WD 2005/ 077935 PCT/ | B2005/ 000208 1 PI PERI DI NYLCARBONYL- PYRROLI DI NES AND
THEI R USE AS MELANOCORTI N AGONI STS The present invention relates to a novel
cl ass of nel anocortin MCR4 agoni st conpounds and especially to selective
MCR4 agoniV@ 2888{788nds, to their use in 5 nedicine, tBCHEIPMSHN2IONS
containing them to processes for théir preparation and to intermediates
used in such Processes In particular the present invention relates to a

cl ass of REBA AGEHIASEOESTBURAHLINELANP THBIR URR 26 WEIANBPRRTEN ASENEFIE
dysfunctions and/or obesity. 10 Conpounds of the present invention are
useful in treating male and femal e sexual dysfunctions including hypoactive

sexual desire dimraeéentm%n RIS R a%sélréi&srs of rﬂélgﬂ&iaﬂh mcmre%h.sand/ or
sexual pain disorder in fermales, male erectil rs unction wel | as

obesity (byCHHPHETH @GS FFReTiRlY, foj ?@?@'&%lM@RﬁﬁQQB’ﬁ CEMPGKNgs, P‘bé‘lﬁi’" HSP ft

intake op medltaé,Ng @oafdaeuhmr @dn%uﬂﬁg’i‘mdﬂtﬂ)toap?&e@tétbﬁirQﬁeufrpﬂebaﬁau@'l ahy to
enhanci ng gl tucosﬂet CIance 5 and/ or ldecrea% ﬂ% nsul i, n [esi s ce) The
conpounds df<fA¥ ?ﬁ?/é’ﬁ? Breugh groceatest P ParticHian e Ry epqit {HERURE '€

di sorders ostassooid MOR#nsganist |lcodipogndsbueful dor khentreatthehb of slamaérdysfumtlom
hyper | i pi de dZoro%Féi@oart hritis, cancer, gall bl adder disease, sleep apnea,
depr essi on, Xi ety,” conmpul si on, neuroses, insomial/sleep disorder,

subst ance abuse pai n, fever, inflanmation, imune nodul ati on, rheumatoid

arthrityp, ski ”n%&ﬁ@uﬂ& oﬁ %@eﬁ”ﬂvé}ﬁlﬁﬁ ‘ﬂsqulth%&ﬁ( maf&eéﬂo??g&%%c“ ve

and cognltlve a cenen I'nclud e treatnment o eimer's
C?.Jr sease. cwqxgairﬂygfumhonﬁ@clpﬁlégémoacwﬂewuamearaedlwd% eexualrarqusal diserdere f or

eating f esphsnic UROHRE aﬁwéﬁw}ﬁsum diBBUEr iR TERbIES %Qx%iéea@tdyemncme§éty and
di abetes. 25 Desirable properties for MCR4 agoni st conpounds of the present

i nvention ‘W?lbﬁ%&ées’tué%‘i FeSB‘F'%G mﬁepmwr@sma@bﬂ@tratel é%ﬁ“ﬁ'@ﬁé?tdma{‘%ro’
sel ectivit yrewm&@hﬁ@%ravmnd aiagétes nidiiR, (b@ryﬁhaﬁcuwacc%a teletanté ed

her ei naf desj r abl and s vity for Ver sus,
VERL, " arl cinrapereaR OB SoheLppieP Ll BV P Ad such as
physi cal st taditingt jurtheoldideabés! ydisarp@sopr | @hditionst dindbdirg, bbtalabl ilimited ONERAL
FORMULA 35 Th r.es nyenti 0 r.ov.i des for unds of formula (1) WO
2005/ 077935 8%:5) %2?%W rt1c=.~o%rtﬁ)nt|s, gancer, gaﬁ%rlgjd%er glsease, sleep apnea,

depression, anxiety, compulsion, neuroses, insomnia/sleep disorder, substance abuse,

pain, fever, inflammation, immune modulation, rheumatoid arthritis, skin tanning, acne

20 and other skin disorders, neuroprotective and cognitive and memory enhancement
including the treatment of Alzheimer's disease.

Compounds of the present invention are pariicularly suitabie for treating female
C.« sexual dysfunction, male erectile dysfunction, obesity and diabetes.
25
Desirable properties for MCR4 agonist compounds of the present invention
include: desirable MCR4 potencies as detailed hereinafter; selectivity for MCR4 versus
MCR1, andfor MCRS5, and/or MCR3 as detailed hereinafter; both desirable MC4R
potency and selectivity for MCR4 versus, MCR1, and/or MCRS, and/or MCR3; gdod
30 biopharmaceutical properties such as physical stability; solubility; appropriate metabolic
stability.

GENERAL FORMULA
35
The present invention provides for compounds of formula (1)



RR CH31 1 N3aHCRa O R5 1 or a pharmaceutically acceptable salt,
hydrate, solvate, isoner or prodrug thereof 5 wherein R is selected from
-(Cl-Co) al kyl, -(Cz-Co)al kenyl, -(CrCB)al kynyl, -(C3- CB)cycl oal kyl,

- (C5- CB) cyW0a3e0si0em38 , - (C1- C2) al kyl (C3-CB) cycl oal kyl , eerwiB2005/000208

-(Cl-C2)al kylaryl, heterocyclic, or 2 (Cl-C2)al kyl heterocydi c groups wherein
each of the foregoing R groups is optionally substituted by one or nore
groups 10 selected from -(Cl-C4)alkyl, -( ) m( C3- C5) cycl oal kyl, hal ogen,
-(CH2) nOR6, CN, - C(O) ORe6, (CHZ)rTﬁR‘ R8, 3, CH2CF3, OCF3 or OCH2CF3
wherein m=0, 1 or 2; R is HRMjoL OCH3; M R3 is selected from H,

-(C1-C5) al kyl, -(C2- CB)aI kenyl, -(¢2-CB ‘ - (C3-CB) cycl oal kyl
- (C5-CB) cycl oal kenyl, -(Cl-C2) al kyll( C3- ; , aryl,
-(CLl-C2) al kyl aryl, het erocycl i Bi,C”Or Kyl het er ocycl i c groups

wherei n each of Iatter ten R3 groups is of sRbstituted by one o.r m

ore g roups 20 selected from OH, -(Cil- Cg|2) "(C3-C5) cycl oal kyl
hal ogen, ON, -(CH2)"OR6 or - (CH2)" NR/R6 wherei B0, 10or 2; R4is
selected from H, -(Cl-C4)alkyl, -(C2-&4)al kenyl, -(C2-C4)al kynyl

-(CH2) P(C3- C5)cycloal kyl, -(CH2)p(C5)cycl o-al kenyl, hal ogen, (CHZ) PORS,

o ) PN s St S, oS O oo BRar 2 oy

-(Cl-A4)al kyl, -(C2-C4)al kenyl, -(C2-C4)al kynyl, -(CH2) P(C3- C5) cycl oal kyl ,
,»eg g%p( 52 )‘@%ﬁg_@ (li:%e %'kﬁ‘&t%?' '89‘62:?%‘)‘%3%@020%‘0@%3@%6 )a&% §C300H20F3
\&¥ oups Wwher@i)eycloatkylD; (CEL-C@)CYQQaIWIZEIMEW’%—WIOBBGOEMO(QH&)a@lml R4 and

R5 can toge%@& %} Cf fviR Q gﬁ{v‘g red saturated or unsaturated ring;
R6, R and 6?’%@%%3 | { %n-:-Fo YJ’C %t ed fromH CH3 or CH2CH3; 5 and

wherein the heterocyclic groups of Rl and R3 are independently selected from
4- to wherein each of the foregoing R' groups is optionally substituted by one or more groups

10 selected from: -(Ci-Cqalkyl, -(CHo).(Cs-Cs)cycloalkyl, halogen, -(CH»)-OR®, CN, -
C(O)OR’, -(CH2)mNR'SO,R®?, CF3, CH,CF3, OCF; or OCH,CF; whereinm =0, 1 or 2;

R?is H, OH or OCHg;

15 R’is selected from: H, -(C—Csg)alkyl, -(Co~Cs)alkenyl, -(Co~Ce)alkynyl, -(Cs-Cs)cycloalkyl,
~{Cs-Cg)cycloalkenyl, -(C4-Cplalkyl{Cs-Ce)cycloalkyl, aryl, -(Cy-Cylalkylaryl, heterocyclic,
or -(C,-C,)alkylheterocyclic groups

wherein each of latter ten R® groups is optionally substituted by one or more groups
20 selected from: OH, ~(C4-Ca)alkyl, -(CH2)(Ca-Cs)cycloalkyl, halogen, CN, -(CH.),OR® or -
(CH2).NR'R® wherein n = 0, 1 or 2;

R* is selected from: H, -(Ci-Cjalkyl, -(CCyalkenyl, -(CxCaalkynyl, -(CHy)s(Cs-
Cs)cycloalkyl, -(CHa)s(Cs)cyclo-alkenyl, halogen, -(CH;),0R®, -(CH.),NR'R?, CN, -

25 C(O)R®, -C(OYOR®, -C(O)NR'R®, ~(CH2),NR'SO:R®, CFs, CH.CFs;, OCF; or OCH,CF,
groups wherein p =0, 1 or 2;

R® is selected from: -(C-Cgalkyl, ~(Co~Cjlalkenyl, -(CoCjalkynyl, -(CHz),(Ca-
Cs)cycloalkyl, -(CHa),(Cs)cyclo-alkenyl, halogen, -(CH),OR®, -(CH,),NR'R’, CN, -

30 C(O)R®, -C(O)OR®, -C(ONR'R®, ~(CH,),NR'SO,R®, CF;, CH,CF3, OCF; or OCH,CF; .
groups whereinp =0, 10or 2;



10-nmenbered ring systens containing up to 4 heteroatons i ndependently
selected from 0O, Nor S. 10 Heterocyclic groups suitable for use herein are
4- to 10-nenbered nono or bicyclic heteroaryl rings containing one to three
het er oat omeobhdsmyke |ist N, S and 0 and O . conbi nat peRmbitaneed and
wherein said bicyclic heteroaryl rings are 9- or 10-nmenbered ring systens
whi ch may be either two heteroaryl rings fused together or a heteroaryl ring
fused to an aryl ring. 15 Suitable bicyclic heteroaryl groups for use herein

i nclude: include: benzim dazolyl, benzotriazolyl, benzothiazolyl,
i ndazol yl, bn@band R® qamtabammnywmﬂh fuged 54 to7 dearolpred satdnateﬁlqr unmturatnldcﬂuy:rl di nyl,
qui nolinyl, isoquinolinyl, quinazolinyl, naphthyridinyl and

pyri dopyri m di nyI oups. 20 Preferred for use herein are nonocyclic 5- to
6- menber ed Ret%raoé%yErerqaﬁ@@demmgmmsa@d%ft@ncﬂ GHace€HE@er oat oms from t he
list N ang O and conbi nations thereof. SUI tabl e 5-nenbered ring nmonocyclic
het eroaryl groups for use herein inclu i azi nyl 25 oxadi azin I

oxazol yl , tBNYBERIn the HP@&RC&%mupsmﬁypm Rﬁawﬂeweewraemerl frg

i mdazol yl  1gnimberedSitgt syelethstroRBImrY @rtor4 H%rBﬁBQ@Yr?debéndh‘ﬁHféél@dté’d fr&ﬁO!JpS
for use herein include: "pyridinyl, pyrimdinyl, pyridazin and pyrazinyl
groups. 30 ¥rred R heterocycllc rings are nonocyclic 5 to 6-nenbered
het er oar yl rings cont ai ning one or two heteroatom; fromthe list Nand O
and conbjpa t her eof r ef rred R iC ri re .
monocyc 10 EleRpepviitGrbfes suller oF ufe FErei Ab* Bt BRHPRIFSMENG P Bfplc

het er oat ons heldraghil yings ebataining &he Itretl"eee)hgteroamms frgen ther list N, a8 @n@50 randocycl i c

STyt gAY Ind ARG 2009008 Bl bt DR BT FRaRERZS oy,

preferred Rringeysteromwhich may b efteerde hetsroanerings fusidippetheroua heliredrdmingd R3
het erocycl i ‘?usrebr&gén% pnocyclic 5- to 6-nenbered heteroaryl rings

cont ai nlg one or t teroatonms fromthe list N and O and conbi nations

t her eof ch 5 as tetrahydropyranyl pyridinyl, pyridazinyl, pyrazinyl and

pyrim di nyl Sﬂft&ﬂ@%ncyw ﬁeﬂéfc%f'ﬁrdr&ﬁbs%r hﬁbeﬁé}ﬁmcinblﬁdé' ndRider Seriﬂ?ﬁl@&ibﬁh ic 5-
to 6-nenber ed heteroare/?g cont al ni r&g one or two N heteroatons. Mire
F%t'"ég%i

pref erred s {PeNgotriazolyds jindagel }qgén lyb imidazopyridinyl, imidazopyrimidinyl,
pyrrolopyridinyl,  quinolinyi,  isoquinolinyl,  quinazolinyl,  naphthyridinyl and

pyridopyrimidiny! groups.

20
Preferred for use herein are monocyclic 5- to 6-membered heteroaryl rings containing
one or three heteroatoms from the list N and O and combinations thereof.

. Suitable 5-membered ring monocyclic heteroaryl groups for use herein include: triazinyl,
25 oxadiazinyl, oxazolyl, thiazolyl, thiadiazolyl, furyl, thienyl and pyrrolyl and imidazolyl
groups.

Suitable 6-membered ring monocyclic heteroaryl groups for use herein include:
pyridinyl, pyrimidinyl, pyridazinyl and pyraziny! groups.
30
Preferred R' heterocyclic rings are monocyciic 5- to 6-membered heteroaryl rings
containing one or two heteroatoms from the iist N and O and combinations theraof.
More preferred R' heterocyclic rings are monocyclic 5- to 6-membered heteroaryl rings
containing one or 2 N heteroatoms. Highly preferred R’ heterocyclic rings herein are
35 monocyclic 6-membered heteroaryl rings containing one or two N heteroatoms such as
pyridinyl and pyrimidiny.



nonocycl i c 6-nmenbered heteroaryl rings containing one or two N heteroatons
such as pyridinyl, pyridazinyl, pyrazinyl and pyrimdinyl groups. 10
Particular“y referred R3 6-nmenbered ring nonocyclic heteroaryl groups for
use herei ¥ @p @Pyridin-2-yl, pyridin-3-yl, pyridazi ¥HB0SM8z7i ny|
pyrimdin-5-yl and pyrimdin-2-yl grloups. "Especially preferred R3

6- membered ring nonocyclic heteroaryl groups for use herein include
pyri di n- 2- yAn edpptiali grefdréd RARSteRY @b Rerdn)is tHarpH@Ry) gFdupt hese groups 15
pyri dazi n- 3- yﬁﬁ:s ﬁggt preferred. @g%?t%b |l e fuse&grlnggsygtens formed by R4
and R5 together may be carbocyclic ring systens or heterocyclic ring

systens COFPréfelﬂ'iedg?:UpefechIﬁ I‘ng‘seéreatrﬁmﬁcystml ected-hembeed hdterearySringdicl udi ng

th h | tt h d 0 which
Ra-and RS iyl e e EheSots B0 RN T Bl BombnaReR i sdtRugy 1 ©

i ndazol yb, am@jtwmrbpyraml nyrigiinyl, tpyricazingi Fyaizipy|, abd nyrimidig @roups.  More

b 1,3 d ,
2 5-di hydr dhated e pfieRevdil RS a8 oy Bl br 1 Mnermndied iBipaNERAGS 0| 2"
def i ni t i onscontaining enepehiwovil beteraatinest Mare riefeyred st ﬁem/lhe&mpyeucmy lareyr oups
having thr erﬁoﬁHcyEIEreemﬁﬁBQ@H h@fe?émi"yl rRgé c&ItéﬁﬁIHQ%e OF VPR HoterbaEmE Qe & rmcze

carbon atoms, fmay be straight chain®or branthed chain. For exanple,

al kyl substIM"G'@V‘ItPYé'Q?F‘an@Y‘PH“I'Hﬁd PYSPHIIA 95BPSal - but yl (n-butyl ), iso-butyl

(i -butyhp, secondary-butyl (sec-butyl) or tertiary-butyl (t-butyl). For the

avoi dance of doubt ere and/ or is an optignally 30 suybstituted a |kyl
oup s ai o‘g aftiguiay Vpé‘? gjsﬁﬁ'ym%ﬁd P 'F‘BP?W@‘PC helgropmvt grodes 17 use hgfaither

CZTJEsublsti tuéredbyrﬂinlaljdl gym:ps-meyﬁdnzrnnmyle pyaging, B@nmﬁug@gb&tndt pyrivaldinetyh a;I

al kenyl or an nyl. gr e.car Ahom unsat ur at e roup

ahioh i s i BT F e Eed REo BT i aoor R ORR! i Bea” 5

The term haherglenlnclndaé woredin-Zlyl, @ridini3:yl camd  pyridein-240 Yrdupz.0 3B REEsel BROps/ 000208

5 The tgq gerein, includes six- to ten-nenbered

car bocyclsl C @?%i%%y%%s%ps such as phenyl and naphthyl. The present

i nvention additionally provides conpounds of general formulae (1A) to (IF)

5,25, el || Syl HEES ihh % aahs AamiLA! 8] Kl GEEidBhbemay Rt chBBoRKOlAgNCe of

doubt, all re erences Tt o conpoun gener al ornu nafter such
as for ex anwsgem%%hegerocyﬁlm TWHFI@S CBI“@"‘I!I‘SLI’@stO dwo B?}F'ioé‘!ﬂms ﬁ&?FPé‘t F O and
tautoneric NsRrer ﬁnctda@@etﬁé pﬂéw riRg %I%I%h théy SrRCAHRRSHE ﬁ?éf&ﬁéﬁlﬂdé ssth€9

I I I l.] ded.
genera Bor nchr??!“ dA?Q may ?orrr? arurIn ane, ?E@ezf %Mtrahydro phtlhalleﬁéi malolﬁ rln alzol?rl,
naphthyl, quinolyl, benzothiazolyl, benzimidazolyl, benzo[1,3]dioxolane, 2,3-

dihydrobenzo{1,4]dioxine, 2,3-dihydrobenzofuran, 2,3-dihydrobenzothiophene and 1,3-
dihydroisobenzofuran.
At 25 In the above definitions, unless otherwise indicated, alkyl, alkenyl and alkynyl groups
having three or more carbon atoms, and alkanoy! groups having four or more carbon
atoms, may be straight chain or branched chain. For example, a C, alkyl substituent can
be in the form of normal-butyl (n-butyl), iso-buty! (Fbutyl), secondary-butyl (sec-butyl) or
tertiary-buty! {tbutyl). For the avoidance of doubt where R' and/or R® is an optionally
30 substituted alkyl group said alkyl group(s) may not be further substituted by a further
{unsubstituted) alkyl group. Furthermore where R® is substituted with an alkenyl or an
alkynyl group the carbon atom (of said unsaturated group), which is directly bonded to
the N atom, may not itself be unsaturated.

35 The term halogen includes Cl, Br, F, and I.



10 The pharnmaceutically acceptable salts of the conmpounds of the formula (1)
i nclude the acid addition and the base salts thereof, A pharmaceutically
acceptable salt of a conpound of the formula (1) may be readily 15 prepared
by m xi ng WOYEIHEPSsol uti ons of a conpound of the for RATABRAF /M t he
desired acid or base, as appropriaté. The salt may precipitate from
solution and be collected by filtration or may be recovered by evaporation

of the sol vrﬁ@ttemsw"ab:hen @§édjhélr9iﬂ' ﬁqbueabssg& 1t§ téH-MehPErBRtalioRpRl8 Grdifatithi ch
form non-toxic sal E% 7’20 i nclude the acetate, adipate, aspartate,

benzoat e, B&%‘FFaﬁ”Eha%P'&%ﬂy ®4 bonat e, bi sul phat e/ sul phate, borat e,
cansylate, citrate, cyclamate, edisylate, esylate, formate, fumarate,

Pyelr oot or Mg AReR T fereSh SEHGHR PrevhBs BimitaindR of BBR SR pam ALt 0r)
i set hi orfat @s Welicasatmixturesrdheaeef, asnedteilstichereimaftenatfor the sybidarce ofeddupt, salil phat e,

napht hyl at ?efen%n&l%ptﬁyéoﬁ'@guno%%fgﬁﬁ%ﬂ Rfthia F()lﬂ héﬂ’eﬁwraffer/ g{nﬁ-{/ %&r for e gts%’_tl Sit e

pal mtate, panpa hat rogen osSphat € ogen asp
pyr ogl ut am@momcmmdw% or gpmt ae@netgg ad tagtomericisomess therepharerintended

ggf?/rlegt ?rotrtg Ibéggggﬁ&%c é}lﬁé%rnggﬂgﬁin? él c sal '?tﬁlée (%#pfoa?kf Lp'Fe%de ﬁ%rgl&t ehe

al um ni um SBe@ficAdHRIOvigRchzat hi ne, cal cium choline, diethyl amine, diol am ne,
glycinetg |ysine, magnesium neglum ne, ol am ne, potassium sodium

t romet ham and zinc alts. m sal of acid ase al s
o ed 1 or estaAsrasStrall screpiEean gl hesonouid & Ur At ) MebsBe107 7935
1182005/a6ﬁ&36180n end-he base saliséiveredi, sui t abl e salts, see Handbook of
Phar maceutical Salts: Properties, Selection, and Use by Stahl and Wernuth
(Wl ey-VCH, 2002). Pharmaceutically acceptable salts of conpounds of fornula
| may be prfepbarsdcditicallyeacreptable raait eof &f cdrhporad n:étth@dwmu(a' jI) may rbearetadityg t he

; o
e 6 ofS bt et RofiiBis 6% 5ibeRd oP Aol Iy e b Bl 20
conpound ofacdaripabe ds anprdwate; ‘ﬁk}p sﬁi@namgealp@aje fratn @Iuiigoo lang bp celiagtesldyy, f or
exanpl e, aritr%%r?&%nw?é Afchfibd b&sé\}égonfapé‘r} o rm cﬁ&bn@c' d or base; or C (iii) by

converting one salt of the conpoun to anot her by reaction with
an appropriate acid or base or by neans of a SU|tabIe i on exchange col umm.

Suitable acid addition salis are formed from acids which form non-toxic salts. Examples

20 include the acetate, adipate, aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulphate/suiphaie, borate, camsylate, citrate, cyclamate, edisylate, esylate, formate,
fumarate, glucepiate, gluconate, glucuronate, hexafluorophosphate, hibenzate,
hydrochioride/chloride, hydrobromide/bromide, hydroiodideliodide, isethionate, lactate,

C, malate, maleate, malonate, mesylate, methylsulphate, naphthyiate, 2-napsylate,

25 nicotinate, nitrate, orotate, oxalate, palmitate, pamoate, phosphate/hydrogen
phosphate/dihydrogen phosphate, pyroglutamate, saccharate, stearate, succinate,
tannate, tartrate, tosylate, triflucroacetate and xinofoate salts.

Suitable base saits are formed from bases which form non-toxic salts. Examples include

30 the aluminium, arginine, benzathine, calcium, choline, diethytamine, diolamine, glycine,
lysine, magnesium, meglumine, olamine, potassium, sodium, tromethamine and zinc
salls.

Hemisalts of acids and bases may also be formed, for example, hemisulphate and
35 hemicalcium salts.



~
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15 Al three reactions are typically carried out in solution. The resulting
salt may precipitate out and be collected by filtration or may be recovered
by evaporatlon of the solvent. The degree of ionisation in the resulting
salt may VEPYMFPGHconpl etely ionised to al nost non- i BEIT/ERO0S/09@0SThe
conpounds of the invention may exist §n a continuum of solid states ranging
from fully anorphous to fully crystalline. The term'anorphous’ refers to a

st gt edl n V\’fc}*cﬁl’la frdveew laiﬁtﬁftha% 46 KSed PASIHOBR IR mrma%amcéuhlsan&vlpe&ﬁéb%& | e}/G'
an epen on ure ysical properties of a
solid or #ﬁ"%d?‘g a"q’i‘%ggéﬁ gl Q%WGHE%BEWA?%VGH %?5)25 give distinctive X-ray

diffractlon patterns and, Wmle exh| biting the propertles of a solid, are

nore formal onh romsolid to
O e G o8 e P o B T o BB B ePEbL,
typi cal | § secremfithoeeimethods:gl ass tran5| tion'). The term crystal l'i ne' refers
to a solid phase in which the material has a regular ordered internal
structure at the nolecular |evel and gives a distinctive X-ray 30
di ffracti orlilpat t¥reacking hedempaert gidermwla ISibHihaaesied arid onkase; heat ed
sufficiently will also exhibit the properties of a liquid, but the change
fromsolid to liquid is characterised by a phase change, ?/pl cally first

e

order (' neld) ng bMdF'ﬁPV")Q aAeidhseeriadle Botecting greve fremansyiablerecyrssk Pkt i n

unsol vaged and srd ahpslndosMBrmuiae or 3y ﬁ@téﬁenmglyam%md §ydu§%ebch@,6elfar to
descri be a nol ecul ar acggg{ ex coggrl Si of the invention and
{

e or nore phar‘al’fﬁ‘(‘,“@' opg ola &Hﬁ?gthgéi??[ﬁ‘?t@%ré’@ﬁ?éﬁ' for exanple,
hanol. The term ' hydrate' is enpl oyed when said solvent is water. WO
2005/ 077935 CT/ 1 B2005/. 000208 . 7 urrentl t.ed c i fication system
For or gant Ty RO cal ARG ol PP € angtrE Bl foebfon b
met al -i on coor dianatppubpligtd raides baseswdy Potapsof P biitable ion exhangmcsumn.cal Sol i ds
by K. RygMorris (Ed. H G Brittain, Mrcel Dekker, 1995). Isolated 5 site
hydrates are ones in which the water nol ecul es are isolated fromdirect
cont act wi tAl theegoragtions areplypirally sariedionhinsoltion. d heoesudtingesalt may precipitatd
hydrates, tgg a\’i@iaﬁ'boli’ée{e@%'fﬁ?anoh bEmb}bé ?écbbé?@d E?@ﬂﬁ(]ﬁt]aiug%?fh% sBN . Phe next

to other water ecules, "I'n netal-ion coordl nate rates vvater
nol ecul es aYegresoefdesation inke rsuling paftymay vrryfram qoﬁ’@'%!’ {peised &a'maﬁté\om S
tightly boupgised he conplex will have a well-defined stoichionetry
indepeng§nt of humdity. Wen, however, the solvent or water is weakly
bound, i n channel solvates and hygroscopi ¢c conpounds, the water/sol vent
content 9% Tiw compounds of the invention may exist in a continuum of solid states ranging from

fully amorphous to fully crystalline. The term ‘amorphous’ refers to a state in which the
material lacks long range order at the molecular level and, depehding upon temperature,

- may exhibit the physical properties of a solid or a liquid. Typically such materials do not

25 give distinclive 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 characterised by a change of state, t ypically 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

30 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

35 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.



wi || be dependent on humdity and drying conditions. In such cases,
non-stoichionetry wll be the norm 15 Also included within the scope of
the invention are multi-conponent conpl exes (other than salts and sol vates)
wher ei n t HEOA¥§Y78#d at | east one other conponent ar e PEBERIPASIO04208

stoi chi ometric or non-stoichionetric anounts. Conpl exes of this type include
clathrates (drug-host inclusion conplexes) and co-crystals. The latter are
typically 20 defined as crystalline conpl exes of neutral nolecul ar
constituents whic
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sol ution). I\/Esom)rphlsm arising as the result of a change in tenperature is
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second dQNPWREAithe SUBRNAST Waidreis @htlﬁ%bﬁtﬁfthéod:dhﬁﬂﬁx mnsmk@ssrwambraéd

"lyotropic ounds, tha n orm.| yotropic sophases
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-N N (CH3) 3). I rnou For. n see Cr als _and the
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(Edwar d Ar neilide tHedm@in. WO 2005/ 077935 PCT/ |1 B2005/ 000208 8 Herei nafter all
referenggs to conpounds of formula | include references to salts, solvates,

mul ti-conponent conpl exes and liquid crystals thereof and to sol vates,
mul ti- conpdisernclusisdpriitethesape phyiie dnventjen atesmulii-cogperent isempleses ®tene
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defi ned, polyno cEhs and ystal habits$ thereof, prodrugs, | SOMer s
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her ei naf t er cigpf-tee ddragaosts PclEibe domplexbeibahd &E-cBRED UMK idfer T8¢ Miaaly! ) - 10
20 defined as crystalline complexes of neutral molecular constfituents which are bound
together through non-covalent interactions, but could also be a complex of a neutral
molecule with a salt. Co-crystals may be prepared by melt crystallisation, by
recrystallisation from solvents, or by physically grinding the components together - see
- Chem Commun, 17, 1889-1896, by O. Almarsson and M. J. Zaworotko (2004). For a
‘&..‘ 25 general review of multi-component complexes, see J Pharm Sci, 64 (8), 1269-1288, by
Haleblian (August 1975).

The compounds of the invention may also exist in a mesomorphic state (mesophase or
liquid crystal) when subjected to suitable conditions. The mesomorphic state is
30 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 solvert, is described as ‘lyotropic’. Compounds that have the potential
to form lyotropic mesophases are described as ‘amphiphilic’ and consist of molecules
35 which possess an ionic (such as -COONa*, -COOK’, or -S0;Na*) or non-ionic (such as
-NN*(CHa)s) p olar head group. F or more i nformation, see Crystals and the Polarizing
Microscope by N. H. Hartshornie and A. Stuart, 4™ Edition (Edward Arnold, 1970).




As indicated, s o-called 'prodrugs' oft he conmpounds o f formula (lI) are
also within the ~.. scope of the invention. Thus certain derivatives of
conmpounds of formula (1), which may have little or no pharmacol ogi cal
activity tNeorgwbome3s can, when administered into or ong@vigIRsPGEN be
converted into conpounds of formula (I8) having the desired activity, for 15
exarrpl e, by hydrolytic cleavage. Such derivatives are referred to as
"prodrugs'. Further information on the use of prodrugs may be found in
Pro-drugs as Novel Delivery Systens, Vol. 14, ACS Synposium Series (T
Hi guchi andHegresaster £ refeter@es rtevearanaunds offemmuls 4 ingludsr w refemasey i sRig, ganon
Press, 1987 |
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t hereof, Tor exanple, a conpound wherein the hydrogen of the alcohol 35
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@) al kanoy! ggadisesfhué .nvewﬁn ﬁrfusfc@&alﬁéamt.eew%mﬁaunus%orﬁ{unamewmm% group

IS substitu an - group, preferred pro-drug herein i's an ether; and
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20
Prodrugs in accordance with the invention can, for example, be produced by replacing
appropriate functionalities present in the compounds of formula (I} with certain moleties
known to those skilled in the art as ‘pro-moieties’ as described, for example, in Design of
- Prodrugs by H Bundgaard (Elsevier, 1985).
N~ 25

Some examples of prodrugs in accordance with the invention include

(i} where the compound of formula | contains a carboxylic acid functionality (-

COOH) or an ester thereof, for example, a compound wherein the hydrogen of

30 the carboxylic acid functionality of the compound of formula (]) is replaced by -
(Cy-Ce)atkyl;

(i) where the compound of formula | contains an alcohol functionality (-OH), an
ether thereof, for example, a compound wherein the hydrogen of the alcohol
35 functionality of the compound of formula | is replaced by -(Cs-
Cs)alkanoyloxymethyl, such as for example when R? = OH, or when the R® group

is substituted by an —OH group, a preferred pro-drug herein is an ether; and



10 esters of the compounds of general formula (1), with esters bei ng

particul arly preferred. Ester pro-drugs are described in detail in "Design
of ester Ry 0%"%% %o enhance oral absorption of poorl er neabl e conmpounds:
Chal | enges 10 i scovery scientist", Current Drug RISOW8 (2003),

4(6), 461-485. 15 Further exanples of replacenment groups in accordance with
the foregoi ng exanpl es and exanples of other prodrug types may be found in
the aforenmentioned references. Finally, certain conpounds of formula (1) may
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Where structural 10 isoners are interconvertible via a | ow energy barrier,
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Finally, certain compounds of formula (I) may themselves act as prodrugs of other
compounds of formula (1).

20
Also inciuded within the scope of the invention are metabolites of compounds of formula
I, that is, compounds formed in vivo upon administration of the drug. Some examples of
metabolites in accordance with the invention include
(*' ' 25 (i) where the compound of formula | contains a methyl group, an hydroxymethyl
derivative thereof (-CHj -> -CH,OH):
(i) where the compound of formula | contains an alkoxy group, an hydroxy derivative
thereof (-OR -> -OH),
30

(i)  where the compound of formula | contains a tertiary amino group, a secondary
amino derivative thereof (-NR'R® -> -NHR” or -NHR® where R® and R® are

different groups);

35 (iv) where the compound of formula | contains a secondary amino group, a primary
derivative thereof (-NHR -> -NH,);



si ngl e compound may exhibit nore than one type of isonerism 15 I|ncl uded
within the scope of the present invention are all stereoisoners, geonetric
i somers and tautoneric forns of the conpounds of forrmula (1), including
conpounds VeXRiobd173sg nore than one type of isonerism gsegheidoslobyzes Of one
or nore thereof. Also included are aetd addition or base salts wherein the
counterion is optically active, for 20 exanple, d-lactate or I-lysine, or

racem c, for, exanple,.d!'-tartrate or d{-arqginine. ecifically included
i e S80pa WP e oRBRIES B | el SRemiBikeg Pt EES o
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di astereonerically pure isonmer of a conpound of forrmula (1), or an
enantionerically L 25 enriched or enantionerically pure isoner of a
conmpound of {(¥ibr nwhere(the cogipeumnd ah rinsle egontainsyarh emadspanowp.cal coypordinasitt i onal

techni queg vel | kBqudvd feidBPReonskll lcesbi the art, for example,
chromat ography and fractional crystallisation. 30 Conventional techniques

for the preparation/isolation of individual enantiomers include chiral
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chr omat oé?aphy, typically HPLC, on an asymmetric resin with a nobile phase
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a separ a0 orexamplend-tpetate or Hysine, or racemic, for example, di-tartrate or di-arginine.

Specifically included within the scope of the present invention are sterecisomeric

mixtures of compounds having formula (1), or a diastereomerically enriched or

L diastereomerically pure isomer of a compound of formula (I}, or an enantiomerically
25 enriched or enantiomerically pure isomer of a compound of formula (i).

Cisftrans isomers may be separated by conventional techniques well known to those
skilled in the art, for example, chromatography and fractional crystallisation.

30 Conventional techniques for the preparationfisolation of individual enantiomers inciude
chiral synthesis from a suitable optically pure precursor or resolution of the racemate (or
the racemate of a salt or derivative) using, for example, chiral high pressure liquid
chromatography (HPLC).

35 Alternatively, the racemate (or a racemic precursor) may be reacted with a suitable
optically active compound, for example, an alcohol, or, in the case where the compound
of formula {]) contains an acidic or basic moiety, an acid or base such as tartaric acid or



15 When any racemate crystallises, crystals of two different types are

possi ble. The first type is the racemi c conpound (true racemate) referred

to above wherein one honogeneous formof crystal is produced containing

bot h enant ivawenesoi7gssequi nol ar anounts. The second typepdiFiBhévendoadseM C

m xture or conglonmerate wherein two forns of crystal are produced in

equi nol ar ampunts each conprising a single enantiorrer 20 Wil e both of the
racem.c m xture have identical

crystal for hysi cal
properti es, qsﬂﬁ‘g ﬁ%ai’)a'ﬁg\?e dier f&tdipe giRsteieemens Bpye | way cl?)ér)rp%ﬁpé'a’ﬁ?do Bhe true
racemat e. Ramewiayranhy tandies fradipnd ensmiiaativinesthdine oo buthrdf ttendikstéreciborheses
known to th I Elqﬁf re. - w[g:gl ,SL.Ly of
Organi c Con%gﬁlr?gga té)%% c+_ers | 'er@ élur{?i e?‘ng@tioée(?{i)ﬁ errllg It@;?%gigg%kﬁ hus t he
present i nwpemehon a dditionally provides conpounds o f general fornulae
(A, (1), (1G9, (ID, (1B, (I F), (1§ and (IH. WD 2005/077935
PCT/ 1 B2005/ 000208 12 a Rthl ZCHRB R R Z CHa N3 a a 113C a a HaC N Ra
1O / Ra O Rbyirpiscompgqungs ofde fpveptien Rod mpiraipiecurserytherecs) Nay bs aptaiped i |
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asymmetfric resin with a mobile phase consisting of a hydrocarbon, typically heptane or

hexane, containing from 0 to 50% by volume of isopropanol, typically from 2 to 20%, and

10 may contain from 0 to 5% by volume of an alkylamine. Concentration of the eluate

affords the enriched mixture. The absolute composition of the mobile phase will be

N dependant upon the chiral stationary phase (asymetric resin) selected. Preparation 2 as

detailed hereinafter provides an example of such a separation technique.

15 When any racemate crystallises, crystais of two different types are possible. The first
type is the racemic compound (true racemate) referred to above wherein one
homogeneous form of crystal is produced containing both enantiomers in equimolar
amounts. The second type is the racemic mixture or conglomerate wherein two forms of
crystal are produced in equimolar amounts each comprising a single enantiomer.

20
While both of the crystal forms present in a racemic mixture have identical physical
properties, they may have different physical properties compared to the true racemate.
Racemic mixtures may be separated by conventional techniques known to those skilled

w in the art - see, for example, Stereochemistry of Organic Compounds by E. L. Eliel and

25 8. H. Wilen (Wiley, 1894).

Thus the present invention additionally p rovides compounds of g eneral formulae (1A),
(1B), (IC), {ID), (IE), (IF), (IG) and (iH).



sNaR a M3 CNaaRaHOCRR IF IE32CHiRa R RZCH3B NR- RN
Ra CNRa NHIHICO OIGRS IHI'" 5 wherein R2, R3, Ra and R5 are as
defi ned he‘f@i Elgﬁgore. Al so included are conpounds having the general
formul ae ( )2 79{5 D) wherein the stereochem stry of PteBmeswogrssat the 3
and 4 positions of the pyrrolidine rilhg are cis relative to each other. WO
2005/ 077935 PCT/ 1B2005/ 000208 13 Preferably the present invention provides
conpounds of general formula (1A), nore prefeggbly cgnpounds of general
formula (10, nore pre,€Hably §ii |1 conmpounds® §f* general fornula (1E) and

especi al l y conpoundgg! eneraj formula (I gsent invention
i ncludes all pharmaceqti cal |  accept abl e i sotgpi -lfabel | ed conpounds of
formula (1) wherein o ON_mke-{at oms ar e4,te€p Sy at ons ghavi ng the sane
atom ¢ n unber, buts@ n at&ﬁ‘ic myass _@F mass nunb er¥nt fromthe

atom c nmass or mass nunberousua found in nature. 10 anpl es of isotopes
suitable for inclusion in the conpedimds of the invention Tn&ude isotopes
of hydrogen, such as 2H aftd 3H, carbon, such as "@ 13C and 14C, chlorine,
such as 38Cl, fluorine, such as 18F, iodine, such as 1231 and 1251,

ni trogen, such as 73N and 15N,, oxygen, such as 150, 17Q and 180,
phosphorus, such as 3gP¢Hand spil phur, such as g
i sotopi cal |l y-1 abel | dapoungs of fornula Rh),
incorporating a radigactjve gt ope, are usef

Ct:l ssue distributi ol_rll3C d Mﬁ] o HG

( Y
N
Q
o
Z—7,

R5

wherein R', R%, R®, R* and R®° are as defined hereinbefore. Also included are
compounds having the general formulae (IB) and (ID) wherein the stereochemistry of the
groups at the 3 and 4 positions of the pyrrolidine ring are cis relative {o each other.



radi oactive isotopes tritium i.e. 3H, and carbon-14, Le. 14C, are
particularly useful for this purpose in view of their ease of incorporation
and ready ane of detection. 20 Substitution with heavjer isotopes such as
deuterium™ 1 2&0%ZH may afford certajy therapeutic adN AP ®sul ti ng
fromgreater netabolic stability, for exanple, Increased in vivo half-life
or reduced dosage requirenments, and hence may be preferred in sone

ci r cumst andeferaply thebrresanttinventian piovides icompaungisi aft gangral Somire dA).omee as 11C,
18F, 750 angbiddbh caifgbuR@s @ Yehbral dmBRS €S, %m%nbx%férsa; TaPeBmpaihes(HET)

studi es for exam ning substrate receptor 0occupanc
| sot opi cal |9yen9rabfermléa('Ebma@allyfcompmsyfee')ereléwn@@q@ Jal |y be prepared by

conventi onal technlques known to those skllled in the art or by processes

anal ogou t hose ri be n e acco rations
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non- Ihabel | egmpeagisrdfl fgmela (Duwgieyeie bpe oyedre éf%ﬁﬁ&&bﬂﬂ&éiﬂ@ &trhs hBdR e000208
14 Phar maceut i oF:| t 9 vates I n_accor t vention
el ude t gt Sira R R AR 53, ordrs PR il st PetCal |y
subst i t ut ednass.cgmabR GumbkS-useally faund, in d@8uBMSO. 5 Accor ding to a preferred
enbodi nent the present invention provides a group of conpounds havi ng
general formula (1), preferably formula (1 A), nore preferably formula (10,

mor e pr &9 erkxemplestaf |!$ot¢mmult@blq f@)mt&mﬂnelﬁﬁb@|camp9und§rqfn§ﬂwam(vemyan ipghideei n R

I's sel ect eqsotc‘;ﬂegrﬂf Hybifeg -?@)ueﬁ Io¥ 121 anG@RGr BMCé&ﬁ'dgwhc °C and ", chiorine,
~(CL-C2) al kyl ( )yc henyl C yl, etq ocyclic, or

I
< Cl- ) al I@W‘héﬁe%é‘y@ﬁ"@» w@%é“ﬁa@m%&s Zfélarr% &mﬂmﬁm sugh 89 At ut ed

by one or x%djé?ﬂl%ﬁciﬁ@é gol ¥eh Aid¥D: b Oglﬁiﬁhals}@wh as “PCHRd r, sicRHg) M C3-
C5) cycl oal Igyl al ogen, OCH3, OCH2CH3, CF3, CH2CF3, OCF3 or OCH2CF3

wherein mE2 or2 ¢ and wherein when RL is a heterocyclic, or a
-(C1-C2)&l kyl heterocyclic group said 15 heterocyclic groups are

i nd d I f
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| nventi on %&Xééi!ﬁé IS? o%é){f-ﬂurﬂf;e 29 &%af%fo%ﬂdﬁ Pé‘“‘d‘%r@&é}ﬁ&ﬁényﬂﬁéﬁ%ﬁth? 1)

preferably refer fof nMu
purpose in view of their ease of mcorporation and ready means of detection.

20
Substitution with heavier isotopes such as deuterium, ie. ?H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example, increased
in vivo half-life or reduced dosage requirements, and hence may be preferred in some
circumstances.

s

25
Substitution with positron emitting isotopes, such as ''C, F, 0 and *N, can be useful
in Positron Emission Topography (PET) studies for examining substrate receptor
occupancy.

30 Isotopicaliy-labelled compounds of formula (I) can generally be prepared by conventional
technigues known to those skilled in the art or by processes analogous to those
described in the accompanying Examples and Preparations using an appropriate
isotopically-labelled reagent in place of the non-labelled reagent previously employed.



(10, nore preferably still formula (1E) and especially formula (I1F),
wherein RlL is selected from -(Cl-C6)alkyl, -(C3-C3)cycloal kyl,

-(Cl-C2) al kyl (C3-C8) cyci oal kyl, phenyl, -(Cl- C2)al kylaryl, heterocyclic, or
-(Cl- ) al“@?"ﬁ%‘l"é?%cydi c groups 25 wherein each of the‘"?%/‘i"@jﬁp‘?%“sR' gr oups
is optionally substituted by one or Hore groups selected from

-(C1-A4)al kyl, halogen, -(CH2)nOR6, CN, CF3, OCF3, wherein m=1 or 2; R2is
OH, 30 R3 Pbarmscedlically Beesptable, solyatEss: Dodedokdance witc3hed)eptivoroincluge those
-(Cl-C2) al I i N z ltey NETENR |ic, or
-(Cl-C2) al wlbf?g? é‘%%agﬁtéﬁgér?%éa?)lllsza\?\%%r%ﬁynégkoﬁ%II*&%EUtg%vg' ’ I%égrg%ups IS
opt i onal | y 26¢ipR&,ide -by one or nore groups selected from OH,

-(Cl-4)al kyl, -(CH2)6(CC3-C5)cycl oal kyl, hal ogen, CN, -(CH2)"OR or - 35
(CH2) " NR7Recavbmg eion aNprefdred leribodineMOhe OBrakhi 7ilvantiBl: ThrbBes) o gQQBO& 15 R4
| c2) poRe o oS KR dknereiomis by, sTersbl e (KRR egably ormd

- (CH2) pNR??@Rﬁore}EﬂF&eraﬂﬁébﬁF&muléTﬂPlanﬂ eSESdRMFBDrgoia YiFs, wﬁmi??’llispse:?c(ed 1 or 2;
5 R5 is selecte r T - a - - o ogen,

- (CH2) poRe, 1O ¢ %ﬁzﬁ%ﬂi‘ﬁe ﬁ‘%@@q‘dﬁ%ﬁ% ; &%@%55%%&%‘ rerenyl e

- ( CH2) pNR7 SiaitylanCHBterGHRIET 81 -(CACHSkyhet@oLiREgrogpoapswhtreindR 'ris pptiondlly 1 or 2;
R6, R7 d ' e t I ed | H, | .10
wher of nfd neopeiia BpGhe bPASRAIBGH bR i 36, G HoHOR TolintEs-

6- menber ed Gslaygoalky.shaiogencObHai QChHapCNOCPs, 6dt6F 0 & iQGHEEn Wherelny

sel ected frpom,Q,er N and conbinations thereof; 15 and wherein the

@eterocycl ic group. of RL is selected fromnono-cyclic 5- to 6-nmenbered ring
Systens containing I N heteroatom Preferred herein are the groups of

corrPounds m?hui Wﬂ?rgﬂnlﬁrféé’rll Ff‘ofsnwﬁétérbéycliclﬂr@‘f ar ﬁlbl-]gz)akﬁP@tB}ol% t.§!ib'°§rgu;b’ft2’s{)aﬁi
preferably fornul a , _more prefera Sti or a ;

et al ¥y TeRIFE QMR ara dgedRaly sRAqadRT BrEcwIKESr @ E@%ﬂé‘v%d ing

- (Cl1- C8) al leyktems (dodtaichigc M to 3l HeydroatohEindeppadany cElBctel )frye oo ky IS, and
-(Cl-C2) al kyl ar b or, a hfeterocyclic group and wherein each of the latter
five R3 grc%ﬂ'@"r% O@F}P?'ﬁﬂal |y substituted by one or nore groups selected
from-0OH -(Cl-C4)al kyl, -(CH2)5(C3-C5)cycl oal kyl, hal ogen, -CN or

- (CH2) nOR6 i =0 i 1S . and
wherein V\heAnc\égfgrngstBaéqﬁ'g{eeP r%f:eyie Fiaégr%go\rmc?)ﬁ%?é% %ﬁ%‘ﬁé‘?“’&@@ﬁ@(’g%éﬁ‘%@@ ected

from 20 compounds having general formula {I), preferably formula (IA), more preferably formuia

(1C), more preferably still formula (IE) and especially formula (IF), wherein R' is selected
from: -{C{—Cg)alkyl, -(C;s-Cs)cycloalkyl, -(C,-Ci)alkyl(Cs-Cg)cycloalkyl, phenyl, -(Cq-
Cy)alkylaryl, heterocyclic, or -(C-Cz)alkylheterocyclic groups

C 25 wherein each of the foregoing R' groups is optionally substituted by one or more groups
selected from: -(C,-C,)alkyl, halogen, -(CH,)»OR®, CN, CFa, OCF3, whereinm=1or2;

R?is OH;

30 R®is selected from: H, -(Ci~Ce)alkyl, -(Cs-Cs)cycloalkyl, ~(C4-C)alkyl(Cs-Cg)cycloalkyl,
aryl, -(C1-C,)alkylaryl, heterocyclic, or -(C,-Cy)alkytheterocyclic groups

wherein each of latter seven R® groups is optionally substituted by one or more groups
selected from: OH, -(C+-Cgalkyl, -(CH,)s(Cs-Cs)cycloalkyl, halogen, CN, -(CHg),,OR" or -
35 (CH,),NR'R®whereinn=0, 1 or 2;



nono-cyclic 5- to 6-nenbered ring systens containing up to 2 heteroatons

I ndependently selected fromO or N and conbi nati ons thereof. 30 According to
a further preferred enbodi nent the present invention provides a group of
conpounds v@q 20¥REPR fornula (1), preferably fornul a (PEYIB2M508028% ef er abl y
formula (1C), nore preferably still Bornul a (I'E) and especially formula
(I'F), wherein R is selected from -(Cl-Ce)al kyl, -(C3-C5)cycloal kyl, phenyl
ort het elr chﬁl i cse_@mtupﬁorgnsl. vvtue-oejalkyl,ea@:lfnzygtcatcty;tyclf:ﬂkﬁ,gnzina@erﬁl(c?{ép@p% is
optionally . & £ o€ 7 LA :

c4) al kyl H§F®§‘i’ﬁk -.%&e-%@.ﬂm?f@%s SR lieol %ﬁ%é’g%' IQ&F/% 5/ 000205
16 R3 is sab@EiedCGH.CM gioups WierEénP)=ad kydr2; - (C3- C3) cycl oal kyl ,

-(Cl-C2)al kyl (C3-C3)cycioal kyl or heterocyclic groups and wherein each of

|l atter four R3 groups is optionally substituted by one or nore groups

sel ect ed5f rRfmis seppted (fom:CAFalClplkyl, ~(QHY G Gleycbpikylc Inakigey, (Cha0BEn; 5
-CN, -ORS GHIRE DR R8ovyher & &= 8 2; i seci-ed~fir H F
or C; RSC{ib's-r2 )éel ected’ f r%ﬂ 'Fe}:.'lo(‘!rs)(%z ; EEQ)NQZIQR{CH;%SI %%é§ ’e%tgg’cﬁﬁzéﬁy

i ndependentP§F=wIQCHEH- gicyps WhereiRP ©P. 1M2CH3; wherein the heterocyclic group
of R3 is selected fromnono-cyclic 5- to 6-nenbered ring systens containing

up to 2 heteroatons i ndependent|ly selected fromO or N and 15 conbinations
t hereof ; arfd: Rh&IER 7e ﬁ%&H%‘?@QF’WEY $eleqtRAJR Br Clrbe o Halhleect ed from

nono-cy¢lic 5- to 6-nenbered ring systens containing 1 N heteroatom 20
Preferred herei.n are.the groups s conmpounds havi n eneral fornmula (1),
e ef or abl y WMo GRS s, 8 3ERPYS it Or o Bt bl
&b i || for mddystefisEgontaiing esptec R ahdigrodtomsLindepeh@gntly aselettdd fremh DeoreNnaraf or e

wherein the : j c..group of R where present, is a nonocyclic
6- menber ed Crﬁ“ﬁ%"%%%@#segféont aining up to 1 N heteroatom i.. 25 Preferred

herein are the groups of conpounds having general formula (1), preferably

P10 S R Ui bV g LA Bl <

(IE) and especia fo_r[ruag e e wherein the
het er ocycl i @agvelgms sentRBing i Bplergstaent , is a nonocyclic 6-nmenbered ring
systemcontaining up to 2 N 30 heteroatons.

Preferred herein are the groups of compounds having general formula (), preferably
formula (1A), more preferably formula (IC), more preferably still formula (iE) and
20 especially formula (IF), as defined hereinbefore wherein R’ is H, -(C—Cq)alkyl, -(Ca-
Cs)cycloalkyl, -(C1-Cz)alkyl(Cs-Cs)eycloalkyl, «(C4-Co)alkylaryl or a heterocyclic group and
wherein each of the latter five R® groups is optionally substituted by one or more groups
selected from -OH, ~(C1-Ca)alkyl, -(CH»)x(C5-Cs)cycloalkyl, halogen, -CN or -(CH,),OR®
wherein n = 0 or 1 and wherein R® is H, CH; or CH,CHg
25
and wherein when R® is a heterocyclic group said heterocyclic group is selected from

()

mono-cyclic 5- to 6-membered ring systems containing up to 2 heteroatoms
independently selected from O or N and combinations thereof.

30 According to a further preferred embodiment the present invention provides a group of
compounds of general formula (1}, preferably formula (IA), more preferably formula (IC),
more preferably still formula (IE) and especially formula (IF), wherein R' is selected from
-(C1=Cs)alkyl, -{C3-Cg)cycloalkyl, phenyl or heterocyclic groups and wherein each of the
foregoing R' groups is optionally substituted by one or more groups selected from: -(Cy-

35 C,alkyl, halogen, -OR® or -CN;

R?is OH;



Preferred R groups for use herein are selected from-(Cl-C4)al kyl,

-(C3-C6) cycl oal kyl, phenyl, pyridyl or pyrimdinyl wherein R is optionally
substituted by one or nore groups selected from CH3, CH2CH3, hal ogen, OCH3,
OCH2CH3, CKQ2¢58718%5 OCF3. 35 More preferred R groups POFIRIGES/Ne®i n ar e

sel ected fromn-propyl, i-propyl, n-Bttyl, nethoxymethyl, cyclopropyl,

cycl ohexyl, phenyl, 3-f| uorophenyl 4-f 1 uorophenyl , 4 WO 2005/ 077935

PCT/ 1B2005/ 000208 17 chl orophenyl 4- et hyI phenyl 4- et hoxyphenyl

2, 6-di fluorophen 2,4-diflugro n uoroph pyr|d|n 2-yl or
oy 1 di e 3oy T BE Tyl fCteiobyh oo {r Com GerCelcHgaIgn Gl ot e
from pyri di lfbtéfchhc @rheﬁé/énd %er&n %hmmt&e lPdUr ,R”@nfdp'slw B Isubstituted by '

4- chl or oph nmet Y, fl uor qph
2. a-di 1 aorSRERAT Grou8s FIRRH [MSEL i (G SRR IR  or use
herein abe -oil, coRBat -(CHINRIR® wietdin 6B)Gltky2; - (C3- Ce) cycl oaI kyl,

- (C1- C2) al kyl (C3- CB) cycl oal kyl or heterocyclic and wherein each of the
latter 10 four R3 groups is optionally substituted by one or nore groups
sel ect ed f righis selbpted ron: BAF at @yl or - ORB and wherein Re is -H, CH3 or CH2CH3
and wherein when R3 Is a (r heterocyclic group said heterocyclic group is a
nmonocyclic 6-nmenbered ring system containing up to 2 N heteroatons. 15 Mre
preferred FR igrelaged from: ﬁ@éCKerein are selected from hydrogen, ethyl,

i-progy?gln- erpyI tnlbutﬁl t- butyg iébu}yl, 2- gethgxyethyl gyclopgntyl
cycl obuty ¢lo ,_,pyrre pyridin-2-y ridin y pyri dazi n-3-y
razinyi , % R 25 egeh ’“gﬁPPF‘?ﬁ‘%Y srlsstag from{y Bﬁ?ﬂ"‘ﬁ"‘a@ Hayl or

trahydropyran 4- yI groups. 20 Preferred R4 groups for use herein are
selected fromH rr. & and re {1 ed roups for use herein are
el ect ed f refreh gie Etoropydf aroPR it €118 RoicRr ShRUPR il Rto TP Teedi® i ¢ uent s
for use hersstenar eontainifg 4p. to 2uheérobtoms dingdpengéntiyr salestethéomi 0 bl Bdd and RS

groups qgesﬁa%agglgseﬁg%%ﬁntly selected 25 fromF or O; or, a

- nono- sib group wherein R4 is Hand R5 is F or C. Mire p
ref erred p henyl groups for use hereint o which R4 and R5 are attached are

4- chlor OphﬁriNhe‘?%m %e“héié»%%,}éﬁ%@%ﬂ&ﬁyé‘ ig50Had ﬁ@oﬁr(&ﬁ{‘cﬁ% %Sto amérﬁbe?ed

preferred group oun rein of genera

pref er abl y {NoEystgng ceniginggal Nyelerq@jom.R1 i s a phenyl, 3-fl uor ophenyl

4-f | uor ophenyl, 2, 6- d|fluorophenyl 2, 4- d|fluorophenyl 3, 4- difluorophenyl
or pyrigln Zﬁi/ grou R2 is OH and R4|s selectedfrom Hor Fand R5 is
sel ect edOf riyelermed fiereii areyihepgropies pherreRspEs hadng geesral {pFavia;(h; Nqur%blH are

the conmpoun@em@é EXAMRbreSpréferabhf fordfila (IC), more preferably still formula (IE) and
especially formula (IF), as defined hereinbefore wherein the heterocyclic group of R*
where present, is a monocyclic 6-membered ring systems containing up to 1 N
- hetercatom.
25
Preferred herein are the groups of compounds having general formula (1), preferably
formula (lA), more preferably formula (IC), more preferably still formula (IE) and
especially formula (IF), as defined h ereinbefore wherein the h eterocyclic group of R,
where present, is a monocyclic 6-membered ring system containing up to 2 N
30 heteroatoms.

Preferred R' groups for use herein are selected from ~(C,—C,)alkyl, -(Cs-Cs)cycloalkyl,
phenyl, pyridyl or pyrimidinyl wherein R' is optionally substituted by one or more groups
selected from CHs, CH;CHa, halogen, OCH,, OCHzCHj3, CN, CF3 or OCF,.

35
More preferred R' groups for use herein are selected from n-propyl, i-propyl, n-butyl,
methoxymethyl, cyclopropyl, cyclohexyl, phenyl, 3-fiuorophenyl, 4-flucrophenyl, 4-



and 48 or pharmaceutically acceptable salts, solvates or hydrates thereof.
WO 2005/ 077935 PCT/ 1 B2005/ 000208 18 When R3 is a heterocyclic group as
defi ned he in after, in a preferred group of conpounds of gseneral formul a
(10, rmre FEFETAR y (1E) and espem_?l ly (1 F) herein, PEEIH2005/08028%eny| or
pyridin-2-yl group; R2 is -OH R3 is"a heterocyclic group selected from
pyridin-2-yl, pyridin-3-yl, pyridazin-3-yl, pyrazinyl, pyrimdin-5-yl,

py 3 i gédi n- ‘bhldrophlawlip MIﬁEtllMﬂrgnﬁ, ylmatﬁoxvmdr@hmimwwmn% 2l 4- @ﬂtmgmwenﬁnd |R4
an are ot . Pr rr conpou erein erein is a heterocyclic
group sel ecqb‘g'alﬂ?ggﬁqerﬁ ?YrHFrHZ'ﬁioorW"dq'b'g'ryrgfoHp% yl, pyridazin-3-yl, pyrazinyl,
pyrimdin-5-yl, yrlmd|n4yl pyrimdin-2-yl or tetrahyrdropyran4y|

groups are 0,47 and
phar W&CEUtI%QﬁY&QaCCE ta zﬁmgg %eéﬁg%éeﬂﬁm ?’gﬂdm %fgﬂ}enﬁb Wen R3
is Et, iS3Prflugrophemi, 41fhor@pmf.e4 pté@rogtnemyb érme@wiqhewidﬁ-m@th@wnh@fyl gafer al
forrrula (1 I (I'F), R is phenyl,

4-f uoropheoﬁaﬂoraméﬁylp‘fgpgg eh%elngrl &':‘)3 oro?)‘ﬁ%ﬁ%/"%é%% di f | uorophenyl ,

3, 4-di fl uorophenyl, pyridin-2-yl; R2 is 15 OH, and R4 and RS are F.

P][ ef erredI ane}madaa hgrbapsn fa\h%@l Ker&ld hﬁa Eblecﬂ;dpfroﬁ’ar M- B(czacsalkhe-mnpounds
0] exanp

O har maaont | GAEGAE G AR kA G e o) of Feterogieli ﬂ%wé%rs@ ‘SR Py 14050

Preferréd doapRUgrdapsaisaptichally substituted Wm&antmor:a\gampseslebﬂad Ifmd'e-olH &(01 |
3R 4R, 5S t ent 8 4 r L roldsdi n- 3-
,(r,bonyl }- 3) )% ﬁeq?hé%frgh\gm |BL%y{S 5‘ (&j? bi—l (?)I% gh)é] re)irp¥vh RIReAE T, oY Jca
(3R, 4R, 59) -ietérb@8; 4Ruplsdic heteBaydfit -gioy2jsda dndnouynilo;ﬂamalylbérp;irmgl $ydtem 3-yl | ca
b |'}-3, 5; di n-4-ol hyd hi d
ES%,nZR? 5S) - “ﬁ’?@%ﬁ%ﬁfﬂp‘? F%h%:‘#)letrjlor Io;r)]henSI )-)1/- |r ggpr 8:)|yl ;e)yr rolidin-3-yl]car
bonyl }-3,5 30 di net hyl -4- phenyl pi peri di n-4- ol hydrochloride
3R 4R, 3-vyl
( 35) (:\Jao,%[;(rééng hslgrsuagtfor%meréin bre ﬁaé&éd i d| AR h)awn dsyrdcpm i dg lca

rbonyl }-4 uor op

(3R 4R 55) -PORY: (sEi S D B 2 oo, ARG SYEEHITYTE. 5. vl 1 on

rbonyl } - 4- (ghridihl2ug &ﬁJBWI Ad2inCH-IES RNy, PRrirhitlint=¢,- AimitiH2-0C pirphidiela, WO
2005/ 077935 PCT éy% 05/ 000){58 19

(3R 4R 5S) -1 Elf UARYTAR-A B IWURE-f | uor ophenyl ) - 1- i sopr opyl pyrrol i di n-3-yl ] car
bonyl }-4-(4-

20 Preferred R* groups for use herein are selected from H, F or C) and preferred R® groups
for use herein are selected from F or Cl.

Preferred pheny! groups having R* and R® substituents for use herein are: a 2,4- -
- substituted phenyl! group wherein the R* and R® groups are each independently selected
- 25 from F or Cl; or, a 4-mono-substituted phenyl group wherein R* is H and R® is F or Cl.

More preferred p henyl g roups for use herein to which R* and R® are attached are 4-
chiorophenyl or 2,4-diflucrophenyl groups.

30 When R®is H, in a preferred group of compounds herein of general formula (IC), more
preferably (IE) and e specially (IF), R'is a phenyl, 3-flucrophenyt, 4-fluorophenyl, 2,6-
difluorophenyl, 2,4-difluorophenyl, 3,4-difluorophenyl or pyridin-2-yl group; R? is OH; and
R* is selected from: H or F and R’ is selected from: F or Cl.

35 Preferred compounds herein wherein R® is H are the compounds of examples 12, 16, 24
and 48 or pharmaceutically acceptable salts, solvates or hydrates thereof.



fiuorophenyl) -3, 5-di nmet hyl pi peri di n-4-o0l hydrochl ori de;

(3R 4R 595)-1-{[(3S,4R) - 4- (2, 4-di fl uorophenyl ) pyrrolidin-3-yl]carbonyl }-4-(4-
fl uor ophen 3, 5-di et hyl pi peri di n-4-of hydrochl oride; (3R, 4R

5S) - 1- {[(3%03@?’0179?%“ butyl - 4- (2, 4-di f | uor ophenyl )pyr?‘é’l‘/m?mim@l% ] car bonyl }
-4-(4- chlorophenyl)- 3, 5-di net hyl pi p&t i di n-4-ol hydrochl oride; 10

(3R 4R 595)-1-{[(3S,4R)-1-tert-butyl -4-(2, 4-di fl uorophenyl ) pyrrolidin-3-yl]ca

rbonyl } - 4- (@hén Ril*&lamkwaml gmapfasduéfmbbme@m%dnn &-é feﬁydirgesdihl gr i de;

3R 4R, 59) - 4- (2, 4. di f |1 N
03 y1 ) apERYELcsoe RRBERIY W o oty Il sep b ) Rl i
(3R, 4R, 59) -4l phér(yB Sr ‘ﬁﬁ)dni:myLegmuﬂuRf/hs 40K2R% il Heterocypiice pydup psetacdd fiom: 3- y! | ca

r bonyl -3,5-.' hyl. =4z r' dln I ride: R, 4R,
SRR I 9'"%&(3;? Y Bt S WARARCL A, pPFiad 20 1T
-4- 20 phenybpepahyrdaionyran-4¥ gropgs;aed IRSand & are both F.

(3R, 4R, 59)-1-{[(83S,4R) -4-(2,4-Di fl uorophenyl)-1-pyridin-2-ylpyrrolidin-3-yll
carbonyl } - 3, 5- di net hyl - 4- phenyl pi peri di n-4-ol hydrochl oride; 25

(3R, 4R, 5) -Frefefred sompgungs herel wherein & méﬁ@rqulcwmelﬁcwymyrpmm @i n-3-yl ]

b I 5 h ly), hagArReALL D
((:grR ZEyS}S)%Al ﬁrﬁln@&l ¥Jg]ﬂd%zjHbflfnyhﬁhuoroﬁi’L d'lng l yri daz]g{]l- i;glgé]%?loloﬁ din-3-y

| ] car bony| }ietr @YS’T ‘Eﬂyf?é‘ﬁ'ixj IQTQ!F%H'@HW ﬁ?“&&“ﬂ@ﬁ ?f ezfarépleww%fﬁ 13dr %an

(3R, 4R, $) -4-drld(phaidtedtidafniccBbtable sditd, doldatelé AhdIgydrReemgtebRyr r ol i di n-3-yl ] car
bonyl ) -3, 5- di rre@ﬁyl -tE)r ggyl pi per;sd];tdl’,l ?1 otl hydl%chl ori de;

3R 4R, 55)-1-{((3S,4R)-4-(2,4-Di fl uorophenyl)-1-pyri mdin-4-yl pyrrolidin-3-y
@ car bony| }w8én B? 5-Elj irRrtdny:-Budin pheefeired geup df cordpoathdsiystein oh heridral dormda

005/ 077935 1B2005/ 2 2 , 1.
(3R 4R, 59) ‘&"P){ ['Il‘%@, R%??’ga?zé)%- &, eenesiale Ay R 5y PPembi A-o0PRSME of di n-3-y
| ] car bonyl }ehi@ehedyl m8tflagtopdenyl ra, d—ldrﬁlu@'opmemybeﬁ4—dlﬂn0rdphﬂnyh>pdrldm+2l-mr Riés

(3R, 4R ) { Chl or ophenyl ) pyrrolidin-3-yl]carbonyl}-3,5-di met
hyl - §§ph%ﬁy+{pd%§ear| F%’%ﬁm hydr ochl or i de:

(3R 4R 5S) - 4- (4-chl orophenyl ) - 1-{[ (3S, 4R) - 4- (2, 4-di f | uor ophenyl ) - 1- i sopr opyl

i di high | o
%fRf gR' Ay 4ef(e§ﬂelf<§fn§ﬁnﬂds} nete- ﬁhsfetn K B g LA B gcse arQ]}’lﬁEgr%tggﬁﬁh&eof 1

| uor ophen
i sopr opy! py@*abwlesi h-3-6;18; @aﬂBo%%pl 13, §{25491 t ¥y 1531 36l $31Rd @héﬂ'“ﬁ??@ic@ | ori de;
acceptable salts, solvates and hydrates thereof.
20

Preferred compounds according to the present invention include:

(3R,4R,55)-1-{[(3S,4R)-1-tert-Butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyi}-3,5-
dimethyl-4-phenylpiperidin-4-ol;

25
(3R,4R,55)-1-{[(3S,4R)-1-tert-Butyl-4-(2 4-difluorophenyl)pyrrolidin-3-ylJcarbonyi}-3,5-
dimethyl-4-phenylpiperidin-4-ol hydrochioride;

O

(3R, 4R,58)-1-{[(3S,4R)-4-(2,4-Difluorophenyl)-1-isopropylpyrrolidin-3-yi]carbonyl}-3,5-
30 dimethyi-<4-phenylpiperidin-4-ol hydrochloride;

(3R,4R,58)-1-{[(3S,4R)-1-tert-Butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-4-(3,4-
difluorophenyl)-3,5-dimethylpiperidin-4-ol hydrochloride;

35 (3R 4R 55)-1-{{(3S,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-4-(4-
fluorophenyl)-3,5-dimethylpiperidin-4-ol hydrochloride;



(3R 4R 5S)-4-(2,4-difluorophenyl)-1-{[(3S, 4R) -4- (2, 4-di fl uorophenyl ) - 1-
i sopropyl pyrrolidin-3-yl]carbonyl}-3, 5-di net hyl pi peridi n-4-o0l hydrochl ori de;

15

(3R, 4R, 55) YD P9YUYE3AR) - 4- (2, 4- di f 1 uor gphenyl ) - 1- et hyl pPCEEBIBHHOBBY| | car bony
| }-4-(3- fluorophenyl)-3,5-dinet hyl pilaeri di n-4-ol hydrochloride 20 and

phar maceutically acceptable acid salts, solvates and hydrates thereof.

Preferred coruRIssis!-A@SAHRING A dildoRhBRE£RbpiopyISYoIliGA-RIRamBsdpepdent |y

selected fyromthe onsi sgin f. 25

(3R 4R, 59) _friqomp%g@{lﬁ%%%%i@f@eeg\g{ry 9'3‘3’(’5’,‘:@9559% uor opheny!l ) pyrrolidin-3-yl]ca
rbonyl } -3, 5- di net hyl -4- phenyl pi peridin-4-ol; (3R 4R

59) - 1- 3S 5 dant P | md- (2. 4-di fluor rrolidjn-3-yl]carbonyi}-
R S L T e
5S) - 1- { [ £3S3.8H)jmethyigiperididud-9l hydracRloddedi f | uor ophenyl ) pyrrol i di n-3-yl ] carbonyl }
-4-(3,4- difluorophenyl)-3,5-di met hyl pi peridi n-4-o0i hydrochl ori de;

(3R, 4R, 59) - 1@{%}4 3S,4R) -1-tertbutyl -4-(2, 4-difluorophenyl)pyrrolidin-3-yl]car
bony | } - 4- ( ACBHR S BERAR) ) ferbalyi-Ge Hifbpopeanypyricldini>-yigabomioi do. ~ VIO

2005/ 0779350@&3&6‘53@@@@:9@@95@&%&4-0! hydrochloride; .
(3R 4R, 5S)-1-{[(3S, 4R - 4- (2, 4-di f | uor ophenyl ) pyrrol i di n-3-yl ] car bonyl } - 4- (4-
fl uorophenyl)- 3, 5-di net hyl pi peridi n-4-ol hydrochl ori de;

(3R 4R 5§) - @sﬂﬁ,@@ﬂ@ssm)a%nrwéw-_(:ﬂﬂdﬁluémshédyg frRmaR LR BoRyALL-G 41- 3-yI ] ca
rbonyl }-4-(4- 5 chl orophenyl ) -3, 5-di met hyl pi peri di n-4-ol "hydrochl ori de;
R 4R 5S) -gﬁ"{"&‘-’%f‘ﬂ}"ﬁ'aﬁ’éﬂ%"‘%'D'Ee'{d["‘(’@g! UMQ}/QCE'-OB %4- di f1 uor ophenyl ) - 1-i sopr opyl
rrolidin-3- yl]carbonyl}-3, 5-di net hyl pi peridi n-4-ol hydrochloride 10 and
phar maceuti gal C | e acid , | vates and hydrates thereof. C
Frany or of GRS ReF Bk A ottion T ASH R FoBBaRpRas BRIy as (2. 4
di f | uor opheyljchibppyl)-8,bidhhethydpipéridias-bidwdidchBride; di met hyl - 4- phenyl pi peri di n- 4- ol
al so kn as
[1-tert-Butyl-4-(2,4-difluoro-phenyl)-pyrrolidin-3-yl]-(4-hydroxy-3,5-dinmeth
yl - 4- pheny| (3EARBEet-{[(8SHR)-tyie)i-Buiyl-Hd 2 drifluptdpbenybipproolidit-3yi)cBrbanyl}-85-1) and/ or

phar maceut i A )} % Yo Jlo reof such as

(3R 4R 53)‘Eﬁ EW'(%WE ?@l’:’g?’@ﬁﬁf}?’ W&rﬁ&z@aﬁ

di f |1 uor ophenyl ) pyrrolidin-3-yl]carbonyl}-3, 5-di net hyl - 4- phenyl pi peri di n-4-ol
hydr ochl ori 04. St0 4. _ ; B

Tetort- put g AP plopshen iRl S 3 g ety

di met hy[204- pheswipiperdindral Bydiochigride: net hanone HCl salt (the conpound of
Exanmple 5). 20

(3R4R,55)-1-{[(35,4R)-4-(2,4-Difluorophenyl)-1-pyridin-2-yipyrrolidin-3-ylJcarbonyl}-3,5-
dimethyl-4-phenylpiperidin-4-ol hydrochloride;

P

et 25 (3R,4R5S5)-1-{[(3S,4R)-4-(2 4-Difluorophenyl)-1-pyridin-3-ylpyrrolidin-3-yljcarbonyl}-3,5-
dimethyl-4;phenylpiperidin-4-ol hydrochloride;

(3R,4R,55)-1-{[(3S,4R)-4~(2,4-Diflucrophenyl)-1-pyridazin-3-ylpyrrolidin-3-yl]carbonyi}-
3,5-dimethyl-4-phenylpiperidin-4-ol hydrochloride;

30
(3R.4R,55)-1-{[(3S,4R)-1-fert-Butyl-4-(2 4-difluorophenyl)pyrrolidin-3-yllcarbonyl}-3,5-
dimethyl-4-propylpiperidin-4-ol hydrochloride;

(3R,4R,58)-1-{[(38,4R)-4-(2,4-Difluorophenyl)-1-pyrimidin-4-ylpyrrolidin-3-yijcarbonyi}-
35 3,5-dimethyl-4-phenylpiperidin-4-ol hydrochicride;



According to a yet further enbodi nent the present invention provides
conpounds of the general fornmula (I) RRR CH3 I N34 HSCR4A O R5 25 or
a stereoi sonmeric mxture thereof, or a diastereonerically enriched or

di astereoneri cal I7y ure isoner thereof, or an enantionerically enriched or
enant i omerY@2$064)7 Bié)e i somer thereof, or a prodrug of BOBEB2¢WOeORd, ni xture
or isonmer thereof, or a pharmaceuti 8?;1I |y acceptable salt of the conpound,

m xture, Isomer or 30 prodrug thereof WO 2005/077935 PCTI | B2005/ 000208 22

wherein R (g 4$ﬁs?ﬂt QSW@ (2(4%m56$a@4e|ﬁ94 - .gg@%zm @b*?ﬁﬂunh;z- uGZrbGﬁQl}@' kynyl,

(C - &) cycl 03 )cycl oal keny cycl oal kyl ,
aryl, (Cl-@ T'??é’lykf‘ "d'"ﬁéﬂré?%'éVﬂ‘?'@Vd@Ph'?r@P CZ) al kyI het erocyclic groups 5
wher ei n each of the foregoing RL groups is optl onal |y substltut ed by one or

nore groups te C4).al k ).cycl oa , hal ogen,
( CH2) mORS, @&%ﬁlﬁ’&ég %ﬂﬂlﬁg‘% &@ 'éy i %/é%ﬂk cgf % 7SC12R8 CF3,
CH2CF3, BSChHhenyikiptt{dird4-ol IideocdlorifEt wher ei n m = 0, 1 or 2 10 R2 is H OH
orOMe; r R3 is selected from H, (Cl-C5)al kyl, (CzZ- C5)a| kenyl ,

(C2-C5)al kynyl, (C3-C5)cycl oal kyl, (C5-C5) cycl oal kenyl ,
g% gg a: tWBR@&@%MGMMMWI)-H[&BSAR)G&GZGBMMHWWII)} ;im?vwgldlm- or
- al ky, C 15 ach of latter ten groups is
optionally )lsug%rfs)ﬁyg}ﬁ%f%h,ngey%f(ljégﬂé@@lngé%‘ﬂ&g(o@hlgﬁ%é selected from OH,
(C1- C4) al kyl, (CH2)" (C3-C5)cycl oal kyI hal ogen, CN, (CH2)O0ORS,

(CH2) "Ng& ) %qlr d Rs are each
i ndependent %R gctgﬁ‘pl\(‘)%%( §4@]4 Pi%énﬂggp%gﬁq (Cz- 4)al kynyl
‘(.CHZ) p( C3- c@st QRYIRYEPlicjn- 3-y0@£mny§@§)@w§thﬁm@ER@Wroi yarpeuRise: (CH2) , ORS,
WH2) pNR' RS, CN, C(ORS, C(OORS, CON(R7)2, (CH2)PNR SO2R5 CF3, CH2CF3,
O3, {3R,4R,55)-4~(2,4-diflucrophenyl)-1-{[(3S.,4R)-4-(2,4-difluoropheny!)-1-

isopropylipyrrolidin-3-yl]carbonyl}-3,5-dimethylpiperidin-4-ol hydrochloride;

15
(3R.4R 58)-1-{[(3S,4R)-4-(2 4-difluorophenyl)- 1-ethylpyrrolidin-3-yl]jcarbonyl}-4-(3-

fluorophenyl)-3,5-dimethylpiperidin-4-ol hydrochloride

20 and pharmaceutically acceptable acid salts, solvates and hydrates thereof.

Preferred compounds according to the present invention are independently selected
from the group consisting of:

25 (3RAR,558)-1-{(3S,4R)-1-teri-Butyl-4-(2,4-diflucrophenyl)pyrrolidin-3-yl]carbonyl}-3,5-
dimethyl-4-phenylpiperidin-4-ol;

(3R 4R 58)-1-{[(3S,4R)-1-tert-Butyl-4-(2 4-difluorophenyi)pyrrolidin-3-yljcarbonyl}-3,5-
dimethyl-4-phenylpiperidin-4-ol hydrochloride;

30
(3R, 4R,58)-1-{[(38,4R)-1-tert-Butyl-4-(2 4-difiuorophenyl)pyrrolidin-3-yljcarbonyl}-4~(3,4-
difluorophenyi)-3,5-dimethylpiperidin-4-ol hydrochloride;

(3R, 4R ,58)-1-{[(38,4R)-1-tert-butyl-4-(2 4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-4-(4-
35 fluorophenyl)-3,5-dimethylpiperidin-4-ol hydrochloride;



OCH2CF3, SMe or SEt wherein p =0, 1 or 2 r 25 or R4 and RS can toget her
forma fused 5- to 7-nenbered saturated or unsaturated ring; RS, R and RS
are each independently selected fromH M or Et; wherein the Rl and R3

het er ocycl.i ¢ ou where present, are opti onaIIy fused 4- to 10- 30
menbered r¥9 9°§ %fé#’rs containing up to 4 heteroatons sBFEERAEE/000288 0, N or
S. A preferred group of conpounds acébr di ng to this yet further enbodi nent
are conpounds wherein R is selected from (Cl-C5)alkyl, (C3- C5) cycl oaI kyl ,

(Cl- @) al kysRER 555)- ‘E[Wsl‘m%mk&'4,-drWodeheﬁ@by@MﬁMﬁyl]oafbdnyl}—hQ‘i HO66 nz

(C1- ) al kﬁ)ggterto clrc_% M E]nd 35 wherein R is optionally su strtuted
by one or ”&?Bﬁ%&e@& OHYErCPIgIS C1- c4) al kyl,  (CH2) m{ C3- C5) cycl oal kyl ,
hal ogen, Owe, CEt, CN, hal ogen, CF3, CH2CF3, OCF3 OCH2CF3, SMe or SEt
wherein m r . 5/ 077935
PCT/ | B2005/ 48%0%@ L BHRIELHDLRE A d?:ﬁ@%hﬁﬂﬁ%ﬁ%ﬁ S*L@"%ra" Cnyl

oxadi azi fyl ghlasepheoyl-B,5-dimethylpipetidin-g-ol mirmmnge, i m dazol yI

benzi m dazol oyl , benzot hi azolyl, indazolyl, quinolyl or i soqui nolyl; R2 is H
or OH R3is H (Cl-C5)alkyl, cloalkr,

(Cl- C2) al kyBRER. gﬂccrwpmy! éxﬁi&S %(a«wawwphejwaﬂpeomlm@mrr each of

the latter JiRiboRA- ﬂB-%Hﬁeﬁh*IﬁpéfﬂH@@ﬁiyhbbcﬁioﬁd@St' tuted by one or nore groups
selected from OH,  (Cl-C4)al kyl, C3- C5)cycl oal kyl, hal ogen, CN,

(CH2)NnORe, SMe or SEt wherein n = 0 or 1; R4 and R5 are independently

sel ect ed0f r g ghaiméeblindy bccepmlecaarmué.,sohaieegﬂm hydrl@s tHebof CF3, CH2CF3,
OCF3, OCH2CF3, SMe, SEt or R4 and RS together forma fused 5 to 6 nenbered

turated or unsaturated ring; and wherein R5 is as defined hereinbefore. 10
a nore pHighlgr r egreférdd grimmdn of seNPOUBEHARBERT-{(IBHR)0l-IshiBIty-dt(2fur t her

(L C2) ol kyTcsteefyrataldin Sytcamonkl Bt PN rsronea A6p KgPULE® wher ei n
hRaI ) ;e(r)]pt i o[netent»pus/rmz 44d|ﬂ§et¢ mgﬁhrarrmhdm@rwgémdrpsy 3,6+danethyj-4-riheow+ Me, Et,

Co) al kyI gr oﬂp og P@N‘ﬁﬂg 8ib e|tcg’t ggl f o’ﬁde'“a? Op ’anﬁi FI oW ng groups OH,
OR6, CF3; RerceplableRmcidr ea@actheﬁeﬁfd@yelhdeﬁt (3ﬁ 4RASENBSAR); 1-tedtBagad; (28RS, CN,

CF3, CH2 @%.ﬂ%&ewn%ﬁé&yﬁem&ynpa%td..r@myrmp%yefp@ﬁ&.hatdr ymrar&cwar.a@d group

of corrpounds accordin IS an n- but yl
group, a cy F‘bhe‘SWIW”gr 88, ﬁa?GBr%H’W -(@fSiflyoroghenyhpyrEligipS-iinériydrogy-3dp;  R2
is OH R3 léiméﬂr'!ﬁl -Bhiénypiperdird 1 -yB-niethinbiié HOT SditYtheadthpBanderExBmpRrs. each

i ndepen(%(ant |y )

According to a yet further embodiment the present invention provides compounds of the
general formula (1)

O

25
or a stereoisomeric mixture thereof, or a diastereomerically enriched or

diastereomerically pure isomer thereof, or an enantiomerically enriched or

enantiomerically pure isomer thereof, or a prodrug of such compound, mixture or isomer

thereof, or a phammaceutically acceptable salt of the compound, mixture, isomer or
30 prodrug thereof



H ghly preferred conpounds according to this yet further enbodi nent are
conpounds of 25 general fornmula |G whil st especially preferred conpounds
according to this yet further enbodinment are conpounds of general formula
|H 3 R RVEM8577936 R1 RZ CH N H3C Ra N Ra H3C 0 0 s PQT@BERSH4280 wher ein
R, R2, R3, R4 and R5 are as defined*herein before. WD 2005/ 077935
PCT/ 182005/ 000208 24 More preferred conpounds according to this yet further
enbodi nment olo) n ) or : r I | yi~( 1 H)
whiefeilf ORPOUNGgIeBba fGhMIER %Lapﬁsyu,at(cmt ElbikafR! GCRICEMAR Uck

wherein the stereochem stry of t r ons of the
pyrrol i di n€siqyrgalke @E}’ﬁﬁ@’cl‘:’élka'ﬂwvvé:'gft%e)@b)é(ﬁ;a‘&a}‘fé‘ﬂ‘?a'@'-Tﬁ'éf'-r tCaiplitylandw

i 11 ustrat e herirbsdife, 6f (CYXNINgHERIdYciegiipygnds of formula (1). Schene 1
illustrates the preparation of conhpounds of forrmula (1) via peptide coupling
of intermediates (I1) and (I1l) if necessary adding a suitable base and! or

addi ti ves ( swebeimeachldl the foyshomg)Feyaupishis agtivneliyudsitiied @y one or more groups

of 't or mil a AR EEpa SR GeCam el flpedt (haRA LR
Sinilarly, Gthe(@R®,| 6(Q)ORFeCONIRIE (EHE. NREBMREPAFatCHEFgf OCBNTRTILF;0f

formul ae LE) _an .F I a peptide coupling of internediates:
(11A and ﬁ“@%?’%’lﬂ?"’@aﬁ ?P’H)) \(/: | BI)O And (111 /‘i?; ' and (1I15) and I(| |1 B)

respectively. Conpounds of formulae (IB), (IG 15 and (IH) can be made in a
simlarqfagiiop 6HYPGRE relevant internediates. Ra 2CHB R R Rz H3 NR N

CNH + HO O R peptide coupling reagents 113C NOR6 Re Il IIl 1 Schene | 3
o~
S R® is selected from: H, (C,—Cg)alkyl, (C—Celalkenyl, (C~Cglalkynyl, (Cs-Cg)cycioalkyl,

(Cs-Cs)cycloalkenyl, (Cy-Colalkyl(Cs-Ce)eycloalkyl, aryl, (C4-Czlalkylaryl, heterocyclic; or
(C1~Cy)alkylheterocyclic groups

15
wherein each of latter ten R® groups is optionally substituted by one or more groups
selected from: OH, (Ci-Cjalkyl, (CH)n(Cs-Cs)cycloalkyl, halogen, CN, {(CH.),OR®,
(CH2)N(R')z, SMe or SEt whereinn =0, 1 or 2;

20 R* and R® are each independently selected from: (C;-Ci)alkyl, (C~C.)alkenyl, (Co—
Cslalkynyl, (CH.),(Cs-Cs)cycioalkyl, (CHz)s(Cs)cyclo-alkenyl, halogen, ((_)Hg)pORe,
(CH.),NR'R®, CN, C(O)R}, C(O)OR®, CON(R)z, (CH2),NR'SO,R®, CF,, CH,CF3, OCF,,
OCH,CF;, SMe or SEt whereinp=0,10r2

O

25 or R* and R® can together form a fused 5- to 7-membered saturated or unsaturated ring;
R®, R” and R® are each independently selected from H, Me or Et;

wherein the R and R? heterocyclic groups, where present, are optionally fused 4- to 10-
30 membered ring systems containing up to 4 heteroatoms selected from 0, N or S.

