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1',3-DISUBSTITUTED-4-PHENYL-3,4,5,6-TETRAHYDRO-2H,/ 'H- 11,41BIPYRIDINYL-21-ONES
5Field of thevinwe@ntios7o4 The present invention relates to novel pyridinopeTderpoasivesavhich are
positive allosteric modulators of the metabotropic glutamate receptor subtype 2 ("mGIluR2") and which
are useful for the treatment or prevention of neurological and psychiatric disorders associated with
glutamate dysfunction and diseases in which the mGIuR2 10 subtype of metabotropic receptors is
involved. The inventign is also directed to pharmaceutical compaositions comprising such compounds,
to processes to prépér@éﬁ%@%%ﬁ&%‘é%%%ﬁﬁ;ﬁéﬁgm T%%j ‘ompounds for the
prevention or treatment of neurologicél 4@ pRYEIBIMisdrdErESNd diseases in which mGIuR2 is
involved. 1.5 Background of the Invention Glutamate is the major amino acid neurotransmitter in
the mammalian central nervous system. Glutamate plays a major role in numerous physiological
functions, such as learning and memory but also sensory perception, development of synaptic 20
plasticity, mdttid ghths, Iegmtiaion, and regulation of cardiovascular function. Furthermore, glutamate
is at the centre of s€henalestfieimnimzur edtgisaband gyehiaiosedizenaascyvraiehtheredsigveimbalance

in glutamatergis AR HARTIUSS BN the meGlIRRALSLMENIAHESSRRRLICAROBANSHSSIO fhrough the
activation of ionotropjc glutamate receptors charnnels (|GIuRs%, afnd the NMDA, AMPA and kainate 25
receptors wHit gllg(i}éé’%%r’@ fF 1 BRAREBhPH SRFRSB T PeYRlogiifb ANy IREARME S ctivates
metabotropigligirdensatespsuspdors mgbitme) tovisictTunaliera andrdi saadalatowhiole thraméohRibutes to the
fine-turlliln? OBWW@i@f%@t@_ﬁw‘i@wa{@@é?%ﬁﬁv@ﬁﬁﬂﬂ@fﬂ@_HRSrlllhéc?tiﬁﬁi bir;]diﬁlg E_ﬁrﬁ'&_@cclfrﬁre o
extracellular mino:termin ino .receptqr, herein ¢ the orthosteric binding site. This
pmding inau R B R
(3-protein arftP TGS AEE SRIFRRAG PRNIRSS the userpfeshils prmpeuptydenidhsayaticeiprSapled to
adenylate cyctasaariadctivatbrgahGard retaihiaond discadtisativh derdsetorinhibitioméfigRtamate
release in thg,sypapse. 35In the central nervous system (CNS), mGIuR2 receptors are abundant
mainly 1\3NO 2909/033704PCT/EP2008/007551 -2 throughout cortex, thalamic regions, accessory
olfactory bulb, hippocarnpus, amygdala, caudate-putamen and nucleus accumbens. Activating
mGIluR2 waasbaneund|niiths fayentose efficacious to treat anxiety disorders. In addition, activating
MGIuUR2 in various %:]1i;gal %Og% sﬁwaﬁc,osrhé)wgfl1 to b SE%flfg) aciou% thusteéoresent‘iar}] aé)(ﬁ_?ritial novel
therapeutic approac YEFHAE treatment of oo |go%cﬁrer}na, eﬁ?@%isly?%aqdlc |0WH?[IJI§ enpercln eehce,
Parkinson's 8RESE SPHT sIEBRAMeHT dEAY R AdMIRTFRIEOH STBSERES, PhysiofeetatelumSimst the
available phauttaeslbgieahoeis! targeting GRS arswithestertdigaios wvinemactvatesgdveral
membeys of the.famjly A fiekatesit uelyiph doanalegs 0h AKBAMGHC ardi LW AV EE ! |
developing zi_ele%tlve compounds acting. at mGIu’Rfs is to Ld%ﬁ%p/ compo&mds hat act tkér.ou h allosteric
mechanisms’ TROGUTSHR H?%Sbw%@eﬁiﬁ&ﬁ%’g" S Gite YirErEN BN AR R SRR RS RRERSd

orthosteric biltiagrsiteh@e Sivveakosahel met ilablisptivSursitarewmesigad recently as novel 15
pharmacological en&iies offerin% his attractive alternative. Various ﬁ,gé?‘ ounds have been described

as mGIuR2 positive H6LRat 1 fﬁo@?\%’%@ﬁ%@%ﬁg‘(ﬁﬁg 8} Zgﬁec&acff‘w{fﬁbd’ /018386,
W02006/01 4918 miC\RA0 2008 015 eBRTIERRCIWER DB E)5 800 HEN MIRA ah i A0 2006838032 (Addex
& Jansgen Phasmasestinn) deseshe svspastivaheptienyhsutipgamide, acetophenone, indanone,
pyridylmethyl 20 sulfonamide and pyridinone derivatives as mGIuR2 positive allosteric modulators.
None of the specifidalljigiserosaiitaniio datsalse relpt aeirspiic i rlateerRs e (BBMPdEINdS of the
present inventigeh havit wascde medslaied toad shehooampounds dadnGhaaivalg e sacgptor by
themselves. g%gga% they enable the receptor to produce a maximal response to a

Glutamate activates the mGIluRs through binding to the large extracellular
30  amino-terminzl domain of the receptor, herein called the orthosteric binding site. This
binding induces a conformational change in the receptor which results in the activation

of the G-protein and infracellular signaling pathways.

The mGIluR2 subtype is negatively coupled to adenylate cyclase via activation
of Gaui-protein, and its activation leads to inhibition of glutamate release in the synapse.
35 In the central nervous system (CNS}, mGluR2 receptors are abundant mainly



25 concentration of glutamate which by itself induces a minimal response. Mutational analysis has
demonstrated unequivocally that the binding of mGIuR2 positive allosteric modulators does not occur
at the orthosterwisite iyt instead at an allosteric site situated within the seyemErrangmesnbrane region
of the receptor. Animal data are suggesting that positive allosteric modulators of mGIuR2 have 30
effects in anxiety and psychosis models similar to those obtained with orthosteric agonists. Allosteric
modulators of mGIuR2 were shown to be active in fear-potentiated startle, and in stress-induced
hyperthermia models of anxiety. Furthermore, such corgrggunds were shown to be activ%ln reversal of

ketamine- o AT n HAR! iy BRABE BRGNP AT RS R R AR A S e d
disruption ofgsrgisitgmtanmhitidonottiseemoulticstartle effect models of schizophrenia. (J. Phannacol.

Exp. Ther. 2006, 318, 173-185; Psychopharmacology.2Q05, 179, 271-283). Recent animal studies
forther reveal that S CARER RN AVERBNBCRH DR BTG BBt S SEpior
subtype 2 bigiserddrindarsddei(BINA) oo s aRdonogonies drimprhocedd peyckiosisy supporting the

strategysof ta@RHBWHGHIR 248eaRiens fopbRal N0LNEAMeieFais:d ypiubatinTdn sehizapheania. (Mol.
Pharmacol. 200772417484 %%j.ti e allosteric mﬁdulat?,rs enable potentiation of the glutamate
C E1CE K 1

P
response, blj)t‘ tfﬁcé1 h vhfee%il%oeglécgr?}%habwln {0 po%ﬁtlaepg? enreép%sfgst%ndc’rt Josteric mGIURS agonists

such as LY3969 réraﬁfb@liﬁ?‘g‘ﬁé’s%déﬁ&%?‘b_rovide evidence for yet another novel therapeutic
approach to treat ahgvg melionec: Qﬁé”%':%ﬂ%{;o%a%}gaﬁ@(g&b}}{ %‘f&%ﬁ?&g&‘{g VingEmgluRe. which

would use a combination of a positive allosteric m ator of'm ‘togetherwith an orthosteric
agonist of meSIRSCTE Hernsts, Hishirstixa[seta ererB b rovinletha eBHIp G BN A S BImula (1) 0
R2J. Rl Rbeenagteasemehemically isomeric foim thereof, wherein is C1_6alkyl; or Cl_3alkyl
substituted with C3_7cycloalkyl, phenyl, or phenyl substituted with halo, trifluoromethyl or
trifiuoromethoxy; ROisTRio* tifitforSim8fYFIoeies Salestsr SRR 1,498 By dRSYERS fitfol® hydroxyl,
hydroxyC _ Sty fhgdnopy@dls BadkgloxirdugdreleSeatic/in teivroSis, Jadkidoky o fleyamepanthAr is

unsubstituted;RBRRY: @sROANYLSHPEHMIaL Wik RicARRANIIRIEDbREENL 10 3; R4 is selected
from the group consisting of hydrogen, halo, Ci_3alkyl, hydroxyC1_3alkyl, polyhaloCi.3alkyl, cyano,

hydroxyl, amino, cafbeisiyle 8HoSidric3 mkidayE 10 Baikyik s ableyioxam pralsthateseitl3akioyloxys!
C1_3alkylcapranykdnenRypegdiée bidalky Ipmningaanck rmpepneliny vakwe visinahRdsrasieals taken

together form a bialent radical of fUMUIa e allosteric modulators. WO2004/092135 (NPS &
Astra Zeneca), W02004/018386, WO2006/014918 and WO2006/015158 (Merck),
WO2001/56990 (ElL Lilly) and WO2006/030032 (Addex & Janssen Pharmaceutica)

describe respectively phenyl sulfonamide, acetophenone, indanone, pyridylmethyl

20 sulfonamide and pyridinone derivatives as mGluR2 positive allosteric moduiators.

None of the specifically disclosed compounds therein are structurally related to the

compounds of the present invention.

It was demonstrated that such compounds do not activate the receptor by

themselves. Rather, they enable the receptor to produce a maximal response fo a

25  concentration of glutamate which by itself induces a minimal response. Mutational

analysis has demonstrated unequivocally that the binding of mGluR2 positive allosteric

modulators does not occur at the orthosteric site, but instead at an allosteric site situated
within the seven transmembrane region of the receptor.

Animal data are suggesting that positive allosteric modulators of mGhuR2 have

30 effects in anxiety and psychosis models similar to those obtained with orthosteric
agonists. Allosteric modulators of mGluR2 were shown to be active in fear-potentiated
startle, and in stress-induced hyperthermia models of anxiety. Furthermore, such
compounds were shown to be active in reversal of ketamine- or amphetamine-induced

hyperlocomotion, and in reversal of amphetamine-induced disruption of prepulse



-N=CH-NH- (a), CH=CH-NH- (b), or 0-CH2-CH2-NH- (c); or R3 and a R4 radical in ortho position
taken together form a bivalent radical of formula -CH2-0- (d), or -0-CH2- (e); or a phainiaceutically
acceptable salt or a solvate thereof. In a secoRd aspect, there is provided a pharmaceutical
composition comprising a therapeutically effective amount of a compound according to the present
mvennonlah@léz@h@fﬁgéeaﬁ%@#y stetiptaBrecaelprodxespiepphrenian {thirgaagiseet, e is

provided @eeNOOENE/ECCOBIG todhhpresenidoMaRtitroir/userds agagrdicament.  In a fourth
aspect, there is provided the use of a compound according to the present invention or a
pharmaceutical Esafpbsrivmaccovdiay thhepressat inhentba forleeE ypanotietaraBegamedicament
for treating Qrupseyresti nﬁe@aeeatf@ﬂd\gmmwmdiwﬂﬁ@pelQcmg}feam thexgradp(efismyiety
disorder chotic disorders, personalit, rder substance reI d rders ng disorders,
mood d.%fﬁs réllglgaﬁqeo enfcpg f co%évu sive &IS ers p(?ﬁ]l% ed;%rc?r %¥s iéo?g% |t|1?}%%d|sorders,
neurodeg@ﬁé\d&?orreﬁ@ar%ﬁoﬂ%maqgcw@ﬁﬂawtefg}ﬁ &ﬂﬁﬁ%ﬁ&ﬂﬁhé@l@ﬁ%@md luse of a
compoundiaeeaxding G0 TtheZpagsestdnvention in combination with an orthosteric agonist of mGIuR2 for
the manufacture of a medicament for treating or preventing a condition as cited in the present
invention. DetailBasbstapagarst thedHownsicnable ppcHiadenhihaBRYBMEcSIBWSRMPMInds having
metabotreiig Gluariie seeeptarahme gusiafactiiyiespit aompadnsschiaving lii2Fgionites () 3b 0N

() 2nd thesfefeocbamisall sprieds fons e el WAS(EID Rl il 0BJUk Lol substiuted

with C3_7cycloalkyl, phenyl orp enyl substituted with halo trlf uoromet or trifluoromethoxy; R2 is
halo, tnfld@?ﬁ?ﬁ%’fﬁ?l pprosshidn Bratyhso B hansesilors %W%&i—%ﬁ@éﬁ_samyu
hydroxycmﬁdthyg)m(}}ﬁm,o@hﬁhlhwnfmmo@tccﬁaﬂiykbxylm‘promtiamdlmsﬁs‘i.a:rmﬁsthtwedfphenyl or

phenyl SL&Q@HMQC{(}%E{})E} R@ﬁ}pgﬁ%ﬁﬂ@@@ggg&&ggdf&@qﬁfm is selected from the group consisting of
hydrogen, halo, Cl_3alkyl, hydroxyC1_3alkyl; polyhaloCh3alkyl, cyano, hydroxyl, amino, carboxyl,

Summary

In a first aspect, there is provided a compound having the formula (1)

)

or a stereochemically isomeric form thereof, wherein

R' is Cigalkyl; or Cisalkyl substituted with Csscycloalkyl, phenyl, or phenyl
substituted with halo, trifluoromethyl or trifluoromethoxy;

R*  ishalo, triffuoromethyl, C;salkyl or cyclopropyl;

R® is hydrogen, fluoro, hydroxyl, hydroxyCisalkyl, hydroxyC.alkyloxy,
fluoroCy salkyl, fluoroC;_salkyloxy or cyano; and

Ar is unsubstituted phenyl; or phenyl substituied with n radicals R*, wherein nis 1, 2
or 3;

R* is selected from the group consisting of hydrogen, halo, Cjjalkyl,
hydroxyC_aalkyl, polyhaloCi.aalkyl, cyano, hydroxyl, amino, carboxyl,



WO 2009/033704PCT/EP2008/007551 - 4 - Ci_3alkyloxyCi.3alkyl, C1.3alkyloxy,
polyhaloC1_3alkyloxy, Ci..3alkylcarbonyl, mono-and di(C1.3alkyl)amino, and morpholinyl; or two
vicinal R4 radicals taken together form a bivalen fadical. of formula -N=CH-NH- (a), 5-CH-CH-NH- (b),
or -0-CH2-CH2-NH- (c); or R3 and a R4 radical in ortho position taken together form a bivalent radical

of formula -CHZ;051{d) 0 R4cQ-Glder, (Ck 10anddhe phrymeasaticalkyregeptahle.salisaanshsplvates
thereof. In one emb_odia:lg?e th ﬂn entjocr)l relites tqlea]i%;%rlnpgund of Formula (I) or a stereochemically
isomeric form H&T8ofWheteiti*® algu&_,gg yn};og?‘ _ kY1 substituted with C3_2cycloalkyl, phenyl,
or pheny w8 sibisai Redadisalh ks tnaeisin iy ob e roities ohforauis halo, trifluoromethyl,
C1.3alkyl or cyelomoRW: RS, is hydrogen, fluoro, hydroxyl, hydroxyCi_3alkyl, hydroxyCl3alkyloxy,

quoroCl.SaIky_IEfﬂZlPQé%EkPﬁigylggy or cyano; and  Ar is unsubstituted phenyl, or phenyl substituted
with n radicals R4, wherein n’is 1, 2 or 203; R4 is selected from the group consisting of hydrogen, halo

: C13a1kyl; hydr&:Fc Rt GbI9haloC 1_3alkyl ; cyano ; hydroxy ; amino ; carboxyl ; C
_3alkyloxyC 1R3adkyl » Q'3alkiydekyn; palyhale@itn 3akodoigetidr Baikytcartvoleyit ; taxboal-arfid
di(C1.3alkyl)aming,and morpholinyl ; or 25two vicinal R4 radicals taken together form a bivalent
radical of formula -N=CH-NH- (a), -CH=CH-NH- (b), or -0-CH2-CH2-NH- (c); and the pharmaceutically
acceptable saltsHrPsb6Mats thereof 30 In one embodiment, the invention relates to a compound
according to Feprilifa-((3broa stereochemically isomeric form thereof, wherein Rl is 1-butyl,

2-methyl-é%@x@%e&mgiﬁy&éeeptamle ceucierrapyathver 2- (cyclopropyl)-1-ethyl; 35 .R2 is chloro,
bromo, cyclopropyl or trifluoromethyl; R3 is hydrogen, fluoro or cyano; and
In a second aspect, there is provided a pharmaceutical composition comprising a

therapeutically effective amount of a compound according to the present invention and a

pharmaceutically acceptable carrier or excipient.

In a third aspect, there is provided a compound according to the present invention

for use as a medicament.

In a fourth aspect, there is provided the use of a compound according to the
present invention or a pharmaceutical composition according to the present invention for
the manufacture of a medicament for treating or preventing a central nervous system
disorder selected from the group of anxiety disorders, psychotic disorders, personality
disorders, substance-related disorders, eating disorders, mood disorders, migraine,
epilepsy or convulsive disorders, childhood disorders, cognitive disorders,

neurodegeneration, neurotoxicity and ischemia.

In a fifth aspect, there is provided the use of a compound according to the present
invention in combination with an orthosteric agonist of mGluR2 for the manufacture of a

medicament for freating or preventing a condition as cited in the present invention.

Detailed description of the Invention
The present invention relates to compounds having metabotropic glutamate

receptor 2 modulator activity, said compounds having the Formula (I)



WO 2009/033704PCT/EP2008/007551 - 5 - Ar is unsubstituted phenyl; or phenyl substituted with halo,
trifluoromethyl, morpholinyl or hydroxyC _3alkyl; é?r a pharmaceutically acceptable salt or solvate
thereof. 5In one embodiment, the invention relat ?to a compound according to Formula () or a
stereochemically isomeric form thereof, wherein R' is 1-butyl, 3-methyl-1-butyl, (cyclopropyl)methyl or
2-(cyclopropyl)-1-ethyl; R2 is chloro; R3 is hydrogerfr fluoro; and 10Ar is unsubstituted phenyl; or
phenyl substituted with hydroxyCi_3 alkyl; or a%ﬁ?wcally acceptable salt or solvate thereof.

In one embodiment the invention relates to the compouhd
3'-Chloro-1ccyclopropylmethyl-4-pheny}-34,5,6tetrahydro-2H, / 'H-[1,4]bipyridinyl - 152'-one (El) or
ILButy1-31-chloro-4-phenyl-3,4,5,6-tetra 0-2H,17-1-[1,41bip diny1-2'-one (E2). The notation CI
.3alkyl as a group or part of a group definB8 a saturated, straight or branched, hydrocarbon radical
having from 1 to 3 carbon atoms, such as methylc Oethyl, 1-propyl and 1-methylethyl; e.g. hydroxyCl;
3alkyl for example defines hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyt and 1-hydroxy- 1
-methylethyl. The notation C1;6alkyl as a group or part of a group defines a saturated, straight or
branchedstiythioserbeth eadicdlshaving fedomi stéhereaf;boheatoms such as methyl, ethyl, 1-propyl,
1-methyl ethyl, 1-butyl, 2-methyl-I-propyl, 3-m ethyl -I-butyl, 1-pentyl, 251-hexyl and the like. The
notation C?f 7cycloalkyl defines asat rated, cy ydro r d havi from 3to 7 carbon
atoms, sdth'aSt f@gé’ﬁﬁ léﬁgﬁﬂ]o Fl(‘?%l‘é)b’@ 36%%%@?9’ 18hE Pd substitgigd, 1) tation
halo or hmgém}asta@mupr@ﬂpémdiﬁlgumxpa@@menc for fluor, 30chloro, bromo, iodo. For

therapeutig %sgalga{%gmg]ggmp@{qgﬁ fd‘pw@l@bge those wherein the counterlon is
pharmaceutically s%’? table. H wever lsil s of Pmd |ch Iﬁ non ﬁﬁ’ ceutlcally
acceptabfé may alst fili#Uke, for &ampie in the prép ara % 18 gpurl catio Pidceutically
acceptabfuecoripotikul, /ﬂnl@w& whethsy QNO@@@@I@E3704PCT/EP2008/007551 6 -
pharmacesttigaliysasesntiablsheniiotbepadngludestvithiniie ambitafdie prasash inventionor

3;

R* is selected from the group consisting of hydrogen, halo, Cj_alkyl,

hydroxyCsalkyl, polyhaloC,.salkyl, cyano, hydroxyl, amino, carboxyl,



addition salt forms that the compounds according 5 to Formula (1) are able to form. Said salts can be
obtained bywreatingitmdbase form of the compounds according to Formutg TrERatbsappidipriate acids,
for example inorganic acids, for example hydrohalictacid, in particular hydrochloric acid, hydrobromic
acid, sulphuric acid, nitric acid and phosphoric acid ; organic acids, for example acetic acid,
hydroxyacetic acid, propanoic acid, lactic acid, pyruvic acid, oxalic acid, malonic acid, 10 succinic
acid, maleic acid, fumaric acid, malic acid, tartaric acid, citric acid, methanesulfonic acid,
ethanesulforfic -é?é}ﬂflﬁ??@ﬁ@ﬁg’%ifgh@%?&?%ﬁﬂ bdaimdtad, oyrEmicaERaBy s MePhe acid,
p-aminosalicyti¢ ¢i¢idl saikiybamiic, acidlmor@mimegtsety said salt forms can be converted into the free
base form by yreatmentwithipaRRRIaPHRaIRATSmLPTNE 6ORRAMAT AGeRiding to Formula (1)
containing acidic g&g;gﬁ%gﬁy E so be converted into their therapeutically active non-toxic base salt
forms by treatment wi opriate organic and inorganic bases. Appropriate base salt forms
comprisé, for exantghe:ERelffonRim salts, the alkaline and earth alkaline metal salts, in particular
lithium, sodium, petassiyraHpaghegiymrand calcium salts, salts with organic bases, e.g. 20the
benzathine, h:methvk D-alleamine, RARING Ral% AN SAR T ARINGAGIP ofabaxample arginine
and lysine. Convers%Iy aid salt forms can be converted into the free acid forms by treatment with
an appropriate achF.Hz" “THe erm solvate comprises the solvent addition forms as well as the salts
thereof, 25which tHe-€imdelnds of formula (1) are able to form. Examples of such solvent addition
forms arg e.gﬂhﬂé%@mmm@%mmelmg andl igvtagnhistesgochemically isomeric forms” as
used hereinbefore defines all the possible isomeric forms that the compounds of Formula (I) may
possess. Unless otherwise mentioned or indicated, the chemical designation of compounds denotes
the 30 mixtule GR&IIFHRIBRE BterBSCHRYAEIAN, FEHSE OGNt Raa iRl ESTUMiRhPalIR
diastereomemseanaienantibmeosofithiinasiecnerdletelamstructure. The invention also embraces each of

the individuakisqreerigiforos of ihg-compennds ihermulriduand helisalispargsolvates,

substaqt' lly free, i.?. ss&ﬂ edmmﬁglolress H;al[n ;L 0% Q{E&é&%&%’ less than 5%, in particular less than
2% and osf'é S IW 4ARan 196 O the brher 351s6mers. ﬂ’us, when a compound of formula (1) is
for instance $peéifield. asfroramethwa 2g0bybss7edmEanEP2008/007551 - 7 - means that the
compound isrsUigstadttighy, fieerof He{(S)yisaesxSiRratigenhydentels sikyihaye the R- or
S'ConﬁgUratiﬁﬂb%&é@ﬁﬁ?ﬂtﬁtﬁ%@g{%ﬁ%&\@l&? g)?,gﬁggag}g saturated radicals may have either the cis- or

trans-configuratjon. Following CAS nomenclagure conventions, when, twQ stereogenic ters of 5
known absol@t%I%Bﬂﬂgﬁltﬁﬂﬁﬁa B%(?’H SERPATY &9 tb%‘fﬁﬁd‘f’gg ﬁ%?%a&;ém %Sﬁglélsi ig:ggr(based on
Cahn-Ird§old-Rrelog sequence rule) to the lowest-numbered chiral center, the reference center. The
configurationfdfitheiseeaieb §iereagemiccoasieinis indishtadnsing ratativgiescriptors [R*,R*] or [RtS*],

where R* is always specifie er \ r.an * Rslindic ters with the same
chirality and ﬁgﬁ%%‘c‘%@é@%ﬁ%&ﬁ ?19 gﬁﬁ%?egéﬁi’rzﬁt%&%gr’ gingir]lr(wa ’Igg?l? {;h lowest-numbered chiral
center in the EorbstY hawlls Contiliiatoniobd il seabirdsntertiR HE Wt e 888z riptor would
be specified asdSE{R*,8iylidairandid3hanshoBed ; tite position of the highest priority substituent on the
asymmetric GarboR AR imhSringieysicahavinnthelonestingnumbeandgs arbitrarily always in the
"a" position of the _r&eZ%}ﬁﬁﬁgr@jtermined by 15 the ring system. The position of the highest priority
substituent on the other asyrmmetric carbon atom in the ring system (hydrogen atom in compounds
according to Formtala$it iveio%the position of the highest priority substituent on the reference
atom is denominat€d Caly- T isV0h tog sainbespdarafdwinesan planpestatenininad ithesing system, or
"P", if it is on the ogher, side of the mean plane determined by the ring 20system.  In the framework
of this aéo lication, an element, in particular when mentioned in relation to a compound according to
Formul ??), comprises all isotopes and isotopic mixtures of this element, either naturally occurring or
synthetically produdacheittrebodtmenitibsl avenidmedatesitoan deotbpiodl §cepiter dPfbATMREdiolabelled

compounds 2HafrRosisrsla{thina) canpese pradieassiyevisatape selected from the group of 3H, 1 'C,
ISI23 R' is 1-butyl, 2-methyi-1-propyl, 3-methyl-1-butyl, {cyclopropyl)methyl or 2-
{cyclopropyl)-1-ethyl;
35 R’ is chloro, bromo, cyclopropyl or trifluoromethyl;
R? is hydrogen, fluoro or cyano; and



et

,, selected from the group of 31-1, | IC and 18F. Preparation 30The compounds according to the
invention can generally be prepared by a succession of steps, each of which is known to the skilled
person., In particulasithe compounds can be prepared according to the fe{oEEeY/MAESIS methods.
The compounds of Formula (1) may be synthesizeé m the form of racemic mixtures of enantiomers
which can be separated from one another following art-known 35resolution procedures. The racemic
compounds of Formula () may be converted into the corresponding diastereomeric salt forms by

reaction with a suitablBe chiraéa id. WO 31%09 033704PCT/ P2%OS}§9{$7551 - 8 -, Said diastereomeric
salt forms alfé‘rsﬁﬁ@éa %HH%}" é’é&?g{ea,f%’ e sfgng SKf& R\"}% ACHOREErystallization and the
enantiomers ar&eroliel trehethsmysy -aaketl; An alternative manner of separating the enantiomeric

forms of the gamppawnsisei 04t olves kgigchiempdtography using a chiral stationary phase.
Said pure 5 stereochemically isomeric forms may also be derived from the corresponding pure

stereochemically isomeric forms of the appropriate starting materials, provided that the reaction occurs
stereospecifically. B PrepRRAbmetberriFeioRIslaidaa ERpRHRE AEPRTBtelf e T he
compounds droorditegetafamnmelly (RommetiefcasdhefdRl diergihalogen, can be prepared by reacting an

intermediaterof Fqumuyla GLhyitan.pRalesuqsinipidadaagent 2sushiepbpehlaregygeinimide,

N-bromosu 'mimi#é? or N-iodosuccinimide, 15 according to reaction scheme (1). This reaction is
performed i %ﬁj Bi&reaction-inert and aprotic solvent, such as, for example, dichloromethane or
1,2-dichloro&thahbydagaitHiupsactod mixture at a suitable temperature, typically at room

temperdture aforsthestdatittesh tinento; achiese/ Corbpledien withrydragidn,; uSudlly 1 hour. In reaction

scheme (I )5% Mgg&ﬂigm}%l&ggg@g%aﬂﬁb&%%gtggﬂ‘g}ggﬁas in Formula (1). 20 Reaction Scheme |
N-halosuccinimitde R2 N,R1 A

In one embodiment the invention relates to the compound
3'-Chioro-1'"-cyciopropylmethyl-4-phenyi-3,4,5,6-tetrahydro-2H, 7 'H-{ 1,4 Tbipyridinyl-
15 2-one(Eljor
1'-Butyl-3'-chloro-4-phenyl-3,4,5,6-tetrahydro-2H, 1 'H-[ 1 ,4"Tbipyridinyl-2'-one (E2).

The notation C;.aalkyl as a group or part of a group defines a saturated, straight

or branched, hydrocarbon radical having from 1 to 3 carbon atoms, such as methyl,

20  ethyl, l-propyl and I-methylethyl; e.g. hydroxyCiaalkyl for example defines
hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl and 1-hydroxy-1-methylethyl.

The notation Cy.galkyl as a group or part of a group defines a saturated, straight
or branched, hydrocarbon radical having from 1 to 6 carbon atoms such as methyl,
ethyl, 1-propyl, 1-methylethyl, 1-butyl, 2-methyl-1-propyl, 3-methyl-1-butyl, 1-pentyl,

25  1-hexyl and the like.

