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Si P3 receptor. DETAILED DESCRI PTION OF THE | NVENTI ON 15 The present

i nvention provides novel conpounds represented by formula (1): - (I)
as well as their enantioners, diastereoners, mxtures thereof and
20pharmaceutically acceptable salts, hydrates and solvates. represents

1, 2, 4- oxad VX BO¥13H8up, X1 is a nono-, bi- or PEHERMOYISESTEI ng
structure selected fromaryl, heteroaryl, heterocyclic group or cycl oal kyl
group optionally conprising one or nore 25unsaturati ons; Rl is

.sel ected fromthe group consisting of Rydrogen, hal o, perhal oal kyl,

per hal oal koxy, | kyl kyl | .. al kyl, alkenyl, alkynyl, -N(R2)2
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wherein Ar1, X1, R1, Y1, Y2, R3, R4, R5, R6, Z, CO,R7 and CORS are as defined
25  below, ' '
- as well as their enantiomers, diastereomers, mixtures thereof and

pharmaceutically acceptable salts, hydrates and solvates.

The present invention also provides pharmaceutical compositions comprising
30 a pharmacsutically acceptable carrier and a therapeutically effective amount of at



the -0O2R7 and -COR8 groups are attached to the sane atom wherein the 5
-CO2R7 group represents a -CO2H group or an ester derivative thereof and
the -COR8 group represents a -CO2H group or an ester or an am de derivative
t hereof . Unl ess specified otherwi se, the terns used hereabove or
hereaft er NeW2008/k@1420 neani ng ascri bed to them bel ow. PEBRER2008#05787hal ogen”
refers to fluorine, chlorine, bromne or iodine atom "Per hal oal kyl "
represents a Cl-C9-al kyl noiety wherein one or nore hydrogen atons are
substituted with same or different hal ggen atons, for 15 exanple - CF3,

- CHF2, CF2C CH2C| 2 - CF3. " Per hal oal koxy" represents
a per hal oaI ?ﬁSt ekl 05 aFOHTPOHQ%QEFétW (f)orase%’é’l‘:rp?%ahe'ro EARAIOMERS, cHF2,

- 0- CH2CF3. Zﬁhseérkofhersr euess tHesediand| phahad deQtically dicospaadio sally; Oygratssi ch may
be straight OrFV[ nched having 1 to 20 carbon atons in the chain unless
specified ot 8 "Preferred al kyl groups have 1 to 12 carbon atons, nore
preferably have 1 to 6 carbon atons in the chai n. Branched neans that ~one

or nore lower a p ar e tached to
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n- propyl , -tmabrpgjlmmtmd)megnbtedtdmasgd anchegeiitions or Blapmmiatdry dlsea%els andonyl

decyl . cohkili |" refers to an aliphatic hydrocarbon group containing a
car bon-carbon doubl e bond and whi ch may be straight or branched having 2 to
15 car bon at onsTiZEFei and olberc bizjgets,unhiels wils peesine appasentictuing dhe Ryllewisgr ed
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about 2 to carbon atons in the chain ps 1 ncl ude

et henyl , 1Gr gEWPHNdsHOhigrag () are pateahypil P1 SSCG(PEQF rAdoBist WE Iaff'an f&nt enyl ,
heptenyl od @ rkecegi@nenyl , decenyl. WO 2008/ 152149PCT/ EP2008/ 057571 6
"Alkynyl" refers to an aliphatic hydr ocar bon group containing a
carbon-carbon triple bond and which may be straight or branched having 2 to
15 carbon atons in the chain unless speC|f|ed ot herwi se. Preferred al kynyl
groups have 5 in; and nore preferably 2 to 4
carbon atons ' S el 7y  groups include ethynyl,
propynyl 15 n-butynyl, 2- butynyl 3 nethyl 1- butynyl n-pentynyl,

4, 4-di net hy1- 2- pent oct and oal kyl "
refers to a nonP %ﬁ%’?tén éY'd %EWW“W?P%E%?‘B%RVqu’ﬁ‘a'aéﬁstem of 3
to 10 carbon atons, pref er abl 4 t L0 carb@a,atons. Preferred ring 10
sizes of rings of the ri(ROv1$ 8449 6 ring atons. Exenplary
monocyclic cycl oal kyl i ncl udes Iopr‘ obdfyl ,C%RTl opent yl

cycl ohexyl, cycl oheptyl, and the |ike. Exerplat
i ncl ude 1-decalin, norbornyl, adamant-(1- or 2r¢y r5 15°0%8y| " refers to an
aromati ¢ nonocyclic or nmulticyclic hydrocarbon ring systemof 6 to 14
carbon atons, preferably of 6 to 10 caflhon at ons. Exenpl ary aryl groups
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bi or multicycl |ngs wherein at | east one nmenber of the ring is a hetero

A

atom Typically,( Avet eroatons include, but are not limted to, oxygen

ni trogen, sulfur;—Sel eapresentan@ poesipRokysod, ons. Preferabl e heteroat ons
are oxygen, nitrogen and sul fur. Suitable heterocycles are also disclosed
in the Handbook of Chem stry 25and Physics, 76th Edition, CRC Press, Inc.,
1995- 1996, pageX12s abmbeo-2bik@r tmdyellcd'rusg:bmwm safecidu ftdsmiaylhaetebmryl

i ncor porate e ence. _ red non_aronmatic heteraocy

i ncl ude, buftjh ?%80)??0? PR t%dct%oaeygtgaﬂ\ﬁ ° t'8??lcyly8?r8f)rusl'"§nﬁne |o'§8rleanyl

t et r ahyd2opyuraeatyrgtiods;oxanyl , pyrrolldlnyl pi peridyl, 30 norpholinyl,

i m dazolidinyl, pyranyl. Preferred aromati ¢ heterocyclic herein call ed
het eroaryl groups include, but are not limted to, pyridy

pyri dyl - N- oxi deR1 pyraemcmdnfycbm tbqrg"menSlSﬂmgi@i(btlydmen o, rmﬂrhat lkyl,

pyrazolinyl, e yl p8 49 08/ 057571
7 triazolyl . tetk?é;)z/dgyylawl %'a't‘%n ,g‘?é%uia'r‘f T V#’B(g'ﬁ’ené%%dazﬁﬁ) %tghl azol yl ,
pyrazol yl , aeydlopkylaptionaly 6pyprigircoerssor more Uﬂﬁétutaé‘@fﬁﬁ whetadr haragy!’ grQusfers to a
5to 14, preferably 5 to 10 nenbered aromatic hetero, nono-, bi- or

mul ticyclic ring. Exanples include pyrrolyl, pyridyl, pyrazolyl, thienyl,
pyri mdinyl, pyrazinyl, tetrazolyl, indolyl, quinolinyl, purinyl,

i mdazolyl, thienyl, thiazolyl, benzothiazolyl, furanyl, benzofuranyl,

1,2,4- thiadiazolyl, isothiazolyl, triazoyl, tetrazolyl, isoquinolyl,
benzot hi enyl isobenzofuryl, pyrazolyl, carbazolyl, benzinidazolyl,
i soxazol yl . "Al kyl", "cycl oal kyl", "al kenyl", "al kynyl™, "aryl"

"heteroaryl ", "heterocycle also refers to the correspondlng aIkerne

o o S o T .



20 In particular, R8 may be chosen from OCH, -O0Al kyl; -GQalkyl aryl,

OHet er ocycl e; -0Al kyl heterocycle, wherein the heterocycle is optionally
substituted with =0 or al kyl; -O0Alkyl-0O C(=0)-Al kyl; : '
- 0Al kyl - O- C(=0) - OAl kyl ; -0Al kyl -C(=0) - Al kyl; -0Al kyl-C(=0)-Aryl wherein the
aryl groupW@&200$/5ab8t i t ut ed or 25substi t ut ed w th one B€T/ﬁm0Q8/Q$éﬂ7bgen or

al koxy groups; -0Al kyl-C(=0)-Heteroaryl; OAl kyl-C(=0)-0Al kyl;

- 0Al kyl - C(=0) - Cycl oaI kyl; -O0Al kyl - C( 0)4 NTT' where T and T, i dentical or

di f ferent, nigydepansaniliv éerm{geeembr@neyzirteqe%t&%frgelé&boalfﬂém ca?ooﬁysﬂ oal kyl

a hydroxyc cloal kyl, a heteroaryl or a heterocyc rou or Tand T form
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kot G BB ken KPS obRug AP Ygiyent ngenenenty .
aci d, V\/ner etlacteddtonRa gradp Rbnsistngi wfdmb@,rajleyii +Qalkgl eynlmlk)ﬂ,rami lapdalegen,

al kyl yd _ = Q4 I 1, ,al kenyl, perhal oal kyl, -C3-C6cycl oal kyl,
heterocgcl é%%gb éﬁ%gerﬂ%lcﬁa l&léﬁ dand aryl, wherein g WO

2008/ 152149PCT/ EP2008/ 057571 8 wher ein the het erocycl e noi ety nmay be

unsubstituted or sti tut ed and get her th.the
"N trogen atom$%F W&Snmfjﬁ%vdg Iegtteﬁé’mm,rg@rqqﬁnm—alkgl BCYROANY ea“ljo
“het er ocycl (©)r+aikyy —omcca)rnycn@alﬂym @-@CBEIQW COECOedyesakkdl, ivhersidr 8corN,; wher ei n
the ring is unsubstituted or substituted wth hydroxy, hydroxyal kyl ,
5hydr oxyal coxyal kyl , am no, al kyl am no, di al kyl am no, '

aryl al ggxycar bﬁm‘épﬁ@té}ﬂs 2 b6RK YE ArbRNYEISdEMGrom a ?robﬂ d@ifh@lsﬂﬂigifoel’—(ﬁd
enbodi ment, the i'nventign provides a conpound of fornula ( wher ei n: 10t he

_0RR7 gr ot Pephareit § i% 0. dpiLgaeipCokanhessia Q de.Q, v'iatN > QrQRdt |

wher ei n R7 WhgRSiSSRNLS SelEMEl OBeA. AYdrRger- C%ﬁJykyLaIRQIWInJémyhﬁnaj-él%xy,
conprising one or nore unsaturations and optionally substituted by a)

- O CO( 0) - atg¥ploalkyh oropetelRlkvby cl oal kyl or 15c) heterocyclic group, wherein
t isOor 1, and the itenms a, b or ¢ above are optionally substituted by
one or nore halo, -Cl-05alkyl, or -CO group; and R8 represents -OH,

-0-al kyb, OAl kgachapeigly- A1\l ideptisalior diffecerdstepresgsts & graupetbabit afteaipesind of
formula (I I al kyl
[ormil 2 (1 o FRRSEREMG SrivtyrcOPBlo RO o (R eALNERg R, Bhelan A ol &
may be Cl- Cﬂmaskekm the‘lﬁwybeauoepustnnﬂomm pubstmutagswmca Iﬁﬂfmlrdeleqorrpounds of

~the formula (1) wherein the -CO2H group is formed in vivo follow ng

adm ni stration. Such esters are also useful as internedi ates for 25the
pr epar ati on onﬂiremebeMylé oboad iod Yispselacted dfont raegrfouprndnals(mg of -O—;

Exanpl of .gste 0 - H group.a Kk kan onyal kyl
(i ncl ugﬁn ﬁ%‘w 6((@)@5 _or'fsééfﬂl"cg’ﬁﬁr A% 2d! 8P @’)ﬁ HGae- é*dﬂ)

ary: car bonxziI ak@<mI$yN R)lacdrudlcurg arherei arhi m1@ﬂhd@eél:u!é@tmyvwedtétﬁr=ne@¢1 )
aryl, aryl any erein a 0 roups have
from2 to %ﬁd%’ﬁ?'ﬂr oﬂlge”)gi 1@8‘13’”3 o%@ha?)@‘?q”@r'rpﬁ Y '?}‘;b,‘&'?bon at ons and
aryl nmeans phenyl or napht hyl', both of which may be optionally substituted
by -Cl-C4al kyl ., -0-Cl-C4al kyl or hal o. Al kyl WO

2008/ 152149PCTREIDBIBHEE 797 the SORRIF8)FSHIOLNYEEIGEN N8 9ps 2t Orflkle.

appr ophkat 9erf%%a‘ﬁ$y¥ %'nGhIN (R2Y, Wharseg- Bhé’sl Beflr%beﬁbé\}é: a‘%aﬁfﬁé @h |ﬁfeg§$t er
derivatives of a -CO2 roup are Cl-C9al kyl (e.g. 5 nmethyl, ethy

n- propyl , seleptediiam 1 t<bgnzyl 1- (2, 2- di et hyl but anoy! oxy) et hyl ;

(2- et hyl propanoyl oxy) net hyl , 1-(2-ethyl propanoyl oxy)ethyl, 1- ( 2,4-d

i met hyl benzoyl oxy)- ethyl, (oc-benzoyl oxy)benzyl, 1-(benzoyl oxy)ethyl,

1- (2- net hyl -1 IMepaR’Mremepepd@nMaele(cmdﬁlf;@nttlne groupydobsiatingyofdwgdragenhy| |

1-(2,4,6-t O I ) h

phenpr opyl H%%ht I Plﬁg%&o&e?t%‘?}awff) @eﬁ%r%hﬁﬁélﬂE%ltc&m@%gﬁﬁé %Ir‘? phenyl ,
4-1t - butdgl phtaghed frm adaytycbalk)éugeiupl, ,- cilxetil, nofetil, pivoxetil, proxetil,
(tetrahydropyran-4-yl oxycar bonyl oxy) net hyl ,

(di oxol an-5-yl oxycar bonyl oxy) net hyl ,

1- (tetrahydr opl% asn-s@e;ctewyoar bengloapydeisityihg of hydrogen, —alkyl, —alkenyl, —

1- (di oxol a carb oxy) et hyl, nedoxom | and soproxil. 15Exanpl es of
am de deri @&YP% pycéo '@%(BZH group are NHal kyl, NHcycl ol kyl, NHal kenyl,
NHal kynyl, NHal karyl, NHheteroaryl, NHaryl, NH(natural or

unnat ur al /synt hetic am no acids as nono or ol i gopepti des) .

Speci fic exanpl es of am de derivatives of a -CO2H group are NHWE, NHEt



20NH-t - Bu, NHal |yl , NHpr opar gyl, NHCHZFuryl, NH(2-CF3-Phenyl), "NHFuryl .
Exanpl es of natural or synthetic anino aci ds i ncl ude lysine, valine,
phenylalanine aIan|ne gl yci ne, norvaline, cycloleucine and the |ike.

25The term "prodrug” nmeans a pharmnacol ogi cally acceptabl e derivative, for
exanpl e, anv@pASEs26® ester (such as a biol abile ester HETEDWPIOSESTOf a - CO2H
group) that is biotransforned to the conpound of the present invention. A
general reference on prodrugs is Goodngn and G | nans, The Phar macol ogi cal

Bguslots r gLsTp or ?Qﬁﬂéﬁ%ts f Qyégé'W%@%Q@Aé%fgmgggfﬁfé%%ﬁ% B53%90%) 057571

10 which c&whrphéh@oareattecma Eéoé -Themberned. hei¢roeyatiaringel y, t he sol vent may
be an organic solvent. Thus, the conpounds of the present invention nmay
exi st as a hydrate, including a nonohydrate, dihydrate, hem hydrate,

sesqui hydr at e, the r—iO%?aarei —G‘)@Rﬂmwbsaare atadhedh o helsameastome Wheassin e

correspeondi [ el criped nay have
coymmet 11 o cars bolSCiepita.2 QAL EisE B AT EeE RV E S RP Ay |
asymet ri caﬂ:ORBsgﬂoepr teptesgntst ar-Q@yH bgrous arasredsten @pan carhidg deriviatiae or
racem c forns, f is well known in the art how to prepare optically active
fornms, suc eé%Oby resolution of racemc forns or by 10 synthesis from
optically active starting materials.. Geonetric isomers of double bonds such

as ol efins andJfleds spetifddssthbeyisy, @R€ Mérmisrudeden @b rsthedgser inaed ther e, al |
t he stable i sopers are contenplated here. Al chiral, diastereoneric,

r aceni dVf ofMRENAQASSIPeG ORI soneric forns of a corrpound are int ended,
unl ess the stetresiermsadden” esfetdte ludARE chiorhe! Frohfnsaeibliht Gldrhy i ndi cat ed.
Al'l 15processes used to synthesize the corrpounds of the present invention
: are consi dered as part of the present invention. The term

"susbstitut ed" &?M‘héﬁ@eﬁeh@aﬁs GhaP-altyy BRiebbrWhRIEE 19p8r OGefMoren t he
desi gnat edh?&r%?lﬁh SatbRR! %F‘eeqsat%t‘itbte% wrhesad enoff HBrEME b géﬁaét‘éﬁr 20@r oup.

.provi ded t hat e designated atom s normal val ency is not excee and t hat
t he suliétr Exemnpie. r@EuI—t@*ﬁzn—@Cbt‘&}:ﬁz@l c@ﬂrh@hn@HzCFz -CFAs used herein, the
term"patient" refers to a warm bl ooded ani mal such as a mammal , preferably
a human or a human child, which is afflicted with, or has the 25potent|al
to be afflicte®eradalkony” cepneseris ch md%sallarhdinkedrdria iaonexyglescatobre doher ei n.
As used her t al ctive amount” refers to an anmount of
a compound o%rﬂplﬁe'opr(g‘gen F&H\/Fchtdr))é:n 2%}'chh is effective in reducing,
elimnating, 30 treating or controlling the synptons of the

"t onaal T rerut BEARENS OF alR0e, hEPRrareoR oy B 1 e slfiop! &

" interrupti bgancaed éatinggl teR0sdangi apne int the ¢haiyLaRss apeoified ehetveases and

dit d bed h t I
2008] 15214 8P AH0BRESRSPEVEL! K 2IcoBIaTFIRETS SIPTBIPREIoR CeRd A

condi tion Sa!rlmh@lms_&mdtd énhdimt Bradeskd fmean§thaten@rd?nhdﬁea@t/ercawetfrbmt and
chroni ¢ use. herein, the expression "pharmaceutica

As use
_ accept abl eSUsRARMEthYS et”l‘b(dgé’épmbﬁfﬁr?&@‘:h toe3 lingag a'ka/b?ﬁ%rﬁnempéarv@f(kyaosage
ot act i E B O RO Rt SR Ve
Ctoxicity, PEWl.NQ0Ylo®ECYAl | ergic response, or other probl em conplications
comrensurate with a reasonabl e benefit/risk ratio. 10As used herein,

"phar maceutical ly acc Tpt abl e s_al ts" refer to derivatives of the di scl osed
colrr}[)ou[lﬂs wher é’r_‘é?gwgﬁe gesr torgn ai@hpmmxﬂrocsermgrquecccbtalmrrsgrm@L@rmn base
salts er rmﬁf A C
convent i'ongpu?tlgn ﬁgxrg sa Hrtag ‘Jh[ym%%?ﬁnargdgﬁr’r@ éu{r%t s%{'j%b& %tc% he parent .
conpount f ar ﬂ@dphalorumn@e@meﬁrmmm tRnefecrednalkerayhigrowys ba\gaalrto Wi ds.

- For exanpl |t.S I i ved
frominor ggﬁrrb(?Hgg?'ﬁg ”gu a{%ﬁ hy o@rhélnp% é&hégp%tb% ?)(rng cd sul%}gﬁg |.fam c,
phoEphorr c chaint Exemplarcy alkenyl gkmpsanrtﬂhdd”letheayltﬁropeeyjam@dte‘nyﬁrrbotreg?lnec aci ds
such as aceti.c ni c cinic tarta citric, methanesulfonic,
benzenesul Ftﬁ%hyébﬁﬁo%ygrrbh?@ | RRRIGAYL O L&OE end 86980V ¢, tol uenesul fonic,
oxalic, fumaric, maleic, and the like. Further addition saI ts include 20
ammoni um sal ts such as tronet ham ne, neglunne, epolanine, etc., netal
salts such as sodium potassium calcium zinc or magnesi um The
pharmaceutical ly acceptable salts of the present invention can be
synt hesi zed fromthe parent conpound which contains a basic or acidic
noi ety by 25 conventional chem cal nethods. Generally, such salts can be :
prepared by reacting the free acid or base forns of these conmpounds with a
'storchr orretrrc armunt of the approprrate base ~or acrd |n water or |n an



The conpounds of the general formula (1) having geonetrical and

stereoi soners are also a part of the invention. The present

i nvention al so enbraces any of the follow ng preferred 5enbodi nents or any
of the conbinations thereof: In one enbodinent, the present invention
provi des aWmpBLad9of fornmula (I-A): 10(1-A) as wePCT/ER008S7Y71

enanti oners, diastereonmers, nixtures thereof and pharmaceutically
acceptable salts, hydrates and sol vated, wherein: X1, Rl, Y1, Y2, An, R3,

RA, RS, m p, "RfwniBréieR tgﬁh Eﬁa d'ﬂoéf%&lg'ér%uﬁlcbntaﬁﬂr? 5'&@@0}5*08?%

i nventr on provi dés con’goun for wher el n --- 15An 1| sor
Xl is phentrlpte bond archwhicRimay bie:atraighl ordirariiheddraying, 2 tos1@eareone3@m$ m t he

group Conslh%tc}(H%ﬁwa ?nge%ﬁ{é@ otﬁlﬁk%e PR cPQr}«W 9 d&@'shﬁb%'t%%yca oy !

aryl al kyl enyl , Kyny oal'kyl |onaIIy
conpri si ngatons or ttnmroeannseandurm)te qmeferameﬂetm 420artbbe atoms ogr tbwpchay be

fused with_a rin mpisin ns sel e car o I

“het er ont onReMBRAHERATA RPR il e RpBruh ik R ul LI etk one up
to maxi mumi fowtyngt, nefensyrys t4i4- dmd:bﬂry&-aepmtynytm&pwwh oatyaydtmtjldercemrtl.

i ndependently selected froma group consisting of halo, -alkyl, -0-alkyl,
cycl oal kyl, aryl, arylal kyl, alkylaryl and perhal oal kyl; 25 WD :

2008/ 152149PC|"E|§EBQIR9I/ Oéféﬁiﬂo 2%on-aromiakie mmi@tqr Aitiotkelie RdeRanon rﬁhggr oup
that is attached to the cxc icrin structure X1l and mis an inte

sel ected fPHHET &f & 18 10,43 Homsy REferaii ok 416 d 0 carns, atems posifeTasty: gon X1

avai |l abbe &pes at HRghoERE d%tem.rrmrdewto @ Riflg WG S| Exe?s BryFhondeyBRy be
i dentical or dlfferent gr oup represents a bond or Y2 is -CH2-

-C=Q, whef¥ieplgyl "t,cltr@ecﬁ:tcloprmt éiyﬁ'og%’h CV@"’P%’“Y' eRiiendn EYSoReptdcangy f (r)I)m
hydrogen, gl il Exerﬁbrléﬁy"bhh|t@9&|cecgt;|6¥myrl inclfide HR¥H, PRRIbraN dadarhsnt4 - R4

and R5 are independently select fromthe group consisting of hydrogen and
net hyl ; ther2®@eR7 and - COR8 groups are attached to the sanme atom wherein
the 15 -0O2R7 group represents a -CO2H group or an ester derivative thereof
~and the - oup represents a -CO2H group or an ester or an am de
derivatifve t heg@df refera ta Ao aramatisreadayet or muldcystie Sgdnocanpeamingsnsterovi des

conpound Of Gog;My Jﬂ:a?l%nl aldhns ) fFan ?]|6 @ ca?t?o Umsasu%éﬁi"% Py

enanti omers, diastereoners, ure er eo and rrrace
accept abl egmlpssmclumtwngts naptnthglolnvianydspherriaetreylnbrpmenle Yl, Y2, 25An,' R3, -
R4, R5, R6, m p, R7, R8 are defined as in forrmula (1).
| The terms "heterocycle" or "heterocyclic" refer to a saturated or partially
20  unsaturated non aroma.tic stable 3 to 14, preferably 5 to 10-membered mono, bior
multicyclic rings wherein at least one member of the ring is a hetero atom.
Typically, heteroatoms include, but are not limited to, oxygen, nitrogen, sulfur,
selenium, and phosphorus atoms. Preferable heteroatoms are oxygen, nitrogen
and sulfur. Suitable heterocycles are also disclosed in the Handbook of Chemistry
25 and Physics, 76th Edition, CRC Press, Inc., 1995-1996, pages 2-25 to 2-26, the
disclosure of which is hereby rncorporated by reference.

Preferred non aromatic heterocyclic include, but are not limited to oxetanyl, -
tetraydrofuranyl, dioxolanyl, tetrahydropyranyl, dioxanyl, pyrrolidinyl, piperid'yl,
30  morpholinyl, imidazolidinyl, pyranyl. Preferred aromatic heterocyclie, herein called
heteroaryl groups include, but are 'not limited to, pyridyl, pyridyl-N-oxide,
pyrimidinyl, pyrrolyl, imidazolinyl, pyrrolinyl, pyrazolinyl, furanyl, thienyl, imidézolyl,



I n anot her enbodi nent, the present invention provides a .conpound of .formula

(1-C: WD 2008/ 152149PCT/ EP2008/ 057571 14 R4 RS (I-0 as well as

their enantionmers, diastereoners, m xtures thereof and pharmaceutically

acceptabl e salts, hydrates and sol vates, -wherein X1, R1, Yl, Y2, 5An, RS,

- R4, R5, R6WOR00$152R?, R8 are defined as in fornula (I)PCI/EP2008037Hhot her
“enbodi nent, the present invention provides a conpound of -formula (1-D):

10(1-D) as well as their enantioners, 7di astereoners, nixtures thereof and

phar maceut yzably t@t?&%@ﬁ,%ﬁol%?'is%ﬁuinb%r@n%éinﬁ@é&oﬁﬂ’,' N6/, r{ﬂ/?é’io?yjl,”ar?&l’ R1,

Y1, Y2, An, R3] R4, R7,” R8 are defi'ned as“in“torriula (1).
151 n yet akenjaihiazoy@ieynsnt , the present invention provi des compound of
formula (1-E) and pharmaceutically acceptable salts thereof: (R3)p R6 CO
/2F R4 R5 COR8 (I1-E). as well as their enantioners, diastereoners,
m xt ures t her edfe &t Atgievaangic eietisctl byS dockhtrblecadnld & 10y oheatbesedand

28 MY T, by B o Tt B BB 0 2
enant i oner pyradolgis t iriepghrepyimidingt, upyeazihyiertetdzond indoiy maating alpuyinyl,
R R YA
thiadiazolyl, isothiazolyl, triazoyl, tetrazolyl, isoquinolyl, benzothienyl,
isobénzofuryl, pyrazolyl, carbazolyl, benzimidazolyl, isoxazolyl.
10 | | |
"Alkyl", "cycloalkyl", "alkeny!", "alkynyl", "aryl", "'heteroaryl", "heterocycle" also
refers to the corresponding "alkylene", "cycloalkylene”, "alkenylene®, "alkynylene",
"arylene", "heteroafylene", "heterocycléne" which are formed by the removal of tWo
- hydrogen atoms. | | '
15 _
In particular, R7 may be chosen from: H, -Alkyl, -perhaloalkyl, -Heterocycle,
-AIktheterdcycle, -alkylaryl, -Alkyl-O-C(=0)-Alkyl, '-AIkyI-O-C(=O)-OAikyI, -Alkyl-
C(=0)-Alkyl, -Alkyl-O-C(=0)-OCycloalkyl, where the Heterocycle is optionally
substituted with =0, Alkyl. o
20 _' .
In particular, R8 may be chosen from: OH, -OAlkyl; -Oalkylaryl,
-OHeterocycIve; -OAIktheterocycIe, wherein the heterocycle is optionally
substituted with =O or alkyl; -OAlkyl-O-C(=0)-Alkyl; -OAlkyl-O-C(=0)-OAlkyl;
-OAlkyl-C(=0)-Alkyl; -OAIkyl-C(=O)-Aryl wherein the aryl group is unsubstituted or
25 substituted with one or more halogen or alkoxy grbups; -OAIkyI-C(=O)-Hetef0aryI;
-OAlkyl-C(=0)-OAlkyl; --OAIkyI-C(=O);CycIOaIkyI; -OAlkyl-C(=O)-NTT where T and
T, identical or different,.independently rebrese_nt a hydrogen atom, an.alkyl, a
‘cycloalkyl, a hydroxycycloalkyl, a heteroary! or a héterocyclic group,orTand T’
form together with the N atbm to which they are attached' a N-containing
30 Heterocycle optionally substituted with =O or alkyl; -OAIkyI-O—C(=O)—OCycIoaIkyI;
—-NR?RP, -NR?OR®, natural or synthetic amino acid, wherein each R?® and R® are
independently selected from hydrogen, alkyl, hydroxyalkyl, -O-alkyl, alkenyl,
perhaloalkyl, —-C3-C6cycloalkyl, heterocycle, heterocyclylalkyl and aryl, wherein g



Preferably, in anyone of fornmulae (I), (1-A, (I1-B), (1-C, (I1-D, (I-E) or
(I-F), An 0---N \N representsor 10Preferably, in anyone of fornulae (1),
(r-A, (1-B), (1-©9, (I-D), or (I-F) Y2 represents a bond or -CH2-; nore
preferably, Y2 represents a bond. Preferably, in anyone of fornulae
(1), (I-A) WO2008852149 | - (1-D), (1-BE) or (1-F), Y1 r e} eERAMISHTDond or
-0-, -S(0)p-, -CQ, as defl ned above; nore preferably Y1l 15represents a
bond. Preferably, in anyone of f ofrmul ae (1), (I-A, (1-B), (1-0,

(1-D) or (Whérkin ke Heﬁ@rro@%&é‘tn%ré‘t rrh@xnbb UsabRitutd8 B alis&Rbled, with ajplysne of
forrrulae(l) represents a

hydr ogen. ané Br é@@rt%wzh the "ﬁ?ﬁ?@ﬁt’eﬁt@fﬂ) ‘Pd’t(”ﬂtﬁfl' %{'@Y(Qré atteq)rhe@) mayifogpa (1-0),
(o one 55 fembbrenetBbepIft i SHRARREN? helBfOdBAE beldtied rom ETr 2P Y.

in anyone of tornul ae
r epr esent sNa wigtriogae Ftﬂg &l kmubéh@teli pe substduted \altftWﬂ@aVderoR@"&fh.d z form

thtg Z? 2?{/0%9&0%%5%%@& @‘?ﬂ@ggnc? ﬁ%@@%/ gjﬁ@%%ﬁéh%lglﬁgg%%{ﬁy e anyone k

of fornul aglcoycarbohylaming.1 - B) - -E) or (I-F), each R1,
identical or different, is sel ected froma halo an aryl, arylakyl,

-al kyl aryl, al kyl, alkenyl, cycl oal kyl , each bei ng optionatly substituted
as defined abdrwenerpneferrpd eherodibhent, lRé ingerdioh grdvides # compounpbf fon@alilay
substi t ut eQ aﬁ%/ group and a halo as 5 defi ned above. More preferred
conpounds BH¥"¢'ilse of formula (1-A) wherein: An is YL is a bond; 10nme2:

ge?reRgf 1H(R1Ri73 ahérabezavmmfbptré@n@t berCCBH $rdup optaaredtergcrjecawﬁtweemfeteo‘fi?: : sdH
r.or an am ereo I NCl U |ng
R8=0Al kyl Pe”GJA] E\? r@PE@f”F&I %Jtcgf%ge” Ys? \Eél %gé'sy'tﬂ@”? og ly fpgpRsising

di ast er eongfigor Mk WHsaturhisanld sotidnalisumeGetdd Bal | y acceptabl e salts,
hydrates and sol vates. 20In one preferred embodinent, the present invention

provi des a cor%c@n@ Od@lrglkd from t he group consisting of:

1-{4-[5-(4- 'S%kyublt%ﬂ)é}éloétk@oﬂ oxadi azol - 3-yl ] benzyl } pi peri di ne- 4 4-
di carboxylic acid -
1- (4- { 53] 4- ( 3-0BEIeyRayGc @ro8Ry | oxy) phenyl] - 1, 2, 4- oxadi azol - 3-

25yl | benzy - I
1-{4-5- (2@%@?%? ﬁ”anﬂ tﬁéqf?h?%)bfrg é)‘girvgzaor ogtion ﬁ”%éh‘?@‘t‘?ts%’ A i ne- 4, 4:
di car boxyl egnasi kalo, nﬁbﬁé@'hyll orl= Qque.tr( 2n¢| uor obi phenyl 4- yl)

. 4- oxadi azghtdsresents ~OH, ~O-alkyl, OAIkyI C=O)Alkyl

20' | Suitable ester derivatives of compound of formula (1) represented by -CO.R7
and -CORS8 groups, wherein R7 is an alkyl chain and R8 is —=O-alkyl chain include
the compounds wherein alkyl chain may be C1-C12alkyl. They are useful as.pro-
drugs to provide compounds of the formula (l) Wherein the -CO,H group is formed
in vivo following administration. Such esters are also useful as intermediates for _

25 the preparation of dicarboxylic acid compounds of the formula ().

Examples of ester derivatives of a -COzH group are alkyl, alkanoyloxyalkyl

(including alkyl, cycloalkyl or aryl substituted der'ivati_ves thereof), arylcarb_enyl-'
-oxyalkyl (including aryl substituted derivatives thereof), aryl, arylalkyl, indanyl and

30 haloalkyl: wherein alkanoyl groups have from 2 to 12 carbon atoms, alkyl groups
have from 1 to 12 carbon atoms and aryl means phenyl or naphthyl, both of which

may be optionally substituted by —C1-C4a|kyl, —0-C1-C4alkyl or halo. Alkyl,



yl ] benzyl | pi peri di ne- 4, 4-di car boxyl at e

301-{4-[5-(4- cyclopropylnethylphenyl) 1, 2, 4- oxadi azol - 3- _

yl ] benzyl | pi peri di ne- 4, 4-di car boxylic acid WD 2008/152149PCT/EP2008/057571
17 rnonomet hyl 1-{4-[5-(4-cycl opropyl net hyl phenyl)-1, 2, 4- oxadi azol - 3-

yl 1 benzyl | YQRO¥H2HE- 4, 4- di car boxyl at e, nononet hyl PCT/EP2008/057571

1- (4-{514-(3-net hyl - but - 2- enyloxy)phengl] 1, 2, 4- oxadi-azol - 3- -

yl | benzyppi peri di ne-4, 4-di car boxyat e 5 nononet hyl 1

-{4-[5- (4- axaRty Yarhanyty) glo@ps”rcé’ﬁ(aﬂhé’réoépé’ropnate be straight- or branched-
yI]benzyIIplperldlne 4, 4-di car boxyl ate nononet hyl

 1-{445- (2, 85%Nmret hy1- 2, 3-di hydrobenzof uran-5-y1)-1 , 2, 4-

oxadi azol - 3-yl ] benzyl | pi peri di ne- 4, 4-di car boxyl ate 1 :
-{4-[5-(2, 2-di met hyl-2, 3-di hydro-1 -benzofuran-5-y1)-1 , 2, 4-oxad iazol - 3-
10y! ] benzy! | pi $racifgi ar@mples |eségrisiexiyatives af ia-QO-H gwgp(aze C1-Celkyl (e.g.
i f1uorobi phemy ) ;

, 2, 4- oxgdl azoly1 é}h?ﬂ gﬂozo)y, }ISOpr%Dryll)dP%réI L4 2cgllrebh Litanoylocxlyzje th)ﬁ’ (2-ethyl

{4 [ 5- (4 pfdnaooxdbxxpheﬂwj, 41-§219th5[|propanoyloxy)ethyl 1(24d|methylbenzoyloxy)-

{2 4250?30“ %ﬁ‘?’!‘j fT{?SL% ‘fzﬁ%s(é%”f? %’g’%ﬁ'ﬁweﬂmar 19@NEh§1-ABldpandiioxy)-

, 2, 4- oxadi prapyt, 3- m4baﬂm¢{h}yMeﬂ%yI®‘btyf)methﬂrl 4- qli zarfbtmdtma b@ﬁml/loxy)ethyl
1{4[5(4tr|fluoro t hyl pheny1l) - oxadlazol ¥”] gﬁ)erldlne-
4, 4- di car b&ew'?ﬂozsvam gthyy pffemetfé bt?fmefgﬂy' 242 iflucgogtt &Sxé‘d 52 phth |

i azol - 30y Ceengitlettiyjigrrinyd 4-ﬂ§ut‘} nyIZQﬂlnﬁaﬁﬁOéthlC dikétl, ndofetil, pivoxetil,
-{445-(4-trifl uoromet hoxy é 1, 2, 4- oxadi azol - yI]benz IIpl eri di ne-
Y|

4, 4- di car b8Qetle Q%ﬁr@ydioﬂy{aﬂt OZygarHP‘FX'Q?S’r)’@SH‘é(hyiq'O’P'a” -5-yloxycarbonyl-
2 4- oxadi | ] be i y-
'1 {445 (4- %?hhae’r%%%ul 19 Oﬁ(}@/t}/e{pHyB dH?Fdrﬂ#-g%x_ﬂ%{(}g%rﬂNg@?@R%% ]Egﬁ%dlﬂ?rﬁ?peorxl di ne-
4- di car b6R/FONKOROREYL me(d&PX?@l' Pﬂd gap@¥il-or ophenyl ) cycl ohexyl ] -
2 4 oxadi azol -3- yl | benzyppi peri di ne-4, 4-di carboxylic acid.
1- {445 (1, 1-di ret hy1- 1, 3-di hydro- 2- benzof ur an- 5- yl)-1, 2, 4- oxadi azol - 3-
30yl i béhzyl } pi Emmﬂea@f amideldeavdbivey lof @ -4¢P4H group are NHalky!, NHcyclolkyl,

31/| §ﬁefq§yégﬁ‘é’§’w“ﬁe&§f , r'ﬂ“é‘“@? cgﬁ E b“%au ceg)c(’%ﬂé‘e%%oﬁq@&g@g@ﬁﬁﬁioogl 057571

18 1-{ 445u(hatusaisPtiétitedriordcidsrasmeoy o) el[gpaegtidasaxdi azol - 3-
yl i benzyl } pi peri di ne- 4, 4-di carboxylic acid -{445- (4- benzylphenyl) 1
, 2, 4- oxadi azol - 3-yl ] benzyl } pi peri di ne- 4, 4- dlcarboxyllc acid

' Specific examples of amide derivatives of a —-CO,H group are NHMe, NHEt,

20 NH'-t-Bu, NHallyl, NHpropargyI, NHCHzFuryl, NH(2-CFs-Phenyl), NHFuryl.

Examples of natural or synthetic amino acids include lysine, valine,

phenylalanine, alanine, glycine, norvaline, cycloleucine and the like.

25 The term "prodrug" means a pharmacologically acceptable derivative, for
example, an amide or ester (such as a biolabile ester derivative of a =CO,H group)
that is biotransformed to the compound of the present invention. A general
reference on prodrugs is Goodman and Gilmans, The Pharmacological Basis of
Therapeutics, 8" Edition, McGraw-Hill, lnt.. Ed. 1992,~"Biotrans-formation of

30 Drugs", p. 13-15. ' | '

The term "solvate" refers to an aggregate that comprises a compound of the
invention, with one or more molecules of solvent. The solvent may be water, in



5_ .

1-{4-[5-(4- |sopropylcyclohexyl) 1, 2, 4- oxadi azol - 3-yl ] benzyl } pi peridine-4, 4-
di carboxylic acid 1-{445-(4- |sopropenylcyclohex 1-enyl)-1, 2, 4-oxadi azol - 3-
yl ] benzyl'l pi peri di ne-4, 4-di carboxylic acid 1 -{4-[3-(1 ,1 -dinethyl-1

, 3- di hydr o ¥Q ¥8%{18idr an-5-y1) -1 , 2, 4- oxad i azol - 5- PCT/EP2008/057571
10y|]benzy||piperidine-4,4-dicarboxy|ig acid '
1-{4-[3-(2-fluorobi phenyl-4-y1)-1,2,4 %adi azol - 5- yl ] benzyl } pi peri di ne- 4, 4-
di car boxyl WhicAChdbe tiae éo‘ﬂva{té'nﬁeﬁﬁ Be & h&@b@'ﬁ@t’eﬁﬁlbé’lb?’thje solvent may be an :

1] hept - 2- en- 2- yl net hyl| 4-oxad 1 azol - 3-

y|]benzy|}srq9@fq kRNt U%ntbarmmqnesa&taemqsewmn@ants@amylﬁbﬁérayl) 1
, 2, 4- oxadi ﬁg@ﬁte?‘ d yé}Prﬁdh%hw'ff@ Hirfliar e CHBRKYdrate, 2Sbshuitydrate,

{4[5(6 oxynapht hal en- 2

, 2, 4- oxadi &irydrage, yewmdzqte]apﬁ;ﬂeeilkﬁ aenveﬂaautb@p@ro&qnondmgcspwated forms.

1 {4 [53(4 benzyl- 2, 3-di fl uorophenyl) -1, 2, 4- oxadi azol - 3- _
20y|]benzy||p|per|d|ne 4, 4-di car boxylic aci d '
1-{4-[5-(4- |soThftgm’gﬂ)qmdaweyenrldesatrbedamhyatza)de-ﬁymn}éjemzqnt?rpl 6empdum®4 4-
di car boxyl |
1 Car {57 aof sRSblhert ivemian, 597'7Ri% 27 28y9mtisplY sybsiiutgs atom may be
yl} benzypplqomtedinmeptlcanllychomlae lwoxgtérnicaiords 26b-is Well{ Imftﬁvr( #r tehant \oety 1) - 1

, 2, 4- di I di 4,4- dicarb

ot 20, e AUHIRCASAE RS, bR S PO B vt a4 4 o
i car Ibogwl : e;t/)r&heﬂs Jfron{ ‘b‘ﬂ)ﬁgdllﬂr aétzysrita@nggghe@ygbs I.‘quaaétn@)ésvﬂnlers of double

i azol - 3- enz ri.d ine- i car boxyl.i ¢ aci . :

AT e bORRE koD Sl p0G CEN dan, A tesrpsatyn fhd iogpedsatesarvet- 4 | 4.
di car boxyl héreacdlIdtheV\QaBFéO%bﬂr@Zé%QQ%h@ﬁ%Q@@é Qﬁa?é”\lll&lramgstéreomenc

-(acetyl oxy)ethyl. 1 -{445-(2-fl uorobi phenyl-4-y1)-1 2, 4-oxad i azol - 3-

_yI ] benzyl } F#GSEHE dprims 2nd &l geepekiG| '5‘?’@9%?\?{@ ot @i ?@PH’RH”Sr BiFalSNAsLy ) net hyl

1- {445- ( 2- {hieqs ARk PSeRbENEME) - ol the |somer|c form is specifically indicated. All
, 2, 4- oxadi azol - 3-yl i benzyl } pi peri di ne-4, 4-di car boxyl ate 5-

mono- 5-1fet RYAcessesk ofed pdswxtbesize ythaeearppounds 406 the - aresritt olvemiony arej- y1) - . 1

, 2, 4- oxadi I 4-di car boxyl at e
rmno(l sopr g%@%('?/%gy a%%%f%%(fitﬁeﬁ%r@@}é{ﬁtqh% Ié?S (2-fluorobi phenyl-4-y1)-1, 2, 4-

oxadi azol - 3-yl ] benzyl } pi peri di ne- 4 -di carboxyl ate nono-1

- (cycl ohexyl oxy rgéartgmysggtﬁnﬁ}tgé‘l uée‘b“%gﬂe(’] f%@gﬁé’%é‘t{‘%w Lordks Yob) fnofd L

, 2, 4- oxadi azol i ben pl peri di he-4 I car acety oxy) et hyl
met hyl 1 {hWogEns bu¢heegidreatigd atbry 19 Febjazed-vobhaajselzoﬂlersfrom the indicated

{l 1 geF &g;bggéw%rf‘géiﬂ{elaégﬁﬁ%é@ a?o&% r{ogr?lg Vélgﬁ(é@ %trn)\flexggéé%l and

yl] benzyl }mqhehre slibsétution refiutta irba stabée @onggunsiopr opoxycar bonyl oxy) net hyI
met hyl 1-{445-(2-fl uorobi phenyl-4-y1l)-

1, 2, 4- oxadi azol - 3-yl ] benzyl } pi peri di ne- 4, 4-di car boxyl at e net hyl

5 et hyl - 2- ox0Af Ls&d Heir) thedteymitpatigrit” rbferd td 5m(a2miblwue@tnrmhermbhéhs a

1)-1, 2, 4- di | - | 1 di 4,
Al sopr op T ST BhY) BB EN of A &N 5 i, B E R i e the 4
20oxadirazolpofenyibl keneyhiirtdre Wit 6% brimei aiseassd ahe conditions described

herein.

" As used herein, a "therapeutically effective amount" refers to an amount of a
compound of the present invention which is effective in reducing, eliminat'ing,

30 treating or controlling the symptoms of the herein-described diseases and
conditions. The term "controlling” is intended to refer to all processes wherein
there may be a slowing, interrupting, arresting, or stopping of the 'progression of

the diseases and conditions described herein, but does not necessarily indicate a



3-{4-[5-(4-isobutyl phenyl)-1, 2, 4- oxadi.azol - 3-yl ] benzyl am no} cycl obut anel, 1-
i carboxylic acid 3-{445-(2-fluorobi phenyl-4-y1)-1, 2, 4- oxadi azol - 3-

I ] benzyl ami no} cycl obut ane- 1, 1-di carboxylic acid 25-

{445- (4-i sobutyl phenyl) -1, 2, 4- oxadi azol - 3-
benzyl}NE!ﬁWWHﬂtﬁo)cyclobutane 1, 1-di car boxyl i.c aci 8CT/EP2008/057571
{4-[5-(2-fl uorobi phenyl-4-y1)-1, 2 4 oxadi azol - 3-

benzyl | met hyl am no) cycl o- butane-1, 1 IYi carboxylic acid nnnonethyl

(
']
}
({4-[5- (ai'télléﬁ r%loﬂm?%yjd's‘ba\é%)ana c%néTnQPf@Qr(‘gP - 3ind |s intended to |n lude
Oyl ] benzyl | -am no) cycl obut ane-1 , car Joxyl at e nononet hy
({4-[5- (nrqpﬁmlﬁgba/lr@atmwwndlcrzromco»sad| azol - 3-
] benzyl | net hyl - am no) cycl obut ane- 1, 1-di carboxyl ate WD .
08/ 152149PCT/ EP2008/.057571 20 nononet hyl
(
]
{

{4-[5-(4-i shbused pereimny Ne dxesbiax piaanatedically- acceptable” refers to those

beney| | BB YA X SR aREd ok ALSsl BIRKAALS, ore wi he 56eR aner

, 1- di car bonfsoundamedical judgment, suitable for contact with the tISSUGS of human beings

53- {4-[5-(4-cycl.opro nmet h heny
| yI ] benzyl aﬁpﬁo?@?%[so%thf’létm?xﬁgsfw&l icgiﬁ‘q]%x)}r it 'OHC|333"9'C fesponse, or other

4- { 445- ( 4- bespath ¥bpbRertibhs doRAmenexatt wiwbrdasdnabrrzadsamidkaliey cl ohexanel
, 1-di carboxylic acid 4-{415-(2-fluorobiphenyl-4-yl)-1,2,4-oxadi azol - 3-
10yl i benzyl am nol cycl ohexane-1 , 1-di carboxylic acid

4-({4-1b- (2-f | noUuSkd ﬁ&@lﬂﬁ(ﬂprf’armlibedncallﬁaé@é@wbﬁ’e?%ltsgréfbﬂ penzvhivaatdiyean no) cy

cl ohexane- 1, 1-di carboxylic acid; -{445-(2-fl uoro- bi phenyl-4-y1)11
, 2, 41oxadi disglosed mmpemfpermnﬁeemr%&ompev%rsuawrl%bwaiflng acid or

2- oxo- 3, 3- dhe@ i thefesk. T?T%ﬁ{an%gt‘:eutlcally acceptable salts |nclude the conventional
1-{445-(2-Fl uor o- bi Phenéel 41, 2, 4Toxadi azol - 3-y11- benzyl | pi peri di ne-
4, 4- di car bOHIPHC 8 Gkaegl%héﬁwor@!fﬁﬁﬁbts ektherparent compound formed,
1-{445-(2 u p 4: d |

Lt B L RS e, | b, s

1- { 445-16 2- Fovantiofwl praentpkicsajts )indyude Haseadirived| fragn ijorbamie yetjdspsysbr asli ne-

204, 4- di . |
20 e (5 Bydstnbfic Aot Side Shidnds anBsthdre, §ithEang te iike: and |
4, 4- di car btheysalts meparepZFo(rWchanm aecighengh ps acebm-pemqu: |ECipic, tartaric,

1-{415-( 2- El uor oxadi azol A benz

s B el B e e eedut i RB%8, atidier Bt satovic,

£215£11- ~({]I 415- E) ﬂahl?dlmasumerbc mlfgylfumay%)rﬂéle& éb@x&a&iln&z@lurtﬁeryédeHsymhpmﬁrl di ne-
i carboxylic acid ethoxycar

a3 R e SR PSRN ST BATE, coniaminen el MBish 71 ned, 4-

di car boxy! isactags SodiGmnpétasdio; eaeiulyzme or esdgesium. _ o

~ 1-{415-(2- Fl uor o- bi pheny1-4-y1)-[1, 2, 4] oxad i azol -311] - benzyl | - pi peri di ne-

304, 4-di carboxylic acid [2-(4-nethoxy-phenyl)-2-o0oxo0-ethyl] ester

1-{445- (2- Fl uoree mrﬁhﬂa&éutéawl)ac&éptablé] sxedonznd - greyddt- meérzﬂdnl thh pgg i di ne-
4,4-di car bo%l ic acid (2-cyclopropyl-2-o0xo-ethy Is)aester .

2008/ 152149 hq@;%@gmdgqggrpngfompound which contains a basic or aC|d|c moiety by
11415962 EbuiiroRaiREANCH firetiiods] Gendienpsadh 3am cé"ﬁ Be B?éb%)‘éd opicietibgli ne, 4-

-di carboxylic acid [2-o0xo0-2-(2-oxopyrrolidin-1-y est er
1- { 445- ( 2- fheaytiee aBidpPrabase- fxprrps_pf these compounds W|th a st0|ch|ometr|c amount of

2. 41 oxadyaz gl S s R02y bl adh Byb BEf o Ho8AE R8I, 6r % hiure of the

d| rret hyl car
-{445- (2 Fﬁmr@ertﬂrplhenpn-aqugal)mmedl,aél]ke@tfwt athyl a®tatelethenaly Isppiopendldi ne-

‘or acetonitrile are preferred. Lists of suitable salts are found in Remington's

!
0

d
y
3-
y
3-
y
3-
3
3-
y
2
3-
yl
3-

30 Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, PA, 1985,

' p. 1418 and P.H. Stahl, C.G. Wermuth, Handbook of Pharmaceutical salts -
Properties, Select/on and Use, Wiley-VCH, 2002, the disclosures of which are
hereby mcorporated by reference.



4, 4-dicarboxylic acid benzyl ester 3, 3-dinethy1-2-oxo-buty| ester
© 1-{445- ( 2- Fl uor o- bi phenyl-4-y1)41 -
, 2, 4] - oxadi azol - 3-y1] - benzy1} - pi peri di ne4, 4- dlcarboxyllc aci d benzyl ester
3-nEthyI 2- oxo-butyl ester 1
- {445- ( 2- FMD008/ 132 Phenyl1- 4-y1) 41, 2, 4] - oxad|azol-3-y1]~b@ﬁ2vmy%bﬁ§1|d|ne-
104, 4-di carboxylic acid nethylcarbannylnethyl ester 1
-{445- (2- Fl uor o- bi phenyl-4-y1)41, 2, 4] - bxadi azol - 3- y1l1l-benzyl}- pi peri di ne-
4, 4-di car boxyl t I oS t hyl
1- {445-( 2- F|u5p§’§§gﬂ§%§?§4°§w?¥ %%h%% oxdgpgzgp haﬁﬁ Egg?ggcabﬁ%gﬂldlne-
4, 4- di car belgadisomers @reslsg kaarteiiy Investion. est er
151- {445- ( 2- Fl uor o- bi phenyl-4-y1) 41, 2, 4] - oxadi azol - 3-y11- benzyl} - pi peri di ne
- 4,4-dicarboxylic acid [2-oxo-2-(pyrrolidin-l-yl)-ethyl) ester
1- {445- ( 2- Fl uore- lpresemy ihvdntioh) 4ls®?, efhbraxesli @armyolof 3thel [folmyviny | preferesd di ne4, 4
- di-car bgxy ethyl] ester
1o pac 5 porpaBishs & et derkdt
, 2, 4] - oxadi azol - 3- yl] benzyl} - pi peri di ne- 204, 4- dlcarboxyllc acid :
(isopropylcar ano
LA oo h IR %ﬂiﬁf%ﬁ%m%ﬂ&'nzvfn%%aiomﬁ ASGTPOYE) BBber i ne
4, 4-di carb@gstic acid cyclopropylcarbanoylnethyl ester
1-{4-[5-(2-Fl uoro- blphenyl -yl)41 2 4]
oxadi azol- 3-y1] - benzyII- di ne4
(i sobut yl car barmoy! - neffiy!» Br'?2%
oxadi azol - 3-y1] - benzylyplperldlne-
ester 1-{445-(2-Fl uoro-biphenyl-4- y1) [1 % %
oxadi azol - 3-yli -benzyl | - pi peri dine4, 4 dlcarb &Jﬁlc a0|§
butylca@bannylnethyl ester 1-{445-(2-ALAjpr o-bi phenyl-4-y1)-[1, 2, 4]

oxadi azol - 3-yli - benzyl eridine- 304 di car boxylic aci

O o s LalboRaY neD| Pl dpRers, 4 (dastaef s o Kiniied 1 herepl) 48 2. 41
oxadi azol - aﬂér}nd@@uwllyaecmémésal@s hdrktel Sy ootk Gveedid:

(plperldln 1- %Icarbam)yillR:hF%//11 ester MD 2008/ 152149PC T/EP2008/057571 22

1-{ 445- ( 2- Kl uBi of bighén B8 & defined as in formula ().

i azol - 3-yl i - beprgsdramy ARé irfdeRtch ﬁrodldb§%6t|%2$blr|1d 67 @Ahéla (1-A) wherein:
cycl ohexyl carbanoyl met hyl ester 1 -{445-(2-Fl uoro-bi phenyl-4-y1)11

2, 4] - oxadi azol- 3-y1] -denzyl | - pi peridi ne4, 4-di car boxylic acid

cyclobutylcarbannylng(\ ester__(z/\ID '
1-{445+£2- Fluq&qlglphem 1-2- xadi azol - 3-y11- benzyl | - pi peri di ne4, 4.

-dlcarboxyllc acid butanoyloxynethyl ester
1-{ 445- (2- Fl uokbistphehginy 1- 4- y1)41 2, 4] - oxadi azol - 3- A-benzyl | - pi peri di ne-

4, 4-di boxyl | oh b 1 l.],. est
T (a5 (2o pr ool snaisieal o Fibraty 1< Sgletled: bR HR blayh B HnGeh i neoa
, 4- di car bokydrogegdiatb, (qeyfralohlkw aaarhaiaalhwyoyai‘ymérbmlk»l @myearryl alkyl alkenyl

1-{445- (2- F di I
_(pl{ per i ((ZII né v&'ﬁﬁ?‘%ﬁ%ﬁ%’%ﬂ Fﬂpég "ﬁé 9%“ lsg’éfgrég?g)ﬂnprga atuiarho%s whereln
- { 445- 8- Fireosmt brdupenyy vé-tided With, 2 rifg -xaflisig? 13 Sydibmesiracidd from
(pyrrolidin-1-yl carbanoyl) E@@erldlne 4-carboxylic aci-d 151
4

-{4-[5-(2- F@@@P(S"’BPE%%@W'F‘S suwherginganid| &WUWUHPUQ%'H%%?OW%| d| ne-
4, 4-di car bg?yé hfaxgurd nRBibeY bf SfisBfutable positions with a substltuent independently

1-{445- (2- Fl uor o- bi phenyl-4-y1)41, 2, 4* oxadi azol - 3-y1] - benzy 1& pi peri di ne4,
4- di car box§¢lpetedcramp Re GeauUpy Corsisting of halo, —alkyl, —O—alkyl cycloalkyl, aryl,
1-{4-[5-(24 ﬁﬂwéJ 1, 2, 4] - oxadi azol - 3-y1] - benzyl | - pi peri di ne
204, 4- di car@lé{ llloaél@éé)rp ( ,éz}?%la%lﬁfl uoro-ethyl) ester

1-{4-[85(2-Fl uoro- bi phenyl-4-y1)-[1, 2, 4] oxadi azol - 311] - benzylyplperldlne-

4-di carboxyly£ agbdediS-4TBbRY lo'rQ%‘Pﬁsa@éI%ét)éhn%rﬂyé Jor&3F Ebnsisting of —O—;
-S(0)q—, wherein q is 0, 1 or 2; and —C=Q—, wherein Q is O or S;

2- Fl o-di,phenyl-4-y1) 41, 2, 4]
boxyl i c\aci d carbanoylnethyl



1-{445- (2- Fl uor o- bi phenyl1-4-y1)[1, 2, 4] - oxadi azol - 3-y1] - benzyl ypi peri di ne3, 3
-di carboxylic acid : :

251- { 445- (4-1 sobut yl - phenyl)-[1,2,4]-oxadiazoI-3-y1]-benznypiperidine-3;3-
"~ dicarboxylic acid

1- { 4- [ 5- ( 4-VQRUYKBIY| - phenyl) - [ 1, 2, 4] - oxadi azol - 3-'yl.i - BEREPIYEBER i di ne3 3-
di carboxylic acid 1-[4- (5 Bg?henyl 4-y1-[1

, 2, 4] - oxadi azol - 3-y1) - benzyl Fpi peri di ne=3, 3 30d|carboxyllc aci d

1-{ 445- ( 2- FI uope- PoRBERALY 4-répoeddntd, é]?r@ef@dhatzcsl aftadhkki- Re o Eyclit- ring

~ i sobutyl car banoyl - pi peri di ne-4-carboxylic acid
2008/ 15214§|:D¢qtp§:§8@1p0'575¢m ||2tggerlselected from 1 to 5, whereln m represents the
- {445- (2- Flugiber Bf B&%‘aﬁ% dh X%%Ia%iéior%@&hﬁéﬂ'of%ﬂﬂ RE8FY 3rd &mé?em
hydr oxy- et hyl - car banoy1) - pi peri di ne-4-carboxylic acid
1-{4-[5- (2eaprm8r1ontrpM@ﬁyqerxtwllqr-qlfiergntzqromad| azol - 3- A-benzy1l- 4-
i sopropyl car banoyl - pi peri di ne-4-carboxylic acid 54-Cycl opropyl carbanoyl-1
-{4-[5-(2-fl uoro-bi phenyl-4-y1)41, 2, 4] - oxadi azol -
3- A-benzyl | - pi Y2reémiesantsia banthox YRiis—@tp-cor -C=Q—, wherein Q is N-OR’, wherein

4-tert- But ny V.

i azol - Etﬁgﬁ%qﬁ%fépe%déﬁﬁsgseﬁéct%& gg’ﬁ%c}}a hﬁﬁ:ﬁc éf&ﬁ a}lk%ﬂy&a@ }(y%rrol id
i n-2- ylnethyl) carbanDyl] 1-{445- ( 2- quoro bi phenyl- 4-

10y1) 41, 2, 41ox 1] : ben yl} pi peri di ne-4-carboxylic acid
1-{4-[5-(2-Fl u%?bsa*ﬂy\rdé?r%‘?{ijli’l 4py°'1 [ 1, 2, 4] - oxadi azol - 3-y1] - benzy1} - 4- ( 2-
hydr oxyo1- hydr oxynet hyl - ethylcarbannyl) plperldlne 4-carboxylic acid

ot azol - ooy oY BB SRR RS SRR i the G edHaRIG of ydbgen 2 41

151-{ 4- [ 5- GAdrhateylo- bi phenyl-4-y1)-[1, 2, 4] - oxadi azol - 3-y1] - benzyl}-4-
met hyl car banoyl - pi peri di ne-4-carboxylic acid : '
4- Et hyl car banoy1- 1- {445- (2-f| uor o- bi pheny1-4-y1) 41, 2, 4]oxadiazol 3-y1] -
benzyl ypi per i dinge-cogar M¥tDR83§erps are attached to the same atom, wherein the
1- {4-[5-.(2- Fl.uor o- bi pheny1- Qé ] - oxadi azol - 3-y1] - benzy1} - 4-
20( pi pé|5| di-we=M? @é?lﬂbfﬁﬂr§$eﬁ|tspér‘r %Q@@aﬁ’rb@fkyﬁ'ie& dgtiygjive thereof and the
1-{ 445- (2- Eboypgo muahﬁarbyéseﬁtsvé) -ctézﬁ &buewdéﬁ@ker?»oryéh é}ﬁﬂéyaér\éwe(z
hydr oxy- et hyl) - |pera2|ne - car bonyl |- pi peri di ne-4-carboxylic acid
4- Di met hy| dR&™Beioy 1- 1- { 445- (2- 1 uor o- bi pheny1-4-y1)-[ 1, 2, 4] oxadi azol - 3-
y1] - benzy1} - pi peri di ne-4-carboxylic acid 25-
1-{4-[5-(2-Fl uoro-bi phenyl-4-y1)-[1, 2, 4] - oxadi azol - 3-y1] - benzy1}- 4-
(pyrrolidin-1- il ansghdsamaodipene tHedprasent-inantioR providesceampound of formula
4- Cycl Bex¥ gfrbannyl-l-{4-[5-(2-flu0ro4bipheny1-4-y1)41 , 2, 4] oxadi azol - 3-
y1l] - benzyl}-piperidi ne-4- carboxylic aci d '
- 1-{4-[5-(2- FIuoro-biphenyl ) [ 1- oxad®f®&zol - 3-yl ] - benzyll- 4-

30( nor phol i n-4-yl - carbgnM di ecaroxylic acid
4- Cycl obut yl car banoy1- 1- {41- - flue o/ bi y1- & y1) 45983" 4Foxadi azol 3-y1] -
benzy1l} - pi peri di ne-4-carboxylic acid WO BN /| EP2008/ 057571 24
4- Cycl opentyl carbanoyl1-1 -{4-[5-(2-fl uoro-bi pkeny - 4-yi§?q 1
, 2, 4] - oxadi azol 3-y11- benzyl ypi peri di ne- 4- car boxylic acid
1-{4-[5- (2- Fl uor o- bi pheny1-4-y1)-[ 1, 2,(tB) oxadi azol - 3- y1] - benzy1} - 4- ( 4-
hydr oxy- cyGsohgsly | car bargy | bné’r’utl@ﬁrﬁérg' NBrdtefedrREnsy | 'n‘ﬁxt@u?ésd thereof and
51-{4-[5-(2-Fl uoro- blfhen yl-4-y1)-[1,2, 4] - oxadi azol - 3-y1] - benzy1}-4-[ ( 2-
hydr oxy- et [PiRIMaREUHGA! y(ﬁecﬁgatﬁbgelqaltm hyerategs Ad solvatesowherein XEiR1.DERYR  est er
4 Oyel ofiexyl garpatpyds Rel A3 kY Rbups ge#me@%nx%orflnoralbﬁl 2, 4] - oxadi azol 3-yl i
- benzyl'ypi peridi'ne-'4-c¢arboxylic’ aci enz
104- Di et hyl car banpy1- 14445- ( 2-f | uor o- blphenyl 4-y1) 41, 2, 4] - oxadi azol -

yll benzyl ypi pgr | i ' e 85 ;

4-[ Bi s-( 2- hydr@xngiﬂﬁy%ng%{r aérat{)tyltii i&l{egerﬁSH%Jﬂﬂ%uéfdc}ndb pﬁe Tpour;;jl)of
[ 1, 2, 4] oxadoranda (135)A- benzyl ypi peri di ne- 4- carboxylic acid benzyl ester
1-{4-[5-(2-FIuoro-bipheny1-4-y1)-[1,2,4]-oxadiazo153-yli-benzyl}-4-[(2-
15hydr oxy- et hyl ) -met hyl - car banoyl ] - pi peri di ne- 4- car boxylic acid




1- {445- (2- Fl uor o- bi phenyl-4-y1)41, 2, 4] - oxadi azol - 3-y1] - benzy11- 4- ( 3-
hydr oxy- pyrrolidin-1-yl-carbonyl)-pi peridi ne-4-carboxylic acid 1
-{4-[5-(2-Fl uoro- bi phenyl -4-y1)-[1 '

, 2, 4] - oxadi azol - 3-y1] - benzyl}-4-{4-[2-(2- . - _

hydr oxy- et WSX3008/82MW1 | - pi per azi n- 1-yl - car bony1} - pi per i 8CHEPWOXBIHoXY! i C
20aci-d - '
4-[Bis-(2-hydroxy-ethy|)-carbanDyl]-1-{ﬁ-[5-(2-f|uoro-bipheny1-4-y1)-

[ 1, 2, 4] - oxadi azol - 3-y1] - ben - pi peridi ne- 4wegr boxylic acid
nono( i sopr opoxycar bonykgxy 2 - G

et hoxynapkt hal en- 2-y1) -
1, 2, 4- oxadi azol - 3-yl i benzyl eri d\ne cardso ate 25nonobenzyl -
Q) ) CORS8 .
yl ] benzyl } pi peri di ne- 3, 3-di car boxyl at e nonoetdiyks 1
-{4-[5-(2-fl uorobi phenyl-4-y1)-1 , 2, 4-oxadi azol - 3-
yl ] benzyl } pi peri di ne- 3, 3- di car boxyl at &-®knzyl (i sopropoxycarbonyl oxy) et hyl
1- {445- (2- LLuogQpi pRenyli4- Ttic iast : _ -
301, 2, 4- oxadi owép! 3yl ?F%Iernz%_ TS di s P Y Bxeyies: o Moreo], | and
5- met hyl - 2pbgirdgceutqally @godptablg sats. Hydrateq and solyates,| wingrebi phdiiy ¥14Y2,

1)-1, 2:4- } I enzpt | o4 I ging-4,4zdi xylate WO
J0081 L53L40bC T ERS0bs BTy L R B e B et hyl ety
1-{445- (4-isobutyl phenyl)-1, 2, 4- ‘
oxadi azol - 3-yli.b i perd dine-4, 4-di carhoxwvl at - p- '
oxad az0l- 3. ¥ 0BRGN RERSELLAS vl JrEb POSHIN BroTRRS 8" BB o
yl ] benzyl } forpeia @iDe- 4, 4di car boxyl at e 5nono- n- butyl '
1-{4-[5-(2-fluorobi phenyl-4-y1)-1, 2, 4- oxadi a&gl - 3-
yl ] benzyl } pi peri di ne- 4, 4- di at &\ di et hyl”

b
1-{ 445- (2-f 1 uor obi phéFHin’m- 1: @
U X

1- {445- (2-f | uor obi pheny1-4-y1)-1, 2, 4- oxadiazoP<3- CORS
10yl ] benzyl } pi peri di ne- 4, 4-di carboxyl ate. 1 - {4452 (2- Fl uor o- bi pheny1-4-y1) 11
,2 ,4lagad iazol-3-yl]-benzyll-4-(pyriiDj n-2- .

yl car banoyl é pi peri di ne-4-carboxylic acid benzgll ester ) _
2D ot hyl 88r B4Siby 51 theif567antPMgss o SPSIRERAMETS. | yMHresy Heesoldi 2k - 3.
y1] - benzyl Pﬁérﬂﬁdediié&ly%c@éﬁtb@lé)ébit& hyatdle£hMY bol@stes wHSrémX MR N 1cgpbanpy 1- 1

-{445- (2-fl uor o- bi phenyl-4- y1%41 2, 4] oxadi azol - 3-
y1] - benzy 1N hifpe M4 ReeR8. BaPp %y'@ greégfined @syn Jarewia@k hyl  ester

1- { 445- (2- Fl uor o- bi pheny1-4-y1) 41, 2, 4] oxadi azol -3-yl i -benzyll-4-(3-
 hydr oxy-pyrrolidine-1-carbonyl)-pi peridi ne-4-carboxylic acid acet ox¥rret hyl
ester 204- Di melfhygtcanasagrogmbedimens stheopresenl Hventisne piovidesyggmpound o

, 2, 4] oxadi 1a3(1- 2 ; AN aT=Y S WA T=P ( lic acid
i sopr opoxyi%rr uoﬁgl%%ﬂgﬁﬁy é&ggp{é@@ldcg?%t_aFlgfgeg_éﬁfé‘lﬂ%%‘fb__bi phenyl - 4-y1) 41
', 2, 4] oxadi azol - 3- A- benzy Fl¥uh-£ 3\ hydroxy- pyytel
i di ne-1-carbonyl) - pi peri di ne{4-ca ) | d fsS ORI Qpoxycar bonyl oxynet hyl
| Yt

ester _
254- Di net hyl car banoy1- 1-{445- (2-f| uor o- bi phepy 1542_\}6&8411 2, 4] oxadi azol - 3-

y1] - benzyl ypi peri di ne-4-carboxylic acid 3, 3- di et hyl- 2- oxo- butyl ester
1-{4-[5-(2-Fl uoro-bi phenyl-4-y1)-[1, 2(4f) oxadi azol - 3- A- benzyl1-4- (pyridin-2

-yl carba 1) pi peri dine- 4 ; i Cyag - '

1Y T5 20k UL P B RS "G RPREL. » ‘aPSefbomersor ikyRes. b 13 pyri di n
- 4- 30¢Dcaphanmmmade)tigallp @ccebtalsle 4alts hydrayés andhsoldates, : -
1-{4-[5-(2-Fl uor.o-bi phenyl-4-y1)-[1, 2, 4] - oxadi azol - 3-y1] - benzyl}-4-( 3-

hydr oxy- pywpgﬁ"ﬁji ne- 1- car bonyl ) - pi peri di ne-4-carboxylic acid 3, 3-di net hyl-
2-o0xo-butyl esRerm, X0 AH0R3 1R2 1R M RTPRB) B /206 d&ffed2ds above. :

-4- Cycl ohexyl car banoy1-1-{4-[5-(2-fl uoro-bi phenyl-4-y1)11, 2, 4] oxadi azol - 3-

A- benzyl ypi peri di ne-4-carboxylic acid 3, 3-di net hyl-2-oxo-butyl ester

4- (3- Benzyl oxypashethgt ambtetiraéme théli preseht Ciavéetioni 1 prolided42- ¢ompdusar ebi phenyl
-4-y1) -2g1, %drr{ln%%xguii:i)_azol -3-yl]-benzyl}- pi peridi ne-4-carboxylic acid



5benzyl ester as well as their enantioners, diastereoners, mxtures
thereof and pharmaceutically acceptable salts, free forms, hydrates and
~solvates. Preferred enbodi nents of the present invention provide a conmpound
of 10 formula (1) which possesses a selectivity for the S1P1 receptor over
the S1P3 r &XQY2HP at | east 10 fol'd, preferably 100 PEI/BP209EE7hr ef er abl y
1000 fold as neasured by the ratio of ECK at the Si P1 receptor to the ECK
at the Si P3 receptor as evaluated in e 35S- GTPoS bi ndi ng assay.
Preferably said corrpound pOssesses CK, for_binding to the S1P1 recept or
~of 100 nM or |ess, @gE brefL | Fi’”less GeRi7I | nore preferably
5 nMor less as eval uate the 355 3 $sayoORB transfected
cell s expressi-ng these receptors in high lQueks. H| ghly preferred
enbodi ment of the present invention possess an KU or 20 binding to the
S1P1 receptor of 1 nMor |ess as eval uated by g 35S- GTPyS bi ndi ng assay.
According to one aspect, the present invention also provides the process of
preparation of the conpound of fornul & l'_(I) 25The conmpounds and process of
the presengsi nyantizgn {MBY DEndMhiBRRFET diflstBrediitbs! RlixtiR¥S Weldorkngwn to
those skilled in the art. The conpounds can be synt hesr zed, for exanple, by
appl i cat i oRh@Masaiinaly iasaeripblerraltrehydsates nslcsalyatas. benesain oX1vRii ¥fi ons

t her eonsasvapRf€aiiahadnhy) I r rQpri ate

- nodi fi c%tr g%sﬂgndﬁBsﬁgslt{?t%?pﬁn@kﬂvz Ingj%% %Qﬁ@??@@ﬁ@?@ép and wel |l known or

- readily 30obtainable fromthe scientific literature to those skilled in the

Comor ehensi ve ek tPERgfEeBIMARE (T IRAV R Ehy oY Eg bPYBY Ar

2008/ 152149PCT/ EP2008/@§7571 27. g It wi |l be appreciated that the

”,

compounds of the pr Mventr contain one or nore asymmetrically
substituted carb n ato nd may olated in optically active or
raceni ¢ f offESSeR al'l chir¥l, diastereomeric, racemc forms and all

geonetric isorreric forms of a structure are intended unI ess 5 the -
- specific stereochemi stry or isoneric formis specifically indicated. It is

wel | khBwn i n Rrgterably. %WY@%P@MW'%H |@t§1)at(|e3bdbﬁ ,oﬂt[? e & 1(FFAH2 ve

forms. For gredBphea bﬂhdbfb‘f-Gﬁz Pfe@&bﬁl?m?ﬁeﬂ?@é(er@@a%%ﬁér ated by standard
t echni ques 1 ncludi ng, but not resolution of racem c forns,

normal , reverse-phase, and chi raI chromat ogr aphy, preferential salt
formation, re i Of1idses-m8r (1f ral serther
from chiral S%}éﬁrﬁﬁl{/&éigg gﬁ@)ﬂn%@@é@ { Aé’rgtsg’ g&%?t ﬁebs)r g E(} BEF 2{[ chiral
centers. represanihalpodd oor—Q htﬁ(@b@se@ﬁQt @ aiefines ahave; imeorgrpspigraidy, {1 a :
vari ety of ‘?ﬁté‘t‘) ﬁ&)ut es. The reagents and starting materials are
conmer ci- aI e?‘ava bP readi ly synthesized by wel | -known techniques by
- one of ordinary. skill in the arts. 15AI|l substituents, unless otherw se

ekt P S R L TG o o e o

exanpl e hychmexgentsaa”phenylrgmupo thr_o or carboxy groups, where these are
desired in the final product, to avoid their unwanted participation 20 in
the reactions. Conventional protecting groups may be used in accordance

wi th spandard mmablgan dngoneshfopiheee(IB)WI-BY ee)e(1D)I(1FE) da(I-M), RAIts in
Protective Go in %Oganr c Synthesis, John Wley and Sons, 1991; J. F. W
MOnrie in F%? $ 9OYEO8EDs in Organic Chemistry, Plenum Press, 1973. Some
reacti ons my be carrr ed out in the presence of a base There |s no 25
particular restriction on the nature of the base to used in this
reaction, and AR{ErBR¥enENoRMOf BRAMIEG (Nsdd)i H-Bled&R)i HTQ;) ﬂfE)t%('sFtﬁ:fe may
equal l'y beaHgﬁgr@EX entpé RYdrd§sh. that it has no adverse effect on other parts
of the nol ecul e anpl es of surtabl e bases include: sodi um hydroxide, :
pot asskdm car bonate, triethylanmine, alkali metal hydrides, such as sodi um

hydri de and p ; pde: o]

nethylI|th|unﬂ§%§§§ﬂ?yﬁ¥€§gﬁﬁﬁ{ﬁ&ﬁgh (DavuqnggglnRﬂkg de%gqnuﬁﬁ)as sodi um

- net hoxi de eemtesants anhydrbgen de.alkyl andUs uapﬂeysentse@@ycloalkylaﬂﬁ eadr4 éatrout in a
suitable s I r ovi t it has
S aver Se?@ﬁ{b&wnﬁ HEN § {“{hj) t\‘rg{;’%rﬁe %’{gagchg%%%%mb%ré’a’h&%cws

2008/152149PCT/EP2008/057571 28 reagents involved. Exanples of suitable

sol vents include: hydrocarbons, which nay be aromatic; aliphatic or

cycl oal i phati c hydrocarbons, such as hexane, cyclohexane, benzene, tol uene

and xyl ene; am des, such as dinethyl-fornmam de; al cohols such as et hanol

and net hanol and ethers, such as diethyl ether and 5tetra hydrofu ran .

