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In one enbodiment, R is Heti where Heti is (i) a 6-nenbered ring
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corpouttis. ¢ heldt BT EBREE EURtEntng; 19 R gep iR b brR AT 9
and dryi ng conmdﬁe@aguodmol&oﬁu@at@ﬁs@,sm afe;- stoi chiometry will be
the norm Al so included within the scope of the invention are

mul ti - conponentil) éotrip &x@embsreksaturpied 59 CON@HING 6N A &eM; Aher ei n t he
d d | 3 i
rug and at .egﬁi ?%‘-ﬁwe%tﬁb%? %%f(@g%ﬁp@rﬁés%@rﬁﬁegh?'@ R SHY QTGS

or non- st oi chi ric anounts yp€ 1 nctl ude
cl at hr at esp(idnalgy btwst. i ncl usi on conpl exes) and 15 co-crystals. The
latter are typically defined as ch%stal l'i ne corrpl exes of neutral

mol ecudtr T @Sﬁgwtﬁ’éﬁh ECTRR ore alraighbenain s EHEedrghadLsuried atrhatient
interacti eRgrodBtiort AdbftaR! &MBRING TREPLSCHRId SRty & ERIBAUforié t h

Examples of alkyl radicals include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl.



11 Pol arizing Mcroscope by N H Hartshorne and A Stuart, 4th
Edition (Edward Arnold, 1970), incorporated herein by reference.
Her ei naf t eWOR010/Hg57@r ences t o conpounds of fornula (1) FGRIBIE/053317
references to salts, solvates, nulti-&onponent conpl exes and |iquid
crystals thereof and to 5 sol vates, nulti-conmponent corrpl exes and
iquid cr et s 0 sald adhes ?(?%dicg NSRAHESE R PIpdiNg ddMiBRUA0.

i ncl ude conpo ornu ereln ore |ne FRé udi'ng

all pol ynwrmﬁ@rmﬁﬁawv@fbai tolTRirihS, ém@irﬁgfbrorpmectﬁrug@mand lsoners
thereof (including optical, geonetric and tautomeric isomers)

her ej naf t eThaj@rmnémclaﬁlhyh g@@@pmc%m%opﬁ%@ eélahe@ﬁrﬁwl@@uafmtﬁ*mﬂ@ e
10(1) - égé%%et ﬁ&’mbﬁp of Yalt5h faEHrﬂg r P%%‘e‘ﬁt Ifsoéfeyrﬁwp,@uma@é ifQde a

(1) are al Wt hi e scope o erta
deri vat6va§/ctdpr@my‘rmylmmﬂmtpfcyfcmpmt}dia(wdi):yaibhe)tyl may have little or no

phar macol ogi cal, actj Vi t hensel ves can ni ster d Ln or
e, Hbies ok mariatod Fhgs eontatieona or SN idlie: wherelt iy,

the desired cfRkd é!r‘ohyatlcf QF c@ﬁ‘t@iﬁ@'?doﬂe BYHES I theGirt] %Y 890 s§b‘§(ﬁuent
derivatives are referred to as "prodrugs’. Further information on the

use of pr ddeluge pyreazolse pydding, pyragine, piringidings piddagingeand peridezsyateens,

Bi of ever si GRATRAY BT &y Baribersy atpald BT BaHiY orLEt2 M@ ugec
B. Roche, tAgE3 um[tms%@léﬂmwth@adttaeam:ablta@)pyrrmﬂmepﬂngt fda 5-
herein by reference. Prodrugs in accordance with the invention can,

for exanplr@embergsk GaBALC NG eNtAEINSy cABpicofiPat BIrthahd iaderap incghede
present i Q[{f“fﬁﬁe. } E?Sﬂg’%;%ﬂ{e g&rw &‘]trﬁé ida eqm b]ﬁgﬁa%f% noi eti es known

to those escri bed, for
exanpl e, |Exdogslegof dﬁ—nﬂrmblemqsarbmahb riBgs dgataining Eneeor 2 aﬂﬂnaﬁaa)a

|ncorporate herejn refere reover ert ai conpounds, of
o e PR oBRL O eR: Stogonly By JaciyiS oy, YrzalmBidarole,
for mul a5 (1 gdxazdRe iBRERAE N5 e, félftﬁiﬁiéle(t'l'lhz@l@%w&zcﬂé)émﬁléﬂ %zél@zr bon
atons. The bonds from an asynmetric carbon in conpounds of the

present i riwamples ofitdy th&-Bemberscsaiurated sngs gentaiping o Noatpimidnglude ) |

a solid we or The use of a solid |line
to depict q?%ﬁﬂ& f%ﬁﬁ?’@y‘?ﬂ%ﬁ r@ﬁégﬁ%ﬁﬁ%gf%%% is neant to indicate
that all poeshHes of tEHRONsPER EatuRdtel fitgs GBNRMMINGLAM A ator ael wdethed he
use of either a solid or dotted wedge to depict bonds from WO

2010/ 0159 eRtional N 2ten] @5@3’9‘/{9"1@%9@%@? eng reerphelineat ons is neant to
i ndi cabg tlH%e%Efo&r@%n?%%qo' soner shown is nmeant to be included. It

is possible th oudds of fornmula (1) may contain nore than one
asymetri dnmeb&mbcailment IR is k(6r4434qaihpolmrajmrth‘ehemmdlméntaR§:Itrb:htj(ll ne

to depict bonds from as LtricycC bon {0 nmeant 5 indicate
that ol | JoceorabSRial R s eramieht Q) o B-MetPeutringhiners
conpound Qnd QF @uhaatehbs w@r@h&ﬁe%galsks.mer élbrr%'tlEeBWcGH@wEsr 9UWduble
geonetric cisltrans (o E) isomers are possible. Were structural

i somers arhondﬁtlelthﬁ)m@raﬂﬁtﬂ eO\EURstueBly WYY EYT iﬁa@@tmally suabatiutediay a

taur onei soeTHUEBTSRIRR 8BR 53R AN TYCEEARRIE o for g b "
an imno, aeinaticihg@ohtEnigy @Me, or® N 3eorhs filisd afcathempbaubmreélaﬂne i
conmpounds which contain an aromatic nmoiety. It follows that a single

conpound neg efasinentie etﬂehﬁrréh@n?yﬁ@g Oftol JoREPERREreSs AAMAiaNNS
to illust rc%h‘?q_@pb%‘ﬁte%b?uﬁﬁér%b t he corrpound wher e for

exanpl e the is as s own beI ow, both "keto" and "enol"
t aut orrer s 1h5a Hettosy amodrmémdéd mnit-lefmlhdﬂ'e Heﬂp@ pyfidinHetyl ;! pf/miln{&-l}al

conmpounds of . for ket 0 en | ncl scope

o T e Shr SEHEZh 6 - SETRYGrOBYEIAZEI St 850 CoVIOBYABEYS Sang

taut oner i cufof DRIIfdrbPRirRRIRAYNDS Rbxd-aTeingdidpyrind@nidpl udbigko-1,2-
dihydropyridin-4-yl, [1,2,4]triazolo[4,3-b]pyridazin-6-yl or 6-oxo0-1,6-



Alternatively, the racemate (or a racem c precursor) may be reacted
with a suitable optically active conpound, for exanple, an al cohol,
or, in theweaswissdihere t he conpound of formula (1) corRGEVIBZ0YASII1T
acidic or basic noiety, a base or acid such as 1 -phenyl ethyl anm ne or
tartaric acid. The resulting diastereoneric m xture nay be separated
by chromat /.or n alliz on,.ang o .
of the di zﬁﬂéﬁ%@ﬂgr@ céét\eog'tra gdﬂJ IE)gttrtﬁ%ﬁcoﬂr) egb%ngj rnga’ Bupsglb%tugmsh
enant i onerifdgpenydentypssewelfrdomoi@-C.dalRylskalblaed grér son, 10 Chiral
conmpounds of the |nventr| gﬁnm§o and chirgl recwsors thereo

c

b
obt ai ned if &Bhndi dwihe dReNbhdd f' r Mehsi Waeenridetat (b‘%r %9 16-
typically o"@oﬁb@?[ﬂaﬁﬁl §§?’th r HOnERSI- é‘o‘ﬁgyg%@lﬁrﬁ rﬁﬁid@?ﬂsf coNnsi sgi ng

of a hydrocar typi cal'ly heptaneor tainin romOto
50% by &ol[hﬁﬂ]bhzob{ﬂgﬁd@w@azﬂ-&m cally from 2 to 20% and may

tain from0 to, 5% | f t f
Che. o uat 7 BreosRbSdEhL R SRt O ebBosty iberiia dein EREGAs RS hisor
the mobi| eohbasty wibdinnes ctgp@rﬁ%mw@@%sﬁm@nt@hhﬁéﬁerﬂemly @erercyedohaﬁie

(asymmetric resin) selected. Stereoisoneric conglonerates nma

separ at ed hg|o, c@ﬂvdﬁ?ﬁ-lc‘aiﬁiky] ead miCalelahonpwin @ durthesamigedimeat riSt?n%-

Lo RS SR FRPSRRIAN, 2oy teEh & b BRI i

by ref ey eneeond hempogiarnt, lR?thpr@myl ptiodelsy alslulostmrhtaar whicak | wo
acceptabl e isotopically- |abelled conpounds of fornmula (1) wherein

one or norEbalityaBisdpdepriendy seigeted R Ralpi and I(QECS)&\H@X&{ By durther
nunber, b"étmtﬁﬂlrﬁéw |§W§:ﬁl0€\g H%ﬁrf nunber 25 different fromthe
i ch”pr

atom c mass or mas$ nunber edom nates in nature. Exanples of
i sot opes duiohalenebddimeitntlissCOR and R*ie -(©arPoatkgisoptionahe sulpstiduted evith

116, "Tac anle SaucRog $PNRe sinabete Cr Fagvonasoenaly sopsiulEd
odi ners sy a6 4233 anduAgS bor | 6POGD-aHERyRSorbdNs AnAG LBNclgNTgn

such as 150, 170 and 150 hosphor us such

Such as S Couyslaatotes Crdhamil @dahkﬁgytmié@nﬁmlkwne&ﬂ (Gr- @mﬁynz or

ompounds T PRERR BerRos sihbHBHeR SolBbEane b LR 009 004 64 e
conpounds némbéredi sateatddring eam:tamm@ &M@@dﬁ%?ﬂ%ﬂr&ﬁ%ﬁ%r@%éﬁnﬂ
i nt er nedi at es thereto, could be nmad net hods ot her than th

speci fi calll\@ 884eriaspepdidest.d; is &Oeﬁaﬁpfﬁe'smxcau%ﬁ?%wt 8h -6 Qaﬂ@koxy
hodsn d h
met no b fefe E(%'tcgdga;lk@fg@ﬁﬁctl nig;?‘. QF%DB&ﬁuﬂéB%ﬁh Ntd Ben@rine

Sui t abl'e gui dés 16 s roup I nterconversions, use
of protectatorgsgroups, etc., are for 5 exanple: "Conprehensive Organl C

T f t by RC. L . VCH h I Ad

& gani o el & by DhgSyb A B RS o iR o AR
Organi ¢ SymiRinentsbyf PeRiestion Y6 RScHBEE hBrdisastve( Je%ﬁ&)sﬁent WithatheC
Synthesis - The Di sconnection Approach” by S Warren, ey

| nt er sci edeénifien®pihe cmpmf@@nm ¢ni ¢ Synt hesi s" by RK 10 Macki e

and m ps in Organic

Synt El\e%?s éegjreéﬁﬁ%l eené@%é&é‘?dﬁ %bﬁ%j&ﬁﬁwgey and Sons, Inc.
(1999); amd 3§mezt)a:{[5sq4@fwmm§her@m £43, 3J801@|ﬂ&mbropaﬁ©9091 Thlizpmeaner | ag
(1994). In the general synthetic nethods bel gw, unl ess ot herw se
speci fi ed Yl @W@%M‘ﬂrﬁr@rfﬂ@ﬁ@é‘ PfthWPhW|)PMO|%@'1W'h?é"%ﬂé‘waéwm above
W th refei ﬁ & the 15 conpounds of fornula (1) above. Scheme 1
illustrate € preparation of conpounds of formula (I) via acylation

of i nt er med](3% R){I{[PS Wi tchlcmoph ety )rdr isabetyrd- 1 4-didzocsctieytieatbonyl}-420

T I t t d

o Bzocihe 16r-hierahordinvirolor Y12l estatiag Bkt of general

formul a (lg.f3swshla- %@Q@%hldﬁoéﬂbr@ﬂm RBbLAHA- 1504BEaRM -JIR@onyl}-4-
(5-chloropyridin-2-yl)pyrrolidin-1-yl]-2-methylpyridazin-3(2H)-one;



Typical conditions involve stirring a solution of the diazepane or

di azocane of general fornmula (I1) and a carboxylic acid of general

formula (1P 2XBYEENEr with PCT/IB2009/053317
1- ( 3- di et hyl am nopropyl ) - 3- et hyl - car Bodi i mi de hydrochl ori de (EDCl)
or its 10 nethiodide salt, plus triethylam ne and

or it _ yl an
Car oyl | a1t SR To kA B SR A EhESTe AL AERDGRR N P e
L] Sk gt s Sitne e,
lterature preceaents. ur lve Suj 1S
St 5 SolUBNGn B8t e LoORN ST LRSS AForip A TR Oet McHon BNSTGr b P11
and the 15 ﬁgirﬂ/o%pﬁ%%%fnaﬁﬂ)ﬁ%ﬁ%lIcﬁh-@:—_?/M)Scaf'ﬂibpﬁﬁ-1',4‘-%\'atzo§9ijlé’ {Eﬁéﬁga@éteﬁr

with suitab pepti‘de coup reage ecessary ad
sui t abl 8 buasibyh AR @rchicidphemd)-4-5{B S At ) et - fisdraed-owtiphxyphemyda frdHrioxo-

i nclude 0-pbgnzotriazol -1-yl =N NN N - tetranethylutoni um )
hexaf | uor oﬁﬁ 5?%‘/@%%‘?(3/“}")EYF{M'BQFVE]S?5110&%@1}]'-)1'5%?93”6'1'Carboxy'ate’
1,1, 1, 3-t ghetpet hy BR-@IEMBopAERAS-ULUABSGR)4-E2-0&bLA-methoxyphenyl)-1-(1-
0-(7- azabenzo?fi azol ?n 20 dﬁl)_-ﬁ_Nf{RN' , N')- t gzt r anmet h{/r}eur%xr)l/lpumw (
hexaf | uor dpetopbreKe-1(Sidihyfropridarioryipigrolidimastganbandid ot-figzaeane-

chl ori de (1D!::90 v é%rjopyl phosphoni ¢ acid cyclic anhydride (T3P) or the
pol ymer - supporte ikai yama reagent; and suitable bases include

pyridine, &-[(BSMR)R{HMEeetylisSs@pthigrpbhémy}-ami-diezoddnreyiyartonyhal@ne or
di met hyl am nopyri di ne. Any suitable inert solvent may be used in

pl ace of tWRIOZEMathRxyRisRYERIEIN-IndlPKridaz i ¢H:M%ent neans a

| . . Skl t e
econdary TaNe. At T eabt ton LRI PO SR o R PROTRI R 16

At | east ‘one equiv eac e coupl
reagent s diyendpyrisiazirsaq¢! japdoliin-Sxdleasoaiyl}el, # fukazooare-drcdrboxylatay be

T ust rat GG 3PS HATL oA Bk PRy e VR Ay SaGHoBOMbaSHAs of

gener ahs f ghBibphény)-4-iybubtyact bef@ddcang; di azepanes and di azocanes of
general fornul 2@33 {[and gﬁr rolidine acids of general forrmula (V)

usi ng pept8-HaésS trgceageridchigropben)-béddiazresanktiicarbondhérte- 3
Sch 4 r at: f . i : reparation
of " Conpou Sty T2 YRR VR 2 ol S0 fladl, B OP
protecti ngngthglup 884(atobigyopHdiytid¢3314R)-MG2 4-difluorophenyl)-1-(1-methyl-6-
ggll ? g&lgg?rﬂg(sﬁl;é_l ?@?&@%ﬁ%ﬁé-&ﬁgﬂﬁgl%din—ggl]%;arbonylw,4-d$alz)ocapr%-1l-S a

20 carboxylate;
or pharmaceutically acceptable salts, solvates (including hydrates), and
prodrugs thereof.

Pharmaceutically acceptable salts of the compounds of formula (I) include the
acid addition and base salts thereof.

25 Suitable acid addition salts are formed from acids which form non-toxic salts.
Examples include the acetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate,
cyclamate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexaﬂuorobhosphate, hibenzate,  hydrochloride/chloride,

30 hydrobromide/bromide, hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate, naphthylate, 2-napsylate,
nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen



P& is either LR4 or another nitrogen-protecting group, orthogonal to
PGL. In schene 4 the di azepane and di azocane i nternedi ates of general
formul a 5 WOIZPYW/AFI2 pr ot ect ed pyrrolidine acid inter ned@yIBa00§p53317
general formula (VI11) are coupled usPng standard peptide coupling
nmet hods as previously described in V\D 2010/ 015972PCT/ 1132009/ 053317

18 schene Vi at e er
Formal o PR ReAmMRSAY | HBaSRby ! ol AR IARE, SocbbplSr Seree
pr ot ect i ngugtifbRS tdfdat@ngriAéE, toanatleetrrﬂoomeedtaﬂe Bhe ximofodte ksyltsisi ng
standard de- protection strategges to furnish either internediates of

general foruigble (orpe( BRfL IR RTELL{TOR i RAesT Whigh) oM sNemiQxiGsditat es
of gener aI Exa ﬁ’fédi%@l Ainkithb) e tthn’ﬁ‘rghr useaé‘él?ﬁr%“ b&ﬁka‘?ﬁmge@aiqtﬁﬂy SHdihgol e

nitrogen pro ng groups may as'described in otectli ng
G oups 5nc®tgplanmé$ydtoﬂwmne @ycinddiysinen Magisi@neeneglaming. GlanWae.s,
Wl eylnterscience, 1999) n ni tro rotecting groups (PG
suitabl e f%fa%w HRAdi R ti"?ﬂ?? hgaipe.ppd g E’Po%@ﬁ%ar bonyl (t-Boc), which is

readi |y reyamvRdid¥f ééId& ra%at%% by BB fdrthedUfd? e@rﬁn‘IdIé fHerosoRastd C
acid or hydrogen chloride in an organi c solvent such as

di chl or onetndaremioalciumsalfsoxane; benzyI which is readily renoved by
hydrogenatl._l on_in the rese ap| e

o RS nRsToat Rtdlf B e b, BatS 2k ~
or t-byd ylprebétiBs Sefdcionr eadi Uye rtrynsr@rd @m:r wa-n@!nthanﬁx|éyevt1;anozm)s

15 The al group (where RI = Hee as nentioned above) may be introduced
by di spl ad%ﬁ@r d hergin pumtereneayi ng group ("hetyl ation"), for

exanple fr eaVI ﬁbﬁﬁ&f‘ro‘?rm Iﬁvéﬁt[%?:” " oRbt §iP'% ”Ebﬁtmdt%?r? dp? %Mfﬁeét%te% s

a suitable g group. Suitab eavi ng groups 1nc al ogens.
| n cert ai maogiagdrotn ﬁrﬂyraﬂmmphmwfubﬁbafsmlm (0 begernpwrmcadhws refeppeer ) ,

|1 nbj h hi | i d
P by na iR Grdhih 3he Eralbtal (o Srelg et aen el MRy Ske pB et aack o
achi eves t %pbﬁﬂlerLﬁ)@nQQHﬂbrdIGreorﬂb?L&!rﬁbrt tﬁecmrygrcagprb?eﬁee% blid or a

i ntermedi ates of general fornula (X) can be "het gi ve
i nt er nedi diquisl. dypigatesuath fratenala dpxaor gu\readlstmﬁlvoé(farr difeaction aisdeensed

cappi ng_or 95 Wig SRk Boad ke odhrttd oSSR d TP MDA eRboRTER Buc

descri bed ||q0|dS¢J1!tiﬂiEI$eé|t|n@n@ ¢hanfjet fesm addlideb Miquidpeiperiisadesure whgsnir al
formula (XI1) nmay be capped with R4L foll owi ng the nethods described

i n scheme$haragigyized ?h@ndtﬁnaﬁo?fa‘ité@ typiclbyprneend eriergég.le?artranerﬂﬁﬂr)a
(1) t h%ed%dt%rrﬂr%ﬁﬁflhgnr&%rsl?ga @d"ﬁ QEEWWF]C% th@er'ﬁa‘{tle LIy 5 g

descri ove ternativel unds gener a fornu
where Rl isderedi mmnnaﬂeﬁng:rtwemtnuae rbelecolrar/mmaednd rgivesot rtbstrrmonr@o{rrﬂys

f I I I Rl i | f t. . [For.. .
xanpl o - A3 PaE HETHP TS BRI SHER T8 e HHB oS TRsRYa
(la) , V\h%ﬁ?a@éxrﬁ&ﬂir@ ﬂ%pédﬁa‘é'df@lr@rde&)ﬂtﬁg cﬁéﬁg@frém §éIﬁ;htoaIIi1u‘WIsor0
or net hoxy, can be converted into conpounds of fornula (lIb), as shown

i n scheme tharagjerisgdriyy § phaseplrnges iiesally disstdirderdimelting @Otftb di tions.

Aci di iti fer , i cul ar i

£ Bl Lo B 1o e id B NoBEBLEY P
t enper at urfgrmg\ Tieg nain veblyated is argeauneredf td algxgtive (d an)olewner eorplex
chl oro, can be reacted with an al koxi de of forrmula Y-0- gi ve an

i nt er nedi aﬁoemsrslrrgomurcanwa)d ofuHe iventien eyd %@e@@é&rphﬁvaa%%a@
h
ol ube melEspieB SN Meedies oFeRarhil) s NEhe BHAIIAIECHS )

, Where HEdmpIOﬁecawherInem sonemtIIBewateﬁ and R5 is H, can be converted
into corrpounds of fornul by 15 treat

R5 | kyl ,
Wt oSBadh CHTANAY A0CRDIED: PRECHEAIT PYFIGM Iop PUPPIcaRraRe, Bnpne that
Sui tabl e hpsiRgs | RElHte sidi BRBARET ofemekdiLibh UBdHiinaRIY HRukABE de gnd

Polymorphism in Pharmaceutical Solids by K. R. Morris (Ed. H. G. Brittain,

Marcel Dekker, 1995), incorporated herein by reference. Isolated site hydrates



Pyrrolidine acids of general formulae (VI) and (VIIIl) can be prepared

by de- esterification of precursor esters of general formnulae
(XI'V) and WRW1IBRIP¥Ipectively using a variety of known PGEBZYP(GFB1T
met hods as shown in scheme 7. Schene ¥ 0 MeO HO (XV) 117) Gl

A preferred met hod invoI ves basic hydrolysis of esters of general

formul ae (Al (i 181 eicR BRHERNS BkubIaN O, Byl LARLs Wi 2

hydroxide Tn a € cO-solveén roxi

i ncl ude t hesb ober ‘bgdnfelrmmrag eganicretalésulés.on dmmpl ayctlnaiesi\lahe)rwd(br or
al kaline earth rret,al,sééfor exanpl e Ca or Ba) and suitabl e co-sol vents

i ncl ude wdDEPCHES dieyh datieg sharnap Mhers ey rl next -ptheg wakelmalegules.
hydroxyli q,$& Pf&bst:oﬁf(ﬂﬁat%a tRedRhE AR O%r AOLcGEEE b%nde%‘fbttfﬁrme

preferred met de- est flcatlon esters o general tormu
15 (XIV§ aen (XV) is by treatrrent with potassiumtmrrethylsHanoI ate

[ it I t h |t t ol ne. WO .
b010/ 0156 3eq 116 SSNbu R Ssd5s36RkE Rolid fe RpublriifllBaye Aueliscptiped
preparati %z@ﬁuoﬁ@i@' m@é’;fér@ehﬂbﬂﬁur%ﬁil@r wnﬁnehecwévat f%e %IVQW\%ter is
formula (XV) fromtrans cinnamate defivatives (XVI). Schene PGL

i s a suit avgaklypriause i afy igr hgnnelicIvheaies eand B’UQWSCQDICb«@ﬂE‘PDUW@* thes a
O s e A oo B e B Pl
ref erenge duehldakses atanrstoighiverdgnkit beGhemarme aci ds 10 (XVlI) can be
coupl ed WI/{IQO ?nc\llt?drelde\ptw hn(“zu)ftheC 2'0(;&' ofa t%)éllllw\llcg{ttloﬁsart(a)r(gulgl clégw%\gﬂeh{] cgrgglexes
(other than salts and solvates) wherein the drug and at least one other
component are present in stoichiometric or non-stoichiometric amounts.
Complexes of this type include clathrates (drug-host inclusion complexes) and
15 co-crystals. The [atter are typically defined as crystalline complexes of neutral
molecular constituents which are bound together through non-covalent
interactions, but could also be a complex of a neutral molecule with a salt. Co-
crystals may be prepared by melt crystallisation, by recrystallisation from
solvents, or by physically grinding the components together - see Chem
20 Commun, 17, 1889-1896, by O. Almarsson and M. J. Zaworotko (2004),
incorporated herein by reference. For a general review of multi-component
complexes, see J Pharm Sci, 64 (8), 1269-1288, by Haleblian (August 1975),
incorporated herein by reference.
The compounds of the invention may also exist in a mesomorphic state
25 (mesophase or liquid crystal) when subjected to suitable conditions. The
mesomorphic state is intermediate between the true crystalline state and the
true liquid state (either melt or solution). Mesomorphism arising as the resuit of
a change in temperature is described as ‘thermotropic’ and that resulting from
the addition of a second component, such as water or another solvent, is
30 described as ‘lyotropic’. Compounds that have the potential to form Iyotropic
mesophases are described as ‘amphiphilic’ and consist of molecules which
possess an ionic (such as -COO'Na“, -COOK", or -SOsNa") or non-ionic (such

as -N'N"(CHs)s) polar head group. For more information, see Crystals and the




literature using standard peptide coupling reagents as described in
schene 2 to give honochiral cinnanmate derivatives of general fornula
(XVI1). Cowfepuiaid’y avail abl e oxazol i di none chiral au®dIVIgpivey8s3atie
preferred in this respect. Internediatles (XVIl) undergo [3+2]
cycloaddition with an azonethine 15 ylid precursor of general fornula

br tion naricdaidnd MIBGEEAG BY'N . BeliSndthe B SIAM T Sorbdlirpdat '
requires a'.(mbr@ienwJoim@morgt@@mea@mdqu’ef@émmt hane or t ol uene or
tetrahydrofuran and activati on by one or nore - (1) an

catal yst, Hereinassr ?Mefe(f@)c% e sPMpPPERds gf 5@{@%{'3 U dRclyde gpiel\r;@?ces to
fl d fg%%d fr
(X{J/IOIr : ) emas% %e&rﬂg%tg gﬁg&?fﬂ}) %ﬁr%ﬁﬁ odé“@ﬂ%ﬁeas chr Oﬁ%f@oﬁffaé‘ldhto

fracti omalsomay& alhdIm-satnponemtocogmmexémntqum@bmsmiseofmusahmoﬁf
gener al mul a ( XI X) T]he chiral .auxiliaries Xclé%(fonta ned
i nt er medi a}'@s C@f“%’é’ﬁ@? af" B8P mAvEN{ioq XiClYre EPrORY B)rmula (I) as

1 er at ur areierRet asineYOIRIABNG AP LTS HRZOAN QEPIAT naBremihbRds, ¢ o
give pyrrolidine esters of general fornu In" particul ar,

oxazol i di ropdrughi ard isomenlsi Hnerresf hagiuwegdeptmabt gemreatrw ahd dautomaic
aci d such .as sa rium.tr I,n t hanol . L dine es rs of
eneral 1 dnr oxrpeibatien @ heahitE RORP At Briboliagtfriyp
generalgfqpmula (XV) by the de-protection and "hetylation" strategy

described in schenme 4. Schenme 9 il|ustrates the preparation of
i nt er medi dseddigatedneg-spllgdbrorodmge] P the SaMmoNEdD £ dorpdadilats ale

i nt er medi r
oy ol di i e 9598 h heiferioh Cthlie; UriBlacfifuRlel 6t ichiounds of
(XX1) D aammaactl)aﬂnbfdmag:dmaeeittlenmmplthatmlogﬁcagenmmalthémsehrbaceb&XI )
can be coupl ed regi.osel ecti vel renenti oned rrolidine acjds
o8 ooy ahe BTRITErad/ O (ROl 18 Bt o CEBY Tt TR GRRG Bs o
descri bed [ t [ eRper

Sc herrelp?O f?’ﬁ%i[@gtﬁ ae\gn ﬁggpq@%;l)ﬁgpaﬁtgﬁ?oﬁg%ﬁagﬁﬂﬁdgﬁo@dgggﬂéﬁk%y gér;ér% | a
(XXI'11) fruehideryetivet aregsfapfedgoras: arocrr@gm!ﬁmr(exmfoumaﬁm@n ther@® 0k a

ni trogen protecti C Ik

Dbsnoter RASAEE PR il S8H8°0H, 14, Acs
general f @ympaidnObénds TRYHR@CHT aharwd Stélra)% wleaénsmm (C?Eﬁ'rlers in
described in schene 1) or by using pe£$| de couplin ents (as

descri bed ra9sddesign,2)Pergpgion dPESsevedd (Rd:-hdas va "Pelif. e ATBriGane

Prepar 58 | @hahhaceutical Association), incorporated herein by reference.

Prodrugs in accordance with the invention can, for example, be produced by
replacing appropriate functionalities present in the compounds of formula ()
with certain moieties known to those skilled in the art as ‘pro-moieties’ as

described, for example, in Design of Prodrugs by H. Bundgaard (Elsevier,

25 1985), incorporated herein by reference.
Moreover, certain compounds of formula (I) may themselves act as prodrugs of
other compounds of formula (1).
The compounds of formula (1) may have asymmetric carbon atoms. The bonds
from an asymmetric carbon in compounds of the present invention may be

), a solid wedge ( —=), or a dotted

30 depicted herein using a solid line (
wedge ("I, The use of a solid line to depict bonds from asymmetric carbon
atoms is meant to indicate that all possible sterecisomers at that carbon atom

are included. The use of either a solid or dotted wedge to depict bonds from



25 precursors of general formula (XXI'1) including, but not limted
to, a regiosel ective nono-protection of conpounds of general formula
(XX1) as WO 2PYOFYEI5972PCT/ 1B2009/ 053317 23 exenpl i f i eRCT/HB2009/053317
Preparation 13 or a nore direct assenMy as exenplified in
Preparation 2. I nt er nedi at e conpounds of fornmula (I11), (V), (M),
(VI1), (M ) | 1] : ,

(XXI1) andé :g(y%&r%tll”? cggtf%ﬁeastgﬁs;%h? eg:gg\?ﬂelhbgzﬁegtggg%nly Eﬁ% %@ecgé%ﬁr%%s |0rrv%nnt S
of the inviemneent tcClver imkludedpdiuisdposdiblehitat mempounds (cinfdrrabliar ) may

precursors thereof be obtained in enantionerically-enrjched form
usi ng chrom%afaﬁ)ﬁﬂg%/?ﬁ?@ammﬂﬁﬁé?rw @ﬁ%i@mﬁ@@r? PRUEIGS, Hie ¥5&

mobi | € phage, CQmgl §d R depick H&\ﬁ@é%@rhbz?’él}nmr%tﬁbcférbﬁn haBERNR Rleant to
hexane, containing fromO to 50% by vol ume 10 of 1 sopropanol,
typi cal by indisaie2thad aiopossibrie stergoiomers rarérroeailt toobsointyded! Wherefa an

al kyl am ne, Concentfrflti on ﬁs th{a.el uatq affordﬁ the enriched m xture.
The absol Ut RBFLS 1B CREERS N RIISHYE O S MYIRN S 0LRa ST M5
the chiralcigtrah ofRr ¥/PHasEmERS YArBE ok Siblee SWhers EbRGEIREE Boenaiki bted
man W || appreciate that, in addition to protecting nitrogen or acid
15 groups, NEECRNVEEINS ¢ AP aNIeEd)o Parriest tavipmesigsispmeasmaliaHignarisan’)

synt hesi s c 0 r i nec 0
p)r/ot ect fuérlr{nhEe)p&"gr'r gﬁ%s HQ@IQ}%@‘; e{égff% Zgggér%)foer{ E%%Sx?“gﬁoﬁ%@%\%% gf
sui t able piooheeat(l)rmntining, fot beampTaviemiig kpto be okimggpuplpr sdiehheatls

for deprotection of any particular, group will depend on the

prot ecting’ W?Uiﬂ&}ef@gw%@p%ﬁdﬁgﬂi@@ﬁ@%m% PRaEmeigty2 {f follows
met hodol o i il ' ' SamerW G,

and PG 2 o e SOOI (B Rl e or D XY SompRtn 0
hydr oxy grexampls tor diustrated aadasiomeriey reletidreshjp, dier cbapouod whet tfoons
could for example ¢ i Se refl uxing in 48% aqueous HBr, or b
stirring PERHB I d 1 SPURTHES ORI AP MEnARD. 2RPt BPRACTYEMprs
wher e as hysHIeN ¥rd irHiRiedSvitni®iRCéRfbeast “Bebieite e edmpbiveis oﬁ@ﬁﬁ@bqgﬁ ion
conditions could for exanple conprise hydrogenation with a palladium
cat al yst unddr a hydrogen at¥osphere. Al of the above reactions and
t he preparatilons of novel stlarting materials used in the preceding
met hods ar ¢ coitvent i onal d&ppropriate reaction conditions for
their perf rrrarﬂyﬂe aE—pep au n as well as procedures for isolating
the 30 desi products w e well-known to those skilled in the
art with refdrence to literature precedents and the Exanpl es and
Preparati ons®herein. A pharfficeutically acceptable salt of a conpound
of the formyla (1) may be readily prepared by m xing together

sol uti ons ofkeiocorrpound of 'éfe fornula (1) WO .

