WD 2012/ 004287PCT/ EP2011/ 061372

5- (Bl PHENYL- 4- YL) - 3- PHENYL- 1, 2, 4- OXADI AZOLYL DERI VATI VES AS LI GANDS ON THE
SPHI NGOS| W8 2012RIMEBPHATE ( S1P) RECEPTORS The present i nveotriEreomebBres t o
chiral oxadiazgl&s.- 488 Is Lﬁﬁﬁmﬁslmﬁ% BQMEéLﬁ.ngEﬁmlI‘EvﬂésgsfﬁrGAI\TJSSE%E\TI

mul tiple sclerosis and ot her dise articular, the invention

rel ates to conpounds of ?PSHIH%?S&NElﬁ PHO?W}ﬁATEV\EgéLIPéllﬁECfBﬁiR&enOt es H, Hal, CF3,

OCF3, ON, or N2, OH, A QA X1, X2, Z1, Z2 independently from one anot her

denote H or A wherein at |least one of X1, X2, Z1, Z2is A X1, X2,may form

t oget hdhewirgdent ineetibngeldied-to whind) oxadiazdlery thelBsE, asZpedigamentsrand theirtuse faui t h

02 a 4- 511’11@[‘ i | from one anot her denotes H A, or

gl ucuro% gﬁ t?% %%IS 5@@@1@8@@1#5%' ndependently from one anot her denote

a -BH2-group or a single 20bond. Radenotes Hal or a linear or branched

al kyI h H atons may be repl aced by
ﬁé%@i‘?ulér tﬂ% Iﬁv%ﬁlloﬁgégtr%gqgﬁ ranc dgé)rf]fcﬂ'kg@ (ﬁaw ng 1 to 3 carbon atons,

vvherel nlto 3 Hatonms may be replaced by Hal, -00H3, -00H20H3, 25Gl1,

Q&2i ndependent|ly from one anot her denote H Hal . A 1Adeth es a linear or

branched al kyl haying 1 to 6 carbon atomsX\pr | azd\y ¥to 3 carbon atons,
wherein 1 to 3 H atons may be repl acgd by 1, O—| @l,> 02are carbon

atonms, WO 2012/ 004287PC;I’/ EP2011/ 0613 /% /H\b\d Za h{e@ orm wherein the
0 3 @gally acceptable

group yiyi 11,0 N\ ... R-.. .. is oxi
derivati ves, sol vat e Ter s, Nsg é’MantlorreWs |astere0| SONer s

t hereof, i ncl udi ng y tpergof {in all ratios. 51n anot her enbodi ment ,
none of G or 02Cis &F n otPRer words, X1 and X2 are identical and Z1
and Z2 are identical. Inrinother enbodi nent, at |east one of (9 and 02 is a
chiral centre. X1 and X2 and/or Z1 and Z2 are not identical. 1'n a specific
enbodi Yéhgreint he present invention provides conmpounds of Fornul a (1) as one

Loghast er eoi gomer, whefghigs @ Hep i ogRg AR dr Nd,Row, AT oher ein G 1's ()

02 is (9, a mxture thereof in 4

X', X3, Z", 2% independently from one another denote H or A, wherein at least one of
X', X%, 2", Z%is A,

X', X2, may form together with the C; a 3-8- membered ring,
15 z2', 72 may form together with C, a 4-5-membered ring,
Y, Y? independently from one another denotes H, A, or glucuronide,

W', W2 W?, and W* independently from one another denote a —CH,-group or a single
20 bond.
R® denotes Hal or a linear or branched alkyl having 1 to 3 carbon atoms,

wherein 1 to 3 H atoms may be replaced by Hal.

R® denotes Hal, a linear or branched alkyl having 1 to 3 carbon atoms,
wherein 1 to 3 H atoms may be replaced by Hal, -OCH3, -OCH,CHjs,
25 G', G? independently from one another denote H, Hal, A,
A denotes a linear or branched alkyl having 1 to 6 carbon atoms,

preferably 1 to 3 carbon atoms, wherein 1 to 3 H atoms may be replaced
by Hal, OCHs;, OH,

Ci, Co are carbon atoms,



I n anot her specific enbodi nent, the present invention provides conpounds of
Formula (1) as one diastereoi sonmer, wherein G is (S) and 02 is (R), or
wher ei n Gvoi2e12d@¥28and 02 is (S), or a mxture thereof i mCaHP201a6B332 151 n
anot her specific enbodi nent, the present invention provides conpounds of
Formula (1) as the enantioner |A wheréin G is (S) and 02 is (R. In

anot her specific enbodi nent, the presrént i nvention pﬁo {des conpounds of
Formula (1) as the enant i oner IBWheINEInCI is (R 21is (9). In

anot herana@ﬁ&b{.alﬁe&fab@Wéeaﬁ the @@u@rése\ﬂt.s bMRBY kPP~ pr‘“@Vl dgfhaﬁﬁm@um? of
Formula (1) as 20the enantionmer 1 C wherein G is (S) and 02 n

anot her@Cegrdalle deraieriispvates: eHEMa o Selie: ei”ﬁO@W?rérfj'i‘ﬁt%r\?Pﬁ@@eEﬁotﬁﬁ@Gﬁds of
For mul gndjddingixilies #aastsirPaefatibd Wherein G is (R and 02 is (R). In case
of only one of G and 02 is a chiral centre, the present invention may
provi de conpounds of Formula (1) as one enantioner wherein the chiral
cenger |@hnstheEmBsdithant( fine Al dr&n,NRERINENIY otHeP RoRISEXEBAd KPH RN idalERY 2
provi de copgpounds of Fornmula (1) as one enantioner wherein the chiral
cent er 28 ZC@rgideniical.s (R). Conpounds of Formula (1) wherein one of G and
02 is Qrﬁ‘bﬁ&heﬂ%b@nﬁ@ntb@t I0Rdt3hBRfcagn@ Cisd eHiRl BEntRNKNEA®RBES/bIZ8drd 72
ratios, including the racemate m xture wherein the ratio i s 50/50. \en
corrpour‘?’('fle BetigRntigak a (1) is obtained as an optically active conpound, the
ratio b@b‘&?@&ﬂ@é‘rﬂb@&%@ﬁ! ﬂ@ﬁre@éﬁi|ﬁ@ﬁt|&¢@60ldé§c@hmﬂsbhﬁ@mﬁh@ La@@r‘é()’

30preferab i gher than_about 80/20, nore prefera her than about

90/1 90, dﬂﬁﬁ%e?}?‘ém%rr #HREimLyisdR) ?%92 §d&torg\§yegeln @véﬁsgrﬁ ieiSer AR Pixkirg her

t han 98ﬁ&eoﬁ,ﬁ|amp@ioger enbodi ment, the enantioner | A of conpounds of Fornula
(1) wherein G is and 02 is (R) may be mxted in any ratio with the
enant i dMBROINEY %C@éﬁﬁ’é”@ﬁﬂ‘%ﬁ the prageal “QY%”“WP\@WIdﬁSGPmBQF%dS(CFfQ)FOHHHaé'Q s (9).
When C%B%H%@er@&s&rﬁéﬁ%@reﬁr{ ¢ isiS?@ﬁdiCDQ (RS, cﬁV\fh%Fe@rﬁT@'i%(Rl?@h@ C?"sa@)'&fﬁers I A
and I B are m xted in equal anoun When conpound of Formul a i's obtained
as an MASupOiSreRH B TRi9S EP2011/ 061372 3 optical |y active conpound, the
rayb0 BehMeBREr QRRME bAIMBHIMeNt aREl pRRBMLIhRIFRGN b%vld’és Qb&ﬁ@undshﬂmoﬂﬁ@lblt(l)ﬁgl 40,
preferably higher than about 80/ 20 nore preferably higher than about

90/ 10, thRpRANYPEREIANNG e GHig(StashCaBERY 95/5, even nore preferably hi gher

than 984 dnothéMsREME @ﬁibo@iﬂ%h@'tﬁ@ﬂﬁeseﬁth@e%ﬂ@ﬁ‘bkﬂ@% cbfap8iindsPRKHAGE (9hs
Formula (1) wherein G is and 02 is (S) may be m xted in any ratlo wth

t he endhf ?@ﬁ?épmpti%wh%wp%u%%)%d EoledBla (1) wherein G is (R and 02 is

( R) Wi Bn&rpemspeie effbolipidit!tRe plekehtSnytition PRAIGRS cBmMpBitdsCatiFoymaa (i) v

ound, the ratio between enantioner | C and enantiomer ID is higher than
ab8t dlg arentigmer K WheTpInE iR d®) 2thre iKBLt 80/ 20, more preferably hi gher
than abyhotA8Y sHecififRrfboRinking rtﬁ@baésé&hhm%n bRAMed RBMboIRIsof FRVRIMa RS

preferably higher than 98/ 2. In referred enbodi nent the ratio between
one endif PRARSPMSAIP WhRreht bieis (Réarm nérRi-han 98/ 2. In a specific embodi nent,

the COW@%&W drir o, aindlg, i & chRg c@ﬁ@é‘tth@ﬁi%%emlﬁ*\re@]h&aw%)/p?@wdexz and 71
are Hand Z2 is b) Xl X2 and Z2 are Hand Z1 is A, 15C) Z1, Z2 and X2
are H &ﬁawpanqssofﬁorrawadp ag pne gpanfigmnegvherein Fﬁ‘eaﬂﬁfab&eﬁt%raﬁ\c@f?h@r Sal one or

copbi n@@tefd@atﬁél& tﬁ@bfe‘%nt\%\‘}éﬁtl@ﬁ‘%e@rpr@ﬂde,ec&ﬁpddh@s%f h&hsula [INasbmd é"r%nh&ﬁ’l@?' fic
enbodi nment , onpound of Fornul a i s one_di ast ereol somer wherein;

20a) XWhemein E‘P %{Wé' fenterat n@r E2is4Re “&W@P olgorghip Fhwhapreingneyel Cadd e ar e
A, or s chial Pﬁ%y%&@ t%%tﬁélﬁed'ias é(%lﬁ[]ﬂa &%n@ﬁl%n?er@ﬂﬁélpﬁatlég ir\eHidoltharSedrhatel and

Z2 are A, either alone or _conb inall ratios. An enantiomerically
enr i ch&Xiravhereindaaatieds éO/éBT?ﬁ(B%GO'BPOm%ﬁO&“E'?)(')(b?rOt?té'r‘% asaporiealy 25

havi ng a@f\/@é&%duﬂﬂﬁﬂhb%t@(&@@%n 8% %ﬁl@h@ﬁaMth@%m%hﬂgﬁéﬂthKrﬁ‘QM\SUtlBY)M@ne
skilled in the art, of 10%or nore, preferably 50% or nor

éper bt 9rat%/rré9riefﬁérﬂﬁ"9%%“ /20 ’B?r@fﬂé?fﬁfﬂb!)/ higheriRan gRawd PO/ 94 m9ree<ﬁ?feea%a
m Xt ur @ighen HaRabduCoBIB avaA ntdre bRIfERbI hidhkr Hanrgglat ed For nul ae havi ng an
enantioneric excess of nore than 98% 30l n anot her enbodi nent, the present
i nvention provides conpounds of Formula (1) wherein at |east 1 or 2 of WL,

W2, VB |aBfotHér érﬁb&jlrﬁéﬂg{h% é?m@ﬁﬁbnelrm 8NeSIun8sBorb R (1) WerelW&s; id\Bs)aind OM

aII denote a single I n anot her enbodi nent, the present invention
pr ovi dés @r?ﬁ%ﬁ%l%‘"%‘fd 'p&nm@ ‘(’Fr) thW?@P@ﬁ'qmeLleé’ﬁﬂo@B(Zﬁ"drﬁﬁf 0f"8¥"ﬁ1('t) M’@éf%91 W th

0238 3iSRyRymaeat,a¢ (%) When |cBn@6@ﬁd"'@FFcﬁm%d(l)ﬁ§8étamU% Prae808te, boM AL IMers

provi des cong)ounds of Formul a %
A and IB are mixted in equal amount hen compound of Formula (1) is obtained as an



WO 2012/ 004287PCT/ EP2011/ 061372 4 OH (la) Werein Gl, &, Ra, Rb, R1,
X1, X2, Z1, z2 and Y1 areas defined above. In another enbodi nent, the
present iwoentzmmspr ovi des conpounds of Forrmula (Ib) (Po/EPWI@neism2 Gl, Ra,
Rb, Rl1, X1, X2, zl1, z2 and Y1 areas dq{ined above. In a specific

enbodi nent, the present invention provides conpounds of Forrmula (1), (la)
or (Ibpprmlv@ﬁwwnh@ucﬁstherat@m@e@ﬁ eantiRemer B\ @RBerentigrgT 1Bds digbeatbey, Rb
is CF3 4 t I e

i nvent ic on pr ovl’ é%%g%w% dz%g]féb 3?%@?8 n%(?r% pg%%%‘mg%r i bQ)ru?§@/rI'§2bmore

- CF3 orpref@fabm%irﬂdaﬂ%qut%/wemmor@lﬂﬁefembb'ffeglwmItfyan9%2| s -CF3 and Ra is -
CH3. I n anot her specific enbodi nent, the present invention provides

conmpounds of Formula (1), (la) 15or (I b) wherein Rb is -CF3 or -CH200H3 and
Ra bs JiCrgotber erapalimpntetherenishijoneRiC pEcongraIndadf Rermuda () \@mgein Cq is (S )eandtGrer

?llo)ec' ‘:)'ruscﬁﬁ é;@gc:ierg @%ﬁy Pétf%@g{ thk %K%ﬂgd%}éﬁ g&ﬁﬁ&m@j@ ’Hggg%a H%erem“ a
pgte)gglr z&bllgx(R)Rj]mdr%z is (GRB Vidheo oremrpgnds Qfdmrm%;]lae(ﬁds Ytaingd |is ahppterdly [Retives peE:: 1;|) c
or (1 b)%%ﬁ&%’é"r’iu Eheg'ﬁra@ao?% Pah e dE A An (Y '?Q?B'@ﬁ%s@g@y@fg ] 061372
5 F, (Ipcgfergbbyriaghertian armput 8;1/20,@ore\meferM)Iy higher\igan about 8/10 zmorezgrefesabland Y2
ar pas %yﬁ] ﬁeafb'oﬂﬁ%/é‘r@/eﬂmr Fe‘?éfrrabﬁ%ldh\é 9%?2’:1b| e derivatives, solvates,

t aut onerss, stereors rst ereo I ncludi ng m xtures thereof in
all rath ayrefsrrerd ambodimenpihefratia kaiweerh ok wmtlomehenqat’resémr i$ higherttham98/2.

Vi v 5B odishE B e s o o IR BB g er WRrei T 1t nor

specr fic @mbodKnantZ’ arad Epncb%elm’\ i nvention provides conpounds of Formula
(), (ay, ;@(kbgrlgﬁd%‘gpéno(i%QMereln Rb is -CH3, -CH2CH3, F, Br, O, or

- CF3, preferabl Gl, @& independently from one anot her
defbte H,cHA' ,,Zoernd OGase Harsf6riall or H. And wherein Rb, W R1, W, W, VB,
W, X1, xg Alze 22 Y angd (%& ane as above defined. In a nmore pref erred

enbodl rrent t’he present | nventl on provi des conpounds of Formula (le):
R1' 1CH | elther alone or combined in all ratios with one or more of the others.

In another specific embodiment, the compound of Formula (l) is one diasterecisomer wherein:
20 a) X'and Z'are H, X?and Z? are A and/or X? and Z? are H, X" and Z" are A, or
b) X'and Z%are H, X?* and Z' are A and/or X?* and 2" are H, X" and Z? are A,

either alone or combined in all ratios.

An enantiomerically enriched mixture denotes a compound of Formula () or related formula

25 having an enantiomeric excess, as measured by methods well known by one skilled in the art,
of 10% or more, preferably 50% or more, and more preferably more than 95%. Most preferably
an enantiomerically enriched mixture denotes a compound of Formula (I) or related Formulae

having an enantiomeric excess of more than 98%.
30 In another embodiment, the present invention provides compounds of Formula (I) wherein at
least 1 or 2 of W', W2 W* and W* is a single bond.

In another embodiment, W', W2, W* and W* all denote a single bond.

In another embodiment, the present invention provide compounds of Formula (1) wherein Z' and

35 7% may form together with C;, a 3-8-membered ring.

In another embodiment, the present invention provides compounds of Formula (la)



Wherein Ra, GlL, &, X1, X2, Z1, Z2, Y1 are as above defined. In a nore
preferred enbodi nent, the present invention provides conpounds of Formula
(If): )e.wpQhr/dozis7OH (I f) Wierein Ra, GlL, @&, X1, X2, PBCI/EP2)11¥d13are as
above defined. WO 2012/004287PCT/ EP2Q11/061372 6 In another preferred
enbodi nent, the present invention provides conpounds of Forrmula (l1g): )e.
x14 z1 "OH NI i Y (lg) Werein RL, Ro, Gl, g@x'zZX17' X2, Z1, 72, Y1 are as

above defined. 5In another preferred e di_menl, J Mt esent invention
provi des conpounds of FornuLa (1h): Rlyl N (1h) liwierein R1, Rb, Gl, @,

| ¥' anBt her specific

enbodi ment, the preserft
10(Ib), (Id), (lg) or ( efn BO.Ns - CH200H3. Conpounds of Fornul a
(1) wherein Y1 and/org*¥2 is gldcuronide may be for instance conpounds of
Formula (1k): 15(1k) Wierein Gl, &, Ra, Rb, R1, W, Wia) W8, W, X1, X2,
Y1, Z1, . Z21 AP enagbdef ki b i.sed. f the conpounds of
For nul é’v?él}gmﬁé?eﬁ’ﬁaaagbg ’?gf gi’%t%g%(?e(}g%o%p%&hgig% \%Fornul a (10)0: WO
2012/ 00a 28qtPETerRPRIMentOthe3resent inXgntiop(ovidds compounds of Formula (Ib) 0-y2 G NC2/
/1 w2 w3 w0 (10)

Ra
G! N
G )~
2 o~
G Rb

5  Wherein G', R?, R*>, R", X', X2, Z', Z? and Y" are as defined above.

OH

(Ib)

In a specific embodiment, the present invention provides compounds of Formula (1), (Ia) or (Ib)
wherein R” is CF3; or CH,OCH; and R® is CF3 or CHj, preferably, R® is CF3; and R® is CHs.

10  In another specific embodiment, the present invention provides compounds of Formula (1), (1a)
or (Ib) wherein R is -CF3 or -CH,OCHs and R? is -CF3 or -CHj, preferably, R” is -CF3 and R? is -
CHs.

In another specific embodiment, the present invention provides compounds of Formula (1), (la)
15 or (Ib) wherein R® is -CF3 or -CH,OCH3 and R? is -CF3 or -CHs, preferably, R® is -CF3 and R? is -
CHs.

In another specific embodiment, the present invention provides compounds of Formula (1), or
(la) wherein R® is -CF3 or -CH,OCHs and R? is -CF3 or -CHj, preferably, R is -CF3 and R® is -

20 CHs, and Y?is H.

In another specific embodiment, the present invention provides compounds of Formula (1), (l1a),

or (Ib) wherein one of R* and R” is -CFs.

25 In another embodiment, the present invention provides compounds of Formula (Ic)



Wierein G, &, Ra, Rb, RI, W, W, W, Wi, X1, X2, Y1, Y2, Z1, and Z2 are
as defined above. The conpounds of fornmula (1) and rel ated Fornul ae are

pr ef er ablwoblwrdioms7on receptors for 5sphi ngosi ne 1-phosphatEP2qi$beBy2 S1P i s
a bioactive sphingolipid netabolite that is secreted by henmatopoietic cells
and stored and rel eased from activate platelets It acts as an agoni st on
a famly of G protein-coupled receptors ( ) X° Ri'vg spghi ngosi ne

1- phosphate receptors have been identified ( LPlI SN\ P2, §1.P3, S1 P4, and

S1 P5, also known as endothelial differ atGion Ngertgs, ich are Edgl,
Edg5, Edg3, Edg6 and Edg8 ﬁéspectlvely) éihng\ ﬁﬁéggead 10cel | ul ar
el rved Tn than and rodent species.

and tissue distributio
S1P is involved in a nul % r functions such as surviva
proliferation and i mu@&dlogi cz resﬁhnses The conpounds of the present

invention are preferably acFﬁng as S1Pi/Edgl receptor agonistle and thus

have i nos N y At hn 5l eukogyte t i cki ng,
sequest Hﬁ@%pﬁ%bé ’&%’géc nd§r§qﬁ€n%hg?agé%s§ﬁﬁ§fq%wadlﬂW§{fering
with calnhmekmaoentlmlg@bc@n@ble derinatiesk, kolvaten, talifoheireBhits amlistereodopense. The

i nvention | h@ £ ﬁﬁ ﬁéﬂrqgceutlcal conposi ti ons contai ning such
conpouﬁ%§e%nwc Pﬁdﬂ§u5ﬁ ?@Q{ b o o prevention. 20FTY720 or fingolinod, a
non5selleahottier BefeRbd agtnidbtent ake ptesehrmusntisn providesicempachdsioftRoraoid (kjows
therapeutic effects in the treatnent of relapsing-remtting nultiple
sclerosis. Nunerous publications have b&gn élﬁe y $Hublished using this
conpound: Oyster JG Annu Rev | mmunatl 23: ?% 005 ®Rgsen H Nat Rev

| munol 5:560-570, 2005,..Rosen H Tre\ I 9%;107 2007, Yopp AC
Oin Transplant 20:J88- ?5*5 2006, Kahpgdy MIENG, Wb 25355: 1124- 1140,
2006, Massberg S N - ¥088- 1089, 2006. | nmunosuppressive agents
are further useful | 3/ W aripety of autoi mmune and chronic inflammtory
di seases, |nclud|ng mul tipfe sclerosis, system c |upus erﬁ renatosus
chronic rheumatoid arthritis, type | dlabetes mel |itus, f anmat ory bowel
di seasaSherbinlR'aRy, @&l GPHosiw? VBOWekt, D€, 2nd? of ke Ydissonslabevesdetihedis Cr ohn' s
di seases, ulcerative colitis, bullous penphigoid, sarcoidosis, psoriasis,
aut oi nmune nyositis, Wagener's granul omatosis, ichthyosis, G aves'

opht hallmrapethéwspeatﬂop'mbodmemtthé b&samtdn\asmhmrov'ﬂteeycompeuradsscﬁ Fosedlal(l)as)par t

y“a &Eﬁ%ﬂ% %.3 %;%éiﬁl Bﬁgg rrent erg Iéfﬁ C@g{r@h&r&as and

VDZ006Ki3G@&ﬂeﬂeﬂﬁmﬂbESmQX@dﬂﬁﬂﬁ#GSndeﬁtV@LKNGSHQOﬂﬁGBbNﬁg a bi phenyl ring.

Furt her QX3 di azaql, hivat v ntaini ng-a . pheny). group, substituted with a
cycl oaP XAty %'n? Ve R T ST 0B SE0 S YoRam” et 84 BadVé Sibed
3679- 3683. O her oxadlazole derivatives are described in the patent
application EPQ7117 s bheen.fou t hat the conpounds of the
or esent” F‘rﬁ"\‘/%fﬁtp{%ﬁ”%‘f mefiment & wpSt myBBSRes HoTREPRS SEFfmile Pk
properties and/ or other properties. 10r pre§entomnvent|on uses
conpounds of Fornula (1) angapharnaceutl U%Fbl derivatives, salts,

¢ na{ uddng mi xtures t her eof

tautonmers, solvates a%d

inall ratios, for the P Q nedigﬁ nifor the treatnent and/or

prophyl axi s of di seases.X ‘hecymhlbltloﬁ,Zactlvatlon regul ati on,

and/ or nodul ation of S®PL r gptor signal transduction plays a 15role.

Thd8, the present invention pfeferably conprises conpouleds which are

agoni stg, of; qbe Skgl&E@gi;ﬁﬁéepggéas%ﬁgﬁ§aé%bg havi ng sel ectivity over the
[

S1P3/ Edg3 receptor : dgl receptor selective agoni st has advant ages
over cum pemrepreiesgd esbedioienk thenrresertiinvehionaprevides cathpeitds of Fopmhdbyt e
sequestration agents, allow ng better tolerab;I'zy wi t h hi gher dosing and

20t hus inproving efficacy. The invention fur%h: r apgs to the nmanufacture
of a nedi cament for the |nprovenent of VRises §un |on ei ther al one or
F ' ra 25The present

n

i nvention further rel até =t orN-
(a) an effective anount ¢
Formul ae and/ or phar mage y sabbé derivatives, tautomers, salts,

sol vates and stereoi soners tlkefeof, including mxtures gpereof in al

rati os, and 30(b)an effective amount of a further medic nt active

i ngr edivéndreinTfe G ab4, ot XfgZ a1y E\vdratas absve edfimedr espectively to the
definitions below aq (aqueous), h (hour), g (gram, L (liter), ng
(mlligram, MHz (Megahertz), pM(mcronolar) mn. (mnute), nm
(mllimeter), mmol (mllinole), MM (mllinolar), mp. (nelting point), eq
35(equivalent), nL (mlIliliter), pL (mcroliter), ACN (acetonitrile), BINAP
(2, 2' bls(dlsphenylphosphlno) 1 1 - blnaphthalene BOO

s 2 " T . o P l__l_____ P Y N T T Y 1 I T Y .



WO 2012/ 004287PCT/ EP2011/ 061372 9 (cycl ohexane), DCC (dicycl ohexyl
carbodiim de), DCM (dichl oronet hane), dppf (1,1 -

bi s( di phewgl2pirowpis7no) f errocene), DI C (diisopropyl carbedirinrede)pe13Dt EA
(diisopropyl ethylanine), DVF (di methyldormam de), DMSO (dimethyl sul foxide),
DVMSO- d6 (deuterated di net hyl sul foxi de), EDC

(1- (3-dimet hyl - am no-propyl)- 3-ethyl carbodiimde), ESI (Electro-spray
5ioniz i t t.hanol ),
>l o1 (?‘f bRGther %%ﬁ%{'& @%Lﬁ? gﬁbg&@smﬁb@meﬁ bRIEES BhBBlnds FFAlSY G

(di net hyl am no- ([ 1, 2, 3] tri azol o[ 4, 5- b] pyri dixi- ﬂzglbxy)

net hyl eneFdi met hyl - anmoni um hexaf | uor oprsph (Hi gh Performance

Li quid Chromat ography), i-PrH (2-propan K2 pot assi um car bonate),
dir ecfed Aut oprep), MeOH

(mass spectronetry), MIBE

LC (Li quid Chromat ogrng Aut opr ep
(met hanol ), MgSO4 10( |
i hoxy- 2, 3,

(Methyl tert-butyl ether \
N m crovvave) NBS (N-bronmo succi ni m de),

6-tri met hyl benzensul feriyl ), M
NaHCOB ('sodi um bi carbonate), NaBH4 (sodi um bor ohydri de){(9NMM ( N- net hyl

mor pho'WIﬁ'&bm AIVR® (e ear XMBINEY e aRESONMIBALingA (phenoxyacetate), Py
(pyridine), PyBOPO (benzotriazol el-yl-oxy-tris- 0)§§rol i di no- phosphoni um

hexéf I u@)%‘bth%rs&fﬁfﬁr@? emRpdimessripe Bfﬁééf‘tdﬂﬁﬂé'))” PrRVIdES CPBYEHR] Sof Ftoi”ﬁt“? (IhgFC
(supercritical fluid chromatography), solid p%%se extraction), T3P

(propyl phosphoni ¢ anhydri de}i TBAF (tet r but‘gggmn; u[n fHJorl de%) T?T;J
etrafl uoro borate),

(2-(1-Hbenzotriazol e- 1- tetra
TEA (triethyl am ne), X 03L € » 'HF (tetrahydrofurane),
TLC (Thin Layer Chromat Qgra t¥. 20 In general, the
chiral oxadi azole corrp@unds >cor di ng to Fornula (1) and related fornulae
of this invention may be prepared fromreadily avail abll®) starting
mat eri gl/fereinfR'SRE G S AN Qg ZTepE K gleSathivBQkfifeymer ci al Iy avail abl e, they
may be prepared by standard synthetic techniques. In general, the synthesis
pat hways for any individual conmpound of Formula (1) and 25r eI ated fornul ae
W‘ I d¢rﬁ)§ﬁ&h9rnsﬁe|8ﬁc%ﬁﬁ)%blfrﬁ&1t StH@ﬁFe'séMQH&éanﬁ Pﬁﬁ/ﬁj@sr&gﬂn%%%o% of%ﬁﬂulfaf%ﬁt(%f)s

ei ng apgée0| at ed those of ordinary skill in the art. The follow ng
geﬂ@r al(loprdtchdis Oéﬂh pheEi B Bs-eeQiGtlbed hereinafter in the exarrpl es may be
enpl oyed to prepare corrpounds of Formula (I) and related formul ae. Reaction
conditions depicted in the follqw nP sgchenes, such as tenperatures,
sol vent&®@mRrAuNgs of ergeia @) whareing| \aeA/oay %wr@@d%may bgrfer iastanggocompounds
restrickiF¥gnuidfiky Il 30be appreciated that where typical or preferred
experimental conditions (i.e. reaction tenperatures, t] rre nol es of
reagents, solvents etc.) are given, I @xpedi neat al 'ti ons can al so
be used unless otherw se stated. Opti rﬁrj\rea’ctl n co% it S may vary with
the particular reactants or sol vent uch "'btnls can be

wn

determined by the qierspn skilled i /aN tlmsatlon
procedures. For aI I A ect/N ep‘?’ot é/l’:tl n 35 see Philip
J. Kocienski, in R : Koups", Georg Thiene Verlag St uttgart New

Yor k, 1994 and ?heoora W~ Gre€ne and Peter G M Wits in "Protective
G oups in Organic Synt héSis", WI ey Interscience, 3rd Edition 1999. WO
2032/ 004287PCT/ EP2011/ 061372 10 Depend”gg on the nature of Rl, Ra, Rb, GI,
&, W-W, CT)2 ﬁ z1 and ;2 jfferent synthetic strategies may
be sel é’M'ﬂ%fG'”f%r E%H? 8 W2 R MnpouRdy 'of s rort &udrg i defingdhabave: pr ocess
illustrated in the follow ng schemes Rl, Ra, Rb, Gl, &, W-W, )(1, )(2,
yl y2, z1 and z2, Sare as above-defined in the description unless otherw se
ment i or@t‘!d'S%i‘@F‘équ%e HRAYAR S fIrmus (hwherein may keyer isianra coraounds of G,
R, W-Pdmu(ib).) (2, y1 z1 and z2 are defined as above and Y2 is H can be
pregared by hy rolysis of the ester derivatives of fornula (1), wherein Y2
s above defined and nore preferably Y2 is a nethyl or tert-butyl
10group, using conditions well known to those skilled in the art, such as a
nmet al hydroxide, e.g. |ithium hydroxide, sodium hydroxi de or potassium
hydroxide, in a suitable solvent such as THF, nethanol, ethanol or water or
m xtures thereof, or using an acid, e.g. HCl or TFA in a suitable solvent
such as di oxane, DCM at a tenperature between about 20C to about 50C,
preferably at RT, for a few hours, e.g. one hour to 24 h (Schene 1).
15Schemre 1 X\Yi Oy2 NC2/ // \ wiw2 w3 w4 0 (I) NaCH MeOH, THF, Water
RT



or HCl, Dioxane (I1') Wen ester derivatives of Fornmula (1) are obtained as
m xture of enantioners, they can be separated by chiral HPLC col um, such
as but nowvol2orvaoers7t o t he nmet hods descri bed bel ow i n t hecexaeqmhes13720The
met hod for preparing ester derivatives, of Formula (1) selected bel ow

Tert - butyl

2-[(2-fluoro-4-{542' -nmet hyl -2-(trifluor m b1 B\ phehy1- 4-y1] -1, 2, 4- oxadi az
ol - 3- yl |l benzyl) (et hypam no] but anoat:e, f‘ty\l/ S oy

N-[ (1R)-1-(4-{542" -( c(i;; f1ugromethyl) - t hjﬁ\b}"‘r{hgmxl-/@yl] -1, 2, 4- oxadi azol -
3- yl I phenypet hyl ] - D~al ani nate, 25Met oW oW owf ©

[(1S)-1-(4-{542- (et # 21 - met r\1NyI bi phenyl-4-y1]-1, 2, 4- oxadi azol -3
- yl I phenypet hyl ] - Ds’al & ohil
N[ (1R)-1-(4-{542- (et hoxyget hyl)-2'-net hyl bi pheny1-4-y1] %)é 2, 4- oxadi azol -3
- yl | phenypet h1yl ]2 D-al ani nate, WO 2012/ 004287PCT/ EP2011 1372 11
Tert - bWkdrein G™, G, R, R°, R", W', W% W®, W*, X", X?, Y', Y2, Z", and Z* are as defined above.
N-[(1S)-1-(4-{542-(met hoxynet hyl)-2'-nethyl bi phenyl-4-yl]-1, 2, 4- oxadi azol -3
- yl I phenypet hyl ] gl yci nate, Met hyl
N- [ ( 1R)The-comppBads efdgoinia (1) arfd relatédiboronachgre onefprabintindlny ¢ receptods toxadi azol
-3- y| | - i . BT - . . . .
1 LR PHTDYT Tphbertefy BRI s Bbetl shhpoolpid motaholis fhaf s segreted By o o)
3- yl | pesyqreidiigickid 3ne stated antiaeleasad fydm activated platelets. It acts as an agonist on a

(

N-[ (1R - ) hi -0xadi azol
| 3! vl l)faprﬁﬂ n%%?@?lﬁgpg;%{a%%cg?fo%ﬁe{c%%%ggﬁfe%hkgbangW%oép%u re:[:eat'o?s giad! azo

N- [ ( 1Rbegn (obn{ititD(S(1Ret Fiid3 ey SR h (1 P+, 2ind 158Pa)d 40 irtosmyes- ehdpitielial, dffetentiadidin azol - 3
- 10yl | I} et hyl i | . .

(25)” > FEANG! Py o) e REiERo Tl and, fdg rssmadygy b Mahae oS Pad. 5 4. oxa
di 480l cBHulgd ansHisaye distipuliemanbérewrelmoaseyedintyiman and rodent species.

(2R -2-{[(1R)-1-(4-{542' -net hyl -2-(trifluoromnethyl)bi phenyl-4-y1]-1, 2, 4-oxa

di azol - 3- yl | phenypet hyl ] am nol but anoat e, 15Tert - butyl
N- ( 3- f IS1brieirolved it a nemhet ofZe(lylai fuhctione secthgs $wivighleprplifedatiph]and, 2, 4- oxadi azo

| -3- ylir]npﬁ%l Bil I é&f?wts .T-R%r pobidds of the present invention are preferably agting as .
N (2-fluoro- f - e %yl -2-(tr uoror‘rgtehy?t) bl Ehenyl- iyﬁ&% 8 xadi azo
| - 3- ylSbeltdgl yedeptastelghigialand dius, haTVen'mmgluoyjppressiv_e activities by modulating _
%ﬁgghml%?ﬁt% %réﬁ@ﬁf{étﬁp?égftmﬁ Wg@bé@i@%ﬁé@é@ RhiReMbsdss Tha naretingxadi a
N|4|1 g 4-With4z!{cak inteyagtions In@qtyireg'forrmtéfﬁﬂimtmhmnyqresppm% The invepliendisaisyl - 3-
e - : i -

(B ﬁiﬁiﬁ%ﬁ%}%%%ﬁﬁz oSFEREBH Ry Tt L SR e

- nme al ani nat e,
N[ )(/18) -1-(4-{542' - m);t hyl -2-(trifl uor om);t hyl ) bi phenyl-4-y1]-1, 2, 4- oxadi azol
-3- yllph t hyl ] - D-al ani nate, Met hyl
N;, ?O)lllsl)F-pT 1{3%2{6 ﬁn&ﬂiL\mt gygr? :aglg@tﬁliefShE’ora)g{aeitsﬂnykgrtﬁ iptmempsupbregsivelacivity andadi azol
R HRTINC Hus P B8 Bt O Sieeingr PRI ol S0 2UM9f38y: a7l
- 3- 30yublitadinypleaveyeen-aheady MIl_ehed\@Etlmg/lhls compo_und: Cyster JG Annu Rev Immunol_
NG Rt 5065, RIRLAV narkdy iy 8586 8Yb) RioB"ROY A et i iop xacl azol
N- [ ( 1S)28110R410752007, iYeph WC- Qlin( Trra"nwlamr?@r?@@h?ﬁ%) BOQth apposik Wifkngl JMefl oxadi azol

N TR D 2 s N B P 198 1998925 y11 - 1, 2. 4- oxadt azol

-3- yl I phenypet hyl]glycinate, WD 2012/004287PCT/ EP2011/ 061372
Immunosuppressive agents are further useful in a wide variety of autoimmune and chronic
inflammatory diseases, including multiple sclerosis, systemic lupus erythematosus, chronic
rheumatoid arthritis, type | diabetes mellitus, inflammatory bowel diseases, biliary cirrhosis,

30  uveitis and other disorders such as Crohn’s diseases, ulcerative colitis, bullous pemphigoid,

sarcoidosis, psoriasis, autoimmune myositis, Wegener’s granulomatosis, ichthyosis, Graves’
ophthalmopathy, atopic dermatitis and asthma. They are also useful as part of

chemotherapeutic regimens for the treatment of cancers, lymphomas and leukemias.



12 Tert-butyl

N41- (4-{542-nmethyl-2"-(trifluoronethyl)biphenyl-4-yl]-1, 2, 4-oxadi azol - 3-

yl | phenypeO9ijoghasci nat e, Met hyl PCT/EP2011/061372
N[(1S)-1-(4-{542-nethyl-2"-(trifluor %{TE'[ hyl ) bi pheny1-4-y1]-1, 2, 4- oxadi azol
-3- yl |l phenypet hylFL -alaninate 5Met hy
N[(1S)-1-(4-{542-nethyl-2"-(trifluoronethyl)biphenyl-4-yl]-1, 2, 4-oxadi azol

-3- yll . " ,
v 1 R TPRLA 8 “’%ﬁi@@“@’ﬂ‘% R P e S5 S azol
- 3- yl Iripbenyther hyadtzod @eﬂvaa‘(eg; contalnlng a phenyl group substituted with a cycloalkyl
N- et hyl - f 1-4-y1]-1, 2, 4- di
el g o Rol 48 BAKaL ol LHOT@BBoHei RSy 1 4- V11 - 1. 2, 4- oxadi a

zol - 3- henyl) ani nat e,
N- net hyl - NA1- (3-{542' -nmet hyl -2-(tri fl uoronet hyl ) bi pheny1-4-y1]-1, 2, 4- oxadi a

ﬁl—olme?hﬁh%\ﬁq&?%gﬁé%hﬁivﬁ%@éﬂlr%lraﬁéﬁé?%@qp“%ﬂoﬂgﬁy 1179y211]2 1,2, 4-oxadi a

zol -3- yl I phenypethyl]glycinate, 15Tert-butyl

N (2-fl i ' -4 i azo
-3 yllllur%(;s;bzeép{faﬁl% th%ﬁhg'}fﬁmﬁ L](rgorglcf’f]at 2&8%@“ e%ﬁ)(%/rf%%pecﬁvé@lﬂlag%néfso\%w
N41- ( 4ippepaed dﬂtgHskB-pZOF(etl’WQSfangib@UﬁbeWDpwlfmenyl- 4-y1] -1, 2, 4- oxadi azol - 3-

yl hghenypet hyl ] gl yci nate, Tert-butyl

N—rret hyl -N-[(1S)-1-(4-{542-methyl -2'-(trifluoronethyl)bi phenyl-4-yl]-1, 2, 4-
oxadi aZbke-BesepOinVemivenises eompodngsyafiFnmnwa (ITend pharmaceutically usable derivatives,

N- et h |
bi gﬁenBQFﬁg\l'tsz%fnﬁ%rs sé{éotég ﬁ%gféfééqu?é’!%(hte?éc;f b:& ?H?b@%{%r)gtséher f in albratloF for
N- et hyhe N:epe@m)n of § me{immen’eftowie twairoemtuamldmpmmvlhylsplbdpﬁ@saﬁln whgpm]thq 2, 4-

di it ,
N et o TRE pEVAREE e R, WhuRRBAuERIRY S B iopier sopaLimnedictpnplaysn .
oxali azok- 3 yl | phenypet hyl ] gl yci nate, Met hyl
N41- (4 - l.bi = A= = } | -3-yl Il ph
enyp((at H&??%ﬁ&%ﬁéﬁgﬁ?ﬁ% R)efgrabqymcfrot . g%&%éj{}ﬁﬂy&unﬂs Yhlehkré aoridadt #e0 yirp
N41- ( 3-JI54Edgdrengpiop; eS(peﬁlraHy fummrmmlwvjmmm&w&djq&r@cepw 6r&diPalkdnl 3-

%{LLPD@%@{%@W&\]@%%& s@ﬂé?advanteiﬂes é)v?c[ (%uquceln:[J tgre{)a esh%/ d)eg(terﬁjs the thira);)fftll > 4

oxadi axdndgu ofylymphesyygeadugbiatioarsigratseallondana baiter ydlerability with hlgher dosing and

t hyl % met hyl - 2- (trifluoromethyl)bi phenyl-4-yl]-1, 2, 4- oxadi a
zo?8 Lf enypq{erfﬁgdlc]ygl ycinate, 35Tert-butyl
2-[(2- quoro 4-{542' -met hyl -2-(trifluoronet hyl)bi phenyl-4-y1]-1, 2, 4- oxadi az

0l - 3 YHkRARANBR e R IR E mantiRPL & PRRGRARGH BPRRIHHRNLALA I3

N41-(3 V{asamar furatio) eithe( alone puivrcombinajiph witp leghey activeycomppupdsionatha@ivigsol - 3-

yl | phenypet hyl ] gl yci nate, Tert-butyl

N- gz-f | uor o- 4-{5[ 2- (et hoxynet hyl ) - 2' - met hyl bi pheny1-4-y1] -1, 2, 4- oxadi azol -
3- 2| | gdrpyesenNnzerfionduiara¢latesian et BTakit cpngisting of separate packs of

N-(2-fl - 4= 5[2- | -
5 i byt FEAC REAPARSINATH B oo FEk b NG o o rerle

O-(tert-butyl)-N-(2- flandéoophammguhqaﬁy h%u@dewailveautﬁimMrﬁwa)ltmWr@ﬁgslamiyl]

-1, 2,4- oxadi azol - 3-ylc n],% NS ACRAN th Aerd) ?‘lrgsy
N (3-fluoro-5-{542' - 3 (ﬁg@gy rtsr |%F%or8rﬁrjgtnﬁ3ﬁ§<@{e§he%rff aII1r 2, 4- oxadi azo
| -3- 10yl benzyl )anQ rret hyI al ani nate, tert-butyl

:\l:gg-f| uor o- 3? e‘fﬁgﬁﬁ\}@’ &JnQBféFllrfﬁ%F %kg%lep‘lpédﬁbg%;e(ﬁer}fl] 1, 2, 4- oxadi azo

- yll benz inate, Tert-b
N- (2-fl uoro- 4- {542 nmet hyl - (trlfluoronethyl)bl phenyl-4-y1]-1, 2, 4- oxadi azo

| -3- yl'ﬂh@‘?{)‘lﬂ%} rig\__’gbtﬂg\; QWn@l é’ng Fé%ﬁ)g?tllvélg-(@me %fmfhl ) elow;

N (2-fluoro- romet enyl-4-yl1]-1, 2, 4-oxadi azo
| - 3- ylalqu@mqﬂu;m (h@trh;g(arm héltt@r) g fmilligrany). MHZ (Megahertz); uM (micromolar)

:\l:gZ ;:n:ﬂge 1in ut?ﬁ%érﬁﬂﬁ@f%r&%n&u('n“l'hMBI%?mq%lill}rpblgnerﬂ%l(rﬂelﬂé pamg Aq oxadi azo
(equwalent mL (milliliter), yL (microliter), ACN (acetonitrile), BINAP (2,2’
bis(disphenylphosphino)-1,1’-binaphthalene, BOC (tert-butoxy-carbonyl), CBZ (carbobenzoxy),
CDCI3 (deuterated chloroform), CD;OD (deuterated methanol), CH;CN (acetonitrile), c-hex



Tert-butyl N[ 2- met hoxy- 1- (4-{542' -nmet hyl - 2- (tri fl uoronet hyl ) bi phenyl-4-y1]-1
, 2, 4- oxadi azol - 3- 20yl | phenypet hyl] - N-net hyl gl yci nate ,

Tert - but Wl2812d0parsexy- 1- (4- { 542" - met hyl - 2- (t ri f | uor onet rgir)Are@hensi2 4- y1] - 1
, 2, 4- oxadi azol - 3- yl | phenypet hyl ] gl ycigpat e,

(2S)-tert-butyl 3-nmethyl -2-(4-(5-(2' -nmethyl -2-(trifluoronethyl )bi phenyl-4-y1l
) - 1, 2, 4eycinhadare) oD CE-(dicy gorenxet daybeiimids) L€ Mr{dighleromethane), dppf (1,1'-

25t ot b bRk 80 QTELAGHIR! BB oA RiRb o1 - 1.2 4

oxadi az
t ert - bnymney, P(\/tFS()imeﬂMfO{rBaJZld@hélM%dem@ﬂwlslﬂfgxld%Dh@ﬂ%d@h@nselatﬂd yl]-1,2,4-0

xadi 2z ghci MLIARRIYESS Pld oV} B BLAELARS Sy corvod s Wl biooyosorgy

azob- BJOWIthE@&@éEthyla]ceBteal léh@rﬁ@ute@yteéh@ré Oy (ethanol), FMOC

2 b EISNOR AL bk 545 PRt e 1

par t I cumethylgnadeloethideammeniumeexrbimbripspiage), V@memrﬂpme ER2id11/ 061372
14 pro i N : in the
cougl [ tr?g?ﬁ%al%ﬁr %H%oxy (é‘g%&ﬁﬁ&?éﬁ?%:@&ot% sﬁlﬁ \ﬁﬁg?gatg?#?(ﬁhgud Gl, and &
are as Gihonetodesionne§1D Mbhr%)r(l\/@m; disgéte Agfoprasy, rM$@H((llnleth)aHOM\49%®n R1,
I
VLW et Mot AR Al o 6 ey ABR Gy GRERY Al P QLOBRLS

for such Coupling are gi
met hod$, Reb-trinketbylpenzensBfoniadVéRricraveaye), INBhEN-ramo Stcainitaidel), dati®Qsng agent ,

h t | Rt
ot of SO bicarionale) AR LR LBRBRAR: AR P R e e e
ACN, THKRudear mecaesanan@ﬁp&% (phenexysicelgted).rynipatidioe). BYBOBORMenIsirdzoleabl y
at 0C f10\/rl o ttr‘i (%ﬁldlﬁgg%%ﬁﬂoﬁﬁjor ! eﬁ‘lﬁ%&ﬁtgsg;hﬁte) AJQ'F Q'E)Qﬁtt%%?%&ur Rr boxylic

acid derivative cou dOX|ne
(1nd), (l@éenilgn(tlcmdhSFEQ)tsslpawdthaéﬂm@brqmwgrmm)xﬁ%(SOl@ phhgssextesietion)etlBR n t he

art _A r i i u t abl e
2ol vent? EDERRGERERE Gl ol YRR AR b ol B B B om
about ®enz@riwple-pybflet.aBHgtrameRylurdraiimaetrafiivormberste) THeA geetbyldminegp Fdonsi st s

of the g f mes (1V) to
For m ot SufforbaRl A G BOVBIa e TLERTHA BURCIPHEEIARE 2 el g

met hod4UliaViolgbnown to those skilled in the art to prepare oxadi azole, such
sophernolysis 15 at tenperature rising from80C to about 120C, typically

90C, for a time conprised between 12 and 72 hours, preferably for 15 hours,
in a sunpandrel, hel ahirat oxadiaadlr tcampoufidssasiceestingto Fonmklagb andirglated fopyuaadofne,

or s R oy B g R R A o A S b e RS0 o572 15

Al ter nmate@lyar%c&@hmmwllmllm tiedy Pay heibeepegd byestansard synteeticed | nt o t he
corr esl?&?ﬂ'id[h%s %H‘g@ﬁeﬂ?ﬁ V%ﬁg‘ﬁﬁée%% ﬁth\}f{:&/&m rraar]y( .'u%md@aﬁ cBH{gbbﬁk?Qf tdPmat

Al cohol nctionality o e transrorne |rst
i nEb a reletedifagnuigeowitl deperhomthespehifio sukiditusntssof cach m@éﬁtogle amhfgcf@rjmﬁlmg ons

wel | i it :

deri va%%% Fa@?ot $&§t%§sé5f +rhﬁ? &ng?r}%%tﬂ@fctﬂ 4#ane@3’? onyI gﬁq?g%délres in

t he pr geserheddiereinaftes in thg gxamales may bﬁmmmlpyﬁctt@d)rmaraco@pwraiswfﬁﬁfrn@a(Ié g.
TEA or 'Rgﬁé)ated'f&nﬂn%é’o'ﬁe%@ ién &ﬂggulsgé g?b@gd ﬂftg?%ﬂoﬁvg %h%ﬁ%g Blé%e bet ween

about 20C To about refer . ours resul ting
conpouremperatuses, ﬁhl@ﬁntsetarclogdagﬁrttﬂn age given ap Ieéarameﬁ@nlafanﬁ@rermtaeﬂrlwlveyll WIII

)v362(4L) f.or:di ; " atively,
al g’gho%11=J %@@C)%gfﬁégghg% t%?érlrﬁﬁgféﬁ %; mayi e@@eﬁt}%{%ﬁﬂzdglgﬁ% ﬁtebé‘lﬁpugéﬁ;or respondi ng
al dehy dempersiunes. dtmedmoiesred reqgientsk aalvents eict)los giveiidthesgxperimendalzonditioneh as

but t
O)L(II dgf }C\?élaggget%ﬂj 5%8 e%\% clggts{cao oe)gﬂ Peﬂd%gté?o\?géogpnmﬁg%ﬁgxq WW&@hrngul ting

al dehyd@l‘twmah reactanits @ttﬂOé/eata used oput soehoonditians waole 2etetined iy droperson n - t he

resen 7 C
Eyanobéﬁg §ifhe art. ugif Eagghéggptﬁﬂu%ﬁ YGRS B il Bl b ieRAL B

methods, see Ph|I|p J. KOC|ensk| in “Protecting Groups”, Georg Thieme Verlag Stuttgart, New
York, 1994 and, Theodora W. Greene and Peter G. M. Wuts in “Protective Groups in Organic
Synthesis”, Wiley Interscience, 3™ Edition 1999.