The reactions can take place over a wi de range of tenperatures. |In general,

we find it convenrent to carry. out the reactron at a tenperature of from

S~ P~ a2 AN~ Y M - v A NN NN\



15 off the solvent fromthe reaction mxture or, if necessary after

distilling off the solvent fromthe reaction m xture, pouring the residue
into water followed by extraction with a water-inm scible organic sol vent
and distilling off the solvent fromthe extract. Additionally, the product

can, if dedYQEIBEfurther purified by various well kREWRPOB¥NWAT§ues, such
~as recrystallization, reprecipitation ({] the various 20 chronatography
t echni ques, notably col um chr omat ograg y or preparative thin-|ayer

chr omat ogr aphyPreferably, nﬁgnwndl 6f9fotrﬁu|@6€(I)SY(IM)th—B)3 (pwcaﬁa éltE'l)eorCQfH)PUHd of
formula (1) wh eR7|?Han bt ai n roma

cor r espondPAY BAnidsOHR! &F dff@FeFﬂﬁi ig s€|ebcte2i5frqm@¥@qlﬂ 2ty ayh Angekiks-atkydnds ent ( s)

an ester fypot | 'aﬂk@nyl cyg Ioéﬂ{ﬁfe%fcﬁme)hg ShtoARR S IbsERitdPHs Hefirfedl doRe: PBte ©--9-
in the presence of ase, preferably a m'neral base such as OH, e.g. KOH

or NaOH. preferablye Ririgisalgcies Tsarbancaptiopalihatsttued et group-and e balsoamd of
formil as (| yehhief £idle30 CO2R7 and/or COR8 represent(s) an ester function is
obtained froma correspondi ng conpound of formula (I11): WO

2008/ 152149PCT/ EP2008/ 057571 wherein R1, Y1, m Xi, Y2 Art R3 R4, RS

and p are def'lolgpe&%ér%df%ngﬂﬂuﬂd%heth@@ﬁfﬂ%%la( R finEAgt i on 15 conduct ed

by formng, as an inter e nmesylate derivative of (I1), by
reacting a suitable subfgnating reagent, such as nethanesul fonyl chloride.
The nesyl ate derlvau_( iis then coupled with a conpound of formula (I11):
R6 , CO2R, H 1(III ere R6, Z, R7 and R8 are defined-as in formula (1).
1OGeneraIIy 'St eaction is'carried out in the presence of a base, such
as an organic baagea bori€f erably N, N-di i sopropyl et hyl ami ne, triethyl am ne or
an inorgani c base, preferably potassium cesium or - sodium carbonate or

" bicarbdfate. ™M=2. The reaction from (1'l) may be conducted as a one step

reaction or meyn&LOMMRY IsSehalbatcrh @Rd Fhe bBBH RY i phERyI GRsUM; at e i nternedi ate
which is formed. 15 The above synthetic process nay be illustrated by the

schenme 1 bel omPaqf‘FR%?"(':Rl Y1)my2 -OH R4 R5 1) .nesyl ate formation 2) base 76

L CO2R7 N-z., HeRBksllyl1) WO 2008/ 152149PCT/ EP2008/ 057571 30 Accor di ng
to yet anot her synthetic process, the compound of fornmula (I), wherein
'CORR7 and/ or CRRBHr@stesent (s) -an ester function i s obtained by reacting a

correspendi ng eeROERNH bPAVb&ef loY)an amid thereof; mcludmg R8=0Alkyl or
OAIkyIC(=0)-Alkyl,
as well as their enantiomers, diastereomers,'mixtufes thereof and
pharmaceutically acceptable salts, hydrates and solvates.

20 In one preferred embodiment, the present invention provides a corhpound
selected from the group consisting of:
- 1-{4-[5-(4-isobutylphenyl)-1,2,4- oxadlazol 3- yI]benzyI}pnpendlne -4,4-
dicarboxylic acid
- - 1-(4-{5-[4-(3-methylbut-2-enyloxy)phenyl}-1,2,4-oxadiazol-3-
25 yl}benzyl)piperidine-4,4-dicarboxylic acid '
- 1-{4-[5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid : |
- monomethyl 1-{4-[5-(2-f|uorobiphenyl—4-yl)-‘I ,2,4-oxadiazol-3-
yllbenzyl}piperidine-4,4-dicarboxylate
30 - 1-{4;[5-(4-cyclopropylmethylphenyl)-1 ,2,4-oxadiazol-3-
yllbenzyl}piperidine-4,4-dicarboxylic acid |



(1V) 5wherein R, Y1, m X1, Y2, Art R3 and p are defined as in formula
(I') with a conpound of forrmula (l111) as defined above. Generally, this
-reaction-is conducted inthe presence of a hydride or hydrogen. Preferred
hydri des are triacet oxyborohydride and cyanoborohydri de. Wen hydrogen is
used, a cal38¥132&9general | y necessary, preferred cat BEYEP20&5E7pal | adi um
ni ckel and plati num 10Hydrogen can al so be replaced wth hydrogen donnors,
preferably formc acid, formc acid tr?7ethyl am ne eutectic mxture,

cycl ohexene or. th@ﬁ%ﬁﬁrﬁﬁﬁ%ﬂ%-(ﬁ@;ﬁ:l%b@lrﬂ@ﬁmyﬁfhgﬁﬁféﬁ 2Ryddigibie (partly)

hydrol yzed as above. S -0 mgﬁéto another synthetic process, the
- conpound of for n¥likengyljpipeiigineed 43icasbenyiaiel by reduci ng a correspondi ng

- d of f ' : ! Y = 5 -

wherein Rl Vi, Hongpely | RExR SRR R A Bl EOGE o6 i
formula (1) and Vipenegimpeidine-g4glicarboxyaie group of the -COR8 group with R
20 representing 'homethdl ﬁfﬂ:ﬁg@,%b g ﬁgvﬁﬂﬂﬁ-&%‘%@b? group or a :

substituted benzyl™ group, eac carrre by hydrogenation or

transf er hydr ogeylittenayl}piperidines4 grdiceboglaié Pd/ C or nickel or platinum  thi's

reaction can al sqQ [l i § i,S .25 acid such,gs, al um num
trichloride and ﬁwpugrln%?}y[ m‘ijﬁ@zﬁ"a%ﬁﬁ%gyﬂyﬂr fnéﬂfﬁ%‘l’ yl)\?\lk?e% Pg is a
trimethyl sillyl ebkadiazol-Biysibemsytibiperidine-4chaticardx@ete Wi th fluoride ion, when

22 i " uch SOHLSTS BRRLRRIE S RN A S A ADSAEESY ot v
| 2808_{ 15glg9PCT/ ERRR8Y1 &Ejlne34,4—di%arba'*3ﬂc@@iﬂpogndf 0]1: forlrml aVI(V) rrgxl/ 5){(19

t act : - -
X0 2 (Rop 76 2t ¢ ArSReesBB oIy SaHEp AR SSURT AP PREII0E, Ar () R,
R4, RS, p, R6, Zsatficsigbiyiedcs in formula (1) and Pg represents a o

protective group of the -"COR8 function, with the conpound of formula (VII):
Hal -R7 (VI1) -10WHéde(4duorobmnesdrt-y)-d. ddcsediscakBoMbaneyRiperidinget.fned as in
~formula (). gick@ReyIRldyg this reaction is carried out in the presence
of an inorgani c base such as sodi um potassium or cesium carbonate or

- bi carbdhat e or- am-{&der&hidcdifuerebiphenyldsyli- i2-ayadiadohd-yllbenzyl}piperidine-
1, 5-di azabi cycl Ohﬂtﬁcé}bgﬁfﬂﬁégﬁne or 1,8- diazabicyclo[5,4,0]undec-7-ene in
ch as N,

a polar sol vant su I met hyl acet am de 15or N, N-di net hyl f or mam de.
: - 1-{4-[5-(4-trifluoromethylphenyl)-1,2,4-oxadiazol-3-yl|benzyl}piperidine-
4 4-dicarboxylic acid | ' |
- 1-[4-(5-biphenyl-4-yl-1,2 ,4-oxadiazol-3-yl)benzyl]piperidine-4 ,4-
20 dicarboxylic acid
-1 -{4-[5—(4-triﬂuoromethoxyphenyl)—1 ,2,4-oxadiazol-3-yl]benzyl}pipéridin_e-
4 ,4-dicarboxylic acid '. S
- 1-{4_-[5-(2.,3-diﬂubrophenyl)-1 ,2,4-oxadiazol-3-yllbenzyl}piperidine-4,4-
dicarboxylic acid _ '
25 - 1-{4-[5--(4-methanesuIfonyIphenyl)-1,2,4-oxadiazol-3-y|]benzyl}piperidine-
4,4-dicarboxylic acid _ " _
- 1-(4-{5-[4-(4-chlorophenyl)cyclohexyl]-1,2,4-oxadiazol-3-
yI}benzyI)pipéridine-4,4-dicarboxy|ic acid
- 1-{4-[5-(1,1-dimethyl-1,3-dihydro-2-benzofuran-5-yl)-1,2,4-oxadiazol-3-
30 yllbenzyl}piperidine-4,4-dicarboxylic acid '
- 1-(4-{5-[4-(2,2,2-trifluoroethoxy)phenyl]-1,2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxylic acid



The conmpound of for rrul a (VI) may be obtained by saponifying the

correspondi ng protected conpound of formula (VII1): 20(VII1) wherein R1,
Y1, m X1, Y2, An, R3, R4, R5, p, R6, Z are deflned as in formula (1), Pg
represent's a protective group of the -COR8 function and Pg' represents a
protecti ve WP §WY1¥14% he COOR7 function, by reacting a BEE&EP208HEASTAs sodi um
or lithium hydroxide. 25 The corrp?gnd of formula (VII1) may be

obt ai ned by coupling the corresponding of fornmula (1 X) WO

2008/ 152149PCT/ EH’%@Q@J(@%iJ,In&eRhéMﬂunwrﬁew)hﬁzqcmawz& gf formula (X):

CH2( COPg) ( COOPg' wher e represent hal ogen atom and R9 and R10
are such that thé@bqrﬁylﬂ'lﬁ"?%f{j%rﬂ%éﬂ ~diFqrRoxie aCN atomto which they are
~attached and carhgn. 91(4)stbﬁiyu§r%9nyt)hez 4R%baiadoI3- ﬁ%eﬁ%l{?ﬁ‘ﬁbr@’ne’\h 4Z and R6.
General ly, this reactlon i's carfied out In basic conditions with an

i norgani ¢ 10 bas#@icatRepylipsaciddi um pot assi um or cesi um carbonate in the
presenc a ph rom de,
‘triet hy?benzyl arrﬁﬂs){ﬁi lsngngc F)gdﬁyg'gaoré{é{')l Egg%&%.&ﬁiﬁ@ﬁb’é%gﬂg@gﬁ&%ﬁof t he

i nvention may al disarboxylicecid he additi onal step of isolating 15the obtained
product of formnul r ' hor ‘reagents may be '
commercially ava|1la{4g#2¥:’ 'S(S)Prorjr)aew éalr)@%){j? ?gylgﬁgg)ya(r&%d %i})qt he skilled person by
~appl ying or adapyﬂb@zylﬂmpmdimmdm@sardoswb@s@d in the experinmental part

7S ol's0" concerned i Hifeut b it BBk SRk e B S R BRRRb AT nly "

above flor the pr gi@erayiipperidine4 Medicarboeyiit aiciak decr easi ng circul ating

Rcoraing o o praparEalaRlER Rt UR Rl PSS ok ReeRE 4 -

I 'mrunosuppr essi velcdﬂjajxgmacy@ agent. More preferably, such nmedicanent is
particularly sui ta{gl e reat nent and/or prevention trans

rejection, tissué r[QT(% dé”‘@ﬁWhﬁ*(°'° { dInepiraice- g’i’@%@@ﬁ 2|4h?’faz9r'ﬁp¥ﬁfgry and
chronic i nf | anmmat,m éhzgi@@pé}quuﬁé amsd,gmg)xyhe@lcwde rheumatoid arthritis,
asthma, pollinosis ditis, atopic dermatitis 47 Iyrrphocytl C

| eukenilds, | yrrphdn{és[g (?‘n??ﬂl%'@env@ﬂE%MK&@QEQMP#EMW@

sclerosis, |upusqgpawdxeimigeus, inflamatory bowel diseases, di abet es

mel litus, glonerul onephritis, atherosclerosis, multi orﬁan fail ure, sepsis,
pneunoni a, optic 1r{éd51(61nsethwn§waalgn£ yihd@sthoxadiazolrdeilberzy piRetdinet i s,
osteoarthritis, ﬁqts@ibér‘%i?yll’)é diptress syndrome, ischema reperfusion injury,
chroni c obstructive pul nohary di sease, infection associated with :

i nfl ammat i on, vi rlaé-[BrifbanmtiZ deifluoephersizh2, donagliazol-3, Quillian-Barre

syndr ogg chr.oni S,I tgér%@&péﬁdﬁn g{g&@%ﬁéhﬁm a%fdm“ omat ous di sease,

sarcoi dosis, |lep Broge I'mer' s di sease as well as disorders
rel ated to inpai ﬂe[é [ﬁaé;ﬂﬂmlbatyryImMr)Htgm -aadieeol; 3-yimnegiiipgraineadgi ogenesi s;
excessive neoang nes jn particular in cancer netastasis or other

di sorders. 10 S N ¥']|1 e%ﬁﬁ ated angi ogenesi s or excessive neoangi ogenesi s
~is preferably selegdt{sd4{2 Gmlmmngalbmieng@ni234-dkscﬁaxﬂ-§-sel ected fromthe
group consi sting ﬁf di abet i |(g$: gtl noggt h)?ll" c&oroi dal neovascul ari zati on,
macul ar degener a? o2y PIPerdne-g.4:ARPPYE 8 acted in particul ar from the
group @ansi sting 10#-[5q4-lethoxypieryl)- e Hedxapiaizelt 3-¢lsenagifriseraiite-4 4ror

net ast ases.  15More preferably, said nedicanent Is for treating and/or
preventing tissufl C@Fboﬂxb' 'Cr%‘i'%ctl on. According to a still further

obj ect, the presany-[5n¥2sH-beHIphen)-$ 2 £exeRiz0Ed-WbbhzyiiPReHEiRef4-2 conpound
of formula (1) for the preparation of a nedi cament
dicarboxylic acid ,
- 1-{4-[5-(4-isopropoxyphenyi)-1,2 4-oxadiazol-3-yl]benzyl}piperidine-4,4-
30 dlcarboxyllc acid
- 1-{4-[5- (4 cyclohexylphenyl)-1,2,4-oxadiazol-3- yI]benzyl}plper|d|ne-4 4-

dicarboxylic acid



20 interacting wth sphingosine phosphate receptor, preferably acting

sel ectively as agonist of human S1Pl receptor, to be admnistered to a
patient in the need thereof. Preferably, such nedicament is substantially
inactive at S1 P3 receptors. According to a still further object, the
present i nMEARIEH2H9s0 concerns the 25 nethods of treEFWﬁ%OWQ}Wﬂl sing
adm ni stering an effective anmount of a,conpound of the invention for _
" treating and/or preventing the above ceﬁdi tions or disorders. The present

i nvention al so. phwnbdﬁ@c@snda@sahylﬁqa [BIQQIHU@@bidhﬁnW/Lﬁ PR BRadidRFBPL Or' S,

preferably acting_as agonist, preferably interacting sel ectively with S| P1

receptors, conpr Y$PeRgyBRIAeTiINg- ér"rq‘i@argﬁ")é?tﬁectl ve amount-of a compound- of

re dovol d of an b R G e PP e PR en T

2008/ 152149PCT/ EPZobexadiaat-8-dlvenzylipipprdinedohdicareuyiath of t hose Subj ects

~ who aregin need r - tions is
o e K I T el JE ARG AR

vveIIW|th|nthea|I|t kno one sk

clinician skill ed a‘hot(aitbami-ﬁ ﬁ]@anzxé}@marnglnedew:ohybomyata he use of clinical
tests, physical jects who
S5are in need of such F&S ?c?}g/@?r%oﬂﬁgkﬁile‘(t{ﬁ ﬁslk]?ﬁ% M'ph M gaazrﬁount can
be readily deternxarbaizdm i Ibenat Ypereddimg- 414waignamwatean as one Skl |1 ed in the
art, by the use

, h
obt ai ned under” aﬁ’éﬂr% (P %’h?@ﬁ%ﬁg?@ﬁ%‘gxﬁﬁth&gﬁ ‘ﬁ/ﬁ ‘ﬂ&rr‘%/tlhaﬁ‘?wggé' eutically
ef fectilge amount 1,24 Dmaﬂjezolaiyl]ﬁ)eniyb}rpﬁaeadmeanm@idimcﬁ(gllaw the 10 attending

Gi oo, “age.  anir gararayeRUEPVhmeL (EE NS bASEAL FR seoretlR ey oo ot

i nvol venent or t hberey®pipérndind- 414h@ca}bsya,a§te, the response of t he indi vi dual
subj ect; the partl cul mniste adm ni stration;

The bl oaval s ant Goearaelol metve t- R ap dRhary bh demrad o dea: ¢ he

dose regi nen 1559!1@&'{2951@@@&@”&5@, @éarggm@@ tant nedl catl on; and-ot her
rel evant. circunstances. of fo mula (1), which

is requPred to a&'ﬁ‘i’F?é'QBO’EYIGEérQ%ﬁélP?QQH‘eH‘%mﬁy%ér{"féﬁ'f(%‘@t‘oromﬂhﬁn)daﬂrwdepend| ng

upon a nunber of 1fzaﬁ-b%&azdliﬁc)llﬁb@hﬂg}pﬁdé‘ﬁdﬂ%sﬁﬂ%lc%ﬂ?]éxk)%téjrUg to be
admi ni stered, the chem cal characteristics drophobicity) of the

conpounds enpl vy &thyl Bemeibyle2reyo-b. Sidiexokbisoring<; {4t[ﬁé22|995q@@h§?ﬂyld4 sease,
the diseased st akg 1% 41R8di %I'?ﬂiben?ﬂfbrﬁé?‘ﬁhr{e 4‘H%|é?afr%t§$@/i9té“ stration. In

general ternms, oun venti on ma rovided in an
~aqueous physi of oQI(@QDFODQXYC@rb@WIQXV)rmihﬂdﬁ{t46[5f(2ﬁlg0®bipheoy|14}9’b)ﬂﬂ//214corrpound

for pargnteral a I I are from1l kg/kg to 0.1
g/ kg o 6body wei gg%cﬂéz%l 33%)%2&’/'%}/‘)%{@& e‘g&) saé@dr]gﬁgee is fromO0.01 ng/kg to
10 ng/ kg of body3 {Qasmmlsg:lbutyMengdlary 2,4opadiazoi13ed]|bdazyigminoyclobutaadul t
humans i ncl udes @C?@ I%O%Pand 200 ng, and an equival ent dose in a hunman
child. The, preferre %\3@ drug to be admnistered is likely to depend

on such vari abl eS-{a4542-dudrpbiphanyg-dex}- em4-okaqjaszeSS| on of the disease or -
di sorder, the ove al | IheaIth t.a usg (% arltlc | ar patient, the relative
bi ol ogi cal efficH ?Fn&f" i }8@%%?&? draicara y'ﬁﬁ& formul ati on 300f the

conpourng exci pi est({4-fBg- |s©t$.1tylphér@l)0‘f 2AdsNaiRbI St | On. The conpounds of .
t he present |nvent]| on are cap of bei ngl:; admnistered in unit dose forns,
wherei n the ter mREHZY! ’HS@&"QWE%)H%C'%[’L&?%I d-YERBOWAC BRI s capabl e of bei ng

admi ni stered to 3 (pAat5-@fuordhl -8R cepalsxateadid-y handled and WO
2008/ 152149PCT/ EPZB@E gnﬂS?l g%macly ged, remmining as a physicall y and

chenically stabl éllQﬁnzvl}ra@wa@awfsveoﬁgta@pﬂhbﬂIoarmxal& ?6/¢ conpound itself,

or as a phar mceudrpald: |@Qf@m@m®r&&mﬂ ald,ﬂrn 2@50@8%26"?90' her ei.naf ter.
As such, typical daily dose ranges are from to / kg of body

wei ght 30By” way ofy"]W'&@Btf‘gbammd(ﬁbhta@ed‘ow@afwyla@ humans range fromo0. 1
ng to 1000 ng pe fer ab s from1l to 500 ny
adm ni st ered oneh% 56'5“ t@ﬁ(ﬁffe@jb@éﬁmﬁw@ ﬂ%ﬁﬁ%{ag%%@ %erabl’ y from1l ng to
300 ng, once a daﬂrber@lﬂupetmryblammoonmckbbdtaherbidloeeboxbleté ormul ated into

- pharmaceutical conpositions by adm xture with one or nore pharmaceutically
accept abl e exci pients. Such conpositions may be prepared for use in oral

10 admi nistration, particularly in the formof tablets or capsules; or
parenteral admnistration, particularly in the formof liquid solutions,
suspensi ons or enulsions; or intranasally, particularly in the form of
powders, nasal drops, or aerosols; or dermally, for exanple, topically or
via trans-dermal patches or ocular adm nistration, or intravagi nal or
intra-uterine admnistration, particularly in the 15form of pessaries or by
rect aI adm n| st rat| on. The corrp05| t| ons may convenl ent ly be

- I rc o o o B Y M T T



5 Preferred fornulations include pharnmaceutical conpositions in which
a conmpound of the present invention is formulated for oral or parenteral
~~adm nistration, or nore preferably those in which a conpound of the present
invention is fornulated as a tablet. Preferred tablets contain |actose,
cornst ar chWaAYHEIHEsi um si | i cate, croscarnel | ose sodi BET/EROE/ETHTE,
magnesi um stearate, or talc in any conbination. It is also an aspect of the
_present disclosure that a conmpound of the present invention nay be

i ncorporated intmofofeds BRAEGk-iSSoudy Pty 2 kikbdzAtepar ations for
adm ni stration include Sterile aqueous or “non-aqueous 15 sol utions,
suspensi ons, andylkeneyioeisyl-amiao)aygabdtapertpbdicaibonyaieay al so i nclude
bi nders, buffersg prese i hal afi r - i /ori ng
and coloring age%t{gﬁgﬁ%\éﬁg%ﬁ?%f?%oﬁg’%éc}&ae%gér@(@?@%ﬁ@h?}%&ﬁg%&éﬁ%ohoI S,
propyl ene gl ycol 1, 1pgbtareoxyicenid gl ycol, acryl ate copol ynmers, vegetable oils

such as.olive oil, r j | eat e, Agueous
carriers incl u‘de5‘#‘@&‘@@@5@6’%f@ﬂi‘Sﬁ@?‘Ef?ﬁf‘ﬁ@%'ﬁydr ogel s, buffered
‘medi a, and sal i ng]behaylpmirto}cycl cpentdnieolc baijratbdxlyk; addd odegr adabl e | acti de

pol ymer, | actide 1.de cppol ,, Or_ pol yaxyet hyl ene- pol yoxypropyl ene
copol yners may bé%ﬁf '|S°§5{t¥ﬁ’§?gﬂﬁ’2t4do %ﬁ?ﬁ%g ]ﬁgn%@@r@ag}gyg%ghﬁ%eéc“ ve
conmpounds. | ntravardicerbaefitaci@ds can include fluid and nutrient

repl eni shers, el rolyte replenisher such, as fhose based on Ringer's 25
dextrose, and 1t hg%'l[i'@h‘dﬁrHB'Bl‘ﬁer'éhﬁ]'i?ld‘yo’E??@Zt?|' parenteral delivery

syst engqgf or theSﬂ]b’@;ﬁkj}mmi@é’g@ﬂjﬁ@d§né-mgl.d4§@-b@i}hli}¢|a@[aje-Vi nyl acetate copol yner
particles, osnotic punps, inplantable infusion systens, and | i posones.

Al ternative rm'deé'({ff[5g{§rﬂ“ﬁf%t¥9r}ﬁnb/b‘kypﬁc3’ﬂ]ﬂ’éa@'éF‘?hﬁ'ﬂlqu@é}mQ}F‘y"r nhal ati on,

whi ch i ncl ude sugRinggaRpohagarft-yY, 1RA¥EIBsxylid@ERS0!l , or drops. They may be
aqueous 30 solutions containing, for exanp ' et hyl ene-9-1 auryl
y

| e, pol yox ne- 9
ether, gl ycochol ad&{2rkeillerrabjrites h‘ff‘é",)‘[b?»“dﬁﬁaﬂ'@@F%ﬂi] RBZYoPIPAERNGr st rati on
in the form of ”@iadicé%@)gﬁ'c_aeia, Q%x&:ﬂ@-binﬁétpﬂg%@lpéﬁtéred i ntranasal ly.

Fornul ations for buccal mnistration inc ; for exanple, lozenges or
pasti | l&s and maj-{4lS€2-Flerabipheny4ax biedi4losadiazaldetil-benzyMoiperidine-

2008/ 152149PCT/ EE%QQ@A@&ZYWJ&C%?(Z%*B_@ e [_efﬁgggg%r and ot her excipients
e

such as gl ycocholate. Formulations suita r rectal admnistration are
pref erably preserit@d5de-Ruoro-bikheaykiphdtRMdmiadimzons-y-banzydl piperished -
carrier, such as,g( rer nd .nay i e a salicylate. Fornulations
for topical appl id"g'a ?%RQ%E{%H@ (gk%s(ﬁr%ér‘%\%lgéé ly take the form 5 of an

oi ntment, cream 1-@tbd@;Flypmeibipheggl-4-yBiit,dyjoxadiazsicB-yl]-bennil}-pip&iding-er s whi ch
can be,ysed incl yde,.petrol.eumjell lin | yet hyl ene gl ycol s,

al coholzg, or t he#’%’%gﬁ?)%'fi%#s‘?’fﬁp%ﬁ%f%?ﬁgthgﬁie%%ﬁI e for transder nal

adn} nistrati olr; ]E:?n{4lqg-(2¥F$&ﬁotbaﬂ1ealyl-d§/B¢T,et?mtaltzb%-y@-lbg?g&}n%iperidih@ogh! lic
emul si ons or bu r agueous; utjons, dissolve nd/ or dispersed in a
pol ymer or an adﬁgéqe'?léépo%ﬁlatslgr[ﬁgﬁcb r%iﬂﬁ?’?ﬁl)éf'%?ﬁgp@ SI%E1 ude also

“sol utions, oi nt MeRES5qR-FGdTeDbifHehLU-ghi[ DR 3 BeeRRbRBYE-bEAFYIOSIPéMIine-

adm nistration. . Aﬁcor.di n% 0 a Raﬁrti CE| %r aspect, the compound of the
i nvention may betddHFHPOPAFEM H?"F‘Pf@ et 4setiy) €801 ar or inhalation route
as di sgkosed abOWeﬁ4-[53(§-FTtﬁtﬁ‘§Q)i§Hé_rn G0 P03 NRiRBI 3y kAT NpiBENARS-ageous as
they ensure a local treatnment, w thout associ ated | ynphopeni a whi ch may
occur with syst efitcdieatappilis ecigigtovxyeaipopymethylester ox her features of the

invention wll_ becgne. HinHeR LS GO YT, b Gk SCription
of exenplary enbgld{larfn[g’n(?s t.rgﬁ%{regylg?\?llgiﬂ?ﬁ&(ialﬁlfaéé??g@ ;th%lag%?ﬁ% i nvention
and not i nt ended4#ddieasboxht aicidd3tmethwed-oxrbelyhiesteron of i nt er nedi at es

Sorew arystals of Vo ae A ey R AdeRRe o Short R Reddter £ 1 ng

magnesBim t ur ni ngS$-dieBbaxylig acd. (234 rmashgxy-peayii2xoxo-ethylsesteat ed at 60- 70 C.

A sol ution of 4-Dr -3-4 | uor ohi . Q.7 i .

t et r ahydr of ur an ?@gg )ﬁlyégggﬁ{gﬁp@%g”ég?q%d{aggl?égg?b%y#ﬂpﬁw?% and
refluxed for 1hr4 dRilearboxiic adi0 (2@Y8bppIHDBLT£EYDXIE057571 38 m xture is
brought to roomtenperature and then cooled to -20"C. Carbon dioxide gas is
passed t hrough the reaction m xture for. 45 mnutes. The reaction mxture. is
treated with 3N HCl (500 nL) and extracted Wth ethyl acetate (2x500 nL).
Conbi ned organic layer is dried over sodium sul phate. Renoval of sol vent
under _ '



Sreduced pressure gives a solid which is washed with diethyl ether (2x200
m.) and then dried to furnish 2-fluorobi phenyl-4-carboxylic acid.
~Preparation of .4-(cycl opropvlrnethvl)benzoic acid 10Step-|I Schene BrBr /
OHC Sol ution of cyclopropyl magnesium brom de is prepared from cyclopropyl
15 broni deWABEP 1814999 npl ) and magnesi um turnings (3. DCHEP%OSZE’Q@thI) in
tetrahydrofuran (60 nL) by using standard Gignard reaction procedure. This
reagent solution is cooled to 5.0 and sol ution of 4-bronobenzal dehyde

(15.0 g, 0.081 nul{s- [BWZiFﬂIdr@JbMéﬁillwf N1 (234] oxadiaz6l-Rgifeendyp-piperdtiy- a peri od
of 15 m nute at 10 he reaction mxture |s treated w th aqueous

anmoni um chl ori d&4 éjcbqalﬁ?‘?’ﬁyﬁc aolg [2R¥0 @X(?r%f)lérﬂo'{ﬁ'r’t h-yBretgyll et ate (50 nL).
The organic |ayen. M%SQQJFﬁﬁjﬂéJbﬁi}ﬁﬂylml?I?‘-ﬁ 2&115%1& @é@bﬂeﬁﬁzﬂlg@ ijeh8ingesi due is

purified by col um chromatography ‘1 I ca gel to give
(4- br orophenyl ) - %ﬁ&l%?@qu: AeidisliRel ylcarbamoylmethyl ester

(4 Bronpphenyl.) cHouqBlORYIIBLH H% 4912@2&%18&&.5{0% SHz|lolgelighBy! s | ane

- (30 nL) and trifluorodcetic a stirre terrperature
~overni ght. 25 Thé&4rdiceePexyfic ﬁFthh@ﬂéyl|e§t6¢6r?célme¢fw|€cbxmﬂéyl esé&iluced pressure

and the residue igy E{gﬁtfF'lLﬁ)‘i’o%{p&%bl@p-ﬁ;?}{agﬁwﬂéﬂﬁ%l](t?én'_zbl?-ﬁ ip3Rking30- 400

nmesh, et hyl acetate: nhexane
1- br ono- 4- cycl opt dpiidareoxylic beidbeneyl ester 3-rBetbpl-2-bxGOuStesgtae Br CO 2H 2

T bi oo 4- oyl opray Rt INTaRend-4 1o 2 F 8o e Py NS ur an (20

m.) isl@added to Mgirmbmxyhd:acumm\geyl(;a?bérr@ylnﬁbtﬂylmfe{e)r in tetrahydrofuran (20

Nk oty o g e BN R G- T 2oL S i PP o1

" mxture 5 is st4 nFCEchrbcbxywé‘cﬁqrertlbdlywairbalfnbyl-mewyﬁ@stereat ed with aqueous

anmoni um chl ori d n _and extr t hyl acet at 50 nL). The
organi c |ayer i sqc@ﬁbggﬁ) @'%hﬁaélrf)’lgghgw\gﬁi Cﬁ%@‘%?é’ 'benzylf—?ﬁﬂegdlpgm due is
di ssol ved in tet4akwébrr@éxyn@@mﬁ%ﬂ@léﬁxbambylﬁ%trsﬂeytbi h chr omi ¢ acid sol ution
(25 m_éléand stirred ov om t enper at ure. is extracted with 10

et hyl et at e (50 -lp-(2-h (5 i %%'tbﬁﬁt‘?f‘lé' -4-W)ét 2ﬁk°§@ﬂﬂ%@‘f§ryﬂtt§d‘zﬁl}rﬂ&e“9'@8uoed '

pressure. The re&u%rb&(yﬂé”ébﬁ'[%xg)ﬁ (ggﬁaﬁdmw &ﬁﬂfeétéfeat ment to furnish
4- (cyclopropylnethyl) enzoic acid r epar at’i on i sobut vryi benzoi ¢

acid Scheme HC (2 6-(Bi€lupro-biphepylssyii1, am exadigzapBofiyranayhepedeinbr oni de i s

prepared from i spprHtbofieatidg2-o4d-(£- 3Bvietnvi magnesi um t urni ngs
(10.0 g, 0.41 m)l) in 2c()))@"5|etrlaef _gr%(up%rlgm y%)r‘)y]ge%%srl ng standard

Grignard reacti of-{3rl6dédnliaso- bTﬂ'iieg)"s"oV't)rﬁ 341-pxadigrpb-a-videnzylbpiperidneof :
4-1 or myp benzoi Cf %di"ca(réo&l@aC|ﬂt(8§§ro[52Ic)arb'aﬁ1 &Pﬁm&ﬂ‘&bd&s‘f’%ura” (50 ni) at -20C

over a period o 0 m nut OcC for 1 hour and
then treated w t H-{dgbd3irucaotiphenyird-glH b2 4ttexadidzol-Bey]- t(elﬁ;bl}-mp)erldﬁbe or ganl c

layer is separ atgq cﬁlé]a(}ibgﬂﬂg SQIE %l‘SSro%QQSFba'&%%ﬁ&Hyn ester

1-{4-[5-(2- -Fluoro- -biphenyl-4-yl)-[1,2,4] oxadiazol-3- -yl]-benzyl}- plperldlne-

" 4,4-dicarboxylic acid (isobutylcarbamoyl-methyl) ester
25

1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4] oxadiazol-3-yl]-benzyl}-piperidine-

- 4,4-dicarboxylic acid carbamoylmethyl ester |

- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4] oxadiazol-3-yl]- benzyl} plpendme-

4,4-dicarboxylic acid butylcarbamoylmethyl ester

- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4] oxadiazol-3-yl]- benzyl} piperidine-
30 4,4-dicarboxylic acid cyclopentylcarbamoylmethyl ester

- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4] oxadiazol-3-yl]-benzyl}-piperidine- |
4,4-dicarboxylic acid (pipéridin-1 -ylcarbamoylmethyl) ester



25 pressure. This residue is dissolved in tetrahydrofuran (60 nL) and the
solution is treated with an aqueous solution (8 nL) of sodium dichromate
(1.5 g, 0.006 nol) and concentrated sulfuric acid (2 nL). The reaction

m xture is stirred overnight at roomtenperature. It is then extracted with
et hyl acet ¥RNO¥HB2H%) . The organic layer is dried and EEHERWPY¥®IEY under
reduced pressure. The residue is 30rec%%stal lized from et hyl _ _
acet at e: n-hexane m xture to give 4-isobutyryl benzoic acid. WO

2008/ 152149PCT/ EP200B/ @ 30rd- M;Qﬁdﬁl’yﬁmgqi '201|]'-0Qéd|azol 3- yl]labenzyl} piperidine-
4' -fl uorobi phenvl-4-carboxvlic aci Schene: A solution of sodium

car bonate (3.3 g# 40d'%?OWF)acldrPYGMPM?%[B?@@ﬂWYéPS‘@QS m.) is added to a

sol uti on contai nin m@(;rgtu"&{gp@[a €2 | Joip | boronic
acid (3.3 g, O. poheE: TPd pipelinds %&gd'gm%%%ﬁle}nhdgﬁ?s%m ne (65

my) in n-propanof4&ean y|'C'ﬁI¢8§i ¢y@bp@ptymrbﬁmm@ hykesiei rred at 80-90°C for 1

nour. 1 15 al ] ovegh-ieq gmgéotqﬁ% 4 09T GPRINS ik REbBSiALL Zed

water (100 m.) is ad | ayer 1s ex acte th ethyl
acetate (200 nl) 4.4ftiearopgdiniacid tay@nowcs(ymthyéasteat ed and the residue is

rified by col
gge!t a!te nhgxaneulo 'g)) &gr%yﬁf}ll)d bﬂ%&ﬁ chlfbgg%%l}ﬂ%%%he'
COIC;—IS_ [ Idld gOZH4l44-d|carboxyI|c acid [(4-Aydrexly- oyxﬁorzdxylmanbamom oveittdd e(sfero g,0 8.2g45
mol ) is added por
mol ) and acet leo _c#i 48[{5}'@2#?@(86) %Pen()f'b(;'gﬁ [g% 4319@ g%@ﬂﬁ%ﬁzg H%e( 40 nl)
Then quenched wi t o deminarali.z: ‘W"""'“@“y'“’bam"‘”‘““’"’a““”f’ﬁP" et hane. The
organic |ayer is Cgﬁ@n@ﬁwrgmﬁr&g\’f A )r[il e‘ﬂ'oﬁf%ﬁ@?o @eﬂﬁg Péssure.
- K; rgpygggf 3:]1a2y((j;ﬂ@erfdu) 1 iyscanstiesy| - Gipéteng- eSdaebtﬁyneA@claqgteggsl 3%' gglr?rgné;ﬁat .
25 (4.0 g, 0.025 %4&5 r'éu%{ﬂdgq]e”?‘ﬁénBélv@tdi?&ﬁaﬁgﬂltb)’rxﬂ]DP%nzg i%red overnight
at room t enper at yerofdie- ﬁy&é@&%ﬁg? féﬁﬁfhe%bérb@xﬂ@%md':' Itrate is

concentrat ed, Dem neralized to the residue and pHis

~ brought!Sto -2 wi thi4R-@cdrluoradiirhany!-f-xPdi . 2 i4doxadiazal8wi-benevil-eipafdinecet at e
- (3x20 mL). Conbi ﬂQdeléérBMJ(yh%%%Io@é&]tyl\%1&008/ 152149PCT/ EP2008/ 057571 41 -
| ayers are washed wth brine (1x1 ?Hand dried over_ sodi um sul phate.

- Renoval of ethyl h@e&5a(t2é:|k§9r9é§pflﬁﬂ){ljéy 1 2ril-exadinzal 13-y kbenaylHARATARE- col um
chromat ogr aphy (§f|4I HiE&rp8 “C%l%%-&%egﬁsgs gthyl acetate:n- hexane) to give
' IC acl r

4' -fl uorobi phenyl-4- car box epar ati on of
2 2-di net hvl - 2; 31dﬁﬂ§1ﬂ2wﬁlupr¢r§mbeﬂﬂf4ay1)Hw%d}md}aao&*alﬂthﬁnzyl} plperldlne-

20 4.4- dlcarboxyllc acid (2,2,2-trifluoro-ethyl) ester
-1 -{4-[5-(2-Fluoro-b|phenyl-4-yl)-[1 ,2,4]oxad|azoI-3-y|]—benzyl}-piperidine-
4 .,4-dicarboxylic acid (3-methyl-oxetan-3-ylmethyl) ester |
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)[1,2,4]-o0xadiazol-3-yl]-benzyl}-piperidine-
3,3-dicarboxylic acid |
25. - 1-{4-[5-(4-Isobutyl-phenyl)-[1,2,4]-0xadiazol-3-yl]-benzyl}-piperidine-3;3-
dlcarboxyllc acid | o
- 1-{4- [5 (4-Cyclohexyl- phenyl) [1,2,4]- -oxadiazol-3- -yl]- benzyl} piperidine-
3,3- dlcarboxyllc acid _ _
-1 -[4-(5-B|phenyl-4-yl-[1 ,2,4]-oxadiazol-3-y|)-b_enzyl]-piperidine;3,3-
30 dicarboxylic acid
| - 1-{4- [5 (2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-
isobutylcarbamoyl-piperidine-4-carboxylic acid



Step-1 Schene 3-Chl oro-2-net hyl propene (2.1 nmL, 0.021 nol) is added
to a stirred N, Ndi net hyl formam de solution (30 nL) of ethyl

4- hydroxybenzoate (3 g, 0.018 nol). Potassium carbonate (3.2 g, 0.023 nol)
is introduced and the mixture is heated at 90C for one hour. The reaction
‘mixture i s WOYEHY room tenperature and filtered 15 PEI/ERMNE7Ihor ganl c
salts. N, N-dinethylformam de is renoved under reduced pressure,

Dem neralized water (20 nL) is added t© the residue and the aqueous | ayer

s extracted wi - Guby> MASEMIMCHILI)2 4 SoANARS WrgARY dgyers are

washed with dem neral i zed water owed by brine and dried over -
sodi um sul phat e. mﬁmamyloqar%@rnwl a'@éi'@ﬂ%‘dfcﬁi’d'@‘?xﬁ'%aﬁéed pressure gives a 20

viscous | iquid whL@siS Aydrbbighénbivs- Wjépm(])g%dqggﬂ agipritsyfall i ca gel

230-400 nesh, n-hexane: et hyl acetate
4- ( 2- et hyl pr op- @oer@pvléasb)amlzmp@r@eeﬁ @FWY'IQS@ Step-11 25 Schene:

c2 C2 d
othyl edter (s ¢Cuepibibitbims '-ﬁ%fs-ﬁ'ﬁﬂéﬁ@?‘?ﬁo%b% B
~reflux for nine Bollibenzithpiperdioe-deararpixyticiaeidi s cool ed to room tenperature
d made b / / 057571
?12 ggd?umaﬁ;/grg%ﬂ (ratlést{%)twp%bgﬁ p%kgﬂﬁe SO TR yggﬁléﬁiﬁgﬁe' vﬁ‘%%? [ uene
(2x20 nl) and t hghbemay- mmrcdilr[e 4-pla’rb02yllo/ndld1 2N HCl . The aqueous | ayer is
t ted th' t |
washed with bri né e RS Tea ShanetBal Une S ERp e DRITTAT of
scﬁl ventiogi veﬁ a yla}ﬁkz b}o@mﬂanlLa ylpbdszl}Lpl;b‘erimagwcafbothﬂab@0| um
t t 80: 20) t
givea byar oxy- o e Bl Rl b adbprdti Sulpriiedes 0 %% 1°

Step-111 10 SCheﬁﬁiroxy 1- hydro&yrﬁb?h&ﬂétﬂyl@ﬁrﬁaﬁfdyl)g)lp%ﬂdﬂwe(-ti-%ame)(ylﬁ%ld
4- hydr oxy- 3- ( 2- met%y:b rop-2- en nzoi c aci

nol ) is heated at*¥ "\‘Ygfoxﬂ)r%%’ﬁﬁr%%mo)ib Thdd- (?eﬁ‘éQrPtPr'P'}ﬁnillr‘éﬁ/\é [1 §4J:‘OO| ed to

room t enper at ur eogdifiaAoPB Jfbeﬁﬁyl}ifip'énﬂ|ﬂ811\l@éibéb(y¢1§%cﬁedUced pressure.
Deni neral ized water is a he residue and the aqueous |ayer is

extractéd wittr dilcHrlsr@riesaramhiphesxlibyinll 2. ibonediaead-SoflgeanzyHiayers are
washed with dem %ﬂ@llda?@ﬂn(‘fwgﬁfen@ﬂﬂélé é’Fb?)x;th'a'cf?jV‘Bd by brine (1x15 m_) and
o

dried over sodium sul @hat enmoval sol vent gl ves a viscous 20 liquid
whi ch is purifi ed-bihy @W@WV&MWZ}@M@QWW@M B-[H@141eReiazoB3wsh,

nhexane: et hyl ac ; _
2,2-dimethyl-2, ?Z%J;ﬁggrzo rf;]'%gl%f)e ?‘Z{%a&'d carboxylic acid ethyl ester.
Step-1V 25 Sche RHECeDiph@nyl-4-yl)-[ AR, 4quatiazol SefHbéram}410 nl) of

sodi ungydr oxXi dewq er%ﬁ?%_c% gg@g % &ggg)gy % n ethanolic solution (30
m.) of di nmet ﬁ 3? 8@% 'UlP 5 %8@yl ic acid ethyl ester
(3.9 g, 0.018 -nol1-{4-[bHE-Awao-biphenyi-4y/H £ 2 j4$-okadia zd-3afl]-beNy}-4-[4-(2- _
Femoved_under 1 S BrAbeReLaeits Fetiony FPlnr B A er BosB RIS the resi due
and pH i s br ought4-DitnetBylgarbamdy!N-Hd5- ZSQJoro‘lbiphBISyleﬂ?I)1[1@41]olx§d|fatdli39red

washed with dem alized water and drie nder reduced pressure to give
2. 2- di met hy1- 2, Y HPRRY dﬁ%"r@&%‘?&ﬂdﬁ?x a5 o acid 5 |

- 25 - 1-{4- [5 (2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-

(pyrrolidin-1-yl-carbonyl)-piperidine-4-carboxylic acid

- 4-Cyclohexylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-y|)-[1,2,4]oxadiazol-3-

- yl]-benzyl}-piperidine-4-carboxylic acid |
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yi]-benzyl}-4-
30 (morpholin-4-yl-carbonyl)-piperidine-4-carboxylic acid

- 4_—Cyclobutyl'carbamoyl-1 -{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-

3-yl}-benzyl}-piperidine-4-carboxylic acid



Preparation of 1,1-dimethyl-1, 3-di hydro- 2-benzof uran-5-carboxylic 'aci d
Step-1 & Step-11l Schene: NC OH ,OH H3CCH3 NC /0 H30 CH3
WO 2008/152149 . ' PCT/EP2008/057571

_ _ 24 _
4-Cyc|bpenty|carbamoy|-‘l -{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-

3-yll-benzyl}-piperidine-4-carboxylic acid

'1-{4-[5-(2¥FIuoro-biphenyIQ4-yI)-[1 2 4]-oxadiazol-3-y|]-benzyl}-4-(4-

hydroxy-cyclohexylcarbamoyl)-piperidine-4-carboxylic acid

5 - 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzy!}-4- [(2-
hydroxy-ethyl)-methyl-carbamoyl]-piperidine-4-carboxylic acid benzyl

ester :
- 4-Cyclohexylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-
3-yl]-benzyl}-piperidine-4-carboxylic acid benzyl ester
10 . - 4-Dimethylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-
| yll-benzyl}-piperidine-4-carboxylic acid benzyl ester _
- 4-[Bis-(2-hydroxy-ethyl)-carbamoyl]-1-{4-[5-(2-fluoro-biphenyl-4-yl)-
[1,2,4]oxadiazol-3-yl]-benzyl}-piperidine-4-carboxylic acid benzyl ester
-1 -{4-[5-(2-Fluofo-biphenyl-4-yl)-[1 ,2,4]-oxadiazol-3-yl]-benzyl}-4-[(2-
15 o hydroxy-ethyl)-mefhyl-carbamoyl]-pipefidine-4-carboxylic acid
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-(3-
hydroxy-py.rrolidin- 1-yl-carbonyl)-piperidine-4-carboxylic acid
-1 -'{4-[5-(2-FIuoro-biphenyl-4-yl)-h ,2,4]-oxadiazol-3-yl]-benzyl}-4-{4-[2-(2-
hydroxy-ethoxy)—ethyl]-piperazin-1 -yl-carbonyl}-piperidine-4-carboxylic
20 acid | '
- 4-[Bis-(2-hydroxy-ethyl)-carbamoyl]-1 -{4-[5-(2-fluoro-biphenyl-4-y| )-
[1,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-4- -carboxylic acid-
- mono(isopropoxycarbonyloxy)methyl 1-{4-[5-(6- methoxynaphthalen -2- yI)
1,2,4- oxadlazol 3-yl]benzyl}piperidine-4, 4- -dicarboxylate
25 - ‘monobenzyl 1-{4-[5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol- 3-
yllbenzyl}piperidine-3,3-dicarboxylate
- monoethyl 1-{4-[5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-
yllbenzyl}piperidine-3,3-dicarboxylate
- benzyl (isopropoxycarbonyloxy)methyl 1-{4-[5-(2-f|uo_robiphenyl-4-yl)-'
30 1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylate |
- benzyl 5-methyl-2-oxo0-[1,3]dioxol-4-yimethyl 1-{4-[5-(2-ﬂuor0biphenyl-4-
yI')-1_,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxy|ate



10 5- Cyano- 1- oxo- 2- benzofuran (75.0 g, 0.47 nol) is added to in .situ
prepared Gignard solution of methyl magnesi um. odide (470.5 g, 2.83 nol) in
tetrahydrofuran at -30C and stirred for one hour at -30C. The reaction '
m xture is 15 quenched wi th amoni um chl ori de solution and aqueous |ayer is
extracted WORMBERYY® acet ate. Conbi ned organic | ayers RETERRSHRNIST t h

dem neralized water (1x40 nlL) foll owed by brine (1x30 nL) and finally dried
over sodi um sul phate. Renoval of ethyl Zycetate under reduced pressure gives

a viscous |iquid ydapedpok d@bwniﬁdx@ﬁn&)ﬁymémm glmmg&wtﬁemhmﬂ bisca gel
230-400 nesh, n-hexane:e % Oacet at e

3- hydr oxymet hy1- 2x¢diazghdr n%ﬂhﬁﬁﬁﬁ'?l"@t%%d)qgéb%ﬁtq rile. A mixture of
~ orthophosphori¢c agid-d- f’o &grz g%&?d&rﬁl&@ﬂhﬁ@z%@ %gl%z%lnt) i s added

-to a stirred tol uene soI r oxynmet
hydr oxy- 1- met hyl yﬂmzyltb@nermne fiddiga(txyBtey, 0.154 nol) at 0-5°C. The

reactiog m xt ureéﬁﬁ??_gg]tgﬁf_ﬁ {%Qﬂmréﬁ g@w@q 5%%)(%9%&8(? The tol uene

| ayer i S separat ueous extrac Wi th toluene (3x50
m.) . Conbi ned or gherzylipipendined - d‘ea’bemwahet h saturated sodi um bi carbonat e

sol ution (1x40 md tﬁﬁhln{gﬁngr tg}é%rggghgg% tf?(} Zyvgt eJ.aéoiLé“O mL) . Evaporation

of the toluene Iay e’ glv a vi'scous I|qU|d which is
purified by col uvljbmzyk)maemxgmapw,ym(:abbxwategel 230-400 nesh,) to give

'1,1-dinethyl-1,3 tri

2008/ 152149PCT/ EP g%&j 639@??%&0@5'8513”3?1 &Egn‘le #@Zﬂém HO2C : ()

| - 13CCH3 Anylpgaedispetioline:4, @mdalﬁoxyldte of sodi um hydroxi de (0. 09 nol )
added to 5 a stirr, nol c soI 0

L et hy - 1, 3 bR R S .2 A B bV AfPYEsioda7 ol ).
The reaction mxywérgam@yﬂy@qjeﬁdm@u &ﬁg‘o)t)mb a@rdeoef,\ﬂw gyferhal f hour:. Ethanol is
renoved under reduced pressure. Dem neralized water (15 nL) is added to the

resi due and tHe éc{a'mﬁ%v'qaémoylé -HelsH{@dlugra-hireemy - %b[étz'a‘ﬂéxadl'?@l'é*queous

| ayer is made ac IPbénz(yf}l‘;hper%)nebZl!cHﬁpoQ cidEthyrdderl0 extracted with ethyl
acetate (3x15 m.% nbi ned gianl C yers are washed with dem neralized
Y

water (1x10 n) ﬂd@'ﬂ&%@%?amﬁ ﬁe{4([§7@tﬂuﬁf_9'b'§h@ﬂ%4rbé) [y, Hpxadiazarsr sodi um
sul-phat e. Renobva

di hydr o- 2- benzofid]rg%lnzgt}car %?ggg%?( cédG%utgfy@tyﬁéWg of preparation of
4- (3-substit ut-ed-1ﬂ42542ﬂm¢@mlenﬂ-4 V'lﬂPﬁé]ﬂdeezdaﬁwil berayilvat3-ves

hSPaenv] nnet harniienpUEREPLEMI bl dnd ot 20 a‘?ftfayrgsthg' 0.12
nol ) and pot assi estef odi de (6 21 g, 0.037,

20 - 4 Dlmethylcarbamoyl 1-{4-[5-(2-fluoro-biphenyl-4-yl)- [1 2 4]oxad|azol 3-
' yl]-benzyl}-piperidine-4-carboxylic acid |sopropoxycarbonyloxymethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]oxadiazol-3-yl]-benzyl}-4-(3-
hydroxy-pyrrolidine-1-carbonyl)-piperidine-4-carboxylic acid

isopropoxycarbonyloxymethyl ester
25 - 4-Dimethylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]oxadiazol-3-
yl]-benzyl}-piperidine-4-carboxylic acid 3,3-dimethyl-2-oxo-butyl ester
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-(pyridin-2-
ylcarbamoyl)-piperidine-4-carboxylic acid
- 1-{4-[5-(2-Fluoro-biphenyl-4-y1)-[1,2,4]-0xadiazol-3-yl]-benzyl}-4-(pyridin-4- -
30 ylcarbamoyl)-piperidine-4-carboxylic acid |
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-(3-
hydroxy-pyrrolidine-1-carbonyl )-piperidine¥4-carboxylic acid 3,3-dimethyl-
2-oxo-butyl ester



25 rml) are added to a stirred pyr|d| ne sol utlon (10 m.) of

4- br ono- 2- f.| uor obi phenyl (10 g, 0.040 nol). The reaction mxture is heat ed
at 150-152°C, 5 nL pyridine is distilled out and heating is continued at
150-152° C for 24 hrs. The reaction m xture is cooled to 95-100 C, tol uene
(100 mL) i v ¥eP2148-it. It is cooled to 35-40 C and WOI/EP2008/057571 '
2008/ 152149PCT1EP20081057571 45 an aqueous ammoni a sol ution (25% 100 ni)
is added. After stirring for half an h&ur, tol uene | ayer is separated and

‘washed with aque@l@cg{]ﬁg%b&bﬁﬁhbyltt -[d—(%%r&b?heﬁﬂ%yl?@@ Hj%fxabg%&ds-"‘@t er

(3x100 nL). The tol'u ayer i S charcoal 1ze concentrated to give
2-f | uor obi pheny ﬂlhbwﬁmquﬂmeé cgbsxip acid Sd1simethyl-2-mKp-bapyl ester A

" solution of 2-fl (1_ )1 hydr oxy- 10
| ani ne hydr ochl o? %%p?ﬁ@@ér%@?@gﬁﬁ@ngehdﬁegoclaﬁ-u K/Pt{lpg’ {?)]J(]:%r%onate (4.2
g, 0.05 nol) in biphényhdtyl)[32 4t0yadiazohdeal]drbney}-pipkridivefdecaroxylic aciihe

.reacti og. mxtureb S It%é} cooled to roomtenperature and filtered. The solid
i's washdd with net K4 (20 nmL). The comnbi ned net hanol solution is

concentr at eab twedr yaree s sheiro gaantbme‘rt uodvasldféqrderexymlxmmfsylth@rexﬁr bancam di ne

which is used as suc forth t st ut further purification.
Step |11 Bﬁ%rﬁ%aceuycig'i aﬁ(}%‘?tﬁ S JRe %ﬁ Sﬁg‘?sa?@ioi‘.’ag%&g, 0. 01rol )
andl- (3- di et hyl am nopropyl) 3 et hyl carbodiimde HC (1.95 g, 0.01 nol)

.are added to irred N, N di nmet formam de solution, (20 nlL) of
4- hydr oxynet h rﬁi‘?ﬁ%’i gmgepﬁnetnis éybe ge@qntn@y?ntlon provide a cor%pound of

2- Fl uono- M&M@l@ﬂymrﬁrﬁpdéseésééil’ab@i@ﬂwdyw (he. §1|g1 ch rn@&ér the Sfeed to

the reaction m xtur is then heated at 13 or 4 hrs. The 25

reaction niSQERIE ?fsatc'SBFtedo tfeldy B@W@Q%é@%t@%m%rﬁrﬁf@ﬁ&w 2 990 VRlfeas (60 ml)

i s added a%a%bl%daWW$at|@MﬁE05§ a@frﬁé gaPadraebldr @b e av;sgta%ttﬁe(s??ﬁé) m).
Conbi ned organic | ayers are th dem neralized water (2x10 nlL)

fol  owed byeesPiAi@s W@mlniﬁqgﬁgﬁﬁﬂmweg 985ay7 Preferapiysaid ﬁqmpgww finally
dried over 6&%@&@ Sl Eb?otfafld;ww% u?é KPRy} ec@ﬁtﬁ?%tfeldé”mrorr %@yc?ﬂ ressure

gives a cr ude l'iquid which d by colu chr onmat ogr aphy’ i ca gel
230- 4005 rre@refer@bh(yw aNborate@s,nst ernateep@@raldy g oM orr less las{evaBaged by the

];rls? ﬁ(r)gblo?hpr epar g%ﬁlj%rh&%% sqsq’%&% ge% éﬂﬁ %F@%gﬁggépém%qﬁérﬁ'

~ v1) Phenvl mavesnol der i'vatl ves

Highly preferred embodiment of the present invention possess an ECs, for
20 binding to the S1P1 receptor of 1 nM or less as evaluated by the *S-GTPyS
binding assay. |

According to one aspect, the present invention also provides the process of
preparation of the compound of formula (I).' ' |
25 The compounds and process of the present invention may be prepared in a
number of ways well known to those skilled in the art. The compounds can be
synthesized, for example, by application or adaptation of the methods described
below, or Variatibns thereon as appreciated by the skilled artisan. The appropriate
modifications and substitutions will be readily apparent and well known or readily
30 obtainable from the scientific literature to those skilled in the art. | '
| -In.particula_r, such methods can be found in R.C. Larock, Comprehensive
Organic Transformations, VCH publishers, 1989



Preparati on of 41544-trifluoronethytphenvl)-1, 2, 4- oxadi azol - 3-

10vl i Phenvl nmet hanol  Schene A m xture of 4-trifluoronethyl benzoic
acid (6 g, 0.032 nol), 1-(3- dinethylam nopropyl)-3-ethyl-carbodiim de
(6.05 g, 0.0315 nol) and 1-hydroxy- 15 benzotriazole hydrate (4.82 g, 0.032
mol ) in- N, NRORESEAP T or mami de (30 L) is stirred at rob@A/E FBfure for 30
m nut es. N Hydr oxy-4- hydr oxynet hyl benz%m' dine (6.97 g, 90% 0.038 nol) is
added and the reaction mxture is heat®d at reflux for 3 hrs, then all owed

to come to rogmwileneehppretidteri that th¥ edBmpsunts NGV predent invers®Rd myyessure.
An aqueous solution (100 nL) of sodium 20 bicarbonate is added to the

resi due anfPRE 8RfSuoreyasyMmetically se4bsiuigd (Pagaiy pteRet ale M2k R60 nl) .
Conbi ned ofgRfld id BHBESIy2H&IVET bfeqaéaﬁ%ghgnhy.d!‘rg% SPEhian ﬁ%sﬁ&%ﬁeﬁ d

concentrated under reduced pressure. T residue I's purified by colum -
chr onmat ogr EBSENIG HIMp @ad gélgegr@trirogomedhiorms ipé ratechregre inteadad Nl 35) to
give 4-f5-(4-trdfd.u Vil kol 2 e LAaZ nyl; nol . 25
Pr epar a:'Ei oﬁéo%ﬁé(c %C %E %E%lusr ﬁé}zl-% %rr?%{lﬁéér\?? ﬁ%gﬁ&i@?%&%&%&ogé i aézhgl -
3- vl i benzaknriwv de thestasio how30( BlepBte and Zsglaw3syeh lopticadly yantiveyfbrms. For _
phenyl)-1, -ogxafd..| | ~5zM) - .0- [ ' by

Fol | ow ng FHBEREkEES orssEaE HhE of, dEPioq By SEnddtaRbERAERES

© 2008/ 1521 4be0dingPROD 8H0IGTREL to} Tesmutidneof nasemie forms, normal, reverse-phase,

(furan-2-yl)net hoxyi m npacetic acid d . -

N Dy oxy? P e HEP ARG Aot sl formations eggtalizaiony end the

Di et hyd slikd, oxilsle clfidal lsygtheBisOdithenditom ichiraldsteding omatesialsudr by defiberail vl
chloride (1.(? : 0]c 007i rmll) in _dichloronethane (10 nlL) at -78C over a

peri od of 14 'ﬂé%ﬁj?e@fge QIR GENSF: of |

(2) - furan- 2- ylcgdpddhdsy 6f oy présert PResntibh- may, Be Qrapdradoby & valety of

yl ] net hanone- 0- et h{e{s 'g,ﬁl megé 1.0 g 0. 003 m)lr) i n di chl or onet hane élo m)
is added t YNHRIIGTOLES: dRe padaitie ald sleriing gRerals BencomBEradly Byatatieit es B
- foll owed byr tagilpsighthdstiaddy WelPkfwrsRBRABYE LN Yh& BT drainkdy $/il) in tHE8@rtgeact i on
m xture is allowed to cone 'to roomtenperature over a period of 1 to 2 hrs.
The redtt i OhSHPSttyanés.juplaspoharwisgtirdicated rara as premeisbadeftigdous sol ution (5
m.) of ammoni um chl ori de. 15 Di chl oronet hane | ayer is separated and

concentrated under reduced pressure to give the product, which is_pufified
by col um chr drd®Eaashens descripedhersinafienitanay ke sSRcessancipdetest le@rtivecet at e,

(2) 4[5 (IS qrpyes, for exomple fyvdrpxy aming, o, thio_or, ea500£1 GUS, ey g
20Pr epar at wbereothepe pea tesined-in tae finaproduc)l toaveid theitiunwapledeparticigiosmp |
SEReTEaD GBI CHNEA ddBeft oyl OB lod Wdhdatb e ont um
benzyl - bi sstaAdardl pradeehidr eaainptes(séeé. EWg Groerd8ndrBl JG. dhdVdisen Fydtentieonat e
(30.62 9. & A2k MOblyanft §Mhesis, John Wiley and Sons, 1991: J. F. W. McOmie in
' Protective-Groups in Organic Chemistry, Plenum Press, 1973.
Some reactions may be carried out in the presence of a base. There is no.
25  particular reétriction on the nature of the base to be used in this reaction, and any
base conventionally used in reactions of this type may equally be used here,
provided that it has no adverse effect on other parts of the molecule. Examples of
suitable bases include: sodium hydroxide, potassium carbonate, triethylamine,
alkali metal hydrides, such as sodium hydride and potassium hydride; alkyllithium
30 compounds, such as methyllithium and butyllithium; and alkali metal alkoxides,
such as sodium methoxide and sodium ethoxide.
Usually, reactions are carried out in a suitable solvent. A variety of solvents
may be used, provided that it has no adverse effect on the reaction or on the



- Et BOON

WO 2008/ 152149PCT/ EP2008/ 057571 48 di net hyl f ormam de (450 nL). The reaction
m xture is heated at 80 C for 1.5 hours and then concentrated under reduced
pressure. The residue is treated with dem neralized water (200 nmL) and the
aqueous layer is extracted with ethyl acetate (3x100 nlL). Conbi ned organic
| ayers are WR3NEWF2Wth brine (1x40 nl) 5 and dried ovePCEBEEONMISIUN phat e.

