WO 2008/000729PCT/EP2007/056342 1 PIPERAZINYL DERIVATIVES USEFUL IN THE
TREATMENT OF GPR38 RECEPTOR MEDIATED DISEASES The present invention relates to novel

benzylpiperagigesRityaiies having pharmacological activity, processes fopgieipRsenaation.
pharmaceutical 5compositions containing them angl their use in the treatment of various disorders.

OPR38 is g ZltanSHemyans o taln couplpd-ecaniphaith iob:alfinit. fa6 e Reptidgsmotiin.
[Feighner gt &iasgsience 1999, 284, 2184], suggesting that endogenous motilin exerts all or most of its
activity via this receptor. 10 Motilin is a 22 amino acid peptide found in large amounts within
endocrine-likeregllspaésbRt OanEAtYRSOBLdEAGh ARG\BFPESRIIILHSIHIOdSIHNRIURMhg eas. During
fasting, the peptide is ljnow to k():g ssociated with tpe onset of Phase |II migr tir;ﬁ comg!ﬂ?x activity
within the stoRAeR FESIHICEE alP Bl DiSTEEEF0210%57, 1K1 PPRAGYRR S iR A TSR e
mechaniss ¢bpretsiions aentaiyiny/lbelimasdiseinafedsdbeftaatnantpftvéniong disediats. sham feeding,
gastric distension or by oral or intravenous nutrient application [Christofides et al., Gut 1979, 20, 102;
Bormans et al '(%féld' J GastroenteroL 1987, 22, 781], s?lﬁgrﬁesting additional roles for this peptide in
the modulatiol? tﬁiﬁj%‘Hﬁ@?ﬁ?ﬂﬁfﬁi&r&&fﬁ&'@&%& RAERIPTIYIRA MR AR LN 5y been
known to increestidgastrdiifite Jffetghmestildy/, alnd Pe@mmste 1598844 pBidd].asdgpessitipaltimbpulsion in
an anal direCt@&Hd&‘éﬂBQst}ﬁHﬁ|fﬁ‘§§l@ﬂsaé]fjof"‘1‘-ﬁo%?Bfiiit@%vi jﬁaqﬁgv}ge&mpught to be primarily due to a
facilitation of at least the cholinergic excitatory function of the gut [Van Assche et 25 al., Eur. J.
Pharmaddl 1997, 337, 267], perhaps also involving the activation of the vagus nerve [Mathis &
Malbert, Am. MBfilirsiotal 2B aniiet a6id (e ptidedidition jmiatyer arnousts tvatiim srafocrotéifikdicetidy evoke a
smal contractigyef dag ARG BAASSIIE SEelal -l ROBIRGAICARG, 3AT=2GrgThe

the rointestina Y

antibiotic erythromycCin was shown to mimic gasl _ activity of motilin, in addition to its
previously-de 25158 BRRFBHESIH [RANEIPsRR FSREAET Wit IBRANST ThE hasebieaing Tract in
Anaesthesia kdmplexbactivify weittah eristgaraste[BgjyviBestial. HBigebargStp 992y 3B-35b2)ore recently,
erythro in 2 S ] ti firming it it imic the 35
function 5 ol aE T e et L T SR ity of s
non-peptide nftn thsceptordaypaiderdishishrm deading seamricisieinsionied tdheotRldeftaken in
order to examinigaiimalis icatripaterppicaton qGinisidae 08400 G2 BRI /2R 100 Brahiidha étreceptor

agonists: Thesp Sules v sapsmienlydamosstlat! A ARliniosIRRSP B eRYd

various conditions associated W(zlﬁzl gastroparesis, su tion pepsia and diabetic

gastroparesis PERIfSIR B8/ RegHIgHoR AEBCRE Ralistidiginieedisdower esophageal sphincter

pressure2gn man, which together with 5 the increase in gastric emptying, suggests a role in the

e o S SRERISA0GF el e (3G R Tl S0 ML BB ARSI uped ©
promote intestinal propulsive activity, finding clinical utility in the treatment of pseudo-obstruction and
in conditions \iatilipane areneta@asitignTr¥es AN d integiR AR IgRNdM St ARrb difRalaNact in
Anaesthesia Eflrindesbertddingtal foproopamidmylamhid QB is-trilginetgbtasinaimy3ub 14
Consequently it is ected that agonists at the GPR38 receptor will mimic,t ivity of motilin or of
other substangefjsa(ﬁ:{lﬁana g[ﬁlps??gsc%%teoéﬁgﬁ%ﬁ%{g 8’&{%?8%333}%8 8?1 }ﬁ[r’ﬁ? ?ﬁl@é%ﬁ?@%ﬁ t {:treatment

of gastraiftes@haFdisokdRraramsastid Y wit 126/ sanmplspwelsng the rRaivatiaach&igel disorders

such as GERRadusGigua[Mesne Bsaa{ben, el Urirdysdroneebsgnaraael.(|BSadditiencagmaunds will
also be useful for th trteoar}@% t n%tmtnhe .rCe:ItForé%li(%ns V\S/pn%rlp (t:gﬁ cayse igfk{p]owrgu%%% i@)g/hich Gl
motility is red fFOEGESRR B itions include tons |pa?|on, causect{ y various diseases SUch as those
associated withsaehg@bathEuind/fhapyape. d9HndifaBBAlof 20 other drugs, intestinal
pseudo-obstruction, paralytic Deus following surgery or some other manipulation, gastric stasis or
hypomotility caused by .various diseases such as diapetes and{ or by the administration of other drugs,
o omdbany 18 (RIBHES RLLSTRGI TR A ot on oy (AP ACIDGELLS nSHUARE (Pl vagus
nerve, the assooldiioinoadditonetw disvitfe dRaslyaesarieed pitjibieha pwpertieg. [SeenBestersain 25 Auton.
Neert oo A i el leoton o BERIAE AR MEIEIRD L3421 100,15 -
: within the markers - to t .33) of a locus associate
with obesity [@f%%?ﬁi,aﬂn%&ﬁ%f%éﬁé 5%%2’%’35- ﬁjiIS(')a gﬁegg%e% g%@a?rﬁaé%?‘s‘fg'%ctive at the
GPR38 recept@sviiiemshoditidn astpaentitnGRR3e sasrpanaanaming fiscihiity teamimieditaviours in at
least 30 aoserpatiRRtermuticieansiaagsicepbapnsiitasHPRIOSSEID Of B e sigisoRrerent. Such
activity indicates that _?fgﬁi ts at this rg eptort.YviII find Plirnical lljg'lli% isn atl oewter atmenttof srxmptoms
associated wiff¥2BP Y aPh SIS PRE-RRRMP B LLREE Ur TIPS Dbs@necst fecancal self. WO
2008/000729RET¢a RT3 0563 ar@lertakenDngomes. ts eixaring, the clinisal poentdl tlenepidinges in
motilin receptor density during colitis [Depoortere et al., Neurogastroenterol. Motif. 2001, 13, 55]
suggests a utility for agonists at the motilin receptor for the treatment of inflammatory bowel conditions
in general. 5 Finally, GPR38 is also found in regions outside the gastrointestinal tract. These areas
include the pituitary, adipose tissue, urinary bladder and certain areas of the brain. The former

suggests clinical utility in the promotion of pituitary function, such as the release of growth hormone
cacretannnaiiee the nrecence within adinnce ticeciie 10 anain <irinaecte a role in the control of hody,



WO 2008/000729PCT/EP2007/056342 4 W007/012479 describes compounds of formula (B), which
have activity as agonists of the GPR38 receptor A structurally novel class of compounds has now

been found wiick,eyidss agonists of the GPR38 receptor. 10The presenpivepsinr sheypgfore
provides compounds of formula (I) and salts theregf (hereinafter known as "compounds of the

invention™): wherein 15A is phenyl or a 6-membered heteroaryl ring, optionally substituted with one
susbsituent selected from halogen, C(14)alkyl and Co_olkoxy; R1 and R2 are independently H or
C(14)alkyl; R3is an optionally substituted phenyl, heteroaryl ring, or heterocyclic rin Bis an

optionally subé‘ﬁ?&fg?frﬂ‘%?ﬁwtsﬁ m@ﬂ%ré@(ﬂ%‘ieF@Hﬂ/l%ﬁ@'ﬁ?'@%émgﬂaﬁ%%r %%ﬁé'?ing
connected to ﬂneremeigmrbcuw@.ﬂgcmrb@b&mmn&rtler@ lesstidikt With Gebtidyarési§; =dchpr CH2; R4 is

hydrogen, cagm ! co%éfg y&agvg% %%gg;/%gp 729PCT Epzooy%es%ﬁnz 5 The present

invention also pro ormu or & pharmaceuticaly aceer ptable sa?t or solvate
thereof: whetBRYVA 12 '|BFl@ﬁ??d?‘&%-‘Pﬁ@h"i@@?@bﬁﬂ@téﬁ%@ﬂ%ﬁg’%ﬁ%ﬁ@IV@GBéﬁWﬁé@WM‘H halogen,

O(1. 4)alkgl or €1 4ymneaxy; LﬁRgaﬁnﬁhR%mwnglepﬁigé@et&/ Ié OFdid 14 alirg; |?r3é§ﬁﬁht0p(§@n3”y
substituted ph aryl.ring, or. het roc tlonal ubstituted
r§(§¥tr’ Qg Fta a1 ToRnCHiSe erscﬁﬁ? cyc l)fhg edﬁl E) ud? de @ bon Via a

6-membered eroar or a mem ere nne the am|c1e
carbon atom; WW‘BO%@SN]Q', mioeyisRAgkvity, fadingclirieal utiivanshe destjeenbeagaydikyl. When R3
or B is substitigigslJttibaahd\ve &ﬁl%%%bﬁﬂﬂ&%&l eqeRiNRieBRPJRBEKrs, in Problems of

selectedfromhglo Malk )a 3.2)c Ikyl,h lu rometh
trlfluoromethylﬁ’nlﬁasﬁéﬁga{pﬁ’ '(Fﬁd(l 2'8 Rgﬁﬁ ‘7\%?%%26%%%%}03“ %%&%FB
C(O)C(lzﬂjélkyBeznl(m)desijlwgdawpp:@?)@dj(malkyl C(0)0;3_ ncycloalkyl, OC(O)C(14)aIkyI
OC(0)C(3_7)cycloalkyl, CONH2, CONHR5, CONR5R6, SOR6, SO2CF3, S02R6, OSO2R6,

OSO2CF3, SQ2NH2 S HRS, SO 6 h 5 he ff t and
represent 0(1%Zaﬂﬁyﬁmﬁﬁe¥1N‘ ospﬁéﬂg‘ﬁ)?’éﬁﬁg |t%ﬂvéa Atit ﬁsg‘éﬁ%égs 8??&%%( ?Pgao‘{?e ?eézpylan
optionally subggtiviboivinatiibiealofgahensubstancebadtingat KB recapbotitsuekl dsyfivibroteyanlorine,
cyano, CON Hanmmﬁbya.mﬁhmy%tmLu9@&%&?@6@&&4@.@@9@4@9&%8%ETAQB@Q%{%@%Z 6 The

term "alkyl" as a or part of a group e , alkoxy or hydroxyalk Irefers straight or branched
eyl 0ol in BHFRENTLIN: RARRG M relota) RRYR FSFOS eGP o D n M above,
containing at ldygspebsin(FaX) randtiditehid dowebsynévara(IBShf Sieh aikpapruispwilhelsoldenethyl, ethyl,

propyl, iso-progsdrprBHiié mtrﬁpmtx# GHREr I YbnaltitsTE-RHEYE XS S UnoWH A MW IERUPS include
methoxy, etho F% m, |so y,.butox % iso-butoxy, sec- butox nd tert-butox %{Swtable
g

C(37)cycloalk R RG0S UEY R AR N SRR IRT oSERTAARY, SR Moptyl. 10 As
used herein, tlistases’ Mbg@nhweéeasamﬁiMWﬂ(Iﬁ):menh)e aad), dsroytheea@njnistradidmef (1) and the

term "halgy refgirmiiHgsh HRAGRaIMIRIEBbsHQIch (-FahieMeus Rl Aty ARy EW)-or some
other manipulation, gastric stasis or hypomotility caused by various diseases such as
- diabetes and/ or by the administration of other drugs, or in enterally fed patients.
Interestingly, the ability of motilin or erythromycin to activate the vagus nerve, the
association of this nerve with changes in feeding behaviour [e.g. Furness et al.,
25  Auton. Neurosci. 2001, 92, 28] and the chromosomal location of GPR38 [based on
Ensembl: 13g21.1 (58.46 - 59.46 Mb)] within the markers (D13S257- 13q14.11 to
D13S258 at 13921.33) of a locus associated with obesity [Feitosa et al, Am. J. Hum.
Genet. 2002, 70, 72] also suggests that agonists active at the GPR38 receptor will, in
addition to promoting gastrointestinal motility, facilitate eating behaviours in at least
30 those patients in which some degree of appetite suppression or cachexia is present.
Such activity indicates that agonists at this receptor will find clinical utility in the
treatment of symptoms associated with — for example — the treatment of cancer or by

the presence of the cancer itself.

35 In addition to the ability of motilin receptor agonists to promote gastrointestinal
motility, the association of motilin gene polymorphism with Crohn's disease [Annese



15 The term "heteroaryl ring" represents a 5 or 6 membered unsaturated aromatic ring which
comprises one or more heteroatoms. When the term heteroaryl represents a 5 membered group it
contains a hgieyomemssiected from 0, N or S and may optionally contain g fgith8hekiRe3Mitrogen
atoms. When heteroaryl represents a 6- membered group it contains from 1 to 3 nitrogen atoms.
Examples of such 5 or 6 20 membered heteroaryl rings include pyrrolyl, triazolyl, thiadiazolyl,
tetrazolyl, imidazolyl, pyrazolyl, isothiazolyl, thiazolyl, isoxazolyl, oxazolyl, oxadiazolyl, furazanyl,
furanyl, thienyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl and triazinyl. The term "heterocyclic ring"
represents a satiralig OipSBtialpesitdctetbs 00]6aRd the otz imonatilictevepiprisdessdyne or more
oteroatoms BT AMeHAAER. SrY0eN s Sl MRS 215 deiaguey roups

include pyrrolidinyt, piperidi piperazinyl and morpholinyl. In one embodiment of the invention A is
optionally sub4fitytéar FeenistoaprRIyNotn fessateniBodiddmebnant fivefsBIMRRYsI VR ogen or
methyl. In one&mbesimesdrrane invention R2 is hydrogen or methyl. WO
2008/000729PCT/EP2007/056342 7 In one embodiment of the invention R3 is optionally substituted
phenyl, morpholinyl, piperidinyl, oxadiazolyl, pyridyl, pyrimidinyl, imidazolyl, pyrrolyl. In a further
embodiment RBadyo58BRARyIS dsitioens Jnergionsorsisidmyne rgapierinipstinsiiraple eMB#Riiment of the
invention B is Hesonailydsupstipitia@ihasiostiRREdE) riraidiadraindy setyainnaarg embediment of the
invention Y is,NH, 0, CH2, C=0 or a bond. 10In one.embodiment of the, invention R4 is hydrogen,
methyl, ethyl,t?f?é?hoW% RWSF %Wosﬁ@fﬂwca?llfﬁ}%é}ne&r’ﬂn% f&%ﬂﬂ%ﬁ ?;p}%]uétt%?/’lﬂﬂcct)lﬁg’ émbodiment of
the invention, s tbepstieassllof gnbestininerthphe sotwtggnaues. Ahe ieIBRe Ydthiprdigenedissvethyl; and/or
R2 is hyqgogen onnigHagsans ididR3 imoniinnal\usubsfitwiashbhany tHagiidefiey \atripgddinyl; and/or
B is optionally s_ubstitutedé)henaér,?gigeridir‘gl é)yrimidin I (})er Ri/ri%g/l; atndlor Y(rgsaynlél p,OFHZ, C=0or
a bond; and/o™S¥R RRAGEMFHIRTT R A9 el 2o PIRNS D AL SR o B T RRESAOST A is
optionally subsktrttnepteenyherprgsietyde af GBRRA véthipdhederainsurpens: thadastmirestiaalydrogen or
methyl; and/og,B3is 0REQRRNSURSHEY R RS, BROTRIMAN PRRLENY aRXArReRikhtbIdYl,
pyrimidinyl, imidazolyl, pyrrolyl; and/or B is optionally substituted phen I,J:)lperldlnyl, pyrimidinyl or
pyridyl: and/ofthe FEERIODINEA BRI FREC WHIRS VaaRlTdYBEIRAFD &Rﬁ?&\éﬂ,-methyl, ethyl, methoxyethyl
or isoprog®yl; and salts thereof. It is to be understood that the present invention covers all combinations
of the substit d i ergishe e i0 LLGIY or pyridyl,
the Rpiperaziny %{m'n:éﬁﬁlp@%gt(ﬂ)-l g\ré(?li2 iaﬂ??—%?ﬁ%ﬁq[%%?eéi?ﬁer :flt-_ar&g?rmlmeta- to
each other acR¥EIORY SN SAPBGRINRS o AN FB3ERAS oiforHiGia ), ﬂéﬁ'&?&%n&ﬁm tH8 nature of
the substituengegsmesgindlirabtiaybon QA48 MGG B56BhIMP0AGRGRM KRN 8L &nandcand therefore
compounds of {pSFRd) MayCRKiS! AL IPiRaMIRaRSuGHOR BriRadspRepdise) isomers

such as stereoisomeric forms of the compounds of formula (1) including enantiomers, diastereocisomers

and mixtdfes VPARE3EBB4ch ERBATEIN AiddosseenlifisrappufiteolEl ﬁé%grwg)m%?geparated or
resolved one fypopoe e Ry2008uUes R ahmEtlkoas, qRo0Y, JivendsofMeditinabehebtaingd by

conventional sfereoselecti symmeiric syn sl e (o] la{) wherein RI
andVRZ lire bo%ﬁ@e?ﬁyjﬁ) ;ﬁﬂ%sﬁés\é\} %?e%re: fﬁée/%ﬁ%zﬁrggiﬁg%&%!:éar gﬁ?ﬁé\%@ﬁ?@?%&%ﬁﬁ&raﬂoh

Preferred compuABR1883B fiisaiesa MAGTREYEIA CATaPar RAsaMAIR 258 AJOMSISATRRRIBRRE R hydrogen

are those wheygimthQigioeraaine & graenanrbasptbe Swonfiguerisa Cestaisesf tngttomponinds herein
can exist in various tautomeric forms and it is to be understood that the invention encompasses all
such tautonerfieRANES-

WO07/007018 describes compounds of formula (A), which have activity as agonists

of the GPR38 receptor

H
Ra\,[Nj/R4

1

N 0

(A)



20 Suitable compounds of the invention are:
6-(3-fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylimethyl}pheny1)-3-
pyridinecarbQugmipigohthe S _ ' PCT/EP2007/056342
6-[(4-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}pheny1)-3-
pyridinecarboxamide (E2)
1-(4-fluoropheny1)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-4-
30piperidinecarboxamide (E3)
6-(4-fluoropheny1)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-I-piperazinylimethyl}phenyl)-3-
pyridinecarboygiBige10a4d describes compounds of formula (B), which have activity as agonists
6-(4-fluorophen 1)-N-methyI-N-(4-{[(38)-3-methyl-1-p|pera.zmyl]methyl}pheny{)-B-
35pyridinecartidR&RIARESFRS 2008/000729PCT/EP2007/056342 9
N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethylipheny1)-6r{4-morpholiny1)-3- pyridinecarboxamide
(E6) 4'-f|uoro-N-methyl-N-(4-{[(3S)-3-m507¥1"5 i zinyl)nifiethyl}pheny1)-4- biphenylcarboxamide
(E7) 56-(4-fluorophenyl)-2-methyl-N-(4-{[( S)-:iﬁweethyl-l- iperazinyllmethyl}phenyl)-3-
pyridinecarboxamide (E8) N
1-[(3-fluorophenyl)carbony1]-N-methyl-N-(4-{[(3S)-3-methy]:lpiperazinyllmethyl}phenyl)-4-piperidineca
rboxamide (E9)  1-[(3-fluorophenyOmethyl]-N3 I-N&{[BS)-&methyl-l—
10piperazinylimethyl}pheny1)-4-piperidinecarboxamige o
1-(4-chloropheny1)-N-methyl-N-(4-{{(3S)-3-methyl-1 -piperazi nyljmethyl}pheny1)-4- pi
peridinecarboxamide (Ell) N-methyl-N-(4-{[(3S)-3-fRethyl-1
-piperazinyllmethyl}pheny1)-6-(1-piperidiny1)-3- pyridinecarboxamide (E12)
156-(2-fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1 -pi perazinylimethy|}phenyl1)-3-.
oyricinecatobaAGE R S LGl SRERSLISN 4Rtk EREC e o des
piperazinylimegoyigit ehthe) GRRAGHeRaM®boxamide (E14)
6-(3,4-difluoropheny1)-N,2-dimethyl-N-(4-{[(3S)-3-methyI-1-
20piperazinyllmethyl}pheny1)-3-pyridinecarboxamide (El 5

A R R e T MR PR
pyridinecarbogmmidef(g k6pwH & flconppheds/Hbihg] itkkentohi)i-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)benzamide (E17)
256-(3-cyanopheny1)-N,2-dimethyI-N-(41{[(38&-3-me;hyl-l-piperazinyl]methyl}phenyl)-s-
pyridinecarboxamide (E18) R\« o R Y/R

6-(4-cyanopheny1)-N,2-dimethyl-N-(4-{[(£g?;;?rp\£ghyl-l-pipe azinyllmethyl}pheny1)-3-
pyridinecarboxamide (E19) WO 2008/0007 T/EP20@7/056342 10

piperazinyllmethyl}phenyObenzamide (E22) N
N-(4-{[(3R,58)-3,5-dimethyl-l-piperazinyI]methyl}phenyﬂ46-(4-fluoropheny1)-Nmethyl-3-pyridinecarbo
xamide (E23)  4-[(2-fluorophenyl)oxA-N-methyl-N-(4-{[(3S)-3-methyl-1-
10piperazinyllmethyl}phenyObenzamide (E24) '
3-[(4-fluorophgpgbsicy]-N-methyl-N-(4-{[(3S)-3-methyl-1- piperazinylmethyl}phenyl)benzamide (E25)
3-[(3-flugrophenyl)oxy]- -me’i%uy <N- %g -3 %%]r iperaziniimetByhrRsenystRepgamide (E26)
156-[(4-f?§)ro%hisn >§’§H¥I\iino - rrl?elzﬂt?]%/ﬂp %1%){[%% - et\?f-l-@%I yn

susbsituent selected from halogen, C4jalkyl and C14alkoxy;

R' and R? are independently H or Cysalkyl;

R3is an optionally substituted phenyl, heteroaryl ring, or heterocyclic ring;

B is an optionally substituted phenyl, 6-membered heteroaryl ring or 6-membered

20 heterocyclic ring connected to the amide carbon via a carbon atom;
Y is a bond, NH, N-C14alkyl, O, C=0, or CHy;

R* is hydrogen,C;4 alkyl or Cy.salkoxyalkyl.



piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E27)
2-(4-fluoropheny1)-N,4-dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}pheny1)-5-
pyrimidinecagpgsamioln 1428) _ ' PCT/EP2007/056342
2-(4-fluoropheny1)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}pheny1)-5-
20pyrimidinecarboxamide (E29)
6-(4-fluoropheny1)-N,2-dimethyl-N-(4-{[(3R)-3-methyl-1-piperazinyl]methyl}pheny1)-3-
pyridinecarboxamide %I%g(?{ . ) .
6-(4-f|uorophe¥%ﬁ?-’ﬁﬁ IRV 92 AR RREGRR GRS Rty S RepRArRg ceutically
pyridinecarboRreceinten(E 34l 264oiilaterthddenfethyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-3-
biphenylcarboxamide (E32) 4'-fluoro-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}pheny1)-2-
biphenylcarboxamide (E33) WO 2008/00072H9PCT/EP2007/056342 I
6-(3-fluorophenyl)-N-methyl-N-[4-(1-pipe i pethyl)pheny1}s8- pyridinecarboxamide (E34)

a ;

6-[(3-fluorophenyl)oxy]-N-methyl-N-(44[(3§
pyridinecarboxamide (E35)
56-[(2-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S

pyridinecarboxamide (E36) 6-(3-fluorophenyl)- metidNI4-(1-piperazinylmethyl)pheny1]-3-
pyridinecarboxamide (E37) o
6-(2-cyanophe’ny1)-N,2-dimethyl-N-(4-{[(38)-3-methyl-i‘3piperazinyl]methyl}phenyl)-3-
10pyridingcarboxamide (E38) 6[2-(aminocarbonyl)|ce enyli-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E39)
6-(2-cyanopheny1)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}pheny1)-3-
pyridinecarboxdueneie (E40) 156-(3-fluorophenyl)-N-methyl-N-(3-methyl-4-{[(3S)-3-methyl-1-
plperazmylyng{f&/ '%RBR&IW‘Q@%QHB%?@&W&%E% &ﬁgf',,]aption_ally substituted with halogen, Cy.
6-(3-cyanophenyl -N-meth?ll-N-(4-{[(38)-3-methyl-l-plpera2|nyfImethyI}phenyl)-B-
pyridinecarboﬁéﬁ‘ﬂ’ﬁ%‘@ﬁﬂ? Koxy;

6-[(3-cyattophRhypa R dxeinetipd ety KBS )E3-maikyyl- 1-piperazinyllmethyl}pheny1)-

203-pyridinec j r@ titut | het i " lic ring:
N-(2-fluoro-4- Kﬁ%é?'rgbqﬁth ﬁ%%?gérua%’ngll %Iét’hyﬁlgl:moear%lr)'[‘gi(%r-f 55(88 %Ir?yrgl g-’Nmethyl-?,- yridinecarb

3-me
oxamide (E44 @[?@-ﬂa%?agwwﬂyﬁmH'?%Mﬁ-ﬁrr(!&!{[@@é‘-%ﬂ@%&t‘siBé?a?iﬂ&ﬂ[ﬁ?@fﬁ lpheny1)-2-
pyridinecarboxeteideythielbing connected to the amide carbon via a carbon atom;
255-[(3-f|u0romg%y Ix -rwggwyl-&k)(,fl-({i(%gb%%myl-1-piperazinyl]methyl}phenyl)-z-
pyridinecarboxamide 4%% (e = ’ ’
N-(2-fluct®-4- i35 P edraeemyar Spipdiikiny (methylipheny1)-6-[(4-fluorophenyl)oxy]-Nmethy1-3-pyridin
ecarboxamide (E47) WO 2008/000729PCT/EP2007/056342 12

5-[(3-cyanophgpylhoxy]-Nzmethyl-N-(4-{[(3S)-3+ I-L-piperazin thyl -
2-pyridinecarb%}>%r%r?%e]o(5n§) ﬁ?ﬁ%&%’%ﬁ%ﬁw ar%i]rplfo -Igl?r%%t ywéﬁl]‘g{[%éﬁgﬁéfnyg%nﬁefﬂy
piperazinyl]neWMnﬂW@pyﬂé\?%rb&M@@v(E@)4)a'k°XY’ Cencycloalkyl,  hydroxy,
5;-[(3,4-d||f]uOfmmmammyﬂ_fmommw&d[(aﬁhc(aém@mlmz, NHR®, NR°R®, NHCOR?®,
piperazinylim Nyl x4<pip C

1-[(4-f|u:)};é)phq§lny rhethy '%Ac-%ét 9%%(13@%%?&}{%@??"‘3", C(O)OC(1-4)a|kZ|r C(O)OSC«:-
piperazinygme¥gisiehy OUADiperalidc ioeyaioalhyl. CONHz, CONHR®, CONR'R’,

TC-)(3-f|E0;054'§@C|;§9:%01§W38®M?EW52 MRINGIOE NG BthimmaRN eSPINRIR®, where
mety--pglln rooxamiqge . .

N5 oo T R R i (iR or aiferent and ropresent Gy allyl, phernyl ontionally o
carboxamide gEbsytat¢Bveifahalsaenyynieth\l Inemertes hRigmans Sptpadyhsybstituted with

piperazipg]meifggenenyl)-4-piperidinecarboxamide (E54)

In one embodiment R® is substituted by fluorine, chlorine, cyano, CONH,, methyl,

methoxy or trifluoromethoxy.

30 In one embodiment B is substituted by methyl.



151-[(4-cyanophenyOmethyl]-N-methyl-N-(4-{[(3S)-3-methy1-1-
piperazinyllmethyl}phenyl)-4-piperidinecarboxamide (E55)
6-(3-fluorophgiayddisdrspethylethyl)-N-(4-{[(3S)-3-methyl-1- PCT/EP2007/056342
piPerazinyllmethyl}phenyl)-3-pyridinecarboxamidg (E56)
N-ethyl-6-(3-fluoropheny1)-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}pheny1)-3-
20pyridinecarboxamide (E57) 6-(3-fluoropheny1)-N12-(methyloxy)ethyl1FN-(4-{[(38)-3-methyl-1-
piperazinylmethyllpheny1)-3-pyridinecarboxamide (E58)
6-[(4-f|uoropthgIgW]-N%eﬁﬁﬁ-ﬂf-‘lﬁprﬂémpﬁ%ﬁwﬁﬁeﬁmpr hydroxyalkyl refers to a
piperazinylimestingighheniyig:Rsimadidike groopXamidsothér®) forms. The term “C4 alkyl” refers to

256-(341u0f0an%{Bg%)?géégﬂjeégyéféﬂh@@&%&%mw&é?ilesg%%i,”é{H&“aeitm&'t%%&%ﬂyélaﬁis

pyridinecarboxami _ ) )
6-[(4-fluorophEXPIIEA-RI-fiveth alky-asayes instyde mpthyl. reihtapipRYrigergngryl. n-butyl, iso-
pyridiny1)63-phtyineearbatyg noid thﬁiyl,WQWWO?@PQWdﬁPQMB@W 1Rethoxy,
o NS R B B LM B Wb >
6-(4-fluoro-1-piperidiny1)-N-methyl-N-(4-{[(3S)-3-methy1-1-piperazinyljmethyl}phenyl)-
3-pyridinecartguigiisleqiEAS)cloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl and
56-(3-fluoroph -N-methyl-N:(4-1[(3S)-3-methyl-1-piperazinyllmethyl}pheny1)-2-
pyridinez;rboggén%?ﬁ%x&néﬁlﬁlﬁ%\({ yl-4-(3-methyl-1,2,4-oxadiazol-5-y1)-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyObenzamide (E65)
N-ethyd1-6-[(4ﬁly®mgﬁzﬁmxu&w-#$@@e3"mkafw' azmydrsingeneBythiae (Br),
10pyridinecarhoxami E6 et )

N-methyI-N-(4(2E[I ?3-?naer}é33/m}8%ner%azlﬁlyﬁ Fﬁ(res‘tft]?/l%%gﬁ]ﬁgf%t pﬁgrﬁ:ﬁ%‘y‘fg% éC Byrti’(rl‘?rmé)carboxamide
(E67) 6-[(3-fluchsprrghigsexiy-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyllpheny1)-2-
pyridinecarboxamide (E68) 156-(4,4-difluoro-1-piperidiny1)-N-methyl-N-(4-{[(35)-3-methy1-1-

piperazinyllm I}phenyl)-3-pyridinecarboxamide. (E I

61410t pha 0T R ARG R b . L RS Mg aromatc ring
pyridiny1)-3-pyhiinsonrisesmiteof7@e heteroatoms. When the term heteroaryl represents a 5
5-(4-fluoroph%&%%%&ﬁ“ﬁ%ﬁﬁémwmmﬁ%mybphewrl)sZand may

20pyridinecarboxamide (E71 )
o ey monn SRy A SRR (Hrinescl 2. A iR M DR BELSTRRL ASAseserts @ &
pyridinecarboxegnibler¢g Zpyup it contains from 1 to 3 nitrogen atoms. Examples of such 5 or 6

N-methyb®[3-(Rastbyleyy) RbrryaHNHAgE (3Rendtanespibiltpingsaginy llthadybRne nEbazolyl,
2-pyridinecarhox mlf

(E73 . . , .
25N-methyl-5.fA¢ 8ﬁwo‘?ég,‘)%}ﬂéfhyl'ﬁ?ﬁh@%ﬁ(ésf-@?ﬁ%hyl-'i‘?is?ﬁ‘ék’ézir?ff‘ﬁ‘r’r?&hylfﬁﬁgﬁ\}ﬁ?y"
2-pyridinecartfosananle f(Ea), thienyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl and triazinyl.
5-(3-fluoropheny1)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}pheny1)-2-
pyridinecarboxamide (E75) WO 2008/000729PCT/EP2007/056342 14
6-(4-fluorophe A e M REIARN S HIS SERTSRERER A PFH R AN ARTEIN RN BIRTR R B-3-
pyridine@arboxaemitlerél 716y which comprises one or more heteroatoms selected from nitrogen,
6-[(4-)"l_J0roph%Qy@mk%m&mx'-ék&%yn&tw;éﬁkéékéy@m@wubﬂm&aéiByﬂianem,l)-
2-pyridinyl)-3-pyridinecarboxamide (E77) .
5N, 2'-dimethyPRE[HIRY 3 8IRLHIM\ANE. MBRALI N methyl}pheny1)-3,4.-bipyridine-6- carboxamide (E78)
6_—[(4-f|u_orophenyl)oxy]-N42-(met_hyloxy)ethyl]-N_—(4-{[(3S)-3-methy1-1-
P'peraz'”V"mﬁﬁéf#ﬁ’%’&%&?ﬁ%ﬁ%ﬂﬂéﬂﬁ@éﬁﬁ&‘ﬁmig%iﬂﬁn?r%)ly substituted phenyl or pyridyl.
N-(3-chloro-4-([(3S)-3-methyl1-1-piperazinyl]methyliphenyl)-6-[(4-fluorophényl)oxy]-N-
1OmethﬁQ3-pyridinecarboxamide (E80)
N,2'-dimethyl-N-¢h{EBBpBrmeativf e ipentiamipf]in étytgdreay ety -bipyridine-5- carboxamide (E81)

In one embodiment of the invention R? is hydrogen or methyl.



N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}pheny1)-4-(2-pyridinyl)benzamide (E82)
15N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-4-(2- pyrimidinyl)benzamide (E83)
N-methyl-N-(@-dltasoaomethyl-1-piperazinyllmethyl}pheny1)-4-(1H-pyrazolplyipbsizamide (E84)
N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethykpheny1)-6-(1H-pyrrol-1-y1)-3-
20pyridinecarboxamide (E85) N-methyl-N-(4-{[(35)-3-methyl-1-piperazinyl]methyl}phenyl)-4-{[4-
(trifluoromethyl)phenyl]carbonyl}benzamide (E86)

iy(ﬁd?gsggzgﬁ%%g&;gmem S)Af tg[n(esazltasntrigﬁtlgwié o%l ignrgllz;ns)ﬂ!)g}ﬁmgclf} F;))p\grr:))/l,lgn%rpholinyl,

256-(441uoroplpenyihyiN - meidinzdly(4- &) 3-pyathidialpipaidaiomi]natirytipheiryl) e2- further

pyridinecarbo ?ﬁﬁ%ﬁ N (4 -1-ninerazi phenyl)-4-(6-methyl-3-
pyridinyl)benz)éaﬁ e (E 9? \}'\\L/gb‘g.‘é]g%r}g%@%@@%@%@g@mﬁgﬁ%&k@%w&
N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylimethyl}phenyi)-4-(2- pyrazinyObenzamide (E90)
6-(4-fluorépheinybnél-entibgirdniSef[ (R& JriventishyB lispdpticmaityy §orsthytEld 2o i) nyiperiinyl,
pyridinecarbo ' .

56-(3-fluoropk@rﬁl€/ﬁq§ﬁ -n%éhmql\d'-(S-{[(SS)-3-methyl-1-piperazinylimethyl}-z-pyridinyI)-2-
pyridinecarboxamide (E92) 2-[(3-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyl]megynpeebyhipestamisieitShibh GRS, Descot@Rraaemhndiment of the invention is
6-[(4-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-
methyl-1-piperazinylmethyl}phenyl)-3-pyridinecarboxamide or a salt thereof. 15A further embodiment
of the inJ@ntiok ie"6- Rmbrdrsiaiiheigyaatienfiyisshydrogen, methyl, ethyl, methoxyethyl or
{[(3S)-3-methyddmaipar a7 il HnetiayitiitasilRGspyeginecarboxamide fumarate salt. One embodiment
of the invention is 6-[(4-fluorophenyl)oxyj-N-methyl-N-(4-methyl-5-
{[(3S)-3-methyl-1-piperazinyllmethyl}-2-pyridiny1)-3-pyridinecarboxamide or a salt 20thereof. Included
within the scopeasetRebedimgoteidbeinueatianention” are all salts, solvates, hydrates, complexes,
polymorphs, piadisimnagislpeeiRsthdvetvesyridarepigemers and optical isomers of the compounds
of formul (I).éﬁTFe comﬁg’und? of_for ula (1) can form acid addition salts thereof. It will be

appreciatéd t t'fo )ﬁggqﬁ edig H}é’tﬂ% {Its of the compounds of formula (I) should be
pharmaceutic&fiskydpgener Seltablemtermaceutically acceptable salts will be apparent to those

skilled in the age anghiHHlestiRstLRRSHIEA RofphNAITd Bperidyh4a/66. 1-19, such as acid

addition salts formed. with inorganic acjds e.g. hydrochloric, hydrobromic, sulfuric, nitric or phosphoric
acid; and organie 382 b?%@?c%%?f ‘Fhﬁf@?c?’&%#&%%‘ﬂ'& Pé?f[ﬁr, ?Xﬂét\f[l’c?rl}) Rzoic, p-toluenesulfonic,
methanesulforYidsoNma@hGdlcbetuieniwadiandertain of the compounds of formula WO
2008/009¢29RGL/ RN ApSsitArihed). may form acid addition salts with one or more equivalents of
the acid. The present invention includes within its scope all possible stoichiometric and
non-stoichiometric forms. 5The compounds of formula (I) and salts thereof may be prepared in
crystalline or rorwetsiadimeotiimantefdhé iomgstidine, may optionally be hydrated or solvated. This
invention incIu,g@ﬂ{@g"&gggﬂg@%ﬁ@iﬁﬂr@tgﬁayg@{g;g,or solvates as well as compounds
containing varigble amounts of water and/or solvent. 10Salts and solvates having
non-pharmacetiti AN RIESREBE A ARE/%ons or associated solvents are within the scope of the
present @&entiRfris todeogen plemihyisand®omtermediates in the preparation of other compounds of
formula (1) aneh el SERIBRS LAIAL SRR ErdholmAdBiianatiy, tareRmaIgt nsmahiormula ()
may be administered as prodrugs. As used herein, a "prodrug" of a compound of formula (1) is a
functional deriD¥iRAEIBYIHEEE G Yon administration to a patient, eventually liberates the
compound of Bisnepéiciplly sibstitutet iphsinglti pipeidngt myrmidityd ofarynidid @hdiera prodrug may enable
the skilled artigag L?_‘dg,oaﬁ ﬁ?bw{ﬁ gfbg}%,fgugyg}ng: (a) modify 20 the onset of action of the

0,

compound in viy b) modify the duration of action of the compound in vivo; (c) modify the
transpor@fion RrigRYARSEINBE NG eMpBIERPNSIA o[dsIrisaK avd §%’fﬁl§hﬁé8ff the compound in vivo;

and (e) overcome a side effect or other difficulty encountered with the compound. Typical .functional

derivatives usqc o,BBRAIRJAQRAIPHACHESRSEHIGRUBRRAT iferomP Uil oAt pically 25 or

enzymatically cleaved in vivo. Such modifications, which include the preparation of phosphates,
amides, ester$UPREERLIIOLRARASIRSINISRABAYRates, are well known to those skilled in the art. The
invention also includes isotopically-labeled compounds, which are identical to

35 In a further embodiment of the invention the (piperazinyl)methylene group and [-
N(R*-C(=0)-B-Y-R%] group are para- to each other across ring A and, where B



30those described herein, but for the fact that one or more atoms are replaced by an atom having an
atomic mass or mass number different from the atomic mass or mass number usually found in nature.
Examples ofysgtapesdéyat can be incorporated into compounds of the invepiqipsygiaadsptopes of
hydrogen, carbon, nitrogen, 1  oxygen, phosphorgus, fluorine, iodine, and chlorine, such as 3H, 11C,
14C, 6F, 1231 and 351251. Compounds of the invention that contain the aforementioned isotopes
and/or other isotopes of other atoms are within the scope of the present invention. WO
2008/000729PCT/EP2007/056342 17 Isotopically-labeled compounds of the present invention, for
example thoséSREPRHTEIPRURRBALRHP SIS BhGTvh 8k B‘ﬁ'f’mg‘ﬁré(ﬂ‘% e tengsRtul in drug
and/or substrat¢Ris<(e@lgtaubemassard Jtipted, eitheStdranst easlaore bachethédberigstopes are
particularly prefert _d for their ease of preparation and detectability. 110 5 and 18F isotopes are
particularly usefdl in PET (positron emission tomography), and 1251 isotopes are particularly useful in
SPECT (single photon emission computerized tomography), all useful in brain imaging. Further,
substitutic wilh bemyiierasakepesmpalihas deutaium, (- ddprrrontalipod aretarattierapangic
advantages resylling drparealer delpbolis Sl JorexemeleAgieaned iug e or reduced
dosage 10requirements and, hence, may be pre?erréa IN some circumstances. 1so oplca?y labeled
compounds of theahdehgerirancgamwerids ef feapaiedibymaonel At ferepiseatites digtlosed in the
Schemes andiavéhtidie Bxtanislen balowptibanisoiastutngna dsastidycdisdiinglie issriapicliyhabeled
reagent for & nap.isoioplcally apaiedeagantd %0 aluiher dspect s iventian praides @ process
for the preparaﬁor?o a compound of formu a??} ?B UL dErineT above Or A sa hereo?, which

process tdmptiseeofesiitihgsoraestrtasoutie siffeient fe(RPiseraerio 68109 (EYSRGERRRIBDIM056342 18
wherein R&, Rr%s&fﬁ%ﬁ’éﬁém ;ﬁ@?ﬂﬁ?@ﬁ@@g@ﬁﬁ%g iﬁé%g(é&@lgﬁr%ﬁg Qi%ﬂt%ﬂﬁ]éﬂtﬁ%%ﬂe?ffmedilng
group such as tert-butyloxycarbonyl (Boc) or bepzyloxycarbon z), and a compoun ormula
55 C(-0) B oy R P L AR AP 8 HETEN 2 WG Gk FSLE as halogen,
alkanoyloxy oceuipenpisxgf Buria) (BorbktieinsRs et ethetiomativbarefthesamhrsdinitie For
exaan?Ie, Whe_H?p@rz!@iﬁéeS@T‘téahﬁéﬂgﬁﬁa%?tﬁ?a@@BSg&MngﬁﬁUifdm%%@gpérﬁtlalk'ﬂé%m§ kase such as
triethylamjne ip an inert solvent suc ichloromethane. thereafter optionally carrying out one or
more of the foFﬁfoAa ﬁéa@%ﬁg %)ea(} 1rﬂ/ %d%’f‘.‘&%&%ﬂ%ﬁ %#"Fdrﬁmégr(??ﬁﬂggn Sr compound
of formula (1); wWheteimthamiperazipeofé stanpogrbamthe) $-oonfiagratisnitable pharmaceutically acceptable
salt or solvate of the compound so formed. 15 Alternatively, a compound of formula (1) as defined

above or a salf thereof, may be prepared by a process which comprises reacting.a compound of
formula (I1) as %ﬂ&féBS§QWBQEMEﬁH o?’?amma”ﬁ%ﬁ\'ﬁ%t%@tﬁ-efwm%w ﬁgf %eand V are
defined aboveundgretprddkeatdbeoihzestifnlsRcompplingsralhsesit nuttmesitfoNns20
dicyclohgygylcarbodiimide (DCC), N-benzyl-N'-cyclohexylcarbodiimide resin or 1-(3-
dimethylaminopropy1)-3-ethylcarbodiimide &EDC , optionally in the presence of 1-

hydroxybenzotttiZ5le PRARENdS & NFNRD t such as dichloromethane, dimethylformamide or
mixtures thereof. 25And thereafter optionally carrying out one or more of the following reactions:

a) Converting @-Q@.ﬁi%?b%%@@ﬂmfmwwthimes%@mahgpmemﬂimnfmew?pﬁehm-éiemoving any

protecting group;, c) Forming a suitable pharmaceutically acceptable 'salt or solvate of the
30compound S ERRRIPYFERIIBEBIN00729PCT/EP2007/056342 19 (IIl) wherein R1 and R2 are as
defined @&sove, R2 represents optional substitution in the

6-[(4-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-3-
| pyridinecarboxamide (E2)

1-(4-fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-4-
30 piperidinecarboxamide (E3)

6-(4-fluorophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-3-
pyridinecarboxamide (E4)

6-(4-fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-3-
35 pyridinecarboxamide (ES)



phenylene moiety as defined for A above and Q is hydrogen or a suitable nitrogen 5 protecting group
such as tert-butyloxycarbonyl (Boc) or benzyloxycarbonyl (Cbz) with an appropriate aldehyde, ketone

or enol etheri@BRYJ§IR 3 using conditions suitable for a reductive aminafip;dps\g¥akepis in the
presence of a suitable reducing agent such as sodium borohydride and in a suitable solvent such as

methanol and.optionally in the presence of a suitable base such as sodium methoxide. 10 Compounds
of formula (lll) may be prepared by reaction of a compound of formula (IV) NO2 (IV) 15wherein R1,
R2, Fe and Q are as defined above, using conditions suitable for a reduction; for example when Q is
Boc, hydrogerd i NdHlédRheansthyisliripsraziavinethuliehenysarédnrreBeliedirsoal or platinum on
charcoal, in a pyidibéezblwantida¢Bds methanol and optionally in the presence of a suitable base such
as potassium hydroxide or triethylamine. Alternatively when Q is Boc or Cbz, the 20 reduction may be

carried out usinggorsUARRIBIRY AR ]RYSIDE ASRIL SYFEEAS I ONRAMYAB Ry 6. Presence of a suitable

proton source such as ammonjum chloride and in a suitable solvent such as agqueous methanol. WO
2008/000729&@??@@6’5;7@'%%% Compounds of formula (1) may be prepared by reaction of a
compound of formula N) 5wherein R7 is as defined above, with a compound of formula (VI), (VI)
wherein R, R8-fluorepbeayi i@ nethyiihbii{[(Rshrg-reelbibih-epatagomireetiubrbenyadeductive
amination, for gytRimptarpoteeniiegesce of a reducing agent such as sodium 10tri(acetoxy)borohydride
in a suitable solvent such as dichloromethane or 1,2- dichloroethane. Alternatively compounds of

formula (1V) m@_Y(f,)_ﬁJyﬁgi}éﬁgMr%ﬁgﬁfmﬁgﬂﬁmgﬂgg)(_)\g_mémw_q_(VII) 15 02 (VIl) wherein R7 is

as defined above and L esents a leaving group such as halogen, alkylsulfonyloxy or
arylsulfonyloxPREFFIRRHYIRBESY 'I)O‘?Fﬁlﬂ%\”a'ﬂ?%%t&%‘ﬁﬁ%eégg%e, using conditions suitable for an
alkylation reaction, for example use of an 20appropriate solvent such as N,N-dimethylformamide and a
suitable base 3tthflonapieg\d)metwi]-NIoetinduhis {EBRDrimetityin-are commercially available or may

be prepafgd bmﬁ@%ﬁﬁgﬁ%ﬂmy?ﬁﬁ@ﬁm%@ﬁerHaeQrBMaﬁn@@(Ew)e (see for example WO 03/053972,
25 WO 03/037898. WO 2008/000729PCT/EP2007/056342 21 Compounds of formula

R3-Y-B-C(=0)+L1, ¢ ' bR\ ) sl ) £Or 3;:Y-B-C(=0)-OH by
reaction with e;naggglr%%ﬁg%g r éqg\éeﬁr?t %ﬁ%&@%ﬁoﬁq&gﬁﬁ T&r@%%%g’%ﬂﬁ%&@ﬁ@% Ié where 12 is
chlorine, treatRiBRHYABEAARONFNGRIEAE) or oxalyl chloride in the presence of catalytic N,N-
5dimethylformamide. An alternative process for preparation of compounds of formula (I) comprises
reaction of a cretiyhdVdf (B3 f\ethyl-1aipeiaamyignethyR phérRa)-RA -pipdidind )2 are as defined
above and L3 9%91%%5%&4%@(@929@ such as halogen or trifluoromethylsulfonyloxy, and a
compound of formula M1- Y-R3 wherein R3 and Y are as defined above and M1 represents hydrogen,

a metal rgsidug (00, AL MR ety R RS Y St Ao R A Rt A LA e
pyridinecarboxamide (E13)

6-(2,4-difluorophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E14)

6-(3,4-difluorophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-
20 piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E15)

6-(3-fluorophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-3-
pyridinecarboxamide (E16)

4-[(3-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)benzamide (E17)

25  6-(3-cyanophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinylmethyl}phenyl)-3-
pyridinecarboxamide (E18)

6-(4-cyanophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-3-
pyridinecarboxamide (E19)



15 presence of a suitable base such as potassium carbonate, cesium carbonate, sodium carbonate,
sodium hydride or triethylamine and optionally using a suitable transition metal catalyst system such

as palladiumyageiaioeiNG\P, copper (1) chloride/2,2,6,6-tetramethyl-3,5-hpplappRiPnaah,
tetrakis(triphenylphosphine) palladium (0). 20 And,thereafter optionally carrying out one or more of the

following reactions: a) Converting one compound of formula (1) into another compound of formula (1);
b) Removing any protecting group; 25c) Forming a suitable pharmaceutically acceptable salt or solvate
of the compound so formed. WO _2008/000729PCT/EP2007/056342 22 wherein 12, L3 and B are as
defined abovet U&iflHarRenR B HMMEtYNAAAIGB s St de described above. An alternative
process for preiparatioyi]ofetioyi)ploenytiberizaridel¢(EQU) comprises Sreaction of a compound of formula
(V1) as defined above with a compound of formula (1X): NHC)1 (IX) wherein R7 is as defined above

and Ol is a sUle(alg IRESING AiAkmALLRBSAFRMHEMINRANSIRRs SYEABIGIfov seductive

amination as'desc%;ﬁg abovye, folhowed,glg/ itable deprotection step to remove C21. Compounds of
formula (1X) aPé”&% Y éPHfé‘i’l'?ea‘i‘?zS a¥a e prepared from the corresponding carboxylic acid,
using general methods for the conversion of a 15carboxylic acid to an aldehyde. See, for example, M.