15Formula (1). Schene 3 WO 2012/ 004287PCT/ EP2011/ 061372 16 Al cohol
derivatives of Fornmula (V) may be prepared starting froma carboxylic acid
of For mulwo@2bi2yoowdserei n Ra, Rb, Gl, and & are as abovepdeffira@d/jo61s72 h a
sui t abl e am doxi ne of Fornul a (111'),1¥\/nerei n RL, W, W2, X1 and X2 are
defined as above. 5When al cohol derivatives of Fornmula (V) are obtained as
m xture of enantioners, they can be separated by chiral HPLC col um, such
as but Lm hegds~d ihed DWW | h The
et hod e LR B A R o L Mo &) T e P o
1- ( 4- { 3ynthetiestraidagios (ay belsaeceadotipe siitpesin gficompoupdg obf armojead) Bztbe- 3- yI | ph

enypet e : - : 1 pa pb Al A2 W4 Y1 w2 vl v2 1 2
To 4. (S35 Husreied intoe folowia schemer B % K.} GV X, X X Ziand 2 e
nyl Pnetaeas bbove-defined in the description unless otherwise mentioned.

(4-(5-(2' -methyl-2-(trifluoronethyl)biphenyl-4-y1)-1, 2, 4- oxadi azol - 3-yl ) phe
nyl ) met hanol ,

( 3- ( 5- (@Enemily hgdmpupds of forraula bt whereti Bh&iyR% £y @5 - aX'oxAdl'aZ 0andZy | ) phe

nyl ) me 2 . o
(4- (5- Eag@ ?Qni”teﬁyﬂs-aff’ﬁ 209 10T Dred kYT BEParRE YT s A e gsterdeivar s % yi ) phe
nypet hagroiula (1), wherein Y? is as above defined and more preferably Y?is a methyl or tert-butyl

(3465- (R, hyl = 256ty r ki Vit = 4=V, = i AZ0L -3z Y| ) phe
e o o AL PSR PR iy s At oal o

Al t er ndithiwe hydroxide repditen hydioxide or pdtasaimbldrokide, ingespitblele solvertrsustl as Al . t he

. : : . Lo | ¥ . 3a.
o e AR IR0 P B AR o8 T Bl o Hok ikl Sehedo 22
LG ( Y1)seentstth @ ajorace XV, sitretempeGtirs hetwesnvabnyt 80°6Uto. abR0FELe pregefably

| eavin | oge imtted to Br. Such a reaction
afford%t%goh%gér];%»gfﬂ%bg%ﬁ% '?61{??0 2 hggg&%é}ﬁ%dderi vatives of Formula (V') may
belprepared starting froma carboxylicSgbeaedf Fornula (11) wherein Ra, Rb,
Gl, and & are as above defined, w th a.suitablLe am doxime of Fornula
(rrr"), wherein R1, W, W2, X1 and are dafined as abqyg, and PGis a
protecting group, such as but n8 intited to bo OYasvdepioted i n scheme
3b. The resul ti ng anife derivati f1/ Fof ﬁul{é\v%%ia can—bé transforned into
am ne derivative of Fornmiha ( i t'h offe depr'dtecti ng, step, WO

2012/ 004287PCT/GE o@ gj\j Schene 3b 5 When derivatives of Formula
(V') or (V') are obtaiped as m xturemof enantiomers, they can be separated

by chiral HPLC columm, such as but not limted txq thevhat hods descri bed

bel ow i n the exanpl es. The method for preparking aN ne de i vat ibyes of

Formula (V') selected below & F oo N 92\ A

10(1R)-1-(4-{542" -nmethyl - 2-(tri et hyl) bi y}w4-\mi] wt, @, 4- oxadi azol -
' 7

3-yl | phenypet hanam ne ,
N- et hyl - 1- ( 3-{542' - net hyl - 26t rif | yoromet®yl ) bi pheny1- 4-y1] -1, 2, 4- oxad
i azol -3- yl | phenyl)nethananine is nbre panticularly described in the

exampl es. 15The nethod for preparin erjvatives of Formula (V" el ect ed
bel g\?\[ ?/{/I%qr{ e_z%%&cigrivatives of Bornﬁ)ula E)I?are o] teﬂne as mllxture o?enantiomers, trgey (?ansbe

RIR) - 1-sefarbfeddy- drrbiyiPE@ colufin buthr it it Drlviteahnte sl méthvdl ddsctibéd Bsrdiiazol - 3-

yl | phenypet hyl ] carbamate tert-butyl
et hyl (t%g‘f?zf%pll’ﬁret hyl - 2- (trifl uoromet hyl) bi phenyl-4-y1] -1, 2, 4- oxadi azol - 3-
yl bbenzye)sathb@mrpropafhg eser @erpativdsifiFarhivladeseletie@teiow: t he exanpl es. The

ter - o SRS o TR me Ry o G BicATO ARy iy EFH P bamat e

t ert - bytigéndyBdasthnRivsiboskoateno) met hypenzyl | net hyl car banate 25i s nore

particyl A XA P eCor s RIRL Ssthylbiphenyi-4-yi-1.2.4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate,

25  Methyl N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2 4-oxadiazol-3-

yl}phenyl)ethyl]-D-alaninate,
Methyl N-[(1R)-1-(4-{5-[2-(methoxymethyl)-2"-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate,



Compounds of Fornula (11), wherein Ra, Rb, Gl, and & are defined as above,
may be prepared by standard synthetic techni ques, as hereinafter described
in the exsopbe4283i ng conditi ons and net hods wel | knowrctmrediomelskil |l ed
inthe art (Scheme 4). In a first synthetic pathway, WO

2012/ 004287PCT/ EP2011/ 061372 18 conpounds of Formula (11), wherein Ra, Rb,
Gl, andeCzbulyl N-E$ )} héet{%alR-(aisthaxymety | Hzemebtyiiiphen yidr yifrd t2a4- on@tiaazloyaed

Cross- i 1.0n, followed by hydrolysis of the resulting ester
(V). @§P@&BQ§$&@%ﬁ%%ﬁg, t hey may be obtai ned by Suzuki-M yura coupling
react i ddetbd N ER)- bfd-E-1Qyhe bz difleorowiethy))oimhemé-4tytli 1. 2dyoxpdigt@rdabl y be Br, |
or as %?ﬁ? as trif late, and a 5boronic acid or ester of
Fornulyhb )gm?ﬂFiﬂa@g%gN.; Suzuki, A Chem Rev. 1995, 95, 2457; Takahiro
| and TRoshtd RN-[(WR)-1-FetS-Rhetfluoronedhyl)-2 2088y binkesny83¥8-1354-Pxadiazold-t ypi cal

proced ﬂ%‘ﬂ te (VII) and boronic acid (VIIl) are heated in a
sui tabll§/T Bherﬁ/i\) %I]&gdc élas a mxture of toluene and water, in the presence

of a bdse;bulyldhl(88)-Keb{B[2-raeityle2 tidtledrpmiethyhbiobenyl-6fylldl Ipéerxadiathcat al yst,
such a§,BEﬁi§Pyﬁgﬁ£ﬁ1% g t he possi ble addition of a phosphine |igand, such

as t| ng ester (V) may be hydrol yzed using a netal
hydr oxiTee;butyd Nal(ER)- N&H@ [Zrimeshaxyimetityl )& -swithydripheny it til]-d 2. 4oradiazal-0H, wat er

ﬁéng])gﬁgéﬁ:éq cindfit, @ tenperature rising fromabout 20C to 60C,
pre eré/ﬁf) {

or a few hours. Schenme 4 15(X) In a second synthetic
pat hvva)Eth)d&ﬁ))ofbfiﬂﬁ)df-(méf[ﬂtm@hylfz jtriflughemethy)ieheniA-yiis1 ,2,enxhdi@zokde def i ned

as abo it aj a coupling reaction, followed by hydrolysis of
t he re?ﬁP?%ﬁ/ eﬁ?géﬁﬁbg}b OQ%The resul ting benzonitrile of Formila (I'X) may

be hydrEshy £2R)-2-{it 1R)t he@-{S\&-rpeth 2F B 0dReTeraTth BRSO eny b6y 87 2. 4-0xatiazoespondi ng
car boxx,ll Eﬁe@ﬁbﬂy@ﬁha%gtat”%g@ ment wi th an aqueous sol ution of netal

hydrOX| in a suitable solvent, such as MeOH or EtOH, at a
ter‘rﬁer dtediri@ityl iNs(3dfty oF o-61{54(8™- m&ihyléf-(ltrlfbdOrcmﬁé'mé}baiblleyyleﬁ-yl} Rldasxadfagel-3 f ew hours
e g r r# ;)% g‘ﬁ llgours 5In a third synthetic pathway, according to Schene
4, conﬁ@ 1“ orfrula (11), wherein Ra, Ro, Gl, and G are defined as
above, T@ﬁyblbsé NotZeipaored-(bomethyliZoiidiviodenasihylbinhenylet-yIkI R.4-exediazab3-st eps

process, i fhytbS an hal ogen-netal exchange with a lithiated
al kyl, r%?/g ﬁ%rlywao'?a!taBuLl, in a suitable solvent, such as Et20, at |ow

t enper a'ﬁectr@tyl ety BN - (4{5- mwahymétrélwomt@ﬂ)éphe@ylﬂné] h%érmqadl_@ﬁoltaﬁe
Orgﬁnoe/%}wérﬁi)ﬁfﬂyﬁi% Iryé;}él ve by addition of 002, as gas or in solid 10state,

as ele en conpounds of Fornul a (II) are obtained as m xture of
enant i J@etrtwtylthhﬁy(4dé1ﬁ2iﬁeet§@pm@th%2byefbhlbtpaenwﬂbdi télumadiageleh as but not

lim teq, bﬁewgthgﬁq\pﬂg®y@§/§%febed bel ow i n the exanples. 15The net hod for
rmu

preparl a (l11) selected bel ow
2 - met H@I’Lmﬂxlwﬂfﬂu@m dried2rimythpkymmrshyl)-2 4neiaylbiokgnyl-d-ylci 4 4-oxadiazol-3-

-(dif 359'{%@-“&%@%”%}1@” bi phenyl-4-carboxylic acid,

phenyl - 4- car boxyl i c aci d,
t hy\{letéyli\{ E(‘r$)r~1 (ﬂa%ﬁ%emﬁw}&(tpﬂmfymettwt)@pb@)wmydi aa# dxadiord-3nor e

partl Clg,\;@ﬁérgy )ng]?g_P_Qg,qnétg t he exanpl es. Compounds of Fornula (111) wherein

R1, W 1,z1 and Z2 are as above defined are either
comrer dMethy\WN-K{)1 é?o{5e[20met’m@r%félfllmr@maﬂwablabw -divtigl . 2.6-0%atien®-35 by addition

of aqu gihopey! Mg Or hydroxyl am ne hydrochl oride to the
corresg/gﬁ rﬂ %staﬁétﬁdt ed 25benzonitrile of Formula (XIl1) in a suitable

sol ventMetkyl M[(48)-EH D 3-[4-meprvkddiifeorometiot)biphenyl 4adlel.2.4taxadiggolBEA, at a
t enaper 1 RT to about 80C, preferably at RT, for a few
TS GRS TAD. P e -

hours. When conpounds of Formula (lI11) are obtained as
mi xt ur eeshyl ShEAR)- bitei5s[2' -tiedy -2 4iiflueromeivh bipben i -whi, Z.4toXBEIs| uMm, such

as but yT}Bﬁerin)H?hW—%-élQniEQt@, nmet hods descri bed bel ow i n the exanpl es.
Tert-butyl N-[(1S)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate
35  Tert-butyl N-[(1R)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]glycinate,



WO 2012/ 004287PCT/ EP2011/ 061372 20 The net hod for preparing conpounds of
formula (I1l) selected below tert-butyl

2- [ { 44amwo(2hide8yi mi no) met hyl | - 2- f | uor obenzyl ynmet hy parCmapbut ansat e,

met hyl N-((lR) 1-{4-[am no(hydroxyi nm pe) met hyl ] phenyl | et hyl ) - D- al ani nate,
met hyl N[ (1R)-1-(4-cyanophenypet hylFL-al ani nate, 5tert-butyl

N- (( 1S)Tett=Huiyl Nﬂvdﬂdﬁﬁ&meﬂm-@ mfh!@)qmthxﬂ)qqimmly‘} Vléﬂ 2A- 9>§ﬂd}aﬂ0h&{ e, tert-butyl
N((1 )yl}%ﬁ y)%\y@é g1 no) (i m no) net hyl | phenyl | et hyl ) gl yci nate, methyl

N ((1S) oxyam no) (i m no) met hyl ] phenyl | et hyl) - D- al ani nate, net hyl
N (( ls)MEths{lM—Nﬁ)cl‘r-éﬁdﬁiﬁi‘rmd)”\(/lr%(mﬂl)Crfemhmy])lphbﬁwl HedlHy2 #-oxadibzelidnat e, et hyl
(2S) - 2- (hydr oxyi m no) net hyl | phenyl | et hyl ) am no] but anoat e,
106t hyly[}“ér@ )et:hyﬁ £ ngmngf%

( 2RP- 2-Nigtiovl N-H 1S X 14-tni2moethyldd -diifti eromehyBbibpér b Aeyl. 2. étoxgdipaetidno] but anoat e,

Et hyl henyl)ethyl]-D te,
2- ({343@? eny e H)x afaﬁ%”ﬁo nmet hy1] - 5-f | uor obenzyl | am no) - 4- net hyl pent anoat e,

tert- bquihyI N [(1R) 1- (4 {5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
N-{ 44a§'|} Qé®%g{h9%¥1mmggtget hyl] - 2- f 1 uor obenzyl | - N-net hyl yal i nat e,
tert-b t@l ’

N- ( 1- { MAsenethybNH dB-45Ja-miethy)-Feltriiyiploptesigblpse hyid) vINt Adtonadigizglctnat e,

ter
1?44;&?{#&%”(3/ eth Iaxl?/rlmr]ﬁtﬁo) met hyl] - 2-f| uor obenzyl | am no) - 2- et hyl pr opanoat e,
15t er t NomejHyl- (\IﬂIJ {(@-{3-&rmedtihgelirtiugiometn) ipheyypreh 4 exadipeplelr banat e,

x% Ey: y{}lg}g%nybgfhmgglﬁ%gam no) (i m no) net hyl ] phenyl I et hyl ) - N- net hyl al ani nat e,

N-(1-{ Q”Mrhuhsd(f\hmdt’rwwr[ﬂn(m FemBaipytpHEiRyotoatetiyl)pioNeme i b feixadieaol-3-

tert-buyt

2- [{44?%*}%”(3/ y%%(wqﬁtno) met hyl ] - 2- f1 uor obenzyl ymet hypamni no] - 2- met hyl pr opan
oaflé, tT@rttblbyltWGZ -fivofa-4{3-7"amethid (Zrrifluosapath yibjrhen hyA-y b haryoxagiazgl-3gl yci nat e,
20tert

N- ( ( 15)yﬁ§é?/£2(') i d'f“?Wé'ﬁB&”ﬁ?% no) met hyl ] phenyl | et hyl ) - N- net hyl gl yci nate |

t er t - bdteyttbutyl N-[1-(4-{5-[2 -methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

N (( 1R)VRE’ énz%, )%ﬁ W&A’%{ﬁroxyl m no) net hyl | phenyl | et hyl ) - N- et hyl gl yci nat e,

met hyl dr oxyi m no) net hyI ] phenyl | et hyl)-N-net hyl al ani nat e,
tert- theytrbuWI M%Mhﬁ[ﬁ@()ﬁy(ér{éi%mﬁthwrﬁ Wﬁ‘tuo)ponwhxd)theevlkérvlj-gl%bxmﬁ@pl-&

tzgt@b B‘&Béﬁerﬁnéﬁ&ﬂ'&y”&%% hydr oxyi m no) net hyl] - 2- f | uor obenzyl | am no) but anoat e,

2- [{445@1@{%%!?71@&% MIHHTerHSZ -methyldottihioronethyibinheramt v} .24 exedigrqr opan

oat e,

2- [{44a I&)h?ﬁ{%ltryglly%n%tgj net hyl ] - 2-f 1 uor obenzyl ynmet hypam no] pr opanoat e,

t er t - buteyttbutyl N-methyl-N-[(1R)-1-(4-{5-[2-methyl-2"-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-

N-{ 4- R%r@qb%ﬁwgmﬂ;ﬁwy%%) met hyl] - 2-fl uorobenzy11-0-(tert-butyl)-N nmethyl ser

i nat e

2- @{534é'rﬁ’trml(t)ﬂ%m@ﬁyl MR tetHp 12 -rBethyidbtdhorenethuibipheny b4kl R4-prasfirasbat e,

tert-but
2- ({44§n‘?1r§)h§ Iﬁztrg)ggly%n%tg met hK ; 2-fl uorobenzyl | am no) - 3- et hyl but anoat e,
30t er t MaibylIN- 1-(4-{5-[2-(methoxyme yl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-

2- ({44%1771{%9\(@&{@3%&' m no) met hy1] - 2- f | uor obenzyl | am no) - 2- net hyl pr opanoat e,
tert-bu

2 ((1 (TM(WW' N r (@ X darmisimil-2i-dripioyqaneshyl Jojpzn e~ Wib)‘tﬁe‘t oxadjgzekdhyl ) am no) acet

ert-butyl di met hyl silyloxy)-1-(4-(N -
rox %Q‘r%lyrry@%gﬁag 'enyl ) et hyl ami no) acet at e,
N hydﬁ\dﬁtlyym (hydﬁmméﬂ\hvl-%déﬂ%em@tbﬂr%@&fiu@irmqathrjétzlphenyl-4-yll-1 ,2,4-oxadiazol-3-
35N -h @Mgglﬁ)é%rret hyl ) benzi m dam de,
N - hyd ?11 et hyl ) benzenecar boxi m dani de, .
N -h drT@ktyblsyl méﬂwkglléﬂmrl{f) -BamednedirBosiomedhbisenyey]-1,2.4-oxadiazol-3-

20;: o i 0) et hyl ] pheny11- 2- (et butyl (6 et hypsi 1y
e

Hi)uiylla[éa -Butirordt{e- [%/ 'Tnetbyle2- ﬁ@fhtor@mtavl bjpheaygct-vibé &.4-axadirzokRanpl es.
5Cbnpo Egén Hakfo #gmé%Jl) wherein Rl, are either comercially avail abl e
or may pare rom al ternative conpounds of Formula (XII), using
sui tabl e i nterconversi on procedures such as those described hereinafter in
t he exanpl es, or conventional interconversion procedures well known by one
skilled in the art. Alternatively, but not limted to, conpounds of Fornula
(XI'l') may be prepared from al dehyde or 10 ketone of fornula (Xl la) by
reductive amnation with a suitable am ne of Fornula
HN(Yl)WBCZ(Zl)(ZZ)VWCIIN? |n the presence of a redu0|ng agent , such as but



10Tert-butyl N-[(1S)-1-(4-cyanophenyl)ethyl]glycinate, Tert-butyl

N-[ (1R) - 1- (4- cyanophenyl )et hyl ] gl yci nate, Mt hyl

N-[ (1S) - wO2eymmsphenypet hyl] - D- al ani nate and net hyl  PCT/EP2011/061372
N-[ (1S)-1-(4-cyanophenypet hyl] - L-al agynate, Et hyl (2S
)-2-{[(1R)-1-(4-cyanophenypet hyl ] am nol but anoat e and et hyl

(2R) - 2-Tepttamy NEF(@-{S{Banethphetifidoyamethyyl Jeintienptbuli-d 2skoxadiapel-8~ but yl
2-[(3- - B rehgnzypanm no] - 4- net hyl pent anoate, Tert-butyl
2-[(4- g})}gﬁ%y@e%m obe%zyl ) (et hypam no] - 3- net hyl but anoat e, Tert-butyl
N4 1- ( 4-Teytanby MNe@yihororgi{p {Nmethhwr@eﬂy}d) Aanethylviohenybdtylt1.2,4- oxadiazol-3-
2-[(4- no] - met hyl propanoate, 20Tert-butyl
[1-(4- g/g}anogﬁ [\w %Qﬁ@?ﬁ@? amat e Met hyl

N4 15 ( 3-Teytaniy tﬁé@yfb@tr%w{? {Nmethhwr@ﬂtbﬁ) AzvethylMphel-4-yl]-1,2,4-oxadiazol-3-

N41- (Sf},?:}ggr?}ggﬂ\gl SWQA idgt gl— met hyl al ani nate, Tert-butyl

2-[(2- anobenzyl ) (et hypam no] - 2- net hyl propanoate, Tert-butyl
N41- (4-T@ytatm§>¢|@eﬁgrrg@uw+h1 R-asirordt{6: 2 eh et drfpoimsatPaicRPg 4y DG 2372 23

Tert-b ]-N-met hyl gl yci nate , Met hyl
N41- (4%(%:(%%%%&3%}%'1@6% f? elaI ani nate, Tert-butyl

N41- ( 3.T@ycgmt§3ﬂmé@yfp§1r¢7§+{§-@2 y’@&thﬂ{Ze(,trlfTUgrquImphenyl -4-yl]-1,2,4-oxadiazol-3-

2- [1? g,lngfp] Epam no] but anoat e, 5Tert-butyl
uor |so ano enzyl ) (et hypam no] - 2- net hyl propanoate, Tert-butyl

2 [ (4- d%hotylsz(J?uu@r@tﬂe{ﬁz[Ql nethetBytptiueroop iy bipaheryt-4-yTle?. ¢-oRadigrol-3-

3-tert 4- cyano- 2- f | uor obenzyl ) (nmet hyl ) am no] pr opanoat e,
Tert - bLYBH%%n gg(g ano- 5-f | uor obenzypam no]j - 2- net hyl pr opanoat e,

1 Ter t Tetittyy m oy Ar{b 2ot RolbEhergath IS o er et i | Bt arrsiel-3-

10Tert 2 f I uor obenzypam no]j - 2- net hyl pr opanoat e,
Tert - bLYBH%ﬁ%(I)(?Z r&]E%?]2(Fé‘%:/agg{r%‘o%henyI ) - 2- met hoxyet hyl ) (et hyl ) am no) acet at e,

Ted b- bdteyttbutyl N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
2-(2- (;@E’é”% tzykg{hggqgmagé | yl oxy) - 1- (4- cyanophenyl ) et hyl am no) acetate, is
escri

nore partic ed in the exanples. 15Conpounds of Fornmula (1) can
be con\ﬂ'@ﬁtwlﬂ\b(&ﬂmﬂr 4dRyelinsiayloltifiuofonraiyibiche ed-yid 2goxadiagzelydi si ng
agent é)rm%tgxybenzm c acid, as depicted in schene 7. The

met hod Zgge arl nmpounds of formula (10) sel ected bel ow

201 [néfteﬁybl{t}d {5&22 m@éhquﬂ -@-{bt[2 ihethrbtigtueyemethphepheinylid-yil -214-oxatlianehdi azo

yl R ntanecarboxyllc acid
??2 gbﬁﬁﬁ@%ﬁﬂ?@ﬁ%&%k&@%&k@ - trlfluoronethyl)blpheny1-4-y1]-1,2,4-oxadiaz
- 3- yilertduitdy| ) Nefthygply11r@riptZ prethdrdb(tdfiueedngethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
frneth hb%%@ﬁf$2@ﬂ§'aﬁ hyl -2-(trifluoronethyl)bi phenyl-4-yi]-1,2 , 4-oxad

i azol - pethyl]nitroryllacetic acid is nore partlcul arly

descri §28)-tert-bhtyl exanpl smethy2@4(2+@EArMF(tEiRaaromediay Bipheny!-4 -y pipbénd
o oo eBihon Ry Py SRoARd, o have e reani ngs g ven sbove
penbaf lietebaghenoxy ok[(trRIel-pr-@aRqnetioxt MethiyB-2C eeyIpdhdngiob Y-y [2,4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycinate
tert-butyl N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycinate
tert-butyl N-[2-hydroxy-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
30  vyl}phenyl)ethyl]-D-alaninate
tert-butyl N-[2-{[tert-butyl(dimethyl)silylJoxy}-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-
1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate

is more particularly described in the examples.

35
According to a preferred synthetic pathway, the compounds of Formula (1), wherein R', R?, R®,
G', &% W'w* X', X2 Y', Y2 Z' and Z? are defined as above, can be obtained in a 2-steps



5chloroformate with fornula A, wherein Tis OH is reacted with a conpound
of formula B XIN2 y1 Z1Z2 | \Oy2 N/2\ 1\ \"12 \w3 \wl ,N HO wherein R1,
WL- W, C,wO02012b@®28%X29 Y19 Y29 Z1 and Z2 have the meani ng@sT@re@n/oaisoye, in
the 10presence of a suitabl e base, sug@ as an amne |i ke TEA, DI EA or NwW
or in case Tis OH in the presence of a suitable condensation reagent,
such a®r&p®l asdutlinedrireSahened. phe it stepsconyistsi indhk ceumting pf B ealaxylicaadihse or
acid of f (&) S €0 I it i ) . of
For mut 42y 1 BMeir 1, R CRANFIE Ao o8 o Bofled WALSRL ddiagme IRAHIES
they 1ZHRywirseiprRpdY'ed*fXon’khowd, Eoampbdhdts defined asraboseluBeneraiuphtogsistfons e

known. B aaearBrb Feer b 06 PR TR Ie BB 2ho FEER I ERng Lo
whebei dhaee, skilad iRihe @l Staprlardieanpliag agert, syghzas NATUy@D@zoréﬂmulyG:hlanow&efa ned
as aboyen HIBXeH, ‘Eh‘?elna;rgéérf%g c}r‘?mo%ﬁaegﬁgé SR LOPRAUAES SINNTRN; '&ﬁ’taélb's)ohfegts

20(XI'1), respectively, using suita I'nterconversion procedures suc
t hose degsie s BAME, AN THHT oeiPrOAc ehe temparplues risiog fromrakent Ddhtd RT, preferably at

i nter C(?)m&%rsé fiRe R @??rqHﬁtg% td’\‘é}'lféw Kgﬁ\gntélq)é/rngﬂ%ly?giéal'%qyk éi@@et‘ﬂfattive ge.g.ldccyF he

above set of general synthetic net I's not” applic e to obtai
conpouriloridecoad bagoased with ithribmidoximeatid osing sorditensyandnmethpasliivall kgoiwto t he

syRhheg) SseUkileq M iPhheFRELBHCE of Dba é‘é%ﬁﬁéﬁ r'iHﬁ%dé]Qﬂél finRf §RabRL Rent
known by a person skilled in the art Shou e Used, e conpounds o
i nvent isgph hataudnee ROMVarfith erddi ditragtemiperatyramigimodeonusleebtiORC th BT ppretaraly at

" ACD/ y AV em st e - 7500
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AUTONOSU Btitmed amidoximas (VO fain 2x@iazsy (CToRE0ns] A BTobed®y Thibefesamples. (1)
and rel I Jolp )} i I L\ e, r ;
(stereé@gﬁﬂ%%@?&yw ekﬂﬁgﬁ?ﬁ@ﬁers,E?ﬁgt%%%éﬁ%@%g?%fﬁgagggét%%ﬁé%gp%ﬂgwgﬁihe
hydbat & tempkraiores dsieg from 8héste amup dands tydcalth&0det for mitimeg teamprisedttipdween

st er eoghery sty N?lfl‘§,) Bferk f6r5150r‘?cL r%’,rimé\dsdi’tﬁbl'égso%ﬂpg%g( JrHlo?goﬂgntts,hguch as
nonmencl ature we nown one skilled 1nthe art. ccording to a

f ur t hertolgenarryridipeo &8s THEe MfuAdi®roAcliptheupras¢nce, orared chaypaselistioh asiDieAcan
be 10capvestgdnt © al ternative conpounds of formula (1) and any subformil ae,
enpl oyi ng suitable inter-conversion techni ques well known by a person
skilled in the art. In general, theSepamessi s pat hways for any individual
conpounds of formula (1) will depend on tha1spé%NTTc sdbstitutents of each
nol ecul e and upgn the ready availability of nt er me i-ates,45 necessary,
agai n such facto bei ng. appy eci ated by sﬁ1oy“ rﬂkpgﬁy skill in the art.
For all the prghéii»er d-<de- prot egii 0 dﬁﬁ, weewPhPl i p J.—Koci enski
in "Protectinf Geups",—Ceorog Thi ene rlag Stuttgart, New York, 1994 and,
Theodora W Greene amd Peter G M Wat®% in "Protgctive Goups in Oganic
Synt hesi s", WIley |n#yerscience, 3rd Edition 1999. 20Conpounds of this
invention can be isolated in association with solyent nolecul es by
crystallization fromevaporation of ar\appr ﬁhLaﬁ% sol vent. The
pharmaceutically acceptable acid itian salts of ¢oke conmpounds of fornula

(1), which contain a basic center, bé\phgdéxed<in a conventi onal

manner. For exanple, a sol uti onnNof wf r eé babeWha9 be treated with a
suitable acid, either negt or in a suitable solution, and the resulting
salt isolated either by filtratoon or Ry 25evaporation under vacuum of the
reaction solvent. Ph ( accept abl e base addition salts may be
obt ai ned i n an analfogotr anner 5§ treating a solution of conpounds of
formula (1), which contaifR an acid center, with a suitable base. Both types
of salts may be forned or interconverted using ion-exchange resin

t echni ques. 30Dependi ng on the conditionstieﬁ,Ttﬂf r£action times are

generally between a few m nutes and . T oy

R c N
a 1 C2
G! R 1/\2/\{\4/\\0
N " W \ w
o an
G2 O o-N
Rb

)
20



14 days, and the reaction tenperature is between about -30C and 140C,
normal |y between - 10C and 90C, in particul ar between about 0C and about
70C. Gvopoianag2sef the formula (1) can furthernore bePaolbiERRO1EM6 1372
| i berating conpounds of the 35fornula;£f1) fromone of their functional
derivatives by treatnent with a sol volysing or hydrogenol ysing agent. WO
2012/ 0G4iz8RRGY ERDl @B a8ES ddoPnelbdY ) edy btea;ptrr‘/erg?drrabéhe apreespondinp@mine
SOL V0L ¥thFailos Y RERAOLNSLe Alifed 19 EertIee S AABNAY rbordify HOLSMbALd bt
but contain correspondi pr ot ec am no and y r oxy roups 1 nstead of
one or Fepnelaf (Ve enaynherrarsiohd ﬂnwrnm(ylleagrrtwgmyp p$®he&8a@IC9|0rlﬂ©$>e awhilfohatear ry
an am na-or 1 ;
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protecte anrno an oxyI groups to be present in e no ecule or t he
starti mNOAVWO @ )(ZZI)\fV @Q@Ypr@fcf@@tlmgrgogrp@upé rieyyentla dh)e Adlier fiativedy. dlcohobne
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m no-protectin ou known 1 n genera terns rel ates OgI‘OUpS
whr ch avedl kno@ndaithese! skilledrin greoerbctuich@s (vt oeklimitgd tarSwerh rexidgiiou gorditidngs or
chem cglo ?@Bf)h/r%s asBda g% S9erRt6r g\ﬁ&ynéé’r W@W@eq@ aﬂhf@t.&%f h%drgglnﬁﬂcﬂncal

reaction een‘carrie el se |ca

gr oups aktedyde withar suiteblezamine o Gbenula N )W CEEhEE’ DWL@@@Yaorylthe prepénce of a
ar al koxy, I r C

R T B e et e D R L TR Sl
si 46 arfermulat(her nore not cruci al; however, preference is 20given to t hose
having 1-20, in particular 1-8, car@g ReflcO§B. The term "acyl group” is to
be understood in the broadest sense in connection wth the present process.
It includes acyl groups derived fronralkphatrc aral i phatic, aromatic or
het er ocycl i ¢ carboxylic acids or sul® nc acids, and, in particular,

al koxy- caraonyhg aryloxycarbonyw d espegjal l'y aralkoxycarbonyl groups.
Exanpl es of h aey\ gjooups are aﬁdyv suchs.as acetyl, propionyl and
butyryl 25 ke uchH hcet’yl ; aroyl, such as benzoyl and
tolyl; 2 Gsuch ag POA; alkoxycarbonyl such as

met hoxy- carbo IR ethoxycaerﬂV a2, 2- trrchloroethoxgéegbonyl, BOO

(tert-butoxy- arbonyl) and 2- |odoethoxycarbonyl ar al koxycar bonyl, such as
CBZ ("carbo-benz-oxy"), 4- nethoxybenzyloxycarbony? g WDC Hand
aryl -sul fonyl, such as Mr. Prefes\edran no protec L{Ds are BOO and
hﬁr, furthernore CBZ, anc, benzyl xard 3
"hydr oxyl -protecting group” is Eb. ’ Igeneral terns and rel ates
to groups which are suitable for pro ect'ng ﬁydroxyl group agai nst
chemi cal reactions, but are easy to reﬁ%ve aften the desired chem cal
reaction has been carried out el sewhere in the mol ecule. 35 Typi cal of
such groups are the above-nmend\i onéd unsubstituted or substituted aryl,
aral kyl or acyl groups, furtheNmre al so al kyl groups. The nature and size
of the hydrox%l-protectrﬁo S gbi not crucial since they are renoved
agai n af Ber e desired c @ Weadﬂﬁﬁ“@ﬁ%@%@@%ﬁ VO
2012/0042 11/0- sequ IS given to groups
havi ng |n 6umr 1- 10, carbon atons. Exanpl es of
hydr oxyl - proteglrng groups are, inter alia, benzyl 4- met hoxybenzyl ,
pni tro-benzoyl, p-tol uénesul fonyl, tert-butyl a aﬁepyﬂ m@ere benzyl and
tert-butyl are particu-larly preferred 5 The te };)
conpounds” is taken to nean adductions of i O?Ivemrt es onto t he
conmpounds whi ch form ow ng | vat es are,
VVlOWhe Wonﬁ%unds of the
onal derivatives - depending on

for exanple, nmono- or dihydrgat® al coN

the protecting group use or eyanpl e Bsrng gtrong acids, advantageously
using TFA or perchloric acrd buf? al so usi ng other strong inorganic acids,
such as hydrochloric acid or sulfuric acid, strong organic carboxylic
acids, such as trichloroacetic acid, or sul f oni ¢ aci ds, such as benzene- or
p-tol uenesul fonic acid. The presence of an additional inert solvent is
possi bl e, but 15is not always necessary. Suitable inert solvents are
preferably organic, for exanple carboxylic acids, such as acetic acid,
ethers such as THF or droxane anides such as DNF halogenated
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and 1-10 bar. Hydrogenol ysis of the CBZ group succeeds well, for exanple,
on 5 to 10% Pd/C WO 2012/ 004287PCT/ EP2011/ 061372 28 in nethanol or using
anmoni umwornetmw43s7nst ead of hydrogen) on Pd/ C i n net harolr/mPeH146132D- 30C.
Exanpl es of suitable inert solvents agg hydrocarbons, such as hexane,
petrol eum et her, 5benzene, toluene or xylene; chlorinated hydrocarbons,
such aﬁlcrq’riobdﬂr'tyratb\sﬂsw IFerrayla 1Y pmayibe hrapacsst stamtieg froeta earhdxyfio aeitl s hermula

tri | benze e ,
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gl ycol ethers, such as ethylene glycol nononethyl or nonoethyl ether or
et hyl ene egcoI di ret hyl ether (diglyne); 10ketones, such as acetone or
but anor¥¥éheraaicelwd derivativesaef Facmu@rtvilere thaieedm mbdtrarnf deantigmers, they can be

met hyl dd(gnlfh r AaS
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di sul f itekeexareplé®xyl i ¢ aci ds, such as for m c acid or acetic acid; ni t ro

Corrpouﬁqi@or?étl'fﬁ(ﬁ"fo?g éyahﬁgaﬁbmfa%ngén%@é bf Ieé)rﬁﬂ?ae@@ sefetfelh %lov?‘mh as EtOAc, or

m xt ures vent s sters” can saponi fred, for exanple,
usi ng Ur@HS-[Rlarapihyr2- ¢ oremethyldriphensie€y/I1-T R -oxattiazol- FuibpkariyhabRnar
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groups (Ma@(’q’mqﬂméﬁr(trrﬂeowereﬂewbathedylr%ylm 2dheadiazokdy)phemybmethenolg an acyl
chlori ﬂ (@?emﬂﬂrz' (‘tjrﬁlugrfon?étrﬁ% 8@%9 %W 2%?}5?1%38% Pgbﬂe% Qrﬁ%th%H&S“ tuted

al kyl reacte van I'n an inert
sol vent(4 (S medsy 2K flopromethdibibhenyliday - he. %@Wm@@ﬂbp@ma@than@uch as

t ri et hyk agi Vi | r

25Throﬁ%m?ﬁ%gylgp®g@? %?a%t%)b¥p%§ﬁﬁ ﬁlrkgﬁeg\%dﬁ%gg?r’ ﬁ%%p?gggera Iy denot es
Cl 15Br ,is mos pattiwarit desetifednin dhe exaan®®$.gr oup, such as, for exanple, an
activated ester, an im dazolide or alkyl sul fonyl oxy havi ng 1-6 carbon atons
(preferably nethyl sul fonyl oxy or trifluoronethyl sul fonyl oxy) or

ar yl sulfliempltively, amaing dgriatives oblr tronlaat\olmpay pe eprreaistyntp lemgarrespending amine
p-tol y'd%HbétRM'c{PﬁS?m |§%PJ' £abstiftg Fnh$§r1etrr¥é)§%f thin@% f'F‘C’?% ”(h fring ot AR

group in typica aron reactions esCr | erature (for
exanpl eUItable w@ecypram@acrffwlesLGs(Mc)W *RAZDALDHNICOBYT., wivere Hdzlésa draving group.

or gani r r

St 0 Rt ey e v e i Aot o AR T e (3 Bl RReE e
t hr ougleoawpaind eFasmuladBt or N- hydr oxysucci ni m de. 35The term
"pharmaceutical ly usable derivati ve?ché,ﬁeggken to nmean, for exanple, the
salts of the conpounds of theﬁoggu and so-call ed prodrug corrpounds.

WO 2012/ 004287PCT/ EP2011/ 061 The term "prodrug derivatives" is taken
to mean conpounds of theRrRKkQ | Gwhi ch have been nodified with, for
exanpl e, gal ky&* or acyl gr 0 /éhrgar\s | i ke.cghue@m-deoer ol i gopepti des and
whi ch are ) IV\He Wt gahi smto—formthe—acttve conpounds.

115, 61-67 (1985). They et abol ites of the conpotds o roula (1) and
rel ated Fornmul ae are al so part of the presea The}/\{?e‘[Yabolrtes of
t he conmpounds of Fornula (k) may be for inst (\rrg orrmula (1)
wherein Y1 and/or Y2 are gl ugugoni de [ ! h \rrfetabolltes 10are
for instance conpounds of F¢ . /TH met abol ites of the conpounds of
Formula (1) and rel ated F&7 by al so~be corrpounds of Formula (I) and
rel ated Fornul ae wherein the bourtl NY1-WB has Been cl eaved, as shown by
Formula (1m). (Im 15wherein Gl, &, Ra, Rb, R1, W, X1, X2, W2, Yl are as
de b ned\nasibe derivdiixes1pi Fesmafa (S'thrawtm a’epdan’ebl emrH:rgefr@o mmmkslrd\ﬁcrcaandr/Brula
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For mul zan mayraak®onéedintoanpinenidsvativefod Fouwhda (V') widindne db@btedtifigstapl ae wher ei n

onte’ or several aromatic systens, |ike phenyl rings, are oxidized. Such
Qpolites may be defined by the followng Fornmula (I n2) WO

2012/ 004287PCT/ EP2011/ 061372 30 Wierein G3, (4, Gb independently from each

other may denote OH, t is O, 1, 2 or 3, preferably 1 or 2, Gl, @&, Ra, Rb,

R1, X1, X2, Y1, Y2, 71, 72, W, W, W8, and W are as defined above.

Exanpl es of such netabolites are conpounds M3, M6 and MP below. OH O NO N

accordr%g 0 nvedrtl on, as described, for exan;pli, UL Lnt. J. Pharm




N11N MBM6 5MD The present invention enconpasses conpounds of Forrmula (I)

and related Fornul ae either alone or in conbination with one or several

met abol i twe 20trewezsl7. 10The formula (1) al so enconpasses POTAPAII@H613772 t he

compounds of the formula I, for exanphe mxtures of two diastereomers, for

exanple in the ratio 1:1, 1: 2, 1:3, 1:4, 1:5, 1:10, 1:100 or 1:1000. These

are particularly preferably m xt ur eSchgmeBbr eoi soner i ¢ conpounds. 15In

anot her preferred enbodi nent, conpounds of Formula (lI) exhibit a

selectivity on SiPi receptor over Si P3 receptor, based on the 1050 val ues

as determned in the foll ow ng examplgg, of nmore than 20 fold, preferably

nore than 50 fold, nore preferably tbr 100 fold, even nore preferably

re co ounds of the present invention

qnd7Qn/q |l ow.cl earance. In another

uagds~ef W hevpr gsent i nvention exhibit a

) dpt or over S1P3 receptor, based on the 1050

val ues as deteRmi ned in thgofoll gqwng 25exanpl es, of nore than 20 fold,

preferably re than 50 fold, nore preferably nnrg than 100 WO

2012/ 004287PCT/ EP2011/ 061372 31 fold, even nﬁ%g Gably nore than 1000

fold and invention have a high oral bioa% i | abi 4ty and/or a | ow cl ear ance.

Preference is given to the cogpounds of t y i nvention selected from

the foll owing 5exanpl es f\to/96: Exanp| e §N1 v T O NN1101 OH 2

le) 0 O-N N 411 NH HO 3 %
G o-N

When derivatives of Formula (V') or (V") are obtained as mixture of enantiomers, they can be
separated by chiral HPLC column, such as but not limited to the methods described below in
the examples.
The method for preparing amine derivatives of Formula (V’) selected below:

10  (1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yI]-1,2,4-oxadiazol-3-yl}phenyl)ethanamine
N-methyl-1-(3-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)methanamine

is more particularly described in the examples.

15  The method for preparing derivatives of Formula (V") selected below:
tert-butyl [(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllcarbamate
tert-butyl methyl(3-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)carbamate

20  is more particularly described in the examples.

The method for preparing amidoxime of Formula (IlI”"), selected below:
tert-butyl ((1R)-1-{4-[amino(hydroxyimino)methyllphenyl}ethyl)carbamate
tert-butyl {3-[amino(hydroxyimino)methyllbenzyl}methylcarbamate

25 is more particularly described in the examples.

Compounds of Formula (II), wherein R?, R®, G', and G? are defined as above, may be prepared
by standard synthetic techniques, as hereinafter described in the examples, using conditions

and methods well known to those skilled in the art (Scheme 4). In a first synthetic pathway,
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compounds of Formula (), wherein R?, R®, G', and G? are defined as above, may be obtained
by metal catalyzed cross-coupling reaction, followed by hydrolysis of the resulting ester (VI).
More particularly, they may be obtained by Suzuki-Miyura coupling reaction between an alkyl
benzoate (VII), where LG, may preferably be Br, | or a sulfonate ester such as triflate, and a
5  boronic acid or ester of Formula (VIII) (Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457,

Takahiro |. and Toshiaki M., Tetrahedron Lett. 2005, 46, 3573-3577). In a typical procedure,
alkyl benzoate (VII) and boronic acid (VIIl) are heated in a suitable solvent, such as a mixture of
toluene and water, in the presence of a base, such as K,COj3, and a catalytic amount of a
palladium catalyst, such as Pd(PPhj)4, with the possible addition of a phosphine ligand, such as

10  PPhs. The resulting ester (VI) may be hydrolyzed using a metal hydroxide, such as NaOH, in a
suitable solvent, such as MeOH, EtOH, water or mixtures thereof, at a temperature rising from
about 20°C to 60°C, preferably at RT, for a few hours.

Scheme 4
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In a second synthetic pathway, compounds of Formula (II), wherein R?, R°, G', and G? are
defined as above, may be obtained by a coupling reaction, followed by hydrolysis of the

resulting nitrile (1X). The resulting benzonitrile of Formula (IX) may be hydrolyzed into the
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corresponding carboxylic acid (Il) by treatment with an aqueous solution of metal hydroxide,
such as NaOH, in a suitable solvent, such as MeOH or EtOH, at a temperature rising from RT to

reflux, preferably at reflux, for a few hours e.g. from 1 to 24 hours.

5  In a third synthetic pathway, according to Scheme 4, compounds of Formula (Il), wherein R?, R®,
G', and G? are defined as above, may be prepared from arylbromide of Formula (XI) in a two
steps process. The first step is an halogen-metal exchange with a lithiated alkyl, such as nBuLi
or tBulLi, in a suitable solvent, such as Et,0, at low temperature, preferably at —78°C. The
second step is the quench of the organolithiated derivative by addition of CO,, as gas or in solid

10  state, as electrophile.

When compounds of Formula (l1) are obtained as mixture of enantiomers, they can be
separated by chiral HPLC column, such as but not limited to the methods described below in
the examples.

15  The method for preparing compounds of formula (I1) selected below:
2'-methyl-2-(trifluoromethyl) biphenyl-4-carboxylic acid,
2'-(difluoromethyl)-2-methylbiphenyl-4-carboxylic acid,
2-(methoxymethyl)-2'-methyl biphenyl-4-carboxylic acid ,
2-methyl-2'-(trifluoromethyl)biphenyl-4-carboxylic acid,

20  is more particularly described in the examples.

Compounds of Formula (Ill) wherein R', W'-W*, X', X2, Y, Y2 Z" and Z? are as above defined
are either commercially available or may be prepared according to Scheme 5 by addition of
agueous hydroxylamine or hydroxylamine hydrochloride to the corresponding substituted
25  benzonitrile of Formula (XII) in a suitable solvent, such as EtOH, in presence or not of a base,
such as TEA, at a temperature ranging from RT to about 80°C, preferably at RT, for a few
hours.
Scheme 5

30
When compounds of Formula (lll) are obtained as mixture of enantiomers, they can be
separated by chiral HPLC column, such as but not limited to the methods described below in

the examples.
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The method for preparing compounds of formula (lll) selected below:
tert-butyl 2-[{4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}(methyl)amino]butanoate,
methyl N-((1R)-1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)-D-alaninate,
methyl N-[(1R)-1-(4-cyanophenyl)ethyl]-L-alaninate,
tert-butyl N-((1S)-1-{4-[(hydroxyamino)(imino)methyl]phenyl}ethyl)glycinate,
tert-butyl N-((1R)-1-{4-[(hydroxyamino)(imino)methyl]phenyl}ethyl)glycinate,
methyl N-((1S)-1-{4-[(hydroxyamino)(imino)methyl]phenyl}ethyl)-D-alaninate,
methyl N-((1S)-1-{4-[(hydroxyamino)(imino)methyllphenyl}ethyl)-L-alaninate,
ethyl (25)-2-[((1R)-1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)amino]butanoate,
ethyl (2R)-2-[((1R)-1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)amino]butanoate,
Ethyl 2-({3-[amino(hydroxyimino)methyl]-5-fluorobenzyl}amino)-4-methylpentanoate,
tert-butyl N-{4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}-N-methylvalinate,
tert-butyl N-(1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)-N-methylglycinate,
tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-2-methylpropanoate,
tert-butyl (1-{4-[amino(hydroxyimino)methyllphenyl}ethyl)carbamate,
methyl N-(1-{3-[(hydroxyamino)(imino)methyl]phenyl}ethyl)-N-methylalaninate,
methyl tert-butyl N-(1-{3-[amino(hydroxyimino)methyl]phenyl}ethyl)-N-methylglycinate,
tert-butyl 2-[{4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}(methyl)amino]-2-methylpropanoate,
tert-butyl N-(1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)glycinate,
tert-butyl N-((1S)-1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)-N-methylglycinate ,
tert-butyl N-((1R)-1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)-N-methylglycinate,
methyl N-(1-{4-[amino(hydroxyimino)methyl] phenyl}ethyl)-N-methylalaninate,
tert-butyl N-(1-{3-[amino(hydroxyimino) methyllphenyl}ethyl)glycinate,
tert-Butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)butanoate,
tert-butyl 2-[{4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}(methyl)amino]-2-methylpropanoate,
tert-butyl 2-[{4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}(methyl)amino]propanoate,
tert-butyl N-{4-[(amino(hydroxyimino)methyl]-2-fluorobenzyl}-O-(tert-butyl)-N-methylserinate,
tert-butyl 2-({3-[amino(hydroxyimino)methyl]-5-fluorobenzyl}amino)-2-methylpropanoate,
tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-3-methylbutanoate,
tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-2-methylpropanoate,
tert-butyl 2-((1-(4-(N'-hydroxycarbamimidoyl)phenyl)-2-methoxyethyl)(methyl)amino)acetate,
tert-butyl 2-(2-(tert-butyldimethylsilyloxy)-1-(4-(N'-
hydroxycarbamimidoyl)phenyl)ethylamino)acetate,
N'-hydroxy-4-(hydroxymethyl)benzenecarboximidamide,
N'-hydroxy-3-(hydroxymethyl)benzimidamide,
N'-hydroxy-4-(hydroxyethyl)benzenecarboximidamide,
N'-hydroxy-3-(hydroxyethyl)benzenecarboximidamide,
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tert-butyl N-(1-{4-[(Z)-amino(hydroxyimino)methyl]phenyl}-2-{[tert-butyl(dimethyl)silylJoxy}ethyl)-
D-alaninate

is more particularly described in the examples.

5  Compounds of Formula (XIl), wherein R', W'-W*, X', X2, Y, Y2 Z" and Z? are as above defined,
are either commercially available or may be prepared from alternative compounds of Formula
(XI1), using suitable interconversion procedures such as those described hereinafter in the
examples, or conventional interconversion procedures well known by one skilled in the art.
Alternatively, but not limited to, compounds of Formula (XIl) may be prepared from aldehyde or
10  ketone of formula (Xlla) by reductive amination with a suitable amine of Formula
HN(YYW3C?(Z")(Z2)W*COOY?, in the presence of a reducing agent, such as but not limited to
sodium cyanoborohydride. Alternatively, aldehyde or ketone of formula (XlIb) can be
transformed into chiral imine (Xllc), reacting with a chiral auxiliary, such as but not limited to tert-
butanesulfinamide group in the presence of titanium ethoxide (Ellman J. A. et al. Acc. Chem.
15  Res. 2002, 35, 984-995). It can be further transformed into sulfinamide (Xlld), via reduction or
nucleophilic addition, using conditions known by a person skilled in the art. The sulfinyl group is
then removed by acidic treatment, such as HCI in a protic solvent, affording the desired chiral
amine (Xlle) as hydrochloride salt. The absolute configuration of amine (Xlle) depends on the
configuration of the chiral auxiliary and the conditions used for the reduction or nucleophilic
20 addition. As illustration, imine (XlIc) can be reduced diastereoselectively with a reductive agent,
such as but not limited to sodium borohydride or L-selectride, yielding chiral amine (Xlle) after
removal of the chiral auxiliary (Ellman J. A. et al. J. Org. Chem. 2007, 72, 626-629). Chiral
amine (Xlle) can be further transformed into compound of formula (XII), either via reductive
alkylation with a suitable aldehyde or ketone, or via direct alkylation with a suitable electrophile,

25  such as alkylbromide or alkylsulfonate derivatives.

