-(3-dinet hyI am' nopr opyl ) -1 V-et hyl car bodi i m de
added and stirring was

.. _hydrochl qri de vYas
m"‘t“r@gnf”aﬁue egise noY" r RlRIpating, yagudmiargsal RiBent dhen 1-tert-
butox%d?BéﬁWﬂ)nB’@f dR- ylﬂﬁao@}&né"@s 22 rReld e s g SAd de%@r@cfé/@%gove) was

conti nued overnlg . Tereactlon m xt ure
addedmihe mixtuge wae dagassedonee agairh apdtthemieatesl to 803C wermght The

i o N9k 0 B35 oS85 B B e e o

in a mbterecofUEt© Axr anbl eiatevdsaghu withi 160 r’n}) Phepreixtate was tihbrifiltered through

Cellteaf gﬂ]}:ﬁﬁt P%%,C cg 21%?%%3% nggﬂlgtfao | E%fv\%rién sgparated and the water
layer Was extastbatithlEOAC @ x EzoNhr)%e bombme/d organi€ 14ye¥ Was washed with

dried Schlenk flask was c

water gngm@pdeach wilb ﬁ)ﬁr my; ﬂ@eq QNQ%C@ fllteleqand concentrated in vacuo. The
I
crude *?Jlr&(tﬂié )@Jamﬂﬁmgg %@@hﬁéﬁg\gﬁgﬁﬁ?ﬁ%ﬁ%%ﬁ'@%{p Ft)'%?t?ﬁgeh dompound in
form of edirawnisbsolig), and dry N, N-di net hyl acetam de (6 m).
The resulting mxture was degassed with alternating
vacuum argon purges. Then 1l-tert 20
Intermediate/t2b)oony| pi peri di n-4-yl) (i odo)zinc (6.28 mol,
prepared as descri bed above) was added. The m xture
was degassed once Again QQECE heated to 80C
overni ght. The mal mat hyl acet am de was
t hen evaporated and thg renmai nder taken up in a
m xture of Et OAc an er (Eacn 00 m). The
m xture was then filtere ough Cellte and
transferred into a sep ra\t‘ ry tunnel. The phases were
separated and the water | ayer was extracted with
EtOAc (3 x 30 m). The conbi ned organic | ayer was
washed with water and brine (each with 75 rr1) dri ed

(t,NaZSO@ filtered and concentrated i n_vacuo. The
A solution of (S)-1-pyrrolidin-1-yl-butan-2-ol (187 mg) in DMF (2 mI) was added under

argon at 0°C to a suspension of sodium hydride, 60% dispersion in mineral oil (35 mg) in

DMF (1 ml). The cooling bath was removed and the mixture stirred for 1 h at room
temperature. Then a solution of intermediate 12a) (122 mg) in DMF (2 ml) was added and
the reaction mixture was heated to 60°C for 1 h. The reaction mixture was cooled to 0°C
and was then hyrolyzed with sat. NH,ClI (1 ml). EtOAc (70 ml) was added and the mixture
was washed with NaHCO; (2 x 25 ml). The combined aqueous layer was re-extracted with
EtOAc (25 ml) and the combined organic layer then washed with brine (25 ml), dried
(NazSQ,), filtered and concentrated in vacuo. The crude product was purified by
preparative HPLC to afford the corresponding diformate in form of a yellowish resin.
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crude product was purified by colum chromatography to
furnish the desired conmpound in formof a brownish
W@ 009610230 WO 2009/ 010299 PCT/ EP2008/ 005913  8RCT/EP2008/005913

Internmediate 11b): CN x2HOOOH K ao NOIl N A

sol ution of (S)-1-pyrrolidi ®5-yl-butan-2-ol (156 nm)

|n DMF (2 m) was added under 5 argon at OC to a

‘?fp ?bon of sodi um hydri de, 60% di spersion in

’"fe"ﬂ? ate, | (29 ng) in DVF (1 m). The cooling bath
ure stirred for 1 h at room
i on,gfydinternedi ate 11la) (102
d and the reaction mxture
. reacti on m xture was
rofyz8td wi th sat. NH4C
the 10 m xture was

was renoved and the m
tenperature. Then a s
ng) in DM (2 m) was
was heated to 120C overni
cooled to OC and was th€n
(1 mM). EtOAc (50 M) was
washed with NaHCO3 (2 x 2 . The conbi ned aqueous
| ayer was re- extracted w tOAc (25 m) and the
conbi ned organic |ayer then washed with brine (25
dried (Na2SO4), filtered and concentrated in

To Boé%x%%f@@ﬁ&e%&%gﬁéﬁ?%f@%@“""‘s o i ot el (7Rb BlaciieoH (1 m
was addydahydwgsh chieside, 4.06M!gvll.6h edldiixand 12 hil) &hd lhéscb‘l'@ilorQNas stirred
cted jnternediate 11 b

at room tﬁmae{ﬁ?tgreo r rot%e PRr3tioaRf alvelaties and cg\%gpgr@gga with toluene (2
x5 mh)’ﬂééwﬁé‘ é?rm Ethef @5 nfi- dadMh $é& to h'bek%éfsé“@)%ﬁ'ﬁ& WasNred further in a

and the solution was stirred room tenperature
desicaatar over piqapepteyssn@ht.on of all vol atiles and

co-evaporation with toluene (2 x 5 m), and acetone (5

m) led to a beige solid, which was dried further in a
Examplesi2cat or over Sicapent overnight.

x 2 HCI Q

&/OJVNH

Intermediate 12c) (68 mg) and B-C Moiety 1 (61 mg), 1-hydroxybenzotriazole hydrate

%5""

(33 mg) and N-methylmorpholine (59 pl) were dissolved in DMF (3 ml). After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (49 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (12 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. Na,CO3
(3 x 25 ml), water and brine (each with 25 ml). The organic layer was dried (Na,SO,) and
the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a brownish resin. This was dissolved in
EtOAc (1 ml) and treated with hydrogen chioride solution, 1.0 M in diethyl ether (178 pl).
The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with
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WD 2009/ 010299 PCT/ EP2008/ 005913 83 Exanple 11: KIN
Xx2HJd ONo O )NHON-~ NO a d Internediate
wa1ey/o(@® ng) and B-C Moiety 1 (58 ng), PCT/EP2008/005913
1- hydr oxybenzotri azol e hydrate 5 (31 ng) and
N- et hyl nmor phol i ne (57 NI) Wére dissolved in DVF (5
m). After being stirred at roomtenperature for 30
i et hyl am nopr opyl )- N- et hy Icarbodl i md
hexa"ﬁy@l“g %’f'@g e 3 Hesiegat ‘%déhﬁépﬁﬂh QVemightn o v%fQV'de the desired

comp&ﬁﬂtlh%’fﬁdoﬁ%oﬁ-Wnt'éeéohBOW addi ti onal anmount of
N- et hyl mor phol i ne (12 pl) mas added and stirring was

conti nued overnight. The reaction m xture was dil uted
with EtOQAc (70 m), washed with sat. Na2CO3 10 (3 x 25
Synthe‘sp oft®@mpke t4:i ne (each with 25 ). The organic
Inter af% {?y%j dried (Na2SO4) and the solvent renoved in
MEE tification of the crude product by col um
chr omat ography furni shed @he corresponding amne in
formof a yellow sh resinJ{This was dissolved in

EtOAc (1 nl) and treated”w €h hydrogen chloride
solution, 1.0 Min dlethyl[:Eer(MS NI ). The

resulting suspensi on was djjl ufed with hexane (5 m) in
order to obtain a conplete precipitation of the
correspondi ng di hydrochloride. The solid was filtered
of f, washed with hexane, and dried in a desiccator

A soluBi¥fof %Lmﬁﬁﬁs pw@ahal g1h¢>4 [} |rDb9Nd|ﬁ6 (ym A9Sdriedry DCM (20 ml) was
und i n form of e soli Synt hesi s of
coolecEipabig) dhogtc anhwrecﬂ%wm?m)add@d FRNie TEACtHaEMPRtYRavaS Stirred
n i :
at rooﬂ{ g?rﬂgé?t‘%r% g\éérh%@r'i i %\?é%gﬂagr%‘ é\{hfoiatfad 2%nd the remainder was
suspefded dn phatey| (SospPhi AlRS daing: etieedi ahiroompaempeliaturel for 1 h, the
susper?ﬁgr? lm?a)é. a"uttgd Witﬁh‘l N &Hﬁﬁ&”&o ml) and extracted with EtOAc (3 x 50 ml).
The combined organic layer was washed with 1 N NaHCO;, and brine (50 ml each), dried
(MgS0,), filtered and evaporated to afford the desired compound in form of an amber oil.

Intermediate 14b):
0 0
/u\o NJLo><
A
~ZN

A flame dried Schienk flask was charged with intermediate 14a) (2.00 g), [1,1-
bis(diphenylphosphino)ferroceneldichloropalladium(ll) complex  with  dichloromethane
(227 mgq), copper(l) iodide (106 mg), and dry N,N-dimethylacetamide (10 ml). The resulting
mixture was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (13.0 mmol, prepared as described above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
main part of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (each with 200 ml). The mixture was then filtered through
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(110 ng), copper(l) iodide (51 ng), and dry

N, N- di net hyl acetam de (6 m ). The resulting WO
wWQo®9/020P99 PCT/ EP2008/ 005913 84 mi xt ure wasPUEHR2ISE0DS9I13

with alternating vacuum argon purges. Then 1-tert-

but oxycar bonyl pi peri di n- 4-yI87/(i odo) zi nc (6.28 muol ,

prepared as descri bed above) was added. The m xture

_ was degassed once again and then heated to 80C
Celite gndrtrangkarredringo afgparaiant fuppelNTRe sihasehvese seaaratrd apd the water
r i t ' :
ayr {8 BEAGRAHEEOHNES k5 BPROES BRI FHBR B b Rashea wir
water @ingt brine (1 mheach), | driede(NaBa)) diteretk bnd ecomeentrated in vacuo. The

transterred i.n a _separatory funnel. .The ses.were .
erude SIGIES Bl iRy SRR P ool B e i L4 Gmpound in
form dEa@rewhidhsoll. M ). The conbi ned organic | ayer was

washed with water and brine (each with 75 nm), dried

(Na2SO4), filtered and concentrated in vacuo. The
Intermédigfe PAQduct was purified by colum chromatography to

furnish the desired conmpound in 10 form of a brownish

solid. Intermediate 12b): ON x@2 N AOy,~, N 15

A solution of (S)-1- pyéigol' 'erlllo but an- 2-ol (187

ng) in DWW (2 mM) was pddgd under argon at OCto a

suspensi on of sodi um | the7 60% di spersion in

mneral oil (35 n) iln,,\DI\/F (1 m). The cooling bath

was renmoved and the mXture stirred for 1 h at room

tenperature. Then a solution of internediate 12a) (122

mg) in DM (2 m) was added and the reaction m xture
A solutias dfi nternediatec0tb)f(31971ghin Meé@Hr ©8onl) svasntoaled to Gs. A solution of

o S50 B P80 0T VAL 8 M ol b s

stirredvat0t&dfonit DmiNa FEEPH #as adfustidéd to N dyabopwise ddalitivrosf0.5 M HCI at

. - t ith EtOA m t ,
o°c. ke 1ERp s pad et af imaftactityh EBACH xIB0b8 as carried out.
After WasHeR withaared)150f i)t aResy ana.Sw)Chitthtieh afdidvapafdiion the desired
The crude product was purified by preparative HPLC to

compeyndgvas phlaines3:RIPMMEMGamM-f ormate in form of a
yel | owi sh resin. 25 WD 2009/ 010299 PCT/ EP2008/ 005913

Ch

85
Intermediate 14d):

L JAX

A solution of intermediate 14c) (207 mg), 1-(2-chloroethyl)pyrrolidine hydrochloride
(190 mg), and cesium carbonate (969 mg) in DMF (10 ml) was stirred at room temperature
overnight. All volatiles were evaporated and the residue was partitioned between EtOAc
and sat. NaHCO; (50 ml each). The aqueous layer was extracted with EtOAc (2 x 25 ml).
The combined organic layer was washed with water and brine (25 ml each), dried
(Na2S0O,) and evaporated to afford the desired compound as brownish resin.
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Internediate 12c): ~N X 3 HCL O NH N To Boc- prot ected
internmediate 12b) (151 ng) in a mxture of DCM (1 m)
w2 (1 m) 5 was added hydrogen chl ori deCT/BPI0$A05913

sol. in 1,4-dioxane (2 m) and the solution was

stirred at roomtenperatureé8&or 2 h. Evaporation of

all volatiles and co-evaporation with toluene (2 x 5

m ), .acetone, and ether (5 m each) led to a beige
’"te”gﬁbﬁaé‘?%gﬂ’ch was dried further in a desiccator over

Si capent overnight. 10~-Exanple 12: ON x 2 HC O O NO

~NH ONI NC aC Iqte medi)%ﬁ |120) (68 ng) and B-C

Moiety 1 (61 ng), 1-hy benzotri azol e hydrate (33

ng) and N-net hyl nor phol i ne wer e di ssolved in

DMF (3 m). After being stif 18Hat room

tenperature for 30 mn

N- ( 3-di net hyl am nopr opyl ) - hyl car bodi i m de

hydrochl ori de (49 ng) was Md and stirri ng was

conti nued for another hour. An additional anount of

N- et hyl nor pholine (12 pl) was added and stirring was

To SEAHOBIES BB 14925335 0, ek, R )

(0.5 mi) yas\asided hysidogan ablotidacHh.OnM: $ol2th i4ydioNaree (2 gdhaod the solution

: ] S IS in .
was sfdat Wi ShBEA DTS 1P Cr b ARt AP G R Cor baporation
with talbereyacetynephpd ether(b shiezhchh edaora beige sdlid)ovisich nasidried further in

form of prowni sh resin. This was dissolved in EtOAc
a desigqatgy ?"%{ﬁ%lcﬂ?%vﬁ@aafw h hydrogen chloride sol uti on,

1.0 Min diethyl ether (178 pl). The resulting

suspension was diluted with hexane (5 m) in order to
Exampig 4#:, a conplete precipitation of the corresponding

~di hydrochl ori de. e solid was filter of f, washed
with WO 2009/ 010299 PCT/ kR2EI8/ OO&%&@G hexane, and

dried in a desiccat®y over Sicape rnight to
provi de the desired %n'pou Ni fqn of an off-white

solid.
| > | :I
N Cl Cl

Intermediate 14e) (180 mg) and B-C Moiety 1 (201 mg), 1-hydroxybenzotriazole hydrate
(107 mg) and N-methylmorpholine (195 pl) were dissolved in DMF (5 ml). After being

stirred at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (161 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (41 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (100 ml), washed with sat. Na,COs
(3 x 50 mi), water and brine (each with 50 ml). The organic layer was dried (Na,SO,) and
the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a brownish resin. This was dissolved in
EtOAc (1 ml) and treated with hydrogen chloride solution, 1.0 M in diethyl ether (564 pl).
The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with
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5 Synthesis of Exanple 14: Internediate 14a): O 10

Br I iN A solution of 2-brono-3-pyridinol (1.04 g) in
W@0pd10289 (2. 00 ml ) and dry DCM (20 m) was 1BCT/BPR10681005913

to OC. Acetic anhydride (1.76 nm) was added and the

reaction mxture was stirred? at roomtenperature

overni ght vol atil es were evaporated and the

renma I was spended in vater After
nexangy | i i H’boﬁn‘f foi; aver Fraverk, ovetaibht, 6 ,Biouit, We desired
comp(%’ﬁd il okt o aWiHife doliy. NaHCG3 (50 ml) and extracted with
QAc (3 x 50 m). The conbined organic |ayer was
vvashed with 1 N NaHCO3, and brine (50 m each), dried
15 (MgS™), filtered and evaporated to afford the
Synthesis obExampteid in form of an anber oil.
L iate 14b): OO AO N10, O iN 20 A flane
Inte"ﬁ?ﬁ(’%&gggéﬁenk flask was charged with i nternedi ate 14a)
(2.00 g), [1,1'- |
bi s(di phenyl phosphi n) f e¥ 2668 di chl or opal | adi un(1 1)
conplex with dichl mhane (2 , copper(I)
i odi de (106 ng), a o N ' yacet am de (10
m). The resulting m xtpure|was] degassed with
al ternating vacuuni arg rges. Then 1-tert-
but oxycar bonyl pi peri di Rz 4yl ) (i odo) zi nc (13.0 mmol ,
prepared as descri bed above) was 25 added. The m xture
was degassed once again and then heated to 80C
over ni The nmain part of N, N-di nethyl acetam de was

A solutiearef ég)sr[zbtmaﬁ’lbékplﬂﬂddlﬂf?eok(@ﬁﬁlm@en DMK (2 axpwag@dded uader argon at

o bl ST O APES A T bl B ) i v

(1 mI)PDTe Eﬁém@bmﬁmﬂemmm theamikture aatisredrat edomrtemparature for 1 h.
r at or

Then 3ER3) By aUPRES, o B RUAR P eLE TR B R AR Pyt acio tert
butyl ést@bl Mm:g)garmMFI @/eN) was aﬁﬁéb%hd/\tﬁehreaaﬂblﬁirml&mﬂe was heated to
120°Cgr8|}ﬁ€r§fq(1& 5?% rfagc?tc ngt{ulﬂig/ag cooled 20 O°b| % ?hdenahyrolyzed with sat.
NH,4CI (1 ml). EtOAc (50 ml) was added and the mixture was washed with NaHCO; (2 x
25 ml). The combined aqueous layer was re-extracted with EtOAc (25 ml) and the

combined organic layer then washed with brine (25 ml), dried (Na,SO,), filtered and
concentrated in vacuo. The crude product was purified by preparative HPLC to afford the

corresponding diformate in form of a yellowish resin.

Intermediate 21b):

|
(N)\ x 3 HCI
(0] NH
I N

~N

To Boc-protected intermediate 21a) (148 mg) in a mixture of DCM (1 ml) and MeOH (1 ml)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred
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crude product was purified by colum chromatography to
furnish the desired conpound in 5 formof a brownish
W@ 200010201t er nedi ate 14c): O & C3Ao( 10 A sol ut PGHERF008/005913

internediate 14b) (1.97 g) in MeCH (60 m ) was cool ed

to OC. A solution of [Iithi 8 hydroxide (368 ng) in

water (30 m) was added and the reaction m xture vvas

stirred at 0?for 10 min. The pH was adjusted to -7
at roqqp otﬁwpgéatggﬁj on da mn. oEgap@rm@n &f alpyolatj e@n p@@e\mppratlon with

(

toluerl® 2% 70, 3R TR (2] R0, 114 Belde Wi A s Hried further in a
desiceatgf ougr Sicapsot pyerhightr at i on and evaporation the

desired 15 conpound was obtai ned as browni sh foam

Internediate 14d): ~-NO Nk O OiN 20 A solution
Exampfle 2t er medi at e 14c) (207 ng),

1- (2-chl oroethyl ) pyrrolidine hydrochloride (190 ng),

and cesi um car bonatje (9 9H69) in 0 m) was

stirred at roomt erature oyeOR| Al'l volatiles

wer e evapor at ed a{nd !he resi du@g wak partitioned

bet ween Et CAc an each). The

aqueous | ayer was extr

thiFtQAc (2 x 25 m).
The conbi ned organic S vvas Wi t h wat er and
brine (25 m each),

25 ( Eg evapor at ed
to afford the desired conpound brovvn h resin. WD
2009/ 010299 PCT/ EP2008/ 005913 88 Internediate 14e):
CN X3 HO ONH iN To Boc-protected internedi ate 14d)
Intermeglisde 2)) i (R3amai sandr B-lotMaiev { 2A831 mahni-hydoybengadriazole hydrate

(44 mQj %Wm@ﬁﬂ/ﬂ'ﬁg%@iﬁ@ﬁﬁ ?ﬁlv\%rb so‘fVeQi i SRk (5'rﬂ| fter being stirred

I oxa e solutiton was sti
at rooppmteropptereur orf 30 1Himi W-(Eﬂapmalanunoprbpw-w ethylcarbodiimide

hydroé’h%r%é l(@? r%'asj was AeRa" %F\(‘iosrhrnng was continued for another hour. An
additional amount of N-methylmorpholine (17 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. NégCoa
(3 x 25 ml), water and brine (each with 25 ml). The organic layer was dried (Na,SO,) and
the solvent removed in vacuo. Purification of the crude product by column chromatography
furnished the corresponding amine in form of a yellowish resin. This was dissolved in
EtOAc (1 ml) and treated with hydrogen chloride solution, 1.0 M in diethyl ether (238 pl).
The resulting suspension was diluted with hexane (5 ml) in order to obtain a complete
precipitation of the corresponding dihydrochloride. The solid was filtered off, washed with
hexane, and dried in a desiccator over Sicapent overnight to provide the desired
compound in form of a white solid.

Synthesis of Example 28:
Intermediate 28a):
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with toluene, acetone, and ether (5 m each) led to a
bei ge solid, which was dried further in a desiccator
wWo@r@p/08i2eapent overnight. 10 Exanple 14: ON x BPCHEP200X05913
ONo LILNH NC I C Internmediate 14e) (180 ng) and
B-C Miety 1 (201 ng), 1-hy&loxybenzotriazole hydrate
(107 nmg) and N net hyl norpholine (195 pl) were
sol ved i After bein 15 stirred at

Sodlumo(;r,lﬁqeéqﬁygpgmy,dgdéop53,1)@ fg) was added to a solution of 2-bromo-3-
pyrudxd&é?ﬁdihl@éhwé E\‘QX@%’{))OQH&! 1= r'n¥41m6é/rla§i%b 6! () %1 2 dichloroethane

drochl ori de and stirring wa
(20 mlb;o‘kfterrh%w stﬁreoha;tolonm temnﬁfatumforaidm the @mmur@waarwlutﬂd with EtOAc

(100 rif gt SR8 BB s onpACCR2 XSG RER GREpia [yt ig m. ater

dryingvavieh NaL88g, filfr@flonrapd evapbrationidf the 8dlvehb@ GEBwniER oil Vol obtained.

PuriichlOr by SHO AP dEPPHASSIIRY e Hosted RamsbOR L el b gelioish oil.

vacuo. Purification of the crude product by col um

chr.omat ography furni shed the corresponding amne in
lntermeﬂlﬁteo?fﬂg browni sh resin. This was di ssolved in EtOAc

(1 m) and treated h hydr ogen chI ori de sol ution,

1.0 Min diethyl et /K;(564 pl) esultlng

suspensi on was di | ungi th ﬁnl;]\ in order to

obtain a conplete precipi [ of " t he correspondlng

di hydrochl oride. The s iltered of f, washed

with WO 2009/010299 PCT{ EP4008/ 005913 89 hexane and

dried in a desiccator ovef Si capent overnight to

provi de the desired conpound in formof a white

solid. 5 Synthesis of Exanple 21: Internediate 2la):
A flane xdriedHEaBenkKJ@ask Ovhs Nzhdbged Nwith sinitertri ealiate f 28a) (729 mgq), [1,1"-

bis(dip&ngb)éléhg%;ﬂ ogé)récgcﬁngfdléhloropallédz (I“q,)ompqe)PM: wﬁt% alcrwaromethane

(66 mg), copper(l) iodide (31 mg), and dry N,N-dimethylacetamide (4 ml). The resulting

mixture was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (3.78 mmol, prepared as described above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
main part of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (each with 50 ml). This was then filtered through Celite
and transferred into a separatory funnel. The phases were separated and the water layer
was extracted with EtOAc (2 x 50 ml). The combined organic layer was washed with brine
(75 ml), dried (Na>SO,), filtered and concentrated in vacuo. The crude product was purified
by chromatography to furnish the desired compound in form of a brown oil.