The notation Ciscycloalkyl defines a saturated, cyclic hydrocarbon radical
having from 3 to 7 carbon atoms, such as cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and cycloheptyl.

The notation halo or halogen as a group or part of a group is generic for fluoro,

30  chloro, bromo, iodo.

For therapeutic use, salts of the compounds of formula (I) are those wherein the
counterion is pharmaceutically acceptable. However, salts of acids and bases which are
non-pharmaceutically acceptable may also find use, for example, in the preparation or

35 purnfication of a pharmaceutically ‘acceptable compound. All salts, whether



R3(0 R2 ---- halogen Experimental procedure 2 25Alternatively, compounds according to Formula (1)
can be prepared by reacting an intermediate of Formula (l1) with an intermediate of Formula (IV),
which can eceithernsmamercially available or may be synthesized by proeetiirssog/ed’kxiown to
anyone skilled in the art, according to reaction schiéine (2). This reaction is perfoolied in a suitable
reaction-inert solvent such as, for example, toluene, in the presence of a 30 suitable base such as, for
example, sodium tert-butoxide, a metal-based catalyst, specifically a palladium catalyst, such as

palladium(ll) acetate, and.a suitable ligand, such as for example. .

[1,1'-binaphﬁ’%’éﬂ%‘]‘9ﬁf %KnB%ﬁﬂ&??lz%ﬁﬁﬁb%ptﬂﬁeﬂﬁ}ﬁi‘i)f‘%&fé SodaE 784 e TRESSY08/007551 -
9 - heating foramgisitable period of time that allows the completion of the reaction, for example at 100 C
for 16 hours in a segled tybe. In react'?n scheme (B?f)’ r i? a group suitahle for Pd me.diateﬂ coupling
with amines, such a$<fof Wﬁ?él,hﬁalhé“loga@ﬁe@fa[}? a8 otffer %ﬁ% es'Bre QLR adf Formula
(). ReactiontiSthpawidcally 2oSuchanteriraiidadditPomaliformsdhef Horemmpoundnagcoeivgpared
according tq&qaﬁﬁanasgm?fe%@bot@oﬁi) @@@hﬁﬁb&lﬂh ﬂ@@?ﬁﬁﬁ&%@%&ﬂ%&ﬁé@@@fdﬂﬂ@&;ﬁonm )
groups present inal col Syl 0Ct accardi , can be
periormed by D A e A
compounds 2Eerdih Gt REArPEE pib pare sy RyskRrbdoper a6 LRI RFPRIBRFiProcedures
by further medifivatio nsidfriompeouhdsdophicspnata @(6)d Albadatiors aticofopexmois! o héwrmdda, (1) that
contain in thg AR GIME ORI 1'6}%?0?(9&'8%9r%@h@é}'}iﬁﬂ@c%@fﬁ?o%ﬁ%@&cﬁ'@iﬁﬁﬂg agent such as

for example 2Z- fluorethall tos Féte undgrt ermal con itlon?.usingda %uitable base SL%ch as .fé')r example
sodiu ydr?&%?‘f?%ca %uﬁlabfégn%gct%h-in PG et SucH LS 16F ekaﬁﬁlﬁ%i,f%lmect %&ygfﬁane ord
methylformamftianesifositnation eilesswbontts entonmrigngytHankontth ia-thBienasudame one or
more hydroxyeigybstifaaitsddt iz« suitabled{l yarnaibng agentcstiahdasfasexaiiple (diethylamino)sulfur
trifluoride. This reaction may be performed in a suitable reaction-inert solvent such as, for example,

dichloromethane, GARYErssl mesdd asb pTaw t8m pesairersdantadifofrex RassI BB NGRS ranging
from -78 C tevAR £ 3pstopitigieforexample, 0.5 to 12 hours. WO 2009/033704PCT/EP2008/007551

15 The compounds according to Formula (I} containing acidic protons may also be
converted into their therapeutically active non-toxic base salt forms by treatment with
appropriate organic and inorganic bases. Appropriate base salt forms comprise, for
example, the ammonium salts, the alkaline and earth alkaline metal salts, in particular
lithium, sodium, potassium, magnesium and calcium salts, salts with organic bases, ¢.g.

20  the benzathine, N-methyl-D-glucamine, hybramine salts, and salts with amino acids, for

example arginine and lysine.

Conversely, said salt forms can be converted into the free acid forms by treatment

with an appropriate acid.

The term solvate comprises the solvent addition forms as well as the salts thereof,
25  which the compounds of formula (1) are able to form. Examples of such solvent

addition forms are e.g. hydrates, alcoholates and the like.

The term “stereochemically isomeric forms” as used hereinbefore defines all the
possible isomeric forms that the compounds of Formula (I} may possess. Unless
otherwise mentioned or indicated, the chemical designation of compounds denotes the

30 mixture of all possible stereochemically isomeric forms, said mixtures containing all
diastereomers and enantiomers of the basic molecular structure. The invention also
embraces each of the individual isomeric forms of the compounds of Formula (I) and
their salts and solvates, substantially free, i.e. associated with less than 10%, preferably
less than 5%, in particular less than 2% and most preferably less than 1% of the other

35 isomers. Thus, when a compound of formula (I) is for instance specified as (R), this



0 - - Reaction of compounds of Formula (1) that contain in their structure one or more
hydroxy-substituents with an alcohol derivative by using a suitable coupling system such as, for
example, dwtertdamdanadicarboxylate/triphenylphosphine under thermal eofidittosns/dB7Rreparation of
the intermediates Experimental procedure 3 Intermédiates of Formula (I1) can be prepared by reacting
an intermediate of Formula 10 (V) with an intermediate of Formula (IV) according to reaction scheme
(3). This reaction is performed in a suitable reaction-inert solvent such as, for example, toluene, in the

f itapl h asg, f le, spdium tert-hutoxide, tal-based catalyst,
Cpocically a AR s R o PATRLHIN (TS Eb S CahdF e abIEFTGRRTE SERAS 101
example [1,Mpihaptetizadiegr S xonBenipiisidipbeiytotioap hive] B AR (hasishyfertaraigiable period

of time that alawsithaamplelioRahthayeackien-fensxarnpia.at 100C for 16 hours in a sealed tube. In
reaction scheme (3), all variables are defined as in Formula (I). Reaction Scheme 3 20 Experimental

procedure 4 Interiifddiwies SFADraETRlRBN & RPINED) SN BaET et Byagitt BT mediate

25 of Fosmulanfh wihieteie YoistiduesRa (ae delined as in kenpuilad) itk asgtabledalegenating

agent such ag, for expmplg ’&hgﬁﬁnﬁﬁr%%}@@'}%@g]k%ﬁugﬂé Fﬁl%?tkgrhfg%\pgs@ﬁﬁfr%@%g g, puitable
ple, DM derately ele d

reaction-inert solvent such as, for exa at'a modera vated temperature such as, for

example, 1168Fr REIREBRIGe ARG tire that BIBWEAREPE SR RSEBALF HEAEHRASITIER Mstance 1
hour. In reactidicstidersie S6{4)iwatisbte Rt 44 MeRTedrddtin Pormdac(R* WOways specified as
2009/033704RGE(ERZAOSANTS5E ReastipiSrehrds-Ad-haiposralingagentiH Qidaipsil-a): Y =
R2 (LLE): YospExperimental procsduis.> ftermediates gl Farmula, () canbe prepared by
reacting an in ernediste of Formula (@I‘-a; v‘(fit_h e s ydride(also pa’flelakf iftors é’%hqnesulfonic
anhydride). Théhfeaenperablap ape fonmgi o soddbrereardicanise s Solsritageriessipexample,
dichloromethaoeidibé¢hpqpicsancesofr Base Huah asdfopexamplal pyidpeiaba vhtQimmgerature

such as, for gx3mRle. 548 fen! B EGACUSRSHRETR Ao AU A RIS e dRIBAY AR HeTaWlR: (1)-
ring number, is arbitrarily always in the “e” position of the mean plane determined by
15  the ring system. The position of the highest priority substituent on the other asymmetric
carbon atom in the ring system (hydrogen atom in compounds according to Formula
(I)) relative 1o the position of the highest priority substituent on the reference atom is
denominated “a”, if it is on the same side of the mean plane determined by the ring
system, or “B”, if it is on the other side of the mean plane determined by the ring

20 system.

In the framework of this application, an element, in particular when mentioned in
relation to a compound according to Formuia (I}, comprises all isotopes and isotopic
mixtures of this element, either naturally occurring or synthetically produced, either
with natural abundance or in an isotopically enriched form. Radiolabelled compounds

25  of Formula (I) may comprise a radiocactive isotope selected from the group of H,''C,
lgF, mi, [231, '251, 1311, 7SBr, 76Br, "Br and ¥Br. Preferably, the radioactive isotope is

selected from the group of °H, !'C and '*F.

Preparation

30 The compounds according to the invention can generally be prepared by a
succession of steps, each of which is known to the skilled person. In particular, the
compounds can be prepared according to the following synthesis methods.

The compounds of Formula (I} may be synthesized in the form of racemic

mixtures of enantiomers which can be separated from one another following art-known

35  resolution procedures. The racemic compounds of Formula (I) may be converted into
the corresponding diastereomeric salt forms by reaction with a suitable chiral acid.



Reaction Scheme 5 N HO (VI-a) 15 Experimental procedure 6 Intermediates of Formula (VI) can be
prepared by hydrogenolysis of intermediates of Formula (VlI-a, VII-b or VII-c), in a suitable
reaction-inéktsokentzuceh as, for example, ethanol, in the presence of a EaEERI886HTES, for example,
10 % palladium on 20 activated carbon, for a period“df time that ensures the completion of the
reaction, typically at room temperature and'1 atmosphere of hydrogen for 2 hours. In reaction scheme
(6), variable RI is defined as in Formula (1), WO 2009/033704 - 12 - Reaction Scheme 6

hydrogenatlgzgée(ﬁgélgpeoglggé%ﬁ@9(91%49%765& soequentiy separated, for example, by selective or

fractional crystallization and the enantiomers are liberated therefrom by alkali. An
alternative manner of separating the enantiomeric forms of the compounds of Formula
(D) involves liquid chromatography using a chiral stationary phase. Said pure
5  stereochemically isomeric forms may aiso be derived from the corresponding pure
stereachemically isomeric forms of the appropriate starting materials, provided that the

- reaction occurs stereospecifically,

A. Preparation of the final compounds

10
Experimental procedure 1
The compounds according to Formula (I, in the case of R? being halogen, can be
prepared by reacting an intermediate of Formula (I1I) with an N-halosuccinimide
reagent, such as N-chlorosuccinimide, N-bromosuccinimide or N-iodosuccinimide,

15  according to reaction scheme (1). This reaction is performed in a suitable reaction-inert
and aprotic solvent, such as, for example, dichloromethane or 1,2-dichloroethane,
stirring the reaction mixture at a suitable temperature, typically at room temperature,
for the required time to achieve completion of the reaction, usually 1 hour. In reaction
scheme (1), R s halogen and all other variables are defined as in Formula (I}.

20

Reaction Scheme 1

_R1 R2 a
b N-halosuccinimide ﬁ\]
= - . 7
f-\r»(\jf ArO
R3
R3 (;)

()

R2 = halogen

Experimental procedure 2

25 Alternatively, compounds according to Formula (I) can be prepared by reacting an
intermediate of Formula (IIT) with an intermediate of Formula (IV), which can be either
commercially available or may be synthesized by procedures well known to anyone
skilled in the art, according to reaction scheme {2). This reaction is performed in a
suitable reaction-inert solvent such as, for example, toluene, in the presence of a

30 suitable base such as, for example, sodium rert-butoxide, a metal-based catalyst,
specifically a palladium catalyst, such as palladium(Il) acetate, and a suitable ligand,
such as for example [1,!'-binaphthalene}-2,2'-diylbis[diphenylphosphine] (BINAP),



(VI) (Vi-a): Y = H,Y = H, CF3, Cl4alkyl or cyclopropy! (VII-b): Y = CF3, (W-4 Y = C1_3allyi or
cyclopropyl 5Experimental procedure 7 Alternatively, intermediates of Formula (VI), wherein Y =
halogen, cardeopyepzred by reacting an intermediate of Formula (VII-d) iPCa RS ©BACetic acid and
hydrobromic acid, and heating the mixture at a temBerature and for the time required to allow
completion of the reaction, typically at 130 C for 30 minutes under microwave 10irradiation. In reaction
scheme (7), variable R is defined as in Formula (1). Reaction Scheme 7 15 Experimental procedure
8 Intermediates, of Eormula (V|I-a) can be prepared by art known procedures, by reacting.commercially
available 4-5&?}99%@!/%-?}9}%%&2.%}?@ﬁﬁfﬁﬁ‘%%é%?ﬁﬁyt ?/acu?g@f egﬂ&l%ﬁ?]}b%eg%%}’ Srmula (VIII),
in which Zb rexamspiitad| @08 3G Hgrubowsitiy asbalsd fbeubhraastion ekbgnIdZK ZCG3 BFEPoptionally

an iodine salfysiehaprfonaxammal Kouikliap WRH splMRR! Sueh as, for examile, Abetopiiileror DMF, at

a moderately hi F temperature.sych as, for example; 8 1%0{% for a suitable period of time that allows
the com Ieti)é%mg %h%ﬁgg%?lroﬁ y%&%ﬁp%&%ﬁ%d?? ?rrl%telac i1on scheme (8), variable Rl is defined as
in Formdla (1) and Zb is a suitable leaving group such as, for example, 25halogen. WO

2009/033704PCDEP2008/007551 - 13 -  Reaction Scheme 2

Ar NH 'S
Q R2 Wt
R2 | N,R'T R3 (}V) _ | P

Z ArO

Za
(1) R3 n

10 Such intermediates of Formula (1I) and Formula (III) may be prepared according to
reaction schemes (3) to (11) {see below). The transformations of different functional
groups present in the final compounds, into other functional groups according to
Formula (I), can be performed by synthesis methods well known by the person skilled
in the art.

15
Additionally, compounds according to Formula (I) can be prepared by a skilled person
using art known procedures by further modifications of compounds of Formula (I):

—  Alkylation of compounds of Formula (I} that contain in their structure one or more

20 hydroxy-substituents with a suitable alkylating agent such as for example 2-

' fluorethyl tosylate under thermal conditions using a suitable base such as for

example sodium hydride, in a suitable reaction-inert soivent such as, for example
1,2-dimethoxyethane or dimethylformamide.

25 — Fluorination of compounds of Formula (I) that contain in their structure one or
more hydroxy-substituents with a suitable fluorinating agent, such as for example
(diethylamino)sulfur trifluoride. This reaction may be performed in a suitable
reaction-inert solvent such as, for example, dichloromethane, under a moderately
low temperature such as, for example, a temperature ranging from —78 °C to 30 °C

30 during, for example, 0.5 to 12 hours.



Reaction Scheme 8 5Experimental procedure 9 Intermediates of Formula (VU-b) can be prepared
by reacting an intermediate of Formula (VII-e), wherein Y is iodine, with commercially available methyl
2,2-difluoro@«fhosasatieny))acetate, in a suitable reaction-inert solvent swehr as2fos/exemiple, DMF, in
presence of a suitable copper salt such as copper(i¥iodide, heating for a 10suitable period of time that
allows the completion of the reaction, for example at 100C for 5 hours. In reaction scheme (9), variable
Rl is defined as in Formula (1). Reaction Scheme 9 (VII-e), wherein Y =1 15 Experimental procedure
10 Intermediates of Formula (VII-d) can pe prepared by reacting.an intermediate of Formula (V1l-a)
with a commierciRgFHIRIRLIORERMGS RIChiIHE: @E;é%zég%fé}ﬂdPoE}‘(?{fég}fﬁWfﬁﬁﬂ?er(ﬁ‘g@) or
N-iodosuccinimitizdintS)suhstitsgittbleritb astioridelayt 2B5oiient Bychsing for witaiplcoDiIRg
dichloromethanepsagetigeacish, tyicalhaaipieorai iempaiaiedRab iQ Y4 1aBeiRifdasHRASCheme
(10), variable RI Is e;iéled alcs) in F%r{)mula (I). Reaction Scheme 10 WO
2009/033704PC U816 %gi R - Experimental procedure 11 Intermediates of Formula (VII-c)
can be prepared by reacting an intermediate of Formula (VII-d) with a C,_3alkyl- or cyclopropyl-boronic
acid derivatige Pseiehatied cfbio prepylediargnic acid or methyl- boronic acid, in a suitable reaction-inert
solvent such as, for example, 1,4-dioxane, in the presence of a suitable palladium catalyst-complex
such as, for Example, !i,11-bi§§diggenylphosphino)-ferrocene]dichIoropalladium(lI) - DCM complex,
and in the p & pase such as sodium hydrogencarbonate, heating for a suitable
period of timegmedigasahEormula (II) can be prepared by reacting an intermediate of Formula

10 (V) with an intermediate of Formula (IV) according to reaction scheme (3). This

reaction is performed in a suitable reaction-inert soivent such as, for example, toluene,
in the presence of a suitable base such as, for example, sodium ferr-butoxide, a metal-
based catalyst, specifically a palladium catalyst, such as palladium(ll) acetate, and a
suitable higand, such as for example [1,1'-binaphthalene}-2,2'-
15 diylbis[diphenviphosphine] (BINAP), heating for a suitable period of time that allows
the completion of the reaction, for example at 100°C for 16 hours in a sealed tube. In

reaction scheme (3), all variables are defined as in Formula (I).

Reaction Scheme 3

20

| N,R‘I R3 (lV) _
& ArO

Experimental procedure 4

Intermediates of Formula (III-a) and (III-b) can be prepared by reacting an intermediate
25  of Formula (V1), wherein Y is H or R? (as defined as in Formula I}, with a suitable

halogenating agent such as, for example, phosphorus oxybromide. This reaction may be

performed in & suitable reaction-inert solvent such as, for example, DMF, at a

moderately elevated temperature such as, for example, 110 °C, for a suitable period of

time that allows the completion of the reaction, for instance 1 hour. In reaction scheme
30 (4), variable R' is defined as in Formula (I).



10completion of the reaction, for example at 175 C for 20 minutes under microwave irradiation. In -
reaction scheme (ll), variable Rl is defined as in Formula (I). Reaction Scheme 11 HO" ,OHHOB ,
,OH B Hal®ilort@g/3atkylcyclopropyl (/11-d) Experimental procedure 12 [MErRERIdi&S T formula (1V)
can be prepared by deprotection of the piperidine‘ﬂi%rbgen in an intermediate of formula (IX) wherein L
is a suitable protecting group for 20the nitrogen atom of a piperidine derivative, such as for example
tert-butoxycarbonyl, ethoxycarbonyl, benzyloxycarbonyl, benzyl and methyl, applying art known
procedures, according to reaction scheme SéZ; In rgg&tion gcheme (12), all variables are defined as in
formula (I). Reaction Scheme (12) WO 20 2008/007551 - 15 - Experimental
procedure 13 Intermediates of formula (1V-a) can be prepared by hydrogenation of an intermediate of
formula (X) applying art known pracedures, according to reaction scheme (13). In reaction scheme
(13), Ar is defined as in Tormuia(l). 5SReachBRSEEMEPL3) CNI-1"hydrogenefion"NH Ar (X)(IV-a)

Experimental procedurigO = Hale” NF
(ll-a): Y = R? |
vh {-b): Y = H

5 Experimental procedure 5

Intermediates of Formula (Ill-c) can be prepared by reacting an intermediate of
Formula (VI-a) with triflic anhydride (also called trifloromethanesulfonic anhydride).
The reaction may be performed in a suitable reaction-inert solvent such as, for example,
dichloromethane, in the presence of a base such as, for example, pyridine at a low
10 temperature such as, for example, -78 °C. In reaction scheme (5}, all vanables are

defined as in Formula (I}.
Reaction Scheme 5 -
O Q‘S"p O‘\Soo 0
R2 ARy FCTTTOTTTCF, R2 ~R,
N N
| > 0\*360 |
HO Fo 0

(Vi-a) (Iti-c)
15 '
Experimental procedure 6
Intermediates of Formula (VI) can be prepared by hydrogenolysis of intermediates of
Formula (VIl-a, VII-b or VII-¢), in 2 suitable reaction-inert solvent such as, for
example, ethanol, in the presence of a catalyst such as, for example, 10 % palladium on
20  activated carbon, for & period of time that ensures the completion of the reaction,
typically at room temperature and 1 atmosphere of hydrogen for 2 hours. In reaction

scheme (6), variable R' is defined as in Formuta (I).



Intermediates of formula (IX-a) can be prepared by hydrogenation of an intermediate of formula (XI)
wherein L is a suitable protecting group for the nitrogen atom of a 10tetrahydropyridine derivative,
such as forvegaaplestest-butoxycarbonyl, ethoxycarbonyl, benzyloxycarbdiil/Hyems8AERE methyl,
applying art known procedures, according to reactibh’scheme (14). In reaction scheme (14), Aris
defined as in Formula (I). Reaction Scheme (14) "hydrogenation"-L ArAr 15(XI)(IX-a) Experimental
procedure 15 Intermediates of formula (X) can be prepared by deprotection of the tetrahydropyridine
nitrogen in an intermediate of formula (XI) lern @ngé%gmsugable protecting group for 20the nitrogen
atom of a tetrahydropyridine derivative, sugﬁjaﬁcremm&etert- butoxycarbonyl, ethoxycarbonyl,
benzyloxycarbonyl, benzyl and methyl, applying art known procedures, according to reaction scheme
(15). In reaction scheme (15), Ar js defined as in formula (I). WO 2009{/03 704RCT/EP2008/007551 -
16 - Reaction Scheme (15)” “&N)(X) ExpeAtemiA"srat8ture 16 Sintefmgdiatés of formula (XI) can be
prepared by react j ediate of formula (XII) with an intermeg| formula (XIII) according to
reaction schem ). The reaction may be performed in a suitable reaction-inert solvent, such as, for
example, 1,4-dioxane, orixtures of inert solvents such as, for example, {“4-dioxane/DMF, in the
presence of a W[igg}_)(e:t;gse, such as, for example, aqueous N%@«Q&SEHQ?&Q@{Q%&%””“'E
catalyst, such agufex example a Pd-complex catalyst such as, for exaniple, Pd(PPh3)4, under thermal
conditions suchvas):for éxataple chwating the reaction mixture at 150C under microwave irradiation,
during, for example, 10 minutes. In reaction scheme (16), all variables are defined as in formula (1); r is
a group suitable for Pd eit coupling with boronic acids or boronic esters, such as, for example, a

halo or 25trifa% “Fs-a-saitabte protecting group for the nitrogen atom of a tetrahydropyridine
Alternatively, intermediates of Formula (VI), wherein Y = halogen, can be prepared by

reacting an intermediate of Formula (VII-d) in a mixture of acetic acid and
hydrobromic acid, and heating the mixture at a temperature and for the time required to
allow completion of the reaction, typically at 130 °C for 30 minutes under microwave

10 irradiation. In reaction scheme (7}, variable R' is defined as in Formula (I).

Reaction Scheme 7

Yﬁ ~Ry "acidic hydrolysis” Yﬁj/ R
@/\ o = ‘ HO =
(V1)

{Vili-d}: Y = Halogen Y = Halogen

15
Experimental procedure 8
Intermediates of Formula (VII-a) can be prepared by art known procedures by reacting

commercially available 4-benzyloxy-/H-pyridin-2-one with a commercially available
alkylating agent of Formula (VIII}, in which 2" is a suitable leaving group, using a base
20  such as, for example, K,COs, and, optionally an iodine salt such as, for exampie, Ki, in
an inert solvent such as, for example, acetonitrile or DMF, at a moderately high
temperature such as, for example, 80-120 °C, for a suitable period of time that allows
the completion of the reaction, for example 16 hours. In reaction scheme (8), variable
R’ is defined as in Formula (1) and Z" is a suitable leaving group such as, for example,

25  halogen.



derivative, such as for example tert-butoxycarbonyl, ethoxycarbonyl, benzyloxycarbonyl, benzyl and
methyl and R4 and R5 are hydrogen or Ci_4alky1, or may be taken together to form for example a
bivalent radrcaloéderatuta -CH2CH2-, -CH2CH2CH2-, or -C(CH3)2C(CH¥2/i20Rsaetitn Scheme
(16) N-L Ar (X1I)(X1) Experimental procedure 17 - I3intermediates of formula (IV) wherein R3
represents fluoro or CI 3alkyl substituted with 25fluor, said R3 being represented by -L1-F wherein LI
represents Cl.3alkyl or a covalent WO 2009/033704PCT/EP2008/007551 - 17 - bond, and said
intermediates being represented by formula (1V-b), can be prepared by art known procedures by
reacting an intermediate of formula (1X-b) i ftable protecting group for the nitrogen atom
of the piperidine moiety, such as for example tert-butoxycarbonyl, ethoxycarbonyl benzyloxycarbonyl,
benzyl and methyl, 5with a suitabke fluorinating agentguch as for example (djethylamino)sulfur
trifluoride , resulting in an interm of formula (Af€) according to reacti gHeme (17) step (a).
The reaction may be performed lng suitable.reaction-inert.solve N example
dichloromethane. Thﬁ may be performed under a modeWgw temperature such as, for
example, a temperaturesfanging from -78 C to 30 C during 10 for eéxamies§.5 to 12 hours. The
resulting intermediate of formula (IX-c) can then be transformed according to reaction scheme (17)
step (b), in an intermediate of Formula (IV-b) by deprotection of the piperidine nitrogen applying art
known pgocegl*gggm%%g g@é@&&)é&gnple those described in experimental procedure 15 herein above.
In reaction s heme Arl defl formula (1) 15 I?N ction Scheme (1 i"”f%[& O Li (IX-b)
20Experime ?5?16?8 ré”i é%ﬁr[:it%% Sa o UEL O] ﬁéré’?ﬁﬁ%re%’re 3 48kyloxy
substituted WithrfiulerCy Bagl @h@aﬂz;}xro»ﬁycbbnfg Veihrcommertis) Orvadieb R 38 deptdbinted by -Q-F,
and said Intezm@maé@@ﬁﬁwatemseﬁt@d@ydemt&acﬂMrelheea@d@eeafe@med@yf@rtém@vpneprocedures

by reacting wgro%(ly ubgtltut al 'gle&g%? @1& %f fggﬁn Xg)é dé@gbipé?ﬁp?r%m&%ﬂ %1;3 Qrotectlng

group for the en-atom of |per|d|ne |et le tert-butoxycarbon
ethoxyéQrboﬁWaBg‘na%% ab@ﬂ&wém%mﬁ*%ﬂf the Gregtien idrrmy SyeHt s G>c/h as
(diethylamind)sGlfurnirifliroridetioeschting i prvinténmBdiatdeGhfarasuta{ el atdording to reaction
scheme (18) step (a). The reaction can be performed in a suitable reaction-inert solvent, such as, for

30example, dichloromethane, under a mod?{eagg A o&}tl%rrgggrature such as, for example, a

O

O
. /
©/\O P O
(Vii-b)

{Vil-e}, wherein ¥ = |

15
Expenmentai procedure 10
Intermediates of Formula (VIi-d) can be prepared by reacting an intermediate of
Formula (VII-a) with a commercially available N-halosuccinimide, such as N-chloro-
(NCS), N-bromo- (NBS) or A-iodosuccimmide (NIS), in a suitable reaction-inert
20  solvent such as, for example, DMF, dichloromethane or acetic acid, typically at room
temperature for 1 to 24 hours. In reaction scheme (10), variable R! is defined as in

Formula {I}.

Reaction Scheme 10

O

o
Halo JRi1
b'm NCS. NBS or NIS ﬁ
o / N ©/\O e

{Vli-a) {Vil-d)

o

25



temperature ranging from -78 C to 30C during for example 0.5 to 12 hours. The intermediate of
Formula (IX-e) can then be transformed according to reaction scheme (18) step (b) in an intermediate
of Formula We-ehobgaseprotection of the piperidine nitrogen applying art KRORERR@8EdUAHS, such as for
example those described in WO 2009/033704PCDEP2008/007551 - 18 - experimental procedure 17
hereinabove. In reaction scheme (18), Ar is defined as in formula (I). Reaction Scheme (18) 5 N-L
(a)(b)NH ArArAr HO -QF-QF-0 (IX-d)(IX-e)(IV-d) Experimental procedure 19 Intermediates of formula
(IX-b) wherein LI represents CH2, said intermediates being 10represented by formula (1X-f), can be
prepared by reactlng an mtermedlate of formula (XIV) wherein L is a suitable protecting group for the
nitrogen atorx@Ettmapipentiegsnioiety, such as for example tert-butoxycarbonyl, ethoxycarbonyl,

benzyloxyca;Ie@régybrrd)mﬁnlaytwntb)aciuItabl@r@ab@dnsﬁgmxﬁgl%aﬁﬁ@ﬁ@@am@f lithium

aluminium h){:dl’lde aigﬁfdd rea |onus(c eme (?[n?g The r C&}glc‘:l may %%]R{artfloremggc 5|n a suitable
solvent, such as for e gn a¥ 3 g?’el ow temperature such as or example

from -20°C. Wﬁé%ﬁ@ﬁis&%?ﬁ@ (%9 ,ser @ﬁsﬁhéwaglm 16ith mlaa(ﬁlﬁé@&ﬁ%@eaéﬁ?ét adyent (x1v)
The starting soatesig|Scaceondislg, (o, Faliondas (v i) (beten ¢tXoed)a (S0ia0< | brlkathd \Ccatpdysither

commercially gygilable gpapay be pregaredeageaiding [ ¢OBYRRIMRAL HNAMRHRL) REASREMRS generally

known by thods %?oi?t.!)lga 1'&1@1&%{?{) DCM complex, and in the presence of a suitable base such as

sodium hydrogencarbonate, heating for a suitabie period of time that allows the
10 compietion of the reaction, for example at 175 °C for 20 minutes under microwave

irradiation. In reaction scheme (11), variable R' is defined as in Formula (D).

