WO 2009/109872PCT/IB2009/050749 PYRIDIN-2-YL DERIVATIVES AS IMMUNOMODULATING
AGENTS 5Field of the invention The present invention relates to S1IP1/EDG1 receptor agonists of
Formula (I) and their use as active ingredients in the preparation of phar tical ¢ ositions. The
invention al20 concemns telated aspects including processes for the prep%]%c{%yr%g%?}?ﬁﬂ%mpounds, 10
pharmaceutical compositions containing a compourd of the Formula (1), and their use as compounds
improving vascular function and as immunomodulating agents, either alone or in combination with
other active compounds or therapies. Background of the invention 15 The human immune system is
designed to defend therbodyragrain St¥RIBIRT VR O rgamisme Nd SNss WS that cause infection or
disease. Complex regulatory mechanisms ensure that the immune response is targeted against the
intruding substance or organism and not against the host. In some cases, these control mechanisms
are 20 unregulated and autoimmune responses can develop. A consequence of the uncontrolled
inflammatory response is severe organ, cell, tissue or joint damage. With current treatment, the whole
immuneg;systeuisadalysippressed and the body's ability to react to infections is also severely
compromised. Typical drugs In this class include azathioprine, chlorambucil, cyclophosphamide,
cyclosporin, or methotrexate. Corticosteroids which 25 reduce inflammation and suppress the immune
response, nmee gaese sideeffectsiaziren $8¢d MDE g teemidregrnistst oNorstekpifad rantignflsmmatory
drugs (NSALRs) 6o fRAUGERAIN RBGIBHamBRAto BN hoveNslicthey-RdiRi-considerabieside effects.

Alternative treatments include agents that activate or block cgtokine sig,nalin Orally active

compounds SoRAE i8R0 AS BRSBTS (EmBroRIAL rr?rgum?e FRUBSHES and with
reduced sideteffeetsuitaldsigrifitiand\campitee eurpemoyedtehéims of awedhtrenddriafiasmsastory
disease. In thefislchaf HRoansRIAEAHARTHE HRSEUMMHICFRSRINGR BUSHDRHRPERPEES! O

prevent organ rejection. Organ transplant reci ts can ex erience some rejection even when they
T Pl 2 L g R SRR R S e | i
st frequently in the 2 first few weeks after

ie
are taking infh{d ’L‘ﬁ%ﬁfb‘é’ vgtﬁﬁa .'Vﬁéﬁ%ﬂc}ﬁ H 6eclrs Tt
transplantation, but rejection episodes can also happen months or even years after transplantation.
Combinations of up to three or four medications are commonly used to give maximum protection
against reje@iikavbile dron gmezimep stiteneffects. Current standard drugs used to treat the rejection of
transplﬁpted organs interfere with 5 discrete intracellular pathways in the activation of T-type or B-type
white blood cells. Examples of such drugs are cyclosporin, daclizumab, basijiiximab, everolimus, or
FK506, whichfitBHERE Wil e folaHRieEId8 ste8198R Afind 528 5 AR o PRANTA o 1HIRIE WRIER inhibit
nucleotide syrthesiss ordd-debxizmpesgublinh, canishibiferiahleokodigendiffe femtipiion rahdabeneficial

effects of broad imynunosippiagsivedharapiesdsiRiatodheis Qi@ cisiinst the intruding substance

or organism and not against the host. In some cases, these control mechanisms are

{

D)

20  unregulated and autcimmune responses can develop. A conseguence of the uncontrolied
inﬂémmaiory response is severe organ, cell, fissue or joint damage. With current tfreatment,
the whole immune system is usually suppressed and the body' s ability to react o infections
is also severely éompromised. Typical drugs in this class include azathiopring,
chiorambucii, cyciophospha.mide, gyclosporin, or methotrexate. Corticosteroids which

25  reduce inflammation and suppress the immune response, may cause side effecis when
used in long term freatment. Nonstercidal anti-inflammatory drugs (NSAIDs} can reduce
pain and inflammation, however, they exhibit considerable side effects. Alternative

treaiments include agents that activate or block cytokine signaling.

Orally active compounds with immunomodulating properiies, without compromising
30 immune responses and with reduced side effects would significantly improve current

treatments of unconirolied inflammatory disease,

in the fieid of organ transpiantation the host immune response must be suppressed to
prevent organ rejection. Organ transplant recipients can experience some rejection even

when they are taking immunosuppressive drugs. Rejection occurs most freguently in the



10 however, the generalized immunosuppression which these drugs produce diminishes the immune
system's defense against infection and malignancies. Furthermore, standard immunosuppressive
drugs are often used at high dosages and can cause or accelerate organ damage. 15 Summary In a
first aspect, there is provided a compound of the Formula (1), R3R4R5 Formula (I) wherein 2a R1
represents methyl, ethyl or methoxy; R2 represents I?ydrogen and R3 represents C25-alkyl or

Cl.4- alkoxy, 1 represe m-alk r C14-alkoxy: R2 represents hydrogen; and R3 represents
methyl or ethy ]Tl 1E?g%r%sen ann%ﬁ%l[ nhyth?rvlheX SX)EID' ?ép?%%é’#g%%ﬂpgfkym% 3
represents h?ﬁ?ﬁg@?”ﬁ@ﬁ@p?@é@ﬁ@%%g@@fﬂmﬁ@f@pFésehf@ Hyrogerio@ 1r@saitaticos miethoxy; R6

represents @blan{wmae@%B@%Bﬁ%uh(&zﬁaﬂa@m@&ﬁﬁfiﬂaﬁ%ﬁmwmknﬁz%%«?&@%sm
PYrrolidinyl): 3 -Drop| ?no (3..carbox rroll Il) [OTE)IOP fﬁgarox d roxy-C2-4- alkoxy,
di-(hydroxy-CT S KIRGAICY 5860 “Seé %}/ ?J? {5’& FEHRETRISSS Y&
2-[(azeti5ine%3é@|t§o%§ﬂ®%{bﬁ@) ya}!]w@orfoxy th[(acztemjm @G%MMWIC%Q{QGO&%IKM%t%yS
sl lectagy Taony o e O L NS o, 3 eaaine Ao e e ). 1
i.5-alkylester)-1-ya-ethox azetidine-3-carboxylic aci
-yl]-2- hydroxy[g}réhpo%/% arzﬁét? Re-3 car%%x;?lr SaRf '2‘91%2%7 Igegtg??eﬁ {}ﬂnﬁg G2y BPEHoxy,
2-hydroxy-3- [(WPFEIQ@Iﬁéﬂﬂl%%lﬁb@fx%@w&ﬁpﬁfﬂuéﬁbpéxwQhﬁyd@b@ﬂ@cﬂ@q(fpyﬁ'aﬁﬁﬁn@r:% -carboxylic
acid C.1.5-alkylester)-1-y1]-propoxy, 2-hydroxy-3-[(pyrrolidine-2- carboxylic acid)-1-A-propoxy,
2-hydroxy-3-[{ps/riaidifeal -edebiox yiichacid Ghbvaikylesierysheyirprapexyrsi@E€ H2 - (63 2pFbHH302R63,
-OCH2/GH(QHISER NHSA2BE3 %%@o&@ﬁb%ésaé'#&%@ﬁe% GO EORo4:

25R61 represents hydr %en methyl, ethyl, 2 roxyet yl, carboxymeth %
alkylcarboxy A, 2 FBBX%WE ZaE@TSS '8 R 35 BYRiiAnanglsin é‘fﬁiﬂ”B?"? standard
methylaminowsthyhcRER reyshes antgshgdradien, Lmemethgrlgh dosages and can cause or accelerate

organ damage.

15  Summary

In a first aspect, there is provided a compound of the Formula (1),

RS R* RS
20 ==N
R? \ / A R®
R’ R’
25 Formula {1}
wherein
A represents
30

S N N N
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wherein the asterisks indicate the bond that is linked to the pyridine group of Formula (I};



R63 represents C1.3-alkyl, methylamino, ethylamino, or dimethylamino; 30R64 represents
hydroxymethyl, 2-hydroxyethyl, aminomethyl, methylaminomethyl, 2- aminoethyl, or
2-methylamino-ethyl; n represents the integer 1, or 2; and 35127 represents hydrogen, methyl or
chloro; or salts thereof. 2b In a second aspect, thereés provided a pharmaceutical composition
comprising a compound as defined above, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier. In a third aspect, there is provided a compound as defined above,
or a pharm&eetcadréc cegtatlebaitahenetifoxr, RPepreaeststibat cayepositioR acoedegtCthe
second asptg%,, @raa%% !‘rg)gdicament. In a fourth aspect, there is provided the use of a compound
as defined ahove, or a 10 pharmaceutically acceptable salt thereof, in the mapufacture of a
medicamert fPRRESERLY rinicalkot fleGima 6Y'd§e§§?5§W&s@ﬁ@@ﬁé@ﬁéiﬁemﬂ?‘%{ﬁ%méd
immune systesthylina fifth aspect, there is provided the use of a compound as defined above, or a 15
pharmaceutie a It of, in.t anyacture of a medicament for the prevention or
treatmgnt o%d?iya%%%?g% (ﬁls%fﬁ(?érg{ sﬁ(g?eéc%éh?f]mg%ﬁ'elgroﬁe %ogr?g?sstir‘?’d' “é‘rw j?éc%%?: g tr%ﬁé%%gﬂgeéd
organs suchy&dgeiey, liver, heart, lung, pancreas, cornea, and skin; graft-versus-host diseases
brought about by stem cell transplantation; autoimmune syndromes including rheumatoid arthritis,
multiple sclﬁaosis infl mﬁngtor bowel diseases 20 such as Crohn's disease and ulcerative colitis,
psoriasis, psorrl%ﬁrg%? i g,'i YOiditis such as Hashimoto's thyroiditis, uveo-retinitis; atopic diseases
such as rhinitis, conjunctivitis, dermatitis; asthma; type | diabetes; post-infectious autoimmune
diseaggs i”ﬁm@g&égﬁ@m?@&%%\ﬁ?t"%@-%i?ﬂ%ﬁ#%@ﬁ@k&ﬁ glomerulonephritis; solid cancers and tumor
metastasis. 25 Description of the invention The present invention provides novel compounds of
Formula (I) that are agonists for the G protein-coupled receptor S1IP1/EDG1 and have a powerful and
long-lastingifnepresants uGiin(OeiipcC ONRF R achicvedinxyedetitigihe pusplerhi citatingyand

infiltrating T -y withoy ir i atyration m . ex ion, The
reduction oP ﬁ%%ﬁ}%@ﬁ%@% ?’phcq?c@?égégf éé%y &ﬁ?gﬁqg%%‘8@§go%ﬁ%oss%0ﬁ¥c%%bination
with the ob3tiRed iFithudeniett efd¥ndbthetlkesy |3, drditie o -Reppnitedith-&F PAaNRE R,
activag®n, majesiaies- sempeundsaeapialin sieakynepnrtrelierdlampiaigy sireaseargdadmprove

lar functj lity. Th ; ds of tf [ t] ti be utilized al in_.
combination HiER CEbie e RRG F0k SR B o P AR TEr e oA B
therapy witF est@liiieste propérashpdor-BedH6i Qe 6 deoMBARY, o-Kexatidint ifnaiposlippradsive
therapy. Fuithermgrecheepmgoundsof dheraiesentinveafien canbg usedin caminationyi

it
reduced dosages of traditional immungsuppressant therapies, to provide on the one hand gﬁg:tive
immunomoBYARE RORAYy, RtNE SR BB IRSaFeaRaRY ena g A lrRrageY as SRy with
highe2@losdppfrstidindadecarnyyins uppde SSiveathyigsteNhe-dbsespatian dffipdpseyedi@ydothbiabeell
layer functi jated \with-S > iyatio ides addii : ifs of ds to
improve vace e e, WD ST con s a eSS 2 HABalE SRl €, S aRRARS
yil-propoxy, -OCH,~(CH,),-NHSO;R®,  -OCH-CH{OH)-CH-NHSO,R®,  -OCH-(CH,).-

NHCOR®, or -OCH;-CH(OH)-CH;-NHCOR®,;

25 R® represents hydrogen, methyl, ethyl, 2-hydroxyethyl, carboxymethyl, 1-(Cis-
alkylcarboxy)methyl, 2-carboxyethyl, 2-(Cis-alkylcarboxy)ethyl, 2-aminoethyl, or 2-
methylaminoc-ethyl;

R® represents hydrogen, or methyi;
R® represents C,.s-alkyl, methylamino, ethylamino, or dimethylamino;

30 R®™ represents hydroxymethyl, 2-hydroxyethyl, aminomethyl, methylaminomethyl, 2-
aminoethyl, or 2-methylamino-ethyl;

n represents the integer 1, or 2; and
35 R’ represents hydrogen, methyl or chioro;

or salts thereof,



3 The nucleotide sequence and the amino acid sequence for the human S1P1/EDG1 receptor are
known in the art and are published in e.g.: Ha, T., and Maciag, T. J. Bid Chem. 265 (1990),
9308-9313; WO 91/15583 published 17 October 1991; WO 99/46277 published 16 September 1999.
The potency and efficacy of the compounds of Formaka (I) 5are assessed using a GTIP7S assay to
determine EC50 values and by measuring the circulating lymphocytes in the rat after oral
administration, respectively (see in Examples). i) The invention relates to pyridine compounds of the
Formula (1) "RIREREPEORSRPEHa (1B RhiEreRioXideres epftarmatferitinl tiseraBRSIING ipeivaigtBesdond

that is Iinkedoﬁaﬁbarwrgéin@ear@ao gidvermyfae(Rtkepsasents BeIEMasE A HIRGKY aR2 a
represents h en, anﬂ IR3 re gFents C2.-alkyl or C14-alkoxy; or 20Fe represents Cm-alkyl or

Cl.4- alkoxy pr%t ehccg gen:4ah rée 123 represents methyl or ethyl; or R1 represents methyl,
ethyl, or methoxy, R2 represents CS 5-alkyl; and R3 represents hydrogen; 25R4 represents hydrogen

or metloxy; RS figRs haﬁ%r@gs'br&wdéoa%%ﬂb@ﬁ@%ﬁaﬂ@d@@&/&%ﬁl%ﬁ%&é@&%@ 950749

4 R6 represents -CH2-(CF 12 -CONe R62, 1-(3-carboxy-azetidinyl)-3- proploneéezl (2-carboxypyrrol i
dinyl )-3-préSrSRLte. ’Eéhﬁfﬁ% By AARFIRPERIIEROSARP HiRR GEFORyaRolR (09 SPammd 25Pect.
di-(hydroxy$6H salaeyd) ridd Reatieaty, 2,3-d ihydroxy-propoxy, -0 C H2-(CH2)n-N R51R62,
2-[(azetidine-3-carboxylic acid)-1-ylpethoxy, 2-Razetidine-3-carboxylic acid C1.5-alkylester)-

In a fourth aspect, there is provided the‘us'e of a compound as defined above, or a

10  pharmaceutically acceptable salt thereof, in the manufacture of a medicament for the
prevention or treatment of diseases or disorders associated with an activated immune
- system,

In a fifth aspect, there is provided the use of a compound as defined above, or a

15 pharmaceuﬁcatiy accepiable salt thereof, in the manufacture of a medicament for the
prevention or treatment of diseases or disorders selected from the group consisting of
rejection of transplanted organs such as kidney, liver, heart, lung, pancreas, cornea, and
skin; graft-versus-host diseases brought about by stem cell transplantation; autoimmune
syndromes including rheumatoid arthritis, multiple sclerosis, inflammatory bowel diseases

20  such as Crohn's disease and ulcerafive colitis, psoriasis, psoriatic arthritis, thyroiditis su.ch
as Hashimoto's thyroiditis, uveo-retinitis; atopic diseases such as rhinitis, conjunctivitis,
dermatitis; asthma; type | diabetes; post-infectious autoimmune diseases including
rheumatic fever and post-infectious glomerulonephritis; solid cancers and tumor
metastasis.

25

‘Description of the invention

The present invention provides novel compounds of Formula () that are agonists for the G
protein-coupled receptor S1P1/EDG1 and have a powerful and long-iasting
immunomodulating effect which is achieved by reducing the number of circulating and
inﬁitrating T- and B-lymphocytes, without affecting their maturation, Memory, or expansion.
The reduction of circutating T- / B-lymphocytes as a result of S1P1/EDG1 agonism,
possibly in combination with the observed improvement of endothelial cel layer function
associated with S1P1/EDG1 activation, makes such compounds useful to treat

uncontrolled inflammatory disease and to improve vascular functionality.



5 1-yli-ethoxy, 2-[(pyrrolidine-3-carboxylic acid)-1-yl]-ethoxy, 2-[(pyrrolidine-3-carboxylic acid
C1l.5-alkylester)-1-ylpethoxy, -OCH2-CH(OH)-CH2-NR61R62, 3-[(azetidine-3-carboxylic acid)-1
-y11-2-hydroxypropoxy, 3-[(azeti din e-3-ca rboxyli ¢ acid C1.2-alkylester)-1-yl]-2- hydroxypropoxy,
2-hydroxy-3-[(pyrrolidine-3-carboxylic acid)-1-yli-progaxy, 2-hydroxy-3- [(pyrrolidine-3-carboxylic acid
C1.5-alkylester)-1-yl]-propoxy, 2-hydroxy-3-[(pyrrolidine-2- 10 carboxylic acid)-1-y1]-propoxy, '
2-hydroxy-3-[(pyrrolidine-2-carboxylic acid Civ5-alkylester)-1- y1]-propoxy, -OCH2-(CH2)n-NHS02R63,
-OCH2-CH(OH)-CH2-NHSO2R83, -OCH2-(CH2)nNHCOR®64, or -OCH2-CH(OH)-CH2-NHCOR64;
R61 represents hydrogen, methyl, ethyl, 2-hydroxyethyl, carboxymethyl, 1-(C1.5-
15alkylcarboxy)methyl, 2-carboxyethyl, 2-(C-1_5-alkylcarboxy)ethyl. 2-aminoethyl, or 2-

methylaminolBeh§PREE e sERtLIPEFO JarEdiom sty I PR oS sk elentts oC ik Samkgihatthyitamino,
ethylamino, etdimetylaminobiing RE4iregresenisdyeronyae’yidriydresyeting aaingmathyl,
methylamin - inpethyl. -met ing-ethyl:. n represents the integer 1, or 2; and R2
represents T s R i e
preferably hAVR2MitHiHTHFEHREI 6% FOPRIRSIOMIRG IPEARTT J& iR eRotheviae Inersatisdlionhe term
"C2_-alkyl" (witincbyuzadhibeipgsast irddigiengreferstosusptosaiad saight o3gduiancheshygsocarbon
chain with X t0,y;caH0R, 21AMS TS BmIPURGE. Seallyl,alpne ardn combipation with gther groups,
means saturated, branched or straight chain groups with one to five carbon atoms: I?xampﬁes of
C1.2-alkyl grIPeYareRERRIPL RISy BB, B, psReRUBRRSSHE shegkoTbentyl.
Preferred exalpaptestiof Gf . 3raikytagioempiotnesiah ety | aimelr ethydtiBie tered=tsampiessaf-Gmealkyl groups
are ethyl, n-REGRYlidS OrBIARY o BaiRD R B SR RIE B R RSIY bo 35 DY BNd 80hRAMY); Preferred
examples of C2-alkyl groups are ethyl, n-propyl, iso-propyl, n-butyl, and iso-butyl. WO
2009/109872PCT/182009/050749 5 The term "C,y-alkoxy" (x and y each being an integer) refers to an
alkyl-0- group wherein the alkyl group refers to a straight or branched hydrocarbon chain with x to y
carbon atoms. For example, a C14-alkoxy group contains from one to four carbon atoms and includes
5 methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy.
Preferred examples of C14-alkoxy groups are ethoxy, propoxy, iso-propoxy, and iso-butoxy. Preferred
examples of C24-alkoxy groups are ethoxy, n-propoxy, and iso-propoxy. Examples of C1.3-alkoxy
groups are methoxy, ethoxy, n-propoxy, and iSo-propoxy.



10 ii) Another embodiment of the invention relates to pyridine derivatives according to embodiment i),
wherein A represents Il O-N or N-O wherein the asterisks indicate the bond that is linked to the
pyridine group gﬁ}gggggwa (). iii) Another embodiment of the invention rglajes t0 pyridige derivatives
according to embodiment i), wherein A represents O-N wherein the asterisk indicates the bond that is
linked to the pyridine group of Formula (1). iv) Another embodiment of the invention relates to pyridine

derivatives according to any one of the embodiments j) to iii), wherein R1 represe or
methoxy. R3 18 HeEEAIdhyaGERS S R3S PeSerd05® hgﬁ&ﬁ S?fcﬁ?gg‘éﬁ)ﬁgﬁy_ i%%\{/‘g%no{[her
embodimenteottie mreckitivrnréidies 40 pyddine pidtishedes agcortiingto 2ntyMeriagf thede@Bodiments i)

to ill), wherein g ey eseais neivh (22versesests hdiraen . and R sentesente Gadkalkyl or
C1.3-alkoxy. vi) Another erp{%odi%t %the j[nvention reJates ﬁft%ridine degvatg'\éesﬁ%&% Yding to any
300ne of theEHEainTeRtSTTHT) | WirertlR BT8Rt E Al B B RaERy R Tapresents
hydrogén, aneé RSseepeesesity metfyIVER 2009/ 8T RARCELLB 20040507 4 6ndpsAntthbe

o e O Elote o e deiANEa RIcALARGIRANANR BldipemDodments )

to iii), wherein ent 2 represents hydrogen, and R3 represents methyl.

iy The invention relaies to pyridine compounds of the Formula (f),

R® R4 =
——N
R? \ / A R®
R’ R’
10 Formula (1)

wherein
A representis
..*‘ /N . ‘ # N\ ) . O .
OO0
O—N N—-~N

N—QO
wherein the asterisks indicate the bond that is linked to the pyridine group of Formula (1);

15

R' represents methyl, ethyl or methoxy; R? represents hydrogen; and R® represents Cys-
alkyl ar C,_4-alkoxy: or

20 R represenis Cog-alkyl or C,-alkoxy; R? represents hydrogen; and R® represents methyl
or ethyl; or
R' represents methyl, ethyl, or methoxy; R? represents Cas-alkyl; and R® represents
hydrogen,

25  R*represents hydrogen or methoxy:

R® represents hydrogen, Cy.z-alkyl, or methoxy;



5viii) Another embodiment of the invention relates to pyridine derivatives according to any one of the
embodiments i) to iii), wherein R1 represents methyl, R2 represents CA-alkyl, and R3 represents
hydrogen. 5) Angther embodiment of the invention relates to pyridine derivatives accordlng to any

10one of the erhbodiments i) to viii), wherein at least one of R4, R5 and ﬁgyé%zregé?ﬁ% 3 group other

than hydrogen. x) Another particular embodiment#of the invention relates to pyridine derivatives
according to any one of the embodiments i) tg viii), wherein R4 represents methoxy. and R5 and R7

15represenﬁw}fﬁ%@%ﬁﬁ‘tsx&ﬂh&ﬁ@“m & enbodrmRa AzRidinedmAtented 18- Bidife
derivatives agooliding)td-mayiong, of the-embodimernt&iinto-sibyoniterein iRdreapresedisyydrogen, 125
represents Gl alil gk meihoxs RAJRT.rRSEsenis mei heRlate: 200 Aotheiaaticular

embodiment of the invention relates top fidine derivativés accordaég to any one o ¥the embodiments )]
to viii), Wheroel[l@ﬂ'%'ﬁr%@mg’?*(%%@ﬁ -MESEpresehiRzaineRky Wﬁ"\é?&g Py $eisesents
methyl 6r chierbe®bxiii) 2Amthelidharticwdaremibadithentidithexinvaiiiondelates-tapyrdinaderivatives

according to-an w@s@g@heyﬁ@mqw%@mwu>_wheswﬁ@ renfEsania¥AagEn, Racgpresents

ethyl or methoxy and R7 represents methy or Moro. ~ xiv) Another particular embodiment of the

invention el élszfgyﬁ/?fﬂf HoRHvatives REE3ify $8t8% M Fone 8ftfhe entbisailnesRED-{oWliR), wherein
R4 represerntgdnythmgerkyR S represerid(evryljdre Feareprdse risidhd i propdxin ditedembédiment of

tF:lg Inventlorp(;swﬁgm@oa:)y%wsiera@yveﬁ 95&9@{39)1@ A%ORSPT 1o GERDQHMBRIS ki0Y), wherein
rep1r se

ts -CH
e o i L e S i S HERIGDR 2 GrEBRIMA 15(3 Samplinesterr -
PYrroI|d|ny]))ﬂ33®m?§ionyDGF(th®)x3N6$C2e%ﬁ yI T H2-EBIREX5)-Z 3 clitiRPoRY- propoKly;(@EH2- WO

2009/10987RRBEDRB 200980 F A (AN 6En MR 612-[(azetidine-3-carboxylic acid)-1-y1]-ethoxy,
2-Razetidine-3-carboxylic acid C1.5-alkylester)-111}-ethoxy, 2-[(pyrrolidine-3-carboxylic

acid)-1-y1}- ethoxy, 2-[(pyrrolidine-3- carboxylic acid C1.5-alkylester)-1-y11-ethoxy,
-OCH2- CH(@‘H) CRRIYME 1 RBI o8eflaz @i -3etatboryis epiddiivly 1) 2rhgdroryinto paxiG-.s-

3-[(azetglines@varbexyhteaeid CLEndllesiarn)- =B YRy EXYReROX2-aminosthyl, or 2-
2-hydroxy- B%Qf(&ohdme-ﬁ-?arboxyhc acid)-1-yl]-propoxy, 2-hydroxy3-[(pyrrolidine-3-carboxylic acid

Cl.6-alkyleste pro oxy 2-hydroxy-3-[(pyrrolidine-2- carboxylic acid)-1-y11-propoxy,
2-hydroxy-38{piaPEiRARE-DLEEERIAICTHIRYC 1. 6-alkylester)-1- y1}-propoxy, or

-OCH2-CH(8)epld2=NEHEQREH. methylamino, ethylamino, or dimethylamine;

R*™ represents hydroxymethyl, 2-hydroxyethyl, aminomathyl, methyiaminomethyl, 2-
20  aminoethyl, or 2-methyiamino-ethyt;

n represents the integer 1, or 2; and

R’ represents hydrogen, methyl or chioro.
25
The general terms used hereinbefore and hereinafter preferably have, within this

disclosure, the following meanings, unless otherwise indicated:

The term "“Cy-alkyl” (x and y each being an integer) refers to a saturated straight or

30 branched hydrocarbon chain with x to y carbon atoms. Thus, the term Cys-alkyl, alone or in
combination With other groups, means saiurated, branched or straight chain groups with
one to five carbon atoms. Exampies of C.s-atkyl groups are methyl, ethyl, n-propyl, n-butyl,
iso-butyl, n-pentyl, 3-pentyl, and iso-pentyl. Preferred examples of Cig-alkyl groups are
methy! and ethyl. Preferred examples of Cos-alky! groups are ethyl, n-propyl, iso-propyi, n-

35  butyl, iso-butyl, n-pentyl, 3-pentyl and iso-pentyl. Preferred examples of C,.-alkyl groups
are ethyl, n-propyl, isc-propyl, n-butyl, and isc-buiyl.