Intermediate 28c):
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20

10 OC to a suspension of sodium hydride, 60%
di spersion in mneral oil (53 ng) in DVF (1 m). The
weawbiongdbat h was renoved and the m xture sti rPEHER2008/005913
roomtenperature for 1 h. Then a solution of
3-fluoro-3',4',5,6 -tetrahPdro-2' H[2, 4" ] bipyridinyl -
1 -carboxyllc aC|d tert- butyl ester (185 ng) in DW
and the reaction m xt s heat ed
To Bod-5roladiet o e e S50H 453 Ei0 i B UKE & DGMLS lbaad MePH (3 mi
was a%&%r&é@ncﬁlﬁﬁ@é V£ ql/l ‘é’bF kh $AldioXand\dtal) én’d I'Fib)soltﬁfoﬂ‘\@as stirred
was added and the mixture was washed
at roomlatemgerqtgre(for%hnﬁyapqrago@@mailn@@tmg@djgom@epraﬂ@g with toluene

and ac!e?%rgé(mt(% A er tr]nliz %ﬁo %ZI\?%I'[F rB\?lH 3I|P2gtha§$$réeud further in a

desmcéﬂtsla@@é@entf oVerargml and concentrated in vacuo. The

crude product was purified by preparative HPLC to

afford the corresponding diformate in formof a
ExampRl 2w sh resin. 20 Internediate 21b): NO x 3 HCU NH

N To Boc-protected internediate 21a) (148 ng) in a

m xture of DCM (1 m) andHEBOH (1 n 5 was added

hydr ogen chl oride, 4.0 Msol. xane (2 m)

and the sol ution Yas Istirred wimg 9/ 010299

PCT/ EP2008/ 005913 MHature for 15 min.

Evaporation of all vol L£O0-gvaporation with

toluene (2 x 5 nl), led to a beige

solid, which was dri  ccator over

Si capent overnight. 5 anpl e 21: N X 2 ONo H

j"::NUONNGC alcl Internediate 21 b) (93 ng) and

B-C Moiety 1 (83 ng), 1-hydroxybenzotriazole hydrate
Intermediateng§c) il 65 Nnaeamny Bnorpaiety hd193 mg) )i -hugrexydbenzotnazgle hydrate
(80 m#}%&p@ﬁ? gﬁe&p@r?ocr)?rﬁg%\% (1 g? vk dissivedifl BYMF (M. After being stirred
for 30k (rBindi att hgdrami teoywecadyie) - N-&-dipi etlayldmdiapnomid)- V' -ethylcarbodiimide

hydrochloride (121 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (31 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml), washed with sat. Na,CO3;
(3 x 25 ml), water and brine (each with 25 ml). The organic layer was dried (Na,SO,) and

the solvent removed in vacuo. Purification of the crude product by preparative HPLC
furnished the corresponding diformate as slightly brownish resin.

Synthesis of Example 41:
Intermediate 41a):
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hydrochl ori de (67 ng) was added and stirring was

conti nued for another hour. An additional anmount of
woRWeO2ZbNOr phol i ne (17 pl) was added and sti rPCHEP208$005913

conti nued overnight. The reaction m xture was dil uted

with EtOAc (70 m), washed W3th sat. Na2CO8 (3 x 25

m), water and brine (each with 25 m ). The organic

s B hiBA B e STt S s on
0°C t&%fgiﬁ)fbﬁgroﬂpmsodi%nhyﬂ?ﬁfé, 609, %p%?sﬁ@mﬁ“nﬁ‘iae?dr}drqe(ﬁsnmg) in DMF

formof a yellow sh resin. This was di ssolved
(2 ml)ETlmneoglingnpath avas temavedand thie mixtiure géirredierot ihaag room temperature.

rrn Bl g8 LB 3 Sl gt i .

butyl estde(263omghtiaiDMB (@omp) wae addee @ngi thet reastior niikitire was heated to

120 cERiaRBE e B8R Soach 300, S Sasheb Bfonzed win
sat. NPIYES (15hjaBEDAc BERMN WA ali@edPafd titemieredRas Wadhed with NaHCO; (2
nmpound in formof a white solid. Synthesis of

x 25 %i)armeecgr@bineﬂsawﬁ%@apawsz%wrww \with EtDAc\85 ml) and the
i 9 02943 i - :

comifR AR FEIHGF ALHEHOIH sl 00y (opc win 25 . o

(Na.S@a), utiltesad oanq - ¢anaentratedpyini dicusc af v xeilde hprducb agasurified by

- j [; ' i chl or oet hane

chrom B ShrdalFlo i REL BEbE sBle v e B ot ot e for 1

h, the m xture was diluted with EtOAc (100 m) and
Int V\%Z(hﬁed" ith sat. NaHCO3 (2 x 50 m), H2O and brine
nern( f )h 50 m). After 5 drying over Na2SO4,

filtration and evaq_g\lr ion of the sQlyent a brownish

oi | was obtai ned. Nﬂ{i cati c¥f omat ogr aphy

af forded the desired co f& mof a yellow sh

oil. Internmediate 28b). 10 A flame dried

Schl enk flask was char

m), [1,1"-

Intermediate 41a) (122 mg) was hydrogenated overnight in the presence of palladium
hydroxide, 20 wt% on carbon (10 mg) in a mixture of MeOH (2 ml) and AcOH (0.2 ml)
under 1 bar of hydrogen at room temperature. Filtration through a syringe filter and
complete evaporation of the solvent led to the desired compound as colorless oil.

Intermediate 41c):

Sodium triacetoxyborohydride (72 mg) was added to a solution of intermediate 41b)
(137 mg) and formaldehyde, 36.5% in water (18.5 pl) in 1,2-dichloroethane (2 ml). The
reaction mixture was stirred for 2 h at room temperature. Then the mixture was diluted with
EtOAc (50 ml) and washed with sat. NaHCO; (2 x 25 ml) and H,O (25 ml). The aqueous
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bi s(di phenyl phosphi no) f errocene] di chl oropal | adi un(1 1)
conplex with dichloronmethane (66 ng), copper(l)
WO auogie02081 ny), and dry N, N-di net hyl acet am dePCHEP30)8/005913
The resulting m xture was d‘gassed with alternating
vacuum argon purges. Then 1-9%rt 15
but oxycar bonyl pi peri di n-4-yl) (i odo)zinc (3.78 mol,
repared as descri be bov s, _adde The .m xt ur e
ayersEleai it o FRexeagiach Wi FOHer(2A dBD ol cEgamuIavers were merged,
washédf ®itAbBRE (29 Prﬂ diey '(NB?SO‘,)OJnd'\b\}&p@HTEB hyh@eRidRBréGudtavas purified
t hen eva orate and the remai nder was taken up In a
by chrmatggr@pgv t@@(&%ﬁh@ desired predush agicolerless pll) . Thi s was
then filtered through Celite and transferred into a
separatory funnel. The phases were separated and the
Intermediate Bagkr 20 was extracted with EtOAc (2 x 50 nl).
The conbi ned organi c | ayer vvagmshed with brine (75
m), dried (Na2SO4), ¥ concentrated in
vacuo. The crude produc s puri{ied by
chr omat ogr aphy to furnish tfle desi Hd conpound in form
of a brown oil. Internedi gregeBel~ N\Xx3HCI VvN NH i N
25 WD 2009/ 010299 PCT/ EP205913 92 To
Boc-protected internmedi ate™~8b) (383 ng) in a mxture
of DCM (3 m) and MeOH (3 m) was added hydrogen
chloride, 4.0 Msol. in 1,4-dioxane (6 m) and the

To Bo%qirutdc&m N’mm?e*dlle[téeldc) 680 MY h&ﬁ&ﬁ!réﬂoWDCI‘f/IQﬂ ml) And MeOH (1 ml)
oration of all volatiles and co-evaporation wth

was afie?@ BydroogA higrideofid Iesahtin i 4-Rlioxgngi(s mipang $heaselptien was stirred
at rooh'f MIpsrature forVihi e MEvaRS rAiohest élpi}élﬁﬁés'ﬁ?\ d%co- évazooratlon with toluene

desi ccator (Sicapent) overni Qi
and agetopednm| @ackinled-tpia white saligi wiich ma@rd@eﬂ furthergio)a desiccator

}@% d B-Cnoiety 1 (152 nyg),
(Slcadf%ﬁgoroxg-ﬁ'genzotri azol e hydrate (80 ng) and

N- et hyl nmor phol i ne (147 pl) were dissolved in DVF (2
Examplg41After being stirred

x 2 HCOOH

o JK,NH

Intermediate 41d) (51 mg) and B-C moiety 1 (62 mg), 1-hydroxy-benzotriazole hydrate
(33 mg) and N-methylmorpholine (60 pl) were dissolved in DMF (2 ml). After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (50 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (13 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (70 ml) and washed with sat.
Na,CO; (3 x 25 ml), water and brine (each with 25 ml). The organic layer was dried
(NaxSO,) and the solvent removed in vacuo. Purification of the crude product by
preparative HPLC furnished the corresponding diformate as colorless, glassy solid.
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for 30 mn at roomtenperature
N- ( 3- di et hyl am nopr opyl ) - N- et hyl car bodi i m de
whyweooibori de (121 ng) was added and sti rri ngP@EEP2008/005913
conti nued for another hour. An additional anount of
N- net hyl nor phol i ne (31 pl) W& added and stirring was
conti nued 15 overnight. The reaction m xture was
|Iut§gvvitq QAc (70 M), washed with sat. Na2CO3
Synthesis obExample pdi o1 and brine (each with 25 m). The
Intermb8fié 67hpyer was dried (Na2SO4) and the sol vent
renmoved 1'n vacuo. Purification of the crude product by
preparative HPLC furnished thg correspondi ng
diformate as slightly bro resin. 20 Synthesis of
Exanpl e 41: Internedi ate&N)N a 00 N~-&K iNW
2009/ 010299 PCT/ EP2008/ 005913 993 A sol ution of
1- benzhydryl azetan-3-ol (674 ng) in DM (2 m) was
added under argon at OC to a suspension of sodium
A miktyck idecisﬁO%ZH)s&anﬁm@nyclopemamer ahydocbdhlc(rﬁe 1665 g),Didimaldehyde

solutcr o5 bty wite] T2 207D aBTotRp el 1 28 mirinateter B ] s heated o

reflufovermght The reactlon mlxture was concentrated in vacuo and the remalnder was
etrah 2'’H[2,4]bi yr|d| .
made ZKRIRPLBKY14) by:additenpf 1 31 AGH. futhemone SAIGNAG wht-added unti

saturét%n”ﬁhe"ﬁq%e%@geﬁha%@%éi"éxeré!%B'\M’Eh oM Y3 %Smhe&{oeﬂwe combined

0C overnig The reaction m xture was cool ed
organ@dawmmwaﬁh% wﬁydfvaiey@redi buine keachawith 8Pumd), then grigd NazSO4) and

W’ m xture was washed
conceﬁir?%‘ﬁ,\éﬁ%@}oz c%gﬁgkﬁﬂ%] l?grrbl ned aqueous | ayer
was re-extracted W|th EtOAc (25 M) and the conbined

wyer then washed with water and brine (each
’"“""&F?ﬁ?‘i?hﬁ), dried 10 (Na2SO4), filtered and

concentrated in vacuo. The crude product was purified
by chromatography to afford fNie desired product as
yel | owi sh foam | nter medi @ 41B): HO ON-~OK N

OH

Intermediate 57a) (1.27 g) was dissolved in abs. EtOH (50 ml). sodium borohydride
(1.13 g) was added in small portions at room temperature. After being stirred overnight,
sat. NH,Cl (10 ml) was added, and the main part of EtOH was removed in vacuo. The
residue was diluted with 0.25 N NaOH (50 ml) and solid NaCl was added until saturation.
The aqueous phase was extracted with DCM (3 x 25 ml) and the combined organic layer
was washed with water and brine (each with 25 ml), then dried (Na,SO,) and concentrated
in vacuo. The crude product was purified by chromatography to afford the desired product

in form of colorless crystals.
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15 Internediate 41a) (122 ng) was hydrogenat ed
overnight in the presence of palladium hydroxide, 20
wowreom2ear bon (10 nmg) in a mxture of MeOH ( 2Pei/EPRN§1005913

AcCH (0.2 ml) under 1 bar of hydrogen at room

tenperature. Filtration thrédgh a syringe filter and

corrpl ete evaporation of the solvent led to the desired

g}% 89 as colorless oil. 20 Internmediate 41c): NaO

Intermp €): i N Sodi um triacet oxyborohydride (72 mg) was

added to a solution of ilnterrredi ate 41b) 25 (137 ny)

and fornmal dehyde, 36.5% n water (18 5pl) in

1, 2-di chl or oet hane > The Lﬁ{ ion m xture was
stirred for 2 h at tenp ncg Then the m xture
was diluted with EtQAc ?‘ washed with sat.

NaHCO3 (2 x 25 nl) and The aqueous WO
2009/ 010299 PCT/ EP2008J1 005913 94 Iayers wer e merged
and reextracted with Et®AC (25 m ). Al organic |ayers
were nmerged, washed with brine (25 m), dried
(Na2SO»4) and evaporated. The crude product was

A solutioh iof nmdrmémat@ramwmwr@hyow or fY)i wikes adwedieﬁdérqigon at0°Ctoa
rless oil. ternmedi ate 41d HC

suspeBFiRf O sqans" YRR ROSeSParSiPB REUNgIab o 169 enHF, @ mi). The
coolin UHrtPétWHseréPﬁo%\/Jaﬁ& the )ml'xlﬁu?e 'gﬁl%b (fér mﬁ at‘f‘@&n"’\@ﬁ'm%rature Then a

en chlorid 4. 1, 4- di oxane

yd
solutiogh ift Beflupsp-3t.# e, mragvdfq-ad [2143]baxvndmhﬂ tQ&rb@f)dwuﬂeld tert-butyl
ester £ 1 h Em BWK{ ?ﬁl do%ldI aﬁ’d3 at%ﬁorzi"?vﬂétu re was heated to 120°C
0-evaporati o P enes an
overnigbtl Tihe raaetfant mn@uﬂel vdas odoledh tanaxC dnd e\dasfthen Iqeenchedawuth sat. NH,CI

(1 m)OBROAC B @ hak SRR a8 R wds GBS With Narfcos (2 x 30 mi.
The combined aqueous layer was re-extracted with EtOAc (30 ml) and the combined
organic layer then washed with brine (50 ml), dried (Na,SQ,), filtered and concentrated in
vacuo. The crude product was purified by chromatography to afford the desired product as

brownish oil.
Intermediate 57d):
l 3 x HCI
s
0] NH
| A
=N

To Boc-protected intermediate 57¢) (270 mg) in a mixture of DCM (1 ml) and MeOH (1 ml)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred
at room temperature for 10 min. Evaporation of all volatiles and co-evaporation with
toluene and acetone (each with 5 ml) led to a beige solid, which was dried further in a
desiccator (Sicapent) overnight.
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15 NC | C Internediate 41d) (51 ng) and B-C noi ety
1 (62 ng), 1-hydroxy-benzotriazole hydrate (33 ng)
waedmsiazed hyl nor phol i ne (60 NI) were di ssol vedPCHEEIBS/005913
(2 m). After being stirred _at roomtenperature for
30 min N (3-dinmethyl ani nopr &yl ) - N-et hyl car bodi i i de
20 hydrochl oride (50 ng) was added and stirring was
?%%%nued for another hour. An additional amount of
Exampled{:hy| nor phol i ne (13 NI) was added and stirring was
continued overnight. Thgongasdyon mxture was diluted
with EtQAc (70 m) andvvashed with dat) NaZCCB(Sx
25 m), water and B (each wi Jsrk’ . The organic
| ayer was dried SO4) and he Ivent removed in
vacuo. Purification oOth product by 25
preparative HPLC furnishedl tpe carr ondi ng di formate
as col orless, glassyfjsollid.” WO 20 0299
PCT/ EP2008/ 005913  95z8ynt hesi g le 57:
Internediate 57a): 0~0> 5 A m'x{ure of cis-(1
S, 2R)-2-am nocycl opent anol hydrochl ori de (6. 55 g),

f or mal ut.i 36. 5°/| wat e m ) and
Intermeg)aie éqﬁwﬁﬁ)( 78 8 5-G meiglv or (108 a1 )1 Vi OnGkbagliazole hydrate
(53 mgrahd N-Petiyith8fpholidé a7 QBC‘vﬁér@rdléHdﬁéH A DRAF (2 ml) After being stirred

concentrated in vacuo and the remi nder was

at roankaﬂ@ﬁeer(%tﬂelm)or by3Gdfin dvr(%ﬂmemmmpprpgyli nénethwc@rbodumlde

hydroé‘rﬂd)r‘lcfé V\Qg@ rg ; act eHnEhW?@é‘ \ﬁ%%%%n)tﬂ QGﬁgé?'Hﬁher hour. An

addltlcmah*@mmmtm Mmethylmarphadinew@d wih stasdaddech amdts@irrimgqm/as continued

overnlg@fmr:‘@ef ?@z}ccgaw ﬁwnd % dle‘%{; wi“éu g%mm% qqn qmaar_led with sat.

NaQCGm(:Eranﬁlml)emﬁfér) and)bnnéS(elanh ewitre @5aind). Ihe) ofghnit’ layker was dried
s di,s olve abs sodi um_ bgr ohydri de
(NaZS% f@dg vga\gegn?qye rré(?l‘SaﬁUPt I%ﬁgcg@or} c%nﬁ‘ c¥uJe product by
preparatiV® BIFLCiRnishéd tHe ERtedpoRbing didrANRY 44 éﬁlbrlesss Etas solad

NHACI (10 m) was added, and the main part of
rermved in vacuo. The residue was diluted with O. 25 N
(50 m2 and solid NaCl was added unti l

SV"thsﬁﬁRfaﬁX%ﬂPeZ@The aqueous phase was extracted with
Intern%fe%@%).% m ) and the conbined organic |ayer
0
O H NJLOX
| A
Fl

A flame dried Schlenk flask was charged with 2-chloro-5-fluoro-3-formylpyridine
(1596 mg), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(ll) complex  with
dichloromethane (245 mg), copper(!) iodide (114 mg), and dry N,N-dimethylacetamide
(14 ml). The resulting mixture was degassed with alternating vacuum/argon purges. Then
1-tert-butoxycarbonylpiperidin-4-yl)(iodo)zinc (14.0 mmol, prepared as described above)
was added. The mixture was degassed once again and then heated to 80°C overnight.
The main part of N,N-dimethylacetamide was then evaporated and the remainder was
taken up in a mixture of EtOAc and water (each with 75 ml). This was then filtered through
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was washed with water and brine (each with 25 m),

then dried (Na2SO4) and concentrated in vacuo. The
weewdeleoduct was purified by chromatography PCI/EPZ008/0)5913

the desired product in formof colorless crystals. 25

WO 2009/ 010299 PCT/ EP2008/ 088913 96 | nternedi ate

57c): NN, O ON Ax iN A solution of internedi ate 57b)

Celite %@raﬁlﬁf&%\n&a@épﬁéw&ﬁ#n%??g@%?lggé@ we ogﬁégrafeq and the water
layer Wad'8XtPdctéd Wnﬁ@o@&'ﬂ%l)( $h8lcbm Trﬂ% or%ﬁﬁic' 18¢eri@dwashed with

was renoved m Xt ur e stlrre room
brine &1@ﬁpgk)adrl§cb(Na§$Qz,) gﬁltegeﬂ amd ggn@ﬁntrated /n vacuo. The crude product was

punﬂeé twcgé’l t?rgimggo%gm)? E&B}%ﬂrtﬂgzd% &ﬁf}ﬁw frqdefﬁl of a yellow

resin. (1 nl) vvas added and the reaction m xture was heated
to 120C overnight. The reaction m xture was cooled to
0C and was then quenched with sat. NH4Cl 10 (1 m).

Internvédiafe §9p):M ) was added and the m xture was washed
W th Na (2 x 30 mM). The conbi ned aqueous | ayer
was re-extracted vyt st OAc (30 np) and the conbi ned
organi c | ayer then% d with b >&50 m), dried
(Na2sO4), filtered a ecD| n~ vacuo. The
crude product was purifi romat ography to afford
the desired product as [|[brownish oil. 15 Internedi ate
57d): N 3 x HC O NH Boc- protected i nternedi ate
57c) (270 ng) in a mxture of DCM (1 m) and MeOH (1
m) 20 was added hydrogen chloride, 4.0 Msol. in

Sodtuf e BigBe e foibe (554 WA AR 8 S SO nfimeciate 592)
(607 nY@| ad msetngaup@fammw» A pididhlofdetiigiee(18n4) aAﬂérOts@ng stirred

(each led to_a beige solid, which was
at room tempsrature tor 3 h more sodium triacetoxyborohydride (209 mg) was added and

stirring was continued onvernight. The mixture was diluted with EtOAc (100 ml) and
washed with sat. NaHCO; (2 x 50 ml), H,O (50 ml) and brine (75 ml). After drying over
Na,SQO,, filtration and evaporation of the solvent a brownish resin was obtained.
Purification by chromatography afforded the desired compound in form of a brownish oil.

Intermediate 59c):

\N/\ x 3 HCI
A M

=N

To Boc-protected intermediate 59b) (504 mg) in a mixture of DCM (1.5 ml) and MeOH
(3.5 ml) was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (3 ml) and the solution
was stirred at room temperature for 1.5 h. Evaporation of all volatiles and co-evaporation
with toluene (2 x 10 ml) and acetone (15 ml) led to a brown solid, which was dried further
in a desiccator (Sicapent) overnight.
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desi ccator (Sicapent) overnight. 25 WO 2009/ 010299
PCT/ EP2008/ 005913 97 Exanple 57: x2HCOOH N aNNI 0 O
WO2MIDININ N Cl alci Internmediate 57d) (110 nRQT/EP2H08/005913

B-C noiety 1 (100 ng), 1- hydroxy benzotri azol e hydrate
5 (53 mg) and N-net hyl mor ph®%ine (97 pl) were
dissolved in DMF (2 m). After being stirred at room
t erature for 30 mn

Example 29:4i et hyl ani nopr opy! ) - / V- et hyl car bodi i ni de
hydr ochl ori de (80 ny) ?p%% d and rring was
conti nued for another hg r:?>al amount of
l\l—rrethylrmrpholi?rﬂ’(‘ﬁ]o pl) vvasg d stirring was
continued overnight.yThe react)lonnNg xture was dil uted
with EtOAc (70 m) dhdwasifedNwi th sat. 10 Na2COB (3 x
25 m), water and bri wi t R 25 ). The organic
| ayer was dried (NazfpA) and thet renmoved in
vacuo. Purificationg e crudecprogdctciby
preparative HPLC furnished the correspondi ng di formate
as colorless, glassy solid. 15 Synthesis of Exanple

Interm'eldm Sg L%%ﬁ %Ha?hag%[%g @'ﬁgr'éég 1\5‘1¥4{o§y-i)§n§)triazole hydrate

(69 m@)r & Arrethyfrhophotine (15N} wird disselve@th DMFOG mY) After belng stirred
1,1 -bis(di phenyl phosphl n &f errocene] di chl oropa I

adi
at rQ‘i’(’? I )te’BBﬁ'iﬁt‘é’ﬁ wWof h 34 BHN o rid-dimeibylamimoprgpyl)-V ethylcarbodnm|de
hydro&ﬁ@rﬂfé (103 1Mmg) das( l\@l&edTPQnd §fiﬁllnﬂr Mlas continued for another hour. An

N-di et hyl acet am de . The resulting m xture

addltlcmé au&gmsﬂéd\lwethylmqrmqilaeu (ﬂ@ whmw@de;bﬁnmﬂgrm was continued

overn@nt?nl’he reaction mixture was diluted with EtOAc (50 ml) and washed with sat.

Na-CO; (3 x 25 ml). The combined aqueous layer was re-extracted with EtOAc (25 ml).
Then all organic layers were merged and washed with brine (25 ml). The organic layer was
dried (Na,SO,) and the solvent removed in vacuo. Purification of the crude product by
preparative HPLC furnished the corresponding formate as yellowish resin.

