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WO 2008/ 116665PCT/ EP2008/ 002498 1 Substi t ut ed

i m dazopyri di ne derivatives as nel anocortin-4

receptor antagonists 5 Field of the Invention The
womoesHmes | nvention relates to substituted  PCI/EP2008/002498

i m dazopyri dine derivatives as nel anocortin-4

receptor nodul ators. Dependyng on the structure and

t he stereochem stry, nelanocortin-4 receptor

nodul ators are either agonists or antagonists. The

SRRl EbEyIFRE e SNGES 4 1fEldNScortin-s receptor

(MC-4R). The ant agoni Sightagonistsul for the treatment
of disorders and di seases Such as cancer cachexi a,
‘nmuscl e wasting, anorexia, anmytrophic |ateral
sclerosis (ALS), anxiety and depression. 15
Background of the Invention Ml anocortins (MCs) stem

Fieldfaftine prventipnonel anocortin (POVC) via proteolytic

cl eavage. These peptides, adrenocorticotropic hornone
(ACTH), a-nel anocyte-stinulating hernone (a-MSH),
The pt@savibinventibryrdidiel to sutaptituted nidezdpyoding etivat’l@s aginmslanocortin-4

recep %ﬁ%&?’%l -l;%% ﬁ%sp’tge{ilnsgzo%\lt %tsgﬁ g%]%‘%go 5’ %%lgttry, me!anocortm—4
receptori rlechugtes ateeittdSidgoAitnor MIagoﬁiStszse cempodredd éfntae invention

are sztg\ﬁtg{s ﬁraénifq,gson%% Bf EIF griarnavgg %(ﬁf in? |r§ce£ W—H é‘ﬂ}:? aianagonists

are usefdefor amg&eaineﬁtfoe@lﬁarde?s hd|diggasas shichas icanser cachexia, muscle

i ncl ud or, . pi nt at i on d exocrine
wastipd, GBS Ay opNE gTal SF etBALSY ket Gipr 2SS,

medi at ed by a sub-famly of 7- 25 transnenbrane

G protein-coupled receptors, terned nel anocortin
Backyenapl of the(iMedtton Acti vation of any of these MC-Rs

results in stinmulation of cAMP formation. To date,

five distinct types of receptor subtype for MC (MZ1R
MelariczoMos (R)Cd)aatembiremn proedtiorhelatoauntth {PERIC) alie proteciytic cleavage.

Thes? ng sed | ”3%8%%? ent i SSU???TEISC% p}q}q{&c\/\%ﬁm%mg hormone

(a-MSHY, Bamsla At WsﬂRréd@;eaﬁ ISP & S0 ahd sbidE Ffe hebst important
alterations in pignentation and a subsequent |ighter

endogenaus @siopist iy eenttal dYIE4Ry actiuation APPRaTSHie kg the tridecapeptide o-

MSH R, G B B Bn b IS SR ' ndlhorlBiniter or

neuroa‘rudiu(mdneh Hhieubiiairs , MCt pér:tidesj dam:t:ulaﬁmta-MSH,ma\& arwide range of

ort [ u tOI‘ 0] 0 oducti on
effect} (b picfobiod] P @R ety Fre” PR s ilafifiang, exocrine
funcqursCT Elhpr eiicgicaln %fbetsaég ;@MS@ ard m@qnateseby:c &g shb-ﬂam;ly of 7-
recept or e IS not tor or a -MS

tranSENbIAae; REPOISSEPGIOH JEOTADSndPErR, IAMeGP R facoptors. (MC-Rs).
Activdlioh 6P BRy bf thebEWItRs)resdittan MimaRtibs of¥ANVIP Fer@thtion. t he

brain (predom nately |ocated in the hypothal anus) and

peri pheral tissues |ike gut and placenta, and

To dt8Oofe ﬂiétinéth?}ﬁé@%f h@a@tdsrew;%ifdrfmc (M 1RGo3MOBR) Réve been

) fesponsible for alte ns |n f eedi ng behavi or, body
'dent'ﬁ\%' thefe At SXAEs B FRNLUSBNESVC- AR is primarily
expressed in the brain. Overwhel mi ng data support the
role of MC-4R in energy honeostasis. Genetic
MC-1Rnwas firgt, faund,ip ReIaPeREes: dipteralis REGHITIAG NGRS vavianisof MC-1R in
amma@é‘b\k’é?é Shdly B RV difafdtions N bighitstatde dwa'éleul‘}‘s"éé‘éﬁﬁt lighter coat

ght | oss and 15 antagoni zi ng the MC-4R produces
color mlcgﬁ{rolw ﬁm( PONVERHRN o@tphaqaomelaggﬁg(ﬁqmﬁgawmﬂggggn the control of
for the nelanocortin-4 receptor (HS014) increases
food intake in free-feeding rats,” Biochem Biophys.
Res. Commun., 245: 90-93 (1998)).
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MC-5R i s ubiquitously expressed in many peri pheral
tissues including white fat, placenta 20 and a | ow,

| evel of expression is also observed in the brain.

wdrlogYy®tesi t S expression i s greatest in exocrp@BEP2008/002498

gl ands. Cenetic knock-out of this receptor in mce
results in altered regul ati ?1 of exocrine gland
function, leading to changes in water repul sion and

t her noregul ation. MC-5R knockout m ce al so reveal

ookl i oHaEe o4, Shap iy ) S YT e JRSFeh, g oot

regulatos o englasnin pméusuqm@nctﬁoam/@leﬂnaawnmama shinciertin hsmans
ch _

The @f&dznlz hseb{prlé&seeéi iy thé %@Péd&g pgﬂg%erﬁ;%lsgr\'i}mghg %cgm?* g\g\bﬂ The MC-
2R g nata telmeptkf:fmept-MSb!S)m as.'mmbemtbr funytise atiepbcarticotropic hormone |
ACTS'I ects besides their role in regulating
( ment ati on, feedi ng behavi or and exocrine function.

In particular, a-MSH 30 recently has been shown to

' e _a poten .ati-lnfla tory.effect, in bath
The WS 55 ZaP@Reh it ety (SPOG HRRIGHA KRG 1rbP dupAalamus) and
periphefal #53RIsOIke @m\/\@rhd giazenas and amatk-out studies have revealed that the

chem a/ r eper i O angd t oxi n- |ndu
MO GREY 155 reRionaie  os tPdorSaindreaig aeeudho Bary welght and
thernicfeabéis. i N substantial reduction of
i nfl ammati on-nmedi ated ti ssue danage, a WO
2008/ 116665PCT/ EP2008/ 002498 3 signifi cant decrease
The MC-4R UK @fijagily Bkpresdctl inoheatitding ClieplRdiming 88t CSUpRBItithe role of

e &Y S ovteoetap. Songle ek oHin £ RAENACACHC manipulaton o

'Mcmn@rmﬁmaltseda\tdw&hoﬁvhethantagohﬁfdgamm-ma@hﬁ%swéf ht foss and

oG, B VST S5 e U 250 oot Siagonit o
the nfeamwaﬂm 4 ﬁectepi@ek?lSDM)QWBasa% foBd :rhaltét ﬁﬁrééﬁgbgigg rats,” Biochem.
amat ory ion activator
B'Op'& 'ﬁmﬂpvgf@ é@ﬁi‘ﬁﬂ?@&h of the pro-inflamatory
cascade and its activation is a central event in
inj tiati.ng many infl amator i onal |
e Sl e P ireeat 11 BiRey qerahaye] fondis tsluding e Yo, placenta
and anbslv adved obﬁxﬂ@@ﬁibﬁﬁs @ﬂsd\/Sbs'iaRraﬂW e IMSrrER-lovﬂélfeAlts expression is

e 35S B Sorb BBl bkt St Mt n ater

regul:&tidzh@lﬂgéko%nnéie@éﬁd hﬁﬁcﬁtﬁﬁnleaﬂﬁgef& Qiﬂ]fahﬁﬁd uh/ﬁgéigr repuls:on and
then'rkoseqn atf@ﬂ? aM@ él{&%{g}ﬂ?&}t llpgzggg a’t’é]g C{%edeug{engsebeacggus gland lipid
produtyee {Cradnaeti., Cajl 2ot i769-798 (1@dARocortin-4 recept or
i gands, " Br ai n Resear ch, 80: 302-306 (1998)).
Furt her evidence for the involvenent of MC-Rs in
Anentadnesdas Beémfdcusss on the tshueyammcL-BR(éﬁe) MOP4R ‘mdcﬁulé&&iscdhd their use
ecto allﬁﬁeﬁ&)esses n antagoni st of the M1
in treqioy raers, Sy as; %@pﬂ@npq@g@ Mog\@yphgwdence has

showh hﬂaa(tﬂé WIC Ofeptides endvar peteMCpRysiolbgical efdcts Obe5|des their role in
rphagi a and netabol 1 ¢ disorders; 2) MC4

regulqgwgcgzgmenpﬁh@g fegding, Sehavigh ang exo%qlq fargptjon. 1g|1pgmgular o-MSH
recen(l}?r%Z)Beeheé}ﬂant 1o mdBcé *éep&Bﬁtné’ﬁtWﬁﬁaxﬂfnatt&? é?ﬁQUH both acute and

nmouse and these m ce are obese; 3) the cycl

chroni¢e pmagelst i Bk inffaamBation nincludingr- jnfiammaateiyn - b@w@dﬁe\a@e renal
lschem%ﬁuﬁﬁ éﬁtarﬁp ﬁilﬁ céﬁ)hepgﬁtdée')*dﬁ% Tafion of o-MSH in

I nt ere ric
thesefroedels resale in ﬁugsﬁa@traélrecmumlof inflattirmafiongdedisteiNiByye damage, a

ob/ ob, agouti, fasted) while ICV injected SHU 9119

(MC- 3R and 4R antagoni st; MC 1R and -5R agoni st)

reverses this effect and can i nduce hyperphagi a; 4)

chronic intraperitoneal treatnent of Zucker fatty

rats with an a- NDP- MSH derivative (HP-228) has been

reported to activate MC-1R, -3R -4R and -5R and to

attenuate food 25 intake and body wei ght gain over a
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25 Syndronme X. MC-4R agonists mght be useful in the
treatnment of NI DDM and Syndrone X. Anbng MC receptor
subtypes, the MC4 receptor is also of interest in
wobelNseef the relationship to stress and t heCcT/EP2008/002498

regul ati on of enotional behavior, as based on the

foll owi ng 30 findings. Strefs |n|t|ates a conpl ex
cascade of responses that ihclude endocri ne,

bi ochem cal and behavioral events. Many of these

s@mﬁ%&rﬁ%@%‘%‘ie% %u'kﬂf;}lé Hchtion 4ral a??%%nz;qnfc rSjALéC’[IOI‘I in elevated levels of

orticotropl n-releasi ng fact.or

N cytokiNesrand btheORegiedars)to PRas basaling levets. ﬁneraemtawﬂl@@pavﬁ demonstrated
~that tl(ffgé}sthﬁ 5 Pn%ﬂ &%ﬁ{a aﬁf %ﬁ%‘eo Fnedl%'?&{ H;?mi 1ﬁe\fhé" %nechanlsm by

which2 8§éhidi WW’REF&GEQI i Ol QBti & Einftammatbrw aesgmnsef istlikely through

.. ..brai Y. here ar e .sever.al f i denc .
intibigi F 126 OHOTE T o Sepln SE G PcB: RO pivotal
omp@ﬁémn:bfoml priddiafidrmh matdry mzadmt ardd itsmaaﬂumg js mederdtad event in
i nportant behavi oral and bioc ses to

niiatiof R ERTTAY gy ASURPESY. ARIHIEBGTEROS, afeps of a-MSH

may Bé hﬁp&nm&ﬁé{e@w aERIERSSTIMD-3RANd/6d MEIBR Li ke and
Ant 1 depressant- 5 Like Activities of MCLO129

(1-[(S)-2-(4-Fl uorophenyl)-2-(4isopropyl pi peradi n-1-y
A spé?:ﬁfchéfrlldle #1C-R that may be targeted for the control of obesu{ has not yet been

- (2-"met hoxynapht hal en- -yl%ﬁut y%%pl erazine
ident ealthamh pYbenve kaR Resn; RiEseRied, Jaati ME-4R sigraling i important in

medt%b?%&ﬁ%&éﬂ%vﬂ)r@s e ifdudoRi il e‘)FléléUmg%btsQif h§bothdiamic injection

Th 2003) 304(2
of melPBeRREA " ingERIORSIGRIP BN (KsAETy; B9 PRE 30BN SBglle Further

ewdeﬁé@%ﬁﬂéllﬁvcﬁéﬁéﬂnta&eglwts b %%B@(In%idd%ﬁiuhf ltﬁ’éﬂ abéxﬁ &)y mouse
mbi nat'i on decrease in appetite and

which e%m@aibrw%@‘ssesm antanorish %fs%‘eci‘f’lcr%%r{\"ﬁo%% aﬁaé‘éC%R is obese,
indicath eH‘?att Elbtg&f‘d @5k Bittic of Mésarmmeom-n@.om}s feadng hﬁ)erphagla and
usual associated with increas Iev éﬁj gi(
metalyiE HEOHRATS: (). Mo -4FRIDGROULIKE (D) SsEaice Bin ol o5 131 41 (1997)
recapﬁ&aﬁe M@h’:deﬂoiybs diriad ré of Motk i=pE tﬁésé\/%d s@e@&@bs 3} the cydlic
pot hal anus )}: a- MSH reduceéhﬁﬁhl and
heptapﬁetrcl@a@eénemvgv (MIpeh pen-ecleglsdVinbnt Rt R agonist)
injectbd ﬂt#éﬂgfebmhtrl&ldﬂwqm\%)uﬁ%aéﬁtst l‘b’ﬁlcéﬁt‘dw(zhmkéaﬁ seeeral animal

d b
foediTpBRBE(NBY, AAsy bl 1) A LY Imorded SELERLIMEAR and 4R

antag\ﬁﬁi'sﬁ hiicitk &he -SReQé&ﬁstz"ré@rsés tHid éffl%ttéﬂli eaﬂi Ghdice hyperphagia;
l'arger ampunt of | ean dy mass, which mai

4) cheasirs Inrepedpneal dreatarenh gt cueker Natty sats with ap OHK'DPFM%' derivative
(HP-%?%EQ? b%&mé@ggnga%h@é\eq\%hw -§B(SI4¢mana SR‘%]ﬁithaattenuate food

61: 1432-14 d'inica
intakenard body we\gbt pai) qy&r @, 12 waek pe@@ﬁ dsSpeses &t abnﬁl? 8pfiga potent
agomgfa&ﬁ Fr%'larﬁ%n%ﬁ%bé;ztﬁﬁk%nd@%h#c@&% ' Wtﬁ'fu%ﬁisy olS’éH‘tSf edridt &dbetes in

wel g Neur onuscul

Zuckedifatty wts, | Sodely fquelspsgsm%é\gstm@@ 2di & §199%1- 4R

inhibitors could be used to treat ALS patients. 25
Mel anocorti n-4- receptor nodul ators have been .
MC-4Br mneacstwpldwgdpiﬂa@opthﬁf physialogieal Aunptiens pgweallx aapely, controlling
[ [
groorﬁng%%h 5reg éb@lbgrﬁ{e ﬁgg&l\i}%ﬁﬂﬁﬁgéo I@@{}Hﬁiheds e é?\%f‘éls the medical
condlmm af) mab&tysto ame\re penile efectione sufﬁwesbiov @accessfu! mtercourse The
G ci.es t
term FAOGHRAC! E2olth AABIRL o Hostfibe M BRE odRiop,, Syntheti
melamgmrecamnagmmsiﬁohpve)\mm g t@omp@t@n@sec\npw in men with
i mproved ability to cross the blood brain barrier,
whi ch are useful as nelanocortin-4 receptor
antagoni sts to treat cancer cachexia, nuscle wasting,
anorexia, anytrophic lateral sclerosis (ALS),
anxi ety, depression and ot her diseases with MC 4R
i nvol venent. Surprisingly, it has been found that
novel i m dazopyridines according to formula (1) shown
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het eroatons selected fromN, 0 and S. 5- to
6- nenbered heteroaryl containing 1 or 2 heteroatons -
selected fromN, 0 and S. or -C(0)-R6, wherein each

w@bfBXlescshet erocycl yl and heteroaryl is optig
substituted by 1 to 3 R14 and/or 1 Re and/or ?)E%?Slﬂif@s

and R2 are independently frgm each other sel ected
fromH Cl1.6 alkyl, Cl14 alKylene-O Cl4 al kyl, Cl4
al kyl ene- heterocyclyl, and Cl4 al kyl ene-C34

oSt oBASFAR PRt 8 S0 popepge osice

Initiatiey Hpetticos irRMemWiﬂRZ?éymagdemg&é’c&ﬂe Bysfondtivn: Dioubleg@imd, Placebo

N I T R IS i -

receptdrse of th@ramchppbacﬁnorcauge inermegitstiovdtioy of s@atal btduedl Byidence for
the iqyo@fnbengooiyé SF f ent 2 Se@g[egg%){u&gldwg_l hc 4:3 dt!e‘t%ﬂéd in WO

00/74878y| ene- O- C1- 6 al kyI or (CHA-rphenyl ; R48 is

hal ogen, CN, Cl14 al kyl, optionally subst ituted with

one or nore hal ogen atons, O Cl-6 al kyl, optionally
Diabetetista digiarg iniwHichom tamimaity shilhp icﬂ@gmafﬁ @UﬁoseQEavéﬂ;hn the blood is

lmpalacg?é\cfa{.:%% F%mlggpﬁfg aC%g%ch %\lty t %m glysoss o glycogen for

storagd kythusoixand iNee fcely, th Topé | Gaibbes Ahis reasdedbility @ stére glucose is

causqifbis3iioes siing pregustons Yy i bebeish S arigeuin Dependent

Diabetéd Mehituad (nmmm;sfmueargmd oh&i&aﬁlél@ngdh E@Lk&bgﬂ p@fcdundCesistance
er tons se te rom an . ar (O . .
to insgi SHeialns o SOy QPr9'Hepse 05 4R BEb3iin the main
insulis-ebrsiived t:ilssuw hhu&r@nm;es antﬁbdlﬁﬁbéft%isﬂet IrRis resistance to insulin
terocyc

respoga%gqqslsdfegegl sogp ng |g|§g§'1;n%£fl?na%l\iag 0?p ulc(c))gg |u|p¥ake, oxidation and
storage in muscle, and inadequate insulin repression of lipolysis in adipose tissue and of
glucose production and secretion in liver. When these cells become desensitized to
insulin, the body tries to compensate by producing abnormally high levels of insulin and

hyperinsulemia results. Hyperinsulemia is associated with hypertension and elevated

- body weight. Since insulin is involved in promoting the celiular uptake of glucose, amino

acids and triglycerides from the blood by insulin sensitive cells, insulin insensitivity can
result in elevated levels of triglycerides and LDL which are risk factors in cardiovascular
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.

Among MC receptor subtypes, the MC4 receptor is also of interest in terms of the
relationship to stress and the regulation of emotionat behavior, as based on the following
findings. Stress initiates a complex cascade of responses that include endocrine,
biochemical and behavicral events. Many of these responses are initiated by release of

+ corticotropin-releasing factor (CRF) (Owen MJ and Nemeroff CB (1991) Physiology and

pharmacology of corticotrophin releasing factor. Pharmacol Rev 43: 425-473). In addition
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C _eal kyl, optionally substituted with one or nore
hal ogen at ons, phenyl or 4 to 8-nenbered saturated or
unsat urated heterocydyl containing 1 to 3 heteroatons

w&SdgGiqes fromN, 0 and S. wherein each phen
heterocyclyl is optionally substituted by 1¥{:T@§g9§f%2498

and/or 1 Fe; R3is -(CR6R9)G-T; R8 and RO are
i ndependently from each oth sel ected from OH,
hal ogen; 01_6 alkyl, and 0-01_6 alkyl; n isl, 2, 3,

o sibygefof g i, o FRerk e s oo UG oo

melabycortires (JMCB’p rvehishl (xd¢rn t fommt prosmbmtaadccﬁmn rbyh ahngmtlc processing,
wher

d l 6al al k
medile indiiten, bitmlonl pod st peaies 56 st ey Sapseauenty,
stressandeeke disordurs liké aggety 40d, depresdibrianiohtisilike aed Agtidepressant-

Like RI '#vci ies o? ll\k(é[lla 1‘29'?(1 -?85%—2&491'11&0%Eg@ﬂ-z-?z{-isopropylpiperadin-1 -ylethyl}-4-
[4-(2-methoxynaphthalen-1-yl)butyl)piperazine}, a Novel and Potent Nonpeptide
Antagonist of the Melanocortin-4 Receptor; Shigeyuki Chaki et al, J. Pharm. Exp. Ther.
(2003) 304(2), 818-26).

Chronic diseases, such as malignant tumors or infections, are frequently associated with
cachexia resulting from a combination of a decrease in appetite and a loss of lean body
mass. Extensive loss of lean body mass is often triggered by an inflatnmatory process and
is usually associated with increased plasma levels of cytokines {e.g. TNF-a}, which
increase the production of o-MSH in the brain. Activation of MC4 receptors in the
hypothalamus by o-MSH reduces appetite and increases energy expenditure.
Experimental evidence in tumor bearing mice suggests that cachexia can be prevented or
reversed by genetic MC4 receptor knockout or MC4 receptor blockade. The increased
body weight in the treated mice is attributable to a larger amount of lean body mass,
which mainly consists of skeletal muscle (Marks D.L. et al Role of the central
melanocortin system in cachexia. Cancer Res. (2(501) 61: 1432-1438).

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.

Melanocortin-4- receptor modulators have been previously described in the literature. For
example, substituted phenylpiperidine derivatives have been synthesized and expiored as
MC-4R agonists as well as antagonists.

In view of the unresolved deficiencies in treatment of various diseases and disorders as
discussed above, it is an object of the present invention to provide novel compounds with
improved ability to cross the blood brain barrier, which are useful as melanocortin-4



- heteroaryl, wherein phenyl and heteroaryl are
= optionally substituted by.1 to 3 R4a; q isl or 2; Y
~ TisCH2, NR11 or O; Rl1 is P, Cl-6alkyl"
(CH2) 0. 6- C3- 2cycl oal kyl'i R12 and R13: are Jiroph
i ndependent | y from eac psbiecwest [Gmorexsa:l amytrophic
receptor adntagonisty 1@ tEaat d:g:c@w?kl nyl CHZnE’O ent.
| cl. oa&@l %@&%{{ gsibaudoﬁ@{ﬂ‘sﬁﬁéﬁﬁ ﬁ"ﬂ\?m
lteralsc%wf ylene and G3.7 cycl oal kyI are
optlonally substituted by 1 to 3 R14; 6d Ci4 al %
Wﬂg {Q shown

| a [Wnidazopyridines aseerdinge
Surpﬂs'"g r@%ﬁ%h&%ﬁmﬁ%ﬁ@ﬁ% _, 0-Cl4 al kyl , cydoal kyl ,
belowsoﬂfe%@bﬁjéétcﬁlﬂkq'b!‘em? cycl oal kyl, 0-Cl4 al kyl ,

optionally substituted W|th one or nore substituents
sel ected from hal ogen. OH, 0-Gl4 alkyl, 0-C3.7
cycl oal kyl, 0-C(0)Cl4 al kyl, O- C(0) &y cycl oal kyl,
Summar?rof@rbln'ﬂtatibnn i dazopyri di ne derivatives of
: Structural forrmula (1) are effective as.nelanocortin

receptor nodul ators and are particu ShvERedd G - @Ructural
‘The preSét Sihvéntionnmiates clor tsubstituted. E'B'p @N@'éé}
ant agoni sts. They are therefore useful for the

fOl‘mUla@)reat ment of disorders where the inactivation of the
MC-4R i s involved. The antagonlsts are useful for the
treatnent of disorders d diyeases such as cancer
cache: da, nuscl R*wastj 'athq@nytquhlc
| at er al sclerosds depression. Thus, in
anot her asp Mnvention refers to a
compound of " he prgsent invengson for use -as
medi canent. In sti®l another aspect, the present
invention refers to the use of the compound of the
present invention in the manufacture of a nmedi canent
- for use as nelanocortin-4 receptor ‘antagoni st.. In_
and enqﬁgtgﬁlgg ﬁ Rirboniché, Raamemdrs) rsaivetesoranchf pharmasettigally
of 't he conpound of the present invention in the
acceptablecsalté thereofe of a nedi canent for the treatnent or
prophyl axi s of disorders, diseases or conditions
wherein responsive to the inactivation of- the nel anocortin-4
receptor in a mammal . Thus, the present inventions
Ais - -NBhaChe teHe Sl AR ds fornula (1) for the treatnent
, and/ or pnphyl axi s of cancer cachexi a, nuscle wasting,
Xis Hnorexi a, anytrophic lateral sclerosis '

phenyl,
phenyl which is fused with a saturated
wherein the heterocyciic ring may contain 1 or 2 heteroatoms selected

from-O and N and wherein the heterocyclic ring may further be optionally

heterocyclic 5- or 6-membered ring,

substituted by an oxo group, B
4 to 8-membered saturated or unsaturated heterocyclyl containing 1 or 2

heteroatoms selected from N, O and S,
5- to G-membered heteroaryl containing 1 or 2 heteroatoms selected from N,

Oand S, or

-C(O)-R",
wherein each phenyl, heterocyclyl and heteroaryl is optionally substituted by

1 to 3 R™ andior 1 R® and/or 1 R,
R and R? are independently from each other selected from

H,
C‘I-B alkyl-



(ALS), anxiety and depression. In a further aspect,
the invention relates to the use of a conmpound of
formula (1) for the preparati on of a nedicanent for
the treatnment and/or prophylaxis of cancer cachexia,

- nuscl e wasting, anorexia, arnytroPhic |ateral :
sclerosis (MB), anxiety @md depression. WO
2008/ 116665PCT/ EP2008/ 002498 7 The present invention
al so rel ates to pharnmaceut'i cal conpositions
conprising the compounds of the present invention and

a pha c eptable carrier. 5 Detailed
Descr#sbfﬁs’:lgﬁ ?'ﬂ'ké‘?‘%@énti on The present invention

rel at e&illhylen@&é'tdmmelyl iamﬂdazopyri di ne derivatives
usef ul ocort| ceptor nodul ators in

parti glﬁ%ﬂ‘y %‘I% 4R ant agoni st s.

Subst w&ebteﬁﬂébdrﬁﬂkyll alkbrlam theterpcystid And caieni i/entionaly.
3- net hyI am no- |\r§€azo[l 2-a] pyridines are known from
VO A- 83t ™ describes antagonists of

gonadot r rel easi |tpgé@%i hed
rel at glisaf‘gﬂﬂé ?‘?Qﬁ"lﬁgfﬂwgﬁmeg-sgn %Eéggfghused aséﬁ@c 2
ant agons g4 %-mtanmaréd?nng whithermayngsidifionaliyogortzia 1ppxygenatom in

t ted b |
'zgvgﬂd'%ga?;%gogé s agp%réoﬁéﬁ&faﬁ! ;%%bgﬁf&[é@b? bhd or more

sol vat e&mﬁ,dﬁt@rm froal |OHaCae plkyb| @-Gal glgyl Co.3 alkyiene-

t hereof ;. wh AT S- N
bond:  xCssevasiirizre it PR i L RE R,

§ahlturat ed heterocyclic 5- or 6-nmenmbered ring, wherein
& hbaleg@Ryclic ring may contain 1 or 2 heteroatons
sel ecgpd from 0 and N and vvher ein the heter ocycl iC

ring mayfurther be opt .0 t t X0
gr oupCr-a8ailkyh ep%an?élwﬁag ‘?3 %a%ge o'#&'lér@a tur at e ¥
het er gy %é ky! C%mo’ﬁaﬂy 8gbskituted ithanercy maserbaloger atomes, or
from N, WO 2008/ 116665PCT/ EP2008/ 002498 8

- tooﬁ.prrenbered heteroaryl containing 1 or 2
heteroatorrs selected fromN, 0 and S, or
R\ﬂhgrec F@qp phenyl, heterocyclyl and heteroaryl is
opti onal substitut ed by 1 to 53 R14 and/or 1 R4l
and/ of(@ ; Rl and R2 are independently from each

ot hercgg)mq.thgaikqu H - Cv8 al kyl, 0143 al kyl ene- OCl4
al kyl 91:%9 “QX’H’ ene- het er ocycl yl, d.

al kyI t@/% kyl , wherein each al kyl', al kyl ene,
het erg@ﬁ@%la[@ad cycl oal kyl is optionally substi t ut ed
byC]—| or z_& formtogether with the nitrogen

ey 2Ky,

at om €6 e attached a 5- 15 to 6-nenbered
ring Mb% V\%ﬂ*@mﬁg ieatliéast partially saturatedigen at om i n
t he rlglg and ich is optionally substituted by one
or zsubstituents selected fromOH, 014 al kyl,

0- C1- ﬁHabg Co 3 al kyl ene-C34 cycl oal kyl, Cl4
al kyl ene- O C1-6 al kyl or (CH2)0_3-phenyl ; R4?2
i shal Nf&n.e atkyl)z, |

NH-S0,-CH3, or
NH-S0:-CF3; 7
Ris 5 to 6-membered saturated or unsaturated heterocyclyl containing 1to 3
heteroatoms selected from N, O and S, or
5 to 6-membered heteroaryl containing 1 to 3 heteroatoms selected from N,

Qand$,



20CN, GCi4dal kyl, optionally substituted with one or

nore hal ogen atons, 0-C 4 al kyl, optionally

substituted with one or hal ogen atoms, or OH, R411

i sC(O)N H2, 25C(0)0H, C(0)NH Cl14 al kyl,

(0) N-(C, 6al kyl )2, 302-Cl.6 al kyl, C(0)NH302-01_6

al kyl , 30oxo, whereby thering is at |least partially
saturated, NH2, NHC .6 al kyl, N (Cl4alkyl)2, WO
20081116665PCT/ EP2008/ 002498 9 NH S02- CH3, or

NH- S02- CF3; R8 is5 to 6-nenbered saturated Sr t;stitutedby1or
unsat ur at. t%ﬁ'?ée;ﬁﬁh fHe Haterang afe optiogally su
heter“ﬂhe?%'ﬁsqh%g%ec f?b)?n N, O an‘(}gs or 55 to

6- mnenbeyRY; heteroaryl containing 1 to 3 heteroatons
selected fromN, 0 and S, wherein the heterocyclyl

RaRd tHne heteroaryl are optionally substituted by 1 or

2 Re is 0 I ; Vit eheé br mokshalogeneatomis; h

one é’%oﬁiﬁ%@#ﬁéﬁtﬁs@gﬁgnyl or 4 to 8-nenbered
sat urgHegll @r unsaturated heterocyclyl containing 1 t1ot 3
3 heteroatong sel s S0 HetSrocyclyl containing 1 to
wher ¢t 19 H%EH%%{US% 8?2?%%?%‘ | is c;:gt iyonal 'y

subst i thei@datoyns selectediom M@ #d 351R5; R3

. i 14
it e R st
Tt 1R%
R*is -(CRPR%T:
R® and R® are independently from each other selected from
H,
OH,
halogen,
Ci.g alkyl, and
O-Ca.¢ alkyt;

nis 1,2,3,4,50r6;

Tis |
4 /(R1°)q Y\/
R %% { ) [ J
%N'_" . rlq) I N
’ M anhn
i
H
N
(> [“?
. | N N
I : AnAN aAnS

or NR™R';



nisl, 2, 3, 4, 5or 6; Tis NI 3:727" 7/ WO
2008/ 116665PCT/ EP2008/ 002498 10 or NR12R13; R13 isH,
NH2, 50H, Cl1.6 alkyl, optionally substituted by one
or nore substituents selected from hal ogen, OH and
0-C1. 6al kyl, 0-Cl.6 al kyl, wherein alkyl is '
optionally substituted b “ne or nore substituents

sel ected from hal ogen, OH and 0-Cl.6 al kyl,

10hal ogen, NH(C14 al kyl), N(Cl1.6 al kyl)2, phenyl or
heteroaryl, 15wherein phenyl and heteroaryl are
quéhgqally substituted by 1 to 3 Rda; gisl or 2; Y

i SHZ" NR11 or 0; R11 isH, Cl1-6 alkyl, or

20( CHRMg- 6- C3. . 7 cycl oal kyl ; R12 and R13 are
indeqsﬂdently fromeach other selected fromH, Cl1_6

al kylY"'C2_6 al kenyl, 25C2. 6 al ki nyl, (CHQ}O-Z-C34 §
cycl 0p) Jerkyl Aoptionibilp satstifuteshby ohear MO RypstitugAts selggted from

opt 1 ondiGseru Ut AR SEHII Lo 3 Rik S0RLA
i shal @asn.alkyl, wherein alkyl is optionally substituted by one or more
substituents selected from haiogen, OH, and O-C1.c atkyl,
halogen,
NH(C1.¢ alkyl),
N(Cys alicyl)z,
phenyl or
heteroaryl,
wherein phenyl and heteroaryl are optionally substituted by 1 fo 3R%

gis 1or2;
Yis CH, NR"orO;
R"is H,
C-salkyl or
(CHz)e.6-Carcycloalkyl;
R'2 and R" are independently from each other selected from
H,
Cigalkyl,
Cogalkenyl,
Ca.s alkinyl,
(CHz)g.2-Cs-7 cycloalkyl and
Ci.salkylene-O-C..g alkyl,
wherein Ci.g alkyl, C1.¢ alkylene and Ca; cycloalky! are optionally substituted
by 110 3R™,;

halogen,
CN,



WO 2008/ 116665PCT/ EP2008/ 002498 11 C1.6 al kyl,
optionally substituted with one or nore substituents
sel ected from hal ogen, OH, 0-Cl-6 al kyl, 0-C3_7

cycl oal kyl, 0-C(0)01.6 alkyl, 0-C(0)C3_7 cycloal kyl,
0-Cl1.6 al kyl, optionally substituted with one or nore

Crso pjoral SR A o B Shott o
halogeX CORRCKE, o alkY, O-Cs Aéycicali (DX OIC adliohifd4HMGss t he

variant A represents -NH or a bond. More preferably,
cycloglkylepr esent s a bond It is further preferred that Rl

6@§§§ ﬁ&%#ﬁﬁ*eﬁﬂhmMQﬁﬂxahmuﬂ
O'C"‘a@ y#]gor T hat aI and m%ﬁéw@h t he
from halogery OH D dalkyh P GsroHeipa to 6- 15
nber e g which may additionally contain one
C(O)%;WM%PI n the ring and which is optionally
substituted by one or nore substituents selected from

OH. o4 c1 6 alkyl, 00 3 al kyl ene-C3.5 cycl oal kyl, 0-Cl.6
al kyl, d _eal kyI ene O Cl1. 6 al kyl or (CH2) 0_3- phenyl .