10xvi) Another embodiment of the invention relates to pyridine derivatives according to any one of the
embodiments i) to xiv), wherein R6 represents -CH2-(CH2),-CONR61R62, 1-(3-
carboxy-azetidi -3-propionyl,1 -(2-carboxy-pyrrol id iny1)-3-propionyl, ] (3 - PYrrolidi
rwl)-f:’»-Proid?%)%ﬂ?@,)é%?!?i%/droxy-propoxy,-OCHZ-CH(OH)-CH2-NR61R62%T;*F%':i'%%{;[tl?éﬁ}gfi -carboxylic
acid)-1-01-2-hydroxypropoxy. 3-[(azetidine-3-carboxXylic acid C15- 15 al
kylester)-1-y1]-2-hydroxypropoxy, 2-h yd roxy-3-[(pyrrol i d in e-3-carboxylic acid)-1 -y1]- propoxy,
2-hydroxy-34(pyrrolidine-3-carboxylic acid C1.5-alkylester)-1-yl]-propoxy, 2- hyd roxy-3-[(pyrrol id
ine-2-carboXyeiteaTidl1,-a/Hepyd poriy 2-hgdhdairg- Epynietiatinetds daroridit-Geigroup wherein .
C1_5-allwlegfenid \WilRroRaX.-19h-Qebd-GQILhHe NS RR Car i Anpthersmigdiment of the
invention relates to pyridine derjvatives according to any one of the embodiments i) tq xiv), wherein R6
ropresents 38 ARy Porora . QHETS. BT i ST YA Ay
2-hydrdxy-3~jéiyerslidinex3-carisoryic seimpdoyil-propioxy, Bcaydroyy sB<pyerlidimbioddarosxylic
acid)-1-yll-pEpertdREEL o EHIGRYEG Henbd G@REAx ¢ HrdibAnRihes empadiment abile invention
relates to py. id;lne derivatlvefs ac o&din%to any one of t eH%{nbodimentsci%to xiv), wherein R6

d Oxig)!

h
represents ,?—8fﬁ%r8§§%8509y, or %ﬂﬁ&-%ﬁ’@?fé e SRER nother 8mbodiment of
the inventiofxelanes & Pyridivexderumhas astordingtieanyroneroithengisbeaipRits i) to xiv), wherein
R6 represents -OCH2-CH(OH)-CH2-NHCORG64. xx) Another embodiment of the invention relates to
pyriding.derivatives according to any one of the embodiments i) to xvi), wherein R61 represents
methyl, 2-hydroxyethyl, 35carboxymethyl, 2-aminoethyl, or 2-methylamino-ethyl. WO
2009/109872P&1CHI8260%/0H0PAD & 6 RNBHHEPR efiBESintebirifR itRériuperaatesiepiridine
derivatives agesigitngria)anyHeie afte=esmaodiments i) to xvi) and xx), wherein R62 represents
hydrogen. xxii) Another embgpdimenth?f the invention, relates to pyridine derivatives according to

any 5one of the embodiments i)-tq xIv X) 10 xxi), wherei R represents methyl. xxiii) Another
embodiment of the invention relates 1o pyrdi?e deri\gfltiveé; %ord. "to any one of the embodiments i)
to xxii), wherein R64 represents hydraxymethyl. 10xxiv) Another emhbodiment of the invention relates
to pyridine derivatives according to any one of the embodimé?ll@'l)c%o xvi) and xx) to xxiii), wherein n
represents tivadritiegbe kstexigkAinoikteee trmboditierntofithedhvéntipnidelatgsiup pifidmeladrivatives
accordjag to embodiment i), wherein

fii) Ancther embodiment of the invention relates tc pyridine derivaiives according to

embodiment i), wherein A represents
*

- /N .-
T

O—N
. wherein the asterisk indicates the bond that is linked 1o the pyridine group of Formuia {l).
20
iv) Another embodiment of the invention relates io pyridine derivatives according to any
one of the embodiments i} to i), wherein R' represents methyt or methoxy. R? represents

hydrogen, and R® represents Co4-alkyl or Ci.s-alkoxy. .

25 v} Another embodiment of the invention relates to pyridine derivatives according 1o any one
of the embaodiments 1) to i), wherein R" represents methyl, R? represents hydrogen, and R®

represents C;4-alkyl or Cq.z-alkoxy.

vi) Another embodiment of the invention relates tc pyridine derivatives according tc any
30 one of the embodiments i) to iif), wherein R’ represents Cos-alkyl or Cqs-alkoxy, R?

represents hydrogen, and R® represents methyl.



wherein the asterisk indicates the bond that is linked to the pyridine group of Formula (1); R1
represents methyl, or methoxy; R2 represents hydrogen; and R3 represents Ca-alkyl; or 121

represents Ga:glkyl; B2 represents hydrogen; and R3 represents methylypifihigiasents methyl; R2
represents Ca-alkyl; and R3 represents hydrogen; 20R4 represents hydrogen; R6 represents methyl

or ethyl; R6 represents -CH2-(CH2)1-00NR61R62. ﬁydroxy, 2,3-dihydroxy-propoxy, -OCH2-CH(OH)-

CH2-NR61R62, or -OCH2-CH(OH)-CH2-NHCORG64: .+6 K represents hydrogen, methyl,
2-hydroxyetF|”))I,wmgkﬁngf#;rﬁeﬁp%ré%@nevt Vf?grrﬁ-a%a%%i o“et’ﬁ?/l; erﬁa}zé\bersesagﬁ?g%% ?8@?}& 1; and
R7 representaenvéthglemeeimpotheieimbydiprinfofrarsasrenion Aldtdd tEPgaente Wermasfives
according to,saRodipents mwheein A represents WO 2009/109872PCT/1B2009/050749 9 or  N-N

5  viii) Another embodiment of the invention relates to pyridine derivatives according to any
one of the embodiments i) fo ili), wherein R’ represents methyl, R? represents Cy-alkyl, and

R? represents hydrogen.

ix) Another embodiment of the invention relates to pyridine derivatives according to any
10  one of the embodiments i) to vili), wherein at ieast one of R* R® and R represents a group

other than hydrogen.

x) Another particular embodiment of the invention relates 1o pyridine derivatives according
to any one of the embodimenis i) to viii), wherein R* represents methoxy, and R® and R’

15 represent hydrogen.

xi) Another particular embodiment of the invention relates to pyridine derivatives according
to any one of the embodiments i) to vilii), wherein R* represents hydrogen, R® represents
C.s-alky! or methoxy, and R’ represents methyl or chicro.

20
xii} Another particuiar embodiment of the invention relates to pyridine derivatives according
to any one of the embodiments i) to viii), wherein R* represents hydrogen, R® represents

Cq.o-alkyi or methoxy, and R’ represents methyl or chicro.

25  xii) Another particuiar embodiment of the invention relates to pyridine derivatives according
to any one of the embodiments i) to viii), wherein R* represents hydrogen, R® represents

ethyl or methoxy, and R’ represents methyi or chioro.

xiv) Another particular embodiment of the invention relates to pyridine derivatives according
30 to any one of the embodiments i) to viii), wherein R* represents hydrogen, R® represents
ethyl, and R” represents methyl.

xv) Another embodiment of the invention relates to pyridine derivatives according ic any
one of the embodiments i) to xiv), wherein R® represents ~CHy+{CHy)n-CONRY R, 1-(3-
35  carboxy-azetidinyl}-3-propionyl, 1-(2-carboxy-pyrrofidinyl}-3-propionyl, 1-(3-carboxy-
pyrrolidiny!}-3-propionyl, di-(hydroxy-Cs..-alkyl}-C.z-alkoxy, 2,3-dihydroxy-propoxy, -OCHz-



wherein the asterisks indicate the bond that is linked to the pyridine group of Formula (I); R1
represents methyl or methoxy; 122 represents hydrogen; and R3 represents C2.3-alkyl 5such as

isobutyl or JVYSHM’ gﬁ{(%g;/i or R1 represents C2_3-alkyl such as isobutyl R2 represenis iydrogen; and

R3 represents me or R1 represents methyl R2 represents C3.5-alkyl such as isobutyl; and R3
represents hydrogen 10 R4 represents hydrogen of methoxy: R5 represents hydrogen, C1.3-alkyl

(such as methyl e rop or methoxy; 15R6 re ents NR 1R62, hydroxy,
hydroxy-C24=4] 0 %chaéﬁ% Gl9Ry Jﬁo?( A, fﬂ_{ﬁéﬁ%f% “§Tka%y ?suc £
di- (hydroxy@&@@kmhbkylbetﬁehydM@hhy@-ﬁmyrh@mm propoxyl).eexd, |%ﬂﬂ¥6@dm@|§oxy, -0C

H2-(CH2), '\éé‘r’@d&@@%& Razsiigingz3roarheiic aciol Mieiheomn QEHICHQA R NIr R62,
-OCH2-(CH2)rNHS02R63, -OC ZCH].‘&OH )-CH2- V\hHSO . OCH CH ),z NH F 9
%ZES%?S esjer}-

_OCH2-CHERIH I SINAE SR ORI e st e’ﬁa%oé% % ygréx

2-carboxyetiz- zﬁr@ax@wkwaﬂabxwm[«wmme&m@ﬂb@»rm@m@)éfqunozra%memnyl, R62 K
represents @gb‘}%(ﬁ%@%ﬁ%b%@%&e@ %Sﬁkl}ﬁe&érﬁr%“’féﬂr@éﬁb @W&)ﬂiy@ W@Wﬁx@miﬂo' R64
represents hy. roxymet eth Iamgrg h%/ ep ent |nt er1 %OR?r jesents
hydrogen, nf&RIOI c"’?ﬁ(‘?:) *ﬂgreg%ﬁoun?ﬂ ?F%Rﬁ\ﬂ ma co n G or ot s?er?cj)genlc or
asymmetric rdénterbsxrsmfhﬁé@H)zr@l'dipﬁﬂbr‘é‘*aﬁﬂrrhﬁﬁ’iﬁgf34 ric carbon atoms. The compounds of Formula (1)

may thus be present as mixtures of stereoisomers or preferably as pure stereoisomers. WO

20091108672 TIE200910S0740.1 Vs o SRR MAKH AR g gper krown

one of the embodiments i) to xiv), wherein R® represents -CHy-{CH)-CONR™R*, 1-(3-
carboxy-azetidinyl)-3-propiony!, 1-(2-carboxy-pyrrolidinyl)-3-propionyl, 1-{3-carboxy-
pyrrolidinyl)-3-propiony!, - 2,3-dinydroxy-propoxy,  -OCHzCH(OH}CHx-NR®'R¥,  3-
[{azetidine-3-carboxyiic acid)-1-y}-2-hydroxypropoxy, 3-[(azetidine-3-carboxyiic acid Cis-

15 alkylester)-1-yl}-2-hydroxypropoxy, 2-hydroxy-3-[(pyrrolidine-3-carboxylic acid)-1-yl]-
propoxy, 2-hydroxy-3-{(pyrrolidine-3-carboxylic acid Cs.s-alkylester)-1-yl]-propoxy, 2-
hydroxy-3-[(pyrrolidine-2-carboxylic acid}-1-yl]-propoxy. 2-hydroxy-3-[(pyrrolidine-2-
carboxylic acid Cq.gs-alkyiester)-1-yil-propoxy. or ~OCH2-CH(OH)FCH2-NHCOR“.

20 xvii) Another embodiment of the invention relates to pyridine derivatives according fo any
one of the embodiments i) to xiv), wherein R® represents 2 3-dihydroxy-propoxy, 3-
[(azetidine-3-carboxylic acid)-1-yi]-2-hydroxypropoxy, 2-hydroxy-3-[{pyrrolidine-3-carboxyiic
acid)-1-yll-propoxy, 2-hydroxy-3-[(pyrrolidine-2-carboxylic acid)-1-yl]-propoxy, or -OCH:z-
CH{OH)-CH-NHCOR™.

25
xviil} Another embodiment of the invention relates to pyridine derivatives according to any
one of the embodiments i) to xiv), wherein R® represents 2,3-dihydroxy-propoxy, or -OCHz-
CH(OH)-CH-NHCOR,

30  xix) Another embodiment of the invention relates io pyridine derivatives according to any
one of the embodiments i) to xiv), wherein R® represents -OCH-CH{OH}-CH,-NHCOR®.

xx) Another embaodiment of the invention relates to pyridine derivatives according to any
one of the embodiments i) to xvi), wherein R represents methyi, 2-hydroxyethyl,

35  carboxymsthyl, 2-aminoethy!, or 2-methylaminc-ethyl.



Where the plural form is used for compounds, salts, pharmaceutical compositions, 5diseases and the
like, this is intended to mean also a single compound, salt, or the like. Any reference hereinbefore or
hereinafter '%%(9 compol tEud of Formula (1) is to be understood as referring@fﬁ%}&@% 24_((Jaspe_cially
pharmaceutlcalfy accepfable salts, of a compound of Formula (1), as appropriate and expedient. 10
The term "pharmaceutically acceptable salts" referséto non-toxic, inorganic or organic acid and/or base
addition salts. Reference can be made to "Salt selection for basic drugs”, kit. J. Pharm, (1986), 33,
201-217. 15ERBIBE FPRRATRIESHBEIMES IS 18 PYIRTALH) AN SerecRsd fbiR 2"
N-((S)-3-{2-ettuyi-thd Brbdsobernisl Meametrayidopridinesin T & dfeseadianolgis1.]-6-
methyl-phenoxy)-2-hydroxy-propy1)-2-hydroxy-acetamide;
N-((S)-3-{2-ethyl-445-(4-isobuty1-6-methyl-pyridin-2-y1)-[1,2,4]oxadiazol-3-y1]-6-
methyl-pheﬁ%ﬁiﬁ@gﬁﬁrﬁ%’%ws-@-Wd%)‘?ﬁjﬁé‘eﬁ%ﬁfe,o pyridine derivatives according to any
202-hydroxysie- (R e2empaing:8s{4-F5x(6- mubutyb-Axmathesajady Fidimgspls methyl.
[1.2,4]oxadiazol-3-y11-2,6-dimethyl-phenoxyl-propyl)-acetamide;

2-hydroxy-N-((S)-2-hydroxy-3-{445-(6-isobutyl-4-methoxy-pyridin-2-y1)- . .

112 dlonac 5B A HS BTN A vy EBIBby P AcelaNae cetiaives accoring o any
N-((S)-3-{2-etisybish5 ¢Blisdbuty s I-insthib o 2aprpserss Aianimaing-y 1]-6-
25methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide; :

3 S e SRy Y e R Rl YA a0 MR IRD R ay-propane
(R)-3-{2-ethynetafBheerabboiry £04s Mty ppddin- By voh aredka dresesied iy i esmisefiylphenoxyl-propan
e-1,2-diol; 30(S)-3-{2-ethyl-445-(5-isobuty1-4-methyl-pyridin-2-y1)41,2.410xadiazol-3-y1)-6-methyl-

phenoxyl-propane-1,2-diol; . . , - . .
() - T RS SRR el By IR g S5 2ocoraing 10
methyl-pher@xpdnpiyidioyasedpy 1)-2-hydroxy-acetamide;
3-{2-ethy1-445-(5-isobutyi-4-metlyl-pyridin-2-y1)41 ,2,4jogadiazol-3-y11-6-methyl-

35phenyl}-N-(2-hydroxy-&thyl)-pFopI ide; and 0097109872PCT/1B2009/050749 11
3-(3-{2-ethy1-445-(5-isobuty1-¢4-met I-pyrideZ-y1)41\g.4lo diazol-3-y1]-6-methylphenyll-propionyl
grgr:}_o)igropigpé%rgggqﬁgurther les of pyridine corgpewnds according to Formula (1) are selected

wherein the asterisk indicates the bond that is linked to the pyridine group of Foarmula (1),
R represents methyl, or methoxy; R? represents hydrogen; and R® represents C,~alkyl; or
R’ represents C,-alkyl; R? represents hydrogen; and R® represents methyl; or
R’ represents methyl; R? represents Cg-alkyl; and R® represents hydrogen;
20  R%represents nydrogen;
R® represents methy! or sthyl;
R® represents -CHx(CH2)-CONR®'R®, hydroxy, 2,3-dibydroxy-propoxy, -OCHz-CH(OH)-
CHo-NRE'R®2, or -OCH;-CH(OH)-CH,-NHCORY;
R® represents hydrogen, methyl, 2-hydroxyethyl, carboxymethy!, 2-carboxyethyl, or 2-
25  amingethyl;
R® represents hydrogen;
R* represents hydroxymethyt;
n represents the integer 1; and
R’ represents mathyl.
30
xxvi) Another embodiment of the invention relates to pyridine derivatives according to
embodiment i), wherein

A represents



5242-ethy1-445-(5-isobuty1-4-methyl-pyridin-2-y1)41,2,4joxadiazol-3-y11-6-methyl-
phenoxy}-ethylamine;

ﬁ;)()z_;){rzo-sit:%/i‘]éj-%?-. gblgsmg)utyl-4-methyl-pyrld|n-2-0)41,2,410xad|azoI-3-y%%;rgiﬂgﬁzé%g%p&noxy}-ethylam|
N-(2-{2-ethy1-445-(5-isobuty1-4-methyl-pyridin-2-y13-{1,2,4)oxadiazol-3-y1]-6-methyl-
10phenoxyl-ethyl)-2;hydroxy-acetamide; .

2-12-ethyl—4-[5-(5-i§9buty/ﬁﬂ ethyl-pyridin-2-y1 \2,4]ox§diazol_-3-y1]- ethylphenoxyl-propane-1,
3-diol; T - . - Tt
(S)-1-{2-ethy1-4-15-(5-is buty&methyl-pyridin -y1)-[1,2,410%kdiazol- \wl]- ethylphenoxy}-3-(2-h
ydroxy-ethylamino)-propa®-2=oly N—-~O NN

15ethanesulfpricacidl(SdrettksS HvlAG BréRdnalatiy ks Anmetiy kY BB Ydup of Formula (1)
[1,2,4)oxadiazol-3-y1]-6-methyl-phenoxy}-2-hydroxy-propyl)-amide;

3-((S)-3-{2-ethyl-445-(5-isobuty1-4-methyl-pyridin-2-0)11,2,41 oxadiazol-3-y11-6-
methyl-pher@kyér2sagdioxyetrd py(amthe)ypSpieniesnis; hydrogen; and R® represents C,.s-alkyl
(S)-3-(25eth3@1%—@%@zgtgyhg@pygr}jgymthyl-pyridin-2-y1H1,2,4)oxadiazol-3-y11-6-
20methyl-phenoxy)-propane-1,2-diol; , T _ 5

N [09-5. 0. Sy PR o brbis 8-S i RS0 . SR80 5, ropresens
y11-6-methykphighoxy)-2-hydroxy-propy1]-2-hydroxy-acetamide.(S)-3-(2-Ethy1-4-{5-{6-(1-
ethyl-propy!r4-ragthes=nyrsin2- Rt Hdp2ed d orsadiazalkg-yduk6-Bretbvhppe ey )RropgReshid- did;
25(S)-3-(2-CHI%gg-ga{S-[6-(1-ethy|-propy0-4-methoxy-pyridin-2-y1H1,2,410xad azol-3-
y11-6-methy -yphe%of(y)-propane-l,2-dio|;
N-RS)-B)(2-ethy1-4-1546-(1-ethyl-propy1)-4-methoxy-pyridin-2-y1]-[1,2,4]oxadiazol-3-
y1}-6-methyrphgnexynt asgsi-r aeyoryhydroxy-acetamide;
N-RS)-3-(4-{546-(1-ethyl-propyl)-4-methoxy-pyridin-2-y1141,2,4]oxadiazol-3-y11-2,6-
dimethyl-phenoxy)-2-hydroxy-propy1]-2-hydroxy-acetamide;
N-RS)-3-(2-¢hlsreressirgy irads - proii) -Biae asaxpipyrigiivk SrnP1opyd ek BEfE26Y3-y 1}-6-methyl-ph
enoxy)-2-hydroxy-propylk2-hydroxy-acetamide;

N-RS)-3=(4- -(1- -prePyL)-A-n pyridin-2- Aoxadiazol-3-y11-2» )
etor o SR B O . bt R o 522 oy
35N-((28)-3@-‘@?!‘}yl-@i@%@%ﬁ'&lﬂ?ﬁiﬁlﬁ%mﬁgﬁwd RUSDy B 19D e BB ey o -
methyl-phenayghb 2y iBytyaryxprafydpiydiox 2 detitanhiche-piiEy:20 091098 TR NS 2RE9/050749
: [(azetidine-3-carboxylic acid)-1-yl]-ethoxy, -OCHzCH{OHRCHNRYR®,  ~OCH-(CHy)p-
NHSO,R®, -OCH,-CH(OH}CH,-NHSC,R®, -OCH~(CH,-NHCOR®Y, or -OCH,-CH(OH)- .

20  CHxrNHCOR®;

R¥ represents hydrogen, methyl, 2-hydroxyethyl, 2-carboxyethyl, 2-(C4s-alkyicarboxy)ethyl
(such as 2-(methylcarboxy)ethyl), or 2-aminoethyl;
R® represents hydrogen or methyi;

25  R% represents C.s-alkyl (such as ethyl), or dimethytamino;

R® represents hydroxymethy! or methylaminomethy!;
n represents the inieger 1; and
30 R’ represents hydrogen, methyl or chioro.
The compounds of Formula (I) may contain one or more stereogenic or asymmetric

centers, such as one of more asymmetric carbon atoms. The compounds of Formula ([)

may thus be present as mixtures of sterecisomers or preferably as pure siersoiscmers.



12 The compounds of Formula (I) and their pharmaceutically acceptable salts can be used as
medicaments, e.g. in the form of pharmaceutical compositions for enteral or parenteral administration,
and are suitable for decreasing the number of circulating lymphocytes ang- § zt&?; E&ﬁ\ﬁgntion and/or
treatment of Uis&428&°8 4isorders associated with an activated immune system. F]é production of the
pharmaceutical compositions can be effected in a ménner which will be familiar to any person skilled in
the art (see for example Remington, The Science and 10 Practice of Pharmacy, 21st Edition (2005),
Pad 5, "PhaMpdeestils RIBPIBPRST MEY RUBHRFEEBYLRIBRIEGH FIMHANR RARIRMENBY Brif§ing the
described campounds of Formula (I) or their pharmaceutically acceptable salts, optionally in
combination with other therapeutically valuable substances, into a galenical administration form
together with suitable, non-toxic, inert, pharmaceutically acceptable solid or liquid carrier materials
and, if 15dediYeereudif WA niate uicAB8HjU0arReT PR BRafAkt e AR AT EERHPTH P8 SFising a
compoufd ofikessauland )tias dikes efisl ifon el piaventiongswdécriiptatvepboidlisgbsesheridésorders
associated with an activated immune system. 20 Such diseases or disorders associated with an
activated immune system and to be prevented/treated with the compounds of Formula (r:g are for
example sel QPG BGFERE RBHRI IR BT 1 e A G B PRSPl anTER BrohiRdC fEa R B iss:
graft-versus-bostidiseasts brosajist abpertiily traaspiartaitioly actoiatianalsydrereshiogiddihg
rheumatoid 25, arlriis ;s yiGRlRdIMtenbgamaiosus; antiphospholipid syndrome; Hashimoto's
thyroiditis; lymphocytic thyroiditis; multiple sclerosis; myasthenia gravis; type | diabetes; uveitis;
episclemis; scleritis; Kawasaki's disease, uveo-retinitis; posterior uveitis; uveitis associated with
Behcet's disGasdzuvephaonangitissiindropniaiti salfi’ crfecphaiomieditsincrsenic clisgeatt waisculopathy;
post-infectioys ayteimmengdisease Roehednghesmatias3R feyrisardiRasbinfestiosgs, nt.
glomerulonephritis; infl a};ﬁr @ng t)yperproliferative skin diseases; psoriasis; psoriatic arthritis;
atopic derma‘fit%?mo@rﬁ@; y% fi 1 osteomyelitis; contact dermatitis; eczematous dermatitis;
seborrhoeic dermatitis; lichen planus; pemphigus; bullous pemphigoid; epidermolysis bullosa; urticaria;
ingioedsmaae_aﬁ%ig%f sw&:lwmsr@émgcui@@@ﬁ@whﬂiﬁw@g@aﬁgw%&emrﬁgbpe_ciaIarﬁata;

eratoconjunctivitis; ern tivitis; keratitis; herpetic. ker ;dystrophia epithelialis corneae; -
corneal leukoma; oregﬂ@ﬁ)bé%gﬁﬁggf@%\%\éﬁg%@y&%&?%%@Pg{g&%—%{%ﬁ%’g gﬁgﬁﬁéogg\?egs WO
2009/10987 2P Ii-RIBOI/H IR 9<Y 3 SpMthaimieisahgsa@gidRoyanagi-Harada syndrome; sarcoidosis;
pollen allergies; reveigile-ghstryctyve-ainastiseasahironahiad astimg jaledgicoasthirg, intrinsic
asthma,; extrinsic asthma; asthma: chronic or inveterate asthma; late asthma and airway
hyper-respon@ﬁ}%eﬁ' gqs?ng?tgi%?ﬁ5%%%%%@@3%%9@5%&'%%%@fe orchitis; gastric ulcers; ischemic 5
bowel d8eases; infRafaXrHiwereEEsi et Bristhy e tsmtisP YthstndHesions associated
with thermal purngocariiag-gighasediprasiitisheasinephiliy gastroeiteritis; mastocytosis; Crohn's

disease: ulcerative soliPRLLAMAGE. cousedkbysehemin hasases and fombosis

atherosclerosis; fatty He rditis; cardiac infarction; aortitis sy me; cachexia due to viral

disease; vaséh%FHW%BLS?’SYH@’QEH&WWTW%?Oiﬁ‘gﬁ%/&‘éFﬁﬁ?&Qﬁial nephritis; IgA-induced

nephropathy; Goodpasine L eymdroiadsHssholyticraetimig-pyridiretre)-fH abhéve avrotSpatity;

glomer%@sclﬁ{&ﬁgﬁ;pw% [ -52H%B&U@%&HQ%@W&@W%&E%Q?S? interstitial cystitis; multiple myositis;
r ) . Y i .

