WO 2010/ 015972PCT/ 1B2009/ 053317 1 DI AZEPI NE AND DI AZOCANE COMPOUNDS AS M4
AGONI STS FI ELD OF THE | NVENTI ON The present invention relates to di azepane
and di azowenrelccaspounds, 5 pharmaceutical conpositions ecwpB®Y/NEp3those
conpounds, and uses thereof in therapy. The foregoi ng conpounds act as
agoni sts at the nelanocortin 4 (MA or MCR4) receptor. BACKGROUND

Mel anocorti ns are L\EEtl des derived from pro-opionel anocorti ns_FéPO\/C) t hat
10 bind to andlAZE AND DIALQCANT GOMRQUINBDS: e MCEAEHD t he

mel anocortin recept or faml y. Mel anocortins regul ate a diverse number of
physi ol ogi cal processes including sexual function and sexual behaviour,
food i ntake and net abol i sm FlaeDeORMHE INYEMII@NRocorti n receptors t hat have
been cloned, MCR1, MCR2, MCR3, MCR4, MCR5, and are expressed in various
tissues. & Mregeits IRyt ioN gl|a|t<ys etQprdé%wrien andl gheespees saanaeingdfona

e pr uonraners el ForeRSHERS oo iPild BRR BF TR, AL TRSerB R el

expr essedghérapy heh&FaiegoftfdcGRpoahds 8Edas ageniEdRat the ®¥RINeesRMH 4 (MO brai n
and many perl gher al tissues including skin, adipose tissue, skeletal

nmuscl e, MCRApresgeptan ssue. 20 MCR3 may be involved in the control of
sexual functl on, food intake and%%mi s. MCR4 is a G protein-coupled
seven-t r ansnenbr ane receptor pri ssed in the hypot hal anus,

hi ppOC&W@an@é&ﬂhQ%r@%@ptfo@%”&ém@d #om bQ@%pﬂorﬁél@ho@%ﬁbQ@@M@HHat 15179)

The receptor is inplicated in the central 25 regulation of body wei ght
MCR4 1G &ind taeed am;nvater@mnmwtoeuptedmﬂcaptqng (G&CrR)a)ed( tsHnelameicottin s

d df d tivat b | at ed
orotei n (A Tailen Rigeoeer qRBoiets & irredaling sZiapisodiRtesi on
of 2g0UL lorRERIBENNERAHG SekflaCRAIDY by (925 80%hbyBLE CrddtR ke ind 1993

Nat ure 385:165-168; Lu et a 1994 Nature 371:799-802)". 30 Additi onal
evi dence metabolemr diherefar®ChRe imelaaogbrtinr ezpeipdansothast feave teem dohbada

o e ns SR, aiERD) G R MCRA” MRES S00 e erresard 1n 6HONE! thauRey

ain o SRy S SeERly FAsrdaaig et s e I SIS MER2 Bee)
MCR4- knothke WCTH ceceptor and lieesprasbedyn wergtdl tisese AVISRS is preelominagey 5 wk.

By age 15 wk, honpzygous nutant fenales were, on average, tw ce as heavy as
their wi Ieéfpf%ﬁé@dl int H%ﬁ"é@”%h’@béhﬂﬁ@%ﬁ@&ﬁ‘s'%%y arRressefeinethes 0o,

chowed a Ve g HanHPrCRhd cRas BfomspSl B IR B Ah rod el ine oy gous

mut ant | lt%b@émmdmghmndeﬂmbrﬁésueg sketialentigskrgearef fyggphad tsk4.
abl ati on on_body-wei ght regul ation. The food intake of hom)zygous nmut ant s

was i4tr d4cBg H&ay- bevinvalvedniathe sientrel fasexual \ingtiarp@osli s¥akewangar et

al . 1997,[}%‘%/[% éﬁ&?}% 1-141). [From Am J. Hum Genet., 10 65:1501-1507, 1999].
MCR4 acti'v "been shown to i nduce penile er ecti on in rodents and
MCR4 i nagCRat ii§n ahag-re d OsévarsranBeehibrané eveeymer i prifadiyey,

1999, Ann NY Acad Sci . 885 1, Wkberg et al 2000, Pharmacol Res.

42(5), 3%3pmEEsed ln:ﬁlaa|hyaﬂma|taama,dtu@poqaﬁnmmsjwddhawi@w(ﬁam@ etzad)ow9329( 10) :

acting at A st 2eeBer medsehi Ra8aErrbly T Boun i Bl sy et
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for treatongober®SH) wdiith toddiivedromapm®-opipore@ibdantiVe@ndds 424divated

PPAR ar o DHepaRH! Egeﬁs?cre S e s IRGRT TR S RsicEs OO SherRes
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responsive to tl on O receptor i ncl

sexual ﬁsfamlrettalonggenﬁﬁanﬂerwﬂﬁmama ;Vieu sgtxalalt 99¢SNe&lréB7dtmi:BﬂZ) sexual
arousal disorder, orgasnic disorder and/or sexual pain disorder in fenales,

mal e & ed’tddlféorlﬂ}@ﬁ/lﬂ%‘pﬁéﬂr theoteies Pt YGRS i waladtt rigoulpiien peans ragy kefbiang

met abol i r f egduci o e, grav and
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in treating further diseases, disorders or conditions including, but not

linited t1d4; hygeretemsi 898 h&lpérGefmtcPé}ﬁ Hl -d3d2edlinneyieti @l. t99Ref ,Clgnl |
bl adder di sease, sleep apnea, WD 2010/015972PCT/ 1B2009/ 053317




3 depression, anxiety, conpul sion, neuroses, insomi a/sleep disorder,

subst ance abuse, pain, fever, inflammtion, immune nodul ati on, rheumatoid
art hriti swoskionisgnrni ng, acne and ot her skin disorders, pogaBmpy/ei3dct i ve and
cognitive and nenory enhancenent inclading the treatnent of Al zheiner's

di sease, 5 treatnent of Lower Urinary Tract Dysfunction (including Uinary
I nconti nence - overactive bla i ncreased daytinme frequency, nocturia,

ur gency, Gfdacgng/ Mﬁ@ﬁm@f‘rﬁéﬁée“&%@w '%M@Rﬁr'@quﬁub\m'% AhEIcEeqse dpdy
I
|0 Ul Saehpke BB oh Ul oloe B ) 3 SRS SHAABENS WG Ehefce, o°

Wi th assaewdref esh Wvier@de, fwic@nds resms, aéOthenumaLtype nitesriated, ameresd s,
continuous uri nary |1 ncont i nence, Si tuational wuri naré i nconti nence SUCh as

i ncont i né\%@?dgpumﬂ@@ﬁudnaliem\@er@oué@% haaver dgn wild-typeycanteds. Migept ons

ndi o1 | SReCRERgshish e P AROROR Y EBEPL R it ElipimecieRA¥ 1575

conpoundseeh hh&il@tEseind RYBBEYGoULhUtRAT litterihates ythugl HeRlopsirating reeat i ng
femal e sexual dysfunction, male erectile dysfunction, obesit di abet es,

and condlgeln6n60$ﬂgq_<ﬁﬁ@ﬁt LQ’flMQRf’r ’abk&tlpnm@fbﬁdyc weight regmieéonerlife faadeat i ng",
“treat"” ol atnent " as L{sed erein are hnte 2 to_enbrace tﬁghh

prevent i 65’1%% " BghiGEpoyS DUtESNAS NS Qhg Qﬂn.faqwaer'%%t& t" 20 of
the i ndi galdes {)é%ﬂﬁ% {HI%$¥ar Papi1oal] Geﬂ)Bgﬂ%ﬁT—H@ EH*OH'W\W A£G SEepefrpounds
of the present invention include: desirable agoni st potencies as

det ai 1Qad 6ot #)nab0 &1 998k BUIRGi agtivasionMbDRs ageni shower fusinVDRe , pemity or

MCR5, and/ or rei bot h desirabl e MCAR i st

ot ency SrECUSH Borotarts ansh Pl A alich hedbenr SERNAG hdes oBRBL  woRs:
good bi ORF&"éW&?W Hedle gpr@ggr ‘An‘?lSNS\U%aﬂssahygﬂ53@1215twmb'ek%ét afobobi 1 ity;
oral bioavailability; appropriate netabolic stabil RY

Accor di nd’hasmaicel BebodR(NBO3#4120) pr esent i nventi on reI ates to corrpounds of

30 fornmnul 1) : 2010/.015972P 009/ 0 1 R 1, R2,
o, | L nuighaid hng Nakegala i DPHGS Gl e ulord, 2008 29010 aDBSHDTA, Brefio

Al th t | 5
conposy ¢ PRl er ot BpRERRIs, fofe Toaffs e B tﬁﬁi@ﬁé@?%ﬁéca

conposi t iDiazewnpr dsne\aata/eShereapepbrtedl Iny VEOf %ﬂ@@@?arr\nuhtgb’ﬂ 7878p"WAund of
formul a (9@2/(2)7'” anot her aspect osition may al so coggﬁri se _one or
i

mor e addiXB/FRE2, YN (28001 WO 38@9&%40( 2gAnd ERoRE /89 MMHRIPTR &Y &Xbel ow) .
vet anot her @ I’;‘S@P:QH"%“W f é%% ﬁe%ﬁ% %‘tu'sgfhl @?at}é’agtnﬁgob%ngeﬁgﬁdfor 10

treating disorders (1nc |ng |sease or condi t1ons)” whi ch
benefit foonditivhd aonesartedimrive @/@mmlAh@fgbhmé @ofaHSulkdceptorsnameed of
such treatnent a therapeutically effective anbunt of a conpound of formula

(1) (& éeWé@%tE‘edNQ:aOZ/@Z%Bgi tVeduletspe6f ) PPAR ofe depeted theUSi sor der

is fenal sfunction (FSD), male erectile dysfunction (MED), or
obesity. %{)@%@%40%% DESCRI PTION The present invention relates to a

cormpound Tole torpdunds! bf the/ breBedt ihventionNardN usefar iphedaTmee discabsy

acceptabl e salts, solvates (including hydrate % and prodrugs thereof,
wher ei n 2Baides @ @INitiorR raS§on§Imi@ﬁ)chva<tgqn ofahehdEit;regeptos, Ipﬁlédmg or

dyl, wh id_ph t | 1 b Wt d.b t
Ph oo o RS N SRt Py BB e DB PSR S g o v
2010/ £ 5ieaY, 182904/ GRA BT Gis6der! kyrgadntk - diSarded) ahh@%ySé\me'lepauri he
-(Cl-C4) al kyl and - (Cl1-C4)al koxy groups are opti onal 'y substituted with 1
to 3 fl ushsareeindesaled malepdreayle dysfunotipdyl , wherein sai d phenyl or

i %(rjleg)e”ndlers?ﬁ%g t{)\}gl@( ?rﬁglrJ %h#%tﬁ%g%c%s?gf Er:{e?att)o |rcer%teS ”r%ébé.tna‘?a% fﬁtake or

reducing carbohydrate craving); and
- diabetes mellitus (by enhancing glucose tolerance and/or decreasing insulin
30 resistance).
The compounds of the invention are potentially useful in treating further
diseases, disorders or conditions including, but not limited to, hypertension,

hyperlipidemia, osteoarthritis, cancer, gall bladder disease, sleep apnea,



5 C4)al kyl and -(01-04)al koxy wherein the -(01-04)al kyl and -(01-04) al koxy
groups are optionally substituted with 1 to 3 fluorine atons; either L is
-CO and W0 208/01602- 04) al kyl , -(01-04)al koxy, -(03-06) cycirantokyh33ztq O -

02) al kyl (03-06) cycl oal kyl, -(01-02)al kyl (01-04)al koxy, -NH2,

-NH(01-04) al kyl , - NRO1-04)al kylb or Het2, wherein the -(01-04)al kyl group
is optionally 10 substituted with 1 to 3 fluorine atons and wherein the

- (03- 06) SPErWRY I AN I YpCIrBPYISIAN AEHTGEES BISOMNIR/StEaR diROrder SSUPSIaNRS i ne

2 (03 06) PSP eV RS DY (b h e eRf, e NG oL 0 o
koxy, - NH2annihgi @tn@4amad kother Nk(r0 tisdtdem, hedrbarotectiidetRd ddgriiie drsl

(1) a 6-nmenbered ring containi na_ one or 2 N atonms, wherein the ring is
ei t her amoRmerNt, evhancamedtndngu Babl tebdrrpiment ¢ ak Alzhginaaids adisgase,

substitu ' [ i i I {} . .

subst i% uZ%tagm%fdéﬁIéé\ggﬁH@ag)gﬁt%@Zd&y%fy ﬁﬁ%ﬁa{@é{b@ﬁgq‘iﬂw( Ibggﬁ%egﬁ?y'l ;

20(1i1) ao@e@cﬂﬂv@r@l@d_aép,nmtre"asreunaaymﬁéar@qmcwmduur%,erg_teﬁay, raag, at the
3,4-positions, relative to the attachnent to the pyrrolidine ring, to a 5-
menber ed irgaiigenee (anRy cooditi@nnnnghishdhers ishardnvalvntaer leakageras;urtre)(iii)

t et rahydr o(ﬁﬁcrl.anyl ; Het2. is 25éir3}. a 5-nmenbered ar omatitc ring c8nt ali nj ng one
or 2 N at'SHEIRHGSECT U MRETY JREFBINGNCE: A9, UEalY JCBPIRE AN MIXed iy g
4- to 6-npimbey ftorBhEhed eshdrbBl < BRIdAER WG 88%bdhtaHURNRY incontinentéi i) a

6- menbered saturated ring containing one O atomand a further optional N

at om 10 eThicesigr mochlrkgl "enusesiss cantiususaugharyc Hacontmenseansihvadioohhi n
saturated al i}phati %idroc rbon radi cal cont aini n%le.t e _speci fig(l‘l nunber of
carbon athiar EBPQHﬁrl‘ CeupUd]) Ry INGOLHNETPS OUHRY GEEURETIRIFOUTSERGNT 10WST oy |

i sopropyl i v yil, t -thRH iy - i i

2010/ 01587 SR PEb SR LrSh 2 hatiod filh g rotli hyperplesiy

wher e R i(BP&),adnd langsotbef iimdidatadinsy mentibeed eénnthehatbare -reaféremnset godtenbr i ne,
chl ori ne, b[.oni ne or i odine. The term "cycloal kyl" refers to a nonocyclic
al i phat i @PRII&84ONSroup contai ni ng the specified number of carbon atons.
Exanp].es l~friadi i W r Ly i ;

cvel osontyl® EAEPBER o 1AP! SRcEnt PREHER 2EE NNy Bk BRI one or
2 N at omdemeatee sekunalt desfunctipri, smealet kesctie aystunctions obesityi dab2tegudrice bonds

in the ri n% and a =0 substituent” include pyrazole, pyridine, pyrazine,
pyri ni di GENARPE @hkower dhnany drad L ysdwectioBkanpl es of " 6- menbered aromati c

rings co I Pl n2n 1O w ' - Lt relative
to the amh?cﬁgr@%t ﬂt{']%atﬁ?e’ pgl?étfﬂ %i E@gﬁﬂ%@f %Sg %Qg_ﬁ%&%%ﬁ%dh%@%t ﬁic ring
cont ai ni rgnisraee todth preeertiont dret cohtedldns,” piopblyiadec) andpabiplivé-tiglapyentlazi ne
and [1, 2, 4&Eri azol o[ 4, 3-b] pyri dazi ne. Exanpl es of "5-nenbered aromatic

ri ngs2& o Heingicaded copdionSat ons and a further optional 0 atom S atom or

thi azol o DYUBDR BYopatEs, BYMEReobbEEERBRGS, & P Bleres® WML o

"4- to 6iMEUdEr @ssifdleMCRY Addrast cotehaic’i &9 densllel iMéreMafighCholdetidget i di ne,
pyrrolidine, piperidine and piperazine. Exanples of "6-nenbered saturated

rings coneaMiRg agenismaveisuandCR T, uandier MERorrad/or MERS as cletaited

t et rahydr.opyr and r phol i ne. [n_on odinment, n.s 1. | e

enbod relreptes Be e cAR BoRlF eRERY BB sfleigror ORI 1 1
one eyodierRIY, MER1I SndeF MORS! gndief MAR3(ddocPbiBpRBMasRickl Hdpefidsai ni ng
one or 2 N atons, wherein the ring is either aromatic, or contains 2 double
bonds i nsuisbk as pgysioal siabiity asdubitityeeral bibaeailatility;, Bppopriats aretgbolic
substitut%%jﬁé a 25 substituent selected fromhalo, ON, and -(01-04)al kyl;
or (ii) &' HEnbered aromatic ring containing one or 2 N atons fused at the
3,4-positions, relative to the attggimgAakyto the pyrrolidine ring, to a
5-nmenbered aromatic ring containing one or two further N atons. In a
further édeodlingrio,ork emboHenéntwities @résant ingemtion thlates2oy¢compgunds of 3- yl |
30 pyridazin-3-yl, 6-oxo-1, 6-di hydropyridazin-3-yl,

6- ox020L, 3%7@449&50pyri din-3-yl, 2-

0xo0- 1, 2-di hydropyri m di n-4-yl, 6- oxo- 1, 6-di hydropyri m di n-4-yl, 2- oxo-1, 2-

di hydropyridin-4-yl,[1,2,4]triazol o] 4, 3-b] pyri dazi n-6-ylor6-oxo0-1,6- WO
2010/ 015972PCT/ 1B2009/ 053317 7 di hydropyridin-2-yl, optionally substituted
by one or two substituents independently selected from-(Cl-C4)al kyl, halo
and ON.



In yet a further enbodinent, R is Heti where Heti is 6-oxo0-1, 6-

di hydropyridazin-3-yl,1 -nmethyl-6-o0xo0-1 ,6-d ihyd ropyridazin-3-yl ,or

5[ 1, 2, 4] twpaawlafw23- b] pyri dazin-6-yl. |In one enbodi menPCTRR200%0338ENyY| or
pyridyl, wherein said phenyl or pyridyl is optionally substituted by one or
two substituents independently selected fromhalo, ON, -(01-04)al kyl and
-(01-04)al koxy. In a further enbodinent, R2 is 2,4- difluorophenyl,

2-fl uoro- 4- met hoxyphenyl , 4-£2F29F§§nyl or 5-chloropyrid-2-yl. 10 In one

enbodi ment, R3 is phenyl opR I subsiituted by one or two substituents
i ndependent|y sel ected from hal o and (Z-04)al koxyy In a further

embodi ment, R3 is 4-chlorophemy . INonk endfodiment, L is -CO and R4 is
-(01-04)al kyl optionally substituted wt to 3 fluorine atons,
-(01-04) al koxy, -(03-06)cycl oal kyl opti |y substituted 15 with 1 or 2
fluorine atons or -(01-04)al kyl groups, -%01-02)alkyl (03- C6)cycl oal kyl,
-(01-02) al kyl (01-04) al koxy, -NH(01-04)alkyl, -NRO1-04)al kylh or Het2
wherein Het2 is a 5-nehbered aromatic ring containing 2 N atoms or a 6-
menber ed wgreinanel® t iRig Roht andiRg ashesodatingd dedeiabelont frethematailed N
atom Inéf fur%her enbodinment, Lis -CO and R4 is -(01-04)al kyl or
-(01-04) e?BQ@"ﬁb wherein the -(01-04)al kyl group is optionally substituted
With 1t i @RidtRIiREAITf e bPedeht PRVERGESH SeRAds 1182k bREmh AR RIcAPN
covers all conbinations of particular enbodi ments of the invention as
descr i hedohwusitivsb mompriimgi 3t eomnpaundh ohefodetiiani(t)i oin @net espeohpthends of

formula (1). 25. Representative conpounds of the invention include:

6 (5S4 RPInCRion. PATERBGS chiiselapRbucHly elfective: AMaURD S b SRBIPAANG. af di azoca
n- 1_ e .

D1 car bof§TIYA 0, P A0S ST £5RSEh 0 SRORSISD oY AROSATDINE AU | gt
3( 2H) - oneddaidnaBBhamyadeticaBagdnts e ar abbse yiEerbéd hbreintalow).1, 4- d

i azocan-1-yl]carbonyl}-4- 30 (2,4 -d ifluprophenyl?pgrrol id
in-1-y1] Yt qppbﬁvm men{g(cg‘ th)e_ Ghesent invention “relatés to a method for

6- [ (33, 49)3 (4 .
azocth. DTt BRT e R egests, bl (oo fhicn woula benert
i n-1-y1] fidnreNOy pyonidar iconridingd -adnenisteNBg2 @l G GLHREER RETHE&RR @9 IH3317 8

8 E ZYLh! dreapnent a)tharapeutienlyrgiiective.-amaentonis sermexpgiidgmule-()esk01, 6- di h
ydropyri dazifaga iR "doMoStithre HerkGA PAMGHE dsfad OGRS adr GFRXY! at e

nmet hyl

8S- (4- chisexaah@ydictidbn{(FEBH, Afdle drddlitd bystuactorgiR ,yw‘tﬂcﬁélsha/:l-(G-OXOL 6- di
hydr o yridazin-3-yppyr#oF?§fn-3-yl carﬁgﬁ 11-{?§@dgzzocane- -carboxyl ate; 5

met hyl9 DETAILED DESCRIPTION

8R- (4-chligro nyl)-4-£ R,-4-(2-f] u : 4- yphenyl) - 1- (6- oxol, 6-d
hydr opyr |®§z§%ggxg/%ﬁ§?tﬁ%f F’eﬁ?%séo)ﬂ é@&é‘é’ﬁ@gﬁﬁgﬂ%ﬁgz ocane- 1- car boxyl at e;
met hyl 8R-(4-chl orophenyl)-4-{[(3S, 4R)-4-(2-fl uoro-4-nmethoxyphenyl)-1-(1-
met hy1- 6- oxo- 1, 6- di hydr opyr ydazj -yl )pyrrolidin-3-yl]carbonyll-1, 4-di azoc
anel -carboxylate; 10 6-[(3S, 4 etyl -5S-(4-chl orophenyl)-1 ,4-d

i azocan-1 -yl ]carbonyl}-4-( 2[/ t hgryphedyl ) pyrrolidin-1

-yl ] pyridazi n- 3(2H) - one; N &
nethyl887(4-phlorophenyl)Rﬂ?{[(3S,4S)-4 (5-\chl oropyridin-2-y1)-1 -(6-
cyanopyridazin-3-yl)pyrrol id in-3-yl]ca nyll-1 ,4-d iazocane-1 _
-carboxylate; 1 -{[(3S,45)-1 -tert-butyl-%r(5-chloropyrld in-2-yl)pyrrol id
i n-3-yl]carbonyl}-5S-(4- 15 chl orophenyl)-4-isobutyryl-1, 4-di azocane;

6-[(3S, 49)- 2 - 59 L 4~GRhlor e =tla, 4t C

-yl]car b%yﬁ?gg{ﬁ?géﬁhﬁ%l\ér ggéeft?tggllen_s%ﬁel %@/}‘)r/?%ﬁ I‘é’lg@%drc]lﬁigo%r%?s) and

, 2, 4] tri arodirigs tRerebpywhelaem ne;

met hyl 8S- (4- chl orophenyl)-4-{[(3S, 4R)-4- (2, 4-di fl uorophenyl)-1 -(1
qmt@Q_QSOOrt

0xo0-1, 6- g41hyd N i syl )pyrrolidin-3-yl]carbonyll-1,4-diazocane-1- 20
carboxylg%gg ggg%ﬁgr Féﬁ&%ﬁdally acceptabl e salts, solvates (including
hydr at es)R? igisheplypdr p?ﬁdymamaéin Rhaprepguor patidy ieoptiphaly eussitltedof the
compounds of formula (1) include the acid addition and base salts thereof.
25 Sui t aflyeonei tp ddigier isbhsiitpnts idependeaty fsadectadi lemaiatth £OF m(fon-t oxi ¢
salts. Exanples include the acetate, adipate, aspartate, benzoate,

besyl ate, bicarbonate/ carbonate, bisul phate/sul phate, borate, cansylate,
citrate, cyclamate, edisylate, esylate, formate, fumarate, gl uceptate,

gl uconat e, gl ucuronate, hexafl uorophosphate, hibenzate,

hydr ochl ori de/ chl ori de, 30 hydrobrom de/ brom de, hydroi odi de/i odi de,

i sethionate, lactate, nmalate, naleate, malonate, nesylate, nethyl sul phate,

o, o o o, T T . T o o o,




15 dependi ng upon tenperature, may exhibit the physical properties of a
solid or a liquid. Typically such materials do not give distinctive X-ray
di ffractiwo 2psrdieeras and, while exhibiting the properti @esTaB2@IsHBBid, are
nore formal |y described as a liquid. ®pon heating, a change fromsolid to
| iquid properties occurs which is characterized by a change of state,
typically second order Sélg(ljass transition' e term'crystalline

] .. 20 Th
refers t&«228¥1and dhate WW@ﬁeréh@ra&(‘er%dﬁ'kuh@n%-(Ceg@;)awoasv SEPURP
i nt er nal UG ; | I gives a distinctive X-ray
di ffract ia?)% OEBQ@ﬁée'ﬁfn%ﬁ%“h%ﬁgﬁ’Y'ﬁﬁﬁ tggaﬂ@.\lﬁgu{iﬁ%ﬁht erials when heated
suf fici emiiy pridryl at gyridyhividreinhsaigrgiesnyt bepyadylas|dotiondily Bubstitbeedchange
fromsolid to liquid is characterised by a phase change, typicall \é first

order (MOt PRG fSoithiee) Subsiitpats. diependenty salectedvEam Riom@Nal sbexi st in
| . ! | ' i
Hooor e GOARY AR Y LnaiRelP okl 166 TG PG SR and S GRE kBT Bl ang

one or k€ optienamLauistiabl Yitc ¢ epBakioginealtyeat nol ecul es, for exanpl e,
et hanol . The term' hydr at?'_ is enpl oyed when said solvent is water. 30 A
Isc

curr ent | eithee bps edClansksRt iscdCirohs)8lkst, et +or)aboiini(Esttyaievaiealkyls-(Gne t hat

defines isql,at i{e, channel I | -4 on coor di,nat tes, - see
Pol ynor pfﬁzg?ﬁylﬁe@ﬁé}cﬁlggn&yﬂcé(p1'§g%)?lg§|t(§§7 q(?alﬁxyl\/b' Hlzg W&Eﬁﬁyhn ttain,
Mar cel -C . of NEREPORAHREINhahel n(OY-c SaIRyle I 59! @bednaly e

hydr at es 1rZozi)(l)a?gfllﬁ%g?zPCT/ 1B2009/ I853317 .(LO}Lar‘lZé o%erswiggpv\hi chbt hg V)I\Iat er
mol ecl] esubstituiarbivithedtd Bdmodineeatomsoandchwtherginthe atGis-Ot Jeyeloblkyi graumveni ng

e TGRS ST N, D3 AP gy Sl TR kY St | 0, 2111 C

coor di natyed; hxdrapes, ddh tel es_(@r. 0. i on.
VWhen thetogoll_vbeéntg?? \A?arf[de?":ﬁg t?%m‘g&lggﬂné,@g f@ ﬁsgglgg%qpﬁwe’x %ﬂle?g%;k@/!a(cg

wel | - def iGigayctnatkydhi offet-Cy)aikytl€hebgalkoxyf RNHLdi tNH(GRER)alkhyvwevdi(C1t he

sol vent q ter i eakly bound, as in channel solvates and hygroscopic
conpound ,”%qﬁlé'fmﬁf E'feﬁol vent content will be dependent on humdity and
drying c itdons. In 10 such cases, non-stoichionetry will be the norm