Mor e referabl and \éffeetives @e hmelanocortin
The mldﬁzﬂbyfg‘i’@%rd@?@ﬁ %T"l?ﬁﬁ'al I'n a ﬁ.éeferred o Ia tor
receptor hfﬁ@%ﬂtaﬁd Teﬁ ﬁa{hb eﬂemimru where the
. vari ant’'s an ere
(MMR)fth’u%fﬁ- 'B'P%Pr%g'}%@?‘gg rom C1-3 al or ﬁrs ent of
ﬁ@;f‘nc C LThd‘lamiagwl%tﬁ Pﬁ?’?"
Mﬁé&e%znptl onal | ok i

y substltut ed 1 d%c% I néréxia, am ic
disordersaand diseases SHCR{a$ l‘g%%eht"‘ e vari aﬁt i S yb'oph
. t eﬁgss,aa. N-i :It, amyRa %' cI|.

iteral scEE! g'g“éﬁ'g@d FIA | )

2008/ 116665PCT/ EP2008/ 002498 12 It is preferred that

t he varl ant St GhvdYfionPreféreratd yompound of the present
Thus, in RORNGE A% Yhéstf PO OrE her preferred that Rl is

|nvent|on$@'|tf§éta€sinédloamlelnt NH2, Cl1_6 alkyl, NH(C1.6 alkyl) or
5N(Ci _sal kyl)2. More preferably, RLis H NH2 or Cl4 -

al kyl . ,
In still another aspect, the present invention refers to the use of the compound of the

present invention in the manufacture of a medicament for use as melanooortm-4 receptor

antagonist.

ent invention refers to the use of the compound of the present

in another aspect, the pres .
axis of

ntion in the manufacture of a medicament for the treatment or prophyl

inve
clivation of the melanocortin-4

disorders, diseases or conditions responsive to the ina

receptor in a mammal.

Thus, the present mvenhons relates to compounds of formula (I
prophyiaxis of cancer cachexia, muscle wasting,

(ALS), anxiety and depression.

in a further aspect, the invention relatesmmeuseufacompoundoffonnula(l)forme

preparation of a medicament for the trea

muscie wasting, anorexia, amytrophic iateral scierosis (ALS), anxiety and depression.

) for the treatment and/or
anorexia, amytrophic lateral scierosis

tment andlor pmphyla:us of cancer cachexia,
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 The (BB o TRERtEN (BRI &P o

Regardi ng the variant X, said variant preferably

represents H, phenyl which is fused with a saturated

het erocyclic 6-nmenbered ring, wherein the
wohelghafgyLc! ic ring my contain 1 or 2 hetero

selected fromO and N and wherein the heterggg mmwmnﬂm

ring may further be 10 opti Pally substi tuted by an

0X0 group, or X represents a 4 to &renbered saturated

or unsaturated heterocyclyl containing 1 or 2

a . sel ect from N nd wher e
The JibSbR° LAY ol Jerl TR, e BRtiney EaRePHPRRE Fopyprising the
comfounas Bf Rbélpreaeﬁtanvehttm bnaagharmacddiicalllSadceptableasinddr] v
preferred enbodinent, the variant X represents phenyl
or a 5to 6- nenbered heteroaryl containing 1 or 2
het eroatons selected fromN, 0 and S, wherein each
h I hetero is optionally substituted by 1
De“ﬁssgﬁﬁfﬂp ﬂafgiaiﬂﬁ%ﬂugﬂd/gr R5. N%re preferably,yX
I's phenyl or pyridyl, nost preferably X is phenyl. 20 -
ounds of the fornula 1) ip which sope or all of
t‘e&'é‘%fg iydazgpwidlng Leriyptives, yseful as
melapbedréh Fasbpit dbdifoR I pHricLIa) sSBEReIMOIR Hragsnasent
invention. In the above and the follow ng, the
enpl oyed terns have the neani ng as descri bed bel ow

Subs'ﬁﬁjtéd! kyl Mt&n@yﬁﬂﬁn@étﬁhtz-ﬁlﬁ@iy%@ﬁethilémﬁbeﬁw@tWAmlhallr'nﬁﬁzoﬁ 2-4]

pyr;dg}qg»yqre ?fcﬁowpgm,n]a RNSSAO B%@E%?%t %hn%btcfﬂgggq%%zgg@ggmsts of gonadotropin

re!edsﬁfgt hd?ﬁidble The préseht inveaRs rathtes 18 ARVEL m.uaﬁpyh&ﬁaé which are
rai ght chain or branched al kyl

”SEWW@QOZ%(S%OFM% ﬁéor 6 carbon atonms and one to three
doubl e bonds, preferably one or two doubl e bonds,
nost pref rabl one douybl e bound. Preferred exanp

The gampouss's ex%%??mg'?‘{%‘ﬁméﬁée wPresepled Ryr%wcwr%lrfg)'rmula (')
prop-2-enyl, isoprop-1l-enyl, n-but-1-enyl,
n- but - 2-enyl, n-but-3-enyl, isobut-l-enyl,
i sobut-2-enyl, n- - ¥O 20 PCT/ EP2008/ 002498 13

pent-1-enyl, n-pentj2-enyl, Aeryl , (1)
n- pent - 4-enyl , n-peN ; sopent -1 -enyl ,
I sopent - 2-enyl , 'heopert - 1- enyl , -hex 1-enyl,

n- hex-2-enyl, n-hex-3¢enyl, n- heil4 enyl ,
nhex- 5-enyl , n-hex-1,3-enyl n- hex- 2, 4- enyI,
n- hex- 3, 5-enyl, and n-hex-1, 3,5-enyl. Mre preferred
and EXAHRIRSs, Oélaéle%nféréﬂ ié%ﬁiﬁ’\ergr O4RatdE andl SitMHac8itftally acceptable
prop- 1- enyl Al'kinyl Is a straight chain or
Saﬂsﬂﬁﬁﬁ@hed aIkyI having 2, 3, 4, 5 or 6 carbon atons
whergipd one to three triple bonds, preferably one or two
triple bonds, nost preferably one triple bond.
Ais pr efNir, e@Hex {P-E5vor abend: 6™ al ki nyl gr oup are
Xis ethipyl, prop-1-inyl, prop-2-inyl, n-but-1-inyl,
n- but - 2-i nyl , n-but-3-iny|, n-pent-l-inyl,
n- pBRe™3- i nyl , n-pent-3-inyl, n-pent-4-inyl, n-pent-
10 | | QP
é)rg:gn)fl Mlyfh i$ Qﬁﬁexlf_ w?tlh r@)g,atun exl_?élgetl'drt]: Jfﬁa’b» gr 6-membered ring,
, nyI wherpilk the-hajerocycligding may contain 1rpqﬂ33&etgraatqm§fselected from O
n hex ¥t V.
exan”pﬁg,vj ﬁr?&yh@%‘ ﬂ] Ki n?/ll%c rlgurlngar & EG}L%F BF%%Q@QQ substituted
pr op- By Aploxo grou@ycl oal kyl is an al kyl ring having
pref I
4 Eog%a%ﬂeﬁygdegp?gtuﬁ?tgﬁc Cl%ﬁ%ﬁpﬂitéﬂ ral%cﬁr?ﬁ ?cm?a?ﬁlng 1 or 2
cycloh@ﬁﬁmkwn869bbﬁﬁéﬁmy Chmnbspreferably 3, 4, 5 or
6 carbon atons. Fbteroaryl is an aronmatic noiety
having 1, 2, 3, 4 or 5 carbon atons and at |east one
heteratom sel ected fromO, N and/or S and is
preferably selected fromthienyl, pyrrolyl, 20
i m dazol yl, pyrazolyl, pyridyl, pyrazinyl,
pyri mdinyl, pyridazinyl, isothiazolyl, isoxazyl,
furanyl, and indazolyl, nore preferably fromthienyl,



Compounds of structural fornula (1) may be separated
into their individual diastereoisoners by, for
exanpl e, fractional crystallization froma suitable
for 15 exanpl e nethanol or ethyl a e or
Wég}rﬁé&%?e thereof, or via chiral chromat ogrggi@s’ﬁ’g{%ﬁoﬁ‘m
an optically active stationary phase. Absol ute
stereochem stry may be detem ned by X-ray
crystal |l ography of crystalline products or
crystalline internedi ates which are_derivati zed,
nec & upynemperrd hejetagRheontgining heng %gﬁera%tymre%%’rféed from N, O
cent epp@fk, kpown absol ute configuration.
Al ter natlvely, any stereoi soner of a conpound of the
gene®@RGrmula (1) may be obtained by stereospecific
SYNLIN@Rdis eé@'LﬁgerﬂtptHe‘Fé}bb%I)ﬂ BhE héfe%érylﬂg oHﬁér%!Ig%thtﬁﬁted by 1 to
reagents, of ow), absol ut & configuration
The t 8 apdiar ik cavd/eal IR accept abl e salts" refers
! alPRE réh QR BHFRERKIEGRI ¥ accept abl e
R a'ﬁrcgﬁ tg'lg;'ﬁ%%eg@géﬁgfr aci ds I ncl ugl ng inorganic or
or g&hi ¢ bases 30 and i norgani c or organic acids.
Sal s dgid ved frominorgani c bases include al um num
1-8 . . .
anmmoni urr?‘ cal cium copper, ferric, ferrous, lithium
magfas plsienedhfantlsylsal t s, nanganous, potassium
SOdI like. Particularly preferred are
&”hlkﬁlbﬂ&-h@@ecy&ﬁr [ ithium nagnesium potassium
and C‘eedlkulﬁﬂs-&ht@yd@kﬂs derived from pharmaceutically
acc i R S8 iAbMAR i€ Bhiichall substituted
or %n@%%gggg% g’kﬂ%e’zoo%'% 309 cHELHER (S BobonAll substiute
15 #d@H.erti ary ami nes, substituted ami nes including
nal Wi YROBAH 1bL e eSS tid Hﬁr@ﬂeﬁ"% AP whilth|théy 8 ftdcned a 5-
and basic i on exthange resins, such as arginin
bet ai ms-nmﬁlpereﬁ@mgongmm may addmonally contain 1 oxygen atom in the ring
N, NI- f b lected fi
o i etg yI ffe n'ggﬁﬁgﬁéﬁdé@m dﬂ?ed lﬂ}ﬁ%@é‘ AB S sfituents selected from

énam noet hanol
et han @f'iarﬁhmealkyé,t ByF enaliyia Fion @lkylanetGry| qyelepliyt iGhe alkylene-O-Ci-s

N-et hyhpi ucam ne, 5 glucosam ne,
hi st i gl ﬁ &QE gjheg e, isopropylam ne, Iysine,

R* igret Ih?lOQBucam ne mor phol i ne, pi perazine, piperidine,
pol ne resins, procaine, purines, theobrom ne,

tri et Ryl ani ne, tr|rrethylamne trlpropylamne

t r 06 Bl aptionady swestitiird withyae areore HASeER @RSt he
pre € d
P oGt AL ARIR SutRRREd wifoh o Rtoen B BF
i nclQkli ng i norgani ¢ and organic acids. Such acids
R d ncldiq ?N |geetic, benzenesul fonic, benzoic,
suffonic, citric, ethanesulfonic, formc,
fur‘rﬁr(Ob.OHgl uconic, glutamc, hydrobromc,

hyd I ethlonlc | actic, maleic, malic,
g’gﬂwﬁdn@t ﬁgﬁesul fonic, malonic, nucic, nitric,

par REOPN- (@e&ﬁikulhem c, phosphori c, propionic,

SUcCGAli & furic, tartaric, p-toluenesulfonic,

tri g fof'§3C&tic acid and the |ike. 15Particul arl y
pr ef#OINId-SQ.Coialkylc, fumaric, hydr obr omi ¢,

hyd ' d
8 by B € PRBERASB St 20

- her &iHa, references to the conpounds of formula (1)
arehﬂf Rg al so include the pharmaceutically
accept ab5f @ 8alts. 20 Utility Compounds of formula (1)
arehhﬁhal&qbﬁtln receptor antagoni sts and as such are
useful in 25 the treatnent, control or prevention of
di seases, disorders or conditions responsive to the
i nactivation of one or nore of the nelanocortin
receptors including, but not limted to, MC1R
MC- 2R, MC-3R, MC-4R or MC-5R. Such di seases,
di sorders or conditions include, but are not limted
to, cancer cachexia, nuscle wasting, anorexia,
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- hypertension, hyperlipidema, osteoarthritis, cancer,

gal |l bl adder di sease, sleep apnea, conpul sion,
neur oses, insomi al/sleep disorder, substance abuse,
| ver, inflanmmation, inmmune-nodul atio

%’Ogllé%%l d art hritis, skin tanning, acne aanC]g{E%ZOOSIODM%
skin disorders, neuroprotective and cognitive and
nmenory enhancenent includind the 5 treatment of
Al zhei nmer' s di sease. Admi ni stration and Dose Ranges
10 Any UI%Fb|e route of adm nistration may be

fgi P‘HrOV|d|ng a manmal , especially a human
MAthH&mjgt#ECtlve dosage of a conpound of the pr esent
i nvention or ex oral, rectal

R®is par 3R Gnambesed |sg1urat§g|%ﬂgtyratmprogyfayltqqgtqlmﬂg iy

be_enphgabmPas8aea iR, Ditdsler t abl ets Lroches,
ger Si ons, suspenS| ons, sol uti 1 ons,
cre

ts6-msmbered heteraanybentainiag d te ﬁé\thefonﬁ %ﬁ'@#ﬁ%f@m N, O
conp of formula (1) are 15adm nistered orally or
topically. The effective dosage of active ingredient
enpwosreln theyeterpgyad gad dhabeterpani argpaptianally gubstituted by 1 or 2
conpognd enpl oyed, the node of adm nistration, the
condi ti on being treated and the severity of the

R® IScongtlon being treated. Such dosage may be

ascer I AlAsshtioRamy édbé%\’ut@%%ﬁﬁ%ﬁé%ﬂnﬂfé hhiggen Btonfe art.

en'?rea ting cancer cachexia, nuscle wasting or
anopkstyhogener al | y satlsfactory results are obtained
whep {ng. rﬁ&ﬂﬁ&%ﬁd§ t&@eorphﬁﬁﬁltatéd“\h%@rb%lﬂr&ntammg 1103
adn1n|ster at a dosage of from about
ml |g¢tawatqma§%|eﬁteﬂd@mrﬂl GiafdaPs per kil ogr am of
bod hm o gy &f ﬁétémoyclﬂ'|¥85udr{5n§‘s§tbélﬂjt8d @9519toc§R” andfor
in divi doses 'two to si day,
sustaiﬁ%d rel ease form In the case of a 70 kg adul t

shge ttotal daily dose will generally be from
7 hilligrams to about 3500 milligrans. This

R® arujcﬁa@'e lnc@@en@ntw&yom@aaﬂpﬁ@réae@t@dﬁmu de the opti mal

nis
Tis

thegapeutlc response. 30 Fornul ation The conpounds
of formula (1) are preferably formulated into a
dos@¥e formprior to admnistration. Accordingly the
pr egs l+nvent|on al so includes a pharmaceutical 35
composTtion conprising a compound of formula (1) and.
a stitalyleahar maceutical carrier. WO

2008/ d 16fpgpPCI/ EP2008/ 002498 17 The present

phar maceut’i’cal conpositions are prepared by known

pr otedld ds505Phg wel | - known and readily avail abl e
ingredients. In making the fornulations of the
present invention, the active ingredient (a conpound

of formula (1)) is usual n1xed with agpqrrler 5 or
di [ uted by ,ﬁwa#%g (RSed a carrier,
whi ch nmay __Jn t he for a capsul e, égachet paper
or ot her woOntai ner. V%enrihe carrie ves as a
diluent, it may be a soﬁﬁﬂg senlsolld or liquid
material which acts as a vehi cl e, excnp|ent or nmedi um
for the active ingredient. Thus, the conpositions can
be in the formof tabletdl pills, powders, |ozenges,
sachets, cachets, elixigpsis\ suspensio mul si ons,

sol utiongy syAups, aeradsol fas a sol
liquid dium ) soft an rd gel ati n™~gapsul es,
suppositegies,/ sterile finjactable solutions and
sterile pa¥ aged powder one exa of* suitable
carriers, Jexcipi ents ang ™Ml uents |Q§Lude | act ose,
dextrose, sucrose, sorbitlol, mannitol, starches, gum
acaci a, cal ci um phosphate, aIginates, 15 tragacanth,
gelatin, calciumsilicate, mcrocrystalline
cel l ul ose, polyvinylpyrrolidone, cellul ose, water
syrup, nethyl cellul ose, nmethyl and

propyl hydroxybenzoates, talc, magnesium stearate and
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18 The conpounds of forrmula (I) of the present
i nvention can be prepared according to the procedures
of the follow ng Schenes and Exanples, using

ate materials and are further exe e
W({aﬁggf?glfﬁr MR hiSsbshy2498

ow ng specific exanples. Mreover; by
utilizing the procedures described herein, in
conjunction with ordinary dRills in the art,
addi tional 5 conmpounds of the present invention
cl ai med herein can be readily prepared. The conpounds
illustrated in the exanples are not, however, to be
congriNRI&gR'*as forming the only genus that is

. COnsidered as the invention. The Exanples further
R™isj | |Wstrate details for the preparation of the

qis

Yis andClx

R!1js@bbgevi ati ons have the fol |l ow ng nmeani ngs AcOHacetic

corpgunds of the present invention. Those skilled in
the art will readily understand that known variations
of @Ae conditions and processes of the follow ng 10

pr egar aﬁ{gl}/%;ra%ﬁéaﬁﬂgﬁ@ﬁmﬁé@ e oHE &5t n@red sBBstit@erity esttected from
conpounds. The instant conpounds are generally

i sol dialepennOthand Orm-ao¥Yhei r phar maceutical |y
%:] g@%&%l@l,%ééin Skahs 3ptidrimg Sudanaleds ok 8y mens sitbstituents

free am ne bases corres&ondl n% to the isol ated

sal t sseleptedysorgdralegane PHend\@uferedk¥bati on with a
suidr(é?%eﬁ’ base, such as aqueous sodi um

hydr.ogencar bonat e, sodi um car bonate, sodi um hydroxi de
andNHéag@8dlm hydr oxi de, and 15 extraction of the

[i t m ne free base into an organi c sol vent
fopﬁ%gmgl%'evapor ation. The am ne free base isol ated
i n phenyl afanner can be further converted into another
phqqé'{@,ggg/ii cally acceptable salt by dissolution in an

organi ¢ sol vent followed by addition o

f the 4a,
appregseinahendeing hstarosnt seterionNaly eS¢ty 1 10 3R™
pregpphtation or crystallization. Al tenperatures
are degrees Celsius. 20 In the schenmes, preparations

g‘#ﬂ)l 80bel ow, various reagent synbols and

aci d' 25 Ac20acetic anhydride Boctert-butoxycarbonyl
bpb@i-¢alkd. ¥oi nt CDI 1, 1' - car bonyl di i m dazol e

31 ichlQreaikhgane 30 DCMIi chl or orret hane
R12 Blcége;t?zho%l -%iclgsoprgpyl am ne DVFN, N- di_rret hyl f or mam de
a!]!ﬂB

rmnrglepyp@gnﬂyg;gre gaclyggher selected from
2008/ 116665PCT/ EP2008/ 002498 19
EDC1- ( 3- di et hyl ani nopr opy1) - 3- et hyl car bodi i mi de
hydfeeck¥br i de Et 20di et hyl et her EtOAcethyl acetate
MTéJgélgé,@Fabenzot riazol-1-y1)-N, N, N, Ns-tetramethylu
roni um hexaf | uor ophosphate 5
HOAE4s HKidxy - 7- azabenzot ri azol e
HCﬁitc dt O bRaAo! sdfzol e hour (s) MeCNacetonitrile
MelL ne"’?%S(Faf?i hi uﬁ‘?lo MeOHmret hanol Msnesyl
NVV:-salkisnenBrhodlkie MWDl ecul ar wei ght PGprot ecti ng

9" OfRert I/ ESIRRYIEAARD Cs 7 cycloalkyl are optionally substituted by 1
to 3R'

R“is  halogen,

CN,
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TEAtri et hyl am ne TFAAtri fl uoroacetic acid anhydride
THFt et rahydrof urane TMSItrinethylsilyl iodide 20 tR
(mn) HPLC retention tinme Istosyl benzyl oxycarbonyl

w@obeasss on Scheme 1: Synthesis of PCT/EP2008/002498
2-sul fonyl am no- pyri di ne-5-carboxylic acid am des
0 Ra. NH HOBt EDC DM : _ :

2008/ 116665PCT/ EP2008/ 002498" 20 As shown in Reaction
Schenme 1, optionally substituted am ne and
2- ?‘g%g‘&&ﬂ@ﬁ%%i SubstiRIEPIMh bhie BF hfbré kbdififitL hibdled fom
am coupl'ing reaction 1n the presence of a coupling
r eagenhalogemn Qid, B4 alkyhrO-éhgawtioalkyl] QHD)SucikdsOBNRP)Car
or eﬁﬁ y?ui tabl e tenperature. The resulting am de
can theh b6 Yeacted with a sul fonylchloride in a
sol Gebis diyd,Laptionsilypsubistiiutes] with amgy ooinber sulgspituepisi sefected from

sol ven n 0 ni S tLi | am, ne~t
el d SRR A e W adv O S o Goycs
React i oyciG@dkgar 2: 10 Synt hesis of
2-S§H onyl am no- pyri di ne-5-carboxylic acid nethyl
ester” Al tematively, 2-am no-pyridine-5-carboxylic
acid nethyl ester can be reacted under the 15
condi ti ons described above to yield the correspondi ng
sul fonyl am no-esters, as shown in Reaction Schene 2.
In a R6fePad aMbA8AL] IH6H GaAGT /ARPESRNHBOAMNA8oR4 bBad. cMormnpreferably, A
re SctlemeD 3., Synthesis of imdazo[1, 2-a]pyridines
presents a bond.

It is further preferred that R' and R? independently from each other represent Csgalkyl or
that R’ and R? form together with the nitrogen atom to which they are attached a 5 to 6-
membered ring which may additionally contain one oxygen atom in the ring and which is
optionally substituted by one or mare substituents selected from OH, C.s alkyl,
Co.3 atkylene-Cs.5 cyclioalkyl, O-Cy.g alkyl, Cigalkylene-O-C45 alkyl or (CHs)p.5-phenyl. More
preferably, R' and R? independentiy from each other represent Cs alkyl.

In a preferred embodiment, the variant T is NR'?R™®. Therein, the variants R'? and R"® are
preferably independently from each other selected from H, Ci3 alkyl or {CH.)p.2-Csg
cycloalkyl, wherein alkyl and cycloalkyl are optionally substituted by 1 to 3 R™.

In an altemative preferred embodiment, the variant T is selected from

TG

=,

e

o

{
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T-HA-X N mecN8eR8RIL, 5 As shown in Reaction Schene

3, optionally substituted
co- al koxycar bonyl - a- br onoket ones can be obtai ned from
wams/@gmsespondl ng ketone by reacting it forpexerIabsozass
with copper(11) bromide in a solvent such as m xture
of ethyl acetate and chlorofgrmat an appropriate
tenperature for a given ti me'2 The resul ti ng
ct- bronoketones can then be reacted with 10
sul fonyl am no-am des in a solvent such as MeCN in the
presence of an appropriate base, for exanple DI EA to
It is prefierted that INeakakishtY sdCHub RY amfmb@an'as hydroges.
i nternedi ates can then be further cyclised to the
correspondi ng i mdazo[1, 2-a] pyridi nes by treating
It ist fuethemiptdferféd\ahan RA wistiblcd F6MY BNINISL D, ﬁﬁlkmmb s alkyl) or

Ve R BRI SR AT onar Ty

substituted im dazo[l 2- 15 aj pyridines can be

asi c co itions using a reagent
Reg{%l?@%% ﬁﬁ'?rﬂ?ﬂ Fﬁ riget prg ﬁ?}ur%ﬂr@senﬁsg E'[!#ftYéb’h@h is fused with a
satusabdd/ betbraycile @m@nbﬁr&& dh Wfﬁer\éﬁattﬁé heldibcy@iié il My contain 1 or 2
22 The resultln eX 3

008/ 1 6,5 CT / 02498
i L AR T S0 g ek o s e

optlmhlipsaﬁsmmi@d by Gin &t ]gtdilpt bEXRepRBR8 £k 18 @Mbﬁﬁg}é@l saturated or
N- et h ngoghol i ne in an appropri at

unsaff5GaTetani v conaring 4 el pelsEladkizm at Q and S, wherein
eacht prengbandhetersbyol igl optbralyvdubtitddosi s tdd /Y %ﬂ&m?‘icﬁ“b and/or 1

RS as sodi um borohydride in an appropriate solvent such
"'as a mxture of TI-IF and 5 water. The al cohol

function can be converted to a |eaving group with a

in ah &2 ue S chloride _or tosyl chloride in
T ‘g'ﬁ‘ﬂ’f 95'?3 %%Eeém en B ¥ariant X yearesentscrienyll oTHE 5 to 6-
memberddhtetemem R_OAta0T ng’ﬂSdHZ RORAGRE skiekfed TiFdn hPf@%HHts wherein

ctlo can ,be treated with an am n

each el S FAEREnd i DBIRPaIY RSHBERE By yiock AL pesiect G andior R

Morermatfecabiig. X le)hBﬁﬂQirlp@ﬁdﬁ%@ﬁﬁaréfera%l@kh&?ﬁhény@f
i m daao[ 1, 2-a] pyri di nes shown in Reaction
Schene 4, nethyl ester functl ons of optionally

Compsuhes bf thecidrmiuta (Ialimﬁvﬁlcﬁsaﬂnﬁ)tfrlaﬂldﬁ% m?bﬁeﬁtlﬁﬁé@ﬁt@uﬁé) have the
cohol ent such as
prefeﬁ@cgoﬁ%n{se %f%n%# rr%gnlings ae aé??pqrb?)tp?cépg%g@ms@m inygntign.
met hanol . The al cohol can be further reacted to the
d i,n. Reacti on Schene 3. 20
i 0 355 BBl TR A TR AL e s descrmec

belows -

Alkyl is a straight chain or branched alkyl having 1, 2, 3, 4, 5 or 6 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyi, tert-butyl, n-pentyl, isopentyl,
neopentyi, or hexyl.

Alkenyl is a straight chain or branched alkyl having 2, 3, 4, 5 or 6 carbon atoms and one to
three double bonds, preferably one or two double bonds, most preferably one double
bound. Preferred examples of a Cas atkenyl group are ethenyl, prop-1-enyl, prop-2-enyi,
isoprop-1-enyl, n-but-i-enyl, n-but-2-enyl, n-but-3-enyl, isobut-1-enyl, isobut-2-enyl, n-
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Synt hesi s of imdazo[ 1, 2-al pyridines A-X 0
0qCRB8RILI Co FieA- X T-HR2, N NaBH( QAc) 30eR8R94. 1 DCE
5 As shown in Reaction Schene 5, optionally

ted a- bronoket ones bearing a acet al

W(?%bla%y%éésml on can be obtained fromthe corré{g]‘g%hb &

ket ones and converted to the correspondi ng optlonally
substituted imdazo[ 1, 2-a] p{#i di nes as descri bed
above. The acetals can be cleaved to formthe

correspondi | deh b h Q
pert S Lo, oSSt SeriSfoh SIS 3450 Eordh -ony,
isopenfl-p§] %@Bﬂ)@rﬁlﬁ&ﬂ On-Rek-2khgd, Iml@e)azneﬁﬁt thex\lﬂ-éhyI,amhex-4-enyl n-

b S a0 a0 es 15 8. s

prefeﬁ'@h‘éﬁﬁh{ﬂe'slfﬁa% alkenyl @8 Q%é&éﬁf%ﬁﬁé&ﬁ%@s/ 002498

Reacti on Schene 6: thesis o
|mdazo[12a]pyr|d|nes Ts RL 6:YNO R2Z.Nr. N A X

Alkln%I §%§% C't:QhaHINBB bfahchedGikJeRiviies 13, @D b B Brdibdrd atBrhsMind one to
three triple bonds, preferably one or two triple bonds, most preferably one triple bond.
Preferred examples of a C,.¢ alkinyl group are ethinyl, prop-1-inyl, prop-2-inyl, n-but-1-inyl,
n-but-2-inyl, n-but-3-inyl, n-pent-1-inyl, n-pent-2-inyl, n-pent-3-inyl, n-pent-4-inyl, n-pent-
1,3-inyl, isopent-1-inyl, neopent-1-inyl, n=hex;1'-iny|, n-hex-2-inyl, n-hex-3-inyl, n-hex-4-
inyl, n-hex-5-inyl, n-hex-1,3-inyl, n-hex-2,4-inyl, n-hex-3,5-inyl and n-hex-1,3,5-inyl. More
preferred examples of a Ca- alkinyl group are ethinyl and prop-1-inyl. '

Cycloalkyl is an alkyl ring having preferably 3, 4, 5, 6 or 7 carbon aioms at the most, such
as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl, more preferably 3, 4, 5
or & carbon atoms.

Hetercaryl is an aromatic moiety having 1, 2, 3, 4 or 5 carbon atoms and at least one
heteratom selected from O, N and/or S and is preferably selected from thienyl, pyrrolyt,
imidazotyl, pyrazolyl, pyridyl, pyrazinyl, - pyrimidinyl, pyridazinyl, isothiazolyl, isoxazyl,
furanyl, and indazolyl, more preferably from thienyl, furanyl, imidazlyl, pyridyl, and
pyrimidinyl.

Heterocyclyl is a saturated or unsaturated ring containing at least one hetercatom
selected from O, N and/or S and 1, 2, 3, 4, 5, 6 or 7 carbon atoms. Preferably, hetero-
cyclyl is a 4 to 8-membered ring and is preferably selected from tetrahydrofuranyl,
azetidinyl, pyrrofidinyl, piperidinyl, pyranyl, morpholinyl, thiomorphoiinyl, more preferably

from piperidinyl and pyrrolidinyl.

Halogen is a halogen atom selected from F, Cl, Br and |, preferably from F, Cl and Br.