Guillain-Barre syndrome; Meniére's disease; polyneuritis; multlé)le neuritis; myelitis; mononeuritis;
radiculopathy; hypet¥hi R ‘B%%bﬁﬁ%eﬁlgé‘ﬁgé?qwg&aﬁb ﬁquﬁﬂ‘%??}éa'ﬁ%ﬁ’gbq%‘?é,yé'plastic
anemia; 15 hypopigsticopaerid-ikidpathic thrombocytopenic purpura; autoimmune hemolytic anemia;
autoimmune thromheeoReiR: ALREUAGYASISH BRYIISIAYR ORI MBRRRbAIpRNRIR)-
anerythroplasia, osteoporosis; fibroid lung; idiopathic interstitial pneumonia; dermatomyositis;
leukoderma WIGARY RIBRGsisVEiRaris; photoallergic sensitivity; cutaneous T cell lymphoma:
polyart@@tis nodosalShiriéritohseHErieabSyldentvim s p0icortd] thyeartisisS iy ocasdiis;

SIngiv, PETIGIOTICIy B PORE, SHbatantc psssn ol el poftertalopecs o alopeca.
senilis; muscular d ﬁ%%h%? '3e/to EFn %‘,&gig%a? %%%eé?‘r‘ééﬁ?é;”‘i{/‘%ﬁﬁ"@s%’sgj%ﬁdo‘#8%%@?1%I
insufficiency;maltisohsn oiskage dsehiarsiariepairsmndegiayiétorgans which occurs upon
preservation; endotgXifethyi-4-{5-(5-isobutyl-4-methyl-pyridin-2-y1)-[1,2,4joxadiazol-3-yl]-6-methyl-

35  phenyl}-N-(2-hydroxy-ethyl}-propionamide; and



25 shock; pseudomembranous colitis; colitis caused by drug or radiation; ischemic acute renal
insufficiency; chronic renal insufficiency; lung cancer; malignancy of lymphoid origin; acute or chronic
lymphocytic leukemias; lymphoma; pulmonary emphysema,; cataracta; siderosis; retinitis pigmentosa;
senile macutd? #GAEAtion; vitreal scarring; corneal alkali burn; dermatftisTéRANEHE Ballous
dermatitis; cement dermatitis; gingivitis; periodontitis; sepsis; 30 pancreatitis; peripheral artery
disease; carcinogenesis; solid cancer tumors; metastasis of carcinoma; hypobaropathy; autoimmune
hepatitis; primary Biliariz¢ittHosis-Scleebeiviy chefangitigipanibtl hvef pxseiaiohiadfadietmecrosis;
cirrhosis; alephplic-sishosisEmmepRibiadueiddiminant hepatic failure; late-onset hepatic failure; and
"acute-on-chronic” liver failure. 02009/L09&72PCUIB2009/050749 14 Preferred diseases or disorders
to be treated and/or prevented with the compounds of Formula (1) are selected from the group
consisting of vefeitiorropleans pristes ergrassiAresdigrey averaHE e RARF prafefeas, cornea, and
skin; graft-versus-hqst sligeages hiesglhi abeutHyysiedm.cell arspleciation: auledmmatige syndromes
including rheHn?]%&g}qe [irtziiﬁe-5 multiple sclerosis, inflammatory bowel diseases such as Crohn's
disease and Ulcerative ¢0 itis, psoriasis, psoriatic arthritis, thyroiditis such as Hashimoto's thyroiditis,
uveo-retinitis; atopic(@ise8dubSiRFP ANt SRYIRiIdRI - Ystmafitreed@rrhar typeelidbetes;
post-infectiopris:acktgivaimyureiciseasesricigiding rheumatic fever and post-infectious glomerulonephritis;
solid cancers and fmoppRASigsis ABRAeHai Rislared fiseasssaudispriaisin b freated

and/or prevented with the compounds of Formula (I) are selected from the group consisting of rejection

of trandBlanEPEARYYETR Y BRI liver, heart and lung; graft-versus-host diseases brought
about by stem cell 2réirsiladtdtion sutoinuatgyryd ok gl sl @ctid dritamol-B-yhidurmettid arthritis,
multiple scleggéil%x%ggr(ggg}%_@%%ggyc arthritis, Crohn's disease, and Hashimoto's thyroiditis; and atopic
dermatitis. Very preferably the diseases or disorders to be treated aré%{or é)reveézl'gﬁdawith tt}]e
compounds of Forfli )P SerRetsa Ty ilIAIHE QIS Rht pasHa RSP HPEL invention
also relates pos orgitt¥e@-fordtheyprivemtion Jaroreatdreht of a disease or disorder mentioned herein
compriging adminigigringstgsubjectgpharmaseuticaliv aciive ganaewi 0f seempatar-ofjrormula (1).
Furthermore cogE 0 ndsl_ ftﬁ%aFortmLf;Iah%)Baer_gl_ 0 us)((af_ulIl in gmll)(ijgation with one or 25 several
immunomoo[ﬂllatl TYeits 16 '@%Pé( g nd dtdf?eglt%o of the diseases and disorders
mentioned herein. AEEortRptbyRpIefErieeh siridorivhevlidielinld o oxaipagentd-Bre selected
from the gropRir@NsHSHAG, b iIMATERESHARIESSMILEEMHIRAsIRFOIdS, NSAID's, cytotoxic drugs, adhesion
molecule inhibitors, cytakines, cytoking inhibitors, cytokine receptor a ists and recombinant
cytokine receptors@Oé%zgée%%—gé{%@ﬁ\(ﬁér%?oy?f%@%’ lﬁéﬂiérpéagw A%Q%@ggﬁ“ﬁ%ﬂ%ﬁ%& Og?gélg}:r%ﬁula (1) for
the prefhratitgitor-alsharmnaresdited 'cofiposition, optionally for use in combination with one or several
immunomodulatingiagertsferther pseeantianyepispatraentol therdiseasss andeisordersmentioned
herein. WO 2009/109872PC 050 (o) 1ds of F

man ufacturé’ﬁ ngrrt‘é}g ﬁ%?ﬁggxyb%ﬁdﬁge{%\ﬁr%ﬁ%j %%%ﬁ%ésg %?]v%@r%s n thégégain?pégg (?'r%%/?gr(lglogous
methods. OiMHLATPRUACHEITEORARBITE TR AR IR ARE A AP PR RIEOSY SERARE Lided, but

such conditigrg can be determined by a person skilled in the art by routine optimisation procedures.

Compaynds of the Eambiah(Bholie pras ngilrrav&aﬂy@%rmawwaem AeFarding ipshegeneral

sequence of reacti a few of the synthetic possibilities leading to compounds of
Formula (1) 4RsSfaigkHsgbenoxy)-propane-1,2-diol;
N-[(S)-3-(2-ethyl-4-{5-6-( 1-ethyl-propyi)-4-methoxy-pyridin-2-yl]-[1,2,4]oxadiazol-3-

yli-8-methyl-phenoxy }-2-hydroxy-propyl]-2-hydroxy-acetamide;
N-[{(S)-3-{4-{5-[6-( 1-ethyl-propyl}-4-methoxy-pyridin-2-yl}-[1,2,4]oxadiazol-3-yI}-2,6-
30  dimethyl-phenoxy}-2-hydroxy-propyl}-2-hydroxy-acetamide;
N-[(8)-3-(2-chloro-4-{5-[6-(1-athyl-propyl)-4-methoxy-pyridin-2-yl}-[1,2,4Joxadiazol-
3-y-6-methyl-phenoxy)-2-hydroxy-propyl}-Z-hydroxy-acetamide,
N-[{8)-3-(4-{5-[6-(1-ethyl-propyl)-4-methoxy-pyridin-2-yl-{1,2,4}oxadiazol-3-yi}-2-
methoxy-6-methyl-phenoxy -2-hydroxy-propyll-2-hydroxy-acetamide; and
35 N-{{28)-3-{2-ethyl-4-[3-(5-isobutyl-4-methyl-pyridin-2-yl}-[1,2,4]oxadiazol-5-yi]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide.



Compounds of Formula (I) which represent a 5-pyridin-2-y141,2 4]Joxadiazole derivative, are prepared
by reacting a compound of Structure 1 in a solvent such as xylene, toluene, 15 benzene, pyridine,
DMF, THF, dioxane, DME, dichloromethane, acetic acid, trifluoroacetic acid, etc. at rt or elevated
temperaturd€Qr?iR¥IpERence or absence of auxiliaries such as acids (e.§STERY®EEE*3cid, HO, etc.),
bases (e.g. NaH, NaOAc, Na2CO3, K2CO3, NEt3, efc.), tetraalkylammonium salts, or water removing
agents (e.g. oxalyl chloride, a carboxylic acid anhydride, POCI3, PCI5, P4010, molecular sieves,
Burgess reagent, etc.) (Lit.: e.g. A. 20 R. Gangloff, J. Litvak, E. J. Shelton, D. Sperandio, V. R. Wang,

K. D. Rice, Tatrabegmd<ett ARridR00) akd4icit4haimacauatiiy Kedanokie, diltdroanishiséd Magakura, K.
Miyta, H. Nakahara, M. Ohta, T. Mase, Chem, Phar 1), : -122. in, A. L.
Tartar, B. P."ngﬁ?e@? étr%ﬁéglrétﬁel?@t'ihAf (frgaiT%%%%%&%@%%%%rf\g/ﬁgté\%aéi Ilzg.rJEaS'Jng(%%\%!eira, D.S.
Machado, Redvnirseistésm anst 28y aitatie Copsirrshy (hegoynhersy-¢nstR g 4BPheiES2M. Shreeve,

Inorganic Chenmistirela(lQ88ndRtaR-3441 B Kabaudinr Kishlagacesddetacacytteart6(RARS),

2287-2292)_5mCom gusr_géjﬂsl of Structure 1 may be prepared by reacting a compound of Structure 2 with
ab compouncfnol*n ffiicture 3 in a solvent such as DMF, THF, DCM, etc. in the presence or absence of

one or more coupling agents such as TBTU, DCC, EDC, HBTU, CDI, etc. and in the presence or
absence of ahasesughas Nzt 3hERicAyuiattokP00Boetcafl ite efgciad aapendefwhigrmihdez, P.

Fulcrand. J.Magieg. & Q0. EHSARLA0P ZE1EI B Lol Rllsiaue HEbaRAEbns

Compounds of Formula (| present a 3-pyridin-2-y141.2 41oxadiazole derivative, are prepared
in an atthlogdEstesnonarmecy. G145t BANIRN I f0Padlad. Eooﬁa?rﬁ?aieﬁfgﬁfewaﬂg &Hakedron Lett.
40 (1999) 327 H3Ré8) oy rembting A Gtempo B VDS Cureridgivith thecargsobed ofSaucitrecs and

subsequent @gﬁuﬁgﬂggo?ftﬁ@ﬁ gﬁ&%%%@@ﬁé@%@&%@@%&&e SSiSHANEHRBHIBIRI N Pith other
2009/109872PCT/1B2009/050749 17 Compounds of Strucf%j;%g and 4 may. be prs%p%]rgd b.&/ reacting a
[

compound of&FaBHFEY ARla0IFeSPRYURDER: WA Ry &FSRY AR O it S RO

It arscv)\iv.rént such
as MeOH, EtQHapyricindpete iirrthehpressactcehabsentwiefwisbedisuidrasit aR0eH K 2003,

potassium tejt bty late s NRi3nale Hldb: LigvinidMeyer, A. C. Joussef, H. Gallardo, Synthesis 52003,
899-905; WO 2004/035538 (Merck & Co., Inc., USA)). Depending on the nature of the functionalities

present in the residues R4 to fie in Structures 3, 5 and 7, these functionalities may require temporary
protection. Appropriate srstetiog opelipssarerierising focapepson akiiksanitetke Aa wirdidenibe e.g. a

benzyl or a thalisivl AR arap tedrotesisansicanals adetabdodratrchadiol setvallaserpratecting
groups may be employed according to standard methodology (e.g. T. W. Greene, P. G. M. Wults,

Protective G%ﬂﬁglin Organic Synthesis, 3'6 Edition, Wiley New York, 1991: P. J. Kocienski. Protecting
- GroupgUThieme Stuttgart, 1994). Alternatively, the desired residues R4 to R7, in particular R6, may
also be introdygediigelaies siepsthadfolipantheaoupiingofdtie pyddineune system and to be

prevented/treated with the compounds of Formuia (1) are for example selected from the
group consisting of rejection of transplanted organs, tissue or cells; graft-versus-host
diseases brought about by transplantation; autoimmune syndromes including rheumatoid
25  arthritis; systemic lupus erythematosus; antiphospholipid syndrome; Hashimoto's
thyroiditis; lymphocytic thyroiditis; multiple sclerosis; myasthenia gravis; type | diabetes;
uveitis; episcleritis; scleritis; Kawasaki's disease, uveo-retinitis; posterior uveitis; uveitis
associated with Behcet's disease; uveomeningitis syndrome; allergic encephalomyelitis;
chronic allograft vasculopathy; post-infectious autoimmune diseases including rheumatic
30 fever and post-infectious glomerulonephritis; inflammatory and hyperproliferative  skin
diseases; psoriasis; psoriatic arthritis; atopic dermatitis; myopathy, myositis; osteomyelitis;
contact dermatitis; eczematous dermatitis; seborrhoeic dermatitis; lichen planus;
pemphigus; bulious pemphigoid; epidermoiysis bullosa; urficaria; angioederna; vasculitis;
erythema; cutaneous eosinophilia; acne; scleroderma; alopecia areata; keratoconjunctivitis;
35  vernal conjunctivitis; keratitis; herpetic keratitis; dystrophia epithelialis comeae; comeal

jleukoma; ocular pemphigus; Mooren's Uulcer; ulcerative keralitis; scleritis; Graves'



15 compounds of Structure 2 or 4 with the phenyl derivatives of Stucture 3 orb, respectively, by using
a suitable precursor of a compound of Structure 3 or 5. The phenyl compounds of Structure 3 and 5 or
their precursors are either commercially available or are prepared according to 'P(oced[ures known to a
person skill&Pir'HEU|R 220 Structure 8Structure 9 Compounds of Fornﬁﬁf’{ﬁzwﬂﬁf%?ﬁ?present a
2-pyridin-2-yl-[1,3,4]oxadiazole derivative, are preptted similarly by reacting a compound of Structure
2 with hydrazine (by using a 25 coupling reagent such as TBTU, DCC, EDC, HBTU, PyBOP, CDlI, etc.)
to form a covapahtherBICedreyaRBhHara B sYotisEE wisAcesif RUlRE PSR tRES B give a
compound hStHiust eibndy crppaundokhtusitied clargisadenprepateddystolewingrimecreverse
reaction order| e, by, IS LNRING. A SOMBOUASLAL G 3. Wil Dyclrazine ellgnes) ieacting the
corresponding hydrazide intermediate with a compound of 30Structure 2. Dehydration of a compound
of StructurergSRPRSIMETRE dBsPsaIZS rRIPRIiE: WEPDIEEB08THINE PEEBECYRSED 75 9E T
[1,3,41exadiazale deristveinaffected tyneedisagsa<ompotiridooéStroctiire; Intathire rémist such as
P0013: CCl4 an r4 jn.c inati ith, PR1I3; F - B r Siekc. | gmtsuch as
toluene, Meaﬁ?%?g%%&rﬁgﬁé%ioﬁ?\%tg %ﬁitéégm%?e%%%&egggtﬁv%é;&%%gprﬁ%Zgobé ﬁgt!iémisence or

~ absence of MRSORAVRSIEMRRBHIFERSSe YoRi e o Y Feia B U AT dh (ErHER R K %ﬁ‘& F.
Moreno de laiddayes MnduliammbosiartthexsBiceiR aktiyahFatesaykaREinosadidedCiem. 48

(2005) 4068&691%@39{@;0%@@8&19'}43 Rl vr90RGedzed vARKISY tTEHHBBEET ORd:Eite Heh(#899)
3275-3278). Alternatively, the bonds between the pyridine or th he‘é]f%l’gfm and the central
d

oxadiaZdle §9geEHh aig??rﬁgﬁl%rﬁ@ﬁ%@%pﬁ%ﬁ@dﬁgﬁgdiﬂﬁ%@%g‘a e s

coupllngsryenaéﬂgﬁs. 10
Methods thateeffsigithestram sfodmatioriebatcompbmdiof: Starcen e TerG Mg esaerAdis! Structure

6 or 7, respegliviely P4 ARpRtite.iAks Mo, iR PRIFANSIHNediHs; thrinsin-B Srampeidnsisef
Structure 2, wherein Rj represents methyl, ethyl or methox Rﬁi re%gggf%grgtgwg&%%%n ol ?9[ R3
represents 0995181k ESFARFLrROMST YIS ﬂé“g?é’e'%a?%“ Ollowing the reaction sequence 8u'h1 Hed below:
COOR StrudtymerthgrojpBumn Gkiscemetiodisptae MG ciasites s rsjel A seHarEa PAREHS FERERN
15 hypoplastic anemia; idiopathic thrombocytopenic purpura; autoimmune hemolytic anemia;
autoimmune thrombocytopenia; agranulocytosis; pernicious anemia; megaioblastic anemia;
anerythroplasia;  osteoporosis;  fibroid  lung;  idiopathic  interstitial prieumonia;
dermatomyositis: leukoderma vulgaris; ichthyosis vulgaris; photoallergic sensitivity;
cutaneous T cell lymphoma; polyarteritis nodosa; Huntington's chorea: Sydenham's
20 chorea; myocardosis; myocarditis; scleroderma; Wegener's granuioma; Sjogren's
syndrome; adiposis; eosinophilic fascitis; lesions of gingiva, periodontium, alveolar bone,
substantia cssea dentis; male patiern alopecia or alopecia senilis; muscutar dystrophy;
pyoderma; Sezary's syndrome; hypophysitis; chronic adrenal insufficiency; Addison's
disease: ischemia-reperfusion injury of organs which ocours upon preservation; endotoxin
25  shock; pseudomembranous colitis; colitis caused by drug or radiation; ischemic acute renal
insufficiency; chronic renal insufficiency; fung cancer; malignancy of lymphoid origin; acute
or chronic lymphocytic leukemias; lymphoma; pulmonary emphysema; cataracta; siderosis;
retinitis pigmentosa; senile macular degeneration; vitreal scarring; corneai alkali burm;
dermatitis erythema; ballous dermatitis; cement dermatitis; gingivitis; periodontitis; sepsis;
30 pancreatitis; peripheral artery disease; carcinogenesis; solid cancer tumors; metastasis of
caroinbma; hypobaropathy; autoimmune hepatitis; primary biliary cirthosis: scierosing
cholangitis; partial liver resection; acute liver necrosis; cirrhosis; alcoholic cirrhosis; hepatic
faiiure; fuiminant hepatic failure; late-onset hepatic faiiure; and "acute-on-chronic® liver
failure.
35



3) saponification or 1) Negishi reaction with e.g. R3ZnClI 2) saponification COOH Structure 13 The
picolinic acid of Structure 13 may be prepared by treating a compound of Structure 10 (either
commercially available or prepared in analogy to literature procedures e.g. T. Kaminski, P. Gros, Y.

—Fort, Ehr- 3V EHERT219 (2003) 3855-3860: U- Ziener; E-WO-2009/109¢ B84 ¥32000/050749
19 Breuning, J.-M. Lehn, E. Wegelius, K. Rissanenj4. Baum, D. Fenske, G. Vaughan, Chemistry-A
European Journal 6 (2000) 4132-4139; R.-A. Fallahpour, Synthesis 2000 1665-1667; B. G.
Szczepankiéwitszred alisgansedorChendas® (ROe6YSHEB-IBE0) ARMeRBGBWiHHgI-eSERMNBE Kane under
Suéuk; COﬂOﬁE’bﬂﬂﬁiéO(éfpém FeRRBP AT §ﬁsti§td¢3as151irvgh'befﬁeﬁéﬁcﬁmisgﬂlsgmdtester@ﬁad $adhe picolinic
acid of Structure, 12 (R represents e.q. met , Isopropyl . I - Oxjdation followed b
esterificatiorEil‘:’oE“gnée M%@grcg?@qg\%gg[grgg%g§ﬂﬂg o%“ézégﬁﬂ rjﬁe&%%—%%ﬁ%%eé g%?c%?gg ola Y
compound ¢itstiuetUFETXe Hresnapbling GlUEHGNE IHIRes BresinsuBjeeterial 8tbila cross
coupling conglitions sgingstherdppieRtRIeHdb-dralierysaicietribaioxaniséprepanedireesteing to F.
Kerins, D. 10 E. O'Shea,. . 496849 nd ified, or treated
with the app?%glr?éf)és al 3%\%2%%3%%%%@%@ ge%lglst%l %%Ed%’gﬁas%ﬂg?gggﬂﬁ%%ﬂa%sLﬁ%?tg&gﬁ%eg|sh| J.
Org. Chem. #7n{a 9ii38R8e6 BLA16%) FiRiito CABBIRdiRiIPIORIFIsEP IR d¥RRd EEMIBRINEPST Structure
13. 15Comppefaadsuel Ststaneids whieraisctR linejprirsgntscvethtjt, ettydror andtheopl-R2ctépresents
hydrogen aQﬂ %@r[i&{gaﬁmé Coha-alkoxy (RHruGhse lflsmay be prepared following the reaction
sequealf%e outﬁned elow: Suzuki reaction with CI Br 2,4,6-trivinyl-cyciotri- boroxane 0C14-alkyl
Struct 15

Particularly preferrec¢ diseases or disorders to be freated and/or prevented with the

200

compounds of Formuia (1) are selected from the group consisting of rejection of
transplanted organs selected from Kidney, fiver, heart and lung; graft-versus-host diseases
brought about by stem cell transplantation; autoimmune syndromes selected from
15  rheumatoid arthritis, multiple sclerosis, psoriasis, psoriatic arthritis, Crohn's disease, and
Hashimoio's thyroiditis; and atopic dermatitis. Very preferably the diseases or disorders to
be treated and/or prevented with the compounds of Formula (1) are selected from muitiple

sclerosis and psoriasis.

20 The present invention also relates 1o a method for the prevention or treatment of a disease
or disorder mentioned herein comprising administering to a subject a pharmaceutically

active amount of a compound of Formula (f).

Furthermore, compounds of the Formula (1) are also useful, in combinaticn with one or

25  several immunomodulating agents, for the prevention and/or freatment of the diseases and
disorders mentioned hergin. According to a preferred embodiment of the invention, said
agents are selected from the group consisting of immunosuppressants, corticosteroids,
NSAID's, cytotoxic drugs, adhesion molecule inhibitors, cytokines, cytokine inhibitors,
cytokine receptor antagonists and recombinant ¢ytokine receptors.

30
The present invention also relates to the use of a compound of Formula (1) for the
preparation of a pharmaceutical composition, optionally for use in combination with one or
several immunomodulating agents, for the prevention or treatment of the diseases and
disorders mentioned herein.

35



| oxidation e.g. KMn04 0C1.4-alkyl Structure 17 20 A compound of Structure 10 is treated with the
appropriate alcohol in the presence of a base, preferably the sodium or potassium salt of the alcohol,
at temperatures between 0 and 80C (Lit.: e.g. C. Burstein, C. W. Lehmann, F. Glorius, Tetrahedron 61
(2005), 620 L EBFLF1493Rguyen, M. A. Wicki, V. Snieckus, J. Org. Chem. BT (B58%Y*%81%-7821) to give
a 25compound of Structure 15. Suzuki reaction of agompound of Structure 15 with 2,4,6- WO
2009/109872PCT/1132009/050749 20 trivinyl-cyclotriboroxane gives access to a compound of
Structure 16N hietmbesndauetbooRridis8t ey buitrpriRD4SH Brdieraabefvaife delred¥dhtpound of
Strélcétg;e 17me@@5@p@%}d$nqh§tﬁ*?mb%g,dwbgrgmmaédﬁmmags CaubmatkybRRorepsageiots hydrogen
an represents methy) or et Structure 22), ma repared followyi ction ,sequence
cutlined baid. ‘Lt s oo B E L BN PIERE S e I RaRE AN o
determined by a person skilled in the art by routine optimisation procedures.

5
Compounds of the Formuia {I) of the present invention can be prepared according to the
general sequence of reactions outlined below. Only a few of the synthetic pessibilities
leading to compounds of Formula () are described.
RS
S @]
R? R R®
\ / O—NH
R’ R®
HN
10 R’

Structure 1

Compounds of Formuia (1) which represent a 5-pyridin-2-yl-{1,2,4Joxadiazole derivative, are
prepared by reacting a compound of Structure 1 in a solvent such as xylene, toluene,

15 benzene, pyriding, DMF, THF, dioxane, DME, dichloromethane, acetic acid, trifluoroacetic
acid, efc. at rt or elevated temperatures in the presence or absence of auxiliaries such as
acids (e.g. TFA, acetic acid, HCi, eic.), bases (e.g. NaH, NaOAc, Na,COa, KeCOs, NEL;,
stc.), tetraatkylammonium salts, or water removing agenis (e.g. oxalyl chloride, a carboxyiic
‘acid anhydride, POCIs, PCis, P40+, molecular sieves, Burgess reagent, etc.) (Lit.: e.g. A

20 R. Gangloff, J. Litvak, E. J. Shelton, D. Sperandio, V. R. Wang, K. D. Rice, Tetrahedron
Lett. 42 (2001), 1441-1443; T. Suzuki, K. lwacka, N. Imanishi, Y. Nagakura, K. Miyta, H.
Nakahara, M. Ohta, 7. Mase, Chem. Pharm. Bull. 47 (1999), 120-122; R. F. Poulain, A. L.
Tartar, B. P. Déprez, Tetrahedron Lett. 42 (2001}, 1495-1498; R. M. Srivastava, F. J. &.
Cliveira, B. S. Machado, R. M. Souto-Maior, Synthetic Commun. 29 {1999), 1437-1450; E.

25 ©. John, J. M. Shreeve, Inorganic Chemistry 27 (1988), 3100-3104; B. Kaboudin, K.
Navaee, Heterocycles 60 (2003}, 2287-2292).



HO Structure 19 1) Suzuki reaction with 2,4,6-trialkenyl-cyclotriboroxane 2) hydrogenation 3)
saponification or 1) Negishi reaction with e.g. C2_2-alkylZnCl 2) saponification Structure 20 1 ROH,
H2S04 CI ,BrMe, Et RO Structure 21 10Thus, a compound of Structure 18 (either commercially
available or PlepArEd8¢tording to literature procedures e.g. J. P. SimeoRe B BISHAY. Med. Chem.
Letters 12 (2002), 3329-3332; D. L. Comins, N. B. M@ntlo, J. Org. Chem. 50 (1985), 4410-4411) is
treated with (NR1)2S208 in a mixture of methonal, water and H2SO4 at elevated temperatures
(Minisci reaction Lit.: e.g. R.#¥. Katz, J. Mistry, M. B. Mitchell, Synti# Commgh. 19 (1989) 15 317-325;
M. A. A. Biyouki, R. A. J. Smitk
form a compound of Structure/I5-This compound cdiPeNdised tg pound of Structure 20
using e.g. KMn04 in aggtone j ‘ )
methanol, ethanol, isopropand} in thg'preseRce of an acid sygh as gr HCI, the corresponding
compound of Structure 21 (R represents 20 @.5. methyl, é#V1, or isopropyi) can be produced. The
compound of Structure 21 isthen either subjected to Suzuki cross couplingigonditions using the
appropriate 2,4,6-trialkenylcyclotriboroxane, hydrogenated and saponified, or treated with the
appropriate alkyl-Zn- WO 200988878 BCT/182009/050749 21 Vi réfﬁté‘ﬁrteﬁder Negishi conditions prior
to saponification to furnish the desired compound of Structure 22. Compounds of Structure 2,

wherein R1 represends Gltratiaxy: R yerreagaisdydregemandaR3darr esemsmethyler gthyl
(Structuge 26), may e prgnared fallowing the,'eagian BRHENGE BLIRCA LGN presence or
absence of one or more coupling agents such as TBTU, DCC, EDC, HBTU, CDi, etc. and
in the presence or absence of a base such as NEts, DIPEA, NaH, K;COs, ete. {Lit.: e.g. A
Mamze, J.-F. Mernandez, P. Fulcrand, J. Martinez, J. Org. Chem. 88 (2003) 7318-7321;

and the literaiure ciled above).

R RY R®
—N NH HO
R? R®
\ / HN—OH o
R1 R?

Structure 4 Structure 5

10

Compounds of Formula (1) which represent a 3-pyridin-2-yl-{1,2,4]oxadiazole derivative, are
prepared in an analogous fashion {Lit.: e.g. C. T. Brain, J. M. Paul, Y. Loong, P. J. Oakley,
15 Tetrahedron Lett. 40 (1999) 3275-3278) by reacting a compound of Structure 4 with a
compound of Structure 5 and subsequent cyclisation of the corresponding hydroxyamidine

ester infermediate.