B. Smith & J. Rifchucterkendaardametityhdnitsti3Bis et 13 Wiley & Sons, 2001, Chapter 19, p.

1506-1604. Apipéemaifadaiansissnidbaneaaiad gpof compounds of formula (1) wherein A represents
an optionally substituted 1,4-phenylene group, an optionally substituted 202,5-pyridyl group or an

optionally subg;_i@;&é,g@g?jér’@_ﬁhgé% %9‘@%%@&#)%%%9@%%"@%H%ﬁJ&rWa (V1) as defined

above with a compound of formula (X): wherein A and R4 are as defined above,
under conditioREBYBIRMEIANERIBRRMBI% frdflation as described above. Compounds of formula (X)
wherein A represents an optionally substituted 1,4- phenylene group or an optionally substituted
2,5-pyridyl grottfi2dhgreehengiondfiNatetinbde (AH{BBE bregtaved-by reaction of a compound of formula

(XI): quzoog(pggziggﬁﬁ;mﬁ?pggg |495m@%m) wherein A represents an optionally substituted

1,4-phenylene group or an optionally substituted 2,5-pyridyl group and L3 is as defined above with a

compound of @qu}%rgéﬁtéb\ﬂ%&‘wwéwoﬁjdé 3 ?_«%&g&gmve and Q1 is a suitable nitrogen

protecting group suc oxyca resence of a suitable transition metal
catalyst sytenPQ%ﬁzﬁﬁl'lﬂ‘ﬁ@M?WgEm@ iballadium(0)/xantphos, in the presence of a
suitable base such as cesium carbonate and in a suitable solvent such as dioxane; followed by a
suitable deproddidinstmbend)Coiianettsl-df-(4+{ii38-Btetfiyedein A represents an optionally

substituted 1,1,1@?553%%{9&%%%995@@I(,E%pstituted 2,5-pyridyl group are commercially
available or may be prepared by reaction of a compound of formula (XII):

15  6-[(4-fluorophenyl)amino]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E27)

2-(4-fluorophenyl)-N,4-dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-5-
pyrimidinecarboxamide (E28)

2-(4-fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-5-
20  pyrimidinecarboxamide (E29)

6-(4-ﬂuorophenyl)—N,2-dimethyl-N—(4—{[(3R)-3-methyl-1-piperazinyl]methyl}phenyl)-3-
pyridinecarboxamide (E30)

6-(4-fluorophenyl)-N-methyl-N-(4-{[(3R)-3-methyl-1-piperazinyllmethyl}phenyl)-3-
pyridinecarboxamide (E31)

25  4'-fluoro-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-3-
biphenylcarboxamide (E32)

4'-fluoro-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-2-
biphenylcarboxamide (E33)



NC 15(XIl) wherein A represents an optionally substituted 1,4-phenylene group or an optionally
substituted 2,5-pyridyl group and L3 is as defined above with a suitable reducing agent such as

diisobutylalugigistisk hyshisle in a suitable solvent such as toluene. 20ComppEpgle AL FaEaIR (X)
wherein A represents an optionally substituted 3,6;pyridyl group may be prepared by reaction of a

compound of formula (XII): NC NH I (XIlIl) wherein R4 is as defined above and R7 represents
optional substitution in the pyridine 25moiety with a suitable reducing agent such as
diisobutylaluminium hydride in a suitable solvent such as toluene. WO

2008/000729PC RS RRIEIDGABIW A  bRireEgindmet pbenXierein R4 is as defined above

and R7 repregemidirsgeadnadasniist{Eg#)n of the pyridine moiety with Comalkyl or Comalkoxy may be
prepared by reaction of a compound of formula (XIV) NC 5(XIV) wherein R7 represents optional

substitution ofgle MyEEEPRMPSLYI NIt EHAD glﬁqy ARV askleZitsy AR AaRse With a
compound of formula R4M-1 éc%%@ggable solvent such as THE and optlonally in the presence of a

suitable base. pi’ﬂ H%ﬁé‘?%ﬁm s for preparation of compounds of formula (IIl) wherein A
represents a tionally substituted 3,6-pyridyl group comprises reaction of a compound of formula
(VI) as deﬁne&’f@&@WRh%ﬁ&ﬁﬁd&ﬁ@W%ﬁ%ﬂHWW -1 pinseagnvivretbytaeite-$ptional
substitution ofgiieipxddibexainigsy@agy Comalkyl or Comalkoxy, under conditions suitable for reductive
amination as described above. Compounds of formula ()N) may be prepared by reaction of a

compound of {§ g‘%r@a‘&wyf\w b -dme(ﬁg}}‘wﬂhﬁ B;&%&,ﬁ@pﬁgﬁ@%gﬁwgm substitution of the pyridine

moiety with Comalk | or Coma kox Q1 Is a suitable protecting group such as trifluoroacetyl, with
a suitable redl%ﬁ'fﬂ”&(j@ﬁ?f’éﬁ%d%%}&ellalumlnlum alloy in the presence of formic acid 25and in a

suitable solvent such water. WO 2008/000729PCT/EP2007/056342 25 (XVII) wherein R7 represents
optional substfit{@ctyariaplepybidiriedimsitiy)-WitA-H8 Sdatkye by lc pipemanymathydopper XB-cyanide in a

suitable sglverag,ﬁgi%@bgjggﬁ\i&gl@g@g by 5 suitable protection of the amino group. When al is
trifluoroacetyl the protection may be carried out using trifluoroacetic anhydride in the presence of a

suitable base S 50! loromethane.  Compounds
of formula (V) %( %%ﬁ@%ﬁ%% ar%%m rln§greé; @vaﬁ%@@wescnbed in the literature or
can be prepar@tﬂ’%f?%.'?@ W&Phﬁ'@mb@@mﬂ@dﬁé@of formula R3-Y-B-C(=0)-OH are

commercially available, described in the literature or can be prepared by analogous or similar methods
(for example, Se@-¢yaneRaSIaEar7ameiHiD-2B(IRS Fo6ethy G e s hEeREWHDe2g)F027061, WO

pyridinecarboxamide (E40)

15  6-(3-fluorophenyl)-N-methyl-N-(3-methyl-4-{[(3S)-3-methyl-1-
piperazinylJmethyl}phenyl)-3-pyridinecarboxamide (E41)

6-(3-cyanophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-3-
pyridinecarboxamide (E42)

6-[(3-cyanophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyljmethyl}phenyl)-
20  3-pyridinecarboxamide (E43)

N-(2-fluoro-4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-6-(3-fluorophenyi)-N-
methyl-3-pyridinecarboxamide (E44)

5-[(4-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-2-
pyridinecarboxamide (E495)

25  5-[(3-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-2-
pyridinecarboxamide (E46)

N-(2-fluoro-4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-6-[(4-fluorophenyl)oxy]-N-
methyl-3-pyridinecarboxamide (E47)



15 2005/016915, WO 1997/025309, WO 2005/047278, WO 2002/016356, WO 2007/041634 and WO
2005/073210). Compounds of formula L3-B-C(=0)-1: are either commercially available, described in
the literature\QHGahshGopsgPared by analogous or similar methods. 20 It wilppg ppRipsiaiss by those
skilled in the art that it may be necessary to protecf,certain reactive substituents during some of the
above procedures. Standard protection and deprotection techniques, such as those described in
Greene T.W. & Wuts P.G.M., Protective groups in organic synthesis, 2nd Edition, New York, Wiley 25
(1991), can be used. For example, primary and secondary amines can be protected as phthalimide,
trifluoroacetyl H&HFYRNRRRSRAY RN ARSI s i iSkaiesBry | -BireRARdlmatvERhe Y s oxylic acid
groups can beepyidiceEmhdeastits.(Bddehyde or ketone groups can be protected as acetals, ketals,
thioacetals or thioketals. Deprotection of such groups is achieved using conventional procedures well

known 30 in theafubrepeamian SRR AuPRRIchAstkgHbutyloxycarbonyl may be removed
using an acid such as %%ci‘]l ric (jiﬁ iflqu.oace IC acidfjn %]%é}itable solvent such as
dichloromethaMBS @R KPP SBAHE SSHT et ures thereof. WO
2008/000729PCT/EP2007/056342 26 Salts may be prepared conventionally by reaction with the
appropriafe acid@:#ifluerenbanvimethieseiiinieAtldRsomsVides compounds of formula (1) and

(VIIl) as showpiperalaaygmieiiRiRdnyl)-Bpip8ddiAceamdxamigexEs@fined for formula (1), Q is hydrogen or
a suitable protecting group such as tert-butyloxycarbonyl (BOC) or benzyloxycarbonyl (CBZ) and L3 is

a leaving group [ﬁﬁgnﬁm@%%ﬂﬂﬂmﬂ{%@% %@m@gﬁ&@pﬁse compounds are useful as

intermediates In preparation of compounds of the present invention. 10 The potencies and
efficacies of t@@@ﬁ'ﬁéﬂfﬁﬁg‘ﬂ}RH?%‘YHV%HW‘?W@%S@% e Yetermined by FLIPR assay performed
on the human cloned receptor as described herein. Compounds of formula (1) have demonstrated
partial or full aiydaiBuerotdil(3)tReretmsBrioesnioylmsthylthberyiFeR(3fluampimerticNmaging Plate

Reader) {pfungiigpbassifeeadeibedees Compounds of formula (1) and pharmaceutically
acceptable salts thereot are therefore of use in the treatment of conditions or disorders which are

mediated via t 8,r tqr. In.pacticular tf form! maceutically 20
acceptable sa&gﬁta@@%f% t:é(%;ugs(ren #\rﬁﬁg tﬁ@a%%%@%ﬁ%&ﬁt%@g‘&r% %@élgﬁ?guch as
gastroesophafahybfpyridinsersboxamigadkadtyspepsia, irritable bowel syndrome, constipation,
intestinal pseudo-obstruction, paralytic ileus following surgery or other manipulation, emesis, gastric
stasis or hypofritéiityapapseaymethripsraesmd é44s{iIB as-thathwtds and/ or by the administration of
other drugs, opiifkr3aMiREEIN PR RAIE IS efidiRBRudieaaRR (E8lYS. cachexia associated with

advanced diseases such as cancer and/or the treatment thereof, and other disorders such as

incontingnce (herein after referred ta.3s the "Disord Al ention”).  Itis to be understood that
"treatmeeln ' asmﬁféyﬁgP&%e{@ﬁﬁi'?q&?gﬁFﬁg Z% ﬁ{gﬁga%%%gﬁ%?}?ation of established symptoms.
Thus the inveRirsezisypieind b ediropinaddsteeroxaride®Pharmaceutically acceptable salts
thereof for use as a therapeutic substance in particular in the treatment of conditions or disorders
mediated via 636BE3EheyBpib{1-mgbeyketiybr\BBHE IBYEAnethyrbvides compounds of formula (1) and
pharmaceutica} %ﬁmmﬁ SiDereal faldssrBsanie ic substance in the treatment of

%B(e 2 8/03@%9F9§T/E¥>| o)

gastrointestinal” WO 2007/056342 27 disorders such as gastroesophageal reflux

disorders, functiopal dy, sia, irritab %ﬁ%eé syndrome, constipation, intestinal pseudo-obstruction,
paralytic iIeusﬁ'ﬁwfgg@%?%é?ﬁhgpxaﬂé% 1 |ph% |§r%%ﬁng$§rag%¥ %’%tbaﬁs?légrr‘ Ifpéomotility caused by
various d8eagpsidinepraodimhidecEaAd/ or by the administration of other drugs, or in 5 enterally fed
patients, Crohn's disease, colitis, cachexia associated with advanced diseases such as cancer and/or
the treatment gag@-fiobrepiskoyh)av-fisaidibstosyiphgl-Mcoqlise)Bendthg-hvention further provides a
method of treatment. itj rdisqrders | including humans which can be
mediated via tﬁqgeé%ﬁglﬁge%@§%%R\X}ﬁ%sﬁ%q(?rlr%%ég%@rﬁn| tgﬁlgg to the sufferer a therapeutically safe
and effective amount of a compounds of formkga (% or % aceutically acceptable salt thereof. In
another aspec?; {AdHARR RSN POAEDFEMHY e Mbm aéﬂé’ QSCL' wla (1) and 15pharmaceutically
acceptable safiipénaziapljnimethy}prenyviietpyadofesariedamaite (38} use in the treatment of the conditions
or disorders mediated via the GPR38 receptor. In order to use the compounds of formula (1) and
pharmacggitic@lizareesinbiyipatmetaneud Sy {3Sppynétsy iipecsniagliyriech{i-npiataaying a
pharmaceutical %8 r(]:ocg%%sitimoml ordance with standard pharmaceutical practice. The present
invention alsopﬁ'rovuf’es a,p))(ﬁarma eutical composition, which comprises a compound of formula (1) or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier or excipient. 25In
a further aspe@t,(ﬁiguﬁF@%'é‘?ﬂ%%rlﬁ%ﬁ‘ﬁ%ﬂ'flH’e@'ﬁgﬁ%&etfhﬁ%%b%ﬁﬁ?é)nggﬂﬁmgéutical composition,
the process cqyratirgit)eBmpyxidigezabmpoudel (B6grmula (1) or a pharmaceutically acceptable salt thereof
and a pharmaceutically acceptable carrier or excipient. 30 A pharmaceutical composition of the
invention, which may be prepared by admixture, suitably at ambient temperature and atmospheric
pressure, is usually adapted for oral, parenteral or rectal administration and, as such, may be in the

form of tablets, capsules, oral liquid preparations, powders, granules, lozenges, reconstitutable
nowdare iniaectable or infiicible eoliitinne or crienencinne Ar <tinnn<citorieae Orallv



35administrable compositions are generally preferred. WO 2008/000729PCT/EP2007/056342 28
Tablets and capsules for oral administration may be in unit dose form, and may contain conventional
excipients, sueh AsdAinsing agents (e.g. pregelatinised maize starch, polyvigypyssalisdens &r
hydroxypropyl methylcellulose); fillers (e.g. lactosggmicrocrystalline cellulose or calcium hydrogen
phosphate); tabletting lubricants (e.g. 5 magnesium stearate, talc or silica); disintegrants (e.g. potato
starch or sodium starch glycollate); and acceptable wetting agents (e.g. sodium lauryl sulphate). The
tablets may be coated according to methods well known in normal pharmaceutical practice. Oral liquid
preparations A TEGFPRIEMIRYYr Mt (@RI ey birineraziayimeievirtismitbas, emulsions,
syrups or elixipgridinstayboeamitiee(fd2n of a dry product for reconstitution with water or other suitable
vehicle before use. Such liquid preparations may contain conventional additives such as suspending
agents (e.g. SQIUI%@HCHppiﬁﬁi&mﬁrﬂﬁ@wm&?&{[(‘@@f%ﬁ\}ﬁ@ﬁg@&@%e@mﬂb‘?@iﬂg agents (e.g.
lecithin or acag’iag, ,gtion-a%ueous ve@é&is (which may Include edible oils e.g. 15 almond olil, oily esters,
ethyl alcohol RPAQUTRAL 8’%‘@]8% ils), preservatives (e.g. methyl or propyl-p-hydroxybenzoates
or sorbic acid), and, if desired, conventional flavourings or colorants, buffer salts and sweetening
agents asapfrdprirophepd A\t amimiaeimdr pingraanyiimasiy hphenibtéd to give
controlled relggsriinétaagiiviiegraaound or pharmaceutically acceptable salt 20thereof. For
parenteral administration, fluid unit dosage forms are prepared utilising a compound of formula (1) or

phafmaceU“C?J%éﬁﬁi?ﬂl@lﬁe'iﬂ;'i-W?E,@%?d?é’z@l-%It%filﬁ/-\(ﬁ-*%f@%-)-ﬁgﬂé\H{ﬁ-qQ”S for injection may be
In

presented in unit dosage form €.g. ampoules or in multi-dose, utilising a compound of formula (1)
or pharmaceuﬂ@éﬁﬂﬁ’%]@?ﬁgﬂllpgﬁﬂy{}?@%ﬂﬁ%@%‘iérile vehicle, optionally with an added preservative.
The compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous
vehicles, and Mathgobitdflimmorharyhpaden(d-HiRP)rasmnetbyehdingraginyimsty pioy Hdspersing
agents. Aferngfiihe I8 etiviadnaesgient may be in 30 powder form for constitution with a suitable
vehicle, e.g. sterile pyrogen-free water, before use. The compound, depending on the vehicle and

concentration [ issnlved i icle, Ji ing solutions, the
compound carllv Eﬁggﬁg&gféﬁf%g?lr? Zﬁ%%ﬁpfr?ﬁ f%{%%@ﬁh??&]%@%@})ﬁ%ﬁgpﬂdy f g |éé le vial or ampoule
and sealing. m@méwiﬁ@j&%{ﬁﬁ such as a local 35anaesthetic, preservatives and buffering
agents are dissolved in the vehicle. To enhance the stability, the composition can be frozen after filling
into the vial arfae](B+dlubtipHOYBIRYPNZBEUTHER2{(IEHPS631RYEI-pipteazioptovadioy pltnyl)euum.
Parenteral SUSRRRRIONFRIERFEP7ERE)IN substantially the same manner, except that the compound is
suspended in the vehicle instead of being dissolved, and sterilisation cannot be accomplished by
filtration., The ound can he sterilj by.e I hyl xide before suspension in a
Ssterile \)éhidéf@g\'/a{n gé%gﬁ)s'rl)ﬁr@ rs‘ﬂ?%%?a%?%Wﬁ?éjfﬁ&%g&?ggéﬁﬁgﬁﬁ%uded in the composition to
facilitate uniforipelrzsimemhyinhenybrnpytidioecarberanids(B8%ormulated with an aqueous or oily base
and will in general also contain one or more emulsifying agents, stabilising agents, dispersing agents,
10 suspendin@-§@eisrdphekenNung] AgerrtbybNg¢6ii(88)cBanethid- 1Epippsanrgymhethghddlated with an

agueous or n -ﬂﬁllgﬁ Ok @5?8 COmRLSigyPne or more dispersing agents, stabilising agents,
gglnts r’??éenﬁe gents 11 ’

solubilising a u Ing agents. They may also contain a preservative. 15The compounds of

formula (I) or pharmaceutically accept S ere y also he formulated in rectal compositions
such as supp §@oﬁ@%’%‘?ﬂwf}él'%‘2w§ﬁéﬁrﬂa%@%%i it ?ng @&%@ﬁ'ﬂgﬁr&%@&%ﬂg? bases such as
cocoa bzfer qryotlieeagijretige BYd compounds of formula (I) or pharmaceutically acceptable salts
may also be 20 formulated as depot preparations. Such long acting formulations may be administered
by implantatios-(ofyexapheleysubetsayeaUal (BSRs-amsthytalpiberaidy instayn psemwsranjection. Thus,
for example, the com OrHQd§ %é%gggia (I) or pharmaceutically acceptable salts may be formulated

with suitable poaig}rﬁ%erlc or yrarop obic materials (for example as an emulsion in an acceptable oil) or

ion 25exchange resins, or as sparingly solubl %j rivatives, for example, as a sparingly soluble salt. For
intranasal ad Hm%l%[%@%g é”fﬁ'/?gﬁ g[{ g%’?ﬂﬁﬁ%b&@ﬂ&ﬁ@ﬁﬁ?@kﬂ%‘ﬁ%ﬁé%gﬁs thereof may
be formulated Zpysidintcarbdeamiia@sdation via a 30 suitable metered or unitary dose device or
alternatively as a powder mix with a suitable carrier for administration using a suitable delivery device.

Thus compoungdsmehiresmuladiigiappreaapnticallsrepiehie salisiaarsninetay)brdempulated for
oral, buccal, p renﬁﬁr}al t%oicar%@%c@?j‘ng ophthalmic and nasal), depot or rectal administration or in a
form suitable foPad ﬁ%{ra on yi al)ation or insufflation 35(either through the mouth or nose). WO
2008/000729PCT/EP2007/056342 30 The compounds of formula (l) and pharmaceutically acceptable
salts thereof nﬁa@ﬂé%ﬁﬁGMEG”FBFM?H#&M@W&%BWTh'QfP(?ri?ﬁ'm’ Wpathvirisykfaams, gels,
lotions, pessapgidinecataisaoride@B3se.g. eye, ear or nose drops). Ointments and creams may, for
example, be formulated with an aqueous or oily base with the addition of Ssuitable thickening and/or
gelling agents. Ointments for administration to the eye may be manufactured in a sterile manner using
sterilised components. The composition may contain from 0.1% to 99% by weight, preferably from 10

to



60% by weight, of the active material, depending on the method of administration. 10 The dose of the
compound used in the treatment of the aforementioned disorders will vary in the usual way with the

seriousness Qfghgodisprasrs, the weight of the sufferer, and other similar fastqispideHRYS]> as a
general guide suitable unit doses may be 0.05 to 4Q00 mg, more suitably 1.0 to 500mg or 1.0 to 200

mg, and such unit doses may be administered more than once a day, for example two or three times a
day. 15 Compounds of formula (1) and pharmaceutically acceptable salts thereof may be used in
combination preparations. For example, the compounds of formula (I) and pharmaceutically
acceptable saﬁé‘%ﬂ@'@ﬁ?rﬂﬁﬁvb@'ﬁ%‘Wé@fﬂﬁﬁéﬁdﬁW‘b‘ﬁ@?ﬁa RYBoUPYER 3ictivity in
reducing gastpgriainecame@miderEzompounds with 20 activity in reducing gastro-esophageal reflux;
one or more compounds with activity in reducing esophago-gastric irritancy or inflammation, especially

when used o gHaViRigRSIVAGK PAIHRIRPE SADGAAIR FRameN G meRnalesic

activity; and/or. one or mgore compounds with mixed activity on motility and pain. 25Examples of
compounds WAPXIIOHY- HPEina R R@m9s dk'ifciude H2 receptor antagonists, acid pump
antagonists and proton pump inhibitors. Examples of compounds with activity in reducing
gastro-es8phd¥éatiraativimt(ddE 3 chpeshat-GripsarinpmatipiiahenbrdobirtEdiiePanalgesic activity
include compearstkaibee(eydjeurokinin receptors (NM, 2, 3), TRPV1 and sodium-channels. Examples
of 30compounds with mixed activity on motility and pain include CRF2 antagonists, 5-HT3 antagonists

or octreotide CH-RA%J&BW%%%%&WJﬁssmfﬁv-{ﬂl{ﬂﬁéy-%@#@ﬂﬁni'i‘-C'Uding but not limited to

patents and patent applications, Cited In this specification are_herein incorporated by reference as if

each individudiR&BaBN RS IRheNKSRELiIRE SR GamidR {3hdicated to be incorporated by
reference herein as though fully set forth. WO 2008/000729PCT/EP2007/056342 31 The following
Descriptions aMd3Ectierpied (883 Ganethye: pripeiazitot oebyindeonis-dHtfuarmasatpiogldbnditions,

Hardwareoanmg.wgrgrm,@egmg%%Ivgg(ﬁystems () Hardware Agilent 1100 Gradient Pump
Agilent 1100 Autosampler 10 Agilent 1100 DAD Dectector Agilent 1100 Degasser Agilent 1100 Oven

Agilent 1100 tr ﬁ[g aters Via eg . $§ > g Sedex 85 or
Polymer Labsq\g?-ﬁ E%ﬁo@%ﬁ%@gﬁp&%?é%?ﬁ@gﬁg%ﬁgﬁeﬁ I%gt ?:%ﬁ?rrﬁﬂ% %The column used
is a Waters AtfafRxamidaithdhsions of which are 4.6mm x 50mm. 20The stationary phase particle size
is 3gm. Solvents A : Aqueous solvent = Water + 0.05% Formic Acid B : Organic solvent = Acetonitrile
+ 0.05% Formémidioly Mé (R 35 -Fneetiahé ripetatinyd] rosthy | jrdezy B-dai2ypgidinyidvenzamidgmin%B 03
0.13 497 30 4@%5)4.93 5.03 Flow rate

15  N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-4-(2-
pyrimidinyl)benzamide (E83)

N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-4-(1H-pyrazol-1-
yl)benzamide (E84)

N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-6-(1H-pyrrol-1-yl)-3-
20  pyridinecarboxamide (E85)

N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyljmethyl}phenyl)-4-{[4-
(trifluoromethyl)phenyl]carbonyl}benzamide (E86)

5-(4-cyanophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinylJmethyl}phenyl)-2-
pyridinecarboxamide (E87)

25  6-(4-fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-2-
pyridinecarboxamide (E88)

N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyljmethyl}phenyl)-4-(6-methyi-3-
pyridinyl)benzamide (E89)



The above method has a flow rate of 3mUrnins WO 2008/000729PCT/EP2007/056342 32 Hardware
Waters Acquity Binary Solvent Manager Waters Acquity Sample Manager Waters Acquity PDA 5

Waters ZQ MagSsapssiresneter Sedere Sedex 85, Sedere Sedex 75, Polyrper ks PbsEls-2100
Software Waters MassLynx version 4.1 10 ColumigsThe column used is a Waters Acquity BEN UPLC

C18, the dimensions of which are 2.1mm x 50mm. The stationary phase particle size is 1.7pm. 15
Solvents A : Agueous solvent = Water + 0.05% Formic Acid B : Organic solvent = Acetonitrile + 0.05%
Formic Acid Weak Wash = 1:1 Methanol : Water Strong Wash = Water 20 Method The generic method

used has a 2 MMEENIMEHECERMehH-dsrirgrazny InetBYgRhey Y7620 3 25 The above method has

a flow rate of pyndziny)beRaenijeqt&d0)volume for the generic method is 0.5ul The column temperature
is 40deg The UV detection range is from 220 to 330nm WO 2008/000729PCT/EP2007/056342 33

Conditions Fos-QpRibRsaeR Marrer@d s8R R sisiRe(AdANIne@aridinyl)-2-

pyridinecarboxamide (E91)

5  6-(3-fluorophenyl)-N-methyl-N-(5-{[(3S)-3-methyl-1-piperazinyljmethyl}-2-pyridinyl)-2-
pyridinecarboxamide (E92)

2-[(3-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)benzamide (E93)

10 and salts thereof.

One embodiment of the invention is 6-[(4-fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-
methyl-1-piperazinyllmethyl}phenyl)-3-pyridinecarboxamide or a salt thereof.

15 A further embodiment of the invention is 6-[(4-fluorophenyl)oxy]-N-methyl-N-(4-
{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-3-pyridinecarboxamide fumarate sait.

One embodiment of the invention is 6-[(4-fluorophenyl)oxy]-N-methyl-N-(4-methyl-5-
{[(3S)-3-methyl-1-piperazinyllmethyl}-2-pyridinyl)-3-pyridinecarboxamide or a salt
20 thereof.

Included within the scope of the “compounds of the invention” are all salts, solvates,
hydrates, complexes, polymorphs, prodrugs, radiolabelled derivatives, stereoisomers
and optical isomers of the compounds of formula (1).
25
The compounds of formula () can form acid addition salts thereof. It will be
appreciated that for use in medicine the salts of the compounds of formula (I) should
be pharmaceutically acceptable. Suitable pharmaceutically acceptable salts will be
apparent to those skilled in the art and include those described in J. Pharm. Sci.,
30 1977, 66, 1-19, such as acid addition salts formed with inorganic acids e.g.
hydrochloric, hydrobromic, sulfuric, nitric or phosphoric acid; and organic acids e.g.
succinic, maleic, acetic, fumaric, citric, tartaric, benzoic, p-toluenesulfonic,
methanesulfonic or naphthalenesulfonic acid. Certain of the compounds of formula



Open Access Mass Directed Prep instruments consist of the following: 1 Waters 600 Gradient pump
51 Waters 2767 inject / collector 1 Waters Reagent manager 1 MicroMass ZQ Mass Spectrometer 1

Gilson AspegygMastagiaisctor 1 Gilson 115 post-fraction UV detector 10 1 £qapsisfsysiem.
Software MicroMass MassLynx v4.0 Column Thescolumn used is typically a Supelco LCABZ++

column whose dimensions are 1520mm internal diameter by 100mm in length. The stationary phase
particle size is 5pm. Solvents A:. Aqueous solvent = Water + 0.1% Formic Acid B:. Organic solvent =
MeCN: Water 95:5 +0.05% Formic Acid 20 Make up solvent = MeOH: Water 80:20 +50mMol
Ammonium ASS{RRY fPFAAETiALENRNRaHE WiRDRIOVRRE EIVIRIPRIS Q00 HTHE PSRN five
methods may ibesutien idelpdesiwithimith ecapa lwti grisstiven staichioractfichmd omapstaichiofristésest. 25All
have a 15-minyfg,Luntime, which comprises of a 10-minute gradient followed by a 5-minute column
flush and re-equilibration step. MDP 1.5-2.2 = 0-30% B MDP 2.0-2.8 = 5-30% B MDP 2.5-3.0 =
15-55% B 30 MDP 2.8-4.0 = 30-80% B MDP 3.8-5.5 = 50-90% B Flow Rate All of the above methods
have a fldiv raTéeicatpaunis o\ iEn 209 YD aRT 2ARTherEL? 40ZY0sS PhchariMViatersstiitfe Binary

Gradient Modyle. Wa Pur r I 1S, 2767 Inject Collect
5 waters Coita agne ot 80 R TR R e ST e
Spectrometer BB HEHERE MBI EetSFepRs slfinipBE iR StedtRe Rbrsply alesnaaryell atkers

MassLynx versipipduh s contiainiy Variebfe CRHANHS ofsestarrendvatesséritantis, the dimensions of which
are 19mm x 100mm (small scale) and 30mm x 100mm (large scale). The stationary phase particle size

is 5um.
10 Salts and solvates having non-pharmaceutically acceptable counter-ions or

associated solvents are within the scope of the present invention, for example, for
use as intermediates in the preparation of other compounds of formula (I) and their
pharmaceutically acceptable salts.

15  Additionally, the compounds of formula (I) may be administered as prodrugs. As
used herein, a "prodrug" of a compound of formula (1) is a functional derivative of the
compound which, upon administration to a patient, eventually liberates the
compound of formula (1) in vivo. Administration of a compound of formula () as a
prodrug may enable the skilled artisan to do one or more of the following: (a) modify

20 the onset of action of the compound in vivo; (b) modify the duration of action of the
compound in vivo; (c) modify the transportation or distribution of the compound in
vivo; (d) modify the solubility of the compound in vivo; and (e) overcome a side effect
or other difficulty encountered with the compound. Typical .functional derivatives
used to prepare prodrugs include modifications of the compound that are chemically

25 or enzymatically cleaved in vivo. Such modifications, which include the preparation of
phosphates, amides, esters, thioesters, carbonates, and carbamates, are well known
to those skilled in the art.

The invention also includes isotopically-labeled compounds, which are identical to

30 those described herein, but for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different from the atomic mass or
mass number usually found in nature. Examples of isotopes that can be incorporated
into compounds of the invention include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorous, fluorine, iodine, and chlorine, such as °H, "'C, “C, ®F, '®| and

35 '), Compounds of the invention that contain the aforementioned isotopes and/or
other isotopes of other atoms are within the scope of the present invention.



Solvents 20 A: Aqueous solvent = Water + 0.1% Formic Acid B : Organic solvent = Acetonitrile + 0.1%
Formic Acid Make up solvent = Methanol : Water 80:20 Needle rinse solvent = Methanol 25 Methods

There are fivg, gsihogin4ged depending on the analytical retention time of frerg@aoMad of interest
They have a 13.5-minute runtime, which compriseg;of a 10- minute gradient followed by a 3.5 minute

column flush and re-equilibration step. 30Large/Small Scale 1.0-1.5 = 5-30% B Large/Small Scale
1.5-2.2 = 15-55% B Large/Small Scale 2.2-2.9 = 30-85% B Large/Small Scale 2.9-3.6 = 50-99% B
Large/Small Scale 3.6-5.0 = 80-99% B (in 6 minutes followed by 7.5 minutes flush 35and

re-equilibratiolFPONSAIGTRDBISE FEGIEUNESTS Hoey RIRREIA N Y& RS/ PR e MR thesgiife MDAP methods
have a flow ranhioh eittiea@dmisitojresSoahl a8 CHIEf © aAinds/poiratddimre Gwtie )n BRlypdiaiobgradients

Large 1.5 to 2.30ifas kg i Rtdiiicals %@%&ié?’ﬁ%&éﬂ&%&%@ g min = 37-53% B

Large 2.6 to 3.1 min = 49-65% B 10Large 3.1 to 3.6 min = 61-77% B Conditions used for NMR
Hardware BruReIPREB I PATIiTYeRieRIcle B fREINBI AR RigRAIHAN AP AR 2PN CcE 400 Console
Bruker DBX 250G RksobpesNGESHaBMKesdRNFITAP it arniddrer toreigeashy) MR Kiosk

Controling soft s S AP IR 1S 98 SeRrEs ol iRl i sfptefhatigRge: ol column

chromatography was carried out using silica columns. reviations E -
()-2,2"-bis(dipHeRPPRBEPhAbYSef Ul niREIMiRading SURSE syestintiopMAPRYRYISHORSS - tert-butanol
CCl4 - carbonsiestiaahtietick?itnh (43 Hetéariponfareiantieripeuto ppeintigellesiding & GinDCE -

dhisobuty) o A SRR e e O PRl R e Do
dimethy!'8ulforgaeismertTrnd -hense mAsbESxiRIas ifsamediseHBanceEigptenicatyy| acetate

labeled compounds of the invention can generally be prepared by carrying out the

procedures disclosed in the Schemes and/or in the Examples below, then

substituting a readily available isotopically labeled reagent for a non-isotopically

labeled reagent.

15
In a further aspect, this invention provides a process for the preparation of a

i
RL_ _N_ R Y,R’
1 ‘ °

lll o
R*

compound of formula (1)

(1)

20 as defined above or a salt thereof, which process comprises reacting of a compound
R‘\lENj/Rz
N

joF

!
R4

of formula (Il)

(1)



EtOH - ethanol HCI - hydrochloric acid, hydrogen chloride 10HOBLt - 1-hydroxybenzotriazole H2SO4-
sulfuric acid KOH - potassium hydroxide MeOH - methanol Mg504- magnesium sulfate 15 Mn02-

manganese ¢ieygesNaGde- sodium chloride NaHCOS - sodium hydrogen cabpppigoNekes sodium
periodate  NaOH - sodium hydroxide 20 Na2SOg- sodium sulfate NH3- ammonia Pd/C - palladium

on charcoal PS-Trisamine Pt/C - platinum on charcoal 25 SCX - strong cation exchanger TFA -
trifluoroacetic acid THF - tetrahydrofuran THMD - 2,2,6,6-tetramethyl 3,5-heptanedione Xantphos -
4,5-bis(diphenylphosphjno)-9,9-dimethylxanthene 30 Description 1 1,1 -Dimethylethyl

(23)-2-methy1Y18(8iMh RroFhefyeith&thyleranfriizednakere Rad 4 ipDydrpgen or a suitable
2008/000729{irdgeR 206Xéling 33up /sish Zaé redutaaxydarisaliaBszidenyarzidalartohyhol),
1,1-dimethyle -2- -1- niperazi xulate hydrochloride £21 : ), triethylamine
(15mL, o.108%ﬁ%@o%i%%éﬁf@&%ﬁ@@g%%? e?fz% 0 ﬁ%ﬁﬁ#zﬁ%&%ﬁ%@%ﬁ) 5 was
stirred at roonfe8RARYFRRYR2H0dr ity AteRWRG SFeEPRUFE AN RIQERNCHIBANRYY AR5 added and
the mixtuge stienthfesrRicots witbes fof Lefbasesow ef ars apadateshan - theannsieiwhdiase was

washed with DCM. The co binegaor anjcs were,washed with brine, dried an enirated. Column
Cromattarao T EAS R e HaRleh WP sCelne ] BRe < LERARsedRR e, oL

10 crystallizedigtstaminadn(as iseg podianicocbias 4pbiarmethane2H, d), 7.53 (2H, d), 4.21 (1H, br.$),
3.83 (1H, d), 3.62 (1H, d), 3.50 (1H, d), 3.13 (1H, td), 2.74 (1H, m), 2.54 (1H, m), 2.20 (1H, dd), 2.08

(A1H, m), 1.46 9I§, 1.25 (3H, d), Description, 1: Alternative. Me dﬁAﬁ 151 1 -Di methylethyl
(28)-2-meity RS ST L L R o e M s

4-nitrobeéfzaldehyde (30.22g, 0.2mol), 1-dimethylethyl (28)-2-methyl-1- piperazinecarboxylate (40.06g,

0.2mol) and sodiyin ghaGENY dReMEBIHR CHIemUETNPIE dndthrEofdpdundesrmdaaloom
temperature overgﬁli%le(end, The reaﬁtﬁi?ﬁnﬁzo mixture was treated portion-wise with NaHCO3 solution
[

(400mL) overap G299 AREP” %lgw%ins, the organic layer was separated, washed with
brine, dried and condemmingdaosyitable vidEsmagrMticatiopeesptableifisalionrbgabwtenafcit®matography
eluting with 0%, 10%gRgdhed s%pkd@Ac/hexane yielded the title compound as a yellow crystalline
solid (61,1g). 25 WO 2008/000729PCT/EP2007/056342 38 Description 2 1,1 -Dimethylethyl
(28)-4-[(21§ami nophenyumethy1]-2-methyl-1 - pi perazi necarboxylate (D2)

Alternatively, a compound of formula () as defined above or a salt thereof, may be

prepared by a process which comprises reacting a compound of formula (Il) as
defiend above with a compound of formula R®-Y-B-C(=0)-OH where R®, B and Y are
defined above in the presence of a suitable coupling reagent such as N,N-
20 dicyclohexylcarbodiimide (DCC), N-benzyl-N'-cyclohexylcarbodiimide resin or 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDC); optionally in the presence of 1-
hydroxybenzotriazole (HOBt);, in a suitable solvent such as dichloromethahe,

dimethylformamide or mixtures thereof.
25  And thereafter optionally carrying out one or more of the following reactions:

a) Converting one compound of formula (1) into another compound of formula (1);
b) Removing any protecting group; '
'c) Forming a suitable pharmaceutically acceptable salt or solvate of the

30 compound so formed.

Compounds of formula (Il) where A represents a 1,4-phenylene group may be
prepared by reaction of a compound of formula (l1l)



NH, 5To 1,1-dimethylethyl (2S)-2-methyl-4-[(4-nitrophenyOmethyl]-1-piperazinecarboxylate (01)
(4.62g, 13.78mmol) and KOH (7.79g, 138.8mmol) in MeOH (100mL) was added wet (50%w/w water)
10% Pd/C cajalysioktal9d the mixture was hydrogenated at room temperpiygpighaipaspheric
pressure for 40mins. The catalyst was removed by diltration and the filtrate concentrated in vacuo. The
residue was partitioned 10 between DCM and water and aqueous layer was further extracted with
DCM (x2). The combined organics were washed with brine, dried and concentrated to give the title
compound as a colourless gum (4.14g) which was used in the next step without further purification. 8H
(CDCI3, 400MHz) 7.10 (2H, d), 6.64 (2H, d), 4.1% (1H,,br.$), 3.78 (1H, d), 3.62 (2H, s), 3.42 (1H, d),
3.28 (1H, d), 3.08 (1H, td), 2.74 (1H, m), R58s ), 2.06 (1H, dd), 1.95 (1H, m), 1.46 (9H, s),
1.21 (3H, d). Description 2: Alternative Metho (éydl/,l -Di methylethyl (2S)-4-[(4-ami nop
henyOmethyl]-2-methyl-1 - piperazi necarboxyrate (D2) %QTO 1,1-dimethylethyl
(2S)-2-methyl-4-[(4-nitrophenyOmethyl]-1-piperdzinecarbonflate (D1) (15g, 44.8mol) in MeOH (150mL)
and water (150mL) at 80C was added ammonium ghlofigle (11.9g, 0.224mo1) and iron powder (7.5g,
0.134mol) with vigorous stirring. The reaction was stjrreghat 30C for 2h then filtered through Celite(r)
while still hot and the filter cake was washed with further D'EtM. The filtrate layers 25 were separated
and the aqueous layer was washed with DCM (x3). The D&M layers were combined, dried (Na2S04)
and concentrated to give the crude product which yygs purified by column chromatography. Elution

with 20-70% EtDAc/petroleum ether gaye.the title comgpound as a white soli 469).. WO
200510007 29PR B LA SL 7S 38 LSRN S, A SRIEtGE RIoIERA &p P ety
(2S)4-[(4-amirRhsRgeps rmsiei asxdatiegd for -A e irrdt & ioXyRnegen)r a suitable nitrogen
Amixturef1, 1 sieeing QHaull 29itla8 RivhtlidilcasomneBybyee kanklibxye AR amexylate (D1)
(21.62g, 0.0644mol trleéhéanﬁg%(?%gﬁ% and 5|% t/ cata%ési: 21%_ 56% n\g/}w Wate'{;PIRaMeOH
(400mL) was ﬁ?a%@f&ﬂﬁ?% § ' ﬂ 2Aare aﬁ% 5%8@5 b 0FR 'é‘%’?ﬁgﬁw. e catalyst
was removed fgy filnedistivenanvinetioodforitexamtieinibe Hrebhack!tehie suiiahte nedutingegent-dissolved in

DCM (200mL)saed washealwitBzbhaRHRIUACE. JNBBBUSaVENVasRHVES [RehaRitaged with DCM
(x2, 100mL) and all c@ggbc phases w fre comhbined, washed with brine, dried and concentrated to give

the title compSRHEA ssélﬁtafﬁﬁ%aﬁ?eiygfe? mﬂﬁqﬂmdﬁ]riﬂcaﬂon. Description 3

e
7 RIS &
151,1 -Di®nethylethyl (28)-2-methyl-4-([4-(methylamino) phenyl] methyl}-1- piperazinecarboxylate (D3)
H.C H.CIOT0 Ghhilihd oNekinil 1y BB iibgiy g Syl ami e methyl-1-
plperazmeca\:\?é&xy ate (D2) (4.14g, 13.56mmol) in dry MeOH (80mL) at 50C under 20 an argon
atmosphere Jadded paraformaldehyde (1.22g, 40.67mmol) and sodium methoxide (3.65g,
67.78mmol). The mixture was stirred for -24h th$n sodium borohydride (1.54g, 40.67mmol) was added
portion-wise and the reaction stirred at 50€\QyemightRAfter cooling to room temperature, acetone
(10mL) was added and the solvent removed i 0. The residue was partitioned between DCM and
water 25 and the organic phase was washed rine, then dried and concentrated. Column
lourlessgrcrystalline solid (3.73g). SR (CDCIS3,
400MHz) 7.13 (2H, d), 6.57 (2H, d), 4.16 (1H, br.$ 24 (1H, d), 3.67 (1H, br.$), 3.42 (1H, d), 3.30
(1H, d), 3.08 (1H, td), 2.83 (3H, s), 2.75 (1H, m), 2.4 , m), 2.06 (1H, dd), 1.94 (1H, m), 1.45 (9H,
s), 1.21 (3H, d). WO 2008/000729PCT/EP2007/056342 4®@escription 3: Alternative Method (Al
1,1-Dimethylethyl (25)-2-methyl-4-([4-(methylaminQ)phenyllmethyl).-1- piperazinecarboxylate (D3). A
mixture of 1,1-dimethylethyl (28 -4-[(4-aminophen)a) ethyl]-2-methyl-1- Spiperazinecarboxylate (D2)
(7.45g, 26 43mhesBinpBiaBfrmRidenty @ areoaw gefivedsaboust) bsidgcdnditianeiiidble (6rs97g,
122.13mmol) jgdnethan: (eimple WRERRR FEOMARBgsRRE iWassatercl 805 Qighweekend.

After cooling, sodium borohgdri e 1.848% 48.85mm I?. was added and the rea%cﬁon mixture was

heated at 50CRIPIT HREA BoRAIALYTRR HERTSRRLEN R SRAS B P FHIFRS $80%e bubbling
was observedsticenahenelivanet wed cotierally atedhd hrreseidacalvas pritabienbaspeswelera®CM and

water and the RALHEQHS WoarERIGXIERCIRSIIEMIRE MAITERS G RO INREHO AR Gow e difdtaggvith MeOH

(anpror. Z0mc) 0.8 SeIUDILY SHed A1 SasS UaISE Ul S g Sqmieuta 38 o whte sol

powder, in the presence of a suitable proton source such as ammonium chloride and
in a suitable solvent such as aqueous methanol.



15Description 3: Alternative Method (B) 1,1 -Dimethylethyl (2S)-2-methyl-4-0-(methylami no)phenyl]
methy11-1 - pi perazi necarboxylate (D3). 1,1-Dimethylethyl
(2S)-4[(4-amipgRrbgnderaethy11-2-methyl-1-piperazinecarboxylate (D2) (1853gpRPa3pe1) in dry
MeOH (300mL) under an argon atmosphere at roogy 20 temperature was treated with
paraformaldehyde (5.76g, 0.1918mo1) and sodium methoxide (17.27g, 0.3197mo1). The reaction
mixture heated at 50C, stirred overnight then cooled to room temperature. Sodium borohydride (7.264,
0.1918mmol) was added portionwise and the reaction mixture was then re-heated to 50C and stirred
for 2 days. ThE¥ERCHBASRiIRIBURE\OBRINRS PrenitesiPyeteasHaD o5 remncsat AeM¥hcentrated
and re-dissolv@g in DCM (200mL). Saturated aq. NaHCO3 solution (200mL) was added portionwise
with stirring and on completion of addition the gnixture was stirred at room temperature for a further
0.5h. The DCM phase was separated, washed with bri R, , dried (MgS0O4) and concentrated to give a
yellow oil which was purified by column chrg frategrarly. EIutlon with 0%, 10% and 30then 20%
EtOAc/hexane yielded the title compound as a ye I WhICh crystallised on standing (16.7g). WO
2008/000729PCIMP2007/056342 41 Description thylethyl
(2R)-2-methyl-4-[(4-nitrophenygmethyl]-1- pi perazi necarboxylate (D4) NO2 5The title compound
was prepared from 4-nitrobenzaldehyde and 1,1-diMkthylethyl (2R)-2-methyl-1-piperazinecarboxylate
hydrochlogide weingrrNRhedsimitaatevbalites cihpddas BriidnRrsEiption 1. MS (ES): 280.2, 236.3,
no molecular ion (MW) observed 10Description 5 1.1-Dimethylethyl
(2R)-4-[(4-aminophenyOrnethyl]-2-methyl-1- pjpera necarpoxylate (D5) H,C CH N NH2 The title
compound was prepared from 1,1-dimethyle w ethyl-4-[(4- 15

nitrophenyOmethy1]-1-piperazinecarboxylate (D4 g a method similar to that described for D2 in
Description 2 although ag. 2M KOH solution was bggd in place of solid KOH and the reaction time was
40 minutes. MS (ES): MH+ 306.2, MNa+ 328.2. 20 WO 2008/000729PCT/EP2007/056342 42
Description 6 1,1 -Dimethylethyl (2R)-2-methyl-4-([4-(methylami no)phenyl] methyl)-1 -
piperazinecarboxylate (D6). HaC3 OtO CH NCH, (WH CH, 5The title compound was prepared from

1,1-dimethyletgyL (IR RA-K4--A WO L et yldve: MGHILdbiRe ERANBSAE RnuteréP2) using a

method similar to that described for 03 in Description 3A al hough the reaction Was C@ted at 50C for

48h prior to adBHSVEr ABERIAL SORRIRYE B E’B‘ff’l’é"%f(ﬁ\)i?f’éj"’i‘&é?%ﬂ SYFNEE$IOEM ), 4.16 (1H,
m), 3.781QH, t)aBstx)bdroh)ydid® (bHa djuBabR (Sblyed), U8B 14X 3tichiprankdhdrid, or), R&S9 (1H, m),
2.07 (1H, dd), dRbddthdne: 1-45 (9H, s), 1.21 (3H, d). MS (Er): 342.3 (MNa+), 220.2, no molecular ion
(MI-1) observed. Description 7

Alternatively compounds of formula (IV) may be prepared by reaction of a compound

of formula (VII)

15 | 2
(ViI)

wherein R’ is as defined above and L2 represents a leaving group such as halogen,
alkylsulfonyloxy or arylsulfonyloxy, with a compound of formula (V1) as defined
above, using conditions suitable for an alkylation reaction, for example use of an
20 appropriate solvent such as N,N-dimethylformamide and a suitable base such as

Hunig’s base.