Reaction Scheme 11

O HC. OH HO. _OH
Haio AR B” B Y AR
N ! or | | N
i / C,aalkyl cyclopropyl P
oh - o

15 (Vii-d} (Vhi-e): Y = C, jalkyt or cyclopropyl

Experimental procedure 12

Intermediates of formula (IV) can be prepared by deprotection of the piperidine
nitrogen in an intermediate of formula (IX) wherein L is a suitable protecting group for

20 the nitrogen atom of a piperidine derivative, such as for example tert-butoxycarbonyl,
ethoxycarbonyl, benzyloxycarbonyl, benzy! and methyl, applying art known
procedures, according to reaction scheme (12). In reaction scheme (12), all variables
are defined as in formula (I).

Reaction Scheme (12}

"acidic hydrolysis"
or basic hydrolysis or

~L "hydrogenation” NH
N\Q i Ar

R3
25 (%) (V)

¥



WO 2009/033704PCT/EP2008/007551 - 19 - Pharmacology The compounds provided in this
invention are positive allosteric modulators of metabotropic glutamate receptors, in particular they are
positive allosteemsrissisiators of mGluR2. The compounds of the present HVEERDIWI® THL appear to
bind to the 5 glutamate recognition site, the orthostetit ligand site, but instead to an allosteric site
within the seven transmembrane region of the receptor. In the presence of glutamate or an agonist of
MGIuR2, the compounds of this invention increase the mGIuR2 response. The compounds provided in
this inventiop are exected to heir effect at mGIuR2 by virtue of their ability to increase the
response of SHEHTEEEHte: gretamate or 10 mGIuR2 agonists, enhancing the response of the
receptor. Hence, the present invention relates to a compound according tg the present invention for
use as a medHGTReHEITIAT RMHASIY e Gra ko RIBOATAH DI BEHINEE I RTLhoR ARSI Rirmaceutical
compositionfanaatdii¥) topheng\eentnosfopthechans factordiof & medicandmer(f@ating or preventing,
in particular [reating & capditanAn & Mamurab RGFING S human, the treatment or prevention of
which is affected or facilitated by the neuromodulatory effect of allosteric modulators of mGIuR2, in
particular positive allosteric modulators thereof The present invention also relates to a compound
according to the present invention or a phagpagceugcalaemrgsition according to the invention for use
in the manufacture of a medicament for treating or preventing, in 20 particular treating, a condition in a
mammal, including a human, the treatment or prevention of which is affected or facilitated by the

neuromodulatory effect of allasteric modulattigioka@iaR2, in particular pesitiyg, allosteric modulators
thereof The present inver:(t)@% relates to a compound accarding to the present invention or a
pharmaceutical composit cording to the invention for treating or preventing, in 25 particular

treating, a condition in a mammal, including a human, the treatment or prevention of which is affected
or facilitated by the neurom&Hulatory effect of allosteric modulators of mGIUI\f@’?? in particular positive
allosteric modulators thereof Also, the present invention relates to the use of a compound
according toHkpctiventid procadpreatiaceutical composition according to the invention for the 30
manufacture of a medicament for treating, preventing, ameliorating, controlling or reducing the risk of
various neurplegisadiatd psiaiiati¢isoraer sassariniet it glpéanmiatie o\ sfuneiording ofammal,
including a %%ﬂﬂafgﬂt) R?ﬁ‘é?&&”ﬂ% LaYaniL %afewmwé@ffe%@ Qﬁlf@g&ttﬁt%%ﬂhe

neuromodulator posmve aI osteric modulators’ of

2009/083704 FHBRLY S‘t?ﬁé‘%fﬁﬁﬁ#émt%eﬁhm&a&%%lsuch use is to be
interpreted imtbemwmulbumwmmemwmbmmteﬁuWmarmﬁgtompngng
administeringo. & Maimipal i eer-ofsieehs endriéqaimentcanistecvm amayni ofsaiegnepound or
composition acc dmgu étthe invention. In particular, the neurological and psychiatric disorders
associated Wa%h utamazt ztlysfunctlon include one or more of the following conditions or diseases:
acute neurologlcal and psychiatric disorders such as, for example, cerebral deficits subsequent to
cardiac bypass surgery and gaffing, strokeR eeretdidselerflid) spinal cord trauma, head trauma,
perinatal hypoxia, cardiac arrest, hypoglycemic neuronal 10 damage, dementia (including
AIDS-induced dementia), Aliqelmers diseaSe/dHerstitigton’'s Chorea, am phbrc lateral sclerosis,

ocular damage, retinopathy, cognitive disorders, idiopathic angd drug-induged Parkinson's disease,
muscular spasms and ¢ S associated with muscular spasticity iﬁtluding tremors, epilepsy,
convulsions, migraine (including migraine headache), urinary mcontmenc stance 15 tolerance,
substanée withdrawal (mcldéﬁ’tg substances such as, for example, oplates itotine, tobacco products,
alcohol, benzodiazepines, cocaine, sedatives, hypnotics, etc.), psychosis, schlzophrenia anxiety
(including generallzed anxiety dlsorder panic disorder, and obsessive compulsive disorder), mood
disorders (inEERFAGEEAIEENER Y RARIa, bipolar disorders), trigeminal neuralgia, hearing loss, tinnitus,
macular 20 degeneration of the eye, emesis, brain edema, pain (including acute and chronic states,

severe pain, Im@ncémemﬁfomuﬂm%m@ﬁmmrmeééwtﬁ@mmm@am}i%@awmém sleep
disorders (Inﬁt%m Rasealepsrdatieslignsieticiyparaetivityisisaitiss| apdeotityerdipdiser. In
particu Qndil on A d'%?%stgtrgh %&ﬁht}%\ﬁdettéa?xr‘éemcﬂ'§§>tgﬁE&&?&%&?d from the group of

anxiety |sor ers p chotic disorders personality disorders substanc(? d disorders, eating
disorders, mBB@’@f%‘ilb‘?é‘riél RiGraTRe Qﬁﬁemi%}‘ﬁﬁﬁpﬂ% BRI AR RERS oP RIS ST, cognitive
disorders, néurose gemexhtion anecumbt@dolty@:ﬂdnsmheme(iE}dﬁeramyomwhemﬁrél PeADLES system
disorder is agahegehs shserdaiagglected 30 from the group of agoraphobia, generalized anxiety
disorder (GAD), obsessive-compulsive disorder (OCD), panic disorder, posttraumatic stress disorder
(PTSD), social phobia and other phobias. Preferably, the central nervous system disorder is a
psychotic disorder selected from the group of schizophrenia, delusional disorder, schizoaffective
disorder, 35schizophreniform disorder and substance-induced psychotic disorder WO
2009/033704PCT/EP2008/007551




e

-21- Preferably, the central nervous system disorder is a personality disorder selected from the
group of obsessive-compulsive personality disorder and schizoid, schizotypal disorder. Preferably, the
central nervoas®@ystaati€lisorder is a substance-related disorder 5 selectéd frémadsedgizup of alcohol
abuse, alcohol dependence, alcohol withdrawal, aléBrol withdrawal delirium, alcohol-induced
psychotic disorder, amphetamine dependence, amphetamine withdrawal, cocaine dependence,
cocaine withdrawal, nicotine dependence, nicotine withdrawal, opioid dependence and opioid
withdrawal. Preferably, the central E%Qé s s&s}tem &r§grder Is an eating disorder selected 10
from the group of anorexia nervosa and b referably, the central nervous system
disorder is a mood disorder selected from the.group gf:pipolar disorders (1 & II), cyclothymic disorder,
depression, dysthymic disorder, major depsessiveydispidesand substance-induced mood disorder.
Preferably, the central nervaus system distrdesgsanegtaine. 15Preferably ggntral nervous system
disorder is epilepsy or a c‘;@ve disorder selected from the group of ggneralized nonconvulsive
epilepsy, generalized cagpvutsive epilepsy, petit mal status epilepticusAjrand mat status epilepticus,
partial epilepsy with or without impairment of consciousness, infantile spasms, epilepsy partialis
continua, and other forms of)gbrlepsy 20Preferably, the central nervous s §<t)em disorder is
attention-deficit/hyperactivity disorder. Preferably, the central nervous system disorder is a
cognitive drsorder selected from the group of delirium, substance-induced persisting delirium,
dementia, deifigs . 3099 Etsehise, dementia due to Huntington's disease, dementia due to
Parkinson's 25d|sease dementra of the Alzheimer's type, substance-induced persisting dementia and
mild coghitivieriempaiiisient! forn@fltheddiserder prepmtdhadcistne ahmteoatdiert of fnxiey,
schizophrenig; imigiaing, iRRPHESAIND o@mﬁi@mmg@a&fm{g@@ lnimeREaRee: Akpresent, the fourth
edition of the D|§%n05t|c§( Sta%rstrca M%@% gf Mentt n;30 DrsolrdersémﬁM I};Q of the merican
Psychiatric A&E5Ciation | pror?r es a diagnostic 6ol Tor the i fication o ISO 8escr|bed
herein. The persBAraRfIeY MRitHEray CHNGR EBLIHE thak éﬁeﬁ‘ﬁaﬁﬁ?@“ﬁ&nbﬁﬁé‘fﬁ?&%olﬁgres and
classificationisysiesasctos fresrnidofidalsanchgisychiatiee aisved eqaaesdiideDeveiN@XiSh, and that these

evolve yith ’Bﬁ%‘&@'@a@g '%Bgﬂ%sof&gé% f Q. %gﬁ@@&?%&%&ﬁ?@@@%?%%@ 22 -

Because su ve a odu tors of Glulg inclu cog%g%kmds of Formula (1), enhance
the respons?%&?ﬁ% aR2 965 ate i t?%sns d Rt e%EFé FSTHOTE ine %ndogenous
glutamate. BedaGSE posithaialiostertdmadthiiene 6 m GluRRMaUgesapolings®f® Formula (1),
enhance thes&&ﬁwﬁﬁ)ofamﬁi*i%ﬁhﬁg@&ﬂﬁtﬁ simubeastogyl #iat therpipsentiventipa extends to

the treatmery, gfeurolagial. anehsyshieie ispiders essedlated iih L kaate.dystigon by

admrnrsterrn? ane ctr ount of a positive allosteric. modulator of mGIuR2, in¢luding compounds

of Fornldla (ff! Seokb ﬁéﬁ&ﬁ%twaﬁ%@m%&ﬁe? T ETHE @HHBLM RTBRIHEBYESHR invention
may be utilizédivetembichtisrfwithaonsaermbrostiterdrugs dththedadatment, prevention, control,
amelioration, g F@duetanalyisk-at dissasesios cagacmrcaaa r@; yy@rgraﬁagap@ﬂa%a@tﬁqsmﬁ@ (1) or the
other drugs rpa%}rlave ut%l% ere e comb natjo fthe Qﬁr%ﬁ%‘iﬂ or more effective
har

than either drug aﬁ)ne Maceuticar ¢ cgm oé‘ia e radicr
-CH,CH,CH;-, or -C{CH;3),C(CHj )»-.

20 Reaction Scheme (16)
L -~
N’ Ar N,L
RO. 1 (X1 /@

B T

i Ar

OR,

(XHD (X1}

Experimental procedure 17

Intermediates of formula (IV) wherein R; represents fluoro or Cy.aalkyl substituted with
25  fluoro, said R, being represented by —L.;-F wherein L, represents C,;alkyl or a covalent



The invention also relates to a pharmaceutical composition comprising a pharmaceutically acceptable
carrier or diluent and, as active ingredient, a therapeutically effective amount of a compound according
to the inversioreoiny/28gadticular a compound according to Formula (1), a phéiiaeeistivaiyiacceptable
salt thereof, a solvate thereof or a stereochemicall fsomeric form thereof ~ The compounds
according to the invention, in particular the compounds according to Formula (1), the pharmaceutically
acceptable salts thereof, the solvates and the stereochemically isomeric forms thereof, or any
subgroup or.combination, thereof 25 may be formulated into vario armagceutical farms for
st R e A B R S AU B R oy
employed foRT&\BQHH AR ArATStESIR g an sntermedirefrborralisH it celgie Eompositions of this
invention, anetieté yeomonnahih éopditieitases mpaustkhepisasdinsmsskiouucassthe active
ingredient is ined.in.int admi ith,a Icall t ier or diluent,
which carrie%%ﬁﬂgﬂ%%]t{g&%%%&e va\rig)tg)/&(}}?S %@%g%gggggg%ﬂgg&t@%m %Q&Fg%ggr,gtion desired
for admihistritior? %%E&%ﬁﬁa%%ﬁsaﬂlwm&%%w SR BNHAPEBEGE m suitable,
in particular,rsnléaministraniermudiite of deahylpéiButaneoudipghy rantivesehimjediidn weby inhalation.
media WO 009100 A P OB OTaT - 20 o b oot ek 2o (o cxmple, water
media ! - 23 - ma emplo such as, for example, water,
Givcors, i, AR A B S a0 i B P e & 0700
suspensionsCERTIBEIEIBHFE, AT oS RIARIEIIBTIHREIS T 3RER L 9B rsTSuchtas Uor Suamdle, starches,
sugars} &aoliior dilareipts, (tifbicEntsuipin dars raisintegeatingedgents’ fnechthe (ke dndhethaseof powders, 5

pills, capsules,andiablels.Berpusealils Sasee administalion ARk adminisl BiRn s ALeferred, and
tablets and C@ IES regreserlt e_most.ady ntal%eous oral dosage unit forms in which case solid
pharmaceutical BAFHe?E a?ées%%?&%e&}%% P BRRS BT S IOR S SBFwill usually
comprise steléonereride base teisriepareihetighrotherdaefeniéftbeton ekarp| & teasicbsolubility,
may be incluggemd 0 tjectable:sebdtians, ffanaiaple, may be prepared in which the carrier comprises
saline $ lution, glucose solution or a mixture of saline and glucose solution. Injectable suspensions
may also be prepared in which case appropriate liquid carrie,;s, suspending agents and the like may be

employed. Also included are solid form pr YAkt ydtarelintended to be converted, shortly before
use, to liquid form preparations. In the 15 compositions suitable for percutaneous administration, the

carrier optionally 1%es a p@,ﬁ]etration enhanci r@gent A /or a suitab%@w agent, optionally

combined withfsuitablg additives of any natufg-ig minjor proportigns, whichradditives do not introduce a
significant deleteyiotis effect on the skin. Said additives may facilitate the administration to the skin
and/or may Béohel’pful for preparing the desiréd compositions. 20These cgmdositions may be
administered in vaFois ways, e.g., as a transdefhiglpatch, as a spot-on, as ¥ ®intment. Itis
especially advantageous to formulate the aforementioned pharmaceutical compositions in unit dosage

form fo&fas of admiﬂiﬁtration?andlgniformity of dosage. Unit dosage form as used herein refers to
y CEPETHNCnIa] DIOCeQure

physically di , nitary 25 dosages, each unit containing a predetermined quantity
of active ingrBiientdaies pitéeri rotlickhesiadsirsargferapeunt ety fbEssisdtBibwith the required
pharmaceutitiabrgrsied. (Exaikplesydsng hepritansaye Dreakidtetabletsiinaiutih@seQréy or coated

tablets). capsiiies: pilf.RUUREAARKE RoHalaty SHPRASIANIEY IjociaRle sohulions,pr.puspensions
and the like, and segreggﬁe%rgultlples therg%‘. 3 SLY';% exact dosageéndogf uerg’ga);ff administration
depends on A8 FARICGFAPESIRB SRS foltRa T TOSH IS PRSI ERIdRioR eihg tHeated, the
severityof theheomtition beirghientetdcting gypiweight, Biésogsktetvnobtibonipeadidgeneral physical
Eondition og Bﬁ@}p?riﬂ'@lumﬂ@ni@f&asu&ﬁd{/@eﬁwhﬁm eﬂR@g@a&imr?ﬁls@ Bgel’%iﬂ;?f@ldmwrg@, tRldpg, as is wekr)ll
nown to those, ski in the art, Eurthermore, it is evident that.said 35effecti aily amount may be

oweredtor iRl b G RR e 6 AR 7 04 -
treated subjEERARARIP dBpBIEmG BetRETRTRIIA (B BF 4rePpHp8ilgdRasHSCHIF 48 SHPounds of the
instant inverignThe rédependingrompdtiormed éaf audrainésteation-therplvdvemscaudical, composition will
comprisg froga .0k 1128 SroRYeWEIgNhRES TR REA AR Bl (RABeriubY WAl U ample, a

temperature ranging from —78 °C to 30 °C during for example 0.5 to 12 hours. The

intermediate of Formula (IX-¢) can then be transformed according to reaction scheme

{18) step (b) in an intermediate of Formula (IV-d) by deprotection of the piperidine

nitrogen applying art known procedures, such as for example those described 1o



5 preferably from 0.1 to 50 % by weight of the active ingredient, and, from Ito 99.95 % by weight,
preferably from 30 to 99.9 % by weight, more preferably from 50 to 99.9 % by weight of a
pharmaceuticatyaceeptable carrier, all percentages being based on the BstaER&igf#GFihe
composition, As already mentioned, the inventiorr ako relates to a pharmaceutical 10 composition
comprising the compounds according to the invention and one or more other drugs in the treatment,
prevention, control, amelioration, or reduction of risk of diseases or conditions for which compounds of
Formula (I) or the other drugs ma ve utility as well as to the us suich mpaosition for the

man ufactur@ﬁ?ﬁ@&?&mgﬁﬁuﬁipp%?é?ﬁh%%&ﬂgﬁaﬁ%ocpr%‘i ?&6@%’0%‘“%%1% Poerg &t B'compound
according tofeheul gresent invention and a mGIUR2 orthosteric agonist. The present invention also
relates to such a combination for use as a medicine. The present invention also relates to a product
comprising (a) a compound according to tﬁg %{%%e@éﬂ%%gtﬂgg, a pharmaceutically acceptable salt
thereof or a solvate thereof, and (b) a mG nist, as a combined preparation for
simultareous; separate or sequential 20 use in the treatment or prevention of a condition in a
mammal, includingra ﬁn‘,' the trggtment or preyenton Nf’\%vhich(i[s)affecte\%or cilitated by the
neuromodulatoty t of mGluR2.allosteric modiaters, in particulanpositi 'MEIUR?2 allosteric
modulators. Thekﬂgffqent drugs of such a combinatign or product may be cophined in a single
preparation together with pharmaceutically acceptable carriers or diluents, or 25 l‘l y.may each be
presentin a separate( ration together with phar L tically acceptable ca gfg)or diluents.

The following examples are intended to illustrate btit not to limit the scope of the present invention. 30
Chemistry EXSevnetgalta e}QQQ u; rlgreparing the compounds of this invention are illustrated in the
following Exanﬁje%f&r;&ssm?imwi‘se noted, all starting materials were obtained from commercial
suppliers anirissEgdintEDot formua SFMIABAEING JU0676RS Foap e dEBsmeesitisy B ES -
Hereinatter, tapristnneans ftetraily dikifirann RRpared by Maddipethyifermyemidef BtoAL means ethyl
acetate; "DCMIWGARSAICNIAreMetIRgroteMbo g}sﬁg%%heim@@exmaﬁﬁ%amg@ns
1,2-dichloroethane; "DIPE" means diisopr fﬁ/let erl;)" %St ) mcé%ggndlpgthél/ﬂlio(gg%%g'I%INAP"
meansL L B RHREEN S SR o et e AT hi R B POt o i o
bicyclo[5.4.0areid cadansthrprih arusiableoolermettseno pdnatHenesamaie, lithium
diy1)bis[diphemyiphesnhineiMeobdngans acibarckeite | MMeahs guaitumsulficitrivhRed means

metting poinf, KMiGKuaMe AsislEbGAEIoanMe IERRVRTRd 2 SiRdlR M gactor IntiatorTM
Sixty EXP microwave reacior (Biotage AB),.or in & mulimode reactor: MicroS NT!ﬂéJ{ab tation
e AR

(Milestone, IHFEP RN FHFGTS: 1 LRSI B4 AR AN

Bromomethykdpchegirofane (3.68 g, 27.33 minol) and potassium carbonate (10.3 g, 74.52 mmol) were
added to a solution of 4-benzyloxy-/H-pyridin-2-one (5.0 g, 24.84 mmol) in acetonitrile (200 ml) and the
mixture was heated at reflux for 16 hours. g&ect%g) r§8¥§}8@ %T]é'?ture was filtered through diatomaceous

earth and concentrated in vacuo. The cru triturated with diethylether to yield pure

DI (6.32%, 98 %) as a white solid.

e
Ar N/L Ar N
O e

o OH
(IX-f)

(XIV)

The starting materials according to Formuias (VIII), (IX-b), (IX-d), (XII), (XTI} and
XIV are either commercially available or may be prepared according to conventional
25  reaction procedures generally known by those skilled in the art.



Description 2 251-Cyclopropylmethy1-4-hydroxy-/H-pyridin-2-one (D2) 0 CNV A mixture of
intermediate DI (2.0 g, 7.83 mmol) and a catalytic amount of 10% palladium on activated carbon in
ethanol (308GH)oxe3s ired under a hydrogen atmosphere for two hoursEFHERFHIRFEINES filtered
through diatomaceous earth and the WO 2009/035704PCPEP2008/007551 - 26 - solvent was
evaporated in vacua to yield intermediate D2 (1.3 g, 100 %) that was used without further purification.
Description 3 5 4-13romo-1-cyclopropylmethyl-/H-pyridin-2-one (D3) Br Phosphorus oxybromide (5.4
0, 18.9 nunal) was added to a solution of intermediate 02 (1.42 g, 8.6 mmol) in DMF (140 ml) and the
mixture was fBA°8EAR0C for 1 hour. After cooling in an ice bath the solution was partitioned

between water andpzt04c. JhAftesrReexrastioneith Biopesthecorphinrnesgalateriyactions were
dried (Na2304%

nd the splvent was evaporated in vacua. The cr r ifi
chromatogrdph g@‘ﬁf’cp GBI BERF S SR .'ml'ﬁ%r{dcéus%_re%ﬁﬁ%‘gﬁ%ﬁsg gvﬁe\r% %% I%%ﬁ%%%@%\?ﬁ%&ggijmn
vacua to yield imehiedidtecostmpougdo ohahe 1mptestripyertipn do not appear to bind to the
4-Brome- 1-(ghmesadretsbhitibpyidingg: anth¢Rd O [Rminteimetiateléadds prepdreidriolwing the
same proce . t thesi '
4-hydroxy-1%£ﬁﬁ1ﬁé?% qfﬁ)%?l -/H%%%%gﬁgg@g ﬁﬁr%.n%gz%é r?ie{?eﬁlglf, \5\? S%ﬁ%ﬁsﬁ;{gméartgdmby the same
method use&‘Té‘ﬁﬂ‘i‘ésﬁ%fﬁQ 1Rg Eﬁ?e?ﬂ?%&?@%%%’iﬁ r‘é’ggﬂgﬂnolf“&fs%sﬁzty oxmy-/%l syram-2-one with
1-bromo-3- fiethyinbptands pAVGEI20 09 DB TOAROT /EP 2ABB/60 18 Sipvetpei TRkt gt s YuR 2
4-Benzyloxyyl-Rutivle/BrRyerintienad Ridrease the response of such receptors to glutamate or

10 mGiuR2 agonists, enhancing the response of the receptor. Hence, the present invention

relates to a compound according to the present invention for use as a medicine, as well
as to the use of a compound according to the invention or a pharmaceutical
composition according to the invention for the manufacture of a medicament for
treating or preventing, in pérticular treating, a condition in a mammal, including a

15  human, the treatment or prevention of which is affected or facilitated by the
neuromodulatory effect of allosteric modulators of mGluR2, in particular positive
allosteric modulators thereof. The present invention also relates to a compound
according to the present invention or a pharmaceutical composition according to the
invention for use in the manufacture of a medicament for treating or preventing, in

20  particular treating, a condition in & mammal, including a human, the treatment or
prevention of which is affected or facilitated by the neuromedulatory effect of allosteric
modulators of mGluR2, in particular pesitive allosteric modulators thereof. The present
invention also relates to a compound according to the present invention or a
pharmaceutical composition according to the invention for treating or preventing, in

25  particular treating, a condition in a mammal, including a human, the treatment or
prevention of which is affected or facilitated by the neuromodulatory effect of allosteric
modulators of mGluR2, in particular positive allosteric modulators thereof.

Also, the present invention relates to the use of a compound according to the

invention or a pharmaceutical composition according to the invention for the

30 manufacture of a medicament for treating, preventing, ameliorating, controlling or

reducing the risk of various neurological and psychiatric disorders associated with

glutamate dysfunction in a mammal, including a human, the treatment or prevention of

which is affected or facilitated by the neuromodulatory effect of positive allosteric
modulators of mGIluR2.

35 Where the invention is said to relate to the use of a compound or composition
according to the invention for the manufacture of a medicament for e.g. the treatment



1-Bromobutane (3.75 g, 27.33 mmol) and potassium carbonate (10.3 g, 74.52 mmol) 5 were added to
a solution of 4-benzyloxy-/H-pyridin-2-one (5.0 g, 24.84 mmol) in acetonitrile (200 ml) and the mixture
was heatedwa peflusson4l6 hours. The reaction mixture was filtered througb dErSrEE6tss earth and
concentrated in vacua. The crude residue was theR&riturated with diethylether to yield pure D4 (6.26 g,
98 %) as a white solid. 10 Description 5 1-Butyl-4-hydroxy411-pyridin-2-one (D5) 0 HO A mixture of
intermediate D4 (2.01 g, 7.83 mmol) and a catalytic amount of 10% 15 palladium on activated carbon

in ethanol (300 ml) was stirred upder a hydrogen atmosphere for two hours. The. mixture was filtered

through diaBiEBEE s AR GER AL BOapo e ITREL £ SeiTo BT CRarE D5 (1.5 0,
100%) that wae msthbd/efiew fuegimeptiaficatemnrBreseptios eMmBysitRRE- Ul METMAJFdin-2-one
(D6) 0 WORROWPIREAIEE THe MRS/ QR 25kctiR8 wABancedlingctnanics bathsdhgsifidion was

parti_tioned ba%gé%g v&gtt%r% %nf rl;{gdﬁc After three extraction_s with EtOAc, the combined organic 3
fractions were drie % a S'\an the solvent evaporated in vacuo. The crude product was purified

by colUrb?ndC_hromam%r@h¥@ﬂjcmelga@%gﬁalmM) phhendesiredifadionsawettabgolleated and
evaporated in vacu iipti y .
1-BStyI-3-ch ’}}%_ 6}136/(? oxyfﬁ%%%?‘rﬁl%%eé%% bz’)%"ge 18§Ntoﬂ)éﬁ%¥§&%%%%ﬁé%0?fé) bdislcésgshmol) was
added to a sHikfoRSIFIIREIALANPBEREDI, 0T ThRS iASDME E3TRLS: PHEVELARSIFas stirred at
room tempesahseearertightrdind theredt wazeoneehtpatbiniy \sacile, Thetorldegrodactswias! purified by
column chrogagiogiaplly feliea-geh 54 meiN a9l L RCM s el Ryfsishinipraedialads (2.0 0.
83 /0)'1]05 damage, dementia (including AIDS-induced dementia), Alzheimer’s disease,
Huntington’s Chorea, amyotrophic lateral sclerosis, ocular damage, retinopathy,
cognitive disorders, idiopathic and drug-induced Parkinson’s disease, muscular spasms
and disorders associated with muscular spasticity including tremors, epilepsy,
convulsions, migraine (including migraine headache), urinary incontinence, substance
15  tolerance, substance withdrawal {including substances such as, for example, opiates,
nicotine, tobacco products, alcohol, benzodiazepines, cocaine, sedatives, hypnotics,
etc.), psychosis, schizophrenia, anxiety (including generalized anxiety disorder, panic
disorder, and obsessive compulsive disorder), mood disorders (including depression,
mania, bipolar disorders), trigeminal neuralgia, hearing loss, tinnitus, macular
20 degeneration of the eye, emesis, brain edema, pain (including acute and chronic states,
severe pain, intractable pain, neuropathic pain, and post-traumatic pain), tardive
dyskinesia, sleep disorders (including narcolepsy), attention deficit/hyperactivity

. disorder, and conduct disorder.

In particular, the condition or disease is a central nervous system disorder

25  selected from the group of anxiety disorders, psychotic disorders, personality disorders,
substance-related disorders, eating disorders, mood disorders, migraine, epilepsy or
convulsive disorders, childhood disorders, cognitive disorders, neurodegeneration,

neurotoxicity and ischemia.

Preferably, the central nervous system disorder is an anxiety disorder, selected

30 from the group of agoraphobia, generalized anxiety disorder (GAD),

obsessive-compulsive disorder (OCD), panic disorder, posttraumatic stress disorder
(PTSD), social phobia and other phobias.