The compounds of structural formula (1) are effective as melanocortin receptor modulators
and are particutarly effective as selective modulators of MC-4R. They are useful for the
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DCEOCR8BROLI O NF-12 5 As shown in Reaction Schene 6,
optionally substituted N protected
co- am no- abr onoket ones can be reacted with

am no-am des in a solvent such as j
wosi%su%l%g Wﬁéﬁp‘h’sk{i%%

resence of an appropriate base, for exanple
y| eld the N-al kyl ated sul fonyl am no- am des. These
i ntermedi ates can-then be flfirt her cyclised to the 10
correspondi ng i nidazo[ 1, 2-a] pyridi nes by treating

them w th TFAA i tabl e
reatmeng et oY BRIORA TSR araye G e PERaBtn BEMcRER, such as
cancef SdcheRial | MBscld hﬁlasmrdﬁ ahmnlaanamardphlmtlamlcademls anxiety,
depr ot ect ed usi g% ﬁgg VCh a}‘i TIVISI in a
depression apd ethep fizenas MRIEYE e case of a
Z-protecting group. Phthalimds can be cleaved with
hydrazi ne hydrate in an appropriate solvent I|ike

Opticl BYmers eb@ééiere@?ﬁér@“&iég%éﬁbﬁ_kﬁnﬂedTéﬂomers _
| azo[ I, Z-aj pyri dines, bearing the primry am no
group in the side chain can be directly tested in the
Comp%hﬂb@%? Isflictird 3¥mAlla QI)Q:o‘htH?m Spleest nord Hsyrhmetnc: centers and can
e

rivatization. For exa acti W t
ocour FEiaPBEbOREh 2690 SAHIESD ST PEPTIOCNT Y Slestprepgeri mixtures
and Hd:%ﬂé?élccﬁlé%&%ﬁrﬁaeem@ ﬁré@mrme@ i fmeart 4 taahipeetisasieall such

as DIEA leads_to the caorrespondi ng piperidine
isomatigifprns ofitee compoungs of g3 é‘@fﬂi@%& 2008/ 002498 25

Reaction Schenme 7: Synthesis of

Comprurds Al XSIEBEN RS 100 B1dHe ShoRtParAcRe dEp; dhet individual
duaste'?e&g % by Piok %Hpve mbhéluwaah;a@mnﬁsmcarsuhable solvent, for
w'th al kyl esters alk{%% jn_th toaraph
exampneemﬂ@@obpr gthofidcaiste op 2 By oaT ¥R RV cqeemography
usmgaz;h SRRy %bﬁ\;eest%%?{é??tphlabé eAﬁéﬂiM@@er@bcf@nﬁma} sy be determined
nperature. Said aCéI!}lat ed | actones ca e Cco

by Xiray sevsiloarapki @SBy GHORHG S Heol SaUER da Spcaatcs Which are

denv&%&eﬂt ?éé%gaﬂr}’ djiee Bl REdgenbdgntakfing@ac asynmetic center of known
I ona substituted ro-chl oroketones with for

absolg;mqglrgur@ Pher (11) bromide in a solvent such as
m xture of ethyl acetate and chloroformat an

appropriate tenperature fo iven ti t.he
AlteripGieli G PP ORI G S LS e i 1) iy Siobtaines
by stERoSPhMPsythesis using optically pure starting materials or reagents of known

absolute configuration.

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, fermric, 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

pharmaceutically acceptable organic non-toxic bases include salts of primary, secondary
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br onoket ones can then be reacted with

sul fonyl am no-am des in a solvent such as MeCN in the

presence of an appropriate base, for exanple D EA, to
w5 A G&Ee N-al-kyl ated 15 sul fonyl am no- am dgs;g &%2498

I nter iates can then be further cyclised tot

correspondi ng i m dazo[ 1, 2-a] pyridines by treati ng

themwi th TFAA in a suitabl & sol vent such as DCM or

1, 2-di chl oroet hane at an appropriate tenperature for

e B S PR ShBHB T BEUBg sl amines

cyclicearimes @ho &asicvibit Bxelangapesing sychas afgihinenbetaine, caffeine, choline,

n-GB6aiatbdusdamiseoodaifimsase s6OrIranodBanel, 7grpptyiaminc-

etharff, ethahoiHniRs) ahyldﬁed.amm Naé:hﬁniammnaamem@b@@ma glucamine,
used in addition to berate the #ﬁe am

QluCOSHBINS: | IS | OW%%'P%WB‘QB IR RIFET PG su‘ﬁgﬁ 't u'f‘g yiglucamine,

morph&ireh fpﬁﬂé?aﬁn@r pipekanen @slyaaiinel Pedihs Oprlaeainea pufides) thBobromine,
a sul am no-ester in a solvent such aa&? CN in

triethylg@ing ME\@aM"%N‘R&BW%V‘PaF%mEE@E""? an
DIEA, to yield the N-alkylated sul fonyl am no- esters.

These internedi ates can then_be_ further cI [ sgd to f
When {ae composperili g prasgalz Bventen i 59?'1311? e prepared from

pharﬁmé@él‘ft:bél% ddePIaMd Rodlkhhs adidsd lﬁdmdlﬁ@lrférgéﬂm/ Slﬁ?d oﬁgmtc &9ds. Such

~di chl or oet hane at . an

: a
acids, Bilyde AdHE PORZaReGHIRE fereoion e nPaRG i gils. Pthagessitonic
formié,Dfubarich %ﬁfcbﬁié térﬁﬁ;c hy&%bid?ﬁcchyd?b&ﬂbﬂw lisethionic, lactic, maleic,

Su stltute azo rldlnes Wi t %
malicy Preangefic. mqtmﬁww%w dB? P%\’Fem%'Fv’@mc e%rEH'Caeaf%E@ﬁ" phasphoric,

proplmﬁnsa_cc'iﬁlé Ssuiffie, tdhariel PislleRedifehio ifabidi@eti® acid and the like.
suitabl e base such as DIEA is used i.n ad

Partiuariss BREGETTaRb are, 6 FRE, IYOrODRNC. (YRR Cofalsc, phosphoric

sulfulPhhP Rty asighst i tuted i m dazo[ 1, 2-a] pyri di- nes can be
hydr ol yzed under basic conditions using a reagent

i ke Iithium hydroxi de nonohydrate in a suitable 20

It willd Yifdtrstodd fhalSa uSdd hével, Péfeismicas to tharcomisbulEd of fobmela (1) are
product of the saponifi ggtl on cag‘ be |soI ated as

meartitg ﬁ‘serﬁ%lﬂﬁtth&?hég“?‘i’%‘“ eI erﬁ‘ i d.
Alternatively, the ester function
2008/ 116665PCT/ EP2008/ 002498 27 can also be cl eaved
utilitynder acidic conditions for exanple using a reagent
such -as aqueous hydrochloric acid. The product of the
ester cleavage can be introduced into the next step

Comﬁ&:rﬂ@'o@f&fnuﬁd {Ij"é%élﬁhbcortﬁm&@pﬁ)@ BRRigbARtsCRTY éﬁﬂsuch are useful in

achi eved using standard tide COHEI i ng ?ce ure h
the trepineiiCHi9l BePEYERIILH 225, JIPRTHErS RRPRSIRS f4sRonsive to the
lnactﬁéﬁo?\em%r rRofel &y thWe!arE@@‘tH@é&eptbﬁThblu@fnﬁaﬁﬁ ngtiifiited to, MC-

di| sopro%l et hyl am.ne and a _sol vent suc

1R, MR MO IMRAR Rr Mo (Ruichiiseases. digpiiess obeapditions include,

but drFhot Tidhited 1 dnkbH icAckExid, Aushe Weagiing v BRbrexiaC Jdmyb@phic lateral
used for the coupl.ing procedure A suitabl e base

sclerpsi®|aruiety and depigsaifftne (TEA), dii sopropyl et hyl ani ne
(DI EA), N-msthyl m)rphol ine (NW, collidine or

2, 6-1utidine. ase may not be needed when K EDC/ HOBt
The ¢ampringds OI@%&%(EO &An %H@H%efgiseéﬂﬂ 4ire Featmantecontrol or prevention

of dishades! ¥ishbiefd or lbndihilohdiWhich-hraCresFs N HHHORBERAkbn of one or
more 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,
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x 2 HC R2nNThi , NH Oel : 28129),1 15 Optional ly
substituted i mdazo[1l, 2-al pyridines bearing a
chl oropyri di ne or bronopyridine as residue -A-X can

wdRosAbugrted to the correspondi ng pyri donespdsSipdgisozaos
reagent such as aqueous hydrochloric acid at a
sui tabl e tenperature as sho%} i n Reaction Schene 9.
At the sane time the ester nction is al so
hydrol yzed. The acids can be coupled with 20 am nes

el (R eA B2 B0 8B s, Y eer sl Parcer fisgasey sleon apnea

comysierh e Siegrases a - insomniedsieere s disorder Assublstanice ratjaseptpam, fever,
. one . et ones_can .
g fA0H, i R loh, PEHAGH P SHPEROERGT aff g oter scn
disorfiersm remrdppatetiive aariddsoghitivel asd bosybhc entiadsement bluding the
vented. t o e _correspondi ng Wi nreb ani des usi ng

treatnﬁcgnﬁ}_ogﬁﬁg&ew%rﬂ;g ram ne hydrochloride with a

coupling reagent like EDC in the presence of a

sui tabl e base |like NV in an appropriate solvent such

Adminstiiidn Jind DYée Rarigesni des can be converted to 10 the

correspondi ng nmet hyl ketones using.a reagent such as
methyllithiumin an inert solvent |like THE at a
Any mmamabbmetw B Mirss kN :Bagoﬁmatpimdqfamrbenda@m Rid@tnal, especially

a huri3h Bfin nrarctNe aBtgh Pha SRl ¥ e g5 Rrati denfion. For example,
oral, réﬁtzflam[ckl Davérigial, coduks, Buiﬁﬂnn&i‘w\ﬂﬁs%lrarﬂem@tlgﬁﬂn@ bér@i‘nployed
i di ne- ani des

I Qn stituted an nqQ
Dosalg {85t ks 1S, Moo, Aot B S o uioneq fapsules,
crearh® GRMNEE ederbéollsnhdaztﬁéﬂllé- dHrteratiy Renfpotadd fyidnbula (1) are
action with a-bronoketones in a

by.
adm'@ﬁtﬂféﬁ?ra&%et - This reaction can be carried out

either in a flask in refluxing solvent or any other

riate eratu ni cr onwav ction )
The REERIOSHE & SRS Do ster perslond It V5 depREdRG PR the particular
compstiad dariployedo teed wicte of aﬂﬁt}hlﬂfaﬂﬁhptﬁeab(ﬁldfﬂdneﬁéthy tfda@éﬂ and the

t.he | uti d 25 thus be
severty ot 3 dhb e g 8S:ielnSHE e mas bs pocertaitag rebdily by a
persoiBk3IRA &1 theGec5PCTT EP2008/ 002498 29 Reaction Schene

12: Mannich reaction 5 As shown in Reaction Schene

12, products from Reaction Schene 11 optionally
Wherstnéaitngtuﬂwed ¢athegiap iuseleajgting dr agoRKiatyeBralySsausiacley results

are o gindh I Sorfipalify of 2Byt dfveotien cup peymstered at a daily
dosa@:mfdmaﬂaﬁ okyo1r mmcgramgotabeuﬂ modam@[-éme péd Kkt BEbody weight,
ar.nox

preferghfy SR oS Pt efytied defi PEro B tress Jah e in sustained
releassufoihmath theetdse afca 70 kg adiihReman ihel tﬁlaﬁ@a@ﬂ@ose will generally be
e

vom B4R Bk B BsG a0 B may bo

adjustedaoptaeiddGhe ioptithiaDtharepeutic fdspohge. DCM  Such conpounds
can then be purified by standard purification

procedures such as flash chronmat ography or
Formggggar ative HPLC. 15 Reaction Scheme 13: M chael
ons wth ct, p-unsaturated al dehydes As depi cted
in Reaction Schene 13, optionally substituted

The dd?ﬁ[ﬂ)@i‘nﬂi Tof Jomhud Iﬂlaﬂé? plefedhbiiated o %ndﬁgégéﬂfhn prior to
r.eact ed |n chae d|t|on reactioon with

acmingS gt SRR MU dRGRAIC. INYCRRTI e nGui#s o gharmaceutica

compéaitidriiécin dﬂf&r@@b@:ﬁpaﬁhdﬂoﬂﬁﬁ‘n@ﬁﬂ) lafid ArfuitabiE PRamhaceutical carrier.
el evated tenperature. The reaction may also be

carried out in a mcrowave reactor. The product of
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WO 2008/ 116665PCT/ EP2008/ 002498 30 this reacti on can
be treated with a base such as sodi um bi carbonate in
a suitable solvent |like a m xture of water and

woRhdabes to yield the correspondi ng al dehydgsrwdb@odos
can be subjected to a reductive amnation with an

amne T-H in the presence ,I a reduci ng agent such as
sodi um tri acet oxybor ohydr i dg in an appropriate
solvent like DCE. 5 Alternatively, optionally
substituted i mdazo[ 1, 2-a] pyri di ne 6-carboxylic acid
esters can be used as starting materials. In this
The ;Iremzt phamestseticdl compositions arebprepanieddivt knpwnoproneduses geing well-

knowny S?I‘H{J r?q{:&lg(g%faﬁtgblgn E@E%cfj?rﬁgs 'Irg“?n ?h% %@%e ng ilae present

inveniterfithe attiveahgadichi(a dbropaaid (afddmtuia) 0¥ isvusthally mixed with a carrier,

o ki GRS S ot o TR o o

sachéd] lor @tHr icoithinr. Wﬁelncthalcbmes sbvES Estaediluent it may be a solid,
6- boxyl

sl SR AR A5 5 BN BB iR e acve

mgre&lbﬁ TRGS, Lth@ mm@@dti%m@m He frcthielforn nﬁtdﬁm,tpiltsn p@wﬂelrse fozenges,
this. case t

rodu t. of t
sachdla.fEheh. SRiSoBTEPSERT,FRdTP B B TPL (AP, AuroppU @S @ soid or
in a ﬂ&blﬂ&hb&ﬂm’)eéﬁﬂl &g haWD g/ ¢4 EREEPEUPREROO8S 0 6RMRS injectable
React i on S 15 S| de chain al kyl ati on
Soiut'ﬁ"%‘"w?" PaS %@%‘i S NaBH(OAc)3 DCE 5 The

product s from Reactl on Schenme 3, optionally

30"‘%%?%%';; Et % 5‘5‘% qxhg)}/eg sglgrr}] slggbe n&g@e lactose, dextrose,
sucrogg iéb%lﬁ‘ﬂj \Mér’mltél I eR@eds, Sgah asadid) dalviam phosphate, alginates,

a t l.vent )i DCM b
B e L e
cellulbse,t Matdpr eﬁapcensthysa celiibed)| mdms eargll qiﬂom&lyﬂcﬁﬁrbenzoates talc,

React i on the ct ea
magnesHy PPl At e ol A Brayeya SET e 4fRde 1ubricating
agent$] eﬁvBﬂ’hgefagéﬁtsl gé@lak-‘.tfﬁln{;hendol!sua(;:sﬂndlﬂglh regekis opeserving  agents,
whi.ch can be reductive ated wi an
sweelapii 20BT5< B JBVERNS, eS| T SERP-Le o o fveion may be
formiilated Got e proviiedguicle sustairedappdealpyadateteasel ofghé dctivee ingredient
after E&Einis%rsation to the patient.

Preparation of Compounds of the [nvention

The compounds of formuta (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 (}) may be obtained by stereospecific

synthesis using optically pure starting materials or reagents of known configuration.
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Reaction Schene 16: Chloropyridine reactions wth

am nes Il OCRBRO)Nn_.1 R2.-N 0Osi CRBR941 O0OCR8R9)n-,

11 R2, N OCR8R9)i bi WD 2008/ 116665PCT/ EP2008/ 002498

w(ﬁ%%g%gﬁgnal l'y substituted imdazo[1, 2-al pyrdcdigiBsos/vozaos

earing a 2-chloropyridine substituent can be reacted

with am nes as shown in Reaction Schene 16. The

chl oropyri di nes can be readBed with neat amines HR4b

at el evat ed tenperature to yield the correspondi ng 2-

am no nes eacti o be carri
The PTPRORS RADEE O b preé&ﬂgwweé"%'r‘fﬁ"e%? PrE 5?%%%%0@“9 to the

pmce@@r@s*@ﬁ teCoRGAg @bhbﬁ%@tarﬂgiﬁnhﬂﬁﬂsmg%bpmpnate materials and are
yridines with a re nt su

furthey r?ﬁmﬁg%ﬁe‘?}h dhestaiewingc SB e i eﬁ‘agli’?‘:fsh eMpregye( eRy utilizing the

proceHhr‘é% &XMisdd #BréPIroRbhjah@ichewRe aitibs: shifls Reanéia) additional
Schenme 17: Chl oropyridine reactl ons W t%@?' cohols Fie
compeuILFf dhe, PrERe! PVRIVCICRIIDSY | NTERFBEE e ReRdIy | Breggred. The

compﬁ!?f%é,“\llu af@xaﬁtﬁl x§ﬁ1‘b?é§earé7not OIKBWéVéﬂ tb}best&%tmbufagcfonmng the
I m dazol 1, 2- yridines bearin chl oropyri din

only gambs tthqtu%ﬁ@n e@@srtgg&vgattw t‘lﬂ\edfﬁxaép@@ﬁg.f ﬂ[ugtrgt@rqﬁtaﬂs for
the p{)%%ré’heﬁ r&ﬁﬁ&@ﬁ%uﬁéé‘@fﬁ@ﬁﬂe@éﬁﬁﬁverﬁbﬂ Thesd akiléc® irt & art will

red fromthe correspondi ng al cohol HR14 ufs %
readiy uggpretaBH dnajdeOwa VAFaHens 8 h&rﬁcﬁﬁ'%iaﬂ%lé"ﬁ‘ pregesses of the Tollowing

‘prepa‘?ilﬂ g@rdcéhﬁre%mc&ﬁnbel k&g Wpr%étﬂ'%@eof:ohbﬁunds The instant

ate wth chl or opyri e can be achj eved
compeliedsaaredgeperally ipaiaied in dke fcr@aeft theih PhaRBageutigally acceptab*e salts,

such §¥ éﬁ%%ge) : oace?‘(évms@SThé frée-aring bBsefRbdréspdingihg to the isolated

salts can be generated by neutralization with a suitable base, such as aqueous sodium
hydrogencarbonate, sodium carbonate, sodium hydroxide and potassium hydroxide, and
extraction of the liberated amine free base into an organic solvent followed by
evaporation. The amine free base isolated in this manner can be further converted into
another pharmaceutically acceptable salt by dissolution in an organic solvent foliowed by
addition of the appropriate acid and subsequent evaporation, precipitation or
crystallization. All temperatures are degrees Celsius.

In the schemes, preparations and examples below, various reagent symbols and
abbreviations have the following meanings

AcOH acetic acid
AczO acetic anhydnde

Boc tert-butoxycarbony}
bp boiling point
CDI 1,1’-carbonyldiimidazole

DCE 1,2-dichioroethane
DCM dichlorcmethane

DIEA ethyl-diisopropylamine
DMF N,N-dimethyiformamide
DMSO dimethyisuifoxide
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WD 2008/ 116665PCT/ EP2008/ 002498 33 Optional ly
substituted i mdazo[1, 2-a] pyridines bearing a
pyridone noiety can be Nal kyl ated as shown in
wosRsicpa Scheme 18. The pyridone nitrogen c
al kyﬁ ated with an al kyl bronide Br-R 4 in thge%’rggzs?gsr{%"é‘”s
of a base such as cesium carQonate or potassium
carbonate in a suitable soIJ nt |ike acetone at an
appropriate tenperature. 5 Al cohol substituents on
EDC' esi que dthé iR 8¢ i ers.
After _UGhe af y at %ﬁbgzgﬁﬁgﬁﬁgﬁ??ﬁbgr@@ ﬁﬁ? can be
EtzOobt aidigdlll stheydr ol yzi ng the ester with a reagent such
0S| g dr oxi de nonohydrate in an appropriate
sol vgnt IF‘l t%%éa m xture of water and THE 10 Anal yti cal
HATUC- MO-{hazatempotniags!- ofl)-Nid, N3 Ne tstram stimtanohiuernhexafluorophosphate
ccor,di 9. . wer e anal yzed by anal yti cal
HOAEC— I\/éql'){f]%@t’ 20%2%%%02[4,&454% sunmmari zed bel ow. 15
HOBRnal yithydedxybemztittiazmes sunmary: LCLOAdvp- Punp
h (Shi %Q@) wi th SPD- MLOAvp (Shimadzu) UV/Vis diode
array ector and QP2010 Ms-detector (Shimadzu) in
MeCRS| +apetdoifritei t h. UV- det ection at 214, 254 and 20 275

.nm .. Waters XTerra M5 C18, 3.5 pm 2.1 * 100
Meumn ﬁfér@air”h'b@adi ent with acetonitrile in water (0.15%

MeOHCOOr)ethamot ept i on: nmet hods D and E (curve gradient)

Ms I OWEL?% of 0.4 mM/mn; 25 Mbile Phase A: water
(0. 15% Mobi | e Phase B:acetonitrile (0.15%
NMMHCOONymbthlytroantphalire 30 A: |inear gradient from5%to
95% itri.l.e in water (0.1% HCOOH) 0.00 m n5%B

w2 oo msiat, o odus o -
PG 2008 pibtedi6G RedupgEP2008/ 002498 34 6. 40 m n99% B 6. 50
Punp STOP 5 B: |inear gradient from

RT Tk [BrS el T i1 o i 1 water | (0. 156 HGOOH 000
TEA ni n triethylamine

TFAA trifluoroacetic acid anhydride

THF tetrahydrofurane

TMSI trimethyisilyl iodide

tr (min)  HPLC retention time

Ts " tosyl

z benzyloxycarbonyl

Reaction Scheme 1:
Synthesis of 2-suifonylamino-pyridine-5-carboxyiic acid amides

R1
1
NH, NH NH H o
B R RO * prsc R Sy Ny
HO 2N 2N D L N
HOBt pyridine ¥ = .
o EDC o o
DMF :
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5.00 mMin5.10 mMn 10 6.40 mn 6.50 mMmn 800 nn 10%B
90% B 99% B 99% B 5% B Punp STOP C. 15 li near
gradient from5%to 95% acetonitrile in water (0.1%

00 M n5%B 10.00 mn 9598 10.10 m
Wd%g%k?ﬁ%n 999 20 11.50- ni n5%® 13. 00 ni n Pufr%‘g’g@’“dz“”
start concentration 1% acetopitrile 25 9.00 B. Conc30

10. 00 B. Curve3 12.00 B. Con 15. 00 B. Conc99 15. 20
B. Concl 30 18.00 Punp STOP E : start concentration

re BB St SRR SBIREAAE SRR R0 23S
carchyKEpmﬂvS%ré rdactéd irBafamid® chiplihg réantionSIhAReFpresence of a coupling
reagent such as EDC in an organic solvent such as DMF or DCM at a suitable
temperature. The resulting amide can then be reacted with a sulfonylchloride in a soivent
such as pyridine or any other appropriate solvent and an organic base such as

triethytamine to yield the corresponding sulfonylamino-amides.

Reaction Scheme 2:
Synthesis of 2-sulfonylamino-pyridine-5-carboxylic acid methyl ester

NH

| \ ? p-TsCl
0 =N =N o \Q
pyndme

Alternatively, 2-amino-pyridine-5-carboxylic acid methyl ester can be reacted under the
conditions described above to yield the corresponding sulfonylamino-esters, as shown in
Reaction Scheme 2.



start concentration 15% acetonitrile 10 12.00
B. Conc99 15. 00 B. Conc99 15.20 B. Concl1l5 18.00 STOP O
15 The foll owi ng describes the detail ed exanpl es of
' ntion which can be prepared via th '
wa s L o a1 R HPL & G RBbtei 08
salt A-X 12:1 tR (mn) nethod MW (calc.) free base
[ MtH (found) 1 HO 411 428 E 492.66

Reaction Scheme 3:
Synthesis of imidazof1,2-a]pyridines

g, I NHTs TS
2N =N =N
- CuBr Br R E(’ = O
A-X 2 A—X e} N N
G - 9y — R = A-X
0. _ICRR%), , cHCL O [CRRY) .
3 ™ DIEA O 0. _ICRR®)
Oalkyt EtOAc Oalkyl MeCN Y( ™
Oalkyi

R P ax Llloc': e
TFAA 2N X N\%i A N x \%‘
DCM THF CRERQ)M

R°R?
o Otéc o MeOH o o%

o Oalkyl OH
Ct)]‘ OiBu
NMM RO PPNy el RN ax
, - -
THE oM. A N\f‘ e NN N\%'
DCM 80
2. ':IME;?;4 O CR?RQ)M THF &) JCR R
OH OMs
T-H i
- ; -
—_— RzN = N\?‘
MeCN o ({CRBRQ)M
T

As shown in Reaction Scheme 3, optionally substituted w-alkoxycarbonyl-a-bromoketones
can be obtained from the corresponding ketone by reacting it for example with copper(Il)
bromide in a solvent such as mixture of ethyl acetate and chioroform at an appropriate
temperature for a given time. The resulting a-bromoketones can then be reacted with
10  sulfonylamino-amides in a solvent such as MeCN in the presence of an appropriate base,
for example DIEA, to yield the N-alkylated sulfonylamino-amides. These intermediates
can then be further cyclised to the cosresponding imidazo{1,2-a]pyridines by treating them
with TFAA in a suitable solvent such as DCM or 1,2-dichloroethane at an appropriate
temperature for a given time, Ester function of optionally substituted imidazo[1,2-
15 alpyridines can be hydrolyzed under basic conditions using a reagent like lithium
hydroxide monchydrate in a suitable solvent such as a mixture of water, THF and MeOH.
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493 WD 2008/ 116665PCT/ EPZ'OCS/ 002498 36 2 HCI 141
2.7 < 560.78 561 3 HCI 411 NH2 < 4.7 E 464.65 465 4
HCl a O NH2 5.4 E 469.07 469 5 HCl cc *

WO 2008/116665 ] ' PCT/EP2008/602498

22

The resulting acid can be activated with a reagent such as isobutyl chloroformate or CDI
in the presence of a suitable base such as N-methyimorpholine in an appropriate solvent
such as THF and subsequently be reduced to the corresponding alcohol with a reducing
agent such as sodium borohydride in an appropriate solvent such as a mixture of THF and
water. The alcohol function can be converted to a leaving group with a reagent such as
mesyl chioride or tosyl chloride in an appropriate solvent such as mixture of DCM and
THF in the presence of a suitable base like TEA. Product of this reaction can be treated
with an amine T-H in an appropriate solvent like MeCN to yield the target molecule.

Reaction Scheme 4: -
Synthesis of imidazo[1,2-alpyridines

R‘l ) e N . N
V A—-X R = N
R»WCVL S e RS Ve
R )n-1

%C MeOH 0 CRR), ,

As shown in Reaction Scheme 4, methyl ester functions of optionally substituted
imidazo[1,2-a]pyridines can be reduced to the corresponding alcohol with a reagent such
as sodium borohydride in an appropriate solvent like methanol. The alcohol can be further

reacted to the target molecules as depicted in Reaction Scheme 3. '



3.9 C 492.70 493 6 HCOl cc le 4.9 E 518.74 519 7
HOOOH 5.4 E 506.73 507 8 HOOOH * 5.6 E 520.76 521
9 HOOOH 4111 (NO 2 5.2 E

WO 2008/116665 PCT/EP2008/002498
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Reaction Scheme 5:
Synthesis of imidazo[1,2-a]pyridines
RS Ts
2N =N N
CuBr2 Br R R 7Y o
RN NN S A

A-X

O\r(CRaRg)m " chal, \r(CR“R )m DIEA B0

(,o EtOAC (, MeCN ° (O:rICR R
o

i =N
TFAA Rj\rﬁ\}-/\—x HCI _R,,EW/G;% Ag X
DCM 3 0' CRR). H,0 0 \CRBR dos
(o °
1 =N
T-H RZE 2 N Vs A~X
NaBH(OAG), o} éCRng)m
DCE

As shown in Reaction Scheme 5, optionally substituted a-bromoketones bearing a acetal

function in e-position can be obtained from the corresponding ketones and converted to

the correspdnding optionally substituted imidazo[1,2-alpyridines as described above. The

acetals can be cleaved to form the corresponding aldehydes by using a reagent such as

10 6N HCI in water. Optionally substituted ‘aldehydes can be subjected io a reductive

amination with an amine T-H in the presence of a reducing agent such as sodium

triacetoxyborohydride in an appropriate solvent iike DCE.

15

20
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Reaction Scheme 6;
Synthesis of imidazo[1,2-alpyridines

R = NHTs Ts
0 l:J\(‘/C‘N/ /fll R! Z =N
Br & R ~ Q \ Vi A-X
i AR, T ety
CRR®),,, DIEA R ATX " pem o) CRR’),
0 r(CRBRQ)M '
NPg MeCN . NPg
) R =N (\/\[ R A~ =N
deprotection ( p) A-X Br Br 1 Y, A—X
2NN N—4 R”N N~
i CRIR®) DIEA CRR)
Q (( 1 DCE (] -t

As shown in Reaction Scheme 6, optionally substituted N-protected o-amino-o-
bromoketones can be reacted with sulfonylamino-amides in a2 solvent such as MeCN in
the presence of an appropriate base, for example DIEA, o vield the N-aikylated
sulfonylamino-amides. These intermediates can then be further cyclised fo the
corresponding imidazo[1,2-alpyridines by treating them with TFAA in a suitable solvent
such as DCM or 1,2-dichloroethane at an appropriate temperature for a given fime. The
side chain amine function can be deprotected using a reagent such as TMSI in a suitable
solvent such as MeCN in the case of a Z-protecting group. Phthalimids can be cleaved
with hydrazine hydrate in an appropriate solvent like ethyl acetate. Optionally substituted
imidazo[1,2-a]pyridines, bearing the primary amino group in the side chain can be directly
tested in the biologcial assay or are subjecied to further derivatization. For example,
reaction with 1,5-dibromopentane in an appropriate solvent like 1,2-dichloroethane in the
presence of a suitable base such as DIEA leads to the corresponding piperidine

dernivatives.
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Reaction Scheme 7:
Synthesis of imidazo[1,2-a]pyridines

o
o NaH O
toluene 2 HC o A-X
o - A=X CRR?)
\ACRR®),., 9 O_crR), H “
alkylo” “A-X Cl
= | N NHTs Ts
O . . !
ar RzN N R1 y N 0
CuBr2 A-X [a) rh N
——— . 2 _
CHCl, (ICRBRQ)M DIEA R - "
EtOAc CI MeCN o rlC R )n-1
ci
R‘l o /N . R‘t o ’.N
LSRR P/ R o BN D e
DCM CRR® MeCN CRR?)
O é )n-1 O n-1
Cl T

As shown in Reaction Scheme 7, optionally substituted factones can be acylated with alkyl
esters alkkylOC(O)A-X in the presence of a suitable base such as sodium hydride in an
appropriate solvent like toluene at elevated temperature. Said acylated lactones can be
converted to eo-chlorokeiones by heating the lactones in concentrated hydrochloric acid.
Reaction of optionally substituted w-chioroketones with for example copper (i) bromide in
a solvent such as mixture of ethyl acetate and chloroform at an appropriate temperature
for a given time leads to the comesponding w-chlorc-a-bromoketones. The w-chloro-a-
'brémoketones can then be reacted with sulfonylamino-amides in a solvent such as MeCN
in the presence of an appropriate base, for example DIEA, to yield the N-alkylated
sulfonylamino-amides. These intermediates can then be further cyclised to the
corresponding imidazo[1,2-a]pyridines by treating them with TFAA in a suitable solvent
such as DCM or 1,2-dichioroethane at an appropriate temperature for a given time, The
cabping group T can be inserted by reacting the chloroalkyl substituted imidazof1,2-
alpyridines, with an capping group T-H in an appropriate solvent such as MeCN. When
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T-H is used in form of a hydrochloride, a suitable base such as DIEA is used in addition to

liberate the free amine T-H.

Reaction Scheme 8:
Synthesis of imidazo[1,2-a]pyridines

o ] £ NHTs TS
o} =N
Br% i N ean
_ :"x ——— O NN A-X
CRR%),., DIEA DCM
R'R®
cl MeCN © (( CRR D
¢ LiOH
AN A ~zN o
-~ - A-X
/O\HQ\I,\%_ ATX _TH ol s N\./87 T .
8 MeCN THE
O eCR Rg)nq O éCRBRg}m MeOH
Ci T
N R
o~ = NH ) N
A=X i R N
Hom/CN:f~ HOBt Z,{,\"Qﬂ,\/gﬂ\‘x
: 9 ? R
O CRR )n_1 EDC CRR®
3 _ DIEA o é ot
T DMF T

As shown in Reaction Scheme 8, optionally substituted w-chloro-c-bromoketones can
also be reacted with a sulfonylamino-ester in a solvent such as MeCN in the presence of
an appropriate base, for example DIEA, to yield the N-alkylated sulfonylamino-esters.
These intermediates can then be further cycliséd to the corresponding imidazoft,2-
ajpyridines by treating them with TFAA in a suitable solvent such as DCM or 1,2-
dichforoethane at an appropriate temperature for a given time. The capping group T can
be inserted by reacting the chloroalky! substituted imidazo{1,2-a]pyridines with a capping
group T-H in an appropriate solvent such as MeCN. When T-H is used in form of a
hydrochloride, a suitable base such as DIEA is used in addition to liberate the free amine
T-H. Ester function of optionally substituted imidazo{1,2-aJpyridines can be hydrolyzed
under basic conditions using a reagent like lithium hydroxide monchydrate in a suitable
solvent such as a mixture of water, THF and MeOH. The product of the saponification can
be isolated as lithium salt or as the corresponding acid. Alternatively, the ester function
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can also be cleaved under acidic conditions for example using a reagent such as aqueous
hydrochloric acid. The product of the ester cleavage can be introduced into the next step
as acid or lithium sait. Amide formation can be achieved using standard peptide coupling
procedures. The acid can be coupled with an amine HNR'R? in the presence of
EDC/HOBt, EDC/HOAt, HATU, a base such as diisopropylethylamine and a solvent such
as dichloromethane. 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 EDC/HOB is used.