A preferred group of compounds according to this yet further embodiment are
compounds wherein R’ is selected from: (C—Ce)alkyl, (Ca-Cs)cycloalkyl, (Ci-Co)alkyl(Cs-
Ce)cycloalkyl, aryl, (Cy-Cy)alkylaryl, heterocyclic, or (C4-Co)alkylheterocyclic groups and
35 wherein R' is optionally substituted by one or more groups selected from (C-Cy)alkyl,
(CH)m(Cs-Cs)eycloalkyl, halogen, OMe, OEt, CN, halogen, CF; CH.CF,; OCF;,
OCH,CF3;, SMe or SEt wherein m = 0, 1 or 2 and wherein said heterocyclic group is



RR Rz H N3 R J~FeTHH3 (N~ HC' vNH + HO o R4 peptide coupling reagents
CN."a 3RROR ~~R 2011 IllA1TA Schenre 1 a RB~CH3 R3 R H3 NR N +
HO H3C N\I;I\dg%m ge tide coupling reagents HBC N4 R Re IIAI1IIA1C Schene
1 b 25 WO'9G85/ 079335 PCT/ 1B20051000208 25 CH a Rz CRETABIMSA9R08 N + H CNH
Ra peptide coupling reagents H3C 4 R¥3 0Rs ORs IIBIIl ID Schene 1 ¢ Ra
2CH3 R3 R2CH3 NRI."yR N "" + HO H CXNH O R4 peptide coupling reagents H3C
N~ 3 _ Rs ébideted itdnB dytididyl) pyrimidiehan@zidyl, bxB3atind, dX3zoiffethibzolyl, thiadiazolyl,

imidazolyl, benzimidazoloy!, benzothiazolyl, indazolyl, quinolyl or isoquinolyl; R? is H or
OH; R® is H, (Ci~Cgalkyl, (Cs-Cs)cycloalkyl, (Cy-Cplalkyl(Cs-Cs)cycloalkyl, (Ci-
C,)alkylaryl, groups and wherein each of the latter four R groups is optionally
5 substituted by one or more groups selected from OH, (Ci-Cjlalkyl, (CHg)(Cs-
Cs)cycloalkyl, halogen, CN, (CH,),OR®, SMe or SEt wherein n = 0 or 1; R* and R® are
independently selected from (C4-C,)alkyi, cyclopropyl, halogen, OR®, CN, CF5, CH,CF;,
OCFs;, OCH,CF,;, SMe, SEt or R* and R® together form a fused 5 to 6 membered
saturated or unsaturated ring; and wherein R® is as defined hereinbefore.
10
in a more preferred still group of compounds according to this yet further embodiment R
C is a (Ci—Cyalkyl, (Cs-Cs)cycloalkyl, (C:-C,lalkyl(Cs-Cs)eycloalkyl, phenyl, pyridyl or
pyrimidinyl group wherein R' is optionally substituted by one or more groups selected
from Me, Et, halogen, OMe, OEt, CN, CF;, OCF; and SMe; R?isOH;R%isa (Cy—
15 Cs)alkyl group optionally substituted with one of the following groups OH, OR®, CF5; R*
and R’ are each independently (C;-Cj)alkyl, halogen, OR®, CN, CF;, CH,CFs, OCF;,
OCH,CF3; R®is H or Me.

In an especially preferred group of compounds according to this yet further embodiment

20 R'is an n-butyl group, a cyclohexyi group, a phenyl group, or a 4-methyl phenyl group;
R? is OH; R® is an ethyl group or a t-butyi group; and R* and R® are each independently
F.

Highly preferred compounds according to this yet further embodiment are compounds of
C 25 general formula I1G whilst especially preferred compounds according to this yet further
embodiment are compounds of general formula 1H.

CH,

RZ
R1

w&-

H,C

30 wherein R', R% R®, R* and R’ are as defined herein before.



N aHBNR R + HORN ni peptide coupling reagents )% H3C NH OO0 Rs
[IBIIIBIF Rs Schenme 1 e 10 In respect of conmpounds (1), (Il), (Ill) in
Schene 1 afglaohsotessl € the definitions of R, R2, R3, R4 Q,B(ansre as

defi ned herei nbefore for conpounds o%4 for rrula (I) unl ess state ot herw se.
Al ternative conditions enployed involve stirring a solution of the

pi peridine (amne) of 15 general fornula (Il1) and the pyrrolidine (acid) of
general formula (I11) together with 1-(3-

di net hyl anivee pessgrrdd Garﬂﬁdnmdis accolindl torthig eﬁ‘ﬁddﬁ@céii\mﬁinﬁhht @k €6dmpounds of

triethylam.nne n zotr| olehdrate
(HOBt) i n H&f%&}% BHﬁEE’l © pg%ﬁ/ﬁélyzl}'ﬁfﬁg‘ﬁ %%‘T’%P&ﬁ 'E)er 9IRS L acet at e
at room t ertized ahdi# @osifions af tttequyrrelidinearingsané trats mlanmtna:#chethes to stlr a
solutionzof the intermedi ate conpounds of general fornula 20 (I1) and

gener al ?orrrul a (Il1l) together with O benzotriazol-1-yl-N, N N, N

t et r amet hy | Thesoutesbélow diusiraie metiiods pheynthe¢isiRg chmpourtls of topyilpids phoni ¢ aci d
cyclic anhydride in CH2Cl2 or EtOAc. Any suitable inert solvent may be used
in place of those nentioned above, wherein inert solvent neans a sol vent,

whi ch does Sebemedrillustiates the prepesRijan of campaunsis 4f formula (loda B@&'dﬁéfaﬁi%}'n&ﬁf ne. At
| east one qginviey (ir?fanéf%ﬁlhlf %cés?&y‘é@d@@%ﬁgglg%ﬁsfﬁﬂ'd/ |§%@&W@@Q&p§s 26

COUp| i ng reagents shou] d used an excess of her one or my be

used i f 10 delsh Mdé‘?i‘yb%g'aé@ﬁ BV@TPW@rt%d'E’eWPWdel%ﬁ‘ﬁ’eﬂﬁé"‘ﬁ’é@é ﬁ'ﬂe

:c nvenlt I o?l l)c;fr@parst@ﬁ :d cbﬁ@@@rfcﬁ df @drmiuRE(A VD bERide oLAMgAF imeRalands(IiPangener a:
ormul a [ C eri di ne ener a

Cormil (11965 i sHaRes RS A4luskarine Breabiafi of eyt phremdeSor ai ng

to a pref er(t(é)d (IBmﬂEjl arﬂn(tlF)tvItaapmme eodpling vé interoediatesy (19 sand (DW);C(GB}?arﬁcDr t he

ti f . I |
b 2" i perdif (187 AREHISS =8 0B3RS Bs) bRty BorfRRés St BB el o)
of genefdal dndr(fid)lcan b8 nfddeliny similarfashdomigor thearclepand iderafediatasd enbodi nent t he

present invention provides a process for the preparation of conpounds of
general formula (I1D) conprising peptide

]
B RzCHa l-;(:l
s N R‘fj’ N
Y + HO R peptide coupling raagents HC N .
HC o o R
3 Rs Rs
il il [}
Scheme 1
[ (%] 3
2CH l‘:l LR : B
C R1 RY R N
+ HO tide coupling reagent N o
o 'l R peptide coupling reagents H,C S "
HC o » o
R.'l
20 ] A 1A
Scheme 1a
3
R CH, ®
g )
=X R Hy N R! ¥ N
+ HO eptide coupling reagents N
B ) \ér{_brf pepti pling H,C \g** R
3 5
Rﬁ
nA [[T:9 IC
Scheme 1b

25



C coupling of a piperidine (amne) of general formula (I1B) with a
pyrrolidine (acid) of general formula (111). According to a nore preferred
still enbodi nent the present invention provides a process for the

prepar at i oWO3PISWEWBbuUNds of general formula (1C) 15 cBEPIBWIIMYOIeEDt i de
coupling of a piperidine (amne) of d&neral fornula (11A) with a pyrrolidine
(acid) of general formula (I11A). According to a yet further preferred
enbodi ment the present invgntion provides a process fo&ch s preparation of
conpounds of _gmperal forpula (1E) conprising pept i gdex’ duplii ng of a

pi peri di ne (R ) of gener formula (1I1B) with a r oI| ine (acid) of
general for HITA) . Wcehrding PBIEACBEREAPEP | v p d+enbodi ment

t he present *'nvention pr%w sa process for the preparati o s conpounds
of general fornula (IF) conprising peptide coupling of a pi perlel ne (am ne)
of general forrél a (118) with a pyrrolidine (acid) of geMeral fornula
(1118). C According to a yet furthersg{gp‘gedwrent the present invention

provi des internediate 25 conmpounds of general formula (I1), (1A and (11B)
BHs H RICH3 R3 R~-RR NH R H3ctNH HC NH H3C If nA us wherein R and R2
are as defined hereinbeforg. Preferred herein are integrediates of 30

formula (I11), eprefer ly formula (I1A) and esp@ IIy'forrruIa(IIB)
wherein R2 R no- subst | t ut ed Behen% 3,4- or 2,4-
di - substi t ut g nyI oT" or i dPHRUA° SUPEE P %R LeH ﬁm'ph (| ,substi t uent

groups are Sél ected fro gfand OCH3. WD 2005/ 077935 PCT/ "l05/000208
AL A highly preferred group of internedi ates herein are conpouﬁhs of formul a
(ll), nore préBerably fortl a (HA) and especially fornuliga (11B) wherein R2
= -OH ang R is phenyl, 4-f|uorophe$§ljlrn 1d4-dif|uoropheny|,

4-chl or ophenyl, 3-fluorophenyl, 4-ne enyl, 4- methoxyphenyl

2, 6-di fl uorophenyl, 2,4-difl uorophenyl, 3 4- dlfluorophenyl or pyridine-2-yl.
5 Thus according to a prefqrred embodi ment t he pr esept, |q¥ent|on provi des

i nt er nedi at es gener al or mula (11B) wherein Rg & O‘lpﬁﬂd R is phenyl,
4-1 | uorophermJ 3 4 d|f u rophenyl, 3-fluorophenyl, 4-yet hy phenyl,
4- met hoxyphenyll , enyhepti@cwp"rdrefadleubr"bfbh n;?rl -di fl uorophenyi
or pyri di net.g- 10 Acc@rd to a still further enbodi me t he present
i nvention provi des i nt er medi at'ge S
IF
]1:]
Scheme 1e

10 In respect of compounds (1), (), (l) in Scheme 1 and 1a to 1e the definitions of R, R?,
R®, R* and R® are as defined hereinbefore for compounds of formula (I) unless stated
otherwise.

Alternative conditions employed involve stirring a solution of the piperidine (amine) of
15 general formula {Il) and the pyrrolidine (acld) of general formula (Iil} together with 1-(3-
dimethytaminopropyl)-3-ethyl-carbodiimide hydrochloride (EDCI), triethylamine or N-
methylmorpholine and 1-hydroxybenzotriazole hydrate (HOBt) in dimethylformamide
(DMF) or tetrahydrofuran (THF) or e thyl a cetate at room temperature. A n altemative
suitable procedure is to stir a solution of the intermediate compounds of general formula
20 () and general formula (lil) together with O-benzotriazol-1-yi-N,N,N’ N>
tetramethyluronium hexafiuoro phosphate (HBTU) or 1-propylphosphonic acid cyclic
anhydride in CH,Cl; or EtOAc. Any suitable inert solvent may be used in place of those
mentioned above, wherein inert solvent means a solvent, which does not contain a
carboxylic acid or primary or secondary amine. At least one equivalent of each of the



C conpounds of general formulae (111), (II1A) and (I1IB) R~ R R N NNGEG6
Hol HOSKYURI HOO /' \' O/~ROR6GR5 IIl JILAllia 15 wherein R3, R4
and R5 are as defined hereinbefore. Preferred herein are internediates of
formula (MG2¥BF&5preferably formula (11A), nmost pref REEBOSOHRIR| o (11B)
wherein R4 is Hor For d and V\,herZQn R5 is For d and wherein R3 is H or
-(GrA)al kyl, -(C- @)cycloalkyl, (C -C2)alkyi(C3-C3)cycloal kyl or

het er ocycl Ic%uplﬁgné@gieeutsr SbulN sl ardOari BkRESTBHbIGCE BnéBF BbtA rAdyebe gsgaopnds  of
formul a (IIJ)i, cﬂore preferably fornula (I11A) and especially formula (111B)
wherein R3 i -Pr, Et or a heterocyclic group selected from
pyridine-2-yl, pyrldlne3yl pyridazi n-3-yl, pyrazinyl, pyrimdin-5-yi,

pyri m di n- , ) Thus
accordi ng ?%%%r?g %é n%mthgr grbb@hmérﬁw{e%ge}éggn?ﬁ'%ﬁ no%llreggdrﬁggesgf%?%cess for
the pr e@armemamoof ofcgwpmumds o@fge@ewérfalmma)r(lmomp(lmwg meptidep cofipingifya gener al

f | | [ 1

ponerar { omRaraFR @R FOIcABtaY toRhis (1R BidiBhl Yoy of 5%%935"??%?”@9&( | |y
or ef er abl y l&qcpm;ngatﬁoa prefary, enmd@emt Hecprabery invenlion praMides A Iprooess 8 dee al |
(116) and (dréﬁa%tldﬁn@fr &irﬁbouﬁ@s of geﬂ?’al &'mhlﬁ Q&)eEBfﬁpnsﬁgf ﬂ)éb%é’%ﬁﬁlh‘lp rofa 30

4-di f1 uorophenyl , | uor op g 4- met hoxypheny
2,6-difl uorRﬁEﬁF@W (am'nf)@f dﬁef“P"a foeﬁ%n(y w'th mpmqllﬁﬁer(aaﬁ)eﬁfyseraﬁral formula

pyri di nep2- (MDA) R&odoﬁdmd"to - rRere preBl"red Fetmtszfdmaentm% 9l‘e@§MCIInVé‘nt|@ﬁ wnc@elaect ed
from pyridine- 5/ 077935

in

PCT/ L52005/R58%?26§°” %8 Pﬁ‘fﬁ?ﬁ’%‘lc‘al GQWBX”‘KR Qﬁ"&ﬁ'}y‘ﬁ“&‘r‘féy( ‘@i‘i‘?’ﬁ?‘r&f'\q P?W

et ragydr acgovplny éf]: ;{Ips@ﬂdlmpS(amlneRﬁf igenétal @rmoaka dHBamr?hFE py&ollﬁineo(acﬂl) of( )

ccor |ngtoa ref err process re nco ral, formila | F
ar e pr epar creah P Fh-fAEE e B oot Pt sfl e SR e il
wher ei n:  RZnventioOprovides |asprp¢asnytbr thé,-prefnatmlpopheaylpounas ofl geimdraluUomayidn 4Gy | |
3-fl uorgphe - r
> 4 it Sor pusti Pl RO or & BRkRARY RABRAK) o Goraf'tornlie] GRTGM 2
i-Pr, Et onyrr@llmee _éa@@_ygﬂ ggnegalotqmglel éldhed ﬂcmfdlpgrtpda st durghier preferred
pyr i di ne- 3-gthpodhiért #e bdsetit Yvention provides a process for the preparation of compounds

of general formula (IE) comprising peptide coupling of a piperidine (amine) of general

formula (I!B) with a pyrrolidine (acid) of general formula (IH1A). According to an especially

20 preferred e mbodiment the present invention provides a process for the preparation of
compounds of general formula (IF) comptising peptide coupling of a piperidine (amine)
of general formula (I!B) with a pyrrolidine (acid) of general formula (IlIB).

According to a yet further embodiment the present invention provides intermediate

C 25 compounds of general formula (1}, (HHA) and (1IB)
He A oS e A
n nA 1B

wherein R and R? are as defined hereinbefore. Preferred herein are intermediates of
30 formula (I1), more preferably formula (IlA) and especially formula (11B) wherein R? = OH
and R' = mono-substituted phenyl, or 2,6- or 3,4- or 2,4- di-substituted phenyl, or a
pyridinyl group wherein the phenyl substituent groups are selected from F, Cl and OCH.



pyrazinyl, pyrimdin-5-yl, pyrimdin-4-yl, pyrimdin-2-yl or

t etrahydraopyran-4-yl groups 10 ; RAis H O or Fand RS is O or F.
Accordi ng #0 R %;gspreferred process herein conmpounds of general formula
(1F) are wprepar Y via pepti de coupl ing of internedi XCEABIOPFP208nd (111 A)
wherein: R2 is -OH, Rl is phenyl, 4-%) uor ophenyl, 3, 4-difluorophenyl,

3-fl uorophenyl, 2,4-dif|uoropheny| or 3,4- 15 dlfluorophenyl or

pyri di ne- 2-AhighiRp rdferred Boupiof themred&esamdeiﬁzzaramdm%urdse:ftimﬂuld:(ll),Smbme 2

i11ustrat préga k%&ﬁmﬁtwaﬁf% aﬁyrfomt?lal?ﬁﬁ)ﬂﬁﬁel?&hw-obﬁgmj Uadhe gy general

formula (1 oups via ‘ut ectin roup
strategy. @Wﬁ% bf 4g@h@rpamerfybrwlqepr(enﬂ) 3tfb10(qph9n3¢a4rﬂwltwhbwl,pﬁ-epar ed

accor di ng Rk REpHAYL &, 6?€ﬁhdoHpH§ﬁ3}2 L |ﬂud?o;§%%”§,c¥m_2c¥%b?btpﬁéwl bi Yyrigfnelddf.

appropri ate I nternedi at es , (I'TA) or e "appropri ate
protecte%l amne of formula (1V), (IVA) or (1VB) as necessary. R RZH3 NG 1R2

H3 PG R NTh‘L‘ls b@dﬂﬁvﬁﬁ t&@p%@d'éﬁ%oﬂﬁl@@ r&én%v&t@n'ﬁowdﬂ%tlnter@lédlatﬁs 3 0K
R VII IV ,N reductive amnatlgn4_ N }i3C

I
Ra oraryl atf (ﬂ‘?"grép b ‘3(3]95) F@“ﬁre'T‘ RS 'gi'héﬂ% FPERYs Aokpeephenyl
PCT/ | B2005/dioapteny? %-ﬂmrdpaemoi-meﬂwylpmmpunﬁahcﬁﬂy)mer(yl, L)e-difiuovdprend, %) in

Schenme 2 or [ | VA ( 1| herinafter, the definitions of
Rl1, R2, R3dlfﬁ.‘;oroiqher&g?:4—%@%@0@}?{1}/1% yr éﬂ ?ﬂbefore for compounds of fornula
(1) unl#@s stated otherwise. PGis a nitrogen-protecting group. 5 NG PG N

HOY R H&’Ac@drding to a still further embodiment the present invention provides intermediate
C compounds of general formulae (1), (/I1A) and (illB)
3 R R
R \ N
N N Ho 4
HO._ . -
Hoé_bﬁ ?le—bl?‘ \(ol'
(e 1
R® R R
B
" WA .
15

wherein R®, R* and R® are as defined hereinbefore. Preferred herein are intermediates
of formula (i), more preferably formula (IIA), most preferably formula (IIB) wherein R* is
M or F or Cl and wherein R’ is F or C! and wherein R® is H or ~(C>-Cy)alkyl, -(Cs-
Csa)cycloalkyl, (C:-Cp)alkyl(Cs-Co)cycioalkyl or heterocyclic. A preferred group of
20 intermediates herein are compounds of formuia (1ll}, more preferably formula (IllA) and

O

especially formula (1IB) wherein R? is —H, i-Pr, Et or a heterocyclic group selected from
pyridine-2-yl, pyridine-3-yl, pyridazin-3-yl, pyrazinyl, pyrimidin-5-yl, pyrimidin-4-yl,
pyrimidin-2-yl or tetrahydraopyran-4-yl groups.

25 Thus according to another embodiment the present invention provides a process for the
preparation of compounds of general farmula (1) more preferably general formula (IC),
more preferably still general formula (IE) and especially general formula (IF) via peptide
coupling of intermediates (II) and (lii), preferably (liA) and (l1A), more preferably (11B)
and (I11A), especially (11B) and (HIB) wherein: R® is -OH; R' is phenyl, 4-flucrophenyl, 3,

30 4-difluorophenyl, 3-fluorophenyl, 4-methylphenyl, 4-methoxyphenyl, 2,6-difluorophenyl,
2,4-difluorophenyl, 3,4-difluoropheny! or pyridine-2-yl; R® is —H, t-Bu, i-Pr, Et or a
heterocyclic group selected from pyridine-2-yl, pyridine-3-yl, pyridazin-3-yl, pyrazinyl,



r R OR6 IVA lva In scheme 2 the am ne internedi ates of general fornulae
(1) and protected pyrrolidine acid internediates of general formula (I1V)
are coupl ed using standard peptide coupling 10 nethods as previously

descri bedvo mosetesse 1 to provide a coupl ed and prot ec?%’ﬁmﬁg BP9 ate of
general fornula (V) fromwhich the M trogen protecting group can be renoved
usi ng standard de-protection strategies to furnish a conpound of general
formul a (1 pyrinnidinddivt,h Rrimidid-4-Any puiridialgl nidrr oterahpdradmedn-agl grgoeyps nay be
used (as dgsgr ip ng G oups in Organic Synthesis"” 3d Edition
T. W Greehg g#dﬁg&égq%ﬁ‘vﬁ@Ble ey-Interscience, 1999). A common nitrogen
protecting group (PG suitable for wuse herein is tert-butoxy carbonyl,

which is raadikixg fo%\é%e@%r&c%@@ﬁé@%o%&u dadf ?ér\éﬂm f&‘r\rﬁﬁa gﬁ) eh%g égg@aoacetl ¢

acid or hydrogen l'oride in an organic sol ven met hane or

1, 4- di oxeanuia peplidg %P'ﬁﬁtqf\!‘éerm%@ﬁﬁﬁ (Tabang) (i ywheeein: rﬁ r'%dQHeB stPhRRYlAr usi ng
convent i onauora;bﬁémylasl aa.ﬂuéresmyn gﬂﬁ.orogﬁéﬁyﬁmrﬂetﬁﬂfamgs ifﬁéthakysué@ﬁ ioog of

Secondary alml nes | hCcLu reacti on w't a a ride
ey AR A TCT AR W T SR TSN LS 2 R A
presence OEtaﬁeé Il'iétei’é‘dydld Broap sdMtdd frdm $ dmnz-y@whdnaéaqn ChyragifiBtynane or
acetonitrile rea e or i vat ed

ti 0 c
B cohol  depigay Rl s Primafred el or e PuteAoh SRR base
(such a® tr ReishyIChor Pedd Rhisalior Rert  sol vent; 30 Aryl and heteroaryl groups
may be introduced as R3 by displacenent of a suitable |eaving group froma
het eroaronmati c precursor. Suitable |eaving groups include halogens. In
ggrtai n cazs\esordinahs atom prefiered eeicassy bérein(eompoupdd bhgknenl fmopq!aeflr;‘) ae WO

[ gand suchrbared VErogpte sl of RfbuaRea oed | ’*ﬂ“’“@fé% o R e
requir ed t@h@lyhl ‘éﬂ@wmnv‘e(ﬁu‘k@@%@ﬂbﬁﬂwné P@EU@’W 24 QWE gyl ior 1345t r at es

the routs GmtodpSRR! GHpyAdn@b-yi: ke il i-Py 6 Etland iR @nd RP 8fdButh pt es of 5-general
fornula (111) fromunsaturated ester internmedi ates of general fornmula (VI).

0 OHR+\ Hal + p& R+
Scheme 2 illustrates an alternative route for the preparation of compounds of general

formuta (1) having a range of R® groups via utility of a protecting group strategy.
Compounds of general formuiae (IA) to (IF) can also be prepared according to the route

20 illustrated in Scheme 2 via utility of the appropriate intermediates (1), (11A) or (1IB) with
the appropriate protected amine of farmula (IV), (IVA) or (IVB) as necessary.

PG

- Hy N R! R2 NG
R

-~ + HO peptide coupling reagents

NH
\r HSC O R’

R®
I v
deprotaction

R H H
1 R2 H ! R2 3 |
Rﬁ N reductive amination REE) N
N
H,C %w or arylation H,C N\é_@'f
Q G
R’ r®

25 Scheme 2



R Rsi IXWVII VIII Heck coupling /Esterification f/ RS R R Wttig \O - R+

\ OP&Z R+ ~h 5 ~i x olegnation Rvi MO R Si(CH3)3 R4/ X1l P& or

simlar xi_resolution R3 R3 R+ hydrolysis NR+t R6 OOHRS 0 PG 2 I1Il Xl
10 Scheme %8 PR @dpect of corrpounds (111), (M), (V||}’CTIGRA0W0P020§|X) (X),
(XI), (XI1), (XI11) in scheme 3a -th&definitions of R, R2, R3, R and RS

are as defined hereinbefore for corrpounds of formula (I) unl ess stated
otherwise. P& is a suitable carboxylic acid protecti ng group 15 Conpounds

a1 donyae i rbdr ek eteme R bl T a i Sorte 2 LAY (BT it g "

met hyl  (t rigvinafter] Mmdpﬁrdﬂ’oamdfll-'el’erfé) ai,eRAtaand R® areaaqodbﬁrmnhmremefarenfo@n e ..

or edom nant 19yt @ R AREORIERE Herd a5 P s RMROBFRRIRAR Bibpcs i n cne

literatube for the production of unsaturated ester internediates of general
formula (VI), including esterlfnﬁaatlon of a pregursor cinnamc acid
derivative (VI1) using standardresterifcation ngthods, or Heck reaction of
an WO 2005/ 077935 PCTI | B200%p000208 31 ar tyc/ hal 4| de (Mill) with a

suitabl e acrylate ester such 5 t gyl acrylgte in the presence of
pal | adi um cat al yst and a suitabl € e, such Qs et hyl am ne.

VA VB
C In scheme 2 the amine intermediates of general formulae (1) and protected pyrrolidine

acid intermediates of general formula (IV) are coupled using standard peptide coupling

10 methods as previously described in scheme 1 to provide a coupled and protected
intermediate of general formula (V) from which the nitrogen protecting group can be
removed using standard de-protection strategies to fumish a compound of general
formula (1) in which R® = H. Any suitable nitrogen protecting groups may be used (as
described in “Protecting Groups in Organic Synthesis” 3* Edition T. W. Greene and P.G.

15  Wauts, Wiley-interscience, 1998). A common nitrogen protecting group (PG) suitable for
use herein is fert-butoxy carbonyl, which is readily removed by treatment with an acid
such as triflucroacetic acid or hydrogen chloride in an organic solvent such as
dichloromethane or 1,4-dioxane.

C 20 Alternative groups (to H) may be introduced at R® by using conventional alkylation
techniques. Suitable methods for alkylation of secondary amines include:

(i) reaction with an aldehyde and a hydride reducing agent such as sodium
triacetoxyborohydride, optionally in the presence of acetic acid in an inert
25 solvent such as dichloromethane or acetonifrile
(i) reaction with an alkyl halide or suitably activated alcohol derivative (e.g. as a
sulfonate ester) in the presence of a base (such as triethylamine) in an inert
solvent;

30 Aryl and heteroaryl groups may be introduced as R® by displacement of a suitable
leaving group from a heteroaromatic precursor. Suitable leaving groups include
halogens. In certain cases transition metal catalysis (e.g. palladium, copper) or



The resulting E-olefin internediate of general fornmula (VI) wll undergo an
[3+2] - 5 azonethine ylide cycloaddition by reaction with a conpound of
general formula (X)), to provide a pyrrolidine with al nost exclusively the
trans- st er'¥8eMEM8Yy. This reaction requires an | ner PCEOBWON00298Ch as

di chl oromet hane or toluene or tetrahyfirofuran and activation by one or nore
of: (1) an acid catalyst, such as TFA; (2) a desilylation agent such as

silver fl uogdigRally(iR) cdiRtdtn - wit 2 bh&IpRR P r1°l"JofﬁbE’l‘i’:h¥?bﬁé‘29' st

excl usively cjs-Stereochem stry is provi % %ﬁ‘bﬁ SLﬁhr eaction a conpound of
general f or$fylpigdipheny! pﬂﬁ’stpﬁ'“ﬁrf“ﬁhg%ﬁﬁiﬂﬁ‘%@ 9@9'@%‘? thgrequined ceypling prasucts.

configuration. Such Z-olefins may be prepared by neans of Lindlar reduction

of an al ky 0 t.h nnari ol efl atio he conmpound of
general for eye(% ﬂ?St@g?saiﬁéauﬁgn?rFH@aWb‘P Jdha@e |Q¥H'°|“£ intesmegiateg of ,
r acemat e5angkner) faragiai(Nipfrosobatuiatel dstérinternRdiRessdf igbneatfoenantvipmers, which
can be achieved by preparative HPLC using a chiral stationary phase.
Alternatively the a cid internediate of general fornula (111) can be

resol ved by standard nethods (e.g. formation 20 of diastereoneric
derivatives by reaction with an enantionericallygpure reagent, separation

of the resulting diastereonerss by physical, and cleaving to acid

(111). Internediatg o o-BF: generaIR mul a f'XII) can be converted
i nt o conpounds of P}g@:ﬂsh fermula (111) By Rydrolysis of the ester. Mny

net hods are avail abl'e 0 ach\qy%?caﬁ“,;ghlm/gs@egﬁja mation (see Advanced
ganic Chem stry: Reactions chani s Structure, Fourth Edition.
rch, Jerry, 1992, pp 378-383 published by Wley, New Yorkg* N. Y. USA). In
parti cuI ar treat m@o& od corrpound oL epegral fornula (XN with an aqueous
al kali et al hydr'?.) e sotutt+emt a8 I ithium-hy gy sodi um hydr oxi de
or potassium hydfoxi de watga SUR® Ie org gd%ﬁ/\csq‘%._y ntﬁ% ovi de the
correspondi ng 30 coﬂpound%ﬁ"&l""gener\ml fornul g (I Pr e,t.eraﬂaiz
wat er - m sci bl e organic c8-¥8PVvent s (such asy1l, 4- d| oxane ;or tetrahydrof uran)
are also utilised in such reactions. A preferred net hothere‘Ln for such
ester hydrolysis involves treating the ester with potassijum
trimethylsilanolate in an inert sorvent such as diethyl ethgr at room
tenperature. If required, the r ction nay be heat ed to @,é’Sist t he
hydrol ysis. Ester hydrol ysk | so 35 MI eved acid conditions
e.g. by heating the ester i Meous aci d such 5 yd ochl oric acid.
Certain esters are nore conveni e°nt|y hydrol ysed in Ricl di & @opdl tions e.g.
tert-butyl or benzhydryl esters. ™uch esters can be cl eaned by treatnment
wi th WO 2005/ 077935 PCT/ |1 B2005/ 000208 32

10 Scheme 3a

s

~ In respect of compounds (111}, (V1), (VII), (VII), (X}, (X), (X}, (XN), (XIi]) in scheme 3a
the definitions of R', R?, R%, R* and R® are as defined hereinbefore for compounds of
formula (1) unless stated otherwise. PG? is a suitable carboxylic acid protecting group.

15
Compounds of general formula (VI) can be made by Wittig or similar olefination of an
aldehyde intermediate of general formula (X) with a suitable ylide e.g. methyl
(triphenylphosphoranylidene)acetate, or a p hosphonate anion e.g. that is derived from
deprotonation of trimethylphosphonoacetate, predominantly as the frans-isomer.

20

Many alternative methods exists in the literature for the production of unsaturated ester
intermediates of general formula (V1), including esterification of a precursor cinnamic
acid derivative (Vi) using standard esterifcation methods, or Heck reaction of an



anhydrous acids such as trifluoroacetic acid or hydrogen chloride in an

I nert organic solvent such as dichl oronethane. Schenme 3b illustrates an
alternative route for the preparation of a single enantionmer of 5 the acid
pyrrolidi 0 PReRTASdi ate of general fornula (111) fronPCFERIPMH0BR2EH est er

i nternedi ates of general formula (VI using an oxazolidinone as a chiral
auxiliary. The acid of fornmula (XVII1) nay be obtained by hydrolysis of the

unsalt ur at edar%ﬁfa@dnéﬁdb)(vandwthaél smts%%d k3 Qiafer HRYh B8 tﬂﬂ’f}i QU9RteABXPinCthb ' al
Bt ovi do. | nt BEREEP & BAlGR TSRSk ANSR PEple bAP.GHFRES VBTN 10T enct | on of a
compound of formula (VI) (when R = CQ-Bu) with the [ithiumsalt of an
ool oh o MR TSR of S e T Sl PrBg cidgf oo
(3+2] - azbnesdumething yidle ayglobduitiddiHyi reactioy withta carapdund rof ‘générat foermula Xintod of
OEer 2t o APl bl e R A SRR ey 6V MY 20 0o
pyrrol i di neregirdsoamineat galvan} suctpas @i%@@]ﬁﬁ@?ﬁ@@ﬁ@'ﬁrlmmrm@@ad 3300
2 4, Ol ot Sl S BT s B
XVI 11 XX Xsych agsitver fluoride; (3) heating.
10
Alternatively, a pyrrolidine with almost exclusively cis-stereochemistry is provided by
C reaction a compound of general formula (XI) with an unsaturated ester or acid of Z-olefin
configuration. Such Z-olefins may be prepared by means of Lindlar reduction of an
alkyne or via the Still-Gennari olefination.
16
The compound of general formula (X!l) obtained from the cycloaddition reaction is a
racemate and may require resolution into its consfituent enantiomers, which can be
achieved by preparative HPLC using a chiral stationary phase. Alternatively the acid
intermediate of general formula (Ill) can be resolved by standard methods (e.g. formation
20 of diastereomeric derivatives by reaction with an enantiomerically pure reagent,
separation of the resulting diastereomers by physical methods and cleaving to acid (lil).

Intermediate compounds of general formula (XI) can be converted into compounds of
general formula (lll) by hydrolysis of the ester. Many methods are available to achieve
25 this transformation (see Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure, Fourth Edition. March, Jerry, 1992, pp 378-383 published by Wiley, New
York, N. Y. USA). In particuiar treatment of a compound of general formula (X!t) with an

O

aqueous alkali metal hydroxide solution, such as lithium hydroxide, sodium hydroxide or
potassium hydroxide in a suitable organic solvent will provide the corresponding
30 compounds of general formula (i1). Preferably water-miscible organic co-solvents (such
as 1,4-dioxane or tetrahydrofuran) are also utilised in such reactions. A preferred
method herein for such ester hydrolysis involves treating the ester with potassium
trimethylsilanolate in an inert solvent such as diethyl ether at room temperature. If
required, the reaction may be heated to assist the hydrolysis. Ester hydrolysis may aiso
35 be achieved using acid conditions e.g. by heating the ester in an aqueous acid such as
hydrochloric acid. Certain esters are more conveniently hydrolysed in acidic conditions
e.q. fert-butyl or benzhydryl esters. Such esters can be cleaved by treatment with



separation 1 CR3 R3 R rRRei NJ\J hydrolysise OO0 OROOMHR=C CB
alkyl XX 11l  Schenme 3b 5 Schene 4 illustrates that the synthesis of

pr ot ect ed rrolidine acid internediates of general fornula (1V) can be
achi eved d@gwﬁﬁﬂgﬁm | ar nmethod to the process descri bREIIBAMSEIef ore f or
the intermediate of general fornula ¢311) with the exception that the r

i nternmedi ate of general fornmula (XI1A) contains a nitrogen protecting group

which nmay bghydei® veds Sl as uiibloacktt A€ of WEREEA enissReBan ﬂé&eor%;gﬁg% i que
I ques,

B Fer nat | veROTER5 58 SRV BBy oduced by the methods described i n schoms
2. Pyrrolidines of general formula |V bearing a nitrogen protecting group
chi a1~ auw TRy i R QR ol e e SePAA T Pral rfRiRn e a0,
WO 2005/ 67me5am¢mmm5/imemmme 3f géeral frowid ) Gro@ Rnsat@atddGeBEr R O P&
VU MA X Xofnd b b bébral i (39, ubg SR IokSichaRbne & 8 ofifh Q. Rané TO 1V

acid of formula (XVI1l) may be obtained by hydrolysis of the unsaturated ester (V1) and

an oxazolidinone may be employed as a chiral auxiliary (where R is preferably phenyl,

tertiary butyl, or iso-propyl) to provide intermediate of formula (XVIill). Alternatively, the

10 reaction of a compound of formula (VI) (when R = CO#Bu) with the lithium salt of an
oxazolidinone, in a suitable solvent (e.g. THF), may also provide a compound of formula

C XVII).

The compound of formula (XVIll) will undergo an [3+2]-azomethine ylide cycloaddifion by

15 reaction with the compound of general formula (X1), to provide diastereomers (XX) and
{(XVIX) which can be separated by chromatography or crystallisation and hydrolysed to
give a pyrrolidine of formula (1),

20



Schene 4 5 In respect of conpounds (VI), (XIA), (XIIA), (XIl1) and (IV) in
Schenme 4 the definitions of R, R2, R3, R4 and R5 are as defined

her ei nbef% for conpounds of forrmula (1) unless stated otherwise. In
formul ae (AP A), and (1V), PG js selected from BEHEBIMSO00208 t r ogen
protecting groups. In fornulae (VI), 3‘fXI lA), (M) P& is selected from
suitable carboxylic acid protecting groups. 10 Synthesis of azonethine
ylide precursor conpounds of general formgla (XI) can be achieved as
illustrated in sche [ fhus,_3 py yife of ggner al & (X111) may
be al kyl ated by treatent Wik Chl thyl tri nmet hyl si 1% optionally neat
or in an inert solventy heaielnfhgo.{ e reachion if requir&d.” Theg resul ting
internediates (XIV) can thererg®ilai5 reacted with fornal dehyde jn net hanol and
in the presence of a suitable base such as potassium car bona{e or
tert-butylamne, to afford the internediates (XI). To produce' simlar

i ntermedi ates (XIA) cortaining a nitkRogen protecting group a Si m'FLar

reaction sequence be fol | oned: NH% --- HF Si (CH CHSOSI\(\ R C -
'si(CH3); R3 f yg& RR hanol XII1 Xl VR Sl (CH3) 3
CH3O~N Si (CH3) R it PG Fdenyde PG K2GE8# net | 20 XI1I1A
XI' VA XI A WO 2005/ 077935-dPCT/ 1B2005/ 208MeB5N. S¢rere 5 i n respect of
conmpounds (XI'11), ( 1A, (XIV), | VA) , (Xlﬁ\%, and (XI') inx®cheme 5 the
definitions of R3 ar¢ as defined ei nbef or e*f or conmpounds of fornula (1)
unl ess stated- 5 otherwise, In fornulae (XII1A), (XIVA), (XIA), PGIs

sel ected from sui tab#emar#idcltogen protecting groups. As Illustrated in Schene
@ pi peridine internedi ates of general formula (l11), where R2 = OH, can be

prepared by addition of or gimorret al l'ic nucl eophiles to ketones of general
10 formula (XV) containin sui table nitrogen protgcting group to furnish
I

R

i nternmedi ates of geng a (Xvl). Such nuclgophilic addition is
generally carried oﬁ‘5 | pwl t emmgéarajsisr € i ydrous et hereal or
non-pol ar sol vent, W8ig & gpard; R
o0 R 0% ~OH R = C,-C, alkyl
XX W
Scheme 3b

5 Scheme 4 illustrates that the synthesis of protected pyrrolidine acid intermediates of
general formula {IV) can be achieved using a similar method to the process described
hereinbefore for the intermediate of general formula (lil}) with the exception that the
intermediate of generail formula (XIIA} contains a nitrogen protecting group which may be

O

removed subsequently in the synthetic scheme. Once the protecting group is removed,
10 using any suitable conventional techniques, alternative R® groups may be introduced by
the methoads described in scheme 2,

Pyrrolidines of general formula IV bearing a nitrogen protecting group may also be
obtained enantioselectively by employment of an oxazoiidinone chiral auxilliary, in a
15 similar manner to that described in Scheme 3b.



organol i thium or other suitable organonetallic reagent. These organonetallic
reagents can be nmade by hal ogen-netal exchange using a suitable halide
precursor, Y-Br or Y-1 15 and n-butyl lithiumor t-butyl lithium Suitable
prot ect i ngvgRMINZ9Ncl ude Bn, which may be renpved byP&J/ER6¢@A08 on or Boc,
which may be renmoved by treatment with an acid such as TFA, or PMB which
may be renpved by treatnment with DDQ CAN or chloroethylchlorofornate, to
afford the desired piperigdine internediate of pgeneral formula, (11). With

certain protecting oupsland: under certai nf®onditions the protecting group
eaf mént -wi-th—the, metallic r FMqgg«%}and so both
[®)

20 may be labile
transfornmati ons e acg&ﬁ'ph‘r*ssk&gﬂ, Pn5 bep. e.g. = Boc the

protecting group may soneti nmescbe cfeﬁved whew? i ntermefli at e¥ &&2fornula VI |
are treated with an o#iganonetal lic reagent . If R H K H O nucleophile
HO depr ot ection HO HNC NPG addi ¥fon HNC N PEIHe" NH 25 xv xwii Scheme 6 In
respect of conpounds (X}Q3 (XVl), and (11) ipgschenme 6 the ¢fdefinitions of R
are as 30 defined he nbefore for conpo s of fornmula (I qﬁl ess stated

otherwise. In for ( XVivarolyxdy/| ), PEN el ected from sui | e nitrogen
|| lustrated byR % when 1‘@/@

protecting groupt
(3R, 59)-1- benzyIR i et hyl - pi peri df n- 4%nesi s used R stijereochem stry
of the addition is favoured such that the hédroxyl gr ougs |n0th%

2005/ 077935 PCT/ 1 B2008/ 000205 36 pr oduct X8 cis to the two rret%yl groups.
Controlled addition to carbonyl systenms such as this have been described in
e literature (Journal of Medicinal Chemstry (1964), 7(6), pp 726-8). O

aucl eophile R de protection R ~. N Hohpme4 HO nen addition N~-B~ NH 5 Xv
XXI If Schenme 7 CIn respect of conpounds (XV), (XXI), and (I1) in Schenme 7
the definitions of R are as 10 defined herei nbefore for conpounds of

formul a @) Innebrast obcampadnds: (Vay WKk (XA, 01 @and 4&) i Stheme(4ikie)defifiirisof

sel ected framuitadl g, k¢ SRR REEINBSFRY B BSmpounds of formula (I) unless
stated otherwise. In formulae (XI1A), (XHIA), and (IV), PG is selected from suitable
nitrogen protecting groups. In formulae (V1), (XIA), (VII) PG? is selected from suitable
carboxylic acid protecting groups.

10
Synthesis of azomethine ylide precursor compounds of general formula (X!) can be
achieved as illustrated in scheme 5. Thus, a primary amine of general formula (XIII) may
be alkylated by treatment with chloromethyltrimethylsilane, optionally neat or in an inert
solvent, heating the reaction if required. The resulting intermediates (X1V) can then be
C 15 reacted with formaldehyde in methanol and in the presence of a suitable base such as

potassium carbonate or terf-butylamine, to afford the intermediates (XI). To produce
similar intermediates (XIA) confaining a nitrogen protecting group a similar reaction
sequence can be followed.

NH, e Y SICH), CH,0 N SI(CH,),
2 K,C0,, methanot
X XV Xi
NH, —————> HN"SICH,), CH,0”N"SI(CHy),
PG C‘/\SI(CH )3 PG formaldehyde PG
3 K,CQ,, methanol

XA XIVA
20 XIA



In addition, Schene 8 illustrates that under forcing reduction conditions,
such as hydrogenation at high pressure and or tenperature, or strong acid
plus triet hgl silane, 15 internedi ate conpounds of formula general formula
(11), wher¥Og¥ 9?15ay be converted mgo further inter nﬁ@T’Hizgﬂs@B‘ﬁ%unds of
general formula (11) where R2 = H. certain cases protection of the

pi peridine nitrogen atomnmay be required to facilitate this transformation.
Thus, internedi ates of general fornulsghéniYs) nay be converted into further
i nt ermedi ate conpounds of general fornmula (XXI1) where R2 = H, and then 20
subsequent |y deprotected to provide conpounds of general formula (11) where
R2 = H tiln.refpecH ddmpdunddiXife @ida), gV (XNBAG), BKAH &G (XN in ISchetié B th&k\ C1H3

R11 7 H3 R% c NH
o 11 et STt G dS R At B dar bonkn ot Uhulless sbe,
corrpound§ (Otwlwlseaﬂm fgrmulae; (XL EXYAS OHB), RS iiniseleoted fodm Ruitabie rittogdef | ned
her ei nbef or g.{Qf unds of formula (1) unless stated otherwise. In
formul ae (lﬁfe‘émggﬂﬁgﬁé XXI1'1), PGis selected fromsuitable nitrogen
protecting groups. 5 In addition, schene 9 illustrates that internediate

conpounds Ofs ga&RfeY inf SHhBFHeaﬁ (pﬁde}ldme W@ﬁf‘edg%s‘of gén&%yfolﬁﬁulﬁ QP)V thl%‘ha ato

further internedi ate conp oun ‘genera formula (I11) wh . This
t r ansf or mat Pnc#pe B@Paf%'l %‘?P“W tosgRnem@taligynucieqphilss t%ﬂ‘ﬁ'@?“’%?n@%@' That

:?Z tga@ Cbeﬁbla gchsbt nta"mﬁg)awauéul@ nﬁl?gérﬂl&r%tﬂcﬁn@@r@ﬁb% furﬁlg:ij msérmeaulaiebaofv\gere

= may be roto st ran as, sodi ride, in
o anhyar ouaenee Vs JBUA” o St ReRoRRET apdienoR- SPreEly TSN G 1Otng 1 he
Lesul ting armperateaciredawi rthydetie netheeeae, orhamhipotr t Iselvereaaisur@n (Bnignlam;essar y.
Prot ection h litate
iy s o s o 8RBT of kS HileBR hroPRRi A B bEGHAN RabfibL' L7
OH may be coavies made bnhalogw-trmal ex¢hange usio atseltamm’pdldadn;ecmrrsoge\ﬁér at Yflor nul a

(XXV) nf?n—ﬁut?\fﬁhnyﬁurﬁjr ttda,ﬁﬁ, hfm% m;&&%%%;&ﬁ%l&rgd&%& fi6h& Bh Q&P g e

conpounds o? genera or rmul
be removed by hydrogenatlon or Boc, which may be removed: by treatment with an acid

such as TFA, or PMB which may be removed by treatment with DDQ, CAN or
chloroethylchloroformate, to afford the desired piperidine intermediate of general formula

(I!). W ith certain p rotecting g roups and under certain conditions the protecting group

20 may be labile to treatment with the organometallic reagent, and so both transformations
may be accomplished in one step. e.g. when PG = Boc the protecting group may
sometimes be cleaved when intermediates of formula VIl are ftreated with an
organometallic reagent.

Hy R cH
0 3
nucleophile % deprotectlon RO
ne~Npg NH

add[tion H,C

2 5 XV i

(}

Scheme 6

In respect of compounds (XV), (XVI), and (ii) in scheme 6 the definitions of R' are as
30 defined hereinbefore for compounds of formula (i) unless stated otherwise. In formulae
(XV), (XV1), PG is selected from suitable nitrogen protecting groups.

As illustrated by Scheme 7 when (3R,58)-1-benzy!-3,5-dimethyl-piperidin-4-one is used
the stereochemistry of the addition is favoured such that the hydroxyl group in the



as illustrated in Schenme 9. R HO 1) deprotonate MeO NH 2) nethylate NH |1
xoriv Hou 1) deprofonate Rr-- ~ 1 MO deprotection MeO N, pG 2) nethyl ate
N, PG NH xvi xxv XXIV. RL = Me, Ph 20 Schenme 9 In respect of conpounds
(XV1), andVO1P8507H3%chene 9 the definitions of R are &ETamdobameckos

her ei nbefore for conpounds of fornul &%(1) unless stated otherwise. In
formulae (11), and (XVlI), PGis selected fromsuitable nitrogen protecting

groups. 25 o098 ofsQé f3Rvofthatin BARRBS! QRN actifioh s carbbmyli 8F5tdmOsin! ds

appreci ate t,hﬁt, in addition to protecting ni trége_n roups, as discussed
her ei nbef oS haye begn dagsried p dhedliieraine (eumal of Mediginal Siemsly cdpHuA®S of

formula |, pbt726®@y. be necessary to protect further groups, such as for
exanpl e, hydroxy groups with a suitable protecting group, then renove the
protecting group. Methods for 5 deprotection of any particular group wll

depend on the protectijng group. For exanples of protectien/ deprotection

met hodol ogy see " P%ti ve ouchogbie | g;%ini C depyrdtéch@si §%Tweeene and P

GMWutz. F or exa Nyhere g -fydr oup T dnas a et hyl

et her, deprotection cond}Q{?i o?fgj gorrpri se reffhuxi ng i n 48% aqueous HBr, or by

stirring with borane tribromde in dichioronethane. Alternatively where a

hydr oxy group 10 is pwotected as a benzylg et her, deprotectéion conditions

conprise” hydrogenation with a palladiumcatal yst under a hydrogen

at nosphere. According to a preferred enbodi nent the present invention

provi des processes for the preparat gghensd 7 conpounds of general fornula (1)

@i ng anal ogous nethods to those 15 provided for the preparation of the
npounds of Exanple 1 via preparations | to 5 and 12 to 16 and nore

pr ef er abl y iiExesppticof ovipaunise(ay, aXKDNandL{il) &l Scixdie 7 4he Befmitidnd 3f RbarkGas havi ng

br esent 10 oSG bRl BRI B of (G508 1 MebdsBie Steie T OB n of
pr epar at i orfX¥), (axijl/RiB ist setecied tronmeiitalzie eitrogerpprotedtingf groups.

In addition, Scheme 8 illustrates that under forcing reduction conditions, such as
hydrogenation at high pressure and or temperature, or strong acid plus triethylsilane,
15 intermediate compounds of formula general formula (ll), where R® = OH may be
converted into further intermediate compounds of general formula (I) where R® = H. In
certain cases protection of the piperidine nitrogen atom may be required to facilitate this
transformation. Thus, intermediates of general formula (XV1) may be converted into
further intermediate compounds of general formula (XX} where R? = H, and then
20 subsequently deprotected to provide compounds of general formula (1) where R? = H.

lQ1 HS R1 Ha
HO reduction u
—————
H,C NH H,C NH

O

Lij XX
Ry, CH, Rl H, R H,
HO reduction H deprotection H
HC e re N pa e ~NH
Xvi XX 200

Scheme 8



preparation 2; and/or the internedi ate conpound of preparation 3; and/or the
i nternedi ate conpound of preparation 4; and/or the internedi ate conpound of
preparation 5; and/or the internedi ate conpound of preparation 21; and/or
the interWR3PBOZ%%bmpound of preparation 22b; and/or PEEIBHSE0ERi at e
conpound of 25 preparation 12; and/of’the intermedi ate conpound of
preparation 13; and/or the |ntermed| ate conpound of preparation 14; and/or
the internedi ate conpound of preparation 15; and/or the internediate
conmpound of preparation 16. The general reaction nechani sns descri bed

her ei nbef orlg r?ﬁ?ﬁc"tq{é’%"i’@‘ﬂﬁﬁsa@ﬁv@na’dﬁ (Ihén/Beheme e definitions ph Repreasdefised in t he

precedi ng rr%trélmsb?orerfer EMPoaRds Gamuiand) @ﬂ@sfs%tb@b@aenh@%muamu)r gRFLtion
condi ti ons foEIa é %F?erfornance or tg}geagr ation as well as procedures for

i sol ating t& TR suttgple ni fotegin@ greups those skilled in the
art wth rlﬂfa&wmaﬁesdmniels flusttagethat ftefediak edmbduRés bK gemeraisfomnsa (I1),

Preparation her 4 ACTI VI TY 005/ 077 PCT/ | B200%/ 000208 39
The conpoun &1t theoﬁrr@%gﬁ? ?OﬁT |5‘F?V\ﬁ5€'8r dl*‘?fm a?? QOWA’% grﬁ Pt ?I n the
treat nent fofmular(ipuded $EascOe.albis. tratsédnmatidsl ynayabel abﬁlaﬂech@@nstamdarcexhl bi t

a functi O”G\Jvui%%s%ﬂ%?{he?%%ﬁtﬁ%ﬁsé\@ﬁa{ i§ i ta%hc@gﬁ.ﬁ“ﬁ%ﬁ@ﬁgmﬂﬁ o for gd%aF%Y"er t han

about 1000n nor e nore prere y | oner
t han about fmmﬂwl(ll)nwhereﬂi et é)Hamay betdaprotqmam thmarstrab@ bese eyt asagagiium

especi akhy Haiaﬂ@é itk Qﬁgnlﬁ}aﬁﬂ'ﬁ S&Q&‘M W3R 58 tdlraPGardruRmS éllé'ﬂfoﬁﬂgrﬂfdeoé d¥hé4

functi onal tency can carried out using Protoco scrl bed

a(e)r ei naf t erfesu'wﬁb‘e{htﬁé‘cﬁéMﬁ@%%ﬁ?“ﬁh@%ﬂ@maﬁw%ﬁﬁ@ﬁﬁaw nBralestien t he
npounds off R i laﬁie ]rﬁ)trobgn a:t)@'n rﬂi@ bé’fgeqsuired Y0 f&xllta?@ ,thlg-:ﬁ'an&onﬁéﬁon Sfhus 14, 17,
19, 53, 40, 15, 3, and 47, have been
tested and ‘F(?UH%P'%S @é Hﬁ?%“ﬁ' faw’a m@e WhgHE R pm%'ﬂare'sb %Fonweéte% inte Byrthep oyt
150nM at t hﬁtehﬁéduétecemﬁwundér Mngrﬁrmmat (X)@./)fWﬁérheRz esroMe rrena theie

pr esent 1§nvent| on aV| n fun g)nal

ou
ot ency 8t el SonunlERed B PR annfs Shdsean SRt on r oup of
conpounds aaxitusthateg il Sclhesng fie present i nvention, |ncluding the corrpounds of
Exanples 1, 5, 6, 22, 13, 9, 17, 19, 53, 15, 52, 51, 8, 31, 34, 35, 42, 44
and 47 have been tested and found to denonstrate functional potencies of
| ess than about 50nM B&{ |t he, MC4 receptor. A fugrther preferred group of
conpounds accor di ng IE'(E%J:je pr esMEﬂ?fe.nLLnnMedicgudl ng the conpounds of
Exanples 1, 5, 9, 19, .8.N1, 34;mefated2, and 4 been tested and found
to 20 denonstrate functional potencies of |ess than about IOnM at the M4
receptor. Preferred corrpounds her ei n exhi bit functl onal potency at the MCR4
receptor as defined

R R R}
- H(Zﬁ:l) 1) deprotonate Meoj\*l' deprotection _ o0
e N‘pG 2) methylate N‘PG NH

Xvi Xxv XXiv

1 = Me, Ph
20 Scheme 9

in respect of compounds (XVI), and (11} in Scheme 9 the definitions of R' are as defined
hereinbefore for compounds of formula (1) unless stated otherwise. in formulae (il), and
(XV1), PG is selected frorn suitable nitrogen protecting groups.

25



herein before and are selective for MCR4 over MCRL. Preferably said MCR4

agonists C have a s electivity for MCR4 over MCRlL wherein s aid MCR4 r
eceptor agonists are at 25 | east about 10-tines, preferably at |east about
20-tines, MAEYVEPErably at |east about 30-tines, ev@GTABIOesHMOzBer ably at

| east about 100-times, nore preferabld still at Ieast about 300-tines, even
nore preferably still at |east about 500-tinmes and especially at |east a
bout 1 000- theTRFilled @izt ivmnsﬁarafmbltﬁats i RBkibty Qo fpﬁ’éteatmyl ﬁﬂﬂgérﬁ@?&lp@r adS

conpared Wit tor. wherein sai tive | ectivity
assessment s é‘f"és‘ﬂggﬁr&'"éﬁ{o S’@"H‘ésagﬁ'fa% (HUFRg g'? eséf‘nBF 3°'T‘EFHE‘P§ Shal
SOt enc Ib eg \r/]\ia;rmdnaaanrriag beafebessdryomtpru&tt{jfgrthd?rgﬁwp@pélmh/’asamdefém;ﬂé Hydfsy

escri be erei na s accordi n esent  invepntio
Tt gt SloSRDL & S TtR, B85S eyl Seot bR Hr el brup. "WSRoasRi 5,
35, exhi bi t dépnotettioo mdlany particudar group will defid mrememraﬂectmgcgrmm/eFdrmamblest ed and
found to exhjhit.sel b\ 4 oV ut
1ot e, THuBlebuc (Bflelddr meftonlibet) s Frpbbatt dhudd ROl SARBSEN o,
provi des cofpdaragse endPE3MVY izl Frangxamplehwhbere hYdEQXY(ﬂTaIJp pﬂopr@mquaas ahe MCR4
| Soept or anefyhiilg dBkRRGY bhikilde %ﬁ?ﬂsé’\’ﬁuém%’%'%?%%eg}g% gyt gy about

10-ti nes. ferred group accor
PCT/ | B2005/ ﬁtmmwth n@a@m@bfﬂna@%mdmmrﬁ@mrﬁﬁ Mtﬂm el gvherra Bydiewna@YP of

Exanmpl eg01, isprotééted bé.a Egnzyl:”éthé}”@eﬁr@tectlcﬁ?(&ﬁn@tibnd( BoHRbriseRdr cR_ﬁhﬁ’t%B/wﬁlt athe
MCR4 receptor have been tested and found to denpnstrate exhibit selectivity

faor MCR4 oved! lagipmcalyyshinder @ hydrRaen alBYsResH-tines. A further preferred
group of conpounds according to the present invention, including the 5
conmpounds o | t.functional pote

14 h
VR ece p R o P SR B oS e kR HosB st 1
sel ecti vi t ypreparalidbR4f covpouniR gehegl émmnela ()hesing boalbgdB0methneds fo Bioséer abl y
d M,GR4 [ id
T Nora PocRByBRich e ddratbo orthe Ghrinbubdl oo lefe ™l pYlanofdlt B EHE, 0 O
about 30- t | h2 4o 16 amd mopsr preferati xample & it praparations 00 21 | 22is 4, fené 1@rt@ﬂér ably

still at eqqug{e %Qgeﬁub Sefine§ prore preferably still at |east about

500-ti rres and speci al 'y at east a out 1000- times nore functionally
selective for a MCR4 receptor as conpared with the MCR3 receptor wherein

sai d rel ati Xg.p@hP® aViukherdsAsHiER the %F@sehlaﬁﬁ&\tieﬁ ihdperRARH bRIRBS: ME 15

MCR3 and MCR4 functional potencies which be carried out” using Pr ot ocol s

A and B9 ointermgdiaige SeMPRHIY HEr@P?Péf?t!"@r" ﬂﬁ@%o%oﬁﬁﬁ@eé@t%ﬁiﬂp%d Pt 2 and

? exgl bi t Eﬁégﬁﬂah@ﬂad pRd/enaiye dhtetrhedidRéonmipunddt 6ff paewréﬁauesb%aa/ot emged and
oun to ex

30-ti nes. @tq_fipgfﬁ! ?légr%té%gﬁﬁ&%g% 4n \éﬁﬂd% ‘%Tr"%l?f r t%ﬁﬁé}})é’?tthe

MCR4 r ecept prepastistefd; nasti/or the intermediate compound of preparation 21; and/or the

s intermediate compound of preparation 22b; and/or the intermediate compound of

L’ 25 preparation 12; and/or the intermediate compound of preparation 13; and/or the
intermediate compound of preparation 14; andfor the intermediate compound of

preparation 15; and/or the intermediate compound of preparation 16.

The general reaction mechanisms described hereinbefore for the preparation of novel

30 starting materials used in the preceding methods are conventional and appropriate
reagents and reaction conditions for their performance or preparation as well as
procedures for isolating the desired products will be well-known to those skilled in the art
with reference to literature precedents and the Examples and Preparations hereto.
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herein before and are selective for MCR4 over MCR5. Preferably said MCR4
agonists have a s electivity for MCR4 over M CR5 wherein s aid M CR4
receptor agonists are at |east about 10-tinmes, preferably at |east about
30-ti nes, WOMEPEr abl y at | east about 100-tinmes, mBCETBIOBYWPUB|y stil |
at | east about 300-tines, even nore pﬁ”eferably still at 25 | east about
500-ti nmes and especially about 1000-tines nore functionally selective for a
MCR4 1 ecept qhe @6mpéunaaiof theprbdent MeedtdoRave BAMPAPKICRANRLAIER i$ ﬁieclréaﬁhéﬁt' ve
selectivity ,assessnents re based on t he measurenent of MCR5 and MCR4

f unct i onal B‘faéﬁﬁsl’i'gea ®can be carried out using Protocols D and E as
descri bed here| nafter. Conpounds accordi ng to the present invention

| nol Ui ng t g, COROURISEha BB S 3, i R pitneP Y She Mg Siepdds 17
10, 53, 15, EGoraRy Sad Mhd ZEonsh, NN 3,1 et poténey &t e "pd‘?%ﬁ at
t he MCR4 T eempessedasdntEtse Itb'mrthan@wtd!oaammmand)referabbyhmv‘mrtthane*lwnlﬁm yatty for
R N e L
exhi bit funend omecl?im @wey than apeut Wmvuwhempswd Bod resdsursment sif MMERGi ty foor
MCR4 over 'Vgﬁr’éﬂrﬁ{ Bt‘éﬁé}Pﬁaﬁ B2 BarREPHlt UbhgFrolobbE T ?ﬁc:'i%rsq;eg bed Hafeiiiher
conpounds according to t present inverntion, Inc e conpounds of
Exanpl es 1, Comppyn 51%3009‘"‘%@ the preseny, inveption, dnclusing the COB!POU'BE of@(aalﬁ[gs 44,
1:exhl 3. t folnqgl zuw?b ptessy 2/Qt132|961(}V@B414 9¢epd, 88, ANdshey &1beeR, éﬁ%he@b and
sgrgct |t \C/)I :/\5358?5 07793%(35%{&%8 ”gtggtﬁg gﬁ?unpﬁéﬁg%g%%ég@%ﬂqe“ﬁ\e@x tenciesiqf  her
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| east about tines nore functional ective receptor as
conpar ed wi SFPUPHY IRDIRPURGE] asgording &:@stRfﬁ%enTLn\anﬂm'r@othe@emgumrcéu n

exhi bi t fune&aﬁael; pos e@cygas sh@ﬂv@% @eeﬁ@teﬁr have Hedr Rated BRI @duddhef ore
and are seI ective MCRA N%g Pr ef er abl aid MCR4 15
agoni sts %a@é“‘&“%t@t%ﬁ’PF\H"ﬂ/pq*%}c'eﬁ/Bﬁ&s%WéP 1108 gt W@FQ@C%M?@P% sai d MCR4
receptor agonists are at Ieast about 10-times, preferably at |east about
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herein before and are selective for MCR4 over MCR1. Preferably said MCR4 agonists

have a selectivity for MCR4 over MCR1 wherein s aid M CR4 receptor agonists are at

C' 25 least about 10-times, preferably at least about 20-times, more preferably at least about
30-times, even more preferably at least about 100-times, more preferably still at least
about 300-times, even more preferably still at least about 500-times and especially at
least a bout 1 000-times more functionally s elective for a MCR4 receptor as compared

with the MCR1 receptor wherein said relative selectivity assessments are based on the

30 measurement of MCR1 and MCR4 functional potencies which can be carried out using
Protocols A and C, or E as described hereinafter. Compounds according to the present
invention, including the compounds of Examples 1, 5, 6, 13, 10, 50, 14, 17, 33, 31 and

35, exhibit functional potency at the MCR4 receptor and have been tested and found to
exhibit selectivity for MCR4 over MCR1 of greater than about 10-times. Thus according

35 to a further embodiment the present invention provides compounds of formula | that
exhibit functional potency at the MCR4 receptor and exhibit selectivity for MCR4 over
MCR1 of greater than about 10-times. A preferred group of compounds according to



nore preferably still at |east about 500-tinmes and especially at |east about
1000-times nore functionally selective for a MCR4A receptor as conpared with
the MCR1L and MCR5 20 receptors. Conpounds according to the present

i nventi on,WPRWSHYPHy t he conpounds of Exanples 1, 5, BCT/AB30050002060 14, 17,
33, 31 and 35, exhibit functional pot®ncy at the MCR4 receptor and, have
been tested and found to exhibit selectivity for the MCR4 receptor as 25

conpar ed W {13 pré@niMkbntian dndiddify the eSMpalnds of ERIrRMLT, 4 hamaRp U1 Aid-45, nes.

Thus accordi r}g h’ﬁ frrt,her errbﬁdl rrgn% them&r esenb I nyention provides
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great er t hanaveihR1 af@peaterithansabogb1da-dhes abl y sai d MCR4 agoni sts have a

selectivity for MCR4 over MCR3 and MCR5 wherein said MCRA receptor a
gonists are at | east a bout 10-tines, preferably at | east about

30-ti mes, nbreserpbiye aiddhCR4 agonists drave poirleclivity-for MER4 ear MORIWEerel gaidt i | | at
| east V@OZOWFQ7rZB§>'§orFé§'Bhi%B?aQQ5t1@QQ%®8ut h2Aind0 PleferMly bt 1WBSH abbBSi0-Rh&S, er abl y

at | east about 1000-tinmes nore functionally se tive for a MCRA receptor

as conpar edMA® Hre?%b'miea%ﬁBO ”“F@Ee‘ﬁ?@r@?feﬁ%@aﬁ'é it 1e8R! 3hout #UHMES)| e i n

'a,lg__zﬁalti ng sgémi ?dbes;ﬁrmeéﬂlpmmtdmasoawlsde»timfas bhe eppeafiptat idast aboantooya are
I kely to effica

lous in a nunber o ditiqnal indicatiaps, a cri bed
ner o haf er TTFR AT AHEtonI selofie. o o MG tegarttt s, cPefR I nE MERET Gl -
ar e i nt endeeedeptor ehdremcaidoekativepsetactivityl assesamentsand basedi angthe meseypbybatalfi c, and
pal i ati f [ ndi | T f the
vent i ol aMSFLERcR oo BElehBhE WopA ek bl darea S i PRGN 30R. | o1
i ncl udi ng, Butor ffoes |dendribed HerginafiesatThegcompoandmdf Exaraples Sexuand dyehibitct i ons
C 1 ncl udi ng n{hRARF bbkAcs SR MERE bl S Jlve 136X Yalied BAY I8 th SBRER!
orgasmi c disorder and/or sexual parn'disorder in females, male erectile
dysf unct i onselgglvity foy MOR#A qvetMERA §f omepise thep aboyt38rtieesi ng net abol i c rate,
reduci ng fat intake or reducing carbohydrate 15 craving), diabetes nellitus
(by enhanci ng gl ucose tol erance, decreasing insulin resistanc

hyper t erd} ofTefRygrFamAoLpdHierein Gxkibb finlignal Fatency élhﬁ‘@r“ﬂcﬁ‘é\ F‘?ceﬂiog)ﬁél gefingflsease,
sl eep apneaheff@PEs6e P8 ard8eiéddity for MORRLIbVEF MTRSNE RrefeRbly daRSMOIRY A56hISE P
di sorder, have a s electivity for MCR4 over MCRS wherein s aid MCR4 receptor agonisis are at
least about 10-times, preferably at least about 30-times, more preferably at least about
100-times, more preferably still at least about 300-times, even more preferably still at
~— 25 |east about 500-times and especially about 1000-times more functionally selective for a
MCR4 receptor as compared with the MCR5S recepto} w herein said relative selectivity
assessments are based on the measurement of MCR5 and MCR4 functional potencies
which can be carried out using Protocols D and E as described hereinafter. Compounds
according to the present invention, including the compounds of Examples 1, 5, 6, 22, 13,
30 9,10, 50, 14, 17, 19, 53, 15, 52, 51, 33, 31, 35, 42 and 44, exhibit functional potency at
the MCR4 receptor and have been tested and found to exhibit selectivity for MCR4 over
MCR5 of greater than about 10-fimes. Thus according to a further embodiment the
present invention provides compounds of formula | that exhibit functional potency at the
MCR4 receptor and exhibit selectivity for MCR4 over MCR5 of greater than about 10-
35 ftimes. A preferred group of compounds according to the present invention, including
the compounds of Examples 1, 5, 22, 13, 9, 50, 17, 19, 53, 15, 52, 31, 33, 35, 42 and
44, exhibit functional potency at the MCR4 receptor and have been tested and found to
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substance abuse, pain, fever, inflammuation, inmmune nodul ation, rheunatoid
arthritis, skin tanning, acne and other skin disorders, neuroprotective and
cognitive and nenor 20 enhancenent including the treatnment of Al zheinmer's
di sease. BRMEGIPFBUnds of fornula | show highly speci PCEIROO/0#020§ t owar d
the mel anocortin-4 receptor making them especially useful in the treatnent
of male and femal e sexual dysfunctions, as well as obesity. 25 Conpounds of
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interest in sex). WD 2005/077935 PCT/t B2005/ 000208 43 Conpounds of the
present i nvEreférably aid MERE agonists havesafseleciivity tfere BICRYgoves MCR1 spd IACR3

dysfunct ongnbaf il WerdR0RirE ol Ak oFRaLY Shofl FEIAEE, psBILY ackasal

di sorder, orgasm c disor aln di| sor e er
dysf unct i onabayt @Qﬁﬁ*ﬂ!ﬂﬁn%r%ﬁrefer‘@%?‘e‘@ﬁtabP‘Ffv@Httmﬂﬁ H\OEE B"&fetf?fe‘!!u stk atyjleasti t abl e

for treafp ”Qb&tﬁ'ﬁ@b-‘ﬁnﬁ@xé@h mdh¥ preserably QiF at |@§4t%bsutemboltm1edyﬁérerf@ﬁdn%n obesi ty
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Compounds according to the present invention, including the compounds of Examples 1,
5, 6, 13, 10, 50, 14, 17, 33, 31 and 35, exhibit functional potency at the MCR4 receptor
and have been tested and found to exhibit selectivity for the MCR4 receptor as
25 compared with the MCR1 and MCRS receptors of greater than about 10-times. Thus
according to a further embodiment the present invention provides compounds of formula

O

| that exhibit functional potency at the MCR4 recepior and exhibit selectivity for the
MCRA4 receptor as compared with the MCR1 and MCRS receptors of greater than about
10-times. A preferred group of compounds according to the present invention, including

30 the compounds of Examples 1, 5, 13, 31 and 35, exhibit functional potency at the MCR4
receptor and have been tested and found to demonstrate exhibit selectivity for the MCR4
receptor as compared with the MCR1 and MCRS receptors of greater than about 100-
times.

35 Preferably said MCR4 agonists have a selectivity for MCR4 over MCR3 and MCRS
wherein said MCR4 receptor agonists are at | east a bout 10-times, preferably at least
about 30-times, more preferably at least about 100-times, more preferably still at least



psychol ogi cal di sorder (Benet at al 1994 Conp. Ther., 20: 669-673), it is
now known that 25 for the majority of individuals there is an underlying
organi c cause. As a result, much progress has been made in identifying the
mechani sm*8? 23PN penil e erection agd the pat hophystOiBM0E0003¢8 \ED.
Penile erection is a haenodynam c evént dependent upon the bal ance of
contraction 30 and relaxation of the corpus cavernosal snmooth nuscle and v
ascul at ur e elbout 3D@-timesi rsost (prafenably abteast adad 300Wimes oloogfunctichally dalédlivd 255) .
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degree of cBTBRAGE PIEREYIHPR BNd CRVER En g rentuiaptis: Aol Bpliptiveteateerted theer vous
syst ens, anhdichied comdiipnei ne system (Nayl or, 1998, J. Urol ogy, 81, 424-431).
Corporal snooth nuscle 5 contraction is nodul ated by synpathetic

noradrenergi c innervation via activation of postsynaptic a, adrenoceptors.
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(CGRP) and 1 vasoactive Intestinal pepti | mal n”rel axi ng” fact or
responsi bl eaPRefteyeipraasing metaRoge riateaxiaaudng ifat Kidke; er sedusng( rRpohyfaten i s
synt heSI@dcﬁanmg). Lyiab&bd)i Manitdy @yt ehkarig dglucssen iblashcd, NdSdredshiny in®itin al 1993
Urol ogy, 42, 698-704). It is thoug_ht t hat . reduci ng corpqral snooth nuscle
tone may ai BPSNENCR). iMypRItansipR Bpspipidemia asieeatiyitisy sancsT. Jall ieddshdisegss: ng
se>0<|ualh iar ousi@kpi aganbh,e dapressiorNQirixisty, ed:mmlibng lrrwmrdseur memnamblebheisorder, \

endot hel i um_an inds to and act.iyates.soluble qu .ate cyclase (sCC
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due to acti ¥3heOnfboufidPor BHIRS | 3RCW Hifnly Skt AkRly fowB A Rlefhocortin-4

receptor making them especiaily useful in the treatment of male and female sexual
dysfunctions, as well as obesity.

- 25
Compounds of present invention are useful in freating male and female sexual
dysfunction, particularly male erectile dysfunction.

Female sexual dysfunction (FSD) includes female sexual arousal disorder (FSAD),
30 desire disorders such as hypoactive sexual desire disorder (lack of interest in sex), and
orgasmic disorders such as anorgasmia (unable to achieve orgasm).

Male sexual dysfunction includes male erectile dysfunction (MED) and ejaculatory
disorders such as anorgasmia (unable to achieve orgasm) or desire disorders such as
35 hypoactive sexual desire disorder (lack of interest in sex).



Mul tiple potential sites have been identified within the central nervous
systemfor the c¢ nodul ation of sexual behaviour. The key neurotransmtters
are thought to be serotonin, 25 norepinephrine, oxytocin, nitric oxide,

dopam ne aRpd ,0R ortins e.g. al pha nelanocyte stinu i ng _hornone. By
m m cki ng tﬁe aé’?‘{}gﬁs of one of thesg;key neur otransmpﬁ 805@8%%” function

may be adj usted. Mel anocortins are peptides derived from
pr o- opi onel anocortins (POVC) that bind to and 30 activate G protein coupl ed
receptors (QPORUSYs of theheresentanieeben iare parbiepartyr useliiin jreatingefemalsc sexuahs

regul ate a @iiaERPsMBN@hg HypBhtisd CﬁeQQéIC@éstrQQtﬁéére%ekM'é%guh%g Ao
functi on and sexual behaviour, food iIntake and netabolism There are five

mel anocor t i #9REE BEeidsr segse! W@'S‘H@%rnar@lrﬁﬁéarecmﬁum MCR3, 35 MCR4,
MCR5, and are expressed in various tissues. MCRI is specifically expressed

in nelapocytes a anona, cel | H rec ndls
expresse ‘# %’PQ%QFE’F ReesRat '“I\’)E‘ﬁi?@hlaée B?’e'%ﬂ:’ynsé’t'té‘i’ fondma g&%%&"ﬁ S8 brai n
and |inmbi c dypRineionsMoRé eWBtﬂEQIQ&bﬁ&:BB&fbeBG}HanJ@WsOOO208 45 is widely
expressed in the brain and spinal cord, and MCR5 is expressed in the brain
and many peripheral tissues including s kin, a dipose tissue, skeletal
muscle, and | ynphoird tissue. MCR3 nay be involved in the control of sexual

function, f[ﬁ Erkﬁer . t@g%iogenesi s. MCR4 activation has been shown to
i nduce peni ad ey st s 5 and MCR4 inactivation has been shown to
cause oB@smy (reV| ewed in Hadley, 1999, Ann N Y Aced Sci., 885:1-21,

W kberg et g PE:ave CBrles{P)ﬁsinv nflad ke u3ER1 42 Dhe t@é%e}ﬁtéfcmgﬁel Q%Prti n

cept or agonl Sts een tO Initrate erections
ychogeni cdysfusglian, eadiggtedi dvale rerealiles dysfunstion. Male erpetilg Wﬁpmtlor-ae@/lED)ooo oct ;

12 10 SupplindwiRé%ndwh as Waksstbailedisitlerd§ wefinddcst he effects of Melanotan ||
(MF 11), a non selective melanocortin receptor agoni st, in hunan subjects

with erectile dysfunction L" (ED. MM Il was admi ni stered to 20 men with
psychogasi c and "ﬂfegﬁéblmy Eliacummmﬁor mwmblnea—ﬁann@érem@qeb@rmabwek@éﬁ

crossover design. Peni ni to d for hour i ng Rigi Scan.
Cevel Cof sexuar RadeimanogH i Fasebpt e Epedt Eanshit ipoisrich ofE
questionnaire. In the absence of sexual stimulation, Melanotan Il led to
penile erec n [ Of n, [ ec xper. m nut es
pen | o1 S a0 pobf ol ot Y preHh3°L oG G5, FEET B of el
13/ 19 (68% (minset nuddeldfe lahd \compiéle2iinpoleded) iof52%pinameh dO(tPJ0. y@a)s. olflawirea and
yawni ng r e 1 e of
02025 nafica 1o TS Wosk PRRE v ) (WRufiad SELCIGRHR. Golthy, fer pBinsf TRED
obser ved wi @qmdlwn has maggnlﬁleartt negatee impachen Hetqually pUlife of thimdivideal and-ther  MC- 3R
and/or MC  SRiner, often resulting in increased anxiety and tension which can lead to depression
and low self-esteem. Whereas two decades ago MED was primarily considered to be a
o psychological disorder (Benet et al 1994 Comp. Ther., 20: 669-673), it is now known that
- 25 for the majority of individuals there is an underlying organic cause. As a result, much
progress has been made in identifying the mechanism of normal penile erection and the
pathophysiologies of MED.

Penile erection is a haemodynamic event d ependent upon the b alance of contraction

30 and relaxation of the corpus cavernosal smooth muscle and vasculature of the penis
(Lerner et al 1993, J. Urology, 149, 1256-1255). Corpus cavernosal smooth muscle is
also referred to herein as corporal smooth muscle or in the plural sense corpus
cavernosa. Relaxation of the corpus cavernosal smooth muscle leads to an increased
blood flow into the trabecular spaces of the corpus cavernosa, causing them to expand

35 against the surrounding tunica and compress the draining veins. This produces a vast
elevation in blood pressure, which results in an erection {(Naylor, 1998, J. Urology, 81,
424-431).



It is proposed herein that a selective MCR4 agoni st can be adm ni stered
orally (including buccal or sublingual adm nistration) and wll be
effective in the treatnment of female 25 sexual dysfunction or nale erectile
dysfuncti WO RBWHOTWIS be devoid of significant adverse EiT#B2@50@eess such as

t hose observed by Wessels et al i.e.4hn selective agent will be better
tolerated. Palatin's PT-141 is another synthetic peptide anal ogue of
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Multiple potential sites have been identified within the central nervous system for the

C- modulation of sexual behaviour. The key neurotransmitters are thought to be serotonin,

25 norepinephrine, oxytocin, nitric oxide, dopamine and melanocortins e.g. alpha-

melanocyte stimutating hormone. By mimicking the actions of one of these key
neurotransmitters sexual function may be adjusted.

Melanocortins are peptides derived from pro-opiomelanocortins (POMC) that bind to and

30 activate G-protein coupled receptors (GPCR's) of the melanocortin receptor family.
Melanocortins regulate a diverse number of physiological processes including sexual
function and sexual behaviour, food intake and metabolism.

There are five melanocortin receptors that have been cloned, MCR1, MCR2, MCRS,
35 MCR4, MCRS5, and are expressed in various tissues. MCRA1 is specifically expressed in
melanocytes and melanoma cells, MCR2 is the ACTH receptor and is expressed in
adrenal tissue, MCR3 is predominately expressed in the brain and limbic system, MCR4



subtype-4 receptor agoni st (Sebhat et at, 2002, J. Med. Chem, 45(21),
4589-4593). 25 Cragnolini et at (Neuropeptides, 34(3-4), 211-5) have shown
t hat al pha-MSH significantly increases |ordosis sexual behaviour in female
rats fol | OXPRPSORPEEti on into the ventronedial nucl euBCHIB2OG5®002P%i n.
Furthernore, they showed that HS014 (4 putative MCR4 antagonist, Vergoni
1998, Eur. J. Pharmacol. 362(2-3), 95-101) dose dependently bl ocks the
prosexual  ef sy é)d‘prs%hﬁhﬁ‘tﬁﬂ‘*a%nld Masdord, iafd VRIRE i8 ekitbSsed MethR Bfsin Qlf'ld 30
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vascul arg eag(%gsﬁﬂa%ow gﬁ&m}efuo?n Limdbdch! MBARGIaF 11 M WpididUrgor exual

dysfunction ctogenic sexua to cavenosal
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It is proposed herein that a selective MCR4 agonist can be administered orally (including
o buccal or sublingual administration) and will be effective in the treatment of female
(" 25 sexual dysfunction or male erectile dysfunction but will be devoid of significant adverse
side effects such as those observed by Wessels et al i.e. a selective agent will be better

folerated.

Palatin’s PT-141 is another synthetic peptide analogue of alpha-MSH. It is an agonist at

30 melanocortin receptors including the MC3R and MC4R. Molinoff et al (Ann N.Y. Acad.
Sci. (2003), 994, 96-102) describe how “administration of PT-141 to rats and nonhuman
primates results in penile erections. Systemic administration of PT-141 to rats activates
neurons in the hypothalamus as shown by an increase in c-Fos immunoreactivity.
Neurons in the same region of the central nervous system take up pseudorabies virus

35 injecied into the corpus cavernosum of the rat penis. Administration of FT-141
(intranasally or subcutaneously) to normal men and to patients with erectile dysfunction
resulted in a rapid dose-dependent increase in erectile activity.”



dysfunction (FSD), particularly FSAD. In accordance with the invention, FSD
can be defined as the difficulty or inability of a 30 woman t o find
satisfaction i n sexual expression. FSDis a collective termfor several

di verse f SHARPYWSEER¥al di sorders (Lei blum S. R (1998) EBCTAB043/0p028fh and
classification of fenmale sexual disdfders. Int. J. Inpotence Res., 10,
5104- S106; Berman, J.R, Berman, L. & Goldstein, |. (1999) - Female sexual
dysfunction: |ncidence, pathophysiology, evaluations and treatnent options.
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ar ousal anda%%bg%gsc}n']ﬂt Le| %Bmgé C&at‘ﬁ@gﬁg"’ébﬁéﬂl ni ﬁ”‘E&%uand cl assification of
femal e sexual disorders. Int. J. Inpotence Res. 10 S104- S106). Desire or
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sti mul at4(on suiifgiidRaminiiatidd) #Ha ERRGGBEUCR, or\thbebmE unB&dabi! siaRicaeqRRt and
includes increased vaginal lubrication, elongation of the vagina and

J.ocreased g8RNt%W%¥sensation/sensitivity. Orgasmis the Crelease of sexual
sension that has cul m nated during arousal. Hence, FSD occurs when a wonman
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Hypoactl ve sexual desire resent a wonman no or tle
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subtype-4 receptor agonist (Sebhat et al, 2002, J. Med. Chem., 45(21), 4589-4593).