Compounds of formula (VII) are commercially available or may be prepared by
methods similar to those described in the literature (see for example WO 03/053972,

25 WO 03/037898.



1,1-Dimethylethyl (2R,68)-2,6-dimethy1-4 -[(4-nitrophenyl)methy11-1 - 15piperazinecarboxylate (D7)
The title compound may be prepared using a method similar to that described for DI. Description 7:
Alternative Moihoshd/Mo720 1,1-Dimethylethyl (2R,6S)-2,6-dimethy1-4-[(4-nipephenmnsinyll-1- 20
piperazinecarboxylate (D7) NO2 (3R,5S)-1-[(4-NitigphenyOmethy11-3,5-dimethylpiperazine (D82)
(4.278g, 17.17 mmol) was dissolved in dioxane (180 mL) and Boc anhydride (7.494g, 34.34 mmol)
and saturated aqueous NaHCO3 solution (60 mL) were added. The mixture was WO
2008/000729PCT/EP2007/056342 43 stirred at ro temperature overnight; the mixture was filtered
and the filter CGRERPHEAB PlViTIHENR’ T"ﬁg‘ﬁ“ltm@é BedtRheveum@¥rim SIRRATEH A a8 residue

partitioned bewemta&trbammwek“ Y Q- tdue:rywe@cﬂonamtedr arp@rttm@tqueeg@nwas extracted

with DCM (x2 #}% I [ |ed kodu g). The
mixture was purifie %y pggﬁteg ?ﬁro g??gnr? g@?( Canr ?’ é” ﬁ? rgrgdu%e&go@ Tow orfme?B@Jtﬁ which was a
mixture of the tHRAonsHINIRE. arfel uredte §owiderhia Wf’ﬂﬂe RESNS8olREd FP?E@M (8HML) and
triethylaméne (@rh@bymdrradses followed by Boc anhydride (4.612g, 21.13mmol). The mixture was
stirred at room temperature overnight under argon. PS Trisaminee (6g) was added 10 and the mixture
allowed to stir for 30min; the polymer was filtered off and the solvent removed to produce a yellow oil
(6.5621g). Puffic@smaliveorianehiomareprsasion eplitieRMRARHNIS 0% fetpolpettolelimPésper gave a
pale yellow sofish¢Bod4ia) cdijfosaliMdiggolugd in MeOH and passed down an SCX cartridge (709)
which was flushed with MeOH followed by 2MNH3 in MeOH. The solvent was removed to produce a 15
yellow solid (3.833g) which was further pyrified by cojJumn chromatography. Elution with 0-50%
Et20/petroleum ether gave the title comrﬁ) NowrWhitish gPeam solid (2.6249). MS (ES): 294.3,
250.3, no molecular ion (MI-1) observed. Degcripfion 8 20111 -Dimethylethyl (2R,68)-4-[(4-ami
nophenyl)methyl]-2,6-di methyl-1 - piperazinecrboxylate’(D8\H3Cy CH, HaC HaCtNy#CH, NH2 To
a solution of 1,1-dimethylethyl (2R,6S)-2,6-dim
piperazinecarboxylate (D7) (2.62g, 7.53mmol) in

was stirred vigorously at 80C for 1. 5h and then the iron re§|dues removed by frItratron through Celite(r).
The filtrate was concentrated and the residue partitioned Between DCM and water. The aqueous layer
was furth@r extracted with DCM (x2) and the comlgirigyl organrcs were dried and concentrated to

0give the crudhaet s sclow AL CRMTDI D ISAENEHINONR

2008/000729P 56342 44 with 0-100% Et2 etro um ether gave the title ¢ mpound
(1.694g). 6H (efem3Pafoem'm?gmQF(EﬂyQ{gf%?BW'EEIIPFﬁ'J%Wo@(’zPr CHWPSUGE Péﬁ?"ﬂt’?)"’é 36 (2H, s),
2.59 (2h, d), 208 {AHerdsh, R® 46dMHare) as . déﬂ@ld aﬁb\MSr(dEﬂ) iephéSsiishyididgen 34 2vigtdl Description

9 1,1-Dimethy ( %}5 69%?%% f}é %P'QOBBF@W'LLB h%{ fohally in the
plpera2|necarb%jepa%te@{[gg) a& r—% t}@t‘o CtN NH CH e i é-]‘ c%r?r OlIJnncP was prepared
from 1,1 fimefgramsA (QfRaag)“@{tﬂ base such as potassium carbonate, cesium carbonate,

sodium carbonate, sodium hydride or triethylamine and optionally using a suitable

transition metal catalyst system such as palladium acetate/BINAP, copper (I)
chloride/2,2,6,6-tetramethyl-3,5- heptanedrone or tetrakis(triphenylphosphine)

palladium (0).
20
And thereafter optionally carrying out one or more of the following reactions:
a) Converting one compound of formula (1) into another compound of formula (1);
b) Removing any protecting group;
25 ¢) Forming e suitable pharmaceutically acceptable salt or solvate of the

compound so formed.

Compounds of formula (VIll) may be prepared by reaction of compounds of formula
(1) as defined above with a compound of formula L3-B-C(=0)-L" or L°-B-C(=0)-OH



10 aminophenyOmethy1]-2,6-dimethy1-1-piperazinecarboxylate (D8) using a method similar to that
described for D3 in Description 3A although the reaction was heated at 50C for 48h prior to addition of
sodium borokygrgia Hgndor 1h after addition. Further paraformaldehyde (kgop,pdSa3idm) methoxide
(1 eq) were added; the reaction was heated at 50G,for 12 h; further sodium borohydride (1eq) was
added 15 and the reaction heated at 50C for 1h. 8H (CDCI3, 400MHz) 7.16 (2H, d), 6.57 (2H, d), 4.05
(2H, m), 3.70 (1H, br s), 3.36 (2H, s), 2.82 (3H, s), 2.59 (21-1, d), 2.06 (2H, dd), 1.49 (9H, s), 1.27 (6H,
d). MS (ES): 356.3 (MNa+), 234.3, no molecular ion (MW) observed. 20Description 10 }
1,1-DimethyleMA &M k- nkr AR RS ASHF o e ROV, iMiRg MRS IRAdE:SH) ABOrARAINE S mpound
was prepared tydnose-ditsohibed atstelyde and 1,1-dimethylethyl 1- piperazinecarboxylate using a
method similar to that described for D1 in Description WO 2008/000729PCT/EP2007/056342 45 1A
although the product was purified by column chromatography followed by passing through an SCX
column eluting“ﬁ/iﬁ{tﬁﬂ'é@HetHé’ﬁ%F NRI3RFeRAERIQN \P5 ?E'S?PEB@?lP@i‘Z’.‘?PE?o (Holcemeriseh (Mw)
observed 55Desatijroof dlcompelianefhiytaitigl @({4soenaahabye witthy kdmpmeiaofteaadoxylate (D11)
NI-12 The tigfﬁ)]:'ompound was prepared from D10 using a method similar to that described for D8 in
Description 8 although no column chromatography was required. MS (ES): 10MW 292.1, MNa+ 314.2.
Description 12 1,1 -Dimethylethyl 4-([4-(methylam | ngyphenyl] methyl)-1 -piperazi necarboxylate
(D12) 15 NH CH, The title compound was p rana |i rom DIl using a method similar to that described

for D3 in Description 3A although the reactibn wa ated at 50C overnight prior to addition of sodium
borohydride and no column chromatography wasegfreg.,8H (CDCI3, 400MHz) 7.11 (2H, d), 6.57
(2H, d), 3.69 (1H, br.$), 3.40 (6H, m), 2.83 (311, 20%, 2.36 (411, m), 1.45 (9H, s) [8 values corrected
for incorrectly referenced TMS at 0.58ppm on spedtdm]. MS (ES): 206.2, no molecular ion (MW)
observed. WQREEH K0S 28RefinéPauvé/ané 8 As16 somabléppiatedhd=ghotlip such as acetyl

6-[(4-flugrephenvhoxyl-3:nyridin: D Sadi ' .8534a, 60% in,mineral oil,
16338 | Qmﬁﬁﬁ%‘ﬁ%ﬁé‘%ﬁ %’ﬁ?ﬁ%i%% Cré?i §n%£é#%r%%%w§%r§§e%%8ﬁeﬁﬁ(%e(éhgrﬁg% 8.169
mmol) added FHiFRIBFRENECtRSIPRA@IFENPNE Rirred for 20 minutes then ethyl 6-chloro-3-
pyridinecarboxylate (1.515 g, 8.169 mmol) was added together with additional DMF (4 mL) added to
aid solubility. e mci’é%rse was he%t )tgrgo Cmfnc%r r%'5| h'awﬁ B(-r\eagtri(r)r;lamti)gurre Wc;:lSdE%|r|OWﬁ1de to cool to
room temperature Rnd Waler (%umL Was 108daed. l?(he 26l0tion was acifified to pﬂné with 2M HCI
and extracted s9tiesRANYingc eABIXEIC HeE colsinthagnara) methats |&eibevernris@mmi @ncentrated

to Zp(;;)duqsl a QE&Wﬁ‘x?ﬁb Zégje wuel%la@@ué.tl s w@ﬁagm;w,qwmm. | mw&;xgxg&bﬁioxwéﬂ&% 0-c2:5;/o
Et20/petroleumn ether gradient gave the tit mMRoWN urless, Qi 4 H (CDCI3,
2001 8 81T By BB 0 I B e YR 38 o0 0 i o, wis (es):
MW 262.2. Description 14 6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14) 20Ethyl
6-[(4-fluoropheqy isyatey irbeesarkexytaiardads) dO coffpdundd S8 Moralliavas) takrieip M 1,4-dioxane

(5 mL) and lithium hydroxide (0.05 .109mmol) was dissolved in watey. The tw lutions were
combined ancHSHTRBE Aopy R AERLR Lo PR e ms At Al S TR SM He and
concentréled. Fh@Yadit geourortaraptignativesHbptitotad 1. cpisid v oL rrasRfgesiresstieniahe title

compound as 22arkkeany WHbaRAE MO Z3dBhed BodvVMAR-8 GorHRBid &F fepm@d Lk): bs), 8.65 (1H, dd),
8.28 (1H, dd), 7.26 (4H, m), 7.12 (1H, d): MS (ES): MH+ 234.2, (M-W) 232.1. Description 14:

Alternative Method (A) 6-[(4-Fluorophenyl)oxy[t3-pyridinecarboxylic acid (D14) 30A mixture of
4-fluorophenol (96.8g), methyl 6-chloropyridjjyé-3 r. n‘ ylate (30g) and cesium carbonate (285.39g) in

O 2008/000729PCT/EP2007/056342

(X)
wherein A and R* are as defined above, under conditions suitable for reductive

25 amination as described above.

Compounds of formula (X) wherein A represents an optionally substituted 1,4-
phenylene group or an optionally substituted 2,5-pyridyl group, and R* is as defined
above may be prepared by reaction of a compound of formula (XI):



47 a period of 1.75h then cooled overnight. The reaction mixture was reheated to -150C over a period
of 1.5h, kept at this temperature for -1h, then cooled to -40C and poured into water (4L). The aqueous
solution wasg@rsiamRith ether (1.0L) then adjusted to pH7-8 by additiongf2MJisaleskhe Solution
was extracted with further 5 ether (2x1 .0L), then ggljusted to pH 2 by addition of 2M HCI causing
precipitation of a solid. The precipitate was collected by filtration, washed with water and dried
overnight at 40C in vacuo to give the title compound as a beige/pink solid (36.7g). Description 15
101,1-Dimethylethyl (2R,6S)-4-({41([644-fluorophenyl)-2-methyl-3-
pyridinyncarbonyl)(methyl)amino]phenyl}meth -2,6-dimethyl-1- piperazinecarboxylate (D15) HaqtO
H3C,1/4cNyC Step 1: 6-(4-Fluorophenyl)-2-atethyt=3~pyridinecarboxylic acid (0.2 g, 0.866 mol) was
15 suspended in DCM (14 mL) and DMF (1 drop)(was afided. The mixture was cooled in an ice-bath
and oxaly1 chloride (0.226 mL, 2.598 mmol) was as
heated to 40C for 90 minutes. The mixture was allowed to cool and the solvent removed under
vacuum to give 6-(4-fluorophenyl)-2-methyl-3- pyri@thecarbonyl chloride as a yellow solid (0.270g)

which was usevhelisatiyripeisshitOah Saendily bevasictsdiodgmégarepolpvasdaiptoaalin DCM (3
A IO Er R X e Ve e

methyl)—l-pipergmne1carb0xy A ' n _ - Inethylamine (0.193 mL,
1.386 mnPl) Wad@dedhenein? rishaardefinedsabrve 2pdberifighitsyitpblennierape eieiastimhe reaction

?ﬂzx)turedWﬁS dﬂh&%ﬁ (s ngmaawd afgdw,th (BOESS inl B agﬁqrmh Iaggr éMﬂéUI@'ﬁ‘éHﬁﬁéﬂg VQ“Q DCM
x2) and the combined organics were dri nd concentrated. The cryde. prodyct was purified by
cotumn chon S8 SR THOR SHET G e PSR L e ol T MR s & white
foam (0.331 gihespieEDEI Bf 4G0IRALE) Fage gaeh a8)casBO(e¢Mbonpty @8 (DH, sulfabla sqizentm), 7.10
(2H, 1), 6.99 (2ideis diORkHoMWe B s3itadIcdfrbrbdiioh ep8 (3H. ), 2.44 (2H, d), 2.05 (2H, m),
1.44 (9H, s), 1.18 (6H, d). MS (ES): MEI+ 547.3. 5 Description 16 1,1-Dimethylethyl

(28)-4-({11 ({6-[(4-fluorophenyl)oxy]-3-pyridinyl}carbonyl) ,
(methypamindfoheodhdetbl/ foamuietiiih 1 whietsinziaearesstiaen@pepnatyCsHistitaied CH;ENDACH3
10Step 1: 6-[( - By Wifedc (B;l,,ﬂj)', . MERGAIvas
dissolved in 1&%@5%@%@ %ﬁiﬁﬁ%ﬁ?ﬁ Ug.egé’%mL, 4. (%??ftnjn%ég %%ﬂ;d droplv%ll\ilse. The
mixture was h&REP%5 36 A B '€851eR Shy FEMRUMPRERVALGE) DeM was added to the
residue which was then reconcentrated to yidN&-G-l4=fluorophenypoxy]-3-pyridinecarbonyl chloride as
a yellow 150il (0.252g) which was used directly Step 2: The acid chloride from step 1 was
taken up in DCM (3 mL) and added to 1,1- d imethyletiy, 3 :
(2S)-2-methyl-4-([4-(methylamino)phenyllmethyl)-1- piperazinecarboxylate (D3) (0.288 g, 0.904 mmol)

in DCM (®mL). Triethylamine (0.251 mL, 1.808 m ?) was added and the mixture was stirred at room
temperature 2Qteyemn épidiensaaiioptivnatyrsubstiuiidted-phidnidénd godprasiredptidiiaiyater. The

agueous was exir i . 3 [ rganic laye A . concentrated.
The crude pro%?c@gég%p\%’%gg % %&%ﬁ:&%ﬁ%@gﬂ@@é%&n%%%ﬂ%ag%l/%e %et%ggc'ﬁ etroleum
ether gradienta§@ie ¥ RfdisnpplaidniRiurdyigifR S Ee sAyeyehze [3lue0emHz) 8.07 (1H,
m), 7.65 (1H, dd), 7.24 (211, 25 d), 7.03 (6H, m), 6.70 (111, d), 4.18 (1H, br.$), 3.80 (1H, d), 3.48 (3H,

S), 3.46 , d), 3.34 (1H, 7 .50 : 00 (1H, m),
Do (or 23y, comrpa s oty el A syt oRbbal bty ileilio
Description 16Irpie2iioe WRRAY bXIreaction of a compound of formula (XIII): '
methylethyl(2S)-4-({44({6-[(4-fluorophenyl)oxg-3- \'dinyl}carbonyl) (methyl)amino]
phenyl}methyl)-2-methyl-1 -pi perazi necarboxyl 1e (D16) 6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic
acid (D14) (20.1g, 0.0862mo1) was 5 dissolved ~digxane (400mL) and thionyl chloride (28.5mL,
4.972 mmol) added cautiously. The mixture wag'heated slpwly to reflux and stirred for 4.5 h. The
reaction mixture was allowed to cool and concentrated. Boxane (200mL) was added and the solution
was re-concentrated (x2) to give crude 6-[(4-fluorgrhgnyl)oxy]-3- pyridinecarbonyl chloride which was
rl%g:zf)(\ill\i/seecic;n C[%IB %I(%n%ls_ @eﬁﬁ@ﬁdﬁéﬁé\ﬁ%ﬁ% rrﬁgfﬁ%?_r}ﬁ{w_tional substitution in the pyridine
(methyla®inoyphiety ittty Buitabip efedisinga ASERY ISHSH D) diisehulytrrgnimsm prépdeeinia three
different batchgsaeyshadttouereibesidags and consolidated) and triethylamine (14mL, 0.1004mol) in
DCM (250mL) cooled in an ice/water bath over 30mins. The reaction mixture was warmed to room
temperature and stirred for -15h. 15 The reaction mixture was washed with 2M NaOH solution (2 x
200mL) and brine, then dried over MgSO4 and concentrated in vacuo to give a brown foam/gum. The
crude product was purified by chromatography to give the title compound as a colourless foam
(32.399). 20 Tabulated compounds D17, D40 and D41 were prepared using methods similar to those
described in Description 15 using the appropriate aniline precursor and appropriate carboxylic acid.
Tabulated compounds 018 - D53 (excepting D40 and D41) were prepared using methods similar to

those described in Description 16 using the appropriate aniline 25precursor and appropriate carboxylic
acid




50+ 22 CNa)LiT) 0 Zri Method Comment Step 2 Similar method to D15 although additional
purification by MDAP Similar method to D16 although reaction time: over-weekend Step 1 although
reaction tempudigygsHseRomins then room temperature/1h Similar methodge0dk,althRysl reaction
temp./time: room temperature, overnight eweN flugropheny1)-3- pyridinyacarbonyll(methyl)amino]phe
nyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (2S)-2-methyl-4-
{[4-(methyl{[6-(4-morpholinyl)-3- pyridinyl]carbonyl}amino)phenyl]met hyl}-1-piperazinecarboxylate

Compounds of formula (XIIl) wherein R* is as defined above and R’ represents
optional substitution of the pyridine moiety with C4alkyl or Ci.4alkoxy may be
prepared by reaction of a compound of formula (XIV):

NC I XN
= 3
R’ -
5 C(XIv)

wherein R’ represents optional substitution of the pyridine moiety with Cyalkyl or
Caaalkoxy and L® is as defined above with a compound of formula R*NH; in a

suitable solvent such as THF and optionally in the presence of a suitable base.

10 An alternative process for preparation of compounds of formula (Ill) wherein A
represents an optionally substituted 3,6-pyridyl group comprises reaction of a
compound of formula (VI) as defined above with a compound of formula (XV):

=

(XV)
15  wherein R’ represents optional substitution of the pyridine moiety with C4alky! or

Cu«alkoxy, under conditions suitable for reductive amination as described above.

Compounds of formula (XV) may be prepared by reaction of a compound of formula

(XVI):
NC I XN
Z NH
R’ l
20 Q
(XVI)

wherein R’ represents optional substitution of the pyridine moiety with Calkyl or
Cualkoxy and Q' is a suitable protecting group such as trifluoroacetyl, with a
suitable reducing agent such as nickel/aluminium alloy in the presence of formic acid

25 and in a suitable solvent such water.

* Compounds of formula (XV1) may be prepared by reaction of a compound of formula
(XVII):
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Br XN

| 7

. NH,

(Xvin)
wherein R represents optional substitution of the pyridine moiety with Cualkyl or
Cusyalkoxy, with copper (1) cyanide in a suitable solvent such as DMF followed by
5 suitable protection of the amino group. When Q' is trifluoroacetyl the protection may
be carried out using trifluoroacetic anhydride in the presence of a suitable base such
as 2,6-lutidine and in a suitable solvent such as dichloromethane.

Compounds of formula (V), (VI), (XII), (XIV) and (XVIl) are commercially available,
10  described in the literature or can be prepared by analogous or similar methods.

Compounds of formula R3-Y-B-C(=0)-OH are commercially available, described in
the literature or can be prepared by analogous or similar methods (for example, see
WO 2003/068749, WO 2004/072069, WO 2005/016928, WO 2003/027061, WO

15  2005/016915, WO 1997/025309, WO 2005/047278, WO 2002/016356, WO
2007/041634 and WO 2005/073210).

Compounds of formula L3-B-C(=0)-L' are either commercially available, described in
the literature or can be prepared by analogous or similar methods.
20
It will be appreciated by those skilled in the art that it may be necessary to protect
~ certain reactive substituents during some of the above procedures. Standard
protection and deprotection techniques, such as those described in Greene T.W. &
Wauts P.G.M., Protective groups in organic synthesis, 2" Edition, New York, Wiley
25 (1991), can be used. For example, primary and secondary amines can be protected
as phthalimide, trifluoroacetyl, benzyl, tert-butyloxycarbonyl, benzyloxycarbonyl or
trityl derivatives. Carboxylic acid groups can be protected as esters. Aldehyde or
ketone groups can be protected as acetals, ketals, thioacetals “or thioketals.
Deprotection of such groups is achieved using conventional procedures well known
30 in the art. For example, protecting groups such as tert-butyloxycarbonyl may be
removed using an acid such as hydrochloric or trifluoroacetic acid in a suitable
solvent such as dichloromethane, diethyl ether, 1,4-dioxane, isopropanol or mixtures

thereof.



ed 17) zr 6 7 co 6 It) It) Similar method to D16 although reaction time: over-weekend Similar method
to D16 Similar method to D16 although reaction temp./time: room temperature, overnight then reflux,
3h Similar mgfgogd.khtSalthough reaction temp./time: room temperature pSpppifaHRsppthod to D16
although reaction temp./time: room temperature, -§;5h fluoro-4- biphenylyl)carbonylkmethyDaminoTh
henyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (2S)-4-0-({[6-(4-
fluoropheny1)-2-methyl-3- pyridinyllcarbonypamino)phenyl]met hy1}-2-methy1-1-
piperazinecarboxylate 1,1-dimethylethyl (25)-4-({44({elﬁ-f[é3- fluorophenyl)carbony1]-4-
piperidinyl}carBBR TR REReE] SIRYioRatHK hy. Jeqflipn wth the appropriate acid or acid

derivative.

The present invention also provides compounds of formula (Il) and (VIIl) as shown
5 above wherein R', R R* A and B are as defined for formula (1), Q is hydrogen or a
suitable protecting group such as tert-butyloxycarbonyl (BOC) or benzyloxycarbonyl
(CBZ) and L® is a leaving group such as halogen or trifluoromethylsulfonyloxy. These
compounds are useful as intermediates in the preparation of compounds of the
present invention.
10
The potencies and efficacies of the compounds of this invention for GPR38 can be
determined by FLIPR assay performed on the human cloned receptor as described
herein. Compounds of formula (I) have demonstrated partial or full agonist activity at
the GPR38 receptor, using the FLIPR (FLuorometric Imaging Plate Reader)
15  functional assays described herein.

Compounds of formula (I) and pharmaceutically acceptable salts thereof are
therefore of use in the treatment of conditions or disorders which are mediated via
the GPR38 receptor. In particular the compounds of formula (l) and pharmaceutically
20 acceptable salts thereof are of use in the treatment of certain gastrointestinal
disorders such as gastroesophageal reflux disorders, functional dyspepsia, irritable
bowel syndrome, constipation, intestinal pseudo-obstruction, paralytic ileus following
surgery or other manipulation, emesis, gastric stasis or hypomotility caused by
various diseases such as diabetes and/ or by the administration of other drugs, or in
25 enterally fed patients, Crohn's disease, colitis, cachexia associated with advanced
diseases such as cancer and/or the treatment thereof, and other disorders such as

incontinence (herein after referred to as the “Disorders of the Invention”).

It is to be understood that "treatment" as used herein includes prophylaxis as well as

30 alleviation of established symptoms.

Thus the invention also provides compounds of formula () and pharmaceutically
acceptable salts thereof for use as a therapeutic substance, in particular in the
treatment of conditions or disorders mediated via the GPR38 receptor. [n particular
35 the invention provides compounds of formula (1) and pharmaceuticélly acceptable
salts thereof for use as a therapeutic substance in the treatment of gastrointestinal
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disorders such as gastroesophageal reflux disorders, functional dyspepsia, irritable
bowel syndrome, constipation, intestinal pseudo-obstruction, paralytic ileus following
surgery or other manipulation, emesis, gastric stasis or hypomotility caused by
various diseases such as diabetes and/ or by the administration of other drugs, or in

5 enterally fed patients, Crohn's disease, colitis, cachexia associated with advanced
diseases such as cancer and/or the treatment thereof, and other disorders such as
incontinence.

The invention further provides a method of treatment of conditions or disorders in

10 mammals including humans which can be mediated via the GPR38 receptor, which
comprises administering to the sufferer a the_rapeutically safe and effective amount of
a compounds of formula (I) or a pharmaceutically acceptable salt thereof.

In another aspect, the invention provides for the use of compounds of formula (I) and
15  pharmaceutically acceptable salts thereof in the manufacture of a medicament for
use in the treatment of the conditions or disorders mediated via the GPR38 receptor.

In order to use the compounds of formula (I) and pharmaceutically acceptable salts
thereof in therapy, they will normally be formulated into a pharmaceutical
20 composition in accordance with standard pharmaceutical practice. The present
invention also provides a pharmaceutical composition, which comprises a compound
of formula (l) or a phérmaceutically acceptable salt thereof, and a pharmaceutically

acceptable carrier or excipient.

25 In a further aspect, the present invention provides a process for preparing a
pharmaceutical composition, the process comprising mixing a compound of formula
() or a pharmaceutically acceptable salt thereof and a pharmaceutically acceptable

carrier or excipient.

30 A pharmaceutical composition of the invention, which may be prepared by admixture,
suitably at ambient temperature and atmospheric pressure, is usually adapted for
oral, parenteral or rectal administration and, as such, may be in the form of tablets,
capsules, oral liquid preparations, powders, granules, lozenges, reconstitutable
powders, injectablie or infusible solutions or suspensions or suppositories. Orally

35 administrable compositions are generally preferred.



0 52 (9. a0l LC) ct O oo Similar method to D16 although reaction time: over-weekend Similar
method to D16 Similar method to D16 although reaction time: Ih Similar method to D16 although
reaction tempuiggs fapsytemperature, Ib Similar method to D16 although (RacHpR§SRsiime: room
temperature, 1h Similar method to D16 although rggaction temp: room temperature, 1,1-dimethylethyl
(2S)-4-({44({1-[(3- fluorophenyl)methyl]-4- piperidinyl}carbonyl)(methyl)aminolp
henyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({4-R[1-(4- chlorophenyl)-4-
piperidinyljcarbonyymethypaminolp henyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl
(28)-2-methyltﬁb'gﬁ%qe@ﬁ?mﬁ%lfﬁﬁpﬂéﬁdﬁﬁmi)ﬂétriﬁﬁ?miﬁ‘?ﬂcﬁ?b@n?ﬂ&ﬁﬂ%){ﬂf@hﬂﬂﬁeﬁ‘ay
hy1}-1-piperazisreamrieonyéattoadiGxEpiekd ESVAHAS binding agents (e.g. pregelatinised maize

starch, pdlyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g. lactose,
microcrystalline cellulose or calcium hydrogen phosphate); tabletting lubricants (e.g.
5 magnesium stearate, talc or silica); disintegrants (e.g. potato starch or sodium starch
glycollate); and acceptable wetting agents (e.g. sodium lauryl sulphate). The tablets
may be coated according to methods well known in normal pharmaceutical practice.

Oral liquid preparations may be in the form of, for example, aqueous or oily
10  suspension, solutions, emulsions, syrups or elixirs, or may be in the form of a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents (e.g.
sorbitol syrup, cellulose derivatives or hydrogenated edible fats), emulsifying agents
(e.g. lecithin or acacia), non-aqueous vehicles (which may include edible oils e.g.
15 almond oil, oily esters, ethyl alcohol or fractionated vegetable oils), preservatives
(e.g. methyl or propyl-p-hydroxybenzoates or sorbic acid), and, if desired,
conventional flavourings or colorants, buffer salts and sweetening agents as
appropriate. Preparations for oral administration may be suitably formulated to give
controlled release of the active compound or pharmaceutically acceptable salt
20 thereof.

For parenteral administration, fluid unit dosage forms -are prepared utilising a
compound of formula (l) or pharmaceutically acceptable salt thereof and a sterile
vehicle. Formulations for injection may be presented in unit dosage form e.g. in
25 ampoules or in multi-dose, utilising a compound of formula (I) or pharmaceutically
acceptable salt thereof and a sterile vehicle, optionally with an added preservative.
The compositions may take such forms as suspensions, solutions or emulsions in
oily or aqueous vehicles, and may contain formulatory agents such as suspending,
stabilising and/or dispersing agents. Alternatively, the active ingredient may be in
30 powder form for constitution with a suitable vehicle, e.g. sterile pyrogen-free water,
before use. The compound, depending on the vehicle and concentration used, can
be either suspended or dissolved in the vehicle. In preparing solutions, the
compound can be dissolved for injection and filter sterilised before filling into a
suitable vial or ampoule and sealing. Advantageously, adjuvants such as a local
35 anaesthetic, preservatives and buffering agents are dissolved in the vehicle. To
enhance the stability, the composition can be frozen after filling into the vial and the
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water removed under vacuum. Parenteral suspensions are prepared in substantially
the same manner, except that the compound is suspended in the vehicle instead of
being dissolved, and sterilisation cannot be accomplished by filtration. The
compound can be sterilised by exposure to ethylene oxide before suspension in a

5 sterile vehicle. Advantageously, a surfactant or wetting agent is included in the
composition to facilitate uniform distribution of the compound.

Lotions may be formulated with an aqueous or oily base and will in general also
contain one or more emulsifying agents, stabilising agents, dispersing agents,

10  suspending agents, thickening agents, or colouring agents. Drops may be formulated
with an aqueous or non-aqueous base also comprising one or more dispersing
agents, stabilising agents, solubilising agents or suspending agents. They may also
contain a preservative.

15  The compounds of formula (I) or pharmaceutically acceptable salts thereof may also
be formulated in rectal compositions such as suppositories or retention enemas, e.g.
containing conventional suppository bases such as cocoa butter or other glycerides.

The compounds of formula (I) or pharmaceutically acceptable salts may also be
20 formulated as depot preparations. Such long acting formulations may be
administered by implantation (for example subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the compounds of formula () or
pharmaceutically acceptable salts may be formulated with suitable polymeric or
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion
25 exchange resins, or as sparingly soluble derivatives, for example, as a sparingly

soluble salt.

For intranasal administration, the 'compounds formula () or pharmaceutically

aéceptable salts thereof may be formulated as solutions for administration via a
30 suitable metered or unitary dose device or alternatively as a powder mix with a

suitable carrier for administration using a suitable delivery device. Thus compounds

of formula (1) or pharmaceutically acceptable salts thereof may be formulated for oral,

buccal, parenteral, topical (including ophthalmic and nasal), depot or rectal

administration or in a form suitable for administration by inhalation or insufflation
35 (either through the mouth or nose).



IC) Similar method to D16 Similar method to 016 Similar method to 016 although reaction time:
40mins. Similar method to D16 although reaction time: 1.5h. Similar method to D16 although reaction

time: 0.75h. wBwiginisgybonyll(methyl)aminthe nyl}methyl)-2-methyl-1- piRefazinfRsadisylate
1,1-dimethylethyl (2S)-4-({4-E6-(2,4- difluorophenyd)-2-methyl-3- pyridinylicarbonyl}(methyl)aminthe
nyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (25)-4-({4-R[6-(3,4-
difluoropheny1)-2-methyl-3- pyridinyl]carbonyll(methyl)aminthe nylimethy1)-2-methyl-1-
piperazinecarboxylate o ,-Z0>-/ 61tIm0-1Z-0*Z

The compounds of formula (I} and pharmaceutically acceptable salts thereof may be

formulated for topical administration in the form of ointments, creams, gels, lotions,
pessaries, aerosols or drops (e.g. eye, ear or nose drops). Ointments and creams
may, for example, be formulated with an aqueous or oily base with the addition of

5 suitable thickening and/or gelling agents. Ointments for administration to the eye may
be manufactured in a sterile manner using sterilised components.

The composition may contain from 0.1% to 99% by weight, preferably from 10 to
60% by weight, of the active material, depending on the method of administration.

10  The dose of the compound used in the treatment of the aforementioned disorders wiil
vary in the usual way with the seriousness of the disorders, the weight of the sufferer,
and other similar factors. However, as a general guide suitable unit doses may be
0.05 to 1000 mg, more suitably 1.0 to 500mg or 1.0 to 200 mg, and such unit doses
may be administered more than once a day, for example two or three times a day.

15
Compounds of formula (I) and pharmaceutically acceptable salts thereof may be
used in combination preparations. For example, the compounds of formula () and
pharmaceutically acceptable salts thereof may be used in combination with one or
more compounds with activity in reducing gastric acid; one or more compounds with

20 activity in reducing gastro-esophageal reflux; one or more compounds with activity in
reducing esophago-gastric irritancy or inflammation, especially when used to
alleviate erosive or non-erosive esophagitis; one or more compounds with analgesic
activity; and/or one or more compounds with mixed activity on motility and pain.

25 Examples of compounds with activity in reducing gastric acid include H2 receptor
antagonists, acid pump antagonists and proton pump inhibitors. Examples of
compounds with activity in reducing gastro-esophageal reflux include agonists at
GABA-B. Examples of compounds with analgesic activity include compounds active
at Neurokinin receptors (NK1, 2, 3), TRPV1 and sodium-channels. Examples of

30 compounds with mixed activity on motility and pain include CRF2 antagonists, 5-HT3
antagonists or octreotide or other molecules active at sst2 receptors.

All publications, including but not limited to patents and patent applications, cited in
this specification are herein incorporated by reference as if each individual

35 publication were specifically and individually indicated to be incorporated by
reference herein as though fully set forth.



rE101 tH X De 3 N HO eJew H3 N -3 0)%.%0A.Z3e140H co0cr)0if)0 LoCVOoCVOr-010 54
el o, CO Inco 4 CO In o, ci 3 Similar method to D16 Similar method to D16 although reaction time: 4h

Similar methgghto,RIfAdhough reaction time: over-weekend Similar methqd-{osp 48 Ataeuah reaction

time:

10

15

20

25

30

35

31

The following Descriptions and Examples illustrate the preparation of compounds of
the invention.

Conditions, Hardware and Software for Analytical LCMS Systems

(0]

Hardware

Agilent 1100 Gradient Pump

Agilent 1100 Autosampler

Agilent 1100 DAD Dectector

Agilent 1100 Degasser

Agilent 1100 Oven

Agilent 1100 Controller

Waters ZQ Mass Spectrometer

Sedere Sedex 55, Sedere Sedex 85 or Polymer Labs PL-ELS-2100
Software

Waters MassLynx version 4.0 SP2

Column 7

The column used is a Waters Atlantis, the dimensions of which are 4.6mm x 50mm.
The stationary phase particle size is 3um.

Solvents

A : Aqueous solvent = Water + 0.05% Formic Acid

B : Organic solvent = Acetonitrile + 0.05% Formic Acid

- Method
The generic method used has a 5§ minute runtime.
Time/min %B
0 3.
0.1 3
4 97
4.8 97
4.9
5.0
Flow rate

The above method has a flow rate of 3mL/mins

)



0.75h. Similar method to D16 ' although reaction temp./time: room temperature, 4h; 50C, 3h, 100C,
overnight Similar method to D16 although reaction time: 3h. 1,1-dimethylethyl (2S)-4-({41{[6-(3-

fluoropheny ) d-soetlayd-3 pyridinyl]carbonyl}(methypaminolphe nyl}methyly2rpeihydidsesaz
piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({44({4-[(3- fluorophenyl)oxy]phenyl}carbonyl)(m
ethypamino]phenyl}methyl)-2- methvl-1-ninerazinecarhoxvlate 1,1-dimethylethyl (25)-4-({4-a[6-(3-
cyanophenyl)-2-methyl-3- pyridinylJcarbonylymethyDamino]phe nylimethyl)-2-methyl-1-

piperazinecarboxylate 0 1431 40 NOtH3 N tHOO cHOANAHO CiA0+,0'1-1 Ys 0 'HO N) tHO 0)04H
co 0 Hardware '

Waters Acquity Binary Solvent Manager
Waters Acquity Sample Manager
Waters Acquity PDA
5 Waters ZQ Mass Spectrometer
Sedere Sedex 85, Sedere Sedex 75, Polymer Labs PL-ELS-2100

Software
Waters MassLynx version 4.1
10
Column
The column used is a Waters Acquity BEH UPLC C18, the dimensions of which are

2.1mm x 50mm. The stationary phase particle size is 1.7pum.

15 Solvents
A : Aqueous solvent = Water + 0.05% Formic Acid
B : Organic solvent = Acetonitrile + 0.05% Formic Acid
Weak Wash = 1:1 Methanol : Water
Strong Wash = Water

20
Method
The generic method used has a 2 minute runtime.
Time / min | %B
0 3
0.1 3
1.5 97
1.9 97
2.0 3
25 ¢ The above method has a flow rate of 1ml/min.

¢ The injection volume for the generic method is 0.5ul
e The column temperature is 40deg
e The UV detection range is from 220 to 330nm

30



ce)Ocv)0co(Nlaa)ClaoCOa 55COCciA CV4(0LoCN4coin Similar method to D16 although
reaction time: over-weekend Similar method to ut although reaction time: over-weekend Similar

method to 040 shhRKERseaction time: over-weekend Similar method to D1§&lthpughdgassion time:
3h. although reaction temp./time: 100C, overnighgimilar method to D16

Conditions For Open Access Mass Directed Auto Prep System (MDAP)
Hardware

Open Access Mass Directed Prep instruments consist of the following:
1 Waters 600 Gradient pump
5 1 Waters 2767 inject / collector
1 Waters Reagent manager
1 MicroMass ZQ Mass Spectrometer
1 Gilson Aspec - waste collector
1 Gilson 115 post-fraction UV detector
10 1 Computer System.
Software
MicroMass MassLynx v4.0
Column
The column used is typically a Supelco LCABZ++ column whose dimensions are
15 20mm internal diameter by 100mm in length. The stationary phase particle size is
Sum.
Solvents
A:.. Aqueous solvent = Water + 0.1% Formic Acid
B:. Organic solvent = MeCN: Water 95:5 +0.05% Formic Acid
20  Make up solvent = MeOH: Water 80:20 +50mMol Ammonium Acetate
Needle rinse solvent = MeOH: Water: DMSO 80:10:10
Methods
One of five methods may be used depending on the analytical retention time of the
compound of interest.
25  All have a 15-minute runtime, which comprises of a 10-minute gradient followed by a
5-minute column flush and re-equilibration step.
MDP 1.5-2.2=0-30% B
MDP 2.0-2.8 =5-30% B
MDP 2.5-3.0 = 15-55% B
30 MDP 2.8-4.0 = 30-80% B
MDP 3.8-5.5 = 50-90% B
Flow Rate
All of the above methods have a flow rate of 20mL/min.

35 ()
Hardware



although reaction temp./time: 100C, overnight 1,1-dimethylethyl (2S)-4-({4-R[6-(4-
cyanophenyl)-2-methyl-3- pyridinylJcarbonyl}(methyl)amino]phe nylimethyl)-2-methyl-1-

piperazinecaggxylaisyofsyrophenyl)oxylphenylicarbonyl)(m ethyl)aminolphgRyBpesists 2
methvl-1-ninerazinecarboxylate 1,1-dimethylethyl{2S)-4-({4-[({2-1(4-

fluorophenyl)oxy]phenylicarbonyl)(m ethypamino]phenylimethyl)-2- methyl-1-piperaznecarboxylate NO
411'HO 'HO 0 40 tH31eLNAHO 0-A04.73EN3H 0)-,0trbnl alz-0az HO

Waters 2525 Binary Gradient Module

Waters 515 Makeup Pump
Waters Pump Control Module
Waters 2767 Inject Collect

5  Waters Column Fluidics Manager
Waters 2996 Photodiode Array Detector
Waters ZQ Mass Spectrometer
Gilson 202 fraction collector

Gilson Aspec waste collector

10
Software
Waters MassLynx version 4 SP2

Column
15 The columns used are Waters Atlantis, the dimensions of which are 19mm x 100mm
(small scale) and 30mm x 100mm (large scale). The stationary phase particle size is

S5um.

Solvents
20 A:Aqueous solvent = Water + 0.1% Formic Acid
B : Organic solvent = Acetonitrile + 0.1% Formic Acid
Make up solvent = Methanol : Water 80:20
Needle rinse solvent = Methanol

25 Methods
There are five methods used depending on the analytical retention time of the
compound of interest. They have a 13.5-minute runtime, which comprises of a 10-
minute gradient followed by a 3.5 minute column flush and re-equilibration step.

30 Large/Small Scale 1.0-1.5 = 5-30% B

Large/Small Scale 1.5-2.2 = 15-55% B

Large/Small Scale 2.2-2.9 = 30-85% B

Large/Small Scale 2.9-3.6 = 50-99% B

Large/Small Scale 3.6-5.0 = 80-99% B (in 6 minutes followed by 7.5 minutes flush
35 and re-equilibration) '



4111 ) 'HON EHO OA*0410e1-10Hco0 co0co00)0 (NcoOcoin0O 56cocolt) cei(""ALo N
coinCoa0-00

WO 2008/000729 PCT/EP2007/056342
35

Flow rate
All of the above MDAP methods have a flow rate of either 20mls/min (Small Scale) or
40mis/min (Large Scale).

5 Shallow gfadients
Large 1.5 to 2.3 min = 13-29% B
Large 1.9 to 2.3 min = 25-41% B
Large 2.3 to 2.6 min = 37-53% B
Large 2.6 to 3.1 min = 49-65% B
10 . Large 3.1t0 3.6 min =61-77%B

Conditions used for NMR
Hardware
Bruker 400MHz Ultrashield
15  Bruker B-ACS60 Autosampler
Bruker Advance 400 Console
Bruker DPX250
Bruker AVANCE 500
Bruker DRX600
20 Software
User interface — NMR Kiosk
Controlling software — XWin NMR version 3.0

Chromatography
25 Unless stated otherwise, all column chromatography was carried out using silica

columns.

Abbreviations

BINAP — (z)-2,2"-bis(diphenylphosphino)-1,1’-binaphthalene
30 BOC - tert-butyloxycarbonyl

'‘BuOH — tert-butanol

CCl, — carbon tetrachloride

CDCl; — deuteriochloroform

CuCl — copper (l) chloride
35 1,2-DCE - 1,2-dichloroethane,

DCM - dichloromethane



ris E Cu._EIT) although reaction time: 3h and no column chromatography and no column
chromatography .0 coco E 6 E V c oo cuco E,ca .0 EB t7)n 16 although reaction temp./time: 100C,

overnight  tyaRligRoA90C, overnight 1,1-dimethylethyl (2R,6S)-4-({4-R[prt4ebugroniisiy1)-3-
pyridinylicarbonyl}(methyl)amino]phe nyl}methyl)-36-dimethyl-1- piperazinecarboxylate

Dibal-H — di-isobutyl aluminium hydride
DME - 1,2-dimethoxyethane
DMF - N,N-dimethylformamide
DMSO - dimethyl sulfoxide
5 DMSO-dg — dimethyl sulfoxide-d6
Et,O — diethyl ether
EtOAc — ethyl acetate
EtOH - ethanol
HCI - hydrochloric acid, hydrogen chloride
10  HOBt - 1-hydroxybenzotriazole
H,SO, — sulfuric acid
KOH — potassium hydroxide
MeOH — methanol
MgSO, — magnesium sulfate
15  MnO; - manganese dioxide
NaCl - sodium chloride
NaHCO; - sodium hydrogen carbonate
NalO,4 — sodium periodate
NaOH - sodium hydroxide
20 Na,SO, - sodium sulfate
NH; - ammonia
Pd/C — palladium on charcoal
PS-Trisamine
Pt/C — platinum on charcoal
25 SCX - strong cation exchanger
TFA - trifluoroacetic acid
THF - tetrahydrofuran
THMD - 2,2,6,6-tetramethyl 3,5-heptanedione
Xantphos — 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
30
Description 1
1,1-Dimethylethyl (2S)-2-methyl-4-[(4-nitrophenyl)methyl]-1-
piperazinecarboxylate (D1)



fluorophenyl)oxy]phenyl}carbonyl)(m ethyl)aminolphenyl}methyl)-2- * methy1-1-piperazinecarboxylate
ethyl)amino]phenyl}methyl)-2- methy1-1-piperazinecarboxylate Ore2"00 014,r011ZZZu_aln
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H
H,C? o\fo
CH, EN

N

CH,

NO,

A mixture of 4-nitrobenzaldehyde (15.1g, 0.1mol), 1,1-dimethylethyl (2S)-2-methyl-1-
piperazinecarboxylate hydrochloride (21.3g, 0.09mol), triethylamine (15mL,
0.108mol) and sodium tri(acetoxy)borohydride (42.4g, 0.2mol) in 1,2-DCE (500mL)

5 was stirred at room temperature overnight. Saturated aqueous NaHCO; solution
(200mL) was added and the mixture stirred for 20-30 minutes. The phases were
separated and the aqueous phase was washed with DCM. The combined organics
were washed with brine, dried and concentrated. Column chromatography eluting
with 0-20% EtOAc/hexane gave the title compound as a pale yellow oil which

10  crystallized on standing (25.61g). 64 (CDCl;, 400MHz) 8.19 (2H, d), 7.53 (2H, d),
4.21 (1H, br.s), 3.83 (1H, d), 3.62 (1H, d), 3.50 (1H, d), 3.13 (1H, td), 2.74 (1H, m),
2.54 (1H, m), 2.20 (1H, dd), 2.08 (1H, m), 1.46 (9H, s), 1.25 (3H, d).

Description 1: Alternative Method (A)

15  1,1-Dimethylethyl (2S)-2-methyl-4-[(4-nitrophenyl)methyl]-1-
piperazinecarboxylate (D1)
A mixture of 4-nitrobenzaldehyde (30.22g, 0.2mol), 1-dimethylethyl (2S)-2-methyl-1-
piperazinecarboxylate (40.06g, 0.2mol) and sodium tri(acetoxy)borohydride (85g,

0.4mol) in 1,2-DCE (1L) was stirred at room temperature over-weekend. The reaction
20 mixture was treated portion-wise with NaHCO; solution (400mL) over a period of
~2h. After a further 30mins, the organic layer was separated, washed with brine,
dried and concentrated to give a viscous pale yellow oil. Purification by column
chromatography eluting with 0%, 10% and then 20% EtOAc/hexane yielded the title
compound as a yellow crystalline solid (61.1g).
25

30
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Description 2
1,1-Dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D2)

H
H,C3\_ 0. .0

To 1,1-dimethylethyl (2S)-2-methyl-4-[(4-nitrophenyl)methyl]-1-piperazinecarboxylate
(D1) (4.62g, 13.78mmol) and KOH (7.79g, 138.8mmol) in MeOH (100mL) was added
wet (50%w/w water) 10% Pd/C catalyst (4g) and the mixture was hydrogenated at
room temperature and atmospheric pressure for 40mins. The catalyst was removed
by filtration and the filtrate concentrated in vacuo. The residue was partitioned
between DCM and water and aqueous layer was further extracted with DCM (x2).
The combined organics were washed with brine, dried and concentrated to give the
titte compound as a colourless gum (4.14g) which was used in the next step without
further purification. 8, (CDCls;, 400MHz) 7.10 (2H, d), 6.64 (2H, d), 4.16 (1H, br.s),

- 3.78 (1H, d), 3.62 (2H, s), 3.42 (1H, d), 3.28 (1H, d), 3.08 (1H, td), 2.74 (1H, m), 2.58

(1H, m), 2.06 (1H, dd), 1.95 (1H, m), 1.46 (9H, s), 1.21 (3H, d).

Description 2: Alternative Method (A)

1,1-Dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methy!-1-
piperazinecarboxylate (D2)

To 1,1-dimethylethyl (2S)-2-methyi-4-[(4-nitrophenyl)methyl}-1-piperazinecarboxylate
(D1) (15g, 44.8mol) in MeOH (150mL) and water (150mL) at 80°C was added
ammonium chloride (11.9g, 0.224mol) and iron powder (7.5g, 0.134mol) with
vigorous stirring. The reaction was stirred at 80°C for 2h then filtered through Celite®
while still hot and the filter cake was washed with further DCM. The filtrate layers
were separated and the aqueous layer was washed with DCM (x3). The DCM layers
were combined, dried (Na,SO,) and concentrated to give the crude product which
was purified by column chromatography. Elution with 20-70% EtOAc/petroleum ether

gave the title compound as a white solid (9.46g).



coco0 57CV4COIDCO -ci: COID CO ci CV ID Similar method to 016 although reaction time: 2h
and no column chromatography Similar method to D16 although reaction time: 12h Similar method to

016 althoughygastion.lime: 3h and no column chromatography Similar methegip,RERapough
reaction temp./time: 100C, overnight Similar methggl to 016 although reaction time: 1 h. Similar method

to 016 although reaction time: 1h. 1,1-dimethylethyl (2S)-4-({41({3-[(3-
fluorophenyl)oxy]phenyl}carbonyl)(m ethyDamino]phenyl}methyl)-2- methyl -1-piperazinecarboxylate
1,1- dlmethylethyl (282 -4- (i4 M2-(4- fluorophenyl)-4-methyl-5-

Description 2: Alternative Method (B)

1,1-Dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D2)
A mixture of 1,1-dimethylethyl (28S)-2-methyl-4-[(4-nitrophenyl)methyl]-1-
5 piperazinecarboxylate (D1) (21.62g, 0.0644mol), triethylamine (40mL) and 5% Pt¥C
catalyst (21g, 56% w/w water) in MeOH (400mL) was hydrogenated at room
temperature and atmospheric pressure overnight. The catalyst was removed by
filtration and washed with further MeOH. The filtrate was concentrated, re-dissolved
in DCM (200mL) and washed with 2M NaOH solution. The aqueous wash was re-
10 extracted with DCM (x2, 100mL) and all organic phases were combined, washed
with brine, dried and concentrated to give the title compound (19.53g) which was
used in the next step without further purification. \

Description 3
15  1,1-Dimethylethyl (2S)-2-methyi-4-{[4-(methylamino)phenylJmethyl}-1-
piperazinecarboxylate (D3)

To 1,1-dimethylethyl (2S)-4-[(4-aminophenyl)methyl}-2-methyl-1-
piperazinecarboxylate (D2) (4.14g, 13.56mmol) in dry MeOH (80mL) at 50°C under

20 an argon atmosphere was added paraformaldehyde (1.22g, 40.67mmol) and sodium
methoxide (3.65g, 67.78mmol). The mixture was stirred for ~24h then sodium
borohydride (1.54g, 40.67mmol) was added portion-wise and the reaction stirred at
50°C overnight. After cooling to room temperature, acetone (10mL) was added and
the solvent removed in vacuo. The residue was partitioned between DCM and water

25 and the organic phase was washed with brine, then dried and concentrated. Column
chromatography gave the title compound as a colourless, crystalline solid (3.73g). &y
(CDCls, 400MHz) 7.13 (2H, d), 6.57 (2H, d), 4.16 (1H, br.s), 3.78 (1H, d), 3.67 (1H,
br.s), 3.42 (1H, d), 3.30 (1H, d), 3.08 (1H, td), 2.83 (3H, s), 2.75 (1H, m), 2.59 (1H,
m), 2.06 (1H, dd), 1.94 (1H, m), 1.45 (SH, s), 1.21 (3H, d).