Reaction Scheme 9:
Chloropyridine hydrolysis

= =N /' Cl =N o= o
OIS N RN HCI HO. A N-¢ NH
e At i 8
o CRR")_,

H,O CR“RQ)
x 2 HCGY

R‘l
g R 7 ,N A~ °
HOBt N ~_NH
EDC RZ CRBRQ)
DIEA ((
DMF

Optionally substituted imidazo[1,2-aJpyridines bearing a chloropyridine or bromopyridine
as residue -A-X can be converted to the correspanding pyridones using a reagent such
as agueous hydrochloric acid at a suitable temperature as shown in Reaction Scheme 9.
At the same time the ester function is also hydrolyzed. The acids can be coupled with
amines HNR'R? as described above.
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Reaction Scheme 10:

Synthesis of u-bromoketones

HMeNOMe x HC)
JCJ)\ EDC j\ MeLi
HO” “A-X  NMM AONTA-x THF
DCM | 78°C
o Br, O
/U‘A—x HBr Br\/!LA—x
AcOH

As shown in Reaction Scheme 10 optionally substituted bromoketcones can be obtained in
a three step reaction sequence starting from carboxylic acids. Said carboxylic acids can
be converted to the corresponding Weinreb amides using N,O-dimethythydroxylamine
hydrochloride with a coupling reagent like EDC in the presence of a suitable base like
NMM in an appropriate solvent such as DCM. The Weinreb amides can be converted to
the corresponding methyl ketones using a reagent such as methyllithium in an inert
solvent like THF at a suitable temperature. Bromination can be achieved using a mixture
of bromine and hydrogen bromide in acetic acid.

Reaction Scheme 11:
Synthesis of imidazo[1,2-alpyridines

R W NH.‘,
]__\?Jl\' . I =N

R1 o /N
o] o) -X
A-X MeCN 5

As shown in Reaction Scheme 11 optionally substituted aminopyridine-amides, which can

be obtained as shown in Reaction Scheme 1, can be converted to imidazof1,2-ajpyridine
6-carboxylic acid amides by reaction with a~bromokeiones in a solvent like ‘MeCN. This
reaction can be carried out either in a flask in refluxing solvent or any other appropriate
temperature or in a microwave reaction system. The reaction products can be purified by
standard procedures or may precipitate directly from the solution upon cooling and may
thus be used in subsequent reactions without further purification.
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Reaction Scheme 12:

Mannich reaction

R1 o /N
! A-X
R e
CH,O

o H,0 © T

HOAc

As shown in Reaction Scheme 12, products from Reaction Scheme 11 optionally

substituted imidazo[1,2-a]pyridine acid amides may be used in a Mannich reaction tc give

3-aminomethyl-imidazo[1,2-ajpyridine  6-carboxylic acid amides by reacting the
imidazo[1,2-alpyridine 6-carboxylic acid amides with an appropriate amine and aqueous
formaldehyde soiution in a solvent such as acetic acid. Diamines containing one nitrogen-
protecting group can be further deprotected by treating the compound with an acid such
as for example HCI in dioxane or TFA in DCM. Such compounds can then be purified by
standard purification procedures such as flash chromatography or preparative HPLC.

Reaction Scheme 13:
Michael additions with o,B-unsaturated aldehydes

A~X
r@ p
~X NaHCO
T ax _NahCO, _
AcOH

H,0
O Ac,0 MeOH
1
NaBH(OAc),
o H DCE

As depicted in Reaction Scheme 13, optionally substituted imidazo[1,2-ajpyridine 6-
carboxylic acid amides can be reacted in a Michae! addition reaction with a,B-unsaturated
aldehydes in a solvent such as a mixture of acetic acid and acetic anhydride at elevated
temperature. The reaction may also be carried out in a microwave reactor. The product of
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551 31 2 x HO O 3.8 F 532.77 534 32 2 x HCl 410 Q

3.7 F53.73537 332 x H . OH r Ni ,--) 2.7 A
534.74 535 WD 2008/ 116665PCT/ EP2008/ 002498 40 34
WO 2008/116665 PCT/EP2008/002498
30

 this reaction can be treated with a base such as sodium bicarbonate in a suitable solvent

like a mixture of water and methanol to yieid the corresponding aldehydes which can be
subjected to a reductive amination with an amine T-H in the presence of a reducing agent
such as sodiur';i triacetoxyborohydride in an appropriate solvent like DCE.

Alternatively, optionally substituted imidazo[1,2-a]pyridine 6-carboxylic acid esters can be
used as starting materials. in this case the ester function can be converted tc the amide
after introduction of the side chain —~CH,CHR®CH,T using the methods described in
Reaction Scheme 8. '

Reaction Scheme 14:

Michael additions with o,B-unsaturated ketones

1 - N
R o R ~ >—A-X
V
|31 Z =N A—X HR” RzN N
N7

" AN
R AcOH 0 ge
o Ac,0
5 R
R1 / /N
, _
y A—X
T-H Rz,N 2 N
> o)
NaBH(OAC), R?
DCE R

As shown in Reaction Scheme 14, Michael addition of optionally substituted imidazo(1,2-
ajpyridine 6-carboxylic acid amides can also be performed with o,p-unsaturated ketones
using the reaction conditions described in Reaction Scheme 13. In this case the product of
the Michael addition reaction can be directly subjected to the reduciive amination reaction.
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15

2 x HO OHd2 2.7 A534.74 535 35 2x HCOCH | O=§=g

1101 r O r) 5.77E566.81567363x!—|CI CNI H A
533.76 534 37 2 x HCl i oHr iNk./ /i
WO 2008/116665 PCT/EP2008/002498
31
Reaction Scheme 15:
Side chain alkylation
R1 " N
=1 4 /N _ 1. CDI \ \%A“
ﬁ’Nj(@:\/g‘A X DCM R?'N >N o Meliin Et,0
o8 CRBR —_—
0 o RRY: 2 DEA THF
OH HNMeOMe x HCI

/

N
R # =N : RU = Aex
RZ&](@,\%- A=X T-H RZ.N . ™ N\f 9
o) 0§<(CR"R9)rH NaBH(OAc), 0 CRR)
DCE

The products from Reaction Scheme 3, optionally substituted imidazo[1,2-a]pyridines

bearing a carboxylate function in the side chain can be activated with a reagent such as

CDI in an appropriate solvent like DCM and subsequently being reacted with N,O-dimethyl

hydroxylamine hydrochloride in the presence of a suitable base such as DIEA. Reaction of

the product with a reagent such as methyllithium in a suitable solvent such as THE or

diethy! ether leads fo the corresponding ketones which can be reductively aminated with -
an amine T-H in the presence of a reducing agent such as sodium friacetoxyborohydride

in an appropriate solvent like DCE.

Reaction Scheme 16:
Chloropyridine reactions with amines

Rt #FN=N @ ¢l R # =N “ R
! t
PN AN N HR 4 N AN RN
O eCRaRg)n-1 ¢} CRBRQ}M
T

R AN NHBn R NH,
I | g
N AN RN CFSOH 2N AN KON
2] —————— i
o) CRR’) ,

DCM o CRR’) ,
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2.7 A520.71 521 38 2 x HCl | 2.9 A 516.73 517 39
HCOOH 0--\ S O Wr 0 2 4.89 E 532.73 533 40 2x HCOCOH
L....,,,1;/ 6.24 E 503.73 504 41 2 x HCOCH

WO 2008/116663 PCT/EP2008/002498

32

Optionally substituted imidazo{1,2-a}pyridines bearing a 2-chloropyridine subsfituent can
be reacted with amines as shown in Reaction Scheme 16. The chloropyridines can be
reacted with neat amines HR™ at elevated t’ehperature to yield the corresponding 2-
aminopyridines. The reaction may also be carried out in a microwave reactor. Benzyi
protecting groups can be removed by treating N-benzylated 2-aminopyridines with a
reagent such as triflucromethanesuifonic acid in an inert solvent like DCM at an

appropriate temperature.

Reaction Scheme 17:

Chloropyridine reactions with alcohols

R =N P Ci R =N - Rt
1 | NaH 1 1
No A NZ N 1 aN. A N-Z &N
K _HR* R

CRR®)

- DMF o éCR"R*’),H
T

As shown in Reaction Scheme 17, optionally substituted imidazof1,2-ajpyridines. bearing a
2-chloropyridine substituent can be reacted with an alcoholate to form the corresponding
alkoxypyridines. The aicoholate can be prepared from-the corresponding aicohol HR™

using-a suitable base such as sodium hydride in an appropriatef solvent like DMF.

Reaction of the alcoholate with the chloropyridine can be achieved at elevated

temperatures.

Reaction Scheme 18:

Pyridone alkylation
[31 ~a /N = 0 Br_R-M f{1 /- /N - = . 0
t
N AN IONH Cs,C0;  pNU AN 7 NN
o ((CRSRQ)M acetone o eCRBRQ)m
T T
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...cry 5.42 E 503.73 504 WO
2008/ 116665PCT/ EP2008/ 002498 41 42 2x HCOOH Cl |
6.45 E 524.15 525 43 2x HCOOH O N H * 4.90 E 559.75

woSHsHbod¥ PCT/EP2008/002498

33

Optionally substituted imidazo[1,2-a]pyridines bearing a pyridone moiety can be N-
alkylated as shown in Reaction Scheme 18. The pyridone nitrogen can be alkytated with
an alkylbromide Br-R™ in the presence of a base such as cesium carbonate or potassium
carbonate in a suitable solvent like acetone at an appropriate temperature.

Alcohaol substituents on residue R™ can be protected for example as esters. After the
alkylation reaction the free alcohol can be obtained‘ by hydrolyzing the ester with a reagent
such as lithium hydroxide monchydrate in an appropriate solvent like a mixture of water
and THF.

Analytical LC-MS

The compounds of the present invention according to formula (I) were analyzed by
analytical LC-MS. The conditions are summarized below.

Analytical conditions summary:

LC10Advp-Pump (Shimadzu) with SPD-M10Avp (Shimadzu) UV/Vis diode array detector
and QP2010 MS-detector (Shimadzu) in ESI+ modus with UV-detection at 21 4, 254 and
275 nm, _ '

Column: Waters XTerra MS C18, 3.5 ym, 2.1 * 100 mm,

linear gradient with acetonitrile in water (0.15% HCOOH), exception: methods D and E
{(curve gradient)

Flow rate of 0.4 mi/min;

Mobile Phase A: water (0.15% HCOOH)

Maobile Phase B: acetonitrile (0.15% HCOOQOH)

Methods are:

A:
linear gradient from 5% to 95% acetonitrile in water (0.1% HCOOH)
0.00 min 5% B

5.00 min 95% B
5.10 min 99%B
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HCOOH HO 4.99 E 505.70 506 45 2x HCOOH _ 1 0 iz *
4.68 E 557.78 558 46 2 x HCOOH HO N 5.04 E 479. 67

480 47 5.7 E
WO 2008/116665

6.40 min 99% B
6.50 min 5% B
8.00 min Pump STOP

B:

PCT/EP2008/002498

34

linear gradient from 10% to 90% acetonitrile in water (0.1% HCOOH)

0.00 min 10% B
5.00 min 90% B
5.10 min 99% B
6.40 min 99% B
6.50 min 5% B
8.00 min Pump STOP

C:

linear gradient from 5% to 95% acetonitrite in water (0.1% HCOOH)

0.00 min 5% B
10.00 min  95% B
10.10min  99% B
11.40 min 99% 8B
11.50-min 5% B
13.00 min  Pump STOP

D:

start concentration 1% acetonitrile

9.00 B.Conc 30
10.00 B.Curve 3

12.00 B.Conc 99
15.00 B.Conc a9
15.20 B.Conc 1

18.00 Pump STOP

E:

start concentration 10% acetonitrile
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15

20

479. 67 480 HCl T 48 2x HCOOH 6.2 E 507.72 508

49 HCOCH f =\ , O NST JNO 7.0 E 495.73 496 WO
2008/ 116665PCT/ EP2008/ 002498 42 50 2x HCOOH 0CH
WO 2008/116665 PCT/EP2008/002498
35

10.00 B.Conc 60
11.00 B.Curve - 2
12.00 B.Conc 99
15.00 B.Conc 99
15.20 B.Conc 10
18.00 Pump STOP

F:

start concentration 15% acetonitrile
12.00 B.Conc 99

15.00 B.Conc 99

15.20 B.Conc 15

18.00 STOP 0

The following describes the detailed examples of the invention which can be prepared via
the reaction schemes 1 to 18.

Tabie 1:
\'q ZF NN
_ N“Q\l:/?_ AmX
i S
HPLC MS
No. salt A-X R’ tr | method | MW [ [M+H]
(min) {(calc.) | (found)
free
base

1 HCI O/\ jNHz 4.6 E 492.66 493




"if 5.67 E 532.73 533 51 2x HCOOH N | 4.2 E

506. 73 507 52 - 6.0 E 453.63 454 F=\ ONT
WO 2008/116665 PCT/EP2008/002498
36
2 | HCI O/\ 2.7 A 560.78 561
@,o /|,N
3 HCI O/ )/NHz 4.7 & 464.65 465
4 HCI Cl )/NHQ 54 E 469.07 469
5 HCI o | 3.9 C 49270 | 493
N
O | S
8 HCi o~ 49 E 518.74 519
f /r,D
7 HCOOH | \'/ 54 E 506.73 507
ar Pa |
8 HCOOH ! ( 56 E 520.76 521
o N
J g
9 HCOQOH i 52 . E 518.74 519
QO /rNQ




53 HCOOH F=A ON ' | 5.7 E 485.64 485 54 2x HCOOH | e
I 5.60 E 532. 77 533 55 HCOCH e) 6.0 E

WO 2008/116665 PCT/EP2008/002498
37
10 | HCOOH | 55 E 518.74 | 519
O
< ‘PH
11| HCOOH | r~ 49 E | 50471 505
©/O /l/N
12 | HCOOH | —o | &1 E | 53474 | 535
SENad N '
13 | HCOOH , o~ | 33 | E |53676| 537
Y
I x
14 | HCOOH , F | 554 E | 536.73 | 537
O
oY /r“é
5 | HCOOH [ N | 89 E | 547.78 | 548
:. .0 ),N\)
16 | HCOOH | \/\O' 5.4 E 54877 | 549
/\: ne /j/N \) :
17 | HC N Q 6.5 E | 51373 | 514
é ’




489. 70 490 56 HCOOH 4.6 E 489.70 490 57 HCOOH NI
6.2 E 503.73 504 58 HCOOH 1 5.9 E 477.69 478 WO
2008/ 116665PC T/ EP2008/ 002498 43

WO 2008/116065 PCT/EP2008/002498
38
i8 HCl N | 6.31 E 48769 | 488
19 [ HCOOH i 5.97 E 523.16 | 523
@ /r'D
30 | HCOOH Tl , 573 £ d97.12 | 497
@ Jn
21 HCI | 6.16 E 532.77 | 533
ar ;r'o
29 | HGOOH o] B 5.70 E 537.10 | 537
))N
53 | HCOOH Ci J 5.68 E 52518 | 525
o
<l
24 | HCOOH o <y~ | 547 E 511.16 | 511
25 2% O NH, 554 E 531.74 | 532
HCOOH | /(.\D




59 - O NH 4.9 E 505.70 506 60 2 x HOI O 'Y N; 3.0 A

548.81 549 61 HCOOH 5.6 E 469.69 470 2x sNy
WO 2008/116665 PCT/EP2008/002498
39
26 | 2x N 6.43 499.70 | 500
HCOOH ‘!‘ [N}
27 | 2x N ; 5.69 528.74 | 529
HCOOH i [N:I
B
28 | 2 x HCI , ) 35 149270 | 494
O T
26 | 2xHCI | | 36 506.73 | 507
o |
30 | 2xHCl : F | 3.0 550.76 | 551
<8 9
/r N
31 | 2xHCI , 38 532.77 | 534
5 9
ARy
32 | 2x HCI , ' F | 37 536.73 | 537
| 5 ;
Y j'D
33 | 2xHCI ; OH | 2.7 534.74 | 535
-0
<} /r.é




62 2x HCOOH 0 ? NH 5.2 E 505.70 506 63 -

-z 4.82 E
55.79 560 64 -7 0 4.79 E 545.77 546 65 - N2 ----N
WO 2008/116665 PCT/EP2008/002498
40
34 | Z2xHCl , “on | 27 A | 534.74| 535
oy’ 0
)/ N
3B | 2x 1 577 | E | 56681 567
HCOOH|  o=s=0 jD
36 | 3xHCI 26 A | 533.76 | 534
& e
SN e
37 | 2xHCl | OH | 2.7 A | 52071 | 521
38 | 2xHCl : : 56 | A | 51673 517
o |
39 | HCOOH o, 280 | E | 53273 | 633
o | 2x P D 624 | E | 503.73 | 504
]
HCOOH \Q, )/N_
| 2x p 542 | E | 503.73| 504
HCOOH O/ D
2 N )/




E 504.72 505 66 HCOOH C -""N1 ,....N., 6.2 E
498. 11 498 WD 20081116665PCT/ EP2008/ 002498 44 67 -
Cl N 3.2 A524.15 524 68 2x HCOOH 0 -)7IL H 1... |

W&IZ!ﬂISE 16%654 79. 67 PCT/EP2008/002498

41

42 2x Cl Q 6.45 E 524.15 525
N

HCOOH .
I
S

43 2x 0] 4.90 E 559.75 560
O
/Y D

HCOOH | H /r
44 2x HO - 4.99 E 505.70 | 506
HCOOH l D
2 N )/
45 2x o O 4.68 E 557.78 | 558
HCOOH HN )/N
46 2x HO - , 5.04 E 479.67 | 480
|
HCOOH ~ /(N\
47 HCI =\ ‘ 5.7 E 479.67 | 480
O AN ),D
48 2x 6.2 E 507.72 | 508
HCOOH FN :D

49 | HCOCH

3

O 7.0 E 495.73 496
N




480 69 - 6.1 E 493.69 494 F------ \ O\--=*N
70 HCOOH r---\ 0,1N1 T HO -7ND 2 5.8 E 509.69 510 71
HCOOH r----7\" ON NI *

WO 2008/116665 PCT/EP2008/902498
42
50 2 x O, -0H . 5.67 532.73 533
HCOOH /fD
51 2 X SN | 4.2 506.73 507
HCOOH N
=~ N )/
T l d
52 - =N ; 6.0 453.63 | 454
0\‘{’[\1 /rN\
53 | HCOOH =\ | 5.7 485.64 485
54 2Xx | 5.60 532.77 533
HCOOH @,o /‘/\NO
55 HCOOH P O 6.0 489.70 490
|
<N )/N
56 | HCOOH N O 46 489.70 | 490
“ | /rN
57 | HCOOH 6.2 503.73 - 504
= [ N
SN
58 HCOOH | 5.9 477.69 478
~ ! N'\




X 0",,K\ 5.6 E 495.66 496 72 HCOCH f 6.2 E 497.66

498 N 73 HCOOH r----? Qv-- NOHr) 5.9 E
481. 64 482 74 HCOOH
WO 2008/116665 PCT/EP2008/062498
43
59 - 0 Q 49 E 505.70 506
" NH N
_ pl
60 2 x HCI 3.0 A 548.81 549
& hd
@’ /(NY
61 2x =\ | 586 E 469.69 470
HCOOH S._ N /rN\
62 2x = 0 O 5.2 E 505.70 506
HCOOH . _NH ),N o
63 - I 4.82 E 559.79 560
64 - f 4.79 E 545.77 546
o ENH /(,Q
65 - NH, O 4.486 E 504.72 505
il N N
g J
66 HCOOH Cl [ 6.2 E 498.11 498
“ N N\
2 b -




6.0 E 465. 64 466
2008/ 116665PCT/ E1P2008/ 002498 45 75 HCOOH r---1 O,

,,...NT p 6.5 E 481.68 482 76 HCOOH fr-Th ON NO (-r)

--Th I N

WO

WO@O&/ 116665 PCT/EP2608/062498
44
a7 - Cl o 3.2 A 524.15 524
Z™N - -N
$ J
68 2x 0] | 4.5 E 479.67 480
HCOOH | NH N
o
69 : — 6.1 E | 49369 | 494
O\?N /rb
70 | HCOOH =\ o 5.8 E | 50969 | 510
ON }O
71 | HCOOH F== OH | 56 E 49566 | 496
e 9
z ),N
72 | HCOOH F= F 6.2 E 297.66 | 498
e 9 |
: )/N
73 | HCOOH = OH | 58 | E | 48164 | 482
ON /rNrj
74 | HCOOH == ,3 6.0 E 465.64 | 466
0N /(N




E 509.69 510 77 HCOOH (0011 ,-) 5.4 E 509.69 510
-z l---- ---0 78 HCOOH F 6.0 E 497.66 499
=----- \' ON
WO 2008/116665 PCT/EP2008/0G2498
45
75 | HCOOH ~\ | 6.5 E 481.68 482
O.__N N
¥ oY
76 { HCOOH =\ HO~™, 5.4 E 509.69 510
G. N
¥ /rD
77 | HCOOH =\ OH[ 54 E 509.69 510
e jU
78 | HCOOH =\ F 6.0 E 497.66 499
e 9
e /'/N
79 - On"‘\“/OH O 4.9 E 549.76 550
= "N /rN
2 ! ‘
80 2X =\ OH 57 . E 495.66 496
HCOOH 0\¢N
a /rN
81 - O _ Q 4.6 E 549.76 550
| N/\/OH N
sl I
82 Zx o~ 5.0 E 519.73 520
HCOOH I\D
N
| = )/




79 0,----OH---NHA 4.9 E 549. 76 550 80 2x HCOOH

Mh ON N7 OHri d r) 5.7 E 495.66 496 81 - 0 CH .-
4.6 E 549.76 550
WO 2008/116665 PCT/EP2068/002498
46
83 2x . o 1 51 E 49369 | 494
HCOGOH N
B )/
= !
84 2x P O 5.12 E 490.69 | 491
|
HCOOH NN /rN
85 2x = 6.4 E 493.69 | 494
HCOOH QN b
H /rN
86 | 2x = 6.6 E 493.69 | 494
HCOOH O N O
. )/N
87 - - ; 4.30 E 47868 | 479
HNT Y /[/
88 2x N S | 5.1 E 479.67 | 480
HCOOH | N
_ b
89 2x N o 5.3 E 505.70 | 506
- /(
a0 2x N7 474 E 504.72 | 505
HCOOH < D
NS ;
91 - 0 4.7 E 563.78 | 564
I N"T~"0H I\D
. 5




82 2x HCOOH

5.0 E 519.73 520 WO

2008/ 116665PCT/ EP2008/ 002498 46 83 2x

HCO6H

51 E

493.69 494 84 2x HCOCH n N -,---""N 5.12 E 490. 69
wdH hbs Bregsx HCOOH r----- PCT/EP2008/002498
47
02 - o ~on D 54 [ 563.78 | 564

Z N /r
o ! ¢
93 HCOOH #] 50 563.78 564
OH NQ
N
C/\f bl
04 HCOOH OH 5.7 563.78 564
o)
Y i
Z N )/
S l !
95 . o 5.1 563.78 | 564
N/\‘/O I\D
@ J
96 - 0/\,0\ ,D 5.8 563.78 564
= "N )/
S ! !
97 - ONOY O 6.0 591.79 592
o N
e N /r
Q .
a8 2 x O 38 495.74 497
HCOOH Q )/D
99 - N o 34 591.79 | 592
N
N/\/O
i
C .




10

"N <
E 493.69 494 87 -

6.4 E 493.69 494 86 2x HCOOH f=\ ON.% N 6.6
N----) H 4.30 E 478.68 479 88 2x

HCOOH 1i ,..N....0 . '..5.2 51 E 479.67
WO 2008/116665 PCT/EP2608/002498
48
100 - o) 43 E 519.73 | 520
[ NH NQ
_ g
101 - o OY 3.7 E 60582 | 606
S N
N7 Q
ﬁ; J
102 - ~_.0 . 4.3 E 605.82 | 606
Y Q L
~ "N )/
N t :
103 - o) 32 E 563.78 | 564
N/\/OH Q
@ J
104 - o~CH 37 E 563.78 | 564
N
Y /|/ Q
S ! '. -
Table 2:
i g A-X
v/\,N N
o




480 89 2x HCOOH H -t----

5.3 505.70 506 90 2x HCOOH

NH 4.74 E504.72 505 91 - 0 4.7 E 563.78 564 WO
2008/ 116665PCDEP2008/ 002498 47 92 - 0.---.."."...H
wO 2008/1%665 PCT/EP2008/002498
49
HPLC MS
No. salt A-X R’ ta method | MW | [M+H]
{min} {calc.) | (found)
free
base
106 |- - o OY O 28 E 587.76 588
|
/ L]
106 - O/\/O\n/ O 3.5 E 587.76 588
0 N
= "N
N ! /‘/
107 - O 3.7 E 545.72 546
N/\\/OH D
& J
108 OA\/OH O 4.3 E 545.72 546
= "N )-/N
P .
109 - 0 3.5 E 515.70 516
_ yl
110 - o] 3.0 E 601.79 602
0
L
I
/ L
111 - o] " 3.8 E 559.75 560
} N/\‘/OH Q
@ g




5.4 E 563.78 564 93 HCOOH 0 OH (NO 2 5.0 E 563.78

564 94 HCOCH ..----TOH/ NI 5.7 E 563.78 564 95
- 0l .."-1 5.1 E563.78 564 96 - 0'---"-CL- N
WO 2008/116665 PCT/EP2008/002498
50
112 - O/\,OH 4.4 E 558.75 560
NQ
ZY /r
N .
Table 3:
. \g =N ‘
Y\,Nﬁ\{‘;\_x
© T
HPLC MS
No. sait A-X T tr (Min) | method Mw [M+H]"
{calc.) {found)
_ free base
113 HCI lNI SN 54 D 542.77 543
114 | HCOOH | ~N 8.7 E 547.78 548
3 e
E N
115 HCI H H 2.9 B 514.71 515
I
116 HCI 1 NH, 2.3 B 519.73 521
T O




5.8 E 563.78 564 97 - -1-10"--""Allr --NO 6.0 E

591.79 592 98 2x HOOOH (0 ,----' 3.8 E 496.74 497 99
- 00y. ...."4-.) NO 3.4 E 591.79 592 WD
W(g 90%?/11%%6%6 65PCT/ EP2008/ 002498 48 PCT/EP2008/002498
51
117 | HCOOH Ci KN%Z 5.1 E 524.16 525
i N
118 | HCI F L/i\%z 2.4 B 507.70 508
119 | HCI Ci H 52416
sHE®
120 | HCI @,u (r%z 2.5 B 524.16 524
5 N
121 HCl ! H 24 B 505.71 507
°1 )
|
122 | HCOOH N (r]lez 8.9 D 514.72 515
- : N
123 HCI , H,N 25 B 505.71 507
O
N
124 | HCI (T%z 25 B 572.82 573
125 | HCI = NH, 24 B 495.74 436
S: /} (lj
N




100 - O NH 4.3 E 519.73 520 101-)roo 3.7 E
605. 82 606 102 - 4.3 E 605.82 606 103 - 0 AN
--?2.,..,, OHLi) 3.2 E 563.78 564
WO 2008/116665 ' PCT/EP2008/002498
52
126 HCI Ci O'NNHZ 6.3 h24.16 524
oY
127 HCI Cl ﬂ 6.1 536.17 536
@ e
5 N
128 HCOOH Cl ? Q7 550.19 550
N
129 HCQOH ~0 \N/ 46 577.82 578
t. 0 ©
130 | HCOOH ! \N/ 4.8 577.82 578
RONNG
79 N
131 HCOOH ] ~NT 6.7 586.65 586
elle
: N
132 HCI Cl NH, 27 558.60 559
. N
133 HCI © ‘\/N%z 2.3 489.71 490
5 N
134 | HOI Fo_F NH, 27 557.71 558
f F




104 -

5 AX WO 2008/ 116665PCT/ TP2008/ 002498 49

M5 No.

wAsEkdk1-11t (found) 105 - -.

0.

."OH ---N 3.7 E 563.78 564 Table 2:

HPLC

salt AX R3tR (mn) nethod MV (calc.) free

PCY/EP2008/002498

53
135 HC! =) NH, 2.3 496.72 497
S N
' N
136 HC! o) NH, 2.2 558.77 560
NH
N
137 HCI OY\ NH, 2.2 560.75 561
0
S| O
N
138 HCI (N%,_ 50 514.72 515
é) .
139 HCI ) NH, 2.3 549.76 550
G
N
140 HCI ~o (h%z 2.4 519.74 520
Table 4




0 0--)----
----N 3.5 E 587.76 588 107 -

2.8 E 587.76 588 106 -
0 OH --

0.---.."

"0.1( O
3.7 E 545.72

546 108 0...--..".."0H --c--LN 4.3 E 545.72 546
WO 2008/116665 PCT/EP2008/002498
54
HPLC MS
No. salt R’ R® tg (min) | method MwW [M+H]"
{calc.) (found)
free base
141 2x 3.77 E 469.63 470
HCOOH | /A )

142 | 2xHCI /( )/ 3.6 F 485.67 486

143 | HCOOH j/ j 5.62 E 511.71 512
|

144 | HCOOH /k )\ 5.30 E 485.67 486
145 | 2 x HCI j j 36 F 509.69 510
Table 5

N
R PO p =N
R1,N N
Q
&
HPLC MS
No. salt NR'R*  [ir(min)| method MW [M+HT
(calc.) {found)
) free base
146 | HCOOH 8.35 D 483.66

485




109 - 0 NH.--- 3.5 E 515.70 516 110 - Oy.- O rig

.) 3.0 E601.79 602 111 - 0O OH--- ' 3.8 E 559.75
560 WD 2008/ 116665PCTTEP2008/ 002498 50 112 -
WO 2008/116665 - OH.---;LN PCT/EP2008/062498
55
147 - 2.7 F 469.63 470
N._
Table 6
R?
N
®)
_ HPLC ‘ MS
No. salt RT R* tr (min) | method MW [M+H]T"
: (calc.) {found)
free base
148 2x 6.1 E 501.67 502

HCOOQH

149 - )/ )/\ OH 2.8 E 521.70 522

Table 7




HPLC M5 No. salt
free base [ MtHr

4.4 E 559.75 560 Table 3:
A-X TtR (mn) nmethod MV (calc.)

10

16

20

(found) 113 HC \z-Cz- 5.4 D 542.77
WO 2008/116665 PCT/EP2008/002498
56
HPLC MS
No. salt R R* tz (min) | method MW [M+H]
(cale.) (found)
free base |
150 HCI )/ /L 4.8 E 500.69 501

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

scope of the invention in any manner.

Synthesis of Example 9:
Intermediate 9a):

0

A suspension of CuBr; (1071 mg) in EtOAc (10 ml} was heated to refiux and a solution of
5-(3-methoxy-phenyl}-5-oxo-pentanoic acid methyl ester (913 mg) in CHCI; was added.
The reaction mixture was refluxed over night. An additional amount of CuBr, (300 mg)
was added in one portion and the mixture was allowed to reflux for another 4 h. The
reaction mixture was filtered over Celite to remove copper salts and the solvent was
removed in vacuo to dryness. The residue was purified by flash-chromatography
(EtOAc/cyclohexane) to vield the title compound.

intermediate 9b):
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15

543 114 HCOOH -0 // 8.7 E 547.78 548 115 HCI nz- -
2.9 B 514.71 515 116 HC -0 )---\ 2.3 B 519.73 521
WD 2008/ 116665PCT/ EP2008/ 002498 51 117 HCOOH

WO 2008/116665 PCT/EP2008/002498

57

To a solution of 6-amino-nicotinic acid (3 g) in DMF/DCM (80/20) was added
diisoamylamine (4.1 g), EDC (5 g), HOBt (3.52 g) and DIEA (4.54 ml). The reaction
mixture was stirred at 50°C over night. The soilution was evaporated in vacuo to dryness.
The residue was redissolved in a small amount of DMF then buffer (pH 7) was added. The
resulting precipitate was collected, washed with water and dried to yield the fitle

compound.

Intermediate 9c):

To a soluton of intermediate 9b) (1 g) in pyridine (25 ml) was added p-
toluenesulfonylchloride (756 mg) in one portion. The reaction mixture was heated at 85°C
for 16 h. The solution was evaporated in vacuo {o dryness and H,O was added to the
residue. The resulting slurry was stirred for 30 min, then filtered and washed with toluene.
The remaining solid was collected and dried to yield the titie compound as a yellow solid.

Intermediate 9d):
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NH,....i: r< 5.1 E 524.16 525 118 HCI NH2 2.4 B
507.70 508 119 HOQ H 524.16 120 HO NH2 2.5 B
524.16 524 121 HCl 1-0 H 2.4

WO 2008/116665 PCT/EP2008/002498
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To a warm solution of intermediate 9¢) (1781 mg) and DIEA (1.198 ml) in MeCN (50 ml)
was added intermediate 9a) (1084 mg). The reaction mixture was heated at 100°C for 4 h.
The solution was evaporated in vacuo to dryness and the residue was purified by flash-
chromatography (EtOAc/cycichexane} io yield the titie compound.

_ Intermediate %e):

Intermediate 9d) (1.372 g) was dissolved in DCM (50 ml) and the reaction was purged
with argon. To this solution TFAA (2 ml) was added and the reaction was allowed
to stir for 16 h. The solution was evaporated in vacuo to dryness and the residue was
purified by flash-chromatography (DCM/MeOH) to yield the titte compound as a colorless

foam.