. Renoval of solvent gives a viscous |iqy éd which is purified by colum
chromat ography (silica gel 230-400 nmesh} n-hexane:ethyl acetate 80:20) to

gi ve 1-benzydgenpeinveives:- ExémsleeadfbaxmbnecSa%rds dmweflhw%@rrbons whichStep 1
10 Schenme C621E1 CO2Et, HN /<C2E1 CO2 Et To a solution of

benzyl pi peflai RE- aromalicc ABALiF PE eyeioaliRhaie nydreearaeny, 23uch gs eX@9%. nol) in
et hanol (3Q90I8P+éxa'n§ @&%ﬁe@&féﬁé%n@%@l&e g%ﬁé’ﬁgmch E@%lnﬁ&ﬁgtfb%rﬁgét ure is

stirred under 40 psi- pressure of r(p)‘g hrs, then t hr ough
15a cel i t ealsgfolansichhes eihanpheed |r§etaa eandr atf@es tsyichi ate digthil dfeervanst ous

liquid i ed by colum chromat ography (silica gel 230-400 nesh,
met hano‘?{]d?égﬁhz(rj@we?ﬁane 10: 90) to furnish piperidine-4,4-dicarboxylic acid

di ethyl ester Fhe p%aceowtamtekbimfmedovezca wide eamget Ofvtemperdiosofn gerepair at i on
of Bl pert dinefiy flSALARKN ool ut HeChdcloPBt §lipmoerar & GPrbmFoSehem® O

i rsopro ion 1n
t et rahydr of ﬁﬁ‘élr(,mcme me}errably)frors aadaierdomdempemlturel tor 06fC). The time reqmred

N, N, / V, Af t 1 nedi am n 0. 030 and

pi peridi netroﬁ th% %Eﬁ h@% SQIPY WIS rtdet?ﬁﬁéﬂpg gétp'ésr rtoéabéy trﬁ? 0117
nol ) ino V\&a’iiﬂﬁﬁ/té:ﬁﬁép&ﬁ]?éfﬁ/nﬁl?l@@ﬁhﬁé?ﬁ?ﬁe fhgants. H-Weaeydjr@sﬁdecamatcﬂrﬁb nL) at
- -70cC. After LLri testhetenpe is raised to -40 C.

e reant ) bl pbed Slae? by cohisbEe RRed Role & ReRa 49 | o

bubbl ed t hBaiegks iot20 Hdies iviegsuayisuffisd.ure is slowy allowed to conme to 0C
and is treat ed th a szitlﬁrat ed %eous anmoni um chl oride solution 5 (10

m). The organi Ee capReundsthys pEaRRreiMay bedsrrvered heradhe feactipr gindute by

treated wi bbn\?éhtlaﬁlélﬂﬁé&ssgér BRamyd! ﬂeeébn@@mew@y 58 kdtol Brad(18Odisltling The'
agueous Iayer is washed with n-hexane (2x10 nlL), then acidified to pH- 5

with 2NSHCPTTRE Sokienh dos g f9pciPRyMIXiER 4 & Nezgsepnmiafier disilinaeRl! dtgyani c
layers ar e sgkbmdireMethe? PaBLdsP YRixRPET HFlritg Wﬁe%.md.rﬁ&w]@ﬁ m&%dt gi ve
pi peridine-1,4,4-tricarboxylic 10acid 1-fert-but et hyl ester. epII
. Schenme COpBXicagteniwith a water-immiscible organlc solvent and dIStI”Ing off the solvent from

the extract. Addltlonally, the product can, if desired, be further purified by various

well known techniques, such as recrystallization, reprecipitation or the various
20 -chromatography techniques, notably column chromatography or preparative thin

- layer chromatography.

According to one synthetic process, the compeund of formula (1) where R7 is
'H and/or R8 is OH may be obtained from a corresponding compoUnd of formula (l)'
25 wherein R7 and/or R8 represent(s) an ester function. '
Preferably, a saponification is carried out, e.g. in the presence of a base,
preferably a mineral base such as OH’, e.g. KOH or NaOH.

According to another synthetic process, said compound of formula (I) wherein
30 CO2R7 and/or CORS8 represent(s) an ester function is obtained from a
. corresponding compound of formula (ll):



BOCN CO2E t CO2Et HN 15Et hanolic HCl (40 nlL) is added to

pi peridine-1,4,4-tricarboxylic acid 1-tert- butyl 4-ethyl ester (2.35 g,
0.0078 nol) and the reaction mxture is heated under reflux for 5 hrs. The
~reaction mxture is concentrated under reduced pressure to give '

~ pi-peri di ne\WD W¥IBHPboxyl i c acid diethyl ester as hydr BENEROPESTSEAI t. 20
Preparation of dicarboxvlic acids Method-A Preparation of
144-[5-(4-trif|uoronethylphenvl)-1,2,42%xadiazol-3--
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The obtained product may then be (partly) hydrolyzed as above.

According to another synthetic process, the compound of formula (1) may be
~ 15 -obtained by reducing a corresponding compound of formula (V):

CopPg
Rp RO s
(R1.-Y.1)m——- X1 — yo2— -.Ar1 N z\
R4 R5 O,R;
V)

wherein R1, Y1, m, X1, Y2, Ar1, R3, R4, R5, p, R6, Z, R7 are defined as in
formula (I) and Pg represents a protective group of the —COR8 group with R
20  representing OH. '

Generally, when Pg is a benzyl group or a substituted benzyl group, this
reaction is cérried out by hydrogenation or transfer hydrogenation, in the presence
of Pd/C or nickel or platinum, this reaction can also be carried out with a Lewis

25 acid such as aluminum trichloride and an electron rich aromatic such as anisole,
- when Pg is a trimethylsillylethyl, this reaction is carried out with fluoride ion, when
F’g is a mono or polymethoxybenzyl group, this reaction is carried out with an
oxidant such as cerium ammonium nitrate.
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The compound of formula (V) may be obtained by reacting the corresponding
compound of formula (VI):

_ _ ' COPg

(Ryp fR6~

(R1-Y1)m — X1 —— yo2o—/{ Ar1 _ N—z\.
. R4 RS CO,H

(V1)

5 wherein R1, Y1, m, X1, Y2, Ar1, R3, R4, RS, p, R6, Z are defined as in formula (1)

and Pg représents a protective group of the —CORS function,

* with the compound of formula (VII):
 Hal-R7
_ (v
10 where Hal represents a halogen atom and RY7 is defined as in formula (1).
Generally, this reaction is carried out in the presence of an inorganic base

such as sodium, potassium or cesium carbonate or bicarbonate or an organic

base such as triethylamine, 1,5-diazabicyclo[4,3,0]non-5-ene or 1,8- |

diazabicyclo[5,4,0]lundec-7-ene in a polar solvant such as N,N-dimethylacetamide
15 or N,N-dimethylformamide. |

The compound of formula (Vi) 'may be obtained by s'aponifying the
corresponding protected compound of formula (VIIl):

(Ryp R6
(R1-Y1)m — X1 vo—(Artk N—z/

N7 g4 R5 coopyg

COPg

20 (VI
wherein R1, Y1, m, X1, Y2, Ar1, R3, R4, R5, p, R6, Z.are defined as in formula (l),
Pg represents a protective group of the —CORS8 function and Pg’ represents a
protective group of the COOR7 function, by réacting a base, such as sodium or
lithium hydroxide.

25 ' _

- The compound of formula (VIII) may be obtained by coupling the

corresponding of formula (IX) o
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| o RaP R Hal
(R1-Y1)m X1 Y2 @-—@TN< 9

| R4 R5 R Hal
with the compound of formula (X): _
CHy(COPg)(COOPg’)

s | (X)

where Hal represeht a halogen atom and R9 and R10 are such that they form.
together with the N atom to which they are attached and carbén atom of (X) the
desired ring formed by N, Z and R6.
Generally, this reaction is carried out in basic conditions with an inorganic
10  base such as sodium, pdtassium or cesium carbonate in the presence of a phase
'tran_sfer catalyst such as tetrabutylamnﬁonium bromide, triethylbenzylammonium
chloride or aliquat. '

The process of the invention may also.include the additional step of isolating
15  the obtained product of formula (1). '

_ The starting products and/or reagents may be commerciélly available, or may
be readily prepared by the skilled person by applying or adapting the procedures
disclosed in the experimental part below. '

20
According to a still further object, the present invention is also concerned with
the use of a compound of formula (I) as defined above for the preparation of a
medicament for decreasing circulating lymphocytes in blood'i.h a human pétient in
. the need thereof. | |

25
' According to a preferred aspect, such medi_carﬁent is suitable as
immunosuppressive/depressive -agent. More preferably, such medicament is
particularly suitable for the treatment and/or prevention transplant rejection, tissue
graft rejection, auto-immune diseases, inflammatory and chronic inﬂafnmatory
30 conditions that include rheumatoid arthritis, ésthma, pollinosis, _psoriasis,

myocarditis, atopic dermatitis, lymphocytic leukemias, lymphomas, multiple
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sclerosis, lupus erythematosus, inﬂammatory bowel diseases, diabétes mellitus,
glomerulonephritis, atherosclerosis, multiorgan failure,' sepsis, pneumonia, optic
neuritis, polymyalgia rheumatica, uveitis, vasculitis, osteoarthritis, respiratory
distress  syndrome, ischemia -reperfusion injury, chronic obstructive  pulmonary
5 . disease, infection associated with inflammation, viral'i'nﬂammation, influenza,
hepatitis, Guillian-Barre syndrome, chronic bronchitis, restenosis, grnulomatous
disease, sarcoidosis, leprosy, sclerdderma, Alzheimer's disease as well as
disorders related to impaired vascular integrity, cancer, disregulated angiogenesis,
excessive neoangiogenesis, in particular in cancer metastasis or other disorders.
10 - Said disregulated angiogenesis or excessive neoangiogenesis is preferably
~ selected from ocular angiogenic diseases selected from the group consisting-of
diabetic retinopathy, choroidal neovascularization, macular degeneration. |
Said cancer is selected in particUIar from the group consisting of solid tumors,
_hematopoietic cancers and tumor metastases.
15 'More'prefer_ably, said medicament is for treating and/or preventing tissue
graft rejection.

According to a still further object, the prese.nt invention is also concerned with

the use of a compound of formula (l) for the preparation of a medicament

20 interacting with sphingosine phosphate receptor, preferably acting selectively as

agonist of human S1P1 receptor, to be administered to a patient in the need
thereof. Preferably, such medicament is substantially inactive at S1P3 receptors.

According to a still further object, the present invention also concerns the

25 methods of treatment comprising administering an effective amount of a

compound of the invention for treating and/or preventing the above conditions or
disorders. '

The present invention also provides methods -for interacting wi_th- S1P

30 receptors, preferably acting as agonist, preferably interac{ing selectively with S1P1

receptors, comprising administering an effective amount-of a compound of the

_invention to a patient in the need thereof. Preferably, such methods are devoid of
any substantial interaction with S1P3 receptors.
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The identification of those subjects who are in need of tréatment of herein-
described diseases an_d conditions is well within the ability and knowledge of one’
skilled in the art. A clinician skilled in the art can readily identify, by the use of
clinical 'tes'ts physical examination and medical/family history, those subjects who
5 . arein need of such treatment. '
A therapeutically effective amount can be readily determined by the attendlng

| diagnostician, as one sk|I|e_d in the art,- by the use of conventional techniques and
by observing results obtained under analogous circumstances. In determining the
therapeutically effective amount, a number of factors are considered by the

10 attending diagnostician, incI'uding, but not limited to: the species of subject; its -
size, age, and general health; the specific disease involved; the degree of
involvement or the severity of the disease; the response of the individual subject;
the particular compound -administered; the mode of administration; the
bioavailébility'éharactefistic-of the preparation administered; the dose regimen

15 selected; the use of concomitant medication; and other relevant circumstances.

The amount of a compound of formula (), which is required to achieve the
deéired biologicél effect, will vary depending upon a number of factors, including
the dosage of the drug to be administered, the chemical characteristics (e.g.
hydrophobfcity) of the compounds employed, the potency of the compounds, the
20 type of disease, the diseased state of the patient, and the route of administra.tion.

' In general terms, the compounds of this invention may be provided in an
aqued_us_physiological buffer solution containing 0.1 to 10% wl/v compou_hd for
parentéral ad'ministfation. Typical dose ranges are from 1 pg/kg to 0.1 g/kg of bddy
weight per day; a preferred dose range is from 0.01 mg/kg to 10 mg/kg -pf body

25 weight per day. A preferred daily dose for adult humans includes 1, 5, 50', 100 and
200 mg, and an equivalent dose in a human child. The preferred dosage of drug to
be administered is likely to depend on such variables as the type and extent of
progression of the disease or disorder, the overall health status of the particular
patient, the relative biological efficacy of the compound selected, and formulation

30  of the compound excipient, and its route of administration.

The compounds of the present invention are capable of being administered in |
unit dose forms, wherein the term “unit dose” means a single dose which is

capable of being administered to a patient, and which can be readily handled and



10 i 0iol.. . . ivier. » N1 ' ,,,..,,.,_r_ COPH CCRH 478.1
111 FF HHH “HOH OH 5201 ' |

10

15

20

25

30

WO 2008/152149 ' PCT/EP2008/057571

35

packaged, remaining as a physically and chemically stable unit dose comprising

. either. the active compound itself, or as a pharmaceutically acceptable
composition, as described hereinafter. As such; typical daily dose ranges are from

0.01 to 10 mg/kg of body weight. By way of general guidance, unit doses for
humans range from 0.1 mg to 1000 mg per day. Preferably, the unit dose range is
from 1 to 500 mg administered one to four times a day, and even more preferably

~from 1 mg t_o_300 mg, once a day. Compounds provided herein can be formulated

into pharmaceuticél compositions by admixture with one or more pharmaceutically
acceptable excipients. Such compositions may be prepared for use in oral
administration, particularly in the form of tablets or capsUIes; or parenteral -

.'administration, particularly in the form of liquid solutions, suspensions or

emulsions; or intranasally, particularly in the form of powders, nasal drops, or
aerosols;. or dermally, for example, topically or via trans—dermél patches or ocular
administration, or intravagina'l or intra-uterine administration, particularly in the
form of pessaries or by rectal administration.. |

~ The compositions may conveniently be _administered in unit dosage form and
may be prepared by any of the methods wéII known in the pharmaceutical art, for
example, as described in Remington: The Science and Practice of Pharmacy, 20"‘
ed.; Gennaro, A. R., Ed.; Lippincott Williams & Wilkins: Philadelphia, PA, 2000.-
Pharmaceutically compatible binding agents and/or adjuvant materials can be
included as part of the composition. Oral compositions will generally include an
inert diluent carrier or an edible carrier.

The tablets, pills, powders, capsules, troches and the like can contain one or

more of any of the following ingredients, or ~compounds of a similar nature: a

binder such as microcrystalline cellulose, or gum tragacanth; a diluent such as
starch or lactose; a disintegrant such as starch and cellulose derivatives; a
lubricant such as magnesium stearate; a glidant such as colloidal silicon dioxide; a-
sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, or methyl salicylate. Capsules can-be in the form of a hard capsule or
soft capsule, which are geherally made from gelatin blends optionally blended with

plasticizers, as well as a starch capsule. In addition, dosage unit forms can contain

various other materials that modify the physical form of the dosage unit, for
example, coatings of sugar, shellac, or enteric agents. Other oral dosage forms
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syrup or elixir may contain sweetening agents, preservatives, dyes, colorings, and
flavorings. In addition, the active compounds may be incorporated into fast
dissolve, modified-release or sustained-release preparations and formulations,

and wherein such sustained-release formulations are preferably bi-modal.

Preferred formulations include pharmaceutical compositions in which a
compound of the present invention is formulated for oral or parehteral
administration, or more preferably those in which a compound of the present
invention is formulated as a tablet. Preferred tablets contain Iactdse, ‘cornstarch,

10 magnesium silicate, croscarmellose sodium, povidone, magnesiUm stearate, or
talc in any 'combination. It is also an aspect of the present disclosure that a
compound of the present invention may be incorporated into a food product or a
iqud. | -

Liquid preparations for administration include sterile aqueous or non-aqueous

15  solutions, suspensions, and emulsions. The liquid compositions may also include
binders, buffers, preservatives, chelating agents, sweetening, flavoring and
coloring agents, and the like. Non-aqueous solvents include alcohols, propylene
glycol, polyethylene glycol, acrylate copolymers vegetable oils such as olive olil,
and organic esters such as ethyl oleate. Aqueous carriers include mixtures of

20 alcohols and water, hydrogels, buffered media, and saline. In particular,
biocompatible, biodegradable ‘lactide polymer, Iactide/glycolide copolymer, or
polyoxyethylene-polyoxypropylene copolymérs may be useful excipients to control
the release of the active compounds. Intravenous vehicles can include fluid and
nutrient replenishers, electrolyte replenishers, such as those based on Ringer's'

25  dextrose, and the like. Other potentially useful parenteral delivery systems for
these active 'compounds include ethylene-vinyl acetate copolymer particles,
.osmotic pumps, implantable infusion systéms, and liposomes.

Alternative modes of administration include formulations for inhalation, which
include such means as dry powder, aerosol, or drops. They may be aqueous

30 solutions containing, for example, polyoxyethylene-9-lauryl ether, glycocholate and
deoxycholate, or oily solutions for administration in the form of nasal drops, or as a
gel to be applied intranasally. Formulations for buccal administration include, for
example, lozenges or pastilles and may also include a flavored base, such as
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sucrose .or acacia, and other excipients such as glycocholate. Formulations
suitable for rectal administratio.n are preferably presented as unit-dose
suppositories, with a solid based carrier, such as cocoa butter, and may include a
salicylate. Formulations for topical application to the skin preferably take the form

5 of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which can
be used include petroleum jelly, lanolin, polyethylene glycols, alcohols, or their
combinations. Formulations suitable -'fovr transdermal administration can be
presented as discrete patches and can be lipophilic emulsions or buffered,
aqueous solutions, dissolved and/or dispersed in a polymer or an adhesive.

10 Alternative administrations include also solutions, ointments or other
formul_ations acceptable for ocular administration. : '

According to a particular aspect, the compound of the invention .may be

administered by the cutaneous, ocular or inhalation route as disclosed above.

15 These formulations are particularly advantageous as they ensure a local

| treatfnent, without associated lymphopenia which may occur with systemic
administration routes. '

Other features of the invention will become apparent in the course of the

following description of exemplary embodiments that are given for illustration of

20 the'in'vention'and not intended to be limiting thereof.

Preparation of intermediates

Preparation of 2-fluorobiphenyl-4-carboxylic acid

25
| Scheme: _
— Br i//A\/COZH
T i\ | - |/\¢”“T/|/
SN o
30. Few crystals of iodine are add'ed to'-tetrahydrofuran (1400 mL) coniaining

magnesium turnings (25.17 g, 1.035 mol). The mixture is heated at 60-70°C. A
solution  of 4-bromo-2-fluorobiphenyl (200 g, 0.797 mbl) in tetrahydrofuran
(600 mL) is added dropwise to the reaction mixture and refluxed for 1hr. Reaction
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mixture is broUght to room temperature and then cooled to -20T. Carbon dioxide
gas is passed through the reaction mixture for 45 minutes. The reaction mixture is
treated with 3N HCI (500 mL) and extracted with ethyl acetate (2x500 mL).

Combined organic I_ayer is dried over sodium sulphate. Removal of solvent under
‘reduced pressure gives a solid which is wa_shed with diethyl ether (2x200 mL) and

then dried to furnish 2-fluorobiphenyl-4-carboxylic acid.

Preparation of 4-(cycio rb Imethyl)benzoic acid

Step-l
Scheme

% Br » /\/Br

—_—— =

OHC/l\\,. l — /\/

Solution of cyclopropyl magnesium bromide is prepared from cyciopropyl
bromide (12 g, 0.099 mol)'and magnesiur"h turnings (3.0 g, 0.123 mol) in

 tetrahydrofuran (60 mL) by using standard Grignard reaction proceduré. This

reagent solution is cooled to 5T and a solution of 4-bromobenzaldehyde (15.0 g,
0.081 mol) in tetrahydrofuran (30 mL) is adde_d to it over a period of 15 minute at
10-15C. The reaction mixture is treated with agueous ammonium chloride solution
and extracted with ethyl acetate (50 mL). The organic layer is concentrated under
reduced pressure and the residue is purified by column chromatography (silica gel
230 400 mesh) to glve (4- bromophenyl) cyclopropylmethanol.

(4- Bromophenyl)cyclopropylmethanoI (15.0 g) is treated with trlethylsuane (30
mL) and trifluoroacetic acid (30 mL) and stirred at room temperature overnight.
The reaction mixture is concentrated under reduced pressure and the residue is

purified by column chromatography (silica gel 230-400 mesh, ethyl acetate n-

- hexane 3:97) to furnlsh 1-bromo-4- cyclopropylmethylbenzene .

Step-ll
Scheme

A N

0. -
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A solution of 1-b‘rom6-4-cyclopropylmethylbenzene (10 g, 0.047 moal) in
tetrahydrofuran (20 mL) is added to magnesium turnings (2.5 g, 0.1 mol) in
tetrahydrofuran (20 mL) to generate the Grignard reagent which is c,joo_led to 5°C -
and N,N-dimethylformamide (8.0 g, 0.109 mol) is added to it. The reaction mixture
5 s stirred at 10°C for 1 hour: It is then treated with aqueous ammonium cﬁloride-
' solution and extracted with ethyl acetate (50 mL). The organic layer is
concentrated under reduced pressure.
This residue is dissolved in tetrahydrofuran (240 mL), treated with chromic
acid solution (25 mL) and stirred overnight at room temperature. It is extracted with
10  ethyl acetate (50 mL). The organic layer is concentrated under reduced pressure.
The residue is purified by usual acid-base treatment to furnish 4-
(cyclopropylmethyl)benzoic acid.

15 Preparation of 4-isobutyrylbenzoic acid

Scheme

o N0
OHC/© o /k)y|

A solution bf isopropylmagnesium bromide is prepared from isopropyl
bromide (41.0g, 0.33 mol) and magnesium turnings (10.0 g, 0.41 mol) in

20 tétrahydrofuran (150 mL) by using standard Grignard reaction procedure. This
solution is added to a solution of 4-formylbenzoic acid (5.0 g, 0.033 .mol) in
tetrahydrofuran (50 mL) at -20°C over a period of 30 minutes. It is then stirred at -

20T for 1 hour and then treated with.aqueous ammon ium chloride solution
(150 mL). The organic layer is separated and concentrated under reduced

25 pressure. This residue is dissolved in tetrahydrofuran (60 mL) and the solu_tion is
treated with an aqueous solution (8 mL) of sodium dichromate (1.5 g, 0.006 mol)

and concentrated sulfuric acid (2 mL). The reaction mixture is stirred overnight at
room temperature. It is then extracted with ethyl acetate (50 mL). The organic
Iayer' is dried and concentrated under reduced pressure. The residue is

30 recrystallized from ethyl acetate:n-hexane mixture to givé 4-isobutyrylbenzoic acid.
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. Preparation of 4'-_f|uorobighen¥|-4-carbox¥' lic acid
Step |
Scheme: _
QI g
5 A solution of sodium carbonate (3.3_ g, 0.031 mol) in demineralized water

(25 mL) is added to a solution containing 4-fluorobromobenzene (4.55 g, 0.026
mol), phenylboronic acid (3.3 g, 0.027 mol), Pd (Il) ac_etate (18 mg) and
triphenylphosphine (65 mg) in n-propanol (50 mL). The reaction mixture is stirred
at 80-90C for 1 hour. It is allowed to cool back to room temperature.

10 Demineralized water (100 mL) is added and the aqueoué layer is extracted with
ethyl acetate (200 mL). The organic layer is concentrated and the residue is
purified by cdlumn chromatography (silica gel 230-400 mesh, ethyl acetate:n-
hexane 10:90) to furnish 4-fluorobiphenyl. '

15 Stepll

Scheme
/\ - OOCH, A C0aN
7N . :
|| ) )\/h W Il
N N 3
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F

Anhydrous aluminum chloride (6.0 g, 0.045 mol) is added portionwise to a

mixture of 4-fluorobiphenyl (4.0 g, 0.023 mol) and acetyl chloride (4.0 g, 0.051

20 mol) in dichloromethane (40 mL) at_5°C. The reaction mfxtUre is stirred for 3 hours
at room temperature, then quenched with demineralized water (20 mL) and
dichldromethane. The organic layer is separated and concentrated under reduced
pressure. Tetrahydrofurah (40 mL) is added to the residue. An aqueoUs solution
(12’ mL) of sodium hydroxide (4.0 g, 0.1 mol) followed by potassium permanganate
©25 (4.0 g, 0.025 mol) are added. The reaction mixfure is stirred overnight at room
temperature and filtered through celite bed. Filtrate is concentrated, Demineralized
water (20 mL) is added to the residue and pH is brought to ~2 with 1N HCl.
Aqueous layer is extracted with ethyl acetate (3x20 mL). Combined ethyl acetate
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layers are washed with brine (1x15 mL) and dried over sodium sulphate. Removal
of ethyl acetate gives crude material which is purified by column chromatography
(silica gel 230-400 mesh, ethyl acetate:n-hexane) to give 4'-fluorobiphenyl-4-
carboxylic acid. ' )

5
- Preparation of 2,2-dimethyl-2,3-dihydro-1 -benzofuran-5-carboxylic acid
- Step-l
Scheme
Y
| T
: HO™ ~ /Q/
10 - ©

3-Chloro-2-methylpropene (2.1 mL, 0.021 mol) is added to a stirred N,N-
dimethylformamide solution (30 mL) of ethyl 4-hydroxybenzoate (3 g, 0.018 mol).
" Potassium carbonate (3.2 g, 0.023 mol) is introduced and the mixture is heated at
90°C for one hour. The reaction mixture is cooled to room temperature and filtered
15 to remove inorganic salts. N,N-dimethylformamide is removéd under reduced
prés'sure, Demineralized water (20 mL) is added to the residue and the aqueous
layer is extracted with ethyl acetate (3x20 mL). Combined organic layers are
washed with demineralized water (2x15 mL) followed by brine and dried over
" sodium sulphate. Removal of ethyl acetéte under reduced pressure givés a
20 viscous liquid which is purified by column chromatography (silica gel 230-400
mesh, n-hexane:ethyl acetate, 90:10) to give.4-(2-rhethy|prop-2-enyloxy)bénzoic

acid ethyl ester.

Step-ll
25 Scheme:

\‘\\ = CO,CH, ™ s ~COLoH,
d j T |
IS Ho” N

A mixture of 4-(2-methylprop-2-enyloxy)benzoic acid ethyl ester (15 g) and
1-methyl-2-pyrrolidinone (150 mL) is heated at reflux for nine hours. The reaction
mixture is cooled to room temperature and made basic (pH ~10) by using aqueous
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sodium hydroxide solution. The aqueous layer is' washed with toluene (2x20 mL)
and then made acidic (pH ~2) with 2N HCI. The aquedus layer -is extracted with
- ethyl acetate (3x20 mL). Combined organic layers are washed with brine
(1x15 mL) and dried over sodium sulphate. Removal of-solvent gives a dark brown
5 liquid which is purified by column chromatography (silica gel 230-400 mesh,
n-hexane:ethyl acetate, 80:20)_to give 4-hydroxy-3-(2-methylprop-2-enyl)benzoic
acid ethyl ester.

Step-lll
10 Scheme

A mixture of formic acid (12mL) and 4-hydroxy-3-(2-methy|prop-2-

enyl)benzoic'acid ethyl ester (4.8 g, 0.022 mo!) is heated at 110°C for 15 minutes.

15  The reaction mixture is cooled to room temperature and formic acid is removed
under reduced pressure. Demineralized water is added to the residue and the _

| aqueous layer is extracted with dichloromethane (3x15 mL). Combined or;ganic

_Iayers are washed with demineralized water (1x15 mL) followed by brine
(1x15mL) and dried over sodium sulphate. Removal of solvent gives a viscous

20 liquid which is purified by column chromatography (silica gel 230-400 mesh, n-

hexane:ethyl acetate, 90:10) to give 2,2-di'methyl-2,3-dihydro-1-benzofuran-S-

carboxylic acid ethy! ester. ' ' | '

Step-IV
25 Scheme

C02C2 ) . \\ / N COH
XTI A

An aqueous solution (10 mL) of sodium hydroxnde (. 78 g, 0.0195 mol) is
added to an ethanolic solution (30 mL) of 2,2-dimethyl-2,3-dihydrobenzofuran-5-
carboxylic acid ethyl ester (3.9 g, 0.018 mol). The reaction mixture is heated at



H OH OH'490.1 ESI negative ion node. Preparation of dicarboxvlic acid
ester derivatives 5Preparation of ' _
144-15- (2-f 1 uor obi phenvl-4-vl)-1, 2, 4- oxadi azol - 3-
vi | benzvl | pi peri di ne- 4, 4-di carboxvlic acid nono (2, 2-
di met hyl pr & ¥88/120%vnet hvl ) ester Step-1 10 Schenme PCI/EP2008MRI5Ghy |
chloride (20 nL, 0.274 nol) and N,N—di-irethylformam' de (2 nL) are added to a
stirred solution of 3
415- (2- 1 ups@irhRNY knd-ahhalt Houfk. RG2S BRigvEY RIGBY réRIBaNIbsdipe, 90
0. 092 rnolb in dichloronethane (150 nL) at O C. 15 The reaction mxture is
heat ed at BewWinesalizednier is added irethedesides R PHdS brausht icetdiwdld 1N E63ure. The
resi due i sc |4 id F : [ bj : ol ution
(150 ) 1 o e Bt e B e L Bhder ne (150
m.) to gi veedBced prsssaiedmgivey2,pdimgthyl-Z3-dihydrabenadiuparebrgarboxylic acid.
yl)-1, 2, 4- oxadi azole. 20 Step-Il1 Scheme: 0-1 OHcl FNOH WO _
2008/ 15%149PCT/ EP2008/ 057571 56 Di i sopropyl ethylam ne (23.5 nL, 0.136
nol) and die ioh rof 1(1tdindethy!-0.33dibydrd-2-benzofantae-d -dcavbaxyid acidd sol uti on
of 3-(4-chl oronet hyl phenyl)-5-(2- fluorobiphenyl-4-y1)-1, 2, 4-oxadi azole (33
g, 0.090 nol) in N, N-dinethylformam de (200 nlL). The reaction mxture is
~heated at Stp-f&St@8pM hrs, the 5 solvent is removed under reduced pressure
and the regsidue is treated with dem neralized water (200 nL) to get a solid
~which is fPFEYPRd and washed with n-hexane (150 mi) and diethyl ether (100

m.) to furnish 2-[{445-(2-fl uorobi phenyl 4-y1)-1 ,2 , 4-oxad o
i azol e- 3-yl ] bew: hyd roxyet FW% i-pgliet ha nol"‘°$&8t\e,,p<\10| | Schene

> @H//OH | RN ;< .

— |
"\ L H,C \\CHai HC Ch
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5-Cyano-1-oxo-2—'benzofuran (75'.0 g, 0.47 mol) is added to in situ prepared
Grig.nard squtidn_ of methylmagnesium iodide (470.5 g, 2.83 mol) in
tetrahydrofuran at -30°C and stirred for one hour at -30°C. The reaction mixture is
15 - quenéhed with ammonium chloride solution and aqueous layer is extracted with
ethyl acetate. Combined organic layers are washed with démineralized water
(1x40 mL) followed by brine (1x30 mL) and finally dried over sodium sulphaté.
Removal of ethyl acetate under reduced pressure gives a viscous liquid which is
purified by column chromatography (silica gel 230-400 mesh, h-héxane:ethyl
20  acetate, 80:20) to give 3-hydroxymethyl-4-(1-hydroxy-1-methylethyl)benzonitrile.
' A mixture of orthophosphoric acid (147.5 mL) and demineralized water (29.5
mL) is added to a stirred toluene solution (300 mL) of 3-hydroxymethyl-4-(1-
hydroxy-1-methylethyl)benzonitrile (29.5 g, 0.154 mol) at 0-5T. The reaction
mixture is stirred at room temperature for 3.0 hrs. The toluene layer is sebarated
25 and the aqueous layer is extracted with toluene (3x50 mL). Combined organic
layers are washed with saturated sodium bicarbonate solution (1x40 mL) followed
by'demineralized water (1x40 mL). Evaporation of the toluene layer under reduced
pressure gives a viscous liquid which is purified by column chromatography (silica
gel 230-400 mesh,) to give 1,1-dimethyl-1,3-dihydro-2-benzofuran-5-carbonitrile.
30



Thi onyl chloride (52 nL, 0.716 nol) is added drop wise to a stirred
solution of 2-[{4-[5-(2-fl uoro-biphenyl-4-y1)-1, 2, 4-oxad : -
i azol e- 3-yl ] benzyl } (2- hyd roxyethyl )- 15 am no] et hanol (31 g, ‘0.0715 nol)
~in dichloronmethane (150 nL) .at OcC. N, NDi net hyl formam de (2 nL) is added
and the red@@¥15%t ure is heated at 80" C for 1lh. ExcBEBEPAP&NYATIchl ori de
is removed under reduced pressure and the residue is made al kaline (pH - 9)
by the addition of an aqueous sodiun1h@ﬁroxide solution (4N, 150 nL) at
room t enpegadpLiie- The aqueous |ayer is 20 extracted with ethyl acetate
(2x100 mL) and conbi ned organic |ayers are dried over sodium sul phate.
Rermpval of S6BéWent under reduced pressure gives a viscous |iquid, whichis
purified by col um Cthﬂﬁt r aphy (S|I|cai%el 230- 400 nesh, n-hexane: et hyl
acetate 7:3) to give bis- g \ﬁf6roethy1){ SN
fl uor obi phenyl -4-y1)-1, 2

azol e-3%yl ] be zyl I amne. 25 Step-1V Schene
WD 2008/ 152149PCT1EP200810}% Pot asg?cfjﬁix onate (22.4 g, 0.162
ol ) andtetrabutylammnlumbromde (3059, 0.0 nmol) are added to a

stirred sol utigmagliedisSsdidion (15 mL) of sodium h drOX|de (o 09 mol) is_added to |
chl or oet hy1) { 445- %2 f | uor obi phe yl-4-y1)-1,2, 4- oxadi azol e- 3-yl i benzyl am ne

- (28g, 50. 859rRE EIhanRtc sR/WEaRAI0 fﬂla)lerila‘t -ginpethyl< 3;dihydgs2-bgpzofuian-ay, N- 5

di met hyl f opgmgh#@e (23Q,; Bloos7The) rﬁ%%b&‘bn%md#ﬁ?s héatB&’%E 85°@or LRQ C for 4
hrs and concentrated under reduced pressure e residue Is treated with
demi ner al i 28d apghady hquroBthang! is GGWQV%HUb@erb’ﬁﬂl#@,ed( PESPHIE. @ﬂ@lrteﬁ@lZQQerus
layer is eWa'Eé’rc(ﬁsgnl‘['P’ %'édh@ﬁrté"ﬂé/é”%fdlfeaéhd %@@g&hééaﬁ?@ dd’mﬂ”' c layers

are dried over so m sul phat e and concentr at pressure to
gi ve a 10 ethytacsiatei doé dquewsdayerss madeféoigtic (pH cd) Mmsmw&th@ndphy
sili c el t
( 1-{4- [ g e%(llzucg?(ﬁ%hrﬁg% af@tf@ﬁm% ﬁg?ﬂorﬁgﬁéégﬁgaﬁ% l%%rs é)re%as%ed
i azol e- 3 yMtbeiemh?r;ailw watene(4n104nﬂ_)|folawmn<py|bc|nadnd1(tln1if)rmyil firedly er .

Step-V 15 soI u (50 )
of sodi um ﬁg%&gﬁ%%o%ﬂrwfc@habe d%%ﬁl O?eéhyél&&%tApet @9 i&oﬁt. on - of
1-{415-(2-Hmumb?-pbazmaraé-&dérbdx)iﬁc%c@xadl azole-3- 20 _

yl ] benzyl } pi peri di ne- 4, 4-di carboxylic acid di benzyl ester (18.3 g, 0.027
nol) in tetrahydrofuran (150 nlL). The reaction mxture is stirred overnight -
at - r oonst enper@éngral methddefprepacativn o £48-sobstitutiiletiopadiazelrs. The
residue is acidified to pH- 6 Wth diluted hydrochloric acid to give a
solid which is filtered and ¥i¥wgylmethang| denivativeger (100 i) to furnish
1-{445- (2-f | uor obi pheny1l- 4- '

25yl)-1, 2, 4- oxadi azol e- 3- yllj benzyl }| peri di ne- 4, 4- d| car boxyl i c aci d nono
benzyl ester. @rreparatiofool oS- ' I%.2.4-oxadiazol-5-

I hen Imethanol

20 |
Step |
Scheme

o ) N
2 g
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o s F

‘Copper (l) cyanide (10.69 g, 0.12 mol) and potassium iodide (6.21 g,'0.037'

25 mol) are added to a stirred pyridihe solution (10 mL) of 4-bromo-2-fluorobiphenyl
(10 g, 0.040 mol). The reaction mixture is heated at 150-152<C, 5 mL pyridine is
distilled out and heating is continued at 150-152<T for 24 hrs. The reaction mixture

is cooled to 95-100‘1’3, toluene (100 mL) is added to it. It is cooled to 35-40C and



St ep- VI Schene 5Sodi um car bonat e (0 125 g, 0.0012 nmol) is added to a
solution of 1-{4-[5-

(2-fluorobi phenyl-4-y1)-1, 2, 4- oxadi azol e- 3-yl ] benzyl | pi peri di ne- 4, 4-di car bo
xylic acid nmono benzyl ester (0.35'g, 0.00059 nol) in N N-dinethylacetan de
(3.5 nL). THR2WARM%n mixture is stirred for 30 m nut BSTEP2PREHTL
tenperature. Chloronethyl pivalate (O. %g? g, 0.0012 nol) is added to the
reaction mxture 10 which is then heated at 65 C for 4 hrs. The reactio n
m xture is ahrfpiesds wmbrﬁ@@bnabnl(za%MMmm) i adabd. Afét sittiniedrathif 4n et hyl
acetate (2x5 % Sodi um chl ori de ( g%ﬁls added to the ethyl acetate

| ayer and $PHhrayensg layes ig Wedlﬁlﬁ WapRed X aRHeauUS(FMMENig oldlRIEd . t o
the ethyl asgjoatfly awh %@%.ﬁé?snﬂeay%%erar(gxﬁﬁp%e; eq*heT&ﬁu&{émb grcedate

| ayer is dried over sodium sul phate. Renoval sol vent under reduced
pressure gichasoalizgdangponrenjiated togive - ﬂuerquenvleﬁcwoemlerm chr omat ogr aphy
(silicasgel 230-400 nesh, n-hexane:ethyl acetate 70:30) to.furnish
1-{4-[5-(2-f|uorobiphenyl 4-y1)-1, 2, 4oxadi azol - 3-yl ] benzyl | pi peri di ne-4, 4-d -
icarboxyliéﬂenﬂd benzyl ester (2,2- d|nethylpropanoyloxynethyl) ester. 20 '
Step-VII . ﬁ%ﬁ

Toasolutlono f415 (2- quoroblphenyl 4-y1)-1, 2, 4- oxadi.azol -3- 25

yl ] benzyl } - pi peri di ne-4, 4-di car boxyl i c acid benzyl'@ster

(2, 2-di met hyl propanoyl - oxymet hyl ) eester (0.37 gf\O/QQOSZ nmol) in a mxture
of ethanol and ethyl acetate 20|nL 2 1:1) is adddd 5% Pd/ C (0.133 g). The _
reaction mxture is stirret t>room t enpe at réjénd hydr ogen gas is bubbl ed.
through it. This 59 pro|e |§ conti nued * 2.5 hours. The reaction

m xture is filtered through a celite bed, washed with. tetrahydrofuran (2x30

m.) and the fiAtsalgon SofComeeribiptiead- uadebnmduqed? or @scmmel)t ydiokg- a solid
mass whi ch ﬁ}iby col umm_chr omat ogr a ESI lica 230- 400 nesh,
met handP: &@'ﬁggryéwﬁ e (5-0859.86;93 goly Qe so 'Um ydrogen ¢ fbonate (4.2 g,
1-{4-[5- (2ofdanbgm m&%r &SOYr%D_)rs%e%te@'toQéﬁ%ﬂé % 7lrrsS-He leaBFonlnixture is

pi peridi ne-4, 4-di carboxylic acid (2, 2-di net hx pr opanoyl oxynet hyl ) ester
(e.g. 39). thén coolqu\tq EIORNR tRAralyES and gﬁgregf The SO|Id Is washed with methanol
1-{445-(2- fizG'%L()brl'HQede‘n’éd’ metHand! 48xaeh ﬁ’sz%n(%ntrated to dryness to get 2-
10y|]benzy|}p|per|d|ne 4, 4-di carboxylic acid benzyl

(2, 2-di net rﬂyp@rdﬁwdwvblpb&wétqquaey@ee Whighns Bised 25§prﬁ)fQ5éh$|VB>)tc§é¢ﬂ)am o
acid tart 1-'-a >. Aooo >LO0 CANa cl 15To a
mxturgsof %XPte@ftE%ﬁ@ﬁé%goér bonate (6.2g 0.28nmpl) and bis(2-

chl oroet hyl ) am ne, hydrochl oride (5.5g 0.31nol) in dichloronmethane (40mn)

i s added t?*ﬁ”‘ ylamne (4.2nL 0:3nmol). pHis then adjusted to 9-9.5 by
further addition of triethylamne (0.5n) and the mxture is stirred for 2h
at room t erfebeaeur e, diluted wth dichloronmethane, washed with water, dried
over 20 magnesi um sul fate ang, concentrated under Jgeduced pressure to give

crude N, N-bi s(2-chl oroeth arbam c acid t/ t/v\ ester used w thout
further purification i n/f%/E Xt step.
\//\|/ A\ _OH
F
20 1-Hydroxybenzotriazole hydrate (1.35 g, 0.01 mol) and 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide HCI (1.95 g, 0.01 mol) are added to a
stirred N,N-dimethylformamide solution (20 mL) of 4-hydroxymethy|benzoic acid
(1.52 g, 0.01 mol). 2-Fluoro-N-hydroxybiphenyl-4-carboxamidine (2.3 g, 0.01 mol)

is added to the reaction mixture which is then heated at 130-140T for 4 hrs. The

25  reaction mixture is cooled to room temperature, Demineralized water (60 mL) is
added and the aqueous layer is extracted with ethyl acetate (3x20 mL). Combined
~organic layers are washed with demineralized water (2x10 mL) followed by brine



A mxture of N, Nbis(2-chloroethyl)carbamc acid tert-butyl ester (1.22g
Smmol ), dibenzyl malonate (1.42g 5mmol ), potassium carbonate (1.38g 10mmol)
and tetrabutyl amoni um bromi de (0.5g 1.55 mmol) in toluene (20n) is heated:
under reflux. Additional portion of tetrabutylammoniumbrom de (0.5g 60
1.55 mmnol WQ 20HHAEEY after 2h reflux (twice). After fuPEHEP20PRISThg for 2h
(overall 6h heating) the mxture is co%]ed back to roomtenperature and
di et hyl oxyde is added (50nL). The organhic phase is washed with water,
dried and @mmaﬁtmioeﬁhanp@.edro@éﬂ&%ﬂurnrs@ﬁﬁm@ Ref6vaf bEathyosbdiste GAlE™M
chr omat ogr aphy 5affords piperidine-1,3,3-tricarboxylic acid 1-tert-butyl
3, 3- di benz{gdussd @FesédreagiV%‘iﬁcrtlﬁed@ﬂlddMﬁﬂéh 1s puriied by c@iusox grogagearaphy
1-tert-but t n ution of
oi per i i nel1' . JE P20R) Hesh, Bl XipterRenEr o 7D LA @42 5 500
7.9mol ) i ﬂUNOMpdenﬂi%xl) ﬂﬁr‘h‘axadamq iﬂﬁ]mll_e)nxt}mﬂtmqm th a water/ice bath, is
added deopwi se a solution of potassium hydroxyde (0.68g 85% 10mmmol ) i n
water (29nm.). The m xture is further stirred with cooling for 2h, then
al |l oned to warGeneral methdad aratoofd--sdbstitateda 2-exadiazoledsi d 15
(1.05 eq). After concentrati gﬂ hléﬂgg !gggﬁﬁgmp{t%igure the crude product is
di ssol ved in diisopropyl ox ; dried over magnesi um _
sul phate and concentrated under reduced pressure to give piperidine-1, 3, 3-
tricarboxylic acid 1-tert- 3-benzyl ester an oi |
~ 20Pi peri dine- 1, M@&ﬁtﬂ%@-&ﬁ‘—@m
3- (3, 341di net hyl 2- oxobutyl) estﬂygchenxlmethaﬁdm xture of
pi peri di ne- 1 3 tricarboxylic acid 1-tert-butyl 3-benzyl ester (2.85g
7.85mml ), Sﬁ €si um carbonate (1.4g 10mvl) and bronopi nacol one 25 (1.73nL
17mmol ) in butan-2-one is sEéLred at roomtenpemature for 6h. The m xture
is washed with water, dri Ed gver magnesi-um sul, phate and concentrated under
reduced pressure. Aftdr\ purificati-on by col urmNchromat ography, the product

is cristallized infEptane to give p:l_,qaer\id’ne 1, 3, 3: ~WO.-oH
2008/ 152149PCT/ EP2008/ 057571 61 tricarboxylic acid 1-tert-butyl 3-benzyl

3- (3, 3-di nnet hy Lygxiarobsit V4 )nﬂgéﬁoﬂfetﬁs%édz%q: 8écu§0€é g, 0032 mol), 1-(3-
Pi peri di ne- 3, 3-di carboxylic acid 3-benzy - 3-dinmeth oxobutyl) ester

To a sol ut ﬂmﬁtayla@irp@mm r?eEtfy%C@b@qlméfP Héa@él Qco&é"é mo%/each blygrox3:- benzyl
3- (3, 3sdi B’éﬁf&fﬂaz%@%?@r%&é’ (4.82% 9. dzz:égﬂgmoN%HWtﬁ |foF}n§ﬁwmé' 3@?@%?%‘3% gﬂﬂ-)

is added a sol ution of hydrogen ch or I n I sopropanol
m xture issHiredrad r@on oiempeeatprer dour &0 f Brin@as. t%wdwméehudf@xy@wﬂuuider

bi por § di ne BTG (657, U &0 bl te bt dind kBRI o, O Ve
ester, hy d@abcefluxr fode3 ined, ttheg alloweddo. come to roomotemp@oaltute and colvent is
o1 (22l MBI BB RISl e 0o BID SO (TELIRIP SCRRRIL)

is stirbed bwarbounata iseadniedatomm@refsaﬂuezand mleaaqLabusfa;@risoextrﬁaﬁm wittd etkwyl cool i ng

th d Om. 0 dd i
e hyar oc AEBPTE1B0 e pmees SHanE iy 8418 drfd Vet anBfByf Speim 21! "
di i sopr opylsumhat@eamdoddierm@téd)ugdefErddUSé(?pcéﬂsoreaétwaéslnﬂjeZle purifiee by

~hydrochlor Ich%mnlchl?gr%Yog%&%ran |ican %e?ng %8 %re% Xy! Ie():(ar?é: Iet?lwl écetatebgg 6%; ester

to give 4-[5-(4-trifluoromethylphenyl)-1,2,4-oxadiazol-3-ylJphenylmethanol.

25
Preparation of 5-(furan-2-yl)methoxyiminomethyl-1,2.4-6xadiazol-
3-yllbenzaldehyde
Step-l
30 (Z)-Furan-2-y|-[3-(4-hydroxy_methylphenyl )-1,2,4-oxadiazol-5-yllmethanone-

O-methyl oxime is prepared by following the same general method as described



62 sodi um hydroxyde. Extraction with ethyl acetate, drying of the organic
phase over magnesi um sul phate and evaporati on under reduced pressure

af fords bis(2-chloroethyl)benzylamne. Part of the latter (2.5g) is

di ssolved in ethyl acetate /DVBO (1/1 25m.). 5 Dibenzylmalonate (5.3g 18.6
nol ) and M H8¥IAWP carbonate (5 g, 36 ol ) are addedP¢BERHWHBY a

sol ution of tetrabutylannnnlun1bron1de |n ethyl acetate /DMSO (1/1 25 nl),
and the mixture is heated under reflux*for 3h. Solvents are evapor at ed
under reduggdlePr @sisy!r ﬁuraﬁtzeylsrﬂéﬂh@wﬁm.n%aeét%soyé.@dah@ A-Sfcdinty-Pxryaexyashed
with water, dried over magnesium sul fate and 10 concentrated under” r educed
pressure. PeMyhegemisinaf the resi due by col utm chromat ogr aphy gives '
1- benzyl pi peri di ne- 3, 3-di carboxylic acid 3, 3-di benzyl ester.

Pi peridine-1,3,3-tricarboxylic acid 1-(2,2,2-trichloroethyl) 3,3-dibenzyl
15est er Step-lfo a mi xture of 1-benzyl pi peri di ne-3, 3-di carboxylic acid
3,3-dib§nz thﬁ%er (19.6 g 41.8 mmol ) and sodi um carbonate (5.1 g, 48.1
mrol) inh chloroformcooled with a water/ice bath, i-s added

2,2,2-trichl oroet hyl ch@profornate (11 g, 20 51. Bjﬁnnl) The nlxture IS
stlrred over ni ght at rqpn1tenperaThre and concent raat ed underrgeduced

pressure. The residueNis d| s d in diet hyl o>(1| de was EE W t h wat er,
dried over nmagnesy um}{ul gnd concent r ated d pressure to
gi ve piperidine-{, 3*3 tr/c rboxyl ic acid 1- (2 - tr| chl oroet hyl)

3, 3-di benzyl est&r—whi ch—emi stallizes upon st’éndl rPg_2‘5NEI ting point. 76t
Plperldlne133tr|carboxyllc acid 1-tert-butyl 3-benzyl ester WO
2008/ 152149PCT RSSO Spiimids7(l - g, 0.014 me)) ig addedite @rﬁodﬁt'on of oxalyl chioride

pi peri di ne(ﬂogg . 00793%{@Pwhlcﬁlo?&h&héné @, nZL)t éﬂ Cﬁﬂogr&%trm”pbn@d %fdﬂsbenzyl

ester (5.5g.1 di et hyl f or mam de m.) cooled with_a

N .
wat er /i ce DHIUes. |ASS‘)aHUR§U° d@l) aggn@mlﬁ?;fﬁﬂrby@eéyrwhyehm ©1L.3dn1adiazpseol ved in
t 0 THX dg h 5
water (4 ethEHShMHtrh?l b)?lafef 11r(§ o VELO% m%ﬁ%'d?&]lcg‘agnleaaage%)bor\;ﬁg it O

warmto I‘OO enperature, “aci ed W t aceti c acl )
concent r at eddam@ethe r@mg@mq&iﬂ@s@tuY@C peeti a perhodof aminutes fodowed by the t he

cr ude. ""“'ngaﬁoﬁbﬂxﬁh%‘ﬂf%;ﬂbg?@ ﬁnrﬂé‘ h{t?j.'{ﬁé??éé%g r%ﬁYgtngé?‘i’s Wb\ er

dri ed over nmagnesi um su con uced pressure.
Cri stal |l i saomnero vaanh téneprraiuiee aVérca periqel gidrtiocd frs- Ihear@ctlom oextexy then aC| d

]F-)I E)(Zarlzdlznfa[r%g%hg(”ﬁrﬁlt ggrg%)tgg?gg cgléel\ég egé gﬂ’oéw é5tr|L3h?oroe Psn ghb nd% I

3- (3, 345di Mhllqrdmatrmnebayejhs se;sareredcand- cdhc(trédied NN;deE)reﬁucedi pressuld fr’b OCH A

m xt ure of ridi tri c a i chl yl) 15
3 benzyl eabene sredlEt dunien i purfy 35 danin 2 imaipaepty Tolds GARY Lo
g(r) ogD]pl nag?eenﬁ r-Rex3he:etdmadataten 70:36 dntdmhyérf qz;m[wrara(rﬁmmetr@xtnfat eg at
or cool ed back to roomtenperature, neutralize
with aceti &“'ae'i‘"at'k%énﬁéma ﬁEO'C%Wﬂ@r?lZ 'g?@djeunder reduced pressure. the
residue is dissolved in ethyl acetate, washed with water and concentrat ed.
20Cristallization_in di ethyl oxi de gives p| per|d| ne- 1, 3 3- trlcarboxyllc
acid 1402, 2, 2- trRieparation of piperidinerd.drdiearboxyliciacigidiethvbester,yt yi )~ est er
mel ting at 114CC. Pi peridi-ne-3, 3-di carboxylic aci d 3- benzyl
-3-(3, 3-di rrgt hyl 2-oxobutyl) ester O OAN OHN

epl
Scheme
Cl _
~ / . /\/’/\
///j/\ N ’ N
o O e
x/ - \Cl K/ \C’OzEt .
25 Potassium carbonate (79.22 g, 0.572 mol) and tetrabutylammonium bromide.

(6.16 g, 0.019 mol) are added to a solution of benzyl-bis-(2-chloroethyl)amine
(47.5 g, 0.205 mol) and diethyl malonate (30.62 g, 0.191 mol) in N,N-



0-Bn O- Bn 0 0 25A mxture of piperidine-1,3, 3- trlcarboxyllc acid

- 1-(2,2,2-trichloroethyl) 3- benzyl 3-(3,3-dinethyl-2-oxobutyl) ester (1.6g
3nmmol ) and zinc (10.5 g 0.16 nol) in a mixture of tetrahydrofurane (25 ni)
and 1M aqueous sol ution of WD 2008/ 152149PCT1EP2008/ 057571 64 anmoni um
acetate (13VRIVE2K9i rred overni ght at room tenper at ur BECT/BP2QKOSEThi t h
tetrahydrofurane (20nmL) and filtrated gver clarcel. The filtrate is diluted
wi t h di chl oronet hane, washed with wate 8dried over magnesi um sul fate and '

concentrat G%é!ﬁ'ﬂ\%rrméﬁﬁdéc(ﬁéo Pﬁ|95$h'é ?eécﬂorghﬂﬁuv@ .e%bfad%a%@fdﬂlwh&%yl ic
acid 53- benéq)! 3-(3, 3-di met hyl- 2- oxobutyl) ester as an oil

1-{ 4-[5- (22 da%m%ﬁsrﬁquteq Lme[ 1regueqdo>@é@ﬁ%@zoTh%fwlptb%nquq&eqaémm i ne-4 |
, 4~ di car bagyireralzel dyRBAZYH0 GRiLEENS. tﬁe%dd@%h@ﬁ%ye} @X@mgcvéd Gathetthyil 0

Condensatl on of piperidi ne-3,3-dicarboxylic acid 3-benzy §3 3-dinmet hyl-
2- oxobut yl yc@g[ee 3xheQ ¢nl). Combined organic layers are washed W|th brme 1x40 mL)

3- (a- chior grphud BPersbl sl Bndib UREABLANE Yoo oy o Rl ARRY 1 <

performed as. descr he prepdaration o _
( 2- f | uor obpptifiady by 4cafdryn 1qm9mammmz(ﬂﬂ@a399ﬂ PB@H20| megh hpdesayeethyl ) ani no]

- 15 et han ] itd :

3-(3,3-di mga{:?'}a%l %dlz@xt Nedﬁ ?@nzs/ pzpeq,rdep dg?c@albgoﬁﬁ%g ﬂano%%)égte.r' Thi s

pr ocedur es affords 1-{4- [5 (2- .

fl uor obi ph; 1-4-y1)[ 1, 2, 4] oxadi azol - 3-yl ] benzyl } pi peri di ne- 4, 4-di car boxyl i
c acid ben y%/ ster 3, 3 d| met hyl- 2- oxobutyl ester. 20Exanples 38-47 are
prepared i 8chersem | ar manner. Ex. Conpound M5S(ESr) R2 RR3 R4 0O-N \\

, \COR, COR6 -

i /\| HN.ﬁ '
i _COE. — ™ : Co,E
\ y ~

T NeoEt - K/<oo Et
To a solutlon of benzylpiperidine-4,4- dlcarboxyllc acid diethyl ester (21.5 g,
0 067 mol) in ethanol (300 mL) is added 5% Pd/C (25 g, 50% wet). The reaction
~ mixture is stirred under 40 psi pressure of hydrogen for 3 hrs, then filtered through
15 a celite bed and the filtrate is concentrated to give a crude viscous liquid which is
purified by column chromatography (silica gel 230-400 mesh,
methanol:dichloromethane 10:90) to furnish piperidine-4,4-dicarboxylic acid diethyl

ester as pale yellow liquid.

20, _
Alternative method of preparation of piperidine-4.4-dicarboxylic acid
diethyl ester
_ Step |
25  Scheme

COEt

COEt ' /
- K\COZH
" BocK BOCN

Lithium diisopropylamide (6.5 mL 25% solution in tetrahydrofuran, 0.013 mol)
is added to a solution of N,N,N',N'-tetramethylethylenediamine (4.5 mL, 0.030 moil)
and piperidine-1,4-dicarboxylic acid 1-tert-butyl 4-ethyl ester (3 g, 0.0117 mol) in



RRLRR R8 RS R6 38PhFH H OH / 0o,,,, |' cHO CH 5881 WO
2008/ 152149PCT/-EP2008/ 057571 65 Ex. Compound NS(ESI +)

WO 2008/152149 - ' PCT/EP2008/057571
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dry tetrahydrofuran (40 mL) at -70C. After stirrin g for 30 minutes the temperature
is raised to -40C. The reaction mixture is again cooled to -70°C and_ carbon
dioxide gas is bubbled through it. The reaction mixture is slowly allowed to come
to OO-C'and. is treated with a saturated aqueous ammonium chloride solution
5 = (10 mL). The organic layer is separated and concentrated. The residue is tréated
with an aqueous sodium hydrogen carbonate solution (20 mL). The aqueous layer
is washed with n-hexane (2x10 mL), then acidified to pH ~ 5 with 2N HCI and
extracted with ethyl acetate (2x20 mL). Combined' organic layers are dried over
~anhydrous sodium sulphate and concentrated to give piperidine-1 .4 ,4-tricarboxylic
10 acid 1-tert-butyl 4-ethyl ester.

Step i
Scheme
CO_H : CO,Et
P / o . /
[ j‘coza. = K\‘coza
BOCN\/ . ’ HN\/ . .
15 Ethanolic HCI (40 mL) is added to piperidine-1,4,4-tricarboxylic acid 1-tert-

buty! 4-ethyl ester (2.35 g, 0.0078 mol) and the reaction mixture is heated under
“reflux for 5 hrs. The reaction mixture is concentrated under reduced pressUre to
give piperidine-4,4-dicarboxylic acid diethyl ester as hydrochloride salt. |

20
Preparation of dicarboxylic acids
Method-A
Preparation of 1-{4-[5-(4-trifluoromethylphenyl)-1.2,4-oxadiazol-3-
25 ' yllbenzyl}piperidine-4,4-dicarboxylic acid
Step-l
Scheme -

O_

C02C2 HS

O—N O—N
Ny Sy S s
Q\N | e . | | j\\ N)Iﬁ |/\F CO,CH,
F.C = = OH ol _ o~ N
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Methanesufonyl chloride (1.07 g, 0.009 mol) is added a stirred solution of 4-
' -[5-(4-triﬂuoromethyllphenyl)-1 ,2,4'-oxadiazol-3-y|]phenylmethanol (2 g, 0.0062 mol)
and triethylamine (1.25 g, 0.0124 mol) in dichloromethane (30 mL) at 0-5C. The
reaction mixture is stirred at 10T for 20 minutes, then treated with demineralized
5 water (10 mL). The dichloromethane layer is separated and the aqueous layer is
extracted with d_ichlofomethane (2x15 mL). Combined organic layers are dried
over sodium sulphate and concentrated to furnish the crude mesylated product.
Toa stirred solution of this mesylate in N,N-dimethylformamide (20 mL), N,N-
_diisopropylethylamine (1.2 g, 0.009 mol) and piperidine-4,4-dicarboxylic acid
10 diethyl ester (1.7 g, 0.007 mol) are added. The reaction mixture is heated at 80T
for 1 hour and then concentrated -under reduced pressure. Demineralized water
(15 mL) is added to the residue and the aqueous layer is extracted with ethyl
acetate (2x30 mL). Corhbined organic layers are concentrated under redUce(_‘J
pressure and the residue is purified by column chromatography (silica geII 230-400
15 mesh, n-hexane:ethyl acetate 75:25) to furnish 1-{4-[5-(4-triﬂuoromethy|pheny|)-
- 1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylic acid diethyl ester.