Synthesis of Examples 60 and 61:
Intermediate 60 and 61a):

A
N
Fl/N

Cl

A solution of 2-chloro-5-fluoropyridin-3-ol (2.50 g) and pyridine (5.61 ml) in DCM (60 ml)
was cooled to 0°C. To this acetic anhydride (4.96 ml) was added dropwise and the
reaction mixture was stirred at room temperature overnight. All volatiles were evaporated
and the residue was diluted with water (30 ml) and stirred for 1 h to hydrolyze unreacted
acetic anhydride. This mixture was diluted with EtOAc (100 ml) and 0.5 M NaHCO;
(150 ml). After phase separation, the aqueous layer was extracted with EtOAc (2 x
100 ml). The combined organic layer was re-extracted with 0.5 M NaHCO3; and brine (100
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1-tert-butoxycarbonyl pi peridin-4-yl)(iodo)zinc (14.0
mmol , prepared as descri bed above) was added. The
woreooboreInas degassed once agai n and then heat PCI/EP2089®@5913
overni ght. 25 The main part of N, N-di met hyl acet am de
was then evaporated and the 10@mai nder was taken up in
a mxture of EtOQAc and water (each with 75 m). This
s then filtered through WO 2009/ 010299
mi ea%vrﬂme@@@svb gang gvarated. Ewaf'%t%%ﬁfﬂr@matﬂg@pay afforded the
desue?]%'i@duﬁdenffWSfacabﬂeE’@ﬁétﬁé were separated and the
wat er layer was extracted wth EtQAc (2 x 100 mi).
The conbi ned organic | ayer was washed with brine (100
Intenﬂuliatéj&q.%ﬂd( SO4), filtered and concentrated in
vacuo € crude product was purlfled by col um
chr onat ography to fur@ish the d@m conpound in form
of a yellow 5 resin q{nter 9b) NO FiN10
Sodi um tri acet oxyboroh i de ( 850rrg) was added to a
sol ution of internedi (607 ng) and 1-m
et hyl pi perazi ne (219 {n 1, 2-di chl oroet hane (10
m). After being stiFrr at roomtenperature for 3 h,
nore sodi um triacet oxyborohydride (209 ng) was added
and stirring was continued onvernight. The m xture

A flanff Bl STnHAk 1S el i) e 3 ot lof .08 o). 11,1

bls(dlmnarlglpMBphmg)feuvecerteidlcladﬂsmajladmht(H)ad;ompleand with  dichloromethane

(207 SE IRl 12208l R T AP NRHRERPIARIA HiaET o The resutting

muxturéesimasddd@gaysegd wih f cdilterotiry bwamurﬁlgrgml\nlﬁ 20pu_lr_ges Then 1-tert-
| nt er medi at ] 0 .

butoxysFeSam BRI b Y IOIRARG. (& SoByT5BIeRRSF 45 SeRpis above) was
addede'I'r@QMn&GféwHk )de@ﬁgsé‘ﬂ?aﬁbe (a%aﬁm ghd tM@riS héﬁfé@dt&S@‘r@%Brnlght The

chloride, 4.0 in 1, 4-di oxane (3

main pajt ot Nd\&dlmﬁgyléﬁeﬁaﬂu@e w@SrtB@hevmetealtqnde heaem_@lrsielﬁ was taken up
in a nﬁytﬁF@BfJ‘Ez{gﬂc %Eg%n%e\’gé%% WRE 7276 )Cgh%"\?gf’ﬁ@édt gﬁ‘ereg" tHbugh Celite

t ol uene acet one
and trgnsfeded whtoch separatdry &enrfelir Theephases were separated and the water layer

was extracted with EtOAc (2 x 50 ml). The combined organic layer was washed with water
and brine (75 ml each), dried (Na,SQ,), filtered and concentrated in vacuo. The crude
product was purified by column chromatography to furnish the desired compound in form

of a brownish oil.

Intermediate 60 and 61c):

A solution of intermediate 60 and 61b) (1.82 g) in MeOH (50 ml) was cooled to 0°C. A
solution of lithium hydroxide (0.32 g) in water (25 ml) was added at once and stirring was
continued at 0°C. After 15 min the pH was adjusted to ~7 by dropwise addition of 0.5 M
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25 in a desiccator (Sicapent) overnight. WO
2009/ 010299 PCT/ EP2008/ 005913 99 Exanple 59: x HCOCOH
woOR@IDYE9 NNNH N F I i NC | C Internedi at ePGPEP2008/005913
(150 ng) and B-C noiety 1 (129 ny),
1- hydr oxy- benzotri azol e hydi8le 5 (69 ng) and
N- et hyl nor phol i ne (125 NI) were dissolved in DI\/F (5
After being stirred roomtenperature f

HCL Phdri 10 STRHBUYAR ARG M, paTE BOh VI 8P HBRtedewtn EIOAC (3 X
100 iy AHe K Onih el gkt Ber WaS iihed Pbie (008! Bied (Na;SO) and
evaporatedtto jurnishgghbrownish anpl ) was added and stirring was

conti nued overnight. The reaction m xture was dil uted

with EtOQAc (50 ml) and washed with sat. 10 Na2CO3 (3 x
Interédixté 60 Bnel €1f)pi ned aqueous Iayer was re-extracted

with EtOAc (25 ml). Then all ?anlc | ayers were

mer ged ard v\fshed with brine (25|m The organic

| ayer wadl\dtied (NagsO4) and th¥ oI vent regpved in

vacuo. Purification 9[ tNyfe crude pjoduct byJLf >§B

preparative ®PLE T INhIrehett t he T r €spoyrdi Ornmat e

as yel l owi shiredinJ 15 Synt hesi s of

F1 iN20 A

(2.50 g) and

61:  Interiffedifate 60 and 6Ta): o)
sol ution hl onhq 5-fl uor opyr
pyridine (5.61 m) "i'n DCM (60 ni was coB2edto 0C.
To this acetic anhydride (4.96 m) was added dropw se
and the reaction mxture was stirred at room
Undett a@paraasmummweinmrgmdaaté\lelo ared @1a)l(8%5 W)&(Ryamhéﬂ'@lémmo butan-

1-ol (297; mggfgr;dgt%bggr?ylg\éﬁoquh{eg Gfégéxmg,)hgeﬂ%f 255 $nl) was cooleg to 0°C. To this

diethyl azodicarboxylate, 40% in toluene (1.16 ml) was added dropwise. The cooling bath

was removed and stirring was continued for 3 h at room temperature. Evaporation of all
volatiles furnished a brown oil, which was first purified by chromatography (removal of
PhsPO) and then by preparative HPLC to separate the isomers. Both isomers were
obtained as brownish resins.

Intermediate 60e):

| 3 x HCl
/N\EJ
o) NH
I S
_N

To Boc-protected intermediate 60 and 61d) P1 (82 mg) in a mixture of DCM (1 ml) and
MeOH (1 ml) was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the
solution was stirred at room temperature for 10 min. Evaporation of all volatiles and co-
evaporation with toluene and acetone (each with 5 ml) led to the desired product as white
solid.
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20

acetic anhydride. This m xture was diluted with Et QAc
(100 mM) and 0.5 M NaHCO3 25 (150 ml). After phase
wapanardon, the aqueous |ayer was extracted WEHEEOGHNSI13
(2 x 100 m). The conbined aorganic |ayer was
re-extracted with 0.5 M NaH®88 and brine (100 WO
2009/ 010299 PCT/ EP2008/ 005913 100 m each), dried
Exam&" Na2SO4 and evaporated. Purification by
"?H gﬂatography afforded the desired conmpound in form
of a colorless liquid. Intgygediate 60,and 61b): O O
AON x0 FiN 5 Alflafre dried sehl F‘i>|ask nas
charged with inte ate 60 any 2.389), [1,1'-
bi s(di phenyl phos NH
phi no) f errocene] di chl I'1) complex with
di chl or onet hane (307
and dry N, N-di net hyl
10 m xture was deg

Il odide (143 npg),
mThe resul ting
@ vacuuni ar gon
purges. Then 1-tert-

butoxycarbonylpiperidin 4- yI)(iodo)zinc (17 6 mol ,

Internf/\é{adgaq 263% a(gaqﬁag ggg(%kﬁgﬁg ﬁﬁg H‘é&t 1dh¥ ?%gt;igzole hydrate

(47 mg)/amdnl\gimiethyTrherpr'mnél (861[11) \@érel\éiléécﬂkydﬂ?hmk/ﬁc@ @)l AfReMBSing stirred
he renmi nder was ta in a

:{dﬁen evapor at ed and
for xMif e &y rEP@Act%mBerﬂ&tr%r ’(’é%@!m%hvlawaowmpyl?me@mbodumIde
hydroéHiemdd i(74 em ?ﬁ W5§ (Htﬁfédcﬁhdtﬁlrﬂlﬁg anss tdanmn{ies ffor dérﬂ%ﬁ’erahour An

sepa ar at ory unnel p ases were separ ated an
additiopal @mqugy & N\mhﬂmaw@e (A8t 1) Mmdqw anaostm")g wHisecontinued

n
overmg[;?f‘m'e HE %ﬁ%ﬂﬂeﬂgmg@y \?E\s V@I% %%&E%é J, e@i aéﬁf'washed with sat.
Na,CQnRkx rﬂﬁrrat)emd watend2s mIrhdl aquebas Iayewdunere\mergwr ad eslextracted

to furnish the
with ERXAE? rgp) Qrﬂélg r'ﬁ?é 8%#1%@1% (A danic IJ]ay&r IWaSQ’tSasfq}ﬁde‘f"ﬁ%BT"é? £25 ml), dried
(Nagseﬁ)) and é/bpprat@ iDHa9o0 The felidue was purified by preparative HPLC to
provide the corresponding amine as yellowish resin. This was dissolved in EtOAc (1 ml)

and treated with hydrogen chloride solution, 1.0 M in diethyl ether (207 pl). The resulting
suspension was diluted with hexane (5 ml) in order to obtain a complete precipitation of
the corresponding dihydrochloride. The solid was filtered off, washed with hexane, and
dried in a desiccator (Sicapent) overnight to provide the desired compound in form of a
white solid.

Intermediate 61e):

| 3 x HCI
).
o) NH
' AN
g7~z

To Boc-protected intermediate 60 and 61 d) P2 (40 mg) in a mixture of DCM (1 ml) and
MeOH (1 ml) was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the
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A solution of internediate 60 and 61b) (1.82 g) in
MeOH (50 ml) was cooled to OC. A 25 solution of
WO paoblounphydroxide (0.32 g) in water (25 nl) weGT/EBE81005913
at once and stirring was continued at 0C. After 15
mn the pH was adjusted to 163 by dropw se addition of
0.5 M WD 2009/ 010299 PCT/ EP2008/ 005913 101 HCI. Then

solutlgkw@rgn(ﬁ{géﬂi\iﬁ%%gg %E@erdgtdgmetfgo\g%trme;n (éq%g i %ﬁa&%l volatiles and co-
r
evapdEFLuin Gligte 118 XRRTRICHER TS D (U0 Mk Hoged Broduct as white
solid. | nternediate 60 and 61d): NJ ONOONOa ON)~X
FI iNPLFI1 iNP2 Under argon a solution of
internmedi ate 60 and 61c) (375 ng),
Exampi® 62: di met hyl am no- butan- 1-ol (297 ng), and
tri phenyl phosphi ne (664 n}qé én THE (15 m) was cool ed
to OC. To this 10 di et hyl G Qf"carbo yNate, 40%in
toluene (1.16 m) added erP e cooling bath
was renoved and stiriing was cqnti ed for 3 h at room
tenperature. Evap ' atiles furnished a

brown oil, which was f ifiéed hy chr omat ogr aphy
by pr§ ative HPLC to
h |somacg \e#8~, Obt ai ned as

(removal of Ph3PO

separate the isoners/ |

browni sh resins. 15 I nternedi ate 60e): ﬁ 3 x HO .01

% ONH F iN To Boc- protected |ntermad| ate 60 and 61d)

ina mxture of_DCI\/IS ; and 20 MeOH (1
Intern}ﬁo)at%@rgc(dgdngy@nggl@ﬁ: aoielyi Hd43 4ng), M-bydroxy-henzotriazole hydrate
[ d

(23 mé) ér&}&‘tl\gﬁn%gﬁ/é é;dﬁo?m@?%hﬂq%er%%ﬁuégdl a ?P@%N%}E & rrnﬁ AftEr being stirred
for 3ol atin| e andntoterepeqahnat [ Nfiswlmbtnylmmeoprowk)l Mfem)dcaarbodumude

hydroérﬁgr%]e %EthQ) nJv&s a de angesdr%ﬁgrv%gs pcgoon%nued at%r anotﬁer hour. An

additional amount of N-methylmorpholine (9 pl) was added and stirring was continued

overnight. The reaction mixture was diluted with EtOAc (50 ml) and washed with sat.
Na,COj3 (3 x 25 ml) and water (25 ml). All aqueous layers were merged and re-extracted
with EtOAc (25 ml). Then the combined organic layer was washed with brine (25 ml), dried
(Na;S0O,) and evaporated in vacuo. The crude product was purified by preparative HPLC
to provide the corresponding formate as colorless resin.

Synthesis of Example 63:
Intermediate 63a):

A

(_n

A solution of n-butyllithium, 2.5 M in hexane (8.97 ml) was added to cooled (-50°C), stirred,
dry THF (200 ml) under an atmosphere of argon. Then 2,2,6,6-tetramethylpiperidine
(4.13 ml) was added. The mixture was warmed to 0°C for 20 minutes. The mixture was
then carried to -78°C. To this mixture a solution of fluoropyrazine (2.00 g) in THF (50 ml)
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30

solid. WD 2009/ 010299 PCT/ EP2008/ 005913 102 Exanple
60: x 2 HO N. ' ~NoJNH ONFI i NC | C
WO proeoneet at e 60e) (95 ng) and B-C noiety 1 (8BCTEP2008/005913
1- hydr oxy-benzotri azole hydrate 5 (47 ng) and
N-rrethyl nmor phol ine (86 pl) We4e dissolved in DVF (3
After being stirred for 30 mn at room

eratu . . ) .
was aﬂdgg é"W@Qh‘W%ﬁPﬂmﬂ%’p% WSNI%FPS/"?B‘H? Bew Pimingtes. Then a solution of
|od|ner()lér40®h|h°mld?5(§ ity S |HY?o°dL%@§neéi’1daé(}ﬁri Wa%'dbgltlﬂﬁéd for 1 h at -78°C.
conti hued for anot her hour aadi tT onal anopunt of
Hydrolysisewhy Ithen gauiacheut( ag-78°C usisg adsalutiemof S50 aiqugowsbydrochloric

acid @B G BfoH Ry WP M, i HER T i, S da yatthq to room
tempeZaturd, )madhsl sNgiﬂlgrbaﬁsggt ed) 0) with satjU¢gHGOL aw SOMﬁtbte was decolonzed

with sGHE RIS RNGIE A0 EHgRT ctestia@einyg e PrOASIE HUVERS. e resicue was

dllutedetﬁ%atém%‘é%) Mo MRS MR DCM (83E900 mTﬁ queér'gﬁHi% extract was
preparative HPLC to provide the

dried c6\la bnanﬁg %’ﬁpﬁ@t% yENe ofrugle reroduct Twas wasified by column

chromSIEEbHES ffhich Fadsigtcomptiiig 4B st g aR-aa-C),

The resultl ng 15 suspension was diluted with hexane (5

. i er to obtain a conplete precipitation of

’"‘e”'tq%‘%e""t‘po?*?‘;e?gpondi ng di hydrochl ori de. The solid was

filtered off, washed wth hexa d driedin a

desi ccator (Sicapent) avernigh %ovi de the desired

conmpound in formof a Fwhi fe” Rol iQ O Internedi ate

6le): N 3 x HaO ao N iN To Boc- protected

i nternedi ate 60 and GIL\EI P2 (40 ng) in a mxture of

DCM (1 ni) and Z

A flame dried Schlenk flask was charged with intermediate 63a) (1.00 g), [1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) complex  with  dichloromethane
(109 mg), copper(l) iodide (51 mg), and dry N,N-dimethylacetamide (6 ml). The resulting
mixture was degassed with alternating vacuum/argon purges. Then 1-tert-
butoxycarbonylpiperidin-4-yl)(iodo)zinc (6.25 mmol, prepared as described above) was
added. The mixture was degassed once again and then heated to 80°C overnight. The
mainpart of N,N-dimethylacetamide was then evaporated and the remainder was taken up
in a mixture of EtOAc and water (100 ml each). The mixture was then filtered through
Celite and transferred into a separatory funnel. The phases were separated and the water
layer was extracted with EtOAc (3 x 30 ml). The combined organic layer was washed with
water and brine (75 ml each), dried (Na;SO,), filtered and concentrated in vacuo. The
crude product was purified by column chromatography to furnish the desired compound in

form of a brownish oil.
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MeOH (1 m) was added hydrogen chloride, 4.0 Msol. in
1, 4-dioxane (2 m) and the WD 2009/ 010299
WeEGNABRRODE/ 005913 103 solution was stirred apCT/BR29NS/005913

tenperature for 10 mn. Evaporation of all volatiles

and co- evaporation with tol®ne and acetone (each

vvlth 5mM) led to the desired product as white solid.

QFIX n‘ﬁJPe 61: xHCOOH ,-INO O No ANHONF I NCOC
’"te’"?ﬁ Alq 63¢) nedi ate 61 e) (48 ny) and B-C noiety 1 (43
1- hydr oxy- ben riazole hydrate (23 ng) and

N-methyl mor phol i ne ( pt 3 HGOO# di ssol ved in DMF (3

m). After being st d 10 for ¢O0 ym,n at room

tenperature

N- ( 3- di met hyl ami nopr opyl - M gt hil c& bodli i mi de

hydr ochl ori de (35 ng) and stlrring was

conti nued for another An additional anount of

N- et hyl nor pholine (9 p s added and stirring was

conti nued overnight. The reaction m xture was dil uted

wth EtOQAc (50 mM) and washed with sat. Na2CO3 (3 x

{ | r r
A sohﬁ%n”ﬁ%(%ﬂﬂ py@l)ﬁ’dl?rﬁgtdﬂéanl%%vlm (tzﬁﬂurﬁ@@\ (D%Ie #)%Tﬁ%ﬁ added under
argontalh@°6dma almpe@smmfcsdda;remydade VEQTR etispérsinndn iminerak sil (39 mg) in
dej . ) rate . .

omF [ inf ThE ooihG ARt nd e RERRr i ine il@fe Bpicdiior 1 h at room
tempepataxe. dmehtmsmunomspmteim@létem) €¢138mgpirnDMS 2 miswas added and

the re%?tfqr%’ mtl)!tqgrsé,\f?’/g\so gsgﬁn@n&ﬁ Wr I nt rqrrfe%lclmp r&nx@)rmv{a}? cooled to 0°C
and whgxmenyr% g&éd With ¥@sNagded . E@@Aeqm P whs aRidet’#@ the mixture

under an at nosphere of argon. The

was Wﬁsbeéwéhtﬁﬁ'éﬁﬁet(%%l%ﬁ 8 e gembing 1@%%3\@%‘5’%@ eXtPaC"ed with
EtOAch@s %l%ta%eth\éaéomlemadorbsneqailew thedh WaBHEGSwith BRine (25 ml), dried

m xture was
(NazSO,), fittered and concentrated in vacuo. The crude product was purified by

preparative HPLC to afford the corresponding formate in form of a yellowish resin.

Intermediate 63d):

C"‘l x 3 HCI
A

0 NH
N™

Y

To Boc-protected intermediate 63c) (181 mg) in a mixture of DCM (1 ml) and MeOH (1 ml)
was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred
at room temperature for 2 h. Evaporation of all volatiles and co-evaporation with toluene (2
x 5 ml), acetone (5 ml), and ether (5 ml) led to a beige solid, which was dried further in a
desiccator over Sicapent overnight.



then carried to -78C. To this m xture a solution of
fluoropyrazine (2.00 g) in THE (50 nm) WO 2009/010299
WeEGNABRRODE/ 005913 104 was added. Stirring waBCT/EP2008/005913

continued at this tenperature for 5 mnutes. Then a

solution of iodine (10.4 g}% n THE (50 m) was

i ntroduced and stirring was continued for 1 h at -78C
drolysis was then carried out at -78C using a

Examgle 63 on of 35% aqueous hydrochloric acid (20 n),

EtOH (20 m) and IHE (50 m). The sol on was war med
to room5 tenper re, npslpcplig '%I c (pH 10)
with sat. NaHCGS. sol ution lorized wth
sodi um t hi osul phate apd evapor akednio renove the
organi ¢ sol vents. e Pesi uevaas. diluted with water

(150 m) and extract 00 m). The
organi c extract was ried (NaZSevaporat ed.
The crude product vvaskpa'?‘lfl ed byt

chromat ography to furnish the deS|red conpound as

yell owi sh crystals (np. 41-44C). 10 Internedi ate 63b):

Bl Bl 8, B L 0 S e s

5 (36mg)i a?(d:inheMnylanpoﬁne’l(ﬁa‘ gl) mece dissdlved|io DiE (B imlb UAftdriheing stirred

for Sﬁog:%l X gdltr%gl c%lf{ggeg%t%awéag Wém%&g k\)GeMycarbodumlde

hydrocﬂl‘cﬁldee%sﬂ trhgp wd¥ >a'ddé§ m Siiﬁ@ﬁﬁ&/ﬂﬁ; Wohtingdd @6Manbtter hour. An
ni ar gon pur ges.

adquga{ g;&p@g; b Mmt@@mpmr}pjlne y(|1 51 (H'b W@FﬁC}di( 8n% stiripg was continued
overnight® Wﬁé@ga&%ndtﬁﬁ&uﬂehﬁéis ah’l%SM wa%t ea?ﬁmtl bV%(s)@é&Whesat. Na,COs

was egasse once aln and
10 (3 x 2 0d), waer andrheneoe wita25 mr) Neorgania layeawes aiiedgNaSO,) and

e solf 8y SHER0I0RBE G BT BT o) B4R Brlcaony

furnishedx ther eomm)ohtjmg amiineziire dormh ob lag brovidesh tresiand@his was dissolved in

EOnc (D A, B S RBeA i e, TIEMEI BTN Sler (178 .

The rd§hﬁ3ﬁg él%pén&@nrlhés dTbl@dCWIﬂblrfeﬁdn@f(earﬁl)Qn|dﬂzl§|f th@btaln a complete
er. and brine ach), drie

15 p’ec'p'(‘ﬂ!é’é‘sﬁﬁéﬁ‘e Wrﬁsaoeemsn'avdseﬂa!e §- aT'?e%I SPVF’ M@ufdter%@ffzsvashed with

hexané, 4f8 BFfi6dIURt aWaEsiBE4tbf | Sér bSlc‘éBéM”%vém‘ HRiP Hréndy the desired
furnlsh the desired conpound i
compound in form of an off-white solid.

20 Synthesis of Example 64:
Intermediate 64a):

A three-necked flask equipped with an internal thermometer was charged with dry THF
25 (80 ml) and cooled to -10°C under an argon atmosphere. While stirring with a magnetic
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formof a brownish oil. 30 WD 2009/ 010299

PCT/ EP2008/ 005913 105 Internediate 63c): CN x2HCOCH
WO209MI109 N ~N A sol ution of PCT/EP2008/005913

(S)-1-pyrrolidin-1-yl-butan-2-ol (211 ng) in DVF (2

m) was added under 5 argof04t OC to a suspension of

sodi um hydri de, 60% di spersion in mneral oil (39 ny)

stirreriﬁ;] Q%@@pm&f Q@W@p%gt?#@gn R h S o Ved(gggb?fﬁieﬁ/vlgnm 30 min to
mamtﬁﬁ'tHé't@r‘?\p@fathr‘ét BétWREhat8°G3HY -(‘51@8A'FEE} shﬁun@'\é:n (aadﬁ"b})al 30 min at

was added the reaction m xture was heat ed
-5°C, ﬁtmetmylhmam@te é&@ﬁﬁdnl)rﬁnct uraomwecd@k%oned%&& g)nwere added at

5°C\|f:¢> {da%n %%X& &tnreS%mSN'%B (ﬂarcm/ri1 salgb\n% rUQ solution of

m xtur was Was
anhydimlmdri’e ¥6.8392 mhi) m THE (ddmhi) mexs adﬂaebwshha@()amwvamne keeping the

tempelgiy R Pl DT Cl TR RASHILPERATE by SRgr P aqioligly: The cooling bath

was réMev&Phnd §t||rhh§f\ﬁé’s FOALIMRE 8N Focth @dmiperatafdifor 46, The THF was
crude product was purified by preparative HPLC to

evapogatedand fke d'@maéﬁ@@ rd W@ St shspended ring b, NaH&Os. The precipitating
tltanlu)hejsél%"‘dvéﬂé fi IFe?écﬁ‘ off hd WASHIRHiR b é@étate@# hé fik é’ig'wé’éjgvashed with

Boc- protecte nter late 63cC)
a secqmd rapmomonﬂ é\l Nfal-md &rd htine. aTrir@ agCphdse way drlaagvadbr@@m, filtered

and e%%:r%%éq SIPJ <f 5 ??Naéé (9 Mr\?%%p\éfgfbcfby sﬂéé’é@l% 0 a? i omatography

for Evapor ati on of all volatiles and

CO BY t|on with toluene (2 x 5 m), acetone (5
’"‘e”?ﬁ‘i’a%ﬁ‘géet her (5 m) led to a beige solid, which was

dried further in a desiccator over Sicapent

over ni ght.