RS R4 R5
—N '
R’ R’

20 Structure 6 Structure 7



Cl4-alkoxy7 Br, Cl /v N Br, Cl Structure 23 Suzuki reaction with 2,4,6-trivinyl-cyclotriboroxane
C14-alkoxy Br, CI Structure 24 1) Suzuki reaction with 2,4,6-trivinyl-cyclotriboroxane 2)

hydrogenation 3) saponification or 1) Negishi reaction with e.g. C1_2-alkylZn nification 1)
oxidation e Y ORMAB¥ % etone 2) ROH, H2S04 C14-alkoxyCOOR 7-1\I P¥Z§ élg’&ru ure 25
17

Compounds of Structure 3 and 4 may be prepared by reacting a compound of Structure 6

and 7, respectively, with hydroxylamine or one of its salts in & solvent such as MeOH,

EtOH, pyridine, efc. in the presence or absence of a base such as Na,CQO; KiCO,,

potassium tert.butylate, NEt;, etc. (Lit.: e.g. E. Meyer, A. C. Joussef, H. Gallardo, Synthesis
5 2003, 899-905; WO 2004/035538 (Merck & Co., Inc., USA)).

Depending on the nature of the functionalities present in the residues R*to R’ in Structures
3, 5 and 7, these functionaliies may require temporary protection. Appropriate protecting
groups are known to a person skilied in the art and include e.g. & benzyl or a trialkylsilyl
10 group to protect an alcohoi, a ketal to protect a diol, stc. These protecting groups may be
employed according to standard methodology (e.g. T. W. Greene, P, G. M. Wuts,
Protective Groups in Organic Synthesis, 3% Edition, Wiley New York, 1991; P. J. Kocienski,
Protecting Groups, Thieme Stutigart, 1994). Alternatively, the desired residues R*to R, in
particutar R®, may also be introduced in later steps that follow the coupling of the pyridine
15 compounds of Structure 2 or 4 with the phenyl derivatives of Stucture 3 or 5, respectively,
by using a suitable precursor of a compound of Structure 3 or 5. The phenyl compounds of
Structure 3 and 5 or their precursors are either commercially available or are prepared

according to procedures known to a person skilied in the art.

=& R
N O ==N o . ;
o2 R? \ / R R
\ / AN—NH
N—MNH-
" R R®
O
20 R’
Structure 8 Structure 9

Compounds of Formuia (1) which represent a 2-pyridin-2-yi-[1,3,4loxadiazole derivative, are
prepared similarly by reacting a compound of Structure 2 with hydrazine (by using a
25  coupling reagent such as TBTU, DCC, EDC, HBTU, PyBOP, CDI etc.) to form a
compound of Structure 8 which is then coupled with a compound of Structure 5 to give a
compound of Structure 9. A compound of Structure 8§ can also be prepared by following the
reverse reaction order i.e. by first coupling a compound of Stucture 5 with hydrazine
followed by reacting the corresponding hydrazide intermediate with a compound of

30  Structure 2. Dehydration of a compound of Structure @ to form the desired 2-pyridin-2-yi-



10Hence, a compound of Structure 23 (e.g. prepared according to literature procedures given in B. G.
Szczepankiewicz et al., J. Med. Chem. 49 (2006) 3563-3580; M. Inouye, M. Waki, H. Abe, J. Am.
Chem, Soc. 126 (2004) 2022-2027) is reacted with 2,4,6- trivinylcyclotribgroxane to ive a compound
of Structure™ 254N using e.g. KMn04 in acetone of a compound of StHH& {}Jgr/e0 4 ollowed by
esterification furnishes a compound of 15 Structurei25 (R = methyl, ethyl, isopropyl, tert. butyl, etc.).
The compounds of Structure 25 is then either subjected to Suzuki cross ce%f)lrng condrtrons using

again 2,4,6{riviflpkgtrawipteseaivenizd Ailgeiestdy AP EshonFREP S HetedtWitH s Methi-2or
ethyl-ZnreagapleungesiNrgishccoaditions Ry, ie sapbindicatiantic>firnishahesdasissdeegrpound of

Sirucure 26, WO 200041098720 CTIIRR000ABALAY 87, ompaundng) SIS hRini 1

represents methyl or'eth represents and R3 represents | hé& en (Structure 31), may
be preparedfsHewI7g tﬁé‘ F@ACEAN BERIBTRASDAIIARSENSEIBIWTICr ey G AR
2,4,6-trglkenyisy clotbarcxanaiihydnogenation @nkhdldgishlimactionwith. ef\gMRrZZﬂi;ﬁ 5 Thus, a

compound qf Spructy y avgilab RBERG iy analogydeiliteratyre
procedures%e gB Lﬁéerrat %%%H@Qth@%gnﬁ?%%gg k%%f}g?zt’?zgg Ereacted with

2,4,6-triviny PaybiStriseRsx Ane- (s s BRI S ?o(tg?ﬁt) A%5ri6Othd of Structure 28, which is
oxidised and\esterifiey, tha compoancef SeustideL0r (ivbhereinyRig EDCthe alkyfp! SuadiRpéaction with

the appriopri @\%c,zcm Aslralheme s IaaeANR UadgRaIRandsRRAEsaliaR O Negishi reaction

with the appropriate alkyl-Zn-reagent followed by saponification of a compound of Structure 30 furnish
the corlrﬁ)ounds of Structure 31. 15Compounds of Structure 2, wherein R1 represents methoxy, R2
represents GR:iifatkyiateath & Srepresomsiy b gerp(SeuntLpd SR)ciiay2ises prelsare@TaIfdiiing the

reaction Se%@ﬁ%@t&@&d? p@%ﬁtiveim or the oppasite, are known to a person skilled in the art.

Compounds of Structure 2, wherein R’ represents methy!, ethyl or methoxy, R? represents
15 hydrogen and R® represents C,s-alkyl (Structure 13), may be prepared following the

reaction sequence outlined below:

] Suzuki reaction with J oxidaticn
R 2.4 B-trivinyl-cyciotri- R’ e.g KMnOs R’
— boroxane / 2} estetification ___
Cl, Br COCR
\ /7 \ \ /
N N
Br.Cl'  Stucture 10 Br.Ci"  Structure 11 Br,Cl'  Stucture 12
) oxidation 1) Suzuki reaction with
e.g. KMnOy, 2.4 6-trialkenyi-cyclotri-
esterrflcy boroxane
2) hydrogenation
\ 3} saponification
or
Br.Cl Structure 14 1) Negishi reaction with
e.g. R¥ZnC
1 2) saponification
R
COCH
\ /7

N
R®  Structure 13

20
The picolinic acid of Structure 13 may be prepared by treating a compound of Structure 10
(either commercially available or prepared in analogy to literature procedures e.g. T.
Kaminski, P. Gros, Y. Fort, Eur. J. Org. Chem. 19 (2003) 3855-3860; U. Ziener, E.



WO 2009 09 72PCT/B2009/050749 23 1) esterification 2) Suzuki reaction with
2,4,6-trialkenyl-cyclotriboroxane 3) hydrogenation 4) saponification or 1) esterificafion 2) Negishi
reaction with e.g. C3_5-alkylZnC1 3) saponification By applying the reaction se%uence of either
esterificatioW. G20k Ection, hydrogenation, saponification or esterificatfol "NEgIah] feaction and
saponification, a commercially 5 available compound of Structure 32 may be transformed into a
compound of Structure 33. The compounds of Structure 32 may be prepared, for isntance, by reacting
4,5-dichloropietiitie. abitfwitthwater Masrliupreseisatam Scidauin: &g FenprakCCchansiay (1883),
i293) to giveéﬁsm@f@c?-mégéynpdmmm acidoltisieampramdimay Harmbeualkglatedsin anadogy to
iterature pr res (T.. Vermonden: D. Branowska; A. reelis I ter;
Tetrahedror?%%gé§€/3)?5%’3§?’§5ﬁ%3rftgedﬂl’\'/%?"’itcar\qé}f(gfl méfh%q'\/ﬁ gi 0 Itr%%%l%élg %’gﬁy%g?géﬁhich can
be hydrolyséiiondeicabigR @rEpasiedss Furn s Toiie 8 3 et CorAPBAHRCH Stuete 32 Whenever the
compounds;efdzisadladd )-aterablainar:nitheforatiafl shxttesrof1P5(Bnaptmesse henerdyitiomers
can be separated.using methods known. to.Qy; illed, i t: e.0:-hy.f ti ation of
diastereome(_}r?c‘;@aﬁg S 3} }-ﬁg?;%uw’er\é&ag %h%g%oﬁﬂ%& p%i@é ’gﬁ‘ﬁi@f tgprlgreaﬂai%s;p gvmecgéig .R) (10
ttm) columnagaitrsiect @HipRSePSTsUatyE: 16 FiaY) AN, BCESH HR FERRAPIT R MG Sy or AD-H
(5 fim) colunme Typisal sobtiianswes chiralidR kEharedeised atibunikteressfoeliding AqEIOBhsIn

!  CBltalldRctharaabisodralib ikt e ne), at
bresence or, 20ansenge o AETINE st s etiamine o dlsdamianart ohisal Ahexane), at a

flow rate of min. Experimental part 25The following examples il ugrgte tpe i{wention but
do not ¥t all i ¥AeAscoEahERest. GR350 311018872 PRTIREREHsIGHE AR Syes: o treated

with the appropriate alkyl-Zn-reagent under Negishi conditions (Lit.: e.g. H. Matsushita, E.
Negishi, J. Org. Chem. 47 {1982) 4161-4165) prior to saponification io furnish the desired

compound of Structure 13.

15  Compounds of Structure 2, wherein R' represents methyl, ethyl or methoxy, R? represents
hydrogen and R® represents Ciu-alkoxy (Structure 17), may be prepared following the

reaction seguence outlined below:

1 R’
R Suzuki reaction with
_ HOC 1 4-alky! e 2 4 B-trivinyl-cyclotri- — /
base horoxane
Cl, BY ——— Ci, Br
\ 7/ \ 7/ \ 7
N N
Br .Cl QC, 4-alkyt OC,_g-alkyl
Structure 10 Structure 15 Structure 16
oxidation
€.g. KMnO,
R
COOH
N\ 7
N
OC4 4-alky!

Structure 17

20
A compound of Structure 10 is treated with the appropriate alcohol in the presence of a
base, preferably the sodium or potassium salt of the alcohol, at temperatures between 0
and 80°C (Lit.: e.g. C. Burstein, C. W. Lehmann, F. Glorius, Tetrahedron 61 (2005), 6207-
6217; T. Nguyen, M. A. Wicki, V. Snieckus, J. Org. Chem. €8 {2004), 7816-7821)to give a
25  compound of Structure 15, Suzuki reaction of a compound of Struciure 15 with 2,4,6-



All temperatures are stated in C. Compounds are characterized by 1H-NMR (300 MHz) or 13C-NMR
(75 MHz) (Varian Oxford; chemical shifts are given in ppm relative to the solvent used: multiplicities: s
= singlet, d = doublet, t = triplet, p = pentuplet. hex = hexet, hept = heptet, m = multiplet, br = broad,
coupling coM&=E"At& Hiven in Hz): by LC-MS (Finnigan 5 Navigator Witﬁqg%iﬁﬁﬁﬁgry Pump and
DAD, column: 4.6x50 mm, Zorbax SB-AQ, 5 tirn, 120 A, gradient: 5-95% MeCN in water. 1 min, with
0.04% trifluoroacetic acid, flow: 4.5 mUrnin), tR is given in min, (retention times marked with * or as
LC-MS" referitoYiGyapirineterpasityed rersasiol. e combpg it Sigiedientbriietish Gatétcontaining
13 mM of ammeaiy® hydrexidecothewisaddentieaheanrditiansrpmniiost Bmeswes 1'C-MS marked 10
with "* refer to a LC run under the following conditions: column: Zorbax Extended C18, 1.8 LM, 4.6 x
20 mm, gradient: 5-95% MeCN in water, 1.min1, with 0.04% TFA, flow: 4.5 mLimin); by TLC
(TLC-plates GampaadeloSiiiestesl soMb2sAY), Br BRivmtiigeittyE G FRAIRMR S S YRIRL Y
preparagive RPLGAcRiohiesa RS SHOxhRemaD), Sipm gragieptrdD-R88wiMe@N ireavsiter
containing O.E'é fVuoeof fooru Qge%cgg?c}w by MPLC (Labomatic 15MD-80-100 pump, Linear UVIS-201
detector, coltimn: 350 mm, Labogel-RP-18-5s-100, gradient: 10% MeOH in water to 100% MeOH).
Abbreviations (as used hereinbefore and hereinafter): ag.aqueous 20BOCtert-butoxycarbonyl
BSAbovine serum albumin BubutyHBtigess reagentmethoxycarbonylsulfamoyl triethylammonium
hydroxide CCcolumn chromatograpfiy.25CDIcarbonyl diimidazol&®@dicyclohexyl carbodiimide
DCMdichlordin MNB e tglotialz gdlicat s BE A utintysc i S ietisdffopllam ne
30DME1,2-dimeth§§§yet:ﬁane DMFdimethyformamitde DMSOdimethylsulfoxide | N
dppfl,11-bis(diphen osphino-KP)ferrocene DPPPT,3-bis-(diphenylphosphino)-Fropane 35EAethyl

acetate EDCN-(3-dimethylaminopropyl1)-N'ethyl- diimide KO
Structure 18 Structure 18 Structure 20
1) Suzuki reaction with
2.4 B-triatkenyl-cyclotri- ROH, H,SO4
boroxane
2) hydrogenation
3) saponification
Cos-alkyl N Me, Et or Cl,Br N Me, Et
{ 4 1) Negishi reaction with [ |
7 6.g. Cy.c-atkylZnCl #
2} saponification
HO B RO™ 70O
Structure 22 Structure 21

10 Thus, a compound of Structure 18 (either commercially avaiiable or prepared according to
jiterature procedures e.g. J. P. Simeone et al., Bicorg. Med. Chem. Letters 12 (2002},
3329-3332; D. L. Comins, N. B. Mantlo, J. Org. Chem. 56 (1985), 4410-4411) is treated
with (NH)28,0: in @ mixiure of methonal, water and H.SC, at elevated temperatures
(Minisci reaction Lit.: e.g. R. B. Katz, J. Mistry, M. B. Mitchell, Synth. Commun. 18 (1889)

15 317-325; M. A. A. Biyouki, R. A. J. Smith, J. J. Bedford, J. P. Leader, Synth. Commun. 28
(1998) 3817-3825), to form a compound of Structure 19, This compound can be oxidised to
a compound of Structure 20 using e.g. KMnOy in acstone. By treating a compound of
Structure 20 with an alcchol such as methanol, ethanol, iscpropancl in the presence of an
acid such as H,SO. or HC!, the corresponding compound of Structure 21 (R represents

20  e.g. methyl, ethyi, or isopropyl) can be produced. The compound of Structure 2% is then
either subjected to Suzuki cross coupling conditions using the appropriate 2,4,6-trialkenyi-

cyclotriboroxane, hydrogenated and saponified, or treated with the appropriate alkyl-Zn-



25 Etethyl EtOHethanol FCflash chromatography hour(s)
5HBTUO-(benzotriazol-1-y1)-N,N,N1.1V-tetramethyluronium hexafluorophosphate
HOBt1-hydroxy-benzotriazole HPLChigh performance liquid chromatography HVhigh vacuum
conditions THPEMRISKI chromatography - mass spectrometry Lit.IiteraﬂS}g]ﬁ?é’ at&tonitrile
Memethyl MeOHmethanol 15minminute(s) MPLCmedium pressure liquid chromatography
NaOAcsodium acetate NEtstriethylamine OAcacetate 20org.organic Phphenyl
PyBOPbenzetigrolidgbiegiaisqopdisiidimaiphespnon litatteledtiissd-PRoSsiatcompound of
Structure 22.

Compounds of Structure 2, wherein R’ represents Ci.-alkoxy, R* represents hydrogen and
5 R? represents methyl or sthyl {Structure 26), may be prepared following the reaction
seguence oulknad below:

C;4-alkoxy Br, Cl Suzuki reaction with C,4-alkoxy

| o~ 2 4 -trivinyl-cyclotri- | NS
=N boroxane 2N
Br, CI - Br, CI
Structure 23 Struciure 24
1) oxidation e.q.
1) Suzuki reaction with KMnO,
2.4, 6-trivinyl-cyclotri- acetone
boroxane 2y ROH, H,S0,
2) hydrogenation
L ¥
31 saponification
or
Crog-alkoxy | S ME B 1y Negishi reaction with  C1478KOXYS_ COOR
N 6.g. Cqp-atkyiZnCl 1 N
2} saponification
- ; i
HO - Br, C
Structure 26 _ Structure 25

10  Hence, a compound of Structure 23 (e.g. prepared according to literature procedures given
in B. G. Szczepankiewicz et al., J. Med. Chem. 49 (2008) 3563-3580; M. inouye, M. Waki,
H. Abe, J. Am. Chem. Soc. 126 (2004}, 2022-2027) is reacted with 2.4,6-
trivinylcyclotriboroxane to give a compound of Structure 24, Oxidation using e.g. KMnQOy in
acetone of a compound of Structure 24 followed by esterification furnishes a cém;)ound of

15 Structure 25 (R = methyl, ethyl, isopropyl, tert. butyl. etc.). The compounds of Structure 25
is then either subjected to Suzuki cross coupling conditions using again Z,4,6-trivinyl-
cyclotriboroxane, hydrogenated and saponified, or treated with a methyl- or ethyl-Zn-
reagent under Negishi conditions prior to saponification to furnish the desired compound of
Struciure 26.

20



prep.preparative 25rtroom temperature sat.saturated S1Psphingosine 1-phosphate TBMEtert.-butyl
methyl ether TBTU2-(1H-benzotriazole-1-yl)-1,2,3,3 etramethyluronium 30tetrafluoroborate
TFAtrifluoroacetic acid THFtetra hydrofuran TLCthin layer chromatograph t%’??ég tion, time 35
5-Isobuty1-¥hEN1B§Hdine-2-carboxylic acid (hydrochloride) WO 2005%8 1@&%‘ B2009/050749
26 a) To a solution of 2,5-dibromo-4-picoline (9.00 2Z 35.9 mmol) in DME (96 mL), 2,4,6-
trivinyl-cyclotriboroxane pyridine complex (8.63 g, 35.9 mmol) and 2 N ag. K2003-solution (36 mL) is
added. TheGnixarents dé§astdeandvbatainBerarEsa BB AP K (BRSTRY  Sueithol) is
added. Thedpixtareisoasissag ah3Rsgdar Eirintbefose)it isagookedtepdres dititedwitheliethyliather (50
mL), washed with ggtc.mqﬂ%e d%chcs‘,\g?rsolution (2x30 mL), dried over Mg804, filtered and concentrated.
The crude ﬁ’r%%ue& IS puritie By CC on silica gel eluting with hept%rig:%A 9:1to give

5-bromo-4-mefhyl-2-vinyl-pyridineq &0bagyas aygliow oil; LC-MS: fR &5 75,min; = 198.22; 1H NMR
(CDCI3): 8 2.41 (s,

H), 5.50 @S82, 1 H), §.21 (d, J = ¥ESHesd H), 6474 (dd, J 5 17.3, 10.8
Hz, 1 H), 7.226(5, 1H), 8%59W %§ol ion of 5- romo-z[——ﬁ.mﬁr}%yl-z inyl>pyridine (7.04 g.
tha e g\} 80 mL) and water ( 80 mL\K W04 (28.81 g, 71.1 mnyl) ig’addeg, The dark

0

35.5 mmol) in"acet
3 days before it is filtered over a glass-filter pad. The colourless fﬁtrate is

mixture is stirred at rt
15evaporated tégivesctude 5-bromo-4-methyl-pyridfitéi2 Earboxyliczaicies(i0 iy, ssﬁ%ﬁﬁ%?um salt) as
a white solid; LC-MS: tR = 0.64 min, im+if = 215.90. c) To a suspérsithiemtrie-
5-bromo-4-methyl-pyridine-2-carboxylic acid (10.9 g, approximatel{?35"5 mmol) in ethanol (120 mL),
H2S04 (0.5 mL) is added. The mixture is 20 stirred at 70C for 1@%"1%“3%?—1 of the clear solution is
adjusted to pH 9 by adding sat. aq. NaHCO3-solution and the mixitewas:gxfacted with diethyl ether
(3x300 mL). The combined org. extracts are dried over MgSO4, filteyedzand conceptrated to give
5-bromo-4- methyl-pyridine-2-carboxylic agigkethyl ester (8.20 g) as a greenr:ais LC-MS: tR = 0.87 min,

[M+11+ =243.91. e 9] Saponification ssmmer O
R* / =2 \ /
\ N OH N ORrR
Structure 31 Structure 30
5

Thus, a compound of Structure 27 (commercially available or may be prepared in analogy
to literature procedures, e.g. P. Pierrat, P. Gros, Y. Fort, Synfett 2004, 2319-2322) is
reacted with 2,4,6-trivinyl-cyclotriboroxane under Suzuki conditions to form a compound of
Structure 28, which is oxidised and esterified to a compound of Structure 29 (wherein R is
10  Ciu-alkyl). Suzuki reaction with the appriopriate 2.4 6-trialkenyl-cyclotriboroxane,
hydrogenation and saponification or Negishi reaction with the appropriate alkyl-Zn-reagsnt
followed by saponification of a compound of Structure 30 fumish the compounds of

Structure 31.

15 Compounds of Structure 2, wherein R" represents methoxy, R? represents Css-alkyl, and
R® represents hydrogen (Structure 32), may be prepared following the reaction sequence

outlined below:



25 d) To a solution of 5-bromo-4-methyl-pyridine-2-carboxylic acid ethyl ester (4.03 g, 16.5 mmol) in
DME (43 mL), 2,4,6-tri-(2-methyl-propenyl)-cycloboroxane pyridine complex (5.36 g, 16.5 mmol)
followed by 2 N ag. K2CO3-solution (16 mL) is added. The mixture is degassed and ut under argon
before Pd(PERAY¥HEE% Mg, 0.297 mmol) is added. The 30 mixture is st#?gélg%{]gd&qp r'6 h before it is
cooled to rt, diluted with diethyl ether (50 mL), washed with sat. ag. NaHCO3-solution (3x30 mL), dried
over Mg304, filtered and concentrated. The crude product is purified by CC on silica gel eluting with
heptane:EA 7:3 to give 4-methyl1-5-(2- ﬁémrﬁﬁ?ﬁéﬂyl) ridine-2-carboxylic acid ethyl ester (1.33 g)
as a yellow oil; LC-MS: tR = 0.87 min, 43§20 pgien W% 2009/109872PCT/182009/050749 27 €)
To a solution of 4-methyl-5-(2-methyl- prop@ﬁﬁ)tWWﬁle@?Bgﬂooxyl|c acid ethyl ester (1.33 g, 6.06
mmol) in THF (10 mL) and ethanol (10 mL Oﬁ‘lﬁﬁﬁ% 00 mg, 10% Pd) is carefully added. The slurry is
stirred at rt for 15 h under 2 bar of H2. TH. ti‘grhltered off and the filtrate is concentrated and
dried to give 5-isobuty1-4-methyl- pyrldlnA@ SPPRRIERER lic acid ethyl ester (1.27 g) as a colourless oil;
LC-MS: tR = 0.86 min, [M+11+ = 222. 1d)f A S Iu%gn of 5-isobuty1-4-methyl-pyridine-2-carboxylic acid
ethyl ester (1.27 %76 mmol) in 6 N a C lsﬁ[ reac o% is stirred at 65§/|f r 48 h before the solvent is
evaporated 10 |n vacuo. The remaining r)e gug > Fﬁ d in DCM and fjltered. The solid material
is washed with additio M and drleg g rqi - ﬂg glve 5-isobuty1-4-me

whites

8. 58 (s, 1 H) 11. 80 (s br H) 15 6- Isobutyl 4 methyl pyrldlne -2- carboxyllc a(:ld hydrochloride) a) A
solution of n-BuLi (8tutimk 333.8 mmol, 1.6 M) in THF was cooled to -78&héfeieeda solution of
2.6-dichloropyridine (5.0 g, 33.8 mmol) in THF (36 mL) is added dropwise over a period of 20 min. The
reaction mix@yrgdgtﬁﬁgﬁdaaéazw ferq@enmenyfanitidhestédticriethaneuk2 0eptite g BB enatiol) is added.

The mixture g ; %W ocﬁ }9 @H%ehﬁég{%# '%g@ﬁeﬂ.chsgcwsm %aa %p%mmgtl%@w&g»ﬂhe

mixture is extracte ethyl ether, the org. extract is dried qver M “ij q and c%lacentrated
The crufle prOBIRYFCHIMEATDY SEUGH SRR BREAG IR Re pf§ % [eture
2,6-dichloro#wmethylepyiigineg2.34%g) 35 maoteuressmeil contaiimgeheyregfotizprhérdichioro-

2,6-dichloro.g- metyl-RyHMNGECiMRe 15089 gPmiRcIMit il e‘g]-@lﬁ%kt bi:Adna solutigspf
2,6-dichloro-4-methyl-pyridine (2.34 g. 14.4 mm Cf))é;md 4,6- trlvm ycIotrEgro%(%?ﬁ(% |ddne complex
e

(1.75 g, 7.2 %G I DI BT LY rﬁW%ﬁOE'R'f |88rr('ﬁ38 jﬂs a IXTUre is
degassed amdqm@gwimdeerarg@mbmgm%mngen(%oﬁmow% rfimbolMisNirigels: The-hixture is

stirred & 80G, frRd?. PRipHRdbIS coRted a4t Q@Q@e@bmmgigi&fé/h&tﬁ@rﬂldxwa&he@mh@@h@q
NaHCO3 solution, The o&% ? xtract is re d over Mg304, filtered nd conce %t%l J@ (§h‘gc? product

is purified by EEYoF e efaBngewits rﬁgﬁfﬁéjn R ST thad ob?aln product is dissolved in
EA, repeatedhyrwashed Withd¥%s &§. citric acid solution, dried over MgSat, filtered and evaporated to
give 356-chloro-4-methyl-2-vinyl-pyridine (1.24 g) as a colourless oil; LC-MS: tR = 0.90 min, [M+1]+ =

154.03. WQ,2009/109872PCT703 OO 1050749 i@)c olufion f f ‘ f
6-chloro-4- mvgh'uﬂ ErE vmyF pyrerPnO(-gJ ? %r@g & I)a)lrn vsg%égr O mL %ngrgcéonngx(g(r)e?nlf}) KMn04

(6.53 gl &1. ymmmadﬂ@anmﬂ@ram q‘rﬂrymré@aéEﬁiﬁf#és%wam@éwej<aﬁ\an|§os???e%r%{?ﬁ*Foih% h before
itis filtered ayer aginierecthgkass dliesePacation of diastereomeric saits or by HPLC over a chiral

stationary phase such as a Regis Whelk-O1(R,R} (10 pm} column, & Daicel ChiralCel OD-
H (5-10 um) column, or a Daicel ChiralPak 1A (10 wm) or AD-H (5 um) column. Typical
conditions of chiral HPLC are an isocratic mixture of eluent A (EtOH, in presence or
20  absence of an amine such as iriethylamine or diethyiamine) and eluent B (hexane), at a

flow rate of 0.8 {o 150 mi/min.