Intermediate 9f):

HO

Intermediate 9e) (568 mg) was dissolved in THF (40 ml) and methanol (4 ml} was added.
The solution was heated to reflux and subsequently socdium borohydride (87 mg) was
added. Further sodium borohydride was added in several portions and refluxing
continued. The reaction was stopped with acetone and the solvent removed in vacuo. The
residue was purified by flash chromatography (DCM/MeOH 98:2) to vieid the title

compound.
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B 505.71 507 122 HCOOH 8.9 D 514.72 515 123 HC -0

H2N 2.5 13 505. 71 507 124 HCl o_riz NH2 2.5 B
572.82 573
WO 2008/116665 PCT/EP2008/002498
59

intermediate 9g):

A solution of intermediate 9f) in dry DCM (10 ml} was purged with argon and cooled fo
0°C. TEA (170 pl) and mesyichloride (95 pl) were added to this solution and the reaction
mixture was allowed to warm up. Stirring was continued for 3 h. The reaction mixture was
washed with H,O and saturated NaHCO; solution. The organic layer was dried over
NapSO. and evaporated in vacuo to dryness to yield the titte compound, which was used
in the next step without further purification.

Exampie 9:

O

To a solution of pyrrolidine (168 mg) in dry MeCN (5 mi) was added a solution of
intermediate 9g) (86 mg) in dry MeCN. The reaction was heated to 75°C for 14 h. The
solution was evaporated in vacuo to dryness and the residue was purified by preparative

x HCOOH

HPLC to yield the title compound as a coloriess solid.



125 HO NH2 2.4 B 495.74 496 WO
2008/ 116665PCT/ EP2008/ 002498 52 126 HG@ CI 0 NH2 6.3
E 524.16 524 127 HC 6.1 A 536.17

WO 2008/116665 PCT/EP2008/002498
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Synthesis of Example 17:
Intermediate 17a):

The synthesis was performed as described for intermediate 9e).

Intermediate 17b):

To a solution of intermediate 17a) (370 mg) in THF (15 ml) was added a 2M solution of
10 lithium hydroxide in water (0.74 mi) at 0°C. Subsequently the ice bath was removed and

the reaction allowed to stir at ambient temperature for 2 days. The mixture was diluted

with ethyl acetate and brine and the pH adjusted io pH 6 with a solution of 3% citric acid.

After separation of the layers, the organic layer was washed with brine and dried over

sodium sulfate. The solvent was removed under reduced pressure to yieid the title

15 compound that was used in the next step without further purification.

intermediate 17¢):
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536 ----] 128 HCOOH * 9.7 D 550.19 550 129

HCOOH 0- /0 4.6 E 577.82 578 130 HCOOH O . - 4.8 E
577.82
WO 2008/116665 PCT/EP2008/002498
61

Intermediate 17b) (315 mg) was dissolved in THF (20 mi) and carbonyldiimidazole (162
mg) was added. The mixture was stirred at ambient temperature for 1 h before cooled to
0°C. Sodium borohydride (38 mg) in water was added and stirring continued for another
10 min. The reaction was quenched with acetone and the solvent removed in vacuo. The
residue was taken up in ethyl acetate and water. After separation of the layers, the
organic layer was washed with a solution of 5% citric acid, saturated sodium bicarbonate
solution and brine. After drying over sodium sulfate the solvent was removed in vacuo and
the residue purified by flash chromatography (DCM/MeOH) to vield the title compound.

\<' /. e -
YVN\WQ/ =N
O -
MsO

intermediate 17c¢) (100 mg) was dissolved in dichloromethane (10 ml) and at 0°C
mesylchloride (0.026 ml} and triethylamine (0.046 ml') were added. The ice bath was
removed and the mixture stirred at ambient temperature before additional mesylchloride
(0.007 ml) and triethylamine (0.012 ml) were added and stirring continued for another
hour. The mixture was diluted with dichloromethane and washed with water/saturated
sodium bicarbonate and water. The aorganic layer was dried over sodium suffate and the

intermediate 17d):

solvent removed in vacuo to yield the titte compound that was used in the next step

without further purification.

QN x HCI

Example 17:
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578 131 HCOOH '"Ist-. a W 6.7 E 586.65 586 132 HCl
NH2 2.7 B 558.60 559 133 HCl NH2 2.3 B 489.71 490
134 HCl u. u-u. NH2 2.7 B 557.71 558

WO 2008/116665 PCT/EP2008/002498
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To a solution of pyrrolidine (78 mg} in dry MeCN (1.5 ml) was added a solution of
intermediate 17d) (55 mg) in dry acetonitrile. The reaction was heated to 50°C overnight.
The mixture was evaporated in vacuo to dryness and the residue was purified by flash
chromatography (DCM/MeOH) to yield the title compound. The free base was transfarmed

into the corresponding HCI salt.

Synthesis of Example 24:
Intermediate 21a):

To a solution of intermediate 9e) (300 mg) in THF (12 ml} was added a 2M solution of
lithium hydroxide in water (0.61 ml) at 0°C. Subsequently the ice bath was removed and
the reaction allowed to stir at ambient temperature overnight. The mixture was diluted with
ethyl acetate and brine and the pH adjusted to pH 6 with a solution of 3% citric acid. After
separation of the layers, the organic layer was washed with brine and dried over sodium
sulfate. The solvent was removed under reduced pressure to vield the title compound that
was used in the next step without further purification.

intermediate 21b):
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WD 2008/ 116665PCT/ EP2008/ 002498 53 135 Ha 2.3 B

496. 72 497 136 HCl O NH A2 2.2 B 558. 77 560
137 HCl 0,-. 1- HNO O 2.2
WO 2008/116665 PCT/EP2008/002498
63

Intermediate 21a) (275 mg) was dissolved in dichloromethane and carbonyldiimdazole
(102 mg) was added. The mixture was stirred at ambient temperature for 30 min before
N,O-dimethylhydroxylamine hydrochloride (62 mg) and diisopropylethlyamine (0.110 ml)
were added subsequently. Stirring was continued overnight. The mixture was diluted with
dichloromethane and the organic phase washed with a solution of 5% citric acid, sodium
bicarbonate solution and brine before drying over sodium sulfate and removing the solvent
in vacuo. Purification by flash chromatography (DCM/MeOH) yielded the title compound.

To a solution of intermediate 21b) (100 mg) in dry tetrahydrofurane was added a solution
of methyllithium (1.5 M in diethylether, 0.12 ml) at -78°C. The mixture was stirred for 30
min befare hydrolyzing with saturated ammonium chloride solution. After dilution with

intermediate 21c}):

diethylether, the fayers were separated and the aqueous layer extracted twice with
diethylether. Combined organic layers were washed with brine, dried over sodium sulfate
and the solvent removed in vacuo. Purification by flash chromatography led to the title

compound.

Example 21:

x HCI
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B 560.75 561 138 HCl /Th NH A2 5.0 E 514.72 515
139 HO  -0)==\ NH2 a N 2.3 B 549.76 550 140 HCI 2A
B 519.74 520 Table 4

WO 2008/116665 PCT/EP2008/002498
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Intermediate 21c) (65 mg) and pyrrolidine {0.013 ml) were dissolved in dichioroethane (2
mi) and subsequently glacial acetic acid (0.008 mi) and sodium triacetoxybarohydride (42
mg) were added. The mixture was stirred at ambient femperature for 3 days. The solvent
was removed under reduced pressure and the residue purified by flash chromatography
(DCM/MeOH) to yield the title compound. The free base was transformed into the HCI

salt.

Synthesis of Example 25;

Example 25: } _
\Q =N O
Y\/NYQ / NH_2
0
ON x 2 HCOOH

To a solution of Example 17 (407 mg) in tert. butyl alcohol (8 ml) fine powder of potassium
hydroxide (240 mg) was added and the mixiure heated to 70°C for 4 hours. Then the
mixture was partitioned between brine and ethyl acetate. Thé aqueous phase was
extracted three times with ethyl acetate. The combined organic layers were dried over
sodium sulfate. The solvent was removed under reduced pressure to yield the title
compound which was purified by preparative HPLC.

Synthesis of Exampie 27:
Intermediate 27a):



WD 20081116665PCT/ EP2008/ 002498 54 HPLC M5 No.
salt 1:21 RI tR (mn) method MW (calc.) free base
[ MPFHr (found) 141 2 x HCOOH 3.77 E 469.63 470

WO 2068/116665 PCT/EP2008/002498

65
Copper bromide (547 mg) was suspended in ethyl acetate (13 mi) and heated to reflux.
Then 4'-cyano-3-1, 3-dioxan-2-yl} propionphenone (500 mg) in chloroform (13 ml) was
added. The reaction mixture was refiuxed for 2 h. Another 340 mg of copper bromide were
added in two portions followed by 2 hours of refluxing. The mixture was stirred overnight

5 at room temperature and subsequently filtered through Celite. The solvents were
evaporated under reduced pressure and the product purified by chromatography.

Intermediate 27b):

CN
0

A mixture of tosylate intermediate 9c¢) (700 mg) and diisopropylethylamine (0.52 ml) in

10
acetonitrile (20 ml) was heated to 50°C. Intermediate 27a) (480 mg) in acetonitrile was
then added and the reaction mixture stirred at 50°C for 30 min and at room temperature

overnight. The solvent was removed under reduced pressure. The mixture was purified by
16 flash chromatography to yield the titie compound.

S e
S

20 Intermediate 27b) (620 mg) was dissolved in dry dichicromethane (16 ml). The mixture

Intermediate 27¢c):

was cooled to 0°C with an ice bath. Then trifluoroacetic anhydride (1.62 ml) was added.
The mixture was stimed at 0°C for 30 minutes and then at room temperature for 2 hours.
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142 2 x HC 3.6 F 485. 67 486 143 HCOOH 5.62 E
511.71 512 144 HCOOH i 5.30 E 485.67 486 145 2 x HG
3.6 F 509.69 510

WO 2008/116665 PCT/EP2008/002498
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The solvent was removed under reduced pressure. The product intermediate 27¢) was .
used without purification for the next step.

C o m
S

Intermediate 27¢) {460 mg) was dissolved in'tetrahydrofurane (16 ml) and the solution
cooled to 0°C. 6M HCI (0.46 ml) was added and the reaction mixture then stirred at 60°C
overnight. Another 3 equivalents of HCI 6N were added and the mixture continued to stir

intermediate 27d):

at 60°C. The mixture was neutralized with sodium carbonate and the product was
extracted with ethyl acetate. The organic phase was dried over sodium sulfate. The
solvent was removed under reduced pressure and the mixture purified by flash

chromatography te yield the title compound.

Example 27:

Intermediate 27d) (19 mg) was dissolved in dichloroethane (0.3 ml), 1-methylpiperazine (5
pl) was added and the reaction mixture stired for 30 min. After addiion of sodium
triacetoxyborohydride (12 mg) the mixture was stired at room temperature overnight.
Water was added and the aqueous phase was extracted twice with dichloromethane. The
combined organic layers were dried over sodium sulfate and the solvent was removed
under reduced pressure. The title compound was purified by preparative HPLC.
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Table 5 HPLC M5 No. salt NRIR2 tR (mn) nmethod MW
(calc.) free base [ MH (found) 146 HCOOH 8.35 D
483. 66 485 WD 2008/ 116665PCT/ EP2008/ 002498 55 147

WO 2008/116665 PCT/EP2008/002498
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Synthesis of Example 47:
Intermediate 47a):

O
c,/\/\/lk(,N
Br OJ

Under argon, to a stirring suspension of copper(}) bromide (9.523 g) in ethyl acetate (100
ml) was added 2-(5-chiorovaleryl)oxazole (4.000-g) in chloroform (100 mt). The resulting
mixture was stirred at reflux temperature overnight. . The reaction mixture was filtered
through Celite and the filtrate was evaporated to dryness. The crude product was purified
by column chromatography.

Intermediate 47b):

OSO
=
2 N

At 50°C to a stirring solution of intermediate 47a) (2665 mg) in acetonitrile (75 ml) was
added DIEA (3658 ul). The cobtained solution was stirred for 15 minutes then intermediate
9c) (4532 myg) in acetonitrile (75 mi) was added. The obtained solution was stirred at 50°C
for 3 h. Volatiles were removed and the product was purified by column chromatography.

Intermediate 47c);

Si¥s-S

0

Cl
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2.7 F 469.63 470 Table 6 HPLC M5 No. salt R
R2 tR (mn) nethod MV (calc.) free base [M+H (found)
148 2x 1-1COOH 6.1 E 501.67

WO 2008/116665 PCT/EP2008/002498

68

At 0°C, to a stirring solution of intermediate 47b) (4.65 g) in dry DCM (45 ml) was added
TFAA (5 ml). The reaction mixture was then allowed to warm to RT and stirred for 3 h.
The reaction mixture was neutralized with NaHCOQ; sat. and then phases were separated.
The organic tayer was extracted twice with NaHCO; sat. The combined aqueous layer
was extracted back with DCM. The combined organic fayer was washed with brine, dried
over NaCO,, fittered and volatiles were removed. The crude product was purified by

column chromatography.

Example 47:

x HCI

BN
O

Intermediate 47¢) (1068 mg) was dissolved in acetonitriie (100 ml). Pyrrolidine (2003 pl)
was added and the reaction mixture was stirred at 70°C for 8 h. Volatiles were removed
and the crude product was purified with preparative LC-MS. The purified compound was
taken up with ethy! acetate and washed with saturated aqueous sodium bicarbonate
solution. The aqueous phase was extracted three times with ethyl acetate. The combined
organic layer was washed with brine, dried over sodium sulfate and the solvent was
removed. The obtained oil was dissolved in ethyl acetate (10 ml) and 1 M HCI in diethyl
ether (2 ml) was added. Volatiles were removed and the product was obtained in form of

an off-white powder.



502 149 - X-'OH, 2.8 E 521.70 522 Table 7

WO 2008/ 116665PCT/ EP2008/ 002498 56 HPLC M5 No.
salt 121 R2 tR (mn)
WO 2008/116665 PCT/EP2008/002498
69
Synthesis of Example 50:
Example 50:

\i' 2 =N O

Y\/Nwﬁ/ OH
O

ON x 2 HCOGH

[

5 Example 25 (422 mg) was dissolved in concentrated hydrochloric acid and refluxed for 2
hours. The solvent was removed under reduced pressure to yield the titlte compound

which was purified by preparative HPLC.

10  Synthesis of Example 54:
intermediate 54a):

A mixture of 2-(3-methoxy-phenyl}-imidazo[1 ,2-alpyridine-6-carboxylic acid methyl ester

15 (1000 mg), methacrolein {990 mg), acetic anhydride (5.5 ml) and glacial acetic acid (14.5
ml} was heated in the microwave at 180 °C for 75 minutes. Then the volatiles were
removed under reduced pressure. Methanol and 1N agueous sodium bicarbonate solution
were added and the mixture stirred for 2 h. The solvents were removed, and the residue
dissolved in ethyl acetate and water. The organic layer was separated and dried over

20  sodium sulfate. The solvent,wés removed under reduced pressure to vield the fitle
compound which was taken to the next step without further purification.



10

15

20

met hod MWV (calc.) free base [ MrHr (found) 150 HC

\---- < ek, . 4.8 E 500.69 501 The follow ng

exanpl es are provided to illustrate the invention and

wEb@RsMkesl | Mting the scope of the inventi onpiPeddysoo2498

manner. 5 Synthesis of Exanple 9: Internediate 9a):

10 A suspension of CuBr2 (19&1 nmg) in EtOAc (10 m)

was heated to reflux and a sol ution of

5- ( 3- net hoxy- phenyl ) - 5- oxo- pent anoi ¢ aci d net hyl
mte,ﬁgﬁgte(ﬁ],} ng) in CHCl 3 was added. The reaction

m xture was refluxed over night. An additional anpunt

of CuBr2 (300 ng) was added in one Bortion and the

m xture was allowed to %€ other 4 h. The 15

reaction m xture wapf il enN lite to renove

copper salts and the #ol vent \was renoved in vacuo to

dryness. The residue fas {fied by

fl ash- chromat ogr aphy ( Et OAcKycl ohexane) to yield the

title conpound. Internediane 9b): -2 NHyNNN O 20 WO

2008/ 116665PCT/ EP2008/ 002498 57 To a sol ution of

6-am no-nicotinic acid (3 g) in DVF DCM (80/20) was

added diisoanylanmne (4.1 g), EDC (5 g), HOBt (3 52

mer bAoAt 6w Mg RSPy Y5 pyroline (0.1
ml) mgaweatm B mm@ stifed rfafr@tﬁﬁam Eh@nﬂa‘tﬂ'-ﬁit%ig ?&fﬂﬁ:re ThHen sodium
il P oS Sy B S P e a6 v . Wter
was egué@%adtnemqmsmpnése/\maereﬁmm& inige (Wit ididfbrbi@thane. The

t tdl e conrioun I nt er nedi at e 90:
combined organic layers were dried over sodium sulfate and the solvent removed under

reduced pressure. The product was purified by flash chromatograpghy.

Intermediate 54c¢):

Intermediate 54b) (78 mg) was dissolved in tetrahydrofurane (3.5 ml) and cooled to 0°C.
Then lithium hydroxide (0.19 mi, 2N in water) was added and the mixture was left to reach
room temperature and stirred for 2 days. Ethyl acetate and brine were added. The white
precipitate was dissolved by adding drops of citric acid (5%). The organic layer was
separated and dried over sodium sulfate. The solvent was removed under reduced
pressure to yield intermediate 54c).
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10 To a solution of internediate 9b) (1 g) in
pyridine (25 m) was added ptol uenesul fonyl chl ori de
(756 ng) in one portion. The reaction m xture was
gt 85C for 16 h. The solution was evapEg
“Kﬁﬁa%gg%o to dryness and H20 was added to the res|§ﬂmmws
The resulting slurry was st*Lred for 30 mn, then
filtered and washed with t ene. 15 The renaining
solid was collected and dried to yield the title
und as a yellow solid. Internediate 9d): WO
Eaam§8g§?116665PCT/EP2008/002498 58 To a warm sol uti on of
internmediate 9¢) (4781 ng) and DIEA (1.198 m) in
MeCN (50 m) was added |nterned|ate Qa) (1084 ng)
The reaction m xture 1N\
sol uti on was evapor atpgd HQ
residue was purified b flash chr omat ogr. aphy
( Et OAckycl ohexan o WelddtHe title compound. 5
Internediate 9e): |0 - t eveadi@Di¢ 9d) (1.372
g) was dissolved in DCM ( ) and the reaction was
purged 10 with argon. To fhis solution TFAA (2 m)
was added and the reaction was allowed to stir for 16
h. The solution was evaporated in vacuo to dryness
and the residue was _purified by flash-chromato
Intermiestaie MAEH)38: D9y War dlisselved it PMFC Shisbuhhem £-6/-a% ﬂz@ggzol ~1-yl)-
NN Wtralwﬁatl‘nﬂ&t@hmﬁi 'h%k@ﬂtﬁiﬂphosb@tb qmmedmaﬁ@) %%oﬁ%?@thylamlne

ng) was dissolved in F (40 nd et han
(20 %enﬁd’ag&mvﬁﬂ@'%l@ﬂ uJBnWﬁ@s aﬁ@%@ é’(ﬂ‘dt ther eixtyre éfliftﬁd overmght at

ambisi RSRBIS RN, )S&%Htél We*?é’ b@ é&egeTf@ Brd&};t was tl?é?l @esbd in ethyl

Furt her sodi um bor ohyd e was ad I n several
acetafg, thP&rgansﬁw!awrewa%Wﬁ@ectw bﬁre&»dhenrweh satyrted sodine bicarbonate

and WithOBfiRIa T%\&uta NTRE r@4itfic #yer ViR cﬁfHdV@\FHr %@W%ﬁlfét@ filtered and the

vacuo. e reS|due was purified by f

solvept vaReliatRsh IBR ProdusteeeLter by pte@asatwﬁ éﬂFtucetq yiglg Example 54.
conpound. WD 2008/ 116665PCT/ EP2008/ 002498 59
Internmediate 99): MO0 A solution of internediate 9f)
in dry DCM (10 m) was purged with argon and cool ed

syntﬁég,léop@xa,ﬁ 4gt70 pl) and nesylchloride (95 pl) were
added to this solution and the reaction m xture was

’"te"HFV’G\WeﬁB%)o warm up. Stirring was continued for 3 h.
The reaction m xture was washed wi th H20 and
sat urated NaHCO3 sol ution. Trgani c Iayer was
dried over Na2SO4 and “eydap@raipgd in vacuo to dryness
to yield the title conpoung, which was used in the
next step wi thout further purification. 10 Exanple 9:
To a solution of pyrrolidine (168 ng) in dry MeCN (5

e o LDt 5 34 0 e AP e 94t oo mo)

DCM %25 hmi).THhesEastion mixage ewapcstla'eadaﬂ D°®a‘ouc3(1 miaramesisen N,O-
e B A Y RSl b 22
The reR08h Wihe GHSWET AdERBHD30 IR 4068 stirred over night. The reaction mixture was
diluted with DCM (25 ml), and then extracted with NaHCO; sat. (2 x 25 ml) The agqueous
layer was extracted back with DCM (25 ml). The combined organic layer was washed with

brine, dried over Na»S0,, filtered and solvents were removed. The crude product was
purified by column chromatography.
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60 Synthesis of Exanple 17: Internediate 17a): The
synthesis was perforned as described for internediate
9e). 5 Internediate 17b): To a solution of

wo noereadi ate 17a) (370 ng) in THF (15 nl) vwesreEebdeshozos
2M sol ution of 10 |ithium hydroxide in water (0.74
m) at OC. Subsequently theybce bath was renoved and
the reaction allowed to stir at anbient tenperature
for 2 days. The mi xture was diluted with ethyl

interanediate58prd brine and the pH adjusted to pH 6 with a
solution of 3%citric acid. After separation of the

| ayers, the organic |ayer Sxydshed with brine and
dried over sodium sul fate. IThel sol vent was renoved
under reduced pressure tolfyi®d the title 15 conpound
that was used in the nextOstep without further
purification. Intermediate 17c): WO 2008/ 116665PC

T/ EP2008/ 002498 61 Internediate 17b) (315 ng) was
At -781G smberargon anbsgitde, rl.‘o)a ﬁmﬁhg:mlbmwéfdnﬂemwédﬁ@ &8 16270 mg) in

oy T 1 S ] oL B34 B 2 ST, o rcion

mixtupe makstired @t (B Cnfg) 90 minaties amameﬂd'ry’ﬂﬁblmd with NHLOGsat. (10 mi).

e GEBIGRLTTE B335 i Bl LR WA Sy aver wes

extraulad tack With Gietrss iethee (206 10 AR MThedcombiakd )drga&ﬁ@la’p}fbﬁ was washed

with e o8 ot NGO HEREG R lvend s LAY "effipead: The prodct

was @rifidd byﬁugemmﬁnstmﬁum(m raBah eBeH®. sol ution and
brine. After drying over sodiumsulfate the sol vent

was renoved in vacuo and the residue purified by
Interinledidte §8¢)omat ogr aphy (DCM MeOH) to yield the title

conpound. 10 Internediate 17cl): Ms O Internedi ate

17¢) (100 ng) was di SSO|WCN or onet hane (10

m ) and at OC nesyl chl ori-de X 0026 nl) and

triethyl anine (0.046 nPy wkreMNadded. The ice bath was

15 renoved and the mixture®stirred at anbi ent

terrper ature before additional mesylchloride (0.007

m) and triethylanm ne (0.012 m) were added and

At RIg1to 3 plirgng selutipned mt@fma%%%&b)ﬂém mghie AdGH 1@ mihwas added
33% ABF il REOW (il & HePABLRGNE (S Whirlufes geiditional bromine

wat er / sat ur at ed sodi um bi cargonage and wat er.

(50 ugvpshaddadagng theneagtion givves stmﬁ fmmgﬁumi’rutas dhe reagtion mixture
was o%ﬁl:é!lﬁfﬂted NGRS Ark HRRYHUrEY ¥ § gi@ﬂta’&yeﬁu ﬁg;ﬁ&dsolution. It

that was used I n the next step

was extracted with bree timgrwith atyl acewg,e The combined organic layer was dried
1 E 0 uth.on

e ey e e e e TR e 8 ofte product was
pur'ﬁ%’gwmhenn §hrqmﬁt@9rﬁpaVate 17d) (55 mg) in dry

acetonitrile. The reaction was heated to 50C

overnight. The m xture was evaporated in vacuo to
Intermediate;88dlhd t he residue was purified by flash

chr omat ogr aphy ( H to yield the title

conmpound. The free bdse vvas transforned 5 into the

correspondi ng HC sal enli S Exanpl e 21:
I ntermedi ate 21a) N
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To a solution of internediate 9e) (300 ng) in THF (12
m) was added a 2M solution of |ithium hydroxide in
water (0.61 m) at OC. Subsequently the ice bath was

wH 8RN Rdsand the reaction allowed to stir at %%?({6%/002498

tenperature overnight. The m xture was dilute

15 ethyl acetate and brine and the pH adjusted to pH
6 with a solution of 3%citrfec acid. After separation
of the layers, the organic |ayer was washed with

[ he ver.sodi um s . _The solyvent was
interfeae, 366), 720 TPaf L i amadiie bl 1547 il ek oipied T meon (10
ml) amintennbedtod tioweB0°Csferl 30N ndih exsihgXinicbwaveNirkdtiation. Volatiles were
gemewthﬁr%%urlflca ion. 20 .ln ernqdlagﬁ 2114: WO

Y601 s EsRe premis ar yTiRtb s limpchmmpRtag@rbya)
(275 ng) was dissolved in dichloronethane and
car honyl di i ndazol e (102 ng) was added. The m xture
mmﬂ%%%#HMalaMﬂwttamaauuefm 30 nin before
N, O- di met hyl hydr oxylamni-ne hydrochl ori de (62 ng) and
di i sopropyl ethl yam ne| (0. 110 m) were added
subsequent|ly. Stirring\was Nnu verni ght. The
m xture was diluged. w gh 9. di ne and the
or gani ¢ phase washed W t}f a~sol 50mcitric
aci d, sodi um bi carbonat e0Osol uti gn and bri ne before
dryi ng over sodium sul fate and Aenovi ng t he sol vent
in vacuo. Purification by flashychromatography

(OCM MeOH) yielded the title conpound. Internediate
21r4: 10 To a solution of internmediate 21b) (100

sl 3 M b AL AOS St S i il st

acid &ag@.flommwaﬁm mﬂ-@dﬁ?é ff Al Al thaqnﬁme Q?EQ{e%ted at 180°C in a
. o N . sSgtura a niumcnl orl| de .
micrQfVETPEAOr Ry 0B (HIFI BACURPTREE® HRSRRYHR ich mbdye of saturated
aquebay emﬁumo;ﬁrpem?eledoaﬁioarwoo hng)_ mué@au&téw&:ﬁecﬁﬁstdo@ﬁin?@arbonate
fw t I et et r. I ne r nic |ayers were
solutpfl (RE il forRagiY 2 RESIc A aip BwE/eUagied W pthyactia (3 1 80 mh. The
argarso llayentwase mﬁhddi\gitw wuﬁ,. diffed :ohi RasSoy) ﬂgﬁrégoéﬁg the solvent was
cnr o r ed.to the title conpo . anpl e ’
remofd. AHESGRN ot SR irrominse fm USIE 1840 RS cRaRdp dhe cruce
proct dj) r?ﬁﬁzmg)(sghdirl])lpmom'r?dﬁm ngﬁ%ﬂelﬁfamds)tirmfﬁt RT 0\|rer night. The
iSRS BB R RENFS e ptiered Bk sorate
aquedus BaHCOx\sSolutiohyshd DEM. Aherghuenas m@M-eﬁ&wMﬁth DCM.
ays.

Stirred.at anbient t erature for 3 _ he
The é\%ﬁpfgﬁq %‘1’“?2 re‘ﬁa%r’f‘@ésg‘yé’\{]@csﬂ"%r LP¥EraN@S Qe filtered, and
solveniesasiteengvedi f i ed by fl ash chromat ography 5 (DCM MeOH)
to yield the title conmpound. The free base was
transfornmed into the HCl salt. Synt hesi s of
Exanipiei5gt e 25: 10 Exanple 25: To a solution of Exanple
17 (407 ng) in tert. butyl alcohol (8 m) fine powder

of potassiun1hydrox?2§;(240 ng) was added and the
0

m xture heated to 7 for . en the 15
m xture was partitioned b i
acetate. The aq
with ethyl acetate. The organic |layers were
dri ed over sodium sulfate. The ol vent was renoved
under reduced pressure to yield)t eHEPPHe conpound
which was purified by preparatMye HPLC. 20 Synthesis
of Exanple 27: Internediate 27a): NC
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WD 20081116665PCT/ EP2008/ 002498 65 Copper brom de

(547 ng) was suspended in ethyl acetate (13 nml) and
heated to reflux. Then 4'-cyano-3-(1, 3-dioxan-2-yl)

j henone (500 ng) in chloroform (13
Wdz}{g%c}?&%he reaction m xture was refluxed f('?}d’féﬂ%ﬁosmozm

Anot her 340 ng of copper brom de were added in two
portions followed by 2 hour® of refl uxi ng. The

m xture was stirred overnight 5 at roomtenperature

oS B S T 5l s e 12

dichlor&sthaieo@ual). After 1 h edrring at IRTo sedionrteaadatoxybotahyrads (&2 mg) was

o 27b): . 10 A m.xture of .t | at e, i nt er nedi,ate_ 9c) ... .
added 7ti5 MG AR FILEH Ab AT JPRRPALIE GVRBTH e, Mdction mixture
was %@ﬁ?@?g@gﬂ e IQ_ZIQCUis)(E?V)aEtdﬂ?.lallﬁjadi@toﬁg(&ye\' gtagir dﬂi&tﬁcﬁ?eback with

a ng). in acetonitrile was en, adde n e

DCE (4. Ehe RPRPINEE SORNEdaYsl WD BARBES 0PI gy SVEF NauSOL,
filterelOARY LKZPEIUA N6 MYREY BNvaculive FiRd cAfe pREJIUCE @Y Eeprified with

under: reduced pressure. The m xture was purified by
prepar@ive|lLé&sMSe hr omat ography to yield the title conpound.

I nternedi ate 27c): 20 internedi ate 27b) (620 ng)

was di ssolved in dry dichl oronethane (16 m). The

m xture was cooled to OC with an ice bath. Then
synthddif bEBkARGRI 5¢: anhydride (1.62 m) was added. The

m xture was stirred at OC for 30 m nutes and then at
Intermediate 8%éer ature for 2 hours. WO

2008/ 116665PCT/ EP2008/ 00498 66 The sol vent was

renoved under redugce r8ssuLe. '&ELQ rq#juct

i nternedi ate 278) wis used[’wi § hol 'ﬁ?’i ‘i cation for

the next step. Internedrat & # 5 CN Internediate

27c¢) 4460 ng) was dissolved in tetrahydrofurane (16

m ) and the solution cooled to OC. 6M HCI (0.46 m)

was added and the r t] ] : | Il
Unciof 3o & P g SRR of aEb i Gridienexs SYif Sudh aoetate 200
mi) wad deided Beshidre-3x Scthiomvalent-muidihet (4 096i g) intchBogorT(@00 mi). The

oo B8 4G485 5 b, RO RO gk cote

and cohga@niatedpinageuwns dri ed over sodium sul fate. The

e AR B REEERAST  ET 530 B pganae

in vaduun . erhecepidue dvasbpetaper irogthy! arstate ()0rmbliand avashey with gaturated

cou P Ry Y AT TR SEIRRE 8 o sk i e i

ethyl aicatiate; @hetargaréd tdyers 88rencambirkid with thedirsti isplated hateh, wmshed with

e R kB S 6P ) i n

the sbtlhentarpsaenmovpd andervasueed prssed. t Wi ce with
di chl oronet hane. The 20 conbi ned organic | ayers were
dri ed over sodium sulfate and the sol vent was renoved
under reduced pressure. The title conpound was
purified by preparative HPLC. WO
2008/ 116665PCT/ EP2008/ 002498
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67 Synthesis of Exanple 47: Internmedi ate 47a): Under
argon, to a stirring suspension of copper(ll) brom de
(9.523 g) in ethyl acetate (100 5 m) was added
wozzfégug&lfor oval eryl ) oxazol e (4.000-g) in Chdﬁﬁﬁﬁbéﬁ‘oozws
The resulting m xture was stirre
tenperature overnight. 3-he_reaction m xture was
filtered through Celite and>the filtrate was
evaporat ed to dryness. The crude product was purified
chromat ography. 10 Internedi ate 47b): At
Interrgéc@a?eo@st ifling solution of intermediate 47a) (2665
in acetonitrile (75 m) wasjadded DI EA (3658 up.
The obt ai ned solution was stirrgd for 15 mnutes then
i ntermedi ate 9c) (4532 ) in onitrile (75 m)
was added. The obtai ned sol utireg?was stirred at 50C
15 for 3 h. Volatiles were regoyed and the product
was purified by colum chroma gra phy. Internediate

47c): ~ WD 2008/ 116665PCT/ P002498 68 At 0C, to
a stirring solution of 4nt iate 47b) (4.65 g) in
_dry DCM (45 nl) was adde (5 m). The reaction

m xture was then all owedOto warmto RT and stirred
for 3 h. The reaction m xture was neutralized with
NaHCO3 sat. and then phases were separated. The

To a ISR d—éiﬁiﬂbn%ﬁns@ébﬁaﬁélﬁﬂ dstérq 20 081g) :Mj@admat(mo m) under

argonmOSIRTe SR THEd TGP SHIPGCP K0S e N ERGIPVAT Ky was stied at
85°C kPd‘:r' ﬂ.’ﬁh ﬂﬁé %inéﬁﬁfvaélaé’tﬁ@ﬁ?ed ﬁhdér&é&ﬁb@ﬂeﬁﬁl@l tHeamsitaedaken up

.. The cru e product ur.,i b

Wit WA HEFEA R 2 PR ERIGecPTRSP G S (PERGT MR A, washed twice
with WG6shd @edVéver Sigpehied in acetonitrile (100 m).