30



pyrimidinylicarbonyll(methyl)aminoTh henyl}methyl)-2-methyl-1- piperazinecarboxylate
1,1-dimethylethyl (2S)-4-({4-R[2-(4- fluoropheny1)-5- pyrimidinyl]carbonylymethyl)aminolp

henyl}methylod-Rigtiaylhy Piperazinecarboxylate CHO 0) EHON z1-13 8718 0b4h 8 A1 HO NA
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Description 3: Alternative Method (A)

1,1-Dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D3).

A mixture of 1,1-dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methyl-1-

5 piperazinecarboxylate (D2) (7.45g, 24.43mmol), paraformaldehyde (2.202g,
73.28mmol) and sodium methoxide (6.597g, 122.13mmol) in methano! (150mL)
under an argon atmosphere was heated at 50°C over-weekend. After cooling,
sodium borohydride (1.848g, 48.85mmol) was added and the reaction mixture was
heated at 50°C for 1h then cooled to room temperature. Acetone was added until no

10  more bubbling was observed, then the mixture was concentrated. The residue was
partitioned between DCM and water and the aqueous was re-extracted with DCM.
The combined organics were diluted with MeOH (approx. 20mL) to aid solubility,
dried and concentrated to yield the title compound as an off white solid (7.77g)

15  Description 3: Alternative Method (B)
1,1-Dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D3).

1,1-Dimethylethyl (28)-4-[(4-aminophenyi)methyl]-2-methy|—1 -piperazinecarboxylate
(D2) (19.53g, 0.0639mol) in dry MeOH (300mL) under an argon atmosphere at room

20 temperature was treated with paraformaldehyde (5.76g, 0.1918mol) and sodium
methoxide (17.27g, 0.3197mol). The reaction mixture heated at 50°C, stirred
overnight then cooled to room temperature. Sodium borohydride (7.26g,
0.1918mmol) was added portionwise and the reaction mixture was then re-heated to
50°C and stirred for 2 days. The reaction mixture was cooled to rt and stirred for a

25 further 24h, then concentrated and re-dissolved in DCM (200mL). Saturated aq.
NaHCOj solution (200mL) was added portionwise with stirring and on completion of
addition the mixture was stirred at room temperature for a further 0.5h. The DCM
phase was separated, washed with brine, dried (MgSO,) and concentrated to give a
yellow oil which was purified by column chromatography. Elution with 0%, 10% and

30 then 20% EtOAc/hexane yielded the title compound as a yellow oil which crystallised
on standing (16.7g).
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co0Co 58 co CocotocooilT,cocO in Similar method to D15 Similar method to D15 Similar
method to D16 although reaction time: over-weekend Similar method to D15 Similar method to D15

Similar methgghto,fléygdtgough reaction time: 1h. 1,1-dimethylethyl (2R)-4+{4d&6ni¢r056342
fluoropheny1)-2-methyl-3- pyridinyl]lcarbonyl}(methyl)amino]phe nyl}methyl)-2-methyl-1-
piperazinecarboxylate 1,1-dimethylethyl (2R)-4-({4-0-(4- fluoropheny1)-3-
pyridinyllcarbonyll(methypaminolphe nyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl
(2S)-4-({4-[[(4- fluoro-3- biphenylyOcarbonyl](methyl)amino]p henyl}methyl)-2-methyl-1-
piperazinecarB8seriggion 411tHo Il N cH04111)

1,1-Dimethylethyl (2R)-2-methyl-4-[(4-nitrophenyl)methyl]-1-

piperazinecarboxylate (D4)
H,C
H,C? OYO
ts [Nj‘\CHS
N

Q.

5 The title compound was prepared from 4-nitrobenzaldehyde and 1,1-dimethylethyl

2

(2R)-2-methyl-1-piperazinecarboxylate hydrochloride using a method similar to that
described for D1 in Description 1. MS (ES"): 280.2, 236.3, no molecular ion (MH")
observed

10 Description §

1,1-Dimethylethyl (2R)-4-[(4-aminophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D5)
Hﬁ'ﬁ(o 0

Y
CH, Nj CH,
N

Q.

The title compound was prepared from 1,1-dimethylethyl (2R)-2-methyl-4-[(4-

2

15  nitrophenyl)methyl]-1-piperazinecarboxylate (D4) using a method similar to that
described for D2 in Description 2 although ag. 2M KOH solution was used in place of
solid KOH and the reaction time was 40 minutes. MS (ES): MH* 306.2, MNa"* 328.2.

20

25
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Description 6
1,1-Dimethylethyl (2R)-2-methyl-4-{[4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D6).

H,G
Hac"ﬁ/o\(o
CH, ENj CH,
N

Q,

e,

5 The title compound was prepared from 1,1-dimethylethyl (2R)-4-[(4-
aminophenyl)methyl}-2-methyl-1-piperazinecarboxylate (D5) using a method similar
to that described for D3 in Description 3A although the reaction was heated at 50°C
for 48h prior to addition of sodium borohydride. 4 (CDCl;, 400MHz) 7.13 (2H, d),
6.57 (2H, d), 4.16 (1H, m), 3.78 (1H, d), 3.42 (1H, d), 3.29 (1H, d), 3.08 (1H, td), 2.83

10 (3H, s), 2.75 (1H, m), 2.59 (1H, m), 2.07 (1H, dd), 1.94 (1H, m), 1.45 (9H, s), 1.21
(3H, d). MS (ES*): 342.3 (MNa"), 220.2, no molecular ion (MH") observed.

Description 7
1,1-Dimethylethyl (2R,6S)-2,6-dimethyl-4-[(4-nitrophenyl)methyl]-1-
15 piperazinecarboxylate (D7)
The title compound may be prepared using a method similar to that described for D1.

" Description 7: Alternative Method (A)
1,1-Dimethylethyl (2R,6S)-2,6-dimethyl-4-[(4-nitrophenyl)methyl]-1-
20 piperazinecarboxylate (D7)

H,C__CH,
HC

¥’
H,C Nj,CH3
N

Q.

(3R,5S)-1-[(4-Nitrophenyl)methyl]-3,5-dimethylpiperazine  (D82) (4.278g, 17.17
mmol) was dissolved in dioxane (180 mL) and Boc anhydride (7.494g, 34.34 mmol)

2

and saturated aqueous NaHCO; solution (60 mL) were added. The mixture was



Co. 0 0 o Similar method to 016 although reaction time: over-weekend Similar method to D16 Similar
method to 016 although reaction time: 4h Similar method to D16 although reaction time: lh. Similar
method to 040 slhRKEhseaction time: 1h. Similar method to D16 although seagtioRdappsiime: 100C,
1h 1,1-dimethylethyl (2S)-4-({4-[[(4'- fluoro-2- biphgsylyOcarbonylMmethyl)aminolp
henyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({4-M6-(2-
cyanophenyl)-2-methyl-3- pyridinylJcarbonyl}(methyDaminolphe nylimethyl)-2-methyl-1-
ninera7inenarhpxvinte 1,1-dimethylethyl 4-({4-R[6-(3- fluoropheny1)-3- ]

pyridinyllcarb YIS RHFOYRNRREAALTRYAYREYEYH- 1o pbrurthwes fiisirdand the filter cake

washed with DCM. The filtrate was concentrated under vacuum and the residue

partitioned between DCM and water. The DCM layer was separated and the

aqueous was extracted with DCM (x2). The DCM layers were combined and dried to

5  produce a yellow oil (9.614g). The mixture was purified by passing through an SCX

cartridge to produce a yellow oil (4.787g) which was a mixture of the title compound

and unreacted D82. This whole was dissolved in DCM (60mL) and triethylamine

(2.936 mL) added followed by Boc anhydride (4.612g, 21.13mmol). The mixture was

stirred at room temperature overnight under argon. PS Trisamine® (6g) was added

10  and the mixture allowed to stir for 30min; the polymer was filtered off and the solvent

removed to produce a yellow oil (6.5621g). Purification by column chromatography

eluting with 0-50% Et,O/petroleum ether gave a pale yellow solid (5.245g). This solid

was dissolved in MeOH and passed down an SCX cartridge (70g) which was flushed

with MeOH followed by 2MNH; in MeOH. The solvent was removed to prodUce a

15  yellow solid (3.833g) which was further purified by column chrorhatography. Elution

with 0-50% Et,O/petroleum ether gave the title compound as a whitish cream solid
(2.624g). MS (ES"): 294.3, 250.3, no molecular ion (MH*) obse'rved.

Description 8
20  1,1-Dimethylethyl (2R,6S)-4-[(4-aminophenyl)methyl]-2,6-dimethyl-1-
piperazinecarboxylate (D8) |
H,C.__-CH,
H,C

OYO
H,C Nj,CH3
N

Q.

To a solution of 1,1-dimethylethyl (2R,6S)-2,6-dimethyl-4-[(4-nitrophenyl)methyl]-1-
piperazinecarboxylate (D7) (2.62g, 7.53mmol) in MeOH (25mL) and water (25mL)
25 heated to 80°C was added iron powder (1.26g, 22.54mmol) and ammonium chloride

2

(2.01g, 37.58mmol). The reaction was stirred vigorously at 80°C for 1.5h and then

the iron residues removed by filtration through Celite®. The filtrate was concentrated

and the residue partitioned between DCM and water. The aqueous layer was further

extracted with DCM (x2) and the combined organics were dried and concentrated to
30 give the crude product as a yellow foam (2.01g). Column chromatography eluting
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with 0-100% Et,O/petroleum ether gave the title compound (1.694g). 8, (CDCls,
400MHz) 7.12 (2H, d), 6.64 (2H, d), 4.05 (2H, m), 3.64 (2H, br s), 3.36 (2H, s), 2.59
(2h, d), 2.06 (2H, dd), 1.46 (9H, s), 1.27 (6H, d). MS (ES): MH" 320.3, MNa* 342.3.

5 Description 9
1,1-Dimethylethyl (2R,6S)-2,6-dimethyl-4-{[4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D9)
H,C__-CH,
HC o

7’
H,C. Nj,CH3
N

Q.

CH,

The title compound was prepared from 1,1-dimethylethyl (2R,6S)-4-[(4-

10  aminophenyl)methyl]-2,6-dimethyl-1-piperazinecarboxylate (D8) using a method
similar to that described for D3 in Description 3A although the reaction was heated at
50°C for 48h prior to addition of sodium borohydride then for 1h after addition.
Further paraformaldehyde (1eq) and sodium methoxide (1eq) were added; the
reaction was heated at 50°C for 12 h; further sodium borohydride (1eq) was added

15 and the reaction heated at 50°C for 1h. &, (CDCl3;, 400MHz) 7.16 (2H, d), 6.57 (2H,
d), 4.05 (2H, m), 3.70 (1H, br s), 3.36 (2H, s), 2.82 (3H, s), 2.59 (2H, d), 2.06 (2H,
dd), 1.49 (9H, s), 1.27 (6H, d). MS (ES’): 356.3 (MNa'), 234.3, no molecular ion
(MH") observed.

20 Description 10
1,1-Dimethylethyl 4-[(4-nitrophenyl)methyl]-1-piperazinecarboxylate (D10)

H
Hac‘%/o\fo
CH, N]

N

Q.

The title compound was prepared from 4-nitrobenzaldehyde and 1,1-dimethylethyl 1-

2

piperazinecarboxylate using a method similar to that described for D1 in Description



01 05L.7) Cy) Cr; 01 tr) CI CD N 1.0 Similar method to D16 Similar method to D16 although reaction
time: 4 days Similar method to D16 Similar method to D16 carried out at room temperature, overnight;

then 50C, 2hyledsasiiigny! chloride (2 eq.) was added, then heated at 50Cy b/ ppsl0hrSs325. Similar
method to D16 although reaction time: 1.5h. Similgg method to D16 although reaction time: 1.25h.

1,1-dimethylethyl 44(4E643- fluoropheny1)-2-methy1-3- pyridinylcarbonyl}(methyl)amino]phe
nyl}methyl)-1-piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({44{[6-(3- fluoropheny1)-3-
pyridinyl]c,arbonyl}(methyl)amino]-2- methylphenyl}methyl)-2-methyl-1- piperazinecarboxylate
1,1-dimethyletHyP h(iRrpredect WasiHiea ) cplysym g Mmaiee RNy (fRkane B v RASTIRG
nyl}methyl)-2-tmeiigh-an SIORrecllnAe ALY @it MeOH then 2M NH; in MeOH. MS (ES*): 266.1,

222.2, no molecular ion (MH") observed.

5 Description 11
1,1-Dimethylethyl 4-[(4-aminophenyl)methyl]-1-piperazinecarboxylate (D11)

H
Hacﬁ/o\(o
CH, Nj

N

Q.

The title compound was prepared from D10 using a method similar to that described
for D8 in Description 8 although no column chromatography was required. MS (ES):
10 MH"292.1, MNa*314.2.

2

Description 12
1,1-Dimethylethyl 4-{[4-(methylamino)phenyllmethyl}-1-piperazinecarboxylate

(D12)
Hﬁﬁ:o\ro
(]

Q,

.5 CH,

The title compound was prepared from D11 using a method similar to that described
for D3 in Description 3A although the reaction was heated at 50°C overnight prior to
addition of sodium borohydride and no column chromatography was required. 8y
(CDCl3, 400MHz) 7.11 (2H, d), 6.57 (2H, d), 3.69 (1H, br.s), 3.40 (6H, m), 2.83 (3H,
20 s), 2.36 (4H, m), 1.45 (9H, s) [5 values corrected for incorrectly referenced TMS at

0.58ppm on spectrum]. MS (ES*): 206.2, no molecular ion (MH") observed.
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Description 13
Ethyl 6-[(4-fluorophenyl)oxy]-3-pyridinecarboxylate (D13).
0

F
AL @) O/
X (o]

Sodium hydride (0.653g, 60% in mineral oil, 16.338 mmol) was suspended in DMF
5 (10 mL) under argon, and 4-fluorophenol (0.915 g, 8.169 mmol) added in two
portions. The mixture was stirred for 20 minutes then ethyl 6-chloro-3-
pyridinecarboxylate (1.515 g, 8.169 mmol) was added together with additional DMF
(4 mL) added to aid solubility. The mixture was heated to 80 °C for 2.5 h. The
reaction mixture was allowed to cool to room temperature and water (30 mL) was
10 added. The solution was acidified to pH 3 with 2M HCI and extracted with ethyl
acetate (x3). The combined ethyl acetate layers were dried and concentrated to
produce a brown oil. The crude product was purified by chromatography. Elution with
a 0-25% Et,O/petroleum ether gradient gave the title compound as a colourless oil
(0.284 g). 84 (CDCl;, 400MHz) 8.81 (1H, dd), 8.28 (1H,dd), 7.11 (4H, m), 6.95 (1H,

15 d), 4.37 (2H, q), 1.38 (3H, t). MS (ES): MH" 262.2.

Description 14
6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14)
o

F
aeves
X 0]

20 Ethyl 6-[(4-ﬂuorophenyl)oxy]-3-pyridinecarbokylate (D13) (0.275 g, 1.054 mmol) was
taken up in 1,4-dioxane (6 mL) and lithium hydroxide (0.050 g, 2.109mmol) was
dissolved in water. The two solutions were combined and stirred at room temperature
for 2 h. The mixture was acidified to pH 5 with 2M HCI and concentrated. The residue
was taken up in ethyl acetate, dried and concentrated to yield the title compound as

25 a cream/white solid (0.233 g). 84 (DMSO-dgs, 400MHz) 13.20 (1H, bs), 8.65 (1H, dd),
8.28 (1H, dd), 7.26 (4H, m), 7.12 (1H, d). MS (ES): MH" 234.2, (M-H") 232.1.

Description 14: Alternative Method (A)
6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14)

30 A mixture of 4-fluorophenol (96.8g), methyl 6-chloropyridine-3-carboxylate (30g) and
cesium carbonate (285.3g) in DMSO (875mL) was stirred and heated to 130°C over



ICtotoco50-00.na) ES - E Similar method to D16 but no aq. work-up. | Concentrated reaction
mixture purified directly by column chromatography Similar method to D16 tohi 5 E oc 0 -0a,in a)2e i

11,0) W= E nib Iqsaifaiss method to D16 although reaction time: 1- 2h. Sigyilpgpagshgskig.D16
although reaction time: -1h. 1,1-dimethylethyl (2S);4-({4-R[6-(2- cyanopheny1)-3-
pyridinyllcarbonyl}(methyDamino]phe nyl}methyl)-2-methy1-1- piperazinecarboxylate 1,1-dimethylethyl
(2S)-4-({3-fluoro-4- [{[6-(3-fluorophenyl)-3- pyridinyl]lcarbonyl}(methyl)amino]phe

nylimethyl)-2-methyl-1- _ _
a pefiod of 1.75h then cooled overnight. The reaction mixture was reheated to

~150°C over a period of 1.5h, kept at this temperature for ~1h, then cooled to ~40°C
and poured into water (4L). The aqueous solution was extracted with ether (1.0L)
then adjusted to pH7-8 by addition of 2M HCI. The solution was extracted With further
S  ether (2x1.0L), then adjusted to pH 2 by addition of 2M HCI causing precipitation of a
solid. The precipitate was collected by filtration, washed with water and dried

overnight at 40°C in vacuo to give the title compound as a beige/pink solid (36.7g).

Description 15
10  1,1-Dimethylethyl (2R,6S)-4-({4-[{[6-(4-fluorophenyl)-2-methyl-3-
pyridinyl]carbonyl}(methyl)amino]phenyl}methyl)-2,6-dimethyl-1-
piperazinecarboxylate (D15)
H,C.__CH,
H,C

OYO
H,C Nj,cr-l3
N

Step 1: 6-(4-Fluoropheny!)-2-methyl-3-pyridinecarboxylic acid (0.2 g, 0.866 mol) was
15  suspended in DCM (14 mL) and DMF (1 drop) was added. The mixture was cooled in
an ice-bath and oxaly! chloride (0.226 mL, 2.5698 mmol) was added portion wise over
5 minutes. The mixture was heated to 40 °C for 90 minutes. The mixture was allowed
to cool and the solvent removed under vacuum to give 6-(4-fluorophenyl)-2-methyl-3-
pyridinecarbonyl chloride as a yellow solid (0.270g) which was used directly in step
20 2.
Step 2: The acid chloride from step 1 was taken up in DCM (3 mL) and added to a
solution of 1,1-dimethylethyl  (2R,6S)-2,6-dimethyl-4-{[4-(methylamino)phenyl]
methyl}-1-piperazinecarboxylate (D9) (0.23 g, 0.693 mmol) in DCM (2 mL).
Triethylamine (0.193 mL, 1.386 mmol) was added and the mixture was stirred
25 overnight at room temperature. The reaction mixture was diluted with DCM and
washed with water. The aqueous layer was re-extracted with DCM (x2) and the
combined organics were dried and concentrated. The crude product was purified by
column chromatography. Elution with 0-50% EtOAc/petroleum yielded the title



piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({4-[({1- [(3,4-difluorophenyl)methyl]-4-
piperidinyl}carbonyl)(methyl)amino]p henyl}methyl)-2-methyl-1- piperazinecarboxylate  EI-10 NI 411
5-099C AHOW3 3¢dsthoe®BR O I-11  rc1-10 ON., eiry# s w c X a HON 140 @Lp2009)096345c0 0 01 0
a) 18 '

compound as a white foam (0.331 g). &y (CDCl;, 400MHz) 7.89 (2H, m), 7.36 (1H,
m), 7.26 (1H, m), 7.19 (2H, m), 7.10 (2H, t), 6.99 (2H, m), 4.00 (2H, m), 3.53 (3H, s),
3.34 (2H, s), 2.58 (3H, s), 2.44 (2H, d), 2.05 (2H, m), 1.44 (9H, s), 1.18 (6H, d). MS
(ES): MH* 547 3.

Description 16
1,1-Dimethylethyl (2S)-4-({4-[({6-[(4-fluorophenyl)oxy]-3-pyridinyl}carbonyl)
(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D16)

H,C
Hscsﬁ/o\fo
CH, [NTCHs
N

ol
E
vJ\CkO
CH
5 o

10 Step 1: 6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14) (0.232 g, 0.994
mmol) was dissolved in 1,4-dioxane (6 mL) and thionyl chloride (0.363 mL, 4.972
mmol) added dropwise. The mixture was heated at reflux for 3.5 h, then cooled and
concentrated in vacuo. DCM was added to the residue which was then re-
concentrated to yield 6-[(4-fluorophenyl)oxy]-3-pyridinecarbonyl! chloride as a yellow

15  oil (0.252g) which was used directly in step 2.

Step 2: The acid chloride from step 1 was taken up in DCM (3 mL) and added to 1,1-
dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenyllmethyl}-1-
piperazinecarboxylate (D3) (0.288 g, 0.904 mmol) in DCM (3 mL). Triethylamine
(0.251 mL, 1.808 mmol) was added and the mixture was stirred at room temperature

20  overnight. The reaction mixture was diluted with DCM and washed with water. The
aqueous was extracted with DCM (x2) and the combined organic layers were dried
and concentrated. The crude product was purified by column chromatography.
Elution with a 0-50% EtOAc/petroleum ether gradient gave the title compound as a
colourless oil (0.518 g). 84 (CDCl3;, 400MHz) 8.07 (1H, m), 7.65 (1H, dd), 7.24 (2H,

25 d), 7.03 (6H, m), 6.70 (1H, d), 4.18 (1H, br.s), 3.80 (1H, d), 3.48 (3H, s), 3.46 (1H, d),
3.34 (1H, d), 3.08 (1H, td), 2.70 (1H, d), 2.50 (1H, d), 2.10 (1H, dd), 2.00 (1H, m),
1.46 (9H, s), 1.20 (3H, d). MS (ES): MH" 535.3.

30



1"0O0ID0)0 WO 2008/000729PCT/EP2007/056342 62 6) ai ce) 4 N r-: m in Similar method to D16
although reaction time: -1.5 days Similar method to D16 although reaction time: over-weekend. No aq.
work-up - reaghoRdEIbsie concentrated and purified directly by column chigematpsiariyseimilar
method to D16 although reaction time: 50m ins. Sjgnilar method to D16 although reaction time: 1- 2h.
1,1-dimethylethyl (2S)-4-({4-R(1-[(4- fluorophenyOmethyl]-4- piperidinyl}carbonyl)(methyDamino]p
henyl}methyl)-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({2-fluoro-4-
R[6-(3-fluoropheny1)-3- pyridinyl]carbonyl}(methyl)amino]phe

[6-( pges?:/rig) tionp¥6: Al elnative gghod (X)) Ip

1,1-Dimethylethyl (2S)-4-({4-[({6-[(4-fluorophenyl)oxy]-3-pyridinyl}carbonyl)

(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D16)

6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14) (20.1g, 0.0862mol) was

5 dissolved in 1,4-dioxane (400mL) and thionyl chloride (28.5mL, 4.972 mmol) added
cautiously. The mixture was heated sIoWIy to reflux and stirred for 4.5 h. The
reaction mixture was allowed to cool and concentrated. Dioxane (200mL) was added
and the solution was re-concentrated (x2) to give crude 6-[(4-fluorophenyl)oxy]-3-
pyridinecarbonyl chloride which was re-dissolved in DCM (250mL). This was added

10  dropwise to a solution of 1,1-dimethylethyl - (2S)-2-methyl-4-{[4-
(methylamino)phenyl]methyl}-1-piperazinecarboxylate  (D3) (25g, 0.0783mol,
prepared in three different batches according to method D3B and consolidated) and
triethylamine (14mL, 0.1004mol) in DCM (250mL) cooled in an ice/water bath over
30mins. The reaction mixture was warmed to room temperature and stirred for ~15h.

15  The reaction mixture was washed with 2M NaOH solution (2 x 200mL) and brine,
then dried over MgSO, and concentrated in vacuo to give a brown foam/gum. The
crude product was purified by chromatography to give the title compound as a
colourless foam (32.39g).

20 Tabulated compounds D17, D40 and D41 were prepared using methods similar to
those described in Description' 15 using the appropriate aniline precursor and
appropriate carboxylic acid.

Tabulated compounds D18 — D53 (excepting D40 and D41) were prepared using
methods similar to those described in Description 16 using the appropriate aniline

25  precursor and appropriate carboxylic acid.
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Chloro-3-pyridinecarbonyl chloride (0.243 g, 1.379 mmol) in DCM (4 mL) and triethylamine (0.348 mL,
2.508 mmol) were added. The mixture was stirred at room 10 temperature overnight. The mixture was

diluted with REM@RPNyAshed with water. The aqueous layer was extractegiifpfghbéshand the
combined organics dried and concentrated to a paje yellow oil. The crude product was purified by

column chromatograp
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1,1-Dimethylethyl (2S)-4-({41({6-[(3-cyanophenyl)oxy]-3-
pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1- piperazinecarboxylate (D57) C3 Ot,0
CH3(Nyo,CH@&-Muz/50d138 title compound was prepared from 1,1-dimethylgWlepa007/056342
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PB62033

(1H, m) 115(9H s),

chronzat@r@)hg Elution witg a®- @O/ge

aroonxl C@IOI’IGG (U.oU

R-metaylst-{a-2
2.9G5 rigng) i DCM

g)asa

m stefr230.8012g, 3.633 mmol) in

(20 mL).

vas strrraj & rcﬁam temperature

with v{(}at Eesaqueo
bd anEc@cﬁntEated tq
thyl

LIS layer was
give the

etherg’r t y@elded thejtitle cb‘m%o@d—as a yellow @ @4§2 §). 5H (CDCIS3,
br.$)g7. 72 bed), 7.38 (LHEbrd)=7. 28 (2H,|br.m)E6.88 RHEbr.$), [4.17 (1H,
3.51 BH, s}3.96 (1H, d) 33231@ d§, 253.07 (1LH, tcg 2g6 (1R, d), 2147 (1H, d),

O

[e)

S £ b
© z—g ° Z—g
(8 [\5F 5P
54 % e 34
o?vo(: 0,.}_/ 0%—0 3 5
r T I 0,
I
1o} ™ 5]
(a] o (]
3 8 g




1.19 (3H, d). MS (ES): MI-1+ 503/505. 30 WO 2008/000729PCT/EP2007/056342 76 Description 73
1,1-Dimethylethyl (2S)-4-({41({5-[(4-fluorophenypoxy]-2-

pyridinyl}carRegyhegrpigrghamino]phenylimethyl)-2-methyl-1- piperazinecarpgypigofsai 2
1,1-Dimethylethyl(2S)-4-({4-[[(5-bromo-2- pyrldmyl)g;,arbonyl](methyl)am|no]phenyl)

nlnf\lﬁf\—)IHf\f\f\rL\f\\l\Aﬁ"‘
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methyl)-2-methyl-
mmol), cesium ca
(0.008 g, 0.040 mn
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0.199 mmol) was

4-fluorophenol, copper

dded and the mixture
clglorlde cesiu

n carbaBat and TMHO w

120C overnight. Atter co&h@ e r@m terhperatuge, the mixture \
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H C H3C3* 0 tO CHt N TCH, CH, 5 The title compound was prepared 1,1-dimethylethyl
(2S)-4-({4-[[(5-bromo-2-

pyridinyl)carQeg i amincdphenylimethyl)-2-methyl-1-piperazinecarexyigia by and
4-fluoroaniline using a method similar to that descggped for D58 in Description 58 although the reaction

time was 18h. MS (

- ML

IZ’)/I ’) ‘Iﬂ I'\ncnnnhnn 77

N[4-(Hydroxymethy
4-(Acetylamino)-2-ri

Q} wIrTt
[)-3-methy henyl]acet
nethylbenzeic acid (2 g,

TJ

J” ide (D77§§OH CH, 01

10.4 mmo¥ was suspe

«

NA,CH, &
hded in THF (50 15 ML) and

borane-THF complé
mixture was stirred
extracted with ethyl
crude product whic
acetate/petroleum ¢
7.36 (2H, m), 7.25

2008/000729PCT/H
CH, OHC 0 HACH
manganese dioxide

X (1M In THF, 26 mL, 2
under argaf at room te
acetate (xg@). The comi
n was purifigd by colum
sther yieldeg the title co
1H, d), 4.5% (2H, s), 2.3
P2007/056342 79 Des¢
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mperature 3vern|ght the

5e over -15 minutes. The reaction
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D79) NCH,
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WO 2008/000729PCT/EP2007/056342 80 Description 80 1,1-D imethylethyl
(28)-4-[(4-amino-2-methylphenyOmethyl]-2-methyl-1- piperazinecarboxylate (D80) 5 H2 1,1-D

imethylethyl(@Q) Aoildot@sstylamino)-2-methylphenyllmethy11-2-methyl-1- pipgsasnpRERexYlate (D79)
(497 mg, 1.4 mmol) in KOH (1M agq soln., 5 mL) aggl methanol (5 mL) was heated to 140C for 1 h in a

microwave reactor,
55 minutes at 10 1
methanol and parti
give the crude prog
ether/petroleum ett
title compound as ¢
dd), 4.17 (1H, br.$),
d), 2.30 (3H, s), 2.1
(MNa+), no molecu
(25)-2-methyl-4{[2-
WO 2008/000729P
(2S)-4-[(4-amino-2;
similar to that desc
to addition of sodiu
(1H, d), 6.39 (1H, d
td), 2.82 (3H, s), 2.
(3H, d). MS (AV):

Alternative Method{(A) 1 1de|metherth

e reactronmixtd
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= H Y o | HA P +
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was concentrated to re
[= 2
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for a total of 4 h
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methy:
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ribed foD&in Desct
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d), 4.17(18, br.$), 3
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2H, br.$), 329 (2H, m),
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pd. 20Description 81 1
ino)phenyHin
81 The titl® compound

.5h aftercad(gtlon SH (
d), 232_@3!—%5) 2.11 (3

vl -

N-C
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ethyl}-1- pi
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(3H, d). NES BAP+): MN;
1-Dimeth§lethyl

|perazine§arﬁofxylate (O
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) obser\&d‘él@Descnp

alperazmecartgaxylate (

ing a method

iption 3Amaltﬁough the neactlonuwas heated at 50C for 16h prior

0 (1H, d), 6.45
H, d), 3.01 (1H,
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OCHS3 To a solution of Boc anhydride (7.5 g, 34.36 mmol) in DCM (40 mL) was added 5 methylamine
(173 mL, 2M solution in THF, 345 mmol) and the reaction mixture was stirred at room temperature

overnight. TR $9hgih@Rs excess methylamine were removed in vacuo angtgips,éMdaszs (10 mL)
was added. The aqueous layer was extracted with,f) CM (x2) and the combined organics were dried

and concentrated to gl\ln the-title onmnnlmd as.a \nallnw oil (’2 791 n\ SH ((‘l’\(‘IQ 400MHz

), 1.44 (9Hs). Descrlp ion 84 1 ljlg)lmethyleth‘
yl)methylcasbamate (D84)

br.$), 102.73 (3H, d
(8-formy1-3-pyridiny

CH3 A mixture ¢

ToO oVt

<‘°.
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(1.5 g, 8.064 mmol);
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cesium carbonate (
argon atmosphere.
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To a stirred solution of 1,1-dimethylethyl (2S)-4-[(4-aminophenyOmethyll-2-methyl-1-
piperazinecarboxylate (D2) (0.30 g, 1 mmol) in dry 1,2 DCE (5mL) was added sequentially

2-methoxyprgrshfddebskb ML, 1.5 mmol), acetic acid (0.056 mL, 1 mmol) gne- 5991756342
triacetoxyborohydride (0.313 g, 1.5 mmol). Furtheg4l,2 DCE (5 15 mL) was added and the reaction

mixture was stirred upder-argon-atresrm-temperaturefor-16-hours—Sajurated NaHCO3-(15ml ) was
added and reaction rnixture stirrgdl for a furtherl 1 hour. THe aqueous layer was tRen extractefd with

DCM (x3) and the combined orgé&hic layers welre dried (N82S04) and
crude material was purified by column chroma

to give the title comp

3.78 (1H, d), 3.61 (1H, sp), 3.49

(1H, d), 1.95 (1H, dd

molecular ion (MW) pbserved. VO 2008/000729PET. P20
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To a stirred suspension of chromatographic grade silica gel (3.8 g) in dry DCM (25 mL) was added
Nal04 (3.8 mL, 0.65M ag. solution) dropwise. A solution of 3- (methyloxy)-1,2-propanediol (200mg,
1.9mmol) in {y@-Redmiasy added and reaction 25 mixture was stirred at rogsp-taipRBFAER After 2
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Description 93 2-Methyl-4-(methylamino)benzaldehyde (D93) OHC NH CH3 15To 1,1-dimethylethyl
(4-formy1-3-methylphenyl)methylcarbamate (D92) (0.614 g, 2.47 mmol) in DCM (60 mL) at room
temperature {reshaigenyvas added TFA (15 mL) dropwise. The mixture wasstpies RE2 h then
concentrated. The residue was redissolved in DClggand water and the aqueous layer was basified with
NaOH solution. The DCM layer was separated, dried (Na2S0O4) and concentrated to give the crude 20
title compound as a yellow oil (0.397 g) which was used in the next step without further purification.
Oh., (CDCI3, 4DestHp}iomoS¥(1H, s), 7.63 (1H, d), 6.47 (1H, dd), 6.35 (1H, d), 4.35 (1H, br.$), 2.91 (3H,

d), 2.60 (3H,Sh-,Nt§,{E§Dy|M é’@,j,( WMB%%%M%%“?&}&W%R rbonitrile (D94)
R%4h o

NC NH CH3 Four batches of 5-chloro-3-pyridinecarboriitril mmol) 1l methylamine (16
mL, 2M squtio‘?‘F sthe2methyis1eperaatnecebosyia a microwave reactor. The reaction
mixtures were combined and concentréed in vacuo. WO 2008/000729PCT/EP2007/056342 88 The
residue was re-dissolved in EtOAciwatér nd\lﬁe organic layer was separated, dried (Na2S0O4) and
concentrated. The crude product was puﬁﬁei Qy L8lumn chromatography; elution with

(

EtOAcipetroleum ether gave the title compopund as a white solid (1.46 g). 8H (CDCI3, 400MHz) 8.37
(1H, d), 7.59 (1H, dd), 6.39 (1H, dd), 55.19 , br.$), 2.99 (3H, d). MS (ES): MEI+ 134.2. Description
95 64Methylamino)-3-pyridinecarbaldehyde (BQayN NH{H, 10To

6-(methylamino)-3-pyridinecarbonitrile (D94) (0. .75 mmol) in toluene (10 mL) cooled to -78 C
lonfin to rJeTl , 11.2 mmol) dropwise. The reaction

under argon was added Dibal-H (1.88 mL, 1M so
was stirreg at -78C and then allowed to warm to room fé&np overnight. MeOH (0.47 mL) and 2
M H2S047(1.42 mL) were added and mixture was stirred for 1.5 h then concentrated in vacua. The 15

residue was pdriitIMEiyeiden wiRrzmgtRrbadHtmethyiaedRrreayinathwinseieeIazine £t0AC and
the combined caganigldey €DS)er¢ giriegsandmol eesitaien pgivedne @lmcpomderach.(E79). SH

(CDCT3, 4D0MEHbb Sldigns afbarHlihe {2441 B.s96 bl B DSfh (W' o) Phnd 04 (311, &)

MS (ES): MI-I+ 137.1. 20 Description 96 . '

1,1-DimethyletRgHY SN QR mie 1 RR&FYBRRIME S a5dRdin| MBS - Wap pfired iAkte@Boxylate
(D96) HIC H3&B3evafre Idvexiight] T Nikt(id, widsediitie e i @TK wind wepadedifiionater.
6-(methylaming)-3-pyridine ~di | . , .
(28)-2-methyl-ﬁﬁﬁrﬁg%egﬁ%?%ﬂﬁégg( g‘%n@aﬁ]eo% &%{ilgﬁ?ﬂ %gﬁgasué?%gag onr'ct?Sir'ﬁ]dDescription
D81A. SH (CDU Ca0eicpisd wra rale, vejlow 2l (e, erysiespseductiway, pusiied ly Belun7 (1H, br.$),
3.79 (11-1, d),chr3théiddraph(d ENARINTR2DBGHYE BROAT/SEaRAPOS Y 3radidatlylaldbd 3Ha7 (1H, td),

2.92 (3H, d), 2.74 (1H. m). 2.57 (111, .09 . , 5 ( ),.1.20.(3H, d). MS
(ES): 343.2 (rﬁﬁ%ﬁ"%’é’é&ﬁ% arn%'ré%ﬁm% “’(I\ﬂ’l_?l? ﬁg&%@&@%ggﬁ%& Rl 784
6-Amino-¥methiil-dddyridh &ddrdbr itd 1€ D IX)B-89C 2Ny dN4218 (1H, br.s), 3.80 (1H, d), 3.50

(3H, s), 3.47 (1H, d), 3.34 (1H, d), 3.10 (1H, td), 2.70 (1H, d), 2.49 (1H, d), 2.10 (1H,

dd), 2.00 (1H, m), 1.46 (9H, s), 1.20 (3H, d). MS (ES): MH" 459.2.

Description 55

20 1,1-Dimethylethyl (2S)-4-({4-[({6-[(2-fluorophenyl)oxy]-3-
pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D55)

H,C
H,C2 {00



A mixture of 5-bromo-4-methyl-2-pyridinamine (0.50 g, 2.7 mmol) and copper (I) cyanide (0.263 g,
2.9mmol) in DMF (12 mL) was heated at 200C for a total of 1.75 h 10 in a microwave reactor. The
reaction mixtyig Wasodiied with EtOAc and water. The resulting thick darkppregipitata s filtered off.
The filtrate was extracted with EtOAc (x3) and the gpmbined extracts were dried and concentrated to
give a dark yellow solid (0.115 g). The filter cake was and washed with 1:1 DCM/MeOH (1 L) which
was concentrated to give a second batch of dark yellow solid (O 047 g). The filter cake 15 was washed

with 2M NH3 in MeOH (200 mL) which was concentrated to give a dark green solid (0.533 g). These 3
batches of solld& RIERIMWFNYA b2 BrdriA-Be-shigrergrapiginy Eﬂj@%@%@wﬂ’@/ﬂ%}?ﬁﬁ@yﬁs the eluent

to give the titlenetipip@umetiag-a-pibitasodicatteilivie OB Q) 8Y) (CRML3mAIMEY 828 (1H, s),

6.36 (1H, 5), 0(3

N-(5-Cyano. 0 Bﬁ%g S O Il S RO B Do, o
6-amino-4- me?ﬁ??oj‘iﬁr rﬁécﬁtrﬁfﬂﬁﬁnlﬁmﬁﬁaﬂaﬁ)@ﬂg@ and; Hﬁ%WE@WT@@ﬂdﬁh@QO@? mL, 3.2
mmol) in BCI\/bQQE)\i@ﬂi)tﬁ@r@@lmBDOC foRdrer. aT 50 MiNRFRES thitift SErCatiamhuipdeatrd2 mL,

1.6mmol) as ‘gﬂp é (I;)(f‘hM The rrreactron mlxtu e was stirre for 17r§1 radual \(varnalng to room

I
temperature. her tion mrﬁu?%‘(ﬁas rr%mcoofjed’ toeﬂc and’ ?&rth |d|ne mL and

trifluoroacetic %FﬁW?Gﬂ(féQﬁ‘ZQrﬁrE’FW&r@@dﬂ@éﬂ'¢Fﬁ¢é&’é§(ﬁi’9¢a@‘§tﬁ?@§9&‘ﬂﬁi€ﬁﬁ%w@éﬁfﬁerature for
4h then diluted Wbitgwa Qo Tihdccasd ﬁﬁduuwm%aﬁtr@@@ﬁan%l\ﬁeﬁho@@%rl%ehwaw washed with

brine, dried a con entr ive hrch rif lumn chromatography.
Elution with 0-1 i%f%'/b% é%zﬁg 'ﬁﬂ%% fot \gﬁgé /ri%:%e&ggjv% hete
compouri@ as @namnadsoqdogmm@)o gieldamectitie, GQIDIWHIZ) 858 (olautess) ot E503BD)sPH8.21 (1H, s),

2.62 (3H, 9). t | 2 A soluti
of N-(5- cyZnoQAe; ?ném?@zﬁgf ;5860%1“1 %1?% m?gfgtr;?n?geg F?”?ﬁ d’ehy%ﬁ-l Qﬁgéggmqrjn-?i?h forr?r?cu:;cgg

(1.35 mL) wadi b ] WP PArdi Qe aRiich 1%%%6*1% whEhdded. The
reaction mixtuBeD®/athddted 6 (HrefjuR.6mdéHad)oR. 16r(2H,tidd) filegdtiHyinie $4I6 H{Bk],vsashing with
further formic acigl @ §. M9 (B8 filiresg8d washings were concentrated, diluted with toluene (5 mL)
and re-concentrated to give the crude title compound as a pale yellow solid (0.053 g) which was used
in the nek? step without further purification. SH (CDC13, 400MHz) 9.91 (1H, s), 8.34 (1H, s), 6.31 (1H,
s), 5.49 (2H, [Ré8cdpBionFe, s). MS (ES): MW 137.2. 15 Description 100 1,1-D

imethylethyl(2 m;l Hamsthyl-1- pi perazi necarboxylate
(D100) H3C2 ggﬁ? ﬁrﬁﬁgﬁyé%nﬁgrﬁ?cﬁ{%?g;%ﬁnd|neca1rc§élae 6%/de (D99) (0.053 g, 0.39 mmol),

1,1-dimethyleRYigsayisarhapylimsthaiamia ¥l mmol) and sodium
tri(acetoxy)boypipychzivee (ud@kylate @56)Mol) in 1,2-DCE (10 mL) was sonicated to aid dissolution of
the starting material then stirred at pqom temperature ovemight. Saturated agueous NaHCO3 (30 mL)

was added and the mixture was 255 24h. The reaction mixture was extracted with DCM
(3x10mL) and the organics were drie ntrated to give the crude title compound as an oll
(0.067 g) which was used in the next sti ﬁ further purification. MS (ES): MW 321.3, MNa+
343.3. WO 2008/000729PCT/EP2007/05342 91 Description 101 1,1-Dimethylethyl

(2S)-2-methy1-4-([4-methyl-6-(methylamingQ)-3s pyridinyljmethy1}- 1 -piperazinecarboxylate (D101) Hsc
HOyO CHtN)",,CH, 5Tol,1-dimethylethyl(2S 6-a ino-4-methyl§3-pyridinyOmethyl]-2-methyl-1-
piperazinecarboxylate (0100) (0.067 g, 0.21 Q0H (4 ) ) under an argon atmosphere
was added paraformaldehyde (0.019 g, 0.63 mmolj;ra,n S mxetfioxide (0.057 g, 1.00mmol). The
mixture R@s stirred at 50C overnight then sodium borohy rrdeCtO 024 g, 0.63 mmol) was added and
the reaction stiniedtiaé Sé¥mpound was prepared from 1,1-dimethylethyl (2S)-4-({4-[[(6-chloro-3-

pyridinyl)carbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate

(D54) and 3-fluorophenol in a similar manner to that described for D55 in Description
55, yielding the title compound as a pale yellow oil (0.057 g). MS (ES): MH" 535.3.
25



10 for 24 h. The reaction mixture was concentrated in vacua. The residue was partitioned between
DCM and saturated aqueous NaHCO3 and stirred for 0.5 h. The aqueous phase was extracted with
DCM (3x5mly, gnghirp¢ambined organics were dried and concentrated to givg@pssbtdigsg&alpurless oil.
Column chromatography eluting with 0-10% MeORAPCM gave the crude title compound as a
colourless oil 15(0.037 g) which was used in the next step without further purification. MS (ES): Hi'
335.3. Description 102 1 -(Bromomethyl)-2-ch loro-4-nitrobenzene (D102) Br 20 A mixture of
2-chloro-4-nitrotoluene (0.209, 1.17 mmol), N-bromosuccinimide (0.228 g, 1.28 mmol) and benzoy!
peroxide (0.0ﬁﬁg‘,’—@%‘%ﬂol) in tetrachloromethane (7 mL) was irradiated (500W lamp) at reflux

overnight. Thel yeBitnathylethyb(28)stdhf{bifEegdnapierylyedyiBoil/solid (0.391 g) which was used
directly in the C?SWE& QB@WM&HQB&HW&%@RQIX}M@\% _QMWQ&PCT/EPZOO?/OSGMZ 92
e 2 I

Description 103 1,1-Dimethyl I )7-4-[(2-chloro- -nitrophenyOrnethyl]-2-methyl-1 -
piperazinecar BIBSNEEINESARNFNEIPEA mixture of crude 1-(bromomethyl)-2-chloro-4-nitrobenzene
(D102) (0.391 g), 1,1- dimethyletr]_yic-l Sc),-z-rgethyl-l-piperazinecarboxylate hydrochloride (0.407 g,
1.72 mmol) and Hunig's base (0.625 L,‘f59mmol) in dry DMF (3 mL) was stirred at room
temperature for 10 minutes. The react igHe was concentrated to give an orange oil which was
dissolved in DCM and washed with watgr (x2) and brine, then 10 dried and concentrated to give an
orange oil. Purification by column chromatggraphy eluting with 0-30% EtOAcipentane gave the title
compound as a yellow oil (0.199 g). 8H (CB 400)Hz) 8.24 (1§, d), 8.12 (1H, dd), 7.77 (1H, d),

4.24 (1H, br.$), 3.85 (1H, d), 3.63 (2H, s), 3. H, tf), 2,76 (1H, fh), 2.59 (1H, m), 2.33 (1H, dd), 2.18
(1H, m), 1.47 (9H, s), 1.28 (3H, d). MS (ES): M-1#\87 N15 ription 104 1,1-Dimethylethyl
(2S)-4-[(4-amino-2-chlorophenyOmethyl]-2-methy1C#s pt esqrboxylate (D104) 0",r0 CHtNyCH,

CIH2 20A%mixture of 1,1-dimethylethyl (28)-4-[(2-chIoro-él_-nitrophen)c/?meth 1]-2-methyl-1-
piperazinecardbgykite @roRyd. ¥ rersesrnirem) 1 tisimatimetevt 28 A4l EBMRBI$-and 5% Pt/C
catalyst (0.134ghdiRyMebbyITihetidamird]paenaiectayiyeometaynpaipbiseinachivrpamheric pressure
for 3h. The catalyst was.removed by filtration and the filtr t ta give a colourless oil
which was dist%%%& {is f’ﬁ&?\ﬂeh%ég 'E)&ﬁ)lr@o ution %%Bv?/%asé\lgggcvﬁhgt%gvﬁ%géi?g)Ba%% %)ri]} 8%, then dried
and WO 200878@ineegrCiieEpacon tBes4imenesntitfdaRih e PHEfCAYgR WrsderRTI®urification by
column ofy 0m@&@Wl@BMﬁW%ﬁ%WBtbér@;ﬂ-@%Fﬁ@@éﬁl@em@lﬁﬂd}aUmﬁb&rﬂﬂescafwrwndsasoi; colourless
oil (0.125 g). 8 13, 400MHz) .7 1H, d), 6.69 (1H, d), 6.54 (1H, dd), 4.18 (1H, br.$), 3.79 (1H,
d),3.70 (2H, b é)g‘gé&ﬁl-a%\f)%)‘ﬁ%é[ td), 2.74 (1H, m), 2.60 5(1H, m), 2.19 (1H, dd), 2.03 (1H,
m), 1.45 (9H, s), 1.22 (3H, d). MS (ES): MH+ 340/342. Description 105  1,1-Dimethylethyl
(25)-4-112-chipga&iptiefsgamino)phenyl]methy1}-2-methyl-1- 10piperazinecarboxylate (D105)

1,1-Dimethylethyl (2S)-4-({4-[({6-[(4-fluorophenyl)amino]-3-

15 pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1 -

piperazinecarboxylate (D58)
o\fo
CH, [N]’CH:,
N
ol
|
: CH, N ,
H

BINAP (0.041 g, 0.0654 mmol), cesium carbonate (0.213 g, 0.654 mmol) and
palladium acetate (0.009 g, 0.0436 mmol) were combined in dioxane (1mL) and

H
H,C2

20 sonicated for 1 h under an argon atmosphere. To the red mixture was added 4-
fluoroaniline (0.053 g, 0.479 mmol) and 1,1-dimethylethyl (2S)-4-({4-[[(6-chloro-3-
pyridinyl)carbonyl](methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D54) (0.2 g, 0.436 mmol). The mixture was stirred at 60 °C for 1 h, the solvent was



NH CH, The title compound was prepared from 1,1-dimethylethyl (2S)-41(4-amino-2-
chlorophenyl)methy1]-2-methyl-1-piperazinecarboxylate (D104) using a method similar to that
described forf3iadaRgesaption 3A although the reaction was heated at 155QG,gysjiighispsior to, and
for 24h after addition of sodium borohydride.(3eq.ysMS (ES): MK' 354/356. Description 106
1,1-Dimethylethyl (25)4-({6-[((6-chloro-3-pyridinyl)carbonylfimethyl)amino]-3-
20pyridinyl}methyl)-2-methyl-1-piperazinecarboxylate (D106) H,C3 Oy.0 CHt WO
2008/000729PCT/EP2007/056342 94 0.703 mmol) in DCM (7 mL) under argon was added
6-chloro-3-py iRy BB/ WHHB@(@.@%%?G%;PWHW‘SW@WB&LE%&@% WEPa Hm
temperature f@toAShayean wilsiteideditaddCodraeetisicr. THee angenipriaiyet was drieifiethdyroncentrated
to give the cr [ ified | t [ ' OAc/DCM
gave the title Lgﬁ%?ég u@ﬁg&gg %Cvé\)kﬁgﬁc%)% He egs's? %ﬁ%é{%%&gs%ﬂﬂlg%%pg %@%&%ﬁg@% (1H, d),
8.19 (1H, d), ittocarpayay assrraleiyellow pib® (119, @) 56 GGl 489MHZY § 10 (BR8P (1H, d), 3.58
(34, ?%,191549) (s 6)13)3732;5((@% o) 3.0 (34, 16) CHBQ AL B LA (14, ANL(1A, Bt colBo 04 (1H, m),
: ,S), 1. : . escription -Dimet
(28)-4-1(4-1T€%|%Ckﬁ%r%'- -@*ﬂuﬁﬁ%&mﬁﬁ%ﬁsﬁf&ﬁrﬁ?&“"fﬂ*' W2 g G2k,
phenvilmethvii)2 2rié:tiA 1pip&RE e ambokPRatd HDas) HTHY, 1. AFINBH. dsMRED):
6-bromo-2-pyiiglineaaryoxylic acid (0.348 g, 1.72 mmol) was dissolved in dry dioxane (15 mL) and
thionyl chloride (0.570 mL, 7.84 mmol) was added. The reaction mixture was stirred at reflux for 3 h
then concentrated in vacuo, re-dissolved in dioxane (15 mL) and re-concentrated to give
6-chloro®-pyRiacriptiam$9 chloride as a pale yellow solid which was used directly in step 2. 20 Step

2: The acid chofigenierRyRIPIY 2472 {ag0lYaa-flublephéhyly-) and added to a mixture of
1,1-dimethylethyl (29)-2-methyl-4-{[4-(methylamino nyllmethyl-1- piperazinecarboxylate (D3)
(0.500 g, 157%6@@&%8@@%@@%2‘%‘%@%%5%@EW@S mL). The reaction mixture
was stirred at piperazineparbandaledRight and then washed with water (x2) and brine. The organic
layer was dried 25 and concentrateg ¢o give the crude product, which was purified by column
chromatography. Elution with 20-609 foentane yielded the title compound as a yellow oil/solid
(0.658 g). 6H (CDCI3, 400MHz) 7.56 ¢ht,Nq),,&46 (1H, m), 7.17 (2H, m), 6.99 (211, m), 4.16 (1H,
br.$), 3.79 (1H, d), 3.50 (3H, s), 3.46 (1i-gd), 3.32 (1H, WO 2008/000729PCT/EP2007/056342 95 d),
3.07 (1H, m), 2.69 (1H, d), 2.50 (1H, d), 208 (1H, m), 1.97 (1H, m), 1.46 (9H, s), 1.19 (3H, d). MS
(ES): MW 459/461. Description 108 51,1-K ylethyl

(2S)-4-({4-[[(6-bromo-3-pyridinyl)carbonyl](m )amjino]
phenyl}methyl)-2-methyl-1-piperazinecarboxylxte 9@8@—1C OtO CH,ENDACH, Br
Tol-hydroxybenzotriazole(0.967 g,7.16 mmol) andRRbe hexylcarbodiimide resin (4.48 g,

1.6 mmol/g, 7.16 mmol) in DMF (15 mL) was 10 added 6-bro pyridinecarboxylic acid (0.964 g,
4.77 mmol) in DMF (15 mL). The mixture was stirred for 30 minutés &nder an argon atmosphere and

1’1'dime¥%y'et§¥.lé§ﬂ-.(%lztgﬂggév-%ﬁ- friaeibuRmRiaRbE X aa1Y 4 Biptasiorabalate (O3) (1.52

g, 4.77 mmol) In C as added. The mixture was stirred Tor 65 h at room temperature.
PS-trisamine resiipxanedS-aklioaddhiga) P, Q465 Mlregitd(DER!) was added drop-wise.