Scheme 6
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When compounds of Formula (XIl) are obtained as mixture of enantiomers, they can be
separated by chiral HPLC column, such as but not limited to the methods described below in
the examples.

The method for preparing compounds of formula (XIl) selected below:

Tert-butyl 2-[(2-fluoro-4-isocyanobenzyl)(methyl)amino]butanoate,

Methyl N-[(1R)-1-(4-cyanophenyl)ethyl]-D-alaninate and methyl N-[(1R)-1-(4-
cyanophenyl)ethyl]-L-alaninate,

Tert-butyl N-[(1S)-1-(4-cyanophenyl)ethyl]glycinate,

Tert-butyl N-[(1R)-1-(4-cyanophenyl)ethyl]glycinate,

Methyl N-[(1S)-1-(4-cyanophenyl)ethyl]-D-alaninate and methyl N-[(1S)-1-(4-cyanophenyl)ethyl]-
L-alaninate,

Ethyl (2S5)-2-{[(1R)-1-(4-cyanophenyl)ethyllJamino}butanoate and ethyl (2R)-2-{[(1R)-1-(4-
cyanophenyl)ethyllamino}butanoate,

Tert-butyl 2-[(3-cyano-5-fluorobenzyl)amino]-4-methylpentanoate,

Tert-butyl 2-[(4-cyano-2-fluorobenzyl)(methyl)amino]-3-methylbutanoate,

Tert-butyl N-[1-(4-cyanophenyl)ethyl]-N-methylglycinate,

Tert-butyl 2-[(4-cyano-2-fluorobenzyl)amino]-2-methylpropanoate,

Tert-butyl [1-(4-cyanophenyl)ethyl]lcarbamate,

Methyl N-[1-(3-cyanophenyl)ethyl]-N-methylalaninate,

Methyl N-[1-(3-cyanophenyl)ethyl]-N-methylalaninate,

Tert-butyl 2-[(2-fluoro-4-isocyanobenzyl)(methyl)amino]-2-methylpropanoate,

Tert-butyl N-[1-(4-cyanophenyl)ethyl]glycinate,

0
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Tert-butyl N-[1-(4-cyanophenyl)ethyl]-N-methylglycinate ,
Methyl N-[1-(4-cyanophenyl)ethyl]-N-methylalaninate,
Tert-butyl N-[1-(3-cyanophenyl)ethyl]glycinate,
Tert-Butyl 2-[(4-cyano-2-fluorobenzyl)amino]butanoate,
Tert-butyl 2-[(2-fluoro-4-isocyanobenzyl)(methyl)amino]-2-methylpropanoate,
Tert-butyl 2-[(4-cyano-2-fluorobenzyl)(methyl)amino]propanoate,
Tert-Butyl 3-tert-butoxy-2-[(4-cyano-2-fluorobenzyl)(methyl) amino]propanoate,
Tert-butyl 2-[(3-cyano-5-fluorobenzyl)amino]-2-methylpropanoate,
1-Tert-butyl 2-[(4-cyano-2-fluorobenzyl)amino]-3-methylbutanoate,
Tert-butyl 2-[(4-cyano-2-fluorobenzyl)amino]-2-methylpropanoate,
Tert-butyl 2-((1-(4-cyanophenyl)-2-methoxyethyl)(methyl)amino)acetate,
Tert-butyl 2-(2-(tert-butyldimethylsilyloxy)-1-(4-cyanophenyl)ethylamino)acetate,

is more particularly described in the examples.

Compounds of Formula (I) can be converted to their oxydised form of Formula (10) using an
oxydising agent such as 3-chloroperoxybenzoic acid, as depicted in scheme 7.

Scheme 7

The method for preparing compounds of formula (IO) selected below:
1-[methyl(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)nitroryl]cyclopentanecarboxylic acid
2-[(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)(methyl)nitroryl]propanoic acid
{methyl[1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]nitroryl}acetic acid

is more particularly described in the examples.

In a specific embodiment, the present invention provides a process for the preparation of the

compounds of formula (1) and salts thereof, characterized in that
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a compound of formula A
G! R*
EO~)~
G’ T
Rb
A
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wherein G;, G,, R® and R” have the meanings given above, and T is OH, or a leaving group,
such as ClI, Br, |, imidazolyl, pentafluorophenoxy or the product of the reaction of isobutyl

chloroformate with formula A, wherein T is OH, is reacted with

a compound of formula B

wherein R', W-W,, C4, Cz, X4, X2, Y1, Y2, Z4 and Z, have the meanings given above, in the
presence of a suitable base, such as an amine like TEA, DIEA or NMM, or in case T is OH, in
the presence of a suitable condensation reagent, such as EDC and the resulting product is

cyclized, and optionally a base or acid of the formula (I) is converted into one of its salts.

Compounds of Formulae (1) to (XIlI) may be obtained either from commercial sources or they
may be prepared from known compounds using procedures such as those described

hereinafter in the examples, or conventional procedures, well known by one skilled in the art.

Compounds of Formulae (II) to (XII), wherein R', R?, R®, G', G* W'-W* X', X2, Y', Y2, Z, Z?
and LG, are defined as above, may be converted to alternative compounds of Formulae (I1) to
(XI), respectively, using suitable interconversion procedures such as those described
hereinafter in the examples, or conventional interconversion procedures well known by one
skilled in the art.

If the above set of general synthetic methods is not applicable to obtain compounds according
to Formula (I) and/or necessary intermediates for the synthesis of compounds of Formula (1),

suitable methods of preparation known by a person skilled in the art should be used.

The compounds of invention have been named according the standards used in the program
“ACD/Name Batch” from Advanced Chemistry Development Inc., ACD/Labs (7.00 Release).
Product version: 7.10, build: 15 Sep 2003 and the program AUTONOM GOLD v 1.0.1.1.
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The formula (I) and related formulae also encompasses the optically active forms
(stereoisomers), the enantiomers, the racemates, the diastereomers and the hydrates and

solvates of these compounds.

The determination of the stereochemistry (S) or (R) is performed using standard rules of the

nomenclature well known by one skilled in the art.

According to a further general process, compounds of formula (1), and any subformulae can be
converted to alternative compounds of formula (1) and any subformulae, employing suitable

inter-conversion techniques well known by a person skilled in the art.

In general, the synthesis pathways for any individual compounds of formula (I) will depend on
the specific substitutents of each molecule and upon the ready availability of Intermediates
necessary; again such factors being appreciated by those of ordinary skill in the art. For all the
protection and de-protection methods, see Philip J. Kocienski, in “Protecting Groups”, Georg
Thieme Verlag Stuttgart, New York, 1994 and, Theodora W. Greene and Peter G. M. Wuts in

“Protective Groups in Organic Synthesis”, Wiley Interscience, 3™ Edition 1999.

Compounds of this invention can be isolated in association with solvent molecules by
crystallization from evaporation of an appropriate solvent. The pharmaceutically acceptable acid
addition salts of the compounds of formula (1), which contain a basic center, may be prepared in
a conventional manner. For example, a solution of the free base may be treated with a suitable
acid, either neat or in a suitable solution, and the resulting salt isolated either by filtration or by
evaporation under vacuum of the reaction solvent. Pharmaceutically acceptable base addition
salts may be obtained in an analogous manner by treating a solution of compounds of formula
(1), which contain an acid center, with a suitable base. Both types of salts may be formed or

interconverted using ion-exchange resin techniques.

Depending on the conditions used, the reaction times are generally between a few minutes and
14 days, and the reaction temperature is between about -30°C and 140°C, normally between -
10°C and 90°C, in particular between about 0°C and about 70°C.

Compounds of the formula (I) can furthermore be obtained by liberating compounds of the
formula (I) from one of their functional derivatives by treatment with a solvolysing or

hydrogenolysing agent.
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Preferred starting materials for the solvolysis or hydrogenolysis are those which conform to the
formula (1), but contain corresponding protected amino and/or hydroxyl groups instead of one or
more free amino and/or hydroxyl groups, preferably those which carry an amino-protecting
group instead of an H atom bound to an N atom, in particular those which carry an R'-N group,
in which R' denotes an amino-protecting group, instead of an HN group, and/or those which
carry a hydroxyl-protecting group instead of the H atom of a hydroxyl group, for example those
which conform to the formula (1), but carry a -COOR” group, in which R” denotes a

hydroxylprotecting group, instead of a -COOH group.

It is also possible for a plurality of — identical or different — protected amino and/or hydroxyl
groups to be present in the molecule of the starting material. If the protecting groups present are

different from one another, they can in many cases be cleaved off selectively.

The term “amino-protecting group” is known in general terms and relates to groups which are
suitable for protecting (blocking) an amino group against chemical reactions, but which are easy
to remove after the desired chemical reaction has been carried out elsewhere in the molecule.
Typical of such groups are, in particular, unsubstituted or substituted acyl, aryl, aralkoxymethyl
or aralkyl groups. Since the amino-protecting groups are removed after the desired reaction (or
reaction sequence), their type and size are furthermore not crucial; however, preference is
given to those having 1-20, in particular 1-8, carbon atoms. The term “acyl group” is to be
understood in the broadest sense in connection with the present process. It includes acyl
groups derived from aliphatic, araliphatic, aromatic or heterocyclic carboxylic acids or sulfonic
acids, and, in particular, alkoxy-carbonyl, aryloxycarbonyl and especially aralkoxycarbonyl
groups. Examples of such acyl groups are alkanoyl, such as acetyl, propionyl and butyryl;
aralkanoyl, such as phenylacetyl; aroyl, such as benzoyl and tolyl; aryloxyalkanoyl, such as
POA; alkoxycarbonyl, such as methoxy-carbonyl, ethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl,
BOC (tert-butoxy-carbonyl) and 2-iodoethoxycarbonyl; aralkoxycarbonyl, such as CBZ
("carbo-benz-oxy"), 4-methoxybenzyloxycarbonyl and FMOC; and aryl-sulfonyl, such as Mtr.
Preferred amino-protecting groups are BOC and Mtr, furthermore CBZ, Fmoc, benzyl and

acetyl.

The term “hydroxyl-protecting group” is likewise known in general terms and relates to groups
which are suitable for protecting a hydroxyl group against chemical reactions, but are easy to
remove after the desired chemical reaction has been carried out elsewhere in the molecule.
Typical of such groups are the above-mentioned unsubstituted or substituted aryl, aralkyl or acyl
groups, furthermore also alkyl groups. The nature and size of the hydroxyl-protecting groups are

not crucial since they are removed again after the desired chemical reaction or reaction

HO
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sequence; preference is given to groups having 1-20, in particular 1-10, carbon atoms.
Examples of hydroxyl-protecting groups are, inter alia, benzyl, 4-methoxybenzyl, p-
nitro-benzoyl, p-toluenesulfonyl, tert-butyl and acetyl, where benzyl and tert-butyl are

particu-larly preferred.

The term “solvates of the compounds” is taken to mean adductions of inert solvent molecules
onto the compounds which form owing to their mutual attractive force. Solvates are, for

example, mono- or dihydrates or alcoholates.

10  The compounds of the formula () are liberated from their functional derivatives — depending on
the protecting group used — for example using strong acids, advantageously using TFA or
perchloric acid, but also using other strong inorganic acids, such as hydrochloric acid or sulfuric
acid, strong organic carboxylic acids, such as trichloroacetic acid, or sulfonic acids, such as
benzene- or p-toluenesulfonic acid. The presence of an additional inert solvent is possible, but

15 is not always necessary. Suitable inert solvents are preferably organic, for example carboxylic
acids, such as acetic acid, ethers, such as THF or dioxane, amides, such as DMF, halogenated
hydrocarbons, such as DCM, furthermore also alcohols, such as methanol, ethanol or
isopropanol, and water. Mixtures of the above-mentioned solvents are furthermore suitable.
TFA is preferably used in excess without addition of a further solvent, and perchloric acid is

20  preferably used in the form of a mixture of acetic acid and 70% perchloric acid in the ratio 9:1.
The reaction temperatures for the cleavage are advantageously between about 0 and about
50°C, preferably between 15 and 30°C (RT).

The BOC, OBut and Mtr groups can, for example, preferably be cleaved off using TFA in DCM

25  or using approximately 3 to 5N HCI in dioxane at 15-30°C, and the FMOC group can be cleaved
off using an approximately 5 to 50% solution of dimethylamine, diethylamine or piperidine in
DMF at 15-30°C.

Protecting groups which can be removed hydrogenolytically (for example CBZ, benzyl or the

30 liberation of the amidino group from the oxadiazole derivative thereof) can be cleaved off, for
example, by treatment with hydrogen in the presence of a catalyst (for example a noble-metal
catalyst, such as palladium, advantageously on a support, such as carbon). Suitable solvents
here are those indicated above, in particular, for example, alcohols, such as methanol or
ethanol, or amides, such as DMF. The hydrogenolysis is generally carried out at temperatures

35  between about 0 and 100°C and pressures between about 1 and 200 bar, preferably at 20-30°C
and 1-10 bar. Hydrogenolysis of the CBZ group succeeds well, for example, on 5 to 10% Pd/C
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in methanol or using ammonium formate (instead of hydrogen) on Pd/C in methanol/DMF at 20-
30°C.

Examples of suitable inert solvents are hydrocarbons, such as hexane, petroleum ether,

5 benzene, toluene or xylene; chlorinated hydrocarbons, such as trichloroethylene, 1,2-
dichloroethane, tetrachloromethane, tri-fluoro-methylbenzene, chloroform or DCM; alcohols,
such as methanol, ethanol, isopropanol, n-propanol, n-butanol or tert-butanol; ethers, such as
diethyl ether, diisopropyl ether, tetrahydrofurane (THF) or dioxane; glycol ethers, such as
ethylene glycol monomethyl or monoethyl ether or ethylene glycol dimethyl ether (diglyme);

10  ketones, such as acetone or butanone; amides, such as acetamide, dimethylacetamide, N-
methylpyrrolidone (NMP) or dimethyl-formamide (DMF); nitriles, such as acetonitrile; sulfoxides,
such as dimethyl sulfoxide (DMSQ); carbon disulfide; carboxylic acids, such as formic acid or
acetic acid; nitro compounds, such as nitromethane or nitrobenzene; esters, such as EtOAc, or
mixtures of the said solvents.

15
Esters can be saponified, for example, using LiOH, NaOH or KOH in water, water/THF,
water/THF/ethanol or water/dioxane, at temperatures between 0 and 100°C. Furthermore, ester

can be hydrolysed, for example, using acetic acid, TFA or HCL.

20  Free amino groups can furthermore be acylated in a conventional manner using an acyl chloride
or anhydride or alkylated using an unsubstituted or substituted alkyl halide or reacted with CHs-
C(=NH)-OEt, advantageously in an inert solvent, such as DCM or THF and/or in the presence of

a base, such as triethylamine or pyridine, at temperatures between -60°C and +30°C.

25  Throughout the specification, the term leaving group preferably denotes ClI, Br, | or a reactively
modified OH group, such as, for example, an activated ester, an imidazolide or alkylsulfonyloxy
having 1-6 carbon atoms (preferably methylsulfonyloxy or trifluoromethylsulfonyloxy) or
arylsulfonyloxy having 6-10 carbon atoms (preferably phenyl- or p-tolylsulfonyloxy).

Radicals of this type for activation of the carboxyl group in typical acylation reactions are

30 described in the literature (for example in the standard works, such as Houben-Weyl, Methoden
der organischen Chemie [Methods of Organic Chemistry], Georg-Thieme-Verlag, Stuttgart).
Activated esters are advantageously formed in situ, for example through addition of HOBt or

N-hydroxysuccinimide.

35 The term “pharmaceutically usable derivatives” is taken to mean, for example, the salts of the

compounds of the formula | and so-called prodrug compounds.
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The term “prodrug derivatives” is taken to mean compounds of the formula | which have been
modified with, for example, alkyl or acyl groups, sugars like glucuronide or oligopeptides and
which are rapidly cleaved in the organism to form the active compounds.
These also include biodegradable polymer derivatives of the compounds according to the

5 invention, as described, for example, in Int. J. Pharm. 115, 61-67 (1995).

The metabolites of the compounds of Formula (1) and related Formulae are also part of the

present invention. The metabolites of the compounds of Formula (I) may be for instance

compounds of Formula (1) wherein Y' and/or Y? are glucuronide. Examples of such metabolites
10  are for instance compounds of Formula (Ik).

The metabolites of the compounds of Formula (1) and related Formulae may also be

compounds of Formula (I) and related Formulae wherein the bound NY'-W; has been cleaved,

as shown by Formula (I").

G! R®
N W
DaWal
G2 O/N
b
R (IM)

15  wherein G, G, R?, R®, R", W', X', X*>, W?, Y' are as defined above. Examples of such

metabolites are compounds M1 and M2 mentioned in table | below.

Metabolites of the compounds of Formula (I) and related Formules may also be compounds of
Formula (1) and related Formulae wherein one or several nitrogen atoms have been oxydised.

20  Compounds of examples 101, 102 and 103 represent examples of such metabolites.

Metabolites of the compounds of Formula (I) and related Formulae may also be compounds of
Formula (I) and related formulae wherein one or several aromatic systems, like phenyl rings, are

oxidized. Such metabolites may be defined by the following Formula (%)

X\ X Y'znn z
R’ \ , \ T oy

% N Cz'"“ /<
W1/ \W{ \ { \W4 @)

w

2

(G°),

25 (|M2)
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Wherein G®, G*, G® independently from each other may denote OH, tis 0, 1, 2 or 3, preferably 1
or2,G', G% R, R, R, X", X2, Y', Y2, Z', 22, W', W2, W?, and W* are as defined above.

Examples of such metabolites are compounds M3, M6 and M9 below:

5 M9

The present invention encompasses compounds of Formula (1) and related Formulae either

alone or in combination with one or several metabolites thereof.

10  The formula (I) also encompasses mixtures of the compounds of the formula I, for example
mixtures of two diastereomers, for example in the ratio 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, 1:100 or
1:1000.

These are particularly preferably mixtures of stereocisomeric compounds.

15  In another preferred embodiment, compounds of Formula (1) exhibit a selectivity on S4P4
receptor over S1P; receptor, based on the IC50 values as determined in the following examples,
of more than 20 fold, preferably more than 50 fold, more preferably more than 100 fold, even

more preferably more than 1000 fold.

20  The preferred compounds of the present invention have a high oral bioavailability and/or a low

clearance.

In another preferred embodiment, compounds of the present invention exhibit a selectivity on
S1P4 receptor over S4P3 receptor, based on the IC50 values as determined in the following

25  examples, of more than 20 fold, preferably more than 50 fold, more preferably more than 100
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fold, even more preferably more than 1000 fold and invention have a high oral bioavailability

and/or a low clearance.

Preference is given to the compounds of the present invention selected from the following

examples 1 to 96:

Example Formula
No
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t her eof ,

0 1----0 HOF M NH2 \ FE
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enconpasses the optically active forng

sol vates, salts and st
in all ratios.

%(stereoisoners),

N O-N 41/ M2 1110F F N N-o-
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er eoi soners

5The pComrré1a/0613y2 al so
t he enantioners,

the racemates, the diastereoners and the hydrates, salts and sol vates of
t hese conmpounds. | njExaspdedi fic enbodi nemd,ufen 2 chiral centers or nore
are present, conmpoupdNof |Formila (1) are obtained as one di astereoi soner.
A "di astereoi soner”| neans |t hateach of the chiral centers present in the
conpound of Fornulal 10(1) |is d ned relatively to the others. For al
radi cal s and indices which occug than once w thin,the|same chem cal
structure, their nepnifgs |are inde 0 ne-another. Rb, )(1, )(2, y1,
y2, Gl, A A z1, zp, W, W, W3\l Aboveoaq- bel‘ow, Nthe radlcals or
paranmeters Ra W, hpave the neaning indicated under the®fornqula (1) and
subfornul ae, unless|expregsly stated otherw se CQyclgal kyl is a
cyclic alkyl contaihing 3 |to] arbon at ones. Cycloalkyl preferably
denot es 20cycl opropyl, cygc cl opentyl, cyclohexyl |or cycloheptyl.
WO 2012/ 004287PCT/ EP20 1/0 cIoaIk IaIkerne i s ajcycloal kyl group
bond to the rest of|th : ing 1, 2, 3, 4,
5 6, 7, 8, 9, 10, [11, 12, at ons.
Cycl oal kyl al kyl ene prefer3g
cycl obut yl net hyl ene—5eyeho hy | ene or
cycl oheptyl net hyl ene. Ra i|s -CHF2, Rob is
preferably -CF3 or | CH200HS3. \eC|f|c enbodlnent the pr esent
i nvention provides gonpounds ofs Fo la (1) mhereln one of [Ra and Rb is
-CF3 or -CH200H3, pfef®ahly - O3 . abl y FOHd |or Br and
especially F or O.| Rl prdferably denobg- F o OAﬂ ereln A is as above
defined, especiallyl F or -|OCH3, 21 )(1,t2z\ g/
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HN--1-1HOH OHO OHO GHHHNoO oH /' HO : HO : HO O
-0 O, . ../.7T\NOHo\ 0 OH The conpounds of formula (1) can have
one or nowewemsm3 of chirality and can therefore occulPCIEPI@ENI061332
stereoi soneric fornms. Formula (1) covgys all these fornms. 5The conpounds of
the formula (1) and_also the starting materials for the preparation thereof
are, in addition, preparéd by nethods kpguiumer se, as desgribed in the
literature (for exapp/N®in the standard works, such as Houben- Wyl ,

Met hoden der organischen Chem esfMet hods of Organic Chem stjry],

Geor g- Thi ene- Ver | ag, Stutt|gart reacti on conditions |which are known
and suitable for the ga6td |reactions or Na%/l@eﬂp? tection and

deprot ecti on met hods, see |10Phil i.g ci/ n , }“%ot egqting G oups”,

Georg Thienme Verlag| Stuttgart, WFYork "M994 and, fbheodora W G eene and

Peter G M Wits in["Protective &G oups |<5rNUrgan|c Synthesig", Wley

I nterscience, 3rd Edition|1999. Use 3 e made here of variants which
are known per se, but ,gse [not mentio great er detlail. 15 If
desired, the startihg nmatgrials al'so be formBdiin situ|so that they are

not isolated fromthe reagtion X ; i nst gad @re i medi ately
converted further iptothe conpounds &f the formHa ()

F F o,
F
M1 N
DW=l
N
F F
M2 F
N
bW

and pharmaceutically usable derivatives, solvates, salts and stereoisomers thereof, including

mixtures thereof in all ratios.

5 The formula (1) also encompasses the optically active forms (sterecisomers), the enantiomers,
the racemates, the diastereomers and the hydrates, salts and solvates of these compounds.
In a specific embodiment, when 2 chiral centers or more are present, compounds of Formula ()
are obtained as one diastereoisomer.
A “diastereoisomer” means that each of the chiral centers present in the compound of Formula

10  (I) is defined relatively to the others.

For all radicals and indices which occur more than once within the same chemical structure,

their meanings are independent of one another.

15  Above and below, the radicals or parameters R?, R®, X', X2, Y', Y2, G", A, A, Z", 22, W', W?, W?,
W*, have the meaning indicated under the formula (1) and subformulae, unless expressly stated

otherwise.

Cycloalkyl is a cyclic alkyl containing 3 to 12 carbon atomes. Cycloalkyl preferably denotes

20  cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl.



WD 2012/ 004287PCT/ EP2011/ 061372 48 The reactions are preferably carried out
in an inert solvent. Exanples of suitable inert solvents are hydrocarbons,
such as hwewane/oopmtyr ol eum et her, benzene, tol uene or xylem&p2@hloersrnat ed
hydrocarbons, such as trichloroethylepe, 1,2- dichloroethane,
tetrachl oronmet hane, chloroformor DCM al cohols, such as nethanol, ethanol
5i sopropanol, n-propanol, n-butanol or tert-butanol; ethers, such as

di et hyl F i such
L o€ ARG ol RS Ko Ut BRE Pl ) 050005 oL B9b PG

di net hy‘lIaVlegHeZ 3. §1 §unfe B; 9kr dieks, 18uth 1@51%\01& om138 @ﬂrb@uat@msne am des,
such a nitriles,
such a?@@gﬁkgg,@%nﬁ‘?ré@gappox fe@%&{ég%r%b Ime neth OXI g%DI\/BO) car bon
di sbl f icseloperdylyextylene, exsiatiexymethyisihe 2s Cvmhﬁp@/haehhdleoe acetic acid; nitro
conpounds, such as nitronethane or nitrobenzene; esters, such as Et0Ac, or
m xtures of the said solvents. Pharmaceutical salts and other forns The
sai d cdtpopiefyally -CHe -€0rGhid. &CK4 )Cldm be used in their final non-salt form
On the other 15hand, the present invention also relates to the use of these
conpounds in the forn1of t hei r pharnmaceutically acceptable salts, which can
be derﬁbeﬁpﬁﬁﬂﬁbwaﬁfﬂmstb@QHnc and inorgani ¢ acids and bases by procedures
kngyn in the art. Pharnaceutically acceptable salt forns of the conpounds
of the formula | are for the nost part prepared by conventional nethods. If
t he corpespecitd emhedimenirtheapresandintvantion pravides corop@ds of Formuda (lhwheremaamisoxy|
group, i n~pe formed by reacting the conpound
W th acﬁﬁfaﬁ%ﬁ%%ﬁé&ﬂ%ﬁé§ﬁ?¥§4 §é$%%§$egﬁondlng base-addition salt. Such
bases are, for exanple, aIkaI| met al hydroxi des, including potassium

hydr oxi,dg;s ﬁ;}gf P"@:IW%% H@@pecﬁéllﬁ%’ 49 earth metal hydroxides, such as
nagnesiun1 roxide and ca ci um roxi de; and various organi c bases, such
as1§iper|d|ne di et hanol ami ne and N-net hyl - gl ucam ne (neglunine)

benzat i iferefdhf) ddiBresth 6 ORNhEHIEH 2200 bR SRy, PRpebRATl e,

di et hyl a i perazi ne, 1Yysine, L-arginine, rlet andl ani ne,
bet ai ne, et hanol am ne, norpholine and tronethanlne. In the case of certain
conpounds of the fornula I, which conjain a basic center, acid-addition
salts can be formed by tx aﬁ n tﬁ sé conpoynds with pharnaceutlcally
acceptabl e organi ¢ and jnokgankg a ds or exanpl e hydrogen halides, such
as hydrogen chloride or+hyHnN§enwﬁroﬁN ot her m neral acids 30and

cor r espoxadipleg of #e grouper eof , such as sulﬁatanfamuﬂaﬂh or phosphate and the
i ke, ?P?F&E§§bﬁo@QﬂeﬂﬁB® |l f onat es, such as net hanesul f onat e,

et hanesul fona uenes JRate and benzene- sul fonate, and other organic
aci ds and| correspondi ng Hts t hereof| sgch as carbopat y, acetate,
trifluoro agaﬂg%/H tart'a;g\ﬂnaleate sytei nate, citfaten bepzoat e,
salicylat,tgﬁsc rbate apd“thd |jRe. Accordingy, pharnacehL%cally

c

accept abl i d?additiop sal f thel conf@u of 3pthe foppula | include
the foll owi ng: acetate, adipafePHaIginate, aspartate, benzoate,

benzene- sp-fopate—(besytat CI:! —bi-sut-fate; Hbi stHfite; II.UIIi dg, canphor-at e,
canphor - syl fonat e, capriﬁﬁ;maprylate éyumride, chl pr citnate,
cycl amate| ¢innangte, d{gfuconaie, WDYZ20TR/0Q4287PC 1/%61372 49

di hydr ogen- phosp ate, dinitp nzoat e| doge -sul fa sul f onat e,
formate, glycol at%¥, funarat&H @al act er at e\ €f ogm nuci i d), \gal acturonate,

gl ucohept anoate, gluco-pate, glutamatg, glycerophosphate, heni-succinate,
hem sul f at e, _h@pt anoat e hexandate, h|ppur&te, hydrorchforide,
hydr obr om de,"\hydr oi odi e, 2 5€xy-at &ylfonatevjiﬁbide, i set hijonat e,
5i sobut yr ate Ctate, gggnbiona e, Ml gte, mal eate| “mal bnafe, mande¢l at e,
netaphosp1ah§, t hanesul f onat e, net hyl benzoat e, nnno-hydfaggn-phosphate,
2- napht hal engsul fonat e, | ni cotinate, n|trate, oxalate|, ol eat&® pal no-ate,

pecti nate| pérsul fate, phenyl acetate,|3- phenyl propi pnate, phosphate,
phosphonatey phthalate, [yt _bhis does|not represent | fespriction. Both
types of salkx nay be farnég/or i nterconverted preferﬂ HIsi ng

i on-exchange r¢ 10t echpiques. Furthernore, the base s s of the
conpounds| of & e forml a i ncl ude aIunlniHnl ni nﬂNcaIC|un1 copper,
iron (111), iron(§1), I{thium nagnes se(| I *~manganese(|1),
pot assi um sodi um and zj{nk salts, but thl% |$Hnot |ntended to represent a
restricti en—6—the—1t5above-rrenttoned——satts; Pt eference—+s gl ver—to

ammoni un the alkali netal salts sodi umand potassium and the al kaline
earth nmetal salts cal cium and magnesium Salts of the conpounds of the
formula | which are derived from pharmaceutically acceptable organic

non- tOXIC bases |nclude salts of prlnary, secondary and tertlary am nes,

I T T Y 1 L I o, 1 o N e M 1 L
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foll owi ng experinental description were purchased from Al drich or Fluka

unl ess otherw se reported. The HPLC, NVR and MS data provided in the
exanpl es descri bed bel ow are obtai ned as foll owed: 20HPLC data: Method A
HPLC col ums: XbridgeTM 08 colum 50 nmx 4.6 nmat a flow of 2 niL/mn; 8
nln gradlent fron10 1%)TFA in H20 to 0 07%)TFA in ACN thhod B HPLC
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60 Method F: HPLC col utms: Phenonenex, Gemini NX, 3 p.m 018, 100 x 4.6 mm
at a flowof 2 nL/mn; 3.5 mn gradient from95:5 ([10 nM ammoni um

bi car bonave 2ore/de28y : MeCN) to 5:95 ([10 mM anmmoni um bi eaThre@t meisn2 H20]
MeCN) then held for 1.5 mnutes at 5:8% ([10 nM amoni um bi carbonate in
H20] : MeCN). 5Method G HPLC columms: Waters Xterra M5 5 p. m 018, 100 x
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am doxime noiety formation 10 To a solution of nitrile derivative (1 eq) in
EtOH (1-5 nL / nmol of nitrile derivative) was added a 50% aqueous sol ution
of NH2®He(iBveayn fuTthermess uielateado Hiextsarad compowtdsraf émaita laanergidedtaimelasdmgi ng
from RE HBirﬁ‘ﬂ&] WA atieb® of M Snedidh ? oy dgﬂr@&ibﬁl', B%‘fér@ﬁly%eo‘i fhemigect ed
conpoung, the precipitate was tiltered o ? and  washed wth”an adequate

sol ventuseg ircthe drsanaitof inPIioK ssiereris such asrmiadribine afranethenperegentetiched

pregsur I C d I ; wcases,
Phe0r ettt 48, AR TR AR hBRCRE. praleh ity nidhoRil bk aRBBEMIEELET,
an adegaaweurds irwnevingvaskulasfunatiasrordr corppigptionuwith iImmumeeqsivtading eaenty fas

pr eci pie&gmglte‘é\?ﬁgcgﬁwgbﬁgﬂ)sggﬁnsaPﬂ)r?gglr%mé%r%édgn%s?greﬂgﬂrﬁmg%é{ﬁp essioHCh as

i PrOH or ried reduce ressure to give e expected
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resulting mxture was stirred at a tenperature ranging fromRT to 80C for 1
to 72 hours. In case of precipitation of the expected conpound, the
precipitate was filtered off and washed with an adequate sol vent, such as
EtOH, i PrOH or water, and then dried under reduced pressure to give the
expected am doxi me derivative. In all other cases, the reaction m xture was
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62 DIEA (2.0 to 2.2 eq) and HATU (1.0 to 1.1 eq) were added into a solution
of the carboxylic acid derivative (1 eq) in anhydrous DMF (4 nL / mmol of
car boxyl iwoaeixhoamri vati ve) cool ed at 0C. The resulti ngPpoirstrarie/oeess2 stirred
at OC for a period of 5 to 30 m nutesg,Then the am doxi ne derivative (1.0
to 1.2 eq) was added neat or as a DMF solution (2 nL / nmmol of am doxinme 5
der i vatbietemethTooe restale; bagmethasone digaspignate; roethregth@One mhpIpHate sediper i od of

30 t i d t
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derivative ( oxi nme rlvatlvez 1.1 ec?),

1- a’éhylsegue(rﬂlaﬂumhylsamuimoup inYyaraussyitirionpwé rawes ochl ori de (1.4 eq), and
CH3CN ¢( : ylic acid).
R R e i PR L RS L T L A o
added (0.3 nL / mmol of carboxylic acid) and the m xture was heated at 150C
for 30pyp
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am no asing 3 roegps. whica isigenenalykaawn in theehermadeytieal @4 . / mol ) and acetic
acid (2.5 eq). The mxture was stirred at room tenperature overnight and
was filtered through a frit under positive pressure. To the filtrate was
added formal dehyde (37% 20 aqueous solution; 10 eq) followed by addition
of AcOH until the pHwas in the range of 3-4. To the resulting m xture was
added sodi um cyang)bgr-gh)_/dr-ikg!e“(é gg) the mxture stl rred for 16 hours t he
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bronpacetate derivative (1.2 eq). The reaction m xture was stirred at RT or
at 60 C overnight. 15 Solvent was renoved under vacuum and the resulting
m xture waie 2didaosmd with water, extracted with Et0Ac, washab2ewiiobi3az
saturated solution of NaCl, dried oveg3My504 and concentrated under vacuum
Purification by flash chromatography or recristallization afforded the
expected benzyl am ne derivative. 20CGeneral Procedure 12: N oxyde

pr epar j /
ol of "R o iR R bé aforted for Srfauh S Hshot kbl ey
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13 3 (s, 3H. HPLC (Method A) Rt 4.71 min (Purity:
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Hz 1H), 7.37-7.12 (m 4H), 1.99 (s, 3H). L M5 (Method A): 278. 9 (NA-H).
HPLC (Method A) Rt 4.57 min (Purity: 98.7%. 25 Internedi ate 2:
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5.0 min (purity: 99.1%. 1H NVR (DVMSO d6, 300 MHz) 6 7.93 (s, 1H), 7.84
(dd, J =7.9, 1.4 Hz, 1H, 7.75 (m 51H), 7.67-7.56 (m 2H), 7.28 (m 2H),
6.55 (t, J =55 Hz, 1H), 3.88 (s, 3H), 2.06 (s, 3H). Step 2:

- (di fluoronethyl)-2-nethyl bi phenyl-4-carboxylic acid A5 N aqueous
solution of NaOH (1.5 nL, 7.5 mmol) was added into a solution of nethyl 2'-



[ 20 Step 1: Methyl 4-brono-3-(brononet hyl)benzoate Under N2 at nosphere, to
a solution of nethyl 4-brono-3-nethyl benzoate (A drich 532878, 50 g; 218
nmol ) i n WBGhR/p428Z) were added NBS (47 g; 262 mmol) i nrPomEPRP@nsmsm2 and a,
a' - azoisobutyronitrile (720 ng; 4.4 gypol). The mixture was stirred at 70C
for 2 days. The reaction m xture was cooled to RT and water (500 nL) was
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A therapeutically effective amount of a compound of the formula | and of the other active
ingredient depends on a number of factors, including, for example, the age and weight of the
animal, the precise disease condition which requires treatment, and its severity, the nature of
35 the formulation and the method of administration, and is ultimately determined by the treating
doctor or vet. However, an effective amount of a compound is generally in the range from 0.1 to

100 mg/kg of body weight of the recipient (mammal) per day and particularly typically in the



25 (Et OAc/ Heptane gradient from5:95 to 25:75), affording nethyl

N- R1S) - 1- (4- cyanophenypet hyl] - L-alaninate (first eluting conpound) as a

pal e yel Iwo2ea0ak8¢480 ng; 30 %9 and nmethyl N-R1S)-1-  PCT/EP2011/061372

(4- cyanophenypet hyl] - D-al ani nate (secgpd el uting conpound) as a yellow
solid (470 ng; 30% . methyl N-[(1S)-1-(4-cyanophenyl)ethyll-L-alaninate: 1H
NI\/R Divis@edieom 300 10z kasof hory wWedght peed@y. Zhig, theahtyalanBunt per dayforgarGady#,

(a Jsﬂ%“@%e“i%p&?70?%%ésuaﬁy”%et“%sﬁ%‘)éﬁ@%% T e

(M FH) adpifmigte qdmsmdnmyldmal dbss penilay anu;palﬂyym amgas of ygnti-doses (such as, for

ST 1 SIS EHAEE Yol vt G ) P oo that the ot dally dqseds thesame, pny

7. 7% (@ffegtive an@inHef a ga4 or spl\@ga ¢reRf agphysiglogicaity fupkfjonaBde@tyativg thgreof ganbez,

oy e e Reli b Ay ol PR et e hd i el (et noc

A) Rt 1.52 mn (Purity: 89.2% . 5Step 2: nethyl

N- (( 1S}y ése[n Wgﬁtwmf@ﬁﬂé?%gé Fé‘ldﬂé’s)%eﬂﬁﬁ{hoe?&ﬂyéa'nﬁ%%h%“ R’&llﬂ’% R dRbE aThe
title conpou was prepared tollowng t ener al rocejgure art| ng from
met hyl snmns?sme ( phesrhatpersegiptadiaqrdgy, edraprising administexag to sajd avl@actm a

col1 gr | %ﬁg tg} &A&%E&@(%o@éc@(ngs %g‘rd}ﬂ@aé@'\‘ﬁ% gr%) erﬁg&_?mPr%feaatag re(l e§éd_%

1|—|) , 3 nzqegh & whergin tre. sphirgosipe (Irghogpl)ate-2.sggogiated ;derde]; i @ldomnnuﬂeajlﬁ)rﬂﬁr

103H), &r?dl&(%’ astom?%dg’N ifiZan &)El)ractlbgrmﬁur(é\@sk]&qs 266.1 (M FH).

I nternmediate 11:

N- ULS1- 144-[ (hydroxyam no) (i m no) net hyl | phenyl | et hyl ) - Lal ani nate H2N

C:h r al dur e
T ot artERE bR AR ) RANE R LA SRRy Rear

( syht héwimsineiogulatdne dbnarakdity, icamerisieg pdmist@ringsto spidisubject a mp@msam‘ &admak a

o175 gy NS SOy ey bt Sy b .

3H) 2|r9@n(|<m prefgrablp rejgies o 4 methnd vigrein the immgnorggutaterysatimermaity is an, 13 (d J

(282 @@Jnﬁ%@r'&mﬁ%ﬂﬁﬁ@tﬁ%d;%%%e%g%%‘s%’éﬁimﬁg%ﬂ B oS bt anoat e
Chi r al azrs@trephlg_lat@ak@qlerQ%IAL@){ $YsteRyic 1%&6@9@@10@%@pwr@myhdemtn@}amhmmoat e
an@oet '%%de (ReBeres &Eﬁ@@ mﬂ?mn(téfo??’@ﬁﬁamgé HillkW) &.ﬁgﬁggm%&.emt @elitﬂ% deid ! e

nmpoun prepare ener al proce N rom
4 [ ( 1RCrghn’ aﬁﬁsm@u bicehdtive aoldisi lwllpUQ p@mn@ggldnsmd@@pég@swaﬁdtoernmyme

(£ 0nc) st Snvegerel® o P RbBC Bl S, Bl BBy T Fog e

) - 2- { [ (P1e¥entinyentiopdwdsienigetatsd annaibiod uhersiathe(inetoetkaulatory gbneymality is
2012/ 0 199
2nd_ et oTe AP Pasa 7%@%%@%@%% ?10%3%9%%%%3‘3?%3 plospriifydion 1579

el @bi n@ur&mﬁmgw&)at%toaa vethod Mbsteinthe igsn axBYRbn@Emily is selected from the

o) 6 SRR ﬁgﬁ%ﬂﬁg‘?pﬁm%%?&w%b A D AT

3.05 ( rapoatHpy, tr@snlzn(aﬁpn adfoimmups g sgg(ucﬂfpmgp{)nclupurmh@dmamd:a@rms rwstemﬂ; Iupms 07
' i - FH) .
R L I
(DI\/SO dgeitisq@siare) ueitis, akergig, engepha@rmthﬁs gmq;erulpngg_hr(tlg,, pQt-infetigusz, 2H) ,

1.22 (d,
3 98, Quhyfl oiaxd etdnd rdageHley Endlolpdis oy, L 22
( Met hoanfB)nm@tew and(hypedyolifeqplive skivedibeates,) psRriags.jatopi¢ derbitis.topntagdoy . St ep
2. Eth
(25)- 28 R P SRy Al 6k 55 T mos wet Ry T phoms T PErHy1 A b0t shoat e

The ti tmempbmmgnldemziy%ﬁ @S@dJthﬂrllaoawm@eoten@Sg\eaﬁ@wuls piythestu cetaneoust art i ng

frome P y By and was

| Sol at 54" neP ARk el doha e g MRRT R R N ATk HUBEBE® 00 M) o
9. 8% ( sonjupptivitip, Bitiscassgciated vathHehcats) diseaseo e(ratltlsg herpgtl(aqugtltlsngnlcag 76
(brs, 3 7

1 Ee (%anzea d%oéhé%&ﬁﬁ@ha%’%@méﬁz%oﬁn@bl Iébpomé)’ 9 la H%m%r% %ﬂﬁer{érhlgér'—%t
J=7.4 H@'e”tﬁ-l)eravq_@m?BaWM@ﬁﬁWdV%t Koygnag) F(awdaﬁyndzmmmtsgm@@s&t olles: et hyl
(2R)-2-1. ((1R)-144- 1l1lam no( hydroxyi m no) net hyl | phenyl | et hypam nol but anoat e
Chi r al



The title conmpound was prepared follow ng the general procedure 1 starting
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Tert-butyl 2-[(4-cyano-2-fluorobenzyl) am no]-3-nethyl butanoate (7.2 g,
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fromtert-butyl-2- brono isobutyrate and benzyl amne. It was isolated as a
colourless liquid. 1H NWVR (DMSO c16, 15400 MHz) 6 7.30-7.26 (m 4H),
7.23-7.20 (m 1H), 3.55 (s, 2H), 2.10 (s, 1H), 1.42 (s, 9H), 1.20 (s, 6H).
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2 (benzyl am no) - met hyl propanoate (20 g, 0.08 nol) in ethyl 20 acetate (1



30 WD 2012/004287PCT/ EP2011/ 061372 78 The title conpound was prepared
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cyano- 2- fwoanhemzsy| ) am no] - 2- net hyl propanoat e, and was PC3mpPatiedeB32 a white
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a colorless oil (330 ng, 88% . LC/ M5 (Method B): 280.0 (M+H)+. Internedi ate
20: rret tert-but
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gradient 5% B to 100% B over 3 min, UV detection (PDA, 230-400 nm) and MS detection (SQ
detector, positive and negative ESI modes, cone voltage 30 V).

30 'H-NMR data:
Bruker DPX-300 MHz unless otherwise reported.
Preparative HPLC purifications:
Preparative HPLC purifications were performed with HPLC waters Prep LC 4000 System
equipped with columns ®PrepMS C18 10m, 50 x 300 mm, unless otherwise reported. All HPLC
35  purifications were performed with a gradient of ACN/H,O or ACN/H,O/TFA (0.1%).
Mass Directed Autoprep (MD Autoprep) purifications:
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35 to give the expected amidoxime derivative.

General Procedure 3: General procedure for the oxadiazole ring formation




10Step 1: tert-butyl N41-(4-cyanophenyCethyll-N nethylglycinate In THF (50
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brine, dried over My504, filtered and concentrated. The resulting oil was
purified by Flash Chronmat ography, 30 affording the title conpound as a
colorless oil. 1H NVR (DMSO d6, 300 MHz) 6 7.83-7.76 (m 2H), 7.54 (t, J =
8.7 Hz, 2H), 3.94-3.79 (m 1H), 3.70-3.63 (m 0.5H), 3.63-3.59 (m 3H),
3.35- 3.26 (m 0.5H), 2.20 (s 1 5H) 2 09 (s 1. 5H) 1. 30 1. 23 (m 3H)



mml ) was added and the m xture was further heated overnight. Sovents were
evaporated. The 15 crude was dissolved in MeOH (35 nlL). The sol uti on was
cool ed dowo 20r/@@s8and sodi um borohydride (781 ng; 21 mmeCX/Brasiiadced in
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conpound was prepare oW ng t e general procedure starting from
tert-butyl 2- 20 [(4 cyano- 2-f | uor obenzyl ) am no] but anoat e, obtained in
step 2 t 1H NWVR (DVBSO-d6, 300 MHz) 6 9.72
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t hgpgeneral procedure 11, starting from 3-Fl uoro-4-

General Procedure 9: Methyl or Ethyl ester hydrolysis

To the methyl or ethyl ester derivative (1 eq) in a solution of MeOH or EtOH (5 mL / mmol of
ester derivative) or MeOH/THF 1:1 or EtOH/THF 1:1 (5 mL / mmol of ester derivative) was
added sodium hydroxide (5M, 5 eq) and the reaction mixture was stirred at RT for 1 hour to 24
35 hours. The solution was evaporated to dryness. The residue was taken up with EtOAc and
washed with a 1N aqueous solution of HCI and brine. The organic layer was dried (MgSQO,) and

concentrated under vacuum to afford the title compound.