Al so I ncluded within the scope of the invention are nulti-conmponent

conpl exes (ot f{igra 6haambared riagccontdinimigesne wher Ni atotrise wiranginathe ririg Iseast one
ot her conponent are present in_stoichionetric or non-stoichionetric

anount s. SORPPREXB3LIGTOR FRRtaiNEHR qayele,8eNds i Meries N ag=HaubstitEantsi on

conpl exes)ni ; ~Cr o t i i

cryet al | e fingle HEARRER SBou e bR ¥ Pl ¥BPEM PN FRERERITRY, g

t oget her selyotet fronoinalopCl, @ntl -(01-€x ptityilons, but could al so be a conpl ex of
a neutral nolecule with a salt. Co-crystals may beszprepared by nelt

cryst# I sat i éi),a Bymeeweyed aramatig riae coPiAIBgI0NeArs. NGHORS fgﬁ%/% AEHE y
i ndi . . ther - - 17, 1889-1896, by O.
3 rar s o ARSNGBk o R ME slaf el P, e oIRng Ting P A B e For

a gener almémpersd Soratld ding eome of@iptrrseFurtegeN htdtharor Sci, 64 (8),
1269- 1288, by Hal eblian (August 1975), incorporated herein by reference.
The conpounds (i) tatrahyidreeyianyh may al so exist in a nesonorphic state 25
(rresophaﬁ_f or liquid crystal) when subjected to suitable conditions. The
nmesonor p % State is internedi ate between the true crystalline state and
the tygie |iquiiy stmakhrenigdrefesrofatic AhgSedrithinty onkesPPDINDRIGHS adndiang as
the result of a change in tenperature is described as "thernotropic' and
t hat resul ti nfuthermptiveabQditoime® atbnmaosdaian, conponent, such as water or
anot her solvent, is, 30 described as, |yotropic'. Co unds that have the
potent i ai to (UK pueronTbeirtsiaed FRbeBldrno st §2O%Bh: phi |1 ¢ and
consi st of Mol embbeRePesfRE®daing SBhiNAYShe® afddddiara ey K+, or
-S03- Na+) or non-itonic (such as -N'W )3) polfar head group. For nore

i nf or mat ioptipngleld ayst al s and the WD 2010/ 015972PCT/ 1B2009/ 053317 11
Pol arj zi M croscope N. H. Hartshorne and A  Stuart, 4th Edition
(Rawet@s e 2698 et s crsiraiBhCRaN TP By ched EneAA AL AT G al
referenc o] of, uhaihd) <hBshuge repee S

sol vat esﬁ%ﬁaﬁ-%rm%éar{t ng%ﬁggeéﬁ%ngb?ﬁgﬁgdngﬁ{/b;%trapg té%rrgr%go?éjt%rﬁa' to 5
sol vat es Exanmgles adnglkylersidicatenihdues retthyl, i ethiyld rcpyoydl sopfopyal m-butyier eof .
The conpounds of the invention include conpounds of forrmula (I) as

her ei nbef¥ARVIYesGrOMLYi tlREIRIYIng al | pol ymor phs and crystal habits thereof,
prodrugs and isoners thereof (including optical, geonetric and tautoneric
i soners) as hereinafter defined and isotopically-I|abel ed conpounds of
formula 10(1). As indicated, so-called 'prodrugs' of the conpounds of
formula (1) are also within the scope of the invention. Thus certain

o o Y s 1 YNl YY" Y e



30 depicted herein using a solid line ( - ), a solid wdge ( --"" ), or a
dotted wedge ( -"in ). The use of a solid line to depict bonds from
asynmet r iwoearoam’at ons i s neant to indicate that all p®s3iB2009/053317
stereoi somers at that carbon atom areé6included. The use of either a solid
or dotted wedge to depict bonds from WD 2010/015972PCT/ 1B2009/ 053317 12
asymetric carbon atons is neant to indicate that only the stereoi soner

shown i s TheaefMt 8lkexy’ iedeigded radical ORydwre Reistamaalkybapdaierd 8PoYer nul a (1)
may cont ai enLha OpPRe I om . t hose conpounds, the
use of aavso 'lgﬁ&]l P%\@ ?%@gsgbﬁq Bonéfé‘?‘%rﬁ‘%rm%g@}‘ﬁ?e rlpgmcear bon atons is neant
to 5 i ndiThat termitayclablkylPoefirdlte asheneoysiermiphatit alkyegrdupt cortainimgtheded.

Where a conpound of fornula (1) contains an al kenyl or al k_enél .eneLtggroup,
geonet r i GPeFdiedr aWHbes0f Zarhon saipelss BxamplessebcecCloafyl sadicalscingtude i soner s

are inter Wb [ & jer., tautomeric isonmerism

(' tau%n@&?lrs&ﬁféwtl:’a"lfﬁéacﬁcﬁlf Cﬁés\ég@gfr’]%daggéléhgxxlbr m of proton tautonerismin
conmpoundExaimgi€s boremhémbétedcdijReortaming Bhe @ 2RI gon) wHEria, thisefrig, or

oxi me group, or so-called val ence tautomerismin conmpounds which contain an
ar omat i ¢ isrgiteeryaromaticolor castainme dpubiergpeds ontheumty ARG 2ex@i BibstiENE” t han
one type.ofI ésomeri m Aﬁ an exan;%)Ie to.illustrate a t%utomeric

rel ati onérPﬁB,ePWe@ZE’i%%' SRE 1% PYERY e PYHEe<InE AN YTISEEMO0as shown
bel ow, bgames et ‘@rtbmbaeld” arbaidtieiigs dont&ial Aé ©r PN laustad fusddbn the
scope of "Heti" for the conmpounds of formula (I): "keto""enol " | ncluded
wi t hi 10 t lilee sk émosiionsheaelativs elot thenadiachmenarte thel pytrelidioe singerte, ageonetri c

i soners and tautoneric.fornms of the conpounds of forrmula (1),, 20, ipncluding
conpound NERRRIRT By TAHF &1 SanIR ey BB P TusReR e Hnattmsk, fewdr “one
or nore tReHef1 24| sPriddihdIdRd AR REBIRED bl9RdSsinBase salts wherein the
counterion 1s optically active, for exanple, d-lactate or /-lysine, or

racen c, Ba@ammeaobl‘e;memberad amireatar ridgs aogiaining.one 6r 2/ Nraioms soder s nay

be separ?t d by convention echni gues well known to 25 those skilled in
Che art WAICTERIGBALO RAbelser SEAVSRRY FPMEEFIAAIE QJREUF M daedien
Convery | %Eolb?%'&%‘a?&%?tﬁi%olé,hgﬂﬂﬁ%,atﬁb?&/e! 6%&%%&@ Hd inigixzgeal
enant i oners I nclude chiral synthesis froma Suitable optically pure

pr ecur soiExamples of (4-i tor6 -ofembifded GEOIrAIEPARFCTOAERRN09 008 I AforhBincheler acenat e

(or the racenate of a salt or derivati] vgg .using, for exanple, chiral high
pr essur e AZEHHING. BHTeliiPBgPIRBHYINEIIITYIPEZIR® nat i vel y, the racemate (or a
racemc « i e [ I '

Compound DPIES bt - Rerfite Bl B HRof AR Bt i dnd 8 ilfer ng of
formul a (obtionanklators” arciwde Wt@hgdrdmsat andinedrpholindase or acid such as 1
-phe% ethylam ne or tartaric acid. The resulting diastereoneric m xture
may s dpQngtesabeiment.dhigt bgr aphy and/ or fractional crystallization and

onant 1 ond) 008 s BleR® S| B &R CR Ry AR R bRt B R PRI PG s
of the i nyenki emMbo@iRerahR' & HetegterdHet't iBqi)ed® Bl membdred pigacaragini

i
enantionerical |l y-enriched form using chromatography, typical lZv) HPLF@, on an
asymmet r iofer es2nNvtomsa witgieire thgh 888 isceitnestaregasic, & amtaivarddeubkeypi cal |y

ypi cal | perPai 5 RSGUE &6 mug st P b s Sl ubsRRRAERI %, o

al kyl 29 Reps{HoBaeRElRtePTIrd?h Hdls, ENIaa/d a—((ﬁ?d}%ll&ﬂeo?m‘lj ahethéinkkrse. The
absol ute conposition of the nobile phase will be ‘dependent upon the chiral

st at i onarayophtis gingasontapingi @ne es2 il atrhe fused. atSheredipositionisc rejativg toner at es
may be separated by caqnventional. techni ques knawn to those skilled in the
Ty D% odhe ! Bhichmint 30" Bk QAT Mo fS F g e bee GRS TP £ 1

Eli el angontaifing@nessr Wy fuerer Nedto¥r kK, 1994), incorporated herein by
reference. The 8r esent invention includes all pharmaceutically acceptable

i sot opi cdh | -fultiére erdpdinepurtiss dfetf ovmareaHet))is whyeidén r2-phepyoidim3rg, at ons
are replaced by at havi ng.the same at om c. nunber, but an atqm c_nass or
Rl A ML sy R Y R B e
predom n ; nplies @b satQ Isdq':):r- AQr inglysiop.in the
comound?&gﬁ’?h%éﬁwggﬁqﬁn@]ﬁ%[ udg ?*s(g?bef)g@?gf y@?gglejh?/r’suc Ogé Qa and 3H,
car bon, gsilfdrepyridic4-H3C aftd23t]triazolo[4,3-AlpEidatih@-yine, cuch &®Hx36I06;
fluorine, such as 18Fi odi ne, such as 1231 and 1251, nitrogen, such as 13N
and 15N, oxygen, such as 150, 170 and 180, phosphorus, 30 such as 32P, and
sul phur, such as 35S. The routes below, including those nentioned in the

Exanpl es and Preparations, illustrate nmethods of synthesising conpounds of
formula (1). The



skilled person will appreciate that the conmpounds of the invention, and W)
2010/ 015972PCT/ 1B2009/ 053317 14 internedi ates thereto, could be nade by

nmet hods owbeniodisa72t hose specifically descri bed herei n, PCONBENAOPEE by
adaptati on of the nethods described herein, for exanple by nmethods known in
the art. Suitable guides to synthesis, functional group interconversions,
use of protecting groups, etc., are for 5 exa rehensive Organic

, . le: "Co :
Tr ansf or FEYBARYTHY-2¢, L%@R?"W@PWHW%@XW&@. ?fLQgg?; SNOPSHWEBE Or gani ¢

Chem stry~ . ' 1pt ¢ .an ( ; "Designing Oganic

Synt hesi }s{md%yyer@e\ﬂg{?r%gr%d%%{ré@h I({r?f g@%h@hﬁglo(%@g}l;. "Organic Synthesis - The
Di sconnedhi gat Apprfoabbr  bynbdditeenten R'Wik eHdtht eunseé ez’ ( 5982)ox0 138i debook
to Organic Synthesis" by RK 10 Mackie and DM Smith, Longnman (1982);

" Pr ot ect idiydeeRYriRZinT3c¥ gani ¢ Byrethrst-oxopl6lipygrerwidaziar3PaMm wit sOr John

Wl ey an OS] ..and "Protecting G oups" by PJ, Kocienski,
Ceorg #hﬁ%’?ﬁﬂ@grzioa‘bg*g&%@iaéa?ﬁ%jMlé general synthetic nethods bel ow, unless
ot her wi sen spRCeinbedimérte #u@s{‘iéieweet pyRdy|, RéherB, s&d sshyl crryriayl #ef i ned

above with reference to the conpounds of formula (1) above. Schene 1

i 11 ust ratopsionaldy subsplitttad by asfe eoipd sulstiventsoinggpandently palestsd Biomon of
i nternmedi at es~(,l | Lth,acyl at | nts (1LY .. Schene 1 Q i cal
cond 1 ofeGrath oo PRI E ERGOREMS, 1 reingt BiiRg e R s e o
general foAuBtbphényl) 2 M08rd-Bemamokgbhérty 28LRAndh&BMBF BlcHiGromytig-2-yil 1) Wi th
a base in an appropriate solsvent at roomtenperature. Suitable acylating
agent ¥ (Ilm1 pne nembadinseantboRy | isc phenyl ptionatiessubsiityfednply oheoor dew
w11 be PFURRB R NeBRPRISEN S BRI Ean Aokhandr v VA PRy cehdutfs -
li terat U BeRAEMH™SS 45%@@%@%@5% i nclude pyridine, triethylam ne,
di i sopropyl et hyl am ne, N nethyl norpholine or dinethyl am nopyri di ne;
sui t abl e Is oheamsodimentdeisdiGbi and Rétis af@—CHEMY] optiomallyys fhstitetet cdbth( DVF) |
tetrahydrofuran (THF) or ethyl tate (EtOAc). , :
2010/ 01597 BPETMAOBITES 16 G Tk ot G Lo CabioPHOE optiANal sHhslHRg

re ti o] r Al i, e OLdfSs © r al I |(&.carbonyl
1I‘Or oﬁ?{l ag@g]anﬁe gd 2(ejli Quzocane I nter %gﬁgﬁég“)ﬂw mgb?'b g’?)é@?%zéatkg‘églyi ng Y

r eagent s GgdclodBoyie meC 2C,)alkylDatCadlkoxydNHODs Ci yaltoll v eNK Ci1C,)alkyl® eol uti on
of the diazgpane or di,azocane ofer\%sner al formula (| lrzg and a carboxylic acid

of gener &leti WORIRIA Het)S BRyBIERS? tfomatic ring containing 2 N atoms or a 6-

1-(3-di ' = 3- A i l.m | or its
10" ot hi a7 HRCC PRUBMEA A SRR Bl e MHAES SBE Mo G e e
(HOBt) i nndi @irtiesrosmbbdinser(tPCMs. -Car hodyRT &5 a(d €, pflk g esrer(@l-G alkasya (1V)
are commercially available or will be well-known to those skilled in the
art W@ h whergineiiee - (Co—Cilodifvatdirep gs cadigaaty suRstiiuted ayitha(lt tor Rallyariesui t abl e
pr ocedur t+ gto stir a solution of the internedi ate conpounds of general
formul a %I @ and the 15 acid of general formula (1V) in an inert solvent

t oget her |t tb BYidrtidrstoperthiafiene Muntioe cR@ee RliScorhbina86es SRparacliang a

sui tabl e base and/or additive. Suitable peptide coupling reagents include
0- benzot Embesdimenis ofthe Nnveqtion: as ragsetibgd J}&ﬁﬁlﬁamVQx@@m%ﬁﬁﬁgM@@pm e (H

BTU), 2- H- b tri | -1-vyl 1 .1,,.3-tet t hyl i
Datyat | oSFERBPRE he BoGipotnds b mud iner | o b T 1 Y 50 1 SN N,
N, N 24 etRapresdithtive Bbipol Y OF tHy PREASOM HfuddIATY), 2-chloro-1, 3-

di met hyl i m dazol i nium chl oride (DI C), 1-propylphosphonic acid cyclic
anhydr i d®-[(ISAR)e3-{[Ebe(4pchipraphenypgb( 3,8 B-tilikargrropanediyd t-gdiaandardi-t abl e

bases i ncl.ud i di triethyl amne, diisppro hyl.am ne, .

oot hy | HIPBRSPY et I Tupiokt )P nR R By B R Y AT s of vent ey
be used i3@2|ﬂ>1-6ﬁ6' of that 25 nentioned above, wherein inert solvent neans a
sol vent which does not contain a carboxylic acid or primary or secondary

am ne. A6-](338 R )edg 58 4i-etdbropthendyl ) ek slobafyrylhe 4ediapbdang 1 rwlageoninyl}shoul d be
used and xcess of either one or both may be if desired. WO

010/ 1568 aebnroamreny Beiaaii Ty el Rty o aery SEED-Gle ol s er mat i ve 1 out e
for the pr rat\i 0 f 4C fh_ L _f ar ) Gi.ionalised
di azepangﬁgﬁ’é@diggggaﬁe%%gﬁwé %? g?f@('a{’(ﬁ\?; ac?]c p?/lyir]gﬂﬁgifnxg%aci ds of
gener al f(bramdrapyNdin-2+gi)pgrelahn1d@]-2eapthyigyrideaiped@H )aenegjescri bed i n schene
2. Schene 3 Schene 4 illustrates further alternative routes for the

preparation of conpounds of general formula (I) where R is Heti, via a
protecting group strategy. 10Schene 4



WO 2010/ 015972PCT/ 1B2009/ 053317 17 n PQ&' 1\ 1\/ NH + [\ o\ (1) PGL is
a suitable nitrogen-protecting group. P& is either LW or another

ni t r ogen-woabwutisIrg gr oup, orthogonal to PGL. | n schenePdTihmogismsaepane and
di azocane internedi ates of general fo8Bnula 5 (VI1) and protected
pyrrolidine acid internedi ates of general formula (VII1) are coupled using
st andard peBti de coupling nethods as&revi ously described in

5010/ 01560ePE) PeATPIEReDy) Th AR Tier o e Bruxaneay Dolrih-edo-

i nt di f f el | ion. Th
it ogen T oeroREREtzRl S ol SRy 1 R eRe PeaRIBVE i ng
st andar d niethpir 8tSe(@t-cliloraphealyh 9i-€633 4 R W-(B-fiorei-4 nesthoxyshemgt B @ oxof

general formula (X)'o§at hrou}g de-protection of PG) or 5 internediates of
gener al flob-RiNVArepyridazin-RridlRyRrolidinpdvleataonyltof.4 miggocangy ! -sarkayladeni t r ogen

; . . 0 vp ; .
& ganit SRPHCERE SN gREAT T T PR LR R PSR i PR
W I eyl nt e Ggiirgeepyrkldh-3-yPpyrmiidm-8yfeamapiyit 4idiftb@heuPeatddxylaei t abl e
for use herein include tert-but ogﬁcar bonyl (t-Boc), which is readily

' e(rjmved e togl _t(rj edfthchigrephenyl) l{Eﬂ3§ -f’ah {Iupwq-églngtﬁ\@éypfﬁera&)-&(ér
) : t . t
14 of ox i VEtSer ho A BB dud i PGt BBy R BhEREBRSeAle e

presence 10¢arbosilbteabl e catalyst or by treatment wth 1-chloroethyl
chloroformate (ACE-Cl) followed by nethanolysis; or t-butyl which is also

readi10/ GelfdS R)B3-{[AcKaty!-%Srd4 whidiaploeyd)-3 .4-dBzoben RiylpashonyiivhdPe R1 =
Het' as nti gned, abov be intraduced.b i.splacenent of a suitable
| eavi ng 'PB%Q(mﬁgWVBﬁ%%ﬂ?&rmﬁgm'i’)@'ﬁ%ﬁ'@a??%’&?giﬁ@?ér oaromatic precursor
f f leethtlet ' - Z" wh ' ' 140G iShH- €. [
ar oups. | RIS hal ogeng o ArapEHl ) 2R IES F Y L G Oy BB P27 o,
pal | adi uyacopyetdzin-8ptl)pynallidin-8+yl|certuinygt 1,4rdiadadane- PCafiogyf#teéne | i gand

To. ach eValias BB eRaE ol ehIpr R sa sV ReAra - agy e raeaasaa ' <

i nterf?d!cﬁtcﬁép@%n)ﬂ)@ﬁ%a ut?@ﬂ_m_gi%?ﬁén be "hetylated" to give

i nt er nedi at es gener that can be further elaborated to

conpound$-8S g&)e3-{4 -damtyrd St (4-chidroploarg/)- ¢l @-ginadeari-f eyt catbdrGB-4 4480 cappi ng
of 25 the exposed NH function with RzIL follow ng the nethods described in
schenes fFhigiapyridingd-¥myt e -viilhZet iRaRoiR[4>-BIOYHEABNSE fornmula (X 1) may

b it f 1 i i d 2,
then o abBYEa P8 4o AR AT R R RO TR PR Re Y BB e et on
of PGl amstosybstiaypropyrideetiyl3ayl)myrtoliaiin-Gegattmy/labdvdiaz&and-t er nat i vel y,

conpounds of general fornula (1) where RL is a given Het' group nay be
conve?® edarb@yl@eher conpounds of general fornula (1) where Rl is a

compouna®oprPafpicald) oEEAB0E sl SPatehs vAEke IR R o %

such as ¢hb@ugserddf.hoxy, can be converted into conpounds of formula (Ib),
as shown in schene 5, by hydrolysis under either acidic or basic

condi t i ofharmeicauicalynataspeaiie seds mf dhercosthounds Qfafermula d) inglysieetnerred i s
5 treat ment, of . ounds._of_ f la (la) with acetic acid at reflux
t enper at L?lcéd g%“ﬁéﬁ%&ﬁirb?eﬁe ,altgiqbgtl%’gund of fornmula (la), where Z is chloro,
can bgs r eaglaet Weidnadditieh kaxs deeabrihes M atids which Brtendn-toXt &agdi at e of
formula (la), where Z is OY. Subsequent hydrolysis then provides the
conpoundEx@miles mincude bihe Sacetats, e aginaips aspastdte, i benaoatenerdsylater
benzyl . JbOcheme ? . .
icarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate,
cyclamate, edisylate, esylate, formate, fumarate, gluceptate, gluconate,
glucuronate, hexafluorophosphate, 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



i) Conmpounds of formula (lc) , where Heti is as shown in sc
Is H can be converted into conpounds of formula (1d), where

hene 6 and R5
R5 is al kyl,

by 15 tres0Orero1sd72h a base and an al kyl ati ng agent in OTARPEOYMI3BHL

sol vent. Suitable bases include sodium hydride, lithiumdiis
and sodi um hexanet hyl di si | azi de; suitable al kyl ati ng agents
| odi de, net hyl tosgl ate, dinethyl sulfate and ethyl iaodide;

sol vent s Hhﬁépﬁ@@/Q' Y4raagar opm%ﬁhat%u mBYIRAlYiaMaes deagenarate,

opropyl am de
I ncl ude met hyl

and suitabl e
stearate,

N-met hyl cBu}ﬁEaf]eo't%@bé’ngggrtrﬁt’é) ?%é/lé)[@a{rlﬂégr@ac&'tétb d it Qa?és?ﬂ% i thium sal t

(I'ithiumbrom rese n he reac

i on m xture.

WO 2010/ GLHABRPEEsEBA20E/ QEe33fb?méG ﬁohermas“es whiéty rfo(oﬂnl dometoxid diltef

general formulae (VI) and (VII1) can be prepared by de- este

rification of

precur sofEX@8IRes BEiugiendhal afusminiuae arsinvie. akenzaine calspie: iahglipeusi g a

b et or et VAR o B BRER chBsS) 4B e, By ks

(XI V) angotasdiurdssaium) tragneRpasirkoand e wifitsa sui tabl e met al
10 suitabl e co-solvent. Suitable netal hydroxides include th

ngﬁ% oF mul ae

hydroxide in a
ose derived

from al kdlemigetiaiios aCidsr ard fApee May, alsa ke fagnesk fan rx@mple, beMmibulpbetd s (for

exanpl e Ca (C)rHa |?a and Sﬂltab| e co-solvents include water-m s
sol ventsagg r%: di'dxan and hydroxylic solvents (for ex

ci bl e organic
anpl e et hanol

and et harrg)r) o Pélﬁé\bebnp%@fté’éléegal'@t @@é Haihd®BoRS6LIPHArARIceONcAl Saabers of

general formul ae 15 (XIV) and (XV) by treatnment wih pota
t ri metthyIRppart e etio Al ts/osmta@@c\rveamum(vwmytvc
WO 2010/015972%?_ éBZOO /05 317 21 Schenme 8 illustrates a ro
pr epar at ISP BPT AT BETHY PYJFIIFREe est er i nternedi ates of gene

SSIum
He 2002)pl uene.
ute for

ral fornmul a

(XV) fromyes %Bﬁlp%'uﬂaérﬁt ﬁ]@%\}e\fﬁlbhvﬁ%y( &XD -in FRYMinBum of HidOstBes! 1

si ngl e enant i onner PGL

15
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30

ranging from fuIIy amorphous to fully crystalline. The term ‘amorphous’ refers to
a state in which the material lacks long range order at the molecular level and,
depending upon temperature, may exhibit the physical properties of a solid or a
liquid. Typically such materials do not give distinctive X-ray diffraction patterns
and, while exhibiting the properties of a solid, are more formally described as a
liquid. Upon heating, a change from solid to liquid properties occurs which is
characterized by a change of state, typically second order (‘glass transition’).
The term ‘crystalline’ refers to a solid phase in which the material has a regular
ordered internal structure at the molecular level and gives a distinctive X-ray
diffraction pattern with defined peaks. Such materials when heated sufficiently
will also exhibit the properties of a liquid, but the change from solid to liquid is
characterised by a phase change, typically first order (‘melting point’).

The compounds of the invention may also exist in unsolvated and solvated
forms. The term ‘solvate’ is used herein to describe a molecular complex
comprising the compound of the invention and one or more pharmaceutically
acceptable solvent molecules, for example, ethanol. The term ‘hydrate’ is
employed when said solvent is water.