After stirring for 1 h the solvent was removed by evaporation, DCM was added to the
residue which was then re-concentrated to give 1-(4-fluorophenyl)-4-
piperidinecarbonyl chloride which was used directly in step 2.

20 Step 2: The acid chloride from step 1 was taken up in DCM (2.5 mL) and added
drop-wise to 1,1-dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D3) (0.121 g, 0.38 mmol) in DCM (2.5 mL), followed by
triethylamine (0.080 mL, 0.57 mmol). The reaction mixture was stirred for 3h under
argon, then the solvent was removed by evaporation. The residue was partitioned

25 between DCM (30 mL) and water (30 mL). The aqueous was re-extracted with DCM
(30 mL) and the combined organic layers were dried and concentrated to yield the
title compound as a yellow oil. 34 (CDCls, 400MHz) 7.40 (2H, d), 7.15 (2H, d), 6.89
(2H, m), 6.80 (2H, m), 4.20 (1H, br.s), 3.82 (1H, d), 3.50 (4H, m), 3.27 (3H, s), 3.10



15 relative to amine) and MP-carbonate resin (5 eq. relative to HOBt) were added and the mixture
stirred for 4 h at room temperature. The mixture was filtered to remove the resins which were then

washed with{sthekafe™Me The filtrate was concentrated to give the crude gegdpebyrhicdyyyas purified
by column chromatography. Elution with an EtOAdgetroleum ether gradient yielded the title compound
as a white solid 20 1.20(3H, d). MS (ES): MW 503/505. 25 Tabulated compounds D109 -0110 were
prepared using methods similar to those described in Description 15 using the appropriate aniline
precursor and appropriate carboxylic acid. 96 +12 01 aiintO 61 0 CV in Method Comment Step 2
Similar methoé%’)ﬂ 2ifRddbh 228, NEHBPBREH im0t Watdh iR bRE gaithBgh sat. aq.
NaHCO3 used2h ofiyct4sf (9HIe),in.25{8H, HSMSIESheiicbrs @15 Similar method to D15
1,1-dimethylethyl (2S)-4-({5-[({6-[(4- fluorophenyl)oxy]-3- pyridinyl)carbonyl)(methyl)amino]-2-
pyridinyl}meth%lzz-gél[p%}mlé%- piperazinecarboxylate fluorophenyl)-3- ‘

Zescription 60

5  1,1-Dimethylethyl (2S)-4-({4-[{[6-(3-fluorophenyl)-3-
pyridinyl]carbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D60)

H3
H,C3{ o0

Step 1: 6-(3-Fluorophenyl)-3-pyridinecarboxylic acid (82 mg, 0.376 mmol) was
10  stirred in dioxane (4 mL) and thionyl chloride (0.137 mL, 1.88 mmol) added dropwise.
The reaction mixture was heated at reflux for 40 min then concentrated in vacuo to
give 6-(3-fluorophenyl)-3-pyridinecarbony! chloride as a white solid (0.088 g) which
was used directly in step 2.
Step 2: The acid chloride from step 1 was taken up in DCM and added drop-wise to
15 a mixture of 1,1-dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D3) (0.1 g, 0.313 mmol) and triethylamine (0.065 mL, 0.47
mmol) in DCM (5 mL). The reaction mixture was stirred at room temperature under
argon for ~15 h, then diluted with water and DCM. The organic layer was dried and
concentrated to give the crude product, which was purified by column
20 chromatography. Elution with EtOAc/petroleum ether yielded the title compound as a
yellow oil (0.127 g). &y (CDCls, 400MHz) 8.51 (1H, d), 7.75 (1H, dd), 7.67 (2H, m),
7.55 (1H, d), 7.40 (1H, m), 7.24 (2H, d), 7.08 (1H, m), 7.03 (2H, d), 4.15 (1H, br.s),
3.78 (1H, d), 3.53 (3H, s), 3.45 (1H, d), 3.32 (1H, d), 3.06 (1H, td), 2.69 (1H, d), 2.49
(1H, d), 2.09 (1H, dd), 1.98 (1H, m), 1.44 (9H, s), 1.16 (3H, d). MS (ES): MH"* 519.3.
25



pyridinyllcarbonyll(methyl)amino]-2- Structure Nligl ./ | HON 9-10 OdAOA-c3Hoyzouxl)rn */ _2 z-u
z Aniline PrecursorCoco0 CoCo0 Cbus0O0CDOG6
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Description 61

1,1-Dimethylethyl (2S)-4-({4-[{[6-(4-fluorophenyl)-2-methyl-3-
pyridinyl]carbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D61)

H3
H,C OYO
CH, (Nj,cm
N

To 1-hydroxybenzotriazole (63.4 mg, 047 mmol) and N-benzyl-N'-
cyclohexylcarbodiimide resin (351.6 mg, 1.6 mmol/g) in DMF (1 mL) was added 6-(4-
fluorophenyl)-2-methyl-3-pyridinecarboxylic acid (72.3 mg, 0.313 mmol) in DMF
(1mL). The mixture was stirred for 30 minutes under an argon atmosphere and 1,1-

10  dimethylethyl (25)-2-methyl-4-{[4-(methylamino)phenyljmethyl}-1-
piperazinecarboxylate (D3) (100 mg, 0.313 mmol) in DCM (2 mL) was added. The
mixture was stirred overnight at room temperature. PS-trisamine resin (2 eq. relative
to acid), PS-isocyanate resin (2 eq. relative to amine) and MP-carbonate resin (5 eq.
relative to HOBt) were added and the mixture stirred overnight at room temperature.

15  The mixture was filtered to remove the resins which were then washed with further
DCM. The filtrate was concentrated to give the crude product which was purified by
column chromatography. Elution with an ether/petroleum ether gradient yielded the
titte compound (35.2 mg). &4 (CDCls, 400MHz) 8.00 (2H, s), 7.37 (1H, d), 7.27 (1H,
m), 7.12 (4H, m), 6.98 (2H, s), 4.14 (1H, bm), 3.75 (2H, d), 3.52 (3H, s), 3.40 (1H, d),

20 3.25(1H, d), 3.03 (1h, t), 2.58 (4H, m), 2.41 (1H, d), 2.04 (1H, m), 1.95 (1H, m), 1.44
(9H, s), 1.13 (3H, d). MS (ES): MH" 533.3.

25



0.-E WO 2008/000729PCT/EP2007/056342 97 Tabulated compounds D111 - D117 were prepared
using methods similar to those described in Description 16 using the appropriate aniline precursor and

appropriate Gagpspglipasld. 9812 (0 Nt +1t, 43) N: 3 Method Comment Sjeig 4 -imlagsasthod to D16
Similar method to D16 Similar method to D16 althggigh sat. ag. NaHCOS3 used in place of water in

work-up Step 1 Similar method to D16 although reaction temp./time: room temperature, 0.75h Similar
method to D16 although reaction temp./time: room temperature, 0.75h Similar method to D16 although
reaction time: 0.75h OLUBN 1,1-dimethylethyl (2S)-4-({44({1-[(3-

Description 62

1,1-Dimethylethyi (2S)-4-[(3-fluoro-4-nitrophenyl)methyl]-2-methyi-1-
piperazinecarboxylate (D62)

HLC
H,C2y 0.0

CH, [NTCHS

N
UF
NO,

5 A solution of 4-(bromomethyl)-2-fluoro-1-nitrobenzene (232 mg, 1 mmol) and Hunig'’s
base (0.192 mL, 1.1 mmol) in DMF (3 mL) was treated with 1,1-dimethylethyl (2S)-2-
methyl-1-piperazinecarboxylate (200 mg, 1 mmol) in DMF (3 mL) and stirred at room
temperature for 20 minutes. The reaction mixture was concentrated, re-dissolved in
DCM and washed with water and brine, then dried and concentrated. The crude

10 product was purified by column chromatography. Elution with EtOAc/pentane
yielded the title compound as a colourless gum (327 mg). 64 (CDCl;, 400MHz) 8.03
(1H, m), 7.34 (1H, dd), 7.27 (1H, m), 4.22 (1H, br.s), 3.84 (1H, d), 3.58 (1H, d), 3.47
(1H, d), 3.13 (1H, td), 2.72 (1H, m), 2.54 (1H, m), 2.22 (1H, dd), 2.09 (1H, m), 1.46
(9H, s), 1.26 (3H, d) [6 values corrected for incorrectly referenced TMS at 0.62ppm
16  on spectrum]. ‘

Description 63
1,1-Dimethylethyl (2S)-4-[(4-amino-3-fluorophenyl)methyi]-2-methyl-1-
piperazinecarboxylate (D63)

H,G
H,C2{_0.__0

CH, [Nj,cri3
N
Ao 4
20 NH,
The title compound was prepared from 1,1-dimethylethyl (2S)-4-[(3-fluoro-4-
nitrophenyl)methyl]-2-methyl-1-piperazinecarboxylate (D62) using a method similar
to that described for D2 in Description 2 although the reaction was carried out on an

H-Cube™ continuous flow hydrogenator and triethylamine was used in place of solid
25 KOH. 84 (CDCI3, 400MHz) 6.99 (1H, dd), 6.86 (1H, dd), 6.71 (1H, dd), 4.17 (1H,



cyanophenyOmethyl]-4- piperidinyl}carbonyl)(methypamino] phen4}methyl)-2-methy1-1-
piperazinecarboxylate 1,1-dimethylethyl (2S)-4-({44({1-[(4- cyanophenyOmethyl]-4-

piperidinyl}cagpnylgngdayDamino] phenylimethyl)-2-methyl-1- piperazinesapsyiRse342
11,1-dimethylethyl (2S)-4-({4-[{[6-(3- 1 fluorophenyg)-3- pyridinyl]carbonyl}(1-
methylethyl)aminolphenyl}methyl)- 2-methyl-1-piperazinecarboxylate Structure NO O Na.iy 411 r.",N."
tHOIkeitHO .jO OirOEHH 0t HON riD oAoidri  hl.H3Dtk Y N 0 SO r"N"..1 EHOeLNHO

CrJ1/4'0+,061-1 Aniline
br.s), 3.79 (1H, d), 3.67 (2H, br.s), 3.40 (1H, d), 3.27 (1H, d), 3.09 (1H, td), 2.73 (1H,

m), 2.56 (1H, m), 2.08 (1H, dd), 1.96 (1H, m), 1.45 (9H, s), 1.22 (3H, d).

Description 64
95 1,1-Dimethylethyl (2S)-4-{[3-fluoro-4-(methylamino)phenyl]methyl}-2-methyl-1-
piperazinecarboxylate (D64)

H._,E'?C 0.0
(J
F
.
CH,
The title compound was prepared from 1,1-dimethylethyl (2S)-4-[(4-amino-3-
fluorophenyl)methyl]-2-methyl-1-piperazinecarboxylate (D63) using a method similar
10  to that described for D3 in Description 3A although the reaction was heated at 50°C
overnight prior to and after addition of sodium borohydride. &4 (CDCl3;, 400MHZz) 6.96
(2H, m), 6.61 (1H, m), 4.17 (1H, br.s), 3.89 (1H, br.s), 3.79 (1H, d), 3.41 (1H, d), 3.28
(1H, d), 3.08 (1H, td), 2.87 (3H, s), 2.74 (1H, m), 2.57 (1H, m), 2.08 (1H, dd), 1.95
(1H, m), 1.45 (9H, s), 1.22 (3H, d).
15
Description 65

1,1-Dimethylethyl (2S)-4-[(2-fluoro-4-nitrophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D65)

HE3C o} 0
¥
c»43[rqj,cr|3
‘ N F
t “NO.

20 Step 1: A mixture of 2-fluoro-4-nitrotoluene (1.55 g, 10 mmol), N-bromosuccinimide
(1.96 g, 11 mmol) and benzoyl peroxide (0.121 g, 0.5 mmol) in CCl; (60 mL) was
irradiated with a 500W lamp overnight. The reaction mixture was filtered,

2

concentrated and eluted through a silica column with EtOAc/pentane to give a crude
product mixture (2.34g) which was used in step 2.



PrecursorcoOcoOr-opODescnl.-'el-C4.-5Cr)-5 99CICOCOID el COCDO Similar method
to D16 although sat. ag. NaHCO3 used in place of water in work-up Similar method to 016 although

sat. ag. NaHG@3gdsRehadlace of water in work-up Similar method to D16 siigsdpabaed o D16
although reaction time: Ih Similar method to D16 ajthough reaction time: 0.5h Similar method to D16

although reaction time: 0.5h

Step 2: A mixture of crude 4-(bromomethyl)-3-fluoro-1-nitrobenzene (2.11 g) from
step 1, Hunig’s base (1.9 mL, 10.913 mmol) and 1,1-dimethylethyl (2S)-2-methyl-1-
piperazinecarboxylate (2g, 10 mmol) in DMF (15 mL) was stirred at room
temperature for 40 minutes. The reaction mixture was concentrated, re-dissolved in
5 DCM and washed with water (x2) and brine, then dried and concentrated. The crude
product was purified by column chromatography. Elution with EtOAc/pentane yielded
the title compound as a yellow gum which crystallised on standing (2.11 g). 8k
(CDCls, 400MHz) 8.03 (1H, dd), 7.91 (1H, dd), 7.70 (1H, m), 4.22 (1H, br.s), 3.84
(1H, d), 3.61 (2H, m), 3.12 (1H, td), 2.74 (1H, m), 2.57 (1H, m), 2.27 (1H, dd), 2.11
10 (1H, m), 1.46 (9H, s), 1.25 (3H, d). MS (ES): MH" 354.1.

Description 66
1,1-Dimethylethyl (2S)-4-[(4-amino-2-fluorophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D66)

15 2
1,1-Dimethylethyl (28)-4-[(2-fluoro-4-nitrophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D65) (2.05 g, 5.801 mmol) was taken up in methanol (50 mL)
and wet (50% w/w water) 5% platinum on carbon (2 g) and triethylamine (8 mL,
58.01 mmol) were added. The mixture was hydrogenated at atmospheric pressure

20 and room temperature for 2.5-3 h. The mixture was filtered and the filtrate
concentrated to give the crude product which was purified by column
chromatography. Elution with EtOAc/pentane yielded the title compound as an
almost colourless gum (1.15g). &4 (CDCl;, 400MHz) 7.11 (1H, t), 6.42 (1H, dd), 6.35
(1H, dd), 4.17 (1H, br.s), 3.79 (1H, d), 3.72 (2H, s), 3.43 (2H, m), 3.07 (1H, td), 2.74

25 (1H, m), 2.58 (1H, d), 2.14(1H, dd), 1.99(1H, m), 1.45(9H, s), 1.20(3H, d).

30



1,1-dimethylethyl (2S)-44[4- (ethyl.([6-(3-fluoropheny1)-3- pyridinyl]carbonyl}amino)phenyl]me
thyl1l1-2-methyl-I- piperazinecarboxylate 1,1-dimethylethyl (2S)-4-[(4-{([6-(3- fluoropheny1)-3-

pyridinylicarRQgy:hhkdgobgthyloxy)ethyllamino}phenyOmet hyl]-2-methyl-1-ipgisaiasasipoxylate
1,1-dimethylethyl (2S)-4-({44({6-[(4- fluorophenyl)axy]-3- pyridinyl}carbonyl)(methyl)amino]-
2-methylphenyl}methyl)-2-methyl-1- piperazinecarboxylate  , '"HO 1NI OEH 0 40 tHOsILNAHO
0.)...9%0itOtH "HD 411 c)c HO N HO OAQ)VIOcH H a",0 111 0 s1-10

Description 67
1,1-Dimethylethyl (2S)-4-{[2-fluoro-4-(methylamino)phenyllmethyl}-2-methyl-1-
piperazinecarboxylate (D67)

H.C
W

CH

OYO
N F

Q,

|
CH,

5 The title compound was prepared from 1,1-dimethylethyl (2S)-4-[(4-amino-2-
fluorophenyl)methyl]-2-methyl-1-piperazinecarboxylate (D66) using a method similar
to that described for D3 in Description 3A although the reaction was heated at 50°C
overnight prior to addition of sodium borohydride and for 24h after addition. &y
(CDCls, 400MHz) 7.11 (1H, t), 6.35 (1H, dd), 6.27 (1H, dd), 4.17(1H, br.s), 3.78 (2H,

10 m), 3.44 (2H, m), 3.07 (1H, td), 2.82 (3H, s), 2.75 (1H, m), 2.59 (1H, m), 2.14 (1H,
~dd), 1.99 (1H, m), 1.44 (9H, s), 1.21(3H, d).

Description 68
1,1-Dimethylethyl (2S)-4-({4-[[(6-chloro-3-pyridinyl)carbonyl](methyl)amino]-3-
15  fluorophenyl}methyl)-2-methyl-1-piperazinecarboxylate (D68)

H
H,C3) 0. 0

The title compound was prepared from 1,1-dimethylethyl (2S)-4-{[2-fluoro-4-
(methylamino)phenyllmethyl}-2-methyl-1-piperazinecarboxylate  (D64) using a
method similar to that described for D54 in Description 54 although no aqueous

20  work-up was carried out. The reaction mixture was concentrated and used directly in
the next step. MS (ES): MH" 477.11.



COCO0003007101-ELO..-0CO .-0 WO 2008/000729PCT/EP2007/056342 100 (1 a CV LO
Similar method to D16 Similar method to D16 although reaction time: 1h 1,1-dimethylethyl

(28)-4-({6-RIGrE310ils/epePlaeny1)-3- pyridinyl]carbonyl)(methyDamino]-3- pysiginyiinetydl2-methyl-1-
piperazinecarboxylate 4/11 AHO N. N W., | c HO N HO 0A04;0tH 0 H CO 0)

Description 69
1,1-Dimethylethyl (2S)-4-({3-fluoro-4-[({6-[(4-fluorophenyl)oxy]-3-

pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D69)

H
T H L0

7°
CH, Nj,CH3
N

F
0O
ﬁ :
Y O
CH, NN

The title compound was prepared from 1,1-dimethylethyl (2S)-4-({4-[[(6-chloro-3-
pyridinyl)carbonyl](methyl)amino]-3-fluorophenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D68) and 4-fluorophenol using a method similar to that
described for D55 in Description 55 although only 1eq of 4-fluorophenol was added
10  initially, the reaction was heated at 130°C over-weekend, further 4-fluorophenol (2eq)
and potassium carbonate (4eq) were added and the reaction was heated at 130°C
overnight. The product was purified by column chromatography. 84 (CDCl3, 400MHz)
8.07 (1H, s), 7.73 (1H, dd), 7.04 (7H, m), 6.74 (1H, d), 4.19 (1H, br.s), 3.80 (1H, d),
3.43 (4H, m), 3.33 (1H, d), 3.08 (1H, td), 2.67 (1H, d), 2.49 (1H, d), 2.13 (1H, dd),
15 2.00 (1H, m), 1.45 (9H, s), 1.21 (3H, d).

Description 70
1,1-Dimethylethyl (2S)-4-({4-[[(6-chloro-3-pyridinyl)carbonyl](methyl)amino]-2-
fluorophenyl}methyl)-2-methyl-1-piperazinecarboxylate (D70)

HSE:’C 0. .0
CH, Nj,CH3
[N F
L
SN
20 c':H3 A N¢

The title compound was prepared from 1,1-dimethylethyl (2S)-4-{[2-fluoro-4-
(methylamino)phenyljmethyl}-2-methyl-1-piperazinecarboxylate  (D67) wusing a
method similar to that described for D54 in Description 54 although no aqueous



0r-5 WO 2008/000729PCT/EP2007/056342 101 Description 118
1,1-Dimethylethyl(2S)-4-({6-R(61(4-fluorophenyl)oxy1-3-
pyridinyl}carQeghsgrpigighaminol-4-methyl-3-pyridinylimethyl)-2-methyl-1- Rigarpipaeaaoxylate
(0118) OtO CHtNyCHS3 5 Step 1: 6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14) (0.032 g,
0.14 mmol) was solubilised in dry dioxane (2 mL). Thionyl chloride (0.081 mg, 0.14 mmOl) was added
drop-wise and the reaction mixture heated at reflux for 1.25 h.. The reaction mixture was concentrated,

and then re-concentrated from DCM to give 6-[(4- 10fluorophenyl)oxy1-3-pyridinecarbonyl! chloride
which was us&tPHiFdRWPcafEphoateps: reartiofhpifiyie e concentrated and used directly in

(2S)-2-methy|#ie{Fexhetdy MSESH N T3)43- pyridinyllmethy1}-1-piperazinecarboxylate (D101)
(0.038 g, 0.11 mmol) was dissolved in dry DCM (2 mL). Triethylamine (0.016 g, 0.16 mmol) was added
dropwise and after 5 minutes a solution of the acid chloride from step 1 in dry DCM (2mL) was 15
added dropwi%‘ﬁﬁ@-‘ﬁ@&&bn mixture was then left stirring under argon at room temperature

overnight 5Satdyt@ninetdethyNaHCO3 (15mi2 syass(zifladrorti[{(e [¢iflaotspleemylpsiydated with DCM

(3x5mL). Th i ied . L) reduct was purified by column
chr-omatograp%g;Eiu*_%ﬁ%vﬁ%ggm%%%j%%jﬁ??jgﬁ%%wz?ﬁgﬁgn?gave the title compound as a
colourless oil PiREraZHepanhoxyiate (RM)+ 550.4 Tabulated compounds D119 - D122 were prepared

using methods similar to those 2}?6 cribed in Description 16 using the appropriate aniline precursor

and appropriate carboxylic acid. 10%+ Inai F.- U) It: In Co U, .1. a) 3 Method Comment Step 2
Similar method to D16 although reacatigpmjytatie concentrated and purified directly by column

chromatography Similar method to D14 altHough reaction time: 48h. Reaction mixture concentrated
N

and purified F

(o]
F
N P”Q
o, AN

The title compound was prepared from 1,1-dimethylethyl (2S)-4-({4-[[(6-chloro-3-

10  pyridinyl)carbonyl](methyl)amino]-2-fluorophenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D70) and 4-ﬂuorophenol using a method similar to that
described for D55 in Description 55 although the reaction temp./time was 130°C for
8h and purification was carried out by column chromatography. 8, (CDCl;, 400MHz)
8.07 (1H, dd), 7.70 (1H, dd), 7.33 (1H, t), 7.05 (4H, m), 6.78 (3H, m), 4.19 (1H, br.s),

15  3.81 (1H, d), 3.47 (5H, m), 3.07 (1H, td), 2.71 (1H, d), 2.563 (1H, d), 2.18 (1H, dd),
2.04 (1H, m), 1.46 (9H, s), 1.20 (3H, d). ~

Description 72
1,1-Dimethylethyl (2S)-4-({4-[[(5-bromo-2-

20 pyridinyl)carbonyl](methyl)amino]phenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D72)

H
H,C 0. 0



directly by column chromatography Similar method to D16 with column chromatography and MDAP
purification. Step 1 Similar method to D16 although reaction time: th Similar method to D16 although

reaction timey3hQinikgsethod to D16 although reaction time: 1.5h 8 al BppbAimgidsthy!
(2S)-4-[(4-{({61(4- fluorophenyl)oxy]-3- pyridinyl}cggbonyl)[2- (methyloxy)ethyllamino}phenyOmet
hyl]-2-methyl-1- piperazinecarboxylate 1,1-dimethylethyl (28)-4-({2-chloro-
41({6-[(4-fluorophenyl)oxy]-3- pyridinyl}carbonyl)(methypamino]ph enyl}methyl)-2-methyl-1-
piperazinecarboxylate 1,1-dimethylethyl (25)-4-({4- ! [ethyl({6-[(4-fluorophenypoxy]-3-
pyridinyl}carbdtiPathmB[BRENpMidineparboRikiayil 9. HitEfammebmas WisselvedrinckiRH (2HT 01 N., I N
tHO# mL) and water (20 mL) and treated with potassium hydroxide (1.53 g, 27.32 mmol).

The reaction mixture was heated to 80 °C for 24 h. The solvent was removed under
vacuum and the residue was taken up in water and acidified to pH 4 with 2M HCI.
5  The aqueous layer was extracted with ethyl acetate (x3) and the combined organic
layers dried and concentrated to give 5-bromo-2-pyridinecarboxylic acid (0.704 g) as
an orange solid which was used in step 2.
Step 2: The acid from step 1 (0.702 g, 3.475 mmol) was suspended in DCM (40 mL)
under argon, DMF (1 drop) was added and the mixture was cooled in an ice-bath.
10  Oxalyl chloride was added portion-wise over 5 minutes and the mixture was then
heated to 40°C for 90 minutes. On cooling, the solvent was removed to produce 5-
bromo-2-pyridinecarbonyl chloride (0.801 g) as a brown solid which was used in step
3.
Step 3: The acid chloride from step 2 (0.801 g, 3.633 mmol) in DCM (10 mL) was
15  added to a solution of 1,1-dimethylethyl (2S)-2-methyl-4-{[4-
(methylamino)phenyllmethyl}-1-piperazinecarboxylate (D3) (0.928 g, 2.906 mmol) in
DCM (20 mL). Triethylamine (1.009 mL, 7.266 mmol) was added and the mixture
was stirred at room temperature overnight. The reaction mixture was diluted with
DCM and washed with water. The aqueous layer was re-extracted with DCM (x2)
20 and the combined organics were dried and concentrated to give the crude product
which was purified by column chromatography. Elution with a 0-50% ethyl
acetate/petroleum ether gradient yielded the title compound as a yellow oil (1.432 g).
dn (CDCl3, 400MHz) 8.34 (1H, br.s), 7.72 (1H, br.d), 7.38 (1H, br.d), 7.18 (2H, br.m),
6.98 (2H, br.s), 4.17 (1H, br.s), 3.79 (1H, d), 3.51 (3H, s), 3.46 (1H, d), 3.32 (1H, d),
25 3.07 (1H, td), 2.68 (1H, d), 2.47 (1H, d), 2.10 (1H, dd), 1.98 (1H, m), 1.45 (9H, s),
1.19 (3H, d). MS (ES): MH" 503/505.
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Description 73
1,1-Dimethylethyl (2S)-4-({4-[({5-[(4-fluorophenyl)oxy]-2-
pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1-
piperazinecarboxylate (D73)
Hag“c 0._.0
CH, T CH,
J

(o]
K@\N N F
LY

1,1-Dimethylethyl  (2S)-4-({4-[[(5-bromo-2-pyridinyl)carbonyl](methyl)amino]phenyl}
methyl)-2-methyl-1-piperazinecarboxylate (D72) (0.2 g, 0.397 mmol), 4-fluorophenol
(0.089 g, 0.794 mmol), cesium carbonate (0.259 g, 0.794 mmol) and 2,2,6,6-
tetramethyl-3,5-heptanedione (TMHD) (0.008 g, 0.040 mmol) were combined in NMP
10 (3 mL) under argon. Copper (I) chloride (0.02 g, 0.199 mmol) was added and the
mixture heated at 120°C overnight. A second portion of 4-fluorophenol, copper (1)
chloride, cesium carbonate and TMHD was added and heating continued at 120°C
overnight. After cooling to room temperature, the mixture was partially concentrated,
the residue was taken up in EtOAc and washed with saturated aqueous NaHCO; and
15  water. The organic layer was dried and concentrated to give the crude product which
was purified by column chromatography. Elution with 0-50% ethyl acetate/petroleum
ether yielded the title compound as a yellow oil (0.161 g). 84 (CDCl;, 400MHz) 8.04
(1H, br.s), 7.49 (1H, br.d), 7.20 (2H, d), 7.00 (7H, m), 4.17 (1H, br.s), 3.79 (1H, d),
3.51 (3H, s), 3.47 (1H, d), 3.33 (1H, d), 3.08 (1H, td), 2.69 (1H, d), 2.51 (1H, d), 2.10
20  (1H, dd), 1.99 (1H, m), 1.46 (9H, s), 1.19 (3H, d). MS (ES): MH" 535.4.
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co irt; Similar method to D16 although reaction mixture concentrated and purified directly by column
chromatography Similar method to 016 although reaction time: Ih 1,1-dimethylethyl (2S)-2-methyl-4-

{[4-(methy{[Qe(SHavsi6lipoxy)-3- pyridinyl]carbonyl}amino)phenyllme thyl}-AdqiReragmagapoxylate 0
'HT N EHO# co O N CV E WO 2008/000729PCT/P2007/056342 104 Description 123
1,1-Dimethylethyl (2S)-2-methy1-4-[(4-{methyl[(4-([4-
(trifluoromethyl)phenyl]carbonyl}phenyl)carbonyliamino}phenyl)methyl]-1- piperazinecarboxylate
(D123) H,C H,C 5 Step 1: 4-([4-(Trifluoromethypphenyljcarbonyl}benzoic acid (200 mg, 0.68 mmol)
was stirred in m&ﬁ_) and thiony! chloride (0.496 mL, 6.8 mmol) added. The reaction mixture

was heated atit¢iDimisthitethyr§29) Hhigmy( (SNl gEnm)oxgizmmol) was added and heating
continued for lj n vacuo to give
4-([4- (tnfluoroﬁpet? ﬁ%mﬂ monﬁzwﬁibh%mgﬁa?f g'l‘m@]ﬁﬁp |qU|d (0.2869) which was used

directly in stefPiPesaginesarhaxylatedBtfide from step 1 was taken up in DCM (2 mL) and added drop-
wisetoamixtureofl,1- dlmethylethyl(ggy—z meiipyl -4-([4-

(methylamino)phenyllmethyl)-1-pipeta ne rboxylate (03) (0.170 g, 0.53 mmol) and 15 triethylamine
(0.11 mL) in DCM (2 mL). The reactiorf was stirred at room temperature under argon overnight
then diluted with water (20 mL) and DCM(20 mL). The aqueous layer was extracted with DCM (20
mL) and the combined organic layers were Ndried, concentrated and purified by column
chromatography. Elution with 0-30% EtOAC| ave the titlefcompound as a colourless oil (0.244
g). MS 20(ES): MI-1+ 596.2. Description 124 E\Q

5
The title compound was prepared from 1,1-dimethylethyl (2S)-4-({4-[[(5-bromo-2-
pyridinyl)carbonyl](methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D72) and 3-fluorophenol using a method similar to that described for D73 in
Description 73 although 1eq. CuCl and 0.25eq. THMD were used. MS (ES): MH'
10 535.3.

Description 75

1,1-Dimethylethyl (2S)-4-({4-[({5-[(3-cyanophenyl)oxy]-2-

pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1-
15  piperazinecarboxylate (D75)

H.C
H,C3y 0. 0

CH, ENTCH:,
N

k©\ . N
N
NJ\[j\
|
CH
3 Z 0

The title compound was prepared from 1,1-dimethylethyl (2S)-4-({4-[[(5-bromo-2-
pyridinyl)carbonyl](methyl)amino]phenyI}mefhyI)—2—methyI-1 -piperazinecarboxylate
(D72) and 3-cyanophenol using a method similar to that described for D73 in

20  Description 73 although the reaction was worked up after the first night of heating.
MS (ES): MH" 542.3.



1,1 -Dimethylethyl (2S)-4-({64({6-[(4-fluorophenyl)oxy]-3-pyridinyl}carbonyl) (methyl)am
ino]-3-pyridinyl}methyl)-2-methy1-1-piperazinecarboxylate (D124) H3C3 0y0 CH3r"NkieCH, ) 25 WO
2008/000729p& 1dk=he6134/056342 105 To 1,1-dimethylethyl PCT/EP2007/056342
(28)-4-({6-[[(6-chloro-3-pyridinyl)carbonAmethypamjno]-3-
pyridinyl}methyl)-2-methyl-1-piperazinecarboxylate (D106) (0.139 g, 0.303 mmol) in DMF (4 mL) under
an argon atmosphere was added potassium carbonate (0.293 g, 0.212 mmol) and 4-fluorophenol
(0.169 g, 1.51 mmol). The reaction mixture was 5 stirred and heated at 130C for 5h then concentrated
in vacuo. The Be8eriRtiRBd 6o dissolved in DCM/water. The organic layer was washed with 2M NaOH

solution and btijteninestisliieghyNa3p U (E-paNesi6pIeshig) aivm )2 crude product which was purified
by column chr %EI jon with Et0A¢/DCM gav ﬂ“?t'i le compound as a colourless oil
(0,054 g, w3 AR B BRI TR AR RO

(2S)-11-(01 ({ePfpemsinesr@Rate| (P18 ridinylicarbonyl) (methyl)aminolphenyl}methyl)-2-methyl-1
-piperazinecarboxylate (D125) Fi3§@,bCHtNé)sCl-13 15To sodium hydride (0.0174 g, 60% dispersion
in mineral oil, 0.436 mmol) in DMF (4\\ﬁﬁ)\ﬁ/as added 4-fluorophenol (0.0488 g, 0.436 mmol) and the
mixture stirred under an argon atmospherf@C20 minutes. 1,1-Dimethylethyl (2S)-4-({4-[[(6-chloro-2-
pyridinyl)carbonyl}(methypami no] phenyﬁj} thyl)-2-methyl-1-piperazinecarboxylate (D107) (0.100 g,
0.218 mmol) was added and the reaction fhixture was heated in a 20 microwave at 190C for 1.5 h. The
reaction mixture was concentrated and the rtitioned between DCM and water. The aqueous
layer was further extracted with DCM and th i ani fe dried over Na2S0O4 and
concentrated to give a yellow oil which was purifiegby ko mr;@fnatography to give the title
compoung as a colourless oil (0.0539 g). MS (ES): MH+ 35¥4. WO
2008/000729RCT/EP2007/056342 106 Descriptign 126.1,1-Dimethyl I
(26)-4-({41({6-{%5f5‘b“?opﬁ%rﬂ(}ﬂ%'§<y]-ﬁ’-%syriafﬁ ﬁ%ceégrbjrﬁyﬁ'metpygﬁy' (E8u-4-115-bromo-2-
(methyl)aminopgridinyl)eadepyiimetexhgmngliphanylmataybdxiyletey 0 1vgragnacarbioxyBia x 3 5The title
comdpoul?d vvbacmlaapaﬁ?]dmm_raahﬁmQtfiubetﬁy:r%ﬁa&léiﬂnlﬁﬁﬁr&hh%p-&’escribed Ifor ?Sfoi% .
pyridinyl)car methyDa m% nyl}methyl)-2-methyl-1- ineca ate an
3-f|uorophenocﬁ1§§|1?%5) %’B cé@fﬁ Bﬁﬁiﬁ?(?ﬁ%’é{'gggs%?ﬁ)}gho‘agggiriﬂ%?egg%on 125 although the
reaction fitne was 3.3 h. MS (ES): MI-1+ 535.4. 10Description 127 1,1-Dimethylethyl
(28)-4-({4-[([6Hpdbrstok piperidiny1)-3-pyridinyljcarbonyl}

(methypamino et%’?- -methyl-1-piperazinecarboxyl 127) H,c oo tNyCH3 A mixture of
Rt BT IS L R
aminolphenylimethyl)-2-methyl-1-piperazinégarb@tylate (D108) (0.050 g, 0.0993 mmol),
4-fluoropiperidine (0.055 g, 0.397 mmol) and -~:‘ lamine (0.069 mL, 0.497 mmol) in acetonitrile (4

mL) was heated at 85C overnight then in a mig ve it 140C for 10h. Further portions of
4-fluoropiperidine (5 eq.) and triethylamine (5 eq: wepe added and the reaction heated at 170C for 2h.
The reaction mixture was 20 concentrated and the residue dissolved in DCM/water. The aqueous layer
was further exérédestyanmino)enneiaylkenteircasish{Biged bfgamel wasesuskendR IS T4l 450

concentraged (19 ¥RdR IR THRRMIERT AW R I PWFOIREAIS 3 AP 4Bideld Wibh:wagé veMVO

2008/ 000729P~qg/r§1ﬁ1%?e%?/ 6t—':sérlezac %7n mixture was stirred under argon at room temperature

overnight then quenched with water (52 mL) and extracted with ethyl acetate (x3).
The combined organics were dried and concentrated to give ihe crude product which
was purified by column chromatography. Elution with 0-100% ethyl

20 acetate/petroleum ether yielded the title compound as a cream solid (0.379 g). &y
(MeOD, 400MHz) 7.36 (2H, m), 7.25 (1H, d), 4.57 (2H, s), 2.31 (3H, s), 2.10 (3H, s).
MS (ES): MH" 180.2.

25



Description 128 1,1-Dimethylethyl (28)-4-({4-R[6-(4,4-difluoro-1-piperidiny1)-3-pyridinyl]
carbonyl}(methyl)amino]phenylimethyl)-2-methyl-1-piperazinecarboxylate (D128) H3CO -to CH N CH
)40 3 5 A migtgraaichotdimethylethyl (2S)-4-({4-[[(6-bromo-3-pyridinyl)camhepyseneiind
amino]phenylimethyl)-2-methyl-1-piperazinecarboxylate (0108) (0.050 g, 0.0993 mmol),
4,4-difluoropiperidine (0.141 g, 0.894 mmol) and triethylamine (0.138 mL, 0.993 mmol) in acetonitrile
(4 mL) was heated in a microwave at 150C for 12h. 10 Further portions of 4,4-difluoropiperidine (4 eq.)
and triethylamine (5 eq.) were added and the reaction heated at 150C for Ih. The reaction mixture was
concentrated iRie dissolved in DCM/water. The aqueous layer was further extracted with

DCM (x3) andwig-Eormiyl®inetapiphenypacattridéN@?804) and concentrated to give a yellow gum
which was purified by column chromatography. Elution with 0-100% 15EtOAc/hexane gave a

colourless gum which was a mixture (-9:1) gf the itfe compound and unreacted D109 (0.0485 g). MS
(ES): MFI+ 544.2. Description 129 1,1-Dimgﬁ\
(28)-4-({4-R[6-(3-fluorophenyl)-2-pyridinyl]car I
(methyl)aminolphenyl}methyl)-2-methyl-1-piperazinecéarboxyfate (D129) A mixture of 1,1-dimethylethyl
(2S)-4-({4[l(6-ghlpre: 2-Ryridi ar [ ,

amino]phenyl mé)tK%@%ﬁlﬁm%%wﬁgﬁgé%%%egrélt%e(ogl%q)) (Q(.%§SS % Qz.lfgnr‘r?%oﬁ?d
3-fluorob@nzeMaperoARE sixide. 63625y9.01810meM YprecsRRiDeiD 2eriRndiile 7A16ptly/8Mm007/056342
108 (triphenylpegtephinepaiamiyna (oWl e4q, 70RIAGEB T abs adtiv Hiiterid offaied(he 762 g, 0.719
mmol) in a DME/(\;/}tIa%er g)A(f mL %:Sl (\)/\r/]%grgre@égqgt i’%gﬁeir&% eic;ogva S %hl\(/)v rQinHrtlﬁé' '%l(e reaction
mixture was difited wi BE?I\X’wa er and the aqueous layer was Urther extracted wit dD M (x3). The
combined orgé@iBnEremaipranivg Ednieanuithdl R0 ethicacatete/pedalssrwether valedirified by
C‘_?'l(J(;n(;‘YChfOT@Mé@hﬁ%@@%&fﬁ@%ﬁdﬁ@fQ@9)‘%&(9@@&%@%%}3HIW. (‘ﬂ-l@%)?dC?bUf[[ﬁSS
oil (0. ). : + : e nds - were prepared from the
approprii(}e bro o{;@ﬁa%el;p%éﬁaoq)ag'ggd eﬁa%%raﬁi%p%rf%]l%%g @cﬁiﬁ?c %fﬁﬂ (aeﬁha)'methods
similar to that M8JE®eMHONPA.29 in Description 129. 109 HVu N CO N 0) Method Comment "
boronic acid used and reaction

Description 79
1,1-Dimethylethyl (2S)-4-{[4-(acetylamino)-2-methylphenyl]methyl}-2-methyl-1-
15  piperazinecarboxylate (D79)
G

ad
CH, Nj,CH3
H3

N

H
H,C

o)

J

N" “cH

N-(4-Formyl-3-methylphenyl)acetamide (D78) (326 mg, 1.8 mmol), 1,1-dimethylethyl
(2S)-2-methyl-1-piperazinecarboxylate ~ hydrochloride (436 mg, 1.8 mmol),
triethylamine (0.282 mL, 2 mmol) and sodium tri(acetoxy)borohydride (781 mg, 3.7

20 mmol) were stirred together in DCE (15 mL) for 17 h. Saturated aqueous NaHCO;
(15 mL) was added and the reaction mixture stirred for 1 h. The organic layer was
separated and washed with water and brine, then dried and concentrated to give the
crude product which was purified by chromatography. Elution with 0-100% ethyl
acetate/petroleum ether yielded the title compound as a colourless oil (573 mg). 3y

25 (CDCl;, 400MHz) 7.27 (2H, m), 7.16 (1H, d), 7.11 (1H, br.s), 4.17 (1H, m), 3.78 (1H,
m), 3.36 (2H, s), 3.02 (1H, m), 2.70 (1H, m), 2.56 (1H, m), 2.36 (3H, s), 2.17 (4H, m),
1.95 (1H, m), 1.45 (9H, s), 1.18 (3H, d). MS (ES): MH" 362.3.



time was 20 minutes. Similar to D103 although 1eq. boronic acid used and reaction temperature/time
was 150C/5 minutes. 1 OlUeN (methyl(r-methyl-3,4'-bipyridin-6- yl)carbonyllamino}phenyl)methyl]-1-

piperazinecaggxyiaisydsdrd imethylethyl (2S)-4-({44115-(4- fluorophenyl1)-Ber/Ep2007/056342
pyridinylicarbonyl)(methypamino]phenyl}methyl) -gymethyl-1-piperazinecarboxylate Structure 0 0 2) i z

cz 0Oizo* o cHo.

Description 80
1,1-Dimethylethyl (2S)-4-[(4-amino-2-methylphenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D80)

H3
H,C2{_0.__0

CH, [NTCHS

N H,

NH,

1,1-Dimethylethyl (2S)-4-{[4-(acetylamino)-2-methylphenyl]methyl}-2-methyl-1-
piperazinecarboxylate (D79) (497 mg, 1.4 mmol) in KOH (1M aq soin., 5 mL) and
methanol (5 mL) was heated to 140°C for 1 h in a microwave reactor. The reaction
mixture was diluted with methanol (5 mL) and heated for a total of 4 h 55 minutes at

10 130 °C in the microwave. The reaction mixture was concentrated to remove the
methanol and partitioned between DCM and water. The organic layer was dried and
concentrated to give the crude product which was purified by chromatography.
Elution with 0-100% diethyl ether/petroleum ether followed by a column flush with
10% (2M NH; in methanol) in DCM yielded the title compound as a yellow oil (223

15  mg). &4 (CDCl3, 400MHz) 6.97 (1H, d), 6.52 (1H, d), 6.46 (1H, dd), 4.17 (1H, br.s),
3.76 (1H, d), 3.57 (2H, br.s), 3.29 (2H, m), 3.01 (1H, td), 2.70 (1H, d), 2.56 (1H, d),
2.30 (3H, s), 2.10 (1H, dd), 1.90 (1H, m), 1.45 (9H, s), 1.18 (3H, d). MS (AP*): MNa"
342.3 (MNa*), no molecular ion (MH") observed.

20 Description 81
1,1-Dimethylethyl (2S)-2-methyl-4-{[2-methyl-4-(methylamino)phenyl]methyl}-1-
piperazinecarboxylate (D81)

H
H,C 0~ 0

CH, EN],CH3

N CH,

Q,

|
CH,



Bromo- pyridine Precursor N N-ONN-0Descn O0COEC17,E 110NcsiN Lo .11.. C7 Lt, .41.
T1in Similar to D103 although leg. boronic acid used and reaction temperature/time was 150C/5

minutes. SIMigy 3Bdda:although leq. boronic acid used and reaction temperatpyaftiagsuas 150C/5
81 '

The title compound was prepared from 1,1-dimethylethyl (2S)-4-[(4-amino-2-
methylphenyl)methyi]-2-methyl-1-piperazinecarboxylate (D80) using a method similar
to that described for D3 in Description 3A although the reaction was heated at 50°C
for 16h prior to addition of sodium borohydride and 5.5h after addition. 8y (CDCls,

5 400MHz) 7.00 (1H, d), 6.45 (1H, d), 6.39 (1H, dd), 4.17 (1H, br.s), 3.76 (1H, d), 3.57
(1H, br.s), 3.33 (1H, d), 3.27(1H, d), 3.01 (1H, td), 2.82 (3H, s), 2.71 (1H, d), 2.58
(1H, d), 2.32 (3H, s), 2.11 (1H, dd), 1.90 (1H, m), 1.45 (9H, s), 1.17 (3H, d). MS
(AP"): 356.2 (MNa*), 234.2, no molecular ion (MH*) observed.

10  Description 81: Alternative Method (A)
1,1-Dimethylethyl (2S)-4-{[2-methyl-4-(methylamino)phenyllmethyl}-2-methyl-1-
piperazinecarboxylate (D81)
To a mixture of 2-methyl-4-(methylamino)benzaldehyde (D93) (0.397 g) and 1,1-
dimethylethyl (2S)-2-methyl-1-piperazinecarboxylate (0.533 g, 2.66 mmol) in 1,2-
15 DCE (35mL) was added sodium tri(acetoxy)borohydride (0.847 g, 4.00 mmol) and
the reaction stirred at room temperature overnight. Saturated aqueous NaHCO; (30

mL) was added and the mixture was stirred for 4h. The reaction mixture was

extracted with DCM and the organics were dried and concentrated to give the crude

product which was purified by column chromatography. Elution with ether/petroleum
20  ether gave the title compound as a colourless oil (0.328 g).

Description 82
(3R,5S)-1-[(4-Nitrophenyl)methyl]-3,5-dimethylpiperazine (D82)

H
Hac\[uj,cw3
N

Q.

25 The title compound was prepared from 4-nitrobenzaldehyde and (2R,6S)-2,6-

2

dimethylpiperazine using a method similar to that described for D1 in Description 1A.
MS (ES): MH" 250.2
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minutes. 1 1301-01111; delU USeU ill lll I eillaltil 1 1 c11P/g 1,1-dimethylethyl (2S)-4-({4-E[5-(3-
cyanophenyl)-2- pyridinyllcarbonylymethyl)aminthenyl}methyl) -2-methyl-1-piperazinecarboxylate
1,1-dimethylg{iyi faseisethy 1-4-({4- [methyl({543-(methyloxy)phenyl]-2- p c1/EP2007/056342
pyridinyl}carbonyl)amino]phenylimethyl)-1- piperagnecarboxylate 1
tmemyiu.o-iw-(memyioxy)pnenyiJ-z.-.....;.J;.-..il,.-..-i...,n.A%.-.r;.-..-.l...I-.e..-.11.-....-ik. Al 1l 0)--Zz
0,.,-/1)4-31 10-0a.2-0tHo 0 411) N.Ni tHO(NHO tAOA.Z.OeH H z:? dN cHO.

Description 83
1,1-Dimethylethyl methylcarbamate (D83)

,n o) CH,
M e,
O CH,

To a solution of Boc anhydride (7.5 g, 34.36 mmol) in DCM (40 mL) was added
5 methylamine (173 mL, 2M solution in THF, 345 mmol) and the reaction mixture was
stirred at room temperature overnight. The solvent and excess methylamine were
removed in vacuo and dilute 2M HCI (10 mL) was added. The aqueous layer was
extracted with DCM (x2) and the combined organics were dried and concentrated to

give the title compound as a yellow oil (3.791 g). 6, (CDCl3, 400MHz) 4.58 (1H, br.s),
10 2.73(3H, d), 1.44 (9H, s).