- 25 Cragnolini et al (Neuropeptides, 34(3-4), 211-5) have shown that alpha-MSH significantly
increases lordosis sexual hehaviour in female rats following injection into the
ventromedial nucleus of the brain. Furthermore, they showed that HS014 (a putative
MCR4 antagonist, Vergoni 1898, Eur. J. Pharmacol. 362(2-3), 95-101) dose dependently
blocks the prosexual effect of alpha-MSH on lordosis in female rats. Methods of

30 stimulating sexual response in females using various melanotropic peptides (similar fo

MT 1I) have been disclosed in U.S. 6,051,555.

in essence, MCR4 is an initiator of male and female sexual behaviour. Accordingly, the
present invention provides for the use of a compound of formula (1) in the preparation of

35 a medicament for the treatment of male and female sexual dysfunction and in particular
male erectile dysfunction.



normal sexual arousal. The vaginal walls are poorly lubricated, so that

intercourse Is 30 painful. Orgasns may be i npeded. Arousal disorder can be

caused by C estrogen at nenopause or after childbirth and during

| act at i on,&z)gg\’/iqqi’”gs by illnesses, with vascular conB&HEBROSWRE as

di abetes and at herosclerosis. O her causes result fromtreatnment with

diuretics, antihistamnes, antidepressants e.g. selective serotonin re-

upt ake inhibitors (SSRI's) or antihypertensive agents. 35 Sexual pain
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useful |5 t bRafdgAbTRRlg-Rhucdd 30uatBaticith { faciShlc? FXUaluak binRbio] sor der

and concom tant hypoactlive sexual _ deSire disor The Di agnosStic and
Statistical relatadid ca(vggwal fagtass. REACUIAHEYaNOgRNI®EINSRE-at ri ¢ Associ ation  defines
Femal e Sexual Arousal Disorder (FSAD) as being: 25 ".., a persi stent or

recurrent abi | |t to att to infain until conpl et,i e sexual
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The aro I [ SSRUISSKie c]onf?‘i a}% of vasocongestion In the pelvis, vagi nal
| ubri cat onﬁ% clile dysfunction.

Suitable PDES inhibitors are described hereinafter.

. Female Sexual Dysfunction (FSD)
- 25
The compounds of the present invention are useful in the treatment of female sexual
dysfunction (FSD), particularly FSAD.

In accordance with the invention, FSD can be defined as the difficulty or inability of a
30 woman to find s atisfaction in sexual expression. FSD is a coliective term for several
diverse female sexual disorders (Leiblum, S.R. (1998) - Definition and classification of
female sexual disorders. Int. J. Impotence Res., 10, $104-8106; Berman, J.R., Berman,
L. & Goldstein, ). (1999) - Female sexual dysfunction: Incidence, pathophysiology,
evaluations and treatment options. Urology, 54, 385-391.). The woman may have lack
35 of desire, difficulty with arousal or orgasm, pain with intercourse or a combination of
these problems. Several types of disease, medications, injuries or psychological



expansion and swelling of the external genitalia. The disturbance causes
marked distress and/or interpersonal difficulty. FSAD is a highly preval ent
sexual disorder affecting pre-, p eri- and p ost-nenopausal 35 horm)ne
repl acenenYOEHPHIF (HRT)) wonen, It js associated w tFCHABIWSRP2

di sorders such as depression, card| ovhscul ar di seases, diabetes and
urogenital (UG disorders. WO 2005/ 077935 PCT/ 182005/ 000208 50 The primry
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sac. " (Levin, R J Clin. Endocrinol 98, 61-69). Drug
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engorgenment. This will result in increased vaginal lubrication via plasm
transudati on, increased vagi nal conpliance and increased genital 25
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mean: "The genital organs consist of an internal and ernal group. The
i nternal or &ang %W'%'P'E‘ (Astipfprgle Fﬁ’%‘a'tqiﬁuﬁ?b?"é‘?rge’&rﬁ’dd@%§9 @f“adfa's&}@?\"’é%

the associated pain, distress and discomfort associated with intercourse and so treat

20 other female sexual disorders.

Hypoactive sexual desire disorder is present if a woman has no or littie desiretobe
sexual, and has no or few sexual thoughts or fantasies. This type of FSD can be caused
by low testosterone levels due either to natural menopause or to surgical menopause.
L 25 Other causes include iliness, medications, fatigue, depression and anxiety.

Female sexual arousal disorder (FSAD) is characterised by inadequate genital response
to sexual stimulation. The genitalia do not undergo the engorgement that characterises
normal sexual arousal. The vaginal walls are poorly lubricated, so that intercourse Is
30 painful. Orgasms may be impeded. Arousal disorder can be caused by reduced
oestrogen at menopause or after childbirth and during lactation, as well as by illnesses,
with vascular components such as diabetes and atherosclerosis. Other causes resuit
from treatment with diuretics, antihistamines, antidepressants e.g. selective serotonin re-
uptake inhibitors (SSRIs} or anfihypertensive agents.
35
Sexual pain disorders (includes dyspareunia and vaginismus) is characterised by pain
resulting from penetration and may be caused by medications which reduce lubrication,



the uterine tubes, uterus and the vagina. The external organs are
superficial to the 35 urogenital diaphragm and bel ow the pelvic arch. They
conprise the nons ?ubl s, the labia nmajora and minora pudendi, the clitoris,
the vesti bYPE%%®%Hul b of the vestibule, and the gr eBEEIBARS02Y| ar

gl ands" (G ay's Anatony, CD. d ement'®, 13th Anerican Editi on). WO
20051077935 PCTJI B20051000208 51 The conpounds of the invention find
applicati onenhdomdtr@sfsobélviwmﬂgnmmrpdiseh@t inflammafory hawel disessanbt drinBSract he
young, the ﬁlog@ , pre-nenopausal , pert-nmenopausal, post- nenopausal wonen
with or wthou or none replacenent therapy. 5 The corrpounds of the
invention find application in patients wiwth FSD arising from 1)
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trauma or r agercrED. PRl adtilion SeFedSE haridek In $18EpRE! dnB REkRpLiviYGIoRidsR). 001 es such
as dysfunction of the 15 hypothalam c/pituitary/gonadal axis, or

dysfunction of the ovaries, dysfunction of the pancreas, surgical or
medi cal 1€astTha, irOﬁbcoﬁﬂdd&eD@mﬂa edtercadcapyct diitl@hinv@'itlbﬁ Uhéxiel i @rdviée use of a
prolactin e, poI nat ur al mat ure ovari an
ilure, B‘%P Oé%g §r i 'Hnt'ﬁ] pre%ratip&eﬂ% r@?'?tof‘f)’f)gh iei‘m?ﬂ &5
pr essi on pwpbysds wéfm@wbma&eiysfumhnnl.empre partiatriarlyehypodctiver skxual desisé nat al
depression/ . Sy r I f or mance
anxi ety, rra(rﬁ?@lagr gé%% ’8” dyé#@%?tb {g%%g‘c d?étofafe% gﬁééﬁxubgﬂr}?ﬁso@%ﬁ)b i as,
religious inhibition or a traunatic past experiences; and/or v) Drug i nduced

sexual dysf ppgdig tl‘i@éb}h% Jhds bF AAMLBR])BRY uweﬁp Sk AN S ﬁ&gwas o’erpt ake

inhibitors (SSR's er antidepressant therapies (tric s and
maj or tranqgB®upl grepse) dispider. oRgAsaTE diRATGe aﬂ%émapfé@ S%yﬂﬂ@ﬁlrﬁarhy@men aruahgs

chroni c  or glosCREfefabfAR tHetRealhért of BRPRRKs of RBxPaRAH A ofder.t he present
invention may be deli'vered in conbination with an auxiliary active agent

for the treatnment of sexual dysfunction, obesity or diabetes. 30 Suitable

auxiliary agiapefagduinbotibientte dompbm&is@rdvmﬂat(i)@r@ usetultin the[tfeatagtit of #vent i on
I ncl Ude'20 subject with female sexual arousal disorder and concomitant hypoactive sexual desire

disorder.

The Diagnostic and Statistical Manual (DSM) IV of the American Psychiatric Association
- defines Female Sexual Arousal Disorder (FSAD) as being:
L' 25
“... a persistent or recurrent inabilily to attain or to maintain until completion of the sexuaf
activity adequate lubrication-swelling response of sexual excitement. The disturbance
must cause marked distress or interpersonal difficulty. ..."

30 The arousal response consists of vasocongestion in the pelvis, vaginal lubrication and
expansion and swelling of the external genitalia. The disturbance causes marked
distress and/or interpersonal difficulty.

FSAD is a highly prevalent sexual disorder affecting pre-, p eri- and p ost-menopausal

35 (+hormone replacement therapy (HRT)) women. It is associated with concomitant
disorders such as depression, cardiovascular diseases, diabetes and urogenital (UG)
disorders.



1) Conpounds which nodul ate the action of natruretic factors in particul ar
atrial naturetic factor (also known as atrial naturetic peptide), B type
and C type naturetic 35 factors such as inhibitors or neutral endopeptidase
and in paMQ® ¥We¥#79%8he conpounds descri bed and cl ai med BGI15009R0EB513, WO
02/ 03995, WD 02/ 079143 and EP-A- 1258474, and especially the conpound of
Exanpl e 22 of WD 02/079143 (2S)-2{[1 WD 2005/ 077935 PCT/ | B2005/ 000208 52
{3-4(-chl or ophenyl )propyl ] am no} car bonyl ) -

cycl opentyl _}rret hyl } - 4- net hoxybut anoi ¢ aci d; 2} Conmpounds whi ch inhibit

angi ot ensi nIk&RFERN rfﬁ”%?ﬂi’?ﬂ‘?ssafcrfsé@ ARG Of Angorosmestinyeiiog. I#gki Bf t or s of

angi ot ensi NBRAYUEH Eh&&cﬁ@ihﬁﬁs@ﬁﬂe enital %nsﬁfﬁppﬁﬁt $dtdhdary @bﬁééq%ces of
I nn

omapatri |l at Substrates fo hase,. such as L-

Chol st er ol FRARE G Shpa et eﬁ% IWBptefreTee g i ?@me?zﬁwa

i pitor- ®racgasmark) and fibrates; C 5) Estrogen receptor nodul ators and/or
estrogen agoni sts and/ or estrogen antagonists, preferably ral oxifene or

| asof oxi fene, (-)-cis-6-phenyl-5-[4-(2-pyrrolidin-1-yl-ethoxy)- 15

phenyl ] - 5, 6it hagraceniyateedriynathésised| thatdhere 4 a santulahbasinfoe at leastid groportiept abl e
salts ther det i | 2 a46) A PDE
I nhi bitor, &Oéatfengr\{aﬁﬁg?ﬁleﬁ%hgnofgﬂ (égldls%m % a tﬁ{j JI rfmﬁ@ ﬁsoﬁ%s%r ef erably
PDE2 or PDB®D, 19&&0 with enlmh@atﬂﬁmpoﬁmefﬂm wipwyPark Poﬂs lrrtnh ippatoRey. sh&7-37,

her ei nafiper jggzgai d 20 inhibitors preferably having an | C50 against the
respective enzyne of less than I OOnM (with the proviso that POE 3 and 4
Lohibitors are only admnistered topically or by injection to the penis);

~ Vasoact i mg, |1[‘6vﬁ$tté§ﬁh|esp09t @b Hevhdde, V| PmfeMahdf Cloméld® @mﬂéfﬁglaeve:@pre

v e Yo 5, B I S AL e B one

or rr;)r e of sinitires mgméd toatgnmrﬁdlogémsaathPamabxog'nas fte. @tonR@s #H2pehfi®3) or a
VIP fra n adr cept anta.g ni st

conbi naglggn;’?”é& MSE}?PB ,Remﬁf’%‘fﬁsl (%;}9%69@%’ A%ero Hﬁnn Eibp?t\{gra‘é’gom st,
ant agoni st Giin. Endodmblqmﬁ &b6®). particul arly agoni sts, antagonists or

nodul ators for 5HT1A (including VM. 670 j WO02/ 074288] and flibanserin

[ US2003/ 0104980] ), 5HT2A, 5HT2C, 5HT3 and/or 5HT6 receptors, including

t hose descrDhugdcandidal®s0p2a68y FEBDOMGEDR58® amibl dnvegiiy=0ion 780 8Bicals a8

testost er ong, LGl AEEIEEIsrIRESH hbiapieb tilk PRrbe UALRRS LIRS §haRs) -

t est ost er one
20

The compounds of the present i nvention are advantageous by providing a means for
restoring a normal sexual arousal response - namely increased genital blood flow
leading to vaginal, clitoral and labial engorgement. This will result in increased vaginal
lubrication via plasma transudation, increased vaginal compliance and increased genital

O

25 sensitivity. Hence, the present invention provides a means to restore, or potentiate, the
normal sexual arousal response.

Thus, in accordance with a preferred aspect of the invention, there is provided use of a
compound of formula (1) in the preparation of a medicament for the freatment or
30 prophylaxis of female sexual arousal disorder.

By female genitalia herein we mean: “The genital organs consist of an internal and
external group. The internal organs are situated within the pelvis and consist of ovaries,
the uterine tubes, uterus and the vagina. The external organs are superficial to the
35 urogenital diaphragm and below the pelvic arch. They comprise the mons pubis, the
labia majora and minora pudendi, the clitoris, the vestibule, the bulb of the vestibule, and
the greater vestibular glands” (Gray's Anatomy, C.D. Clemente, 13™ American Edition).



(e.g. Tostrelle, LibiCel), dihydrotestosterone or a testosterone inplant; WO
2005/ 077935 PCT/1B20051000208 53 10) Sel ective androgen receptor nodul ators
e.g. LGD 2226; 11) Estrogen, estrogen and nmedroxyprogest erone or

medr oxypr wgemesarmie acetate (MPA) (i.e. as a combi naPFHmF20040088¢ r ogen and
met hyl testosterone hornone 5 repl @ement therapy agent (e.g. HRT
especially Premarin, Cenestin, Qestrofem nal, Equin, Estrace, Estrofem

El | este Sol o, Estring, Eastraderm TTS, Eastraderm Matrix, Dernestril,

Pr enphase, Prenpak, Premn Estratest . Estratest HS, Tibol one);
10" 12) A ol SEBROLaFe PF TR SeeTe SroreelRan et TG AcRalons o
ser ot oni ? petiedts agth BPr the poungCikie3 2@eHy; pre-mshppdusah geenitraénapausandpdsat or  f or
t t t
modul at or - emegER Jofaef 4 O dinolt R Rr pse N AR, Y eceptora

preferabby a D3 or D4 selective agonist or nodul ator e.g. aponor phine.

Preferred ' T i A : ; nt i nvention
o one or TTESompBlRARIARN ¥ Upolchfion HHRALAS R Fsb gl R ) 17
i nhi bi t or s;) NEP Masg¢Hlagentsr licpgiesr e.go4 cardiovrscuie agortherosclgptierpdigeasesr s;

estrogen recept QindieitidstdrabHiad gt es?ﬁcfkﬂ@? Riab8te8,hybeferiisH, Ghdistih’ SHREN

ant agoni sts; tesfosterone replacenent agents, testosterone or a
t est ost er one i mPPEME trawps Ygumaticiaiupydg die iiehyregaghis pygenssb wassulaneystem;

nmedr oxy pp 0ggst emifbgahietaoRgledRibh aarspifl koeRjuRbsl ofRisbest 86iHaSéRtANE
hor mone 25 repl acenent theraﬁé %gent. Preferred cogbbnatlons for .the
treatment of MEBSHPHS c SHEPRat PHUANG s myliple o SPE0RIEs glRDelERe PRREDERRISMHventi on

iand one or nor e cBidblovasdulddi doaidente) géxdphetdEMdurdpiathidso tauma0 oPradied rpediic

onbi nations for_the treatnent of FSD are conbi nations of the conpounds of
t he present i nvéRtS®6h and PDE5 inhibitors, and/or NEP inhibitors, and/or D3
or Dr4 seliict i Hormagmeiesdaerioes nudiclogiesr s, sughd/ oas estdysfgaciionecegpft or the

opl acenint agetgeonpaiRRRliEhigorabl 4 Br ARARAN 5f fe cRRfts by GRIGFLE O°
estrogen and nedtexBapeeges surginak @r neBliork dasiationo carnsiregesn deficiencyt dighvPA) |
estrogen and netpiliatingS Vel 60 Broldk8h TRRE hyb&MlokcEnEiib, IRRIFAP neRBEse, - -
premature ovarian failure, hyper and hypothyroidism;
iv) Psychogenic etiologies such as depression, cbsessive compulsive disorder,

20 anxiety disorder, postnatal depression/"Baby Blues”, emotional and relational
issues, performance anxiety, marital discord, dysfunctional attitudes, sexual
phobias, religious inhibition or a traumatic past experiences; and/or

V) Drug-induced sexual dysfunction resulting from therapy with selective serotonin

reuptake inhibitors (SSRis) and other antidepressant therapies (tricyclics and

C 25 major tranquillizers), anti-hypertensive therapies, sympatholytic drugs, chronic
oral contraceptive pili therapy.

The compounds of the present invention may be delivered in combination with an
auxiliary active agent for the treatment of sexual dysfunction, obesity or diabetes.

30 Suitable auxiliary active agents for use in the combinations of the present invention
include:

1) Compounds which modulate the action of natruretic factors in particular atrial
naturetic factor (also known as atrial naturetic peptide), B type and C type naturetic

35 factors such as inhibitors or neutral endopeptidase and in particular the compounds
described and claimed in WO 02/02513, WO 02/03995, WO 02/079143 and EP-A-
1258474 , and especially the compound of Example 22 of WO 02/079143 (25)-2{[1-



WO 2005/ 077935 PCT/1B20051000208 54 Particularly preferred PDE5 inhibitors
for such conbi ned products for the treatnent of MED or FSD are sildenafil,
tadal afil, vardenafil and 5 -[2-et hoxy 5- (4- et hyl pi perazin- 1-

yl sul phony‘lv?ﬁwméﬂ%i 3-yl]-3-ethyl- 2- met hoxyet hyl | - 2PGI/E2pA3@PA2087 H- pyr azol o
[4,3- dipyrimdin-7-one. 5 Partlcula ty preferred NEP inhibitors for such
combi ned products for the treatnment of MeD or FSD are the conpounds

exenplified i 3 MOKSEHIHstopylaming nLda%n?IQ”b'c%f@beﬂfyﬂﬁlﬁﬁlwmﬁétﬁbﬂbu@ﬁoué he

treat ment of I\/ED or FSD are: a conmbinatiron 10 of sildenafil, tadalafil,
vardenafil or %4 F 2- et hoxy- 5- (4- et hyl pi perazi n- 1-yl sul phonyl ) pyridin-
3-yl]-3-ethyl -2-[2- rrethoxyethyl] 2, 6-di hydr o- 7H—pyrazo|o[43d]pyr|mdin 7-0

ne with the,C ound e herel N, nd/or a_ conpi nati.on. of y of

t he corrpounag é&i% é"& I“ﬁ{g@@'t%‘ '991 THER o ngu?ﬁj RNy Ie 1

herein, 6 By aombmsd r!millmbmobat@otensin-bm\eﬂmpmﬂse caodt laautredendnppaﬂdaaes and

patent appli castuHQFss %th‘r\lg‘( can be used in accordance with invention, we nean
all'y activ

the therapeutic conmpounds as defined in the clainms (in
particular of claim1) and the specific exarrpl es (all of which is

i ncor por at edy hgfi8irdleOtr N@t@ﬁ@,gg@ uct?ss IL-brofh nbl nation of active agents is

adm ni st ered then they may ém ni st ere "simul taneously, separately or
sequential ly. Auxiliary Agents - PDES Inhibitors 25 Particularly preferred

herein a9 ayxidHoisieraldéwetfg AGeRk S ugh sse%ﬁswg momvs@unfihﬁtowré@hhhm?y of
any particular cGWw PDE5 inhibitor can be readily determ ned by evaluation

of its potenc;F"QrfB’aéeéF ectivity using literature nethods followed by
gvaluation of its toxicity, absorption, netabolism phar rracokl netics, etc

: %;ifgggarﬁﬁﬁrﬁagi}%@oﬁagw R BB A o
elo 35 Pr girefeablyyratduifeneGhPlaiidekifena h -pois-6rphemg-Ge4+(2-pyindidiphiayiatieoay | ca
cnzyme. 6 of e RBTIL & farlyindhiRaie 2 Hl Sh SR EARYT GrelfaniBiodhl” 705
preferably oveherPBHERe predaraiifvofl with19 08 aiEr 19 ¥ED B&216382005/ 000208 55

Preferably (when oral), the c@Gvw PDE5 inhibitors of the invention have a

selectivity ratio greater than 100 nore é)referably greater than 300, over
PDE3 and noPk AHPPEdnioy rasre particularly a PDE 2, 3, 4, 5, 7 or 8 inhibitor, preferably PDE2

or PDE5 inhibitor and most preferably a PDES5 inhibitor (see hereinafier), said

20 inhibitors preferably having an IC50 against the 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);

7) Vasoactive intestinal protein (VIP), VIP mimetic, VIP analogue, more particularly
C 25 mediated by one or more of the VIP receptor subtypes 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
a-adrenoceptor antagonist with VIP combination (e.g. Invicorp, Aviptadil};

30 8) A serotonin recepior agonist, antagonist or modulator, more particularly agonists,
antagonists or modulators for SHT1A (including VML 670 [WO02/074288] and
flibanserin  [US2003/0104980]), 5HT2A, 5HT2C, SHT3 and/or 5HT6 receptors,
including those described in W0-09902159, WO-00002550 and/or WO-00028993;

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



PDE3 and PDE4. 5 Selectivity ratios may readily be determ ned by the skilled
person. |1Cso values for the PDE3 and PDE4 enzyne may be determ ned using
establish i re met hodol ogy, see S A Ballard et _al/, Journal of

Ur ol ogy, q.gggbotsﬁéﬁ&uwg, pages 2164-2171 and as _det ai PCHIBIRSOIN08 1 or . 10
Sui table cGW PDE5 Inhibitors for the use according to the present invention
i nclude: (i) 5-[2-ethoxy-5-(4-nethyl-

- pi per azi nyi 0y udedatiny andobgemyrbdeplor meddalstorS e g PED{22LE;

1, 6-di hydro- 7H pyr azol o[ 4, 3-d] pyri m di n-7-one (sildenafil) also known as
1-1[ 3-(6, 7- dlhydro-1-nethyl-7-o0xo- 3-propyl -

H pyr azol o[ #)3E&stjopem,i edtndgen Sanl ynedroxﬁ)rogesterone or medroxyprogesterone acetate

et hoxyphenyl ] I s

5- (2- et hoxy-5 ?M"RQEWI%SO;LC&E%IPM% g %bl?% %EBEJ';} }ggﬁﬁi‘%@é J{dh'lnéro TH

pyr azol oP4, 3- @AiAeMerthatapy aa%nt((eaeH M&p@@mman% Pien9stm Oestrofemmal o

3-ethyl -5-[5- (eﬁuﬁt mmép@gt@?enmﬂeétbwoph&ﬂué JEadtritePin TS ERERINSHh Matrix ?yrl di n-

2- yl)methyl - - di hydr o- 7H-g Eazo o& L yrim di n-7-one (see W98/ 49166) ;
Dermestnl remphas reempr Premp K,” Premique, Estratest, Estratest HS,

20 (iv)

3- et hyl - 5- [ 5- (fbowinBY| pi per azi n-1-yl sul phonyl ) - 2- (2- met hoxyet hoxy) pyri di n-3-y

|]- 2-(pyridin-2-yl)nethyl-2, 6-di hydro-7H pyrazol o[ 4, 3-d) pyri m di n-7-one

(see WD99/54333); (V) :

(+) - 3- ety 13- A moddiatr oy lrpngpertersifor dorgdrendlipd alvphmind-sna/amstiotonin, 506 as

met hyl et hoxy) pyr.i V. met hyl - 2, 6- di hydr o- 7H- pyr azol o[ 4, 3-d] pyri m di n-
-one, also E’ﬁ \%ﬁ'oa éw éﬂoegg

- et hyl - 5- { 5-[ 4- et hyl pi perazi n-1-yl sul phonyl ]-2-([(1R)-2-net hoxy-I- 25

met hyl et hyl § an agsﬁi&im%@ogggys%ﬁ;\%smém HcBptor; Rrdiérany o Seictaid

pyri m din- 7 see

5-[ 2- et hoxy- 5ﬂ(<)¢0‘é!tl Rgenist gemadilalon ap sul phonyl ) pyri di n-3-yl ] -3-et hyl - 2-[ 2-
met hoxygqghyl | - 2, 6- di hydr o- 7H- pyrazol o[ 4, 3-d] pyri m di n-7-one, also known as
1-{6- _ ) X

et hoxy- 5- ( 314y#gaist o magiater Jor JonsetinfosarertaR) preferably 20PR oy D4z siestive 3- d] pyr

i mdin-5 30 Yylahodstity ddulator bRNAMMIpKingt hyl pi perazi ne (see WO 01/27113,
Exanple 8); (vii)

5-[ 2-i so- But oxy- 5- (4- et hyl pi perazi n- 1-yl sul phonyl ) pyridin-3-yl]-3-ethyl-2-(1
- met hyl pi pereféhaa-Hergih hreZombihiatiyre of thd-qmproandd of[te gresdryventiohiamd bnere (See

WO 01/ 27113 N

5[ 2 ¢ o8y s SRl idrangls stnts spigciPd o Y5 RO NER {ubaE B 95 ey
- 35 2,6- d| By dsetactivée: pgmmﬁmlm[mﬁﬂa:@rpyastmgan rredameemodlmiommwQéstmaen Exanpl e

66); (ix)
5- (5- Acet y( PF BT BBYS S1BYS) A WO PR T SET S HOERI8E V1 ) - 2, 6-

di hydr o- 7H pyr igsloblefane 3- @lpiapt:i nestiogen.- oﬁ%tm@@@e and OwedmxXIIogasieInts e 0124) ; WO

20051077935 x%ﬁg RGO t or estro d methyl_testosterone ho mo
/5= ( 5- Acet5yl n%%{ 0X -3rpyr|ga%%?1§ls®m I.hyl r en an Wy y3€azogt Ir%.ll r ne6 di hyd
g - replacement therapy agent.

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

30 Preferred combinations for the treatment of FSD are combinations of the compounds of
the present invention and PDES inhibitors, and/or NEP inhibitors, and/or D3 or Dr4
selective agonists or modulators, and/or estrogen receptor modulators, estrogen
agonists, estrogen antagonists, and/or testosterone replacement agents, testosterone,
testosterone implant, and/or estrogen, estrogen and medroxyprogesterone or

35 medroxyprogesterone acetate (MPA), esfrogen and methyl testosterone hormone
replacement therapy agent.



7H pyrazol o(4, 3-d] pyrimdin-7-one (see WO 01/27112, Exanple 132); (xi)

(6R, 12aR) -2, 3, 6, 7, 12, 12a- hexahydr o- 2- net hyl - 6- ( 3, 4- met hyl enedi oxyphenyl )
-pyrazino[2',1":6, 1] pyrido[3, 4-b]indole-1,4-dione (tadalafil; |GC 351,
Cialis(r))woizoesiortohe 5 conpound of exanples 78 and 95potmpdéddeiaed
international application W95/1997854 as well as the conpound of exanples
3, 7 and 8; (xii)

2- et hoxy:. h - Di zin-.1-yl-1-sul enyI - /- propyl
e mi o Bpedady ety R G korsupl cPrBRLY ProAuc e R JfsataRat of

[3 (3, 4- MlEIWd‘r E}SB—are snldenafll tadalafil, vardenafil and 5 -[Z-ethoxy-5-(4ethylp1perazm 1-

hyl - 4- ox 10320 15 ) 514 henyl ] sul phony
REPY h%‘b‘? 9%{”%3%é.&ﬁi"r]?efzcogﬁ%ﬁngﬁﬁ’?'%é"i"iﬁﬁ i p%,g‘ﬂeﬁé% 337 and 336
publ i shed]pymrmd@ﬁhana onal application W99/24433; (xiii) the pyrazolo

3-d] pyri m din-4-ones disclosed in WO00/27848, in parti cul ar
[
4-
a

== R
N —h— -
— 1 r—rl—|w|—|

3- (4, 7-di hydro- 1- net hyl - 7- oxo- 32fprop yl - 1H pyrazol o[ 4, 3-d] - pyri m di n-5-yl
) pr opxyBﬁ@W@ﬁ’uPﬂe{ﬁﬁﬁeﬁ]NﬁP inBibitgns Jop swihosarahingshpregugte ferdbe [teal B'@I&

(Exanpl e 68peh or Fap/¥le tHelctadBlidds éxéhﬁhﬁeﬁh?WﬁﬂWQSOf exanpl e 11 of

publ i shed international application W93/07124; (xv)

4- (4-chl orobenzyl ) am no-6, 7, 8-tri met hoxyqui nazol ine; and (xvi)

7, 8-di hydrOPEefameaweﬂr i eIy fot thafﬂ-eammapmn%rgbmwra@wmwwo

o a0 SRR bk G oo B >

5- (§ - ac et y| 334 {3uetioptp- [Z-wpe)ﬁd;iyetwl]}z admydirsmgﬂp)(rézo&j[ma-ld}p@rimm’t-?-dhmydvi)h Zhé- di hydr
@ (£ Phony Sfioctnd o PXAhit O Mofeid iy 8" comBiralbdof amy_of, s ppmppumas

pyr azol o[ 4, exemﬁliﬁgdjimiWDrOMQI@\&ﬂWe cdppwufobﬁyampiawerqm pi per azi ne; and
pharmaceutically acceptable salts and solvates thereof. The suitability of
any particular PDES5 inhibitor can be readily determ ned by evaluation of

i ts pot éifcyBusipss apterance ihetpinuty epniounds eanizieedhis: prdents pod Ipstsetiapnficatipas uat i on
30 of its tQ@KicHidak bé‘@%r thc@&daﬁ@t@J&PIn'vér'iﬂonpﬂ@rrH@é?PHe“tﬁ&#aEéutanﬂycadtNe s

accordance wth standard pharmaceutical practice. Prefera

i nhi bi tors FRVROURAS pegsfingd in fhecclaimg fin padicHaneheiainy 1) ang tee SRﬁC@F@?‘%'BP'9S at

| ess t han 5(&!!@%@'@?1@0 @dhé@f evergk), | | at less than 10 nanonolar. 35
Preferably the PDES |nh| tors used in the phar maceuti cal conbi nations
according to the present |nvent| on are selective for the PDE5 enzyne.

Pref eralfily tfhe\co®ir2Q6r5/0D GéHab adiily [Ba0MMmIstHNedOen they may be administered

simultaneously, separately or sequentially.

Auxiilary Agents - PDES Inhibitors

C’ 25 Particularly preferred herein as auxiliary active agents are PDES inhibitors.

The suitability of any particular cGMP PDES inhibitor can be readily determined by

evaluation of its potency and selectivity using literature methods followed by evaluation

of its toxicity, absorption, metabolism, pharmacokinetics, etc in accordance with
30 standard pharmaceutical practice.

IC50 values for the cGMP PDES inhibitors may be determined using the PDES assay
(see herein below).

35 Preferably the cGMP PDES5 inhibitors used in the pharmaceutical combinations
according to the present invention are selective for the PDE5 enzyme. Preferably (when
used orally) they are selective over PDE3, more preferably over PDE3 and PDE4.



57 have a selectivity of PDES over PDE3 of greater than 100 nore preferably
greater than 300. More preferably the PDE5 inhibitor has a selectivity over
both PDE3 and PDE4 of greater than 100, nore preferably greater than 300.
Sel ecti vi WO eMsAHe35may be readily determ ned by the skiniBebspemeson fromt he
relevant IC,,* values. |ICw values fofSthe PDE3 5 and PDE4 enzyne may be
determ ned using established literature nmethodol ogy, such as the nethod

descri bed i ﬁre%ré‘olﬁweﬁroﬁalﬁtheadewﬂ ﬁbé@?&hu%rs‘&f%qwenné@ﬁ&e é@lecﬂ%ﬁy%tx&ages

2164-2171. for the enzyme nay determ ned usi

est abl i shedgregtef Bparlap E‘Wﬁ%?’ﬁf%%h‘b@j’?a‘&ﬁﬂ'aﬁé”o@ié%’érrP@'@ﬂa“%r’% ME?EQHPM@GT 10 Pro
Sexual in vpmgezBed RDNER4 in vivo data for the conmpound of Exanple 1 was
assessed by selective activation of nelanocortin MCR4 receptors using the
net hodol ogy assessing spontaneous penile erection in the conscious rat. 15

Erectil e5r es@éctms raties enayaeadided deyermirasiLby he skiléd pereve MIGH valpeS i URe usi ng

modi 11 0d 3 PHED RO PURATEAIDE By 5 el Qo 2] o REAVBAFTHRCd:  an

i ncrease i nseenbriadal@toda, Joures oiiiUzology, i1988,cadl.i 159, phgee 142 tieatd an, as an
I ncrease '”&té‘i{ed%{%ﬁe‘(ﬁéﬁbﬁ’sa' pressure is an 20 essential hempdynam c event
during the I on and mai ntenance of penile erection. The specific
details of the surgical procedures, data acquisition and analysis used

herein 4o %@w&;mﬁbeamub@ tbithé a&&a&m@ i éarﬁmgarmph%cmgnd in

detail in Bena ., Sachs iano F., "Intracavernous
pressure during erection in rats: an integrative approach based on

Lel t . R L
55 Raa1 0 Tho st o e?;'.'i‘*"y‘l‘é“‘éfi‘ﬁ"‘” of’&‘?e?’%%‘s%“"“ﬁéﬁe""%%e*“*ﬁ“”*ﬁ%ﬁl fuat ed

r wer e
for 18 hour bOSUNBRET BUSENYIA rérireofsIgenall | Fes T Kiow 8, B { o
adm ni st r at 4ipgdred-rhétRyl7asko-BErepy- 1karazbwe$4ﬂp9nrﬁ|amca-yl}-¢- activity (B) was

assessedfor, the ve 10 m.nut es ric 30 recording of
intr acaag’r ngberYP B?@ggﬁp@nylﬁg-lmegw%%ergﬂbecﬁ ﬁg&@@gﬁé)m stration of the
conpound of Exani) e &(2(~etho>ty|=ﬁemsmﬂmhmebatyjbl@nyl)-pemthﬁ-Ser—mopyldr.ﬁ}dnhWe—?Hssessed
(using tel 19 A pressure) over 10 m nute
peri ods, Sﬁs%d’lé[valoi&%"%'gg09%84&@%%&35 gt es post dosage. 35 The
conpound of Exan(pi)e3-Jetfpfi mﬁe@hﬂplmg:gnde@wimgml)-ﬁ nerapagyphenyll-2-tyridin@rber of
penile erec i L@%g( eously (s.c.).
(see Fi &s &Irﬂé‘(ﬁﬂ h a%Zﬂip%Pa k‘ —ﬁléyrﬁugét ed ani mal s g%tl d nini mal
erectil-@0acti vi t§v)( V'fﬁ-[é—(i—)?thYWWUB?"E’WE#WVWWE@WE&D@WMW""-3-3/']-
2-(pyridin-2-ylymethyl-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (see W099/54333);

) (+)-3-ethyl-5-[5-(4-ethylpiperazin-1-ylsulphonyl)-2-(2-methoxy-1(R)-

methylethoxy)pyridin-3-yl]-2-methyl-2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, also

o~ known as 3-ethyl-5-{5-[4-ethylpiperazin-1-ylsulphonyl]-2-([(1R}-2-methoxy-1-

N 25 methylethylloxy)pyridin-3-yi}-2-methyl-2,6-dihydro-7H-pyrazolo[4,3-d] pyrimidin-7-one
(see WO99/54333);

(vi) 5-[2-ethoxy-5-(4-ethylpiperazin-1-yisulphonyl)pyridin-3-yi}-3-ethyl-2-[2-

methoxyethy!l-2,8-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, also known as 1-{6-
ethoxy-5-[3-ethyl-6, 7-dihydro-2-(2-methoxyethyl)-7-oxo-2H-pyrazolo[4,3-d]pyrimidin-5-
30 yl}-3-pyridylsulphonyl}-4-ethylpiperazine (see WO 01/27113, Example 8);
(vi)  5-[2-iso-Butoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-3-yl]-3-ethyl-2-(1-
methylpiperidin-4-yl)-2,6-dihydro-7H-pyrazolo{4,3-d]pyrimidin-7-one
(see WO 01/27113, Example 15),
(viii) 5-[2-Ethoxy-5-(4-ethylpiperazin-1-ylsulphonyl)pyridin-3-yi]-3-ethyl-2-phenyl-
35 2,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one (see WO 01/27113, Example 66);
() 5-(5-Acetyl-2-propoxy-3-pyridinyl)-3-ethyl-2-(1-isopropyl-3-azetidinyl)-2,6-
dihydro-7 H-pyrazolo[4,3-d]pyrimidin-7-one (see WO 01/27112, Example 124);



58 Figure 1 illustrates the results of prelimnary studies and conpares the
nunber of erections observed over a 10 mnute period starting at 60 m nutes
post dosage for aninmals dosed with 1, 10 and 100 g/ kg s.c. of the conpound
of Exanpl e"? §i5(%"%he 5 baseline erectile activity (B)PCHH20e0803n Figure 1
illustrates that at all doses tested3fhe conpound of Exanple | increases

the erectile activity versus baseline erectile activity (B). Further Figure

1 illustrates thgy toies-AcipolbuthxPi-gynaiip)-S-ethylRecetippeadanh))ye sidtyagased the

nunber of spont aneous. erection in the conscious_ rat. T maxl num “effective
dose obser vgﬁ'ﬂyf?zf"ﬁﬁs:a“gf’\éﬂm'w{‘%w (s WP GHe 12 fegele 1;2?

10 Figure 2
iIlustrates the (psBR,R2aR)-2/3,67 12 024-hé:>@Rpdro-2vhstRylbeBaAetlylerdditkyplangh)

conpares the C.nuprber..of. erect.igns opserve 1t m put e periq
starting at '@@Wﬁ{}?g‘r?]%@f’f& d@@gﬁé%‘g&o%i M%?'LOZ%%Q'\IM tcﬁ‘%lf,%)'lée'a €100
jiglkg s.bc. cafpdind of erpoplas 78 fanBéams| priblishediittérnatiomabaypdicative WOOSH BYES,
activity (t ' | l,gure 2 illustrates that 15 at
al | doses tégﬁé@g%%g coh%%)n?l eg%}ﬁ%g%?f&'g%giahcreases the erectile activity
versus basel i ne(xir eciRtatwxpst#-ethyiypipersgiati rtAtsulpbomdirspnylFermethyl-7-Propik e 2
|| ustrat es shililiabdis 1 RIRRAMAS-Aond(PafBbar) HES SriRRCaEONfbIs L BRIGBSE the

nunber of spontaneous “erection in e consclous rat. effective
dose obser vE®thYh4-oKe-$-pimifimidazald. 1--aedrazintd vl idratepxyehanysuliphenyiibt-g/ kg s.c. 20

For the @ NBgNRPeRizInEXREPIR dompdind N8 dXapiedl A1, B dnd BSs BRYUBKRed
effective dose observe relimnary study was 1g/ kg s.c. and in the

( ed I n thi

Idi ti onal , NiPdogRtappPlicaton WQQ?Z?{?'E?%e maxi num ef f ecti ve dose observed was 10
d ]‘519 S. C. ghe numw[1 0é pyragdio olgg-a]pyrirg&aawadh %gloﬁﬁi i gvtbcbd/zlz:mBJT Vin

i fferent bet n t t udi e t hes ose evel.s. e sane
concl usi on, pfu‘ﬁﬁtﬁarc Jﬁ%@'ﬁﬁé’%ﬁ@%&'ﬁﬁ?‘gﬁ°@g§8m %ﬁghﬁyé?ﬁqci[‘g'ﬁﬁi?&{g@ﬂ'ﬁﬁﬁe
nunber of spaqnopxpelengl]saiferotlilemethyi2-pheolidimepopansnidat{DASA69 bExamplepéhdent | y
drawn f m,\pa hese studies. It is proposed herein that the difference
obser ved{%et vveée&nz-ﬂ{d’ﬁh' prelimnary and nore detailed study with regards to
the dose at whi ctxivi hetherasdmpound edff exampigast 1obf eublistied sinternatiphal capptieatioh t he

anti ci pat edg\gﬁﬁ lo,gal variation associated wwth 30 this type of aninal

nodel . The fa (llustrated by Figures_ 1 and 2 strongly suggests that MCR4
receptors are i #¥bl vE-ehicrebrnzyliamiea-f.48-Emgthexyavinerlineeansf penile erection

P esent L pvent i o o e o ey ecti | o
Sysf unct4®bn. WO Q‘U@Sy 09793%I%&%i&@ﬁwg‘g%wmﬂ-%d‘Rvdf°-8-°><°-1*9 im%zo[d,,s-
glauinazolin-6-yi]-4-propoxyphenyljcarboxamide;
(xviii) 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; and
(xix) 1-{6-ethoxy-5-[3-ethyl-6,7-dihydro-2-(2-methoxyethyl)-7-oxo-2H-
25 pyrazolo[4,3- dlpyrimidin-5-yi]-3-pyridylsulfonyl}-4-ethylpiperazine; and p harmaceutically

O

acceptable salts and solvates thereof.

The suitability of any particular PDES inhibitor can be readily determined by

evaluation of its potency and selectivity using literature methods followed by evaluation

30 of its toxicity, absorption, metabolism, pharmacokinetics, etc in accordance with
standard pharmaceutical practice.

Preferably, the PDES inhibitors have an ICg at less than 100 nanomolar, more
preferably, at less than 50 nanomolar, more preferably still at less than 10 nanomolar.
35
Preferably the PDES inhibitors used in the pharmaceutical combinations
according to the present invention are selective for the PDES enzyme. Preferably they



59 Assay Stinulation of adenyl ate cyclase follow ng receptor activation is
a wdely used neasure of functional activity for a nunber of receptor
systens. The functional assay to nmeasure 5 cyclic AMP (cCAWP) utilises human

enbryoni c LEK) cells that stably express the h ortin
MCRI, N@B&g?%& receptor. Activatison of MCRI, H&‘%ﬁ&@%eptors

sti rrul ates adenyl ate cycl ase, generating CAM, V\/m ch is neasured using
Ai phaScreenTM (PerkinEl mer) assay kits. 10 The Al phaScreenl M CAMP assay Kit
consi sts of hawonerledidhon' FDE e FDES db geedter thaanD0 meretrrefplablyegteaéMPamhi ch

links the didd ‘?\ﬁcﬁé‘bré?&ﬁﬂ? tﬁeoﬂﬁéfﬂﬁfhlbitﬁx o b0V Je'?ibﬁthl F’[%fgnd FpERTP! ex at
680nM i n the Fusio a mcroplate an ser resu? em ssi on
bet ween 5209teat92@m 1095%%@@'@@@*%&%@1 B8P0-t ﬁéfea%\stayaf&srm@x be reddi t he
bi ot i nyl at edet%lwed Wth@‘sﬂméd}ftbrﬁntfﬁﬁn trNelblit fS.6 0AL&Y, i@%a@ﬁjes ﬂfrw%wg

l'i nki ng %f ' onor and 'acceptor' beads and hence = reducing

em ssi on® (A4 PRERENZYRRIEY RS datewnined 45ingr eptajsnad; lﬁ?fé?“r%%ﬁlpdﬁlﬁgm%}ﬁﬂ ogy
(ASSAY 20 BREEGREthod\desBritddinG RERRRG B HEUX&HA%@YOI@VW VigEt189,iagas | on of

activity ag and MCR4 re t qr t
carri ed outgé;fé%np'g%@”eéw}% E@Bgc?nfﬂﬁe st&nﬁeetg ‘?ff ﬁﬁ?@ﬁb“%ﬁee 25
I mort al i selitelaturamethudoipgnared a8 dbsenbedhtcW)O 0HRT1181 nes t hat had been
bi ol ogi cal |y engi neered to express the human nel anocortin MCRI, MCR3 or MCR4
receptor subtypes. These cell lines were engineered using protocols akin to
t hose oulfdl i RefSdwwal iGwivePdter es et al (Gouarderes, C., (2002) Neuroscience,
115(2); 349-361). 30 Such-conpound-induced activation of these MCRI, MCR3 or
4 receptors lead to the stinulation of the cellular enzyne adenyl ate
cl ase, whM§R4iin vivadatal feritie comperndad Exampie 1 vgasr@sassedrby sgledtiveractivatior| | ul ar

accunul at i 05 m@lanSatrtin MCRISBAPIIIE uSRERNA W &8Maing spbRnBspdniide of
F I\g vvasétﬁoun(??to be pgr rﬁ

these Increases I n Intracellular oportional to the
degree to wAsEheniRdha @BEcieTBbund activated the MCRL, MCR3 or MCR4 receptors
35 preser in these cell lines. Intracellular |evels of cAVP were quantified

using the commercially available Al phaScreenT" assay kits from Perki nEl ner.
A detail ed SECHg respes %o‘f’erﬁn@"%’ﬂe%ﬁl EERILG ) ’B'f"a(ﬁ‘f@%'%ﬂc%rﬁﬁs%d@wgy? ng this

kit is avai h@’gicéllw irpRIEa ttlemelo &owlmﬂﬂmmmmaaaa%ﬂmd :ﬁam tip,

Per ki nEl ner b o] ne ro 0Cco el o
provi des a a\\,"\éeflagle F orﬁ‘“ﬁ% gmences E?erna%orqgl lnc) n Jltncrease in mgacavemosal

pressure is indicative of penile erection, as an increase in intracavernosal pressure is an
20 essential hemodynamic event during the initiation and maintenance of penile erection.

The specific details of the surgical procedures, data acquisition and analysis used herein

to measure increases in infracaverncsal pressure can be found in detail in Bernabe J.,

Rampin O., Sachs B. D., Giuliano F., “Intracavernous pressure during erection in rats: an

integrative approach based on telemetric recording”, Am. J. Physiol, 1999 Feb; 276 (2 Pt
" 25 2):R441-9,

The test animals (rats) (during the dark cycle) were habituated for 18 hours before
baseline assessment of erectile function. Prior to administration of the test agent the
baseline erectile activity (B) was assessed for the vehicle for 10 minuies using telemetric

30 recording of intracavernosal pressure. Foliowing subcutaneous administration of the
compound of Example 1 (in the same vehicle), penile erections were assessed (using
telemetric recording of intracavernosal pressure) over 10 minute periods, at intervals of
30, 60, and 90 minutes post dosage.

35 The compound of Example 1 produced a dose d ependent increase in the number of
penile erections when dosed at a level of 1-100ug/kg subcutaneously (s.c.). (see Figs. 1
and 2). Baseline/vehicle treated animals showed minimal erectile activity (see Fig 1).



summary this information. The quantity of intracellular cAVP produced by

conpound-i nduced activation of the 5 MCRI, MCR3 and MCR4 receptors In these
three cell lines was neasured using a FusionTMa mcroplate anal yser set to
sti mul at e Y@ 2854%938| engt h of 680nM and to neasure t hePE@HBRYHOURB t ed at

wave | engths between 520-620nM Conp#tind-i nduced increases in MCRI, MCR3 or
MCR4 receptor activation were subsequently quantified as a decrease in the
quantity of light emtted at wavel engths between 520 620nM Data 10 anal ysi s

was subs eunlﬁEnJey‘l AflstrafedE e 3@%&9 & glfn\( ﬁar& ét&du %gﬁngg?fegﬁg th i b?ﬁ Rir ent

pot ency of e test compoun expr
ef fective erwp§ns rRPSGUﬁéeQY?T anoomlrtutaapemq etattleu %(Wb winutdsepash xiosage for

d-i f TERI ALS
Fr om Por ki nEitnar. dSzp8 RRECE 1o bl RN Ce, SR FBfippird G Ehingr WA E = 2
mi cropl atde bml"}%éfﬁf:f@% aptivity (B i Theldatasiniguze dllusirateg that of alb&Bestested the r ecor d
| i ght t
ight eni &?:'rﬁpo%hd%\ee(ahsegf l?n%reﬁ?éé"ﬁﬁrbré%% é@@ﬂi\%r?&%fs@m{l\%@ggé 'égtg/ﬁ{r‘

Phosphat e buffered sal i ne (PBS
Dul becco' s Ridi Fyrigr Eéﬂj’l"%%@{ﬁrateﬁ [ivatngfe ngﬁow%efog’éam%ﬂ dgse depsodant

Hank' s  bal maeased et nsrbdit df GpohtiRsenk. erbatfon VR tHe! @6RscfAS; ratGeWﬁ‘é infelxauntat
N 10131-027. From Si gna: Bovine serum al bumin (BSA), Cat No A7030;

L- d ut ami ne€ ffestjye ﬂg;e@pgg@ed indiys preliminary study was Tug/kg s.C.
(N-(2- Hyni_roxyet hyI ) pi perazine-N - (2-et hanesul fonic aC| d) (HEPES) Cat N
H0887; Cel | CI a sol on fI I.d, Cat hOXI de
DVBO), Cat NBV ‘i%’a eséB% r%se‘*’%fmagﬁ ditidnsh Ng‘i)‘ﬁ S‘H@Aﬂg A9501,
%\/: sobut yl - ﬂ:u:ﬁﬁérhqfl maﬁdmsrm)ser&wmr, a Gat midulb Beifid aging satLao ﬁﬁﬂuth'sl pest (Mg Cl 2)
sol ution, Tr n | ue, t No T-8154, Cell nti ng, chanber

(Br i gnt -1 1 ntosage g Aras dast B b AR Andisf aietbras Bl sompourd s AP, um
(FCS), Cat Nith Ne tastihs. eredfilecantiyl (Featmepi yabicled.s Thadgh roFifarerD ilistrates tH®00!1 . 35
From Hergaus; | cal chnol ogy;
B v 2 1 acbel ok Baten I afitqunt 3 EBBle, 1 ieRhes isckendh bty VoS
PCT/ 1B2005/ 08306 erédile-moiwitBa(tbaiments valiitie o drtbeSTigue & |lin§ﬁraim therh ethe- MSH,
Cat N H1075, | | r (as
per Al phaScr ee‘?ﬁ‘ﬁﬁldpr (o] oco@? ‘Flgié%sgggé'{d?ht#ent eggé:\ndzﬁh% g&% o SB&tMOLg

erection in the conscious rat. The maxlmum effective dose observed in this additional,

more detailed, study was 10 ng/kg s.c.
20

For the compound of Example 1, in the preliminary study the maximum effective dose

observed in this preliminary study was 1pg/kg s.c. and in the additional, more detailed,

study the maximum effective dose observed was 10 ug/kg s.c. The number of erections

observed was not significantly different between these two studies and at these dose

-Ml
%
!

25 levels. The same conciusion, that compound of Example 1 dose dependently increased
the number of spontaneous erection in the conscious rat, can be independently drawn
from both of these studies. It is proposed herein that the difference observed between
the preliminary and more detailed study with regards to the dose at which the maximum
effect was observed is a reflection of the anticipated biological variation associated with

30 this type of animal model.

The data illustrated by Figures 1 and 2 strongly suggests that MCR4 receptors are

involved in the induction and maintenance of penile erection and it is proposed herein

that selective MCR4 agonists according to the present invention may provide an
35 opportunity for treating male erectile dysfunction.



| BMX, 5mM HEPES, 0.1 % (w v) BSA and 10nM MyCl 2. Lysis buffer (as per

Al phaScreenTM prot ocol ): 5nM HEPES sol uti on supplenented with 10 0.1 %
(wv) BSA and 0.3% (v/v) Tween-20. Detection mx (as per Al phaScreenT""
prot ocol ) :WPPaISO7THf f er suppl enented with the bi oti nyPEk/BI0GAMRIS 1OnM) and
Donor beads (10g/m ) as supplied in fhe Al phaScreenTM cAMP assay kit. 15
CONSUMABLES From Fi sher: Non-bi ndi ng surface 384-wel| assay plates, Cat No
DPS-1 72- 0200, From Costar: Sterile pipettes from2 to 50 nl vol unes,
Sterile ti p_‘FJr[om P10 up to P1000; 20 Sterile reservoirs, Cat No. 4878;
T225 flasks vent cap, Cat No. 3001. COVPOUND PREPARATI ON For the MCR1, MCR3

and MCR4 Ststnﬁlﬂét%nfd#@aémmaby@&%awom@neéﬁt&%@%tﬁﬁrmam u&dvm&&ulréﬂ tially
di ssol ved in SEFM? r(\ﬁt] tg( §§a []0) gfnd concent r at on of [TNI and then 25
further dilferripRa! apiysy ?af&}’"] r i PeRPILSYSIRMBY ?‘%P’"FQP“& @Pé%tﬂ'ﬂ%ﬁs‘"e
concent r &t i eakc RDhAf;C(bM\APgmmaésehiuntdmaamT ttri?@ﬁchﬁeﬁeﬁ(r (HEKaaekltshﬁ?t}‘staWe g ' ed
concentration e three ce etaile
her ei nbef or'% maék%‘?’é‘?%‘?"ﬁg‘ M%th% (N%E {OrSOAC Yatw& Ni’dé%'ey%?fgﬁbt ypes
wer e grown MﬁRIZ@Eem@atshm;atésl adsioglateocyichase, genetdingl cAMP, whidwishmeesliredn ( DVEM

suppl enent g Vil @m é‘ggg utam ne, 25 mM HEPES and 1.0
ng/ m Genet&[ ag%'@n%l nrﬁal ne ey SWE I ncubator at a tenperature of 37C
and in an envi ronrrent cont ai ni ng 5%CO2 Cells were harvested when they

reached 4§0- ﬂ%%ﬂaééryémycm E!séa?tkltr@dﬁ%is“& B&f‘or%‘a&é | 8 P WedadTEdhd! M and

t hen 35 washing wt been pre-war ned erature of 37C.

&I s PBS waliotinylaed %MBV‘@'&IC%HWSSWM di%#reetemadaltgeﬂbwaﬁxgwﬂpm @f dhiadigkef t o t he

ask. The &d &ﬁa?‘%@@nM':ﬁ%@ﬁ*&ﬂmm& MichIpiik @RalyEbrare§@ts inl I l"%h‘%@émr?et at a
tenperature of 37C and in an WD 2005/077935 PCT/ 182005/ 00020 62

envi r onnent PRIEPENEPAA B2 2 t o det ach the cells. Cells were dislodged from
t he bottomof the flask by adm n| sterlng a sharp tap to the flask. Wen

ceIIs et a re vvar ure of 37C was
teq, ke T PN Geaerdd i b TS boRinsind vibics poudas Ba el bR il |
sus pen5| on dnytrw wz‘ebioﬂgead'&lpmve&ﬁrlg ImmgeuiSer SJndatacdeptor issaustagd Heacag a

cell counti ng {rb h dl ei ther used for experinentation, or transferred
into a new F248"4 5 Rtteénﬁsé?rbet uate the cell culture. ASSAY PROCEDURE

() MCR1, MCR3 and MCR4 standard functional assay methodology [ASSAY
20 PROTOCOL A, B AND C RESPECTIVELY]

ASSAY CONCEPT
_Determination of activity against the human MCR1, MCR3 and MCRA4 receptor subtypes
C was carried out for compounds according to the present invention using three

25 immortalised human embryonic kidney (HEK) cell lines that had been biologically
engineered to express the human melanocortin MCR1, MCR3 or MCR4 receptor
subtypes. These cell lines were engineered using protocols akin to those outlined by
Gouarderes et al (Gouarderes, C., (2002) Neuroscience, 115(2); 349-361).

30 Such-compound-induced activation of these MCR1, MCR3 or MCR4 receptors lead to
the stimulation of the cellular enzyme adenyiate cyclase, which in turn lead to the cellular
generation, and intra-cellular accumulation, of cyclic adenosine monophosphate (CAMP).
The magnitude of these increases in intracellular cAMP was found fo be proportional to
the degree to which the test compound activated the MCR1, MCR3 or MCR4 receptors

35 present in these cell lines. Intracellular levels of cAMP were quantified using the
commercially available AlphaScreen™ assay kits from PerkinElmer. A detailed assay
protocol and an explanation of the concept underlying this kit is available through the



The assay procedure used was essentially as described in the Al phaScreenTM

kit 10 met hodol ogy (www. perki nel ner.con), however, to ease |iquid handling
all assay volumes were doubled. L Firstly, 10l of the test conpound

sol uti ons XRA¥57 @3St erred to the non-binding surface PGBIB2MSINZEESSay pl at e.
15 Secondly, assay cells were harvest®d as described above. (i) For the MCRL
standard functional assay nethodol ogy a suspension of cells at 3x105

cells/m i méﬁtheatw&Qlt@wbe&ﬁH%r?ﬁﬁ te%e%ﬁotbc&loitdtéﬁ befowt Beviadd ia= 20

CAMP acceptor bead so utlon supplTe Al phaScreenTM CAMP assay ki t)
was prepar symmary Shisiglorpion\CR3 st andar d functlonal assay met hodol ogy a
suspensi on of ceI l's at 5x10 ceI I s/ m in stinulation buffer (supplenented
with 101/

d | ut i ed
Al phaScr een r}‘?\ lyag s%}a(f?"'t' r g‘g"tﬁag r gﬁnpuoghg-nr@;:]%) alﬁ@?t’?’hg B?ER4
st andar d5f UMICR1,0MER3aaslaMCRE recehdbre gy tbeseum;:seneallolmeafwaseﬂnbasurei uding @5
cells/m in.stim ff thl t AMP
accept or bg:é" Col ﬁ%‘cﬁoﬂ uﬁp?qgs(fgsﬁm?lgs%ﬂ raeg'ﬂ r@k’\/é&?@@{’an ![S vaas
prepar ed. 3fedButesthqeaatgy\emitid attwavefergths MéensﬁmfﬁﬂsMo réompeued-indacesif er r ed
to each wel, d T | at
were-then iineSiel SR, WERg of WrBastier oo B Brdl oty dlepfiiatse [
2005/ 077935 PeTeasBio0be Qm%Of light amitted lay wavélencilss batweern 520-620nMas Dtamr m nat ed
by the agd 3 t I I ' bat ed
over ni gty 1 TeDRS Vs o splertFbyi@ed TG4 e itk pllfalf #dffe thpliehf cubal €

Eusi onT" ~- &patgnsy opf| the dest reompaund (Q%preaa%@s fancBEsomd gefined Jaspbreeftectivedar d

Jwncti onal %ﬁnﬁdﬁ%\ﬁ}aﬂ had dikizd 500" QY efhel HRREAWAN BdonfbAY.indlBid0dol ogy
[ ASSAY PROT RESPECTI VELY1 ASSAY CONCEPT Determ nation of

conpound ad’??Rﬂ”P?%%‘HﬁPﬂéth o8 e e SRS receptor subtype was 10 carried
out using an immortalised Chinese hanster ovary cell line (CHO K1) that had
been engin to.stably express both the reconbi nant hunman MCR5 recept or
IR ¢ WARERADs

From PerkinElmer: AlphaScreen™ cAMP assay kit, Cat N° 6760600M, Fusion™-q
microplate analyser (set fo stimulate at a wavelength of 680nM and to record light
emitted at wave lengths between 520-620nM).

20 From Invitrogen: Phosphate buffered saline (PBS) (w/o Ca® and Mg®), Cat N°14190-
094, Duibecco’s medified Eagle media (DMEM) high glucose, Cat N° 21969-035; Hank's
balanced salt solution (HBSS), Cat N° 14065-049; Geneticin, Cat N°10131-027.

From Sigma: Bovine serum albumin (BSA), Cat N° A7030; L-Glutamine, Cat N° G7513;
25 (N-(2-Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid) (HEPES), Cat N° H0887; Cell
dissociation solution fluid, Cat N° C5914; Dimethy! sulphoxide (DMSQ), Cat N° D8418;
Cyclic adenosine monophosphate (cAMP), Cat N° A9501; 3-lsobutyl-1-methyixanthine
(IBMX), Cat N° 15879; Magnesium chloride (MgCl.) 1M solution, Cat N° M1028; Trypan
biue, Cat N° T-8154, Cell-counting chamber (Bright-line 35,962-9).
30
From PAA laboratories GmbH: Foetal calf serum (FCS), Cat N® A15-043,

O

From Gilson: pipettes ranging from 10ul to 1000pl.
35 From Hereaus; Hera Cell CO; cell incubator.

From Medical Air Technology; BioMat class Il microbiological safety cabinet



(3-1actamase gene reporter (CHO K1- MC5R- CRE-p-lactamase). Simlarly, using
an inproved assay nethodol ogy the activity of conpounds were al so

determ ned agai nst the human MCR4 receptor subtype using an inmortalised
CHO K1 ceWD 2§5037%8fat had 15 been engi neered to stabl ¥€ LUt h t he
reconmbi nant human MCR4 receptor and & 0-1act amase g ene reporter

(CHO Kl - MAR- CRE- J3- 1 actanase). These cell lines were engineered using
protocols akin to those outlined by Zaccolo at al (Zaccolo, M, (2000)

Nature, 2(1,; - . nd- i e cti i 13 MCR5, or _MCR4
receptors ?”H"Th%& '\/\%g@lea ﬁﬁ@ﬂuf&t@gﬁﬁgﬂgﬁeeg-ﬁ{% g?o@udﬂbzg’, u?’f’%da? a

ntracel | ul sositieeceandiot i on, of the enzyme (3-lactamase. The quantity of

p- | act anase enzyne produced was directly proportional to the degree to

whi ch the test conpound activated the MCR5S or MCR4 receptors present on

t hese cePl BUREERS\as quantified using the p-1actamase gene reporter analysis

kit that i SsipdUEiBhHuftbl YasZseraMphdSeRIcA™ pRMchItVHEBES 3eBplkmbRed GRANREAM ©S. An
i n-depth dﬁéfn&' %I on_of "tghl s technol o nd” assay protocols are avail able
r 'St

a

fromthe I M HERES. & 1% (WABRA A7 {Wm%n) The protocol Iisted

bel ow provides a summary of that assay nethodol ogy. The quantity of

(3-1 actamase enzy.ne, prod d.by 6@ und-Ln ctiyation of e .30 MCR5
or MCR4 re 5‘?3’#’?‘3%@?8&’85g‘ﬁ’ga?’ﬁ%%eggg%cé’ 1'%‘9'%@9‘3&0"&[5%%!68}?"{?&%@ a Ljl
Bi osyst é0s 0MTal(ws) BSA lHhd DB39384A) flvesre20.eader set to excite at a wave length
of 405nm and neasure the energy emtted at wave | engths of 450nm and
30nm Cellular responses were quantified by dividing the neasured energy
emitted at Retewlivelreingleh nef AldsGarech)) priotocoiakysise tuféaresupplementet ewftra thea

wavel engt h : i : f g a
cur ve. 1t 1 9emaeBEAMPE nfif B Blrer BBes o S 46Bhet 1f e AR
(expressed cdfaassBCBO and defined as the effective conpound WO 2005/ 077935
PCT/ | B2@g5/ 000208 64 concentration that elicited 50% of the maxi num
conmpound-i nduced response) extrapolated fromthe fitted curve. MATERIALS 5
From | nvi t%ﬁHM_ﬁLgﬁbecco' s modified Eagle media (DVEM with G utanmax-1,
Cat N 32438n@FsheNNdnShRMY duttaceS8400e B AP plated ! CAN BFE) B-gfpg, Cenet i ci n
(418), Cat No 10131-027; Cell dissociation buffer (enzyme-free PBS-based),
Cat No 13151-014; Phosphate buffered saline (PBS) (wo Cat' and My2), Cat

), At N O e A B R e A et N
K1026N; 2o ﬁfj"e RS A oGRS BT s ‘(ﬁ%‘?‘aﬂfg’étj'g? Pt sor um (FCS), Cat No
F7524; Sodi um pyruvate, Cat No S8636;

COMPOUND PREPARATION

For the MCR1, MCR3 and MCR4 standard functional assay methodologies compounds

were initially dissolved in DMSO to give a compound concentration of 4 mM and then
C 25 further diluted for the assay in stimulation buffer to give actual concentrations 2-fold

greater than that desired as the final assay concentration.

DAY-TO-DAY CELL CULTURE
The three HEK cell lines, as detailed hereinbefore, expressing the human MCR1, MCR3

30 or MCR4 receptor subtypes were grown in T225 vent cap flasks containing 50 ml of
growth medium (DMEM supplemented with 10% (v/v) FCS, 2 mM L-Glutamine, 25 mM
HEPES and 1.0 mg/mi Geneticin) and maintained in a cell incubator at a temperature of
37°C and in an environment containing 5% CO,. Cells were harvested when they
reached 80-90% confluency by first removing the existing growth medium and then

35 washing with PBS that had been pre-warmed to a temperature of 37°C. This PBS was
then removed and 5 m|! of cell dissociation fluid added to the flask. The flasks were
incubated for 5 minutes in a cell incubator set at a temperature of 37°C and in an



N- ( 2- Hydr oxyet hyl ) pi perazi ne-N - (2-et hanesul fonic acid) (HEPES), Cat No
HO887; Di net hyl sul phoxide (DVSO), Cat No D-8418; Cycl ohexam de, Cat No

C- 7698; Tr%ﬁ]an 15 bl ue solution, Cat No T-4424; Probenecid, Cat N P8761;
Bovi ne serUMZAIHPh (BSA), Cat No A2153; Pluronic F- ROWIB2GS00RES 9003- 11- 6.
From G | son: pipettes ranging from 18 to 10001. 20 From Hereaus; Hera Cel |l
CQ2 cell incubator. From Medical Air Technol ogy; BioMae O ass I

M cr obi ol ogbgadonmaitetantaany Bed CB;, @ndbiakh Bhed sart CBlis el disbddddHfor Ghe384

pl ate readef set xcite at .a wavel engfh .o 5, 40bnm__and asure the
energy eni tE’%@%P}lﬁﬁﬁﬁq‘ﬁﬁdﬁwgf’"%ﬂﬂr 'g{‘?a t%&‘@r{ﬁﬁk'F%ﬁP E‘é’@inwngﬁtg%danocyt e
Sti mul at i nggidextinmedia préd/Beimetab aNempd@ifibe oli3EC wes addepobe telsoreansgendéd

conpound. 3 - - - di.ssql L: 9 O hve I nal
sol ution co%r&(gn '@E@? Bﬁéc@%{%@%ﬁ!%&g@ﬁ%@ﬁn \kgg'ézeg&@eﬁ %oﬁ%h;élss@nn%ﬁ
Probeneciid was thenounted dsing a zelh couvting:cramber gind either fiserhior experitmieotation, or

concentrati L | d Solution D. WO

2005/ 0779359%@%9%@@8gﬁ%ﬁ&&ﬁgg@o@%}%ﬁh\gﬁél&ﬁ{u e (3-1actanmase assay dye

solution: for 1072L of assay dye solution conbine: 12L of Solution A 60L

of Sol uti onaBsaA9#HocEpE ution C and 75L of Solution D. 5 CONSUVABLES From

G ei ner: 384-we ack clear bottom M. croplate as a,x | at es,  CatNo.

781091. Fr 61 G58R¥aProcsfr Ysgd pvas, gesentally, dﬁs‘iﬂgead éBerﬁ*‘PR‘P(ﬁC[ﬁ?B, Kerile

tips from Pmefodplogp (wRhidkinghherddns), moaeverOitd Seas€atiqUip. hahlify, all 22af | asks

vent cap, Cat, No. 30%. Ilg COVPOUND PREPARATI ON {~. For the MCR5 standard

functional X9UREs WaEHOHBES gy al | test conpounds were initially dissolved in
Oto give a conpound concentration of 4 mMand then further diluted for

15 concont r EPYnLord 3 b Bl Rmbarod olibos 4ErR Rl ttsd e Melnoibhonte el =

concentr at i Gé4-welbassahelaMCR4 i nproved functi onal assay nethodol ogy all test
compoun were initially dissolved in DMSO to give a conpound concentration
of 4 mMand then further diluted for the assay in PBS, containing 2.5%v/v
DVSO and 0. §8oanallyy agsiay celisiwerg-harzgsted as dasgdbegiabges.ual concentrations 5-fol d
greater than that desired as the final assay concentration.

()] For the MCR1 standard functional assay methodology a suspensicon of cells

at 3x10° cells/ml in stimulation buffer (supplemented with $0pl/ml of the anti-

20 cAMP acceptor bead solution supplied in the AlphaScreen™ cAMP assay kit)
was prepared,

(ii) For the MCR3 standard functiona! assay methodology a suspension of cells

at 5x10° cells/ml in stimulation buffer (supplemented with 10pl/ml of the anti-

cAMP acceptor bead solution supplied in the AlphaScreen™ cAMP assay kit)

(

25 was prepared; and
(i)  For the MCR4 standard functional assay methodology a suspension of cells
at 1x10° cells/ml in stimulation buffer {supplemented with 10pl/ml of the anti-
cAMP acceptor bead solution supplied in the AlphaScreen™ cAMP assay kit)
was prepared.
30
Subsequently, 10 pi of the cell suspensions were transferred to each well of non-binding
surface 384-well assay plate. The assay plates were then incubated in the dark at room
temperature for 30 minutes,



DAY- TO- DAY CELL CULTURE Cells were grown in T225 vent cap flasks contai ni ng
50 m of growth nediumand maintained in a cell incubator at a tenperature
of 37C and_i.n an_environnment containing 25 5% CO2. The conpasition of the
growt h med!¢A%87the cHO K1- MCSR- rT1VF:H(B | act anase wasPGERAIPIBREEM

suppl enmented wth; dutamax-1, 25 EPES, 10% v/v foetal calf serum
(FCS), 1mM sodi um pyruvat e, 0. 1 mM non essential am no acids and 800g/ m
genetic in. Tﬁo:ﬁy. titreeasSaDrédctidfOABEs @Rbinatddant themgditiornofs30 pert Wwelhefddetectioms
further sup in . Cell r e hey 30
reached 80- confeqia té\ény%r%?/—.%g Iléér%‘i’ %'r‘?g’?r}{?@} h"oﬁ} h@argf(‘alrtg &ﬁg‘gﬁ'ﬁ%‘%ﬁﬁ%ﬂr m and
then washi trgnaferttmﬂéBstha’t-a irMoﬂﬂaemnalywmrmBMﬁt:aﬂoa tenperature of 37C.
This PBS was then renoved and 5 ml of cell dissociation fluid added to the
flask. These cel | s vvere |ncubat ed for 5 mnutes in a ceII |ncubat or set at
a tenper & ur(@! Btandane 2 3 : SR4iimgroyed ngtional akstw
cells. W‘ennﬁﬁ{ohéloﬁﬂA%Sﬂ?tFﬂ@ﬁgCOFbeAr@@EgéﬁétW g]h rredl a was added t he
cell s re-susSpended and m xed gen 0 achl eve 2005/ 077935

PCT/ 1 B2005/ 000208 66 single cell suspension by pipetting. This cell
suspensi on wgsavloonNeEEd for  experinentation, or transferred Into a new

T225 fl ask etu to perpetuaie the cell .cultur SAY DU 5 On the first
Taod ot The DobmmBtEn & Gorprbond Ariaf depaitet thes AL HICTR, (RESPIEG SURTRE Wek
st andar di(f upsartied oaf umﬁa:y immbislided Chinese hampiensvan colf lime(dHO-KN) thaBBxsd 05

cells/m in__nodifi nmedi u nt ai ni of 10% FCS, was
e opar 6d aniedbphdesfa SWnl PRetsg Hott P Bt RbaE M Beestay fnd
einer: 3 8f-wadrhase berek repartet QGHOM-MGER-ORE:MMaseass&ymlahatusmgl@n For the

VR | DoV lyBRSFY PR A0 S BoaNIDE0Y 90, koL
prepared ate EdharoMCR4i recepidr sublyppeusinidoan inidethlised GH&Kh cekblite tat hady e| ner
384-vel 115l gek, &h ereJ)Btstt &ﬁéé&pdd’ﬂf fﬁel Bt r@n@%ﬁmaﬁiﬂtﬁ@f E?%g;?lglé aspgay the

cell plates were then retuned to a Ator mapntarne
t enper at ur e Bdactanasegriei mperter dRVO-IEhMEHR-CRIRBAeaamapel oo These oslblinesgiare bef or e

perform ng EH&R@%%S‘ &%o%ea%nt‘at WUty b%E%QﬁéB(}a{a éfﬁﬁﬁlﬁdrwdat?odd) the

assay for t unctlo assay cél'T plate was
renoved froMatur 2B 25-29)cubat or and 10L of a 5M cycl ohexani ne

- 20 Compound-induced activation of the MCRS or MCR4 receptors in these two cell lines
stimulated the p roduction, a nd i nfracellular a ccumulation, of the e nzyme B-lactamase.

The quantity of p-lactamase enzyme produced was directly proportional to the degree to

which the test compound activated the MCR5 or MCR4 receptors present on these cells

C and was quantified using the p-lactamase gene reporter analysis kit that is commercially
25 available from Invitrogen Life Technologies. An in-depth description of this technology

and assay protocols are available from the Invitrogen web site (www.invitrogen.com).

The protocol listed below provides a summary of that assay methodology.

The quantity of p-lactamase enzyme produced by compound-induced activation of the
30 MCR5 or MCR4 receptors expressed in these cell lines was quantified using a Ljl
Biosystems Analyst™ HT 96.384 plate reader set to excite at a wave length of 405nm,
and measure the energy emitted at wave lengths of 450nm and 530nm. Ceilular
responses were quantified by dividing the measured energy emitted at a wavelength of
450nm by the measured energy emitted at a wavelength of 530nm. Data analysis was
35 subsequently performed using a curve-fitting program and the apparent potency of the
test compound (expressed as an ECs and defined as the effective compound



solution (made up in PBS with 5% v/v DMSO was added to each well of the
assay plate. For the MCR4 i nproved functional assay nethodol ogy the

sol ution of cycl ohexam de was not added. Subsequently, 10L of the test
conpound S¥P#BEHNRas transferred to 16. 25 the assayPOVERUSOIRE assay
plate was then transferred to a cell 8 ncubator, set at 37C and in an

envi ronnent containing 5% C02, and left for 4 hours for the MCR4 i nproved
assay net hodelcegyatioar tHat heltutsd f80% t bie thé_Rnaginamd aothpassRndioet hestpba@y. After
this incubation Il ate was renoved fromthe incubator, 10L of the
p- | act anase xtéqgglgPe%JFogrgth%% 8M"%as added to each well and then the pl ate
returned to the ceII 30 incubator. Following a further incubation period of
60 nminutes {NTERIQVCR4 inproved assay nethodol ogy or 90 minutes for the
MCR5 standar‘d—a'my' net hodol ogy the plates were renoved fromthe incubator
and trans¥t efFras! nvilioga Pjulbegee  m\pdifiedE alean gdiz (AMEW) with. Glgtamsixd; &at Bader for
quanti fi cat koseo-G@; %ﬁ%s?%tﬂéhsm%fmén@% N {1bD, 35“(?&%86‘ (G‘&?t’s)abépmbe used
in conjunction with WO 2005/ 077935 PC'I'/ | B2005/ 000208 rraceutl cal
agents for ffB r(??gat(FFé'nF's‘é‘fc'Qi'Pge’&g@é (eRzymgr fﬁeoﬁgsrmé?’@r Qﬁts’8r déts1-9¥ at ed

to obesity. PhodparitfferedcamOPBES) @céﬁranﬂwiz*qmmrahmmowsemm rmtl ng

obesity tha e co nds e N nbi n on with
anti - obesi ty 56@% stqﬁrpﬂ'cr%%gﬁsﬁ'lug‘?ﬂ (E%’g‘t'g'égﬁ gﬂl% %ﬁ&é'\g%&/‘i %8 °i ncl ude
cannabi M@ d TR40 €Rutign (Selutiqgri Oy, Cat HhK HIPEN|Zebsin,(GattNT ReSO«5nONabant ) ,

apol i poprotein-B secretion/ mcrosomal triglyceride transfer protein

apo-BI MIP) inhibitors (in particular, gut-selective MIP inhibitors, such

as edi pat apiFden Sigmi: Foetahpaltiserym 1ACS), PatiNbK 7524t Sodiloh plelvat; €6 NA S8636;
11p-HSD typg 2%3@&%&9 5:;9-; &nﬁ@gﬁeﬁﬁnmaﬁc apgapNRlepes) t NeRerd. 1

chol ecyst okin m ne r'eupt ake i nhi bi torga?éuch as

si but ram nePIm%tDYlﬁﬂtph@ﬁﬂQr@hgﬁﬁohg%ﬂit& D- Q‘Iﬂ&l@yaléh@ﬁmdﬁ &&té{:@p?ﬁﬂﬁ apmanst s,
dopani nejg e%ﬁaﬁts%futué‘ﬂ%kltﬂ“sl’ -4&?24Cbro%§n&fd)@?|\l" PB’YG‘IQ)BOV|n€%Eﬁ‘BP§Mﬁrﬁ‘nS(BSﬂP| ating

hor none recept of . anal og’ 2C receptor a on| sts, melanin concentrating
hor mone ant 6N| 42193 P ER"FCnF 1#h&Eaty MGt leptin anal ogs, |eptin

recept or agoni sts, galanln antagonlsts Ilpase i nhibitors (such as

t et rahydrol i tin, | tat ectic agents (such as a bombesin
agoni s%/) 8?%%@?&‘\ B‘Qet?esr@%ﬁq ?mléwé‘ﬁﬂg@b‘ﬁi sts ?i n pagti cul ar, NPY-5

receptor antagonists), thyrom netic agents, dehydroepi androsterone or an
anal og ther eof | ucocorticpid receptoy agonists or antagonists, orexin
recept or n?é%hﬁgﬁagf'%rﬁggglgﬁg F?qﬁag”%é{?{'i de-1 receptor agonists, ciliary

neurotrophic factors (such as Axoki neT"" avail able from Regeneron

Kl Dy

Frorn Medical Air Technology; BioMat? Class |l Microbiological safety cabinet

From Ljl Biosystems; Analyst™ HT 96.384 plate reader set to excite at a wavelength of
C 25 405nm, and measure the energy emitted at wavelengths of 450nm and 530nm.

From Bachem: a-Melanocyte Stimulating Hormone o-MSH, Cat N° H1075, used as a
positive control compound.

30 BUFFERS
CCF4-AM was dissolved in 100% DMSOQ tfo give a final solution concentration of 1mM.
This solution was termed Solution A.

Probenecid was dissolved in 200 mM NaOH to give a final solution concentration of 200
35 mM. This solution was termed Solution D.



Pharmaceuticals, Inc., Tarrytown, NY and Procter & Ganbl e Conpany,

G ncinnati, OH), 20 human agouti-related protein (AGRP) inhibitors, ghrelln
receptor antagoni sts, histamne 3 receptor antagonists or inverse agonists,
neur onedi ﬁv‘?ﬂ‘?"é/@'é"ﬂ-’t%r agoni sts and the like. Qher antGTEB3®s080208gent s,
including the preferred agents set f8tth hereinbelow, are well known, or
wll be readily apparent in light of the instant disclosure, to one of

ordinary 5ktbﬁlpodltfbntchﬁthé‘rﬁtlacta_rhftecﬁg'ﬁgfHW§olgﬁont k& R729EBE adddy Uk isBLGRY al so
be admi nistered in 25 nbi nati on nat ur al Q/ occurring conmpound that
2}

acts to | oweambinegssiPil (i GlobaipR o | 60n). of Solyitions s 1H2Ruk ¢f Bolufion Ccand iTA- ebrpounds
are comonl ¥, G@ed nutraceuticals and include, for exanple, garlic
extract, Hoodia plant extracts, and niacin. Especially preferred are
anti-obesity agents selected fromthe group consisting of CB-1 30

ant agoni St scogreuMp@LEst i ve MIP inhibitors, orlistat, sibutram ne,

pseudoephedF i SrREERala sck ueipr e VERNEE RN RS
combi nation therapies for the treatment of obesity and rel at ed conditions
P of orred CEOT GAYAGSITLY EReHE] U2 R R a0 e B TR APIED RIEHA Ynder
t he tradenEIﬂDOAStmtelrese'fvnnav@atll%bﬁé?& T@25 Beahs vent SaptCetIN0b3001descri bed in
U. S. Pa(t] gnt No. WO 2005/ 077935 PCT/ r B2005/ 000208 68 5, 624, 941; and

S

conmpoun described in U.S. Patent Nos. 5,747,524, 6,432,984 and 6,518, 264;
S. Pat ent COMRQUND PREPARATIONS?004/ 0092520, US2004/ 0157839,

2004/ 0214855me %ﬁéh#%ﬂ%ﬂé @&'Eﬂé%? aséaly %etﬁ)@e‘of'd@}é affiddtich Eb%s S ﬁ’HmahP

10/ 971599 filed on t ent [ication WO
02/ 076949, V\Eﬁf’"@doemﬁi%609”%(9&7"9@8‘3‘1@"0%@3%@3‘12@/‘ 35%8190\@'@1?/ @ﬂ%dil

Er ?f e[ red gf&r ﬂsé Q§§a \m FEER comtiihial 11025% WACDMEe &hdr b.9%apivassAlas Givebaguain U. S.
at en

|4) ( 4- (4%4 ?‘(@e@(%mﬂ%?ﬂ?}? grepte] then shat desied)as 4ns fnah a35pNEPRRANYAUON 4. chi or opheny
Lo aror noPar bR RGN EAplod B eRpdeicivis B ol e i L vy

5, 929, 075; dlasblvedrrpIDMSCpltcdng BAYMpBuradGArentrdion pbédM andtien fidhes ilutbid .
6,265, 431. for% Icaﬁ@nﬂ%} y@o@@fbm@@% os%%ﬁ@u ofilc RIFE7, w e

conbi nati ons, ons rre hod the ntion can
be pr epé&oedacjgdilwgnmrﬁm 5kfﬁ|d\ﬂfﬂatt%' thargthatresised a5 the fiaalyasa qoncerttfatlm art, for
exanpl e; sibutram ne can be prepared as described in
DAY-TO-DAY CELL CULTURE
Cells were grown in T225 vent cap flasks containing 50 mi of growth medium and
maintained in a cell incubator at a temperature of 37°C and in an environment containing
25 5% CO, The composition of the growth medium for the CHO-K1-MC5R-CRE-B-
lactamase was 90% v/iv DMEM supplemented with; Glutamax-1, 26 mM HEPES, 10%
viv foetal calf serum (FCS), 1mM sodium pyruvate, 0.1 mM non essential amino acids
and 800ug/ml genetic in. For the CHO-K1-MC4R-CRE-B-lactamase this growth media
was further supplemented with 200pug/mi Zeocin. Cells were harvested when they
30 reached 80-90% confluency by first removing the existing growth medium and then
washing with PBS that had been pre-warmed to a temperature of 37°C. This PBS was
then removed and 5 ml of cell dissociation fluid added to the flask. These cells were
incubated for 5 minutes in a cell incubator set at a temperature of 37°C and in an
environment containing 5% CO; to detach the cells. When cells were detached, pre-
35 warmed growth media was added, the cells re-suspended and mixed gently to achieve a



U S. Pat. No. 4,929,629; bronocriptine 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. 274, 143; 5,420, 305; 5,540,917; and 5, 643, 874; and PYY3a6

(| ncl udi nd"%mﬂﬁ’&'ﬁgﬁf‘ can be prepared as described in USCFABANISO8020%0n  NoO.
2002/ 0141985 and WO 031027637. 20 FofY Intake The fol | owi ng screen can be
used to eval uate the efficacy of test conpounds for inhibiting food intake

in Sprague- Ilrﬂs??ﬁglér?rbga'ﬁlp‘éﬁﬁ?m OrHis fc@ﬁ;tsuspensm%ﬁ \AM%' %B?VJJFQPQOPan ey

rats can be tal ned ver Laboratori es, m ngt on
MA) . The rxperpentation; o teanaferred indeia aew 3346 flasy t‘bB%ﬂ%tlué’& t%% cuityfey are

mai ntai ned on a 12-hour |ight/dark cycle and receive food and water ad
libitum The ni. oal " acclimated to the vivariumfor a period of one
week bef or éﬁ@h&é—i&ﬂgwduct ed. Testing is conpleted during the |ight
portion 5]1: O enechitst! day &%e‘é’ms@@mdﬂmﬁerbhﬁwfemed a'ﬁﬂfe&brheefabbmcyorsthé ®R5 rats
are transfer i_dual cages. W t.hou ste n prior
Co testi ng.cuird foefirel S5 maBRcacBlE oo A e o2 Sufl G he
rats are donedifiddgrowibl meumm.gsmmiang%\MStéad\mnow lﬁ:&masqseparenmmﬁﬂjﬁof A

known ant agpni st. i s dosed (.3 r |t|v ontrql . and ont r ol
group receiV&s® §”§%W¥9Pead§?%ﬁg %%J" WBB% )e'"e':l' f%eiltbq%d&nbgﬁ?f}s&?% dosed
at ranges Odicruptate &ssay plated 100 rrg/ kg dependi ng upon the conpound. The
standar? vehicle is 0.5% (wv) nethylcellulose in water and the standard
route of "adm nistration is oral. However, W) 2005/077935 PCT/ | B2005/ 000208
di f f er erforvbé MFRA inmneveddunasiona fasaeiirinathodelogy asuspension of sels atox10°
commodat n r rats
30" ot o5 Y Do RATRRE R bt 85 PRad ot IORIT, MR préharct?
( Col unbus | ansk 4Quirefthis, cen:auanebﬂgn a@ﬁddwtme@ch welhpt @ GreingiAddiwalldlack aclepbod

i ntake is rggR o at 10-minute intervals for a 5 period of two
hours. Wen re(Fiﬁ'?@leogm%E gﬁpﬁi ake is recorded manual |y using an electronic
scal e; fl8od is weighed every 30 ninutes after food is provided up to four

hours aft eforf QA ds§a3pﬂ|@Vdeﬂ%te§QBmlh@ﬁ r &ilihé O c bIFi rit8bAHITh BRhiNYA AQTPar i ng

t he food intake attern oundtreatedratst icle and t
S andard poemrLle g FRr and VA APLPMERT Rk G et hre

conpounds Oferfopkiny lttee 43shy ointhelsdcdrel maemed for thel r bi opharnmaceutical 15

properties, such as for exanple, solubility, solution stability (across a

range of pHs),
20 On the second day of the assay for the MCR5 standard functional assay methodology

the cell plate was removed from the cell incubator and 10uL of a 5pM cyclohexamine
solution (made up in PBS with 5% viv DMSO) was added to each well of the assay plate.
For the MCR4 improved functional assay methodology the solution of cyclohexamide
was not added. Subsequently, 10uL of the test compound solution was transferred to

(&

25 the assay plate. The assay plate was then transferred to a cell incubator, set at 37°C
and in an environment containing 5% CO., and left for 4 hours for the MCR4 improved
assay methodology, or 5 hours for the MCR5 standard assay methodology. After this
incubation period the plate was removed from the incubator, 10ul of the B-lactamase
assay dye solution was added to each well and then the plate returned to the cell

30 incubator. Following a further incubation period of 60 minutes for the MCR4 improved
assay methodology or 90 minutes for the MCRS5 standard assay methodology the plates
were removed from the incubator and transferred to the Ljl Biosystems AnalystMHT
96.384 plate reader for quantification.