Preferably, the central nervous system disorder is a psychotic disorder selected
from the group of schizophrenia, delusional disorder, schizoaffective disorder,
35  schizophreniform disorder and substance-induced psychotic disorder



Description 9 Trifluoro-metha nes ulfonic acid 1-butyl-3-chloro-2-oxo-1,2-dihydropyridin-4-y1 ester (D9)
0 01-.N, FlIl o 0 20Pyridine (1.60 ml, 19.8 mmol) was added.to a cooled (- 78 C) solution of
intermediatevD80(2:@8509.92 mmol) in DCM (80 m1). The resulting solutiorcvaerstiedrfst 10 minutes
after which trifioromethanesulfonic anhydride (1.90ml; 10.9 mmol) was added, and the resulting
solution was stirred at -78 C for 3 hours. Then the mixture was warmed to room temperature and was
guenched by the addition of aqueous 25 saturated ammonium chloride. The mixture was diluted with

e S A e e g s e dpagemedt

2009/0337OMWWQ@BW&SWE%OEE%}@W@W%@W disorder and schizoid, schizotypal
4-Benzyloxydlsesidapropylmethyl-3-iodo-1H-pyridin-2-one (D10) O 5N-lodosuccinimide (2.64 g, 11.74
mmol) was added to a solution of intermediate D1 (3.0 g, 11.74 mmol) in acetic acid (40 ml). The

reaction mixture wa¥ %F?ééb’aﬁh@@ﬁﬂ@hpmuﬁesféﬁe@hbmr@éﬁ Wwhiebstengas detederiyandst in vacua,
purified By flasletbdofatographysiitageho-Iusacthesnall/ RodMasaluenianddaaliywarystallized

from diethyl gihey o aﬂﬁ{&awgr%%%m%&%? B08240) ﬁ%@nﬁ&ﬂd A&PA@?CF H%'ega]mne

4-Benzyloxy-1-cyclopropylmethyl-3-trifludromethyl-/H-pyridin-2-one (D11) F Q' Met

2,2-difluoro-2FRMIS SO ARR RS 0 B IR %204 ?ﬁﬁ%mf aﬁ&’ﬁﬁ@?ﬂ?@dué@cﬁ@%fﬁt@@\@ab 63 mmol)
were added tocatsoltpandEuop pesrtbiiodiddd0i99lgoBdd denroldncB i (B0ord|)yiTiEawilture was then
heated at 100 C for 5 hours, after w ’\‘1@1 it was filtered through diatomaceous eaeg3 the flltrate was
concentrated in vacUALTHE Fella R BERTRSS By MR M AD SRR TSRty &S

eluent) 6 yicipimtémgediate! BhdrQ.y 6egy&@ o) bdiDesoaptica. 12

1-Cyclopropylmeth roxy-3-t fI thyl-/H-pyridin-2- D1
yelopropy ¥’ At} )é? ,t)é ceigtr Onrgrry(?us )s/ysten?%glsolpder %nz? rslooc% )disorder selected from

the group of bipolar disorders (I & 1I), cyclothymic disorder, depression, dysthymic
disorder, major depressive disorder and substance-induced mood disorder.

Preferably, the central nervous system disorder is migraine.

15 Preferably, the central nervous system disorder is epilepsy or a convulsive
disorder selected from the group of generalized nonconvulsive epilepsy, generalized
convulsive epilepsy, petit mal status epilepticus, grand mal status epilepticus, partial
epilepsy with or without unpairment of consciousness, infantile spasms, epilepsy

partialis continua, and other forms of epilepsy.

20 Preferably, the central nervous system disorder is attention-deficit/hyperactivity

disorder.

Preferably, the central nervous system disorder 1s a cognitive disorder selected
from the group of delirium, substance-induced persisting delirium, dementia, dementia
due to HIV disease, dementia due to Huntington's disease, dementia due to Parkinson's

25  disease, dementia of the Alzheimer's type, substance-induced persisting dementia and

mild cognitive impairment.

Of the disorders mentioned above, the treatment of anxiety, schizophrenia,

migraine, depression, and epilepsy are of particular importance.

At present, the fourth edition of the Diagnostic & Statistical Manual of Mental

30  Disorders (DSM-IV) of the American Psychiatric Association provides a diagnostic

tool for the identification of the disorders described herein. The person skilled in the art

will recognize that alternative nomenclatures, nosologies, and classification systems for

neurclogical and psychiatric disorders described herein exist, and that these evolve with
medical and scientific progresses.



F 0 FF>*C7 HO WO 2009/033704PCT/EP2008/007551 - 30 - A mixture of intermediate D1 1 (2.0 g,
6.19 mmol), a catalytic amount of 10% palladium on activated carbon and ethanol (60 ml) was stirred
under hydragensatngsphere for 2 hours. The mixture was filtered througre@BRHR8S0TS earth and the
solvent was evaporated in vacuo to yield crude interfrediate D12 (1.45 g, 100 %) that 5was used
without further purification. Description 13

4-Bromo-1-cyclopropylmethyl-3-trifluoromethyl-1H- pyridin -2-one (1)13) F 0 Br 10 Phosphorus

oxybromide (7.03 g, 24.5 nunql) was. added to a sol n of in te, D12 (2.60 mmol) in
OME (30 i) and TR BTN A M BB LT3 AT WA BE AR L TREFIE solution
was partltloﬁ&bmw@eﬁkva@éﬁmtmﬁmqqﬁmﬁfhré@‘é?@ré@lﬁwmfh, EtGnan thdveniagsiibel organic

fractions wetgedsigstihadont) antha selvepteymparated in vacua. The crude product was purified
by 15column chromatography (silica gel; DCM as eluent). The desired fractions were collected and

evaporated in vacuBeaeryseldostbrm edietety] 310038 ers40198) Ghdkrippwbedimg compounds of
4-BenzyoxyrbriAddfiupremaiteinbesgdidt WyfidaRone (ddi0 20 is understood that the
1-Bromomety -4 trilu é oromethoxybanz réetx(g’aéﬁ t%ﬁgwgﬂrgl%ﬁn&R%S?%%%gaﬁps%? (3519,

25.46 mmol) were a to a mixture o 4 benzyloxy-/H-pyridi one 42 mmaQ

acetonitrile (%wat%@’@asiwrm@@eagt%@ﬁ ATURIBETEE pet a i e tDe2 AT O/g\ff’er cooling
to room tempesstuseailoatas filtecdd] 26t hod ughldRio madeding eartipoivelsolitl Fesioues(Wene washed

with methanglaBehiec P Nes QIgRNIGRXIRCts were evaporated in vacuo. The crude residue thus
obtained was precipitated with DIPE to yield intermediate D14 (4.5 g, 96%) as a white solid. WO

2009/088704PCT/HR200810075E103the Preseniptiositon may be utilized in combination with
4-Benzyloxys3chioresl 44rdrtugromethaxyabengy DrédmodiRwnene £8dipdBtion, or reduction
of risk of diseases or conditions for which compounds of Formuia (I} or the other drugs
may have utility, where the combination of the drugs together are safer or more

effective than either drug alone.
15

Pharmaceutical compositions

The invention also relates to a pharmaceutical composition comprising a
pharmaceutically acceptable carrier or diluent and, as active ingredient, a
therapeutically effective amount of a compound according to the invention, in

20 particular a compound according to Formuia (I}, a pharmaceutically acceptable salt
' thereof, a solvate thereof or a stereochemically isomeric form thereof.

The compounds according to the invention, in particular the compounds
according to Formula (I}, the pharmaceutically acceptable salts thereof, the solvates and
the stereochemically isomeric forms thereof, or any subgroup or combination thereof

25  may be formulated into various pharmaceutical forms for administration purposes. As
appropriate compositions there may be cited all compositions usually employed for

systemically administering drugs.

To prepare the pharmaceutical compositions of this invention, an effective

amount of the particular compound, optionally in salt form, as the active ingredient 1s

30 combined in intimate admixture with a pharmaceutically acceptable carmer or diluent,
which carrier or diluent may take a wide variety of forms depending on the form of
preparation desired for administration. These pharmaceutical compositions are
desirable in unitary dosage form suitable, in particular, for administration orally,
rectally, percutaneously, by parenteral injection or by inhalation. For example, in

35  preparing the compositions in oral dosage form, any of the usual pharmaceutical media



FF N-Chlorosuccinimide (1.68 g, 12.61 mmol) was added to-a solution of intermediate 5 D14 (4.31 g,
11.47 mmol) in DMF (30 ml) and the mixture was stirred at room temperature for 24 hours. The solvent
was evaporgtedoasieseieisolid residue was washed with water (4 x 25 m1EOHMBEPEAIEIBISEHIId was
washed with DIPE to yield intermediate D15 (4.5 ¢; 295 %) as a white solid. 10Description 16
3-Chloro-4-hydroxy-1-(4-trifluoromethoxy-benzy0-/H-pyridin-2-one (D16) FF Hydrobromic acid (0.1
ml) was added to a mixture of intermediate D15 (4.5 g, 10.98 mmol) in acetic acid (20 ml). The solution
was heated at 130 C foEOBO({’% l}|1t L%nder 15 |crowav rr diati lon, Af el cooé Bo9
Tth

temperaturenf'ﬁ\é Solventwas evapdra?ea \%cug%{ﬁrd §|8use’ \?\}as rea%e 1z(;lenuziqu‘eeous

saturated soféasdrPbforEaHTwd mmf?él%ﬂumﬁh ré&cf@d%wp&ﬁ aﬁyﬁpéstﬁlﬁaﬁelys&mmneeuiﬁr& solid that
precipitated wasisioheekatisotfibration sid waskedswithasofdRiRmiteyitdeclntg ineaiatieabils (1.1 g, 31

7). 20 DescﬁHH&ﬁ}slTu‘ér%a%%Oﬁ?n‘&QJQrﬂzéxrﬁégghf qugtoay B(fé‘ﬁlé!a) HHaRy ol &%B%AQIJJ) WO

2009/033704PCT/EP2008/007 us oxybrom 9&%3#75 mmol) was added to a
solutionof irk&tin&aRITE 78 {26! 6“3%@?%%?59?%%? 18 A Hﬁﬁrﬂ?@% AdARIFEAR 1t 115 C for
4 hours. Thepscikeed,veas éaizpisratddcapvalesocanekthe thrdose sitiuatagm treataddeidganzgueous

saturated solyign ohNaHGOBcENS TiXphs Mas-asiaCiagi REMHARSS ElpIbReraRsC fractons

were dried (Na2804 and thSe1 1s(g)nl\sle t was.eva Hrgggqlm vacuosﬁ_TQaen ! gt e?r%qlfetwasl gurlfled by
column chro%a?ogra@ ilica gef, |eﬁ1&nilether as etu ént‘f Phe desited fractions were coftected and

evaporated iR2facth® |§F@3‘?ﬁté?%@@i?d’f@ ofor (gr2amgles sr) 4 auhditvoimeyDescistisisd s
11-Cyclopropyleorthiy 1sdlpheny a3, 4:omikirahydroe2ptcbaitd 44 bipycidithd- Eaate (2h8)res

4- Phe”y'P'p%QHHées&%M g%uZz?sMHRHieBa&aQ%m@UPea&ﬁégfﬁé% 18065 MBI Mnstersadium
tert-butoxide (0.34 g 065 g, 0.104 mmot&m re added to a solution of

0.
.mermed.atesagp(f@%% %gﬂ sq’fﬁ%ﬁﬁeﬁb"@lﬁmf%m@ep& ST ERTBE A 00 C for 16
hours in a sexgenitaheé taftékvhiohbit waplepoled ey mmd@h@p@mi@ré@mmﬁmﬂﬁwéw &eml) and
then extractgg:ilaE1RAB T dhdd, Eh@rﬂ@ﬁlhifé@@ QEgANIc tr@mmem@m&m&aﬂé and the

solvent qvangisied R0 yaeus. TnsgruieRiaducums pulietlbv selump atiomatagtgaly (iica gel

0-4% methanofﬂg% as eluent Fractions were collect eva 0 at vacuo to yield
Intermedlate?OES”(fér@%"ﬁ q‘ﬁl%?@e%ﬁﬁtl%‘ﬁi{fg a suitable wetting agent, 0ptmnaﬂy combined
251LButy1-4wptienyitaBid, aiGiteteayidao:2 bahirk- 1t AT hbipyrigiostibd:onbi¢h Fyitives do not

introduce a significant deleterious effect on the skin. Said additives may facilitate the
administration to the skin and/or may be helpful for preparing the desired compositions.

20  These compositions may be administered in various ways, ¢.g., as a transdermal patch,
as a spot-on, as an ointment.

It is especially advantageous to formulate the aforementioned pharmaceutical

compositions in unit dosage form for ease of administration and uniformity of dosage.

Unit dosage form as used herein refers to physically discrete units suitable as unitary

25  dosages, each unit containing a predetermined quantity of active ingredient calculated

to produce the desired therapeutic effect in association with the required

pharmaceutical carrier. Examples of such unit dosage forms are tablets (including

scored or coated tablets), capsules, pills, powder packets, wafers, suppeositories,
injectable solutions or suspensions and the like, and segregated multiples thereof,

30 The exact dosage and frequency of administration depends on the particular
compound of formula (I} used, the particular condition being treated, the severity of the
condition being treated, the age, weight, sex, extent of disorder and general physical
condition of the particular patient as well as other medication the individual may be
taking, as is well known to those skilled in the art. Furthermore, it 1s evident that said

35  effective daily amount may be lowered or increased depending on the response of the



0 WO 2009/033704PCT/EP2008/007551 - 33 - 4-Phenylpiperidine (0.45 g, 2.78 mmol), palladium(ll)
acetate (0.016 g, 0,069 mmol), sodium tert-butoxide (0.34 g, 3.5 mmol) and BINAP (0.065 g, 0.104
mmol) wererddgisd/tasaosolution of intermediate D6 (0.32 g, 1.39 mmol) irPtoltEnRes@#iiyi The reaction
e was heated at 100C for 16 hours in a sealed tube2%after which it was cooled to 5 room temperature
and then diluted with water (5 ml) and extracted with EtOAc (3 x 5 m1). The combined organic fractions
were dried (Na2S04) and the solvent evaporated in vacuo. The crude product was purified by column

hromat I |04% th |/ DCM as eluent dft llected and
cvaporatet UL YD o AL B1 (134 1 50 ) o Do ChRN 20T ome e

LCycIopropyﬂ@i@ﬂm-@fx@-@@ﬂﬁ@ﬁym@m,%,l 2'- hexahydro -2H- [1 4'1 bipyridiny1-4-carbonitrile
(D20) JNJ-38818468 0 154-Cyan en eridine hyd chI r|d 0.314.9,1.41

palladium) aceta BOLTE1B B5TIR) SO HCuLDS B ) S RO hinap
(0.051 g, 0.08°MPAGH W@Fe%@élé@ e g@hwwlﬁbmmf@ﬁ‘iﬁreﬁﬁmcﬂdtém@d’/@?lg,“EIEBtnTﬁ%‘B in toluene
(5 ml). The reagiampmiktireonas Beatesyal MG fard fhovisdr.aiaaaled then Aflenogaling to room

temperature e organic
phase was d‘ﬁ%@@g&%ﬂ%ﬁ%@ﬁ%@fﬁfﬁ ?f?%/a%:é% yfl%%%@%%%égggv%% rified by
column chrofatbgEpIy tshitaarpse P wmaﬁ{aﬁ%mma@e?m%gehﬁ?ﬁ)% desired
fractions weretsbiecghd clritlcesappoaitizohin vacuo to yield D20 (0.35 g, 87 %) as a pale yellow oil. WO
2009/033704PCT/EP2008/007551 - 34 - Description 21 4-Hydroxy-4-phenylpiperidine-1-carboxilic acid
tert-butyl ester (02140 RAEAHYI z%%ﬁwas%nzt&atélaie@ﬁzewli@ IS M) [EARETRREH 6fvas added
to a 5sdlitiom@hioiBoB- etrarysing:- 4b¢t porB Bt tamstig g 3@ tiokakotoinraadydgepyridines (4 g,
12.936 mmOBi@P&nﬁg&ﬁ%ﬁ%@%&hﬁ%ﬁ@%@&&@@%p%ﬁan W OGN 2028 AW tRI040820 i

1 4- dloxane QSB&S %I;J COaI"i %%Ue(% o7 W%la ('jlrated SO| tIO (f)rl}lr%.llﬁa (83(}1(%?-87'8&6;@%%%%%“[}%SO|UtI0n was
degassed using a Stream of hi rogenan

utility as well as to the use of such a comp051t10n for the manufacture of a medicament.
The present invention also relates to a combination of a compound according to the

15  present invention and a mGluR2 orthosteric agonist. The present invention also relates
to such a combination for use as a medicine. The present invention also relates to a
product comprising {a) a compound according to the present invention, a
pharmaceutically acceptable salt thereof or g solvate thereof, and (b) a mGluRZ
orthosteric agonist, as a combined preparation for simultaneous, separate or sequential

20 use in the treatment or prevention of a condition in a2 mammal, including a human, the
treatment or prevention of which is affected or facilitated by the neuromodulatory
effect of mGluR2 allosteric modulators, in particular positive mGluR2 allosteric
modulators. The different drugs of such a combination or product may be combined in
a single preparation together with pharmaceutically acceptable carriers or diluents, or

25 they may each be present in a separate preparation together with pharmaceutically
acceptable carriers or diluents.

The following examples are intended to illustrate but not to limit the scope of the
present invention.

30
Chemistry
Several methods for preparing the compounds of this invention are illustrated in
the following Examples. Unless otherwise noted, all starting materials were obtained

from commercial suppliers and used without further purification.
35



(0.747 g,.0.647 mmol) was added to this solution. The reaction was then microwaved in 10 a sealed
tube at 140 C for 5 minutes. The resulting cooled reaction mixture was then diluted with EtOAc and
filtered through:aspassofidiatomaceous earth. The filtrate was collected, dretErmsoNa2$04 and
concentrated in vacuo. The crude reaction mixtured®as then purified by column chromatography (silica
gel; DCM to DCM/EtOAC up to 6% as eluent). The desired fractions were collected and evaporated in
vacuo to yield 15021 (4.04 g, 98 %). Description 22
4-(2-Fluoro-4-methgxycarhonyl-phenyl1)-3,6-dihydro-2H-pyridine-1-c lic acid tert- | ester
(022) 200 Methyl ﬁSF@ﬂ?&?—’ﬂuglrjg%gnzoﬂga@26135, / ol) [ g49?%‘§3152-9 s added to
a solution ofdiyzethBietranydr - 2B AS, Sueararndily acat8 R -dldkdbomrans2dighiopymgihens g, 9.702
m:;O')JCAS"WQE%%Qh (ﬁ@%ﬁﬁ%@?@g@ﬂ@pﬂja%\g@leﬁﬁwmw&aﬁﬁéoﬁlz@ﬁn lla,ém@goxane (§1
ml) and an agueous saturated, ion of 25NaH 1 . The resyfting,solution legasse
using a streéﬂr‘rllsg?rgﬁ%%gﬁrand@gglg’%hS)T%IEm%l%%%@r#%nngasm to tﬁ%‘saggﬁfsilon. The
reactionswasbtﬁ@?tw}@n%@@i‘é@ﬁb@h‘b@*&ﬁm@gmﬁ?%1“1-3 ” micFBfMved in-& €& tube at 150
C for 5 minutésycl¢ié feSitiferaagled réaatigromixturecrras the(® ditdiectthvithdEtGAotbekfiliéred through
a pad of dialggaeseaitndR Mlalbss ssRterlliiss ovet NaRSEV AR GRNGetzaled In vacua
The crude reaction mixture was then purified by column chromatography (silica gel; DCM to _
5DCM/EtOAc§l§Ft>bto ’@@Mﬁ%ﬁﬁg}%ﬁ%ﬁe desired fractions were collected and evaporated in vacua to
yield D22 (2.107 g, 65%). Description 23

4-(2-Flyoro-4-methpiyearaosy kphasy raipesidinedrcasbasieacid tertshid-hdesteredo@s) A solution
o nermelje 2212 4.0, 7S MRID REtrab A mIEs oGl etiaan emperatre

in the presence o %& 0 on_activated 15carbon (0.588°g) until the reaction was completed.
The solids wibsTRiRERd Bk abtidtirr ARG 8A% Beaborated in vacuo to give D23 (2.73 g, 97 %).
Description 24 4-[2-Fluoro-4-(1-hydroxy-I-methyl-ethyl)-phenyll-pipe dine-1-carboxylicacid 20tert-butyl

ester (D24)
Description 1

15  4-Benzyloxy-1-cyclopropylmethyl-7 H-pyridin-2-ene (D1)
0
jo
o
S

Bromomethyl-cyclopropane (3.68 g, 27.33 mmol) and potassium carbonate (10.3 g,
74.52 mmol) were added to a solution of 4-benzyloxy-/H-pyridin-Z-one (3.0 g, 24.84
mmol) in acetonitrile (200 ml) and the mmxture was heated at reflux for 16 hours. The
20  reaction mixture was filtered through diatomaceous earth and concentrated in vacuo.
The crude residue was then triturated with diethylether to yield pure D1 (6.32 g, 98 %)

as a white solid.

Description 2

25  1-Cyclopropybmethyl-4-hydroxy-IH-pyridin-Z-one (B2)

Een

A mixture of intermediate D1 (2.0 g, 7.83 mmol) and a catalytic amount of 10%
palladium on activated carbon in ethanol (300 ml) was stirred under a hydrogen
atmosphere for two hours. The mixture was filtered through diatomaceous earth and the



0 IF A 1.4 M solution of methylmagnesmm bromide in tquene/THF (17.339 ml, 24.274 =not) was
added dropwise to a cooled (0 C) solution of intermediate D23 (2.73 g, 258.091 mmol) in diethylether
(150 ml) uratermirogendatmosphere. The resulting reaction mixture was theRStR#eiaT B0 C for 2
hours. After cooling in an ice bath the mixture W0%0091033704PCT/EP2008/007551 - 36 - was
carefully quenched with a saturated aqueous solution of ammonium chloride, and then was extracted
with EtOAc. The combined organic phase was dried (NaZSO4) and the solvent evaporated in vacuo to
yield D24 (3.1 100 %). 5Description 25 2-(3-Elugro-4 n I-p ropan-2- oI (D25) A
mixture of mfg?rgg e QHC’@%%# V“f'gﬁ?ﬁ%‘ﬁ%& “é%%“ %& 55[%18) ?51%‘8&&25 TNt opropyl
alcohol (13. wﬁhpah@ﬁmqgﬁ%mas mlcrowaved ina sealed tube at 180 C for 60 minutes. The
resulting cooled reaction mixture was then diluted with water and brine and extracted with
dichloromethane. The combined organic extracts were dried (Na2S04) and the solvent was
evaporated iResgEBEOTRE residue was treated With dichloromethane giving rise to a solid that was
filtered %ff to &Id 1.0 |nter edl elq |Ir£ate W, ﬁevaporated in vacua and the residue
thus obtaine Wasnfﬂen%ur ad grap (% ca gel; DCM/(NH3 7N solution in
MeOH) gradient up to 10 % as eluent) The desw d fractions were collected and evaporated in vacua

to yield a second batch of 0.5 g of D25 (total , 82 %). M.P. 151C. 20 Description 26
c aC|d n butyl ester (D26) 25 WO

4-(2-Methoxycarbonyl-phenyl)-piperidine-1-ca boxyl
2009/033704PCT/EP2008/00755I -37 - cag 846 g) until the reaction was completed. The solids

were filtered off and the filtrate was evaporated in vacuo to give D26 as white solid (3,67 % 90 %).

Description ZPESRROFUSIOKKRIRERAR (e syl SHARBRaRI s iR i fesabeinop SEyHeaR A Bty

(1.42 g, 8.6 mmol) in DMF (140 ml) and the mixture was heated at 110 °C for 1 hour.
After cooling in an ice bath the solution was partitioned between water and EtOAc.

10 After three extractions with EtOAc, the combined organic fractions were dned
{(Na;S(O,) and the solvent was evaporated in vacuo. The crude product was purified by
column chromatography (silica gel; DCM as eluent). The desired fractions were
collected and evaporated in vacuo to yield intermediate D3 (1.82 g, 93 %).

15 Description 7
4-Bromo-1-(3-methylbutyi}-7 H-pyridin-2-one (D7}

S

=
Br

Intermediate D7 was prepared following the same procedure implemented for the
synthesis of D3, uwsing 4-hydroxy-1-(3-methylbutyl}-IH-pyridin-2-one as starting

20  material, which was prepared by the same method used for the synthesis of
intermediate D2, by reaction of 4-benzyloxy-/H-pyridin-2-one with I-bromo-3-
methylbutane,



ester (027) OH A 1.4 M solution of methylmagheswm bromide in toluene/THF (17.443 mI 24.421 10
mmol) was added dropwise to a cooled (0 C) solution of intermediate D26 (2.6 g, 8.14 mmol) in
diethylethem(@300am3xméler nitrogen atmosphere. The resulting reaction nikiF@Egetived at 45 C for
2 hours. After cooling in an ice bath, the mixture Wa?s’/carefully guenched with a saturated agueous
solution of ammonium chloride, and then extracted with EtOAc. The combined organic phase was dried
(Na2S04) and the solvent 15evaporated in vacuo to yield 027 (2.77 g, 69 %). Description 28
2-(2-Piperid 5: }/éghenyl) propan-2-ol (D28) 200H A mixture of intermediate D27 (2.77 g, 5.636
mmol) and 43 357 mmol) in isopropyl alcohol (13.5 ml) and water (27 ml) was

microwaved jop28AIRG 11k AL LGPGfPIdPR- FOlNdES 4) he resulting cooled reaction mixture was then
diluted with water and brine and extracted with dic o omethane The residue was treated with

25dichloromethane giving rise to a solid that was filt ed off. Yield: 0.737 g of intermediate 028. The
filtrate was evaporated in vacuo and the residue w. et purfied by column chromatography (silica
gel; DCM/(NH3 7N solution in MeOH) WO 2009/033704PCT/EP20013/007551 - 38 - gradient up to 10
% as eluent). The desired fractions were collected and evaporated in vacua to yield a second batch of
0.306 g of intermediate D28 (total amsung= 1.04 g, 84 %). M.P. 219.5C. 5Description 29
4-Hydroxy-4-phertylpiperidine-1-carboxilic acid tert-butyl ester 0)29) Di-tert-butyl dicarbonate (2.95 g,
1?1)53 hmmol)lw&eadd@dﬁ@ @s@@m@%@ﬁ@@z@@ﬁﬂ@@e@m&%m AL Z&mm@b)nkgt)DCM (50
ml). The.rea tirre t I e ent r in vacuo,
affordlng the d%(% S|re%%§té§m% 1&%{{‘ ép gr@é% ezﬁ%%ﬁ $Q! 5}'511%% eIt at?vf/g/s S%ngé*wt out;e rther

purification. BRE&iTH %?szl &f@&%ﬁ@%ﬁ&?@.ﬁ@%%&ﬁﬂ%&?& terbety d&kereEstoy

mixture was filtered through diatomaceous earth and concentrated in vacuo. The crude
residue was then triturated with diethylether to yield pure D4 (6.26 g, 98 %) as a white
solid,

10
Description 5

1-Butyl-4-hydroxy-{ H-pyridin-2-one (D5)
O

ﬁN/\/\

A mixture of intermediate D4 (2.01 g, 7.83 mmo!) and a catalytic amount of 10%

15 palladium on activated carbon in ethanol (300 ml) was stirred under a hydrogen
atmosphere for two hours. The mixture was filtered through diatomaceous earth and the
solvent was evaporated in vacuo to yield intermediate D5 (1.3 g, 100 %) that was used
without further purification.

20  Description 6

4-Brome-1-butyi-/H-pyridin-2-one (P6)
Q

Br =

Phosphorus oxybromide (5.4 g, 18.9 mmol) was added to a solution of intermediate D5
(1.44 g, 8.6 mmol) in DMF (140 ml) and the mixture was heated at 110 °C for | hour.



15 A solution of (diethylamino)sulfur trifluoride (0.74 ml, 5.67 mmeaol) in dry DCM (g.s.) was added to a
cooled (-78 C) solution of D29 (1.5 g, 5.4 mmol) in dry DCM (30 ml) under N2 atmosphere. After the
addition wag @anepleaesithe reaction mixture was stirred at -78C for 1 houP&RETR&IE/BHEWed to reach
room temperature and stirred for a further 20 30 miHutes. An agueous saturated NaHCO3 solution (90
ml) was added and the mixture was stirred for 15 minutes, then the organic layer was separated. After
this, 3- chloroperoxybenzoic acid (0.2 g, 1.18 mmol) was added and the reaction stirred at room

temperature fQr 30 mjnutes. The rea mlxiuge was Wash é% ueous aﬁéeg% HCO3, H20
and brine, dfi %\98?11\1%2@62 i ﬁere%‘ and CONCERtrate 57‘65{ §§/007551 -
39 -' vacua #@?ﬂiﬁ@%ﬁe%@ﬁé@fﬁwtéﬁﬁecﬁ&%‘\%df@.&ngg‘b/o?f%f’éccr@ﬂ@‘mﬁt Wazs udeadwithout
further purifigatisB0.DeseripitoBoklehd dlupiaadephanyipiperTieedyl oafidsiden@3 pyrtfied @30 (1.48 g,
>:29 mmol) Wasdiveaa i ARELE i dhoxannEhe teagliphy apinied AL amismReLalure for 2

hours. The so vent was re he crud€ was triturated with diethyl ether and dried in vacuo to
afford the deQHEGtaRh EWRAS DL 11V 461G, '8 7 ety sne it Sr%ﬁﬂlr%%egtﬁét O?Sas used without further
purification. Description 32 11-Butyl-4-fluoro-4-phenyl-3,4,5,6-tetrahydro-2H,/ 'H41,41bipyridinyl-2-one
(D32) 15

Description 8

1-Butyl-3-chloro-4-hydroxy-H-pyridin-2-one (D8)

O
Cl
ﬁ/\/\
s
HO
10 N-Chlorosuccinimide (1.6 g, 11.96 mmol) was added to a solution of intermediate D5
(2.0 g, 11.96 mmol) in DMF (30 ml). The reaction was stirred at room temperature
overnight and then it was concentrated in vacuo. The crude product was purified by

column chromatography (silica gel; 0-3% methanol / DCM as eluent) to yield
intermediate D8 (2.0 g, 83 %).