In a two-necked 250 ml flask, intermediate 64a) (3.16 g) was dissolved in a mixture of
methanol (70 ml) and water (0.5 ml). The flask was evacuated and flushed with argon. 5% .
Palladium on activated charcoal (400 mg) was added and the flask was evacuated and
flushed with hydrogen. The reaction mixture was vigorously stirred over night at room
temperature under hydrogen atmosphere (1 atm). The catalyst was filtered through Celite
and the filter was washed with methanol (150 ml). The filtrate was evaporated in vacuo.
The crude product was taken up DCM (15 ml), filtered through a 0.45 pum syringe filter and
evaporated in vacuo. A clear, colorless oil was obtained that was dried under high vacuum

over night.
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WD 2009/ 010299 PCT/ EP2008/ 005913 106 Exanple 63: ON
Xx 2 HJd OO0 No )(1."NH ONalci C Internediate
W@ 3wp/0(@% ng) and B-C Moiety 1) (68 ng), PCT/EP2008/005913
1- hydr oxybenzotri azol e hydrate 5 (36 ng) and
N- net hyl mor phol i ne (66 pl) WeBe dissolved in DMF (3
m). After being stirred for 30 mn at room
t enper at ur e
Intermedigteipdek hy| ani nopropyl ) - N - et hyl car bodi i mi de
hydrochl ori de (54 ng) was added and stirring was
conti nued for another hour.. An /tional anount of

N- net hyl nor phol i ne (14 N OVVaS addeth and stirring was
conti nued overnight.__The Xeafti xture was dil uted
with EtOCAc (70 ml), was wi \h_sat ¥y Na2CO3 10 (3 x 25

m), water and brine (eachNw th 25 ). The organic
| ayer was dried (Na2SO4) and the solvent renoved in
vacuo. Purification of the crude product by col um

. chromat ography furni shed the corresponding amne in
SodiufomgHeXIde MRSV EHRrEd Y, Jissolna.$odiT 4806 dna) in aeotae methanol

] r b r n | Qi Ly

(sonl At SHkained B4 o7l s OIS e ana

precipdating: sedigm whloride| was demioved HyxEitrati¢rs thriough ra @5dmm tsgringe filter.
' iRt aty £ . .

e SN ) e B8 8 LR ST schop, gty ooy

soluticof fornvams fieat  wiat hkepteatimeomateimepratote i for a2 dimisc CRHedsolvents were

.Si i gh i.d h [.red
oo PR e BB B SO Bk oo o
was egfradtsampihetofilene (BBl MREi gtani6phhse W disbhrdBOTNe Ifaqlueous layer
equi pped with an interna

was co0leq 1D SEp And Rl %ﬁiﬁ%@gﬁ%hdfapvm@t" 5l ¢ 3@siepched; A colorless

lid pFe@piested th SUIRES, '
sod F8abod it WAy o) MITRARIR s b cos vater ¢ .

The prodyinpas died rgcyum.
Intermediate 64d):
HCI
H O X
N
—(\ NH
N
0

The Boc-protected intermediate 64c) was suspended in a mixture of dioxane (6 ml) and
methanol (1 ml). 4 N HCI in dioxane (6 ml) was added. The reaction was stirred at room
temperature for 1 h. Evaporation of all volatiles including co-evaporation with toluene (2 x
20 ml) furnished a white solid, which was dried in high vacuum overnight. The crude
product was triturated with dry diethyl ether (6 ml). The solvent was decanted and the
product was dried in vacuo.
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107 stirrer, a 1 Msolution of titaniumtetrachloride
(40 M) was added dropwise within 30 mn to naintain
W@ b@openper at ure between -10C and -5C. After SPCT/EPI0g8/005913
an additional 30 min at -5C__dinethyl malonate (2.286
m) and N-Boc- pi peri di n-4-olB9(4.384 g) were added at
-15C to -10C. The reaction m xture turned into a brown
sus ensi A sol ution of 5 anhydrous pyridine (6.632
'"fe"nﬁ’%‘ﬁ ‘h:E (14 m) was added within 30 nin while
keepi ng the tenperahur@ bel ow - 10C. The reaction
became a cl ear brownns@f utieR. The ¢ ng bath was
renmoved and stirri \ ont Nr«ed om t enperat ure
for 46 h. The THE waj ateo he remai ni ng
oi | was suspended in 1 NaHCC3. The precipitating
titaniumsalts were filtered off and washed with et hyl
acetate. The filtrate was washed with 10 a second

A so % o ol N FPRIRE o T B PTG e 5 . A

suspensiangst iniermediiaterasd)pinrDMFEQE raly vadd a@cﬂecﬂ@rhd (1) wmtlonl \51\138 stirred at

hrorra 0 ralpﬂ%/ Ing_ r me |ate 64k\)/) 0)(e] ~0 O~
room (SRRl RIS L3 hewSo 00 FoNENh RS & RPURIRInNACUGTEFNd the remaining
off- whﬁté sbfid @aWﬁurﬁte%ﬁ@ltN @ﬁéthﬂ_ eﬁhé‘ﬂ o My ?h@fproaﬁéth@ékoisofa?éh by filtration

% and wat er | ask was evacuat ed and
and drigq,EH@eulm: h ar gon 5% Pal | adl um on acti vat ed

charcoal (400 ng) was added and the flask was

evacuated and 20 flushed wi th hydrogen. The reaction
Intermediiate 64f)as vi gorously stirred over night at room

t enper at ure under hydro n at nosphere (1 atm. The

catalyst was filtereg_t ro itezand the filter

was washed w th an 15 Nmé) |Itrate was

evaporated in vacuo.\ was taken up

DCM (15 nl), filtered tgy ougha045 pmsyrlngefllter

and evaporated in vacuo. A clear, colorless oil was

obt ai ned that was dried under hi gh vacuum 25 over

2009/ 010299, PCT/ EP2008/ 005913 108
Intermleﬂ?aé? rﬁél\g))aw%s éﬂé enged |Fr)1 ace on%)le 4 ml) and treated with sym-collidine

(0.231 ml). A solution of POCI; (0.54 ml) in acetonitrile (2 ml) was added dropwise at 0°C
and the reaction was stirred at reflux temperature for 8 h. The solvent and excess reagents

were removed by distillation in vacuum. The remaining brown solid was dissolved in ice
cold ethyl acetate and extracted with water, 1 N NaHCO; and brine. The organic phase
was dried over MgSQ,, filtered and evaporated in vacuum.

Intermediate 64g):
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N~ N NO O Sodium net hoxi de was prepared by
di ssol ving sodium (306 ng) in cooled nethanol 5 (6.0
Workgoo/op2et anmi di ne hydrochl oride (415 ng) was aRCEEP008/005913
this mxture and the precipitating sodiumchloride
was renoved by filtration th1@ugh a 25 mm syringe
fllter I nternmedi ate 64b) (1.40 g) was added to the
stirred solution. A slightly cloudy solution

Ina ﬂwaer?é'@dtfﬁak sesium dydride (§Q5erin mén%qai al. 89 Mgy wasgyppended in THF
(5 ml) lh}ﬁje?%{nvsr@bﬁ dé(iﬁfo%aﬁ@?éama-g![ﬁ_ﬁ}ét@ﬂ%ﬁﬁﬁobut;nq 6|e(%Hﬁt+ﬁg) was added

di ssolve e agueous pha
dropvﬂs@e sl dive rmodure wiash stlrrbdeate r@amﬂtgemp@hﬂumr galn|1c h to form.the

corre%%ﬁiﬁg‘%%ﬁ%ﬁc%&@%d Qéc-dgé%{oa % f% dnapgﬁ%ﬁf) 8{ ss&ved in THF

(3 mI)ﬂﬁﬁidﬂ%dgorAaﬂﬁd)&ﬁHe@éSThé leudom)wa@ ¢ooled &ﬂO‘t(L‘l@thtﬁé above prepared
col | ected suctlonflltratlon and washed with col d

sodlumﬁalgqhqaeﬁy s adde dipryysR tWithes 3@ mMiBg The rpixtuse rwaslglllowed to warm
up to rBBﬁir EbhRir® 4hd wasXstiidd af\'roorh t@nﬁﬁer&iu% erhS . Additional 0.15

Boc-protected internedi ate 64c) was sus

equnvaielsttﬁ_lg{ éhe_balchlggaiegc(ll@edrapomuerqmdma plami V,?tlrrlmgrwas continued
at roo?ﬁbrrbg%ﬂg@éafeﬁ S(Q fihd r(‘-f?cch ﬁ@remﬁs e@ggﬁa?&j gf\sfacuo o yield an

room 20 tenp era ure vapor |ono
ambegrlviscoas axilithmswamdissdlveg io etleyl acetade.i Tire moluhom Masamsf(eﬂ with 1 N

NaHCRs 1, Brite idH BIEE MESt dftefel iafe SlBhGAIEST CRlde Product was

purifiedrbyt ¢hreinatbgraphy. dry di ethyl ether (6 m ). The sol vent
was decanted and the product was dried in vacuo. 25

WO 2009/ 010299 PCT/ EP2008/ 005913 109 Internedi ate
Interrhé@iate 64h):

o) NH

Intermediate 64g) (115 mg) was dissolved in methanol (5 ml). Calcium oxide (84 mg) was
added, followed by 10% palladium on carbon (100 mg). The mixture was repeatedly
degassed in vacuum and flushed with argon and finally with hydrogen. The reaction was
stirred under a hydrogen balloon over night. The reaction was filtered through Celite and
the filter was washed with 80 ml of methanol. The solvents were evaporated and the white,
turbid residue was diluted with ethyl acetate and extracted with 1 N Na,CO3; and brine. The
organic phase was dried over MgSQO,, filtered and evaporated to yield the desired product

as a colorless oil.
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HONJNJQ ~ NO OAsolution of Z-OSu (546 ng) in
DVMF (10 M) was treated with triethylamne (0.55 m).
WO2009/0828pensi on of internediate 64d) in DVF (BCHEP2008(805913

added and the reaction was stirred at room

temperature for 15 hours. Thdlsol vent was evapor at ed

in vacuum and the remaining off-white solid was

triturated with diethyl ether (2 x). The product was
Example,64i ed by filtration and dried in vacuum 10

Internediate 64f): G N O N O C In{ernedi ate 64e)
was suspended in adet ohif‘ﬁqoé)"t4 m )l a treated with
symcol lidine (0¥ ). A sq GObf POC13 (0. 54

2 m) s Jlad dropw se at 0C

stirMed dt reflux tenperature
gut s were renoved
ng brown solid
was di ssolved in i §0! d et hylg € and extracted
with water, 1 N NaHCO3 and brine. The organic phase
was dried over MgSO4, filtered and evaporated in

B-C st 0B G180 TOBT (4408 60 B4 (36 mar K-methyimorpholine (56.4

in DMF (2.6 ml) were stirred at room temperature for one hour. Intermediate 64h)

m) in acetonitrile
15 and the reaction
for 8 h. The sol vent ce’ss

S O

(68.0 mg) was added to the bright yellow solution and stirring was continued over night.
The DMF was evaporated in vacuum and the remaining yellow oil was dissolved in ethyl
acetate (100 ml). The organic solution was extracted with 1 N Na,CO; (2 x 30 ml) and
brine. Each aqueous phase was reextracted once with ethyl acetate. The combined
organic layer was dried (MgSQ,), filtered and evaporated in vacuo. The product was

purified by preparative HPLC.

Synthesis of Example 73:
Intermediate 73a):

F F F
I \ o\"s“)(F
o N OO

5-Chloro-3-fluoro-pyridin-2-ol (1.04 g) was dissolved in pyridine (13 ml) and cooled to 0°C
under argon. Then trifluoromethanesulfonic anhydride (1.36 ml) was added dropwise via a
syringe. After being stirred at room temperature overnight the reaction mixture was
concentrated in vacuo. The remainder was partitioned between water and diethyl ether
(100 ml each). The water layer was extracted with diethyl ether (2 x 50 ml) and the
combined ether extract was washed with water and brine (50 ml each). Drying over
NaSO, and evaporation of the solvent afforded a brown oil. Purification by column
chromatography led to the desired compound in form of a yellowish liquid.
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In a flame dried flask, sodium hydride (60%in m neral
oil, 18.9 ng) was suspended in THE (5 m) under an
wae@oniepnosphere. (R)-2-Di et hyl am no- but an- | POI/ERP2008005913
ng) was added dropw se and the m xture was stirred at
roomtenperature for 1 h to 1torm the cor respondi ng
sodi um al coxi de. Dichloropyrimdine internedi ate 64f)
wa [ |ved in THE 5 (3 m) under argon atnosphere.
Intermﬁ@agej\ﬁﬁi on was cooled to OC and the above prepared
sodi um al cohol ate was added dropwm se, within 30 m n.
The mixture was al l owed to warmll uplto room
tenperature and was sti atN'r o@m tenperature for 5
h. Additional 0.15 e of the al coxide
descri bed above were gdddd at OC and stirring was
continued at roomg, ture for 3 h. The reaction
m xture was evaporated in vacuo to yield an 10 anber,
viscous oil that was dissolved in ethyl acetate. The

At Joeh SslEns TReRcSh thalog oMb ctermrgiale A 88f o). 11,1

bls(d.ph@ﬁylpnuépﬁm@ebrmceﬂhlcﬁmér@gamdwm [ Zraom;rr@dl amh64fauch|5}omethane

| nter nedi at e 115

(84 mq). §99Wélai '<P<Hd%@%dna) angl diy) N, /ta!reﬁe Mlassi'i ng% 42 rn’g) The resulting
mlxturé"ai'waéld%asgédil Qe tb)fteﬂr%q(mgal l/é’tgldﬁ%%bncahﬂf}fés( 10fhen 1-tert-

m xture was repeate assed |
butoxyaad)mwlpmeétﬁilmmtm(ladg)am%(\4:|89| rnmql,y pmplaredqy)@r d@@mbeqth@bove) was

added' ?ﬂ%:%&%&@ﬁagggééégerdegn#@ggémaadﬂ%/ ﬂ'{ ougﬁat?.gltboéﬁagoé\%rmght. The

reactron was ere I'Tte
main pahteoffN IN- damemmﬁamallmaté was the@levdpoddtedmindahe remainder was taken up

in a mpueCRl S Bd YRR Grobf Bl 7b b eltb vas Inbnifesed throush Celie

and trdnslférréd Mt&%rﬂﬁﬁy funnek . TheNshasek dféreCsapanated &g the water layer
over I\%G iltered and evaporated to yield the
was e’ﬂ(?é’lt?de\ﬁ!'tﬁ ESEbe(2 Xaéo Al J hgracawined prgapis Iayerigas nashed with water

and brifeT(e&ER O/ sPRH 1 dried Wa, 53 Milcfed 4nd xbhE&Atrated in vacuo. The crude

product was purified by column chromatography to furnish the desired compound in form

of a brownish solid.

Intermediate 73c):

A solution of (R)-2-dimethylamino-butan-1-ol (252 mg) in DMF (1 ml) was added under
argon at 0°C to a suspension of sodium hydride, 60 % dispersion in mineral oil (64 mg) in
DMF (2 mi). The cooling bath was removed and the mixture stirred for 1 h at room
temperature. Then a solution of intermediate 73b) (338 mg) in DMF (2 ml) was added and
the reaction mixture was heated to 120°C overnight. The reaction mixture was cooled to
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N,,~OO0OYN ONNH NN~ANC | C B-Cnoiety 1

(84.5 ng), HOBt (42.8 ny), EDCI (76 ng) and
wWOoRevZbNOr pholine (56.4 1) 5 in DVMF (2.6 mBPCTEPM08/005913

stirred at roomtenperature for one hour. Internedi ate

64h) (68.0 ngy) was added td'3he bright yellow

solution and stirring was conti nued over night. The

o o6y AT AAT R AR 5B it i ans e

m|xtur@r\§lé'§"v@aﬁ‘éHUMtt?rNdW@O?@rﬁ%eﬁiﬂW"I"Hé %Mbméa%éo%sxla%r was re-

bri ne agueous hase was reextracted
extractacdc withi E¥AQ (199 ral} @inglt e Tombinedborganicliayer e walshgtérwuth brine

o 50 e 250 FET M AR v

by chrématdyraplsy tof affordiipé desifed prbﬂuttrﬁﬁye‘rmmatell.na). FFF
Cll O ;SXF iN OO 5-Chloro-3-fluoro-pyridin-2-ol (1.04
g) was dissolved in pyridine (13 m) and cooled to 0C

Intermédiate 234@)2n. Then trifl uoronet hanesul foni c anhydri de
(1.36 M) was added dropwi se via a 20 syringe. After
being stirred at roomt Enpqrat yrgq@ver ni ght the
reaction mixture was ceM trated 1 n vacuo. The
remai nder was partiti oneéﬁ?;tween wat er and di et hyl
ether (100 m each). The ayer was extracted
with diethyl ether (2 x 50 the conbi ned et her
extract was washed wth and brine (50 m each).
Dryi ng over Na2SO4 angI Brati on of the solvent
afforded a brown oil. Purification by colum 25
chromat ography led to the desired conpound in form of

yel l owi sh |iquid. WO 2009/ 010299 PCT/ EP2008/ 005913
To Bog—pgotept,qapépt@gapgl@ge ?@,@)(38@)mgj |N)a..m(75ture of DCM (1 ml) and MeOH (1 ml)

was added hydrogen chloride, 4.0 M sol. in 1,4-dioxane (2 ml) and the solution was stirred

at room temperature for 1 h. Evaporation of all volatiles and co-evaporation with toluene
and acetone (each with 5 ml) led to a white solid, which was dried further in a desiccator
(Sicapent) overnight.

Example 73:

X HCOOH O

Intermediate 73d) (166 mg) and (R)-3-(2,4-dimethyl-phenyl)-2-[(pyrrolidine-1-carbonyl)-
amino]-propionic acid (130 mg), 1-hydroxy-benzotriazole hydrate (79 mg) and N-
methylmorpholine (143 pl) were dissolved in DMF (5 ml). After being stirred at room
temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride
(118 mg) was added and stirring was continued for another hour. An additional amount of
N-methylmorpholine (30 pl) was added and stirring was continued overnight. The reaction
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Cl 1,6 NA flane dried Schlenk flask was charged with
internmedi ate 73a) (956 ng), [1,1'- 5 bis(diphenyl
w@bwsgphizom) f er r ocene] di chl oropal | adi um(11) conpdEEP2408/605913
di chl oronmet hane (84 np), copper(l) i odi de (39 ny),
and dry N, N-di met hyl acetani dé4(5 nl). The resulting
m xt ure vvas degassed with alternating vacuum ar gon
hen 1 -tert-_ butoxycarbonyl pi

mixtuRnwgS et Hih £ G EBUTAN WaRnEHaME3ab NeQs (oot 25 mi) and
waterf\‘bg\h‘ﬁ?] ARaquésldeRyersiRerd éd ¥R rﬁ%ﬁﬁ%&%g Wit Et@ﬂé'(@ x 25 ml).

en heated t0 80C overnl ght. mai n
Then lthe\lcembmeq/pegm@ﬂam was wasbad awitlp brine e(@5amd), tdmed (N32804) and

evapd 88| P GhcdBoThe BRdlR whl Aufieht By forBbafaliR HALE to provide the

correSpbndlmgHoﬁeditletas yellodishrresf erred into a separatory
funnel . The phases were separated and the water | ayer
was extracted with EtOAc (2 x 50 ml). The conbi ned

ani c Iayer was washed with water and brine (each

SV“"WS? sobbxample 853 ed (Na2SO4), filtered and concentrat ed

,me,,hgd,\é?é:yga) The crude 15 product was purified by col um
chromat ography to furnish the desired conmpound in form
of a brownish solid. Interngdiate 73c): N ~~ OO N~-X
Cl N 20 A sol ution ofWamk am no- but an-1 - ol
(252 ng) in DVF (1 nl) wasS adiled under argon at OC to

a suspensi on of sodi um hydr| de % di spersion in
m neral oil (64 ng) in The cooling bath
was renoved and the mxture |r edGor 1 h at room
tenperature. Then a solution of internediate 73b) (338
ng) in DM (2 mM) was added and 25 the reaction

Wangresin(6€0 wag Weang eskin 06012005200 emédrgﬁNovaTbe-ezlesUZ‘ﬁ) on1 mmol/g) was

weated yifrye Solifopcd Tien Tho driPY SmPARRVIRASING (193400) @EAIsd with DIC
(255 fh %Cth(aﬁ%&gbhcé’\’%‘? @W@d (Slrl‘ﬂg)t e DI\VIF X(f5uﬁﬁ) Whte WRRIRE was reacted

The conbi ned aqueous | ayer
oveml@/ats Exsese of ﬁ%&:r@gamet waEtremoveQB)ynﬂllyram Theerasimbiasesashed with

our (8§80 55 FRAR 4 B B SOR e B me mour

was reddiele for dcducExosss giuthefreagdent was removed by filtration. The resin-bound
intermediate was successively washed with DMF (3 x 4 ml), MeOH (3 x 4 ml), THF (3 x
4 ml), DCM (3 x 4 ml) and diethyl ether (3 x 4 ml). The resin was dried under reduced

pressure.

Intermediate 85b):

0
Wang. OJJ\,NH2

BN

Intermediate 85a) (200 mg) was treated with a solution of 20% piperidine in DCM (4 ml).
The mixture was reacted for 30 min. Excess of the reagents was removed by filtration. The
resin-bound intermediate was successively washed with DMF (3 x 2 ml), MeOH (3 x 2 mi),
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5 by chromat ography to afford the desired product as
yellowi sh oil. Internediate 73d): I 3 x HC "**(, O

WORP09L0102ZY9 - N 10 To Boc-protected internedi at ePGBEP2008/005913
(380 ng) in a mxture of DCM (1 m) and MeOH (1 m)

was added hydrogen chloridel14.0 Msol. in 1, 4-di oxane
(2 M) and the solutlon was stlrred at room
erature for 1 Evaporation of all volatiles and

Le
THF Go Do DM 63 % 1) o (Beleyl ehar & o &) CBikt Fesyp waSairied under
o a wlite solid, which was dried further in a
reducﬁa?lrécs?;gj{%r (Si capent) overnight. 15 Exanple 73:
, N+ OOYN )("INHON C | iNI

te 73d) (166 ng) and
Interl%:%ll%%gﬁs 4- di met hyl - phenyl ) - 2- [(pyrrol i dine-1

-carbonyl)- 20 am no] - propi oni 130 ng) ,
1- hydr oxy-benzotri azol e hydrite S"Zg and N-
O

met hyl nor phol i ne (143 g~ s dn DVF (5
m). After being stirred at r com ten‘perat?ure for 30

mn N (3-di net hyl am nopropyl) - | car bodi i m de
hydrochl oride (118 ng) was ad %sti rring was
continued for another hour. Ad additi%nal anount of

N- net hyl nor pholine (30 pl) was added and stirring was
conti nued overnight. The reacti on WO 2009/ 010299
InternfeQigte 320D ZADBg) $as treated with raecald solitipn of d-niirophdftyDslloroformate

2 {58 AL i ons JE85, B e st at ror

tempergtueX f6ra2 the Exoksd oEltKié‘\@edg%rms %s"ﬂe)noveafoth&ﬂon The resin-bound
ayer was.washed bri ne

conbi ned organi.c ;s ﬂlli::
itermRiades WASSUSORF SVl WASHEHONER DN 3 0 T, THIG (3 82 1k DCM (3 x 2
ml) antPdietPyl dthbe ¥ i SRR RlsinRa&Bkéd LRIEF RYLESH bR&sure.