Step-ll
Scheme
0 {\J (D C /O \\ CO H
/\/‘\ 3! Hs /M\ '
‘| AN /\[ /\ | b /\ |/\ /\\ACO}
FaC/ N : X N g

20

An aqueous solution (10 mL) of sodium hydroxide .(0.86 g, 0.0215 mol) is
"added to a stirred solution of 1-{4-[5-(4-trifluoromethylphenyl)-1,2,4-oxadiazol-3-
yllbenzyl}piperidine-4,4-dicarboxylic acid diethyl ester (2.3 g, 0.004 mol) in a
25  mixture of ethénol (50 mL) and tetrahydrofuran (10 mL). The reaction mixture is
refluxed for 20 hrs; then is concentrated under reduced pressure. The residue is
acidified with 3N HCI to pH ~ 2. The solid thus formed is filtered, washed with a
mixture of methanol:ether (30 mL, 10:90), then tetrahydrofuran (20 mL) and dried
to furnish 1-{4-[3-(4-trifluoromethylphenyl)-1,2,4-oxadiazol-3-yllbenzyl}-piperidine-

30  4,4-dicarboxylic acid (e.g. 14). |
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Method—B _ :
Preparation of 1-{4-[5-(furan-2-yl)methoxyiminomethyl-1,2,4-oxadiazol-3-

Ilbenzylipiperidine-4.4-dicarboxylic acid diethyl ester
5 Step-l
Scheme
CH, ' CH,

HO N _ T/\/\N/\

|
o}
-
N RN c
| N . J/ e} N ~ CO,Et
O\v . - . P \/\\& \\r ~ \\/{co o
7 T ¥ | T
) O———N .

AN O——N

' (Z)-4-[5-(Furan-2-yl)methoxyiminomethyl)—1,2,4-oxad_iazol—3—y|]benz_aldehyde (0.7
g, 0.0023 mol) is added to a solution of diethyl piperidine-4 ,4-dicarboxylate (0.5 g,
10 0.002 mol) in a mixture of acetic acid (1 mL) and methanol (30 mL). The reaction
mixture is stirred at room temperature for 1 hour. A solution of sodiUm
cyanoborohydride (0.1 g, 0.0016 mol) in methanol (10'mL) is added to the reaction
mixture portion wise over a period of 30 minutes at room temperature and stirred
_ overnight at room temperature. The reaction mixture is concentrated under
15  reduced pressure, the residue is treated with ammonium hydroxide (3 mL) and
extracted with dichloromethane (50 mL). The organic layer is concentrated and the
residue is dissolved in a tetrahydrofuran (5 mL) and ethanol (10 mL) mixture. An
~aqueous solution (10 mL) of sodium hydroxide (1.0 g, 0.025 mol) is added to the
mixture and allowed to stir overnight at room temperature. It is then concentrated
20  under reduced pressure. The residue is acidified with 3N HCI to pH ~ 2 to give an
off white solid which is filtered, washed with ethyl acetate (3x5 mL) and dried to
furnish (2)1 -{4-[5-(furan-2_-y|)methoxyiminomethyl-1 ,2,4-oxadiazol-3-yl|benzyl}-
piperidine-4 4-dicarboxylic acid diethyl ester. ' _
This diethy! ester derivative is hydrolysed to the corresponding diacid as
25 described in the previous procedure (e.g. 22). _
Partial hydrolysis of diesters can be performed to result in the formation of
mono acid esters (e.g. 52). - |

Examples 1-37 are prepared either by method A or by method B.
30 '



HOwW 1,1-%632.1 46 Ph FHHHOW HQ",/- 628.1 47 Ph FHHH-c-y-r,

---01---c: 734.24 Fol | owi ng conpounds of cycl oal kane derivatives are
al so prepared by enploying either Method A or Method B. Ex. Rl Conpound R2
ON\ R3O R4 COR COR : ' :

WO 2008/152149 o PCT/EP2008/057571
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Ex. | - Compound : ' MS(ESI")
R2 O0—N
RIL A A ~ P
I i N E o ‘\\COR6
R ‘|7//\R3 ’ //\/N\/ ’
R4 '
R R1 R2 R3 R4 R5 RG
_ CH, _ :
1 HSC)\/ H | H H H | OH | OH | 464.1
. CH, . ' g
2 | oo H H H H OH | OH | 492.22
3 Ph F | H H H OH | OH | 502.19
4 Ph " F H H H OH | OMe | 516.17
5 | H | H | H H OH | OH | 462.07
A '
6 | L\ H H H H OH | OMe | 476.19
N7
CH, _ : : '
7 | oo H H H H OH | OMe | 506.21
_ CH, _
8 Hac/lv H H H H | OH | OMe | 4782
. o) S : ) ) ' ’ .
“ N
9 >Q©\(/“\/\QAQF cove 492.0
| COH
. . O—N
N o NN . -
- T e
10 - \/ T 478.1
11 0 | | ow H H | oH | oH | 5201
_ F/k/AF : _ T
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Ex. Compound | o MS(ESI*)
12 F_/'\) - H | H H | H OH OH | 502.1
FYI\W/ | BB
13 N H H | H H OH OH | 520.1
!

14 CFs H | H H H OH OH | 476.1
15|  Ph H H H H OH OH | 484.1
16 FsCO H H H H OH | OH | 4920
17 H F F H H OH |. OH

18 | HiCO.S H H H H OH OH | 486.1

: 0—N .
<\N/\ - K\—“Co H
19 A\)/J oL 524.1
C]./’l\\7| .

. -. —~ //'\|/’\N .
20 | BB G N NN N 478.1
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_ |0
21 | ke 07 | H H H H OH | | 5061
_ 7 o—N :
< / \\ - CO,H
22 .OA\|/\\N X /\l-—COZH 4551
. N\OME — N\/
@)
23 Bn H H H H OH ol 498.1

RN N o o
o HacYQ T 456.2
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. | ,-' W cox . )
25 " A(\ /CL“’Z“ | 4521

CH,
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\/\/N
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Ex. | ' Compound MS(ESI")

37 ij/ | H | H H H OH | oOH
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-M’, ESI negative ion mode. _
Preparation of dicarboxylic acid ester derivatives

5 " Preparation of 1-{4-[5-(2-fluorobiphenyl-4-yl)-1,2.4-oxadiazol-3-

Ilbenzyl}piperidine-4,4-dicarboxylic acid mono (2,2-

dimethylpropionyl-oxymethyl) ester

Step-l
10 Sché_me

: PN P )
. !( j./\'\N/>\©\ = /\(/\/
= |
| o - QA/

- Thionyl chlorlde (20 mL, 0.274 mol) and N,N- dlmethylformam|de (2 mL)
are added to a stirred solution of 4-[5-(2-f|uoroblpheny|-4-yl)-1,2,4-oxad|azole-
3-yllphenylmethanol (32 g, 0.092 mol) in dichloromethane (150 mL) at 0° C.

15 The reaction mixture is heated at 80 for 1 hour a nd then concentrated under

reduced pressure. The residue is neutralized with a saturated agqueous sodium '

bicarbonate solution (150 mL) to furnish a solid which is filtered 'and washed

with n-hexane (150 mL) to give 3-(4-chloromethylpheny!)-5-(2-fluorobiphenyl-4-

yl)-1,2,4-oxadiazole.
20

Step-li

Scheme

~o

QAerk @?A//

OH
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-Diisopropylethylaminé (23.5 mL, 0.136 mol) and diethanolamine-(14.2'g,
0.135 mol) are added to a stirred solution of 3-(4-chloromethylphenyl)-5-(2-
fluorobiphenyl-4-y1)-1,2,4-oxadiazole (33 g, 0.090 mol) in N,N-dimethyl-
formamide (200 mL). The reaction mixture is heated at 90°C for 2.5 hrs, the
5 solvent is removed under reduced pressure and the residue is" treated with
demineralized water (200 mL) to get a solid which is filtered and washed with n-
hexane (150 mL) and diethyl ether (100 mL) to furnish 2-[{4-[5-(2-ﬂuorobiphehyl- :
N 4-yl)-1,2,4-oxadiazole-3-yl]benzyl}(2-hydroxyethyl)amino]ethanol. |

10  Step-lll
Scheme

gv' ACV*/- QVH

Thionyl chloride (52 mL, 0.716 mol) is added drop wise to a stirred solution

of 2-[{4-[5-(2-fluoro-biphenyl-4-yl)-1 ,2,4-'oxadiazole¥3—yl]benzyl}(2-hydrolxyethyl)-

15 aminojethanol (31 g, 0.0715 mol) in dichloromethane (150 mL) at 0T. N,N-
" Dimethylformamide (2 mL) is added and the reaction mi_xtuke is heated at 80T

/Z

\/> |
/\O

for 1h. Excess thiony! chloride is removed under reduced pressufe and the
residue is made alkaline (pH ~ 9) by the addition of an aqueous éodium
hydroxide solution (4N, 150 mL) at room temperature. The aqueous layer is
20 extracted with ethyl acetate (2x100 mL) and combined organic Iayérs are dried
over sodium sulphate. Removal of solvent-under reduced pressure gives a
viscous liquid, which is purified by column chromatography (silica gel 230-400
mesh n-hexane:ethyl acetate 7:3) to give bis-(2- chIoroethyl){4 [5-(2-
fluorobiphenyl-4-yl)-1 ,2,4-oxadiazole-3-yl]benzyl}amine.
25
Step-IV
Scheme

O—N / CO,CH,Ph
N _ . / \
I/\i/\\N \ R /CI M )\ij\/ /\(I)CH Ph
i | | Vo o
&/Y ) N —_— \| | i
] e |



58 0 - 1,1 - Il --e-- LR "L F . 1IH-\\ /CH..,...,"Ns--/
C02H516159--','. U, ,,,,,, > 0-N-"-"-";

---------- e W O o I 1\ e F T T I

--- -N,---,;, i FC--'-?--"1- 2 HC 02H 530.5 WO

20087 152149VTINEERBO8/ 057571 67 | H - NMVR dat a: Exanpl ePET/BE200§09575TH -NVR :
(CDCI 3 + TFA; 400.13 Miz; ppn) 0.94 (d, J=6.64 Hz, 6H); 1.96 (septet, J=
6.68 Hz, 1H); 2.60-2.72 (br m 6H); 5 3/00-3.10 (br s, 2H); 3.77 -3.82 (br

s, 2H); 4.39 (ﬁota@é‘ﬂm Zar%%néfé §2:8 éG 4762 2hbdr) Zn@lteFrat?LQ%I@Hfm&”nurﬁH) 8.10
(d, J=8.20 Hz rot ons.

; ( 2H) Three exchangea
Exanpl e 2 Q@WH@ ﬁ9+ IQ\@@5 r(lqtb@rg addgda to gstirned ngitlog Bbrﬂs(
chIoroethyI){4 [5-(2-fluorobiphenyl!-4-yl)-1,2,4-oxadiazole-3-ylJbenzylamine
- (28 g, 0.059 mol) and dibenzyl' malonate (15.3 g, 0.054 mol) in- N,N-
5 - dimethylformamide (250 mL). The reaction mixture is heated at 100C for 4 hrs
and concentrated under reduced pressure. The residue is treated with
| demineralized water (200 mL) followed by brine (25 mL) and the aqueous layer
is extracted with tetrahydrofuran (2x150 mL). Combined organic Iéye_rs are
dried over sodium sulphate and concentrated under reduced pressure to give a
10 viscous quuid, which is purified by column chromatography (silica gel 230-400
mesh, n-hexane:ethyl acetate 70:30) to give 1-{4-[5-(2-fluoro-biphenyl-4-yl)-
1,2,4-0xadiazol_e-3-y|]benzy|}piperidine-4,4-dicarboxylic acid dibenzyl ester.

Step-V

15 Scheme _ . ' o
o—N
. '.\N A\ | COCH,Ph /\ /Q/\ (\I\co o
| >y . ,/O\OOQCH;Ph \/\/ ~

An aqueous solution (50 mL) of sodium hydroxide (1.7 g, 0.043 mol) is

added to a stirred solution of 1-{4-[5-(2-fuorobiphenyl-4-yl)-1 ,2,4-o.xadiazole-3-

20  yllbenzyl}piperidine-4,4-dicarboxylic acid dibenzyl ester (18.3 g, 0.027 mol) in.
tetfahydrofuran (150 mL). The reaction mixture is stirred overnight at room :

temperature and then concentrated under reduced pressure. The residue is

acidified to pH ~ 6 with diluted hydrochloric acid to give a solid which is filtered

_ and washed with diethylether (100 mL) to furnish 1-{4-[5-(2-fluorobiphenyl-4-

25  yl)-1,2,4-oxadiazole-3-yllbenzyl}piperidine-4,4-dicarboxylic acid mono benzyl

ester.

30



1.77 (s, 3H); 1.81 (s, 3H); 2.38-2.50 (br m 2H); 2.65-2.78 (br d, 2H);
3.10-3.25 (br s, 2H); 3.73-3.85 (br s, 2H); 4.43 (s, 2H); 4.89 (d, J= 7.47
Hz, 2H); 5.41 (t, J=7.38 Hz, 1H); 7.10 (d, J= 8.42 Hz, 2H); 7.58-7.69 (s,
2H); 8.15 (d, J= 8.24 Hz, 4H) Three exchangeabl e protons. 15 Exanple 3 as
HCl 1H NVRWO RUOBis2849+CD30D+ TFA; 400.13 Mdz; S ppm)  PCHEPROSGIUbr m 4H);
3.10-3.31 (br s, 2H); 3.62-3.83 (br s,_2H); 4.32-4.54 (br s, 2H); '
7.45-7.55 (m 3H); 7.62-7.77 (m 5H); .5%_.03 (d, J=10.56 Hz, 1H), 8.10 (d,
20J=7.98 Hz, 1H); 8.21-8.29 (br s, 2H) Three exchangeabl e protons. Exanple
4 in the free form1H NWR : (CDC13+CD30D+TFA 400.13 MHz; 5 ppm) 2.32-2.48
(br m 2H) Step-¥b. 2 71 (br d, 2H): 3.08-3.24 (br s, 2H); 3.63-3.76 (br t, 25
2H); 3.81 8'39@@ 4.34-4.45 (br s, 2H); 7.44-7.56 (m 3H);

7.60-7.68 772(tJ777Hz 1H; 8.02 (d, J=10.51 Hz, 1H);
- 8.10 (d, J=8.02 Hz 8.22-8,29 (br s, 2H) On¢’ éxchangeablﬁcwot Qn.
Example 5 as H )NST {;DC13+TFA+DIVB 100. 13 WVhiz__ °v5<;§pn)
0.22-0.29 ( & 62 (m . 0.995.F4 (m 2.20<2. 305(m~ 2H);
255 (d. J214 70 He, 265(d Ji6. 00k, 2H) 3,07 (1. Jo12. 26 1%,

C2H); 3.54 (d, WO 2008/ 152149PCT/ EP2008/ 057571 68 J=12.47 Hz, 2H): 4.28 (s,
2H): 7.87 (d, SedurbZarbonazHi0.125 §60.0012 tod.id Adthrd t2adsoluBorlaf (M-[3=8. 14 Hz,

RERNA T e e
0 56 0 62 f@oid #Hdnhp ﬁer&m st (0135 ]d'|)0 08028 -r2o|BIn (MN-iklethylacedartide J=15. 10
3 5421%:§3 35&8 ?”1‘? re%HP” 'E'X%gés §ti”?%?°r%%> ’(”"l‘r‘tez%a%QO”é ”Qgefgtﬁ%g (élerts 16
HZ, 2H) 7(fhﬁ)r6|¢heth$|=5lv8@td'|(0 18HY; 08012 rh6l) is)addedlioHbe r@b‘&tlonSm&ﬂurédd J1
L7 5 R Sy B BESBATTRE L R I g 2

2.30-2. 44 Gbmuﬁéral&ﬁh wéie|5§7)5 %L@%nﬁ@xtr@cte@ﬁ% etﬁyl%ei’atégz@mﬂ)rswlurﬁw
3. 63 3 73 (br d, 67 (4 J=6.76

2
Hz, 5 cBlprige (0. 526) f8paqqed toythe egfwhchtate |§)@f83”(8’§tlﬁfd for)5 minwes.(d, J=

6. 68 HZ, 2 8 h
rce form Sorin Rhee b Tl aia RO g Bl b DBBeS 4, ' 0= 65

Hz, 6H); 1a0y7sepaspiest ThQJ elhylacatpte layey is driecsoger spdiupt Slﬂﬂ)hél_iﬂ) Remoea ( d,

1,12 ¥ By e SR i ngfebtys 1 (7
7. 5Ea; ggbl(cohumn(zjlqw:?n&tquraphly (stica 1@l +&30-m meshl 8-Bexene(dinyl emtateghi A
400. 1:>,g|sz76:”@5 i f“i’%géE?(3“%’%’8”‘5’85%%"%%% 4%]"%%% %?%%4 (br d,
2H) 3. 00- :Bugbﬁd(naﬂ SHicartxyr éeid bzhyyl 31812 2-diheftylpraparioxy@e®®1)& 3. 87 (s,

435§eer 6.91 (d, J= 8.37 30Hz, 1H); 7.54 (d, J= 7.62 Hz, 2H);
7 97 8. 04 %} 8.17 (t, J= 7.52 Hz, 2H). One exchangeabl e proton.

Step-VII
Scheme

" o—N -
/ i COH CH

COCHPh ' \ o. o JCHa

g@ geNe e e
solution of 1-{4-[56- (2-ﬂuorob|phenyl-4 yI) -1,2,4-oxadiazol-3-
25 yI]benzyI}-plperld|ne-4,4-d|carboxyllc acid benzyl ester (2,2-dimethyl-
propanoyl-oxymethyl) ester (0.37 g, 0.00052 mol) in a mixture of ethanol and

ethyl acetate (20 mL, 1:1) is added 5% Pd/C (0.133 g). The reaction mixture is
stirred at room temperature and hydrogen gas is bubbled through it. This



WD 2008/ 152149PCT/ EP2008/ 057571 69 Exanple 10 as HCl 1H NVMR : (CDClI 3 + TFA
© 400.13 Mz ; 8 ppm) 1.56 (s, 6H); 2.30-2.45 (br t, 2H); 2.59-2.69 (br
2H); 3.01-3.12 (br m 2H); 3.12 (s, 2H); 3.76 ( d, J= 10.26 Hz, 2H); 4.36
(s, 2H); 6.91 (d, J= 8.37 Hz, 1H); 7.55 5(d, J= 7.40 Hz, 2H); 7.95-8.05 (m
2H); 8.16 W 2084571484 Hz, 2H). Three exchangeabl e protAEEP20088875fe 11 as
HCl '1H NVR : (CDCI3 + CD3OD + TFA: 400, 13 MHz: 6 ppn) 102.24-2.40 (br t,
2H); 2.57 (d, J=14.34 Hz, 2H); 3.01-3.°P5 (br t, 2H): 3.56 (d, J=11.17 Hz,
2H); 4.31 fpcedds: c&rtlﬁéed7 ch72 $rﬁou?d‘|)The7reé5no?1 %t&r@ |s]fhﬂbred7th% da J=7.77
Hz, 2H); 7.73 (d, J=7.4 Hg .75 Hz, 2H); 8 (d, J=8.33
Hz, 2H) Theelie et%%ﬂaawaé%ﬁtﬂ éN'B‘rot? ﬁ@ydrquraa(mfé ) a@nddpe mtrmR is

(CDCL3+TF : 0-2.70 (br
L 2H): Bﬁ%ﬁgg@ grnﬂgpreﬁﬁc&é"éresgumng \?ebg’%gl% fhé)sé Whick |S%U}med|2_6))6 7550 (1,
J=8. 65 Hz, cglynn Chrmatxagraphyrﬁlhaﬁgel %%@Qmesudaemnﬂzdlcmqyom@haqe(d J=7.22

Hz, 2H): 8 oy J= -hange r Exanpl e 13

as HO 1 Rﬁgﬁf © c%iﬁé3 3%4#1\2 %%BQ@BE’%Q 8%&“1%6‘%0%32%% PBeE3N; = (br t,

2H) 2. 70 plderldjn:e-ﬂﬁ -@izarbioxyl2HGid 32 2 idefyl- ptmasoyl@ﬁmetﬂyl)?@s@rae gtbr 25 d,
4.42 ég,) 6.89 (t, J=8.67 Hz, 1H); 7.20 (d, J= 6.20 Hz, 2H); 7.61
'J= 6.2 ; 7.81 (d, J= 8.15 Hz, 2H); 8.22 (d, J= 6.44 Hz, 2H):

8 30 (d, J= 8. 16 Hz, 2H). Two exchangeabl e protons. Exanple 14 as HClI 30 1H
NWVR : (CDCI 3 + TEA. 400 - 8 '2.27-2 b.m 2H) ; _
2.53- 2(66 (br Aer QDP@%A{"%“S@’ %@4—@-%85’3%'-3-%)21 ?éPg‘%‘i'aM'HZL 34 (s,
2H); 7169 ﬂ;heniﬂﬁmﬂa?rdhﬁ42¥d)r¢art70)&ﬁc (edid DertzyP6stelr (2,2Hdime®yfogatioyld=6. 67 Hz,

2H); 8.35 t@ﬁ 9% Three exchangeabl e protons. WO
2008/ 15214 6\9 bBTIE)- 057571 70 Exanpl e 15 as HO 1H NVR :

(CDC13+TFA+CD30D+D20 400 13 MHz; 5 PPnl) 2 26 (t J=13.10 Hz, 2H); 2.55
(d, J=14.74 Hz % J12 3.57 5 (d, J1226HZ 2H) ;
4.30 (s, 2H): "?Ns@sﬁ? %Of(’ﬁﬁ y'i%rban?'cﬁ'ctiert-l?}ﬂ_ﬁ eét?er 2H); 7.57 (d, J=8.06
Hz, 2H); 7.66 (d, J=7.36 Hz, 2H); 779(g1 J=8.25 ¢z, 2H); 8.20-8.30 (m
4H). Three exchangeabl e*rgtcﬁskamm 16 gs ,gre\;LcH NVR @ (CDCl 3+

CD3OGD + TFA; 400.13 oSpEPNP a
15 - To a mixture of di-tert-butYIdicarbonate (6.2g 0.28mol) and bis(2-
chloroethyl)amine, hydrochloride (5.5g O_.31mo|) in dichloromethane (40mL) is
added triethylamine (4.2mL 0.3mol). pH is then adjusted to 9-9.5 by further
addition of triethylamine (0.5mL) and the mixture is stirred for 2h at room

temperature diluted with dichloromethane, washed with water, dried over

20 magnesmm sulfate and concentrated under reduced pressure to give crude
N,N-bis(2-chloroethyl)carbamic acid tert-butyl ester used without further
purification in the next step.

- Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 3,3-dibenzyl ester

: 0

%OJOLN/\/CI s r(iofén . >LO'LL"Q?O,Bn

a5 c 0 o’B“_ - RN
| A mixture of N,N—bis(2-ch|oroethy|)carb_emic acid tert-butyl ester (1.22g
~ 5mmol), dibenzyl malonate (1.42g 5mmol), potassium carbonate (1.38g

10mmol) and tetrabutylammonium bromide (0.5g 1.55 mmol) in toluene (20mL) -

is heated under reflux. Additional portion of tetrabutylammonium bromide (0.5g



2.27-2.43 (br t, 2H); 2.62 (br, J=13.34 Hz, 2H); 3.05-3.20 (br, 2H;
3.59-3.72 (br, 2H); 4.36 (s, 2H); 7.43 (d, J=8.36 Hz, 2H); 7.61 (d, J =5, 79
Hz, 2H); 8.23 (d, J=5.66 Hz, 2H); 8.28 (d, J=8.71 Hz, 2H); Three
exchangeabl e protons. 15 Exanple 17 as HCI NWMR : (CDCl 3+ CD3OD +TFA; 400. 13
- MHz; 8 ppmWe201P449 J=12.69 Hz, 2H); 2.57 (d, J=14. 67PEFEPDPY0573108 (t,
J=12.35 Hz, 2H); 3.54 (d, J=12.14 Hz, . 4.31 (s, 2H); 7.61 (d, J= 8.00
Hz, 2H); 7.73 (dd, J1=11.87 Hz, J2=8.78" Hz, 1H); 7.82-7.89 (m 1H); 8.18
~(d, J=7.89, Sﬁzmn%ﬂ)ls'ﬁhﬂaﬁaﬁérci}ﬁ#&@ﬁg&ﬁcegom&tfgﬂﬁer rﬁ%ﬁﬁ@k& 21=5(o%éra|n*C| 1H NWR
: (CDCl 3+ CD30b + TFA; 400.13 Mz 2H) ;
2.61-2. 71 Bhrhegting)Hpe f@xtytﬂwpp'e(doba%tozmm tsmmra(t@e amcl)dletiayle@cyd%s 77 (br
d, 2H); 4. for, ~ndH) ; 8. 22-
8.29 (br, ﬁbaﬁﬁgd {3&) cﬁ Eﬁ‘g 8%% p?‘é eTE?‘eNggheéoghvgﬁTge“}ab%eI@ ot gﬁé Exanpl e
'19 as HCl eenoguiRated( uny@rsedtwgmnessuwﬁurmatlombmlpm ¢poaeglapsy- 1. 70 (m

2% %ﬁ%%ﬁ%gﬂkg@w%%é% UFTs «“ﬂ%ﬁ e Sty Kl 4
3.07-3.16 ik 1H); 3.56 (d, J=11.95 Hz, 4.28 (s, 2H); 7.27-7.33 (m
4H); 7.56 (d, J=8.12 Hz, 2H); 8.13 (d, J 8 09 Hz, 2H) Three exchangeabl e

protons. WD 2008/ 152149PCT/ EP2008/ 057571 71 Exarrpl_e 20 as HCl 1H NWR :
(CDCl 3 + TFA ; Pipeadidas-1\;8-tricérippaylic acid.1aért(bs|ty| 8Henzy@.e3&r2. 52 (br s, 2H);

$2.65-2.78 (br s, 2H); 3.11-3.27 (br s, 3.7 3.89 (br s, 2H); 4.44 (s,
~ 2H); 5.35 (s, 2H); 7.41 )LJ— 7691 Hz, £8 7.0/0 (br s, 52H); 8.12

(s, 1H); 8.22 (d, J= 6.60 ‘P—|z Bﬂ'hrere,.exché’ng a I protons. Exanple 21

-as HCI 1H NVR : (CDC1l3+TFA+ d§+D20 ;- 400. 13 PPrT) 2.23-2.35 (br

t 2. 53 (d, J=14.27 Hz, 3. 10 (t, J=12. 14 : 3.54 (d, J= 10

1i 61 8.88 Hz,

7“é9 TS5 ylp 0*51359“3@5 B icrtaRhe ﬁéwﬁ fz]%%%ﬁffzenﬁﬂm Theee
exchangeableetepr(@t&ﬁgs 7. Iaa)| e wmmymmmmwoommmmmmwso d6+D20
. 400. 13 P 44 Hz ;301t
J=11. 94 sz’zaﬁ-rtﬁ'geg E’G'? 883‘3"2"%02“&% ﬁzS@"ﬁ 9. ﬁ?‘g?si'%mlrﬁ’ﬂ)myﬂeég% , (
6. 62- 6. 65 @6% 16fhmob). iblwdtdr (2Bri.)8Thélmixilird js Trthbr gtirded with cdbling Br22 (d
(Dt 9+ ChBPDHERrAovRgGOMITITG: e BrioS Btiee 50d peiied Wb afeioage (o
% H)14 29352(1 B5Deq) 3ARS Edncedtratonl dnddr, reab‘ded §r%§ur§a 3% (chfdenﬂ)l_rbo_ab‘dt, |431411 (13 (s,
J=8.21 Hz, %ﬁs&@ 'Vld'(sapr09¥'8g®§’el—||2_‘?’asfﬁ? Wéh Watery drﬁdsovz% MESNSAYT 8. 24 (d,
25 J =8. 02 ggiphatd) addicefcentahangeddt RdDEQS PRSssufeXTEVE p?ﬂemnéﬂ% 3-

: tncarboxyhc acid 1 -tert-butyl 3-benzyl ester as an oil.

020 . Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 3-benzyl 3-(3,3-dimethyl-2-

oxobutyl) ester
. o o o -
%OJ\N o >LOJLN 0
B — .Bn
' 0 o%

0™ OH

A mixture of piperidine-1,3,3-t’ricarboxyiic _acid 1-tert-buty| 3-benzyl ester

(2.85g 7.85mmol), pofassium carbonate (1.4g 10mmol) and bromopinacolone

25 (1.73mL 17mmol) in butan-2-one is stirred at room temperature for 6h. The
mixture is washed with' water, dried over magnesium sulphate and

| concentrated under reduced pressure. After  purification - by column
chromatography, the product is cristallized in heptane to give.piperidine-1 3,3~



1H NWR : (CDC13+TFA+CD30D+D20 200. 13 MHz; 8 ppn) 0.87 (d, J=6.74 Hz, 6H);
1.01-1.25 (br s, 3H); 1.35-1.75 (br m 3H) 1.75-1.99 (br s, 30 2H);
2.05-2.35 (br. d, 4H); 2.35-2.60 (br d, 2H); 2.79-3.18 (br m 3H); 3.35-3.60
(br d, 2H); 423&,2H) 751(d J=8.13 Hz, 2H); 8.04 (d, J=8.22 Hz, 2H)
Thr ee. exché{‘ﬂb@%ﬁ 4Brotons. - WD 2008/ 152149PCT/ EP2008/¥%W%"29087}9275B<arrpl e 25
as HCI 1H NWR : (CDClI 3 + CD30OD +TFA ; 400.13 Miz ; 8 ppm) 1.60-1.71 (m
1H: 1.79 (s, 3H); 2.01-2.09 (m 1H); 62123247(m 2H); 2.45-2.55 (br m
6H); 2. 70- RicDokilc abid Hbri-bdtyP8-63n2 a(@rs ﬂbméiWIwZ S Mtyd lerlbiifg 2H) ; 4. 33
(s, 52H); 4.77 (s, 1H); 4.83 (s, 1H); 0 (s, 1H); 7.64 (s, 2H); 8.10 (s,
2H) . Threea%@&mangeabl e protons. Exarrpl e 26 as HCl 1H NWVR : (CDClI 3 +DVSO- d6
+TFA ; 40013M—Iz;6PPrT) 10155(s 6H) 248255(brd 4H) 2.94-3.06
(brm2H) 3.42- % H; 4.27 H% é) 7.28 (d, J=7.86
Hz, 1H); 7.87 F(Irélerldmfe3 ﬂlwbomacg Cbl@er(zs/ im-dlrse gl- %@xob}&yﬂ)estew 1H) ;
8.27 (d, J=8.10 Hz, 2H) T re@ exchangeabl e protons Exanple 27 as HCl 15 1H

NVR : (DVSO-d6 +TFA : 40 8 PPMuci2. 20 (br t, 2H); 2.42 (d,
. J=14.19 Hz, 2H): 3.00-3. 13?b ), 3pay 01 Hz, 2H): 4.54 (s,
2H): 7.50-7.55 (m 1H): 7.59 ( J743/-sttl-[)o (d, J=8.00 Hz, 2H):

7.85 (t, J=8.06 Hz, 1H); 7.89 €4,°7¥8\24 Hz, 2H), 8002 (dd, J1=11.18 H,
J2=1.275Hz, 1H): 8. 08 (dd, J1=7.94 Mz, J2=1.40 'Hz, 1H): 8.36 (d, J= 20 8.24

Hz, 2H) Three wg@ame@@kgla@h@memss 3&91@?9&@.8%@81 k&tbatgl NManyIGCDC'3
+CDBOD+TFA ;400 1,422 1.46 (m

(s,

1H): 1.49 (38-d Jneltby'fsowutyimste& @‘%0@9 9754rn®0kd9 eztlvﬂ a%etaés B8O ®br m 4H):
2.67-2.74 édﬂedlé")soluﬂoﬁgf ﬁy&@gérbf:hlﬁhd@lf%soé’roﬁ%@ é%L(STBN)?%e rRixtte 3. 56 (br
d, 2H): 4.27 (s, 2H): (3, 1H): oH): 8.17 (d, J=
8.15 Hz, 219 smrﬁcé@tese@ﬁaﬁg@ama@rgrﬁ@r&m thesaaﬁwcent_rgteasumr gwluced NVR

DMSO- + 0 4, 1 d, '
S s 12@Hza_ﬁeé§|—§$% The &9?% !Y&il%rateﬁ Hpmsoésd?)%T %x@@ &bglv%bplgﬁl)dln 3‘524( 45 (s
2H); 7.64 leaer*)?'lC7ECIdz 3-izangzyl ﬁ(&ﬁdmﬂhxl&omtylﬁ ester(@ydmewozde WO
2008/ 15214%%%@?%/ 057571 73 Hz, 2H); 8.01 (d, J=8.26 Hz, 2H): 8.23(d,
J=8.20 Hz d, J= 8.28 Hz 2H) Three exchangeabl e protons.
Exanpl e 30 as HCl 1H NI\/R ( CDC13+TFA+CD30D; 400.13 Miz; 6 ppn)

Bis(2-chloroethyl)benzylamine

N/\/G'| ﬂ N/\/O
oD, a Ha

To a solution of bis(2-hydroxyethyl)benzylamine (19.5g° 0.1 mol) in

15

nitromethane (150mL) cooled with a water/ice bath is added thionyl chloride

(60 mL). The mixture is s_tirred at room temperature for 2h, then at 80T for

1h30. After_' cboling again with a water/ice bath, diisopropyl oxyde (350mL) is

20 added, causing the hydrochloride to precipitate. This is ‘fiItrated, rincéd with

“diisopropyl oxide and dried to give bis(2-chloroethyl)benzylamine
hydrochloride.

1-Benzylpiperidine-3,3-dicarboxylic acid 3,3-dibenzyl ester

a N 0
C(\N/\/ O/\ (}L JBn
—_— O
o] o’Bn

25 _
' A solution of bis(2-chloroethyl)benzylamine, hydrochloride (3.4g

12.6mmo|l) in iced water (10mL) is made alcaline with a 5N aqueous solution of



2.22-2.36 (br t, 2H); 2.59 (d, J=14.49 Hz, 2H); 3.09 (t, J=12.28 Hz, 2H);
3.58 (d, J=12.21 Hz, 2H); 3.99 (s, 3H); 4.32 (s, 2H); 7.63 (d, J=8.05 Hz,
2H); 7.89-7.99 (m 2H); 8.19 (dd, J1=8.55 Hz, J2=1.16 Hz 1H); 8.28 (d,
J=8.02 Hz, 2H) 8.70 (s, 1H Two aromatic protons are rrer%ed bet ween 6.5-7.5
Three exchah@e¥prB143r ot ons. 10 Exanpl e 31 as HCl -1H NVRCIEPWPROSISITEA+CD30D;
400.13 MHz ; 6 ppm) 2.22-2.40 (br t, ; 2.56 (d, J=14.20 Hz, 2H); 3.02
(t, J=11.30 Hz, 2H); 350363(brd§;412(s 2H) ; 429(s 2H) ;

7.09-7.17 fn h Zk i etyl ¢h 2
7.85-7.95 (@Elrﬂlut %dkrlgbxydé tr(Zglt,fb(r}]\l\&7 le y 5b&tate15i%f?%g(‘ execﬁra?;\éagg%ﬁepr?%ons

Exanpl e 32.048r H@gngﬂumvwlphfetm esmat+omgodqr3rqdmed PEesserg affordsis (d,

3=6.8 Hz. G cRiofnibBakfimbe. 2H): 2,43 (d J=14.12 H, 2H); 3, 00-3. 15
(br s, 2H): CO%RV)%ﬁ’gGmH?, H - 75(ﬁuuntet =6.82 Hz, 1H); 4.51

(s, 2H) 7.80 Part ojﬂse BsteF2. 5QHS; dl$35012@d('!2cﬁth et (PMSOH1/1 8588).(d, J=8. 38
Hz, Th DVEO- d6
+ TFA ioor'jitge m'igi@i%gg%gﬂgﬁ B %gd %%gtﬂfﬂ g%bgqatl(;gb gl%& i (,

2.96-3. 13 (@e adpeQHpHO\@edl@yBa 5lytion of, tetigputylanooriivm Rigmide . ingethy!, H) :
7.15-7.25 3 78 (d,
J=7.79 Hz, (ag%atelg&'ﬁz) 5‘51 R ﬁ‘b@%"z%rﬁnrmgéz%q}eﬁeg“a‘qﬁﬂgt&" 3%H) Tgree
exchangeabISDI\mntﬂ amresevadppeatpd ender radutdd prblslsdeRThe(ré:MiIe #6disSdvked 00. 13 MHz;
6 PP WO 2008/ 152149P 2008/ 057571 74 1 38-1.50 2.07-2.20
Cor oy SO W SRy waeh, b byl raohaspt Sufates s pr o
2H) ; 4.106- lboﬁ&er(t&ﬂte@naéﬂ) reddcé&d p(es,su%-DPurTcéiﬁnﬁonEhe(MSldde W‘&oluﬁ‘ln76 7.86

gts)rH(Cj:I illzll) %?gﬁeﬁ%(brmwl—& Threeme?éggép abI EC p%ﬁ?fi Ogﬁzgébe(ng Iarrpl e 35

2.25-2.38 (elgfert 2H); 2.49-2.59 (br d, 2H); 2. 94-3. 05 (br t, 2H); 3 50-
3.59 (br d, 2H); 4.29 (s, 2H); 7.60 (d J=3.72 Hz, 2H); 7. 62 (d, J=3.36 Hz,
2H); 8.14 (d, J=8.40 Hz, 2H); 8.23 (d, J=8.12 Hz, 2H); Three exchangeabl e

protons. 10 Expmmeligingd :as-tﬂr&“drb li&NMBcid ( @2dtﬁ¢Fr5p6et 0.3.3-d\dazyI6 PPrr)
1.37 (d, J=6. 04@5@., n6H) 2.14- CJ2"5‘2'5 (gr tm%H) 2.40 ( J=.13._982¥|z

2.95-3.138 @8{eraH): 3.45 (d, J=11.99 Hz, 2H): 4.48 (s, 2H): 484(qU|ntet,
J=6.03 Hz, 1H); 72215(d J—888Hz 2H) ; 7843(d J=8.19 Hz, 2H); 8.16

(d, J=8. 88 Hz, 8. 16 Hz, ZI—b}/'l:h e~exghangeabl e protons.
Exarrpl e 37 as HCI — - g %loan

o o,Bn

To a mixture of 1-benzylpiperidiné-3,3-dicarboxylic acid 3,3-dibenzyl! ester
(19.6 g 41.8 mmol) and sodium carbonate (5.1 g, 48.1 mmol) in chloroform
cooled with a water/ice bath, is added 2,2,2-trich|oroethyl_ chloroformate (11 g,
20 51.8 mmol). The mixture is stirred overnight at room temperéture and
concentrated under reduced pressure. The residue is dissolved in diethyl
oxide, washed with water, dried over magnesium sulphate and concentrated
under reduced pressure to give piperidine-1,3,3-tricarboxy|ic acid 1-(2,2,2-
trichloroethyl) 3,3-dibenzyl ester which cristallizes upon standing. |
25 Melting point 76 C '

Piperidine-1 ,3,'3-tricarboxylic acid 1-tert-butyl 3-benzyl ester
@] : 0

Cra ~0” Ca 0
: .Bn

c” O 0~ OH



1H NVR : (CDClI 3 + CD30D +TFA; 400.13 MHz; 8 ppm) 201.23-1.35 (br m 1H);
1.37-1.55 (m 4H); 1.79 (d, J=12.51 Hz, 1H); 1.84-1.97 (br t, 4H); 2.28 (t,
'J=13.06 Hz, 2H); 2.55 (d, J=14.66 Hz, 2H); 2.58-2.67 (br m 1H); 3.00 (t,
J=12.40 Hz, 2H); 3.55 (d, J=12.14 Hz, 2H); 4.29 (s, 2H); 7.41 (d, J=8.20
Hz, 2H); 7.V5Q208152888 08 Hz, 2H); 8.13 (d, J=8.18 Hz, PEIEPRWISNITY, J=8.04
Hz, 2H) Three exchangeabl e protons 25 anple 38 in the free form1H NWR
(CDCI3+CD30D40013M—Iz;5pprT)1g(d J=5.34 Hz, 3H); 211(5 3H) ;

2.09-2. 25 (br To alédiutioA. 815p|6eﬁzﬂnéhr3 §-tno%|’ﬁoxy@o 86id21- gzlz Qhﬁcmloro 2.46-2.59
(br s, 04 (br s,

S0 6. 86 Bebaibenah St (55515 Moy iy LA q'fﬁﬁthdliﬁrmafmgs@o%@%ﬁpdﬁﬁ) 296

dd, J1= 1Qs;g2 1 1
g 17 (d. Jgntﬁ a"\ﬁaté@rcél) %&%egé(?%jn ggga%@uﬁg;hgd%%@d@&o% 85% 11 48mbi H) ;

2008/ 1521498eTVeRT00BIED $P5TIL). THemixive i tiged withtrooling fr 26y @HOI\HdNIN’R |
CDCl 3+4 0 1

(2 32-2. 32 f“%p“ 46)2‘331’% 2ﬂé§?85§%'%p( oidiied 2@" %E%t %§%08(3(%, e(“ar E{? 3.94 (s,

2H); 5.87 @gnc@mted?umieneMe@npreSﬂ)re ARddtiah ebwater cBlsgajllzésstmaLcr(ude J=10.57
Hz, 1 8 d 8. 2H) On

exchanH)geablvgl%hS %t f"ﬁe}éﬁxd'gg?lv 51] Ja%el{ﬂ%eée&%r}e% Y‘L’&ﬁl\\iﬁﬂer %BC?@F‘ZMEDD ©

400 13 M—Izma@eplpn)smmmtegnds:pn&rl)tratéu @Rie?. ré&c(ekirprmsu%i)()nétalﬁ@t@n% (br s,

3.04- 3. : : . 7.70 8

8 01 (d, JW%S%‘;PQ‘?EG ”"ff%ldé %p?ﬂ?A ’Zfz(ii?’%EQQE’Q%V'I%gc'ﬂzﬁ@'%é‘tﬂé‘%m?ﬁﬁhy')8m17(SD

J=8. 14 1biz, 3Wdnz@rest@xchangeabl e proton. Exanple 41 in the free form 15 1H

- NWR : CDC|3+ 1 4 - 2.22-2.42
(br m(4H) 0 Bipe %"D%@}’q%o? iLrice"\%i)vl'c gc@% %Qst Hg'O’é"e B)gbgn% X3 2H; 401

(septet, Jaﬁnélﬁyllrzoxdﬂd)yl)é'st&{i (s, 2H); 7.42-7.69 (m 8H); 8.01 (dd,
J1=10.56 Hz, J2=1.30 , 8.07 (dd, Ji= 8.04 , J2=1.42 Hz, 1H); 8.17

(d, J:8. 12 Hz, 2H) One e angeable proton, 20 I_g 42 in the free form
1H NWR : (CDCI3 400" JyﬁzN 8ppm 1. 32-&%50( g,,,57 (d, J=5.34 Hz,
3H);. 1.71-1.82 (br mc. . 86-p:89 (b m 2H) ; (br m 1H);

20

2.27-2.35 (br s, 2H): 2372 o’_}brm 1H; 2. 50- 25 s, 1H):

2.65-2.75 (br m 1H): 3.03-3°15"(br s 3. 85- 3. 98 (b<P s, 2H) 4.58-4. 68

v fﬂéffn&é@@%ﬁi‘wfoévﬁ%‘asi‘“a@zgteé@% oot o

pr ot on.15Ex @rpEnzyld&stem( 3tShg 8.8aembl)y potaSsidid ddvbonat¢ CDEB Iy 1mﬁma|3 aM:Hz ;6 ppm
1.47 (d, J=5. 2.10-2_30 (br -2.56 (br
man 3 BB S0 {rhdpy N aigihiat el Beriilis nsatdd 7 22 {1
5H); 7. 59 &t 60U for BHThe8mR&uré ds cdeiéd .backizo rddmh; tebhperat(rd, néEﬁal&%dHZ, 1H);

8.12 (d, ‘]w8th acela% aégb

(13mmol) and concentrated under reduced pressure. the
residue is dissolved in ethyl acetate, washed with water and -concentrated.
20 Cristallization in diethyl oxide gives piperidine-1,3,3-tricarboxylic acid 1-(2,2,2-

trichloroethyl) 3-benzyl 3-(3,3-dimethyl-2-oxobutyl) ester melting at 114<T. '

Piperidine-3, 3-dicarboxylic acid 3-benzyl 3-(3,3-dimethyl-2-oxobutyl) ester

25 - A mixture of piperidine-1,3,3-tricarboxylic acid 1-(2,_2,2-trichl'oroethyl) 3-
benzyl 3-(3,3-dimethyl-2-oxobutyl) ester (1.6g 3mmol) and zinc (10.5 g
0.16 mol) in a mixture of tetrahydrofurane (25 mL) and 1M aqueous solution of



WD 2008/ 152149PCT/ EP2008/ 057571 76 Exanple 44 in the free form 1H NVR :
(CDCl 3; 400.13 MHz ; 6 ppm 0.93 (d, J=6.17 Hz, 6H); 1.47 (d, J=4.83 Hz,
3H); 1.87-2.0 (br m 1H); 2.07 (s, 3H); 2.12-2.23 (br s, 4H); 2.36-2.55 (br
m 4H); 2.57 (d, J=6.76 Hz, 2H); 3.53 (s, 2H); 53.73 (s, 3H); 6.83-6.92 (br
q, 1H); 7.3‘20%{9?/1531_4?.51 Hz, 2H); 7.45 (d, J=7.35 Hz, 2Py T/ERZOGB0STRTL  J=6. 49
Hz, 4H) Exanple 45 in the free form 1H 4\I (CDCI 3; 400.13 M1z ; 8 ppm
101. 32 (d, J=6.20 Hz, 6H); 2.13-2.25 (?) m 4H) 2.36-2.47 (br d, 2H);
2.48-2.57 éhfmdﬁnurﬁ"@oeta’ieﬁ%rﬁﬁ) |s2lsﬁrred307é’rn(g$1t aB*r&om“te e(aﬂ@rlét dlldteﬁ 20 Hz,
1H); 5.79 (s 41- 7 53Lé l_% n}q

-J1=10. 67 letthQtFﬁthP&an%@Pm ang i @fedﬁyes C@C%T ng”iiatégs HﬂuteQH) 8. 11

- (d, J=8. 12, qighiB ﬂr@ﬁ%‘aﬂéplv\%sﬁ@d whht\hstef H‘ﬁ@dfd?/émﬁ]ddn%n s&lféla%% 400. 13
VHz 8 ppm 2.12-2.23 (br s, 7H); 2H) ; 47257(brm '
2H) 3 53 (:gncezn‘.qptedg,ur'y@r(rgdugqq) preasmgg tgglvezgpenqtmgﬁ,(?—dmrt{quho\gagld 7.59-7.68
(m 3H; 8. , =8.03 Hz, 1H); 8.12 (d, J772
He, 2%05203%”%% 3053 Simeto T2 oxiBliy) et defen (T3 + CD30D, 400. 13 MHz : 6
ppm 1.32 (d, J=6.08 Hz, 12H); 2.17-2.26 (br t, 2.50-2.59 (br s, 4H);

3.59 2 8 2H);
7. 42- (7554 (H) m Sﬁd‘%?&%b&?gf?hgéﬂ 46#'%213)%0’?%5912 'g'yﬁﬁ %'}ﬁgpﬁjz'”g“ ;(Z ogsz
J=8. 17 Hz, dicAjhoxgliclarid denzyte&steb3 BzdimetHyl- Zmolmxylrmmjeabl e protons. Exanple
48 as HCl 1H NMR : (CDClI3; 400.13 M1z ; 6 ppm 300. 95(d J=6. 66 6H) ;.

1.95 (septet, J=6. 757} 1H); 2.61 :

4.09-4.18 (br )N @ (s_ \/%9 P! - -
J=6.70 Hz, (A o2H) TB"18" J“ . 6B Hz, J2¢l srour
exchangeabl | . WO 20 '@n - 1% 49 in the
free form1l NNR ( CDC13+CD30D+T A 400 L4 '2.88-2.99 (br m
OH): 2189-3.09 (br m 2H); 4.05-4.17 (br s, '4.32 (s, 2H): 744 7.55

e Snerged | rcondessatone et e pidipnle ﬁ%%ﬁ%nzv{z?iﬁa }GPgBY- The 1ree
form 1H NVR- oxob@lwle%f@l\@@ AG4:chihéméhylghenyl S5RRMiorobiphenyl-4-y)[1,2,4]
oxadiazole is performéd as described in step Il for the preparation of 2-[{4-[5-
o '(2-ﬂuorobiphenyl¥4-yl)-1,2,4-0Xadiazole-3-yl]benzyl}(2-hydroxyethy|)amino]-
15 ethanol, with piperidine-3,3-dicarboxylic acid 3-benzyl 3-(3,3-dimethyl-2-
oxobutyl) ester replaced by diethanolamine. This procedures affords 1-{4-[5-(2-
fluorobiphenyl-4-yl)[1 ,2,4]oxadiazol-3-—yl]benzyl}piperidine4,4?dicarboxylic acid
benzyl ester 3,3-dimethyl-2-oxobutyl ester.

20 - Examples 38-47 are prepared in a similar manner.

Ex. Compound _ MS(ESI")
R2 0—N |
AN "~ COR,
Peaa e
“R3 _I ///\/N
R Ry | R Rs Ry Rs  Re
o._ _O._ _CH,
38| P | F | H | H | H | OH |77 T | 5881




0.95 (d, J=5.99 Hz, 6H)

(br t, 1
2H); 7.77-

exchangeabl e protons.
8 ppMO-IYIBY? (br s,
4.14-4.25 (br d, 1H);
(d, J=6.87 Hz, 4H);

VHz ;

102H)

3.83-3.95 (br t,

1.82-2.03 (br

7.87 (br d, 2H)

7.72 (t,

8.12-
30

1H)

m 1H);
4.27-4.41 (br s,
8.19 (br d, 2H)
Exanpl e 51 as HCl

1H NWR :

4.50-4.60 (br d, (LH

J =7.75 Hz65 1%0

2.57-2.72 (m 7H);

2H); 7.

8.19-8.26 (br,
( CDC13+TFA+CD30D ;
3.00-3.21 (br d, 4H); BCTJHEZ&OSZEWSGbr s,
7.45-7.56 (m 3H);
8.02 (d, J=10.51 Hz,

44-7. 55

2H) .

7.61-

2.

1H);

79-2.9
(br d,
Three .
400. 13
1H);
7: 68
8.10

(d, J=7.99
Exanpl e 57

in

1H);

8.28 (d,
t he free forn11H N

R

13+TFA+CD3CD

nree

gxchangea
400.

1150

ns. 20
6 ppm

o

2.78 (s,
1H); 4.10-
7.60-7.69
8.10 (d, J
exchangeall e

Mz ; S prnf‘oo

(s, 3H); 4.

K
492

(br

—8—0B3—Hz;

57

D 972- 3.
B pRr
of 4FD

rd,

&4 4
(t,

Wo—25.

-4H56
=7. 69

i

Hz,

od &
(bgy d

c_nrot
P+

386 (5]
1hi4;

1H) ;

roton
98N(d
d, J=7.

| e 53
63Hz,
0 Hz,

ZFD

|n the

I

4.

» free
1.94
82- 2]

seghtlet |
91 (br |t

8.02 (d,
on—arelnerge
form 1}

dkﬂ pe
7 ﬂAﬂZ/ﬁZ
oJ 10

U-4. 0o
(rg163H)
42 Hz,
8 20-89

br t,

1H);
70.. One

AR 2 (G
AR§AEZ£F
2H); 3.

IDCl 3; 4

SiﬁD

16

DO. 13
2.40
28 (br s,

2H); 3.28-
J=8. 08 Hz,
J=7.90 Hz,

3. 30

2y
2H)

(or 3|,
Phsg
Me

S. 02

—ﬂ#4rt

nrnt(

npahIF

H

2H

Sh),
UK
n

4 02-4. 15

V\D

11 ©H,
2008/ 1

LQ/O P
J=8.08 K
52149 PCT/

2733

P2008/ 0

jﬁﬁﬂ 8.

(d,
19 (d,
57571 78

Exanpl e 54
J=6. 55 Hz,

& |

hphfr
1.90

n11ﬁ N

J3

IVR, ¢
6.

5 hiz

o

FD;Qgeé

B M~
( SCH CB

P

AT

LN

L (d,
J=7.14

Hz, 2H);
2H); 7.28
'2H); 8.13

—71=
544,
(d,

P88
JP8. 2
J‘8 11

3.

7. 56 (d

55-

3-

H) Ore exch

65—t
, B=8]
angeabl e prot

OONME,

4.1
111

é’ \ID
ZHﬂ 8. 08
Exanp

y O,

(802.1=

l e 55 a

.89 (s,
B. 14 Hz,
HCl 1H

b

NVR @ (CD(
1.89-1.99
(m 1H);

3

.

46+b

(P
72-

DL\

42

Q. 19

§%

I'IL,

8

f?;

PPy
2. B9

10094
doMe&7.
36. (d,

DD [

7,

\fkﬁrzr
84 Hz

91 2. 65
7. 60 (d,

J=8. 18 Hz,
exchangeah

ANl

| é5p
400. 13 MHz;

6

O. 12

F oPbns|.
PPm) 0]

—8-
HCH 11
0. 56-

(05

H ONIRe :

). 63 (M

y

2H) ;

I
16 +D20;
m 1H);

1.59-2.00
Hz, 2H)
J=8.15 Hz,

3

.

(m
66-

2H)

1H); 2.
3. P8 (
8.13

UE

2. 39]
HH 7,

2.50 (
4DMel,

N 2 .
T3z, 25+

J=6. 96

/.60 (d,

47

Ph

oo
i,

734.24

Following compounds of cycloalkane derivatives are also prepared by

employing either Method A or Method B.

R2 0—N
R1 | S8 ‘ \N \
Ex. | X COR, MS(ES")
L R R3 _ ~ :: COR,
Compound . R4 ' : RO
R |Ri1| R | R3 | R4 | RE | R7 | R8
48 | - | H H H H H H | OH 450
- OH
49 | Ph F H H H H H




208.22 (d, J= 8.15 He,

2H) Four exchangeabl e pr ot ons.

Exanpl e 57 in the

free form 1H NWR : (CDC13+CD30D+TFA 400. 13 MHz; 8 ppm 0.95 (d, J=6.58
- Hz, 6H); 1.64-1.80 (br m 4H); 1.94 (septet J=6.72 Hz, 1H); 2.12- 25 2.18
(br d, 2H); 2.50-2.57 (br d, 2H); 2.58 (d, J=7.19 Hz, 2H); 3.06-3.16 (br m
1H); 4.22 ("%02021*4}3214? 35 (d, J=8.12 Hz, 2H); 7.58 (d, JEGIEROPYOSTIH). 8. 11
(d, J=8.12 Hz, 2H); 8.19 (d, J=8.16 Hz 2H) Three exchangeabl e protons.
‘Exanple 58 in the free form30 1H NWR . 66 (CDCl 3; 400.13 MHz ; 8 ppm
1.63-1.80[ (br [m 4H); Z.I5 (dr,J=9.60 Hz, 2ZH); Z.53 (d, J=10.8%4 Hz, 2H);
3.04-3.14] (br |m 1H); 4. PN 42-7.54 (m 3H); 7.57-7.64 (br [m -
4H); 7.67 (t, [J=7.85 WD %90 PST/_ER 008/057571 79 Hz,| 1H); 8.Q1 (d,.
J=10.63 HzExlh); 8.08 (d, Hz) 1 23 (d, 0196) Hz MSHESThi ee
e_Xchanggg.bl e protons 9°Rn the
( CDC13+COB30D+TF 5b@y3 MHz: 6 ppm) 1.68-1. 90r¢br t, 4r§ .07-2.24 |(br d,
2H); 2.53+2.64 (br H) 2.71 (s, 3H); 3.28- 3.38 (br S, 1H); 4.18((d, J=
- 12.51 Hz,[TH);[ 4,35 J=12. 89 Hz, 1A); 7.42-7.34 (Mm[3A) [7.57-7.63 (br
n14m;7&@(L«LJBHFLFMﬂ,HOJ(&\h@hM}H,U@H&O%%W.ﬁ&l?
Hz, 1H); B.25](d, J—7 90 |Hz, 2H) Two|exchampgeabl ¢ protpns. 10 Preparation
of " i nt er nedqaffes Epar gt i af - Tlfuorobl phenVvl- 45car VI C 15
Schene: Brcy‘I 1 ﬁr(] ZHP o ZOFQW (ry’élt al sagf oﬁiqne arg| gdd 5(%23?:9
tetrahydrpfurgn (140 pL)] contdi ning[magnesrum tprnings (25.]I7 g, I.0335
mol ). The| rg2xtlurphi s| heatledHat [60H70¢. A sol gH,op of OMe 516.1
4- br ono- 2t f | ugr obi phenyl (200 ¢, 0.797 nol) in tetrahydrofurlan (600 L) is
added dr opwi redotiontm xtude andirefluked fof 1hr. 1 Reaction
mxture ifs rcgghts/to rogm t engerature and|then ool ed|to -20 478.Carjon
di oxi de 2% gqs1 pas’é'ed t hir oygh™ he rBacti &h3nj xthdr e We-élggr&%lt §. The
reaction prixtyre is freatjed witlh 3N HCl (5(%0 m.) | and ektract gt hyl
~acetate (PX50Q ni). [Conbrjned orjgani c |Tayer [Ts dr{ed oVEr. sodi Upjsid phat e.
Renoval of sgollveht upder |reduced pregsune giges f sel ifoMmédh i's Washed
w th diethyl 4t her (Px20Q nL) and then dri¢d to furnish (Isomer B)
2-fluorobjpphegyl-4-chrboxylic dcid
O N
R W COH
55 PR YT 464.1
. > e \/‘\/,N—<\) CO,H
&
P 3 N COH
56 AL T Ry 462.1
A PN g
O—N
/\/\\ /\\A
57 N /TN COH 478.
/K/\J “\)\/N—( Y- 8'0
: \. / TCO,H
O—N
: |//\|./\\N. = ~—— COH
58 | R P Y 516.1
L/ ¢ — coH
PN
~ A /\‘\/\ .
|| N i ~ CH,
59 T A 530.5
= F ' i co,H :
COH




WO 2008/ 152149PCT/ EP2008/ 057571 80 Preparation of the

~445- substituted-1, 2, 4- oxadi azol - 3-vi ) phenvl net hanol derivatives

. Preparation of 4-15-(2-fluorobi phenvl-4-vl)-1,2,4-oxadi azol -
5vl | Phenvl net hanol  Schene 10100 g of 2-fluorobi phenyl-4-carboxylic
acid, 93 gWsr200¥/WyP oxy-4- hydr oxynethyl benz- am di ne, BE/EP2§8/057571

N- hydr oxybenzotri azole, 115 g of N, Af écycl ohexyl carbodiim de are

i ntroduced into a round bottoned flask’cont ai ni ng 800 ni of

N, N- di met h\th LoumR@agie. The reaction mxture is heated under stirring to
130- 140C for 2-3hrs, then cool ed back to 20-25cC, filtered and washed with
500 15 ni BX@RAPIEr! oﬁﬁa'f'ﬁhne The filtrate is evaporated under vacuum To the

resul tant thigir S (}If)éghaﬂi?\ agged A9 - g}pg'gﬂ]opropyl al'cohol and 800 nL

deni neral i zed wat under stirring at. tenperature. The slurry is
filtered aﬁ@4vﬁdsﬂe@l64\n Hz 6H)00 .96 (séptet.nét 8168z8d, Wd); 62.60-2H@ bolm d6lH)s added to

a round, bo S 50 a tant
slurry ? éhﬁﬁag% Ae(fs 5H3§]??r$§$g?r&2%ozf¥§6§)%ﬁ1 2?%&*0‘]%]&?@ vvashed
with 500 +7800.70 (bf scyt)plderiaid;, 3=BI20irHLd2MHY &mBJ&ZID(brTszpr)oﬂueé ‘i's then
~dried at 40@{% Ct Cf % Ffld 445- (2-f1 uor obi phen y1-4-y1)[1, 2, 4] oxadi azol - 3-
yl ] phenyl | Hg?\%qe rotons. The above crude product is purified from
et hyl acetate and di chl oronmet hane 25m xture. WO

2008/ 152149PCT/ EP200ﬁ 857571 81 Alternative procedure of preparing )
4-15- ( 2- f | G&FBPIGi (h-4-0- 11,2, 41oxadi azol - 3-yI | phenOnet hanoL = Schene

, OH 1130 OH'HNMR ..N:[btlathFA;4oo.13 MHz ;8 ppm) _

1.77 (s, 3H); 1.81 (s, 3H); 2.38-2.50 (br m, 2H); 2.65-2.78 (br d, 2H); 3.10-3.25
(br s, 2H); 3.73-3.85 (br s, 2H); 4.43 (s, 2H); 4.89 (d, J=7.47 Hz, 2H); 5.41 (t, J=
7.38 Hz, 1H); 7.10 (d, J= 8.42 Hz, 2H); 7.58-7.69 (s, 2H); 8.15 (d, J= 8.24 Hz,
4H) Three exchangeable prdtons.

15 ' '

| Example 3-as HCI _
"HNMR : (CDCl3 +CD30D+ TFA; 400.13 MHz ; § ppm)
2.40-2.80 (br m, 4H); 3.10-3.31 (br s , 2H); 3.62-3.83 (br s, 2H); 4.32-4.54 (br s,
2H); 7.45-7.55 (m, 3H); 7.62-7.77 (m, 5H); 8.03 (d, J=10.56 Hz, 1H); 8.10 (d,

20 J=7.98 Hz, 1H); 8.21-8.29 (br s, 2H) Three e'xchangeable protons.

Example 4 in the free form

"HNMR : (CDCI3+CD30D+TFA 400.13 MHz d ppm)

2.32-2.48 (br m, 2H); 2.59-2.71 (br d, 2H); 3.08-3.24 (br s, 2H); 3.63-3.76 (br t,
25 2H); 3.81 & 3.86 (s, 3H); 4.34-4.45 (br s, 2H); 7.44-7.56 (m, 3H); 7.60-7.68 (br d,

4H); 7.72 (t, J=7.77 Hz, 1H); 8.02 (d, J=10.51 Hz, 1H); 8.10 (d, J=8.02 Hz, 1H);

8.22-8.29 (br s, 2H) One exchangeable proton. '

Example 5 as HCI

30 '"HNMR: (CDCI3+TFA+DMSO-dg +D,0; 400.13 MHz ; & ppm) |
0.22-0.29 (m, 2H); 0.56-0.62 (m, 2H); 0.99-1.14 (m, 1H); 2.20-2.30 (m, 2H); 2.55
(d, J=14.70 Hz, 2H); 2.65 (d, J=6.90 Hz, 2H); 3.07 (t, J=12.26 Hz, 2H); 3.54 (d,



5 . Triethylamine (52 nL, 0.373 nol) is added to a stirred

sol ution of 2-fluorobi phenyl-4-carboxylic acid (40 g, 0.185 nol) in
tetrahydrofuran (800 nL). The reaction mxture is cooled to 5-15t,

i so-butyl chloroformate (36.5 nmL, 0.28 10 nol) is added over a period of
20 mi nut es BRA"8453%%ed for 2 hrs at 15-20t. A sol uti onP6f/EP2008/057571 |
N- hydr oxy- 4- hydr oxymet hyl benzani di ne (gg 9 g, 0.22 nol) in tetrahydrofuran
(400 nL) is added to the reaction mxture and stirred for 2 hrs at 20 25C.

The r e?Ctl QB12UXtHY, @H) s4Qer(sﬁery Mﬁlg(wrﬁegﬁﬁﬂmg 7fwe9(iﬁuﬁedr‘]|7d¢z"2}ﬁf alized
water (400 nL) isS e residue an tirre or on our at 5- 15

10 ¢ The &7 rE 11 e 88 5 Ned o T 21D RS SiCPResPRRPBIONS00 n) and
dri ed under reduced pressure. The solid is stirred in 5% aqueous sodi um

bi carbonate: solution (600 nL), filtered, washed with dem neralized water
" and dried RX@EWe@as pressure. Finally the solid is washed with

cycl oheganeH(mR r(gbcz%qql,:ﬂg %@Hdgbzéegb&%iw{ze%%n% at 40-50t to give

2-fluorob i phenyl- carboxy I'C aci
20[ hydr oxy|0rﬁ330@9-(mWélde>Q156rﬁt6ﬂy(hpl%hy1 DOt09(n), i A21-2.39 (m, 2H); 2.54
Tol f
D s ey i Pl ot ool 12 09811214, 2000 0d B0 MUS B or
[ hydr oxyi mtnﬁ(l)d, 3BAdB 6% \(bet, mH)pBé’ByG $2ne, 18H)] 4 28i (Se2BT 47 (d).J=841606E) in a

“m xture of e .and N-di yIa et a 1, .66 eated at
Ton: 1160 °r A0 $51ee Y5 2 M B B norS et iy lided s B0 ene

reacti ao mJﬁmsel-wnlzlehTwe ektreamgeablepndtoas.ed under reduced pressure. The
residue is suspended in a mxture of iso-propyl alcohol and demineralized

~water (1:3, 1200 nl), cooled to 10-15C, filtered and was hed with

dem nar al i E@nmaéfe@sq—ﬁzﬂo nnL). The solid is dried under reduced pressure at
50-60°C to éle|d

f 1 uor obi pheyNMR-: )(@&)Pb +2Tﬁ1\o>499n§£\6h+z 39PPMhenyl | net hanol . WO
2008/ 152149|Pf§r$sE'31290369335:?ﬂ) 93055 Rk 9P sALEH BPUY bHYE. 3648 RSt er

derivatives ati1o
1- { 4- F55( 2(p1 oo 26k @ﬁéTWB tbr\ﬂl)?-l-h), 38@ &30 €5z $H)34.36 (s, 2H); 4.67 (d, J=
vl | benzyl } ) v | . - '
Sl ot o pIOSE DA e PRt et £, TRRRS Az 2 162 Az o8 |

Hz, 2H); 8.13-8.22 (m 4H) One exchangeable proton. :

Example 8 in the free form
20 "HNMR: (CDCI3+CD30D+TFA 400.13 MHz 8ppm)
| 0.95 (d, J=6.65 Hz, 6H); 1.97 (septet, J=6.75 Hz, 1H); 2.26-2.42 (br m, 2H) 2.62
(d, J=7.12 Hz, 2H); 2.60-2.69 (br d, 2H); 3.05-3.23 (br m, 2H); 3.62-3.73 (br d,
2H); 3.81 & 3.86 (s, 3H); 4.38 (s, 2H); 7.40 (d, J=8.20 Hz, 2H); 7.57-7.64 (br,
'2H); 8.12 (d, J=8.16 Hz, 2H); 8.18-8.24 (br, 2H). One exchangeable proton.
25 _ '
Example 9 in the free form
'"H NMR : (CDCls + TFA ; 400.13 MHz ; 8 ppm)
1.55 (s, 6H); 2.31-2.43 (br t, 2H); 2.54-2.64 (br d, 2H); 3.00-3.10 (m, 2H); 3.12
_ . (s, 2H); 3.67-3.78 (br m, 2H); 3.79 & 3.87 (s, 3H); 4.35 (s, 2H); 6.91 (d, J= 8.37
30 Hz, 1H); 7.54 (d, J= 7.62 Hz, 2H); 7.97-8.04 (m, 2H); 8.17 (t, J= 7.52 Hz, 2H).
One exchangeable proton.