15
Description 9

Trifincro-methanesuifonic acid 1-butyil-3-chlore-2-oxe-1,2-dibydropyridin-4-yl
ester (D9} .
o
9 Cl N/\/\

F
Yo
o
F

20 Pyridine (1.60 ml, 19.8 mmol) was added to a cooled (- 78 °C) solution of intermediate
D8 (2.0 g 9.92 mmol) in DCM (80 ml). The resulting solution was stirred for 10
minutes after which trifloromethanesulfonic anhydride (1.90 ml, 10.9 mmol) was
added, and the resulting solution was stirred at —78 °C for 3 hours. Then the mixture
was warmed to room temperature and was quenched by the addition of agueous

25  saturated ammonium chloride. The mixture was diluted with water,extracted with
DCM, dried (Na,S04) and the solvent evaporated in vacuo, vielding intermediate D9
(3.31 g, 100 %) as a crude that was used without further purification.



D31 (0.2 g, 0.94 mmol), palladium(ll) acetate (0.009 g, 0.04 mmol) sodium tert- butoxide (0.25 g, 2.58
minol) and BINAP (0.037 g, 0.06 mmol) were added to a stirred solution of intermediate 06(0.20 g,
0.86 mmolmtaluwess & ml), The reaction mixture was heated at 100 C fect@imosginsaisealed tube.
After cooling to room temperature 20 the mixture wé-diluted with water and extracted with EtOAc. The
combined organic phase was dried (Na2804) and the solvent evaporated in vacua. The crude product
was purified by column chromatography (silica gel; 10 % ammonia in methanol (7N) / DCM as eluent).
The desired fractions were collected and evaporated in vacua to yield D32 (0.21 g, 87 %) as a pale
yellow oil. WO 2009/033704PCT/EP2008/007551 - 40 - Description 33
4-Benzyloxyﬁépggm@(;&-fyclopropylmethyl-/H-pyridin-2-one (033) 0 A solution of intermediate D1 (3.0
g, 11.7 mmol) and N-bromosuccinimide (2.09 g, 5 11.7 mmol) in DCM (100 ml) was stirred at room
temperature {0pénb@vkyTheeMyebpWaseuamiaiRe IF yacudsdotne@rige residue was purified by

column chromatography (silica gel; DCM as eluent). The desired fractions were collected and
evaporated in vacuo yielding 033 (3.56 g, 91%). L0Description 34 '
4-Benzyloxy-3-tyclopropyl-1-cyclopropylmethyl-/H-gyridi %?34) 0 NaHCO3 (1.0 g, excess),
cyclopropylboronic acid (0.74 g, 8.93 mmol), potassi rbonate (1.23 g, 8.93 mmol) and

[1,1'-bis(diphenylphosphino)ferrocené '
were added to a solution of intermedis I
mixture was heated at 175 C for 20 minutes under microwave irradiation, after which it was filtered

through Hiatd¥niadesissvamidaid thesso-eAtwasievesordeed fa varlutighefchigenesigadias purified
by column chigamatograpknisilica gedtio-& methanaideidins ehienb: 20Fhedeasitedbactions were

collected an(%e%&o Ategin Va5 YRIING 03458 B0 Bkrated in vacuo, purified by flash
chromatography (silica gel; 0-3% methanol / DCM as eluent) and finally recrystallized
from diethyl ether to afford intermediate D16 (4.12 g, 92 %) as a solid.

10
Description 11
4-Benzyloxy-1-cyclopropyimethyl-3-trifluoromethyl- H-pyridin-2-one (D11)

Methyl 2,2-difluoro-2-(fluorcsulfonyl)acetate (0.67 ml, 5.24 mmol) and intermediate .
15 D16 (1.0 g 2.63 mmol) were added to a solution of copper(l) iodide {0.99 g, 5.24
mimol) in DMF (30 ml). The mixture was then heated at 100 °C for 5 hours, after which
it was filtered through diatomaceous earth and the filtrate was concentrated in vacuo.
The residue was purified by column chromatography (silica gel, DCM as eluent) to
yield intermediate D11 (0.76 g, 89 %).
20

Description 12

1-Cyclepropyimethyl-4-hydroxy-3-trifluoromethyi-7 H-pyridin-2-one (D12)



WO 2009/033704PCT/EP2008/007551 -41 - Description 35
3-Cyclopropy1-1-cyclopropylmethyl-4-hydroxy-M-pyridin-2-one (D35) HO A mixture of intermediate
D34 (1.0 g, 8@8wmmatjrand a catalytic amount of 10% 5 palladium on actr@tacbpasdsenss ethanol (150
ml) was stirred under a hydrogen atmosphere for 23fours. The mixture was filtered through
diatomaceous earth and the solvent was evaporated in vacuo to yield intermediate D35 (0.69 g, 100
%) that was used without further purification. 10Description 36
4-Bromo-3-cyclopropyl-1-cyclopropylmethyl-1H-pyridin-2-one (D36) O Br Phosphorus oxybromide (2.4
g, 8.28 mmofy A HERIG] ditsrattith Hihtétretiate DBMeEs &, AW HEHBHIDME 88mI), and
the mixture wakadeatedat &10@ddr dadmincund Aftearcdofiy mianwee lathsdhersiclutipdnvespartitioned

between watgranghEOAS. TRgMEHE WaseXtastatuith FI0AL (3 x400:0ks thawomBingd organic
fractions were dried (Na2S04) and the solvent. zvagor teolt in vgcuto. Ti? érggle pfggq&\%aa% purified
by column cﬁ%‘f‘ﬁ%ogﬁ%ﬁﬁ% ng @e}faﬁel\}loa‘ge ﬂj “HHEgESiES R tions virere” colfected and
evaporafed iv#EdtRs Wwitjietd wdenpuizieadss (0.99 g, 89 20 %). WO
2009/033704PCT/EP2008/007551 - 42 - Description 37 4-(1'-Cyclopropylmethyl-2Lhexah
ydro-2H-[1,4' bipyridinyl-4-yl)- benzoic acid (D37) OH 54-Piperidin-4-ylbenzoic acid methyl ester (0.40
g, 1.81 mmoBepraiatirind@) acetate (0.015 g, 0.069 mmol) sodium tert-butoxide (0.34 g, 3.44 mmol)

and BINAP (0.06 g, 0.096 moelg ere.a _@? ! astirreft;‘s_l jon ofdntermediate.D3 (0.31 g, 1.37
mmol) in tolugegé% rglf?’ﬁiﬁgrrﬂ gc{f(‘)egh qix lﬁ%ﬁ/}/‘% ea e%Pa 1858#3} 60%&?#3 ? a sealed tube. After
cooling to room temperature the mixture wag dilutgéd with EtOAc and then 10 filtered through
diatomaceous earth, after which the solve eﬁaﬂeﬁ# vacuo. The crude residue was treated
with a mixture of DCM / methanol and theh filte ed off The filjfate was evaporated to dryness in vacuo
to yield crude D37 (0.48 g, 100 %) that wagpse out further purification. 15Description 38
o D e ameside 5t P2 B A TPy B s Bsnepigactd meth!
D12 (2.60 g, 11.1 mmol) in DMF (50 ml) and the mixture was heated at 110 °C for |

hour. After cooling in an ice bath the solution was partitioned between water and

EtOAc. After three extractions with EtOAc, the combined organic fractions were dried
{(N2;S04) and the solvent evaporated in vacuo. The crude product was purified by

15  column chromatography (silica gel; DCM as eluent).. The desired fractions were
coliected and evaporated in vacuo to yield intermediate D13 (1.38 g, 42 %).

Description 14

4-Benzyloxy-1-(4-trifiuoromethoxy-benzyl)-1f-pyridin-2-one (D14)
0

gﬁi“ci

1-Bromomethyl-4-triftuoromethoxybenzene (3.32 g, 13.04 mmol) and potassium

20

carbonate (3.51 g, 25.46 mmol) were added to a mixture of 4-benzyloxy-/H-pyridin-2-
one (2.5 g, 12.42 mmol) in acetonitrile (10 ml). The reaction mixture was heated at
reflux temperature for 24 hours. After cooling to room temperature, it was filtered
25  through diatomaceous earth, the solid residues were washed with methanol and the
combined organic extracts were evaporated in vacuo. The crude residue thus obtained
was precipitated with DIPE to yield intermediate D14 (4.5 g, 96%) as a white solid.



0 A mixture of intermediate D37 (0.43 g, 1.23 mrnol), DBU (0.18 g, 1.23 mmol), 20 dimethyl carbonate
(4.5 ml, excess, 93 mmol), and acetonitrile (5 ml) was heated at 160 C for 20 minutes under
microwave Wweaeliatias’The cooled crude mixture was diluted with water aRdIBOAEINVEET Added, after
which the organic layer was washed with an aque@ds‘lO% citric acid solution, dried (Na2S04) and the
solvent evaporated in vacuo. The crude residue was purified by column chromatography (silica gel;
0-3% methanol / WO 2009/033704PCT/EP2008/007551 - 43 - DCM as eluent). The desired fractions
were collected and vag rated in vacuo to yield D38 (0.19 g, 38 %). Description 39

511-Cyclop oﬁ%ﬁ%%ﬁ?ﬁ- -14-(1-hydroxy-1-methyl-ethyl)-phenyll-3,4,5,6-tetrahydro- 211,1
'H-11,4Thipyrigiylid Qe de-1-A-hriios ol EaI of BaiByInagnasidm emid® isjoluene/ THF
(2.12 ml, 1.57 mmol) was added dropwise to a cogled (0 C) solution of intermediate D38 (0.19 g, 0.52
10 mmol) in THF (20 ml) under nitrogen atmgsphete. The resulting reaction mixture was stin-ed at 45
C for 2 hours. After cooling in an ice bath the m f(tur Iy guenched with a saturated
aqueous solution of ammonium chI ARG QPAS extracte h EtOAc. The combined organic

phase was dried (Na2S04) and thg ent vaporated in vacua. [he residue was purified by column
chromatography (silica gel; 150-5%w#ethanol / DCM as eluentk desired fractions were collected

d ted | to yield 0. L 40% il. E | . .
g-r.'cﬁ??%ﬁr%ﬁ%ﬁrﬁ%ﬁﬁ%-%%;&&?{%%% ;9 -ﬁ%ﬁﬁ?&ﬁ%i%%%ﬁqgﬁi%tﬁe @ o
CKINI7A's inger atenyiB (0. PM0! NN BRIBRSS HES fniTge @.099§! 0.65
mmol) in DGMriddambewasatiftedsalHeaivt ient peraitipdpitddhadrihthelsliveituvasewvapesated in
vacua and t%tgr%%%@%%‘;@@tpﬂg IS8y Sl IALRERONFABRY (RIS Labdpfpethanol /

DCM as eluent). sire ions
D15 (4.5 g, 95 %) as a white solid.

10 Description 16

3-Chioro-4-hydroxy-1-(d-trifluoromethoxy-benzyl)-7 H-pyridin-2-one (D16)

O
Ho N7 | “ o =
F/k/\F
Hydrobromic acid (0.1 ml) was added to a mixture of intermediate D15 (4.5 g, 10.98
mmol) in acetic acid (20 ml). The solution was heated at 130 °C for 30 minutes under
15 microwave irradiation. After cooling to room temperature, the solvent was evaporated
in vacuo and the residue was treated with an aqueous saturated solution of NaHCO;
until the solution reached a pH of approximately 8 The white solid that precipitated
was collected by filtration and washed with cold DIPE to yield intermediate D16 (1.1 g,
31 %;).
20

Description 17

4-Bromo-3-chloro-1-(4-triflucroemethexy-benzyl)-1 H-pyridin-2-one {D17)
Q



WO 2009/033704PCT/EP2008/007551 - 44 - were collected and evaporated in vacuo and the - -
resulting solid was recrystallized from diethyl ether to yield compound EI (0.10 g, 47 %) as a white
solid. Meltingopwien 017048 C. SNMR (400 MHz, CDC13) 5 ppm 0.35 - 0.42{MER2HB/@BFLE 0,64 (M, 2
H), 1.19-1.33 (m, 1 H), 1.85 - 2.00 (m, 4 H), 2.64 3276 (m, 1 H), 2.85-2.99 (m, 2 H), 3.76 - 3.87 (m,
4 H), 6.05 (d, 1=7.6 Hz, 1 H), 7.19 -7.29 (m, 4 H), 7.29 - 7.38 (m, 2 H). Example 2
101!-Butyl-3'-ehloro-4-phenyl-3,4,5,6-tetrahydro-2H,/ 'H-11,41bipyridinyl-2'one (E2) A solution of

intermediate_D19 (0.43 g, 1.40 mmo]) and N-chlorosyccinimide (0.19 g,.1,40 mmol) in DCM (10 ml)
was stirred %ﬁ%@ fg%%@é&mn%‘&? i‘??’gér.’&rﬁe rggf\(}bn‘fvi% ?/éjé%ée%ﬁog%?éﬁ%ﬂgﬁ)%ﬁ%‘%ﬁe crude
product wasIpifrifie§ isy 2dRimmehrdmBgr Aprmlisicatbemixsios washsast BARS A€ divrett). The
desired fractigns WEfe eallesiathantpaneiaieddnrasitpndring residting sokitwab weerystallized

from diethyl ether to viel , 82 % a whit li elti ing: C.20 1H
NMR (4ooy|\/ii %géég%@%%%gr%%%gg ﬁgﬁﬁgﬁgﬁzﬁﬁ A b %Tngcﬁ%)& i@%@@g&%“&é‘z H), 1.85
- 1.98 (m, 4 W) 2ty orgaricfragtiogys isre. drisd (NazSy) #8d (b dOJvEDt1¥as, PIRPTS6R (F J=7.3 Hz,
2 H), 6.03 (chaln7.d hizcdudt) pTollOctdwiy Hitized B) cBliOn 7RO GmtcEid)h Y .20k FEl(micdhid). 25 WO
3.089/ 03378%%1_4?513'9&@/ %@5%%\1?41533.%5@4 o 6%1% i;clzollectgc'l_l ai;c% é:é/;lpgrl\zllt%d in vacuo _to_yi_eéd (0.145

-Bromo-ILeyclopr -4-pheny|-3,4,5,6-tetrahydro-2H, -Bromosuccinimide (0. :
0.82 mmol) 65%“58%%#%%?&%# {(;%/lﬁearén?eyc?ﬁ g % (0.25 g, 0.82 mmol) in DCM (10 m1). The )
reaction mixture was stirred at room temperature for 1 hour. Subsequently, the solvent was

evapor?éedg%vagg!u%algqéhe crude residue was purified by column chromatography (silica gel; 0,3 %
methanol / a e?uent). The desired fractions were collected and evaporated in vacuo to yield

10compound 'E3yQe2? &b ith 0 asipwinia-slid, MelbapyRee L AN0IC | L4 NIYR {689 iMHan dMSO-d6)
8 ppm 0.34 (QIASS) (m, 2 H), 0.44 -0.50 (m, 2 H), 1.16

fou

4-Phenylpiperidine (G.45 g, 2.78 mmol), palladium(ll} acetate (0.016 g, 0.06% mmol},

15  sodium terf-butoxide (0.34 g, 3.5 mmol) and BINAP (0.065 g, 0.104 mmol)} were added
to a solution of intermediate D3 (0.32 g, 1.39 mmol) in toluene (5 ml}. The reaction
mixture was heated at 100 °C for 16 hours in a sealed tube, after which it was cooled to
room temperature, diluted with water (5 ml) and then extracted with EtOAc (3 x 5 ml).
The combined organic fractions were dried (N2,SO4) and the solvent evaporated in

20 vacuo. The crude product was purified by column chromatography (silica gel; 0-4%
methanol/DCM as eluent). The desired fractions were collected and evaporated in
vacuo 1o vield intermediate D18 (0.33 g, 78 %).

Description 19

25  ¥-Butyi-4-phenyl-3.4,5,6-tetrahydro-2H, 1 'H-{1,4"Ibipyridinvl-2'-one (D19}
0

bf\/\
N =



-1.26 (m, 1 H), 1.77 (qd,./-12.38, 3.61 Hz, 2 H), 1.88 (br d, 1=12.1 Hz, 2 H), 2.68 - 15 2.78 (m, 1 H),
2.91 (brt,../-11.9 Hz, 2 H) 3.69 (br d, 1=12.1 Hz, 2 H), 3.74 (d, 1=7.2 Hz, 2 H), 6.21 (d,1=7.5 Hz, 1 H),
7.19 - 7.250, 200633727 - 7.36 (m, 4 H), 7.69 (d, 1=7.5 Hz, 1 H). ExampRC4/EP2608/007551
20P-Cyc|opropylmethyl-4-phenyl-Y-trifluoromethyl’-%-?’4‘,5,6-tetrahydro-2H,/ 11,41bipyridinyl-2'-one (E4)
4-Phenylpiperidine (0.33 g, 2.02 mmol), palladium(ll) acetate (0.012 g, 0.05 mmol), sodium
tert-butoxide (0.24 g, 2.52 mmol) and BINAP (0.05 g, 0.08 mmol) were added 25 to a solution of
intermediate D13 (0.3.g, 1,01 ) intgluene (7 ml). The reaction mi wa ted at. 100 C for 16
ours in & seal A EAERTEAP, B e PG DCHERITE Ll e e et with
water (5 ml) spsivextratiadakids G4, WOmroob/esd FoWRE 1 EE200 81004 3emolevers sddeml). The
combined orgaRisoliamions iesemeet: (Na28# pandthasrivent @vaperatesin Tasueadiha crude

product was BIIRAA Sl CIEaME ORISR el AKMADADRIL DMAR g, The

desired fractions were cgﬁecte and evaporated In vacuo to compound; }SE\S} 31 %) asa
white solid. SRISIITEPREIRRIEARS Ben divied (3eh Riris: émgmwﬁm%@t 5384 (2 1, 0.45 -0.50
(m, 2 H), 1.135.1TB2 ¢omiitd)] drgahid Y& Goms2udie 8t @¥adSDzland tiz,sRivEpi2derdt8dim, 1 H),
. 7110 7 B B o e Ecmple 5
: -7.29 (m 29- 7.34 (m : =7.8 Hz . Example
o Chioro.4 SRR LA R R Sor e T i bt SSlSEHo o SRR oo
(E5) 0 A mingfeodpitteifperpedinty 132 (§,38.828%101), 4-phenylpiperidine (0.1 g, 0.62 mmol),
2-(2'-Dittert-butylphosphine)biphenylpalladium(ll) acetate (0.01 g, 0.026 mmol) and potassium

phosphate (0.23 g, 1.1 mmol) in 1,4-dioxane (3 ml) was stirred at 20 90 C for 35 hours. The mixture
was filtered tRFSEIRLEABSMhaceous earth, and the filtrate was evaporated to dryness after washing with

more 1,4-dioxape, IThe dyct was purified lymp_ch oaraphy (silica gel; heptane /
diethyl etherﬁ%‘g(@lﬂ%ﬁ%’)ﬂ%ﬂéy gsi?g fra%:%%ﬂripvéjéxfg’%gantgégﬁ@e\%%glr’gt’ed}in vacuo to yield

compound EREriAEY-Searhenitsils MR QIS AMSAAY point: 168.6 C. 11-1 NMR (400 MHz,
CDC13) S ppm1.83 - 1.98 (m, 4 H), 2.65 - 2.75 (m, | H], 2.89 - 2.98 (m, 2 H), 3.84 (hr d, J=12.2 Hz, 2
H), 5.12 (s, 2 H), 6.06 (d, J=7.6 Hz, 1 H), 7.14 (d,../-7 fHW.lS -7.28 (m, 5 H), 7.29 - 7.40 (m, 4

H).
) NS

i
N
15 4-Cyano-4-phenylpiperidine hydrochloride (0.314 g, 1.41 mmol), palladium(Il) acetate
(0.013 g, 0.059 mmol) sodium zert-butoxide (0.347 g, 3.54 mmol} and BINAP {0.051 g,
0.08 mmol) were added to a stirred solution of intermediate B3 (0.27 g, 1.18 mmol) in
toluene (5 ml). The reaction mixture was heated at 100 °C for 16 hours in a sealed tube.
After cooling to room {emperature the mixture was diluted with water and extracted
20  with EtOAc. The combined organic phase was dried (Nap;SO4) and the solvent
evaporated in vacuo. The crude product was purified by column chromatography (silica
gel; 10 % ammonia in methanol (7M) / DCM as eluent). The desired fractions were
collected and evaporated in vacuo to yield D20 (0.35 g, 87 %) as a pale yelliow oil.



WO 2009/033704PCT/EP2008/007551 - 47 - Example 6 3'
-Chloro-11-cyclopropylmethyl-2'-oxo-4-phenyl-3,4,5,6,11,2'-hexahydro-2H11,41bipyridinyl-4-earbonitril
e (E6) ; | 3¥osulwtion o4 intermediate D20 (0.35 g, 1.03 mmol) and N-chIsfgsteyitfitiide10.14 g, 1.03
mmol) in DCM (25 ml) was stirred at room temperaifire for 1 hour. After addition of more DCM, the
solution was washed with brine, dried (Na2S0O4) and the solvent evaporated in vacuo. The crude
product was purified by column chromatography (silica gel; 10 % ammonia in methanol (7N) / DCM as
eluent) and fyrther purifi g by 10 preparative HPLC. The desired fractions were collected and
evaporated iﬁ??ﬁ'éﬁ%‘?gé Id compound E6 (0.17 g, 47 %) as a white solid. Melting point: 173.7 C. 1H

NMR (400 Nkﬁy@MﬁQﬁ%ﬁaﬂ Per{dutb A3 P Sl Qcﬁﬁt@@&ﬂa, &ty (BH% 15 - 1.09 (m, 1 H),
1.91-2.02 (m, 2'H), 2.11 (br d, .1-12.9 Hz, 2 H) 2.98 (bot, szé z, 2 H), 3.54- 3.63 (m, 4 H), 6.14 (d,

1=7 .4 Hz, 1 H), 7.20- 7.26 (m, 1 H), 7.27 -7.35 (m, .2 @\7.4 <7.44 (m, 2 H), 7.52 (d,../=7.4 Hz, 1
1-1). Example 7 201 '-Butyl-3-ehloro-4-fluoro-4-ghenyl-3,495,6-tetrahydro-2H,1 'H-[1,41 bipyridiny1-2-
one (E7) 0 A solution of intermediate D3 6 mmol) and N-chlorosuccinimide (0.08 g, 0.66
mmol) in DCM (30 ml) was stirred at roon termperature for 10 minutes. After 25 addition of more DCM
the solution was washed with brine, drie gf) and the solvent evaporated in vacuo. The crude
product was purified by column chromatography(silica gel; 10 % ammonia in methanol (7M) / DCM as
eluent) and WO 2009/033704PCT/EP2008/007551 - 48 - further purified by preparative HPLC. The
desired fractidagvéréronliseterbard béapongteel 93 vacnol Y SASCOrRpal rehEFIRDBHag, 27 %) as a

white sofd. Malting, BeING 3 30 NMR (409 Mz MRR105) .31 BRBPER 0. Y5 Hédded H), 1.21 -
1.32/(m, 2 H), 154 6% (M 2 Hk 3%&353%}%%%&%4? a2t WD Jodad 0t Ky 226 (d,
20040826) in 1,4-dioxane (28 ml) and an aqueous saturated solution of NaHCO; (24
ml). The resulting solution was degassed using a stream of nitrogen and Pd(PPhs)s
(0.747 g, 0.647 mmol) was added to this solution. The reaction was then microwaved in
10 asealed tube at 140 °C for 5 minutes. The resulting cooled reaction mixture was then
diluted with EtOAc and filtered through a pad of diatomaceous earth. The filtrate was
collected, dried over Na,SOy4 and concentrated in vacuo. The crude reaction mixture
was then purified by column chromatography (silica gel; DCM to DCM/EtCQAc up 10
6% as eluent). The desired fractions were collected and evaporated in vacuo to yield
15 D21 (4.04 g, 98 %).

Description 22

4-(2-Fiuoro-4-methoxycarbonyl-phenyl)-3,6-dihydro-2H-pyridine-1-carboxylic
acid tert-butyl ester (D22)

20
Methyl 4-bromo-3-fluorobenzoate (2.261 g, 5.702 mmot) [CAS 8§49758-12-9] was

added to a solution of {,2,3,6-tetrahydro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)-pyridine (3 g, 9.702 mmol) [CAS 375853-82-0] (synthesis described in WO
2004072025 A2 20040826) in 1,4-dioxane (21 ml) and an agueous saturated soiution of
25 NaHCO; (18 ml). The resulting solution was degassed using a stream of nitrogen and
Pd{(PPhi)4 (0.561 g, 0.485 mmol) was added to this solution. The reaction was then



J=13.6, 4.6 Hz, 1 H),.3.17 (dd, J=12.3, 11.1 Hz, 2 H), 3.54 - 3.64 (m, 2 H), 3.87 (t, J=7.2 Hz, 2 H), 6.26
(d, J=7.6 Hz, 1 H), 7.32 - 7.38 (m, 1 H), 7.42 (t, J=7.4 Hz, 2 H), 7.45 - 7.51 (m, 2 H), 7.62 (d, J=7.4 Hz,
1 H). |0 Examp@®/8/Gyclopropyl-lccyclopropylmethyl-4-phenyl-3,4,5,6-tetrelayelvas/2¢1 5k 1
'H[1,4'Jbipyridiny1-2'-one (E8) 154-Phenylpiperididé {0.22 g, 1.34 mmol), palladium(l1) acetate (0.008
g, 0.034 mmol), sodium tert-butoxide (0.16 g, 1.68 mmol) and BINAP (0.032 g, 0.05 mmol) were
added to a' solution of intermediate D36 (0.18 g, 0.67 mmol) in toluene (5 ml). The reaction mixture
was heated at 100C for 16 hours in a sealed tube, after which it was cooled to room temperature and
then diluted WiV Afralrd Bhe 26 6P Witior fominpies. 3 bo s tingLeplsbiratsRganic fractions
were dried (NaR:56 Haankkihédiisoddenite B ated il teasl it dingh erpad ¢frdcimhwaspurifitd by column
chromatograplygilica.ael Brademeihiansl LGN 85 £l5eBh-chhadesi od fiactaug wgre collected and
evaporated in vacuo toﬁﬁ%eld compound % 0.18 g, 77 %) as a Whj}?r Ol|ld. M?I é}lﬁgmt: 201.9C. 25
-1 NMR (SCEPRHG BRI S BRRPErEE DO iR B S 80Py (0 5o B G0 (m 2 b
0.86 - 092 (RCMEBOATEP lo B (s, dudyil Bee deseérractians wegecolBgiad andigyap@ated 72 (m, 1
H), 2.87 (br tndmtielid iz B BB 10 BLH8()4 H), 6.07 (d, .5Hz, 1 H), 7.19 - 7.24 (m, 1 H), 7.26-
7.37 (m, 4 H), 7.46 (d, .1=7.5 Hz, 1 30H). WO 2009/033704PCT/EP20081007551 - 49 - Example 9
3'-Chloro-11-cyclopropylmethy1-4-[441-hydroxy-1-methyl-ethyl)-phenyll-3,4,5,6-
tetrahydro-2 s $VIPEIRR Bidyridiny1-2'-one (E9) O N HO 5A solution of intermediate D39 (0.077 g, 0.21
mmol) and Nrchlorosuccinimi z 1) § i it C emperature for
5 minutes. Tﬁ_g%(r%jggr%%%gféﬂﬁggﬁ%%%%%ﬁ%}%ﬁﬁﬁéﬁy lﬁ%-%ibs c&%tzi{ﬁq %gm%s extracted
with DCR, tf8tebAAALd organic fractions were dried (Na2S04) and the solvent evaporated in vacuo.
The crude residue was purified by column chromatographyjjsilica gel; 0-5 % 10 methanol / DCM as
eluent). A second chromatography was performed (gilica glelh / Et0Ac 1:1, and finally 100%
EtOAc as eluents). The desired fractions were collegted and evaporated in vacuo and the resulting
solid was crystallized from diethyl ether to yigld cpmpdund E9 (0.06 g, 71 %) as a white solid. 1511-1
NMR (400 MHz, CDC13) 8 ppm 0.35-®41{mz2H), 0.56 - 0.64 (m, 2 H), 1.19 - 1.30 (m, 1 H), 1.59 (s,
6 H), 1.73 (s, 1 H), 1.85-1.99 (m, 4 H), 2165 - 2.76'(m, 1 H), 2.87 -2.97 (m, 2 H),. 3,78 - 3.87 (m, 4 H),
6.05 (d,1=7.6 Hz, 1 H), 7.21 -7.26 (m, 3 I% 7.45 (d,../--=8.3 Hz, 2 H). 20 Example 20
3'-Chloro-11-cyclopropylmethyl-4-(2-fluoro-ethoxy)-4-pheny1-3,4,5,64etrahydrO2H,I'H11,41bipyridinyl
--21-one (EZCR

golution of intermediate D22 (2.81 g, 8.379 mmol) in methanol (120 ml) was
hydrogenated at room temperature in the presence of palladium 10% on activated

15 carbon (0.588 g) unti! the reaction was completed. The solids were filtered off and the
filtrate was evaporated in vacuo to give D23 (2.73 g, 97 %).