[ (et hyl am no) et hyl ] benzonitrile and tert-butyl-2-brono isobutyrate. It
was isolated as a colorless liquid. 1H NVR (DVSO d6, 400 WMHz) 6 7.77 (d, J
= 10. 3 HayoLbh2/0042873-7. 67 (m 2H), 53.68 (s, 2H), 2.13 esT/EPR)L1/081341 (s,
9H), 1.27 (s, 6H).
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Hz, 1H), 2.19 (s, 3H), 1.42 (s, 9H), 1.19 (d, J = 7.1 Hz, 3H). 25 Step 2:
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isolated as a white 30 solid. 1H NVR (DVMSO-d6, 400 MHz) 6 9.72 (s, 1H),
7.49 (d, J =8 Hz, 1H, 7.40 (m 2H), 5.85 (s, 2H), 3.80 (d, J = 14.1 Hz,
1H), 3.71-3.63 (m 2H), 3.47 (m 1H), 3.26 (t, J = 5.5 Hz, 1H), 2.25 (s,
3H), 1.43 (s, 9H), 1.09 (s, 9H). LC M5 (Method A) 398.0 (MFH). HPLC
(Method A) Rt 3.13 min (Purity 94.9%. WD 2012/ 004287PCT/ EP2011/ 061372 87

nzypam ng] propanoate (6.7 g, 0.019 nol)
S ing mxture was allowed to
m_ol—D 0057 nol ) was then added




H2N OH 5Step 1: 3-(Am nonmet hyl )-5-fl uorobenzonitrile To

3-(brononet hyl ) -5-fl uorobenzonitrile (Intermediate 14, step 1, 10 g, 0.47
nol ) in TWB20BMomisy was added anmoni um hydroxi de sol uti eaTAPW112607L). The
resulting mxture was stirred for 2 hgat 85C. It was then cool ed down to RT
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A2Bt: 2.47 mn (Purity 98 7% . Internediate 34: tert-butvi

a2(|\||{\|4| I h¥d50 % tthr\]l}s"t-’l-rnzeﬂ]:\ll|tL>LI([2> en\%‘ln glarb%glvlrl]é)%c%_ met hyl propanoat e

2-1(4-cyano- 2-fl uor obenzyl )am nol - -t net hyl propanoate To a stirred solution

of tert-butyl 2-am no-2-nethyl propanohte (Bachem 7.9 g, 0.05 nol) in dry

DMF (50 nmL) under nitrogen, was ;n‘@ ano- 2-fluoro benzyl brom de (10.6
{ D

g, 0.05 nol) and NaHOO3 (8.3 g, « ™ solid. The reaction nixture
was stirred for 16 h at 70C. 25 V@& m.) was added and extracted with
ethyl acetate (100 nL). The organic | ayer was washed with water (3x100 nl)
and thétsm)ﬂmaﬁyh%dlmvdrweww-mbmmhamwmmmmat ed under vacuum The
residu r|f| db C h h
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mmol) was prepared in dioxane (20 mL) and water (10 mL) under N, atmosphere. The resulting

mixture was heated at 90°C for 2 hours. The reaction mixture was diluted with MTBE (60 mL),

and then washed with water (2x50 mL) and brine (50 mL). The agueous layers were extracted



89 1H NMR (DVBO-d6, 400 MHz) 6 7.78 (d, J = 10.0 Hz, 1H), 7.71-7.65 (m
2H), 3.69 (d, J = 6.9 Hz, 2H), 2.55 (s, 1H), 1.44 (s, 9H), 1.19 (s, 6H).
Step 2: twotetuoyis? PCT/EP2011/061372
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vacuo. gs@g Jg'g%u g%}?‘% V%?sl hr@n’%? ég %ﬁﬁb g u‘?O% ?h?ﬂ)d
isohexane/EtOAc (10 1to 4: 1) to afford the title corrpound . 1H NI\/R (CDCl 3,
400 MHz) 6 8.04 (d, J 8.4 Hz, 2H), 7.84 (d, J =8.4 Hz, 2H), 4.91 (d, J =
2 Hz, 2H), 3.37 (t, J 2.0 Hz, 2H). 30Step 2: tert-butyl

2 (1 (4 cyanophenyl) 2 hydr oxyet hyI am no) acetate A sol ution of

-~ P~ o



hour. Sodi um cyanoborohydride (0.342 g; 6.80 mmol) and acetic acid (0.389
m.; 6.80 nmol) were added to the reaction mxture and the m xture stirred
for 18 howo=o1zfine2sreacti on m xture was diluted w th DCMpam@&reatimsizand t hen
poured t hrough a hydrophobic frit. Thg,filtrate was evaporated in vacuo.
The residue was purified by flash chromatography eluting with iso- 5
hexane/MEt)0Adng 200 mLy erfedoovertMegS®@4 ahed conegndrated. afidrliNgrheg GCicBMpeod kbiA) 6

5 76 s hoigt soilt 6oy Nk tohSn . 38%{% B0l PR %ﬁ'Téfz
= 17. 6 (iz 2H)LI.90 (5, 38),(345 @HHBH). SIGIMSAMettrerct Bp@RyL (M-H). HPLC (Method A) Rt 4.42

2-(2-(t L LY, et hyl si | yl oxy) - 1- (4- cyanophenyCet hyl at ni no) acetate 10
t- Butyln$ &e‘t?m d?’g(?%{/] chloride (0.579 g; 3.84 mml) and i m dazole (0.261 g;
3.88 mml) were added to a solution of tert-butyl

ove (100 VR Fuketo R B R AR BRI o % ernperature for 18

hour s. NMétbylM-brooroe3-(vasthdkyroetby )varizhate; (cg;atid mamhed—tdgel@ummm adid Y23\t V0

and T nanganaRe IE o 2P 2d P AR B TR RS b R e W PR St o
chr omatvage dgitey @b it tcmganm (260 irslo)- dmek a e ERQACL() 10dé) Nt atrabspirede.tTiee taatlian

Cowouﬂg%tu%*vd\lg/%erg%dfwﬁh véQWE% d(eg]ags%(_jl)?w% @Qngzt\ﬁ%g rgﬂui(gd égr' 1‘]no_|L_1H)8The3 06

(d J reddio8 rhixturd Wps cBoled 1 IRT, dijtertH)ovelapad(cs celtbllandQve@bed syithdHDACQ110. ( s,

0.
2 (2 (t@r%tfﬁtgat{a%\r%l c{oﬁgéﬁ]t%ﬁm i yffo%%g%%e{lﬁw(of\yvhlch was taken in EtOAc (800 mL). The
hydr oxocgariiatayet wadomhhén/yltﬁea eptuabted resjuacedt aOIetldh sbNatiCén soluticar(25® utly)

I
(o, a06 e BB REL B Bin® (et Mol ated R ARSRL AN ol B B i Bt
et hanolcofrponhd amgeﬂc&abEdsmwﬁ@uGlﬂ)er mﬁifihamrs(42@hquarditamm HRE @Aedipat A) ed
in vacyg.. hf%'”\,sa% %iuggwe 25 partitioned between DCM and water. The

or gani ¢ phase oured’t hr ough a hydr ophobic frit and evaporated in vacuo
to afford the title conmpound (0.566 g, 100% . 1H NVR (CDClI 3, 400 WHz) 6

(or s, 355+ 5 b gmdhlce nz%?wf)@he%w% Sl i) 756" 0 07 175
1H), 3 A0Sl (ftebn of methyd 28 mdthoxyidethyD-26MettiyibishenyH-carboxylate40 §H)48 BB8 1(ex.)

gHbR L |r913:t(§ (8 %;Dd)ratq?'mlva%%reg?dd) wm?RIaagl-F gg’gn}%g,aé‘tnﬁ Zi34é'j_['nmol)_|_The rea t|on mlxtur%

oxynet enzenecar 0'a "€oation
4- (hydwmswtle‘edyil ﬁ@éhfmmftour ITdae(rQacttOJﬁ nyxtug3was comedl Jo ﬂiaEd@bInQelr(Dl@tefd_t))gm

neat ea 219 SRSLNER v dliup AubyETTR0D pid ot 61D %pﬁﬁ%e%%w%%‘% it

di sh awdthtEEt@AsoTIweemuews e)heseawes atidified mMD%I:B/(GIQMﬂSWQ@@GILWﬁ@@X%(BZ

IR BB IEIE, Y LSRRI A Oy AR Al

va@hio tconggnirateadhaffariling ehe titgpoompowrsl as ahjellew solid B35 §392%y, "HOBMR (IIZI\HS@IMa

(DI\/BO 4 ( H).. 7 7 4
%@8 h@@% %’[g?aggbrz%ﬁﬂ) 8.0 1y, @975;%6&4@4?% %Emé»% 107&@%
I nt er Mel) ad.¢1 33, 2N),-N181 (081, 3+ 9 ¥l 136K yIn®MEy (Methad B):dzB5L i M-H) . THIFeCt (Méltieod
conpou rep, red low ng the procedure described for Internediate
37, bup‘qg\asfﬂo'ﬁ (?PB% %é)ft dr oxynet hyl ) benzonitrile (8.4 g; 63.4 nmol), to
give the title corrpound as a 1l0white solid (9 2 0, 86% 1H NWMR (DI\/SOdG
[ . . 7 35 (d, J =4.7

, 2 - . , d; =57 Hz, 2H).
| nt er medi ate 39: N - hydroxv 4- (hydrox et hypbenzenecar boxi m dam de HO H2N

pr-a0Q@itihyl ) benzonitrile (2.4 g;
16.5 mmol ), to give the title conp aS a white solid (3.0 g, 99% . 1H
NI\/R(DI\/BOdG 400 MHz) 6 9.58 (s, I&)F 7.60 (d, J = 7.9 Hz, 2H), 7.24 (d, J

=7.9 5.75 (s, 2H), 475F49m1H) 3.64 (d, J = 6.5 Hz, 2H),

%ﬁo(ﬁu??mw‘tag%*%ﬁ HE REr R bl 2b° (AT I, © 22

N - hydrifverdmethyt)benzeeatbyrphie rrréh E24a 9 lgp Xi3rh rd el [ e o3 siiNn IcarRdh dtleg 28 d,1 €7 5

conpou II [ i

37 P oo T Re PR R kDR ko S BRE SRR o880 oMb SR B
give the title conpound as a 25 white solid (1.1 g; 94% . 1H NVR ( DMSO- d6,
400 MHz) 6 9.59 (s, 1H), 7.55 (s, 1H), 7.51 (d, J = 7.7 Hz, 1H), 7.33-7.21
(m 2H), 5.77 (s, 2H), 4.66 (t, J =5.2 Hz, 1H), 3.65 (q, J = 6.2 Hz, 2H),
2. 77 (t J:71Hz 2H). LC/MS (Method B): 181 (MFH). HPLC (Method |) Rt

~ N~ 7 ™~ NN NN A



WO 2012/ 004287PCT/ EP2011/ 061372 93 Internedi ate 41: tert-butvi ((1R)-144-
lam no( hydroxvi m no) net hvi | phenvi | et hyncarbamate OChiral NAO H Step 1:
tert - but WoO[2012Rp4287 ( 4- cyanophenyQet hyl | car bamat e 51 n 5 methwdomoersd2 bott om
flask (2.5L), put under nitrogen atnogphere, equiped W th nechani cal
stirrer, thernoneter and addition funel, a solution of

4- (( R) i diananeo2€0 myll)yand evater(b@ ml) end@IN30mgsplEse. TIe mixtire was bealgd at it 60°OCM

500 i,
i car boal BT BRREeBRERAREhas (O HpodnE et sligunithe AT s
dr opwi séirredeat 130°Fifoupes, addsépiaithouhel herqastian unistuse twaseer 3 ahRT19T the
. ) |
ool nd Eag RS ridyRl, Tiro Al M s Wb ABRRP ] B condetbated |
washed U\nillt?HS HElunderireiduced(@essure., diluted tvéth Wee(149 InLapdd vashed withe MJBBENGKZG0

(250 m / Wg@gﬁ%@&sﬁﬁer(\;& 5@ dlfleﬂoepl-q’ﬁ%m §5|alun(ﬁ1reoﬁ\@§olgfl r?gf I(I?/P@%L)aé}%

concentrate er vacuumto gl ve title co as a e ye w oIl
(139. 4 xgacigdawith tVthBE/éZMOQIrdy) Tme/quanmma wyre czmlrgec[ i) (Na23Q4)and

(N 9 R ARIOE o FrESIT ARV OBl 180 o QRehobBrb Al Y

oR) - 1- dr oxvi m no) net envl } et hyncar bamat e
conpouradde $205} @parTéd% mixturewrasgcanigenigeiad ualkil fiboedlhe precipitate wian dlteredrmff

uni Ve gonerred vl hitt ReGuER RAE R [ RRy B ESAD N Re (BD BRI

Rt 2. 1@ wiite ganeer (32, 5 9992%). HRAG (MeteochBiiRitiet min (IOUE'!Wt 1Qﬁ%NiLC/MS (Method B):

13-ram X v | v C O
iont 1 o) SR YRR O AT Py GrERD AT Frih: 180404 4228 ©
round i, 1o £.T2 gk, (125@.641 (m, 1pL7.8hdEr) =F1|7t6rldge1n-l)a’ir265(dth§,9 BHzstofuRioansof
3- 25(l%|_§lrmrret hyl ) benzonitrile (5 g; 25.5 mmol; 1 eq.) in anhydrous THF (20
m ) was added dropwi se into nethylamne (63.76 m; 2 M 127.52 mml; 5 eq.)
(2Wbsolution in THF) over 1 hour. The reaction mxture was sti rred at RT

for 2 houy 3. L] 'P'ast genzyl ation {afhi | Mhethyif.2r €
was fil d v s etitrced
pressurflemrdbm;uﬁﬂimumctlbktamoag W th DCM and evaporated again to give

the title WD 2012/004287PCT/ EP2011/ 061342 94 conpound as a yelllow oil
(3.78 g, quantitative yield). It was used i he next step w thout any
further purification. LG M5 (Method(B) 14628 TMtH) +. Step 2: tert-butyl
(3-cvanobenzynt net hvl car bamate - y reund bottomflask (100 m), put
under nitrogen atnosphere, a sol ut of crude 3-

[ (net hyl am no) et hyl ] benzonitrile (778 g; 23.79 mmol; 1 eq.) in DCM (37.80
m ) was prepared and cooled in an i&e bath, then a solution of
di-tert-butyl dicarbonate (5.19 @N 23 79 mol ;1 eq.) in DCM (18.90 m) was
added over 2 mnutes. The reaction ni% ure was stirred between 0C and RT

duri ng S3& m Nfudbe-fiPem mdpnéy,w@eﬁﬁ@,smg@ncentrat ed under reduced pressure
to give a 10yellow oil (6.87°g). It was purified by flash chromato%rah

( 8Bt arfesqlutisnohd-graeZelore- bonﬁymormdedﬂﬁ 800-96 ) in (N T9F dphgLd wes edged o
conpou ?H’e @@%aaq{a%wécﬁ%n%f ekt ér%.rga,( (46@?%) a?—‘JHUWaﬁméiﬁto s%%r Wi, he/ . 76

(ddd, H%a -74R(sr& H, 4.41 (s,
2H), 2 n'th(%Wa%Pﬁtraciedoth BCVpandihe organioipyer V(a%irnsdwnﬁ N azwdrﬁOHC?er@lterot y:

100. 0%un éﬁ%cﬁ@m?’aﬁér@fnb‘tpé‘ﬁﬂ’é compound as a brown Iqu|d (10 g, 89 %). 'H NMR SDMSO -ds,
(3-f(2)-am no( _/y r oxvi m no) et 2/ Th enz%é‘(net vlcarbanate The titl
e n,

conpourt@OWAEZ)pr e patred! Hof 168vi-Gig(m. e ) g AérallHprbéetuBl)-1, starting from
tept-butyl (3- cyanobenzyl)net hyl carbamate and was |soI ated as a white
powder (4.95 g, 87% . 1H NMR (DVMBO-d6, 300 MHz) 6 9.63 (s, 1H), 7.62 - 7.48
(m 2H)Steﬂ2412r1buwl 2@(2(fmorqf|4wsocyarppeoofl)(@emyﬁaremomanostw9 (s, 2H), 4.38 (s,
2H) , d

PLC | I\'I/'ét@htg% co?d'r!)oun% V\%% preﬂar%é folmmr%'%s %%M’I; pﬁc%\%?!r}r% d} ggtgrt%?)fro?n? EM"

| D-r am[(rﬁraf(tlhx}@mmynﬁhwb)eﬁmwyllel amint@wuu(w@thﬁgrparwmatgcléwas ¢solated as a colorless

liquid (9.5 g, 71%). "H NMR (DMSO-ds, 400 MHz) & 7.80 (m, 1H), 7.68 (m, 1H), 7.61 (t, J =7.4
30 Hz, 1H), 3.85-3.70 (dd, J = 14.9, 32.1 Hz, 2H), 3.08-3.04 (t, J = 7.6 Hz, 1H), 2.19 (3H, s), 1.70-
1.63 (m, 2H), 1.42 (s, 9H), 0.87-0.83 (t, J = 7.3 Hz, 3H).




HON Step 1: tert-butyl 113-cyanobenzyl ynet hyl)am nol acetate 25To a stirred
solution of sarcosine tert-butyl ester hydrochloride (8.1 g, 44.9 mmol) and
triethyl avone1aa2snl, 122.4 mol) in ACN (100 i) was aedeaP2011/061372

3- (bronmonet hyl ) benzonitrile (8.0 g, 48¢8 mml) portionw se over a period of
10 mnutes at 0OC. After being stirred at RT for 3 hours, the reaction

m xt ur eStmé’ todhusd 2i[Htlemine isrdrexyiniagimetict et ive roberBgmerhidlaminebeeneaie c

| ayer d&gg)o%& el b8 are&lffélf?)% d@’ﬁ% q%?lg A BreliRes & Zﬁhg; ﬁ&ﬁ‘i&r‘f‘% QF sd

under re uce pressure e conmpound a
| i qui d [@Sworeyd- If%‘%nobewwmetnmwmb@tan@e@ NHgs 6olateﬁ2a9( QM/hltﬁ)SONG’ "BUNWRH,

St ’ep72?6 ert dpr{pO IVﬁ_‘ﬁam no hy o7>?<,49|1 %Vm?%'ﬁz%ﬁ am n@#ac@t ate

WO 2012/@‘0@2~8¥P621H2EFPH)12./1®(36137-2 961 Tine2H), t1l.4et ((:soﬁrb))tﬁ)rﬁﬁ @a‘o‘ Y)Bé‘ﬂmﬁeld LC/MS

di t shut yl 3-
2;3%&4’2‘%9 O?%r‘?r%@ﬁ?’[@am no a‘?ﬂ%d 'ﬁi I%r\i\t/rgls§1rg I(EIB dgéag /QUV\AYII tEa( powder (8.5
g, 84% . 1H NWR (DI\/BOd6 400 M—Iz) 6 9.57 (1H, s), 7.59 (1H s), 7.53 (1H,

) 6- s 3,159 223 (3H s),
= 3.31 mn

1.41 (9 FNE N T el ki

(Puri t;gjarﬂﬂaté% I nter rredl ate 44
(1R)-1-(445-[2' -nethyl -2-(trifluoronet hypbi plaﬁr;vr 4-v1] -1, 2, 4- oxadi azol 3- VI
| Phenvi ) et hanam ne FE 10Step 1: terf-buty

R)-1-(4-{542' -net hyl-2-(trifl uorong ObiNghenyl - 4 yl1l-1, 2, 4- oxadi azol - 3-
yl i phenyl ) et hyl | carbamate In aM

d«(L&r‘?d bottom flask (250 m), put
under nitrogen at hnosphere, a sol Ntion of termediate 1(10.03 g; 35.8
mod; 1.0 eq.) and N-methyl mor pFdline (4.13 m; 37.59 mmol; 1.05 eq.) in

anhydr @isgp THﬁe&rjllW[(ﬁP) Mﬁ%y&)ﬁ?h@hﬁ)ét@ﬂfb-%%h%% atd B h}M IW'(@DML e bath.

| sobut yl 15ch| or of or mat e . was added dropw se
over 2-CEaRARAGEMET Mdeﬁ’ﬁﬁ’ga%e t enper at ure bet ween SC and 9C. After 1 hr at
5C, | ntrey RER AL Anifdet Wﬁb@%ﬂﬁrn@;ﬁéoﬁmﬁ CReékBRess A4 87 22mdndlYin m\hrecmefag)t ion

m xture was diluted w é t hen washed with water (2x100 M),
NaOH 0.We] adged spdum bicarhenate (3 904W)“Oé)r?dldmtmé| %qremomwlonﬂre@&@hn% | ayer

wag5dr ingfolf. MhePddctdR tniSRRCRAS ERfRcht BeE byvaRRRAY rem;m: Wasaaée&to(tae fetier ystal s
appeared). The 20m xture was dil uted successi vel 30 m, quick

cryst almixibe #shifie ofganicphase 2 sashesitises fmss Wity ré@oﬁn&éwparr@th iBerfrganiqhe
preci pllé;@rﬁ/a\éﬁ%nfdrlebétfv@ﬂmgfsm mreséaeéiwd\/uomerw% mRBARR product Was Zﬁfré& t)y) and

pentane (2x). Dried under vacuum (40C, 45 mnutes). Tert-butyl RIR)-1-(4-
{(2)- arﬂe%EQrpmioamwﬁﬁt%q/H?rten%eraér?ef FOMBIDIR TQ)AQﬁord'”g methyl N-[(1R)-1-

I 0 whi
ﬁogNgar lrtwas?'éﬂ@yhyrm@qlm@bﬁr&b%@@%?ﬁg@%&ﬁ@\rrrazaabavmesson&g{lﬁge&b ,ﬁ&arﬁ\j ' IH tP ﬁc
(N@Phodn%‘y'lﬂ“(%RBW ﬁyqrpgpeqw)etrgg—Lea}gmm{eésecgmi,glu B¢ P@ﬁp‘?qré’éﬁs (35@05‘%3) put
under Rblid ggg@g sphere tert-butyl RlR) 1-(4-{(2 -

no[ ({[ 2 quororrethyI)br enyl - 4-
yI ] car W&ﬁf@!”l’\bﬁw}/ h(ﬁér&@phwn)ﬁmwbéfﬁﬂw cdﬂéM%(W%@ﬂs&O%MHé@ fafBI(d. 9. 0
eq. ) Vase, 3@&“%?6@9%' =103 Hend (378 (g1 ) = 63N, t1*FF}“3 @E?éreé@t%l@@@ (AT e

one ni e reactlion m xture was concentrate unde uced pressure to

gi ve t%eﬂriﬁﬁém(:b*r‘rbdrﬂ?ddaé =&-pareshel 16w.of T 701z §6!)-d-C/l{&Meathast Bl 833Pel d) .
Thgg c mpgl)mqp\,y@s(m A)rRtt1h§8 REX C(tpuﬁhﬁl?o\‘r}b/} hout further purification. LC M
(Me hog 582.4 (M FACO)-. HPL I\/Ethod& Rt 6.57mn (Purity: 99.1% WO
2012/ owmiswd‘rl@emwmmeerw/)gwy@tLeq!arznate1 NMR (DMSO-dg, 300 MHz)'6 7.77 (d, J

)i T LRI AL s g ind b >
tert- blﬁ@ﬂ(nRﬂIR))r‘[LZQad{JMQG HreBHYI1- D7 (d, J = 6.8 Hz, 3H) LC/MS (Method B): 233.0

t 'fI | | ph t hyl bamat
(10 o (AT O BPEEXNROR) %Hzr“@ﬁ*ﬁrﬁh A hen hyar ogom
chBOr i de (9.09 mM; 92.54 mmol; 3 eq.) (32% ag) was added. The reaction

m xt ur concent r at ed
T XU S, SRR T Py BB my R ARV e e coneent
(300 niTheditlel camphert wis breNa@d fallovaitg he@eneda) progeduse 1(stEUngrirgmaneihyy-ne (150

hgyl@yers
Were Cgﬁbl ne(éaéglg'ﬁ(?per] %%@®?%¢g§% {\Q%%%Q%te&;a% gad{/gtlI%))Wls-lm)(ﬂ (Q%Qe}ft@ ??’I)'eﬁy
conpoumiMB$DEISPatle 3@ MHaNS 896 (s18H1 3.59, (dguaBtd Hatdn)e7? ?8(&1 d)= 8 BHHARR),
(DVMBO-d6, 300 MHz) 6 8.51 (d, J = 1.4, 1H), 8.47 (dd, J = 8.0, 1.4, 1H),
8.10 - 8.01 (m 2H), 7.69 - 7.55 (m 3H), 7.44 - 7.22 (m 3H), 7.16 (d, J =
7.4, 1H), 4.08 (q, J = 6.6, 1H), 2.01 (s, 3H), 1.91 (s, 2H), 1.29 (d, J =
6.6, 3H). LC M5 (Method B): 407.1 (MNH2)+. HPLC (Method A) Rt 4.37nmin
(Purity: 99.8% 15 Internedi ate 45:

a ~ A



1 rNFE / Step 1: tert-butyl

nmet hyl (3-{542' -net hyl - 2-(trifl uoronet hyl) bi phenyl -4-y11-1, 2, 4- oxadi azol - 3-
20 yl }berxgl2pawbmwiate In a round bottom flask (50 nl), ppwtEPacd@s13M2 t r ogen
atmosphere, a solution of Internmediate;l (2.01 g; 7.16 mml; 1 eq.) in

anhydrous THF (20 m ) was prepared and cooled in an ice bath.
NMVet hy 5t (shai), 6972(3).5'83an) 3.0822.3avn.; TH), 239€cf 1) (mdsl)atide . Ji=ob.bdimedHby

i sobut yl | oL 3 icth-ed.). The mxture was stirred
in |ce)ﬁbaﬂ%Jj ?Ooﬁpﬁgﬂé ?nte nEtHPJBé:GZﬂ. @Md_%%g, 7.16 mol; 1 eq.) was
added as one portion and t he cooling bath was renoved. The reactl on m xture
was sti d . £G ) 1 fal e 2600 h b, MIBE (40 ml) and
Inter BT 3G VL@ 2 e 7C arWn m ) and brine (20

m ). The organic |ayer was dried (I\/gSO4 and Qiﬂ@ﬁcentrat ed under vacuumto
give 3.97 g of a white foam The f Fpaken up with Toluene (30 n) and
the resulting solution was heatgd Ml oro24 hours. The 30reaction
m xture was concentrated under afuumt o g ve a yell ow gl ue, which was
pur ified by flash chronatography-XHeptane P Et OAc gradient from95:5 to

0). The title conmpound was isolated as colorless oil (3.25 g, 87%. 1H
NI\/R DVBe/itl6 codpourktHras prepais8 folthwirdg the general pipced®ird 8, stddingJrom @ethyl N- 4

M SRy oS Ren gt SBeke dyoByQocdben 164 iomaBL sty 1750

7.32 - wasasolgtey ama)yeuaw o (7.6 g, 80%). THIMR KPMSD-d9 308 MHTp 9.57. B 11K 7.58H)

2 52 U5 8 a0 1, Py kBB, o L AP P o

(10 1HX, TH%2.35- 2263m(m1) 2148, (d7J 88.6 HZ. 325, (17 (d,H)5 6.3.HZ 30, LCIMS (MeodlH) ,
4.49 (m{ﬁ1 I\%ng_#)l_(s, 3H), 2.02 (s, 3H), 1.47 (s, 9H).. LC/MB (Method B):

541. 4 C (Method A) RR 6.95 min. (Purity: 98.7%. 20
20 | nt er nedi ate 46: tert- butV|
N (144 - D et hvi | phenvl | -24f tert but vi(di met hypsilvil ox

e 46: tert-butvi

N ( 144{@LFewmmnéhmdnomethmphemﬂMhVI)ﬁ1mnaﬂe 24f tert but vl(d| met hypsi | vi | ox
ylethyl)-D-al aninate Chiral Chiral 7%. El ey tgl Anal ysi s:: [ C24H20N30F3-
HOU Corrected: C62.68% H4. 60% N9. 14% Ci7. 71% Found:

C62.56% HA. 76% N8. 81% C17. 45% t pl x-NHlcaohnl ehnn 5T oui no

-rm -4caohnl ehnn 1,007 nnt ab, add ont 1.,021mM tR Teratoitra
elxdfrl1 nitrd h itaewscnetae ng eue rsu eiua isle ihehl aesae ahdwtae n
rn ouin re viN2O n vprtd h rdaei I Wprfe yc?thoaor pyui gpt oenehr adehl 3ct t

6: 05sa lett fod(.,5%fttecnon sa f ht oi.1"M (M, 40Mz .680 d,J=19 .z

H, 80- . %t«gp 1s teﬁ]ddty?)\/.[(1@9.21-M-cya%oﬁv%l)etg&/]g}ﬁ?ﬁ%% 2)

The title compound was prepared following the general procedure 11, starting from 4-[(1S)-1-

aminoethyl)]benzonitrile (Haoyuan Chemexpress) and tert-butyl bromoacetate. It was isolated
as a yellow oil (1.3 g, 73%). "H NMR (DMSO-ds, 300 MHz) § 7.78 (d, J = 8.3 Hz, 2H), 7.51 (d, J

20 =8.3 Hz, 2H), 3.81 (m, 1H), 3.00 (m, 2H), 2.45 (m, 1H), 1.37 (s, 9H), 1.24 (d, J = 6.6 Hz, 3H).
LC/MS (Method B): 233.0 (M+H)".

Step 2: tert-butyl N-((1S)-1-{4-[(hydroxyamino)(imino)methyllphenyi}ethyl)glycinate

The title compound was prepared following the general procedure 1 starting from tert-butyl N-
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2H), 3.73 (m, 1H), 3.43 (m, 1H), 3.01 (m, 2H), 1.38 (s, 9H), 1.24 (d, J = 6.6 Hz, 3H).

Intermediate 9: tert-butyl N-((1R)-1-{4-
30 [(hydroxyamino)(imino)methyl]phenyl}ethyl)glycinate
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material was purified by col urm ch aphy usi ng petrol eum et her and
ethyl 30acetate (60:40) as an g ffoord (5.4 g, 50% of title
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Exanpl e 17:

N-[(1S)-1-(445-[2" -nmethyl-2-(trifluoronethyl)biphenyl-4-yl]-1, 2, 4-oxadi azol
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58.50 (m 1H), 8.21 (m 2H), 7.79 (m 2H), 7.69 (d, J = 7.9 Hz, 1H),
7.44-7.25 (m 3H), 7.17 (m 1H), 4.51 (m 1H), 3.82 (m 1H), 3.57 (m 1H),
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al ani nate and net hyl
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1- (4-{542vorretanph282- (tri fl uor omet hyl ) bi phenyl- 4-y1] -1, 2 pdTarradiiagoiz2 3- yl | ph
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4 33 m n (Purl ty: 95.1% WD 2012/ 004287PCT/ EP2011/ 061372 112 Exanpl e 29:

| i 4ty ?ﬂy—%feHfm@@%%efy'ﬁf@’"0%%35“‘3’@#@@9@@&%@@ NNE G o

5N|- mst Hyle- tmﬁboﬁﬁo(lﬁdlf&%&i'dfndre(ﬂfcﬂlbwlnb|th®gemm'gh;fyibi¢el§mpd§lenytértmgyﬂdm kr2pdtylgradi a
t
o ocod GV ARENE ety bR RS et PR E, A 4 fres stiet 2388 PR o

hydr ol xMemoﬁcB)lzawsr(gwﬁherFaJc Predioetly Rt D11 afif (Ruditn@otade). titl e conmpound as a
white foam 1H NVR (DVsSO-d6, 300 MHz) 6 8.54 (brs, 1H), 8.51 (m 1H), 8.30
(m 1H, 814 (m 1H, 7.80 (m 1H, 7.68 (m 2H), 7.43-7.33 (m 2H), 7.29
( m25 1H)ntetBédiate (M191H) , méthyl ( nN-(1-£8-[(hgdRByamind)tiinin@niethyliphedil}ethiy )R- ( s,

3H), 1. 5§|§@ 3@, 1.39 (m 3H). LC/MS (Method B): 510.3 (MFH), 508.4

(NA-H) . od A Rt 441 mn(Purlty 96.1% . Exanple 30:
N- et hyl - NA1- (34542- et hyl - (tr|fI met hyl ) bi phenyl-4-y11-1, 2, 4-
oxadi azol - 3-yl | phenypet hyl | oI yﬂ ne, rochl off i de sal t Vr r r/ OH 151(1)

Step 1: 3-[1-(methylamino)ethyllbenzonitrile

The title compound was prepared following the procedure used for Intermediate 16, step1,
30  starting from 3-acetylbenzonitrile. It was isolated as a colorless oil (1 g; 92%). HPLC (Method A)

Rt 1.54 min (Purity: 74%).



Tert - butyl

N- et hyl - Nd1- (3-{542-nethyl -2"-(trifluoronethyl)bi phenyl-4-y1l]-1, 2, 4-oxadi a
zol - 3- ylwpherygezshyl ] gl yci nat e was prepared fol |l owi ng tPrhe/Epenenea372
procedure 3 starting frominternedi atey4 and internediate 20. It was

hydrol yzed foll owi ng general procedure 8, affording the title corrpound as a
whi t e guewlrmethy] MIR(3- @@WW@WDe@MW\M@W@/a@r@&(m 1H), 8.20 (m 202H),

2 (7)2 Eraonmmd?vg% (&bpﬁ f(gllo g%mheB::%enegaIS%)chegé ("11 ’s’%rtmé 4r?°§'(ms[ﬁc:/|vs

( Met hodml)hyla@gﬁo)zthc/ﬂberrﬁpnItrﬂl@and3 nepad H)brompnr@p(qveteheﬂoml)nthe ntleeompcwnd as
(Purit E’@%?J 64372 HO O Tert-butyl

N ( 2- fI)éuCoO?cgr- g{%%&%n@w%a %ﬁ%ﬁ%ﬁﬁ one h@l ])bl phenyl-4-yl]-1, 2, 4- oxadi azo
| -35 yl | benzyl)-N, 2-di met hyl al ani nate was prepared fol | owi ng the general

d ) {
by o i bR R LB PE T o m M eh PIATER, By fniople 200 oune
as a vxﬁ’heéitlpcmd@pund_wammpa(r@w@djp\dleg tt30 gendqal) precegiugs 1( startingifrongmethy( [11H) ,

(8m112|(_|)"& %ﬁ%o h%nﬁ)%iwl\l ﬂh}/ %ar%ﬁe{r%gnd%% is 1293%%3 % fgggs(sb |H)(330|_6ndg353§6§3
3H), 1..&IMBMethogHy): 2&@m+|(|}\/Et hod B): 528.1 (MtH) +, 526.3 (NA-H). HPLC

(Mgphod A) Rt 4.45 min (Purity: 97.69 . 10Exanple 32:
N1.1- (445 1 2%ret hyI 2 (trlfl uor onet hypb| phenyl 4- yll 1 2 4- oxadi azol - 3-

} 20: HA!
N41- (4nge‘5(ﬁ§ﬁ”{%é1 ¥l - 2- (trlfl uororret hyl )b| phenyl 4 yl]-1, 2 4- oxadl azol - 3-

yl | cinate was prepared follow ng the general procedure 3
starting from 15internediate 1 and 4
foll owing general procedure 8,
powder. 1H NVR (DVBO d6, 300 't 3.5 éH, 8.51 (m 1H), 8.22 (d,
J=8.4 Hz, 2H), 7.77 (d, J84H2N2 68( J=8Hz, 1H), 7.43-7.25 (m
3H), 7.17 (m 1H) 4.51 (m 1H), 3085 (m 59 (m 1H), 2.02 (s, 3H),

1%, oSy s ER iRt (0 601 (. Tl

N- et hyﬂhel\ntlmE@ﬁpQur(MMpreaWﬂOHowmrihfel gmemiepﬂ@yeequrm Phetaytinga frpnm 3912, 4-

oxadi a I 0, :

2012/ o0 SR ERIIBABRILS fieRfeaidty 10ath 3 M8 ERbuy brtloacetatpy tyes o
depr ot desiateld o hicolairlags oihé&lRkén@feihodohoRictiéiz enirg(Rafityo180%y the titl e conpound
as a white powder. Melting point: 217C. [a]-28.2 (c 1.47, EtOH). 1H NWR

(DMSO-d6, 300 MHz) 58.25-8.14 (m 3H), 8.07 (dd, J = 8.0, 1.4 Hz, 1H), 7.91
(d. J St & methyhtey-buiy] 143 Famipathyidxyiminaeetiylipienylathg)-Nrmettdglycinais- 7. 35

ErSnZOZH)TheLhtI% E'n%oudd W@%{)&:ﬁ?e HS)\MH%CL??\/%%I Fﬁgdéﬁ ¥|_%tﬁrt|§ng%K( ﬁbet@/‘;%lg 2.11
( M FH) .CHararophret ety 1Ay mthsdalmlrmten appuyds ipolaged 2@ cmmﬁtwkymaﬂvﬁ 8:

ﬁi%%“’ﬁﬁ?@%ﬁ Uk A e s e

N-net hyl -N-[ (1S)-1-(445-1. 2 rrethyl 2-(trifluoronethyl)bi phenyl 4-y11-1,2,4
I- oxadijgefhediayd | phenypet hyl | ci {é; b k

N-methyr-N[( 1o)- I-( 4-§

Rt ernedi gte 22. It was hydrol yzed
,i]he title conpound as a white

eny?®- 4 fluoyoherzylMmethyhamsyy ] ahdatehy| ] gl yci nate was prepared

foll ow ng the general procedure 4 startFl ng from 15i nternediate 1 and
internediate 23. It was deprotected fa |OWI ng the general procedure 8
affording the title conpound as anhl e . Melting point: 221C.
[a]-27.4 (c 1.54, EtOH). 1H NVR (DysOXNdS, M—|z) 58.55 (d, J = 1.5 Hz,
1H), 8.50 (dd, J = 8.0, 1.5 Hz, HdN, 8. 23 dg J 8.6 Hz, 2H), 7.82 (d, J =
8.3 Hz, 2H), 7.66 (d, J = 8.1 Hz, 1H), 7.41X] 25 (m 3H), 7.16 (d, J = 7.5
Hz, 1H), 4.75 (q, J = 6.9 Hz, 1H), 4.10-3.88(m 2H), 2.78 (s, 3H), 2.01
(s, 3Hste9: ﬁFmrdQﬂd(nvlethylaﬁnl%o}ﬂgethﬁfﬂ)anzdfﬁlMB (Method A): 494.3 (NA-H), 496.2
(MFH. HPLC 23 Purity: 99.8% . Elenental Analysis:

[ Q?Hzmgmm ofiferyamozZ-fypp-bepryleeomide (FMu@oChsoy ltd{18 .97 §ggmmply irsdiy, Ther (50

6. 62% n'ﬁ_c)'-Wh% OQeQQO %24%?% Egﬁlecﬁéo@ollmoz 099104% Tﬁ%mﬁre%% mL)St 5- 1@‘@%&1%”%% to

N-rrethyl [(1IR)-1- =20 -(tri or onet hyl |phen14 1]1-1, 2, 4-
25§Qadlsﬁtfﬂr 53mjﬂ IT@ﬁerﬁ\??iélnhfwaltw Wsr@(traﬁsedr (\j\(tthIQ)@McR?ds ptsolve rigd toyer
N- met hyg @bg%ﬂiﬁe)coﬂrce(n‘llra{e%‘l@nd@tvgé’uun? affdrdihd (126 %”@téh%j Q)]b!hQHEIBYCBh‘Fp'oMMI a& a2 4-
oxadi azol’ yl'I phenypet hyl | gl yci nate was™ pr epar ed | ow ng the general

procedure 4 starting frominternediate 4 and |nterrred| ate 24. It was
deprotected followi ng the general procedure 8 30affording the title
compound as a white powder. Melting Point: 217C. [a]28.1 (c 1.41,



WO 2012/ 004287PCT/ EP2011/ 061372 115 EtOH). 1H NVR (DMSO-d6, 300 MHz) 6
8.25-8.14 (m 3H), 8.07 (dd, J = 8.0, 1.4 Hz, 1H), 7.91 (d, J = 7.5 Hz,
1H), 7.86Wd.28t/oms73H), 7.68 (t, J = 7.6 Hz, 1H), 7.46- PCBEPGoN/ORIY? 4. 76

(g, J =6.9 Hz, 1H, 4.11-3.89 (m 2Hyy 2.79 (s, 3H), 2.11 (s, 3H), 1.71
(d, J =7.0 Hz, 3H. LCNM (Method B): 494.3 (NA-H), 496.2 (MFH). HPLC
( Vet hodrayn Ryuid. 70 NMR (DMBO-dey 400MIBE) s 7FBH BT mall HAA8-2i64 : (TCZHIR N3 UBF3-

HCl - 0. cted: C60.55% H 4.78% N 7.85% C 6.62% Found: C
60. 44%22*{32%%%%“ 7.89% O 6.67% Exanple 36:
N- net hyl - N-[(lR) 1-(445-1.2' -nmethyl -2-(trifl uoromet hyphi phenyl-4-y11-1, 2, 4-

OXad' azs%p - M T O PR SO Y K o5 RSen IS Sk 3R 2SR thyipBbahodie 70 OH Tert-b
N rrét hWheNhtI[a(ch)pojun@ AvasEpeparee fidllphvirRy (hergek e paret hr;el ) bistpHingyfiord 3yfliord42

gener an At ¥ B ok Bk T R RRRERt: P hefiidRidEe g

was degobhbitlesd eitl 'HNMRWOMSQA-He 406 MH B & hVMe?t&r(rdeJ& ’50‘$H)z diHhg7 .78& .67 (nh,e2H),

d 221C 26.1 1.44, 15EtOH).
gﬂmﬁ/&%%é‘aw@%pﬁg?%é%w% Ol 5 ll[-i)a] 8. 50(€dd, J = 8.0, H)1.5
Hz, 1H), 823dJ—86HZ 782dJ—83HZ 2H), 7.66 (d, J =
8. 41-7.2 - 1 =6

J[OlH)Sz‘ 1&7 3. ggﬂ(b#?yl 2 ﬁgb[é/@n?é‘r lmrrﬁ))rérjeth(yg ?%o@efzé%megﬁlﬂammoézg
Hz, SFDmethﬂbrMBarﬁMé hod B) 494.3 (NA-H), 496.2 (MFH). HPLC (Method A) Rt
4. 87 P C27H24N303F, ICl
Cor 1 ec 18 N CTHGUBE HESIrapTRIACIRNOBSEN G BISHORE ndortecs 6O Fo7- bwyﬁgm%
N 7. 84%2-fﬁorc646§%ya@b@ﬁWlEmB%yl)emmo] -2-methylpropanoate and was isolated as a white
N T T SRR PV vl b & A die
N415(42{’r324@ SrRthaxgretnvlde @, sMeLoyibimbeny B)434013 (M+H) Ar-Pxadiatel-A3-Rt | ph
enypet %ﬁ!; N-_net h%/ alﬁsnr nate was prepared foll ow ng the general procedure
4 star M G VR frddi ate 3 and internediate 25. It was deprotected

foll ow ng the general procedure 9 affording the title conpound as a white
powder . Ind

N-1. 1- (34542 rret hyl 2 trrfI uorormezt hyI )b| phenyl 4-y11-1, 2, 4- oxadr azol 3-
111} PhenYl l et hylici | ycr ne, hy@sochl orjde salt Tert - butyl
NA1- (3-{542-methyl - 2" - (trifl uor dmet bi phery1-4-y1]-1, 2, 4- oxadi azol - 3-

5y||pheny|)ethy|]g|ycrnate was prep f ing the general procedure 4
starting frominternediate 4 and interne iatehéﬁ.L It was deprotected

fol |l ow ng the general procedure 8 affording t itle conpound as a

sI| ht Ig/ | ow powd Melting Point: 176C. 1H NMR (DMsQd6, 300 MHz) 58. 33
fel87?@d@L@éN([ﬂrr(4z%nop@ewe('d’diglygmafes 0, 1.5 Hz, 1H), 7.92 (d, J =

(t7 H24éd'el)t6y|be7nz69|tr(|é (50h mg(73 41n4ﬂ3o| ?b%)aﬁd?&t 6&@ gI%crn’atg 2588 @954 %mgl?:gverg 42

3.56 (&ISS9lved1retoejkgq@ (19 L). foab ((193 bBH)7 muapEvagiaddeds The gnixtre weg stired o

E '\P/ﬁ'ﬁ Ihfsefﬁ)x wiftB4 dearl Hﬁ‘rlﬁ}ap é\ﬁe@méht( %E/E‘}rts Wik VA R HRAANAh &testiitiA§ t&R-Butyl N-

N- net hyl (ﬁcnar&ha@dhﬂ%ﬁﬁwglyc'o@rq BB Pet A9 bvaadispolvedyn MeOR (48 mL).
150xadiggflim %othPWrﬂ%trhw h@bannBs Wan a(ﬁe%prnlportrons resulting in an_exothermic
4- (1- hydroxyet hyl' ) benzonitrile 4-Acét enzonitril 2.0 g; 13.8 mwol) was
di sol véﬂaqtlﬁnmﬁux)lbhmeﬁcmwmewe(dﬁj %merrsafeh %VWﬁmeYar@rqtqfezThwru@) 7

mol ) wasq@ddad sBQﬂSério‘éHVHw $ROAE, @%@adw&rﬁ‘@\ll—f&ﬁ%th%d"@@u% INfHED] s4tedhtat RT
for 40m n. Solvents were renpved under vaccuum Et OAC was added, and the

or gani @’Ob‘ﬁﬁ% gyingeand diipsrvgr MaSPsHater wqp@aatlgo@if thﬂg%\@”tf‘r fhet r@ﬁ@ﬂngah‘%ﬂow oil
concentyAat ;ﬁﬂ.f.@& fb@fﬁébﬁ'%hléd?ﬁaté%rbbt& %@f@m\{j‘ﬁreatﬁleaccﬁﬂﬂo%ﬁb E‘a%sa eblbrlés% S.9.C/MS

quantitative) I\é 4.31 min Purltg 29 . Step 2:
N 3fy dr¥ginod B)126hQ ¢ Y'S})et*ﬁﬁi-c):lﬂ@ﬁti‘@ﬂééa% hoRTMryatyAPée /'ﬁhe tit I e conpound was

prepared followi ng the general procedure 1 starting from 4-(1-

Step 2: tert-butyl N-(1-{4-[amino(hydroxyimino)methyllphenyl}ethyl)glycinate



hydr oxyet hyl ) benzonitrile (2.3 g; 16.8 mmol), obtained in step 1 affording
2.5 g (88% as a colorless foam LC M (Method B):181.0 (MtH)+. WO

2012/ 004280R0R/@PB011/ 061372 PCT/EP2011/061372 117
1-(4-{542' -net hyl - 2- (tri fl uoronet hyl ) pj phenyl-4-y1] -1, 2, 4- oxadi azol - 3-yl | ph
enyl ) et hanol was prepared follow ng the general pr ocedure 3 starting from

i nt er nédieditle compadndiwalrdersxgd llpwingHiyel gensret brptgduse riz etaetingr i iteri-tietyt Ne,

obtain t i

(1o grrhiyercfeRy Bl Bfiide oh s pisfl B g Rl AsJod (340 b émq@% 5
(dd, J (Method B)12%%. HiM+H)H) HPIEC (Wethad A): £E3Bmin taerity2i)0%y. 55 (d, J = 8.1 Hz,
2H). 7.47 (d. J = 8.0 Hz, 1H), 7.38-7.21 (m 3H), 7.16 (d, J = 7.5 Hz, 1H),
501 (g, J =65 H, 2H, 2.07 (s, 3H. 1L 56 (d J =6.6 H, 3H). LG VB

( MeBhodnteymediate 1230\ er-butybl N-(18)-hdétlawine(hysirgryimimo)mathyHhenytietydiyN-
io(szzg égthyglxcu?ate aF_ld Intﬁrm%g[lai

nyl ) et ham

D : | e (758 pL; 8.8 mmol in
anhydr ous DCM (50 rrL) at -68C a soI utlon of di rret hyl sul foxyde (1.3 ni; 17.7
mol ) di ssolved in DCM (10 m_) was added over a period of 5 min. The

reaction m xture was stlrred r 15 Ghrah foII|o g(étd@itlon of a solution

of N
1- (4-{542' - net hyl - 2- (trlfluororrethyl)bl phe yl 4- yl] 1, 2, 4- oxadi azol - 3-yl | ph
enypet hanol (1.5 g; 3.5 mol , obt ai ng nstep3|n DCM(lO m) within
15 mn. After being stir for 1h at -68€~#the reaction was allowed to
reach -30C, stirred for 1% mn and then retcooled to -68C. Triethylam ne
(1.8 n_; 12.7 mmol) was-Mddéd and the ntRfume was all owed to reach RT. The
clear yellow solution was gadttioned between%atured aqueous sodi um

bi rb [ was washed with brine,
drﬁgd %}gé? t@H%g?}/PN t(g%gﬁ%ﬁgn%%ﬁhﬂn@?ﬁt@d&@%%eThe crude m xture was
purifi éel Thy (6Davslw vetsr ataedayacaiyibendoniildi(bg o 38 nmel).emelbiipounal(2dgmis; 2400 Ve

D or 1€ sl AR ENE, ) oA MR (B0 fpBligl 816 nfioTithon Fréhykline dassifred

7.17 (@RI avemnightBodi) borphac}nq@ (5.31) 114@.rrmzolzw;as3’pwed BPY (e Mschion migtluRy

6.00 myn (B 4y %apﬁTq %57?:1 h droxidehsci gtl)on 5% 100 mL?L\:/Lvaia ded and t
f

N- net hyl - 1- (4454 ronmet - oxa azol
- 315y1}r@¢;§|n9|n)|)§ymmmtm@d or 1h30 It was then filtred through a pad of cellte WhICh Was

Toasol idsAn vl St 2Bt Al nidd HaLREMRY ) BhaReay Jothrorl b ARofr,oxad

i azol - nypet hanone obt ai ne BFE (5
m), wépgmadtr@d avet Mgbai fiteredzan q@ncerzra@@i wrdet reglueae plesawrg- The arrcida idas then

i sopro (A9 u Vi at
/T, Sod er Bor Bhvarrae L 1 e tasgii o éﬁ%@%@&%’%’znﬁ‘* rirae) SXEIar

sti rr ed®remodRpigtefS.2mL; Prienmel were fldedHACRT wad thalwedtiemaniiure wasesdinedrat s
Sthpr eq%ta‘gﬁBTE{g%g \é‘ép’ggdd]e'dtan‘ﬁetﬁe BH;%HlC Iaké %swysﬁﬁ@ﬁltﬁmﬂ?eq 2Rl bRRL, diedILEh

was was he organic ase was was Wi th a satured sol ution
of NaHMESOnffiltered addlcedcwamgimrdmg an il ahicinwas pwifiedt hyaltlash &hfasalegigphif t er

OHT LRI Bt bl SRRoSBIP RSB of B ' CyRRTER 00 AR £raghol g

8. 27 (de 2H; 79541(dkld = RPHZ, ZHXS.80t (0, J =5.8H8S, Hi), 32R)(, J7= 48.7H2IH)S. ozafqp J=7.17

(d, J / 7,PCE/ 0

), "o 87 a2y (3 YIS S GRME IR At g RO,
6. 85Hz (MSH) HE’DCI\(BI%HMAQ)dﬂ ES mtrBQB’uzty( W6.BM). HPLC (Method A) Rt 6.07 min
(Purity: 78.6%. Step 6: nethyl

N-net hyl - Nd1- (4-{542' -net hyl - 2-(trifl uoromet hyl) bi phenyl -4-y11-1, 2, 4- oxadi a
zol - 3- Sgp Ppmmtyldesp -dt{dafamiao ¢y Tteayitriind)eethy thy'cumyBe tugls-Nomelpglgbdingtd drevi ng

th ' - I

(4 Sa R B NRERY Ot Bt bRl Rh Lo MRABRL M) V-gethighenate o1 5.1 1 phen
ypet harldeitwe t(tle(}:ong)ouﬁds)Qlemmte)oareznbtodowmg the geteral pragkfiored! sigritg frgm (106249
?ns %6 ( g&lrut?)?ll l@?ﬁ 6‘9@6 nob%@?{hgﬁ%’jﬂgth@ g1ycﬁ1%€é %1 (4\/\50 5.1 Hﬁh&)( MB ahrpe% A?} &p 41 61
N- met h;plfforddhjg [{ ﬂg{(ﬁmant;tate/tehgas avi(itersofid. Ubwesrpttifidd) tyi Giiest yIRLE- grl ChitalgeldOdkhdi a

zol - I t. p R f j
o 5e APPSR 5TVt SoOTPRUEAE 5 P50 87 ad aring

- (4- { 542t /et ffording r | ftderttrbutyhet () B plrelayrinathydripxyimodmetkgiiinany}otisd)-N-
15yl | phenyl ) et hyl]al aninate (40 ng; 0.08 mmol ), obtained in step 6. It was
isolated after purification with Mass Directed Autoprep as a white solid.
LG M5 (Method B): 508.3 (NA-H), 510.2 (WH-. HPLC (Method A) Rt 4.92 min
(Purity: 99.89%. Exanpl e 40:

P T T 1 P L Y T T T T U T ) A oA oA a ~ A



WO 2012/ 004287PCT/ EP2011/ 061372 119 internediate 1 and internedi ate 27. It
was deprotected follow ng the general procedure 8 affording the title
conmpound e 2a1vi0iz8e¢ powder. Melting Point: 214C. 1H NVRPCD¥VB®D1dH6133D0 MHz)
6 8.56 (d, J = 1.6 Hz, 1H), 8.51 (dd, 8% = 7 9, 1 5 Hz, 1H), 8.08 (dd, J =
7.8, 1.5 Hz, 1H), 7.99 (dd, J = 10.2, ,791(t,J—78Hz
1H) , 7 nwhx(lglycmate (semnﬁizelutmg)comomedﬁaszs vqhﬁe SQ1Jd3 7 ng; #3 %handl tert-Qutgl Nz,

e an G RRe el ﬁ@f%@'l%ﬁ%{*yq%th‘@@ﬁm%?hyﬁe{w@ (it o Rp e
ﬁl— ?81maﬁ q\ﬂmtﬂ gojid (8B MmyH43 %). Exanpl e 42 : _ _ I

Toyi | pRasoag AT TAR ol AR RTICHHERVIREMbe Gy NpdngioficRee! B o
N415( 3{DHIBD- dn@@ﬂ)MHZZ-ﬁ(Q pB1($, ukb’r)o’r’r@ﬂ g1 ) Bi8ghBRy2H)4730](d.1] 2,843 birallin2d18-(8-

yl'| phenyget Byld. 91'3’8'7’\?# Iﬁaizﬁrg.&pﬁl 46,7119} Lo D g%t(é‘% Qﬁg?*?# %Qﬂg%%kﬁ

starting’frominter dlnterrredla tect

f ol | owiley! tsh@Hyen2s &d. Jot 65é‘(ﬂl]f3é'|)8|—@_/5433 {Metioa )1 38.2 (MFE)’ cUHb@dMﬁﬂmﬁ B) Rhi te
powder. Melt] n Poi nt : s 1H_NIVR 300 MHz) 6 9.76 (br s, 1H),

8. 56 (d25j5m'”1( yrity;,100,9%). | @Cﬁsr -Pé, (Cé ?@% 1.7 Hz, 1H), 8.36 (s, 1H),

8.19 ( 7 m1

5. 19 ety Sl ekt ey By By BBl bR,
(d]0J «DMSBAE3001Mhiz) BISB (6d1HI 7611d. =13 HZHBH), Z3©C{d(d; &BHHz, 21H)§36 Bds. J =
6.8 Hz ( 8 ¢ H od
5 R 3%@“3 SOK&/J:\:ZEP,%E hlg-g 5% (é‘E}; 46 7'\'4’2 '1)4) $88+d, SMER M2, LG 39 (M