35 QOBESITY
The compounds of this invention may also be used in conjunction with



| i kely dose level and perneability, In order to select the nost appropriate
dosage forns and routes of adm nistration considered appropriate for the
treatment of the desired indication. Prelimnary biopharnmceuti cal
assessmentYORYPETRYi cat ed that sone conpounds accor dPEEIR2B05(0EMr esent

i nvention may be especially suited f& 20 administration via the oral route
(i ncludi ng buccal and sublingual) or the intranasal route. For exanple the
oral subl i nphtmnacsutitdl @gems foamaswéatnhautcﬁ digByseb ceanditibadarel/dralisordists relgegpound of

Exanpl 1 t f d.
compounds iy B8Mo BAYEleE crBatatn(of BitRiearebEit Bk ekt iy Bl o
for exanpl elncludﬁe coppods df be DEmn’plheermon in @snbitation awtb (anti-iOh@lt(y(agantB \are her
embodi ment opvs\ﬁ&e‘ant g?ﬁégiﬁé‘nteabg%% ?Vé ﬁt% AcBf! oca}' -??Pé%@btu on

conpri sing a conpound as define here nbet ore
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3 receptor antagonists or inverse agonists, neuromedin U receptor agonists and the like.
Other anti-obesity agents, including the preferred agents 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

C 25 combination with a naturally occurring compound that acts to lower plasma cholesterol
levels. Such naturally occurring compounds are commonly called nutraceuticals and
include, for example, garlic extract, Hoodia plant extracts, and niacin.

Especially preferred are anti-obesity agents selected from the group consisting of CB-1
30 antagonists, gut-selective MTP inhibitors, orlistat, sibutramine, bromocriptine, ephedrine,
leptin, pepftide YYsss and analogs thereof, and pseudoephedrine. Preferably,
compounds of the present invention and combination therapies for the treatment of
obesity and related conditions are administered in conjunction with exercise and a
sensible diet.
35
Preferred CB-1 antagonists include Rimonabant (SR141716A also known under the
tradename Acomplia™ available from Sanofi-Synthelabo) described in U.S. Patent No.
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Food Intake
The following screen can be used to evaluate the efficacy of test compounds for
inhibiting food intake in Sprague-Dawley rats after an overnight fast.

C 25 Male Sprague-Dawley rats can be obtained from Charles River Laboratories, inc.
(Wilmington, MA). The rats are individually housed and fed powdered chow. They are
maintained on a 12-hour light/dark cycle and receive food and water ad libitum. The
animals are acclimated to the vivarium for a period of cne week before testing is
conducted. Testing is completed during the light portion of the cycle.

30
To conduct the food intake efficacy screen, rats are transferred to individual test cages
without food the afternoon prior to testing, and the rats are fasted overnight, After the
overnight fast, rats are dosed the following moming with vehicle or test compounds. A
known antagonist is dosed (3 mg/kg) as a positive control, and a control group receives

35 vehicle alone (no compound). The test compounds are dosed at ranges between 0.1
and 100 mg/kg depending upon the compound. The standard vehicie is 0.5% (w/v)
methylcellulose in water and the standard route of administration is oral. However,
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compound of Examples 1 and 5, with the oral sublingual route being preferred. Other

compounds may be more suited for any form of oral administration, such as for example
the compound of Example 9.
25
C Thus according to a further embodiment the present invention provides a pharmaceutical
composition comprising a compound of general formula | as defined hereinbefore,
preferably the compound of Examples 1 and 5, formulated for sublingual delivery.

30 Compounds of the invention intended for phamaceutical use may be administered as
crystalline or amorphous products. They may be obtained, for example, as solid plugs,
powders, or fiims by methods such as precipitation, crystallization, freeze-drying, spray
drying, or evaporative drying. Microwave or radio frequency drying may be used for this
purpase.

35
They may be administered alone or in combination with one or more other compounds of
the invention or in combination with one or more other drugs (or as any combination
thereof). Generally, they will be administered as a formulation in association with one or
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particular compound employed, the mode of administration, 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.

Ne 25 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, p referably from
about 0.001 mg to about 500 mg, more preferably from about 0.001 mg to about 100
mg, even more preferably from about 0.001 mg to about 50 mg and especially from
about 0.002 mg to about 25 mg per kilogram of body weight, preferably as a single dose

30 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 tofal daily dose may be
administered in single or divided doses and may, at the physician's discretion, fall
outside of the typical range given herein. |

35
When freating obesity, in conjunction with diabetes and/or hyperglycemia, or alone,
generally satisfactory results are obtained when the compounds of the present invention
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the invention nma so be admni s "directly intot stream into
muscl e, or PAteiedtp pravide Mg opimgldheragutic sasPanseeans for parenteral
admnistration 20 include intravenous, intraarterial, intraperitoneal,

intrathecal _ intraventricular, intraurethral, intrastemal, intracranial,
i nt ranuscul AResq SAsAgRS AERasEd A AN BYATRSR hifeRl| subject having a weight of about 65kg

to 70kg. The physician will readily be able to determine doses for subjects whose weight
20 falis outside this range, such as infants and the elderly.

ORAL ADMINISTRATION

C 25 The compounds of the invention may be administered orally. Oral 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.

30 Formulations suitable for oral administration include solid, semi-solid and liquid syétems
such as tablets; soft or hard capsules containing mulii- or nano-particulates, liquids, or
powders; lozenges (including liquid-filled); chews; gels; fast dispersing dosage forms;
films; ovules; sprays; and buccal/mucoadhesive patches.

35 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,
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exanple, J Pharm Sci, L8 (10), 955-958 by Finnin and Mrgan (COctober 1999).
20 Ot her neans of topical adm nistration include delivery by

el ect r opor aBinders aregesdligrused &3 impaiaobesdicr gulitiss toantapled fopsilatiam Guitakds oneedl e

or needlzg- fﬁiﬁ&eré ?nc%deprﬂm%ws?aﬁi}mg Bellulose, gelatin, sugars, polyethylene glycol, natural
and synthetic gums, polyvinylpyrrolidone, pregelatinised starch, hydroxypropyl cellulose
and hydroxypropyl methyicellulose. Tablets may also contain diluents, such as lactose
(monchydrate, spray-dried monohydrate, anhydrous and the like), mannitol, xylitol,
dextrose, sucrose, sorbitol, microcrystalline cellulose, starch and dibasic calcium
25 phosphate dihydrate.

(:

Tablets may also optionally comprise surface active agents, such as sodium lauryl

sulfate and polysorbate 80, and glidants such as silicon dioxide and talc. When present,

surface active agents may comprise from 0.2 wit% to 5§ wit% of the tablet, and glidants
30 may comprise from 0.2 wt% to 1 wt% of the tablet.

Tablets also generally contain lubricants such as magnesium stearate, calcium stearate,

zinc stearate, sodium stearyl fumarate, and mixtures of magnesium stearate with sodium

lauryl sulphate. Lubricants generally comprise from 0.25 wt% to 10 wit%, preferably from
35 0.5 wt% to 3 wit% of the tablet.



BiojectTM etc.) injection. 25 Fornulations for topical adm nistration may
be fornulated to be imediate and/or nodified rel ease. Mdified rel ease
formul ati ons include del ayed-, sustained-, pulsed-, controlled-, targeted
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powder i nhapesemidtivas aadhtagiermaskinggestsr ay from a pressuri sed contai ner, punp,
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produce a fine mst), or nebuliser, with or without the use of a suitable
pr opel | ant , Eseroplargdatiets Tontain2:pt totabaiil 8256 deaigh e alyoull 14 wi%3p ZbButPONA%
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I S m croni Semybe coated bzuncsatiet dibiney éven teadncapsulatddy | nhal ation (typically |ess
Ahan 5 microns). This nay be achieved by any appropriate comni nuting

“aet hod, such as spiral jet mlling, fluid bed Jet m | I | ng, supercritical
fluid proce&'lat& fgmulstisroeitablatsdp discussed in gutical| Dasagé % Tiablets

spray drying. Ir i@r. New¥ nor
hydroxypropy1 r%lsﬁ @%rﬁ%oo(sg%g@‘rp;srtp@ag&%gﬁgi care'[rl JS%%P use in an inhaler
or insuff® ator may be fornulated to contain a powder nix of the compound of

the inventi ggngiinabidl dralhIPs RAWIRTanlR SRRk uss an‘eﬂ?&@é@ pR&bIS WalepBoiahld or @
performance nodifier such as 1-1eucine, nannitol magnesi um st earate. The
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the latter. afd A@icallp umghﬁeea %zsmpmrﬁnbfsformé uog ﬁﬁﬁ-*drﬁﬁg pEyrhérPachindsR| 4 0se,

sorbitol, gclﬂ{letn?l d hL];rrr1euc nt, a blagt}{:?scapsa stabahser or emlﬂSVP ier, & viscosity-modifying agent

20 and a solvent. Some components of the formulation may perform more than one
function.

The compound of formula | may be water-soluble or insoluble. A water-soluble
_ compound typically comprises from 1 weight % to B0 weight %, more typically from 20
C 25 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.

Altematively, the compound of formuta | may be in the form of multiparticulate beads.

The film-forming polymer may be selected from natural polysaccharides, proteins, or
30 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 flavour
enhancers, preservatives, salivary stimulating agents, cooling agents, co-solvents

35 (including oils), emollients, bulking agents, anti-foaming agents, surfactants and taste-
masking agents.



A suitable solution formulation for use in an atom ser using

el ectrohydrodynam cs to 25 produce a fine mst may contain from1l pg to
20mg of the conpound of the invention per actuation and the a ctuation

vol une mayW0aPof9ém 1pl to 100pl. A Lypi cal f or mul at | BRIEA85/08BADr i se a
conmpound of fornula (1), propyl ene egcoI sterile water, ethanol and
sodiumchloride. Alternative solvents mhlch may be used instead of propyl ene
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to 10 ng of the conpound of formula (1). The overall daily dose wll

typically be in the range 0.001 ng to 40 ng which may be administered in a
si ngl e di@se SokablembeifiediGlisaks Yormatishisvbdae pdposss sfhhoingéraioh atddesdaed in
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for rectal /?'Eéh(?\‘d ¢ 2fis tzﬁéiﬂ %%Hat\ge’@% ‘% iu(?oq?eﬁ%t &087 cﬂe%vug% élfrme t nd/ or
nmodi fi ed r ebedgve contydiedireldaseds mbédinh"iﬂ)@m%ﬁ%ﬁ i ncl ude del ayed-,

sustai neg@dy, pulsed-, controlled-, targeted and programred rel ease.

OCULAR/ AURAL ADM NI STRATI ON 20 The conpounds of the invention may al so be

adm ni st er cBARENIERAL ADMINISTRATION, ear,  typically in the formof drops of

am croni sed suspensi on or solution in i sotoni c, pH— adj usted, sterile

sal i ne. erh%f or rmul s sui.tabl e for aur al adni ni stration

t

i ncl ude oi nt' RBFPEPC Bl"H&B@“éE%Yb?'%’ ‘ieea '“‘éﬁé%’r%‘?ﬁ'i‘yénﬁé“e Yperhgferem,

col | agen) ami Muscle, or mto an internal organ. Suitable means for parenteral administration
20 include intravenous, infraarterial, 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.

C’ 25 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-
agueous solution or as a dried form to be used in conjunction with a suitable vehicle
such as sterile, pyrogen-free water.

30
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.

35 The solubility of compounds of formula (1) 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.
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20
Other means of topical administration include delivery by electroporation, iontophoresis,

phonophoresis, sonophoresis and microneedle or needle-free (e.g. Powderject™,
Bioject™, etc.) injection.

L 25 Formulations for topical administration may be formulated to be immediate and/or
modified release. Modified release formulations include delayed-, sustained-, pulsed-,
controlied-, targeted and programmed release.

INHALED/INTRANASAL ADMINISTRATION
30
The compounds of the invention can also be administered intranasally or by inhalation,

typicaily in the form of a dry powder (gither alone, as a mixture, for example, in a dry
blend with lactose, or as a mixed component particle, for exampie, mixed with
phospholipids, such as phosphatidylcholine) from a dry powder inhaler or as an aerosol
35 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-



container, divided bottle, or divided foil packet. An exanple of such a kit
Is the famliar Dblister pack used for the packaging of tablets, capsules
and the like. 30 The kit of the invention is particul arljy sui table for

adni ni st erV A% ent dosage forms, for exanple, orBf Y P Bt eral, for
adm ni stering the separate corrp05|t|3)(hs at different dosage intervals, or
for titrating the separate conpositions against one another. To assi st
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may be proyided no 5 For the avoi dance of doubt,
references N8P eﬁw%gaerﬁrfép?ﬁﬁ'!me, Ch'ﬁe?" a«ycy?lggeégr ces to curative, palliative
and prophylactic treatnent. WO 2005/ 077935 PCT/ | B2005/ 000208 79 The
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a size suitable for delivery by inhalation (typically less than § microns). This may be
C 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.
15
Capsules (made, for example, from gelatin or hydroxypropylmethylcellulose, blisters and
cartridges for use in an inhaler or insufflator may be formulated to 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 -eucine, mannitol, or magnesium stearate. The [actose
20 may be anhydrous or in the form of the monohydrate, preferably the iatter. Other
suitable excipients inciude dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose
and trehalose.

A suitable solution formulation for use in an atomiser using electrohydrodynamics to
C 25 produce a fine mist may contain from 1ug to 20mg of the combound 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.

30

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/infranasal administration.

35 Formulations for i nhaled/intranasal a dministration may b e formulated to b e immediate
and/or modified release using, for example, PGLA. Modified release formulations include
delayed-, sustained-, pulsed-, controlied-, targeted and programmed release.



isolated in their free-base form these have often been converted to their
corresponding 10 hydrochloride salts for analytical identification
pur poses. wW@iookbeosavoi dance of doubt both the free-bageaifshifgrogsal t forns
are considered provided herein. X-Ray; Crystal Data Crystalline material for
four conmpounds was obtained as follows: (1) the conpound of 15 Exanple 5
was dissolved in 90:5:5 i-PrO4/ MeCN AcCH at reflux, and the solution was
then allowed to cool to roomtenperature to fur ni sh crystalline materi al
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for further ﬁ*)égldﬁndeg@gséﬂ}m[, l‘ioug &) - 4-(2,4- difluorophenyl)-N[(1
R) - 1- phenyl et I pyrrolidine-3 oxa de hydrochloride, crystalline
material was obtained fromEtOHi-Pr20 via vapor diffusion nethodol ogy. The
st er eochem gELyARINTEAGNAL ROMRISTRATIONDt ai ned for these four conpounds
was 10 determined using X-ray crystallography. Representations of the 3D
structur® of these conpounds are illustrated in Figures 3, 4, 5, and 6
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Figure 5 illustrates an ORTEP plot with thermal ellipsoids drawn at the 50%
confi derlde Forowtgtionpfor rectalyaginatatministratidn may be fosmulatesitta be dnmedisterapdiof t he
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[ (I'R) - 1- phenyl et hyl ] pyrrolidine-3-carboxam de hydrochl oride. The disorder of
the difluorophenyl ring and the phenyl ring have been omtted for clarity.
The X-ray ckf pRMINIELRALIBG und  of Example 5 (where R phenyl, R2
= OH R3) 25 = But and Rand R5 = F) illustrates: the relative cis

rel ati onship of the stituents,on the e [ne ring; the
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include ointments, gels, biodegradable {e.g. absorbable gel sponges, collagen) and non-

e

fb 25 Dbiodegradable (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,
hydroxypropylmethylceilulose, hydroxyethyicellulose, or methyl cellulose, or a
heteropolysaccharide polymer, for example, gelan gum, may be incorporated together
30 with a preservative, such as benzalkonium chioride. 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-,
35 controiled-, targeted, or programmed release.

OTHER TECHNOLOGIES




pyrrolidine ring. 30 The X -ray crystal data for the internediate conpound o
f Preparation 16 (where R _ phenyl and R2 = OH) illustrates: the relative
cis relationship of the methyl substituents on the pi er|d|ne ring and the
ci s- arr ang&féP %P3 R2 to the methyl 3 bstituents on thg e e ring.

The conpound of Preparation 16 is a rect precursor for the conpound WO
2005/ 077935 PCT/ 1B2005/ 000208 81 of Exanple 5. The X-ray data confirns that
there was no stereochem cal interconversion at the piperidine ring in the

subsequent m@aém;sumneé of 18 IfRARMURAY mconwmlﬁqtsoﬁm@;ﬁa@amosbaﬂa@mﬁwnd of
Preparation 1 to qunlsh th

e X-r st al
at ot o ¢ heUsARs Ve e 23t DGR Sivaires HREP! P M ALY RGN and
Rﬁ anc(JI:3 R5 —pE)rmEds] Liat bedeesto tdnaronvel ﬁtelirvgombms CSSORIGHE B, faste-ri'lbﬁcflrw ﬁUps at
the ti rrolirdine rin virtue, o
nown abdol BER-Aaaly  §er s T, u86 o Bhe.d Bie ARiteherinied: Yoo
absol ute coaﬂmgtstratomn at C3 and 10 C4. The internedi ate conpound of
Preparation 22b is hydrolysed to provide the C internediate conpound of
Preparation | which is a direct precursor for the final conmpound of Exanple
5. The X-raPrutatysiodexfin camplexes: farnexampleagre éougd de decgrneralivlusefuhfos maestver si on
at the pyrr%éagbnsnﬁg 864 laBmiriaMiidils! Boll REESE Lhe RohlARIERA G TIAEs Of 1 he

i nt er medj at e Preparati on 22 i nt er medi at Preparation 16 and

its subskhuary bex Sreéa‘ﬁﬁ 2o 'W‘F‘H"q ’rﬂsd 'TQ?E ePmelgratics Wdtf‘ tP’? & é‘?q eyeladextgnf ur ni sh

the final camauedsaf aﬁéﬂrmlxmaryfadd“ﬁbe i€l Rt & BN dilgBRO b sElubiRRE] MMsat i on of
e conpound of Preparation 53 was etermRed by its conversi Og tQ
S, 4R) - 4- (EO'EW'BPIVI oﬁ‘ﬂeﬂ'&‘?F? W_r;rosggz) arg_alp - and gamma-cyclodextrins,

phenyl et hyl brymipied icli weicks-hgy bex fiihdl ein hytbratibhalr Patent Abplfcaicnisv Rbs. SOwas

(R~ (1) o et A4 R PR wbRBgRARC O o TPt on B9 v

1-[3- (diteet hyl am no) propyl ] - 3-et hyl carbodi i m de hydrochl oride and

1- hydroxybew in tetrahydrofuran at room tenperature to form

tert-butyl 2, 4-di fl uorophenyl)-4-({[(1R)-1- ~r
phenyl et hyl ] am no} car bonyl )pyrrolidine-1-carboxylate; 25 (ii)

Boc. depr of eqigs gm E tﬂé t@aaﬁilrﬁ& roapo% ingidn- .be (cafpimas 3 2. 4-
di f | uor opheny enyl et hyl | am no car bony rroP 1i ne- 1-
car boxyl at eeﬁﬁmﬂfa‘-c Q)ﬁ\éﬂpﬁ%@f WPQ“HQQ B igHiarfisegpe ARCRYBY &rs wthierthae in

20 scope of the present invention that two or more pharmaceutical compositions, at jeast -
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.

Thus the kit of the invention comprises two or more separate pharmaceutical

)

25 compositions, at least one of which contains a compound of formula (1) in accordance
with the invention, and means for separately retaining sald compositions, such as a
container, divided bottle, or divided foil packet. An example of such a kit is the familiar
blister pack used for the packaging of tablets, capsules and the like.

30 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 fitrating the separate compositions against one another. To
assist compliance, the kit typically comprises directions for administration and may be
provided with a so-called memory aid.

35
For the avoidance of doubt, references herein fo "treatment” include references to
curative, palliative and prophylactic treatment.



di oxane at roomtenperature to form (3S, 4R)-4-(2, 4-difluorophenyl)-N[(1R)-
1- phenyl et hyl ] pyrroli di ne- 3-car boxam de hydrochl oride. X-Ray crystal data 30
for
(3S, 4R) - 4WO20as/dr435 uor ophenyl ) - N-[ (I R) - 1- phenyl et hyl | pgtaloekdoeo8- car box-
am de hydrochl ori de denonstrated bot™ the relative trans relationship of the
substituents at C3 and C4 of the pyrrolidine ring, and al so the absol ute
configuration at C3 and C4 of the pyrrolidine ring. Representation of the 3D
structure of this is illustrated in Figure 6 hereinafter. 35 W) 2005/ 077935
PCT/ 1B2005T @ iwergiongiliasiatesiby taiolmvingsnori-iesiting dxastplestieethitio thetfbllowingmai ni ng
conpounds hgbrghgt,oﬁg,%ﬁmj@m@agareﬁfs@@ar ations have been assigned on the basis
of the stereocpem cal precedents established in the synthesis of the
conpounds of Example 5, Preparation 22b, Preparation 16, and Prepration 53
as desc™ bed herei nbefore. The excé}&ﬁ[ﬁ!@&ﬂithi s is 5 the conpound of
Exanpl e 7 which has a cis-arrangenent at the 3- and 4- positions of the
pyrrolidine g. r iffraction data.for the sin crystals of the
conpounds of‘%gxarrpl e 'g}ééﬁrdfr'cﬂeé;ﬁtgfép?’ﬂ’ﬁ% ’ﬂrﬁsaéf%m?%s‘%&ﬁg M ecorded at room
t enper at ur galssi Nng a E;raclferot%atﬁ&)?vﬁNART- APEX CCD ar ea- det ect or
di ffractone 50%50 rad tion). Intensities were Mintergrated from
several serieg E%a? usi ng the nethodol ogy described in SMART vb5. 622
(control) and SAINT mtﬁanﬁﬁl(slnmt egration) software, Bruker AXS Inc., Madison,
W 1994. Eaé:h exposu e%Fﬁejvered 0.30 inw, with an exposure time of 60s
gxarrpl e 5, 10s (Pr tion 16) or 120s (Preparation 22b) and the total

ta sets 1dd were: nuoublddwmhlen sphere (Exanple 5); hem sphere (Preparations

16 and 22b) absorption using the

mul ti scans ?re}f?%d aé&d&g%ﬁ?%%é&?yﬁ%séﬁggﬁ%ﬁ 9'&ogr am for scaling and

correction rea gepe Bteaiquic.cnidm IC Uni versity of Gottingen,
HPLG deigle perfarmdagediquic.chidmaBhgeaphyi ck, [ [ f i

1997 (base st he MAsSi Ng, Acta Cryst. 1995, A51, 33-38).
20 X-ray dlq?fﬁrhactl onﬁgﬁ%%@é?rﬁtnﬁégsgrg stal of

(3S, 4R) - 4- (LM £ | ukﬂumwtygmpny(m@ﬁspectrometw

phenyl et hyl(mygr ol i dbnqegmlﬁ@ﬁ%é@ﬁumydrochl oride were recorded at 100 K
using a Bruker AXS SNART- APEX area-detector. diffractometer (M Ka
radi ation) Pitted 25MiKP!Et an Oxford Cryosystems Series 700 Liquid Nitrogen
Cryost reamminnt ensi t Mingiteser e |nt ergrated from several series of exposures

(as described herein_before ach exposure covered 0.3 in co, with an
exposure tiHé& of 60 T4 %sn%ne{; lémf)fﬁ | data set was
NMR nuclear magnetic resonance
psi pounds per square inch
Quartet
C 5 Singlet
t Triplet

For synthetic convenience whilst in many instances compounds have been Initially
isolated in their free-base form, these have often been converted to their corresponding

10 hydrochloride salts for analytical identification purposes. For the avoidance of doubt
both the free-base and HCI salt forms are considered provided herein.

X-Ray Crystal Data

Crystalline material for four compounds was obtained as follows: (1) the compound of
15 Example 5 was dissolved in 90:5:5 i-PrOH/MeCN/ACOH at reflux, and the solution was
then allowed to cool to room temperature to furnish crystalline material which can be
isolated for further analysis; (2) the compound of Preparation 16 was dissolved in 95:5




nore than a sphere. The data set was corrected for absorption using the
multiscans nethod (as detailed herein before). 30 The crystal structures
wer e successfully solved by direct nethods using SHELXS-97, (as described
i N SHELXS-YQ 20080%835%am f or crystal structure sol ution. @T/ebeoSoebesr i ck,

Uni versity of Gottingen, Cermany, 198%, release 97-2) in: Space Goup P21
(Exanmple 5); Space G oup Pna2l (Preparation 16); Space G oup P212121

(Prepar at i gaCRZMHRACreMBE aﬁa e/ Rdutibn WwasdhéH Allowed eP & Yd 1ddnl fednperature to

R) - 1- phenyl et, rrol e-.3- car pboxa ochlorid and all of the
o hydr og el BEENTE Fs el 661 e saRes TRt EheicrabE GhiBoseigndas.
PCT/ [ BZOOSbﬂ@:@ﬁ@ﬁtnorﬁ’&Hwasdobed @rshdt EeDAC ai@pﬂntm wisiser! ytded psthe boipin t hese

maps and sups t t un | nement sfondtht here was one
ation and® gﬁ@%ﬁ Sr H1|S‘\£zoér1{3h|ﬁ'ﬁn tﬁ% g t?qoé AP ;{%’Pp%rﬁtarecg%ﬁ‘gﬂﬂb of
Exarrpl e 55 (rystallihé osteriat which canFiegiselated Yor further enatpss; aod &)rfol B8 4RM4d2, 4t he

conpound o WO __' 4 sillu

Figure 4); E'ﬂ 6r8|5)t‘?efmg@'l\ﬂﬂ1 ?r‘o‘? tpﬁyl@}’rw%%ﬁn%g{%hw&? Prepa?‘g{’@éﬁ& b |n t he
asymetric c:untathne( materipl wast abiained fram FiGH/-Rr-@ via vaper diffusiontrirthedolegy. one
(3S,4R)-4- (2, 4- d|f|uorophenyl) N[(1

R) - 1- pheny| et h¥l ] pyrrolidine-3-carboxam de hydrochl oride cation and one

chlori de ahP®Fierse ﬁ@'%ﬁr@ﬁt‘?uﬁ‘euﬁ'ﬁi‘enfla%bt?'ﬂ?%§‘E“'r these) foun omparRdseyas 10 For
all fourp casstnthsd ﬁﬁﬁ@X%@ﬁc@h@lld@ﬁa&ﬁ?dlﬁé@iﬁéntﬁ%ﬁshﬂtﬁéOSB RirGdtGreS Bf MeSEs Wer e

refined against the o b net hod of | east-squares using
SHELXL- 97 pmﬂg%@ﬁ'@'@h"' ﬁfs’b@ﬂ%‘i 5 é?%@ﬁ%’ﬁi"ﬁg ‘crystal structure
waefinement. G M Sheldrick, Uni versi ty of Gottingen, Germany, 1997,

rel ease 972 h. wth a r di s ar For the
Crystal of Fbesfilstbies ot BRI i whn eriBl AGPRR ol 'R BOicoBMsaSh at o
wer e | ocat delffordhe asyrauetrie unitbffitieecrgstalestroetpreant thet dvenpound off Ekampleds wer e
refined with constraints placed on the respective 0-H and N-H bond

di stancgs Pﬁ%ea:{‘ghﬁﬁatés“&ﬁ‘oh'ﬁb lét%fngﬁé?h’@ﬁelﬁ;%ﬁib'&fé!vrfﬂtthggé%'c%ﬁﬁhe%é’mt ry.

The remai ni rogen atons re placed I n ca positions and
refined w {eﬁeléorrthg F'ﬁ@"’ﬁﬂﬂ@}m"a‘?fdh%ﬂvﬂﬂ)ﬁ& KB P eirEnaaenof reparaian 1Bsot r opi ¢
di spl acenent paraneters. The absol ute configuration of the cation

sth er eoc hew§n¥e¥5 flostrdtéearc QWEBrrﬁthbﬁth Eebrerrnal @?;’éo}&aﬁﬂﬂm Strthe B6% déhgmbé y fr Om
the X-ray i ffraction data. t hod of _El ack.( a aile
Hack. | ot levehyaps badimdit Bl e St St of M ieon it Pl aRenEn ot ot or
was 0.00(5) for the enanti oner 25 depicted in Figure 3.

Figure 6 illustrates an ORTEP piot with thermal ellipsoids drawn at the 50% confidence

20 level for the asymmetric unit of the crystal structure of (3S,4R)-4-(2,4-diflucrophenyl)-N-
[(1R)-1-phenylethyl]pyrrolidine-3-carboxamide hydrochloride. The disorder of the

C difluorophenyl ring and the phenyl ring have been omitted for clarity.

The X-ray crystal data for the compound of Example 5 (where R' = phenyl, R? = OH, R®
25 = Bu' and R* and R®° = F) illustrates: the relative cis relationship of the methyl
substituents on the piperidine ring; the cis-arrangement of R? to the methy! substituents
on the piperidine ring; the relative trans arrangement for the groups at the C3 and C4
positions of the pyrrolidine ring; and the absolute configuration at C3 and C4 of the
pyrrolidine ring.
30
The X-ray crystal data for the intermediate compound of P reparation 16 (where R'=
phenyl and R? = OH) illustrates; the relative cis relationship of the methy! substituents on
the piperidine ring and the cis-arrangement of R? to the methyl substituents on the
piperidine ring. The compound of Preparation 16 is a direct precursor for the compound



For the crystal of Preparation 16 the positions of the am ne and hydroxyl
hydrogen atons were |ocated froma Fourier difference map and their
coordinates were refined wth restraints placed on the respective NNH and
O H bond WG085@72%35and angl es such that the group retrairnprbomsvorodeal i sed
geonetry. The remmi ni ng hydrogen atoits were 30 placed in cal cul ated
positions and refined with a riding nodel and all hydrogen atons were

fined with | j I F th t al
br cpar at | ot ZBMHE By o B2 05T o, BPRGF el e abRurd: HEageons and
refined w triteraomvietsiongahthectipesidie aing inithd silssenuendireadtios if divse sempoypdrafnet er s.
35 Th b ) | d not
be v 20057 65 T AR SEREMYRBGLPRERRET L P e BERpAR Excipl® < "0
diffracti o® data. However this crystal structure did establlsh that the

confi gurstion could onIy be one of a pair of enantioners (either that shown
in Figure 5 qr it's mrror Image with all chiral centres_ inverted). If it

i s assuned TPRat ratyﬁgystqf S8 gnhe: 'F@H"‘?ﬁ‘at? [sempeind: @f Rrepanatios 23navheteaRoFi dnone
ring was t ' s&R* aad RA =t Falistrates: the réative iehs %hahgé?nent for. thé¥roupé af #ece t he

oth t t d Fi t t
oL . RSB B Wi o oo ot W v kol
c ﬁr b0f< am deohfigiratioh Io?ﬁ k mejbzeﬂzabmoﬁmmn?m oiely} lrpsaiisdmeacsaﬂ“guratmﬂa Wé Bhankot _rll_h
en [0 WO, 41 QU [ e
di f ﬁro{‘?] X -f‘?‘ﬁgm@ée&%@g‘gﬁ@gr‘%@ Probifadoa8l 1 Riandfidy & B E@ 88, o Tol d
ét ation almjmetdiabe Compound olCPreparation 10 whichh isa ar direst |wecumpcdparthg/ fiodl 80: 20.
© pants DS el i AYIERhRIL BOER ) A oKt UhdiHlero WA nd URrMUELNERP! 1O

ori entations qual Toccupanc! e rogen at ons wer e in
cal cul at ed ifersprvessien alrite ﬂﬁfqllﬂ@@ ripg intihey syrthatia grasgsreiron the @lnwemm Iﬁ’f th§0t ropic

di spl ace”erﬁterﬂﬁdﬁdﬂ@éﬂir@parzm 2036 ¥He%eﬁﬁediéﬂ@oﬁ%9&aﬁd?ﬂ169éﬂdm% shibddqi¥str ogen
atons, were |located fr Fourier difference ef i th |sotrop| c

di spl acbirefeactign With éh?e’f‘@ﬂﬁec“aﬁﬁéf 'F‘@H%{?Pﬁmbt%@‘m%@@ﬂ ﬂaa'&ﬁ@pwdeof;ﬁxa@eks
cal cul atedgpositions and refined with a riding nodel and all with i sotropi o
di spl acenent paraneters. The absolute configuration of the

(3S, 4R) - 4- (TRe4rettitive Lado phsnhyté )cohfigurdtiah- 6f- fHec opmpound! b \Premaration ng3 avas

car boxam d hl ggid er ch LA&d sy £ct |y

From the xCelindiry B s oo bofbed® 187 TR LA RuAB AP RES

her ei nbef orpbpnylelthﬂ]pf/trr@iainef@arbce@mldzmyﬂxloakﬂknqmr'létmﬁettoaverwas wag agii¢ved biyor t he
di astereomer depicted in Figure 6. The final refined R factor %[ For data

%Zﬁall 20 220 for Ex'faaaioﬁ ??Stﬂes:oﬂap&@%of Pr&aadtioh i50 Hmn ¥§)—(+§-a€r?&ﬁ'%erﬁylﬁﬁﬁfeat i on

s 4. % an or en - N -1-

phenyl et hyl ] pyr r ol P'di Hﬁ? P B?ﬁ(arﬂfde?ﬂ%/&cﬁ tﬁVlaw,r%@r?%yﬂg{-%g\%%ar%umlde
hydrochloride and 1-hydroxybenzotriazole in tefrahydrofuran at room

C temperature to form tert-butyl (3R,4S8)-3-(2 4-diflucrophenyl)-4-({[(1R)-1~
phenylethyllamino}carbonyl)pyrrolidine-1-carboxylate;

25 (ii) Boc-deprotection by treatment of a solution of tert-butyl (3R,4S8)-3-(2,4-
difluorophenyl)-4-({[{1R)~1-phenylethylJamino}carbonyl)pyrrolidine-1-
carboxylate in dichloromethane with a solution of 4M hydrogen chloride in
dioxane at room temperature to form (3S5,4R)-4-(2,4-difluorophenyl}-N-[{1R}-
1-phenylethyl]pyrrolidine-3-carboxamide hydrochloride. X-Ray crystal data

30 for (3S,4R)-4-(2,4-diflucrophenyl)-N-[(1R)-1-phenylethyl]pyrrolidine-3-carbox-
amide hydrochloride demonstrated both the relative trans relationship of the
substituents at C3 and C4 of the pyrmrolidine ring, and also the absolute
configuration at C3 and C4 of the pyrrolidine ring. Representation of the 3D
structure of this Is llustrated in Figure 6 hereinafter,

35



Simul ated Powder X-Ray Diffraction Data (i) Conpound of Exanple 5 2-theta
Angl es, d spacings and relative intensities were calculated fromthe single
crystal 30 structure of the conmpound of Exanple 5 using the "Reflex Powder
D ffracti wo'2oomcimdze of Accelrys Materials Studi oTM [ eersB2os/@020%. Perti nent
simul ation pararreters were in each #®ase: Wavelength = 1.540562 A (Cu Ka);
Polarisation Fact or 0.5; Pseudo-Voigt Profile (U=0.01, V=-0.001, W=

0,002), 35 THACH BB FISHIE halrld 15 et fngﬁfﬁ%s Vhnb RS ERDOgS 00y

ese ca I ONs PB4l at es
the nost i ritrepasatiqne alkayeobeanhassigned 095 /tigy 1R85 @Ghﬁl SeeosiaicR Ogece8BniSi nul at ed

Powder Pat t dﬂ:h]@{edE?ﬁafH%] %ylﬁhésfso'ﬁfttﬁg %hgﬁhﬁqs%y%)él’n Qat5a IQQ;%)ArQﬁHn' 95 ( a?

illustrate | gure 7 nt ensi t ntensi t

2-t het a) (%rewargﬂqnh‘eﬁt ayld (Fogpration 5313 despuiber hepeinbrdors. th:lz‘e@xg@ﬂgn tothis s 11. 3 86

25.8 11.8 ihe é&mao&xa o E&&m&le HOwdch Ass 8§ cikQQra?a rherft bt the 3-8nd 4l HobitiorkSei 51. 4
19.7 72.5 .5 24.1 22.2 Thus according to a further

aspect the tb‘?@%’@?ﬁ'n?ﬂ(}%ntlon provi des the conpound of Exanple 5 having the
si mul at ed PXRD pattern illustrated in Figure 7 with nost intense peaks as

10 met hod ot BTy dPRoRr 7% Smble PYRBRLoLAE BPvain L B Re Mthera
Angl es, d sﬂramraiymsa‘r&jandamblwmelredmdmi at esonwesmeperatbeubisibged Bruken AKE singl e
crystal 10 SMART-APEX CCD area-detector diffractometer (Mo Ka radiation). Intensities were
intergrated from several series of exposures using the methodology described in
C SMART v5.622 (control) and SAINT v6.02 (integration) software, Bruker AXS Inc.,
Madison, Wi 1994, Each exposure covered 0.3°in o, with an exposure time of 60s
{Example 5), 10s (Preparation 16) or 120s (Preparation 22b) and the tofal data sets
15 were: more than a sphere (Example 5); hemisphere (Preparations 16 and 22b). The
data sets were corrected for absorption using the multiscans method, as described in
SADABS, program for scaling and correction of area detector data, G. M. Sheldrick,
University of Goftingen, 1997 (based on the method of R. H. Blessing, Acta Cryst. 1995,
A51, 33-38).
20

X-ray diffraction data for the crystal of (35,4R)-4-(2,4-difluorophenyi)-N-[(1R)-1-
phenylethyllpyrrolidine-3-carboxamide hydrochloride were recorded at 100 K using a
(: Bruker AXS SMART-APEX CCD area-detector diffractometer (Mo Ka radiation) fitted
25 with an Oxford Cryosystems Series 700 Liquid Nitrogen Cryostream. Intensities were
intergrated from several series of exposures (as described herein before). Each
exposure covered 0.3° in ®, with an exposure time of 60 s and the total data set was
more than a sphere. The data set was corrected for absorption using the muiltiscans

method (as detailed herein before).

30
The crystal structures were successfully solved by direct methods using SHELXS-97, (as
described in SHELXS-97, Program for crystal structure solution. G. M. Sheldrick,
University of Géttingen, Germany, 1997, release 97-2) in: Space Group P2 ; (Example
5); Space Group Pna2  {Preparation 16), Space Group P2 ,2,2, (Preparation 22b and
35 (3S,4R)-4-(2,4-difluorophenyl}-N-[{1R)-1-phenylethyl]-pyrrolidine-3-carboxamide
hydrochloride) and all of the non-hydrogen atoms in the asymmetric units were located



15 structure of Preparation 16 using the "Reflex Powder Diffraction" nodul e
of Accelrys Materials StudioTM[version 3.0]. Pertinent sinulation
paranmeters were in each case: Wavelength = 1.540562 A (Cu Ka); Pol arisation
Fact or = (O¥@200P9#8%0- Voi gt Profile (U = 0.01, V = -0.800B2M56000008002) . 20
The single crystal structure data deBived via the methodol ogy descri bed
her ei nbefore was used in these calculations. Table 2 tabul ates the nost

i:)nt ense p?afésmdiﬁe fé&ﬁltéﬁﬂf%ﬁ&l ﬂgl%ﬁﬁﬁaag {Fﬁ‘cﬁ%r@%é W@B\d sﬁlﬁseﬁuﬁhﬂ sf!lfl.leﬂrd:' owder
attern o I, 1.0N e
"l Lot at catanernp gt ioWas oldMatD el Rl o fetbRand b Blanigiar 5o »

65.5 11.6 asymimeti: aeit Br H@0cdindbind bf Exarifle & (A8 il0stral€d in Biguré 3)2ee W& 5 22.6
16 24.6 17 further
aspect the 3rnomede ofing coffodharebrcbardifn do s sonHie AE TR Mellekel | U7 o
t he si nulPat E'GU'IBXF?D theiet waa onie| molactipeof the Icprgm@daomeanaj@ﬂ 22bn!rerﬂm peaks
as illust raé%méinér ant Saszlllwlﬁﬁ%éﬁi f‘lgﬁl‘enyi aén@%ﬁ%ﬁ@re“ﬂr&% @he (88, 4ﬁf@-?é al ed 10

via the neth outlined here 11 oun I on

2-theta Ang?"g%omﬂ‘eé‘}ﬂh@rm& 1é?’i\§nY'@tMIPW‘é“dm¢t?e‘F?§qu?@$d9\AeF‘Bédrefé'iafa'rdg at@ﬂ""f r om t he

singl e cryshid oneldniohlié uﬁibwrrﬂh@tasﬁﬁrﬁ&ﬁé ahit @B ildSkatatbinFipurdre). " Ref | ex Powder
D ffraction” nodule of Accelrys Materials Studi oTM verS|on 3.0].

Pertinent sinulation paranmeters were in each case: Wvelength = 1.540562 A
(Cu Ka) ;10PoFaralisiadr @ystdaaisisset he To-orsivateooivbe gbn-Rydrbddreatolds were refined

against the diffraction data by the method of least-squares using SHELXL-97 (as

C described in SHELXL-97, Program for crystal structure refinement. G. M. Sheldrick,
University of Géttingen, Gemmany, 1997, release 97-2) each with anisotropic
displacement parameters.

15

For the crystal of Example 5 the positions of the hydroxyl and N-H+ hydrogen atoms

were located from a Fourier difference map and their coordinates were refined with

constraints placed on the respective O-H and N-H bond distances and angles such that

the groups retained an idealised geometry. The remaining hydrogen atoms were placed

20 in calculated positions and refined with a riding model énd all hydrogen atoms were

refined isotropic displacement parameters. The absolute configuration of the cation

stereochemistry for the compound of Example 5 was determined directly from the X-ray

diffraction data by the method of Flack.( as detailed in H. D. Flack, Acta Cryst. 1983,

(. A39, 876-881). The final refined Flack parameter was 0.00(5) for the enantiomer
25 depicted in Figure 3.

For the crystali of Preparation 16 the positions of the amine and hydroxyl hydrogen
atoms were located from a Fourier difference map and their coordinates were refined
with restraints placed on the respective N-H and O-H bond distances and angles such
that the group retained an idealised geometry. T he remaining hydrogen atoms were

30 placed in calculated positions and refined with a riding model and ail hydrogen atoms
were refined with isotropic displacement parameters.

For the crystal of Preparation 22b the hydrogen atoms were placed in calculated
positions and refined with a riding modet and all with isofropic displacement parameters.
35 The absolute stereochemistry of the compound of Preparation 22b could not be



0.01, V= -0.001, W= 0.002). 20 The single crystal structure data derived
via the nethodol ogy descri bed hereinbefore was used in these cal cul ations.
Tabl e 3 tabul ates the npbst intense peaks of the WD 2005/ 077935

PCTI 1 B2003Y®83020893587 Si nul at ed Powder Pattern of PrePOTaBrogso@28 from t he
Single Crystal Data Collection (as # lustrated in Figure 9). TABLE 3 5
Angle Intensity Angle Intensity ( 2-theta) (% ( 2-theta) (% 6.5 20.7 20.1

23.7 9.1 3 . : 16,2 .14.9 35,2
234 27,3 eigpginguier) o ifaciph el Hyereriils fuot Spithud gyt |

18.3 24.5 2thauthegopfiguraion cpgid onhobeporofza paip ofjenantigmers. (pithes it Bhown Bccor di ng
to a furt heﬁg%@sﬁ its ARrdr iﬁ%@@%ih%“?ﬂ%%nﬁé&ﬁb&?eﬁ){ Fﬁt fO5H30MB4! 12k the

Preparation 22b having the simulated PXRD pattern illustrated in Figure 9
with nmost ¢anfigiationsd nescendreiaf C4 of tha pxarolignorg Hpg was iigsameasdn heptatiided PXRD

pattern Bs @aRAALEE, bjthisrteAcd the offief iREeAidd danard d%@i?ﬁé&é@iﬁ@igﬁ;e §.1V) _
(3S.4R)-4- (2. 4-di fl uorophenvl)-Nf(1R)- 1-ahenyl et hvil ovrrol i di ne-3-carboxam

e ooy oo AR & B RS an SB[ RO b Eo RhBRES 1
(3S,4R) - 4- (@;rkﬂe)dh’ﬁdeutm_mqmmw_a Yarje [tt(e:n'I'R}xl- alliqsbislﬁ;dseodigtbt_] pyithr kawith dheﬁm’# fngs
ooty RS RIS ot i Doun ORI R AT A O
were in eachodeled overdwomsientatigistrelated by z0meHold rotationabout sl @H4. s 17oiisFact or =
0.5; Psegdogph JiafteUckhsant/of80:20. The unsubstituted phenyl ring was finally modelled
C over two overlapping orientations with equal occupancies. The hydrogen atoms were
placed in calculated positions and refined with a riding model and all with isotropic
displacement parameters. The position of the amide and amine N-H hydrogen atoms,
were located from a Fourier difference map refined with isotropic displacement
16 parameters. The remaining hydrogen atoms were placed in calculated p ositions and
refined with a riding model and all with isotropic displacement parameters. The absolute
configuration of the (3S,4R)-4-(2,4-difluorophenyl)-N-[(1R)-1-phenylethyijpyrrolidine-3-
carboxamide hydrochloride cation stereochemistry was determined directly from the X-
ray diffraction data by the method of Flack (as detailed hereinbefore). The final refined
20 Flack parameter was -0.01(7) for the diastereomer depicted in Figure 6.

The final refined R-factor % [For data 1>2cl] are: for Example 5 is 4.15%; Preparation
16 is 4.07%; Preparation 22b is 4.62%; and for (3S,4R)-4-(2,4-difluoropheny!)-N-[(1R)-1-
C phenylethyl]pyrrolidine-s-carbokamide hydrochloride is 5.00%.
25
Simulated Powder X-Ray Diffraction Data

(i Compound of Example 5
2-theta Angles, d spacings and relative intensities were calculated from the single crystal

30 structure of the compound of Example 5 using the “Reflex Powder Diffraction” module of
Accelrys Materials Studio™ [version 3.0]. Pertinent simulation parameters were in each
case: Wavelength = 1.540562 A (Cu Ka); Polarisation Factor = 0.5; Pseudo-Voigt Profile
(U=0.01,V=-0.001, W= 0.002).

35 The single crystal structure data derived via the methodology described hereinbefore
was used in these calculations. Table 1 tabulates the most intense peaks of the



0.01, V = -0.001, W= 0.002). WO 2005/077935 PCT/|1B2005/ 000208 88 The
single crystal structure data derived via the nmethodol ogy descri bed

herei nbefore was used in these cal cul ations. Table 4 tabul ates the nost

I nt ense pe of% 7%‘;3; Si mul at ed Powder Pattern of

(3S, 4R) - 4- (2. 4~d\ f T tor ophenyl ) - N-[ (1Rk-1 5 PCT/TB2005/000208

phenyl et hyl ] pyrroli di ne-3-car boxam de hydrochl oride fromthe Single Crystal
Data Coll eqtiop (lgs J | uatrated in Fi g*ure 10%,. TABLE 4 A%JI e Intensity "
( 2-theta) Yoylated Fowdey Faitgigoof igxagipier 5 1irom they Single1Crysigl PatprCallection (as12. 7
19.0 14.6 iRGtriedin Mgurd@).6 11.2 22.8 11.8 23.9 24 25.2 10.8 10 Exanple |
(3R 4R 55)-1-ff(3S.4R)-1-tent-Butvl-4-(2.4-difluorophenvl)pvrrolidin-3-vllca
rbonvl)-3.5- dinethyl -4-phenyl pioeridin-4-ol OF NI "~ |~ 15 To a stirred
suspensi on of (3S,4R)-1-tee t--butyl TABLE 14-di fl uorophenyl ) pyrroli di ne- 3-
carboxylic acid hydrochloride salt frompreparation 1, (57nmg, 0.2mmol) in

di chl or oget hane (1nml) at roomtenperature under dry nitrogen was added O-
benzotriazal-1-yl-N NN N - tefranmethyluronium hexafl uorophosphate (76ny,

0. 2mol ), [wo Aratss/ of 7 ensitcT/| 1 B20gls/ 000 2éEnsigo
¢ 2-theta) (%) (¢ 2-theta) (%)
8.6 174 247 12
10.9 423 2.3 295
C 113 86 25.8 11.8
11.7 53.6 28.1 10.3
13.9 100
16.1 615
18.2 13.6
18.9 514
19.7 72.5
20.3 32.2
23.5 335
24.1 22.2

Thus according to a further aspect the present invention provides the compound of
Example 5 having the simulated PXRD pattern illustrated in Figure 7 with most intense

O

peaks as illustrated in Table 1 when said simulated PXRD pattern is generated via the
10  method outlined hereinbefore.

(iiy Compound of Preparation 16

2-theta Angles, d spacings and relative intensities were calculated from the single crystal

16 structure of Preparation 16 using the "Reflex Powder Diffraction” module of Accelrys
Materials Studio™ [version 3.0]. Pertinent simulation parameters were in each case:
Wavelength = 1.540562 A (Cu Ka); Polarisation Factor = 0.5; Pseudo-Voigt Profile (U =
0.01, V =-0.001, W = 0.002).

20 The single crystal structure data derived via the methodology described hereinbefore
was used in these calculations. Table 2 tabulates the most intense peaks of the



foll owed by N-nethyl norpholine (132L, 0.4nmol), and then

(3R, 4s,59) - 3, 5-di net hyl -4- phenyl pi peridin-4-ol, frompreparation 16 (45ng,
0.2nmmol) all in single portions. The resulting mxture was stirred at room
t enper at urWORHIO7™8ry nitrogen for 18 hours, quenchedetiyiazboscento ti on of
wat er (10nL) then extracted with di clforonmethane (2 x 5 10O1). The conbi ned
organic |l ayers were dried (magnesiumsulfate), filtered, and concentrated

in vacuo. Th ' riefy y I y on silica
gol "ol uti ngoin it Bt aueidr ehétraty 1b 33, 8 . CPRIBYS O e
conmpound asillgstraigdiin Eiglegaih (72ng, 779 . LRVB (APCI) 471 (100% [MH'], 298
(409, 220 (20%; HRVS C25H37F202 [MH ] requires 471.2818 found 471. 2815.
10 Exanmpl e 2 (3R 4R, 5S)-4-Cvcl ohexvl-1-f
f(3S*, 4R*) - 4- (2. 4-di f 1 uor ophenvl ) - 1- etABUBR/r r ol i di n- 3-
yl | carbonyl ) - 3. 5-di net hyl pi oeddin-4-ol OF OHN F 15 To a stirred suspension
of (3S*, R 0-4-(2, 4-di fl uorophenvl)-1-ethyl pyrrolidine-3- carboxylic acid
hydr ochl or de-satt fl.or“.nr%}aration 17 (161ng, 0.6mml) in N, N

I

di et hylfor' de (1(5'??1"’_"35' t rpoomtenperature under dry nitrogen was added
triethyl ar‘rJ fie-thetapmll (%}. 4nmol ), then 1-hydroxybenzotriazol e hydrate (77ng,
0. 6mmol ), | 1-(3-dinethyl am nopropyl) - 3-et hyl carbodi i m de hydrochl ori de
(109ng, O.pmml), and 20 (3R.WM4s,5S)-4-cycl ohexyl -3, 5-di met hyl pi peri di n-4- ol
(from prepp®dtion 7) 66000 ng,{ O0.5mml) all in single portions. The
resul ting lil.f&écnc j ,ﬂﬁ[m:u' at 30 C under dry nitrogen for 25 hours. The
action was 'quenchea by the jaddition of 2M sodi um hydroxi de sol ution
5mL) thepl4XtractgqdOlith dijethyl ether (BOrL). The organic |ayer was
washed wit 1§J§i_llb (3Qqtyg—separ ated, dried over magnesiumsulfate, filtered,
and 25 congenirated!in _vacuo to afford the title conpound as a dear oil
(209ngy, 99466 LRVES |(FARCI) 449 (100% [MA, 298 (40%, 220 (20% ; HRMS
C26H39F202[ v IE(.%E}FZEb —449. 2974 found 449.2970. Exanple 3 30 (3R 4R

5S5)-4-Buty|l-1-(f(3S|4R)-1-terlt-butyl-4-(2.4-difluorophenvl)pvrrolidin-3-
yl | car bonv] 0.8, 5- di nd8¥v| ai oeridin-4-ol OF | / F HO

226 16

24.6 17.1

25.7 12.5

26.4 14.9

27.2 15.5

Thus according to a further aspect the present invention provides the compound of
C Preparation 16 having the simulated PXRD pattern illustrated in Figure 8 with most
intense peaks as illustrated in Table 2 when said simulated PXRD pattern is generated

10 via the method outlined hereinbefore.

(i Compound of Preparation 22b

2-theta Angles, d spacings and relative intensities were calculated from the single crystal

15 structure of Preparation 22b using the "Reflex Powder Diffraction” module of Accelrys
Materials Studio™ [version 3.0]. Pertinent simulation parameters were in each case:
Wavelength = 1.540562 A (Cu Ka); Polarisation Factor = 0.5; Pseudo-Voigt Profile (U =
0.01, vV =-0,001, W = 0.002).

20 The single crystal structure data derived via the methodology described hereinbefore
was used in these calculations. Table 3 tabulates the most intense peaks of the



WD 2005/ 077935 PCT/ 1B2005/ 000208 90 To a stirred suspension of
-4-(2,4-di fl uorophenyl) pyrrolidine-3-
hydrochl ori de salt from preparation 1,

(3S, 4R) - 1-

di met hyl f or mam de

benzot ri a2bQPOIOTPISN N, N

0. 3mmol ),
(3R 4s,59) -

t enper at ur
of water (
was
vacuo.

sol vent el

[ sol vent9A] and acetonltrlle [solvent B] .
TR
hi g

flowrate ;
- 9598; 10.

time 6.05

C26HAOF2C2,
(3R 4R 59)k

rbonvi | - 3.
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uent of
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(10nL) at
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0. 3mol ) al dimhiPict PcRr PQt'Eetn'n 8 ¥repdrafior] BHUtdnh M8 SHgd ORStal BAS CA
for 2.5 days then quenched by t

'ted wi th diethyl
separated, dried (nmagnesium sul fate),
The residue 10 was purified b
colum 150 x 15mm (10 mcron partic

i

(71ng, O.

et her

filtered,

(%) 1 (18n
451. 3131
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II 1T
orded
iR “241%g)
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n s
8 |tle
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3114. Exa
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iUt salt f
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J

ﬁgﬂ1prepc

ré88 on 1,

2822y, Q.

TYpy) at r

- N_NN-
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\3Fet hyl mo

qﬁﬁjTenperaggre Una
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3.5 di et

10) (136ng
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the additi
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Phenomenex

O

10

15

20

0. _6mo
tobmte

Rgo - 4- (4-| 284 hyT ph
bé?éture ﬁﬁet dry

NY.B) PI per

tions. —TH

ﬁ?fﬂogen f

ofv o vl

b3 6oNL)

arat ad

hgn;exf?a
t han

‘|nrli

Vf rvu u

}aa@ ed in

n|9hbuo, TH

Friber due| 15

g purlf

18.9

73.1

29.2

16.2

19.4

28.3

19.7

13.3

3nmol )

and t hen
(from preparation 9) (50ng,

(10nL).

conpound,

nple 4

carboxylic acid
in N N
roomtenperature under dry nitrogen was added O-

N'-tetranethyluron|un1hexaflﬂﬂiﬂQaW©@%ﬂ@Me (95ny,
5 N-nethylnnrphollne (83L,

I%étsBﬁga

The organic | ayer

and concentrated in

using a Phenomenex Luna C18(2)
100A porosity),

C acetonitrile:water:trifluoroacetic acid (5:95:0.1)

A solvent gradient was run at a

58; 0.6 mn -

using a 2

598; 9.5

15 retention
) 451 (100% [MH ];

HRMVS

room
dition

m n

orophenvl ) pyrrolidin-3-yllca

i di n-4-ol

F

rolidine-3-

emmol )

NI~-F OHI,

r

carboxylic acid
in N N

er dry nitrogen was added O
um hexaf | uor ophosphat e

mol ),

and t hen

i din-4-of (from preparation

or
di et hyl

2.5 days,

—The resulting m xture was
quenched by
et her 30 (10ni).
esiumsul fate),

filtered,

ied by HPLC using a

Thus according to a further aspect the present invention provides the compound of

Preparation 22b having the simulated PXRD pattern illustrated in Figure 8 with most

intense peaks as illustrated in Table 2 when said simulated PXRD pattern is generated

via the method outlined hereinbefore.

(iv) (38,4R)-4-(2 4-diflucrophenyl}-N-[{1R})-1-phenyiethyl] pyrrolidine-3-carboxamide
hydrochloride

2-theta Angles, d spacings and relative intensities were calculated from the single crystal

structure

of

(38,4R)-4-(2,4-difluorophenyl)-N-[(1R)-1-phenylethyl]pyrrolidine-3-

carboxamide hydrochloride using the “Reflex Powder Diffraction” module of Accelrys

Materials Studio™ [version 3.0].

Pertinent simulation parameters were in each case:

Wavelength = 1.540562 A (Cu Ka); Polarisation Factor = 0.5; Pseudo-Voigt Profile (U =
0.01, V =-0.001, W = 0.002).

The



Luna C 18(1) colum 150 x 15nm (10 m cron particle size,
sol vent eluent acetonitrile :
sol vent A] and

sing a 2
(5:95:0.1)
run at a f

¥

acetonitrile [solvent B].
REPATEf 20 mM/nmin as fgllows: 35 Tinme 0 REHIE200599920) 6 nin -

100A porosity),
trifluoroacetic acid
A sol vent gradi ent was

u
wat er

508: 9.5 min - 9598; 10.5 min - 95983 This afforded the WD 2005/ 077935

PCTI | B2005/ 000208 91 title conpound,
LRVS (APCI) 485 (100%

(24ny,

9% .
found 485. 2 ,?9..
(3R 4R 55)-17% £

retention tine 6.15mn, as an oil
[MH [; HRVB C29H39F2Q2 requires 485.2974

56 StBipe gate erived via Jneyethadelmk SRSTRY FREITESIOFE 3- v | ca

rbonvi ) - 3. Swasliused liry lthebeptalaujdtipng e rmiatlien4 4aimliatéy dheo erdtiso iritetae Fpeaks Nf Ghd1C!

(38,4R)-1-t§
from Prepara

{nimﬁéﬁ yl

ron C

1 Poberd ¢

<_51ci d

iRl ophgny|

nmol ) "and

VAR BactostRRARNM G-

(3R 4s, 59) - shedwisthylmymplidine-Bisarppkamige r hydiroshiotije froronther Gingleat Crystall MatH

(17.49, 8SnNPERi:
(14.2m., 102mmo

under

Fgﬂ?(ag iif
was
ni trogen.
acetate) (54.5nm,
below 5 C. The m xture
continuous stirring. After stirring for

acetic acid (5n) was added to renove the |ast traces of

was t

e

1- Propyl phosphoni ¢ acid cyclic anhydride (50%in ethyl
92mmol ) was added i se,

,.élﬂgai. chl or onet hane (1000nL). Tri et hyl am ne
the m xture was cooled to O Cwith stirring

mai ntai ni ng the tenperature
hen allowed TOo warmto roomtenperature with
15 1 hour at roomtenperature,

t he

(3R, 4s,59)
tirred fo
sol ution (
t enper at ur

Bngle ?i met
T

for 2 hd

—

E

hytengityphe

g, hour a
Mdded a

urs. The

Nyl pi peridin-4-ol. The reaction m xture was

I roomtenperature. A 10% pot assi um car bonate
nd the mixture was stirred vigorously at room
organi c | ayer was separated and then stirred

with 10% p 1 SSi uuluqfaaunatc olution 20 (500nm.) for 1 hour. The
di chi oronet hane | ayer was theph separated, washed with water (3 x 300nl),
dried over {88di um sylffate, and filtered. A solution of 4M hydrogen chloride
C in di oxalgs {50t them—added to the dichi oronet hane sol ution. The
sol vent wasg 1'hgn evaporated tb give the crude hydrochloride as a white
powder. Acel®he (50074 was pdded to the crude hydrochloride and the
m xture bofygg for—3Gzwmnutes| and then 25 allowed to cool to room
tenperaturge,._The hydrochloride salt was filtered off and washed with acetone
(5 x 100nL) 19.Recryst|aMib sati op of the product fromisopropyl alcohol gave
anal yti cal Iyggurehydocttortde (39.5 g). M5 (APClI') 471 (M+H)

20.6 11.2

22.8 11.8

23.9 24
C 252 10.8

10
dimethyl-4-phenylpipsridin-4-ol
o} Q’F
HO N’K(_)
S
15 To a stired suspension of (3S,4R)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-
carboxylic acid hydrochloride sali from preparation 1, (57mg, 0.2mmol} in

dichloromethane (1mL) at room temperature under dry nitrogen was added O-
benzotriazol-1-yl-N,N,N’N*- tetramethyluronium hexafluorophosphate (76mg, 0.2mmaol),



"H NVR (400 MHz, CD30D) 8 (Rotaners), 0.35 (d, 2H), 0.50 (m 3.60H), 0.95
(m 0.6H), 30 1 22 (s, 9H) 1.65 (m 0.75H), 1.97 (m 0.48H), 2.70 (m

1. 02H), 2.87 0.54H), 3.2 (m 0.66H), 3.70 (m 0.8H), 3.20-3.40 (m H),
3.57 (m O%8é f07’§3%5 (m o 24H), 3.80 (m 1.5H), 4.3BCT/H2005(902087 05 (m
0.5H), 7.20 (m 1.5H), 7.25 (m 3. 5HF? 7.45 (m 0.5H), 7.60 (m 1 H).
[01251) = -51.9 (c = 0.3, MOH). WO 2005/077935 PCT/|B2005/ 000208 92
Exanple 6 ( ) 2 a6 ]

-i sopropvl p@ﬁ?‘g @’S)\rrg'ethwﬁ%?rﬁg@ﬁvuﬁz% gﬁ"@d')l Hﬁ& ﬁ@h?ﬁﬁhgﬁeb ?gedﬂ)e h¥1 41 ol
hydr ochl or i aaertylmnvndmﬁ-olmmrematml 1Br645m$t0r2mre@l) ablnsingle prrtiqngsThe

4R) - 4- (2, 4- easmt. rRRIDARN Was -slirre® QP r&unY |1év é@duréiuﬁ@r?urpartmgéwfwa aolufs, from

preparation 33 -3, 5-di ne

pheny! pi per AEf ﬂ‘? ggqh? raﬂgﬂf?ﬂ 8{)?&’?@( q?)éi""fL)Gth(*"i teﬂbwa@rw%ﬁomﬁh%@h% X acet at e
(2rr1|_) wasshCéaelg)edrﬁer c@ﬁﬂﬂyécﬁmglaﬁlc(lé@i,wéae Yfietqnagresilind spifap) | fimeeapbadi ¢ aci d
cyclic anhydride

1 t at 0. 48 t 0 C Th
reaction ni ﬁ?fLFPBt%‘g étv ?crulpeghéa SYJ“§d'9%i ﬁ'ﬂﬁ%ﬁ (bytfﬁ'élh %PWQ%"?%E‘S@IBHH‘Y on °
t enper at ur esiticedgal lekitisg Witke md% weethanehip distliorometisamedo affdrdéhe e avrpowasas a

partitioned o]
pot assi um c%?%\rﬁg%p (?%‘ﬁé} gfmhwgﬁ‘ﬁgs%s ‘W@a@ﬁ%@t gﬁz{atj%ﬁ]éﬁa/?)gam c
phase was bﬁM&@zaWrF@zHMHdeeqL&@ﬂﬂ 231‘rBi feundod®dr28thgnesi um sul fate, filtered
and concgntrated 15 in vacuo. Purification of the residue by colum
chronatograghy using di chl or onet hane: net hanol : 0. 88 ammoni a

9:1:0.1- 98X -97:3:0.3) as eluent gave 170ng of product as a

| ourl ess ¢ Qs V=TS 3 ! WHyioliids- 4M hydr ogen
chloride in e so vent was then renoved in
vacuo. Recr ¥4 ’ o e afforded the desired product, 110.8
20 mg. 'H NMR (400N+E CD30D) (Rotanersk, E0 56 (m 6H), 1.45 (m 7H),

1.69 -2.02 (m 1 H, 2.75 (m 2H), 3.40 (m 1 H), 3.61 (m 1
H, 3.77 (m 1 H, 3.92 (m 2H)), § 5“ (Fm 11-1), 4.32 (dd, 1H), 7.05-
7.24 (m 4H), 7.34 (m 3H), 7.62- m {1 H. 25 LRV (APCI) 457 [NMH+].

15 To a stired suspension of (3S"4R*)-4-(24-difluorophenyl)-1-ethylpyrrolidine-3-
carboxylic acid hydrochloride salt, from preparation 17 (161mg, 0.6mmol) in N, N-
dimethylformamide (10mL) at room temperature under dry nitrogen was added
triethylamine (0.2mL, 1.4mmol), then 1-hydroxyhenzotriazole hydrate (7v7mg, 0.6mmol),
1-{3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (109mg, 0.6mmol), and

20 (3R,4s,58)-4-cyclohexyl-3,5-dimethyipiperidin-4-ol  (from - preparation 7) (100 mg,
0.5mmol) all in single portions. The resulting mixture was stirred at 30 °C under dry

C, nitrogen for 25 hours. The reaction was quenched by the addition of 2M sodium
hydroxide s olution (75mL) then extracted with diethyl ether (80mL). The organic layer
was washed with brine (50mL) separated, dried over magnesium sulfate, filtered, and

25 concentrated in vacuo to afford the title compound as a clear oil (209mg, 99%). LRMS
(APCI) 449 (100%) [MH’], 298 (40%), 220 {20%); HRMS CzH3F.0, [MH'] requires
449.2974 found 449.2970.

Example 3
30 (3RA4R.55)-4-Butyl-1-{[{3S4R)-1-tert-butyl-4-(2 4-diflucrophenyl olidin-3-

yllcarbonyl}-3.5-dimethylpiperidin-4-ol

o F
Rl
SN N F '
T L




[0] 150 = -53.5 (¢ = 0.26, MeOH). Exanple 7 (3R 4S 55)-1-ff (3R

4R*) 1-tert-Butyl -4-(2.4-difluorophenvl)pvrrolidin-3-vllcarbonvl}-3.5- 30

di et hyl - 4- phenvl| Qi eridin-4-ol OF 7.~JNN~ ., | IH F OH W 2005/077935
PCT/ | B2005 Vau:] 9383 To a cool ed sol ution of (R, PCT/IB2005/000208
R*)-1-tent-butyl-4-(2,4-difl uorophen)?I“) pyrrolidine-3-carboxylic acid, from
preparation 36 (500ng, 1.76mvol) in dichloronethane (20n) was added a

catal yti c dooantstiméd NsUspensiart hofl (38, s -te-sunHdaaediiftuprapranyibyrediidineiade ( 309L,

3.53mml ). _The. f. i i ti for, 2 he sol,vent

haa) b Mt ol HikBikabg, 2 BH AL AcheT e

with di chHiovethyfomareidg 216ml)0at joonT kempeinature paded edry witeogen divass etidesid Ok n

R _ ; :

(3R 4s. 82&@@5&%&’%’&:@3N%%&?@f%&@fbﬁ"ﬁ?n%ﬁgﬁf?%?é%%@%&f’%@g- O.3mmely o+ at i on

161 ( 362y N-methgmernhpling (@3l 0ol and the( 23/8 45,55 )t4-Patykd 5 dimethydpipgridor onet hane
10nmL ) ; . : ti . 1)

SLirr bt o-ob St BiegRayBh of QaSFd, RITNG 1l sillE pRiohsotel Bl sibalie, 160

Wit h sat ur ¥esgtiegshpiiepmytamaeiatvre Hndss st eitraganufer 8§ days theptavencheriy thtases

were separ aa@@bramﬂétae(sﬂm??ﬁa extRRRSvHeS AR (Yorhi. Phé BRahid MYe} wadlr | ed

over rmagnesi um sul feat e, ltere%éﬂ nd concentrated I'n _vacuo to ‘give the
crude resi geRarateg gref; (MEgnesi, Fuital) ulifiered ABASPREPURIRY bkeckpy Therragidle ysi ng 15
di chl orfreivagnririiied baHALD u§ify anPhdtomend? Lind .Ch8ls  cdiuhr X s@avEsmmqidesi r ed

roduct as.a white.foam_ 4970y, " H NV 400MHz, @D) ot aner
5 .43-0.55"{‘???" 6|Hia,”‘°éf 75’3-'76".'79@& Eﬂ?,gﬁiv.(zé's'(‘%, ag?gl)g,""/%%?-e@%@)é)% 1H),
16- 2. 66 @oatodir)ewatefdfidroacetif) aciB(5155:B1)Iolvant ARdhd acatohitrild [soivedtB]. 2H),

380417 (0on 3 rofeick 07 LBl id b 20 s Erc i o Yo, 68 11

20 LOVB (A
(3R 4R, 5(5) min ££5%8, 318) b t SG%EBUINA min ¢ 05%Rii Thisaffordee b )tife raooipodich- 3- v | ca
r DonvE) 18~ fterfion Ginlel 665 ART 88'%h bi Premigt!h5%). LM AR kST (roB%) [iFg.a50er | de O

CasHa4oF 202 requires 451.3131 found 451.3114,

20 dimethyl-4-(4-methyiphenyl)piperidin-4-ol

3
o Y

To a stirred suspension of (3S,4R)-1-fert-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-
carboxylic acid hydrochloride salt from preparation 1, (172mg, 0.6mmol) in N, N-

O

dimethylformamide (10mL) at room temperature under dry nitrogen was added O-
25 Dbengzotriazol-1-yl-N,N,N',N*- tetramethyluronium hexafluorophosphate (231mg, 0.6mmol),
N-methylmorpholine  (201ul, 1.8mmol}, and then (3R,4s,55)-3,5-dimethyl-4-(4-
methyiphenyl)piperidih-4-oi (from preparation 10) (136mg, 0.6mmol} all in single
portions. The resulting mixture was stirred at room temperature under dry nitrogen for
2.5 days, quenched by the addition of water (5mL) then extracted with diethyl ether
30 (10mL). The organic layer was separated and then dried (magnesium sulfate), filtered,
and concentrated in vacuo. The residue was purified by HPLC using a Phenomenex
Luna C 18(1) column 150 x 1 5mm (10 micron particle size, 1 00A porosity), usinga 2
solvent eluent acetonitrile : water : trifluoroacetic acid (5:95:0.1) [solvent A] and
acetonitrile [solvent B]. A solvent gradient was run at a flow-rate of 20 ml/min as follows:
35 Time 0 min - 5%B; 0.6 min - 5%B; 9.5 min - 95%B; 10.5 min - 85%B. This afforded the



F -" nNOH 25 F + HO A solution of

(3S,4R) -1-tert-butyl

from Preparation 1 (159ngy, 0.49mmmol),
(3R 4s, 5SwaA2039793$i f | uor ophenyl ) - 3, 5- di net hyl pi per i dia2e95/0§02@B0ny,

mmol ) from

di chl or onet

eact | on wedrd frpeif el Bhd e b?%%itﬁ?“ﬁ‘ggﬁge ool

10% pot ass

and concent ggdfgle si N vacuo. Purification by colum chronmatography on silica
gel usin D 20 CT/IBZOOS/ 000208 94 di chI or orret hane met hanol : 0. 88
ammoni a (D9 HTF G4 et ‘ : Ah 2 sBPDur | ess
oi | 117 ny. diklgh -Ih rwmt-w dtohlﬁhdém or omet hane (1 rrL) and treated

wi th 2M hydrogen chl ori de in diethylether (3 @L). The sol vent was then
removed in vacuo and the residue wa azeot ed with diethyl ether to
afford the title conpound 5 as a 20l 108 ng "H NMR (400MHz,
CD30D) (Rotaners) 0 0.30-0.56 (m (s 1.62-1.94 (m 1H),
264275(m 1H), 3.12 (t, 2H), -35 (n&}:; 370396(m 2H), 4.00
(m 1H), 4.2 (dd, 1 H, 7.02 -7.21 (m 52 (m 1H), 7.65 (m 1 H).

LRVB ( APCI )

R, 4R 5S) -
€d| f1uor opH
fl uorophﬁﬁvlﬁs @73y 65RHRY| Remetispbrticd-iR! didstbAEthaRE i(d60dmL)0 Tithyiaring HH HG

F 15 /1\

15

20

25

30

Preparati on 39, 1-propyl ptosphonic acid cyclic anhydride (50%in
ethyl acetate) (244L, 0.41mmol) and triethyl am ne (120L 30 0 41 mol)

[N HRS FadHeoFs @t eaMisas 485@8T4 fourrhd8

g’g L}@AL@]&ditEuo'r %e@ﬁ) gﬁolralng-%%MGld f@r‘rﬁmpﬁra%on
9.033MBel) anch (3R43.5 &%‘Wﬂ)ﬂ‘ﬂ'ﬂbﬁlylplpendm-#ol from Preparation

(14.2mL., 102mmol) was added and the mixture was cooled to 0 °C with stirring under
nitrogen. 1-Propylphosphonic acid cyclic anhydride (50% in ethyl acetate) (54.5ml.,
92mmol) was added dropwise, maintaining the temperature below 5 °C. The mixture
was then allowed to warm to room temperature with continuous stirring. After stirring for
1 hour at room temperature, acetic acid (5mL) was added to remove the last traces of
the (3R,4s5,53)-3,5-dimethyl-4-phenylpiperidin-4-ol. The reaction mixture was stirred for
a further hour at room temperature. A 10% potassium carbonate solution (500mL) was
added and the mixture was stirred vigorously at room temperature for 2 hours. The
organic layer was separated and then stirred with 10% potassium carbonate solution
(500mL) for 1 hour. The dichloromethane layer was then separated, washed with water
(3 x 300mL), dried over sodium sulfate, and filtered. A solution of 4M hydrogen chleride
in dioxane (50mL) was then added to the dichloromethane solution. The solvent was
then evaporated to give the crude hydrochloride as a white powder. Acetone (500mi)
was added to the crude hydrochloride and the mixture boiled for 30 minutes and then
allowed to cool to room temperature. The hydrochioride salt was filtered off and washed
with acetone (5 x 100mL). Recrystallisation of the product from isopropyl alcohol gave
analytically pure hydrochloride (39.5 g).

MS (APCI) 471 (M+H)

'H NMR (400 MHz, CD,0D) & (Rotamers), 0.35 (d, 2H), 0.50 (m, 3.60H), 0.95 (m, 0.6H),
1.22 (s, 9H), 1.65 (m, 0.75H), 1.97 (m, 0.48H), 2.70 (m, 1.02H), 2.87 {m, 0.54H), 3.2 (m,
0.66H), 3.70 (m, 0.8H), 3.20-3.40 (m, H), 3.57 (m, 0.66H), 3.65 (m, 0.24H), 3.80 (m,
1.5H), 4.30 {(m, 1H), 7.05 {m, 0.5H), 7.20 (m, 1.5H), 7.25 (m, 3.5H), 7.45 (m, 0.5H), 7.60
(m, 1H).

[01%p = -51.9 (¢ = 0.3, MeOH).

-4-(2,4-di fl uorophenyl ) pyrrolidine-3-carboxylic acid

0.41

in

W th
S were separat ed and the
organi ¢ phase was washed with brine, dried over magnesiumsulfate, filtered




1- Propyl phosphoni ¢ acid cyclic anhydride (50%w solution in ethyl acetate)
(0.67m., 2.0mvol) was added dropwi se to a m xture of

(3R, 4s,5S) - 4- (4-fl uorophenyl) -3, 5- dinet hyI pi peridin-4-ol from Preparation
41 (267rrgW0120Qﬁ*ﬁm3§ (3S,4R)-1-tert-butyl - PCT/IB2005/000208

(2, 4-di fl uorophenyl)pyrrolidine-3- ca’}zboxyl ic acid fromPreparation 1 (450ny,
1.4nmol ), 20 and triethylamne (0.48nl, 3.6mmol) in dichloronethane (25nl)
at 0C under nitrogen. On conpletion of addition the resulting honbgenous
sol ution stiryred for 6 hours at C roomtenperature. The sol ution was
washed vvi\t,\%@ﬂ—aéqueous pot a55| um car bonate sol ution (3x 20m.) then dried
over sodi unNBRM

4 5 1-8 FI0) =)
crude produgt has, ﬁjd: Y Rl Qromat ography (Reverse phase 25 C-18,
409 Redi sem#-ﬁﬁi% SCO Conpani on(r) autopurification
system Mbbil e phase gradi ent over 20monut FlVECN/ H2O TFA(5% 95% 0. 1% 95%
McCN(100% 5% eluting to; MeCN Hzgi;? 0 199 5% : MeCN(100% 95% The

purified product was then dissol 4Fd| oxane (100nmL) and a 4M
sol ution of hydrogen chloride in ane)\39c|(20rrL) was added. The sol ution
was then5evapor ated to dryness ssol ved in a solution of 4M hydrogen

chloride i MaR siEassoution (?Sa‘i'f@'%@a‘b@}ﬂ'éﬁf@@eﬂﬂ) aﬁpnmtpm@memoxm

resi due wasddrefofir 'p?éi)al‘dﬁof'(a%‘OV%méo@ 58?nr9b%eaﬁohe gr 3 |gride
(391ng) as a white am)r[) ous so WO 2005/ 077935 PCt/ 1 B2005/ 000 08 95 'H

NVR ( CD30D RPSONPip§ridin-for ZREyRIgPareion16.(180mg: G4Bmmolsinyetid agstate (Zrabivwsem 2H)

¢55 (s, 9";9ddec3r t&iﬂh nQKe gﬁx)m @bﬁmm&é@ﬁd 31 pr??ﬁbsp%bhl): ack: %arc‘la fide SH),
29(m ZI-(Qi_ LRVES (APCI 89 [MH] 5
D o5p 10 0% ip @,tryl @ce‘ﬁe) (I%QHJ-I) 0 Apemeh) & 01 The feaction mlxture was stirred for

(3R 4R 59) -db inuies; ﬂBhvfbnﬁé’d fbr Boinl @ aah@@aha the éoﬁ@ﬁfﬂ@é/l*é?bb"v&@':d (Hdip3- vi | car
bonyl } - 4- (4- quoro - 3, dlrret er|d| - 4- ydrochloride F O HO
o410 Treriasithe s PRt hetyer dihuBoelats Bhmihend Srabisies spon
Prepar at i onst pathssingh cfbilbohateaz xszlome aThmdsesiwbm depatatadesaithd edahio phizseanpl e 9.
was washed with brine (10mL), dried over magnesium sulfate, filtered and concentrated
15 in vacuo. Purification of the residue by column chromatography using
dichloromethane:methanol:0.88 ammonia (99:1:0.1-98:2:0.2-97:3:0.3) as eluent gave
170mg of product as a colourless oil. The oil was dissolved in 1,4-dioxane (3mL) and
4M hydrogen chioride in dioxane (6mL) was slowly added. The solvent was then
removed in vacuo. Recrystallisation from acetone afforded the desired product, 110.8
20 mg.
'H NMR (400MHz, CD;OD) (Rotamers) O 0.27-0.56 (m, 6H), 1.45 (m, 7H), 1.69 -2.02
(;' {m, 1H), 2.75 (m, 2H), 3.14 (m, 2H), 3.40 (m, 1H), 3.61 (m, 1H), 3.77 (m, 1H), 3.92 (m,
2H), 4.014.17 (m, 1H), 4.32 (dd, 1H), 7.05- 7.24 (m, 4H), 7.34 (m, 3H), 7.62-7.72 (m,

1H).
25 LRMS (APCI) 457 [MH"],
[0 = -53.5 {¢ = 0.26, MeOH).

30




'H NVR (400 MHz, CD3OD) 8 (Rotamers), 0.31-0.57 (m 6H), 0.83-2.08 (m 2H),
2

1.42 (m 6H), 1.64-2.35 (m 2H), 2.65 (m 1H), 3.11-4.18 (m 7H), 4.35 (m
1.H, 6.95-7.19 (m 15 51-1), 7.38-7.85(m 2H) LRV (APClI) 475 [VH ]

[a] 250 = -¥9®280¥¢79350. 3, MeOH) Exanple 11 PCT/IB2005/000208

(3R 4R 595)-1-(f(3S,4R) - 4(24d|fluor5@phenyl) 1- met hyl pyrrolidin-3-vllcarbon
Vil -4- (4 20 fl uorophenyl) - 3. 5-di net hvl pi peri di n- 4 of hydrochloride F 1~.