Description 24

4-[2-Fluoro-4-(1-hydroxy-1-methyl-ethyl}-phenyl}-piperidine-1-carboxylic acid
20 tert-butyl ester (D24)

A 1.4 M solution of methylmagnesium bromide in toluene/THF (17.339 ml, 24.274

- mmol) was added dropwise to a cooled (0 °C) solution of intermediate D23 (2.73 g,

25 8.091 mmol) in diethylether (150 ml) under nitrogen atmosphere. The resulting reaction
mixture was then stirred at 50 °C for 2 hours. After cooling in an ice bath the mixture



A solution of compound E31 (0.164 g, 0.46 mmol) in 1,2-dimethoxyethane (3 ml) was 25added
dropwise to a mixture of sodium hydride (0.023 g, 0.58 mmol) in 1,2- dimethoxyethane (0.5 ml) at 0 C.
The reaction@riseusiEs stirred at room temperature WO 2009/033704PCTERRPR8087687551 - 50 -
for 15 minutes and subsequently a solution of 2-fru%)%ethyl tosylate [CAS: 383-50-6] (0.222 g, 1 mmol)
in 1,2-dimethoxyethane (1 ml) was added. The reaction mixture was microwaved into a sealed tube at
180 C for 20 minutes. The mixture was cooled to room temperature and an additional amount of
sodium hydride (0.0 , 0.58 mmol) 5 was added. The mixture was the heated at 180 C for 20
minutes und@?ﬁ@?ﬁﬁﬁ@%ﬁ%‘li ?%?té?%&%ﬁﬁga%cr%uosnﬂ{éﬂ% eratare gﬁigr&u%gagc%atﬁx}gted
ammonium ¢hdorive selmisedvveghaddddicadderombraateonssisxphastey aidrieddNeTHe éhganic layer
was separatgg,s@qmt(g{ag@?@éa andahe selvem was 8vepgraryshhe crude product was purified first
by column chromatography (silica gel; eluent: DCM/EtOAc from 1010010 to 90/10). The desired
fractions were collected and evaporated in vacuo to yield compound E20 (0.041 g, 18 %). 11-1 NMR
(400 MHz, OR&d3pHop@n 0.36 - 0.40 (m, 2 H), 0.58 - 0.62 (m, 2 H), 1.22 - 1.28 (m, | H), 2.12 - 2.21
(m, 4 H), 3.27 - 3.36 (m, 4 H), 3.57 (br d,../=12.1 Hz, 2 H), 153.80 (d, 1=7.2 Hz, 2 H), 4.51 (dm, J=47.7
Hz, 2 H), 6.08@& Fluorss4pipenigie $3lcghsrylsnyopan-f-of G825% 32 (m, 1 H), 7.37 - 7.41 (m, 2 H),
7.44 - 7.46 (in, 2 H). Example 21
3LChloro-Iccyclopropylmethyl-4-fluoromethyl-4-pheny1-
-one (E21) (Diethylamino)sulfia trifluoride (0.046 ml, O.
solution of compound E30 (0.119 g, 0.32 mmol)+1 B¢
-78 C for 3 hours and then additional for 2dours C. Subsequently, 25 additional
(diethylamino)sulfur trifluoride (0.046 ml, 0.38{mmdl) wés added and the mixture was further stirred for
1 hour at room temperature. Na2CO3 (aqueous saturated solution) was added and the mixture was
diluted with RGMxfliteodigeemivddiper Wad Sepel actll tRisu(Nh2BTIPEND Sdap dratsd thinsrness. The
ggﬁg)ﬂf@ﬁu% %ﬁl@%ﬂf i%%ﬁ@@@%ﬁﬁm%@%@wﬂléﬁaﬂﬂimd?@% éf&%q%mratloolo Ité)

. The ir ctions were collected, evaparated.in vacuo and fi r ied to yie
compound Eiz%g%?ﬂ% é;alré‘@o 1B ré%v?/hﬁ%g AR .C‘KR})E%iSﬁ%t}B%é’?B‘ ‘81*7&%%%8‘?%%@%5%%1 J11-1
NMR (400 MyateCod 13ing ppinasiasted aGthhichigpromethang. gEhgreommbined oreapio ¥R ), 1.74 -
1.96 (M, 4 Hyva2O6righ Q422G Hind@tht) 531 0en{ dt b hufiyr3t@dtiz vaddy, THSTeSBR (ms 2rdatyd3.79 (d,
1=7.2Hz, 2 't_xiflthaéﬁ{:}gﬂ)rt])ﬁ}%tﬁa!ﬁ'%’giﬁ%g?r%g td-30:0Rd O} Ras filtered off to yield 1.03 g

15 intermediate D25, The filtrate was evaporated in vacuo and the residue thus obtained

was then purified by column chromatography (silica gel; DCM/(NH; 7N solution in
MeOH) gradient up to 10 % as eluent). The desired fractions were collected and

A g4etrahydr0202H,l 71-11,41bipyridiny1-2'
5 minol) was added to a cooled (- 78 C)
1). The reaction mixture was stirred at

evaporated in vacuo to yield a second baich of 0.5 g of D25 (total amount = 1.53 g, 82
%) MLP. 151°C.

20
Description 26
4-(2-Methoxycarbonyi-phenyl)-piperidine-1-carboxylic acid terr-butyl ester (D26)
O k
N/U\O
G
AN
25

A solution of intermediate D21 (4.04 g, 12.729 mmol) in methanol (120 ml) was
hydrogenated at room temperature in the presence of palladium 10% on activated



Example 22 1'-Butyl-3'-chloro-4-hydroxymethyl-4-phenyl-3,4,5,6-tetrahydro-2H, |
[1,49Dbipyrielinyl-2'-one (E22) 0 Cl OH 104-Hydroxymethyl1-4-phenylpipericline (0.172 g, 0.9 mmol),
palladium(l¥yaceeates{oio07 g, 0.03 mmol), cesium carbonate (0.391 g, 1 ZXHAHIAIGOEHE7 X Entphos
(0.035 g, 0.06 mmol) were added to a solution of intérmediate D9 (0.2 g, 0.6 mmol) in
trifluoromethylbenzene (2 ml). The reaction mixture was heated at 100C for 24 hours in a sealed tube,
after which it was cooled to room temperature. Subsequently, it was 15 diluted with DCM, H20 (5 ml)
and extracted il FA¢ (3 L The mixiure was lisred thioudh distamacgaus g, and the
filtrate was evaporated todryness. THE Eride proénu% was purﬁle irSt by column cﬁlrlomatography
(silica gel; elliBFRCEHVIERDEEEOH 90710 o DYEIB antthes 1ifcebdddl Bhaske HPLC. The desired
fractions were collected, evaporated in vacuo and finally freeze dried to yield 20 compound E22 (0.041
g, 18 %) as a white foam. NMR (400 MHz, CDCI3) 8 ppm 0.93 (t, 1=7.3 Hz, 3 H), 1.13 (br t, J=6.7
Hz, 1 H), 1.28est40t(on £7H), 1.64- 1.75 (m, 2 H), 1.98 - 2.08 (m, 2 H), 2.31 -2.40 (m, 2 H), 2.98 - 3.10
(m, 2 H), 3.41 - 3.51 (m, 2 H), 3.63 (d, 1=6.5 Hz, 2 H), 3.90 (t, 1=7.3 Hz, 2 25H), 5.92 (d, 1=7.5Hz, 1
H), 7.045(d, #2:51FHydroRy-2-2retinyBethyl) - phgnyiBpipsritingni -caboxyily acid tert-butyl
2009/033704ReBR2008/007551 - 52 - Example 28
11-Buty1-31-ehloro-4-[2-(1-hydroxy-I-methyl-ethyl)-pheny1]-3,4,5,6-tetrahydro21/,1
'H-11,41bipyridinyl-2'-one (E28) CI 0 | OH 5A mixture ofjintermediate D9 (0.254 g, 0.76 mmol),
intermediate D28 (0.2 g, 0.912 mmol) and diisoproyle;mlla e (0.199 ml, 1.114 mmol) in acetonitrile
(11 ml) was heated at 180 C for 5 minutes undermitsdwace irradiation. The cooled crude mixture was
evaporated in vacuo. The crude residue wa ified
DCM/EtOAc/MeOH as eluent). The desirg ctions were collected and 10evaporated in vacuo. The
solid residue obtained was treated with @ gylether. The solid was filtered to yield compound E28
(0.183 g, 61 %). M.P. 182C. 11-1 NMR (400 MHg, CDC13) 8 ppm 0.95 (t, 1=7.3 Hz, 3 H), 1.32 - 1.42
(m,2H),1.7015 (s, 6 H), 1.71 -1.77 (m, 2 H), 1.79 (s, 1 H), 1.82- 1.90 (m, 2 H), 1.91 -2.05 (in, 2 H),
2.88 - 2.98 (A4 2-H)Vi3sphtionadt (methimassinm brogniie i HolwrR {HP &7 844, 0. 14 9241 (d, 1=7.5
Hz, 1 HY 7.16x(ieh) 17é. 8dded digpdibh) 1 280d X0.4C Lsdittionl dflintedde(iale J736.72.8.6 Bl241 H), 7.42
(dd, J=7.6, %?} }nHéiethylether (150 mi) under nifrogen atmosphere. The resulting reaction

mixture was stirred at 45 °C for 2 hours. After cooling in an ice bath, the mixture was

carefully quenched with a saturated agueous solution of ammonium chloride, and then
extracted with EtOAc. The combined organic phase was dried (Na;S04) and the solvent
15  evaporated in vacuo to yieid D27 (2.77 g, 69 %).

Description 28
2-(2-Piperidin-4-yl-phenyl}-propan-2-ol (D28)

20 OH
A mixture of intermediate D27 (2.77 g, 5.636 mmol) and KOH (2.43 g, 43.357 mmol}
in isopropy! alcohol (13.5 ml) and water (27 mi) was microwaved in a sealed tube at
180 °C for 60 minutes. The resuliing cooled reaction mixture was then diluted with
water and brine and extracted with dichloromethane. The residue was treated with

25  dichloromethane giving rise to a solid that was filtered off. Yield: 0.737 g of
intermediate D28. The filtrate was evaporated in vacuo and the residue was then
purified by column chromatography (silica gel; DCM/{NH; 7N solution in MeOH)



20 Example 29 11-Butyl-3'-ehloro-412-fluoro-4-(1-hydroxy-1-methyl-ethyD-phenyll-3,4,5,6-
tetrahydro-2H,/bipyridinyl-T-one (E29) 0 WO 2009/033704PCT/EP2008/007551 - 53 - heated at
180C for 5 wmnedeswsser microwave irradiation. The cooled crude mixtureqwaeavaporaied in vacua.
The crude residue was purified by column chromatd§raphy (silica gel; DCM/EtOAc/MeOH/NH3 as
eluent). The desired fractions were collected and evaporated in vacua. The solid residue obtained was
treated with diisopropylether. 5The solid was filtered to yield compound E29 (0.239 g, 73 %). M.P.
150.5 C. '1-1 NMR (400 MHz, CDC13) 5 ppm 0,95 (t, J=7.3 Hz, 3H), 1.31 - 1.43 (m, 2 H), 1.57 (s, 6
H), 1.68- 1. 783 ?Bf‘i.%%s?slemianﬁ]el%%lrﬁﬁ, Eﬁﬁ‘?ﬁ’é’@fg%’ﬁﬁ% iflﬁil)?‘?@?ﬁ"%‘?d (m, 1 H),
3,81 (br d, 1v&2u0 Hzyi2li} 888dthatch7of )@ BiearelideB 8 (i) aorhudt £11 @F 8545 Hz, 1 H),
7.16 - 7.25 (my 4. Exasple 32 1-butyl-3-ehloro-4-(1
'H,3H-spiro[2-benzofuran-1,4'-piperidinl-F-y1)pyridin2(111)-one (E32) 0 15 A mixture of intermediate
D9 (0.15 g, 0.45 mmol), 3H-spiro[2-benzofuran-1,4'- piperidine] (0.102 g, 0.54 mmol) and
diisopropylethysarina 2697 ml, 0.056 mmol) in acetonitrile (4 ml) was heated at 180 C for 5 minutes
under microwave irradiation. The cooled crude mixture was evaporated in vacua. The crude residue
was purified ¥z reninpeersintrexieipen earbeybe s tdnimbessc IRAY3 as eluent). The
desired fractions were collected and evaporated in vacua. The solid residue obtained was treated with
diisopropylether. The solid was filtered to yield co 7@32 (0.14 g, 84 %). 2511-1NMR (400 MHz,
CDC13) 5 ppm 0.95 (t, J=7.3 Hz, 3 H), 1.30- 1.43 (g, 2 H), 1.67 - 1.79 (m, 2 H), 1.85 (dd, J=13.8, 2.20
Hz, 2 H), 2.12 (dt,J=13.0, 4.7 Hz, 2 H), 3.25 (dt, 1£12.4, 2.31 Hz, 2 H), 3.57 - 3.68 (m, 2 H), 3.94 (t,
1=7.3 Hz, 2 H), 6.06 (d, 1=7.4 Hz, 1 H), 7.12 (d, J={.4Hz, 1 H), 7.16 - 7.34 (m, 7 H). WO
2009/033704PCT/EP2008/007551 - 54 - Exgrfpte-33™cH

Di-tert-butyl dicarbonate (2.95 g, 13.53 mmol) was added to a solution of 4-hydroxy-4-

phenylpiperidine (2 g, 11.28 mmol) in DCM (50 ml). The reaction was stirred at room
10 temperature for 5 hours. The solvent was removed irn vacuo, affording the desired

intermediate 129 (3.12 g, 100 %) as a crude that was used without further purification.

Description 30

4-fluoro-4-phenylpiperidin-1-carboxilic acid tert-butyi ester (D30)

OTO7<

\]

F

i5
A solution of (diethylamino)sulfur trifluoride (0.74 mi, 5.67 mmol) in dry DCM (g.s.)

was added to a cooled (-78 °C) solution of D29 (1.5 g, 5.4 mmol) in dry DCM (30 ml)
under N, atmosphere. After the addition was complete, the reaction mixture was stirred
at —78°C for 1 hour and then allowed to reach room temperature and stirred for a further
20 30 minutes. An aqueous saturated NaHCO; solution (90 ml} was added and the mixture
was stirred for 15 minutes, then the organic layer was separated. After this, 3-
chloroperoxybenzoic acid (0.2 g, 1.18 mmol} was added and the reaction stirred at
TOOm temperafure for 30 minutes. The reaction mixture was washed with agueous
saturated NaHCO,, H,O and brine, dried over Na,SQOs, filtered and concentrated in



1-butyl-3-ehloro-4-(1 VI-spina 11-benzofuran-3,4'-piperidinl-1'-yepyridin-2 UM-one (E33) A mixture of
intermediate 1)9 (0.15 g, 0.45 mmol), spiro[1-benzofuran-3,4'-piperidine] (0.102 g, 0.54 mmol) and
diisopropyletkyiespiess 1@.097 ml, 0.056 mmol) in acetonitrile (4 ml) was heaE@rapdde Gsfor 5 minutes
under microwave irradiation. The cooled crude mix8%e was evaporated in vacuo. The crude residue
was purified by column chromatography (silica gel; DCM/EtOAc/MeOH/NH3 as eluent). The desired
fractions 10were collected and evaporated in vacuo. The solid residue obtained was treated with
diisopropylether. The solid was filtered, to yield. compound E336£O.§136 g, 8@. | NMRaﬂSO MHz,
CDC13) 6 ppAfergiarcing the desyed) infesmediaes it o145 268 79 78 il ¥89d59413.3 H, 2
H), 2.05 - 2.18thoykih @ gdrifRBivgm, 2 H), 3.68 15(d, 1=12.7 Hz, 2 H), 3.94 (t, 1=7.4 Hz, 2 H), 4.44
(s,2H),6.01(d, 1=7.5Hz, 1 H), 6.83 (d, 1=7.8 Hz, 1 H), 6.92 (t, 1=7.4 Hz, 1 H), 7.07 - 7.24 (m, 3 H).
Compounds E10, Eli, E12, P13, E14, E15, E16, E17, E18, E19, E23, E24, E25 and E26 were
prepared acétsirigtionhE reaction procedure described in Example 1. 20 Compound E27 was
prepared according tq the reaction, grocedure descri eljg)' Example 9, Compound E30 and compound
E31 WeI% pré' ‘,lggﬂéé' I f@?ﬁ@%@a%ﬁ%ﬁaﬁ%g lé'% glegcribed in Example 22. 25
Physico-Chemical Data LCMS - general procedure.N._ The HPLC measurement was performed using
a HP 1100 from Agilent Technologies comprising g pump (quaternary or binary) with degasser, an
autosampler, 30a column oven, a diode-array dete (DAD) and a column as specified in the
respective methods below. Flow from the colu{nn[ as §plit to a MS spectrometer. The WO
2009/03704PCT/EP2008/007551 - 55 - MS or wa 8{1figured with an electrospray ionization
source. Nitrogen was used as the nebulizer gas. The source temperature was maintained at 140 C.
Data acquisilidf WadSperiottheunpilvrradistghvdopdiiyicseriiexans Loassiethbas Bored examples,
except for ExamtjlestErdpdrdirdERp E2ok21The BivdnBoanethdicheTiollovwithg wsthiraas used.

In addition t . Rev ' -GE8 cartridge
(1.8 pm, 2.1%% gr%?r?ﬂ‘%%%%ﬁ?eﬁﬁeﬂ% a Io@t%%%é%%%ﬁa%%ﬂégﬁ%ggg%ﬁ%ﬁ%ﬁions used

are: 9095 A (B yfcRIRbHiTRIF had cans verdond BRYEREHRPe), 5 % C (methanol) to 50 % B
and 50 % C in 6.5 minutes, to 100 % B at 7 minutes and equilibrated to initial conditions at 7.5 minutes
until 9.0 mintﬁ@&ﬁyﬁgﬁql volume 2 pl. High-resolution mass spectra (Time of Flight, TOP) were
acquired only in positive ionization mode by scanning from 100 to 750 in 0.5 seconds using a dwell
time of 0.1 sét&wisi-Fritucapiftapheraedid Jotriefeahagrr- S0/ dhd Léinsitisditngdsvas 20 V.
Leucine-Enkgphgjine was the standard substance used for the lock mass calibration. LCMS Method:
This method was used for examples E5 and El 8. 0

15 F
D31 (0.2 g 0.94 mmol), palladium(Il) acetate (0.009 g, 0.04 mmol) sodium reri-
butoxide (0.25 g, 2.58 mmol) and BINAP (0.037 g, 0.06 mmol) were added to a stirred
solution of intermediate D6 (0.20 g, 0.86 mmol) in toluene (5 ml). The reaction mixture
was heated at 100 °C for 16 hours in a sealed tube. After cooling to room temperature

20  the mixture was diluted with water and extracted with EtOAc. The combined organic
phase was dried (Na;SO;) and the solvent evaporated in vacuo. The crude product was
purified by column chromatography (silica gel; 10 % ammonia in methanol (7N} /
DCM as eluent). The desired fractions were collected and evaporated in vacuo to yield
D32 (0.21 g, 87 %) as a pale yellow oil.

25



In addition to the general procedure: Reversed phase HPLC was carried out on 20 an ACE-C18
column (3.0 pm, 4.6 x 30 mm) from Advanced Chromatography Technologies, with a flow rate of 1.5
ml/min, at 48@:0d$esgradient conditions used are: 80% A (0.5 g/l ammonhdr/eestsiecssiution), 10 % B
(acetonitrile), 10 % C (methanol) to 50% B and 5648 T in 6.5 minutes, to 100 % B at 7 minutes and
equilibrated to initial conditions at 7.5 minutes until 9.0 minutes. Injection volume 5 pl. 25
High-resolution mass spectra (Time of Flight, TOF) were acquired only in positive ionization mode by
scanning from 100 to 750 in 0.5 seconds using a dwell time of 0.1 seconds. The capillary needle
voltage Wasiﬁ‘?gcfi‘?%?‘&%itive ionization mode and the cone voltage was 20 V. Leucine-Enkephaline
was the sta f mrationk: _
2009/03370%?(%%’%%%%3%3%%@%?&%%%Lﬁ%@mﬁgﬁ:@E@ﬁ%ﬂ?gg v(}v?? Lsed for example E25

In addition to the general procedure: Reversed ghaselHPLC was carried out on a XDB-C18 cartridge
(1.8 p.m, 2.1 x 30 mm) from Agilent, with a flow rat& of 08 mIfmn, at 60C. The gradient conditions
used are: 90 % A (0.5 g/l ammonium 5 agetate.soltiopy, 10 % B (mixture of Acetonitrile/ Methanol,
1/1), to 100% B in 6.0 minutes, kept tiI inutés and equilibrated to initial conditions at 7.0 minutes
until 9.0 minutes. Injection volume 2 pl~tgW-resolution mass spectra (SQD detector; quadrupole) were
acquired only in _positive-ionizatior: %Isj g,y anni glé[' %t g In,0.1 sing an
inter-channe)l(cfgl%%%? 8%%‘1%%1(5%%&?% e?c b(;lilslg’r;i %’Ie?e ng%];% ta%i’%?gg %lgc\/gngﬁg%gfcdﬁg voltage
was 20 ¥. LEMSRAh0E DR Hhetal was $def et omiGTBRES e 10! i¥ifiof Sfﬁo neral
procedure: Rexersamphase: MRILE mddheacrield ceside svSumfiiéed 18 columm (2r8muing2apiy30 mm)
from Watersgyith %419%41%9 2f 445 MRine 806, fibgsordicpsnanditions veasharedds % A (0.5
g/l ammonium aceta SOl[%’%%n %{{? 0 ﬁg{eionitrile), 2.5 % B (acetonitrile), 2.5 % C (methanol) to 50 %
B and 50 % t5HBECHIRBHE Kpti 7 Httiutes and equilibrated to initial conditions at 7.3 minutes
until 9.0 minutes. Injection volume 2 pl. High-resolution mass spectra (Time of Flight, TOE) were
acquired by scannin fr%l\? 100 to 750 in-0.5 seconds using 20 a dwell time of 0.3 seconds. The
capillar&nee%?é%%g‘é’é as 2.5 kV for positive ionization mode and 2.9 kV for negative ionization
mode. The cRe.YAliage-WasEihYo Aihoth desidys mdinadativsyianiration apdas.
Leucine-Enkephaline was the standard substance used for the lock mass calibration. 25 LCMS
Method : This method was used for example 294 E32-and E33. In addition to the general
procedure: Reversed phase HPLC was carried out gn a BEH column (1.7 p.m, 2.1 x 50 mm) from
Waters, with a flow rate of 0.8 ml/min, at-6QC-w ? t to the MS detector. The gradient conditions
used are: 95 % A (0.5 g/1 ammonium ution 5 % acetonitrile), 5B (mixture of acetonitrile / 30
methanol, 111), to 20 % A, 80% B in 4.9¥inutes, to 100 % B in 5.3 minutes, kept till 5.8 minutes and
equilibrated }@?ﬁgg} dc(qr_@itb;(,)r&@gsg)p Ww%y%g&@%m&1mj%gtlg;cqgg\/emii@g,0@glggmw-lresolutign
mass spectra etectQr; quadr, e) were acquired.by, scanning fr .1 seconds
using an inter- el o%éoé of%.Oéj‘sgépcoﬁpl%rfrl ‘i"ﬁe c%lgilla(ﬂil’gésgga@lgg t%}é%rﬂve%ﬁ%& éb}&?ﬁ%ggé@ne voltage
was 201¥ fordbeipositobadivmstion Rolkwmpo (D13p Acpatvemmiz4atrrisddo gpefution of
2009/033704R&HERA0UB10Q7 554, 257 mintaM M ethivek afd{$ (msthdthwasuiseg faxexamples E30 and

E3 1 . In addition to rQe Rever - jed PURFEaR&PB-C18
cartridge (1%%%4ft”*3%S@rﬁ%??rﬁ%ﬁﬁéﬁiﬁﬁﬁéﬁﬁaﬁﬁﬁﬁ&mﬁ%@g@ Ta@éﬁ%%;d%ent
[

m, 2.1
conditions uBEPuER SHURHKRIRYS Gt LR Y SUNAECYBRATBISS: & WerED agé:{gr%rrl 8y 596 C
(methanol), kegpt fh feihbiiess torBOchsB)Boeseptyisdisangrlutes kepelirmbs i rsschdquilibrated
to initiabgondiigns.al i8rRinuias werll SMpiputas ljesinnadolimec 4 iditighy resaluiion gass
spectra (Tim§ o[)‘/Elight, TOF) were acquired by scanning from 100 to 750 in 0.5 seconds using a dwell
time of 0.3 s gor? s. The capillary needle voltage was 2.5 kV for positive ionization mode and 2.9




10 kV for negative ionization mode. The cone voltage was 20 V for both positive and negative

ey

ionization modes. Leucine-Enkephaline was the standard substance used for the lock mass

calibration. WAz tingyq3aits 15For a number of compounds, melting pointsRV&rerdet®piiFied in open
capillary tubes on a Mettler FP62 apparatus. MeItTrf’g1 points were measured with a temperature
gradient of 3 or 10 C/minute. Maximum temperature was 300 C. The melting point was read from a

digital display and were obtained with experimental uncertainties that are commonly associated with

this analytic

method. 20 Nuclear Magnetic Resonance (NMR) NMR spectra were recorded

either on BrukEFBBY¥UAbG or Bruker AV-500 spectrometers operating at 400 and 500MHz respectively.

All reported
compounds

10

15

20

of

A mixture of intermediate D34 (1.0 g, 3.38 mmol) and a catalytic amount of 10%
palladium on activated carbon in ethanol (150 ml) was stirred under a hydrogen
atmosphere for 2 hours. The mixture was filtered through diatomaceous earth and the
solvent was evaporated in vacuo to yield intermediate B35 (0.69 g, 100 %) that was
used without further purification.

Description 36

4-Bromo-3-cycloprepyl-1-cycloprepylmethyl-1 H-pyridin-2-one {D36)
O

Y
Br =
Phosphorus oxybromide (2.4 g, 8.28 mmol) was added to a solution of intermediate
D35 (0.85 g, 4.14 mmol) in DMF (60 ml), and the mixture was heated at 110 °C for |
hour. Afier cooling in an ice bath, the solution was partitioned between water and
EtOAc. The mixture was extracted with EtOAc (3 x 200 ml), the combined organic
fractions were dried (Na,80y) and the solvent evaporated in vacuo. The crude product
was purified by column chromatography (silica gel; DCM as eluent). The desired
fractions were collected and evaporated in vacuo to yield intermediate D36 (0.99 g, 89

%).

shepicpkspifisi (6) arp Rpyassar InARARI)g. o Isiameiaignase. 25 Table 1 lists
F%ErmaUIaBé? tha%w%%e prepaérﬁsd' acming% on?of the aboveﬂf’nggmples. Table 1:
Ar  M.P.(C) mu + wr (min) El Ph '

Ex.
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Description 37

4—{1'-Cyclopropyimethyl-z '-ox0-3,4,5,6,1",2"-hexahydro-2H-[1,4'|bipyridinyl-4-yl)-
benzoic acid (D37)

B

o

OH

4-Piperidin-4-ylbenzoic acid methyt ester (0.40 g, 1.81 mmol), palladium(Il} acetate
(0.015 g, 0.069 mmol) sodium rerf-butoxide (0.34 g, 3.44 mmol) and BINAP {0.06 g,
0.096 mmol) were added to a stirred solution of intermediate 113 (0.31 g, 1.37 mmol) n
toluene (10 ml). The reaction mixture was heated at 100 °C for 16 hours in a sealed
tube. After cooling to room femperature the mixture was diluted with EtOAc and then
filtered through diatomaceous carth, after which the solvent was evaporated in vacuo.
The crude residne was treated with a mixture of DCM / methanol and then filtered off.
The filtrate was evaporated to dryness in vacuo to yield crude D37 (0.48 g, 100 %) that
was used without further purification.

Description 38

4-(1'-Cycloprepyimethyl-2'-ox0-3,4,5,6,1',2'-hexahydro-2H-[1,4'|bipyridinyl-4-yl}-

benzoic acid methyl ester (38}
o
b‘“\v
N P

)

0
A mixture of intermediate D37 (0.43 g 1.23 mmol), DBU (0.18 g, 1.23 mmol),
dimethyl carbonate (4.5 ml, excess, 93 mmol), and acetonitrile (5 ml) was heated at 160
°C for 20 minutes under microwave irradiation. The cooled crude mixture was diluted
with water and BtOAc was added, after which the organic layer was washed with an
agueous 10% citric acid solution, dried (Na;SO,) and the solvent evaporated in vacuo.
The crude residue was purified by column chromatography (silica gel; 0-3% methanol /
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DCM as eluent). The desired fractions were collected and evaporated in vacuo to yield
D38 (0.19 g, 38 %).