10Thi onyl chloride (20 nL, 0.274 nol) and N, N-di nethyl formam de (2 nlL) -are
added to a stirred sol utlon ‘of

~ 445- (2-fl uor obi pheny1-4-y1)-1, 2, 4- oxadlazoIeS yl ] phenyl met hanol (32 g,
0.092 nol) in dichloronethane (150 m) at 0 C. The reaction mxture is
heated at 30 WW¥ERIY hour a nd then concentrated under PEEERROPSHY Bssur e.
The residue is neutralized with a sat \%ﬁat ed aqueous sodium 15 bicarbonate
solution (150 nL) to furnish a solid chis filtered and washed with
n-hexane (ER8mple)10 &s Bcve 3- (4 chl oronet hyl pheny1) - 5- (2-f | uor obi phenyl 4-
yl)-1,2, 4-oxadi azol e. -11 20 Schene . 0O0-N. OHz OH

Dii sopropyl'éNM’Raﬁ@lﬁ@|3(+2§c$ fW_ 13 MHs; &BP) and di et hanol ami ne (14.2 g,

0. 135 nol) 4 r f

3-(4-chlor orret ﬁaﬁQﬁééd?ﬁgﬂ%Ht éﬁf oro tﬁbﬁgrn@lZHA? 39)1 11%1b£n(1)x2é-| I%le e (33 g,
0. 090 nol) (s, 12HY B\|-76|(rd3tJHy102QBIZf 3H)rendaiés, (220;06 BiLYd, Fh8.37edx tliFn7 8bxt ure i s
heat ed at C_t h nt eqd_ rre e ressure
and thegr eg(%)dueoﬁrdé&tl—?zé ?ﬁ)d Bﬁ?s@ l%r‘lezr'—lah ized gvaﬂéwsgo'azngﬁft o“'%& a solid
whi ch is fiektremngdabiagratashied with n- WO 2008/ 152149PCT/ EP2008/ 057571 83
hexane (150 nL) and diethyl ether (100 nL) to furnish.

2-[{415-(2-fl uorobi phenyl 4-y1)-1 ,2 ,4-oxad iazol e-3- yIIbenzyI}(2 hyd
roxyet hyl Examplenbi @ Hel nol St ep- |11 Scheme o-r1/.\\C I

"H NMR : (CDCl; + CD3OD + TFA; 400.13 MHz ; & ppm)

10 2.24-2.40 (br t, 2H); 2.57 (d, J=14.34 Hz, 2H), 3;01-3715 (br t, 2H); 3.56 (d,
J=11.17 Hz, 2H); 4.31 (s, 2H); 6.94-7.07 (m, 2H); 7.45-7.55 (m, 1H); 7.64 (d,
J=7.77 Hz, 2H); 7.73 (d, J=7.42 Hz, 2H); 8.25 (d, J=7.75 Hz, 2H); 8.28 (d, J=8.33
Hz, 2H) Three exchangeable protons. '

15 Example 12 as HCI
'H NMR : (CDCl3+TFA+DMSO-ds ;-400.13 MHz ; 3 ppm)
2.33-2.47 (br m, 2H); 2.60-2.70 (br t, 2H); 3.15-3.28 (br s, 2H); 3.60-3.72 (br d
2H); 4.39 (é, 2H); 7.20 (t, J=8.65 Hz, 2H); 7.62-7.71 (m, 4H); 7.80 (d, J=8.34 Hz,
2H); 8.24 (d, J=7.22 Hz, 2H); 8.29 (d, J= 8.34 Hz, 2H); Three exchangeable
20 protons. '

Example 13 as HCI _
"HNMR: (CDCl; + TFA + CD3;0D; 400.13 MHZ ; 0 bpm)
 2.32-2.49 (brt, 2H);2.70 (d, .J= 13.62 Hz, 2H); 3.12-3.24 (br s, 2H); 3.75-3.82 (br.
25 d, 2H); 4.42 (s, 2H); 6.89 (t, J=8.67 Hz, 1H); 7.20 (d, J= 6.20 Hz, 2H); 7.6.1 (d,
J=6.29 Hz, 2H); 7.81 (d, J= 8.15 Hz, 2H); 8.22 (d, J=6.44 Hz, 2H), 8.30 (d, J=
- 8.16 Hz, 2H). Two exchangeable protons. '

Example 14 as HCI _
30 'H NMR : (CDCl; + CD30D + TFA; 400.13 MHz ; & ppm)
2.27-2.42 (br m, 2H); 2.53-2.66 (br d, 2H); 3.00-3.18 (br s, 2H); 3.60-3.72 (br d,
2H); 4.34 (s, 2H); 7.59 (d, J=6.37 Hz, 2H); 7.86 (d,' J=8.26 Hz, 2H); 8.24 (d, J=6.67
| Hz, 2H); 8.35 (d, J=8.15 Hz, 2H) Three exchangeable protons.



o c ~ Thionyl chloride (52 ni, 0.716 nol) is added drop wise to a
stirred sol ution of

2-[{4-[5-(2-fl uoro-bi pheny1l- 4- y1) 1, 2, 4- oxadi azol e- 3-yl ] benzyl } ( 2- hydr oxyet -
hyl ) - am no] et hanol (31 g, 0.0715 nDI) i n dichloronethane (150 nL) at OC

N, N 10 D V@ MgsnBt4tam de (2 nl) is added and the reacPCHRPIWDSASIATE i s
heat ed at 80CC for 1h. Excess thionyl chloride is renoved under reduced
pressure and the residue.is nmade al kal {he (pH -9) by the addition of an
aqueous sodi um hydroxi de solution (4N, 150 nL) at roomtenperature. The
aqueous layer is extracted with ethyl acetate (2x100 nL) and conbi ned
‘organic Iaiﬁﬁ@pbwg5@ﬁfﬁﬁ 15 over sodi um sul phate. Rerpval of sol vent under

reduced preﬁs,\}M%S?q: +‘?‘FX#§§O(9§6IBZC9U4CEI1%%—@%@@;”i fied by colum

chr omat ogr aphy héex hyl acetate 7:3) to
gi ve bis- (22&10toj=d6t1mylﬂlz{ZH)E55(52(d J=14.74 Hz, 2H); 3.06 (t, J=12.70 Hz, 2H); 3.57

Pot asei im GhisanabdY %43%%%?4%&%%@5 A2 e B R e
achl oot Ll ?‘“??;b“.““’ h?nﬁﬁ'i”’e"i)”i‘“%’t‘”%‘iﬁﬁ R 8(E8.30 (m

i azol e- 3- ylll]ﬁ% ﬂf@%ﬁﬁér}?gg? e grot %Sg m)lgl and di benzyl mal onate (15.3 g,
0.054 nol) in N, Ndinethylformam de (250 nlL). The reaction mixture is heated

at 100CC for 4 hrs and concentrated under reduced pressure. The residue is
treated wi EfaMAS HBBHEE2149PCT/ EP2008/ 057571 84 demi neral i zed wat er (200

m) folihowed NMRBYEDE) (Q@Dm +afith 09 RMALYS F;[,,ﬂyer is extracted with

t et rahydr of uran X150 Combi ned organi ¢ Tayers are dried over sodium

sul phat e aldd7cdh éhltta?wdwadbr J|=éa@éeldz p?Fé)$§LQ5e3 20 (b, \Zd;i a3wPskBueor! i qui d,-
which is pugjf I
n- hexane: e!té A%ig tl—gogggg% o gi vgjl_?p?§1 f@ ‘{’fcﬁ ﬁ%r &éggﬁ@@l)
1,2, 4- oxadll-tzzBHe&Z&(dj be&iyIHszldngrdemexmaﬁgdmtﬂapbnar}d iC aC| d di benzyl
ester. Step-V Scherre -0 -N/CRCH2Ph rr CO2 a-12Ph  O-Nr 11 10

15 Example 17 as HCI

'"H NMR : (CDCl;+ CDsOD +TFA 400.13 MHz 3 ppm)

- 2.25 (1, J=12.69 Hz, 2H); 2.57 (d, J=14.67 Hz, 2H); 3.08 (t, J=12.35 Hz, 2H); 3.54
(d, J=12.14 Hz, 2H); 4.31 (s, 2H); 7.61 (d, J= 8.00 Hz, 2H); 7.73 (dd, J,=11.87 Hz,
J,=8.78 Hz, 1H); 7.82-7.89 (m, 1H); 8.18 (d, J= 7.89 Hz, 3H) Three exchangeable

20  protons.

Example 18 as HCI
'H NMR : (CDCl3 + CD30D + TFA; 400.13 MHz ; § ppm)
2.30-2.45 (br m, 2H); 2.61-2.71 (br d, 2H); 3.10-3.21 (br m, 2H); 3.24 (s, 3H); 3.65-
© 25 3.77 (br d, 2H); 4.39 (s, 2H); 7.54-7.65 (br d, 2H); 8.18 (d, J=8.16 Hz, 2H); 8.22-
' 8.29 (br, 2H); 8.48 (d, J=8.24 Hz, 2H) Three exchangeable protons.

Example 19 as HCI
'H NMR : (CDCl3 + CDsOD + TFA; 400.13 MHz ; 5 ppm)

30 1.55-1.70 (m, 2H); 1.80-1.93 (m, 2H); 2.09 (d, J=11.24 Hz, 2H); 2.25-2.'40 (br m,
4H); 2.55 (d, J=14.62 Hz, 2H); 2.59-2.69 (m, 1H); 2.96-3.07 (br t, 2H); 3.07-3.16
(m, 1H); 3.56 (d, J=11.95 Hz, 2H); 4.28 (s, 2H); 7.27-7.33 (m, 4H); 7.56 (d, J=8.12
Hz 2H); 8.13 (d, J=8.09 Hz, 2H) Three exchangeable protons.



An aqueous solution (50 nL) of sodium hydroxide (1.7 g, .0.043 nol) is added
"to a stirred solution of 1-{445-(2-fuorobiphenyl-4-y1)-1, 2, 4-oxadi azol e- 3-
yl ] benzyl } pi peri di ne- 4, 4-di carboxylic acid di benzyl ester (18.3 g, 0.027
nmol) in tetrahydrofuran (150 nlL). .The reaction mxture is stirred overni ght
at room 15WEWHISAHAre and then concentrated under redMCREPHIBASEIr e. The
residue is acidified to pH -6 with diluted hydrochloric acid to give a
solid which is filtered and washed wi tH diethyl ether (100 nL) to furnish
1-{4-[5-(2 y1l-4-

yl)-1, 2, 4- Ei%ﬁ?‘g?g:ég@ yl ] benzyl } pi peri di ne- 4, 4- di car boxylic acid nono
benzyl est 41 NMRP(GIEDs 4t TFéh; 400.13 MHz ; 8 ppm)

i per i di et ROUS B DRESRA O Y A S eB A TSR R 3 T HAT T SR e
Scheme 25 3.89 (brs, %1)%4N(N2H)n9'653($ Jfan)nednde, JS57 910z, 1H) 7.58-7. 70 (br s,

oxnd arbi - SR BRSNS dt hboa . Tee ayphanasebs wes ester, 1.8 g

of WD 2008/ 152149PCT/ EP2008/ 057571 85 anhydr ous pot assi um car bonate and
2.3 nL of |]__. brorr%hS 3-§eret hyl but an- 2- one are added into a 3neck round
lePeAs

bot t omed f FX&RPE tion mxture is heated to 55-60t and stirred for
. 20-60 m n. 1H\NW E@ﬁ@lkﬁFﬂDMéd%aB%Ooﬂoot1@%HkXB':bPFn | s cooled to 25-30t
“and 100 nL of ice water are he slurry 1s stirred at 25- 5 30t for

about 30 n2@3zhdp faritt2h)ed.53 el plotiube, 2H); M@H@d’-ﬂﬁﬂﬁ H0@2H)d® bt tdrdxl | zed
t h
wat er, |4 henq By I-%S?![-I):égﬁ’%) LRY). @ng&‘AJ ggﬂ%é%h ﬁ'ﬁbg&' %rsé‘h??qﬁ?? M3 o

Fi nal | y the p | ed "at under ‘Vac

f1 uor obi phéhydEBZROyh!; [2H R 84 TofdadiJazh06 Bizy U2 Yzl gHpeTFhirde rexcangedblear boxyl i
c acid bené%lton%st er 3, 3-di methyl-2-oxobutyl ester. 10Step-I1 Schene 2
g of ' | | -

1-{445- (2-f | uor obi pheny1- 4- y1)[1L2,4]oxadiazoI-3-yI]benzyIIpreridine4,4-di
car boxylic n ster 3,3-dinmethyl-2-oxobutyl ester are added into
15 round bgf(%hﬂjsgfzﬁzsylgge ont ai ni ng a solvent m xture of ethyl acetate/

tetrahysirofwwm(Jct[@c@}nambmsad@db@t mgquHﬂpsrp@wre to get a clear
sol ution. Then 4 hanol are ad Pd/ CaCO3. The

O tur o s3 0 SR b 2 Jrehag B 2R a1 46 ST 18 e S 6 bakios ar e
added to t hzmbwezmeaqm(@nzm 28 %@m %Qrawgnumplfr? B 4 Q8880 Az, .

conti nued. reacti on ets n’g et ed silica gel are added |
and the- ni iHhﬂé%?ﬁ?r(@d?’Hﬁ fdo =8 8RiHs . Héomr@@ewaoggabte@morsm rred for

-20-30 nmins. The slu rry is filtered and washed with 40 ni et hyl acetate.
The product along with Pd/ CaCO3 on the funnel was | eached with 200 nL, then
250 mL20f BEx@mekidSramidChane / met hanol [2:1] mixture at RT and filtered.

Th d ty f t . d dried d t
T or Lo S 21HE8 OB SEASIGRPE Ry A e dri ed under vacuum a
(234]30)(;ad| ?213[13 2;475/(t}rltz)tﬁzlzll){2}55 (ﬂ,pendé.dgrlﬂz-, 2H4- @li_EBa(ur blele.hi_Z(HZaQH()t 3.48-3.56 I

, 3-di me S § e | 1g S - al so
prepared a 'd?'ﬁg%’ t)bt éo?%ng’ %?ér‘g %%r)et]r?oagss(f'hr z%yr ggﬁﬂééﬁz\gg"ﬁ’or m of _
exanpl e 627 41\WQ 2H)31 H2224PRTH @PIE9.80 biz( 21}, $64 (¢, meehz;al b, l2¢-E)rT8 ne 40 HO H H
OH H NI O H?% OJZ\IF?IZ 2% JI:lgee exlc_;LangeabIe protons

Example 24 as HCI _ :

'"HNMR : (CDCl3+TFA+CD3OD+D20; 200.13 MHz ; & ppm)

0.87 (d, J=6.74 Hz, 6H); 1.01-1.25 (br s, 3H); 1.35-1.75 (br m, 3H); 1.75-1.99 (br s,
30 2H); 2.05-2.35 (br d, 4H); 2.35-2.60 (br d, 2H); 2.79-3.18 (br m, 3H); 3.35-3.60 (br

d, 2H); 4.23 (s, 2H); 7.51 (d, J=8.13 Hz, 2H); 8.04 (d, J=8.22 Hz, 2H) Three

exchangeable protons.



Ng.oH 00 tris ei '..." ,,, I, . "NH ==cccccm-- R ONOHN'' 1CH

00").".3" 0 Arginine HONH2,,IL,A1l NH'1 .,1l NNt NHONHN OH O Lysine
OF HO 7-1, Il ON1 NH2 OH 0" O-Thrc", O Erbumine ''''-iF 11
o N WO 2008152149’ T PCT/EP2008/057571
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Example 25 as HCI B
'H NMR : (CDCl; + CDsOD +TFA ; 400.13 MHz ; § ppm)
1.60-1.71 (m, 1H); 1.79 (s, 3H); 2.01-2.09 (m, 1H); 2.23-2.47 (m, 2H); 2.45-2.55_
(br m, 6H); 2.70-2.79 (br d, 1H); 3.00-3.13 (br s, 2H); 3.60-3.73 (br s, 2H); 4.33 (s,
5 2H); 4.77 (s, 1H); 4.83 (s, 1H); 7.30 (s, 1H); 7.64 (s, 2H); 8.10 (s, 2H). Three

exchangeable protons. |
Example 26 as HCI
'"H NMR : (CDCl3 +DMSO-ds +TFA ; 400.13 MHz ; & ppm) o

10 1.55 (s, 6H); 2.48-2.55 (br d, 4H); 2.94-3.06 (br m, 2H); 3.42-3.50 (m, 2H); 4.27 (s,
2H); 5.14 (s, 2H); 7.28 (d, J=7.86 Hz, 1H); 7.87 (d, J=8.17 Hz, 2H); 8.00 (s, 1H);
8.09 (d, J=7.87 Hz, 1H); 8.27 (d,"J=8.10 Hz, 2H) Three ekchangeable protons.
Exampie 27 as HCl _

15 'HNMR : (DMSO-d6 +TFA ; 400.13 MHz ; 8 ppm)
2.08-2.20 (br t, 2H); 2.42 (d, J=14.19 Hz, 2H); 3.00-3.13 (br m, 2H); 3.47 (d,
J=11.91 Hz, 2H); 4.54 (s, 2H); 7.50-7.55 (m, 1H); 7.59 (t, J=7.43 Hz, 2H); 7.70 (d, -
J=8.00 Hz, 2H); 7.85 (t, J=8.06 Hz, 1H); 7.89 (d, J=8.24 Hz,_2H); 8.02 (dd,
J1=11.18 Hz, J,=1.27 Hz, 1H); 8.08 (dd, J,1=7.94 Hz, J,=1.40 Hz, 1H); 8.36 (d, J=

20  8.24 Hz, 2H) Three exchangeable protons. '
Example 28 as HCI
'"H NMR : (CDCl; +CD3;OD+TFA ; 400.13 MHz ; & ppm)
1.26 (s, 3H); 1.34 (s, 3H); 1.42-1.46 (m, 1H); 1.49 (d, J=10.13 Hz, 1H); 1.97-2.17

25  (m, 2H); 2.33-2.60 (br m, 4H); 2.67-2.74 (m, 1H); 2.80-3.06 (br m, 3H); 3.32-3.40
(m, 2H); 3.46-3.56 (br d, 2H); 4.27 (s, 2H); 6.18 (s, 1H); 7.65 (d, J=8.15 Hz, 2H);
8.17 (d, J= 8.15 Hz, 2H) Three exchangeable protons. |
Example 29 as HCI

30  'HNMR : (DMSO-dg +TFA+D,0 ; 400.13 MHz ; 6 ppm)

2.02-2.05 (br t, 2H); 2.42 (d, J=14.14 Hz, 2H); 3.04 (t, J=11.57 Hz, 2H); 3.42-3.54
(br d, 2H); 4.45 (s, 2H); 7.64 (t, J=7.71 Hz, 2H); 7.74-7.81 (m, 3H); 7.83 (d, J=7.24



ST TG * 0 Sodium 0 Na.ON#01 O-N 0 Potassi um |

K11

/"1 ON"..,
ONO - 00----r- O Lithium,------ FI1 Li-l ONOOO( O Exanpl es 60, 61
and 63-90 are prepar _ed. in a simlar manner. EX. Conmpound '
WO 2008/152149 PCT/EP2008/057571
73
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Hz, 2H); 8.01 (d, J=8.26 Hz, 2H); 8.23(d, J= 820 Hz, 2H) 8.41 (d, J= 8.28 Hz, 2H)
Three exchangeable protons

Example 30 as HCI

'HNMR : (CDCls+TFA+CD3OD; 400.13 MHz ; 8 ppm) _

2.22-2.36 (br t,'2H); 2.59 (d, J=14.49 Hz, 2H); 3.09 (t, J=12.28 Hz, 2H); 3.58 (d,
J=12.21 Hz, 2H); 3.99 (s, 3H); 4.32 (s, 2H); 7.63 (d, J=8.05 Hz, 2H); 7.89-7.99 (m,
2H); 8.19 (dd, J1=8.55 Hz, J,=1.16 Hz 1H): 8.28 (d, J=8.02 Hz, 2H) 8.70 (s, 1H)
Two aromatic protons are merged between 6.5-7.5 Three exchangeable protons.

Example 31 as HCI
'H NMR : (CDCl3+TFA+CD3OD; 400.13 MHz ; 8 ppm)

2.22-2.40 (br t, 2H); 2.56 (d, J=14.20 Hz, 2H); 3.02 (t, J=11.30 Hz, 2H); 3.50-_3.63

(br d, 2H); 4.12 (s, 2H); 4.29 (s, 2H); 7.09-7.17 (br t, 1H); 7.21-7.40 (br m, 5H);
7.61 (d, J=7.26 Hz, 2H); 7.85-7.95 (brt 1H); 8.24 (d, J=7.12 Hz, 2H) Three
exchangeable protons.

Example 32 as HCI

"HNMR : (DMSO -dg+TFA; 400 13 MHz ; & ppm)

1.18 (d, J=6.8 Hz, 6H); 2.04-2.18 (br t, 2H); 243(d J=14.12 Hz, 2H); 3.00-3.15 (br
s, 2H); 3.49 (d, J=11.86 Hz, 2H); 3.75 (quintet, J=6.82 Hz, 1H) 4.51 (s, 2H); 7.80
(d, J=8.14 Hz, 2H); 8.25 (2d, J=7.59 Hz 4H) 8.38 (d, J=8.38 Hz, 2H) Three
exchangeable protons.

Example 33 as HCI _
'"HNMR : (DMSO-dg + TFA; 400.13 MHz ; 8 ppm)

2.05-2.20 (br t, 2H); 2.41 (d, J=14.13 Hz, 2H); 2.96-3.13 (br m, 2H); 3.40-3.52 (br

d, 2H); 4.20 (s, 2H); 4.49 (s, 2H); 7.15-7.25 (br, 1H); 7.25-7.38 (m, 2H); 7.54 (d,

J=7.90 Hz, 2H); 7.78 (d, J=7.79 Hz, 2H); 8.17 (d, J=8.02 Hz, 2H); 8.21 (d, J=7.80

Hz, 2H) Three exchangeable protons.

Example 34 as HCI
'H NMR : (DMSO-de+ TFA; 400.13 MHz ; 3 ppm) |
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1.38-1.50 (br t, 3H); 2.07-2.20 (br m, 2H); 2.36-2.48 (br d, 2H); 2.97-3.12 (br s,
2H); 3.40-3.55 (br d, 2H); 4.16-4.28 (br m, 2H); 4.50 (s, 2H); 7.19-7.29 (br d, 2H);

7.76-7.86 (b_f d, 2H); 8.13-8.28 (br m, 4H) Three exchangeable protons.

Example 35 as HCI _ :
'H NMR : (CDCls + CD3OD + TFA; 400.13 MHz ; 6 ppm)

1.39 (s, 9H); 2.25-2.38 (br t, 2H); 2.49-2.59 (br d, 2H); 2.94-3.05 (br t, 2H); 3.50-
- 3.59 (brd, 2H); 4.29 (s, 2H); 7.60 (d, J=3.72 Hz, 2H); 7.62 (d, J=3.36 Hz, 2H); 8.14

(d, J=8.40 Hz, 2H); 8.23 (d, J=8.12 Hz, 2H); Three exchangeable protons.

Example 36 as HCI

'H NMR : (DMSO-dg+TFA; 400.13 MHz ; 5 ppm)

1.37 (d, J=6.04 Hz, 6H); 2.14-2.25 (br t, 2H); 2.40 (d, J=13.98 Hz, 2H); 2.95-3.08
(M, 2H); 3.45 (d, J=11.99 Hz, 2H); 4.48 (s, 2H); 4.84 (quintet, J=6.03 Hz, 1H); 7.22
(d, J= 8.88 Hz, 2H); 7.84 (d, J=8.19 Hz, 2H); 8.16 (d, J=8.88 Hz, 2H) 8.20 (d,
J=8.16 Hz, 2H); Three exchangeable protons.

Example 37 as HCl N

'H NMR : (CDCl; + CDsOD +TFA; 400.13 MHz ; & ppm)

1.23-1.35 (br m, 1H); 1.37-1.55 (m, 4H); 1.79 (d, J=12.51 Hz, 1H), 1.84-1.97 (br t,
4H); 2.28 (t, J=13.06 Hz,'2H.); 2.55 (d, J=14.66 Hz, 2H); 2.58-2.67 (br m, 1H); 3.00
(t, J=12.40 Hz, 2H); 3.55 (d, J=12.14 Hz, 2H); 4.29 (s, 2H); 7.41 (d, J=8.20 Hz,
2H); 7.59 (d, J=8.08 Hz, 2H); 8.13 (d, J=8.18 Hz, 2H); 8.23 (d, J=8.04 Hz, 2H)
Three exchangéable protons. |

Example 38 in the free form

"H NMR : (CDCl; + CD30D; 400.13 MHz ; § ppm) |

1.83 (d, J=5.34 Hz, 3H); 2.11 (s, 3H); 2.09-2.25 (br t, 1H); 2.2_5-2.32 (bri s, 2H);
2.35-2.44 (br d, 1H); 2.46-2.59 (br s, 1H); 2.60-2.73 (br s, 1H); 3.13-3.21 (br s,
2H); 3.85-4.04 (br s, 2H); 6.89 (q, J=5.28 Hz, 1H); 7.41-7.53 (m, 4H); 7.55-7.68
(m, 4H); 7.99 (dd, J1= 10.62 Hz J,=1.22 Hz,, 1H); 8.06 (d, J1=8.09 Hz J,=1.30 Hz,
1H); 8.17 (d, J=8.09 Hz, 2H) One exchangeable proton. |
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Example 39 in the free form

"H NMR : (CDCl; + CD30D; 400.13 MHz ; 5 ppm)

1.22 (s, 9H); 2.20-2.31 (br m, 2H); 2.32-2.42 (br d, 2H); 2.55-2.66 (br t, 2H); 3.06-
3.18 (br s, 2H); 3.94 (s, 2H); 5.87 (s, 2H); 7.42-7.57 (m, 5H); 7.6-7.69 (m, 3H);
8.01 (d, J=10.57 Hz, 1H); 8.08 (dd, J1=7.99 Hz, J,=1.13 Hz, 1H); 8.18 (d, J=8.09

Hz, 2H) One exchangeable proton.

Example 40 in the free form

"H NMR : (CDCl3 + CD30D; 400.13 MHz'; § ppm)

2.19 (s, 3H); 2.22-2.38 (br m, 4H); 2.55-2.66 (br s, 2H); 3.04-3.15 (br s, 2H); 3.94
(s, 2H); 4.98 (s, 2H); 7.42-7.70 (m, 8H); 8.01 (d, J=10.61 Hz, 1H); 8.08 (dd,

- J1=8.08 Hz, J,=1.23 Hz, 1H); 8.17 (d, J=8.14 Hz, 2H) One exchangeable proton.

Example 41 in the free form
H NMR (CDCI3+ CDs0D; 400.13 MHz'; & ppm)

1.31(d, J=6.24 Hz, 6H); 2.22-2.42 (br m, 4H); 2.54-2.67 (br t, 2H): 3.03-3.18 (br s,

2H) 3.92 (s, 2H); 4.91 (septet, J=6.24 Hz, 1H); 5.85 (s, 2H); 7.42-7.69 (m, 8H);
8.01 (dd, J1=10.56 Hz, J,=1.30 Hz, 1H); 8.07 (dd, J1=8.04 Hz, J,=1.42 Hz, 1H);

| 8.17 (d, J=8.12 Hz, 2H) One exchangeable proton.

E)kample 42 in the free form

"H NMR : (CDCl3; 400.13 MHz ; 8 ppm) _

1.32-1.55 (m, 6H); 1.57 (d, J=5.34 Hz, 3H); 1.71-1.82 (br m, 2H); 1.86-1.99 (br m,
2H); 2.10-2.20 (br m, 1H); 2.27-2.35 ('br s, 2H); 2.37-2.45 (br m, 1H); 2.50-2.61 (br
s, 1H); 2.65-2.75 (br m, 1H); 3.03-3.15 (br s, 2H); 3.85-3.98 (br s, 2H); 4.58-4.68
(m, 1H); 6.81 (q, J=5.20 Hz, 1H); 7.41-7.7 (m, 8H); 8.01 (d, J=10.64 Hz, 1H); 8.07
(d, J=7.97 Hz, 1H); 8.16 (d, J=8.10 Hz, 2H) One excha'ngeabl_e proton.

Example 43 in the free form

1H_ NMR : (CDCls; 400.13 MHz ; 6 ppm)

1.47 (d, J=5.43 Hz, 3H); 2.07 (s, 3H); 2.10-2.30 (br m, 4H); 2.38-2.56 (br m, 4H);
3.54 (s, 2H);' 3.74 (s, 3H); 6.87 (q, J=5.40 Hz, 1H); 7.42-7.54 (m, 5H); 7.59-7.67
(m, 3H); 8.02 (d, J=10.7 Hz, 1H); 8.07 (d, J=6.99 Hz, 1H); 8.12 (d, J=8.05 Hz, 2H)
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- Example 44 in the free form
'H NMR : (CDCl3; 400.13 MHz ; § ppm) _
10.93 (d, J=6.17 Hz, 6H); 1.47 (d, J=4.83 Hz, 3H); 1.87-2.0 (br m, TH); 2.07 (s, 3H):
2.12-2.23 (br s, 4H); 2.36-2.55 (br m, 4H); 2.57 (d, J=6.76 Hz, 2H); 3.53 (s, 2H);
5 3.73 (s, 3H); 6.83-6.92 (br g, 1H); 7.32 (d, J=7.51 Hz, 2H); 7.45 (d, J=7.35 Hz,
2H); 8.11 (t, J=6.49 Hz, 4H) | '

Example 45 in the free form
| 'H NMR : (CDCls; 400.13 MHz : & ppm)
10 1.32 (d, J=6.20 Hz, 6H); 2.13-2.25 (br m, 4H); 2.36-2.47 (br d, 2H); 2.48-2.57 (br
m, 2H); 3.53 (s, 2H); 3.74 (s, 3H); 4.92 (sept, J=6.20 Hz, 1H); 5.79 (s, 2H); 7.41-
7.53 (m, 5H); 7.59-7.68 (m, 3H); 8.02 (dd, J1=10.67 Hz, J,=1.09 Hz, 1H); 8.07 (dd, -
J1=8.10 Hz, J,=1.29 Hz, 1H); 8.11 (d, J=8.12 Hz, 2H)

15 Example 46 in the free form
 “'HNMR : (CDCl3; 400.13 MHz ; & ppm) |
2.12-2.23 (br s, 7H); 2.33-2.45 (br s, 2H); 2.47-2.57 (br m, 2H); 3.53 (s, 2H); 3.73
(s, 3H): 4.90 (s, 2H); 7.41-7.54 (m, 5H); 7.59-7.68 (m, 3H): 8.02 (d, J=10.50 Hz,
1H); 8.08 (d, J=8.03 Hz, 1H); 8.12 (d, J=7.72 Hz, 2H)
20 '
Example 47 as fumarate
'H NMR : (CDCl5 + CD5OD; 400.13 MHz ;  ppm)
1.32 (d, J=6.08 Hz, 12H); 2.17-2.26 (br t, 4H); 2.50-2.59 (br s, 4H); 3.99 (s, 2H);
4.92 (quintet, J= 6.29 Hz, 2H); 5.78 (s, 4H); 6.82 (s, 2H); 7.42-7.54 (m 5H); 7.60- -
25 7..69 (m, 3H); 8.01 (d, J=‘|0.71 Hz, 1H); 8._09 (d, J=8.17 Hz, 1H); 8.12 (d, J=7.95
" Hz, 2H) Two exchangeable protons. | '

Example 48 as HCI
'"H NMR : (CDCI3; 400.13 MHz ; § ppm) | _

30 0.95 (d, J=6.66 Hz, 6H); 1.95 (septet, J=6.75 Hz, 1H); 2.61 (d, J=7.21 Hz, 2H);
3.02 (s, 4H); 4.09-4.18 (br s, 1H); 4.33 (s, 2H); 7.39 (d, J=8.16 Hz, 2H); 7.59 (d,
J=6.70 Hz, 2H); 8.10 (d, J=8.21 Hz, 2H); 8.18 (d, J= 6.63 Hz, 2H) Four
exchangeable protons.



O JLCH, CH3 586. 14 68 PhF HHH OH 0 Cve 650. 10 69 Ph F H H H O—l 584. 11
70 PhF "~ HHHOH 627.10 71 Ph F

WO 2008/152149 o PCT/EP2008/057571

_ 77
Example 49 in the free form'
'H NMR : (CDCl3+CD3;OD+TFA ; 400.13 MHz ; 8 ppm)
2.88-2.99 (br m, 2H); 2.99-3.09 (br m, 2H); 4.05-4.17 (br s, 1H); 4.32 (s, 2H); 7.44-
7.55 (m, 3H); 7.58-7.67 (m, 4H); 7.71 (t, J=7.81 Hz, 1H); four aroma’uc protons are
5 merged in7. 93 8.30. Four exchangeable protons.

Example 50 in the free form
"H NMR : (CDCl3+DMSO-ds ; 400.13 MHz ; § ppm) _
0.95 (d, J=5.99 Hz, 6H); 1.82-2.03 (br m, 1H); 2.57-2.72 (m, 7H); 2.79-2.9.(br t, |
10 2H); 3.83-3.95 (brt, 1H); 4.27-4.41 (br s, 2H); 7.44-7.55 (br d, 2H); 7.77-7.87 (br d,
- 2H); 8.12-8.19 (br d, 2H); 8.19-8.26 (br, 2H). Three exchangeable protons.

Example 51 as HCI
'H NMR : (CDCl3+TFA+CDsOD ; 400.13 MHz ; 8 ppm)
15 2.80 (br s, 3H); 3.00-3.21 (br d, 4H); 3.94-4.10 (br s, 1H); 4.14-4.25 (br d, 1H);
| 4.50-4.60 (br d, 1H); 7.45-7.56 (m, 3H); 7.61-7.68 (d, J=6.87 Hz, 4H); 7.72 (t,
J=7.75 Hz, 1H); 8.02 (d, J=10.51 Hz, 1H); 8.10 (d, J=7.99 Hz, 1H); 8.28 (d, J=6.32
Hz, 2H) Three exchangeable protons.

20 Example 52 in the free form
'H NMR : (CDCl3+TFA+CD30D; 400.13 MHz ; 5 ppm)
2.78 (s, 3H); 2.92-3.18 (br d, 4H); 3.84 & 3.86 (s, 3H); 3.90-4.03 (br t, 1H); 4.10-
4.23 (br d, 1H); 4.45-4.56 (br d, 1H); 7.44-7.57 (m, 3H); 7.60-7.69 (br d, 4H); 7.72
(t, J=7.69 Hz, 1H); 8.02 (d, J=10.42 Hz, 1H); 8.10 (d, J=8.03 Hz, 1H); Two
25  aromatic proton are merged in 8.20-8.70. One exchangeable proton.

Example 53 in the free form

'"H NMR : (CDCl3 ; 400.13 MHz ; 8 ppm)

0.93 (d, J=6.63 Hz, 6H); 1.94 (septet, J=6.74 Hz, 1H); 2.40 (s, 3H); 2.57 (d, J=7.17
30 Hz, 2H); 2.82-2.91 (br t, 2H); 3.16-3.28 (br s, 2H); 3.28-3.38 (br s, 1H); 3.82 (s,

3H); 4.02-4.15 (br s, 2H); 7.33 (d, J=8.08 Hz, 2H); 7.59 (d, J=7.74 Hz, 2H); 8.11

(d, J=8.08 Hz, 2H); 8.19 (d, J=7.90 Hz, 2H); One exchangeable proton
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Example 54 in the frée form _ _
'HNMR : (CDCls; 400.13 MHz ; O ppm)
0.91 (d, J=6.55 Hz, 6H); 1.90 (septét, J=6.75 Hz, 1H); 2.35 (s, 3H); 2.53 (d, J=7.14
Hz, 2H); 2.71-2.88 (br m, 4H); 3.55-3.65 (br m, 1H); 3.77 (s, 3H); 3.89 (s, 2H); 7.28
5 . (d, J=8.20 Hz, 2H); 7.56 (d, J=8.07 Hz, 2H); 8.06 (d, J=8.14 Hz, 2H); 8.13 (d,

J=8.11 Hz, 2H); One exchangeable proton.

Example 55 as HCI.

~ "MNMR: (CDCIs+CDsOD+TFA; 400.13 MHz ; § ppm)

10 0.94 (d, J=6.60 Hz, 6H); 1.89-1.99 (m, 2H); 2.27-2.52 (m, 4H); 2.59 (d, J=7.18 Hz,
2H); 2.59-2.65 (m, 1H); 3.72-3.83 (m, 1H); 4.26 (s, 2H); 7.36 (d, J=8.14 Hz, 2H);
7.60 (d, J=8.18 Hz, 2H); 8.12 (d, J=8.16 Hz, 2H); 8.22 (d, J=8.14 Hz, 2H) Four

exchangeable protons.

15 Example 56 as HCI
'"HNMR : (CDCI3+TFA+DMSO-ds +D20; 400.13 MHz ; 3 ppm)
0.23-0.29 (m, 2H); 0.56-0.63 (m, 2H); 1.00-1.08 (m, 1H); 1.59-2.00 (m, 1H); 2.21-
2.35 (m, 3H), 2.39-2.50 (m, 2H); 2.66 (d, J=6.96 Hz, 2H); 3.68-3.78 (m, 1H); 4.23
(s, 2H); 7.47 (d, J=8.20 Hz, 2H); 7.60 (d, J=8.15 Hz, 2H); 8.13 (d, J=8.20 Hz, 2H);
20 8.22 (d, J= 8.15 Hz, 2H) Four exchangeable protons.

Example 57 in the free form o

'H NMR : (CDCl3+CD3OD+TFA ; 400.13 MHz ; § ppm)

0.95.(d, J=6.58 Hz, 6H); 1.64-1.80 (br m, 4H); 1.94 (septet, J=6.72 Hz, 1H); 2.12-
25 218 (brd, 2H); 2.50-2.57 (br d, 2H); 2.58 (d, J=7.19 Hz, 2H); 3.06-3.16 (br m, 1H);

4.22 (s, 2H); 7.35 (d, J=8.12 Hz, 2H); 7.58 (d, J=8.15 Hz, 2H); 8.11 (d, J=8.12 Hz,

2H); 8.19 (d, J=8.16 Hz, 2H) Three exchangeable protons.

- Example 58 in the free form
30 'HNMR: (CDCls; 400.13 MHz ; § ppm)
1.63-1.80 (br m, 4H); 2.15 (d, J=9.60 Hz, 2H); 2.53 (d, J=10.84 Hz, 2H); 3.04-3.14

(br m, 1H); 4.23 (s, 2H); 7.42-7.54 (m, 3H); 7.57-7.64 (br m, 4H); 7.67 (t, J=7.85
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Hz, 1H); 8.01 (d, J=10.63 Hz, 1H); 8.08 (d, J=8.15 -Hz, 1H); 8.23 (d, J=8.10 Hz,
2H) Three exchangeable protons. ' '

Example 59 in the free form

5 "HNMR : (CDCl;+CD3OD+TFA; 400.13 MHz ; § ppm)
1.68-1.90 (br t, 4H); 2.07-2.24 (br d,'2H); 2.53-2.64 (br s, 2H); 2.71 (s, 3H); 3.28-
3.38 (br s, 1H); 4.18 (d, J= 12.51 Hz, 1H); 4.45 (d, J=12.85 Hz, 1H); 7.42-7.54 (m,
3H); 7.57-7.63 (br m, 4H); 7.66 (t, J=7.81 Hz, 1H); 8.01 (d, J=11.40 Hz, 1H); 8.07
(d, J=8.17 Hz, 1H); 8.25 (_d,' J=_7.90 Hz, 2H) Two exchangeable protons.

10
Preparation of intermediates
Preparation of 2-fluorobiphenyl-4-carboxylic acid
15
Scheme:
_ : -COH
= ]/ o : . %T
S o
- F J\/ F
20 Few crystals of iodine are added to tetrahydrofuran (1400 mL) containing

magnesium turnings (25.17 g, 1.035 mol). The mixture is heated at 60-70°C. A
-solution of 4-bromo-2-fluorobiphenyl (200 g, 0.797 mol) in tetrahydrofuran
(600 mL) is added dropwise to the reaction mixture and refiuxed for 1hr. Reaction
mixture is brought to room temperature and then cooled to -20C. Carbon dioxide

25 gas is passed through the reaction mixture for 45 minutes. The reaction mixture is
treated with 3N HCI (500 mL) and extracted with ethyl acetate (2x500 mL).
Combined organic layer is dried over sodium sulphate. Removal of solvent under
reduced pressure gives a solid which is washed with diethyl ether (2x200 mL) and
then dried to furnish 2-fluorobiphenyl-4-carboxylic acid. |

30
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Preparation of the 4{5-substituted-1.2.4-oxadiazol-3-yl)phenylmethanol

derivatives

Preparation of 4-[5-{2-fluorobiphenyl-4-yl)-1,2.4-oxadiazol-3-
yllphenylmethanol

100 g of 2-fluorobiphenyl-d-carboxylic acid, 93 g of N-hydroxy-4-

Scheme

hydroxymethylbeni-amidine, 85 g of N-hydroxybenzotriazole, 115 g of N,N-
dicyclohexylcarbodiimide are intrbduced into a round bottomed flask cohtaining
800 mL of N,N-dirhethylformamide. The reaction mixture is heated under st~irring' to
130-140°C for 2-3hrs, then cooled back to 20-25%, filtered and washed with 500
mL dichloromethane. The filtrate is evaporated under vacuum. To the resultant
thick slurry are added 200 mL isopropyl alcohol and 800 mL demineralized water
under stirring at room temperature. The slurry is filtered and washed with 1000 mL
demineralized water. o

The solid is added to a round bottomed flask containing 500mL cyclohexane.
The resultant slurry is stirred at room temperature for 10-15mins and filtered,
washed with 500 + 300 mL of cyclohexane and dried by suction. The product is
then dried at 40-50C to vyield 4-[5-(2-fluorobiphen yl-4-yl)[1,2,4]oxadiazol-3- -
ylJphenyl}-methanol. o :

The above crude product is purified from ethyl acetate and dichlorom'ethane'

mixture.
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Alternative Qrocedufe of preparing 4-[5-(2;fluoro' biphenyl-4-yl)-
[1.2.4]oxadiazol-3-yl[phenyl}methanol.

- Scheme
,OH
Oo—
/Alrcoz_"' /\/J\ \ . . r//\/\\ /\/
C\\/J\( Y) \/\/OH (Y\,/ |\ j OH

5 /J F \/ ) ~F F

Triethylamine (52 mL, 0.373 mol) is added to a stirred solution of
2- ﬂuoroblphenyl -4- carboxyllc acid (40 g, 0.185 mol) in tetrahydrofuran (800 mL)
The reaction mixture is cooled to 5-15T, iso-butyl chloroformate (36.5 mL, 0.28
10 mol) is added over a period of 20 minutes and stirred for 2 hrs at 15-20C. A
solution of N-hydroxy-4-hydroxymethylbenzamidine (36.9 g, 0.22 mol) in
tetrahydrofuran (400 mL) is added to the reaction mixture and stirred for 2 hrs at
20-25T. The réaction mixture is concentrated under reduced pressure,
demineralized water (400 mL) is added to the residue and stirred for one hour at 5- -
15 10%T. The slurry is filtered, washed with demineral ized water (400 mL) and dried -
~under reduced pressure. The solid is stirred in 5% aqueous sodium bicarbonate
~ solution (600 mL), filtered, washed with demineralized water and dried under
reduced pressure. Finally the solid is washed with cyclohexane (600 mL) and dried.
under reduced pressure at 40-50C to give 2-fluorob |phenyl -4- carboxyhc acid
20 [hydroxy|m|n0(4 hydroxy-methylphenyl)methyl] amide.
p- TQIuenesquonlc acid (0.6 g) is added to a stirred solution of 2-fluoro-
biphenyl-4-carboxylic acid [hydroxyimino(4-hydroxymethylphenyl)methyl] amide
| (60 g, 0.164 mol) in a mixture of toluene and N,N-dimethylacetamide (10:1, 660
mL) and heated at 105-115T for 2-3 hrs. /so-Propyl alcohol (240 mL) is added to
25 the reaction _mixture which is then concentrated under reduced pressure. The
residue is suspended in a mixture of iso-propyl alcohol and- demineralized water
(1:3, 1200 mL), cooled to 10-15T, filtered and was hed with deminaralized water
(600 mL). _Th_e solid is dried under reduced préssure at 50-60T to yield 4-[5-(2-
fluorobiphenyl-4-yl)[1,2,4]oxadiazol-3-yl]phenyl}methanal. |
30
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Preparation of dicarboxylic acid ester derivatives

Preparation of 1-{4-[5-(2-fluorobiphenyl-4-yl)-1,2.4-oxadiazol-3-
- Yllbenzyl}piperidine-4.4-dicarboxylic acid mono (2.2-

S ' di'methylgrogionyl-oxymethyl) ester
Step-
Scheme
O—N
PN A b N

10 Thionyl chloride (20 mL, 0.274 mol) and N,N-dimethylformamide (2 mL)

| are added.to a stirred solution of 4-[5-(2-f|uorobiphenyl-4-yl)-1,2,4-oxadiazole-

3-yllphenylmethanol (32 g, 0.092 mol) in dichloromethane (150 mL) at 0° C.

The reaction mixture is heated at 80T for 1 hour a nd then concentrated under

reduced pressure. The residue is neutralized with a saturated aqueous sddium

15 | bica'rbonate solution (150 mL) to furnish a solid which is filtered and washed

with n-hexane (150 mL) to give 3—(4-ch|oromethylpheny|)-5-(2-_ﬂuorobiphenyl-4-
yI)-1,2.4-oxadiazole.

Step-ll
20. Scheme

O—N .

W \/\\ OH .
MN/\ﬁ /J/\ \I/_/
oy S oy
F ’ .

Diisopropylethylamine (23.5 mL,l 0.136 mol) and diethanolamine (142 g, -
0.135 mol) are added to a stirred solution of 3-(4-chloromethylphenyl)-5-(2-
fluorobiphenyl-4-yl)-1 ,2,4-oxadiazolé (33 g, 0.090 mol) in N,N-dimethyl-
25 . formamide (200 mL). The reaction mixture is heated at 90°C for 2.5 hrs, the
solvent is removed under reduced pressure and the residue is treated with
demineralized water (200 mL) to get a solid which is filtered and washed with n-

34



HHHOH  OOC3H7 602. 10 89 PhF H 655.35 90 PhF HHHOH H 636.24 1H -
NMR data: Exanple 60 in the free form 1H NVR. :
ppm) 2.70-2.82 (br m 4H); 2.82-2.93 (br m 4H); 3.62 (s, 2H); 5.79 (s,
2H) ;
(br d, 2H) WB04181493 (br d, 1H); 8.13-8.15 (br t, 1|—|)17C18E122@089.52551(br m

(Pyridi ne-d5; 400.13 Mz ;

8

7.38-7.48 5(m 3H); 7.50-7.55 (br t, 3H); 7.64-7.72 (m 5H); 8.05-8.09

2H) One exchangeabl e proton. Exanple 6] in the free form 1H NWR :

(Pyridine-d5; 400.13 MHz ; 6 ppm 102. (s, 3H); 2.66-2.73 (br m 4H);
$2.73-2.87 I(l@(an@(ﬁ(b")mL)?aE@ajlétﬁyl e&h&nuﬁo%)(té,fur%léhz

(t,
1H);

J=

7.

10

15

20

25

Hz

Step-lll
Scheme

Thionyl chloride (52 mL, 0.716_rho|) is added drop wise to a stirred solution
of 2-[{4-[5-(2-fluoro-biphenyl-4-yl)-1 ,2;4-oxadiazole‘-3-yl]bénzyl}(2-hydroxyethyl)-
aminojethanol (31 g, 0.0715 mol) in dichlordmethane (150 mL) at 0TC. N,N-
Dimethylformamide (2 mL) is added and the reaction mixture is heated at 80T
for 1h. Excess thionyl chloride is removed _u'ndef reduced pressure and the
residue is made alkaline (pH' ~9) by the addition of an aqu_eous sodium
hydrbxide solution (4N, 150 mL) at room temperaturé. The aqueous layer is
extracted with ethyl acetate (2x100 mL) and combined organic layers are dried
over sodium sulphate. Removal of solvent under reduced pressure gives a
viscdu’s liquid, which is purified by column chromatography (silica gel 230-400
mesh, h-hexane:ethyl acetate . 7:3) to give bis-(2-chloroethyl {4-[5-(2-
fluorobiphenyl-4-yl)-1,2,4-oxadiazole-3-yllbenzyl}amine.

Step-IV
Scheme

O

_Potassium carbonate (22.4 g, 0.162 mol) and tetrabutylammonium
bromide (30.5g, 0.095 mol) are added to a stirred solution of bis-(2-
chloroethyl){4-[5-(2-f|uorobiphenyl-4-yl)-1,2,4-oxadiazole-3-yl]benzylamine '
(28 g, 0.059 mol) and dibenzyl malonate (15.3 g, 0;054 mol) in N,N-
dimethylformamide (250 mL). The reaction mixture is heated at 100‘C for 4 hrs
and concentrated under reduced pressure. The residue is treated with

& g4ﬁ(27ﬂ%90til_€"ﬂen H) ; 7 52
8. 41 ﬁﬂl) 1?@)182*449'8 32}4%%0%” ?e&w@?xg@albar@n@e@@a@l

: co ,CH,Ph
YK\ ,_/ “ O\ i C0,CH,Ph
S \// . C



WO 2008/ 152149PCT/ EP2008/ 057571 89 Exanple 62 in the free form NWR :

- (Pyridine-d5; 400.13 Mz ; 8 ppm 1.14 (s, 9H); 2.67-2.81 (br s, 4H):
2.81-2.93 (br m 4H): 3.59 (s, 2H): 5.2 (s, 2H): 57.43-7.56 (m 3H);

7.62-7.73 (m 5H); 8.10-8.15 (m 2H); 8.41 (d, J=8.05 Hz, 2H) One

exchangeablV¥0 HOEBHO Exanple 63 in the free form 1H NVRCTEPI8/QSEThe- d5;

400. 13 MHz: 6 ppm) 102.66-2.81 (br m 4H): 2.81-2.87 (br t, 4H):; 3.60 (s,

2H); 5.57 (s, 2H): 6.49-6.53 (m 1H): ¥ 42 (d, J=3.53 Hz, 1H): 7.45-7.50

(br CliH) 1H) dehn(%?al(zbd whitdr: (ngm'r)i) f&med%y?oﬁmeﬁzgfﬂnlgrandiha aneo7L§ |éﬂar J= % H5°>3On

: e

exchangeabl'se extyasien W"‘I‘SE?&MFQ“UG@P (2 B0emb)- eeomammﬂmgamm '3Y?rPy¢rPd| ne- d5;

400. 13 Mz 4rigqg Bpé?so%lms@pﬁé)ce@% d@hcé’f*@&te@u%r%e&?ceﬁsj’res%uré@%H?aez (s,

2H); 5.78 (s, 2 7.64-7.75

(br m 5H) Visgows lqtmd vshieﬂ %puﬂﬁledmeolqnush(oaﬂatggd'aphse(sﬂipa aeHR304003-8. 16 (br

S, d __t_)_ ) anpl e 65 in
t he. free fﬁfe%glﬂ ﬁ@ng%%acgl ne%@?@%&é%%&iﬁ ZSfIL%Ec%)fﬁgteg)&;Wgo (br t,
4H) ; 2. 60- 2.Z%-okaqiaBHy-3-yibeszypperidime-22Hpicatoxgliq acid diHenzyd e6@r(t, - 25
J=4.52 Hz, 4H); 4.48 (t, J=5.66 Hz, 2H); 7.43-7.48 (m 1H); 7.52 (t, J=7.71
Hz, 2H); 7.64-7.73 (br m 5H); 8.09-8.12 (br d, 1H); 8.13-8.15 (br t, 1H);
8.42 (d, JStep¥ Hz 2H) One exchangeabl e proton. Exanple 66 in the free
form 301H %I\/F Pyrldl ne-d5; 400.13 MHz ; 6 ppm 1.10 (t, J=7.12 Hz, 3H);
2.63-2.73 2.73-2.87 (br m 4H); 3.58 (s, 2|—|) 4.10-4.19 (br q,
2H); 5.00 (s, 2H) 742748(br m 1H); 7.49-7.55 (pryt, 2H); 7.62- WO
2008/ 152149PCT/ ERZA%/\057571 90 70.03 h(br m 5H); %‘/08/8\1&(% [ 2H); 8.41

(d, J773Hz H) Ovéé|xA angea Wml ' r 6&°#6t m 51H
NMR : (Pyri ~f5; 400.43 ppm) 106“ J=6.88 Hz, 6H) 2.65-2.75
'(brmlH)\Z?SfZ 85 (br t, 4H) 3.58 (s, 2H): 5.12 (s, 2H); 7.44-7.48 (m

1H) ; 0-7.57 (m 2H); 7.63-7.74 (m 5H); 8.08-8.12 (m 1 8.12-8.15 (br
t, 1H) 8. 41 (AN agueoussseitio(F0 mhe ob RediEmgRYIPXde (b dh.0.Q moé)mpl e 68 in

the free fohgedtd Mred %gIYJ'Elbrq'o??-{g%-(ﬁl-%réb?lpﬁé?lﬁll-df-y@-‘Rﬂmoxadlazole 3-
yllbenzyl}piperidine-4,4-dicarboxylic acid dibenzyl ester (18.3 g, 0.027 mol) in
tetrahydrofuran (150 mL). The reaction mixture is stirred overnight at 'ro.'o_m

15 temperature and then concentrated under reduced pressure. The residue is
acidified to pH '~6 with diluted hydrochloric acid to give a solid which is filtered
and washed with diethylether (100 mL) to fumnish 1-{4-[5-(2-ﬂu6robip_heny|-4-
yl)-1,2,4-oxadiazole-3-yl]benzyl}piperidine-4,4-dicarboxylic acid mono benzyl

ester.
20 Preparation of 1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1.2.4]oxadiazol-3-yl]-benzyl}-
piperidine-4.4-dicarboxylic acid (2-o0x0-3.3-dimethylbutyl) ester
Step-i

Scheme
o— o—

0
N Og OH N 00
O N O_-Ph O N Osgp
oY N o . : _ N 0
‘F F

50 mL N,N-dimethylformamide, 5 g of 1-{4-[5-(2-fluorobiphenyl-4-y1)[1,2,4]
oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylic acid benzyl ester, 1.8 g of

25



2.70-2.95 (br m 8H); 3.62 (s, 2H); .3.69 (s, 3H); 5.76 (s, 2H); 6.99 (d, .
- J=8.67 Hz, 2H); 7.42-7.49 (m 1H); 7.52 (t, J=7.53 Hz, 2H); 7.64-7.75 (m
5H); 8.06-8.17 (m 4H); 8.42 (d, J=7.94 Hz, 2H) One exchangeabl e proton 15
Exanmple 69 in the free form1H NVR :. (Pyridi ne-d5; 400.13 Miz; 6 ppm
0.76-0.83 WH200852143 05-1.12 (m 2H); 1.98-2.06 (m 1HFCT/RR2BWOFTSTE (br m
4H); 2.77-2.85 (br t, 4H); 3.58 (s, ZI—Q 5.20 (s, 2H); 7.43-7.48 (br m"
1H); 7.52 (t, J=7.72 20Hz, 2H); 7.63- 573(m 5H); 8.09-8.13 (br d, 1H);
8 13-8.15 érﬁlﬁy@ouslﬂ)‘atasﬁuﬁllca(rﬁbnaie-%né‘h :HZnL 8\*‘3 b%lﬁo-%xs'lbmmtgn-ﬁfdﬁeon

Exanple 70 in the free form 1H NWR : di ne-d5; 40 X P

251. 63- 1. 7a,re(?ﬁ! eginto @ ?@ﬁcwourlﬂ—mtm% aQH)Thezreeetl@ mtw@rlsmeamcb 0 3. 60

537 ?;) H235§%0;6 %andés_?m%&?@?go lr_rbirﬁ g@elr(lt%(nﬁ nBZ)gié?_étloﬁ I'(é'h]pgtlipf 7. 53 (t’
8.41 (d, Jeqol@ﬂ)tqa5 -301) amh @0@ xiheinige ansiter ape@ndad BGhEswnlwllesmed at 2$re free
f 1 400 .1 5

2008/ 15 12@%&/ sl i doip %%dzﬁg‘%‘é; 03¢ t??génqd 17y vashedg Wil S0mt 5 o3
(s, 2H) 7derpingralized byater, tRed) by 7266k TSoihﬁoqyblralaum:)BEm(:] ancliljri(eld,forJ.aB?tht Eé,
240810 SoedeP i w8 RIS B R HRN T 145318 L,

m 4H) 2. fiBorabibReryt#-ya)[1 ZH]qxaﬂlaﬁal-RyIE]i%r(zblelpen(ﬂrhé-,df,43d|5£rb()§ylic2H) ac. 86 (s,

5.21 r 5 7.42-7.54 (m 5H); 7.60-
7 68 (m 3‘1&"-‘23’?%9%80"0’“3@?% 9“&&' €S¥S-1. 20 Hz, 1H): 8.08 (dd, J1=8.23 Hz,
10J2=1. 52 Hz, 8.11 (d, J=8.14 Hz, 2H) Exarrple 73 in the free form1H
NVR : QEDCS&% -|400 13 MHz; 6 ppm 1.12 (d, J=6.92 Hz, 6H); 2.20-2.32 (br m
4H) ; 2.45--2.60 (br m 4H); 2.64 (pentate, 15 J=6.93 Hz, 1H); 3.55 (s, 2H);
4.73 (s, 2EhkerBe2l (s, 2H); 7.30-7. 39 (br m 5H); 7. 42 7 54 (m 5H); '

7.60-7.68 (m 3H); 802(dd J1=10 J2125Hz 08o( dd
J1=8.07 Hz, J2=1.43 1H); 829 Ujﬁathefree
form SN &(

F

2 g of 1-{4-[5-(2-ﬂuorobipheny|-4-y|)[1 ,2,4]oxadiazol-3-y|]benzyl}piperidine-

4 4-dicarboxylic acid benzyl ester 3,3-dimethyl-'2-oxobuty| ester are added into
15  round bottomed ﬂ.ask containing a solvent mixture of ethyl acetate/ tetrahydrofuran
[1/0.5] and stirred at room temperature to get a clear solution. Then 40 mL of
ethanol are added followed by 0.6g Pd/CaCOs;. The mixture is :stirred under
hydrogen gas. After 30 mins 0.2g of Pd/CaCQ3; are édded to the above reaction
mixture and stirring under hydrogen is continued. Once the reaction gets
20 completed 4-g of silica gel are added and thé mixture stirred at RT for 10mins,
cooled to 0-5T and stirred for 20-30 mins. The slurry is filtered and washed with
40 mL ethyl acetate. The product along with Pd/CaCO3 on the funnel was leached
with 200 mL, then 250 mL of a dichloromethane / methahol [2:1] mixture at RT and
filtered. The product containing filtrate is concentrated and dried under vacuum at
25 35—40‘0' to yield 1-{4-[5-(2-fluorobiphenyl-4-yl)[1, 2,4Joxadiazol-3-yllbenzyl}-
piperidine-4,4-dicarboxylic acid (3,3-dimethyl-2-oxobutyl) ester (62). '

The following salts were also prepared accordmg to conventional methods
startmg from the free form of example 62:



201H NMR :
(br d, 5H);

2H);

3. 56

4H) ;
d, 3H); 7.67 (t,

7.62-7.75 (m 5H);
exchangeabl e protons 25 Exanp
400. 13 Mz WO @03h§491. 36 (s,

2.98-3.08 (br

(Pyridi ne-d5; 400.13 M1z ;

5.08 (

8. 08-
| e
9H) ;
4 60

(s, 2H);

r m 2H);
J=7.79 Hz,

s, 2H); 7.42-7.50 (m 1H);
8.16 (m 2H);

75 in the free form 1H NWR :

6 ppm 2.51-2.76 (m 6H);
7.52 (t,
-8.41 (d, J=7.90 Hz,
(CDCl 3+ CD30D;

2.80-2.92
J=7.23
2H) Two

2:17-2.30 (br m 2H) PCOEBRS0SIAL (br m

(s,

8. 01H%§1

7.42-7.58 (m 5H);
J=10.64 Hz, 1H);

7.
8.07 (dd,

59-7.64 (br

J1=7.87 Hz, J2=0
mer ged bet ween 3
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2008/ 152149PCT/ E
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70- 3. 83 One ex
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n the free
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"~ ppm 151.23-1.42
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2H); 2.98-3.11
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7.61-7.72 (m
hbl e prot on Exan

2.6
2
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1H) |

L. \J\J L U

3\(om 4H)
Jaw J=6-41 HZO Z;H)/LOn
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eron«Nthi
7. 86l 7y,
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8.14
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H) ;
5H) ;

le 79 wn the free form 20 1H[ NVR

pr d, 2H);

3.92 (s,

DO (d, J=10.63

exchangeabl e

13 Mz ; S

br d, 2H);

br m  1H); :

d, J=7.88 Hz,
. (CDCl 3+

CD3CD +D20;. 400.
2H); 2.36-2.57 (b
(m 1H); 4.70 (s

7.58-7.67 (m 3H'
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4.01-4.11
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H) ; Two exchange
ne-d5;_. 4 0 13 W
2.92

b0 (M 1H)
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able %;25 Exarrple 80 In
7
), 2M97-

br m 4
3.56

(t J=7.20°

03 Hz,~

the free form
H); 2.50-2.74
(s, 2H); 5.08
[. 75 (m 5H);

8.08-8.16 (m 2H];
exchangeabl e profon

8. 41 (d, J=8.

Potassium

H) °76-30
Z2FY; 862868(brm
\\/

H One

Lithium

. Examples 60, 61 and 63-90 are prepared in a similar mann_ér.

- Compound

Ex.

MS(ES")

60

T8

620.25




WO 2008/ 152149PCT/ EP2008/ 057571 93 Exanple 81 as tert-butyl

am ne salt 1H

"NMR : (CDCl 3+ CD30D; 400.13 MHz; 8 ppm). 0.88 (d, J=6.68 Hz, 6H); 1.32 (s,
9H); 1.75-1.87 (m 1H); 2.05-2.18 (br m 4H); 2.26-2.37 (br m 2H);
2.85-2.94 (br d, 2H); 3.04 (d, J=7.02 Hz, 2H); 3.59 (s, 2H); 5 4.70 (s
2H); 7. 42- WGHI21BH); 7.60-7.64 (br d, 2H); 7.67 (t, POHEPB®/UEZS711H); 8.02
(dd, J1=10.64 Hz, J2=1.08 Hz, 1H); 8.08 (dd, J1=7.96 Hz, J2=1.26 Hz, 1H);

- 8.14 (d, J=8.12 Hz, 2H) Four exchangea%]e proton Exanple 82 as tert-butyl
am ne sal t [T@qT pH/F(.F(Lmd+ OPR 20093 Mz ; © pwr) I t558518 9iH) ;
2.07-2.22 br m| 4H) ;| 2.27-2.37 (br |d, 2H)-, 2. 8§4- 2/9> 2H): 3.62 (s,
2H): 4. 69 2 7 U2-7 |54 (1 SH): 50-7 64] (br d; 9?—*& 67 (r J=7.81
Hz, 1H); 8 @2(dd'?h31:'io. g3 Hz, |‘!J2::L.|'b5 HPH 1H)| 8. Q dd, J1£{§>.01223 H,
J2=1.31 Hz} 1H);|8:13 (d, |J=8.312 Hz| 2H) | Fi ve,exchangeaHIcre prloton 15
Exanpl e 83H-asthe—frele—formtHNVRI—{(Pyridine 45 40013 Mz~ 6 ppm)
0.75 (t, JF7839 [BN apy; 1Ho-1H3 (K 2HPH 1.4h-1 56 2H)|:899.H0 D 76
(m 6H); 2/81-2.p3 (br d, [2H); |3.37{3. 47| (m 2H: 3.56 {s] 2H); 5.12|(s,
2H); 7.43-7 94 ([Ph200F); [HOZ[H ., JR7- 2ZfOF, 2FH); 7. B2-7. 74 [@84.Gn D
8.07-8.12 (br d,|1H);| 8.123-8.158 (br{s, 1H): 8.4 (d,%\m Hz, 2H) Two
exchangeable profon Fxanplle 841in the free form1H NVR~*6Pyrli di ne -@5; . -
400. 13 Mz 6§pm P51\ B4- 1|.H5 (it m| HeH) | OH 50-1]1. Gaomnm 4H)61511.485- 1. 97
(br m 2H)} 2.51r2.73 (m [6H); |2.83{2.92| (br d,|2H); 3. 2H) ;

4. 44- 4. 54 thb. (SR ZA0H 7- %67 /-SQHUH TH 753 (T ‘15-3@._“ Hz |
2H); 7.64-f.73 (M 5H; 8.10-8./13 (br d, 8l 13- goq,é\&pr ﬁ S
8. 29- 8. 34 [zt “'),- A2 STtz m') e E)\umllgcam roton 30
Exanpl e 85|in thePFr ee'§;c orrﬁlH ‘N'—K/R :H( Cd"ig CDBOD_p 43 I\& M ppm
1.60-1.77 [br m|6H);|2.16-2. 74 (br 6H); 2.6B-2.82 (kb s, 2.91-3.06
S (br m 3H) [Fg8FBR T 1| f T 2t rn e T 7427 56—(m '
7.56-7.69 [m 84H ;Ph8. Op_':L 20(@7 15) 49P"{P)_|I£EP2008/6’ 94 (ﬁabolzlo. 72
Hz, J2=1.0p Hz, {LH): [B.07 |(d, J=7.98 Hz, . 8l 16 (d, .99 Hz, 2H| Two
exchangeab| e g9r of Bh ExpnplieH 86 [as t(EH-bJOH amfne sal® 5 THNE 11 ( | 3+
CD30D; 400| 13 MHz; 8 ppm) [1.07-1.20|(m RH); 1.p6 (% - 1.128-1.39|(m
3H); 1.57-[L.66 (pr. d,|1H);| 1.68-1.76 _ 5

: 70 Ph F H H H OH \/ﬁ\ ? 627.10
' o]
71 Ph F H H H OH /o\)LN,cm 587.14
-
HJ
72 |Ph [F H H H OCHqP ' i 690.29
" AN
CH, .
73 Ph F H H H OCH,P 9 676.24
h O CH,
74 Ph F H H H OH Q 573.15.
: /o\)LNHCHa
75 Ph F H H H OH Q 615.16
_ /O\)'LNHC(CHS)3
76 |Ph |F H H H OH ' i 587.14
/o\)J\NHCZHs_
77 Ph F H H |H OH 613.17
~Ao
78 Ph F H H: H OH f 627.18
_ /O_J\O |
79 Ph F H H |H OH ' it | 601.15‘
: '/O\)L.NHCH(CHS)z- '




2.01-2.18 (m 4H);

2H) ;

5.