Pyrroil di ne (2003 pl) was added and the reaction

m xture was stirred at 70C for 8 h. Volatiles were
Interf@BR¥&99gnd the crude product was purified with

preparative LC-MS. The purified conpound was taken up

with ethyl acetate and washed wi th saturated aqueous

sodi um bi carbonat e 15 solttyon. The aqueous phase was

extracted three tines w thyl acetate. The

conbi ned organi c | ayer wasl washed with brine, dried

over sodium sul fate and @T%—Qsol vent was renoved. The

obt ai ned oil was diss bn et Ryr Cbwrdrate (10 nl)

and 1 MHCl in di gthyl\ (2 mM) was added.

Vol atil es were rénoye

in formof an off-wi

50: Example 50: 5 Ex e 25 (422 ng) was di ssol ved
in concentrated hydrochloric acid and refluxed for 2
hours. The sol vent was renoved under reduced pressure

A mixdnfhe ﬂt&ﬁ%%‘f%b?&@%%n%@&a@@gﬂﬁ 0.2k @flirPacetonitrile (300

preparat | 0 Synt hesis of .
mi) Waﬁttma’mtiwah etiyidilsopropylamine X664 fand stlrred at '50°C overnight. The

solvep &vagcfet('l’bo?r}e%h gﬁgée}gte}edrdcgh dﬁrégédlre.z‘r%?%robgétn%aé S@fe8XWith flash

chromatography.
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15 (1000 ng), nethacrolein (990 ng), acetic anhydride

(5.5 m) and glacial acetic acid (14.5 m) was heated

in the mcrowave at 180 C for 75 minutes. Then the

wd Shodlisk@s were renoved under reduced pressSUpErEp2008/002498

Met hanol and I N aqueous sodi um bi carbonate sol ution

were added and the m xture stirred for 2 h. The

sol vents were renoved, and %he residue dissolved in

ethyl acetate and water. The organic layer was

segara%s%éand dried over 20 sodiumsulfate. The
Interaggipte, s removed under reduced pressure to yield

the title conmpound whi \E to the next step

wi t hout further purifijcat o \V\D, R4

2008/ 116665PCT/ EP2 Me8 7084wt er nedi ate 54b): O-

I nternmedi ate 54a) (450 ng) s dissolved in

di chl oronmet hane (27 m), p rrollizgigiergp. 11 5 mM) was

added and the mixture stirped for 30 mn at anbi ent

t enper ature. Then sodi um®'ri acet oxyborohydri de (360

nyg) was added and the reaction was stirred overnight.

Wat er was added and the agueous phase was extracted .
Interbediisle  59¢)H(18i07hgp masedisseived Thealry BEMNEE0onhaand cooled to 0°C.
Triflub@AEETR: dé{&% gnIdeﬁg d% ﬁ{%ﬁgg SHALF Hhc{;] Hereabtbr ABase! W Allowed to

renoved under’ reduce ressure. The product was
stir ap todnf terdpdrgtufe asemight.othe mactipn mixtuEowas dilkied gt BCM (200 ml)

and @iy, sHIAAETIAFLS. 28l BigRinall? Solisrore Balus laver was
extrattiet hvieenvithdPGbd. Tbe combinedl orgamic lavermaswashiad vit@datpe, dried over

. ' r ature
soci i Sl i e ol Cchpleht (R4 Bed RRTHHERIRLY e e

added. The white precipitate was di ssol ved by addi ng .

itric acid (5% . The organic |ayer was

I"terg%%gar?g%éﬁﬁand dri ed over sodium sulfate. The sol vent

was renoved under red L-yre e toyield

i nternediate M). 5 W) 2008/ P2008/ 002498 71

Exanpl e 54: Intérngdi afe 8 ngy) was di ssol ved

in DM (5 ml). ThenoO-(7-aZabenzotriazol-1-yl1l)- 5

N, N, N , Af -t et ranet hyl ur oni\um hexaf | uor ophosphat e

(HATU, 44 ng), diisopr thyl am ne (20 pl) and

di i soanyl am ne (24 pl )z\/\}te adde%é o}é]e m xture
stirred overnight at ambient tenperature. Solvents
wer e evaporated. The product was then dissolved in

ethyl acetate. The organic |ayer was washed w th ]
Internediats, 59d)e(5.00g), racetanitriket @20smbiand pyrealidiner(108 ahigwere stirred at

oW LN DI agal ' ' 0
rorcintubl eagave, R rahBa, S falten jAERSRo OTRE product was
triturated pdth acetbne; Tittered ankidtiedvitea paguum everogveptightar at i ve

HPLC to yield Exanple 54. Synthesis of Exanple 58:
Internedi ate 58a): 150 At 0C, EDC (1608 ng) was
Interatkdiiatet59)5- met hyl - pyri di ne- 2- carboxylic acid (1000
ng) in DCM (25 m ). The reaction m xture was stirred
at 0C for 30 mn and t hgnh ¥ 1 | hydr oxyl am ne
hydr ochl ori de (818H N i owed by NWM
(922 pl). 20 The reacfiion was allowed to warmto RT
and stirred over night. The (reaction m xture was
diluted with DCM (25 m), a tpepcgxtracted with
NaHCO3 sat. (2 x 25 m) aqueous | ayer was
extracted back with DCM m ). The conbi ned organic
| ayer was washed with brine, dried over Na2SO4,
filtered and sol vents were renoved. The crude product
was purified by colum chromatography. WO
2008/ 116665PCT/ EP2008/ 002498 72 I nternmedi ate 5841:
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At -78C, under argon atnosphere, to a stirring

solution of internediate 58a) (1270 ng) in 5 dry THF

(10 M) was carefully added nmethyl lithium (1.6Min

2 m). The reaction mxture was stpdmgdocsfoozas

WOEE}%%‘?%% 90 m nutes, and then hydrol yzed WII::C::] NH4C1

sat. (10 nml). The reaction m xture was diluted wth

di ethyl ether (50 nml). The &Gueous |ayer was

extracted back with diethyl ether (2 x 10 m ). The

ani c | ayer s with brine, dri .
inengodntenso 4 o) s AFola 1ei VORL! Wb wbtet @B and e reacton
mlxtl.#@ way etrred BE 120°ToR B6 H) ThaSoReht vhs derhyvddigRler @é’duced pressure,

t| llatio %‘%&O nmbar, 130C). | nﬁ]er nmedi at e 5(2"%;
the "‘iﬁ' %‘TCO FYARRr Nlcﬁg}”‘?btq}t‘%%@’ls’r PrRFequ dyast 8”5)“'9*‘ vacuum
for 2 5¥He Al WAORA Asuth o e naRtiaeh IANoELther pfithiioR.
m) and then brom ne (53 pl). After 30 m nutes
addi tional bronine (50 pl) was added and the reaction
Exampistsgr e stirred for 90 minutes. The reaction mxture
was concentrated in vacuo and then poured in a
sat urat ed aqueous solution. It was extracted
with three tines vvitﬁ et hyl acejate, The conbi ned
organic |ayer was driey 2¢% diltered and
sol vents were catftfuuv 4 rude product
was purified by cplum romat ogr aphyt I nternedi ate
58d): NN O WD 20081116665PCI AP2008/ 002498 73
Internmedi ate 58c) (350 ng) and/internedi ate 9b) (522
ng) were dissolved in MeCN m) and then heated to
180C for 30 min using mcro e irradiation.
Vol atil es were renoved and the crude product was
purified by colum chromatography. 5 Internedi ate

B8 o0, 30 Al 1 80 ST, om

(373 mhg) dnyl DUEAB 1891 adlewiere adtgdr The r(eactnh) migtetetwas stirred for 1 h.
Diiso%?ltaﬁ{iﬁemfﬁéz %ng%ga cﬁq%ﬁ gﬁn:d Xt[:l'e a\'e;cligtlorﬁ %{Iﬁ},}e d?var e&%e%r ovemnight.
Volatilesciverecrenfoved tamdathed the vesidie wasl |du§mhvedan bblattlyleacetate (20C ml).

oo G B 8l A SR AN, BBt e

layers ivere extracied backuisMth et acetate { HI0em{)2The 56mivined cFbanic layer was

iC.. " ' LNe, . dri n 4
washgl 5} B Gedhveb Rl drel g ane 2Ry fpved uncer
reduceti psextiucan Tihiecsudis paidact was\pardied(vith prepanatiee bG8, t 0
the crude 15 product in nethanol (50 m). The
reaction mxture was stirred at RT over night. The
reaction m xture was concentrated in vacuum and then.
oned, befween saturated aqueous NaHOOB sol ution
sy"“i?]sdgﬁt:ﬁ( %Rée géfueous | ayer was extracted twice with
Exanipl®/64The conbi ned organic | ayer was washed with
brine, dried over Na2SO™4, filtered, and sol vent was
removed. 20 Exanpl 8: WO
2008/ 116665PCT/ EP2088/ 00
ng) and 2M di net hyl a [
di ssolved in 1; 4
stirring at R, triace oxyborohy‘élrl de (782 ny)
was added. The m xture was stirred at anbient
tenperature overnight. The reaction m xture was
extracted with 1M NaHCO3 (2 2 m). The aqueous
| ayer was extracted back Wi 5 DCE (2 m). The
conbi ned organic | ayer was washed with brine, dried
over Na2SO4, filtered, and evaporated to dryness in
vacuum The crude product was purified with
preparative LCGMS. 10 Synthesis of Exanple 59:
Internmediate 59a): 0 Brsi4R14= O or Br Under argon,
to a stirring suspension of copper(ll)-brom de (19. 36
g) in et hyI acetate (200 15 nm) was added
6-chl oro- 3-(5-chl oroval eryl)-pyridine (10.06 g) in

b4
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in vacuum The residue was up taken in ethyl acetate
(500 m) and washed with saturated 20 sodi um

bi car bonate solution (500 m ). The aqueous |ayer was

wEhheAgt8d Wth twice with ethyl acetate. ThecPESRMN /2498

| ayers were conbined with the first isolated batch,
washed wi th saturated sodi um bi carbonate sol ution,

wat er and brine, dried over781\/gSO4, filtered and the

sol vent was renoved under reduced pressure. 25 WO

ol BB T A E PO g
hexafludfiph8sshaté N (HATUPY ris8i neg) 480d mdjisaprdgethylaamipon (1.85 mil) in

at nospher e, was, added..t osyl | ori.de (28.94
cimetFulRET BRI {4 SO SIERN forofp HiMSE gojent bmpfhfifure before a
solutiéP lo¥ Sethylasimin@NZN 6f toaleydrofadinec?.38 asswas, added and the stiming

_residue taken up with vvateraéln(fl _]?,tl rred.fgr 2 h. A ed with
continyef gavespight. iy acsiate Masnadded. THETIRNIG de¥el, WaR SFR
saturdt¥8 CRdiint bidkbHaté diuidioh eshdd beihe Sindiaged ovéd sodium sulfate. The

internediate 59c): A nixture of i_nlteli_lmscl' ate 59b hich

solventowasg rgnoyerl UNAeE redtifed: esyNs to1yjeld thg)t {en°°'“P°“ d which was
ifiGS) frabhiativeéHPge) m) was treated with

purf et hyﬁ%lbiyggpfopyl am ne (6654 Al) and stirred at 50C

overnight. The 15 sol vent was renoved under reduced

pressure. The product was purified with flash

chromat ography. WO 2008/ 116665PCT/ EP2008/ 002498 76
Sythﬁ'%PfrEH?'aPEe%%‘d): Cl Internediate 59¢c) (15.07 Q)

el Lved in dry DCM (180 m ) and cooled to OC. 5

mter}#??’fﬁi?@aceti c acid anhydride (20 m) was added and

the reaction m xture was allowgd to stir at room

tenperature overnight. The r {on m xture was

diluted with DCM (200 nm) and efully extracted

with sat. sodi um bicarbonate sglution. The aqueous
| ayer was extracted Ywice wi ©F$SBEM The conbi ned

organi c | ayer was washed =briyne, dried over

sodi um sul fate and the s renoved under
reduced pressure: 'ﬁ :

I nternediate 59d)' (5.0 , acetonitride (120 nl) and

pyrrolidine (10.9 m) were stfirred 8 8 70C
overni ght. The sol vent wascrenmoved Mndgr reduced
pressure. The product was triturated Wth acetone,

At 50‘;“{:,'tttgl%;s§igiir§é€u%'p)%gn'o? e M 5047 bR Y etonitrile (15 mi) was
added DIEA (806 pi). The obtained solution was stirred for 10 minutes then intermediate
9¢) (993 mg) in acetonitrite (15 mi) was added. The obtained solution was stirred at 50°C
for 2 h. Solvents were removed and the obtained oil was purified by column

chromatography.

Intermediate 79b):
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WD 2008/ 116665PCT/ EP2008/ 002498 77 Internmedi ate 59e)
(4.6 g) was dissolved in 3 MHCI in water (150 m)

and the reaction mxture was stirred at 120C for 36

wé2009M8s30! vent was renoved under reduced prgssip &50 002498

ﬁe residue co-evaporated twice wth toluene an %
product was dried on high vacuumfor 2 d. The product
was used as such for the ne’& step without further
purification. 5 Exanple 59: Internediate 59f) (1000

,g) was dissolved in DVF 10 m 2

At 0 ;0 a peyipg solufiry of m?msﬁ% BI’Ea) bl%gﬁ) B fw&% (gg Fywas added

TFAAT@emr) e teabticH iﬂbuﬁr% \)0@§trfeh' dIbRed t® watm e RT and stirred overnight.
i soamnyl am ne was added_and the reaction

Volatﬁﬁ%@f@éemage%@né ?f@cpmee% piyMas pysfied by erlumpchreraatggraghy-
and then the residue was dissolved in of ethyl
acetate (200 m ). The organic |layer was washed with
IntermaiatB79¢)at . (2 x 100 nml) then the conbi ned aqueous
| ayers were extracfed. back with ethyl acetate (100
ml). The conbi ned offgani c | ayer was 15 washed with
nd the sol vent
. Jhi&"crude product

brine, dried over
was renoved under redHce S
was purified w P N Synt hesi s
of Exanple 64: 2 Exa : MD 2008/ 116665PC

T/ EP2008/ 002498 78 Exanpl e 50 §200..09) . g,

0- (7-azabenzotriazol -1-y1)- N, NVW tetranethyluronlum
hexaf | uor ophosphat e (HATU, ng) and

di i soproyl et hyl am ne (1.95 i n di met hyl f ormam de
(4 M) were stirred for 15 m nutes at ambi ent
tenperature before a solution of nethyl amne 2N in

Interrﬁé‘&:él%hygﬁ Qhb6 FRG), ethitile) (3D At Bfraifhe l’ﬁ?sﬁi') fvfe!r@%tlrred at

contlnued over ni ght . Ethyl acetate was ad
0°Cc9\@amt¢t Thpesolvaid Wass MoV Nnder (Rdyped) Ps%wtﬁn The product was
t and brine and dried over sodium
mﬂmé%ﬁﬁg?gﬁﬂfﬁgﬁg%ngﬁﬁ was renoved under reduced
pressure to yield the title conpound whi ch was
Ekad?ﬂlﬁbLed by preparative HPLC.- 10 Synthesis of Exanple
9: Internediate 79a): At 50Cto a stirring
suspensi on of int diate 59a) (679 ng) in
acetonitrile (15 | EA (806 pl). The
obt ai ned sol ution @i nutes then
i nternedi ate [ Ity (15 M) was
added. The obt di [ s stirred@gd 50C for 2
h. Sol vents were renoved and {t he obtai ned oil was
purified by colum chromatography. 20 Internediate
79b) : WO 2008/ 116665PCT/ 008/ 002498 79 At 0OC, to
a stirring solution of int diate 79a) (1.359) in
dry DCM (18 nm) was added TFAA (2 ml). The reaction
m xture was then allowed to warmto RT and stirred

overnight. Vol atiles wer t he .qQb a'n d
To a GeapeREian sl PPRNBARIE S 19D GBS Ja) wBhga0as SfEhalyeol (22 u)
undet 8igdh 'E?rﬂb@ér%rg 9Fr9e rea@i}ﬁn mlxtur’étvﬁisrmﬁ*eata@ chQMerﬁﬁéiQture for 30 min
ng), acetonitril exﬁrolldln f167 ) d
and thg intenadiae 78¢) H@cnem IHNEHP Nes&gdgenthe, mixture was stired at

140°€ e&Féh%ShiU MRS mhifKire Qrad o fEdr Qnd THWrdWZé@U @ith V\ﬁéteﬂ- OSoIvent was
purified by colum chronato% anple 79;

evaperataes pth $1e Fesifues BP0 Hm g el u'eaff%atenﬁye .%m*a(vsr maf “extracted
with \Wﬁér %Q%n%téﬁd HIROSUGAN WAL rdrhdVed WY réd@@8 pressure. The crude

at nosphere. The reaction m xture was stirred at room
prodych wgs paitiliedudiog PepafetiveddeMSen i nt er medi ate 79¢) (70

ng) in DM (5 M) was added. The mixture was stirred

at 140C overnight. The m xture was cool ed and

hydrol yzed with water. Solvent was evaporated and the

residue taken up in ethyl acetate. The organic |ayer

was extracted 20 with water and brine and the sol vent

was renoved under reduced pressure. The crude product

was purified using preparative LC M5,
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WD 2008/ 116665PCT/ EP2008/ 002498 80 Synt hesi s of
Exanpl e 90: Internedi ate 90a):
2-(2-Chloro-pyridin-3-yl1)-3-(3-pyrrolidin-1-yl-propyl
N o[ 1, 2-a] pyri di ne-6-carboxylic 5 aci
W%%dgﬂlg%?sret hyl - butyl ). ami de (100 ng) and beng‘_{/ a4

(0.5 mM) were heated in the mcrowave at 150C for 2
h. The nixture was purified8®y flash chronatography
to yield the title conmpound. Exanple 90: 10 x 2
EK:(IH Triflugronmet hanesul fonic acid- (300 ng) was

Synt ﬁ%@(ﬁ’f(ﬁx@mﬂlﬁgbto internmediate 90a) (78 ng) in dry

Interthieckdtogogrt hane (1.5 m) at OC. Then the m xture was
heated to 40C for 3 hours. Again the m xture was
cooled to OC and anot her 300 ng of ‘
trifluoronmethanesul fonic acid were-gddéd fol |l owed by
heating to refl ux 2 h. Solvepls Were evapor at ed
under reduced 15 pr sure, The, titLe conpound was
obt ai ned after purifi y pajative HPLC. WO
2008/ 116665PCT/ EP20 esi s of . Exanples -
91 and 92: Exanples o9l HO 9192 5 Exanpl e

59) (100 nmg) was di ssol ved in ac tgt-}‘[(f m ) and then

pot assi um car bonat'e (41 ng) and 3-1r ofro- 1- pr opanol
(20 pl) were added. The reaction m Xture was stirred

22-Alin80% Que nj % , filter edl_ and the solvent was _
2 RS R I ralh-SF CeRNTROr EMeRTPRY! - THidaz9I b Aol Grcarboxylic
acid maoamtmdbmw)tammeqaoaﬁﬁmead&é&& églrir%’) m.gﬁ‘ﬁl?)%/e?é heated in the

. Exa ngernedi gte 98a): . r to be used,
microbGERL Fo G apbAE: TBE MirGrS We PuiiesHudiosh chtRremtpgiepty e vield the
titte cérhpodd6C/ 22 nbar) To a stirring suspension of sodium

hydri de (60%in oil, 2.66 g) in dry toluene (100 m)
at reflux was added dropw se a m xture of nethyl
Examipdé 80hydr o- 2H pyr an- 4- car boxyl ate (8.87 m) and
6-val erol actone (6.34 g) in dry toluene (50 m).
After addition, e reactiOﬁ%,\mxture was stirred at

refl ux tenperatdre ov ter cooling to room
tenperature, 20 the i Xpure ‘was poured in
ice cold water N the fidael was
recovered w th and tol uene (50 ni).
After phase sqparation, the aguequs | ayer was
acidified using AcOH (5 m) antl extracted with ethyl
acetate (3 x 150 m ). The conbi néd organi c | ayer was
o washed wi brin ried over Na2SO4, filtered and
o e SRR AoRE( 50 aS) Wik tseiiopisa e intamediate S0a) (78 mg)
in dry pichldroraéthiarie ¢0EUMY) at BTOMRIPOHB MRXIure WEs ARARL1S GBS RS 3 hours.
EP2008/ 00249 er medi at e_986)

T t :
Again -{he mixture was coo?eﬂ8 ?o (l.)“ré and another 300 mg of trifluoromethanesulfonic acid
were added followed by heating to reflux for 2 h. Solvents were evaporated under reduced

pressure. The title compound was obtained after purification by preparative HPLC.



a' Internediate 98a) (1.86 g) was stirred in
concentrated hydrochloric acid (10 mM) at 80C for 1
h. The reaction m xture was poured in Na2CO3 sat.
wo(zﬁ 1ea and extracted with DCM 5 (3 X 100 grlpep2didRozass
|ned organi c | ayer was washed with brine, dried

over Na2SO4, filtered and volatiles were renoved.
| ntermedi ate 98c): Cl 108Under argon, to a stirring
suspensi on of copper(I1) brom de (1965 ng) in ethyl
acetate (25 m) was_added i nternedi ate 98b) (934 ny)

Synthesiscofi Examelemd1 20d93:. The resulting mixture was

§£8hdb2r ef | ux overnight. The reaction mxture was
Exan@f%s{rat eted through Celite and the Celite pad was

t ughly washed with et hyl etate. The organic
| ayer was exthactedtvvicevvi h : .
—AC G

aque us Kayz

r|ed ver
renove® | ntefmedi atee 98d):
2008/ 116665PC) TI EP2098/ 002498 83 At 50C to a stirring
suspensi on/off 9c) HEP94 ng) in acet ogg[/'ii le (50 m)
was added Q) (1610 pl). The obtain #zl on was
stirred at 50C $br 15 minutes then internedfate 98c)
(1.25 g) in acetonitrile (50 mM) was added. The
obt ai ned reaction m xture was stirred at 5 50C ov
5 Exaniﬂrleg$ﬂ) {160 haf) Wassdissnhedrie aostore 45 tnl) ard theadetapgim carbanate (41
fied col u t ARGt at 60°C
mg)%a 310 g}/y %aagﬁ%gm@é@ a(?ig[aapﬁ(e rela fw% r@v@asgs?t?ﬁed

ere, ut1on of
overrighitefiliceed ahé t88 &blveﬁﬂﬁiaagyzmpmecbgﬁd?@rque@vﬁée%% dhe products

L rgaction mxture was stirred at
WereR?P%raﬁ%%’zt"’n@a@@?a%&a???o“ﬁ% TEAA (1 rnl) and DCE (9 ni)
were added and the reaction mxture heated to refl ux
over night. Volatiles were renoved and the residue
was taken up in ethyl acetate (50 ml). The 15 organic
Synth@siebfmamptéeact ed twice with Na2CO3 sat. (25 nt).

0 ed aqueous | ayer was extracted back with
’"te"é’teﬂﬂﬂ% g@@?ate (25 m). The conbined organic |ayer was
washed with brine, dried er SH, filtered, and

vol atil es were renoved.OTh u product was
purified by col um chroO graphy. 20 Exanpl e 98:

10

15  Prior to be used, d-valerolactone was distillated under reduce pressure {bp 106°C/22
mbér). To a stirring 'suspension of sodium hydride (60% in oil, 2.66 g) in dry toluene {100
mi) at reflux was added dropwise a mixture of methyl tetrahydro-2H-pyran-4-carboxylate
(8.87 ml) and d-valerolactone (6.34 g) in dry toluene {50 ml). Afier addition, the reaction
mixture was stirred at reflux temperature over night. After cooling to room temperature,
20 the reaction mixture was poured in ice cold water (300 ml). Solid in the flask was
recovered with water (150 m!) and toluene (50 ml). After phase separation, the aqueous
layer was acidified using AcOH (5 ml) and extracted with ethyl acetate (3 x 150 ml). The
combined organic layer was washed with brine, dried over NayS0q, filtered and volatiles

were removed. The crude product was purified by column chromatography.
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WO 2008/ 116665PCT1EP20081002498 84 To a stirring

solution of internediate 98e) (85 ng) in MeCN (10 m)

was added pyrrolidine (172 pl) and the reaction

] re was stirred in a sealed tube at 50
“Kggﬁg#f‘gs were renoved and the crude produg%éﬁggﬁamm%ws

purified by preparative LC-Ms. 5 Synthesis of Exanple

109: Internmediate 109a): v@B2 10 To a solution of

cydopropyl acetic acid (2002 ng) in DCM (100 m) at OC

was added EDC (3834 ng) and HOBt (3063 ngy). The
Intermediate #%b)ni xt ure was stirred at 0OC for 30 mn.

Cycl opropyl et hyl ami ne (1703qgm) and DI EA (10.45 nl)

were added and the reaction]m xture was stirred at

room tenperature overni ghty eaction m xture was

extracted with 1.0 N HC 0, sat. NaHCO3 (100

m), water (100 m) and brine (100 nml). The 15

organi c layer was driegd-over Na2SO4 and evaporated in

vacua to dryness. Internediate 109b): 20 A solution
Interndiatd IgBaTRHBE YT wHORikrdd2A4BneBtratsd APENLERIBHS atid(10411) at 80°C

was added “dropwi se under argon atnms ger to a .

for 1 @l}s"ﬁéﬁgﬁéﬂi‘ DR TS RAUEEE 1 Nark Py (0 mibard fyffacted with DCM
(3 x T At JdfbikEP oiganidiayeP Gls REBIRIAINK Brindharied over Na;SO4,

reaction mxture was heated to reflux tenperature and
filtered and velatiles WA 58MMEYeD days. The reaction nixture was

hydrol yzed by addition of 10% aqueous KOH (100 m ) at

OC. After stirring for 20 mn at room 25 tenperature
Intermpdiate88¢)i on i xture was filtered and the solid was

washed with diethyl ether (%0 ml). The bi phasic

filtrate was transferredgyin separation funnel and

the organic | ayer was washgd Wwth water and brine.

The conbi ned aqueous | ay hed twice with

di ethyl ether (2 x 100 nl). The conbi ned organic

| ayer was washed with ®fine, dried over nmagnesium

sul fate and the solvent was renoved under reduced
Undepagsitcea stirify 20884nkio66icoppedH)rbuwimide (1866 @)g) in ethyl acetate (25

ml) w?%’égﬁ f)'f(‘)t%ég%ﬁ{%ts ?ﬁﬁrﬁe(gg%nﬂ o bform{28" B ITAL Sestfifhy mixture |
was slimestaytfuxyoveatighti Tbe (da@ibnithixtune was Siltstieted darorgh Lellie and the

cong 8 o S b o J58RE, T 0 ot

twice witheNaHEDsced. Phe sgueeusitayet nasr extiadied bagkewithupthyl apetate. The
t hyl t d ok L i. t ' .
com g3 € P TR PR, M 58S s vt

were kr@yevedras dried over sodiumsulfate, filtered and the
sol vent was renoved under reduced pressure. The crude
product was purified by columm 10 chromat ography.

Interinedfate9ddpt e 109d): 15 Internediate 109c) (1.7 g) was
di ssolved in 3 MHCI in water (100 m) and the
reaction mxture was stirred at [120C for 24 h. The
sol vent was renpved under redu pressure, the
resi due co-evaporated twi ce w ol uene and the

product was dried on.high vacuum for 3 h and
subsequently in an oven at 40®TWidEr reduced pressure

for 3 d. The product us guch for the next
step wi thout further puy'fi at yonJl 20 WO
2008/ 116665PCT/ EP2G08 98

O 0

Ci
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86 Exanpl e 109: Internmedi ate 109d) (600 ngy) was
di ssolved in DVF (5 m) and then EDC (299 ng), HOAt
(212 ng) and DI EA (815 pl) were added. The reaction
] was stirred for 1 h. 5 Internedi at epdfiBkh
Wd@@%ﬁ%&f was added arid the reaction m xt u‘raléclwas O/002498

stirred overnight. Volatiles were renoved and then
the residue was dissolved 8 of ethyl acetate (100
m ). The organic |ayer was washed with NaHCO3 sat. (2
x 50 m) then the conbi ned aqueous | ayers were
extracted back with ethyl acetate (50 nl). The

At 500 'i{% @%&&%@éﬁs‘bﬁb@ gcy\asgmwd)qd aoklohitfile (56 ml]jwaeddded DIEA

[trated and t he sol vgnt was

(1610[41!1)1 ahemtale@mé@shw was ghiged ah20°Cr feg 45 priguigs Eh‘%Na‘Ete"med'a‘e 98c)
N V&dded: YRe o%lélhé@ﬁéaﬁ:uaﬁ nEXﬁPéJMS stirred at
@ zs%ﬁdh é@nﬁ%eﬂﬁgﬁﬁ?ﬁlﬂg €d5 Exanpl e 109 gg \NE, |
O°Cdmmohmbti Volatilest wieee (remeved aard tthénc%'ggl Was cRifiisAaPYE column
and 2-bronoet hyl acetate (55 pl) were added.
chroré%é&rlagﬁitl on m xture was stirred at 60C overni ght,
filtered and the solvent was renoved under reduced
r .The N and O-al kyl at ed products were
’"*”E'S?%?%E’g%?' by preparative LC-Ms. WO
2008/116665PCT/EP2008&??2498 87 Synthesis of Exanples

111 and 112: Exanples |11l an 1]@ 5 A mxture of
Exanpl e 110 and the O0-aikylf@Et - plgpduct  (crude

product before pukiftcaNi
in THF (10 m) and|cool edito OC. )Lithium hydroxide

nonohydrate (30 ng) in water (2 ) was added and the
reaction m xture was stirred at QC for 30 mn and at
roomtenperature for 2.5 h. TheCreaction m xture was
concentrated and then partitioned between et hyl
acetate and water. The aqueous | ayer was extracted 10

Undér'b'i’é’&\ ahmhétet lfo atdytiopasttintermediaie 9SaY(526oighirgBEEN(S m!) was

with b dri ed
acdeg i TAf &1 G SC (6 FRARIEN VLGS WSC R 1) dodys. Addional
TFA}Q&?%%}@% DHE(mmﬂwsteSammew mbelibromixturefeated teereflux over

mghtl\_{g@}iles qugg 52%13?%{! gaﬁ ttbq re3| ueeweznlsltdéke}\ u}fi‘ﬁ gﬁ'ﬁiﬂl QI:&ate (50 ml). The
orgafic ¥eP Wl dtrabted(tRidewitty NafCOy bjt: (R5cot)i ibercdebined Gqueous layer

s S S it 30 BRI BTG T SOP L OTgRpie aypr s washed

with Bliré, Udred\8derRajSol, ditedsd) @ndnaiatiles wemneersoved. The crude product
irradiation for 40 mn.. The sol vent was evapor at ed

was gyiifiedity caiyinR CHIoIPYERAY% purified by flash
chr omat ogr aphy (Et OAc/ cycl ohexane) to yield the title
conpound WD 2008/ 116665PCT/ EP2008/ 002498 88 Exanpl e

Example 98: 5 sol ution of 4-di met hyl ami no- pi peridine (14.1

ng) in HOAc and forqidehyde (37% aqueous sol uti on,

8.2 pl) was added to|internmediate 114a) (30 ng) in

HOAc and the 5 m xtu OC for 16 h.
After evaporatign | M
m xture was puriffie y pr epar

rude reaction
ive HPLC to yield the
title conpound. Syft hesi s /of Exanple 119: 10
I nternedi ate 119a): To a solyti opz pEooH
6-am no- N, N- bi s- ( 3- net hyl - buw -ni coti nam de (1000

ng) in MeCN (10 m) was adde
2- brono-4' - chl or oacet ophenone
m xture was

n MeCN (10 m) and the



10

15

20

25

30

heated at 160C under microwave irradiation for 15 mm
Upon cooling a precipitate 15 forned that was
collected and dried to yield the title conpound.
le_119: WO 20081116665PCT1EP2008100
WO?&WF‘%R of [1, 4]di azepane- 1-carboxyfic acizléfci‘%aEl%ﬂ&%02498
tert-butyl ester (22.3 ng) in HOAc and fornmal dehyde
(37% aqueous solution, 13.84pi) was added to
internediate 119a) (30 ng) in HOAc and the m xture
was heated at 60C for 16 h. After evapgratjion of the .-
To a stigingsseiutioneof dntgrraediatecited (BHmgt iy MeGN(18 5ph vaapddgd pyrrolidine