2010/ 015972PCTAB2009/ 053317 24 and the desired acid as appropriate.
The salt may precipitate fromsolution and be collected by filtration
or may be Ineladeerwithibythevagspaaiof otheopreisbat smleneon . arghall nstemdiscindrsy
acceptabl e salts of conpounds of fornula (1) may be prepared by one

or nore ofIROMEIEC (BYTHBEs ang teptamerice frmsen gt e COBMRBINAE &f far [
| : 0 . R : bt ' Labi

1) o D, U RSy DS oot onlhhogfo e,

(1) or by ofiome opmora thexesiuiishineludedl are quic@ddiion ,orfmEseesadispiiecrem

| act one or, | act am. using.t desired acid; or, 1 iii)by converti.ng
one. salt _oheeRun SR de AluAT e B ermiple. dhigtints ohyRng & GRS En
an appr oprippégarAgie dobrikite BEANSgHiing sui tabl e ion exchange col um.
All three reactions are tygi call'y carried out in solution. The

Y

resul ti ng @altrengdsompersonay batsepatatedivy deaventianat testinisyesiwalk kndventcor

oni sty o IE ¢ PNt (R0 A8 ehestertis sty cfindlaal o

al nost norerygipilisgsbn. The conpounds of fornmula (1) of the present

Conventional techniques for the preparation/isolation of individual enantiomers

include chiral synthesis from a suitable optically pure precursor or resolution of



invention may be usefully delivered in conbination with one or nore
addi ti onal pharmaceutical agents for the treatnent of conditions of
i nterest, wWocAlds¥exual dysfunction, |lower urinary tr &SI1GR@YPHeLTs,
obesity and/or diabetes. 30 Further, ¥he conpounds of formula (I) or
their salts, solvates or prodrugs, of the present invention may in

sone case ) |l el iyvered J i,nat i i il

o foct | ve el R 1ETRoPTER ol sBR Th 0B RRL BB bl B! o
2010/0159}@%{@@@]&{@&%@%&@@[3@ (RREo).i cal agents which may be of
use in conbinations of the present 1 nvention include: 1) Conpounds
whi ch moduMigreativedy, £Beiréremptenfar 8 URBEMIC PERSUERCS) MaYpbe treacipdrWith & al
naturetic r i ti Lde) ,: Y, and
5°C type wagplr ety A Lo, R RS, oF HERITSY ninbYike
endopeps i detsee dimelcomppand oftfotranlat(heontaipoan dsiditesrdrasirecholety] acbadened
in WO 02/ 02541]3, WO 02/ 03995 WD.02/079143 an(g P- A- 1258474 ., and .
especi al | PAhEUEHAD JuPRee iy amiieon Brigric\gsid g epiding diastereomeric
(25)-2{] 1‘r{1i§tu4é‘ma¥ be separated by chromatography and/or fractional crystallization
chl or ophenyl ) propyl | am no} carbonyl) - cycl opentyli net hy11- 4-

10met hoxy Andadieg or dothdef the disstpraaistenesi eamvieried o the corresponding pure

angi ot ensi n-convert enzynme such as e pril. and conbi ned

i nhi bi torse“@f‘ﬂ%‘sr%mﬁﬁleﬁﬂ%wgﬁﬂf’?”ﬁgo sj@l@ R Heut r al endopepti dase
such asg orgHigdl rddmiounds SUBE lirleSioh QandiQtEMNtpr8sEsoRUHRIES) may be
L-argi ni ne; 15 4)Chol esterol |owering agents such as statins

S5 4) t er ol . . (e.g.
at or vast atdoiaingd pnt epaniiomgiigalywpeeked (erny. using ehrespatogiaphy) tH%JFigb’gen
receptor nmguhators tr ni_st d/ S
ant agoni st's, LE|E3’re er%rﬁr%%q%@%f E%Ho%ﬁagofrﬁ%@@er@rass EBHQ%Q of a
Wci s- 6- phaaybcatidah, (teically heptane or hexane, containing from 0 to 50% by volume

pyrrolidin-1-yl -ethoxy)-phenyl ]-5,6,7 8-tetrahydropapht hal ene-2-ql , an
" S0phar it dSARTERNG. MRSy 245180 naraanay b ara B odh BV
which 5 dgiiahéesd AR a‘f@f@rﬁ(n%.lfiﬁﬁ‘)den%ti& RIPRnE AL Blet Bfford80I@ enriched
particularly a PDE 2, 3, 4, 5, 7 or 8 inhibitor, preferably PDE2 or
PDE5 i nhi bnixture afntierabpsolups edrepagilign af tPREBobilehphsiseorill beetependent upon

her ei naf t sai d_.i nhi bi s, preferably.havi n | C50 agai nst the
25 respecﬁﬁ%ghgﬂz‘t\?%& Pﬁ%’rse Q#X %@ﬁ#{&%ﬁ% provi so that PDE 3
and 4 i nhidibte@isongerie eigloradrated sisr bel sepptted loy cnvBitidnal esdhiniueso
the penis for treatnment of Ml e Erectile Dysfuncti on)h; 7) Vasoactive
i ntesti nalknﬁFV@tt@ithos(ev'ﬁ'PUQd 1 the @rhvesees fongxampiel Slgrrochamisity of Organic

9

ti At t | : t 30
Upaca SbACdnBBAGL ) B, LTSN AR 3 oh Wiel, IMEETREAY R HERR0G).

one or noriecavpormtéd Rereéceptaiereageni st or a VI P anal ogue (e.g.

Ro- 125- 15 or a VIP fragnent, one or nore of a- adr enocept or
ant agoni st/ PIPSGND RYSPRATPUHER dilgPharAcEHHEalN ATr RPEHIF ) SOtopsaly -
20107 0159 25 IBARINES 27 Fdmrifla ) wheteih UrRNTmBRE SRR ardd@Bletkd by

antagoni st or nodul'ator, nore particularly agonists, antagonists or
nmodul at or saitéros FEMINEAthei sah @ @targicvMmigET) bit\eo o288 ps andnddsi member i n

 nel udtho TSR TRLEY HPP e s dbosrAbbSusTEd BrsBai b upature.

WO 000289 BianfPled\of Rptdisesaeld RPliRGesTBM in 8aLB6mpoledsiei the invention
dehydr oandrost endi one), testosterone (ge.9. JostrelleTm LibiGlTm,

di hydr ot edh@ede isgiepeasr ofhvdeegens seeib@é Hhdrd; carpon. seckési Vie: ahdgen
receptor mdulabie Sk od @ 2R 3finel QuditksBET RARR, SH8) LAgER ARd)
medr oxypr ogesteroné or nedr oxyprogesterone acetate E ) (iI.€e. as a

conbi nat i anirogenr, sesh rasg@N amad Nebkydent, aatlossefONEOhandine phepplarasent

t herapy agent (e&,9. HRT especially,Premarin, Cenestin, QCestrofemnal,
Equi n, X‘Estﬁ“&@é’% 29t§’l§‘f%—}‘rﬁ’h% ?@2‘[%913%@ o, Estring, Eastraderm TTS,
Eastrader it fdu¥es DBEIBRS! ncludink? PIHBERN3&nticRE8 e the PERSMBIEs and

Preparations, illustrate methods of synthesising compounds of formula (l). The

skilled person will appreciate that the compounds of the invention, and



13) An agoni st or nodul ator for oxytocin/vasopressin receptors,
preferably a 20sel ective oxytocin agoni st or nodul ator; 14) An

agoni st or W4U/HIGERE for dopam ne receptors, preferabl yPE7/IB3008/033317
sel ective agoni st or nodul ator e.g. aponorphine; and 15) An
antienetic agent, for exanple a 5-HI3 antagoni st or a neurokinin-1
(N 1) antaaonkabeefeib! 80hg o3 Hl3e 8)1AGABLS bihd: Hikd e lilo oSOt
imted to, granisétron, ondahsetron, tropi setron, ranpsetron,

pal onset r adesctribed vetgionfor éxbapi by adapiatisrtof are asth@kagedoriosd herein,
Sui tabl e NK-1 antagonists include, but are not limted to, ,
apr epi t antfor xeale i Metbeddiknemin, itithapat-asuitablet ggideanio, synthesis,

vestipita {04 t 7 =1z = =

b1 s(t 11 1 Lok eh g B o ctnd SR, ORI TR FCr, %21
zol - 4- §Onme@yle:3-Canp(ehdansiver Qppamiy| T ramsfonmiatioes” Bye RbrlaackpVeEH

I nternati |, Pat ent Lcation blication n er W20Q6/ 049 .
VO 2010/ 0TEHSBER T@Q@%ggs&é‘?ﬂﬁﬁvﬁwﬁér‘%%ﬁ%x 3 dr Mgt Ve
use of th%fé?éﬂ?&%@%@%)t; hepdsi _ﬁﬁ'_@ﬂ;afn% _S)F?fﬁhééi@’aWE@ WhrrbAWeNiley
urinary tract dysfunction, conbinations wt’h other agents nmay include

but are ndnters¢ienasd(1Sd8);Meaanicriynikasis y the Diseonnectsm SppraachigoniSst

par ti ul arvared SABY BiehBHG SVEIE PlRebiREn Srafhb S ihars hp R
adr enengi aviagiepared It Eyaitr, SLongribiPhe 98d); erRbGctive eGegUipe! iRJORYadic Of
partial agonist, in g_artl cul ar an al phal adrenergi c receptor agoni st

or partialSUYRRIELoY SW SGieeneard PiadNuisyilehp dVigy and S9psi Kic- 6F999);
par gom A DRES | _ e
Pd Nor aar e rotectha B BTN, Koclkngk, ¥oiP Rieftitbictiig (199811 ore”

i nhi bi tor I6NRE geoehal asynteéiax ebetheds didlbvey unfesst stireaee specified, the
(S, S)-enantioperi or Vani | | pid receptor (VR) antagoni st uch as
Capsni oi - SUbBTEnBuRO R (3 I L Bt Beiiosh 300wt PN gEesRacsm b e
Bet a3 agr engfiiunds F ffrla apasvel ;  SHlla receptor antagoni st or

5HT1la rece& or inverse agonist; Prostanoid receptor antagonist, e.g
EP1 recept@ghenia Adusitrates thet prepagdion of sonmpeunde obforrmua ¢l iviroasidatiass

formula (1).l r f.. i and rel ated disorders, the
conpounds g%ljg}ggrb%@a%g%ﬁl\gﬁﬁfacﬂﬁnﬁggﬁﬁ%ﬁ%t(fl n with other anti-obesity
agents. Suitable anti-obesity agentSthenrl ude cannabinoid 1 (CB-1)
recept or antagoni sts (such as rinonabant), apolipoprotein-B
secretion/mgcr | triglyceride transfer protein (apo-B/ M
i nhi bi t or SR i §ul ar, gut-sel ective MIP inhibitors c 0O )
edi pat api de \q K] ot ﬁm de), 1113-hydroxy steroid dehydroge -1 _,.R
(110- HSD type )4 nhi Qityrs, peptide YY3.36 and anal ogs . thereof, 3
chol ecyst oki ni n-A ( agbni sB&L-Chonoam ne T eupt ak€ i nhi bitors
(such as sibutram ne), E“, npat hom nmeti c agents, f33 adrenergic 1\\‘
receptor agoni st), dopam ne recept@dd agonists (such as ) R’
br onocpd ptTypal cBRYEORS vehat sirHhgtd S8lutis 8P dicefdrY opBRkEeEs e of
5HT2c 30 receptor agonists, nelanin concentrating hornone
ant agoni st@enerageinla (hambths aevating agespof geasral fysula dH) with eeleags: or
agoni sts, J 990, St+S I 1 0hi biter:
t et rahydr o'ﬁlaépgg ?%ﬁoﬁﬂé“i@ %&{’%ﬁﬂ Elﬂtsﬂtogﬁf Eg%é\%ra{eut?%l %ﬂ lzagtg%;é gpl(a gﬁ% 959 tsa(lll)
include carboxylic acid chlorides, sulphonyl chlorides, carbamoyl chlorides and

chloroformates and are commercially available or will be well-known to those
25 skilled in the art with reference to literature precedents; suitable bases include
pyridine, triethylamine, diisopropylethylamine, N-methylmorpholine or
dimethylaminopyridine; suitable solvents include dichloromethane (DCM),
dimethylformamide (DMF), tetrahydrofuran (THF) or ethyl acetate (EtOAc).



WO 2010/ 015972PCT11B20091053317 28 bonbesi n agoni st), Neuropeptide-Y
receptor antagonists (in particular, NPY-5 receptor antagonists),

t hyr omi nmet'We 288413952 dehydr oepi andr ost erone or an anal ¢ TVIRMO&HT3317
gl ucocorticoid receptor agonists or alftagonists, orexin receptor

ant agoni sts, glucagon-1i ke peptide-1 receptor agonists, ciliary

neur ot r ophd t. u LN .| abl 0 o
neur oL OPSchetnd % skl s B MARLh RRAARHL P AR O
Ci nci nnat igen@Hl, fdmnEn (Agauiere riel igt estbphgt élom (ddIdPanenbhdi diezscane
ghrelin receptor. ant agonj sts, histanmine 3 receFt or antagonists or

i nver se addigraediatescllly ompgingrtide sewplingrreagemsdhe- and the 1ike. O her

anti-obesity agents, including the r4 ed agents 10 set forth
her ei nbel ow, are well known, or w I&%‘E@r‘ifeadi |y apparent in |ight of

the instant dischosure, to one of ordinary skill in the art., The
conpounds h resent ,i nventi on may al so be adm ni §teye no )
combi nation W th atufal |y occurring conpound that act to,] r __.~R
pl asma chol estergl | \s. ;Sugh gt urally ocgurring cafpounds ar
comonly cal l ed nutragedticals and 15 include, for ﬁ)(arrpl e, garlsg
extract, Hoodia plant @g(tracts,wand niacin. Especially preferred are
anti-obgsity agénhts selfected f 1%m t he group consisting f CB-1 R
ant agoni sts, gut-selective MIP inhibitors, orlistat, sibutranm ne,
bronocri ptine,., ephedri ne ept.in, peptide YY3 36 and anal ogs ther eof,
and pseutodpreEBAERON ErahEbitfing BBt Stiher felin i SRRolatE &
and 20 corgenaadl ifeilagnpames dapbotyle aclceatt gatidralobriabiasiy yiogsther elitat ed
conditions are adm nistered in conjunction wth exercise _and

sensi bl e di-@rdimstylaminaprenyl)i3-gtiyvkgarmosiniden dvdechigtiden 5&:4) “or its
SR141716 : I, gk L

Sanof | by R RLRRIT S4E A Bleth Mo el T BB S Pt BBty

conpounds idegichiobsdethand). @CRAAt @arbddytic acidet 7ofS8dner@) 43an 984 (1Y aned

6, 518, 264; U.S. Patent .Publicaftjon No Us2004/ 0092520, . ,
53004 o1 SPREErClaty GAIGHBANCH 3R W ILbeN J9 1r6%s Skt Inpae it with

Appl i cat i QBfepEfdePlo :h@ratdr@wg?(z&e%%%tim RHHRR aﬁlfﬁrféfa@é saﬁab@%%ed@f@is"g

Pat ent Publication Nos. 027076949, WO 037075660, W04/ 048317,

W04/ 013130 aaseiutiun Of tite frsermediatef campelingist ofsgeraral foemviaR(ll) revichiheor s

20 ( |4nz: ﬁlé’?%_cﬁ rEJf g%ﬁgﬂag?orﬂ%?é: r(Il\}iefr(%I a'nning'rtss'ol\lraeantﬁ&t;etwgr w?ch%%?té%l%%eptide

lrret hﬁ | - AHcbulily trebgamts; 3f Ydcbssarpeaddihy - 2- §ditabd ofsehemyfor- 4dditité.0X0
an- 4-

yOnet hoxy ) PHERIA RSPHEE a£PWRINGy I"PRRING 1 Nchudse O-hghgatriarpl11-w-M.N.M. A7ol -

3(41-1)- - i ' :

5. 929, 075 LB ef GRERDAEeh s, JEBIDY SATIHenArrE Tk
13- 9952) detdr3-tetameathyuiSniltattetrafiidrobdéraZs3TBIU), Q-(veazabapresiertiati ve
anti - opesi e , For e in the conpinatijons, r euti cal
oot o AR Bl G Babint arte Al (P AN ol it 3
net hods k i i b o aic b “dri

o butr am raT e RRgomiel OV (AE) -plehylisfionic geld SKATBRRyaride

4, 929, 629;(TBPbravc theptpatymerasuiporipde pluketyaam deagentbeundi suithigde iPeges

Nos. 3,752,814 and_ 3,752 8: .orli.stat can. he prepare s descri bed
ool < phhddde PReites; iRt s RbBlos BB RN ATSREbh " g
PYY3_36 (idiebthdidntinapaidags)A BB n4lEB6 isBE Gh biackDf that
Publ i cati on No. 2002/01 41 985 and WO 03/027637. 10 One preferred
group Ber énentipnedcab@ienavhed diert 1relvedhpoesits cofotvRBt prugegloes not

i nvention .0N i t.LO h i I

rom ponstRRie o, GieBRIE ACH, bl Dithaly" B ARG RIS, 28 RELEEne
modul at or squasiem s eachagfthe coopithy rlagestsastibudd besigedgal ayercadssof

and/ or estrogen ant agoni sts; testosterone replacenent agents,
eithér one or both may be used if desired.



Activation of melanocortin (MJ) receptors by agonists results in
activation of intracellular adenylate cyclase enzynes that synthesise
t he secondW®eH¥HHER signal ling nol ecul e, adenosi ne 3' ,BHBRHPF317
monophosphate (cAMP). Changes WO 201® 015972PCT/ 1B2009/ 053317 31 in
CAMP | evel s follow ng treatnent of reconbinant MCL and MC3 cell I|ines

(EQ) cai cur B 3 it e i Pesfh, %W@@@ﬁ%@%p@w ’
hamst er ovwrbera:afbfmdj|tar(e)5fr§mafbhcno$1at.$aﬁafaeepmbwm@ diarbbahenet ?
encodi ng human MCl or MC3 receptors, respectively, were established

usi ng st arf@EPdakY) QBGIPXFFOM[W@QFS@WG?' foraya &%‘ﬁﬁéiﬁﬁd?%ﬁé‘rou@“ng

di ssol ved %Q giiretide st d prdie O at 4nM 11 point half log unit
i ncr enent |9ut|on series of test conpound, typically starting at
50uM wege prepared in a buffer conprised of phosphate buffered saline
(PBS), 2.5% 10 DWVSO and 0.05%)plurogic F-&Z? surfactant. Freshly
cultured cells at 80-90% confl uenc arvested and re- suspended
in Dul becco's Mudified Eaglg's Medium (DVEM . Cells (10,000 for M3,
20, 000 for MA) e added o tde test conpound di | WY SRries in a
384 wel | assay ! and"Pnoubat ed for 1 hour at 37C. The r tuve
CAMP concentqa@ton INH each | ) was then measured 15UﬂS\ng/a

gal act osi dage enzyne fragnentwconplenentatlon met ho purchased Kit
formas th& Discoverx cAWP Il ®it from GE Healthcare / Anershann

Bi osci ences UK. (i the case g@fy MCl, 3-1sobutyl-1- nethylxan;hlne
(I1BMX) at a concentration of 750 pMwas included in DVEM as the cells

wer e resuspeemel4ilbistratesdyrthanaternativesostasder thearepgationlod aomperndsch
assay wel | 3R el fo ANy A5 WAded BRI R B ANk (ELEERG LRl LA, maxi mum
control correspon ng [ a“concent F &L 6R ha anocyte
stinmul abi ng hornone denonstrated t Sajienee 4 nmaxi mal effect. Signoi dal
curves were fitted to plots of logio inhibitor concentration vs
percent effect using a custom made software application called SIGHTS
and EC 50 estimates determ ned by the software as 25 the
concentration of test conpound giving an effect half way between the
bottom and top asynptotes of the signoidal dose response curve. Each
experinment included an EC 50 determ nation for al pha nel anocyte
stinmul ating hornone, which was used as a standard to track assay
consi stency and allow fair conparison between EC50 estimates obtai ned
in different experinments. 30 MC5 and MC4 EC 50 activity was

determ ned as described by assay protocols D and E, respectively, in
U52005/ 0176772 (pages 28-30). Nle4, D-Phe7-a-MSH Inhibition at the
MC4 Recept or WO 2010/ 015972PCT/ 1B2009/ 053317 32 N e4, D Phe7-a- VsH
is a stabl e anal ogue of nel anocyte-stinulating hornmone (MSH), which
is an agonist at the M4 receptor (MCAR). Conpounds can be eval uat ed
for their ability to inhibit Nle4, D Phe7-a-MSH binding to nenbranes
fromcells expressing the MCAR using a conpetition binding assay
versus [1251] 5 N e4, D-Phe7-a-MsH. Cells expressing the MCAR were
subj ect to honogeni sati on and the nenbrane fragnent isolated by
differential centrifugation. CHO CRE MAR cell nenbranes were coupl ed
to PVT-PElI - WGA SPA Beads type A for 2 hours, spun at 1000 RPMfor 5
m n and suspended to a concentration of 300ug 10 bead/m (0. 15ug
menbrane, 15ug bead per well). Bead/ nmenbrane m x was 1251] i ncubated
wi th 0.06nM [ Nle4, D Phe7-a-MsSH and 11 hal f-1o0g concentrations of
conpetitor ligand, in duplicate, in a total volune of 50111 buffer
per well (25 mM HEPES, 1mM MgCl2, 2.5 mM Cad 2, 1% Pluronic F68, 1
conpl ete EDTA protease inhibitor tablet/50 m pH7). Non-specific

bi ndi ng was 15 determ ned by the inclusion of 100nM SHU9119. The
reaction was initiated by the addition of bead/ nmenbranes and pl ates



was incubated with 0.06nM [1251] Nle4, D Phe7-a-MSH and 11 half-1og
concentrations of conpetitor ligand, in duplicate, in a total volune
of 501. 1. 1WBgpFensyzer wel | (25 mM HEPES, 1nmM Myd 2, 2. PGEINBSAIIB3171%
Pluronic F68, 1 WD 2010/ 015972PCT/ 1BZ009/ 053317 33 conpl ete EDTA
protease inhibitor tablet/50 ml pH7). Non-specific binding was
determ ned by the inclusion of 100nM SHU9119. The:i reacti on was
initiated by the adgigi f bead/ nmenbranes and ate$ were incubated
at roomtenperature fof 12%hours (the first hoif @ pl ate shaker),
after which the 5 a@uM_ ofMtadi oactivity present {wag deternined
using a Wallac plate counter. Ki values were determined by data

anal ysis using appropriate software. H gh Density DP@y- Drug
Interactions (DDI) 31.1KMCocktail Screen A drugpijteraction is a
situation in which a substance affedqts the activity of another drug,
i.e. the effects are increased or dgcreased, or together they 10
produce a new effect that neither produces on its own. Drug
interactions may be the result aOf i ous processes but a relatively
common one i s where one drug a at % hg phgr macoki netics of anot her
by inhibiting the cytochrone P4 th N tgbolises it. Because of the
i nportance of these phenonena, assessnent of the DDl potential for
new chenical entities (NCEs) is consideretl5 inmportant early on in
the drug discovery process. The DDl (gockt abs' screen in human |iver

m crosones (HLM is run in a fully automated {ashion and the ai m of
the screen is to provide a sa'r)r:gl e- poi nt assesgv({nt of the DD
potential of new chenmical entity (NCE tested 3 M against the 4
primary cytochr 0 enzynes, 1A2, 2D6, 2C9 and . 20 The

substrat e cockt aj ch&or P450 DDl utilizBsfu I ver,.
m crosones toget 'T%{.JM h of orm specific clinicaly dru obes and
permts the sinultaneous surenent of the inhfbi tY of [P450 1A2,

209, 2D6 & 3A4 ac®ivities fin.a single incubation. Thig is
t hr oughput wi th si mul t aneol®$ detection of metabol | ted by LC M/ MB.
This nethod has been R5 thoroughly tested and eval uat ed usi ng
standard conpounds. The probe substrates used are gi veF in the table
bel ow. M crosone Source Pool ed human |iver m crosones,yM crosone
Concentration 0.1 ng/mL P450 Concentration 0.03 pM Regener ati on

Syst em NADPH (1%5@ Time 8 min W

2010/ 015972PCT/ 182009/ G 17 B4 Probe Subst rat e (Enzy Pr agiied)
Concentration Tacrine 4Y 2 pM Di cl of enac (2GRN N R

4 —

R

—z

N
(X PG (X X

("

PG’ is a suitable nitrogen-protecting group.

PG? is either LR* or another nitrogen-protecting group, orthogonal to PG,

In scheme 4 the diazepane and diazocane intermediates of general formula
5 (VII) and protected pyrrolidine acid intermediates of general formula (VIII) are

coupled using standard peptide coupling methods as previously described in



5 pM Dextromet hor phan (206) 5 pM M dazolam (3A4) 2 pM Inhibitors
Concentration NCE (test compound) 3 pM M conazol e (universal control)
3 pM  AppeWO200018472t he net abolite of each substrate i SPGRABIWPBTBIBYer
time in the presence and absence of t¥e NCE (test conpound/inhibitor)
at a concentration of 3 pM The conpounds are assessed for their

the fol | o e Eanartid T I HES SahEER LR, o SRBRE FEnE &8
ot her neanUnmmungsOrtr@g@MQH prateztibheTise! initrsyeni ;ﬁrystemhn%l@lﬁmwldeﬂ ende?@?
with the design and %res& on of conpounds. % Inhibition I C50 >75%

< 1 pM 25-cAg0Re rerooysd didemniaoning stAMORY Aermsolostielbairpiagiendpdumish
Det t - 1
resay) iy iibRGaitatCor QbraraS Rl BAY (thidBhn detBraidlighasiorBf 81

nono- oxsgenmsmedlyas&semf gEmiesal efozmota (>$Il)f @Mghndbi-pgbte«:ﬁmmmftl?@f).ohwi n

the liver d dtot dopl t I I the, .
horat oot Sulghls oGRS PEgeblity SRR naniG (1t @ TSt B Prateeing

state by t@@ueée@@raéhiersﬁthédf@ é‘@Eatt:bﬁ T E368R ahd #CE!I Wts, Wiley-

Determ ning a conpound' s in vitro half-life in such a system provides
a useful ilnrecienge, IO9RBtGHOIMOD m&r@gﬂn projectimgtgroups P Ghduikaide éon wse
WO 2010/ OJhSe%%Pcl:JCIIQLIID’g 19 rto btﬁg’:%/?ca onyl (t-Boc), which is readily removed by

10 treatment with an acid such as trifluoroacetic acid or hydrogen chloride in an
organic solvent such as dichloromethane or 1,4-dioxane; benzyl, which is
readily removed by hydrogenation in the presence of a suitable catalyst or by
treatment with 1-chloroethyl chloroformate (ACE-CI) followed by methanolysis;
or t-butyl which is also readily removed by ACE-CI and methanolysis.

15 The R' group (where R' = Het' as mentioned above) may be introduced by
displacement of a suitable leaving group (“hetylation”), for example from a
heteroaromatic precursor of formula “Het'-Z” where Z is a suitable leaving
group. Suitable leaving groups include halogens. In certain cases transition
metal catalysis (e.g. palladium, copper), optionally in combination with a

20 phosphine ligand such as 1,1'-binaphthalene-2,2’-diylbisdiphenylphosphine,
may be required to achieve the required coupling products.

According to scheme 4, intermediates of general formula (X) can be "hetylated”
to give intermediates of general formula (XI) that can be further elaborated to
compounds of general formula (l) through de-protection of PG? then capping of

25 the exposed NH function with R*L following the methods described in schemes
1 and 2. Alternatively, intermediates of general formula (X1} may be capped
with R*L following the methods described in schemes 1 and 2, then elaborated
to compounds of general formula (I) through de-protection of PG’ and
subsequent “hetylation” as described above.