Experimental part

25  The foliowing exampies illustrate the invention but do not at all iimit the scope thereof.



5 solvent of the colourless filtrate is evaporated to give crude 6-chloro-4-methyl-pyridine-2- carboxylic
acid potassium salt (3.2 g) as a colourless solid; LC-MS: tR = 67 min, [M+11T = 171.99. This material
is suspended in ethanol (150 mL) and H2SO4 (2 mL) is added until a cl gﬂ farms. The mixture
is heated tdVEOBYEIME H. The mixture is carefully diluted with sat aq. Niﬁr@ Egﬁfttf%?}muntil apHof 9
is reached. The mixture is extracted three 10 timeg84with EA. The combined org. extracts are dried
over MgSO04, filtered and concentrated. The crude product is purified by CC on silica gel eluting with
heptane: EANS: RIoefive et g6 seHRrsH 614 {meai)p iR ShaATERASELI G0N &9% @5\@ Véllow oil;
LC-MS: tR =8.8imnims [Mdlva200BdordHEINR (GBI 3)e6yidodSr(thrhrriBitdzio31d)s A4Sl (s, 3 H),
448 (0, 3 =08z 4738 G il TS 15:6h70 @ SOMBIOREIYhosct, ot -

6-chIoro-4-rlrj1seetﬂymgyfffdlnéq%-(s:artic’ih@%é’te (500 mg, 2.51 mmol) an

and -
2.4, 64ris-(2heRity oot SPEHYBLCHERRIBRFoX2HRY TS AR EUS RSV E8 17 R, B/ S EMRAN M EhE (32 mL),
2 M aqsK2GRaddkarmid selution Siadgdednibhatbaoredudegassed amd Butands-adnisefore

d(PPh . i d. iXtre is.sti - beforestsis cooled
o ftf’z" 3 dﬁ%ﬁtggg%éy?“rﬁ-”%Ea%)b'magﬂe% g mPdhire iaieerea 2t ARG 0dR! BoubRIRredkis coole

Tether mL) and washed with sat. ag. NaHCO3 (2x30 ngOsqution. The org.
extract is driae/ o MESOEfiltert AFPabt dRPSER e EHIdp RSt plRifeLby-C&n silica
gel eluting withdraplanednAifBisto.gietudamatiyi -G ameth Jiptdpenydippyeidaia-darbdkgic acid
ethyl ester (176 mg) a i 15 : 45, Sl 32,03 He-h® i{skddH), 2.12 (s,
3 H), 2.42 (sa,%%”ﬁl){f‘j".z%%l%{\!:%%rﬁ%hz{%&%gﬁ%ﬁo}%%eﬁ 2 1H) 7.75(s, 1H). CI% Toa
solutiollof AufiethyRE(Rretcy LBtSHEARY e iiaNascRaM BRI CaRIa et 9Tb§§ter% mg, 0.80 mmol)
in THF (5 miLpang etlianold® mb), ReiGie(E0 fgsh0%MeRd) in added. Thenmixtdite i&Gthredrdt 50C for 15
e o R BN HIRe ol QU \DGe ARG solvest of eiflisiare

I
evaporated 10 givé 6-180bUtyl-4-mét -pyridine-2- carboxylic acid ethyl ester (174 mg) as a colourless
oil: LC-MS: fRo=m@pmre [Meipd=byxpepgrativesHR iy X-terra”RP18, 5019 mit, 5 pm
6-isobutyl-‘;g&m!-mm%@amwgz acihRihy| e5tEr ¢1R4mga Od7 SAZNMRGIT if.gohnadicHCI (20
mL) is stirred at 65C for 18 h, The saql [ d RP-18.5g-
2009/10987 Cgpilg?é5885’/0%8%5%%2%%\%@@%@? ﬁs 3%@%\/@} W ‘gFiavF:-:‘?8 per1o0
6-isobuty 1-Araditl- i diled-eamsisnic 8et MgEiothloride as green oil; LC-MS: tR = 0.58 min,
[M+1]+= 194.09. 6-(1-Ethyl-propy1)-4-methyl-pyridine-2-carboxylic acid 5a) Methyl
6-chloro-4-mgthyl-pyridine-2- | 1 logy to ethyl 6-chloro-
ety py T e 2 = Ta6.25: 111 NWR (CDCI3): 82.46
(s, 3 H), 4.024s, 3 H), 7.37 (s, 184Y792 (s, 1 H). b) Methyl 6-chloro-4-methyl-pyridine-2-carboxylate
(500 mzp 2.68010mol) is treated wethblLtodh@atoylypropyl zinkbromide and saponified as described for
6-(1-ethy|-p?%l)-4-methoxypyrggmﬁé%g@m%&gﬁcid to give the title compound (220 mg) as a pale
yellow oil; LC-MS*": tR = 0.37 min ;M+11+ = 208.29; 1H NMR (CDCI3): 80.80 (t, J = 7.3 Hz, 6 H),
1.69- 1.81 (Y4 H), 2.48 (s, 3 HY¥9'58-2.67 (m, 1 H). 7.21 (s, 1 H), 7.91 (s, 1 H).
154-Isobuty Bégaethybpymidine-Sathrpsgiomdid! fydrbisbute) mapre AsbRdsh of
4-bromo-2-methyl-pyridine (5.70.g,34 LA-spBRHpmethanol (100 mL), H2804 (0.3 mL) is added. The
mixture is heated to reflux before a solution. far'lnmonium peroxydisulfate (7.33 g, 32.14 mmol) in
water (%% mlg)% carefully addedc.%ﬁ f Sémf%alzsosetirred at reflux for 2 h before two more portions of
ammonium pEEexydisulfate (2x788F¢yhetyrerkeitietias a sat. aq. solution. Stirring is continued at
reflux for 3 hpMegthanol is removgenrgeeegiaced pressure and the remaining solution is diluted with
sat. ag. NaHCO3 solution and extracted with EA. The, org. extract is dried over MgSO4, filtered and
concentrated’ crude produc 'Fé%‘ E—r%?ez %‘;fa@exg?r%gilica gel eluting with heptane:EA 3:7 to give
(4-bromo6-midiiE-pyridin-2-y 1)-miétihasdtaae 341 WsPaRRYRIMNE solid; LC-MS: tR = 0.31 min; [M+11'
25= 203¢96; BfANMR (CDCI3): § 2.5hnghSdBinark9 (s br, 1 H), 4.72 (s br, 2 H), 7.28 (s, 2 H). b) Toa
solution of (4[-)R£Fgmo-6-methyl-py({ilncjxlé’{-Z%&%@r%tggnol (1.31 g, 6.48 mmol) in acetone (150 mL), KMn04

(2.61 g, 16.5 mmol) is added. The m|§1<¥ure IS stirred at 40C for 2 h before it is filtered over a sintered

glass funnel Di&Jiltrate is evapSraivedRiisss, and

1

dppf 1,1-bis{diphenylphosphino-xP ferrocene
DPPR 1,3-bis-(diphenyiphosphino}-propane
35 EA ethy! acetate

EDC N-(3-dimethylaminopropyl)-N'-ethyl-carbodiimide



30 the remaining solid is washed with water and dried under HV to give
4-bromo-6-methylpyridine-2-carboxylic acid potassium salt (1.91 g) as a white solid; LC-MS: tR = 0.45
min, [M+1]* = 217.89.  ¢) To a suspension of 4-bromo-6-methyl-pyridine-2-carboxylic acid potassium
salt (253 mFB2WEYEFmol) in ethanol (100 mL), H2S04 (2 mL) is addeéd HIEHWIEE " THe mixture is
heated to 70C for 16 h before it is carefully diluted pdth sat. aq. NaHCO3. The mixture is extracted
WO 2009/109872PCT/1132009/050749 30 three times with diethyl ether. The combined org. extracts
are dried over MgS0A4, filtered &HtYlconcentrated. The crude product is purified on prep. TLC plates
with heptane;BA 3:2 to give 4-bgames6-methyl-pyridine-2-carboxylic acid ethyl ester (105 mg) as a
pale yellow gjl; LC-MS: tR = 0. in migb: 2. 5 d) 4-isobutyl-6-methyl-pyridine-2-carboxylic acid
hydrochloricfegis prepared start?fr%gﬁc():% A t?ﬁrﬁé}j -methyl-pyridine-2-carboxylic acid ethyl ester
following thé procedures given liP8téps d) to f) for the preparation of

6-isobuty 1-44methyl-pyridine-2-caghmedicacid -y NS IR - =08 tyyrfMiedl = 194.08; 'H NMR
(CDC13):81.01 (d, J=6.3 Hz, I]—EQ - .110H), 2.80 (d, J = 7.0 Hz, 2 H),3.09 (s, 3 H), 7.56
(s.1H),8.04(s,1H),9.74 (s btr}fse-X I!Jl’)%fr%ﬁﬂs%o%ﬁé/{{A-methoxy-pyridine-2-carboxylic acid
(hydrochloritl&B3) To a stirred sOXBRBIERAAGBEAEmethoxypyridine-2-carboxylic acid (5.00 g, 26.7
mmol) in ethamot (75 mL), chloraigimetiyisiiane (dSdebiciszddeghfhe reaction mixture is stirred at 15
itfor 16 h before the solvent is gyaporated. Jhgifismaining residue is dried under vacuum to give
6-chloro-4-methoxy-2-carboxylic acid ethyl ester (5.95 g) as a pale yellow oil; LC-MS: tR = 0.85 min;
M+1192156M3H NMR (CDCBIISTYAAPIN o MISBIWTEBF(E, 3 H), 4.48 (g, J = 7.0 Hz, 2 H),
7.01 (d, J =20 Hz, 1 H), 7.61 (dted=tuz0 Hz, 1 H). 20b) The title compound is prepared from
6-chloro-4-methaxy-2-carboxylic agid gthy! ester following the procedures in steps d) to f) of the
preparation of 6-isobuty1-4-methyl-@{ridine2-carboxy|ic acid: LC-MS: tR = 0.51 min; [M+1]* = 210.31,
1H NMR (CM?lS): cf 1.04 (d, JUE Hz, 6 H), 2.21-2.32 (m, 1 H), 3.27 (d, J =7.0 Hz, 2 H), 4.20 (s, 3
H), 7.12 (s, MElPH7.83 (s, 1 H). 2&:8+tcEthyl-propyl)-4-methoxy-pyridine-2-carboxylic acid a)
6-Chloka-4-methoxy-2-carboxylig,add @ethyl ester (1.89 g) is prepared in analogy to 6-
chIoro-4-methgx;—Z-carboxylic acid ethyl ester ﬁtarti fr%rgtg-chl ro-4-methoxypyridine-2- carboxylic
acid (2.00 gM0-7 mmol); LC-MESHT PERE ISV RATTRLI6%23: 1H NMR 30(CDCI3): 83.95 (s, 3
H), 4.01 (s, 3&)A7.03 (d, J = 2.3%4M a4piats63 (d, J = 2.3 Hz, 1 H). b) A solution of
6-chloro-4-mgthoxy-2-carboxylig-aeighanetyl ester (2.63 g, 13.0 mmol) in dioxane (150 mL) is
degassed a A%ut under argon ta)gg%% Pd(dppf) (109 mg, 133 ttmol) is added. To this mixture,
1-ethyl-propyl zink bromide (50 mL'of'a 0.5 M solution in THF, 25.0 35mmol) is added dropwise. The
mixtureZ$s stigfed at 76C for 15 HMF#Edmixture is cooled to it, diluted with water and extracted twice with
EA. The conmsined org. extractsagngried

PyBQP benzotriazol-1-yi-oxy-tris-pyrrolidine-phosphonium-
hexafluoro-phosphate

prep. preparative
25 ¢ room temperature

sat. saturated

S1P sphingosine 1-phosphate

TBME tert.-butyl methyl ether

TBTU 2-(1H-benzotriazole-1-yl)-1,2,3,3-tetramethyluronium
30 tetrafluocrcborate

TFA triflucroacetic acid

THF tetrahydrofuran

TLC thin layer chromatography

in retention time

35
5-Isobutyi-4-methyl-pyridine-2-carboxylic acid (hydrochloride}



WO 20091109872PCT/1132009/050749 31 over MgSO4, filtered and concentrated. The crude product
is purified by MPLC on silica gel eluting with a gradient of EA in heptane to give

6-(1-ethyl- pr y1)-4-methoxy-pyridine-2- carboxylic acid methyl ester (430 mg) as a pale yellow oil;
LCMS™ (D RYO BOA% M2 [M+1] = 238.34. 5 ¢) A solution of RMBARR AR

6-(1- ethyl propyl) -4-methoxy-pyridine-2-carboxyliczécid methyl ester (450 mg, 1.90 mmol) in 25% agq.

HCl is stirred at 65C for 18 h. The mixture is concentrated and dried to give the title compound (592
mg) as hydchofdeokinn L€ Risdivremayizgarine [Mi0919 =354 Bpctgin DME (98 mL), 2

N-Hydroxy-gsapuiplo oneiaylepyiding -2orpenogaanidires. a)mnsolatior? of ag. K;COs-solution
>isobutyl-fanei v RNEn arfe tﬁﬂﬁ& M%@g@g JSOBHOMNIRIGL: (35«7l RraBargd in

analogy to the correspon ng ethyl ester) in'/ N NH3 in methano g40 m éls stirre |n a sealed vial at
75C for 72 K- ErifersBRieift %W@Fh ”ﬁ’%’@u‘é ghaeth&180r&siald 35 HiBe B el Bo%R'FH 7ON'NH3 in
methang|. Thgkesulting alutiamnis sgaib) stiustatihGdoraa4 ik The saieiot i2eS@pdratéttto give

crude 5-sobyylofme yopYdneeanGaPORAIG RIS EERA0):d GuMS: U =0 80 anis KorEly =

193.01. This mat sso CM (20 mL) and p%/rldlne (1.08 ﬁ mol) is added. The
mixture is stﬂ‘k@aga‘f"i‘f‘faﬁ@Wﬁe?o?éctrﬂdl‘(fo?o%r%ﬁbdaﬂﬂ %ﬁyﬂﬂgeoﬁ%g(? {n 8By 5Eaded 20

dropwise. The muxise is-stirredrat; rivfier 16 HIERe; ik NvRisaIOtedvRH DEM (106 ALK washed with
sat. aq. NahGQ3,solufjo g%'g mL),and;brine (5Q Ml J he-org.exigarts dried pyerdNaapoa, fitered

and concentrated. The Cru roduct i$ purified by MPLC on silica gel eluting with a gradlent of EA in
heptanéto giv¥ §iidoBlity1-4-methyl-pyridine-2- carbonitrile (106 mg) as a pale yellow oil; LC-MS: tR =
0.96 min; [M+11 = 175.03. 25 b) To a solution of 5- |sobuty1 -4-methyl-pyridine-2-carbonitrile (106 mg,

608 ttmol) Iry mENAngl 48 M BIS/AmIng, LR23 g e mmalland bydiory amisedy draghioride
(63 mg, 913 umol) is added. The mixture is stirred_at 75C f ar. 18%%%' &&é iconcentrat d. The

residue is diS¥0IFRY WH5G! %Q%b@fﬁﬁ“ﬁ@)&&nﬁ bxtl BB MiR KIS r(r)?% extracts
are combined, driled BvesywgBO4 filtéy citiece comtrateglamaditriedad give w@omm@e@oﬁhtp@an@ (155 mg)

as a white sglig; &Qéwsmtpgw& GAREN sWichlo 2 208 %m.m&m@ 30971 (b I &8 Hz, 6 H),

1.84-1.96 (m, 1H 23997 2.58 (d, )= .3 Hz, 2 H) 7. 26 (s, lH) WO
2009/109878BSFHESH 6@0‘)&5@?5 he Még cﬁmzpG %.m'é)"% ep re )?ogg
3-ethyl-4-hydroxy-5-methyl-benzaidehyde following literature procedures (A. K. Chakraborti, G. Kaur,

Tetrahedron 5:@%%&%%@&&@%@8&&& Msbré%oﬂng&ﬂv‘li@yﬂ&ribwﬂ@l@]d8ﬂ%(th 7.6 Hz,

3 H), 2.26(s, 3 H), 2.63 s

3-Chloro-4- iﬁPcW qu y? B'énﬂo@mtrelm%dﬁ?e et’%é g‘o& poﬁnd ésg t;))r fdeg. c%h§$é§%§II? available
2-chlorel6-rrsitrad- pfh@w@ﬁvr aﬁanoépet@%ﬂt@?én@r@q@fot%mw@@ést@d to pH 9 by adding sat. ag.
3-ethyl-4- hymw&mﬂmwrmwrmtd;@m trade@5witin. dldHdyNMR(CBRGA3) r82.35h¢s, 3 H),

6.10 (s, 1 H)éom%S é% org. gx?rac?s(ar’e drze]d'%vlé'rz Nﬂg%b}iltered and concentrated to give 5-bromo-4-
methyl-pyridine-2-carboxylic acid ethyl ester (8.20 g) as a green oll; LC-MS: 1z = 0.87 min,
[M+1]" = 243.91.

25
d) To a solution of 5-bromo-4-methyl-pyridine-2-carboxylic acid ethyl ester (4.03 g, 16.5
mmot) in DME {43 mL), 2,4,6-tri-(2-methyl-propenyl}-cycioboroxane pyridine complex (5.35
g, 16.5 mmof) followed by 2 N ag. K.COs-solution (16 mL) is added, The mixture is
degassed and put under argon before Pd(PPhs)s (343 mg, 0.287 mmol) is added. The

30  mixture is stirred at 80°C far 6 h before it is cooled to rt, diluted with diethyl ether (50 mL),
washed with sat. ag. NaHCOs-solution (3x30 mL), dried over MgSQ,, fillered and
concentrated. The crude product is purified by CC on sitica gel eluting with heptane:EA 7:3
to give. 4-methyl-5-(2-methyl-propeny!)-pyridine-2-carboxylic acid ethy! ester (1.33 g) as a
yellow oil; LC-MS: tg = 0.87 min, [M+1]" = 220.08,

35



4-Hydroxy-3-methoxy-5-methyl-benzonitrile The title compound is prepared from commercially
available 2-hydroxy-3-methoxy-toluene in analogy to literature procedures (see
3-ethyl-4-hydroxy-5-methyl-benzonitriie): LC-MS: tR 15= 0.84 min. 1H NMR ggDCB : 82.27 (s, 3 H),
3.93 (s, 3 HV@BPW9NY), 6.97 (d. J = 1.3 Hz, 1 H), 7.12 (s. 1 H). PCT/AB2009/050749
3-Chloro-4-hydroxy-5-methoxy-benzonitrile The titl@compound is prepared from commercially
available 3-chloro-4-hydroxy-5-methoxy- 20 benzaldehyde in analogy to literature procedures (see
3-ethy1-4-hyiirbxys Ssaheitybbrzoatile (RO -ERoRe0YBMIHN 2 14-faURUED E%IB)e'8 8. 9816, 3 H),
6.36 (s. dlfH@q,é@@,,(%..de Halma%(ls—ﬁ:u)%wycmmmtwm@nz@mtmas@atitre rompound is
prepared from commerci available 4-hydrgxy-2- XY= yde | itarature
opatros TR R L A e sy
83.84 (s, 3 1, Gy (o Jirgs j9z conagniatar (@t Hied 4 @V =58i?5>¢4%¥lfﬂ)?ﬂwrev6§'&¢qé
304,N-Bihydepxyx3ie-gimeshyi-kerzamizing Beestitsasgosind. & peparedfsenmaorivadicially
available 4-hydroxy-3,5-dimethylbenzonitrile according to literature procedures (e.g. E. Meyer, A. C.
Joussef, H. Gallardo, Synthesis 2003, 899-905); 1H NMR (CD30D): 8 7.20 (s, 2H), 2.20 (s, 6H). WO
2009/109872PCT/1132009/050749 33 The title compound is prepared from commercially available
2-ethyl-6-mefhwi-phenel fallovsogulifetatre procethirescéBuokyipamip Aethtredtr M1.ETapcs, 6.

Alt , E : I Biggin, Gy L o z ' :
Ch(;rl?ri\li:()eorti,m C%;%%ré\/kT e%%%@é%%%é%@ g%)%ag]g-éfs@%rg%%be@%éwgg%’%@ﬁggﬁéé?gﬁﬁardo,

268 A. C. Jous! (
Synthédls 5508 Sad BRI SEHRUL (S5 'TARNIEA RIMRN 1K BRFES): §'6. 587 B S111)'S7.21 (s,
2H), 5.56 (sykhe@ BBn(Giditodh BRMRk 2115 (Sn8H)HY. 10 (ivd 5-B@Hy:-Srpthy-pyridine-2-
4’N'DihydfO&%&pﬁéWéféwW&BthﬁHéla&mw@ The tigicampeunslifsprepaieddom qemmexcially
&

available 2-meth -0 analogy to Iiteratug](\erprocedures %g B. Ro%h §t l. J. Med.
Chem. 31 (1@8‘8?); 2 ] Thet 3

6-propyl-phenol in .

ABE IR btrd GR for 3G 24N Ry BraxP et F-bErAadine):
LC-MS: R =@ 5% iR} [BASKH + 208.48;(4 RI-NMRYDE-BMS0): 80.90 (t, J = 7.3 Hz, 3 H), 1.48-1.59
(m, 3H) 2.19 (s, 3H), 2.56 (t, J = 7.3 Hz. 2H), 7.37 (s. 1 H), 7.40 (s, 1 H), 9.34 (s, 1 H).
153-Chloro-4,N-dihydroxy-5-methyl-benzamidine The title compound is prepared from commercially
available z-éhl6?8!6}/%%9&%@%1@%3#3?8% Ilfe?ﬁ'[ﬂt@w&%ﬂﬁ?@)(e.g. B. Roth et al. J. Med.
Chem. 31 (1988122029 ;raRdlitératurs.cRed fondiety by, M-y drexyBinteihylbénzeitikihe);
3'Ch'0r0'4‘h¥8\%¥'érz%€&¥&4r&8&g%% wdes LG-MSHR m 040 minnlYis Hire @b 0Rsd B/BIMR 82.24
(s, 2H),2.3520 (s.4H),5.98(s br, 1 H), 7.%9$d. J=18H %[lf_% 7.73&% ‘]3 8Hz 1 g%,agéSO(s, 1H);
3- chloro-4, REiIrY QSR B mRyEHRIS2 4T ST “(@6- S0)"8 ¥f (]sf‘f"@ 5B S pr, 2 H),
7.40 (S2Q H)47788(S$3BH)MOIRE (sibedl Fip 0idBis ibrstiref).for 30 min before it is quenched with

sat. aq. NH.Cl solution at -78°C. The mixture is extracted with diethyl ether, the org. extract

is dried over MgSQ., filtered and concentrated. The crude product is purified by CC on

silica gel etuting with heptane:EA 18:1 to give 2,6-dichloro-4-methyl-pyridine (2.34 g) as a

colourless oil containing the regio isomer 2,6-dichloro-3-methyl-pyridine; LC-MS: (g = 0.89
25  min, [M+1]" = 161.97.

b) To a solution of 2,6-dichloro-4-methyl-pyridine (2.34 g, 14.4 mmol} and 2.4,6-trivinyl-
cyclotriboroxane pyricine complex (1.75 g, 7.26 mmol) in DME (27 ml), 2 M ag. K,CO;
solution {10 mL) is added. The mixture is degassed and put under argon before Pd{PPha)

30 (300 mg, 0.268 mmol) is added. The mixture is stirred at 80°C for 3 h before it is cooled to rt,
diluted with diethyl ether and washed with sat. ag. NaHCO; solution. The org. extract is
dried over MgSQ,, filtered and concentrated. The crude product is purified by CC on silica
gel eluting with heptane:EA 9:1. The thus obtained product is disscived in EA, repeatediy
washed with 5% aq. citric acid solution, dried over MgSQ,, filtered and evaporated 1o give

35  B-chloro-4-methyi-2-vinyl-pyridine (1.24 g) as a colourless oil; LC-MS: tg = 0.90 min, [M+1]"
= 154.03.



rac-4-(2,2-Dimethy141,3]dioxolan-4-ylmethoxy)-N-hydroxy-3,5-dimethyl-benzamidine 25 a) To a
solution of 3,5-dimethy1-4-hydroxy-benzonitrile (5.0 g, 34.0 mmol) in THF (40 mL),
rac-(2,2-dimethyl-(1,31dioxolan-4-y1)-methanol (4.49 g, 34.0 mmol) followed by triphenylphosphine
(13.4 g, 50. 981 i¥%dded. The mixture is cooled with an ice-bath befdtelBEATY (887 g, 50.9 mmol,
23.4 mL of a 40% solution in toluene) is added dropwise. The mixture is stirred at rt for 1 h, the solvent
is removed in vacuo and the residue is 30 purified by CC on silica gel eluting with heptane:EA 99:1 to
92:8 to give rac-4-(2,2-dimethyl[1,3]dioxolan-4-ylmethoxy)-3,5-dimethyl-benzonitrile (7.20 g) as a pale

yellow oil; Lgy Wa%am@@&ma&wl}m ot daﬁwggmémete 39 & sautianaf moaaaséﬂqsm%t_t -butylate

(6.18 g, 55.1 mmo an 5hy ne hydrochloride (5. 82.7 mmol) is
added. To Sgﬁﬁ%tlone §éhorpu[t? ol 0?04 @ % ﬂ%x}{n 5 IS a%ged qjhe dar& mlxtgre becomes

rac-4-(2.2-dinsethy§1C3]etioxo kiined yihte oy -BebodiriideHilekrsh2ueritrileP20 glagy Bteww e
2009/13987 28R 13 200910501649 Qﬂé@n@wé‘pﬁ}ﬁ@@ﬁ@bﬁé@ fAldeis 26 ARl Thampiduais-refluxed for

72 h before theroléentlﬁ og/ISd |Sna§\{a<N 0, T e resi our%ss%%s'f'ﬂdcb%ﬁlﬁ%) I—6U?LC ()ﬁ\%l’l ge Prep 018,

30x75 mm, 530 stonitnigin atg Edritainm at.”a to glvet e title compound

(4.85 g) as eﬂbb%@yéhm&r@ isasenfed ip. sthanm ([RE+TL2nD 566 1@ NMR edtrd 1By 81.43 (s, 3
H), 1.48 (s, 3ikd) RS idnd), m&&t&b (Bhekatd), :3.883 88 180, Irhb) ndH8F=390atBtullly th)utddl 7-4.23

(m, 1 H). 4. 0
(S)-4-(2,2- D%gtgmgd Ejlo %an%%f -ylm ethoxy)-ﬁﬁ r%oé;'(yegcgeglmet {/T ﬁtgﬁeziasmfcﬁﬁig Weret?tle
compoﬁhd i$'BFEp fandfsyycRonkiess-(219- dﬁﬁ‘é@ﬁiﬂ [2r81dipeolaKes- MaSO,, filtered and
10ylmethOX)c)ohbdsryCthy'B;é{duml@ﬂ?yﬁlb@nzamltﬂ@deowﬁﬂgafféi*(@aijﬂllﬁnﬂﬁhkyh\[lihﬂétm@m®2

yl)-methanql; L Ga %F% ch@oﬁ]ﬁmﬁgﬁwﬂ Sdine 2222 M late 500 e yellow oil

(R)-4-(2,2-Dimethyltl,31dioxolan-4-y methox -3-ethyl-N-hydrOxy-5- methy Benzamldlne 15The title
compound iSrepard frmindldg)i e ?&@@4(2 T ﬁ%*ﬂ B)btoxBlahz4l-3 Hz, 3 H). 245 (s, 3
yimethoxy)-Mhydidiy-3Sedirettyiheremmidingfmasdethinl.-4-hydroxy-5-methyl- benzonitrile and
(R)-(2,2 5d|methyl [1,3]dioxolan-4- yI) methanol tR = 0.46 min, [M-1-H] = 309.23; 1H NMR (D-DMSO0):
81.17 (t, J=7.5Hz,3H),1.33(s 1.38 (s, 3 H), 2.25 (s, 3 H). 2.57-2.69 (m, 2 H), 373384(m 3
H), 4.12 (t, J:teE P@”ﬂoﬂ?f@fﬁﬂ ﬁ Qf Oé@ﬁﬁ“‘ifm pgﬁﬁ@?f‘gﬁoﬁ:a@mbi@g@(@ r!EQ»-I? 571 EW(%' #14), 9.47 (s,
1 H). (R)-3-CH@rtrid-(2R=timhethybi il Bddidtatanedaykngtriony) -ddrhydroxy+6-mettytenzamidine The
tile compoupghis @btained i C@'@Ebes(wm %&bhnusagé’éggyﬂﬁerﬁﬁxﬂn@ ¢ g&%@&e‘ wA3 put