Description 39

1'-Cycloprepylmethyl-4-[4-(1-hydroxy-1-methyl-ethyl)-phenyl}-3,4,5,6-tetrahydro-
2H,1'H-[1,4'Ibipyridinyl-2'-one (D39) '

Y

/

HO

A 1.4 M solution of methylmagnesium bromide in toluene/THF (1.12 ml, 1.57 mmol}
was added dropwise to a cooled (0 °C) solution of intermediate D38 (0.19 g, 0.52
mmol} in THF (20 ml) under nitrogen atmosphere. The resulting reaction mixture was
stirred at 45 °C for 2 hours. After cooling in an ice bath the mixture was carefully
quenchéd with a saturated agqueous solution of ammonium chloride, and then was
extracted with EtOAc. The combined organic phase was dried (Na;SO4) and the solvent
evaporated in vacuo. The residue was purified by column chromatography (silica gel;
0-5% methanol / DCM as eluent). The desired fractions were collected and evaporated
in vacuo to yield D39 (0.077 g, 40 %) as an oil.

Example 1

3'-Chloro-1'-cyclopropyimethyi-4-phenyi-3,4,5,6-tetranydro-2H, 1 'H-

[1,4'|bipyridiny}-2'-one (E1)
O
i
ﬁ"/\v
N P

A solution of intermediate D18 (0.2 g, 0.65 mmol) and N-chiorosuccinimide (0.09 g,
0.65 mmol) in DCM (10 ml} was stirred at room temperature for 1 hour. The solvent
was evaporated in vacwo and the crude product was purified by column
chromatography (silica gel; 0-3 % methanol / DCM as eluent). The desired fractions
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were collected and evaporated in vacuo and the resulting solid was recrystallized from
diethyl ether to yield compound E1 (0.10 g, 47 %) as a white solid.
Melting point; 170.8 °C.

'H NMR (400 MHz, CDCl3) & ppm 0.35 - 0.42 (m, 2 H), 0.57 - 0.64 (m, 2 H), 1.19 -
133 (m, 1 H), 1.85 - 2.00 (m, 4 H), 2.64 - 2.76 (m, 1 H), 2.85 - 2.99 (m, 2 H), 3.76 -
3.87 (m, 4 H), 6.05 (4, /=7.6 Hz, 1 H), 7.19 - 7.29 (m, 4 H), 7.29 - 7.38 (m, 2 H).

Example 2
1'-Butyl-3'-chloro-4-phenyl-3.4,5,6-tetrahydro-2H, 1 'H-{1,4'|bipyridinyl-2'-one

(E2)
0

A solution of intermediate D19 (0.43 g, 1.40 munol) and N-chlorosuccinimide (0.19 g,
1.40 mmol) in DCM (10 ml) was stirred at room temperature for I hour. The solvent
was evaporated in vacuo and the crude product was purified by column
chromatography (silica gel; 0-3 % methanol / DCM as eluent). The desired fractions
were collected and evaporated in vacue and the resulting solid was recrystallized from
diethyi ether to yield compound E2 {0.39 g, 82 %) as a white solid.

Melting point: 149.4 °C,

'H NMR (400 MHz, CDCly) § ppm 0.95 (1, J=7.3 Hz, 3 H), 1.31 - 1.42 (m, 2 H), 1.68 -
1.78 (m, 2 H), 1.85 - 1.98 (m, 4 H), 2.64 - 2.73 {m, 1 H), 2.87 - 2.96 (m, 2 H), 3.82 (br
d,J=12.1 Hz, 2 H}, 3.93 (t, J=7.3 Hz, 2 H), 6.03 (d, J=7.6 Hz, 1 H), 7.10 (d, /~7.6 Hz,
1 H), 7.19 - 7.28 (m, 3 H), 7.29 - 7.37 {m, 2 H).
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Example 3
3'-Bromo-1'-cyclepropyimethyl-4-phenyt-3,4,5,6-tetrahydro-2H, 1 'H-
[1,4']bipyridiny}-2'-one (E3)

Br } N/\7

N =

N-Bromosuccinimide (0.145 g, 0.82 mmol) was added to a solution of intermediate
D18 (0.25 g, 0.82 mmol) in DCM (10 ml). The reaction mixture was stirred at room
temperature for 1 hour. Subsequently, the solvent was evaporated in vacuo and the
crude residue was purified by column chromatography (silica gel; 0:3 % methanol /
DCM as eluent). The desired fractions were collected and evaporated in vacuo to yield
compound E3 (0.20 g, 64 %} as a white solid.

Melting point: 150 °C.

'H NMR (500 MHz, DMSO-ds) § ppm 0.34 - 0.40 (m, 2 H), 0.44 - 0.50 (m, 2 H), 1.16
- 1.26 (m, 1 H), 1.77 (qd, /=12.38, 3.61 Hz, 2 H), 1.88 (br d, /=12.1 Hz, 2 H), 2.68 -
2.78 (m, 1 H), 2.91 (br t, /=11.9 Hz, 2 H) 3.69 (br d, J=12.1 Hz, 2 H), 3.74 (4, /=72
Hz, 2 H), 6.21 (d, /=7.5 Hz, 1 H), 7.19 - 7.25 (m, 1 H), 7.27 - 7.36 (m, 4 H), 7.69 (¢,
J=7.5 Hz, 1 H).

Example 4
1'-Cyclopropylmethyl-4-phenyi-3'-triflueromethyl-3,4,5,6-tetrahydro-2H, 1 'H-
i1,4'|bipyridinyl-2'-one (E4)

| 4-Phenylpiperidine (0.33 g, 2.02 mmol), palladium(II) acetate (0.012 g, 0.05 mmol},

sodium zert-butoxide (0.24 g, 2.52 mmol) and BINAP (0.05 g, 0.08 mmol) were added
to a solution of intermediate D13 (0.3 g, 1.01 mmol) in toluene (7 ml). The reaction
mixture was heated at 100 °C for 16 hours in a sealed tube, afier which it was cooled to
room temperature and then it was diluted with water (5 ml) and extracted with EtOAc
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(3 x 5 ml). The combined organic fractions were dried (Na;SO4) and the solvent
evaporated in vacuo. The crude product was purified by column chromatography (silica
gel; 0-4% methanol / DCM as eluent). The desired fractions were collected and
evaporated in vacuo to yield compound E4 (0.11 g, 31 %) as a white solid.

Melting point: 177.2 °C.

'"H NMR (500 MHz, DMSO-dg) & ppm 0.33 - 0.38 (m, 2 H), 0.45 - 0.50 (m, 2 H), 1.13
21,22 (m, 1 H), 1.64 - 1.75 (m, 2 H), 1.84 (br d, J=11.0 Hz, 2 H), 2.72 - 2,80 {m, 1 H),
3.14 (br t, J=12.1 Hz, 2 H), 3.59 (br d, J=13.0 Hz, 2 H), 3.65 (d, /=7.2 Hz, 2 H), 6.21

(d, /=7.8 Hz, 1 H), 7.19 - 7.23 m, 1 H), 7.24 - 7.29 (m, 2 H}, 7.29 - 7.34 (m, 2 H), 7.73

(d, /=7.8 Hz, 1 H).

Example 5
3'-Chloro-4-phenyl-1'-(4-trifluoromethoxybenzyl}-3,4,5,6-tetrahydro-28, 1 'H-
[1,4'}bipyridinyl-2'-one (E5)

A mixture of intermediate D17 (0.2 g, 0.52 mmol), 4-phenylpiperidine (0.1 g, 0.62
mmol), 2-(2-Di-tert-butylphosphine)biphenylpalladium(ll) acetate {0.01 g, 0.026
mmol) and potassium phosphate (0.23 g, 1.1 mmol) in 1,4-dioxane (3 ml) was stirred at
90 °C for 35 hours. The mixture was filtered through diatomaceous earth, and the
filtrate was evaporated to dryness after washing with more 1,4-dioxane. The crude
product was purified by column chromatography (silica gel; heptane / diethyl ether 1:1
as cluent). The desired fractions were collected and evaporated in vacuo to yield
compound E5 (0.075 g, 31 %) as a white solid.

Melting point: 168.6 °C.

'H NMR (400 MHz, CDCly) & ppm 1.83 - 1.98 (m, 4 H), 2.65 - 2.75 (m, 1 H), 2.89 -
2.98 (m, 2 H), 3.84 (br d, /=12.2 Hz, 2 H), 5.12 (s, 2 H), 6.06 (d, J=7.6 Hz, 1 H), 7.14
(d, J=7.6 Hz, 2 H), 7.15 - 7.28 (m, 5 H), 7.29 - 7.40 (m, 4 H).
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Example 6
3'-Chloro-1'-cyclopropyimetbyl-2'-ox0-4-phenyl-3,4,5,6,1',2'-hexahydro-2H-

{1,4'ibipyridinyl-4-carbonitrile (£6 )
o)
Ch
LV
N =

A solution of intermediate D20 (0.35 g, 1.03 mmol) and N-chlorosuccinimide (0.14 g,

Ll
N

1.03 mmotl) in DCM (25 ml) was stirred at room temperature for | hour. After addition
of more DCM, the solution was washed with brine, dried (Na;SO4) and the solvent
evaporated in vacuo. The crude product was purified by column chromatography (silica
gel; 10 % ammonia in methanol (7N} / DCM as eluent) and further purified by
preparative HPLC. The desired fractions were collected and evaporated in vacuo to
yield compound E6 (0.17 g, 47 %) as a white solid.

Melting point; 173.7 °C.

'"H NMR (400 MHz, DMSO-dq) § ppm 0.17 - 0.23 (m, 2 H), 0.26 - 0.33 (m, 2 H), 0.97

-1.09 (m, 1 H), 1.91 -2.02 (m, 2 H), 2.11 (br d, /=12.9 Hz, 2 H) 2.98 (br t, /=12.4 Hz,

2 H), 3.54 - 3.63 (m, 4 H), 6.14 (d, /=7.4 Hz, 1 H), 7.20 - 7.26 (m, 1 H), 7.27 - 7.35 (m,
2 H), 7.40 - 7.44 (m, 2 H), 7.52 (d, /=7.4 Hz, 1 H).

Example 7
1'-Butyt-3-chioro-4-fluero-4-phenyl-3,4,5,6-tetrahydro-2H, I 'H-{1,4'|bipyridinyl-2-

one (E7}
o]
Clﬁ/\v/\\
O
F

- A solution of intermediate D32 (0.21 g, 0.66 mmol) and N-chlorosuccinimide (0.08 g,

0.66 mmol) in DCM (30 ml} was stirred at room temperature for 10 minutes. After
addition of more DCM the solution was washed with brine, dried (Na;SO4) and the
solvent evaporated in vacuo. The crude product was purified by column
chromatography (silica gel; 10 % ammonia in methanol (7M) / DCM as eluent) and
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further purified by preparative HPLC. The desired fractions were collected and
evaporated in vacuo to vield compound E7 (0.065 g, 27 %) as a white solid.
Melting point: 136.7 °C.

' NMR (400 MHz, DMSO-ds) & ppm 0.89 (¢, /=7.4 Hz, 3 H), 1.21 - 1.32 (m, 2 H),
1.54 - 1.64 (m, 2 H), 2.03 (t, J=11.8 Hz, 2 H), 2.16 (td, J=13.9, 4.6 Hz, 1 H), 2.26 (td,
J=13.6, 4.6 Hz, 1 H), 3.17 (dd, J=12.3, 11.1 Hz, 2 H), 3.54 - 3.64 (m, 2 H), 3.87 (¢,
J=7.2 Hz, 2 H), 6.26 {d, J=7.6 Hz, 1 H), 7.32 - 7.38 (m, 1 H), 7.42 (t, /=7 .4 Hz, 2 H),
7.45-7.51 (m, 2 H), 7.62 (d, /=7.4 Hz, 1 H).

Example 8
3'-Cyclopropyl-1'-cyclopropyimethyi-4-pheny}-3,4,5,6-tetrahydro-2H, I 'H-
i1,4'}bipyridinyl-2'-one (E8)

4-Phenylpiperidine (0.22 g, 1.34 mmol), palladium(Il) acetate (0.008 g, 0.034 mmol),
sodium tert-butoxide (0.16 g, 1.68 mmol) and BINAP (0.032 g, 0.05 mmol) were added
to a solution of intermediate D36 (0.18 g, 0.67 mmol) in toluene (5 ml). The reaction
mixture was heated at 100 °C for 16 hours in a sealed tube, after which it was cooled fo
room temperature and then diluted with water (5 ml) and extracted with EtOAc 3 x 5
ml). The combined organic fractions were dried (Na;SO4) and the solvent evaporated in
vacuo. The crude product was purified by column chromatography (silica gel; 0-4%
methano! / DCM as eluent). The desired fractions were collected and evaporated in
vacuo to yield compound E8 (0.18 g, 77 %) as a white solid. ‘
Melting point: 201.9 °C.

'H NMR (500 MHz, DMSO-dg) & ppm 0.30 - 0.35 (m, 2 H) 0.41 - 0.47 (m, 2 H) 0.74 -
0.80 (m, 2 H), 0.86 - 0.92 (m, 2 H), 1.11 - 1.21 (m, 1 H), 1.60 - 1.67 (m, 1 H), 1.73 -
1.89 (m, 4 H), 2.63 - 2.72 (m, 1 H), 2.87 (br t, J=11.1 Hz, 2 H), 3.57 - 3.65 (m, 4 H),
6.07(d, /=7.5 Hz, 1 H), 7.19 ~ 7.24 (m, 1 H), 7.26 - 7.37 (m, 4 H), 7.46 (d, J=7.5 Hz, 1
H).



E15 CrH 145.9 377 5.06 117 -

WO 2009/033704 PCT/EP2008/007551
- 49 -

Example 9
3'-Chloro—1‘-cyclopropylmethy!~4-[4-(l-hydroxy»1-methyi-ethyl}~pheny!}-3,4,5,6-
tetrahydro-2H, I 'H-{1,4'|bipyridinyl-2'-one (E9)

0
ci
L
N s
HO

5 A solution of intermediate D39 (0.077 g, 0.21 mmol) and N-chlorosuccinimide (0.03 g,
0.21 mmol) in DCM (8 ml) was stirred at room temperature for 5 minutes. The crude
mixture was washed with a saturated NaHCQ; solution, then it was extracted with
DCM, the combined organic fractions were dried (Na;SOs) and the solvent evaporated
in vacuo. The crude residue was purified by column chromatography (silica gel; 0-5 %

10 methanol / DCM as eluent). A second chromatography was performed (silica gel; DCM
/ EtOAc 1:1, and finally 100% BtOAc as eluents). The desired fractions were collected
and evaporated in vacuo and the resulting solid was crystallized from diethyl ether to
yield compound E9 (0.06 g, 71 %) as a white solid.

15 'H NMR (400 MHz, CDCls) & ppm 0.35 - 0.41 {m, 2 H), 0.56 - 0.64 (m, 2 H), 1.19 -
130 (m, 1 H), 1.59 (s, 6 H), 1.73 (s, | H), 1.85 - 1.99 (m, 4 H), 2.65 - 2.76 (m, 1 H),
2.87-2.97 (m, 2 H); 3.78 - 3.87 (m, 4 H), 6.05 (d, /=7.6 Hz, 1 H), 7.21 - 7.26 {m, 3 H),
7.45 (d, J/=8.3 Hz, 2 H).

20  Example 20
3'~Chlor0-1'-cyclopropylmethyi-4—(2~ﬂu0r0—ethoxy)-éi-phenyin3,4,5,6—tetrahydro-—
2H,I'H-{1.4'bipyridinyi-2'-one (E20)

_ O
Cl
ﬁ/\v
U
_/S°
A solution of compound E31 (0.164 g, 0.46 mmol) in ],2-dimethoxyethane (3 ml) was

25 added dropwise to a mixture of sodium hydride (0.023 g, (.58 mmol} in 1,2-
dimethoxyethane (0.5 ml) at 0 °C. The reaction mixture was stirred at room temperature
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for 15 minutes and subsequently a solution of 2-fluoroethyl tosylate {CAS: 383-50-6]
(0.222 g, 1 mmol) in 1,2-dimethoxyethane (1 ml) was added. The reaction mixture was
microwaved into a sealed tube at 180 °C for 20 minutes. The mixture was cooied to
room temperature and an additional amount of sodium hydride (0.023 g, 0.58 mmol)
was added. The mixture was the heated at 180 °C for 20 minutes under microwave
irradiation. After cooling to room temperature, an aqueous saturated ammonium
chloride solution was added and the mixture was extracted with EtOAc. The organic
layer was separated, dried (N2;SO4) and the solvent was evaporated, The crude product
was purified first by column chromatography (silica gel; eluent: DCM/EtOAc from
100/0 to 90/10). The desired fractions were collected and evaporated in vacue to yield
compound E26 (0.041 g, 18 %).

'"H NMR (400 MHz, CDCls) & ppm 0.36 - 0.40 (m, 2 H), 0.58 - 0.62 (m, 2 H), 1.22 -
1.28 (m, 1 H), 2.12 - 2.21 (m, 4 H), 3.27 - 3.36 (m, 4 H), 3.57 (br d, /=12.1 Hz, 2 H),
1.80 (d, J=7.2 Hz, 2 H), 4.51 (dm, J=47.7 Hz, 2 H), 6.08 (d, /=7.5 Hz, 1 H), 7.23 (¢,
J=7.5Hz, 1 H), 7.29 - 7.32 (m, 1 H), 7.37 - 7.41 (m, 2 H), 7.44 - 7.46 (m, 2 H).

Exampie 21
3'-Chioro-1'-cyclopropylmethyl-4-flucromethyl-4-phenyl-3,4,5,6-tetrahydro-
2H,1'H-{1,4']bipyridinyl-2'-one (E21}

. F

(Diethylamino)suifur trifluoride {0.046 ml, 0.35 mmol) was added to a cooled (- 78 °C)
solution of compound E30 (0.119 g, 0.32 mmol) in DCM (1 ml). The reaction mixture
was stirred at —78 °C for 3 hours and then additional for 2 hours at 0 °C. Subsequently,
additional (diethylamino)sulfur trifluoride (0.046 ml, 0.35 mmol) was added and the
mixture was further stirred for 1 hour at room temperature. Na,CO;s (aqueous saturated
solution) was added and the mixture was diluted with DCM. The organic layer was
separated, dried (N2;SO4) and evaporated till dryness. The crude product was purified
by column chromatography {silica gel; eluent: DCM /EtOAc from 100/0 to 80/20). The
desired fractions were collected, evaporated in vacuo and finally freeze dried to yield
compound E21 (0.019 g, 16 %) as a white foam. ‘
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'H NMR (400 MHz, CDCl3) & ppm 0.33 - 0.40 (m, 2 H), 0.52 - 0.65 (m, 2 H), 1.17 -
1.2 {(m, 1 H), 1.74 - 1.96 (m, 4 H), 2.96 (d, /=22.7 Hz, 2 H), 3.06 (dt, /=11.6, 3.7 Hz,
2H),3.45-3.52(m,2 H),3.79(d, /7.2 Hz, 2H), 6.01 (d, /=7.6 Hz, 1 H), 7.20 - 7.36
(m, 6 H).

Example 22
1'-Butyl-3'-chloro-4-hydroxymethyl-4-phenyl-3,4,5,6-tetrahydro-2H, I 'H-
[1,4'|bipyridinyi-Z'-one (E22)

OH
4-Hydroxymethyl-4-phenylpiperidine (0.172 g, 0.9 mmol), paliadium(il) acetate (0.007 .
~g, 0.03 mmol), cesium carbonate (0.391 g, 1.2 mmol} and Xantphos {0.035 g, 0.06
mmol} were added to a solution of intermediate D¢ (0.2 2, 0.6 mmol) in
frifluoromethylbenzene (2 ml). The reaction mixture was heated at 100 °C for 24 hours
in a sealed tube, after which it was cooled to room temperature. Subsequently, it was
diluted with DCM, H,O (5 ml) and extracted with EtOAc (3 x 5 ml}. The mixture was
filtered through diatomaceous earth, and the filtrate was evaporated to dryness. The
crude product was purified first by column chromatography (silica gel; eluent:
DCM/EtOAc from 90/10 to 0/100) and then by reversed phase HPLC. The desired
fractions were collected, evaporated in vacuo and finally freeze dried to yield
compound E22 (0.041 g, 18 %) as a white foam.

'H NMR (400 MHz, CDCL) & ppm 0.93 (t, J=7.3 Hz, 3 H), 1.13 (br t, J=6.7 Hz, 1 H),
1.28 - 1.40 (m, 2 H), 1.64 - 1.75 (m, 2 H), 1.98 - 2.08 (m, 2 H), 2.31 - 2.40 (m, 2 H),
2.98 - 3.10 (m, 2 H), 3.41 - 3.51 (m, 2 H), 3.63 (4, J=6.5 Hz, 2 H), 3.90 (t, /=7.3 Hz, 2
H), 5.92 (d, J=7.5 Hz, 1 H), 7.04 (d, J=7.5 Hz, 1 H), 7.27 - 7.33 (m, 1 H), 7.36 - 7.46
(m, 4 H). : :
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Example 28
1'-Butyl-3'-chioro-4-[2-(1-hydroxy-1-methyl-ethyl}-phenyl]-3,4,5,6-tetrahydro-
2H,1'H-[1,4']bipyridinyl-2'-one (E28)

OH
5 A mixture of intermediate D9 (0.254 g, 0.76 mmol), intermediate D28 (0.2 g, 0.912
mmol) and diisopropylethylamine (0.199 mi, 1.114 mmol) in acetonitrile (11 ml} was
heated at 180 °C for 5 minutes under microwave irradiation. The cooled crude mixture
was evaporated in vacuo. The crude residue was purified by column chromatography
(silica gel; DCM/EtOAc/MeOH as eluent). The desired fractions were collected and
160 evaporated in vacuo. The solid residue obtained was treated with diisopropylether. The
solid was filtered to yield compound E28 (C.183 g, 61 %)).
M.P. 182 °C.

'H NMR (400 MHz, CDCl3) § ppm 0.95 (¢, J/=7.3 Hz, 3 H), 1.32 - 1.42 (m, 2 H), 1.70

15 (s, 6 H), .71 - 1.77 (m, 2 H), 1.79 (s, 1 H), 1.82 - 1.90 {m, 2 H), 1.91 - 2.05 (m, 2 H),
2.88 - 2.98 (m, 2 H), 3.76 - 3.87 (m, 3 H), 3.93 (t, /=7.3 Hz, 2 H), 6.03 (d, J=7.5 Hz, 1
H), 7.11 (d, J=7.5 Hz, 1 H), 7.16 {td, J=7.8, 1.4 Hz, 1 H), 7.28 (td, J=7.4, 1.4 Hz, | H),
7.41 (dd, J=7.7, 1.6 Hz, 1 H), 7.42 (dd, J=7.6, 1.7 Hz, 1 H).

20 Example 29
1'-Butyl-3'-chioro-4-{2-fluoro-4-(1-hydroxy-1-methyl-ethyl)-phenyl}-3,4,5,6~
tetrahydro-2H, 1'H-[1,4'|bipyridinyl-2'-one (£29) '

0]

o

HO

A mixture of intermediate D9 (0.261 g, 0.781 mmol), intermediate D25 (0.223 g, 0.938
25  mmol) and diisopropylethyiamine (0.204 mi, 1.172 mmol) in acetonitrile (11 ml) was
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heated at 180 °C for 5 minutes under microwave irradiation. The cooled crude mixture
was evaporated in vacuo. The crude residue was purified by column chromatography
{silica gel; DCM/EtOAc/MeOH/NH; as eluent). The desired fractions were collected
and evaporated in vacuo. The solid residue obtained was treated with diisopropylether.
The solid was filtered to yield compound E29 (0.239 g, 73 %). M.P. 150.5 °C.

'H NMR (400 MHz, CDCL3) § ppm 0.95 (t, J=7.3 Hz, 3 H), 1.31 - 1.43 (m, 2 H), 1.57
(s, 6 H), 1.68 - 1.76 (m, 2 H), 1.77 (s, | H), 1.87 - 1.96 (m, 4 H), 2.86 - 2.98 (m, 2 H),
2.98 - 3.09 (m, 1 H), 3.81 (br d, /=12.0 Hz, 2 H), 3.93 (t, /=7.3 Hz, 2 H), 6.03 (d, J=7.5
Hz, 1 H), 7.11 (d, J=7.5 Hz, 1 H), 7.16 - 7.25 (m, 3 H).

Example 32
1-butyl-3-chloro-4-(1'H,3H-spire[2-benzofuran-1,4'-piperidin}-1'-yl)pyridin-
2(1H)-one (E32)

O

A mixture of intermediate D% (0.15 g, 045 mmol), 3H-spiro{2-benzofuran-1,4-
pipenidine] (0.102 g, 0.54 mmol) and diisopropylethylamine (0.097 ml, 0.056 mmol) in
acetonitrile (4 m!) was heated at 180 °C for 5 minutes under microwave irradiation. The
cooled crude mixture was evaporated in vacuo. The crude residue was purified by
column chromatography (silica gel, DCM/EtOAc/MeOH/NH; as eluent). The desired
fractions were collected and evaporated in vacuo. The solid residue obtained was
treated with diisopropylether. The solid was filtered to yield compound E32 (0.14 g, 84
%o).

'H NMR (400 MHz, CDCl;) 5 ppm 0.95 (t, J=7.3 Hz, 3 H), 1.30 - 1.43 (m, 2 H), 1.67 -
1.79 (m, 2 H), 1.85 (dd, J=13.8, 2.20 Hz, 2 H), 2.12 (dt, J=13.0, 4.7 Hz, 2 H), 3.25 (d,
J=12.4,2.31 Hz, 2 H), 3.57 - 3.68 (m, 2 H), 3.94 (1, J=7.3 Hz, 2 H), 6.06 (d, /=7.4 Hz,
1H),7.12 (d,/=7.4 Hz, 1 H), 7.16 - 7.34 (m, 7 H).
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Example 33
1-butyt-3-chioro-4-(1 'H-spiro[i-benzofuran-3,4'-piperidinl-1'-yhpyridin-2 (1 H}-

one (E33)
O
SRS
N Z

A mixture of intermediate D9 (0.15 g, 0.45 mmol), spiro[ 1-benzofuran-3,4'-piperidine]
(0.102 g, 0.54 mmol) and diisopropylethylamine (0.097 ml, 0.056 mmol) in acetonitrile
{4 ml) was heated at 180 °C for 5 minutes under microwave irradiation. The cooled
crude mixture was evaporated in vacuo. The crude residue was purified by column
chromatography {silica gel; DCM/EtOAc/MeOH/NH; as efuent). The desired fractions
were collected and evaporated in vacuo. The solid residue obtained was treated with
duisopropylether. The solid was filtered to vield compound E33 (0.116 g, 84 %).

'H NMR (500 MHz, CDCI3) & ppm 0.95 (t, /=7.4 Hz, 3 H), 1.30 - 1.43 (m, 2 H), 1.66 -
1.79 (m, 2 H), 1.86 (4, J=13.3 Hz, 2 H), 2.05 - 2.19 (m, 2 H), 2.84 - 2.97 (m, 2 H), 3.68
(d,J=12.7 Hz, 2 H), 3.94 (1, /=7.4 Hz, 2 H), 4.44 (s, 2 H), 6.01 (d, J=7.5 Hz, 1 H), 6.83
(d,J=7.8 Hz, 1 H), 6.92 (t, /=7.4 Hz, 1 H), 7.07 - 7.24 (m, 3 H).

Compounds E10, E11, E12, E13, El4, E15, E16, E17, E18, E19, E23, E24, E25 and
E26 were prepared according to the reaction procedure described in Example 1.
Compound E27 was prepared according to the reaction procedure described in Example
9.

Compound E30 and compound E31 were prepared according to the reaction procedure
described in Example 22.

Physico-Chemical Data

LCMS — general procedure
The HPLC measurement was performed using a HP 1100 from Agiient

Technologies comprising a pump (quaternary or binary) with degasser, an autosampler,
a column oven, a diode-array detector {DAD) and a column as specified in the
respective methods below. Flow from the column was split to a MS spectrometer. The
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MS detector was configured with an electrospray ionization source. Nitrogen was used
as the nebulizer gas. The source temperature was maintained at 140 °C. Data
acquisition was performed with MassLynx-Openlynx software.

In addition to the general procedure: Reversed phase HPLC was carried out on
an XDB-CI8 cartridge (1.8 pm, 2.1 x 30 mm) from Agilent, with a flow rate of
1 ml/min, at 60°C. The gradient conditions used are: 90 % A (0.5 g/l ammonium acetate
solution), 5 % B (acetonitrile), 5 % C {(methanol) to 50 % B and 50 % C in 6.5 minutes,
to 100 % B at 7 minutes and equilibrated to initial conditions at 7.5 minutes until 9.0
minutes. Injection volume 2 ul. High-resolution mass spectra (Time of Flight, TOF)
were acquired only in positive ionization mode by scanning from 100 to 750 in 0.5
seconds using a dwell time of 0.1 seconds. The capillary needie voltage was 2.5 kV and
the cone voltage was 20 V. Leucine-Enkephaline was the standard substance used for
the lock mass calibration.