30 Alternatively, compounds of general formula (I} where R' is a given Het' group
may be converted into other compounds of general formula () where R' is a

different Het' group. For example:



Al'l reagents are ANALAR grade. 1. 200mM Phosphate buffer (Sigma) -
100mL 1M Phosphate buffer pH7.4 dissolved with 400m. MI1iQ water. |f
necessary, WPRIHHAI’2 be adjusted with concentrated ort R§FHEIWHOEPY
acid to pH 7.4, made up nonthly and st¥ored 5 refrigerated (2-8C). 2.
0. 1M MyC12. 6H20 (BDH) - 2.032g dissolved in 100nml MIIiQ water, and
stored refyiger =8 02 i - 3 di ved
in 1000p1 i 7T ST Lfé‘r%s &)aﬁoémﬁhaeg'agt’g/‘l’r”@@@f@%r?i 8‘2@%{“&1&?@@%9 @S’mg
further uspoud@,4sudh. 2y dhdrol soerdtioxNy, aandod Sognented intd Ssampbssiel afed
in5mL MIIliQwater - and then stored refrigerated 22-80 for further
use. 5. QGeilad[te. aerhawadesslene R, by hvdrelsiyraper edheyraddic or basic
refrigera 25 8C)A i - ti S t p L e
1mg/ ml) i F]c%ﬂ]dﬁstlép% eA C(')drlga(r:u cd?géé]s\slgﬁtgsb%%lﬁé%s%ﬁgt Pgﬁ%f]‘aﬂgt Egér% or &/
wat er, 5t dreadiment of gempowdis(@- BEhulalfe)7with @odipadidtat gefhins tanepgrbiieeg.
(Aldrich) ., 7.65ng dissolved, in 1ml anol nd ored refrigerated
(5 80) Cunliehalyay. 35085 of GTAT Tk PossnansiBResa Segiranied

0. 691y di sHfM e IKoRidEAITBr@b o -cand %ﬁéﬁ%té@ﬁédigﬁrﬁ%ﬂmﬁlg‘(fﬁg) where
9. 20% Trichloroacetic acid (TCA) ( - 20g dissolved in 100ml

M1 1iQ watleis, OX¥0 Suhaequantinydegtysis thanapronisies thecosioueds &f fervana (Ib).
t enper at urg, 0 j r QX ( - 40g dissolved in 100nt
MITiQ vvatsglrltan:eagrgag% [%@C@égr'ﬁégggor en Iprepari ng this solution

as thispreaction is exothermc), n@Bthettip3 n "saf ebreak” gl assware and
stored at roomtenperature. 25 11. Hepatic or Superm X m Crosones
stored at -80C shoujd be defrosted i nedi ately prliaor use, kept on
i ce and disp d. .OM L Q wat er. 13.Thernostat\iﬁ§% ntrel |l ed
shaki ng wat er bgth toﬁiveaterrperature in theni ncu |
approx 37C. 14 Reagent\ f or termination of i nghibatoh (typigally
organi ¢ solyent, acid o se). Methodol ogy Forrln Vitro Rat
Det erm nati on Using Hepatic, & Superm x Microsom es, WO Lot
2010/ 015972PCTA9B20091053917 36 The nethod outlined®bel ow is for a
total incubation volunme of 1.5ml. 1. The following mxture is
prepared in a test tube: Reagent Stock concentratio n Concentration

i n i ncubatiesrr Vol ume added (fortl. 5m i ncubgti-on)?t Phosphate buffgr pH
7.4 200nM 50 pl 2 Oy 5mvi N X NF
| /f\ll | =N /“\ = | I{IH | NH )\ |
z N e} N
z z 0] 0] H

ZN/ /2 =

i)  Compounds of formula (Ic) , where Het' is as shown in scheme 6 and R®

is H, can be converted into compounds of formula (ld), where R® is alkyl, by
15 treatment with a base and an alkylating agent in an appropriate solvent.
Suitable bases include sodium hydride, lithium diisopropylamide and sodium
hexamethyldisilazide; suitable alkylating agents include methyl iodide, methy!
tosylate, dimethyl sulfate and ethyl iodide; and suitable solvents include
tetrahydrofuran, dimethylformamide and N-methyl-2-pyrrolidinone. An optional
20 additive, such as a lithium salt (lithium bromide for example) may also be

present in the reaction mixture.



75pl Isocitric acid 0. 1M 5mM 75p1 Isocitric dehydrogenase on bottle 1
unit per m * see below 5*This volune is calculated for each new
bat ch of |‘§’S’(54“Wlllé97aehydrogenase e.g. Protein concentraRqTéWZ‘E)@%%m
Enzyme activity = 3.3 units/ng therefre Specific activity = 3.3 x 18
units/m = 59 units/m For a 1.5nl incubation 1.5 units of enzyne

activity are required = 59 10 1000 S‘chgr":heﬁ)l' 15 2. Defrost
m crosones at roomterrperature and ficient mcrosorres to give

a final concentratjon of 0.5nmol cytochrone P450/ i, of cubati on
e.g. for a 1@?/“‘;8%@“ on, the vol une of nicros®i beoaddeg

is: P450 concentration requared in incubation x |ncu ti Iunﬁ
cytochrome P4508Nconglt on in mcrosonal prep. d
suf ficient |1 Q wat er fto)give a totat Tncubati oﬁ voI urre of 1.425ml.

4. Renove 7.5pl1 of inc batlon m x and pl ace in"test tube for ’PNA
positive 20cont rol( Ic) Add 2. F@pl of PNA sol ution, whirlimxgdand puét
tube into a rack in"the thernostatically controlled shaki ng wat er
bath WD 2010/ 015972PCT/ 182009/ 053317 37 5. Renove 100pl for no
substrate control and dispense in test tube. Place test tube in a
rack in thesdihrernosyatically cpntrolled shaki ng wager bath.
substrate to the ipgcubation. The substrate should he at an i
concentration of pr(NThe volu of subs r te re
remai ning 1.162.5 ubatl n ing galc at
i ncubation vol. x i |t con |ﬁ i neubal |on OONX stock stbs®©rate
sol ution conc. ° N B The> vol une of Rosrganl C saf vent added should

t 0.19%of the total bat i on
no exceecl’yrro%dln% aci gof%e%e:*a Formulas (V) and (VIit) can be prepared by de-

esterification of precursor esters of general formulae (XIV) and (XV)

5 respectively using a variety of known literature methods as shown in scheme 7.

Scheme 7
o R2 o RZ
—_—
N N
', L
Xv)y R V) R
o RZ o RZ
i \
xv) PG’ vy P

A preferred method involves basic hydrolysis of esters of general formulae
(X1V) and (XV) using an aqueous solution of a suitable metal hydroxide in a
10 suitable co-solvent. Suitable metal hydroxides include those derived from
alkali metals (for example Li, Na or K) or alkaline earth metals (for example Ca
or Ba) and suitable co-solvents include water-miscible organic solvents such as
THF, dioxan and hydroxylic solvents (for example methanol and ethanol).
Another preferred method for de-esterification of esters of general formulae
16 (XIV) and (XV) is by treatment with potassium trimethylsilanclate in a suitable

solvent such as acefonitrile or toluene.



10 7. Renobve 100pl of incubation mx into test tube for no cofactor
control. Wiirlimx and put into a rack in the thernostatically
cont r ol | edWORAKYNAFat er bath. 15 8. Pre-incubate the tREGABZOKHIFIBIN ng
the incubation mix, also positive com¥ol and no cofactor tubes in
the thernostatically controlled shaking water bath set at 37C for

approx 5 o} 7

1. 162. 5n&%¢¢c‘?ﬂﬁat$oﬁ“%ﬁ>?gs 1% &oonb'![é 2@' 8*%%@* Oﬁvéﬁ %ﬁ{% oﬁyrﬁﬂ@ﬁ‘ R &h1
to no subdhtephediateealf gendral adrenuia 6V) frormerapeicrinanate dieatatves (X, PNA
positive control, no cofactor control and no substrate tubes are

i ncubated for the total incubationSGhEBE80. Renove 100pl aliquots up
to 9 different sanpling points fromO to 60 mn aﬁe(y@gally 0, 3, 5
10, 15, 20, 30, 45 & 60 nmin) and terninate react |L(r)n) Longer

i ncubation tinmes can be used, but, after 120 ngw) the m crosones 0O
deteriorate. The reacti onkxgmy be tir\nj%_gt ed by addp@ﬂ on of ofg C g

sol vent, alﬁi/d\gw%e. At _the end of X¢*'ncubat i on process the
cofactor and no substrate control s/ a sinilar manner i.e. terdnate

with the sane reagent. 30 11. PNA positive control procedure: AfthT
the final saqp{,? has been taken, repmyg the positive contilmicame' adgvn)
I M 20% TCA to this tube. Al so prepare a tube containing 250pl1 of a
PNP standard WO 2010/ 015972PCT/ 1B2009/ 053317 38 at 50pM and add I m
20% TCA. Whirlim x both tubes and | eave for approx 5 mn to allow the
protein to precipitate. Centrifyge both tubes for approx 5 min in an

instrunment set at 3500rpm Repp 1ml of supernatant and pl ate into
clean test tubes, discard the 5Y\enmg’nder. Add | 10M MEOX t o ghe
supernatant, whirlimx, and | eaye fo stand for approx 5 min "ank
spectrophotoneter with distille ter at 400 nmthen neasy e

absorbance of the PNP standard agai nst distilled water. TheN

m crosomal 4- nitr &adR Lentemer dBFet hddse activity is cal cwicat ed™¥ks
followss 10 Cal culation of results Absorbance sanple x nmoles PNP in
standard (ie, 12.5nnol es) Absorbance PNP std x 60 x 0.125 =

nnol es/ m MGNBI2 SwitshleFORdng @rewr sychag tea-bytghertteazyincubat i on MUST
be equal tgQ.« t n 85% of the nean val ue of the batch used
for the H%%ug%?%ﬁ%ﬂ)ﬁ%alid. If this criteria is not net, then the
i ncubat i orCinmarhichecide(4d) ack eBterlchmrAadiallyavaiaipe es will be wall-lkwwroto

cof act or nd no strate contr specific assa for the
substrate Qﬁed%lf' cﬁi & ¢ veih &8?5)88?%%& tHER Prasedaps {F4nanE asids,
Data ohg agﬁ@% b5t B EAIET AERAHT Bardep oF IdhRE) ﬁQﬂNé‘ne%aQ(é?ﬁ kﬁH@Ht inf ingd

interns 25 of the substrates in vitro intrinsic cle dint)
Provi di ng Irteh‘ature h@lr@uﬁgnd@!ﬁepemtdeecmupang as«aagesnmelscdﬁsmbed irescheme 2

met abol i sm sho order gi.vin 0 ear | ot, of sub te
0 saonenr To BN {nofioftal e antgt MhrRaf e |of @nePaid ofhu:

be det er migwameycigilyobvaitsld hﬁaﬂ@ﬂdﬁ@ﬁe chBAr altimariesNare0 réferfﬂ‘@@iSHrtﬁlsOf
rel ati ve substrate concentration (e.g. 30 drug/internal standard

ratio) agdfsRacttintarmediptes (XvVHyup opi [Re2beydyeasditian: with anhazorgethine
The gradi a[f'le&fgcﬁlfébis dfl §éndrs) d&ﬁ}l@é éi?(é%dﬁrroafd%tg oBR;A! rr%héﬂn{e%f

t he subst I Sappearance an rmne regression ana

Thi s rat e geoesdl mma@(\bm)m\meu@dmmly beehdh%wélyftrenats@aeda:hmniswt he
fol |l owi ng %atl on. W0 2010/ 015972PCTAB 009/ 053 317 g}% invitro

hal f-life F3aGHON ALHFGTagR iy SOINENT SHCD 2% PMELIRANE L CIOMHAR ¥d

to an int igpshyeirGuRRH %%cﬁ@tbﬂtﬁy éﬁ&BF de?@ otf.o(1? b dcd LAWRE such as
equation: - ng) = (k/protein

concent r atiifdn {2y a weshdaiing age('ntngmm )as* $0@D fluoride; (3) heating. Racemic

20 compounds of general formula (XVIII) may be resolved by standard methods

such as chromatography or fractional crystallisation to give homochiral

intermediates of general formula (XIX). The chiral auxiliaries Xc* contained in

intermediates of general formula {XIX) are cleaved using literature-precedented



Adm ni stration Methods Conpounds of the invention intended for
pharmaceutical use may be adm nistered as crystalline or anorphous
products. We10i§»7Be obt ai ned, for 10 exanpl e, as sol iRETHBAWS/053317
powders, or filnms by nethods such as Precipitation, crystallization,
freeze-drying, spray drying, or evaporative drying. M crowave or

L i ot ertdatias e’ gve; Fittafine ditem R gl BRARE: L0F il BEakBistnas
of the inv@akodinGie third GURilafAes aiayWbé e qittetedWitie adldwds adidugfoh( sy

15 as any conbination thereof). Generally, they will be adm nistered
as a for mAeaRartim triflatsopeenelh with one or nore pharnaceutical ly

accept abl i hj.e ; L bR nad $ U J e
descri be 23 |frqgiree§%t§iﬁst Zﬂgﬁ@&a?ﬁ%rﬁﬁ%gk@@n%%@g(@‘% 98'1[‘&{ ﬁgﬁll grgﬂ'tdf”&.
The chos ceegtérseafcggqricalt foninlla {0V )by dneg eleeprbattion epeinthetyiaticac t dradeguch
as the par({fi}c‘cul ar node of admnistration, the 20 effect of the

exci pi ent cabedis $shepehd stability, and the nature of the dosage
form Pharggaeew ioCalstRERaRE Lirepsratibh t@hhﬁerﬁqgaiatéaeoﬂgbhy@t Yordlula (1)
conmpounds of the present invention and nethods tor their preparation
will be rdethldiazeppae emd diazadapsentekinetiates of géneralrformdadiXXl) through
conpositions and methods for their preparatio 5 may be found, for
exanple. (UL NADGH g Ariepat aeBaa SRR ot n Editi on ( Mck
Publ i shhng Conpany, 1995). Accordi rgghenid® present invention provides
for a pharmaceutical conposition conprising a conpound of fornula (1)

and a pharnmaceutically acceptabLe diluent or carrierg 3 y suitable
rout e of aw_%?}hati on Fg)a beRénpl oyed for providi r’i?g 12 R
especially alhuman with an ective dosage of a conmpgynd o /Kii_g

present invéhk op™Fot exanpl e oral (Gnctutting buccal are” sublji nyual
adm ni stration), WO 2010/015972PCT/ 132009/ 053317 40 rectal, topital,
par ent al , ocul(gg‘(, pul monargy; rasal, and the |like may be enpl oyed]\‘_g
Dosage forns include tablets, troches, dispersions, suspensions,

sol utions, capsules, creans, ointnents, aerosols, and the |ike.

Pref er abl ypigoBPME @hdOHiazEEMRE antelmhedafes2 @M diretRT RFmAlAlkXI0Ean be
intranasally. 5 The effective dosage of active ingredient enployed

may vary deueell meggioaelehidveharwitic iafareregnijonad dpeinglidhie dcidshof npererst

boay wir grplmiien & EhRGT srhefissie ale S Riont RissEubdd 1 Seherip, o
condi tion digé dercndted of GeedradeeagrR (y be ascertained readily by a
person skilled in the art. 10 For the treatnent of sexual dysfunction

conpounds 9hant 1Qrilkusdites We‘?f?P%F?tiQF‘é)fgpmuﬂﬂs 8t gereral J@rﬁ@é"%fmf'“bm
about 0.0 1| d : 0 a f:

0001 my 1 Bobty e Rndf orhls? (TR AR 001 gk
about 100 projectng gronyr sughras peradyl gr f-buoxedzoiobnyd. 001 ng to about 50 ny

and especially fromabout 0.002 ng_tpo abgut 25 ng per kil ogram of
body 1§8wei ght, preferably as a si %ﬁ%r—”&e@e orally or as a nasal

spray. For exanple, oral admnistration may require a total ,daily
dose of frorps.abgu?—}%. 1 ng up togab 10 , While ynfavenous
dose may only rfequi‘fle from aboutRﬁ'Oe%%E Er:ggﬁkggto about 100 ng’| The

total daily d ma sadnmi ni stered T simyle or di vidld d9§e$gand
may, at the pﬁ%—ci/gﬁ% di scretion, fall outside of the typical 20
range given herein. Wien treating obesity, in conjufction with

di abet es and/ or ®¥'Pergl yceni a, or al one, generally sati sf@zfipry
results are obtained when the conPounds of the present invention are

adni ni st er'e@MRPURAIE] BENYBS KFRUEE URAIEMMRYORR PERREGA thrguels asWatien {890
ny, prefer - 1 ; _ r .
about 0. 00 0Ed W sclerM oy o HoUaRG ocrle, LD cBe RS TES AReYoed .
50 ng per sdheoty &h ofheami ael sbeely! weetiods pvalableabibly thé vereparaten of
25 precursors of general formula (XXIl) including, but not limited to, a

regioselective mono-protection of compounds of general formula (XXI) as



10 the obese. The conpounds of the invention nmay be adm ni stered
orally. Oral administration may involve swall ow ng, so that the
conpound eWOFHVUHB2 gastroi ntestinal tract, and/or bucd4T/IBRIOHEAIANT or
subl i ngual adm ni stration by which th® conpound enters the bl ood
streamdirectly fromthe nmout h. 15 Fornul ati ons suitable for oral

adm ni str [ t S
{abl et s: aet)éfaﬁ'[bllhé' re§8 dtl gsﬁgorgﬁtéa%]%)%gaﬁ% ttés%létrﬁnlf%i SJJ@mBlHFeB A
nano- par t iRrgpatation 2L| qui ds or powders; | ozenges (1 ncl udi ng
I|qU|df|IIed chews; els fast dispersi

oviles.  sREYERdEIRI CBBRANTSak GHEME e (Vht Uhe VGV, (X1, 1)

f or mul atl i r ch
f or mul at 3%2 RV AR O L R A e PRl B8 Bee bRl st Brinet
(made, $% orengbaat¥pkrpts dftioerinyehtidni.n or hydr oxypr opyl net hyl cel I ul ose) and

bolyet hy] G SrEaROLrER o Fih NGNS BN e GEPSFUSeeEEom 8N Dol o

oi |, and QJiaiféd riﬁf@nmn%rfcxéumnﬁa%a o disiig %ﬁro?HétB? ?9 tRASBAKS -
Li qwd fornul ations may al so be prepared by thHe reconstitufion of "a

solid, forHRMGnEsINe ary rasymnelsichedsin Twéhcanpoeebilgs phase heonsisting i &n anay

aso be TSE R b et of B3tarth RoPRFHEbaRth P B0 e
11(6) , 1®8Lf986propahdlpngicang fdran2 ((@0HL:, aRd rhay dopblietirone Lage 5PP1LYE,

dependi ng on dose, the drug may nmake up froml wt%to 80 w % of the
dosage forMRjURRE’ @@/pﬁ”@‘&@m@ef %nV@h)@rt &t gbevilogisr atiords dihgagerighem

I n add't'(?ﬁ'lx%ﬁ el e Yodbhtd e&hﬁasg &%@{ha%é!tguar Rl b 'o%'g% Hiilon 1

Exanpl es of disintegrants Inc sodi um's gl ycol at
2010/ 0159 72¢cnifdl B2 datbpizdse (égymardmmxgem‘[)lwlectai | ul ose, cal ci um
ul ose, crosca

car boxyme I cro ovi.done

ol yvi myl PUTEr STRAb R il FFTECala Deba. g SHPG utoeRT ar 8gid,
| over &4 k)dro@;&éb%%'dlé&ﬁge@}ﬁﬁfé?%b(éi‘bﬁéokélt v§ﬁéﬁ§ﬂtrﬁé§ duﬁﬁ@fk@syntheas of the
pregel atini sed starch and sodi um al gi nate. Generall

di si nt egr &AMPAUNEs ebigrnua (Hribmay iBe wegsssary ® m@@ctpfwéh@rr@muys,fsm 5

par ¢ colftech Exalafe. PORRHT Srali e Bumalh B EAabnol, T8 ey

i ncl ude mities qerolesting | groep C kididdss for de@bratdotion sefoams papiduyst @ndupn@nl
glycol, natural and synthetlc guns, éfonV|nyIpyrroI|don

pregel at i KiePead et dhe h?fe 15408 r PP ¢ E1OT UPEaRReR Y] PTeISREPBh yePMgection

t hyl gel | t
(mononar B olod e O S GRaIr? sl SHRl=ic™, T [rpefie e
nmanni t ol , BGMiokz, idexrporaed hewsin dyerefarente t bbr, exdroplecwhsteab | hydeoxy

Il ul t | drat e.. Tabl
Coy ol oo iRt lemae B ahSinf ettt TaPrRB R rliohs kB o SgmeR: 15
| auryl 5U|cf3ﬁ¢p@|séri€f|t@@ﬁg’ﬁp4$%t®u%9usfPefB} 8 byl afvring B HAENS tridre e in

di oxi de and talc. present, surface active agents may conprise
fromoO.2 whc%lcar@rr@tmr% diiterneaivelybilegre ahydrgky ampsISrmsvte@tadpas s denzym

ur | oo TEHORBioctR Seehe sadE SchaR b BRDb R win -

stearate, paiigdium @atelgswlhndsnra&n@t@eraatdw Ketg.es of magnesi um 20
stearate with sodium | auryl sul phate. ricants I?eneral |y conprise
from 0. 25 AlkD%the a@evwezechsﬂ%ﬁ@ﬁém 9rerne<5ﬁwsa)f\noe/@ Yaningigisfialsrsed

Povenr | uiglo BRREHAGIERANE Ahe BbivartBheie P Bbr b EIBb o PRI °

fl avouri ng agent eservati ves and taste-nmaSs
t abl et S ccﬁm Hieir perfd)m&rtmubr piadation abrwell aboubcddures Yot csommgt th25

90 Wm % f % t t 85 dj | bout 2
5% t S hnaea® PIRIAE Biihee Elrinonad Tpen skl Brest Wity PRTEB 10
wt % | Ub“ Gitdrhturd ﬁ%&ﬁeﬁis%ﬂﬁth@@ka%!é@ﬁm Pr&Rfatiinsdrbin. or by roller

A pharmaceutically acceptable salt of a compound of the formula () may be

readily prepared by mixing together solutions of a compound of the formula ([)



30 Suitable nodified release fornul ations for the purposes of the
invention are described in US Patent No. 6,106,864. Details of other
sui t abl e r¥OSAEO1EE. hnol ogi es such as_ hi gh energy di spefSi/ &y /4mgL7
osmotic and coated particles are to b# found in Pharmaceuti cal
Technol ogy On-line, 25(2), 1-14 by Verma et WO

2010/ 01597, 10f ( ; i1 G o]
achi eve coénfoﬁgﬁ%grgg Iaggga}llg%&ég g%:tre i Eggjs%alr% F%F%%)% %g QE?Sﬁ&?#gﬂ% garrp%(;ﬂﬁds
of the i nyentollestedeyy #iratiorber mdyibei reteverdd i eeapbnationiod tHehsoldmod
stream into nuscle, or int n internal organ, Suitabl ans faqr 5
ar ent er al PERITARRYGAHYT BFOGRRNE B d a6RHBRGTCS Al IAFVR | () ey e

i ntraperit,gpealag Hy’Brfeaérnﬁ?@ of thrle' R¥@RkYE] cul ar, intraurethral,

intrasternal, intracrania I ntranuscul ar, intrasynovial and
subcut afedils. yireatfing thevwoogouhdof fiarmata gy with dtkilegiesdragid,on i ncl ude

needl e (ing¢luding mcroneedle) injectars., needle-free injectors d
o ust on (GshnittoEESitH AR afte CRITREAAB e AT e B7R e Py Sighlous
sol utions whi chyré@lsérost tieNcaSdutdest ﬁwﬁnﬁ@(l?%r 8¢ irig-osariRg Ry sliigbes
and buffering agents (preferably to a pH of from3 to 9), but, for
some appl i cati ¢H8lic PrROUrsaLy fifecxainRles @ teghking polaniemt egingsthe desirad e
non- agueous solal&d'. p or as a dried formto be used in conjunction
with a suitabl e véhicle such as sterile, pyrogen-free water. 15 The
pr epalr aoi g(ﬁi)lof uyﬁc_:@meeﬁj neelira) ohersal ef 'trgmieompdend sifefbirmelﬁcapdcb tanotieer yor
exanmpl e, by lyophilisation, may readily be acconplished usin

st andard phar rrég%?}tq”c"‘.!ﬂfh ?%@HHT‘%’G‘@? Qifl for gm&msgg)fﬁﬁ&@%&megehm% he
art. The sol yjdmd.y of conpounds of fornula (1) used in the
preparation of parenteral solutions may be increased by the use of
appr opr i atAll froeenneadtiona aredppicghesarriz0 auidm sakitivhe Thacesytimgsal mayf

sol ubi l'i ty-enhanci ng, agent,s. Formul atio faor parenteral

admi ni st r S POR Ay Ol P i ey by MerulhaBE BT BF resaverach by
rel easgs Madipbigdnr&l aswfent"hatdeghse bhRinisitiod ah abée desulBii balt mesl .
pul sed-, controlled-, targeted and programed rel ease. Thus conpounds
of the i nwaiy from saagPIBtely oniserde @lmesf "@nsigrisedsi on or as a solid, 25
sem -sol i ' i i QY Oy ef i i ' S [ d
depot - pr ovl i GaMBBYR BEferciah e R AR e oSl AN EL
such f or maguniste 3n ithe ltrecitment gf varbes! dideapé sstated. sPrafesbly daidakidC R4

DT, S B SRS s Lo AL o
admi ni spergd,,!t WQQhéN iabf%Qt GoDAIRHSSHE TBHeTeYabl 9 NloWERTHHME DOBANY yétOmbhe

skin or mucosa. Typical fornulations for thi'S purpose i1nclude gels,
hydr ogel s, pretraldpnsowsrothani alesit 16Pelingnd oione meefesablyl atilt Iaveergban ebout

dr essi ngs, filne i n_patches f I .ant's, .sponges,

1 bres, bafidialerkl fie SémineRienan: aiEke MPERCroBRELER bar
2010/ 01597¢H58d HE208RGORBII0I 45 adydisenibed an Nhehsational Paten! Alebtion
water, mneral oil, liquid petrolatum white petrolatum glycerin,
pol yet hyl eff& ¢08B17%% propyl ene gl ycol . Penetration enhancers may
be incggp Ef\afio aPr exanple, J Pharm Sci, 88 (10), 955- 958 by
Fi nnin—an r 1999). 5 Oxher neans of topical

adm ni st r afheocompainddeofdedmuie (ly obthedt sattsy spoates iooprodrogs,aftios pesent
phonophoresi s, . sonopBoresiﬁ a (i] m croneedl.e or needle-free (e %
Powder j ect FXENUBNINRYE PSR 'é’.‘i]e IVRIeSCPi ORPIMRFAR VIR PBRST meprerasisitione!
adm ni Str gl HhaBBIcA dRAISIHGH b tRaRRedBPLhAloR Ui IhierRdl T2 as

rel ease. Modified release formulations include del ayed-,
sust ai ned-sexpal slgsfunciimmt lovler egrinary arget didordeds pobegiymand/aretliebeies.

o, SO Bl YL 8 P 900 o shBGE AL
al one, as prednttitventiohPha e ¥PEBNE cabls Bediskflly eRMlvaretn lcafibAfRionalitRs

an auxiliary effective active agent for the reduction of emesis. Some suitable



46 contain a powder m x of the conpound of the invention, a suitable
powder base such as |actose or starch and a performance nodifier such
as /-leuciWe20iaii’t ol , or nmagnesi um st earate. The | actR$IdBEY 033817
anhydrous or in the formof the nonohddrate, preferably the latter.
O her suitable excipients include 5 dextran, glucose, nmaltose,
sorbitol, i . 1 e C a > 1tabhl

sol ution f%%élrrrﬁﬂ%g%l‘f%ﬁr %@%rﬁ%s\ghlﬁﬁ ﬁaﬁfzateoﬁ‘lpgéé qﬂgc%oﬁgo?natf%nﬁ of tﬂg p?resent

el ect r ohydnwshtinanmelgdd:o produce a fine mst may contain fromlpg to
20mg of the conpound of the invention per actuation and the actuation
vol une rra)i])varcs?r‘?md?ﬁ’ih'f"& mestate the @AeHpr Hf negialiaiacRrsHaypaciiin se
a conpound of 0 er

et hanol and sgﬁﬂégﬁﬁégf@p (Eﬁoe%dgiﬁfggqst%ﬁ34%1{%&%}8@@%?%8?l?sngd

i nst ead5 of pr épiypematiglingtiofadtors| awth af inbnitors anceyird! yatbydEitasglandol .
Suitable flavours,. such as nenthol and, | evonent.hol . S er

stch a5 sacohdl PRUSHEE A R PSR ACHHToRA PG s (U0 RS TE, Wo
fornul ations @b/ddeeslonicnvenbremd HrendgtlAl prsdarhal egid ddReRed! the
admini stration. Formulations for inhal ed/intranasal adm nistration

may be for nmul ge@@ound beofi nsainatee ZAd/ o Midi f 0FE79 B adeSu{hg3-H-or

cuet i ned. . pir R RloP ROl B b e PR O el ase. 20

I n theigase omalhyxybovaioic adgidal ers and aerosols, the dosage unit is
determ ned by neans of a valve which delivers a netered anmount. Units

i n accor dfdce CAMPPUNE iWiieht INbiPitar aNGIQENERGAPVERINGN FEEYIE RN niast er

compound of  SranPar (e ofBhe MG A o vt enpmbishd |
the range 0. 00g&uirgl ¢ralopepiidpsshsuch asegmaeatlatadm nistered in a single
dose or, di vided doses throughout the day. The

|y,
conpounds ;eﬁl@g fﬂ'&?ﬁﬁ?ﬁaﬁﬁ'%@%&a 28 518988 ectal |y or vaginal |y,

for exasmls, OholdigerbPIdWetingtageHip Qtich U stalifS 381gY atGHafBfiveL. ipeEoa
butter is a traditional suppository base, but various alternatives

may be used a@ngddibegips 6poi fenefiomimiul ati ons for rectal /vagi nal

dimi ni st . . . S
el ease. | wha Fruide T edly bRhERR At BTN Caflfes o ften.
pul sed-, cont aatdgedists, tpreipedtsy ralogifaneog lasoedifere §ases-6-pNenyl-5-[4-(2-
2010/ 015972PCT/ 1B2009/ 053317 47 The conpounds of the invention may
al so be adm nPé’fr@]t'@ﬂ"1dY'r%B@’FW'PthGnY|iT§ﬁafh '@Faﬁﬂrpn@%h@lﬁﬂﬁﬁﬁln t rRad

f orm ok, dr ops 1, GO epsi td L0~ SRt QRIAG, i
bt act (3t ea. - BRayfr AN SeeorBRepae kol R o fapfial 14, AHkhi s
and aural adnidetaledan Vé@ 96/21656¢; oi nt ments, gel s, bi odegradable (e.qg.

absor babl e,,5 ge onges,. collage and nanp:biodegradabl e (e, q., .

si | i cone) eﬁl)np%ahl[%p 'ﬂﬁ&i@"s ,m‘?r&n’g%'ﬁzlé{ﬂ Y ﬁaﬁb%@’gﬁe&’og' vesy %u"‘gr‘b'tor’
systems, suchpageriohs PIRED & PDEBORARIBRSE aft PR HRETePAEN adSDES inhibitor
crossed-1inked pol yacrylic acid vi nyl al cohol , hyaluronic acid, a

ﬁeldl ul osi ﬁ Pol(%&ﬁer‘?r&imﬂ@)ca%&ﬂ érﬁhigi%gd%? ably | aving 86 150 @@ainsththe_ |
t .
oot ymetS" 15 B SR pag B R 0 1M SRl pRFBLABCRHER DA ¢

a preservati vénhisitteh a6 dmynadikostersd epicdllyds:. b;S&r?ébtfoﬂrtasUﬂh@t peHis faray
al so be delivered by iontophoresis. Formulations for ocul ar/aural
adni ni st r at i offeatyeHOf Maleniregtie Dysfupetiomivedi at e and/ or nodi fi ed

rel ease. di fj e j [ u aype-

sust ai nedl-\v}fa pylaggﬁ(gt, ecﬁltgsftfg\l%[ d(]-)t,%mt g'rvg?t 2)3'3 gﬁngﬁ%gygﬂm%g@gleéarg%r.e
The conpounds pafticulaelyi mezidtied nbyreoneber coote rddthel MP selcaptioe subtypes

macronpl ecul ag, entj t| S cycl odextrin and suitable )

dor | vaives ¢ NERksHVERGof BARHTT il aRyedeingn arioet goBurinepentiven

order to inpreug bheibre Biubi MibY reclipistolgbhRh drake.vibaghsiogas iy,
Ro-125-1553) or a VIP fragment, one or more of a «-adrenoceptor

antagonist with VIP combination (e.g. Invicorp, Aviptadil);



conpositions at different dosage intervals, or for titrating the
separate 10 conpositions agai nst one another. To assist conpliance,
the kit tyPOIYVYSEdnprises directions for adm ni strat i /BRI e
provided with a so-called nmenory aid.2The invention is illustrated by
the followng no-limting exanples in which the follow ng

abbr evi atigns 4 NLE SEfaaott 3 I {1 cat i oF
APCI at nospher iﬁggg?og@n%&éc@g%aggﬁsﬁom sat | gﬁA@EQ@@%’ Hq??eq,a?g%uéanr{y
br broad Cel it eigopisid,t antaggneists & hewdaktorshidrt SHaUAI ¢hcladihguiiMl 670

DVEG et b o A a2 Cand fibatsern 1Us20b80RYA8E0° sHran, sHTac,
EDCI 1- (3- di metgpytsdiepsiapy %céﬁt&%g?ﬁbnﬁﬁ{gbcﬂ%% Bbdidaeth W0 gsauiso,

El el ectrospray 1onisation Et0OAceth acetat e
HATUO- ( - azaboM2eR@A02H60-andian)WR-000289931 et r amet hyl ur oni um

hexaf | uor gpho ate ., WO 2010/ 015972PCT/ 009/ 053317 ,49 .
BT 10y ooy Paisline ToRaSamans sgent (Rghidn Iiehiriadrostendione),
hexaf | uor ophosgdiasterd-dVEeqyy resaeld MonLimRss "Ypeahyurdtdatbiteriret or a
m zMass: charge rati o (mass spectrum peak) m nm nute NVRnucl ear

magnet i ¢ resol@HeemNEIFEUEr ati on Riroom tenperature singl et
TBTU2- { 1H penzof L 132 Wnglogeh rededtoP modbRtdr8EES G HIZ2Eum

tetrafl uoroborate
10 11) Estrogen, estrogen and medroxyprogesterone or medroxyprogesterone

acetate (MPA) (i.e. as a combination), or estrogen and methyl
testosterone hormone replacement therapy agent (e.g. HRT especially
Premarin, Cenestin, Oestrofeminal, Equin, Estrace, Estrofem, Elleste
Solo, Estring, Eastraderm TTS, Eastraderm Matrix, Dermestril,
15 Premphase, Preempro, Prempak, Premique, Estratest, Estratest HS,
Tibolone);
12) A modulator of transporters for noradrenaline, dopamine and/or serotonin,
such as bupropion, GW-320659;
13) An agonist or modulator for oxytocin/vasopressin receptors, preferably a

20 selective oxytocin agonist or modulator;

14) An agonist or modulator for dopamine receptors, preferably a D3 or D4
selective agonist or modulator e.g. apomorphine; and

15) An antiemetic agent, for example a 5-HT; antagonist or a neurokinin-1
(NK-1) antagonist.