10

Example 60 in the free form _

'"H NMR : (Pyridine-ds ; 400.13 MHz ; & ppm)

2.70-2.82 (br m, 4H); 2.82-2.93 (br m, 4H); 3.62 (s, 2'H); 5.79 (s, 2H); 7.38-7.48
(m, 3H); 7.50-7.55 (br t, 3H); 7.64-7.72 (m, 5H); 8.05-8.09 (br d, 2H); 8.10-8.13 (br
d, 1H); 8.13-8.15 (br t, 1H); 8.40-8.45 (br m, 2H) One exchangéable proton.

Example 61 _in the free form _

1'H NMR : (Pyridine-ds ; 400.13 MHz ;o ppm) _

2.12 (s, 3H); 2.66-2.73 (br m, 4H); 2.73-2.87 (br m, 4H); 3.58 (s, 2H); 5.02 (s, 2H);
7.43-7.49 (m, 1H); 7.52 (t, J=7.19 Hz, 2H); 7.64-7.73 (br m, 5H); 8.09-8.12 (br d,
1H); 8.13 (s, 1H); 8.41 (d, J=8.12_Hz, 2H) One exchangeable proton.

(br d, 2H); 1.82-1.90 (br d, 2H); 2.25-2.34 (br d,
2.80-2.86 (br d, 2H); 3.56 (s, 2H); 3.67-3.77 (br m_ 1H); 4.66 (s, 2H);
7.44-7.55 (m 5H); 7.60- 7.65 (br d, 2H); 7.66 (t, J=7.80 Hz, 1H); o
8.00-8.05 (br d, 1H); 8.07-8.11 (br d, 1H); 108.12 (d, J=8.07 Hz, 2H) Four
exchangeabl‘@ﬁ&ﬂﬁﬂﬁh@ Exanpl e 87 as terf- butyl am ne saPCT/IHONIXﬂWSﬂ(CDCI 3+
CD30D; 400.13 MHz ; 6 ppm 1.32 (s, I—%162174(brm2|—|) 1.96-2.20
(m 6H); 2.20-2.35 (m 4H); 28229185(brd 2H) 359(s 2H)
4.28-4. 38 Mgl pra: e 2Hn W_%@ M BH T 7.000= 7. 6 2H)
7.65 (t, 17999 H?h 1H) ; 401 Co}l-l J$10. 36 H 1H) ; o8. 48 JLS 10 I-L!, 1H);
8.13 (d, JF8.04 Hz, 2H Fqur exchangeabl g protons “EX4nple 88 lin the free
form 201H NVIg1: pwl OE ne-[dp; 4@P. ISHVHZ[ o PP O- &z (T, J—/515/31m 3H);
1.52-1.63 [m 2H); 2.[79 (t|, J=5.11 Hz, 2H); 2.5p- 2063\ b-r\Em 6H); 2. 75-2.83
(br t, 2H)} 3.54 (s 2H); 6. 14 |(s, 2H); V.43-7.48 (br .m 1H);| 7.53 (t,
J=7.66 Hz, [ZHp; [PRZ-|F 72 [(MM 9H . $H09- BoF (Or d, J.H)o 8 I43%oldp (br s,
1H); 8.41 (d, J=B.16 Hz, 2H) One eX( hangnable pr ot oro @Qarmle 89 as
tert-butyl prpepalt+1H-NNR—(CDCL-3 '”D&%n 400 13 MHz: 1 2441. 45
(br s, 13 H 831 BBh2. [ (mHsH) ;Frz ] Hom 4&%& ;\/(\d ﬁ1913313 He,
2H); 2.82-P.95 (pr m| 2H);| 3.45-3.5% (br{m 1H)} "3.61}(s; ; 3.67-3.78
(br m 1H| L. BPn (S| F2A[H7-4& 7- 55 (M OpF); |- 59- 7969 FHI.318- 05 (d,
J=10.69 Hz| 1H):|8.08 (d, |J=8.03 Hz] 1H)| 8.14 {d ol;méf}?z 2H) Foyr
exchangeabl e profons [ WO 2008/ 152149PCT/ FP2008/ P57571 95 Exa ple 90 as
tert-butyl ani8%e pBht [1H NNRI: (E&bcl 3H CDROB 400 13 Mriz G? AE#HR.38 28 (s,
9H); 2.08-p.24 (M 4H); 2.[29-2438 (br d,|[2H); 2 »( d 2H): 3.57
(s, 2H); 4/88 (s| 2H)[ 7 d8 (t | J=5!86 Hy. 1H): 742 7555 (m| 5H):
7.60-7.70 [mB63H) Phs7 4 (|tH J38139|Hz, 1OH 8 D2 (d,qJ=10, 68 844,261H); 8.09
(d, J=8.11 Hz, 1H); 8 12 (|d, J¥8.00|Hz, RH); 8.[18-& 2H) Four
exchangeabeggrotgas—Ererphe——Prepara —of -
1-(4-1.5- (p- Bl uol i dhenvtia-yH a1) a1 Qb azpl - 3 613.24
v1l- benzyl}-4- (p| perildi ne-|1-yl gar bafmoyl )} pi per| dinez4: arboxylic acid
ester 10 Spepgl PpRener Tgapuiyiy chier of pomet e [U. T8 onLcil- JE 7ol | i s
added to a|solut|on of 1-{|4- : 7/ _ .k

89 Ph F |H H H OH \i Q '655.35

9% |[Ph [F [H [H [H |[OH /oQLNA@ 636.24

N _
'H — NMR data:



15[ 5- (2-fl uor o-bi phenyl -4-y1)-[ 1, 2, 4] oxadi azol - 3-yl i - benzyl ypi peri di ne- 4, 4-
di carboxylic acid benzyl ester( 0.6 g, 0.0010 nol) and N-nethyl norpholine
- (0.156 mL,, 0.0015 nol) in tetrahydrofuran (20 nL) at 5C. The reaction
mxture:is stirred at 5C for 45 mnutes. 1- Ami no piperidine (0.162 i,

0. 0015 nol WAWHHAWA to the reaction mixture and is stPEFERROSHFTSID ni nutes
at 50 C and then at roomtenperature for 45 mnutes. 20 Dem neralized water
(10 nL) is added to the reaction m xtut®e, Oganic |layer is separated and
dri ed over sodi um sul phate. Renpbval of solvent under reduced pressure gives
~a viscous Liquid, which is purified by colum chronat ography (silica gel
230- 400 me5KAMRAIEEZB he 1768 fosMet at e 70: 30) to get

1-{445- (2-f ) o .
, 2, 41loxadi aﬂwg Hj}pgenzyr’l 02”? I\Meh BPmé 1-yl car banoyl) - piperid ine-4-
25car boxyl 1 d4dsi$H)b2167y2.8 b éares; 4H$t2e$)1- 2193%ohmpeH );\BB9 (s, 2H); 5.2 (s, 2H);

200 1L eT SEEACSET So0 a3 oy s ATh L I e (DB TS0

to a sol ut Ooe emthdngbéblbtbrétbnfl uor o- bi pheny1-4-y1)- [1, 2 , 4] oxad

i azol - 3-yl] - benzyll-4-(pi peridine-1 -yl carbanoyl)-piperi di' ne- 4-car boxyl ic
acid benzyl ester (0.165 g, 0.000245 mol) in tetrahydrofuran (10 nL). The
reaction nExampIeGBSthr@@lfcam 70C for 2 hrs. Tetrahydrofuran is renoved

under redupeg@ﬁ)ressure and residue is acidified with 2N HClI (pH -5).
The solid M RhCPsY”Fj&erﬁ,Sd“pQ 1f3|'\("f'éréﬁpﬁ‘hd washed with acetone (5 nL) to

furni sy 2.66-2.81 (br m, 4H): 281 287[(brt 4Hi 3.60 (s, 2H); 55715 2H); 6.49-6.53 (m
1- {4-[ 5- (2-f | uor obi phen oxadi azol enzyl

e- 1.yl car battyig2 (B b@raysdH ) SR Peaa B T L 68 2 é& P 2 |
IR E "9 AR P b (54 RORE ST 1O, )22 38 TR PACE AN, 1192 g acDrDOUN

form 1H NI\/RJ J= @MGQHFQHG@@M@GVHEDFOWW) 151.46-1.70 (br m 2H); .
1.89-2.16 (br m 4H); 2.35-2.65 (br s, 4H); 3.16-3.39 (br s, 2H); 3.39-3.55
(br s, 2H); 3.55-3.71 (br s, 2H); 3.75-3.92 (br s, 2H); 4.39 (s, 2H);
7.43-7154 Erample)G4. imtfwfréeﬁmn(br d, 1H); 7.60-7.66 (br d, 2H); 7.69 (t,

J=7.70 Hz, ; .33,Hz, .1H); 8.08 (d, J=7.91 Hz, 1H): 8.25 (d,
J=7.38 Hz, %H}""Rmﬂpyéy aqu ﬁgléﬁ%téﬁ@“ﬂo Exarrél e 92 in the frgl)e form 1I(—I
ZW (SDSIGB% 6@E18§@Urmem)* bigoy2. em(usres,,4m0®6233 NAHD); 5msrns 2H) :Iz4b2377 185@& (br s,

r s
o V5 2 95 (ot s A% il 78575t Birog, bHY G 40 -0ro0hizy 28 | br s
3H); 25 7. 8848(dl8bro Mz, 4H); 8T1@8.€r_60dbarsgeﬂimk Q.47 Q40058.08 Hz, 2H) One :

20 exchangeable proton.

Example 65 in the free form

"H NMR : (Pyridine-ds ; 400.13 MHz ; § ppm) _ .

2.46-2.50 (br t, 4H); 2.60-2.72 (m, 8H); 2.75-2.85 (m, 2H): 3.58 (s, 2H); 3.68 (t,
25 J=4.52 Hz, 4H); 4.48 (t, J=5.66 Hz, 2H); 7.43-7.48 (m, 1H); 7.52 (t, J=7.71 Hz,

2H); 7.64-7.73 (br m, 5H); 8.09-8.12 (br d, 1H); 8.13-8.15 (br t, 1H); 8.42 (d,

J=8.15 Hz, 2H) One exchangeable proton. | |

Example 66 in the free form
30 'HNMR: (Pyridine-ds; 400.13 MHz ; 3 ppm)
1.0 (t, J=7.12 Hz, 3H); 2.63-2.73 (br 5, 4H); 2.73-2.87 (br.m, 4H); 3.58 (s, 2H):
'4.10-4.19 (br q, 2H); 5.00 (s, 2H); 7.42-7.48 (br m, 1H); 7.49-7.55 (br t, 2H); 7.62-



WO 2008/ 152149PC T/ EP2008/ 057571 97 Ex. Conpound MS (ES+) R20-N\\,COR R1 -
K-Z--COR6 IR R3,N1L.,,>R4- RRL R R3 R4 R R6 93 PhF HHHOH  005H11
572.17 94 PhF HHHOH : : ' -

WO 2008/152149 - | - ' PCT/EP2008/057571
- 90
7.72 (br m, 5H); 8.08-8.15 (br d, 2H); 8.41 (d, J=7.73 Hz, 2H) One exchangeable

proton.

Example 67 in the free form

5 "HNMR : (Pyridine-ds ; 400.13 MHz ; 6 ppm)
1.06 (d, J=6.88 Hz, 6H); 2.65-2.75 (br m, 5H); 2.78-2.85 (br t, 4H); 3.58 (s, 2H);
5.12 (s, 2H); 7.44-7.48 (m, 1H); 7.50-7.57 (m, 2H); 7.63-7.74 (m, 5H); 8.08-8.12
(m, 1H); 8.12-8.15 (br t, 1H); 8.41 (d, J=8.18 Hz, 2H) One exchangeable proton.

10 Example 68 in the free form
- "H NMR : (Pyridine-ds ; 400.13 MHz ; & ppm) _
2.70-2.95 (br m, 8H); 3.62 (s, 2H); 3.69 (s, 3H); 5.76 (s, 2H); 6.99 (d, J=8.67 Hz,
2'H); 7.42-7.49 (m, 1H);- 7.52 (t, J=7.53 Hz, 2H); 7.64-7.75 (m, 5H); 8.06-8.17 (m, .
'4H); 8.42 (d, J=7.94 Hz, 2H) One exchangeable proton
15 | | |
Example 69 in the free form
'H NMR : (Pyridine-ds ; 400.13 MHz ; & ppm)
0.76-0.83 (m, 2H); 1.05-1.12 (m, 2H); 1.98-2.06 (m, 1H); 2.66-2.75 (br m, 4H);
2.77-2.85 (brt, 4H); 3.58 (s, 2H); 5.20 (s, 2H); 7.43-7.48 (brm, 1H); 7.52 (t, J=7.72
20 Hz, 2H); 7.63-7.73 (m, 5H); 8.09-8.13 (br d, 1H); 8.13-8.15 (br s, 1H); 8.41 (d,
- J=8.14 Hz, 2H) One exchangeable proton

Example 70 in the free form
"H NMR : (Pyridine-ds ; 400.13 MHz ; § ppm)
25 1.63-1.74 (m, 2H); 2.37 (t, J=8.14 Hz, 2H); 2.68-2.83 (br m, 8H); 3.60 (s, 2H); 3.63
' (t, J=7.17 Hz, 2H); 5.60 (s, 2H); 7.43-7.49 (m, 1H); 7.53 (t, J=7.52 Hz, 2H); 7.63-
7.73 (m, 5H); 8.11 (d, J=3.53 Hz, 1H); 8.13 (s, 1H); 8.41 (d, J=7.80 Hz, 2H) One
exchangeable proton

30 Example 71 in the free form
'H NMR : (Pyridine-ds ; 400.13 MHz ; d ppm) -



70", 1 i ,C-- 606.12 95 PhF  HHHOH OCH2CF3 584.07 96 PhF  HHHOH

y - 0 .---- \ CH3'586.21 Exarrple 93 in the free form 1H NMR '
(Pyrldlned5 400.13 MHz ; 8 ppm) 0.76 (t, J=7.23 Hz, 3H); 1.15-1.35 (m
4H); 1.58-1.67 (m 2H); 2.58-2.69 (br m 5 6H); 2.75-2.85(br't', 2H); 3.57
(s, 2H); 4AVW2008152426, 54 Hz, 2H); 7.43-7.48 (br t, 1H) PCYEBRQUSPSESL (br t,
2H); 7.64-7.72 (m 5H); 8.10-8.12 (br ‘glt 1H); 8.13-8.15 (br t, 1H); 8.42
(d, J=8.16 Hz, 2H) One exchangeabl e proton Exanple 94 in the free form 101H

NVR : ( Pymd@@sgﬁm%@ml%% 12I—§ 9]@@9(s22|4 724233 5ésb('br@ 2?|§)7 5@757%2 62
(br t, 4H); 78 (s, 2H);
4.57 (t, JH8.r816kk: 8.pH|d, JF9F1 ka, 25)::8 ‘EOl(CHzJ 821% Hz,72I3)zO(1g exghfngerble2- 7. 48
(br m 1H); 0¥|,50755(m2|—l) 7.64-7.72 (m 6H); 8.10-8.12 (br d, 1H);
8.13-8.15 lb 8.42 (d, J=8.16 Hz; 2H) One exchangeabl e proton 15
Exanpl e 95 in the free form 1H NMR @ ( Pyr|d| ne-d5; 400.13 MHz; 6 ppm

, 3.45% ¢ E%mﬁre%?th@fré@fo?m% (br s, 4H; 2.79-2.86 (br m 2H); 3.53 (s,
"V 'H NMR : (CDCls; 400.13 MHz ; & ppm) .
1.20 (s, 9H); 2.20-2.30 (br m, 4H); 2.43-2.52 (br s, 2H); 2.52-2.62 (br s, 2H); 3.55
(s, 2H); 4.86 (s, 2H): 5.21 (s, 2H); 7.30-7.38 (br m, 5H); 7.42-7.54 (m, 5H); 7.60-
7.68 (m, 3H); 8.02 (dd; J;=10.69 Hz, J,=1 22 Hz, 1H); 8.08 (dd, Ji=8.23 Hz,
10 J,=1.52 Hz, 1H); 8.11 (d, J=8.14 Hz, 2H)

Example 73 in the free form

'H NMR : (CDCls; 400.13 MHz; § ppm)

1.12 (d, J=6.92 Hz, 6H); 2.20-2.32 (br m, 4H); 2.45-2.60 (br m, 4H); 2.64 (pentate,
15 J=6.93 Hz, 1H); 3.55 (s, 2H); 4.73 (s, 2H); 5.21 (s, 2H); 7.30-7.39 (br m, 5H); 7.42-

7.54 (m, 5H); 7.60-7.68 (m, 3H); 8.02 (dd, J1=10.67 Hz, J,=1.25 Hz, 1H); 8.08 (dd,

J1=8.07 Hz, J,=1.43 Hz, 1H); 8.1 (d, J=8.13 Hz, 2H) |

-Example 74 in the free form

20 'HNMR: (Pyridine-ds; 400.13 MHz ;  ppm)
2.51-2.76 (m, 6H); 2.80-2.92 (br d, 5H); 3.56'(3 2H); 5.08 (s, 2H); 7.42-7.50.(m,
1H); 7.52 (t, J=7.23 Hz, 2H); 7.62-7.75 (m, 5H); 8.08-8.16 (m, 2H); 8.41 (d J=7.90
Hz 2H) Two exchangeable protons

25 Example 75 in the free form _
"H NMR : (CDCls + CD30D; 400.13 MHz ; § ppm)
1.36 (s, 9H); 2.17-2.30 (br m, 2H); 2.30-2.44 (br m, 4H); 2.98-3.08 (br m, 2H); 4.60
(s, 2H); 7.42-7.58 (m, 5H); 7.59-7.64 (br d, 3H); 7.67 (t, J=7.79 Hz, 1H); 8.01 (d,
J=10.64 Hz, 1H); 8.07 (dd, J1=7.87 Hz, J,=0.83 Hz, 1H); 8.16 (d, J=8.02 Hz, 2H)
30  Two protons are merged between 3.70- 3 83; One exchangeable proton

Example 76 in the free form
'"HNMR : (Pyr|d|ne -ds; 400.13 MHz ; 8 ppm)



q, J=8.77 Hz, 2H); 7.43-7.48 (m 1H); 7.50-7.55 (m 2H); 7.62-7.72 (m
H)y; 8.09- WD 2008/ 152149PCT/ EP2008/ 057571 98.8.12 (m 1H); 8.13 (t,
=1.62 Hz, 1H); 8.41 (d, J=8.19 Hz, 2H) One exchangeabl e proton Exanple 96
inthe free form1H NVR : ( Pyridine-d5; 400.13 MHz; ppm 1.27 (s, 3H);
.55-2.69 (WR2818MP; 2.75-2.85 (br d, 2H); 3.57 (s, 2PFTER0GR0SIY! J=5. 80
Hz 2H); 4.42 (s, 2H); 4.65 (d, J580Hz 2H); 7.45-7.49 (m 1H);
750756(brt|—|);764772(m5|—|) 811(d J=3.43 Hz, 1H); 8.13 (s,

1H); 8.42 (g d, \&702‘2 Hz, 3@1’*)2]:53327@(5#1@1”6%}@ 8327t @f rd, OH 8RFLR4S @R, Of

1- M 15- (4- cycl ohexy henV| 41loxadi azol - 3-

vl | benzvi | |3 e’ﬁﬁiﬂh(ﬁ, P:k) .09 a2hoxy A3 4 (m, 1l$i dpad (t18=52hdim 200 E632 02|—|
BOC h 060837 % d
di i sopr opyl am Krjn Ha:lt) g%@é?%%ghng) 5 n?lét(r)%a{yzg ul-&élﬁ %ﬁgﬁﬁdb@ -70C.

The reacti gotemxture is allowed to stlrred at -70 C for 30 m nutes.
solutlog of piperidine-1,3- 20 dicarboxylicacid 1-tert-butyl ester 3- ethyl
ester g, 0.031 .nol) in tetrahydrofuran (40 nmL) is added to the reaction
m xt ur e f olBxempte BYinttbe fraeddriryl ene et hyl ene diarnine(12 nL, 1.5 vol) at

-70C. The n L0 ] tu i | O tirr at -40C for 10 mnutes and
t hen car bonﬁmg Z@Blg}j; (TL'Q dﬂ)@ M%ﬂoﬁg}qﬁf‘hé pPé'ch on m xture at -70C for
30 m nutes4. 8‘@ne936{act2|-gn1ry5xzoes©ml QH()tUEWlZeZb Writh 2Rt 21880016 AstUE @H; 25

ammoni um chl oride solutio ayer arated and washed

T Bk S8 A OB ot it BT o PHEL B 35500 A; SPRAS cAltlo 6l Gayer i s
aci di fiigd w7 IRFEl (v iy 7.58-760 (AXISHAC I .1 10ldW HzaGR) 28 06 (@X80 ).

Organic layer is separat dried over sodi um sul phate. Renmpval
sol vent und&d-9 &tfud Q)ﬂ‘éédsdrﬁ it @&l) Sinseaxchar@eablesorotany i car boxyl i c aci d
l-tert-butyl ester 3-ethyl ester. WO 2008/ 152149PCT/ EP2008/ 057571 99

Step-11 Scherre CaEt CCO BOC COEt 2 'CO2Et
Example 78 in the free form

"H NMR : ‘(Pyridine-ds; 400.13 MHz ;Sppm) _

15 1.23-1.42 (br s, 6H); 2.68-3.01 (br t, 8H); 3.10-3.25 (br d 2H); 3.45-3.55 (br s, 2H);
3.58 (s, 2H); 5.70 (s, 2H); 7.41-7.49 (br m, 1H); 7.49-7.55 (m, 2H); 7.61-7.72 (m
5H); 8.08-8.14 (m, 2H); 8.39 (d, J=7.88 Hz, 2H) One exchangeable proton

Example 79 in the free form
20 'HNMR: (CDCls + CDs0OD +D,0; 400.13 MHz ; & ppm)
1.12 (d, J=6.58 Hz, 6H); 2.24-2.36 (br t, 2H); 2.36-2.57 (br , 4H); 3.13-3.22 (br d,
2H); 3.93 (s, 2H); 4.01-4.11 (m, 1H); 4.70 (s, 2H); 7.41-7.52 (m, 3H); 7.55 (d,
J=8.07 Hz, 2H); 7.58-7.67 (m, 3H); 7.99 (d, J=10.65 Hz, 1H); 8.05 (d, J=9.09 Hz,
1H); 8.16 (d, J=8.09 Hz; 2H); Two exchangeable protons
25 |
Example 80 in the free form
" 'HNMR (Pyridine-ds; 400.13 MHz ; 6 ppm)
0.62-0.67 (br m, 4H); 2.50-2.74 (br m, 6H); 2.80-2.92 (br m , 2H); 2.97-3.05 (brm,
1H); 3.56 (s, 2H); 5.08 (s, 2H); 7.40-7.50 (m, 1H); 7.52 (t, J=7.20 Hz, 2H); 7.62-
30 7.75(m, 5H); 8.08-8.16 (m, 2H); 8.41 (d, J=8.03 Hz, 2H); 8.62-8.68 (br m, 1H) One

exchangeable proton



Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl ester: 3-ethyl ester (5.2
g, 0.017 nol) is added to a ethanolic hydrochloride (70 nlL) sol ution and
heated at reflux for 2.5 hrs. Ethanol is renoved under reduced pressure,
dem neralized water (70 nL) is added to the residue and aqueous | ayer is
washed wit WQRWE¥ K%t her (40 nlL). Aqueous |ayer is naBEUVBEPEISIYIH - 10)
wi th SN sodi um hydroxi de solution and 10 extracted wi th dichl oronet hane
(4x100 nlL). Conbi ned organic |ayer is i ed over sodi um sul phate and
concent r at eflamprReg1 sSAaRAyIRingasYae to yiel d piperidine-3,3- dicarboxylic
acid diethyl ester. Step-111 15 Schene O N E102C ,COEt ] N

Met hanesul ?‘dﬁWRék@QQISd‘é:[@ﬁS)@B@%Q Mblzg@Pbl ) is added to a stirred

solution o - ILAway Gl ofhex i ' i ) : ) _ )
Shenyl DA E e G I 32 (5, QM) 118 (m, ) 20521 fgrm, 4K
tri et hyl an2i8-2.07 3memaH);2.88284nibir )i, 2H);03.041(dr siTedh Hiae2i X B 58 )s, 201); at 5C.

Reactiop m [ €~d,S | Lr a ) 0,,.m,nut.e en t ed Wit _

dem ner gl i %Z@u‘?ﬂ%'ﬁ 7?%5553'“3@%{8@&%@59;'%@%?} {ls‘]_gte%(gﬁét g‘éwén@ aqueous

| ayer is exdd,aet s 064HE il OBl Hu, di)i 3108 ¢dd, 2x3896HE, JLdids Hed H)r §ari(d, | ayer
is dried ovgé zg‘jl zﬁp@ulrpha e.and, con entrated under reduced pressure to

yi el d met hanad bt QurgKchangea eproon. _ o

445- (4- cycl ohexyl - phenyl ) -[ 1, 2, 4] oxadi azol - 3-y1] - benzyl ester. 25

Pi peridi ne-3, 3-di garboxylic acid diethyl ester(0.37 g, 0.0016 nol) is added
to a sti rrgéé@B%Lﬁ%a%%%E%qﬂtgiam'ﬂﬁs?'ﬁe above nentioned nesylate derivative
(10 ni)ypandyNNMRdicpeRapwicebivden mﬁz(;(};%ﬁngm, 0.002 nol) in N, N-dinethyl
formam de. Reaction mxture is heated at 80C for 30 -m nu

tes.
N, N- Di met hy1300sn8ih: #07-3.22 dRote AHNiFde-2 3 d it e d2ipk @dus 87 (grfm, 2k 3fdide
esi due | i | | / 1 0 5 :
resi due 1S @ui) h%@.(Q,yzﬁ)?Iﬂ%g._sél\i\gg?,%;}gﬁ%%f@fﬁ%&gﬂﬁ%%&, L7808, 0 t

chromat ogr aphy '{silica gé n- hex acetate (

get 1-- 1H); 8.02 (dd, J1=10.63 Hz, J,=1.05 Hz, 1H); 8.08 (dd, J1=8.12 Hz, J>=1.31 Hz,
{4-[5- (4- cygh. -IR I ' Qﬁid ?%@ = 1] - benzyl ypi peri di ne- 3, 3- di
car boxyl i CMEI ’icgd]?%rdétJhgﬁaﬁ%gHFéegxgé- I %1%%%% p- N HO2C, CO2H LN

An aquébus solution (4 nL) of sodium hydroxide (0.074 g, 0.0019 nol) is
added to a I i 1-{4-[5-(4-cycl ohexyl - phenyl ) 41

, 2, Aloxadi aEg‘%ﬁ‘“p%eéhﬁh%Jegg%@{/l } - pi peri di ne- 3, 3-di carboxyl i ¢ acid diethyl
~ester (0.2"'gNMROQPidnd Jds; A0@H Bk ; 5 feaption mixture is heated at refl ux

f 6 hrs. h I_ ] d , ' | i t

o added t 87enG TG e SR 18T et A s T a0 2xerie B e on.
Wiite soli Q.zﬂa@.%ghug, 2y B Ived 47, idH)es 84, (syar el avd, RHi 2llBor soehhane
(2x3 nL) and dried under reduced pressure to get 1-{4-[5-(4-

15cycl dhexyH)iphad{t ya4.2% Hg dkiadi- 6|7-4:4ma\5bah§-811&1% é@di HR& R-8.8i(Bar boxyl i

caci d hydr gchpiided( 39).78 RsapR) o SkchaM@eapd pkdidnare prepared in a simlar
manner. Ex. Conpound S :

o

Example 84 in the free form
'H NMR : (Pyridine —ds; 400.13 MHz ; Sppm)
25  1.34-1.45 (br m, 2H); 1.50-1.65 (br m, 4H); 1.85-1.97 (br m, 2H); 2.51-2.73 (m,
| 6H); 2.83-2.92 (br d, 2H); 3.56 (s, 2H); 4.44-4.54 (m 1H); 5.09 (s, 2H); 7.43-7.50
(m, 1H); 7.53 (t, J=7.20 Hz, 2H); 7.64-7.73 (m, 5H); 8.10-8.13 (br d, 1H); 8.13-8.15
(br's, 1H); 8.29-8.34 (br d, 1H); 8.42 (d, J=8.11 Hz, 2H) One exchangeable proton

30  Example 85 in the free form _
'H NMR : (CDCl3 + CD30D ; 400.13 MHz ; & ppm)
1.60-1.77 (br m, 6H); 2.16-2.72 (br m, 6H);'2.68-2.82 (br s, 3H); 2.91-3.06 (br m,
3H); 3.68-3.77 (br s, 2H); 471 (s, 2H); 7.42-7.56 (m, 4H); 7.56-7.69 (m, 4H); 8.01
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(dd, J1=10.72 Hz, J2=_1.06 Hz, 1H); 8.07 (d, J=7.98 Hz, 1H); 8.16 (d, J=7.99 Hz,
2H) Two exchangeable proton '

Example 86 as tert-butyl amine salt
5 'HNMR : (CDCl; + CDsOD; 400.13 MHz ; & ppm) _
1.07-1.20 (m, 2H); 1.26 (s, 9H); 1.28-1.39 (m, 3H); 1.57-1.66 (br d, 1H); 1.68-1 76
(br d, 2H); 1.82-1.90 (br d, 2H); 2.-0_1-2.18 (m, 4H); 2.25-2.34 (br d, 2H); 2.80-2.86
| (br d, 2H); 3.56 (s, 2H); 3.67-3.77 (br m, 1H); 4.66 (s, 2H); 7.44-7.55 (m, 5H); 7.60-
7.65 (br d, 2H); 7.66 (t, J=7.80 Hz, 1H); 8.00-8.05 (br d, 1H); 8.07-8.11 (br d, 1H);
10  8.12 (d, J=8.07 Hz, 2H) Four exchangeable protons '

Example 87 as tert-butyl amine salt
"H NMR : (CDCl; + CD50D; 400.13 MHz ; § ppm) |
_ 1.32 (s, 9H); 1.62-1.74 (br m, 2H); 1.96-2.20 (m, 6H); 2.20-2.35 (m, 4H); 2.82-2.91
15 (brd, 2H); 3.59 (s, 2H); 4.28-4.38 (m, 1H); 4.65 (s, 2H); 7.42-7.55 (m, 5H); 7.60-
7.64 (or d, 2H); 7.65 (t, J=7.79 Hz, 1H); 8.01 (d, J=10.36 Hz, 1H); 8.08 (d, J=8.10
Hz, 1H); 8.13 (d, J=8.04 Hz-,_ 2H) Four eXch'angeabIe protons

Example 88 in the free form
20 "HNMR : (Pyridine-ds ; 400.13 MHz ; & ppm)
0.82 (t, J=7.37 Hz, 3H); 1.52-1.63 (rh, 2H); 2.79 (t, J=5.11 Hz, 2H_); 2.52-2.63 (br
m, 6H); 2.75-2.83 (br t, 2H); 3.54 (s, 2H);-6.14 (s, 2H); 743748 (br m, 1H); 7.53
(t, J=7.66 Hz, 2H); 7.62-7.72 (m, 5H); 8.09-8.14 (br d, 1H); 8.14-8.16 (br s, 1H);
8.41 (d, J=8.16 Hz, 2H) Oné exchangeable proton ' '
s _ .
Example 89 as tert-butylaminé salt
" "H NMR : (CDCl3 + CDs0D; 400.13 MHz ; & ppm)
1.24-1.45 (br s, 13 H); 1.85-2.00 (m, 5H); 2.05-2.22 (m, 4H); 2.31 (d, J=11.13 Hz,
2H); 2.82-2.95 (br m, 2H); 3.45-3.55 (br m, 1H); 3.61 (s, 2H); 3.67-3.78 (br m, 1H);
30 4.67 (s, 2H); 7.42-7.55 (m, 5H); 7.59-7.69 (m, 3H); 8.05 (d, J=10.69 Hz, 1H); 8.08
(d, J=8.03 Hz, 1H); 8.14 (d, J=7.88 Hz, 2H) Four exchangeable protons



HOHO™H---- 99 ---/ L-,,,--- HHHHOH OH 490.19 100 Ph HHHHOH OH
484.12 WD 2008/ 152149PCT/ EP2008/ 057571 101 Exanple 97 as HCI 1H NWR :.

( CDC13+CD30D+TFA; - 400.13 Mz; 5 ppm) 1.76-1.92 (br s, 1H); 1.95-2.09 (br s,
OH): 2.50-2.65 (br s, 1H): 2.84-3.10 (br m 2H); 3.64-3.91 (br m 2H):
4.11-4.29 WA20881534 - 4 59-4.73 (br s, 1H); 7.43-7.55 PGI/ERIPSI0STATH0- 7. 73
(m 5H); 8.02 (d, J=10.51 Hz, 1H); 8.08 (d, J=8.08 Hz, 1H); 8.27 (d, J=7.73
Hz, 2H). Three exchangeabl e protons Exanple 98 as HCl 1H NVR :
(CDClB+CD3QMﬁé,godémteﬂt:buwﬁmm§ g@nrr) 100.94 (d, J=6.51 Hz, 6H); 1.90-2.08
(m 5H); 2,59 (d, J=7 5‘9 80- 3. 09 (br d, 2H); 3.64-3.93 (br m
oH): 4. 10- 4] Rbe%Clsiﬁ)DsQP 0413A4Hgpd POM)1H) . 7.36 (d, J=7.98 Hz, 2H):

Throe excnieaisyyr 28208 (h2alth 2 AFF Bantl 2id i 88 0k SBT3 8845700 5
MHz; 6 PPngHX. 488 (s, 2H)( M084(H)J=518G1z218D 7(‘&)? 75 (00HH); Z.6927.20 3, @b‘l) m 3H);
2 94 (55623‘)7%5” (198 3?% ﬁﬁp 8.62 i&‘ 90 6877 ??lr)fg.og g&*)ﬁsmtﬁ’z,(ﬁi); 873-3> HZ

Changeabl'e
J=8.00 Hz, 2H); 8.18-8. 26 (m, 2H) Four exchangeable protons

Exem .Ie 91 : Preparation of 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-{1,2.4]oxadiazol-3-

-benzyl}-4-(piperidine-1-ylcarbamoyl)- piperidine-4-carboxylic acid ester

10
 Step-l
Scheme

: Isobutyl chloroformate (0.158 mL, 0.0012 mol) is added to a soIUtion of 1-{4-

15 [5-(2-fluoro-biphenyl-4- yI) [1,2,4]oxadiazol-3-yl]-benzyl}-piperidine-4 ,4-dicarboxylic
| acid benzyl ester( 0.6 g, 0.0010 mol) and N- methyl morpholine (0.156 mL, 0.0015
mol) in tetrahydrofuran (20 mL) at 5°C. The reaction mixture is stirred at 5°C for 45
minutes.1-Amino piperidine (0.162 mL, 0.0015 mol) is added to the reaction mixture
and is _stirréd for 30 minutes at 5° C and then at room temperature for 45 minutes.
20 Demineralized water (10 mL) is addéd to the reaction mixture, Organic layer is
separated and dried over sodium sulphate. Removal of solvent under reduced
pressure gives a viscous liquid, which is purified by column chromatography (silica
gel 230-400 mesh, hexane:ethyl acetate 70:30) to get 1-{4-[5-(2-fluoro-biphenyl-4-
yh-[1 ,2,4]oxadiazol¥3-yl]-benzyl}-4-(piperidine-1 lecarbamoyl)- piperidine-4-

25  carboxylic acid benzy! ester.

Step-I|
Scheme

oo - ,r*cwm



20 Exanple 100 as HCl1 1H NVR : (DVSO-c16; 400.13 MHz; 6 PPm) 1.75-1.95 (br
d, 4H; 2.70-2.83 (br s, 2H); 2.95 (s, 2H); 3.93 (s, 2H); 7.49-7.56 (br q,
1H); 7.57-7.64 (br t, 2H); 7.67 (d, J=7.33 Hz, 2H); 7.86 (d, J=7.27 Hz,
2H); 8.04 25(d, J=7.91 Hz, 2H); 8.16 (d, J=7. 66 Hz, 2H); 8.33 (d, J=7.92
Hz, 2H) Th?’\é!?em&i&(a%aﬁgeable protons WD 2008/ 152149PCT/ 9395731 102
"Preparation of.

- 144-15- (2-fl uorobi phenyl- 4v1)-|1 2, 410%ad|azol 3- vllbenzyl} 4-

(1rmH;3hol [ Be 4- tc,arémnbh) oPlih@Inh dnyammstmdmnydmace 40.081 gSt@DOd){@ AL rrel y

r oX nzorlaz O a Sstirr ol utl on
o Y PERERARES watragiLy € padirh o 5 sOiidn of 1 1512 B0 e On! per
ine-4 ,4- 1Qz,d]os<ad|b@m;d ylpbéwzyq Dyeridirest-gleatRmoyd-pi Jsér%?eowﬁﬁbbxwe

tetrahydro uran (20 L) ion mxture'is stirre m nutes at room
t enper at ur 8¢id mpﬁy{cﬁqtq{e(oaﬁlg %QOO%Smglm{gtrﬁhmfgfuran (10 mL) The reaction -

1- (3- di gret ks ROREASY o ﬁﬂetfewz A h%%h%r&%réwqg RGHOR gﬁdéroreaﬁéecﬂ

0.0015 nmol) are added to the reaction mxture and stirre or over night at

room t enpePERSEHTE, amk Men eesiduez isdadidified V(ltEOZNLl')C|| @Hd8kdlheoseligemess rteegt i on
m xture, tﬁffﬁw@ﬂygrﬂ{e‘r‘é@%nha%‘é%zéos gﬁtﬁpé‘é&%ég@nél L } s f@rﬂ%ﬁ%‘? é@‘}’fﬁud

extracted wth eth acetate organl C ri ed
over sodi ubipbanyitfaylp[1adéloxatiazalidr - b@mﬁde@plpﬁéldMeﬁylpar@@Hm}'B ppeyidiekd a

crude visc by colunn chr omat ogr aphy (S|I|ca
gel 230- 200 Lé%rg 9“’5?%#%@"%&5““ §gj 23t

.1 {445- ( 2- quoro bi phenyl - 4-y1) 41, 2, 4]oxad|azol 3- yl]

20benzy0} - 4- (nor phol i ne- 4- car bonyl ) - pi peri di ne- 4- carboxyllc acid benzyl

ester. Method-A Step-11 Schene 00 2CH2P h ,0 9-NCQ2 H' A\= F

Following compound (92) is prepared using the same procedure.

Compound _ MS(ES")
COH,
92 | S J” N /\/“ N/E
' . 570.27
N
S F . :

Example 91 in the free form
"H NMR : (CDCI3+TFA,; 400.13 MHz ; § ppm)

15 1.46-1.70 (br m, 2H); 1.89-2.16(br m, 4H); 2.35-2.65 (br s, 4H); 3.16-3.39 (brs,
2H); 3.39-3.55 (br s, 2H); 3.55-3.71 (br s, 2H); 3.75-3.92 (br s, 2H); 4.39 (s, 2H);
7.43-7.54 (m, 4H); 7.54-7.60 (br d, 1H); 7.60-7.66 (br d, 2H); 7.69 (t, J=7.70 Hz,
1H); 8.01 (d, J=10.33 Hz, 1H); 8.08 (d, J=7.91 Hz, 1H); 8.25 (d, J=7.38 Hz, 2H)
Tw.o exchangeable protons o |

20
Example 92 in the free form _

"H NMR (CDCl; + CD3OD + tert-butylamine ; 400.13 MHz ; & ppm) _
1.77-1.92 (br s, 4H); 1.96-2.23 (br m, 4H); 2.34-2.49 (br s, 2H); 2.54-2.69 (br s,
2H); 2.75-2.93 (br s, 4H); 3.59 (s, 2H); 7.40-7.58 (br m, 5H); 7.58-7.72 (br s, 3H);

25 7.98-8.1 8-(br m, 4H); Two exchangeable protons
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Example 93 in the free form.
"H NMR (Pyridine-ds ; 400.13 MHz ; & ppm) , _
0.76 (t, J=7.23 Hz, 3H); 1.15-1.35 (m, 4H); 1.58-1.67 (m, 2H); 2.58-2.69 (br m,

/ICR5 1l'----coR, RR--R 1 R4

R

R1

MELES)
A 7

6H); 2.75-2.85 (br t, 2H); 3.57 (s, 2H); 4.31 (t, J=6.54 Hz, 2H); 7.43-7.48 (br t, 1H);

7.50-7.55 (br t, 2H); 7.64-7.72 (m, 5H); 8.10-8.12 (br d, 1H); 8.13-8.15 (br t, 1H);
8.42 (d, J=8.16 Hz, 2H) One exchangeable proton |

Example 94 in the free form

10

"H NMR : ( Pyridine-ds ; 400.13 MHz ; § ppm)

2.45-2.53 (br m, 2H); 2.55-2.62 (br t, 4H); 2.71-2.78 (br m, 2H); 3.01 (t, J=6.81 Hz,
2H); 3.51 (s, 2H); 4.57 (t, J=6.81 Hz, 2H); 7.31 (d, J=3.21 Hz, 2H); 7.32 (s, 2H);
 7.42-7.48 (br m, 1H); 7.50-7.55 (m, 2H); 7.64-7.72 (m, 6H); 8.10-8.12 (br d, 1H);
8.13-8.15 (br t, 1H); 8.42 (d, J=8.16 Hz, 2H) One exchangeable proton

15

: EXampIe 95 in the free form
* "HNMR : ( Pyridine-ds ; 400.13 MHz ; 8 ppm)
2.45-2.56 (br s, 2H); 2.58-2.65 (br s, 4H); 2.79-2.86 (br m, 2H); 3.53 (s, 2H); 5.04
(q, J=8.77 Hz, 2H); 7.43-7.48 (m, 1H): 7.50-7.55 (m, 2H): 7.62-7.72 (m, 5H); 8.09-
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_ 98 . _
8.12 (m, 1H); 8.13 (t, J=1.62 Hz, 1H); 8.41 (d, J=8.19 Hz, 2H) One exchangeable
proton '

Example 96 in the free form

"H NMR : ( Pyridine-ds ; 400.13 MHz ; § ppm)

1.27 (s, 3H); 2.55-2.69 (br s, 6H); 2.75-2.85 (br d, 2H); .3.57 (s, 2H); 4.33 (d,
J=5.80 Hz, 2H); 4.42 (s, 2H): 4.65 (d, J=5.80 Hz, 2H): 7.45-7.49 (m, 1H); 7.50-7.56
(br t, H); 7.64-7.72 (m, 5H); 8.11 (, J=3.43 Hz, 1H); 8.13 (s, 1H); 8.42 (d, J=8.04
Hz, 2H) One exchangeable proton

Preparation of 1-{4-[5-(4-Cc clbhex Iphenyl)-[1,2.4 oxadiazo|73-

Ilbenzyl}piperidine-3,3-dicarboxylic acid

Step-l

Scheme _ -
_CO,Et : co Et
T fe
N
BOC BOC

- n-Butyl lithium (2.38 g, 0.0372 mol) is added to a solution of diisopropylamine
(5.65 mL, 0.0404 mol) in tetrahydrofuran (60 mL) at -70°C. The reaction mixture is
allowed to stired at -70° C for 30 minutes. A solution. of piperidine-1,3-
dicarboxylicacid 1-tert-butyl ester 3-ethyl ester (8 g, 0.031 mol) in tetrahydrofuran
(40 mL) is added to the reaction mixture followed by tetramethylene ethylene
diamine(12 mL, 1.5 vol) at -70°C. The reaction mixture is allowed to stirr at -40°C
for 10 minutes and then carbon dioxide gas is purged through the reaction mixture
at -70°C for 30 minutes. The reaction mixture is quenched with saturated aqueous
ammonium chloride solution (40 mL). Organic layer is separated and washed with
saturated sodium bicarbonate solution (2x50 mL). The aqueous layer is acidified
with 3N HCl to pH'~ 2 and extracted with ethyl acetate (2x80 mL). Organic layer is
separated and dried over sodium sulphate. Removal of solvent under reduced
pressure yields piperidine-1 ,3,3-tricarboxylic acid 1-tert-butyl ester 3-ethyl ester.



HHa 543.22 104 Ph F H H H OH \NJ\ H 541.20 105 Ph F H H H OH

...... N.......Q7, HH3 557.23 106 PhF  HHHOH C2H5 1 '...N...?.,01 H
612. 26 107 PhF ' : - - \ :
WO 2008/152149 . PCT/EP2008/057571
99 -
Step-ll
Scheme
. CO,Et '
’/M/' = - '/\./,COZEt
[ COMH _ J\COZEt
BOC H
5 - Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl ester 3-ethyl ester (5.2 g, 0.017

" mol) is added to a ethanolic hydrochloride (70 mL) solution and heated at reflux for
2.5 hrs. Ethanol is removed under reduced pressure, deminefalized water (70 mL) is
added to the residue and aqueous Iayer' is washed with diethyl ether. (40 mL).
Aqueous layer is made basic (pH ~ 10) with 5N sodium hydroxide solution and
10  extracted with dichloromethane (4x100 mL). Combined organic layer is dried over
sodium sulphate -and concentrated under reduced préssure to yield piperidine-3,3-
dicarboxylic acid diethy! ester. -

‘StepHll -
15 Scheme

0-N o :
USY o : '{‘ ElO,C._-CO,Et
N N/\( \j\ o /\l y )% _ r/\
= . N _-OH . l_//\/|\\_/_/ \7'-\/N\;__/ .

>/\'o

-~

~

Methanesulfonyl chloride (0.157 mL, 0.0020 mol) is added to a stirred

solution of {4-[5-(4-cyclohexyl phenyl)-[1,2,4]oxadiazole-3-yl]-phenyl}-methanol (0.45

g, 0.0013 mol) and triethylamine (0.376 mL., 0.0027 mol) in dichloromethane (10 mL)

20 at 5°C. Reaction mixture is stired at 5°C for 30 minutes, then treated with
demineralized watér (10 mL). Dichloromethane layer is separated and aqueous
layer is extracted with dichloromethane (2x15 mL). Combined organic layer is dried

over sodium' squhaté and concentrated under reduced pressure to yield
methanesulfonic acid 4-[5-(4-cyclohexyl-phenyi)-[1 ,2,4]oxadiazol-3-y|]¥benzyl ester.

- 25 | Piperidine-3,3-dicarboxylic acid diethyl ester(O'.37 g, 0.0016 mol) is added to
a stirred solution containing the above mentioned mesylate derivative (10 mL) and
N.N-diisopropylethylamine (0.35 mL, 0.002 mol) in N,N-dimethyl formamide.
Reaction mixture is heated at 80°C for 30 minutes. N,N-Dimethylformamide is

- removed under reduced pressure, and the crude residue is purified by column
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100
chromatography (silica gel 230-400 mesh, n- hexane ethyl acetate (80:20) to get 1-

{4-[5-(4 -cyclohexyl phenyl)-[1,2 4]oxad|azol -3-yll- benzyl} plperldlne -3,3-dicarboxylic
acid diethyl ester

Step-IV.
Scheme

EtOC CO,Et O—-N HO.C. .CO.M
- & AL

7

/\ /\\ /w\/L - _ L N/\|ﬁ ’/<|
O/k | C/ F NN
-An aqueous solution (4 mL) of sodium hydroxide (0.074 g, 0.0019 mol) is.
added to a stirred solution of 14{4-[5-(4-cyclohexyl-phenyl)—[1 ,2,4]loxadiazol-3-yl]- -
benzyl}-piperidine-3,3-dicarboxylic acid diethyl ester (0.2 g, 0.0004 mol) in ethano!.
Reaction mixture is heated at reflux for 6 hrs. Ethanol is removed under reduced
pressure, demineralized water .is added to the residue and it is acidified '(pH ~2) .
with 2N HCI solution. White solid mass thus obtained is filtered, washed with
diéhldrom_ethane (2x3 mL) and dried under reduced pressure to get 1-{4-[5-(4-
cyclohexyl-phenyl)-[1,2,4]oxadiazol-3-yl]-benzyl}-piperidine-3,3-dicarboxylic acid

hydrochloride (99).

Examples 97, 98 and 100 are prepared in a similar manner.

Compound _ : _
COR,.__COR, -
Ex. \Q /v\ MS(ES") |
R Rs3 R4 Rs Rs
97 Ph H |H OH OH 502.14
98 | H [H OH [OH |—
HG N |-
99 ~~~ |H H H H OH OH 490.19
N : _
100 | Ph | H H H H - | OH OH 48412




...... N'C, H H529.21 111 Ph FHH H OH 569.23 112 PhF  HHHOH

614.28 113 PhF  HHHOH. /[ CH3-NN CH, 529.2 114 Ph F H
WO 2008/152149 _ : PCT/EP2008/057571
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Example 97 as HCI

'H NMR : (CDCls+CD;OD+TFA; 400.13 MHz ; 5 ppm)
1.76-1.92 (br s, 1H); 1.95-2.09 (br s, 2H); 2.50-2.65 (br s, 1H); 2.84-3.10 (br m,

2H); 3.64-3.91 (br m, 2H); 4.11-4.29 (br s, 1H); 4.59-4.73 (br s, 1H); 7§43-7.55 (m,
3H); 7.60-7.73 (m, 5H); 8.02 (d, J=10.51 Hz, 1H) 8.08 (d, J=8.08 Hz, 1H) 8.27 (d,

J=7.73 Hz, 2H). Three exchangeable protons

Example 98 as HCI
'H NMR : (CDCl;+CD3;OD+TFA; 400.13 MHz ; & ppm)

0.94 (d, J=6.51 Hz, 6H); 1.90-2.08 (M, 5H); 2.59 (d, J=7.09 Hz, 2H); 2.80-3.09 (br
" d, 2H); 3.64-3.93 (br m, 2H); 4.10-4.40 (br s, 1H); 4.53-4.73 (br s, 1H); 7.36 (d,

J=7.98 Hz, 2H); 7.66 (d, J=7.59 Hz, 2H); 8.12 (d, J=7.96 Hz, 2H); 8.26 (d, J=7.62
Hz, 2H) Three _exchangeable protons

Example 99 as HCI
'H NMR : (DMSO-ds; 400.13 MHz ; & ppm)
1.44-1.52 (m, 4H); 1.54-2.00 (br m, 10H); 2.52-2.56 (br m, 3H); 2.94 (s, 2H); 3.92

(s, 2H); 7.88 (d, J=7.75 Hz, 2H); 7.65 (d, J=7.35 Hz, 2H); 8.06-8.23 (m, 4H) Three.

exchangeable protons

Example 100 as HCI _

'H NMR : (DMSO-dg; 400.13 MHz ; § ppm)

1 .754 95 (br d, 4H); 2.70-2.83 (br s, 2H); 2.95 (s, 2H); 3.93 (s, 2H); 7.49-7.56 (br
q, 1H); 7.57-7.64 (br t, 2H); 7.67 (d, J=7.33 Hz, 2H); 7.86 (d, J=7.27 Hz, 2H); 8.04
(d, J=7.91 Hz, 2H); 8.16 (d, J= 7.66 Hz, 2H); 833 (d, J=7.92 Hz, 2H) Three

“exchangeable protons

N



HHOH 555.22 115 PhF  HHHOH H 583.25 116 PhF - HHHOH N3 571.21
2008/ 152149PCI AP2008/ 057571 105 117 Ph FHHH COH, \/,*
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Preparation of 1-{4-[5-.(2-f|uorobig' henyl-4yl)-|1,2.,4|oxadiazol-3-v|]benzyl}-4-
(morpholine-4-carbonyl)-piperidine-4-carboxylic acid

Step-l

5 Scheme
O—N - . . . O—N
] AN COCH P A N
= : | ;
~ 7 NF N : f\( -
\\\\/| F \\/l F

1-Hydroxybenzotriazole (0.183 g, 0.0012 mol) is added to a stirfred solution
of - 1-{4-[5-(2-ﬂuoro-biphehy|-4-yl)-[1,2,4]0xadiazol-3-yl]-benzy|}-piperidine-4,4-
10  dicarboxylic acid benzyl ester (0.6 g, 0.0010 mol) in tetrahydrofuran (20 mL).
Reéction mixture is stirred for 30 minutes at room temperature. Morpholine:
(0.13mL, 0.0015 mol) and ‘1-(3-dimethylaminopropyl)-3-ethyl carbodiimide
hydrochloride (0.288 g, 0.0015 mol) are added to the reaction mixture and stirred
for over night at room temperature. Demineralized water (10 mL) is added to the
15 reaction mixture, tetrahydrofuran layer is separated and the aqueous layer is
extracted with ethyl acetate (2x15 mL). Combined organic layer is dried over
sodium sulphate and concentrated under reduced pressure to yield a crude
viscous liquid, which is purified by column chromatography (silica gel 230-400
mesh, ethyl acetate) to get 1-{4-[5-(2-ﬂuoro-biphenyl-4-y|)—[1,2,4]oxadiazol-3-yl]-
20 benzyl}-4-(morpholine-4-carbonyl)-piperidine-4-cérboxylic acid benzyl ester.

Method-A
Step-Il
Scheme
O—N
OOCHzPh (Y 2H .
|/k/\ ™ /“I\_
= : AF LA N |(|, '

@-

25 Pd/C (0.13 g) is added to a solution of 1-{4-[5-(2-fluoro-biphenyl-4-yl)-
[1,2,4]oxadiazol-3-yl]-benzyl}-4-(morpholine-4-carbonyl)-piperidine-4-carboxylic

F



H\/ 555.11 118 PhF HHHOH  \,----- -N-/ H -- 569.11 119 PhFHHHO—l
,$ M/ OH 599.08 120 Ph F HHH OCH2Ph CH 3 '-"---G—I 649. 29 121

WO 2008/152149 ' ' PCT/EP2008/057571

103
acid benzyl ester (043 g, 0.0006 mol) in a mixture of ethyl acetate:
tetrahydrofuran:ethanol (3:2:3., 45 mL). Hydrogen gas is bubbled through the
reaction mixture under stirring 'ét room temperature for 2 hrs. The reaction mixture
| is filtered through a celite bed, washed with MDC:MeOH (80:20, 100 mL) and the
5 filtrate i's 6oncentrated under reduced pressure to get solid mass, which is purified
by column chromatography (silica gél 230-400 mesh, MDC:MeOH 8:2) to get 1-{4-
[5-(2-fluoro-bipheny!-4-yl)-[1 ,2,4]oxadiazol-3-yl]-bénzy|}-4-(morpholine-4-carbdny|)_-
piperidine-4-carboxylic acid. ' |

10 Method-B

Preparation of 1-{4-[5-(2-fluorobi henvI-4vI) 1,2 4loxad|azol-3-¥I|benz¥I}-4- '
isopro Icarbamo | r|d|ne-4-carbox lic acid

0—N
o—H COCHPh

! . . H
2 /\- M { /l/\rA\N/ \I | . N\/CH3
: N | ' N\/CHJ - N N | /I N |
N AN _ | : ™ 0 CH,
e . <" 0 CH, _ P

-
N F

| An aqueous solution (2 mL) of 'Iith'ium hydroxide monohydrate (0.0497 g,

0.00118 mol) is added to. the solution of 1-{4'—[5-(2-ﬂuoro-biphenyl-4-yl)-

15 [1,2 4]0Xadiazol 3-yl]- ben'zyl}-4'iso'propyl carbamoyl plperldlne -4-carboxylic = acid
ethyl ester (0.3 g, 0.000474 mol) in tetrahydrofuran (10 mL) The reaction mlxture is

heated for 2 hrs at 70° C, concentrated under reduced pressure and then treated
with demineralized water (8 mL). Aqueous layer is acidified to pH ~5 with 2N HCI.

The solid thus formed is filtered, washed with ethyl acetate (2x4 mL) and dried

| 20 under reduced pressure to furniéh 1-{4-[5-(2-ﬂuoro-biphenyl_-4-yl)—[1,2,4] oxadiazol-

3-y|]-benzyl}-4-isopropylcarbémoyl-_piperidine -4-carboxylic acid (103).

Following compounds (101, 102 & 104-127) are_prepéred either by method-A
or Method-B. o

-25



Ph F HHH OCH2Ph NN _7 -' H/ 673 32 122 Ph F HHH OCH2Ph -N CH, CHS

619.31 123 Ph F HHH “OCH2Ph _OH, " CH 679.28 124 PhF
WO 2008/152149 o _ . PCT/EP2008/057571
104
: Compound _ _
~_/ .
Ex. $A V\L C Tco'ae | MS(ESY)
o /\|/ SN
R4
R R1 R2 R3 R4 R5 RG :
101 |Ph |[F |H |H |H |OH T N~ | 557.23
" CH, :
102 |[Ph |F_|H |H [H |OH S~ | 545.19
. : . H . -
103 [Ph [F__|H |H |H |OH c, 543.22
104 |Ph [F |H |H |H |OH 541.20
; . \N/A
. - H
1056 [Ph |F_|H |H [H |OH o | 557.23
. ' ' \N)<CH’ .
. H 3
106 |[Ph |[F_|[H |H [H |OH T o | 612.26
. \N N
H
107 [Ph [F_|H |H [H |OH | <./ |57521
H OH
108 |Ph |F_|H |H |H |OH o 57521
| -
109 |Ph [F[H |H [H [OH | <% 515.18
. H
110 |Ph |F__|H |H [H |OH ~, G | 529.21
: : H - :
11 [Ph |[F_|H |H |H |OH \NO_ 569.23
T2 |Ph [F [H |[H [H [OH | = 614.28
k/N\/\OH :
113 |[Ph |[F_|H |H [H |OH % [5292
. . - eH,

{114 |Ph [F |[H [H [H |[OH B \D 555.22
115 |[Ph |[F__|H |H |H |OH g 583.25
116 |Ph |F_|H |H [H |OH ~a 571.21

@




HHHOH  cH3 559.26 125 PhF HHHOH  7CH 571.24 126 PhF - HHHOH
--Nli-\NoEi \_/ 658.3 127 PhF HHHOH OH /-- / ' OH 589. 27

WO 2008/152149 . | . o . PCT/EP2008/057571
, | 105
117 |ph |F |H |H |H |OH A 555.11
- | N\
118 [Ph |F_|H |H |H |OH W] 569.11
H
119 |Ph [F_|H |H |H |OH N 599.08
= . N={ ) wOH
H O\ /
120 |Ph |F_|H |H [H |OCHpPh| _ ¢, 649.29
21 [Ph [F M |H |H |OCHPh| < /. |67332
. . . H \M/
122 [Ph |[F_|H |H |H |OCHPh o [61931
' CH,
123 |[Ph [F_|H |H |H |OCHpPh| _©oH |679.28
| N
“OH
124 |Ph [F_|H |H |[H |OH CH, ~[559.26
= AN on
125 |[Ph |F__|H |H |[H |OH T o 57124
126 |Ph |[F_|H |H |H |OH o or | 6583
127 |Ph |F_|H |[H [H [OH _ OH ] 589.27
.
“OH

Example 101 in the free form

"H NMR : ( CDCls + TFA; 400.13 MHz ; & ppm) |

0.87 (d, J=6.60 Hz, 3H); 0.92 (d, J=6.61 Hz, 3H); 1.74-1.88 (m, 1H); 2.33-2.50 (br
5 m, 2H); 2.54-2.71 (br m, 2H); 3.06-3.25 (br m, 3H); 3.30-3.43 (br m, 1H); 3.64-3.80

(br m, 2H); 4.35-4.45 (br s, 2H); 7.43-7.54 (m, 3H); 7.57 (d, J=7.78 Hz, 2H); 7.63

(d, J=8.08 Hz, 2H); 7.69 (t, J=7.67 Hz, 1H); 8.01 (dd, J;=10.44 Hz, J;=1.43 Hz,



Exanmple 101 in the free form1H NVR : ( .CDCl 3 + TFA; 400.13 M1z ; 8 ppnm
0.87 (d, J=6.60 Hz, 3H); 0.92 (d, J=6.61 Hz, 3H); 1.74-1.88 (m 1H);
©2.33-2.50 (br 5 m 2H); 2.54-2.71 (br m 2H); 3.06-3.25 (br m 3H);
3.30-3.43 (br m 1;29 364380(br m 2H); 4.35-4.45 (br s, 2H); 7.43-7.54
(m 3H); 7.7200§152587 78 Hz, 7.63 (d, J=8.08 Hz, EWEP2?086’975(7% J=7.67
" Hz, 1H); 8.01 (dd, J11044Hz J214Hz WO : -
2008/ 152149PCT/ EP2008/ 057571 106 1H); } 608 (J1=8.08 Hz J2=1.49 Hz, 1H);

8.25 (d, J7A):8p08ly,=8ld8:HB.L681.89 M, (1bn; sizsg)g:@% ﬂ%ctlﬁﬁ%e@ta@s bpaon
Exampl e 102|nthefreeform5 1H NMVR: | 3+ TFA ; 400. 13 ;

2.32-2.51 (B One exchangeaBe protpy (pr (g, 2H) 3.07-3.36 (br m 2H): 3. 47 3. 64
(br m 2H); 3.64-3.82 (br m 2H); 3.82-3.99 (br m 2H); 4.34-4.46 (br s,

2H) 7TA4- 7E§§mg@10’%H?11the7fr§gfcfrﬁi1 J=8. 08 Hz, 2H) 7.63 (d J=7.57 Hz, 2H)
7.70 (t, J=1.7 01 (d, J=10.50 Hz, 1H); 8.08 (d, J=8.00 Hz, 1H);

8.25 (dj J:ISI‘IMRI-&CDZ}I-wTBABQOQN%MHZ) gpbpms, 1H) Two exchangeabl e protons
5257B0% e, 2052 STt Fus2oBi 1a WY o 597336 1R ?%%7%@%9@3%?
m 2H); 3. 62H3. :Be4'em (br M2BM); B8BS-99.(bBm( BH);34.34K)6 (Br 4RH)S7.42H).55 (7m42 . 66
375 07 b, Sy 56l g hhe gyl o %%734’27#@%5’&9“27 73 118y 801

- exchangeab(& motsomixﬂmpb@swﬁa obhez, fipes er(@ J+8.00/Rz, 2H)®@8%+80TFA
400. 13 MHz ﬂg)%zoo 51- %br s, 2H): 0.84 (d, J=6.48 Hz, 2H);
2.29-2198 *Hrsﬂ exﬁh%e? NS3H): 3.07-3.47 (br m 2H): 3.50-3.81
(br m 2H): 4.40 (s, 2H); 7.42-7.55 (m 3H); 7.57 (d, J=7.33 Hz, 2H); 7.63

(d, J=7. 7351,—(|gmp%H)03 ﬁtﬂ@frééforf},—? 75 Hz, 1H); 8.01 (d, J=10.37 Hz, 1H); 8.07
(d, J=7.98 TH) ; d, J=7.34 Hz, 2H); 8.60-8.77 (br s, 1H)0ne -

exchangeabl @WBt ()ﬁ?DzBs 3 MHZO§ APM)t he free form 1H NVR CDCl 3+ TFA
400 13 '(\)/';Z 1\;)8(dpgﬂ3 98- I-%H)Gf-ﬁ 2qu2 @??nbzzﬂozgg)z%(tﬁﬁ 2@) %%823 §’r ﬁrb? o
_(rn 8H) ; 8m)2HXd$62}3:BQ (68MH2H); 13-98-43G4b0S, {H); 4J4:€)7(582HH27 4&5‘966 (@&, 788; 35 (br
Dbos 14514870 2R3 GRS urhrA.0f 08 @Q% o0 s Rt e e §ﬁ5l\(1ﬂ/R :

CDCl 3+ TFAJ56.8001z]1 3HN8272-8.8F[) s, 1H) One exchangeable proton

Example 104 in the free form
THNMR : ( CDCls + TFA; 400.13 MHz ; 5 ppm) -

20 -0.51-0.68 (br s, 2H); 0.84 (d, J=6.48 Hz, 2H); 2.29-2.48 (br t, 2H) 2.51-2.78 (m,
3H), 3.07-3.47 (br m, 2H); 3.50-3.81 (br m, 2H); 4.40 (s, 2H); 7.42-7.55 (m, 3H);
'7 57 (d, J=7. 33 Hz, 2H); 7. 63 (d, J=7.73 Hz, 2H); 7.70 (t, J=7.75 Hz, 1H); 8.01 (d,
J=10.37 Hz, 1H); 8.07 (d, J=7.98 Hz, 1H); 824(d J=7.34 Hz, 2H); 8.60-8.77 (br s, |
1H) One exchangeable proton

25 '
Example 105 in the free form

"H NMR : ( CDCl3 + TFA; 400.13 MHz ; § ppm) ) :

1.34 (s, 9H); 2.25-2.50 (br m, 2H); 2.50-2.71 (br m, 2H); 3.05-3.35 (br m, 2H);

3.61-3.91 (br m, 2H); 4.40 (s, 2H); 7.41-7.79 (m, 8H); 8.01 (d, J=10.58 Hz, 1H);
30 8.08 (d, J=7.81 Hz, 1H); 8.188.35 (br m, 2H); 8.51-8.80 (br s, 1H) One

exchangeable proton ' | |



1.34-1.50 (br m 3H); 1.83-1.99 (br m -1H);2.06-2.20 (br m 2H); 2.20-2.36
(br m 1H); 2.48-2.75 (br m 4H); 3.01-3.27 (br m 4H); 3.28-3.43 (br m
1H); 3.54-3.88 (br 5 m 6H); 4.30-4.48 (br s, 2H); 7.44-7.56 (m 3H); 7.63
(d, J=7.62 Hz, 2H); 7.70 (t, J=7.70 Hz, 3H); 8.01 (d, J=10.33 Hz, 1H); 8.07
(d, J=7.92“|€k2,008115|)!1,498. 18-8.28 (br s, 2H); 8.79-8.93 (_bPCEEP2M§)0STE
exchangeabl e proton Exanple 107 in the free form 10 1H NWR : .( CDCl 3+ TFA,
400.13 MHz ; 8 ppm) 2.35-2.54 (br m 20 : 2.61-2.77 (br d, 2H); 3.11-3.31
(br m 2H)Exa3'n§l@ 1@68,Qtr(ebﬁeéiforrgl—l) 3.84-4.07 (br s, 4H); 4.13-4.32 (br s,
H);436- , (.44-7.56 (m 3H); 7.58 (d, J=7.89 Hz, 2H) 7.63
(d, J=7. 49 H—MMQWQD\Z:JaMTRA 4Q0-13 WBizHD ppoi)).; 8.01 (d, J=10.35 Hz, 8.08

.égch;nge;gl ?ipr%bﬁ ’B%i)rrpl é’sﬁgé 0? tHer.H) 1‘24:%6 zﬁgr(ﬁ{ %QW%(Z %1 ig'ra\ee_.