[1,3]dioxolan-4-ylmethoxy F droxy-3.5-dimethyl-benzamidine starting from chloro-4-
hydroxy-5-m&fyi HEA2 6f CHE Plbféf‘ ﬁé%éB%rBé&ﬁﬁj@ﬂ’@Wéé%CFEEcT R & B8R R R =

314.9620 for 6 h before it is cooled to rt, dituted with diethyl ether (50 mL) and washed with sat. ag.
NaHCO; (2x30 mL) solution. The org. exiract is dried over MgSO., filtered and
concenirated. The crude product is purified by CC on silica gel eluting with heptane:EA 9:1
to give 4-methyl-6-(2-methyl-propenyl)-pyridine-2-carboxylic acid ethyl ester (176 mg) as a
yetlow oil; "H NMR (CDCls): 6 1.45 (t, J = 7.0 Hz, 3 H), 1.97 (s, 3 H), 2.12 (s, 3 H), 2.42 (s,

25 3H),4.46(g, J=7.0Hz, 2H),6.41(s, TH), 7.17 (s, 1 H}, 7.75 (s, 1 H).

e) To a solution of 4-methyl-B-(2-methyi-propenyl}-pyridine-2-carboxylic acid ethyl ester
(175 mg, 0.80 mmol) in THF (5 mL) and ethanol (5 mL), Pd/C (50 mg, 10% Pd) is added.
The mixture is stirred at 50°C for 15 h under 1 bar of H,. The catalyst is filtered off over

30  celite and the solvent cof the filtrate is evaporated fo give 6-isobutyl-4-methyl-pyriding-2-
carboxylic aci¢ ethyl ester (174 mg) as a colourless oil; LC-MS: {x = 0.84 min, [M+1]" =
222.48.

f) A solution of 6-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester {174 mg, 0.78
35  mmol)in & N ag. HCI (20 mL) is stirred at 65°C for 18 h. The solvent is evaporaied and the



(R)-4-(2,2-Dimethy111,3]dioxolan-4-yimethoxy)-N-hydroxy-3-methoxy-5-methyl30 benzamidine The
title compound is obtained as a beige oil (1.16 g) in analogy to
rac-4-(2,2-dimethyl[1,3]dioxolan-4-ylmethoxy)-N-hydroxy-3,5-dimethyl-benzamidine starting from
4-hydroxy-3¥MethsIdP5methyl-benzonitrile and L-a,Hsopropyliden glycéfol F&MNE %= 0.65 min,
[M+HI = 311.0. WO 2009/109872PCT/1B2009/050%49 35
(R)-3-Chloro-4-(2,2-dimethyl-[1,3]clioxolan-4-ylmethoxy)-N-hydroxy-5-methoxybenzamidine The title
compound isspreipane ceiidanatodetourtst HZ, 2 ditvee thipp bty 3tuikigtapddine-2-carboxylic acid
ylmethoxy)-Nyhysrmas & draathyl-bensenmidinesstaningfroms3-cyere-4-hydroxy-5-
5methoxy-benzonitrile and L-oL13-isopropyliden glycerol; LC-MS: tR = 0.42 min, [M+1-1]- = 331.17;
11-1 NMR (D6-DMS0): 81.30 (s, 3 H), 1.34 (s, 3 H), 3.86 (s, 3 H), 3.87-3.93 (m, 2 H), 4.00-4.12 (m, 2
H), 4.36 (qufnt}Ehg @rapyh-fynetiog-gy rming-7-carigeaxylie agidHz, 1 H), 7.34 (d, J = 2.0 Hz, 1 H), 9.71
(SI 1 H)510(53&%6%2@%@%@1@@?@?@}@356@@@@ﬂ%leby@mmyaaamgm@w@e@mmi@une The
titte compound i tain ei in,ana . _ o

rac-4-(2,2- d%e‘%ﬂ?f %’j%ﬁ%%rgﬁr %%thg%y g hyd‘roxy%gyg dlmet%l Qenza}%ﬁilnse s{{ar#rr}ﬂngrom
4-hydroxy-2tFRéthb X2 ¥ergohittilé 8AdsL 303 )HE8prEpYIiden-gh/GefolDLC-MS: tR = 0.62 min, [M+Hr =
296.97. 15 (S)-4-(3-Amino-2- hydroxypropoxy) -3-ethy1-5- methylbenzonitrile a)Toa solution of

3-ethyl-4- hyg(i'l(@(%/31 Sﬂr@et%%ﬁg 'I?/r Qe_ . d éf)%\é ?051 THF PPhS 134 5 mmol)

and (R)-glycido g MmL are a ure i coo d to efore DV\L:LtAD in toluene
(15.8 mg, 3&@%%’1@9}’%525@}6@&‘?’%@2@ Wﬁéqsﬁlﬁéﬁcf&e%fﬁ vﬁrmeﬂwah?ﬁ?@"ﬂlﬁﬁe}‘ﬁ%e solvent

is evaporate;@ymdmgru&@iw@dmw%mmﬁi@dﬁby aﬁnp@uawiqamh@lpﬂagavm&hb heptanelEACZ:3 to give

3-ethy1- 5 1- nylmet ity o | min;
[M+42]t = %IM t§5b§< n¥' (Wl pOXI eIQSQ d,goﬁgj&%‘ﬁ% I\%—?B In m(Jethl_agria(\)l\la?z5%%H o % %a%d the
solution is sﬂr%d@t@ﬁ@ 204818 1 thé-88teént 18 .evapotrdfetftd Givé-Biude’(8)-4-(3-amino-2-
hydroxypropoxy)-3- ethyl -5-methylbenzonitrile (6.23 g) as a yellow oil; LC-MS: tR = 0.66 min: [M+1] =

235, SO0 (Sl L o SRR BB R erony2yoroy-propy)-

2-hydroxy-acetami
(S)4-(3-amirfo Tzorfsyaﬁsﬁywr@bém%mﬂwh@éfmséﬁi&nm% (6. 239128 e heRll§ TRCTRHE (150 mL),
glycolic acidiZ43 @.3h)mmaheHOR @idlrg it tgrmolefiux before a solution of ammonium

peroxydisuifate (7.33 g, 32.14 mmol} in water (53 mi) is carefully added. The mixture is
stirred at reflux for 2 h before two more portions of ammonium percxydisulfate (2x7.33 g)
20 are added as & sat. ag. solution. Stirring is continued at refiux for 3 h. Methanol is removed
under reduced pressure and the remaining solion is dituted with sat. ag. NaHCO; solution
and extracted with EA. The org. extract is dried over MgSQy, fillered and concentrated. The
crude product is purified by CC on silica gel eiuting with heptane:EA 3.7 to give (4-bromo-
6-methyl-pyridin-2-yl)-methanol (1.31 g) as pale yellow solid; LC-MS: {r = 0.31 min; [M+1]
25  =201.96; "M NMR (CDCls): 6 2.55 (s, 3H), 3.59 (s br, 1 H), 4.72 (s br, 2 H), 7.28 (s, 2 H).

b) To a solution of (4-bromo-6-methyi-pyridin-Z-yl}-methancl (1.31 g, 6.48 mmal} in aceione
(180 mL), KMnC, (2.81 g, 16.5 mmol} is added. The mixiure is stirred at 40°C for 2 h
before it is filtered over a sintered glass funnel. The filirate is evaporated to dryness, and

30  the remaining solid is washed with water and dried under HV to give 4-bromo-6-methyi-
pyridine-2-carboxylic acid potassium sait (1.91 g) as a white solig; LC-MS: tr = 0.45 min,
M+1]" = 217.86.

¢) To a suspension of 4-bromo-B-methyi-pyridine-Z-carboxyiic acid potassium salt (2583 mg,
35  0.998 mmol) in ethanoi (100 mL), H80, (2 mlL) is added dropwise. The mixture is heated
10 70°C for 16 h before it is carefully diluted with sat. ag. NaHCO3. The mixture is extracted



and EDC hydrochloride (6.12 g, 31.9 mmol) are added. The mixture is stirred at rt for 18 h 35before it
is diluted with sat. ag. NaHCO3 and extracted twice with EA. The combined org. extracts are dried
over MgSO4, filtered and concentrated. The crude product is purified by WO
2009/10987¥PCH193809/050749 36 CC with DCM containing 8% of nféthaR8IHgve
(S)-N43-(4-cyano-2-ethy1-6-methylphenoxy)-2-hydsoxy-propy1}-2-hydroxy-acetamide (7.03 g) as a
yellow oil; LC-MS: tR = 0.74 min: u\A-Fir= 293.10;1H NMR (CDC13): 8 1.25 (t. J = 7.5 Hz, 3 H), 2.32
(s. 3 H), 2.68(ep Imep Bigizdizth), She8-3 186 qemB P, @u7 B8r8dy ere3drnd 299 (4oBR3 Hredos (m. 1
H), 7. gG 5(Selﬂd|'&bn?:@r§ré$ed1 e BBU-E@%@B’&B@SFBUH%@&QBWWQGQ}HIQ]TN%EWH%@!@{L@@AZ%%%GMG
according to literature ardo es

899-905): L& e SR ﬂ&HPh d%‘f"%‘éiz%l G 7 ?Swi'g?;mg)f‘i‘?%i SV H), 2.24
(s, 3H), 10 2-@2\/(&@7 Qﬁl& nanW?ﬁi?(WrP&) 3.43 (m, 1 H), 3.67 (m, 2 H), 3.83 (s, 2 H) 3.93(m. 1
H), 5.2%(s br, 1 H), 5.58 (s br, 1 H), 5.70 (s, 2 H), 7.34 (s. 1 H), 7.36 (s, 1 H), 7.67 (m, 1 H), 9.46 (s br,
1H). , i

(S)-2- Hydroxgl-zi\lﬁﬁb H (Ijsoggetg%fzto t’f\f‘i‘%‘e‘ rbcfg rtc);% grr?ﬁ'r?ld i%cgl%rl%eﬁ%%%%ﬁ%ﬁg)arﬁ%g{ggyf} acetamid
e ThetltlecoMBWEF@H%&W&??&T@@%&&NC((@)%@ﬁ“étﬁ??ﬂf@l‘@""‘”9 the procedures given in

hydroxycart@gmgmqimx&mﬂﬂ@%@hwom-&dmdymmtwwwwm@mwmmme,ﬂ;@%M& tR =0.23
min, [M+1]+=

20N- ((Sg)2 -3- 12§é%1ﬂ%-[%ﬁ-uyaré?(@ggrt;gr#%|d(c():stzlc)‘- -met yI ﬁjencg)x3 ﬁyH rozxo‘ﬂrPng6
2-hydroly-atbidriitela) T6 -8 3ol4tidn o Blethyilu hyiexy Birhdth(s: g/ p&ritrile 'p5.06 ') 31 4 mmol) in
THF (80 mL), PPh3 (9.06 g, 34.5 mmol) and (R)-glycidol (2.29 mL, 34.5 mmol) are added. The mixture

is cooled to QG QSL%G?  DEAR &tg EHE32:8 - Bl R4 ?cmg}%?i}ﬁrﬁﬁgﬁge The 25 mixture is stirred for

18 h while warming Up to rt. T lvent is evaporated and the crude product is purified by CC on

silica gel eluﬁhﬁ‘i\/ﬁﬁi'ﬁ%?&%@h@%o@‘?v% ‘@e‘(-‘ijiﬁi?&@?’)”ﬁ‘féeﬂ’%]iar@%%iﬁ%ﬁ?ﬁﬁét@l%ﬁy%e%%Pﬁ’f?lle (5.85
g) as a yellow gihabQ-{VESmtB, shih@frimit [Mk42] £250) @8a3ei) Therabaive epaxidasistaissalved in 7 N

NH3 ingrethang! (@30imbeand BreRILian s, siuecAl faralhd Sdlbssaluanlis.evanqialed to give
crude (S)-4-(3-amino-2- hydroxypropoxy)-3-ethyl-5-methylbenzonitrile (6. )as a yeIIow oil; LC-MS:

tR = 0.66 mﬁ? ¥mq_l?rch%ﬁt[:fe hoxy-2-carboxylic’ acid ethyl ester (5.95 g} as a pa?e yeilow oil; LC-
MS: tr = 0.85 min; [M+1]" = 215.97; "H NMR (CDCh;): & 1.44 (1, J=7.0 Hz, 3 H), 3.94 (s, 3
H), 448 (q, J=7.0Hz, 2H),7.01(d, J=2.0Hz, 1 H}), 7.61 (d, J= 2.0 Hz, 1 H).

20  b) The title compound is prepared from B-chioro-4-methoxy-2-carboxylic acid ethyl ester
following the procedures in sieps d) to f) of the preparation of 6-isobutyi-4-methyl-pyridine-
2-carboxylic acid; LC-MS: tr = 0.51 min; [M+1]" = 210.31; '"H NMR (CDCly): & 1.04 (d, J =
6.5 Hz, 6 H), 2.21-2.32 (m, 1 H), 3.27 (¢, J= 7.0 Hz, 2 H), 420 (s, 3 H), 7.12 (s, 1 H), 7.83
(s, 1 H).

25
8-(1-Ethyi-propyl)-4-methoxy-pyridine-2-carboxylic acid
a) 6-Chloro-4-methoxy-2-carboxylic acid methyl ester (1.82 g) is prepared in analogy 1o 6-
chloro-4-methoxy-2-carboxylic acid ethy! ester starting from 8-chloro-4-methoxypyridine-2-
carboxylic acid (2.00 g; 10.7 mmol); LC-MS**: 1 = 0.48 min: [M+1]" = 202.23; "H NMR

30 (CDCi3): §3.95(s, 3H),4.01 (5,3 H),7.03{d, J=2.3Hz, 1H),7.63(d, J=2.3Hz, 1 H).

b) A solution of 8-chloro-4-methoxy-Z-carboxylic acid methyl ester (2.63 g, 13.0 mmol} in
diéxane (150 mi) is degassed and put under argon before Pd(dppf) (100 mg, 133 umol) is
added. To this mixture, 1-ethyi-propy! zink bromide (50 mL of a 0.5 M solution in THF, 25.0
35 mmol) is added dropwise. The mixture is siirred at 76°C for 15 h. The mixiure is cooied io

rt, diluted with water and extracted twice with EA. The combined org. extracts are dried



WO 2009/109872PCT/1B2009/050749 37 and EDC hydrochloride (6.12 g, 31.9 mmol) are added. The
mixture is stirred at rt for 18 h before it is diluted with sat. ag. NaHCO3 and extracted twice with EA.
The combined org. extracts are dried over MgSO4, filtered and concentrated. The crude product is
purified by G &R containing 8% of methanoal to give (S)-N-[3-(4-&aHELEIRVTH-methyl- 5
phenoxy)-2-hydroxy-propyl]-2-hydroxy-acetamide (3103 g) as a yellow oil; LC-MS: tR = 0.74 min; [m-bir
= 293.10;1H NMR (CDCI3): 81.25 (t, J = 7.5 Hz, 3 H), 2.32 (s, 3 H), 2.69 (q, J = 7.5 Hz, 2 H),
3.48-3.56 (mye MyS70iB08! (ind 304 eniedets The grvfle produgnis Pwifier B 1 1CHp 7158 g8l 1 H). 10d)
Xh?: agove r@:}nilsg&xmﬁnwmemht&egmgg@%ag@g% @@W%iﬁﬂi%@gﬂfamm@s&dm@ﬁ -BMHeyer.

. C. Joussef, H. Gallardo thesis -  LEC-MS: tR-5 s IM-1-1]= :
NMR (De-DRﬁ’é%)’?%iﬁQ/g([f‘%w&?z‘?fé%%, ’Etr‘fﬁ’fs? Qa% ‘?%%%?”J &M%z -2“%{‘33%3{?‘&%]’,“}“ H), 3.43 (m, 1
H), 3.67 (m,23%§43.83 (s, 2 H), 3.93 (M. 1 H), 5.27 (s br, 1 H), 5.58 (s br, 1 H), 5.70 (s, 2 H), 7.34 (s, 1
H), 7.365(s, 1 H), 7.67 (m, 1 H), 9.46 (s br, 151H).

(S)-N-(3-(2-Chloro-4-(N-hydr arbamimi -6-methyl-phe 2 -2-hydroxy-acet
amide. . T HloShBound 1 SELm A L At p i‘??%eﬁéﬁ%kﬁfé‘gﬁiﬁﬁ%@?%?§ﬁ§1-4-<N-
20hydroxycarBahifaeg)-6-aesefa- SHe oY Ry droky ' Prdp 1)%%9&?65@‘%‘6@18% &4 &fthg from
3-chloro-4-hyesexy-gvaetkyliheszapiiite; EE2MG) th yRi48Hnimjd Mtk LEME3L.94= 0.38 min;
(S)-2-Hydro ;N-(g-gé(g.ré)i(y-344-(N-hydroxycarbamimidoyl)-2-methoxy-6-methylphenoxyl-propyl)-ac
etamide 25The t%tle compound is obtained as a reddish oil (1.3 g) in analogy to N-((S)-312-ethy1-4-(N-
hydrox%arbamimidoyl)-6-methy|-phenoxy]-2-hydroxy-propyl)-2-hydroxy-acetamide starting from
4-hydroxy-3+reglaexyy S rzethyiybeé naethyitey fid~mS:ciRboQed9dma, [M+Hr = 327.98.

4-(2’2-DimeEM-Ho%]%W%%MH&%‘;%}Q@r-gwwi-dﬂ:bsea%yyﬁqr@ambp%waéa{gmga@%a,ozazgo_lution of
3-ethyl-4-hydroxy-5-methyl-benzonitrile (480 mg, 2.98 mmgl in THFE (:’:}Oé\gkll.'_)1 trlprgg{%ggcmﬁhme (.17
g, 4.47 mmal) &Pld BRI RA9E I INE PY T PRRAGIRASST (478" 3. 28 i Ol TS 48084 *The
mixture is coolgdstetd@dbiefarecBEAD12045§C 44 77 nmalhe. oFvent §f @10kl ieHA R0 dthe) is
i\dded-é@ti”i%gi&e%ﬁ%%%%t ifoh ]?5NTNIPi’3ﬁh@ﬁe%}iéh&?rﬂhéﬁé'émiﬁ@y@Dﬂd}ﬁ repMestinadaguo and
the crude product is purifie 5CC an silica ting with heptan :Ef S ltagive. . .
4-(2,2-dimet@l-(flf%ﬁo%xgn%‘-%/ﬁﬁiéﬂ%@)?g-a&?%%‘g-%r% yi- %ﬁ%o%i'tsrf%” 94 ”r“r?&%%’?‘é‘ﬁo@v oil;
LC-MS: tR =carDdxpiin 2@ 2080/109872MST /tk132060/0507 4938 [M-1E36H3TNeYmal3i89%. To a
solution of thig saterial (40 ma. 829 axagl)iaimetnanch,(5 M), Mydroeyanine hyerachisside (86 mg.
1.24 mmol) apd NaHCO3 (104 mg. 1,24 mmol) is. added, The mixture.is stjrred G o5 by before it
is diluted with' %\gaaﬁ v?%cs(l"%e i%&%?%gtg??uP %Q%?Sg? g)?{(rja%?? ,d [Ir‘fgéed. o'\?_gr ’ gS%ﬁ@gred, concentrated
and driéd to disrenie. e SesiwsosmdresetfigPadtatpdiasyBlieiwdie diirrsviR 2R 8 ARim-)
[M+1+CH3CMansBa0dat. ag. NaHCO; solution (3x50 mlL.) and brine (50 mL). The org. extract is

dried over Na,SQ,, filtered and concentrated. The crude product is purified by MPLC on

silica gel eluting with a gradient of EA in heptane to give 5-isobutyl-4-methyl-pyridine-2-

carbonitrile (106 mg) as a pale yellow oil; LC-MS: tr = 0.96 min; [M+1]" = 175.03.

25

b) To a solution of B-isobutyl4-methyl-pyridine-2-carbonitrile (106 mg, 808 pmol) in

methanol (3 mL), triethylamine (123 mg, 1.22 mmol) and hydroxylamine hydrochloride (63

mg. 913 umol) is added. The mixture is stirred at 75°C for 18 h before it is concentrated.

The residue is dissolved in ag. NaHCO; (pH 7-8) and extracted with DCM (6x50 mL). The

30  org. extracts are combined, dried over MgSQ,, filtered, concentrated and dried to give the

titte compound (155 mg) as a white solid; LC-MS: tg = 0.67 min, [M+1]" = 208.01; "H NMR

(CDsODY): §0.97 (d, J = 6.8 Hz, 6 H), 1.84-1.96 (m, 1 H), 2.37 (s, 3 H), 2.58 (d, J = 7.3 Hz,

2 H), 7.67 (s, 1 H), 8.26 (s, 1 H).

35  3-Ethyl-4-hydroxy-5-methyl-benzonitrile



3-Ethy1-41(S)-2-hydroxy-3-(2-hydroxy-acetylamino)-propoxy]-5-methyl-benzoic acid a) To an ice-cold
solution of H2S0O4 (150 mL) in water (250 mL), 2-ethyl-6-methylaniline (15.0 g, 111 mmol) is added.
The solution is treated with ice (150 g) before a solution of 10 NaNO2 (10.7 g, 155 mmol) in water (150
mL) and ice{86YY ¥ dtled dropwise. The mixture is stirred at OC for 1 ﬁ%r(%bﬂg}&{ﬂﬁ)ﬂ§)04 (200 mL) is
added and stirring is continued at rt for 18 h. The ngXture is extracted with DCM, and the org. extracts
are dried over MgSO4 and evaporated. The crude product is purified by CC on silica gel eluting with
heptane: EATOL titegivenpastity |6 prasipcpiien ob @o o g ermasisltberzader e S08Y in; 1H
2“;';(15:(%%?%@%&5%@36@?%(@.%)O?a&%ﬁlarﬂ: =7.6hiz, ﬁ‘dﬂaﬂeﬁ@ofﬁﬁﬁl'd)%%(m 3%5—?326(3}12, 2E|), ;

25 (s, ,1.24 (t, J = 1Z, 5 tion -ethyl-6-methy]- . mmol) an
hexamethyléﬁ'é\'{%iﬁéénf?iég (129 g.“@%.@ﬁ?ﬂlﬁi%’%{cétié}éét@g}o%ﬁ’%\%\%&éﬂ 1§'Br§3()qis‘jheated to
115C. The 207water 2sistiledsoff & 7170 wiAd¢ollected with a Dean-Stark apparatus. Then the water
separatgr is replaced by a reflux condensor and the mixture is refluxed for 3 h. The mixture is cooled
to rt, diluted, wj f@//va%é']éoo m_Is)_ an eﬁ)rac}eg. V\ﬂteh EA. The org. extract is washed with sat. aq.
NaHCO3, dret R MY S PaRd SV AR orated. 1Itﬁe remaining solid is dissolved in EA and treated with
heptane to ifitialife eeyaalliship R aRmeesciormerarReday ashlatisdarioariédteiyienencl in

3-ethyl-4-hygkamyrprnethatRepraisiehveeséd. 132:0) s ny ealopdenstoyystalinattiowterVE INMR

(CDCI3): 89,83 (s, 1K), 7.58-2.53 (m, . D. r,A1H),.2.69.( = ), 12.324(8:,3H), 1.28
(t, J=7.6 Hz, I—gﬂmc%gw?é&gjﬁ%%?%%éf%%gﬁ/g%égﬁm Tgﬁﬁﬁaéghgaﬂ’ei%azea(igéé? ?522 mmol) in
30 acetonitriled(250 mL), K2003 (42.1 g, 305 mmol) followed by benzyl bromide (26.0 g, 152 mmol) is
added. The suspension is stirred at 60C for 18 h. The mixture is diluted with water (150 mL) and EA
(150 mL). T g_lo%q‘. ex}ggct ﬁ-. sep'%[atgtq‘ a]r_Lc[i ;t—;@% ag hase is extracted once more with EA (100 mL).
The combinéd'$ g?’éy(trané?s e vaSKedWith Water % 50 mL) and concentrated. The crude product is
purified by JoeofiisikespriwlUtimgeRte S SREpEaAEIEKlY fyairRie 2-hydroxy-3-methoxy-toluene

4-benzyloxyn3LHwinbtonetiidee praiceiys es 273 2 0) as e yeligve-oik h B-ddGzdRirte]. 08B tiH NMR

(DR-DMS0): 81,19 (t, J.= 7 ) 2. H), 2. 8 T 0091050749 39
(@ 9= 75 o o (B B, 32T Y S S B T S0 2 1y 7.65.7.60
(m, 2 H), 9.9%(4, HH)12sTb A solution of 4-benzyloxy-3-ethyl-5-methyl-benzaldehyde (25.0 g, 98.3
mmol) in 5 acetone (500 mL), KMn04 (20.2 g, 127.8 mmol) is added. The mixture becomes warm
(45C). The mixture is stirred at t for. 16 1 before it is filtered over glass filters. The clear, colourless
filtrate is conrgéétrﬁ%%{f’ééf &i%f’exa' v%imevﬁli%}[ gﬁazé’é‘.%ﬁ]ﬁ%q with 2 N acr;f:f HC1, then extracted twice with EA.
The combindé®olige extrastndie pitear oV EPM IO TRV BIRRB i Ary B8y I gie Y-
4-benzypoxyreihyk-aaethyl-henggic acidittRey) @sadOpaldymllodvativficl-h@HS:GRetilylo0 min: 1H
NMR (D6-DMSO0): 81.13-1. , 3 2 (S 3 1 &04-2- 485 (8, 2 B 77p34+7.56 (M, 5
H), 7.69 (m, t?'l‘-f)gnﬁéj%lk @ﬁsclrp F). d_'e%%%g%d ﬁs@e’%]s(ion o?a-gb%éggzly(/lstz’)xy-%"-ethyg(%-m@t)hyl-bi%zoic acid
(10.0 g, 37.0'Mmb6Frigolidhe (150 mL), N,N-dimethylformamide di-tert. butyl acetal (22.6 g, 111
mmol) is added. 15 The mixture is refluxed for 24 h before another portion of N,N-dimethylformamide
di-tert. butyl tal (22.6 11 mmol) is. ed. Refluxing is continued for another 24 h, then another
portion of N, '?Fl%éﬁYy orar%ggr%)l‘ n(;ba?%gﬁ' ﬁlljgtlyl acetal (22.6 g, 111 mmol) is added. The mixture is
again réHuxddgorida FHBRRKOT iéScEHbHeaT rtf"?ﬁl‘ut%‘?ﬂﬁ]ﬁﬁc@,&yaﬁdﬂ%@ﬁeé'Wﬂﬁoﬁ“@"g&?tﬂPﬁCO:’,
solution. The:@rgaiextraet imdriedioyer idgB@Atiitterecheattlr@0 deneefiteditped-Therwrubenstbruct is
purified by CC on silica gel eluting wit anekAD:b 18, give 4-penzyloxy-3yeswi-prmethykbenzoic
acid tert. buct:?/ ré%%%‘#%%%%ﬁa%s’ :Eigpa ék?ﬂwwqtﬁl; LC-I@é%glg-él.ﬂ mind. 1) Tg a soh?tinn of

4-benzyloxy #etiyl-5-Fidthyi-Bedzidbcld @ Hutyreste@rd Gody, 27.6

30  4,N-Dihydroxy-3,5-dimethyl-benzamidine
The title compound is prepared from commercially availabie 4-hydroxy-3,5-dimethyi-
benzonitrile according to literature procedures (e.g. E. Meyer, A. C. Joussef, H. Galiardo,

Synthesis 2003, 899-005); "H NMR (CDsOD): & 7.20 (s, 2H), 2.20 (s, 6H).