A currently accepted classification system for organic hydrates is one that
defines isolated site, channel, or metal-ion coordinated hydrates - see

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

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



5 PGl is a suitable protecting group such as tert-butyl or benzyl. Xc* is a
chiral auxiliary. CGnnamc acids (XVlI) are either commercially available or
wi || be weDI20lomaoser2t 0 t hose skilled in the art wi th ref @cenBmoe/os3Bit erat ure
precedents. G nnamic acids 10 (XVlI) cln be coupled with a variety of chiral
auxiliaries (Xc*) known in the literature using standard peptide coupling

reagents as described in schenme 2 to give honochiral cjnnamate derjvatives

of gener &refAFuiNaWMIEN e WalemEILeGHIPS aie 4PPlakck frern Siertcapiast etitt al

auxi liari nef 1 .S | nt '(ﬂé%? rgo

[ 3+2] cycel%gg dtlﬁ?f)gﬁ @E%rﬁgrghﬁaé Iranﬁa{(%ﬁ%g eSy'l Iirﬁdag)ér%gédr orao%Q’/glt:JHe%er\A}gg ref ormul a
(XX) to pnelecdesdieriadetiice ghghhels whee Bleyoeeatadt td otmar wateXvhdlegulest h
predom nantly or exclusively trans stereochem stry. This reaction requires
an i nert I3a&iahionsipendingtedl Rydratesmiiwatergnolestlgsrrediondedtanengtal an and
activa%iq by one or nore of: (1) an acid catalyst, such as TFA, (2) a
desi | yl ating agent such as silver fluoride; (3) heating. Racem c 20

conpoundsveén gensslgbnt O Waler i dyhtly bouRy, the corimdy &l havesh anliag gt hods
such as chronmat o%r aphy or fractional crystallisation to give honochiral

i nt er nedisiRiekiogtetyeingeaendentrafl runidity) Wheme howevar, thegalventiassvater is

contained in . internediates of general .fornu Xl are cleaved using
T rer at o AL QAR e6° Gioc380070 seB At Rdussy thost FamfR alds gi ve
pyrroli diifegséI9est 8dntaRNKilRbefdpandant 8M)hurhiithadrd awirgg coRYfidAs | i none

e

chiral auxiliaries nmay be de-protected with a Lewis acid such as samarium

trifl Ht e sush@asasIn-stoighjemelry avithbede apsmof general fornula (XIV) can be
df | i.di 5 t f eral f ul by t

e br ot e OIS Wbl GershPediiiag dufF e Ut oo mesoRs hridexese o

i |1 ustraygmel aRr §BRS AP soRfatéd)t FHEREhaiRs Ong? O5MET R 1R BHA dthép from

di azepane and di azocane I nternedi'ates of gener formula (XXI') through
coupl i ng canponepnt r efteé doneseniciids stdictjemetrid  drormani-atofdfiigmettRScEMeoENtS.

D azepane, and di azocane i nternedi ates of general formula (XX an pe

coupt ed TEGTEear oY I9aIyPAATHIGE SrLveHs (1OH AL IR Comas e BNgbner al
15 fo 2 i i L i i chene 2
Co g Vo 1oyl DR R e oA e ied i KoYt h e W R Rty BEelfal e

pr epar at inooleofilac ooprstitdentef vgecker ate f bound atdgethdrl )thfough i mdrecoealeat es of

general formula (XX Iwerei n PG3 is a nitrogen protecti n% group_such as
benzyl orNteraghiopRy bl GG 12Ispbe@herrBPiEy OffsNRUlral. raplesule with a'salt. Co-

R4- L- COZ'E'R}%téI’S' may e H%ﬁér@d%’?’ 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 result 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 lyotropic

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)) polar head group. For more information, see Crystals and the




(XXI1)y 71, 1:-NI \/N, PG3 R4/ (XXII1) Conpounds of general formnula
(XXI'I'l) may be prepared through acylation (as described in schenme 1) or by
usi ng pepvoaeldusyhi ng agents (as described in schene 2pCTIaEN®08B8E sever al
met hods avail abl e for the preparationtlof 25 precursors of general formula
(XXI'l') including, but not limted to, a regiosel ective nono-protection of

conpounds_ of general fornul a (XXI%{ as WD 2010/ 015972PCT/ 1B2009/ 053317 23
exenpl i f ikQaniAN@Migegseopg Py Bl ). Hapghengiandt A aidatoty Editi €agvaid ed i n

P ti . - j | 1), ,(V), (V1)
({/lef)?;a I(ATQQ?I%E %?m'?W?'laq‘%%ﬁ%m%w%r%?% ,mj(ixf) , )(x§<|v?) gnd)(xg(l | |§
as descr iH=dinzlfter allr efeepest tbucdrhpourdsobddimmat @) afcludee réfevendgsotn  Chi r al

conmpounds of the invention (and chiral precursors thereofé may be obt ai ned
i n enant iS8H{er pelMpieg. anitiREPGEINICeEIRgXesh pB iy gprsjalsttderesdiangd t9PLC, on

an as j i i i . i St f rqear bon,

Epr o T solvelid, T e RrteBhifeRifat Gl Be g8 ey MetRARe 10 o

i sopropanm®le. dorfdaialdsy dfr 618 Zntentiioinalide Mepnptihasnof rmdid o1 %y

vol une of an al kyl ami ne. Concentration of the eluate affords the enriched

m xt ur e. MER@INBBSE udefinashpinsiuding ajf pohemeibis| éngherstali habike thefeoidant

the chiral stati h : net rj i lected, The skilled
o i 1 P Be; 208" SRARHY ReASS, GROHETE prficlc demlpsife rEiEagM 15°
groups, ﬁ’§orﬁél%§lb%sﬁé*ehféfﬂ%ir :&f)éﬁﬁ_@ﬁ %nd%gwmyﬁabé@a%dmﬂsdnmmSt Seforniinesi s of

t he conpounds of forrmula (I), it may be necéssary to protect further
groupt) d4lch as for exanple, hydroxy groups with a suitable protecting

, then. th tecting . Methods, for deprotect f
par§oul A WBGRe PP AlBana UBRCOD R SR ot OTRIS o ety
protecti Qpithidlans Aok Wtr?@iﬂ%tnﬂtegpﬁﬁ% S&fain RIGhaavEY Sf HoPhsuridd &F gani ¢

synt hesis", TW G eene and PGM Wit z, incorporated herein by reference. For
exanpl e, foineule (B vinyidn oxgy bawa fttlesorprooplearneatcdegiealradtivity treerheelveslepnpt ect i on
conditions could for exanple conprise refluxing i 8% aqueous HBr,_ or by
SCirri ng WA SHOHBRIETEd | BIRbAr RITDin: BRI r RO AL LRSS Oher e
hydr o i C ; ; | Ltions
could o?éﬁel{;({gﬁp )eﬂ’i('%nan rFrgégd%§5?%%Igﬁbﬁﬁw§%ﬂﬁglebgﬁfgg?ﬁttﬁggﬁyg é'under a
hydr ogen Satcmodgrivatiees Alé referreido alsdpmdreget Forserintbriratiopraptreatiseoos of

novel starti ng materials uysed in the preceding nethods are conventjonal and
appr opr i &eAUBEATAY RecioNRrtiN &re-dryas asdieveldieliveps Syatems. )Y@pdtaflon as

I i colatj el g el S |-k
Lo | hooe SR SEAps | (70 RBLAR 48 WD StER) Aftd PRSI ClariEra!l | - KON

Exanpl es Brod HDegighat Pengarhen eiRtesd pheg@ma¢kdt i Eal By ®Ruoute! allmesadt of a
conpound of the formula (1) nmay be readily prepared by m xi ng together
sol ut2bnhermacediigrl isgosiationk ineRrraraied hereipbyxeiere0ee972PCT/ 182009/ 053317

ol ut 1 on Pt s Ropehtaie, B PR Pbfiior 28na e, BEBRPCEI 0 i on

of the segpe@Bing Eb@*omé@mmbhﬁlit@é&?%sﬁ@iten shktcorppordPeffigen@h (ior nul a
(I') may be prepared by one or nore of three nethods: 5 (i)by reacting the

conpound VWt Ceftain mqietesvkpawnhto deese stilladi i, tha i@ybasr'erewiaigtiem aki d- or

base- | abi i f rom it abl f d of
Pormil a CepcBhSty e ArdhEnth D8SeR: BhiekB8uBs PE H; Hlnetse!d TER DI o a
| act oy a8bRGHEGRpOHREAhelrdif Hiawférefdcaci d; or 10 (iii)by converting one

salt of the conpound of formul'a (1) to another by
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 (~""IN), The use of a solid line to depict bonds from asymmetric carbon
atoms is meant to indicate that all possible stereoisomers at that carbon atom

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



reaction with an appropriate acid or by neans of a suitable ion exchange
colum. Al three reactions are typically carried out in solution. The
resul t i ngweabto/areyr2pr eci pitate out and be col | ected by PCriB209/03330r may be
recovered by 15 evaporation of the solzvent. The degree of ionisation in the
resulting salt may vary fromconpletely ionised to al nbost non-ionised. The
compounds of formula (1) of the present invention have utility as MCR4

agoni st's ASHMNPRIrE rC@ét?QPeﬁiomﬁ isyApABLLS iafisaiesioat pRlydEe SHrepISPAMINENONNd MCR4

agoni sts t f.u t e as an
20 EC50, I?E)cf)ﬂwée?ﬁtt e ulio(@}goﬁ,ﬁ;f’ ‘?r?;ér%}éb'g th?’ﬂ?&W) B8 Fmfrg yet nore
prefer abIcwntaimmnor'ehaanmésﬁﬁ@]@hﬂucacakbmraom éif eh@éé ;zombbUhdiz owerugehan

about 50nM wherein said EC50 neasurenent of MCR4 functional potenc%/ can be
carried &ita @@i"ﬁd'ﬂﬂé@&e@l'CtEb@%d%érﬁm|a§é’mmﬂtr'lcnf3@?b@<§‘t pias ipdneant to

formis (19cdP R egiside Sari@Blitly ‘P ohPaher be' TR Kenti on

may be usehpdunddet foraied (i)ncermaisnad la%nyltdn am@mﬂénéﬂyr@u@dgeérh@ﬂﬁi
phar maceuti cal 8§nts for the treatnment of conditions of interest, such as

sexual dyEFiiaRs i Z/E\‘Netsomqrﬁaﬁt]et passiblgi s¥fhrres stroshsak ylS@fﬂil@ber aw abet es.

30 Further the ¢ ) their salts ol.vat es

or od ugs MBI NET TR E 1o, BHETESParES ™ rCosna T ol st (TRRTREE]  ver e

in combi Rahi 8FcuM tihisitanUiEke! By fethl ®f preoraedutsmenigrNin fcdmpdimdseduct i on

of emesis. Sonme suitable WO 2010/015972PCT/ 1B2009/053317 25 phar maceuti cal

agent &0 mmmhularw dostainings éori examapidi arimmes kefo, i@Xxjme Eaup, ionmcaltﬁd

i ncl ude: 1 qgo nds whi.ch nodul te t e action of natrlur Fctors in
[

parti cul é(r’fl PIOMSTRR {7 EO‘F‘QBHB CRNBINNARL 8rPRTIGMAy u'&é‘?l
peptide) tn& 48yt dnpdaridy Rt “éSEHlblFrn%r'eCthfaﬁCér% fype6h isdnd it PAEOfS or

neutral endopepti dase and in ;Xartl cul ar the conpounds described and cl ai ned
in WO 02/e32618e WOIil0Bt@3998, tavidrdg)io 7 el dtRoresip, Emea-mmmm wherd dapeci al | y

h d of l,e 22 of WD 02/0 9
ChT o opn@HPTAR 4 (ks BB LSS EyRE e HOTA eI 1t onol” tautomers
10t hoXylaf 8R4 fncisia v A GHERRHBE B WAL ONCr S RbncBUBLE T RakilraRer ti ng

enzyne such as enal apri Irned rnhibitors angi ot ensi n-converting
enzynme and weutral endopeptidase such as onapatrllat 3) Substrates for

NO synt hase,| such as L-arginine; 15 4)Chol esterol |owering agents such as
statins (g7gx\atorvastati iNoitorTM and fibrates (e.g. fenofibrate); 5)
Estrogen Jlecegtor _modul atiors dnd/ or estrogen agoni sts and/or estrogen

ant agoni sk, ferably r iNf ene or | asof oxi f ene

((-)-cis-6-phenyl -5-[4-(2-
pyrrolidin-g-yl-ethoxy)-pheoyl]-5, 6,7, 8-tetrahydronapht hal ene- 2-0l, and
20pharmaceutically acceptable salts thereof the preparation of which is
detail ed i g 96/21656);uéa0pA PDE i nhibitor, nore particularly a PDE 2, 3,
4, 5, 7 or 8 inhibitor, preferably PDE2 or PDE5 inhibitor and nost
preferably a PDE5 inhibitor (see hereinafter), said inhibitors preferably
havi ng an | C50 agai nst the 25 respective enzyne of |ess than 100nM (with

t he provilRgudett Withis §1Qar$§0@e| ﬁhl“b‘?t@%eﬁtr én\fﬁﬂt@naéFﬁ rﬁ“stséf?r@G'SPHiﬁréal I y or

Vasonst 1 SO 18GBRD, e, MutbGRBE s br it FedhBfaids o vRHOR, (B0
par tizul aﬁdludlﬁ‘gdjoﬁﬁmﬂﬂm éXhebitifig PAUre teén bhe t é’of ROBMYM SaHd sHeered0

VPACL, VPAC or PACAP &pl tuitory adenyl ate cyclase activating peptide), one
or nore &f caeermose dpersof.afi6hi iseluded are|aeid pgddipneor bage SRBSMBFQEB‘SB) or a

cori nat 1on cpuRfcfistRiEafy a6k 2T R, SRt ERanIreY, tadeibssarr 20

8) A ser ghodhdinplec aPtaplraRIsH/drgindid.agoni st or nodul ator, nore particularly
agoni sts, antagoni sts or nodul a?ors for 5HT1A (including VM. 670

[ W02/ 07428/8]ananabmer83ms/dwe aepmmey@@oneamQal t&hﬁwe%memnom and/ or
5HT6 tors | udi t hgse descrlb [ 9902 002 50
onal o5 wiomnoseles | B R caRocer Samils: ueioutdont  enicRAga

dehydr oawsqgmlggﬁgrpne) testosterone (e. g Tostrel l eTm Li bi Gel Tm,

di hydrot est osterone or a testosterone inplant;
Conventional techniques for the preparatlonllsolatlon of individual enantiomers

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



10) Sel ective androgen receptor nodul ators e.g. LGD 2226; 10 11) Estrogen,
estrogen and nedr oxyprogesterone or nedroxyprogesterone acetate (MPA) (i.e.
as a conbwoavioomy972or estrogen and net hyl testosterone ROTABIIOY/NEBPI7Acenment

t herapy agent (e.g. HRT especially Pr8marin, Cenestin, QCestrofem nal,

Equin, Estrace, Estrofem Elleste Solo, Estring, Eastraderm TTS, Eastraderm
Matrix, Dermestril, 15Prenphase, Preenpro, Prenpak, Prem que, Estratest,

Est r at esth¢2Cemai§ Grdye racematenrfclipalt 6F dsFiveivendsiid. dPsexampitocalitenal i ne,

dopani ne h"i’é}g [ {on, GW 320659; 13) An
agoni st or né%ﬁsgféoﬁaLﬁ%“&@?c@@%ﬁ)ﬁ%‘?@%si n receptors, preferably a
20sel ect iAleroetivensi theagensdte ofor @ dateniy preletrsdi) ragpries reastedrogith at or  f or

dopam ne receptors, preferably a D3 or D4 sel ective agonist or nodul at or
e.g. aporvitphienepticaly agivearomrorBaeiarcexajBRle, arlwhahde ia thernase

ant agon atnet e BiuiERRhE il bhnPlSS R Aeflic of BarKishBRYf itk orn,

tropi set e suégimaset-HaBnyleeHyparaRier Mtariaiidi 68 PRe rdoliang digfiercdngs®d ron and
azasetron. Suitable NK-1 ant agonl sts include, but are not limted to,

apr epi t amixtuca g8y tenseparatash by sahromeaiegippha @ind/aiefragiiangh crysialszatisin ant
vof opi tant and 2-(R)- (1-(R):.3.5- 30 .

b s(ur i 1106 G PR b SISO e B RORYBRFR AR 6) SREFFAPENEING B | azol - 4
- yl) met WanBofet(s) By inheiORBE RbWARG RNSHilldiepersBR, f or exanpl e International
Pat ent Application publication nunber W2006/ 049933. WO

2010/ 5 9RCTTOrBR0O0BIs0DE3NE Pvemiom (padt chital aprecefsareriberaad) hay use of t he

conpounds_, of. the invention .f the treatnment .of | ower .urinary. tr.ac

dystunct PEANEGni RABNHRISHFEIY-BRHUICE It U5iRg. SO RBADY W IR 1§ i t ed
to MscypintC @feh! aBahhiirié SR OWitiNtAGABLIE  BH&S agodsMtiy Qsti ne; 5

Al pha adrenergi c receptor antagonist, in particular an al phal  adrenergic

r ecept or hydteagobodrs,ttypicaby haptame2oraltkexeame, gootairioggtamn Catet 2@jndys volum@ pha

adrenergi ¢ .receptor oni st or partigl agonist, in particula | phal

Sar ener gt I5GRBRe0R! PORRDE B Hake 12017 adon BBy GMAN kPEhalderh or o
. \ art! e . _

004, 061 BAfTe St 8h, ARYiehThe *GTNcEiratich of he oRBRE: orfs e Thrighsd

Nor adr enahixture e UpieadEsalutb i doint posit{ddRbf) theunbbids phadewdl beeependdéretrupom it s

racemc or gSJ S)-enantioneric form . Vanilloid receptor (VR) antagonist,
such as dR®&hiralstatianary pheggdasymaaticEasin) saleHeds gabapentin or

pr egabal iqy; ; i e t ISk ; goni st
O S ia Sreregafe CORGERIL ISR’ B SERaRIEY oy Sl R R AEE ]

EP1 r ecehownatottagseiskilled i tie aetgaseak, tfor éxramplee StdrebbiecmafrOigadic f or mul a
(I') inthe treatnent of 20 obesity and rel ated di sorders, the conpounds nmay

2l so B GsmDOUNdS dunjfundt i BRewiaW Giheh Al dBuEy: yNawe fark, SH%ab e
ti-obesi LNl binoid 1 (CB-1 t t i st h
e 1 mon PP Bl BB BABE L T et onf mi crosomal tri gl yceri de trans e

as rinonaban 1" POpF ¢ ] _ triglyceride transfer
protein (feopRiddht)invértidh tirfdlsddd @Ilp%lﬁér!made%ﬁica%mac%@bwe vsothypRally-

i nhibitors, such as edi patapide or 25 dirlotapide), 1113-hydroxy steroid
dehydr ogéaRgliedicqmpaddesps fogpelaljl) wheréint@iesor pwe iadems e eptacaddnal ogs

t her eof , chol ecyst oki nin-A K- A onLs noam ne reuptake inhibitors
(such b 0Ba0ECHE e SBriR ABRTRHeRRE kBt A SBAE PakR. AE MBS Tkt o
agoni 24 s diftkreaMroM the GRHHM mags b sifss(rfitEbedfhiRh PrBgsMMdLESn nature.

mel anocyt e-sti nmul ati ng hornone receptor anal ogs, 5HT2c 30 receptor

agoni st s Exasties of dsoiopes saitalplg fooinmugionrin dge wostaoundsmfi the (invent@om

protel m) 1 RY L0 58) BPRjaloBRh! BuESSSPHPAnG AN LSk n, SE4REb M RSP St

123 125
1,

*C, chlorine, such as *Cl, fluorine, such as °F, iodine, such as "l and
nitrogen, such as N and "N, oxygen, such as 0O, O and "0, phosphorus,
30 such as *P, and sulphur, such as *S.
The routes below, including those mentioned in the Examples and
Preparations, illustrate methods of synthesising compounds of formula (l). The

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



inhibitors (such as tetrahydrolipstatin, i.e. orlistat), anorectic agents
(such as a WD 2010/ 015972PCT/ 1B2009/ 053317 28 bonbesi n agoni st),

Neur opeptwoeod/mewept or ant agoni sts (in particul ar, NPYPETABWOPDIIB17

ant agoni sts), thyrom netic agents, deHlydroepi androsterone or an anal og

t hereof, glucocorticoid receptor agoni sts or antagonists, orexin receptor
antagonlsts glucagon | i ke peptide-1 receptor agonists, C|I|a

neur ot rorﬂﬂ?ﬁmg leiRs Breselos GoHIhRe Mg R TRReds | Wrethﬁﬁdﬁpﬁéﬁﬁ@iﬂ%“y
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neuronmedi n U receptor agonists and the like. OQher anti-obesity agents,
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acts to | ower plasma chol esterol |evels. Such natural g occurri n/g conmpounds

are commuonteysaiented188b);acleasigoiiss Qigenic yidhesie, tnor eXéamern, Vgitey i c
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ephedrine, leptin, peptide YY3 36 and anal 0gs t hereof, and pseudoephedri ne.
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avai | abl e from Sanofi - Synt hel abo) described Tn U S Pat nt No. 5,624, 941,
and conpdonte cgmeralbe;dnthetlu Setiadse rieliNes . urtess Otbeyis®, B3ife’Y e and

6, 518, 264; U atent ,Pub g:atl on Nos. 004/ 009252 2004/01 57839,
U52004/ 054D 2%@§”F Ed Esz 04Ro#Nds $5€ ag, g‘g‘zrt%‘?ié‘ PVW%E Ereiees g No.
10/ 974159 004; and PCT Patent Publication Nos. WO
02/ 07133%4 OH\W%?%%‘I%%@%M(%’P%%%N, W04/ 013120, and WD 04/012671.
Preferr edo‘cgnemsellmastrates i preyparbtidod cdthpownded fdrmulat @pvideacldstion bed i n
U.S. Patent No. 6,720,351: 4- 4(4(4& 2_((4-
met hy1- 4pf1ntgrraeQ|a fes/ ol V\QUWGE EReeRL &'—”2 (4-chl orophenyl) -1, 3-di oxol an- 4-
yl ) met hoxy) phenyl ) piperazin -1-ylgn ﬁféy11) 2-sec-butyl -2H1,2,4-triazol
-3(4H)- one (R103757) described i nT0~S: tent Nos. 5,521, 186 and
5,929, 075; and,; WO 2010/ 015972PCT/ 1B2009/ 053317 29 i nplitapi de (BAY
13-9952) W ign U.S. Patent No. 6, 265,431. O her Repres at 'bve
anti-obesityl agents/for Rse in the conbinations, pharnaceufical” R?
conposi ti o, andNne s of the invention can be pr epar edNusi n hods
known to one of ordi skid I i tLe art—f—et—»exarrplg/Ls m ne/caN be
5 prepared as describ in US Pat. No. 4,929, 629; Brom)crlptl ne c e
prepared as de r| bed |\ U S. Pat Nos 3,752,814 and 3, 752, Sg]g orllstat
305

can be prepared ‘as descrl bed in U(g Pat. Nos. 5,274,143; 5,4
5, 540201 7ypinsd CQ”GK@”@M‘VOMQ@UW‘QBG@' lilcm:piléh@t I&Zﬁﬁﬁﬁgs@r darogss @fe ared

o of or eGP GIROTY ) 2P b8 sV Rupes %@#?b%ﬁgtaﬁﬁﬁaﬁ%?(ﬁ’ o d g p oo

i nventi ofn Wgﬁpﬂ%pﬂbté@bﬁeﬁﬂ@t trb@r'ﬂaﬂenﬁé@éﬁFP@USUﬁa@@eéﬁﬁatﬁ@ agén@, {II’IPm PDES

inhibitors; nhibitors or D4 selective agonist’s or nodul ators
estrogen lm@u@@parquu@n |aatob¢t§oad@|s aulanyd gbloragsncatanow coloriglesrangen

ne re | acement a

t t t t.ost
Fest oot e CoRolaiEER ShdsTecPBERTERL APATE aro Rk BTG € e o
medr 0% PIsRARRLIANAB BreGAhFERENAL0 iRTaRRE HREGIENS! TR bhesd pRlRToNe

hor none repl acenent therapy agent. Preferred conbinations for the
t r eat nentpyatlinegzD Hresthyclen‘mmetat idisepafpytdieyleoipeund$-noéthyineorphelient omvent i on

and one oy re PDE5S i.nhibitaq and/or 20 NEP in ors. Pref

Conb nat CUHETR T PRBYHADE; reiats " pelfPafic it Hﬂ?ngnﬂq@ah@tﬁe B80unds of
the pres ?Eﬁﬁﬁ r
antagonlgﬁg ﬂgﬁgﬁﬁ?ﬁﬂﬁgﬂﬂwE?ﬁ?ggﬁ@h%ﬂh ?3?”%3%@%HE@ se ec |ve(§gonists or
nodul at ors, and/or estrogen receptor nodul ators, estrogen agonists, 25
estrogen antagonists, and/ or testosterone replacenent agents, testosterone,
testosterone i nplant, and/or estrogen, estrogen and nedroxyprogesterone or
medr oxypr ogest erone acetate (M PA), estrogen and nethyl testosterone

hor none repl acenent therapy agent. Particularly preferred PDE5 inhibitors
for such conbl ned products for the 30 treatnment of MED or FSD are

= ~ N




30 nel anocortin receptors type 1 and 3 (MC1 and MC3). Activation of

nmel anocortin (MC) receptors by agonists results in activation of

i ntracel Iwban1ozd&dmgl at e cycl ase enzynes that synthesi sePChaByozeisdl?
messenger signalling nol ecul e, adenosiSne 3',5' -cyclic nonophosphate (cAWP).
Changes WO 2010/ 015972PCT/ 1B2009/ 053317 31 in cAWP |l evels foll ow ng
treatnment_ of reconbi nant MCl and M3 cell lines with test conpound were

measur ed IEREMEh dtusirriescan pairnalive shieparaiqnEciosertain: GPEWOYNdS fbi | ows:
H i I H i | g bly 5
R N L

respect i wieteymediites @dhtaing sostiieisoungingtreadand (w).ecul ar bi ol ogy net hods.
Test conpounds were dissolved in dinethyl sul foxide (DVMSO at 4nM 11 point
hal f log unit increnent dilution s&he’ied test compound, typically
starting at 50uM were prepared in a buffer conprised of phosphate buffered
sal i ne (RBS) 5% 10 DMSO and 0. 05% pluronic F-127 sugf a . Ereshly
cultured celfl s at -90% confl uence were harvested and rd-su ed Rh

Dul becco' sHNbdi f jNeO\Eagl e' s Medi um (DMEM . Cells (10, 000N or , 000
for MCl) were ded he t e8COgonpound—di+terti on seri/bs i 384/ we |
assay plate and incu ed for 1 hour at 37C. The relritive cAW N
concentration %”r)'l each el | wasgphhen neasured 15 using a §- gal act oskdase
enzynme® fragment ' conpl efrent ati on net hod purchased in kit Pormas the

D scoverx cAWP Il kit from GE Heal thcare / Amersham Bi osci ences UK. In the

case of i AP i Yl tdp | f 750
ot v noT e AN QU s R S Bort bEMT izcBafip b bt dcdring
f | uor escgeneral dadnulgs(lt) @kena taroxyhc lacasehgeneial f@thule (&/)dogethet edthi nt o
percent effect relative to maxi num control well corr,esponEPigﬂ? to a

concent r driANgthyepHRORFEPY LY -caiaediiRtide gh g PRBINEd8e B ®edS o give

a max I - Welanoll : HJ f AR bit or
conce1n rat %@LO%\Q/&SG ngrt ’c@ﬁ% q@%?@ﬁ“‘ﬁ?.%@rz @Sﬁ%&e&r‘gagla%%ﬁ \a%drrjg?%ygﬂggati on

cal | ed Slif3HiShianomEfEEMeegDOMRY. eSarmixgtion aeids byf tdenesall fovanta adVaSatehe
concentration of test conpound giving an effect half .w.bet ween the bottom
and top &oyHpewidy ayaitabe Qrgwi Balwelbaowastigothasecskiled iEded ak et nent

i ncl uded 0, d ] ' te .Sk i ne,

uni oh el RIS ReR G BerRshY AR RN R U P I
conpar i sefir Resveaon IEAe eptdrmidesie ddunapd @ty of g'eﬁéu%n gotmesp@n iaenttsee 30 MC5
and MC4 EC50 activity was determ ned as described by assay protocols D and

E, reEpeacid ef general lsroois1dY) e an2ingfagpvertatogeiher Nyidy suttelpligereprfidesH

D Pho7 2 KE 4 BB o o Rer D) oP LB aroby LATE PRE At " nAPWORE: (NEH
whi ch i s Suitapob&iticRt ddu®IiNgA ré $ Onc(Uded RD-berrameasdils -@an No&, greal uat ed
for their ability to inhibit Nled4, D Phe7-a-MSH binding to nenbranes from

cel | s expetsavetitylurnsiuncs Reusilugrophesphsiei (HEBT Wi nai{lfl-berzgtriezolsuyl} 1251] 5

Nle4, D Phe7-.a- VSH, | s . h bj .
nomogen: dai o R EREREETF I pharR SRR O T Bbereiroze- -
cent r3d UgALN. NCKOGRmMARIRoRLIN HRBNGAeRNYSSITale A PY) { 2.cRIGFOPES: VIGA SPA

Beads type A for 2 hours, Spun at 1000 RPM f or m h and suspended to a
concent r a@irnethytfmiddmligiund chbkeaidien(iDICY. 1-prapyhemiapioajc d&6dgybkadnipedrideel | ) .