25 OSuitable 5-HT; antagonists include, but are not limited to, granisetron,
ondansetron, tropisetron, ramosetron, palonsetron, indisetron, dolasetron,
alosetron and azasetron.

Suitable NK-1 antagonists include, but are not limited to, aprepitant, casopitant,
ezlopitant, cilapitant, netupitant, vestipitant, vofopitant and 2-(R)-(1-(R)-3,5-

30 bis(trifluoromethyl)phenyhethoxy-4-(5-(dimethylamino)methyl-1,2,3-triazol-4-
yl)methyl-3-(S)-(4-fluorophenyl)morpholine. See for example International
Patent Application publication number W0O2006/049933.



THFt etrahydrofuran triplet EXAMPLES Exanples 1-57 were prepared
according to schene 1. Exanple 1:

6- R3S, 4R) -8O29WA033¥E2 v1- 544- net hoxypheny1l) - 1, 4- di azocan-PCI/1B2009/053317

vl | carbonv1}-4- (2, 4-di fl uorophenvl) pwol i di n-1-yl | pyri dazi ne- 3- car bon
itrile lii To a solution of the conpound of preparation 77 (45ny,

acetyl cnl Ve Toterlienu FRehEH 48, Binnd e’y e JBFER) Jodhie,,

Rl for 16hreabhent ohthbwat annarl tiddt wysfusction, coraseatiorsowitar éther agents
pyridine (13.654, 0.169mmol Em_and acetylchloride (64, 0.084nmmol) were
added and "3y PFiURg bubAfe Reldiitesdtoa further 16h. The reaction was

concentr atoethQcé’rﬂﬁé‘Qc&g@Pél'ﬂgé;rleg%ﬁ& Sﬂtfgbm&@ EEI_@:ES (Hffddingnd washed

wi th 5% aqueous citric on ( organi c éextract was
WO 20108 0259ARRETAIrBROQR 0&3ptor aMadoniet] invearticcignasi alphslddedresrgicd
concentrated in vacuo to.sgi ve tp &rude residue. Purification by

col unm chr on&CEBCARRIPISRISE PI PE&@@ I I TERERIPHAREAGNES met hanol

N o ok G VR D
1.2-2.2 (4H, adrenemgic recept@3ldgosist oB. @artlalsagdriisi, on an Salghd2nadidhergic
Bcampi os. 2. F5ehior #AQYE RARRIARNR & b epared by he rethod of
exanpl gy 1 «staHT20%gbhRMddeanaPPIOPOSEigB)car boxylic acid chloride and
the appropriate precursor as listed in the table. Exanple Structure
M5 MH + i on 3@3tarin enddNoradienglin squptgkedphibitor (ANRI)563 76
¢ Noradrenalin reuptake inhibitor (NRI) such as reboxetine, either in its
racemic or (S,S)-enantiomeric form;
* Vanilloid receptor (VR) antagonist, such as capsaicin;
15 e alpha2delta ligand, such as gabapentin or pregabalin;
¢ Beta3 adrenergic receptor agonist;
s 5HT1a receptor antagonist or 5SHT1a receptor inverse agonist;
¢ Prostanoid receptor antagonist, e.g. EP1 receptor antagonist.
With regard to the use of the compounds of formula (1) in the treatment of
20 obesity and related disorders, the compounds may also be useful in
conjunction with other anti-obesity agents. Suitable anti-obesity agents include
cannabinoid 1 (CB-1) receptor antagonists (such as rimonabant),
apolipoprotein-B secretion/microsomal triglyceride transfer protein (apo-B/MTP)
inhibitors (in particular, gut-selective MTP inhibitors, such as edipatapide or
25 dirlotapide), 11B-hydroxy steroid dehydrogenase-1 (11p-HSD type 1) inhibitors,
peptide YYsas and analogs thereof, cholecystokinin-A (CCK-A) agonists,
monoamine reuptake inhibitors (such as sibutramine), sympathomimetic
agents, B; adrenergic receptor agonists, dopamine receptor agonists (such as
bromocriptineg), melanocyte-stimulating hormone receptor analogs, 5HT2c
30 receptor agonists, melanin concentrating hormone antagonists, leptin (the OB
protein), leptin analogs, leptin receptor agonists, galanin antagonists, lipase

inhibitors (such as tetrahydrolipstatin, i.e. orlistat), anorectic agents (such as a
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bombesin agonist), Neuropeptide-Y receptor antagonists (in particular, NPY-5
receptor antagonists), thyromimetic agents, dehydroepiandrosterone or an
analog thereof, glucocorticoid receptor agonists or antagonists, orexin receptor
antagonists, glucagon-like peptide-1 receptor agonists, ciliary neurotrophic
5 factors (such as Axokine™ available from Regeneron Pharmaceuticals, Inc.,
Tarrytown, NY and Procter & Gamble Company, Cincinnati, OH), human
agouti-related protein (AGRP) inhibitors, ghrelin receptor antagonists,
histamine 3 receptor antagonists or inverse agonists, neuromedin U receptor
agonists and the like. Other anti-obesity agents, including the preferred agents
10 set forth hereinbelow, are well known, or will be readily apparent in light of the
instant disclosure, to one of ordinary skill in the art. The compounds of the
present invention may also be administered in combination with a naturally
occurring compound that acts fo lower plasma cholesterol levels. Such
naturally occurring compounds are commonly called nutraceuticals and
15 include, for example, garlic extract, Hoodia plant extracts, and niacin.
Especially preferred are anti-obesity agents selected from the group consisting
of CB-1 antagonists, gut-selective MTP inhibitors, orlistat, sibutramine,
bromocriptine, ephedrine, leptin, peptide YYss and analogs thereof, and
pseudoephedrine.  Preferably, compounds of the present invention and
20 combination therapies for the treatment of obesity and related conditions are
administered in conjunction with exercise and a sensible diet. Preferred CB-1
antagonists include Rimonabant (SR141716A also known under the tradename
Acomplia™ available from Sanofi-Synthelabo) described in U.S. Patent No.
5,624,941; and compounds described in U.S. Patent Nos. 5,747,524, 6,432,984
25 and 6,5618,264; U.S. Patent Publication Nos. US2004/0092520,
US2004/0157839, US2004/0214855, and US2004/0214838; U.S. Patent
Application Serial No. 10/971599 filed on October 22, 2004; and PCT Patent
Publication Nos. WO 02/076949, WO 03/075660, WO04/048317,
WO004/013120, and WO 04/012671. Preferred gut-selective MTP inhibitors
30 include dirlotapide described in U.S. Patent No. 6,720,351; 4-(4-(4-(4-((2-((4-
methyl-4H-1,2,4-triazol-3-ylthio)methyl)-2-(4-chlorophenyl)-1,3-dioxolan-4-
yl)methoxy)phenyl)piperazin-1-yl)phenyl)-2-sec-butyl-2H-1,2,4-triazol-3(4H)-
one (R103757) described in U.S. Patent Nos. 5,521,186 and 5,929,075; and
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implitapide (BAY 13-9952) described in U.S. Patent No. 6,265,431. Other
representative anti-obesity agents for use in the combinations, pharmaceutical
compositions, and methods of the invention can be prepared using methods
known to one of ordinary skill in the art, for example; sibutramine can be

5 prepared as described in U.S. Pat. No. 4,929,629; bromocriptine can be
prepared as described in U.S. Pat. Nos. 3,752,814 and 3,752,888; orlistat can
be prepared as described in U.S. Pat. Nos. 5,274,143; 5,420,305; 5,540,917;
and 5,643,874; and PYY 335 (including analogs) can be prepared as described
in US Publication No. 2002/0141985 and WO 03/027637.

10 One preferred group herein are combinations of the compounds of the present
invention and one or more additional therapeutic agents selected from: PDES
inhibitors; NEP inhibitors; D3 or D4 selective agonists or modulators; estrogen
receptor modulators and/or estrogen agonists and/or estrogen antagonists;
testosterone replacement agents, testosterone or a testosterone implant;

15 estrogen, estrogen and medroxyprogesterone or medroxyprogesterone acetate
(MPA), or estrogen and methyl testosterone hormone replacement therapy
agent.

Preferred combinations for the treatment of MED are combinations of the
compounds of the present invention and one or more PDES5 inhibitors and/or

20  NEP inhibitors.

Preferred combinations for the treatment of FSD are combinations of the
compounds of the present invention and PDE5 inhibitors, and/or 5HT1a
receptor antagonists, and/or NEP inhibitors, and/or D3 or D4 selective agonists
or modulators, and/or estrogen receptor modulators, estrogen agonists,

25 estrogen antagonists, and/or testosterone replacement agents, testosterone,
testosterone implant, and/or estrogen, estrogen and medroxyprogesterone or
medroxyprogesterone acetate (MPA), estrogen and methyl testosterone
hormone replacement therapy agent.

Particularly preferred PDES inhibitors for such combined products for the

30 treatment of MED or FSD are 5-[2-ethoxy-5-(4-methyl-1-
piperazinylsulphonyl)phenyi]-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-
d]pyrimidin-7-one (sildenafil, particularly present as the citrate salt);
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(6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',1":6,1]pyrido[3,4-b]indole-1,4-dione (IC-351 or tadalafil);
2-[2-ethoxy-5-(4-ethyl-piperazin-1-yl-1-sulphonyl)-phenyl]-5-methyl-7-propy!-
3H-imidazo[5,1-f][1,2,4]triazin-4-one (vardenafil);

5 5-(5-Acetyl-2-butoxy-3-pyridinyl}-3-ethyl-2-(1-ethyl-3-azetidinyl)-2,6-dihydro-
7H-pyrazolo[4,3-d]pyrimidin-7-one;
5-(5-Acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-isopropyl-3-azetidinyl)-2,6-
dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one;
5-[2-ethoxy-5-(4-ethylpiperazin-1-yisulphonyl)pyridin-3-yl]-3-ethyl-2-[2-

10 methoxyethyl]-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one;
4-[(3-chloro-4-methoxybenzyl)amino]-2-[(2S)-2-(hydroxymethyl)pyrrolidin-1-yl]-
N-(pyrimidin-2-ylmethyl)pyrimidine-5-carboxamide (avanafil);
3-(1-methyl-7-oxo-3-propyl-6,7-dihydro-1H-pyrazolo[4,3-d]pyrimidin-5-yl)-N-[2-
(1-methylpyrrolidin-2-yl)ethyl]-4-propoxybenzenesulfonamide (udenafil);

15  7-(3-Bromo-4-methoxy-benzyl)-1-ethyl-8-(2-hydroxy-cyclopentylamino)-3-(2-
hydroxy-ethyl)-3,7-dihydro-purine-2,6-dione (dasantafil);
and pharmaceutically acceptable salts thereof.

Particularly preferred NEP inhibitors for such combined products for the
treatment of MED or FSD are the compounds exemplified in WO 02/079143.

20 By cross reference herein fo compounds contained in patents and patent
applications which can be used in accordance with invention, we mean the
therapeutically active compounds as defined in the claims (in particular of claim
1) and the specific examples (all of which is incorporated herein by reference).
If a combination of active agents is administered, then they may be

25 administered simultaneously, separately or sequentially, in formulations which
may be the same or different.

Biological Assays

Melanocortin receptor aqonist activity; selectivity

Measurement of in vifro agonist potency (ECg) of compounds against

30 melanocortin receptors type 1 and 3 (MC1 and MC3).

Activation of melanocortin (MC) receptors by agonists results in activation of
intracellular adenylate cyclase enzymes that synthesise the second messenger

signalling molecule, adenosine 3',5'-cyclic monophosphate (cCAMP). Changes
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in CAMP levels following treatment of recombinant MC1 and MC3 cell lines with
test compound were measured and an MC1 and MC3 potency estimate (ECsx)
calculated as follows:

Human embryonic kidney (HEK) or Chinese hamster ovary cell lines stably
transfected with full length ¢cDNA encoding human MC1 or MC3 receptors,
respectively, were established using standard molecular biology methods. Test
compounds were dissolved in dimethyl sulfoxide (DMSQ) at 4mM. 11 point half
log unit increment dilution series of test compound, typically starting at 50uM
were prepared in a buffer comprised of phosphate buffered saline (PBS), 2.5%
DMSO and 0.05% pluronic F-127 surfactant. Freshly cultured cells at 80-90%
confluence were harvested and re-suspended in Dulbecco's Modified Eagle's
Medium (DMEM). Cells (10,000 for MC3, 20,000 for MC1) were added to the
test compound dilution series in a 384 well assay plate and incubated for 1
hour at 37 C. The relative cAMP concentration in each well was then measured
using a B- galactosidase enzyme fragment complementation method purchased
in kit form as the Discoverx cAMP Il kit from GE Healthcare / Amersham
Biosciences UK. In the case of MC1, 3-lsobutyl-1-methylxanthine (IBMX) at a
concentration of 750 pM was included in DMEM as the cells were re-
suspended for assay. The fluorescence readings taken from each assay well
were converted into percent effect relative to maximum control wells
corresponding to a concentration of alpha melanocyte stimulating hormone
demonstrated to give a maximal effect. Sigmoidal curves were fitted to plots of
logso inhibitor concentration vs percent effect using a custom made software
application called SIGHTS and ECs estimates determined by the sofiware as
the concentration of test compound giving an effect half way between the
bottom and top asymptotes of the sigmoidal dose response curve. Each
experiment included an ECs determination for alpha melanocyte stimulating
hormone, which was used as a standard to track assay consistency and allow
fair comparison between ECg estimates obtained in different experiments.

MC5 and MC4 ECsx, activity was determined as described by assay protocols D
and E, respectively, in US2005/0176772 (pages 28-30).

Nle4, D-Phe7-a-MSH Inhibition at the MC4 Receptor
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Nle4, D-Phe7-0-MSH is a stable analogue of melanocyte-stimulating hormone
(MSH), which is an agonist at the MC4 receptor (MC4R). Compounds can be
evaluated for their ability to inhibit Nle4, D-Phe7-a-MSH binding to membranes
from cells expressing the MC4R using a competition binding assay versus ['*l]
Nle4, D-Phe7-0-MSH.

Cells expressing the MC4R were subject to homogenisation and the membrane
fragment isolated by differential centrifugation. CHO-CRE MC4R cell
membranes were coupled to PVT-PEI-WGA SPA Beads type A for 2 hours,
spun at 1000 RPM for 5 min and suspended to a concentration of 300ug
bead/ml (0.15ug membrane, 15ug bead per well). Bead/membrane mix was
incubated with 0.06nM [®]] Nle4, D-Phe7-0-MSH and 11 half-log
concentrations of competitor ligand, in duplicate, in a total volume of 50ul buffer
per well (25 mM HEPES, 1mM MgCl;, 2.5 mM CaCl,;, 1% Pluronic F68, 1
complete EDTA protease inhibitor tablet/50 ml pH7). Non-specific binding was
determined by the inclusion of 100nM SHU9119. The reaction was initiated by
the addition of bead/membranes and plates were incubated at room
temperature for 12 hours (the first hour on a plate shaker), after which the
amount of radioactivity present was determined using a Wallac plate counter.
Ki values were determined by data analysis using appropriate software.

Nie4, D-Phe7-a¢-MSH Inhibition at the MC3 receptor

Nle4, D-Phe7-a-MSH is a stable analogue of melanocyte-stimulating hormone
(MSH), which is an agonist at the MC3 receptor (MC3R). Compounds can be

evaluated for their ability to inhibit Nle4, D-Phe7-a-MSH binding to membranes
125
1]

from cells expressing the MC3R using a competition binding assay versus |
Nle4, D-Phe7-a-MSH.

Cells expressing the MC3R were subject to homogenisation and the membrane
fragment isolated by differential centrifugation. CHO-CRE MC3R cell
membranes were coupled to PVT-PEI-WGA SPA Beads type A for 2 hours,
spun at 1000 RPM for 5 mins and suspended to a final assay concentration of
800ug bead/ml (1.2ug membrane, 40ug bead per well). Bead/membrane mix
was incubated with 0.06nM [*®I] Nle4, D-Phe7-a-MSH and 11 half-log
concentrations of competitor ligand, in duplicate, in a total volume of 50ul buffer
per well {25 mM HEPES, 1mM MgCl,, 2.5 mM CaCl,, 1% Pluronic F68, 1
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complete EDTA protease inhibitor tablet/50 ml pH7). Non-specific binding was
determined by the inclusion of 100nM SHUS119. The reaction was initiated by
the addition of bead/membranes and plates were incubated at room
temperature for 12 hours (the first hour on a plate shaker), after which the

5 amount of radioactivity present was determined using a Wallac plate counter.
Ki values were determined by data analysis using appropriate software.

High Density Drug-Drug Interactions (ODDI) 3uM Cocktail Screen

A drug interaction is a situation in which a substance affects the activity of
another drug, i.e. the effects are increased or decreased, or together they

10 produce a new effect that neither produces on its own. Drug interactions may
be the result of various processes but a relatively common one is where one
drug affects the pharmacokinetics of another by inhibiting the cytochrome P450
that metabolises it.. Because of the importance of these phenomena,
assessment of the DDI potential for new chemical entities (NCEs) is considered

15 Important early on in the drug discovery process.

The DDI cocktail screen in human liver microsomes (HLM) is run in a fully
automated fashion and the aim of the screen is to provide a single-point
assessment of the DDI potential of new chemical entity (NCE; tested at 3 M)
against the 4 primary cytochrome P450 enzymes, 1A2, 2D6, 2C9 and 3A4.

20 The substrate cocktail approach for P450 DDI utilizes human liver microsomes
together with isoform-specific clinical drug probes and permits the
simultaneous measurement of the inhibition of P450 1A2, 2C9, 2D6 & 3A4
activities in a single incubation. This is run in high throughput with
simultaneous detection of metabolites by LC-MS/MS. This method has been

25 thoroughly tested and evaluated using standard compounds. The probe

substrates used are given in the table below.

Microsome Source Pocled human liver microsomes,
Microsome Concentration 0.1 mg/mL

P450 Concentration 0.03 uM

Regeneration System NADPH (1.3 mi)

Assay Time 8 min
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Probe Substrate (Enzyme Probed) Concentration
Tacrine (1A2) 2 uM
Diclofenac (2C9) 5 UM
Dextromethorphan (2D6) 5uM
Midazolam (3A4) 2 UM
Inhibitors Concentration
NCE (test compound) 3 UM
Miconazole (universal control) 3 M

Appearance of the metabolite of each substrate is measured over time in the
presence and absence of the NCE (test compound/inhibitor) at a concentration
of 3 uM. The compounds are assessed for their inhibitory potential as a
percentage value and interpreted using the following scheme. These data are
then used in conjunction with other measurements to evaluate the suitability of

NCEs and to help with the design and progression of compounds.

% Inhibition IC50

> 75% <1uM
25-75% 1-10 pM
< 25% > 10uM

In vitro Metabolism Rate Determination {Human Liver Microsome (HLM); Rat

Liver Microsome (RLM) Assay)

Many drugs are metabolised by the cytochrome P450 mono-oxygenase system.
This enzyme is found in high concentrations in the liver and is bound to the
endoplasmic reticulum of the hepatocyte. The enzyme system can be obtained
in semi-purified state by the preparation of the hepatic microsomal fractions.
Determining a compound’s in vitro half-life in such a system provides a useful
indicator of metabolic stability.

Materials And Reagenis
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All reagents are ANALAR grade.
1. 200mM Phosphate buffer (Sigma) - 100ml 1M Phosphate buffer pH7.4
dissolved with 400ml MilliQ water. [If necessary, pH should be adjusted with
concentrated orthophosphoric acid to pH 7.4, made up monthly and stored
5 refrigerated (2-8°C).

2. 0.1M MgCl,6H.0 (BDH) - 2.032g dissolved in 100ml MilliQ water, and stored
refrigerated (2-8°C).
3. 0.02M NADP (Sigma) - 15.3mg dissolved in 1000pl MilliQ water - and then
stored refrigerated (2-8°C) for further use.

10 4. 0.1M D-L Isocitric acid (Sigma) - 129mg dissolved in 5ml MilliQ water - and
then stored refrigerated (2-8°C) for further use.
5. Isocitric dehydrogenase, Type IV (Sigma) — stored refrigerated (2-8°C).
6. Stock solution of substrate (approximately 1mg/ml) in miscible organic
solvents such as methanol, ethanol or water, stored refrigerated (2-8°C).

15 7. 50mM p-Nitroanisole (PNA) (Aldrich) - 7.65mg dissolved in 1ml methanol,
and stored refrigerated (2-8°C) until ready for use.
8. 50pM p-Nitrophenol (PNP) (Sigma) - 0.69mg dissolved in 100ml water and
stored refrigerated (2-8°C).
9. 20% Trichloroacetic acid (TCA) (BDH) - 20g dissolved in 100ml MilliQ water,

20 made up in amber glassware and stored at room temperature.
10. 10M Sodium hydroxide (BDH) - 40g dissolved in 100ml MilliQ water (care
should be exercised when preparing this solution as this reaction is
exothermic), made up in “safebreak” glassware and stored at room
temperature.

25 11. Hepatic or Supermix microsomes stored at -80°C should be defrosted
immediately prior to use, kept on ice and dispensed.
12. MilliQ water.
13 .Thermostatically controlled shaking water bath set to give a temperature in
the incubation of approx 37°C.

30 14. Reagent for termination of incubation (typically organic solvent, acid or
base).
Methodology For in Vitro Rate Determination Using Hepatic & Supermix

Microsomes
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*This volume is calculated for each new batch of isocitric dehydrogenase

e.g.

Protein concentration = 18mg/ml

Enzyme activity = 3.3 units/mg

therefore Specific activity = 3.3 x 18 units/ml

= 59 units/ml

For a 1.5ml incubation 1.5 units of enzyme activity are required = %s_x

1000 = 25.4pl.

2. Defrost microsomes at room temperature and add sufficient microsomes to

give a final concentration of 0.5nmol cytochrome P450/ml of incubation e.g. for

a 1.5 ml incubation, the volume of microéomes to be added is:

P450 concentration required in incubation x incubation volume

15

cytochrome P450 concentration in microsomal prep.

3. Add sufficient MilliQ water to give a total incubation volume of 1.425ml.

4. Remove 237.54l of incubation mix and place in test tube for PNA positive

20

control.

thermostatically controlled shaking water bath

Add 2.5ul of PNA solution, whirlimix, and put tube into a rack in the
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10
7. Remove 100ul of incubation mix into test tube for no cofactor control.
Whirlimix and put into a rack in the thermostatically controlled shaking water
bath.

15 8. Pre-incubate the tube containing the incubation mix, also positive control
and no cofactor tubes in the thermostatically controlled shaking water bath set
at 37°C for approx 5 min.

9 .Add NADP to initiate reaction (75pl to each 1.162.5m! incubation mix, 12.5ul

20 to positive control tube and 5ul o no substrate tube) and take first time point
immediately. The PNA positive control, no cofactor control and no substrate
tubes are incubated for the total incubation time.

10. Remove 100yl aliquots up to 9 different sampling points from 0 to 60 min

25 (usually 0, 3, 5, 10, 15, 20, 30, 45 & 60 min) and terminate reaction. Longer
incubation times can be used, but, after 120 min the microsomes deteriorate.
The reaction may be terminated by addition of organic solvent, acid or base. At
the end of the incubation process the no cofactor and no substrate controls in a
similar manner i.e. terminate with the same reagent.

30 11. PNA positive control procedure:

After the final sample has been taken, remove the positive control and add 1ml
20% TCA to this tube. Also prepare a tube containing 250l of a PNP standard
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15
The activity value from the incubation MUST be equal to or greater than 85% of
the mean value of the batch used for the incubation to be valid. If this criteria is

not met, then the incubation must be repeated.

20 11. Analyse samples (including no cofactor and no substrate control) by a

specific assay for the substrate to determine the disappearance kinetics.

Analysis Of Data

Data obtained using the procedure described above can be quantified in terms

25 of the substrates in vitro intrinsic clearance (Clint). Providing that the substrate
concentration is below Km, the metabolism should be 1st order giving a log-
linear plot of substrate disappearance with time.

The in vitro half-life of the substrate can be determined by plotting the natural
logarithm (In) of a measure of relative substrate concentration (e.g.

30 drug/internal standard ratio) against time and fitting the line of best fit to this
data. The gradient of this line is the first order rate constant (k) for the
substrate disappearance and is determined by regression analysis. This rate

constant can be converted to the half-life according to the following equation.
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in vitro half-life (tyz) = - EII(E

Alternatively the rate constant can be converted to an intrinsic clearance (Clint)
according to the following equation:-
Clint (pl/min/mg) = (k/protein concentration in incubation
5 (mg/ml))*1000

Administration Methods -

Compounds of the invention intended for pharmaceutical use may be
administered as crystalline or amorphous products. They may be obtained, for
10  example, as solid plugs, powders, or films by methods such as precipitation,
crystallization, freeze-drying, spray drying, or evaporative drying. Microwave or
radio frequency drying may be used for this purpose.
They may be administered alone or in combination with one or more other
compounds of the invention or in combination with one or more other drugs (or
15 as any combination thereof). Generally, they will be administered as a
formulation in association with one or more pharmaceutically acceptable
excipients. The term ‘excipient’ is used herein to describe any ingredient other
than the compound(s) of the invention. The choice of excipient will to a large
extent depend on factors such as the particular mode of administration, the
20 effect of the excipient on solubility and stability, and the nature of the dosage
form.
Pharmaceutical compositions suitable for the delivery of compounds of the
present invention and methods for their preparation will be readily apparent to
those skilled in the art. Such compositions and methods for their preparation
25 may be found, for example, in Remington’s Pharmaceutical Sciences, 19th
Edition (Mack Publishing Company, 1995).
Accordingly the present invention provides for a pharmaceutical composition

comprising a compound of formula (I) and a pharmaceutically acceptable
diluent or carrier.

30 Any suitable route of administration may be employed for providing a mammal,
especially a human with an effective dosage of a compound of the present

invention. For example, oral (including buccal and sublingual administration),
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rectal, topical, parental, ocular, pulmonary, nasal, and the like may be
employed. Dosage forms include tablets, troches, dispersions, suspensions,
solutions, capsules, creams, ointments, aerosols, and the like. Preferably
compounds of formula (I) are administered orally or intranasally.

The effective dosage of active ingredient employed may vary depending on the
particular compound employed, the mode of administration, characteristics of
the mammal o be freated (e.g. body weight), the condition being treated and
the severity of the condition being treated. Such dosage may be ascertained
readily by a person skilled in the art.

For the treatment of sexual dysfunction compounds of the present invention are
given in a dose range of from about 0.001 milligram (mg) to about 1000 mg,
preferably from about 0.001 mg to about 500 mg, more preferably from about
0.001 mg to about 100 mg, even more preferably from about 0.001 mg to about
50 mg and especially from about 0.002 mg to about 25 mg per kilogram of body
weight, preferably as a single dose orally or as a nasal spray. For example,
oral administration may require a total daily dose of from about 0.1 mg up to
about 1000 mg, while an intravenous dose may only require from about 0.001
mg up to about 100 mg. The total daily dose may be administered in single or
divided doses and may, at the physician’s discretion, fall outside of the typical
range given herein.

When treating obesity, in conjunction with diabetes and/or hyperglycemia, or
alone, generally satisfactory results are obtained when the compounds of the
present invention are administered at a daily dosage of from about 0.0001 mg
to about 1000 mg, preferably about 0.001 mg to about 500 mg, more preferably
about 0.005 mg to about 100 mg and especially about 0.005 mg to about 50 mg
per kilogram of animal body weight, preferably given in a single dose or in
divided doses two to six times a day, or in sustained release form. In the case
of a 70 kg adult human, the total daily dose will generally be from about 0.7 mg
up to about 3500 mg. This dosage regimen may be adjusted to provide the
optimal therapeutic response.

When freating diabetes mellitus and/or hyperglycemia, as well as other
diseases or disorders for which compounds of formula | are useful, generally

satisfactory results are obtained when the compounds of the present invention
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systems such as tablets; soft or hard capsules containing multi- or nano-
particulates, liquids, or powders; lozenges (including liquid-filled); chews; gels;
fast dispersing dosage forms; films; ovules; sprays; and buccal/mucoadhesive
patches.

20 Liguid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsules (made, for
example, from gelatin or hydroxypropylmethylcellulose) and typically comprise
a carrier, for example, water, ethanol, polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more emulsifying agents and/or

25 suspending agents. Liquid formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.

The compounds of the invention may also be used in fast-dissolving, fast-
disintegrating dosage forms such as those described in Expert Opinion in
Therapeutic Patents, 11 (6), 981-986 by Liang and Chen (2001).

30 For tablet dosage forms, depending on dose, the drug may make up from 1
wt% to 80 wt% of the dosage form, more typically from 5 wt% to 60 wt% of the
dosage form. In addition to the drug, tablets generally contain a disintegrant.
Examples of disintegrants include sodium starch glycolate, sodium
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(monohydrate, spray-dried monochydrate, anhydrous and the like), mannitol,
xylitol, dextrose, sucrose, sorbitol, microcrystalline cellulose, starch and dibasic
calcium phosphate dihydrate.

Tablets may also optionally comprise surface active agents, such as sodium
laury! sulfate and polysorbate 80, and glidants such as silicon dioxide and talc.
When present, surface active agents may comprise from 0.2 wt% to 5 wit% of
the tablet, and glidants may comprise from 0.2 wt% to 1 wt% of the tablet.
Tablets also generally contain lubricants such as magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and mixtures of magnesium
stearate with sodium lauryl sulphate. Lubricants generally comprise from 0.25
wt% to 10 wt%, preferably from 0.5 wi% to 3 wt% of the tablet.

Other possible ingredients include anti-oxidants, colourants, flavouring agents,
preservatives and taste-masking agents.