Intermediate 85d):

Intermediate 85c) (200 mg) was treated with a solution of bis(2-methoxyethyl)-amine
(322 uly in DCM (2 ml). The mixture was reacted at room temperature for 2 h. Excess of
the reagent was removed by filtration. The resin-bound intermediate was successively
washed with DMF (3 x 3 ml), MeOH, (3 x 3 ml), THF (3 x 3 ml), DCM (3 x 3 ml) and diethyl
ether (3 x 3 ml). The resin was dried under reduced pressure. 20% TFA in DCM (3 ml) was
added to the resin and the mixture was reacted for 30 min. The product was filtered off and

the solvent removed.
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5 corresponding formate as yellow sh resin. Synthesis
of Exanple 85: Internediate 85a): O Wang, QJ, NHFnoc
WA 0I01RILI Wang resin (500 ng, WAng resin co.PADOPR0H005913

mesh (Nova, 01-64-5027), 1.1 nmmol/g) was treated with
a solution of Fnoc-D-2, 4-di dfBorophenyl al ani ne (753
rrg) actlvated W th DIC (255 1) in the presence of

P (5 m) in DM (5 m). The m xture was reacted 15

Examﬂ@ﬁﬁ ght. Excess of the reagents was renoved by

filtration. The resin was washed with DVF (3 x 4 ml).
DMF (3 mM) was added foll owed by aceth anhydri de (260
). The m xture,__was reacted for 1 ?) Excess of the
reagent was renpvadd by PHeP@Hi on. fThe resin-bound
internedi ate wa cessivel y 8“DVF (3 x 4
m), MeOH (3 x 4 m), THE (3 4Nl ), DEM (3 x 4 )
and diethyl ether (3 4 e resin was dried
under reduced 20 pr pd ate 85b): O
Vang, O-NH2 O a C [p5 I nt & medi afle 85a) (200 ng) was
treated with a sol ut Fpe cgpe in DCM (4
m). The mxture was reacted for 30 mn. Excess of
the reagents was renoved by filtration. The

To g aREAH B DR 5 e SR BBR S o ot

yl- butWhEmwswmahydrqu'ﬁﬂﬁlp@admw ninhydrBGMo(rlan 2{9I1r1) mg), N-
and di et et her The resin was

drie
methmamhollm%&me%wl)praé@sup@t (ﬁﬁtr@gh@adathé ixtyre we&@t'rr@ﬁrﬁer 20 min.
EDCI {Wn%g s S48&F and stirring was continued overnight. The reaction mixture was

poured into brine (20 ml), diluted with ethyl acetate and the organic phase was separated.

The aqueous phase was extracted two times with ethyl acetate. The combined organic
phases were washed twice with saturated sodium bicarbonate solution, twice with water
and brine, dried over Na,SO, and concentrated. The crude product was purified with
preparative LC-MS and subsequently lyophilized from 80% tBuOH in water to yield a pale

yellow solid.

Synthesis of Example 88:
Intermediate 88a):

Intermediate 85c¢) (200 mg) was treated with a solution of thiazolidine (172 pl) in DCM
(2 ml). The mixture was reacted at room temperature for 3 h. DBU (164 nl) was added and
the mixture was reacted at room temperature for 1 h. Excess of the reagents was removed
by filtration. The resin-bound intermediate was successively washed with DMF (3 x 3 ml),
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5C ad Internediate 85b) (200 ng) was treated with
a cold solution of 4-nitrophenyl chloroformate (222
worgdovana9e ri et hyl amne (216 |) in DCM (2.5 m )PCIRR2008/005913

m xture was reacted at room tenperature for 2 h.

Excess of the reagents was 1tfoved by filtration. The
reS| n- bound 10 |ntermsd| ate vvas SUCCGSSI veI y vvashed

2 THE (3 X
MeOHar(a W@%'hyTH%t(%éﬁ (ré) PEM{B)x 3méan€sq'¢1hmla%tharr (3e293 ml) The resin

was dHQﬂEInS@? ?’%ﬁ@d p;f\I@§§LHE e2%‘( nﬁ'ﬁé ) nt er )wa% gd@e? 39 e resin and

the mw@)*em reactad éor 30 ttin.al eoproductrwasf flltered off and the solvent removed.
bi s(2-met hoxyethyl)-amine (322 1) in DCM (2 m). The
m xture was reacted at roomtenperature for 2 h.

Exampte88s of the reagent was renoved by filtration. The
resin-bound intermedi ate was successively washed with
DMF (3 x 3 ), ,(JBXBM),THE;%XBM),DCM

(3 x 3 m) and dhethyl.~20 et her ( N ). The resin
was dried under redu%Egﬁpressur . 0% TFA in DCM (3
m) was added to the [ i Xture was
reacted for 30 mn. Thd_prQdugt w iltered off and
t he sol vent renoved. 097010299 PCY/ EP2008/ 005913
116 Exanple 85: O~ ON | NN, -0 ON
NHNC | Cl To internedi ate 85d (95rrg in DMF (2
m) was addedintermadiateB((R) pyrrolldlnl- 5

_yl -but % 6' - hexahy dro%Za@] yridin
To mtylrmwlawyé @cmoomgajén (DMF dg)ml)wam@fﬂﬁw R rmﬁ@h@myy' butoxy)-
1',2',32%;5&??%%3%&0(-[%,74 BByridt G aPackidHdR (88Smg), N-Fifhyiforpholine (79

ul), and HOBt (28 mg) and the mixture was stirred for 20 min. EDCI (35 mg) was added

and stirring was continued overnight. The reaction mixture was poured into brine (20 ml),
diluted with ethyl acetate and the organic phase was separated. The aqueous phase was
extracted two times with ethyl acetate. The combined organic phases were washed twice
with saturated sodium bicarbonate solution, twice with water and brine, dried over Na;SO,
and concentrated. The crude product was purified with preparative LC-MS and
subsequently lyophilized from 80% tBuOH in water to yield a white solid.

Synthesis of Example 99:
Intermediate 99a):

NB
OO>‘ NO(OH

In a flame dried flask 3-oxo-azetidine-1-carboxylic acid tert-butyl ester (500 mg) was
dissolved in THF (6 mi) under argon and the solution was cooled to 0°C.
Methylmagnesium bromide (3 M solution in diethylether, 1.95 ml) was added dropwise and
the milky suspension was stirred for 3 h. The reaction was carefully hydrolyzed with
saturated aqueous NH,Cl and extracted with EtOAc (80 ml). The organic phase was
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EDClI (46 ng) was added and stirring was continued
overnight. The reaction m xture was poured into brine
WO 209110299 di  uted with ethyl acetate and the oPGEFRP2908/005913
phase was separated. The aqueous phase was extracted
two times with ethyl acetat®!8The conbined organic 10
phases were washed twice with saturated sodi um
bi carbonate solution, twice with water and brin
washegh withy bsiper drigd aver NaaSPentiltared andeevaneeated e é/'?JF’ dbﬂ qroduct as a
colorld®@sopyrified with preparative LC-Ms and subsequently
yophi lized from80%tBuOH in water to yield a pale
yel l ow solid. 15 Synthesis of Exanple 88:
ate 88a): S OOYN~NH HOC C 20
Inten+€cil§ eprg%!')ate 85c) (200 ng) was treated with a solution
of thiazolidine (172 pl),in DCM (2 m ). The m xture
was reacted at room r at ux€€H,0008 h. DBU (164 1)
was added and the m XtMur@Hwas reacted at room
tenperature for 1 h. Excess of the reagents was
removed by filtration. The resin-bound internediate

Tnﬂuomateﬁum@ vi§l) wasesdrd w'ddwl% a3solutibndf theWdtermediate 99a) in
09/ 010299 PCT/ EP2008/ 0059 117 Me

DCM E“ @t)gogmrppympe@wﬁ he rganr)e vglaﬁjstdﬁrg fﬁy(goemﬂeral%othhe solvent

was é’\’/a?baatea— hﬂlerne%IGené’\’aﬁaéjrdd@@dUﬁrﬁ’&re\fa%k&%i%ﬂ %gsééﬁtﬁ}ued This co-
0% TFA'in DCM (3 m) was added to the resin and

evaporﬁtwnu PEOGREYTE a¥es dapeated3twiae nbefvrﬁe gyepaatingnal the' Solvent. The

emaiih D 5k 0 B AN R 2, 38 (oS
in DM (2 m) was added
Internvadiatd agg)PY" ' 0! 1 din-1-yl - butoxy) -

o OYN/DLOH

\OJI\_/NH

ol

To an ice cold solution of intermediate 99b) (4.451 g) and triethylamine (2.34 ml) in DMF

(80 ml) was added a solution of (R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid
methyl ester (3.048 g) in anhydrous DMF (50 ml) under Ar. The mixture was left stirring at
0°C for 4 h. The reaction mixture was evaporated in vacuo. The residue was diluted in
EtOAc (300 ml), the organic phase was washed with 0.1 N HCI (2 x 90 ml), 0.1 N NaHCO;
and brine. The aqueous phase was re-extracted with EtOAc, the combined organic phases
were dried under Na,SQ,, filtered and evaporated. The crude compound was purified with
column chromatography to obtain a colorless, stable foam.
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1',2',3,4 ,5 ,6" -hexahydro-[ 2, 4" ] bi pyridi nyl
trihydrochloride (66 ng), N nethylnorpholine (79 10
WO 2009An029HOBt (28 ng) and the m xture was sti rPEHEP2908/005913

20 min. EDCl (35 ng) was added and stirring was

continued overnight. The redd?ion m xture was poured

into brine (20 M), diluted with ethyl acetate and

t he, or j c phase was separated. The aqueous phase was
”"e”@%ﬁPQ%géaktmo times with ethyl acetate. The conbi ned

organi ¢ phases were washed twice, with saturated

sodi um bi carbonate sol ution, tmwge wth water and

brine, dried over Na2SO4 16 c@htentrated. The
crude product was purifigd th preparative LG M and
subsequently | yophili [ 80% tBuOH in water to
yield a white solid. nt hesi s of Exanple 99: 20
Intermediate 99a): 4- 0 ~N HIn a flame dried
fl ask 3-oxo-azetidine-|-car {Cc acid tert-butyl

ester (500 my) was dissofled in §HE (6 nl) under

argon and the solution was cooled to 0OC. 25

Met hyl magnesi um brom de (3 M solution in diethylether,
Intermedtdie rA9r) wars disstded] iropwnidurarad Me@H2 ky) and gétis{@ml) at 0°C. A

.Was irred,for, 3 h. Th eaction. vas refull .
solutiqit &t Bht BvsroRige edpanutfals Ta nal i B2 B dvasaddes The mixture
was sthiréd) aE0@\or(BR. Tie reathion piigne wap mastralids byCaddition of 1 N HCI and
the Mé&OQ/ %é%é?g PCT/ EP2008/ 005913 _118 washed with brin

Ne., .
Heap Wers yapofated dr kacugnd _h@\Pé}b’SP% @Ha_?% wasgcifified with 1 N
e r wi N i
HCI (é(l—h @ggg&l%aglkkﬁs)@gi% WES exttted wnﬂhnE@K@@b(ﬁT‘BmaﬂE\)%gamc layer

_ ) Trifluoroacetic acid§ was
was waghed withoyaies and drige s bheiafeeousst phasesiwererr ractedowit) EtOAC, the
i 4 ) ’ rakur e, m
combingd oo Tyt ndt, drBBTDIGTRGLSOY fiterkiafd vabBrated. The crude
produetwagodidecednderttegh vaduen éo yietd asdhitd faard. evapor ati on was
continued. This co

Example 99:

Intermediate 99d) (2.523 g), HOBt (1.113 g), EDCI (1.974 g) and NMM (1.47 ml) in DMF
(50 ml) were stirred for one hour at room temperature. 3-((R)-2-Pyrrolidin-1-yl-butoxy)-
1',2',3',4',5',6'-hexahydro-[2,4']bipyridinyl trihydrochloride (2.050 g) and a second portion of
NMM (1.33 ml) were added and stirring was continued over night. The DMF was
evaporated in vacuo and the remaining orange oil was dissolved in ethyl acetate (300 ml).
The organic solution was washed with 1 N Na>,COj; (2 x 150 ml) and brine. Each aqueous
phase was re-extracted once with ethyl acetate. The organic layer was dried (Na:SO,),
filtered and evaporated in vacuo. The crude product was purified by preparative HPLC.
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10 evaporation procedure was repeated tw ce before
evaporating all the solvent. The renmaining product
wor®gtized under hi gh vacuum overni ght. | nt er nedi/apm08/005913

99c): ON! OH ONIONH C a dC 15 To an ice cold

sol ution of internediate 996%0(4.451 g) and

triethylamne (2.34 m) in DMF (30 mM) was added a

sol utj on of
Synthepis af Examplg 12901 0- phenyl ) - 2- i socyanat o- pr opi oni ¢
Interrﬁ&dhﬁte mé)yl ester (3.048 g) in anhydrous DVF (50 mnl)

The m xture was left stirring at OC for 4

h. The reactl on m xture s evaporated in vacuo. The

resi due was dil uted ingga t OAc (300 ml), the organic

phase was washed with 0/1 HaO,(2 x 90 m), 0.1 N

NaHCO3 and brine. The ag e was re-extracted

with Et OAc, the conbined or phases were dried

under Na2SO4, filtered and evdporated. The crude

conmpound was purified wwth colum chromatography to

obtain a colorless, stable foam 25 WO 2009/010299
MercurCa¢ &REO(IS32HD§PWas distolvetirin aaterdibanb. ASdjutionof 3arethy@de-N-Boc-

piperi%@{@?éG g?lrl/ggﬁe@ﬁﬂ_: V?ésgﬂ%?%_‘gr%l% %ls golto\frg?frinﬁe%ture. After 20 min
the meeunt aceaefhdd dissolved padake @iﬁtlmwmdﬁail@ndn7§otrméaﬁ amd colorless.
ded, The m xture was st red at

20 (2 m).
The migpreyivaS YA AuRifer o fTkeh FomlAemAgay S Thedeagion Was cooled in
ice wadélrid ®N ﬁdldeyU%x@é‘Qolufl&@(ﬂ‘/ﬁ@'Wé@ﬁdJé’E AVBFdvn colo:]I appeared. A

evaporated i n vacuo. phase was acid

solutiof phsadiym perohydride (@ 1@) g) trh'é 'Hdﬂ%@ds(%ﬁﬂk@laﬁa@en added and the
mlxtursxxkﬁégitﬁr%d"\’f&rh@trﬁﬁc d&cﬁ cThdid WAE HHga r‘ﬁuhﬂés( % wd€3eached and

wat er rine. The aqueous phases wer
hydroges evalution bad weased=tThecmixtire was decdrited droor ytmptecimtmad mercury

and e‘ggﬁ%{gfé.o‘? th?é’ q’%si%g%s [Sa{r{lﬁoq{e%d bgp\n(flee%v %‘i’élﬁ%ﬁg' et-ﬁple acetate. The

organic phase was washed with water and brine, dried over MgSQ,, filtered and

evaporated. A pale yellow oil remained that was purified by column chromatography. The
product was obtained in form of a clear, colorless, viscous oil that was dried in high

vacuum.

Intermediate 125b):

HUOH
x HCI

Intermediate 125a) (846 mg) was dissolved in dioxane (30 ml). 4 N HCI in dioxane (30 ml)
was added and the reaction was stirred at room temperature for 3.5 hours. The solvents
were evaporated and the residue was co-evaporated several times with toluene. The
remaining pale yellow solid was washed and dried under high vacuum overnight.
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product was dried under high vacuumto yield a white
foam Exanple 99: CN,.+ 0O ONJ OH ONINH NC | d
wazoopitreenedi ate 99d) (2.523 g), HOBt (1.113 gbCT/EEXOD8/005913
(1.974 g) and NW (1.47 m) in DV (50 nml) were
stirred for one hour at roo#ienperature.
3-((R)-2-Pyrrolidin-1-yl-but oxy) -
1',2",3 .4 .5 6" -hexahydro-[2, 4']bipyridinyl
’"te"??‘i"ﬁfﬁj?%i‘éfori de (2.050 g) and a second portion of
NW (1.33 nml) were added and stirpyng was continued
over night. The DVMF was 20 evap ted in vacuo and the
remai ni ng orange oil was dissollved in ethyl acetate
(300 m). The organic sohRyel~was washed with 1 N
Na2CC8 (2 x 150 ml) anQ bjii n Each agueous phase was
re-extracted once with '@ hyy acetate. The organic
| ayer was dried (Na2SO4), i Liered and evaporated in
vacuo. The crude product was [p fied by preparative
HPLC. WO 2009/ 010299 PCT/ ERRO88F0Q913 120 Synthesis
of Exanple 125: Internediate 125a): 40 QAN OH 5
Mercury acetate (1.625 g) was dissolved in water (6

. A [ 3- I - N- Boc-. pi | di _ .
To an?jlﬁ_égg%d %?:lui |hln%}|g&{)63ﬁt i erg?mayﬁ%éiﬁ% eralgq-lpfqpbqﬁne ic acid methyl
ester cz_emnﬁPyirnumw (&4 el) wls Edded tdSolORSE of MterRRidite 128B) (300 mg) and
di ssolved and the initially yell ow solution got clear

Et;N @78 whiro DM 43 mifhghaimixture wass left ptirieg atr@iChéar 4. rihe reaction

. t . tj 2 I i i .
By d ORI, T LERELIAL RS SANIGAL G0, me organic
phaseadd® avashet) rwitin Oclo NoHCl{gea 26 dnl) AantiObid. LiTheo aqoéownghase was re-

e N HE 1 o B R S 0 Fhro

evapovtédadded until pH 6 was reached and hydrogen
evol uti on had ceased. The m xture was decanted from
the precipitated nercury and evaporated. The residue
Intermiédiafed 25d) oned bet ween water and ethyl acetate. The
organi ¢ phase was washed with water and brine, dried

over MyS4, filtered and P\jOH
0 OsN

HOJ\,NH

"

Cl Cl

The intermediate 125c) (404 mg) was dissolved in MeOH (1.5 ml) and THF (5.0 ml) at 0°C.
A solution of lithium hydroxide monohydrate (83 mg) in H,O (1.5 ml) was added. The
mixture was stirred at 0°C for 1.5 h. The reaction mixture was neutralized by addition of
1 N HCI and the MeOH and THF were evaporated in vacuo. The aqueous phase was
acidified with 1 N HCI (pH ~ 1-2). The aqueous phase was extracted with ethyl acetate
(50 ml). The organic layer was washed with water and brine. The aqueous phases were
re-extracted with EtOAc, the combined organic layer was dried over Na,SO, and
evaporated in vacuo to yield a colorless foam.
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15 evaporated. A pale yellow oil remained that was
purified by colum chromatography. The product was
wW@ioalonee i n form of a clear, colorless, viscorGI/BP1008/005913
that was dried in high vacuum I nt er medi at e 125b): HN
OH 20 x HO Intermediate 1283) (846 ny) was dissol ved
in dioxane (30 mM). 4 NHC in dioxane (30 mM) was
added_and the reaction was stirred at roomtenperature
Examplg 1255 nhours. The solvents were evaporated and the
resi due was co-evaporated several ti o) ith tol uene.
The 25 remmining pal e y&HG®WHol id washed and
dri ed under high vhcuﬂm over ni ght . 2|009/ 010299
PCT/ EP2008/ 005913-N | nt er ngdPgrP~125c): OH OOyN
NO- INHC C To aﬁﬁ:mr;e cold oI | on of
(R -3-(2,4-dichloro-p cyanat 0- propi oni c
acid nethyl 5 ester |n (2.5 M) was
added a sol ution of rmedi at e @ (300 ng) and
Et 3N (279 |') in DWF A was | eft
stirring at OC for 4 h. The reaction mxture was
evaporat ed i n vacuo. The resi due was dil uted vvith

QCAc m the (t:]anl C hase was washed w
Intermgdiats 1230 HEBT (54 fand ﬁ@qdaaga@gw&@m&%w) in DMF

(3 ml) e\ﬁéfea&'i Wt trBor’ﬁt %&B@I fzh@r %ggg?]d('}ﬁ.d {@T gl" o @'ﬁag% -Hexahydro-

dried over , tere orat
[2, 4]blnyndmyéawm)@rrmlssd)promﬂ-ddmmhml-am)‘na\lnriluydracr@pnqes (168 mg) and a

seconh,moergﬂ%%wwé@mgﬁgé g@ed’\%ﬁd dsitl“?r?nod \\{v%% ci:onnti'r\l/la%| o(v%'rSnight. The

DMF was evaporated in vacuum and the remaining yellow oil was dissolved in ethyl

acetate (100 ml). The organic solution was washed with 1 N Na,COj; (2 x 30 ml) and brine.
Each aqueous phase was re-extracted once with ethyl acetate. The organic layer was
dried (NaxSQO,), filtered and evaporated in vacuo. The residue was purified by preparative
HPLC.

Synthesis of Example 127:
Intermediate 127a):

(N>‘\ x CF,COOH

H OH

To Boc-(S)-1-azetidin-2-yl-methanol (J.Med.Chem. 2005, 48, 7637-7647) (1.47 g) in DCM
(20 ml) was added TFA (10 ml) at 0°C and the solution was stirred at said temperature for
1.5 h. Evaporation of all volatiles and coevaporation with toluene (2 x 20 ml) led to the
desired compound as cloudy yellow oil.
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A solution of lithium hydroxi de nonohydrate (83 ng) in
H20 (1.5 m) was added. The mxture was stirred at 0OC
WO 20090189N. The reaction m xture was neutral i ZRCIT/BP2008/005913
addition of 1 N HCl and the MeCH and THE were
evaporated in vacuo. The aqlddus phase was acidified
wth 1 NHC (pH- 1-2). The aqueous phase was
extracted with ethyl acetate 20 (50 m). The organic
Intermegjjate §£&bkashed with water and brine. The aqueous
phases were re-extracted with QAc, the conbi ned
organic | ayer was dried ove(? >4 and evaporated in
vacuo to yield a colorles 2009/ 010299
PCT/ EP2008/ 005913 122~ 33 5: XHCOOH ><H ..IN
i OOW ~-NHONalci Na: "t E0nodi at 6 125d) (190
ng), HOBt (64.7 ny), EDC ( 3 ¥g) and NWM (102 |) in
DM 5 (3 m) were stirred at tenperature for one
hour. [(R)-1-(1',2",3 ,4", 8 Gahydr o-
[2,4"]bipyridinyl-3-yloxynethyl) -propyl]-dimethyl
-amne trihydrochloride (163 ng) and a second portion

To anOice N9\ @8ﬁmb}1 W%@@%Mo%ﬁehw @lsﬁ%rﬁ%lbfdﬂr&ﬂc acid methyl

over nig evaporated i n vacuum and

ester fSé/ﬁﬁlQSISn@e%ﬂélbﬁﬁv@tlﬂVB) iy mgésrmlabédDQM €0 179 Waéo&;dd&ldea solution of

intermiediple For) (151 % 4 fichRidthinBOUREmiPRIAS, WP (& Bl under argon.