Bead/ ' [ bat ed wi,t .06nM [ 12511 Nle4, D-Phe7-a-VMSH and
o1 hal T RBAPE o dne - BB S0PPOBRSe MUKaN oA 14,cieA05T 81 SUIALIS BaSEF t ot o

I f ; - 2, 1%
P ur oni o R0 PIAE BRRIne, (isoB oYl NorEhugom i e
Non- specidimethylandinogymridis el Bngedudtabienimértogolvére may lbesussd of plbCeravitBelJ9119.

The reaction.was, initiated by the addition of bead/ nenbranes and pl ates
ver e 2hcimentianest apgyen E"Z\%%'%atrlﬂrte spBeni 2MRBNP s2 (IR MEChERES oot pl at e

shaker), } n ; i 0act i vl r S ] ned
using a @HE‘?& %11%@0%21&1\%?%?& {Z ci{/rgiﬁ %‘gs%ﬁe%%é/ddfed%é erfmgr?fe 'b)ﬁ@dlgg glt gfndg ysi s
usi ng apmoupaleiteofseddhnaf the eduilibedreageRteeghoultibie Lsdd lindi am eatedhef MC3
receptor _Nle4, D Phe7-a-MSH is a stable anal ogue of nel anocyte-stinul ating
hor none EVBRY Oneuer Rt BayPegerd §destredhe MC3 receptor (MC3R). Conpounds
can be evaluated for their ability to inhibit Nle4, D Phe7-a-MSH binding to
menbranes fromcells expressing the MC3R using a conpetition binding assay
versus [1251] 25 Nle4, D Phe7-a-MSH. Cells expressing the MC3R were subject
t o honogeni sation and the nenbrane fragnent isolated by differential
centrifugati on. CHO CRE MC3R cell nenbranes were coupl ed to PVT-PElI - WGA SPA
Beads type A for 2 hours, spun at 1000 RPM for 5 m ns and suspended to a
final assay concentration of 30 800ug bead/m (1.2ug nenbrane, 4Cug bead

~ o o o, ~ N~ A N A



H gh Density Drug-Drug Interactions (DDI) 30M Cocktail Screen A drug
interaction is a situation in which a substance affects the activity of
anot her dwogolooi72t he effects are i ncreased or decr easedT/IBroov/ogpather they
10 produce a new effect that neither ¥roduces on its own. Drug interactions
may be the result of various processes but a relatively comopn one is where
one drug affects the pharnmacokinetics of another by inhibiting the

cyt ochr o€ Pm3t'H‘d$tr@F6§e?6bﬁﬁt%ré‘§t'V? row&%éae&rePW@t'pﬁﬁrq%@@Jr&ﬁs Phese
phenorren?eng dﬁe@ﬁﬂﬁl gﬁro{rh n'el%ngl%e%”ﬁfaglap%ﬁ’és BQW SASSEAARL c?fri ﬁérg ( NCEs)
is considere garly on in rug - dr scovery proc DDI

cockt ai | ferengenV @nhtpwwoludin\eeacudsonfgenm fdrruVd (VB pepﬂdé umeur@Jtorrat ed
fashion and the aimof the screen is to provide a single-point assessnent
of the DIfageite@sidascopeddnserfRecal entity (N CE; tested at 3 M agai nst

t he 4é)r| mary cytochrone P450 enzynes, 1A2, 2D6, 2C9 and 3A4. 20 The
substrate cocktail approach for P450 DD uti lizes human |iver m crosones
together with i sof ormspecific cli @cgamed ug probes and permts the

si mul t aneous neasurenent of the inhibition of P450 1A2, 2C9, 2D6 & 3A4

activities in a single incgbatipon. This is run in hi t ughput with
si rrultaneousidef%%mn afo
t horoughly teslted dnd eval u

taBolites by LC M5/ MS. [ thod has.been 25
usi ng standard conpoun T robe

substrates used_ardgiyen i e t abl ebetow. Mcros/‘arre\Sodrce oyl ed hunan
liver mcrdsomes, M crosome Concentration 0.1 ng/mk* P450 ConcentgAtion 0.03
pM Regener ati on System NADPH F1.3 mM) Assay Time 8 min WD N

2010/ 015972PCT/ (MB2009/ 05331 7%vi34 Probe Substrate (Enzyne (l?robed)
Concentration Tacrine (1A2 M Di cl of epac r omet hor phan
(2D6) 5 %@hﬁ%ﬂﬁl%%%wg@r@ matiygirgHes e %é@@@ %qub%ftW?lﬂ

conmpound)ys 3 AMAGANRZ 9 GvHitBIR'GE £/t GANEPbikecting group strategy.
10 Scheme 4




3 pM Appearance of the netabolite of each substrate is neasured over tine
in the presence and absence of the NCE (test conpound/inhibitor) at a
concent r avpanioafis®2pM The conpounds are assessed for trernBoodisztory
potential as a 5 percentage value andl7interpreted using the follow ng
schenme. These data are then used in conjunction with other neasurenments to
evaluate the suitability of NCEs and to help with the design and

progressi on of co un % | nhi bition 1050 >75% % 1 M 25-75% 1-10 pM <25%
> 10pM 10 In vitro Mgtabohi sm Rate+Determ' nat HoN\( Hyman Li ver M crosomne
(HLM ; Rat Liver I\I/LGQWSOITEN(IRLM Assay) Many drug e netabolised by the
cytochrone P450 nono- oX nase system This enzynme™ip$ found in high
concentrations in the liver and is bound to the endoglasnic reticul um of
the hepatocyte. The enzyfe systemcan be obtained 15 in sem-purified state
by the preparation of the hepatic mijcrosonal fractli'bns. Deternining a
conpound's in vitro half-life in sujh a system provides a useful indicator
of netabolic stability. Mterials And Reagents WO

2010/ 015972PCT/ 1B2009/ 053317 35 All, reagents are ANALAR grade. 1. 200nmM
Phosphate buffer (Sigma) - lomﬁ\(ﬂ?ﬁjgiowhate buffer pH7.4 dissolved with
400mL MI1iQ water. If necessary, p houl d__RE)e adj usted with concentrated
or t hophosphoric acid to pH 7.n~tede Np thly and stored 5 refrigerated
(2-80). 2. 0.1M MyC126H20 (BDH) - 2.032¢g_dpssolved in 100m. M I1iQ water,
and stored refrigerated (2-8C). 3. 0.02M™ADP (Sigma) - 15.3ng dissol ved
in 1000p1 MIliQwater - and then st®red reftigerated (2-8C) for further
use. 10 4. 0.1M DL Isocitrigracid (Sigm) - 329ng dissolved in 5ml MI1iQ
water - and then stored refgigerated (2-8C) for\further use. 5. Isocitric
dehydr ogenase, Type |V (Signma) - stored refrigerated (2-8C. 6. Stock
solution of s tg (@pproximately 1lng/ml) in gisgibl e organic solvents
such as net hano eth | oR water, stored refriRgér%:t%( -8C): 15 7. 50nmM
p- Ni t roani sol e %ENA)/ Algriich) - 7.65ng dissolved kn 1 t hanol , and
stored refrigerated (2-8 ntil ready for use.”® 8. 58pM pJN X r ophenol
(PNP) (Sigma) - &iB9ng di s'}%ql ved in 100mL water and stxor ed ri gerated
(2-8C). 9. 20% Trichl BFoacetic acid (TCA) (BDH) ) 20g ditssolved in
100mL MI1iQ water, 20 nmade up in anber glassware and stored at room
tenperature. 10. 10& Sodi um hydroxi de (BDH) - 40g dissjol ved in 100ni
MIliQwater (care should be exercised when preparing t

his solution as this

reaction is exothermc¢), made up in "saf ebreak” glassware and stored at
room t enperat ure. 1. Hepatic or Superm x m crpso stored at -80C
shoul d be defrost&d atePy prior to use, kept nd di spensed.
12. MI11iQ water,N13 . nostatically controll ed,_shaki ter bath set to

give a terrperat/bre\—n/t he /i nGubati on of approx BZC. 86-14. Re gent for
term nation of* i ncubation H pically organic solvent, acid

N
(X1 PG' (X1) X

3
Rm 0 R
L/N N 3
N
k

R4/
U
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 (VIl) and protected pyrrolidine acid intermediates of general formula (VIIl) are

coupled using standard peptide coupling methods as previously described in



Met hodol ogy For In Vitro Rate Determ nation Using Hepatic & Superm x

M cr osones WO 2010/ 015972PCT/ | B2009/ 053317 36 The net hod outli ned bel ow
is for a wotalo/iisabati on volume of 1.5mL. 1. The fol | @airng2009/833817%e i s
prepared in a test tube: Reagent StocB concentratio n Concentration in

I ncubation Vol unme added (forl.5nl incubation) Phosphate buffer pH 7.4 200nM
50mM 375p1 MgCl 2 0. 1M 5mM 75pl1 Isocitric acid 0.1M 5nmM 75pl |SOCItI’IC
dehydr ogéﬁﬁ@@eénz vd 1 ta RﬁﬂY'ﬁ'ep%QUF}Wd ntegaegitesyol gpnaak forayladIX)s

cal cul at | d 1

concent rg:tgpoaﬁﬁ[18@%Waﬂﬁ?&@cﬁ%nctﬁﬁbhfdg%g @J&y&r @g’/@aﬁﬁﬁgf 85@ é%em fic
activity canaoe’%remd@ewdlﬂeﬁaémﬂally lmrngstatn@lfard degsrotectioprstratagiebas ifmmish 5 units
of enzyme activity are required = 59 10 1000 = 25.4pl. 15 2. Defrost

mi cr osom@ithar Iriteﬁne@@ﬁq&epéggn@raérferrau@ @@fﬂh@@ﬁtd%%‘i’@m@@ft%@@ e a
o SO A o oAbl B R AT o B B R ey O 2
concent r gLitabler BifohER rotedting Wpratibemay ibRCUSEd (8 desttitidd in “Protecting

Groups in Organic Synthesis” 3" Edition T. W. Greene and P.G. Wuts, Wiley-

Interscience, 1999). Common nitrogen protecting groups (PG) suitable for use

herein include tert-butoxycarbonyl (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 (1) 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 (XIl) 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'isa given Het' group
may be converted into other compounds of general formula (I) where R' is a

different Het' group. For example:



cytochronme P450 concentration in mcrosomal prep. 3. Add sufficient
MIliQwater to give a total incubation volune of 1.425mil. 4. Renobve
237.5p1 oWoiznovbad7zon m x and place in test tube for PNRCpaBR0OINES317
20control. Add 2.5pl of PNA solution,whirlimx, and put tube into a rack
in the thernostatically controlled shaking water bath WD

2010/ 015972PCT/ 1B2009/ 053317 37 5. Renpve 100pl for. no substrate control
and di spéhse iGPPRRYNGS, 96 fomnylae(lpbst wheitse Heh' £optains ja spHable leaving

t her nost at.jcalty 0 i t t e.{0 the
i ncubat i ?&b&@hié gﬁﬁgﬁsa{:ﬂélsg%?&f@egg) X&ta C%h IB%I Inglertgdcr@gcgec%ﬁ@qn?% 8]; 1pM
The vol urernadilaih)s as shewremusdresing 15, tyehydrolsisi ingd . difier Fldic e waaid on i s
calculated as follows: RMM X incubation vol . x initial conc. in incubation
1000 x stcopRitionpstAciflie seonditions @smcpreferred, Mgl paficylarlyingrederred gini c

Remove 10050 61 Sheomap-afe R Toio's Wkwhy hekth e et Rl bttt de .

Wi r i moalensatpdly, | dlcentboumekod foridiga (lRer Whetald Rathipres osdn Bkl edcediaki ng
wat er bath. 15 8." Pre-incubate the tube containing the incubation mx, also
posi ti ve Witnan @kaxite abfasaiia /ol ttalghee AR inteemediatero farmulal(lay), wbeate ol | ed

haki h 37C, f 5 mn. 9 . Add, NA
Feact i on 2 pepY - bsaahedt nioysR IRLREY e TR comaolid B eddi ve
control W@bﬁé‘@re@ﬁ%\\t@omﬁ‘l@_iﬁélgéérn@étﬁyf[é%b@nz@ﬂd take first time point

i nmedi ately. The PNA positive contro no cofactor control and no substrate
tubeslGre incubated for the total Sebatetdon tine. 10. Renove 100pl

aliquots up to 9 different sanpling points fromO to 60 min 25 (usually O,

3, 5, 10, 15, 20 0, 45 & 60 min) and term nate peaciHen. Longer
i ncubation s used, but, after 120 m n the[ m crpsgnes g2
deteriorate. The re 'on_;%y be term nated by additnon ani ¢ sol vent,

acid or base.” ANtHe en f the incubati.on proces/é t he—10 coffackor and no

substrate gontrols in vVmlar manner i.e. terrinate with theySane
reagent. 30 11. PNA positiive control procedure: After the final, sanple has
been taken, rdérpve the pd¥ttive control and add | m 0% TCA to this tube.

Al so prepare a tube containing 250p1 of a PNP standard WO
2010/ 015972PCT/ 1B2009/ 053317 38 at 50pM and add 1nl 20% TCA. Whirlim x

both tubgsand }eave fpr approx 5 min to agltpyvt e protetn to prdcipitate.
Centri fuge botbhytpubes 40r 5 minin an 1nsigunent_get at 3800r pm

app ! \ S
Remove 1ml of ||super ngt an arlgjepl ce into cleant est tupes]) disddrdythe 5
remai nder. Ad 1 yEhe supernat ant, WHE | i Rd_x,NHan eave to

stand for approx 5 m nl Blank spectrophotoneter with di i1 wit er at 400
nm t hen measur e” absor bance of the PNP standard afainst distilled water. The
m crosomal 4- nitroani sole O-denethylase activity is cal cul gted as foll ows:

10 Cal cul ation of tesults } Absorbance sanple x nnoles PNP i standard (ie
12. 5nnol es) Abso ce PNPxsid x 60 x 0.125 = nnol in/
activity value f |on}the |[ncubati on MUST be equal tp of| gr

nE450 15 The
t han 85% of
t he mean val uez0t~N"he ba ed for the incubatp&myo be o If this
criteria is not net, then the incubation nust be regéated. 20 11. Anal yse
sanples (including no cofactor and no substrate control) by a specific
assay for the substrate to determ ne the di sappearance kinetics. Analysis

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

is H, can be converted into compounds of formula (Id), 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, methyl
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.



Dat a obt ai ned using the procedure described above can be quantified in
ternms 25 of the substrates in vitro intrinsic clearance (dint). Providing
t hat the wobstwas®g2concentration i s bel ow Km the netabeCraneweisBer be 1st
order giving a log-linear plot of sub®trate di sappearance with tinme. The in
vitro half-life of the substrate can be determ ned by plotting the natural

| ogarithm (1 n) of a nmeasure of relative substrate concentration (e.g. 30
drug/internal standard ratio) agai§§ﬂgﬂﬁﬂ§ and fitting the Iine of best fit
to this data. The gradient of this line is the first order rate constant
(k) for the _sub t e di sappearance and is determ ped egrgssion

anal ysi s. TRi 37 at encofist api can be converted to the Tal f{Nif acgording to
the foll owi ng gquati AMD 2010/ 015972PCT/ 1B2009/ 053817 38TWR2 isn vitro
hal f-1ife (t{I12)M-K Al tyFiatively the rate constaqﬂ-caﬁ—bé conyeryed to an
intrinsic earance (dknt) according to the fol Rbwi ng equati oy

dint (plﬁnning) = (k/prdiein concentration in incubation 5 (ng/n1))*1000
Admi ni stration Mtchods Gd¢tbounds of the invention i nt end for Het
pharmaceutical use may be admi nistered as crystalline or anorphous
products. They may be obtained, for 10 exanple, as solid plugs, powders, or
films by nmethods such as precipitation, crystallization, freeze-drying,

spray dryitetf= or eYaporative drying. Mcrbébwave or riadi o frequency drying
may be used for thikg purpose. (They may beladmi nistelied al one Qr gp
combi nation with pnewor nor € otther conp an of tffe Jinventi@h &F in
combi nation wth N@ﬁsnnr otRer, dru é 15 y conbiyatdon

thereof). Generally, they will[ beRadnPnisYered @s & formul ation Pn

associ ation with ofle or nore pharmaceutic’l |y accef’abl e excipi ents. The
term'excipient' is used herejn to describe i ngredi ent other than the
compound (SfTalinenaCiHRRIrngssral Tortse (Vb 8rd AVIDpFambapIoPares BYI 6 ge
extent d : acko e pardd ar. of i st { on, the
20 effecl(:ae% g%}chagoﬁx%{fppgen@%% sot%rlb%i Iclﬂt ﬁégcr\?gé lstfggﬁﬁl?'te y,(Xﬁg‘ ﬁcg L)S\?jure of

t he dasagespentivelyRisingracauietycal kv bigratucs methivdsabs shdwn it BeherakiAery of
conpounds of the present invention and nethods for their preparation wll
be readily apparent to those skill &8heRehe art. Such conpositions and

met hods for their greparation 25 nmay be found, for exanphe, in Rem ngton's

Phar maceut i cal M%gi%nce%f, 19th Edition (Mack Publi shi nﬁ% npaiy, 1995).
C

Accordingly the pr Nt i nvention provides for a phar ical conposition
conprising a conpoulnd fof formul a (H)—and—=a*pharnaceuti cal{y accept abl e

di luent or carrier. ﬁq Any suitable route of administratiofN may be enpl oyed
for providing a B}, especially a human with an ef f&¥bi e dosage of a
conpound of the present invention. For exanple, oral (including buccal and
subl i ngual adninis%;ation), WO 2010/ 015972PCT/ 1B2009/ 053317 40 rectal,

topi cal, parental, jocukar, pul nonary, nasal, and the |ikg mag be enpl oyed.
Dosage forns i nMéq ;abl ets, troches, dispersions, s i;ons, sol utions,
capsul es, creans, ointyents, aerosals, and.,he |like. Preferably conpounds
of fornula (1) are athrinistered orally or intranasally. 5 The effective
dosage of activepivngredi ent enpl oyed may vary dependi pgion bie particul ar
conpound enpl oyed, the node of adm nistration, characteristics of the
mamal t A Ipseferreat etiied gnvaleesy basioghydirolydie of cgsiers oh dewiera) formatasd and

th ' f t ndi ti bei t ted. S d b t ai ned
oaai 1y B o 48 IRG e iGN §ie, LRI TREHT o 3Eal ' "
dyst unet isaia6RIBGUAMRrR!  EiftaBleHRthl hYMRAIAAN if1Si@iHESe [dbriledORBnf ange of

fromabout 0.001 mlligram (ng) to abo ng, preferably from about
0. 001 ny dkaliabetels 500 ergmpieote Na of &) ablajkaline rezaitionnetdls @fot exgntpde &lzout 100

, even referably from abo 0. 00 . to about 50 and eci al
T b0 He s SHleblP Sersahionts mi s WRierShisami o asbis Sabone sn e - & 1Y
r ef er abl S kN I F e , ora
o i atriirodRaahnahg HREEAIS o efils ffordelitfifle filifinol Bhd ceaRL; ©f o

about 10CGMater pleferedmMmetiiodaiernderestrificatiay afnésterse gliigemetaloiormbtag 0. 001
ng up to ahout 100 ng. The total daily dose nmay be adm nistered in single
or di

18 ddg\doard CAMa 'Ry reatmenk WithyetaseiHms rimetyisilipoelate i) f syifgllede of
t he typi%%he%?sﬁ@?ggEﬂkﬂﬁﬂﬂﬂ?B?ﬁﬂbe%yen treating obesity, in conjunction
wi th di abetes and/or hyperglycema, or alone, generally satisfactory
results are obtained when the conpounds of the present invention are
adm ni stered at a daily dosage of from about 0.0001 ng to about 1000 ng,
preferably about 0.001 ng to about 500 ng, nore preferably 25 about 0.005
ng to about 100 ng and especially about 0.005 ng to about 50 ng per
ki | ogram of ani mal body weight, preferably given in a single dose or in

o " . o o, . S r T




WO 2010/ 015972PCT/ 1B2009/ 053317 41 are admi nistered at a daily dosage of
fromabout 0.001 ng up to about 100 ng per kilogram of ani mal body wei ght,
pr ef er ablwogowans¢m a single dose or in divided doses tWROTHB29/8538iTeES a
day, or in sustained release form |mlthe case of a 70 kg adult human, the
total daily dose will generally be fromabout 0.07 5 ng up to about 350 ny.
Thi s dosage regi nen nay be adjusted to provide the optinal therapeutlc

response. cheaw %Io%'ﬂ@@@t%r@ H%E% 8h @rﬁpéﬁ%t%eofhlﬁ‘ﬁﬁﬁ| Mi%‘@tn%eﬁﬁ Wg a
ht of
\é\glt grm’ (r)Ie gﬁgél ?or s eig@rmosgf\/%f?érﬁ'tt%hg"l} éﬁ%rﬁ déﬁvﬁgeggjan é, such as

infants, the elderly and 10 the obe&aenﬁhf conpounds of the invention may
be admi nistered orally. Oral adm nistration may involve swall ow ng, so that
t he conpound enters the gastrointestinal tract, M&uccal , | i ngual or
subl i ngual adm nistration by which the conpoungpﬁ s the bl ood gt ream
directly fromthe nnuth. 15 Fornmul ations suita jor, oral adyg- tration

i ncl ude solid, -soliécand liquid Sysjens such &S'tabl ets: sof orRhard
capsuIeSFﬁdﬁ?arnlﬁg mul t—=—"or nano- ticul ates, liquids, or po "

| ozenges (including liquid-filleg}; chews; gels; fast dlspersing ge
forms; films; ovul es; sprays; and buccal/nucoadhe5|ve pat ches. 20 .Liquid

f or mul at i ongxvimcl ude suspensi ons, s@WViiti ons, syrups and elrdcgmics PGSyc VIl
formul ati ons may be enployed as fillers in soft or hard capsul es (rmade, for
exanple, fromgelatin or hydroxypropyl nethyl cellul ose) and typically
conprise a carrier, for exanple, water, ethanol, polyethylene glycol,

propyl ene glycol, nethylcellulosg, or a suitable oil, and one_or nore
enul si fying agents and/ or 2x¢ endi ,Ng agents. Liquid f ti ons may
al so be prepared by the reconstltuth)n of a solid, for exa e, Rroma

sachet. The conpounds of the inyen{ion may al so be used in f < di ssol vi ng,
fast-di sintegrati ng dosage for ch as those described in ert Opinion
in Therapeutic Patents, 11(6), 9§1 986 by Liang and Chen (20 ). 30 For

t abl et dosage for ﬁ@g'eé@@éﬂmﬁrngp%n d&®e, the drug may make ep'frofVl wt%to
80 wt % of the dosage form nore typically from5 wt%to 60 wt % of the
dosage form In addition to the drug, tablets generally contain a

di si nt egiPGitis Esuitatlle prateciiia graupgsuaht as tartbutybosbeihzyh st arch gl ycol at e,
sodi um m\?{) 2010/ 01 97ZECT/ 1B2009/ 053317 42 car boxynet hyl cellul ose, calcium
car boxynetthy$ 2CARLAYEEEYcr oscar mel | ose sodi um  crospovi done,

pol yvi nyl t Al I | ower

al kyl - sulocgw%@{de%&%éﬁ(g@y%}éo%gﬁ cehﬁﬁﬁgééenyci\%aﬂr% é?éﬂp\k"e” g\{al”nllms J'[sot arch
and sodi tinosd gkified @n tI@raetrwIthyefarelec@ht(s|I|taramnrarp1remddntso®mmasrecfm 15 wm%

to 25 wt0/ referably from5 w%to 20 dos orm Blnders are
gener%ﬂ I >( e82R P& FRYPEdcWHRSE \)?@”&%Pif @b‘xa'af'%l(g%gl‘%

PN Bie
Sui t abl I
pch)I ygt hgﬁ%gﬁgﬁgﬁycol#gﬁoﬁr al eﬁﬁg@sdfrllj %gg%rﬁ%ea%g%%rﬁ%ﬁs Mg?‘?fﬁrp%lc?ne

pregel at itei gvkst aontochirdr oziympaotaé ceielrlubtvmndﬁygenewr dpryhula0 (XVII).
met hyl cel | ul ose.. Tablets may al so. contain diluents, such as | actose
(m)nohydr%rﬁmeﬁ?jﬁ%)y-ad’lai'éféﬂenﬁwmr&r@ CBIﬁﬁ‘yé%‘U@”%cﬁr?h@reﬁ?rﬁ%‘j in Qi t ol |

Kyl ol (I ORferRUAERSS oA Do (3151 BGEMSLANbN UGE S M Rgm Rl o

and di ba 1 cium phosph di hydrPat'e nay a SO opt1ona
conprise yHdr preearsoet owgeaemntmmawcmxa@ toograuiel = Iracu,smlc @lyIrbadmeaoﬂ

pol ysorbate 80, and glidants such as silicon dioxide and talc. Wen
present, wﬁfaié@rr&@ﬁl(%é/%)g\éﬁm @rW@@ﬂﬁypﬁ@XfﬂﬂéIﬁe{Y trang stereochamisngs t he

Tanl ot & a0 frstBPeel s H e Bl b eflclerondhéb an St

cal ci um séeanRirefurah RhdSd@REELE bySertE BMsdreasty (1)faHratidt ¢ataRBd Sticktay es of
magnesi um 20 stearate with sodiumlauryl sulphate. Lubricants generally

conpri se TAIM2). 25detilyiatiog 1agentysueh efsesivgry flveride;0(H hesdng Bacewiof the

t abl e O her SSI | e ingredi clude anti ant.s, ,col our

 Faverl | s o SrerPC I B RN gy o R v B aiBaa S Bt

tabl et s gpphaig ‘éﬁrdrﬁa@g;%ﬁh)ﬁ(’(% dftGionbr %Q@ﬂ&btlé@ Y&O/gﬂ/@ ABRIYchi#al 90 wt %
bi nder, from about O Yot 0 "Tabout 85 wt% di l uent, fromabout 2 wt % to about
10 Wt % diirﬁbnneginam of gaderfal donnauda L(iX1X9). SEnenthiraloawticanies Bctheontained rant .
Tabl et bl.ends conpr essed, dj tl r roller to formtablets.