Exemplary tablets contain up to about 80% drug, from about 10 wt% to about
90 wt% binder, from about 0 wt% to about 85 wt% diluent, from about 2 wt% to
about 10 wt% disintegrant, and from about 0.25 wt% to about 10 wt% lubricant.
Tablet blends may be compressed directly or by roller to form tablets. Tablet
blends or portions of blends may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The final formulation may
comprise one or more layers and may be coated or uncoated; it may even be

encapsulated.
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soluble compound typically comprises from 1 weight % to 80 weight %, more

—

typically from 20 weight % to 50 weight %, of the solutes. Less soluble
compounds may comprise a greater proportion of the composition, typically up
to 88 weight % of the solutes. Alternatively, the compound of formula (1) may be
15 in the form of multiparticulate beads.
The film-forming polymer may be selected from natural polysaccharides,
proteins, or synihetic hydrocolloids and is typically present in the range 0.01 to
99 weight %, more typically in the range 30 to 80 weight %.
Other possible ingredients include anti-oxidants, colorants, flavourings and
20 flavour enhancers, preservatives, salivary stimulating agents, cooling agents,
co-solvents (including oils), emollients, bulking agents, anti-foaming agents,
surfactants and taste-masking agents.
Films in accordance with the invention are typically prepared by evaporative
drying of thin aqueous films coated onto a peelable backing support or paper.
25 This may be done in a drying oven or tunnel, typically a combined coater dryer,
or by freeze-drying or vacuuming.
Solid formulations for oral administration may be formulated to be immediate
andf/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and programmed release. l
30 Suitable modified release formulations for the purposes of the invention are
described in US Patent No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and osmotic and coated particles

are to be found in Pharmaceutical Technology On-line, 25(2), 1-14 by Verma et
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The compounds of the invention may also be administered directly into the
blood stream, into muscle, or into an internal organ. Suitable means for

5 parenteral administration include intrévenous, intraarterial, intraperitoneal,

intrathecal, intraventricular, intraurethral, intrasternal, intracranial,
inframuscular, intrasynovial and subcutaneous. Suitable devices for parenteral
administration include needle (including microneedle) injectors, needle-free
injectors and infusion techniques.

10 Parenteral formulations are typically agueous solutions which may contain
excipients such as salts, carbohydrates and buffering agents (preferably to a
pH of from 3 to 9), but, for some applications, they may be more suitably
formulated as a sterile non-aqueous solution or as a dried form to be used in
conjunction with a suitable vehicle such as sterile, pyrogen-free water.

156 The preparation of parenteral formulations under sterile conditions, for
example, by lyophilisation, may readily be accomplished using standard
pharmaceutical techniques well known to those skilled in the art.

The solubility of compounds of formula (1) used in the preparation of parenteral
solutions may be increased by the use of appropriate formulation techniques,

20 such as the incorporation of solubility-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate
andf/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and programmed release. Thus
compounds of the invention may be formulated as a suspension or as a solid,

25 semi-solid, or thixotropic liquid for administration as an implanted depot
providing modified release of the active compound. Examples of such
formulations include drug-coated stents and semi-solids and suspensions
comprising drug-loaded poly(d-lactic-coglycoalic)acid (PGLA) microspheres.
The compounds of the invention may also be administered topically,

30 (intra)dermally, or transdermally to the skin or mucosa. Typical formulations for
this purpose include gels, hydrogels, lotions, solutions, creams, ointments,
dusting powders, dressings, foams, films, skin patches, wafers, implants,

sponges, fibres, bandages and microemulsions. Liposomes may also be used.
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Typical carriers include alcohol, water, mineral oil, liquid petrolatum, white
petrolatum, glycerin, polyethylene glycol and propylene glycol. Penetration
enhancers may be incorporated - see, for example, J Pharm Sci, 88 (10), 955-
958 by Finnin and Morgan (October 1999).

Other means of topical administration include delivery by electroporation,
iontophoresis, phonophoresis, sonophoresis and microneedle or needle-free
(e.g. Powderject™, Bioject™, etc.) injection.

Formulations for topical administration may be formulated to be immediate
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and programmed release.

The compounds of the invention can also be administered intranasally or by
inhalation, typically in the form of a dry powder (either alone, as a mixture, for
example, in a dry blend with lactose, or as a mixed component particle, for
example, mixed with phospholipids, such as phosphatidylcholing) from a dry
powder inhaler or as an aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using electrohydrodynamics to produce
a fine mist), or nebuliser, with or without the use of a suitable propellant, such
as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane, or as nasal
drops. For intranasal use, the powder may comprise a bioadhesive agent, for
example, chitosan or cyclodextrin.

The pressurised container, pump, spray, atomizer, or nebuliser contains a
solution or suspension of the compound(s) of the invention comprising, for
example, ethanol, aqueous ethanol, or a suitable alternative agent for
dispersing, solubilising, or extending release of the active, a propellani(s) as
solvent and an optional surfactant, such as sorbitan trioleate, oleic acid, or an
oligolactic acid.

Prior to use in a dry powder or suspension formulation, the drug product is
micronised to a size suitable for delivery by inhalation (typically less than 5
microns). This may be achieved by any appropriate comminuting method, such
as spiral jet milling, fluid bed jet milling, supercritical fluid processing to form
nanoparticles, high pressure homogenisation, or spray drying.

Capsules (made, for example, from gelatin or hydroxypropylmethylcellulose,

blisters and cartridges for use in an inhaler or insufflator may be formulated to
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contain a powder mix of the compound of the invention, a suitable powder base
such as lactose or starch and a performance modifier such as Heucine,
mannitol, or magnesium stearate. The lactose may be anhydrous or in the form
of the monohydrate, preferably the latter. Other suitable excipients include
5 dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose and trehalose.
A suitable solution formulation for wuse in an atomiser using
electrohydrodynamics to produce a fine mist may contain from 1ug to 20mg of
the compound of the invention per actuation and the actuation volume may vary
from 1yl to 100pl. A typical formulation may comprise a compound of formula

10 (I), propylene glyco!, sterile water, ethanol and sodium chloride. Alternative
solvents which may be used instead of propylene glycol include glycerol and
polyethylene glycol.

Suitable flavours, such as menthol and levomenthol, or sweeteners, such as
saccharin or saccharin sodium, may be added to those formulations of the

15 invention intended for inhaled/intranasal administration.

Formulations for inhaled/intranasal administration may be formulated to be
immediate and/or modified release using, for example, PGLA. Modified release
formulations include delayed-, sustained-, pulsed-, controlied-, targeted and
programmed release.

20 In the case of dry powder inhalers and aerosols, the dosage unit is determined
by means of a valve which delivers a metered amount. Units in accordance with
the invention are typically arranged to administer a metered dose or “puff”
containing from 0.001 mg to 10 mg of the compound of formula (I). The overall
daily dose will typically be in the range 0.001 mg to 40 mg which may be

25 administered in a single dose or, more usually, as divided doses throughout the
day.

The compounds of the invention may be administered rectally or vaginally, for
example, in the form of a suppository, pessary, or enema. Cocoa butter is a
traditional suppository base, but various alternatives may be used as

30 appropriate.

Formulations for rectalfvaginal administration may be formulated to be
immediate and/or modified release. Modified release formulations include

delayed-, sustained-, pulsed-, controlled-, targeted and programmed release.
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The compounds of the invention may also be administered directly to the eye or
ear, typically in the form of drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other formulations suitable for ocular and
aural administration include ointments, gels, biodegradable (e.g. absorbable
gel sponges, collagen) and non-biodegradable (e.g. silicone) implants, wafers,
lenses and particulate or vesicular systems, such as niosomes or liposomes. A
polymer such as crossed-linked polyacrylic acid, polyvinylalcohol, hyaluronic
acid, a cellulosic polymer, for example, hydroxypropylmethylcellulose,
hydroxyethylcellulose, or methyl cellulose, or a heteropolysaccharide polymer,
for example, getan gum, may be incorporated together with a preservative,
such as benzalkonium chloride. Such formulations may also be delivered by
iontophoresis.

Formulations for ocular/aural administration may be formulated to be immediate
andf/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted, or programmed release.

The compounds of the invention may be combined with soluble macromolecular
entities, such as cyclodexfrin and suitable derivatives thereof or polyethylene
glycol-containing polymers, in order to improve their solubility, dissolution rate,
taste-masking, bioavailability and/or stability for use in any of the
aforementioned modes of administration.

Drug-cyclodextrin complexes, for example, are found to be generally useful for
most dosage forms and administration routes. Both inclusion and non-inclusion
complexes may be used. As an alternative to direct complexation with the drug,
the cyclodextrin may be used as an auxiliary additive, i.e. as a carrier, diluent,
or solubiliser. Most commonly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in International Patent
Applications Nos. WO 91/11172, WO 94/02518 and WO 98/55148.

Inasmuch as it may desirable to administer a combination of active compounds,
for example, for the purpose of treating a particular disease or condition, it is
within the scope of the present invention that two or more pharmaceutical
compositions, at least one of which contéins a compound in accordance with
the invention, may conveniently be combined in the form of a Kit suitable for

coadministration of the compositions.
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Thus the kit of the invention comprises two or more separate pharmaceutical
compositions, at least one of which contains a compound of formula (I) in
accordance with the invention, and means for separately retaining said
compositions, such as a container, divided bottle, or divided foil packet. An
example of such a kit is the familiar blister pack used for the packaging of
tablets, capsules and the like.

The kit of the invention is particularly suitable for administering different dosage
forms, for example, oral and parenteral, for administering the separate
compositions at different dosage intervals, or for titrating the separate
compositions against one another. To assist compliance, the kit typically
comprises directions for administration and may be provided with a so-called
memory aid.

The invention is illustrated by the following no-limiting examples in which the

following abbreviations and definitions are used:

AP3 autopurification
APCI atmospheric pressure chemical ionisation

Arbocel® filter agent

br broad

Celite® filter agent

S chemical shift

d doublet

dd double doublet

DCM dichloromethane

DMAP 4-dimethylaminopyridine

DMF dimethylformamide

EDCI 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride
Ei electrospray ionisation

EtOAc ethyl acetate

h hour

HATU O-(7-azabenzotriazol-1-yl}-N,N,N’',N'-tetramethyluronium

hexafluorophosphate
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HBTU 2-{1H-benzotriazol-1-yl}-1,1,3,3-tetramethyluronium
hexafluorophosphate
LRMS low resolution mass spectrum
m multiplet
m/z Mass:charge ratio (mass spectrum peak)
min minute
NMR nuclear magnetic resonance
Prep preparation
RT room temperature
3 singlet
TBTU 2-{1H-benzotriazol-1-yl}-1,1,3,3-tetramethyluronium
tetrafluoroborate
THF tetrahydrofuran
t triplet
EXAMPLES

10

Examples 1-57 were prepared according to scheme 1.
Example 1: 6-[(38,4R)-3-{[4-acetyl-5-(4-methoxyphenyl}-1.4-diazocan-1-

yllcarbonyl}-4-(2.4-difluorophenyl)pyrrolidin-1-yllpyridazine-3-carbonitrile

9] F
\ N A
0@‘“&/‘3—3 F
N
N/
N
ih
N

To a solution of the compound of preparation 77 (45mg, 0.084mmol) in DCM
(5mL) were added pyridine (27.3uL, 0.338mmol) and acetylchloride (12uL,
0.169mmol). The reaction mixture was stirred at RT for 16h. Starting material

was still present so further pyridine (13.65uL, 0.169mmol) and acetylchloride

(6uL, 0.084mmol) were added and stirring continued for a further 16h. The

reaction was concentrated in vacuo and then diluted with EtOAc (20mL) and

washed with 5% aqueous citric acid solution (20ml). The organic extract was
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607 3.79 58 and 15a 90B 010u 598 -
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55 and 1510

PCT/1B2002/053317

dried over magnesium sulfate and concentrated jn vacuo to give the crude

residue.

Purification by column chromatography on silica gel

using

dichloromethane:methanol (100:0 to 95:5 to 90:10) gave 43mg (89%) of the
title compound as a mixture of epimers as a yellow foam.
'H NMR (400 MHz, CD;0D) § 1.2-2.2 (4H, br, m), 2.2 (3H, s), 3.0-4.5 (11H, m),
5.1 (m, 1H), 6.7-7.2 (7TH, m), 7.7 (1H, m), 7.9 (1H, m).
LRMS: m/z APCI* 575 [MH"].

Examples 2-38

These compounds were prepared by the method of example 1 starting from the

appropriate carboxylic acid chloride and the appropriate precursor as listed in

the table.
Precursor
Example Structure MSMH +ion | AP3 Rf (Prep #)
rep
A
N’\ ,o Q
/—\ _QVJN% g
oA ’ N 563 ) 76
ll
<’/ / \F
O ) Vi \—
3" T yor 506 239 68
’E"\ 0 (-‘./F
& Asﬂte
4 - ﬁ) 575 i 75
)




--1\__ OF 588 2.63 63 and 24 WD 2010/ 015972PCT/ 1B2009/ 053317 71 95A
a_oill A.1,,,N568 2.69 63 and 25 96B\ a-CD Cooi ii-,., 610 _

61 and 15aW9ZMO0PIF2\ - :/ 0.)----. k 558 _ 101 and 20 PCA/B244pA338Y7e

of epinmers; B= single epiner 31

58 Oy ; 593 3.06 87
&
)OL _ . /‘_ \C[
6° Heaa® 503 3.22 86

78 V’ FN/_\"J/{—\'Q 558 261 70

8° /@)Qﬁ—\ F 532 3.44 70
o £

_-o\’_[{/_\ J
Q 562 3.44 70

10° JW }—\ 546 359 70




Exanpl e 98: net hyl
8S- (4-chl or ophen %%—4-{1(38,45)-4-(5-chloropyridin-2- v1ii-1
(6-cvanopywpﬂﬁ%Wﬁ5 Zyhpyrrolidin-3-ylicarbonyll-1, 4-d iBAGS8aNE033317 5
carboxylate To a solution of the confound of preparation 65 (24ny,
0.075mml ) in DCM (3nmL) were added diisopropyl et hyl am ne (79pL,

0. 46muol ) ,HBTU (47ng, 0. 13nmot )y and] t he conpopnd of preparation 1ha
(40nmg, 0.13mmol). The 10 reaction mxture was stirred at R for 24h
then diluted by addi ng s@di um bydr ogen carbonate solutijon (2nm). The
Separated|orggni c gxtra r e<concentr d in vacuo tjo gi t he
crude residuga}v\,hich wag poei fied by AP3 (Tt 3. 67)3?1{% oht ai nvﬁjan (64%
yield) of {the titld compound.”LRVE: |APCI + nk 594 [M H4]|. WO
2010/ 015972PCT/ 1 B2Q09/ 053317 72 Exanpl es 99-10b These |conmpounds were
prepared by the netlhod of exanple 98| starting fromthe |appropriate
precursors as listgd in the table. Exanple Structure M§ MH + ion AP3
Rf Precurgors (Preg #) 99A o=i 0, N 556 - 98 and 19 100A N 1(11 586
- 98 and 20 101A 1-'-%%Lﬁgl\oi$1%48 - 98 and 21

12° /0,,\_) - 600 3.74 70
[ _;\

F

o /__/
/\_J{N — j/o \:_?
N 3

13°
o K’YL/’?_J

- 560 38 70
>

14® /%’13%—/\‘ 572 3.88 70

7 o ¢
15° %“%‘ 574 3.89 70

16° . ’“%“ 574 3.91 70
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Structure M5 MH + ion Precursor (exanple #) 112A 4115- ,51 - HN .
598 107 113D ¢ Y NHO 8 618 109 114E 0- o -5f----( NN
0 618 110 WR 210 lr e of epi mers; D = single epiner ofPCIARHENA3LT
absol ute configuration at site of chHﬁrophenyI substitution; E =
singl e epi mer of opposite confi gur ation at chl orophenyl subst i t uent
site W threspect—troexanpte 1t1I3—WG 20106/ 015972PCT/ 1132009/ 053317 78
Exanpl es 115-119 wer e phepar ed cording to schene 6. HBxanple 115:
64( 39, 4R) {341544- chl orﬁ;r{y p144> (et hvl sul fonyv1) -1, 4-

di azocan- 1- vllear bg nvl}jZP(JZ uor o- 4- neggtéovaheréyzlz)Pmmol | dle%—l v1l-2

- 5rreth3|p§;‘ dazi|n- 3(2H)-on$ Cl

N
|4

:% , @m

36° T 583 2.9 82
&

37" X 611 3.21 82

38° - 597 3.99 82

A = mixture of epimers; B = single epimer

Example 39: 6-[(3R.48)-3-(2.4-difluorophenyl)-4-{[4-(methylsulfonyl)-5-

phenyl-1,4-diazocan-1-yl|carbonyl}pyrrolidin-1-yilnicotinonitrile

%Q

OSN,\\

To a solution of the compound of preparation 73 (25mg, 0.05mmol) in DCM
(5mL) were added triethylamine (28uL, 0.2mmol} and methanesulphonyl
chloride (8uL, 0.1mmol). The reaction mixture was stirred at RT for 72h.



To a solution of the conmpound of exanple 111 (45ng, 0.073mmol) in DV
(2m.) were added lithiumbromde (7.6ng, 0.087mmol), and sodium
hexanet hyl WOSOIAAF9@ (16nmg, 0.087nmol ). The reaction miBAIBRIHNEZS17
stirred at 10 RT for 30 min. Methyl i¥dide (5.4pL, 0.087mvl) was
added and the resulting solution stirred at RT for 24h. The reaction

e oo e materkdfh el ohiP HrocEnt SHCcBRE DMARL (0 A ReigRa i
( go)r(rL ZOM)SélrrTﬁgacmmedefgr o rigraimg rct &t'XtTI‘neoﬁscl;M;T Waw@ﬂhl%d w\tﬂ‘Ej h)dM (115an)
Lo ot o R SRl iy e e ng oot
di chl Ororr%umfbeaﬁgté&%eﬂtr&eé% B'tﬁ i92 tRe (bréa% w&éWif(&éﬁé’{a b%fNR

the title conpound asamxture rs as a
(400 M, QdDBUID):h@Inaiggmpﬁxloom;carge usmg:@@llcﬁ’err(emanempet@n@Bé‘l@OZBto

1H, 4 4. 0- 6, 87-
(7 01- g) 09%“’2'1335)( Eﬁ" 5%? aﬁ&'e n‘io a‘AFi‘:l"ih'EeniSQ“‘%sgh‘frr\ﬁ—l&]
Exanpl es kbgnpbldd |§f‘e€§iﬁg@éﬁﬁwﬂd§utwm¢ PR SBsBitd BenfiRi-dh &f the

exanple 121 starting fromthe appropriate precursor as listed in the
table. WOONUXHAcAEIYDEDSNBRDO9/ 053317 79 Exanple Structure MS M4 +

R T

10 3.07 (1H, m),3.4-4.4 (12H, m), 6.61 (1H, t), 6.93 (2H, m), 7.09 (1H, d), 7.35 (4H,
m), 7.5 (1H, m), 7.73 (1H, m), 8.39 (1H, d). LRMS: APCI* m/z 580 [MH"].

Examples 40-43

These compounds were prepared by the method of example 39 using

15 methanesulphonyl chloride and the appropriate precursor as listed in the table.

Precursor

Example Structure MS MH + ion AP3 Rf
(Prep #)

40° i 580 ) 74

‘?:S‘:Zf\u £ Q
41" A §1 - 590 91

428 A 0T 542 2 54 68




at/ Th Ad- a- ()./.0 -__,- k" ¢c"- a 612 - 69 1198 00 .F AN a 612 - 90
A = mxture of epimers; B = single epiner; D = single epiner of
unknown abwol20t@186hf i guration at site of chlorophenyl KIHS2M00/033BBn 5

PREPARATI ONS Preparation 1: 58
3-chloro-1-(2,4-difl uor ophenvl )pr opan- 1- one O To a stirred m xture
of al um ni um(lll) ehtoride \J.J. lug, OS.GIIIIUI) (R 1,3+

di fl uorobenzene (21nl)_at RT was added 3-chl oropropionyl |chloride
(4.0nm., NO 2010/0]5972 113 9/053317 80 41)9mmol ). The reaction

m xture was s%'prrecl at d%@, ;é%ure nas cool ed to and
was poured in an |i ce/ ZIVI aqu us hydrocl? ric aci &4 xtgre 00m) .

After vigorous stinring, the m\xture was extracted with DCM (2 x
75ml) . The conbi ned organic extracts were dried|over nmagmesi um
sul phate and 5 congentrated in vacug to give 8.68g (quantitative

yi el d) of “craidenix tdré%f(’ébim@r‘én@"aén%@ e?rrﬁagmﬁldgpom DR LAV site
CDC13) 63.35-3.45 (2H, 1), 3.80-3 80690(1H m,

6. 90- 7. 00 ( BHS-pHenyrsSOEtNDD (1H, m). 10 Preparation 2:
()-1-benzyl-5-(2, 4-difluorophenvl)-1, 4-di azepane A sol ution of
N- benzyl et hyl enedi am ne (2.50g, 16. 64nTmI ) in 4-nethyl-pentan- 2-one

(50m.) wasEairhpieed 449 SBH(38(4R)ef- terx-bumﬂe:r-(:f,hmiﬂﬁbmdhmnﬂwbmm-fsor
3h. The solution was cooled to RT and to it was added tri et hyl am ne
(3.48n.5 yllcarbonyl}-8S- (4-chlorophenyl)-N,N- dlethvl 1,4-diazocane-1-carboxamide

L
ON"“\%Q

To a solution of the compound of preparation 70 (40mg, 0.082mmol} in pyridine
(1mL) were added DMAP (50mg, 0.41mmol), and diethylcarbamoyl chloride
(0.103pL, 0.82mmol). The reaction mixture was stirred in a microwave oven at
10  120°C for 2h then cooled to RT over 16h. The reaction was diluted by adding
5% citric acid solution (10mL) and extracted with EtOAc (3 x 10mL). The

combined organic extracts were washed with 5% citric acid solution (10mL),

sodium hydrogen carbonate solution (10ml) and brine (10ml), dried over
sodium sulphate, filtered and concentrated in vacuo to give the crude residue

15 which was purified by AP3 (rf 2.68) to obtain the title compound (15mg = 31%
yield). LRMS: APCI" m/z 589 [MH"].

Examples 45-46

These compounds were prepared by the method of example 44 using the
20 appropriate commercially available carbamoyl chloride and the appropriate

precursor as listed in the table.



15 25.0mmol ) and the conpound of preparation 1 (3.75g, 18.3mmol). The
reaction m xture was stirred at 60C for 16h. The m xture was cool ed
to RT and WOE¥FEEed i n vacuo. The residue was di ssolREIABREI/ASI317

m xture of propan-2-ol and water (50nm?, 95:5) and stirred at RT for
16h. Sodi um borohydride (1.50g, 39. 65mm|) was added and the reaction
m xture sattowed to stiT at—RT Ul 20— 16h. 7 The leaui rﬁgﬁ?
di | uted by gdeiglg Vet erged@Opd) andp: ﬂﬂﬁ1 P Ry\as |r
vacuo. The aqueous |m xture was extlact ed w thi DCM (3 x 50niktep #‘he
conmbi ned ( tracts were driéed aover ghesi um sul phat e and
concentrated in vaquo tg give the ¢rude re5|dJe Purifidation by
col um chromat ogr aghy guqr& cf( gel usi ng et hyl acetate:|met hanol: 0] 88
amoni a 2% (gradient j’@dm) to 80:20:3) gave 2.28g (45% of
t he racemic g Pt e donpound a yeI | ow871 . 1H NORE 400 |VHz,90CDC13
1.85-1.95|(1H, m, [2.00-2.1 (1H ), 2.60-2.7V5 (2H, m, 2.75-2.90
(2H, m, 2.95-3.05((1H, m, 8.10-3]20 (1H, m; 3.68 (2H]| s), WO
2010/ 015972PCT/ 1B2009/ 053317 81 4. P5-4. 35 (1H m, 6.70-/6.80 (1H, m,
6. 80- 6. 90 CiH—m) 720740 (5 —m 70— (i) tRVMG—APCL+
nmz 303 [MK]. Prepgration 3:

()-1-benzyl -5-(4-chl orQ Jhenyl)(\l 41 di azepane Cl Thi|s conpound
was prepaled, by the of ar at i 2 st fram

Nbenzyl et hyl éﬁedi ari ﬁs;l ﬁg conmmer ?’al lyla ?Erflglb 70
3-chloro-1-(4- chl crop enyI y8r opani{ 1- one. LRMS: APCl + n12 300 [ MR
10 Preparation 4: (|)-5-(2,4-difluofophenvl)-1|4-diazepane To a
solution of the compound of preparation 2 (220ng, 0.728nmmol) in
et hanol (20nB)= siagleaghiragr 20% pal | adi um (11) hydroxi de on carbon
catal yst (102ng, 0.146mvol) and amoni um formate (229ng, 3. 64mol).
The reaction mxture 15 was stirred at 75C for 3h. The sol utlon was
cool ed to (R

AN

ArbocelO. d—1 he
conbi ned i1 Mmethvﬁﬁmxmm@edihyd Gmrrid’azwaeup)riv@rcgidh@-:il\?chEQbonvl}-
(quantitative_yield) of crude (racemc) title conmpound as a

col our |®s M@M_ﬁé_&ﬂm&ﬁw CD30D) 5 1.85-1. 95 (1H, m,
2.00-2.10 (1H, m, 2.85-3.0% 3.05-3.15 (2H, , 4.10-4.20
(1H, m, 6.85-6.95 (2H, m, 7. 750(1H m ; APC|+ mz 213
[MH4]. WO 2010/ 015972PCT/ 182 ﬁg\?o a solution of

3- (4-chl or obenzoyl ) propi oni ¢ acbd 40g,N in xylene (250nL)
wer e added et hyl enedi am ne (22. 6 cand 12M hydr ochl ori ¢ acid

(0.500nL, 6mmmol). The reaction mckture irred at reflux under
Dean- 5 Stark for 12h, and cooled to RT. The solid was col |l ected by
filtration and washed with xylene to givegfhhe crude residue. This was
di ssolved in DCM (400m) and filtered. Th ,LJ\trate was concentrated
in vacuo to give 36.6q9g (62% of the racem ¢/ title conpound as a beige
sol i d. 1H NMR (400 MHz, CD3C1) 8 2.22-2.35 (2H, m), 2.49-2.56
(1H, m, 2.78-2.95 10 (3H, m, 3.27-3.34 (1H, m, 3.68-3.77 (1H, m,
7.32-7.35 (2H, m, 7.42-7.46 (7.42-7.46 (2H, m. LRMVMS: APCI+ niz 237

[ ML- 11] . Hicepaohttioorofahe (Qondpdaintidefoirepamatibe 82140y} - Bromaljeh MM
(5mL) were added N,N-diisopropylethylamine (51uL, 0.296mmol) and methyl

10 chloroformate (17uL, 0.222mmol). The reaction mixture was stirred at RT for

16h. The reaction was diluted by adding potassium carbonate solution (10mL)

and extracted with DCM (2 x 3mL). The combined organic extracts were
concentrated in vacuo to give the crude residue. Purification by column

chromatography on silica gel using ethyl acetate:methanol:0.88 ammonia



15 Lithium al um nium hydride (3.21g, 84.5mvl) was added to a flask
cont ai ni ng the conpound of preparation 5 (5.00g, 21.1mvl) and

di et hyl etWerzopa2®i) was added. The reaction m xture WES/152Q0p/PB17at
RT for 30 min then at reflux for 72h.%The reacti on was cooled in an
ice bath and quenched by adding water (3.2nml), 2M sodi um hydroxide

sol ution
filtered 'E(a?agjz%ﬁ f%@f?% (f? té%QWQﬁégg%ﬁga@s nOf%lqe é%b’rﬁ’@g‘éﬁ?%ﬁe
filtrate Wo@@mﬁntrated in vacuo to give the crude resi due.
Purification %col um chronato%agge/ on Slllct‘i’ig usi ng
di chl or omeHHANER (#HI0HMKE1 CP-09) Mpt0 180 dtidom, ‘ﬂE@bbﬁ?‘ 083331150'9330
ammoni a ( 2 ( e.nha S
a col ourI irél 2'?)? 1%"?%%%(1%48‘8) I\%?dgz&&%l 5@ 2?61§8§ ngﬁ rﬁP@é’é‘ﬂ%oa
(1 96- %94 (G3H, rrf)) 5.00- 32931H0dd§+6 80W5, 903 (184 -18),889%-TH)5 (BH, n'?i) 264 0-734D
4H . APClL+ rn 225 [ NKT Pr epar at i L7-11 s.e
conpounds (@&}é‘r B)pf- @9%@1(% mhé-%§H§d1Hf g)prj-g}t%gzﬁli aME 589E4ﬁ 6
starting from ethyl enedi ami ne and conmerci ally avail abl e propionic
aci ds anal ogous to those used in preparation 5. Each conpound was
obt ai ned aﬁ(mgmsr@céﬁate Pr eparation Structure M5 VMH + ion 7 HNn
I - 'Phelsglcosmpour;r L e p%%;éred l_LyOYt?e %ethol FofHé\Ixérﬁ&e 47 using the
10 appropriate commercially available chloroformate and the appropriate

precursor as listed in the fable.

] Precursor
Example Structure MS MH +ion | AP3 Rf
(Prep #)
Sate %Q
48" # 591 ] 77
i
il
9 i
Og N
49° A 522 2 54 68
Ty P
O4 5
50" )¢ 591 _ 75
IN\
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14083399/ 053317 84 Chiral

and ( R

2010/ 01597%P

5-

WO
resol ution of 1X$THB240pES3317

racem ¢ conmpound of preparation 6 wastlinitially achieved by col um

chr omat ography on a 500*50 nmid Chiral cel

hept ane: i
t heory) of
col ourl ess

second- elutlggsenartl

95. 5%e. F
1 mM/mn ¢
8. 68 m nut
spectra:

11-1

$Opropanoty:
the firs
5 oil in g

For "anal ys
bl ut es t he
es, respe
NMVR (|

direthytam e (80
t- eIutlng epght i
9. 4J@Q 5 139

(Pt épar at
|§9gzrpos

2 enant i/gHers W
ctively. "*Bach di
400 MHz, CD3dCl)

a Chira

D207 0. 1)~
brer  (prepa
(86% of t he
on ) as
cel OD
th retenti
spl ayed i de
B 1.56-1.83

Thisgave
ation 12
cory) of

a col our
H%éh)x
bn ti nes

ntical pr
10 (3H,

5749 (96%
a) as a 5

t he

| ess 9i| in
4.6 col umm
of 6.10 and
ot on NWVR
m, 1.96-2.