Description 84
1,1-Dimethylethyl (6-formyl-3-pyridinyl)methylcarbamate (D84)

CH,
H,C
OHC\CNJ\ 3 OJ\CHS
GBS
CH,

15 A mixture of 5-bromo-2-pyridinecarbaldehyde (1.5 g, 8.064 mmol), 1,1-dimethylethyl
methylcarbamate (D83) (1.267 g, 9.677 mmol), tris(dibenzylideneacetone)
dipalladium(0) (0.148 g, 0.161mmol), xantphos (0,373 g, 0.645 mmol) and cesium
carbonate (3.678 g, 11.289 mmol) in dioxane (35 mL) was heated at 110°C overnight
under an argon atmosphere. On cooling, the solvent was removed in vacuo and the

20 residue partitioned between EtOAc and water. The organic layer was separated,
washed with water and brine, dried and concentrated to give the crude product which
was purified by column chromatography. Elution with 0-50% ether/petroleum ether
gave the title compound as a brown oil (0.977 g). 34 (CDCl;, 400MHz) 10.01 (1H, s),
8.79 (1H, d), 7.94 (1H, d), 7.86 (1H, dd), 3.40 (3H, s), 1.53 (9H, s). MS (ES"): 259.1

25 (MNa®), 181.2, no molecular ion (MH") observed.
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Nr-ONr-0 Nt,..CI NC)6 COCO5 A5 WO 2008/000729PCT/EP2007/056342 111 a) 7) tor.;
Similar to D103 although 1eq. boronic acid used and reaction temperature/time was 150C/5 minutes.

Similar to D1R3, 3ljlxsgheeq. boronic acid used and reaction time was 20 pipitesodosdinethylethyl
(2S)-4-({4-R[5-(3- fluoropheny1)-2- pyridinyl]carbogyl)(methypamino]phenylimethyl)
-2-methyl-1-piperazinecarboxylate 1,1-dimethylethyl (2S)-2-methy1-4-[(4-
{methyl[(21-methy1-2,4'-bipyridin-5-

Description 85
5-(Methylamino)-2-pyridinecarbaldehyde and  6-[bis(methyloxy)methyl]-N-
methyl-3-pyridinamine (D85)

0,CH3
OHC /N Hac\o /N
2 I * \ |
IFIH ’i‘H
CH, CH,

5 To a solution of 1,1-dimethylethyl (6-formyl-3-pyridinyl)methylcarbamate (D84) (0.977
g, 4.139 mmol) in DCM (80 mL) was added TFA (20 mL) and the reaction mixture
was stirred at room temperature for 2h. The solvent was removed in vacuo and the
residue was taken up in methanol and eluted through an SCX (10 g) column with
methanol then 2M NH; in methanol solution. The ammoniacal fraction was

10  concentrated to give a yellow oil (0.622 g) which was an approximately 1:1 mixture of
the title compounds. This material was used directly in the next step. MS (ES"):
aldehyde - 137 (MH"); acetal — 151. MS (AP"): aldehyde - 137 (MH"); acetal — 205
(MNa*), 151.

15 Description 86
1,1-Dimethylethyl (2S)-2-methyl-4-{[5-(methylamino)-2-pyridinyllmethyl}-1-
piperazinecarboxylate (D86)

H
H,C3 0. 0
CH, [Nj,CHa
N

N
]

\ NH

CH

A mixture of 5-(methylamino)-2-pyridinecarbaldehyde and 6-[bis(methyloxy)methyl]-
20  N-methyl-3-pyridinamine (D85) (0.622 g), 1,1-dimethylethyl (2S)-2-methyl-1-
piperazinecarboxylate (0.910 g, 4.552 mmol) and triethylamine (0.418 g, 4.139
mmol) in 1,2-DCE (40mL) was stirred at room temperature overnight. Sodium
tri(acetoxy)borohydride (1.14 g, 5.38 mmol) was added and the reaction stirred at
room temperature overnight. The reaction mixture was diluted with DCM and washed
25 with saturated aq. NaHCO; solution and water. The organic layer was dried and
concentrated to give the crude product which was purified by column



yOcarbonyl]amino}phenyl)methyl]-1- piperazinecarboxylate A 41111H3 NI 0S sw ON tHO 0.)4NO-iatH
O-c- 0.1r-oCOO050ce, E00, E WO 2008/000729PCT/EP2007/056342 112 Description 137

1.1-Dimethvigig\iytdppsagnetinil-4414-(methvi{14-12-pyridinvi)phenvilcaro v Bshh b 05542
phenvilmethvll-1 -Di Derazinecarboxvlate (D137) g¢HtNYCH, 5To 4-(2-pyridinyl)benzoic acid (0.0624

g, 0.313 mmol) in DMF (3 mL) was added N- b en zy 1?I -cy clohe xy Ic a r bodiimide resin (0.294 g,
1.6 mmol/g, 0.47 mmol), 1- hydroxybenzotriazole (0.064 g, 0.47 mmol) and DCM (1 mL) and the
mixture was shaken for 30 minutes. 1,1-Dimethylethyl (2S)-2-methyl-4

-{(4-

(methylamino fPReRtRaEpN - 1EM R a B - QS99 R QAP roteyAY, @‘{TMS aaveoltheo tRIF (3 mL)
and DCM (1 %b}dﬂ@ﬁﬁ_cf%%@d«/@%ﬁ@imbﬁm gya&%mhg, faooRidzy?.08 rg@rﬂd)?m&@r/aljtlér& Igel )
reaction mixture w o rem resi | as t washed wi € 1).
The filtrate wa ﬁ&'bﬁi%&%ﬁ&’té@lv‘gﬁbﬁu%ﬁr\§§§c?2:%hf@n @5}% ﬁﬁgﬁgu%;c@ﬁnﬂi gnlg matography.
Elution with afiéthishipsBbat@ gshoRer@ (ildex) BegifltHcompd U8 d1(9. 083 §)0MBHES): M43+ 501.2. 15

Tabulatedsconpeyyds 33136 -d 148 weennemded from dimethylethyl (25)-2-
methyl-4-{[4-(methylamino)phenyllmethyl)-1-piperazinecarboxylate (D3) and the appropriate carboxylic
acid using methods similar to that described in for D137 in Description 137. 20 113 HIN (si

Description 87
1,1-Dimethylethyl (2S)-2-methyl-4-({4-[(1-methylethyl)amino]phenyl}methyl)-1-
piperazinecarboxylate (D87)

H,C
H,C3\ 0. 20

10 H,C~ TCH,
To a stirred solution of 1,1-dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D2) (0.30 g, 1 mmol) in dry 1,2 DCE (5mL) was added
sequentially 2-methoxypropene (0.141 mL, 1.5 mmol), acetic acid (0.056 mL, 1
mmol) and sodium triacetoxyborohydride (0.313 g, 1.5 mmol). Further 1,2 DCE (5

15 mL) was added and the reaction mixture was stired under argon at room
temperature for 16 hours. Saturated NaHCO; (15mL) was added and reaction
mixture stirred for a further 1 hour. The aqueous layer was then extracted with DCM
(x3) and the combined organic layers were dried (Na,SO,) and concentrated in
vacuo. The crude material was purified by column chromatography eluting with 0-

20 100% ether/petroleum ether to give the title compound (0.265g). 64 (CDCl3;, 400MHz)
7.09 (2H, d), 6.54 (2H, d), 4.16 (1H, br.s), 3.78 (1H, d), 3.61 (1H, sp), 3.49 (1H, s),
3.42 (2H, m), 3.28 (1H, d), 3.08 (1H, td), 2.75 (1H, d), 2.59 (1H, d), 1.95 (1H, dd),
1.94 (1H, m), 1.45 (9H, s), 1.20 (9H, m). MS (AP*). 370.3 (MNa"), 248.3, no
molecular ion (MH*) observed.

25



oto -4-0 a)-4- 8WeN 1,1-dimethylethyl (2S)-2-methy1-4- {[4-(methyK[4-(2-
pyrimidinyl)phenyl]carbonyl}amino)p henyllmethyl}-1- piperazinecarboxylate

yl)phenyllcarieywisaigisaiphenylimet hyl}-1-piperazinecarboxylate StructurgdNEs4o0hdska
CHOOkNANO 0-)...'0410tHO H o oisbnz z z _ a Zgz-u a Description co co Et

Description 88 A
1,1-Dimethylethyl (2S)-4-{[4-(ethylamino)phenyl]methyl}-2-methyl-1-
piperazinecarboxylate (D88)

H
H,C{_ 0 0

CH,

5 1,1-dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methyl-1-piperazinecarboxylate
(D2) (0.30 g, 1 mmol), acetaldehyde (0.055 mL, 1 mmol), sodium
triacetoxyborohydride (0.417 g, 2 mmol) and triethylamine (0.151 mL, 1.1 mmol)
were combined in dry 1,2-DCE (15 mL) and stirred under Ar at room temperature for
48 hours. Saturated NaHCO; (15 mL) was added and reaction mixture stirred for a

10  further 2 hours. The aqueous layer was then extracted with DCM (x3) and the
combined organic layers were dried (Na,SO,) and concentrated in vacuo. The crude
material was purified by column chromatography eluting with 0-100%
ether/petroleum ether to give the title compound (0.239g). &y (CDCls;, 400MHz) 7.11
(2H, d), 6.56 (2H, dd), 4.16 (1H, br.s), 3.78 (1H, d), 3.51 (1H, br.s), 3.42 (1H, d), 3.29

15 (1H, d), 3.15 (2H, q), 3.08 (1H, td), 2.75 (1H, d), 2.59 (1H, d), 2.06 (1H, dd), 1.93
(1H, m), 1.45 (9H, s), 1.25 (3H, t), 1.21 (3H, d). MS (ES"): 234.2, no molecular ion
(MH") observed.

Description 89
20 (Methyloxy)acetaldehyde (D89)
o

oM
H,C” H

To a stirred suspension of chromatographic grade silica gel (3.8 g) in dry DCM (25
mL) was added NalO4 (3.8 m‘L, 0.65M aq. solution) dropwise. A solution of 3-
(methyloxy)-1,2-propanediol (200mg, 1.9mmol) in 1,2-DCE was added and reaction

25 mixture was stirred at room temperature. After 2 hours, tic showed complete reaction
so the reaction mixture was filtered and the filter cake was washed with further 1,2-
DCE. The filtrate containing the titte compound was used directly in the next step
(D90)



a) cf) E WO 2008/000729PCT/EP2007/056342 114 -4 6 0) nr 1,1-dimethylethyl (2S)-2-methyl-4-
{[4-(methyl{[6-(1H-pyrrol-1-yI)-3- pyridinyl]carbonyl}amino)phenyl]lmet hyl}-1-piperazinecarboxylate O
,--Z 0 0-h6 . 2y 2kdo6"2 O .4 E WO 2008/000729PCT/EP2007/056342 JdpdpssisiRion 141
1,1-Dimethylethyl(2S)-2-methy1-44(4-(methyl{(4-(gsmethyl-1,2,4-oxadiazol-5-
yOphenylkarbonyl}amino)phenylimethyl}-1-piperazinecarboxylate (D141)

Description 90
1,1-Dimethylethyl (2S)-2-methyl-4-[(4-{[2-(methyloxy)ethyl]amino}phenyl)
methyl]-1-piperazinecarboxylate (D90

H3
HC O

7
CH, Nj,CH3
N |

( j\ o<
N7 " CH,
H

A  mixture of 1,1-dimethylethyl (2S)-4-[(4-aminophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D2) (0.30 g, 1 mmol), (methyloxy)acetaldehyde (D89),
sodium tri(acetoxy)borohydride (0.417 g, 2 mmol) and triethylamine (0.165 mL, 1.2
mmol) in 1,2-DCE (15 mL) was stirred under Ar at room temperature for 19 hours.

10  Saturated NaHCO; (20 mL) was added and reaction mixture stirred for a further 1
hour. The reaction mixture was further diluted with DCM (25 mL) and water (10 mL).
The aqueous Iayer' was then extracted with DCM (x3) and the combined organic
layers were dried (Na,SO,) and concetnrated in vacuo. The crude material was
purified by column chromatography on silica eluting with 0-50% EtOAc/petroIeurﬁ

15  ether to give the title compound (0.310g). &4 (CDCl;, 400MHZz) 7.12 (2H, d), 6.59 (2H,
d), 4.15 (1H, m), 3.99 (1H, br.s), 3.78 (1H, d), 3.61 (2H, t), 3.40 (3H, s), 3.28 (3H, m),
3.08 (1H, td), 2.74 (1H, d), 2.58 (1H, d), 2.06 (1H, m), 1.94 (1H, m), 1.45 (9H, s),
1.21 (3H, d). MS (ES"): 264.2, no molecular ion (MH") observed.

20 Description 91
4-Bromo-2-methylbenzaldehyde (D91)

H,C Br
To 4-bromo-2-methylbenzonitrile (2 g, 10.2 mmol) in toluene (60 mL) cooled to 5 C
under argon was added Dibal-H (11.2 mL, 1M solution in toluene, 11.2 mmol)
25 dropwise. The reaction was stirred at 5°C for 30 minutes then MeOH (3 mL) and 2 M
H,SO, (10 mL) were added dropwise. The mixture was stirred for ~19h then

concentrated in vacuo. The residue was re-dissolved in water/EtOAc. The organic
layer was dried and concentrated to give the crude title compound as a brown oil



CH,END,CH, 5Tol , 1-d imethylethyl(2S)-2-methyl-4{[4-(methylamino)phenyljmethy1}-1-
piperazinecarboxylate (D3) (100 mg, 0.313 mmol) in DMF (3 mL) was
N-benzyl-Afcyelosssadodiimide resin (0.294 g, 1.6 mmol/g, 0.47 mmol)pdr/ppskeigsnzotriazole
(0.064 g, 0.47 mmol) and DCM (1 mL). The mixturg was stirred for 30 minutes and
4-(3-methyl-1,2,4-oxadiazol-5-yl)benzoic acid (0.064 g, 0.313 10 mmol), DCM (2 mL) and DMF (6 mL)
were added. The reaction mixture was stirred for 22 h at room temperature. PS-trisamine resin (0.179
g, 0.626 mmol), PSisocyanate resin (0.298 g, 0.626 mmol) and MP-carbonate resin (0.788 g, 2.35
mmol) were abli®l ShaViied WasuvEestiifetheonexh SteRowih BN R rUrifigRtiIRNX Bird YR filtered to
remove the resposiaigl thediltrate vass enead) ramsl(1e198m, tha s (uderd)> predl (BH vehich was purified by
column chromatography. Elution with 10-60% EtOAcipentane gave the title compound. MS (ES): MW
506.2. Example 1 6-(3-Fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}pheny1)-
20 3-pyridined2eBe8BHORA2E() NCH, X 1,1-Dimethylethyl(2S)-4-({44([6-(3-fluoropheny1)-3-
pyridinyllgarbamdpimrithyiRamyn@lrbenyisnatipheisiirethyiearpdingeeaylate (060) (0.127 g,
0.245 mmol) was stirred in DCM (10 mL%@cpd TFA (2.5 mL) was 25added drop-wise. The reaction
mixture was stirred for -1h, then concentrate ac;ilin He-diluted with DCM and water. The
separated aqueous layer was WO 2008/@9 02804/056342 116 basified to pH14 with
concentrated NaOH solution, then extractéd with DM whigH:Was dried (Na2S04) and concentrated to
yield the title compound as a yellow oil (0.091 g). 5h, {CDCI3, 400MHz) 8.52 (1H, d), 7.75 (1H, dd),

7.67 (2H, m), TtBAtifeHod)pauAe hbis preparedTridhl cri)de7 HBréiid: 2neThPBe(Rid|deh) @& D@, s), 3.41
(2H, 5), 52.8343H, MLy irdthyf) mbRididatbie - 586} Hudil Lo mEts: SifdsHo dhdtiH not

observed. MS (ES):'MK 419.2. "This whole was dissolved in MeOH and treated with 1M HCI in Et20
(0.218 mL) to HSE iR figrRSH ReEcERHABr dedit(eREeIn AN EL Hhelr Whke SolRi(@blodk g). MS
10(ES): MI-1+7428 2H Exp/Dl0 & Hi-di43Euqeppp oSN etayioN; @):([(3S)-3:methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E2) C N CH, 15
1,1-Dimethylethyl(2S)-4-({44({6-[(4-fluorophenyl)oxy]-3- ) .
pyridinyl}carb &@@erinden 83 minolphenyl)methyl)-2-methyl-1-piperazinecarboxylate (D16) (0.518 g,
0.97 mmol) Wa%ﬂ’ﬁﬂﬁq%tt@ﬁm_iﬁlﬁb%mbbd%ﬁdiﬁbdﬂﬁ mL) added. The solution was stirred for 1.5
h then the solvent was removed in vacuo. 200'|I_|'Qe product was taken up in methanol and eluted
through an SCX (10 g) column with 2M NH3 In m¥ ol solution. The solvent was removed to give a
colourless oil which was purified by column chromsatgggraghy. Elution with a 0-5% (2M NH3 in
methanol)/DCM gradient yielded the title compound as g,colourless oil (0.379g). 8H (CDCI3, 400MHz)
8.07 (1H, dd), 7.65 (1H, dd), 7.22 (2H, d), 7.04 (6H, m), 6.70 (1H, 25d), 3.48 (3H, s), 3.43 (2H, s), 3.13
(br.$), 2.5 (3 M) -dimethgethd)(42foangiBtrminviphanilimethyldadBiBie (DORILEB)gMI4T+ 435.3.

This whole wagRipspIMGENN BN pEEBEALEMERINM deinarden hS Gddad-TiendiYs He
hydrochloride salt of the title congé)ound as wﬁa;le cream solid ( .345%%). MS (ES): 30 MK" 435.2. WO

2008/000729EP1ESS> 57/ TBRIF MBS SETEIRIO2 RIRSALARNSLAR (RS E?(-T&H%Mas re-
orophenyhox*dissobtiry/in DCM G(BISYBenaetthiihe laqyepesdayeryas bisifigoheitty NaGhbgdliitinecarboxamide
(E2) Asolutiong{d, brelingiay! Gy Ugirted Adfer{d=llaerg pharsd il dreany itvikeachay! ) (methyl

amino] phenygmethyl)-2-methyl-1-piperazj necarhoxylate
) ] BO Xl%e cor%/p)ound as% yelll)oe/ oil (0.397 g) wxich was used in the next step without

further purification. 8y (CDCls, 400MHz) 9.98 (1H, s), 7.63 (1H, d), 6.47 (1H, dd), 6.35
(1H, d), 4.35 (1H, br.s), 2.91 (3H, d), 2.60 (3H, s). MS (ES): MH* 150.1.

Description 94
25 6-(Methylamino)-3-pyridinecarbonitrile (D94)

NC XN

= o
CH,

Four batches of 6-chloro-3-pyridinecarbonitrile (0.40 g, 2.89 mmol) in methylamine

(16 mL, 2M solution in THF) were each heated at 80°C for 30 minutes in a

microwave reactor. The reaction mixtures were combined and concentrated in vacuo.



(D16) (32.39 g, 0.0606 mol) in DCM (150 mL) was cooled in an ice/water bath and TFA (80 mL) was
added drop-wise over 10 minutes. The reaction mixture was stirred at room temperature ovemight
then concentaiedldooysdlow gum. The gum was dissolved in MeOH (100 gk, ps)doasiagd,onto SCX
resin (150 g, pre-washed with 10 MeOH). Elution wifh MeOH (750 mL) gave unchanged TFA salt of the
title compound, and elution with 2M NH3 in MeOH (750 mL) gave title compound free base. The
recovered TFA salt was treated in a similar manner to that described above using further SCX resin
(100 g) to give a further batch of titte compound free base. The two batches of the free base were

combined in DERITERA WS TB-dissoivedgny ROArMRIEr @519 Hor REDARIG IBYRE Yan SRRFRIEM6.78 g). 6H
(CDCI3, 400Mirizy 8(RZ4$H,)dand 6&dAcht@d.7 PRE2tude, Prod(eH wag, pufficiHbyl) caiukie3H, s),

3.42(2H, s), 2 6 .97(}H 64 49 (111 1.00(3H, d). MS (ES):
MEI+ 435.1. 2%%%113}8?@# %’1" é@%heqﬁéig@é#ﬁg?%@g}ﬂir%{o%a\‘/']veadtsﬁﬁiﬁé&x‘?@?ﬁ ‘iﬂééﬁ {250 mL) at
room tempera¥{(iite AolishEtARiIM.- dhg PPGhs 4R0MERNERY VHHD) h a8 tHEHR MBY. (THedBlution was
concentreged BABCY) £7.9VE D RALE BYowe (foynmhigBavpas dried overnight at 60C in vacua. 26.4g of
this material was dissolved in DCM (175 mL) and added dropwise over 30 minutes to vigorously stirred
hexane (2.65 L) under an 25 argon atmosphere. Stirring was discontinued and the precipitate was
isolated by filtResetintian®8rgon, washed with hexane (2 x 2L) , filtered under a gentle vacuum with an
argon blanketg(eingTariifg)i8-ppfdmet AP qRraBog)he resulting solid was dissolved in water
(220 mL), freeze-dried over-weekend, ground lj[io a powder and dried in vacua at 80-82C overnight. The
powder was re-dissolved in water (150 30mL3), Freezadried overnight and then ground to a powder
yielding the hydrochloride salt of the title compou cream solid (24.13g) WO
2008/000729PCT/EP2007/056342 118 Example 2B: Melfod 1
6-[(4-Fluorophenyl)oxyl-N-methyl-N-(44[(3S)-3-methyl-1-"*
piperazinglknethys}frhethyBrinpySdinddincoastamitlie foayqte1(g2Byoesmimbonimidhfieelbase (57.5
mgq) in methyl /SG6- ne £Q- d t i ACl urther methyl
iso-butylketonéﬁ(%%u%igev&\?aj a@li&@anﬁ t aé)q‘ mi%%gre8 dv?ég rr?gg%cgg it}g‘fﬁigf] ﬁygﬁﬂﬁ”ﬁ%% Irrzasulting
yellow gum wiRUsend A<d i) Sqpuise Ahe reastiom wasciiedral MG and Hisseallewethtoughout the
gum. The samydenwasrptmeeenaeaatsin@lovehigak asbienmaTatlp a2 (14815, in b kopks) over the
weekend. To esulting yell ' rless,solution was added 10 1,4-diox (0.5 mL) and
the mixture Wz‘aps‘gr ﬁegggga[oaﬁ%s%gﬁﬁ]ev%aan%ﬁ 8# c%ilﬂr?é) z,ﬁ éﬁ%‘ forme dtga%e the g%%’f)ﬁe?vﬁ/%s
temperaidre ARSEHSYASAFIONRE P YERD A B DFLEIRAS WIRRASBREUSI [RYS HHRB FeXHRSEEIT he mixture
was placed bavithiBthwcshakinehiookiaad dejanierajers weedastios Seieshdeveaiant dibe thixture was

then left to equiib erat nd hjt lid was collecied by fitration. After
15drying at 43@!&&?&(@#@[{&[}%&@? %@fnﬁﬁ&&e%itfm%o%zg @al\f';. ébtgé‘%é?ﬁs ggwﬁﬁ%,?rﬂ'}iinly
crystalline poWdkB(48 (1) 013t (Hrset si 508, (BadpMSBSMMHO 437 1.
6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-([(3S)-3-methyI-1-

20piper(??nyl]ﬂwe%tp'¥l he XI)-3-pyridinecarboxamide fumarate (E2B) A mixture of E2 free base (413.7
mg) and fum 4 mg) in methyl isobutylketone (8 mL) and 1,4-dioxane (4 mL) was heated
with a hot air dunRjreetgdesbybw sol(2Dr2-etbpbids-tmetindamoimers myidbdientshyldd <o the
mixture was rglaatethicaissriatt@asyn and then seeded with the previously obtained fumarate 25
salt from Method I. On cooling, a gum formgd so further 1,4-dioxane (2 mL) was added and the
mixture heated to dissolve the gum. Furth&e re added at -60C and the mixture was
temperature cycled (0-40C in 1h blocks but starting at 40C) over the weekend. To the resulting
'milk-like' slurry was added further 1,4- dioxane .SJﬁL ? the sides of the vessel were scratched and
the mixture was then 30 temperature cycled as e. After 9 days, the slurry was filtered and the
filter cake was de-liquored over -90 minutes to give a white solid which was dried at 40C under
vacuum. After 20h the title compound was obtaine%l‘@sw\mite, mainly crystalline, powder (377.2 mg).
Thermal analysis 35 The DSC thermogram of the pr \y@s obtained using a TA Q1000 calorimeter,
serial number 1000-0126. The sample was weighed into a aluminium pan, a pan lid WO
2008/000729PCT/EP2007/056342 119 placed on top and lightly crimped without sealing the pan. The
experiment wabecditidu cteoposint wate arierprede fodrh 06 (methylamiio pBipstidiadCackaRiahydowder
Diffraction (Xiih3) She KREMMERIRMG easBurRthAry %(.Eér%ﬁ%&%%&%&@ BEheQyrshdyfractometer,

5 model PW3040/60, serial number DY1850 using an XCelerator detector. The acquisition conditions
were: radiatiofMH KexthGLAEsSEBeeLiosBA &b?&ﬁcaemaé?%tﬁwé@%rﬂ%'\émé%@@m.ozg, end
angle: 40.00243, B#ep(sHedd), (688 @B, dine le¢1stepr),34. 75(sHcondys. 3TTee($HMp)|e3188g tHepared by
mounting a few milligrams of sample on a Si wafer (zero background) plates, resulting in a thin layer of
powder. 10Characteristic XRPD angles and d-spacings are recorded in the table below. Peak
positions were measured using Highscore software. Characteristic XRPD peak positions 20 /
d-spacing A 4.5 19.58.9 10.0



9.8 9.012.2 7.313.0 6.814.6 6.116.0 5.616.7 5317.7 5.018.9 4.720.2 44211 4222.1 4.0
23.5 3.824.1 3.725.2 3.526.3

WO 2008/000729 PCT/EP2007/056342
89

d), 3.26 (1H, d), 3.07 (1H, td), 2.92 (3H, d), 2.74 (1H, m), 2.57 (1H, m), 2.09 (1H, dd),
1.96 (1H, m), 1.45 (9H, s), 1.20 (3H, d). MS (ES"): 343.2 (MNa*), 265.2, no molecular
ion (MH") observed.

5 Description 97
6-Amino-4-methyl-3-pyridinecarbonitrile (D97)
NC | N
H,C Z NH,
A mixture of 5-bromo-4-methyl-2-pyridinamine (0.50 g, 2.7 mmol) and copper ()
cyanide (0.263 g, 2.9mmol) in DMF (12 mL) was heated at 200°C for a total of 1.75 h
10  in a microwave reactor. The reaction mixture was diluted with EtOAc and water. The
resulting thick dark precipitate was filtered off. The filtrate was extracted with EtOAc
(x3) and the combined extracts were dried and concentrated to give a dark yellow
solid (0.115 g). The filter cake was and washed with 1:1 DCM/MeOH (1 L) which was
concentrated to give a second batch of dark yellow solid (0.047 g). The filter cake
15  was washed with 2M NH; in MeOH (200 mL) which was concentrated to give a dark
green solid (0.533 g). These 3 batches of solids were purified by column
chromatography using 0-100% EtOAc/hexane as the eluent to give the title
compound as a white solid (total yield: 0.213 g). 84 (CDCl;, 400MHz) 8.28 (1H, s),
6.36 (1H, s), 4.87 (2H, br.s), 2.40 (3H, s). MS (ES): MH" 134.1.
20
Description 98
N-(5-Cyano-4-methyl-2-pyridinyl)-2,2,2-trifluoroacetamide (D98)
NC | SNV

P

H,C CF,

H

To a solution of 6-amino-4-methyl-3-pyridinecarbonitrile (D97) (0.213 g, 1.6 mmol)
25 and 2,6-lutidine (0.37 mL, 3.2 mmol) in DCM (20 mL) cooled to 0°C under argon was
added trifluoroacetic anhydride (0.22 mL, 1.6mmol) as a solution in DCM. The
reaction mixture was stirred for 17 h, gradually warming to room temperature. The
reaction mixture was re-cooled to 0°C and further 2,6-lutidine (0.37 mL) and
trifluoroacetic anhydride (0.22 mL) were added. The reaction was stirred at room
30 temperature for 4h then diluted with 10% citric acid solution and extracted with DCM.
The DCM layer was washed with brine, dried and concentrated to give the crude
product which was purified by column chromatography. Elution with 0-100%



3.4 27.0 3.3 15 Example 2B: Method 3 6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-{((35)-3-methyl-1-
piperazinylimethyl}phenyl)-3-pyridinecarboxamlde fumarate (E2B) A mixture of E2 free base (201.9

mg) and fumaris A6 eeRe My) in Et0Ac (2mL) 20 was stirred at room tempgiatubgeAfies2 Minutes, a
milky gelatinous precipitate started to form so furtlygr EtOAc (2 mL) was added together with seed

crystals of the previously obtained fumarate salt from Method 2. After 1h, the precipitate became WO
2008/000729PCT/EP2007/056342 120 very thick and gelatinous so further EtOAc (2m1) and seed
crystals were added. The mixture was stirred at room temperature for 0.5h, then warmed to 40C for

0.5h. Further EQAE1S¥AN9 Wakeathteditthgasmpengdnas eomtiviaesrlid 40298 20 Arid®RS!shen at 60C

for 2h. The mixboreHYRs.caqied 6. HOE o rAhsh eI AYGY e 62136, hen to room temperature
overnight. The solid was filtered off under argon, washed with EtOAc, semi-dried under argon and then

dried at 60C under vacuum to give the title compound (164 mg). Example 2B: Method 4
106-[(4-Fluordpesctiption P8|-methyl-N-(4-{[(3S)-3-methyl-1-
piperazing]meiadipmmetRyngigirREAcR IR DIP (E28) A partial suspension/solution of
finely ground fumaric acid (267 mg) in EtOAcél mL) was stirred and heated at 60C. This was added
portion-wise to a solution of E2 free base (0. 9 I@thOAC (20m1) heated at 70C. Any initial

di

turbidity/gum rapidly 15 disappeared but as aHoIC anued the solution stayed slightly turbid. At
this point the solution was seeded with the previously obtined fumarate salt from Method 3 and within

a few minutessa dubation a5y Naiegapeesipitabgl dapyading form2-Addbioacetahids I (0B8Y @0i%0
suspension/sqlutipg,congi .-3h.,. lqn, mixt ir t f further one hour
then slowly all ’wtgg%oﬂé?ﬁglytigrggﬁlfer%%%ﬁh%%@ o\g%agr(n?g %%&, Eﬁiﬁﬁ%&?ﬁ@%oﬁﬁqﬁwﬁ%olleded by

filtration, wasHiekaaHEioNE gk @nider ek g¥s tRddedrihe masion sixturenyas Wisatkthtovernight to
give the title cesmpoundef bYOR i BirtiieR Arered A THBE Whishify, with4ribrdehnié. ddid2H, d), 7.17

(2H, d), 7.14 ( 7.05.(2H..dd), 6.78 (1H. d), 6.68 (2H 56 s)..3.46 (3H, 30 (2H +
MeOH, m), 31@&3?%;)55%5 lté?jg %ngéfa#%efefgr&%ﬁhfﬁ ‘2?@@%‘@ (@Ig‘, 8? @ﬁ%ot observed).
Thermal Analy§id rereomRstirgiedritogivarihe CiHdeitiel gempewndisaimeale ypigva Soidda.069 Dalorimeter,
serial number&0P-92dd Ththe Al eyaRNRISRAA P KLAR AR 5T 480MAZ) @ Riced on top

and lightly cri d without sealing_t an. Th eriment Oconducted using a heating rate of
10C min, Melt btk P B R SbHor DA S At Botr o) it s B 4o Metho 4
were acd®@ired on a PANalytical X'Pert MPD powder diffractometer, model PW3040/60, serial number
DY667 using peetrigsaippgetector. The acquisition conditions were: radiation: Cu Ka, generator

35tension: 40 kY, geneyator, current; start angle: 2.029, end. angle: 40 02 6, step size: 0.0167 2
o, tme per st TIBREUEUNs, ThiZ SRR SRR DN G Y methy(l2-methyt
2008/011072yesTazirgecarbioadateXD M0mounting a few milligrams of sample on a Si wafer (zero
background) plates, resulting in a thin layerg¢ powder. Characteristic XRPD angles and d-spacings
are recorded in the table below. Peak posﬁﬁg Pmeasured using Highscore software. 5

Characteristic XRPD peak posisitions 20 / CHs[Nj’C s
N

H
Xt
H,C Z NH,
20 A mixture of 6-amino-4-methyl-3-pyridinecarbaldehyde (D99) (0.053 g, 0.39 mmol),

1,1-dimethylethyl (2S)-2-methyl-1-piperazinecarboxylate (0.117 g, 0.58 mmol) and
sodium tri(acetoxy)borohydride (0.206 g, 0.97 mmol) in 1,2-DCE (10 mL) was
sonicated to aid dissolution of the starting material then stirred at room temperature
overnight. Saturated aqueous NaHCO; (30 mL) was added and the mixture was
25 stirred for 24h. The reaction mixture was extracted with DCM (3x10mL) and the
organics were dried and concentrated to give the crude title compound as an oil

(0.067 g) which was used in the next step without further purification. MS (ES): MH*
321.3, MNa* 343.3.
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Description 101
1,1-Dimethylethyl (2S)-2-methyl-4-{[4-methyl-6-(methylamino)-3-
pyridinyllmethyl}-1-piperazinecarboxylate (D101)

H,C

YOy

CH, [N],CHS
N

NN

= N/CH:;
H

5 To 1,1-dimethylethyl  (2S)-4-[(6-amino-4-methyl-3-pyridinyl)methyl]-2-methyl-1-
piperazinecarboxylate (D100) (0.067 g, 0.21 mmol) in dry MeOH (4 mL) under an

H,C

argon atmosphere was added paraformaldehyde (0.019 g, 0.63 mmol) and sodium
methoxide (0.057 g, 1.00mmol). The mixture was stirred at 50°C overnight then
sodium borohydride (0.024 g, 0.63 mmol) was added and the reaction stirred at 50°C

10 for 24 h. The reaction mixture was concentrated in vacuo. The residue was
partitioned between DCM and saturated aqueous NaHCQ; and stirred for 0.5 h. The
aqueous phase was extracted with DCM (3x5mL) and the combined organics were
dried and concentrated to give a crude colourless oil. Column chromatography
eluting with 0-10% MeOH/DCM gave the crude title compound as a colourless oil

15 (0.037 g) which was used in the next step without further purification. MS (ES): MH*
335.3.

Description 102
1-(Bromomethyl)-2-chloro-4-nitrobenzene (D102)
Br

CI: : NO.

20 2
A mixture of 2-chloro-4-nitrotoluene (0.20 g, 1.17 mmol), N-bromosuccinimide (0.228
g, 1.28 mmol) and benzoyl peroxide (0.014 g, 0.068 mmol) in tetrachloromethane (7
mL) was irradiated (500W lamp) at reflux overnight. The reaction mixture was
concentrated to give a yellow oil/solid (0.391 g) which was used directly in the next
25  step without further purification.



6-[(4-Fluorophenypoxyl-N-methyl-N-(4-{[(35)-3-methyl-1-
10piperazinyllmethyl}pheny1)-3-pyridinecarboxamide fumarate (E2B) A suspension of finely ground
fumaric acid (1§ sds@hiiB10AC (500 mL) was stirred and heated at 70C. Thiswas@ddessportion-wise
to a stirred solution of E2 free base (57.80 g) in EtQAc (1 L) heated at 70C. When -80-100 mL of the
fumaric acid suspension had been added, the solution was seeded with previously obtained 15
fumarate salt (40 mg) (prepared using a method similar to that described in Example 2B, Method 4).
To the resulting faintly turbid solution was added further fumaric acid suspension (-50 mL) giving a
cloudy solutioﬁ—eéﬁﬂmg%f further seeds (40 mg), crystallization started. Addition of the remaining

fumaric add suspanﬁmy'leﬂamm-maianmmmuwwl)ﬁhtmmm&wm-(-so mL) was used to
aid transfer of )8%%%“@ %ql( ) fumaric acid to the reaction vessel. The reaction mixture
SRR

was WO 200 O729P 42 122 stirred at 70C for a further 4h then slowly allowed to
cool to room temperature overnlght with surﬂb ol hexcrystalline solid was collected by filtration,
washed with EtOAc and dried under argon; ‘thén f ther dried under vacuum at 60C overnight to give
the title compound (60.8 g). 55H (CD30D, 40(ﬁUP #§8:(1H, d), 7.74 (1H, dd), 7.31 (2H, d), 7.17 (2H,
d), 7.13 (2H, t), 7.05 (2H, dd), 6.78 (1H, d), 6. 68E s), 3.56 (2H, s), 3.46 (3H, s), 3.30 (2H + MeOH,
m), 3.11(1H, m), 2.89 (2H, m), 2.32 (1H, m), 2.10 ({1H, dd), 1.25 (3H, d) (NH not observed). SH
(DMSO-d6, 400MHz) 7.97 (1H, d), 7.65 (1H, dd), 5 (6H m), 7.10 (2H, dd), 106.87 (1H, d), 6.46
(2H, s), 3.45 (2H, s), 3.36 (3H, s), 3.08 (2H, M), 2. 8 m), 2.68 (2H, m), 2.16 (1H, m), 1.93(1H, m),
1.09 (3H, d) (NH not observed). MS (ES): MW 4383 ExamB?e 3 151 -(4-Flu

orophenyh-N- meﬁhamu -6fdiRaSn ﬁ{BbHeih @Qrmamsdlm@ywﬂeéwymoémm@w'@eqafboxémide

€ o Lraneen G l Sleenlapennlanpdindl, |

cooled in an ionrbdbMMaHlan@IewaﬂéNQﬁB‘Smh_l) ahoPmmoebaiotidny MU whs w@nsﬁmeédafor 3hat

room temperagyg, EieeRINRE FUYaD RIRMES AT dBetBH Hideradiued m&%uaédtmwaﬁn SCX
cartridge with methangl then 2M NH3 in methanolé%é;lve E‘%@HOW oil whijc furth urified by

column chrom@@SH& SHVES U HIFTBv8g4N 2N WD RS I Pﬁ'g‘?lt compound
as a yellow oildited 2y . cBRicvtedey] RbgiNHIN) ofat@ €2, ’rificatiofby, echluma BHirmathge@y (2H, d), 3.59

4H, m), 3.23 v 1.85 (2H,
(1 f f(T;)H > 1%&. ﬁﬁﬁfé%%ngb&&%éﬁe%sgtﬁg ﬁﬁélc&ngo%ﬁc(ﬂ\'élarvéllé’wpél(@"ie@‘b) (2H, m),

2008/000729P€ {FDS o ¢9AdRS 206l H, vﬁm‘tﬁe‘ lls€ofvddh HchPAREHRr&5®d Ifth 1M HCl in
Et20 (0.337 m@}f,oog;\aeemezhw)oemr(da sall, af 166 tilencoRBOUNHam} QBB Blidd0 2L 18). MS (ES):

MI-1+ 425.1 Tq%f%ls) @g t@%—:‘ mmeﬁgﬁgﬂﬂug%ﬁ ared from the appropriate

Bocprotected nterme ate as |nd|cate e table, using meth s similar to those described for
Example'®, 2 or 3. WO 2008/000729PCT/EP2007/056342 124 +HW CV oicr) ct 1- Ci'17C

Description 104
1,1-Dimethylethyl (2S)-4-[(4-amino-2-chlorophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D104)

Hg‘%/O 0
Y
CH, [NJ’CHa
N

Ct : NH

20 A mixture of 1,1-dimethylethyl (2S)-4-[(2-chloro-4-nitrophenyl)methyl]-2-methyl-1-
piperazinecarboxylate (D103) (0.199 g, 0.538 mmol), triethylamine (0.75 mL, 5.38
mmol) and 5% Pt/C catalyst (0.134 g) in MeOH (5 mL) was hydrogenated at room

2

temperature and atmospheric pressure for 3h. The catalyst was removed by filtration
and the filtrate was concentrated to give a colourless oil which was dissolved in
25 DCM. The DCM solution was washed with water (x2) and brine, then dried and



Method Comment Similar method to EI Similar method to El with column chromatography OLUBN
{[(3S)-3-methyl-1- piperazinyllmethyl}pheny1)-3- pyridinecarboxamide

3-methyl-I-pipesagidvikasthyliphenyl)-3- pyridinecarboxamide ampniis 2z &b by * - |
z-0* Prepared from Boc intermediate: 93

concentrated to give the crude product. Purification by column chromatography
eluting with 10-40% EtOAc/pentane gave the title compound as a colourless oil
(0.125 g). &4 (CDCl3, 400MHz) 7.19 (1H, d), 6.69 (1H, d), 6.54 (1H, dd), 4.18 (1H,
br.s), 3.79 (1H, d), 3.70 (2H, br.s), 3.45 (2H, m), 3.07 (1H, td), 2.74 (1H, m), 2.60

5 (1H, m), 2.19 (1H, dd), 2.03 (1H, m), 1.45 (9H, s), 1.22 (3H, d). MS (ES): MH*
340/342.

Description 105
1,1-Dimethylethyl (2S)-4-{[2-chloro-4-(methylamino)phenyl]lmethyl}-2-methyl-1-
10 piperazinecarboxylate (D105)

H,C
H,C3 0. __0

The title compound was prepared from 1,1-dimethylethy! (25)-4-[(4-amino-2-
chlorophenyl)methyl]-2-methyl-1-piperazinecarboxylate (D104) using a method
similar to that described for D3 in Description 3A although the reaction was heated at

15  50°C overnight prior to, and for 24h after addition of sodium borohydride.(3eq.). MS
(ES): MH* 354/356.

Description 106
1,1-Dimethylethyl (2S)-4-({6-[[(6-chloro-3-pyridinyl)carbonyl](methyl)amino]-3-
20 pyridinylymethyl)-2-methyl-1-piperazinecarboxylate (D106)

H3
H,C OYO
CH, Nj,CH3
N

/,il |\N
Crs 2

To 1,1-dimethylethyl (2S)-2-methyl-4-{[6-(methylamino)-3-pyridinylJmethyl}-1-
piperazinecarboxylate (D96) (0.150 g, 0.469 mmol) and triethylamine (0.098 mL,



Crt30 I.--liExample No. .1.L.LI inw 125co O coco co ai Similar method to EI Similar
method to ElI Similar method to El with reaction time of -2.3h N-methyl-N-(4-{[(3S)-3-methyl-I-

piperazinyllmeghydhrlagsmss)-6-(4- morpholiny1)-3-pyridinecarboxamide PCT/EP2007/056342
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0.703 mmol) in DCM (7 mL) under argon was added 6-chloro-3-pyridinecarbonyl
chioride (0.099 g, 0.562 mmol). The mixture was stirred at room temperature for
~0.3h then diluted with DCM and water. The organic layer was dried and
concentrated to give the crude product which was purified by column

5 chromatography. Elution with EtOAc/DCM gave the title compound as a white
colourless gum (0.139 g). 64 (CDCl;, 400MHz) 8.33 (1H, d), 8.19 (1H, d), 7.70 (1H,
dd), 7.57 (1H, dd), 7.23 (1H, d), 6.86 (1H, d), 4.20 (1H, br.s), 3.82 (1H, d), 3.58 (3H,
s), 3.49 (1H, d), 3.37 (1H, d), 3.08 (1H, td), 2.70 (1H, d), 2.49 (1H, d), 2.16 (1H, dd),
2.04 (1H, m), 1.46 (9H, s), 1.19 (3H, d). MS (ES): MH" 460/462

10

Description 107
1,1-Dimethylethyl (25)-4-({4-[[(6-chloro-2-pyridinyl)carbonyl](methyl)amino]
phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D107)

H3
H,C o\(o
CH, [NJ,CHa
N

KQO
Ne_-Cl
N I\

l
cb

15  Step 1: 6-bromo-2-pyridinecarboxylic acid (0.348 g, 1.72 mmol) was dissolved in dry

dioxane (15 mL) and thionyl chloride (0.570 mL, 7.84 mmol) was added. The reaction
mixture was stirred at reflux for 3 h then concentrated in vacuo, re-dissolved in
dioxane (15 mL) and re-concentrated to give 6-chloro-2-pyridinecarbonyl chloride as
a pale yellow solid which was used directly in step 2.

20 Step 2: The acid chloride from step 1 was dissolved in DCM (15 mL) and added to a
mixture of 1,1-dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenyl]methyi}-1-
piperazinecarboxylate (D3) (0.500 g, 1.57 mmol) and triethylamine (0.284 mL, 2.04
mmol) in DCM (15 mL). The reaction mixture was stirred at room temperature
overnight and then washed with water (x2) and brine. The orgénic layer was dried

25 and concentrated to give the crude product, which was purified by column
chromatography. Elution with 20-60% EtOAc/pentane yielded the title compound as
a yellow oil/solid (0.658 g). 54 (CDCls, 400MHz) 7.56 (1H, m), 7.46 (1H, m), 7.17 (2H,
m), 6.99 (2H, m), 4.16 (1H, br.s), 3.79 (1H, d), 3.50 (3H, s), 3.46 (1H, d), 3.32 (1H,



1-piperazinygmethyl}pheny1)-4- biphenylcarboxamide , 3-methyl-I -piperazinyljmethyl}pheny1)-3-
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d), 3.07 (1H, m), 2.69 (1H, d), 2.50 (1H, d), 2.08 (1H, m), 1.97 (1H, m), 1.46 (9H, s),
1.19 (3H, d). MS (ES): MH" 459/461.

Description 108
5 1,1-Dimethylethyl (2S)-4-({4-[[(6-bromo-3-pyridinyl)carbonyl}(methyl)amino]
phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D108)

Haéﬁ:ofo )
x.
Ol

To 1-hydroxybenzotriazole (0.967 g, 7.16 mmol) and N-benzyl-N-

cyclohexylcarbodiimide resin (4.48 g, 1.6 mmol/g, 7.16 mmol) in DMF (15 mL) was

10  added 6-bromo-3-pyridinecarboxylic acid (0.964 g, 4.77 mmol) in DMF (15 mL). The
mixture was stirred for 30 minutes under an argon atmosphere and 1,1-dimethylethyl
(28S)-2-methyl-4-{[4-(methylamino)phenyl]methyl}-1-piperazinecarboxylate (D3) (1.52
g, 4.77 mmol) in DCM (15 mL) was added. The mixture was stirred for 65 h at room
temperature. PS-trisamine resin (2 eq. relative to acid), PS-isocyanate resin (2 eq.

15 relative to amine) and MP-carbonate resin (5 eq. relative to HOBt) were added and
the mixture stirred for 4 h at room temperature. The mixture was filtered to remove
the resins which were then washed with further DCM. The filtrate was concentrated
to give the crude product which was purified by column chromatography. Elution
with an EtOAc/petroleum ether gradient yielded the title compound as a white solid

20 (1.43g). 54 (CDCIl3, 400MHz) 8.18 (1H, d), 7.51 (1H, dd), 7.32 (1H, d), 7.25 (2H, d),
6.98 (2H, d), 4.18 (1H, br.s), 3.80 (1H, d), 3.49 (3H, s), 3.47 (1H, d), 3.34 (1H, d),
3.08 (1H, td), 2.69 (1H, d), 2.49 (1H, d), 2.11 (1H, dd), 1.98 (1H, m), 1.46 (9H, s),
1.20 (3H, d). MS (ES): MH* 503/505.

25 Tabulated compounds D109 — D110 were prepared using methods similar to those
described in Description 15 using the appropriate aniline. precursor and appropriate

carboxylic acid.
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Tabulated compounds D111 — D117 were prepared using methods similar to those
described in Description 16 using the appropriate aniline precursor and appropriate
carboxylic acid.
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CACvj0l1lgr .--CO Similar method to El with column chromatography Similar method to El with
column chromatography reaction time of 2h and no column chromatography (4-H(35)-3-methyl-I-

piperazinyllmeghylhrlagimss)-3- pyridinecarboxamide {1(33)-3-methyl-I- pippeaipstlipptayiphenyl)-3-
pyrid inecarboxam ide 4-[(3-fluorophenyl)oxy]-N-mgthyl-N-(4- {[(3S)-3-methyl-I-

plpera2|nyIImethg/‘l:}rphtenylzbgnzamlde IZ2t LLLLaOlZ-L)a22Z
iption

1,1-Dimethylethyl (2S)-4-({6-[({6-[(4-fluorophenyl)oxy]-3-
pyridinyl}carbonyl)(methyl)amino]-4-methyl-3-pyridinyl}methyl)-2-methyl-1-
piperazinecarboxylate (D118)

H
H,C1 0O

CH, [NTCH:,

n*@@

Step 1: 6-[(4-Fluorophenyl)oxy]-3-pyridinecarboxylic acid (D14) (0.032 g, 0.14 mmol)
was solubilised in dry dioxane (2 mL). Thionyl chloride (0.081 mg, 0.14 mmol) was
added drop-wise and the reaction mixture heated at reflux for 1.25 h.. The reaction
mixture  was concentrated, and then re-concentrated from DCM to give 6-[(4-
10  fluorophenyl)oxy]-3-pyridinecarbony! éhloride which was used directly in step 2
Step 2: 1,1-Dimethylethyl (2S)-2-methyl-4-{[4-methyl-6-(methylamino)-3-
pyridinyl]Jmethyl}-1-piperazinecarboxylate (D101) (0.038 g, 0.11 mmol) was dissolved
in dry DCM (2 mL). Triethylamine (0.016 g, 0.16 mmol) was added dropwise and
after 5 minutes a solution of the acid chloride from step 1 in dry DCM (2mL) was
15 added dropwise. The reaction mixture was then left stirring under argon at room
temperature overnight. Saturated aqueous NaHCO; (15mL) was added and the
aqueous layer extracted with DCM (3 x 5mL). The organic extracts were dried
(NazS0,) and the crude product was purified by column chromatography. Elution with
a 0-100% EtOAc/petroleum ether gradient gave the title compound as a colourless oil
20 (0.026 g). MS (ES): MH" 550.4

Tabulated compounds D119 — D122 were prepared using methods similar to those
25 described in Description 16 using the appropriate aniline precursor and appropriate

carboxylic acid.
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cf,6V cr,6'cl- ,41: CO 1- Similar method to El with column chromatography Similar method to
El with column chromatography reaction time of 3.5h and no column chromatography
{[(3S)-3-metkybhpsiaanyllmethyliphenyl)-3- pyridinecarboxamide  {[(3S3- i ksks42
piperazinyllmethyllpheny1)-3- pyridinecarboxamidg#-[(4-fluorophenyl)oxy]-N-methyl-N-(4-
{[(3S)-3-methyl-I- piperazinylimethyl)phenyl)benzamide 1Z Z

chromatography

concentrated and purified | 518.2
directly by column

Similar method to D16
although reaction mixture

Similar method to D16

thyl}-1-piperazinecarboxylate

{[4-(methyl{[6-(3-pyridinyloxy)-3-
pyridinyljcarbonyl}amino)phenyljme| although reaction time: 1h

1,1-dimethylethyl (2S)-2-methyl-4-

A 7
[o]

2
7\
2-0

- ,—>_/-<

Q

=z 4

D3

PB62033
D122




alzZz._1zZU*=2721Z-C)* -1Z-C)* 0COO0 f;0 CVCOO cCOlI
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Description 123
1,1-Dimethylethyl (2S)-2-methyl-4-[(4-{methyl[(4-{[4-
(trifluoromethyl)phenyl]carbonyl}phenyl)carbonyllamino}phenyl)methyl]-1-
piperazinecarboxylate (D123)

He s
0.__0

0
CF
ri‘ 3
CH,
o)

Step 1: 4-{[4-(Trifluoromethyl)phenyl]lcarbonyl}benzoic acid (200 mg, 0.68 mmol)
was stirred in dioxane (5 mL) and thionyl chloride (0.496 mL, 6.8 mmol) added. The
reaction mixture was heated at reflux for 1h. Further thionyl chloride (0.496 mL, 6.8
mmol) was added and heating continued for 3h. On cooling, the reaction mixture was
concentrated in vacuo to give 4-{[4-(trifluoromethyl)phenyljcarbonyl}benzoyl chioride
as an oily white liquid (0.286 g) which was used directly in step 2.