Tab ot pidatRedBlesst GOMAbRA Rl bUKT o syl st fibraitra ietedhlad °,

nel t-granul ated, nelt congeal ed, or extruded before tabletting. The final
formul ati on may 30 conprise one or nore |layers and may be coated or

uncoated; it may even be encapsulated. WO 2010/015972PCT/ 1B2009/ 053317 43
The for rrul at| on of tabI ets |s d| scussed |n Phar ITB.CEUtI caI Dosage For ns:

o,



O her possible ingredients include anti-oxidants, colorants, flavourings
and 20 fl avour enhancers, preservatives, salivary stinulating agents,

cool i ng ayervw,/o1802s0l vents (including oils), enollient®CThBiokd/nEp3tgent s,
anti-foam ng agents, surfactants and XRaste-nmaski ng agents. Filns in
accordance with the invention are typically prepared by evaporative drying
of thin aqueous filns coated onto a peel abl e backi ng Sl<}3port or. paper. 25

Thi s may hadpela give dyioigdiney estess olugeaeralt igsmedd | (KVa: dBnBamied|aoat er
d , fr. - ' QL ' ' . ' :

a0 st CAPLQIIRGIE LA A0 ekl B He-crlldted RATH EPMADATHRUEA case.
Modi f i ed saelgrase triflitend adetiesoll ncl ude del ayed-, sustai ned-, pul sed-,

controlled-, targeted and programred rel ease. 30 Suitabl e nodified rel ease
f or mul at iFPlighre eplerp @f aanesaloforimda i(MEncar heapeerfsee irasedoyrallidiverat ent

ener gy dCSdr < ooe MR BB RIHY MRS BISERG 2dF Peb e e T O
Phar maceweseabed fcéderdnogy. On-1ine, 25(2), 1-14 by Vernma et WO

2010/ 015972PCT/ 1B2009/ 053317 44 al (2001). The use of chewing gumto
achi eve &ohemg [Sedluskaiessihe prepasationed intermedmies o aenetalefatmi (s of

the invention.my also .adm ni stered . directly in th stream into
muscl e GO RiARehARe et AlaRogp e i Eafolsco s Brvia SR fitardoR

adm ni st i@l Withl B |idHe 0168 8genérdl fkailig(Vvpl . intraperitoneal,
intrathecal, intraventricular, infraurethral, intrasternal, intracranial,

i ntratfuscul ar, intrasynovial and s$ecbamefeous. Suitable devices for
parenteral admnistration include needle (including mcroneedle) injectors,

needl e-free injectors and ®nfusjon techniques. 10 Pagent | farmul ations
are typidd agyeous sol i o8 which may contain excipient’s) sfich as salts,
car bohydr at ¢ d bufferin yents (preferably to a phinof fr 3 to 9)

but, for sons aoﬁicﬁtions, they may be mor& suitably formdl ated as a
sterile non-aqueous solutionNor as a dried formto be used in c

with a suitang)vehicle spggh Rls sterile, pyrogen -free waggr. 15 The
preparation of parenteral fornulations under sterile conditions, ftor
exanpl e, by lyophilisation, may readily be acconplished using standard

phar mace;i I Ot I -nﬁfigm%- t Ll ' The
sol ubi |'i tll%llb% ac%e?rp%ng@&?fc\gﬁ%r Irru a I%ggsggsﬁnﬁfhlek%ddgr Q{Bﬁgﬁé%r} be
par ent er @bupdutreginseleelivélg withr agsrethdnyionbe pgeolkidinapacidpr batgerferaimul at i on

techni ques, 20 such as the incorporation of solubility-enhancing agents.
For nul @t ifemuladVIbHpdek dieapertge wospling icondivigps rtescoibatl| int ¥dhemse Befo

i medi at %i@%%émﬁegio?ﬁgégﬁﬁﬁf?ﬂ%%ﬂ'-fi ed rel ease formul ations include

del ayed- ¥ sustai ne pu con IM"ed-, targeted and programred .
rel ease. Sohiesne Q0NUEIEReHthd PRepardBd bPBoMYubEs fo@g@hb@él gdrmaglaq xsugpensi on
or as a solid, 25 sem-solid, or thixotropic liquid for_ adm nistration as

an i npl aftosy etgyoredintesi af ragnesali fomaulpe %KL wheneine RGT | ie ac AiHpRIAT.
Exanpl f | at | i ncl _coated stent d seni-solid
ona s pEnQEEHES shT Hudth oS BROGT s R AaR et orcoghycor s 0y acrd

(PA.A)p m crospheres. The conpoundsggferh&q0i nventi on nmay al so be

adm ni stered topically, 30 (intra)dermalTy, or transdermally to the skin or
mucosa. Typi cal rmul ations for this purpose include gels
| oti ons, s&~utiohg) creams, oi MuENbLER*IDOSIH Nng powderR;
films, skin tches, wafers, inplants, sponges, fibres,

mi croenul si ol _Li Pbsastes may al so be used. WO 2010/ 0 182009/ 053317
45 Typical carriers include alcohol, water, mineral ofl, liquid petrolatum

white petrol atum,  glycerin, polyethylene glycol andRpropyI ene glycol.
Penetration ent&fBers may be incorporated - see, for exanpfdd J Pharm Sci,
88 (10), 955- 958 by Finnin an n t ober 19 . 5 O her,. neans of
Lopi cal | &APPUISS! gRneiRL foraad KoY oy be PeRRaT B OB A BT Bfor e 5.
phonophoieskaned #ILRGMESI FoRBY . UHiNy PREAEE ToRHING 2t [£Ld8crtbed |

Powder j ect TM %iﬁoj ectT™M e)tsg.)Qil{lgj”g%?)i gn. Fgr Ed'ﬁgﬁéons ¥or to%i cea "

adm ni st seheme Py Theréoaral sevedalt ondthodsmadhi@bée dod/ the poeldraddnrel ease.
Modi fied rel ease fofr mul ati ons i ncl u&& Bel,aéeg,-, 18 sust ai hed- ul sed-,
cont ret | EHECUrBarSyc®fe PRI BFP I 4B dBGEAINgRe HBnB%hHHE't‘?ﬁ Ge @

i nventi on.g; M-Rishiekede i I ' t pically
n the T orapaprectde [ReAIDOIeEE N BRARE b el KRNSO 4P TS
dry blend with |actose, or as a m xed conponent particle, for exanple,

m xed wi th phospholi pids, such as phosphatidyl choline) froma dry 15 powder
i nhal er or as an aerosol spray froma pressurised contai ner, punp, spray,
atom ser (preferably an atom ser using el ectrohydrodynanics to produce a

e N o - N o,



contain a powder m x of the conpound of the invention, a suitable powder
base such as | actose or starch and a perfornmance nodifier such as

/-1 euci neworrarmiisgk, or magnesi um stearate. The | act osePeayB99/633BYr ous or
in the formof the nonohydrate, prefe¥ably the latter. O her suitable

exci pients include 5 dextran, glucose, maltose, sorbitol, xylitol,

fructose, sucrose and trehal ose. A suitable solution fornulation for use in
an at omi $EeMplifiag i8] Brarasalien oy RaA RO dpeeldaseerablyi A HeSPPIHRY tont ai n
fromlpgp,g %r%’ﬁgncﬁc t he conmpound of the invention per actuation and the
actuation VoI GITe may vary from 1pl to 100pl. A typical fornulation may
conpri se |ateerpag Rt tondpdumdsubfafobu(d XI), nvg),p?mgn(e/lgj kal?l,, (|x9,e€<|),e(xm,t er,

et hanol and sodium chloride. Alternative solvents which nmay be used i nstead
of propyl(&HB. GlYadXM)nellldelXgflY @ndlX>dHhap dejetingd aprverepresent fudper abl e
flavour s, | evonent hol, or sweeteners, such as saccharin
or satﬁh%@&@@%ﬁﬁﬂh@%%@g’&ded to those formulations of the 15 invention
i nt ended drifal | somap&Hdiof aRasiaventoh NbAY T et Nprebardtis aheasts) fedy be

i nhal ed/ i ntranasal adm nistration may be fornulated to be inmediate and/ or
nmodi fi ed abéaiead einuenagtiomericaliyagprieneded@mm waiag f chremadograpbyf dypiodlit i ons

i ncl ude cl‘l_gg,a(}(ed- sust ai ned-r,. pul sed- it caont rol '|I ed-h t arget ed. and fprogran’med
rel ease. OL n %ea%aéﬁy’BF”e&H? E%Wjew hnﬁal@?g' Gna oSYISUNG, d(?sage
unit is ¢gHRSCEBES ticERRRSpRInePorViéMMeMibAIRIAL IR D B HB%a5\EdolafeuNt .
Units in accordance with the invention are typically arranged to adm nister
a met Hr edf degpropanolpuypicalbyritcan rd it 204% maodomayngpntainléromy Oofo HBife kyonpound

fof la, (1). Th 1l dajly d i |l typjcally be in the. 0.001
Ty to 40 PR haeg Kienyae o fonfeaPaiart aring’ Blubly eids Be RiBeuai Iy,
as divi d%ﬁ’ixﬁiﬁéESrhwaﬂhe%nﬁé&litﬁ@Vo@tﬁa%ési'i@plgﬁgémf bé B@péﬁd@r}'j’ctda&ih may be

adm ni stered rectally or vagi na or exanp In the formo

supposi t dng chipalssatignargphasefasyrooedréc msin)seléded. t radi ti onal suppository
base, but_various alternatives e used . as 30 opri.ate. Formu]ations
PorSt ot anvaiifed e i Abbretia Bahabgn i rROiSy BUogHRar 208 and! or
nodi f jed I A idd b ! -

Cust ol hed U dRBkSdderbfiliAsre, 2PUAtoR! LTS dMId e Piiitotine |\
2010/ 015%oREUNTBATOBA6IR3(1), iBmhalhee cecspssardto grotelce furtherrgroops nsychal so be

adm nistered directly to the eye or ear,_%tﬁ/pi cally in the formof drops of
a mi cr oniaSel@r SX3pHIR YArexy 95PURS Wih g sy I@rnret,e%ng SIPUR BgN reMmave e

sal i ne. mul at i on iLab | ar a 1 ni St ion
hcl ude drAcireiY oL MEHdROIR, EBoRbctioR of My ol diouRE R WAL .
col I agen)Xepeddnon- thicogagteatirab|go(e. For séxdmplee) of mpbtedtion/ wepmitsctidrenses
and particulate or vesicul ar systens, such as niosones or |iposones. A
pol ymt siethodalogy osesedPratariée perursciny Qreanie synthesisyui R Lreemngiand

] : . | .

v oxy o S35 Wk P EBtd B e R T terkbe T B ReBimoie, whgieng VAP Pl ose.

or a het @r@g@iyﬁlﬁf%@dia@% RidthyTRitherl deprite EXGNBORIitiGES 86uIELEY eﬂ@rhﬁlfée -
e oge ori de.

i ncor por at . her with a preservative, such as benzal koni um chl
Such f or enyrisereflmsngdn 48 “b@qderus EtlBsdobhy istfingpoWish dsirane Firamide irons f or

| ar/ auy al, _adni,pi ion,. f | at ed be i mredi.at d/
modi 11 ed 21BN a3 AR Bere St Yy B b RepLATEE e s a Bt
sust ageethe dbpRilecticiPBbrdHib®s coulti 606k AHpleddorihiisH Ryaregenslicrafh alhe
conpounds of the invention nay be conbined with sol ubl e macronol ecul ar

entiti es pajadbmscatalyst odder a hydepgensatimasiphereleri vat i ves t her eof or

pol yet hyl ene. gl ycol -contai nin olynmers,..in order to i.nprove _.their

Sol ubi 1141 oidehaveisAcianta His Bopataions SLiom Srigy riatsriakdise
stabi | ity B¢ phsdirl AhGs bRECAN HIBNENER bRPRSrIZRE Ssadionddifidhicsiy at i on.
Drug-cycl odextrin conpl exes, for exanple, are tound to be generally useful
for nost folofwie peodomaacel adpriepasdticst aernwelb wseproddduhes marl isoladimgatice
non-incl usi on conpl exes, may be used. an alternative to direct

Conpl ea SR RO S il 06 WeRENEy0I 8dees hiledyn Bee aeetngebhoasda i ary
addi tive,idrafire feledeifis iaﬁﬂ’th@I Hﬁ?les g@d ‘Pfr%ﬁ%aﬂgh% h%?éin. Mbst commonly used
for these purposes are alpha-, beta- and ga -cycl odextrins, exanples of
whi ch mayA peafrmaceltically rdceeptablesalt dfad eompippid ofitheofomvbs (I)\WBaP bel1172,
WO 94/ 02518 and WD 98/55148. | nasnmuch as it may desirable to adninjster a
conbi nat "BAJIYF PrEeRrek DY SAxBIEhipgethesrsalutians @f a comroyedmirtpesersylateati ng a
particul ar disease or condition, it is 30 within the scope of the present
invention that two or nore pharnaceutical conpositions, at |east one of

whi ch contains a conpound in accordance with the invention, may

conveni ently be conmbined in the formof a kit suitable for coadm nistration

Y " o " VAN AN A D A ANVl Ao AArr=eosnes A= AN =l "



APCl at nospheric pressure chem cal ionisation Arbocel (r)filter agent brbroad
Celite(r)filter agent 8chem cal shift ddoubl et dddoubl e doubl et

DCMi chl oworretomasey2 DMAP4- di met hyl am nopyri di ne DMFdi et irgirfiBzoosnd3dey

EDO 1- ( 3-di net hyl am nopropyl) - 3- et hyl24car bodi i m de hydrochl ori de

El el ectrospray ionisation EtOAcethyl acetate hhour

HATUWO- ( 7- azabenzotriazol -1-y1)-N, N, N , N -t et ranet hyl uraoni um

hexaf | uoPdgHBssiesired agsl 88 FOPOA e pETE SBY c0RY Q?ﬁ%ltﬁt%r om solution and

HBTU2- { 1D cﬂ?l%@%éd ltraﬁoxjo} Hajbé’r ?cﬁ\fetr{é@@?t&/%ﬁgl;é} R RS 6Bl eher ophosphat €

LRVSI ow res pect ar ge rat1o0 (mass

spectr ummraah)aceumnlllyutaecéuabmlmrs mﬁgwhpOunwoofaﬁouemmeempr emsr ag on
RTroom t enper at ure ssi ngl et
TBTU2- { 1Rrérareetdy epeer moye pf three snefheds:r anet hyl ur oni um t et raf | uor obor at e

IE@?L%NEW“’%%%%FMi RSB ATRLER e 2684 BeRE KU aheny ) - 1. 4. d°
i azocan- 5 i) 5 byl Araswag Vvl atid- ZOAbdseflébnw ppotesNhd yrbup! frorel & sultable

-vl | pyridazine-3-carbon itri le N To a solution of the conpound of
preparati on 7PreaBag” obtrﬁg@ﬁfmoyndrpf[)‘gpvmula (I) or by ring-opening a suitable

cyclic precursor, for example, a lactone or lactam, using the desired
acid; or
10 (iii)) by converting one salt of the compound of formula (l) to another by
reaction with an appropriate acid or by means of a suitable ion exchange
column.
All three reactions are typically carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may be recovered by
15 evaporation of the solvent. The degree of ionisation in the resulting salt may
vary from completely ionised to almost non-ionised.
The compounds of formula (l) of the present invention have utility as MCR4
agonists in the treatment of various disease states. Preferably said MCR4
agonists exhibit a functional potency at the MC4 receptor expressed as an
20 ECs, lower than about 400nM, more preferably lower than 200nM, yet more
preferably lower than about 100nM and more preferably still lower than about
50nM wherein said ECs measurement of MCR4 functional potency can be
carried out using Protocol E as described in International Patent Application
WO 2005/077935.
25 Combination therapy

The compounds of formula (1) or their salts, solvates or prodrugs, of the present
invention may be usefully delivered in combination with one or more additional
pharmaceutical agents for the treatment of conditions of interest, such as
sexual dysfunction, lower urinary tract disorders, obesity and/or diabetes.
30 Further, the compounds of formula (1) or their salts, solvates or prodrugs, of the
present invention may in some cases be usefully delivered in combination with

an auxiliary effective active agent for the reduction of emesis. Some suitable
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10 methoxybutanoic acid;

2) Compounds which inhibit angiotensin-converting enzyme such as
enalapril, and combined inhibitors of angiotensin-converting enzyme and
neutral endopeptidase such as omapatrilat;

3) Substrates for NO-synthase, such as L-arginine;

15 4) Cholesterol lowering agents such as statins (e.g. atorvastatin/ Lipitor™)
and fibrates (e.g. fenofibrate);

5) Estrogen receptor modulators and/or estrogen agonists and/or estrogen
antagonists, preferably raloxifene or lasofoxifene ((-)-cis-6-phenyl-5-[4-(2-
pyrrolidin-1-yl-ethoxy)-phenyl]-5,6,7,8-tetrahydronaphthalene-2-ol, and

20 pharmaceutically acceptable salts thereof the preparation of which is
detailed in WO 96/21656);

6) A PDE inhibitor, more particularly a PDE 2, 3, 4, 5, 7 or 8 inhibitor,
preferably PDE2 or PDES inhibitor and most preferably a PDES inhibitor
(see hereinafter), said inhibitors preferably having an IC50 against the

25 respective enzyme of less than 100nM (with the proviso that PDE 3 and 4
inhibitors are only administered topically or by injection to the penis for
treatment of Male Erectile Dysfunction);

7) Vasoactive intestinal protein (VIP), VIP mimetic, VIP analogue, more
particularly mediated by one or more of the VIP receptor subtypes

30 VPAC1,VPAC or PACAP (pituitory adenylate cyclase activating peptide),
one or more of a VIP receptor agonist or a VIP analogue (e.g.
Ro-125-1553) or a VIP fragment, one or more of a «-adrenoceptor

antagonist with VIP combination (e.g. Invicorp, Aviptadil);
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8) A serotonin receptor agonist, antagonist or modulator, more particularly
agonists, antagonists or modulators for SHT1A (including VML 670
[WO02/074288] and flibanserin [US2003/0104980]), 5HT2A, 5HT2C,
S5HT3 and/or SHT6 receptors, including those described in WO-09902159,

5 WO-00002550 and/or WO-00028993;

9) A testosterone replacement agent (including dehydroandrostendione),
testosterone (e.g. Tostrelle™, LibiGel™), dihydrotestosterone or a
testosterone implant;

10) Selective androgen receptor modulators e.g. LGD-2226;

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 Suitable 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 Dbis(trifluoromethyl)phenyl)ethoxy-4-(5-(dimethylamino)methyl-1,2,3-triazol-4-
yl)methyl-3-(S)-(4-fluorophenyl)morpholine. See for example International
Patent Application publication number WO2006/049933.
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With particular reference to the use of the compounds of the invention for the

treatment of lower urinary tract dysfunction, combinations with other agents

may include but are not limited to

e Muscarinic acetylcholine receptor antagonist such as tolterodine;

e Alpha adrenergic receptor antagonist, in particular an alpha1 adrenergic
receptor antagonist or an alpha2 adrenergic receptor antagonist;

¢ Alpha adrenergic receptor agonist or partial agonist, in particular an alpha1
adrenergic receptor agonist or partial agonist, or an alpha2 adrenergic
receptor agonist or partial agonist;

e 5HT2C agonist (see WO 2004/096196);

e Serotonin and Noradrenalin reuptake inhibitor (SNRI);

e Noradrenalin reuptake inhibitor (NRI) such as reboxetine, either in its
racemic or (S,S)-enantiomeric form;

¢ Vanilloid receptor (VR) antagonist, such as capsaicin;

e alpha2delta ligand, such as gabapentin or pregabalin;

e Beta3 adrenergic receptor agonist;

e 5HT1a receptor antagonist or 5HT1a receptor inverse agonist;

e Prostanoid receptor antagonist, e.g. EP1 receptor antagonist.

With regard to the use of the compounds of formula (1) in the treatment of

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

dirlotapide), 11B-hydroxy steroid dehydrogenase-1 (113-HSD type 1) inhibitors,

peptide YYs3 and analogs thereof, cholecystokinin-A (CCK-A) agonists,

monoamine reuptake inhibitors (such as sibutramine), sympathomimetic

agents, PBs; adrenergic receptor agonists, dopamine receptor agonists (such as

bromocriptine), melanocyte-stimulating hormone receptor analogs, 5HT2c

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 to 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 YYs;3 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 6,518,264; 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, WOO04/048317,
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 .3 (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 PDES5 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)phenyl]-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-blindole-1,4-dione (IC-351 or tadalafil);
2-[2-ethoxy-5-(4-ethyl-piperazin-1-yl-1-sulphonyl)-phenyl]-5-methyl-7-propyl-
3H-imidazo[5,1-1][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-ylsulphonyl)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 to 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 agonist activity; selectivity

Measurement of in vitro aqonist potency (ECs) 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 (CAMP). Changes
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in cCAMP levels following treatment of recombinant MC1 and MC3 cell lines with
test compound were measured and an MC1 and MC3 potency estimate (ECs)
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 (DMSO) 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-Isobutyl-1-methylxanthine (IBMX) at a
concentration of 750 uM 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
log+o inhibitor concentration vs percent effect using a custom made software
application called SIGHTS and ECs, estimates determined by the software 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 ECs5, estimates obtained in different experiments.

MC5 and MC4 ECs, 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

.0
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Nle4, D-Phe7-a-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-a-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 ['®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
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.

Nle4, 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

from cells expressing the MC3R using a competition binding assay versus ['l]

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

S
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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 Pooled human liver microsomes,
Microsome Concentration 0.1 mg/mL

P450 Concentration 0.03 uMm

Regeneration System NADPH (1.3 mM)

Assay Time 8 min




AP3 Rf Precursor (Prep #) 40c O --SITIINNINLIi NF 580 ----S N ---\

74 41A fi F 590 - 91 42A Ib ON/s \- 0 O NN 542 2.54 68 WO
2010/ 0159voRAIV1BZR09/ 053317 58 43A " PCT/IB2009/053317
Probe Substrate (Enzyme Probed) Concentration
Tacrine (1A2) 2 uM
Diclofenac (2C9) 5 uM
Dextromethorphan (2D6) 5 uM
Midazolam (3A4) 2 uM
Inhibitors Concentration
NCE (test compound) 3 UM
Miconazole (universal control) 3 uM

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 yM. 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% <1 uM
25-75% 1-10 uM
< 25% >10uM
10 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
15 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 Reagents
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gi ve the LESHC 15 which was purified by AP3 (rf 2.68) to obtain the
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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. 50uM p-Nitrophenol (PNP) (Sigma) - 0.69mg dissolved in 100m| 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 Viiro Rate Determination Using Hepatic & Supermix

Microsomes
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Isocitric acid

0.1M

5mM

75l

Isocitric

dehydrogenase

on bottle

1 unit perml *

see below*

10 1

*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 = IS;SX

000 = 25.4yl.

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 microsomes 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 237.5ul of incubation mix and place in test tube for PNA positive

20

control. Add 2.5ul of PNA solution, whirlimix, and put tube into a rack in the

thermostatically controlled shaking water bath
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5. Remove 100ul for no substrate control and dispense in test tube. Place test

tube in a rack in the thermostatically controlled shaking water bath.

6. Add substrate to the incubation. The substrate should be at an initial
concentration of 1uM. The volume of substrate required in the remaining
1.162.5ml incubation is calculated as follows:

RMM x incubation vol.x initial conc.in incubation

1000 x stock substrate solution conc.
N.B. The volume of organic solvent added should not exceed 0.1% of

the total incubation volume.

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.

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 (75ul to each 1.162.5ml incubation mix, 12.5ul
to positive control tube and 5ul to 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 100pl aliquots up to 9 different sampling points from 0 to 60 min
(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.

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 250ul of a PNP standard

cl -N
ci ON
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at 50uM, and add 1ml 20% TCA. Whirlimix both tubes and leave for approx 5
min to allow the protein to precipitate.

Centrifuge both tubes for approx 5 min in an instrument set at 3500rpm.
Remove 1ml of supernatant and place into clean test tubes, discard the

5 remainder.

Add 1ml 10M NaOH to the supernatant, whirlimix, and leave to stand for approx
5 min. Blank spectrophotometer with distilled water at 400 nm then measure
absorbance of the PNP standard against distilled water. The microsomal 4-
nitroanisole O-demethylase activity is calculated as follows:

10 Calculation of results

Absorbance sample x nmoles PNP in standard (ie

12.5nmoles)
Absorbance PNP std x 60 x 0.125

= nmoles/min/nmol P450
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.