“400. 13 MHz1H); 2. 48025 (brom 25H R 348 -3.B7 (Ion m 248}, 3285543 (53 t); m54§wa (& 04 3.33
br m L 339 5 5-4.1 .
(7.40 7. H) HSHﬁgO @B%S%H??f%%%é“zé" gé%d(t}ﬂ#@'iﬂ%‘ﬁ 7%@% 79 (br
(cj:bc I1;!) $EFWMHhaﬁlg)?®t01e(deﬂ1®33HgX2 i 27%%19Jt7192m&4ﬁﬁ¢682f8§gr281<(%£dw§ d(
+
- 3. 10%”5%0%033%%?m1*§§?’%&2’@%§@9?3&6 %f°t°2‘H)r 7 30H) 52 (br s, 2(H)r
712735(br s, 1H; 7.40-7.80 (m 8H); 7.99-8.18 (m 2H); 8.20-8.35 (br

2H) OweE%b@rmeam@fpé%% Exanpl e 110 in the free form 30 1H NWVR : (
CDCI3+TFA12001 8 ppm 1.16 (t, J=6.96 Hz, 3H); 230251(brm-

2H); 21%g- #WF(beCPPIMFAéwkﬂs PPy 4H); 3.61-3.86 (br m H)
ot 20 8B 2 i, ) B O i 11 e bt B0 %

2008/ 1521 42T 8P2008b0S 747)1 4 1134 . BR o, of H)14.36r¢ 4 h (orfa, @&l)f DAMTIH6 s
CDCl 3+ TF 61
5 585, a7 Db TSt rg0 kB, BTk aq 00 AOHETRHE DT 6 s s 0L A ey D
3H) ’ 56 (@, 681085 Hy, 1240 8.08. (62J=€8111J-I271FI4 824 (dH) 7975& OH); 8153875 Hz
8.08 (d, J=8.05 Hz, 1H); 8.25 (d, J=6.72 Hz,

2H) On @ﬁéné@iﬁh@eﬁ?‘%%’i’g@&r{’ﬁ?@” 12 in the free 1|‘_?)rm 1H Nﬁ/R (DOl 3+
TEA 400,13 Mz © 8 ppm) 102.28-2.70 (br m 4H): 3.00-3.30 (br s, 2H):

3.37-3.55 (br_s. 75 (br s, 3H); 3.75-3.92 (br s, 3H): 4.10-4.21
(br s, 2H)EXemBlE @%’b”{%ffe%%r ( 4.70- 4H233 (br s, 2H);( 7._4_4-7.H237 (m 3H);
7.57-7.62 (HNMR - . ODCik B (abo, MH545?§{“)2H) 7.72 (t. J=7.68 Hz, 1H):

8.00 (d, J=1030 Hz, 2@ ;8.23&% J=7.08 Hz, 2H)

Two exchan%@ﬁtﬂ@fh*’@ﬂ %Q ran, 249 $ﬁ413tfé3 &b 2H0r 33913 QNQHT( CDCl 3+

CD30D 00 4 3.13 (b
H)7613 %%?'3"632415(19%)1# ?,%7%3 @Hil?uon’r 76!;%4\@)@)7 %f§1o§ H§7é)%% 5 71( r

(m 5H); 8882 (pud, 2%1&19% tr d, 31} hr:e& emzhangeable protons

Example 109 in the free form
'"HNMR : ( CDCls + TFA; 200.13 MHz ; 8 ppm)
25 2.30-2.80 (br 'm' 4H); 2.82-3.00 (br d, 3H); 3.10-3.50 (br m, 2H); 3.60-3.90 (br s,
© 2H); 4.30-4.52 (br s, 2H); 7.12-7.35 (br s, 1H); 7.40-7.80 (m, 8H); 7.99-8. 18(m
| 2H); 8.20-8.35 (br s, 2H) One exchangeable proton

Example 110 in the free form

30 "HNMR: (CDCls+ TFA; 200.13 MHz ; 8 ppm)
.1 16 (t, J=6.96 Hz, 3H); 2.30-2.51 (br m; 2H); 2.58-2.78 (br m, 2H); 3.10-3.48 (br
m, 4H); 3.61-3.86 (br m, 2H); 4.33-4.50 (br s, 2H); 7.05-7.18 (br s, 1H); 7.46-7.79
(m; 8H); 7.96-8.13 (m, 2H); 8.18-8.30 (br d, 2H) One exchangeable proton



- 201H); 8.08 (dd, J1=8.15 Hz,.J2=1.28 Hz, 1H); 8.20 (d, J=8.11 Hz, 2H) One .
exchangeabl e proton Exanple 114 in the free form1H NVR : ( CDCl 3+ CD30D,
. 400.13 MHz ; 8 ppm) 251.82-1.99 (br m 4H); 2.20-2.38 (br s, 4H); 3.02-3.17
(br s, 2H); 3.24-3.36 (br s, 2H); 3.45-3.58 (br m 4H); 4.18 (s, 2H);
7.44-7.55 (W9 20415214p 59-7.71 (m 5H); 8.01 (d, J=10.54PEF/EP2PY0578108 (dd,
J1=8.37 Hz, J2=1.19 Hz, 1H); 8.20 (d, J=8.08 Hz, 2H) One exchangeabl e _
proton 30 Exarrple 115 in the free for m0$H NMVR - ( CDCl 3+ TFA; 400.13 Mz ;
5 ppm 1. Ofxdmfbe {PYinfhe B forky 50. 1.90 (br m 4t 2.29-2.48 (br m 2H);
2.53- q 2 08-3.25 (br s, 1H); 328332(br s, 1H); 3.60-3.80
(br m 3H) HcNMR ((@:DCBH)TFA ‘A@OZGG\SHZSQWGPCT/ EP2008/ 057571 109 7. 44-7.55

i1y o 07 (a6 5788y Edap b7 Bt B Remian or by o dROIRAR D o ons

Exanpl e 11@.39(st 2id); 7r48e7.656(m, SH): A.58VR60 (§r CCIE )37 6T Rd) J=7400HL,PHNHZ 686 ppm)

2.35-2.60 (br_s, 4 1 34 ( , ."'3.64- 3. 95
Cor o hy (055 HE o, 500 81 v il 0l 43608 ' i Bres
7.60-7.65 (Jbﬁ?d Hz2 BH) Ohe@Xchingedsié pfbtoniz, 1H); 8.01 (d, J=10.53 Hz, 1H);
o O B R SR g ichamems gl o
m 2H): 1. a’é‘pg Y%'P“Pﬁwﬁ%fo(rmz 23-2.49 (br m 4H): 2.52-2.72 (br t, 2H):
| ?b?91§ 38 (RINMIR - %@DC@#?A%&&:(MHZMS%W) 3. 60 _-391(1br7 8'19, (12; rn3. 2&)—3.8_0
7.42-7185 @38 -3 (brrwsaw 67)0(3(@0 mn)s 2H)7 8. ?(7t3 55it’7r 9,13 3.6048;758008, ( d,
(ool o o8,k g, oty e R34t o) ouE S BB ok B oy, 2104 83,67, 5,00

( cDal 3+TFA, 2up 0. 4437mz(m 83H:)pih)5717 683t r512('|h1r76f$(€2H)“754 Bz HYF (D, m 4H) ;

190209 (b1 2. ity 240000, B B 08 L L0 @y 003 2
1H); 4. 31 MHz4BH| Dwo exclddgeablegBoton®6 (br s, 1H); 7.43-7.54 25(m 3H); _
7557é§5(m4H) 7.69 (t, J=7.69 Hz, 1H); 8.01 (d, J=10.32 Hz, 1H); 8.07

(d, =806 7 829 (br t, 2H); 8.79-9.16 (br m 1H) Exarrple119
in the fregx?%‘PFlﬁHm 'Rmﬁ? fre‘? PC13+TEA+CD30D, 400. 13 Mz ;. 8 ppm)

301. 12- 1. 4TH(NMRMY CBB)S,+GD;013?40@31:{Msz,5;erﬁ); 2 21 2 56 (br m 4H)
2.86-3.00 br t, H) ﬁ lg) g H;
oH): 7. 30- 32(190(b3rp|)4H) 297(s 3M); 301 3.1 (brs 5H) 3303 6(brm 2H):'4.18
_ (s 2H); 7.45-7.55 (m; 3H); 7.59-7.71 (m, 5H); 8.02 (dd, J1=10.66 Hz, J2=1.14 Hz,
20 1H); 8.08 (dd, J:=8.15 Hz, J,=1.28 Hz, 1H): 8.20 (d, J=8.11 Hz, 2H) One

exchangeable proton

24 (s,

Example 114 in the free form
'H NMR : ( CDCl3 + CD30D; 400.13 MHz ; & ppm)

25 1.82-1.99 (br m, 4H); 2.20-2.38 (br s, 4H); 3.02-3.17 (br s, 2H); 3.24-3.36 (br's,
2H); 3.45-3.58 (br m, 4H); 4.18 (s, 2H); 7.44-7.55 (m, 3H); 7.59-7.71 (m, 5H); 8.01
(d, J=10.54 Hz, 1H); 8.08 (dd, J;=8.37 Hz, J,=1.19 Hz, 1H); 8.20 (d, J=8.08 Hz,
2H) One exchangeable proton '

30 Example 115 in the free form
"HNMR : ( CDCI3 + TFA; 400.13 MHz ; 6 ppm) _
1.08-1.45 (br m, 6H); 1.59-1.90 (br m, 4H); 2.29-2.48 (br m, 2H); 2.53-2.71 (br. m,
© 2H); 3.08-3.25 (br s, 1H); 3.28-3.32 (br s, 1H); 3.60-3.80 (br m, 3H); 4.41 (s, 2H);



WO 2008/ 152149PCT/ EP2008/ 057571 110 7.54-7.69 (m 5H); 7.99 (t, J=10.38 Hz,
1H); 8.05 (d, J=7.41 Hz, 1H); 8.19-8.27 (br d, 2H) Three exchangeabl e

protons Exanple 120 in the free form5 1H NVMR : ( CDCl 3; 400.13 MHz; 8 ppm
©2.18-2.25 (br t, 4H); 2.40 (s, 3H); 2.41-2.54 (br m 4H); 2.78 (t, J=5.33
Hz, 2H); 3WOR00%1528); 4.24 (t, J=5.19 Hz, 2H); 5.18 (BCT/ERIP8/037531-7.39 (m
4H); 7.44-7.54 (m 6H); 7.60-7.68 (m 3H); 8.02 (dd, J1=10.70 Hz, J2=1.48
Hz, 1H):; 8.08 (dd, J1=8.07 Hz, J21620?-|z, 1H); 8.11 (d, J=8.19 Hz, 2H) 10

Exanpl e 12 f f 3 85- 1. 02
amp GZH)HW 561@1 aﬂ?)g? %Emégbn% 7,00 39'73%2 HQOI@ 8Wd I%P%%H?b L

(br q,

3H); 1.69-1HB8.Q7d. ¢=8.2HHz, PHpB.20- &88((b'rmn2H)szo ezcr:u_amgganls p(r@tpnazn 4H)
2.62-2.73 (br 15 m 2H); 3.50 (s, 2H); 3.62-3.74 (m 1H); 5.21_ (s, 2H:
5.65 (d, J=7.73 Hz, 1H); 7.33-7.38 (br s, 5H); 7.42-7.48 (br d, 3H);

7. 48-7. 54 Example 12B)in the fe® rie8 (m 3H); 8.02 (d, J=10.69 Hz, 1H): 8.08 (d,

oo 40 4 st hin B eocth poR S 2 lispL o 122 0, e [ree form 20 1K
: 2H) g g? 23:53? &O(bris, 4H) 3%?8172%% 3y 341 2I5)3 (stSQHisas&g)gs for 18 2(?d
J 10 72 Hng&Ifbéé)és oA 2) 43ng£56‘ ﬁi") ?ﬁﬁ% far \? d“z)agsﬁ(f) ﬁz(H2 M%Hg

Exanpl e 1236pnt, Uh¢75we1mrsm1lgdj Ngﬁ? 58342&99338“@&9@-88)39%1{% é@s%g 342(H;3r

m 4H) 2.48- br s

3.71-3.79 {4 ?HZzsrbDanszicfmn@eafe'srpr@tonzH) 5.20 (s, 2H); 6.77 (s, 2H);

7. 34- 3@742(m 4H) 755(m 6H): 7.62 (d, J=7.72 Hz, 2H); 7.67 (t, .
J=7.75 Hz, 1H): 8.02 J=10.68 Hz, 1H): 8.08 (d, J=8.04 Hz, 1H): 8.13 (d,
J=8.03 Hz, quyplmd?@s(ﬂ@ns are merged between 3.50-3.70. Four exchangeabl e

protons. VA HAS! ACErIRER. BEEQRAE TR 0d} 11 Bxampl ¢ 124 11 the free form
(br m_ 4K)1.62:1139 Eras, 2B, 180-20¥ (bPTORH)52 23,40 Brie; 2ER §273 bEZ-J)(m
55H); 7. “got 3Py g%éPﬁg 5@"0?’3@_&%@{6‘"’654@]6(&%9 (%'%W*l)d‘%s?%’gg%g’ He, 1H):

8.10 (d Jd=81l'ﬂ))54lim -4 .25 briyuiH)p4 ¢ 0 g\ RH)b T & 19723 (bTSnEKHWlQ 1.35 (ms 3H; but yl

am ne sal tz 16 MR, 4R 79 "€ 55 79 18y M1 (o 2R6%0 Hz, 1H); 8.07 (,

J=7.93 Hz, 1H); 8.20-8.27 (br t, 2H); 8.42-8.60 (br m, 1H) One exchangeable
~ proton

- 20 Example 118 in the free form
'H NMR : ( CDCl3 +TFA; 400.13 MHz ; § ppm) _
- 1.33-1.51 (br m, 2H); 1.51-1 78 (br m, 4H); 1.90-2.09 (br m, 2H); 2.30-2.49 (br m,
2H); 2.49-2.67 (br m, 2H); 3.08-3.24 (br s, 1H); 3.30-3.43 (br s, 1H); 3.59-3.80 (br
m, 2H); 4.08-4.20 (br m, 1H); 4.31-4.46 (br s, 2H); 6.88-6.96 (br s, 1H); 7.43-7.54
25  (m, 3H); 7.55-7.65 (m, 4H); 7.69 (t, J=7.69 Hz, 1H); 8.01 (d, J=10.32 Hz, 1H); 8.07
(d, J=8.06 Hz, 1H); 8.22-8.29 (br t, 2H); 8.79-9.16 (br m, 1H)

Examplé 119 in the free form
'"HNMR : ( CDCl3 +TFA+CD30D; 400.13 MHz ; 6 ppm)

30 1.12-1.47 (br m, 4H); 1.79-2.03 (br d, 4H); 2.21-2.56 (br m, 4H); 2.86-3.00 (br t,
1H); 3.02-3.17 (br t, 1H); 3.42-3.73 (br m, 4H); 4.24 (s, 2H); 7.39-7.53 (m, 3H); |



101.35 (s, 9H); 1.82-2.11 (br m 2H); 2.58-2.75 (br s, 4H); 2.79-2.96 (br
s, 4H); 3.58 (s, 2H); 3.81-4.18 (br . m 4H); 4.53-4.61 (br s, 1H); 7.42-7.50
(m 1H); 7.52 (t, J=7.16 Hz, 2H); 7.62-7.74 (m 5H); 8.09 (d, J=3.94 Hz,
1H); 8.12 (s, 1H); 8.39 (d, J=7.64 Hz, 2H) Four exchangeable protons

- 15Exanpl e W@&20412148ut yl -am ne salt 1H NMR : ( Pyri di nBCHEP20880375I8 MHz ;
“ppm 1.37 (s, 9H); 2.47-2.57 (br m 62{) 2.57-2.66 (br s, 4H); 2.72-2.84
(br m 2H); 2.88-3.00 (br m 2H); §66(brm4H) 3.69 (t, J=4.92 Hz,

2 3.8 2
(tH? ;2 18$H5§9:17 ég)(isHgH)gg g,Yﬁﬁlo(és Hs!—ﬂ—|)88 dﬂz(g %?451'92,4%7&?@@% (BrH) 127(5

1H); 8.40 @dZH)]'EITegﬁxFQGHQEBMeFFEQtpnéxchangeabl e protons. Exanple 127 as
t-butyl amine salt 1H NVMR : ( Pyridine-d5; 400.13 MHz; 8 ppm) 1.30 (s, 9H);
2.37-2.48 (br m 2H); 252.60-2.74 (br s, 4H): 2.87-2.97 (br m 2H):

3.08-3.15 eggmb;emmt@egée%rﬁ,l (br t, 2H); 3.53 (s, 2H); 3.97-4.04 (br t,
OH): 4.62-4.68 (br t, 2H): 7.43-7.49 (m 1H):; 7.52 (t, J= 7.14 Hz, 2H):
7.62-7.52 (HN (C@Cm( 0.13Hg3 Sipm)1H) : 8. 12 (s, 1H): 8.38 (d, J=8.00

s 7 YR OE e o0 VB A S GO0 12
353(s 3H); 4.24 (t, J 519Hz 2H); 5.18 (s, 2H); 7.31-7.39 (m, 4H); 7.44-7.54 (m,
6H); 7.60-7.68 (m, 3H); 8.02 (dd, J1=10.70 Hz, J2=1.48 Hz, 1H); 8.08 (dd, J;=8.07
Hz, J,=1.62 Hz, 1H); 8.11 (d, J=8.19 Hz, 2H)

10 '
Example 121 in the free form
- "H'NMR : ( CDCl3; 400.13 MHz ; & ppm)
0.85-1.02 (br g, 2H); 1.02-1.19 (br m, 1H); 1.22-1.39 (br m, 2H); 1.52-1.69 (br m,
3H); 1.69-1.80 (br d, 2H); 2.03-2.16 (br m, 2H); 2.16-2.28 (br m, 4H); 2.62-2.73 (br
15 m, 2H); 3.50 (s, 2H); 3.62-3.74 (m, 1H); 5.21 (s, 2H); 5.65 (d, J=7.73 Hz, 1H);
7.33-7.38 (br s, 5H); 7.42-7.48 (br d, 3H); 7.48-7.54 (br t, 2H); 7.60-7.68 (m, 3H);
8.02 (d, J=10.69 Hz, 1H); 8.08 (d, J=9.40 Hz, 1H); 8.1 (d, J=8.07 Hz, 2H)

_ Example 122 in the free form
20 'HNMR:(CDCls; 400.13 MHz ; 6 ppm)
2.02-2.27 (br m, 5H); 2.46-2.56 (br m, 2H); 2.56-2.72 (br m, 5H); 2.78-2.97 (br s,
2H)j.3.54 (s, 2H); 5.18 (s, 2H); 7.31-7.37 (br s, 5H);7.42-7.53 (m, 5H); 7.59-7 .67
(m, 3H); 8.02 (d, J=10.72 Hz, 1H); 8.08 (d, J=9.30 Hz, 1H); 8.11 (d, J=8.05 Hz,
o) |
25
Example 123 in the free form
"HNMR : ( CDCl3 +CDs0D; & ppm) _
2.16-2;34_(br m, 4H); 2.48—2.64 (br s, 4H); 2.90-2.97 (br t, 2H) 3.04- 3 13 (br t,
2H); 3.71-3.79 (br t, 2H); 4.34—4.40 (or t, 2H) 5.20 (s, 2H); 6.77 (s, 2H); 7.34-
;30 7.42 (m, 4H); 7.55 (m, 6H); 7.62 (d, J=7.72 Hz, 2H); 7.67 (t, J=7.75 Hz, 1H); 8.02
(d, J=10.68 Hz, 1H); 8.08 (d, J=8.04 Hz, 1H); 8.13 (d, J=8.03 Hz, 2H) Two protons
are merged between 3.50-3.70. Four exchan'ge'able pro'tons ) '
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| | 111
- Example 124 in the free form
'H NMR : ( CDCl3 +CD30OD+ D,0; 400.13 MHz ; & ppm) _
-1.21 (s, 9H); 2.05-2.15 (br m, 4H); 2.15-2.25 (br m, 2H); 2.65 (s, 3H); 2.74-2.83
(br s, 2H); 3.17-3.24 (br s, 2H); 3.53 (s, 2H); 4.43-4.51 (br t, 2H); 7.41-7.54 (m,
75H) 7.59-7.68 (m, 3H); 8.01 (d, J=10.66 Hz, 1H); 8.07 (d, J= 920 Hz, 1H) 8.10
(d, J=8.05 Hz, 2H) Four exchangeable protons
' Example 125 as t-butyl amine salt
1H NMR : (Pyridine-ds; 400.13 MHz 8 ppm) .
1.35 (s, 9H); 1.82-2.11 (br m, 2H); 2.58-2.75 (br s, 4H); 2.79-2.96 (br s, 4H);
3.58 (s, 2H); 3.81-4.18 (br m, 4H); 4.53-4.61 (br s, 1H); 7.42-7.50 (m, 1H); 7.52
(t, J=7.16 Hz, 2H); 7.62-7.74 (m, 5H); 8.09 (d, J=3.94 Hz, 1H); 8.12 (s, 1H); 8.39
(d, J=7.64 Hz, 2H) Four exchangeable protons |
Example 126 as t-butyl amine salt
'H NMR : ( Pyridine-ds; 400.13 MHz ; 8 ppm) o _
1.37 (s, OH); 2.47-2.57 (br m, 6H); 2.57-2.66 (br s, 4H); 2.72-2.84 (brm 2H);
2.88-3.00 (br m, 2H); 3.56-3.66 (br m, 4H); 3.69 (t, J=4.92 Hz, 2H); 3.81-3.91 (br
s, 4H); 3.96 (t, J=4.82 Hz, 2H); 7.44-7.50 (m, 1H); 7.52 (t, J=7.18 Hz, 2H); 7.61-
7.75 (m, 5H); 8.10 (d, J=3.82 Hz, 1H); 8.12 (s, 1H); 840(d J= 795Hz 2H)Four
exchangeable protons
- Example 127 as t- -butyl amlne salt
"H NMR : ( Pyridine-ds; 400.13 MHz ; § ppm) 1.30 (s, 9H); 2.37-2 48 (br m, 2H)
2.60-2.74 (br s, 4H); 2.87-2.97 (br m, 2H); 3.08-3.15 (br t, 2H); 3.24-3.31 (br t, 2H);
3.53 (s, 2H); 3.97-4.04 (brt, 2H); 4.62-4.68 (br t, 2H); 7.43-7.49 (m, 1H); 7.52 (t,
J=7.14 Hz, 2H); 7.62-7.72 (m, 5H); 8.10 (d, J=3.83 Hz, 1H); 8.12 (s,..‘IH)';‘ 8.38 (d,
J=8.00 Hz, 2H) Five exchangeable protdns

The following compounds were also prepared :

130 Ph



131 Ph F H H.H - CH2Ph 0CH3 000CH3 132 Ph FHHH - CHZPh HC 133 CH3 H3C H
HHHCH3 OCH3 000CH3 134 Ph F HHH

WO 2008/152149 - ' - PCT)_EP2008/057571
| 12
Example | - ‘ ' : Compound MSS+()E
_ A / coA
128 h U [ O O
. ‘MeO ~ \/ o 0 cH
LCOOR;
COR8
R ; R Rs
1 3 :
129 Ph FIH |H{H |H -OCH,Ph
130 Ph FIH |H|H [H . -OCH,CHs4
131 | Ph F|H |[H|H [-CHPh
. )CL CHy
o N O/-kCHa
132 Ph FIH - |H]H [-CHxPh

&/Oo%

133 )C’i/HH H[H [CHs
H,C 1 . :

_ i  CHy
\O/\O O/KCH
134 | Ph FIH |[H|H |H
: CH
\O/\/ 3
135 | Ph F|H [H|H |H ' _ -
. N NN
~ 136 | Ph TEH |[H|H |-CHs |-OCHs
137 | Ph FIH |H|H |-CH,Ph |-OCH,Ph




CH3 0 135 Ph .F HHH H\0/\/\ CH 136 Ph.F HH H -C2Hs -0C2H5 137 Ph

H\
FHHH-CHPh -OCH2Ph WD 2008/ 152149PCT/ EP2008/ 057571 113
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Preparation of 1-{4-[5-(2-f|udro biphenyl-4-yl}-[1,2.4]oxadiazol-3-yl]benzyl}-4-
(gyridin-Z-yIcarbamoyl)g' iperidine-4-carboxylic acid benzyl ester

Scheme

To a stired solution of _ 1-{4-[5-(2-f|uorobiphenyl-l4-y|)-[1,2,4]oxadiazol-3-
5 yllbenzyl}piperidine- 4,4-dicarboxylic acid benzyl ester (0.8 g, 0.0014 mol) in
dichloromethane (20 mL), oxalyl chloride (0.343 g, 0.0027 mol) is added slowly at
"0-50C. A few drops of N,N-dimethyl formamide is added into it. The reaction
'mixture' is stirred at room temperature for 1.5 hrs. It is then concentrated under
- reduced pressure - to get 4-_ch|orocarbony|-1-{4-[5-(2-ﬂuorbbiphenyl-4-y|)-

10 [1,2,4]oxadiazol-3-yl]benzyl}piperidine-4-carboxylic acid benzyl ester.

o—N

A\ CO.CH,Ph
S
CO.H ————=
N
F

o—

x N N
N I-\
N o U .

g

To a stirred solution. of triethyl amine (0.34 g, 0.0034 _nﬁol) in dichloromethane
(20 mL), 2-amino pyridine (0.152 g, 0.0016 mol) is added. A solution of
15  4-chlorocarbonyl-1-{4-[5-(2-fluorobiphenyl-4-yl)-[1,2,4] - oxadiazol-3-yl]benzyl}-
piperidine-4-carboxylic acid benzyl ester in dichloromethane (10 mL) is added
slowly into the reaction mixture at 0-50C. It is then stirred at roofn température for
1 hr. Demineralized water (15 mL) is added to the reaction mixture, organic layer
is separated and the aqueous Iayer is extracted with (1x20 mL) dichloromethane.
20 Combined organic layer is dried over sodium suiphate and concentrated under
reduced pressure to get the crude material, which is purified by column
chromatdgraphy (sillica gel 230-400 mesh, n-hexane:ethyl acetate 60:40) to
- furnish 1-{4-[5-(2-fluorobiphenyl-4-yl)-[1 ,2,4]oxadiazol-3-y|]benzy|}-4;(pyridin-2-
ylcarbamoyl)piperidine-4-car.bdxy|_ic acid benzyl ester (138)(BS6.555).

25  Further example prepared accordingly.



Preparation of 1-{4-f5-(2-fluoro

bi phenvl-4-v1)-11, 2, 41loxadi azol - 3-vi |l benzyl }- 4- '

(ovridi n-2-vi car banovnpi peri di ne-4-carboxviic acid benzvi ‘ester Schene To a
stirred solution of 1-{445-(2-fluorobiphenyl-4-y1)-[1, 2, 4] oxadi azol - 3-

yl ] benzyl } Wowosthre- 4, 4-di carboxylic acid benzyl estBFT/ERIBNGIS70. 0014
~nol) in dichloronethane (20 ni), oxaIyI chloride (0.343 g, 0.0027 nmol) is
added slowy at 0-500. A few drops of INAN-di net hyl formam de is added into
it. The regctiT O M XtUre 1S bLIfftébﬁ$omﬁPHlLEHperdLure forT5hrsq. It is
t hen conceptr at gd—under—1 EL}:Q,QLEUOHINEbbUI e to get '

4-chl orocaf bonyl- 1- {44@1(2 £l uorom phenyl-4-yl)- cor, _ _
10[ 1, 2, 4] o)xaely azol - 3-yl pigerydine- 4-car %kiC acid B¢l gster.
Toastirre?*solutlon of hyl a 0.34 g/) 0.0034 nol W )

di chl or onef hane |( 20 m.) R 2 er§ pyri dine(0.152 g, 0.0016 pol) is gdded. A
‘sol ution of 15 4-chl orocar bunyl 1- {445 (2 f 1 uor obi phenyl 4-y1)41 | 2,{4]
oxadi azol - B=ytr T tvegzy Ry AipET ey CATROXy T T d ue||4y| eSter 11
di chl or onettame ?\jlu IJIB) i bF&;u JB'S bl%&\n y F?S?ILU t TEGI eacttomrnxture—at| 0- 500.

It is then—stgrregt—at=rogmtenpet et St —DPemnetabiv (15
m) is adde?% t%ﬁe "(zaacti%n ﬂHthth, cpgr;tzl;al_riﬁJPé1 ay-el-?"‘kiws"'\\sepa'agiée'gE and t he
aqueous layer ig extractgd with (1x20 L) dich oromatmta e. R0 Conbi ned
organic layer i g drigd -over sodi unm sul phate anfd concentratefl under - rleduced
pressure tp get [the frudg materialf whijch is purified by colum '
chromat ogrppd® ($N | [ Ea gett 236+ 400HnesIQEN- hexaﬂ%;émhyl acebaft.2260:[40) to
furnish 1-[{4-[5-(2-f uorobi ph(=ny1- -y1) [1,2 T Nen, -

4]0xad|az I'O')I] CIL_yJ_J‘ '-r\py||U|||- -

'yI car banoyl ) pi peri di ne- 4- car boxyl i c aci d benzyl ester (138)(BS6.555). WO
2008/ 152149PCT/ EP2008/ 057571 114 Ex. . Conpound MS(ES+) RL RR 21 .,, H
-'r- | R4 Aterrdtive prdd@sRof prepéring 4-dirfNgoiR6aBamoyRbipdridi2e-RR3-dicarboxylic:

acid 1-tert-butyl ester 4-ethyl ester:

5 Step-l

- Scheme

' Et0,C._ _CO,H Et0,C.__ CON(GH,),
il Y
Boc Boé

THF (5 ml) charged in to a R B flask followed by the addition of piperidine-

10 1,4,4-tricarboxylic acid  1-tert-butyl ester 4-ethyl ester (05 g) and
_1-hydroxybénzotriazole (0.38 g). Allowed to stir the reaction mixture at 25-300C for _

30mins. Dimethylamine (0.75 mL) followed by EDC HCI (0.38 g) was added in td

“the above reaction mixture at 25-300C. Allowed the reaction mixture to stir at 25-

300C for 1-2 hrs. Reaction is followed by TLC. The reaction mixture concentrated

15 under vacuum using rota vapour and the product slurry obtained is suspended in

D M Water (6 mL). The product extracted in to ethyl acetate (2x5 mL). The

combined product layer dried with sodium sulphate and concentrated under

vacuum to yield crude product which in turn purified by a column chromatography

to yield pu're 4-dimethylcarbamoyl-piperidine-1 ,4-dicarboxy|ic acid 1-tert-butyl ester

20  4-ethyl ester. | |



R4 R5 R6 : 138 Ph F HHH OCH2Ph HN, -,, --- ,":"---- 668.30 139
PhF HHHOEt . .0 H3 CH, 557.22 Alternative process of preparlng
4- dlnethylcarbannyl pi peri di ne-1, 4- dlcarboxyilc

WO 2008/152149 : : PCT/EP2008/057571.
115

Step-ll
Scheme

EtO,C._ _CON(CH,), EtO,C. - CON(CH,),

. ' >
_ “~

g N’

H

N

B(')c _ _

4-Dimethylcarbamoyl-piperidine-1,4-dicarboxylic  acid  1-tert-butyl ester
5 4-ethyl ester (0.45 g) was addéd to a R B flask containing Ethanolic HCI (5 mL).
The reaction mixture stirred at RT for 1-2 hrs. Reaction followed by TLC. Solvent is
removed under vacuum and D M Water (7 mL) was added ih to the pfoduct
residue. pH of the product soluﬁon was adjusted to 8-9 by using 5N NaOH solution
(app. 2 mL). The product containing aq. layer was éxtracted with dichloromethane

10 (3x10mL). - -
The combined orgahi'c layer dried with sodium sulbhate and concentrated
under vacuum at 35-400C to and dried under vacuum for 1-2 hrs to yield 4-

'dimethylcarbamoyl-piperidine-4-carboxy|ic acid ethyl ester.

15  Step-lll
Scheme

/ CO,Et
EtOC CON (CH,), .. /\/\\\ PR N,CH3
. X i \'CHa
/ .

4-[5-(2-FIuoro-biphenyI-4-yI)-[1,2,4]oxadiazol-3-y|]-phenyl}-methano| (0.39 9)

‘was added in to a R B flask containing THF (5 mL) followed by the addition of

20  Triethylamine (0.3 mL). The reaction mixture cooled to 0-50C and methanesulfonyl
chloride (0.13 mL) was added. The feaction mixture warmed to 15-200C ‘and
stirred for 15-30 mins. The reaction was monitored. by TLC. The reaction mixture
quenched by adding brine solution (10 mL) at 15-200C and the product extracted

with [1:1] Ethyl acetate & THF mixture (2x10 mL). Combined organic layer dried

25  with sodium sulphate and concentrated under vacuUm. The product obtained is
dissolve.d in dimethylformamide (5 mL), followed by the addition of diisopropyl



acid 1-tert-butyl ester 4-ethyl ester: 5Step-1 Schene Et Q2CCO2HEt O2C, , ., ,
CO N(CH, )2 BocBoc THF (5 ml) charged in to a RB flask foll owed by the
addition of piperidine- 10 1,4,4-tricarboxylic acid 1-tert-butyl ester
4-ethyl ester (0.5 g) and 1-hydroxybenzotriazole (0.38 g). Allowed to stir
‘the reacti OYO HKI3H8 at 25- 300C for 30mi ns. Di met hyl anPEEEPDISIETIT)

foll owed by EDC HCI- (0.38 g) was added in to the above reaction m xture at
25-300C. Al lowed the reaction mixture t18 stir at 25- 300C for 1-2 hrs.
Reaction i gtryRirhiReRe, 5éymLT)L§1d Ihﬁm&ﬁ@rcrawa?nc;%tdéheln@fnneeﬁaémt:%dléthgﬂde

vacuum usi ng 'rota vapour and the product_ slurry obtained i's suspen inD
M Wat er ( 5eatey.. Theneapliasanipdure ywasawaater ion73-850¢ iepd stived ardd.$ dx % hthe The -
conbi ned pFé)a%pgﬁ daexarov&a C};Sﬁﬂ’& theSRIEHR rﬁ&l&@%&ﬁc&@%ﬁe%ou%%%é&hﬁﬁaP“der
vacuumto yie crude p chrn turn puri y a colum

chr omat ogr aptHP0CENG t@ed)rmuoé reS|due suspended in D M Water (10 mL) and extracted

4-di net byl | - Rl 4@ e - di i id 1-1 - ter

204- ot hy! S0 AV EGERADERID0), Tk FeiBinE bbb AT bbbk N ey 2
Et O2C. , CON(@fetB )oRer sodiuBosulghdie anet toyriceatrateduyidepivaenurditoeyidid 4hel orader boxyl

i caci dl teréﬂﬁé ylester 5 4-ethyl ester (0.45 g) was added to a R B flask
contalnlng olic HO (5 nL). The reaction mxture stirred at RT for 1-2

C\gs. - R??.Ctl on Tind Icgnmgprfwuiﬂi_@drg@dl b)egat cd>|emhe¢rgumdtdgmm}y (eto wretsts 8D M
ter WwWas a ed, | ta the produc res } t he produc
sol ution \r;bé st 0{2’8 yelgy R&E‘F ndrENC é—l igﬁﬁ*—%ﬂ“‘(rﬁg%mp ﬂ%’b The

pr oductjp cont, 2ulixagiaaél-3-yippenzyes 4 eichétdgt sigerdind di chl or omet hane 10(3x10

m.) . 'ﬁle EZUOHJDI ned g?’ganly(r:]efayer d?l%gew th sodi um sul phat e and

concentrat ed under vacuum at 35-400C to and dri ed under vacuumfor 1-2 hrs

to yield 4- d inethylcarbanDyI piperid i ne-4-ca rboxylic acid ethyl ester.

15Step-111 Scheme EtQ2CCON (C H3)2 0-- N /COREt '
Preparation of 4-dimethylcarbamoyl-1-{4-[5-(2 -fluoroblghenyl ~4-yl)-

1,2.4 oxadlazol 3-yl]-benzyl}-piperidine-4-carboxylicacid

15 | butyryloxymethyl ester
Scheme

COH —» CO,CH,0COC_H,

CONMe, CONMe,

Potassium carbonate (0.092 g, 0.0007 mol) is added to a solution of t-butyl
" amine éalt of 4-d'imethyl carbamoyl-1-{4-[5-(2-fluorobiphenyl-4-yl)-[1,2,4]oxadiazol-
25  3-yl}-benzyl}-piperidine-4-carboxylic acid (0.200 g, 0.0003 mol) in tetrahydrofuran
(10 mL).This solution is stirred at room temperature for 10 minutes and then is
concentrated under reduced. pressure. The residue is dissolved in N,N-dimethyl
formamide (5 mL) and stirred at room temperature for 5 minutes. Chloromethyl
butyrate (0.068 g, 0.0005 mol) is added to the solution, which is then heated at

30 800C for 30 minutes. Reaction mixture is concentrated under red'uced, '
demineralized water (6 mL) is added to the residue and the aqueous layer is
extracted with ethyl_acetate (2x10 mL). Combined organic layer are concentrated



'CH3 F R

- 445- ( 2- Fl uor o- bi phenyl-4-y1)-[1, 2, 4] oxadi azol - 3-y1] - phenyl} - net hanol (0. 39
g) was added in to a R B flask containing THF (5 nL) followed by the
addition of 20 Triethylamne (0.3 nL). The reaction m xture cooled to 0-50C
and net han® 0¥ g149chl ori de (0.13 L) was added. The PEHEPI08APSA7Xt ur e '
war med to 15-200C and stirred for 15-30_nmins. The reaction was nonitored by
TLC. The reaction m xture quenched by ldddi ng brine solution (10 m.) at
15-2000 a”gn&é}er_eﬁﬁgéHJE)Fes%ﬁFer lﬁﬁ(‘i 8% ‘gééi&dé %séd\;\;uf?ﬁhg% gé&lﬁwtnatzlﬁ’roﬁﬁaﬂﬁaﬁﬂ ture

(2x10 nL). Conbined organic layer drie i um sul phate” an
concentr at édicandisl  938d406h nEsd, ppdeyane ebyhi anetates 1d:8 801 teedfuriish  4-

~di et hyl fo j )4 A B JnC >, addi b £ di ks W
2008/ 15214 P LR BTEPEL 4 - PR Sty 2B el SAIREY

4- di met hyl pipebdineyi-carbpeticatiichbulyrytenybosthyliesterci d et hyl ester. The reaction
m xture was heated to 75-850C and stirred for 0.5 to 1 hr. The reaction was
foll ovvegl by T‘hC.. The reac%jsison m xt ure caoncentrated under vacuum at 55-600C
and t he” prodQlPWiPd LORIRRUAYR A& RIBRATER P MY 818¥6 ni) and extracted 5 with
et hyl acetpte (3x10 nl). The conbi @athpougdni ¢ | ayer contal ni fpg the pfoduct
dri ed over|sodi um sul phate @&ad cengentrated under vacuumto yield the crude

product . The cruge product purifjed by a cBPmm chr omgt ogr aph)
(ethyl acefaEe & hexane syé&f?b%{l%pur e;%r\?du@pta of MS(ES+)
1-{445- (2-f | uor q- bi pheny1-4- y4) - N N .

10[ 1, 2, 4] okadi aZol - 3-y1]F3 berizyl)R§4, 4- di et hyl -\pfperi d ine. Preparati pn of
4-di met hyl par baqov1- 1-{4- 15F¢2-f 1 uor obi phenvi -4-y1)-

11, 2, 41oxafi azol|BB- vi R1beR¥i ] R3 pleR4 di| RS 4- car h®6vi i caci d
15but vr vi oxvieet W\Rh effFer | Kpchepe H #ot asserum carbondieeoB33. 092 g,
0.0007 nol) is gdded|to g sol ¢ition| of t-b_u'“ﬂggH amine salt of 4-d nethyl

car ban‘oyl_ | ot nhi phnr}\ll A-vI\ 41 2 A !\\(grli aznl

] T

n (2 25

3-yli- benzy1L4-1pi ;%h ane-_ Hcar B‘o;y l|:[c]aci_ 6%00/8,\/8.\'66633 rr@ﬁ?'zisn
f U
i

o)

tetrahydrofuran [(10 pL). This solutjon ijs stirred at roo®n tenperature|for 10
m nutes anf 14Pen R ¢pnceriratied upder |reduced pr;e%m;eowll'dﬁe Basiadquel|i s
di ssolved | n N, N-dinethyl| formam de (5 r’rf)NW tirred ateyrogm t enperat ure
for 5 mi nutes- (:hF; or-pet-Ayl— bt yr ol . 0 —4— o the
sol ution, Whi%h [iFd thEn nedtedthat BB 8doc for 30 mmites Fed m xt ur e
is concentfated|undef reduced,| denjnerglized watler (6 )™ s |added t¢ the
resi due and 14%c |guepBs ljayer [Hs ekHr aqt ed yved h|et hyl cacet at ¢ 602240 L) .
Conmbi ned ofgani g | ayer arfe comcenty at eg W@pOB/iEZ}A&g@TJ EF2008/ 057571
117 under feducqd pressurle and the| resijdue is’pirified by"collum
chromatography (Isilica gel 230-400 nesh, n-hexame:-ethyl Acetate 1.5:8.5) to
furnish 4- d inethyl carbanoyl-1-{445-(2-fluorobi phenyl-4-y1)-[1, 2, 4] oxad
- iazol-3-ylEbenry{dgi perid ine-4-carboxylicacid butyryloxy methyl ester
5Fol | owi ng conpounds are prepared in a sim/lar manner.

1H NMR : (CDCI3 ; 400.13 MHz ; 3 ppm)

2.18-2.41 (br m, 6H); 2.65-2.75 (br s, 2H); 3.51 (s, 2H); 5.24 (s, 2H); 7.05 (t,

10 J=6.74 Hz, 1H);7.27-7.38 (br m, 5H); 7.44 (d, J=7.61 Hz, 3H); 7.50 (t, J=7.12 Hz,
2H); 7.59-7.67 (m, 3H); 7.70 (t, J=7.21 Hz, 1H); 8.02 (d, J=10.65 Hz, 1H); 8.05-
8.19 (m, 4H); 8.27 (d, J=3.91 Hz, 1H); 8.32 (s, 1H)

Example 139
15 1HNMR: ( CDCI3 ; 400.13 MHz ; 5 ppm)
1.26 (t, J= 6.95Hz, 3H); 2.08-2.24 (m, 4H); 2.49-2.69 (m, 4H); 2.92 (s, 6H); 3.56 (s,
- 2H); 4.21 (q, J= 7.05Hz, 2H); 7.42-7.54 (m, 5H); 7.59-7.68 (m, 3H); 8.02 (d, J=
10.69Hz, 1H); 8.06-8.14 (m, 3H). | '



Ex. Conpound MS(ES+) R20-N COR RL C6 R N-- RRI4:3 RRL R2 R3 R4 RS
R6 140 PhnF  HHH /3 -N'..CH 3 -- b 629.33 141 -

WO 2008/152149 . : _ PCT/EP2008/057571
| 118 |
Example 140 |
1H NMR : ( CDCI3 ; 400.13 MHz ; 5 ppm)
10.96 (t, J= 7.35Hz, 3H); 1.63-1.70 (m, 2H); 2.07-2.16 (m, 2H); 2.17-2.25 (m, 2H);

2.32 (t, J= 7.36Hz, 2H); 2.51-2.65 (m, 4H); 2.92 (s, 6H); 3.56 (s, 2H); 5.79 (s, 2H);
5 7.42-7.53 (m, 5H); 7.59-7.68 (m, 3H); 8.02 (d, J= 10.68Hz, 1H); 8.08 (d, J=8.36Hz,

1H); 8.12 (d, J= 7.98Hz, 2H). |

Example 141
1H NMR : (CDCI3 ; 400.13 MHz 5 ppm)

10 1.86-2.03 (brd, 2H); 2.10 (s, 3H); 2.13-2.38 (br m, 4H); 2.44-2.70 (brm 4H) 3.36-
3.75 (m merged in s, 6H); 4.45 (s, 1H); 5.62-5.92 (br dd, 2H); 7.41-7.54 (m, 5H);
7.59-7.68 (m, 3H); 8.02 (d, J=10.79 Hz, 1H); 8.07 (d, J=8.14 Hz, 1H); 8.11 (d, |
J=8.02 Hz, 2H) One exchangeable proton |

15 Example 142
1H NMR : (CDCI3 ; 400.13 MHz ; & ppm)
1.31 (d, J= 6.22Hz, 6H); 2.08-2.19 (m, 2H); 2.19-2.28 (m, 2H); 2.50-2.65 (m, 4H):
©2.92 (s, 6H); 3.56 (s, 2H); 4.91 (quintet, J= 6.23Hz, 1H); 5.79 (s, 2H); 7.41-7.54
(m, 5H); 7.59-7.68 (m, 3H); 8.02 (d J= 10.66Hz, 1H); 8.08 (d, J= 9.02Hz, 1H);
20 8.12 (d, J= 8.02Hz, 2H).

Example 143 _
1H NMR : (CDCI3 ; 400.13 MHz ; 5 ppm) _
1.30 (d, J=6.16 Hz, 6H); 1.59-2.02 (br d, 2H); 2.09-2.38 (br m, 4H); 2.44-2.75 (br
25 m, 4H); 3.32-3.79 (m merged with s, 6H); 4.45 (s, 1H); 4.84-4.97 (m, 1H); 5.69-
- 5.91 (br t, 2H); 7.40-7.55 (m, 5H); 7.59-7.69 (m, 3H); 8.02 (d, J=11.02 Hz, 1H);
8.07 (d, J=8.86 Hz, 1H); 8.11 (d, J=7.97 Hz, 2H) One exchangeable proton

Example 144

30 1HNMR: (CDCI3 ; 400.13 MHz ; & ppm)
1.20 (s, OH); 2.15-2.30 (m, 4H): 2.49-2.58 (br t, 2H); 2.63-2.71 (m, 2H); 2.99 (s,
6H); 3.56 (s, 2H); 4.92 (s, 2H); 7.40-7.54 (m, 5H); 7.59-7.68 (m, 3H): 8.02 (d, J=
1066 Hz, 2H); 8.05-8.14 (m, 2H). — |



Ph FHHH/OH----- - =N\-- --  )C1-13 Il 0 643.28 142 Ph F H H H
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Further examples' were prepared according to the methods described.

Ex Structure MS(ES+)
145 . ' 578.20
e easl¥s
_N NN
S O—N OH )
146 n 57814
. /N N Y
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147 F . .669.23
|| e ot
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148 - ' 681.22
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The following compounds are also of interest:

Preparation of monocarboxylic acids

5 : Preparation'of 1-{4-[5-(4-fluorobiphenyl-4yl ] 1,24 6_xadiazol-3-
' llbenzylpiperidine-4-carboxylic acid

Step-l
Scheme -

O—N

A /\\\J | X /\| _CO,Et
i b
A[//’I N
F

J

10



144 Ph. FHHH,...,-CH3 -INNCH3 o .CH 3 627.24 Exarrple1381HN|VR
(CDCI3 ; 400.13 MHz : 6 ppm) 2.18-2.41 (br m 6H): 2.65-2.75 (br s, 2H):
3.51 (s, 2H); 5.24 (s, 2H); 7.05 (t, 10 J=6.74 Hz, 1H);7..27-7.3-8'(br m
5H); 7.44 (d, J=7.61 Hz, 3H); 7.50 (t, J=7.12 Hz, 2H); 7.59-7.67 (m 3H);
7.70 (t, JWOPWNRMUIIH): 8.02 (d, J=10.65 Hz, 1H); 8.OBCT/BPZGBISTATL 4H): 8. 27
(d, J=3.91 Hz, 1H); 8.32 (s, 1H) Exanple 139 15 1H NVR: ( CDOI3 ; 400.13
Mz ; 6 ppm) 1.26. (t, J= 6.95Hz, 3H); 13008-2.24 (m 4H); 2.49-2.69 (m 4H);

2.92 (s, 6H); ﬁe@u@né&lfoﬁ‘{‘lhloﬂd@ioﬁ@lmL‘]ﬁ (702@5th|) |3253ded7to4a2$t7rre%43c§h57ﬁon5H)
7.59-7.68 (m 3H) 1H) ; 3H) .

2008/ 152149PEEED Bampdinreny-4-v8-[ER Aleragiazale- qwmww} r(netna@pe (©- 6@09 13 Mz;
6 ppm 0.9 er%
2. 1975 25 {9017 gy Ao patie (4B W@%@% ey Bosth
6H); 3.56 &&5° QHReaBtldfgn()stureZH)sti'rreEYat C7106 30( mnubes) an(Y e ﬁ‘eﬁed(wnh 3H)
8.02 (d J 1
Seanpl e 1o eRRE b Mo SRR Gomglibns dasdoSysepkiargy 4
2.10 (s, 3efueduslayer. B8exttactat wmh-l)dwrﬂbrémemaﬁ@ (@&t O L) 4I8)o;mt8n§f>org’ian1%5 (m
merged in 6F 4. 45 > 5 62- % (4 LH%SH)
7.59-7.68 (V" ggﬂ)d”eé* Bﬁér SO&'?E‘H(ﬁ“‘PgaF‘rz a”% °”°§”g9te g?d Jugishy ']% cr 11
(d, J:8.0ZnHBylatéld)pranectexchangeabl e proton 15Exarrp| e 142 1H NIVR (cbal 3 ;
400. 13 MHz; 6 J= 6,22Hz, 6 19 2.28
(m 2H); 2.50- {z)g% %’ﬁ?dl &é&ﬁ“”@ @fz’fh%m%"#ba@ é*e%att‘@ '”2&)"(' dﬂ“@‘;}' (memids , J=
6. 23Hz 10 1H}10 BLY 9 NLR-diigdpropylethitamitet (0.45 mL, 0.0026 mol) and piperidine-4-
carboxylic acid ethyl ester (0.326 g, 0.0021 mol) are added and reaction mixture is
heated at 80°C for 30 minutes. N,N-dimethylformamide is removed under reduced
“pressure, demineralized water (15 ml) is added to the residue and the aqueous layer
is extracted with ethyl acetate (2x20 'mL). Combined organic layer is concentrated
15 under reduced pressure and the residue-i_s purified by column chromatography
(silica gel 230-400 mesh, thexane:ethyl acetate 65:35) to furnish 1-{4-[5-(2-fluoro-
biphenyl-4yl)-[1,2,4] oxadiazol-3-yl]-benzyl}-piperidine-4-carboxylic acid ethyl ester.

Step-ll
20 Scheme

0N .
/\/CO B ' /\//\\ ) N CO,H
// ? : N | (\l/
_ = = N AN
. U F - :

An aqueous solution (2 mL) of sodium hydroxide (0. 099 g, 0.0024 mal) is
added to a stirred solution of 1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]oxadiazol-3- yI]
benzyl} p|per|d|ne 4-carboxylic acid ethyl ester (0.4 g, 0.0008 mol) in a mixture of
ethanol (4 mL) and tetrahydrofuran (4 mL). Reaction mixture is refluxed for 6 hrs at

25 85°C, cohcentrated_ under reduced pressure and then treated with demineralized
water (15 mL). Aqueous layer is acidified to pH ~ 2 with 2N HCI. The solid thus
formed is filtered, washed with a mixture of methanol:ether (10 mL, 10:90) and
dried under reduced pressure | to furnish 1-{4-[5-(2-ﬂuoro-'bi'phenyl-4-'yl)-
[1,2,4]oxadiazol-3-yl]-benzyl}-piperidine-4-carboxylic acid hydrochloride.



(m 5H); 7.59-7.68 (m 3H); 8.02 (d, J. 10.66Hz, 1H); 8.08 (d, J= 9.02Hz,
1H); 208.12 (d, J= 8.02Hz, 2H). Exanple 143 1H NVR: (CDClI 3 :400.13 MHz; 6
ppm 1.30 (d, J=6.16 Hz, 6H); 1.59-2.02 (br d, 2H); 2.09-2.38 (br m 4H);
2.44-2.75 (br 25 m 4H); 3.32-3.79 (mnerged with s, 6H); 4.45 (s, 1H);
4.84-4.97 WA 2004452148 69- 5.91 (br t, 2H); 7.40-7.55 (nPCBEN200805BIL 7. 69 (m
3H); 8.02 (d, J=11.02 Hz, 1H); 8.07 (d, J=8.86 Hz, 1H); 8.11 (d, J=7.97 Hz,
- 2H) One exchangeabl e proton Exanpl e 144130 1H NMR : ( CDC13 :400.13 MHz; 6
ppm 1.20 (s, 9H); 2715-2.30 (m 4 2. 49-2758 (br t, 2H); 2763-2.71T (m
2H): 2.99 (s, 6H): 3.56 (s, 2H): 4. 9POTROUNSL) . 7 40-7.54 (m 5H): 7.59-7.68
(m 3H); 8.02 (d, p:'10.66 Hz, 2&); o8405-8.14 (m 2H). WO

2008/ 15214 gy 008/ 057571r119 Fukt Ber .exanpl.escyere prepar e&]{‘%& rdi ng
to the rret%‘g( sp?easgcri bed. Ex Structule \IVS(;ES+J 145 OF 1.1N5 | ‘E"ﬁ 9H ,
OH 578.20 | O NO 146 0 O N 40" O“NGGH - ->*N"NI"H
R4
R Ry R> Rs "Ry
XXVIII Ph F H H 'H 458 .1 :
XXIX 'CF5 H H H 'H 432.2 ;
XXX Ph H H H H 440.2 ;
XXX CH, IH H H H 420.2 |
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XXXl OCgHs H H IH H 408.2
XXX OCF; H H H H 44812
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XXXV OCH(CH3) H H H H 42218
.2
; |
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578. 14 147 OF 1101NO O NNO-001-1 O-ThrTh 669.23 148 5F 00 O N NH 681.22 149
5F 0 NO O-NO..irNH 10 808.27. The foll owi ng conpounds are al so of
interest: Preparation of nobnocarboxvlic acids 5Preparation of

144-f5- (4-fl uorobi phenvl-4vl)-f1, 2, 41oxadi azol - 3-

vl benzvl | WQUOYRZHE- 4- carboxylic acid Step-1 Schenme PCIAEP2008/057571

2008/ 152149PCT/ EP2008/ 057571 120 Met hanesul fonyl chl oride (0.20 ni,
0.0026 nol) is added to a stirred sol Je2fon  of

{445- (2-11 ne- bi pEenyl 4-y1)y-11,2, 4] oxadiazol e-3-y1l-phenylT 4g?bnan0|

(0.60 g, 0/°0017 no|) and triethylamnne (0.482 nL, 0.0035 nol)

di chl oromet hane (20 nl) at 50 C. Reactton mxture is stirred at 5Cfor 30
m nutes and then treated with 5, démlnereﬁ zerd)ivater (10 nm) at. 5C.
Di chl or onet hane | ayer is separ at éd and ad’ueous fPayer is extr ct ed with
di chl or onet hane (2x10 nl). Conbined organic _ layer is dried lover sodi um
sul.phate and concentrated to furnish the crude nesylated product. To ¢
stirred solXlliion of this nesylate derivative in N, N di net hyI few,mzm de| 10
(10 mL), N N-diisopropyl ethyl am g(p%rm . 0026 nol) and piperidine-4-
carboxylic|acid ethyl ester (ﬂ 0..0024 ,) are added and reaction

m xture is| heated at 80C for 30 mnutes. N, Ndinethylformam de is renoved
under reduged pressure, denmineralized water (15 m) is added to the residue
and the agueo i i i ned
organic layer is concentrated

Example XXVIIl as HCI :

'H NMR : (CDCl3+TFA+CD3;0D+D,0; 400.13 MHz ; 5 ppm) |

2.15-2.32 (br m, 4H); 2.49-2.59 (br m, 1H); 2.83 (t, J=12.40 Hz, 2H); 3.71 (d,
5 J=12.08 Hz, 2H); 4.32 (s, 2H); 7.41-7.53 (m, 3H); 7.55-7.69 (m, 5H); 7.98 (d,

J=10.63 Hz, 1H); 8.05 (d, J=8.04 Hz, 1H); 8.24 (t, J=7.81 Hz, 2H); Two

exchangeable protons '

Example XXIX as HCI _

10  'H NMR : (CDCl3+TFA+CDsOD+D0; 400.13 MHz ; 5 ppm) |
2.15-2.32 (br m, 4H); 2.44-2.56 (br m, 1H); 2.79 (t, J=12.04 Hz, 2H); 3.70 (d,
J=12.00 Hz, 2H); 4.32 (s, 2H); 7.58 (d, J=8.12 Hz, 2H); 7.85 (d, J=8.24 Hz, 2H);
8.25 (d, J=7.65 Hz, 2H); 8.35 (d, J=8.13 Hz, 2H) Two exchangeable protons

15 Example XXX as HCI
"H NMR : (CDCl3 + DMSO-dg + TFA + D,O; 400.13 MHz; 3 ppm)
1.94-2.34 (m, 4H); 2.49-2.59 (m, 1H); 2.87-2.97 (br t, 1H); 3.10 (t, J= 11.96Hz,
1H); 3.40-3.48 (br d, 1H); 3.59 (d, J= 12.21Hz, 1H); 4.29 (s, 1H); 4.31 (s, 1H);
7.41-7.47 (m, 1H); 7.51 (t, J= 7.77Hz, 2H); 7.62 (d, J= 8.19Hz, 2H): 7.69 (d, J=
20 7.34Hz, 2H); 7.82 (d, J= 8.36Hz, 2H); 8.24- 8.32 (m, 4H). Two exchnageable
protons.

Example XXXI| as HCI
'H NMR : (CDCl3 + DMSO-dg + TFA + D,0; 400.13 MHz; 3 ppm)



15 under reduced pressure and the re5|due Is purified by colum .

chromat ography (silica gel 230-400 mesh, n-hexane:ethyl acetate 65:35) to
furnish 1-{445-(2-fl uorobi phenyl - 4y1)-[1,2,4]

oxadi azol - 3- A-benzyl | - pi peri di ne-4-carboxylic acid ethyl ester.

Step-11 20 VEEHEHE214DO- N ZN N'Y) | F An aqueousPSHEPRWENTR nl) of
sodi um hydr oxi de (0.099 g, 0.0024 nol), is added to a stirred solution of
1-{445- (2-f1 uoro- bi phenyl - 4-y1) 41, 2, 4]%§ad|azol 3-y1] -

benzyl ypi p@r94otun@— éf,@ﬂrzbemylﬂ $0- @qwmetzhylz ¢§tzesrz ((19 34+)92 56.@087 ALy, in a
m xture of ethanol % 5% and tetrah drofuran é%ﬂj Reaction mxture is
refl uxed féH)e2-802.% (MBS, O&Gn(’,‘eﬁﬂr@f'éd"ljhdiaﬁ-ﬁ ®ed, fHes$688.6Mhd t hen

treated w i [ oyl ) e L ed to pH
o th ol PR B Ko AE AL g0 AREGEHE 7 8V B SR AR 2 e

of met hanoB:1@t(Hed= @]lﬁHﬁL2H)16221652@!(1@d:lr2i'|édT\m1§&¢hna€da?de@rcpi0@$sure to
furnlsh51 {445- (2-f1 uor o- bi phenyl - 4-y1) -

[1, 2, 4] oxadi azol - 3-y1] - benzy1}- pi peri di ne- 4- carboxyl i ¢ aci d hydrochl ori de.
VO 2008/ 15Ex49pEDORMRE98ID57571 121 Conmpound Exanples . 1 RR R4 ON"

MB(ES) R Rl NMR DB 0-s + TFA ; 400.13 MHzZ; & ppm)
143 (t, J= 6.95Hz, 3H); 1.71-1.84 (m, 2H); 2.09-2.25 (m, 2H); 3.00-3.13 (m, 3H);
3.50 (d, J= 11.74Hz, 2H); 4.22 (q, J= 7.01HZ, 2H); 4.46 (s, 2H);, 7.24 (d, J=
10 8.84Hz, 2H); 7.7 (d, J= 8.14Hz, 2H): 8.18 (d, J= 8.84Hz, 2H): 8.22-8.27 (m, 2H).
One exchangeable proton.

Example XXXIIl as HCI
'"H NMR : (CDCl; + CD3OD + TFA; 400.13 MHz ; 3 ppm)

15 2.22-2.41 (br m, 4H); 2.46-2.57 (br, 1H); 2.83-3.12 (br m, 2H); 3.37-3.53 (br m,
2H) 4.29,4.34 (s, 2H) 7.43 (d, J=8.41 Hz, 2H); 7.77 (t, J=7.67 Hz, 2H); 8.22-8.27
(br m, 2H); 8.29 (d, J=8.77 Hz, 2H); Two exchangeable proton

Example XXXIV as HC

20 'HNMR: (CDCls + CDsOD + TFA; 400.13 MHz ; & ppm) _
1.39 (s, 9H); 2. 13;2 42 (br m, 4H); 2.45-2.56 (br, 1H); 2.80-3.10 (br m, 2H); 3.40-
3.65 (br m, 2H) 4.27,4.32 (s, 2H); 7.60 (d, J=8.37 Hz, 2H); 7.75 (t, J=7.88 Hz, 2H)
8.14 (d J=8.36 Hz, 2H); 8.21-8.29 (br, 2H); Two exchangeable proton

25 ~Example XXXV in the free form
'H NMR : (DMSO-d6+TFA; 400.130 MHz ;  ppm) -
1.38 (d, J=5.98 Hz, 6H): 1.70-1.86 (m, 2H); 1.91-2.08 (m, 1H); 2.08-2.27 (m, 2H);
2.82-3.17 (br m, 2H); 3.26-3.42 (m, 1H); 3.49 (d, J=11.71 Hz, 1H); 4.42-4.56 (m,
2H); 4.84 (sep, J=6.05 Hz, 1H); 7.22 (d, J= 8.89 Hz, 2H); 7.77 (d, J=8.10 Hz, 2H);
30 8.17 (d, J=8.80 Hz, 2H); 8.24 (d, J=8.14 Hz, 2H) One exchangeable proton.

Example XXXVI as HCI
'"H NMR : (CDCl; + CDsOD +TFA; 400.13 MHz 0 ppm)
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1.23-1.36 (br, 1H); 1.37-1.55 (m, 4H); 1.75-1.84 (br d, 1H); 1.84-1.97 (br t, 4H);
2.15-2.29 (br d, 2H); 2.29-2.55 (br, 3H); 2.57-2.67 (br t, 1H); 2.80-2.94 (br, 1H);
2.98-3.09 (br t, 1H); 3.38-3.45 (br d, 1H); 3.54-3.63 (br d, 1H); 4.27, 4.33 (s, 2H);
742 (d, J=8.23 HZ, 2H); 7.71-7.79 (br t, 2H); 8.13 (d, J=8.23 Hz, 2H); 8.21-8.28

* (br, 2H) Two exchangeable proton

Example XXXVII as HCI :
'H NMR : (CDCl; + CD;0D + TFA,; 400.13 MHz ; & ppm)
0.91 (d, J=6.79 Hz, 6H); 1.1-1.22 (br, 4H); 1.45-1.55 (br, 1H); 1.6-1.74 (br m, 2H)

1.87-1.97 (br d, 2H); 2.15-2.29 (brd, 5H), 2.3-2.54 (br, 1H); 2.78-3.07 (br, m, 3H);

3.34-3.61 (m, 2H); 4.25,4.30 (s, 2H); 7.71 (t, J -7.96 Hz, 2H); 8.11-8.18 (m, 2H)
Two exchangeable proton

Example XXXVlII as HCI

"HNMR : (DMSO dg+TFA; 400.130 MHz ; ppm)

0.94 (d, J=6.61 Hz, 6H); 1.44-1.57 (m, 1H); 1.74-1.90 (br m, 1H); 1.90-2.03 (m,
2H); 2.05-2.14 (br d, 1H); 2.63 (d, J=7.15 Hz,'2H); 2.81-3.15 (br m, 3H); 3.38-3.48
(br d, 1H); 3.57 (d, J=10.60 Hz, 1H); 4.49 (s, 2H); 7.5_'1 (d, J= 8.18 Hz, 2H); 7.82
(d, J=8.15 Hz, 2.H); 8.16 (d, J=8.17 Hz, 2H); 8.24(d, J=8.16 Hz, 2H) Two
exchangeable protons '

_.Example XIL as HCI

"HNMR : (DMSO-ds + TFA ; 400.13 MHz; & ppm)
0.94 (d, J= 6.57Hz, 6H); 1.44-1.57 (m, 1H); 1.73-1.87 (m, 1H); 1.91-2.03 (m, 2H);
2.06-2.14 (br d, 1H); 2.64 (d, J= 7.12HZ, 2H);'2..80-3.14 (m, 3H); 3.39-3.48 (br d,
1H); 3.58 (d, J= 11.09Hz, 1H); 4.50 (s, 2H); 7.52 (d, J= 8.15Hz, 2H); _7.'82 (d, J=
8.17Hz, 2H); 8.17 (d, J= 8.12HZ, 2H); 8.25 (d, J= 8.14Hz, 2H). Two exchnageable
protons. | | |

Example XL as HCI

"H NMR : (DMSO-ds + TFA ; 400.13 MHz; 5 ppm)
1.44-1.59 (m, 1H); 1.80-2.00 (m, 2H): 2.07-2.14 (br d, 1H): 2.85-3.23 (m, 3H): 3.43
(d, J= 11.20Hz, 1H); 3.57 (d, J= 11.07Hz, 1H); 4.50 (s, 2H); 7.49-7.55 (m, 1H);

H
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7.60 (t, J= 7.28Hz, 2H); 7.83-7.89 (m, 4H); 8.05 (d, J= 8.14Hz, 2H); 8.27 (d,' J=
. 8.12Hz, 2H); 8.34 (d, J= 8.39Hz, 2H). Two exchnageable protons.