N- ( 2- f Nt - 8&54122(1 (tbtJrﬂ)ﬁwéit WI))LQ/MWhtVDbNT@WI (M+RY 1HPLE, (WethatdB B0 3-
yl I benzyl)-N, 2- d| r| de salt HO 25Tert - but yl

N (2 f st guPpgy] ‘é‘hét’ﬁ E}MKI K bi pheny1- 4-y1] - 1, 2, 4- oxadi azol -
3- yllbenzyl)-N, 2-di net hyl al ani nat e vvas prepared follow ng the general
procedure 3 startlng fromlnternedl ate 3 and i nter nedi art‘eI 29. It was

hydbol < g d Bl 3 ) : < a
whi te [o18 gll\/R (DIVBO- de, 300 |VHZ) 6 8. 34 (m 1H, 8. 18 (dd J 8 0
Hz, J=8.0 Hz, 1H), 8.03-7.91 (m 2H), 7.45 (d, J=8Hz, 1H)

740726(m 303H), 7.15 (d, J—73Hz, 1H), 4.38 (brs, 2H), 4.20 (m 2H),
3.25 (s, 3H), 2.69 (s, 3H), 2. 04 52012/ 004287PCT/ EP2011/ 061372 120

3H), 1.65 (s, 6H). LC/ M5 (Met hod?By .3 NMFH), 502.4 (NA-H). HPLC
(Method A) Rt 4.16 min (Purity: 9\,18% anpl e 44:

N-(2-f 1 uoro-44542- (et hoxynet hy'l-| -2' - et hyl b{ phenyl -4-yri-1, 2, 4- oxadi azol 53
-yl I benzyl) - N- net hyI al ani ne, hydrochloride salt HO Tert - butyl

N- (2-fl uoro-4- éqy {Trret hoxynet hyl ) - 2' - met héwbl phenyl-4-yl]-1, 2, 4- oxadi azol -
3- vyl | 5Ee ¥ meky i hiA- @raaﬁp/mvee%@—wem@ iBg8 | owi ng t he gener al

pr ocedyy @ (§E) ?ﬁl_t)' 08s E6449 AJaE@tpl'EEﬁ'icﬁﬁtﬁle%% g% @4%% ' r%ﬁ Bhind {21Wﬁ§ 2.00 M
hydr ol yzed foll ow ng general procedure ford |n e title conpound as

a ¥Ri t sopEarl iy THM:I42NMRO!) @pREEngEn 'SQO(PDNH’Q? (@681@39("@1'1‘0'1@‘3 ngixtuye wag stireeB. 0
'7'|Z391|7'|)a55R& %@rﬁ Bh. S?)dﬁm@b%hx&r"ﬂe 8535 %2125 %ﬁn&lmNathde(? ohd tﬁ@ rea]:trgr'#nlxt&@
2H), 3.wss I(ztsstlrt:g at BT o Arrgp.gnlurg r(ygrqxgde g}lgtlon12‘%/9 (‘(Qj) m\l;);was zadpgd ag&ﬁ.ﬁhe
'(—S{J?’:St (;%‘cgugﬁ% J?t).lre @9&@%&%5%’) RTI921180( Nvddtherd ke ¢YBLPS pAd ofEelffe, WhidH N
N(2-f IWR?rVéaSJMQMQ’“h Ef@ﬁﬁglfhezm(gﬁmcmh@é@ Wi tAAPPeY pie myaaturatpdisolution of YrEECaz ol 3
Y%beﬁl}fﬂé)drlﬂ'dr&/%hwlb@@r 'fﬁ@red%r&ﬁ%rﬁfdtaﬁu%r?educ@@pﬁ@sfﬁ%r ﬁ'h@%ﬁé was then
O-(tert-butyl)- £§n | uor o- hyl -2-(trifluoronethy henyl-4-y1]
-1,2,4 d'SZ’QUfé@dina CBL (19 Bé'-n)z taRﬁW@i ﬁ?[%‘éﬁ‘@tﬁa(t?’e8\ﬁh827pm§b9‘r)eﬁﬁ 819tbw Ay

the gefb%r%prebueﬁﬁél{ﬁ % AL S8 ) \I/ér@fé'dbl@& Qf ﬁ?‘éhéttr?e Jeaem r'n&hﬁé W%@'sﬁltr@d atl-
It vvasrmy drol gzed | owi ng general procedure 8, affording t

compourdl s 1A Wﬁtpé\cmm?é#ded BRI NVMROrIADIVED28S Was G she yith W.at@s'@r@btrr@e drigd
?H)Sl ( f&/e#hlgsog f@t@re@r‘and%cerﬁra?gd (T‘He réaﬂ‘t@?zolﬂ'\%as ﬂd‘r‘)ﬂed %y%sﬁ%hr@ma%g?adﬁ@/
1HBO 4 a.ﬂererpg tth)tIe wnmupdnasa-polorje%g)ll( sH NMR MS@ @@3@@ M@H)S ’7|§@fﬂv§5 (m

CPori £ UBB% YU 5085 oa o8 TR Trligh 76c 83§80 88 0%50%n B, 3 55

3.26 (m, 05H) 2.20 (s, 1.5H), 2.09 (s, 1.5H), 1.30-1.23 (m, 3H), 1.20 (d, J = 7.0 Hz, 1.5H), 1.12



OH Tert-butyl

N-(3-fluoro-5-{542' -nmet hyl -2-(trifluoronethyl)bi phenyl-4-y1]-1, 2, 4- oxadi azo
| - 3- yl | bwozybyooz2smet hyl al ani nat e was prepared fol | ow ngCrie2qgenerat
procedure 3 starting frominternediatgzl and internediate 32. It was

hydrol yzed foll owi ng general procedure 8, affording 5the title conpound as
a whi t éd.pbadet Hz.1HINVRC/KB\VBEts! BBaa7 . N/HIWFB $IFL.C (Meatkod AHRt 1&147in((RyrityH) |
815(ry916)—2_‘,z788(m 1H, 7.67 (m 2H, 7.36 (m 2H), 7.28 (m 1H), 7.16
(d, J 4.20 (brs, 2H), 2.02 (s, 3H), 1.51 (s, 6H). LC/ M5
(Method B): 514. 3 (MtH), 512.3 (MH). HPLC (Method A) Rt 4.44 min (Purity:

99. 2%

N (2 11007 o TR i femingydroipinaimelnyiphen SN e MR anngie, oy i oz
3- y5| bdiheytitle adompeundh ywas arenased ftlowinigtthe gepdat enopeclbuew starting from methyl N-[1-

N (2-fl t\ ¥ azol
- 3- II(%S %{]ggﬁ%@em}v‘\jgﬁ%&gég‘rng gW”%\% %%mttﬁge%%%ecibgmars %c‘ﬁhm?%

st artl mgaﬁ’flft@’mnel) rt@&@Moetflethasl B): Z%ﬂn(ﬂM#Hﬂer medi ate 33. It was hydrol yzed

foll owi ng general procedure 8, affording the title conmpound as a white
powder. 1H NVR (DWVSO-d6, 300 MHz) 6 8.55 (brs, 1H), 8.50 (m 1H), 8.07 (m
1H), 7.laermediata26 : tersButyliN-(148-[amino(hpdfoxyiming) methyiighenyl cindte 7.17
(d, J= 7.6 Hz, 1H), 4.30 (m 2H), 3.90 (m 1H), 2.41 (m 1H), 2.02 (s, 3H),

1.08 (d, J=7 Hz, 3H), 097 (d, J=6.8 Hz, 3H) o M5 (Method B): 528.3
s ﬁt [48~nin 20(Purity: 100% . Exanple
o]

(MrH) +, 526.4 (NA-H). HPLC (Met h
48:

N- (2-fl uoro-44542-net hyl-2' - (trifljuoronet hyphi phenyl -4-y11-1, 2, 4- oxadi azol 3
-yl I benzyl) - 2- et hyl al ani ne hygm OCKl oride salt. 25Tert - butyI
N-gg-fluoro-4-{5-[2- rrethyl (trlfbuororrethyl)bl phenyl-4-y1]-1, 2, 4- oxadi az

ol -3- yllbenzyl)-2-net hyl al anl nate was prepared foll ow ng the general
procedweP & f§tfehufw Ngﬁf(?@wn%e@d)fﬁnﬂewe?fpm EP2011/ 061372 122 i nter medi at e

4 and igop, f I St ¥a o) 3 A
M e At e U %%j&%%)o%l\?l%z)

6 8.17 |r( genelgy ng '633 @mturgpq)as %lrr@q_a’yreglgxw a3lp.§an $tayigtr@r|>nAcQ_qj (2

1H), 7 n?raol§ Was %bﬁied énd?%e(rﬁl&ﬁ»re WQQ; fur@relﬂae;ﬁt%d o$§ff)mgh3— Sﬁﬁeﬁt% W&é‘bvaﬂ&ét@,@ The
(Method B): 514.3 (M FH), 4 (NA-H). C (Met hod %)
5( par i o egya$q¢ysso|:g§g |I\éeQIg (35 mL). The solutlon was cooled down to 0 C and sodlum

N- (2-f ldpsiafide (7 m@”eihbﬂmcﬂ)\ﬁ/éé b&ééwuh%&ﬁ&%l TRE PERIIYA whsYslifred o€ 04c fraH azo
| 3-yl | benzyl) - 2- et q){r@a ani ne, drochloride salt. 10Tert - but yl

N (2-f mn@rwanqtsatme { IR/ ozer(rtlghtf SebepiseWRlA LuARTIREY1 Theyarde  residueuas azo

| -3- ylsubsdierh in BtORE, stﬁle@%tﬂaﬁl%m@&u%t@@%l@ﬁbrf NdHYD NéhtlRe ARINRIA! brine
procedure 3 starting frominternediate 1 and internmediate 34. It was

hydr ol yAPEdiried ovenMeg Ogeiiter svaparatiedliae solvants ieresyling yelqw plbwas rERiRDYas a
whipe @I@W@Iﬁronﬂahﬂ)d“ﬁﬁ% Qﬁe tlt?PQ@orNbBl)n(ﬁ7?6 &6 49 c&bglesﬁolbidlths(Mem—&di_D

8.50

7.37 (rﬁ) 0 (M) 2P ¢n('\/'§t|t1)>d A7R16|;)(9rﬂ*'ni%"'ty25922?°k3 brs, 2H), 2.02 (s, 3H),

1 63 (s, 6H) LC/I\/IS (Method B): 514.4 (MFH), 512.4 (NA—H). HPLC (Met hod A)
4.37. mn (Puri XI . Exanpl e 50: )

N—(2 f 1400 8- fﬁﬁé?uryé (ﬁdﬁﬁi’m’”é(’WFWYW’&)BW?&YHQ’P%’W%%9’1’C’ﬂa§¢11 1, 2, 4- oxadi azo

| 3-yl'| beezid ko Wé@hl@ﬁbf&% foIMﬂrﬁ@ﬁFﬂé'gérnb%‘?Fﬁ)%b@ure 12sQart|n§_ﬁ‘6Fn t@rltub)d{yl N-[1-
2-fl uoro-4-{54 trifluoromethyl) heny ﬁl 1,2, 4-oxadi azo

85 y|$ﬁwhynweﬁm'ﬂlagywamsn T irBos rﬁmeaap@a'n%wno%mma h@a@éﬁe@t as a

pr ocedubRrids$toaht 1628 hg; CHO%NI@NM(SBM%OH@@@O'W}Qrm@eqbﬁs 3ﬂ-|) 7|6T4 MNES (m,
hydr ol yzed foI | om ng |%eneral rocedure ding th r%ound as a

whi te poWderS-7148 (VR (M3d0). BHD (s628).557¢ B¢ = B19 HZ»81%>13

8.09 (7 1KY, M) Q@G((H}J 2H)7,1 FlzGBH)(@l 38J(‘89H) hl225 (qu)J 633J7z GPII) 1S KAeZtho(m
1H), 7.17 1H), (7 s)brs 2.75 (s 3H),
2.02 () %8(471 ('\4”5)9 '('ILCjM?tthﬁé Rtélii) m'n@wﬁy(%%% d B): 514 4 (MFH), 512.4
(NAgH). HPLC (Method A) Rt 4.40 min (Purity: 100%9. WO

2012/ 004287PCT/ EP2011/ 061372 123 . L
Intermediate tert-B u t v | 2-({4-][amino(hydroxyimino)methyl]-2-

fluorobenzyllamino)butanoate




Ove Step 1: tert-butyl

N- 12- met hoxy-1- (4-{542' -net hyl - 2- (trifl uoronet hyl) bi phenyl -4-y11-1, 2, 4-
oxadi azolwB-2912/qolmsnyl ) et hyl | - N- et hyl gl yci nate To a sol eCr@mp2afi/ 061372
Internmediate 35 (0.141 g; 0.42 mmol) gg{d Internediate 1 (0.129 ng; 0.46 5
mmol) in MCN (2 nL) was added EDC (0.121 g; 0.63 mmol ). The reaction

m xture was stirred at anmbient tenpefature for 18 h. The reaction mxture
was diluted with pyridine (2 nmL) an ategy at 150 Cin the m crowave for

30 m nutes. The sol vent was renoved vaduo @gnd the residue dissolved in
DOM The nixture was washed wi 't aE%\lfﬁe organi ¢ phase passed through
a hydrophobic frit. The sol vent wg rao%i n vacuo. The residue was
purified by 10 flash chromatogf(aphy on silica,~eluting with

i so- hexane/ Et OAc (100% 0 to 4:1) to afford the title conpound. 1H NWR

(CDCl 3,Stea0 OBy 8-a8@n¢Uutahioatle J = 1.2 Hz), 8.40 (1 H dd, J =8, 1.7 Hz)

w4 10 o)t el ey S gnihral) 0% i (e i el dold 1 4

s) 3 Zal'mroqnlw hgtdroXide solution B2, (820 48.) @8 RM, Tky rearti@vwas stiredsyt, RTLfot 240 9The,

?2 né%(ﬁBn %m{tU(e w(ag C()Epentra}te]d n(ier \{acu rlnue(q)trlgwettewpregabure (g 3|8 %) It yvai trée Y- ox
ad| azolexBactgd WwithePGM) @xBY )Tﬂ-t)refﬂrwb()rahmad)peg%ma phases dvere otrled tovrauNyabSO4 and

N 2- ne (th& 1 [ -4- adi
ool -3 confiddlde oo lTRh ranotht e KOBRRIGND B BIATNS atkctess 1dud B
HC soINMRc()IMiS@dH éﬁ@twé-lzo43(293310b‘ (t4Jm_61a+zd1H[nel.?Eea€ﬂ i(mn2i), 4t6s-e58 (mnr 2led at
anbi ent 8 nd at 80 C for 2 hour. The reaction

m xture1 ibegngf@ %g(tci 7% %ﬁﬁe sol vent evaporated in vacuo. The
redddue was triturated with ether and dried under vacuum The solid was

di ssol v, t t r he title conmpound as a

col ourlsggsbgﬁmg”’&é? %rl'%?%@;) il %ﬁﬁ”% @%g%’%mo, 400MHz) 6 8.57 (1 H,
s), 8. T4heditlbZofripobind Wasbrepa%ewollpm&gZhe(g%nétal drocddure 8! OHztarting 2%nv 4-69arf@2H,

d ’ J _Iﬁo?olgeiqzylgponjléé‘ (#;'U%r%‘g&%]m g § .IggH%% rﬁoﬁlr%;ug 't%?—?ét%l ﬂ?@radfu{al'n%%e?(fi%l%%( T

H ndm8l},-cbtdBRed id dtép M)It wds 3;6Ia¢681 & asgolor2sd Bauid "H, NSIR, (DRISTB-dg, 30B,MId3). 8

1%’5%&2@1@&%@%%%@%%%@2”? T e 30 () 5386 0

t - but y[IN) 129521y 1 19,(2454-248' (mireHi L5824 .68 I(inf 2N ciges o) Disploess/im,8H)11- 1, 2
, 4- oxadi azol - 3-yl i phenyl)ethyllglycinate To a solution of Internediate 36
(0.563 g; 1.27 mmol) and Internediate 1 (0.391 ng; 1.40 5 mol) in MeCN (3

) wasst@ddetdrfaa@/QQ{zB[ébq:@o(hﬁdrﬁiyimpmethwpe fluembenifamind)butenosas stirred at

nbi t f t ut
o G e R oMngho ek rEspated {IwERG: e oBRe BIbRaVE b s fombeButhRe
s oRkgent(4vayano-2rhivesbenpyl satnglb@adodtbeobigised hestel 2 3ot wed isdlateods alsitengotitur e

i nanag) Gl uasol MserSoda ol DaB 08 40 H, 20 4k Baopad Srr iy < 10

flash cilarorat o9 e@hya @m(dsuH WHzeh H; ioreg cm tﬂm)l 291 I(lmxam/fsf%so ((aqozléh) 1.39

affording the title conmpound S( ’%l 5%)_

8. 41- 8(%89 )10#16 Qo () = 7441z, f*b "rE @V'q_tboq é‘)r?%oa( o= 8HBLP|Z(3V'etth R 46

(3 H @14o7ma4pant Bog. %, m, 3.90- 3.88 (1 H ), 3.74-3.65 (2 H m,

3.30(1 H, d, J= 17.2 Hz), 3.13(1 H, d, J= 17.2 Hz), 2.61 (1 H, br s),
2.89(3 H s), 1.46(9 H,s), 0.91 (9 H s), 0.06 (3 H s), 0.05 (3 H s). 15

St ep 2Interme d i a te 29: t e r t-butyl 2-[{4-[amino(hydroxyimino)methyl]-2-
2-(2- Hydrox -1- t2 meth - 2- (trlfluororrethyl)blphenyl 4-y1)-1,2, 4-oxa
di azol £ NG (m thy)aml a To tert-butyl

N[ 2- hydr oxy- 1- (4 {542 rret hyl -2- (trirf | uoronmet hyl ) bi pheny1-4-y1]-1, 2, 4- oxadi
azol - 3- yl | phenypet hyl ] gl ycinate (0.200 ,/O 13 mml) was added HCl

solution in dioxane (4 M 4 nL) 20 d the reaction mixture stirred 80 C
w;svegoco cool and the sol vent

for 1 hour. The reaction m xt usg

evaporated in vacuo. The residue  * pur| fi preparative HPLC to afford
the title conpound. 1H NVR (Cl:ggjﬁ 400 MHz) 8.57 (1 H d, J =12 Hz),
854852(1,rr),814(2H 8 Hz), 70(1HdJ 8 Hz), 7.63
(2 H H, 7.21-7.20 (1
S fgﬂé&'fy(H? 1 Ay Lioyo- 438%56&@6@(’%#’7 mm§/7 s opanqate my | 253. 20
(1H,dJ=168Hz)306(1HdJ= 8 Hz), 2.06 (3 H, s) LG M5

(Method B): 496 (MFH). HPLC (Method D) Rt 3 04 mn (Purity: 94.9 %9. WO
2012/ 004287PCT/ EP2011/ 061372 125 Step 1:

(4-(5-(2-(met hoxymet hyl ) - 2' - met hyl bi pheny1-4-y1)-1, 2, 4- oxadi azol - 3- AphenyOm
et hanol The t|tIe corrpound was prepar ed foI | owi ng the ‘gener aI pr ocedure 5,

o, 4= - . o, ~ o o,



Step 3:

144- (5- (2- (et hoxynet hyl ) - 2" - met hyl bi pheny1-4-y1) -1, 2, 4- oxadi azol - 3-
yQbenzyl )Wwoebteydoymmi no) cycl opent anecar boxyl i ¢ aci d 20Thectrirre@1oersppund was
prepared follow ng general protocol 7g-starting from 4-(5-(2-

(et hoxynet hyl ) - 2' - met hyl bi pheny1- 4- y%) 1, 2, 4- oxadi azol - 3-yl ) benzal dehyde
(104 mg; 0.27 mol ), obtained in Step 2, and usi ng 1-am nocycl opent anoic
aci d ( 6hertifle comrpounchviap prertarwa‘@"owmgatlneadermalaprvxmotuee 3l startmgﬁommF(tDm@ de,

400 Mﬁ@n{wgm@ gréetﬁﬂy? ﬁaﬁr"e 2R3 1(9}31 93(_‘9" Lbrémo .'Jso&étb@ R \%gé_%ﬁﬂegdas P

25 8 Hzplorl@sstiurd. 29I(l$MR (DHSO- as YO0IMHg) 8 7.77=(07 )& +e3, Hz4 12I'7(7_L7(B-I7 &d, (M) 2H)2

%2?5;&%%’57)’ 13(i . T%l)és%ﬂ) 15F yG{Besg 31225(?2HH Sin) Clohe (Zﬁxeg hod

B): 512 (WH)-. HPLC (Met hod D) Rt 2. 81 mn (Purity: 94.0%49. WO

2012/ 04287 PCr/ ER2GILED 6 1 7R 4-1a8in0(hiptiroxyimino) @ethyl]-Btfeprdbenzyl}(methyl)amino]-2-

(4-(5- (n;e't‘ﬂﬁrt gg -%-(t rifluoromethyl)biphenyl-4-y1)-1, 2, 4- oxadi azol - 3- yOphen

yOrret hanof’ i Te conpound was prepared follow ng the general procedure
st arfthentglefaoorpolind evasyuie@ered follawohgl the gyenedi ptoee@ite ZTis@rirguiilenpgedtuiyt 2was

réqpysg@.fldg%-gﬁq%%o%ﬁe%@@@ SBhRE > Bt oyt SRR 4

Hz) 8 530d. ('R NRADMSBC=d8 400 Mi)z) 5B. BH(s( PHH7.49:7.37 tm7319), BB, (s, 2H)7369 ($4,2H), J

5. 7 be2 1230 176 b 4;28"%&%%% giiep 2 2803 ey e e i RS,
Rt = 4.2504 mirn(PORyt §8%). 97.99% . 10Step 2:

4-(5 (2" -nmethyl-2-(trifluoronethyl)bi phényl 4-y1)-1, 2, 4- oxadi azol - 3-yObenza
| dehyde The title conpound was prepared follow ng the general procedure 6,

st ast i matefmeodiated- ( 5- (230: tert-butyl 2-[{4-[amino(hydroxyimino)methyl]-2-

met hy1ﬂ2- trifluorome h L) ki phenyl:-4-y1)-1, 2, 4- oxadi azol - 3-yl ) phenyl ) met han
ol , obt ale oduct was triturated with a mxture of
petrol/dl et hyl et her to give the title y:orrpound as a white solid (5.72 g;
97% . 1H NMR (CDCl 3, 300 MHz) 610. H °s), 8.64 (1 15 H, s),
8.43-8.36(3 H m, 8.06(2 H d, J pE)'( 7/49(1 H d, J= 8.0 Hz),

7.38-7.21 (3 H m, 7.15(1 H, d, J 6Hz) .07(3 H, s) LG M5 (Met hod
B): 409 (WH) -. HPLC (Method G HRY ¥ 4 89 mn (Purlty 95. 7% . Step 3:
(25)-2-(4-(5- (2 met hyl-2-(triflug /onethyl)blphenyl 4-y1)-1, 2, 4- oxadi azol -3

- | d

20 VGl OB R S SO M IR o (347 o 055

(trifl doeditetdoyipobon hasplepbryd Jollbwihgdthe gademy pdocédlyde)1bee1aaﬂrcgamfd6-f(u2>&54{rg

0. I bt St S but 1.00
mra) TR EhaSEyReicHR® o A et PR ORI Bl addef s 1)

The ni mbmrlesg\mudat H NSIR (IDMSOQm #eONMHAtUT SOVET (tj ght 9.9ndz, 15, 7166-561 ‘(/rﬁnt

01 ve tAEVTERE Copotie SR Toadi {8 sbPra Py Rk Hordaoe rabore 671 1

8.58-816234) H m, 8.53- 8.48 (1 H m, 812 (2 H d J =80 H), 7.67 (1
H d, J=79Hz) 7.62 (2 H d, J =80 H), 7.41- 7.35 (2 H, ),
7.33.7.27(1 H n). 7.18(1 H, d, J= 7.5 Hz), 3.96(1 H d, J= 14.1 Hr),

3 28( 1 Step 2, tedbulys 2Q{4aininadhy@ite3irdiné Indthy/3-flucdrob&{Z3} frhetByl\anindBropamd@i@ H,

Rt =
3 16 mgr eq'ﬁﬁﬁ F&Ppuggzvé‘%prepa\/@&%ﬁ‘ﬂr@dgﬁﬁgﬁ?ﬁ? Eﬁ%@‘i rpo%fgf’f‘gl %ﬁ@gg@ﬁw es
shown i[@- ¢ybﬁoizaflmloa)tieakya)4mwyearprnenﬁ:mﬂhob;e dritewas el asda® aavhitessofia aIPN MRS 4,

Vet hod GHSE, 0B) VRS AR, RELS 4R Tlce B2 mbas o), etBrtlidm 210
3.33-3.10 (t, J = 8.7 Hz, 1H), 2.19 (s, 3H), 1.43 (s, 9H), 1.18 (d, J = 7.1 Hz, 3H). LC/MS (Method
30 A)326.3 (M+H)+. HPLC (Method A) Rt: 2.05 min (Purity: 98.3%).

Intermediate 31: tert-butyl N-{4-[(amino(hydroxyimino)methyl]-2-fluorobenzyl}-O-(tert-

butyl)-N-methylserinate




ONHHZz/ OH0 Method D 99.8 3.23 510 508 56 S IW/z,?, O NOH Method D 99.8
3.34 510 508 57 0, FI? F OH Method H 99.4 8.94 496 494 58 t1 FI --,N N
O NHOH / /w0 2vetdoers7H 96. 3 PCT/EP2011/061372

86

e
N

H,N H\fo
\N 6 O
HO” >( \ﬁ
Step 1: tert-Butyl 3-tert-butoxy-2-[(4-cyano-2-fluorobenzyl)amino]propanoate
To a stirred solution of 4-cyano-2-fluoro-benzylbromide (5 g, 0.024 mol) and sodium
bicarbonate (3.9 g, 0.047 mol) in dry DMF (50 mL), was added o-tert-butyl-L-serine tert-butyl
5 ester hydrochloride (6 g, 0.024 mol).The mixture was stirred at RT for 12h. The reaction mass
was diluted with water (100 mL) and extracted in ethyl acetate (100 mL). The organic layer was
washed water (2x100 mL), dried over Na,SO, and concentrated under reduced pressure. The
crude was purified by column chromatography using petroleum ether and ethyl acetate as
eluent, affording the title compound as colorless liquid (6.7 g, 82%). '"H NMR (DMSO-ds, 400
10 MHz) 3 7.77 (d, J=10.1 Hz, 1H), 7.67 (t, J=2.2 Hz, 2H), 3.90-3.74 (m, 2H), 3.47 (m, 1H), 3.41
(m, 1H), 3.16 (m, 1H), 1.43 (s, 9H), 1.17 (s, 9H).

Step 2: tert-Butyl 3-tert-butoxy-2-[(4-cyano-2-fluorobenzyl)(methyl) aminojoropanoate
To a stirred suspention of sodium hydride (1.8 g, 0.038 mol) in dry DMF (10 mL) at 0°C, tert-
15  butyl 3-tert-butoxy-2-[(4-cyano-2-fluorobenzyl)amino]propanoate (6.7 g, 0.019 mol) in DMF (20
mL) was added dropwise. The resulting mixture was allowed to stir for 20 min at RT. Methyl
iodide (3.5 mL, 0.0057 mol) was then added dropwise at 0°C and the mixture was allowed to stir
for 3 hr at RT. The reaction mixture was quenched in ice water and extracted with ethyl acetate
(250 mL). The organic layer was washed with water (3x100 mL), dried over sodium sulphate
20 and concentrated under reduced pressure.The crude was purified by column chromatography
using petroleum ether and ethyl acetate as eluent, affording the title compound as colorless
liquid. "H NMR (DMSO-dg, 400 MHz) § 7.78 (d, J = 9.8 Hz, 1H), 7.67 (t, J = 2.5 Hz, 2H), 3.92 (d,
J =15.2 Hz, 1H), 3.81-3.70 (d, J = 15.0 Hz, 1H), 3.63 (m, 1H), 3.52 (m, 2H), 2.26 (s, 3H), 1.42
(s, 9H), 1.08 (s, 9H).

25
Step 3: tert-butyl N-{4-[(amino(hydroxyimino)methyl]-2-fluorobenzyi}-O-(tert-butyl)-N-

methylserinate

The title compound was prepared following the general procedure 2, starting from tert-butyl 3-

tert-butoxy-2-[(4-cyano-2-fluorobenzyl)(methyl) amino]propanoate and was isolated as a white
30 solid. '"H NMR (DMSO-ds, 400 MHz) § 9.72 (s, 1H), 7.49 (d, J = 8 Hz, 1H), 7.40 (m, 2H), 5.85 (s,

2H), 3.80 (d, J = 14.1 Hz, 1H), 3.71-3.63 (m, 2H), 3.47 (m, 1H), 3.26 (t, J = 5.5 Hz, 1H), 2.25 (s,

3H), 1.43 (s, 9H), 1.09 (s, 9H). LC/MS (Method A) 398.0 (M+H)". HPLC (Method A) Rt 3.13 min

(Purity 94.9%).
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Intermediate 32: tert-butyl 2-({3-Jamino(hydroxyimino)methyl]-5-fluorobenzyl}amino)-2-

methylpropanoate

HiC  CHy
CHs
F 0
NH
| CHy
o HiC

HoN Y
b
5  Step 1: 3-(Aminomethyl)-5-fluorobenzonitrile

To 3-(bromomethyl)-5-fluorobenzonitrile (Intermediate 14, step 1, 10 g, 0.47 mol) in THF (50
mL) was added ammonium hydroxide solution 25% (2.0 L). The resulting mixture was stirred for
2 h at 85°C. It was then cooled down to RT and extracted with dichloromethane. The organic
layer was washed with water, brine, dried and concentrated, affording the title compound as a

10  slight yellow liquid (5 g, 71%). "H NMR (DMSO-dg, 400 MHz): § 7.6 (d, J = 6.6 Hz, 1H), 7.57 (t, J
= 0.6 Hz, 1H), 7.55 (s, 1H), 3.74 (d, 2H), 1.97 (s, 2H). LC/MS (Method A) 151.0 (M+H)". HPLC
(Method A) Rt: 0.88 min (Purity 98%).

Step 2: tert-butyl 2-[(3-cyano-5-fluorobenzyl)amino]-2-methylpropanoate

15 The title compound was prepared following the general procedure 11, starting from 3-
(aminomethyl)-5-fluorobenzonitrile and 2-bromoisobutyrate, affording the title compound as a
light yellow liquid (5 g, 91%). "H NMR (DMSO-ds, 400 MHz): § 7.67 (d, J = 7 Hz, 2H), 7.57 (d, J
= 9.5 Hz, 1H), 3.67 (d, 2H), 2.67 (t, 1H), 1.40 (s, 9H), 1.19 (s, 6H). LC/MS (Method A) 293.2
(M+H)". HPLC (Method A) Rt: 2.29 min (Purity: 99.7%)).

20
Step 3: tert-butyl 2-({3-[amino(hydroxyimino)methyl]-5-fluorobenzyl}amino)-2-methylpropanoate
The title compound was prepared following the general procedure 2, starting from tert-butyl 2-
[(3-cyano-5-fluorobenzyl)amino]-2-methylpropanoate and was isolated as a white solid (5.1 g,
92%). '"H NMR (DMSO-dg, 400 MHz): § 9.72 (s, 1H), 7.49 (s, 1H), 7.29 (d, J = 10.1 Hz, 1H),

25 7.15(d, J = 9.7 Hz, 1H), 5.85 (s, 2H), 3.60 (d, 2H), 2.39 (d, 1H), 1.41 (s, 9H), 1.20 (s, 6H).
LC/MS (Method A) 326.3 (M-H). HPLC (Method A) Rt 2.26 min (Purity: 98.7%).

Intermediate 33: tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-3-

methylbutanoate
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Step 1: 1- tert-butyl 2-[(4-cyano-2-fluorobenzyl)amino]-3-methylbutanoate
To a stirred solution of tert-butyl 2-amino-3-methylbutanoate (Bachem, 6.3 g, 0.036 mol) in dry
DMF (50 mL) under nitrogen, was added 4-cyano-2-fluoro- benzyl bromide (6.2 g, 0.029 mol)
5 and NaHCO; (6.09g, 0.073 mol). The resulting mixture was stirred for 16 h at RT. Water (70
mL) was added and extracted with ethyl acetate (2x100 mL). The organic layer was washed
with water (3x100mL) and the solvent was dried over Na,SO4 and concentrated under vacuum.
The resulted residue was purified by column chromatography using petroleum ether/ ethyl
acetate as eluent, affording the title compound as colorless liquid. '"H NMR (DMSO-dg, 400
10 MHz) 6 7.78 (d, J = 10.2 Hz, 1H), 7.67 (t, J = 1.5 Hz, 2H) 3.81 (m, 2H), 2.71 (m, 1H), 2.49 (m
1H), 1.81 (m, 1H), 1.37 (s, 9H), 0.88-0.84 (m, 6H).

Step 2: tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-3-methylbutanoate
The title compound was prepared following the general procedure 2, starting from tert-butyl 2-

15  [(4-cyano-2-fluorobenzyl)amino]-3-methylbutanoate, and was isolated as a white solid. LC/MS
(Method A) 340.3 (M+H)". HPLC (Method A) Rt: 2.47 min (Purity: 98.7%).

Intermediate 34: tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-2-
o)
H J<
N
o

H,N \ll\l

20 OH
Step 1: tert-butyl 2-[(4-cyano-2-fluorobenzyl)amino]-2-methylpropanoate

methylpropanoate

To a stirred solution of tert-butyl 2-amino-2-methylpropanoate (Bachem, 7.9 g, 0.05 mol) in dry
DMF (50 mL) under nitrogen, was added 4-cyano-2-fluoro benzyl bromide (10.6 g, 0.05 mol)
and NaHCO; (8.3 g, 0.099 mol) as a solid. The reaction mixture was stirred for 16 h at 70°C.
25 Water (70 mL) was added and extracted with ethyl acetate (100 mL). The organic layer was
washed with water (3x100 mL) and the solvent was dried over Na,SO,4 and concentrated under
vacuum. The residue was purified by column chromatography using silica gel (60-120 mesh)

and petroleum ether/ ethyl acetate as eluent, affording the title compound as colourless liquid.
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"H NMR (DMSO-ds, 400 MHz) § 7.78 (d, J = 10.0 Hz, 1H), 7.71-7.65 (m, 2H), 3.69 (d, J = 6.9
Hz, 2H), 2.55 (s, 1H), 1.44 (s, 9H), 1.19 (s, 6H).

Step 2: tert-butyl 2-({4-[amino(hydroxyimino)methyl]-2-fluorobenzyl}amino)-2-methylpropanoate

5 The title compound was prepared following the general procedure 2, starting from tert-butyl 2-
[(4-cyano-2-fluorobenzyl)amino]-2-methylpropanoate and was isolated as a white solid. "H NMR
(DMSO-ds, 400 MHz) & 9.71 (s, 1H), 7.49-7.38 (m, 3H), 5.85 (s, 2H), 3.61 (s, 2H), 2.29 (s, 1H),
1.41(s, 9H), 1.20 (s, 6H). LC/MS (Method A) 326.3 (M+H)". HPLC (Method A) Rt: 2.26 min
(Purity: 99.4%).

10

Intermediate 35: tert-butyl 2-((1-(4-(N'-hydroxycarbamimidoyl)phenyl)-2-

methoxyethyl)(methyl)amino)acetate

H.N

2
HO~

Step 1: 4-(2-methoxyacetoyl)benzonitrile

15  Iso-propyl magnesium chloride (2 M solution in THF; 3.0 mL; 6.0 mmol) was added to an ice-
cooled solution of 4-iodobenzonitrile (1.2 g, 5.0 mmol) in anhydrous THF (10 mL). This solution
was stirred at this temperature for 10 minutes and then added dropwise to a cooled (-78 °C)
solution of N-2-dimethoxy-N-methylacetamide (0.998 g, 7.50 mmol) in anhydrous THF (5 mL).
The reaction mixture was stirred at this temperature for 1 hour and then stirred at RT for 1 hour.

20 The reaction mixture was then treated with 10% aqueous potassium hydrogen sulfate solution
and extracted with DCM. The organic phase was passed through a hydrophobic frit and
evaporated under reduced pressure. The residue was purified by flash chromatography eluting
with iso-hexane/EtOAc (3:2) to afford the title compound. '"H NMR (CDCls, 400 MHz) & 8.06-
8.04 (m, 2H), 7.80-7.77 (m, 2H), 4.67 (s, 2H), 3.50 (s, 3H).

25
Step 2: tert-butyl 2-((1-(4-cyanophenyl)-2-methoxyethyl)(methyl)amino)acetate
A solution of 4-(2-methoxyacetoyl)benzonitrile (0.338 g; 1.93 mmol) and glycine tert-butyl ester
(0.382 mg; 2.90 mmol) in DCM/MeOH (1:1; 10 mL) was stirred at ambient temperature for 1
hour. Sodium cyanoborohydride (0.182 g; 2.90 mmol) and acetic acid (0.166 mL; 2.90 mmol)

30 were added to the reaction mixture and the mixture stirred for 18 hours. Agueous
paraformaldehyde (0.787 mL) and sodium cyanoborohydride (0.182 g; 2.90 mmol) were added
and the reaction mixture stirred for a further 72 hours. The reaction mixture was diluted with

DCM and water and then poured through a hydrophobic frit. The filtrate was evaporated in
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Intermediate 36: tert-butyl 2-(2-(tert-butyldimethylsilyloxy)-1-(4-(N'-

hydroxycarbamimidoyl)phenyl)ethylamino)acetate

20  Step 1: 4-(2-hydroxyacetoyl)benzonitrile
Trifluoroacetic acid (3.5 mL; 47.1 mmol) was added to a solution of 4-acetylbenzonitrile (3.40 g;
23.4 mmol) and [bis-(trifluoroacetoxy)iodo]benzene (20.1 g; 46.7 mmol) in acetonitrile/water
(5:1; 300 mL). The reaction mixture was heated under reflux for 18 hours. The solvent was
removed in vacuo and the residue partitioned between DCM and 10% aqueous potassium

25 carbonate. The organic phase was poured through a hydrophobic frit and the solvent
evaporated in vacuo. The residue was purified by flash chromatography eluting with iso-
hexane/EtOAc (10:1 to 4:1) to afford the title compound . '"H NMR (CDCls, 400 MHz) § 8.04 (d, J
=8.4 Hz, 2H), 7.84 (d, J =8.4 Hz, 2H), 4.91 (d, J =2 Hz, 2H), 3.37 (t, J = 2.0 Hz, 2H).

30  Step 2: tert-butyl 2-(1-(4-cyanophenyl)-2-hydroxyethylamino)acetate
A solution of 4-(2-hydroxyacetoyl)benzonitrile (0.730 g; 4.53 mmol) and glycine tert-butyl ester
(0.896 mg; 6.80 mmol) in DCM/MeOH (1:1; 12 mL) was stirred at ambient temperature for 1
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hour. Sodium cyanoborohydride (0.342 g; 6.80 mmol) and acetic acid (0.389 mL; 6.80 mmol)

were added to the reaction mixture and the mixture stirred for 18 hours. The reaction mixture

was diluted with DCM and water and then poured through a hydrophobic frit. The filtrate was

evaporated in vacuo. The residue was purified by flash chromatography eluting with iso-
5 hexane/EtOAc (3:2) to afford the title compound. '"H NMR (CDCls, 400 MHz) § 7.65 (d, J = 8.4

Hz, 2H), 7.49 (d, J = 8.4 Hz, 2H), 3.88-3.85 (m, 1H), 3.76-3.72 (m, 1H), 3.59-3.55 (m, 1H), 3.32

(d,d =17.6 Hz, 1H), 3.15 (d,  =17.6 Hz, 1H), 1.49 (s, 9H).

Step 3: tert-butyl 2-(2-(tert-butyldimethylsilyloxy)-1-(4-cyanophenyl)ethylamino)acetate

10  t-Butyldimethyl silyl chloride (0.579 g; 3.84 mmol) and imidazole (0.261 g; 3.83 mmol) were
added to a solution of fert-butyl 2-(1-(4-cyanophenyl)-2-hydroxyethylamino)acetate (0.709 g;
2.56 mmol) in DMF (10 mL). The reaction mixture was stirred at ambient temperature for 18
hours. The mixture was diluted with EtOAc and washed sequentially with water and brine. The
organic phase was poured through a hydrophobic frit and the solvent evaporated in vacuo. The

15  residue was purified by flash chromatography eluting with iso-hexane/EtOAc (10:1) to afford the
titte compound. '"H NMR (CDCls, 400 MHz) § 7.63-7.61 (m, 2H), 7.48 (d, J = 8.4 Hz, 2H), 3.86-
3.83 (m, 1H), 3.66-3.55 (m, 2H), 3.23 (d, J =16.8 Hz, 1H), 3.06 (d, J = 16.8 Hz, 1H), 2.53 (br s,
1H), 1.47 (s, 9H), 0.90 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H).

20  Step 4: tert-butyl 2-(2-(tert-butyldimethylsilyloxy)-1-(4-(N'"-
hydroxycarbamimidoyl)phenyl)ethylamino)acetate
A solution of tert-butyl 2-(2-(tert-butyldimethylsilyloxy)-1-(4-cyanophenyl)ethylamino)acetate
(0.496 g; 1.27 mmol) and 50% aqueous hydroxylamine (0.389 mL; 6.49 mmol) in ethanol (5 mL)
was heated at 70 °C for 18 hours. The solvent was evaporated in vacuo. The residue was

25  partitioned between DCM and water. The organic phase was poured through a hydrophobic frit
and evaporated in vacuo to afford the title compound (0.566 g, 100%). 'H NMR (CDCls, 400
MHz) 8 7.59 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.00 (br s, 1H), 4.84 (br s, 2H), 3.84-
3.81 (m, 1H), 3.68-3.57 (m, 2H), 3.25 (d, J =17.2 Hz, 1H), 3.08 (d, J = 16.8 Hz, 1H), 2.60 (br s,
1H), 1.44 (s, 9H), 0.88 (s, 9H), 0.03 (s, 3H), 0.01 (s, 3H).

30
Intermediate 37: N'-hydroxy-4-(hydroxymethyl)benzenecarboximidamide

HO\N

I
HoN
OH

To a solution of 4-(hydroxymethyl)benzonitrile (11.05 g; 83.08 mmol) in EtOH (100 mL) was
added hydroxylamine (27.4 mL; 415 mmol) (50% in water) and the mixture was heated to 74 °C

35 for 16 hours. The mixture was poured into a crystallizing dish and the solvent were evaporated.
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The residue was washed with copious amounts of EtOAc, dry MeOH and dry MeCN which was
filtered through a hydrophobic frit and the solvent removed in vacuo to give the title compound
as a white solid (13.1 g, 95%). "H NMR (DMSO-ds, 400 MHz) § 9.58 (s, 1H), 7.70-7.62 (m, 2H),
7.34 (d, d =8.1 Hz, 2H), 5.79 (s, 2H), 5.23 (t, J = 5.6 Hz, 1H), 4.54 (d, J = 5.6 Hz, 2H).

Intermediate 38: N'-hydroxy-3-(hydroxymethyl)benzimidamide

HO-

I
H2N/K©/\OH

The title compound was prepared following the procedure described for Intermediate 37, but
starting from 3-(hydroxymethyl)benzonitrile (8.4 g; 63.4 mmol), to give the title compound as a
white solid (9.2 g, 86%). 'H NMR (DMSO-dg, 400 MHz) & 9.63 (s, 1H), 7.67 (s, 1H), 7.58-7.54
(m, 1H), 7.35 (d, J = 4.7 Hz, 2H), 5.82 (s, 2H), 5.27 (t, J = 5.7 Hz, 1H), 4.54 (d, J = 5.7 Hz, 2H).

Intermediate 39: N'-hydroxy-4-(hydroxyethyl)benzenecarboximidamide

HO-~

o

The title compound was prepared following the procedure described for Intermediate 37, but
starting from 4-(hydroxyethyl)benzonitrile (2.4 g; 16.5 mmol), to give the title compound as a
white solid (3.0 g, 99%). 'H NMR (DMSO-ds, 400 MHz) § 9.58 (s, 1H), 7.60 (d, J = 7.9 Hz, 2H),
7.24 (d,J = 7.9 Hz, 2H), 5.75 (s, 2H), 4.75-4.69 (m, 1H), 3.64 (d, J = 6.5 Hz, 2H), 2.80-2.72 (m,
2H). LC/MS (Method B): 181 (M+H)". HPLC (Method I) Rt 8.15 min (Purity: 98.7%).

Intermediate 40: N'-hydroxy-3-(hydroxyethyl)benzenecarboximidamide

The title compound was prepared following the procedure described for Intermediate 37, but
starting from 3-(hydroxyethyl)benzonitrile (9.1 g, 6.2 mmol), to give the title compound as a
white solid (1.1 g; 94%). "H NMR (DMSO-ds, 400 MHz) & 9.59 (s, 1H), 7.55 (s, 1H), 7.51 (d, J =
7.7 Hz, 1H), 7.33-7.21 (m, 2H), 5.77 (s, 2H), 4.66 (t, J = 5.2 Hz, 1H), 3.65 (q, J = 6.2 Hz, 2H),
2.77 (t, J = 7.1 Hz, 2H). LC/MS (Method B): 181 (M+H)". HPLC (Method 1) Rt 8.26 min (Purity:
99.9%).
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Step 2: tert-butyl ((1R)-1-{4-[amino(hydroxyimino)methyl]phenyl}ethyl)carbamate

The title compound was prepared following the general procedure 1, starting from tert-butyl
[(1R)-1-(4-cyanophenyl)ethyl]lcarbamate and was isolated as a white powder (139.2 g, 89%).
LC/MS (Method B) 279.9 (M+H)". HPLC (Method A) Rt 2.10 min (Purity: 99.7%).

20

Intermediate 42: tert-butyl {3-Jamino(hydroxyimino)methyllbenzylimethylcarbamate

O J<
N~ O
H,N |
|

-N
HO

Step 1: 3-[(methylamino)methyl]lbenzonitrile

In a 3 necked round bottom flask (250 ml), put under nitrogen atmosphere, a solution of 3-
25  (bromomethyl)benzonitrile (5 g; 25.5 mmol; 1 eq.) in anhydrous THF (20 ml) was added
dropwise into methylamine (63.76 ml; 2 M; 127.52 mmol; 5 eq.) (2M solution in THF) over 1
hour. The reaction mixture was stirred at RT for 2 hours. Some bis-benzylation was observed
(7%). The reaction mixture was filtered to remove the salt. The filtrate was evaporated under

reduced pressure. The residue was taken up with DCM and evaporated again to give the title
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compound as a yelllow oil (3.78 g, quantitative yield). It was used in the next step without any
further purification. LC/MS (Method B) 146.8 (M+H)".

Step 2: tert-butyl (3-cyanobenzyl)methylcarbamate

In a round bottom flask (100 ml), put under nitrogen atmosphere, a solution of crude 3-
[(methylamino)methyl]benzonitrile (3.78 g; 23.79 mmol; 1 eq.) in DCM (37.80 ml) was prepared
and cooled in an ice bath, then a solution of di-tert-butyl dicarbonate (5.19 g; 23.79 mmol; 1 eq.)
in DCM (18.90 ml) was added over 2 minutes. The reaction mixture was stirred between 0°C
and RT during 30 min. The reaction mixture was concentrated under reduced pressure to give a
yellow oil (6.87 g). It was purified by flash chromatography (heptane / EtOAc gradient from
90:10 up to 70:30), affording the title compound as a colorless oil (5.13 g, 88%). '"H NMR
(DMSO-dg, 300 MHz) 6 7.76 (ddd, J = 6.9, 1.9, 1.8, 1H), 7.65 (s, 1H), 7.62 — 7.48 (m, 2H), 4.41
(s, 2H), 2.79 (s, 3H), 1.62 — 1.16 (m, 9H). HPLC (Method A) Rt 4.28min (Purity: 100.0%).

Step 3: tert-butyl {3-[(Z)-amino(hydroxyimino)methyllbenzylimethylcarbamate

The title compound was prepared following the general procedure 1, starting from tert-butyl (3-
cyanobenzyl)methylcarbamate and was isolated as a white powder (4.95 g, 87%). '"H NMR
(DMSO-ds, 300 MHz) & 9.63 (s, 1H), 7.62 — 7.48 (m, 2H), 7.42 — 7.29 (m, 1H), 7.21 (d, J = 7.6,
1H), 5.79 (s, 2H), 4.38 (s, 2H), 2.76 (s, 3H), 1.59 — 1.24 (m, 9H). LC/MS (Method B): 280.3
(M+H)". HPLC (Method A) Rt 2.73min. (Purity: 99.9%).

Intermediate 43: tert-butyl [{3-[amino(hydroxyimino)methyl]lbenzyl}{methyllamino]acetate

e LR K

-N
HO

Step 1: tert-butyl [(3-cyanobenzyl)(methyl)aminojacetate

To a stirred solution of sarcosine tert-butyl ester hydrochloride (8.1 g, 44.9 mmol) and
triethylamine (17 mL, 122.4 mmol) in ACN (100 mL) was added 3-(bromomethyl)benzonitrile
(8.0 g, 40.8 mmol) portionwise over a period of 10 minutes at 0°C. After being stirred at RT for 3
hours, the reaction mixture was poured into water and extracted with DCM. Then the organic
layer was washed with brine, dried over sodium sulphate and concentrated under reduced
pressure to afford the title compound as a pale green liquid (9.0 g, 85%). '"H NMR (DMSO-d,
400 MHz) 8 7.72 (2H, m), 7.64 (1H, m), 7.54 (1H, m), 3.66 (2H, s), 3.18 (2H, s), 2.22 (3H, s),
1.41 (9H, s).

Step 2: tert-butyl [{3-[amino(hydroxyimino)methyllbenzyl}(methyl)amino]acetate
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(2H, s), 3.15 (2H, s), 2.23 (3H, s), 1.41 (9H, s). LC/MS (Method B): 294.0 (M+H)". HPLC
(Method A) Rt 3.31 min (Purity: 97.5%).