69 A = mxture of epiners; B= single epinmer Exanples 58-65 were prepared
according to schene 2. 5 Exanple 58:

6- 1( 3S, 4Ry02010/6837¢4- chl or ophenvl)-4-(3,3,3 -trifl uoropropanmwdys33l , 4-d
iazocan -1 -vll1lcarbonvl}-4-(2,4 -d if3uorophenvflpyrrolid in-1 -

vl | Pyridazine-3-carbon itri le ClI To a solution of the conpound of
preparation 81 (15ng, 0.028mmvl) in DCM 10 (1nL) were added triethyl am ne
(314, O. %?f}mm@ ity (B, $=t ri F14ior opr opi oni ¢ acid (9ng, 0.068ml) and HATU
(32ny, 0.084mmo 3 'I(he reactkon m xture was stirred at RT for 16h. The
reaction was dil uted by addi ng sodi um hydrogen carbonate sol ution (2nm) and
ext r act ed\grpafivebninexial conplant 6ahoseeP iehERi te XN ClRBFaNCIfdENL r at ed
in vacuo [ [ .. 15 Purification by AP3 gave 3ng (17%
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, 4- 30 (angAnbrdRe0 WD 2010/ 015972PCT/ 1B2009/ 053317 63 To a solution of
t he conpound of preparation 70 (30ng, 0.061nmol) in DCM (10nlL) were added
triethylamne (43pL, 0.43mvl), 2-chloro-1, 3- dinethylimdazolinium

chl ori de Addinfration Meweas) and tetrahydro-2H pyran-4- 5 carboxylic acid
(40ny, 0. 3TImmoIl). The reaction m xture was stirred at RT for 48h. The
react i on Gespaoinds eof Hige advientjos odfitandéy dfasg@havasteuticad ¥ed umayn fe2nl) and
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3, 3-di f | exciptarits ODhé aeves andeipight’ & aséd hefstm 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),



5 0.061mmol ). The reaction m xture was stirred at RT for 24h. The reaction
was filtered, and filtrate concentrated in vacuo. The residue was dil uted
by addi ngweadiwuntsdrgdr ogen car bonate sol ution (15nmL) andPeXtiBzoOY/@IB3W t h

Et OAc (3 x 15nL). The conbi ned organi4 extracts were concentrated in vacuo
to give the crude residue which was purified by AP3 (rf 2.74) to obtain
1.6ng (4% vyi el d) 10 of the title conpound. LRMS: APClI + m z 608
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5 The effective dosage of active ingredient employed may vary depending on the
particular compound employed, the mode of administration, characteristics of
the mammal to be treated (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.

10 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

15 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

20 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

25 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

30 optimal therapeutic response.

When ftreating 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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administration may involve swallowing, so that the compound enters the
gastrointestinal tract, and/or buccal, lingual or sublingual administration by
which the compound enters the blood stream directly from the mouth.

15 Formulations suitable for oral administration include solid, semi-solid and liquid
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 Liquid 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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carboxymethyl cellulose, calcium carboxymethyl cellulose, croscarmellose
sodium, crospovidone, polyvinylpyrrolidone, methyl cellulose, microcrystalline
cellulose, lower alkyl-substituted hydroxypropyl cellulose, starch, pregelatinised
starch and sodium alginate. Generally, the disintegrant will comprise from 1
5 wt% to 25 wt%, preferably from 5 wt% to 20 wt% of the dosage form.
Binders are generally used to impart cohesive qualities to a tablet formulation.
Suitable binders include microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums, polyvinylpyrrolidone,
pregelatinised  starch, hydroxypropyl cellulose and  hydroxypropyl
10 methylcellulose. Tablets may also contain diluents, such as lactose
(monohydrate, spray-dried monohydrate, 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
15 lauryl 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 wt% 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
20 stearate with sodium lauryl sulphate. Lubricants generally comprise from 0.25
wt% to 10 wt%, preferably from 0.5 wt% 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
25 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
30 comprise one or more layers and may be coated or uncoated; it may even be

encapsulated.
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The formulation of tablets is discussed in Pharmaceutical Dosage Forms:

Tablets, Vol. 1, by H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980).
Consumable oral films for human or veterinary use are typically pliable water-
5 soluble or water-swellable thin fiim dosage forms which may be rapidly
dissolving or mucoadhesive and typically comprise a compound of formula (1),
a film-forming polymer, a binder, a solvent, a humectant, a plasticiser, a
stabiliser or emulsifier, a viscosity-modifying agent and a solvent. Some
components of the formulation may perform more than one function.

10 The compound of formula (I) may be water-soluble or insoluble. A water-
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 (I) may be

15 in the form of multiparticulate beads.

The film-forming polymer may be selected from natural polysaccharides,
proteins, or synthetic 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
and/or modified release. Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and programmed release.

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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al (2001). The use of chewing gum to achieve controlled release is described in
WO 00/35298.

The compounds of the invention may also be administered directly into the
blood stream, into muscle, or into an internal organ. Suitable means for
parenteral administration include intravenous, intraarterial, intraperitoneal,
intrathecal, intraventricular, intraurethral, intrasternal, intracranial,
intramuscular, intrasynovial and subcutaneous. Suitable devices for parenteral
administration include needle (including microneedle) injectors, needle-free
injectors and infusion techniques.

Parenteral formulations are typically aqueous 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.

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 (l) used in the preparation of parenteral
solutions may be increased by the use of appropriate formulation techniques,
such as the incorporation of solubility-enhancing agents.

Formulations for parenteral administration may be formulated to be immediate
and/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,
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-coglycolic)acid (PGLA) microspheres.
The compounds of the invention may also be administered topically,
(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.

' 615 _ 52 and 17 68

NH
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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™, efc.) 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 phosphatidylcholine) 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 propellant(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 /-leucine,
mannitol, or magnesium stearate. The lactose may be anhydrous or in the form
of the monohydrate, preferably the latter. Other suitable excipients include
dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose and trehalose.

A suitable solution formulation for use 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 1pl to 100ul. A typical formulation may comprise a compound of formula
(1), propylene glycol, 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
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-, controlled-, targeted and
programmed release.

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 (1). The overall
daily dose will typically be in the range 0.001 mg to 40 mg which may be
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
appropriate.

Formulations for rectal/vaginal 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, gelan 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
and/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 cyclodextrin 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 contains 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
5 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
10 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:
15
AP3 autopurification
APCI atmospheric pressure chemical ionisation
Arbocel® filter agent
br broad
Celite® filter agent

) chemical shift

d doublet

dd double doublet

DCM dichloromethane

DMAP 4-dimethylaminopyridine

DMF dimethylformamide

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

EtOAcC 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
S 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-[(3S.4R)-3-{[4-acetyl-5-(4-methoxyphenyl)-1.4-diazocan-1-

vllcarbonyl}-4-(2.4-difluorophenyl)pyrrolidin-1-yl]pyridazine-3-carbonitrile

0 F
O’pr% F
N
N™T
Na

1l
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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dried over magnesium sulfate and concentrated in 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
titte compound as a mixture of epimers as a yellow foam.
'H NMR (400 MHz, CD50D) & 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 (7H, 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 MS MH +ion | AP3 Rf
(Prep #)
j F
RS
2" ] ? 563 _ 76
l
o\ N N /O Q
3" N 506 2 39 68
/ZZ) F
Sa@e:
4* -~ ? 575 _ 75
Ul

z
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532
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A = m xture of epiners;

B= sin

gl e epi nmer

Exanpl e 98: net hyl
8S- (4- chl orophenyl) - 4-41(3S, 4S) - 4- (5-chl oropyri di n- 2-

vl) - 1- (6-woanmpisidazi n- 3- Qoyrrolid i n-3-yl | carbonyll- 1p¢TdBrmgossare- 1- 5
car boxyl at e To a solution of the Bonmpound of preparation 65 (24ng,
0.075mml ) in DCM (3nmL) were added diisopropyl et hylam ne (79pL, 0.46mol),
HBTU (47ng—0-13mmpl)—and the conpound of preparation-15a (40nmy,—0.13mmmol ).
The 10 reaction mxture was stirred j[at RT for 24h then dlluted by addi ng
sodi um hydrogen carbonate sol ution (2nmL). The separated|organic extracts
were concentrated |in ugxt @%ve tlhe crude residue which was purified by
AP3 (rf 8.67Y to obta % yilel d)o8F the t3pbe conpourd®. LRVE: APCl +
mz 594 [ MK]. 72 |[Ex es 9 105 These conpounds were|prepared by|the
met hod of exanple |98 starting fron1the appropriate precursors as listed in
the tabl €. Exanple Structure M5 MH 4 ion AP3 Rf Precursors (Prep #)|99A ID
NO\ - Nyv556-—98and 19 100A N9 053698 and 20—101A
18 Tw% F 520 2139 69
19° Xm%@ 545 88
2.53
mW ;\‘\
20° Yﬁ%@ 559 88
2.66
o d
B ﬁ/ -
21 # 579 3.31 81
[l
SR
22° ? 607 3.51 81
Il




- N7 548 - 98 and 21 102B \a N N 1INl 614 3.65 65 and 17a 103A 4 MN P . =
---\< 0O N/ 520 - 98 and 22 A = mxture of epiners; B = single epiner WO
2010/ 0159voRCVaBZR09/ 053317 73 Exanpl e 104: PCT/IB2009/053317
1-{[(3S,4R)-1-tert-butvl-4-(2,4-d ifl¥orophenvflpyrrolid in-3-
vl | carbonvl}-4-butvrvl-5-phenvl-1,4-d iazocane To a solution of the
Con'pound of preparat ion—-100 {’)Am1 0 ﬂ75r‘mq)|) i-rn—5 dinet h\/l acetam - de
(1.25m) |were added 'M@et hyl am ne (42pL, 0. 30mmol ), TBTU (24rrg, 0. 075l )
and the ¢conpound of Ml;l 21 (|/12ng, 0.050mmol). The reaction m xture
was shaken at 60C for Eg . +eact|i on m xture was conc¢entrated in|vacuo
to give theZ8rude residue. Purificatfion®\y AP3|(r3.38.68) gavd2ing (27%
yield) of the titlle conpounﬁés a mixture of 10 epiners.| LRVS: APCI + nifz
526 [ MK]| Exanpl es/ 105-108 re prepared according to schene 4.
Exanpl e105: 6- 1(3S,[4R) - 3-{ 1. 5- (4- chl or ophenv1l) - 4- (net hvl sul fonvl)-1, 4- 15 d
iazocan- 1-vllcarbonvl}-4-(2-fl uoro-4-net hoxvphenvilpyrroelid in-1
vl iovridazi ne- 3-carbm@ trile o To a solution of the ¢onpound of
preparatijon 92 (30ny in acetonitrile (10nL) |were added
3-chl or o1 6- cyanopyri daz hé , 0./1086mmul
2>41rQ Py j (NF nﬁg 619) 3.38 72
i
25° ? 619 338 72
il
26° ; (F 659 3.54 72
Ul
\?U%Q
27° T B 596 3.12 80
G
28" T 610 3.92 80
[
s




20 and N, N-di i sopropyl et hyl am ne (404, 0.23mmol).

stirred at reflux for 3h. The reaction was concentrated in vacuo and

The reacti on m xture was

resi due awbuvsdibyr2addi ng sodi um hydrogen car bonat e sol rCran2004/0333)7 and

extracted with Et0OAc (3 x 10m).
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A = mixture of epimers; B = single epimer

Example

39:

6-[(3R.4S)-3-(2,4-difluorophenyl)-4-{[4-(methylsulfonyl)-5-

phenyl-1.4-diazocan-1-yllcarbonyl}pyrrolidin-1-yllnicotinonitrile

%Q

To a solution of the compound of preparation 73 (25mg, 0.05mmol) in DCM

(5mL) were added triethylamine (28ulL, 0.2mmol) and methanesulphonyl

chloride (8uL, 0.1mmol).

The reaction mixture was stirred at RT for 72h.
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chl or ophenyl  substituent site with respect to _exanple

2010/ 015$emg TRl Wes Hiif rfr@se;ahﬁ@%%tah{is @WF’V\/&%@QM@%@QQ%M ding to
schene 6.

Exarpl e1 a6 PYEInge or & uthen 18y JP§ RaRta) Was dite it PEM 10mb). d
i azocan- bndl westidedwith watef 2-0rhiyoMhredorgah flvoentive mesl gijed olvérdmagndsivil- 2- 5

met hyl pyri dazi n- 3(2H) - one
sulfate and concentrated in vacuo to give the crude residue. Purification by

5 column chromatography on silica gel using dichloromethane:methanol (100:0 to
95:5) gave 16mg (55%) of the title compound as a white solid. The title
compound is a single epimer, but with unknown absolute configuration at the
point of 5-phenyl substitution.

'H NMR (400 MHz, CDsOD) & 1.2-2.2 (4H, br, m), 2.34 (3H, s), 2.39 (3H, s),
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 #)
S
40° 580 74

%sz‘;ﬁ
41* @WU%Q 590 o1

42" °>1NWN§? F 542 2 54 68




To a solution of the conmpound of exanple 111 (45ng, 0.073mmol) in DVF (2nlL)
were added lithiumbromde (7.6ng, 0.087mml), and sodi um

hexanet hywaoi2eio@zi7de (16ng, 0.087nmol). The reacti on m PCUAB200853317 rred at
10 RT for 30 min. Methyl iodide (5.4p8, 0.087mvl) was added and the

resulting solution stirred at RT for 24h. The reaction was concentrated in
vacuo, the residue was diluted hy addi ng sodium h\/drngnn arbonate sol uti on

oot

(20nm.) and extractled with ethyl acetjate (4 x 20nL). The cpnbi ned organic
extracts|were washed mrl ne.(20rmL), and congentrated |jn vacuo to give
the crude residue.| 15 ation by colum chrjomat ography on silica gel
usi ng di ¢hl o#&het Hane: met hanol: 0c 88 |armo®b8 (95:(5: 0.4 gave 469y (59% of
the title conpound as a m xtuffe of gpinmers as a|foam 1H NVR (400
MHz, CD30D) 8 1.09-1.34 (2H, 7% 1.43-2.53 (6H, |m, 2.85-8.23 (1H, m,

3.34-4.38 (17H n), 6 60 6 76 (2H, m, 6 87 6 91 (1H n), 7 01 7 09|20 (2H
m, 7.24 S—APCH+ 7z 632

conpounds »eeréﬁm@saéf&plwrﬁ e ﬁm%%&pwe@m@hmo@?'d;oeﬁlewai@nf@to%et ne>e

appropri at r ted in the table. WO
2010/015973’&%8@5’%@%% 79 Exanple Structure MS MH + ion AP3 Rf
Precursor (Exanple #) 116A 40N - 612 - 112 117D C 40 N0411 0s_/ O O -
632 3.46 113 118B Cl 0- 40l

Example 44: 4- {[(3S 4R) 1-tert butvl-4 (2,4-difluorophenyl)pyrrolidin-3-

5 vyl]lcarbonyl}-8S-(4-chlorophenyl)-N.N-diethyl-1.4-diazocane-1-carboxamide

L
ONﬁ/%Q

To a solution of the compound of preparation 70 (40mg, 0.082mmol) in pyridine
(1TmL) 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.
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To a solution of the compound of preparation 82 (40mg, 0.074mmol) in DCM

(5mL) were added N,N-diisopropylethylamine (51uL, 0.296mmol) and methyl

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
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10 (3H,

fracti onal

n,
7.26-7.31 (4H m.

1. 96-

2.04 (1H, M),

2.74-

3.10 (6H,

m,

3.84-3.88 (1H, m,
LRMS: APCl+ nmiz 225 [MK]. Alternatively,
of the rawerrnw/asavpound of preparation 6 with a chiral
crystallisation of a singl@ diastereoisoneric salt 12c with the

salt formation

RCrdB0Y/03%8 L7

advant age of subsequently allow ng el ucidation of absolute 15

stereochemstry. C 12¢c Thus, 5. 0g-of the racem c conpgund of preparation
6 was dissolved in tert- butyl nethyl ether (150n), the solution heated to
57C then|75mL sol vient evapo it ed| at at nospheri c pressure. 45nml et hanol
was added and,a further | t he| sol uti on evaporated.] On cooling|to 45C,
8.2g di-p-t &ifuoyl -|L- taﬁfaf’c ici'd was ch3®ged iln pme porlti onB9t he
suspensi on reheated to °45C and the sol ution alllowed to dool to 20C over

t hree hours before¢ granulatlﬁb‘for a further 13h. Filtration gave the

di -p-toluoyl-L-tartrate salt 12c (8, 59g) as a white 25 sqlid which, upon
repeated'recrystallisation from10% v/v water i'n nethanol, gave natbrlal of
>98%¢e. f%ér%%gﬁﬁﬁfﬁpﬁ@ﬂﬁrEuﬁﬂﬂﬂﬁﬁpwﬁﬁbmm by X-ray crystallography, was t he

di azocane S enantioner. Chiral HPLC analysis of 'free-based 12c showed

that this corresponded with enantioner 12a. WO

2010/ 015®x2R{pTéd B8 BMWeRSPBiepaded according to scheme 2.
Preparationl3: ()-tert-butyl 5-(4-chl orophenyl)-1, 4-di azocane- 1-
c

car boxyl at e
05 Trlethyl am ne (0.285nL, 2.05mpl) was added to a

Fﬂ[ rJo)prbg {LSE gﬁ 10m),

sol ution W\ﬁ-‘éiléidddrﬁql \mcamohvn 41-6114 dThaof@@ﬁémmwﬁénanment rated in vacuo
and residue diTuted by adding sodi um hydrogen carbonate solution (10nmL) and

ext r act e¢llpvridaZirond-carbonitdil€0ml) . The conbi ned organic extracts were

concentrated in vacuo to givg the crude residue. Purification by colum
chromat ography on silica gel u Et OAc gave 489ngy (63% of the racemc
title conpound as a col ourl ess Nl\/ge (40 MHz, CDCI3) 8 1.47 -1.49

(9H, m, 1.54-1.70 (2H, m, 174>1 (4 LRVG: El + ml z 325 [M].

Enantionmers 13a and 13b were si mi | ar pr redr starting fromthe conpounds
ely.

()-1-tert-butyl 4-nmethyl 5-(4-chlorophenyl

of preparations 12a and 12b, respectiv 20 Preparation 14:

-1, 4-di azocanel, 4-di car boxyl at e
c WD 2010/ 015972PCT/ 1B2009/ 053317 86 TO/afstirred sol ution of the
conpound of preparation 13 (469ng, 1.44 Nin pyridine (15nL) were added
triethylamne (8054, 5.77mmol), nethyl chloroformate (7814, 10.12nmol) and

DVAP (352ngy, 2.88mmmol). The reaction was sfirred at 60C for 16h. The

reaction was cooled to RT and was . .
To a solution of the compound of preparation 81 (15mg, 0.028mmol) in DCM

HN \ / NO/

10 (1mL) were added triethylamine (31uL, 0.224mmol), 3,3,3-trifluoropropionic
acid (9mg, 0.068mmol) and HATU (32mg, 0.084mmol). The reaction mixture
was stirred at RT for 16h. The reaction was diluted by adding sodium hydrogen
carbonate solution (2mL) and extracted with DCM (2mL). The combined
organic extracts were concentrated in vacuo to give the crude residue.
Purification by AP3 gave 3mg (17%) of the title compound. AP3 Rf = 3.5.

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

15

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

vllcarbonyl}-5S-(4-chlorophenyl)-4-(tetrahydro-2H-pyran-4-ylcarbonyl)-1.4-

20 diazocane



5 quenched by addi ng potassium carbonate solution (10nmL). The reaction

m xture was concentrated in vacuo and the residue diluted with water
(15n). TWe 2amumEasre m xture was extracted with DCM (3 xPCOme3009/a33817conbi ned
organi c extracts were concentrated i m3vacuo to give the crude residue.
Purification by col um chromatography on silica gel using pentane: ethyl 10
acetate (gradient from3:1 to pure Et0Ac) gave 322ng (58% of the racemc
title conpound as a col ourl ess q 1H NWVR (4@0 MHz, CDCI3) 61.35-1.50

(9H, s), 1.55-1.65 (1H, ), 1.80:1795 (2H 2.05-2.30 (1H n), 2.85-3.15
. 65-(1 .65-3.80 (3H, m, 3.90-4.00
4K

(3H, m), 3.40-3.50 (1H, m, 3.55-

(1H, m, 5.00-5.35 (1H, m, 7.05%7:80 1 LRVS: APCI+ niz 283 [M -
Boc + H . Enantionmers l1l4a and re simlarly prepared starting fromthe
conpounds of preparations 1 13b, resPectively. CI Cl- O/NNON \ NO
0000 14al14b 20 Preparation 15: ()-nethvi 4-chl orophenvl) -1, 4-d

i azocane- 1-carboxylate CI \ O/NH To a stirred solution of the conmpound of
prepar at ifena Isbl{tk22of) thed c8ahpommd )ofip'remdti()ﬁrﬁ[o (3@ragadEd nmvbr)yidrI@Nh

chloride in 1,4-di oxane, (5m) The reacti stirre RT for, 16h. The
react i on (WRLUr eWRESS rtﬁﬁm qpings rQa‘Eetrﬂ@oﬁe &$0lYPt ufed with

bt (3 x CIGEl AR TALES cAbrE @’%%W%@é}%ﬁ{%@%ﬁ?w v
extrad s caevaxytiormecih(4Ghgd0i3 mmol)o Trte giacﬂﬂoaaﬁrmr(e%% stifretihet RBd@M C

title corrpound as a yellow oil. (400 MHz, CDC13) 61.75-2.05 (2H,
rr), 2. 25480 d'hélﬂqacﬁ?n V@%Q”Qteg\ﬂp}( gqiplng)sodzur%h;gdrggera sarbenate sopsion 25 (2H,

(4i—| 3nr)4 d @E@g%ﬂﬂ@'%g" gggﬁl ?Z/%Xﬁaéé f%ﬁ%ﬁ%&ﬁgze Igi(«/%?goqg ’évesfﬁrﬁol er ?3

pr epar ed calidd Fgidud.rRUTIficatos gsmﬂ amgégm%twe)@)soﬂmé taleccobdound
/ NH \ 15a 10 Preparation 16: ()-tert-butvi

respectively. ClC Eﬁ.) 0N

5- (4-chl dﬁ%‘ﬂ@nv'—lmﬂ - ORGIh /g 60RAMINY - 1, 4- di azocane- 1- carboxyl ate C
DI\/AP{ .67g, 21.9mmol) was added to a solution of the conmpound of

prepa ati on 13 (2.37g, 7.30mmol) in pyridine (20m.), methanesul fonyl

chl ori de Eankplef9rd0: 231-§BRUR) eeraduddl-£(2 4t diAubpsphé AT weblidink8- Was

stirred at b0C for 3h. The reaciron was concenirated In vacuo and residue

di | ut ed cadoonyl} B84 4-chioropheny s 1rneth r cavh -¢dl-wi t h Et OAc
(4 x 50m).. The conbi ned organic extracts were washed with 10%citric acid
(50m), Mrﬁl), dried over sodium sul phate, filtered and concentr at ed

in vacuo to give
O
S
o0Z N N j(
F
m/ N

15 This compound was prepared by the method of example 59 using the

Cl

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-
yvllcarbonyl}-5S-4-chlorophenyl)-4-[(3.3-difluorocyclobutyl)carbonyl]-1.4-

diazocane



20 the crude residue. Purification by columm chromatography on silica gel
usi ng pentane:ethyl acetate (1:1) gave 1.699g (58% of the racemc title
conmpound We 2a1000bwar | ess oil. WO 2010/ 015972PCT/ 1B2009,05382009/8831H NVR
(400 MHz, CDCI3) 8 1.47 -1.49 (9H, me64 1.70-1.77 (2H, m, 1.98-2.06 (1H,
m, 2.12-2.30 (1H, n), 2.40-2.43 (3H, nm, 3.11-3.30 (1H, m, 3.34-3.46 (2H,
m, 3.52-3.60 (1H, nm, 3.73-3.89 (1H, mM, 4.07-4.15 (1H, m, 4.91-4.98
(1H m, 7.22-7.26 (2H m, 7.3E<Z°35 (2H m. ERVS: APC+ nz 403 [MWK]. 5
Preparation 17: ()-8-(4-chlor oph [)-1-(nmethy suI fonyl) -1, 4-di azocane
hydrochloride CI  4M HCl in di oxane, (20ny, {:@' Dl ) was added to the
conmpound of preparation 10 16 (1lpb9d, ANTQmOI) and the resulting sol ution
was stirred at RT for 16h. The g®getN 0 s \cofcentrated in vacuo to gi ve
1.42g (1009 of the racemc (t:li conpoundNas an off-white solid. 1H
NVR (400 MHz, CDCI3) 8 1.92 =2.12 (2H, n)?kz. 22 -2.43 (4H, m, 2.86-3.01
(1H, m, 3.36-3.80 (5H mM, 4.14-4.26 (1H, m, 4.49-5.07 (1H m, 7.30-7.39
15 (4H, Mo aldaMBionABCihe oompd0Bd [diiirep&ratipar &) (30rag,10d6Anmdhas eDChhpounds

e o RRGE) LSRR PP oD, OBFolt s el 3Bt e
MH + 1 on PRARY! S 14F7hABIY) ard 2(3L3-difludtBeydbbLBReEMokg BRid  (8mg,

5 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 (15mL) and extracted with EtOAc (3 x

15mL). The combined organic extracts were concentrated in vacuo to give the

crude residue which was purified by AP3 (rf 2.74) to obtain 1.6mg (4% yield)
10 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.
15

Precursor

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

62° ﬁ“%Q 620 3.75 89

63° J@/RJ% " 607 268 88




18(2) \_ L
00 20(2) 0 249 7

10

15

/A NNH S\/ 0 0 287 11 1 9(2) 269 7 le NH ----S" \/
oyN\ /NH 0 21(2) S 261 7 ONNH
WO 2010/015972 PCT/IB2009/053317
65
My ¢
64° 5&”@ < q 584 266 70
Cl ;\‘\
[,
65° S '“}fcé 572 2 69 70

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-6-0x0-1.6-dihydropyridazin-3-yl)pyrrolidin-3-yllcarbonyl}-1.4-

diazocane-1-carboxylate

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

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

[ \\



22(2) 0 233 7 NH 22a(2) C _ | o_ NNH\/ 1 266 6 22b(1) C 10/\ ON
\/NH 266 12a 23(2) S 248 7 oyN \ /NH
WO 2010/015972 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, CDs0D) § 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 #)
L O
67° A ? 591 3.37 58 and 22b
I

68° O L 582 304 | 55and22b

69° N 598 55 and 15a

70° &D%Q 544 26 57 and 22b

cl N




NH WO 2010/ 015972PCT/ 1 B2009/ 053317 90 24(2) G R 's-N It o NH 288 97
25(2) G o0 ---0 NH 268 97 26(2) C o0 ,--- NH 252 97 (1) single

enant i omewQ 20R)o1sEeemnm ¢ Preparation 27: PCT/IB2009/053317

(4S) - 4- benzyl- 3- 1( 2E) - 3- (2-f | uor o- 4- n&t hoxvphenvf | pr op- 2-

enovil -1, 3-oxazolidin-2-one 5 OV To a solution of comercially

avai | abl e 2-fluoro-4-pet hoxycinnam¢—acid (16. 59,84 1nmmpl) +n DCM{100n.)
at 4C was added DMF (0. 1nL), foll owed

71° /Wuﬁj ' 560 3.7 57 and 15a

72° o 578 3.4 65 and 22b

o= N/\N /O Q
73" O 535 98 and 23

74° 2! o 542

- 99 and 20
/O\« AN 3 F
75 ° % 595 i 52 and 15
U
e d
76" e 615 52 and 17




by dropw se addition of a solution of oxalyl
DCM (50nl).

chloride (14.8n, 170mmmol)
The reaction m xture was warned to RT over 3h. The reaction was

in

10 concerwoabwdisgrzvacuo and azeotroped with DCM (2 x 1@OmIB200wogp3VvEe t he
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Preparati ons 30-32

10 These conpounds were prepared by the nethod of

preparation 29 using the appropriate precursor(s) as listed in the table.
Each conpworndiovasd7ebt ai ned as a si ngl e di ast ereoi soner. PPTAP20DI301T

Structure MS WMH + ion Precursor(s) (®rep #) 30 / 00 10 466 28 31 ::)
0OO0it F- ad45527320 <c),,/0 441 102 and 103 15
Pr epar at iron33-nethyl (3S,4R)-1-benzyl-4-(2-fl yoro-4-
met hoxyphenyl ) pyrrol i di ne-3-carboxy|ate WO 2010/ 015972RCT/ 1B2009/ 053317 93
0- Q
83" i 548 _ 100 and 15
A
84" NN Q 518 2 45 100 and 26
85" /M%Q 554 2 55 100 and 24
86" o M%Q 534 2 66 100 and 25
N N /O *
87" o Jb 604 ] 64 and 17
?
. Wi / Q
88" @'fé 607 376 58 and 15b
il




To a stirred solution of the conpound of preparation 29 (12.00g,
(100nm.) at RT was added samarium (I11)
1. 96mmmol ) portionw sePCThB200®8%38i70n was 5

i n anhydrous net hanol
trifl uor owetzhewmasuf onate (1. 17g,
under
concentrated in vacuo to give the crude residue.

allowed to stir

ni trogen for

24.