(172 @})gﬁ@ 1 TERBEOH RN WeBHE Gl sobas RBUISING fBr 2 d. Volatiles

ote Intermediate was then treated with 4M
were teGioved ard e érude Dreduch wies sudfieday prepaative ksdWRd.
Synthesis of Exanple 143: 10 Internedi ate 143a):
2- Cycl opropyl - et hyl am ne hydrochl ori de (700 ng) was
suspended in di chl oromethane (14 ml). The sol ution
was copl ed ¢, followed by addition of isovaleryl
SV“‘W%?%%""?B{."%‘ M) 15 and triethylamne (1.60 ml).y
intermbdiateet@9a)on was allowed to warmto roomtenperature
and the reaction mxture wag stirred for 4 h. The
sol vent was evapor at gtgl/_h/aﬂd,ﬂ_ esi due was
partitioned between yl acetate/(50 m) and NaHCO3
sat. (40 ml). The aqueous | ayer was extracted tw ce
with ethyl acetate (50 m) and the conbi ned organic
phases were washed with brine (40 The qrganic
To a $alytisn afeycigpiopylaselis aig 62682 mg) iy )é?;"%ﬁ@ 3H196C s added EDC

[ URHE res@RACAKIREOFSS sirred € 0CCUE 30 min.
Ba“;ﬁ@é%@? M\/\ggt WE@‘Q W t hre reparative LC

VS, .
Cycloprapyietindamine (1798)mg) mng BIEANT OHp i) s sided and the reaction
mixtuiré @ggggﬁjegaaﬁ‘}égmggrdﬁ&%@gi/é}h hil 43) reaBfiéh Wtultawas extracted
_ reated wt orane-tet r.ah%ﬂro ur an conPrIBeme éIVI 100 mb. Th
with 58INIHG (10 mik-sat MatCRs (105,e); water 4309 mihang Rpge £100 mi). The
orgaﬁr{?l)%yélt Was 85 BHS N, 88, hd feRBpdtatied id Rasud lbairy@set | on

ure was cooled to OC and nethanol (7 m) was
added carefully. The reaction m xture was refl uxed

nﬁl@ﬁ' hoahpd cooled to OC. Di-tert-butyl dicarbonate 5
inte |s§agfvggﬂ?n DCM (7 m) was added and the reaction

m xture was stirred at r omﬁe erature over night.
Vol atiles were rermveW{r:\d’tﬁe}FEWdue was di ssol ved
in ethyl acetate (100 ml). The organic |ayer was

washed with water (60 m) and brine (60 nil). The
organi c |l ayer was dried over Na2SO4

A soluiensefi intemegiale r L9H5) 4R ) F%&ﬁ‘@%ﬂ%l?; _ ure@? fjowas added
drop\{ii%%' g‘rﬁg& éln}gt?rg Etlrfi\g%rié&ﬁl% :X\%?Mhioﬁtdﬂ @thiupy Biubicah ihgdridel (1 389 mg)
in anhydrous THF {80 mi) at foom temperature. The reaction mixture was heated to reflux
temperature and stirred for another 2 days. The reaction mixture was hydrolyzed by
addition of 10% aqueous KOH (100 mi) at 0°C. After stirring for 20 min at room
temperature the reaction mixture was filtered and the solid was washed with diethyl ether
(100 ml). The biphasic filtrate was transferred info a separation funnel and the organic
layer was washed with water and brine. The combined aqueous layer was washed twice
with diethyl ether (2 x 100 mi). The combined organic layer was washed with brine, dried

over magnesium sulfate and the solvent was removed under reduced pressure.
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Internmedi ate 143b) (1.269) was dissolved in DCM (30
m) and 4 MHCl in dioxane (1.48 15 nl) was added.
The reaction mxture was stirred at roomtenperature
The sol vent was evaporated and t
WJZ%SIf'?l Eg white solid was triturated with 'gt%gémrrzgor?goz4gs
the product was collected by filtration, washed with
ether and dried on the hi gﬁ vacuum The solid was
used wi thout further purification. 20 Internediate
cl); d OCN Under argon, to a stirring suspension
’"fe’"tﬁd’%‘Sﬂﬂ F)( 11)-bronmide (3.62 g) in ethyl acetate (60

m ) was added 5-chl org<l- |(|4 c ophenyl) - 1- oxopent ane
(3.00 g) in chlorofofm (6 \)\

m xture was sti p@d{ﬁgﬁ (1 ux

copper (11) - brom de( 0. 60

"The resulting
Ner ni ght. Additional
) was added and the
reacti on was refluxed for{ 3 h. The reaction m xture
was filtrated on WD 2008/ 116665PCT/ EP2008/ 002498 91
Celite, washed wth et acetate and concentrated in
vacuum The product wa i fied®w@IerB1 ash
chromat ogr aphy. Internediate 143e): Internediate
143d) (3.00 g) was di ssolved in acetonitrile (80 m).
Intermied %‘%gh 'a%ﬁldﬁﬁw@@ BTN atff9- .ﬁd@\9ﬂpﬁtmﬂdhbq1 27 ml) were
redaction fe was at 85C. Internediate l) o
stirred &. M@yemmomxﬁeod(sm rcwapadded and the gnixiure was s 70°C for

o AL 55 g N g i o

ethyl latétdtecand/\m:-;ped itdice dwith satufatecé m@mmh@@@gﬂﬁ}ﬂqwuﬂon water and
t Sredta Solvent was
brine., 246 S gH A etiiet SRONAT SURAE Aed 4t B
removeid funder omwﬂt p[asdumhwel deide 1 produgct \Waas aﬁﬂéft?da&}’ column
age reaction mxture was allowed to stir at room
chromalaaraPlY- ;re for 6 h. The sol vent was renoved under
reduced pressure. The residue was dissolved in ethyl
acef at 00 nl) and was poured in a sat. sodium 20
’"tenﬂﬁg'g?%i?éfﬁ'e sol ution. The obtained white precipitate
was filtrated off, was r and dried under
hi gh vacuum WO 2|Q88/ ;6 5 EPZ008/ 002498 92
Internediate 143g): eryredi afe 1430 (1.50 g),

renoved under reduced przs)ﬁ\re-’%'dmt he remai ned

intermediate 109c) (1.7 g) was dissolved in 3 M HCl in water (100 ml) and the reaction
mixture was stirred at 120°C for 24 h. The solvent was removed under reduced pressure,
the residue co-evaporated twice with toluene and the product was dried on high vacuum
for 3 h and subsequently in an oven at 40°C under reduced pressure for 3 d. The product

was used as such for the next step without further purification.
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5 solution was cooled on an ice bath for 2 h. The
obtai ned solid was filtrated and washed wi th cool ed
acetonitrile. The product was dried under high

nt er medi at e 143h): 10 I nter medi
W(?g@g}ﬂr?‘sggsl was di ssolved in THF (10 m) and ZﬁﬁT%@ﬁ%O%49s
water (0.92 ml) was added. The reaction m xture was
stirred at room tenperature8Bver night. Additional
THF (1.5 M) and 2 MLIiOH in water (0.1 m) were
Exaad ed, and the reaction mxture was stirred at room
e ature for 3 h. The obtained solid was
filtrated, washed wi cool ed THF and dried on high
vacuum The product s used as such for the next
15step wi thout furthe [ Exanpl e 143:
X HCOOH WD 2008/ 11666
I nternedi ate 14 N
m ) and then HATY (49 "Dl EAY( 22 FH) and
i nternmedi ate 143c) (23 rTg) wer € added. The reaction
m xture was stirred for 1 h. The reaction was not
conpl eted, therefore additi | internediate 143c)
(10 ng) and DIEA (22 pl) we ided and the reaction
m xture was stirred for 2 h. Volatiles were 5 renoved
inte
Rty o [0 F8) A8 cES el FE M ol ffh blen PPE. bR gnoy. Hoat
(212 pg) angy |RHEA @éﬁ M aeerei §ddﬂdd Tiei reaciar0 nmﬁt).xre Was stirred for 1 h.
| | | fil t.e
ntenﬁﬁgéigom\/dg2¥%m%s gwrfgv un erM% acdap @r’é‘é@u % &Fﬁ%d overnight.
Volatiigs werepieptayed apdsthpuithe residusi was dissplaediin n‘éeﬂb@- é&ﬁtatéqmo mi).
T )
o GRboC T o o WS S A0 5o 12X i ki B Toined aqueous
layers were PK‘@?@G%¥‘3¢K with et repetdte 680 o). Nlﬂé-aimtb'Iaed\/Bl-gamc layer was
wash
24 ik, A8 Bt O 0 BAC RS B0hBAE e omoved uncer
reducesmﬁtﬁ he emdeniipddctvere- purifind byBrerasatiied ehsed at
varyl ng concentrations 20 to a 384 well mcrotiter
ate. Fluorescence | abel ed NDP-al pha-MsH i s
sY““lﬁ%BﬁEé%male #0%i ngl e concentration, followed by
Exanil€ifyp.on of menmbrane preparations. The plate is
i ncubated for 5 h at room tenperature. The
degi;e of fluorescence pol ari ion is detern ned

with a fluorescence polarization 25 microplate

Assay 30 “Agoni cNact 'ty of

al ' Eptors s det
onvgeneou nbr ang'ebase ssay. \mgl?ltl o\Q Netv?een
I

and a/fi xed quantity of flJuorescence 0-‘(
| abel ed cAMP for a IN\mted nunber of binding sites on

a CAWP spegific agtﬁgody is reveal ed@\: uor escence

pol ari zat i{on, 8/ 116665PCTPEP2@Q08% 002498 94 The
test conpounhd or unl abel ed NDP-al pha- i s dispensed

at varying concdMrations to a 384 well nicrotiter

Exampieafios. (236 mﬁ)% ﬁ&@cﬂ?édil?n' Sitord %p‘%%eﬁ %leélﬁm carbonate (222

pr esSI Urmn mel anocortin ecept ors
ma) a8 FSOMERTY] AGeGHOLED Bl ahare AfeHThe graion muiure was stired at

60°C @&B’Gl@lﬁr fi Ifﬁr@d EH@H{E sﬁarﬁ?&s r&thvad nd é??eﬁ@!ag@ éﬁg%guf ?Iile N- and

i s added and plate is further I NC

O-alkyiated PWQS‘HF@Mﬁ@@PW&E%I Ie\dpr@nwtlwhpdg& e i s di spensed.
The plate is incubated for- 2 h at 4C before it is
read on a fluorescence polarization mcroplate
reader. The anobunt of CAMP produced as a response to
a test conmpound is conpared to the production of cAWP
resulting fromstinulation with NDP-al pha- MSH. 10
Representati ve conpounds of the present invention
were tested and found to bind to the nel anocortin-4
receptor. These conpounds were generally found to
have | C50 val ues less than 2 AM Representative
conmpounds of the present invention were also tested
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Synthesis of Examples 111 and 112:
Examples 111 and 112:

Z/,N = Z/,N =
v/\/o ﬁv/\/o N\_\OH
OH
(e

SN

1114 112

A mixiure of Example 110 and the O-alkylated side-product (crude product before
purification) (116 mg) was dissolved in THF (10 ml) and cooled to 0°C. Lithium hydroxide
monohydrate (30 mg) in water (2 mi) was added and the reaction mixture was stirred at
0°C for 30 min and at room temperature for 2.5 h. The reaction mixture was concentrated
and then partitioned between ethyl acetate and water. The aqueous layer was extracted
three times with ethyl acetate. The combined organic layer was washed with brine, dried
over sodium sulfate and the solvent was removed under reduced pressure. The products

were separated by preparative L. C-MS.

Synthesis of Example 114:
Intermediate 114a):

To a solution of 6-amino-N,N-bis-(3-methyl-butyl}-nicotinamide (100 mg) in MeCN (2 mi)
was added 2-bromo-3-methoxyacetophenone in MeCN (2 ml) and the mixture was
heated at 170°C under microwave irradiation for 40 min. The solvent was evaporated and
the crude mixture was purified by flash chromatography (EtOAc/cyciohexane) to yield the
tile compound. .
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O_
N
\]/\/N\‘ﬁ/
° N
Q x HCOOH

N
A

Example 114:

A solution of 4-dimethylamino-piperidine (14.1 mg) in HOAc and formaldehyde (37%
aqueous solution, 8.2 ul)} was added to iﬁtermediate 114a) (30 mg) in HOAc and the

5  mixture was heated at 60°C for 16 h. After evaporation of the scivent the crude reaction
mixture was purified by preparative HPLC to yield the title compound.

Synthesis of Example 119:
10  Intermediate 119a):

To a solution of 6-amino-N,N-bis-(3-methyl-butyl}-nicotinamide (1000 mg) in MeCN (10

mi) was added 2-bromo-4'-chioroacetophenone in MeCN (10 mi) and the mixture was

heated at 160°C under microwave irradiation for 15 min. Upon cooling a precipitate
15 {formed that was collected and dried io yield the title compound.

Example 119:
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A solution of [1,4]diazepane-1-carboxylic acid tert-butyl ester (22.3 mg) in HOAc and
formaldehyde (37% aqueous solution, 13.5 pl) was added to intermediate 119a) (30 mg)
in HOAc and the mixture was heated at 60°C for 16 h. After evaporation of the solvent the
crude reaction mixiure was purified by flash chromatography (DCM/MeOH). The resulting
Boc-protected intermediate was then treated with 4M HCVdioxane for 1 h to vyield the title

compound.

Synthesis of Example 143:
intermediate 143a):

\[/\n,N..H
#]

2-Cyclopropyi-ethylamine hydrochioride (700 mg) was suspended in dichloromethane (14
mi). The solution was cooled to 0°C, followed by addition of isovaleryl chioride {0.84 ml)
and triethylamine (1.60 mi). The reaction was allowed to warm to room temperature and
the reaction mixture was stired for 4 h. The solvent was evaporated and the residue was
partitioned between ethyl acetate (50 mf) and NaHCO; sat. (40 fnl). The aqueous layer
was extracted twice with ethyl acetate (50 ml) and the combined organic phases were
washed with brine (40 mi). The organic layer was dried over Na,SO,, filtrated and the
sofvent was removed under reduced pressure. The crude product was purified with

preparative LC-MS.

Intermediate 143b):

b
TR
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Intermediate 143a) (838 mg) was treated with baorane—tetrahydrofuran complex (1M
solution in THF, 14.9 ml) and the reaction mixture was stirred under reflux for 6 h. Then
the reaction mixture was cooled to 0°C and methanol (7 ml) was added carefully. The
reaction mixture was refluxed for 5 h and cooled to 0°C. Di-tert-butyl dicarbonate
dissolved in DCM (7 mi) was added and the reaction mixture was stirred at room
temperature over night. Volatiles were removed and the residue was dissolved in ethyl
acetate (100 ml). The organic layer was washed with water (60 mi) and brine (60 mi). The
organic layer was dried over Na;SO,, filtrated and the solvent was removed under

reduced pressure. The crude product was used without other purification.

Intermediate 143c):

Y\/NH; cl

Intermediate 143b) (1.26 g) was dissolved in DCM (30 mi) and 4 M HC! in dioxane (1.48
ml) was added. The reaction mixiure was stirred at room temperature for 14 h. The
solvent was evaporated and the resuliing white solid was triturated with ether and the
product was collected by filtration, washed with ether and dried on the high-vacuum. The
solid was used without further purification.

Intermediate 143d):
0

CI’V\vAQ
Br CN

Under argon, to a stirring suspension of copper(ll)-bromide (3.62 g) in ethyl acetate (60
ml) was added S-chloro-1-{4-cyanophenyi}-1-oxopentane (3.00 g) in chloroform (60 mi).
The resulting mixture was stirred at reflux over night. Additional copper(ll}-bromide (0.60
g) was added and the reaction was refluxed for 3 h. The reaction mixture was filtrated on
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Celite, washed with ethyl acetate and concentrated in vacuum. The product was purified

with flash chromatography.

intermediate 143e}:

CN
Cl

Intermediate 143d) (3.00 g) was dissolved in acetonitrile (80 ml). Ethyldiisopropylamine
(3.2.ml) was added and the reaction mixiure was heated at 85°C. Intermediate 59b}) (2.80
g) dissoived in acetonitrile (20 ml) was added and the reaction mixture was refluxed for 1
h. The solvent was removed under reduced pressure. The product was purified with flash

chromatography.

Intermediate 143f):

Y CN

Cl

Intermediate 143e) (4.67 g) was dissolved in dry DCM (90 ml) and cooled to G°C.
Trifluoroacetic acid anhydride {12 mi) was added and the reaction mixture was allowed to
stir at room temperature for 6 h. The solvent was removed under reduced pressure. The
residue was dissolved in ethyl acetate (200 ml) and was poured in a sat. sodium
bicarbonate solution. The obtained white precipitate was fitirated off, washed with water

and dried under high vacuum.
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Intermediate 143g):
A =N
CN
_O AN
C

Intermediate 143f) (1.50 q), acetonitriie (40 ml) and pyrrolidine (3.5 ml) were stirred at
70°C for 6 h. Half of the solvent was removed under reduced pressure and the remained
solution was cooled on an ice bath for 2 h. The obtained solid was filtrated and washed
with cooled acetonitrile. The product was dried under high vacuum.

Intermediate 143h):

1

Iintermediate 143g) (313 mg) was dissolved in THF (10 mi) and 2 M LiOH in water (0.92
ml) was added. The reaction mixture was stired at room temperature over night.
Additional THF (1.5 mi) and 2 M LiOH in water (0.1 ml) were added and the reaction
mixture was stirred at room temperature for 3 h. The obtained solid was filtrated, washed
with cooled THF and dried on high vacuum. The product was used as such for the next

step without further purification.

Z )
\!/\/NW/Q'!:/ CN
O
x HCOOH
O

Example 143:
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Intermediate 143h) (40 mq) was dissolved in DMF (3 ml) and then HATU (49 mg), DIEA
(22 1} and intermediate 143c) (23 mg) were added. The reaction mixture was stirred for 1
h. The reaction was not completed, therefore additional intermediate 143c) (10 mg) and
DIEA (22 pl) were added and the reaction mixture was stirred for 2 h. Volatiles were
removed and then the residue was dissolved in ethyl acetate (50 ml). The organic layer
was washed with brine (40 ml), NaHCO; sat. (40 ml) and brine (40 ml). The organic layer
was dried over Na,SQ,, filtrated and the solvent was removed under reduced pressure.
The crude product was purified with preparative LC-MS.

BIOLOGICAL ASSAYS

A. Binding Assay

A membrane binding assay is used to identify competitive inhibitors of fluorescence
labeled NDP-alpha-MSH binding to HEK293 cell membrane preparations expressing

human melanocoriin receptors.

The test compound or unlabeled NDP-alpha-MSH is dispensed at varying concentrations
o a 384 well microtiter plate. Fluorescence labeled NDP-alpha-MSH is dispensed at a
single concentration, followed by addition of membrane preparations. The plate is

incubated for 5 h at room temperature.

The degree of fiuorescence 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 untabeled 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.
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The test compdund 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 piate 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 cAMP produced as a response to a test compound is compared to the
production of cAMP resuiting from stimulation with NDP-alpha-MSH.

Representative compounds. of the present invention were tested and found to bind to the
melanocortin-4 receptor. These compounds were generally found to have I1Cs; values less
than 2 pM. Representative compounds of the present invention were also tested in the
functional assay and found generally not to activate the melanocortin-4 receptor.

Table 8: Biological data for the examples of the invention

In the table are listed the iCsy values of the hMC-4R binding assay and the ECsp values of
the functional assay. The ICs and ECs, values were grouped in 3 classes:
a<0.1uM;b>0.1uMand < 1.0 uM; ¢ > 1.0 uM

Example hMC-4R hMC-4R % activation
binding functional functional assay
assay assay ECso/lM
1Cso/uM
SHU-8119 a - 7
NDP-o-MSH a a 100
1 b - 0
2 a - 0
3 b - 0
4 b - 0
5 b - 0
6 a - 0
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C. In Vivo Food Intake Models

1. Spontaneous Feeding Paradigm

Food intake in rats is measured after i.p. or p.o. administration of the test compound (see
e.g. Chen, A.S. et al. Transgenic Res 2000 Apr; 9(2):145-54).

2. Models of LPS-Induced Anorexia and Tumor-Induced Cachexia

Prevention or amelioration of anorexia induced by 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. Marks, D.L.; Ling, N and Cone, R.D. Cancer Res 2001 Feb
15; 61(4):1432-8). ‘
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D. __In vitro ADME Assays

1. Microsomal Stability
Experimental Procedure

Pooled human liver microsomes (pooled male and female) and pooled rat liver
microsomes (male Sprague Dawley rats) are prepared. Microsomes are stored at -80°C

prior to use.

Microsomes {final concentration 0.5 mg/ml), 0.1 M phosphate buffer pH7.4 and test
compound {final substrate concentration = 3 uM; final DMSO concentration = 0.25%) are
pre-incubated at 37°C prior io the addition of NADPH (final concentration = 1 mM) to
initiate the reaction. The final incubation volume is 25 yl. A control incubation is included
for each compound tested where 0.1 M phosphate buffer pH7.4 is added instead of
NADPH (minus NADPH). Two control compounds are included with each species. All
incubations are performed singularly for each test compound.

Each compound is incubated for 0, 5, 15, 30 and 45 min. The control (minus NADPH) is
incubated for 45 min only. The reactions are stopped by the addition of 50 pl methanol
containing internal standard at the appropriate time points. The incubation plates are
centrifuged at 2,500 rpm for 20 min at 4°C to precipitate the protein.

Quantitative Analysis

Foltowing protein precipitation, the sampie supernatants are combined in cassettes of up
to 4 compounds and analysed using generic LC-MS/MS conditions.

Data Analysis
From a plot of the peak area ratio (compound peak arealinternal standard peak area)

against time, the gradient of the line is determined. Subsequently, half-life and intrinsic

clearance are calculated using the equations below:
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Elimination rate constant (k) = (- gradient)
0.693

Half life (ti2) (min) = k
Vx0.693

Intrinsic Clearance (ClLyy) (u/min/mg protein) = /2
where V = incubation volume pi/mg microsomal protein.

Two control compounds are included in the assay and if the values for these compounds
are not within the specified limits the results are rejected and the experiment repeated.

2. Hepatocyte Stability
Experimental Procedure

Suspensions of cryopreserved hepatocytes are used for human hepatocyte stability assay
(pooled from 3 individuals). All cryopreserved hepatocytes are purchased from In Vitro
Technologies, Xenotech or TCS.

Incubations are performed at a tést or control compound concentration of 3 uM at a cell
density of 0.5x10° viable cells/miL. The final DMSO concentration in the incubation is
0.25%. Control incubations are also performed in the absence of cells to reveal any non-
enzymatic degradation.

Duplicate samples (50 pl) are removed from the incubation mixture at 0, 5, 10, 20, 40 and
60 min (control sample at 60 min only) and added to methanol, containing intemal
standard (100 pl), to stop the reaction.

Tolbutamide, 7-hydroxycoumarin, and testosterone are used as control compounds.

The samples are cenirifuged (2500 rpm at 4°C for 20 min) and the supernatants at each
time point are pooled for cassette analysis by LC-MS/MS using generic methods.
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Data Analysis

From a plot of In peak area ratio (compound peak arealinternal standard peak area)
against time, the gradient of the line is determined. Subsequently, half-life and intrinsic

clearance are calculated using the equations below:

Elimination rate constant (k) = (- gradient)
0.693
Half life (tyz)(min) = Tk
Vx0.693
Infrinsic Clearance (CL;, )(pV/min/million cells) = iz

where V = Incubation vofume (ul)/number of cells

3. Caco-2 Permeability {Bi-directional)
Experimental Procedure

Caco-2 cells obtained from the ATCC at passage number 27 are used. Cells {passage
number 40-60) are seeded on to Millipore Multiscreen Caco-2 plates at 1 x 105 cells/cm?.
They are cultured for 20 days in DMEM and media is changed every two or three days.
On day 20 the permeability study is performed.

Hanks Balanced Salt Solution (HBSS) pH7.4 buffer with 25 mM HEPES and 10 mM
glucose at 37°C is uéed as the medium in permeability studies. Incubations are carried out
in an atmosphere of 5% CQ; with a relative humidity of 95%.

On day 20, the monolayers are prepared by rinsing both basolateral and apical surfaces
twice with HBSS at 37°C. Cells are then incubated with HBSS in both apical and
basolateral compartments for 40 min to stabilize physiological parameters.

HBSS is then removed from the apical compartment and replaced with test compound
dosing solutions. The solutions are made by diluting 10 mM test compound in DMSO with
HBSS to give a final test compound concentration of 10 uM (finai DMSO concentration
1%). The flucrescent integrity marker lucifer yellow is also included in the dosing solution.
Analytical standards are made from dosing solutions. Test compound permeability is



10

15

20

25

30

b - 0134 b - 0 WO 2008/ 116665PCT/ EP2008/ 002498 99
135 c - 0136 b - 0137 b - 0138 b - 0 139 b - 0 140

b 0 141
WO 2008/116665 PCT/EP2008/002498

103

assessed in duplicate. On each plate compounds of known permeability characteristics
are run as controls.

The apical compartment inserts are then placed into ‘companion’ plates containing fresh
HBSS. For basolateral to apical (B-A) permeability determination the experiment is
initiated by replacing buffer in the inserts then placing them in companion plates
containing dosing solutions. At 120 min the companion plate is removed and apical and
basolateral samples diluted for analysis by LC-MS/MS. The starting concentration {Co)
and experimental recovery is calculated from both apical and basolateral compartment
concentrations.

The integrity of the monolayers throughout the experiment is checked by monitoring lucifer
yellow permeation using fluorimetric analysis. Lucifer yellow permeation is fow if
monolayers have not been damaged. Test and control compounds are quantified by LC-
MS/MS cassette analysis using a 5-point calibration with appropriate dilution of the
samples. Generic analytical conditions are used.

If a lucifer yellow P, value is above QC limits in one individual test compound well, then
an n=1 result is reported. If lucifer yellow P.y, values are above QC limits in both replicate
wells for a test compound, the compound is re-tested. Consistently high lucifer yellow
permeation for a particular compound in both welis indicates toxicity. No further
experiments are performed in this case.

‘Data Analysis

The permeability coefficient for each compound (Pay,) is calculated from the following

equation:

CoXA

Where dQ/dt is the rate of permeatién of the drug across the cells, C, is the donor
compartment concentration at time zero and A is the area of the cell monolayer. C, is
obtained from analysis of donor and receiver compariments at the end of the incubation
period. It is assumed that all of the test compound measured after 120 min incubation was
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initially present in the donor compartment at 0 min. An asymmetry index (Al) is derived as

follows:

Papp (B-A
Papp (A-B)

Al

An asymmetry index above unity shows efflux from the Caco-2 cells, which indicates that

the compound may have potential absorption problems in vivo.

The apparent permeability (Pap, (A-B)) values of test compounds are compared to those
of control compounds, atenolol and propranciol, that have human absorption of
approximately 50 and 90% respectively (Zhao, Y.H., et al., (2001). Evaluation of Human
intestinal Absorption Data and Subsequent Derivation of a Quantitative Structure-Activity
Relationship (QSARY) with the Abraham Descriptors. Journal of Pharmaceutical Sciences.
90 (6), 749-784). Talinolol (a known P-gp substrate (Deferme, S., Mols, R., Van
Driessche, W., Augustijns, P. (2002). Apricot Extract inhibits the P-gp-Mediated Effiux of
Talinolol. Journal of Pharmaceutical Sciences. 91(12), 2539-48)) is also included as a
control compound to assess whether functional P-gp is present in the Caco-2 cell

maonolayer.
4. Cytochrome P450 Inhibition (5 Isoform ICs; Determination))
Experimental Procedure

CYP1A Inhibition

Six test compound concentrations (0.05, 0.25, 0.5, 2.5, 5, 25 uM in DMSO: final DMSO
concentration = 0.35%) are incubated with human liver microsomes (0.25 ma/ml) and
NADPH (1 mM) in the presence of the probe substrate ethoxyresorufin (0.5 uM) for 5 min
at 37°C. The selective CYP1A inhibitor, alpha-naphthoflavone, is screened alongside the
test compounds as a positive control.

CYP2C9 Inhibition

Six test compound concentrations (0.05, 0.25, 0.5, 2.5, 5, 25 uM in DMSQ; final DMSQ
concentration = 0.25%) are incubated with human liver microsomes (1 mg/ml) and
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CYPZSQA%BPPP“ The final incubation volune is 25

Six teﬁpﬁmﬁﬁundrmmbemn'aimlss(ﬂl%c 025 d.5.2.5.07. %aeM ia d?PﬁéG’h dinal DMSO

M
concep]‘.gg@cgla a”@?%%& |{1ﬁ§!2§§8 @Bﬁﬂ@ﬂfa{?%eg ('ﬁ?ﬁbgbﬁlggdn(‘g% mc?lmi) and
NADFM pl il ity Qi&dpmséhce at thesprobé eubstrte dextrampethp@hana (2 M) for 30

min aggk,p(g ﬁgéj?gl ggf‘é&; {gpﬁagSP é:fuﬁ'ii@né’oi riiine gE?nSJriPSIde the test

compdiliRiscd pediivendomrel.NADPH) is 20 incubated for 45 min

I}'lﬁﬁ The react| ons are stopped by the addition of 50
CYP:’& ! containing internal standard at the
Six te@pbdirﬁpdiuw&l a)rtden’eam\m@sos Th25,ithe.ubt .otb pthel's’Mm final DMSO

ri f 0 | d
conceﬂtréh é) taly.'|e-e %élﬂrt%é&? %I{BJQH%QPQ@{/ gﬁlgnﬁ)gohfés (0.25 mg/ml} an
NADHT9 (1 awmg the giresenceraf dhe iprels substr@teemgiéﬁela@ (2.5 pM) for 5 min at

ar gg‘ﬁgg{]ﬁ%@m S(a%ﬁAﬁygEfgﬂ S0 idlodomassik! ?ssserfeeH@d taﬂorfbmde the test

using generic LC
compoandl 43 apesitiRatantihal ysi s From a pl ot of the peak

area ratio (conpound peak areal/internal standard peak
area) against tine, the gradient of the line is
For #eCEP A holibaforss dupiessctigns arel terminated ydhe agdition Pf:methano! and

e e SAne 1866k B UL, B it (octton
wavelRgat ans35 kin, enfissign asawatengtio 6595 iaf For ftee GQYRACI, CYP2C18,
CYF’éﬁg %nd &P3A4 incubations, the reactions are terminated by the addition of
methano! containing internal standard. The samples are then centrifuged, and the
supemnatants are combined, for the simultaneous analysis of 4-hydroxytolbutamide, 4-
hydroxymephenytoin, dextrorphan, and 1-hydroxymidazolam plus internal standard by LC-
MS/MS. Generic LC-MS/MS conditions are used. Formic acid in deionised water (final
concentration = 0.1%) is added to the final sample prior to analysis. A decrease in the
formation of the metabolites compared to vehicle control is used to caiculate an IC5p value
(test compound concentration which produces 50% inhibition).
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Vx 0.693 Intrinsic Clearance (CLint) (pl/mn/ng
protein) =tu2 5where V = Incubation volune pl/ny
m crosonmal protein. Two control conpounds are
' in the assay and if the values for_th
W(%:%hﬁ%glgﬁ%s are not within the specified Ii mgéT/fﬁzgosmoz@s
results are rejected and the experinent repeated. 10
2. Hepat ocyte Stability ExpdPénental Procedure 15
Suspensi ons of cryopreserved hepatocytes are used for
man hepatocyte s jJity assay (pooled from3
5. Prﬁﬁ’?ﬂ EU&F%&X‘&’WL@O’M eserved hepatocytes are
purchased fromln Vitro Technol ogi es, Xenotech or
TCS. Incubations are perfornmed at a test or control
Expegimoptal Fyoeefie@nt rati on of 3 pMat a cell density of
0. 5x106 viable cells/mL. The final DMSO
concentration in _the incubation is 20 0.25% Contr ol

Solutiphz aligsi eamapand (81486 (et BahBHS cenrentiplien) @ee srepared in buffer
(pH T%ala%rﬁ 1% rpﬁ‘é’s‘?ﬁ% é\gﬂYnSEB)Qﬁtlé .nmé@idé?in%g ﬁfgéﬁdrﬁ\%d using equilibrium

i [ |1 cate sanp ( p are renoved fromthe
dialysjsnwith athe owontemmgegmgntsosepprated by @ semi-pgimegblenimembrane. The

buﬁe%ﬁﬁ ad@&Ploforid sif€ offine rﬁ@#ﬁ?an@%dqgig%gﬁﬁ slolutiotn to the other

anol, containing internal standard (1 pl),

0
side. sytapdarde areaprenaned 28 Plasma anfdeuffer- aYdir ey dsishatedn at 37°C.
o e B3I R R gDy L Do

and the supematants at each tinme point are pooled for
cassette analysis by LC MS/MS using generic nethods.
WO 2008/ 116665PCT/ FP2008/ 002498 '102 Data Anal ysi s
QuanfitativeApalysisof | n peak area ratio (conpound peak
areal/internal standard peak area) against time, the
gradient of the line is determ ned. Subsequently,
After paguifbratiqre samglasrareitakencirom diotiusiges ef theenerabraneat ke solutions for