In addition to the general procedure: Reversed phase HPLC was carried out on

~an ACE-CI18 column (3.0 pum, 4.6 x 30 mm) from Advanced Chromatography

Technologies, with a flow rate of 1.5 ml/min, at 40 °C. The gradient conditions used
are: 80 % A (0.5 g/l ammonium acetate solution), 10 % B (acetonitrile), 10 % C
(methanol) to 50% B and 50 % C in 6.5 minutes, to 100 % B at 7 minutes and
equilibrated to initial conditions at 7.5 minutes until 9.0 minutes. Injection volume 5 pl.
High-resolution mass spectra (Time of Flight, TOF) were acquired only in positive
ionization mode by scanning from 100 to 750 in 0.5 seconds using a dwell time of 0.1
seconds. The capiliary needie voltage was 2.5 k'V for positive ionization mode and the
cone voltage was 20 V. Leucine-Enkephaline was the standard substance used for the
Jock mass calibration.
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In addition to the general procedure: Reversed phase HPLC was carried out on a
XDB-C18 cartridge (1.8 pum, 2.1 x 30mm) from Agilent, with a flow rate of
0.8 ml/min, at 60°C. The gradient conditions used are: 90 % A {0.5 g/l ammonium
acetate solution), 10 % B (mixture of Acetonitrile/ Methanol, 1/1), to 100 % B in 6.0
minutes, kept till 6.5 minutes and equilibrated to initial conditions at 7.0 minutes until
9.0 minutes. Injection volume 2 pl. Low-resolution mass spectra (5QD detector,
guadrupole) were acquired only in positive ionization mode by scanning from 100 to
1000 in 0.1 seconds using an inter-channel delay of 0.08 second. The capillary needle
voltage was 3 kV and the cone voltage was 20 V. '

In addition to the general procedure: Reversed phase HPLC was carried out on a
Sunfire-C18 column (2.5 pm, 2.1 x 30 mm) from Waters, with a flow rate of 1.0
ml/min, at 60°C. The gradient conditions used are: 85 % A (0.5 g/l ammonium acetate
solution + 5% of acetonitrile), 2.5 % B (acetonitrile}, 2.5 % C {methanol) to 50 % B
and 50 % C in 6.5 minutes, kept till 7 minutes and equilibrated to initial conditions at
7.3 minutes until 9.0 minutes. Injection volume 2 pl. High-resolution mass specira
(Time of Flight, TOF) were acquired by scanning from 100 to 750 in 0.5 seconds using
a dwell time of 0.3 seconds. The capiliary needle voltage was 2.5 kV for positive
ionization mode and 2.9 kV for negative ionization mode. The cone voltage was 20 V
for both positive and negative ionization modes. Leucine-Enkephaline was the standard
substance used for the lock mass calibration.

In addition to the general procedure: Reversed phase HPLC was carried out on a BEH-
C18 column (1.7 um, 2.1 x 50 mm) from Waters, with a flow rate of 0.8 ml/min, at
60°C without split to the MS detector. The gradient conditions used are: 95 % A (0.5 g/l
ammonium acetate solution + 5 % acetonitrile), 5 % B (mixture of acetonitrile /
methanol, 1/1), to 20 % A, 80 % B in 4.9 minutes, to 100 % B in 5.3 minutes, kept till
5.8 minutes and equilibrated to initial conditions at 6.0 minutes until 7.0 minutes.
Injection volume 0.5 pl. Low-resolution mass spectra (SQD detector; quadrupole) were
acquired by scanning from 100 to 1000 in 0.1 seconds using an inter-channel delay of
0.08 second. The capillary needle voltage was 3 kV. The cone voltage was 20 V for
positive ionization mode and 30 V for negative ionization mode.
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In addition to the general procedure: Reversed phase HPLC was carried out on an
XDB-C18 cartridge (1.8 um, 2.1 x 30 mm) from Agilent, with a flow rate of 1| ml/min,
at 60°C. The gradient conditions used are: 80 % A (0.5 g/l ammonium acetate solution},
5 % B (acetonitrile), 5 % C (methanol), kept 0.2 minutes, to 50 % B, 50 % C in 3.5
minutes, kept till 3.65 minutes and equilibrated to initial conditions at 3.8 minutes until
5.0 minutes. Injection volume 2 ul. High-resolution mass spectra (Time of Flight, TOF)
were acquired by scanning from 100 to 750 in 0.5 seconds using a dwell time of (.3
seconds. The capillary needle voltage was 2.5 kV for positive ionization mode and 2.9
kV for negative ionization mode. The cone voltage was 20 V for both positive and
negative ionization modes. Leucine-Enkephaline was the standard substance used for
the lock mass calibration.

Melting points
For a number of compounds, melting points were determined in open capillary

tubes on a Mettler FP62 apparatus. Melting points were measured with a temperature
gradient of 3 or 10 °C/minute. Maximum temperature was 300 °C. The melting point
was read from a digital display and were obtained with experimental uncertainties that
are commonly associated with this analytical method.

Nuclear Maenetic Resonance (NMR)

'H NMR spectra were recorded either on Bruker DPX400 or Bruker AV-500
spectrometers operating at 400 and S00MHz respectively. All reported chemical shifts
() are expressed in ppm relative to tetramethylsilane.

Table | lists compounds of Formula (1) that were prepared according 10 one of the
above Examples,
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Tabhle 1:

i’
?j
o
=
B
[
A,

M.P.(°| MH | RT

EX. Ar R’ R
C} + {min)
El Ph cl H 170.8 | 343 | 4.67
E2- Ph cl H 1494 | 345 | 49
E3 Ph Br H 1502 | 387 | 481
E4 Ph CF; H 180.6 | 377 | 490
E5 Ph : Cl H 1686 | 463 | 571
E6 Ph cl CN | 173.7] 368 | 401
E7 Ph cl 136.7 | 363 | 4.83
ES Ph A\; 201.9| 349 | 5.17
E9 j@'i 142.7| 401 | 420
E10 Ph Ci 244.6 | 357 | 497
Ell Ph Ci nd | 359 | 5.29

o | (0

E13 @h“O—é

e |
s | (0

Ci

uw

nd 361 4.76

Cl H nd | 428 4.47

Cl H 1883 379 4.84

19312 903 PR

Ci H 14591 377 5.06
o
El6 : % Cl H 121.9 1 41t 5.10
£al
E17 Ph Cl F 1953 361 4.55
E18 Ph Ci H 147.3 | 359 5.41
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, , MP{| MH | RT
Ex. Ar R R _
) + {min)
E19 Ph Cl H nd | 345 | 487
E20 Ph a [¢P"F nd | oa0s | oasi
E21 Ph c | F | nd | 35 | 4
L‘LL/\OH
E22 Ph cl nd | 375 | 3.88
E23 Ph i F 1404 | 377 | 5.07

E24 | ¢ Cl H nd | 395 | 531

e

LR B o

E25 | ¢ cl H nd | 381 |5.10
B26 Ph nd | 375 | 479
HO
E27 )r®—§ al H | 1444 403 | 456
OH
E28 Q\; al H {1820 403 |3.60
F
HO
E29 )V@ cl H 150.5 | 421 | 3.65
E30 Ph c [T | nd | 373 | 282
E31 Ph ca | om nd | 359 | 292

nd: not determined
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Table 2:

Ex. M.P.(°C) | MH+ | RT (min)

Nv" .
RI R3
Ar

—

O

g2 | N g 1331 | 373 3.68
_ =
LL(\/\ o

E33 156.5 373 3.67

D. Pharmacological examples
The compounds provided in the present invention are positive allosteric

modulators of mGIuR2. These compounds appear to potentiate glutamate responses by

10 binding to an allosteric site other than the glutamate binding site. The response of
mGluR2 to a concentration of glutamate is increased when compounds of Formula (I)
are present. Compounds of Formula (I) are expected to have their effect substantially at
mGluR2 by virtue of their ability to enhance the function of the receptor. The
behaviour of positive allosteric modulators tested at mGluR2 using the {3SS]GTP18

15  binding assay method described below and which is suitable for the identification of
such compounds, and more particularly the compounds according to Formula (I), are
shown in Table 3.

[*SIGTPyS binding assay
20 The [**S]GTPyS binding assay is a functional membrane-based assay used to

study G-protein coupied receptor (GPCR) function whereby incorporation of a
non-hydrolysable form of GTP, [**S]GTPYS (guanosine 5'-triphosphate, labelled with
gamma-emitting *°S), is measured. The G-protein o subunit catalyzes the exchange of
guanosine 5’-diphosphate (GDP) by guanosine triphosphate (GTP) and on activation of
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the GPCR by an agonist, [>S]GTPyS, becomes incorporated and cannot be cleaved to
continue the exchange cycle (Harper (1998) Current Protocols in Pharmacology
2.6.1-10, John Wiley & Sons, Inc.). The amount of radioactive [S]GTPyS
incorporation is a direct measure of the activity of the G-protein and hence the activity
of the agonist can be determined. MGluR2 receptors are shown to be preferentially
coupied to Gal-protein, a preferential coupling for this method, and hence it is widely
used to study receptor activation of mGluR2 receptors both in recombinant cell lines
and in tissues {Schafthauser et al 2003, Pinkerton et al, 2004, Mutel et al {(1998) Joumnal
of Neurochemistry, 71:2558-64; Schaffhauser et al (1998) Molecular Pharmacology
53:228-33). Here we describe the use of the [*°S]GTPyS binding assay using
membranes from cells transfecied with the human mGhuR2 receptor and adapted from
Schaffhauser et al ({2003} Molecular Pharmacology 4:798-810) for the detection of the
positive allosteric modulation (PAM) properties of the compounds of this invention.

Membrane preparation _

CHO-cells were cultured to pre-confluence and stimulated with 5 mM butyrate
for 24 hours, prior to washing in PBS, and then collected by scraping in
homogenisation buffer (50 mM Tris-HCI buffer, pH 7.4, 4°C). Cell lysates were
homogenized briefly (15s) using an ultra-turrax homogenizer. The homogenate was
centrifuged at 23 500 x g for 10 minutes and the supematant discarded. The pellet was
resuspended in 5 mM Tris-HCl, pH 7.4 and centrifuged again (30 000 x g, 20 mun,
4°C). The final pellet was resuspended in S0 mM HEPES, pH 7.4 and stored at—80°C
in appropriate aliguots before use. Protein concentration was determined by the
Bradford method (Bio-Rad, USA) with bovine serum albumnin as standard.

[*°S)GTPyS binding assay

Measurement of mGIluR2 positive allosteric modulatory activity of test
compounds in membranes containing human mGluR2 was performed using frozen
membranes that were thawed and briefly homogenized prior to pre-incubation in
96-well microplates (15 ug/assay well, 30 minutes, 30°C) in assay buffer (50 mM
HEPES pH 7.4, 100 mM NaCl, 3 mM MgCl, 50 uM GDP, 10 pg/mi saponin,) with
increasing concentrations of positive allosteric modulator (from 0.3 nM to 50 pM) and
either a minimal pre-determined concentration of glutamate (PAM assay), or no added
glutamate. For the PAM assay, membranes were pre-incubated with glutamate at ECys
concentration, i.e. a concentration that gives 25 % of the maximal response glutamate,
and is in accordance to published data (Pin et al. (1999) Eur. J. Pharmacol.
375:277-294). After addition of [*S]GTPyS (0.1 nM, f.c.) to achieve a total reaction
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using memb@Batsamekyséells transfected with the human mGIuR2 receptor and adapted from

Schaffhauser et al ((2003) Molecular Pharmacology 4.798-810) for the detection of the positive |
Hllosteric modulation (AR PEREGEBIE EOTBAUAGR SF L 1R ARBR NIRRT breparation

CHO-céfts wisrecatiroriadiio presaseafideddeddrd:stinmiateB viges shalbungtate fistaminsurs, prior to
washing in PEsitaRG MRG0 IestathbysErapnovab emeeasisatiap tuffersthGraMFiis-HCI buffer, pH

rormoganate St b L i S CONG Yorth AR i M, SRt eetegl

homogenate was . (ritu minutes an ernatantdiscarded. The
pellet was r‘e&t&ﬁ&ﬁ@m*f%&ﬁﬁ%ﬁrﬁf%@ﬁ%ﬂ&%&%@g@&% +h (56lbdI§REY, 20 min, 4C).
The final pellef avasg@stspenasehinf 3 VeHEP EB; sy id thadstoredaat80Carnappropdiate aliquots
before yge. Rratein.cancaniraisnnaseirrmneshy-thr Bradiord method{Rios Ragukhes) with bovine

serum alburrgr;/ sausbggcrg%agrgie maximal responses of glutamate in presence of a fully saturating

concentration of a positive allosteric modulator from the response of glatamate in
absence of a positive allosteric modutator. The concentration producing the half-
maximal effect is then calculated as ECsg.

25

¥able 3. Pharmacological data for compounds according to the invention.

All compounds were tested in presence of mGluR2 agonist, glutamate at a
predetermined EC;s concentration, to determine positive allosteric modulation -
(GTPyS-PAM,). Values shown are averages of duplicate values of 11-concentration

30 response curves, from at least one experiment. All tested compounds showed a pECs (-
logECsg) value of more than 5.0, from 6.05 to 7.20. The error of determination of a
pECsp value for a single experiment is estimated to be about 0.3 log-units.



25 [35SIGTPyS binding assay

Measurement of mGIuR2 positive allosteric modulatory activity of

test compounds in membranes containing human mGIuR2 was performed using frozen membranes
that were thawedisns wdefly homogenized prior to pre-incubation in 30 9GGEHPHiEHOpTaiRS (15
jig/lassay well, 30 minutes, 30C) in assay buffer (506|§1M HEPES pH 7.4, 100 mM NacCl, 3 mM MgC12,
50 p.M GDP, 10 pg/m1 saponin,) with increasing concentrations of positive allosteric modulator (from
0.3 nM to 50 p.M) and either a minimal pre-determined concentration of glutamate (PAM assay), or no

added glutamate. For
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E. Composition examples

“Active ingredient”

and the stereochemically isomeric forms thereof.

as used throughout these examples relates to a final
compound of formula (1), the pharmaceutically acceptable salts thereof, the solvates

Typical examples of recipes for the formulation of the invention are as follows:

Di-calcium phosphate

5
1. Tablets
10 Active ingredient
Lactose
Talcum
Magnesium stearate
15  Potato starch

5t050mg
20 mg

0 mg

10 mg
Smg

ad 200 mg

more than 5.0, from 6.05 to 7.20. The error of
ent is estimated to be about 0.3 log-units. WO



E. Composition examples "Active ingredient” as used throughout these examples relates to a
final 5compound of formula (1), the pharmaceutically acceptable salts thereof, the solvates and the
stereochervicatypisimaretic forms thereof Typical examples of recipes for theTiERMERITH S the
invention are as follows: 1. Tablets 10 Active ingre@ﬁentS to 50 mg Di-calcium phosphate20 mg
Lactose30 mg Talcum10 mg Magnesium stearate5 mg 15Potato starchad 200 mg WO
2009/033704PCT/EP2008/007551 - 64 - In this Example, active ingredient can be replaced with
the same amount of apy Qf the compounds according to the present.inyvention, in particular by the
same amount of a(r)ﬂ? 6‘%%%‘5%91% Ty BRSOITRYE: é?ﬁ%g%??s%ﬂht ¢ Wﬁ%%‘% gt%%\énsion is
prepared foradraicagmpronasiorcsulingtte dot Mraswntiyansiomiie nart Glarg piton sapialmannle
compounds ¢Hhingr ek eiuipIFabexypeintk cellulose, 1 mg of sodium benzoate, 500 mg of sorbitol
and water ad 1 ml. 10 3. Injectable A parenteral composition is prepared by stirring 1.5 % by
weight of active ingredient of the invention in 10% by volume propylene glycol in water. 154. Ointment
Active ingredieHEENIBA0 my Stearyl alcohol3 g Lanoline5 g White petroleum15 g 20 Waterad 100 g
In this Example, acfwe dqgeedse nugmndienraplaceshmwithfthecsamatanmosirttohany didtheasdmpounds
according tothg prgsestdanentian. 4nRarieular i the same:asapdaianysof e examplified

Compounds'carboxmethyl cellulose, 1 mg of sodium benzoate, 500 mg of sorbitol and water ad 1

ml.
10

3. Injectable
A parenteral composition is prepared by stirring 1.5 % by weight of active

ingredient of the invention in 10% by volume propyiene glycol in water.

15 4. Ointment

Active ingredient 5to 1000 mg
Stearyl alcohol 3g
Lanoline 5g
White petroleumn 15g
20  Water ad 100 g

In this Example, active ingredient can be replaced with the same amount of any
of the compounds according to the present invention, in particular by the same amount
of any of the exemplified compounds.

Reasonable variations are not to be regarded as a departure from the scope of the
25  invention. It will be obvious that the thus described invention may be varied in many
ways by those skilled in the art.



Reasonable variations are not to be regarded as a departure from the scope of the 25invention. It will
be obvious that the thus described invention may beyaried in many ways by those skilled in the art. -
65 - CLAIMS R3 5(1) or a stereochemically isomeric form thereof, wherein is Ci_oalkyl; or Ci_3alkyl
substituted with C3.7cycloalkyl, phenyl, or phenyl substituted with halo, trifluoromethyl or
trifluoromethoxy; 10R2is halo, trifluoromethyl, Ci.3alkyl or cyclopropyl; R3 is hydrogen, tluoro,
hydroxyl, hydroxyCi.3alkyl, hydroxyCi_3alkyloxy dugiefs.3alkyl, fluoroCi.3alkyloxy or cyano; and Ar is
unsubstituted phenyl; or phenyl substituted with n radicals R4, wherein nis 1, 2 or 3; 15R4 is selected

from the-group consisting of hydrogen haﬁo, Cij.3alkyl, hydroxyCi.3alkyl, polyhaloC1.3alkyl, cyano,
hydroxyl, amino?,' card 3?3%1}) 831@@1’&% %};ﬂﬁiﬂ, 1.3alkyloxy, polyhaloC1.3alkyloxy,
C1_3alkylcarbonyl, mepo- d C i(C1_3alkyl)amino, and morpholinyl; or two vicinal R4 radicals taken
together form a bivalent rgdicdl of formula 20-N=CH-NH- (a), -CH=CH-NH- (b), or -0-CH2-CH2-NH-
(c); or R3 and a R4 rad|gaip-ortho position taken together form a bivalent radical of formula
25-CH2-0- (d), &¥~Q-CH2- (e); or a pharmaceutically acceptable salt or a solvate thereof. 30 2. The
compound accorgigto claim 1 wherein R1 is 1-butyl, 2-methyl- 1 -propyl, 3-methyl- 1-butyl,
(cyclopropy§me(%1yl or 2-(cyclopropyl)-1-ethyl; is hydrogen, fluoro or cyano; and - 66 -

or a stereochemically isomenic form thereof, wherein

R' s Crealkyl; or Cjsalkyl substituted with Ciscycloalkyl, phenyl, or phenyl
substituted with halo, trifluoromethyl or trifluoromethoxy;

10 R ishalo, trifluoromethyl, C; salkyl or cyclopropyl;

R’ is hydrogen, fluoro, hydroxyl, hydroxyCj.salkyl, hydroxyC.alkyloxy,
fluoroCy.aalkyl, fluoroCiaalkyloxy or cyano; and

Ar  is unsubstituted phenyl; or phenyl substituted with n radicals R”, wherein n is 1, 2
or 3;

15 R* is selected from the group consisting of hydrogen, halo, Ci.alkyl,
hydroxyCyi.salkyl, polybaloCi.salkyl, cyano, hydroxyl, amino, carboxyl,
CiaalkyloxyCisalkyl, Ciaalkyloxy, polyhaloCisalkyloxy, Ciaalkylcarbonyl,
mono- and di(C;.salkyl)amino, and morpholinyl; or

two vicinal R? radicals taken together form a bivalent radical of formula
20 ~N=CH-NH- (a),
-CH=CH-NH- (b), or
-O-CH;-CH;-NH- (c); or
R*® and a R radical in ortho position taken together form a bivalent radical of
formula

25 -CH»-O~ (d), or

-0O-CHs- (e); or
a pharmaceutically acceptable salt or a solvate thereof.

30 2. The compound according to claim 1 wherein
R' is 1-butyl, 2-methyl-l-propyl, 3-methyl-I-butyl, (cyclopropylmethyl or
2-(cyclopropyl)-1-ethyl;

R®  is hydrogen, fluoro or cyano; and



Ar is unsubstituted phenyl; or phenyl substituted with halo, trifluoromethyl, morpholinyl or
hydroxyCl_3alkyl; or a pharmaceutically acceptable galt or a solvate thereof 5 3. The compound
according to claim 1 wherein Rl is 1-butyl, 3-methyl-1-butyl, (cyclopropyl)methyl or
2-(cyclopropyl)-1-ethyl; R2 is chloro; R3 is hydrogen or fluoro; and  Ar is unsubstituted phenyl; or
phenyl substituted with hydroxyC1.3 alkyl; 10or a pharmaceutically acceptable salt or a solvate thereof

4.The compoung,aceordinguaiciam Jnwherein spichePrRAYAHLS with halo, triflucromethyl,

3'-chloro-11-cyclopropylmethyl1-4- ny. =3, p-tetrahydro-ZH,l?l- [1,41bipyridinyl-2'-one 15 or a
pharmaceutically accﬁ%?%#é%gﬁrﬁl}%%o}{]\gé‘t}eérg?'e’reof. 5. The compound according to claim 1 wherein

said compound 95 ¥ AP ERY A SSRERIPSE P S ARAEHIERRO2H, 1 HA1 41bipyridiny1-2' -one or a
pharmaceutically 20acceptable salt or a solvate thereof 6. The compound according to claim 1
wherein saigl cosnpound dsBpblubl ae¢cadpiiodl aeputicatyrdsceptable salt or a solvate thereof 25 7. A

pharmaceuticallcgom;3;0§_i,};i1991}79_@9@;’@1[11951i gﬁm%&g@&gﬁgw&wwﬁﬁ 90 und according to

|
any one of claims 1 toc?\ nd a pharimaceufically acceptable carrier or excipient. 30 8. A compound
according to arz%gné'so ¢tAims 1 to 6 for use as a medicament. - 66a - 9. Use of a compound
according to anfonésdFEiEas  {5'ererabharmaceutical composition according to claim 7 for the
manufacture of amedicantantferd peatingoo plprexentisgacdentiahyneoxgls. syiktdm disorder selected

from the gkeup of ang}q(fgﬁ%g&&§%m%g@qg&r§,sggﬁgﬂ@l}g\égisorders, substance-related
5disorders, eating disorders, mood disorders, migraine, epilepsy or convulsive disorders, - 67 -
4. The compound according to claim 1 wherein said compound is
3'-chloro-1'-cyclopropylmethyl-4-phenyl-3,4,5,6-tetrahydro-214, ] 'H-
[1,4'Toipyridinyl-2'-one
15

or a pharmaceutically acceptable salt or a solvate thereof.

5.  The compound according 1o claim 1 wherein said compound is 1'-butyl-3'-chloro-
4-phenyl-3.4,5,6-tetrahydro-2H, 1 'H-{1,4'bipyridinyl-2'-one or a pharmaceutically
20 acceptable salt or a solvate thereof.

6. The compound according to claim 1 wherein said compound is

or a pharmaceutically acceptable salt or a solvate thereof
25
7. A pharmaceutical composition comprising a therapeutically effective amount of a
compound according to any one of claims 1 fo 6 and a pharmaceutically
acceptable carrier or excipient.

30 8. A compound according to any one of claims 1 to 6 for use as a medicament.



childhood disorders, cognitive disorders, neurodegeneration, neurotoxicity and ischemia. Use
according to claim 9, wherein the central nervous sy$&m disorder is an anxiety disorder, selected from
the group of agoraphobia, generalized anxiety disorder (GAD), obsessive-compulsive disorder (OCD),
panic disorder, posttraumatic stress disorder (PTSD), social phobia and other phobias. Use according
to claim 9, wherein the central nervous system disorder is a psychotic disorder selected from the group

of schizophrenig, delugiasral disesdand sebizerifactive disousteriaaahizaphyenitoprAisesdes.and
substance-induced RaXEIlIG HLIRlny 35 %?&%d&naﬁotﬁéam%&fxmﬁre%}tgen&%négﬁm?ws system

disorder is a personality’disorder se ect rom the group of obsessive- t‘{’ Ive personality disorder
and schizoid, schizofJBEP8iSbRIBYRYLE 3888%%08%%?@%@ M ‘38?\ QFhER SRy stem
disorder is a substa@@@%édi@%ﬁ@%@@é@dﬂ%@ﬂrﬁhé@@%wé)“@fchwm asbsenceivelatsid
dependence, alcoholissiidergveatirglctibaldarithdravdalidefitism nailealiel-iaslged psychotisidisorder,
amphetamine depenggnge,;amphetamine withdrawal, cocaine dependence, cocaine withdrawal,
nicotine dependence, nicotine withdrawal, opioid dependence and opioid withdrawal. Use according to
claim 9, wherein the central nervous system disorder is an eating disorder selected from the group of
anorexia nervosa and bulimia nervosa. Use according to claim 9, wherein the central nervous system
disorder is a mood disorder selected from the group of bipolar disorders (I & I1), cyclothymic disorder,
depression, dysthymic disorder, major depressive disorder and substance-induced mood disorder.
Use according to claim 9, wherein the central nervous system disorder migraine. Use according to
claim 9, wherein the central nervous system disorder is epilepsy or a convulsive disorder selected from
the group of generalized - 68 - nonconvuls ve epilepsy, generalized convulsive epilepsy, petit mal
status epilepticus, grand mal status epilepticus, partial epilepsy with or without impairment of
consciousness, infantile spasms, epilepsy partialis continua, and other forms of epilepsy. 5 18. Use
according to claim 9, wherein the childhood disorder is attention-deficit/hyperactivity disorder. 19. Use
according to claim 9, wherein the central nervous system disorder is a 10 cognitive disorder selected
from the group of delirium, substance-induced persisting delirium, dementia, dementia due to HIV
disease, dementia due to Huntington's disease, dementia due to Parkinson's disease, dementia of the
Alzheimer's type, substance-induced persisting dementia and mild cognitive impairment. 15 20. Use
according to claim 9, wherein the central nervous system disorder is selected from the group of
anxiety, schizophrenia, migraine, depression, and epilepsy. 21. Use of a compound according to any
one of claims 1 to 6 in combination with an 20orthosteric agonist of mGIluR2 for the manufacture of a
medicament for treating or preventing a condition as cited in any one of claims 9 to 20.



10

15

20

25

30

35

106.

11.

12,

13.

4.

i5.

16.

17.

-67 -

childhood disorders, cognitive disorders, neurodegeneration, neurotoxicity and

ischemia.

Use according to claim 9, wherein the central nervous system disorder is an
anxiety disorder, selected from the group of agoraphobia, generalized anxiety
disorder (GAD), obsessive-compulsive disorder (OCD), panic disorder,
posttraumatic stress disorder (PTSD), social phobia and other phobias.

Use according to claim 9, wherein the central nervous system disorder is a
psychotic disorder selected from the group of schizophrenia, delusional disorder,
schizoaffective disorder, schizophreniform disorder and substance-induced
psychotic disorder.

Use according to claim 9, wherein the central nervous system disorder is a
personality disorder selected from the group of obsessive-compulsive personality
disorder and schizoid, schizotypal disorder.

Use according to claim 9, wherein the central nervous system disorder is a
substance-related disorder selected from the group of alcohol abuse, alcohol
dependence, alcohol withdrawal, alcohol withdrawal delirium, alcohol-induced
psychotic disorder, amphetamine dependence, amphetamine withdrawal, cocaine
dependence, cocaine withdrawal, nicotine dependence, nicotine withdrawal,
opioid dependence and opioid withdrawal.

Use according to claim 9, wherein the central nervous system disorder is an
eating disorder selected from the group of anorexia nervosa and bulimia nervosa.

Use according to claim 9, wherein the central nervous system disorder is a mood
disorder selected from the group of bipolar disorders (I & II), cyclothymic
disorder, depression, dysthymic disorder, major depressive disorder and
substance-induced mood disorder.

Use according to claim 9, wherein the central nervous system disorder is
migraine.

Use according to claim 9, wherein the central nervous system disorder is epilepsy
or a convulsive disorder selected from the group of generalized
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- 58 -

nonconvulsive epilepsy, generalized convulsive epilepsy, petit mal status
epilepticus, grand mal status epilepticus, partial epilepsy with or without
impairment of consciousness, infantile spasms, epilepsy partialis continua, and

other forms of epilepsy.

Use according to claim 9, wherein the childhood disorder is
attention-deficit/hyperactivity disorder.

. Use according to claim 9, wherein the central nervous system disorder is a

cognitive disorder selected from the group of delirium, substance-induced
persisting delirium, dementia, dementia due to HIV disease, dementia due to
Huntington's disease, dementia due to Parkinson's disease, dementia of the
Alzheimer's type, substance-induced persisting dementia and mild cognitive

impairment.

Use according to claim 9, wherein the central nervous system disorder is selected
from the group of anxiety, schizophrenia, migraine, depression, and epilepsy.

Use of a compound according to any one of claims 1 to 6 in combination with an
orthosteric agonist of mGluR2 for the manufacture of a medicament for treating
or preventing a condition as cited in any one of claims 9 to 20,