(S)

OD-H colum eluting with

of

At

D4

(1H, m, 1
LRVS:  APC

racem c C(
fractiona
with the §

15 stereog

preparati (

solution h

?2.74-3.10

+ mz 225
prpound  of
cedt al |
advant age
hem stry.
bn 6 was d

heatoed t o
eatea—t+o

(6H, m, 3.84-3.
[M#]. Alternat
pregﬁL@o| 6w

|saer1; atsin

ofﬁ§ubsquently
12c Thus, 5.0g

57C then 75nl so

i ssol ved in tertr

B8 (1H, m,
vely, salt
th a chira
gl e gé2ast er
al | owi ng el
of the rac

butyl net

vent 20 ey
 reht—k<u—-ev

pressure.
evapor at e(
charged i1
sol ution 4
for a furt
12c (8. 5¢g
from 10%

45mlL et hg
1. On cool
N oneg port
Al | dtd
her 13h.
as a whi
/v wat er

inol was added an

ing to 45C, 8, 2¢g
|on igh\ sugdens
10

F|I rati of. gave
te 25 solid whic
i n net hanol, gav

over

d a further
di - p-tol uo
on reheate
t hP €@
[ he di-p-to
upon rep
mat eri al

hour

7.26-7.3
formati o
aci d al
POI-S ri
ici dati on
eIm C conp
nyl et her

65m of

vl -L-tart
i to 45C
s 282 or €
uoyl -
pat ed rec

bf >98%ee|

1 (4H, nm).
n of the
| owed
c salfp 1l2c
of absol ut
ound of
(150m), t
t he solutio
aric acid w
and the
graﬁglatin

-tlartrate salf

rystallisat
The absol

conf i gur af

enanti oner.

correspon(
Preparati (
car boxyl af
sol ution

(10nm.), Di
resul ting

ion, shov
Chi r al

ded with ¢
DN1344) -t g
e Cl 51
pf t he cor
-t-butyl

sol ution

by X-Tay Cryst
HRPLE anal ysi s of
na ro 128,
r t - buty IS\ (Achl
Ti ethyl amipe (0.

di carbonate (536
mas stirred at RI

pound of pfepar at

n,
éllograpny,
"free-base
WD 2010/ 015
Dr ophegyl ) -

P85, 2. 05]
ion 6 (460ny
Mg, 2.46mmo
I for 16h.

was tne
' 12c¢ sh
D72PCTAB2

e

g, 2.05n
) was ad

The react

di azocane S
owed t hat t
009/ 053317
cane

added to a
mol ) in THF
ded and t he
i on was

1%

he
Fj C

=)

on
Ut e
hi S
B5

concent r af
car bonat e

ed in vac
sol ution

55°

d reS|d
{gtra

luted by a
cted with E

595

idi ng sod
OAc (4 x

3.5

i um hydr oge

81

=)

568

600

67




10 20nL). The conbi ned organic extracts were concentrated in vacuo to
give the crude residue. Purification by colum chronato 3/

silica gel WAPHPIEDAc gave 419ny (63% of the racenic If% 'Bé 08’8??8b7und
as a colourless oil. 1H NWR (400 MHz,>“CDCI 3) 8 1.47 -1.49 (91-1, m,
1.54-1.70 (2H, m, 1.74-1.81 15 (4H, m. LRVS: Er mz 325 [ MH].
Enantioners I3a ang 13b Were simtafty prepareg starting fromtne
conpounds [of prepar|atri, 12a and 12b, respectively. ci| HNNyHN 13al13b
20 Preparation 14: |()- {ert s Wl 4- et hyl

5- (4-chl onophkenyl ) -|1, 4=diazokaimel, 41 di cggdoxyl a fl]?t
2010/ 015972PCT11B2Q0910533174(86 To a stirred so 4% the conpound
of preparation 13 (|469ng, 1. 1) [in pyridine (15rrL) re added

triethylamne (8054, 5.77mmol), nethyl chloroformate (7814,

10. 12nmol ) and DVAR (352ng, 2.88mmol). The reaction wasj stirred at
60C for 16h= mikire ebepimens;Brssinglelepdmeo RT and was 5 quenched by
addi ng pot assi um carbonate solution (10nL). The reaction m xture was
concentrated in vacuo and the residue diluted with water (15nL). The
aqueous M Xk Bs 68X tdd ohYaMd B sendRE).. The conbi ned
organi c extracts were con entrate In vacuo to give the crude

resi due. Purlflcatlon by col um chronatography on silica gel using
pent ane;

322y ( e S, h : * drop:
NVR (400 Mi.d.ggga.an i r&.yﬂ-,l_m 1.80-1.95
(2H m, (1H m,

355365MMME&3H, n, 390400(1H m, 5.00-5.35

(1H, m, 7.05-7.30 15 (4H, m. LRMS: APCl. rrilz 283 [M- Boc + Hr.

Enantioners 14a and 14b were éﬂ;jiarl prepare starting fromthe
"13b, resp thvely. 20

conpounds of preparations 13a a

Preparation 15: ()-methvi Oy N

8(4-chl orophenvll-1, 4-di azocane-1 c\gbexy ate € To a stirred
solution of the conpound of preparation 14y(322ng, 0.841mol) in DCM
(5m.) was added 4M hydrogen chloride in 1 .-dloxane (5m.). The
reaction was stirred at RT for 16h. The ree tion nmixture was
concentrated in 25 vacuo and the residue uted with potassium
carbonate solution (15nL). The aqueous m xfjjure was extracted wi th DCM
(3 x 10m.). The conbined organic WO 2010/ 815972PCT/ 1132009/ 053317 87

acem ot 1 B O o P, SR T R i
51. 75- 20 051(i2}, wene, addeb-ileth@lapiine (B ul2.06524201861)( 3k, 3-tiflud2oPopRirid
(2R 3 P 6nG 0 088l ana ATl B2k, b.dBammol, > The Raction mixture
was stirred at RT for 16h. The reaction was difuted by adding sodium hydrogen
carbonate solution (2mL) and extracted with DCM (2mL). The combined
organic extracts were concenirated in vacuo to give the crude residue.
15 Purification by AP3 gave 3mg (17%) of the title compound. AP3 Rf = 3.5.

LRMS: EI* m/z 647 [MH"].

Example 59: 1-{[(3S,4R)-1-tert-butyl-4-(2.4-difluorophenyhpyrrolidin-3-

yllcarbonyl}-58-(4-chlorophenyl)-4-(tetrahydro-2H-pyran-4-ylcarbonyl}-1.4-

20 diazocane



5 (3H m, 5.05-5.30 (1H, dd), 7.10-7.30 (4H, m. LRMS: APCl. nlz 283
[MH.]. Enantioners 15a and 15b were simlarly prepared starting from
t he conpouWBMW01Epar ati ons 14a and 14b, respecti vel YWCTIB2I0/PI3HTNNH
0 15a 10 Preparation 16: ()-tert-but V3

5- (4-chl or ophenvl)-4- (et hvl sul fonvl)-1, 4- di azocane- 1-carboxvi ate

G DWVAP (2.67g, 21.9mml) was adgled to a solution of the conmpound of
preparation 13 (2.37g, 7.30muol ){ i pyrldlne (2mL), net hanesul f onyl
chloride 15 (1.69n., 21.9mmmol) added e resulting solution
was stirred at 50C for 3h. The re centrated in vacuo and
resi due diluted by adding 10% citri ac d 51 uki on (50nL) and
extracted with Et OAc (4 x 50nlL) d organic extracts were
washed with 10%citric acid C , brln 50nﬁ) dried over sodium
sul phat e, flltered and concentrated in vatudo to give 20 the crude

pent ane: ety Suapnca O Eaha e GERAPBREND) et d OB i ek

conpound g$0mLyolwerel essided| . trie®Ia20ibe/ 0146012 PATAIRBAHY/ 023Bilofo8§3-1H

NVR (400 CPC 9H, 70-1.77 1.98-2.06
(1H, n') %chz I@@%@W'umch}@r%&émﬁwmwpl) @dltfgréhWO(ﬁiﬁpyw- 4-

3. 34- 3. 46 adldy ﬁaec% ﬁ% %%{r%:'ﬁo M) Thedreksti %xt(ﬂé*wa@snr d0a7c Fﬂ'%@r
(1H m° 49614 1 7. 22- 26(2H . 7.31-

LRVS: APCI48hniThe¢eactﬁdm—ﬂvaSEllﬂ'teeip}ay atliliog sprium hydrogen carbonate 'solution

0 - A e R B U R
cormound Qrud¥ eI PQﬁfldéllohfb;KAPQ%@ve4 5HREmb) iR of iR ftRSednpdlthd

solution was stirred at Jhe reaction was concentrated in
vacuo to difdA3d). 4@“@1@5@6 "O*‘I’ZQQQG[W'hJ:em c title conpound as an

of f - vvmlée sol i d. 1H NVMR (400 MHz, CDCI3) 31.92-2.12 (2H, m,
2.22-2.43 (4H, m, 2.86-3.01 (1H, m, 3.36-3.80 (5H, n), 4.14-4.26
(1H, m, £Extnple07601H, 14K3S.AR)O-terBBuivl-4-¢dH4-difil oropRYBYKVIED lidin-3-

303 [MH.]. Preparations 17a-26 These o ounds wer e prepar ed by the
met hods of¥lisaeen}-58H4-chionophenylr4 gt Japrapplcaponyl-1.4-
precur sor ; ted in the table. 20 Preparatlon Structure M5 MH +
ion Precur's-o'r—(é p#) 17a(l) ci.,.,<--s,)

15 This compound was prepared by the method of example 59 using the
appropriate carboxylic acid and the compound of preparation 70. Purification by
AP3 gave 16.69 mg of the title compound (rf 3.66). LRMS: APCI* m/z 572
[MH™.

20 Example 61: 1-{[{(3S.4R)-1-tert-butyl-4-(2.4-difluorophenyl)pyrrolidin-3-

yl]carbonyl}-5S8-4-chlorophenyl)-4-[(3,3-difluorocyclobutyl)carbonyl]-1,4-

diazocane
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To a solution of the compound of preparation 70 (30mg, 0.061mmol) in DCM
(10mL) were added triethylamine (34pL, 0.25mmol), PS-Mukaiyama reagent
(144mg, 0.122mmol) and 3,3-difluorocyclobutanecarboxylic acid (8mg,
0.061mmol). The reaction mixture was stirred at RT for 24h. The reaction was
filtered, and filtrate concentrated in vacuo. The residue was diluted by adding
sodium hydrogen carbonate solution (15mbL) and extracted with EtOAc (3 x
15mL). The combined organic exftracts were concentrated in vacuo to give the
crude residue which was purified by AP3 (rf 2.74) to obtain 1.6mg (4% yield)
of the title compound. LRMS: APCI* m/z 608 [MH"].

Examples 62-65
These compounds were prepared by the method of example 61 using the

appropriate carboxylic acid and precursor as listed in the table.

Precursor
(Prep #)

Example Structure MS MH +ion | AP3Rf

62° (’?HU%Q 620 3.75 89

63° ﬁ_; 607 268 88

-(0)



"0 21(2) 110 261 7 NH 22(2) 1110 233 7 OyNN\H 22a(2)
Cl ----.) I1 0ONNH----rN i 266 6 220)
WO 2010/015972 PCT/IB2009/053317
65
B N w A==
64 /%M T . 584 2 66 70
B ‘e, =
Y = 7
65 CI '\J\JH\J l 572 2 69 0

10

15

B = single epimer

Examples 66-105 were prepared according to scheme 3

Example 66: methyl {8S-4-chlorophenyl}-4-{[{3S.4R)-4-(2.4-difluorophenyl)-

1-(1-methyl-6-oxo-1,6-dihydropyridazin-3-yl)pyrrolidin-3-yljcarbonyl}-1,4-

diazocane-1-carboxylate
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To a suspension of the compound of preparation 60 (200mg, 0.470mmol) in
DCM  (6mL) added (197uL, 1.41mmol), 1-
hydroxybenzotriazole monohydrate (83mg, 0.542mmol) and EDCI (113mg,

[\
N—-._/I

were triethylamine
0.589mmol). The reaction mixture was stirred at RT for 30 min. The compound
of preparation 15a was then added and the reaction mixture was stirred at RT
for 16h.

between EtOAc (20mL) and citric acid solution (10mL). The organic layer was

The reaction was concentrated in vacuo and residue partitioned

separated, washed with sodium hydrogen carbonate solution (10ml), dried

over magnesium sulphate and concentrated in vacuo to give the crude residue.

Purification by  column  chromatography on silica gel using



Az ....() &.,-,NNHt- N | 266 12a 23(2) 1110 248 7 NH --- NH
WD 2010/ 015972PCT1182009/ 053317 90 24(2) C fit O, ....2s-NNH Il o

288 97 25(Wp 2810/01%7} . - - N\ yNH PCT/IB2009/053317
66

dichloromethane:methanol:0.88 ammonia (gradient from pure dichloromethane

to 95:5:0.5) gave 234mg (83%) of the title compound as a yellow foam.

'H NMR (400 MHz, CDs0OD) 8 0.95-1.10 (1H, m), 1.45-1.60 (1H, m), 1.65-1.75

(1H, m), 1.90-2.05 (1H, m), 2.10-2.25 (1H, m), 2.35-2.50 (1H, m), 2.85-3.05
5 (1H, m), 3.30-4.10 (15H, m), 4.95-5.15 (1H, dd), 7.10-7.35 (4H, m), 6.95-7.05

(4H, m), 7.40-7.50 (1H, m). LRMS: EI" m/z 600 [MH"].

Examples 67-97

These compounds were prepared by the method of example 66 using the
10 appropriate carboxylic acid and precursors as listed in the table.

Precursors
Example Structure MS MH + ion | AP3 Rf
(Prep #)
)k.. -&_}Q
67° 591 3.37 58 and 22b

.NT

68° Q’KJ % 582 304 | 55and22b

G\O_” : Qo_
69° Sl ﬁ; i 598 ) 55 and 15a
i
‘\I(NH

70° £§’Q%_ 544 26 57 and 22b




.-- 0 268 97 26(2) G . o \JH 252 97 (1) single enantioner; (2)
racem c Preparation 27:
(4S) - 4- benwPROBMIRIZE) - 3- ( 2- f | uor 0- 4- met hoxvphenvi | pr op-E-T/1B2009/053317
enovil -1, 3-oxazolidin-2-one 5 OW ©6fo a solution of commercially
avai |l abl e 2-fl uoro-4-net hoxyci nnam ¢ acid (16.5g, 84. 1nnn|) i n DCM
(100”1_) at—4€c—was dded—DBM- \G 1n"'|_) folHowned b'y' et upv’\ﬂ e—additi+oem of
a solution of oxallyl chloride (14.8plL, 170mmol) in DCM (50nL). The
reaction mixture was Wemmed to oyer 3h. The|reaction|was 10
concentrateﬁghm vaguo and a Yoped with DCM (2 x 100nm).}0%$iée ' he
crude internmedi at el aci Ehlorhde. The a chl ori 8¢ was| df v
DCM (50nmL) and added dropwi sel.to an|ice-cool ed|sol ution| of
(s)-(-)-41{benzyl- 2t oxazolidi none (14.3g, 80.7myol), lithiumchloride
(17.8g, 421mml) anpd triethylam ne (58.8n, 421gmol) in PCM (100m)
The reaction was sfirred at RT for Ioh I5 then|dilTuted py addi ng
wat er (100m.) and filtered thr h Arbocela The filtrat WO
2010/ 015972PCT/ 1B2p09/ 058347 .0 1" as| parti ti oned and the aqueous phase
extracted|w t#8DCM (ZW) > The| combjzeed oig agﬁg [ @ h S 98 ©
r d i

dried over sodium sul figgﬁrej and concent N vacuo to

D

give the ¢rude residue. This residue was tritunated in diethyl ether
(150mL). Filtration gave 20g (6799 of the title conpound as a 5 be|ge
sol i d. NMR (400! VHz, CDCIB) 32, 8> 2.88 (1H, [m ., 3.36:3.40 (1H m,
3.84 (3H, |s), 4.18-4 27 (2H, : /7-4.83 (1H| m, 6.6B-6.67 (1H,
m, 6.72-6.76 (1H, , 23 iﬁ (54 m, 7.6047.64 (1H

7.84-7.88{(1H m, ﬁhB}% . LRVS: APCl + m z 3b6 [NF14]. 10
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Thi s conmpound was prepared by the nethod of preparation 27, but

starting with 15 comrercially avail abl e 4-cyanoci nnam ¢ aci d. LRMVS:
APCl + m z ¥830]ohthon2 PCT/IB2009/053317
Preparati on29: (48) - 4-benzyl- 341139, 4RB- 1- benzyl - 4- (24l uor o- 4-
met hoxvphenvi ) nyrrol i di n- 3- incarbonvi} 1, 3-oxazolidin-2-one o- 20
To a sol utien—etthe-conrpound—of parati en—2{—{20g—563rre)—+n
DCM (200nt) at 5C was adifed tr| roacetic aciid (0.347pL, 67.5mm
fol |l oned by dropw se L% n’rerci ally avail abl e
N (et hoxymet_hyl ) - N (LT silyl et hyl)benzyl am ne 1%g 1
67. 5mol ) | THe reaftion m xtufe was|sti ried at |RT for 6#h ¢REN 18
di l uted by addi ng sodi um hydr[%gen carbonate 25isol ution; (100n.). The
organi c extracts were concentfated in vacuo to give the; WO
2010/ 015972PCT/ 132P09/ 053317 92 crude residue. [Purification by col um
chr omat ography onm sifica gef using etnyl acetaie: di chl of omet hane
(1:1) gave 12g (43% of %he tit conpound as 4n oil ang as the
singl e di astereoisp % NVR (400 MHz, |CDCI 3 ) B2.70-2.89
(3H, m, 3.12,3. 28 9F- 305 , m|, 4.09-4]265(34 19" |
4.29-4.39 (1|—T,83n) 4 64 4. 72 , 6.56-6.62 (1H, m g 65-6. 70
(1H, m, 7.10-7.15/(2H, m, f»ﬁl 7. 40 (9H, m. [LRVB: APClI + niz 489
[M-1]. Preparatiops 30-32 10 These¢ comnpounds |were prepared by the
nmet hod of |preparat|on 29 using the appropriate(precursor(s) as listed
in the talle. Each|c und was @btained as a single diastereoisonmgr.
Preparati on Structpure + |<«z<? Precursor(s) |(Prep #)|30 j1i 466 28
31 0- 0 '\ 455 27 B2 |uﬁ_\
79* » 606 ; 62 and 17
e g
80" ! Ji“ 600 i 60 and 15
Lf
owd
81" 620 ] 60 and 17
o
=3 i F
X { | /0 /_\\
goh %u% ¥ 514 _ 100 and 20




J fl

-+ 441 102 and 103 15

Preparati on33: net hyl (35, 4R) - 1- benzyl- 4- (2-fl uor o- 4-

met hoxyphewpIZppymsagt i di ne- 3- car boxyl at e

2010/ 015972PCT/ 1B2009/ 053317 93 O-

WO

PCT/IB2009/053317

T¢ a stirred solution of the

conpound of preparation 29 (12.00g, 24.56mmol) in anhydrous net hanol
(100n.) at—RF—was—padded—samar+uom{(HH)—triHooterethanesutfonate
(1.17g, 1/96mmwl) pordionwi se. The reaction wag 5 allowed to stir
under nitnogen for 1GHI§H/R{. Ezg reacti on m xf{ure was goncentrat ed
in vacuo o gjme the crude reSidie. |Purifjcation by col i
chr omat ogfaphy’ on siliéégggrabéiﬁg pent 4'«?:eth)l acetatangg}ﬂa?éﬁt
from4:1 to 1:1) gave 6.509 (7A/%9 of the title|conmpound|as a single
enantionern as a pale yellowoil. 10| 1H NWR (400 MHz, d6;DVB0) 5 2.55
-2.65 (1H| M, 2.90-3.05 (3H, m, 3{10- 3.20 (1H, nm), 3|{60-3.65 (4H,
m, 3.70-%785 (5H [mM, 6.60-6.65(1H d), 6.70-6.75 (IH |d), 7.20-7]40
(6H m. LRVS: APQ + nfz, 344 | . Preparationg 34-36 [5 These
conmpounds wer e prepar et t besmet hod of prepanation 33| using the
precursor |as d4sted in°¢he t{bMe. Epch opmpound v?g obt ai Rfaks 28
singl e enanti oner.| Preparati an Structure MB MH|+ T ﬁ Precursor (Prep
#) 34 oN\ \_ IDp 321 30 VﬁgZOlO 015972PCT/ 1132009/ 053317 94 Ot
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(35, 4R) -442-f1 uor o- 4- net hoxvPhenvi | Pyrrol i di ne-3- carboxyl ate
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CN)

Prep

aration 37: nethyl

a sol uti onweof2otmeswopnpound of preparation 33 (1.8g, 5. HGRIBR0PMASI3LT

met hanol

and 1- methyl-1, 4-cycl ohexadi ene (2.

The reaction

5 To

wer e adde o pal | adi®um hydr oxi de on car bon ng) ,
(20n) dded 20% pal | adidum hyd id bon (180ny)
94nmL, 26.2mol).

m xt ur e was—stirregdat—+refHux—+or—2-5h—then—cogted—toRF—The
reaction was filtered over ArbogelO:washing w th nmethanpl. The
filtrate was conceptrated. +nevacua to 10 obtain 1.30g (98%yield) ¢
the title conqt_)?cg,und as =&_c 6%35lress i | . NVR|( 400 MHz é@i&g‘%
32.83-2.89 (9} m| 3.00+3 15,(1H m, £Y0-3.25 378 ), B3 1333y
(2H, m, 3.59-3.66|(1H, m, 364 (3H s), 3.77|(3H s),|6.64- 6.72
(2H, M, 7.20-7.24|(1H, m. LRVS: APCl+ mz 254 [MH]. 15
Prepar ati on38: net hyl (38, 4S) - 4- (5-chl oropyri di n{2-y1)-1-
11, 2, 41t rifazol of 4, B-bi pyri dazi n- 6- yl pyrr ol i di he- 3-car boxyl at € VWO
2010/ 015972PCT/ 113200@@5/?%17 95- Cl
p ¢}
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To a solution of the conpound of preparation 104 (970ng,
(20nL) was added diisopropyl et hylam ne (2.44m., 14.0mol),

n- but anol

3. 50mmol )

foll owed bYORUVE¥ILHD[ 1 , 2, 4] tri azol o] 4, 3-b] pyri dazi ne (FIEg09/053317

5.25mmol ).

reaction m xture was concentrated in vacuo.

The resulting 5 solution wids warnmed to 120C for 2h. The
The residue was

in

-l
I'Trc

partiti ongd—between—byine (3Ont) —ang—Et0Ac—(50nt)- oTgant—c
extracts yere dried ov gneS| wm sul phate, filltered apd
concentrated in vacuo g’ljé rude residue. Purification by
colum chrno gr aphy Nsnl usi i chllor onet hahe..get I
(95:5) gaye TU 1.5Bg (1 0% the fitle cggrrpOLlndZ-ﬁg a bi ﬁgl%é]%az%o
enantionef as an ojly solid. H NI\/R (400 MHz, ¢€H30D) 8 B.65 (3H, s),
3.67-3.84|(3H, m,|3.93-4.00 ‘H m, 4.03-4.10 (2H, m}| 7.07-7.11
(1H, m, 7.37-7.42| (1H, m, 7.75-7.80 (1H, m, |7.86-7.91 (1H m,
8.49-8.52|(1H, m,[8.95 (1H, s). LRMs: APCI4 m|z 359 [M H4]. 15
Preparati on 39: nef hyl
(3S,48)-41(2,4-dif} uor 1{2} 1)2,41triazolol4, 3-
bl pyri dazi n- Ggfl pyrrol #1 arboxyl atg@g \o N) 11\ 1. | NsMNand 13Ri $
conpound Wwas prepafed by 4 he thod|of preparation 38, starting frpm
20 the safme chl orof het erocycl emand t he conpound of prepparation 105
LRVS: APCl4 mz 360 [M#4]. WO '2010/015972PCT/ 1B2009/ 058317 96
Preparati qns 40-43] These conpounds were prepated by the nethod of
exanple 105 startipg f+xom comrere¢ially avail able
3- chl or o- 6- cyanopyf i dazi a d/ appropriate|5 precursor as listed
in the table. Each| conp A%E_i‘%:@bt i ned as a $ingle enantiomer.
Preparation $tructure’ ion PreciSdor (Prep-#) 4D NIGnd RD 857
37 41

"

5

10

A = mixture of epimers; B= single epimer

Example 98: methyl 8S-(4-chlorophenyl}-4-{[{3S,48)-4-(5-chloropyridin-2-

yl)-1-(6-cyanopyridazin-3-ylpyrrolidin-3-yllcarbonyl}-1,4-diazocane-1-

carboxylate

To a solution of the compound of preparation 65 (24mg, 0.075mmol) in DCM
(3mL) were added diisopropylethylamine (79uL, 0.46mmol), HBTU (47mg,

0.13mmol) and the compound of preparation 15a (40mg, 0.13mmol).

The

reaction mixture was stirred at RT for 24h then diluted by adding sodium

hydrogen carbonate solution (2mL). The separated organic extracts were

concentrated in vacuo to give the crude residue which was purified by AP3 (rf
3.67) to obtain 42mg (64% yield) of the title compound. LRMS: APCI* m/z 594

MH"].
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Structure M5 MH + ion Precursor (Prep #) 44 0,

45

Examples 99-105

These compounds were prepared by the method of example 98 starting from

the appropriate precursors as listed in the table.

A 334 96 Preparations 44-45
WO 2010/ 015972PCT/ 1132009/ 053317 97 These conpounds were
t he met hodWOR20EXAM3te 107 starting from comercially a®f
3, 6-di chl oropyri dazi ne and the appropfi ate precursor as listed in the
Each conpound was obtai ned as a single enantiomner.
I, El.

Example

Structure

MS MH + ion

AP3 Rf

Precursors
(Prep #)

9g*

206

98 and 19

100%

536

98 and 20

101"

548

a8 and 21

1028

614

3.65

65 and 17a

103

520

98 and 22

A = mixture of epimers; B = single epimer

T[?re ared by
1BR(08/053317

Preparation
Z=Z. 0 365 37




353 105 -/a Preparations 46-47 These conpounds were prepared by
the nethod of exanple 111 by refluxing in acetic acid the conpounds
of prepar avoeaw/Mz7and 45 respectively. Each conpound wag/isbwoabised as
a single enantioner. Preparation StruBture M5 MH + ion Precursor
(Prep #) 46 . "NN) Hi| IN 348 44 47 Z-Z Z-C=0 0 336 45 WO

2010/ 01597 PCT/ IBZQ-

(39, 4R) - 4457k

B8 o— et RORFHRYF i L3 A7 U EALA BYHPYL 5 da
zi n-3-yl ) RM[capbomiyINg- st |h5) MRS 4-QﬁazocaneTh' S corrpound was
prepared as a single enanti omer Dy e nethod of exanple 5 115 using
the conmpound of preparation 46. LRMS: APCL+ f z 362 [ML-1].
Preparation 49: nethyl 3

(39,4R)-4-(2,4-difl uorophenyl@t‘l-m& ’hgl)I_-\G oxol, 6-di hydropyri dazi n-
3-yl)pyrrolidine-3-carboxyl ate ~F0 a(stirred suspension of the
conpound of preparation 105 (25.27y, 82 ) and

6- chl or o- 2- net hyl pyri dazi n-3(2H) - dne {Helvetica Chim ca Acta; (1954),
37, 837-48} (12.0g, 83.0mml) in degassed toluene (500nL) at RT were
added caesToum salubiom adfe thel thypoB8dnofoplepanation 100 (24mg, 0.075mmol) in

3 S RGN R e A AL Dk

TBTU (24mg, 0.075mmol} and the compound of preparation 21 (12mg,

0.050mmol). The reaction mixture was shaken at 60°C for 24h. The reaction

mixture was concentrated in vacuo to give the crude residue. Purification by

AP3 (rf 3.68} gave 7Tmg (27% vield) of the title compound as a mixture of
10 epimers. LRMS: APCI* m/z 526 [MH"].

Examples 105-108 were prepared according to scheme 4.

Example 105: 6-[(35,4R)-3-{[5-(4-chlorophenyl)-4-(methylsulfonyl}-1,4-

15 diazocan-1-yllcarbonyl}-4-(2-fluoro-4-methoxyphenyhpyrrolidin-1-

vllpvridazine-3-carbonitrile

e o N/\%Q

N\[

Ul
N

To a solution of the compound of preparation 92 (30mg, 0.057mmol) in
acetonitrile (10mL) were added 3-chloro-6-cyanopyridazine (12mg, 0.086mmol)
20 and N,N-diisopropylethylamine (40uL, 0.23mmol). The reaction mixture was
stirred at reflux for 3h. The reaction was concentrated in vacuo and residue
diluted by adding sodium hydrogen carbonate solution (10mL) and extracted
with EtOAc (3 x 10mL). The combined organic extracts were washed with brine



15 twice with nitrogen. Palladium (I1) diacetate (813ng, 3.62nmmol)
was added and the reaction was stirred under nitrogen at 115C for
16h. The rwacwicomsgzxture was filtered under reduced prRSHIBR@IAFSAIT he
resi due was washed with 20nl tol uene.”™The filtrate was concentrated
in vacuo to give crude product resi due. Puri fi cati on by col um

h t h | h | 0 t at
o oo g5kt 08 Aty SRR Mo s sy
(83% of tihe dridd PeiQIR PUiHicaford b &f&idlmﬁh(vhlromat‘é@'ap on silica gel usm
2010/ 015972PCT/ 1132009/ 053317 99 1H NWR & 13) 33.30-3.40
(1H, n') ﬁlqmomnmhmweﬁ)anoso@ﬁ RN (9BSHD) Gaye 8§m93(7§2’n)30T7616

1H, 75-6.95 (4H,

(7 15- 7 25 lfﬁ%?ﬁ n %%mm@é%%p%g%éﬁlmhﬂlgo F'eparat i 051 50: rr)met hyl
(3S, 4R) 54-"(ONEAR Qmmwmﬂlmaaaw&]h%kzrm(m rﬁ) @enmw(mrmpw eda2|
n-3-yl ) pyrrolidine-3-carboxyl ate

prepared o83 (éHnm)eﬁeﬁi’aﬁﬁﬁdﬁﬁ nﬂ))y Gt%sr%t@%‘ﬁ ra} 7p9%‘5a37af?r|ﬂ>nm)l:97 ﬂgr ng
th d of 10 t 104.
s, apcre b Pk SR AP R Tz e [FRTROL D0, 0y 1O preparation

(3SAR) - 442-f1 uor o- 4- net hoxyphenYll 1- pyri dazi n3- leyrroI i di ne-3-carbo

xylate 15 To a sti rred susenS| oré of pgratl oon444

(407ng, 1.34xRe P 3 2uocd LR

hydr oxi de A 13 _v| nI-14-

1’ et hyb - ﬁ—*‘e?e@@#@i%ﬂ?‘n@%é%@?az s sare ure
was sti rr ediagockare-ticariogpeylatet refl ux for 3h and then all ovved to cool
to RT over 16h. The catalyst yas filtered off under nitrogen using 20
Arbocel (r). The catal yst was Shed with a fufther 10ml nethanol and

the conbined filtrates were con ra ed/oi cuo to give 438ng
(quantitative WD 2010/ 015972PCH. 0 533%7 100 yield) of crude
product as a colourless oil that S use irectly in the ester

hydrol ysis of preparation 63. 1H NVRN(400 MHz, CDCI 3) 63.45-3.55
(3H m, 3.68 (3H s), 3.77 (3H s), 3.9¢="4.05 (2H m, 4.05-4.25
(1H, n), 6.60-6.70 (2H, n), 7.05-7.15 (1K nt), 7.20-7.25 5 (1H, n),
7.75-7.80 (1H, m, 8.60-8.65 (1H, d). LRMp: E+ mz 332 [ M4].
Preparationb2: (36, 412)-1- (6 cvanopyri dazi -3 vl) 4-(2, 4-

di f1 uorophenvi ) nrol i di ne- 3- car bo ic a t|rr d,.sol.ution
of the contibmATBRU BB HEPaIRCHEY s BSfiodial SRS 108 Bt BTRNES Shk
(100mL) a w GHEH u @t te
sol ution (rtgc@@h@fs cggg%yrlﬁ&lncéi%o%ﬁge heu%ﬂe(gctl ong,{/l\grgggl F@%At@g
stir fab 18k Q7 [MH']then neutralised with 2M aqueous hydrochloric
acid (4.99nL, 9.98mmpl) and concentrated in vacuo. Crude product

resi due was azeotroped 15 with toluene (3 x 50nL) to give 3.97g (92%

of the ti tEﬂarﬁQWN@tﬁv%M%m%hygm ﬂ(I_iS,dR)—ﬂgBtcﬂilﬁfc_F@(rmln -3-
equi val ent [of sodi um chl olfll de y pro uct . %H NNRb 400 1M—%

3.40-3. 50

(2H m, 7157 (14, ), 745755(1H M. 7.80- 7.85 (1H, ).
LRVE: APCI&a [VE] . 20 Preparations 53-65
Cl O—
0 Q
N N
/O~‘{ A ‘S_} =
O N
N
Na
20 Cl

To a solution of the compound of preparation 93 (65mg, 0.13mmol) in
dimethylsulfoxide (2mL) were added 3,6-dichloropyridazine (58mg, 0.38mmol},



These conpounds were prepared by the nethod of preparation 52
starting fromthe appropriate precursor as listed in the table. Each
compound VA9 261t0aF%2d as a single enantioner. 101 Prep&TdBrUgH0533L7
Structure MS MH + ion Precursor (Prep™#) a 0 I(\ H-=-NNL 282 36
54 0\-- F NKO 330 33 55 0- \ O- IIl . 334 46 56 HOL 348 48 57 i

0- or \ HQuesium fluoride (20mg, 0.13mmol) and triethylamine (54uL, 0.39mmol). The
reaction mixture was stirred at reflux for 24h then cooled to RT over 40h. The
reaction was diluted with sodium hydrogen carbonate solution (30mL) and
extracted with diethylether (4 x 20mL). The combined organic extracts were

5 washed with brine (3 x 25mL) and concentrated in vacuo to give the crude
residue. Purification by column chromatography on silica gel using
dichloromethane:methanol:0.88 ammonia (98:2:0.2) gave 73mg (92%) of the
title compound as a mixture of epimers as an off white foam.