The miature evasx teftastireidg catc@® Qrifoh Seh, hpdafoee: aflatadatilgh evere gavaporated. The
remaiy i fias Fited WP RISRTm phelafie ot abedt s Watped i 0.1 m
HCI (2Lk 56y bad ivmt@rfT (5E><m|7pA§ aﬂ;géous itam%gsmg@heahergtba?aﬁdl reXextracted with
0 azetidin-2-yl - hano, .
EIOAQ I et hurT o GOBTOIARES IR Fbier) e Washgd il Beie (5§ mi), dried
(Na,S62f) ﬂ&éreﬂﬁén@dé@%e-ﬁﬁétédmnn%c@ ﬁ%aélﬁdéhﬁro‘éi%ﬂtWé)é‘ purified by

was stirred at said tenperature f
chromatography to afford the desired ester as white solld

ra

Intermediate 127c):

Oa N
oY
Ho’u\{N” HO

JCL,

A solution of lithium hydroxide (36 mg) in water (0.9 ml) was added under argon at 0°C to
a solution of intermediate 127b) (274 mg) in MeOH (2.0 ml) and THF (4.3 ml). The reaction
mixture was stirred at 0°C for 2 h. The mixture was neutralized by addition of 1 M HCI and
the main part of MeOH and THF were removed in vacuo. Then the remainder was
acidified with 1 M HCI to pH 3-4 and the mixture was extracted with EtOAc (2 x 25 ml). The
organic layer was washed with water and brine (each with 25 ml). The aqueous phases
were re-extracted with EtOAc (25 ml), the combined organic layer was dried (Na,SO,) and
evaporated to afford the corresponding acid as colorless foam.
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1.5 h. Evaporation of all volatiles and coevaporation

wth toluene (2 x 20 M) led to the desired conpound
wa@googhoey yel l ow oil. 25 WD 2009/ 010299 PCT/EP2008/005913

PCT/ EP2008/ 005913 123 Internediate 127b): OOyN ONH

HO C a C To an ice cold d8fution of

(R)-3-(2, 4-di chl oro- phenyl ) -2-i socyanat o- pr opi oni c
a0|q?2ethyl 5 ester (synthesis described above) (587

Example abs. DCM (6 nml) was added a sol ution of
i nternedi ate 127a) I(1 19g) and trie | am ne (0.90
m) in abs. DWF (4Nm) under arg@n }Eée m xt ure was
left stirring at OC 5h, b al\ volatiles were
evaporated. The remsi der NH with Et QAc (100
m ) and the organi c phgse |was) washed th 0.1 M HC
(2 x 50 m) and water . A eous phases were
nmerged and re-extrac ith 10 Et 2 x 50 n). The

conmbi ned organi c | aye s washed” w Btine (50 m),
dried (Na2SO4), filtered and concentrated in vacuo.
The crude product was purified by chromatography to

[(R)- 1a<ﬁf9§3d4t§es- ﬂ%&hhﬁﬂo&?ﬁgbnp?ﬁdl Ifs?loi?hie%yl)'-;ﬂbﬁylljfﬁﬁhé!h@ -amine tri-
hydrochlorde, (125 amad and enteseemse 127%!%3 n(g) thijoxmnagm@aole hydrate

(62 mngﬁé I\a‘gn%ﬂﬁ/ rﬁ/é 8?]9 Ig@ &1 T?Tﬂ{ ?I?g\}r%é Qﬁ&%ﬁbgﬁ ﬁrl\giffgrﬁﬁe)e Ahef Béing stirred

at roomecttemperatunse qu; W@ sminr r Ne(3atimetbyfamingpiopyl)iié-ethylcarbodiimide

hydroﬁll;]@ %?ﬁ parg? e‘gég %‘@T aﬁg&Tgl%ﬂhér‘z’g? e%ﬂf%'@&eﬁﬁ va%'?%%gr hour. An
addltud'rimramdnmtrcﬁnmmeylmmpholaei (@4 ppdvad tiddéd ldnidGltirting s continued
overnpp ﬁ:ﬁ]détegépogaﬁ\tlﬁafea%g; &E@é%ﬁgg@? H%%ﬁ érﬁé}va’%ﬁed with sat.
NaHd@Jal (B& 2amh AMdqliedlbs gx)ers wee @@kﬁ&‘@n@f@éﬁﬁacté@%h EtOAc (25 ml).

re-extracted with Et t he conbi ned org

Then |thg combired) praaniq I*@MPSC%?S d‘fﬁ?hegv‘ﬁ'ﬂb osine ((260mbk fdé'ﬁd %304) and
evaporet§s ARG, TheresuBSwaLh @il RSy p@Ptative HPLC to provide the desired

amine as yellowish resin.
WA,
Ni>2<F
OH

Trifluoromethyltrimethylsilane (0.93 ml) and cesium fluoride (0.96 g) were added to a
solution of benzhydryl-azetidine-3-one (1.00 g) in THF (12.5 ml). After being stirred at
room temperature for 1 h, sat. NH,Cl (12.5 ml) and tetrabutylammonium fluoride (498 mg)

Synthesis of Example 129:
Intermediate 129a):

were added and stirring was continued for another 6 h. The mixture was extracted with
diethyl ether (3 x 50 ml) and the organic layer was dried over MgSQ,. Concentration in
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WO 2009/ 010299 PCT/ EP2008/ 005913 124 Exanple 127: ,N
JOONN JH ONHONC | C
WO ¢RpaL0204" , 2", 3", 4", 5", 6' - Hexahydro-[ 2, 4' | bi pRei/eP1uy$/605913

3-vyl oxymathyl) -propyl] di mathyl amine tri- 5

hydr ochl ori de (125 ng) and 1A®ernediate 127c) (123

ng), 1-hydroxy- benzotrl azoI e hydrate (62 ng) and

N-rre_thlm)r hol i F‘}'é’&g wer e dissolvediBDl\/FéS i
vacuogrovidag @g,0 Bgﬁ& sY" ichavas Quritieshhy eliematagigpay e affarl the desired
alcohdliim foh 6t £y éRMhyil am nopropyl ) - N' - et hyl car bodi i mi de

ydrochloride (94 ng) was added and stirring was

conti nued for another hour. An additional anount of

.pholine (24 pl) was added and stirring was
Interr#b&?wn%% 10 overnight. The reaction m xture was

diluted with EtOAc (50 m ) Fapd washed with sat.
NaHCO3 (3 x 25 ml). Al &g s layers were nerged and
re-extracted with Et ONN ). xHChen the conbi ned
organi c | ayer was washed wiH brine (25 m), dried
(Na2SO4) and evaporated in vacuo. The residue vvas

urified byqp \bdoaratlve HPLC to provide the desire
Palaciif ycRidR (3006 9ny asbon (202 B PRBeh M WF! CibgMls wepmadded to a

solutldﬁﬁfﬁflfégrﬁg%ﬁ] Jr?@ %? d_Bhﬂr:\Iggl}" I\AIEQH(’OQH&%%:SO mixture was hydrogenated
underf1 bar pﬂey@@gse a)rooay tﬁmﬁrewre dom3 hsolhe catalyst was filtered through

Cote AFRAT e e FiorhafS. 7 it iz Hhbflyd e ded Lger vacuum.

The re¥litife wad thén whhedhdithdiexabes. yTrmmgania:ﬂaf/émm decd4mté8 and a beige
. Wer?j added and stirring was continued for another

solid was,0bt0edni «t ure was extracted with 25 diethyl et her

(3 x 50 m) and the organic |ayer was dried over

MpSO4. Concentration in
Intermédiate 129c):

To an ice cold solution of (R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl
ester (synthesis described above) (178 mg) in abs. DCM (3 ml) was added a solution of
intermediate 129b) (230 mg) and triethylamine (0.27 ml) in abs. DMF (2 ml) under argon.
The mixture was left stirring at 0°C for 3 h. Then the mixture was diluted with EtOAc
(50 ml) and the organic phase was washed with 0.1 M HCI (2 x 25 ml) and water (25 ml).
All aqueous phases were merged and re-extracted with EtOAc (2 x 50 ml). Then the
combined organic layer was washed with brine (50 ml), dried (Na,SO,), filtered and
concentrated in vacuo. The crude product was purified by chromatography to afford the
desired ester as colorless foam.
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WO 2009/ 010299 PCT/ EP2008/ 005913 125 vacuo provi ded
an orange oil, which was purified by chromatography to
watdoonth2dhe desired al cohol in formof a yel | BeI/BP1008/005913
Internediate 129b): F F HI\IC OH 5 OH x HC Pal | adi um
hydr oxi de, 20 wt % on car bon'3®202 ng) and 1 M HC (1.52
rH) vvere added to a solution of internediate 129 a)
|n MeOH. The reaction m xture was
Interm%a under 1 bar of hydrogen at room
tenperature for 3 h. The catal ygt pwas filtered through
10 Celite and washed with met hanylg The filtrate was
concentrated and dried under ny;E‘] The resi due was
iC

then washed wth hexane | ayer was
decanted and a bei ge |d vvas obt ai ned. Internediate
129c): F F F OOYN% W5 O a O To an ice cold
sol ution of

(R -3-(2, 4-di chl oro- phenyl) socyanat o- propi oni c
acid nethyl ester (synthe scrlbed above) (178
nmg) in abs. DCM (3 ni wdd added®h sol ution of

i nternmedi ate 129b) (230 ng) and triethylamne (0.27
m) in abs. DWF (2 ml) under argon. 20 The m xture was
A soluties of Ethium hydroxideO@7frog) ® WwateTk@h roh evasi addedeundes argon at 0°C to

a solu\?é,j{l (#t ﬁ%rW@theEi%Aé? w P\&@kﬂ!ﬂ)@g{g{)%ﬁp #’%ﬁﬁﬁ@%e reaction

mixturéwasastinedust Q30HerS hadhe mixtuge vasteutealieed bggaﬁdﬂiomdfh M HCl and

the m%&?éag e@le?ﬁ-! rer%ir Th@e %@ ?Fpsnovgal 12139‘?%&8%% ltt?é’ ercramainder was

acidifidd Witiehad HT1do psPBAeHd theeflixtute WasWiiratte”) WlWQﬁOM& p2l¥ D6 ml). The
was purified by chromatography to afford_t

he
organig é%YQ*e‘Ma%éNaéPeﬁéN'E'b Mtereard uiam (epgh zotb‘gﬁélmbggﬂed (NazSO.) and
evapor%gd o gfﬂﬂgltmé&%po%%ﬁg acid as colorless resin.

Example 129:

[(R)-1-(1',2',3',4',5',6'-Hexahydro-[2,4']bipyridinyl-3-yloxymethyl)-propyl]-dimethyl-amine tri-
hydrochloride (111 mg) and intermediate 129d) (125 mg), 1-hydroxy-benzotriazole hydrate
(55 mg) and N-methylmorpholine (100 pl) were dissolved in DMF (5 ml). After being stirred
at room temperature for 30 min N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (82 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (100 pl) was added and stirring was continued
overnight. The reaction mixture was diluted with EtOAc (50 mil) and washed with sat.
NaHCO; (3 x 25 ml). All agueous layers were merged and re-extracted with EtOAc (25 ml).
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Internediate 129d): FFF 0 OYNOH HO YNHCO O A
solution of lithiumhydroxide (17 ng) in water (0.5
worRgoosarIadded under argon at OC to 5 a sol ut PORHERF008/005913
internediate 129c¢) (151 ng) in MeOH (0.9 m) and THE
(2.0 m). The reaction nmixtl#% was stirred at 0C for 3
h. The m xture was neutralized by addition of 1 MHCI
the main part of MeOH and THE were renove

Then tr@ce%mbmgnome'cr BXar Masr wagked adthdbrine ¢ 28 mh. gr-m HR2SO4) and
evapoFa@ecP'ﬁ'r %&@Wﬁe?@ﬁdﬁé Wa‘érrﬁxr*fﬁavteg?rggzgrﬁege mFiLEJ m@?ld&ﬁge desired

organi c layer

ammeta.smediow@acraswuth 25 m), dried (Na2SO4) and 10
evaporated to afford the correspondi ng acid as
colorless resin. Exanple 129: FFF NJ OO N OH VNH

ONiN Cl
Sy"thff'ﬁ)qflié’faf“',gf 1]3? 4' /5,6 -Hexahydro-[2,4']bipyridinyl -
Internfedia¥3o)hy! ) -propyl]-dimethyl-amine tri-
hydrochl oride (111 ng) and internediate 129d) (125
nmg), 1 -hydroxy-benzotriazo hydrate (55 ng) and
N- net hyl nor phol i ne (100 pl )T were dissolved in DM (5
m). After being stirred aljgﬁon1tenperature for 30
m n N-(3-di net hyl am nopropyl )l-/V-et hyl car bodi i m de
hydrochl oride (82 ng) was a and stirring was
conti nued for another hour. 20 additional amount of
N- et hyl nor phol i ne (100 pl }oWas added and stirring was
conti nued overnight. The reaction m xture was dil uted
wth EtOQAc (50 mM) and washed with sat. NaHCO3 (3 x

i 18k fod SRV Bl e B P st e (60% i
minerdPGil/ /6203 Weed 8dshended in DMSO (8.8 ml) at 10°C. The mixture was stirred at
room temperature for 1.5 hours. A solution of tert-butyl-3-oxopyrrolidine-1-carboxylate
(2.00 g) in DMSO (2.2 ml) was added dropwise within 15 min. Stirring was continued for
1 hour. The reaction was hydrolyzed by addition of ice water (50 ml) and brine (50 ml). The
aqueous suspension was extracted with diethyl ether (2x 50 ml). The combined etheral
solution was washed with brine, dried over MgSO, and filtered. The filtrate was evaporated
in vacuo to yield a viscous brown oil that was purified by Kugelrohr distillation. The product
was obtained as colorless oil.

Intermediate 130b):

0.0
Y
N

HO

In a flame dried flask, copper(l)cyanide (105 mg) was suspended in anhydrous THF (2 ml).
The suspension was cooled to -76°C and cyclopropylmagnesium bromide (0.5 M in THF,
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127 Then the conbi ned organic |ayer was washed with
brine (25 m), dried (Na2SO4) and evaporated in
Wa 2w00102Fhe residue was purified by preparati VRCHPRID08/605913

provide the desired amne as yellow sh resin. 5

Synthesi s of Exanple 130: MA8ernediate 130a): 0 fO N

O 10 In a flanme dried flask trinethyl sulfoxonl um

odi de (2.57_g) and sodium hydride (60%in

9.34 ra|)|wa$mgd%) Tk}@p@% mggrquqmjs@opg fgllqwgd Qy ﬁ@‘@: addition of a
solutld-]FgS)F ghtéwég:a}g@%s% J (165 Ag) id WM TR AU The Maclior was slowly
warmeata rdsum wmaercaprwmtlrcemever reghtb dke Inaixture (asgartjtioned between

ropwise W thin 15 mn. .
sauralepapds, Suchily B e thagitr HeberdadbRshed gt water and
brine. h&@krhrnnla)qned%@}pr@ddi was reodxtiactedvahes Wit di@thylaéthd@r rrhe combined
organ@-sgli\qﬁg) WéT ie%i(sg\zle g@% S?iﬁgégsﬁleﬁgaorgi(qéaﬁ{e cruvdﬁe product was
pur,f,eacgyuéd@ﬁn\%gomg@ th brine, dried over MgySO4 and

I"tered. The fi Ptrate was evaporated in vacuo to
y| el d a vi scous brown oil that was purified by

di stillation. The product was obtained as
Inten#é‘?:ﬁh{ ess )0|I 20 Internediate 130b): OrO N HOIn a

flame dried flask, copper(l)cy&f de (105 ng) was
suspended in anhydrous TH 2 m ). The suspension was
cool ed to -76C and cycl 6ho nesi um brom de (0.5 M
in THF, WD 2009/ 010299 PCT/ EIP&D 8/ 005913 128 9.34 )
was added. The m xture was stirred for 1 hour,

foll owed by slow addition of a solution of

Intermdfité TBAbRI £ éﬁ%MefsléésHUéd i didx¥nd 6 k. 4N HCT e dloxane (6 ml)

reaction was slowy warnmed to room tenpérature and
was agded aad the aeaeliqihwas phiregiatiroe® teEpepriute farchadiours. The solvents

were BEAYS&ARd and the residue was coevaporated several times with toluene. The
remaining pale red solid was dried under high vacuum.

To an ice cold solution of (R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl

Intermediate 130d):

ester (125 mg) in DMF (4 ml) was added a solution of intermediate 130c) (89 mg) and
triethylamine (134 pl) in anhydrous DMF (2 ml) under argon. The mixture was left stirring
at 0°C for 2 hours and an additional 2 hours at room temperature. The reaction mixture
was evaporated in vacuo. The residue was diluted with DCM (80 ml), the organic phase
was washed with 0.1 N HCI (20 mi), 1 N NaHCO; (20 mi) and brine. Each aqueous phase
was re-extracted with DCM, then the combined organic phase was dried over Na,SQa,,
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saturated aqueous NHACI and di ethyl ether. The ether
phase was washed with water and 5 brine. Each aqueous
WO RkWewe1028% re-extracted once with diethyl ethePCT/EP208/005913
conbi ned organi c phase was dried over MgSO4, filtered
and evaporated. The crude pd88uct was purified by
coI urm chromat ography. Internediate 130c): x HCI HND
OH Interpmedjate 130b) (116 was di ssolved in
filtered %Q@Y@p?@t@ﬁl )A palenprowin qnhwa§ QQHW@‘% gnqi,p)'led wadenhigbyacuum. The
m t enperature for
crude??@d%dgma;seﬁﬁrﬁlgesg%nrtﬁé'cﬁl‘\‘/\ogr?aetﬁgraggg.r ated and the
resi due was coevaporated several tinmes with tol uene.
. rai ning pale red solid was dried under high
intermy2igte 130&fTe 1119 P2 130d): OOYN!OH ONHO1 C a C
20 To an ice cold solution o
(R)-3-(2, 4-di chl or o- pheny|
acid nmethyl ester (12% ng] in m ) was added a
sol ution of internedi RAc) (89 Wg) and

triethylamne (134 1) i nzanhydrous DVF (2 m ) under
argon. The m xture was Ie\;@grlng at 0C for 2

OH . .
ocyanat o- pr opi oni c

hours and an additional 2 at room tenperature,
The reaction mixture wdd evapofhted in vacuo. The
residue was diluted with DCM (80 m ), the organic
phase 25 was washed with 0.1 N HCl (20 m), 1 N NaHCO3

Intern(eZﬁ]atm )30aind 121 img). whe aisstinerioins MalDis ¢1 masand THF (5 ml) at 0°C. A

solutl%gf |§Ell;18‘ﬁﬁ¥§8’8pd%@%%yd%g%g/er@é:_)ggg'@?)ea mI) az?sl gdé)ehcf‘ s'I%e mixture
was sﬁ’ﬁéfd BPEE0 #rAPR IMife rebtlioh inhikere as HEuBHMRRY By 88ditiéh BRI & HCI and

brown oil| was obtained and dried under high vacuum
the MeQHl ang THE wersRy@polaied juvagya d heyaauepyskhase was acidified with 1 N

HCI (FH-O1B5 QA8 W exttdti&d WA EXDRACLEOE20 mI). The organic layer was washed
with water and brine. The aqueous phases were re-extracted with EtOAc, the combined
organic layer was dried over Na,SO,4 and evaporated in vacuo to yield a white foam. The
crude product was purified by column chromatography.

Example 130:

\L oY OH
A

C T
2N Cl cl

[(R)-1-(1',2',3',4',5',6'-Hexahydro-[2,4']bipyridinyl-3-yloxymethyl)-propyl]-dimethyl-amine tri-
hydrochloride (123 mg), the intermediate 130e) (165 mg) and HOBt (73 mg) were mixed in
DCM (6 ml). EDCI (73 mg) and NMM (132 ul) were added. The reaction was stirred at
room temperature for one hour. A second portion of NMM (28 ul) was added and stirring
was continued over night. The mixture was diluted with EtOAc (50 ml) and washed with
1 N Na,CO; (8x 25 ml) and brine. Every aqueous phase was re-extracted once with
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30

OH OOyN 01 HONHS5 C \ C Internediate 130d) (171

nmyg) was dissolved in MeCH (1 m) and THE (5 m) at OC
WO2009010209 on of |ithium hydroxi de nonohydr at e PGHEB20A§/)05913

in HO (1 m) was added. The m xture was stirred at

OC for 4 h. The reaction mABAre was neutralized by

addition of 1 N HC and 10 the MeCH and THE were

evaporated in vacuo. The aqueous ghase was aci dified

EtOAG, the qombingghorganic layer masried a2} siewed and evanarpied in vacuo.
The Cé k gggggum)aﬁgm.egr D egﬁ}aqwng% washed with water

rine e aque ases were re-extracted with

Et OAc, the conbined organic |layer was dried over

Na2SO4 and evaporated in vacuo to yield a white foam
SynthEsis of Exdmppe 888ct was purified by col um

chromat ggraphy. 15 Exanple 130: x HCOOH ,N "~ O OyND
Intermgd]: 19? NH ONI i NO I d
[ (R - 1 (1',2',3,4",5, 6 Hexahydro-[2,4']bi pyri di nyl -
3-yl oxyrrethyl) propyl]- thyll amne tri- 20
hydr ochl oride (123 ng), di ate 130e) (165
ng) and HOBt (73 ng) were mxed DCM (6 m ). EDCI
(73 my) and NW (132 |) were added. The reaction was
stirred at roomtenperature for one hour. A second

. PO L] 0 .28 S d d stir S
soaiufpfiacRaibabiMid (o o icwas 2ied 6.2 Shibfiod &y FP¥stanone (1.00
and NEbépAy|-(ethyidninen@. g e mMi) ih1,21didhIdlese@iihe 3002h1) $hortly followed

nd brine. Ever e ase .was reetract
oy adifion” o 566, G0 AP Boy ABSD B0 SATOUH I ELOr TBeh at room
temp&Qmaé nAd r@élﬂﬁ'rgg finé AYiI8pe§ién WaseboldrdSidito OPC!ArRS B reaction was
and evaporated in vacuo
quenched by careful addition of 200 ml of water. The system was left stirring for 1 h to
reach a complete hydrolysis of the reagent left. The organic phase was then collected and
the aqueous phase was further extracted with DCM (2 x 50 ml). The merged organic
phase was then washed with sat. NaHCO; (2 x 50 ml), HoO (50 ml) and brine (75 ml). After
drying over Na,SQ,, filtration and evaporation of the solvent, the compound was obtained
as a crude orange syrup. Purification by chromatography afforded the desired compound

in form of a yellowish oil.

Intermediate 133b):

I
HN

t\ in EtOAc solution
o)

Intermediate 133a) (1.94 g) in solution in EtOAc (25 ml) was hydrogenated overnight in the
presence of palladium hydroxide, 20 wt% on carbon (195 mg) under 1 bar of hydrogen at
room temperature. Filtration through a syringe filter of the supernatant and further washing
of the catalyst with EtOAc (5 ml) yielded a neat solution of the desired compound in 30 ml
of EtOAc.
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The crude product was purified by preparative HPLC. 5
Synthesis of Exanple 133: Internediate 133a): N "'*00
w@GowpAm20e i acet oxybor ohydri de (5.88 g) was addedr/gr2088/005913

solution of 3-oxetanone (1.00 g) 10 and

N-benzyl -nmethylanine (2.52 §312.7 nl) in

1, 2-di chl oroet hane (300 m), shortly foll owed by

f acetic acid (1.6 nl). After being

'nferm%a%ig%? stirred for 18 h at room tenperature, the

resulting fine suspension was ¢ooled down to 0OC and

the reaction was quenched & areful addition of 200

m of water. The system wWgs NeftYStirring for 1 hto

reach a conpl ete hydrok t AeOr eagent left. The
organi ¢ phase was then Col lected and 15 the aqueous
phase was further extracte | DCM (2 x 50 m). The
nmerged organic phase was th shed with sat. NaHCO3

(2 x 50 M), HO (50 m) a@d b n&€l(75 m ). After
drying over Na2SO4, filtration and evaporation of the
sol vent, the conpound was obtained as a crude orange

To anSi)ééLHbld Barm.i)h Qﬂt('H)fB @4&1%43@1&%? |s@é)fa<h%f@ﬁrdg‘tﬁ1ic acid methyl
ow sh

desired conmpound 'in f orm of ol | .
ester ﬁsun@ﬁ@@%@%sq@se)abom (450nmg) mo@b% &M (@R mih was added a solution

of mte'rﬂﬂ%@kf@%‘?@t&?rmlé@ﬁc gilmQAQ g2 n'nﬂo @‘%hﬂﬁg&é‘m@%%ﬁ ﬁ?&ig at 0°C for

ogenat e oVernl resen
1h, tlpmn II@ftjuretnrrmgrtomm temmrawurm f@aﬁﬁdm Algﬁlsng)weualﬂeaolatules were

ovanof b A O b BBTVSR WHL Bkt By | o o remove e

exces$ of intermedlistbi1Ggb) arfid et thetddsiret! estdrlin htplke fc(an. m )
yi el ded a neat solution of the desired conmpound in 30
m of EtOAc. 30 WO 2009/ 010299 PCT/ EP2008/ 005913 131

Intermédiate esBap € 133c): 00 N

S,

A solution of lithium hydroxide (80 mg) in water (1.5 ml) was added under argon at 0°C to
a solution of intermediate 133c) (698 mg) in MeOH (9.0 ml) and THF (1.5 ml). The reaction
mixture was stirred at 0°C for 2 h. The mixture was neutralized by addition of trifluoroacetic
acid (380 mg; 260 pl) and the main part of MeOH and THF were removed in vacuo. Then
the remainder was diluted with water (10 ml) and extracted with EtOAc (3 x 25 ml). The
organic layer was washed with brine (25 ml), dried (Na,SO,) and evaporated to afford the
corresponding acid as colorless foam after an extensive drying under high vacuo.
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~NH~ OOC add To an ice cold solution of
(R)-3-(2, 4-di chl oro- phenyl ) -2-i socyanat o- pr opi oni c
waelodonedhyl 5 ester (synthesis as descri bed BGDER)008/005913

(450 ng) in abs. DCM (10 m; was added a solution of

intermedi ate 133b) in EtOAc13% m; 2.62 mmol). The

m xture was left stirring at OC for 1 h, then left

turning to roomtenperature for 17 h. At this tine

Examaf 13%) atiles were evaporated and the resul ting

col orl ess wax was extensiyeldbeli ed in vacuo to renove

the excess of irﬁ&rm’%di ate 133 apd yield the

desired ester in e form @ E; dlate 133d): O

OyN A NH~O HOC la C A_sol t| O t hi um

hydroxi de (80 ng) in ) was added under
argon at 0OCto 15 a of" rmedi ate 133c)
(698 ng) in MeOH (9.[p nml) and THE m). The
reaction mixture waxslirred ag orci2 h. The

m xture was neutralized by addition of trifluoroacetic
acid (380 ng; 260 1) and the main part of MeOH and THE

(T N I i 1

hydroogIQridengg g )o@ mtérmeeiiatwa33gl;a6159dp?) ,tishydrorygbéRzotriaale hydrate
. {

®1 mg}aRAAarATarBhaing. (RS ) FueregBsaived i on(is mi. Atter being

stirrede @d6h Vientheratage 46edgo hnurghvx/:aawethy@n%m% JRR8thylcarbodiimide
PCT/ EP2008/ 005913 132 Exanple 133: E%Z(I)ﬂ ~I¥I
hydrochloriden (%8, @b was 'added| apdstiring was contlnued for another hour. An

additional amount of N-methylmorpholine (26 ul) was added and stirring was continued
overnight. The volatiles were evaporated and the residue was partitioned between EtOAc
(50 ml) and sat. NaHCO3; (25 ml). The organic phase was collected and further washed
with sat. NaHCO; (2 x 25 ml). The aqueous layers were merged and extracted back with
DCM (10 ml). Then the combined organic layer was washed with brine (25 ml), dried
(Na2SO,) and evaporated in vacuo. The residue was purified by preparative HPLC to
provide the bis-formiate salt of the desired derivative as yellowish resin.