56rmol )

161 at RT. The reaction m xture was
Purification by colum

chr omat ography—on-silica gel using pentane-ethyl acetate (gradient from4:1
to 1:1) gave 6.50g (77% of the t|t e conmpound [as a single enantiongr as a
pal e yellow oil. lO 1H N?R\QA@? d6-DWVs0) 8 2.55 -2.65 (1H, m,
2.90-3.05 (3H. m gz 1H, M, 3.60-3.65 (4H, )|, 3.70-3.85|(5H
m, 6.60+6. @(1H d) 6*70 .75 (1H, do)§077. 20-(7. 40rq 6H,| B8 andRiBa APCI +
mz 344 [ VMH +. Preparations 4-36 15 These conpounds were prepared|by the
met hod of preparation 33 usihg the precursor as listed ijn the table| Each
conpound|was obtajned as a single epantioner. Rreparation Structure|M5 MH +
ion Precursor—{(Prep#-34 -\ /0D 0-S 321 30 WD
2010/015372PCT/I82009%85i337 94, \0| Il 35 F 310 31 cl O
o N N /O Q
90° LD 598 ] 55 and 15b
Sl
91° «u%Q 560 2 53 57 and 15a
=l
92" osa Q 580 i 57 and 17
X
Cl \o
93 T % F 552 259 63 and 26
Cl \o
A N N { Q
94 1T % F 588 263 63 and 24




36

296 32 Preparation 37:
(3S,4R) - 4- (2-fl uor o- 4- net hoxyphenyl ) pyrrolidi ne- 3-
sol uti on Wb 20tv18602pound of preparation 33 (1.8g,

(20nm.) were added 20% pal | adi um hydr o’i de on carbon (180np),

met hyl

car boxyl ate
5. 2nmeCx/1BroosveisdEmol

and 1-

5 To a

met hyl - 1, 4- cycl ohexadi ene (2.94nL, 26.2mvl ). The reaction m xture was
stirred at—refluxfor 2. 5h then cooled to RF—The reactionwas filtered
over Arbocel (r) washf w th nmethanpl. The filtirate was |concentrated in
vacuo to|10 obtain 1. 98% yi(el d) of the titjle corrpound as a col ourl ess
oi . 1H NVR (400 Mz, ,COB0D){ 62.83-2.89 (1H )|, 3.09-3. é ﬁrg
3.20-3.25 (99" m,| 3. 2@13787 2H m, 3.%383.66 (240 M, ﬁnq $), 3.77
(3H, s),|6.64- 6.72 (2H, m, ¥.20-7/24 (1H, m.| LRVS: AR |+ mz 254 |[MK].
15 Preparation38: net hyl (3S, 48)» 4- (5 chl oropyri di n-2-y1) -|1-

11, 2, 41tri azol o[ 4] 3- bl pyri dazi'h-6-y| pyrrolidi ne-3-car boxyl ate WO

2010/ 015972PCT/1B2009/ 053317 95 cl To—a solutlion-of the r\nmpnllnrl of
preparation 104 ( i h n- butanol| (20m) vwas added

di i sopropyl et hyl am mol ), foll agwed by

6-chloro[ 1,2 4]tr azine (811ng, 5.25mmmul). The resulting 5
sol uti on| wasPbvar m The @hcti gn mi-xt ur g Kesanbhdent r at ed
in vacuo| The res ced between Qrine (30nL) and Et OA¢
(50nm.). The organ ried over magnesi um sjul phate, filtered
and concentr at ed ne crude residue. Purjification by colum
chr omat ography—en di chl or onet hane: net hanol (95:5) gave 10
1.53g (100% of t as a singlel|enantionmer as an oily solid.
1H NWVR (400 MHz, s), 3.67-3./184 (3H, m), 3.93-4.00 (1H,
m, 4.0374.10 ,(2H H m, 7.37-7.42 (1H, %775780(1H,
M. 7.8617. H(1H . . H m558. 95 [(1H- s). |L anp2P+ | nf z 359
[ MK]. 15| Preparation 39: net h))(L

(3S, 4S) - 4- (2, 4-di {1 uorophenyl) 21-1. 1, 2, 41tri azql o[ 4, 3-

bl pyri dazi n- 6-yl p/rrol i d| ne- 3- carbo><y| ate \' \| NN This conpound|was

pr epar ed “by—the—peth Ea. ati-on—38;——starti-ngfrom20the——sane

chl or o- het&oWﬁiuéeQﬁﬁpW%%cg AUIEI8 ERfMBk epar ati on 105. LRMS: APCl + miz 360

[ MK]. WO 2010/ 015972PCT/ | B2009/ 053317 96 Preparations 40-43 These
conpounds were prepared by the nmethod of exanple 105 starting from
comrer ci dxXampleadBalinettdylic BEddecllocypinemyl)-4<fi(3 S)14S el Stditoappyridin-21 e

vl)-1-(6-cyanopyridazin-3-yl)pyrrolidin-3-ylJcarbonyl}-1.4-diazocane-1-

5

10

carboxylate

Il
N

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".



5 precursor as listed in the table. Each conpound was obtained as a single
enantioner. Preparation Structure M5 WH + ion Precursor (Prep #) 40 \0

0- 0 N rwb2010/@357237 41 z= z 345 105 42 o / N .---,r RCI/IBR00H/03B17343 104
43 0 --"-1 N1l 111-N 334 96 72

Examples 99-105

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

the appropriate precursors as listed in the table.

5
Precursors
Example Structure MS MH + ion | AP3 Rf

(Prep #)

99" QG RS 556 : 98 and 19

100" GQC Jb 536 - 98 and 20

101% o?“d ) 548 - 98 and 21
102° ? 614 3.65 65 and 17a

Il
103 Q;C % 520 i 98 and 22

A = mixture of epimers; B = single epimer



Preparations 44-45 WO 2010/ 015972PCT/ |1 B2009/ 053317 97 These conpounds were
prepared by the nethod of exanple 107 starting fromcomercially avail able
3, 6- di chiwoapwaiserzi ne and t he appropriate precursor asPCraBmd9/nNiz3the

tabl e. Each conmpound was obtai ned as @ single enantioner. Preparation
Structure M5 MH + ion Precursor (Prep #) 44 0_ 0 C 365 37 45 353 105 -\
z=z 0 /sz\ / I13reparat|ons4t§I 47 These c2 olunds ver e prepa&ed?’by t he

met hod o S .ARY{Intert-huf; Jiflyorophe : A0
preparati :haerrpound was obtained as a si ngl e
enant i One ron Precursor (Prep #) 46 \ N O_

Al " 348 o :
o
J

To a solution of the compound of preparation 100 (24mg, 0.075mmol) in
5 dimethylacetamide (1.25mL) were added triethylamine (42uL, 0.30mmol),

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% yield) 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-[(3S.4R)-3-{[5-(4-chlorophenyl}-4-(methylsulfonyl)-1.4-

15 diazocan-1-yl]lcarbonyl}-4-(2-fluoro-4-methoxyphenyl)pyrrolidin-1-

vllpyridazine-3-carbonitrile

ety gy %Q

N\l

1l
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



44 47 0 0 O NH 336 45 WD 2010/ 015972PCT/ 1B2009/ 053317 98 Preparati on 48:
nmet hyl

(3S, 4R) - aw020fdus970- 4- met hoxypheny1l) - 1- ( 1- net hyl 6- oxo- 1 P6ETABIWADIIPYY | dazi n-
3-yfl pyrrolidine-3-carboxyl ate O 74Thi s conpound was prepared as a
singl e enantioner by the nethod of exanple 5 115 using the conpound of
preparation 46. LRMS, APCl+ nmlz 362 h@gH]. Preparati on 49: nethyl

(3S, 4R) - 419PL)-¢rigd wih oy SWRnate. HiEensd arsl eqreeerdtaied yiavapye i aMen- 3- yfl p

1 Cpar at 1% S0 (98003 Puricalkh BF Gghh crROmBISREDRY PR, Plic 881 Y9BY) "one.
{ Hel vet i eicHliomethadeh®sthdASDIB8 SimoBdY (98b:((8Rgage n§nmety) omtrdegassed

t ol uenené_SOOrrL) at RT were added caesium carbonate (111g, 339nmpl) and
(9, 9- di néiflmeEenmeupsnse Meixiure of epimersiassa whitges®id. phosphi ne] (6. 23g,

10. 8 | Yy dibes T LQD e 5 tw LEh .BLE T oge

10, B! e W 5 90 B SR B PO S 8 R O BR8P v
stirred uun@@gml, hi)oGesn-8ted {51, ! 613he okh@H edgt ¥ 00-7BR(BHE rWF57.f121 tered
under reduced pressure and the residue was washed with 20nl tol uene. The
filtrate Wb (dbrmopliRMEeAPGI 0¥z 687 {MHy]l.ve crude product residue.
Purification by colum chronatography on silica gel using heptane: ethyl 20
acetate (gradient from7:3 to pure EtOAc to EtOAc: MeOH, 95:5) gave 23.85¢g
(2 gi‘(’)/? oﬂs Ex¥finblel | © 198 POUNEtRAA 2 ¥quldoPbphen 3S.48)-4-(2-fluoro-4- (1
m, 31m01ﬁe%xﬁlbﬁenw,-1-%%?ahaldvriel}azirm&ﬂdvﬂbliciih:3-9l]63rl®rﬂb}-ﬂ144; n, ,
3.75-3.90 (2H, m, 3.90-4.00 (1H, m, 6.75-6.95 (4H, m, 7.15-7.25 (1H, m.

diazeganexdrcarbpxylate

LRVS: AP late preparation 50: methyl (3S, 4R
-4-(5-chloropyridin-2-yl)-1-§1- net hyl - 6- oxol, 6-di hydropyri dazi n- 3-yfl pyrrol
i di ne-3-carboxylate Cl Thi onpound wa Fepar ed as a single
enantioner by the nethod of preparation 49 ng the sane

chl oro-heterocycle and the corrpeWN gparation 104. LRMS: APCl+ niz

348 [ MH +. Preparation 51: nethyl,
(3S,4R) - 4-(2-fl uoro-4-net hoxyphenyl) - 1- pyt'i dazi n3-v1Pyrroli di ne- 3- car boxyl a
te 15 To a stirred suspension of the c ound of preparation 44 (407ny,
1.11mol ) in nethanol (5nL) was added 20% pal | adi um (I11) hydroxi de on
carbon catal yst (27ng, 0.189mmol) and 1-nethyl -1, 4-cycl ohexadi ene (438pL,
3.89mmol ). The reaction m xture was stirrgd under nitrogen at reflux for 3h
and then allowed to cool to RT over 16h. The catalyst was filtered off
under ni tihigyeampoung wess pransced () theTnethest eff examples! Ambuestawinghfrant ur t her
Lo et b EBky RS SRR dnlithd CBHERUNG'S (F8PSATER YL s RpLY: Lo o1 ve
15  m/z 607 [MH"].

Example 107: Methyl 8-(4-chlorophenyl}-4-{[(3S,4R)-1-(6-chloropyridazin-3-
vI)-4-(2-fluoro-4-methoxyphenyl)pyrrolidin-3-yllcarbonyl}-1,4-diazocane-1-
carboxylate

Cl o—
SO O
/O\\(NuN’ﬁ_X‘ F
O N
.
Ny

To a solution of the compound of preparation 93 (65mg, 0.13mmol) in

dimethylsulfoxide (2mL) were added 3,6-dichloropyridazine (58mg, 0.39mmol),



WO 2010/ 015972PCT/ 1B2009/ 053317 100 yi el d) of crude product as a col ourl ess
oil that was used directly in the ester hydrolysis of preparation 63. 1F1
NVR (400 wbizp1000&2173) 8 3.45-3.55 (3H, m), 3.68 (3H, s), PBTAB200®b43387), 3. 90-
4.05 (2H, m, 4.05-4.25 (1H, m, 6.60%56.70 (2H, m, 7.05-7.15 (1H, t),
7.20-7.25 5 (1H m, 7.75-7.80 (1H m, 8.60-8.65 (1H d). LRVS: El+ mz
332 [ MH]. Preparationb2: (3S, 4R) - 1-(6-cvanopyridazin-3-vl)-4-(2,4-

di f1 uor oﬁﬁ@ﬁw ﬁypwﬁ i(Q0M8. 8- LHPHERyANE trigihyamine 164r6. @ PeRd BW ution

of the c a 100nmL
and wat e?g?(gmsn F'%S@B ?‘Hgggbetﬁjeﬂfé‘gﬁ%%&%%%b g&;o)gvgp@fél{]lﬁgn )
(9.98n, r@a&nagds dngRw Geth §Muﬁﬁ®96rc?en\ﬂ@érbﬁria@d\&bltﬁtﬁ)rﬁSB(Dmf_Pranbﬁh at

RT, then neutralised with 2M aqueous h ochloric acid (4.99n, 9.98mmmuvl)

and concéxtragtesdwith digthytether (A mmbhctTheegombmaﬂa@rmtemp@hs weren t h

col oursa “seR VB e ZaBld And shafentated ol b D oNRe R et 1
NVR (400 rMsfdue 6 PENEAtich 3b¢0 cokurRR (c%‘rbm%lo r§pﬁ§5 %n803|(|éé*| lg@ ingp- 4. 20
(3H, m, 7.00-7.10 (2H, m, 7.15-7.25 (1H, (1A, m), 7.80-

7.85 (1Hd|cch)loronmt/ﬁ;ane\nmth+amlﬂ 88 Jammvieia (%H@é}ogﬂ&@ﬂo’mg 5(92%) ofTthese

conmpounds. were prepared hy the nmethod of prepar. t on 52 starting fromthe
appropri 3'1“ FE&H@O@S oKy %?Qaepﬁn?rﬁeast%{gpﬁ gbnpound was obt ai ned as

asing e’ / recyursor (Prep
#) 530 @?@Mﬁc}@ﬁgfgﬁzmg& RisPa0a- Q@g%?m)ggﬁg?ge%%@ 2618+, 08), Brosurse
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-(methylsulfonyl)-1.4-diazocan-1-yl]-

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

15 pyrrolidin-3-yl]l-methanone

O
N

Oi

O P Q
N
N
N

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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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-chlorophenyl}-4-(methylsulfonyl)-1.4-
diazocan-1-yllcarbonyl}-4-(2-fluoro-4-methoxyphenyl)pyrrolidin-1-

10 vyllpyridazin-3(2H)-one

NS 0~
oS\~ O Q

N R
o

N

N/

HN;?

O
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, CD50D) § 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 (5H, m). LRMS:
5 APCI" m/z 618 [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 #)
1124 X dfil F 598 107
|
Tasgges
113° ﬂ%? F 618 109
ay (?
114E 4:>{\/1%D ] 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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Preparations 67-71 These conpounds were epar ed by the nethod of
preparation 66, using the appropriate pr sors as listed in the table.
WO 2010/ 015972PCT/ | B2009/ 053317 104 Pregair ion Structure M5 WMH + ion
Precursors (Prep #) 67B Cl | Mf) 410 , 542 60 and 12b 68A HNN\_ / " N
464 98 and 106 69A

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
10 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.
15 Purification by column  chromatography on silica gel using
dichloromethane:methanol:0.88 ammonia (95:5:0.5) gave 46mg (59%) of the
title compound as a mixture of epimers as a foam.
'H NMR (400 MHz, CDs0D) § 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
20 (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.
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A = mixture of epimers; B = single epimer; D = single epimer of 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,
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41.9mmol). The reaction mixture was stirred at 60°C for 6h. The mixture was
cooled to RT and was poured into an ice/2M aqueous hydrochloric acid mixture
(100mL). After vigorous stirring, the mixture was extracted with DCM (2 x 75ml).
The combined organic extracts were dried over magnesium sulphate and
5 concentrated in vacuo to give 8.68g (quantitative yield) of crude title compound
as an orange oil.
'H NMR (400 MHz, CDCl5) & 3.35-3.45 (2H, t), 3.80-3.90 (2H, t), 6.80-6.90 (1H,
m), 6.90-7.00 (1H, m), 7.90-8.00 (1H, m).

10 Preparation 2: (¥)-1-benzyl-5-(2.4-difluorophenyl)-1.4-diazepane

N

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, CDCls) § 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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4.25-4.35 (1H, m), 6.70-6.80 (1H, m), 6.80-6.90 (1H, m), 7.20-7.40 (5H, m),
7.40-7.50 (1H, m). LRMS: APCI* m/z 303 [MH*].

Preparation 3: (+)-1-benzyl-5-(4-chlorophenyl)-1.4-diazepane

Cl

Uy
5 O

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: (+)-5-(2,4-difluorophenyl)-1.4-diazepane

F\q':/\
HN NH
/

To a solution of the compound of preparation 2 (220mg, 0.728mmol) in ethanol
(20mL) was added 20% palladium (lI) 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, CDs0OD) & 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, émmol). 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
(400ml) 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 title compound as a
colourless oil.

'H NMR (400 MHz, CDsCl) § 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 6
starting from ethylenediamine and commercially available propionic acids
analogous to those used in preparation 5. Each compound was obtained as a

10 racemate.

Preparation Structure MS MH + ion

HN
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Preparation 12: (S) and ( R) — 5-(4-chlorophenyl)-1.4-diazocane

g C.

Ir=

15 12a 12b
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Chiral resolution of 12g of the racemic compound of preparation 6 was initially
achieved by column chromatography on a 500*50 mm id Chiralcel OD-H
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
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, 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"].

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

stereochemistry.
Cl

® sasend

+

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
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 12¢ (8.5g) as a white
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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Preparation 13: ()-tert-butyl 5-(4-chlorophenyl)-1.4-diazocane-1-

HN\_/N\g/O\F

Triethylamine (0.285mL, 2.05mmol) was added to a solution of the compound
of preparation 6 (460mg, 2.05mmol) in THF (10mL), Di-t-butyl dicarbonate

carboxylate

(5636mg, 2.46mmol) was added and the resulting solution was stirred at RT for
16h. The reaction was concentrated in vacuo and residue diluted by adding
sodium hydrogen carbonate solution (10mL) and extracted with EtOAc (4 x
20mL). 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
(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.

Ohye. o

13a 13b O

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

1.4-dicarboxylate
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To a stirred solution of the compound of preparation 13 (469mg, 1.44mmol) in
pyridine (15mL) were added triethylamine (805uL, 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
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
acetate (gradient from 3:1 to pure EtOAc) gave 322mg (58%) of the racemic
titlte compound as a colourless oil.

'H NMR (400 MHz, CDCls) §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
(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.

RYe T

N N 0]
T~ 7< /OTNMNWO%
0] 0] 0 o)
14a 14b

Preparation 15: (¥)-methyl 8-(4-chlorophenyl)-1.4-diazocane-1-carboxylate

=

0 N NH
|

To a stirred 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
vacuo and the residue diluted with potassium carbonate solution (15mL). The

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

U~ e

- \”/ /O\H/N NH
0]

15a 15b

Preparation 16: (%)-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 (2.37g, 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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(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

Iz

4M HCI in dioxane (20mL, 80mmol) was added to the compound of preparation
10 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
15  (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.

20
Precursor
Preparation Structure MS MH + ion
(Prep #)
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(1) single enantiomer; (2) racemic

Preparation 27: (4S)-4-benzyl-3-[(2E)-3-(2-fluoro-4-methoxyphenyl)prop-2-

enoyl]-1,3-oxazolidin-2-one

F (0] o)
jsasy.
OMe 5
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



97E . 210 3 HN\N\ / NH A = mxture of epinmers; B = single
enantioner; C = single epiner of unknown absol ute configuration at site of
chl or o- pheoybigubsei t uti on; D = single epimer of opposi PETABXY/GIBBEL | on at
site of chloro-phenyl substitution wi%lh respect to conmpound of preparation
94; E = racemic 5 Preparations 98-108 These conpounds are described in the
patent literature as listed in the table. Precgaration St ruct ur e _Pat ent

r ef er encvasgpP@jditipned @ndghe @HLePsE PhasePdiestebWithIDCM (2 x 100mL). The
combined organic extracts were dried over sodium sulphate, filtered and

concentrated in vacuo to give the crude residue. This residue was triturated in
diethyl ether (150mL). Filtration gave 20g (67%) of the title compound as a
5 Dbeige solid.
'H NMR (400 MHz, CDCl5) § 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: (4S)-4-benzyl-3-[(2E)-3-(4-cyanophenyl)prop-2-enoyl]-1.3-

oxazolidin-2-one

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

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-

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

Cr

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
stirred at RT for 64h then diluted by adding sodium hydrogen carbonate

25 solution (100mL). The organic extracts were concentrated in vacuo to give the
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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 ) § 2.70-2.89 (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: APCI*

miz 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)
Preparation Structure MS MH + ion
(Prep #)
//N
OJZ) Vi d
30 8% 466 28
o//fN /O Q
31 W% F 455 27
@ =k
sigel
32 | % 441 102 and 103

15 Preparation

33: methyl

(3S.4R)-1-benzyl-4-(2-fluoro-4-

methoxyphenyl)pyrrolidine-3-carboxylate

o
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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)
triluoromethanesulfonate (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°-DMSO) § 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

Preparation Structure MS MH + ion
(Prep #)

//N
Vs
34 % 321 30

N

T
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Preparation 37: methyl (3S,4R)-4-(2-fluoro-4-methoxyphenyl)pyrrolidine-3-
carboxylate

5 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

10 obtain 1.30g (98% vyield) of the title compound as a colourless oil.
'H NMR (400 MHz, CDs0OD) § 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"].

15 Preparation 38: methyl (3S5.4S)-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
5 solution was warmed to 120°C for 2h. The reaction mixture was concentrated
in vacuo. The residue was partitioned between brine (30mL) and EtOAc
(50mL). 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
10 1.53g (100%) of the title compound as a single enantiomer as an oily solid.
'H NMR (400 MHz, CH0OD) & 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™].
15
Preparation 39: methyl (3S.4S)-4-(2,4-difluorophenyl)-1-[1,2.4]triazolo[4.3-

b]pyridazin-6-ylpyrrolidine-3-carboxylate

\\“{
%
N—N
This compound was prepared by the method of preparation 38, starting from
20 the same chloro-heterocycle and the compound of preparation 105. LRMS:
APCI" m/z 360 [MH"].
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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

(Prep #)

N/ ;
40 &@ 357 37
7

Preparation Structure MS MH + ion

41 345 105

42 343 104

43 334 96

Z—

Preparations 44-45




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. W020N1697244 PCT/IB2009/053317

10

97

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
Preparation Structure MS MH + ion
(Prep #)
44 N 365 37
% /O Q
45 v 353 105

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.

Precursor

(Prep #)

46 F 348 44

Preparation Structure MS MH + ion

. |

N 336 45
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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
5 115 using the compound of preparation 46. LRMS: APCI" m/z 362 [MH"].

Preparation 49: methyl (3S.4R)-4-(2.4-difluorophenyl)-1-(1-methyl-6-0x0-

1.6-dihydropyridazin-3-yl)pyrrolidine-3-carboxylate

10 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, 339mmol) and (9,9-dimethyl-9H-xanthene-4,5-diyl)-
bis[diphenyl phosphine] (6.23g, 10.8mmol). The reaction mixture was purged

15 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

20 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, CDCls) § 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-6-0x0-

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 (3S.,4R)-4-(2-fluoro-4-methoxyphenyl)-1-pyridazin-

3-vipyrrolidine-3-carboxylate

To a stirred suspension of the compound of preparation 44 (407mg, 1.11mmol)
in methanol (5mL) was added 20% palladium (IlI) hydroxide on carbon catalyst
(27mg, 0.189mmol) and 1-methyl-1,4-cyclohexadiene (438uL, 3.89mmol). 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 (quantitative
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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, CDCls) 8 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, t), 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: (3S.4R)-1-(6-cyanopyridazin-3-yl)-4-(2.4-

difluorophenyl)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 aqueous sodium
hydroxide solution (9.98mL, 9.98mmol) dropwise. The reaction was allowed to
stir for 16h at RT, then neutralised with 2M aqueous 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°-DMSO) § 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 [MH]".