Intermediate 44 : (1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-
3-yl}phenyl)ethanamine

F F "

N
o-N Chiral

Step 1: tert-butyl [(1R)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yi]-1, 2,4-oxadiazol-3-
yliphenyl)ethyl]carbamate

In a 3 necked round bottom flask (250 ml), put under nitrogen athmosphere, a solution of
Intermediate 1 (10.03 g; 35.8 mmol; 1.0 eq.) and N-methylmorpholine (4.13 ml; 37.59 mmol;
1.05 eq.) in anhydrous THF (100 ml) was prepared and cooled at 5°C with an ice bath. Isobutyl
chloroformate (4.66 ml; 35.8 mmol; 1.0 eq.) was added dropwise over 2-3 minutes, keeping the
temperature between 5°C and 9°C. After 1 hr at 5°C, Intermediate 41 was added over 2-3
minutes. After 2.5 hr, the reaction mixture was diluted with MTBE (200 ml), then washed with
water (2x100 ml), NaOH 0.1N aq (100 ml), water (100 ml) and brine (100 ml). The organic layer
was dried (MgSO,) and concentrated under vaccum until ~35 g (a few crystals appeared). The
mixture was diluted successively with MTBE (30 ml, quick crystallization), pentane (45 ml),
MTBE (15 ml) and pentane (15 ml). The precipitate was filtered off, washed with MTBE/pentane
1:1 (1x, 75 ml)) and pentane (2x). Dried under vacuum (40°C, 45 minutes). Tert-butyl [(1R)-1-(4-
{(Z2)-amino[({[2'-methyl-2-(trifluoromethyl)biphenyl-4-
yllcarbonyl}oxy)iminolmethyl}phenyl)ethyl]carbamate was isolated as a white powder (17.55 g,
91%). LC/MS (Method B): 542.3 (M+H)". 540.4 (M-H)". HPLC (Method A) Rt 5.58min (Purity:
99.6%)

In a round bottom flask (500 ml), put under nitrogen atmosphere, tert-butyl [(1R)-1-(4-{(Z)-
amino[({[2'-methyl-2-(trifluoromethyl)biphenyl-4-
ylJcarbonyl}oxy)iminolmethyl}phenyl)ethyllcarbamate (17 g; 31.39 mmol; 1.0 eq.) was
suspended in toluene (170 ml), and then heated at 100°C. After one night, the reaction mixture
was concentrated under reduced pressure to give the title compound as a pale yellow oil (19.06
g, quantitative yield). This compound was used in the next step without further purification.
LC/MS (Method B): 582.4 (M+AcO). HPLC (Method A) Rt 6.57min (Purity: 99.1%)
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Step 2 : (1R)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethanamine

In a round bottom flask (500 ml), a solution of tert-butyl [(1R)-1-(4-{5-[2"-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyllcarbamate (19 g; 30.85 mmol; 1
5 eq.)in AcOH (95 ml) was prepared. Then hydrogen chloride (9.09 ml; 92.54 mmol; 3 eq.) (32%
aq) was added. The reaction mixture was stirred at RT for 1 hour. The reaction mixture was
concentrated under vacuum to remove most of AcOH. The residue was taken up with MTBE
(300 ml) and washed with NaOH 3N aq (300 ml), water (150 ml) and brine (150 ml). The aq
layers were extracted with MTBE (100 ml). The organic layers were combined, dried (MgSO,)
10  and concentrated to give the title compound as a pale yellow oil (13.13 g, quantitative yield). 'H
NMR (DMSO-ds, 300 MHz) & 8.51 (d, J = 1.4, 1H), 8.47 (dd, J = 8.0, 1.4, 1H), 8.10 — 8.01 (m,
2H), 7.69 — 7.55 (m, 3H), 7.44 — 7.22 (m, 3H), 7.16 (d, J = 7.4, 1H), 4.08 (q, J = 6.6, 1H), 2.01
(s, 3H), 1.91 (s, 2H), 1.29 (d, J = 6.6, 3H). LC/MS (Method B): 407.1 (M-NH,)". HPLC (Method
A) Rt 4.37min (Purity: 99.8%)
15
Intermediate 45: N-methyl-1-(3-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-
oxadiazol-3-yl}phenyl)methanamine, hydrochloride salt
!

N
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N
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Step 1: tert-butyl methyl(3-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

20  ylbenzyl)carbamate
In a round bottom flask (50 ml), put under nitrogen atmosphere, a solution of Intermediate 1
(2.01 g; 7.16 mmol; 1 eq.) in anhydrous THF (20 ml) was prepared and cooled in an ice bath. N-
Methylmorpholine (0.83 ml; 7.52 mmol; 1.05 eq.) was added, followed by isobutyl chloroformate
(0.93 ml; 7.16 mmol; 1 eq.). The mixture was stirred in ice bath for 1 hour. Intermediate 42 (2.0

25 g; 7.16 mmol; 1 eq.) was added as one portion and the cooling bath was removed. The reaction
mixture was stirred at RT for 1 hour. It was then diluted with MTBE (40 ml) and washed with
water (30 ml), NaOH 0.1N (20 ml), water (20 ml) and brine (20 ml). The organic layer was dried
(MgSQ4) and concentrated under vacuum to give 3.97 g of a white foam. The foam was taken
up with Toluene (30 ml) and the resulting solution was heated at 95°C for 24 hours. The

30 reaction mixture was concentrated under vacuum to give a yellow glue, which was purified by
flash chromatography (Heptane / EtOAc gradient from 95:5 to 80:20). The title compound was
isolated as colorless oil (3.25 g, 87%). "H NMR (DMSO-dg, 300 MHz) § 8.53 (d, J = 1.4, 1H),
8.48 (dd, J=8.0,1.4, 1H), 8.15-7.96 (m, 2H), 7.66 (d, J = 8.0, 1H), 7.64 — 7.56 (m, 1H), 7.56 —
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Step 1: 2-Hydroxy-1-(4-cyanophenyl)ethanone

25 To a solution of 2-Bromo-1-(4-cyanophenyl)ethanone (15 g, 0.067 mol) in methanol (200 ml)
was added sodium formate (13.6 g, 0.201 mol) at RT. The reaction mixture was refluxed for 15
h and filtered. The filtrate was concentrated under reduced pressure. The residue was dissolved
with ethyl acetate, washed with water and brine solution, dried over Na,SO,4 and evaporated.
The crude material was purified by column chromatography using petroleum ether and ethyl

30 acetate (60:40) as an eluent to afford (5.4 g, 50%) of title compound as an off white solid. 'H
NMR: (DMSO-ds, 400 MHz) & 8.06-8.04 (dd, J=1.9, 6.7 Hz, 2H), 8.00-7.98 (dd, J = 1.9, 6.7 Hz,
2H), 5.27-5.24 (t, J = 5.9 Hz, 1H), 4.82-4.80 (d, J = 5.9 Hz, 2H).
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Step 4: tert-butyl N-(1-{4-[(Z)-amino(hydroxyimino)methyllphenyi}-2-{[tert-
butyl(dimethyl)silylloxy}ethyl)-D-alaninate
To a solution of tert-butyl N-[2-{[tert-butyl(dimethyl)silylJoxy}-1-(4-cyanophenyl)ethyl]-D-alaninate
30 (2 g, 0.0049 mol) in Ethanol (40 ml) was added 50% aqueous Hydroxylamine (1.63 ml, 0.0247
mol) at RT. The reaction mixture was heated at 70°C for 6 h, cooled to RT and concentrated
under reduced pressure. The residue was dissolved in ethyl acetate, washed with water, brine,
dried over Y and evaporated to afford (2 g, 90%) of the title compound as brown oil. 'H
NMR: (DMSO-ds, 400MHz) 8 9.57 (s, 1H), 7.61-7.59 (d, J = 8.3 Hz, 2H), 7.30-7.28 (d, J= 8.3
35 Hz, 2H),5.76-5.74 (d, J = 5.00 Hz, 2H ), 4.77-4.74 (m, 1H), 3.21-3.19 (m, 1H), 2.69-2.59 (m,
1H), 1.95-1.72 (m, 1H), 1.39 (s, 9H), 1.10-1.06 (m, 3H), 0.86-0.82 (m, 9H), 0.03 (s,3H), -0.12
(s, 3H). LC/MS (Method A): 438.3 (M+H)". HPLC (Method A) Rt 3.82 min. (Purity: 71.1%).
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exanpl &26 34M=M) N@PLC (Method A) Rt 4.48 min (Purity: 99.7%).

Example 2: N-[(1R)-1-(4-{5-[2'-(difluoromethyl)-2-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
15  yliphenyl)ethyl]-D-alanine, hydrochloride salt

Methyl N-[(1R)-1-(4-{5-[2'-(difluoromethyl)-2-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate was prepared following the general procedure 3, starting from
Intermediate 2 and intermediate 6. It was hydrolyzed following general procedure 9, affording

20 the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) & 8.17 (m, 3H), 8.08 (m,
1H), 7.76 (m, 3H), 7.65 (m, 2H), 7.44 (d, 1H, J=7.9 Hz), 7.33 (m, 1H), 6.64 (t, 1H, J= 54.6Hz),
4.50 (m, 1H), 3.51 (m, 1H), 2.14 (s, 3H), 1.59 (m, 3H), 1.40 (m, 3H). LC/MS (Method B): 479.4
(M+H)", 477.5 (M-H). HPLC (Method A) Rt 4.15 min (Purity: 98.3%).

25 Example 3: N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-D-alanine, hydrochloride salt
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Methyl N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate was prepared following the general procedure 3, starting from
intermediate 3 and Intermediate 10. It was hydrolyzed following general procedure 9, affording
the title compound as a white foam. "H NMR: (DMSO-dg, 300 MHz) & 8.33 (m, 1H), 8.18 (m,
3H), 7.80 (m, 2H), 7.43 (d, 1H, J=7.9 Hz), 7.39-7.23 (m, 3H), 7.14 (m, 1H), 4.53 (m, 1H), 4.20
(m, 2H), 3.66 (m, 1H), 3.25 (s, 3H), 2.03 (s, 3H), 1.62 (m, 3H), 1.44 (m, 3H). LC/MS (Method B):
471.9 (M+H)", 469.9 (M-H). HPLC (Method A) Rt 4.08 min (Purity: 99.2%).

Example 4: N-[(1R)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-D-alanine, hydrochloride salt

HO
Methyl N-[(1R)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate was prepared following the general procedure 3, starting from
intermediate 3 and intermediate 6. It was hydrolyzed following general procedure 9, affording
the title compound as white solid. '"H NMR: (DMSO-ds, 300 MHz) & 8.32 (m, 1H), 8.18 (m, 3H),
7.77 (m, 2H), 7.43 (d, 1H, J=7.9 Hz), 7.39-7.25 (m, 3H), 7.14 (m, 1H), 4.57 (m, 1H), 4.20 (m,
2H), 3.59 (m, 1H), 3.25 (s, 3H), 2.03 (s, 3H), 1.62 (m, 3H), 1.43 (m, 3H). LC/MS (Method B):
472.2 (M+H)", 470.2 (M-H). HPLC (Method A) Rt 4.07 min (Purity: 99.3%).

Example 5: N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyllglycine, hydrochloride salt

Tert-butyl N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]glycinate was prepared following the general procedure 3, starting from
intermediate 3 and intermediate 8. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) § 8.32 (m, 1H), 8.18 (m,
3H), 7.78 (m, 2H), 7.44 (d, 1H, J=7.9 Hz), 7.39-7.25 (m, 3H), 7.14 (m, 1H), 4.51 (m, 1H), 4.20
(m, 2H), 3.84 (m, 1H), 3.59 (m, 1H), 3.25 (s, 3H), 2.03 (s, 3H), 1.64 (m, 3H). LC/MS (Method B):
456.0 (M-H). HPLC (Method A) Rt 4.05 min (Purity: 97.1%).

Purity Method Purity (%9 RT Mas s peak [M+ Mas s peak [M -
it 1 F1 1 FON44b. o Chiral OH Method D 99.9 2.79 496 494 96 0 , VI

95



9.07 524 522 Exampl e 97:

N-f(1R)-1-(445-1. 2- (et hoxynet hyl)-2'-net hyl bi phenyl-4-y11-1, 2, 4- oxadi azol -
3- 111} Pheownetdoyislz- N- met hyl pl yci ne, hydrochl ori de sal t pCChirea@l/ o612

2012/ 004287PCT/ EP2011/ 061372 137 tertTd;]ut yl

N[(1R)-1- (4 {542 (rret hoxyrret hyI) 2 _rret hyI b| phenyl 4-y1] - 1 2, 4- oxad| azol -3
-yl | phexa g ; ‘ feoXp :

procedyi®nha h rl?ﬂalfaﬁm@h YA ﬂ?o‘ill t§|t24 and |nterrred| ate 3. I't was

hydrol@%@%%, af f ordi ng the title conpound as a

white powder. 1H NVR (DMBO-d6, 400 j“s 8. 31(s, 8.20-8. 14 5(m
*@ PERCA L

3H 7.81 (d, J = 8.2 Hz, 2H), "7 42Ad;
H) 13(d J—NﬁOHz 4.72 (d, J= 6.4

Hz, 2H), 7.29 (g, J = 5.5 Hz,
Hz, 1H), 4.17 (dd, J= 12.7 Hz, 4.00- 3792 (m 2H) 324(s 3H), 2.75
(s, 3H), 202(5 3H) 168( 67Hz,HWQ) LC/IVB(NEthod A): 472.3

(M FH), 4 I—R (I\/bhdA) Rt 62 mn (Purity: 97.8%.
10Exar’r15\f|9éh3§€§\l [(TR)- 1 (4-{5- [2 methyl -2'- (trlfluoromethyl)blphenyl -4-yl]-1,2,4-oxadiazol-3-

N 15(1 }pﬂedytbétﬁypz}élamhmmréydréd ?ollowmt;hué Férﬁé?@lrbfbce‘b‘uyé?é -starngHrémmadi azol -

- Y1} Pherwnet hyl | - N- met hyl ci | yci ne, droch ori de salt Chiral / O-N /00
t ert - bu'tt fmediate 4 and intermediate 6. 1t was hydro yzed following general procedure 9, affording

NT(1S t 1 t | - 3-
i |[|(o he)ﬁhégtge:;c%hé%awwmt) HAYIR! tt)t\h@omaemd MAz)\/slé1é(r% §HP>86EI@ @0

h 7g ci nate_was prepared ow n ener al
Lo eaaVB 0L s g BBy OeR (5 4 B e BD 452 (a5t Faciv 213 (& HHvas
hydr ol eli as a
whi t o “m@ﬁ@ Do EnIRICLBIMEREREH B, 4be (NG040 ¢ (e %E@%Q@E‘“"?ﬁ?"m
7. 89 ((:Rt4J76-mB‘.(fUP-F2’§972 ) 7.42 (d, J = 7.9 Hz, 1H), 7.35 (d, J = 4.1 Hz,
2H), 7.30-26 (m 1H), 7.13 (d, J= 7.2Hz, 1H), 4.72 (d, J—59Hz 1H),
423414(dd J—127Hz 2% 397396( 2H),324(s 3H) _2.75(s,
3H), 2B ample 3L N- da(4{3-[2" Iy hylp t B froxaslipgod-3

(M FH) 1)4%ﬂ@nﬁ)&t?@é&cmﬂrﬁg%wﬁmﬂ@ At R 4 64 mn (PU“ ty 98.8% . Exanple
99 and anpl e - Z- hydr oxy- 1- (4- {54T- net hyl -

(trifluoronethyl)biphenyl-4- yll 1, 2, 4-pxadi azal - 3-yl | phenypet hyl | - D- al ani ne
, hydrochl oride salt and F X

. t hyl ) bi phenyl-4-y11-1, 2,
4- 250xadiazo|-3-y||phenype ~dl ani ne, hydroshl ori de salt Step 1:
tert-butyl N 2-{[tert-butyl et hyGsi | yl ] oxy}-1¢ (4-{542' - net hyl -
(trifluoromethyQoi phenyl -4-yI1-1, 2, 4- oxadi azol - blphenyl)ethyII-D-aIanlna
te WO 2012/004287PCT/EP2011/061372 138 To a sl ution of Internediate 46 (2
g, 0 IV .2.0. 0054
Tl e er TR N e B grafanRE B eI BAERIUANS Zechedtad oD ) ar R
The readpheny )ﬁihxﬂgjy%natewaﬁ@mr@ae%to"%-tt@rgeleraiproméuneé’a@tarm frAst ure was
concen r @S] ' hyI
et at 4 ot oo 5 TR R, TerpRESUUED, e e, ")
evapor dhetitle eoradupd ds @Wititeguowages’ H(NMRh@M$®+de Hnddenw8.48 (tor 6|vl/h 8d19 (m, Th| s

crude e e AT N t hod
n - o83 1 iy SN pRET AR, HES LR b o S A"

N- 20 1SP-3t (ny, di-Ox3:84 {0 A1 K )53 Z59-(me ! Hyl2-’2L((st BIT, I%ﬁﬂ(omﬁﬂWiQ/WlN@rﬂgdd&) ¢¥82.01, 2, 4
-oxadl i hydr ochl ori de salt and

N1 TR RS ARRERY R £10h ity SR8
(trifluoronethyl)biphenyl-4-y11-1, 2, 4- oxadl azol - 3-yl i phenyl ) et hyl | - D-al ani n
ﬁl’[ Zh%"[jré?(%[ﬂq% bdﬁ 3[@# }H-Q-{%-h iphenyl-4:y1]-1,2.4-oxadiazol-3-
(trifl ybpbenylisthylqiytieeyhydroghloridesalt- oxadi azoI 3-yl I phenypet hyl ] - D- al ani na
te (1.2 g, 0.0017 nol) in THF (25 rrt)ytas added TBAF (50 ng, 0.1 eq) at RT.
The reaction m xture was stirred at R /M n and quenched wth

wat er, extracted with ethyl a e-and' cor ent at ed under reduced
pressure. The crude nmaterial was purified by col umm chromatography using
chl or of orm and net hanol (90:1s an el uent t —af ford tert-butyl

N43zhydr oxy-1- (4-{542"' - nmet hyI 2

(triflyoraoneth n oxadi a,zol yIIp n th D- al ani na
Lo as deomon (8L PR G gedi 2t uraBe B bBREr e g T Obd5e0 phe  wo
di ast erygpReEyDHeoN @y HERENAL ety LORGWIAG BicOgnaRd YrdcBttre®@stéiting #opak ADH, 20%
Co-solvent: 0.5% DEA in Ethanol, Total Flow 3 m/mn), with the first

eluting isoner Rt at 4.06 mn and the second eluting isoner Rt at 5.25 mn.




Each di astereoner was dissolved in HCI 4 Min Dioxane (4 m). The resulting
m xture was 25 stirred at RT for 10 h then heated at 80C for 2h. It was

t hen concwotznetoeasander reduced pressure. The crude nat ecrairzeasepazi fi ed
by preparative-HPLC, with water/acetopystrile as eluents, affording the
title conpounds as off-white solid. First eluting diastereomer, after
hydr ol ysernedigie dpnd4desaaiidie IMRwas DyBO/wted fdloginggeneal SrcwdlqreS atfprding

S 50 gl sl I e sl BTyt (

4 92 4.188, (.81 (iHH), 3788'#1339% 7(68 (M, HH), B4DBn 2219)7 4 Br(m1 ), 38D, 2.-H03.68n(m1H)

(i B THIELE2 (RO Rt G ot a pi o gl 8, AP0 08l v Bt g
di aster(emmrggdmer hydrol ysis: 50 gy, 43% V\02012/004287PCT/ EP2011/ 061372

139 1H NVR (DMVBO-d6, 400 MHz) 6 8.51 (s, 1H), 8.50-8.45 (d, J = 7.9 Hz,
1H), 8.12-8.08 (d, J = 8.2 Hz, 2H), 7.66-7.58 (m 3H), 7.38-7.33 (m 2H),

7. 30-7.§c¢mfgie 92 NA[(1RI-1HA-{B-[2 oximethgl)@xmethylbiphe 8¥1-4tyB4 .2, droxaépzol-3-
3.37-3.33, g-ﬁ ( it 2:95-2.80 (m 1H), 2.01 (s, 3H),
1.31-1. (Method A): 512.3 (MrH)+. HPLC (Met hod

A Rt 4.90 mn 5(Pur|ty 99 4% anpl 01:
1-rmet hyl (445-1. 2%ret hyl - 2- (t rit henvl-4-v11-1, 2, 4- oxadi azol - 3
- vl benzynnitroryncycl opent a boxylic 10The titl e conpound was

prepared according to the gener an procedure 12, starting from Exanple 53
(95.7 ng; 0.18 mmol ). After evapdratlon of the Sol vents, the crude m xture
was triturate in DMSO MeCN 1:1 mixture (2 mg~ flltrated and washed with
MeCN, affordlgg the title conpound as white SO|Id 69.50 nmg; 70.5 % . 1H
NVRO ( dcrity! 36161 RI--f4-65-B- (s tiaxymethy-2-methylgipheny 4 -yil-4, aeocwams J= 1.4
8 0 Hz gl}%l'\'&nfl)gthg%ﬂﬁ: r?ﬁe(r@sp?éibaredﬁo?&mﬁg ?rQe ézéﬂerazld)ocedur%]?) %fjartlng;beorg 0J':|212 5
HZ, 1H)|nter4nmgat§ @rang mthEne_Ldzatg 9HE Waﬂqydrojyzgg fqllgwmgyg)enegal pecedyrg 8( ﬁfférgj

2.70-2 552.5
(i + e o o ey BTIMRAGNO Dy, SOMriglS @@g%ﬁsﬁﬁ%@m
Exanp| SHOR79 (m, 2H), 7.43 (d, 1H, J=7.9 Hz), 738726 (m, 3H), 714(m 1H), 4.51 (m, 1H), 4.20

| 23§2V (UK 34?1%@1}6‘% ‘S‘V 2ﬂ4)té'zfggé’%ﬂgfggx%)sm)ph@%rﬁ ﬁ-%)‘éﬁ%/l\%%@%é‘thf?ﬁ%?' azo

I benZ nit anol
mol ) W&8.0diveE bl WREC i(Metipd Ag Rt wedhmaia (Riith: 9o HED8 sat sol ution. QG aci al
acetic acid (1 nmL) was added and the resulting soI ution was washed with
wat er and br| ne. It was dr| ed over I\/gSO4 flltrat ed and evapor at ed. Gener al
pr ocedlExa B 2 ; B ifilg pthiykk YR YH] . 24r ent (92, 4

ng; O. - = rude m xture was

di ssol \J?%SEME‘EM = ?‘{ o ol \4?&{ °”‘w§a'9 ed by

MD- aut oprep. The title conpound was |sr ted _as white SO|Id as 47:53

di astereonmeric mxture (LC M5 NI - ,(CDCI 3, 300 MHz) 6 8.64
(br d, J = 1.5 Hz, 1H), 8.42 (b = 1. .0 Hz, 1H), 8.18-8.12 (m
1H), 8.10-8.03(m 1H), 7.99- - 1H), :%) B (d, J =8.1 Hz, 1H),
7.41-7.23 (m 3H), 7.16 (br d, J =[7.4 Hz, 1H 487and481(2brs 2H) ,
4. 43-4.31 and 4. 24-4.07 2m1,328and®19’ 2's, 3H), 2.08 (s, 3H),

Lo/ve Cueiaa Ry -@%%ﬁé A Aa T 2?&%5?' 412@1(‘248 P aha 1 on
m n (F?{@J@he%ethm]z(mihe]ﬂphanomav{as(nwepared foNpwiRlg the Sanerakpromdwre?) st@ding fpm
—y % T&?‘izfjééf‘y Aemeestiate 12 '|t 18 SudelgPy f'oreRengra) precqawe 2. BN ddz of 53

-yl | pheimsyfitket dophpaund taeray\Mhl@deannc FaIMRR: (DRAS&RT, 80@ B1HZ36 Srfi; (bes, 081).rén%0 Jm.was

L 7o ot Pl % FeonBeart iy Ghiy oae e okl T Ul 7S hu e

| t was 352 @ 164£2.02M5 04), 1.92-1 7at(ed 28Nd .56/@ap GHL B (tC%lHet:'dI 4|-|irr)d£ié’ﬂ’lﬂ e 12 was

then 10, f 0l | Q t'+n i r ~09 rrm)l)
artor QVERSPRTEe ShREHL S bty AR AP P i b e otk
m xture of DIVBO’NECN (1 n) and was purlfled by NDautoprep The title
, | 7 dl 2 xt,ure (LG M5

- 0O~ 3 (m 3H)
7.8a- 7d§<@di!ml I;M}}phén\ﬂ‘btﬁvlrdimhmmﬂtbhonchc@hﬂdﬂ@:mmdég&1 7 17 (br d, J =
6.7 15 Hz, 1H), 5.47-5.27 (m 1H), 4.80 (br d, J = 14.2 Hz, 1H), 4.62 (br
d, J = 14.2 Hz, 1H), 3.90 and 3.48 (2 s, 3H), 2.08 (s, 3H), 2.02-1.88 (m
3H). L M5 (Method A): 2 pairs of diastereoners at RR 1.87 mn (229% and
1.94 min (78%: 512.5 (MrH)+. HPLC (Method A) Rt 5.15 min (Purity: 98.49%.
20Exarrp| e 104 |n VI tro assays Menbr anes Preparati on: Menbr anes were

o o o o . = e A - AN




WO 2012/ 004287PCT/ EP2011/ 061372 141 phosphate (respectively for S1P1 or
S1P3), 50 mM HEPES, pH 7.5, 5 nM MgCl12, 100 mM NaCl, 0.4% fatty acid-free
BSA, 1-5 wo/2aeddo42sf7 proteins in 96-well plates vs 0.6-1Ppg/ErRedili/oef37pr ot ei ns
in 384-wel |l plates and 100 pg/well of;0AGA SPA beads in 96-wel| plates vs 75
pg/wel | of WGA SPA beads in 384-wel | pq ates. Binding was perforned for 60
mn at RT on a shaker and 5bound radi /\| @ was neasured on a

a

Per ki nEl mer 1450 M croBeta counter anpl es were averaged and
normal i zed as purcentage of i nhibition reI fo total binding (only DVSO
in well) and non specific bid 000-fold ess of unl abel ed 51P).

Bi ndi ng data were anal yzed using thefG aphPad bsm program or Genedat a

sof tware. 10Cel lul ar functional ass@a s: InterfRalization of S hin osine-1-

h hat B | f t
uifngaﬁ%%%ﬁ% o L R S N L e A L S
J.; Thahphkenyl)etgyt a"ﬂhg}sbutansate vassepered fllowing the general preegdure B, stacting from
R , l;

por 1 or g IR 18 el 4B, HoB b RBLPSTH PIRIREILI B oo
371@) dise titte @mmmwze@ \wm @V\fdeOnHBﬂMRhﬁ@éS@@@;m&) MHz) héuratbrepi Hhélﬁoa(m cel |
I I I dth
unan. P RRCHREE T odtu et b e e 2 R I T LR R e
st andardct80mn 1|b+)02r62 & 3('|dy1t Giregal(ov2Hys . oms0r0.9¢ gn8l ol .4Hm. GipiSessi on of
STPL. EGEBBARIE0) MRS S AR OPPURSMIBICY A Bot DA, 80,000 geneticin

to the ture nedi esensit’i zation |

internalization of the nmenbrane-| ocal i zed 51P| - EGFP fusion prot einto

DX ] eg NV |C|II|n/StreptorryC|n 1%Fetal Cal f
Serum (FCS) 0 5 rrg/m Genetl cin) overnl ght. 25The next day, 51P1-U20S
cells are incubated in 20 pl serum freg" m (DMVEM wi th G utamax-1 and
hi gh gl ucose, 0.1%of fatty-acid free Bovi erum Al bumn (BSA), 10 MM N -
i ul phoni ¢ acid (HEPES) 1M for 2 hours
at 37C/5)/0032. The cells are then 't reat ed*NV\/l h 4 pl conpounds/ agoni sts
(6x/3)/0DVvs0) for a total vol une 5f 24 pl, pl ates are incubated for 1
hour at 37C/5)/002. 3051P1- U205 celI's are xed with 25 pl
Par af or mal dehyde 8% and stai ned with Hoechst 33345 dye (1:1000) for 20
m nut eTertTiugy NASkfiordr6 {52l ety |- 2- (ariﬂmemnvdthyi)bmmwmylm But-berdedoSal i ne ( PBS)
and pl at.es nterna atlono r,EGEP,.i
SRt e A A S S B R T TR
conges md(ﬂﬁertmedlme léalt wagdydrstymsd fotlowing Sje0ends prooe &k &8 E&FdPdiaf trecttfat or ) .

GonodatATPPURbR AAPDe POUEP o0 SNE ADNRRCH BB 100155 Bra a2 Rt VBnidhnas of

formul @.40 (m, hw,e7.g$ (rh] 18, 2501 (AYRAR74B4Y 2R @iy 38R FN7S(nA S HJeNBF h,r 24 )e8.ohy

their activity. a t nis f the S| Pi red t he
assays Gedth AT SaBoyd- oo S ttD. BeuBuAtl LoV dRned ) S NEihr Sithil ac
for SlEM|Hﬁ}hakpmm&h&jp)Nl&EB@hﬁKB@ﬂpQﬂgngpds of fornula (I) exhibit an K
for, Si Pl receptor below 0.01 p.M Mre preferred conpounds of 5Formula (1)
exBPbit Ki for 51P1 bel ow 0.001m M Conmpounds of fornula (I) exhibit a

sel ect |Euamp|é a8: Nloza-ﬂﬁ&Ri4r{542'nh9nhvm¢rnftda>eouﬁéi?&l)qumm-vqa PEasadeoby t he
ratio % ] Ki for the 51P3 receptor as
evaluaPéQ above. The ratio of Ki 51P1 to Ki
re preferably nore than
100 and even nore preferably nore . L "potency” or the
"activity" of the compoundsi ] i ned=by the Ki values as evaluated in
one of the above described & 96 or 384 well plates. The | owest
Ki val ues characterize the nnst sotent or active conpounds, according to
the present invention. 15The | owi ng results have been obtai ned: S1 P1

| nt er nd ertrouty! iNsi2- gm4é§-t[]%“r@pdhyl 2 -(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

25  yllbenzyl)-N-methylvalinate was prepared following the general procedure 3 starting from

intermediate 1 and intermediate 15. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. "H NMR: (CD;OD, 300 MHz) & 8.63 (brs, 1H), 8.50 (m,



S1P3 Bi nding S1P1 Binding S1P3 Binding Ex No Fornula EC50 Ki [M (384 well
plate) Ki [M (384 well plate) Ki [M (96 well plate) Ki [M (96 well

pl ate) 1 Voo 20004287 46 410 4.33E-08 2.81E-09 1. 77E- O6 P€TAP2014/021372 0 OH N_
/ 00 el 1.03E-08 1.42E-09 104

1H), 8.15 (m, 1H), 8.08 (m, 1H), 7.81 (m, 1H), 7.58 (m, 1H), 7.39-7.20 (m, 3H), 7.14 (m, 1H),
4.54 (m, 2H), 4.01 (m, 1H), 2.89 (s, 3H), 2.58 (m, 1H), 2.06 (s, 3H), 1.24 (m, 3H), 1.09 (m, 3H).
LC/MS (Method B): 540.4 (M-HY. HPLC (Method A) Rt 5.16 min (Purity: 97%).

5 Example 14: N-methyl-N-[1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yI]-1,2.4-
oxadiazol-3-yl}phenyl)ethyl]lglycine, hydrochloride salt

F F
F N
S oW ~°
C
N OH

o—

tert-butyl N-methyl-N-[1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate was prepared following the general procedure 3 starting from

10 intermediate 4 and intermediate 16. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) § 8.19 (m, 3H), 8.07 (m,
1H), 7.91 (m, 1H), 7.87-7.75 (m, 3H), 7.69 (m, 1H), 7.42 (m, 2H), 4.78 (m, 1H), 4.02 (m, 2H),
2.80 (s, 3H), 2.11 (s, 3H), 1.71 (m, 3H). LC/MS (Method B): 496.2 (M+H)", 494.3 (M-H)". HPLC
(Method A) Rt 4.78 min (Purity: 99%).

15
Example 15: N-[1-(4-{5-[2-(methoxymethyl)-2’'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycine, hydrochloride salt

/O o

Tert-butyl N-[1-(4-{5-[2-(methoxymethyl)-2"-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-

20  yl}phenyl)ethyl]-N-methylglycinate was prepared following the general procedure 3, starting
from intermediate 3 and intermediate 16. It was hydrolyzed following general procedure 8,
affording the title compound as a colorless oil. 'H NMR: (DMSO-ds, 300 MHz) & 8.33 (brs, 1H),
8.19 (m, 3H), 7.82 (m, 2H), 7.43 (m, 1H), 7.39-7.25 (m, 3H), 7.14 (m, 1H), 4.74 (m, 1H), 4.19
(m, 2H), 3.98 (m, 2H), 3.25 (s, 3H), 2.76 (s, 3H), 2.04 (s, 3H), 1.69 (m, 3H). LC/MS (Method B):

25  472.2 (M+H)", 470.3 (M-H). HPLC (Method A) Rt 4.05 min (Purity: 98.8%).

Example 16: N-(2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-

3-vIYbenzyl)-2-methylalanine, hydrochloride salt
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Tert-butyl N-(2-fluoro-4-{5-[2-(methoxymethyl)-2"-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)-2-methylalaninate was prepared following the general procedure 3, starting from
intermediate 3 and intermediate 17. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) & 8.33 (brs, 1H), 8.18 (m,

5 1H), 8.08 (m, 1H), 7.98 (m, 1H), 7.89 (m, 1H), 7.44 (m, 1H), 7.39-7.25 (m, 3H), 7.14 (m, 1H),
4.28 (m, 2H), 4.19 (m, 2H), 3.25 (s, 3H), 2.04 (s, 3H), 1.61 (s, 6H). LC/MS (Method B): 490.2
(M+H)", 488.3 (M-H)". HPLC (Method A) Rt 4.08 min (Purity: 98.7%).

Example 17: N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
10  yliphenyl)ethyl]-D-alanine, hydrochloride salt

o—N
\

=~ “
Nﬂ

NH
e

F HO
Methyl N-[(1S)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}phenyl)ethyl]-D-alaninate was prepared following the general procedure 3, starting from

intermediate 1 and methyl Intermediate 10. It was hydrolyzed following general procedure 9,

15  affording the title compound as a white foam. 'H NMR: (DMSO-ds, 300 MHz) & 8.54 (brs, 1H),
8.50 (m, 1H), 8.21 (m, 2H), 7.83 (m, 2H), 7.67 (m, 1H), 7.36 (m, 2H), 7.29 (m, 1H), 7.17 (m, 1H),
4.54 (m, 1H), 3.67 (m, 1H), 2.02 (s, 3H), 1.63 (d, J = 6.8 Hz, 3H), 1.46 (d, J=7.1Hz, 3H). LC/MS
(Method B): 496.4 (M+H)". HPLC (Method A) Rt 4.85 min (Purity: 98.4%).

20 Example 18: N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-L-alanine, hydrochloride salt

o-N

Methyl N-[(1S)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-L-alaninate was prepared following the general procedure 3, starting from

25 intermediate 1 and intermediate 11. It was hydrolyzed following general procedure 9, affording
the title compound as a white foam. "H NMR: (DMSO-ds, 300 MHz) & 8.54 (brs, 1H), 8.50 (m,
1H), 8.21 (m, 2H), 7.80 (m, 2H), 7.66 (m, 1H), 7.42-7.33 (m, 2H), 7.29 (m, 1H), 7.16 (m, 1H),
4.59 (m, 1H), 3.57 (m, 1H), 2.02 (s, 3H), 1.63 (d, J = 6.9 Hz, 3H), 1.45 (d, J=7.0Hz, 3H). LC/MS
(Method B): 496.4 (M+H)". HPLC (Method A) Rt 4.86 min (Purity: 96.9%).

30
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Example 19: N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
yltphenyl)ethyl]-L-alanine, hydrochloride salt

—~N
Q N
T
N
NH

=0
HO

Methyl N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
5 vyl}phenyl)ethyl]-L-alaninate was prepared following the general procedure 3, starting from
intermediate 1 and intermediate 7. It was hydrolyzed following general procedure 9, affording
the title compound as a white foam. "H NMR: (DMSO-ds, 300 MHz) & 8.54 (brs, 1H), 8.50 (m,
1H), 8.21 (m, 2H), 7.80 (m, 2H), 7.67 (m, 1H), 7.42-7.33 (m, 2H), 7.29 (m, 1H), 7.17 (m, 1H),
4.53 (m, 1H), 3.65 (m, 1H), 2.02 (s, 3H), 1.61 (d, J = 6.8 Hz, 3H), 1.44 (d, J=7.0Hz, 3H). LC/MS
10  (Method B): 496.5 (M+H)", 494.5 (M-H)". HPLC (Method A) Rt 4.89 min (Purity: 100%).

Example 20: N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-D-alanine, hydrochloride salt

15 Methyl N-[(1R)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate was prepared following the general procedure 3, starting from
intermediate 1 and intermediate 6. It was hydrolyzed following general procedure 9, affording
the title compound as a white solid. "H NMR: (DMSO-de, 300 MHz) § 8.55 (d, J = 1.5 Hz, 1H),
8.50 (dd, J = 8.0, 1.6 Hz, 1H), 8.21 (d, J = 8.5 Hz, 2H), 7.80 (d, J = 8.3 Hz, 2H), 7.68 (d, J = 8.1

20 Hz, 1H), 7.44-7.25 (m, 3H), 7.17 (d, J = 7.5 Hz, 1H), 4.59 (q, J = 6.8 Hz, 1H), 3.59 (9, J = 7.0
Hz, 1H), 2.02 (s, 3H), 1.64 (d, J = 6.8 Hz, 3H), 1.45 (d, J = 7.1 Hz, 3H). LC/MS (Method B):
496.5 (M+H)", 494.4 (M-H). HPLC (Method A) Rt 4.88 min (Purity: 100%).

Example 21: N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
25 yliphenyl)ethyllglycine, hydrochloride salt
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Tert-butyl N-[(1S)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate was prepared following the general procedure 3 starting from
intermediate 1 and intermediate 8. It was hydrolyzed following general procedure 8, affording
the title compound as a pale yellow powder. '"H NMR: (DMSO-dg, 300 MHz) § 8.54 (brs, 1H),
5 8.50 (m, 1H), 8.21 (m, 2H), 7.79 (m, 2H), 7.69 (d, J = 7.9 Hz, 1H), 7.44-7.25 (m, 3H), 7.17 (m,
1H), 4.51 (m, 1H), 3.82 (m, 1H), 3.57 (m, 1H), 2.02 (s, 3H), 1.64 (d, J = 6.8 Hz, 3H). LC/MS
(Method B): 482.4 (M+H)", 480.4 (M-H)". HPLC (Method A) Rt 4.28 min (Purity: 96.4%).

Example 22: N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
10  yliphenyl)ethyllglycine, hydrochloride salt

Tert-butyl N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]glycinate was prepared following the general procedure 3, starting from
intermediate 1 and intermediate 9. It was hydrolyzed following general procedure 8, affording

15 the title compound as a pale yellow powder. '"H NMR: (DMSO-dg, 300 MHz) § 8.54 (brs, 1H),
8.50 (m, 1H), 8.21 (m, 2H), 7.79 (m, 2H), 7.69 (d, J = 7.9 Hz, 1H), 7.43-7.24 (m, 3H), 7.17 (m,
1H), 4.51 (m, 1H), 3.79 (m, 1H), 3.55 (m, 1H), 2.02 (s, 3H), 1.63 (d, J = 6.8 Hz, 3H). LC/MS
(Method B): n.d (M+H)", 480.5 (M-H)". HPLC (Method A) Rt 4.30 min (Purity: 99%).

20 Example 23: N-[1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyllglycine, hydrochloride salt

Fo OQ‘
E N OH
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Step 1: tert-butyl [1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yliphenyl)ethyllcarbamate

25  The title compound was prepared following the general procedure 3 starting from Intermediate 4
and Intermediate 18. It was isolated as a white foam. LC/MS (Method B): 524.3 (M+H)". HPLC
(Method A) Rt 6.31 min (Purity: 99.6%).

Step 2: 1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yi]-1,2,4-oxadiazol-3-
30  yllphenyl)ethanamine, hydrochloride salt
The title compound was prepared following the general procedure 8 starting from tert-butyl [1-

(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]carbamate
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and was isolated as a white foam (620 mg, quantitative). '"H NMR (DMSO-ds, 300 MHz) & 8.60
(brs, 3H), 8.18 (m, 3H), 8.07 (m, 1H), 7.91 (d, J=8 Hz, 1H), 7.77 (m, 3H), 7.68 (m, 1H), 7.41 (m,
1H), 4.53 (m, 1H), 2.11 (s, 3H), 1.56 (d, J=6.8 Hz, 3H). LC/MS (Method B): n.dp (M+H), n.dp
(M-H). HPLC (Method A) Rt 4.22 min (Purity: 99.7%).

Step 3: N-[1-(4-{5-[2-methyl-2"-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yliphenyl)ethyllglycine, hydrochloride salt

Tert-butyl N-[1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate was prepared following the general procedure 11 starting from 1-(4-{5-
[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethanamine,
hydrochloride salt and tert-butyl bromoacetate. It was hydrolyzed following general procedure 8,
affording the title compound as a white powder. '"H NMR: (DMSO-dg, 300 MHz) § 8.18 (m, 3H),
8.08 (m, 1H), 7.91 (d, J=7.90Hz, 1H), 7.77 (m, 3H), 7.69 (m, 1H), 7.41 (m, 2H), 4.74 (m, 1H),
3.74 (m, 1H), 3.52 (m, 1H), 2.11 (s, 3H), 1.61 (d, J = 6.8 Hz, 3H). LC/MS (Method B): 482.2
(M+H)", 480.2 (M-H)Y". HPLC (Method A) Rt 4.25 min (Purity: 99.9%).

Example 24: N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-L-alanine, hydrochloride  salt and N-[(1R)-1-(4-{5-[2-methyl-2'-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alanine, hydrochloride

salt
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Methyl N-[1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-
alaninate was prepared following the general procedure 11 starting from 1-(4-{5-[2-methyl-2'-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yI}phenyl)ethanamine, hydrochloride salt
(Example 23, step 2) and methyl 2-bromopropionate. The resulting pair of two diastereomers
was separated by flash chromatography (heptane / EtOAc gradient from 95:5 up to 85:15),
affording methyl N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate and methyl N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-
yll-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate (75 mg, 27%) as one fraction and methyl N-
[(18)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yI]-1,2 4-oxadiazol-3-yl}phenylethyl]-L-
alaninate and methyl N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-
3-yl}phenyl)ethyl]-D-alaninate (50 mg, 18%) as a second fraction.

The second fraction, containing methyl N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-
yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate and methyl N-[(1R)-1-(4-{5-[2-methyl-2'-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate, was hydrolyzed
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following general procedure 9, affording the title compound as a white powder. 'H NMR:
(DMSO-ds, 400 MHz) & 8.15 (m, 3H), 8.07 (m, 1H), 7.91 (m, 1H), 7.83-7.64 (m, 4H), 7.41 (m,
2H), 4.35 (m, 1H), 2.11 (s, 3H), 1.53 (d, J = 6.5 Hz, 3H), 1.35 (d, J=7.0 Hz, 3H). LC/MS (Method
B): 496.2 (M+H)", 494.3 (M-H)". HPLC (Method A) Rt 4.28 min (Purity: 100%). Methyl N-[(1S)-1-
5  (4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate
and methyl N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate can be separated, by chiral HPLC methods..

Example 25: N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
10  yliphenyl)ethyl]-D-alanine_and N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-
1.2.4-oxadiazol-3-yl}phenyl)ethyl]-L-alanine
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Methyl N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate and methyl N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-
15 yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate (prepared in Example 24) were hydrolyzed

following general procedure 9, affording the title compound as a white powder. 'H NMR:
(DMSO-ds, 400 MHz) 8 8.15 (m, 3H), 8.07 (m, 1H), 7.91 (m, 1H), 7.79 (m, 1H), 7.69 (m, 3H),
7.41 (m, 2H), 4.34 (m, 1H), 2.11 (s, 3H), 1.51 (d, J = 6.6 Hz, 3H), 1.32 (d, J=7.1 Hz, 3H). LC/MS
(Method B): 496.2 (M+H)", 494.3 (M-H)". HPLC (Method A) Rt 4.29 min (Purity: 86.5%). N-[(1S)-
20  1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate
and methyl N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-L-alaninate can be separated, by chiral HPLC method. .

Example 26: N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
25 yliphenyl)ethyl]-L-alanine, hydrochloride  salt and N-[(1R)-1-(4-{5-[2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alanine, hydrochloride

salt
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Step 1: tertbutyl [1-(4-{5-[2-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
30  yllphenylethyllcarbamate
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The title compound was prepared following the general procedure 3 starting from Intermediate 1
and Intermediate 18 and was isolated as a white foam. LC/MS (Method B): 524.4 (M+H)", 522.4
(M-H). HPLC (Method A) Rt 6.43 min (Purity: 99.6%).

5 St e p 2 : 1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}phenyl)ethanamine, hydrochloride.
The title compound was prepared following the general procedure 8 starting from tert-butyl [1-
(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]carbamate
and was isolated as a yellow foam. (880 mg, 91%). 'H NMR: (DMSO-ds, 400 MHz) & 8.58-8.47

10  (m, 4H), 8.20 (d, J=8.3 Hz, 2H), 7.76 (d, J=8.3 Hz, 2H), 7.67 (d, J= 8.0 Hz, 1H), 7.42-7.25 (m,
3H), 7.17 (d, J= 7.3 Hz, 1H), 4.54 (m, 1H), 2.02 (s, 3H), 1.56 (d, J=6.8 Hz, 3H). LC/MS (Method
B): 459.2 (M-H). HPLC (Method A) Rt 4.32 min (Purity: 98.7%).

Step 3: N-[1S)-1-(4-{5-[2-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
15  yliphenyl)ethyl]-L-alanine, hydrochloride salt and N-[(1R)-1-(4-{5-[2"-methyI-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alanine, hydrochloride salt
Methyl N-[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-
alaninate was prepared following the general procedure 11 starting from 1-(4-{5-[2"-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethanamine, hydrochloride salt and
20  methyl 2-bromopropionate. The resulting pair of two diastereomers could be separated by flash
chromatography (heptane / EtOAc gradient from 95:5 up to 85:15), affording methyl N-[(1S)-1-
(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate
and methyl N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-L-alaninate (90 mg, 33%) as a first fraction and methyl N-[(1S)-1-(4-{5-[2'-
25  methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate and
methyl N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenylethyl]-D-alaninate (85 mg, 31%) as second fraction.
The second fraction, containing methyl N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-
yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate  and methyl N-[(1R)-1-(4-{5-[2"-methyl-2-
30  (trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate  was hydrolyzed
following general procedure 9, affording the title compound as a white powder. 'H NMR:
(DMSO-ds, 400 MHz) & 8.54 (brs, 1H), 8.49 (m, 1H), 8.19 (d, J=8.3Hz, 2H), 7.79 (d, J=8.3Hz,
2H), 7.67 (d, J=8.3Hz, 1H), 7.42-7.25 (m, 3H), 7.16 (m, 1H), 4.44 (m, 1H), 3.50 (m, 1H), 2.02 (s,
3H), 1.58 (d, J = 6.6 Hz, 3H), 1.40 (d, J=7.0 Hz, 3H). LC/MS (Method B): 496.2 (M+H)", 494.3
35 (M-H). HPLC (Method A) Rt 4.36 min (Purity: 97.8%). N-[(1S)-1-(4-{5-[2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate and methyl N-[(1R)-
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1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate

can be separated, by chiral HPLC following Method J described above for example.

Example 27: N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-D-alanine, hydrochloride salt and  N-[(1R)-1-(4-{5-[2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alanine, hydrochloride

salt
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F F : =
F N

Methyl N-[(1S)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-D-alaninate and methyl N-[(1R)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-
yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate (prepared in Example 26) were hydrolyzed
following general procedure 9, affording the title compound as a white powder. '"H NMR:
(DMSO-ds, 400 MHz) 5 8.54 (brs, 1H), 8.50 (m, 1H), 8.20 (d, J=8.3Hz, 2H), 7.75 (d, J=8.3Hz,
2H), 7.67 (d, J=8.0Hz, 1H), 7.42-7.25 (m, 3H), 7.16 (m, 1H), 4.53 (m, 1H), 3.55 (m, 1H), 2.02 (s,
3H), 1.60 (d, J = 6.6 Hz, 3H), 1.41 (d, J=7.0 Hz, 3H). LC/MS (Method B): 496.2 (M+H)", 494.3
(M-H)". HPLC (Method A) Rt 4.34 min (Purity: 91.1%). N-[(1S)-1-(4-{5-[2"-methyI-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate and methyl N-[(1R)-
1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-L-alaninate

can be separated, by chiral HPLC following Method J described above for example.

Example 28: N-methyl-N-[1-(3-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
oxadiazol-3-yl}phenyl)ethyllalanine, hydrochloride salt
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N-methyl-N-[1-(3-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}phenyl)ethyllalaninate was prepared following the general procedure 3 starting from

intermediate 4 and intermediate 19. It was hydrolyzed following general procedure 9, affording
the title compound as a colorless oil. '"H NMR: (DMSO-ds, 300 MHz) & 8.27 (m, 1H), 8.17 (brs,
1H), 8.09 (m, 2H), 7.91 (d, J=8Hz, 1H), 7.78 (m, 2H), 7.68 (m, 2H), 7.41 (m, 2H), 4.48 (m, 1H),
3.81 (m, 1H), 2.54 (m, 3H), 2.11 (s, 3H), 1.58 (m, 3H), 1.37 (m, 3H). LC/MS (Method B): 510.3
(M+H)", 508.4 (M-H). HPLC (Method A) Rt 4.33 min (Purity: 95.1%).
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Example 29: N-methyl-N-[1-(3-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
oxadiazol-3-yl}phenyl)ethyllalanine, hydrochloride salt
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5  N-methyl-N-[1-(3-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}phenyl)ethyllalaninate was prepared following the general procedure 3 starting from
intermediate 1 and intermediate 19. It was hydrolyzed following general procedure 9, affording
the title compound as a white foam. 'H NMR: (DMSO-dg, 300 MHz) & 8.54 (brs, 1H), 8.51 (m,
1H), 8.30 (m, 1H), 8.14 (m, 1H), 7.80 (m, 1H), 7.68 (m, 2H), 7.43-7.33 (m, 2H), 7.29 (m, 1H),

10  7.17 (m, 1H), 4.51 (m, 1H), 3.88 (m, 1H), 2.57 (m, 3H), 2.02 (s, 3H), 1.59 (m, 3H), 1.39 (m, 3H).
LC/MS (Method B): 510.3 (M+H)", 508.4 (M-H)". HPLC (Method A) Rt 4.41 min (Purity: 96.1%).

Example 30: N-methyl-N-[1-(3-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yI]-1,2.4-
oxadiazol-3-yl}phenyl)ethyllglycine, hydrochloride salt
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Tert-butyl N-methyl-N-[1-(3-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate was prepared following the general procedure 3 starting from
intermediate 4 and intermediate 20. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-dg, 300 MHz) § 8.33 (m, 1H), 8.20 (m,
20  2H), 8.08 (m, 1H), 7.92 (m, 1H), 7.85 (m, 1H), 7.81-7.65 (m, 3H), 7.42 (m, 2H), 4.76 (m, 1H),
3.95 (m, 2H), 2.77 (s, 3H), 2.12 (s, 3H), 1.71 (m, 3H). LC/MS (Method B): 496.2 (M+H)", 494.3
(M-H). HPLC (Method A) Rt 4.28 min (Purity: 98.6%).