'H NMR (400 MHz, CD,0D) § 0.92-2.33 (5H, m), 2.56-3.76 (14H, m), 3.85-4.36
10 (3H, m), 4.85-5.20 (1H, m), 6.40-6.64 (3H, m), 6.77-6.89 (1H, m), 6.99-7.25
(5H, m). LRMS: APCI" m/z 616 [MH"].

Example 108: [5-(4-chlorophenyl}-4-(methylisulfonyl)-1,4-diazocan-1-yl]-

[(3§.4R)}-1-(6-chloro-pyridazine-3-yl}-4-(2-fluoro-4-methoxyphenyl)-

15 pyrrolidin-3-yl]-methanone

O_

|
PReavie
/ K=
© \:;/*“‘&\// }\
.

e
3
Cl
This compound was prepared by the method of example 107 but starting from
3,6-dichloropyridazine and the compound of preparation 92. LRMS: APCI* m/z
636 [MH"].
20

Examples 109-110

These compounds were prepared by the method of example 107 using 3,6-

dichloropyridazine and the appropriate precursor as listed in the table.
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WO 2010/015972 PCT/IB2009/053317
76
Precursor
Example Structure MS MH + ion
(Prep #)
a /—:.\ ! ';—F
109° L 636 94
0‘;50‘,",_\ o ¢ \_’07
Wt gtas
110° O 636 95

C = single epimer of unknown absolute configuration at site of chloro-phenyl
substitution; D = single epimer of opposite configuration at site of chloro-phenyl

substitution with respect to compound of example 109
Examples 111-114 were prepared according to scheme 5.
Example 111:  6-[(3S.4R)-3-{ [5-(4-chIorophenvl)-4-(methvisulfonvl)-1 4-

diazocan-1-yllcarbonyl}-4-(2-fluoro-4-methoxyphenyl)pyrrolidin-1-
10 vyllpyridazin-3(2H}-one

N o-
O:S'N/\N O Q
CI.QM‘V J&_B .
N
N/

HN\)’J

0
The compound of example 108 (100mg, 0.157mmol} was dissolved in acetic
acid (5mL). The resulting solution was thoroughly degassed and stirred at
reflux under nitrogen overnight. The reaction was concentrated in vacuo and
15 residue diluted by adding sodium hydrogen carbonate solution (25mL) and
extracted with EtOAc (3 x 25mL). The combined organic extracts were washed
with sodium hydrogen carbonate solution (30mL), brine (30mL), dried with

sodium sulphate, filtered and concentrated in vacuo to give the crude residue.

Purification by column  chromatography on  silica gel using
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dichloromethane:methanol:0.88 ammonia (92.5:7.5:0.75) gave 90mg (93%) of
the title compound as a mixture of epimers as an off white foam.

'H NMR (400 MHz, CD;0OD) § 1.09-2.53 (8H, m), 2.91-3.23 (1H, m), 3.34-4.38
(14H, m), 6.60-6.77 (2H, m), 6.83-7.09 (2H, m), 7.26-7.40 (S5H, m). LRMS:
5 APCI' m/z618 [MH"].

Examples 112-114
These compounds were prepared by the method of example 111 starting from

the appropriate precursor as listed in the table.

Precursor
Example Structure MS MH + ion
(example #)}
% o QO_
112% g r 508 107
)
HNII/
@ /._\ ’ N%‘F
113P . 618 109
&
~
S aYas:
e SR e
1145 KU 618 110

A = mixture of epimers; D = single epimer of unknown absolute configuration at

site of chlorophenyl substitution; E = single epimer of opposite configuration at

chlorophenyl substituent site with respect to example 113
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Examples 115-119 were prepared according to scheme 6.

Example 115: 6-{3S.4R)-3-{[5-(4-chlorophenyl}-4-(methylsulfonyl)-1.4-
diazocan-1-yl|carbonyl}-4-(2-fluoro-4-methoxyphenyl)pyrrolidin-1-yl]-2-
methylpyridazin-3{(2H)-one

N 0-
05y~ O Q
C['@MUN% F
N
s
~N
O

To a solution of the compound of example 111 {(45mg, 0.073mmol) in DMF
(2mL) were added lithium bromide (7.6mg, 0.087mmol), and sodium
hexamethyldisilazide (16mg, 0.087mmol). The reaction mixture was stirred at
RT for 30 min. Methyl iodide (5.4uL, 0.087mmol) was added and the resulting
solution stirred at RT for 24h. The reaction was concentrated in vacuo, the
residue was diluted by adding sodium hydrogen carbonate solution (20mL) and
extracted with ethyl acetate (4 x 20mL). The combined organic extracts were
washed with brine (20mL), and concentrated in vacuo to give the crude residue.
Purification by  column  chromatography on  silica gel using
dichloromethane:methanol:0.88 ammonia (95:5:0.5) gave 46mg (59%) of the
titte compound as a mixture of epimers as a foam.

"H NMR (400 MHz, CDs0OD) § 1.09-1.34 (2H, m), 1.43-2.53 (6H, m), 2.85-3.23
(1H, m), 3.34-4.38 (17H, m), 6.60-6.76 (2H, m), 6.87-6.91 (1H, m), 7.01-7.09
(2H, m), 7.24-7.40 (5H, m). LRMS: APCI* m/z 632 [MH"].

Examples 116-119

These compounds were prepared by the method of example 121 starting from

the appropriate precursor as listed in the table.



C 0 HO -((F----N (N) 65 VL 329 42 NJ

Preparati on66: 64( 3SAR) - 3- 11 5S- (4- chl or ophenvl)-1,4-d i azocan- 1-

vl i car bonyWw0-2410(025942 di f | uor ophenvi ) pyrrol i di n- 1- v11- 2- rRS{TTA$RI9YPI38HZI n
-3(2H)- one WD 2010/ 015972PCT/ 1B20097°053317 103

Precursor
Example Structure MS MH + ion | AP3 Rf
(Example #)

116* O 612 i 112

117° R 632 3.46 113
&
O,
PN .-‘-(F
118® h! % 612 ] 69

1198 P 612 . 90

A = mixture of epimers; B = single epimer; D = single epimer ¢f unknown

absolute configuration at site of chlorophenyl! substitution

5 PREPARATIONS
Preparation 1: 3-chloro-1-(2,4-difluorophenyl)propan-1-one
F F

Cl

O

To a stirred mixture of aluminium (lll) chloride (11.70g, 88.0mmol) in 1,3-
difluorobenzene (21mL) at RT was added 3-chloropropionyl chloride (4.0mL,



To a suspension of the conmpound of preparation 60 (200ny, 0.473mmo1)
in DCM (15nL) were added N, N-diisopropyl ethyl am ne (3284, 1.89mmol),
1- hydr oxywerzgmwmssizol e nonohydr at e(83ng, 0.544mvol) arR€IVIB3009/853317
di met hyl am nopr opyl ) - 3- et hyl car bodi i nf§%de net hi odi de (176ng,
0.591mmmol ). The reaction mxture was stirred at RT for 30 min. The

vae ot il GRS T R Btk ees BHF el et AP AT, Tt WES
pot assi UM RIRPDARE ahe vikd puuréa@ﬂb)anacmmqmmg%ymchlmoﬁcﬂnm@r&)

The conbi ned organl c extracts were 10 concentrated in vacuo tog
t he crude (188mb)AftaPyigoresstirang. Bpe SUKiyr WeR esiracted valthy Clyh(Zer ¥

0 P TN TR Ry SRR i JRE 450

col our ed fopagenttddediMRvE4QDO\ite scaagqapaﬁﬂraaﬁb Yielt) of thidengtle dordBounds0
(1H, n'), 1.65-1.80 15 (1H, m, 1.80-1.90 (1H, n), 2.70-2.90 (2H, m,
2 95- 3. 15 q%130 Of9e®l40- 3. 60 (4H, m), 3.64 (3H, s), 3.65-3.75 (1H,

7 '1037880%@9»4“5‘#009*5'6499?&‘}%?5 RALTLEA e (ol A e

m z 542 [ vh), B]90-2@0RM Elpar)al. 90{&0@3(71—[-71!1) These conpounds were prepared
by the nethod of preparation 66, using the appropriate precursors as
listed in the table. WD 2010/015972PCT/ 1B2009/ 053317 104 Preparati on

Structype PepiFhtfor 21 gﬁt%@mﬂt@gﬁr&msao%@ﬁ_)bi AciBdphR and 12b
68A |1, an L . |F C an HNN'
\_/ b

A solution of N-benzylethylenediamine (2.50g, 16.64mmol) in 4-methyl-pentan-

2-one (50mL) was allowed to stir at reflux under Dean-Stark conditions for 3h.
The solution was cooled to RT and to it was added triethylamine (3.48mL,
15 25.0mmol) and the compound of preparation 1 (3.75g, 18.3mmol}. The
reaction mixture was stirred at 60°C for 16h. The mixture was cooled to RT and
concentrated in vacuo. The residue was dissolved in a mixture of propan-2-ol
and water (50mL, 95:5) and stirred at RT for 16h. Sodium borohydride (1.50g,
39.65mmol) was added and the reaction mixture was allowed to stir at RT for
20 16h. The reaction was diluted by adding water (100mL) and the propan-2-ol
was removed in vacuo. The aqueous mixture was extracted with DCM (3 x
50mL). The combined organic extracts were dried over magnesium sulphate
and concentrated in vacuo to give the crude residue. Purification by column
chromatography on silica gel using ethyl acetate:methanol:0.88 ammonia
25 (gradient from 98:2:0.2 to 80:20:3) gave 2.28g (45%) of the racemic title
compound as a yellow oil.
'H NMR (400 MHz, CDCl3) & 1.85-1.95 (1H, m), 2.00-2.10 (1H, m), 2.60-2.75
(2H, m), 2.75-2.90 (2H, m), 2.95-3.05 (1H, m), 3.10-3.20 (1H, m), 3.68 (2H, s),
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Preparation 3: (+)-1-benzyl-5-{4-chlorophenyl)-1.4-diazepane

cl

| heet

This compound was prepared by the method of preparation 2 starting from N-
benzylethylenediamine but using commercially available 3-chloro-1-(4-
chlorophenyl)propan-1-one. LRMS: APCI* m/z 300 [MH’].

10 Preparation 4: (1)-5-(2.4-difluorophenyl}-1.4-diazepane

HN NH
NN

To a solution of the compound of preparation 2 (220mg, 0.728mmol) in ethanol
(20mL) was added 20% palladium (I} hydroxide on carbon catalyst (102mg,
0.146mmol) and ammonium formate (229mg, 3.64mmol). The reaction mixture

15 was stirred at 75°C for 3h. The solution was cooled to RT and the catalyst was
filtered off under nitrogen using Arbocel®. The catalyst was washed with a
further 15ml ethanol and the combined filtrates were concentrated in vacuo to
give 172mg (quantitative yield) of crude (racemic) title compound as a
colourless oil.

20 "H NMR (400 MHz, CDsOD) § 1.85-1.95 (1H, m), 2.00-2.10 (1H, m), 2.85-3.05
(4H, m), 3.05-3.15 (2H, m), 4.10-4.20 (1H, m), 6.85-6.95 (2H, m), 7.40-7.50
(1H, m). LRMS: APCI" m/z 213 [MH"].

Preparation 5: {¥)-{7a-{4-chlorophenyl)hexahydro-5H-pyrrolo[1,2-
25 alimidazol-5-one}
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To a solution of 3-(4-chlorobenzoyl)propionic acid (40g, 190mmol} in xylene
(250mL) were added ethylenediamine (22.6g, 376mol), and 12M hydrochloric
acid (0.500mL, 6mmol). The reaction mixture was stirred at reflux under Dean-
Stark for 12h, and cooled to RT. The solid was collected by filtration and
washed with xylene to give the crude residue. This was dissolved in DCM
(400mi) and filtered. The filtrate was concentrated in vacuo to give 36.6g (62%)
of the racemic title compound as a beige solid.

"H NMR (400 MHz, CDsCl) § 2.22-2.35 (2H, m), 2.49-2.56 (1H, m), 2.78-2.95
(3H, m), 3.27-3.34 (1H, m), 3.68-3.77 (1H, m), 7.32-7.35 (2H, m), 7.42-7.46
(7.42-7.46 (2H, m). LRMS: APCI" m/z 237 [MH"].

Preparation 6: (+)-[5-(4-chlorophenyl)-1,4-diazocane]
Cl

H
N

(

N
H

Lithium aluminium hydride (3.21g, 84.5mmol) was added to a flask containing
the compound of preparation 5 (5.00g, 21.1mmol) and diethyl ether (120ml)
was added. The reaction mixture was stirred at RT for 30 min then at reflux for
72h. The reaction was cooled in an ice bath and quenched by adding water
(3.2ml), 2M sodium hydroxide solution (3.2ml) and water (9.6ml). The reaction
mixture was filtered through Celite® and washed with diethyl ether (25ml). The
filtrate was concentrated in vacuo to give the crude residue. Purification by

column chromatography on silica gel using dichloromethane:methanol:0.88
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ammonia (75:25:2.5) gave 2.3g (45%) of the racemic titte compound as a
colourless oil.

'H NMR (400 MHz, CD4Cl) § 1.56-1.83 (3H, m), 1.96-2.04 (1H, m), 2.74-3.10
(6H, m), 3.84-3.88 (1H, m), 7.26-7.31 (4H, m). LRMS: APCI" m/z 225 [MH"].

Preparations 7-11

These compounds were prepared by the method of preparations 5 and ©
starting from ethylenediamine and commercia_ily available propionic acids
analogous to those used in preparation 5. Each compound was obtained as a

10 racemate.

Preparation Structure MS MH + ion
HN/”\ e
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N
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Preparation 12: (S) and { R) — 5-(4-chlorophenyl)-1,4-diazocane
cl

o8
(o .

H

15 12a 12b
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column eluting with heptane:isopropanol:diethylamine (80:20:0.1). This gave
5.74g (96% of theory) of the first-eluting enantiomer (preparation 12a) as a
5 colourless oil in 99.4%ee and 5.13g (86% of theory) of the second-eluting
enantiomer (preparation 12b) as a colourless oil in 95.5%ee. For analysis
purposes, a Chiralcel OD-H 250 x 4.6 column at 1ml/min elutes the 2
enantiomers with retention times of 6.10 and 8.68 minutes, respectively. Each
displayed identical proton NMR spectra: ™H NMR (400 MHz, CDsCI) & 1.56-1.83
10 (3H, m), 1.96-2.04 (1H, m), 2.74-3.10 (6H, m), 3.84-3.88 (1H, m), 7.26-7.31
(4H, m). LRMS: APCI" m/z 225 [MH"].
Alternatively, salt formation of the racemic compound of preparation 6 with a
chiral acid allowed fractional crystallisation of a single diastereoisomeric salt
12¢ with the advantage of subsequently allowing elucidation of absolute

15 stereochemistry.
c|

. ©

12¢
Thus, 5.0g of the racemic compound of preparation 6 was dissolved in tert-
butyl methyl ether (150mL), the solution heated to 57°C then 75ml solvent
20 evaporated at atmospheric pressure. 45ml ethanol was added and a further
65ml of the solution evaporated. On cooling to 45°C, 8.2g di-p-toluoyl-L-tartaric
acid was charged in one portion, the suspension reheated to 45°C and the
solution allowed to cool to 20°C over three hours before granulating for a
further 13h. Filtration gave the di-p-toluoyl-L-tartrate salt 12c (8.5g) as a white
25 solid which, upon repeated recrystallisation from 10% v/v water in methanol,
gave material of >98%ee. The absolute configuration, shown by X-ray
crystallography, was the diazocane S enantiomer. Chiral HPLC analysis of

‘free-based’ 12¢ showed that this corresponded with enantiomer 12a.
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i sopropylam ne (0.298n, 1.71mmol) was added to a solution of the
conpound of preparation 83 (239ng, 0.389mmvl) in DCM (10nl). 1-

chl or oet hydrephtidh Or M@t e ((9) -2 Mutyl3. 18MARINoMhegier4 Miskddde-1-
solution stirred at refTux for 20h. The reaction was concentrated in
vacuo and casboxylates di | uted by adding 10%citric acid solution (10nlL)
and extracted with DCM (3 X o5 The conbi ned organic extracts were
concentrated in vacuo, the resjdup dissolved in nethanol (10ni) and
stirred at reflux for 2h. The i Xt ure was concentrated in

vacuo to give the crude residue. Pufification py colum
chromat ography on silica gel usinghdichlb ane: net hanol: 0. 880 10

anmoni a (90:10:1) gave 270ng (100% of theltit|lée conpound as a brown
oil (as a mxture of two epiners). 1H NVR (400 WVHz, CD30D) 8
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(Prep #) sodium hydrogen carbonate solution (10mL) and extracted with EtOAc (4 x
10 20mt). The combined organic extracts were concentrated in vacuo to give the
crude residue. Purification by column chromatography on silica gel using
EtOAc gave 419mg (63%) of the racemic title compound as a colourless oil.
'H NMR (400 MHz, CDCl3) & 1.47-1.49 (9H, m), 1.54-1.70 (2H, m), 1.74-1.81
(1H, m), 1.87-1.98 (1H, m), 2.85-2.94 (1H, m), 2.97-3.12 (2H, m), 3.29-3.51
15 (1H, m), 3.59-3.69 (1H, m), 3.72-3.80 (1H, m), 3.82-3.96 (1H, m), 7.23-7.28
(4H, m). LRMS: EI' m/z 325 [MH"].
Enantiomers 13a and 13b were similarly prepared starting from the compounds

of preparations 12a and 12b, respectively.

Ty O~

HN N ~© HN N.__O
Y
13a 0 13b 0

Preparation 14: (#)-1-tert-butyl 4-methyl 5-(4-chlorophenyl}-1.4-diazocane-

20

1.4-dicarboxylate
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pyridine (15mL) were added triethylamine (805ulL, 5.77mmol), methyl
chloroformate (781uL, 10.12mmol) and DMAP (352mg, 2.88mmol). The
reaction was stirred at 60°C for 16h. The reaction was cooled to RT and was

5 quenched by adding potassium carbonate solution (10mL). The reaction
mixture was concentrated in vacuo and the residue diluted with water (15mL).
The aqueous mixture was extracted with DCM (3 x 10mL). The combined
organic extracts were concentrated in vacuo to give the crude residue.
Purification by column chromatography on silica gel using pentane: ethyl
10 acetate (gradient from 3:1 to pure EtOAc) gave 322mg (58%) of the racemic
title compound as a colourless oll.
'H NMR (400 MHz, CDCls) 8 1.35-1.50 (9H, s), 1.55-1.65 (1H, m), 1.80-1.95
(2H, m), 2.05-2.30 (1H, m), 2.85-3.15 (3H, m), 3.40-3.50 (1H, m}, 3.55-3.65
(1H, m), 3.65-3.80 (3H, m), 3.90-4.00 (1H, m), 5.00-5.35 (1H, m), 7.05-7.30
15  (4H, m). LRMS: APCI” m/z 283 [M — Boc + H]".
Enantiomers 14a and 14b were similarly prepared starting from the compounds

of preparations 13a and 13b, respectively.

Cl\© al
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20 Preparation 15: ()-methyl 8-(4-chlorophenyl)-1,4-diazocane-1-carboxylate

o

_0 N\_/NH
T

To a slirred solution of the compound of preparation 14 (322mg, 0.841mmol} in
DCM (5mL) was added 4M hydrogen chloride in 1,4-dioxane (5mL). The
reaction was stirred at RT for 16h. The reaction mixture was concentrated in
25 vacuo and the residue diluted with potassium carbonate solution (15mL). The

agueous mixture was extracted with DCM (3 x 10mL). The combined organic



These conpounds are described in the patent literature as listed in

the tabl e.
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extracts were concentrated in vacuo to give 230mg (97%) of the racemic title
compound as a yellow oil.

'H NMR (400 MHz, CDCls) 8 1.75-2.05 (2H, m), 2.25-2.40 (1H, m), 2.65-2.85
(2H, m), 2.95-3.05 (2H, m), 3.05-3.25 (2H, m), 3.40-3.50 (1H, m), 3.65-3.75
(3H, m), 5.05-5.30 (1H, dd), 7.10-7.30 (4H, m). LRMS: APCI" m/z 283 [MH"].
Enantiomers 15a and 15b were similarly prepared starting from the compounds

of preparations 14a and 14b, respectively.

SN SO

Preparation 16: (f)-tert-butyl 5-(4-chlorophenyl)-4-{methylsulfonyl}-1,4-

diazocane-1-carboxylate

Cl

DMAP (2.67g, 21.9mmol) was added to a solution of the compound of
preparation 13 (2.379g, 7.30mmol) in pyridine (20mL), methanesulfony! chloride
(1.69mL, 21.9mmol) was added and the resulting solution was stirred at 50°C
for 3h. The reaction was concentrated in vacuo and residue diluted by adding
10% citric acid solution (50mL) and extracted with EtOAc (4 x 50mL). The
combined organic extracts were washed with 10% citric acid (50ml), brine
(50ml), dried over sodium sulphate, filtered and concentrated in vacuo to give
the crude residue. Purification by column chromatography on silica gel using
pentane:ethyl acetate (1:1) gave 1.69g (58%) of the racemic title compound as

a colourless oil.
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"H NMR (400 MHz, CDCly) § 1.47-1.49 (9H, m), 1.70-1.77 (2H, m), 1.98-2.06
(1H, m), 2.12-2.30 (1H, m), 2.40-2.43 (3H, m), 3.11-3.30 (1H, m), 3.34-3.46
(2H, m), 3.52-3.60 (1H, m), 3.73-3.89 (1H, m), 4.07-4.15 (1H, m), 4.91-4.98
(1H, m), 7.22-7.26 (2H, m), 7.31-7.35 (2H, m). LRMS: APCI* m/z 403 [MH"].

Preparation 17: (#)-8-{4-chlorophenyl)-1-(methylsulfonyl})-1.4-diazocane

hydrochloride

Cl

O::-sli-—
A\
(N

N

H
4M HCI in dioxane (20mL, 80mmol) was added to the compound of preparation
16 (1.69g, 4.19mmol) and the resulting solution was stirred at RT for 16h. The
reaction was concentrated in vacuo to give 1.42g (100%) of the racemic title
compound as an off-white solid.
'H NMR (400 MHz, CDCl3) § 1.92-2.12 (2H, m), 2.22-2.43 {4H, m), 2.86-3.01
(1H, m), 3.36-3.80 (5H, m), 4.14-4.26 (1H, m), 4.49-5.07 (1H, m), 7.30-7.39
(4H, m). LRMS: APCI” m/z 303 [MH™].

Preparations 17a-26

These compounds were prepared by the methods of preparations 13-17,

starting from the appropriate precursors as listed in the table.

Precursor
Preparation Structure MS MH + ion
(Prep #)
17a™ adh 302 12a
-\;,S\\,N\_/NH




W2007/ 096763 preparation 5 103 hC | MON,Si .",r. W2007/ 015162
preparation 2 104 i? \o---\ C "1 .,\----N W2007/ 096763 preparation
11 H  10%0Qolone79--- F \ W2007/ 015157 preparation &cris2ib®6:340110

HN\\_ /NH EP899264 89
F\/\
2 \“ Vi
18®@ 287 11
“"S’N NH
0// ) —
19@ | 1 269 7
TSN
20@ 249 7
OYN NH
-0

@
21 OP,N NH 261 7

22 S 233 7
7/N NH

223 L*f}“T/A“\ 266 6
O~ N NH

T
C'ﬁ
22 7 266 12a

O\T-N NH

23@ 248 7
OYN NH




exanple 1D) 107 o / HO W?2007/015162 preparation 57 [ -,i 19 y CN
108 HOC \ .--_- W2007096763 preparation 15 '1'1'j AN 111

Bi ol ogi cal wDavm/oiBata for representative conpounds of tHTI/IBROSNI3ETM
are given bel ow. Exanmple M4 EC50 (nM0 M4

Cl
244 288 97
_Mg—N
AN
O
Cl
25@ 268 97
° N NH
YN
—0
Cl
26@ 252 97
°S%-N. NH
7’ N

(1) single enantiomer; (2) racemic

Preparation 27: (4S)-4-benzyl-3-[(2E)-3-(2-flucro-4-methoxyphenyllprop-2-

enoyl]-1,3-oxazolidin-2-one
F 0] 0
sy A
N "o
OMe ‘
5

To a solution of commercially available 2-fluoro-4-methoxycinnamic acid
(16.5g, 84.1mmol) in DCM (100mL) at 4°C was added DMF (0.1mL), followed
by dropwise addition of a solution of oxalyl chloride (14.8mL, 170mmol) in DCM

(50mL). The reaction mixture was warmed to RT over 3h. The reaction was
10 concentrated in vacuo and azeotroped with DCM (2 x 100mL) to give the crude
intermediate acid chloride. The acid chloride was dissolved in DCM (50mL) and
added dropwise to an ice-cooled solution of (s)-(-)-4-benzyl-2-oxazolidinone
(14.3g, 80.7mmol), lithium chloride (17.8g, 421mmol) and triethylamine
(58.8mL,421mmol) in DCM (100mL). The reaction was stirred at RT for 16h
15 then diluted by adding water (100mL) and filtered through Arbocel®. The filtrate
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was partitioned and the aqueous phase extracted with DCM (2 x 100mL). The
combined organic exiracts were dried over sodium sulphate, filtered and
concentrated /n vacuo to give the crude residue. This residue was triturated in
diethy! ether {(150mL). Filtration gave 20g (67%) of the title compound as a
5 beige solid.
'H NMR (400 MHz, CDCls) § 2.82-2.88 (1H, m), 3.36-3.40 (1H, m), 3.84 (3H, s),
4.18-4.27 (2H, m), 4.77-4.83 (1H, m), 6.63-6.67 (1H, m), 6.72-6.76 (1H, m),
7.23-7.37 (5H, m), 7.60-7.64 (1H, m), 7.84-7.88 (1H, m), 8.01-8.05 (1H, m).
LRMS: APCI" m/z 356 [MH™].
10
Preparation 28: (48)-4-benzyl-3-[(2E}-3-(4-cyanophenyliprop-2-enoyil-1,3-

L

This compound was prepared by the method of preparation 27, but starting with

oxazolidin-2-one

15 commercially available 4-cyanocinnamic acid. LRMS: APCI* m/z 333 [MH"].

Preparation 29: (4S)-4-benzyl-3-{[(3S,4R)-1-benzyl-4-(2-fluoro-4-

methoxyphenvyl)pyrrolidin-3-yllcarbonyl}-1,3-oxazolidin-2-one

0._
O
OJ{N%Q
F
o

20 To a solution of the compound of preparation 27 (20g, 56.3mmol) in DCM
(200mL) at 5°C was added trifluoroacetic acid (0.347mL, 67.5mml) followed by
dropwise addition of commercially available N-(methoxymethyl)-N-
(trimethylsilylmethyl)benzylamine (16g, 67.5mmol). The reaction mixture was
stired at RT for 64h then diluted by adding sodium hydrogen carbonate

25 solution (100mL). The organic extracts were concentrated in vacuo to give the



30 4 145 555 - 815 237 36.5 5 23.2 226 1680 17.4 80.4 6 1.12 28.4

300 89.5 13.5 54.2 7 11.9 - - 10100 26.2 - 8 52.1 1010 - 11500 17

23.9 WO 2010/015972 PCT/IB2009/053317
92

crude residue. Purification by column chromatography on silica gel using ethyl

acetate:dichloromethane (1:1) gave 12g (43%) of the title compound as an oil

and as the single diastereoisomer shown.

"H NMR (400 MHz, CDCl3 ) 82.70-2.89 (3H, m), 3.12-3.28 (3H, m), 3.59-3.80
5 (5H, m), 4.09-4.26 (3H, m), 4.29-4.39 (1H, m), 4.64-4.72 (1H, m), 6.56-6.62

(1H, m), 6.65-6.70 (1H, m), 7.10-7.15 (2H, m), 7.21-7.40 (9H, m). LRMS: APC{"

m/z 489 [MH"].

Preparations 30-32

10 These compounds were prepared by the method of preparation 29 using the
appropriate precursor(s) as listed in the table. Each compound was obtained as

a single diastereoisomer.

Precursor(s)
(Prep #)

Preparation Structure MS MH + ion
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15 Preparation 33: methyl (38.4R)-1-benzyl-4-(2-fluoro-4-

methoxyphenylipyrrolidine-3-carboxylate
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To a stirred solution of the compound of preparation 29 (12.00g, 24.56mmol) in
anhydrous methanol (100mL) at RT was added samarium (lll)
trifluoromethanesulfonate (1.17g, 1.96mmol) portionwise. The reaction was
5 allowed to stir under nitrogen for 16h at RT. The reaction mixture was
concentrated in vacuo to give the crude residue. Purification by column
chromatography on silica gel using pentane:ethyl acetate (gradient from 4:1 to
1:1) gave 6.50g (77%) of the title compound as a single enantiomer as a pale
yellow oil.
10 "H NMR (400 MHz, d®-DMSO0) § 2.55-2.65 (1H, m), 2.90-3.05 (3H, m), 3.10-
3.20 (1H, m), 3.60-3.65 (4H, m), 3.70-3.85 (5H, m), 6.60-6.65 (1H, d), 6.70-6.75
(1H, d), 7.20-7.40 (6H, m). LRMS: APCI" m/z 344 [MH]".

Preparations 34-36

15 These compounds were prepared by the method of preparation 33 using the
precursor as listed in the table. Each compound was obtained as a single

enantiomer.

Precursor
(Prep #)

Syt
34 % 321 30

Preparation Structure MS MH + ion
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Preparation 37: methyl (3S.4R)-4-(2-fluoro-4-methoxyphenyl)pyrrolidine-3-

carboxylate

To a solution of the compound of preparation 33 (1.8g, 5.2mmol) in methanol
(20mL) were added 20% palladium hydroxide on carbon {180mg), and 1-
methyl-1,4-cyclohexadiene (2.94mL, 26.2mmol). The reaction mixture was
stirred at reflux for 2.5h then cooled to RT. The reaction was filtered over
Arbocel® washing with methanol. The filtrate was concentrated in vacuo to
obtain 1.30g (98% yield) of the title compound as a colourless oil.

'H NMR (400 MHz, CD;0D) § 2.83-2.89 (1H, m), 3.09-3.15 (1H, m), 3.20-3.25
(1H, m), 3.29-3.37 (2H, m), 3.59-3.66 (1H, m), 3.64 (3H, s), 3.77 (3H, s), 6.64-
6.72 (2H, m), 7.20-7.24 (1H, m). LRMS: APCI* m/z 254 [MH"].