Synthesis of Example 134:

Intermediate 134a):
©\/ I
N \/@o

N-benzyl-methylamine (1.05 g, 1.12 ml) was added to a solution of 3-hydroxymethyi-3-
methyloxetane p-tosylate (2.23 g) in acetonitrile (35 ml), in presence of solid anhydrous
Na,CO; (2.00 g). The suspension was then vigorously stirred at room temperature for
6 days, at which time no more progress in the conversion was noticeable. All the volatiles
were evaporated and the residue was partitioned between EtOAc (50 ml) and water
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[(R-1-(1',2",3,4",5 ,6" -Hexahydro-[ 2, 4'] bi pyridinyl -

3-yloxynethyl) -propyl]-dinethyl-amine tri- 5
whywsotibori de (120 ng) and internedi at e 133d)PCI/EB2008/005913

ng), 1-hydroxy-benzotriazole hydrate (61 ng) and

N- et hyl nor phol i ne (119 NI) 13%re di ssolved in DCM (15

m). After being stirred at roomterrperature for 30

m n N-(3-di net hyl am ngpropyl )-N -ethyl carbodiimd
(50 mhy Hre OFIaRG BRageswapgpllogted @@aéaﬂaerrdwgmd Wit wader and brine (25 ml

each)C‘i’ﬂé'rﬁéﬁ@df e@ﬂgyﬁ%%%% ex@cteégﬁgkan bméﬁtm@aghe merged

yI'nor phol 1 n was ad stlrrlng
organicophaseuwds tben\driedi gvar. NazROy dilteted apd vemapoeategpdoatield a partially

crysta@%%d tggfqerfﬁ%urﬁétiﬁﬁ S/i h@%@ggﬁ% magﬁég%% déswed chpound in
form of @l yetliowizth gind further washed wth sat. NaHCO3 (2 x 25

m ). The aqueous | ayers were nerged and extracted back
with DCM (10 m). Then the conbi ned organic |ayer was

Interhediags 134 brine (25 m), dried (Na2SO4) and
evaporated in vacuo. The residue was purified by

preparative HPLC to| rOV|r€éthelbls formate salt
of the desired derlﬂNapg@ as VEPASRPLIPNr esi n.
Synthesis of Exanple 134: 20 Internediate 134a): \ |

N O N-benzyl -nmethylamne (1.05 g, 1.12 nl) was added
to a solution of 3-hydroxynethyl-3- nethyl oxetane

|nterm%d§a‘?(§a%’| gg'élg ded ﬁ'{%& ngé,?g E@@?éﬁ&g é@@(’%‘ %yodrg%nafﬁ% overnight in
the prssmwml paﬂadw hh@nxl«iegaoou% pn sarbare(®0amg) ooder 1 bar of hydrogen

at rooﬁe@rﬁgeﬁ@ﬁ% '@fa&iﬁ aﬁi@%?ﬁt E)\éw %hfilfei&l%dtnfﬁgﬁg ggﬁlﬁg 'SfiRe catalyst

with EX®Ae (Bvapyicldbdd meal sblution @f tiibudeshesl qoaigdunddned mi of EtOAc.
betvveen Et OAc (50 m ) and water WO 2009/010299
PCT/ EP2008/ 005913 133 (50 m ). The organi c phase was
Intenﬁé&ib%ﬁ%)and further washed with water and brine (25
each). The merged aqueous phase was extracted back

vvlth DCM (25 m ). The nerged |ordgani c phase was then
dri ed over Na2SO4, fllte@?g< aporated to yield a
e

partially crystallized syrup: Purification by
chr omat ogr aphy af f or de@ sired conpound in 5

formof a yellowish oil. IxQtesgediate 134b): HN Oin
Et OAc solution 10 I ntermedi .®| 34a) (360 ng) in
solution in EtOAc (10 m) pwesHydogenat ed overni ght

in

To an ice cold solution of (R)-3-(2,4-dichloro-phenyl)-2-isocyanato-propionic acid methyl
ester (synthesis as described above) (300 mg) in abs. DCM (9 ml) was added a solution of
intermediate 134b) in EtOAc (15 ml; 1.75 mmol). The mixture was left stirring at 0°C for
1 h, then left returning to room temperature for 17 h. At this time all volatiles were
evaporated to yield a pale yellow syrup/wax. The crude product was purified by
chromatography to afford the desired ester as a clear syrup crystallizing upon storage at
room temperature.
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the presence of palladi um hydroxi de, 20 w % on car bon
(60 ng) under 1 bar of hydrogen at roomtenperature.
WO-R00008200N t hrough a syringe filter and furt heCT/EP2008/005913
washi ng of the catalyst with EtOAc (5 ml) yielded a
neat solution of the desire#34onpound in 15 nm of
Et OQAc. 15 Internediate 134c): OONO ~O~ NHC a C
To an ice cold solution of
Intermegiate {34d): g chl or o- phenyl ) - 2- i socyanat o- pr opi oni ¢
acid nethyl ester (synthesis as gescribed above) (300
nmg) in abs. DCM (9 m) msoadggj’ﬁg:?ol ution of 20
i nternmedi ate 134b) in Et QAC ;0ol. 75 mol ). The
m xture was | eft stirrinﬁ\gNy@Cfor 1 h, then left
returning to roomtem')'@ratgre for 17 h. At this tinme
all volatiles were evaporatgdJo yield a pale yellow
syrup/ wax. The crude prodpurifi ed by
chr omat ography to afford € Y¥esicled ester as a clear
syrup crystallizing upon storage at roomtenperature.
25 WD 2009/ 010299 PCT/ EP2008/ 005913 134 Intermedi ate
: I o
A sohﬁ%ﬁ(& n;rﬁ@» '}1.151?& (}é\'lﬁnﬂﬁgf'm & @réﬁ ﬁ@l)%é@ﬁggé%bh&% adbn at 0°C to
a soluaorgohméernmdlate 138c)a(3951mg) lod\lle@Hl (Gtemieatidat dF 1848anl). The reaction

mmtur%:e a% %‘gned #] (Q{?qlge &\?}ag'h trfnrx g J%Q%Q@o%%i)x aaglﬁlgn of trifluoroacetic

acid (mo<tngr & 384) wtﬁeaﬂnaﬂrEﬂaHDy)f MEDH iand 'ICFﬂF We|ré Iremw@d:m Véicuo Then
aci d (200 he mai n part of

the refiler ot BRited Wk Hater (1) PE PBRstast it IOAR (At 38 mD. The
organfé"l&%rV\@éseWaéﬂ@d Wlt}\ b’?l?\‘é (%Strﬁﬁcélﬁ‘% W30 Shg eﬁl§?&a?é;g to afford the

or gani c yer was dW|th bri ne
Offes@pnéﬂg(m\?@@ QQ*Q{ |€i§$a]ﬂ§¢fatseayfll§ fermingdan nnsiaple foam under high
Vacuo correspondi ng acid as a col orless viscous syrup

form ng an unstabl e foam under high

| HCOOH l\/k:}

Example 134:

Cl
HCOOH

[(R)-1-(1',2',3',4',5',6'-Hexahydro-[2,4']bipyridinyl-3-yloxymethyl)-propyl]-dimethyl-amine tri-
hydrochloride (100 mg) and intermediate 134d) (115 mg), 1-hydroxy-benzotriazole hydrate
(52 mg) and N-methylmorpholine (100 pl) were dissolved in DCM (15 ml). After being
stirred at room temperature for 30 min N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (75 mg) was added and stirring was continued for another hour. An
additional amount of N-methylmorpholine (22 pl) was added and stirring was continued
overnight. The volatiles were evaporated and the residue was partitioned between EtOAc
(50 ml) and sat. NaHCOj3; (25 ml). The organic phase was collected and further washed
with sat. NaHCO; (2 x 25 ml). The aqueous layers were merged and extracted back with



vacuo. Exanple 134: | | HCOOHI N,,.+ OOON- NNH
O NC Cd HCOOH 15
WO ¢Rpo10209' |, 2' , 3", 4' 5", 6" - Hexahydro-[ 2, 4' ] bi ppeT/@P299$/005913
3- onxynethyI) propyl] dlnetggl-anine tri-
hydrochl ori de (100 ng) and #1#®ernedi ate 134d) (115
ng) 1 -hydroxy-benzotriazole hydrate (52 ng) and N-m

nmor phol i ne (100 pl) were dissolved in
DCM mq mlAf {len fhe ggmbined P&P%ﬁ l3yes wase washed Lw'éh mpeﬁS ml), dried

( y | d
(NagSJ 2l VeofREG  VBGURLTRRY lesioe Rk (e by Prfardfve HPLC to
providedhe bisfodniate salhot therddsired defimativedal yéllowash egsirunt  of
N- et hyl nor phol i ne (22 pl) was added and stirring was
continued overnight. The volatiles were evaporated
and the residue was partitioned between EtQAc (50 m)
and sat. NaHCO3 (25 m). The organi c phase was
coll ected and further washed wth sat. NaHCO3 (2 x 25
m ). The aqueous | ayers were nerged and extracted back
with WD 2009/ 010299 PCT/ EP2008/ 005913 135 DCM (10
m ). Then the conbined organic | ayer was washed with
brine (25 m), dried (Na2SO4) and evaporated in
vacuo. The residue was purified by preparative HPLC to
provide the bis-formate salt of the desired
derivative as yellow sh resin. 5 WD 2009/ 010299
PCT/ EP2008/ 005913 136 Further exanples are '
exenplified below ~N~"1 ON, ON. O ,N~ OC(N~ 0O ON O
NNH O N NH N=NH N,,.,, NC I/ A NC I/ NO I/ d
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ONVNHONNH ONI ~-NC I/ I iNCA I i A NI i1 d

A 1~HiN OONN ONNHIANI~CC WO
wWQRo®9/0020P299 PCT/ EP2008/ 005913 137 Bi ol ogi caPCREBAY$005913

A. Binding Assay 5 A nenbrane_binding assay is used to

i dentify conpetitive inhibifl8/s of fluorescence

| abel ed NDP- al pha- MSH bi ndi ng to HEK293 cel |l nenbrane

. reﬁ) rati ons expressing hunman nel anocortin receptors.
Jlﬁé—&éﬂ“mo ompound or unl abel ed NDP-al pha- MSH is

di spensed at varying concentrations 10 to a 384 well
mcrotiter plate. Fluorescence | abel ed NDP-al pha- MSH
A. BindinaAssayd at a single concentration, followed by
addi ti on of nenbrane preparations. The plate is
i ncubated for 5 h at roomtenperature. The degree of
A mehbrane duieding gsdagr isz asedrtoi mledtifyecompetitivel irhildtors of fluorescence

fl scen ol arj zatio m cropl ate reader. B. )
iavelel, NEIF-5 BA MisBa b Miliitagn nEBaCksi SFebrenaaasratins expressing
humaRBhAaRscdrin FedepRt ors is determ ned in a honogeneous
u P

menbr ane based assay. Conpetition between unl abel ed

cAMP and a fixed quantity of fluorescence | abel ed

The té‘s‘t\%ﬁ%na dr dm%l?;e@ W—%ﬂa{;@éﬂﬁk{@%ﬁs@% ANayifi§™¥Bncentrations

spec ant | IS rev escence
to a 389l well micratiter pBterduokestencanahetetl HIDR:alphbeVISH is dispensed at a

. NDRP- - j ' . at ' 0 ion .
singel B, ARl old S0P IR of el PR AL TLe pite i
incubdted forHEK29 Boare ltéraperaqburessi ng t he  human nel anocortin

receptors are added. After a short preincubation
period, an
The degree of fluorescence polarization is determined with a fluorescence polarization

microplate reader.

B. Functional Assay

Agonistic activity of human melanocortin receptors is determined in a homogeneous
membrane based assay. Competition between unlabeled cAMP and a fixed quantity of
fluorescence labeled cAMP for a limited number of binding sites on a cAMP specific
antibody is revealed by fluorescence polarization.

The test compound or unlabeled NDP-alpha-MSH is dispensed at varying concentrations
to a 384 well microtiter plate. Membrane preparations from HEK293 cells expressing the
human melanocortin receptors are added. After a short preincubation period, an
appropriate amount of ATP, GTP and the cAMP antibody is added and the plate is further
incubated before the fluorescence labeled cAMP conjugate is dispensed. The plate is
incubated for 2 h at 4°C before it is read on a fluorescence polarization microplate reader.
The amount of cCAMP produced as a response to a test compound is compared to the
production of cCAMP resulting from stimulation with NDP-alpha-MSH.



10

appropriate anmount of ATP, GIP and the cAMP anti body
is added and the plate is further incubated before
Wa b@opiuzer escence | abel ed cAMP conjugate is di BEERB®AS/005913
The plate is 30 incubated for 2 h at 4C before it is
read on a fluorescence pol alB8ation nicroplate reader.
The anount of CAMP produced as a response to a test

npound is conpared to the production of cAMP
Repre,sggt@pyqa ﬁ@WHW%ﬂf e Rressnt WVﬁﬁt'NDWBé‘P perdedand foend to bind to the
melan%@@r%Qtlg%%g dr qﬁ@f@@@rﬁ?%ﬁ@s@erég@nﬁ%w Fo?ﬁn@lttﬁgia\(éclcso values less
conpounds he present inventidn were tested an
than X dUnd to bind to the nelanocortin-4 receptor. These
conmpounds were generally found to have | C50 val ues
less than 2M 5 Table 16: Bi ol ogical data for
TableSi®: BibRIgi€xlcdath ¥6r Séleched ExamplesLof ihe ihventieh! e are
listed the 1 C50 val ues of the hMC-4R bi ndi ng assay and
the EC50 values of the functional assay. The |1C50 and
In the taiye ai%l"&‘ég the desogradugseef the ME4LE biadingsassay and thgC values of

e MO ack i G5 Bl BBl d P SUELIRY
a<0.tphhyp :ECIEO;AMMrid s:smmmt SHX.OLUM a - 7 NDP-a-MsH a a
100 1a-0 2a-0 3b-0 4a-0 5a-0 6a
-0 7a-0 8a-0 9a-2=0
Example hMC-4R hMC-4R % activation
binding functional functional assay
assay assay ECso/uM
ICs0/uM
SHU-9119 a - 7
NDP-o-MSH a a 100
1 a - 0
2 a - 0
3 b - 0
4 a - 0
5 a - 0
6 a - 0
7 a - 0
8 a - 0
9 a - 0
10 b - 0
11 a - 0
12 a - 0
13 b - 0
14 b - 0
15 a - 0
16 a - 0




10b- 0 11 a-0 12a-0 13 b- 0 14b- 0 15 a

- 0 16 a - 0 WD 2009/010299 PCT/ EP2008/ 005913 139 17
W@2009010298 a - 0 19 a - 0 20 a - 0 21 a - OPCREPAW08/005913

0O 23b-0 24a-0 25a-0 26b-0 27 a-20

26 b- 0 29b -0 30a- 18 31a- -3 32ac 36

33 b-0 34c¢c--3 3b-7 36a-8 37b- -2

17 a - 0
18 a - 0
19 a - 0
20 a - 0
21 a - 0
22 a - 0
23 b - 0
24 a - 0
25 a - 0
26 b - 0
27 a - 0
28 b - 0
29 b - 0
30 a - -8
31 a - -3
32 a c 36
33 b - 0
34 c - -3
35 b -

36 a -

37 b - -2
38 b - -5
39 a - -13
40 a - -1
41 b - -1
42 b - -1
43 b - 0
44 b - -4
45 a b -27
46 c - -13
47 a b -36
48 a - 0




38b--5 39a--13 40 a- -11 41 b - -1 42 b -
-1 43 b -0 44b- -4 45 ab -27 46 c - -13 47 a
W®2003610248 a - 0 WO 2009/ 010299 PCT/ EP2008/ 0050 BEPZ4§005913

49 b - -3 50a-0 51b-0 52b-4 53c-1 54

b-10 55 b - 2 56 a- -5147 a- 5 58b- 4 59 a

- -1 60a- -12 6l a-1 62a--10 63 a- 0 64 a

- 13 65 a - 0
49 b - -3
50 a - 0
51 b -
52 b -
53 c -
54 b - 10
55 b - 2
56 a - -5
57 a -
58 b -
59 a - -1
60 a - -12
61 a - 1
62 a - -10
63 a - 0
64 a - 13
65 a - 0
66 b - 0
67 C C 33
68 a - -5
69 a - -7
70 a - -2
71 a - -4
72 a - 0
73 a - -15
74 a - -5
75 a - -1
76 a - 0
77 a - 0
78 a - 0]
79 a - 0
80 a - 0




66 b - 0 67 cc 33 68a- -5 69a- -7 70a- -2
71 a- -4 72 a-0 73 a- -15 74 a- -5 75 a- -1
wqae009/01020 77 a - 0 78 a - 0 79 a - 0 80 a PCUDERY08/005913
2009/ 010299 PCT/ EP2008/ 005913 141 81 a - 0 82 a - 0
83 a-0 84a-0 8 a-M™Msg8a-0 87a-0 88 a
-0 89a-0 90a-0 99a-0 92a-0 93a-0

81
82
83
84
85
86
87
88
89
90
o1
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

]
O O] O] O O] O] O] O] O O] O] O] ©] O] ©of o ©

- 13

P o P e D D DD D D R D o o e ] D o o] P |
1




94 a-0 95  a-0 9% a-0 97a-8 98a- 13 99

a-0 100a- -7 101 a-5 102 a- -1 103 a a -9
WaA0IMm10298 105 a - -3 106 a - -1 107 a - - 2PCI/OR2088/005913

0 109 a- -11 110 a - 0 111 a - -23 112 a - -8 W

2009/ 010299 PCT/ EP2008/ 0059142 142 113 a - -14 114 a

- -3 115a - -8 116 a - -1 117 a- 0 118 a - 11

119 a - 11 120 a -5 121 a - -6
113 a - -14
114 a - -3
115 a - -8
116 a - -1
117 a - 0
118 a - 11
119 a - 11
120 a - 5
121 a - -6
122 a -

123 a - 3
124 a . -2
125 a - -8
126 a - -8
127 a - -3
128 a - -8
129 a - -5
130 a - -2
131 a - -2
132 a - -4
133 a - -6
134 a - -2
135 a - 3
136 a - 10
137 a - 8
138 a -

139 a - -10
140 a - 6
141 a - -3
142 a a -32
143 a - -1
144 a - 2
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122 a - 0 123 a - 3 124 a - -2 125 a - -8 126 a -
-8 127 a - -3 128 a - -8 129 a- -5 130 a - -2
wWawIm10292 132 a - -4 133 a - -6 134 a - -PCT/EBB0#005913
-3 136 a- 10 137 a- 8 138 a - 9 139 a - -10
140 a - 6 141 a - -3 142 448 -32 143 a - -1 144 a
- 2 WD 2009/ 010299 PCT/ EP2008/ 005913 143 C. In Vivo
Food I nt ake I\/bdels 1. Spontaneous Feedi ng Paradi gm
2 t Iss neasured after i.p., s.c. or
p.o. adm nistration of the test conpound 5 (see e.g.
A.S. Chen et al. Transgenic Res 2000 Apr
1. Spoa)amﬁﬁ@ding Pavbadigm of LPS- | nduced Anorexia and

Food mlfgoe in ra%I %eg?ure *Atter i.p., s.c. or p.o. administration of the test compound
(see e.g. A.S. Chen et al. Transgenic Res 2000 Apr ;9(2):145-154).

2. Model of LPS-Induced Anorexia and Tumor-Induced Cachexia

Prevention or amelioration of anorexia induced by either lipopolysaccharide (LPS)
administration or cachexia induced by tumor growth is determined upon i.p. or p.o.
administration of test compounds to rats (see e.g. D.L. Marks, N. Ling, and R.D. Cone,
Cancer Res 2001 Feb 15;61(4):1432-1438).

D. Rat Ex Copula Assay

Sexually mature male Caesarian Derived Sprague Dawley (CD) rats (over 60 days old) are
used with the suspensory ligament surgically removed to prevent retraction of the penis
back into the penile sheath during the ex copula evaluations. Animals receive food and
water ad lib and are kept on a normal light/dark cycle. Studies are conducted during the
light cycle.

1. Conditioning to Supine Restraint for Ex Copula Reflex Tests

This conditioning takes about 4 days. Day 1, the animals are placed in a darkened
restrainer and left for 15 - 30 minutes. Day 2, the animals are restrained in a supine
position in the restrainer for 15 - 30 minutes. Day 3, the animals are restrained in the
supine position with the penile sheath retracted for 15 - 30 minutes. Day 4, the animals are
restrained in the supine position with the penile sheath retracted until penile responses are
observed. Some animals require additional days of conditioning before they are completely
acclimated to the procedures; non-responders are removed from further evaluation. After
any handling or evaluation, animals are given a treat to ensure positive reinforcement.
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: Basel#g’t%;eilrﬁor-rfe?l

Prevention or anelioration of anorexia induced by
ei ther |ipopol ysaccharide (LPS) admnistration or
W@ 20h0x299 | nduced by tunor growth is detern neRICT/PP2008/005913

i.p. or p.o. 10 admnistration of test conpounds to

rats (see e.g. D.L. Marks, N44Ling, and R D. Cone,

Cancer Res 2001 Feb 15;61(4):1432-1438). D. Rat Ex

Copul a Assa 15 Sexually mature mal e Caesari an
2. ééﬁ%aﬁ#égmteqﬁaw ey (CD) rats (over 60 days ol d)

are wused wth the suspensory |iganent surgically :

renoved to prevent retraction of the penis back into-
Rats ate=gpptly reststinest n dusupie tpositior witptheir antgrioatorgosplaced inside a

. ipals recei.ve.fond and water ad |i,b and are kept on
cylindg GF BaBRlRE s 1 AOWJBY aone (el any ey Rediting”Por &'400 - s00
gram G4, ithg didirete? Of Ith@ eylindet! is . apbroXidathly iBoOfNThedowEPG80 and hind
] Restraint for Ex Copula Reflex Tests This conditionjng
limbs a4g dgstiained withgayonaghesiye materialn(veieg)- A agdiieral pigeg of vetrap
it SRSBRRvSH WA 8 B Vo3 B BER oMo anima
to majntain ke pegnutial sheath i arstractad position cBeniagesppnsesewill be observed,

_ : Crai. . . y ) ‘ _ _

i P, B oL T A BB ST Dctons wi

occurtdpentanavakly witkin a dswrminutes iaftet breathpietractimsi Theotypes of normal
[ esheath[etrated.until [

reflexpiie, SBB seSHsBSas  Biudeo Ao RRINR SnOBEFTEM, cup and fip. An

elongatitsh isichiwificdassarpbxtensidhtof e penilkedstiye Engetgenicht is a dilation of the
conpletely acclimted to the procedures;

glans REAIS: Aspihifedafingdeas aRdiiense esmtion whase the slistak margin of the glans
penis Mdréntadly 1RNYs S3EHd REmA c Y A #iphd 9!&0{3’#@)&@‘{ of tﬂé%nile body.

given a freat to ensure positive reinforcenent.
2009/ 010299 PCT/ EP2008/ 005913 144 2. Ex Copul a

35 a5 AR G URERE A B an amimat i
respony. Saoher animadsidquat & leng auratioal Lokl ther fisb resgonse ashitendthers are

aw grooni.ng... For_a.400 : 500 .5 gramyat, the .
non-rPndb 87 ApSne’ cpRrincidris B%eing, SVANRGFY 1aterfy tpnist response
numbeéroaved typercs eesputhsbs afe rdodbded Mbertestingatire framd B 1& minutes after the
. nonadhesi ve material (vetrap). An additional piece of
first repRPRSE) with a hole in it, through which the glans

penis will be passed, is fastened over the animal to
mai ntain the preputial sheath in a retracted position.
After paynimurn o Joiryelaetwern ayalustions.ibgse safei animials arerarrinistered the
I i r e tad Vi Gl sey .
test cg%nrﬁifbgﬁerﬁte %‘ 6’?@‘% ?rlfné QVAlGRLS - fof YRR fflexBs SNl 89abtions are
videotaped and scored later. Data are collected and analyzed using paired 2 tailed t-tests
to compared baseline and/or vehicle evaluations to drug treated evaluations for individual

animals. Groups of a minimum of 4 animals are utilized to reduce variability.