EO N F tI Mg a EooTéussﬁultheaf wmunfért\mn-nr@g%{fﬂd bhﬁah@.ﬁ@:gq% iief oo
repar ations n 0 ed for, Exanpl e
CHORR (40050t setstah P Componat ¢t @0@%’%%3%{"13:@ %gHed iy oH)

2.65 25 ( reatalytit) am3uritloft. #8/-dimethy ﬂonHI)amldé 3(510(\:601_ By Hixalyb. é?@nae 19309&!1 5H)
Exgﬁ;)reégiz%nz%g 45'\/S§ éc?u%flfr?lg'@% slirnLda1 ]foerPthurg Aé%'ci?thg Csoﬁer?t' v%és Mé%]_l)

4R) - 4- ( 25 A+eiinbladoriroplmena.| ) dhentesidual- Shité | Esudbo roblgineti- (vsf bzetropdie 3
5-di net hyl / 0208 96
F IC)rTEHO ﬁ (ﬁ?’ ?Jr étﬂ?ﬂé Eﬂ kaqg{é' ﬁ?ﬁ?é’*’@%, wdgpﬂgég %%@eg)? d%&%ﬁfe ution in
et hyl acet d1@nL)2d6GHred droawﬁprm Soluiion camas,asmavnwtmwmmwam-

E{;’R( ‘212555) ér‘b J of g@e@%&it% 5161 égﬁhByH%ﬂﬁﬁdif’ ' 4ri8hylhinfid [PagRar ation
but oxycar bdn@ﬂﬂ)md) GIQ dmh@rWaﬁhﬂn@pM@hW) ps 1 ®minutes: a8 -roem demperatirea c i Thef r om
Prepar aj ORegfting( tqlx?tﬁggvas]stﬁlr@'ﬂ’lfér Q@ql)oblrs' %Fllmfé %Qﬁcrﬁé}?uﬂ&ﬂhne ﬂﬂ% 3 on t he

di chl or onmet hane ™( 25 under nit et1on
CSUl ting Hgniigasrbih s¥uigtedsediyachydrogen car onate solution (2 x 30mL). The phases

were separated and the organic phase was washed with brine (30mL), dried over
magnesium sulfate, filtered and concentrated in vacuo to give the crude residue.
Purification by column chromatography on siica  gel using
15 dichloromethane:methanol:0.88 ammonia (99:1:0.1-98:2:0.2) gave the desired product
as a white foam, 497mg.
'H NMR (400MHz, CD,0D) (Rotamers) [10.43-0.55 (m, 6H), 0.75-0.79 (m, 1H), 1.25 (s,
9H), 1.87-1.97 {m, 1H), 2.16-2.66 (m, 2H), 3.09 (i, 2H), 3.18-3.30 (m, 2H), 3.41-3.61 (m,
2H), 3.80-4.17 (m, 3H), 6.91-7.09 (m, 3H), 7.28-7.35 (m, 3H), 7.47 {q, 1H).
20 LCMS (APCI) = 471 [MH'].

difluorophenvi}-3.5-dimethvipiperidin-4-o! hvdrochloride

B eered
ok ¥

A solution of (3S,4R)-1-tert-butyl-4-(2,4-diflucrophenyl}pyrrolidine-3-carboxylic acid from
Preparation 1 {159mg, 0.49mmol), (3R,45,58)-4-(3,4-difluorophenyl)-3,5-
dimethylpiperidin-4-ol (100mg, 0.41mmol} from Preparation 39, 1-propylphosphonic acid
cyclic anhydride (50% in ethyl acetate) (244pl, 0.41mmol) and triethylamine (120uL,
30 0.41mmol) in dichloromethane (2.5mL) was stirred for 3 days at room temperature. The
reaction was then diluted with dichloromethane (20mlL) and partitioned with 10%

25

potassium carbonate solution (20mL). The phases were separated and the organic
phase was washed with brine, dried over magnesium sulfate, filtered and concentrated
in  vacuo. Purification by column chromatography on silica gel using



stirred for 6 hours at roomtenperature. The solution was washed with 10%
aqueous C potassium carbonate solution (3x 20nm.), 3% aqueous citric acid
(3x50nL), then dried 10 over sodiumsulfate and filtered. The sol vent was
then reno and the residue was purified b
chr omat og\rﬁg(g @’Q’o%’%s;. lica eluting with, ethyl acetate: py(‘rﬁ% (205 '102\5‘ to 4:6
gradient) to give the Boc-protected product as white solid (529rrg) A
portion of this product (300ng, 5.6mmol) was dissolved in 1,4 di oxane
(20nmL) and dictslgtomeitfaﬂme'@metmmh@m agemenih {98t Qié——%ﬁxﬂﬁ%mndu@ra(gw; thefre¢ hen
added. The bR S St 0

b é'g BLred8 Dil Y n{1gﬁdrﬁe il »gasf &lééoh:%& @dn@@HFaﬁgﬂ{éﬂe gLt ())tal?(f £0C 1o

sol vent was renove I N vacuo. ) e_ resi
gi ve the ti treated with dlthydiogen giypridedn aietwnee(%mm dthe sqivevRvgstben arpovedD3COD) S

( Rot amer S) , :n0v33§o @nd fhe( r@ktd@é‘bva@a&%‘tr&p&%ﬁ%ne@g)eth& +d foorﬁrfhe i con%vsﬁ 4. 05
(m 8H), 1H), 6.8 Lapcr)

433 [MH ]5 P%fg*@*fe%l 188mg. = 0. 3, IVEO—D Exanpl e 13
(3R 4R 55) - MNMR‘B@oeBHzlcm@D) (Rbl‘dﬁ'ﬁél'sjﬁ—dﬁgéﬁdl(ﬂ euqy qmlse(@vél-))pvemlg4cthn 3-vllc

51V vo 18 A8 E R Ty YR N A2 dholed e A e B b k0B, Whpounas

of Prepar at #@ndd, 11H5)n110237 BY (m, 4H5] Trb2 an, L hesi(mh.olH)hat descri bed for Exanple

9 1H NVR (gg&éwg ga;w%ds (Rotamers), 0.31-0.57 (m 6H), 0.79-1.99 (m

1. 45 2.07 (m2H), 2.68-3.20 (m 2H), 3.20-4.12 (m
5H) 4. 29 (B1°3=H4.89(c050.23, Me0)m 5H), 7.40-7.75 (m 2H) WO 2005/ 077935
PCTI | B2005/ 000208 97 LRMS (APCI) 505 [MH1 (a] 250 = -37.6 (¢ = 0.3, MOH)

Fxanple 14 5
WR 4R, 5S) - 1§{£QEQQ$AR) 4-(2.4-difluorophenvl)-1-ethyl pvrzolidin-3-vllcarbonvl

}-4-(4- met YRBONYi3S4 Ry flidied b Reifudidbhén fRiEih S B -(4-
fluorophenyl)-3.5-dimethvlpiperidin-4-ol hydrochloride

FDD Yo

1-Propylphasphonic acid cyclic anhydride (50%wt solution in ethyl acetate) (0.67mL,
2.0mmol} was added dropwise to a mixture of (3R,4s,58)-4-(4-fluorophenyl)-3,5-
dimethylpiperidin-4-ol from Preparation 41 (267mg, 1.2mmoal}, (3S,4R)-1-tert-butyl-4-
(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid from Preparation 1 (450mg, 1.4mmol),

15

20 and triethylamine (0.48mL, 3.6mmol) in dichloromethane (25mL) at 0°C under nitrogen.

On completion of addition the resulting homogenous solution was stirred for 6 hours at
C room temperature. The solution was washed with 10% agueous potassium carbonate

solution (3x 20mL.) then dried over sodium sulfate and filtered. The solvent was removed
in vacuo and the crude product was purified by column chromatography (Reverse phase

25 (C-18, 40g Redisep® cartridge) utilising an ISCO Companion® autopurification system.
Mobile phase gradient over 20minutes: MeCN/H,O/TFA{5%/95%/0.1%) 95%
MeCN(100%) 5% eluting to;
MeCN/H,O/TFA(5%/95%/0.1%) 5% @ MeCN(100%) 95%. The purified product was
then dissolved in 1,4 dioxane (100mL) and a 4M solution of hydrogen chioride in dioxane

30 (20mL) was added. The solution was then evaporated to dryness, redissolved in a
solution of 4M hydrogen chloride in dioxane (100mL) and evaporated to dryness once
more. The residue was then dried in vacuo at 50°C to give the product hydrochloride
(391mg) as a white amorphous solid.



OHONF

-0' ~ .HC The title conpound was prepared fromthe conpounds of
Preparations 48 and 75 by a C simlar nethod to that described for Exanple

. , ot aners), . - V. m . t,
9. 10 'H NVR (400 M4z, CDSOD) S (R ), 0.20-0.57 (m 6H) 1.05 (

1.81 (q, 2¥P2
3.20-4.12 (m 5H), 4.29 (m 1H), 6.8%-7.29 (m 5H), 7.60-7.74 (m 2H) LRMS

05977985 1. 99 (m 4H), 1.60-2.07 (m 3H), 2PGBIRIBEOEAE 2H),

(APCI) 472 [MH] [a]25D = -42.7 (¢ = 0.3, MOH 15 Exanple 15

(3R 4R 5S)-

NMR3 (SR 400Miiz): (Rutgthers), (023 1- d1.57 (B30 0PHE 0/48:9.08 dsindi 2H)3

vi | car bonvl } ség, %(l—)l‘j‘,; H%B-QN.WE&)&E’, V{ﬁcﬁ%g@%”ﬁﬁ hy: .Eéﬂﬁgg{g.hdin{a,“zl.%(m 1.H

hydrochl ori de
from the cofPodri@enciPf-8¢d88{mottl)l and 49 by a similar method to that
descri bed fogvExamol e 489 HjNVR (400 Mz, CD30D) S (Rotaners), 0.31-0.55 (m

6H) 0. 83-
3.12-4. 19

LRVS (APClI) 507 [VH ]
5S)-4-(2 4
yl car bo
PCT/ 1 B2005
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Iy etitle co

95:(m 2H, 1,50 (s, 9H), 1.57-2.01 (m 2H), 2.68-3.20 (m 2H),
(&ﬂ?zr(sﬁ)“,zﬁ.%o-?imé@;'), 7.H2)4-7.28 (m ElH), ??55-7.72 (m (2H) 2?)
[a]25D = -79.7 (¢ = 0.3, MOH) Exanple 16 (3R 4R

-gi fl igogfphenvl )-1-{f(3S. 4R) - 4- (2. 4-di fl uor ophenvl ) pvrrolidin-3-
UL 2 di et hyl pi oeri di n- 4- of hydrochl ori de WD 2005/ 077935
1 8S)-B8(3IB.4 2icHifluorophenyh)-1-isopropylpyrrolidin-3-ylicarbonyl}-4-(4-

fluorophenvi)-3,5-dimethylpiperidin-4-ol hydrochlioride

o/ N Z QF
S

The title compound was prepared from the compounds of Preparations 33 and 41 by a
similar method to that described for Example S.

'H NMR (400 MHz, CD;0D) § (Rotamers), 0.31-0.57 (m, 6H), 0.83-2.08 (m, 2H), 1.42
(m, 6H), 1.64-2.35 (m, 2H), 2.65 (m, 1H), 3.11-4.18 (m, 7H), 4.35 (m, 1.H), 6.95-7.19 (m,
5H), 7.38-7.85 (m, 2H) LRMS (APCI) 475 [MH"]

[o)®p = -39.6 (¢ = 0.3, MeOH)

fluorophenyl)-3,5-dimethylpiperidin-4-oi hydrochioride

F
0
HO N ta
07 Yo
F .

The title compound was prepared from the compounds of Preparations 62 and 41 by a
similar method to that described for Example 9.

H NMR (400 MHz, CDsOD) & (Rotamers), 0.23-0.60 {m, 6H) 1.03-1.98 (m, 2H), 2.65
(m, 1H), 3.11-4.18 (m, 11H), 4.35 (m, 1H), 6.95-7.18 (m, 5H), 7.38-7.85 (m, 2H)

LRMS (APCI) 448 [MH"]

[ = +49.7 (¢ = 0.3, MeOH)

Example 12
3R 4R 58)-1-{[(35.4R)-4-(2,4-difluorophenylpyrrolidin-3-yllcarhonyi}-4-{4-fluorophenyl)-

3,5-dimethylpiperidin-4-ol hydrochloride

was' prepared



F F\ / HHC The title conpound was prepare fromthe conpounds of
Preparations 49 and 53 by a simlar nethod to that described for Exanple
12. "H NWR (400 MHz, CD30D) S (Rotaners), 0.36-0.66 (m 6H), 0.81-1.97 (m
2H), 2. 70 w200597743y) , 3.19-4.05 (m 8H), 4.31 (m 1H) rCTA8ZeFo@Is( m 4H),
7.45-7.65 (m 2H) LRVB (APCl) 451 [M4 [a]250 = -42.7 (¢ = 0.3, MOH v
Exanple 17 10
(3R 4R 59)-1-{f(3S.4R) -l -terf-butv(-4-(2.4-d' rfd uorophenyl)pvrrolidin-3-vflc
arbonyl }-4-(2,6- difluorophenvl)-3.5:dineth peridi n-4-ol hydrochloride F
O FFlo, N~ F d F F NHC The titha/c was prepared fromthe
conpounds of Preparations 1 and 44=Yyra jAni Far nmethod to that described
for Exanple 9. 15 "H NWR (400 Mg QD) tRot aners), 0.31-0.59 (m 6H),
0.83-2.08 (m 2H), 1.55 (s, 9H), 1.60-2.07 (m 2H), 2.68-3.20 (m 2H),
3.20-4. 12 ( mPramphosphenic (agd ¢ychl aniyddie 15Q%wt ¢elutionHp, etayl 4B emt@)S0GAML2H) C
LRV (APCl) 58 omwicd (ol a( Gridurd- Oa. .

(3R 4R 5S)- 5}%%&8% ) ﬁﬁeﬁpﬁrgﬁms% A ?5’“” B) &4-(%%'%3% %Oliardoiﬁaleem}ﬁ,s

)ayr rol i di ndisethylpiresgipdri}| Yom sPerpaation) | Al pd#85maa- 4-2pmel)drideARbi ied- PqF
FHON "F5 dputEdeadﬁ&yl)zzﬁgzwam&mbbmrgwem—mmm@a&iadframbasﬁ&pwounds
of Preparations 44 an 3 br?/%g?a simlar nethod })Q that used for Exanple 12.
"H NMR (400(%@5‘9’&@@%\ arg tigthviaraipe f0.44mly o3.6mine ('%d'%tq[‘?mﬁ!‘%'f- @.59\#)%5}?\ 2H)
2.70 (m 1b0C urdel Mitrbgln Guncoiplbtiondof3dddition tHeHesulfind homogénolisnsoldidn was 50- 7. 63
(m 2H). V\02005{0’9g7935 PCT/ | B2005/ 000

stirred hours at room temperature. 2l918e solution was washed with 10% aqueous
C potassium carbonate solution (3x 20mL), 3% aqueous citric acid (3x50mL), then dried
10  over sodium sulfate and filtered. The solvent was then removed in vacuo, and the
residue was purified by column chromatography on silica eluting with ethyl
acetate:pentane (1:9 to 4.6 gradient) to give the Boc-protected product as white solid
(529mg). A portion of this product (300mg, 5.6mmol) was dissolved in 1,4 dioxane
(20mL) and a solution of 4M hydrogen chloride in dioxane (80mL) was then added. The
15 solution was stirred for a further 8 hours and then the solvent was removed in vacuo.
The residue was then dried in vacuo at 50°C to give the title compound {311mg} as a
white solid.
'H NMR (400 MHz, CD;OD) & (Rotamers), 0.36-0.66 (m, 6H) 0.81-1.97 (m, 2H), 2.70
(m, 1H}, 3.18-4.05 (m, 8H), 4.31 {m, 1H), 6.85-7.31 {m, 6H), 7.28-7.80 (m, 2H)
20 LRMS (APCI) 433 [MH']
C: [o]%p = -62.2 (¢ = 0.3, MeOH)

Example 13

25 chiorophenvyl}-3,5-dimethylpiperidin-4-ol hydrochioride

Do au
S

The title compound was prepared from the compounds of Preparations 1 and 43 by a

similar method to that described for Example 9.

'H NMR (400 MHz, CD;0D) 5 (Rotamers), 0.31-0.57 (m, 6H), 0.79-1.99 (m, 2H), 1.45
30 (s, 9H), 1.60-2.07 (m 2H), 2.68-3.20 (m, 2H), 3.20-4.12 (m, §H), 4.29 (m, 1H), 7.05-7.29

(m, 5H), 7.40-7.75 (m, 2H)



99 LRWVB (APClI) 451 [MHQO [a] 25D = -22.7 (¢ = 0.3, MeOH) Exanple 19 5

(3R, 4R 59) - 1 (f(3S.4R)-1-tent-butvl-4-(2, 4-difluorophenyl)pvrrolidin-3-vllca
rbonYI} 4- (3- fluorophenvl) -3, 5-di net hvl pi peridin-4-o0l hydrochloride CF ~
NF'F N ?0051(17’7935The title conpound was prepared frdaiisecosiowpsunds of
Preparatlons 1 and 46 by a 4 sinmila?” method to that described for Exanple
9. 10 "H NWMR (400 MHz, CD30D) S (Rotaners), 0.31-0.54 (m 6H), 0.83-2.08 (m
2H) , 155( 9(m 2H), 2.68-3.20 (m 2H ), 3.25-4.15 (m 5H),
4.29 (m 1i%§%ugc5)]570§?“ﬁ?mo : 7 33 (m 1 H, 7.38-7.85 (m 2H)) LRMS
(APCl ) 489 [gIVbi= -37-8f ng&Me@tDs (c = 0.3, McOH) 15 Exanple 20

(3R 4R, 55)-1-1t(3S.4R)-4- (2. 4-di fl uor ophenvl ) pvrrolidin-3-yllcarbonyl 1-4-( 3-

fluorophen |1 - 3.5-dinethvlpiperidin-4-ol hydrochloride r HON~F 1/ HC
20 The tit |IExa@B®ddund was pr epared from t he corrpounds of Preparations 46 and

53 by a 5S|3Rl4gr5tg4 @ SBharie NIpVE NYR ( CD30D,

m

3.19- 4. 05 -3 p-Qitnetivig) P! hydfe 7.32 (m 1H), 7.28-7.80

(m 2H LRI\/S (APCI) 433 [MHL 25 [af 50 = -7@%(: = 0.3, MeOH) Exanple 21
17

(3R 4R \
5S) - 4- (4-chl orophenyl ) - 1- (f (3S. 4R) ﬂgdjf or ophenyl ) -1-nmet hyl pvrrolidin
-3- vllcarbonyl) -3, 5-di net hvl pi pe@ 'L hydrochl ori de WD 2005/ 077935

=0

PCTI 1 B2005/ 000208 _
The title compound was prepared from the compounds of Preparations 48 and 75 by a
C similar method to that described for Example 9.
10 "M NMR (400 MHz, CD;0OD) & (Rotamers), 0.20-0.57 (m, 6H) 1.05 (t, 3H), 1.81 (g, 2H),
0.79-1,99 (m, 4H), 1.60-2,07 (m, 3H), 2.68-3.20 {m, 2H), 3.20-4.12 (m, 5H), 4.28 (m,
1H), 6.81-7.29 (m, 5H), 7.60-7.74 (m, 2H)
LRMS (APCI) 472 [MH"]
[0f%p = -42.7 (c = 0.3, MeOH)
15
Example 15

difluorophenyl}-3,5-dimethyipiperidin-4-0l hvdrochioride

%%3‘

20 The title compound was prepared from the compounds of Preparation 1 and 49 by a
similar method to that described for Example 9.
'H NMR (400 MHz, CD;0D) & (Rotamers), 0.31-0.55 (m, 6H) 0.83-1.95 (m, 2H), 1.50 (s,
9H), 1.57-2.01 (m, 2H), 2.68-3.20 (m, 2H), 3.12-4.17 (m, 5H), 4.298 (m, 1H), 7.04-7.28
(m, 4H), 7.55-7.72 (m, 2H)

25 LRMS (APCI) 507 [MH']
[afs = -79.7 (c = 0.3, MeOH)

Example 16
(3R.4R.58)-4~(2 4-difluorophenvl)-1-{[(38.4R)-4-(2 4-difluorophenvl)pyrrolidin-3-

30 yljcarbonyl}-3,5-dimethvipiperidin-4-ol hydrochloride




100 0 HONC ° / rl M The title conmpound was prepared fromthe conmpounds
of Preparations 43 and 62 by a simlar nethod to that described for Exanple
9. '"H NWR (CD30D, 400MHz) (Rotaners), 0.20-0.62 (m 6H) 1.03-1.98 (m 2H),
2.67 (m V¥2005/07783509-4. 16 (m 1DH), 4.31 (m 1H), 6. ICTABIDS/(4ep0sSH) ,
7.38-7.85 (m 2H) LRVMS (APCl) 463 [MAL [a] 2-5D =-39.3 (¢ = 0.3, MOH C
Exanpl e 22 10

(3R 4R, 595)-1-ff(3S.4R)-1-tent-Butyl -4-(2. 4 dlfkuorophenvl)pvrrolldl n-3-yllca

rbonvl)-3.5- dinethvl-4-pvridin-2-ylpip 4 ol hydrochloride F O HO N ~
1-1 N' F ) / N HC Asolutlon
(3R, 4s,59) - 3, 5-di net hyl - 4- pyri d| i dTn 4-0l, frompreparation 74
(260nmg, 1.26mmmol),

(3R 4S5)-1-tert-butyl-4-(2,4-difl uorophenyl )pyrrol i di ne-3-carboxylic

aci d, fromTbedijarcatipewndwas prepare foom theneimpounds Bfeﬁ%"ﬁf'ﬂﬂsa‘?ﬁ AsheDdPYy ) - 3

et hyI car bo@;m,y&%tm% %haéychld&, f(,,lg,gﬁgble 2. 95mmnl ) and hydr oxybenzot ri azol e
hydr at e rahydro irred for 18 hours

at room te n&"‘é‘f‘dﬂ@ MH?hQDe,QP)v‘%(ﬁO FBesh @rﬁ@v@gal(w @'db@dmahw {Re2ie2i’que
partiti omeqdmbel)Vaein-4\08 @F, a@@nh)m A HEeT bgl7, :@gﬁi aHg | 7(4%%5 (nl,3gfyphases were
separated and t agueous ,phase was extract 20 with et hyI acet ate (2 x
5m.). The é&?‘fﬁ(‘f@dzb‘ﬂ'ﬂa\[mﬁk extracts were dried over magnesium sulfate,
filtered angi*genggrtisatoes) Medryacuo to give the crude residue. Purification
by col um chromat ography on silica gel eluting with

'd.l.chl or onet hane: net hanol (100: 0-99: 1-97: 3-94: 6-92: 8) and then

W-chl or onetghampiemat hanol 0. 88 ammoni a (95 5:0.5) afforded t he desired

product 4 gs 2 : X y chI oride
salt by1¢ % o B 3N At i ara XA Lo L . y ¢

evapor at i ordiftuboreg e iyl ] (Rot arrers) b 0 32 0 64 (m -
6H), 0.69-2.42 (m 5H), 2.60- 322 .A7-4.17 (m 10H), 4.46 (m
1H), 7.00-7.26 (m 2H), 7.97 (m 1 7

—~
5 UG
--

The title compound was prepared from the compounds of Preparations 1 and 44 by a
similar method to that described for Example 8.

15 'H NMR (400 MHz, CD,0D) & (Rotamers), 0.31-0.59 (m, 6H), 0.83-2.08 (m, 2H), 1.55
(s, 9H), 1.60-2.07 (m, 2H), 2.68-3.20 (m, 2H), 3.20-4. 12(m 5H), 4.29 (m, 1H), 7.05-7.15
{m, 4H)}, 7.45-7.65 (m, 2H)

C LRMS (APCI) 507 [MHT]

[0%5 = -77.7 (¢ = 0.3, MeOH)

20
Example 18
(3R.4R.58)-4-(2 6-difluorophenyl}-1-{[{3S,4R)-4-(2.4-difluorophenylpyrrolidin-3-
yllcarbonyl}-3,5-dimethylpiperidin-4-ol hydrochloride

F
0
£ HO N
DL
. N el

25 The title compound was prepared from the compounds of Preparations 44 and 53 by a

similar method to that used for Example 12.
'H NMR (400 MHz, CD;0D) 5 (Rotamers), 0.36-0.57 (m, 6H), 0.81-1.97 (m, 2H), 2.70
{m, 1H), 3.15-4.05 (m, 8H), 4.31 (m, 1H), 7.05-7.35 (m, 4H), 7.50-7.63 (m, 2H).



8.66 (m 3H), 8.71 (d, 1H) 30 LRVMS (APCl) 472 [MHQ [all) 2z = -42.46 (c=
0.35, MeOH) WD 2005/077935 PCTI | B2005/ 000208 101 Exanple 23 (3R 4R
55)-1-f f

(3S, 4R) - 4- V2. 2009977938 0r ophenvl ) pvrrol i di n- 3-vfl car bonyl PEBISRoeH00e08Y| -

pvridi n-2-yl pi peridin-4-ol hydrochlorde F 0 1.~F NHO 5 HCl To a stirred
solution of tert-buty) (3R 4R 5S)-3-(2,4-difluorophenyl)-4-{[(3R 4R 5S)-4-
hydr oxy- 3, S-|g{MSL pmm y 451MaHdi n- 2- yl pi peridin-1-yl]carbonyl } pyrrolidine-I-car
boxyl at e, frog%q Earatl on 54 (250ny, 0.48mmol) in dichioronmethane (2nl)
was added 4N®M hydPeéne 5%% MeH sol ution in dioxane (3.9nL) at room
tenperature. The reaction mxture '1 10 was stirred for 27 h ours and the
sol vent was iEem)?/eeg in vacuo tog W a white solid which was triturated with

di ethyl eth e the desired pr oduct in quantitative yield. '"H NWR

(400MHz,, CP3CBR 4REBH)ANE ‘ | i ‘ i | Brbodid)-4-(2- 66- 3. 23
(m 2H), J . 3-7.72 (2 x
q, IH, .72 (d, 1H 15 LRVS (APCl) 472

(MHL [a] 23 = ~44. 00 (c= 0. 37, I\/EO-I) Exanpl (3R 4R, 5S5)-1-{f
(3S,4R)-4-(2.4-Di fl uor ophenyl ) pvrrol| -w@r bonvl } - 3, 5-di net hyl - 4- 20
phenvl pi peri di n-4-ol hydrochl ori de :%E” HCI The title conpound was
prepared fromthe conmpound of Pré tlon a simlar method to that
descri bed for Exanple 23. "H NWR (4 OM—Iz OD) (Rotamers) 5 0.27-0.56 (m
6H), 0.77-2.06 (m 2H), 2.68- 25 3,19 H, 3.40-4.08 (m 71-1), 4.30 (m
tH)’ 6. 98- 7ihgditle pompppnd was| grepagg fom eq:ompop{)ds of Preparations 1 and 46 by a

similar method to that described for Example 9.

10 *H NMR (400 MHz, CD50OD) 5 (Rotamers), 0.31-0.54 (m, 6H), 0.83-2.08 (m, 2H),1.55 (s,
9H), 1.58-2.09 (m, 2H), 2.68-3.20 (m, 2H )}, 3.25-4.15 (m, 5H), 4.29 (m, 1.H), 6.95-7.19
(m, 4H), 7.33 (m, 1H}), 7.38-7.85 (m, 2H))
LRMS (APCI) 489 [MH"]
[a]®; = -81.3 (¢ = 0.3, MeOH)

15
Example 20
3R4AR.55)-1-{I(35,4R)-4-(2 4-difluorophenvipyrrolidin-3-vlicarbonyl}-4-(3-fluorophenyl)-
3.5-dimethylpiperidin-4-ol hydrochloride

F
o]
HO N &
F [N] F
( H .HCI

20 The title compound was prepared from the compounds of Preparations 46 and 53 by a

similar method to that described for Example 12.
'H NMR (CD,0D, 400MHz) (Rotamers), 0.36-0.60, (m, 6H) 0.81-2.01 (m, 2H), 2.70 (m,
1H), 3.19-4.05 {m, 8H), 4.31 (m, 1H), 6.95-7.15 (m, 4H}, 7.32 (m, 1H), 7.28-7.80 (m, 2H)
LRMS (APCI) 433 [MH']

25 [of% =-72.7 (¢ = 0.3, MeOH)

Example 21
(3R AR 58)-4-(4-chlorophenvi)- 1-{[(3S.4R)}-4-(2 4-difiuorophenyl)-1-methyipyrrolidin-3-

yllcarbonyl}-3.5-dimethylpiperidin-4-of hydrochloride




LRVS (APCI) 415 [MHQ (aJo25 = -51.81 (c= 0.47, MeOH) Exanple 25 30 (3R 4R
55)-1-{f(3S 4R)- 1-Butyl -4-(2. 4-di fl uorophenyl ) pvrrolidin-3-vllcarbonvl}-3.5-
di et hyl - 4- phenvl pi peri di n-4-o0l hydrochl ori de WO 2005/ 077935

PCT/ | B2005™900298793302 F O HOH I i F HC To a stirredTssioos/iesns of

(3R 4R, 59)-1-{-{[(3S,4R) -4- (2, 4-di f | d&% ophenyl ) pyrrol i di n- 3-

yl ] car bonyl } - 3, 5- di nmet hyl - 4- phenyi pi peri di n-4-ol hydrochl oride, from Exanpl e
24 (135ng, 0.3mmol) in dichioronethane (2n.) was added triethyl am ne (85gL,

0.61nmmol ) at room 5 tenperature. The.reaetio I Xture was stirred for 10

m nutes and butyral dehyde (54111, %, | )-w@as added and the sol ution was
stirred for a further 20 m nutes. di-dm f, i atet oxyborohydride (95ny,
0.45mml ) was then added and the_ ction mxCure was r stirred for 24 hours

at roomtenperature. The reacti of mixture was diluted with %

di chl or orret fheditlg Bompantl was mdepssadiirarn dlk smepauntdhyidPrepamatioresr4Soaralt 82 lsyoh ut i on

(6m) rated and the aqueous phase was
‘“@ﬁhﬁﬂﬁ’@fﬂﬁ?% s &Egrﬁ)%a %‘%&W

extract ed di chl or onet The conbi ned organi c fractions

were dried OUAMR (@R 400MEz) (ﬁﬂi@%ﬁdoéﬁﬂb%frﬂaﬁ*@d 31 9&&'@02&1)3 2@, t he
crude Tes dyg, R4 is ﬁﬁ\t1'0ﬂ§4b3’1(nFQLgrﬁbslf‘ﬁ@pﬁtS}Qrﬂ@ﬁw #8Nmsblij ca gel using

di chl or onet hane met hano uent” afforded: the pure product,
45mg. This %BMWQQK‘PQ(W'E' t he hydrochloride salt by 15 dissolution In

di chi or onet hgHe = -89 et 8Bt MBOHN 2M hydrogen chloride in diethylether and

t hen evaporation of solvent. 'H NVR (400MHz, CDsOD) (Rotaners) 6 0.20-0.58
6H) , 065206(m 2|—|) 1.02 (t, 3H), 1.47 (m 2H), 1.77 (m 2H),
7-3.20 ( Bxad .22 (m 9|—|)

4.32 (m 1H, 7.00-7.40 (m 7H),
71 [ VH: .

7.54-7. 74, (
MeOH) a
(3R 4R, 59) - ﬂﬁrfﬁd‘tm&.gﬁﬁﬂin—&-ﬂ@eﬁdﬂﬁ-bl@dmgﬂml )-1-isobutvl pyrrolidin-3-vllcarb

onyl | - 3. 5- e

0
Ho N
N--. o F
w /T\ Hal

A solution of (3R,4s,53)-3,5-dimethyl-4-pyridin-2-ylpiperidin-4-ol, from preparation 74
(260mg, t1.26mmol), (3R4S)-1-terf-butyl-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylic
15 acid, from preparation 1 (267mg, 0.94mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (181mg, 0.95mmol) and 1-hydroxybenzotriazole hydrate
(9mg, 0.07mmol) in tetrahydrofuran {(5mL) was stirred for 18 hours at room temperature.
The solvent was removed in vacuo and the residue partitioned between water (5mL) and

O

ethyl acetate (5mL). The phases were separated and the aqueous phase was extracted
20 with ethyl acetate (2 x 5mL). The combined organic extracts were dried over
magnesium sulfate, filtered and concentrated in vacuo to give the crude residue.
Purificaton by column chromatography on silica gel eluting with
dichloromethane:methanol (100:0-99:1-97:3-94:6-92:8) and then
dichloromethane:methanol;0.88 ammonia (95:5:0.5) afforded the desired product as
25 colourless oil, 11mg. This was converted to the hydrochloride salt by treatment with 4M
hydrogen chloride in dioxane followed by evaporation of solvent.
"H NMR (400MHz, CD;0D) (Rotamers) & 0.32-0.64 (m, 6H), 0.69-2.42 (m, 5H), 2.60-
3.22 (m, 5H), 3.47-4.17 (m, 10H), 4.46 (m, 1H), 7.00-7.26 (m, 2H), 7.97 (m, 1H), 7.53-
8.66 (m, 3H), 8.71 (d, 1H)
30 LRMS (APC!) 472 [MH"]
[alp® = -42.46 (¢= 0.35, MeOH)



25 di met hvl - 4- phenvi pi peri di n-4-ol hydrochloride F O~ ) HO HCI The title
conpound was prepared fromthe conpound of Exanple 24 and i sobutyral dehyde
by a sinmlar method to that described for Exanple 25. 'H NMR (400MHz, CD30D)
(Rot anmer s) WO BO¥G7W579 (m 6H), 1.10 (t, 6H), 0.93-2. OPCTAB00Z@OMB]) , 2. 16
(m 1H), 2.68-4.22 (m 11 H), 4.32 (i1 IH), 6.60-7.43 (m 7H), 7.56-7.76 (m
WO 2005/ 077935 PCT/ | B2005/ 000208 103 1H) LRVB (APCl) 471 [WMH] [a] 025 =
-71.94 (c= 0.31, MOH) 5 Exanple 27

(3R, 4R 59)-14f (3S. 4R) - 4- (2, 4- Di f | uor ophenvl) - 1- propy! pyrrol i di n- 3-yi | car bonv
I'1-3,5- di nélﬁmm?i@%henyl pi peri di n-4- ol hydrochl oride qF O HO N HCl To a

pyrrolidin-3-ylTcarbonyl}- 10
IEHER! ALY ’ydrochlorlde from exanpl e 24 (250ny,
0.55mml) in acetonltrlle (3m.) was added t hylanine (115L, 0.83mml),

pot assi um carbonate (151 ng, 1.11 om)propane (55L, 0.61 mmol)
at roomtenperature. The reactionng \heated to 40 C for 90
m nutes. The m xture was cool ed d nd oI vent renoved in vacuo. The

residue was partitioned between water (40nil) and 15 ethyl acetate (40niL).
The phases Vikr @ stirpesr atletibnant terkisuty r (§RARS S)By@r4-difiorapticap)-O¥iGR, 4RBGREsT um

S 2, e SR ARk R i
di chl or onet rmaneramnhaﬁ-ﬁtm(zsmooaﬁmom o8 dichiropethenet) (2aTLf) owdedadded dbsired

ﬁduct as a'gﬁFHc Hﬁ{:)saé sQldion iﬂr%ﬁivi\ﬁeh Mat %Eﬁf*@ékgﬁ?@v?ﬁé t%gréﬁ o thildGire

rochl or| t reat ment dro I oxane
fol I owned 18y ‘@&Eaiﬁsfeétfpbw HPUsH Nddhe SPUe@tuw remgved & vaguod 0 give Avkite soliviz,

ngg:)) (() EOE aﬂﬁéﬁ%asﬁtnﬂ:r&@d QitR a.e(rm etﬁé‘rt&?we iheQﬁssﬁéd pr%h‘l)ot ln]qt%?atl five %TQ Tl
11°1) 6. 04 rg@ﬁ((ﬂqomriz 8brs5b) Rofsmats) §0.3610.66 (o, 6H); 1-08-2/71 (i 26, 266393 (™
(m, 2H), 3.45-4.10 (m, TH), 4.47 (m, 1H), 7.01-7.24 (m, 2H), 7.53-7.72 (2 x q, 1H), 7.74-
8.22 (m, 2H), 8.63 (m, 1H), 8.72 (d, 1H)
15 LRMS (APCI) 472 [MH"]

[a]o? = -44.00 (c= 0.37, MeOH)

Example 24
3R 4R 55)-1-{[(3§.4R)-4-(2 4-Difiuorophenviipyrrolidin-3-yllcarbonyl}-3 5-dimethyl-4-

20 phenvylpiperidin-4-ol hydrochloride

The title compound was prepared from the compound of Preparation 55 by a similar

method to that described for Example 23.

'H NMR (400MHz, CD;0D) (Rotamers) & 0.27-0.56 (m, 6H), 0.77-2.06 {m, 2H), 2.68-
25 3.19 (m, 2H), 3.40-4.08 {m, 7H), 4.30 (m, 1H), 6.98-7.39 (m, 7H), 7.46-7.64 (2 x g, 1H)

LRMS (APCI) 415 [MH"]

[al?® = -51.81 (c= 0.47, MeOH)

Example 25
30 (3R.4R.5S8)-1-{[(38 .4R)-1-Butyl-4-(2 4-difluorophenyl)pyrrolidin-3-vljcarbonyl}-3.5-

dimethvi-4-phenyipiperidin-4-ol hydrochloride



7H), 7.51-7.70 (m 1H) LRMS (APClI) 457 [MH) 25 [o]p25 = -62.57 (c= 0. 33,
MeCOH) Exanple 28

(3R 4R 5S5)-1-(f(3S.4R)-4-(2. 4-Difl uorophenyl)-1-methvl pvrrolidin-3-vllcarbon
yl }-3.5- dMAAPYA7IR®Spyri di n- 3- vl pi peridin-4-ol trifl uo%i@%’c"&%’@"ﬁﬂs O~) HO
NN-~r F 30~ 1.cF, cOH W 2005/3%7935 PCT/ | B2005/ 000208 104 To a
solution of (3R 4R)-4-(2,4-difluorophenyl)-1- rret hyl pyrrolidi ne-3-carboxylic
acid, frompreparation 62 (323ng, 1.16mmvl )

(3R, 4s,59) -3, 5-di net hyl - 4- pyri di n- g%&mp %erl - 4-al, frompreparation 51
(200nmg, 0.96mmol) in ethyl acetat dded triethylam ne (400L,
2.88mmmol ) foll owed by 1-propyiph nic Id cyclic anhydride 5 (50%in

et hyl acetate) (570L, 0.96mml) at roomt r’rﬁ‘é‘rature The reaction m xture
was stirred for 24 hours, treated wth turat ed potassi um carbonate

I
separ ated atf Pne Brganrii, & CodER AR AR Carlactb-RURIERnTY ©
car bonat e sMlﬂuaitboom-@z-d(memnﬂ-_tg-pheh)ylpupenc(rﬂeol Byindchloride,dratn Ezample @4 (T8gmesi um
sul fate. T8 hahaR R RERRC G P RS AatirbBs il SRR bt

Purification roma ograp eve
acetonit ra | tamperaturet rThiaIramtloaomttmre mlsdrrédifo%o(Brndut&:ﬂﬁnd)b@ralﬂeh;dleuﬁmL gave a

col ourl s Slshmmolf Ul ¥R% SESAE PR ht Byl HEUCMAISR hirdalr gl

di ethyl eth evapora SS to give d 44ny.
"H NMR (400Mﬂz$t0ﬂbgmbydr(deo(ﬂém9,r @35r6mol) 23s (m@Oactdnﬂ mm)the ngaotaaremmrq wps 2H)

? 06 (fn 1§t. fOé %46@99?1& H&m % ?% 3%é nl,-éct%m @Z&ﬂ}% Vi 3§Hug
CI ) 430 quqp}o]ong’gwm @ )nggband saturated sodlum hydrogen carbonate solutnon 6mL)

(3R 4R 59 - dvab hadsd. 4Rhe ﬁhéé’esélwabfsley%@a%awhé aauéws anage Rvad é#&r@é(éd whhdl n-3-v

i | car bonvl di net hy| - 4- nyl_pi peri chlorid
)dichloromethane ¥3 20 r]S y 'IQ\epcomblned orgamc fractlons were dned over

magnesium sulfate and concentrated in vacuo to give the crude residue. Purification by
column chromatography on silica ge! using dichloromethane:methanol (100:0-97:3) as
eluent afforded the pure product, 46mg. This was converted to the hydrochlaride salt by
15 dissolution in dichloromethane, treatment with 2M hydrogen chioride in diethylether and
then evaporation of solvent.
"H NMR (400MHz, CD;0D) (Rotamers) & 0.20-0.58 (m, 6H), 0.65-2.06 (m, 2H), 1.02 (t,
3H), 1.47 {m, 2H), 1.77 (m, 2H), 2.67-3.20 {m, 2H), 3.32-4.22 (m, 9H), 4.32 (m, 1H),
7.00-7.40 (m, TH), 7.54-7.74 {m, 1H)
20 LRMS (APCI+) = 471 [MH']
[a]o® = -60.39 (c= 0.32, MeOH)

O

Example 26
(3R AR,58)-1-{[(3S,4R)-4-(2 4-Difiucrophenvi)- 1-isobutylpyrrolidin-3-yllcarbonyl}-3,5-

25 dimethyl-4-phenvipiperidin-4-0l hydrochloride
F
0O
HO, N _‘Q
ol F
\I)N Hel

The tite compound was prepared from the compound of Example 24 and

isobutyraldehyde by a similar method to that described for Exampie 25.

'H NMR (400MHz, CD50D) (Rotamers) & 0.19-0.79 (m, 6H), 1.10 (t, 6H), 0.93-2.07 (m,
30 2H), 2.16 {m, 1H), 2.68-4.22 (m, 11H), 4.32 (m, 1H), 6.60-7.43 (m, 7H), 7.56-7.76 (m,




~ 1 F Cl~ N N-~-1~ HC UO A solution of
(3R, 4R, 595)-1-{[(3S,4R) -4- (2, 4-di fl uor ophenyl ) pyrrolidin-3-yljcarbonyl)-3, 5-
di et hyl - 4- hené,ﬁjoeri di n-4-ol hydrochloride, from exanple 24 (250ng,
0. 55mml ), Ormopyri m di ne (123pgy, 0.79mmml ) and RGT/IB204YPM9M8ne ( 230L,
|.65mmol ) in ethanol (5nL) were heat € under reflux for 24 hours. The
sol vent was renoved in vacuo and the residue was partitioned between ethyl
acetate (5miHyand water (5nL). The phases were separated and the organic
phase was dr iumsul fate, filtered and concentrated in vacuo
to give the g%%d@‘\s%rgsﬁgg@ﬁﬁmrlflcatlon by col um chr omat ography 30 on
silica gel (ajbTg-81.8h{colcifeMe®h®: met hanol (100: 0- 99: 1- 98: 2-97: 3) gave the
desired product as a white foam 220nmg (74% . This was converted to the
hydrochl oride salt by treatnent with 4M hydrogen chloride in dioxane
fol | oned Dy Bxamplar?dt i on of solvent. 'H NVR (400MHz, CD3CD) (Rot aners) 6
0.36-0.60 (ki) 8.({8s 304 Aoyrkhoohdnyfir- MEL AR A AASABEALBR005/ 000203
105 3.25 (m . m . . 46-7.68 (m 1H),
8.64 (d, 2Hdimgtaxid phenyiniperidindgl hygrs |°'D25 = -52 10 (c= 0.44, MeOH) 5
Exanmpl e 30
(3R 4R 55)-1-{1(3S. 4R) - 1- Cycl obutyl uoroahenyl )pyrroli d| n-3-vllca
rbonyl | -3 5- di nethyl - 4-phenvl pi p @l“ drochloride F HO~- "F ~, ry
) / O .HC The title conmpound wa p f om t he conmpound of Exanple 24
and cycl obutanone 10 by a simlar nethod ol that descri bed for Exanple 25,

ept that ethanol was used as the solvent. 'H NVR (400MHz, CD30D)

tamers) 9o0a1®heios 1of ((SRERGS)EH(3SeHH8-(2.4cdflyonqphangypyrrolis-3-gicadopyil- 6H) ,
3.25-4. 145 ( 7, i/ LRVB
(AP ) 4‘%09 @%ﬁﬁ% f-gf‘ gfeég@\pfﬁ{ﬁ)éut -8 h%?rthlg@egWom éa&i‘snp% Ve %’Oﬁ'@ § B5mdl)

ln acetonitrile (3mL) was added tnethylamme (115uL, 0.83mmol}, potassium carbonate

(151mg, 1.11mmol) and 1-bromopropane (55pl, 0.61mmol) at room temperature. The
reaction mixture was heated to 40 °C for 90 minutes. The mixiure was cooled down and
the solvent removed in vacuo. The residue was partitioned between water (40mL) and
15 ethyl acetate (40mL). The phases were separated and the organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo to give the crude residue.
Purification by column chromatography on silica gel using dichloromethane:methanol
(100:0-99:1-98:2-97:3-96:4) afforded the desired product as a colourless oil, 193mg
(70%). This was converted fo the hydrochloride salt by treatment with 4M hydrochloride
20 in dioxane followed by evaporation of solvent to give a white solid,
'"H NMR (400MHz, CD;0D) (Rotamers) 8 0.20-0.57 (m, 6H), 1.05 (t, 3H), 1.81 (q, 2H),
0.83-2.04 (m, 2H), 2.69-3.18 (2 x m, 2H), 3.204.18 (m, 9H}, 4.31 (m, 1H), 6.94-7.38 (m,
7H), 7.51-7.70 (m, 1H)
LRMS (APCI) 457 [MH"]
25 [aly®® =-62.57 (c=0.33, MeOH)

O

Example 28
3R AR 55)-14[(38,4R)4-(2 4-Difiuorophenyl}-1-methylpyrrolidin-3-vllcarbonyl}-3,.5-

dimethyi-4-pyridin-3-ylpiperidin-4-ol triflucroacetate

30 ¥ CF,COH



(BR 4R 55)-1-(f(3S.4R)-4-(2,4-Di fluorophenvl)-1-pyridin-2-ylpyrrolidin-3-vll
carbonyl | - 3. 5- di net hyl - 4- phenyl pi peri di n-4-o0l hydrochloride F HO N.: HC
20 To a solution of

(3R 4R, 59)-1- 3S, 4R) - 4- (2, 4-di f | uorophenyl ) pyrrolidin-3-vyl | carbonyl) -

3, 5- di net hVP—zg[’ &X%1 pi peri di n- 4- ol drochl oride fron?gﬁ%ﬂpsém%s(ZOOng,
0.44mmol) in toluene (4nlL) was added sodi um 2- net hyl propan-2-ol ate (97ny,
1.31nmmmol ) and the reaction was stirred for 10 mnutes at roomtenperature.

2- Bronopyr i dicn@ E@aon 9% (BR4BnAdt.--diffysrorarivi-irethynateligipe-3-carboxylic acid,
tl r .1 s g @ benrzl%ﬂt]dnldﬁnéﬁaﬁgﬂgrpﬂzlﬁismgl |I.&Qhﬁﬁ(),QBRﬁ%SBS%—,S,5-(?m@tg1?mb9rgir(-g-&lpﬁ)|eﬁdin- i h

, - DI nap ne- - d) e oSNl y mo an e
reaction nmi x"’t"ar gr%flr%? '86 gﬁ&é&"ﬁ%f‘%ﬁ%ﬁ '§4§ﬁﬂu‘§°§?aqg'h‘éml' I"\’P@n?&%ﬁ’s
r ermved( i4 n ;:muggammﬁ(umumsdumnpfandwegi Wgﬁrdﬁﬂbh@ﬁorﬁ& hmﬁ @en&tmcér(q%m&) and
wat er e se r S ted. and the organic ase was drieda over
magnesi u ngb\bs%%d%ﬁg‘f g@%t&fﬁoﬁggﬁé%@@@ &8 r°°fb@"§39??t‘éf?e ,ﬁ‘Pi TERCIPR iXtHEE
concent r at edvdsnstivied dor 24 heury e tiebed Glithdeaturgtet hatassibinr dakbohate solutioy (1omlum
chr omat ogr ap [ 0:.0-96:4) as

h n_siltc el . ysi di.chl or onet hane: net hanol, (100:0
el uent aff ora(Téadﬂ?tﬁg Vﬂt‘éseﬁ?ygﬁceﬁ#% ) g efpg'a’?ﬁs Vi%@ﬁﬁ"?%‘?&)apgﬁﬁ YOPUE 1Y Fhver t ed
to the hydmveshiashedavitbasaturdigd potesdiume oarbandta sdiMidny(2ro8emL); btime (ide30mL)Xi oxane
fol |l oned by ) ' : e ' . t rs) 6
0. 38- 0. 62 (n%”ﬁéﬁ%‘?Bgé.’g%gg‘g"i@'f"(srﬁn%%w%e 5‘?'%‘“@? E%Q‘?)r%h%bﬁ%% é‘i‘g E‘gz’%“ m 7H),
4. 33 (m 10 Hyesidues 8-Farrit@ationn bp Hehromatgraphg2 opmredirge  pigase?2 sfiica gel) usivigs
(APCI) 492 [\l 18, = (@ . _ ang) .
R 4R, 5S) - f‘-ﬁl{; EEF 3@?%@5’?’ { gmi%c Ad @ sﬁ’eﬁ%‘?‘iyﬁ%e “’ngm%%et hx)?‘é);/%rg? M din-3-
car bony| )whichs waispazesioped witbntplugnee theni Ritdratee withy it cathereaed fan F
F HG 15 0 evaporated to dryness to give a white solid 44mg.
"H NMR (400MHz, CD:0D) (Rotamers) & 0.23-0.60 (m, 6H), 1.03-2.13 (m, 2H), 3.06 (s,
15 3H), 2.67-3.18 (m, 2H), 3.30-4.15 (m, 7H), 4.38 (m, 1H), 7.10 (m, 2H), 7.48-7.67 (m,
1H), 7.89 (m, 1H), 8.05-8.81 (m, 3H)

LRMS (APCI) 430 [MH"]

Exampile 29
20 (3RA4R.58)-1-{[(38.4R)-4-(2.4-Difluorophenyl)-1-pyrimidin-2-yipyrrolidin-3-yilcarbonyl

3,5-dimethvi-4-phenvipiperidin-4-ol hydrochloride

F
O
HC N _.Q
o "
C Y e
N* .
U
A solution of (3R,4R,58)-1-{[(3S5,4R)-4-(2,4-difluorophenyl)pyrrolidin-3-yi]carbony!}-3,5-
dimethyi-4-phenyipiperidin-4-ol hydrochloride, from example 24 (250mg, 0.55mmol), 2-

25 bromopyrimidine (123mg, 0.79mmol) and triethylamine (230pl, 1.65mmol) in ethanol
(5mL) were heated under reflux for 24 hours. The solvent was removed in vacuo and
the residue was partitioned between ethyl acetate (5mL) and water (6mL). The phases
were separated and the organic phase was dried over magnesium sulfate, filtered and
concentrated in vacuo to give the crude residue. Purification by column chromatography

30 on silica gel using dichloromethane:methanol (100:0-99:1-98:2-97:3) gave the desired
product as a white foam, 220mg (74%). This was converted to the hydrochloride salt by
treatment with 4M hydrogen chloride in dioxane followed by evaporation of solvent.

'H NMR (400MHz, CD30D) {Rotamers) & 0.36-0.60 (m, 6H), 0.76-2.10 {m, 2H), 2.70-



The title conmpound was prepared fromthe conpound of Exanple 24 and
1- brono- 2- net hoxyethane by a simlar nmethod to that used for Exanple 27. '"H
NVR (400MHz, CD3QOD) (Rotaners) 6 0.20-0.58 (m 6H), 0.77-2.05 (m 2H), 2.68-

319m2 , 330420m|| , 4.31 ( 6.98-7.38 (m
( %“35’6‘7%93((% 1H) 4.. LRVB (lpg(oo) 473 (M 4 [&F@Qﬂﬂmw 03 (c—(
o 32 M:OH) mpl e 33 25

(3R 4R, 59)-1- {f(SS 4R) - 4- (2, 4-Di fl uorophenyl ) - 1- pyrazi n- 2-yl pyrrolidin-3-vl|

car bonvl ) - 3,525 @in, 12el),8/63-4.3p krangH)p6 p87i4di (i BHRI7.46yG0@M 1101 &les @, 200 F / Ni - |
. HG A sol ut| §F§' )= 49

(3R 4R, 58) 1 43 j4 di f1 uorophenyl ) pyrrolidin-3-yl]carbonyl)-3,5-

di net hyl - dhbny‘I 52 ﬂ@KCF%ﬂMMmH)hydrochl oride from Exanpl e 24 (200ny,

0.44mmol ), 2- 30 chloropyrazine (75ng, 0.84mmol) and triethylam ne (122L,

0.88nmol ) in N, N WO 2005/ 077935 PCT11B2005/ 000208 107 di net hyl f or mani de

(4m) wasshesappleddo 100 C for 24 hours. The solvent was rempved in vacuo

and the crude_residue was partitioned bet‘vveen wat er (4nmL) and et hyI acetate
(4m—) The [ "A\ = -:gl a= A/ '__ e nam ‘m-u '4.'.'4.' N o!l-° I B "Ll-”'gll: -,

nmagnesi um %étﬁﬁl%gﬁ@k@@é%&@h%ﬁ_ﬁ%ﬁaé ated in vacua to gi ve the crude
residue. Purification by 5 colum chromatograp on silica gel using ethyl
acet at e: pentane (10:90-100:0) as eluent, aff ed the desired product as a
foam 121 ng (55% . This was converiné t hes” hydrochl ori de salt by

treatment with 4M hydrogen chl ori dé®yn idi X ng foll owed by evaporation of
solvent. 'H NMR (400MHz, CD30D) ( @
2H), 2.70- 10326(m2H)3

rs)b.g.37-0.60 (m 6H), 0.82-2.10
4.21Pm 7H), 434(m 1 H), 6.94-7.43

7H), 7.43-7.64 (m 1 H, 7.90 (d, 1H), 826feé I—g LRVS (APCI) 493
[MH] [a] p25Th§ tulggorggoqr@-way pggpar%w thelg)nmanebp xample 24 and cyclobutanone

(3R 4R 580 - Inid énﬁ@aﬂﬁéméu tPindt &sfchbléarfepbﬁa_?%hé 28 .- SEHAhAY-etnatloPiad QdddHsn- 3- V1)

car bonvl } - 3, ‘o sc()jl\lfemltat hyl - 4- phenvl pi peri di 'hydrochl ori de F

*H NMR (400MHz, CD;0D) (Rotamers) 8 0.15-0.51 (3 x m, 6H), 0.58-2.01 (m, 4H), 2.15-
3.13 (m, 6H), 3.25-4.17 (m, 8H), 4.25 (m, 1H), 6.93-7.35 (m, 7H), 7.47-7.66 (m, 1H)
LRMS (APCI) 469 [MH']

15  [als® = -61.50 (c= 0.45, MeOH)

Example 31

dimethvl-4-phenvlpiperidin-4-ol hydrochloride

- R Q
20 Qp j\é;/;

To a solution of (3R,4R,58)-1{[(3S,4R)-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-
3,5-dimethyl-4~-phenylpiperidin-4-ol hydrochloride from Example 24 (200mg, 0.44mmol)

in toluene (4mL) was added sodium 2-methylpropan-2-olate (97mg, 1.31mmol) and the
reaction was stirred for 10 minutes at room temperature. 2-Bromopyridine (63puL,
25 0.66mmol) was added followed by tris(dibenzylideneacetone)dipailadium(0} (40mg,
0.04mmol), (+/-) 1,1-binaphthalene-2,2'-diylbis(diphenylphosphine) (65mg, 0.09mmol)
and the reaction mixture was heated under reflux for 24 hours. The solvent was
removed in vacuo and the residue partitioned between ethyl acetate (4mL) and water
(4mL). The phases were separated and the organic phase was dried over magnesium



HOF N CI N\ N The title conpound was prepared fromthe conpound of

Exanpl e 24 and 3- 20 bronopyridine by a simlar nethod to that described for
Exanmple 31. 'H NVMR (400MHz, CD30D) (Rotaners) b 0.36-0.57 (m 61-1),
0.83-2.08 (‘Yﬁ20254977932 69- 16. 3.24 (m 21-1), 3.56-4.23 KGHIBADS/0002084. 33 (m
11-1), 6.94-7.62 (m SH), 7.70-7.83 (Wf 2H), 7.98-8.10 (m 2H LRVS (APCl)
492 [MH] 25 [a]025:-33 26 (c= 0.36, MCOH). Exanple 35 (3R 4R

5S) - 1- {f (3S, |, (ens3- vl | carb
o). 3 b hiRe; bfertald bollBhRROF Y e ) ChieDifp ot IR BB ! P27 DOT
HCl 30 WO m@mﬁ%ﬁt V@6 iis? gslopsim digijgromgthape:methanehi] 60:A6H o5

prepared fr%ﬂ]ehhﬁffd?@éﬂf’ﬁlé%snﬁgd ;EesahrB%Ef@aﬁlr. al@dm? (6?1')8 Wm@was@aﬁve&ed toltheMEd.
Chem 30 (2), 239, by a simlar descri bed for Exanple

31. ' H NVR (WeHoRmer ecfa@ t(%HP%W@) 4éf' 03@{89?5' S@Ofcqﬁ '%H}Oxaf@’ felowed by (m
2H), 2.685 Svapctdtiohrof satdnt. 3. 60-4.27 (m 7H), 4.30 (m 1 H), 6.97-8.11 (m 1

8?@8 g() a%ﬁ}@%(@gﬂ@g@@omﬁ%m@ %5 036082 kv &kl 8672, 143(6 9, 0%0. 0- 31,

4R, 5S) - 1- { f (3322 @RRHA-I(A-420(rh,| Y €8 énVIH); 6.586.16B fmd2i), 5:9817162 (hglaHli n- 3- vl | ca
rbonyil - 3, 58(92 (r;qgt.lplyl - 4- phenvl oi peri di n-4-ol hydrochlorider , HONOF

LRMS (APCI) 492 [MH']
10 [ol® = -44.46 (c= 0.37, MeOH)

C Example 32
3R 4R 58)-1-{(3S 4R)-4-(2,4-Diflucrophenyi)-1-{2-methoxyeth rrolidin-3-

carbonyl}-3,5-dimethyl-4-phenylpiperidin-4-ol hvdrochloride

et et
@ﬁ&?mf

15 | -
The title compound was prepared from the compound of Example 24 and 1-bromo-2-

methoxyethane by a similar method to that used for Example 27.

'H NMR (400MHz, CD;0D) (Rotamers) 5 0.20-0.58 (m, 6H), 0.77-2.05 (m, 2H), 2.68-

3.19 {m, 2H), 3.43 (s, 3H), 3.30-4.20 (m, 11H), 4.31 (m, 1H), 6.98-7.38 (m, 7H), 7.50-
20 7.71 (m, 1H)

LRMS (APCI) 473 [MH"]

[a}p® = -62.03 (c= 0.32, MeOH)

O

Example 33
25 (3R.4R5S8)-1-{[(3S.4R)-4-(2 4-Diflucrophenyl)-1-pyrazin-2-ylpyrrolidin-3-vijcarbonyl}-3,5-
dimethyl-4-phenylipiperidin-4-ol hvdrochloride

A solufion of (3R,4R,58)—1-{[(38,4R)—4-(2,4-diﬂuorophenyl)pyrrolidin-3—yl]carbonyl}~3,5-
dimethyi-4-phenylpiperidin-4-ol h ydrochloride from E xample 24 (200mg, 0.44mmol), 2-
30 chioropyrazine (75mg, 0.84mmol) and triethylamine (122uL, 0.88mmol) in N,N-



rl .HCl NyN The title conpound was prepared fromthe conpound of Exanple 24
and 5- bronmopyrimdine by a simlar nethod to that described for Exanple 31.
15 1H NWR (400MHz, CD30D) (Rotaners) 6 0.37-0.60 (m 6H), 0.85-2.12 (m 2H),

2.70- 3.26 2 3.60-4.22 (m 7H), 4.35 (m 1H), 6.93-7.43 (m 7H),
7.43-7.64 t’hrg"&ﬁiﬁ%“s 52 (m 2H), 8.71-9.26 (m 1H) LRI‘VSTW@“)““@QS [ VH ]
[a] 025 = -37.45 (c= 0.25, MeOH) 20 é?(arrple 37 (3R 4R 55)- 1-{f
(3S.4R)-1-tent-Butyl -4-(2, 4-difl uorophenyl)pvrrolidin-3-vllcarbonvl)-4-

i sopropyl - 3 diméthyharhide Q4rhi) d&d%-réaféh Ay o Qs:karqmihderso'rhbl%ubbmvﬁs ré:mHEH 25 The
title conpoynd was pre ared fr e co ounds of Pre ratlons 1 and 57 by a
simlar met HdY¥eqUg FH4P G'é’gﬁr“?st‘fg{? was PaEitionsd betiween pa apsiap)

(Rot amers) G4@LB7THE ﬁ?asémeﬂe%@parale%d(tﬁe ofdhic :iha@@m@s@!ﬁed BVer nedghesidmb5- 3. 05

50 [ 2] 025 = URe LA broeRERe) Miseubis b bas w&?qsﬁ@%ﬁé@%’%ég”byioéw“ |
Exanpl e 38 column chromatography on silica gel using ethyl acetate:pentane (10:90-100:0) as
-3 vl Toar Byt st e defike PRLEEL TR 21l {8y, g B BRI BETT
/""" ~A F hydiocioride. sait by Tiratment| witrcéhbbydrdg&ms;hlpn@om @iwxame)mllpWed dynpound
of Exanpl e Zgaddistion of solvent.

'H NMR (400MHz, CD;0D) (Rotamers) & 0.37-0.60 (m, 6H), 0.82-2.10 (m, 2H), 2.70-

10 3.26 (m, 2H), 3.64-4.21 (m, 7H), 4.34 (m, 1H), 6.94-7.43 (m, 7H), 7.43-7.64 (m, 1H),

7.90 (d, 1H), 8.26 (m, 2H)
C LRMS (APCI) 493 [MH"]

[a]o® = -46.98 (c= 0.31, MeOH)

15 Example 34

dimethyl-4-phenvylpiperidin-4-oi hydrochioride

DA
ST &

The titte compound was prepared from the compound of Example 24 and 3-
20 bromopyridine by a similar method to that described for Example 31.
'H NMR (400MHz, CD;OD) (Rotamers) & 0.36-0.57 (m, 6H), 0.83-2.08 (m, 2H), 2.69-
3.24 (m, 2H), 3.56-4.23 (m, 7H), 4.33 (m, 1H), 6.94-7.62 (m, 8H), 7.70-7.83 (m, 2H),
7.98-8.10 (m, 2H)
LRMS (APCI) 4982 [MH']
25 [alo” = -33.26 (c= 0.36, MeOH).

()

Example 35
3R 4R.58)-1-{[{38.4R)-4-(2,4-Difluorophenyi}-1-pyridazin-3-ylpyrrolidin-3-ylicarbonyl}-

3.5-dimethyl-4-phenvlipiperidin-4-ol hydrochloride

QK
od” B
Q

Z:Z
x
0

30



(bromonet hyl ) cycl opropane by a simlar nmethod to that described for Exanple
27. C'H NWR (400MHz, CD3OD) (Rotanmers) S 0.20-0.80 (m 10H), 1.19 (m 1H),
0.83-2.02 (m 2H), 2.68-3.18 (m 2H), 3.19-4.18 (m 9H), 4.31 (m 1H),
7.00-7.38 WZ‘)W@)W%? 52- 10 7.71 (m 1H) LRMS (APCI +) ECWOPW]% [a] p25 =
-66.40 (c= 0. 28, NEG—i) Exanpl e 39 19% 3R 4R

55)-1-{f(3S. 4R) 4- (2. 4-Di fluorophenyl)-1-(tetrahydro-2H pyran-4- yI)pyrroIidi
N3yl carbomy kned nflotiRt s $replRAY krbiP 8d Lopdurl ohyﬂaﬂﬁﬁg % d QﬁdF:?e 0.

.HCl 0 L The title conpound g ar ed rom e conpoun
and tetr ahydﬁhwd%‘edsfr’ﬂﬂd ﬁh@f’f'e ) 239 M9aTARY ﬁﬁt"ﬂ'éf:imﬁb‘oﬂ FFH*!‘%%@'F‘?%ed f or
Exanpl e 25, tgpeRRipld #at et hanol was used as the solvent. 'H NI\/R (400MHz,

oD ST &(ﬁ?&ﬁ%ﬂ&aﬁ%ﬁdﬁ‘eﬁw% E55 5B By S rapte . sl ded ™ 1,

|( l?;DR 4?&% ,cgagz”)n 2909, 1608 27 36, TH)) 036 (%, 1HH16.6P8(10 %m0 1GH), 85O0 (2ReEnE] e 40

: -1 +
4R) - -tert- éuﬁ{"ﬁé &??5492%*” uor ophenvl ) pvrrolidin-3-vllcarbonvl|-3. 5-
di met hyl - 4- deloP v -36.6¢ (d=0.81,MeH)hydr ochl ori de WD 2005/ 077935
PCT/ 1 B2005/ 000208 110 gF O\ HO\F | J HC The title conpound was
prepared fromthe conpounds of Preparations 1 and 59 by a simlar nethod to
t hat descri dedmpler36exanpl e 8. 1H NVR (400MHz, CD30D) (Rotaners) 6 1.45 (s,

H, 7.05 (m
3,5-dimethyl-4-phen I iperidin-4-ol hydrochloride

- d

The title compound was prepared from the compound of Example 24 and 5-
bromopyrimidine by a similar method to that described for Example 31.

15 'H NMR (400MHz, CD;0OD) (Rotamers) & 0.37-0.60 (m, 6H), 0.85-2.12 (m, 2H), 2.70-
3.26 (m, 2H), 3.60-4.22 (m, 7H), 4.35 (m, 1H), 6.93-7.43 (m, 7H}, 7.43-7.64 (m, 1H),
8.52 (m, 2H), 8.71-9.26 (m, 1H)
LRMS (APCI) 493 [MH"]
[a]o2® = -37.45 (c= 0.25, MeOH)

20

C Example 37

25 The title compound was prepared from the compounds of Preparations 1 and 57 by a
simiiar method to that described for Example 8.
'H NMR (400MHz, CD50D) (Rotamers) & 0.37-0.97 (m, 12H), 1.46 (s, 9H), 1.33-2.07 (m,
3K), 2.55-3.05 (m, 2H), 3.07-4.06 (m, 8H), 7.05 (m, 2H), 7.60 (m, 1H)
LRMS (APCI) 437 [MH"}

30 [a)p® = -26.07 (c= 0.60, MeOH)



LRVS (APCl) 437 [MAJ [a] D25 = -28.03 (c= 0.38, MeOH) C Exanple 41 10

(3R 4R, 59)-1-ff(3S. 4R) - 1- Cycl opropyl - 4- (2, 4-di f | uor ophenvl ) pvrrolidin-3-vllc
arbonyl } - 3. 5- di net hyl - 4- phenyl pi peri di n-4-o0l hydrochloride F OHONF \
HC A 1M s8H W ESoxi de sol uti on (18mi) was added t o PCT/IB2005/000208

(3R 4R 59)-1-([(3S,4R)-4- (2,4

di f1 uor ophenyl ) pyrrolidin-3-yl]carbonyl}-3, 5-dinethyl -4-phenyl pi peri di n- 4- ol
hydrochl ori de, 15 from Exanple 24 (200ng, 0.48mmol). The suspensi on was
stirred and gxtr@gt ed with ethyl acetate (2 x 30nL). The conbi ned organic

| ayers were er magnesi um sul fate filtered and concentrated in
vacuo. The rsRug BS 1dC I%Mﬂlﬂhoroél@nimpmnﬂm@etl c acid
(275L, 4. 8”1@0 . .. thyl)silane (580L,
2.88mmuol ) a Yy ottt n .96mol ) were added at 20
roomtenperature. The reactl on mxture was h ed under reflux for 2 hours,

cooled to roomtenperature and netj was added. The m xture was
filtered and the filtrate was co &Ed% vacuo. The solid recovered
XI soI ution (10nlL) and et hyl

was partitioned between IM sodiu ydro

acetate (10nmL). The phases were separatﬁpﬁla t he agqueous phase was
extracted®with ethyl acetate (2 x 5ni) he 25 conbi ned organi c extracts

wer e ?L ied ower ntr@gg@ﬁpdugusu{ca%ab?paﬁeul Tr@ﬁﬁdh@ndorﬁ;ﬁﬁuﬁﬂ?bf aE)@ﬂ'lpld rwaalmo to |
ive e Cr e I esi uri 11 catl on (0] SIlII Ca e
Using di chl ggawgw WEicisprinnor 57 2 e 59ty KBt ameade ERmb e ooty 2
product as ammnom:zscnhoo)lmtan@:s)m 20-0/88 (rept0Hr 1.68 (hotH)h@shgdrochl ori de
ol DY, L1 eabimant sty NIy SER0 681 001 69 ) fhorape boplonpa Y
(Rot arrer $ .01 @9-161)55 (m 6H) 1.03 (m 4H), 0.76-2.05 (m 2H), 2.67-3.18
(m 2H), 30 (m 1H), 6.99-7.37 (m 7H), 7.54-7.71 WO
2005/077935%@58@5/%@%%@1 111 (m 1H) LRVS (ESI+) = 455 [MH] [a]025
= - 64.04 (cHap”>656K8 G028 MeQitpl e 42

Example 39

15 (3R.4R.55)1-{[(38 4R)-4-(2 4-Difluorophenyl)-1-{tetrahydro-2H-pyran-4-yl)pyrrolidin-3-
llcarbonyl}-3,5-dimethyl-4-pheny!piperidin-4-ol hydrochloride

rﬁng

The title compound was prepared from the compound of Example 24 and tetrahydro-4H-
20 pyran-4-one by a similar method to that described for Example 25, except that ethanol

was used as the solvent.
'H NMR (400MHz, CD;0D) (Rotamers) 5 0.18-0.55 (m, 6H), 0.78:2.20 (m, 6H), 2.67-
3.18 (m, 2H), 3.30-4.18 (m, 12H), 4.30 (m, 1H), 7.00-7.35 (m, 7H), 7.53-7.71 (m, 1H)
LRMS (APC!) 499 [MH"

25 [a)p® = -51.40 (c= 0.37, MeOH)

Example 40

(3R.4R.5S5)-1-[(3S,4R)-1-tert-Butyl-4-(2 4-difluorophenylpyrrolidin-3-yllcarbonyi}-3,5-
dimethyl-4-propylpiperidin-4-ol hydrochloride




(3

vl | car bonvi }- 3, 5-di net hyl - 4- phenvl pi peri din-4-ol hydrochloride F Or | HO
N l i F NNHC N~ A solution of

(3R, 4R, 5S)WAHPOFBUR) - 4- (2, 4-di f | uor ophenyl ) pyrrol i di ACBIB598BHNYI ) - 3, 5-
10 di net hyl - 4- phenyl pi peri di n-4-ol hyfrochi ori de, from Exanple 24 (200ny,
0.44mmol ), 4- chloropyrimdine (Aiorg. Chem 30 (3), 188, 2002) (140ny,
0.88mmol) and triethylam ne (250)ilL, 1. 80mm| Fin N, Ndi net hyl f or mam de

R 4R 5S)-1-ff(3S.4R)-4-(2.4-Dii fl uorophenvl)-I-pyrimdin-4-vlpvrrolidin-3-
I
;

(3m.) was heated at 80 C for 3 hour e r tion m xture was cooled to
room tenperature and the sol vent cuo The crude residue was
partitioned between ethyl acetat e/TS wat er (5m.). The 15 phases were
separated and the organi c phase was washe ‘f‘h | M sodi um hydr oxi de

solution (2 x 20nm.) and brine (1 x 20m), dr| ed over magnesi um sul fate,
filtered anthe citecompoaidasssi psrewaﬁemotrpme|cmpbmsdﬁs=rrémhtmaﬁncumcb%y a yellow

foam 192ny (8 Q the hydrochl oride salt by

t reat ment Wlh A{%}ﬁmg}oéaﬁ\q&ém B\fﬂeé’ﬁaﬁ'peoq oxane foll owed by evaporation of
sol vent to §il NMRA(4PEMHaVCRAD) (Rbtemeis) & ks (5r9H)L0.28-¢ G620, 0bH)N2dDS0MYh, et her
to produ t by filtration. C'H
NVR (400G|\7f|zéﬂhﬁging E?ﬁgtﬁﬂb SB&@%BJ@%(F@??‘Q §%l—r§ . 75-2.08 (m 2H), 2.67-
3.23 (m 2H}-RN@(6®’CA)4@7[MH1 9H) 6.84-7.40 (m 8H), 8.19 (t, 1H), 8.71 (m
1H) LRVB (E@pﬂ}:_ Igl-ye ].,925 = -54.71 (c= 0.35, MeOH) 25 Exanple 43
(3R 4R 59) I?f(SS 4R 1-tert-Butvl- 4- (2. 4-difluorophenvl)oyrrolidin-3-vllca
r bonvl }-4- cvcl opropyl - 3, 5-di et hyl pi peri di n-4-ol hydrochloride F HONF N

ICl WO 2005£Q4r@18%1PCT/ 182005/ 000208 112 The title conpound was prepared

Fom tey ¢ OOYATS) Uy L TR Bl B il

dimethyl-4-phenylpiperidin-4-ol hydrochloride

Hop
.HCI

A 1M sodium hydroxide solution (15mL) was added to (3R,4R,5S)-1-{[(35,4R)4-(2,4- -
difluorophenyl)pyrrolidin-3-ylJcarbonyl}-3,5-dimethyl-4-phenylpiperidin-4-ol hydrochloride,
15 from Example 24 (200mg, 0.48mmol). The suspension was stirred and extracted with

ethyl acetate (2 x 30mL). The combined organic layers were dried over magnesium

sulfate, filtered and concentrated in vacuo. The residual oil was dissolved in methano!

o (5mt) and acetic acid (275ul, 4.8mmol), [(1-ethoxycyclopropyl)oxy](trimethyl)silane

(5680uL, 2.88mmol) and sodium triacetoxyborohydride (80mg, 0.96mmol) were added at

20 room temperature. The reaction mixture was heated under reflux for 2 hours, cooled to

room temperature and methanol (5mL) was added. The mixture was filtered and the

filtrate was concentrated in vacuo. The solid recovered was pariitioned between 1M

sodium hydroxide solution (10mL) and ethyi acetate (10mL). The phases were

separated and the aqueous phase was extracted with ethyl acetate (2 x 5mL). The

25 combined organic extracts were dried over magnesium sulfate, filtered and concentrated

in vacuo to give the crude residue. Purification by column chromatography on silica gel

using dichloromethane:methanol (100:0-97:3) as eluent afforded the desired product as

a colourless oil 131mg. This was converted to the hydrochloride salt by treatment with

4M hydrogen chloride in dioxane followed by evaporation of solvent to give a white solid.

30 'H NMR (400MHz, CDsOD) (Rotamers) & 0.20-0.55 (m, 6H), 1.03 (m, 4H), 0.76-2.05 (m,
2H), 2.67-3.18 (m, 2H), 3.29-4.24 {m, 8H), 4.30 (m, 1H), 6.99-7.37 (m, 7H), 7.54-7.71



simlar nethod to that described for Exanple 8. 'H NVR (400MHz, CD3QD)
(Rotamers) S 0.19-0.53 (m 4H), 0.65-0.99 (m 6H), 1.27- 1.74 (m 2H), 1.47
(s, 9H, 2.50-3.01 (m 2H), 3.15-4.04 (m 8H), 4.12 (m 1 H), 7.08 (m 5
2H), 7.49-WO@805(0A1933H) LRVS (ESI+) = 435 [MH ] [ a] 025PETAR2805040208= 0. 33,
MeOH) Exanple 44 10 m

(3R 4R, 55)-1-(f(3S,4R) -4-(2,4-Di fl uorophenyl)-1-pyri mdin-4-vl pyrrolidin-3-v
IIcarbonvI}( G 5 di rrethvi 4-pyridi n-2-yi pi peridin-4-ol hydrochloride O HO
N+11~ eJ NO _N 5 | e coppound was prepared fromthe conpounds of Exanple
23 and 4- chBUﬁdEﬂ Fi4dPi¥H (B org. Chem 30 (3), 188, 2002) by a sinilar

met hod to t[a® descnd eed.261fedRy Exanpl e 42. 1H NMR (400MHz, CD300) Rotamers
b 0.45-0.65 (m 6H), 1.07-2.50 (m 2H), 2.66-3.28 (m 2H), 3.79-4.52 (m
81-1), 6.90-8.26 (m 7H), 7.96 (m 1H), 8.56 (m 1H), 8.73 (m 2H) LRMS
(APCI +) 5 4&%&@@&2[& 025 = -30.35 (c= 0.30, MOH) C 20 Exanple 45

Egg jg) 5?2 -R(t? ﬂ' 40 4{1 lb?ﬂuorpg%qrppq-m[nmldlnA-\dDwrohdm 3-yljcarbonvi}-
yl| car bonyi 5 ] rochloride F OHON F F 25 To a

3 ] hl e
solution of tert- butyI (3R 4S) 3- (2 4- d|fluorognhenyl) 4-{[ (3R 4R, 5S5)-4- (3, 4-

di f1 uor ophenyl) - 4- hydr oxy- 3, 5- di net hyl pi peri 1-yljcarbonyl)pyrrolidine-1-
carboxylate, from Preparation 63 ‘1 6 ~3Zmol ) in dichloromethane (2nl)
was added a solution of 4M hydrd K ! efin dioxane (2nL) at room
tenperature. The reaction m xture ™~ was stikred overnight at room

nperature. The sol vent was then evapor Lh?,l'ﬁwnd the WO 2005/ 077935

1182005/ Ooautlon c:JLf1 ?3R,4R,58)—1-{[(38.4R)-4-(2,4-diﬂuorophenyl)pyrrolidin-3-yl]carbony|}-3,5-

10 dimethyi-4-phenylpiperidin-4-ol hydrochloride, from Example 24 (200mg, 0.44mmol), 4-
chloropyrimidine (Biorg. Chem. 30 (3}, 188, 2002) (140mg, 0.88mmol) and triethylamine
(250uL, 1.80mmol) in N,N-dimethylformamide (3mL) was heated at 80 °C for 3 hours.
The reaction mixture was cooled to room temperature and the solvent removed in vacuo.
The crude residue was partitioned between ethyl acetate (5mL) and water (5mlL). The

15 phases were separated and the organic phase was washed with 1M sodium hydroxide
solution (2 x 20mL) and brine (1 x 20mL), dried over magnesium sulfate, filtered and
concentrated in vacuo to give the desired compound as a yeliow foam, 192mg (81%).
This was converted to the hydrochioride salt by treatment with 4M hydrogen chloride in
dioxane followed by evaporation of solvent to give a yellow ail. The oil was triturated

20 with diethyl ether to produce solidified product which was then isolated by filtration.

C 'H NMR (400MHz, CD;0D) (Rotamers) & 0.32-0.58 (m, 8H), 0.75-2.08 (m, 2H), 2.67-

3.23 (m, 2H), 3.60-4.47 (m, 9H), 6.84-7.40 (m, 8H), 8.19 {t, 1H), 8.71 (m, 1H)
LRMS (ESH+) = 493 [MH"]
[alo® = -54.71 (¢= 0.35, MeOH)

25
Example 43

cyclopropyi-3.5-dimethylpiperidin-4-ol hydrochloride

p%

HC!



residual solid was triturated with diethyl ether (10 nlL), filtered and dried
In a vacuum oven to give the title conmpound as a white solid, 116ng. 'H NWMR
(400MHz, C D3OD) (Rotaners) 40.31-0.76 (m 7 H, 1.81-2.00 (m 1 H), 2.65-
2.81 (m 1WOHp0s/379%88 (t, 0.5H), 3.48 (m 2H), 3.66-3. 8kCTuB208H4p0208. 89 (m
1H, 4.03 (m 5 1H), 4.34 (d, 1 H),1127.04-7.27 (m 4H), 7.46-7.60 (m 2H).
LRVS (APCI) 451 [WMHL [ 250= -65. 29 (c 0.17, McOH). Exanple 46 10

3R4R. 5S) -1 [ l,C, 3, 5 di
ot i 4. 47 WS paRadho e brbberbd BRANE Al %""”"’éF{"*[“"Q*Ff“L R R A
(1F NF S@Iﬁﬁrllﬂﬁih\)dﬁomﬁtI-@FC"hEdTWeE@ﬁmle@ conpound was prepared fromthe

conpound of 1 C for
o ARRR{0DIAR, G8.OpY (ﬂotgma}s§ 80 19154164 S4m ¢ 81b od g é“”gﬁ% -

0.83-2.06 (4xBrd™ %‘ﬁ%ﬂ4915&ﬂ?%3@m(m12'%+§15é0fd"1(8 )GWW 1H). 508 (M, 2H)
35638%(2‘4311&9,_764 4.05 (m 1H), 4.34 (d, 1 H, 7.02-7.23 (m

3 7. 51 APCI = 483 [VHL 0] 5D= -55. 67 = 0. 26,
SO #3@%%! 3%55\% (Rt [MHL [0] (c

(3R 4R, SS) lo)f% €38, 7Re=4-382M808B) f | uor ophenvl ) - 1- ovri dazi n-3-vl pvrrolidin-3-v
| I carbonvl)- 3. 5-di nethvl -4oyridi n-2-vl pi peridin-4-ol hydrochloride HOF N
F N HC 25 The title conmpound was prepared fromthe conpound of Exanple 23
and 3- chl o@mple_d&m ne (J. Med. Chem 30 (2) 239 1987) by a simlar

met hod t . 4 g\ Ot amers) 6

0.46-0.6

( it
C F

The title compound was prepared from the compounds of Example 23 and 4-
chloropyrimidine {Biorg. Chem. 30 (3), 188, 2002) by a similar method to that described

15 for Example 42.
'H NMR (400MHz, CD,0OD) Rotamers 8 0.45-0.65 (m, 6H), 1.07-2.50 (m, 2H), 2.66-3.28
{m, 2H), 3.79-4.52 (m, 8H), 6.90-8.26 (m, 7H), 7.96 {m, 1H), 8.56 (m, 1H), 8.73 (m, 2H)
LRMS (APCI+) = 494 [MH"]
[alo® = -30.35 (c= 0.30, MeOH)

20

C Example 45

3R 4R.58)-4-(3 4-Difluorophenyi}-1-{I(38.4R)-4-(2 4-difluorophenyl olidin-3-

yllcarbonyit-3,5-dimethylipiperidin-4-ol hydrochloride
F
0
HO. N C(
p ’&_j E
SN

25 To a solution of terfi-butyl (3R,45)-3-(24-diflucrophenyl)-4-{[(3R,4R,5S)-4-(3,4-
difiuorophenyl)-4-hydroxy-3,5-dimethylpiperidin-1-yllcarbonyi}pyrrolidine-1-carboxylate,

from Preparation 63 (176mg, 0.32mmoal) in dichioromethane (2mL) was added a solution
of 4M hydrogen chloride in dioxane (2mL) at room temperature. The reaction mixture
was stirred ovemnight at room temperature. The solvent was then evaporated and the



(3 xm 2H), 3.78-4.27 (m 7H), 4.48 (m 1H), 6.98-7.22 (m 2H), 7.49-8.29
(m 5H), 855 30 (d, 1H), 8.65 (t, 1H), 8.73 (d, 1H) WD 2005/077935

PCT/ 1 B2005/ 000208 114 LRVS (APCl) 494 [MH] [a] 025 = -21.45 (c= 0. 27,
MeOH)  Exalf9 803437955 PCT/IB2005/000208

(3R, 4R 5S)- 1- (f(3S. 4R) - 4- (4- Chl or ophéh1 ) pvrrol i di n-3-vl | carbonyl }- 3, 5- di net
hyl - 4- phenyl pi peri di n-4-ol hydrochloride cI 0 HONHCI / The title

conpound waseQdRPabiRtwhs efitrbida valndaHy ol (RY aldr MlefcdnarPadpd m Slddular "
procedure to that descrjbed fo%dgégg‘}hite 45. ~r 10 'H NWMR (400IvH7-, CD30D)

(Rot amers) I9VED Py he g rorppgu ?gféidimer%, 2.57-3.03 (m 2H),
3.25-3. 72 (rtH NHR,(480MIGz, T B0 Rofehlers) 410201 -0.M6 (Y H), 71872004/, (IR), 265-. LRVE
g_Af(C'g)R a3 108 1lna,[1a.%r%.2§.1ﬁ @, P81 3.485m, Fmy 6856 m, 39, B, G %.03 (m,

(3S. 4R) - 151 elH)- 484 (d, 18}, (D447 27 (rh,uibt). op#ne0 pyv2Hol i di n- 3-vI | car bonyl } - 4-

hydr oxv- 3. 5-q§ ' L@ n-4-yl |l benzonitrile o F HONF N NC + HCl The
title comouLﬁiﬁgA;ﬁddf‘iédégyggjfromthe conpounds of Preparations 1 and 72 by a
20 met hod silAiToar-6689{¢a0. idetePHbed for Exanple 9. 'H NMR (400 MHz, CD30D) S
(Rotaners), 0.31-0.59 (m 6H), 0.83-2.08 (m 2H), 1.55 (s, 9H), 1.60-2.07
(m 2H), 2.68-3.20 (m 2H), 3.20-4.12 (m 5H), 4.29 (m 1.H, 7.05- 7.15 (m
3H), 7.62-7.5@mped®H)  8.10-8.20 (m 2H) LRVS (APCI) = 496 [MH ] 25 [a] 250

= -97.7 (6 F3R4R>S 4R)-4-(2.4-Difluorophenylpyrrolidin-3-yllcarbonyl}-3,5-dimethyi-4-[4-
{triflucromethyl)phenyilpiperidin-4-ol hydrochioride

C e

-HGI

The title compound was prepared from the compound of Preparation 66 by a similar
method to that described for Example 45.