Preparation 38:

methyl (38,48)-4-(5-chloropyridin-2-yl)-1-

[1.2.4]triazolo][4.3-b]pyridazin-6-ylpyrrolidine-3-carboxylate
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To a solution of the compound of preparation 104 (970mg, 3.50mmol) in n-
butanol (20mL) was added diisopropylethylamine (2.44mL, 14.0mmol), followed
by 6-chloro[1,2,4]triazolo[4,3-b]pyridazine (811mg, 5.25mmol). The resulting
solution was warmed to 120°C for 2h. The reaction mixture was concentrated
in vacuo. The residue was partitioned between brine (30mL) and EtOAc
(60mL). The organic extracts were dried over magnesium sulphate, filtered and
concentrated in vacuo to give the crude residue. Purification by column
chromatography on silica gel using dichloromethane:methanol (95:5) gave
1.53g (100%) of the title compound as a single enantiomer as an oily solid.

'H NMR (400 MHz, CH3s0D) & 3.65 (3H, s), 3.67-3.84 (3H, m), 3.93-4.00 (1H,
m), 4.03-4.10 (2H, m), 7.07-7.11 (1H, m), 7.37-7.42 (1H, m), 7.75-7.80 (1H, m),
7.86-7.91 (1H, m), 8.49-8.52 (1H, m), 8.95 (1H, s). LRMS: APCI® m/z 359
[MH].

Preparation 39: methyl (35.45)-4-(2.4-difluorophenyl)-1-[1,2.4]triazolo[4.3-
blpyridazin-6-ylpyrrolidine-3-carboxylate

(A
9
N~—N
This compound was prepared by the method of preparation 38, starting from
the same chloro-heterocycle and the compound of preparation 105. LRMS:
APCI* m/z 360 [MH"].



- - 37.3 43.4 25 2.27 - 37.3 43.4 26 8.31 - - - 30.2 20.4 27 5.02 -
- 20.4 25.7 112 28 3.4 - - 21.5 40.8 29 2.23
WO 2010/015972 PCT/1B2009/053317
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Preparations 40-43

These compounds were prepared by the method of example 105 starting from
commercially available 3-chloro-6-cyanopyridazine and the appropriate

5 precursor as listed in the table. Each compound was obtained as a single

enantiomer.
Precursor
Preparation Structure MS MH + ion
(Prep #)
e
40 N 357 37
<N
=y
~ Io / \
o*&_)_.-":
41 (NL 345 105
I
Cl
o @ N
~ -
o =N
ks
42 N 343 104
=" "N
SN
I1
N
~=N
“ 7 '\f{>
Q —
Ry
43 N 334 96
@
i
N

Preparations 44-45




- 506 - 21.4 60.8 30 6.01 - - 18.2 36.8 31 1.23 28.2 412 - 21.8 40.8
32 6.63 - - - 14.8 - 33 3.5 - - - 17 45.2 34 3.9 -
WO 2010/015972 PCY/IB2009/053317
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These compounds were prepared by the method of example 107 starting from
commercially available 3,6-dichloropyridazine and the appropriate precursor as

listed in the table. Each compound was obtained as a single enantiomer.

Precursor
(Prep #)

v F p
o«ﬁ_&— {
44 N 365 37

Preparation Structure MS MH + ion

<l
e (1
45 ﬁ:; . 353 105

5
Preparations 46-47
These compounds were prepared by the method of example 111 by refluxing in
acetic acid the compounds of preparations 44 and 45 respectively. Each
compound was obtained as a single enantiomer.
10
Precursor
Preparation Structure MS MH + ion
(Prep #)
5=
\o{ﬂfﬁ
i F
46 S 348 44

47 ’qu F 336 45

o={ »
ZzZ=Z
S




- -30.969.235.29- - - -68.336 7.67 - - - - - 37211 - - -
13.9 42.3 38 6.9 - - - 39 38 - 942
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Preparation 48: methyl (3S.,4R)-4-(2-fluoro-4-methoxyphenyl)-1-(1-methyl-

6-0x0-1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylate

This compound was prepared as a single enantiomer by the method of example
115 using the compound of preparation 46. LRMS: APCI" m/z 362 [MH"].

Preparation 49: methyl (38,4R)-4-(2.4-difluorophenyl}-1-(1-methyl-6-o0xo-

1,6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylate

To a stirred suspension of the compound of preparation 105 (25.27g, 82mmol)
and 6-chloro-2-methylpyridazin-3(2H)-one {Helvetica Chimica Acta; (1954), 37,
837-48} (12.0g, 83.0mmol) in degassed toluene (500mL) at RT were added
caesium carbonate (111g, 332mmol) and (9,9-dimethyl-SH-xanthene-4,5-diyl})-
bis[diphenyl phosphine] (6.23g, 10.8mmol). The reaction mixture was purged
twice with nitrogen. Palladium (Il) diacetate (813mg, 3.62mmol) was added and
the reaction was stirred under nitrogen at 115°C for 16h. The reaction mixture
was filtered under reduced pressure and the residue was washed with 20ml
toluene. The filtrate was concentrated in vacuo to give crude product residue.
Purification by column chromatography on silica gel using heptane: ethyl
acetate (gradient from 7:3 to pure EtOAc to EtOAc: MeOH, 95:5) gave 23.85g

(83%} of the title compound as a yellow oil.
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'H NMR (400 MHz, CDCl3) § 3.30-3.40 (1H, m), 3.40-3.50 (1H, m), 3.62 (3H, s),
3.67 (3H, s), 3.62-3.70 (1H, m), 3.75-3.90 (2H, m), 3.90-4.00 (1H, m), 6.75-6.95
(4H, m), 7.15-7.25 (1H, m). LRMS: APCI* m/z 350 [MH]".

Preparation 50: methyl (3S.4R) -4-(5-chloropyridin-2-yl)-1-(1-methyl-6-0xo-

1.6-dihydropyridazin-3-yl}pyrrolidine-3-carboxylate
cl

This compound was prepared as a single enantiomer by the method of
preparation 49 using the same chloro-heterocycle and the compound of
preparation 104. LRMS: APCI" m/z 348 [MH]".

Preparation 51: methyl (35,4R)-4-(2-fluoro-4-methoxyphenyl)-1-pyridazin-

3-ylpyrrolidine-3-carboxylate

= "N
I
N

To a stirred suspension of the compound of preparation 44 (407mg, 1.11mmol)
in methanol (5mL) was added 20% palladium (1) hydroxide on carbon catalyst
{27mg, 0.189mmol) and 1-methyl-1,4-cyclohexadiene (438uL, 3.88mmol). The
reaction mixture was stirred under nitrogen at reflux for 3h and then allowed to
cool to RT over 16h. The catalyst was filtered off under nitrogen using
Arbocel®. The catalyst was washed with a further 10ml methanol and the

combined filtrates were concentrated in vacuo to give 438mg (gquantitative



173 54.5 45 10.8 121 - 101 234 75.8 46 19.7 - - - 71.1 27.3 47 5.11 -

- - 20.6 54.2 48 85.5 585 2660 55 61.5 49 21.1 208 - 2230 86
WO 2010/015972 PCT/IB2009/053317
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yield) of crude product as a colourless oil that was used directly in the ester

hydrolysis of preparation 63.

"H NMR (400 MHz, CDCl5) § 3.45-3.55 (3H, m), 3.68 (3H, s), 3.77 (3H, s), 3.90-

4.05 (2H, m), 4.05-4.25 (1H, m), 6.60-6.70 {2H, m), 7.05-7.15 (1H, 1), 7.20-7.25
5 (1H, m), 7.75-7.80 (1H, m), 8.60-8.65 (1H, d). LRMS: EI' m/z 332 [MH"].

Preparation 52: (38.,4R)-1-(6-cyanopyridazin-3-yl)-4-(2,4-

diflucrophenyl)pyrrolidine-3-carboxylic acid

10 To a stirred solution of the compound of preparation 41 (3.82g, 11.1mmol) in
1,4-dioxane (100mL) and water (50mL) at 5°C was added 1M agueous sodium
hydroxide solution (9.98mL, 9.98mmol) dropwise. The reaction was allowed to
stir for 16h at RT, then neutralised with 2M agueous hydrochloric acid (4.99mL,
9.98mmol) and concentrated in vacuo. Crude product residue was azeotroped

15 with toluene (3 x 50mL) to give 3.97g (92%) of the title compound as a cream
coloured solid, containing one equivalent of sodium chloride by-product.

'H NMR (400 MHz, d®-DMSOQ) & 3.40-3.50 (2H, m), 3.65-3.80 (1H, m), 3.85-
4.20 (3H, m), 7.00-7.10 (2H, m), 7.15-7.25 (1H, m), 7.45-7.55 (1H, m), 7.80-
7.85 (1H, d). LRMS: APCI" m/z 331 [MHJ'.

20

Preparations 53-65

These compounds were prepared by the method of preparation 52 starting from
the appropriate precursor as listed in the table. Each compound was obtained
as a single enantiomer.



42.5 50 74 379 -

53 14.7 -

1610 266 76.5 51 3.29 - - 212 - 75.2 52 35.2 - -
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Preparation Structure MS MH + ion
(Prep #)
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55 5.16 - 154 9.75 70.6 56 2.99 71.1 1220 187 20.5 54.2 57 44.8 - -
- 32.8- 58221 - - - 46.559 25.2 - - - 55.4 38.4 60
WO 2010/015972 PCT/IB2009/053317
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WO,
60 % ’ 336 49

61 y 346 39

62 A=l 322 47

KO /0 Q
63 % i 318 51

64 ' 320 43

65 i 329 42

Preparation 66: 6-[(38.4R)-3-{[68-(4-chlorophenyl)-1.4-diazocan-1-
yllcarbonyl}-4-(2.4-difluorophenyl)pyrrolidin-1-yl]-2-methylpyridazin-3(2H}-

one




4.81 90.9 - - 31.1 44.9 61 25.3 - - 13.9 40 62 18.4 3660 - - - O

113 63 85.3 - - 9.43 55.6 64 247 - - - - -
WO 2010/015972 PCT/IB2009/053317
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To a suspension of the compound of preparation 60 (200mg, 0.473mmol) in
DCM (15mL) were added N,N-diisopropylethylamine (328uL, 1.88mmol), 1-
hydroxybenzotriazole  monohydrate  (83mg, 0.544mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide methiodide (176mg, 0.591mmoaol).
The reaction mixture was stirred at RT for 30 min. The compound of
preparation 12a was then added and the reaction mixture was stirred at RT for
16h. The reaction was diluted by adding potassium carbonate solution (20mL)
and extracted with DCM (2 x 5mL). The combined organic extracts were
concentrated in vacuo to give the crude residue. Purification by column
chromatography on silica gel using ethyl acetate:methanol:0.88 ammonia
(gradient from 98:2:0.2 to 90:10:1) gave 221mg (86%) of the title compound as
a cream coloured foam.

'H NMR (400 MHz, CD,0D) § 1.30-1.40 (1H, m), 1.45-1.60 (1H, m), 1.65-1.80
(1H, m), 1.80-1.90 (1H, m), 2.70-2.90 (2H, m), 2.95-3.15 (1H, m), 3.40-3.60
(4H, m), 3.64 (3H, s), 3.65-3.75 (1H, m), 3.80-4.00 (4H, m), 4.05-4.25 (1H, m),
6.85-7.00 (3H, m), 7.10-7.20 (2H, m), 7.20-7.30 (3H, m), 7.40-7.55 (1H, m).
LRMS: EI" m/z 542 [MH™].

Preparations 67-71

These compounds were prepared by the method of preparation 66, using the

appropriate precursors as listed in the table.



65 16.6 -
53 70

- 6860 23.1 - 66 2.99 71.1 1220 187 20.5 54.2 67 7.73 58.9
177 162 21.4 29.5 68 4.3 21.7 728 308 13.7 29.5 69 7.6 16.4 - 990 8
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Precursors
Preparation Structure MS MH + ion
(Prep #)
[#] : | Cg
67° J% ' 542 60 and 12b
2
O\’*\ o (9
68" ~ J\Du 464 98 and 106
U o fg\F
69" N 478 100 and 4
—_ a \F
70° A~ o 490 100 and 12a
o _}"\
N, N 7 Q
71 atalist 595 54 and 15
®

5

A = mixture of epimers; B= single epimer

Preparations 72-85

These compounds were prepared bythe method of example 66 using the

appropriate precursors as listed in the table. In certain cases, single epimers

(marked by an asterisk*) were isolated from the initial epimeric mixture

produced, by normal-phase chromatography.
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84.7 - 462 8 73.5 76 50 344 604 960 11 33.5 77 54.6 - 33400 - 43 56.5
78 40.3 303 3320 3220 54 49 79 17.1 107 1820 1110 22 51 80 5.41 49.8

WO 2010/015972 PCT/IB2009/053317
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798 Y ﬁ? ’ 508 55 and 15b
[
80° 0y 554 56 and 12a

818 (L 537 52 and 12a
Il
82° Jh 541 108 and 12a
Y
D‘;é?\“/_\\ ? '/H\D,
83" %% F 614 54 and 17
C
Ao,
84 %% F 614 54 and 17
o N/\\ Q
85" %3 614 54 and 17

A = mixture of epimers; B = single epimer; C = single epimer of unknown
absolute configuration at site of phenyl substitution; D = single epimer of
opposite configuration at chloro-phenyl substituent site with respect to prep 73

(respectively prep 84)



627 19 70.5 81 20 122 33300 1750 18 32 82 60.6 5180 - 19400 66 47

83 32.1 1690 33300 8110 23 29 84 206 - - 35300 27.9 - 85 404 - -
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Preparations 86-91

These compounds were prepared by the method of example 98 using the

appropriate precursors as listed in the table

Precursors
Preparation Structure MS MH + ion
(Prep #)
R . -/‘ \)CI
86° G@”JJ}S 551 59 and 12a
g
87° O ; 551 59 and 12b
T
88 m . 489 53 and 12a
¢ >
B oA Qﬁ
89 ey Shsy 502 57 and 12a
m(tj@
90° A q 536 65andi2a
ards Q
91* O 512 98 and 6
oy
i
5 A = mixture of epimers; B = single epimer
Preparation 92: 5-(4-chlorophenyl)-1-{[(38.4R)}-4-(2-fluoro-4-
methoxyphenyl}pyrrolidin-3-yllcarbonyl}-4-(methylsulfonyl}-1,4-diazocane
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35300 48.4 30.5 86 97.2 - - 35300 29.6 20.3 87 168 927 33300 2150 -

50 88 5.38 24 148 153 40.1 21.5 89 14.3 31.3 764 402 42.9 28.5 90
1.83 12 45¢0280/015972 PCT/1B2009/053317
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Diethyl isopropylamine (0.298mL, 1.71mmol) was added to a solution of the
compound of preparation 83 (239mg, 0.389mmol) in DCM (10mL). 1-
chloroethyl chloroformate (0.340mL, 3.12mmol) was added and the solution
stirred at refiux for 20h. The reaction was concentrated in vacuo and residue
diluted by adding 10% citric acid solution (10mL) and extracted with DCM (3 x
15mL). The combined organic extracts were concentrated in vacuo, the
residue dissolved in methanol (10mL) and stirred at reflux for 2h. The reaction
mixture was concentrated in vacuo to give the crude residue. Purification by
column chromatography on silica gel using dichloromethane:methanol:0.880
ammonia (90:10:1) gave 270mg (100%) of the title compound as a brown oil
(as a mixture of two epimers).

'H NMR (400 MHz, CDs0OD) § 1.32-1.67 (2H, m), 2.37-2.50 (3H, m), 2.81-3.25
(2H, m), 3.27-3.31 (3H, m), 3.32-3.94 (12H, m), 4.76-4.87 (1H, m), 6.53-6.72
(2H, m), 6.94-6.99 (1H, m), 7.11-7.16 (1H, m), 7.19-7.36 (3H, m). LRMS: APCI*
m/z 524 [MH"].

Preparations 93-97

These compounds were prepared by the method of preparation 92 using the
appropriate precursor as listed in the table.

Precursor

Preparation Structure MS MH + ion
(Prep #)

93" ot un% F 504 71
° N

N o=
o'—S.N/"-.\ O Q
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oS~ O Q
95° c|_@—&/“§_§ 524 85
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93 14.5 - - 4900 29.3 18.9 94 25.6 - - 6690 78.1 46.6 95 8.18 - -
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A = mixture of epimers; B = single enantiomer; C = single epimer of unknown

absolute configuration at site of chloro-phenyl substitution; D = single epimer of

opposite configuration at site of chloro-phenyl substitution with respect to

compound of preparation 94;

Preparations 98-108

E = racemic

These compounds are described in the patent literature as listed in the table.

Preparation Structure Patent reference
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83 65.5 101 7.12 77.9 114 715 143 83 102 12 174 - 545 16 65 103 9.79

316 332 1540 102 53.8 104 18 583 - 9080 69.2 48 105 36.1 92.2 33300
571 42 WO 2010/015972 PCT/IB2009/053317
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Biological Data

Data for representative compounds of the invention are given below.

Example MC4 MC4 MC3 MC3 HLLM:Clint, Y%
ECso MSH ECso MSH app inhibition
(nM) Ki (nM) Ki 3Ad@
{(nM) (nivi) 3uM
1 159 2080 - 2980 31 63
2 19 269 - 375 39 60
3 42.4 521 - 3130 60 30
4 145 555 - 815 237 36.5
5 23.2 226 - 1680 17.4 80.4
6 1.12 284 300 89.5 13.5 54.2
7 11.9 - - 10100 26.2 -
8 52.1 1010 - 11800 17 23.9
9 52.8 1530 - 12600 44.7 29.1
10 17.3 300 4190 6590 22.1 37.1
11 6.73 200 3390 4090 23.6 53.5
12 32.8 807 - 4150 17 34
13 13.8 366 - 5000 37.8 48.8
14 13.4 378 8590 4060 82.8 56.1
15 10.6 144 3180 3380 57.4 64.4
16 18.5 378 - 2100 92.86 55.5
17 43.3 513 - 2780 118 66.9
18 152 - - - 34 24.2
19 64.8 - - - 62.6 41
20 5.46 68.6 1660 386 18.1 50.2
21 9.42 - - - - 35.1
22 5.25 - - - - 59.2
23 4.31 - - - 20.1 56.2
24 2.27 - - - 37.3 43.4
25 2.27 - - - 37.3 43.4
26 8.31 - - - 30.2 20.4
27 5.02 - - - 20.4 25.7




37.5 106 6.4 28.5 - 250 38 66.5 107 27.7 96.4 - 683 47 55.5 108 123
180 33400 875 59 63.5 111 14.7 68.4 33300 942 24 66.5 112 3.38 17.4 -

404 15 65.%0 2010/015972 12 PCT/1B2009/033317
28 3.4 - - - 215 40.8
29 2.23 - 506 - 21.4 60.8
30 6.01 - - - 18.2 36.8
31 1.23 28.2 412 - 21.8 40.8
32 6.63 - - - 14.8 -
33 3.5 - - - 17 45.2
34 3.9 - - - 30.9 69.2
35 5.29 - - - - 68.3
36 7.67 - - - - -
37 2.1 - - - 13.9 42.3
38 6.9 - - - T -
39 38 - 942 - 177 87.5
40 29 - 607 - 156 78.5
41 25.1 - 6670 - 41 88
42 122 1390 - 5370 217 41
43 397 - - - 52 -
44 5.58 - - - 173 54.5
45 10.8 121 - 101 234 75.8
46 18.7 - - - 71.1 27.3
47 511 - - - 20.6 54.2
48 85.5 585 - 2660 55 61.5
49 211 208 - 2230 86 42.5
50 74 379 - 1610 266 76.5
51 3.29 - - 212 - 75.2
52 35.2 - - - - 0
53 14.7 - - - 277 58.5
54 44.8 - - - 32.8 -
55 5.16 - - 164 9.75 70.6
56 2.99 71.1 1220 187 205 54.2
57 44.8 - - - 32.8 -
58 221 - - - - 46.5
59 252 - - - 55.4 38.4
60 4.81 90.9 - - 311 449
61 25.3 - - - 13.9 40
62 18.4 3660 - - - 0




113 12.7 50.5 - 1300 24.8 44.3 114 73.4 20.8 - 1150 16.4 27.5 115
15.7 53.9 33300 1090 22.7 58.2 116 3.6 24.3 - 573 12 75 117 34.9 33.6

8360 1150 ¥5.2010443932118 3 PCT/1B2009/053317
63 85.3 - - - 9.43 55.6
64 247 - - - - —
65 16.6 - - 6860 231 -
66 2.99 71.1 1220 187 20.5 54.2
67 7.73 58.9 177 162 21.4 295
68 4.3 21.7 728 308 13.7 29.5
69 7.6 16.4 - 990 8 53
70 20.6 686 4040 5880 28.3 36
71 554 1050 - 10300 43.4 49.5
72 26.1 71.4 88.6 141 13 20.4
73 12.2 225 544 981 53 88
74 86.7 1390 - 19600 74 56
75 10.7 84.7 - 462 8 73.5
76 50 344 604 960 11 33.5
77 54.6 - 33400 - 43 56.5
78 40.3 303 3320 3220 54 49
79 17.1 107 1820 1110 22 51
80 5.41 49.8 - 627 19 70.5
81 20 122 33300 1750 18 32
82 60.6 5180 - 19400 66 47
83 32.1 1690 33300 8110 23 29
84 206 - - 35300 27.9 -
85 404 - - 35300 48.4 30.5
86 97.2 - - 35300 29.6 20.3
87 168 927 33300 2150 - 50
88 5.38 24 148 153 40.1 21.5
89 14.3 31.3 764 402 42.9 28.5
90 1.83 12 456 230 1.7 53.8
91 20.2 383 7380 4300 46.9 33
92 274 1770 - 17900 324 33.5
93 14.5 - - 4900 29.3 18.9
84 25.6 - - 6690 78.1 46.6
a5 8.18 - - 4040 41.7 41.9
96 0.852 - - - 31.3 76.9
g7 167 1620 - 3720 247 63
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sol vates thereof, wherein: nis 0 or 4 Rl is -(Crat)alkyl, or Heti;
R2 is phenyl or pyri dyI wherein said phenyl or pyridyl is optionally
substi t ut ed—by;one hee bstituents— pendenity —selectgd, from
e O (B0 oAk i A T e S P
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phenyl or pyrﬁg ;7% ilonalTy s,ubds%ﬁ: tuted by one t6 three 63%'
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-NH (Crat)al |, F - - g?kylh or Het 2, erein"the - &)alkyl
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at) al kyl b, ormﬁet 2 "|is 1§%(| ) QSA”@QmmbgF%d ring *tonta ni r?&‘%ne or
2 N atons, wherer nf the7ringess 33300 942 24 66.5

112 3.38 17.4 - 404 15 65.5

113 12.7 50.5 - 1300 24.8 44.3

114 73.4 20.8 - 1150 16.4 27.5

115 16.7 53.9 33300 1080 227 8.2

116 3.6 243 - 573 12 75

117 349 33.6 8360 1150 35.1 445

118 1.83 247 8200 178 23.2 48

119 8.53 223 11200 900 18.8 54.5
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either aromatic, or contains 2 double bonds in the ring and a =0
substituent, which ring is optionally substituted by one to three
substit uenW® 20Hdappdddent |y sel ected from hal o, CN, and RPQIEBa0Y/aF3RIA ;
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to the attachnment to the pyrrolidinﬁL@hgg, to a 5- nenbered aromatic
ring containing one to three furth ons; or (H)
tetrahydropyranyl; 5 Het 2 is (i) a 5-nmenbered aromatic ring
containing one or 2 N atons and a further optional 0 atom S atom or
N atom (H) a 4 canp@uneeffermadadht urated ring containing one N atom
or (ii1) a 6-nmenbered saturated ring containing one 0 atomand a
further 10 optional N atom 2. T onpound according to claim1l, or
pharmaceutically acceptable's d sgl vates thereof, wherein al is
-(Crat)al kyl. 15 3. The conpoun g tazclaifth 1, or
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soj vates tjepRelio 1Hi8E Shubslnts Heaépe%@ﬁﬁgy 'é%iécté@ Rn®Xead, N, -(C-
di hydr opyri"dazi n- 3-vyl - met hyl - 6- oxo- 1 opyridazin-3-yI , or

[1,2, 4] t r iGoalky[20d3{6]- @y)au@az.wheselmthe 5(01634)a1hy§ andmas@u@d)aﬁmsmgmm to
f claj. t h ut.i call t abl | t d

o1 vat &8 erE PRt eyt L TR BT b AMr gt er oi n sai d

phenyl or gwiet dyis -Co- apd lRﬁn§I-10'1 @Q)bﬁk?rl t-e@ﬁoa)buko%e(@;c?mloalk l, -(01-

substituents i ndependentl Kﬂse ected from hal o 4) al and
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-CO- and R4 | Sis( )1|MIOI ky; S BEI € IkF)(Co-
fluorine ??omsls %Ci% 3 S Rb 4% %3 @?bk}c éS? Wr ngfp%))%akﬁ(?‘*
subst i t ut de)apicidalkyl,or (Ziﬁﬁztlajkylf@: @z)alhsxpr -NHz,  -NH(C+-Ca)alkyl, -N[(Cs-
Ca)alkyl], or Het?;
Het' is
25 (i) a 6-membered ring containing one or 2 N atoms, wherein the ring is
either aromatic, or contains 2 double bonds in the ring and a =0 substituent,
which ring is optionally substifuted by one to three substituents independently

selected from halo, CN, and -(C4-Cy)alkyl;



(Cil-A)a | kyl groups, -(Cl-C2)al kyl (C3-C6)cycloa | kyl, -(Cl-C2)a
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5. The compound according to claim 4, or pharmaceutically acceptable
salts and solvates thereof, wherein R' is Het' where Het'is 6-oxo-1,6-
dihydropyridazin-3-yl, 1-methyl-6-o0xo0-1,6-dihydropyridazin-3-yl, or
[1,2,4]triazolo[4,3-b]pyridazin-6-yl.

6. The compound according to any one of claims 1 to 5, or
pharmaceutically acceptable salts and solvates thereof, wherein R%is phenyl or
pyridyl, wherein said phenyl or pyridyl is optionally substituted by one or two
substituents independently selected from halo, CN, -(C4-Cslalkyl and -(Cs-
Ca)alkoxy.

7. The compound according to any one of claims 1 to 6, or
pharmaceutically acceptable salts and solvates thereof, wherein R®is phenyl
optionally substituted by one or two substituents independently selected from
halo and (C4-Ca)alkoxy.

8. The compound according to any one of clams 1 to 7, or
pharmaceutically acceptable salts and solvates thereof, wherein L is -CO- and
R*is -(Ci—Cs)alkyl optionally substituted with 1 to 3 fluorine atoms, -(Ci-
Cy)alkoxy, -(Cs-Cs)cycloalkyl optionally substituted with 1 or 2 fluorine atoms or
-(C1—Cy)alkyt groups, -(C+-Cz)alkyl{Cs-Cg)cycloalkyl, -(C4-Cz)alkyl{C+-C,)alkoxy,
-NH(C-Cq)alkyl, -N[(Cs-Cslaikyl]: or Het® wherein Het® is a 5-membered
aromatic ring containing 2 N atoms or a 6-membered saturated ring containing

one O atom and a further optional N atom.

9. The compound according to claim 8, or pharmaceutically acceptable
salts and solvates thereof, wherein L is -CO- and R*is -(C—C,)alkyl or -(Cs-
Cy)alkoxy wherein the -(C+—Cg)alkyl group is optionally substituted with 1 to 3

fluorine atoms.

10. The compound according to any one of claims 1 to 9, or

pharmaceutically acceptable salts and solvates thereof, wherein nis 1.
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1. A compqund selected from:
6-[(3S,4R)-3-{[6S-(4-chlorophenyl)-4-(3,3,3-trifluoropropanoyl)-1,4-diazocan-1-
yllcarbonyl}-4-(2-fluoro-4-methoxyphenyl)pyrrolidin-1-yl]-2-methylpyridazin-
3(2H)-one;
6-[(38,4R)-3-{[5S-(4-chlorophenyl)-4-isobutyryl-1,4-diazocan-1-yl]carbonyl}-4-
(2,4-difluorophenyl)pyrrolidin-1-yl]-2-methylpyridazin-3(2H)-one;
6-[(3S,45)-3-{[5S-(4-chlorophenyl)-4-isobutyryl-1,4-diazocan-1-yl]carbonyl}-4-
(5-chloropyridin-2-yl)pyrrolidin-1-yl]-2-methylpyridazin-3(2H)-one;

methyl  8-(4-chlorophenyl)-4-{[(3S,4R)-4-(2-fluoro-4-methoxyphenyl)-1-(6-oxo-
1,6-dihydropyridazin-3-yl)pyrrolidin-3-ylJcarbonyl}-1,4-diazocane-1-carboxylate;
methyl 8S-(4-chlorophenyl)-4-{{(3S,4R)-4-(2-fluoro-4-methoxyphenyl)-1-(6-oxo-
1,6-dihydropyridazin-3-yl)pyrrolidin-3-yljcarbonyl}-1,4-diazocane-1-carboxylate;
methyl 8R-(4-chlorophenyl)-4-{[(3S,4R)-4-(2-fluoro-4-methoxyphenyl)-1-(6-oxo-
1,6-dihydropyridazin-3-yl)pyrrolidin-3-yl]carbonyl}-1,4-diazocane-1-carboxylate;
methyl 8R-(4-chlorophenyl)-4-{[(3S,4R)-4-(2-fluoro-4-methoxyphenyl)-1-(1-
methyl-6-oxo-1,8-dihydropyridazin-3-yl)pyrrolidin-3-yl]carbonyl}-1,4-diazocane-
1-carboxylate;
6-[(3S,4R)-3-{[4-acetyl-58-(4-chlorophenyl)-1,4-diazocan-1-yljcarbonyl}-4-(2-
fluoro-4-methoxyphenyl)pyrrolidin-1-yljpyridazin-3{2H)-one;

methyl 8S-(4-chiorophenyl)-4-{[(3S,4S5)-4-(5-chloropyridin-2-yi)-1-(6-
cyanopyridazin-3-yl )pyrrolidin-3-yl]carbonyl}-1,4-diazocane-1-carboxylate;
1-{{(38,48)-1-tert-butyl-4-(5-chloropyridin-2-yl)pyrrolidin-3-yllcarbonyl}-5S-(4-
chlorophenyl)-4-isobutyryl-1,4-diazocane;
6-[(3S,4S)-3-{[4-acetyl-5S-(4-chlorophenyl)-1,4-diazocan-1-yl]carbonyl}-4-(5-
chloropyridin-2-yl)pyrrolidin-1-yl[1,2,4]triazolo[4,3-b]pyridazine;

methyl  8S-(4-chlorophenyl)-4-{[(3S,4R)-4-(2,4-difluorophenyl)-1-(1-methyl-6-
oxo-1,6-dihydropyridazin-3-yl)pyrrolidin-3-yl]carbonyl}-1,4-diazocane-1-
carboxylate;

and pharmaceutically acceptable salts and solvates thereof.

12. A pharmaceutical composition comprising a compound according to any
one of claims 1 to 11, or a pharmaceutically acceptable salt or solvate thereof,

and a pharmaceutically acceptable diluent, carrier or adjuvant.
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13. A compound according to any one of claims 1 to 11, or a

pharmaceutically acceptable salt or solvate thereof, for use as a medicament.

14. A compound according fo any one of claims 1 to 11, or a
pharmaceutically acceptable salt or solvate thereof, for use in the treatment of

male or female sexual dysfunction, obesity, diabetes or a urological condition.

15,  Use of a compound according to any one of clams 1 to 11, or a
pharmaceutically acceptable salt or solvate thereof, in the manufacture of a
medicament treating a disorder which would benefit from agonism of the MC4
receptor.

18. Use according to claim 16, wherein said disorder is male or female

sexual dysfunction, obesity, diabetes or a urological condition.