Example 31: N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-

25 3-vi}benzyl)-N,2-dimethylalanine, hydrochloride salt




Bi ndi ng S1P3 Bi ndi ng S1P1 Bi ndi ng S1P3 Binding Ex No Fornmula EC50 Ki [M
(384 well plate) Ki [M (384 well plate) Ki [M (96 well plate) Ki [M (96
wel | pl atwp 202/00828K / | F | 2.10E-08 2. 01E-09 2. 25E- 06 P€TAEP2014/08872, OH N_
/ ON/- 1

113

SO

F
F N
: i[
Tert-butyl N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

HO” ~o
yl}benzyl)-N,2-dimethylalaninate was prepared following the general procedure 3 starting from

intermediate 1 and intermediate 21. It was hydrolyzed following general procedure 8, affording

5 the title compound as a white powder. 'H NMR: (DMSO-dg, 300 MHz) & 8.56 (m, 1H), 8.52 (m,
1H), 8.11 (m, 1H), 8.03 (m, 1H), 7.93 (m, 1H), 7.69 (d, J=8Hz, 1H), 7.43-7.33 (m, 2H), 7.29 (m,
1H), 7.17 (m, 1H), 3.48 (m, 2H), 2.66 (brs, 3H), 2.03 (s, 3H), 1.61 (brs, 6H). LC/MS (Method B):
528.1 (M+H)", 526.3 (M-H). HPLC (Method A) Rt 4.45 min (Purity: 97.6%).

10 Example 32: N-[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycine, hydrochloride salt
O—N
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Tert-butyl N-[1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}phenyl)ethyllglycinate was prepared following the general procedure 3 starting from

15 intermediate 1 and intermediate 22. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. "H NMR: (DMSO-ds, 300 MHz) § 8.55 (m, 1H), 8.51 (m,
1H), 8.22 (d, J=8.4 Hz, 2H), 7.77 (d, J=8.4 Hz, 2H), 7.68 (d, J=8Hz, 1H), 7.43-7.25 (m, 3H), 7.17
(m, 1H), 4.51 (m, 1H), 3.85 (m, 1H), 3.59 (m, 1H), 2.02 (s, 3H), 1.63 (d, J=6.8 Hz, 3H). LC/MS
(Method B): 482.0 (M+H)", 480.1 (M-H)". HPLC (Method A) Rt 4.82 min (Purity: 99.7%).

20
Example 33 : N-methyl-N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl) biphenyl-4-yl]-1,2.4-
oxadiazol-3-yl}phenyl)ethyllglycine, hydrochloride salt
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Tert-butyl N-methyl-N-[(1S)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

25 yllphenyl)ethyllglycinate was prepared following the general procedure 4 starting from
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intermediate 4 and intermediate 23. It was deprotected following the general procedure 8
affording the title compound as a white powder. Melting point: 217°C. [a i,s =-28.2 (¢ 1.47,
EtOH). "H NMR (DMSO-ds, 300 MHz) & 8.25-8.14 (m, 3H), 8.07 (dd, J = 8.0, 1.4 Hz, 1H), 7.91
(d, d = 7.5 Hz, 1H), 7.86-7.74 (m, 3H), 7.68 (t, J = 7.6 Hz, 1H), 7.46-7.35 (m, 2H), 4.76 (q, J =
5 6.9 Hz, 1H), 4.11-3.89 (m, 2H), 2.79 (s, 3H), 2.11 (s, 3H), 1.71 (d, J = 7.0 Hz, 3H). LC/MS
(Method B): 494.3 (M-H), 496.2 (M+H)". HPLC (Method A) Rt 4.78 min (Purity: 99.7%).

Elemental analysis: [C;7H24N303F35 - HCI-0.2 H,0] Corrected: C 60.55% ,H 4.78%, N 7.85%, ClI
6.62%; Found: C 60.41%, H 4.83%, N 7.91%, Cl 6.71%.

10 Example 34 : N-methyl-N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
oxadiazol-3-yl}phenyl)ethyl]lglycine, hydrochloride salt
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Tert-butyl N-methyl-N-[(1S)-1-(4-{5-[2'-methyl-2-(trifluoromethyl) biphenyl-4-yl]-1,2,4-oxadiazol-

3-yl}phenyl)ethyllglycinate was prepared following the general procedure 4 starting from

15 intermediate 1 and intermediate 23. It was deprotected following the general procedure 8

25

affording the title compound as a white powder. Melting point: 221°C. [a 5, = -27.4 (c 1.54,
EtOH). "H NMR (DMSO-d6, 300 MHz) & 8.55 (d, J = 1.5 Hz, 1H), 8.50 (dd, J = 8.0, 1.5 Hz, 1H),
8.23 (d, J = 8.6 Hz, 2H), 7.82 (d, J = 8.3 Hz, 2H), 7.66 (d, J = 8.1 Hz, 1H), 7.41-7.25 (m, 3H),
716 (d,J =7.5Hz, 1H),4.75 (q, J = 6.9 Hz, 1H), 4.10-3.88 (m, 2H), 2.78 (s, 3H), 2.01 (s, 3H),
20 1.70 (d, J = 6.9 Hz, 3H). LC/MS (Method A): 494.3 (M-H), 496.2 (M+H)". HPLC (Method A) Rt
4.85 min (Purity: 99.8%). Elemental Analysis: [Cx;H24N3O3F3- HCI-0.2 H,O] Corrected: C
60.55%, H 4.78%, N 7.85%, Cl 6.62%; Found: C 60.52%, H 4.63%, N 7.90%, Cl 6.65%.

Example 35 : N-methyl-N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
25 oxadiazol-3-yl}phenyl)ethyllglycine, hydrochloride salt
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Tert-butyl N-methyl-N-[(1R)-1-(4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-
3-yl}phenylethyllglycinate was prepared following the general procedure 4 starting from

intermediate 4 and intermediate 24. It was deprotected following the general procedure 8

30 affording the title compound as a white powder. Melting Point: 217°C. [a i,s = 28.1 (¢ 1.41,
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EtOH)."H NMR (DMSO-ds, 300 MHz) & 8.25-8.14 (m, 3H), 8.07 (dd, J = 8.0, 1.4 Hz, 1H), 7.91
(d, d = 7.5 Hz, 1H), 7.86-7.74 (m, 3H), 7.68 (t, J = 7.6 Hz, 1H), 7.46-7.35 (m, 2H), 4.76 (q, J =
6.9 Hz, 1H), 4.11-3.89 (m, 2H), 2.79 (s, 3H), 2.11 (s, 3H), 1.71 (d, J = 7.0 Hz, 3H). LC/MS
(Method B): 494.3 (M-H), 496.2 (M+H)". HPLC (Method A) Rt 4.79 min (Purity: 99.8%).
Elemental Analysis: Cy7H24N3O03F3- HCI-0.2 H,0] Corrected: C 60.55%, H 4.78%, N 7.85%, ClI
6.62%; Found: C 60.44%, H 4.64%, N 7.89%, Cl 6.67%.

Example 36 : N-methyl-N-[(1R)-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
oxadiazol-3-yl}phenyl)ethyllglycine, hydrochloride salt
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Tert-butyl N-methyl-N-[(1R)-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-

3-yl}phenyl)ethyllglycinate was prepared following the general procedure 4 starting from

intermediate 1 and intermediate 24. It was deprotected following the general procedure 8
affording the title compound as a white powder. Melting Point: 221°C. [a i,s = 26.1 (c 1.44,

EtOH). "H NMR (DMSO-ds, 300 MHz) & 8.55 (d, J = 1.5 Hz, 1H), 8.50 (dd, J = 8.0, 1.5 Hz, 1H),
8.23 (d, J = 8.6 Hz, 2H), 7.82 (d, J = 8.3 Hz, 2H), 7.66 (d, J = 8.1 Hz, 1H), 7.41-7.25 (m, 3H),
7.16 (d, J =7.5 Hz, 1H), 4.75 (q, J = 6.9 Hz, 1H), 4.10-3.88 (m, 2H), 2.78 (s, 3H), 2.01 (s, 3H),
1.70 (d, J = 6.9 Hz, 3H). LC/MS (Method B): 494.3 (M-H)", 496.2 (M+H)". HPLC (Method A) Rt
4.87 min (Purity: 99.8%). Elemental Analysis [Cy7H24N3OsF5s- HCI- 0.2 H,O] Corrected: C
60.55%, H 4.78%, N 7.85%,Cl 6.62%; Found: C 60.37%, H 4.79%, N 7.84%, Cl 6.65%.

Example 37 : N-[1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylalanine
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Methyl N-[1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-
N-methylalaninate was prepared following the general procedure 4 starting from intermediate 3
and intermediate 25. It was deprotected following the general procedure 9 affording the title
compound as a white powder . LC/MS (Method B): 484.4 (M-H), 486.3 (M+H)". HPLC (Method
A) Rt 4.62 min (Purity: 98.3%).

[M
N_



4.140E-10 5.980E-07 23 HOHN le ni_ oN 1, FF 2.13E-08 1.71E-09 7.05E-06
--- --- WD 2012/ 004287PCT/ EP2011/ 061372 149 S1 P1 Interna |lization S1P1
Bi ndi ng SY¥B20Rimdisng S1P1 Bi ndi ng S1P3 Bi ndi ng Ex No FoPoulER2ECH613%2 [ M
(384 well plate) Ki [M (384 well pl aﬁ%)

Example 38 : N-[1-(3-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}phenyl)ethyllglycine, hydrochloride salt
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Tert-butyl N-[1-(3-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

5 vyl}phenyl)ethyllglycinate was prepared following the general procedure 4 starting from
intermediate 4 and intermediate 26. It was deprotected following the general procedure 8
affording the title compound as a slightly yellow powder. Melting Point: 176°C. "H NMR (DMSO-
d6, 300 MHz) & 8.33 (s, 1H), 8.20-8.13 (m, 2H), 8.08 (dd, J = 8.0, 1.5 Hz, 1H), 7.92 (d,J = 7.7
Hz, 1H), 7.80 (t, J = 7.4 Hz, 2H), 7.70 (td, d = 7.7, 2.6 Hz, 2H), 7.42 (t, J = 8.6 Hz, 2H), 4.54 (q,

10 J=6.7Hz 1H),3.83 (d,J =17.0 Hz, 1H), 3.56 (d, J = 16.8 Hz, 1H), 2.12 (s, 3H), 1.65 (d, J =
6.8 Hz, 3H). LC/MS (Method A): 484.5 (M-H), 486.4 (M+H)". HPLC (Method A) Rt 4.76 min
(Purity: 96.3%).

Example 39 : N-methyl-N-[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
15  oxadiazol-3-yl}phenyl)ethyl]alanine
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Step 1: 4-(1-hydroxyethyl)benzonitrile

4-Acetylbenzonitrile (2.0 g; 13.8 mmol) was disolved in THF (10 mL) and MeOH (10 mL).

Sodium borohydride (782 mg; 20.7 mmol) was added portionwise at 0°C and the reaction was
20 let stirred at RT for 40min. Solvents were removed under vaccuum, EtOAC was added, and the

organic phases were washed with H,O, dried over MgSOQ,, filtered and concentrated affording

the title compound as a colorless oil (2.3 g, quantitative). HPLC (Method A) Rt 4.31 min (Purity:

99.2%).

25  Step 2: N'-hydroxy-4-(1-hydroxyethyl)benzenecarboximidamide
The title compound was prepared following the general procedure 1 starting from 4-(1-
hydroxyethyl)benzonitrile (2.3 g; 16.8 mmol), obtained in step 1 affording 2.5 g (88%) as a
colorless foam. LC/MS (Method B):181.0 (M+H)".

30  Step 3: 1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yi]-1,2,4-oxadiazol-3-yl}phenyl)ethanol
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1-(4-{56-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}  phenyl)ethanol was
prepared following the general procedure 3 starting from intermediate 1 and N'-hydroxy-4-(1-
hydroxyethyl) benzenecarboximidamide, obtained in step 2 affording the title compound as a
slightly yellow oil (1.9 g, 80%). '"H NMR (DMSO-ds, 300 MHz) & 8.64 (d, J = 1.3 Hz, 1H), 8.40

5 (dd,J=8.0,1.4 Hz, 1H), 8.19 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.0 Hz,
1H), 7.38-7.21 (m, 3H), 7.16 (d, J = 7.5 Hz, 1H), 5.01 (q, J = 6.5 Hz, 2H), 2.07 (s, 3H), 1.56 (d, J
= 6.6 Hz, 3H). LC/MS (Method B): 425.1 (M+H)". HPLC (Method A) Rt 5.60 min (Purity:
100.0%).

10  Step 4: 1-(4-{5-[2"-methyl-2-(trifluoromethyl) biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethanone
To a stirred solution of oxalyl chloride (758 uL; 8.8 mmol in anhydrous DCM (50 mL) at -68°C a
solution of dimethylsulfoxyde (1.3 mL; 17.7 mmol) dissolved in DCM (10 mL) was added over a
period of 5 min. The reaction mixture was stirred for 15 min followed by addition of a solution of
1-(4-{56-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethanol (1.5 g; 3.5

15  mmol, obtained in step3 in DCM (10 mL) within 15 min. After being stirred for 1h at -68°C, the
reaction was allowed to reach -30°C, stirred for 15 min and then re-cooled to -68°C.
Triethylamine (1.8 mL; 12.7 mmol) was added and the mixture was allowed to reach RT. The
clear yellow solution was partioned between satured aqueous sodium bicarbonate and ethyl
acetate, the organic layer was washed with brine, dried over MgSOy, filtered and concentrated.

20  The crude mixture was purified by flash chromatography affording the title compound as a white
powder. '"H NMR (DMSO-ds, 300 MHz) & 8.67-8.47 (m, 2H), 8.29 (d, J = 7.9 Hz, 2H), 8.19 (d, J
= 8.3 Hz, 2H), 7.67 (d, J = 7.9 Hz, 1H), 7.43-7.25 (m, 3H), 7.17 (d, J = 7.7 Hz, 1H), 2.67 (s, 3H),
2.02 (s, 3H). HPLC (Method A) Rt 6.00 min (Purity: 99.0%).

25  Step 5: N-methyl-1-(4-{5-[2'-methyI-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yliphenyl)ethanamine
To a solution of 1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethanone (515 mg; 1.2 mmol), obtained in step 4 in THF (5 mL), was added
methylamine (732 pL; 2.00 M; 1.5 mmol) and titanium isopropoxide (199 uL; 0.67 mmol). The

30  mixture was stirred overnight at RT. Sodium borohydride (194 mg; 5.1 mmol) was added and
the reaction was stirred at RT for 2h. Then 20 mL of NH,OH was added and the reaction was
stirred at RT for 1h30. It was then filtred through a pad of celite which was washed with EtOAc.
The organic phase was washed with a satured solution of NaHCOg, brine, dried on MgSOQOy,,
filtered and concentrated affording after purification by flash chromatography the title compound

35 as a colorless oil. 'H NMR (DMSO-d6, 300 MHz) 5 8.66 (s, 1H), 8.43 (d, J = 7.6 Hz, 1H), 8.27
(d, J = 8.1 Hz, 2H), 7.49 (t, J = 8.8 Hz, 3H), 7.42-7.23 (m, 3H), 7.17 (d, J = 7.4 Hz, 1H), 3.94-
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3.80 (m, 1H), 3.61 (br s, 1H), 2.44 (d, J = 5.7 Hz, 3H), 2.09 (s, 3H), 1.77 (d, J = 6.8 Hz, 3H).
LC/MS (Method B): 438.2 (M+H)*. HPLC (Method A) Rt 6.07 min (Purity: 78.6%).

Step 6: methyl N-methyl-N-[1-(4-{5-[2"-methyI-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yliphenyl)ethyl]alaninate

The title compound was prepared following the general procedure 10 starting from N-methyl-1-
(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethanamine (40 mg,
0.09 mmol), obtained in step 5 affording 46 mg (96%) as a colorless oil. LC/MS (Method B):
524.3 (M+H)". HPLC (Method A) Rt 4.61 min (Purity: 70.5%).

Step 7: N-methyl-N-[1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllalanine

The title compound was prepared following the general procedure 9 starting from methyl N-
methyl-N-[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllalaninate (40 mg; 0.08 mmol), obtained in step 6. It was isolated after purification
with Mass Directed Autoprep as a white solid. LC/MS (Method B): 508.3 (M-H)", 510.2 (M+H)".
HPLC (Method A) Rt 4.92 min (Purity: 99.8%).

Example 40 : N-methyl-N-[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-
oxadiazol-3-yl}phenyl)ethyllglycine, hydrochloride salt

F
e F
) i
N7//©)\ Kfo
OH

O—N

Tert-b uty | N-methyl-N-[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate was prepared following the general procedure 4 starting from
intermediate 1 and intermediate 16. It was deprotected following the general procedure 8
affording the title compound as a white powder. Melting Point: 204 °C. LC/MS (Method B):
494.0 (M-HY, 496.0 (M+H)". HPLC (Method A) Rt 4.36 min (Purity: 98.1%).

Example 41 : 2-[(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-

3-yl}benzyl)amino]butanoic acid, hydrochloride salt

F
F
F
F
/
7 OH
o—N

Tert-butyl 2-[(2-fluoro-4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}benzyl)amino]butanoate was prepared following the general procedure 4 starting from

[M
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intermediate 1 and intermediate 27. It was deprotected following the general procedure 8
affording the title compound as a white powder. Melting Point: 214°C. '"H NMR (DMSO-ds, 300
MHz) & 8.56 (d, J = 1.6 Hz, 1H), 8.51 (dd, J =7.9, 1.5 Hz, 1H), 8.08 (dd, J = 7.8, 1.5 Hz, 1H),
7.99 (dd, J =10.2, 1.5 Hz, 1H), 7.91 (t, J = 7.8 Hz, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.43-7.25 (m,

5 3H),7.17 (d,J = 7.3 Hz, 1H), 4.30 (m, 2H), 4.06-3.96 (m, 1H), 2.08-1.87 (m, 5H), 0.97 (t, J=7.4
Hz, 3H). LC/MS (Method B): 512.2 (M-H), 514.2 (M+H)". HPLC (Method A) Rt 4.88 min (Purity:
99.7%).

Example 42 : N-[1-(3-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-3-
10  yliphenyl)ethyllglycine, hydrochloride salt

FOF
i M )
SO
0

Tert-butyl N-[1-(3-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyllglycinate was prepared following the general procedure 4 starting from
intermediate 1 and intermediate 26. It was deprotected following the general procedure 8

15  affording the title compound as a white powder. Melting Point: 177°C."H NMR (DMSO-d6, 300
MHz) 6 9.76 (br s, 1H), 8.56 (d, J = 1.3 Hz, 1H), 8.51 (dd, J = 7.9, 1.7 Hz, 1H), 8.36 (s, 1H), 8.19
(d,J =8.0 Hz, 1H), 7.83 (d, = 8.0 Hz, 1H), 7.75-7.65 (m, 2H), 7.42-7.25 (m, 3H), 7.17 (d, J =
7.3 Hz, 1H), 4.58 (q, d = 6.5 Hz, 1H), 3.89 (d, J = 16.8 Hz, 1H), 3.60 (d, J = 17.2 Hz, 1H), 2.03
(s, 3H), 1.66 (d, J = 6.8 Hz, 3H). LC/MS (Method B): 480.2 (M-H)", 482.1 (M+H)". HPLC

20 (Method A) Rt 4.83 min (Purity: 99.4%).

Example 43: N-(2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-

3-vi}benzyl)-N,2-dimethylalanine, hydrochloride salt

Q N
o s
7 O—N

25  Tert-butyl N-(2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)-N,2-dimethylalaninate was prepared following the general procedure 3 starting from
intermediate 3 and intermediate 29. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. 'H NMR: (DMSO-ds, 300 MHz) & 8.34 (m, 1H), 8.18 (dd,
J=8.0 Hz, 1H), 8.09 (dd, J=8.0 Hz, 1H), 8.03-7.91 (m, 2H), 7.45 (d, J=8Hz, 1H), 7.40-7.26 (m,

30 3H), 7.15 (d, J= 7.3 Hz, 1H), 4.38 (brs, 2H), 4.20 (m, 2H), 3.25 (s, 3H), 2.69 (s, 3H), 2.04 (s,
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3H), 1.65 (s, 6H). LC/MS (Method B): 504.3 (M+H)", 502.4 (M-H). HPLC (Method A) Rt 4.16
min (Purity: 99.8%).

Example 44: N-(2-fluoro-4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-

3-vI}benzyl)-N-methylalanine, hydrochloride salt
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Tert-butyl N-(2-fluoro-4-{5-[2-(methoxymethyl)-2"-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)-N-methylalaninate was prepared following the general procedure 3 starting from
intermediate 3 & intermediate 30 . It was hydrolyzed following general procedure 8, affording
the title compound as a white powder . "H NMR: (DMSO-dg, 300 MHz) § 8.33 (m, 1H), 8.17 (dd,
J=8.0 Hz, 1H), 8.06 (dd, J=8.0 Hz, 1H), 8.02-7.93 (m, 2H), 7.43 (d, J=8Hz, 1H), 7.39-7.25 (m,
3H), 7.14 (d, J= 7.3 Hz, 1H), 4.47 (m, 2H), 4.33-4.12 (m, 2H), 3.25 (s, 3H), 2.76 (s, 3H), 2.03 (s,
3H), 1.59 (d, J= 7.2 Hz, 3H). LC/MS (Method B): 504.3 (M+H)", 502.4 (M-H)". HPLC (Method A)
Rt 4.10 min (Purity: 99.5%).

Example 45: N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-

3-yl}benzyl)-N-methylserine, hydrochloride salt.

N N
8 s Ney
F / KS¢O

ot

F HO HO
Tert-butyl O-(tert-butyl)-N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-
oxadiazol-3-yl}benzyl)-N-methylserinate was prepared following the general procedure 3
starting from intermediate 1 and intermediate 31. It was hydrolyzed following general procedure
8, affording the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) & 8.55 (brs,
1H), 8.51 (m, 1H), 8.06 (m, 1H), 7.97 (d, J=10.2 Hz, 1H), 7.91 (t, J= 7.7 Hz, 1H), 7.68 (d, J=8
Hz, 1H), 7.37 (m, 2H), 7.29 (m, 1H), 7.17 (d, J=7.7 Hz, 1H), 4.41 (m, 2H), 4.40 (m, 3H), 2.73 (s,
3H), 2.03 (s, 3H). LC/MS (Method B): 530.2 (M+H)", 528.3 (M-H)". HPLC (Method A) Rt 4.27

min (Purity: 100%).

Example 46: N-(3-fluoro-5-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-

3-yl}benzyl)-2-methylalanine, hydrochloride salt.

S1
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OH
Tert-butyl N-(3-fluoro-5-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzyl)-2-methylalaninate was prepared following the general procedure 3 starting from
intermediate 1 and intermediate 32. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) & 8.51 (brs, 1H), 8.47 (m,
1H), 8.15 (m, 1H), 7.88 (m, 1H), 7.67 (m, 2H), 7.36 (m, 2H), 7.28 (m, 1H), 7.16 (d, J= 7.6 Hz,
1H), 4.20 (brs, 2H), 2.02 (s, 3H), 1.51 (s, 6H). LC/MS (Method B): 514.3 (M+H), 512.3 (M-H).
HPLC (Method A) Rt 4.44 min (Purity: 99.2%).

Example 47: N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-

3-yllbenzyl)valine, hydrochloride salit.

tert-butyl N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}benzylvalinate was prepared following the general procedure 3 starting from intermediate 1
and intermediate 33 . It was hydrolyzed following general procedure 8, affording the title
compound as a white powder. 'H NMR: (DMSO-ds, 300 MHz) § 8.55 (brs, 1H), 8.50 (m, 1H),
8.07 (m, 1H), 7.96 (m, 2H), 7.68 (d, J=8.2 Hz, 2H), 7.37 (m, 2H), 7.29 (m, 1H), 7.17 (d, J=7.6
Hz, 1H), 4.30 (m, 2H), 3.90 (m, 1H), 2.41 (m, 1H), 2.02 (s, 3H), 1.08 (d, J=7 Hz, 3H), 097 (d,
J=6.8 Hz, 3H). LC/MS (Method B): 528.3 (M+H)", 526.4 (M-H)". HPLC (Method A) Rt 4.48 min
(Purity: 100%).

Example 48: N-(2-fluoro-4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-

3-yl}benzyl)-2-methylalanine, hydrochloride salt.

HNi
OH

o}
Tert-butyl N-(2-fluoro-4-{5-[2-methyl-2'-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}benzyl)-2-methylalaninate was prepared following the general procedure 3 starting from

-C



N/ Oit FFF 110' 2.63E-08 4.47E-09 6.00E-06 --- --- WD

2012/ 004287PCT/ EP2011/ 061372 152 S1 P1 Interna lization S1P1 Bi nding S1P3
Bi ndi ng Sy¥B8RoRimdisng S1P3 Bi ndi ng Ex No Formul a EC50 Ki PCWIEPe®3461set |
plate) Ki [M (384 well plate) Ki [M,496 well plate) Ki [M (96 well

intermediate 4 and intermediate 34. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) & 8.17 (brs, 1H), 8.06 (m,
2H), 8.01-7.89 (m, 3H), 7.79 (m, 1H), 7.68 (m, 1H), 7.72 (m, 2H), 4.27 (brs, 2H), 2.11 (s, 3H),
1.63 (s, 6H). LC/MS (Method B): 514.3 (M+H)", 512.4 (M-H)". HPLC (Method A) Rt 4.31 min

5  (Purity: 99.7%).

Example 49: N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-

3-yl}benzyl)-2-methylalanine, hydrochloride salt.
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10  Tert-butyl N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}benzyl)-2-methylalaninate was prepared following the general procedure 3 starting from

n

OH

intermediate 1 and intermediate 34. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) § 9.87 (m, 1H), 8.55 (brs,
1H), 8.50 (d, J=8.1 Hz, 1H), 8.07 (m, 1H), 7.99 (m, 2H), 7.68 (d, J= 8 Hz, 1H), 7.37 (m, 2H),

15  7.29 (m, 1H), 7.16 (m, 1H), 4.27 (brs, 2H), 2.02 (s, 3H), 1.63 (s, 6H). LC/MS (Method B): 514.4
(M+H)", 512.4 (M-H). HPLC (Method A) Rt 4.37 min (Purity: 100%).

Example 50: N-(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-

3-yl}benzyl)-N-methylalanine, hydrochloride salt.
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Tert-butyl N-(2-fluoro-4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}benzyl)-N-methylalaninate was prepared following the general procedure 3 starting from

20

intermediate 1 and intermediate 30 . It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 300 MHz) & 8.55 (brs, 1H), 8.51 (m,
25  1H), 8.09 (m, 1H), 7.99 (m, 2H), 7.68 (d, J=8.1 Hz, 1H), 7.37 (m, 2H), 7.29 (m, 1H), 7.17 (d, J=
7.5 Hz, 1H), 4.47 (m, 2H), 4.26 (brs, 1H), 2.75 (s, 3H), 2.02 (s, 3H), 1.59 (d, J=7.1 Hz, 3H).
LC/MS (Method B): 514.4 (M+H)", 512.4 (M-H)". HPLC (Method A) Rt 4.40 min (Purity: 100%).

Example 51: 2-((2-methoxy-1-(4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2.4-
30 oxadiazol-3-yl)phenyl)ethyl)(methyl)amino)acetic acid
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Step 1: tert-butyl N-[2-methoxy-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-
oxadiazol-3-yl}phenyl)ethyl]-N-methylglycinate

To a solution of Intermediate 35 (0.141 g; 0.42 mmol) and Intermediate 1 (0.129 mg; 0.46
mmol) in MeCN (2 mL) was added EDC (0.121 g; 0.63 mmol). The reaction mixture was stirred
at ambient temperature for 18 h. The reaction mixture was diluted with pyridine (2 mL) and
heated at 150 °C in the microwave for 30 minutes. The solvent was removed in vacuo and the
residue dissolved in DCM. The mixture was washed with water and the organic phase passed
through a hydrophobic frit. The solvent was evaporated in vacuo. The residue was purified by
flash chromatography on silica, eluting with iso-hexane/EtOAc (100%/0 to 4:1) to afford the title
compound. "H NMR (CDCls, 400MHz) § 8.63 (1 H, d, J = 1.2 Hz), 8.40 (1 H, dd, J = 8, 1.7 Hz),
8.17-8.15 (2 H, m), 7.55-7.53 (2 H, m), 7.48-7.46 (1 H, m), 7.34-7.16 (4 H, m), 4.11 (1 H, m),
3.74-3.68 (2H, m), 344 (1 H, J=17.2 Hz),3.33(3H,s),3.25 (1 H,d,J=17.2 Hz), 2.45 (3 H,
s), 2.07 (3 H,s), 1.47 (9 H, s).

Step 2: 2-((2-methoxy-1-(4-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
yl)phenyl)ethyl)(methyl)amino)acetic acid

To tert-butyl N-[2-methoxy-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycinate (0.078 g; 0.13 mmol) was added HCI solution in dioxane (4
M; 4 mL) and the reaction mixture stirred at ambient temperature for 18 hours and at 80 °C for 2
hour. The reaction mixture was allowed to cool and the solvent evaporated in vacuo. The
residue was triturated with ether and dried under vacuum. The solid was dissolved in DMSO-ds
and evaporated to afford the title compound as a colourless gum (0.055 g, 75%). 'H NMR:
(DMSO-de/D,0, 400MHz) 6 8.57 (1 H, s), 8.54-8.52 (1 H, d, J =8 Hz), 8.24 (2 H, d, J = 8 Hz),
7.79(2H,d,J=8Hz),7.69 (1H,d, J=8Hz), 7.40-7.37 (2H, m), 7.33-7.31 (1 H, m), 7.19 (1 H,
d,J=7.2Hz),4.78 (1 H, m), 4.13-4.10 (1 H, m), 3.97 (1 H, m), 3.87-3.83 (2 H, m), 3.36 (3 H, s),
2.75 (3 H, s), 2.03 (3 H, s). LC/MS (Method B): 526 (M+H)". HPLC (Method C) Rt 9.13 min
(Purity: 98.2 %).

Example 52: 2-(2-Hydroxy-1-(4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2.4-

oxadiazol-3-yl)phenyl)ethylamino)acetic acid
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Step 1: tertbutyl N-[2-hydroxy-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yi]-1,2,4-
oxadiazol-3-yl}phenyl)ethyl]glycinate
To a solution of Intermediate 36 (0.563 g; 1.27 mmol) and Intermediate 1 (0.391 mg; 1.40
5 mmol)in MeCN (3 mL) was added EDC (0.321 g; 1.67 mmol). The reaction mixture was stirred
at ambient temperature for 18 h. The reaction mixture was diluted with pyridine (2 mL) and
heated at 150 °C in the microwave for 30 minutes. The solvent was removed in vacuo and the
residue dissolved in DCM. The mixture was washed with water and the organic phase passed
through a hydrophobic frit. The solvent was evaporated in vacuo. The residue was purified by
10 flash chromatography on silica, eluting with iso-hexane/EtOAc (10:1), affording the title
compound. 'H NMR (CDCls, 400 MHz) § 8.63 (1 H, s), 8.41-8.39 (1 H, dd, J = 7.6, 1.2 Hz), 8.17
(2H,d, J=8.4 Hz), 7.54-7.46 (3 H, m), 7.34-7.15 (4 H, m), 3.90-3.88 (1 H, m), 3.74-3.65 (2 H,
m), 3.30 (1 H,d, J=17.2 Hz), 3.13 (1 H, d, J=17.2 Hz), 2.61 (1 H, br s), 2.07 (3 H, s), 1.46 (9
H, s), 0.91 (9 H, s), 0.06 (3 H, s), 0.05 (3 H, s).
15
Step 2: 2-(2-Hydroxy-1-(4-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
yl)phenyl)ethylamino)acetic acid
To tert-butyl N-[2-hydroxy-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]lglycinate (0.200 g; 0.13 mmol) was added HCI solution in dioxane (4 M; 4 mL)
20  and the reaction mixture stirred 80 °C for 1 hour. The reaction mixture was allowed to cool and
the solvent evaporated in vacuo. The residue was purified by preparative HPLC to afford the
titte compound. 'H NMR: (CDCls, 400 MHz) § 8.57 (1 H, d, J = 1.2 Hz), 8.54-8.52 (1 H, m), 8.14
(2H,d,J=8Hz), 770 (1 H,d, J=8Hz),7.63 (2 H, d, J=8.4 Hz), 7.44-7.38 (2 H, m), 7.34-
7.30 (1 H, m), 7.21-7.20 (1 H, m), 3.94-3.91 (1 H, m), 3.65-3.56 (1 H, m), 3.52-3.47 (1 H, m),
25 320 (1 H,d, J=16.8 Hz), 3.06 (1 H, d, J =16.8 Hz), 2.06 (3 H, s). LC/MS (Method B): 496
(M+H)". HPLC (Method D) Rt 3.04 min (Purity: 94.9 %).

Example 53: 1-((4-(5-(2-(methoxymethyl)-2'-methylbiphenyl-4-yl)-1,2,4-oxadiazol-3-

yl)benzyl)(methyl)amino)cyclopentanecarboxylic acid
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Step 1: (4-(5-(2-(methoxymethyl)-2"-methylbiphenyl-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)methanol
The title compound was prepared following the general procedure 5, starting from Intermediate
3 and Intermediate 37. It was isolated as a white solid. "H NMR: (CDCls, 400 MHz) 6 8.43 (1 H,

5 s),822-815(3H, m),7.53 (2 H,d, J=8.0Hz),7.36-7.24 (4 H, m), 7.13 (1 H, d, J = 7.4 Hz),
481 (2H,d, J=56Hz),4.23 (2H,d,J=18Hz),3.33(3H,s), 208 (3H,s), 1.80-1.75 (1 H,
m). LC/MS (Method B) 387 (M+H)". HPLC (Method E) Rt = 10.9 min (Purity: 96.7%).

Step 2: 4-(5-(2-(methoxymethyl)-2'-methylbiphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde

10  The title compound was prepared following the general procedure 6, starting from (4-(5-(2-
(methoxymethyl)-2'-methylbiphenyl-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)methanol (750 mg; 1.94
mmol), obtained in Step 1. It was isolated as a white solid (732 mg; 98%). "H NMR: (CDCls;, 400
MHz) & 10.12 (1 H, s), 8.45 (1 H, s), 840 (2 H,d, J=8.1 Hz), 8.19 (1 H, dd, J = 7.9, 1.9 Hz),
8.05(2H,d,J=82Hz), 7.37-7.23(4H, m), 713 (1 H,d, J=7.4 Hz), 4.27-4.18 (2 H, m), 3.34

15 (3 H,s),2.09 (3H,s). LC/MS (Method B) 385 (M+H)". HPLC (Method D) Rt = 4.71 min (Purity:
95.9%).

Step 3: 1-((4-(5-(2-(methoxymethyl)-2'-methylbiphenyl-4-yl)-1,2,4-oxadiazol-3-
yl)benzyl)(methyl)amino)cyclopentanecarboxylic acid

20 The title compound was prepared following general protocol 7, starting from 4-(5-(2-
(methoxymethyl)-2'-methylbiphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde (104 mg; 0.27
mmol), obtained in Step 2, and using 1-aminocyclopentanoic acid (65 mg; 0.50 mmol). It was
isolated as a white solid. "H NMR (DMSO-ds, 400 MHz) § 12.2 (1 H, br s), 8.35 (1 H,d, J= 1.8
Hz), 8.20 (1 H,dd, J=7.9, 1.9 Hz), 8.16-8.07 (2H, m), 7.59 (2 H,d, J=8Hz),745 (1 H,d, J=

25 8Hz),740-729 BH, m), 718 (1 H,d,J=74Hz),427 (1 H,d,J=12Hz),422 (1 H,d, J=
12 Hz), 3.76 (2 H, s), 3.28 (3 H, s), 2.26-2.21 (5 H, m), 2.07 (3 H, s), 1.79-1.76 (4 H, m), 1.69-
1.65 (2 H, m). LC/MS (Method B): 512 (M+H)". HPLC (Method D) Rt 2.81 min (Purity: 94.0%).

Example 54: (2S)-2-(4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2.4-oxadiazol-3-

30 vylbenzylamino)butanoic acid
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Step 1: (4-(5-(2-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1, 2, 4-oxadiazol-3-yl) phenyl)methanol
The title compound was prepared following the general procedure 5, starting from Intermediate
1 and Intermediate 37. The crude product was recrystallised from EtOAc and petrol to give the

5 title compound as a white solid. 'H NMR: (CDCls;, 400MHz) § 8.63 (1 H, s), 8.40 (1 H, d, J= 8.0
Hz), 8.20 (2 H,d, J=8.0Hz), 7.54 (2H,d, J=7.9Hz),7.47 (1 H,d, J=7.9 Hz), 7.38-7.21 (3 H,
m), 7.16 (1 H,d, J=7.5Hz), 481 (2 H, d, J =5.7 Hz), 2.14-1.94 (3 H, m). LC/MS (Method B):
411 (M+H)". HPLC (Method G) Rt = 4.50 min (Purity: 97.9%).

10  Step 2: 4-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde
The title compound was prepared following the general procedure 6, starting from (4-(5-(2'-
methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)methanol, obtained in Step
1. The crude product was triturated with a mixture of petrol/diethyl ether to give the title
compound as a white solid (5.72 g; 97%). "H NMR (CDCls, 300 MHz) 610.13 (1 H, s), 8.64 (1

15 H,s), 8.43-8.36 (3 H, m),8.06 (2H,d,J=8.0Hz),7.49 (1 H,d, J=8.0 Hz), 7.38-7.21 (3 H, m),
7.15(1H,d, J=7.6 Hz), 2.07 (3 H, s). LC/MS (Method B): 409 (M+H)". HPLC (Method G) Rt =
4.89 min (Purity: 95.7%).

Step 3: (2S)-2-(4-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
20  yl)benzylamino)butanoic acid
Sodium cyanoborohydride (34.7 mg; 0.55 mmol) was added to a solution of 4-(5-(2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde (205 mg; 0.50 mmol), obtained
in Step 2, and (S)-2-aminobutanoic acid (103 mg; 1.00 mmol) in a mixture of methanol (3 mL),
DCM (3 mL) and acetic acid (75 pl). The mixture was stirred at room temperature overnight and
25 the solvent was then removed in vacuo. The residue was purified by preparative HPLC to give
the title compound as a white solid. 'H NMR: (DMSO-ds, 400MHz) 6 8.58-8.52 (1 H, m), 8.53-
848 (1H,m),812(2H,d,J=8.0Hz),7.67 (1 H,d,J=79Hz),7.62(2H,d, J=8.0Hz),7.41-
7.35(2H,m),7.33-7.27 (1 H,m), 718 (1 H,d, J=7.5Hz),3.96 (1 H, d, J=14.1 Hz), 3.78 (1 H,
d, J=14.0 Hz), 3.07-3.00 (1 H, m), 2.03 (3 H, s), 1.69-1.58 (2 H, m), 0.94-0.88 (3 H, m). LC/MS
30 (Method B): 496 (M+H)". HPLC (Method D) Rt = 3.16 min (Purity: 99.6%).
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The examples shown in the table below were prepared by the same protocol as Example 54,

using the appropriate amino acid for each example:
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Example 69: (28S)-2-(methyl(4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-y|)-1,2,4-

oxadiazol-3-yl)benzyl)amino)butanoic acid

q
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/

5 Sodium cyanoborohydride (18 mg; 0.28 mmol) was added to a solution of 4-(5-(2'-methyl-2-

(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde (Example 54, step 2, 103 mg;
0.25 mmol) and (S)-2-aminobutanoic acid (52 mg; 0.50 mmol) in a mixture of methanol (3 mL),
DCM (3 mL) and acetic acid (38 ul). The mixture was stirred at room temperature overnight and
was filtered through a frit under positive pressure. To the filtrate was added formaldehyde (37%
10  aqueous solution; 204 mg, 2.51 mmol) followed by addition of AcOH until the pH was in the
range of 3-4 (240 mL). To the resulting mixture was added sodium cyanoborohydride (79 mg,
1.26 mmol), the mixture stirred for 16 hours, the solvent removed in vacuo and the residue
purified by reverse phase HPLC to give a white solid as the title compound. "H NMR (DMSO-ds,
400 MHz) 6 8.57-8.53 (1 H, m), 8.52-8.48 (1 H, m), 8.10 (2 H,d, J=8.0 Hz), 767 (1 H,d, J=
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7.9 Hz), 757 (2 H, d, J = 8.0 Hz), 7.40-7.35 (2 H, m), 7.32-7.27 (1 H, m), 7.18 (1 H, d, J= 7.5
Hz), 3.86 (1 H, d, J = 14.3 Hz), 3.72 (1 H, d, J = 14.3 Hz), 3.15 (1 H, t, J = 7.4 Hz), 2.24 (3 H, s),
2.03 (3 H, s), 1.76-1.60 (2 H, m), 0.95 (3 H, t, J = 7.3 Hz). LC/MS (Method B): 510 (M+H)".
HPLC (Method D) Rt 3.39 min (Purity: 99.8%).

The examples shown in the table below were prepared by the same protocol as Example 69,

using the appropriate amino acid for each example:

Ex Purity Mass Mass
Structure Purity | RT peak peak
No Method [M]+ [M]-
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Example 76: 3-Methoxy-2-{3-[5-(2'-methyl-2-trifluoromethyl-biphenyl-4-yl)-

[1,2.4]oxadiazol-3-yl]-benzylamino}-propionic acid
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Step 1: (3-(5-(2-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1, 2, 4-oxadiazol-3-yl) phenyl)methanol
The title compound was prepared following the general procedure 5, starting from Intermediate
1 and Intermediate 38 and was isolated as a white solid. "H NMR (CDCls, 400 MHz) 5 8.65-8.58
(2H, m), 840 (1 H,d,J=7.9Hz),822(1H,s),813(1H,d, J=7.3Hz), 7.60-7.50 (2 H, m),
747 (1H,d,J=79 Hz),7.37-7.20 (2H, m), 715 (1 H,d, J=7.5Hz),4.83 (2 H, d, J=4.2 Hz),
2.07 (3 H, s), 1.93-1.81 (1 H, m). LC/MS (Method B): 411 (M+H)". HPLC (Method G) Rt 4.54
min (Purity: 96.8%).

Step 2: 3-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde

The title compound was prepared following the general procedure 6, starting from (3-(5-(2'-
methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)methanol (452 mg; 1.10
mmol) and was isolated as a white solid (392 mg; 87%). "H NMR (CDCls, 400 MHz) 6 10.16 (1
H, s), 8.72-8.71 (1 H, m), 8.68-8.62 (1 H, m), 8.48 (1 H, dt, J=7.7, 1.4 Hz), 8.43-8.40 (1 H, m),
809 (1H,dt,J=7.7,14Hz), 773 (1 H,t, J=7.7Hz),7.49 (1 H,d, J=7.9 Hz), 7.35-7.24 (3 H,
m), 7.16 (1 H, d, J = 7.5 Hz), 2.07 (3 H, s). LC/MS (Method B): 409 (M+H)". HPLC (Method G)
Rt 4.68 min (Purity: 97.4%).

Step 3: 3-Methoxy-2-{3-[5-(2-methyl-2-trifluoromethyl-biphenyl-4-yl)-[1,2,4Joxadiazol-3-yl]-
benzylamino}-propionic acid

The title compound was prepared following the same protocol described for Example 54, step 3,
starting from 4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde
and O-methylserine. It was isolated as an off-white solid. LC/MS (Method B): 512 (M+H)". HPLC
(Method G) Rt 6.75 min (Purity: 97.3%).

The examples shown in the table below were prepared by the same protocol as Example 76,

using the appropriate amino acid or amino ester for each example:

Mas | Mas
Ex Purity Purity s s
No Structure Method (%) RT peak | peak

[M]+ | [M]-
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Example 83: 2-Methyl-2-(methyl-{3-[5-(2'-methyl-2-trifluoromethyl-biphenyl-4-yl)-

[1.2.4]oxadiazol-3-yl]-benzyl}-amino)-propionic acid
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5 The title example was prepared following the same protocol described for Example 69, starting

from 4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde and 2-
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methylalanine. It was isolated as an off-white solid. LC/MS (Method B): 508 (M-H)". 510 (M+H)".

HPLC (Method D) Rt 3.35 min (Purity: 99.8%).

The examples shown in the table below were prepared by the same protocol as Example 83,

5 using the appropriate amino acid or amino ester for each example:

Mas | Mas
Ex Purity | Purity s s
No Structure Method (%) RT peak | peak
[M]+ | [M]-
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Example 87: (R)-2-(Ethyl-{3-[5-(2'-methyl-2-trifluoromethyl-biphenyl-4-yl)-[1,2,4]oxadiazol-
3-yl]-benzyl}-amino)-3-hydroxy-propionic acid

Chiral

10
The title compound was prepared following the same protocol described for Example 69,

starting from 4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde,
acetaldehyde and D-serine. It was isolated as an off-white solid. LC/MS (Method B): 524 (M-H)".
526 (M+H)". HPLC (Method D) Rt 3.35 min (Purity: 99.0%).
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Example 88: 2-(Ethyl-{3-[5-(2'-methyl-2-trifluoromethyl-biphenyl-4-yl)-[1,2,4]oxadiazol-3-
yl]-benzyl}-amino)-2-methyl-propionic acid
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5 The title compound was prepared following the same protocol described for Example 87,
replacing D-serine with 2-methylalanine. It was isolated as a pale yellow oil. LC/MS (Method B):
522 (M-H). 524 (M+H)". HPLC (Method D) Rt 3.49 min (Purity: 99.1%)).

Example 89: (2S)-2-(ethyl(4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2.4-oxadiazol-
10  3-yl)benzyl)amino)propanoic acid
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The title compound was prepared following the same protocol described for Example 69, but

using acetaldehyde (134 mg; 3.06 mmol) and (S)-2-aminopropanoic acid (55 mg; 0.62 mmol). It
was isolated as a white solid. 'H NMR (DMSO-dg, 400 MHz) 6 8.56 (1 H, s),8.52 (1 H,d, J=8.0
15 Hz),811(2H,d,J=79Hz),7.68(1H,d,J=7.9Hz),7.63 (2H,d, J=8.0 Hz), 7.44-7.37 (2 H,
m), 7.34-7.29 (1 H, m), 720 (1 H,d, J=75Hz),3.92 (1 H,d, J=15.0 Hz),3.79 (1 H,d, J =
15.1 Hz), 3.55-3.44 (1 H, m), 2.72-2.57 (2 H, m), 2.05 (3 H, s), 1.26 (3 H, d, J = 7.0 Hz), 1.06-
0.97 (3H,t, J=7.0 Hz). LC/MS (Method B): 510 (M+H)". HPLC (Method D) Rt 3.38 min (Purity:
98.6%).
20
Example 90: (R)-2-(Ethyl-{4-[5-(2'-methyl-2-trifluoromethyl-biphenyl-4-yl)-[1,2,4]oxadiazol-

3-yl]-benzyl}-amino)-propionic acid

Chiral
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The title compound was prepared following the same protocol described for Example 89,
replacing (S)-2-aminopropanoic acid with D-alanine. It was isolated as a colorless oil. LC/MS
(Method B): 508 (M-H)". 510 (M+H)". HPLC (Method D) Rt = 3.39 min (Purity: 99.08%).

5 Example 91: (2S)-3-methyl-2-(4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-

oxadiazol-3-yl)phenethylamino)butanoic acid
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Step 1: (4-(5-(2-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)ethanol
The title compound was prepared following the general procedure 5, starting from Intermediate

10 1 and Intermediate 39. It was isolated as a white solid. '"H NMR (CDCls, 400 MHz) & 8.63 (1 H,
s), 840 (1 H,dd, J=8.0,1.7 Hz),815(2H,d, J=8.1Hz), 747 (1 H,d, J=8.0 Hz), 7.41 (2 H,
d,J=8.0Hz),7.39-722 (3H, m), 715 (1 H,d, J=7.6 Hz),3.94 (2 H,s),297 2H,t, J=6.5
Hz), 2.06 (3 H, s), 1.44 (1 H, s). LC/MS (Method B): 425 (M+H)". HPLC (Method G) Rt 4.31 min
(Purity: 99.3%).

15
Step 2: (2S)-tert-butyl  3-methyl-2-(4-(5-(2-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-
oxadiazol-3-yl)phenethylamino)butanoate
To (4-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)ethanol (84 mg;
0.2 mmol) in DCM (2 mL) was added DIEA (71 pL; 0.4 mmol) and mesyl chloride (17 uL; 0.22
20  mmol), at 0 °C. The resulting mixture was stirred at 0 ‘C for 10 minutes, allowed to warm to RT
and stirred for 2 hours. The mixture was diluted with DCM (20 mL) and saturated aqueous
NaHCO; solution was added. The aqueous layer was extracted with DCM (3x20 mL), the
combined organic fractions were dried (MgSQ,), filtered and the solvent removed in vacuo. The
crude residue was all used in the next step without further purification. It was dissolved in
25 dioxan (2 mL). Potassium carbonate (165 mg, 1.2 mmol) and (S)-fert-butyl 2-amino-3-
methylbutanoate (104 mg; 0.60 mmol) were added. The mixture was heated at 130°C for 72
hours, diluted with DCM (5 mL) and water (5 mL). The aqueous layer was extracted with DCM
(3x20 mL), the combined organic fractions were dried (MgSOQ,), filtered and the solvent
removed in vacuo. The residue was purified by flash chromatography eluting with petrol
30 containing increasing amounts of EtOAc to give the title compound as a colourless gum (86 mg;
72%). "H NMR (CDCl3, 400 MHz) 6 8.63 (1 H, s), 8.39 (1 H, dd, J=8.0,1.7 Hz),8.12 (2 H, d, J
=8.1Hz),747 (1 H,d, J=8.0Hz),7.43-7.21 (6 H, m),7.16 (1 H,d, J=7.6 Hz), 2.99-2.68 (5 H,
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m), 2.07 (3 H, s), 1.94-1.79 (1 H, m), 1.46 (9 H, s), 0.94 (6 H, dd, J = 6.8, 3.7 Hz). LC/MS
(Method B): 580 (M+H)". HPLC (Method D) Rt 3.7 min (Purity: 94.9%).