15 'H-NMR (400MHz, CD,0D): (rotamers) (100.31-0.56 (4xd, 7H), 0.83-2.06 (4xbm, 2H),
2.69-2.90 (m, 1.5H), 3.16 (t, 0.5H), 3.50 (m, 2H), 3.56-3.82 (m, 3H), 3.91 (m, 1H), 4.05
(m, 1H), 4.34 (d, 1H), 7.02-7.23 (m, 3H), 7.51-7.69 (m, 3H).
LRMS (APCI) = 483 [MH"]
[01%p = -55.67 (¢ = 0.26, MeQOH).

20

L Example 47

3,5-dimethyl-4-pyridin-2-yipiperidin-4-ol hydrochloride

F
o Q
HO N o
SV
= N
éf;f Hel
N
25 The title compound was prepared from the compound of Example 23 and 3-
chioropyridazine (J. Med. Chem. 30 (2}, 239, 1987) by a similar method to that described
for Example 31.
*H NMR (400MHz,CD50D) (Rotamers) 5 0.46-0.66 (m, 6H), 1.02-2.49 (m, 2H), 2.65-3.28
(3 x m, 2H), 3.78-4.27 (m, 7H), 4.48 (m, 1H), 8.98-7.22 (m, 2H), 7.49-8.28 (m, 5H), 8.55

30 (d, 1H), 8.65 (t, 1H), 8.73 (d, 1H)



Exanpl e 50 (3R 4R

5S)-4- (4-chl orophenyl )-1-ff(3S. 4R)-4- (2, 4-di fl uorophenvl) - 1-i sopropyl pvrroli
di n-3- yl I carbonyl}-3, 5-di et hyl pi peri di n-4- ol hydrochl ori de WD 2005/ 077935
PCT/I82005/§00208 115 OF HONC~ N 'F .HC The title conpound was
prepared fYBAHPRE & npounds of Prepa %Daons 33 and 43 BYVIB2RSMPEE et hod to
t hat described for Exanple 9. 'H NI\/RE 0D, 400MHz): (Rotaners), 0.30 - 0.54
(3xd, 6H) 0.81-2.18 (3xm 2H), 5 1.37 (m 6H), 1.55-2.28 (3xm 2H), 2.65(m
1H ), 3.11 {RMSI@PEN) 4MHA. 31 (m 1.H), 6.80- 7.05(m 5H), 7.30-7.65(m 2H)
LRVS ( APCI) 2492 J—o.‘L?*\{% -43.8 (¢ = 0.35, MOH) C 10 Exanple 51

(3R 4R 59) - If]] uorop ) 1-f f (3S.4R)-4-(2.4-d ifluorophenvl)-1-
isopropylpyrrolldln 3-vl |l carbonvl) -3, 5-di net hyl pi peridi n-4-ol hydrochl oride
O F HON ~gvombleMsF @ HCl F 15 The title conpound was prepared fromthe
conpounds OF‘WE!D‘EI’atlons 39 and 33 by a siml ar met hod to that descri bed
for Exanpt e SRARISSIEH(33ARMA-Chiormphenyl glif ‘ Rddf Axd, 6H),

1.36-1.41 ( oridh 56 haSbie 1H), 2. 66-2.81 (m 2r), 3. % (t, 1H),
338349(me3_61_’3&707—1H), 3713@3(m 2H), 3.90-4.05 (m 2H),
4.35 (dd, 1H), 7.02_-7.31 (m 5H), {.57-4 20 1 H). LRVB (APCl) = 493

[MH]. [~r0=-49.77 (c = 0.21, 52 25 (3R 4R 5S5)-4-(2
4-di fl uorophenyl)-1-ff(3S. 4R) - 4- (@ Iu rophenvl) 1-

The title compound was prepared from the compound of Preparation 69 by a similar
C procedure to that described for Example 45.
10  'H NMR (400MHz,CD,0D) (Rotamers) & 0.14-0.46 (m, 6H), 0.42-1.93 (m, 2H), 2.57-3.03
(m, 2H), 3.25-3.72 (m, 6H), 3.76-3.91 (m, 1H), 4.20 (m, 1H), 7.07-7.42 (m, 9H).
LRMS (APCI) 413 [MH"]
[a]o® = -122.15 (c= 0.36, MeOH)

15 Example 49
4-({3R 4R 58)-1-{[(3S.4R)-1-fert-butyl-4-(2 4-diflugrophenyl)pyrrolidin-3-yllcarbonyi}-4-
hydroxy-3,5-dimethylpiperidin-4-yl)benzonitrile

A

C The title compound was prepared from the compounds of Preparations 1 and 72 by a
20 method similar to that described for Example 8.
'H NMR (400 MHz, CD,0D) & (Rotamers), 0.31-0.59 (m, 6H), 0.83-2.08 (m, 2H), 1.55
(s, 9H), 1.60-2.07 (m, 2H), 2.68-3.20 (m, 2H), 3.20-4.12 (m, 5H), 4.29 (m, 1.H), 7.05-
7.15 (m, 3H), 7.62-7.73 (m, 2H), 8.10-8.20 (m, 2H)
LRMS (APCH) = 496 [MH"]
25 [a]*p =-97.7 (c = 0.30, MeOH)

HCI

Example 50
(3R.4R 58)-4-(4-chlorophenyl)-1-{[(3S.4R)-4-(2 4-diflucrophenyl)-1-isopropyipyrrolidin-3-

yllcarbonyl}-3,5-dimethylpipetidin-4-ol hydrochloride




iso ro ylpyrrolidin-3-vllcarbonvl}-3 5-dinethvl pioeridin-4-o0i hydrochl oride
Fo FHOF F\ HCQ The title conmpound was prepared fromthe conpounds of
Preparati oq and 49 by a simlar nethod to that described for Exanple

WO 2005/ 07‘)‘@5’ P13 B2005/ 000208 116, H NVR(CD30D, 4085200748t %ner s)
0.34 - 0.52 (3xd, 6H 0.79 -1.20 (3xm~ 2H), 139(m 6H), 1.49-2.30 (3xm
2H), 2.65(m 11-1), 3.19 - 4. 21(m 71-1), 4 35(m 1 , 6.80- 7.18(m 4H),
7.28-7.75(m 2H) LRMS (APCl) 493 [M—I 3 [0 = -49 8 (c = 0.33, MOH)

Exanpl e 53 (3R 4R 5S)-1- 1(38 4R) - 4.
| uor ophenvl) - 1- et hyl pyrrolidi n- 3- v (3-

fl uor ophenyl) - 3, 5-di net hyl pi peri di hIorldeF O\ HON 'F F, [/
\\\i, .HCl 10\ The title conpow vvas prépared fromthe conpounds of

" AR 0B B REap O s prEhaib RinTIEL U foadhab I8 ErdiBRib gL b0 B B AT, ©
il_%l(m i?g{?mmmetmdaéimtO@e(t:ﬁheﬂforzlliaamme55(m 1H ), 3511 - 4. 20(mI 71- i??lvs
(APCl) = 4613[?\1/@?@3[0@ Rag)"frsg égémog“%%@ OBngaﬁBg 24 58 (3S
4R) - 1- ter5 Bt &/, £H).21 ﬁﬁaﬁ-ﬁl(iﬂfm SpheRA(pi .31 1 ﬁéBQD»c%H)b‘b?eWTl d- Ha)cfﬁ g0-
hydr ochl or i depdim, 59, 7.30-7.65(m, 2H)

LRMS (APCI) = 492 [MH"]

[0 = -43.8 (c = 0.35, MeOH)

C

10 Example 51
3R 4R .55)-4-(3 4-difluorophenyl}-1-{{{3S.4R}-4-(2 4-diflucrophenyh-1-

15 The title compound was prepared from the compounds of Preparations 39 and 33 by a

similar method to that described for Example 8.

'H-NMR (400MHz, CD;OD): (rotamers) O = 0.30-0.59 (4xd, 6H), 1.36-1.41 (m, 6H),

1.66-1.98 (m, 1H), 2.66-2.81 (m, 2H), 3.12 (t, 1H), 3.38-3.49 (m, 3H), 3.61-3.70 (m, 1H),
3.71-3.83 (m, 2H), 3.90-4.05 {m, 2H), 4.35 (dd, 1H), 7.02 ~7.31 (m, 5H), 7.57-7.68 (m,
("' 20 1H).

LRMS (APCI) = 493 [MH".

(01 = -49.77 (¢ = 0.21, MeOH).

Example 52
25 (3R.4AR.55)-4-(2 4-diftuorophenyl)-1-{I[{38,4R)-4-(2 4-difluorophenyl)-1-

isopropyipyolidin-3-yilcarbonyl}-3.5-dimethylpiperidin-4-ol hydrochloride

@@%f

The title compound was prepared from the compounds of Preparations 33 and 49 by a

similar method to that described for Example 9.



F M To a stirred solution of nethyl

(3S,4R)-1-tert-butyl-4-(2, 4-di fluorophenyl) pyrrolidine-3 carboxylate, from
preparation 2 (6.1g, 20.5mml) in diethyl ether (60nL) at room tenperature
under dry Wptzp‘l?@é??3§/\/as added potassi um tri net hyl si | anoPE¥/EB20e5/08¢308 25
24.6mol) in a single portion. The ré&¥ulting mixture was stirred at room
tenperature under dry nitrogen for 24 hours. 4M Hydrogen chloride in di oxane

(60nL) was tm«m@;es A0ShaL11° (RS, L il @'l 79 Ao A 26V

nitrogen at room concentrated 1 n vacuo to
afford the Hya?r(ﬁbﬁﬁbﬂr@ez 3G (mgH}, I?@sfm:ﬂ"b) 3&8@63“&’ &0 EHL A8

cont ai ni ng pqtgﬁﬁamnygw ;ﬂez]-()S 4g, ca. 100%. 30 'H NWMR (400 MHz, CDCI 3)
8H 1.40 (9H, s) QF@E o 3.90 (4H, m, 7.00 (2H, m, 7.60(1 H m;
LRVE (APCI) T84S (AR5 WD 2005/ 077935 PCT/ | B2005/ 000208 117

Al t er nat |5/e[mﬁ5hodg(3l(seloeﬁ3|, moal$ zwW tterion) A solution of Iithium hydroxide
(0.93g, 39mmmol) in water (15nL) was added dropwise to a stirred suspension
of (4S)-4-benzyl-3-J(3S, 4R)- l-tent-butyl-4-(2,4- 5

di f1 uor ophe@‘e_u)lg!g__ol i di n-3-yl]carbonyl)-1, 3-oxazolidin-2-one, from
preparation hg resulting
reaction m QR _‘ S&R 2 d#lubﬁpﬁ@&ﬁ#%&@&%lﬂwﬁm%m&

di | uted wit fluopaphanyl)s Hy ' gghidiideet hyl acetate (4 x 150ni). The

aqueous | ayer was separ at ed, treat ed Wlth 2M ageeous hydrogen chlori de

solution (19.5n), concentrated to d azeotroped with 10 tol uene (5
50nm.). The residual white solid %ﬁ ed i n dichloronethane (40n1)

%d i nsoluble lithiumchloride wa y filtration. The filtrate was

then evaporated to afford the proddct as d\v\h‘F'te foam 5.05g . M5 niz

(APCI "): 284 [MA; 'H NVR (CD3CD, 400MHz) 6144% 9H), 3.36 (m 2H),

3.64 (t, 1HTheditlesompeundwas prepated fram thepomppungds of Preppgations 4Band75 byp. 15

Prepar ati on ggy %%%d@@&aﬂ@s’cﬂbéd%tt&ample 9. _
but yl - 4(24d|fluoroohenvé e-3-¢ o a stirred

ate F_ 2., F T
sol ution of HEYMFICROP) 4580M (E'Ptfﬂinﬁﬁﬂ ofb%?eﬁy? ?%é%gﬁ 8he PAsrh9s Syar Zbhon 3
ﬁf((lgﬁ 50. 1t :ﬁvm) ars4-2,05(3xm, 2H), 255(m 1H )I 3|1)1 - zttﬁO(lnri 7H),431(r£| 1.H), 6.85-
nmet ho | yl ) met hyl | pr opan- am ne
(prepar aﬁ/gﬁ fl"é gggpr%d"@#‘éﬁ'j E’ﬁ Ior onet hane (200nL) at room
LRMS (APCI) 461 [MH")
[0 = -57.3 (¢ = 0.35, MeOH)

Preparation 1
20 (35.4R)-1-tert-Butyl-4-{2 4-difluorophenylpyrrolidine-3-carboxylic acid hydrochloride

N

4\ HCl

To a stirred solution of methy! (3S,4R)-1-fert-butyl-4-(2,4-diflucrophenyl} pyrrolidine-3-
carboxylate, from preparation 2 (6.1g, 20.5mmol} in diethyl ether (60mL) at room
temperature under dry nitrogen was added potassium trimethyisilanolate (3.5g,

25 24.6mmol) in a single portion. The resulting mixture was stirred at room temperature
under dry nitrogen for 24 hours. 4M Hydrogen chloride in dioxane (80mL) was then
added and the resulting mixture was stirred under dry nitrogen at room temperature for
30 minutes, then concentrated in vacuo to afford the hydrochloride salt of the title
compound as a white solid containing potassium chloride (8.4g, ca. 100%).

30 'H NMR (400 MHz, CDCly) 8, 1.40 (9H, s), 3.45 (2H, m), 3.90 (4H, m), 7.00 (2H, m),

. 7.60 (1H, m); LRMS (APCI) 284 (100%) [MH"].



tenperature under dry nitrogen was added trifluoroacetic acid (0.39n,
5.1mml). The resulting mxture was stirred at room tenperature under dry
nitrogen for 17 hours. To the reaction mxture was then added a further
porti on ofwdkosetrmssxynet hyl)-2-nmethyl -N 25 PCT/IB2005/000208
I (trimethylsilyl)methyl]propan-2-amy@é (from preparation 4) (3.9g, 19.2mmmol)
and trifluoroacetic acid (0.39nL, 5.Immol). The resulting m xture was
stirred at room tenperature under dry nitrogen for 18 hours, then quenched
by the addition of saturated sodium bicarbonate solution (200nL) and
extracted wakeina hetbfisplation 3s gwitéidn) . The conbi ned organic | ayers were
dried (nmagngsi A=t | I | : e
resi due vvasggﬁrl fgﬁﬁt@“y‘@aﬁy F’;ld&(!td%?rgtg g% %ﬁ@ﬁﬂ@gﬁ%ﬁ%@%own%t%q?gg@gigem
(Combi Fl ashar) SpRfiat | GSBSSM SgorL00c(48y Hoens)-3lpHARK ! Frbbivck@d- col urm
(Redi sepBM EngarasramySoyrelidiBSyéborlyl ASdloka2biRRTES- 8, AP iRImDY preg&rtiort0 28p COI Urm)
eluting with 5% ethyl %:],etate I n LEentane I ncreasing polarity wwth a |inear
gradi ent up{&%P9. 1869 tetighyprofusan, (RAmldy & he Sesultind Jeaction griturewas theki due
w?s th hlen sugtjra;atadoebm tempéralure3for HBLtﬁu(’@|dil|t|tédil%%&r?&ﬂ)mm?&tég%@%g0208
al cohol at nJ m.n,at l.ent tenperature 5/ Q77935 . | B2005
116 0n a P PR EIOEEh S8 him e IS 2y o5 e Fepar1E0. dEeeleAa N ARG of
the title byhpgamndhiords sbiutien (HEsGngl)atendeetratedtrtandriress rantl, azeottopdd edth was
obt ai ne S S r i ' r.(r b Ont ] as a
dear of 110 gioRe oSl he Qe B R SOIE wes GO Bl db R )
@i ral HPLCand inkolulle dithiunt ehlorive avas aerooned Hy fiitationd aFhk fillTdte was thesievepbratadint | oner
s obtai ne 4 C nent (Enantionmer 2, retention tine
8.7 mn) %@"?ﬁ%ﬁw&&h‘%ﬂ@ﬂ 058 "(9H, s), 2.80 (1H m), 3.00 (1H,
nm, 3.15 (3MS myz (AP@0: 2HHMETY; HNWB (COPDY0OMHBG {2H(s. (BH), F.3a0m(2H, m);
LRV (APCl) 9 il r ' 3
(2E)-3-(2. 43§?§13g‘?%p 5e@wl']gb3r-§€gﬁeﬁg?§-§?:ﬁ%l)< 7%5&]%8%0 a sol ution of
2, 4-di f I'®or oci nnami ¢ aci d (20g, 1 35mml) in N, N-dinethylformam de (500nl)

at room t enpgdnatdiibg ounder dry nitrogen was added potassium carbonate (90g,
15 675nmmpl) Then 10 orr19t hane (21nL, 3?57'5 ol } The resulting m xture was

stirred at MsH GBS -d igigg-3-ga lepef ore being
guenched by the addition of water (I @’extract ed with diethyl ether (3
F

x 200nmL). The conbi ned organic ext re dried over magnesium sul fate,
filtered, and concentrated in vacuo.

) v
A<
To a stirred solution of methyl (2E)-3-(2,4-diflucrophenyl)acrylate from preparation 3

20 (10g, 50.55:wmol} and N-{methoxymethyl)-2-methyl-N-[(trimethylsilyl)methyllpropan-2-

amine (preparation 4) (10.3g, 50.5mmol) in dichloromethane (200mL) at room

- temperature under dry nitrogen was added trifluoroacetic acid (0.39mL, 5.immol). The
C' resulting mixture was stirred at room temperature under dry nitrogen for 17 hours. To the
reaction mixture was then added a further portion of N-(methoxymethyl)-2-methyl-N-

25 [({trimethylsilylymethyl]propan-2-amine (from preparation 4) (3.9g, 18.2mmol) and
trifluoroacetic acid (0.39mL, 5.1mmol). The resulting mixiure was stirred at room

temperature under dry nitrogen for 18 hours, then quenched by the addition of saturated

sodium bicarbonate solution (200mL) and extracted with ethyl acetate (3 x 75mL). The

combined organic fayers were dried (magnesium sulfate), filtered, and concentrated in

30 vacuo. The residue was purified by an automated flash column chromatography system
(CombiFlash® Separation System Sg 100c by Isco) using a pre-packed column

(Redisep™ Disposable Columns for Flash Chromatography by Isco, 40 g column)

eluting with 5% ethyl acetate in pentane increasing polarity with a linear gradient up to

100% ethyl acetate over the course of 1 hour. The residue was then subjected to chiral

35 HPLC (eluting with 95:5 hexane:isopropyl alcohol at 80 mL/ min at ambient temperature



resi due was purified by an automated flash col umm chromat ography system 20
(Combi Fl ash(r) Separation System Sg 100c by |Isco) using a pre-packed col um
(Redi sept M Di sposabl e Col uims for Flash Chromat ography by Isco, 120g col umm)
el uting wi VR 29BNy acetate in pentane increasi ng poPEFiRpos/m0s | i near
gradient to 10% ethyl acetate in penl® ane over 1 hour to afford the W
conpound as a white solid (20.5g9, 77%."'H NVR (400 MHz, CDCI3) 8H 3.80 (3H,
s), 6.50 (bH, adl)!'uraﬁaiBBD(SQO*BD ), coluntr) 6 ldfford e dPsired. e?ﬁntjo‘méﬂ oftthe tHEBIVG
(APC) 218II\/N . ati on. ( thyl - N-f
(i met hy | SBPo e 1 dssiaidhS MR et 1t il bbbk BR! Y

2- Met hy| - Nfgister( memnglamaht}d")a"rételtﬂ}ﬁiprp tioea® -niinites)nas & feamoiir(6gr 80%pwith)

(4.31g, 27 >, 29m_,

5T ol ) SAgemeRE eGP - 3P obERHEEEhP L RS TR IR ERS, ebdrg

m nut es. Tﬁ@ﬂﬂéﬁeﬁ@@éﬁ@@ﬂﬁdn@%ﬂm@f Wiass obtelned g the Stpwerfeliting ¢emmoserind t hen
solid pot a%éh&ﬁbﬁn@ifb%?ehﬁor(tﬁﬁésf’ferﬁ#ﬂ ) ' Nw@@&oo‘&@@%ﬁ%ﬁ% (9H, 5), 2,80

PCT/ 1 B2005/°000208 83 w as_ adde he mxtures tirre or 30
m nutes at (BHan), B (I1ﬁy6‘9531/5e H, MehBl fb @) 3R (1heMadi RO, Hﬁagéoéldract ed
wi th ethyl r@cghggq,q(.a@n)ggg@mg%) [Mi#g. conbined organic layers were dried over
sodi um sul fate, | tered, and evaporated under reduced pressure to give an
80: 20 ¢< re of t etitle conmpound and u nreacted t ert 5

but yl [ ( | )methyl Jami ne as a colourless oil (5.09g). The mxture
was used dngieg (25)-34214hdmitordpheby@atrviatg | fication in preparation 2. '"H NWR

00 MHz, CD30D) 51 -10.04 (s, 9H), ;\g‘%ﬁp 9H) 2.27 (s, 2H), 3.34 (s,
n

, 4.17 (s, 2H). 10 Preparation b yl -
(trimethylsilyl)nmethyll propan-2-am A procedure is givenin J. Og.

Ch 53(1 194, .1988, f0 h hi.s. d

Al '? (ranr nat |(v)ér°p? 38@8?”8 23?@'"%70\3@ @I cf\/é Zﬁgsg‘ﬁﬁ?“'&}i'" 'gﬁ ’%‘%ﬁ&"ﬁ?ﬁt’"ﬁ% met hyl
si | ane (50d¢500MIGratodom metmmubmwmmtmger( waadded potedsiumdzaybamater (80N was
heat ed t ' . | d by th
addi t1 016 oo IRy PefioRdAeGthd Ay, 357 8 fmiGghe tEslnd mELRIRESEREPEE, Y\ 02
extract ed wpeorh tethparatyte lmdhedlv(nﬂmﬂenmﬂr'T’Ll)OUsmbe@rhé)Bmrﬁblien@‘@dcwgbmadﬂlﬂoayers 20

tormouns. ndl S o ohid 9 o, SHEREPROBErk i IRRE olbsS o,
s), 1.05 (Spraglywete g@ec{@ﬁr rrgggnesmm s ulfate, filtered, and concentrated /n’vacuo. The
residue was purified by an automated flash column chromatography system
20 (CombiFlash® Separation System Sg 100c by Isco) using a pre-packed column
(Redisep™ Disposable Columns for Flash Chromatography by Isco, 120g column)
eluting with 2% ethyl acetate in pentane increasing polarity in a linear gradient to 10%
ethyl acetate in pentane over 1 hour to afford the {itle compound as a white solid (20.5g,
- 77%). "H NMR (400 MHz, CDCls) 84 3.80 (3H, s), 6.50 (1H, d), 6.85 (1H, m), 7.50 (1H,

25 m), 7.75 (1H, d); LRMS (APCI) 216 [MNH,'], 199 [MH"].

Preparation 4
N-{Methoxymethyl)-2-methyl-N-[(trimethyisilylimethvi]propan-2-amine

N

SO NS
30 '
2-Methyl-N-[(trimethylsilyl)methyllpropan-2-amine (from preparation 5) (4.31g, 27mmol)
was added to an ice-cooled mixture of methanol (1.29mL, 31.8mmol} and aqueous
formaldehyde (37% wiv 2.49mL, 33mmol) over 45 minutes. The heterogeneous mixture

was stirred at 0 °C for 2 hours and then solid potassium carbonate (325 mesh) (1.08g,



Al ternative preparation: Chloronethyltrinethylsilane (100n., 730mmol) and
tert-butylam ne (250nL, 2400mmvl) 25 were placed in a seal ed bonb and
heated witQ Vi stirring for 18 hours. On cooling_ to roomtenperature,
the slur ryu&ioﬁﬁﬁgﬁgdr ochloride saltsproduced and resP&taP2eAEEYE
tert-butylam ne were poured into 4M $8di um hydr oxi de sol ution (500nL) and
stirred vigorously for 1 hour. The aqueous |ayer was separated and the
organi c | ayeramwas) was b tdezda v g@rr@blﬁli'e/s titedT on@d @vintdx a b0 Ol )The iliRrLweRs S

-b I | ubl t.he. d
tert bt 1 PRy P Yt iokodk, i el Bl orgie, @t gy Therne
resi dual or gambined aygemiclayerd weexldriedarves smfiumsgiatd, dttered cargli evaperatedninder | v

pure tert trl ' Vi t (

i oct |y n ok ArbatSdY) Gl SLACERS koDt A8 iHoun B GnRRRGH3ER 1
CD30D) 0. 05 t(t&ll[(tém}ethylﬁll)@me(lyllargw a8169®lquslesszpy .(5.089). Frhepeixéure ovascused
(3R 4s.59) - @tg/z\kl{hoﬂﬁﬁﬁﬁé ?ﬂﬁffééltlér?’m%réﬂa%&)n‘él pi neridin-4-ol WO 2005/077935
PCT/ | 8200510002 rl O

(3R 5S)-1- Be j}MR@@MH#&%QQ)@pQM@ §HA-loHds (Pepdr &4 2He.coIdisnd) 617
preparation (84¢H). al so described in J. Med. Chem 7, 726, 1964] (36g,
166nmol ) was dissol ved in anhydrous tetrahydrofuran (331nL) in a

fl ame-dr hed prepsitighgler an at m)sphere of dry 5 nitrogen. The solution was
cooled to -7 cl ohe esiumchloride (2M solution in
t et r ahydr of mhwf@e LP ﬁﬂg—%ﬂ%d dropwi se over 2 hours. The

reaction mxture was allowed to reach roomtenperature slowly over 18 hours.
he reaction was quenched by the caut s addition of water (1 L) and
Iluted with ethyl acetate (IL). Theo%%ﬁl c layer was separated and washed
with water (2 x IL), then 10 brine. After dryi ng over anhydrous sodi um
sul fate, andA fprédedarei lergivenhia $00mgt iGRemnaS(1)e i@ o8B ddr the preparbtiomwoiothisy

resi due gre'a vnéﬁ'gédlﬁg% iy Eﬂo@édu\‘@s fﬁa%{}}é\ dPy flash chromatography on

silica g atc es e acetone in hexane. This afforded
t he desired Aspletinnof gilgremeiiyitrmetivh sianad 8P 488moel)andi tag-butrlamys (80mbsi dual

1- benzyl - 3, pyge argtrmf&%a@.wpsg h&‘étfh a4t 9(51? c%a%ﬁﬁlbﬁ%ﬁéjfo?m Hﬂu%fon]s%elng
Preparation 7 ohexvl - 3. 5- di pet hyl pi peri di n-4- oi
quenched by the addltlon of 2M sodlum hydroxide solution (700mL). The resultmg

mixture was extracted with diethyl ether (3 x 100mL) and the combined organic layers

I_.

20 were distilled under dry nitrogen at 1 atmosphere to afford the title compound as a clear
oil (62 g, 96%). "H NMR (400 MHz, CDCl3) 8, 0.05 (9H, s), 1.05 (9H, s), 1.95 (2H, s).

Altemative preparation:
Chloromethyitrimethylsilane {100mL, 730mmol) and tert-butylamine (250mL, 2400mmol)

C' 25 were placed in a sealed bomb and heated with vigorous stirring for 18 hours. On cooling
to room temperature, the slurry of the hydrochloride salts produced and residual excess
tert-butylamine were poured into 4M sodium hydroxide solution (500mL) and stirred
vigorously for 1 hour. The aqueous layer was separated and the organic layer was
stirred vigorously with water (3x 500mL) (the excess ferf-butylamine is very water

30 soluble, the product tert-butyl-trimethylsilanylmethyl-amine is only sparingly soluble).
The residual organic layer was dried over sodium sulfate to give essentially pure tert-
butyl-trimethylsilanyimethylamine (105.4g), which was used directly in preparation 23
without further purification.

"H NMR (400 MHz, CD30D) 0.05 (s, 9H), 1.05 (s, 9H), 1.95 (s, 2H).
35

Preparation 6
(3R 45.58)-1-Benzyl-4-cyclohexyl-3.5-dimethvipiperidin-4-ol




NH ¢ To a solution of

(3R 4s, 59) - 1- benzyl - 4- cycl ohexyl - 3, 5- di et hyl pi peri din-4-ol, from 20
preparati 76mmol ) in methanol (762nmL) was ad formate
(24. 07g, qg(_f%o(sﬁ'?-gand pal | adi um hydr oxi de (35% 40. 25 ?W%@W

hydrogen chloride in nmethanol (20nm). The reactiBh'?Pask'mb§ Tlfted mnth a
condenser and heated in an oil bath at 60 C for 2 hours. The m xture was
then filtered through Celite(r), washing t filter cake with ethyl

acetate. The filtrate was concentr at e ) uo and 25 then basified with 5M

sodi um hydr oxi de sol uti on and extr agtet h ethyl acetate (ca. 600nL). The
organi c |ayer was washed four tines th 5M sodi um hydroxi de sol uti on and

th Iti d hyd f at
[rracron CRaSHERRNARSFbnEbstubtohe TBPElR; Bodaind o Wertelhofhouna as
a white powdiso destobed BEY Meucmﬁneﬂz 7[2M-|1}364]10669]NHBQM:@6|)M&3 di€ifed)in8 0. 84

(6F 41, 0. Sinflls khbhyoudR (45055 S e ced sk tnadan dnbrbe 3 b ™

e‘re reochem st
est abl i shed niipgsn.r' e wlytionavdswepoledHy, —78r¢ ang mioaem'n@t;nnslum ¢hinside (2M

i et byl - 4- phiotor BRI GonPE LR ‘T =% B LA <388 B2mh pler¥ pousy T 05

PCT/ | B¥005/ @mg@ mu@grf wag aliyyesk foofeagh room temperature slowly over 18 hours. The

(3R, 4s. 55) - k&@&iWas”qﬂéH&ﬁéd‘ Bredbdimblay bdﬂlﬁbﬂréfdh&eﬁt‘@) anhinﬁted with ethyl

(3R, 5S)-1- Ben r]i_@ gerl di n-4-one é ared accord

preparati onafgfate é”%a- é%’ﬁ?a/%&d q\p‘agsemﬂedeﬁ as %wthwatefég]x %Q

%,Smmld) 1t;Wg$md¢ smérve:qhngnovear&Wﬂmw sbﬁhmahyﬁt@fat{]damtréﬂ&m.tf he @amu@{ waed in a
ame-dried roun ttone at.nos re.of nitro

sol ut,j on wa$ &GOT Olggcl & 7 "f: E hdesid ”ebeFy?’Br%)g ; %rﬁ'f Wd%”r(' oﬂQ:T’Fl on in

t et r ahydr of wheomatdgaph®mn, sikta8genirotwo Mei(élmdglemﬁhdhoeipmejmevmmexm e, and

the solutio e Ny ipn

it ure was Foried o dedhel aVhéncl Cobaag nARbar EAERlnY &, o pr EREN £

di | uted wi t teazyhdis-dimethpitnineritined-oney as petinaigebry \eNMBepar at ed and washed
twice wiih water before being dried over anhydrous sodium sul fate and
evapor at ed. pTé%ratfoﬁ$U|ti ng residue was purified by flash chronatography on
silica gel efuring with 15% 15 acetone in di chl oromet hane increasing sol vent
pol arity i n 2Dt abh 3edipgibdpigddin-g@l i chl or onet hane, to afford the
title corrpound(300 ng, 47% 'HNI\/R( MHz, CD2Cl2) 6 0.78 (6H, d),
0.91 (3H, t), 1.00-1.20 (2H, m, 1. 26@\%3_}‘(,2H m, 1.47-1.52 (2H,

To a solution of (3R,4s,58)-1-benzyl-4-cyclohexyl-3,5-dimethylpiperidin-4-of, from
20 preparation 6 (23g, 76mmal) in methanol (762mL) was added ammonium formate
. (24.07g, 38tmmol) and palladium hydroxide (35%, 40.25g) followed by 5M hydrogen
- | chloride in methanol (20mL). The reaction flask was fitted with a condenser and heated
in an oil bath at 60 °C for 2 hours. The mixture was then filtered through Celite®,
washing the filter cake with ethyl acetate. The filtrate was concentrated in vacuo and
25 then basified with 5M sodium hydroxide solution and extracted with ethyl acetate (ca.
600mL). The organic layer was washed four times with 5M sodium hydroxide solution
and (the resulting organic layer) dried over anhydrous sodium sulfate. After fiitration,
evaporation of the aqueous layer afforded the fitle compound as a white powder (11g,
68%). LC-MS 212 [MH']; "H NMR (400 MHz, CDCls) & 0.84 (6H, d), 0.83-0.85 [1H, m
30 (obscured)], 1.16 (6H, m), 1.63-1.83 (6H, m}), 2.62-2.29 (4H, m).
The relative stereochemistry of the product was e stablished by X-ray crystallography,
and is in accord with the stereochemistry reported in the literature for (3R,45,55)-3,5-
dimethyl-4-phenylpiperidin-4-of [J. Med. Chem. 1964, 7, 726]



m, 1.80-1.85 (2H n, 1.98-2.03 (2H, M, 2.48-2.51 (2H, m, 3.43 (2H, s),
7.21-7.30 (5H, . 20 Preparation 9

(3R 4s. 58) 4- But I-3 5-di et hyl pi peridin-4-ol HO \

(3R 4s, 59%¢ @é’ﬂi’ﬁ? 4-butyl - 3, 5-di meg hy! pi peri di n-4- oI“E"FW?HS{SP‘E?ﬁar ation 8)
(300ng, 25 1. 1mmol ) was dissol ved i Thet hanol (10nL) . Pal |l adi um hydr oxi de
on carbon (525ny) was added foll owed by amonium formate (237ng, 5.5 nmol)
and 2M hydrochloric acid solution (1.1m., 2.2mmol). The reaction m xture
was heated {o 60tC gver ni ght before being cooled to roomtenperature. The
m xture was tered through Celite(r) washing the cake with nethanol
(500mM) . ThgH44.53)d-Be ridfinet-slesi due 30 diluted with water,
the pH adjusted to ca. 12 by t he addition of saturated sodium carbonate
solution and extracted with ethyl acetate. organi c | ayer was washed with
wat er then dried over sodium sul fate dk porated to provide the title
conmpound (75 nmg, 37%. WO 2005/07793 / 1B2005/ 000208 122 'H NWR (400
MHz, CD2C12) 5 0.77 (6H, d), 0.79-0.81 (2H, m, 0.91 (3H, t), 1.11-1.96
(8H, m, 2. BR2S)UB¢RM-3,bpimetndppardin-bonel Qprépared according o preparation 14;

(3R, 4s, 55)-3,35 - R IR U, - A é\ge% p,v|1gg‘§nglmre§5dnﬂj rkéﬁ,mhg'i@s éligflve HwTO a

sol uti on of bronot ol uen xane C

under dry npeiveees teksahydiefisan 15mk)yandi plasegnin(2 ﬂgnmdrtpp tieundnecitpmed

6. 25mmol ) . Fhéer erz&ﬁnldéﬁhbfw df”ﬁﬁttré%e% Wie SbiltidneWadt cdbidd U ders e yarny tntogen
for 2 hours, tert-Buty

&:5 di met hyPUtH"T@EB?ﬁ“ﬂBr‘iféﬂ“H% (@M. goiutiony inaterapydrefiap) dp4rati Grf4mmol) ¥edny,
3nmol )10 Nadded umus@w%nbwmgas ahd&Re agbilfitn aNgk tiheh raﬂcswéd ité FefdhX ror®  WaS

hat er (10t JmPSTNpCTR feplanm e was - Tesio O 20 TR CHEIEA TS AR L e
was extract eflwaiet Bnedytéd mnteﬂtyEaéelﬁaLThaa@ambeayeo mamepar’aaemeahddvmad ded.
And oxt r aot B VEBr BASis el drpBier dnnflls SRS, Ao IR T L "
(from the erasuliiog wemduef washpurified iby feghabuesnatdgraghyor silicangele luting edthohash
magnesi U8  acetone in dichloromethane increasing solvent polarity in a gradient up to 30% acetone

in dichloromethane, to afford the fitle compound (300 mg, 47%). HNMR (400 MHz,

CD.Cly) 8 0.78 (6H, d), 0.91 (3H, 1), 1.00-1.20 (2H, m}, 1.26-1.33 (2H, m}, 1.47-1.52 (2H,

m), 1.80-1.85 (2H, m), 1.98-2.03 (2H,m), 2.48-2.51 (2H, m), 3.43 (2H, s), 7.21-7.30 (5H,

m).

20 _

Preparation 9

c {3R 45 58)-4-Butyl-3,5-dimethylpiperidin-4-ol

HO
N

(3R, 45,5S8)-1-Benzyl-4-butyl-3,5-dimethylpiperidin-4-ol (from preparation 8) (300mg,

25 1.immol) was dissolved in methanol (10mL}. Palladium hydroxide on carbon (525mg)
was added followed by ammonium formate (237mg, 5.5 mmol) and 2M hydrochloric acid
solution (1.1mL, 2.2mmol). The reaction mixture was heated to 60 °C overnight before
being cooled to room temperature. The mixture was then filiered through Celite®
washing the cake with methanol (500mL). The filtrate was evaporated and the residue

30 diluted with water, the pH adjusted to ca. 12 by the addition of saturated sodium
carbonate solution and exiracted with ethyl acetate. The organic layer was washed with
water then dried over sodium sulfate and evaporated to provide the title compound (75
mg, 37%).



sulfate, filtered and concentrated in vacuo to afford the title conmpound as
a white solid (136ng, 47%. 'H NWR (400 MHz, CDCI3) 8H 0.55 (6H, m, 2.00
(3H, m, 2.35 (3H, s), 5.80 (5H, m, 20 7.10 (4H, m; LRVS (APCl) 220
(10099 [ MPMO 208RA393314H220 [ MH' ] requires 220.1695 founii/mB2@sn@9® C
Preparation 11 teert-Butyl 122

(3R 55) - 3. 5-di net hyl - 4- oxooi peridi ne-1-carboxylate 25 NyO 0 11 11 0

(3R, 59)-1- [ f
di ssol ved :3%{‘ M{%éﬁéll\ﬁ‘zg‘%ﬁ%ﬁ gm Sgllfg tdoﬁﬁyf (%Q Fbona?’ﬂ(tgq %4?9 23mol )
was added, bl MwvkeF-864 (&b mal | adi um hydr oxi de on carbon (20% on car bon,
200n) and the reaction m xture placed under 40 atnosphere pressure of
hydrogen and stirred overnight at roomtenperature. The reaction m xture
was then fiPfegaglion H ough a pad of Celite(r) and Arbocel (r) and

concent r gt e@R 4% 535.FDinteti-LQ4-chethyiptbh fidinwlbich crystallised on standing
to afford the title conpound (5. of sufficient purity to use

directly in the next stage WO 2005/ 077&3 CT/ 1 B2005J000208 123
(preparation 10). 'H NWMR (400 MHz, 41.03 (6H, d), 1.49 and 1.52 [9H,
2 X s (Rotamers)], 2.48-2.76 (4H, m 0 24-4.53 (2H, m. Preparation 12 5
D met hyl 2. 4-di net hvl - 3- oxopent anedi 6ate 0 0 Pot assi um car bonate (325 nesh)

(298.89, 21$QmEdiltionast @%ﬁﬂtduéna (@@buﬂ ds Qrfumol nme;tdraﬂex&eom%& gnggli oat e
(150. 624, 865mm@) in tetradé/ero ur suspensi on was_heated to

45 C. | odon¥19eaAR nitiagen Wag addecrsRtyl i (ZéoMé'Hh?ﬁaBW)iz Qt‘“’-l@ 2omeelaThest e as
keep t heresQInmE riture evagadtifed 600 €C uhbier &ry witfogees Shours. etandmatwmgao 60 0C

AR LR R TS MR A
wer e concentoiehe .5mml) Was/thes added araictbe resiitieg mixmie whsnatitrby lat 0 °C under dry
2, 4-di met hyhntr§ge9?%8P§ %ti%ﬂ?sd kAL %e‘é%gg)t 0“BSwith water (10mL). 2M Hydrochloric acid
solution (10mL) was added, the mixiure was extracted with ethyl acetate (20mL) and the
organic layer discarded. The aqueous layer was basified to pH 11 with 2M sodium
15 hydroxide solution and extracted with ethyl acetate (2 x 15mL). The combined organic
layers (from the extraction of the basic aqueous phase only) were dried over magnesium -

sulfate, filtered and concentrated in vacuo to afford the title compound as a white solid

(136mg, 47%).

'H NMR (400 MHz, CDCls) 8y 0.55 (6H, m), 2,00 (3H, m), 2.35 (3H, s), 5.80 (5H, m),
20 7.10 (4H, m); LRMS (APCI) 220 (100%) [MH']); HRMS C4H20 {MH’] requires 220.1695

found 220.1693.

O

Preparation 11
tert-Butyl (3R, 58)-3,5-dimethyi-4-oxopiperidine-1i-carboxylate

25
5e.
N O
Yt

(3R,58)-1-Benzyl-3,5-dimethyl-piperidin-4-one (from preparation 14) was dissolved in
ethano! (200mL) and di-tert-buty! dicarbonate (5.08 g, 23mmol) was added, followed by
30 palladium hydroxide on carbon (20% on carbon, 200mg) and the reaction mixture placed

under 40 atmosphere pressure of hydrogen and stirred overnight at room temperature.
The reaction mixture was then filtered through a pad of Celite® and Arbocel® and
concentrated In vacue to afford a yellow oil which crystallised on standing to afford the
title compound (5.2g, 90%) of sufficient purity to use directly in the next stage



obtained as a light-yellow viscous oil quantitatively. The 'H NWR i ndi cat ed
that the 15 material was an end and keto tautoneric mxture and it was used
in preparation 13 vvithout further purification. M5 (APCf): 201 (MtH);'H NWR

(400MHz, CQg? 3.65 (s, 6H). Preparation 13 20 Di net hyl
1- benzvl -3 éoo%@%ﬁ% 4- oxop| peri di ne- 3. 5-di car boxvl at ePCIGIBR0OSI0G0RAS
Hydrochloric acid solution (69nlL, 68. gﬂm)l) was added to a cooled (9 O

solution of dinmethyl 2,4-dinethyl-3-oxopentanedioate [from preparation 12]
(69. 6g, 344fpraphyatioand). benitleWFl (460 (Viz, BIIC),;) 34031rt6H )d)i h4trabd dBRIOH, 2.:84) .

For mal dehyd n m., 760mmol) was added and the
sol ution wa t%ﬁ%?%??@(ﬁ@g 4?@r ogrttééqnﬁperature and then concentrated

to dryness. The crude dinethyl 1-benzyl-3, 5-

di met hyl - 4- p@g}agﬁl@l ne- 3, 5-di carboxyl ate (125,7g) was obtained as a |ight
brown oil. T |cated that the material was 91% pure and it was used

in prepa|5at" 3-¢ 2 38 fication. 30 GC-Ms: 333 (M+H); "H NWR

(400 Mk, CDOI3) 8 7 27 L .38 (m SE 3._604 (s, 6H), 3.62 (s, 2H), 3.48 (d,

2H), 2. 21 (d, 2H), 1.26 (s, 6H). Pre 14 WO 2005/ 077935
PCTI | B2005/ 000208 124 (3R, 5S)-1-Benzvl -3.5-di net hvl oi peridin-4-one 0= N-b
A m xture Olf’ot@%urgrqy&pnateﬁ&qﬁ mesh) (298 8g, 2160mmo|) was added to a solution of

% genlzgfl 3d&T|\é/|t 3 fjdﬂ&t hléntammaﬂaer h &8, tlmt 3867_5n€th¢§1}irnb0téh‘ét%ﬁ3furéﬂ8ﬁ egsq%
no an rocnj ori ut] on was refiuxe or
hours. The ?L@QE?‘%/ IPhwas Q?Eﬁ‘?cg °\ﬁ§s cf%’P@ﬂthFB %’76%& a0l as a&ﬂ%ﬂ%‘y%dl um
hydL FXI de saiditd ke éﬂmE@bg)hmmd Eadttwlbgb»owbyc Tmaeslmy(ww stirsd befden B0t eddw th
or onet f) a .t he conpl concentrated to
(e ness o 80 gdof hbegrbareRbmbe Sodql Al o SdTher g Mg uEr Ao S e
(475g) as awhstgdtwithr etrahyairdfuran TSROMUY aNtifthe ndmbnaewﬂltrateatwere cmnuated 1o

ur 11 ed ovapnasy o S8y g ks GnBelh - PamterkiaclohBeabit® ATRICWE (56, 1°°
to 7:1) to eitpiped agsa gghtcyre"ttw]elsmu%m( grarsisitively HEhe yi -NVB- lmlmmyhat gheer i di n-

4-one (351 9mhigdbPphs ak URB( | éﬁ‘d R@c&'t&l)torﬂ@l‘ﬂ: ﬁ\ﬁdlﬁe%ngftt Whe uEé‘cFﬁt P@raﬁﬁ% %' al (-

8:1 diastereoneric ratio). Both of the materials were col ourless oil
Anal ytical Wi#out fusther mifigdipn.1 _benzyl - 3, 5- di met hyl pi peri di n- 4- one: GC- I\/B. 217

(M) "H  MS (APCI): 201 (M+H); 'H NMR (400MHz, CDOD) 1.25 (s, 6H), 3.65 (s, 6H).

Preparation 13
20 Dimethyl 1-benzyl-3,5-dimethyl-4-oxopiperidine-3,5-dicarboxylate

&) o
~0 o

N

o

1M Hydrochloric acid solution (69mlk, 68.8mmol) was added to a cooled (9 °C) solution
of dimethyl 2,4-dimethyl-3-oxopentanedioate [from preparation 12] (69.6g, 344mmol)
and benzylamine (37.6mL, 344mmol) in methanol (1.8L). Formaldehyde, 37% solution

O

25 in water {66.8mL, 760mmol) was added and the solution was stirred for 3 days at room
temperature and then concentrated to dryness. The crude dimethyl 1-benzyl-3,5-
dimethyl-4-oxopiperidine-3,5-dicarboxyiate (125.7g) was obtained as a light brown oil.
GC-MS indicated that the material was 91% pure and it was used in preparation 14
without further purification.

30 GC-MS: 333 (M+); 'H NMR (400 MHz, CDCl3) 6 7.27- 7.38 (m, 5H), 3.64 (s, 6H}, 3.62 (s,
2H), 3.48 (d, 2H), 2.21 {d, 2H), 1.26 (s, 6H).

Preparation 14



15 NWR (400 MHz, CDCI3) 8 7.27-7.38 (m 5H), 3.60 (s, 2H), 3.15 (m 2H),
2.70 (m 2H), 2.04 (t, J=11.6Hz, 2H) 0.93 (d, J=6.6Hz, 6H). Alternative

met hod: A m xture of crude 1- benzyl 3, 5-di net hyl - 4- oxo eridi ne

di car boxyl VO 2%t hyl ester, 20 fy.om preparation 138 15%805(9@020*&61 -
2300mmol ) and | M aqueous hydrochl ori &4aci d (11.5L) was refluxed for 24
hours. The reaction m xture was cooled to 10 C and 25% wt. aqueous sodi um
hydr oxi de ( 1383SktrBenad-3 gthgibipadidin4-bhe m xture was extracted with

di chl oronet hane (4 x 4L). The conbi ne organi C extracts were concentrated to
dryness to give 1- benzyl - 3, 5- dinet |per|d|n 4-one (475g) as a light
brown oil. The "H NMR 25 indicated a _@ trans di astereoneric m xture.
A portion of the crude d iastereoneri e (159) was purified u sing a n
a utomated chromatographic purification system enploying a nornal phase
Redi sep si | ifeaise of de dimethyl {-0swryl-3.5sinetavid-aopipetidine:3.3@iFarokylaten, wit h

el uti on of gysd.en QféaQQinﬁﬂ)hé{rﬁd meﬁyatr&moac a&%éﬁldﬁ}éh (RESLLE 8t\9as| fe‘ﬂﬁﬁd F @dl ent
over r%nut €es, Jﬁl 14% e acet ate |inear, gradient 30 over 10 m nutes,

conpl etl SOUfS; evﬁe@ﬁ“% ’ﬁy‘i"asaE‘é‘?‘%ﬂé 1'P % gido deieet Rpugous sodium
(3R, 59) - 1- bewaikids. ﬁwndioﬁemszkg) Peds! @uaed4-sww (T ngnxtu%%asbxénkaﬁtéusmhLC-

ESI 218 | d tr t |
i ehed 1o dﬁ%%@ﬁ%@ 40D A, st SrGarfic et opPantate o A0BeS e
follow ng prghmetdencmﬂe\(m?,ﬁsﬁ}uﬁéﬂzym%tﬁm'mm%bﬂé)ma) aiﬁ?tigﬁ‘dmom vitde

ci 5: trans, mokb U6 Rl b RN e o B RINAESH dlct Qledcaie! | v 7 1

s:trans to a I'on o I'n met hanol
oont) 1 nc20§tg ofrthel abover grudn wewpenrf@ﬂ wwer dilisa g8l (folkos elutiag wﬂ'ahexjanaqetb!ius

amoni um chlablaeieo 30T WERyEYSE RO LRe(IR SO SordlLy S BbhdpBaddiit Ner S0

m nut es at room t enper at ur evapor ess and

t hen redi ssdrened (1 9% @WWW‘ﬁaﬁéo) F'!I-bdﬁ'@) g qfhﬂ"ei 58| RISE enalerial ds §dr e

filtered of fdla'!iﬂéi'e&rﬁﬁlcﬁ'gﬁdﬁeﬁﬁthBﬂﬁeﬂhﬁ?la%\(féh?@&él&ﬂféséQlls give an enriched
m xture 96:4 cis:tra antitative nmass recover

TaetT ot Tpsiviial Bk op 3R SEH Dot R RRRRBICAOTE SRS 247 ot
ci s- pr odyst mmwl(@bo tRercher pby aress thy sﬂ)r%at(@mmp@ns (RUBHY, i@t () HRS

descri bed above. AN ratiaon
(3R 4s,59) - f%eWzW §H§- %rﬁ)eq%ﬁ(}‘i JH. %eﬁi”l I oi oeridin-4-ol ~yY'N |

Alternative method:

A mixture of crude 1-benzyl-3,5-dimethyl-4-oxo-piperidine dicarboxylic acid methyl ester,
20 from preparation 13 (786.0g, ca ~ 2300mmol) and 1M aqueous hydrochioric acid (11.5L)
was refluxed for 24 hours. The reaction mixture was cooled to 10 °C and 25% wt.
_ aqueous sodium hydroxide (1.92 kg) was added slowly. The mixture was extracted with
C dichloromethane (4 x 4L). The combined organic exiracts were concentrated to dryness
to give 1-benzyl-3,5-dimethyl-piperidin-4-one (475g) as a light brown oil. The 'H NMR
25 indicated a 6:1 cis:trans diastereomeric mixture.
A portion of the crude diastereomeric mixiure (15g) was purified using an a utomated
chromatographic purification system employing a normal phase Redisep silica cartridge
column (330g), solvent flow rate 100 mL/ min, with elution of cyclohéxane/ethyl acetate
2- 3% ethyl acetate linear gradient over 25 minutes, 3—14% ethyl acetate linear gradient
30 over 10 minutes, completing elution with 14% ethyl acetate. This produced pure
(3R,58)-1-benzyl-3,5-dimethyipiperidin-4-one (10.2g, 99%+ by LC-MS).
LC-MS (ESI'): 218 (M+H);

Alternatively, the crude cis/trans mixture could be enriched in the desired cis-component
35 nprior to purification by the following procedure:



(3R, 5S) - 1- Benzyl - 3, 5-di net hyl pi peri di n-4-one (prepared as in preparation 14,
also 15 reported in J. Med. Chem 7, 726, 1964) (5g, 23mmmol) was dissol ved

i n anhydrous tetrahydrofuran (77nL) in a flame-dried flask under an

at nospher VQRO0§PTI93H t r ogen. The sol ution was cool ed tRCHIB00S0e0EE

phenyl l'ithium (2M sol ution in cycl ohBRane-ether) (34.6nL, 69nmol) was added
dropwi se. The reaction mxture was allowed to reach roomterrperature slowy

overni ght afgs t hede %@ﬁsrlwdmmet P ﬁaﬁ@ypsla_dﬁﬁahm. ﬂ-cﬁ}L &yr?f%n)f yL). The

resulting mxture was diluted wth acetate a ayer was

separ at ed af&tERD{4 @swqq?ﬁé%atﬁl"/hﬁ@uﬂﬁi"tﬂ %ﬂ@rmafh%'@m@em anp! l(ﬁ'qOﬁLL) The

% gani ¢ | tC bﬁd’@tl'rréagét rtobﬁrnedfpe@]ghré 3&(?3 Hmr§U|§aﬂIr:§tbd aEqUéétﬁ%rﬁﬂmérﬁldeSlh%@é at Fd
e resulti si du rifie r ogr a on silica ge

1t | g ROEbS a8 2ae8 Snb P minee sted o7 Srhulheh S8 Mindss Ruybom femppratore.

(3R, 4s, 598) - Thbaniytnre as- evapetded 1o dpihesyy lapd hen dedissbhel af di2lltYmetHanpur i ty

> 67 271 90 TAP Bgbfil) i yerbsherdd o s g polns s e Rpaicged

Phenyl | i t hi give an edti¢hed pnigipre 964 ¢istrarisiy 'HIMMBiquan§@Ovenmiss reasvesldbongdr opwi se

to a stirr 5 y e, from
prepar atlonlE‘e(ij’z‘:fﬁé?1I %éé)aidq{fé%nﬁ’g@@m&hgﬁﬁﬂ@ﬁtnﬁgtdlﬁg%ﬁmeg Fﬁb%?sr@'g%%_ 8? 78 C.
The m xturethﬁa§e§btar'ﬂeé(ﬁyq1&maé°97m Gﬂb‘oﬁ?ﬁdﬁ%@bad aboyg. C, before sat ur at ed
aqueous q@moni um chl oride solution (10mL) was added and the mixture was
allowed to warmto roomtenperature. WO 2005/ 077935 PCT/ | B2005/ 000208 126

e organi cEreRaElonds separated, washed with water (3 x 200m) and dried
&er sodi unM3Rs4d $ St BBemi3 biehethyl- Uigherdbipdriam-406l vent was then evaporated to
give the crude (3R 4s,5S)-1-benzyl-3,5-di net hyl -4-phenyl pi peri di n- 4- of
(12.8g) as a white solid. The crude cQnpo was >95% pure by 1H NMR and

used directly in preparation 21. 5 L@O "): 296 (MtH); "H NWVR (400 MHz,
CD30D) b 0.51 (d, 6H), 2.18 (m 2H) O (m 2H, 2.42 (m 2H), 3.6 (s,
2H), 7.15 (m 1H), 7.35 (m 9H). >pafation 16

ggs j: gs) ?3&%%%3‘-’{@&%)95 34- dﬂﬂé&ﬂ;}iﬂ: Bérlaﬁ{-xi—gﬁé‘ (ﬂréﬁ%re‘dDaN'Hn Jf:ﬁ)ep\ara{tlon 14; also

'di et peridin-4-o0 rompreparatlon 15
was di ol (RParted, ey MﬁquCh(’T5émZ?6s 1?@4ﬁ&§a»rﬁ3qu')owamd@swecb@ anfyAfeYe) t hen
pal | adi um tetrahydrofuran (77mL) in a flame-dried flask under an atmosphere of dry nitrogen. The

solution was cooled to —78 °C and phenyllithium (2M solution in cyclohexane-ether)
(34.6mL, 69mmol} was added dropwise. The reaction mixture was allowed to reach
room temperature slowly overnight and then quenched by the cautious addition of water
20 (50mL). The resulting mixture was diluted with ethyl acetate and the organic layer was
separated and then washed three times with water and once with brine. T he organic
{; layer was then dried (sodium sulfate), filtered and evaporated. The resulting residue was
purified by flash chromatography on silica gel eluting with 10% to 50% ethyl acetate in
hexanes (1L} to afford (3R,45,55)-1-benyzl-3,5-dimethyl-4-phenylpiperidin-4-ol of >90%
25 purity.
LRMS: 296 (MH"); '"H NMR (400 MHz, CD,Cl,) 3 0.52 (6H, d), 2.09-2.24 (4H, m), 2.67-
2.71 (2H,m), 3.54 (2H, s), 7.22-7.38.

Alternative method:

30 Phenyliithium in diisopropyl ether (2M, 34.5mL, 690mmol) was added dropwise to a
stirred solution of (3R,5S8)-1-benzyl-3,5-dimethylpiperidin-4-one, from preparation 14
(10.0g, 46mmol) in anhydrous diethyl ether (150mL) at -78 °C. The mixture was stirred
for a further 30 minutes at —78 °C, before saturated aqueous ammonium chloride
solution (10mL) was added and the mixture was allowed to warm to room temperature.



hydr oxi de on carbon (8g) followed by 2M hydrochloric acid solution in
diethyl ether (11 nmL, 22mvol) were added. A water condenser was fitted to
the flask and the reaction 15 was heated to 60 C overnight. After cooling to
room t enpe™RMPUWHFHE reaction nixture was filtered threewghzo@sbdozes(r)

washi ng the cake with an additional #2¢ of nethanol. The conbined filtrates
were evaporated and the residue dissolved in a mninml anmount of water,

whi Eh vv?s nmée:l rmt fHid ay%vmswdpaﬁedWaéﬂéatvmﬂdia&érqm xQPOt’ﬁE{ ét&d&{r@_d osa@ogﬁh vl
carbonate sqlution. €, ES ng mi xture was extrac wice W e
acetate andVR& égﬁbﬁhﬁadﬁ!%ﬁe%rgg}??é°'YWeW§S %h?ﬁa%r?tﬂgv@t gre e i"éﬂjeove)r/
sodi um sul f{@Ras,55)H1 tbenad 3odimethpleplicngipiperidio-4-ch (1 28g) adha whitel solic.onmraund
3.23g, 68% ... 03- 0 (21-1, ,
27129, 77 (e Somlind 4550456 el RS s bl i eafdipf 0 = ™

Al t er nat Hvd - GrSHEST"):( 286 4M+8)5)' HLNBBNASD MHZS Cil,08) By).514(pBdh 2. 18 frerdH)j n- 4- ol |
from preparqid | ' t hanol, and Pd(OH) 2
/(O 20%nm %\é/é(% Q‘? %ﬁ éé‘%g“mgs‘—ﬁ;%rggdbm%ﬁﬁj%@v&a@ gﬁ‘;dr ogenated at 50

C/ 50psi for 18 hours. The m xture was then filtered through Arbocel
filtration ﬁg?&worﬁm the nmet hanol was evaporated to give crude 30

(3R, 4s,59) - -di et hyl - 4- phenyl pi peridin-4-ol as a white solid.

Recryst al | i{8aaSoRls : tphenvipinesdingd-olf r om acetonitrile gave anal ytically
pure (3R 4s,5S)-3, 5-di net hyl - 4- phenyl piyperi di n-4-ol as white needl es
(9.6g). Preparation 17 35 (3S* "V e

)-4- ﬁz. 4-Di f1 uorophenvi) -1 - et hyl p§r i ordi ne- 3- car boxyl i c acid

roch8ri de WD 2005/ 077935 PCT/ 1B200U5/ 000208 127 O 1 / HOAt | "F .HC
;I'gsallsR'; i El r (e(dR?é{?&f)JPCan?il-ha‘r,EBﬂihiéthgl#pﬂer;ylpiperidiPﬁaql from preg:aration 15 fwas _

, -4- -di ft | uorophe -1- et rrqf i di ne- rboxylate, from
prepar at i on(ﬁ soived ."bﬂ',eihfgﬂlr@)l%’%“r)narﬂi #ﬂg‘%”'@?ﬂ@aﬁ ?bﬁiﬁ%gvn@&hﬁq PRllatiE} at ur e
under dry riydroxigienomasarbadd8g) folibveests byiraM hydredHiyricsadidsolutidre in( dieBgigethed
26mmol ) in ' O ' X L LT t _Loom
Cerper at ur oot O hbtedsd I wbEP e Wbt B8 ndd e Rlaclid®,

di oxane 1620#as) haadad tohGth °G duerdighta Afiert ¢mling toutopinrigmpenature dhewmsctioni mixiatk under
dry nit rog‘%yasaﬂte’fﬁp{ﬂré i@ Wiy thbEeakh WithSan ?dhg&iofn%ﬁﬂ SORERMdIaHRA 1 N
vacuo to afford the title conpound as a white soll C contal ni ng potassi um
chl ori de reimthines fiitrategyere evaporated and the residue dissolved in a minimal amount of

water, which was made basic {to pH 11) by the addition of saturated sodium carbonate

solution. The resulting mixture was extracted twice with ethyl acetate and the combined
20 organic layers washed with water, dried over sodium sulfate, filtered and concentrated to

afford the title compound (3.23g, 68%).

H NMR (400 MHz, CD,Cl,) § 0.52 (6H, d), 2.03-2.10 {(2H, m), 2.71-2.77 (2H, m), 2.83-

2.88 (2H, dd), 7.22-7.38 (5H, m).

O

25 Alternative method:
(3R,4s,55)-1-Benzyl-3,5-dimethyl-4-phenylpiperidin-4-ol, from preparation 15 (15g,
51mmol) was dissolved in methanol, and Pd(OH), /(C) 20%wt water (1.5g) was added.
The mixture was hydrogenated at 50 °C/50psi for 18 hours. The mixture was then
filtered through Arbocel filtration agent, and the methanol was evaporated to give crude

30 (3R4s,55)-3,5-dimethyl-4-phenylpiperidin-4-ol as a white solid. Recrystallisation of the
crude material from acetonitrile gave analylically pure (3R,4s,55)-3,5-dimethyl-4-
phenylpiperidin-4-ol as white needles (9.6g).

Preparation 17 _
35 (38" 4R")-4-(2.4-Difluorophenyl)-1-ethylpyrrolidine-3-carboxylic acid hvdrochloride



10 'H NMR (400 MHz, CDCI3) 5H 1.25 (31-1, m), 3.25 (51-1, m, 3.8 (2H m,
4.10 (1H, m, 7.20 (21-1, nm, 7.80 (1H, m; LRVS (APCl) 256 (100% [MH];
HRVS CL3H15F202 [ Ml requires 256. 1144 found 256. 1142. aration 18 15

Pre
Met hyl (3S¥OASUR3T 2 4-difl uoropheng%{) 1- et hyl pyrroluaFﬁ@Bgﬂ%‘!QP%xyl ate 0
FOFL" To astirred solution of nme

(3S,4R) -4- (2, 4-di fl uor ophenyl ) pyrroli d| ne- 3- car boxyl ate, from preparation 19

(10.5g, 43mml) in tetrahydrofuran (2(15 f roomtenperature C under dry
ni trogen was added iodoethane (3. 8 ) and N, N 20

di i sopropyl et hyl am ne (8.3nm., 48mmo s ngl e portions. The resulting
m xture was stirred at roomterrperature ufler dry nitrogen for 72 hours,
t hen quenched by the addition of water {200nm) and extracted w th ethyl
acetate (2 ¥o280stiyed Hubutioontli mesthyl o35 R)el-(2xydifiwrophesy!H-etyipymsiginesi-um

sulfate), fi e u ied b
flash col urm'l:“Ib ron’eat @%ag%%w a}Eg&vagf héégrﬁ.@l pg%tthzﬂ]%%ﬂe?h§ﬁmgg ag(L:"é r];]at e Y
m xt ur e i nciesepsirafyrepeinden dy nifrogen . washiagdded frmtassiym Hdmethylsilancletep §218@0.as a

?lliarl O'n.l)S ggmgw%l() iP8%h Iepohﬁoh"\'ﬁe(régﬂhﬂr%#mu%éﬁtm%h‘airoBﬁw 1(33% v%atlu{mfnde?' 45 3 65

(3 ,
(3H s), 3. 8fr3 FP'-"'ﬁ‘) A gplufign eéﬂ\" hygirogen ghjoride in digrpne Eﬁv&) A i) aCLdPé (100%)
E':\))/'g* [- ) Rfo Zéﬁ@dﬁe’ﬁés@ﬂin g SniMaiehwhs stired under dry nitrogen at room temperature for 18

di f,| uoro | )pyrrolidine-3-carboxyl ate WO 2005/ 0 7935

bCT! | Bo0bS, DO@B0R 1158 o aled-h igone & 2 Gia bR VB FOTPOHEH A o whie soid

S, 4R) - 1- beomyining pofasdiusti chlords apideay (7)gayr r ol i di ne-3- car boxyl ate, from

epar at j.on L) . LN ol m under
dry nitr@eﬁwéﬁgﬁ%%ﬁhkgémm' éégg%k )&‘8&@2 )cggg?{'?i“%gﬁ? and
the4(5) r eact i(zHy m?],xr.eoe(ml ate ARMSI exPEP 2561 (100% 5 $UHY; HRM&/hdL@gﬁoz Jue'heat ed
to C overni rC i to roomtenperature, the reaction m xture
was fil tere&ec{uﬁ?%%%%ﬁ%:ff)‘lﬂ%)ﬂg%‘d concentrated in vacuo to afford the
title conpound as an orange oil (10. 8g,

Preparation 18
15 Methyl (35* 4R")-4-(2 4-difluorophenyl)-1-ethvlpyrrolidine-3-carboxylate

o F
et
F
N
L

To a stirred solution of methyl (35,4R)-4-(2 4-difluorophenyl)pyrrolidine-3-carboxylate,
from preparation 19 (10.5g, 43mmol) in tetrahydrofuran (215mL) at room temperature
under dry nitrogen was added iodoethane (3.8mL, 48mmol) and N, N-
20 diisopropylethylamine (8.3mL, 48mmol) in single portions. The resulting mixture was

L

C

stirred at room temperature under dry nitrogen for 72 hours, then quenched by the
addition of water (200mL) and extracted with ethyl acetate (2 x 2560mL). The combined
organic layers were dried (magnesium sulfate), filtered, and concentrated in vacuo. The
residue was purified by flash column chromatography eluting with a 2:1 pentane:ethyl
25 acetate mixture increasing polarity to 1:1. This afforded the title compound as a clear oil
{7.9g, 68%).
'H NMR (400 MHz, CDCl3) 84 1.15 (3H, m), 2.45 (1H, m), 2.55 (1H, m), 2.65 (1H, m),
2.95 (3H, m), 3.15 (1H, m), 3.65 (3H, s), 3.85 (1H, m), 6.80 (2H, m), 7.40 (1H, m); LRMS
(APCI) 270 (100%) [MH'].

30
Preparation 19

Methvl (38* 4R*)-4-(2 4-difluorophenyhpyrrolidine-3-carboxylate



989 . 'H NMR (400 MHz, CDCI3) 8H 2.85 (1H, m), 3.15 (1 H m, 3.30 (2H m,
3.45 (1H, n), 10 3,65 (4H, n), 6.80 (2H, nm), 7.20 (1H, m: LRVS (APCl) 242
(1009 [ MH l);?BHRI\/B CL2HL4F202 [ MN' ] requires 242.0987 found 242. 0986.

Pr epar at i oWO28KBTRY | PCT/IB2005/000208

(3S*. 4R*) - 1- benzvl - 4- (2, 4-di f 1 uor ophd#yl ) pvrrol i di ne-3-carboxylate 0 F " F
O 15 A solution of trifluoroacetic acid (2.42nm, 31.5mml) in
di chl oronet hane (5n) was added at 0:5 Fa stirred solution of
N- benzyl - N- (et hoxymet hyl ) t ri met hyl sikyl ; e (45.1g, 190mmol) and net hyl
(2E)-3-(2, 4-di fl uorophenyl)acryl ate ?(f mipreparation 3) (25.1g, 126nmmmol)
in dichloronethane (100nL). After stirr§ng overnight at room ('- 20
tenperature, the organi.c solutign shed wt urat ed sodi um
bi car bonat e '%sdf uf?%ﬁnﬁ{ﬂrﬂ £ eﬁqeﬁM \rll\@.%'%"e"'?%Wﬁ'&rfé&@‘fﬁ%ﬂeeyli’HFﬂ{q'W'ms
dri ed over aatbprhiatiesreodrepamatiould 6itsg, 4dmrhoikinethanol(2P5reb) at vegmo teivipethturéhe
resi due was | §i Y. L ti ith
ol enc: t ot PEHELATL oS wed ket pAPARAL AR sl BhalSFAPE) (8l K®
(31. 6rmL, §1%9aclisn anigiuteo placed yndérl 50 251 pressiviR of 400rdgen, a@DGesed3tel 40 86 ( 1H,
5. 655 ( sgvent ket Eodinlio fom, RyRRrdlS: ublrengiPp Tty yes ifted (raBn( F 11,
Pr epar at i on Gelite@and concentrated in vacuo to agford’the tifle compound as an orange oil (10.8g, '
(4S) - 4- Benzyge3- f (2E' - 3- (2, 4-di f | uor ophenvl) prop- 2-enovl | - 1, 3- oxazol i di n-2-0
ne WO 2005/ Q77935 PCT| | B2005/ 000208 129 Q F 04 F O<al%_ll chloride (19ni,
216mol ) i n HiNWR 640hMHRERBCIERNE$5 (b kddd (Hopli 330 (81,4, 348d1domhed

Lirred fyuspasssisp) mf 6804 (M, fhy o Be (1) an) CRVE dar@D 289, (1B MIY); HRMs

I chl or onet hane 42&% and N, N-di ?et gél fgr manm de (0. 4nl) over 0.5 hours
(waste 5 gasudiyfed requiies 247 PIRE UG 2AERBB%Y with a sol ution of
concentrated sodi um hydroxide). Once addition was conplete, the reaction

m xture vvaspa}llo%dg@o warmup to roomtenperature and was stirred at room
tenperature t“tr ogen for 18 hours. The reaction m xture was then

concentr at edd Kood - -diflodvbohem liging-2-carboxylate
F
O
Ay
N F
. 0

A solution of trifluoroacetic acid (2.42mL, 31.5mmol) in dichloromethane (5mlL) was
added at 0-5 °C to a stirred solution of N-benzyl-N-(methoxymethyl)trimethylsilylamine
(45.1g, 190mmol) and methyl (2E)-3-(2,4-difluorophenyl)acrylate (from preparation 3)
- (25.1g, 126mmol) in dichloromethane (100mL). After stirring overnight at room
L' 20 temperature, the organic solution was washed with saturaied sodium bicarbonate

solution and then brine. The resulting organic solution was dried over anhydrous sodium
sulfate, filtered and then evaporated. The residue was purified by flash chromatography
on silica gel eluting with toluene:tetrahydrofuran mixture (11:1) to afford the title
compound (31.6mL, 71%) as a colouriess oil.

25 'H NMR (400 MHz, CDCl;) 84 2.80 (1H, m), 3.05 (3H, m), (3.25 (1H, m), 3.62 (3H, s),
3.85 (1H, m), 4.20 (2H, s), 6.55 (5H, m), 6.80 (2H, m), 7.40 (1H, m); LRMS (APCI) 332
(100%) [MH'].

Preparation 21
30 i -2-enoyl]-1,3-oxazolidin-2-one




501L). The resulting acid chloride was redi ssolved in dichloromethane (501)
and this C 10 solution was added dropw se under nitrogen to a vigorously
stirred suspension of lithium chl orlde (23.0g, 540mmol ), triethylam ne
(76ml, 540KBRY0SQAE’Y S) - (-) - 4- benzyl - 2- oxazol i di none (REIBI05HERMoI ) in

di chl or onet hane (400nmL) over 30 m nu{2§s. Once addition was conplete, the
reaction mxture was stirred at roomtenperature under nitrogen for 2,5
hours. The reaction m xture was disuted wi th dichl oronethane (200nL) 15 and

treated with a solution of 5%cit .ackd sal ution (500n). The organic
| ayer was then separated and dried ¢ siumsulfate. Filtration and
evaporation of the dichloronet hane rude product as an orange oi | .

fosul ting sgrar Bl rostic S18mRRY Bl ﬁm%fﬁ* éﬁﬁ%?%%as‘féé’q"%%waeﬁa

gb cgl or ?rre:] lcergeoled hatinfeid| tsuspepsion LOf \ﬂaébdnﬂquemmr;anwrmmht(eamgd t08mni{) ai }‘\/g d
( DG 3, 450%?8@%%53%?%9{& fh)e R, gl: 5@1 '“ﬁﬂ ‘géAFﬂ'ﬂi) %‘%?% 5 W (‘ﬁﬂé%l

1H), 6. 0@ (gqsegmomﬂl’@grqqﬂlormwﬁre pcgnggtudwthlpg soh;ytlogloq goncepfrateg . gppiung dd

1H). 25 Pre e?n Ohéa addttlon was complete the reactlon mixture was allowed to warm u
(4S) - 4- Benzv 3 3R 4S)-1-tert-but di f 1 uor ophenyl %pvrrol | d| n- 3- vl

| car bonyl }- ¥, r99mot§'§2?ﬂ5¢%? ﬁ"‘éwa?lét" ”W'B %FE’P'HFF gngigr giffogen for 18 hours.

(4S) - 4- BenzVhe reatfidn3@idihd whs titsnt coptdnitated-4nd, drebirdged aviBIRB@BbhemaRe{d i n- 3- vl
carbony 1) O Qe O L TP hEr 98 (AR % ® \

) - 4- bdlﬁlz y$oldtioh 3vas2added didpwise angdrattydgen & a yigosoubly imadbiusgensiodr of m&uum from

PP T i, SRR OB B N Pl
| n 5 di chl oexazelidirene (18301 Y03tamol} iredickidromietiiane (#0dmioevea @6t intnutesi On¢d. 075n1,
1 mol). T b&ss c[geﬁé}é tcbn%QL?FQh%ﬁéJ rEacBy mbhhrk P4 a&néaoamcfoﬁww;%#gs HRALeT

nitrogen for reaction m xture was ut ed

di chl or orret ntém@er( o5 hayry  Theergaelipnunixtreswias diltaswith diefileremethanel (208mhy dr ogen
car bonat4g sghd/trbABd WRH-2olutibh &f 58 8ifticCadicP¥SitioNABoGRDAT Perganic layer was

then separated and dried over magnesium sulfate. Filiration and evaporation of the
dichloromethane gave the crude product as an orange oil. The crude material was
redissolved in dichloromethane (100mL.) and the resulting solution was passed through a
plug of silica, eluting with dichloromethane. The filtrate (1L.) was finally concentraied to
20 afford 30.8g of the product as a white solid.
MS m/z (APCT*): 344 [MH']; "H NMR (CDCls, 400MHz) & 2.85 (dd, 1H), 3.36 (dd, 1H),
4.22 (m, 2H), 4.80 (m, 1H), 6.80 (m, 2H), 7.68 {m, S5H), 7.68 (dd, 1H), 7.91 (d, 1H), 8.01
C (dd, 1H).

25 Preparation 22a
(48)-4-Benzyl-3-{{(3R,48)-1-tert-butyl-4-(2 4-diflucrophenyl)pyrrolidin-3-yllcarbonyi}-1.3-
oxazolidin-2-one

and

Preparation 22b
30 (4S)4-Benzyl-3-{[(3S.4R)-1-tert-butyl-4-(2 4-difluorophenyi)pyrrolidin-3-yljcarbonyl}-1,3-
oxazolidin-2-one




and the aqueous | ayer was extracted wi th di chl oromethane (50nL). The organic
10 fractions were conbined and dried over nagnesium sulfate. Filtration and
evaporation of the dichloronmethane gave the crude m xture of

di ast er eoi Separ ation by col um chromat ogr aphy silica gel with
pent ane: et‘ﬁ@lzoogﬁé?ﬁe 80/20 to 10/ 90, v/v, grad| ent e|ﬁ‘?T’B%%?°55‘€?"r2 ded
firstly 0.74g (1. 67nnDI) of (4S)-4- benzyl

{[(3R,4S)-1-tent-butyl-4-(2, 4- dlfluorophenyl)pyrrol|d|n 3-yl]carbonyl)-1,3-0
xazol i di n-2-one 15 as a col ess oil, an hen 0. 829 (1.85nmmol ) of

(4S) - 4- benzyl - 3-{[ (3S, 4R) - 1 “but yf -
4- (2, 4-di fl uorophenyl )pyrrol | ne3 ] car bony @xazol I din-2-one as a
white solid.

(4S) - 4-benzyl - 3-{((3R, 49) - 1- té%t b tyI 4- (2, 4“% orophenyl)pyrrolldln 3-yi
] carbonyl ) -1, 3- oxazolidin-2- oneﬂ\l\/s m z (APC #)4\1443 [ MH4] ;"' H NVR (CDCl 3,
400MHz) 81.12 (s, 9H), 20 2.77 , , 2.85 (m , 3.25 (dd, IH),
3.17-3.47 (A stirrgd sqlutien (crfn (S}ﬁbbenw%%@wuﬂmmphenwamlwlli@sazolﬁiﬂom, IH),
7.17-7. 42 ( Y AL
(4S)-4- benz I_E% rgtlcirh) 1- t(ér?'tOQbu495mlr1n 08)2 andl r%erthgj) ’é?ﬁt;t‘ gy’?"ft@f'uhﬁu n- 3-yl
] car bonyl ) - zlametayl}ﬁwpaarﬁeammws figmy prapamption 448160 5:94mmelR ipCDO 3,
‘{E{;WHZ) 1? %alcﬁlﬁron%fﬂane%%ﬁ]umaé ﬂ‘gateélﬁ)ithtﬁﬂlﬁ)'ﬁoﬁgc@llc @é‘&(g@?@& G%m&Z')T ha- 36 (t,
708 (2t fesuing igiie wep SRdyal (o teRpoIatiie Undet Mreden U & SRS O Ut o

st er eochem gdacliorD fnixtdr®) wab- BiREstly Witt3 dichibhetine LDRLY alditrighted with saturated

Gt or i ned ByaRes Eay i fdtoned arporkus SRR ShALY THn SFBDR fnieh s sopratsd”

azgt ?Z ?/ penhaﬂ_hel:le Bih;uéh_ms?my?rt was e?kﬁ*?]cted with dlcljlor_omethalne (50mL)_ The oni'ga?;c_ , one
Vo 2005/ S 7 daiiche e srptitet DB Y moBhedi sERAY, ity oRY S 60,

chl ori de (10t B2uichiotdvetharie)gaive thai arlrdeomizives bictirstgrédsdiersas added dropwi se to
" a ohi or oncRalorPhy bl SorbriGBRhG BN I HICH bt g%hr&%%%é%&'%z* B0l ).
After 5 sti ﬁﬂlﬁﬂgvahegra@%rttwluiwnmaﬁomeé fiegHly 2Q1741:odi §7mﬂﬁ Qﬁ)l(@ﬁ)r‘bbﬁwls?’-added
dr opwi se tO{[?e,F@@gLﬁan-&ﬂw(att(Q Qru.f%rdpﬂéa )ﬂyrhﬁﬂ%)d—yq% %bﬁmii 8lokidNdig-2He (9. 499,

53. 6mmo ,? triethyla mchlondeMly%g,
282moi ) 5] na‘éllacq?f%\“'é%‘?'héﬁ‘étrleploé?@)“ af’ﬁ’é"o')r‘gé‘@:‘?)“dﬁhewlﬁ {38 4R -tetdW war med
t o room t enpgp atdifRrophkhylp@eolitiprs-dlchonyd)-audxaiuiidin-2-one as a white solid.

(48)-4-benzyl-3-{[(3R,45)-1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyi}-1,3-
oxazolidin-2-one - MS mvz (APCI'): 443 [MH'}; 'H NMR (CDCls, 400MHz) 5 1.12 (s, 9H),

20 2.77 (dd, 1H), 2.85 (m, 1H), 3.25 (dd, 1H), 3.17-3.47 (m, 1H), 4.15 (m, 3H), 4.65 (m,
1H), 6.74 (t, 1H), 6.82 (t, 1H), 7.17-7.42 (m, BH).

¢

{4S)-4-benzyl-3-{[(3S,4R)~1-tert-butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-1,3-

oxazolidin-2-one - MS m/z (APCI'): 443 [MH']; "H NMR (CDCls, 400MHz) 1.12 (s, 9H),
25 272 (dd, 1H), 2.83 (m, 2H), 3.20 (m, 2H), 3.36 (t, 1H), 4.14 (m, 3H), 4.29 (m, 1H), 4.67

(m, 1H), 6.77 (t, 1H), 6.85 (t, 1H), 7.08 (m, 2H}), 7.24 (m, 3H), 7.43 (m, 1H).

The full relative and absolute stereochemistry of (4S)-4-benzyl-3-{[(3S5,4R)-1-teri-butyl-4-

(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-1,3-oxazolidin-2-one was determined by X-

ray analysis of crystals obtained from ethyl acetate/pentane.

30
Preparation 23




C water (50nm) was added. The m xture was diluted wth dichl oronethane
(100m.) and 10 5%citric acid solution (2 x 150nL) was added. The phases
were separated and the organic phase was dried over nesi um sul f at e,
filtered aWQ@ XG¥WB3¥rated in vacuo. _Purification by CBEE’W"W%t ogr aphy
on silica gel using dichloronethane Y eluent afforded the desired pr oduct
as a white solid, 14.6g9 (74%. 'H NWR (400M#z, CDCI3) 6 2.86 (dd, 1 H, 3.37
(dd, 1 H), 4.23 (m 2H), 4.81 (m 11—00 15 7.21-7.41 (m 7H), 7.57 (d, 2H),

7.87 (2xd, 2H) LRM5S (APCI) 342 [MHgq ion 24
(4S) - 4-Benzvl -3-(f(3S, 4R) - 1- benzvl - 4= 4- @phenvl ) pvrrolidin-3-vllcarbonv
| }-1.3- 20 oxazolidin-2-one oll a Cl O (0 To a cool ed sol ution of

(4S) - 4- benzyl - 3-[ (2E) - 3- (4- chl orophenyl)prop 2-enoyl ]-1, 3- oxazolidin-2-one,
from prepar & $aluiop®f Oxajyl meﬂ@ﬁﬁﬁmmm%mm@hmmmqromﬁhhmgﬁomu was added

(Somt) 25wt Yo ESIRRATY P2 2t PropneRy ST i (M g B2 Q) hane

m xture was istdighlasemetbane (130mbY apgd Mi Nuslreethylieemamige (@dibe 800 mmodo nifter
tenperat use asggggstﬁé Féa%f?orf Rlxtupé fdP D4 ours, %‘E&jédl‘urﬂohws%‘a@d %?Jp%&%atbea Shddt i on

(BOML) was reaction mxture was stirred for m nutes. The

phases wer e sgbijen gt @§)'ﬁﬁ8"%év3t9*§%m'ﬂ’@ 29nes@-4R8.<5%Fmmeal), tﬂ%tBY'arﬁﬁ'@ 2520k
sul fate and dgbpinfo) \GRtithias cﬁlema/m 95@ YeEtifol} th gbm&oawemlanvwmm e

Purification by colum chr o] on silica
et at o pentTSRoD TEHHE RS J0U% PETTSRE BoT FERORSTOIEY orisboup a8 hens
uent af f orvkest (Bmeplass aédbdpr THEUSIxtreiMas lilited Witk da;abcdmbtbémt (10@mL) and
&astereg')gee)a‘y as #ﬂilt o shgtljlll_ne soldeg, 33 élé, %ﬂ? éd
chal 3) 6 b Sige A 5°§€B”,%’f ml) 8as gy H),esp%? Seﬁ%a"a 8 £28(m
4H), 4.65 ( rargdrdid phaseOgas( dried2ver niaghésntﬁn&glfz(tm filtepd) arsl CaRIvBNtfaARCIn) vat®s. [ VH |
Prepar ati on
2R+ 1+ bengui-ulGoly dolin, chpmatooraghy on sl qel ueing cjoromethaneps eluent
afforded the desired product as a white solid, 14.8g (74%).
"H NMR (400MHz, CDCls) 5 2.86 (dd, 1H), 3.37 (dd, 1H), 4.23 (m, 2H), 4.81 (m, 1H),
15  7.21-7.41 (m, 7TH), 7.57 (d, 2H), 7.87 (2xd, 2H)
LRMS (APCI) 342 [MH']

Preparation 24
4 8)-4-Benzyl-3-{{{38.4R)-1-benzyl-4-{4-chlorophenylpvrrolidin-3-vllcarbonyit-1,3-

20 oxazolidin-2-one
@’ ”

O

To a cooled solution of (48)-4-benzyl-3-[(2E)-3-(4-chlorophenyl)prop-2-enoyl}-1,3-
oxazolidin-2-one, from preparation 23 (8g, 14.62mmol) and N-benzyl-1-methoxy-N-
[(trimethylsilyl)methyljmethanamine (5.24mL, 20.47mmol) in dichloromethane (50mL)
25 was added triflucroacetic acid (60pL, 0.73mmol). The reaction mixture was stirred at 0
°C for 20 minutes and then warmed to room temperature and stired for 24 hours.
Sodiumn hydrogen carbonate solution (80mL) was added and the reaction mixture was
stirred for 10 minutes. The phases were separated and the organic phase was dried
over magnesium sulfate and the solvent was removed in vacuo to give a yellow oil.
30 Purification by column chromatography on silica gel using ethyl acetate:pentane (10:50-



N ¢ 10 To a stirred solution of

(4S) - 4-benzyl -3-{[(3S, 4R) - 1- benzyl - 4- (4- chl or ophenyl ) pyrrol i di n-
3-yl[carbonyl }-1, 3- oxazol i di n-2-one, from preparation 24 (2.51g, 5.28muvl)
and di met Y0 20854798hat e (2. 22n, 26.4mmol ) in di chl or oRET/HRAESA0ROHT) was
added sodi um methoxide (1.42g, 26.4hpl) at roomtenperature. The reaction
m xture was stirred for 24 hours and diluted wi th dichloronethane (50m).