Step 2: The acid chloride from step 1 was taken up in DCM (2 mL) and added drop-
wise to a mixture of 1,1-dimethylethyl (2S)-2-methyl-4-{[4-
(methylamino)phenyl]methyi}-1-piperazinecarboxylate (D3) (0.170 g, 0.53 mmol) and
triethylamine (0.11 mL) in DCM (2 mL). The reaction mixture was stirred at room
temperature under argon overnight then diluted with water (20 mL) and DCM (20
mL). The aqueous layer was extracted with DCM (20 mL) and the combined organic
layers were dried, concentrated and purified by column chromatography. Elution with
0-30% EtOAc/pentane gave the title compound as a colourless oil (0.244 g). MS
(ES): MH* 596.2.

Description 124
1,1-Dimethylethyl (25)-4-({6-[({6-[(4-fluorophenyl)oxy]-3-pyridinyl}carbonyl)
(methyl)amino]-3-pyridinyl}methyl)-2-methyl-1-piperazinecarboxylate (D124)
H
H,Cd 0

°
CH, Nj,CH3
N

F ’]‘ | N F
CH, Ao



Ow OCAO0O1 130 CO 13/4-: 11" 11* N-NI'Co'cl- 01 Vi 01 Similar method to E2 Similar method
to E3 with reaction time of 3.5h Similar method to E2 with reaction time of 2h

piperazinyl]meghyliRigidg-6-(4- fluorophenyl)-N,2-d imethy1-3- pyridinecaioxapysie ose342
2-[(4-fluorophenyl)oxy]-N-methyl-N-(4- {[(3S)-3-meg§hyl-1- piperazinyl]methyl}phenyObenzamide
N-(4-{[(3R,5S)-3,5-dimethyl-I- piperazinyl]methyl}pheny1)-6-(4- fluorophenyl)-N-methyl-3-

To 1,1-dimethylethyl  (2S)-4-({6-[[(6-chloro-3-pyridinyl)carbonyl](methyl)amino}-3-
pyridinyl}methyl)-2-methyl-1-piperazinecarboxylate (D106) (0.139 g, 0.303 mmol) in
DMF (4 mL) under an argon atmosphere was added potassium carbonate (0.293 g,
0.212 mmol) and 4-fluorophenol (0.169 g, 1.51 mmol). The reaction mixture was
5 stirred and heated at 130°C for 5h then concentrated in vacuo. The residue was re-
dissolved in DCM/water. The organic layer was washed with 2M NaOH solution and
brine then dried (Na,SO,) and concentrated to give the crude product which was
purified by column chromatography. Elution with EtOAc/DCM gave the title
compound as a colourless oil (0.054 g). MS (ES): MH* 536.2.
10 ’
Description 125
1,1-Dimethylethyl (2S5)-4-({4-[({6-[(4-fluorophenyl)oxy]-2-pyridinyl}carbonyl)
(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D125)

HC o} (o}

HC
CH, ENTCHS
N

©°
N.__O
Vo

CH, K\ .~ E

15 To sodium hydride (0.0174 g, 60% dispersion in mineral oil, 0.436 mmol) in DMF (4
mL) was added 4-fluorophenol (0.0488 g, 0.436 mmol) and the mixture stirred under
an argon atmosphere for 20 minutes. 1,1-Dimethylethyl (2S)-4-({4-[[(6-chloro-2-
pyridinyl)carbonyl](methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D107) (0.100 g, 0.218 mmol) was added and the reaction mixture was heated in a

20 microwave at 190°C for 1.5 h. The reacﬁon mixture was concentrated and the
residue partitioned between DCM and water. The aqueous layer was further
extracted with DCM and the combined organics were dried over Na,SO, and
concentrated to give a yellow oil which was purified by column chromatography to
give the title compound as a colourless oil (0.0539 g). MS (ES): MH* 535.4.

25

30



pyridinecarboxamide xzz )--/ On x *-12-0*zz 1Za)--/On|**|-"iz-0* z-0*z LOE CocoO 'Pt
co0 (74 W
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Description 126
1,1-Dimethylethyl (2S)-4-({4-[({6-[(3-fluorophenyl)oxy]-2-pyridinyl}carbonyl)
(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D126)

H . _0.__0
el T

37 CH, [NTCHS
N

(o]
N (o] F
R
CH, Z

5 The title compound was prepared from 1,1-dimethylethyl (2S)-4-({4-[[(6-chloro-2-
pyridinyl)carbonyl](methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D107) and 3-fluorophenol using a procedure similar to that described for D125 in
Description 125 although the reaction time was 3.3 h. MS (ES): MH* 535.4.

10  Description 127
1,1-Dimethylethyl (25)-4-({4-[{[6~(4-fluoro-1-piperidinyl)-3-pyridinyl]carbonyl}
(methyl)amino] phenyl}methyl)-2-methy|-1 -piperazinecarboxylate (D127)

H:,.C o)
H,C

~°
CH, N],CH3
N

CL
LCL
CH3 L ’\0\
F

A mixture of 1,1-dimethylethyl (2S)-4-({4-[[(6-bromo-3-pyridinyl)carbonyl](methyl)

15  amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D108) (0.050 g, 0.0993
mmol), 4-fluoropiperidine (0.055 g, 0.397 mmol) and triethylamine (0.069 mL, 0.497
mmol) in acetonitrile (4 mL) was heated at 85°C overnight then in a microwave at
140°C for 10h. Further portions of 4-fluoropiperidine (5 eq.) and triethylamine (5 eq.)
were added and the reaction heated at 170°C for 2h. The reaction mixture was

20 concentrated and the residue dissolved in DCM/water. The aqueous layer was
further extracted with DCM (x3) and the combined organics were dried (Na,SO,) and
concentrated to give the title compound as a yellow oil (0.0538 g). MS (ES): MH*
526.2.



0101W CoO1Li 131 A4 (14CINI- N4V)4 N4014 reactiontime of 5h and no column
chromatography reaction time of 5h and no column chromatography reaction time of 1.5h and no

column chroRyQey@RiRY 20 PCT/EP2007/056342
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Description 128

1,1-Dimethylethyl (2S)-4-({4-[{[6-(4,4-difluoro-1-piperidinyl)-3-pyridinyl]
carbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D128)

H C>|/
CH,

¢ j,CH

Tt
fo,

5 F

A mixture of 1,1-dimethylethyl (2S)-4-({4-[[(6-bromo-3-pyridinyl)carbonyl](methyl)
amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D108) (0.050 g, 0.0993
mmol), 4,4-dif|uorbpiperidine (0.141 g, 0.894 mmol) and triethylamine (0.138 mL,
0.993 mmol) in acetonitrile (4 mL) was heated in a microwave at 150°C for 12h.

10  Further portions of 4,4-difluoropiperidine (4 eq.) and triethylamine (5 eq.) were added
and the reaction heated at 150°C for 1h. The reaction mixture was concentrated and
the residue dissolved in DCM/water. The aqueous layer was further extracted with
DCM (x3) and the combined organics were dried (Na,SO,) and concentrated to give
a yellow gum which was purified by column chromatography. Elution with 0-100%

15 EtOAc/hexane gave a colourless gum which was a mixture (~9:1) of the title
compound and unreacted D109 (0.0485 g). MS (ES): MH" 544.2.

Description 129
1,1-Dimethylethyl (2S)-4-({4-[{[6-(3-fluorophenyl)-2-pyridinyl]carbonyl}
20  (methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D129)

H
H,C{ 0.0

A mixture of 1,1-dimethylethyl (2S)-4-({4-[[(6-chloro-2-pyridinyl)carbonyl](methyl)
amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D107) (0.0825 g, 0.179
mmol), 3-fluorobenzeneboronic acid (0.0302 g, 0.216 mmol), tetrakis-



all111101 I1'!IGU IJUL. I lli column chromatography {[(3S)-3-methyl-1
piperazinyllmethyl}phenyObenzamide {[(3S)-3-methyl-1- piperazinyl]methyl}phenyl)benzamide

{[(3S)-3-metkybLopipesazinylimethyliphenyl)benzamide 61(4-fluorophenyl)serinekd meyiyl-N-
(4-W35)-3-methyl-I- piperazinyllmeihyl}pheny1)-3; gyridinecarboxamide llz\_J*zzzaznz-oai O
zzlU.alz-oa.\ .., 1Lz

(triphenylphosphine)palladium (0) (0.0104 g, 0.009 mmol) and sodium carbonate
(0.0762 g, 0.719 mmol) in a DME/water (4 mL, 1:1) was heated at 140°C in a
microwave for 10 minutes. The reaction mixture was diluted with DCM/water and the
aqueous layer was further extracted with DCM (x3). The combined organics were

5 dried and concentrated to give the crude product which was purified by column
chromatography. Elution with 0-100% EtOAc/hexane gave the title compound as a
colourless oil (0.0781 g). MS (ES): MH* 519.3.

10
Tabulated compounds D130 - D136 were prepared from the appropriate bromo-
pyridine precursor as indicated and the appropriate boronic acid using methods
similar to that described for D129 in Description 129.
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132 t040't OO(N'it NOOLTr reaction time of 1.5h and column
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Similar method to E2 {[(3S)-3-methyl-1- piperazinyl]methyl}pheny1)-5- pyrimidinecarboxamide

3-methyl-1 -piperazinylimethyl}pheny1)-5- pyrimidinecarboxamide
6-(4-fluorophgiayddbsrsisnethyl-N-(4- {[(SR)-3-methyl-I- piperazinyllmethylpehamsbidrsesa2

pyridinecarboxamide rzz zz\_2*/zzz\-1*-xzp* z-c)* -z2"z0*
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Zci" CO Tt Similar method to E2 with purification by MDAP column chromatography Similar

method to Ehpgho0s/000729 PCT/EP2007/056342
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Description 137
1,1-Dimethylethyl (2S)-2-methyl-4-{[4-(methyl{[4-(2-pyridinyl)phenyl]carbonyl

amino)phenyllmethyl}-1-piperazinecarboxylate (D137

H3
HC 00

5 To 4-(2-pyridinyl)benzoic acid (0.0624 g, 0.313 mmol) in DMF (3 mL) was added N-
benzyl-N'-cyclohexylcarbodiimide resin (0.294 g, 1.6 mmol/lg, 0.47 mmol), 1-
hydroxybenzotriazole (0.064 g, 0.47 mmol) and DCM (1 mL) and the mixture was
shaken for 30 minutes. 1,1-Dimethylethyl (2S)-2-methyl-4-{[4-
(methylamino)phenyllmethyl}-1-piperazine-carboxylate (D3) (100 mg, 0.313 mmol),

10 DMF (3 mL) and DCM (1 mL) were then added and the mixture was shaken for ~2
days at room temperature The reaction mixture was filtered to remove the resin
which was then washed with further DMF/DCM (3:1). The filtrate was concentrated to
give the crude product which was purified by column chromatography. Elution with
an ether/pentane gradient yielded the title compound (0.055 g). MS (ES): MH* 501.2.

15
Tabulated compounds D138 — D140 were prepared from dimethylethyl (2S)-2-
methyl-4-{[4-(methylamino)phenyl]methyl}-1-piperazinecarboxylate (D3) and the
appropriate carboxylic acid using methods similar to that described in for D137 in
Description 137.

20
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column chromatography 3-methyl-I -piperazinyljmethyl}pheny1)-3- pyridinecarboxamide




NO d-0 C721W CNC)W COCOW 134 NU)O NOCO NOCO Similar method to E2 but no
column chromatography reaction time of 1h and no column chromatography

WO 2008/000729 PCT/EP2007/056342
114

490.4

1,1-dimethylethyl (2S)-2-methyl-4-
hyl}-1-piperazinecarboxyiate

{[4-(methyl{[6-(1H-pyrrol-1-yl)-3-
pyridinyl]carbonyl}amino)phenyllmet

D140

PB62033



Similar method to tz out no column chromatography piperazinylmethyl)phenyl]-3-
pyridinecarboxamide piperazinyllmethyl}phenyl)-3- pyridinecarboxamide

6-[(2-fluoropkenyhadsNanethyl-N-(4- {[(3S)-3-methyl-1- piperazinyllmethydpReIWros6342
pyridinecarboxamiderzZ /ol 1-0*rzz*/r1-0*ggz* 0/

Description 141 :
1,1-Dimethylethyl (2S)-2-methyl-4-{[4-(methyl{[4-(3-methyl-1,2,4-0xadiazol-5-
yl)phenyl]carbonyl}amino)phenyl]methyl}-1-piperazinecarboxylate (D141)

H,C
H,C3{_0.__0

\Ej o)
’lqk©\/
CH, N
= />-—CH3

o~y

5 To 1,1-dimethylethyl (2S)-2-methyl-4-{[4-(methylamino)phenylmethyl}-1-
piperazinecarboxylate (D3) (100 mg, 0.313 mmol) in DMF (3 mL) was N-benzyl-N'-
cyclohexylcarbodiimide resin (0.294 g, 1.6 mmollg, 0.47 mmol), 1-
hydroxybenzotriazole (0.064 g, 0.47 mmol) and DCM (1 mL). The mixture was stirred
for 30 minutes and 4-(3-methyl-1,2,4-oxadiazol-5-yl)benzoic acid (0.064 g, 0.313

10  mmol), DCM (2 mL) and DMF (6 mL) were added. The reaction mixture was stirred
for 22 h at room temperature. PS-trisamine resin (0.179 g, 0.626 mmol), PS-
isocyanate resin (0.298 g, 0.626 mmol) and MP-carbonate resin (0.788 g, 2.35
mmol) were added and the mixture stirred for 2 h at room temperature. The mixture
was filtered to remove the resins and the filtrate was concentrated to give the crude

15  product which was purified by column chromatography. Elution with 10-60%
EtOAc/pentane gave the title compound. MS (ES): MH" 506.2.

Example 1
6-(3-Fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-
20  3-pyridinecarboxamide (E1)

H
[NTCHS
N

©°
. N SN

|
CH, = F

1,1-Dimethylethyl (2S)-4-({4-[{[6-(3-fluorophenyl)-3-
pyridinyl]carbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D60) (0.127 g, 0.245 mmol) was stirred in DCM (10 mL) and TFA (2.5 mL) was
25 added drop-wise. The reaction mixture was stirred for ~1h, then concentrated in
vacuo and re-diluted with DCM and water. The separated aqueous layer was
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basified to pH14 with concentrated NaOH solution, then extracted with DCM which
was dried (Na,SO,4) and concentrated to yield the tite compound as a yellow oil
(0.091 g). &4 (CDCI;, 400MHz) 8.52 (1H, d), 7.75 (1H, dd), 7.67 (2H, m), 7.54 (1H,
d), 7.40 (1H, m), 7.25 (2H, d), 7.09 (1H, m), 7.03 (2H, d), 3.53 (3H, s), 3.41 (2H, s),

5 2.83 (3H, m), 2.66 (2H, d), 1.96 (1H, td), 1.62 (1H, m), 1.55 (br.s), 0.97(3H, d), NH
not observed. MS (ES): MH" 419.2.

This whole was dissolved in MeOH and treated with 1M HCI in Et,O (0.218 mL) to
give the hydrochloride salt of the title compound as an off-white solid (0.092 g). MS
10 (ES): MH" 419.2.

Example 2
6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E2)

H
[N],CH,
N .

K@L i
F
.)kCL@/
CH
) T

1,1-Dimethylethyl (28)-4-({4-[({6-[(4-fluorophenyl)oxy]-3-
pyridinyl}carbonyl)(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate

(D16) (0.518 g, 0.97 mmol) was dissolved in DCM (19.2 mL) and TFA (4.8 mL)
added. The solution was stirred for 1.5 h then the solvent was removed in vacuo.

15

20 The product was taken up in methanol and eluted through an SCX (10 g) column
with 2M NHj3 in methanol solution. The solvent was removed to give a colourless oil
which was purified by column chromatography. Elution with a 0-5% (2M NH; in
methanol)/DCM gradient yielded the title compound as a colourless oil (0.379g). 8y
(CDCls, 400MHz) 8.07 (1H, dd), 7.65 (1H, dd), 7.22 (2H, d), 7.04 (6H, m), 6.70 (1H,

25 d), 3.48 (3H, s), 3.43 (2H, s), 3.13 (br.s), 2.95 (3H, m), 2.70 (2H, d), 2.04 (1H, m),
1.74 (1H, m), 1.05 (3H, d). MS (ES): MH" 435.3.

This whole was dissolved in DCM and treated with 1M HCI in Et,O (0.873 mL) to give
the hydrochloride salt of the title compound as a pale cream solid (0.345 g). MS (ES):
30 MH"435.2.
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Example 2: Alternative Method (A)
6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E2)
A solution of 1,1-dimethylethyl (25)-4-({4-[({6-[(4-fluorophenyl)oxy}-3-
5 pyridinyl}carbényl)(methyl)amino]phenyI}methyl)-Z-methyI-1-piperazinecarboxylate
(D16) (32.39 g, 0.0606 mol) in DCM (150 mL) was cooled in an ice/water bath and
TFA (80 mL) was added drop-wise over 10 minutes. The reaction mixture was stirred
at room temperature overnight then concentrated to a yellow gum. The gum was
dissolved in MeOH (100 mL) and loaded onto SCX resin (150 g, pre-washed with
10 MeOH). Elution with MeOH (750 mL) gave unchanged TFA salt of the title
compound, and elution with 2M NH; in MeOH (750 mL) gave title compound free
base. The recovered TFA salt was treated in a similar manner to that described
above using further SCX resin (100 g) to give a further batch of title compound free
base. The two batches of the free base were combined in DCM and concentrated to
15 give the title compound as a pale yellow gum (26.78 g). 84 (CDCl;, 400MHz)
8.07(1H, d), 7.65(1H, dd), 7.22(2H, d), 7.04(6H, m), 6.70(1H, d), 3.48(3H, s),
3.42(2H, s), 2.89(3H, m), 2.68(2H, d), 1.97(1H, m), 1.64(1H, t), 1.49 (1H bs),
1.00(3H, d). MS (ES): MH" 435.1.

20 A solution of E2 free base (25.74 g, 0.0592 hol) was dissolved in MeOH (250 mL) at
room temperature, flushed with argon was treated with 1M HCI in Et,O (59.2 mL).
The solution was concentrated in vacuo to give a pale brown foam which was dried
overnight at 60°C in vacuo. 26.4g of this material was dissolved in DCM (175 mL)
and added dropwise over 30 minutes to vigorously stirred hexane (2.65 L) under an
25 argon atmosphere. Stirring was discontinued and the precipitate was isolated by
filtration under argon, washed with hexane (2 x 2L) , filtered under a gentle vacuum
with an argon blanket and then dried in vacuo at 80°C overnight. The resulting solid
was dissolved in water (220 mL), freeze-dried over-weekend, ground to a powder
and dried in vacuo at 80-82°C overnight. The powder was re-dissolved in water (150
30 mL), freeze-dried overnight and then ground to a powder yielding the hydrochloride

salt of the title compound as a cream solid (24.13g)

35
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imethyl-N-(4-{[(39)-3-methyl-1- pi perazinyl]methyl}pheny1)-3-pyridi necarboxam ide (E38) CH3 X 5
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imethylethyl(2S)-4-({4-[([6-(2-cyanopheny1)-2-methyl-3-
pyridinyllcarbonylymethypamino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate (D44) (0.309 g,
0.573 mmol) was stirred ip DCM 520 mL) and TFA (5 mL) was added drop-wise. The reaction mixture

was stirred fo . d in vacuo and re-diluted with DCM and water. The separated
aqueous layer4psRiasHophéaylfdky]#bmethyongaqi(as)B Methylsplution, then extracted with DCM

which was dri 2 trated.to di r iely was purified by column
chromatograp%@?gé?lﬁm&%ngﬁg%ﬁ@egﬁ%% ﬁﬁé%%%@%%@'ﬁ%%%m 0). MS (ES): MI-1+
440.3. 20 Thig\bioR 95 EAEae B3sa HiEdimahin methyoserbetdietonsdd. gl hwaedddekieolvent was
removed ® givientadtUstidprtElgeig Rtnreekihisthyvas-putyfietoby NIBARLjonds dddel citigientormate salts
of the title co 3 . ormate-salt was.pas thro n cartridge eluting
with methanol TR e it it g S oS EDa e ST £ s,
400MHz) 7.75%28024landnd 8413 Fmounty of(whitengolidi appmared) terapiert e 3'98.(3ke s), 3.36
Ele, \)NO ZOM%WW@QW%%Z@1W?M6fl.":\)clgelﬁ@)mnh)ﬂ ﬂg@lﬁcﬂ&dﬁhm), 1.59
1H, m), 1.35 0.9 H MS (ES): MR 440 3. E39.formate salt was passed through an SCX
cartidge clonueiie weskend TR SR VEIB o S SR e SO R IR0 026 ) e
a colourl&s ol AriiexaRaS0ar iRkl Fdithedistuel wem haateeiasifepivs thelauwm Knteectimga (2M NH3 in
ord). 723 (3 e B L 3 P e B V7B 2k, m)

r.d), 7. m), 7. , 3. ) .S), 3. . S), 2.82 (3H, m), 2. , m),
2.51 (3H, 9), 1\&@8 ?ﬁ %ﬁ%fg@(iﬁgf%éa%@&h%( ﬁ, %ﬂ §‘(€§)°‘%W\;’ fgg.%l'gé_éﬁ #’ Pase was
dissolved in MUoFk &nd tierarsialiite ¢¥aledasPBige,(0\GREghl. ) ioegnixtite Masrdatnolédietealt of E39 as
igiéllh(tzyg”ow %‘ﬁﬁ!ﬂilﬁﬁb%ﬁb Q%Pﬂsefﬁpﬁ'l\l A 'a??lflgé/ ?ﬁﬁtﬂe E.%ﬁ@"'_@éﬁd“@_as Ic:olle;:kt]edI br){ fiItr?Ltion. After

-(2-Cyanopheny)-N-methyl-N-(4- -3-m -1-piperazinyllme 1enyl)- .

3-pyriding§arb%%gr¥%euegémI‘-’f%f(’:{'g&' ,QQ{ﬁWEWPe][ﬁ%I@g}Eﬁ- iﬂfé’&%%ﬁ%ﬁ%mt)%
pyridinylJcarbang#nesystainmpevigercRdiimethipr-ensetyi! 50SBerazinecarboxylate 20 (D49) (0.091 g,
0.173 mmol) was stirred in DCM (10 mL) and TFA (2.5 mL) was added drop-wise. The reaction

mixture was SE{S% f?é iH],“thin gzpcentrated in vacuo and re-diluted with DCM and water. The

separated aq iied to pH14 with concentrated NaOH solution, then extracted with
DCM which wld@rfuqroaheaylpxbiN-oretbitNt i3 §i3-methylitte product which was purified 25 by

column gyomghesraMYIRLIHONENERY-B0BgridRRicARSoMaMiRId9driapEil gEspound as a colourless oil
(0.054 g). (CDQCI3,.400 .59 (1H, s),..7.83 (1H, dd), 7.78 %H{% .67 (1H, % .50 (1H, m),
7.23 (2H, d), %o%"(ﬂﬁ? (g‘?,%ﬁeéﬁ%%ﬁ,@).fﬁs7(ﬂ§f s%’,“g?gg‘-%ﬂ&f g -,Zz'.‘}gi) (B ,F o (1H, 1), 1.79
(1H, 1), 1.75 (bnud)keones(§, mi.Me(E ) diaxang2@. mLNWE besEDoitk SPIT APRO0FI066342 138 The
title compoung@rsbrlidya®AisseNig Sl e Ydnithp pratipiAderHia eb s sRlion 40 R0 ML) was
treated with 1M HtC |tn IF—'{(,A:[ZO but this 'resultaeg?m partéal de,?o\%]égsosmon tg the c,orre?%gndlng 2-primary
amide compolTRAeFHE ASAANR HBeVEI-PL8I (RETh SRS LY ik R IBWRIS IARE L AR in vacuo to
give the 28e 5saliripouridedisodniofPavhitelisplid. gune folfoed ey thinthiitddediaxapte 2HL) -WBES3 were
prepared from;ihe QR MIAIRRGE PIRESY iNsseHrigan Itditripddadbavibiaqysing methods
similar to those described for Example 1, 2 or 3. o i

~60°C and the mixture was temperature cycled (0-40°C in 1h blocks but starting at

40°C) over the weekend. To the resulting ‘milk-like’ slurry was added further 1,4-

dioxane (1.5 mL), the sides of the vessel were scratched and the mixture was then

30 temperature cycled as before. After 9 days, the slurry was filtered and the filter cake

was de-liquored over ~90 minutes to give a white solid which was dried at 40°C

under vacuum. After 20h the title compound was obtained as white, mainly

crystalline, powder (377.2 mg).

Thermal analysis

35 The DSC thermogram of the product was obtained using a TA Q1000 calorimeter,
serial number 1000-0126. The sample was weighed into an aluminium pan, a pan lid
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placed on top and lightly crimped without sealing the pan. The experiment was

conducted using a heating rate of 10°C min™. Melt onset 141°C.

X-Ray Powder Diffraction (XRPD)

The XRPD data were acquired on a PANalytical X'Pert Pro powder diffractometer,
5 model PW3040/60, serial number DY1850 using an XCelerator detector. The

acquisition conditions were: radiation: Cu Ka, generator tension: 40 kV, generator

current: 45 mA, start angle: 2.0°26, end angle: 40.0°2 6, step size: 0.0167 °2 8, time

per step: 31.75 seconds. The sample was prepared by mounting a few milligrams of

sample on a Si wafer (zero background) plates, resulting in a thin layer of powder.

10 Characteristic XRPD angles and d-spacings are recorded in the table below.
Peak positions were measured using Highscore software.

Characteristic | d-spacing /A
XRPD peak
positions

20/°

4.5 | 19.5
8.9 10.0
9.8 9.0
12.2 7.3
13.0 6.8
14.6 6.1
16.0 5.6
16.7 5.3
17.7 5.0
18.9 4.7
20.2 4.4
21.1 4.2
22.1 4.0
23.5 3.8
241 3.7
25.2 3.5
26.3 3.4
27.0 3.3

15
Example 2B: Method 3
6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperézinyl]methyl}phenyl)-3-pyridinecarboxamide fumarate (E2B)
A mixture of E2 free base (201.9 mg) and fumaric acid (63.9 mg) in EtOAc (2mL)
20 was stirred at room temperature. After 5 minutes, a milky gelatinous precipitate
started to form so further EtOAc (2 mL) was added together with seed crystals of the
previously obtained fumarate salt from Method 2. After 1h‘, the precipitate became
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very thick and gelatinous so further EtOAc (2ml) and seed crystals were added. The
mixture was stirred at room temperature for 0.5h, then warmed to 40°C for 0.5h.
Further EtOAc (5 mL) was added and stirring was continued at 40°C for 10 minutes
then at 60°C for 2h. The mixture was cooled to 50°C for ~1h then to 40°C for ~1h

5 then to room temperature overnight. The solid was filtered off under argon, washed
with EtOAc, semi-dried under argon and then dried at 60°C under vacuum to give the
titte compound (164 mg).

Example 2B: Method 4
10  6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide fumarate (E2B)
A partial suspension/solution of finely ground fumaric acid (267 mg) in EtOAc (10
mL) was stirred and heated at 60°C. This was added portion-wise to a solution of E2
free base (0.9997 g) in EtOAc (20ml) heated at 70°C. Any initial turbidity/gum rapidly
15 disappeared but as addition continued the solution stayed slightly turbid. At this point
the solution was seeded with the previously obtained fumarate salt from Method 3
and within a few minutes a heavy crystalline precipitate started to form. Addition of
the fumaric acid suspension/solution continued over ~3h. The reaction mixture was
stirred at 70°C for a further one hour then slowly allowed to cool to room temperature
20  overnight with stirring. The solid was collected by filtration, washed with EtOAc, dried
under argon then further dried at 60°C, under vacuum, overnight to give the title
compound (1.077 g). &4 (CD30D, 4b0MHz) 7.95 (1H, d), 7.74 (1H, dd), 7.31 (2H, d),
7.17 (2H, d), 7.14 (2H, t), 7.05 (2H, dd), 6.78 (1H, d), 6.68 (2H, s), 3.56 (2H, s), 3.46
(3H, s), 3.30 (2H + MeOH, m), 3.11(1H, m), 2.89 (2H, m), 2.32 (1H, m), 2.10 (1H,
25 dd), 1.25 (3H, d) (NH not observed).
Thermal Analysis
The DSC thermogram of the product was obtained using a TA Q1000 calorimeter,
serial number Q1000-0264. The sample was weighed into an aluminium pan, a pan
lid placed on top and lightly crimped without sealing the pan. The experiment was
30 conducted using a heating rate of 10°C min™. Melt onset 153°C.
X-Ray Powder Diffraction (XRPD)
XRPD data for Example 2B: Method 4 were acquired on a PANalytical X'Pert MPD
powder diffractometer, model PW3040/60, serial number DY667 using an
XCelerator detector. The acquisition conditions were: radiation: Cu Ka, generator
35 tension: 40 kV, generator current: 45 mA, start angle: 2.0°26, end angle: 40.0°2 6,
step size: 0.0167 °2 8, time per step: 48.26 seconds. The sample was prepared by



O N-1ISD 0 Example No. Lil N-4-ul COal 140 '-N.:co NLcico Nuico Ncoco

10

15

20

WO 2008/000729 PCT/EP2007/056342

121

mounting a few milligrams of sample on a Si wafer (zero background) plates,
resulting in a thin layer of powder. Characteristic XRPD angles and d-spacings are
recorded in the table below. Peak positions were measured using Highscore

software.
Characteristic | d-spacing/A
XRPD peak
posisitions
20/°
9.0 9.9
9.7 _ 9.1
12.2 7.2
13.7 6.5
15.4 5.7
15.8 5.6
16.1 5.5
16.7 5.3
17.1 5.2
18.0 4.9
18.3 4.9
19.1 4.6
19.4 4.6
19.7 : 4.5
20.3 4.4
20.9 4.3
22.5 4.0
22.9 3.9
25.2 3.5
25.6 3.5

Example 2B: Method 5

6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide fumarate (E2B)

A suspension of finely ground fumaric acid (13.84 g) in EtOAc (500 mL) was stirred
and heated at 70°C. This was added portion-wise to a stirred solution of E2 free base
(57.80 g) in EtOAc (1 L) heated at 70°C. When ~80-100 mL of the fumaric acid
suspension had been added, the solution was seeded with previously obtained
fumarate salt (40 mg) (prepared using a method similar to that described in Example
2B, Method 4). To the resulting faintly turbid solution was added further fumaric acid
suspension (~50 mL) giving a cloudy solution. On addition of further seeds (40 mg),
crystallization started. Addition of the remaining fumaric acid suspension in 8-10 mL
portions continued over ~4h. Further EtOAc (~30 mL) was used to aid transfer of the
final solid residues of fumaric acid to the reaction vessel. The reaction mixture was



reaction time of 2-3h and aq. work-up using DCM/2M NaOH. Salt formation in EtOAc. work-up using
DCM/sat. ag. work-up using DCM/sat. aq. NaHCO3 solution followed by MDAP purification. urvl

r'-up uall LowyhNaRbhoalt formation in EtOAc. piperazinylmethyl}phenyb-¢7£3-war908ny!)-
N-methyl-3-pyridinecarboxamide 3-methyl-I-pipergginyllmethyl}pheny0-2-
3-methyl-l-piperazinylynethyl}phenyl)-2- pyridinecarboxamide N-(2-fluoro-4-{[(3S)-3-methyl-1 -
piperazinylimethyl}pheny1)-6-[(4- fluorophenypoxy]-N-methyl-3- pyridinecarboxamide iO H\ Z / U-./
SzZzZ\--/ (7). U-

stirred at 70°C for a further 4h then slowly allowed to cool to room temperature

overnight with stirring. The crystalline solid was collected by filtration, washed with
EtOAc and dried under argon; then further dried under vacuum at 60°C overnight to
give the title compound (60.8 g).

5 &y (CDsOD, 400MHz) 7.95 (1H, d), 7.74 (1H, dd), 7.31 (2H, d), 7.17 (2H, d), 7.13
(2H, t), 7.05 (2H, dd), 6.78 (1H, d), 6.68 (2H; s), 3.56 (2H, s), 3.46 (3H, s), 3.30 (2H +
MeOH, m), 3.11(1H, m), 2.89 (2H, m), 2.32 (1H, m), 2.10 (1H, dd), 1.25 (3H, d) (NH
not observed).

84 (DMSO-dg, 400MHz) 7.97 (1H, d), 7.65 (1H, dd), 7.16-7.25 (6H m), 7.10 (2H, dd),
10  6.87 (1H, d), 6.46 (2H, s), 3.45 (2H, s), 3.36 (3H, s), 3.08 (2H, m), 2.85 (1H, m), 2.68

(2H, m), 2.16 (1H, m), 1.93 (1H, m), 1.09 (3H, d) (NH not observed).

MS (ES): MH" 435.3

Example 3
15  1-(4-Fluorophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1-piperazinyl]methyl}phenyl)-
4-piperidinecarboxamide (E3)

H
[Nj’CHS
N

s

To 1,1-dimethylethyl (2S)-4-({4-[{[1-(4-fluorophenyl)-4-piperidinyljcarbonyl}(methyl)
amino]phenyi}methyl)-2-methyl-1-piperazinecarboxylate (D59) (0.19 g, 0.36 mmol) in

20 DCM (5 mL), cooled in an ice bath, was added TFA (1.5 mL) and the reaction
mixture was then stirred for 3 h at room temperature. The solvent was removed and
the crude product was eluted through an SCX cartridge with methanol then 2M NH;
in methanol to give a vyellow oil which was further purified by column
chromatography. Elution with 0-5% (2M NH; in methanol)/DCM yielded the title

25 compound as a yellow oil (0.13 g). 34 (MeOD, 250MHz) 7.48 (2H, d), 7.30 (2H, d),
7.13 (2H, d), 6.84 (2H, d), 3.59 (4H, m), 3.23 (3H, s), 3.18 (2H, d), 3.01 (1H, m), 2.90
(2H, t), 2.31 (4H, m), 2.02 (1H, m), 1.85 (2H, m), 1.70 (2H, d), 1.17 (3H, d) [NH not
observed]. MS (ES): MH" 425.2.
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This whole was dissolved in DCM and treated with 1M HCI in Et,O (0.337 mL) to give
the hydrochloride salt of the title compoundas a white solid (0.1 g). MS (ES): MH*
425.1

The following tabulated examples E4 — E37 were prepared from the appropriate Boc-
protected intermediate as indicated in the table, using methods similar to those
described for Example 1, 2 or 3.



r--LU 141 C1 (-4 NI-

Kl- co ill

OLi,0 CON.O nN.O 0COOQO O--rtLU LO LLI

PCT/EP2007/056342

WO 2008/000729

124

AydeiBojewoiyd uwnjoo

aplwexoqiedsaulpuid

L'6LY -¢-(Kuayd{hyiewfjAuizesadid-| -Ayjew-¢ /1a 63
UM |3 0} poylow Jejiuis
“(se)l-v)-N-IKulew-N-(Ausydolony-p)-9
apiwexoqJesaulpuid
-¢-(Kuayd{AyowjAuizesadid
zeey 13 0} poyisw Jejulg 19a ¥3
-L-Ayrew-g-(s¢)l}
-p)-N-Aurewip-z‘N-(Ausydoiony-p)-9
A :9jeipaunajul
‘0
+HW juswwo?) poyeN awenN ainyonuis 20g WwoJdy N
ajdwex3y
pasedaug
€£€£02949d




N4CO NNIn Na)co work-up using DCM/sat. sq. NaHCO3 solution followed by column
chromatography. nuin-up UOtl sq. NaNCO3 solution followed by column chromatography. followed
by chromatogyglgys dehysynatography using Biotage KP-NHT14 column  pcr/Eep2007/056342
3-methyl-1-piperazinylimethyl}pheny1)-2- pyridinecgboxamide {[(3S)-3-methyl-1
-piperazinyllmethyl}phenyly 2-pyridinecarboxamide ([(33)-3-methyl-1-piperazinyl]nethyl}phenyl)-

410.3
418.3
419.3

Similar method to E1
Similar method to E1
Similar method to E1 with
reaction time of ~2.3h

morpholinyl)-3-pyridinecarboxamide
1-piperazinyl]methyl}phenyl)-4-
biphenylcarboxamide
pyridinecarboxamide

N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyljmethyl}phenyl)-6-(4-
6-(4-fluorophenyl)-2-methyl-N-(4-{[(3S)-

4'-fluoro-N-methyl-N-(4-{[(3S)-3-methyl-
3-methyl-1-piperazinyljmethyl}phenyl)-3-

D18
D19
D20

E6
E7
E8
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NaOH. Salt formation in DOM. work-up using DCM/2M NaOH. Salt formation in DCM.
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I1IGLU 1,34 {8 bohMilh1keaction time of 0.5h Similar method to El with regsdipp gine,6e9:2h

piperazinylimethyl}pheny1)-6-(3-fluorophenyl)- N-methyl-3-pyridinecarboxamide
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3111 LoinW 143 CN.4 ci66 66 NI- Similar method to El with reaction time of 2h  Similar

method to El with reaction time of 3h

chromatography using Biotage KP-NH"" column
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6 CO 'cr N Lti CI Nr reaction time of 0.5h and column chromatography Similar method to El with | 1
reaction time of 0.5h and column chromatography - -....... chromatography. Salt formation in
DCM/MeOH wipshagipyHsyethyllphenyl)-3- pyridinecarboxamide . . . .. PCT/EP2007/056342
methyl-l-piperazinyl]methyl}-2-pyridinyl)-3-  3-methy-1 -piperazinylynethy1}-2-pyridiny1)-3- nvrid
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6-(3-fluorophenyl)-N-methyl-N-[4-(1-
piperazinylmethyl)phenyl}-3-
pyridinecarboxamide
6-[(3-fluorophenylt)oxy]-N-methyl-N-(4-
6-[(2-fluorophenyl)oxy]-N-methyl-N-(4-

[o]
4 P4 Z
72\ 7 N\ 7\
o O: © O )
Zz—-0 Zz—-0 Zz—0
5 5
Iz P4 Iz 4 IZ 4
_/
[To}
e} [{e} ]
o fat o
w0 ©
& A &
w w 1]

PB62033



PCT/EP2007/056342

N
0 d
o
[e]
: 2
©
o
o 4 Z 1o
= aplwexoqiedaulpuid | i
~ Aydesbojewoiyd uwnjos NS N
N z6ly -g-[Auayd(Auawifuizeladid G o ova Le3
N A ounqg g3 0} poysw Jejiwig ,
| 5 -1)-¥1-N-iAuswip-g'N-(|Ausydoiony-¢)-9 N
: CJ
g N
(o]
=)
=

£€02949d

zzz\/oalzz-ulzzz



z-0a COrEl c-N5 ONE) 0)OLLI 0CO1.11 CS

WO 2008/000729 PCT/EP2007/056342
136

Example 38 and Example 39
6-(2-Cyanophenyl)-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E38) .

5
and
6-[2-(Aminocarbonyl)phenyl}-N,2-dimethyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E39)
10  1,1-Dimethylethyl (2S)-4-({4-[{[6-(2-cyanophenyl)-2-methyl-3-

pyridinylJcarbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate
(D44) (0.309 g, 0.573 mmol) was stirred in DCM (20 mL) and TFA (5 mL) was added
drop-wise. The reaction mixture was stirred for ~1h, then concentrated in vacuo and
re-diluted with DCM and water. The separated aqueous layer was basified to pH14

15  with concentrated NaOH solution, then extracted with DCM which was dried
(Na,S0,) and concentrated to give the crude product which was purified by column
chromatography. Elution with 0-10% MeOH/DCM yielded E38 as a pink oil (0.219 g).
MS (ES): MH" 440.3.

20 This whole was taken up in MeOH and 1M HCI in Et,O (0.598 mL) added. The
solvent was removed to give a crude product mixture which was purified by MDAP to
yield the crude formate salts of the title compounds E38 and E39. E38 formate salt
was passed through an SCX cartridge eluting with methanol then 2M NHj; in
methanol yielding E38 free base (0.051 g) as a white solid. &y (CDCls, 400MHz) 7.75

25 (2H, m), 7.64 (1H, m), 7.43 (3H, m), 7.16 (2H, d), 6.98 (2H, d), 3.65 (3H, s), 3.36 (2H,



w NCOIIl 145 elcocNin N.o.-.NrClcsio Ti- reaction time of 2h and column
chromatography. Salt formation in DCM/MeOH reaction time of 2h. Salt formation in DCM/MeOH
Similar methqghten B yifngeaction time of 3h. Salt formation in DCM/MeOH p ({3 buvdr st ing-1
-piperazinyllmethyl}pheny1)- 3-pyridinecarboxamigg methyl-l-piperazinyljmethyl}pheny1)-2- nvrid in
PCP rhnya m ide N-methyl-4-(3-methyl-1,2,4-oxadiazol-5-y1)-N- (4-W35)-3-methyl-I-
piperazinylimethyllphenyObenzamide = Z Krzi 0Oi izz

s), 2.83 (3H, m), 2.63 (5H, m), 1.91 (1H, m), 1.59 (1H, m), 1.35 (br.s) 0.95 (3H, d).

MS (ES): MH* 440.3.

E39 formate salt was passed through an SCX cartridge eluting with methanol then
5 2M NH; in methanol yielding crude E39 free base (0.026 g) as a colourless oil which
was further purified by column chromatography. Elution with 0-10% (2M NH; in
methanol)/DCM yielded E39 free base as a colourless oil (0.024 g). 3y (MeOH,
400MHz) 7.50 (5H, br.d), 7.23 (3H, m), 7.16 (2H, m), 3.51 (3H, s), 3.14 (2H, s), 3.35
(3H, s), 2.82 (3H, m), 2.64 (2H, m), 2.51 (3H, s), 1.96 (1H, m), 1.56 (1H, m), 0.95
10 (3H, d). MS (ES): MH" 458.1. E39 free base was dissolved in MeOH and treated with
1M HCI in Et,0 (0.058 mL) to give the hydrochloride salt of E39 as a light yellow

solid (0.011 g). MS (ES): MH" 458.1.

Example 40
15 6-(2-Cyanophenyl)-N-methyl-N-(4-{[(3S)-3-methyl-1 -piperazinyllmethyl}phenyl)-
3-pyridinecarboxamide (E40)

H
[NICHS
N

ﬁ°
N SN CN

)
cH, S ~

1,1-Dimethylethy! (2S)-4-({4-[{[6-(2-cyanophenyl)-3-
pyridinyl]carbonyl}(methyl)amino]phenyl}methyl)-2-methyl-1-piperazinecarboxylate

20 (D49) (0.091 g, 0.173 mmol) was stirred in DCM (10 mL) and TFA (2.5 mL) was
added drop-wise. The reaction mixture was stirred for ~1h, then concentrated in
vacuo and re-diluted with DCM and water. The separated aqueous layer was
basified to pH14 with concentrated NaOH solution, then extracted with DCM which
was dried (Na;SO,) and concentrated to give the crude product which was purified

25 by column chromatography. Elution with 0-10% MeOH/DCM yielded the title
compound as a colourless oil (0.054 g). 34 (CDCls, 400MHz) 8.59 (1H, s), 7.83 (1H,
dd), 7.78 (2H, m), 7.67 (1H, m), 7.50 (1H, m), 7.23 (2H, d), 7.05 (2H, d), 3.54 (3H, s),
3.45 (2H, s), 2.89-3.02 (3H, m), 2.71 (2H, m), 2.09 (1H, t), 1.79 (1H, t), 1.75 (br.s)
1.07 (3H, d).MS (ES): MH" 426.2.

30
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The title compound (0.054 g) was dissolved in MeOH (0.54 mL). A portion of this

solution (0.20 mL) was treated with 1M HCI in Et;O but this ‘resulted in partial

decomposition to the corresponding 2-primary amide compound. The remaining

MeOH solution (0.34 mL) was re-concentrated and dried in vacuo to give the title
5 compound as an off-white solid.

The following tabulated examples E41 — E53 were prepared from the appropriate
Boc-protected intermediate as indicated in the table, using methods similar to those
described for Example 1, 2 or 3.

10
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re, ai :Tr reaction time of 2h and MDAP purification. Salt formation in
VII I llal 11'1CU Pall Ml I-C. | rpartinn timn nf 2h  Similar method to E2 with reaction time

of 2h. 1.1-rrigkSldebMillihap!pIIUIL Ivry-mem iyi-sv-v,t- {[(3S)-3-methyl-1-pipg@grpdipaiphenyl)-

3-pyridinecarboxamide 3-methyl-1-piperazinylimgfhy11-3-pyridiny1)-3-

.NI-3 cocoa.)Nr

DCM/MeOH
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6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-methyl-5-{[(3S)-3-methyl-1 - piperazi nylimethy1}-2-pyrid |

nyl)-3-pyridi esasRoxRsle (E77) 51,1-Di methylethyl(2S)-4-({6-[({6-[(4-flyeropPsidy)igeul 3-pyrid
inyl)carbonyl )(methyl) amlno] -4- methyl -3- pyndmy{},methyl) -2- methyl -1- plperazmecarboxylate (D118)

(26mg, 0.047mm

was stirred at roam temperﬁure under
methanol (2 mL) and loadedon to a 1
OmL) gave a coipur

2M NH3 in metha

resulting oil was d

methanol (20mL),
oil (15mg). MS (E

HCI in Et20 (0.03]

MS (ES): MH+ 45

N,2cDimethyl-N-(4- {[(3?;)
ECH3 0 CM3 :HN Theitl& cénfbund
thyl-3g4' Blp@ndln -6-yQcarbdhyfamino}
(D130) using a proceddte gmﬂar to that descfbed for El
preparation was ¢

25{methyl[(21-me

8.39 (1H, br.m), 8

i
|ssol\;_ed&n &ethanol
folloge@by®2M NH3
5): M131€4® 1.15T
7 mL)2o give tt@ hydr
D.3. B éa@p@ 78

arried out in DCM/Me

O

nis whﬁjle%vas dis
chlori@le %alt of t

%m@tkﬁl -1- plperaznglllﬁlethyl}r henyl)% 463|pyr|d|n
vas prgpeged from 1,1- dn@e@ylethyl (

) to giv@ the title co

O

JhenyO@eﬂhyI] 1- pi

and the reaction mixture

was condentrated, re-dissolved in
EIutlorleth methdnol (20 mL) followed by

1r|f|ed by MDAP. The

mpound as a colourless

solved il MeOH (1 mlL) and treated with 1M
ne title c%n‘@ound asa white solid (13.6 mg).

b6-carboxamide (En)
PS)-2-methyl-4-[(4-
berazinecarboxylate

n Exan®le 1 although hydrochloride salt
PDH (1:1). 5H (Me(D, 400MHz) 8.96 (1H, br.m), 8.76 (1H, d),

33 (1H \ALO 2008/000729PCT/EP200

7/056342
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151 s), 8.23 (1H, d), 7.81 (1H, br.d), 7.58 (2H, br.$), 7.36 (2H, br.$), 3.86 (1H, br.$), 3.58- 3.71 (4H,
m), 3.54 (3H, s), 3.44 (1H, m), 3.34 (2H, s), 3.30 (1H, m), 2.85 (3H, s), 1.40 (3H, d), NH not observed.
MS (ES): 314vb Rgspqieeular ion (MW) observed. 5 Example 79
6-[(4-Fluorophenyl)ox*N12-(methyloxy)ethyli-N-(4143S)-3-methyl-1-

PCT/EP2007/056342

piperazinyllmethylpheny1)-3-pyridinecarboxamide (E79) 101 1-Di

methylethyl(2S)-4

[(4-{({6-[(4-fluorophg
(methyloxy)ethylldmino}ph&hyl)methyl

-2-methy§1-piperaz

anypoxy]-ﬁi}-pyridingll]rcarbonyl)i(fz-
ne carbo®ylate (0119) (0.077 g, 0.13 mmol)

was dissolved in

1M HCI in Et20 2¢

X as ro - r--
E79 reaction time

M HCTIn dioxane (5
stirred for 2h. The|solvent was removed in vacuo and the r
and loaded onto an SCX 1%«_;cartridge
ammoniacal fractipns were gombined
(0.0667 g). MS (EB): MW 489.4. This
(0.15 mE. After standing f(ﬁ 18 minuted
hydrochloride salt|of the titl& compoun
following tabulated example® E80 - E85 were grepared fro
intermediate as indicated in%he table,
01 re|, :ci- Es Cr co Meth
of overnight and MIDAP purification. Sal

Oy Afewdrops of
which wgs eluted wit
and corftie@rated to
vhole w@s gissolved

i (0.053p) s a pale
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psultingyellow oil was dissolved in MeOH
h DCM,3e0H and 2M NH3 in MeOH. The
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, the so§/e§ts were femoved to give the
yellow ®lig MS (ES): MW 479.4. The
ppré&riate 25Boc-protected
using migth8ds similar to thoge &escribed
methodo E79 with
[ formation in MeOH

d the reaction was
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for Example 79. 152 +
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Example 77
6-[(4-Fluorophenyl)oxy]-N-methyl-N-(4-methyl-5-{[(3S)-3-methyl-1-
piperazinyllmethyl}-2-pyridinyl)-3-pyridinecarboxamide (E77)

H
[NTCHS
N

5@
F
H,C /'i' I\N
CH, Z~o

5 1,1-Dimethylethyl  (2S)-4-({6-[({6-[(4-fluorophenyi)oxy}-3-pyridinyl}carbonyl)(methyl)
amino]-4-methyl-3-pyridinyl}methyl)-2-methyl-1-piperazinecarboxylate (D118) (26mg,
0.047mmol) was dissolved in dry DCM (4 mL). TFA (1mL) was added and the
reaction mixture was stirred at room temperature, under argon. The reaction mixture
was concentrated, re-dissolved in methanol (2 mL) and loaded on to a 1g SCX

10  cartridge. Elution with methanol (20 mL) followed by 2M NH; in methanol (20mL)
gave a colourless oil. The product was further purified by MDAP. The resulting oil
was dissolved in methanol (1mL) and loaded on to a 1g SCX cartridge and eluted
with methanol (20mL), followed by 2M NH; in methanol (20mL) to give the title
compound as a colourless oil (15mg). MS (ES): MH* 450.1,

15
This whole was dissolved in MeOH (1 mL) and treated with 1M HCI in Et,O (0.037
mL) to give the hydrochloride salt of the title compound as a white solid (13.6 mg).
MS (ES): MH* 450.3.