35  3-Ethyl-4,N-dihydroxy-5-methyl-benzamiding



25 mmol) in THF (50 mL) and ethanol (50 mL), Pd/C (400 mg. 10% Pd) is added. The slurry is stirred
at rt for 24 h under 1 bar of H2. The catalyst is removed by filtration, the filtrate is concentrated,
dissolved again in THF (50 mL) and ethanol (50 mL), and again treated with Pd/C %400 mg, 10% Pd).
The slurry i¥&He1a%or 24 h under 1 bar of H2. The catalyst is agairt femeoed by fitration and the
filtrate is concentrated and dried to give 3-ethyl-4- 30 hydroxy-5-methyl-benzoic acid tert. butyl ester
(7.13 g) as a pale yellow oil; LC-MS: tR = 1.01 min; 11-1 NMR (CDC13): 81.28 (t, J = 7.8 Hz, 3 H),
1.61 (s, 9 HJN2.304scqMpuRG Is(prera®s Fom2 nmergaybaveiayer 2y -E-Mpte &% H). )
3-Ethy1-4-[(§oerhy tierdiode(Brbvutiosy -asetylamino)- peapoxylsd mmeity | benroiaacid. tednabbutyl ester
(5.94 g) is prepared starting. from the abo - -4 D€ bgnzoi i . butyl ester
(6.53 g, 27. rﬁ? aﬁﬁ’%ﬂov‘\ﬂaﬁ’tf?g E‘r‘:’&e%m@fg?\%‘fgﬁ] %?%(gsg)y?ﬁgée{v%yg RIROEARIAGH; P’u
2009/1098 7RG TELEB80000/85 0128 U1H 36-) 32BN HYBYES X fearbi ¥RSFhi 926 eriipien

1 B e .26 (
.ol L/ (L,J=[7.0AZ, , 1.00 (S , £.20 (S, y £ = /(.0 HAZ, , 9.1L/-0. m,
1 H), 3.38-348 ( A% Pés.4 7 ?n‘?zz%(w %133%(6(1,%%)':15%?22{2 i%?{géz.gif;g? (m, 1 H), 5.28 (d, J =
5.3 Hz, 1 5H), 5.54 (t, J = 5.5 Hz, 1 H), 7.59 (s, 1 H), 7.60 (s, 1 H). 7.68 (t, J = 5.5 Hz, 1 H). h) To a
cooled (0C) 4§QL@{{;%&&%;@LW%{@};%WQ;Q&;};@@droxy-acetylamino)-

-pe

propoxy]-5-meth nzoic acid tert-butyl ester (5.94 6.2 mmal) in DCM, (100 mL (5mL) is
bdded. The PgHE RWRIHRE toPFE B 80 orPE'%%‘?]% "‘m“?im@eg ig"TG% neantt argt%r,’%@sé\ved in
acetorfifiile/watEgiBamildrafic:sepeeatees iy prBp R leCato Hilledh EMRIB- SIrhPEEnd 42 P ¢3S a white
p(r)]wdelr; LC}M%&% %ﬁg(}]ﬂgpiQ;E{WM]?E@%%&%@:a@m@y@m&ﬁddi@)eu;‘ylkwn@i=c acid Inyd;ra;ide ;
The title compound is prepared in_apa Q. 4- yloxy-3-ethyl-5-methyl-benzoic aci ydrazide
as describe%@lbvﬁ;%Pgﬂ\ﬁps:’_{lg@n%.&g'ms,%zﬂf?ﬁ :8 éf?llﬁl"ég/l(‘glﬂ%h?ﬁngb%&?%%ﬁ)ﬂ(gsi%g %), 3.86 (s
br, 2 H), 4.8%(8,1, )5 (BOLZ.BG fin, ZHH)7-3/58.($ b, 1.49)(s4Beh 2yidxy-3-Bthy1-5-methyl-benzoic acid
hydrazide a) To a solution of 3-ethyl-4-hydroxy-5-methyl-benzaldehyde (34.9 g, 0.213 mol, prepared

20 from 2-ethyl-6-methyl-phenol accordjng, to the literature cited for 3-ethy1-4,N-dihydroxy-5-
methyliéenz%}réﬁ?d?r'igﬁl‘rgl\#gﬁﬁ?ﬁg ﬁ%‘E}R%ﬁd‘ﬁ%‘é 3, 0.425 mol) and benzylbromide (36.4 g, 0.213
mol) are adddg. MtirearixtovedsstirrgRE60T6PPRBERIre Y D Id P ; UilAb RitR Walter and

extracted twige WithiEherERROpR¥iakISajenvashiest with waier amehtancensgtedzo Zivencrude
Mt el e A e W G e SRR
Hz, 1 H), 7.66eftlyldenzaipiydeH 962t 049 miy T o hndired 'H NMR 62.24 (s, 2 H), 2.3
4-benzyoxy3-gthylsmathyl-banzeakdabyde (18248, 0-H18 w0k andiZ 3L mejhyls2-utere €364 g, 5.19
5 added THURETHNIE R TOD L1 B 00 ol & MG o oA Thi erpesiin of the
reaction mixturé i$)kego helow BEGESdnd dloRiBBisd ghsiisSobsérked! bpon completion of the addition,
the orange bi-phasic mixture is stirred well for 3 h before it is diluted with TBME (1500 mL). The org.
layer s rac-4-(2,2-Dimethyl-[1 ,31dioxolan-4-yimethoxy)-N-hydroxy-3,5-dimethyi-benzamidine
25 a) To a solution of 3,5~dimethyl-4—hydroxynbenzoni’trile (5.0 g, 34.0 mmo!) in THF (40 mL),
rag~(2,2-dimethyl-{1,3]dioxolan-4-yl)-methanol (449 g, 340 mmol) foliowed by
triphenylphosphine (13.4 g, 50.9 mmol} is added. The mixiure is cooted with an ice-bath
before DEAD (8.87 g, 50.9 mmol, 23.4 mL of a 40% solution in toluene) is added dropwise.
The mixture is stirred at rt for 1 h, the soivent is removed in vacuo and the residue is
30 purified by CC on siiica gel eluting with heptane:EA 89:1 1o 92:8 to give rac-4-(2,2-dimethyl-
| [1,3]dioxolan-4-ylmethoxy)-3,5-dimethyi-benzonitrite (7.20 g) as a pale yeliow oil; LC-MS3: tr
= 0.99 min, [M+1]" = not detected.

b) To a solution of potassium tert.-butylate (68.18 g, §5.1 mmol) in methanot (125 mlL),
35  hydroxylamine hydrochloride (6.74 g, 82.7 mmol) is added. To this solution, a solution of
rac-4-(2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy)-3,5-dimethyl-benzonitrile  (7.20 g, 276



35separated and washed with 20% ag. NaHS solution (1500 mL) and water (500 mL). The org. phase
is then extracted three times with 0.5 N aq. NaOH (1000 mL), the ag. phase is WO
2009/109872PCT/1B2009/050749 41 acidified with 25% ag. HCI (500 ngTa}Irh%%x}g%gt%d twice with
TBME (1008 Si%*#A%2 org. extracts are combined and evaporated to Aryness o g
4-benzyloxy-3-ethyl-5-methylbenzoic acid; 1H NM& (D6-DMS0): 8 1.17 (t, J=7.5 Hz 3 H) 231 (s, 3
H). 2.67 (9, J = 7.5 Hz, 2 H), 4.86 (s, 2 H), 7.34-7.53 (m, 5H2 7.68 (s, 2 H), 12.70 (s, 1 H). 5 ¢)

4- Benzyloxyﬂﬁl@ﬁhylf@em@’tﬁwéﬁe’ﬁkbl‘é adig9s tunirtes to b‘éﬁ?)fﬂfﬁzi‘ Qﬂ*ﬁ?/rf g“?n%ﬁ‘f? éhzoic acid

hydrazide folewing ﬁeg&boﬁ&b&gye@@r@mm@ﬁ%ﬂ%pxmambylbmﬁmaﬁmmzwe LC-MS:

tR =0.82 mln [ 5 44. 10344-(N [ pionic
acid tert- but%/l egltgg u:}1") 6 3’6’[3{(’:&8 Cob égrsﬁﬁ%/énﬁ §< %zgr?y %xr)?%%dz) begng{gleeagﬁéurzn%yl ester

(7.52 g, 41. 4l pinare M @B el )dahe-MFidine (65 min). [ ﬂiﬂomﬁ?@tﬁﬁnéém@ﬁl@g@r& Jafihydride
(13.0 9545.9 mmol}is aqld@qsO\ee;ri;’:\ @QQQ@' efi2) mel-atéﬁqmce)mplst@:sa@lgm@m the, icesbatlags removed
and the reactlon él % fur &DThe r&zg dR/\ Lg%vv;tﬁﬂ 5 (150 mL), washed
with 10% ad.”bl o n‘fo and evaporated. The
residue is purified by FC on silica gel elutlng with heptane EA 9:1 to give

3,5 dimethyélsflzmiiQcmmﬂw{reswfeﬁw@mwémmw meihykesterdihiethg) peneatoidtiess fine

needles; LC- 20b Toa tiry d sol ft mmol) in
dry DMF (1 ¥ ttStR?s seqt?é)ﬁ gll Je%a{ﬁéthﬁarﬁ%fé% 6t89, iy qu%\n%egﬁwtert[%%ﬁhg%%yglaﬁe (48.4 g,

378 miol), mwlmmgfﬁ@rqxsé ﬁw%ﬁt@ﬁ@w@)&wz (Aézwsang(si@g?rﬁmoi?!urﬁhé HEOEEA” The
mixture is stiffegeatahdbCdond.8.h-téorenanpther paztien of DPPP (160 mg, 0.39 mmol) and Pd(OAc)2
(80 mg, 0.36 mmol) is added. Stirring is continued for 4 h at 115C before 25 the mixture is cooled to rt,
diluted with diethyl ether (350 mL) and washed with 1 N ag. HC1, followed by sat. aq. NaHCO3

solution. Thé&ForlaztRimethulEidierRigsda ’m?éf’@&ﬁﬁﬁeébﬁp%ﬂgéo%g fudile is purified by FC
on silica gel plutingigita heptane:EA 4:1 to give 4-(2-tert-butoxycarbonyi-vinyl)-3,5-dimethyl-benzoic

id methyl | ! - 1.09 i Solgtienof
PR oo ﬁ@@%@gﬁfﬁﬁﬁéﬁéﬁzéﬁaﬁi e é?%ét’l?g ig%‘f"%g jy ?;ﬁtg‘”ﬁ ethanol
(0] a

(50 mL) andvififih ep) quﬂa?té(? 6*@%@9%?@%%(1 'FI‘? MiXtUFE rt under
2.5 bar of HBedhmicttalyst |S?I)Htéﬁed:mﬁtay1€[Wmmae—%ﬁbn‘wmr@ted%ﬁdﬁdﬁéd Fndldf HVo give

4- (2 -tert-but b h I- cl ter 8 ) s @ QLHIIGSS oil:
#-(2-tentbuigyycartion-sthyl)d e I5dIRIE-hanzole acid methy) eater 430,88 s oo

11132009/050749 42 c? T a soluyti
4-(2-tert- butB&y%glgb@nﬁl ByHl 2 oY ethii:befcid i Mt edt (16% é?% %ﬁ?o[f) h ethanol
(100 n#t9) a 2-M ag), oo H.BQanLHis adéied at0C. %@,tmﬁb)d mlxture Is stirred at OC for 30
min, then at rt for 4 h. The mixture is diluted with 10% agq. citric acid solution and extracted three times
with diethyl ether. The combined 5 org111 extracts are dr ed ver M%304 f||t nq concentrated. The

solid residudR-3tayemRréd 3 AR LR Erlsprair gﬂ’ fagt ?’l‘?’ ¥ }g’d fie Slurry procedure in

diethyl ethertiempatamigilserepeated. The solid material is collected and dried under HV to give 4-(2-
tert-butoxycaihogyd- e&%&@ |9'8%@émé|ab£sr@et9cﬁ@@ G @9:@ @Srﬁéﬁ@l@@)ﬁw%@mt@ pawviiary.C-MS: tR

= 0.95 min, N- FI = (CDCI3): H), 2.3 OH) s, 6 H),
2.94-3%%3 (n}! 3 fii?x‘?*%'”(girﬂ% ox'g?xmyg@u englgﬁ ﬁ? Pz iare S’ Ao zeici
4-(2-tert-butbyyicash omykibitinph -3 Bvttirmethyl- b@diﬁﬂer?a@wi@mg@/c@sﬁ? #{Pﬂ‘d@ inAsopt&Safvn(100 mL),
HOBLt (4.27 %\Aslll 61@m56followed by EDC hydrochloride (6.34 g, 33.1 mmol) is added. After stirring at
rt for 1 h, 25% aq. ammonia

(R)-4-(2,2-Dimethyl-{1,3]dioxolan-4-yimethoxy)-N-hydroxy-3-methoxy-5-methyi-

30  benzamidine
The title compound is obtained as a beige ol (1.16 g) in analogy fo rac-4-(2,2-dimetnyl-
11,3]dioxofan-4-ylmethoxy)-N-hydroxy-3,5-dimethyl-benzamidine starting from 4-hydroxy-3-
methoxy-5-methyl-benzonitrile and L-o.B-isopropyfiden glycerol: LC-MS8: tz = 0.85 min,
[M+H]" = 311.C.

35



15 (16.1 mL) is added. Stirring is continued for 30 min before the isopropanol is evaporated under
reduced pressure. The remaining solution is diluted with isopropyl acetate (200 mL), washed three
times with approximately 0.5 N ag. NaHCO3 solution (100 mL) followed by water (50 mL), dried over
MgSO4, filt S8 ¢4 HEMrated and dried to give 3-(4-carbamoyl- 2,6-dirhathFPRery)-propionic acid
tert-butyl ester (7.5 g) as an off-white solid. 20 f) Tgsan ice-cooled solution of
3-(4-carbamoy1-2,6-dimethyl-phenyl)-propionic acid tert-butyl ester (7.00 g, 25.2 mmol) and
triethylaminéR(736BhdprpA7 HimimethD € MEldBD phr)-4nitne thacenl-HATRIAUE- BB EY 28.8 mmol) is
added slowky3g4hatithe reaction temperature stays below 15C. The clear yellow solution is stirred at rt
for 1 h beforg it is., 25 washed twice with water (1 d concentyay: [ duct is
purified by rﬁ&?ys 'gﬁisgﬁrgﬁ%gf% r’%eﬁgﬁgrﬁ%b g[i]vegg-a&- ygt%o%%g&d??n%#@%ﬁ@ﬁy%}aﬁ%g%ﬁ% acid
tort-butyl eswneth oxy)-HhEciorite Sofan ety NRIRATDE 3) 581108 (o), SEBRP37YH OV, 2.38 (s, 6

H), 2.945 3.0k 4Mexd HinZodlei(s, hi).-300)kApsspytian afid-4Acyanme; 6-dimedylnihe fiyhHiropionic acid

tert-butyl ester (4.1 m drox in rachloride. ( )| rigthylamine
(3.20 g, 31.§%H1GI)%1 éﬁﬁh@ﬁ?ﬁ%ﬁgy fh 1i§$e uge%xf%fgg r&sbé?‘(%l)é]%f%e% g%’l?/%ﬁ{grrgjn%b@v@e%ﬁh%vacua.
The residueHs. thRertup imisbpropybdaetaite’ (56 Brit3. dnd)wadhéd e’ virHdvder GOl )1 The org.
extract is dried pyer;MgSQ4, filteredy eapasated and dried to give
344-(Nhydroxycarbamimidoyl)-2,6-dimethyl-phenyll-propionic acid tert-butyl ester (4.4 g) as a white
solid. WO 2009/109872PCT/1B2009/050749 43 o

312-EtHy 1-4RM4RR Ryeitbartiidlidioyelse-ftmptpmenEprarmsrn- aelr e-BeRsradtine  The title
compound ispEepRreanRanlegpieiddd-M-hydigxysarhaminid oy b6 diraetyiSplenytispropionic
acid tert-but er; 1H NMR (CDCI3): 8.1.26 (t. J.= k 2.34- 2. J )Aq,J=7.8
.2 1), 2 S TUT R 2 A B St By ST Sy B fprd 8 3 a8
3-(2-Ethy1-405t{Bxisbburgnizienetnyt-pyiisprrepaiien orskaldibz oSyt B Myt oPAERY 1 propionic
acid a) To aygglgtion of 5-isobutyl-4-methyl-pyridine-2-carboxylic acid (246 mg, 1.07 mmol) and
DIPEA1 415 mg, 3.21 mmol) in DMF (4 mL), PyBOP (589 mg, 1.13 mmol) is added at OC. The mixture
is stirred for 15 min at OC before 342-ethyl-4-(N-hydroxycarbamimidoy1)-6- methyl-pheny1)-propionic
acid tert-butyBr$tE-(8n® errh Y IPeYRrePoRYidddidid e iibeRze8iHdRtinued for 1 h at OC. The
reaction is qyenghesohii@ddingenatertheonybaurnetisidikieshivith G206 ag 2NaHG®S-solidoBand

tracted twi ith E i i S il trated
o v tho oI RT3 B s e dnE R e 1o T ﬁf‘ﬁ%ﬁﬁﬁ‘g@g?ﬁ‘? “This
material is drSgBWadsIFeNsEie 10 MY ardFhR Mkt R Shrfed ht 806 8T8 K TP %olEht is

evaporated angiheisrife@praduatis purifitchhy GCoiisilisavgel sletingowitoeptdreddAT 3 to give

3-{2-ethy1-445-(5-.i 4 -pyrdinPayk iazal-321)-6n d Pioni
acid f[ae rtﬁutyf)gosétg?tﬁozgﬁg ‘ggt;é?gﬁo%%%%é‘e (ﬁ%@@ﬁﬁ}gé&ﬁ%@%ﬁé JE&M%\F—EEI%XE hi@%ﬁﬁfﬁe I{fl)tr)](l)(\:/e
S

tert. butyl estsPtUaT RGNS PARTSS QigSoN&d A WIPY P HETMRd the Rilird 5 &irred at 65C
for 18 h. Thezselvent is removed in vacuo and the remaining residue is washed with EA and dried
under HV to give the title compound (371 mg) as a white solid; LC-MS: tR = 1.10 min, [M+H] = 408.21,

11-1 NMR (D6-DMS0): S 0.93(d, J =.6.5 Hz, 6 H), 1.23 (t, J =.7.5 H),.1.91 (hept, J.= 6.8 Hz),
257 D0 (P aTP SRS 5 asravatiy o b b weatel Pl (e E i)
H), 7.75 (s, btiled .76 8D(3, forH) S 8h16T(s; BaH)E8.53 eyanarietOlPa{seberddr) (B datmaienc-2-

N-((S)-3-{2-ﬁ%&ﬂ&ﬁd&s@%%ﬂﬂsﬁ@%b&ﬂmﬂﬁ%x@mg’é,%péagﬂé@cmlﬁrylbﬁws: t = 0.66
methyl-phenoxy}-2-hydroxy-proPy1)-2-hydroxy-acetamide 35To a solution of
6-isobuty1-4fHH‘étMT-ﬁyﬁcﬁ%%’E-‘carboxylic acid (100 mg, 0.435 mmol) and DIPEA (169 mg, 1.31 mmol)
in DMF (5 rnL), TBTU (210 mg. 0.653 mmol) is added at OC.

30  N-{(S)-3-[2-Ethyl-4-(N-hydroxycarbamimidoyl)-6-methyl-phenoxyl-2-hydroxy-propyl)-
2-hydroxy-acetamide
a) To a solution of (S)-4-(3-amino-2-hydroxypropoxy )}-3-ethy-5-methylbenzonitrite (6.23 g,
26.59 mmol) in THF {150 mL), gtycolic acid (2.43 g, 31.8 mmol), HOBt (4.31 g, 31.9 mmol},
and EDC hydrochioride (6.12 g, 31.9 mmol) are added. The mixiure is stirred at rt for 18 h
35  before it is diluted with sat. aq. NaHCO; and extracted twice with EA. The combined org.
extracts are dried over MgSQ,, filtered and concentrated. The crude product is purified by



WO 2009/109872PCT/182009/050749 44 The mixture is stirred for 15 min at OC before
N-((S)-3-12-ethyl-4-(Nhydroxycarbamimidoy1)-6-methyl-phenoxy]-2-hydroxy-proPy1)-2-hydroxy-acet-a
mide (170 mg, 0.522 mmol) is added. Stirring is continued at OC for 1 h. The reaction is quenched by
adding wateV OrHEMHiREite is diluted with sat. ag. NaHCO3-solution and &XtFACED With EA 5 and two
times with DCM. The combined org. extracts are driéd over Mg504, filtered and concentrated to give
the crude hydroxy-amidine ester intermediate. This material is dissolved in dioxane (5 mL) and the
mixture is stifedvit SOCMopEdNIMThé¥olvkmedavalpitatdt arft-the dfuele PRFaB YIS HURHEE on prep.

TLC plateds W}iﬁ;},a@;\/jgfp@aﬁaﬂyiglg)Q@fl’?ﬁ;»ap&’rldw\&d&ﬁmm@malm@)‘@lskoa!vﬁﬂiday @irelC-MBLEG tolgive the title
21 10 I LC-MS; tR=1. in, IM-1:Hr.= 4 6, R
(CDO13) 5 BOOTE 2 CR A, B SR b 7 5 b T 6.8 F T 556 s, 3 H),

2.48 (s, 3 Hy 292402 8ix TBHA562(M) 327B(A0-3.807(8 K12 #1934 e388 )i 08 (), BH47E82 (m, 3
H), 4.16;4.24 (13 He7dl§ (, 1 H), 7.23 (tbr, J = 5.8 Hz, 1 H). 7.88 (s, 1 H), 7.90 (s, 1 H), 7.99 (s, 1
H). 15 Example 2 '
2-Ethyl-445-(4-isobuty1-6-methyl-pyridin-2-y1)-0,2,4joxadiazol-3-y1)-6-methyl-phenol To a solution of
4-isobuty1-Gmehky bpyridineie-tadsoxgtiedhdid {480 mgrdenaetdiifd BIPERYSLOHRTFE 27 mmol)
in DMF (20 mb)-RYBOR (1 E5Q838r, 22E MpRbds Addedai Qs PihsEheotxieoisosrmect fog: 15 min at
0C before 3-ethy1-4,N;(;l'ﬂidrgx_y-S-me'gh lbenzamidine (429.m 72.22;1148003@?%?%1 ang stirring is
continued folr Tlat 0winTie féac ieh- IS gl NMR fsy” g‘iN?it  (the mitare e dift edwith sat. ag.
NaHC@g-sofuiprand extracted hwkenwittHEA. Bhigncombined org.2exiracts eae2died ByémMgSO4,
filtered and concentrated t9,gi de.h 104 ter inter iate; - tR-5 0.90 min,
25 IVt = 370 20 s M s s Sl (10 L) At g s & Suoe a¢ B0C for
15 h. The soithits$edaporated and the crude product is purified by CC on silica gel eluting with
heptane:EA 7:3 to give the title compound (112 mg) as a pale purple oil; LC-MS: tR = 1.12 min, [m+H]t
=352.17. 30, Exsu N AN -— 2 6-dimethvi-ohenoxvi-
(S)-3-{2-Eth3‘/§:§5ﬁyﬁ§%ﬁt{%-&%gﬁ){y‘i&/rﬁiEyg-?f{?%??zfgggggggI-Zéi-iydlr]n-.'g-tm%tﬁylpher!%xyl-propane
-1,2-didPTo a%&‘ﬂiﬁﬁﬁﬁ‘-‘g&m-4-[5-(4-isobuty|-6-methy|-pyridin-2-y1)41,2,410xadiazo|-3-01-6-
methyl-phen®h¢41 titig, 0.2dGpomal) insisoprepaneg! (3imL) arrio@yN atp NAOHSBA4thyid)N-
353-chloro-1.2:pronanediol BT i ageRsk, TGRS SsEee A B5C farcl6 h
before anotrlﬁrag%rtion of (S)(E@?%éﬁ%?%-lz -?%%%%]edio (66 %%%.577 mm(;% and 3N WO
2009/109872C I 3508808674545 %\% NaOH (0.4 mL) is added. Stirring is continued at 65C for 24
h. The mixture is cooled to rt, diluted with water, and repeatedly extracted with diethyl ether. The

combinggl org.exjragissarscriadiaabMea@4mikraed radreenassiaiegy Thryeeg-progynt is purified
on prep. TLC usinfj DCM:methanol 9:1 to give the title compound (16 mg) as a colourless oil; 5LC-MS:

tR = 1.02 mif?i,"r[wp ?m(':aﬁ%ﬂ' *Example 4 » i .
(S)-1-AminoB-T2-ethylutias gusissbin 1yeprethynpimdesiiyia 6 Sfosiadiay sreanneHe (80
methyl-phengxy}-pronan-8s04, 108k TansodutioRphiycidol (2.29 mi, 34.5 mmol) are added. The

2-ethyl-445-(4-isobuty1-6-methyl-pyridin-2-y1)-[1.2, i 3-y1] 7 , 0.224
ool in THETRTRLY, G 00 et 10 ﬂé}*ﬁé@é‘%ﬂﬁgﬁ e 335
mmol) 8fe addsdre vesirigiurs [ dtivale ARIBHSINE 1o BC BerANDERS B8 AGY 6753 SIHEE as a 40%

solution in tofiemne) is adefed. thheomixtnedgevatoied wtrtranthstEAg 13 cogitiaGedHgr54ntetmnother
Do O (B Ariah s G Bk & ol iPlel Rloseiife, G madodi2mmep an D

(19 mg, 0.112 mmo Stirring is continued for 4 h before the solvent is evaporated. The crude
product is putfffeBion prep. TLC using heptane:EA 7:3 to give 2-[34(S)-3-ethyl-5-methyl-4-
oxiranylmethoxy-pheny1)-0,2,4)oxadiazol-5-y1]-4-isobuty1-6-methyl-pyridine (46 mg) as a yellow oil;

LC-MS5IR =1 7 Min,IMtHL 4B ARd in 7 N NHs in methano! (250 mL) and the solution is
stirred at 65°C for 18 h. The solvent is evaporated o give crude (S)-4-(3-amino-2-
hydroxypropoxy »-3-sthyl-5-methyibenzonitrile (6.23 g} as a yellow oil LC-MS: {r = 0.66
min; [M+1]" = 235.11.