The phases o) 86 BRERABrRaGhd &&iréc'ﬁp,%@cg%mcmﬂ%@s%ﬁd-\@mk@&awe@?ﬁ@t er (2

x 40nm.), dried qver magnesi um_sul fatg an concentrated 1 n vacuo. crude

resi due was aB@r"?’WPéﬁ’sﬁa"’Eﬁ’PW@HQ Gté@ogr aphy on silica gel using ethyl

acet at e: pent anNMK B0OMHZOCBE),) B2 6812182, B@gfdgcg.ﬁb (nh]@l—l;lgﬁ%?; (ag %14)9?9915 as a
- 3. m

col ourless qid,, 1. 799, .. l\tl\/R 4Q0 I 6 2. H) ,
3.65 (s, 3H§a;ﬂsé!“5§?‘%% @?n"*éd)j’ ‘7‘.*381'92 - 3%%8@?"))9%0 LRVS (APCI) 330 [ MHL
Pr epar at i Hn LRMSMAFD)) 47638HIR) - 4- (4- chl or ophenvl ) pvrrol i di ne- 3- car boxvl at e
hydrochloride ci a 0 0 25 HHCI To a solution of nethyl

(3S, 4R) - 1- benzyl - 4- (4- chl or ophenyl ) pyrrol i di ne- 3- car boxyl ate, from
prepar at i on Prepa(alion®§, 2. 8mmol ) in dichl oronethane (9nmi) cooled with an

| ce-bath  vapyafrdsd: £hb oY LIl AL RO EDARME - The reaction
m xture was owe 0 war Oro 3 rred for 48 hours.
The reaction m xture was then 30 coal t °C and triethylanine (0.43 ni,

3.1 mvol) was added foll owed by addi P7 pra 1-chl oroet hyl chl orof ormate (0. 31
m., 2.8 mmol). The ice-bath was renove nd the WO 2005/ 077935
| 1 B2005/ 000208 133 reacti on m xt was stirred at roomtenperature for
5 hours before being diluted with i chl or onet hane, washed with water (20
m.), 5% aqueous citric acid (20 m-) and then dried over magnesi um sul fate
and filtH edlo Fistiredisolutinon ofasS)-onayti3{{(B SRk bbenmi-4-techloraghedvidyrroidin-was

refluxed in £ ar ] 5in
vacuo and tﬁ@%@?@&é"ﬁé@?&gfgé waeﬁI%?%r? %ﬂfg%\gﬁmr{dﬁﬁ %tﬁﬂt 0 give
t he desi red caippagtaci2.8dnk whidmenal|in gdicljorgmethane H(4MMR) ( wes \VpgdedCBREMN 6 3. 64
(s, 3H), 3. Fetrbfid ((I !&g,@@Am%o@ﬁt foSm té'rhﬂerature. The reaction mixture was stirred for

24 hours and diluted with dichloromethane (50mL). The phases were separated and the

15 organic phase was washed with water (2 x 40mL), dried over magnesium sulfate and
concentrated in vacuo. The crude residue was purified by column chromatography on
silica gel using ethyl acetate:pentane (5:95-20:80) as eluent to afford the desired product
as a colourless oil, 1.61g (79%).
'H NMR (400MHz, CDCls) § 2.67-3.17 {m, 5H), 3.65 (s, 3H), 3.53-3.75 (m, 3H), 7.20-

20 7.40(m, 9H)

r~ LRMS (APCI) 330 [MH"]

Preparation 26
Methyl (38,4R)—4-(4—chloroghenyl)gyrrolidine—3-carboxylate hydrochloride

Ci
O’&_}.“

25 u HOY

To a solution of methyl (3S,4R)-1-benzyl-4-(4-chlorophenyl)pyrrolidine-3-carboxylate,
from preparation 25 (0.93g, 2.8mmol) in dichloromethane (9mL) cooled with an ice-bath
was added 1-chloroethyl chloroformate (0.46mL). The reaction mixture was allowed to
warm to room temperature and stirred for 48 hours. The reaction mixture was then
30 cooled to 0 °C and triethylamine (0.43 mL, 3.1 mmol} was added followed by additional
1-chloroethyichloroformate (0.31 mL, 2.8 mmol). The ice-bath was removed and the



LRVS (APCI) 240 [MHi 10 Preparation 27 tert-Butyl

(2E)-3-(2. 4-di fl uorophenvl) prop-2-enovl carbonate 0 o--oa I~\ F ~F To
a stirred solution of (2E)-3-(2,4-difluorophenyl)acrylic acid (42.08,
230mmmol ) wi 20asd1yds ous t et rahydrofuran (400nmL) was ad@€/mBopsaobes am ne
(37.5m., 270mmol) and 15 the reactil®h m xture was cooled to -70 C

Trimethyl acetyl chloride (30nL, 250mmol) was added d ropw se over 2 0

hm nut ei handehdstbnsmktufel \ods Siied at Pdﬁﬂﬁﬁbnfp@rdt@é fart105 hgﬂﬁbewémﬁgaawtéa \gm\er 1d
our. in er romat 0 a i cate pr oduct
had for ned %ﬁc’ PP avﬁé"al?g%‘ga@l W@Eef I(%pS 5"?1) LAY ’l?ga@@@ "C‘i'; 'é‘i?ar ation
28 dried over magnesium sulfate and filtered. The solvent was removed in vacuo and the
(4S) 4 Benz p- 1,.3- oxazol di n-2-0
o e el it [P0 R rhe BB e B e Sommo )
vvas addeﬂ din spoucsandt the sesiftue wasdritusddd withodietb§! ether and fittered to give the desired
(S)-(-)-4- g&y& ?ga%gg%%,;ddé gp;be (43 55g, 250mmol) in anhydrous 25

tetrahydrofuran resul ti ng solution was cooled to -78 C

for 30 mi nutthM Bﬁ@%@l’e@%@b@ﬁ@é@@"ﬁ %31-3.89 (9. FO (8P 6w 4B tent - butyl

(2E)-3-(2, %RMS@P@?}WWHPVOP 2-enoyl carbonate, from preparation 27 via
cannula at -78 C. T resul ting suspension was allowed to wvarmto 0 C and

saturated amoni um chl oride solution (75nm.) was added, followed by water
(SOn.) § hases re separated and 30 t he aqueous Iayer was extracted
W th etﬂ x 300mL). The conbined organic extracts were dried

er migneSfeH-KB 4t diftuosipRemaneb (dartsdr@ack i N vacuo to give a
&urry. Cycl ohexane (178.5m.) and tert-Buty}, nethyl ether (126nmL) were added
to the slurry and the m xture was I f%Z hours at room tenperature.
The resulting white WO 2005/ 0779 / [ B209BY 000208 134 solid was
collected via f| ti,00 cu oy.en e, the
desired pr cﬂlf“cf""%gsﬁ'g "(8?&?5 f%‘iﬂ%ﬂé‘ M X'f)daé (%2 Zéﬁ)ﬂ'g“\{

(dd, 11-1),anhy@@ug tetrabifrofudan’ AO0mL) bisks added triethylamine (37.5mL., 270mmol) and
15 the reaction mixture was cooled to —70 °C. Trimethyl acetyl chloride (30mL, 250mmol)
was added d ropwise over 20 minutes and the s olution was allowed to warm to room
temperature over 1 hour. Thin layer chromatography analysis indicated that the desired
product had formed and this was used directly in the following step.

20 Preparation 28
(45)-4-Benzyl-3-[(2E)-3-(2 4-difiluorophenvl)prop-2-enovil-1,3-oxazolidin-2-one

n-Butyllithium (2. 5M in hexanes) (100mL, 250mmol) was added dropwise to a stirred
solution of (S)-(-)4-benzyl-2-oxazolidinone (43.55g, 250mmol} in anhydrous

25 tetrahydrofuran (350mL) at 0 °C. The resulting solution was cooled to —78 °C for 30
minutes and added dropwise to a stirring solution of teri-butyl (2E)-3-(2,4~
difluorophenyl)prop-2-enoyl carbonate, from preparation 27 via cannula at —78 °C. The
resulting s uspension was aliowed towarmto 0 °C and saturated ammonium chioride
solution (75mL) was added, followed by water (60mL). The phases were separated and

30 the aqueous layer was extracted with ethy} acetate (2 x 300mL). The combined organic
extracts were dried over magnesium sulfate, filtered and concentrated /n vacuo to give a
slurry. Cyclohexane (178.5mL) and tert-butyl methyl ether (126mL) were added to the
slurry and the mixture was stirred for 2 hours at room temperature. The resuiting white



6.84 (m 1H), 6.91 (t, 1H, 7.20-7.33 (m 3H), 7.65 (m 2H), 7.96 (m 3H. 5
Preparation 29 (4S)-4-Senzvl - 3-f

f(3S. 4R) - 1- benzyl -4- (2, 4-di fl uorophenvl ) pvrrolidin-3-vllcarbonvl}-1. 3-

oxazol i di WQ2WHET'MS F O-NF. ON C I\ 10 To a stir rRGE/B060903¢8 of

(48) - 4-benzyl -3-[ (2E) - 3- (2, 4-di f | uorBphenyl ) pr op- 2-enoyl ] - 1, 3-

oxazol i di n-2-one, from preparation 28 (46.83g, 140mmol) in dichl oromet hane
(300n.) t - I gy |

(50 271, 21000y onectee MR el fractlinioieN B X BRPHE 488, ¢ and
a sol uti on oPd¥eti45.488r@Xektic acid (1.05nL) in dichloronethane (10nL) was
added dFODWI-FﬁMRTMOMﬂQCCDQQ) A8 YHE 111-5 wag (a@mrmd:m@ (MO2PN LETPaR 241 e and
stirred for 24 hours and rated sodiu en carbonate sol ution
i5re) s a8 G LTS Gl e s Ghdthous Shace uns
extracted wi th dichl ororret hane (180nlL). The organic extracts wer e conbi ned,
dried over gmaﬁﬂd:rum sul fate, filtered and concentrated in vacuo to afford
the crude rg gr aphy
using 20 to a 51 onet hane:
met hyl tert_mtgi_n;&ghgr (19 1) as the el uent af f or ded the title conpound
(which is the second eluting diastgreoner),r63.0 g (49%. 'H NVR (400MHz,

CDCI 3) 42.75 (m 3H), 3.12 (t, 11- 1)\32Qm 2H), 3.70 (g, 2H 4.13 (m

2H), 4.27 (q, 11-1), 4.33 (m 1H), 47% 1H), 6.57 (m 1H), 6.84 (t, 1H),
7.13 (m 25 2H), 7.16 (m 1 H, 7.9#%7 m 8H). Preparation 30 Met hyl
S 4R) -1 -benzyl-4-(2.4- dlfluorophenw) yrrolidine-3-carboxviate F O/ \ O
- N WO 2005/ 077935 PCT/ 1 B2005/ 000208@{?5 Samariumtriflate (6.32g, 10mol)
was added to a stirred solution of (4Ry¢ 4-benzyl-3-

10 To a stirred solution of (4S)-4-benzyl-3-[(2E)-3-(2,4-difluorophenyl)prop-2-enoyi]-1,3-
oxazolidin-2-one, from preparation 28 (46.83g, 140mmol} in dichloromethane (300mL)
was added N-methoxymethyl-N-(trimethylsilylmethyl}benzylamine (50.2mL, 210mmol) at
room temperature. The solution was cooled to -12 °C and a solution of trifluoroacetic
acid (1.05mL) in dichloromethane (10mL) was added dropwise. The reaction mixture

15 was warmed to room temperature and stirred for 24 hours and saturated sodium
hydrogen carbonate solution (180mL) was added. The phases were separated and the
aqueous phase was extracted with dichloromethane (180mL). The organic extracts
were combined, dried over magnesium sulfate, filtered and concentrated in vacuo to
afford the crude residue. Purification of the residue by column chromatography using

20 toluene:methyl tert-butyi ether (12:1) followed by dichloromethane: methyl fert-butyl ether

C (19:1) as the eluent afforded the title compound (which is the second eluting
diastereomer), 63.0 g (49%).
"H NMR (400MHz, CDCls) 32.75 (m, 3H), 3.12 (t, 1H), 3.24 (m, 2H), 3.70 (g, 2H) 4.13
(m, 2H), 4.27 (g, 1H), 4.33 (m, 1H), 4.67 (m, 1H), 6.57 (m, 1H), 6.84 (i, 1H), 7.13 (m,
25 2H), 7.16 (m, 1H), 7.24-7.41 (m, 8H).

Preparation 30
Methvl (3S.4R)-1-benzvi-4-(2,4-difluorophenviipyrrolidine-3-carboxylate




([(3S,4R) - 1-benzyl -4-(2, 4-di fl uorophenyl )pyrrolid in-3-ylcarbonyl}-1,
3-oxazolidin-2-one, frompreparation 29 (63g, 130mmol) in nethanol (350nl)
at roomtenperature. The reaction mxture was stirred for 24 hours and the
sol vent waswPesPel3i n vacuo. 5 Di chl or omet hane (290nl) remEmB20mdentos ol | owed
by saturated sodi um hydrogen carbonat 85 sol ution (140nlL) and the m xture
stirred for 15 mnutes. The resulting precipitate was filtered and washed

U ot or SARLARDGob BT, F0MUR\ED AR sHhEs BUGASP oL apRRea 0

and the aqueoUs layer wa racte or onet hane o
organi ¢ ext r §@SsRM rhengairtR dediflucnenheny oyreslidimedyyllsaibanyllk iiBfaxezolidini2-angs ed and

10 concentr i i r A5e. | S
suspended i ?ﬁ% %ébagé%@ﬁ?hgteggg'ev(&m 'g%ﬁaicﬁzien t)ﬁ-{lbs?rﬁ?%ha%*%ﬂy%f Tge solid
occurred. Theeagjoe: wpdurgasas glimesid 24oheyrs mndathe rsabeNt aes SeRRWRE iIF ¥acupy

hours. The Sgichirofthdnk!(dsinad v@acbdu@@iaﬁéwea\maﬁéamaba s6diGMay8raae cardeiil-) . The
filtrate was concentrated é&:vacuo to afford t he %_em red. conpaound, 38g
(87% . 15 'W%m“((&%fbﬂﬂza,“d fristurg stiged fqr 15yminytes. Jhggeguiing pipcipiptewag

1H), 3. 04 ( nfiltePdd andSwdhed (ith dhiotometidingF250mL ) bhil waf’eréwsArﬁun Thilphades wdrd M
%/::)O-D 6. 28 I(3£ %eﬁ:élf%%q %rrqu %\f(ﬁr&lﬁﬁ.&b laye7r 'wzag_ezdrg’c%ea( mth digl!n_li?sfonletr}azngck):( :fo?n?.).( ﬁ"hez 0.5,
(3S, 4R) - 4- ( 2organic f bxtcactzp heerg| tpwbined,i driedh- Gvec amagrediah e stifate) Filleret Bad | adi um
hyd id 20% A d i . -1-
benzyl - 4105 PSR! Bbous B oVE ekt vehBud s Madlle i Bhchen a3
(1Qg, 25 30exephkxdre 309anigland SDaken tiltfomuadion ok ayselich vosusred Thdher mixttire was

; . : ah
mxture was Q%%@Q@Qt%gwﬁ%t g:%oé%nﬁ:%kaé%eﬁfﬂﬁ&e&% 3"‘@@90%% fiitelduiriadydshe@ud

Arbocel (r) washing w hano mL vent was renoved In vacuo to

give the desWit'éGO’acﬁbfﬁ@'ﬂm@"a§1@mldole‘Gr ieate wais| congentigitegl inggmyo to affoqithe

(400VHz, cosg,ggqreac&ng&,ﬁjssggq@?@_, 2.91 (t, 11-1), 3.08 (q, 1H), 3.31- 3.44
m 30 43 £ 3.63.(m. 1H),. 3.66 (s, 3H, 6.76 (m 1 6. 84

(m 10y, 18 o7 R bippwHe) GRiby e 6T e 3H) i 6 G B, Ak6 aFD S04 G0 R, 364

(3S. 4R) - 4- ( 2(s43H}, Blesqr, apine3sd im, 1H), 50 ERYIHYYE.80H, TH)NE.23 (MAZHIX 2b 7138 (WD

2005/ 077935 EIS:)T/ | B2005/ 000208

[(01%c=-38 (¢ = 0.5, MeOH)

20 Preparation 31

Methyl (3S8.4R)-4-(2 4-difluorophenylipyrrolidine-3-carboxylate
F

\ O
0 __.-:
o
N
H

Palladium hydroxide (20% on carbon, 1g) was added to a soiution of methyl (3S,4R)-1-
benzyl-4-(2,4-difluorophenyl)pyrrolidine-3-carboxylate, from preparation 30 (10g,
25 30mmol) in ethanol (50mL) at room temperature. The reaction mixture was
hydrogenated at 50 psi for 24 hours and then filtered through Arbocel® washing with
ethanol (50mL). The solvent was removed in vacuo to give the desired compound as a
colourless oil, 7.19 g (98%).
'H NMR (400MHz, CDs0D) O 260 (s, 1H), 2.91 {t, 1H), 3.08 (g, 1H), 3.31- 3.44 (m,
30 1H), 3.50 (t, 1H), 3.63 (m, 1H), 3.66 (s, 3H), 6.76 (m, 1H), 6.84 (m, 1H), 7.20 (m, 1H).
LRMS (El) 242 [MH'].

Preparation 32
Methyl (38.4R)-4-(2 4-difluorophenyl)-1-isopropylpyrrolidine-3-carboxylate



136 F OOF NI1li, Sodiumtriacetoxyborohydride (1.32g, 6.22mvl) and
acetic acid (2354L, 4.14mmol) were added to a solution of acetone (304L,

4. 14mmol ) and net hyl (3S, 4R)-4-(2, 4-

di f | uor opheWI20957198% i di ne- 3- car boxyl ate, from prepar at PFEHTBF05049208 4 1 4mol )
I n 5 dichl oronet hane (20nL) at 'roomté;W‘perature. The resulting m xture was
stirred for 2 hours and diluted with dichloronethane (101). Aqueous sodi um
hydr ogen carbonate solution was added (2 OnmL) followed by brine (20m).
The phases were separated, the or gam C cp@ was dried over nagnesium
sulfate, filtered and the sol vent was o d in vacuo to give the crude

residue. Purification of the residue by ufm 10 chromat ogr aphy usi ng
di chl or onet hane: net hanol (99: 1-98:2) as uent afforded the desired
product, 1.01 g (86% . 'H NVR (400MHz, 3) ~ 1.10-1.13 (m 6H), 2.48 (m

1H), 2.72 (t,sobidn tr%c@l@xfb@roh%&ﬂ)de 1%2956322ﬁ-%1cﬁ)%nd35&euc3a&5 (i3s,z.lL3h|)14mﬁwo%3 (a,
1H), 6.73 (m 1H), RVS ( APC
Preparati on 3@re added fo a solutlon of acetone (g04pL 4.14mmol) and methyl (38.4R)-4-(Z,4-

(3S, 4R) - 4- (2.dffy o&héﬁ)ﬁﬁhﬂﬂiﬁéb c%rﬂoﬁﬁé’t&onff&rﬂVrpFéﬂaféﬁbﬁeﬁ ¢#g, D MnirfioliCind F
HO F NI thium ydI‘OXI {_ n% )Twasa ded to a sol utjon of
net hyl Sé 4djchiprqmethanex@0mL) at roo temperature he resulting mixture was stirred for 2

di fl uor 0phenybhrsladd&mpfeewinm(ém@bm&hme anﬂo bMNéo’ﬂ%Q:odﬁﬁﬂﬁ?dﬂig%ﬂQfa&fthﬂé 32

1.01 g, 3.59 f t Th
ﬁeact i gn m xtsﬂ{f‘gor\'/\ﬁgl ng‘ﬁqdr éﬂ’}”fﬁﬁ %Hﬁ%(gt%ﬂﬁ' OSF%/B'H? e%«rﬁ‘zeréjée g‘l n
vacuo. The r aisé @r@niuaphaiesmsl umﬂ bver mag:msluﬁﬂemfa)e afntéredaariiteme\/\/scbl#eretvmsl

2@&?? ed-w (RO R IR G RRBh° rbich SR 88 B 1R6
ext ract ed1@ tchropiatgdraphyevsing dicRiorinethahikenaeihaymhi(29: ‘be@BtQacasselumteaffmdﬂni thed,

S;ngcg)ver ”%Qgi?e%idm&&'ﬂlﬁd’ltge(aﬁ%?, concentrated in vacuo to afford the desi red

'H NMR (400MHz, CDCls) O 1.10-1.13 (m, 6H), 2.48 (m, 1H), 2.72 (t, 1H), 3.00 (g, 1H),
3.05-3.12 {m, 3H), 3.65 (s, 3H), 3.83 (g, 1H), 6.73 (m, 1H), 6.82 (t, 1H), 7.37 (q, 1H).
LRMS (APCH) 284 [MH"].

15

Preparation 33

Lithium hydroxide (171mg, 7.14mmol) was added to a solution of methyl (35,4R)-4-(2,4-
20 difiuorophenyl)-1-isopropylpyrrolidine-3-carboxylate, from preparation 32 (1.01 g,
3.59mmol) in tetrahydrofuran (10mL) at room temperature. The reaction mixture was
stirred for 3 hours and the solvent was removed in vacuo. The residue was dissolved in
water (20ml) and washed with ethyl acetate (2 x 20mL). The phases were separated
and the aqueous phase was acidified with 2M aqueous hydrochloric acid solution
25 {3.59ml) and extracted with ethyl acetate (20mL.). The organic extracts were combined,
dried over magnesium sulfate and concentrated in vacuo to afford the desired product
as a foam, 686mg (71%).
'H NMR (400MHz, CD;0D) O 1.42 (m, 6H), 3.31 (m, 3H), 3.32 (m, 1H), 3.57 (m, 2H),
3.91 (m, 1H), 7.03 (t, 2H), 7.55 (m, 1H).
30 LRMS (El) 270 [MH'].



as a foam 686ng (71% . 'H NWR (400MHz, CD30OD) 0 1.42 (m 6H), 3.31 (m 3H),
3.32 (m 1H), 3.57 (m 2H), 3.91 (m 1H), 7.03 (t, 2H), 7.55 (m 1H). 30
LRVS (EI) 2 \VHL. WD 2005/ 077935 PCT/ 1B2005/ 000208 137 Preparation 34
Met hyl (22) - -{‘“2?’2”-7&%5“ uor ophenyfacrvliate F 5 To a sol utAGINB0S/0®2wr own- 6
(30g, 11 Omml), bis(2,2,2-trifluororéfhyl)

(met hoxycar bonyl net hyl ) phosphonate (6nlL, 28nmmol) in tetrahydrofuran at -78 C
was added pot assi um hexanet hyl di silazide (0.5Min toluene) (50n, 25mol)
foll owed by 2,4-difluorobenzal dehyde (4g, 28mmol). The reaction m xture was

stirred at tBieparatiempérature for 8 hours and slowy warned to room
t enperat ure 8035 Siudidbhdn: reaction m xture was then poured into
a saturated i ud at‘de (200mL). The phases were

separated, the organic phase was dri edover pagnesium sulfate, filtered and
concentrated in vacuo to give the crudg§ | due. Purification of the

resi due by columm chromat ography usi ng pe 1t ane: et hyl acetate (99:1-98:2) as
eluent afforded the desired product as a colourless oil, 5.1 g (91 %9. 15
"H NVR (460VHz, &€DCha@tign3. 70 ( $8-cidiih-6 6.(8Gg,( d11drhinel),6. &is(Z,22-tdfdororéth@d (m
1H), 6.97 ( Pe 0, ' 5 20
(22)-3-(2. 4- %‘?‘%@F%%%@ﬁ@é@%ﬁ?&%@%%éé\é.")"l‘_‘%)ﬁ%/i&g%’ﬂ’t"ﬁkﬁpgﬁgr#eﬁ‘ﬁyss

(22") - 3- ( 2, dadiied| podassjvre hexamethyidisilézide {0.9vhip tepesnei t(5Gnl, 2onfriolBipllowdl BYnmol )
and 1M it hi ; ' 4 | N L a f : .was
stirred at r%’?r#t@ﬁ%éb%f&g&? g%z?% our’s. )T‘P eretg@o\ben \ngwérs:?’r%rg/ee%é%%\h'%\gcuo
apd the 25 riegipgraturader 8ihouslanddslawly weatread tolroem)termperatiren prer2dchowrs Thaonl)

adde T, 1N p ; Aufied to
D2 usi g SREci R ABETe eS (RAPALRLP B b ugi BF hfndiign Hllhd
extract ed wi Ezﬁoﬂl{bt Ahe phasps were separated the organisePhnisg dyfisdriediqvac Magosiusn

ool Ve g R ag8 oA b [ S PRl oo
(a0, | CD, EBFe i G hrofpeodiaPls upi pepfaneityl e o182 s gent 1
afforded the desired product as a colourless oil, 5.1 g (91%).
15 'H NMR (400MHz, CDCls) 03.70 (s, 3H), 6.05 (d, 1H), 6.80 (m, 1H), 6.86 (m, 1H), 6.97
(d, 1H), 7.69 (q, 1H).
LRMS (APCI) 199 [MH]

Preparation 35
20 (22)-3-(2 4-Difiuorophenvllacrvlic acid

HO, 0 F
o R

b F

A solution of methyl (22)-3-(2,4-diflucrophenyl)acrylate, from preparation 34 (1.3g,
6.56mmol} and 1M lithium hydroxide {314mg, 13.1mmol) in tetrahydrofuran (51mL) was
stirred at room temperature for 24 hours. The solvent was removed in vacuo and the

25 residue was dissolved in water (10mL) and ethyl acetate (20mL) was added. The
phases were separated and the aqueous phase was acidified fo pH 2 using 2M
hydrochloric acid solution (3mL). The aqueous phase was extracted with diethyl ether (2
x 30mL). These arganic extracts were combined, dried over magnesium sulfate, filtered
and concentrated in vacuo to give the desired product as a white solid, 1.03g (86%).

30 'H NMR (400MHz, CD;OD): [16.09 (d, 1H), 6.93 (m, 2H), 6.97 (d, 1H), 7.66 (g, 1H).

Preparation 36
3R* 4R"-1-tert-Butyl-4-(2 4-difluorophenyhpyrrolidine-3-carboxylic acid




Preparation 36 (3R*.4R*)-1-tert

Butyl -4- (2, 4-di fl uorophenyl)ovrrolidine-3-carboxyiic acid WD 2005/ 077935
PCT/ 1 B2005/ 000208 138 F O HO F To a stirred solution of

(22) - 3- (2, MAPIBYEPEDhenyl )acryl i c acid, from preparat i Bn850P588% ny,
2.17mol ) and trfluoroacetic acid (17f_8 0.2mmol ) in dichloromethane (1nl)
was added

N- (et hoxymet hyl ) - 2-net hyl - N-[ (tri et hyl si | yF) net hyl ] pr opan-2-am ne, from5
preparation 23 (882ng, 4.35 mmol) over 30 utes at 0 C. The reaction

m xture was warned to roomterrperatur;,@Jl,an Ftirred for 24 hours. The

sol vent was renoved in vacuo and the tle residue formed was triturated
with diethyl ether (5m.) and the solid f)ltered off to give the desired
product, 400 rrg (6599 . "H NVR (400MHz, Cdé’OD) 01.46 (s, 9H), 3.31 (s, 1H),

3.59 (m 1H),

6. 93 Em 2E)|) T°7a zﬁ"%d%‘@‘ﬁ@ of %%‘?k‘ﬁ@“ﬁ“’ph%@ %X}% dd, T’ﬁ%b%"&?i’??%é%oﬁ/et hyl

(3S, 4R) - 4- ( 2,mg, di. fAmmosippttkEtifiugrodcetie abid| (DL OIerdnoi)amaiamtﬂnrbmnthhm ¢inkt) v@slS To

(35, 4R) - 4-( 22558 ) bgmetosmthyl 2msthyi v ivetysiymeirylptopan 2 aming, o o o1

? éogfg)Orrg, 5 2. .poatramation 28 {88Zmyg, mwgmﬂevérmmu@s @V}Bn”r@l )(]’herreacjion Imixdure vetshane
was a

triacet oxyboﬁgggﬁﬁg&&%ﬁ%r&é’% %d gt' %awp?%gpnmtseof‘%r a%r”z%f%% &5t i on

mxture 20 wagucs@ndrmwhﬂ@reswunmd wis| trikeated wittrdiethidtetar ¢k hndeing FolidL) and

%t itioned Wbfad ofdd g,(,@m@cheg%y MBMWWO@WB@%‘S bonate solution (40nL). The

ses were sep par at ed ganl ¢ phase was washed with brine (20nL

dried over ma MRMOWZf QPLOD)WT %(%8“ 3t EotDeddP dnetH) 3-69{6wdH: 8. 7§i v)e
t he desir C I 8 "H NWVR (400 MHz,
CDCl 3) I6 13@14[7(&011“ Loa8 ﬂ-{)Cpr% ﬂﬂ)ssggl(lgoﬂﬂmm (,54% .01 (q, 1H§ 3.11 25
(m 1 , W%(Apgblb Em 1 H, 6.78 (m 1H), 6.82 (t, 1 H, 7.37
(m 1 ) LRI\/S nm z APCI4 256 [IVH ].

Preparation 37

Methyi (35.4R)-4-(2.4-diflucrophenyl}-1-methylpyrrolidine-3-carboxylate

F

L5

To a solution of methyl (3S,4R)-4-(2,4-diflucrophenyl)pyrrolidine-3-carboxylate, from

15

preparation 31 (500mg, 2.07mmol) and formaldehyde (155uL, 2.07mmol) in
dichioromethane (20mL) was added acetic acid (188ul, 2.07mnol) followed by sodium

O

triacetoxyborohydride (659mg, 3.11mmol} at room temperature. T he reaction mixture
20 was stirred for 2 hours, diluted with dichloromethane (10mL) and partitioned with

saturated sodium hydrogen carbonate solution (40mL). The phases were separated and

the organic phase was washed with brine (20mL), dried over magnesium sulfate, filtered

and concentrated in vacuo to give the desired product as a colourless oil, 288mg (54%).

'H NMR (400 MHz, CDCls) § 2.41 (s, 3H), 2.68 (t, 1H), 3.00 (m, 2H), 3.01 (g, 1H), 3.11
25 (m, 1H), 3.65 (s, 3H), 3.88 (m, 1H), 6.78 (m, 1H), 6.82 (t, 1H), 7.37 (m, 1H).

LRMS: m/z APCI" 256 [MH"].

Preparation 38

30 3.5-dimethylpiperidin-1-vilcarbonyllpyrrolidine-1-carboxylate




Preparation 38 tert-Butyl

(3R, 4S5)-3-(2. 4- difI uor opheny)) - 4-{f (3R 4R 55) - 4- (4-fl uorophenyl | - 4- hydr oxv-
30 3. 5-di nmet hyl pi peri di n-1-vl | carbonyl)pyrrolidine-I-carboxylate WO
20051077935 Pff’ 265/ 000208 139 F OHONvV F F O PCTIB2005/000208

(3R, 4s, 5S) - 4- (4- Fl uor ophenyl ) - 3, 5- di méfhyl pi peri di n-4-of , from preparation
41 (265rrg 1. 2mmol),

(3S,4R)-1-(tert-butoxycarbonyl)-4-(2,4-difl uor henyl ) pynol | di ne- 3-car boxyl i
¢ acid, frompreparation 53 (0.75ng,, nd triethylamne (0.48nl,

3. 6rrrm|) were 5 added to d ichloro t%}f\é ). The stirred suspension was
cool ed under nitrogen and 1- propy| oépho N acid cyclic anhydride (50%in
et hyl acetate) (0.67nL, 2mmol) dded pWI se. On conpl etion of
addition the resulting honbgenous soI ution C stirred for a further 6
hours at roomtenperature. The solution was washed with 10% aqueous

pot assi um cardRAsb8)-4-¢-blioophérd»a, &dmte)hylpcpietidihd—%c frdm38teparatiorc @i (PESradhen

dried 10 OVelrzn%%I?ﬁ %h‘hi‘ f“itﬁn‘%ﬂ% fdah}o {n&a {2 mﬁlup%ogﬂé@ﬁ 8§Fﬁ:fu9iﬁ£'%-éé@o°bx§lﬂe“

renoved in vacuo a e co

chr omat ogr aplagid( kemipeeparaiea §B8407 5'@9111 4mgl0l) \ﬁﬂ@ Hieghyiapine (Q48amle 3@@'@%{}1‘&3’@10 90)

to ethyl agetaaa@d %&ﬁ&%ﬁe&%ﬂé%m ‘ﬁhé’@tnﬁ&?;?&%éhéu&ijwa@c‘a&%hnéér (Sitr
solid (529ny) VR (CD3 mer s) oﬂ

oy 1\ ha (2 and f-rppyiphpSPABLadid Y ShnysERe (50%4T R RAReIAS), 57k 270)

2. 9323791(:( Twag%decﬂdl%bw(sﬁl Oﬂ;aldbg{)@g&ﬂof a8diBh the REMIting hatBogbnB8is Sdlitiodas] @) ' sp
(6B 45 55) - 4SVBH 59 1IBF oD BS990 TIRRtG: TBrion was JeshesmiE 1R ) A
oI ution of %qeleausfdotassmbrmmﬁemw{sﬁﬁgnL)Zk:im)édd 3% (dixegomy),ahdredried25nl)

v 057" 58, e SUEL o R e Db 40 SR Y38
t enper at ur e Wi owde @SmPourthwas purified by column chromatography (silica) gradient eluting

with ethyl acetate:pentane (10:90} to ethyl acetate:pentane (40:80) to give the desired

product as a white solid (529mg).

'H NMR (CDsOD, 10mg/mL, 400MHz) (Rotamers), 0.21-0.58 (m, 6H), 1.46 (s, 9H),
15 0.81-1.97 (m, 2H), 2.68(m, 1H), 4.35 (m, 1H), 2.93-3.91 (m, 7H), 4.31 (m, 1H), 6.90-

7.29(m, 5H), 7.38-7.85 (m, 2H)

[0]%p = -82.7 {c = 0.3, MeOH)

Preparation 39
20 (3R.45,58)-4-(3.4-Difluorophenyl}-3,5-dimethylipiperidin-4-ol

- S

A solution of 3,4—diﬂuorobromobenzene (4.45¢, 21mmol) in diethylether (25mL) was

cooled to —78 °C under nitrogen. n-Butyllithium (2.5M in hexanes) (8.10mL, 20mmol)
was added dropwise with stirring, maintaining the temperature below -65 °C. The
25 mixture was stirred at —78 °C for 4 hours. (3R,53)-1-Benzyl-3,5-dimethylpiperidin-4-one,
from preparation 14 (5.90g, 20mmal) in diethylether (25mL) was then added dropwise,
maintaining the temperature below —65 °C. The mixture was stirred at —78 °C for 1 hour
then allowed to warm to room temperature. Saturated ammonium chloride solution
(40mL) was added and the mixture stired for 30 minutes. The ether layer was
30 separated, washed with water (3 x 50mL), dried over sodium sulfate, filtered and then
evaporated to dryness. The crude product was dissolved in methano! (100mL} and the



25 m xture was stirred at -78 C for 4 hours.

(3R, 59) - 1-Benzyi - 3, 5- di net hyl pi peri di n-4-one, from preparation 14 (5.90g,
20mmol ) in diethylether (25nL) was then added dropw se, nmintaining the

t enper at urWOBMS@W93%55 C. The nixture was stirred at _ 7RCTABWYSI00Mbur  t hen
allowed to warmto room tenperature. ¥at urated ammoni um chl ori de sol ution
(40m.) was added and the m xture stirred for 30 mnutes. The ether |ayer was

30 separ at gy, YANIRL nPrbdbntith &t dofsiXami088-c. olér! A g&ﬂ‘%fduﬁw‘?%h%t?éﬁ' o4 8.

filtered an evapor at e ryness he crud roduct was dissolved in

met hanol ( 100urs) Thag dnixtHe ViEs ﬁtb@ssd Ofrrpogis Getite® ach Gy G'Uetzosas erapasatedttPon was

hydr ogenat earyﬂéséoﬁseryﬁaﬂsa‘éen oﬁtr@va{,d@%diaed ﬂr&ﬁ“a‘é@%ﬁi&l&ﬁﬁ@r@@d {14 dédfreqhoUrs.
The m xture was filtered rou lite(r) and the filtrate was evaporated

to drynessProfuetaya sofig,;i s%ﬁgl(%jgbf the crude product from acetonitrile

af forded g h r othyob) 36 49 n54 M. MHz, C
SN 8(33; mﬂwgﬂ@w& @J@) 60 H§12215|§92I€I)2 40( rﬂ d%Fid(éQP%? S

m
(m 1H), 7.5@ (7n%0(ﬂ4)1H)%’é%("‘7nls‘é)7( ﬁ%mt m‘z APCI ' 242 [M—I4]
Prepar at i onLAMS1M/z APCI'242 [MH']
(3R 4s.5S)-1-Benzvl - 4- (4-fl uorophenyi) -3, 5-di net hyl pi peridin-4-ol HO F °~ /°
/[, A solution of 4-fluorobronobenzene (4.51g, 0.024 nol) in diethylether
(20nm.) was mrﬂdnﬂo -78 C under ni t rogen n-Butyl lithium(8.40nL, 2l nmol)
(2. 5M|n1d1e RAs.Adge ) ; ai nt ai ning the
t enper at ur e D€ . R -78 C for 1 hour then
allowed to warmto room t enperat ure. resul tant sol ution of
4ot | uorophenyl l'ithium was then added cl %to a solution of

n

(3R, 5S) - 1- benzyl - 3, 5- di net hyl pi perl from preparation 14] (6g,
19nmol ) i n di et hyl et her (2om_) at F' taining the terrper ature bel ow

-65 C. Th | |
room t errp:r g; Bl '0"88@3 br 55 '%?Bﬁl @rﬁ%hﬁ@?&ﬁ&g(ﬁ L‘?ﬁ%ﬁ‘(%%?’ W:(rj(TeEjo
dth i hder it lithilire (B0¢0nratn) 1 24 mprdRd)s . t ed,
%Shedewnl ﬁtwlted i} 1—78 u m gehnui- Bstylrnh d( I |l é ( S_Aflin E@gﬂéﬁdet o
wig anc{ rép th usgirnjirﬁr Ongél tfthinig Othi megli\%apﬁoﬁt{elow T =Y 138

evaporat ed {o ness e Cr s use her
puri fi catd omixtune vasFeti(rad 68, °CEBE Objpurshen allbwed to ghim tooroe® temperaidre. The39 (m

g'i? %) 2L7R%/B( é{?’solﬁlg 3 WioFophdihithitmOWad thenZbdded ‘drdgwitéNto 2 dolutibndt (M
R,5S -benzy -3,5- d] imethylpiperidin-4-one [from preparation 14] (6g, 19mmol) in

dlethylether (20mL) at —78 °C, maintaining the temperature below —65 °C. The mixture

was stirred at —78 °C for 1 hour then aliowed to warm to room temperature. Saturated
20 ammonium chloride sclution (40mL) was added and the mixture stirred for 30 minutes.

The organic phase was separated, washed with water (3 x 50mL), dried over sodium

L sulfate, filtered and then evaporated to dryness. The crude product was used without

further purification.

"H NMR (400MHz, CD;0D) & 0.51 (d, 6H), 2.18 (m, 2H), 2.39 (m, 2H), 2.71 (m, 1H),
25 3.58 (s, 1H), 3.65 (s, 2H), 7.12 (m, 2H), 7.35 (m, 7H)

LRMS (APCI) 314 [MH"]

Preparation 41
3R 45.55)-4-(4-Fluorophenyi)-3,.5-dimethyipiperidin-4-ol

>

30 F
A solution of (3R4s,58)-1-benzyl-4-(4-Aucrophenyl)-3,5-dimethylpiperidin-4-ol, from

preparation 40 (5.0g, 16mmol) in methanol (100mL.) was hydrogenated at 50psi and 50




Preparation 41 (3R 4s,5S)-4-(4-Fl uoroohenyi)-3,5-di net hyl pi peridin-4-ol HO
NH 30 F A sol ution of

(3R, 4s,59)-1- benzyl 4- (4-fl uorophenyl) -3, 5-di met hyl pi peridin-4-ol, from
preparation 40 (5.0Qg, 16mol) in methanol (10OOM) was hydrogenated at 50psi
and 50 WO 00 5 PCTI | B2005/ 000208 141 C over i on carbon
(1. 1g) for iﬁdﬁigg The m xture was 44then filtered througk‘@g |?§(r) and

t he fiItrate was evaporated to dryness. Recrystallisation of the crude
product from acetonitrile afforded the desired product as a solid, (3.81Qg)
"H NMVR ( 400NRzoveca90iDpaliadimsan (carbos Ky - igpfor 98(haurs2 e mixise was taen) fitereds (m

2H), 5 7.2G hr%u@ﬁ cefe®2 ¢hé—1ﬂ)ﬁe (M%Eg/a faaéd [OMFHess 'ﬂ&:ﬂfé{ﬂfséﬁﬁ?\ &?he crude

(3R, 5S) - 1- (4- Met hoxvbenzv]) di et hv I aeridin-4-orie O=N O

Hydr ochl ori opra@icafreralaﬁﬂoa'ﬁr"% BM*)C‘ ‘haée%@a@aoquet a6 aealide B&19bf  di n‘et hyI

2, 4-di net hyl 1y IQMRX@R}%JMF%@I%@B §:0. 5‘4%”8%%@6'2?[) 285(R94RY 7.6 and
, i n nethanol (1.8L For mal ehyde

4- met hoxybenzyl am_ne
37% aqueods %é‘?ﬁ'ﬁf’é’ﬁ" %@6 8n1_ 760mmol ) was added. The sol ution was stirred
for 72 hour s RS (Areon eapaat ure then 15 evaporated to dryness. The crude
1- (4- et hoxybenzyl) - 3, 5- di net hyl - 4- oxo- pi peri di ne dicarboxylic acid,

di met hyl ester (126.2g) was a dded to I M hydrochloric a cid solution
(1735nlL) andPreharatiork42ir e heat ed under reflux for 24 hours. The reaction

m xture was Eﬁ%‘ﬁ;-ﬁ-ﬁ t!@‘{') xg! %%é%%g/ﬂ@gﬁl g 43R4l um hydroxide sol ution

(400m, 2. was—extracted with

di chl oronet hane (4 x 400nL). The conbivyed 20 organic extracts were
evaporated to dryness to give the cru duct as a light brown oil, "H
% of the crude material indicated a ctrans m xture. A portion of
t crude diastereoneric mxture (15g) vva urlfled usi ng an aut omat ed

chromat oggaphi ¢ purification system enpl oyi g a normal phase Redisep(r)
silica cartriMggdechion®adid 30i0jion (69MLYwad afidedvio raadoutibl @f Hideitiiyl 2Wi-duhemi(lu't i on

o Y N S RS S e 0 AR s LB ST 75
(44.81mL, 344mmo|) in methanol (1.8L). Formaldehyde, 37% aqueous solution (56.8mL,
760mmol) was added. The solution was stirred for 72 hours at room temperature then

15 evaporated to dryness. The crude 1-(4-methoxybenzyl}-3,5-dimethyl-4-oxo-piperidine
dicarboxylic acid, dimethyl ester (126.2g) was added to 1 M hydrochloric a cid s olution
(1735mL) and the mixture heated under reflux for 24 hours. The reaction mixture was
cooled t010 °C and 20 wt% aqueous sodium hydroxide solution (400mL, 2.0mol) added
slowly. The mixture was extracted with dichloromethane (4 x 400mL). The combined

20 organic extracts were evaporated to dryness to give the crude product as a light brown
oil, *H NMR of the crude material indicated a 6:1 cis:trans mixiure. A portion of the crude

C— diastereomeric mixture (15g) was purified using an automated chromatographic
purification system employing a normal phase Redisep® silica cartridge column (330g),
solvent flow rate 100 mL/min, with elution of cyclohexane/ethyl acetate 2 — 3% ethyi

25 acetate linear gradient over 35 minutes, 3 — 14% ethyl acetate linear gradient over 10
minutes, completing elution with 14% ethyl acetate. This produced pure cis-isomer as a
pale yellow oil which solidified on standing (10.2g, 99%+ by LCMS).

'H NMR (400MHz, CDsOD) § 0.91 (d, 6H), 2.02 (m, 2H), 2.75 (m, 2H), 3.18 (m, 2H),
3.58 (s, 2H), 3.95 (s, 3H), 6.85 (d, 2H), 7.25 (d, 2H)
30 LRMS (APCI) 248 [MH]

Preparation 43
(3R.45,55)-4-(4-Chlorophenyl)-3,8-dimethyipiperidin-4-ol



m nutes, conpleting elution with 14% et hyl acetate. This produced pure
cis-isoner as a pale yellow oil which solidified on standing (10.2g, 99%t
by LCM5). 'H NWR (400MHz, CD30D) 8091(d 6H), 2.02 (m 2H), 2.75 (m 2H),
3.18 (m 2Hy02005/0393%s, 2H), 3.95 (s, H) 6.85 (d, 2H) PCHIB2B05080209) 30
LRV (APCI) 248 [MH] Preparation 431

(3R 4s,5S)-4-(4-Chl orophenvl ) -3. 5-di rrethvl pi peridin-4-of WO 2 0 0 510 7 743
5 PCT/ 1 B2005/ 000208 142 HO NH O i A sol ution of 4-chl oroi odobenzene
(4.69, 25mmmol) in anhydrous diet hyI R ,r, (200rrfL) was cooled to -78 C under
nitrogen. n-Butyfithium (2.5Min (15.2m., 20mmol) was added

dr opw se nalntalnlngtheterrperal Iow 65 C. The m xture 5 was stirred

at -78 C for A?s&n{ﬂ%%f%l&&'o%ﬂ’eﬂzé& mzammm%ﬁﬁym&rsa&;&h@lenTJPonm)ut i on

of 4-chl orophenyl lithiumwas th ena dropwi se to sol u
(3R, 59) - 1- (4Wageteipdy erf§1 3C y“ﬁerdP'FFBQQWI'bﬁﬁé%‘F‘ihﬂlﬁh {&5Whin hexaseeh(SARlat i on

4t2 ( ?80% f ZOTZUmrﬁol)les slded M&pwﬁé’hﬂéln{aﬁ'ﬁ@ﬁle Qémpe?&u@ beltv@ —6% X¢.UBe Wgurgt i 1 r ed
a -

th dt t
t enper at urir Wﬁﬁe‘-“%%ﬁitqur %8\,&3] %&ﬁgﬁéf@ "‘Inﬂwi‘g %%ﬂ%é?m%rag;&ﬁg@hg@w%hlwﬁ de
(50nmL). The cobwasH 6f @ﬂﬂaﬁphml lisrerA ek e ad&&h(hﬂpwlsb o awBlLtsn c(fssaassptrm-
Lo, ouet SRS bl SRR ok o YR e e LB
(150n), tridistny kter (#5ml) aOald °Q Jinevhixtumawas stited E&Hﬂﬁt"ﬁéﬂﬁ@fﬂl‘tﬁl&Dﬂ hoars

cooled to 0 Gynder all&hé]cf Qgé&’st I1foqy o 8%{%@@ Ohl RHHRE Swde qgéﬂﬁh? %@lﬁm) i on

was added dropw se to t Fred's I on and on conpl et1'on o
tQe m xt ut@ wawr@ect pmE@ngy chioridgr(Bfrel). Jhetasganic masemspwpadaww@d withe

m xture was ) rdeld &QP/&W%M&&@& b%@@@ﬁ&%@aﬁ@hwﬁh( 3 X

25m), dri ed over so |um sul fate and evapor at ed

nes
resi due was Sedhedarudnduprmediaie, dhistryda wamdpsqvedomdyy ¢ g@?'o@"ﬁﬁﬁf‘% (9aldhe
sol vent was ngRyffiné 14.8MLY 2GHMol) Wa8 Jd8sd dhé thRsoldichSds/ 8sbidd o 0 °C under

di chl or onet hane ta car pbonat e s added and t he
heterogeneoué" Fﬂg%‘ E%’QE"E&V}CHPE%O fewh 5t SOfHRe! §"% %Pdm@tdé%"f'iﬁﬁocgﬁebonate
was filtet®d sofréd aoldtidrhand bh tobaipitiovasf eddifieey tkadixtuee ray rstinsd forld durthet de

product was en rec d fromacetonitrile to give the desired
product as %‘OHr? %cfof%tsehggcﬂuér (3.900).

The mixture was then washed with 10% aqueous potassium carbonate solution (3 x
25mL), dried o ver s odium s ulfate and e vaporated to dryness. T he crude residue was
heated under reflux in methanol (150mL) for 3 hours and the solvent was removed in
20 vacuo. The residue was dissolved in dichloromethane (100mL), solid potassium
carbonate (5g) was added and the heterogeneous mixture was stirred for 1 hour. The
- solid potassium carbonate was filtered off and the filtrate was evaporated to dryness.
k— The crude product was then recrystallised from acetonitrile to give the desired product
as fine white needles (3.90g).
25 ‘HNMR (400MHz, CD;0D) § 0.60 (m, 6H), 2.25 (m, 2H), 3.10 (m, 4H) 7.38 (d, 2H), 7.55
(m, 4H)
LRMS (APCI) 240 [MH"]

Preparation 44
30 (3R.45,558)-4-(2,6-Difluorophenyl)-3,5-dimethyipiperidin-4-o!

FHO
F

tert-Butyllithium (1.7M in pentane) (8.62mL, 16.4mmol) was added dropwise to a stirred
solution of 2,6-difluorobromobenzene (3.0g, 15.5mmol) at —78 °C. The solution was




25 'H NVR (400MHz, CD30D) 8 0.60 (m 6H), 2.25 (m 2H), 3.10 (m 4H) 7.38
(d, 2H), 7.55 (m 4H) LRMS (APCl) 240 (MH] Preparation 44 30

(3R 4s,5S)-4- &2 6- Di f1 uorophenyl) -3, 5-di met hyl oi peridin-4-ol F

tert- Butyl IWPRPERTPI5 7M i n pentane) (9.62nmL, 16.4mol) VEKBIMGAH2H opwi se to
a stirred solution of 2,6-difl uor obr Bobenzene (3.0g, 15.5mml) at -78 C.
The sol uti on was WO 2005/ 077935 PCT/ 1 B20051000208 143 stirred for a further

3 hoH1 sI at Zﬁ?raéa fér SOlfuntHedN3 qiolfs?FéﬁS?s 1°cbenAylsol§ucﬁr of (3R,5S)-1 -benzyl -3, ,f’

i met hy plper] in reparati.on o er
(3o ) bt Priclerta -4t Areareu i 4 (166 A el T @ﬁ‘bé‘?@ﬁh&@m@w 585 C
The m xt ur e aadedsdropwiee, raanntamii‘@ tie featpedatire elowt BE&TCal Thewetturowas stimedatr oom
tenperature o rai rat S
added and ¢ hertieg BF o ey BeA i, 8RR 160 ekbatlc dhmant Sifelin’
with waterd ( Smdﬁmmt):hlamdiz shiutied (20naly) wasdidded sindl fhet mlxturmswr@cbﬂov &0 minutes.
removed in v | t he
sol ution hyd?ggg’r ted a%(é) ‘%*léq”é%ﬁéd g)it@, overgéao@'ﬁ[g a{ﬁﬂgﬂh%(og%oigg)r @fatté
hours. The fhgsaventyes rﬁmpveé'r'@eraw hagesidus waseléiﬁaoi\@ﬁm fethane!| ({ @Qﬂ“é anas

evapor at ed t%@k{o\iﬂ:@ﬁ%ydrasg@aaiéa (S0P BndPEP Y Ger DOSR éiaﬁé‘cwﬁbﬁh:éﬁbsmoif {87 Burs.
acetonitrile_to afford desi red_ product fine white needl es.

“FENVR ( 00N nssoryes igred SEpish Galtstbneine Rl Was. Sanqiatea 4 tynesss G hem
4H), 7.3810 (drudélprdduct WaQ%dysMISéMro&J'ﬁceto?utEﬂE t6 AfforiHhe désidsl-pro@itt (1178gh. 20H)
LRVS (APCI) § éNE(% g%qPrepar ation 45
(3R 4s. 59) - 438 BT 39850 g- 1- (4- net hoxvbenzvl ) - 3, 5- di met hvl pi peri di n- 4- ol

| g) n- :suﬂm NMR F(MOMHQQ?IIEOBMRC(ﬁdn&m o.lsamarrdﬂg),lm*s(m,%?.gio myms)ﬁnge a
stirred solu 0 e : . i n anhydrous
di et hyl et hert([k %%)2{95 §020 (%1%9'}%‘7’3 Rﬁﬂ?gﬂ 7\%&% ?FQ%ed at -78 C for 3 hours
and (3R, 5S) - LRMS @POhN2d2siZly| ) - 3, 5- di net hyl pi peri di n-4-one, from
preparat|.E31 42 (1.85g, 7.5mmwl) i n d iethyl ether (101) was then added

ee

dr opwi se ping the tenperature below -60 C. The m xture was then all owed
to warmto r@enaratienadbat ure. Saturated ammoni um chl oride sol ution (25nl)

(3R 45,55)-4-(3-Fluorophenyl}-1-(4-methoxybenzvl)-3.5-dimethylpiperidin-4-o)
F HOb

n-BuLi (2.5M in hexanes) (7.2mL, 18mmol) was added dropwise to a stirred solution of
20 3-fluoroiodobenzene (1.91g, 8.0mmotl) in anhydrous diethylether (10mL) at -78 °C. The
C mixture was stimed at ~78 °C for 3 hours and (3R,5S5)-1-(4-methoxybenzyl)-3,5-

dimethyipiperidin-4-one, from preparation 42 (1.85g, 7.5mmol) in diethyl ether { 10mL)

was then added dropwise keeping the temperature below —60 °C. The' mixture was then

allowed to warm to room temperature. Saturated ammonium chloride solution (25mL)
25 was added, the mixture sfirred for 30 minutes and the organic phase separated. The

organic phase was washed with water (3 x 50mL) and dried over sodium sulfate, filtered

and the solvent was removed in vacuo. Recrystallisation from ethyl acetate:cyclohexane

afforded the desired product (2.88g).

'H NMR (400MHz, CD,0D) § 0.51 (d, 6H), 2.18 (m, 2H), 2.35 (m, 2H), 2.71 {(m, 2H), 3.58
30 (s, 2H), 3.65 (s, 3H), 7.12 (m, 3H), 7.35 (m, 5H)

LRMS (APCI) 344 [MH"]

Preparation 46



25 was added, the m xture stirred for 30 m nutes and the organi c phase
separated. The organic phase was washed with water (3 x 50nL) and dried
over sodiumsulfate, filtered and the solvent was renoved in vacuo.
Recryst al | iv6Q2905/47P3%m et hyl acet at e: cycl ohexane af f or BeHIB2P5/08E8% 1 ed
product (2.88g). 'H NWVR (400MHz, CD30B)* 5 0.51 (d, 6H), 2.18 (m 2H), 2.35
(m 2H, 2.71 (m 2H), 3.58 30 (s, 2H), 3.65 (s, 3H), 7.12 (m 3H), 7.35

(m_5H) LRVEPCh e MdabenyRusnidinBlbedfin iy 2005/ 077935
PCTI | B2005/ 0

(3R, 4s, 5S) - 4- ( 3- Fl uor ophenvl ) - 3. 5- di n’e@ oy, eridin-4-o0i [/ i
sol ution of

(3R, 4s,5S)-4-(3-fluorophenyl) - 1-(4-met hoxybenzyl) -3, 5-di net hyl pi peri di n- 4-
ol , from pr epaschition et 43R,¢858-(3@nmpbehy!}-h{4metharndentydshi-Hinwdhyidigatdisede nat ed

50psi 5 200 i Lt
oo 111t or edok E&anﬁg%ﬁ%’gf'?’*?e? 850 o T FRARRB) 51 Nas RgibGenal it U1 ©
Recryst al 13 sand 68 *ePverrd% palladiupy ascraction) far dfhaerst b mixturewas fikarerbiraugt titl e
conpound (1. 226 ard thbRittA9 8 WioratédRPEynéssD - Récridlatialibn o?thleocrﬁcjﬁa protiiet 2. 85

(2130 oo dlonbil wtorted ol oamiis Pty > (A7C) 224 (M

(3R 4s.59) - 1' 1Byt | @doiidz,ed fonyvb.savd,)sH8, 5.1di(ﬁs¢rzh?clzmo@ﬁ,i sHJne.@sqh. Hi, 15
tert-Butyllithi gm %E' 7Min pentane) (33. , b6mmol ) was added to anhydrous
di et hyl et her /(%20f llnder nitrogen and cooled to -78 C. A solution of

4-qvet hoxyt0 | oRMis@APEN224GMBI%0, 29mmol ) in anhydrous diethyl ether (25nmL) was
a@gd dropwise to the tert-butyllithium solution maintaining the
tenperature between -78 Cand -60 C.  On conpletion of addition, the m xture
was stirred further 30 mnutes at -78 C 20 then allowed to warmto
room terrperaliz,l;érpg.iag?dré-r esul t ant 4-net hoxyphenyl lithium solution was then
added dropw $rx.fs Bengy-d R¥phery)-,Sidirmetbvipigeriiin-4-ol

di et hyl pi peri di n-4-one, from preparation 14 (4.0g, 18mmmol) in anhydrous
diethyl ether (70nL) at -78 C. The nix{% wwas stirred at -78 C for 2 hours
and then allowed to warmto room t\e'a ey—sat ur at ed ammoni um chl ori de
(20nm.) was added dropwi se 25 and the m xt'ure rred for 30 m nutes, The
organi c | ayer was separated, washed with water (3 x 100nL), dried over

sodi um sulF afest-BuRilitEWED ot vk dn t BEREANEH e@3.0Mmb., gFGremelhewas added to anhydrous
diethylether (20mL) under nitrogen and cooled to —78 °C. A solution of 4-methoxy-

iodobenzene (6.89g, 29mmol) in anhydrous diethylether (25mL) was added dropwise to

.- NHA

the terf-butyllithium solution maintaining the temperature between -78 °C and -60 °C.
On completion of addition, the mixture was stirred for a further 30 minutes at ~78 °C
20 then allowed to warm to room temnperature, The resultant 4-methoxyphenyllithium
C solution was then added dropwise to a solution of (3R,5S)-1-benzyl-3,5-
dimethylpiperidin-4-one, from preparation 14 (4.0g, 18mmol} in anhydrous diethyl ether
(70mL) at =78 °C. The mixture was stirred at —~78 °C for 2 hours and then allowed to
warm to room temperature. Saturated ammonium chloride (20mL) was added dropwise
25 and the mixture stirred for 30 minutes. The organic layer was separated, washed with
watsr (3 x 100mL), dried over sodium sulfate and evaporated to dryness to give the
crude product, which was recrystallised from cyclohexane/ ethyl acetate o give the pure
product (7.1g)
'H NMR (400MHz, CDsOD) & 0.51 (d, 6H), 2.12 (m, 2H), 2.25 (m, 2H), 2.61 (m, 2H),
30 3.58 (s, 2H), 3.78 (s, 3H), 6.85 (m, 3H), 7.25 (m, 6H)
LRMS (APCI) 326 [MH'T

Preparation 48



crude product, which was recrystallised fromcycl ohexane/ ethyl acetate to

give the pure product (7.1g) '"H NWR (400MHz, CD30D) 8 0 51 (d, 61 1), 2.12
(m 21-1), 225&@2211) 2.61 (m 21-1), 30 3.58 (s, 21-1), 78(s 3H),
6.85 (m 31WQPIOSHTHES (1 611) LRMVB (APCI) 326 (MH] Pr REHIBAGSHR0248 WO

2005/ 077935 PCT/ | B2005/ 000208 145

(3R 4s.5S) - 4- (4- Met hoxvohenvl ) - 3, 5-di net hyl pi oceridin-4-0l HO ~" Ol i A
sol ution of henyl)-3,5-dimethylpiperidin-4-ol

(3R 4s,59)-1 -di et hyl pi peridin-4-0i (7.1qg,
21moi ), from preparation 47 in nethanol e nmL) was hydrogenat ed over

pal l adiumon 5 carbon (1.0g) (5o0psi a for 18 hours. The m xture was
filtered through Celite(r) and the fid was evaporated to dryness to

e the crude r t al | cetonitrile affor edthe
gla\sfl red comlzj)ﬁ tion °§é§R %’%ﬁ\%{ﬁ I‘g‘é‘{i hP@@E‘ U\?ﬁ %ﬂﬁ'ﬂéthy"l?'ﬂerrldﬂb“}"" 7.9
puri ficati on21minoiNVien{ grepadtion m&@@théhoDmﬁ@rn(.)dvasﬁﬁ)iroganﬂed over pahfbmurﬂoﬁS (m

?WH; (308 paﬁﬁﬁg Gy tBopst8nd 8o °&f ot 1 néfts. TR midlie GEL ndiBYBrblr Chinds >

(3R 4s. 58) Aaf thé-fiDrate s qyhporateyl -1 dimndésrist glya( mep@udej proddstoRedtybtalligation 0 A

| uti f - di
sol ution of gof fLbhil gﬁérgga)?ﬂ%g%egﬁgd éﬁo‘%ﬂﬁ E um'l s i g‘ﬁgcggﬁ,gﬁsguq 20nL)
(8. 401, 2l nﬁﬂh?fpur\lﬁ@aﬂadded dropwi se with stirring, maintaining the
t enper at ure Whﬁfﬁ?, oz, IS @déﬁ@fe%%oﬁt(h{ 56f 288 (m preggfﬁr(s%q)g%g%é 004

(3R 5S5)-1-Benz peri one ration

1Qpmol ) i1 d[CbtzHilITéiUh%ﬁo ("253’11)) was then added dropwi se, maintaining the
tenperature prieWAPEH 285 Mirg m xture was stirred at -78 C for 1 hour then
allowed to warmto roomtenperature. Saturated ammoni um chloride sol ution
(40m) was added and the m xture stirred for 30 mnutes. The ether |ayer was
separ at ed, shed Wi water (3 x 50nL), dried over sodiumsulfate, filtered
and then 25 . to dryness. The product was dissolved in nethanol
(100m.) and (3R4sE8)-{20nDifluorophenyl)-3.5-dimethyipiperidin-4-ol

. &

A solution of 2,4-diﬂuorobromobenzene (4.51g, 22mmol) in diethylether {(20mL) was
cooled to —78 °C under nitrogen. n-Butyllithium (2.5M in hexanes) (8.40mL, 21mmoi)
was added dropwise with stirring, maintaining the temperature below -65 °C. The
mixture was stirred at —78 °C for 4 hours. (3R,58)-1-Benzyi-3,5-dimethylpiperidin4-one,
20 from preparation 14 (6.00g, 19mmal} in diethylether (25mL) was then added dropwise,
maintaining the temperature below -65 °C. The mixture was stirred at -78 °C for 1 hour

('

then allowed to warm tc room temperature. Saturated ammonium chloride solution
(40mL) was added and the mixture stirred for 30 minutes. The ether layer was
separated, washed with water (3 x 50mL), dried over sodium sulfate, filtered and then
25 evaporated to dryness. The product was dissolved in methanol (100mL} and the solution
hydrogenated (50psi and 50 °C over 20% palladium on carbon) for 18 hours. The
mixture was filtered through Celite® and the filtrate was evaporated to dryness.
Recrystallisation of the crude product from acetonitrile afforded the desired product
(1.78g) as fine white needles.
30 'H NMR (400MHz, CD;OD) & 0.60 (d, 6H), 2.21 (m, 2H), 3.10 (m, 4H), 7.38 (d, 2H),
7.05-7.20 (br, 1.00H), 7.25 (m, 1H), 7.31-7.50 (m, 1.20H)
LRMS (APCI) 242 [MH"]



hydr ogenated (50psi and 50 C over 20% pal | adi um on carbon) for 18 hours. The
mxture was filtered through Celite(r) and the filtrate was evaporated to
dryness. stal I | sation of the crude product fromacetonitrile afforded
t he desi red“ﬁi%’ﬂ (1 78g) as fine white needl es. 30 'RTHRRO{/HAQOTNHZ,

CD30D) 6 0.60 (d, 6H) 2.21 (m 2H), 30 (m 4H), 7.38 (d, 2H), 7.05-7.20
(br, 1.00H), 7.25 (m 1H), 7.31-7.50 (m 1,20H LRMS (APCI) 242 [WH] WO
2005/ 077935 H?@dréi&&(BIDS/OOOZOS 146 Preparation 50
(3R 4s,59) - 2= yhkapperidin-4-ol  HO : INN,
/'YY A cool ec 0 2 Z rrrml) in dry diethyl
ether (2n.) was 5 added to a solution of tyI lithium (2. 5Min hexane)
(10nm., 25nmol) at -78 C. The reactld"ﬁ xt/ure was stirred for 1 hour. A
solution of (3R, 5S)-1-benzyl-3, 5- du | pi peridin-4-one, from preparation
14 (5.42mg, 25mmol) in tetrahydrofur (2rrL) was added at -78 C and the
reaction ni & coaed splptiandoff Hbromohyrigine (Rimly, &&omatininviay diethyl ethed (2ral-)weasm t o
-20 C andgs ( ) adds d the
esul 1 ng? med i o SELBANALLER B i hordhe) ARL a8iNal t 2896, T
suspensi on waactioh | miture Wﬁal Stlﬁl@dsiﬂrl d hashedAwiseltiofi elfhy?vR 2bhebenzyl-%550nL) .

The solid \mﬁeﬁmgﬂlgéﬁdm%ﬁglffbn%@%@f.aﬂwtmen smﬁmlm @aghf&%fu.%nqz&\

sol uti on was was 5 ases were separa e organic
phase was drVi’sédaQSiﬁératnﬁén@s?ﬂﬂﬁhes@?@@f‘é”qu F*@'F“’@dm&ﬁdh%nc'@?trﬁa?t@ﬂ Wak vacuo

BO gf ‘E gr dt rﬁﬁoﬂ@@ 'tc5 G3\ﬁinﬁ rted%t ‘?C 4n§@§t&§é§@amrﬂo5uun’f"c”¥ﬁ’dé %QQW {1 Eﬁ@.?l WS 754_16
(& 5H), 1(-} @jdg% ,and 1thqh|)'esuffm@ ,;nn(tHr'e qu pyrredeogij (r@ursiaq_ﬁoorrgfegg)e(qgwe 1Tl'|q) LRVS
E QECL"‘) 5;) 295356%!%}1 wdgrfﬂlﬁﬂidaérid(lﬂe 8dlic2Washed with diethyl ether (4 x 50mL). The solid

S

d
e ol iR meEs 0 iR lameyss ety 9030037 e sohon meSuashad wih. o
from prepanaineonThd phabe®owerd Geparatenl )hahfbaﬂﬁm%éabdsamaemdeh@gﬂedﬁnﬂn

carbon (0. 4ﬁgﬁ%tgafﬂ’&er A Bhedredlin Jacuo % é}Y | pa%aat & prd ucf'Qfl 3%93(89% O psi for

14 hours.
15 'H-NMR (400MHz CDCl3). 5= 0.56 (d, 8H), 2.07-2.43 (br, 4H), 2.79 (br, 2H), 3.63 (br,

2H), 7.25-7.46 (m, 5H), 7.65 (br, 1H), 7.84 (br, 1H), 8.47 (d, 1H), 8.68 (br, 1H)
LRMS (APCI+) = 297 [MH"]

Preparation 51
20 (3R.45,58)-3,5-Dimethyl-4-pyridin-3-ylpiperidin-4-o!

S

A  mixture of (3R 4s,5S)-1-benzyl-3,5-dimethyl-4-pyridin-3-ylpiperidin-4-o!  from
preparation 50 (3.0g, 10.12mmol) and 20wt% palladium hydroxide on carbon (0.45 g) in

e

ethanol (50 mL) was hydrogenated at 40 °C and 40 psi for 14 hours, The reaction
25 mixture was then filtered through Arbocel® and the filtrate was concentrated in vacuo to
give the desired product as an off-white foam, 2.05g
"H-NMR (400MHz, CDClL): 8= 0.57 (d, 6H), 2.12 (m, 2H), 2.81 (t, 2H), 2.94 (m, 2H), 7.27
(m, 1H), 7.51-7.99 (br, 1H), 8.48 (d, 1H), 8.67 (br, 1H)
LRMS (APCI+) = 207 [MH"]
30

Preparation 52
1-tert-Butyl 3-msthyl (3S.4R)-4-(2 4-difiucrophenyl)pyrrolidine-1,3-dicarboxylate




25 mxture was then filtered through Arbocel (r) and the filtrate was
concentrat ed in vacuo to give the desired product as an off-white foam
2.05g 'H- NWR (400MHz, CDCI3): 6= 0.57 (d, 6H), 2.12 (m 2H), 2.81 (t, 2H),
2.94 (m 2|—‘t)’02(?05@7793~‘(m 1H), 7.51-7.99 (br, 1H), 8.48 (BCT/IB365/08026% (br, 1H)
LRVS (APCI+) = 207 [MH] 30 Preparat?™dn 52 1-tert-Butyl 3-nethyl
(3S,4R)-4-(2. 4-di fl uorophenvl ) pyrrolidine-1, 3-di carboxyl ate WO 20051077935
PCT/ | B2005/ 000208 147 F p/ \ O N O-O To a solution of nethyl

(3S,4R) - 1- benzyl -4- (2, 4-di f| uor ophenyl ) pyr, i di ne-3-carboxylate, from
preparation 30 (1.0g, 3.01lmmol), 1-nmetd¥l ¢y<l ohexa-1, 4-diene (1.25m,

11. 12mmol ) and di-tent-butyl dicarbonat 0.772g, 3. 31mm|) I n ethanol (10n)
was 5 added pal | adi um hydr oxi de on carborf (0.1g) at roomtenperature. The
resulting mxture was heated under refkl} for 4 hours, cooled to room
tenperature and filtered C through Arbocéh\(r) The fiItrate was
concentrated_in vaguo to give the crude residue whi partitioned

bet ween et hyf© acetlerof @8%‘!’) (3§143) i@%‘%ﬁ"ﬁr(?é WEPPQB'M)PWERWPBT?I:‘)‘” boxylgte. phases
were separ atwnarpﬂe;sdmmr gEmi ¢l dqayarommtyvasmadmywdbnem-ma-&&@ﬁtmesehu ed 10

e r od " pr odl b1 el g e BUSE ABPoraa i 25 R mrRep A0oRRES GETIS) WES 1. 40

(s, 9H), 8. ldddadZmlladiumlh)droxdie?Sers .cafbotnf0.1hH)at rdor GemBeraturé. m ThHesuling8- 3. 89

(m 3H, 6. 7:4\ xﬁg%%vagﬂea?e@ Undgr Félwﬁ Br 41%0&% éb%'lvg tgpr’o%)ter%ééaluw and fi E’ %:d +1]

15 Preparation
(3S. 4R) - 1- (t braugBLATbseal®r bidwefillyatd -wag. ebndérftiatest inplasne ftp givedthe dirude- @sidee box vl i

° Stcj d P HOicD s bahilont e derlf abehaTBomPand Moo LirtARiPGHiRdn 45ARM S to
The phases were separated and the organic layer was washed with brine (60mL), dried
10 over magnesium sulfate, filtered and concentrated in vacuo to give the desired product
as a colourless oil, 940mg.
'H NMR (400MHz, CDCl3) & 1.40 (s, 9H), 3.14-3.25 (m, 1H), 3.25-3.40 (m, 1H), 3.48-
3.59 {m, 4H), 3.68-3.89 (m, 3H), 6.71-6.82 (m, 2H), 7.15 {m, 1H)
LRMS (APCI) 242 [MH' - BOC +1]

15

Preparation 53
35 4R)-1-{ter-Butoxycarbonyl}-4-(2 4-diflucrophenvlpyrrolidine-3-carboxvlic acid

Lithium hydroxide (130mg, 23.5mmol) was added dropwise to a stirred solution of 1-tert-

20 butyl 3-methyl  (35,4R)-4-(24-diflucrophenyl)pyrrolidine-1,3-dicarboxylate,  from
preparation 52 (930mg, 2.72mmol) in tetrahydrofuran (10mL.} at room temperature. The
reaction mixture was stirred for 48 hours, concentrated in vacuo and diluted with water
(15mL). The phases were separated and the aqueous phase was exiracted with ethyl
acetate (1 x 25mL). The agueous layer was acidified with 2M hydrochloric acid solution

25 (2.7mL) and further extracted with ethyl acetate (2 x 40mL). The combined organic
extracts were dried over magnesium sulfate, filtered, concentrated in vacuo and
azeotroped with dichloromethane to give the desired product, 775mg (87%).



20 butyl 3-nethyl

(3S,4R)-4- (2, 4-di fl uorophenyl ) pyrrolidine-1, 3-di carboxyl ate, from
preparation 52 (930nmg, 2.72mmol) in tetrahydrofuran (10nL) at room

t enper at ur eVOPMSOTI8[ct i on mi xture was stirred for 48 hBCKB20GHMIENt rated in
vacuo and diluted with water (15nL).¥Phe phases were separated and the
aqueous phase was extracted with ethyl acetate (1 x 25nL). The aqueous

| ayer was acwwmaownb @L%ltw'f a5l @9%03 ?&3 de %ﬁ' ) 88635 (@, A3 8 93

further extracted with ethyl acetate The conbi ned ofgani c

extracts wer 8“d$|)eﬁ75“\§@t7(%§'ﬂ19§12{9r{1%uw at e, f| I tered, concentrated in vacuo
and azeotropaMymel)mzsmnTomm@ha e to give the desi r ed product, 775ngy

87% . WD 20 [} 05/ 000208 148 H NVR (400MHz, CDCI3) 6 1.45
Es /()9H) gﬁ@« %%ﬁ? %M%OSG 3.65 (m 1H), 3. 74(3 93 (m 3H)) 6. 75- 6. 87

(m 2H), 7520 (m 1 H LRMVB (APCI) 228 [MV- BOC +1] LRMB (APCI-) = 326

[M1] 5 Prepgration tert-Butyl
(3R 4S)-3- (2wﬁ?§§ophenvl) 411 (3R 4R 5S) -4 hydr oxv 3. 5 di et hvi -
pvr|d|n2yl‘ ButiyldBRA 6-gif AelBRAR ‘ o

JF C 01-1gk. 10,/ ¥ o 3
(3R 4s,59) - 3%@@%@2-1%': mnv}nv%qﬂ%%clg_@gﬁgj%t__gol from preparation 74
(835ng, 4mmol ), (3S,4R)-1-(tent

=

but oxycar bonyl )-4-(2, 4-di fl uorophenyA oI| -3- carboxylic acid, from

preparation 53 (1.32g, 4mmol), 1-( opropyl) 3-

et hyl car bodl i m de hydrochl ori de (7 nd 1- hydr oxybenzotri azol e
drate (62ng, 0.4mmol) in tetrahydrofuran 0 ) was stirred at room

t t f 0. 15 d. th d
oo due W Aoreircile el BRI VBB A. 1BE BeBSPuen s The
phases vvere B95angat eldhraoi)l t(as4R¢ngwmmthmmny&é-(mmmhemtwm:dm@a

di hyd t f At
200t Um Dyt oGRCAE DARRL o Skl 9710, il YRS SERABBMBISH 2L,

of the resi delyisgrodinism hudpdhieridegrTABmg. demel) @ch Hhyduxmeszeitazolschydale
Ezltg%?o 40: 60627y, & ArRMbI) IR \&trdhProfiRa (ALY VRRUStreRSaterodhi tePnpePie fof 2680M0
15 hours. The solvent was removed in vacuo and the crude residue was partitioned
between water (15mL) and ethyl acetate (15mL). The phases were separated and the
organic phase was washed with saturated sodium hydrogen carbonate solution (15mL),
dried over magnesium sulfate, filtered and concentrated in vacuo to give the crude
residue.  Purification of the residue by column chromatography using ethyl
20 acetate:pentane (10:90-40:60) as eluent gave the desired product as a white foam,
380mg (43%).
L 'H NMR (400MHz, CDCls) (Rotamers) 8 0.27-0.52 (m, 6H), 1.46 (s, 9H), 0.81-1.97 (m,
2H), 2.68 (m, 1H), 2.93-3.24 (m, 2H), 3.38-4.14 (m, 7H), 4.41 (m, 1H), 5.50 (m, 1H),
6.82 (m, 1H), 6.87-7.36 {m, 3H), 7.71 (m, 1H), 8.47 (m, 1H).
25 LRMS (APCI) 516 [MH'].

Preparation 55
tert-Butyl (3R,4S)-3-(2 4-difluorophenyl}-4-{[(3R.4R 5S)4-hvdroxy-3.5-dimethyl-4-

henvylpiperidin-1-vllcarbonvlipyrrolidine-1-carboxylate

ot
G B

30



.. "H NWR (400MHz, CDCI3) (Rotaners) 6 0.27-0.52 (m 6H), 1.46 (s, 9H),
0.81-1.97 (m 2H) 2 68 (m 1H), 2.93-3.24 (m 2H), 3.38-4.14 (m 7H), 4.41
(m 1H), 5. 6.82 (m 1H), 6.87-7.36 (m 3H), 7.71 (m 1H), 8.47
(m 1H). 2?3’0|_ 7(9A§>CI) 516 [MHO . Preparation 55 ter PCBEBIpPS/000208
(3R, 4S)-3-(2.4-di fl uorophenvf) - 4- {f(éﬁ? 4R. 5S) - 4- hvdr oxv- 3. 5- di net hyl - 4-
phenyl p| perfdin-1 -yl)carbonyl)pvrrolidine-|-carboxylate F Ho 0 N ~' F 30

1/ ok 9 -3-
o (18 Sl G e s s

ny %yrro i ne- 3-
car boxyl i ¢ &8T@YIE ¥ pF PP 'GH°’B§3( @@@@"Hﬁ WFE)P (3R45,58)-3,5-dimethyl-4-
3R, 4s, 5S i 4 o 522
i o g e T TR 22
added 1- prof¥i yg]a“a“g?t %)uwsﬁﬁwup y@"?ﬁﬁ‘%"f’ﬁ"'@t‘ﬂ?ﬂ‘: aé‘E)équ?e)
51 5ni, tzs 545rrwhr)2 Ztay*g deefated Nl5MbDE2, Bﬂﬁmbﬁ) hﬂ@:@oéndth@lﬁeéﬁﬂi&g%bhf‘érﬁﬁas ?trrelaoom
enperature for ou n m xt ur e was e
bt at o (7 GhIGoT HPRBIRNTE APe POTS s IRE sk BRaie v et ket Bee 2 x
50m.) f oljl o{EemiDyand Batdrated possiom dathohate isolutigrl was 26ddd) (2 xT! B@nlggﬁltmmg@_r ed
separated a an X rie
over magnesti Sl AdF sk fio? (135 Bamiin ettt Parira®f ahd 4 AP G10E ¢ he
crude resi duwas Washefli willt i wimeof! Xh80misidiied dver coagnesium solfatentitaven spdy usi ng
t hyl : t - |.Led
Sroéucf‘cﬁéaagoﬁ‘ﬁﬁﬁ@?oam%ég# e pie8 R PABRED S s Prus p BILERC

41-0. 62 (mhroemogr@mmsm&ﬂqmacgtatelpentamewo(@%@:H) as Jelemt zaffome@mhelm
£59-3.03 <rae:§%pm&.c@§smmmm,§%g siff (m 7H, 442 (d. 1H, 15

6. 76-6. 85 ( /.41 nl APCI% 515 M—I(] Pre aratlon 56
(3R, 4s, 5S) - 1H {A00MHz e BRotamers)d Grbt-A-PRi(BEebHd P 9474-24 (MdH), Ah7

sol ution of 3R &5).0t (RN b.58-302 TRk} B! 18 (REAHHisN04s. 05 6n f AN 12 @pamgt ion 14
15 6.76-6.85 {m, 2H), 7.16-7.41 (m, 6H)

LRMS (APCI) 515 [MH'].

Preparation 56
3R . 45.55)1-Benzyl-4-isopropvi-3,5-dimethyipiperidin-4-ol

To a solution of (3R,5S5)-1-benzyl-3,5-dimethylpiperidin-4-one from preparation 14
(500mg, 2.3mmo!) was added isopropyl lithium (0.7M in pentane) (3.6mL, 2.53mmol)
L, The reaction mixture was stirred at —78 °C for 1 hour then slowly warmed to 0 °C and

20

stirred at this temperature for a further 30 minutes. Saturated ammonium chloride
25 solution (6mL) was then added at —10 °C. The reactidn mixture was partitioned between
ethyl acetate (6mL) and water (6mL). The phases were separated and the aqueous
phase was extracted with ethyl acetate (6mlL). The combined organic extracts were
dried over magnesium sulfate, filtered and the solvent was removed in vacuo to give the
crude residue. Purification of the residue by column chromatography using
30 dichloromethane:methanol:0.88 ammonia (100:0-99:1-96:4.0.4) as eluent gave the
desired praduct, 244mg (41%).
'H NMR (400MHz, CDCls) 5 0.82 (d, 6H), 0.99 (d, 6H), 1.88-2.03 (m, 4H), 2.08 (m, 1H),
2.48 (m, 2H), 3.45 (m, 2H), 7.19-7.34 (m, 5H)
LRMS (APCI) 262 [MH'], 244 [MH"-H.0]
35



(500mg, 2.3mmol) was added isopropyl lithium (0.7Min pentane) (3.6nL,

2. 53mmol ) The reaction mxture was stirred at -78 C for 1 hour then slowy
war med to Cand stirred at this tenperature for a further 30 m nutes.