20 Example 78
N,2'-Dimethyl-N-(4-{[(3S)-3-methyl-1-piperazinyljmethyl}phenyl)-3,4"-bipyridine-
6-carboxamide (E78)

H
ENj,cm3
N

The title compound was prepared from 1,1-dimethylethyl (2S)-2-methyl-4-[(4-
25  {methyl[(2'-methyl-3,4"-bipyridin-6-yl)carbonyllamino}phenyl)methyl}-1-
piperazinecarboxylate (D130) using a procedUre similar to that described for E1 in
Example 1 although hydrochloride salt preparation was carried out in DCM/MeOH
(1:1). &4 (MeOD, 400MHz) 8.96 (1H, br.m), 8.76 (1H, d), 8.39 (1H, br.m), 8.33 (1H,



T-010 ct CO60co CO6cnCo reaction time of overnight and MDAP purification. Salt formation in
MeOH reaction time of overnight. Salt formation in MeOH reaction time of overnight. Salt formation in

MeOH piperggybnpiydpheny1)-4-(2- pyrimidinyObenzamide _ PCT/EP2007/056342
piperazinyllmethyl}pheny1)-4-(1H-pyrazoll 1-yObgyizamide N-methyl-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}pheny1)-6-(1H-pyrrol-1- y1)-3-pyridinecarboxamide z" 0 zz z

s), 8.23 (1H, d), 7.81 (1H, br.d), 7.58 (2H, br.s), 7.36 (2H, br.s), 3.86 (1H, br.s), 3.58-
3.71 (4H, m), 3.54 (3H, s), 3.44 (1H, m), 3.34 (2H, s), 3.30 (1H, m), 2.85 (3H, s), 1.40
(3H, d), NH not observed. MS (ES*): 316.1, no molecular ion (MH") observed.

5 Example 79
6-[(4-Fluorophenyl)oxy]-N-[2-(methyloxy)ethyl]-N-(4-{[(3S)-3-methyl-1-
piperazinyllmethyl}phenyl)-3-pyridinecarboxamide (E79)

Ei‘:rcm
h@ﬂ‘

10  1,1-Dimethylethyl (2S)-4-[(4-{({6-{(4-fluorophenyl)oxy]-3-pyridinyl}carbonyl)[2-
(methyloxy)ethyllamino}phenyl)methyl]-2-methyl-1-piperazine  carboxylate (D119)
(0.077 g, 0.13 mmol) was dissolved in 4M HCI in dioxane (5mL). A few drops of
water were added and the reaction was stirred for 2h. The solvent was removed in
vacuo and the resulting yellow oil was dissolved in MeOH and loaded onto an SCX

15 cartridge which was eluted with DCM, MeOH and 2M NH; in MeOH. The
ammoniacal fractions were combined and concentrated to give the title compound as
a yellow oil (0.0667 g). MS (ES): MH" 479.4.

This whole was dissolved in DCM/MeOH (1:1, 2mL) and treated with 1M HCI in Et,0

20  (0.15 mL). After standing for 10 minutes, the solvents were removed to give the
hydrochloride salt of the title compound (0.053g) as a pale yellow solid. MS (ES):
MH" 479.4.

The following tabulated examples E80 — E85 were prepared from the appropriate
25 Boc-protected intermediate as indicated in the table, using methods similar to those

described for Example 79.
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N-Methyl-N-(4-{[(3S)-3-methyl-I-piperazinylimethyllpheny1)-4-([4-

(trifluorometRyblagoydlsasbonyltbenzamide (E86) EN),CHu 5 CF 1 ,1-DimetRyieiivd osesa2
(2S)-2-methyl-4-[(4-{methyl[(4-{[4-(trifluoromethyl)ahenyl]carbonyl)

phenyl)carbonylia

inolshenviimethvll-1-pniperazinecarbox
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Example 86
N-Methyl-N-(4-{[(3S)-3-methyl-1-piperazinyllmethyl}phenyl)-4-{[4-
(trifluoromethyl)phenyl]carbonyl}benzamide (E86)

1,1-Dimethylethyl (2S)-2-methyl-4-[(4-{methyl[(4-{[4-(trifluoromethyl)phenyl]carbonyl}
phenyl)carbonyllamino}phenyl)methyl]-1-piperazinecarboxylate (D123) (0.244 g, 0.41
mmol) was dissolved in 4M HCI in dioxane (5mL) and the reaction was stirred for 2h.
The solvent was removed in vacuo to give the dihydrochloride salt of the title

10 compound as an off-white solid (0.203 g) which was further dried in vacuo. MS (ES):
MH* 496.1.

The following tabulated examples E87 — E93 were prepared using methods similar to
those described for Examples E1, E2, E3 or E79.
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GPR38 FLIPR functional agonist assay protocol

24 hours prior to assay, CHO-K1 cells stably expressing the GPR38 receptor were
seeded (10,000 cells/well) into poly-D-lysine coated 384-well black-wall, clear-bottom
microtitre plates (Greiner). On the day of assay, media was aspirated from cell plates
using a cell washer (leaving 10ul of media). Cells were immediately loaded with
loading buffer [Tyrodes (Elga water + 145mM NaCl + 5mM KCI + 20mM HEPES +
10mM glucose + 1mM MgCl;) + 1.5mM CaCl, + 0.714mg/mL Probenicid
(predissolved in 1 M NaOH) + 0.25mM brilliant black + 2uM Fluo 4 dye], and
incubated at 37.5°C for 1 hour.

Plates were then assayed on a FLuorometric Imaging Plate Reader (FLIPR,
Molecular Devices).

Master compound plates were prepared in 100% DMSO. A top concentration of 3mM
was used (giving 12uM final concentration in assay) and this was serially diluted 1 in
4. 1ul from the master plate was transferred to a daughter plate, to which 50ul of
compound dilution buffer (Tyrodes + 1mg/mL BSA + 1.5mM CaCl,) was added. In
the FLIPR, 10ul of test compound was added to the cells and changes in
fluorescence measured over a 1 minute timeframe. Maximum change in
fluorescence over baseline was used to determine agonist response and
concentration response curves were constructed, using a 4-parameter logistic
equation.

In alternative protocols the loading buffer was HBSS {Elga water + 137mM NaCl +
5mM KCI + 0.41mMa KH2PO4(anhyd) + 20mM HEPES + 5mM glucose + 0.81mM
MgSO4(anhyd) + 1.3mM CaCl2 + 4.16mM NaHCO3} + 0.25mM brilliant black + 2uM
Fluo 4 dye and the CHO-K1 cells thawed from frozen aliquots and seeded 24 hours
prior to the assay.

Examples 1 to 86 of the invention have a pEC50 2 6.0 in one or more of the FLIPR
assays described above.
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functional agonist assay protocol 24 hours prior to assay, CHO-K1 cells stably expressing the
GPR38 receptor were seeded (10,000 cells/well) | |q poly-D-lysine coated 384-well
black*wall, clear-bottom miicrotitre plates (Greiner). On the day of assay, media was aspirated
from cell plates 5 uekaghs cell Washer (leaving 1 Oul of media).-Cells were immediately loaded
with loading buffer [Tyrodes (Elga water + 145mM- NaCl + 5mM KGI + 20mM HEPES + 10mM
glucose + 1mM. MgC12) '+ 1.5mM CacCl2 +.0. 714mg/mL Probenicid (predissolved in 1 M
NaOH) + 0.25mM brrlllant%%ﬁfR"*"Z'ut\ﬁflf‘?UBLﬂPdpéﬂr prlifhetrvited at'37.5C for 1 hour.
10Plates were-then assayed on a FLuorometric Im ging Plate Reader (FLIPR, Molecular
Devrces) Master compound plates were pren%ei 1OQ% DMSORA top concentration of

3mM was used (giving 12p1v1 final concentratiof in ssay) andithis was serlally diluted 1 in
15 4. 1ul from the master plate was transferred e, to which 50p1 of

agonlst response and ZOconcentratlon response curv S Wy t
4- parameter Ioglstlc equation. In alternative protocolsthe Ioagmg buffer Was HBSS {Elga.
water + 137mM NaCl + 5mM KCI + 0.41mMa KH2PO4(anhyd) + 20mM HEPES + 5mM
glucose + 0.81MM 25 Mg504(anhyd) + 1.3mM CaCl2 #4.16mM NaHCO3) + 0.25mM brilliant .
black + 2uM Fluo, Anipeeiind the CHO- K1 cells thawed from frozen aliquots and seeded 24

hours prior to the agsay. phe@%@ﬁ@eﬁ%éfhg@réd tﬁ@éfb‘é‘?ﬂt'ﬁﬁbh%\fﬁd%ﬁlgcsﬁ% tjé"doﬁﬁlzl one

?a?{?hfré@? TL'PF;&B&%ﬁ&t%&%éféﬁbf%m%a?gg%n 58 S B ciiapound of formulzr i ora

_ R'and R? are independently M or Cualkyl;

1o, Riis an optionally substltuted phenyl Sorb membered heteroaryl rmg. or5or6 |
membered heterocyctlc ring; )

B.is an opfionally subshtuted phenyl, 6-membered heteroaryl ring or 6- membered
heterocychc ring cohnected to the amlde carbon via a ¢arbon atom;,
. Yis a borid, NH, N-Cialkyl, O, C=0, or CHy;

"5 RYi is hydragen, C(M)alkyl or C(M}alkoxyalkyl .

when R® of Bis subst:tuted it may have 1, 2 or3 substrtuents each mdependently
. selected from - halogen, | Couaatkyl, C(M)alkoxy. C(s 7,cycloalkyl hydroxy,
. tnﬂuoromethoxy, triflucromethyl, nitro,-cyano, phenyl, NHz; NHR5 NRSR" 'NHCORS,

. NHSOst C(O)CFs, C(O)C(H)a]kyl C(O}C(M,cycloalkyl C(O)OC(ma kyl, C(O)OCys.

20 7)cycloalkyl ‘OC{O)Cpayalkyt, OC(O)C(M,cyctoalkyt CONHg, CONHR5 CONRR®,

- !/SORS, 80:CF;, SO:R®, OSOR®, OS0:CFs, SONH;,. :sozmr-m5 SONRR®, where
R ' and R® may be the same or drfferent and represent C(M, alkyl phenyl optionally
subshtuted with halogen or 5 or 6 membered heteroaryl optronally substltuted with |

o halogen '

25 . .
' 2. Acompound of formulz {!) or a salt thereof wherem L s C
A is- optronaliy substrtuted phenyl or pyndyl andfor

R’ is hydrogen or methyl and/or
: 2 is hydrogen or methyl; and/or _ .
30. R is optronal]y substituted phenyi, morphdlrnyl or ptpendtnyl oxadiazolyl pyndyl_
pynmidrnyl lmrdazalyl pyrrolyl andlor. . :



- wherein. . A’'is phienyt or & 6- membered héteroaryl tjrig, optionally substituted with one

substitfUent Selected from halogen, Comalkyl and Comalkoxy; .131 and R2 are independently - .

H.or Comalkyl;. 10.Rais-an optionally, substltuted1 enyl, 5. or.6 membered heteroaryl ring,.
* or 5 of 6 i-hembered heteroCyclic. ring; : 8;is an optionally substituted phenyl, 6-membered
heteroaryl ring or 6- ﬁ]@tﬂmws‘rmcmﬂlehmgf quperelingl dgrithidiayhod eyciaiiamaiera carbon .
atom;. . .Y is a-bondy N¥INH I\@Qmpaﬂe)g} Feor; gﬁ(%—,lz .15 R 4is hydrogen, Comalkylor .
Comalkoxyalkyl W[&eg W Cé d |t ha\f ? stibstituents, each o
independently selected m ha1og Nﬁ) o aﬁ<o§?y ‘ﬂ’ ncycloalkyl hydroxy,
trifluoromethoxy; trifluorom.ethyl, nitro,cyano, phenYI NH2; NNW, NR3k8,'NHCORS,
NHSO2R5( C(@CF& C(0ACortimitoyti a@ogemgztmamk)df aéﬁheaqmallwhe@aﬂ)@@@.&ﬁﬁ are’

ncycloalkyl; " OC(Q)gingpalkylnyi e%{@mgeé%x& &~ M. Ea%“éﬁ'ﬁng Aﬁg bralion ORG
502CF3., SOZR6 0802fe 0802 F3, S02NH2, .S02NHR5, SO2NR313, Where

may be the same or different and- represent Oom alkyl, Phenyl optionally substituted W|th
halogen or 5ior 6 nferberRECReREFSEMidsONally substituted. with . ‘halogen. 25.. 2.A
comPound of formula (1) of a.salt therebtwherein: is- optlonaJIy substltuted phenyl-oi:pyridy1;
and/or. Rl is.hyglroges « SPcS?méﬂ e is optignally
substituted pmyl%r% %hblln Iorr’)l W@ﬁdﬁﬁy&c&%ﬁd W@rﬂ% # |tn|d in.'le%tgﬁ\%;rol g
and/or.. 159- B |§Y5§E@ﬁ3'i ﬁIB tuted phenyl piperldinyi, pyrimidinyl or pyridyl; and/Or |t C
is NH, 0, CH2 CC or a bohd; and/or : R4:is hydrogen, methyl; ethyl, metlioxyethyl or :
iSOprOPyl. 53. A co&l{ppmmo@asﬂmwmIn-ﬁtfawrre-@i{{@é@m%wa%@Fﬁ%ﬁﬂﬁ%ﬂ@%ﬁf 8.

. other than hydrogqutaiﬂgcg;gogmg%zme C* carbons have the 3R,5 conflgura‘tlon _
compound whjgh-is:*
6- (341t|orophé$‘|yl) N- methyl -N-(4- {gSs) -3-methyl-I- plpera2|hyl|methApheny10-
pynd,nedarboxam,de(4-ﬂuorophenyl)~N-methyl N—(4-{[(38)-3—methyl 1-piperazinyljmethyl}phenyi)-4-
6:4(4: fIuorophenypﬁp}éﬂhnﬁd&t&ﬁ&yhﬁiﬁéﬁ(iﬁ) -3- rhethyl 17p|perazmylImethyl}phenyl) -3-.
pyridinecarboxamide 15-. . .
1-(4-fluorephenyl)-N-meihyl-N-(44 -3-methyll-piperazin Irneth [}phenyl)-4 .
plp(erldlnecgrbox);r gbﬂuorophenyl) l\[l(z- imethyl- (4—-?[ 33)—3-m)e/t yl- 1-prLEamn%]%ethyl}phenyl)-s-
6:(4- fluoroph&le)mT@mnyamNem {[(35) -3-methyl-1- plperazmyllmethyl}phenyl) -3-20
pyridinecarboxamide..

6-(4- ﬂuoropheny1)W%ewmwwwwmmﬁmmawmm]mbmhm%bﬁenyn-&
pynd'necarboxam'iiﬁ'idlnecarboxamlde . '
N-methyl-N-0-{[(38)-3-methyl-1-pipeiazinylimethyl}pheny15-6- (4 morphollnyl) -3-

pyrld|necarboxam|%&Wﬂm@_ﬁﬂ@y@hﬁ&hﬁﬂHﬁéga%ﬂ}]m)ﬂs)w&gmﬁkngghp{ )ony%rg/l) -4:- |

..biphenylcarboxamid "
b (4- qudrophenyl)p%r ?ﬁ?/rl W?ME(SS) 37me|hyl 1 plpethzmyllme thyl}phenyl) -37
pyrldlnecerb *ten rbon 1FN-methYI-N-(4- {E(3S) -3-methyl-1- 30
piperazmylllnethylg ﬂu?{yW é@ 1~plperaz|nyl]meth }pheny') 4~

1- [(3 nuordphenydmémbm@mgﬁer\l (4108) -3-Methyl-17 :.

6-(4-ﬂuorophenyl) 2—methyl—N-(4 {[(38) -methyl1 p:perazmyl]methyl}phenyl) 3-
e pyndmecarboxamlde :

L 1- [(3-ﬂuorophenyl)carbonyl]-N-methyi—N-(4—{[(38) 3—methyl—1-
- : .30 : -piperaznnyl]methyl}phenyl)-4—ptpend:necarboxamlde

1-[(3—1‘]uoro"pheny!)me.thyI]'-N-meti)yL—N-(4-{{_(§S)—3-methyl-1_- L
’piperazi_nyﬂmethyl}ph_epy{)-ti-bigeridipécar‘boxamid'e_ c



plper-a2|nyIpnethyI)phenyO -4- P|per|d|necarboxam|de H160 ... .. .

1-(4- chlorophenyl) -N-methyl-N-(4-([(35)-3-methyl- 1=p|pera2|nyl|methyl)pheny1) 4-

.p.iperidinecarboxamide..

- N-methy.1-N-(41(38)-3-me.0.1A-1- Plpera2|nyl]met%yQ}phenyl) 6-(1- plperlcllnylo-
pyridi*arboxamide 5—(4-chIorophenyf)-N—methy! N-(4-{[(3S)—3 methyl -1-piperazinyljmethyl heny]).4_ .

6,-(2-fluo. rophenyl),1[}gfm§élg¥}ﬂyxg4n\géa5) -3-methyl-liiiperazinyl)m. ett|y1¥phe '

pyridinegaibOxainide 6-(2,4- dlfluorophenyl) N,2- dlmethyl N-(44[(35)-3- melhyl 1

piperatitiylimethyl) | ......
6- (3 4- dlﬂuorophenw]_zgl\%ﬁ ép;rxée ﬁ% é P{)PBF%Z[‘HWTefmﬂ}PheDYI) 6'(1 Pipendlnyl) -3-
1)1PerazmAmethy
5-(3-fluorophenyOLN 2-dimethyl-N-(4438):37methyl-1-pip6iazinyl]rnethyl}pheny0-3-
p3iridinecarbofami Rréa ﬂ@%ﬁ?ﬁ&@ﬁﬂ%ﬂyﬁ@&i@hﬁﬂw-{E{Bﬁerhmﬂmﬁt&yl}phenyl} 3. .
piperazinyamethy@ptidng@iisxaardise .. '
156-(3-cyanophenyl)-N,2-climethyl-N-(4- {1(38)- 3 methyl -l- plperazmyl]mqtytyl}phenyl) -3-.
pyrldlnecark;]oxamﬁiﬁli diflucrophenyi)- N2~dlmethylr—1N-(4-{[(3|S)-3- | h )
6-(4-cianophenA -methy1-1-pliti |ny |mett|Ap enyl 3~
pyr(ldlnecarboxamEge Q%ﬁggﬁéﬂgéﬁ éé@] ?Wrﬁg ) ﬁ?p {[(33 methyl—l "20.
piperazinylimethyl .
N-(4-{[(3R,55)-3 5%(1%%)‘ J?&_{%%ﬁgﬂ e’i’rﬁ' e ASAD): %'&Ffﬁéﬁ'p}ophenyo N, 2-
dimethyl-3:p r?dmé’l?fr’ﬁﬁ)@( Y ipbe "R'ﬂy @M‘?@ﬁ&ﬁ'@@@idm -methyl-.N; -
(4-([(3)-?-metily1-1-% H. .piperazin amethylrphenyOberllamlde ' '
:N-(4-{gaR,5S)-3 §mgﬂﬁw?ﬂy)e'?{azzmy‘M}f@ﬂﬁéﬁ)@iﬂmﬁmm@;ﬁzmmh)eﬁiyl}phenyi) 3-

_methy1-3-pyriainpwitibesabrisanidd1 (2- ﬂuoroph6nypoxyl -N-methyl-N- (44[(38) -3.- methyl -1-..
piperazinyllmethYl)Ohenyhbenzamicre 161 . .
3-[(4-fluorapben9lgyikironbmytbkyEvReByI NULHEEY S-methyl1- - .
plperaZJnyI|methy?g@g&%&gwm%@légﬁ@henyl)oxy]rN metWyI N- (41(aS) -3- methyl i
pipera_zinylifn_ethy henAbenzamide . ~ g

15 6-(3-cyanophenyl)- N 2-drmethyl-N~(4-{[(3S) -3-methyi- 1-pIperaZInyl]methyi}pheny])-a..
' pyndlnecarboxamnde '

ﬁecarboxalmde ;

: 6 (4-cyanophenyl) N 2-d|methyi-N-(4~{[(38)-3-methyl 1-p|perazmyl]methyl}phenyl).3.
pyndmecarboxamtde S

_ 4-[(4»fluorophenyi)oxy] N—methyl-N~(4~{[(3S)—3—methyl 1-
20. plperazrnyl]methyl}phenyl)benzamxde

N-(4 {l(3R,58)-3 5-d|methyi 1-plperazmyl]methyl}phenyl) 6—(4-ﬂuorophenyl)-N 2- .
'dxmethyl-S pyndmecarboxamzde

'2—[{4—ﬂuoropheny!)oxy] N—melhyI-Nr(4~{[(38)-3-methyl T-r -
piperaZ|nyl]methyi}phenyl)benzamide '

‘ 25.: : .N—[4-{[(3R 58)»3 5»d;methyl 1—pxperazmyl]methy!}phenyl)—B-(4-ﬂuor0phenyl) N- |
. -methyl-3-pyndnnecarboxamlde

- »[(2-ﬂuomphenyl)oxy] N—methyl»N-(él {[(38) 3- methyl-1~
' _, plperazmyl]methyl}phenyl)benzarmde '



. 5 6-[(4-fluorophenyl)aminol41-methyl-N-(47{{(3.5)-3-methyl-1; ..
) p1pera2|nnynethyI}Phen9D -3-pyrldinecarboxamide ' - :
2-(4-fluoropheny1)-NA- dlmethyl -N44-MS)-3- theth\q% plperazmyllmethyl}phengl) -5-
: pyrlrrrldlnecarboxplnlde "

'24-fluorophen91)- M{@eﬂby}dﬁh@hyn@@ﬁbf.a,mml(&mwmme;thyl)phenyl) 51

Opyrimidinecarboar

6,(4- fluorophenyl) dlrqugt]h lﬂhﬁ?ﬂ%néarwgt%yl 1- plperazmygmetyl}pbenyl) 3-
pyrldlnenarboxamlcﬁ _ g

6-(4-fluoropheriyly- [f\ﬁ %orﬂ?\ll—' - -r%tgfﬁﬂ-@-é Egl)a%m%ﬂﬂe‘lthyl}phenYl) 3-.
pyr|d|necarboxardld’@e@'"yllm henyl)benzamlde o

ir-fluoio-N- metfgl -N- (3S0-methyl-1- p|perazmyllmethyl}phenyl) -3- blphenylcarboXamIde

1"-fluorn-N-methyl- RT?@' hers@gminglpemesin bhietiGBbaerettn)-2< biphenylcarboxamide |

6.-(2- cyanophenY@MMWﬁEMyﬂbﬁér@()%Mfdh@ﬁy}bb@m@gazmygthethyl}phenyl) -3- 20
pyridinec¢arboxaMide - -6-(3-fluorophen91)-N- methyl M14-(1- Plpera2|nylmethyl)phenyl] 3- .

Pyridinecarb.oxamigles-flubrbhanayontiemypmi il q(3s)-3- -ethyl-1-piperazinylim ethyi}pheny])-s-
rmethyl7N-(4- {t(3SM?,S ﬁ%éld gﬁ{ﬂ?zmyllMetbyl}p enyl).-3-"..pyridinecarboxamide ." -
.256-[(241uorophenyl oxY rrieth (4 ([(36)-3 metllylLl plPerazmyllmethyl}phenyl) -3-..

pyddinecarboxami erak ImethYllphe
pyddlnecarboxamlge lfﬂq' lnocar ﬁ&mggi/ "N?LEYH W%”Wghyﬂu
piPerazinylim %yl}@ﬁ@%@afﬁﬂﬁﬁ%rboxawde . .
.6.7(3-fluoropheny1)-Mmethyl-N-(3-methyl-4-{[(3S)-3- methyl 1- ’
plParaZ|nyIJmethyl}%FﬂéﬂWPBhE? &Né’c‘&m@kﬂrﬁ‘fﬂé‘{[@fﬂ-&methyl 1- pJperazmyl}methyi}phenyl) 3-

56-(3- cy‘anophenylg)yi«idtmmizkrjobkb@ieﬂ(BS) -3-meMy1- 1 pm era. zmkmethyI}Phenyl) -3-
pyridinecarboxamide' -

.6:(2- cya.nophenyWN-metmhén\g,(Ms(&ﬁéWM)@H@&%W%IMEW%W%&WI)-& -
pyrldmecarboxam|Pﬁ!d,necgrg&§¥ﬁ(§pphenyl)oxy] N-methyl-N-(4- {[(33) -3:methyl- 1
-piporazinyljrnethyl}pheny1)- '10 3-pyridinecarboxamide .

N-(241uoro- wssarﬁums.}maﬁpw (s iPPapdleis ;#;'1% (pRenyks.

methyl-3- pyrldlnec x mide:

5:[(4- fluoerhenyp ﬂXf?ﬁge%?}F?H?m {[(3b) -3- methyl -1- plpetazmyllmethyl)phenyl) 2-
pyridinecarboxami

155:4(3- quorophe%’B%‘?{?‘ %W&HW#(“@{R@@)@%WJE%ﬁﬁ@yﬁﬂﬁ%}ﬁ&w?}ﬁhenyl) :2-

p. ydd|necarboxamhﬁélenylcarboxamlde

o -(2-cyanophenyl)-N 2—d£methyl-N (4—{[(38) 3-methy[-1-plperaZ|nyl]methyl}phenyl) 3~
20 <_ pynd:necarboxamlde . .

o :B-(3 ﬂuorophenyl)~N-methy!—N—[4 ('l-p|perazmylmethyl)phenyl}-3-
. pyndmecarboxamlde

‘6-[(3-ﬂuorophenyl)oxy]-N—methyl-N (4-{[(38)-3—methyl 1= plperazmyl]methyl}pheny!)-S-
'. yndmecarboxamlde . I : :

25 - 6—[(2-ﬂuorophenyl)oxy]—N-methyI~N-(4-{[(33).3-methy[_1 Plperazmyl]methy]} phenyl) e E
pyndlnecarboxawde '

. .a—(a ﬂuorophenyl)—N 2—d|methyl—N-[4 (1-plperazlnylmethyl)phenyi]-s- '
| pyndlnecarboxamide o



‘ N—(2 flupro-44¢.(3):3; .

© methylrl- p|perazlnylknethyl)phenyl) 64(4- 11t|oroOheny|joxy| NmethY1-3- pyrldlnecarboxaml d -
e . 5[(8- cyanophenyl)oxYI -N-methyl4V-(4-{1(3Sj-3-methy1-1-piperazinygniethyl}pheny1)- 20.

. 2- pyddlnecarboxamlde 5[(41f|uoropI|enyI)am|nB@2N -methyl7N-(4-{[(3$)-3-rnethyl-1- .

Piperazinylimethyligfig Pf)ir% RYHHA FR@?@E‘ th)fVIN-ﬁi E{3S}3methyl1

plup[é?aiﬁiffﬁﬁé?ﬁﬂﬁﬁé% SRR o srarios

-1(4- quorophenyI)m ]-N-rnethyl-N-(4-{[ 8rmethy1 1-
piperazinylimethyliph rﬁﬂ?ﬁ' ﬁl‘ Tt H?fég\‘é &tk a-13s)-3- methyl -

N-(3-fluord-4- {[(SS)PMMWWW)%QWWWhWWQ quorophenyI) Nmethyl 3- pyr|d|n

ecarboxamide ' "~ 163

N-(3-fluoro-4- {ﬁ35)@Whqvm)awmewmths{ﬂﬂswwbﬁ&%mwmﬂwﬂ@f}bhenw) 3-
methy1-3- -pyridineGa@Risahita-cyanophenyOrnethyli- -N- methyl N- 04(33) -3- methyl 1-
piperazinylimethAphén¥11.4-pipendinecarboxamicie 5

F:‘Ll Fgggzﬁ;ﬁghe?g%wg%%ﬁéﬁwg%ég‘g%gg?é—rﬁn(lﬁ'Q—%eltﬁgim plperazmyllmethyl}phenyl) 3- : |
643-ffyoropheny 1) ’y ‘é{ é/)@ﬁﬂ?i?N -(4-1((35):37methyl-17

10p|perazmyllmethYI é rP ridinecarboxamide. ' -

N.-gthyl-a-(3- qu0|pB1I| fﬁ Il kﬁ/ (3858 ety V4] G@a%ﬁﬂhﬂahmﬁ@wmihyl}phenw)
pyridinecarbBRamigreviigisa@uthespopiecnyi)-N42- (methyloxy)ethyl) -N-(4- {[(38) -3- methyl 1- ..
plpera2|nyllmethyl}phenyl) 3-pyridinebarboxamidé :

61(4- fIuordphenyl)e}k&]—ﬂfumrmﬂﬁﬂ(as)(&mwmmma{i((%)yamamm}phknyl)-s (S-fluorophenyl) N—
.piperazinyfimethylipgpnélpditipkbsinsenipexantide 20 .
t-(3-flubropheny!)-N-methyl7N-(5-{[(35):3-triethyl-I- plparazmyl]methyl)--z pyriainyl).:3r:

pyridthecarboxarhig®ya-fiuoraphenyl)oxyl-N-methyl-N-(4-{[(35)-3-methyl-1-pioeiaz uBohenho.
61(441. uorophenyg%ﬁ% e FB%&%Q‘ (5- ([(35)y3 Mgfr{1[>(,| )plpera%m irr)nethmf}]me V}LZJ eny1)2
pyridinyl)-3-pyridinebarboximi

61(4-fluoro nyl thY 35 -methyi- arazinYlmethyl}phen
pyn(d|ne:ar[§)g§a¥dg)@§y4uomp enyISOXYf $n t?" ‘{P EP?P(BS)' methyl 1-F]'IPEraleln];(l]metzylgphenyl)-2- )

306-(4-fluoro-i-pip SHEHRATAPARR-N- (4-{[(3S)-3: mathyl-1- p|perazthygmethyl)phenyly
3-pyridinecarboxernide '

67(341 L|oropherlyﬁﬁiﬂtmﬁﬁﬁﬁﬁ@*ﬁ(‘!ﬁﬂﬁl’rﬂellﬁwazpﬂﬂkﬁéﬂlwwmerﬁ;&}[fhéhmmenyi)oxy]-N-
pyridinecarboxamighet8@-3-pyridinecarboxamide -

N-methy1-4,z(3-ineibyi-.1,2,4--oxadia201-5-y1)-N-(4. {[(33) -3-methyM,.

puperaszI]rhethyﬁq@m&hemmhslﬂ-mﬁéthyl-w-@ -{{(35)-3-methyl- 1-plperazlnyl meth 1} henyl)- -
N-ethyl- 64(423u0rg%g&m@&gmbl&*%é[(?ﬁ) -3- methyl?l plperazmyl]methyl}p eny g .

Pyridinecarboxamide:.

N7methyl-N-(4-([(3):35 I 1niperaz hy! 1)-5-(3-RY; |d|nyloxy) -3-
pyr1d|necarboxam?§2( m:%laﬁen%ﬂﬁﬁﬁuﬁ W%E@{? WPPR&@H éﬁ]ﬁ .{
plperazmyl]methyl}phenyl) -2- pyndlnecarboxamlde .
- [(3 4- dlﬂuorophenyl)methyl} N-methyl-N~(4—{[(3S} -3- methy!—1-._.
‘plperazmyl]methyl}phenyl)-4 plpendmecarboxamide

L 25 —[(4-ﬂuorophenyl)methyl]—N—methyl N(4-{[(33) 3~methy[-1— -
‘plperazmyl]methyl}phenyl) 4—plpend|necarboxamlde

T N—(3-ﬂuoro-4 {[(38) 3—methyi—1 plperazmyl]methyl}phenyl)-s (3-ﬂuoropheny!)—N—
methyl-s-pyndinecarbnxam:de



-f1(3 quorophenyOoxy) N- methyll N- (4 {[(38) -3-thethyl-1-piperazinyl]MOthyl}phenyl)-2-
'pyrldlnecarboxalnlde 10. : . 6-.(4,4rdifluoro-1-piperidinylj-N-methyW-(4- ([(3a) -3- methyl 1-
plpera2|nyljrnethyllpherlyl) -3- pyrldlnecarboxamlde
- 64(4-fluorophenyQoxA- N methy{ -N-(6- {{(3e) -3- metﬂ??l plperazmyllmethyl} 3-

pyridinY1)-3-pyridingcg -3-methyl-1 T
5-(4-thiciropheny1)- N e}ﬁy ){M}él Aéc{i me%r?’gge%p?rfzbq% r?gtz[} {Hhen Ryﬁ}Bﬁ'é‘H%’-%‘le“w)qxv}-N--
pyrldlnecarboxaml e o
5-(3-cyanophenyl eth i-N- 4 93S)-3-methyl-1-piperazinAmethyl)Pheny0- 2-
py(rldlnyeCaEbmegrr)l ]gglcya opheg‘y' meth)yl]-N-met Y"N'Q4p{[(33)-3-methyl%-) g
N-methyl-5-[$- (metmﬁwmm%nﬂl@rmbwmpmm@|nyI|methyl}phenyl)— -
2-pyridinecarb@xamide , ... *N- methyl 544-(methyloxy)phenytHV-(4- ([(38) -3- methyl 1 s

-plperazmyl]methyl)p I | Ik
5-(341uorophenyp-k rg%% P ﬁnarwfﬂ?ﬁnmgﬁag@’ﬁjﬂﬁ{ah T}phenyl) 2-
pynd|necarboxa_rn|agerazmy“methy Dhenyl)-‘l-lﬂlper(dmecarboxamxde T

.6- [(4 11uorophenyl)oxy) Mmethy) N- -(4- meThyI -5-{[(3)-3- metbyl 1- plperazmyllmethylp 2;

o pyg*%“‘? DRI N Lmeety) e 08 Smet e o 1):3:
uorophen me erazinylimethyl?3-pyri |ny -
pyri dlnecarbo%(aml é)graz gﬁel}%yﬁ’)hen% pyn ecart?og mide

M2cdimethy.1-N-(4-{{.(35)-3- methyplperazmyl|methyl}pheny1) '3 4cb|py rldlne 6-1 -

carboxamide-.1 *6-MBsthybbeiHojsphenlyi-RerIEbyDMARIRY. ﬁ!ﬁueﬁﬁﬁﬁﬁéﬁﬁmﬁw :3;

piPerazinylithethyliphrimdaseysidiggcartcoxamide -
Ab.(3-chloro-4-4(35)-3-methyl-1- O|perazmyllmethyl}phenyl) -6-1(4- f|uorophenyl)oxylWMethyI- _

3- pyrldlhebarboxamlde

10N, 2tdimeth{f- N ?2@[@S%?Pﬁ‘ﬁﬂﬂlﬂw&(m%mmmwﬁﬂﬂéﬁ%mmﬂrpyr|dlne 5;
-carboxamide: plperazmyl}methyl}phenyl)-s-pyndlnecarboxamude
N-rnethyt-N-.(4-{Res)-.3-methyl-1- p|perazmyumethyllphenyl) -4-(2- pyrldlnyl)benzamlde
15N-rnethyi-N-(4-( ) -me - azin |methyl}phenylk - . -pyrimidinyObenzamide )
N-meth.yl-N-(4-{[(36 i e F\% é?&é&g}’ l{y AR éﬂ#ﬁ%ﬁ%ﬂi yObeniamide. 20

N-methyl.:N-(4- {[(%B%amﬂwﬁmwmmmnwmm -(1:H-pyrrol-1.11)4-
pyndmecarbcﬁ@amlde N-methyl-N-(4- {[(35) -3-methyl-1-piperazinylimethylipherty1),4-([4- 25

-(trilluoromethypokeay ByBRZARAS.(5 e AC und.whiCh
61R4-fluoropheny )go%lg&%zm%g S s: {rggsgﬂ&%q BberaaiiRt by 5’3‘3'
plperazmyllmethyl ﬁﬁonycj Tecarboxamide or a saltthereof.. 6. A Caropound WhICh IS

6-[(4-fluorophenyf)oxyl-N-rnethyl-N-(4- 4(33) 3-inethyl-1:- .
p'PeFaZ'ny'VnethJt@ﬂﬂmﬁz@ﬁﬁ@ynmpmﬂm@q[tgmﬁfﬁrﬁﬁﬁ@lperazmyllmethyl}-2—
25 yndmyI)-3~pyndmecarboxamlde -

'[(4‘ﬂu°r°phe“3")°xﬂ N'm3thyl'N-(4'{[(33)—3-rnethyl i ~plpera2|nyl]methyl}pheny]),g_
pyndlnecarboxam:de

_ SQ 6- (4 ﬂuoro 1-piperrd|nyl)-N—methy! N»(4 {{(38)-3 methyl 1- plperazmyl]methyl}phenyl}~ :
-pyndmecarboxamnde ' ‘

-6 (3-ﬂuorophenyl)-N-methy! N-(4-{[(38)-3 methyl- -pnperaziny!]methyl}phenyl) 2—
. pyndunecarboxarmde : : .

. N-methyl- 4 (3 methy!—1 24-oxad|azol~5-yl)-N-(4-{[ -38) 3-methyl—1- :

_ p|perazmyt]methyl}phenyl)benzam:de



35 7. A compciund, which is 64(4.:fIuorophinyTjoxy)-N-methyl-N-(4-methy|-5-{[(35)-3-

* methyl-I-Piperazinyamethyl}-2-pyridinyl)-3-pytidinecarboxamide or a.salt thereof. 166 8. A
compound as defined in any one of claims 1 to 7 for use as a therapeutic substance.. 9. A
compound as defin_ed‘in--,any one of claims 1 to, .7,18f’ta . pharmaceutically’ 5acceptable salt
thereof, for use in the treatment conditions or'disordera mediated . via thé GPR38 receptor: "
, ... 710: A compau to7, or a pharmaceutically

acceptable salt thepglo? E Prg tre%r 31'{& h@@@é éﬁﬁ@’bbﬂﬁﬁf@ﬁwlmgwéhe@@% .
gastroesonhageal rBYI"L'Bl Wlﬂ?ctronal dyspepsia, irritable bowel. syndrome ¥
constipation, intestinal pseudo—obstructron paralytic lieu& following surgery or. other
Manipulation, P@reelﬂ,ﬁ@pg qg@gyr th ou ases such as -
diabetes and/ or: b)f" hg. admg?r;str éons %}rﬁ%ﬁrﬁ fﬁ%@%ﬁ’%ﬁi’ﬁ 7"ﬁ’ Sar‘)e @d{y‘gﬁ{gyloxy)-a- N
Ciohntedisease, co Yrs CaHeE R o ciated ‘With. advanced:diseases such as cancer 15
and/or the treatment thereof, apPetrte/metaboIrsm related cachexia €nd other diSordera such
as inoontinence. ' 6~[¢3Lﬂddsg;toérg«|§5@y§wm X &4%!% LA
pharmaceutically .’ mﬁe’;@ﬁégereof in ?r?(’aq gwﬂgﬁzﬁﬁﬁgﬁfﬁ médlcameirjlrjtéﬁ-I ﬂg‘ﬂe PH %he
treatment 20: - of Conditions or disorders.via the GP1338 receptor. 12. ' Use according'to
claim 11, Whergln the condition or disorders are ‘gastroesophageal reflux disorders, functional

dyspepsia, rrr|tableeo@\réefll@\}«rrdrdrmeeﬂdlnylmhstqﬂarlm)h(«un[{emmhmequp obstructiori, paralytic

ileus following’ surg@refaﬁ;@mt%ﬁ}pﬁaﬁﬂwwm&g}m”ﬂﬁstnc stasis or hypomotility
caused by various diseases &fob as diabetes and/ or by-the administration of other drugs; or

in enterally fed patlents Crohn's disease, -colitis, cachexia aseociatedWith adVanced

diseases such as CEREAPORRNER! WMMY&W@@@SH&MEMWHHWIW&&%hexra
and other drsdx’édermﬁ@myihé -invidirtbrerizaaB@B5", A pharmaceutical compotition coMprising a
compound defined by anyone Of claims1 16 7, ore pharmaceutically acceptabte salt theregf, .

167 .14.A processs g t composition according to. claim 13. :
515: A Process for tlgeﬁrprgegéﬁgt ERPP’ chit R}:S%#&g% ?o’ﬂﬁ’l!?l’ﬁ 1?'8?5?@31@%%@’&’%@1‘? _
process coMprrseé’)‘E EﬁF@bB’I‘arﬂ’G[ﬁrpound of formula 00 (1) wherein R.", R2, A and. .R4 are.
as.defined above and Q is hydrogen ora surtable 10 nitrogen protectrng group and a

compound ofzbrrmgl.mF@;@ay _ _3 %@@%ﬂw § dgrjrde %@%g%): is a

leaving- grotip usin; ﬁ%géaon%s Su.rf&able for the formatlon of an &ss for
the. preparation: o compoun rformula (I)or a salt thereof, . 15 vvh|Ch pronis's. -
comprises reacting of a compOund of fonnula (VIII) (WO Whereln RIl, R2,R4,-A..€ and 9 .are

as defined above ahmar@réﬂaeswmaﬂgmrwmmenemmﬁg@&mmaﬂy%ga,ﬁ;B
wherein R3 and Y apoaméeleingdimgaim ., 20 land Wreprese:nts: hydrogen or a metal residue -

optionally-in g%e presence of a.

n N—methyl-‘&-[d& (methyloxy)phenyl]—N-(4-{[(38)—3-methyl 1- p:perazrnyi]methyl}phenyl)
e 2 pyndrnecarboxamrde
_ 5- (3-ﬂuorophenyl)—N—methyI-N-(4~{[(SS)-3-methyI-1 -piperazmyi]methyl}phenyl)-z-
30 -'pyrrdmecarboxamrde . . .

8- {(4-ﬂuorophenyl)oxy] N—methyl-N—(4-meihyl 5-{[{38)-3 methy! 1- prperazmyr]methyl}
-2-pyrrdrnyl)-3—pyndmecarboxamrde .

% '6'(4"ﬂ”°r°phe”y')'N'methV*’N'(S {E(35)'3-mefhyl 1-plperaz|ny13methyl} 3-pyndmyl) .3
' ‘pyndmecarboxamrde ‘ X _ '



suitable and optionally ‘using - a suitable transition metal catalyst system and ‘thereafter

- optionally carrying'out one or.more of the foIIowmg reactions: a Converting one compound of
formula (1) into another compound of formula (1);. b. Removing any protecting group; 168 .

Q. Farming. a suitable pharmaceutically acceptablé6§alt at solvate pf the Opmpouncl so -
forme& - ~ N.2-dimethyl-N- (4-{{(33)-3-methyl 1-piperazinyi]methyl}phenyl)-s 4'-b|pyndrne-6-

carboxamlde

. '6—[(4-fluorophenyl)oxy] N-[2—(methyloxy)ethyl]—N-(4-{[(38)-3 methy!-1-
"5 .pxperazmy]]methyl}phenyl)-3~pyndmecarboxam:de ' )

. T : .N-(S-chloro-4—{[(33)-3 methyf-'l pxperazmyl]methyl}phenyl) 6~ [(4-ﬂuorophenyl)oxy] N-
’ - methyi- 3-pyr1d1necarboxamlde )

10 N2- dimethyi N-(4 {[(38)-3-methyl 1-paperazmyl]methyl}phenyl)—2 4'-bipyridine-§- -
-carboxamlde

N-n_r_lethyl-htf-_(4-{[('3S)-_31me'thyl-1 -{:iperazinyi]methyl}phenyl)-4-(2-pyridinyl)benzamide ’

j5 N-methyi-N—(4»-{[(38)-3 -methyl-1- plperazmyl]methyl}phenylH (2-
‘pynmldlnyl)benzamlde

N—methyl-N—(4—{[(38) 3-methyl—1 prperamnyl}methy!}phenyl)~4 (1 H-pyrazol»1- ,

. y!)benzamlde

20 -

_' N—methyl-N-{4 -{[(38)- 3-methy]-1 plperaznyl]methyl}phenyl)-ﬁ-(‘l H-pyrrot-1~yl)-3-
pyndmecarboxamlde

N- methyi—N (4-{{(38) 3—methy| 1- plperazmyl]methyl}pheny[)-4-{[4-
2'5 ~(tr|ﬂuoromethyl)phenyl]carbonyl}benzamlde

. or.asalt 1hereof

' 5 A compound Wthh is 6—[(4-ﬂuorophenyl)oxy]—N _methyl-N-(4- {[(38)-3-methyl 1=
30. ) plpera2|nyl]methyl}phenyl)-3 pyndmecarboxamude or a salt thereof..

6. A cOmpound which is 6- [(4-ﬂuoroph9nyi)oxy] N—methyl-N~(4 {[(38) 3-methy! S
p]peraz|nyl]methyl}phenyl)-S pyrtdmecarboxamide fumnarate salt.

35 7. Acompound which is 6-[(4—ﬂuorophenyi)oxy] N—methyI-N-(4-methyI 5- {[(33)—3- |
Co methyt 1 -plperaZInyl]methyl}-2—pyndmyl)-a—pyndmecarboxamrde ora salt thereof
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. 8 A compound as det' ned rn any one of claims 1 to 7 for use as a therapeutrc
substarrce

‘8. A compound as defrned in any one of claims 1 to. 7, or a.pharmaceutically-

acceptable salt thereof, for use in the treatment of condltlons or dlsorders médiated

' via the GPR38 receptor

10 A compound as defined in any, one of claims 1 fo’ 7 ora pharmaceutroatly ’
) acceptable sait thereof Torusein the treatment of, wherein the condition or drsorder

is gastroesophageaf reflux drsorders, funotronal dyspepsia, rmtable bowel’ syndrome.

'-constrpatron rntestrnal pseudo-obstruction, parafytrc :Ieus followmg surgery orother -

manlpula'aon emesrs gastric stasis or hypomotrhty caused by various drseases such
as diabetes and/ or: by the administration of other drugs or in enterally fed patfents
Crohn s dlsease coliis, cachexia associated with advanced diseases suth as oancer
and/or the treatment thereof appetite/metabolism télated cachexra and other
dlsorders such as rncontrnence

11 Uee ofa oornpound aocording to any one of claims'1 {0 7,0ra pharmaoeutxoally

aoceptable salt thereof, in the manufacture of a medicament for use rnthe treatment
of condrtrons or disorders via the GPR38 receptor ' L,
12. * Use according to claim 11, wherein the condition or di'sorders are
gastroesophageal reflux disorders, functional dyspepsia, irritable bowel syndrome

.constrpatron intestinal pseudo-obstruction, paralytic ileus followrng surgery or other )
. mampulatton emesis gastric stasis or hypomotrlrty caused by VaFIDUS drseases such _
- as diabetes and/ or by the administration of other drugs, orin entera!ly fed patients,
’ ',-‘Crohn s drsease oolrtls oachexra assocrated with advanced drseases such as cancer
‘angfor the treatment thereof, appetrtelmetabollsm related cachexia and other
; drsorders such as mcontrnence

o ‘. .'13-- ' A pharmaceutrcal composition comprrssng 8 compound deﬁned by any.one of

. clarms 1 to 7, 0ra pharmaceutrca[[y aoceptable salt thereof



>
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167 .

- .14. A process for the preparatson of & phannaceutical compost'aon accordmg to.
' c!alm 13 ' ’ :

,

18; A process for the preparahon of a compound of formula (I) or a salt thereof

which process compnses reactmg of 8 compound of forrnuia (n

1

\E :r"“

.?‘.—-z

("}

‘wherein R’ R2 A and R* are as-defined above and Q is hydrogen or a suutable
" njtrogen protecting group and a compound of formula R“-Y—B C(—C:‘n)—{_1 wherein R®, B

and Y are as defined above and L' is a Ieawng group using- condmons ‘suitable for

e the formatlon -of an amide bond.

15

. 20

"16. A process for the. preparat:on of a compound of rformu!a (I) or a salt thereof

whrch process cornpnses reactmg ofa compound of formula (Vlli)

'Ri\["u‘j/sz' L3
A "

: vy .
Wherem R1 R?, R‘ A, B and Q are as defined above and L2 represents a Ieavmg :
.. -group and a c:ompound of formuia M-Y-R® wherein R? and Y are as defi neqd m claim

1 and M represents hydrogen ora métal residue opfionally in the presence of a

su:tabie and optlonally usnng a: su:table transmon metal cataiyst system and

ihereafter optiona!ly carrying out one or more of the followmg reactions"

_ a Convertmg one oompound of formula (f) into another compound of formula (I),_
b Removmg any. protec:tmg group. '



) . 168
¢ Forming, a éufta_blé pharmaceutically acceptablé salt of solvate of the
© . compound soformed: ‘ '