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.
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Preparation

66:

6-[(3S.4R)-3-{[5S-(4-chlorophenyl)-1.4-diazocan-1-

vllcarbonyl}-4-(2.4-difluorophenyl)pyrrolidin-1-yl]-2-methylpyridazin-3(2H)-

one
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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, 1.89mmol), 1-
hydroxybenzotriazole = monohydrate  (83mg, 0.544mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide methiodide (176mg, 0.591mmol).
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, CDs0D) & 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.

71. 1
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Precursors
Preparation Structure MS MH + ion
(Prep #)
\Q@%@
67° \ 542 60 and 12b
&
HN, N /o Q
68" e % i 464 98 and 106
@/\ 7
69" u%Q 478 100 and 4
P
N /o
70° " %Q 490 100 and 12a
C\/m/ J\
71" W”%Q 595 54 and 15

5

A = mixture of epimers; B= single epimer

Preparations 72-85

These compounds were prepared by the 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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Preparation Structure MS MH + ion
(Prep #)
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79° b % i 508 55 and 15b

80° % ] 554 56 and 12a

81° 537 52 and 12a

¢ o,
828 % 541 108 and 12a

83" @Q%Q 614 54 and 17

A
84% @b%@ 614 54 and 17

N
0T o Q
u%“%’

85" - 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)
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13.7 29.5 69 7.6 16.4 990 8 53 70 20.6 686 4040 5880 28.3 36 71 55.4 1050

- 10300 43040815072 PCT/IB2009/053317
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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 #)
- /O @cw
86° L ke 551 59 and 12a
- /O @cw
87° e ? 551 59 and 12b
g
o ¢\
88° o 489 53 and 12a
a S
89° “%Q 502 57 and 12a
90° o % 536 65 and12a
HN/\N b Q
91% O 512 98 and 6
5 A = mixture of epimers; B = single epimer
Preparation 92: 5-(4-chlorophenyl)-1-{[(3S.4R)-4-(2-fluoro-4-

methoxyphenyl)pyrrolidin-3-yllcarbonyl}-4-(methylsulfonyl)-1.4-diazocane
O_

N
o O
N S
Cl’@b % "
N
H




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 WO 2010/015972 PCT/IB2009/053317
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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 reflux for 20h. The reaction was concentrated in vacuo and residue
5 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
10 ammonia (90:10:1) gave 270mg (100%) of the title compound as a brown oll
(as a mixture of two epimers).
'H NMR (400 MHz, CDs0D) § 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*
15  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.
20

Precursor

(Prep #)

93" o «NMN%‘; : 504 71
(¢]
N
H

oSy~ © Q
94° c.,Q—bN§_§ g 524 84

Preparation Structure MS MH + ion

oSy~ © Q
95° c.,Q—bN§_§ g 524 85




43 56.5 78 40.3 303 3320 3220 54 49 79 17.1 107 1820 1110 22 51 80 5.41
627 19 70.5 81 20 122 33300 1750 18 32 82 60.6 5180 -

49.8 -

32.1 1690W0 2010/015972

PCT/IB2009/053317
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=\
(@]
96 231 34
N
H
Cl
97F 210 3
HN NH
_/

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; E = racemic

Preparations 98-108

These compounds are described in the patent literature as listed in the table.

Preparation

Structure

Patent reference

98

WQ02007/015157

preparation 11

99

W02007/047496
compound 78-6

100

WQ02007/015157

preparation 5

19400 66 47 83



33300 8110 23 29 84 206 -
- - 35300 29.6 20.3 87 168 927 33300 2150 -

35300 27.9 -

85 404 -

- 35300 48.4 30.5 86 97.2
50 88 5.38 24 148 153 40.1 21.5

89 WO 2010/015972 PCT/IB2009/053317
110
F
O
HO / Q
101 F WO02007/015157
N
reparation 13
o\(o !
N | W02007/096763
102 N
© preparation 5
103 | WO02007/015162
MeO._ N i
s \ﬁl\\ preparation 2
Cl
o) 7
N _ WO02007/096763
104 0 SN
preparation 11
N
F
Nt Q W02007/015157
105 0
F preparation 8
N
EP899264
106
example 1D)
HN NH
N
-
O
k Cj
HO
% : W02007/015162
107 N
N preparation 57
g
CN
Cl
R
HO SN
WO02007096763
108 N
¢N preparation 15
N
0




14.3 31.3 764 402 42.9 28.5 90 1.83 12 456 230 11.7 53.8 91 20.2 383 7380
4300 46.9 33 92 274 1770 - 17900 32.4 33.5 93 14.5 - - 4900 29.3 18.9 94
25.6 - - WO62010/85972 PCT/IB2009/053317

Biological Data

Data for representative compounds of the invention are given below.

111

Example | MC4 MC4 MC3 MC3 HLM:Clint, %
ECso MSH ECso MSH app inhibition
(nM) Ki (nM) Ki 3A4 @
(nM) (nM) 3uM
1 159 2090 - 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 28.4 300 89.5 13.5 54.2
7 1.9 - - 10100 26.2 -
8 52.1 1010 - 11500 17 23.9
9 52.8 1530 - 12600 447 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 92.6 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 - - - 29.1 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




46.6 95 8.18 - - 4040 41.7 41.9 96 0.852 - - - 31.3 76.9 97 157 1620 - 3720
247 63 114 98 5.26 52 - 201 13.9 46.9 99 27.6 626 33400 2970 313 61.5 100

7.16 WO 2010/015972 PCT/IB2009/053317
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28 3.4 - - - 21.5 40.8
29 2.23 - 506 - 214 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 - - - - -
39 38 - 942 - 177 87.5
40 29 - 607 - 156 79.5
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 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 42.5
50 74 379 - 1610 266 76.5
51 3.29 - - 212 - 75.2
52 35.2 - - - - 0
53 14.7 - - - 27.7 58.5
54 44.8 - - - 32.8 -
55 5.16 - - 154 9.75 70.6
56 2.99 711 1220 187 20.5 54.2
57 44.8 - - - 32.8 -
58 221 - - - - 46.5
59 25.2 - - - 55.4 38.4
60 4.81 90.9 - - 31.1 44.9
61 25.3 - - - 13.9 40
62 18.4 3660 - - - 0




189 436 - 83 65.5 101 7.12 77.9 114 715 143 83 102 12 174 - 545 16 65 103
9080 69.2 48 105 36.1 92.2 33300

9.79 316 332 1540 102 53.8 104 18 583 -

571 42 3'AW0 2010/015972 PCT/IB2009/053317
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63 85.3 - - - 9.43 55.6
64 247 - - - - -

65 16.6 - - 6860 23.1 -

66 2.99 711 1220 187 20.5 54.2
67 7.73 58.9 177 162 214 29.5
68 43 217 728 308 13.7 29.5
69 76 16.4 - 990 8 53
70 20.6 686 4040 5880 28.3 36
71 55.4 1050 - 10300 43.4 495
72 26.1 714 88.6 141 13 20.4
73 122 225 544 981 53 88
74 86.7 1390 - 19600 74 56
75 10.7 84.7 - 462 8 735
76 50 344 604 960 11 335
77 54.6 - 33400 - 43 56.5
78 40.3 303 3320 3220 54 49
79 171 107 1820 1110 22 51

80 541 49.8 - 627 19 705
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 40.1 215
89 143 31.3 764 402 42.9 285
90 1.83 12 456 230 1.7 53.8
91 20.2 383 7380 4300 46.9 33
92 274 1770 - 17900 324 335
93 145 - - 4900 29.3 18.9
94 25.6 - - 6690 78.1 46.6
95 8.18 - - 4040 417 419
96 0.852 - - - 31.3 76.9
97 157 1620 - 3720 247 63




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 65.5 113

12. 7 50. 50 208005972 - PCT/IB2009/053317
98 5.26 52 - 201 13.9 46.9
99 27.6 626 33400 2970 313 61.5
100 7.16 189 436 - 83 65.5
101 712 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 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 65.5
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 3.6 243 - 573 12 75
117 34.9 33.6 8360 1150 35.1 44.5
118 1.83 24.7 8200 178 23.2 48
119 8.53 22.3 11200 900 18.8 54.5

- not determined



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 35.1 44.5 118 1.83 24.7

8200 178 wB.28104859729 8. 53 22.3 PCT/IB2009/053317
115
CLAIMS
1. A compound of formula (l):
Ra\(_%
~N 0
L™ N
4/

5 or pharmaceutically acceptable salts and solvates thereof, wherein:
nis0or1;
R"is -(C+-C4)alkyl, or Het';
R”is phenyl or pyridyl, wherein said phenyl or pyridyl is optionally substituted
by one to three substituents independently selected from halo, CN, -(Cs-
10 Cy)alkyl and -(C+-C,4)alkoxy wherein the -(C4-Cy)alkyl and -(C4-Cy4)alkoxy groups
are optionally substituted with 1 to 3 fluorine atoms;
R®is phenyl or pyridyl, wherein said phenyl or pyridyl is optionally substituted
by one to three substituents independently selected from halo, CN, -(Cs-
Cs)alkyl and -(C4-Cy)alkoxy wherein the -(C4-Cy)alkyl and -(C4-C4)alkoxy groups
15 are optionally substituted with 1 to 3 fluorine atoms;
either L is -CO- and R” is -(C—C,)alkyl, -(C+-Ca)alkoxy, -(Cs-Cs)cycloalkyl, -(C4-
Cz)alkyl(Cs-Cs)cycloalkyl, -(C4-Cz)alkyl(C4-Cgq)alkoxy, -NHz, -NH(C4-Cy)alkyl, -
N[(C4-Cy)alkyl], or Het®, wherein the -(C1—Cy)alkyl group is optionally
substituted with 1 to 3 fluorine atoms and wherein the -(C;-Cg)cycloalkyl group
20 is optionally substituted with 1 to 3 fluorine atoms or -(C+—C,)alkyl groups;
or L is -SO, and R%is -(C—Cu)alkyl; -(Cs-Cs)cycloalkyl, -(C4-Cz)alkyl(Cs-
Ce)cycloalkyl, -(C4-Cy)alkyl(C+-Cs)alkoxy, -NHz, -NH(C4-Cy)alkyl, -N[(C:-
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 =O substituent,
which ring is optionally substituted by one to three substituents independently
selected from halo, CN, and -(C+-Cy)alkyl;



11200 900 18.8 54.5 - not determ ned WD 2010/015972PCT/1B2009/053317 115
CLAI M5 1A conmpound of fornmula (I): 5 or pharmaceutically acceptable

sal ts andweabwatsw2t hereof, wherein: nis 0 or 1; R i sPCr@a4psBkyl, or
Heti; R2 is phenyl or pyridyl, whereilb6 said phenyl or pyridyl is optionally
substituted by one to three substituents independently selected from hal o,
ON, -(C- 10 04)al kyl and -(01-04)al koxy wherein the -(01-04)alk and
-(01-04) al kox&"iﬁ §dﬁ§”’&eéeq)§fqr8%¢ [ng §96§ﬂ't'mf‘9t0é‘§ Q%4 N alto'fné fQSW aﬁm

at ons ridy, d e Y
opti ona:ql%yJlr gggfﬂ%ﬁ%ﬁmr%n% 'tcg th?o\gtﬂ%?@@'égﬁgt?t |ﬂ§)%e§1¥rkow%% r(raﬁrfg I y sel ected
from hal mer@blereo(éiiomél&)mgyd)ntammg 6A4d 1@ Mrak Kartiyek eitemns; bﬂne -(01 04) al kyl
and -(01-04)al koxy ups 15 are optionally substituted with 1to 3
fluorine atorrém) &qtfa%wrckpyrgnylco and R4 is -(01-04)al kyl, -(01-04)al koxy,
-(03- 006) Ctb %al kyl, -(Q 02)al kyl (03-06)cycl oal kyl, -(01- 02) al kyl (01-04) al
koxy, -NH(01-04)al kyl, - N (01-04)al kyl]2 or Het2, wherein the

- (01- 04) al kyl (ugra)taom@n@érbdomirﬁamcsuhgtc@mémdwg/\ndnb &r 10 NB ahdrierame st ons
and wherein the -(03-06) Cécloal kyl group 20 is optionally substituted wth
1 to 3 fluori fﬁé’ffmrdl’ﬁéloﬁm (amtro@auokryor Braiglﬁih or L is -S2- and R4 is

01- 04) al kyl 3:06) a 102alk
o) oyol val kyl L I AFePPBeee Sy e bR0 RN nbrglieo 9Pyt - N (01-
C4) al kyl ]2, oy @,mémbbréds saRlrhtedarify %H‘Eﬁrﬁlﬂg SR aRsh 3y aguRRer or 2 N
atons, wherein the ring is either aromatic, or contains 2 double bonds in

t he r1thg optional N@teubstituent, which ring is optionally substituted by one
to three substituents i ndependent ly selected fromhal o, ON, and
-(01-04)al kyl; WD 2010/ 015972PCT/ 1B2009/ 053317 116 (i) a

6-menber ed ar ot (6 doﬁadcé’éﬁo%lﬂpt”g)(:‘%m?ﬁ t(%))r'\bﬁ’ér?r@cefu‘ﬂéglﬂ/ akcéhable

3,4-positions, relative to the a the pyrrolidi'ne ring, to a 5-
marrberedsarterm'dlsol\rategthmao‘élwhenglndﬁelsta()ct B dkylurt her N atons; or

(iii1) tetrahydropyranyl; 5 Het is (i) a 5-nmenbered aromatic ring
containing one or 2 N atons and a further optional 0 atom S atom or

atom15( ) athe gg oGP d&ﬁlgﬁ HY e A1 g ﬁ dé'u'ﬂ@al %&%Bﬁer

(rii) merrbere turate cont ai ni hg on atoma urt
opti onal shiltataoich solvafes thareph witkraincR idi Hhgt' lwhemdaeH &, or phar maceut i cal I y
accept abl(S 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 =O substituent, which
ring is optionally substituted by a substituent selected from halo, CN, and -(Cs-
20 Cy)alkyl; or
(i) a 6-membered aromatic ring containing one or 2 N atoms fused at the 3,4-
positions, relative to the attachment to the pyrrolidine ring, to a 5-membered

aromatic ring containing one or two further N atoms.

25 4. The compound according to claim 3, or pharmaceutically acceptable
salts and solvates thereof, wherein R' is Het" where Het' is pyridin-2-yl, pyridin-
3-yl, pyridazin-3-yl, 6-ox0-1,6-dihydropyridazin-3-yl, 6-oxo-1,6-dihydropyridin-3-
yl, 2-oxo0-1,2-dihydropyrimidin-4-yl, 6-oxo-1,6-dihydropyrimidin-4-yl, 2-oxo-1,2-
dihydropyridin-4-yl, [1,2,4]triazolo[4,3-b]pyridazin-6-yl or 6-0x0-1,6-

30 dihydropyridin-2-yl, optionally substituted by one or two substituents
independently selected from -(C+-C,)alkyl, halo and CN.



salts and sol vates thereof, wherein R is -(Cl-C4)al kyl. 15 3. The conpound
according to claiml1, or pharmaceutically acceptable salts and sol vates

t her eof , wbepsnsfR2 is Heti where Heti is (i) a 6-nmenbecedBriowgs3sont ai ni ng
one or 2 N atons, wherein the ring id1either aromatic, or contains 2 double
bonds in the ring and a =0 substituent, which ring i's optionally

substituted by a substituent sel ected from hal o, (G- 20 04)al kyl;
or (ii)%a 6 EPBWPOHPE natGEdinGnty @tﬁt‘tﬂaﬂn|0rﬁgpfaﬁf€‘%§}euﬁcﬂl|yata5ﬁ%ptfa9?ed at

the34- [ I t apt aghpept h ro ring, to
(e 3.5 spAok S A L T s T e
conpound dawoﬂyni@ﬂm%tml m 3, 1mnetp9|a5moeustoma)dr¢pymm<ﬂayle sal ter and

sol vates thereof, wherein R is Heti where Heti is pyridin-2-yl,

pyri di n349:2,415{azolni4 i3nblpyyidazig-¥- 1, 6- di hydr opyri dazi n- 3-yI

6- 0x0-4, 6-di hydropyridin-3- yl, 2-oxo0-1,2-di hydropyri m di n-4-yl,

6- 0x0-"1, 6- di hydr opyri m di n-4- yI 2- 0XO- 1 2- di hydropyridin-4-yl,

[1,2, 4] t 1§, azoiofed, Sorpoyid daz:t:@roﬂingflt@r afyoxsmel, 6f SBireké hyldrt@pysl don- 2-yl,
optlonally substituted by one or two substituents independently sel ect ed

from - (oph@nmapwmcallmcceata@lmlts a@mm@ﬁmmwcwh@wo@ iozb@nyl Qn7 5.

The conpaoun C Ol’dl ng_.t.o.claim4, or harnac ut| ept abl salts and

ol vat o8 IOHEVESNT e ievabpriart O iy Rp R s uted 15 B8 brtud

di hydr 0p)éﬁbgﬁ*t@eﬂt@1Nde;ﬂend'§ﬂtliﬂYéel601@60frém 6Taqbl g Lema )Ry ahdB- Y&, or
2,4]triazol o[ 4, 3-b] pyri dazi n- 6-yl he conpound according to any

one of0 clGu)atsoxy.t o 5, or pharmaceut i caI |y accept able salts and sol vates

t hereof, wherein R2 is phenyl or pyridyl, wherein said phenyl or pyridyl is
optionally substituted by one or two substituents independently sel ected
from hal . ONTieel OdorifoahY acBofbind Cto byO0l_bxdaimd. 1T compakind
according to any one | ai N 6, or phar maceutical ly accept abI e salts
and sol vamasmabemtmatly avrtmptabie mltssarmihedyatesptheteat IwherelbsRi isitphenyly one or

two substituen endent | ecte fro 15 hal o ,an | kox
The conpaa)fqana'& ttﬁﬁt%bt bl SPSIHENES DSePeRgEnin SPREELPED] 1y
accep bI a tes thereof, V\/nereln Lis-CO and R4 is

-(01- %52) ?hagﬁ g'ﬂ) Iy)&zubstltuted with 1 to 3 fluorine atons, -(C- 20
04) al koxy, -(03-06) cycI oal kyl optionally substituted with 1 or 2 fl uorine
atons or _ (01-04)al k groups, -(01-02)al kyl (03-06) cycl oal kyl

-(01-02) & kyI (dm? 029 P%f%} aCRPrmg 0i9 a?‘l@yl ,OneNRpfL - @@)rat Kyl htoor7He?r2
wh

O Haf e IR OB Jd\Mel SALAIR IRl 36 0D inc?

6- menber arning one U ato her optlonal N

atom 25/ he(@@@;amd optisrradyngulbstitetedi wit, 1oto BhduoEne ustoedd, | Y(Cy-
acceptabl e salts and sol vates thereof, wherein L is -CO and R4 is

- (01-2f4) &higlkowr -(GcCosyaPrby| omtirnallysubstituted i) ar Rylucsinggioms or

20107 015t per B pY 4B AN G R C R G v Greony 3, 4
R) - 3- {[5SN(-I‘&€(FJ®4WIWhGJM(]01 @:)akyB; ort HEtF uahersiOPRREY 13 -4, -rfleindaasan- 1-

yl ] carbony1}-4-(2-f1uoro-4-net hoxyphenyl ) pyrrolidin-1-yl]-2-nethyl pyridazin
3( 2H) - on@romatic ring containing 2 N atoms or a 6-membered saturated ring containing

6-[(3S, 4R -3={L5 rop obutyryl -1, 4-di azocan- 1-yl ] carbonyl1l
-4- (2, 4- ?Qi?&)?rﬁpﬁ('@n?c/rﬂjﬁq e 'PﬁPLNf't? - 2- et hyl pyri dazi n- 3( 2H) - one;
6-[ (35 4S)-3-{[5S- (4-chl orophenyl) 4-isobutyryl -1, 4-di azocan-1-yl]carbonyll

-4- (5- chI oropyridin-2-yl)pyrrolidin-1-yl]-2-nmethyl pyridazi n-3(2H)-one;
met hyl . The compound according to claim 8, or pharmaceutically acceptable

8-(4-ch|or yl).-4- [éﬂ élfR 4-(2-fl.u R/aoxy e 6-,0X0-

1, 6- di hy&?gg Bd%éya]te% & 3"6] : PnLésybﬁ)ca?rﬁ 19 ?eﬂ'%%&é éf dS1z car boxy
late; metdlydikoxy wherein the - C1—C4)alk I group is 0pt|0l‘18||¥1 substituted with 1 to 3 _
8S- (4-chl or ophenyl)-4-{[ (3 4R) YZ fluoro- oxyphenyl) - 1- ( 6- oxo1l, 6-di
hydr opyr ifldazine-agmepyrrol i d| n- 3-yl ] carbonyll- 1, 4-di azocane- 1- car boxyl at e;
nmet hy|

8R- (43&hl or opheny1) - 4- {[ (3S, 4R) - 4- (2-f | uor o- 4- met hoxypheny1) - 1- ( 6- oxo1, 6- di

hydr OPYT 4@AZ1 i YERMbbGhd diddedrdind C8 PARY 1lnk 4ofll 8aRAENG- lCapboyyl at e;

pharmaceutically acceptable salts and solvates thereof, wherein n is 1.



15 net hyl 8R- (4-chl or ophenyl)-4-{[(3S, 4R) - 4- (2-f | uor o- 4- net hoxypheny1) - 1- ( 1-
nmet hyl - 6- oxo- 1, 6- di hydropyri dazi n- 3-yppyrrolidin-3-yl]carbonyll-1, 4-di azoca
nel- car bowl2at0e15972 PCT/IB2009/053317

6-[(3S, 4R) - 3-{[ 4- acet yl - 5S- (4-chl oropl&nyl) - 1, 4-di azocan- 1-yl ] car bonyl11- 4- (
2- fluoro-4-nmet hoxyphenyl)pyrrolidin-1-yl]pyridazin-3(2H)-one; 20

nmet hyl 8S- (4- chl or ophenyl) - 4- {OLTS'?’S’ 4S) - 4-(5-chl oropyridin-2-yl1)-1-(6-
cyanopyr ildazi M 8PP BBIECEd@My| | car bonyl | - 1, 4- di azocane- 1- car boxyl at e;

(1SS, ASod et 1Bl e LRl i ok bBano Bt er Dony L

ro 1 SO

6- [ ( 3S, 49)]cdrbongtat-2-51LofmS4 {mMetbbkpsatyd)py drbtidindt 4/]-2-methylpyridazin-
i azocan-1-yl }Tcar bony1}-4-(5- 25
chl or opyr?a(éfﬁ opey| Ypyrrolidin-1-yl][1,2,4]triazol o] 4, 3-b] pyri dazi ne;

t hyl 8S- I 1)=4: 4R) - 4- 4z di f: -1-(1; met hyl - 6-
ovo- 1.%- B (B e oS latban] i P SRt ahib it ne. 1.
car boxyl (amediﬂambmbameﬁdiﬁa!-M}Lzaﬁ@ﬁmmmd_@zmaB(czﬂ)m;sol vates thereof.
30 12. A pharnmaceutical conposition conprising a conpound according to any

one of clBai(38.4B)tD{[2%;(4oehlargphenyiceisobubIryly! 4ctiazncen-&ydaatonyllsbl vat e
th f har. ticall tapl e di| i dj t.
w0 20107 § TR SRBIR S SsH wES - TGS B Ry s Ri et i3 ng ro any one of
claim 1ph&h{l, 89(4-6%|@hﬁjﬁséhﬁut-ﬂ(:%éth)mcpzeﬂw%Lﬁrﬁ@hbxwhe$19|)Vﬁ(@-okber eof ,

for use as a nedi canent. \_conpound according to any one of clains 1
to 1110 orl,@dijtysiropyeazire3hpyawtidip-atylleatminy}ot,4 st zataeet headuixyldter use in

h | f enpl | d i bes; i ab
L ol ogt caTeBenfer P ToropnenyB (8 AR 4 NG ok bR b e of
claims 1 1_t,6’-dgfﬁndr8p5yrﬁia%-8t3ﬁf Hin-381brmy Pt aR]i8zctdink - Peaftixyfits;

thereof, in e nanhufacture of a nedi'canent “treating a di sorder "whi ch woul d
benefit fmethylagBaidschlofopthienylyi{[(32,éR)e-(2-fluoro-4-Bnethiory peryh)eli -(@roxo- cl ai m

16, wherei aid disorder is male or female 15 sexual dysfunctiop, obesity,
i abet o5 Tob-VETOPUBHET bRl Gin 3 Wearbenlhae drocanEat CRPATHIEOT dor
whi ch nef igln_f4_ ﬂg‘%’g Wl ng[_;fl_ _ _ar I ﬁé}w S

admi n1|é§?g]lr1%rq Ieto gt%gl{)jeﬂ?gt In Weﬁ {[[( %’rqe f g ?Egﬁiageﬂ%";’gﬁ’y fllez"fi ve
amount ofmethgle®roaond6-dilydropyricadtiv-St-d )mermidih-Beyl lcariihyéiny, 4ediezadand-ai s 1
to 11. 18. A nethod according to claim217 wherein the disorder is nmale or
femal e sExERPOYY3Hinction, obesity, diabetes or a urol ogi cal condition.

6-[(3S,4R)-3-{[4-acetyl-5S-(4-chlorophenyl)-1,4-diazocan-1-yl]carbonyl}-4-(2-
fluoro-4-methoxyphenyl)pyrrolidin-1-yl]pyridazin-3(2H)-one;

20 methyl 8S-(4-chlorophenyl)-4-{[(3S,4S)-4-(5-chloropyridin-2-yl)-1-(6-
cyanopyridazin-3-yl)pyrrolidin-3-yl]carbonyl}-1,4-diazocane-1-carboxylate;
1-{[(3S,4S)-1-tert-butyl-4-(5-chloropyridin-2-yl)pyrrolidin-3-yl]carbonyl}-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-

25 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.

30
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 to 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 claims 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.

16. Use according to claim 16, wherein said disorder is male or female

sexual dysfunction, obesity, diabetes or a urological condition.

17. A method of treating a disorder which would benefit from agonism of the
MC4 receptor which comprises administering to a subject in need thereof a
therapeutically effective amount of a compound, salt or solvate according to

any one of claims 1 to 11.

18. A method according to claim 17 wherein the disorder is male or female

sexual dysfunction, obesity, diabetes or a urological condition.