Sat ur at ed MQ‘FGW%I oride 25 solution (6nL) was then BHKBI0050002680 C. The
reaction m xture was partitioned bet we&n et hyl acetate (6nmL) and water
(6m.). The phases were separated and the aqueous phase was extracted with
et hyl acet atprepfilion 57The conbi ned organic extracts were dried over

sol vent was renoved in vacuo to give the
crude resi dugtB pieridin:d-ohy col umm chr omat ogr aphy usi ng 30
di chl or onet hane: net hanol 0 88 ammoni a (4Q0: 0-99: 1-96: 4: 0. 4) as el uent gave
the desired product, 244ng (41%. 'H ,400M—Iz CDCI3) b 0.82 (d, 6H),
0.99 (d, 6H), 1.88-2.03 (m 4H), 2.08 [ 2.48 (m 2H), 3.45 (m
2H), 7.19-7.34 (m 5H) LRV5 (APCl) 262 [MH ], 244 MH+-H20] 35 WO
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Preparation ®884H5 (3R 4s,5S)-1-Benzvl - 3, 5-di net hvt - 4- propvl pi peri di n- 4- ol

HO To a stiry (3R, 5S) - 1- benzyl - 3, 5- di net hyl pi peri di n- 4-one,
from prepar atlﬁ\gn%ﬂ%‘s ?P‘nwl .6mol ) in tetrahydrofuran (7nL) was added
propyl magnes!l um chl ori de (2M

Preparation 58
15 (3R.45,58)-1-Benzvi-3,5-dimethyl-4-propylpiperidin-4-ol

Dot

To a stirred solution of (3R,55)-1-benzyl-3,5-dimethylpiperidin-4-one, from p reparation

19 (1.0g, 4.6mmol) in tetrahydrofuran (7mL) was added propyimagnesium chloride (2M
in diethyl ether) (7.5mlL, 15mmol) at —78 °C. The reaction mixture was stirred for 1 hour
e 20 and saturated ammonium chloride solufion (20mL) was added and the mixture was
slowly warmed to room temperature. The reaction mixture was diluted with ethyl
acetate (40mL) and the phases were separated. The agueous phase was extracted with
ethyl acetate (1 x 40mL) and the organic extracts were combined, dried over magnesium
sulfate, filtered and concentrated in vacuo to give the crude residue. Purification of the
25 residue by column chromatography using dichloromethane:methanol:0.88 ammonia
{98:2:0-95:5:0.5) as eluent afforded the desired product, 790mg (66%).
*H NMR (400MHz, CDCl,) 5 0.80 (d, 6H), 0.90 (t, 3H), 1.20 (m, 2H), 1.51 (m, 2H), 1.87
{m, 2H), 2.04 (m, 2H), 2.54 (m, 2H), 3.47 (m, 2H), 7.19-7.36 {m, 5H).
LRMS (APCI) 262 [MH"], 244 [MH"-H,01.
30
Preparation 59
(3R 45.55)-3,5-Dimethyi-4-propylpiperidin-4-ol



in diethyl ether) (7.5nL, 15mmol) at -78 C. The reaction mxture was stirred
for 1 hour 20 and saturat ed ammoni um chl ori de sol ution (20nm.) was added and
the m xture_ was lowly warned to roomtenperature. The reaction m xture was
diluted wi tWoé‘PWFW-"%cet ate (40rL) and the phases were BEHHEB2045660205The
aqueous phase was extracted with eth¥i! acetate (1 x 40mL) and the organic
extracts were conbined, dried over magnesium  sulfate, filtered and
concentrated in vacuo to give the cru resi due. Purification of the 25

resi due by col um chronmat ogr aphy using% { chl or onet hane: nmet hanol : 0. 88 ammoni a
(98:2:0-95:5:0.5) as eluent afforded thg desgired product, 790ng (66%. 'H
NVMR (400MHz, CDCI3) 6 0.80 (d, 6H), 0HI0 , 3H, 1.20 (m 21-1), 1.51 (m
2H), 1.87 (m 2H), 2.04 (m 2H), 2.54 (m 21-1), 3.47 (m 2H), 7.19-7.36
(m SH). LRVE dohifich Jof 82,4f515)-}-beRA#3) BMnhethﬁ@}propﬂﬂpd?iﬁEpablatﬂoﬁﬂ pfeParation
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(3R, 4s, 5S) - 1watehzc;rbge®a@dchtrﬂ@t"lﬁiyandMstotwylZMpen& dihe-action rhixiora wasfitered i on
58 (7605 Siymloh ARGk Lha ROV Qs (A% OFE AN ad ARk ) hanol

(1 Om) was rogenate ours e reaction

m xture was VQQUPéQ@’fPf@herdeéE@‘Pm@%@@ﬁmngw washed with ethanol (10nL).
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1 50 (m 2H){ m(12H70?7Q¢W 521%) 2 70 (m 5H) c LRNB (APCI) 172 [MHL. 10
paration E6Aus(RPtHarofll- Benzvl - 4-cvcl opropyl - 3, 5- di et hyl pi peri di n- 4- of
To a bi rred solution of (3R, 5S)-1-benzyl -3, 5-di net hyl pi peri di n-4-one,

from prea ration 15 19 (1.0g, 4.6mmol) in tetrahydrofuran (8nL) was added

brono( cycl opPepsia)i §g1e5| um (0.5Min tetrahydr ofuran) (28nmL, 14mmmol) at -78

C. The react ) J nld saturated anmmoni um

chl ori de sol ¥tt¢ S=Ffrett—ant e was slowy warned to

room tenperature. The reaction m xture was uted with

5P

To a stirred solution of (3R,53)-1-benzyl-3,5-dimethylpiperidin-4-one, from p reparation

15 19 (1.0g, 4.6mmol) in tetrahydrofuran (8mL) was added bromo(cyclopropyl)magnesium
(0.5M in tetrahydrofuran) (28mL, 14mmol) at —78 °C. The reaction mixture was stirred
for 2 hours and saturated ammonium chioride solution (40mL) was added and the
mixture was slowly warmed to room temperature. The reaction mixture was diluted with
water (40mL) and the phases were separated. The aqueous phase was extracted with

C’ 20 ethyl acetate (2 x 60mL) and the organic extracts were combined, dried over magnesium
sulfate, filkered and concentrated in vacuo fo give the crude residue. Purification of the
residue by column chromatography using dichloromethane:methanol (100:0-96:4) as
eluent afforded the desired product as a colourless liquid, 780mg (65%).

"H NMR (400MHz, CDCls) & 0.35 (m, 4H), 0.52 (m, 1H), 0.90 (d, 6H), 1.95 (m, 4H), 2.56

25 (d, 2H), 3.50 (s, 2H), 7.20-7.37 (m, 5H)

LRMS (APCI+) = 260 [MHT], 242 [MH"-H,0]

Preparation 61
3R 4s.58)-4-Cyclopropyl-3.5-dimethylpiperidin-4-ol

HO




wat er (40nL) and the phases were separated. The aqueous phase was extracted
with 20 ethyl acetate (2 x 60nL) and the organic extracts were conbi ned,
dried over magnesium sulfate, filtered and concentrated in vacuo to give
the crude residue. Purification of the residue by columm chromatography
usi ng di chPG YA e: met hanol (100: 0-96: 4) as el uent PATIBRYENPO28e desi r ed
product as a colourless |iquid, 780rr(;)l f650/() "H NWVR (400MHz, CDCl 3) 6 0.35
(m 4H, 0.52 (m 1 H, 090(d 6H), 1.95 (m 4H), 2.56 25 (d, 2H), 3.50
(s, 2H), 7.20- §oiior rHof5|'dBRl4E3|‘&f@ -4 ABREyt)- l%&@ps[l Mﬂ-dlmetﬁﬂl&pbmaiﬂo]f

Preparation 61 4- cgc eridin-4-ol V NH 30
YYY WO 2005PEPP?§%§'9"%§1‘? g%%&%/%bgﬁ%g "fé'ﬂmmyéfﬂxﬁﬁ%w carbon) (140mg) in
(3R 4s, 5S) - ktHapozYOmi) wychydpigemsted 3t 40- Q) drit40pbidorey iodts)- 'Fhe(}’eactibﬁ @ixture

6Q {780 d d b
(140mg) i "EentkE ol NokedSphf spste BUn Al Comid. A0S M B nour .

The reacth onomantrated in vego ta dffoed the debiregbdubt, maemg (94)%)and washed with

et hanol (10 a 0 f the
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(m 1H), 0. %™ ), 2®|5|)(m4H)72 (m 2H), 1 84 (m 1H), 2.65 (m 4H LRVS

(APCI+) =1 g\@F]O,,J.,B reparation 62 C

(3S.4R) - 4- (;9(2/{ Idoroﬁﬁ{e[mgkggnl%q hvﬁd[j))vrrol i di ne-3-carboxylic add F HO F

NIl To a solution of nethyl

(3S, 4R --ﬂ)(&,dﬂétfohtggr ophenyl ) - 1-met hyl pyrrolidine-3-carboxylate, from

preparation 3. 13mmol ) dr of uran, (I ) was added lithium
hydr oxi dé ‘r~""'-\ Loplatsis SR rdgarboiicaeld eaction mi xture was
irred for 2 hours and the soI vent conc rated in vacuo. The crude

resi due was dissolved in water (20nL) an@)arti tioned wth ethyl acetate (2

x 20nmL). The phases were separated #&hdrttheraqueous phase was acidified

usi ng 2M hydrochloric acid solution (3. | m.). The

To a solution of methyl (35,4R)-4-(2,4-difluorophenyl)-1-methylpyrrolidine-3-carboxylate,
from preparation 37 (800mg, 3.13mmol) in tetrahydrofuran {(10mL) was added lithium

15 hydroxide {150mg, 6.27mmol) at room temperature. The reaction mixture was stirred for
2 hours and the solvent concentrated in vacuo. The crude residue was dissolved in
water (20mL) and partitioned with ethyl acetate (2 x 20mL). The phases were separated
and the aqueous phase was acidified using 2M hydrochioric acid solution (3.13mL). The
aqueous phase was evaporated and the residue was azeotroped with toluene (6 x

20 20mL) to afford an oily residue (1000mg) which was used without further purification in
the subsequent step.

C 'H NMR (400 MHz, CD;0D) & 3.05 (s, 3H), 3.41 (m, 1H), 3.50-3.81 (m, 3H), 3.91 (m,

3H), 7.06 (m, 2H), 7.62 (m, 1H).
LRMS (APCI+): 242 [MH"

25 | RMS (APCI-): 240 (M-1)

Preparation 63
tert-Butyl (3R.4S8)-3-(2,4-diflucrophenyl)-4-{[(3R.4R,5S)-4-(3,4-difluorophenyl}-4-hydroxy-
3.5-dimethvipiperidin-1-vilcarbonylipyrrolidine-1-carboxylate

NV
L

A solution of (3S,4R)-1-(tert-butoxycarbonyl)-4-(2,4-diffluorophenyl)pyrrolidine-3-

30



aqueous phase was evaporated and the residue was azeotroped with tol uene (6
X 20 20nmL) to afford an oily residue (1000rrg) whi ch was used vm'thout further
purification in the subsequent step. 'H NVR (400 MHz, CD3OD) S 3.05 (s,

3H), 3.41 WOR00EM7938. 50-3.81 (m 3H), 3.91 (m 3H), 7PEETHZAISO9MS 7 62" (m

1H). LRVS (APCI+): 242 [MHL 25 LRVBI®APCI-): 240 (M1) Preparation 63 tert
But ylI
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solution (2 X ed. The phases were separated and the organic
phase was wadviedoam.257He ek 20m.) , dr| ed over magnesiumsulfate, filtered

and concent rRiNER idookEIeDCR ’})Hz gotanélsy he sgepir@s dOBPIEU!CAI? @591), 2\@@6 QHf)oam
mg

T (710 s B LA 6&%2’éu§*°%§5§m oo b Pl i, 5

.82 (m 2HBH)6.90 (m 1H), 7.07-7.15 (m C 3H). LRVS (APCI+): 551 (MH)
Pr epar at

(3R 4s. 59) - Ii-?%?e@%?c'@ BSHMEY hvi - 4-[4- (triflu " oromet hvl ) phenvl | pi peri di n- 4-
ol HO F I\

15 Pregaratuon 64

The title compound was prepared in 33% vyield from (3R,5S)-1-benzyl-3,5-
dimethylpiperidin-4-one, preparation 14 and 4-bromo-trifluoromethyibenzene following a
20 similar procedure to that described in preparation 40, except the compound was
additionally purified by column chromatography using pentane:ethyl acetate (4:1) as
L" eluent.
'H NMR (400MHz, CDCls) $30.54 (d, 6H), 1.58 (s, 1H), 2.12 (t, 2H), 2.24 (m, 2H), 2.71
(dd, 2H), 3.55 (s, 2H), 7.27-7.36 (m, 7H), 7.59 (d, 2H).
25 LRMS (APCI) 364 [MH"]

Preparation 65
3R .45.58)-3,5-Dimethyl-4-[4-(triflucromethyliphenvilpiperidin-4-ol

HO
X NH
F;,Cf
F

30 A mixture of (3R,4s,58)-1-benzyl-3,5-dimethyl-4-[4-(trifluoromethyl)phenylipiperidin-4-ol,
from preparation 64 (527mg, 1.45mmol), 20% paliadium on carbon (65mg) and

dihydrotoluene (570uL, 5.4mmol) in ethanol (10mL) was heated under reflux for 3 hours.



Fc F The title conpound was prepared , in 33%yield from

(3R 55) - 1-benzyl -3, 5- di met hyl pi peridin-4-one, preparation 14 and
4-brono-trifluoronet hyl benzene following a 20 simlar procedure to that
descri bed MNP #P¥WHAT4Eti on 40, except the conpound was adRGTIBYMEPIIPSpurifi ed
by col umm chr omat ography usi ng pent ané? et hyl acetate (4:1) as eluent. "H
NVR (400MHz, CDCI3) [iO 54 (d, 6H), 1.58 (s, 1H), 2.12 (t, 2H), 2.24 (m
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F 30 A m xt &0emgf(87%).

(3R, 4s,59) Iy Y, tr u ) pLper.i di n-4- ol

, from prepaﬁ\z@ﬁéhoéﬁ%?}jﬁwéwlsﬁgn% %ﬁ{?ﬁ%g%&%ﬁ#@ﬁf@ﬂb %‘ﬁ)eégrrg) and

di hydroto’-ﬁue{d@ 25,7028-7304mm#H)) in et hanol (10m.) was heated under reflux for

3 hours. %ﬁﬁ)% 182005/ 000208 154 The reaction m xture was

filtered throug W%?%gwf and washed with ethanol (100m.). The sol vent

was renoved in vacuo to afford the desired conpound as a brown foam 501 ng

(879% . 'HNI‘ﬁ?eé}QM}.{I-gg, CDCl 3) p0.53 (d, 6H), 1.74 (s, 2H), 207(m 2H)

2.73 (t, 2H) dd, 2 7.26-7.70 4H) . LRMS ( APCl) [ MH |
Pr epar at i on b 2 4-diflucrophenvi}-4-({(3 4r 53)-4-hydroxy-3, dlme1h\L-4-I4-
(3R, 49) - %9 ( 2trfludtoirle jtekidifi=1C¥icafBodi pbimdiidiheyshinosytate 5- di met hyl - 4-i 4-

10 (trifluoromethvl)phenvllpiperidin-I-vl}carbonyllpvrrolidine-I-carboxylate
/[~ O0O" 16\r HO FF 1/ O-1 O F Jhe UtlQorrpound was prepared in 94%

ﬁ:el d from (3S,4R)-1-(tert-but oxycaer@H(-4

The title compound was prepared in 94% yield from (35,4R)-1-(tert-butoxycarbonyl)-4-
(2,4-difluorophenyl)pyrrolidine-3-carboxylic acid, from preparation 53 and (3R ,4s,5S)-
3,5-dimethyl-4-[4-(triflucromethyl)phenyl]piperidin-4-ol, from preparation 65 following a
15 similar procedure to that described in preparation 38.
"H NMR (400MHz, CDCl;) (Rotamers) [00.43-0.60 (m, 6H), 1.46.(s, 9H), 2.63 (m, 2H),
3.14 (m, 2H), 3.45-3.90 (m, 6H), 4.44 (d, 2H), 6.82 (m, 2H), 6.86 (m, 1H), 7.16-7.32 (m,
2H), 7.58 (m, 2H).
LRMS (E1) 583 [MH"]
20

C Preparation 67

1-tert-Butyl 3-methvl (35,4R)-4-(4-chlorophenvi)pyrrolidine-1,3-dicarboxylate
7]

e
ISR
To a solution of methyl (35,4R)-4-{4-chiorophenyl)pyrrolidine-3-carboxylate
25 hydrochloride, from preparation 26 (870mg, 2.8mmol) and triethylamine (780ul,
5.6mmol) in dichioromethane (5mlL) was added di-fert-butyl dicarbonate (610mg,
2.8mmol) in dichloromethane (5mL). The reaction mixture was stirred for 20 hours and

diluted with ethyl acetate (50mL). The phases were separated and the organic phase
was washed with 5% citric acid solution (3 x 20mL) and brine (1 x 20mL). The organic



(2, 4-di fluorophenyl)pyrrolidine-3-carboxylic acid, from preparation 53 and
(3R 4s,595)- 3,5-dinethyl-4-[4-(trifluoronmethyl)phenyljpiperidin-4-ol, from
prepar ation (S)S followng a 15 simlar procedure to that described in
prepar at i oY@ SATPRVR (400MHz, CDCB) 5%Rot amers) 00. 43-RCHBIB2OS000398) 1. 46
(s, 9H, 2.63 (m 2H), 3.14 (m 2H), 45-3.90 (m 6H), 4.44 (d, 2H), 6.82
(m 2H), 6.86 (m 1H), 7.16-7.32 (m 2H), 7.58 (m 2H). LRVS (El) 583 [MHi
20 C Prepar ghhsdwad died ebér-rﬁéﬁnlékluﬁ é‘ﬂif&ﬂé}’hltered and concentrated in vacuo to afford
(3S,4R)-4-(4-chl or ohengtggsqy | 02] g’acarb xvliate O-Q . NN O~-0O
To a sol uti & %3sH PFR”I” ( %’E%“"ﬁss( "&Hﬁ“‘t‘ﬂ“ & pyrr ol i di ne- 3- car boxyl at e
25 hydr ochl SHINMR (400MHzpCBERY &1 .456(s, B61),(BT0BRS (2. BHNBBY (rAantH) 8B (MM ne

(780) LL, s added di-tert butyl

di car bonate3§éc:>g£h%m gfgéﬁﬁ%%) ?qﬁt(‘gggﬁ'l OM? ne (5m.). The reaction mxture
was stirrid LRMS EPCIp3O{MEHLH 240MHItBRC+d]t h et hyl acetate (50mL). The phases
were separated and the organi c phase was washed with 5% citric acid
solution (3 x 20n) and brine (1 x 20nm.). The organic WO 2005/ 077935

PCT/ | B2005/ (ineganation 885 phase was dried over magnesiumsulfate, filtered and

concent r at eda$ ARY-AG e Buor@drBor .»4@%@%%%%&9%@% SitbdkyROacr | ess oil in
gquantitative yreld. "H NVR (400Mz, 45 (s, 9H), 3.07-3.25 (m

2H), 3.36 (m 1H), 3.58 (m 1H), 363(5 1)385(m2H) 7.17 (d, 2H),
7.29 (d, 1 H 5 LRVS (APCl) 340 (MA'wo 40@—1 BOC+1] Preparation 68
(38 4R) 1-(tert-Butoxvcarbonvl)-4-(4chi/ohophenyl ) ovrrolidi ne-3-carboxylic

0 Ho CN 10 To a solution of ¥1-tert-butyl 3-nethyl
@S 4R) 4- (4-chl orophenyl ) pyrrolidine- dzg*i» di carboxyl ate, from preparation
67 (0.98g, 2.88mmol) in tetrahydrofuran «dﬁrrL) was added |ithium hydroxide
(0.21g, 8.64mml) at roomtenperature. The reaction m xture

To a solution of 1-ferf-butyl 3-methyl (38,4R)-4-(4-chlorophenyl)pyrrolidine-1,3-

dicarboxylate, from preparation 67 (0.98g, 2.88mmol) in tetrahydrofuran (8mL) was

added lithium hydroxide (0.21g, 8.64mmol) at room temperature. The reaction mixture
was stirred for 24 hours and the solvent was removed in vacuo. The crude residue was
dissolved in water (8mL) and 1M hydrochloric acid solution (8.65mlL) was added. The
15 suspension was extracted with dichloromethane (2 x 40mL) and the organic phase was
dried over magnesium sulfate, filtered and concentrated in vacuo to afforded the desired
product as a white solid, 705mg (75%).
'H NMR (400MHz, CDCls) 8 1.45 (s, SH), 3.17 (m, 1H), 3.36 (m, 1H), 3.61 (m, 2H), 3.88
(m, 2H), 7.18 (d, 2H), 7.29 (d, 2H)
20 LRMS (APCI) 226 [MH'-BOC+1]
LRMS (APCI-) = 324 [M-1]

O

Preparation 69
tert-Butyl (3R.45)-3-(4-chiorophenyl)-4-{[{3R,4r,5S)-4-hydroxy-3,5-dimethyl-4-
25 phenvipiperidin-1-viljcarbon rrolidine-1-carboxylate

ol 1
Seal™
1

To a soluton of (38.4R)-1-(teri-butoxycarbonyl)-4-(4-chlorophenyl)pyrrolidine-3-

carboxylic acid, from preparation 68 (250mg, 0.76mmol), (3R 4s,58)-3,5-dimethyi-4-
phenylpiperidin-4-ol, from preparation 16 (190mg, 0.81mmol} and triethylamine (320pL,




was stirred for 24 hours and the solvent was renoved in vacuo. The crude
resi due was dissolved in water (8nm) and 1 M hydrochloric acid sol ution
(8.65nL) was added. The 15 suspension was extracted wi th dichl oronet hane (2
x 40nmL) an®QHWEYYani ¢ phase was dried over nagnesi uCI(IB2088/800208 | t er ed
and concentrated in vacuo to afforded® he desired product as a white solid,
705mg (75% . 'H NMR (400MHz, CDCI3) 6 1.45 (s, 9H), 3.17 (m 1H), 3.36 (m
1H), 3.61 (m28#md) in elnydBcetatd (L) Whs aadécﬁ‘ltﬁbpy@hﬁsphaniaSciﬂ_becl%"thWideRNB

APCl) 226 [ -BOC+ R APCl-) =324 |[M1 Preparati on 69 tert-Butyl
O RN Ap .t = v e O AN s S R e
penvl pi peri aia3- stireti| foR2D RIS} BT hpdroeHidhR- dci€ ablgoty (20} -wdd sddedoand fheyrrol i d

i ne-1-car boxvlu?te el ci Igg) N ~ ot= To _a sol ution of .
(3S, 4R) - 1- (58 '%W?%i@’é%dr Mites;. The PRRSSE JYATR SSRPS T 18P i959anie Bhase A¥a5oxy | i ¢
aci d, froin pileedmaithi ety GBetaRS5Bmi) afd A6hwoadiym hiy@Bxids sGGion3(6mL) iwastdaded.4-

[ ot ny om ride oot s a8 S9aisl. A b BBl 8o 28 PO ang o

et hyl acet atselveSnmiweswestnavddedd Yaguapy Théospte niesidek | wasc yrified cyhywdiuime (50%

in ethyl ac Fbtn‘?% L, i . re. lOR M Xture
was sti rredecro_r CA)IQ(r our!sj?ﬂglj:blgﬁ%g%)gt:hg{ g[r%‘?g@aigﬁdm@ S{)fu i%nealgﬁln{(f%\ﬁ\g@ g‘&ded and
the sol uti dlesigesreduct aea white fopm. BEYMY (B8&)phases were separated, the organic
phase wag) S 'diNpik m)omﬁzhc@b@v obinRirde0. §201sh (ANEHYLMad esliowy) dylp 0% iele
solution (6nL) was added,. he organi ¢ Bhase was _ separ at ed,_ dried over

nesi um s@Ped-@3 (M1 et BUS- 18 heroy M. 338148, (K %‘&rﬁbéb’)ﬂnﬁfé&@lé’.“- The
E%de resi dgpy)was purified by colum chromat ography using pentane: et hyl
acetate (90:10-50: u fford t desired, product as a white
foam 370ng %8‘@/&%%51%3NW%MZBU@%I4§$?M§0?%‘h@r’g; 6 0.32-0.59 (m
61-1), 1.46 (s, 9H), 0.64-2.05 (m 2H), 2.63 (m 1H), 2.79-3.15 (2xq, 1H),
3. 30- 4. 015 ( rBrefétatibn,704. 42 (m 11-1), 7.16-7.40 (m C 9H LRMS (APCl) 513
[MH 3, 457 [ MK, ] - s . At iog 70
(3R, 4s.59) - 45 i peri di n-4- ol

ofhoxybEnZ)

n-Buli (2.5M in hexanes) (7.89mL, 195mmol) was added dropwise to a solution of 1,4-
dibromobenzene (4.9g, 20mmol) in diethyl ether (150mL) at -78 °C. The mixture was
20 stirred for 3 hours and allowed to warm to room temperature. 1 -(4-Methoxy-benzyl)-
trans-3,5-dimethyl-piperidin-4-one (5.0g, 20mmol) in diethyl ether (25mL) was added

O

dropwise and the reaction mixture was stirred for a further 2 hours. The mixture was
quenched with saturated ammonium chloride (50mL) and the phases separated. The
organic phase was washed with water (3 x 50mL.), dried over sodium sulfate, filtered and
25 the solvent was removed in vacuo to give the crude (3R 4s,5S)-4-(4-bromophenyl)-1-(4-
methoxybenzyl)-3,5-dimethylpiperidin-4-ol (7.9g), which was used directly without further
purification.
'H NMR (400MHz, CD;OD) & 0.51 (d, 6H), 2.18 (m, 2H), 2.35 (m, 2H), 2.71 (m, 2H),
3.58 (s, 2H), 3.65 (s, 3H), 7.12 (m, 3H), 7.35 (m, 5H)
30 LRMS (APCI) = 404 [MH"]

Preparation_ 71



HO n-BuLi (2.5Min hexanes) (7.89nL, 195mmol) was added dropwi se to a
solution of 1,4- dibronobenzene (4.9g, 20mmol) in diethyl ether (150n) at
-78 C. The_mixture was 20 stirred for 3 hours and allowed to warmto room
t enper at ur &0 W07t hoxy- benzyl ) trans- 3, 5-di net hyl - IGFEBRWHA0280ne (5. Og,
20mml ) in diethyl ether (25n) was added L dropwise and the reaction

m xture was stirred for a further 2 hours. The m xture was quenched with

saturated a RU8) hydioxy-3QaimetRBLybeheyiPB &sdim afifif4- The organic

phase was washed w th water (3 X nL), dried over sodiumsulfate, filtered

and 25 the ¥ ! renoved in vacuo to give the crude

(3R, 4s5,5S) - 4- (4- bronophenyl ) -1- (4- net h@xybenzyl) -3, 5-di net hyl pi peri di n- 4- ol

(7.99), which was used directly w thouti her purification. "H NWR

(400M—Iz CD30D) 6 0.51 (d, 6H), 2.18TM2ZH)~2.35 (m 2H), 2.71 (m 2H),
3.58 (s, 2H), 3.65 (s, 3H), 7.12 (wm , 7. (m 5H) 30 LRVS (APClI) = 404

[M—I—] Preparation 71 WD 2005/077935 PCT/ |1 B200%/ 000208 157
44-1(3R 4s. 55) - 4- hydroxv 1-(4-nmet hoxvbenzvl) -3, 5-di nmet hyl oi peri di n- 4-
vl | benzoni t A selutian of (IRds, ﬁ@-ﬂ%brgobgmerwmdﬂ-methoxybenzyl) 3,5-dimethylpiperidin-

E133 48f r5§3m ‘h-&l4a¢62f ion 345(%‘3 é?ﬁrﬁ%l?eg%téé%ﬁ:rﬁmé%ﬂﬁ gihw%di 8@%&19!16'
tris(tri phe”‘wgﬁwmﬁ*’“ﬁﬁ'ﬁma &1 .4689.265gma) Ao PIPPEn dOTHD L2300 de

(1.52g9, 8mupdnol) i afsioAmis r(BdrﬁL)(vm”héatwﬁmﬁb?%ﬂﬁ Mndeﬁodre’mé%u&&é washour .
The m xture was & .cooled to roomten%?mthure |Iut§j with ethyl acetate

ﬁon) and fPPIES 18 JOPR, SOWRraure, iUl efid acpipler 0L RNd HiteFRey thipYaR wat er
ne, dri ecteme@r TROflitrgie vidsl Vizahed atidl whie, theing diried d0erG@amANdulfatei 2p8 rltére& ac ua

O e YRRl P heh, K5 i BN WA B0 BB RY
title corrpo@danﬁogﬂagrqldncmma@el mslr(gZetE)ﬂg):etatethem (@M@I\ﬂ:ﬁﬁ) aEBB@ﬂ)to@ffﬁrdSl (d,
$H)12 (2n1254|(—|)rIPIe @‘@5‘:3"%86‘%’2%%”@%@%%&? 15 LRlvg ?8AP(0|S) ggl)l [ﬁ/HFS (s, 39,
'H NMR (400MHz, CD,OD) & 0.5% (d, 6H), 2.25 (m, 2H), 2.42 (m, 2H), 2.79 (m, 2H),
3.58 (s, 2H), 3.65 (s, 3H), 7.12 (m, 4H), 7.52 (d, 2H), 8.10 (m, 2H).
15 LRMS (APCI) 351 [MH"]

Preparation 72
4-[(3R,4s,5S8)-4-hydroxy-3,5-dimethylpiperidin-4-yllbenzonitrile

C e

20
To a solution of (3R4s,58)-4-(4-isocyanophenyl)-1-(4-methoxybenzyl)-3,5-
dimethylpiperidin-4-ol, from preparation 71 (2.50g, 7.1mmol} in dichioromethane (50mL)
was added triethylamine (2.0mL, 14mmol) at -15°C. 1-Chloroethylchloroformate
(1.50mL, 14mmol) was added dropwise to the stired solution, maintaining the

25 temperature at -15 °C and the mixture was stirred for 30 minutes. The solvent was
removed in vacuo to give a crude residue which was refluxed in methanol (150mL) for 3
hours. After cooling the reaction mixture to room temperature, the solvent was removed
in vacuo and the residue was dissolved in dichioromethane (100mL). Potassium
carbonate (5g) was added and the mixture was stirred for 1 hour, then filtered, and the

30 solvent was removed in vacuo. The crude residue was recrystallised from acetonitrile to
afford the pure compound as fine white needies (1.239).



Preparation 72 4-r (3R, 4s.5S)-4- hydroxy-3,

5-di net hyl pi peri di n-4-yl | benzonitrile / f''" NH 20 NCI HO To a sol ution of
(3R, 4s,5S)-4- 44 |socyanophenyl) 1- (4- met hoxybenzyl) - 3, 5-

di net hyl pi & T877%501 , from preparation 71 (2.50g, 7. [PETGBI005/$p0208

di chi oronet hane (50nL) was added trildf hyl anine (2.0, 14mmml) at - 15C.

1- Chi oroet hyl chi orofom ate (1.50n, 14nmol) was added dropw se to the
stirred sol &yiNMR (4ODMHZACDLON) & DB018, SHHMPLS &h U2, 3 (ml1AHS> 7a82ddt 719, slBt ure
was sti rredté%\mBO m nutes. The solvent was renoved in vacua to give a
crude resi dé I ch was refluxed in nethanol (150nmL) for 3 hours. After
cool i ng t he LRMSc{aPCH =n232t[MiH t 0 room tenperature, the solvent was renoved

i n vacua and the residue was dissolved in dichloromethane (100nL). Potassium
carbonate (5g) was added and the m xture was stirred for 1 hour, then
filtered5 aﬂM_IQG_Q_soI vent was removed in vacua. The crude resi due was
recrystalli aSEQN : 2 ‘pH|re corrpound as fine white
needl es (1. ' 158 "H NMR (400MHz,

CD30D) 5 0.60 (d, 6H), 2.25(m 2H) 3.1.’(‘@%, 7.62 (d, 2H), 8.15 (d,

2H) LRMS (APCI) = 232 [WH] 5 Preparaton

(3R 4s.59) - 1- Benzvi - 3. 5- di net hvl - 4- pP«¥dia~2- vl pi peridin-4-of *° / HOi NN
A solution of 2-bronopyridine (4.1 7024nol) in diethylether (50n) was
cooled to - 10 78 C under nitrogen. h- BuLi (2.5M hexanes) (10.10ntL,

25. 3mol ) wasschdide df 2Hbapvdpgedine4t 1onslt §.024nmg) in mwtmahmi(ﬂ@nm)hmstma n@t-ur e

R es) D o220 nGEebhRn, Byl B ifios) (1, 1t P Al ik adisd Brobds” ©
28. Omol ) | witdisétring) reamemnr(gaﬁatemmatutmmovada@&c depwises was Blrchatng 81 he
tenper at ur e oh gl .o, 5, fo G so-mﬁnr& F@’ﬁ‘?) ‘?"ﬁé?lzglté 5—Bﬁ%tl§ﬁplpe?ﬁlngné %m]prgﬁ?agéhoﬁnd then

allowed 15 to warmto roomt anmmoni um chl' o e sol ution
(40mL) was d4d6d9g.aPramel) mdde ylethek {30pmdy was thegpadded drepyviseTmaintaining theayer

was separ at ey, dapRatkiol 58°C. Wmee;hx(u?éﬁgmnedoyt Legle@¥pn HoRPhndthenbilcdled:
filtered and concent rated in vacuo.
to warrn to room temperature. Saturated ammomum chioride solution (40ml) was added

and the mixture stirred for 30 minutes. The ether layer was separated, washed with
water (3x50ml), dried over sodium sulfate, filtered and concentrated in vacuo. The
residue was purified by column chromatography on silica gel to give the desired product -
as an orange oil 7.31g

20 'H-NMR (400MHz, CDCl5): 3= 0.43 (d, 8H), 2.08-2.30 (m, 4H), 2.71 (d, 2H), 3.59 (s, 2H),
5.48 (s, 1H), 7.19 (m, 1H), 7.22-7.42 (m, 6H), 7.71 (t, 1H), 8.48 (d, 1H)
LRMS (APCI+) = 297 [MH"]

Preparation 74
25 (3R.4s.55)-3,5-Dimethyl-4-pyridin-2-vipiperidin-4-0l

HO
Ny o
J
A mixture of (3R,4s,58)-1-benzyl-3,5-dimethyl-4-pyridin-2-yipiperidin~4-ol, from
preparation 73 (3.0g, 10.12mmol) and palladium hydroxide (20% on carbon) (0.45g) in

ethanol (50mL) was hydrogenated at 40 °C and 40psi for 14 hours. The reaction mixture

30 was allowed to cool to room temperature and stirred under 40psi for 5 hours. The
reaction mixture was filtered through Arbocel® and the filtrate concentrated in vacuo to
give the crude residue. Purification by column chromatography on silica gel using
dichloromethane:methanol:0.88 ammonia (97.5:2.5:0.25-90:10:1) as eluent afforded the
desired product, 2.05g (99%).



resi due was purified by columm chromat ography on silica gel to give the
desired product as an orange oil 7.31g 20 'H NVR (400MHz, CDCI 3): 5= 0.43
(d, 6H, Zyp(gZSO m 4H), 2.71 (d, 2H) 3.59 (s, 2H), 5.48 (s, 1 H, 7.19
(m 1H, YOS (m 6H), 7.71 (t, .1 H), 8.48 (d, 1 RGIIBRSOQOABC| +) = 297
[MH] C Preparation 74 25 (3R 9

4s5.5S5)-3.5-Dinethvl -4-pvridin-2-vlpiperidiiin--4-o01 "NHO ~( NH A m xture of

(3R, 4s, 5S) - 1;-7| BBWBMQOMﬂz&MIWm% (&saymlady(gr zHyEmgqﬁr ugg rszszbo(oe}} ,AH, rmb )
preparation i um hydr oxi de o on carbon
(0.45g) in ('Bt ng %é%ﬂ% @?g%@ﬁ*gd at 40 C and 40psi for 14 hours.
The reacti ohRMSx(EBhé—szmT\WH "4 13d2BEt 0 cool to room tenperature and stirred
under 40psi for 5 hours. The reaction mxture was filtered through

A«bocel(&% and the filtrate concentrated in vacuo to give the crude
resi due u by col um chromat ography on silica gel using

di chl or onet pangsyTRihaRRhoRbeAShyBTBA) ﬂr&ﬁinés%%%s el uent

afforded the destred product, 2.0b 99V, | B2005/ 000208
159 'H NWMR (400MHz, CDCI3) 5 0.43 (d 00 (m 2H), 2.84 (m 4H), 5.50

(br, 1 H, 7.20 (m 1H), 733(d% (t, 1H), 8.49 (d, 1H LRVB
(ESI+) =207 [MH], 413 [2MH] 5 Prep thon 75
(3S.4R)-4-(2.4-Difl uorophenyl) 1- et hvl pkrrol i di ne- 3 carboxylic acid

hydrochloride o HO HCl Concentrated aqueo hydr ochl ori c aci d
(10m) was gga@trpgzdnﬁtﬁws pggOMnC@C(dZ(Wml) was added to methyl (35,4R)-4-(2,4-
tfgl uor opheﬂuuhbmﬁh@tynmLewylmbudin@&csrbemm@msh\ampéramn 75 eavdmat i 8BmaAfdi)( 500D,

Smml 10, and the resu ng sol utlon s stirre om erature for
7% hour <0 Age 3 esning St wok, el oot R mParehi forte REE LT TeadR0 and
theI resul tamgn@swdslethmﬁvawﬁea rtopdrgnesst i vavuoeard (He msﬁlﬂamt)resﬂm wagave the
title corrpou as e 0 uw 1.10
(S 0D db e Bl e @.ﬁf?ﬁhwvg%s%“ 8 {oMBolyad 3 oK orrpid a1 )
3.10-3.13 (mpodg), 3.92 (q, 1H), 6.80-6.86 (m 2H), 7.45 (g, 1H).
"H-NMR (400MHz, CD,0OD); 00 1.10 (¢, 3H), 2.51-2.62 (m, 2H}, 2.69 (t, 1H), 2.86 {t,
15 1H), 3.05 {t, 1H), 3.10-3.13 (m, 2H), 3.92 (q, 1H), 6.80-6.86 (m, 2H), 7.45 (q, 1H).
LRMS (APCI) = 256 [MH"]

Preparation 76
Methyl (38,4R)-4-(2 4-difluorophenyl)-1-ethvipyrrolidine-3-carboxylate

15

A mixture of methyl (35,4R)-4-(24-difluorophenyl)pyrrolidine-3-carboxylate from
Preparation 31 (500mg, 2.07mmol), ethyl tosylate (519mg, 2.59mmol} and potassium

C %

carbonate (573mg, 4.15mmol) were heated in acetonitrile at 70°C for 16 hours under
nitrogen. The reaction mixture was then cooled to room temperature and concentrated in

25 vacuo. The residue was dissolved in dichloromethane (30mi) and partitioned with
saturated aqueous sodium bicarbonate (30ml}. The organic layer was then washed with
brine (20ml), dried over magnesium sulfate, filtered, and the solvent was removed in
vacuo. The above procedure was performed in duplicate. The crude products from the
two reactions were then combined and purified by column chromatography on silica

30 eluting with dichloromethane:methanol (99:1) to give the title compound as a pale yellow
oil, 968mg.



LRVS (APCI) = 256 [MH ] Preparation 76 Methyl

(3S.4R)-4- (2. 4-di fl uorophenyl)-1-et hyl pvrrolidi ne-3-carboxylate 20 L" A

m xture of nethyl 38 4R) - 4- (2, 4-di fl uor ophenyl ) pyrrol i di ne- 3- car boxyl at e
from Prep‘é(Pe?P‘?sfPﬁ" (500ng, 2.07mmol), ethyl tosyl at ePEEHEHYNRIE9mpI ) and
pot assi um carbonate (573ny, 4. 15rrrmi'%0 were heated in acetonitrile at 70C
for 16 hours under nitrogen. The reaction m xture was then cooled to room

t enper at ur e "HRIMR QIO0MHZ, EDER): D 294 asi) 2.55267 @ i16i)1€2.6833.68 i(ra,sm)yz:doi n

bi car bonat e & Sofit) PIARS or g e & are. e 8 vl REB G PR 189, 50

(20nTL)
dri ed over re@hestHINT.80(d.abe, filtered, and the solvent was renoved in
vacuo.

The 0 was performed in duplicate. The crude products
fromthe t%W%&éqi. %ﬁ@w\/\'gg;e t hen conbi ned and purified by col um

chromat og?aphy on silica 30 eluting with dichl oronet hane: met hanol (99:1) to
gi ve the titAcsosigpduril rigferes sgrabgdimeniycompaunds 63ey intgymepiEts/ @MPoRSs

PCT/ | B2005/ 00408 e’ rbdhirkdRlHing LRl 1ROccmisbnkd and herrRfes?, 02
(m 1H), 2.63-2.6 3.11 (t,
1H), 3.69 ( sexegapﬂﬁed@egejnl(e(gorem mage-pgaq le 'TI-FB“"‘-‘ |sgla83§ fefm f\sl_gef nqdl_%qre 1
H) . LRVB ( Elpureisdiated| b meﬁnsomﬁpﬁui:hﬂﬁrrfpﬁur&isFHrﬁfIer nm@mm@wélamaubma@unds

cepect ai 19 1168 BbsABRRIGS YPen Ty e s Seo TR it B Bpiina

made avai | alsubstantigiiy free neahabtitdadt @08, pisserdsty lanleésm/em'noremmfa‘ab@@lt aasid form

ans that compoy or ter medi at s tial I 0 free
& conpoundzg%fé}v'??{ﬁ PH ?rgﬁlxgpfj@téeasﬁt 8?‘%03 %E%Pefna@ ?tg §y‘2’ otfﬁg ‘EPé?H Sherein
subst anti al Ipyedantia thedewired stelepepeciBOfrmpr ef erably at | east 92% nore
preferably at |least 95% nore preferably still at |east 98% and especially

at least 99% of the conpound is ~r present in the desired stereo-specific
form 151DARATHnpounds according to the present invention, including the
conpounds of Exanples 12, 20, 16, 48, 1, 5, 6, 22, 13, 9, 10, 50 14, 17,

19, 53, 40, ddmpoedds ﬁéoorcﬁn %e?p?eseaﬂmvéﬁlon, lﬁgudl ihe%orﬁdﬂﬂm een
tested and found to trate {7 %) |es of 20 ess than about

150nM at t helved 1ree(4,%p1t' érsva%e?l 't9e§9 9'315;/5%'9?%3(133 31,34, 35,

36, 42, 44 and 47, have been tested and found to demonstrate functional potencies of
20 less than about 150nM at the MC4 receptor when tested using the assay method
described in Protocol E.

The MCR1, MCR3, MCR4 and MCR5 ECs data for compounds of the invention
generated using the assay methods described in Protocols A, B, C and D as well as their

C. 25 relative selectivity for MCR4 versus MCR3, MCR1 and MCRS is illustrated in Table 5.
Table §
Ex | MCR4 | MCR3 | MCR1 | MCRS | Selectivity Selectivity Selectivity
no. |ECeo |ECse |ECy, |ECso | MCR3/ MCR1 / MCR5 /
(nM) (nM) (nM) (M) MCR4 MCR4 MCR4
1 25 1389 8100 6710 56 324 268
2 68 8380 ~ - 123 - -
3 44 2620 - - 60 - -
4 45 - - - - - -




described in Protocol E. The MCR1, MCR3, MCR4 and MCR5 EC50 data for
conpounds of the invention generated using the assay nethods described in
Protocols A, B, Cand D as well as their 25 relative selectivity for MCR4
ver sus MCRB)208R793and MCR5 is illustrated in Tabl e 5. PRIHBOFOEIISNCRY MCR3
MCRI MCR5 Selectivity Selectivity Séfkctivity no. EC50 EC50 EC50 EC50 MCR3
MCRL/ MRS/ (nM (M (NnM (NnM MCR4 MCR4A MCR4 1 25 1389 8100 6710 56 324

268 2 68 830 M, -MBRIA MURA0 and -MER5 -EC,, 4iafed for compoundd\Bf 200 IhRAESH S

PCT/ 1 B2005/ 000208, 161 ata for, conmpounds
of the i nveSinesied %Wﬁ?@?yﬁ?tW%%éC%%PWH]gg EdEsa(E'B Eg%td” hasdpRt ocol s
A, B, D andrefatias saiedtivityefer MORY versu€ MRy MCHA | @ MCRS iy ilfustratdCiRdTabRy &us MCR3,
MCRL and MCR5 is illustrated in Table 6. 5 Table 6 Ex no. MCR4 MCRL MCRS

Sel ectivity Selectivity ECS0 (nM ECS0 (nM EC50 (nM MCRI/ MCR4 MCR51 MCR4

1 9.6 1187 2738 125 285 6 19 541 158Ga@8683 22 23 - 17754 - 772 13 27
8403 16861 311 624 31 3.6 10687 956 2969 266 34 4 - 12 75 667 20000 9 267
35 1.5 1270 20000 847 13,333 15 6.3 - 3505 - 556 16 54 - 5 9,6 1197 2738

125 285 e| Exwd 2006R$7793JMERT/ 1B20MERF00209 SeksivityQl ai mSelectivity
ECs ("M) |ECs (nM) | ECs (M) | MCR1/MCR4 | MCR5/MCR4
1 96 1197 2738 125 285
6 19 541 1586 28 83
C 22 23 - 17754 - 772
13 27 8403 16861 311 624
31 3.6 10687 956 2969 266
34 4 - - - -
12 75 667 20000 9 267
35 15 1270 20000 847 13,333
15 6.3 - 3505 - 556
16 54 - - - ;
5 9.6 1197 2738 125 285

.
¥




1. A conpound of the general formula (1) RR2 CH3 1 N3 4 HBCR4A O R5 5 or
a pharmaceutically acceptable salt, hydrate, solvate, or "a""r tternf
wherein R i ed from -(Cl-C6)al kyl, -(C2-C6)al kenyl
- (Cz- Co) al ?’??39?5%%?‘5 Cg) cycl oal kyl .5 (C5- C8) cycl oal k&l B1005/000208
-(C1-C2.)al kyl (C9-C8) cycl oal kyl, aryl,”-(Cl- C2)al kylaryl, heterocyclic, or
-(C1-C2) al kyl heterocyclic groups wherein each of the foregoing R groups is
optional |y €l i tuted by one or nore groups selected from (Cl-C4)alkyl,
- (CH2) m( C3- C6) cycl oai kyl, hal ogen, - 15 (CH2) nOR6, -CN, -C(O) OR6,
-(C 2) "NRTSO02R6, CF3, CH2CF3, OCF3 or OCH2CF3 wherein m= 0, 1 or 2; R2is
H, OH or OCH3;. 28cempiusdéthegeneral foormlal) - (C, - C6) al kyl, - (C2-C6) al kenyl ,
-(C2-Co6) al kynyl, -(C3- C5)cycloa)kyl, -(CB-C5)cycloal kenyl,
-(C1-2)al kyl (C3-C5) cycl oal kyl, aryl, -(Cl- C2)al kylaryl, heterocyclic, or
-(Cl-C2) al kyt heterocyclic groups V\/ngr(e}i-ig eachRof latter ten R3 groups is
optionally substituted by one ot e 5 groyps selected from -OH,
-(Cl-&A)al kyl, -(CH2)" (C3-C5)cy gen, -CN, -(CH2)"OR6 or
-(CH2)0 NR7R6 wherein n = 0, 1 or Z; R4|is seletted from -H, -(Cl-C4)alkyl,
-(C2-A) al kenyl , -(C2--C4)a|kynh 2) |
-(CH2) p(Cs) cycl o-al kenyl, hal o :
-C(OR6, -C(OOR6, -C(ONR R6, -(CH2)PNR7S CH2CF3, OCF3 or
OCH2CF3 groups wherein p = 0, 1 or 2; WD 2005/ 07 gfPCT/ 1 B2005/ 000208 163
R5 is se(l.%gcted from -(Cl-C4)alkyl, -(@z-C4)al kenyl, -(C2-C4)al kynyl,
-0eH2) p(C3- C5) cycl oal kyl, - (CH2) p(C5) cycl o-al kenyl, hal ogen, -(CH2)pORG,
-(CH2) pNR7R6, -CN, -C(OR6, -C(OOR6, -C(ONR R6, -(CH2)j NR7SO02R6, CF3,
CH2CF3, OCF3 or ora phahiRadedticuilp apceptsbiersait hydrate, Golvateprr 2omar thRdofind RS can
together forma fused 5- to 7-nenbered saturated or wunsaturated ring; 10
R6, R7 and R6 are each i ndependently selected fromH CH3 or CH2CHS;

wherein R’ is selected from: -(C—Cg)alky), -(Co—Ce)alkenyl, (CoCe)alkynyl, -(Cs-

10 Ce)cycloalkyl, -(Cs-Cg)eycloalkenyl, -(C4-Clalkyl(Cs-Cs)eycloalkyl, aryl, -(Cy-
C;)alkylaryl, heterocyclic, or -(C,-Cy)alkylheterocyclic groups

(}i2) PNR Rg, - CN,

wherein each of the foregoing R’ groups is optionally substituted by one or more
groups selected from: -(Ci-Cglalkyl, -(CHz)m{CsCs)cycloalkyl, halogen, -

15 (CH2)mOR?, -CN, -C{O)OR®, ~(CH,)nNR'SOR®, CFs, CH.CF3, OCF; or OCH,CF;
whereinm =0, 10r2;

R?is H, OH or OCHg;

20 R® is selected from: H, -(Ci—Ca)alkyl, -(C—Ce)alkenyl, -(Cz~Cslalkynyl, -(Cs-
Cs)cycloalkyl, -(Ces-Cy)cycloalkenyl, -(Ci-Cplalkyl(Ca-Cs)cycloalkyt, aryl, -(Cy-
Cy)alkylaryl, heterocyclic, or <(C,-C,)alkytheterocyclic groups

wherein each of latter ten R® groups is optionally substituted by one or more
25 groups selected from: -OH, -(C4-Cj)alkyl, ~(CH2)a(C;s-Cs)cycloalkyl, halogen, -CN,
~{CH.),OR® or -(CH).NR'R® whereinn =0, 1 or 2;

R* is selected from: -H, -(Ci-Coalkyl, -(C—Ca)alkenyl, -(CCsakynyl, -
(CH;),(Cs-Cs)eycloalkyl,  -(CHz)(Cs)eyclo-alkenyl, halogen, -(CHg)pOR“.

30 (CH).NR'R®, -CN, -C{O)R®, -C(O)OR®, -C(OINR'R?, {CHa),NR'SO.R®, CF,,
CH,CF3, OCFg or OCH,CF; groups whereinp =0, 1 or 2;



and wherein the heterocyclic groups of Rl and R3 are independently sel ected
from4- to 10-nenbered ring systens containing up to 4 heteroatons

i ndependently selected fromO, Nor S. 15 2. A conpound according to claim |l
wherein R "Y‘Z 200¥p7@%%Bed from -(Cl-C6)al kyl, - (C3-C8) cyREITAANes100208

_(Cl- C2) ai kyl (C3- Cs) cycl oal kyi, pheny3 -(Cl-C2)alkylaryl, heterocyclic, or
-(C1-C2) al kyl heterocyclic groups and wherein RL is optionally substituted
by one or nore groups selected from-(Cl-C4 al kyl, -(CH2)nmOR6, 20

(CH2) m( C3- C5) cyclpal k 3 or
OCH2CF3 wher ei n 'Jﬁm %?C‘%P E{Hﬁgv&ﬂe&i Wyb\h@‘ﬁe%ﬁ%‘yh %T%§@EWE Ec”zb%ag

-( ICl- szja:c kyl het egogioalkyl -(GHIT: Bpdiskalkert, diatagys, (CHYORIpLCHMNR'REeppndent | y
sel ected from no ot O reds t on ning up to
3 het er oat ons ingg metﬁﬁ)&%er @)Qé @%’J‘W%ﬁl}gsﬁfﬁd%ﬁ% néﬂ:br?g
thereof. 83. A co@ﬁblhmitgammawdleraglpemﬂ ar2n 1 or 2 wherein R is selected
from -(Cl-C6)alkyl, -(C3-C6)cycloalkyl, -(Cl- C2) al kyl (C3- C6) cycl oal kyl,
phenyl , -(Cl-C2)al k¥l aryl . 30 heterocyclic, -(Cl-C2) al kyl heterocyclic
groups wherein e2cR ofndt Ré qapr tegethen fam gr &i&p@ 5-st00§*m6mi@rﬂw sgiytated ont ed by
one or nore gr Omtd}ﬁg@ﬁﬁd}d from -(Cl-C4)al kyl, halogen, -(CH2)nOR6, CN,

CF3 or OCF3, wherein =l"or 2; 35 R is OH V\D 2005/ 077935
PCT/ 1B2005/ 000208 164 R3 is selected from -H, -(Cl-C8)alkyl,

- (C3- Cepaycl oal kgt R aﬁ@R“éEBkaémMadpGEder@myaéw&mwl CH§6N¢H20H3,
-(Cl-C2)al kyl aryl, heterocyclic, -(C -C2) al kyl heterocyclic groups 5

&?I’el n each of Iatter seven R3 groups i's opt| onally substituted by one or

o e groups sel aud etlerbinothe hefdrboyeicCoroGdy af Ryland RG2)iri de@éﬂdbn@)sél;ﬁtb@al kyl ,
al ogen, CN,

2)  OR 2)." NR7Re wher 4 1S
sel ected from ﬁ;{ §Cﬁ(§ 5'1‘*’&&?’9)" e P5ies é?tgwmgoélpkyq ‘Pﬂ}ff%ﬁitﬂr,ns-
(CH2) PORe, -( mzmpmﬁaenﬂy-sémpted €M M N o0 ORB, - C(O NR7R3, -
(CH2) PNRsSO2R8, CF3, CH2CF3, OCF3 or OCH2CF3 groups wherein p = 0, 1 or 2
Re is selected from -(C, -C4)al ké -(CH2) p(CB C5) cycl oal kyl, hal ogen,
-(CH2) pOR6,  (ACHR)QONRPWRS! amdlrm( ) fEm CwhpERsR SCrteakes ff‘Q@-fZ‘)’pﬂ@PMRS CF3,
CH2CF3, (Cs-Cs)cycloalkyl, (C1-Cz)aIkyl(Ca—Cg)cycioalkyl, phenyl, ~(Cy-Calalkylaryl,
heterocyclic, or -(Ci-C.)alkylheterocyclic groups and wherein R' is optionally
substituted by one or more groups selected from -(C;-Cjalkyl, -(CH;)nOR®, -
20 (CH2)m(Cs-Cs)cycloalkyl, halogen, OCHs, OCH,CH3, CN, CFs, CH,CF3, OCF; or

QCH,CFywhereinm=1o0r2

and wherein when R’ is a heterocyclic, or a -(C;-C,)alkylheterocyclic group said
L heterocyclic groups are independently selected from mono-cyclic 5- to 6-
25 membered ring systems containing up to 3 heteroatoms independently selected

from O, N or S and combinations thereof.

3. A compound according to claim 1 or 2 wherein R’ is selected from: -(C+—Cy)alkyl,
~(Cs-Cg)cycloalkyl, -(C4-Cp)alkyl(Cs-Cg)eycloalkyl, phenyl, -(Cy-Cj)alkylaryl,
30 heterocydlic, or -(C-Cy)alkylheterocyclic groups

wherein each of the foregoing R’ groups is optionally substituted by one or more
groups selected from: -(C4-Cylalkyl, halogen, -(CHz)mOR", CN, CF; or OCF,,
whereinm=1or 2;

35
R?is OH;



15 OCF3 or OCH2CF3 groups wherein p = 0, 1 or 2; Re, R7 and Re are each

i ndependent|y selected fromH, CH3 or CH2CH3; wherein the heterocyclic group
of R3 is selected from nono-cyclic 5- to 6- 20 nenbered ring systens

cont ai ni ng APPY et er oat ons i ndependent |y sel ected HGTARROSHO2M and

conbi nati ons thereof. and wherein theheter ocyclic group of R is selected
from mono-cyclic 5- to 6- nmenbered ring systems containing up to 1

het er oat ons i ndep%wegmdc}gdsq,loﬁpt a4 _@;5_(\56 aﬂl& Q(GE-CNcydoa"gg fyies,cor di ng

to any of the pr cl ai s -

- (C3-08) cycl oal k 4°Y°|°€%!' &Yl f&ﬂrc(%@ﬂ?%' T%?VW r ((%1 @z%ﬁwpaw? or a
het erocyclic grogpugnd wherein each of the | atter flve R3 groups is
optionally 30 substituted by one or nore groups selected from-COH,

-(Cl-GA)al kyl, -(CH2)" (C3- C5)cycl oal kyl, hal ogen, -CN or -(CH2)" ORS
wherein B = 0 orwhereinceash of Biter faven K groupehﬂopironallmﬂstltated bytope @r moaen R3

is a heterocycll e are Sc #

mono- oycli o b t GoR et ot Sgs% S BB P OB 5l B e

i ndependentl sel‘-‘é‘izin@ﬂ PF R ONT Wélndb?rﬁﬂ h@t’ta ons thereof. WD 2005/077935
PCT/ | B2005/ 000208 165 5. A conpound accordi ng to any of the preceding

clainms wherein RL is selected from-(Cl-CB)a q('&?, CS&SCW' oal kyl ,
phenyl or het er oRydf i selegtas fiemandl. WH@rE:F)ﬁ'kY'ea Zb Carricyeigrkyoinalpr gr oups

'?OOD&?WJ?LW SEGEHZ) ORE ed-(Ey,pNRRST gONe JC@IRS Stﬂb@@REdl fCL‘(tQm‘llR"'RB - H

a el ected fram -

Cz- CB) al k§| @gﬁg)%%gm%ﬂkk}&\éﬁ(%gg %‘F%%LFe @@Upw}zﬁﬁ?@%a&{/ '?or
erocyclic groups and wherein each of latter four R3 groups is

optional ly subst L ut f

"G Cyaliyt, kRt R @éfﬂ%ﬁkg Chfls B@{icﬁ%g'%w dkep 3?%%.&2) INR RB

wherein n = 0. L{QH)NRR®, EN, RIOJRE, SE)OR ,etaONR (G RREBOM’; CF4 SHIBFi, 5

sel ecte rom F, e.pgrhz i ndependently sel ected from
H CH3 g‘rg CHZCHBO@S?)QV%CR%F B'{%@Qﬁ’gtge%} ocyc1 ic group of R3 is selected from

nono-cyclic 6-nenbered
R®, R’ and R? are each independently selected from H, CHgz or CH.CHs;

wherein the heterocyclic group of R® is selected from mono-cyclic 5- to 6-
20 membered ring systems containing up to 2 heteroatoms independently selected
from © or N and combinations thereof.

and wherein the heterocydlic group of R' is selected from mono-cyclic 5- to 6-
C membered ring systems containing up to 1 heteroatoms independently selected
25 from O or N.

4. A compound according to any of the preceding claims wherein R® is -H, -(C;—
Ce)alkyl, -(Cs-Cs)cycloalkyl, -(C4-Cz)alkyl(Cs-Ce)oycloalkyl, -(Cy-Coalkylaryl or a
heterocyclic group and wherein each of the latter five R® groups is optionally
30 substituted by one or more groups selected from -OH, -(C;-Cs)alkyl, -(CH2),(Cs-
Cs)cycloalkyl, halogen, -CN or ~(CH,).OR® wherein n = 0 or 1 and wherein R® is

H, CH; or CH,CH;

and wherein when R® is a heterocyclic group said heterocyclic group is selected
35 from mono-cyclic 5- to 6-membered ring systems containing up to 2 heteroatoms
independently selected from O or N and combinations thereof.



ring systems containing up to 2 heteroatons independently selected fromO or
N and conbi nations thereof and wherein the heterocyclic group of Rl is

sel ected from nono-cyclic 6- 25 nenbered ring systens containing up to |

het er oat oM0 ?098RT&¥dent |y sel ected from O or N. 6. A RIBWHE0ZScor ding to
any of the preceding clains wherein ¥he heterocyclic group of R, where
present, is a nonocyclic 6-nenbered ring systemcontaining 30 1 N

het eroat om 75 A s&hpuerd Geasrging db Rely bof tiNYreddind) BaifisewRiROR Clsadegidaher ei n

t he heterocycllg gr ugs f R% \;ynere reﬁém, ria)ei a nocycli c, 6- nepber ed
ring system conf@Mi%g B)E%Y'tﬂ gC CWQ‘SBQ or °f89y°°86¥'ﬁ%a%wa%f8t9rdi ng to
any of th;a pr ec edéiof bk &regoipR] HoupdIis mmlalsuﬁsﬁmmayomeléammg?&ﬂﬁl 077935OI
PCTI1 02005/ 000205 66 .2 ( a YRRS 1A erein R, R2, R3, R an
R6 are as defi n38'%%&39“‘%&55@%#?%9@e"lér%atc’ﬁgN’ster eocheni stry of the

groups & the 3 and 4 positions of the pyrrolidine ring are 5 trans
relative to eac 2@t gy - .. 9. A conpound according to any of the preceding
clains having the genéral formula (1 B) 1 RR2 CH3 N3 a HBCuN3 Ra R5 IB
10

R® is selected from -H, -(CCglalkyl, -(Cs-Cs)cycloalkyl, -(C;-C,)alkyl(Cs-

Cs)cycloalkyl or heterocyclic groups and wherein each of latter four R® groups is
10 ~ optionally substituted by one or more groups selected from: -OH, -(C,-Cy)alkyl, -
) (CH)n(C5-Cs)cycloalkyl, halogen, -CN, -OR® or -(CH,),NR'R? wherein n = 0, 1 or
‘\v 2;

R*is selected from: H, F or Cl;
15
R’ is selected from: F or Cl;
R®, R’ and R® are each independently selected from H, CHs or CH,CHs;
20 wherein the heterocyclic group of R® is selected from mono-cyelic 6-membered
ring systems containing up to 2 heteroatoms independently selected from O or N

and combinations thereof

and wherein the heterocyclic group of R' is selected from mono-cyclic 6-

O

25 membered ring systems containing up to 1 heteroatoms independently selected
from O or N.

6. A compound according to any of the preceding claims wherein the heterocyclic
group of R', where present, is a monocyclic 6-membered ring system containing
30 1 N heteroatom.

7. A compound according to any of the preceding ciaims wherein the heterocyclic
groups of R®, where present, is a monocyclic 8-membered ring system containing
up to 2 N heteroatoms.

35

8. A compound according to any of the preceding claims having the general formula

(1A}




wherein R, R2, R3, Ra and RS5 are as defined hereinbefore and wherein the
stereochem stry of the nethyl groups at the 3 and 5 positions of the
piperidine ring are cis relative to each other. 15 10. A conpound accordi ng
to any of VRYEEdi ng clai ms havi ng the general formeCamts/@y2omherein the
stereochemi stry of the groups at the!® and 4 positions of the pyrrolidine
ring are trans relative to each other. 11. A conpound according to any of
the preceding clainms having the general fornmula 20 (1C) WD 2005/077935

PCT/ 1$20051000208 167 RR2 CH3 3 N 3 g H3C ,-N' ~",3 R4 OR IC wherein
R, R, R3, R4 and R5 are as defi nﬁdn-gerei niRsf ore and wherein the
stereochem stry of the groups 'gt positions of the pyrrolidine
ring are C5 trans relative t d wherein the stereochem stry
of the methyl groups at the 3 and|5 positipns/of the piperidine ring are cis
rel ative to each other. 12. AHE‘? u cgdhhg to any of the preceding
clai s having the general for a (1D)Q&O Rz R N 35qF3CN3
RA& R IDwierein R, R, R3, R4 and R5 @re a ed herei nbefore and
wherein the stereochem stry of the nethyl gr tSthe 3 and 5 positions
of the piperidine 15 ring are cis relMtive to each other and wherein the Rl
group at the 4 position is

wherein R', R%, R®, R* and R® are as defined hereinbefore and wherein the
stereochemistry of the groups at the 3 and 4 positions of the pymolidine ring are
C 5 trans relative to each other.

9. A compound according to any of the preceding claims having the general formula
(1B)
3
-2 §Hs R
1
R N

10
C wherein R', R%, R, R* and R® are as defined hereinbefore and wherein the
stereochemistry of the methyl groups at the 3 and 5 positions of the piperidine
ring are cis relative to each other.

15 10. A compound according to any of the preceding claims having the general formula
(1B) wherein the stereochemistry of the groups at the 3 and 4 positions of the
pyrrolidine ring are trans relative to each other.

11. A compound according to any of the preceding ciaims having the general formula
20 (1C)



trans to the nethyl groups at the 3 and 5 positions of the piperidine ring
and the R2 group is cis to the nethyl groups. 13. A conpound according to
any of the“precedin clainms having the general formula 20 (1D) wherein the
st er eochem™@ 354793 he groups at the 3. and 4 positions PEA/IBEES09308r ol i di ne
ring are trans relative to each other!® WD 2005/ 077935 PCT/ 1B2005/ 000208 168
14. A conpound according to any of the preceding clains having the general
formula (1 E) RR CH3 R3 R- N 3 aH32-~,,.,. 3RAa Rs IE 5 wherein
R, R2, R3, R4 and RS are as defghgdshereinbefore and wherein the

stereochem stry of the groupRat 3 and positions of the pyrrolidine
ring are trans relative to each ofhar ard wWherein the stereochem stry of
the nethyl groups at the 3 and po*Ltiqs of the Qiperidine ring are cis
relative to each other and rerm theR3 gigup. aR the 4 position is trans
to the nmethyl groups at the 3 and 5 10 positifg Qf the piperidine ring and
the R2 group is cis to the nethyl grou 15. pnpound according to any of
the preceding clainms having the general fornula %F) R CH3 R3 RI N 3 s N
aRa H3C. ~"""'.32 O/ 45I1IFR 15 wherein R, R2, R3, R4 and R5 are as
defined herei nbefore and wherein the I§tereochem’stry of the groups at the 3
and 4 positions of the pyrrolidine ring are

wherein R', R R’ R* and R® are as defined hereinbefore and wherein the
stereochemistry of the groups at the 3 and 4 positions of the pyrrolidine ring are

C 5 trans relative to each other and wherein the stereochemistry of the methyl groups
at the 3 and 5 positions of the piperidine ring are cis relative to each other.

12. A compound according to any of the preceding claims having the general formula
(1D)
10

e
5

wherein R', R, R%, R* and R® are as defined hereinbefore and wherein the
stereochemistry of the methyl groups at the 3 and 5 positions of the piperidine

15 ring are cis relative to each other and wherein the R’ group at the 4 position is
trans to the methyl groups at the 3 and 5 positions of the piperidine ring and the
R? group Is ¢is to the methyl groups.

13. A compound according to any of the preceding claims having the general formula
20 (1D) wherein the stereochemistry of the groups at the 3 and 4 positions of the
pyrrolidine ring are frans relative to each other.



trans relative to each other and wherein the stereochem stry of the nethyl
groups at the 3 and 5 positions of the piperidine ring are cis relative to
each other _and 20 wherein the R group at the 4 position is trans to the
met hyl gr o$82%Y°YH8 3 and 5 positi ops of the piperi diRfTPHRFOUHS the R
group is cis to the methyl groups and® wherein Ra and R5 are at the 2 and 4
positions of the phenyl ring. WO 2005/077935 PCT/ | B2005/ 000208 169 16. A
conmpound accor th. Agcdnpoany/aarbrdirgeo png oftte pepcediag ominwttaviag théRjenesal fenakat ed
from-(C -C4)al kw ) -(C3-Ce)cycl oal kyl, phenyl or pyridyl wherein Rl is
optionally subs |%ut ed by one or nore groups selected from CH3, CH2CHS,
hal ogen, OCH3, OCH2CH3, CN, CF3 qr
of the preceding clains wherein
n- butyl, nethoxynmethyl, cycl OBI’"@
4-fl uorophenyl, 4-chl orophenyl, 4-nethylp
2,6-di fl uorophenyl, 2,4-difl uor
or pyridin-3-yl groups. 18. Na@onpoundSﬁ
clains wherein Rl is selected from pyrpdin-2
4-f| uorophenyl, 4-chlorophenyl, 4- nethyl pheny 4- met hoxyphenyl ,
2,6-di fl uorophenyl, 2,4-difluorophenyl or 3, 4- gi°f | uor ophenyl groups. 19.
A conpound according to any of the pregeding clainms wherein R3is -H -(Cr
-(C3-Ca)cycloal kyl, -(G -C2)al kyl (C3-Ca)cycl oal kyl or heterocyclic wherein
each of the latter four R3 groups is optionally substituted by one or nore
-oups 20.selected from-CH s (& - al kyl or - wherein is -H, CH3 or
&20—!3 an V\heré‘iq'ﬁr%gn %{Flzsg:h et rSrce%//fﬁ; idEﬁﬁ%e'Eg?fgr%a@W&W fe group
is a nonocyclic strenshdreisteylof the graps takthech anché positipns of the @ridlidied engarteons.
20. A conpound a j 0 L L i i
sel ected 25 frogﬁgﬂﬁ%ﬁﬁ g%gone?a%g%‘)hh%f aﬁ?ﬁ%@%ﬁ@tﬁg&tﬁﬁg‘%@% %ﬁj@%fﬁyﬁ%ﬁt yl,
1-butyl, 2-nethodytendand 5 ppstianseittye pipeydineting ae, cit (aiativp & egthneihendnd
pyridin-2-yl, pytLindidiRa [ | DX b [ L 0 @k APl
pyrini din-2-yl , B"fl‘rgfé% ?#jﬁﬁc’w_ %?@?e%sg'ﬁgéﬁ:?ﬁr{%ﬁﬂﬁw g?}ﬁéﬁglsﬁb?oaﬁg’f A
conpoundi@ccor di Rgsitiensghipegireridiae Hre aadithe R @reupis ciifrtheinetind orappse| ect ed
fromH F or d and R5 is selected fromF or . 22. A conpound according to
any of the pr e%: E:ec}\l cnognp%!.lnad ggco%n%rtglagy E:ih tﬁe%peecggil'xg glt'zli(t)'l%p having the general formula

KCF3. 5]%7. A conpound according to any
s® selected from n-propyl, i-propyl,

2xyl, phenyl, 3-fluorophenyl,
4- et hoxyphenyl ,

phenyl , 3-fl uorophenyl,

(1F)

15
wherein R', R, R%, R* and R® are as defined hereinbefore and wherein the
stereochemistry of the groups at the 3 and 4 positions of the pyrrolidine ring are
trans relative to each other and wherein the stereochemistry of the methy! groups
at the 3 and 5 positions of the piperidine ring are cis relative to each other and

20 wherein the R' group at the 4 position is trans to the methy! groups at the 3 and 5
positions of the piperidine ring and the R? group is cis to the methy! groups and
wherein R* and R® are at the 2 and 4 positions of the phenyl ring.



having R4 and R5 substituents is: a 2,4-substituted phenyl group wherein the
R4 35 and R5 groups are each independently selected fromF or C; or, a
4-mono- substituted phenyl group wherein R4 is Hand RS is For . W
2005/ 0779380 pU¥PT7BB005/ 000208 170 23. A conpound accarciimgossoooassy of t he
precedi ng cl ains wherein the phenyl YPoup having R4 and R6 substituents is
sel ected from 4-chl orophenyl or 2,4- difluorophenyl groups. 5 24. A conpound
according to y: | . | i 25. A
conpound acco?%iAngsT%dlgE%S%&tn g°%§ér£§+§n§e§§?%§g@'ﬁsa{"2%g“a1 % oéér'rélj eéi (10
wherein: 10 R ISl 3(GsGeisypiahyiheryl-qrIRied sHergn R' is optionall

2, 6- di f| uor ophenyhstitided by dhd bRbREIBIPS selcdtat-fibink CHRI GRITHLY hal Yol n- 2-yl
group; CRZ is CH CES yé!';s H_ R4 igbélsel ected from H oryF géneélpRSl-ﬁs
selected from PiCHs .FSRrE’%ound according to claim25 selected from

t he conppunds of exanples 20 12, 16, 24 and 48 or pharmaceutically
acceptabl e salts, solvates or.hydrate thereaqf. 27. A co und according to
any of clai msr%' @@@Romﬁqﬁrdgﬁgmr |the BF“’I’f‘ﬁﬁQQ (C% s “W"i‘;?:‘rrgﬁn.'s ?@e%l s a
phenyl or pyri difren2p3ypropgt dpppyl, Rbulys ridhoxdthelRY, icgclaprbpil ecyatyrekyil, cohgngup

sel ected from LAl n-2-yl, | di n-3-yl, | | N-3; razi nyl,
pyrimdl n-5-yl, %%@drofdr%ﬂaﬁlf- 4- f/'ﬁl%ljgg‘belrh%?dl n‘i gﬁ%rﬁblge?ﬂ. et r%ﬁ{?m }pg%?y?'an- % yl
groups; R4 and Reetaeaphanyh 26-diflueBpenytGLilTaropenpCIAddiocmhend 98dind71 28.

A conpoygd accorgygodRincl-al £ selected fromthe conpounds of exanples
nunbers 31, 34, %E I31!}2r :amd?il#a@nd pharmaceutically acceptable salts,

| vates or hydrates thereof.
é) 18. A compound according to any of the preceding claims wherein R' is selected

from pyridin-2-yl, phenyl, 3-fluorophenyi, 4-fluorophenyl, 4-chlorophenyl, 4-
methylphenyl, 4-methoxyphenyl, 2,6-difluorophenyi, 2 4-difluorophenyl or 3,4-
15 diflucropheny! groups.

19. A compound according to any of the preceding claims wherein R® is -H, -(C—~

Ce)alkyl, -(C3-Cs)cycloalkyl, -(C-Cs)alkyl(Cs-Ceg)cycloalkyl or heterocyclic wherein

each of the latter four R® groups is optionally substituted by one or more groups

20 selected from -OH, ~(C+-Ca)alkyl or -OR® wherein R® is -H, CHs or CH;CHs and

wherein when R® is a heterocyclic group said heterocyclic group is a monocyclic
6-membered ring system containing up to 2 N heteroatoms.

- 20. A compound according to any of the preceding claims wherein R® is selected
c” 25 from: hydrogen, ethyl, i-propyl, n-propyl, n-butyl, t-butyl, i-butyl, 2-methoxyethyl,
cyclopentyl, cyclobutyl, cyclopentylmethyl, pyridin-2-yl, pyridin-3-yl, pyridazin-3-yl,
pyrazinyl, pyrimidin-5-yl, pyrimidin-2-yl, pyrimidin-4-yl or tetrahydropyran-4-yi

groups.

30 21. A compound according to any of the preceding claims wherein R* is selected
from H, F or Cl and R® is selected from F or CI.

22. A compound according to any of the preceding claims wherein the phenyl group

having R* and R® substituents is: a 2,4-substituted phenyl group wherein the R*

35 and R° groups are each independently selected from F or Cl; or, a 4-mono-
substituted phenyl group wherein R* is H and R®is F or Cl.



5 29. A conpound according to any of clainms 1 to 24 clains of general
formula (1C wherein Rl is phenyl, 4-fluorophenyl, 4-chlorophenyl,
3-fluorophenyl, 2,4-difluorophenyl, 3,4-difluorophenyl, pyridin-2-yl; 10 R2
s OH R3 - i-Pr, Et; 15 R and R5 are F. 30. nd accor di ng
to claim?2 6§ES§EF3% fromthe conpoupgs of exanples 1,ét§%5§@# ?mé, 10, 13,
15, 22, 40, 50, 51, 52 and 53 and pharmaceutically acceptable salts,
sol vates or hydrates thereof. 20 31. A conpound according to any of the
precedi ng cl aRAsA semeaunddicterding to ey ofdberpragadiag oleimscengrtio shenpimdrek grodp 5, 6,
8, 9, 10, 12, 13,,ihg: RE6and?R® 2fibstifilenitis semctet Jroﬂ'?@-éfﬁorgﬂﬁényﬁ%r 5k 52 and
53 and pharmaceutical ly acceptable salts, solvates or hydratés thereof. 25
32. A conpound aHeraphRgy 8BUB%y of the preceding claims selected from the
conmpounds of exanples nunbers 1, 5, 9, 12, 13 and pharnmaceutically
acceptable salts, solvates or, hydrates fhereof, 30 33. A conpound cording
Lo ol ai nPL sePbch GAMRLBH Apespainglccasy of Seime;1e 1933 havipg Fie. gensral formula (P
But yl - 4- (2, 4-di fl uor ophenyl ) pyrrolidin-3-yl]carbonyl}-3, 5-di net hyl - 4-
P P et oA ShoBl BBl B!t pscpdr, s of genrel fomuia (0
3-yf]-(4-hydr oxywi&ré&n:di net hyl - 4- phenyl - pi peri di n- 1-yl ) - met hanone and
pharmaceutically acceptable acid salts, hydrates or solvates thereof. 35 34.
A conpound according to clains 1 selected from
(3R 4R 88)-1-{] (l@"s, igRp- 1phesylt - 3-fluorophenyl,  4-fluorophenyl, 2,6-difluorophenyl, 2,4-
Butyl-4-(2,4-difk i Gl Y | }-3,5-dinmethyl-4 WO
2005/ 077935 PCT/*ﬁé%g%bg/gg%%dé%gmﬁr%hﬁreﬂ%%?%g?i‘%?Eyﬁ-oI hydr ochl ori de and
-tert-Butyl-4-(2,4-difluoro-phenyl)-
pyrrolidin-3-yljr{i¢omydroxy- 3, 5-di net hyl - 4- phenyl - pi peri di n-1-yl)-nmet hanone
HCO salt. 35. A process for the preparation of a conpound of formula | as
defined hereinbefore 5 in any of clains 1 to 34 via a coupling reaction of
conpound$ (11) aRbs@!1)

R*is selected from: H or F and R is selected from: F or Cl.
26. A compound according to claim 25 selected from the compounds of examples
20 12, 16, 24 and 48 or pharmaceutically acceptable salts, solvates or hydrates

thereof,

27. A compound according to any of claims 1 to 24 claims of general formula (IC)

P wherein:
R' is a phenyl or pyridin-2-yl group;
R?is OH;
30 R? is a heterocyclic group selected from: pyridin-2-yi, pyridin-3-yl, pyridazin-3-yl,

pyrazinyl, pyrimidin-5-y], pyrimidin-4-yl, pyrimidin-2-yl or tetrahyrdropyran-4-yl
groups;

R* and R® are both F.
35



R3 R~ RCH3 N HO4 RFISCNHODbRS Il Ill wherein R, R, R3, R4 and R5
are as defined hereinbefore. 10 36. A pharmaceutical conposition including
a conmpound of formula (1), (1A, (B, (19, (ID, (IE) or (IF) or a

phar maceut | ﬁal | ¥I acceptabl e salt, hydrate, solvate or derivative thereof

t oget her WYR"BRE?S nore phar maceut igal Iy acceptabl e PEXEFPIOMAE di | uents
or carriers. 15 37. A pharnmaceutical "conposition according to claim 36

i ncluding one or nore additional therapeutic agents. 38. A pharnaceuti cal
conposi ti on aciBoAdompotsl stc@rdngB® sikier 27 neledted &duli the aoalpoutd dfhwampeet | C
agent is one or e f TB[gé”- J bl ' .aphLbi tors;
sel ective D3 or @%&%gﬁ’gﬁ 3%? hfn%hﬁﬁgtahggbaes rodé:tga]ﬂ) ?Ag%g%?lgrsgﬁ%gm’%?ors
and/ or estrogen eiJidiatassthergel or estrogen antagoni sts; testosterone

repl acenent agents, testosterone or a testosterone inplant; estrogen,

estrogen _ and nedroxyprogesterone or medroxyprogesterone acetate (MPA), or
estrogend 25 #%AMRGYNd accortittetoorny of Hlaimnd tF’e?gl driwgeieperal pyuladént . 39.

A phar maceuti cal weérggosi ti on according to claim 36 wherein the additional
therapeutic agent is a PDES5 inhibitor or a NEP inhibitor. 173 40. A
compound of formula (1), (1A, (B, (10, (ID, (IE) or (IF) or a

phar maceut i cal | yRascghngb l4cflusadphenys, od-viaibrepisenytl Srfiusaiphisyit f@oaRbrophényd

h tical g [ t f clai 37 to 39, f
B oa canent 5. STAoeRAiM B APl ) T (Ta (B, (1O (1D). (1B

or (IF) & a pharnmaceutically acceptable salt, hydrate, solvate or
derivative ther eﬂfisdﬁ' a pharmaceutical conposition according to any of
ehkains 37 to 39, for Use in the treatnment of fenale sexual dysfunction,
W&l e erectile dysfunction, obesity or diabetes. 10 42. Use of a compound of

formula (1), (1ARscBLi# B, (1D, (IE) or (IF) or a pharnaceutically
acceptabl e salt, solvate or derivative thereof, or a

15 R*and R®are F.

30. A compound according to claim 29 selected from the compounds of examples 1,
5, 6, 8,9, 10, 13, 15, 22, 40, 50, 51, 52 and 53 and pharmacedutically acceptable
salts, solvates or hydrates thereof.
20
31. A compound according to any of the preceding claims selected from: the
compounds of exampies numbers 1, 5, 6, 8, 9, 10, 12, 13, 15, 16, 22, 24, 31, 34,
35, 40, 42, 47, 48, 50, 51, 52 and 53 and pharmaceutically acceptable salts,
solvates or hydrates thereof.
L 25
32. A compound according to any of the preceding claims selected from: the
compounds of examples numbers 1, 5, 9, 12, 13 and pharmaceutically
acceptable salis, solvates or hydrates thereof.

30 33. A compound according to claim 1 selected from (3R,4R,58)-1-{[(3S,4R)-1-tert-
Butyl-4-(2,4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-3,5-dimethyl-4-
phenylpiperidin-4-ol aiso known as [1-tert-Butyl-4-(2,4-diflucro-phenyl)-pyrrolidin-
3-yi]-(4-hydroxy-3,5-dimethyl-4-phenyl-piperidin-1-yl}-methanone and
pharmaceutically acceptable acid salts, hydrates or solvates thereof.

35

34. A compound according to claims 1 selected from (3R,4R,5S}-1-{[(3S,4R)-1-tert-
Butyl-4-(2, 4-difluorophenyl)pyrrolidin-3-yljcarbonyl}-3,5-dimethyl-4-



pharmaceutical conposition according to any of clains 37 to 39, for the
manuf acture of a nedi canent for use in the treatnent of femal e sexual
dysfunction, male erectile dysfunction, obesity or diabetes. 15 43-A
conpound ofwéeesmi7asV) RZ C3 R R N4 H3C 3 R4 Ra M@hiaheisheBes Ra, R4
and R4 areas described In claun 1, anthi2R |s a t-butoxycarbonyl group.

phenylpiperidin-4-o!  hydrochloride and  [1-tert-Butyi-4-(2,4-difluoro-phenyl)-
pyrrolidin-3-yl]-(4-hydroxy-3,5-dimethyl-4-phenyl-piperidin-1-yl)-methanone  HCI
salt.

35. A process for the preparation of a compound of formula | as defined hereinbefore

5 in any of claims 1 to 34 via a coupling reaction of compounds (il) and (Ill)
3
CH B
R! RTS8 N
HO 4
H,C NH o R

- R®
-

wherein R', R?, R®, R* and R® are as defined hereinbefore.
10
36. A pharmaceutical composition including a compound of formula (1), (1A}, (B), {IC),
(ID), {IE) or (IF) or a pharmaceutically acceptable salt, hydrate, solvate or
derivative thereof together with one or more pharmaceutically acceptable
excipients, diluents or carriers.
15
37. A pharmaceutical composition according to claim 36 including one or more
L\_ additional therapeutic agents.

38. A pharmaceutical composition according to claim 36 wherein the additional
20 therapeutic agent is one or more agents selected from: PDES inhibitors; NEP
inhibitors; selective D3 or D4 agonists or modulators; estrogen receptor
modulators and/or estrogen agonists and/or estrogen antagonists; testosterone
replacement agents, testosterone or a festosterone implant; estrogen, estrogen
and medroxyprogesterone or medroxyprogesterone acetate (MPA), or estrogen

25 and methyl testosterone hormone replacement therapy agent.

39. A pharmaceutical composition according to claim 36 wherein the additional
therapeutic agent is a PDES inhibitor or a NEP inhibitor.
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40. A compound of formula (1), (1A), (B), (IC}, (ID), (IE) or (IF) or a pharmaceutically
acceptable salt, solvate or derivative thereof, or a pharmaceutical composition
according to any of claims 37 to 39, for use as a medicament.

41. A compound of formuia (1), (1A}, (B), (IC), (ID), (IE) or (IF) or a pharmaceutically
acceptable salt, hydrate, solvate or derivative thereof, or a pharmaceutical
composition according to any of claims 37 to 39, for use in the treatment of
female sexual dysfunction, male erectile dysfunction, obesity or diabetes.

42.Use of a compound of formula (1), (IA), (B), (IC), {ID), (IE) or (IF) or a
pharmaceutically acceptable salt, solvate or derivative thereof, or a
pharmaceutical composition according to any of claims 37 to 39, for the
manufacture of a medicament for use in the treatment of female sexual
dysfunction, male erectile dysfunction, obesity or diabetes.

43.4 compound of formuia (V)

J
e R
R

H,C

wherein R', B2, R and R® are as describad In claim 1, and R is a t-butoxycarbonyl group.