Example XLI as HCI _
5 "HNMR : (DMSO-d6 +TFA+D20 ; 400.130 MHz ; 5 ppm)
1.45-1.60 (br m, 1H), 1.67-1.83 (br m, 1H); 1.91-2.02 (br d, 1H); 2.05-2.16 (br d,
“1H); 2.72-2.86 (br m, 1H); 2.92-3.20 (br m, 2H); 3.36-3.49 (br d, 1H); 3.56 _(d,'
J=11.38 Hz, 1H); 4.47 (s, 2H); 7.49-7.61 (m , 3H); 7.68 (d, J=7.57 Hz, 2H); 7.76-
7.82 (br d, 2H); 7.87 (t, J=7.91 Hz, 1H); 8.10 (d, J=11.16 Hz, 1H); 8.15 (d, J=8.08
10 Hz, 1H); 8.24 (d, J=8.03 Hz, 2H); Two exchangeable protons '

Example XLIl as HCI _
'"H NMR : (DMSO-d6 +TFA+D20 ; 400.130 MHz ; 5 ppm)
1.45-1.60 (br m, 1H), 1.69-1.85 (br m, 1H); 1.91-2.02 (br d, 1H); 2.02-2.15 (br d, -
15 1H); 2.71-2.87 (br m, 1H); 2.92-3.20 (br m, 2H); 3.37-3.50 (br d, 1H); 3.50-3.61 (br
m, 1H); 4.47 (s, 2H); 7.49-7.61 (m , 3H); 7.68 (d, J=7.59 Hz, 2H); 7.76-7.83 (br d,
2H); 7.87 (t, J=7.91 Hz, 1H); 8.11 (d, J=10.80 Hz, 1H); 8.15 (d, J=8.13 Hz, 1H);
8.23 (d, J=8.10 Hz, 2H); Two exchangeable protons

20 Example XLIll as HCl
"H NMR : (DMSO-d6+TFA; 400.130 MHz ; 5 ppm)
© 1.25-1.38 (br m, 2H); 1.38-1.60 (br m, 4H); 1.72-2.00 (br m, 7H); 2.06-2.15 (br d,
1H); 2.64-2.77 (br t, 1H); 2.83-3.16 (br m, 3H); 3.36-3.48 (br d, 1H); 3.56 (d,
~ J=10.95 Hz, 1H); 449 (s, 2H); 7.58 (d, J=8.07 Hz, 2H); 7.84 (d, J=7.85 Hz, 2H);

25 8.16(d, J=8.03 Hz, 2H); 8.24 (d, J=7.87 Hz, 2H) Two exchangeable protons

Biological Testing: _
Human S1P1-5 receptor subtypes were stably expressed in high levels in
HEK 293 or CHOK1 cells following transfection with corresponding plasmid
30 constructs. Although the native cells somewhat respond to S1P, the level of
expression and responsiveness of the antibiotic-resistant tfansfected cell lines that

‘were selected is much higher.
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When cultivated cells reached 80% confluence, they were collected and,

after lysis, cell membranes were collected by centrifugation and washed in buffer
containing antiproteases. '

Ligand binding assays were performed using 5-20 ug of cell membranes
suspended in 20 mM tris-HCl pH 7.4 containing 15 mM NaF and 2.5 mM
deoxypyridoxiné in a final volume of 250 pl. The radioligand was 0.5 nM *H-D-
erythro-dihydro-S1P incubated in the presence of bovine serum albumin for 1 h
after or 2 h- preincubatioh. Non specific binding was defined from incubations in
the presence of 5 uM S1P. | '

' GTP-y-é’SS binding was performed using ~5 ug prbtein of cell membranes
suspended in 50 mM tris-HCI pH 7.5 containing 10 mM MgCl,, 100 mM NaCl and
10 uM GDP. The radioligand was 0.025 nM [**S] GTP-y-S and non specific

| binding determined in the presence of 10 uM non-radioactive GTP-y-S. S1P and

receptor agonists enhance the specific binding whereas inverse ag_onists reduce it.

The maximal stimulation elicited by S1P was taken as a reference to define full or

partial agonism and calculate the intrinsic activity (i.a.) of compounds.

Typical results shown in Table 1 indicate that compounds of the invention are
able to activate S1P1 receptors with a potency similar to that of S1P itself (i.e. with
full intrinsic éctivity and at nanomolar concentrations) without affecting significantly
S1P3 receptor. '

"~ Table 1: Agonist activity of selected compounds

In-Vitro potency

E’f - Compound : EC50 (nM)
_ Edg1 | Edg3 | 'Edgd

15 0.7 |>1000| =>1000

22 2.2 | >1000 | >1000

H H
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- Lymphopenia was assessed in vivo. Experiments were done in Swiss mice

strain (n=5 per condition). Compounds were administered orally in -suspension in

methyl-cellulose 1% from 1h30 until 48 hours before the experiments. Blood was

taken on anesthetized animal (4% isoflurane) and samples collected in EDTA -

containing vacuum tubes. After 5 minutes stirring, cells were countéd using ABC

vet hemocytometer (Scil vet animal _Care)

Typical results shown in Table 2 indicate that compounds of the invention are

able to activate S1P1 receptors in vivo.

Table 2: in vivo activity of selected compounds

Lymphopenia

Ex N° Compound
8 Y\Q\r Y@A qm ED50 = 3.5 mg/kg at 24h
49

S o

at 10mg/kg 86% lymphopenia
after 24h .




440.19 XLI- 0-N N "458.3 WD 2008/ 152149PCT/ EP2008/ 057571 122 Exanple °
XXVI 11 as HCl 1H NMR : (CDCL3+TFA+CD30D+D20; 400.13 Mz : 6 ppn) 2.15-2.32
(br m 4H); 2.49-2.59 (br m 1H); 2.83 (t, J=12.40 Hz, 2H); 3.71 (d, 5
J=12.08 Hz, 2H); 4.32 (s, 2H); 7.41-7.53 (m 3H); 7.55-7.69 (m 5H): 7.98
(d, J=10. 6WQR08/1%A 8. 05 (d, J=8.04 Hz, 1H); 8.24 (t,POERPREBASHETI 2H): Two
exchangeabl e protons Exarrpl e XXI X as HCI 10 1H NWR : ( CDC1l3+TFA+CD30D+D20;
400.13 MHz ; 6 PPm) 2.15-2.32 (br m 4¥f: 2.44-2.56 (br m 1H); 2.79 (t,

J=12. 04 Hz B 13,40 ( J 12700 Hz, ZH); déED§@ =03 mbrkecatdn J38-12 -
P Y A 357,85 A PoRaZehy e 13

: B. 24 Hz, 2H); 8.25 (d,
Hz, 2H) Two exchana prot nsy1 | e as HCI 1H NMR : (CDJI 3+
DVBO d6+ TFA + D20; 408213z 6 p 1994+P2.34 (m 4H); 2.49-2.59|(m
1H); 2.8742.97 (br t, 1H);0-3n10 (t, Hz, 1H); 3.40-3.48 (br d, 1H);

3.50 (d, J= 12.2] Hz, 1H): 4.29 (s, 1H); 4 31 (s, 1H); 7.41-7.47 (m| 1H);
7.51 (t, J= 7.77/z, 2H); 7.62 (d, J= 8.19Hz,| 2H): 7.69 (d, J= 207.34Hz,

2H)- 7.82 L(d 1=19 24Ll> 2LN - Q9 24 Q_29 /m AN Tupn—ovehnacaaah! A
) .

L] 4 OO0 T I, T O O oz (I T o AT T g tTioT© I’Ot ons.

Exanple XXXI as HCl 1H NMR : (CDCI3 + DVMBO-d6 + TFA + D20; 400.13 MHz; 6
PPm WD 2008/ 152149PCT/ EP2008/ 057571 123 Q.94 (d, J= 6.62Hz, 6H);
1.90-2.11 (m 2H); 2.15-2.32 (m 3H); 2.59 (d, J= 7.19Hz, 2H); 2.80-2.92
(m 2H); 3.05 (t, J= 11.76Hz, 1H); 3.42-3.50 (br d, 1H); 3.58-3.67 (br
~1H); 4.30 (d, J= 15.19Hz, 2H); 7.34-7.36 (br s, 2H); 7.61 (d, J= 8. 19Hz,
2H); 8.12 (d, J= 8.16Hz, 2H); 8.21-8.26 (br d, 2H). Two exchnageabl e
protons. 5 : '




Exanmple XXXI'l as HCl 1H NWR : (DMSO-d6 + TFA ; 400.13 MHz; 6 PPm 1.43 (t,
J= 6.95Hz, 3H); 1.71-1.84 (m 2H): 2.09-2.25 (m 2H): 3.00-3.13 (m 3H):
3.50 (d, J= 11.74Hz, 2H); 4.22 (q, J= 7.01HZ, 2H); 4.46 (s, 2H); 7.24 (d,

' J= 108.84Hz, 2H); '7.77 (d, J= 8.14Hz, 2H); 8.18 (d, J= 8.84Hz, 2H);
8.22-8.27 WR 2008452149ne exchangeabl e proton. Exanpl e XXRET/EPA88/G5371 1H NWVR :
(CDClI 3 + CD3CD + TFA) 400.13 Mdz ; 5 ppm) 152.22-2.41 (br m 4H); 2.46-2.57
(br, 1H); 2.83-3.12 (br m 2H); 3.37-3283 (br m 2H); 4.29,4.34 (s, 2H);
7.43 (d, J=8.41 Wz, 2H): 7.77 (t, =@ Rifadlz, 2H); 8.22-8.27 (br m 2H);
8.29 (d, J=8.77 Hz, 2H); Two exchangeabl e proton Exanple XXXIV as HCl 20 1H
NVR: (CDCI3 + CD300 + TFA; 400.13 MHz; 5 ppm) 1.39 (s, 9H); 2.13-2.42 (br

m 4H); 5- ' 0310(br m 2H); 3.40- 3.65 (br m 2H);
4.27, 4. 32 (4' Agﬁ?iﬁpé“g{d?ﬁ‘?%‘“'%ig 37 He, 7.75 (t, J=7.88 Hz, 2H): 8.14
(d, J=8. 36 Hz, 8. 21- : Two ex@isangeabl e proton 25 Exanpl e
) 003/ mthefreeformldrl : 65400. 130 MHz ; 5 ppm) 1.38 (d,
J=5.98 Hz, 6H); 170186(m  ; : 1|R-T);,Q02®8_-2.27(m 2H) ;
2.82-3.17 (br m 2H); 3.26-3.42 (m 1H) 3. o, N=21.71 Hz, 1H);
4.42-4.56 (m.2H); 4.84 (sep, J=6.05 Hz, 1H); 7Ra2Zréd, CORS 8. 89 Hz, 2H); :
7.77 (d, J=8.10 Hz, 2H); 308.17 (d, J:8.80 Hz, 2H); 8.24 (d, J=8. 14 Hz, 2H)
One exchangeabl e proton. Exanple XXXVI (qas HCI 1H NVR.: (CDCl 3 + CD3OD +TFA;
400.13 MHz ; 6 ppm) WD 2008/ 152149PCT5 P2008/ 057571 124 1.23-1.36 (br,

1H); 1.87- WwhBReifm 4H); 1.75-1.84 (br d, 1H); 1.84-1.97 (br t, 4H);
2.15-2.29 (br dH; 2.29-2.55 (br, 3H); 2.57-2.67 (br t, 1H) 2. 80- 2. 94
(br, 1H) 298(brt 1H); 3.38-3.45 (br d,. 1H); 3.54-3.63 (br d, 1H);
4.27, 4.33 (s

: 71-7.79 (br t, 2 8.13 (d,
J=8. 23 Hz 8 21 rgﬂéeg(sﬂlgajrgﬁ)&#dﬁ ?E'a]anéeabl e pr o§ 0;1 Exarrlyjl)e X) O<VI(I

as HC 1HNI\/R (CDCI 3 + CD3OD + TFA. 400.13 MHz: 6 ppm). 0.91 (d, J= 79

Hz, 6H); 1.1-1. br. 4 5 4
a0 b (br )é?%zﬁ)’r”"%%z&zé%(?]}rc ?SFQ( gh)‘“@ %e'%agﬂ]"(%” “?r&gﬂeﬁ% 3.0
(br m 3H}1ete30c3/4Hc8 gitug nor 2ycloakyl grduB CoftenalBH)comprisihg( toneJ or . @6reHz, 2H);
11 8 g!%%u#%BTvm exchangeabl e proton Exanple )(XXVIII as HCl 15 1H NMR
dé

: B°130 Mz; E ppn) 0.94 (d, J=6.61 Hz, 6H); 1.44-1.57 (m
'1H) 1 74 1.90 (br m 1H) 1.90-2.03 (m 2H): 2.05-2.14 (br d, 1H): 2.63(d,

J=7.15 Hz, 2 2 81- 3 b 3H); 3.38-3. d, 1H): 3.57 (d,
J=10. 60 Hz, H) 1S, SEEC %"Sfréilr; th@?‘-l@?h(’%onsh&”% ﬁ&@ég%whawi @éh‘gaa'&ﬁes. 15
Hz, 2H); blpéﬁla(dhlkoi(ySan Hrylafkipl);; alﬁylagﬁ dalk»ilF8aI1<§nWZ allgri)/l TUWR(RH, and

e

exchangea gr ot ons Exanple XL as 16 + TFA :400. 13
MHz: 6 PPn’PyC alkyl optionally comprising one or more unsaturatlons wherein the aryl. group

15 - may be fused with-a ring comprising 2 to 5 atoms selected from carbon or

. heteroatom_, further wherein each R1 is optionally substituted f_rom one up to the
maximum nUmber of substitutable positions with a substituent independently
selected from a group consisting of halo, —alkyl, —O-alkyl, cycloalkyl, aryl,
arylalkyl, alkylaryl and perhaloalkyl; and | '

20 . each R2 is independently selected from, hydrogen, —alkyl, —cycloalkyl, -CO-
: (O)r;alkyl, —CO-(O)r-cycloalkyl, —-O-CO-alkyl, -O-CO- cycloalkyl, wherein r is 0 or
1; '

_ Y1 represents a bond or Y1 is selected from a group conS|st|ng of —O- ;

25  -S(O)q—, wherein q is 0, 1 or 2; and -C=Q—, wherein Q is O, S, N-R" or N- OR‘ _
wherein R’ is _se|ected from hydrogen, -alkyl, —alkenyl, —alkynyl, —alkoxy,
-cycloalky! or —perhaloalkyl;



0.94 (d, J= 6.57Hz, 6H); 1.44-1.57 (m 1H); 1.73-1.87 (m 1H) 1.91-2.03
(m 2H); 25 2.06-2.14 (br d, 1H); 2.64 (d, J= 7.12HZ, 2H); 2.80-3.14 (m
3H); 3.39-3.48 (br d, 1H); 3.58 (d, J= 11.09Hz, 1H); 4.50 (s, 2H); 7.52 (d,
J= 8.15Hz, 2H); 7.82 (d, J= 8.17Hz, 2H); 8.17 (d J= 8.12HzZ, 2H); 8.25 (d,
J=8. 14Hz, Vm-I;O!)S/m%xchnageabl e protons. 30 Exanple XECHEPZOI@/ODIS-?H NVR :
(DMBO-d6 + TFA ; 400.13 MHz; 6 PPm) 1.44-1.59 (m 1H); 1.80-2.00 (m 2H);
207214(br d, 1H) ; 285323(m 3HPO 3.43 (d, J= 11.20Hz, 1H); 3.57 (d,
J= 11. 07Hz, W

12008/ 152149P e o313 pgfcd 3 & f%%'ﬁ%p i3 élgoﬁ)o that ig 2tached

4H); 8. 05 taitheycli: nugHstrucie; X‘Barzdin(narl]lﬂmeme!gctegrfnomste@ MieFGJFtFTB 39Hz

1, L O N 1 il Y S0 00

191202(brd 1H); 2.05-2.16 (br d, 1H); 2.72-2.86 (br m 1H); 292320'

| oy & (m ?gﬁprége'gga(gon‘%&\@'é e'égzjiﬂ%%? sarol ﬁ%‘%%r'”%Ofl?q ot

(t, J=7.91 (I:-Hz—, 1E00)3B-; LQ:((();NHJ—SI(OJ& Wnereliy;is 8, 1or QdandJ—B 08, Whttzin 1H) ;

8.24 (d J eable pLot ons Ex X HCI 1H'
N - | (DVBE o v TEaNRY: OF ARSI SOTRTEN - eagnbRys TosBetoapyy (sstectied o

1. 69- 1 85 (ﬂkﬂrogim Lhkyl, 1a|9én)2 ih?nq(nlyr —dlkoi-)H)-cyd'ba(Déirl BrJ&rﬁﬁbaldyl 15 1H)
2.71-2.87 (br m 1H): 2.92-3.20 (br m 2H): 3.37-3.50 (br d, 1H): 3. 50-3.61
(br m 1H): 4.47 (s, 2H); 7.49-7.61 (m, 3H); 7.68 (d, J=7.59 Hz, 2H);

7.76-7.183 (br m3 |92§3Iect3d$r6rr( Ehe éroup%@ané"gtrnﬁzbﬁgyo@oééh heio, Lak{r, 80— é‘l'R , 1H);
8.15 (d, J=8.13 Two exchangeabl e pr ot ons

20Exarrp| e Rerhaioaél@‘ neﬂ —MR@W ereiBa. §easrAfinegoabavsy anzP s §nppieper |
1.25-1.38 ggpéctréuf%ﬁ)“&,;% 1.60 (br m 4H); 1.72-2.00 (br m 7H); 2.06-2.15
(br d, 1H); 2.64-2.77 (br t 1H) 2.83-3.16 (br m 3H); 3.36-3.48 (br d,
1H); 356(d J=10. 95 Hz, 4.49 (s, 2H); 7.58 (d, J=8.07 Hz, 2H); 7.84
(d, J=7.85 Hz 2H) Two
exchangeabl e pr%)t'é%nsl,% g%gﬂrgjgefpgg?éqgssg%n&gd frgfjﬁ')th?-ﬁm%ﬁ EHSIE%]QSOfaﬁ/ge

subt ype§ werathyd ead|-cyelrpikgserdd4 iand iRgtegiethes Ivéthi the IERtP9 B mhlonl-u@matﬁal ls
fol | ow ng Qﬁfef pondi ng plasm d 30 constructs. Although

t he nati vetagt d%%%v\ﬁmééhgﬁg "to S1 P, the |l evel. of expression and
responsi veness of the antibiotic-resi stant transfected ceII lines that were

selected is nu [ EP. 6 V\hen
cultivated celll%s.| |Q %’%ét%d g%co%f rg?g m§ éeggérgg‘fz ?&ﬁ d‘enéfter

| ysis, cell nes e.coll ected by centrrfugatron and mashed in buffer
cont ai ni ng'%{ m@})ﬁ& tcé(ﬁlggé( v ’Li gand bi ndi ng assays were perforned using 5-20
pg of cell nenbranes 5 suspended in 20 mMMtris-HCI pH 7.4 containing 15 mM
NaF an@02.5 nm\Z demreyents bd@yclbelkylrgraupﬁ ioreR6 sad Arfernotogafiermlith theeN atadi ol i gand
was 0.5 nM i

3 th dro-S1P bt in the . - f b
Sor um al bull HEBaY e AeEfed R 5308 MaRER R PeRIe kB Spoct 1 ¢ bi ni mg vas

defined fromi ncubatl ons in the presence of 5 pMSi P. 10GIP-y- 358 bi nding

1 5 o, SR o Rttt 5T aulPRUA TR EBRR Sl ey
radi ol i gandcogRy @r&%ﬁoréﬁ%s{éﬁ@b S groupne é?Q@st%P@éh%t&thé‘r‘ébﬂ@n@i%@r m ned

in the: presence of pM non-radi cactive GIP-y-S. S1P and receptor. agonists
enhancé@3t heCORECHTOUR KPRRACAE Aheteald grﬁv@rogeaw@rﬁr 9'sap nige dgrivative

thereof, _
‘as well as their enantiomers, diastereomers, mixtures thereof _and
pharmaceutically acceptable salts, hydrates and solvates.

30 2. A compound of formula (1) according to claim 1, wherein it is of formula
(1-A): ' ' '



15The maxi mal stinmulation elicited by S1P was taken as a reference to _
define full or partial agonismand calculate the intrinsic activity (i.a.)
of conpounds. Typical results shown in Table 1 indicate that corrpounds
of the invention are able to activate S1 Pl receptors with a potency
simlar toWhHWOBRIBIP jtself (i.e. with full intrinsi BCHEPIQ§SPTAND at
nanonol ar concentrati ons) without aff e%il ng significantly 20 Si P3
receptor. Table 1: Agonist activity of3del ect ed conmpounds Ex N Conpound
In-Vitro potency EC50 (nM Edgl 3 Edg5 5),40 001NJ1.100H O NHCle' OH

0.7 >1000 >1000 22 ND.j, @Lyz HC ONCG...CH 0 OH 2.2 31000

CO R7

R4 R5 COR8

(|-A).

as well as their enantiomers, diastereomers, mixtures thereof and

pharmaceutically acceptable_salts, hydrates and solvates, wherein:
5 X1,R1,Y1,Y2, Ar1, R3, R4, R5,'m; p, R7, R8 are defined as in claim 1.

3. A compound according to claim 1, wherein it is of formula (I-B):
(R3),
R1-Y1 -
R1YY) @ % CORT
: COR8
R4 R5

(I-B)

as well 'as their enantiomers, diastereomers, mixtures - thereof and
.10 pharmaceutically acceptable salts, hydrates and solvates, wherein X1, R1, Y1,Y2,
Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined as in claim 1 or 2.

4. A compound according to claim 1, wherein it is of formula (I-C):

(R1-Y1),, COR7
R6
COR8

R4 RS
(I-C)

15 as well as their enantiomers, diastereomers, mixtures thereof and
pharmaceutlcally acceptable salts, hydrates and solvates, wherein X1, R1, Y1, Y2,
Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined as in claim 1 or 2.

5. A compound according to claim 1 wherein it is of formula (I-D):



008/ 152149PC T/ EP2008/ 057571 127 25 CIH --"": ---",

>1000 - VO 2 :
elN..,r),..,1INO..,-....0 OHOH1.7 54 ON?2. OH11.8 62 1 ONY"
O N 00Thrl
wO 2008/_152149 o _ . PCT/EP2008/057571
| 132

(I-D)

‘as well as their enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and solvates, wherein X1, R1, Y1, Y2,
Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined as in claim 1 or 2.

5 - |

6. A compound according to claim 1, wherein it is of formula (I-E):

(I-E)

as well as their enantiomers, diastereomers, mixtures thereof and

10 pharmaceutically acceptablé salts, hydrates and solvates wherein:
R1, m, X1, Ar1, R3, R4, R5, R6, R7, R8, p are defined as in anyone of the
preceding claims. -

7. A compound according to claim 1, wherein it is of formula (I'-F):.
(Ri-Y1)m'~@—Y2 @ 3 0:R7
@ CORS -
N

5 - R4 R5
(I-F)
as well as their enantiomers, - diastereomers, mixtures  thereof and
pharmaceutically acceptable salts, hydrates and solvates, wherein : X1, R1, Y1,
- Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined as in claim 1.
20 :

8. A compound according to anyone of the preceding claims, wherein:



OH O 6.3 Lynphopeni a was assessed in vivo. Experinents were done in
Swi ss ‘mice strain (n=5 per condition). Conpounds were administered orally .
i n suspension in nmethyl-cellulose 1% from 1h30 until 48 hours before the
experinments. Blood was 5 taken on anesthetized animal (4% soflurane) and
sanpl es coMQWEH214A EDTA - contai ni ng vacuum t ubes. APEHEP20SASTIE es
.stirring, cells were counted using ABCf xet henocyt oneter (Scil vet ani nal
Car e) : Typi cal results shown ‘‘n Table 2 indicate that conpounds of
the invention are 10abje to activate S1 Pl receptors in vivo. Table 2: in
vivo activity of selegted conmpoun 5 Ex N Compound Lynphopenia 8 10NI. ON
OOH 0 CY EDS0 = 3.5 . t 24h A 46.CIH If- ON- OH OH 0 at 10ng/ kg
86% | ynphopeniAtlaster 24h W®R008/152149PCT/ EP2008/ 057571

X1 is phenyl;
R1 is s_elected from the group consisting of hydrogen, halo, perhaloalkyl,
perhaloalkoxy, aryl, arylalkyl, alkylaryl, alkyl, a|keny|, alkynyl, and cycloalkyl
5 optionally comprising one or more unsafufations, wherein the aryl group may be
fused with a ring compris'in'g 2 to 5 atoms selected from carbon or heteroatomﬁ
further wherein each R1 is optionally substituted from one up to maximum number
* of substitutable positions with a substituent independently selected from a group
consisting of halo, —alkyl, —O-alkyl, cycIoaIkyI, aryl, arylalkyl, alkylaryl and
| 10 perhaloalkyl; | | | B

Y1 represents a bond or Y1 is selected from a group consisting of —O— |
-§(0)q—, wherein q is 0, 1 or 2; and —C=Q-, wherein Qis O or S;

_ - each moiety R1-Y1, identical or different, represents a group that is attached
15 to the cyclic ring structure X1 and m is an integer selected from 1 to 5, wherein m

represents the number of positions on X1 substituted with a R1-Y1 moiety

Y2 represents a bond or Y2 is —CH,— or -C=Q-, wherein Q is N-OR’, wherein
each R’ is independently selected from hydrogen, —alkyl, —alkenyl and —alkynyl;

20 .
R3 is hydrogen and p is 4;
R4 and R5 are independently selected from the group consisting of hydrogen
and methyl; ' '

25
' the —CO,R7 and —CORS8 groups are attached to the same atom, wherein the
-C02R7 group represents a —CO,H group or an ester derivative thereof and the
-CORS8 group represents a —COzH grbup or an ester or .an amide derivative
thereof.

30



128 0 OH ON e'oThrV WD 2008/ 152149PCT/ EP2008/ 057571 129 CLAIMS 1. A
conpound of forrmula (1): (I') 5 wherein represents a 1, 2, 4-oxadi azol e
group; . X1 is a nono-, bi- or tricyclic ring structure selected from
aryl, heteroaryl, heterocyclic group or cycloal kyl group optionally

conpri si ng WhAYHES2M3r e 10unsat ur ati ons; Rl i s sel BETVEROPFBM7L he gr oup
consi sting of hydrogen, hal o, perhal oal kyl, perhal oal koxy, aryl,

aryl al kyl, - al kylaryl, alkyl, alkenylf3élkynyl, -N(R2) 2 and cycl oal kyl

optional ly conpgigicaehpBlRd YcchBlify tNSRoHE A 1RO DrectlafigebBintdh viFsth Yar oup 15
may be fused with a ring conprising 2 to 5 atons sel écted from carbon or

het er oat onTepresanea bepdpeir@Heach RL is optionally substituted from one up
to the maxi mum nunber of substitutable positions with a substituent

i ndependently sel ected froma group consisting of halo, -alkyl, -0-alkyl,
cycl oal kyl, ary1Q. Aacgmabwyd - acedrding 40 yghyeneiopideueerding tlaingmdviEreinc2 R2 i s

i ndependen from hydrogen, -alkyl, -cycloal kyl, -CO
(0)r-al kyl Péa‘%%&l{%?rbggglcl oal kyl, -0-CO al kyl, -0-00- cycloal kyl, wherein r-
is O or 1; Y1 represents a bond or Y1 is selected froma group consisting

of -0- ; 25 - -, wherein .S 1 or 2:;.and -C= wherein O4gs 0, S,
MR or NOR - phid sp e Bedhupie o ahy s, BrpRBgiT S ekl bR

-al kynyl , regdr&senys a-bopid boaDky-5(0)p---@e=hal oal kyl ; WO

2008/ 152149PCT/ EP2008/ 057571 130 each noiety Rl1-Y1l, identical or
different, represents a group that is attached to the cyclic ring structure

X1 and i is an 1ntRgempseheatesidihg adianforiobthewhrec&iing blalmesesinsy t he
nunber of ;r)ositi ons on X1 substituted with a RlL-Yl noiety. 5Y2 represents a
bond or Y2 ¢ReSRNEPEAYF rom a group consisting of -0- : CH2-: -C(0)0-: '
-C(O)NH; --S(0)g-, wherein qis 0, 1 or 2, and -C=Q, wherein Qis 0, S,
N(R)2 or NOR , wherein each R is independently selected from h%drogen,
-al kyl, -al keny13,'- A sppaynd aceardipg yo anygng ehihryareerding elateg, s¥1skin: X1 10R3 i s
selected f I %ﬁj sting of hydrogen, halo, -alkyl, -0-alkyl,

per hal oal kwﬁg%éd?ﬁﬁﬁl Rg%l erein R2 is as defined above; and p is an

i ntegedSsel ected from1 to 4;

14, A compound according to anyone of the preceding claims, wherein 'R3
represents a hydrogen.

15. A compound according to anyone of the preceding claims, wherein R4
20 and R5 represent a hydrogen. '

16. A cbmpoUnd according to anyone of the preceding claims, wherein R6
represents a hydrogen or alkyl and Z represents a cycloalkyl or R6 and Z form
together with the N atom to which they are attached a 5 to 8 membered

25 heterocycle.

17. A compound according to anyone of the preceding claims, wherein each
R1, identical or different, is selected from the group of a halo, an aryl, arylalkyl,
alkylaryi, alkyl, alkenyl, cycloalkyl, each being optionally substituted as defined in

30 claim1.

18. A compound according to anyone of the preceding claims, wherein R1
represents an optionally substituted aryl group as defined in claim 1.



R4 and R5 are independently selected fromthe group consisting of hydrogen,
15 methyl and -cycloal kyl or R4 and R5 together with the C atomto which
they are attached forma -cycloalkyl group; R6 is selected fromthe group
consi sting of hydrogen, -alkyl, -alkenyl, alkynyl and -cycloal kyl; 20z
repr esent s WO 28YER2H| kyl group, or R6 and Z form t oget REFERPEPSIFE N at om
to which they are attached a 5 to-8 nenbered heterocyclic ring; the -CQR2R7
and -COR8 groups are attached to the fe atom wherein the 02R7 group

represents a @ll‘b&ﬁc%mdoéccéw@beénﬁ%'dﬁﬁé ﬁr%cé@ﬁb%%m@'\ﬂhér@% RP i COR8

group represents a roup or an ‘ester or an am de derivative thereof,

as well as C'B‘Pﬁﬁnr fr@WaHt i Mfté’r sPerbﬁ@é"tké!P ebietaracyat, xAllkydeterpeyais f -akwtaryl,

har naceut i I €s V S.
2008/ 152149’%1 | EP o /o Q5$"1 1 1é( dsy(?m%' Aﬁ(&e?ﬁ%) Ak ai P et oer

di ast er eon®Gycloaikyt, whese thedieiefocyele l%o@@tmaktsesubsbwnewwme@pA&M e sal ts
hydrates and sol vates, wherein: 5X1, Rl, Y1, Y2, An, R3, R4, R5, m p, R7,
RS are defined as in claim as wel |l as their enantioners, diastereoners,
m xt ur es t her eff. AacompGideactacing tocmyOﬁeaocf(thpwlcbéinga:latims, Wiyehemmt R8 isand

et ned s R BahiQr o0 Sl -SereRyp fRumadreRvcld wariEomer s,
m f(E/ g{ gz t ey beﬁarcmydlepba}plm\a(nmytsmtlﬂu}ed’:\wmpi@bk alkyal O%\Ikﬁﬁ@@@i@)sAlawo

ngl ned asV\@%{kéf'F(gq ﬁ’f'gﬁ AIRW&%Q@ 9@@149@&@%&8&%&%‘7@?@'%‘2 a4y weII as
t heir gfinbrdnmaéiunsdbﬁﬁdit@d w@gbﬁuuteuxmwm bhmbeéa?(alagén phalkerg griupeal :%

Ra. RS Ro:OMECRI N erEnd e ronliCEQMORK m TOBEEOECYR b oun

accor di ng toAmylaa:(mo’l) NWWF@ré‘T'émd"ﬁ i@%nf@l BrbReldnt Ehdedenidin gRle}SFés@ﬁfl p R6
[ CO2R7 R4 R5CO R8 (I-E) as their enantioners, ast er eoners,

m xtures t ﬁ&%@g%at%mmnwb@w@%w adeeprasydoalkyly 3 héigrgaad @ and
sol vat es V\’ﬂéfe%d}clld_"éﬁou@ or¥.ary T BAm tBdethEPwithihe RV atofPto RhRhanéfhidned as

I n anyone of the preceding clains.
15 attached a N-containing Heterocycle opt|onaI|y substituted with =O or alkyl;

-OAlkyl-O-C(=0)-OCycloalkyl; -NR°R®, -NR®OR®, natural or synthetic amino acid,
wherein each R* and R® are independently selected from hydrogen, alkyl,
hydroxyalkyl, —O-alkyl, alkenyl, perhaloalkyl, —C3-C6cycloalkyl, heterocycle,
heterocyclylalkyl, heteroaryl, and aryl, wherein the cycloalkyl may be substituted
20 by one or more of hydroxyl, wherein the heterocycle moiety may be unsubstituted
or substituted with alkyl or R? and R® together with the Nitrogen atom to which they
are attached, may form a 5-6 membered heterocyclic. ring containing 1-2
heteroatoms selected from O and N, wherem the ring is unsubstituted or
substituted with hydroxy, hydroxyalkyl hydroxyalcoxyalkyl amino, alkylamino,
~ 25 dialkylamino, arylalcoxycarbonylamino, alcoxycarbonylamino. |

21.A Compound according to anyone of the preceding claims, selected from:
- 1-{4-[5-(4-isobutylphenyl)-1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid _
30 - 1-(4-{5-[4-(3-methylbut-2-enyloxy)phenyl]-1 2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxylic acid '
- 1-{4_-[5-(2-ﬂuorobiphenyl-4-y|)-1 ,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid



7. A conpound according to claim1l1, wherein it is of formula (I-F): 15R4
R5 (I-F) as well as their enantioners, diastereonmers, mxtures thereof and
phar maceutical |y acceptable salts, hydrates and sol vates, wherein : X1, R1,
Y1, Y2, Arl , R3, R4, R5, R6, m p, R7, R8 are defined as in claim1l. 20
WO 2008/ 15 MU HEP2008/ 057571 133 0---NN-0 Arl i sO RAT/ER20pS7VI ;. R1
is selected fromthe group consisting of hydrogen, hal o, perhal oal kyl,

"~ per hal oal koxy, aryl, arylalkyl, aIkyId@?l, al kyl, al kenyl, al kynyl, and

cycloal kyl 5 aphbRgiabhy ﬁ@ﬁ;ﬁ(ﬁﬂd&%@ﬂ%r@{_4%[ﬁ2,umafél’zgt_é_onS, wherein the
aryl group may be fused wth a ring conprising 2-to 5 atons selected from

carbon or Méreseyiniperdinef drdiearppefi@en each Rl is optional ly substituted
fromone up to ymxidn 1W it b RY e substituent
i ndependent | y " sel eLHtTES&){&r m J'ﬁétgz'ghgﬁo’;r'fsf?ﬁ é}%d@%%l]glygﬁ'énzm}é@ﬁﬁdﬁ% al kyl ,
cycl oal kyl 4,4adigarboxyliglegickyl , al kyl aryl and 10per hal oal kyl ; Y1l '
represepts a bo | $4 sel,e : ) sisting of -0-;

L0y e wher & Hogdhethy 14 BRSHRR R BRRNN R R8¢

e?tch Lmije%lt]mtz?\ﬂmipém I"' -# gadicarboxjildteer ent , _r'egr esents a g{ oup thalt if' ;
attache 0 c [ St.r ur.e an i S eger ecte
from1l to 5, \/\7{1'853?%&91”&(5%’@%@5 éﬂéthcgl'%%%%qyl%y%@'@?qc?n@'%%&%a%ﬂbsti t ut ed

with a Rl-¥ibemypiperidine-4 M2dicarpogget s a bond or Y2 is -CH2- or -C=Q,

et ogen” o et HL B e SRR i [0
and RS 1ar eyi|sstepaypeidihe s slediesrbegyldteom t he group consi sting of hydrogen and
nmet hyl ; the - CO2R7 ‘F\nég @a I’OLf s are agt-acqfied to ihe fama atom

wher&in the - GCBRIGEPBYp! el Gttty A veobeRzrears- Yt érdder i vat i ve

- thereof angxadigzol- 8JiBelryPiberi@RES£alcaribxyfgtdH group or an ester or an
“anmide derivative thereof, WO 2008/ 152149PCT/ EP2008/ 057571 134 9. A

conpound accordi %@ Zdieaieylek3-dihydie- Ebearaigraptayhid ,2.4v083dEa201-92 represent s

‘a ‘bond or. yfhdivipineridine-4 4-dicaBoxviic &eigoound accordi ng to anyone of the:
precedi ng ():I‘If%i n%l?p\emer eln Y2 5r epyﬁesents a bond. : 11. A conpound

accordilfg to anidthi-& . 4rdibugselipeenird-wkh2 fsoxagdinzok3ylvenzybppeddings a bond

or -0-, -S4Q) BearboiPacigt012. A conpound according to anyone of the
precedi ng cl a@ﬁ%r, O%Ieraecf n Y1 represents a bond. 13. A conmpound

accordi ng to ani-hE-if-fluerebiphecddiyvip1 2l4dxadiaaghérydbenzyiipipefidioeeit-s a phenyl
- group.. dicarboxylic acid | o -
- 1-{4-[5-(3',5'-difluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yllbenzyl}piperidine-
20  4,4-dicarboxylic acid | | '
- 1-{4-[5-(4-trifluoromethylphenyl)-1 ,2,4-oxadiazol-3-y|]benzyl}pi-peridine-4,4-
dicarboxylic acid . | o o
- 1-[4-(5-biphenyl-4-yl-1 ,2,4-oxadiazol_—3-yl)bénzyl]piperidine-4,4-dicarboxylic
acid _ _ | -
25 - 1-{4-[54(4-triﬂuoromethoxyphenyl)-1 ,2,4-oxadiazol-3-yl]benzyl}piperidine-
_ 4 ,4-dicarboxylic acid | _ | |
| - 1-{4-[5-(2,3-diﬂuoroph'enyl)-1 ,2,4-oxadiézol-3-y|]benzy|}piperidine-4,4-
- dicarboxylic acid .
. 1-{4-[5-(4-méthanesulfonylphenyl)-1 ,2,4-oxadiazol-3-yl)benzyl}piperidine-
30 4,4-dicarboxylic acid _ _
- 1-(4-{5-[4-(4-¢hIoropheriyl)cycl'oheXyI]-1 ,2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxylic acid -



15 14. A conpound according to anyone of the preceding clains,
wherein R3 represents a hydrogen. 15. A conpound according to
anyone of the preceding clainms, wherein R4 20 and R5 represent a hydrogen.
- 16. A conpound according to anyone of the preceding clainms, wherein R6
represent s WO MWYt8yén or al kyl and Z represents a cycl BEI/KRA00857R6 and Z
form - together with the N atomto Wmch they are attached a 5 to 8
menber ed 25het erocycl e. 17. A d ound accordl ng to anyone of the

Phe groun of & a0, EueRAn ﬂi“éi’“%@?lbé”?‘ﬁ“@?wﬂ' SO S P ed frem
cycl oal kyl Y']t@i\éw}mmﬂ@%ﬂ)ﬂrdjéﬁimwlg@Elﬁit| tuted as defl ned in 30claiml. WO
. 2008/ 152149PC'[/Fg@%ﬁ/_@h@@mﬂ%@thoxy h]eggu] zcggp%,%&%ccordl ng to anyone of

the preceding c eérein from kyI - per hal oal kyl ,
- Het er ocycyighenzpl)pipericineed dedicarooxydialakigl aryl , Al kyl - 0 - Al kyl ,

el Bt O et e St A A5, AR A

conpound ayl(]imrdyl}pgpemdlramygmcarboxyheapldecedl ng cl ai ns, wher ein R8 is chosen
from CH, OAIky K teroc het rogy, | e, V\/nereln

t he het erocycl'e g 43'[ 0 t?%ﬁé p?q?n)% ?’fﬁ O\ﬁPtyHB yﬁp'pgf'@ f

- 0Al kyl - O Bicafoxpidadid OAl kyI C( =0) - Al kyl ; - OAl kyl - o C(=0) - Cal kyl ;

- 0Al kyl - C(=0) - erein the rou ynsubsti t ut ed or substituted
with one or no L){‘L[ﬁ g‘éﬂOFBPY'SYQ@?z)/‘Y'Q %)ngdlazol 361%9[2@(' Oerbferoaryl;
- 0Al kylleC(e'Q)arda;AyncyéQ.d OAl kyl'- C(=0) - Cycl oal kyl ;  OAl kyl - ( 0) NTT' where T
and T, identic di fferent ndependent |y represent- a hydrogen atom an
al kyl , a cycl oa fﬁ/% a'SWBP%&WlﬂhSéﬂR%ﬂy?) h2HPEAEZPYS- or a heter ocyclic

group, or 'yﬁ]ggpgyﬁ'p,pérwﬁe nqgﬁ@;g}%xmta@dt he N atomto which they are 15
attached. a N-containin terocycl e tionally substituted with =0 or

al kyl; -OAl kyl~ bidc-:t3-6)18maimdeﬂ|?x9|hydr epzofuRRSCrh 1 2aPxadiazal®- synt het i ¢

am no acid, It{&%&lﬁhﬂerﬁ’ﬁé‘ﬂﬁd @Q_%&{gc%ﬁ i ndependently sel ected from

hydr ogen, dr oxyal ky al kenyl , perhal oal kyl ,
- C3- C6d§cl oal k-y1 {4- rﬁeﬁ%ﬂmﬁ}{ﬁp@n%é‘w&&ﬂﬂxﬁﬂamlfb -yl]hesewiniperdine-4dd ar yl |

wherein thg % &9 C# may be substituted 20 by one or nore of hydroxyl
wherein the heterocycle noiety may be unsubstituted or substituted with
al kyl or Ra andl-R[x@Ggedinathyibicyclofd . Nheptsem2atmeathyd-vbh#-okadinzy-Zar e

att ached, : erocyclic ring containing 1-2

het er oat o r%@i‘ﬂ%%"?rom 0‘ﬂp égﬂf,“cv\ﬁgrel nthe ring is unsubstituted or
substit ut ed vvl-t h{4}f,ﬁ§(r4eb<qqzohlpderwt-)jar2}4yd>xadmzdr 8lladrayRyipkligihe-4a+i no,

al kyl a 0 C m no, aryl al coxycarbonyl am no, al coxycarbonyl ani no.
21. A rrpglfﬁ é bco ng to anyone of the preceding.clainms, selected from
" 1- {3 [5I (4- i SDpLBHEeMpynabhthalero2 31ji 162, aloxadikdlBpmany plmssridtiee- 4, 4-

- di car boxyl i,c

1- (4- { 544- t4: ‘ﬁ‘é?rg%‘g'ﬁtac@ enyl oxy) pheny1] - 1, 2, 4- oxadi azol - 3-

yl } benzyppi perJ 111{41 Kerycashmicrogheagi)d 2,4- oxadlazol 3-yllbenzyl}piperidine-
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- hydr oxy- 1- hydr oxynet hyl - et hyl car banoyl) - pi peri di ne- 4-carboxylic acid -
4- (2, 3-Di hydr oxy- propyl car banoyl) - 1- { 445- ( 2- f | uor o- bi phenyl - 4-y1)-[1, 2, 4] -
oxadi azol - 3-y11- benzyl ypi peri di ne--4-carboxylic acid _
-1-{445- (2WO YW8¥tR2b¥pheny1- 4-y1) 41, 2, 4Foxadi azol - 3-yIiP§§ﬁ2@m%E¢UI,

20mnet hyl car bar noyl - pi peri di ne- 4- carboxyllc acid

4- Et hyl car banoy1- 1- { 445- ( 2-f | uor o- blpﬁéﬁyl 4-y1) 41, 2, 41oxadi azol - 3-yl j benzy

| ypi peridi ne-4- carpos\ibikerdtidi-[1 2 4]-oxadiazol-3-yl)-benzyl idine-3,3-
1:{4-[ 5- (2- Fl uor o- [Eﬂpheltr)lylrgﬁ 91} Ao ey piperiane 231 4.

('pi peri di ndicarhoxylisorgid ) - pi peri di ne- 4- car boxylic acid
' 25-1-{4-[5-(2-Fl hes benzy1}- 4-[ 4- (2

- hydr oxy- et hyI )lﬁp 48%33& nex%@é&y‘%&%&lﬁ]@g%er ?%c@%%l]&%rﬁz@ﬁ ic acid _ _
4- Di met hy| sabbiyleesdanioy-pipsridipefd-carboxyic phigny 1- 4-y1) - [ 1, 2, 41oxadi azol - 3-

R e R SRS L2 sy

30( pyrrol i dydrogy ythytearbenmpyl)—pnuepémeeﬁ-cm'béxytlatabmixyI ic acid

§‘| ]Q’ benzyl ypi per | aRHE-d A BT B R ot }%%%83} 823'57‘1"

|sopropylcarbamoyl piperidine-4-carboxylic acid.

| %néfphi oo AW BETe L R e W S eYadazol

4- Cycl qbut xalynr]aﬁdmwwﬂpehdhédﬁcérsoiynugbrd- bi phenyl 4-y1) 41, 2, 41- oxadi azol 3-y1]

-b | di b |
2l bt yl car Haids A NS amevt 534 [%Ezfmmmml i} A oxeferstdui azol -

3-y11- benzy eﬁmﬁ;s.béﬂ.dweac% Pfcylaéle aci d
-1-{445- (2 | uoro-bi phenyl 4%”1 5 4] - oxadi_ azol - 3- A- benz 11- 4- (4-

hydr oxy- cycl ohexyA-E B aeyTsli m@‘ihbi@-cﬁtt@ﬁiqyﬂﬂy{"r[é (&diugro- Q'phenw -4-
-{445-(2- FgHﬁ’f 94{%&@%%!_1%gp%hzﬁl}lﬁnpgm(ﬂé Q%‘#bdﬁﬁ@bm -yli-benzyl}-4-[(2-

10hydr oxy- - hyl eridi ne-4-carboxylic acid benzyl
ester -5 1-{4-[5-(2-Fluoro- blphenyl 4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-(2-

4 Ofcl ohexyl GRPAMUI e el bl uihap LRBRILa i ud] - 0xadi azol -

3-yl] - benzy c aC| benz

4- Di met hyl car bantﬂy(ﬁ-,iiD{fMﬂﬂ)Wﬂ?rbﬂJ)(i@ﬁrbamo)dhéF[ﬂ‘1542-i1l19r01blmen]y1 éyhdil 2291 - 3-

yll- benzyl 0 C ester 15-
44Bi s- (2- hy %&ggédlgt%ﬁ?%zggrp@)?n@n it %8.’{;& )F‘@% fl uor o-bi phenyl-4-yl)-
[1, 2, 4] oxadl azol -13{4Abke@rydro-ipheeyi-4HyhH 41,243 @xbdiazdi iy hoerdtyBeinzy| est er
1-{4- -biphenyl-4-y1)-[1 4] - oxadi azol - 3-y11- benzyl}-4-[ ( 2-
hyf:lro£<§0 mﬁt# %P%@B{’](Pﬁ%gﬁ%ﬁca |°E§§_|H%ﬁ'qc1)e- 4- car boxyl>/i c aci dy_ } a
-2 é ﬁ£i5 (2- Fl uor. F-ﬁEmtlr:aptilanﬂoyy-i){4-li-,(2-ﬂydrb-bi%@d‘uyl-i@:ql[q ,g;tmlla;dmzygm- 4_—(3-1

r ox i.din -car - pi peri di ne- 4-carboxylic aci
{4y[5 ()2/ %%ﬁ%ﬂ%%@% rca&bcwﬁ %/ I[2) 2] oxadi azol - 3- yl?/- benzy11- 4-{442- ( 2-
hyd(r]I oxy- et hoxy) - e1t{lyHS}(ZFFImb&iphbnM¥Jy+)qal2b¥}1¢)(édhaﬁtbl{3%‘yl] Bérivgtide-car boxyl i c
aci

4-[Bi s- (2- Wa?r&z@ﬁ 1oRgRONY RS 4-cabeRYicRGD- £ | uor o- bi phenyl - 4- y1) -
[1, 2, 4psoxadi azolr-gro 1(b- Fb@&é}tﬁdhéﬁypﬂ ﬂn QG%%XQ@IEQ&WM] -Beriyl - @5(2-

m)no(l sopr opoxycar bonyl oxy) net hy met hoxynapht hal' en- 2-y1) -
1, 2, oxadlhaﬁr@p(y@ﬂw)}m@ﬁf@;nn?ﬁrcrﬁéliacprmllr@perldanejﬂ@armxlw e

- 4-Dimethylcarbamoyl-1-{4-[5-(2-fluoro- blphenyl -4-y1)-[1,2,4]oxadiazol-3-
yl]- benzyl} piperidine-4-carboxylic acid _
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]-oxadiazol-3-yl]-benzyl}-4-
30 (pyrrolidin-1 -yl-carbonyl)-piperidihe-4-carboxy|ic acid
' - 4 Cyc|ohexylcarbamoyl -1-{4-[5-(2-fluoro-biphenyl-4-yl)- [1 2 4]oxad|azol -3-
yl]-benzyl}-piperidine-4-carboxylic acid



- nmonobenzyl 1-{445-(2-fl uorobi phenyl-4-y1)-1, 2, 4- oxadi ézol - 3-

yl i benzyl } pi peri di ne- 3, 3-di car boxyl ate - nonoet hyl
1-{445- (2-f| uor obi phenyl-4-y1)-1, 2, 4- oxadi azol - 3-
30yl ] benzyl } pi peri di ne- 3, 3- dlcarboxylate - benzyl

(i sopr opox Yshab¥gl48xy) met hyl 1-{445-(2-fl uor obi phenylP(ZII/?llz))OS/057571
1, 2, 4- oxadi azol - 3-yl ] benzyl | pi peri di ne-4, 4-di car boxyl ate WO

2008/ 152149PCT/ EP2008/ 057571 144 = l4penzyl
5- met hyl - 2- oxo- [ f h nyl 4-
yl)-1, 2, 4- oxadi aizLoég ﬁ(??l@ér&blﬁh%ﬁ g}egrl)l |ZE'1£] él)égﬁa ?Ic% @%@ti

(i sopr opoxVﬁ@rpbdﬁWﬁkthemﬁwlpﬁmlh%‘H carijorytic @@dl sobut yI phenyl)-1, 2, 4- .
oxadi azol - 3-yl ] bgr élé {ﬁﬁérb%nﬂ@ 13{44[5"(39@{ P&B?{a‘ngﬁﬁ 4-yI)1, 2HP559adr!azB Loyl

-1-{445-(2-fl uorobi p azo
yl i benzyl }ihyﬂézendylhatpendudeéacramboogyllaaeld " nmono- n- but yl

1 1beha31} pi per1 A Enad e B oBE Rpfdivi4-)1 2.4 oradiazol

- 1-{4- [ 5- ( 23 ]weneyi}-piperigihe 4~aatboxyli@ adidoxadi azol - 3-

O e e T S i o e e S e 4.

yl ] benzyl } pydrexy- dydtﬁm&yléaﬁbaﬁt@fybivﬂodr@trfé 4-carboxylic acid '
1-{415- (2- Fl uoro- b hen 1 4] oxadi azol - 3- benz 4- (pyridin-2-
yl car banoyl ) - pi pér ?r@ HJ%%rYDEF{WW' Y'&H &-4hexed) ‘onéé'tyé]rbef@y' -4- [(2

4- Di methy| BpdrbRemIn ety obﬁoa(raow]w@émrm @J&ﬁfﬁdxyl‘f’cé/cld bérzyl éstét oxadi azol - 3-
yl] - benzy1l}- plperldlne 4- car boxyl'ic aci

4-Di met hyl car bandﬁWiQ'{eA‘y'[CBEb@Elqyl (a4 b? B%ﬁ;}lp*wﬂy*r} A [b24]-exadipzdiol - 3-

- y11-benzyl gi Ak eﬂd.ﬁambéamé caélu%ehsﬂnérs)éroxyrrethyl ester
1-{445-( 2- Fluoro oxadl azol - 3-yl1l1- benzyl}-4-( 3-

20hydr oxy- pyr rol ﬂd?'ﬁ@”])dQﬁib@fﬁﬂ)ﬂ11){4pﬁ5d£rﬂuéf%@phe@é14b36kvL3 ¢l @@dcazol -3-
el DOEl irboshSiesrng SR BEATRIEL

- y1] - behzyl ypi per ﬂdBlﬁe(QAhMﬁmWoeiWD car@eimeyi]d elpr[bifdtycrarhipmsriybdyiet hyl ester
- 1-{4-[5- 1}-4-(3-
hy_drf)xy[ pyﬁr’ dﬁoglgéliﬂlgqu c)élfg 3}@) r%@reféfilé%rg%%g aazcgdo?(ng)“ésatgrlegzy poaod
25i sopr opoxycar bdF{&H[&(?-thldnmbm@nglm yN-[1,2/4] éxﬁlamﬂ-ﬁyyl]dmmwm%y[nz—l
-{4-]5-(2- iazQl-3- . |
yl{i -[b'engyl ﬁydjrB&e?tfﬂ ﬁﬁ&%ylgé; %l%ggﬁl%(g%@%xﬁ%ct%@i 2- 0x0- butyl ester -
1-{4-[5- (2 FI uor b{b{ﬁa(ﬂeﬁh&ﬁ)mmpﬂerﬂ/14all)4{l :04]aakadizab- By berbgieyd} - 4- (pyri din-
2- Ic ridj 4. car

1- {Z [ H%B%% gyrg(?ef | Lﬁcé{b% &lpén(iﬁ\e g)@%‘?ﬁ’ﬁ agdyl] benzy1l}-4- (pyridin-
goo& c{grz ?%gy 13 EEI P3- 523E|$gr%bupaémwly[q 24} skad\éol-3-yI]-benzyl}-4-{4-[2-(2-

1- { 445- ( 2- F*Y%T%e%' bﬁe‘ﬁwl RIpGrAZIPy 1-yl- QQeré}dP'B‘EW'”%’ﬂPfIb%P&%‘i 4- (3-
- hydroxy-pyrrol. d|4q31s1¢2qwdb@(wéthy|pbméh@wa ={4=[6 30 BIQ¥N- highérA-d-yI)-

3, 3- dlnethil 2- oxobut

4- Oycl ohexl/ |%ék%ﬁb’i}9¥§y]ztlep5¥|t -DIPEIiGIBeG-GArpMNG 8Cid- y1) - [ 1, 2, 4] oxadi azol - 3-
Syli-benzyll -pi pﬁ\bh@lclg@%r&p&%é?eesam@@y)fﬂefh%ﬁ&ts:i(afrﬁbﬂ%%y W&UQ Y- ester.

4- ( 3- Benzyl ox%car onyl am no- pi peri di'ne-1-carbon 1-{44 fl uorobi phenyl
-4-y1) 41, 21 2¢ Q’éﬁﬂ'@ﬂ%ﬁ ﬁb9r14yl}9@ﬁﬂqlne4p4g@amxmléen carboxylic acid benzyl

tefltere;of and 10phar rraceuly?ﬁgf Pﬂ ‘?@%‘? eﬁfﬁ? P'Q Qﬁ@ﬁ%?gl?in:, hmy)o(ﬁ ;{-gg ahd :
sol vat es. Yyllbenzyl}piperidine-3,3- dlcarboxylate
- monoethyl 1-{4-[5-(2 quoroblphenyI -4-yl)-1,2,4-oxadiazol-3-
30 yl]benzyl}plperldlne 3,3-dicarboxylate
_ - benzyl (isopropoxycarbonyloxy)methyl 1-{4-[5-(2- ﬂuoroblphenyl -4-yl)-
1,2,4-oxadiazol-3-yllbenzyl}piperidine-4,4-dicarboxylate



'22. A process of preparati on of a conpound according to anyone of the
preceding clains, - where in formula (1) R7 is Hand/or R8 is OH conprising
the step of saponifyi ng a correspondi ng conpound of formula (1) vvherel n R7
and/ or 15R8 reg)resent s) an ester function. 23. A process of

prepar at i oW OPIEYpound of fornula (1) according to %‘EE/BW@"SG‘F”&} ains 1 to
21, wherein R7 and/or R8 represent(s) ;) ester function conprising the :
steps of: 20i. reacting a correspondi r}g conmpound of formula (I1) : (R3)P CH

R4 RS (11) wher ebhghziRI5-méthyliBox$l1,3)FoxdN4lyimBihyl R44- [52{52 AstolipRéyldef i ned as
inclaiml wth a@fﬁltable sul f.onat | n% reagent, and ii. coupling

the obt ai n¥er!2ud-PRRHRZ SHOREBHARIRGIER aﬁé@ﬁa&%&ﬂﬁéﬁ ng 25conpound of formula

(111): /cO2R7 N gishhrobbykatdRyBx ety i@ d4RE @ )a4n claim 1.
WO 2008/ 152149P JE‘I)DZB §1/0575¥ X%egy 2)@ d{ Efgr(ocl:%sbg%g%%grgeparatl on of a -

conpound o@X&ddﬁZ%BaY']PW)HB‘@@@F'@I'M&”cS'CQWWéteof clains 1 to 21, wherein R7
d/ '
cor r espondi ng cononund SR taH G RRERheTTRYA T2 AR B (1)

wher ei n R1yl]benzylipipexidineyd 4diaptborgatend p are defined as in claim1l with a

corpound of f or Tybo bk 125 BSLABRHLELI 4% 4 opadigzaide. A Process of

preparation of a conmpoun 0 anyone of clains 1 to

21 conpri sylmnzxelkpmrrd@eﬂéedwabwfamng corrpound of 10forrm| a (Vv): (V)
wherein R1, Y1 X7 are defined as in

fornul a (1 ) and %t%b—#ﬂ\é{@é%@o&%p%&& y@ g OCB@H@IZO e - COR8 group. 15
26. Pr d)@e;gl]tmnzyi}piﬁ;er‘giirt@,&@mboxyﬁateI ains 22 to 25, which further conprises
bhar mcevt | cal” cORBES! {ii-EoTPbPRE  eBhba RSPl & (1) 20accor di ng
to anyone Afbedizalpideribiriend A divdrbbxydatehar maceut i cal | y accept abl e exci pi ent or
carrier. - 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1,2,4]oxadiazol-3-yl]-benzyl}-4-(pyridin-2-
ylcarbamoyl)-piperidine-4-carboxylic acid benzyl ester
15 - 4 Dlmethylcarbamoyl 1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2 4]oxad|azol -3-
yl]-benzyl}-piperidine-4-carboxylic acid ethyl ester _
- 4-D|methylcarbamoyl-1 -{4-[5-(2-ﬂuoro-b|phe'nyl-4-yl)-[1 ,2,4]oxadiazol-3-
yl]-benzyl}-piperidine-4-carboxylic acid butyryloxymethyl ester |
- 1-{4-[5-(2-FIuoro-biphenyl-4-y|)-[1 ,2,4]oxadiazol-3-yl]-benzyl}-4-(3-
20  hydroxy-pyrrolidine-1-carbonyl)-piperidine-4-carboxylic acid acetoxymethyl ester
- 4-Dimethylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2,4]oxadiazol-3-
yl}-benzyl}-piperidine-4-carboxylic acid isopropoxycarbonyloXymethyI ester' '
- 1-{44[5-(2-Fluoro-bi phenyl-4-yl)-[1,2,4]oxadiazol-3-yl]-benzyl}-4-(3-
hydroxy-pyrrolidine-1-carbonyl)-piperidine-4-carboxylic acid
25  isopropoxycarbonyloxymethyl ester '
- 4-Dimethylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1,2 4]oxad|azol -3-
yI] benzyl} plperldlne -4-carboxylic acid 3,3-dimethyl-2-oxo-butyl ester
- 1- -{4-[5-(2-Fluoro- -bipheny!-4-yl)- [_‘I,2,4] -oxadiazol-3-yl]-benzyl}-4-(pyridin-2-
ylcarbamoyl)-piperidine-4-carboxylic acid
- 30 - 1-{4-[5-(2-FIuoro-bipheny|-4-yl)-[‘I,2,4]-0xadiazol-3-yl]-_benzy|}-4-(pyridin-4_—
| ylcarbamoyl)-piperidine-4-carboxylic acid ' | |



28. Use of a conpound of fornmula (1) as defined in any one of clains 1 to
+ 21 for the preparation of a nedicament acting as an agoni st at hunman S1P1
25receptors selectively, for admnistration to a patient in the need
thereof . WD 2008/ 152149PCT/ EP2008/ 057571 147 30. Use according to
anyone of NQIW¥P3149nherein said conpound is for treat PAHERMSVSTS7pr event i ng
transplant rejection, tissue graft: rejnlggtl on, i-mmune disorders, autoimune
di sorders, inflammatory and chronic i ammat ory conditions that include

r heumat oi d arthrni{ws @EhbfﬁiblpﬁéWIMfW)MSz 4RH@Hia28l- :&yl]lb)éﬁﬁﬁ}fﬂl(:i-' s, atopic
dermatitis nphoc tlc | eukem as, homas, nultiple sclerosis, |upus

eryt hemt YA SR AT HfP&er?beBWkP'PGr'Q'@aﬁe%arb%yaﬁét?@s'i Fraimethyjs2-oxo-
gl omer ul o- pgphédiéd s, atherosclerosis, multiorgan failure, sepsis,
pneunoni a, optic neuritis nyal gi a rheumatica, uveitis, vascul i ti S,

osteoarthritis;, 41§3§’ﬁ|0h8¥)6¢5yg@m§¥|r19£45[5s?rﬂ!l—\od?ﬁélphﬁé)dﬁek‘ﬁ -H.2, é]@éatﬂlam@n injury,
h b t t ed th
chronicso @lbéﬁi)’l}‘épﬁp@d&ﬁ %'é}bo;(gh %%Me%ﬁ%#g?ﬁ@%@%@ ed W

i nfl anmat i vVI'r ammat 1 0 tienza illian-Barre
syndrone, chronié- (%B@ncﬁoxylcerbqne@nemmsupsndlgeﬁmanhmw))u‘s {4}[55@afwro—

sar col dos’ BpnbARIaY 1 SElR5AHEN Ty ALENRLIIR o) S6A88, R dEblos, Ui sor der s

related to I nt ncers, drsre gi ogenesi s
or excessi egteneoangi ogenesi s. 15 - 31. Use accordlng to claim 30,

wherein said disregul ogenesi s cessi ve _neoangiogenesi s, i s .
sel ect ed fro'mabscu\f"%tJ g %%re%n@ﬂ V&R e 'aégqf%%!{‘%ra f PUfERe ¢ fe Whsi sting
of di abet i pharetaceotic I yccaeptabloisdia, fieedyrass; hlydratesadridosolvai@s: ul ar

degeneration. .20 32. Use according to claim 30, wherein said cancer
selected fromthe group consisting of solid tunors, henatopoietic cancers -

and tunmor et X A eBocess of prep@tiohsE Aeo Pdum dcordiigORe aRjore 8i e 28 to
32, wherein said nedicament |s 25suitable for t opi cal cut aneous, ocul ar,

i nt r avagi nBIECeHiRE CRilSe MNRE B farmeia i R@dsa{'@jﬁf‘ﬂé%ﬁ%ﬁ @Hhl. comprising the

step of saponlfylng a corresponding compound of formula (1) wherein R7 and/or
15 R8 represent(s) an ester function.

23. A process- of preparation of a compound of formula (1) according to
anyone .of claims 1 to 21, wherein R7 and/or R8 represent(s) an ester function
comprising the steps of:

20  i.reactinga correspondmg compound of formula (ny:
Ra)p
R4 RS
(n

wherein R1, Y1, m, X1, Y2, Ar1, R3, R4, R5 and p are deﬂned as in claim 1 with a
suitable sulfonating reagent, and
ii. coupling the obtained sulfonated compound W|th a corresponding

25 compound of formula (lll):

_ _ (
where R6, Z, R7 and R8 are defined as in claim 1.
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24. A process of preparation of a compound of formula (I) according td
anyone of claims 1 to 21, wherein R7 and/or R8 represent(s) an ester function
comprising reacting a corresponding compound of formula (IV) :

(Ry)p
(R1-Y1)m X1 y2— 1 Ar1 CHO

- {(IV)
wherein-R1, Y1, m, X1, Y2, Ar1, R3 and p are defined as in claim 1 with a
compound of formula (lIl) as defined in claim 23.

25. A process of preparation of a compound of formula (l) according to

anyone of claims 1 to 21 comprising reducing a corresponding compound of

formula (V): _
. COPg
(Ry)p 6
~ (R1-Y1)m— X1 — yo2—1{ Ar1 N—z\
R4 R5 CO,R,

(V) :
wherein R1, Y1, m, X1, Y2, Ar1, R3, R4, R5, p, R6, Z, R7 are defined as in
formula (I) and Pg represents a protective group of the -CORS group.

26. Process according to anyone of claims 22 to 25, which further comprises

the additional step of isolating the compound of formula (1).

27. A pharmaceutical composition comprisin'g a compound of formula (l)
according to anyone of claims 1 to 21 with a pharmaceutically acceptable excipient
or carrier.

28. Use of a compound of formula (1) as defined in any one of claims 1 to 21
for the preparation of a medicament acting as an agonist at human S1P1

receptors selectively, for administration to a patie'nt in the need thereof.

29. Use according to anyone of claim 28, wherein said compound is suitable
for decreasing circulating lymphocytes in blood in a patient in the need thereof.
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30. Use according to anyone of claim 28, wherein said compound is for
treating and/or preventing tra_nsplant rejection, tissue graft rejection, immune
disorders, autoimmune disorders, inflammatory and chronic ‘inflammatory
conditions that include rheumatoid arthritis, asthma, pollinosis, psoriasis, "
myocarditis, atopic dermatitis, lymphocytic leukemias, lymphomas, multiple
sclerosis, lupus er_‘ythemat_osus, inflammatory bowel diseases, diabetes mellitus, -
glomerulo-nephritis, atherosclerosis, multiorgah failure, sepsis, pneumonia, optic
neuritis, polymyalgia rheumatica, uveitis, vasculitis, osteoarth'riti's, respiratory
distress syndrome, ischemia reperfusion injury, chronic obstructive pulmonary
disease, infection associated with inﬂafnmation, viral inflammation, influenza,
hepatitis, Guillian-Barre syndrome, chronic bronchitis, restenosis, grnulomatous
disease, sarcoidosis, leprosy, scleroderma, . Alzheimer's Idisease ‘as well as
disorders related to impaired vascular integrity, cancers, disregulated
angiogenesis or excessive neoangiogenesis.

31. Use according to claim 30, wherein said disregulated angiogenesis or
excessive neoangiogenesis is selected from ocular angiogenic diseases selected
from the group consisting of diabetic retinopathy, choroidal neovascularization,
macular degeneration.

32. Use according to claim 30, wherein said cancer selected from the group
consisting of solid tumors, hematopoietic cancers and tumor metastases.

33. Use according to anyone of claims 28 to 32, wherein said medicament is
suitable for topical, cutaneous, ocular, intravaginal, intra-uterine or inhalation

administfation.