“each 2‘%“9& o% fb%gﬁ)gngﬁﬁé e Oé.lfglgﬂiﬁ\éd %tbﬂ@gbtﬁ? rz(?i(%rr%?ﬁgi ANy ptasma-

I ent 3 Half
contairm) §oh ¢anseite analyzpd By AGcMI(IMS using) twel 9ai$ Af palibration standards

for P fie 1 BDAS) QG Srlo-gohBREIINDIER} BOfs). Goneric LC-MSMS
condig@s. dier esed.ofarpless amy gupntifiag usingrebandand cupmsoprepared in the
equiv&IBht rﬁaﬂQF?‘x@?ﬁnB&Ms@?@t&T@iﬁu Gseage number 27 are
used. Cells (passage nunber 40-60) are seeded on to
A coniypl gamrauadig inclusied defacdhexpepingsingt es at 1 x 105
cells/cnm2. They are cultured for 20 days in DMEM and
medi a i s changed every two or three days. 20 On day
Data Apalysis perneability study is perforned. Hanks
Bal anced Salt Solution (HBSS) pH7.4 buffer with 25 nmM
HEPES and 10 nmM gl ucose at 37C is used as the nedium
i n permeabi | ifﬂfgmﬂiﬁ&*_l’f_ﬁcubati ons are carried out
in an atnosphere of pC2 with a relative humdity
of 95% On day 26, he nonol ayers are prepared by
fu = fracting ynbobodh basol ateral and apical surfaces 25 twice
PG = Wrh B8RSttt offbih SoRtaiAdiSRe | nCUbat ed wi th FESS
I'n both apical an asol ateral conpartnents for 40
PF = sample sopeerbiatipn in prolein feegidsal parameters. HBSS is
' ' ced
fu ot 400F B Bk b 88 108 e T TR Wl R chERlcRs
are made by diluting 10 mMtest conpound in DVSO with

fusoow =  __fugom
10-(9*fu%)
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HBSS to give a final test conmpound concentration of
10 pM (final DMSO concentration 301% . The
fluorescent integrity marker lucifer yellowis also
' in the dosing solution. Analytical n
Wdair?’éélﬁg%g from dosi ng sol utions. Test con’pou]ﬁ(g:[t"%lm%i?sm%g‘m8
permeability is WD 20081116665PCT/ EP2008/ 002498 103
assessed in duplicate. On eHith pl ate conpounds of
known perneability characteristics are run as
control S, The apl.cal conpartrrent inserts are then
AP'eSOF & Iy bG8 DOBSHIARS cont ai ni ng fresh
I -1 BSS For basol ateral to apical (B-A) perneability
determination the experinment is 5 initiated by
As arspptific empodinient of an ordleompmsitivs of heomploand ngtrtehpmsémt invention,

0 N NG-d0os, i Al
33 PSRRI B 2 153 BRLTL SERRl A2k e ipyprovide a tota
amotyd ©H bad &y 380 mgnplit s silid A had Jetatinasapbylel s by LC- M5/ MS.
The starting concentration (Co) and experi nental
recovery is calculated fromboth apical and

As abolbet apewifid embmﬁa‘rdntrmﬁtancmb eahpeéntmﬂef al&nﬁi&md of the present

e B3 o i L M S RAE S cose o

provide arigtaf Araountraf 580 o ﬁgah‘}gSIloSﬁll dsige O BardygHdticapsule.
perneation is low if nonol ayers have not been
damaged. Test and control conpounds are quantified by
Whild @Sinhentiomstsat beeraﬂe‘scyrmeﬂ arsd igsteatéd Wréféreﬁaé It@ fo%ﬁhihnpreferred

.t h appro f the
embagie P@'&f oéo Sf"l 8%@‘""% §e§1’1 ‘TEI#S)"& ‘I"%t& f"@lt gpéqopgv\phanges
modlﬂmnlpny ahd subﬁltlathms&:a@Cbé imzide hérBinOsthoun deyarﬂﬁgﬂlfrohﬁfﬁé spirit and

soof TR ARH or S0, Hobot b ok phfrd dsos s

set fartt labo\m)lmayabe apdiicablecss a dcﬁséqm%fﬂﬁe éphz@:tf ¢ pharmacological
nsi ten ucj fer

' t est ed
respd S iR %d gRaY G JBRRTIEG ] URon isnBaRiEHlen 4sve compound
selectesl, Ias weiblas &b&sth‘eone iof yonﬁ\batfdnraf&intﬁmwé F@#[?ﬁﬁ’ﬁﬁl’sﬁatﬁfneemployed
si s
and H%h 85Ky idighs of BBrerces M B ROUIS A SASTIRIgY in gccordance
with thalabjdcid edd pravticeéd ef ted prasenigineentiahi Rns trﬁénd%w lﬂ'lerefore that the

ver 38l 7 e S et Sy B S s e

interpretey as bnently aoisceassraibleon at tinme zero and A is the
area of the cell nonolayer. Co is obtained from
anal ysis of donor and receiver conpartnents at the
end of the incubation period. It is assuned that al
of the test conpound neasured after 120 min
I ncubation was WO 2008/ 116665PCT/ EP2008/ 002498 104
initially present in the donor conpartment at O mn.
An asynmetry index (Al) is derived as follows: A
=pup_ |l aA) 5Papp (A-B) An asymmetry index above unity
shows efflux fromthe Caco-2 cells, which indicates
that the conpound may have potential absorption
problens in vivo. 10 The apparent perneability (Papp
(A-B))val ues of test conpounds are conpared to those
of control conmpounds, atenolol and propranolol, that
have human absorption of approximately 50 and 90%
respectively (Zhao, Y.H , et al., (2001). Evaluation
of Human Intestinal Absorption Data and Subsequent
Derivation of a Quantitative Structure-Activity
Rel ati onship (QSAR) with the Abraham Descri ptors.
Jour nal of Pharmaceutical Sciences. 15 90 (6),
749-784). Talinolol (a known P-gp substrate (Deferne,
S., Mols, R, Van Driessche, W, Augustijns, P.
(2002). Apricot Extract Inhibits the P-gp-Mdi ated
Ef fl ux of Talinolol. Journal of Pharmaceutica
Sci ences. 91(12), 2539-48)) is also included as a
control conpound to assess whether functional P-gp is
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Experi mental Procedure 25 CYP1lA Inhibition Six test
conpound concentrations (0.05, 0.25, 0.5, 2.5, 5, 25
pMin DVSGO final DMSO concentration = 0.35% are

wo Rest d with human |iver mcrosones (O. 25%(5%(:1;90&8,002498
obe

and H(1 nmV¥) in the presence of the pr
substrate ethoxyresorufin (0.5 pM for 5 mn at 37C
The sel ective CYP1A inhibi 168, al pha- napht hof | avone,
is screened al ongside the 30 test conpounds as a
positive control. CYP2CO Inhibition Six test conmpound
concentrations (0.05, 0.25, 0.5, 2.5, 5 25 pMin
DMSO, final DWVMSO concent "C?Itaii = 0.25% are incubated
wi th human |iver m crosones ng/mM) and WO
2008/ 116665PC T/ EP2008/ 002498 105 NADPH (1 mM) in the
presence of the probe substrate tolbutam de (120 pM
for 60 min at 37C. The sel ective CYP2CO i nhi bitor,
AlWopipaphe recnting td Borewitaedhed al ongsi de t he test
conmpounds as a positive control. CYP2C19 Inhibition 5
Si x test conpound concentrations (0.05, 0.25, 0.5,
2.5, 5, 25 pMin DMBO fiF DIMBO concentration =
0.25% are incubated wt —va—ixi croswnes (0.5
mg/ M) and NADPH, (N 7M. g #f esence of the probe
substrate nepheRytoi (25 pM fdr 60 min at 37C. The
sel ective CYP2C19 inhjbitor, traRryl cypronine, is
screened al ongsi de the test conpounds as a positive
control. 10 CYP2D6 Inhibition Six test conpound
concentrations (0.05, 0.25, 0.5, 2.5, 5 25 pMin
BAEOenhntivlerDVRfagianonaitdrs Attaotonters). 2biatas eanidn qplizameadeutically
with human |jiver _mcrosones (0.5 ng/m) and NADPH (1
arpertaple patsHheSOhce of the probe substrate
dextronmet horphane (5 pM for 30 mn at 37C. The
YBPE®R i ve CYP2D6 inhibitor, quinidine, is screened
|.ongsi t t cQo S as a positive
?dﬁtroT. 'C&%I%‘%é?’t?rg%ogw test conpound

ncentrations (0.05, 0.25, 0.5, 2.5, 5 25 pMin

O titnal DVMBO concentration 0.26% are incubated
Wi t h hpinenyl,l i ver microsones (0.25 ng/m) and NADPH (1

(5 pRpSmLRRERIRTEsct i RiBfeP ltBldepaE 31 @ BEleRiBered ring
i nhi bi t owhere#rt tﬁtaohetnmcar_piic:: sng mraeperdainl beg i krtetogioms selected
test cOnPRHISndN nd GHetLl he RBFRYcicl it @59 ffrifiet Be optionatly

i ncubat i ORY reactions are nat e
addi t i onsubistituiechbyah oxamgouhe fornmati on of the

e e A

em ssi o
wavel enghéteroatdbs selpcteddron: he QCymPEO, CYP2C19,

CYP2D6 CYP3A4, | [ . j § N
Cor i it QB EHEL R oaH Gtsinbd draHftherBataf Siected from N,
i nt er nal Osdran®laord. The sanpl es are then centri fuged,

and t he [ tants are conbi ned, for the

si mul té(ﬁ *anal ysi s of 4-hydroxytol butam de, 4- .
hydr oxyuerdire agdtopimenylicheterocpdidmnddieteroaryl is optionally substituted by

o/ s, Cher . PRTRRE” BB ETh e used. For m o
i d Jite dei.oni L ' = 0. 19
g8 B anRR o] i cabf Biner SBRERYIRH U0, C °07

decreaip in the formation of the netabolites conpared
to vehi¢le control is used to cal culate an |1 C50 val ue
(test €hgplMind concentration which produces 50%

i nhibition). WD 2008/116665PCT/ EP2008/ 002498 106 5.
Pl asma Protein Binding (10% Experinental Procedure 5
Sol utions of test conpound (5 pM 0.5%final QOVS0
concentration) are prepared in buffer (pH 7.4) and
10% pl asma (v/v in buffer). The experinent is
performed using equilibriumdialysis with the two
conpartnents separated by a sem - perneabl e nenbr ane.
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10 Correspondi ng solutions for each conmpound are
anal yzed in cassettes by LC- M5/ M5. Quantitative
Anal ysis 15 After equilibration, sanples are taken
Eo‘aﬂl h sides of the nenbrane. The sol “tiP(?f/EHBBsmgz@s

eac atch of conpounds are conbined into two groups
(plasma-free and pl asna-contai ning) then cassette

anal yzed by LC- M5/ M5 using109o sets of calibration
standards for plasma-free (7 points) and

pl asma- cont ai ni ng_sol utions (6 points). Generic

LC- Mo/ fvis: dledena-Oohss @k used. Sanpl es are quantified

usi ng gt red in the 20 equi val ent

mat ri x&'?ﬂ%’%ﬁ%ﬁ%ﬁ@cgggﬁ?est ed in duplicate. A

cont r of+.caikylenadsi sydieattylided i n each experinment. Data

Anal ysj fil = - 5 = ' Fp—
(mbouns SEr et aot, lkyen Ryt o Bl < Bpionaty

cont ai sibsytutgddey OF,orsanpl e concentration in protein

free side 30_fu at 10%plasma is converted to fu 100%

pl asmaRlanth B fave fogethenmith teeniropem atont fa whigh theyargiajtached a

10- (91ul: \ P :
St 5l YRR P ORE o SOOB g S v s
speci f i cthenbiegli ancht whith afingrial oplgnalsisubsifutsd §y one or more
conpoun : ES@ e , g "
is fornu Lg)tfsgéfgﬁﬁs%gsu i*g%nt&-'f %@] 5‘%?3? gzg-a%fgg{’?g}gga!kylene
t o provi@sscycloatkyl, Gsattylene-QLskyt o (SD)orephesyl i | |
a size 0 hard gelatin capsule. As another specific
isdi halegerof an oral conposition of a conpound of
the prggent invention, 37 ng of Exanple 17 is
formulatéd with sufficient finely divided |actose to
pr ovi d6+-ealkylt eptioaatlyiaubstiiuteBvith ong 9omese hajlogen atoms;
size O r (r=1 A : AT | i
has begﬁr@%ﬁgas' r'io%:te'gﬂg Il‘é#nﬁﬁdﬁ&tﬁé\%ﬁ%ﬁr@@%&%ﬁ%ﬂ %tgn‘s' o
certai gpreferred enbodi nents thereof, those skilled
in the art will appreciate that various changes,
el | nans and substitutions can be nmade therein
\;?t?ﬁoutéﬁg,%g%fti ng fromthe spirit and scope of the
i nvent C6NCHOr exanpl e, effective dosages, other than
the pr@E@ym.ﬁd;1_ggﬁ@|§ as 15 set forth above, may be
applicable as a consequence of the specific
phar neetiPHY{ca@ldeponses observed and nmay vary
dependgpg.aypalkyi he particular active conmpound
sel ected, as well as fromthe type of fornulation and
node of{Q@MNH-BPstG @ enpl oyed, and such expect ed
var i at s i) unfetf)l thb $n8Nn& Gflehst ﬁéﬁ@auz QBkIrated ar e
contenplated in accordance with the objects and
practi®Hs of the present invention. It is intended,
ther ef Qpeg, f4ng), the 20 invention be limted only by
the scope of t'he clains which follow and that such
cl ai nsNHE-5@KHkpret ed as broadly as is reasonable. 25
WO 200814656pE Y EP2008/ 002498 108 Clains 1. A
conpound accor di ng to formula (1) and enanti oners,
di ast eNHoP@r-EFsit aut oners, sol vates and

% armaceutically acceptable salts thereof, wherein
is 5 to 6-membered saturated or unsaturated heterocycly! containing 1 to 3

heteroatoms selected from N, O and S, or
5 to 6-membered heteroaryl containing 1 to 3 heteroatoms selected from N,
Cand S,
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Ais-NH, -CH2-, -CH2-CHr or a bond; 10X sH, phenyl,
phenyl which is fused with a saturated heterocyclic
- or 6-nenbered ring, wherein the heterocyclic ring

ain 1 or 2 heteroatons sel ected fr
wd‘?nﬁsl V\}%Eets 19%@332/&55498

erein the heterocyclic ring may further

optionally 15substituted by an oxo group, 4 to
8- menmber ed saturated or und¥urated heterocyclyl
containing 1 or 2 heteroatons selected fromN, 0. and
S, 5- to 6-nenbered heteroaryl containin
et or oubesnip (b6 Petsreryen g1 lte RetGRanGart itapafiabsitpted by 1 or
each phepgt+ heterocyclyl and heteroaryl is
optional Ty Substituted by 1 to 3 R14 and/or 1 R4b

gag/ oryl R5; Rl and R2 are |ndependently from each
other selected fromH 25C1 6 al kyl
2008/ 13 6adshopiieralRbSHSIRE I HO W%%ﬁ'eat@‘éi 6

al kyl Bordl kyl ene-heterocyclyl, and Cl.6
alkyleﬁg%%%o 7 cycl oal kyl, wherein eac

I
al ky| ehin Bmareherey satpratad @r ep%ateerwetﬁgo%%vhceﬂzﬂ"r'w dto3
SUDS |t Uj g i LetBfted #Bm ANG 472 07 m toget her  wi th

the nitrogen atomto which they are attached .a g 14

6- menbeherein ¢agh Mﬂndtﬁnﬁbvetaw@v'dﬁ apiignaiy sukstitted by 1 To3R

oxygen a%m PR bhe ring and which ring is optionally

substitu ed by one or nore substituents selected from
le%Rﬁbﬁ 0-Cl-6 al kyl, 0.3 alkylene- 10 C3.6

cyc oal 1 6 al kyl ene- C>C1 6 al kyl or

ey h‘-‘%ré’ ifeRRpbrdently from each other selected from
H,
OH,
halogen,
Cisalkyl, and
O-C.q alkyl;

nis 1,2,3,4,50r6;

Tis
: - (Rm)
r:T,’(R‘IB)q f j\(R"U)q Y/ q
O |
’ S i

H
N
Y-
(O Y
N ’ ' [: '
i i o

or NR?R™;
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Rda is hal ogen, CM C1-6 al kyl, optionally
substituted with one or nore hal ogen atons, 0-Cl4
al kyl, optionally substituted with one or nore

t ons, 15 OH R4b i 0) NH2,
w@Wﬁ&&éiogf kI O(0)N(CL 6 20° 25" B0b: c1§i(ép’g}o{’|§’/ﬁi’°,°ms

C(0) NH S02-C1. 6 al kyl, oxo, whereby the ring is at

| east partially saturated, TNH2, NH Cl14 alkyl, N-(Cl_6
NH- 502- CH3, or NH S02-CF3; R5 is 5 to 6-nenbered
safurated or unsaturated heterocyclyl containing 1 to
B Hgét efoat oms selected fromN, 0 and S, or 30 5 to
6- menbgugd heteroaryl containing 1 to 3 heteroatons
selected fromN, 0 and S, WO

2008/ 198%665PCDEP2008/ 002498

C1.s alkyl, optionally substituted by one or more substituents selected from
halogen, OH, and O-C,_salkyt,
0-C,.¢ alkyl, wherein alkyl is optionally substituted by one or more
substituents selected from halogen, OH, and O-C4.¢ alkyl,
hatogen,
NH(C. alkyl},
N(C1¢ alkyt)a,
phenyt or
heteroaryl,
wherein phenyl and heteroary! are optionally substituted by 1to 3 R,
gqis 1or2;
Yis CHz NR"or0Q;
R'is H,
Cs~salkyt or
(CHz)p6-Cs.7cycloalkyl;
R and R" are independently from each other selected from
H,
Cysakyl,
C.salkenyl,
Cs.g alkinvl,
{CHz)o.2-Cs.7 cycloalkyl and
Cisalkylene-O-Cy5 alkyl,
wherein Cy.5 alkyl, Ci. alkylene and Cs.; cycloalkyf are optionally substituted
by 110 3 R™;

halogen,
CN,
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110 wherein the heterocyclyl and the heteroaryl are
optionally substituted by 1 or 2 Rl4; Re isH,
Cl _6al kyl, optionally substituted with one or nore

wo 3o99REssat ons, 5Sphenyl or 4 to 8-nenbered S@(%’Hfﬁ?ioﬁﬂoozws

or unsaturated heterocyclyl containing 1 to

het eroatons selected fromN, 0 and S, wherein each

phenyl and heterocyclyl i's BE%lonally substituted by

1to 3 Rl4 and/or 1 R9; 10R3 is -(CROR9)-T; RO and RO
ch ot er selected from

G _halGganyr Bofshely 3k SRGeg RyiRinei gt apbstigens gelected from

2, 3, 4 h&logen, @HTOFG,d/aIlé)ﬂilc)licglycicloalkﬂl%((ifﬁléllkbl1O-C(O)C3_7
Nz ) QS%%]I6665PCT/ EP2008/ 002498 111
H, NH21 Y6 al kyl, optionally substituted by one

or mor ©-Euybalkylf oistinalls Slisstitaed Hite Bhs @Ir ﬁ%@su@ﬂtuéﬂ@selected

0- C1. 6al Cl4 erein al ky
opt i onal %"‘s@?ﬁ%ﬁ‘?"t g%*@d%wa L Q’Cﬁb‘?yé'%%bﬂ'ﬁ@}ﬁﬁ alkyl, O-
sel ect ed C{OJCRe9tiogRM, ofH, and 0-Cl.6 al kyl, hal ogen,
NH(Cl1.6 al kyl), N(Cl 6 al kyl)2, phenyl or heteroaryl,

OH. i

The compound according to claim 1, wherein
Alis -NH-, -CHg-, -CH»-CH>- or a bond;

Xis H,

phenyl,'

phenyl which is fused with a saturated heterocyclic 6-membered ring,
wherein the heterocyclic ring may contain 1 or 2 heteroatoms selected
from O and N and wherein the heterocyciic ring may further be optionally
substituted by an oxo group,

4 to 8-membered saturated or unsaturated heterocyclyl containing 1 or 2
heteroatoms selected from N, O and S,

- to 8-membered heteroaryl containing 1 or 2 heteroatoms selected from N,
OandS, or

-C{O)-R®,

wherein each phenyl, heterocyclyl and heteroaryl is optionally substituted by
1to 3 R™ andfor 1 R™ and/or 1 R®:

R" and R? are independently from each other selected from
H,
Ci.g alkyl,
Cis alkylene-0-Cy.¢ alkyl,
Ci.a alkylene-heterocyciyl, and
Cie alkylene-C3 ; cycloalkyl, or

R and R? form together with the nitrogen atom to which they are attached a
5 to 6-membered ring which may additionally contain 1 oxygen atom in
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wher ei n phenyl and heteroaryl are optionally
substituted by 1 to 3 R49; g isl or 2; 15Y isCH2,
NR11 or O; R1ll is H, Creal kyl or

wa sdogi e C3. 7cycl oal kyl; R12 and R13 are  por/ep2o08/002498

i ndependently from each other selected from20H, Cl1-6
al kyl, C24 al kenyl, C7.6 alggnyl, (CH2)0_2-C34

cycl oal kyl and 25C14a|ky|eﬂ ¥O- Cl. 6 wherein Cl-6

al kyl, Cl1-6 al kyl ene and C3-7 cycl oal kyl are

ROV tooBre sk ity g Jb ol SRR LEY8Re or more
gplt Lgtrlgljkl%t}sgnuleﬁtsi SHIEﬁtédV\frbdnofmt gr.els atkye @@Cgot alkyle o3 alkylene-
cs c Iloal k9t5, Tygloéllﬂi gﬁﬁ%n&%%ﬁ%% (_%/%)‘b’é‘?drkeﬂy'f

B eC A BRI i SRRl o o

al kyl , hlegeh} cycl oal kyl, 0-C(0)Cl1.6 al kyl, 0- C(0)Cr
cycl oa}ihyl, or OH. 2. The conpound according to
claim¥, ™"wherein 10A is-NH, -CH2-, -CH2-CH2- or a
bond; & skyipdistionblly plissttitedith oneor imse talogeh atoms,

saturaged heterocyclic 6-menbered ring, wherein the
et or oo drgorEly e PR wiophs SHinpl fibath ahs, or
sel ecte@; 15from O and N and wherein the heterocyclic

ring may further be optionally substituted by an oxo
G*0isp, CAOINHB- nenbered saturated or unsaturated

hetero Lyl containing 1 or 2 heteroatons sel ected
from ,\&/(g)l%ﬁ-&:,gaﬁ(gl' to 6-nmenbered heteroaryl
cont ai GOMN-{CQralklaet er oat ons sel ected from N, 200

and S, _ar erej n each phenyl, heterocyclyl and
het er oﬁf?)ﬁ'ldly!;?h%'iati onal |y substituted by 1 to 3 Rl4

and/ or ClONH»SDRAL Oy alidyl,R6;
NHz,
NH-C4.g alkyl,
N-(C15 alkyl)a,
NH-S0O;-CHa, or
NH-SO,-CF3;

R%is 5 to 6-membered saturated or unsaturated heterocyclyl containing 1 to 3
heteroatoms selected from N, O and S or
5 to 6-membered heteroary! containing 1 to 3 heteroatoms selected from N,
Oand S,
wherein the heterocyclyl and the heteroaryl are opfionally substituted by 1 or
2R™;
Rfis H,
C15 alkyl, optionally substituted with one or more halogen atoms,
phenyl or _ 7
4 to 8-membered saturated or unsaturated heterocyclyl containing 1 to 3
heteroatoms selecied from N, O and §,
wherein each phenyl and heterocyclyl is optionally substituted by 1 to 3 R™
and/or 1 R>;
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Rl and R2 are independently from each other sel ected
from25H, Cl-6 alkyl, Cl.6 al kyl ene-OC1.6 al kyl,
Cl. 3 al kyl ene-heterocyclyl, and Cl.6 al kyl ene- C34

weHok/PREdY! . or 30RL and R2- form together Wi pdr/kbRosiooz249s

nitrogen atomto which they are attached a 5 to

6- menbered ring which may additionally contain 1
oxygen atomin WO 2008/ 116485PCT/ EP2008/ 002498 113 5
the ring and which ring is optionally substituted by

e or BSe SUbstituents selected fromOH, C4.6
%EI@I ,'(M-)B"fal kyl, Co3 al kyl eneC3.5 cycl oal kyl ,

eal kyl ene- O C1-6 al kyl or - phenyl ; Rda and
i 20 R o Rl o eAb ABRT Aedid BB ea v om
hal ogeg, CN, al kyl, optionally substituted with one
or nore*hal ogen atons, 0-Cl4 al kyl, optionally
substiO#t,ed with one or nore hal ogen atons, or OH, 10
R4b is %g%&w 15 C(0)NH Cl14 al kyl, C(0)N-(C14
al ky1) 22 014 al kyl, C(0)NH S02-Cl4 al kyl, NH2,
NH- Cl4cal &yl, add (Cl4al kyl) 2, NH-S02-CH3, or
NH- S02- %3; 23 R6 is 5 to 6-nenbered saturated or
unsat uPar et er ocyclyl containing 1 to 3 '
Igeiger ogf\’tgrgc?‘q‘sgloc?%} ed fromN, 0 and S or

Tis
R0
[___-,/Rm C\/ R0 Y\/
O |
’ Ay N
1 anfuy
|
H
N
Y-
N ' [ -
2 N ‘:‘
i e
or NR'ZR'®:
R%is H,
NH,
C1.6 alkyl,
halogen,
NH(C1.5 alkyl},
N(C1-6 alkyl)Zp
phenyl or
heteroaryl,

wherein phenyl and heteroaryl are optionally substituted by 1 to 3 R*;

Yis CHy, NR"orO;



5 to 6-nenbered heteroaryl containing 1 to 3
het eroatons selected fromN, 0 and S, wherein the
het erocyclyi and the heteroaryl are optionally

W@U@flkéﬁ?t ed by 1 or 25 2 Rl4; R6 is H Clg-@i¥ismozass

optionally substituted with one or nore hal ogen

at ons, phenyl or 4 to 8-nepbered saturated or

unsat ur at ed heterocyclyl cdhPai ni ng 1 to 3 30

het eroatons selected fromN, 0 and S, wherein each

%h,enyl and heterocyclyl is optionally substituted by
t 31R14 and/or 1 R6; 114 R3is -(CRBR9)"-T; R8

and ROcagalkylrdependently from each other selected

from , Qhal ogep, G _e alkyl, and 0-Cl.eal kyl; n
is1, QC*%' 3 YG a@‘?‘!T is 10 or NRI2R13; Rl isil,

R'? and R" are independently from each other selected from
H,
C1.g alkyl,
(CHg)o.2~C3.7 cycioatkyl and
C,.s alkylene-O-C. alkyi;
wherein Cy.5 alkyl, Cy5 alkylene and Cs; cycloalkyl are optionally substituted
by 1 to 3 R"™. ’

The compound of claim 1 or 2, wherein A is -NH- or a bond.

The compound of any of claims 1 to 3, wherein R' and R? are independently from
each other Cz.alkyl or

R' and R? form together with the nitrogen atom to which they are attached a 5 to 6-
membered ring which may additionally contain 1 oxygen atom in the ring and
which ring is optionally substituted by one or more substituents selected from OH,
Ci¢ alkyl, Cq3 alkylene-Cs.5 cycloalkyl, O-Cy-g alkyl, C.1.6 alkylene-O-C4-¢ alkyl or
{CHy)o-3-phenyi.

The compound of any of claims 1 to 4, wherein T is NR"?R™.

The compound of claim 5, wherein R' and R™ are independently from each other
selected from H, Ci3 alkyl and (CHa)o.2-Css cycloalkyl, wherein alkyl and cycloalkyl
are optionally substituted by 1 to 3 R,

The compound of any of claims 1 0 4, wherein T is selected from
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NH2, Cl1. al kyl, 15hal ogen, NH(Cl.6 al kyl), N(Cl.6
al ky02, phenyl or heteroaryl, 20wherein phenyl and
het eroaryl are optionally substituted by 1 to 3 R4a;

woliosiidess NRLL or 0; WD 2008/ 116665PCT/ EP20St B¢

115 R11 is H, C1-6 alkyl or (CH2)(1.6-C34 cycloal kyl;
R12 and R13 are independent 1% from each ot her
selected from5H, Cl.6 al ky ( CHOO- 2- 057cycl oal kyl
and Cl.6 al kyl ene-O-Cl1. 6 al kyI

wherein 01.6 al kyl, Cl1-6 al kyl ene and C3 7 ycl oal kyI

are optionally bs tbtuted ﬁ to

The conpound ofiét’ Im1 or 2 ereln S NH- or a
bond. conpoun any of clal 1 to 3,
wherein Rl an R2 are inde dently fro each ot her
C3_ 6 alkyl or R1 and R2 fornttogether ' t he

nitrogen atomto which they are attached abto 6-
menbered ring which may additionally contain 1 oxygen

atomin the and which ring is optionally
substi t ut ed@ on nmore substituents selected from

™H, G.4 al 3 al kyl ene- 055 cycl oal kyl, 0-01-6
al kyl, Ci1-6 ene-O C1-6 al kyl or

20(CH2)O 3- nyI 5. The conpound of any of
clains 1 to 4 wherein T is NR12R13. 6. The conpound
of claimb5, wherein R12 and R13 are independently
fromeach other 25selected fromH, 01_3 al kyl and
(CH2)o 2-C3-6 cycloal kyl, wherein al kyl and cydoal kyl

he co oﬁﬁgl‘éfl?ﬁ#g"?;%%}éhegii%H%o{IQR& é})‘\?/snler ein T |s
%R0, Wk EQTuYPNIRER, IAPEOTET,RgH0e/ 002498 116

The compound of any of claims 1 to 8, wherein
Xis H,
phenyl which is fused with a saturated heterocyclic 6-membered ring,
wherein the heterocyclic ring may contain 1 or 2 heteroatoms selected from
0 and N and wherein the heterocyclic ring may further be optionally
substituted by an oxo group, or
4 to 8-membered saturated or unsaturated heterocyclyl containing 1 or 2
heteroatoms selected from N, O and S,
wherein each phenyl or heteracycliyl is optionally substituted by 1 to 3 R™
andior 1 R®.

10. The compound of any of claims 1 to 8, wherein

Xis phenyi or
5 to 8-membered heteroaryl containing 1 or 2 heteroatoms selected from N,
Oand S,
wherein each phenyl and heteroaryl is optionally substituted by 1 to 3 R™
and/or 1 R*®® and/or 1 R®.
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8. The conpound of claim7, wherein Y is CH2 or NR1l
and R10 is H NH2, Cl4 akkyl, NH(CL.6 al kyl) or
N(C _eal kYl)2. 5 9. The conpound of any of clainms 1
to 8, wherein XisH, phenyl which is fused with a
saturated heterocyclic &renbered ring, wherein the
heterocyclic ring may contain 1 or 2 heteroatons
sel ected from 100 and N and wherein the heterocyclic
11. The oompeundfaictaire ! Cbeherpini o HaPePYsubst i t ut ed by an oxo
group, or 4 to 8-nenbered saturated or unsaturated
heterocycl yl . co I N .0 et eroatons sel ected
12. T‘P?B‘WR&“}?@ (ﬁﬁ 'r%?b%nélg‘%gls byrkiyl wher ei n each
phenyl or heterocyclyl is optionally substituted by 1
13. Th® cdmPldhdl&iangbotlaiinsR6to 1Dfor The as omuimanenof any of
clains 1 to 8, wherein Xisphenyl or
5.to 6-nenbered heteroaryl contajning 1 or 2
14. Ubat of GBe GREMSENE B RorAIAIMS200%a 1 18, TR EPRHTRCWIR o 2
mediddteery foraRd RehaaRRIMIN4 Fecepidr@nigbhissubst i tuted by 1
to 3 R4 and/or 1 Rap and/or 1 Rs. 117 11. The
conmpound of claim 10, wherein Xis phenyl. 12. The
15. Usenpbuhel compouad nef1eny Whedaims X 1o 13yini i mapyfackyg of 2
medi%ﬁ%}g%p ol tr%élltﬁ'\&fbsog ||%?§i‘fyléxi§ Qf Hkotdirs, USiSead®s or conditions

ament . / he conpound of any of clains

respahsive 1 the inagtivatioreelibamalanecering REBREaRGT MBIl use as
nmel anocortin-4 receptor antagonist. 15. Use of the
onpound . cl aj ] c r

6. (RISt BRYo R, T Ty ot reme DTSRI A b ance

cachekis orrdecis, wasthgassewraxia, camlirephin Jatem psigspsie (&St hanxiety

nd/(#g‘act is\é%&i on of the nelanocortin-4 receptor in a

a i 016. The use according to claim15 for the
treatnment or prophylaxis of cancer cachexia, nuscle

17. A\BSArii@eutiab tex pesiticangdrmising a | atrgoahd ot bey oEtlgims 1 to 12

and %ﬁ?ﬁ?&%@%ﬁ%&%@%ﬁe&%ﬁ%neizin'g?i snlzg 2 conpound of

any of clains 1 to 12 and a pharmaceutically
acceptable carrier. 15