Positive reference controls are included in each study to assure the validity of the study.
Animals can be dosed by a number of routes of administration depending on the nature of
the study to be performed. The routes of administration includes intravenous (1V),
intraperitoneal (IP), subcutaneous (SC) and intracerebral ventricular (ICV).
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10 occur spontaneously within a few mnutes after

sheath retraction. The types of normal reflexogenic
We@e@enil2e9 r esponses include el ongation, engor geEEAP3008/005913

cup and flip. An elongation is cl aSSIerd as an

extension of the penile body45Engorgenment is a

dilation of the glans penis. A cup is defined as an

|ntense erectl Qn V\/nere the d| stal margin of the glans

P g I Dysft B8R to forma cup. Aflipis
a dorS|erX|on of t he penlle body. 15 Baseline and or
vehi cl e eval uations are conducted to determ ne how,

Rodentnassdys wtevant tal femadlé sexeabmembptismyréneludemthe behayicxal model of

l on uration until St o e whil e others
lordosig? 8% Hih&H!drBanabns of Bnyjalaty ACARRY ThEre! i § utfthingental refiex
modelemahn@ath@tmeldas;ﬁnalw tranéedtéd rat@smnﬁeasurmgrmgasmnm bNthemaIe and
onses are recorded he testln tInE

femalqgatﬁ,, ‘ﬁ hese.ang pther established ppg@alrrggqﬁ;ﬁgg ermlpéexgal dysfunctlon are
descriBb@! ’ﬁUW Bf McKknhab et vger)\ Wéﬁéla?bpnﬁe tﬁﬁaﬁ Sfag‘éxual Function In

animal s are adm ni stered the test COﬂDOUﬂ

Anestigized Made e‘\'lﬂ mefBatSpMI @l r"éwsé@(eéﬂewmtow Integratlve Comp.
d r . .

ey 52 R 268, (A SCENB AR SO oy PR B8P Sroon

of Th@Bhneehcldrﬁm&XulahBellem Iarﬁﬂnmle\Rm:s cPrarav Biectt Bathavi d0:151-156,

drug, tyeated eval yati ans ivi.du ni mal s.
1001; G bk oFAhARHT ot o PUR! ERlratiE AN T TR iBpggpaton And The
Regulatishiof Sosidsskidli Behavidesint FerpakeeGeldenddametdlrs, 0Bk IARes., 359: 194-

included in each study to assure the vaI|d|ty of the
2071§§§dy Ani mal s can be dosed by a nunber of routes of

adm ni strati on depending on the nature of 30 the

study to be performed. The routes of adm nistration
Examgr@wé%ﬁhhmmi Thdbsitidd' [ aperi toneal (1),

ebral ventricular (ICV).
WD 2009/ 010299 PCT/ EP2008/ 005913 145 E. Model s of

v o GRS MY B RRAER RGN Bal BT iy mvnion.

23 m@bf Ekamgtes6 ds dorthdatedotitto batticieat finely dmde@rbadtese)tq provide a total

t her al_sq ur et enital reflex
amourﬂtpééﬁ%b tﬁsgﬁ ﬁ%"'f%é&esopﬁwglqeslaqﬂ%‘@é'[ﬁed rats for
measuring orgasmin both male and female rats. These
ot her est abl i shed ani mal nodel s, of fenal e sexual

and
As angiher sRefifig rerabedimest of ianearal orinesitiop kefind £ogpomnd of the present
mventMﬁdQS iy off 'E%‘(aﬂdl@'ylﬁfs §ﬁ‘?ﬁ‘d@dte5 LWIEH bGﬁlcieﬂt finel ey, divided lactose to
Anest het’l zed And Fenmal e Am

provide Reigtal amaupt phﬁ%@tcaﬁ!@/@gc@rfw a s-m%a@d gsta)m capsule

R1276- R1285, 1991; K. E. McKenna et al, Modul ati on By

Peri pheral Serotonin
While the invention has been described and illustrated in reference to certain preferred

embodiments thereof, those skilled in the art will appreciate that various changes,
modifications and substitutions can be made therein without departing from the spirit and
scope of the invention. For example, effective dosages, other than the preferred doses as
set forth above, may be applicable as a consequence of the specific pharmacological
responses observed and may vary depending upon the particular active compound
selected, as well as from the type of formulation and mode of administration employed,
and such expected variations or differences in the results are contemplated in accordance
with the objects and practices of the present invention. It is intended, therefore, that the



10 of The Threshold For Sexual Reflexes In Female
Rats, Pharm Bioch. Behav., 40:151-156, 1991; and
wQ 209/0Tekahashi et al, Dual Estradi ol Action |PCIVRR2008/005913

Di encephal on And The Regul ation of Soci osexua

Behavi or I n Femal e Gol den Hfsters, Brain Res., 359:

194- 207, 1985. 15 Exanples of a Pharnmaceuti cal

Conposition As a specific enbodi nent of an oral

inventioprisolimited enlyf byatheosgapenef the aaimspwhichdellawasdtthatnsuch claims be

. ornulated with sufficient
|nterpr§fé#;?sy8@|a§ry2§§élsﬁg%§%nzaeb% o provide a total 20 anount

of 580 to 590 ng to fill a size O hard gelatin
capsul e. As another specific enbodi nent of an oral
conposition of a conpound of the present invention,
28 ng of Exanple 14 is fornmulated with sufficient
finely divided | actose to provide a total anount of
580 to 590 ng to fill a size O hard gelatin capsule.
25 Wiile the invention has been described and
illustrated in reference to certain preferred

enbodi nents thereof, those skilled in the art wll
appreci ate that various changes, nodifications and
substitutions can be nmade therein w thout departing
fromthe spirit and scope of the invention. For
exanpl e, effective dosages, other than the preferred
doses as 30 set forth above, nay be applicable as a
consequence of the specific pharmacol ogical responses
observed and nmay vary dependi ng upon the particular
active conmpound selected, as well as fromthe type of
formul ati on and node of adm nistration enployed, and
such expected variations or differences in the results
are contenplated in accordance wth the objects and
practices of the present invention. It is intended,
therefore, that the WO 2009/ 010299 PCT/ EP2008/ 005913
146 invention be limted only by the scope of the
claims which follow and that such clains be
interpreted as broadly as is reasonable. 5 WO

2009/ 010299 PCT/ EP2008/ 005913 147 O ai ns:
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1. A conpound according to formula (I) 5 OO0 :"~ R5 NH
(1) RLNII'\ (\ EGRZ3 R4 10 and the enantioners,
welR@svEnevner s, tautoners, solvates and PCT/EP2008/005913

pharmaceutically acceptable salts thereof, wherein

15 Rl is -N(R10)-(C(R6)2) m 147-(C((R6)2),-T, or

-O(C(RB)2)MT;, R6 is independently selected from H,

20 F, OH, OCH3, Cl.6-alkyl, optionally substituted
Claimisth 1 to 3 substituents selected from hal ogen, CN,

OH and OCH3, and 25 C3_6-cycl oal kyl, optionally

substituted vvith 1 to 3 substituents sel ected from

1. AMM&QM i Tis NR7R8, ~(R9)p N NI 10
WO 2009 01029 /EP2008/005913 148

NH ()
ﬁw
D\ 46

and the enantiomers, diastereomers, tautomers, solvates and pharmaceutically
acceptable salts thereof,
wherein

R'is -N(R')-(C(R%2)m-T
-(C(R%2)-T, or
-O-(C(R%)2)m-T;

R® is independently selected from
H,
F,
OH,
OCHj,
Ci.6-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCHgs, and
Cs.s-cycloalkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN, OH and OCHg;

Tis NR'RS,

A ﬁﬂg)p N/\
H/ , k/o :
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15

20

WRR)p (R)p 1 N N100 | Q SRs o R1L)r NN
(R11)" A or s R7 and R8 are independently from each

woeenieed ected from H, Cl_6-al kyl, 5 C2_6- aPRERP1008/005913

C2.6-al kinyl, and C2.6-al kyl ene-0O Cl1. 6-al kyl,
wherei n each al kyl, al kenyl 148d al kinyl is optionally
substituted by one or nore halogen atons, CN or OH
10 RO is i ndependently sel ected from hal ogen, CN,
OH, adg)él optionally substltutgd with 1 to 3
substlwu/ﬁt/ sel ected from hal ogem, (R)s CN and OH, and
OCl.6 aI kyll], optionally substhut( wth 1to 3
substi tugnidselected f,rom hal oge *CN and OH,

Cl_6- al kyfsene- R CL. 6- al kyl , optional’y substituted
with 1 to 3 substituents sel ected from hal ogen, CN
and OH, or 20 NR12R13;

/\/(R e /X§

L A
‘\,— /
- )o

Y, B

NN @,
(W A or

=2

R’ and R® are independently from each other selected from

H,

Ci.s-alkyl,

Coe-alkenyl,

C.,.¢-alkinyl, and

C..¢-alkylene-O-C,¢-alkyl,

wherein each alkyl, alkeny! and alkinyl is optionally substituted by one or more
halogen atoms, CN or OH;

R® is independently selected from

halogen,

CN,

OH,

Ci-s-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH, and

O-C,.¢-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,

Ci.e-alkylene-O-C,.¢-alkyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH, or

NR12R13;
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WO 2009/ 010299 PCT/ EP2008/ 005913 149 R10 is H, or
Cl.6-alkyl; R11 is independently selected from
wha0000en99 5 CN, OH, Cl_6-al kyl, optionally PCT/EP2008/005913
substituted with 1 to 3 substituents selected from
hal ogen, CN and OH, C2_6-all#8nyl, 10 C2_6-al kinyl,
O Cl.6-alkyl, optionally substituted with 1 to 3
g ubstituents selected from hal ogen, CN and OH,
R'Cis 6HaPkyl ene- O C1_6-al kyl, optionally substituted
Wi th substituents sel ected from hal ogen, CN
and 81—16%%600 6- al kyl - C3_6-cycl oal kyl

Rﬁ %@?Lg&%ﬁ&%hcﬁ% an;jNg(lglgfea! ﬁgle?oéngggt ly from

eachhalbhem, sel ected from Cl1_6-al kyl, optionally

subs&gt uted with OH, C2_6-al kenyl, 02_6- al ki nyl,
kyl ene- O Cl1. 6- al kyl , and 25

C2_60¢, kyl ene-N- (C1_6- al kyI)2| Wis CH O or NR1O;

Xis CHor N Yis CHor N
C,-¢-alkyl, optionally substltuted with 1 to 3 substituents selected from halogen,

CN and OH,

Co¢-alkenyl,

Coe-alkinyl,

O-C,6-alkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,

Ci.s-alkylene-O-C,¢-alkyl, optionally substituted with 1 to 3 substituents
selected from halogen, CN and OH,

Co-s-alkyl-C3.6-cycloalkyl,

-OC(0)C.¢-alkyl,

-NH,

-NH(C,.¢-alkyl), and

-N(C.¢-alkyl)z;

'2 and R are independently from each other selected from
Ci¢-alkyl, optionally substituted with OH,
Co6-alkenyl,

Coe-alkinyl,
C..¢-alkylene-O-C,.¢-alkyl, and
Coe-alkylene-N-(C,.g-alkyl)y;

Wis CH, OorNR'%;

Xis CHor N;
Yis CHorN;
Zis CHorN;

Ais a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2
nitrogen atoms;



Zis CHor N, 30 Ais a 3-7-nenbered saturat ed,
unsaturated or aromatic ring containing 0-2 nitrogen
W@@a®1029%0 2009/ 010299 PCT/ EP2008/ 005913 150 PEI/EB2005AM5913
or NN GisCR or N DisCR or N EisCR2or N 5
with the proviso that one od50wo of the variables B,
G Dand E nust be NN R2 is independently sel ected
fromH, F, O, 10 CH3, OCH3, and CF3; R3 is H,
Bisl, CBBorNior CH3; R4 is O, For CH3 20 R5is
.(R11) .,2 0 Nr (R11) Art R's 1s

Gis CR%orN;
Dis CR2orN;
Eis CR2orN;

with the proviso that one or two of the variables B, G, D and E must be N;

R? is independently selected from
H,
F,
Cl,
CHs,
OCHg3, and
CF3;

R%is H,

R'is ClI,

R’ is
o A ]
N R"), NW/Q
( A : t his
s ’

morpholine, optionally substituted by 1 to 3 same or different substituents R'*,

4 to 7 membered, saturated or partially unsaturated heterocycle containing in
the ring one nitrogen atom and optionally a further heteroatom selected from O,
N and S, wherein heterocycle is optionally substituted by 1 to 4 same or
different substituents R'", or

NR12R13;



nmor phol i ne, optionally substituted by 1 to 3 sane or

di fferent substituents R14, 4 to 7 nenbered, saturated
w@eooparedal |y unsat urat ed heterocycl e cont ai ni PGI/EP2008/005913

the ring one nitrogen atom and optionally a further

het er oat om sel ected from 0, 1525 N and S, wherein

heterocycle is optionally substituted by 1 to 4 sane

1gt di fferent substituents R11, or NR12R13; WO
R2&09C04a8kY PCT/ EP2008/ 005913 151 Rl14 is C,_6-al kyl,

Cl_6pal_ -(QCL | kyl, Cl1_6-al kyl ene- CH,
C1 6Tkt E%%ﬁgﬁér@h@l 6- al kyl ene- NH- Ct _6-al kyl, or

Cl. 6Cas-aikylene-OH( C1. 6-al kyl )2; R15 is H or

O'_6-aIkM(Irt l..,s O, 1, 2, 3, or 4, 10 mis O, 1, 2,

3, o?"‘i,a ¥ein§-l\&|2,l’ or 2; pis 0, 1, 2, 3, or 4, r is

0, 1¢,galkgleneNK:C,¢salkyd, dn Or 2 and 15 tis Corl. 2. A

conmpound according to cilaim1, wherein 20 RL is

- N( ReoyalkrlereyNCmelkylec (R6)2),-T, or -O (C(R6)2) m T;
R‘B?s iﬁoirndependent ly selected from H,

Cie-alkyl;
lis 0, 1,2, 3, or4,
mis 0,1,2,3,0r4;
ois 0,1, o0r2;
pis 0,1,2,3,0r4;
ris 0,1,2, 3, 0r4,;
s is 1, or 2 and

tis Oor1.

. A compound according to claim 1,
wherein

R'is -N(R')-(C(R®)o)m-T
-(C(R%y)-T, or
-O-(C(R%)2)m-T;

R® is independently selected from
H,
F,
OH,
OCHg,
Ci.e-alkyl, optionally substituted with 1 to 3 substituents selected from halogen,
CN, OH and OCHjs, and
Cse-cycloalkyl, optionally substituted with 1 to 3 substituents selected from
halogen, CN, OH and OCHg;



25 F, OH, OCH3, Cl.6-alkyl, optionally substituted
wth 1 to 3 substituents selected from hal ogen, CN,
w@pogath2®CH3, and 30 C3_6-cycl oal kyl, opti onal PgI/EP2008/005913
substituted with 1 to 3 substituents selected from
hal ogen, CN, OH and OCH3; Wb2009/ 010299
PCT/ EP2008/ 005913 152 T is NR7R8, norpholine, RI)p
,,N(R9)Ao NN N-Ros RIO-N(R)p NXY or O
Tisa. (1", N A (RL1)r s R7 and R8 are independently

fro .0f her selected from 5 H, Cl.6-alkyl,
2. ?‘g?ﬁi‘g’ﬂ@é C2_6-al kinyl, and
C2. 6- al kyl ene- 5 C1. 6-al kyl, 10 wherein egch al kyl ,

al kenyl._ and~al Riayl is optionally ségpit (Rpt ed by one
or nore MNal dgen atons, CN or OH; ™ if7i ndependent |y
~ ! )o ’

sel ect ed w

H10

R’ and R® are independently from each other selected from
5 H,
Ci.e-alkyl,
Coe-alkenyl,
C.¢-alkinyl, and
Cz¢-alkylene-O-C;¢-alkyl,
10 wherein each alkyl, alkenyl and alkinyl is optionally substituted by one or more
halogen atoms, CN or OH;

R® is independently selected from
halogen,
CN,
15 OH,
Ci6-alkyl optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH, and
O-C,.¢-alkyl optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,
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hal ogen, CN, 15 OH, Cl_6-al kyl optionally substituted

wth 1 to 3 substituents sel ected from hal ogen, CN
WQ@awIoH29and O Cl. 6-al kyl optionally substi tutRdI/#P2008/005913

to 3 substituents selected from hal ogen, CN and OH,

WO 2009/ 010299 PCT/ EP2008/ 005®13 153

C, _6-al kyl ene-O C1. 6-al kyl optionally substituted with

1 to 3 substituents selected from hal ogen, CN and OH;

R10 Css-#lkylone-QECe@mllll kptionally sebsiitstadlihp ¢ i Sraubgtituents selected

sel
sub

o el EN 4970 Clbci fuenis selovted from

«&al qgen, 10 CN and OH, O Cl_6-al kyl optionally
R sl?bgg'i Fut e

d wwth 1 to 3 substituents selected from

hal agegs-afiyll;and OH, Cl1. 6-al kyl ene- O C1. 6- al kyl|
optionally substituted with 1 to 3 substituents

R'5RliggémthdehtipBelbaleddrsm CN and OH, 15 - NH2,
-NH(CIL. 6-al kyl), and -N(Cl_6-alkyl)2; Xis CHor N

Yis

halpgan, N~ 20 Zis CHor N, Ais a 3-7-nmenbered

sat yrgt ed, unsaturated or aromatic ring containing 0-2

Xis
Y is
Zis

Ais

Bis
Gis
Dis

Eis

OH,

Ci.s-alkyl optionally substituted with 1 to 3 substituents selected from halogen,
CN and OH,

O-C,.¢-alkyl optionally substituted with 1 to 3 substituents selected from
halogen, CN and OH,

Cie-alkylene-O-C4¢-alkyl optionally substituted with 1 to 3 substituents selected
from halogen, CN and OH,

-NHa,

-NH(C1.5-aIkyl), and

-N(C1.6-alkyl)z;

CHorN;

CHorN;

CHorN;

a 3-7-membered saturated, unsaturated or aromatic ring containing 0-2

nitrogen atoms;
CR%orN;
CR?or N;
CR?orN;

CR?or N;

with the proviso that one or two of the variables B, G, D and E must be N;

R? is independently selected from

H,
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nitrogen atons; Bis CR2 or NN Gis CRR or NN 25D

is CRR or NN Eis CRR or NN with the proviso that one
we@eowm2ed the variables B, G D and E nust bePCE/EPFRBES/005913

is independently selected fromH, W 2009/010299

PCT/ EP2008/ 005913 154 F, ®4 CH3, OCH3, and 5

CF3; RBis H d, F o CH3 10R4is d or F; R5

is (RI1)r " ° (R11)r (RRr (,.~S NQg NA

mor phol i ne, optionally substituted by 1 to 3, sane or

di ff
R13

rent substituents R14, or 15 NR12R13; R 12 and
te i ndependently from each other selected from

Cl. ecgj,kyl ,

R3is

R*is

R%is

OCHa, and
CF3;

H,
Cl,
F, or
CHg;

ClorF;

R”r ~ (R11)r
. NS ey

. A 11
G 5ae
)q ’ S ’

morpholine, optionally substituted by 1 to 3, same or different substituents R,
or
NR12R13.

R' and R' are independently from each other selected from

Cy.e-alkyl,

C..¢-alkenyl,

Ca.¢-alkinyl,
C.,.¢-alkylene-O-C,¢-alkyl, and
C..¢-alkylene-N-(Cy¢-alkyl)o;

Ci.s-alkyl,
Ci.e-alkylene-O-C,¢-alkyl,
Ci.s-alkylene-OH,
Ci.6-alkylene-NH,,
Ci.s-alkylene-NH-C,_g-alkyl, or
Cie-alkylene-N(C,.¢-alkyl);
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6.

C2. 6-al kenyl, C2_6-alkinyl, 20
C2_6-al kyl ene-O- C1_6-al kyl, and
w@20080812ky| ene- N- (CL. 6-al kyl )2i Rl14 is Cl_6- aP&EP2008/005913
Cl. 6- al kyl ene- O C1. 6-al kyl, Cl1_6-al kyl ene-CH, 25
Cl_6-al kyl ene-NH2, Cl1_6- al k{®®ne- NH- C1_6-al kyl , or
Cl _6-al kyl ene-N(C1. 6-al kyl)2; WO 2009/ 010299
PCT/ EP2008/ 005913 155 |I|is 0,1,2,3,0r4; ms 0, 1, 2,
lis3, d) 42,3004 0, 1, or 2; pis 0, 1, 2, 3, or 4, 5 q
is 0, 1, 2, or 3; r is O, 1, 2, 3, or 4 and sis
m &, or®.1, 3, 3;red;conpound of claim1l or 2 according to
formula (I) 10 RS 1 ~RNNH(lI') B 15 11 D-E,G R3
oiR4 GeoeBn B, G D E, R, R3, R4 and R5 are as
defined in claim1 or 2. 20 4. The conpound of any of
pisl aiQyH, 2, Boor34; wherein at | east one of R7 and R8 is
sel ected

qis 0,1,2, 0r3;
ris 0,1,2,3,0or4and

sis 1, or 2.
The compound of claim 1 or 2 according to formula (I')
o R®
0 Y

NH
R‘

BT N
I
D. -G
\E/ R3 R4

wherein B, G, D, E, R', R®, R* and R® are as defined in claim 1 or 2.

The compound of any of claims 1 to 3, wherein at least one of R’ and R® is selected
from

C..¢-alkenyl,

C..¢-alkinyl, and

C..¢-alkylene-O-C.s-alkyl.

The compound of any of claims 1 to 4, wherein
R? is selected from H, F, Cl and CHs.

The compound of any of claims 1 to 5 wherein
lis 2or3, or
mis 2or3.
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from C2_6-al kenyl, C2_6-al kinyl, and
C2_6-al kylene-O-C, _6-alkyl. 25 5. The conpound of
w@epoof02ed ains 1 to 4, wherein R2 is sel ect edPET/BPI0BE/005913
F, d and CH3. 6. The conpound of any of clainms 1 to 5
wherein 30 | is 2 or 3, or 186s 2o0r3. WD 2009/ 010299
PCT/ EP2008/ 005913 156 7. The conpound of any of
claims 1 to 6 as medi cament. 8. The conpound of any of
7. Theleamgound ¢f anyraficlaime t loGasmadieamentophyl axi s of
di sorders, diseases or conditions responsive to the
i nactivation or activation of the nelanocortin-4 5
8. Theamempaund of anyrof iciadins 19to Gfoe the trpatmeht @c poophylaxid of disorders,

.claim@8 for..the treatnent or. prophyl axis.of. cancer .
diseaSRE o SONHIRNY 1PSRAGEIVR (o tNEJBREALEN GhAGHAGRIA the melanocortin-4
retadter inla ;maheha@si s (ALS), anxiety and/or depression.

10 10. The conpound according to claim8 for the

treatment or prophylaxis of obesity, diabetes

. THEdm i id/

9. THER drhdiho JTpRARY 10,080 B AL catEht GproBfy AR of cancer
caghexiad.ahpecle wastiag fanorexia, angpisoprttic ateraf sclenvsisi (AduSpranxiety and/or
detppéssio]ns the treatnment or prophyl axis of disorders,

I Séases or conditions responsive to the inactivation

or activation of the melanocortin-4 receptor in a

10. Th%ﬁw%cc@@nﬁonggﬁ ! 8&%@39 %fssrla% éro Sro%ﬁﬁg)r(ilssolf rc])gegllty,
dideaésTRRAittd, ¢adlb Yor psrmgletstixlLigl dafuriclibn adB/or erectile dysfunction.

11. Use of the compound of any of claims 1 to 6 for the preparation of a medicament for
the treatment or prophylaxis of disorders, diseases or conditions responsive to the
inactivation or activation of the melanocortin-4 receptor in a mammal.

12. A pharmaceutical composition comprising a compound of any of claims 1 to 6 and a
pharmaceutically acceptable carrier.