Step 3: (28 )-3-methyl-2-(4-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
5  yl)phenethylamino)butanoic acid
To (25)-tert-butyl 3-methyl-2-(4-(5-(2"-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
yl)phenethylamino)butanoate (86 mg; 0.15 mmol) was added 4M HCI in dioxan and the mixture
was heated in a tube at 70°C for 3 hours. The solvent was then removed in vacuo and the
residue was purified by preparative HPLC to give the title compound as a white solid. "H NMR
10 (DMSO-dg, 400 MHz) 6 8.56 (1 H, s), 8.50 (1 H,d, J=8.1 Hz),8.08 2 H, d, J=7.8 Hz), 7.65 (1
H,d,J=81Hz),751(2H,d, J=8.0Hz), 7.40-7.38 (2 H, m), 7.31 (1 H, td, J =7.0, 2.3 Hz),
718 (1 H,d, J=7.6 Hz), 3.09-2.80 (5 H, m), 2.16 (3 H, s), 1.99-1.90 (1 H, m), 0.96 (6 H, dd, J =
6.8, 2.1 Hz). LC/MS (Method B): 524 (M+H)". HPLC (Method H) Rt 9.20 min (Purity: 97.7%).

15 The examples shown in the table below were prepared by the same protocol as Example 91,

using the appropriate amino acid or amino ester for each example:

Mas | Mas
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Example 94: (2S)-2-(3-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
20 ylphenethylamino)propanoic acid
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Step 1: (3-(5-(2-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1, 2, 4-oxadiazol-3-yl)phenyl)ethanol
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The title compound was prepared following the general procedure 5, starting from Intermediate

1 and Intermediate 40 and was isolated as a white solid (1.03 g, 80%). '"H NMR (CDCls, 400

MHz) 3 8.66 (s, 1H), 8.42 (dd, J = 8.0, 1.7 Hz, 1H), 8.11-8.08 (m, 2H), 7.54-7.21 (m, 6H), 7.17

(d, d =7.7 Hz, 1H), 3.98 (dd, J = 12.1, 6.0 Hz, 2H), 3.02 (t, J = 6.5 Hz, 2H), 2.08 (s, 3H), 1.50-
5 1.43 (m, 1H). LC/MS (Method B): 425 (M+H)". HPLC (Method G) Rt 4.30 min (Purity: 95.8%).

Step 2: (2S)-2-(3-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
yl)phenethylamino)propanoic acid
The title compound was prepared following the protocol used for Example 91, Steps 2 and 3,
10  but (3-(5-(2'-methyl-2-(trifluoromethyl)biphenyl-4-yl)-1,2,4-oxadiazol-3-
yhphenyl)ethanol (84 mg, 0.2 mmol) and (S)-tert-butyl 2-aminopropanoate (87 mg, 0.6 mmol). It
was isolated as a white solid (133 mg, 96%). "H NMR: (DMSO-ds, 400 MHZz) & 8.57 (s, 1H), 8.53
(d, J = 8.1 Hz, 1H), 8.07-8.03 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.65-7.53 (m, 2H), 7.44-7.37 (m,
2H), 7.33 (d, J = 4.0, 2.1 Hz, 1H), 7.20 (d, J = 7.6 Hz, 1H), 3.31 (q, J = 7.2 Hz, 2H), 3.18-3.02
15 (m, 3H), 2.06 (s, 3H), 1.33 (d, J = 7.0 Hz, 3H). LC/MS (Method B): 496 (M+H)". HPLC (Method
G) Rt 3.24 min (Purity: 99.1%).

starting from

The examples shown in the table below were prepared by the same protocol as Example 94,

using the appropriate amino acid or amino ester for each example:

20
Mas | Mas
Ex Purity | Purity s s
No Structure Method (%) RT peak | peak
[M]+ | [M]-
o) Chiral
o)
“&L Method
95 O . @ o 99.9 | 2.79 | 496 | 494
b
o Chiral
HjOH Method
96 O I eFO 935 | 9.07 | 524 | 522
N
=

Example 97: N-[(1R)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycine, hydrochloride salt
Chiral
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tert-butyl N-[(1R)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2 4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycinate was prepared following the general procedure 3 starting from
intermediate 24 and intermediate 3. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-dg, 400 MHz) & 8.31(s, 1H), 8.20-8.14
(m,3H)7.81(d, J=8.2Hz,2H),7.42 (d, J=7.9 Hz, 1H), 7.35 (d, J = 3.8 Hz, 2H), 7.29 (q, J =
5.5Hz,2H), 713 (d, J=7.0 Hz, 1H),4.72 (d, J= 6.4 Hz, 1H), 4.17 (dd, J=12.7 Hz, 2H ), 4.00-
3.92 (m, 2H), 3.24 (s, 3H), 2.75 (s, 3H), 2.02 (s, 3H ), 1.68 (d, J = 6.7 Hz, 3 H). LC/MS (Method
A): 472.3 (M+H)", 526.3 (M-H)". HPLC (Method A) Rt 4.62 min (Purity: 97.8%).

Example 98: N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2.4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycine, hydrochloride salt

Spruiend

/O

tert-butyl N-[(1S)-1-(4-{5-[2-(methoxymethyl)-2'-methylbiphenyl-4-yl]-1,2,4-oxadiazol-3-
yl}phenyl)ethyl]-N-methylglycinate was prepared following the general procedure 3 starting from
intermediate 23 and intermediate 3. It was hydrolyzed following general procedure 8, affording
the title compound as a white powder. '"H NMR: (DMSO-ds, 400 MHz) & 8.31(s, 1H), 8.21-8.15
(m, 3H), 7.81(d, J=8.2 Hz, 2H), 7.42 (d, J=7.9 Hz, 1H), 7.35 (d, J = 4.1 Hz, 2H), 7.30-26 (m,
1H), 7.13 (d, J = 7.2Hz, 1H), 4.72 (d, J = 5.9 Hz, 1H), 4.23-4.14 (dd, J = 12.7 Hz, 2H), 3.97-3.96
(m, 2H), 3.24 (s, 3H), 2.75 (s, 3H), 2.02(s, 3H), 1.68 (d, J = 6.8 Hz, 3 H). LC/MS (Method A):
472.3 (M+H)", 526.3 (M-H). HPLC (Method A) Rt 4.64 min (Purity: 98.8%).

Example 99 and Example 100: N-[(1S)-2-hydroxy-1-(4-{5-[2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alanine, hydrochloride
salt and N-[(1R)-2-hydroxy-1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-
oxadiazol-3-yl}phenyl)ethyl]-D-alanine, hydrochloride salt

Oo— Chiral o—

N N
X ) H . N \ H
. :3 >\OH O F \/l\
e OH
Fg Ho o © Fe Ho  ©

Step 1: tert-butyl N-[2-{[tert-butyl(dimethyl)silylJoxy}-1-(4-{5-[2"-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate

Chiral
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To a solution of Intermediate 46 (2 g, 0.0045 mol) in DMF (30 ml) were added Intermediate 1
(1.54 g, 0.0054 mol), triethylamine (2.5 ml, 0.018 mol) and TsP (3.57 g, 0.0112 mol) at RT. The
reaction mixture was heated at 70°C for 15 h. The reaction mixture was concentrated under
reduced pressure. The residue was dissolved with ethyl acetate, washed with water and 10%
NaHCO; solution, dried over Na,SO,4 and evaporated to afford (1.2 g, 38%) of the title
compound as brown oil. This crude material was taken for next step without purification. LC/MS
(Method A): 682.3 (M+H)". HPLC (Method A) Rt 7.1 min (Purity: 70.3%).

Step 2: N-[(1S)-2-hydroxy-1-(4-{5-[2"-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-
yliphenyl)ethyl]-D-alanine, hydrochloride salt and N-[(1R)-2-hydroxy-1-(4-{5-[2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alanine, hydrochloride salt

A solution of tert-butyl N-[2-{[tert-butyl(dimethyl)silylJoxy}-1-(4-{5-[2'-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate (1.2 g, 0.0017 mol)
in THF (25 ml) was added TBAF (50 mg, 0.1 eq) at RT. The reaction mixture was stirred at RT
for 30 min and quenched with water, extracted with ethyl acetate and concentrated under
reduced pressure. The crude material was purified by column chromatography using chloroform
and methanol (90:10) as an eluent to afford tert-butyl N-[2-hydroxy-1-(4-{5-[2"-methyl-2-
(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-yl}phenyl)ethyl]-D-alaninate as brown oil, as
mixture of two diastereomers (0.7 g, 77%). The two diastereomers were separated by
chromatography (SFC on Chiralpak ADH, 20% Co-solvent: 0.5% DEA in Ethanol, Total Flow: 3
ml/min), with the first eluting isomer Rt at 4.06 min and the second eluting isomer Rt at 5.25

min.

Each diastereomer was dissolved in HCl 4 M in Dioxane (4 ml). The resulting mixture was
stirred at RT for 10 h then heated at 80°C for 2h. It was then concentrated under reduced
pressure. The crude material was purified by preparative-HPLC, with water/acetonitrile as

eluents, affording the title compounds as off-white solid.

First eluting diastereomer, after hydrolysis: 50 mg, 43%

'H NMR: (DMSO-ds, 400 MHz) & 8.51 (s, 1H), 8.50-8.45 (d, J = 7.9 Hz, 1H), 8.12-8.08 (d, J =
8.2 Hz, 2H), 7.66-7.58 (m, 3H), 7.38-7.33 (m, 2H), 7.30-7.24 (m, 1H), 7.17-7.13 (d, J= 7.9 Hz,
1H), 4.92-4.88 (m, 1H), 3.28-3.24 (m, 1H), 3.03-2.97 (m, 1H), 2.90-2.80 (m, 1H), 2.00 (s, 3H),
1.30-1.26 (d, J = 7.2 Hz, 3H). LC/MS (Method A): 512.3 (M+H)". HPLC (Method A) Rt 4.83 min
(Purity: 99.2%).

Second eluting diastereomer, after hydrolysis: 50 mg, 43%
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'H NMR: (DMSO-ds, 400 MHz) & 8.51 (s, 1H), 8.50-8.45 (d, J = 7.9 Hz, 1H), 8.12-8.08 (d, J =
8.2 Hz, 2H), 7.66-7.58 (m, 3H), 7.38-7.33 (m, 2H), 7.30-7.24 (m, 1H), 7.17-7.13 (d, J= 7.9 Hz,
1H), 4.97-4.94 (m, 1H), 3.37-3.33 (m, 1H), 3.08-3.03 (m, 1H), 2.95-2.80 (m, 1H), 2.01 (s, 3H),
1.31-1.27 (d, J = 7.2 Hz, 3H). LC/MS (Method A): 512.3 (M+H)". HPLC (Method A) Rt 4.90 min
(Purity: 99.4%).

Example 101: 1-[methyl(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2,4-oxadiazol-3-

yl}benzyhnitroryllcyclopentanecarboxylic acid

I 050

-
O-N

FF
The title compound was prepared according to the general procedure 12, starting from Example
53 (95.7 mg; 0.18 mmol). After evaporation of the solvents, the crude mixture was triturate in
DMSO/MeCN 1:1 mixture (2 mL), filtrated and washed with MeCN, affording the title compound
as white solid (69.50 mg; 70.5 %). '"H NMR: (CDCls, 300 MHz) & 8.65 (br d, J = 1.4 Hz, 1H),
8.43 (brdd, J = 1.4, 8.0 Hz, 1H), 8.35-8.28 (m, 2H), 7.78-7.70 (m, 2H), 7.51 (d, J = 8.0 Hz, 1H),
7.41-7.23 (m, 3H), 7.17 (brd, J = 7.6 Hz, 1H), 4.97 (brd, J = 12.6 Hz, 1H), 4.48 (brd, J=12.6
Hz, 1H), 3.06 (s, 3H), 2.96-2.70 (m, 1H), 2.70-2.32 (m, 2H), 2.20-1.66 (m, 5H), 2.08 (s, 3H).
LC/MS (Method A): 552.5 (M+H)". 550.5 (M+H)". HPLC (Method A) Rt 5.15 min (Purity: 98.4%).

Example 102: 2-[(2-fluoro-4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-
3-yl}benzyl)(methyhnitroryl]propanoic acid

S0 O

Example 50 (100 mg; 0.18 mmol) was dissolved in EtOAc, washed with NaHCOj; sat solution.

Glacial acetic acid (1 mL) was added and the resulting solution was washed with water and
brine. It was dried over MgSOQy, filtrated and evaporated. General procedure 12 was then
followed, starting with Example 50 as parent (92.4 mg; 0.18 mmol). After evaporation of the
solvents, the crude mixture was dissolved in 1:1 mixture of DMSO/MeCN (1 mL) and was
purified by MD-autoprep. The title compound was isolated as white solid as 47:53
diastereomeric mixture (LC/MS Method A). '"H NMR: (CDCls, 300 MHz) & 8.64 (brd, J = 1.5 Hz,
1H), 8.42 (br dd, J = 1.5, 8.0 Hz, 1H), 8.18-8.12 (m, 1H), 8.10-8.03 (m, 1H), 7.99-7.84 (m, 1H),
7.51 (d, J = 8.1 Hz, 1H), 7.41-7.23 (m, 3H), 7.16 (br d, J = 7.4 Hz, 1H), 4.87 and 4.81 (2 br s,
2H), 4.47-4.31 and 4.24-4.07 (2 m, 1H), 3.28 and 3.19 (2 s, 3H), 2.08 (s, 3H), 1.92 and 1.80 (2

[M
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d, J = 6.9 Hz, 3H). LC/MS (Method A): 2 pairs of diastereomers at Rt 1.87 min (47%) and 1.94
min (53%): 530.4 (M+H)". HPLC (Method A) Rt 4.84 min (Purity: 94.1%).

Example 103: {methyl[1-(4-{5-[2'-methyl-2-(trifluoromethyl)biphenyl-4-yl]-1,2.4-oxadiazol-
3-yl}phenyl)ethyl]nitroryl}acetic acid

oY
O Nﬂ( ,
N+O
el
F Ho ©
Example 40 (50 mg; 0.09 mmol) was dissolved in EtOAc, washed with NaHCO3 sat solution.
Glacial acetic acid (1 mL) was added and the resulting solution was washed with water and
brine. It was dried over MgSOQy, filtrated and evaporated. General procedure 12 was then
followed, starting with Example 40 as parent (44.6 mg; 0.09 mmol). After evaporation of the
solvents, the crude mixture was dissolved in 1:1 mixture of DMSO/MeCN (1 mL) and was
purified by MD-autoprep. The title compound was isolated as white solid as 22:78
diastereomeric mixture (LC/MS Method A). '"H NMR: (CDCls, 300 MHz) § 8.68-8.61 (m, 1H),
8.50-8.08 (m, 3H), 7.84-7.56 (m, 2H), 7.55-7.45 (m, 1H), 7.42-7.22 (m, 3H), 7.17 (brd, J = 6.7
Hz, 1H), 5.47-5.27 (m, 1H), 4.80 (br d, J = 14.2 Hz, 1H), 4.62 (br d, J = 14.2 Hz, 1H), 3.90 and
3.48 (2 s, 3H), 2.08 (s, 3H), 2.02-1.88 (m, 3H). LC/MS (Method A): 2 pairs of diastereomers at
Rt 1.87 min (22%) and 1.94 min (78%): 512.5 (M+H)". HPLC (Method A) Rt 5.15 min (Purity:
98.4%).

Example 104: in vitro assays

Membranes Preparation: Membranes were prepared from CHO cells expressing S1P1 or S1P3
for use in ligand binding studies. Cells were suspended in 50 mM TRIS, pH 7.4, 2 mM EDTA,
250 mM Sucrose (buffer A) and 1x Complete protease inhibitor cocktail (Roche), and disrupted

at 4°C by N2 decompression using a cell disruption bomb (Parr Instrument). Following
centrifugation at 1000 RPM for 10 min at 4°C, the supernatant was diluted (2x) in buffer A and
centrifuged again at 19000 RPM for 75 min at 4°C. The pellet was then suspended in 10 mM
HEPES, pH 7.4, 1 mM EDTA, 250 mM Sucrose (Buffer B), and 1x Complete EDTA-free
protease inhibitor cocktail and homogenized using a potter. Membranes were flash frozen in
liquid N, and stored at —80°C.

Receptor binding assay: [33P]sphingosine 1-phosphate (3000 Ci/mmol; American Radiolabeled

Chemicals, Inc.) was added to test compounds in 20% DMSO by competition. Membranes and
WGA SPA beads (GE Healthcare) were added to give a final volume of 100 pl in 96-well plates
or 50 plin 384-well plates with assay concentrations of 30 pM or 15 pM [33P]sphingosine 1-
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phosphate (respectively for S1P1 or S1P3), 50 mM HEPES, pH 7.5, 5 mM MgCI2, 100 mM

NaCl, 0.4% fatty acid-free BSA, 1-5 ug/well of proteins in 96-well plates vs 0.6-1 ug/well of
proteins in 384-well plates and 100 pg/well of WGA SPA beads in 96-well plates vs 75 ug/well
of WGA SPA beads in 384-well plates. Binding was performed for 60 min at RT on a shaker and
5  bound radioactivity was measured on a PerkinElmer 1450 MicroBeta counter. Triplicate
samples were averaged and normalized as purcentage of inhibition relative to total binding (only
DMSO in well) and non specific bidning (1000-fold excess of unlabeled S1P). Binding data were

analyzed using the GraphPad Prism program or Genedata software.

10 Cellular functional assavys: Internalization of Sphingosine-1-phosphate receptor 1 (S1P4)in a

human Cell line (U20S) in a 384-well format using a Cell Imaging analysis.

Jo, E.; Sanna, M. G.; Gonzalez-Cabrera, P. J.; Thangada, S.; Tigyi, S.; Osborne, D. A.; Hla, T.;

Parrill, A. L.; Rosen, H. Chem. Biol. 2005, 12, 703

The S1P, internalization assay was performed in 384 well plates (Corming® 384 black with clear
15  bottom 3712) using S1P+-U20S cells from Biolmage (C039A), a human epithelial cell line

(Human Bone Osteosarcoma Epithelial Cells). These cells expressed the human S1P4 Receptor

fused to the green fluorescent protein (EGFP). A standard CMV promoter (cytomegalovirus
promoter) controls the expression of STP1-EGFP and continuous expression was maintained
by addition of geneticin to the culture medium.

20  S1P4Receptor desensitization induced the internalization of the membrane-localized S1P4-
EGFP fusion protein to endosomes, which can be monitored by cell imaging analysis.

The cells are plated in low serum medium (Dulbecco's Modified Eagle Medium (DMEM) with
Glutamax-1 and high glucose, 1% Penicillin/Streptomycin, 1% Fetal Calf Serum (FCS), 0.5
mg/ml Geneticin) overnight.

25  The next day, S1P+-U20S cells are incubated in 20 yl serum free medium (DMEM with
Glutamax-1 and high glucose, 0.1% of fatty-acid free Bovin Serum Albumin (BSA), 10 mM, N’-
2-Hydroxyethylpiperazine-N’-2 ethanesulphonic acid (HEPES) 1M) for 2 hours at 37°C/5%CO,.
The cells are then treated with 4 pyl compounds/agonists (6x/3%DMSOQO) for a total volume of 24
ul, and plates are incubated for 1 hour at 37°C/5%CO..

30 S1P4-U20S cells are fixed with 25 ul Paraformaldehyde 8% and stained with Hoechst 33345
dye (1:1000) for 20 minutes.

They were then washed 3 times with Phosphate Buffered Saline (PBS) and plates are sealed.
The internalization of the receptor S1P-EGFP is measured on Cellomics by calculating the
“spot count per object” (“object” corresponds to nuclear and “spot” corresponds to S1P,-EGFP

35 receptor). Internalization data were observed thanks to vHCS View and analyzed using

Genedata® software.
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The compounds of formula (1) have utility as immunoregulatory agents as demonstrated by their
activity as potent agonists of the S4P4 receptor, as measured in the assays described above. Ki
of the compounds of formula (I) and subformulae for S4P; is below 0.1 uM. Prefered compounds
of formula (I) exhibit an Ki for S1P1 receptor below 0.01 uM. More preferred compounds of

5  Formula (I) exhibit Ki for S1P4 below 0.001uM. Compounds of formula (1) exhibit a selectivity for
the S1P4 receptor over the S1P3 receptor as measured by the ratio of Ki for the S4P¢ receptor to
the Ki for the S4P3 receptor as evaluated in the binding assay described above. The ratio of Ki
S1P+ to Ki S$4P3 is more than 20, preferably more than 50, more preferably more than 100 and
even more preferably more than 1000.

10

The “potency” or the “activity” of the compounds is determined by the Ki values as evaluated in
one of the above described binding assay, 96 or 384 well plates. The lowest Ki values

characterize the most potent or active compounds, according to the present invention.

15  The following results have been obtained:

ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
1 4.33E-08 2.81E-09| 1.77E-06| --- -
2 1.03£-08 | 14260972995 | 2.800-10| —
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DY,
<
F
pﬁ 3
OH
= u{(
O__N
12 2.89E-08 2.58E-09| 6.43E-07| --- -
DY,
F
S]
OH
0=
\?L(
F
N=(
13 o N 2.83E-07 5.23E-09| 1.53E-06| - -
-
L
O




(96 wel |

plate) Ki

[M (96 well

1. 51E-08 1. 07E-09 2.67E-07 ---

plate) 79 (I

HO NH NI't 40 40

-N 01 FF

3.320E-08 80 OH 0 NH 11 N /N 100 1101

1. 22E- 09 WOoL8B/0@283. 51E-08 --- --- 81 HO,---0 N- 4. N PRTA®281/061372
146
ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
L
" oH
14 8.62E-08 | 4.78E-09 |7 20005 |
OH
N
15 8.93E-08 1.98E-09| 5.68E-07| --- -
F
16 8.43E-09 1.23E-09| 7.20E-07 | --- -—-




4. 95E-08 1.72E-09 1. 72E-07 ---
1.01E-09 1.17E-07 ---

82 HO -0 NH ft"
WO 2012/ 004287PCT/ EP2011/ 061372 164

N 400, 111 2. 51E-08

S1 P1

| nt er na Iweabizm4B1P1 Bi ndi ng S1P3 Bi ndi ng S1P1 Bi ndi ng PEIR®2@i100di3ny Ex No
Formula EC50 Ki [M (384 well plate) Kz [M

ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
o}
s
OH
N=
O__N
17 2.10E-08 2.01E-09| 2.25E-06| --- -—
DY
F
O
P
Nooo
- OH
E\Ii
O__N
18 1.16E-07 1.03E-08| 3.65E-06| --- -—
DY
s
N
A~
~ OH
/Ni
(0] /N
19 4 56E-08 3.98E-09| 2.56E-06| - -—
D,
F
0
H
Noo
V7
OH
N=
O__N
20 7.57E-09 1.63E-09| 2.27E-06| 8.670E-10| 6.830E-06
D,
F
<l




(384 wel |

pl ate) Ki
6 1111 7.55E-08 3.56E-09 ---
4. 25E- 09 wWO-2012/004287- 85 101 101 0 HON

[M (96 well

plate) Ki

[M (96 well
--- 84 HOHOfik N,-,NO -
N O F 4. 79E- 08 PCT/EP2011/061372

plate) 83 o HO N\ N
1F FF 8. 46E-08

148
ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
H//O
OH
N=
O__N
21 1.12E-08 219E-09| 1.21E-06| --- -
DY
sl
N
H//O
OH
/Ni
22 6.51E-09 1.72E-09| 4.70E-07| 4.140E-10| 5.980E-07
BN,
F
9]
HOKO
HN
N=—
23 O//N 2.13E-08 1.71E-09| 7.05E-06| --- -
FE
aS




5.26E-09 7.93E-07 --- --- 86 le F O HON 4. NO O 3.97E-08 5.88E-09 5.55E-07
WO 2012/ 004287PCT/ EP2011/ 061372 165

S1P1 Interna lization S1P1

Bi ndi ng S¥B20Rimdisng S1P1 Bi ndi ng S1P3 Bi ndi ng Ex No FoPoWER2ECH613K [ M

(384 wel |

plate) Ki

[M (384 well

149
Irlstlt):a S1P1 $1P3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
Hoj//o
N
24 o _n 8.94E-08 | 4.29E-09 | -
FF
e
HN
N\¥©/k > 2.000E-
/ .
25 o _n 281E-08 | 259E-09 |
e
e
Ho—°
N
26 SN 2.16E-08 | 2.24E-09| 1.65E-06| -
L
sl




plate) Ki [M (96 well plate) Ki [M (96 well plate) 87 o NOH OH 40 M\ N
0 1110 IPF F 2.49E-08 2. 29E-09 4.68E-07 --- --- 88 0 NN--/-\ HO N\ N 6
LT 11 Wwo2e2/08282. 85E-09 --- --- --- 89 OH H 1\1, S PRNT@P2011/061372
150
mtema | SP1 | St | StP1 | S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex (384 well | (384 well (96 well (96 well
No Formula EC50 plate) plate) plate) plate)
Hoﬁ
HN
27 o/NjN 7.84E-09 | 221E-09| 1.33E-06| —
L
s}
O _N - \g
o  TOH
28 O 5.17E-06 1.38E-08 -— -—-
FF
s
N \{Q%N
O/ —~N - i
o  TOH
29 O 4.60E-08 5.95E-10| 5.84E-08| --- -—
F
sl
HO
W o
N=
O __N
30 O 4.10E-07 1.43E-08 | - -—- -—-
F F
49




\ \-

7.92E-09 2.48E-09 9.48E-07 ---

Ex No Fornul a

F\/ 3.22E-08 2.56E-09 2. 03E-06 ---

90 CHH O

1 NN-0/\ #41
WD 2012/ 004287PCT/ EP2011/ 061372 166
S1 P1 | ntworaiddozmti on S1P1 Bi ndi ng S1P3 Bi ndi ng S1P1 Bipnainrgo1$0&378i ndi ng

151
ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
ﬁx Formula EC50 (384 well | (384 well (96 well (96 well
o plate) plate) plate) plate)
F
~
N
A
N= OH
O _N
31 3.66E-08 5.32E-09| 2.54E-06| —- -—
BV,
<l
N _~__OH
Hoo
o}
N=—
/
O __N
32 7.58E-09 1.69E-09 | 4.33E-07| --- -—
33 9.10E-08 5.77E-09 | —- - -—
34 2.63E-08 4.47E-09| 6.00E-06| --- -—




EC50 Ki

Ki [M (96 well

[M (384 well

pl ate) Ki

plate) 91 HO NH

[M (384 well

pl ate) Ki

[M (96 well
NillO 1F F 3.45E-08 8. 12E-09 7. 36E-06 ---
92 HOVR-2012464287 NNN O 111 110 2. 95E-08 6. 94E- 09 1. 2#ETOB20HA6E72 93 HO

pl at e)

----0 \H 152
ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
‘ O
NQLOH
35 2. 11E-07 6.14E-09 | —- - -
36 NN 3.36E-08 2.55E-09| 7.93E-07| --- -—
/
L
OH
37 1.51E-08 1.44E-09| 3.40E-06| --- -—
38 7.79E-08 2.84E-09| 1.43E-06| --- -




. N\ NOG6 Il 2.86E-08 1.22E-08 4.67E-06 --- --- WO

2012/ 004287PCT/ EP2011/ 061372 167 S1 P1 Interna lization S1P1 Bi nding S1P3
Bi ndi ng Sy¥B8RoRimdisng S1P3 Bi ndi ng Ex No Formul a EC50 Ki PCWIEPe®3461set |
plate) Ki [M (384 well plate) Ki [M44396 well plate) Ki [M (96 well

pl at e)

ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
)\{OH
{dN |
\ o
N—
/
O__N
39 2.09E-08 4.34E-09| 3.18E-06| --- -
40 1.78E-08 217E-09| 5.32E-07| --- -
41 1.28E-08 4.88E-09| 8.72E-06| --- -—
42 7.17E-09 1.02E-09| 1.06E-07| --- -—




94 OH HN 40 N 1_f0 rF]

F'F 2.91E-09 1.01E-09 7.40E-08 1.850E-10 ---

95 OH

0O ...... HN 1111 40 4.25E-09 8.46E-10 1. 12E-07 2.150E-10 --- 96 OH 0-(
HN N NwoQoioi283. 73E-09 5. 33E-10 1. 78E-07 --- --- \WECT/EP2011/061372
2012/ 004287PCT/ EP2011/ 061372 168 154
mtema | (STPT | S1P3 | StIP1 | S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex (384 well | (384 well (96 well (96 well
No Formula EC50 plate) plate) plate) plate)
43 2.41E-08 2.32E-09| 8.40E-07| 6.300E-10| 3.150E-06
44 6.29E-09 1.58E-09 | 8.69E-07 | --- -—
F [ o
{ OH
OH
45 17 N\ 3.08E-08 2.68E-09| 4.36E-07| --- -
Sl
T
F©F
F Hi
N
o~ “OH
46 N/ N 9.34E-09 7.94E-10| 9.55E-08| -—- -—
e
DF
F™OF
F § o
V4
OH
47 7 Y 3.91E-08 4.26E-09| 1.95E-05| --- -
[
By
N




S1 P1 Interna lization S1P1 Binding S1P3 Binding S1P1 Bi ndi ng S1P3 Bi ndi ng
Ex No Fornmula EC50 Ki [M (384 well plate) Ki [M (384 well plate) Ki [M
(96 wel | wbabeyookis7[M (96 well plate) 97 1011 N ---/- @drigP2N10613§2-0 \ - --

\-o\ --- --- --- 7.800E-10 4. 800E-07 155
Irlstlt):a S1P1 S1P3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
F
\[/@A %(OH
N
H
N (e}
o
—N
48 238E-08 | 4.68E-09 352'000'5'
49 1.38E-08 | 1.06E-09| 9.71E-07| -
50 2.58E-08 | 3.02E-09| 6.61E-07 | —-
51 2.98E-08 | 7.52E-09 | -




98 1jj N----- /---0OH 1110 ON 11 111 --- ---

7----/0H HN\W\ O \

i p, OH ni_ ON 1001 O ---
2012/ 004280RCI/(BPB011/ 061372 169
Bi ndi ng S1P1 Bi ndi ng S1P3 Bi ndi ng

6. 200E- 10 > 2. 000E-
8. 850E-10 2. 300E-06 WO
S1 P1 Interna |izati eaT&PRl11B613d2 Ng S1P3

05 99

156
ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
OH
o~
HN
OH
52 1.02E-08 3.76E-09| 1.08E-06| -—- -—
N\ O/N
() Y
FF
e
| N
/O {
53 4.22E-08 3.97E-09| 3.64E-06| — -
N o
V4
3t
OH
H
- \O
NH
54 L 3.97E-08 7.95E-09| 6.69E-06| --- -—




Ex No Fornmula EC50 Ki [M (384 well plate) Ki [M (384 well plate) Ki [M

(96 well plate) Ki [M (96 well plate) 100 7-YOH H\M\c, 11100H N _ ON
F FF U-wo2012/004287 1. 090E-09 2. 450E-06 ML HZN S N P - - PCTAEP20HA6B7D50E- 10
1. 450E- 06 157
mtema | (STPT | S1P3 | StIP1 | S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex (384 well | (384 well (96 well (96 well
No Formula EC50 plate) plate) plate) plate)

55 1.68E-08 2.20E-09| 8.02E-07| --- -

56 5.78E-08 4.13E-09| 8.54E-06| --- -

1.09E-08 | 5.69E-09 | 2-000E-|

57 05

o
58 N \i 4.87E-09 3.39E-09| 5.22E-06| --- -
;o\
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62 7.33E-08 3.81E-09 | --- - -
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Adenotes a |linear or branched al kyl

1 to 3 carbon atons, wherein 1 to 3 H atons nmay be repl aced 25by Hal,
OH, 01, Oxenrelxmuison at ons, YiYyi

NN, ..--

having 1 to 6 carbon atons, preferably

00H3,

., and the exirdirzed/ obBrm
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t hereot, 3Dincluding nixtures thereofS1RAT alll gat4i 05. gqpP S1P1
2012/ 00428[7PCT/ EP2011/ 061372 174 2 }!('t%{B?fpc uBidding F®inBia | ( IBindigg Of
claim j | Hlizatign j L%n?@&
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denot e [A—t04- A conpound of Fogatot @ () acqording [o ctarns I to 37 wherert
the group | ?(2 2yl zk 1IN 3) Th-AW W At denqtes one| of the|follow ng groups:
0 H OHpB OH 0 OHH \O‘? H=HOIj FH
71 5.66E-09 | 2.00E-09| 7.70E-07| -- 7.010E-07
72 3.19E-08 3.94E-09| 2.66E-06| --- -—
73 2.98E-08 | 2.27E-09| 5.42E-06| -—
74 1.06E-07 | 8.53E-09 | ---
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ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
e
N4
HO
N
N
75 3.02E-08 5.30E-09| 2.30E-06| --- -—
76 1.33E-07 1.50E-08 | --- - -
N
O
~N
. o]
F
HO
o}
S
HO  NH
77 3.99E-08 5.47E-09| - -— -—
NH
78 2.23E-08 216E-09| 2.78E-07| --- -
N
7o
_N
Bt
F
F F
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ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
(6]
i
HO
NH
79 1.51E-08 1.07E-09 | 2.67E-07| --- 3.320E-08
OO0~
O/N
F
F F
OH
O
NH
80 p 1.22E-09 3.18E-10| 3.51E-08| —- -
i
’Z;O
N—
81 p 4 95E-08 1.72E-09| 1.72E-07| --- -
N7
[ N
("
J:
F~F
HO
fo
\\\\ NH
82 \; 2.51E-08 1.01E-09| 1.17E-07| --- -
N
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mtema | (STPT | S1P3 | StIP1 | S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
83 7.55E-08 3.56E-09 | --- - -
84 8.46E-08 4.25E-09 | --- - -
85 4.79E-08 5.26E-09| 7.93E-07| — -
86 3.97E-08 5.88E-09 | 5.55E-07 | —- -
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ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
87 2.49E-08 2.29E-09| 4.68E-07| --- -
O
N N
HO
88 N 6.97E-08 2.85E-09 | --- - -
|
89 3.22E-08 2.56E-09| 2.03E-06| --- -
90 7.92E-09 2.48E-09| 9.48E-07| --- -
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ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
HO
o
—
91 3.45E-08 8.12E-09| 7.36E-06| — -
T
(J°
J:
F~F
HO o
NH
92 2.95E-08 6.94E-09| 1.24E-06| — -
““““ NH
93 2.86E-08 1.22E-08 | 4.67E-06| --- -




o ' O 0-- ./71\c OH \ OH 5. A conpound of Formula (1) according
to claiml1 wherein the group Ra is selected fromHal, CH3, CHF2, CF3,
CH2CH3, 5soAoampsand of Formula (1) according to clai mpETreeigiosisthe group
ted fromthe groups Hal, CH3, CHF2,

is as defined in claim4 and Ra is 331
(

CF3, OH20H3. 7. Conpounds of Fornul a according to clainms 1 to 6 of the
followng group 1 to 96: Exanple \IoISt1H=10rrmI§1p11 - g1p3- B @1Ph NV [N §paOH
20 nterna S s s s
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
OH
o%
HN
94 2.91E-09 1.01E-09| 7.40E-08| 1.850E-10| -—
Y
D
Y
F©F
OH
O:§‘
HN
95 4.25E-09 8.46E-10| 1.12E-07| 2.150E-10| ---
N
o
OH
O/
HN <
96 3.73E-09 5.33E-10| 1.78E-07 | —- -—-
N
| N
(J
(J-
F F
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ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex Formula EC50 (384 well | (384 well (96 well (96 well
No plate) plate) plate) plate)
Lo
N—_~ ~OH
97 - - - 7.800E-10 | 4.800E-07
> 2.000E-
98 -— - - 6.200E-10 05
B
OH
/N‘
99 O _N - - - 8.850E-10 | 2.300E-06
CL .
O
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ST | sp1 | sp3 S1P1 S1P3
lization Binding | Binding Binding Binding
Ki [M] Ki [M] Ki [M] Ki [M]
Ex (384 well | (384 well (96 well (96 well
No Formula EC50 plate) plate) plate) plate)
;\/OH
HN \g
OH
N=
100 O __N -—- - - 1.090E-09 | 2.450E-06
A,
<)
HN
M1 N J — | 4.050E-10 | 1.450E-06
F
rad
F
/NEQ\\N\
% —N H
M2 O - - - 5.600E-10 | 2.400E-08
F
O
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Example 105: Animal models evaluating the in vivo efficacy of S1P agonists

Model of S1P agonists-induced lymphopenia in mice

Female C57BL/6 mice (Elevage Janvier) (8 week old) receive S1P agonists by oral route. Blood
is sampled in heparinized (100 IU/kg, ip) mice by intracardiac or retroorbital puncture under
5 isoflurane anesthesia 2 to 120 hrs after drug treatment. The white blood cells (lymphocytes and
neutrophils) are counted using a Beckman/Coulter counter. The quality of blood sampling is

assessed by counting erythocytes and platelets.

Model of MOG-induced Experimental Autoimmune Encephalomyelytis (EAE) in mice

10 EAE was induced in 9 weeks old female mice (C57BL/6, Elevage Janvier) by an immunization
against MOG. The mice received Pertussis toxin (Alexis, 300 ng/mouse in 200 ul of PBS) by ip
route and 100 pl of an emulsion containing MOG35-55 peptide (NeoMPS, 200 pg/mouse),
Mycobacterium Tuberculosis (0.25 mg/mouse) in Complete Freund’s Adjuvant (DIFCO) by
subcutaneous injection into the back. Two days later an additional injection of Pertussis toxin

15  (Alexis, 300 ng/mouse in 200 yl of PBS) was done by ip route. After EAE induction, mice were
weighed daily and the neurological impairment was quantified using a 15-points clinical scale

assessing the paralysis (tail, hind limbs and fore limbs), the incontinency and the death.

Pharmacokinetics data:
20  The pharmacoinetic properties of compound of example 31, 2-({2-Fluoro-4-[5-(2'-methyl-2-
trifluoromethyl-biphenyl-4-yl)-[1,2,4]oxadiazol-3-yl]-benzyl}-methyl-amino)-2-methyl-propionic

acid, are the following:

% of lymphopenia in mouse at 48h 67+/-6

PK parameters from lymphopenia (mouse) PK-PD (30mpk)
Plasma AUC< (h*ng/ml) 74978

Cmax (ng/ml) 7423

Tmax(h) 2

T1/2 (h) 6.3

CI/F (L/kg/h) 0.4
Brain/plasma ratio: AUCZ (h*ng/ml) 3.5

Lymphe node/plasma ratio: 24h / 48h 25/27

25
Clinical score
-1- Tail

-Score =0 A normal mouse holds its tail erect when moving.
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- Score =1 If the extremity of the tail is flaccid with a tendency to fall.
-Score =2 If the tail is completely flaccid and drags on the table.

-2- Hind limbs

5 - Score =0 A normal mouse has an energetic walk and doesn’t drag his

paws.

- Score =1 Either one of the following tests is positive:

-a- Flip test: while holding the tail between thumb and index finger, flip the animal on
his back and observe the time it takes to right itself. A healthy mouse will turn itself

10 immediately. A delay suggests hind-limb weakness.

-b- Place the mouse on the wire cage top and observe as it crosses from one side to
the other. If one or both limbs frequently slip between the bars we consider that there is
a partial paralysis.

- Score =2 Both previous tests are positive.

15 - Score =3 One or both hind limbs show signs of paralysis but some
movements are preserved; for example: the animal can grasp and hold on to the
underside of the wire cage top for a short moment before letting go

- Score =4 When both hind legs are paralyzed and the mouse drags them

when moving.

20
-3- Fore limbs:
-Score =0 A normal mouse uses his front paws actively for grasping and
walking and holds his head erect.
- Score =1 Walking is possible but difficult due to a weakness in one or
25 both of the paws, for example, the front paws are considered weak when the mouse
has difficulty grasping the underside of the wire top cage. Another sign of weakness is
head drooping.
-Score =2 When one forelimb is paralyzed (impossibility to grasp and the
mouse turns around the paralyzed limb). At this time the head has also lost much of its
30 muscle tone.
-Score =3 Mouse cannot move, and food and water are unattainable.
-4- Bladder:
Score =0 A normal mouse has full control of his bladder.
35 Score = 1 A mouse is considered incontinent when his lower body is

soaked with urine.
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-5- Death:
Score =15

10

15

20

25

30

The final score for each animal is determined by the addition of all the above-mentioned

categories. The maximum score for live animals is 10.
At day 12 (first signs of paralysis) the mice were stratified in experimental groups (n = 10)
according to the clinical score and the body weight loss. The semi-curative treatment started at

day 14.

Example 106: Preparation of a pharmaceutical formulation

Formulation 1 — Tablets: A compound of formula (I) is admixed as a dry powder with a

dry gelatin binder in an approximate 1:2 weight ratio. A minor amount of magnesium
stearate is added as a lubricant. The mixture is formed into 240-270 mg tablets (80-90

mg of active compound according to the invention per tablet) in a tablet press.

Formulation 2 — Capsules: A compound of formula (l) is admixed as a dry powder with

a starch diluent in an approximate 1:1 weight ratio. The mixture is filled into 250 mg

capsules (125 mg of active compound according to the invention per capsule).

Formulation 3 — Liguid: A compound of formula (I) (1250 mg), sucrose (1.75 g) and

xanthan gum (4 mg) are blended, passed through a No. 10 mesh U.S. sieve, and then
mixed with a previously prepared solution of microcrystalline cellulose and sodium
carboxymethyl cellulose (11:89, 50 mg) in water. Sodium benzoate (10 mg), flavor, and
color are diluted with water and added with stirring. Sufficient water is then added to

produce a total volume of 5 mL.

Formulation 4 — Tablets: A compound of formula (I) is admixed as a dry powder with a

dry gelatin binder in an approximate 1:2 weight ratio. A minor amount of magnesium
stearate is added as a lubricant. The mixture is formed into 450-900 mg tablets (150-

300 mg of active compound according to the invention) in a tablet press.

Formulation 5 — Injection: A compound of formula (1) is dissolved in a buffered sterile

saline injectable aqueous medium to a concentration of approximately 5 mg/mL.
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Claims
1. A compound of Formula (1)
X\ X YzZy Z
R! \ | \ 0-y?
s R /NN A
N wow oW owf©
DaWad
G’ o-N
5 R’ ()
Wherein
R’ denotes H, Hal, CF3, OCF3, CN, or NO,, OH, A, OA
X', X3, Z", 2% independently from one another denote H or A, wherein at least one of
10 X', X2, Z', Z%is A,
X', X2, may form together with C4 a 3-8- membered ring,
Z', 72 may form together with C, a 4-5-membered ring,
Y, Y? independently from one another denotes H,A, or a glucuronide,
15
W', W? W3, and W* independently from one another denote a —CH.-group or a
single bond.
R® denotes Hal or a linear or branched alkyl having 1 to 3 carbon atoms,
wherein 1 to 3 H atoms may be replaced by Hal.
20 R® denotes Hal, a linear or branched alkyl having 1 to 3 carbon atoms,
wherein 1 to 3 H atoms may be replaced by Hal, -OCHs, -OCH,CHj,
G', G? independently from one another denote H, Hal, A,
A denotes a linear or branched alkyl having 1 to 6 carbon atoms,
preferably 1 to 3 carbon atoms, wherein 1 to 3 H atoms may be replaced
25 by Hal, OCH;, OH,

Ci, Co are carbon atoms,

1 1

Y Y -
| |+/O

N N
s oxidized to >

and the oxidized form wherein the group , pharmaceutically

acceptable derivatives, solvates, tautomers, salts enantiomers, diasterecisomers thereof,

30  including mixtures thereof in all ratios.
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2. A compound of Formula (1) according to claim 1 wherein X" and Z' are both H and
wherein X? and Z% denote A, and/or X? and Z? are both H and wherein X' and Z" denote
A,
5
3. A compound of Formula (1) according to claim 1 wherein X" and Z? are both H and
wherein X? and Z' denotes A and/or X? and Z' are both H and wherein X' and Z? denote
A.
10 4. A compound of Formula (l) according to claims 1 to 3, wherein the group
X3 _.-‘X2 T1 ZX.\:ZZ O-y?
ﬂ—vv\1\ WQ'N\W3 . W4’<O

denotes one of the following groups:
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H
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5. A compound of Formula (I) according to claim 1 wherein the group R® is selected from
Hal, CH3, CHF;,, CF3, CH,CHs,
5 6 A compound of Formula (l) according to claim 1 wherein the group
X1\iX2 Y|1 inzz 0wy
L W
' O s as defined in claim 4 and R? is selected from the groups
Hal, CH3, CHF;,, CF3, CH,CHs.
7. Compounds of Formula (1) according to claims 1 to 6 of the following group 1 to 96:
10
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20 and optionally the resulting products mxture is involved in a
separation. 9. A pharnmaceutical conposition conprising at |east one
conmpound wb 2pwaeudsa (1) according to one or nore of cl aPos/EP24¢10/0613and/ or
pharmaceutical |y usable derivatives, {gutoners, salts, solvates and

stereoi sonmers thereof, including mxtures thereof in all 25ratios, and
optionally excipients and/or adjuvants. 10. A pharnmaceutical conposition
conprising at nor e of
ol arms 1 fo 7 andaPiaraalBou) 3ct il Binpubd sAeSRL N NnisD 20 a TOUP, O
sol vates and sterséeje@i@@me@ t|D¢Te®femf3|Udlnlgdth’tdlr€f$ghﬁlile ioredlgatiaser eof in all
30ratios, and at |east one further active ingredient. WO

2012/ 004287PCT/ EP2011/ 061372 191 11.Set (kit) consisting of separate packs
of S(a).-an & precedsfer thawugnaratfonzof tengronpadinds oFermulb 4l) rgording v divengr mereone
or nore of cfajes 4d Pafd s%tsatﬂgreaalo cm/@Flzﬁi]iﬂrtﬂﬁceUt' cally usable
derivatives, tautoners, , vates and stereoi soners thereof,

i ncl udi ng m xt ur ea compeussfofifermald Ar at i os, and (b) an effective amount of a
further nedicament active ingredient. Comppunds according to one or nore of
claims 1 to 6 and pharnmaceutically usabl e derivativyes, salts, tautoners,

sol vates and stereoi soners thereof, inglud e xtgr es thereof in all
ratios, for use in the preparation gf-2a i dagent f or the treatnent and/or
prophyl axi s of a sphi ngosi ne 1-phosphate asgoci ated di sorder. Conpounds
according to claim 12, wherein the sphingosine 1-phosphate-(1) associ ated
di sorder is an awther¢gmMeGHiRS@ndaR® rm/emmdézhriumgs gissoinicidied , whdl T i|OH, or a
overactive inmun nse. according to one or nore of clains 1
o?é, and phar na(i%qﬂ Q%HPVR/ Vﬂ?éegﬁg 'ﬁéﬂ v Wc'ltgal ts, tautoners, solvates
and stereoi soners thereof, including mxtures thereof in all ratios, for
use in the preparatl on of t he treatnent .and/.or rophy axi s
of “an' | mmnor egu PR RbIRTT ey O c%rﬂd%%ﬂﬁrayegs@853%@%0@%? WA wher ei n
the i rmunoregul atory abnormality is anyutgf mfuge of chronic inflammatory
di sease selected fromthe group consisti g'of’ st'enic | upus

erythematosi s, chronic rheumatoid R dH i tg;s, N nf Oon bowel di sease,
@ s/cT\ez/r &I/SV%, arteriosclerosis,

mul tiple sclerosis, anyotrophi c | at

at heroscl erosis, scleroderna, Hitormdn® hePatiWis" A conpound of Fornul a
(Im or (In2) on WO 2012/004287RCT/EP2011/061372 192 (1me)  Werein G3,
4, G5 independently from each Hﬂher may denote OH, t is @®, 1, 2 or 3, and
Gl, &, Ra, Ro, RL, X1, X2 Y1, Y2, 71, 72, W, W, WB, and W are as

defined in clai muerein® pa¥mBelts LalioyY adechtansiZ haus theanpanuags Fwnviat es,

E ﬁg?gg?r ;Sn aﬁ: t fé:falﬂﬁgtlh HEpreserfticds Lauftoh e BEEE, Dr i &@1sBOf is AHNGH H f18sdHcK boHr es
a suitable condensation reagent, and the resulting product is cyclized;

and optionally a base or acid of the formula (1) is converted into one of its salts or
any pharmaceutically acceptable derivatives, solvates, tautomers, enantiomers,

diastereoisomers thereof, including mixtures thereof in all ratios;

20
and optionally the resulting products mixture is involved in a separation.

9. A pharmaceutical composition comprising at least one compound of Formula (1)
according to one or more of claims 1 to 7 and/or pharmaceutically usable derivatives,
tautomers, salts, solvates and stereocisomers thereof, including mixtures thereof in all

25 ratios, and optionally excipients and/or adjuvants.

10. A pharmaceutical composition comprising at least one compound of Formula (1)
according to one or more of claims 1 to 7 and/or pharmaceutically usable derivatives,
tautomers, salts, solvates and stereocisomers thereof, including mixtures thereof in all

30 ratios, and at least one further active ingredient.
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11.

12.

13.

14.

15.

16.

WO 2012/004287 PCT/EP2011/061372

191

Set (kit) consisting of separate packs of
(@) an effective amount of a compound of Formula (l) according to one or more of
claims 1 to 6, 9 and 10 and/or pharmaceutically usable derivatives,
tautomers, salts, solvates and stereocisomers thereof, including mixtures
thereof in all ratios,
and

(b) an effective amount of a further medicament active ingredient.

Compounds according to one or more of claims 1 to 6 and pharmaceutically usable
derivatives, salts, tautomers, solvates and stereocisomers thereof, including mixtures
thereof in all ratios, for use in the preparation of a medicament for the treatment and/or

prophylaxis of a sphingosine 1-phosphate associated disorder.

Compounds according to claim 12, wherein the sphingosine 1-phosphate-(1) associated
disorder is an autoimmune disorder or condition associated with an overactive immune

response.

Compounds according to one or more of claims 1 to 6, and pharmaceutically usable
derivatives, salts, tautomers, solvates and stereocisomers thereof, including mixtures
thereof in all ratios, for use in the preparation of a medicament for the treatment and/or

prophylaxis of an immunoregulatory abnomality.

Compounds according to claim 14, wherein the immunoregulatory abnormality is an
autoimmune or chronic inflammatory disease selected from the group consisting of:
systemic lupus erythematosis, chronic rheumatoid arthritis, inflammatory bowel disease,
multiple sclerosis, amyotrophic lateral sclerosis (ALS), arteriosclerosis, atherosclerosis,

scleroderma, autoimmune hepatitis.

A compound of Formula (I™) or (1"?)



WO 2012/004287 PCT/EP2011/061372

W w’
(G°)
("%
Wherein
G®, G*, G® independently from each other may denote OH,
tis0,1,20r3,

and G', G*, R*, R*, R", X', X%, Y', Y*, Z", 2>, W', W% W®, and W* are as defined in claim
1, and pharmaceutically acceptable derivatives, solvates, tautomers, salts enantiomers,

diastereoisomers thereof, including mixtures thereof in all ratios.