35 c¢) To a solution of {S)-4-(3-amino-2-hydroxypropoxy )-3-ethyl-5-methylbenzonitrile (8.23 g,
26.59 mmol) in THF (150 mL), glycolic acid {2.43 g, 31.9 mmol), HOBt (4.31 g, 31.9 mmol),



b) The above epoxide (46 mg, 0.114 mmol) is dissolved in 7 N NH3 in methanol (10 mL) and the
mixture is stirred at 45C for 16 h in a sealed vessel. The solvent is evaporated and the crude product
is purified by prep. TLC using DCM containing 6% of 7 N NH3 in methanol to give the title compound
(38 mg) as WREEHIYETC-MS: tR = 0.88 min, [M+H] = 25425.24. Exampi& BiB2009/030749
N-US)-3-{2-Ethyl-445-(4-isobutyl-6-methyl-pyridin-23y1)11,2,4)oxadiazol-3-y11-6-
methyl-phenoxy}-2-hydroxy-propy1)-2-hydroxy-acetamide

30Toasolutiend EB)C1hainiicbkBiR2-6iH 2l A1 45 - Mrisub ey Blaedthiflepyridine 29 sired at rt for 18 h
[1.2,4]oxadiggglr3y kldfcmethyrBenexyizMopan s A AR M0 1A6-0malE A PR CkinBigkd 83 Limol) and

glycolic acid (8 mg, 103.1.tmol) in THE (3 mL), EDC HCI (20 mg..103 Ltmol) is added..The mixture is
ctvted at rt B 5 DB T PSR! A8 KAISCS oo H0 SRy A SRt e EA. The
combined of¢C exiiadbs it ecdrieénivge B oS Oretirepbdartiv 85 rtehirhtranTRetrddeprbabct is

purified=spy pieshkl-CoLsIBe RGN BaniapRe bk ehietarobiagiyedhatile compound (36:mg) as a

pale yellow oil; LC-MS: tR = 0.98 mj 0 72PCT/1B2009/ 49 4 +H]* = 483.21; 1H
NMR (CDC@?’E%. 810593'206%ﬂg%yé§@%1%&%?§’ .5“%2%]5834()2, .ég-%)% ?m,%%é% (s, 3 H),
2.59 (d, J = 8.8 H7z22H),).2. 69+ 788 nims HY1)23810¢8. B9, (M HY, 18,42 (% I, tor. 1) H3.4928 &7 (i} 2 H),
3.74-3.93 (m, 2 k), A7 #85s(M+B.H), 7.05 (s br, 1 H), 7.19 (s, 1 H), 7.93 (s, 1 H), 7.94 (s, 2 H). 5 -
Example 6 445-(6-Isobutyl1-4-methoxy-pyridin-2-y1)41,2,41o0xadiazol-3-y1]-2,6-dimethyl-phenol The
titte compound is prepared in analogy to Example 2 starting from 6-isobuty1-4-

metho{-pyHdifiee 2eairp oviyiic Bciaraaded ke disy e epBreigithatagidish ahrriee RRESUred tR = 1.01
min, [M+Hr 7354 281sl6- NVIR. (GRRES): 18 0:98atdo,) S/ bz 2609), 024 96828 (vt H) =235 (S, 6 H),
2.78 (d, J=7.5Hz, 2.H), (s 1) 6.85,(d, J = 2.3 Hz, 1.H), 770 (d,.1 = 2.3 Hz, 1 H),
768 (0.2 r B e 2 B MR b L e S L e oasa T
Examples stafitig rbin%a5(m. 1 H), 3.43 (m, 1H), 3.67 (m, 2 H), 3.83 (s, 2 H), 3.93 (m, 1 H), 5.27 (s
(6-isobuty1-g-methoxpaoprishnt 2ty k)44 2,4l oxadiazod-3-yi]-2 B dimethyFBhemok &), 6.46 (s br,

15 1H).

(S)-N-(3-[2-Chloro-4-(N-hydroxycarbamimidoyl}-8-methyl-phenoxyj-2-hydroxy-

propyl}-2-hydroxy-acetamide

The title compound is obtained as a beige wax (1.1 g) in anatogy to N-({(S)-3-{2-ethyl-4-(N-
20 hydroxycarbamimidoyl)-8-methyi-phenoxy]-2-hydroxy-propyl)-2-hydroxy-acetamide starting

from 3-chloro-4-hydroxy-5-methyl-benzonitrite; LC-MS: tr = 0.48 min, [M+H]" = 331.94.

(S)-2-Hydroxy-N-(2-hydroxy-3-{4-(N-hydroxycarbamimidoyl}-2-methoxy-6-methyi-
phenoxyl-propyl}-acetamide

25  The title compound is obtained as a reddish ail (1.3 g) in analogy to N-((S)-3-[2-ethyl-4-(N-
hydroxycarbamimidoyl}-6-methyi-phenoxy|-2-hydroxy-propyt)-2-hydroxy-acetamide starting
from 4-hydroxy-3-methoxy-5-methyl-benzonitrile; LC-MS: tg = 0.48 min, [M+H]™ = 327.98.

4-(2,2-Dimethyl-[1,3]dioxan-5-yimethoxy}-3-ethyl-N-hydroxy-5-methyi-benzamidine

30  To a solution of 3-ethyl-4-hydroxy-5-methyl-benzonitrile (480 mg, 2.98 mmoi) in THF {10
mL), triphenylphosphine {(1.17 g, 4.47 mmol) and (2,2-dimethyl-{1,3]dioxan-5-yi)-methanol
{478 mg, 3.28 mmal) is added. The mixture is cooled to 4°C before DEAD (1.94 g, 4.47
mmol, 2.05 mL of a 40% solution in toluene) is added. Stirring is continued at 4°C for 15
min, then at rt for 1 h. The solvent is removed in vacuo and the crude product is purified by

35 CC on silica gel eluting with heptane:EA 9:1 to give 4-(2,2-dimethyl-{1,3]dioxan-5-
yimethoxy)-3-ethyi-5-methyl-benzonitrile (240 mg) as a yellow oif; LC-MS: tr = 1.04 min;



Example prepared in analogy to Example R LC-MS tR imin][M+Hr 7 4 0"---NH 2 OH 0.98* 427.04 8 4
"---N.--" ,NH2 OH 0.98* 427.02 9 5 0 0---y--'N--\,---OH OHH 0.86* '
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[M+1+CHsCN]" = 330.97. Tc a solution of this material {240 mg, 829 pmol) in methanoi (5

mL), hydroxylamine hydrochloride (86 mg, 1.24 mmol} and NaHCO; (104 mg, 1.24 mmol}

is added, The mixture is stirred at 60°C for 5 h before it is diluted with EA and washed with

water. The org. extract is dried over MgSQ,, filtered, concentrated and dried to give the litle
5  compound (280 mg) as a pate yellow oif; LC-MS: tr = 0.72 min; [M+1+CHsCNJ™ = 323.01.

3-Ethyi-4-[(S)-2-hydroxy-3-{2-hydroxy-acetylamino}-propoxy}-5-methyl-benzoic acid
a) To an ice-cold solution of H;SO4 (150 ml) in water {250 mL), 2-ethyl-6-methylaniiine
(15.0 g, 111 mmol) is added. The sclution is treated with ice (150 g) before a solution of

10 NaNO, (10.7 g, 155 mmol} in water (180 mL) and ice (50 g} is added dropwise. The mixiure
is stirred at 0°C for 1 h. 50% aq. H,S0, (200 mL) is added and stirring is continued at rt for
18 h. The mixture is extracted with DCM, and the org. extracts are dried over MgSO, and
evaporated. The crude product is purified by CC on silica gel eluting with heptane:EA 9:1 to
give 2-ethyl-6-methyl-phenol (8.6 g) as a crimson oil; LC-MS: {z = 0.89 min; "H NMR

15 (CDCla): 67.03-8.85 {m, 2H), 6.80 {t, J =7.6 Hz, 1H), 4.60 (s, 1H), 2.64 (g, J = 7.6 Hz, 2H),
2.25(s, 3H), 1.24 (t, J = 7.6 Hz, 3H).

b) A solution of 2-ethyl-6-methyl-phenoi (8.40 g, 61.7 mmol) and hexamethylene tetraamine
(12.97 g. 82.5 mmol) in acetic acid (60 mL) and water (14 mlL) is heated to 115°C. The

20  water is distilled off at 117°C and coliected with a Dean-Stark apparatus. Then the water
separator is repiaced by a reflux condensor and the mixture is refluxed for 3 h. The mixture
is cooled to rt, diluted with water (100 mL) and extracted with EA. The org. extract is
washed with sat. aq. NaHCO,, dried over MgSQ, and evaporated. The remaining solid is
dissolved in EA and treated with heptane to initialize crystallisation. The solid material is

25 collected and dried to give 3-ethyl-4-hydroxy-5-methyl-benzaldehyde (3.13 g) as a
colourless orystalline powder, 'H NMR (CDCly): 6 9.83 (s, 1H), 7.58-7.53 {m, 2H), 5.30 (s
br, 1H), 2.69 (g, J = 7.6 Hz, 2H), 2.32 (s, 3H), 1.28 {t, J = 7.6 Hz, 3H).

c) To a solution of 3-ethyl-4-hydroxy-5-methyl-benzaidehyde (25.0 g. 152 mmol) in
30 acetonitrile (250 mL), K,CO3 (42.1 g, 305 mmol) foliowed by benzyl bromide (26.0 g, 152
mmol) is added. The suspension is stirred at 80°C for 18 h, The mixture is diluted with
water (150 mL) and EA (150 mL). The org. extract is separaied and the ag. phase is
extracted once more with EA (100 mL). The combined org. extracts are washed with water
{150 mi) and concentrated. The crude product is purified by CC on sitica gel eluting with
35  heptane:EA 9:1 to give 4-benzytoxy-3-ethyl-5-methyi-benzaldehyde (27.2 g) as 2 yellow oil;
LC-MS: tg = 1.09 min; "H NMR (De-DMSO): §1.18 (1, J= 7.5 Hz, 3 H), 2.35 (s, 3 H), 2.70
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NMR (CDC13): 80.99 (d, J=6.5Hz, 6 H), 2.16-2.27 (m, 1 H), 2.36 (5,6 H),2.78 (d. J= 7.3 Hz, 2
H), 3.47-3.71 (m, 2 H), 3.72-3.92 (m, 4 H), 3.98 (s, 3 H), 4.14-4.23 (m, 3 H), 6.86 5(d, J = 2.3 Hz. 1 H),
7.15 (t, J= 3PRPYHEEGYd, I= 2.0 Hz, 1 H), 7.88 (s. 2 H). Example 11 FCI/AB2009/050749
. 2-Ethyl-415-(6-isobuty1-4-methoxy-pyridin-2-y1)413,41o0xadiazol-3111-6-methyl- phenol 10The title
compound is prepared in analogy to Example 2 starting from 6-isobuty1-4-
methoxy-pytidide-2-zarbokylic 48t (and 3)ethiyt 4 Nidihy didx45héthi-be hzafftBin2LCn KIS: tR =
1.11 min, [M#H 55368014, HINME (GDGR): S. 0.99 (d, J = 6.8 Hz, 6 H), 1.32(t, J = 7.8 Hz, 3 H), 2.24
(hept, J =6.8 Hz), 2.35 (s, 3H), 2.73 (g, J =7.8 Hz, 2 H), 2.78 (d, J = 7.3 Hz, 2 H), 3.98 (s, 3 H), 5.02
(s, 1H),6.85(d,J=1.3Hz, 1H),7.70 (d, J = 1.3 Hz, 1 H), 157,89 (s, 2 H). Examples 12 to 17

d) To a solution of 4-benzyloxy-3-ethyl-5-methyl-benzaldehyde (25.0 g, 98.3 mmol) in

5 acetone (500 mL), KMnO4 (20.2 g. 127.8 mmol) is added. The mixture becomes warm
(45°C). The mixture is stirred at rt for 18 h before it is filtered over glass filters. The clear,
colourless filtrate is concentrated, diluted with water and acidified with 2 N ag. HCI, then
extracted twice with EA. The combined org. extracts are dried over MgSO,, filtered
concentrated and dried to give 4-benzyloxy-3-ethyl-5-methyl-benzoic acid (19.2 g) as a

10 pale yellow solid; LC-MS: tz = 1.00 min; 'H NMR (Ds-DMSO): §1.13-1.22 {m, 3 H), 2.32 (s,
3 H), 2.64-2.72 (m, 2 1K), 4.87 (s, 2 H), 7.34-7.56 (m, 5 H), 7.69 (m, 2 H), 12.66 (s br, 1 H).

e) To a suspension of 4-benzyloxy-3-ethyl-5-methyl-benzoic acid (10.0 g, 37.0 mmol) in
toluene (150 mL), N,N-dimethylformamide di-tert. butyl acetai (22.6 g, 111 mmol} is added.

15  The mixture is refiuxed for 24 h before another portion of N,N-dimethylformamide di-tert.
butyl acetal (22.6 g, 111 mmol) is added. Refluxing is continued for another 24 h, then
another portion of N,N-dimethylformamide di-terf. butyl acetai (22.6 g, 111 mmol) is added.
The mixture is again refluxed for 24 h before it is cooled 1o rt, diluted with EA and washed
with sat. ag. Na,COs soiution. The org. extract is dried over MgSO,, filtered and

20  concentrated. The crude product is purified by CC on silica gel eluting with heptane:EA 8.1
to give 4-benzyloxy-3-ethyl-5-methyl-benzoic acid tert. butyl ester (9.02 g) as a pale yellow
oil; LC-MS: tg = 1.17 min.

f} To a solution of 4-benzyloxy-3-ethyl-5-methyi-benzoic acid tert. butyl ester (.02 g, 27.6

25  mmol) in THF (50 mL) and ethancl (50 mi), Pd/C (400 mg. 10% Pd) is added. The slurry is
stirred ai rt for 24 h under 1 bar of Hy. The cataiyst is removed by filtration, the filtrate is
concentrated, dissolved again in THF {50 mL) and ethanol (50 mL), and again treated with
Pd/C (400 mg, 10% Pd). The sturry is stirred at rt for 24 h under 1 bar of Hz. The catalyst is
again removed by filtration and the filtrate is concentrated and dried to give 3-ethyl-4-

30  hydroxy-5-methyi-benzoic acid tert. butyl ester (7.13 g) as a pale yellow oil; LC-MS: tr =
1.01 min; '"H NMR (CDCls): §1.28 (t, J=7.8 Hz, 3 H), 1.61 (s, 9 H), 2.30 (s, 3 H), 2.67 {g, J
=7.5Hz 2H), 513 (sbr, 1H), 7.67 (s, 1 H), 7.69 (s, 1 H).

g) 3-Ethyl-4-[{S)-2-hydroxy-3-(2-hydroxy-acetylamino)-propoxy]-5-methyl-benzoic acid tert-
35  butyl ester {5.94 g) is prepared starting from the above 3-ethyl-4-hydroxy-5-methyl-benzoic
acid tert. butyl ester (6.53 g, 27.6 mmol) foliowing the procedures given for N-((5)-3-[2-



The following Examples are prepared in analogy to previous Examples starting from 2-
20ethyl-445-(6-isobutyl-4-methoxy-Pyridin-211)41.2,4]oxadiazol-311]-6-methyl-phenol. 'Example
prepared in analogy to Example R LC-MS tR [minif M+Hr 12 3 0---yi OH OH 1.01 442.12 13 3
01+ —NOHNO P %5 442,11 14 4 0----y"VH 2 bt haithihid

40

ethyl-4-(N-hydroxycarbamimidoy!)-6-methyl-phenoxy]-2-hydroxy-propyl)-2-hydroxy-

acetamide; LC-MS: tr = 0.87 min; [M+H]" = 368.11; '"H NMR (CDCly): §1.17 {1, J = 7.5 Hz,

3 H), 1.53 (s, 9 H), 2.28 (s, 3H), 2.66 (q, J = 7.5 Hz, 2 H), 3.17-3.26 (m, 1 H), 3.38-3.46 (m,

1H), 3.85-3.75 (m, 2 H), 3.83 (d, /= 5.5 Hz, 2 H), 3.91-3.97 (m, 1 H), 5.28 (d, J= 5.3 Hz, 1
5 H),554(tJ=55Hz 1H).7.59 (s, 1H),7.60(s. 1H),7.68 (L J=55Hz 1H)

hy To a cooled (0°C) solution of 3-ethyl-4-[(S)-2-hydroxy-3-(2-hydroxy-acetylaminc)-
propoxy]-5-methyi-benzoic acid tert-butyl ester (5.94 g, 16.2 mmol) in DCM (100 mi). TFA
(5 mL) is added. The mixture is warmed to rt and sfirred for 2 h. The mixture is

10  concentrated, dissolved in acetonitrils/water {6 mL) and separated by prep. HPLC to give
the title compound (2.20 g) as a white powder; LC-MS: tr = 0.41 min; [M+H]" = 312.18.

4-Benzyloxy-3,5-dimethyi-benzoic acid hydrazide

The title compound is prepared in analogy to 4-benzyloxy-3-ethyl-5-methyl-benzoic acid
15 hydrazide as described below; LC-MS: tg = 0.78 min; [M+1]" = 271.19; "H NMR {CDCl): &

2.30 (s, 6 H), 3.86 (s br, 2 H), 4.82 (s, 2 H), 7.30-7.50 (m, 7 H), 7.58 (s br, 1 H).

4-Benzyioxy-3-ethyl-5-methyl-benzoic acid hydrazide
a) To a solution of 3-sthyl-4-hydroxy-5-methyl-benzaldehyde (34.9 g, 0.213 mol, prepared
20  from 2-ethyi-6-methyl-phenol according to the literature cited for 3-ethyi-4,N-dihydroxy-5-
methyi-benzamidine) in MeCN (350 mL), K;CC; (58.7 g, 0.425 mol) and benzylbromide
(36.4 g, 0.213 mol) are added. The mixture is stirred at 60°C for 2 h before it is cooled to rt,
diluted with water and extracted twice with EA. The org. extracis are washed with water
and concentrated to give crude 4-benzyloxy-3-ethyl-b-methyi-benzaldehyde {45 g) as an
25  orange oil. "H NMR (CDCl): & 1.29 (t, J = 7.5 Hz, 3 H), 2.40 (s, 3 M), 2.77 (9. /= 7.8 Hz, 2
H), 4.90 {s, 2 H), 7.31-7.52 (m, 5 H), 7.62 (d, J = 1.5 Hz, 1 H}, 7.66 (d, J = 1.8 Hz, 1 H),
8.94 (s, 1 H).

b) To a mixiure of 4-benzyioxy-3-ethyl-5-methyl-benzaidehyde (132 g, 0.518 molj and 2-
30  methyl-2-butene (364 g, 5.19 mol) in tert.-butanol (1500 mL), a solution of NaH,PO,
dihydrate (249 g, 2.08 mol) in water (1500 mL) is added. To this mixture, NaClO; (187.8 g,
2.08 mol) is added in portions. The temperature of the reaction mixture is kept below 30°C,
and evolution of gas is observed. Upon completion of the addition, the orange bi-phasic
mixture is stirred well for 3 h before it is diluted with TBME {1500 ml). The org. layer is
35  separated and washed with 20% ag. NaHS solution (1500 mL) and water {500 mL), The
org. phase is then exiracted three times with 0.5 N ag. NaOH (1000 mL}, the aqg. phase is
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acidified with 25 % aq. HCI (500 mL) and extracted twice with TBME (1000 mL}). These org.
extracts are combined and evaporated fo dryness to give 4-benzyloxy-3-ethyi-5-methyi-
benzoic acid; "H NMR (Dg-DMSO): 6 1.17 {t, J = 7.5 Hz, 3 H), 2.31 (s, 3 H), 2.67 (q, J =
7.5 Mz, 2 H), 4.86 (s, 2 H), 7.34-7.53 {m, 5 H}, 7.68 (s, 2 M), 12.70 (s, 1 H).

¢) 4-Benzyloxy-3-ethyl-5-methyl-benzoic acid is converted to 4-benzyloxy-3-ethyl-5-mathyi-
benzoic acid hydrazide foliowing step ¢) of the preparation of 4-allyloxy-3,5-dimethyi-
benzoic acid hydrazide; LC-M3: tr = 0.82 min, [M+1]™ = 285.44.

10 3-[4-(N-Hydroxycarbamimidoyl}-2,6-dimethyi-phenyij-propionic acid tert-butyl ester
a) To an ice-cooled solution of 4-hydroxy-3,5-dimethyl-benzoic acid methyl ester (7.52 g,
41.7 mmol) in DCM (250 mL) and pyridine (10 mL), trifiuoromethanesulfonic acid anhydride
(13.0 g, 45.9 mmol) is added over a period of 20 min. Upon complete addition, the ice bath
is removed and the reaction is stirred for further 1 h af rt. The mixture is diluted with DCM

16 {150 mL), washed with 10% aq. citric acid solution foliowed by brine, dried over MgSQO,,
filtered and evaporated. The residue is purified by FC on silica gel eluting with heptane:EA
8:1 to give 3,5-dimethyl-4-trifluoromethanesulfonyloxy-benzoic acid methyi ester {11.8 g) as

colourless fine needles; LC-MS: 1y = 1.08 min.

20 b) To a stirred solution of the above triflate (11.8 g, 37.8 mmol) in dry DMF {155 mL) is
sequentially added triethylamine (7.6 g, 75.6 mmol), tert.-butyl acrylate (48.4 g, 378 mmol),
DPPP (779 mg, 1.89 mmol) and Pd{OAc), (424 mg, 1.8 mmol) under nitrogen. The
mixiure is stirred at 115°C for 18 h before another portion of DPPP {160 mg, 0.39 mmol)
and Pd(OAc), (80 mg, 0.36 mmol) is added. Stirring is continued for 4 h at 115°C before

25  the mixture is cooled to rt, diluted with diethyl ether (350 mL) and washed with 1 N ag. HC,
followed by sat. aq. NaHCOs; solution. The org. extract is dried over MgSQ,, filtered and
evaporated. The residue is purified by FC on silica gel eluting with heptane:EA 4:1 to give
4-(2-tert-butoxycarbonyl-vinyl}-3,5-dimethyl-benzoic  acid methyl ester {11.21 g) as a
colouriess solid; LC-MS: tg = 1.09 min.

30
¢) To a solution of 4-(2-tert-butoxycarbonyl-vinyl}-3,5-dimethyi-benzoic acid methyl ester
(11.2 g, 38.6 mmol) in ethanol (50 mL) and THF (50 mL), Pd/C (1.0 g, 10% Pd) is added.
The mixture is stirred for 16 h at rt under 2.5 bar of H,. The catalyst is filtered off and the
filirate is concentrated and dried under HV to give 4-(2-tert-butoxycarbonyl-ethyl)-3,5-

35  dimethyl-benzoic acid methyl ester (10.8 g) as a colouriess oil; LC-MS: tg = 1.08 min.



0.97 499.19 Example 17 1H NMR (CDCI3): 80.99 (d, J = 6.5 Hz, 6 H), 1.31 (t, J = 7.3 Hz, 3 H),
2.18-228 (m, 1 H), 2.37 (s, 3 H), 2.73(q, J =7.5Hz, 2 H), 2.78 (d, J = 7.3 Hz, 2 H), 3.01 (s br, 1 H),
3.46-3.56 5(m, 2 H). 3.74-3.93 (m, 3 H). 3.98 (s, 3 H), 4.16-4.24 (m. 3 H), 6.86 (s, 1 H), 7.08 (s br, 1
H), 7.70 (s, ¥RIRPO08S2 1 H). 7.91 (s, 1 H). Example 18 PCT/AB2009/050749
4-[5-(6-Isobutyl-4-methoxy-pyridin-2-y0-[1,3,41oxadjazol-2111-2,6-dimethyl-Phenol 10 a) To a
solution of 6-isobuty1-4-methoxy-pyridine-2-Carboxylic acid (270 mg, 1.10 mmol), 4-
benzyloxy-3¢5-dimetujlibencoie(acm thydoayidd: (B 7athg)-B. 24 im atio})-aertt IRER (@8Byingst8:52 rnmol)

in DCM (15 bk BYBQP 8RR m%tﬂaﬁél fﬁ@t?!%!ﬁ %dﬁﬁﬂa% %{%uwecmm&ne 5B SHL 2%9 5%@9 gin at rt

the reaction |§ dl(lfjted with dieth igr ether and washed with % NaOH so utlon ollowed by 1 M a

NaH2PO4 sBittidAS THE'G A ke feete gfigtCobedrr 1% R?é?zé*@ﬁ it i dnd Mo REEHr e {6 Give the.
crude hydragitfe ite anediateid GBS otRard e Qifantid, tiivkeHih es48th 2B:tMAistmaténaltnbBep is

?I?lsolv@ ':‘h&?@\éﬁ%@c@-@@nﬂ@w@&@? MgBb) andibe mitusiscealed t@rgﬁseﬁéotfesmue is dion
riruorome aneSU (0] e wise e mixtwuyre |s rme or
gt - e A R MW i s el e
(50 mg, o.4gati2@/hﬁwtel).e Menﬂmmireﬂ@wa%ewmwewmwwﬁwdmmP@iersbmmﬂelPo\?@ed by

water, dried @Mu%?&%nﬁﬂ&@%@@dﬁ%@@%@ﬁ@gc%@ QSW@?@@WH&@W&@@&M&%@H silica gel
eluting with heptane:EA 4:1 tq glve 245-(4- benzyl

r% -3,5- dlmethgf g/v\)f

[1,3 4]oxad|5£’oi\/l§ )fﬁ'é) %%Blﬂym r”etﬁg;’(’g E)yrl '\ﬁl@%ﬁ y7el d'f B4 15 min,
[M+H] #0444-212.25 (8) T He alsavedieinzyt exh&r7@lisd ng), 0.934 mmol) is dissolved in THF (5 mL) and
methanol (5 mL) before Pd/C (200 mg, 10% Pd) is added. The slurry is hydrogenated at rt under 1 bar
of H2 for 72 h. The catalyst is removed by filtration and the filtrate is concentrated and

2009/109873PET ABBE5H8GEY 790 A& dFisE 1 GG e ﬁé“&%ﬁrﬁcﬂj‘ﬁat%b%eﬁfé’}caé%dv&ﬁl?@ blid;
LC-MS: tR =28.7 7thmif), [M-4ebro@5hi30] AH NMRHOBOBRT6 5.1 016(dnde! )6 Bliees My, 219-2.30 (m,

1H), 2.36 (Smﬁirlddh%f?o@((@ 343 73% Hzm%dd)ts:g‘agge@ Brh) Befig(8 & K- 6@02@/6 47 2idrhdgial H), 7.66
(d,J= 7 8%6%?‘{ %)}fé xam les 19 to 24 The followin ﬁExam les are prepared startlng
0

o £ Bmplae1h T s R ERpIT PRp e P RAS Svaporac

under reduced pressure. The remaining solution is diivted with isopropyl acetate (200 ml.},
washed three times with approximately 0.5 N ag. NaHCO; solution {100 mL) followed by
water (50 mLb), dried over MgSO., filtered, concentrated and dried fo give 3-(4-carbamoyl-
2,6-dimethyl-phenyl)-propionic acid tert-butyl ester (7.5 g) as an off-white soiid.

20
f) To an ice-cooled solution of 3-(4-carbamoyl-2,6-dimethyi-phenyl}-propionic acid tert-butyt
ester (7.00 g, 25.2 mmol) and tristhylamine (?.66' g, 75.7 mmob in DCM (100 ml),
trifluoroacetic anhydride (6.06 g, 28.8 mmol) is added slowly so that the reaction
temperature stays below 15°C. The clear yeilow solution is stirred at rt for 1 h before it is

25 washed twice with water (100 mL) and concentrated. The crude product is purified by
recrystallisatiocn from methano! to give 3-(4-cyano-2.6-dimethyl-phenyl}-propionic acid tert-
butyl ester (4.2 g) as a white solid, 'H NMR (CDCly): & 1.48 (s, 9 H), 2.33-2.37 (m, 2 H),
2.38 (s, 6 H), 2.924-3.01 (m, 2 H), 7.31 (s, 2 H).

30 g A solution of 3-{(4-cyano-2,6-dimethyi-pheny!)-propionic acid iert-butyl ester (4.1 g, 15.8
mmol), hydroxylamine hydrochloride (1.65 g, 23.7 mmol) and triethylamine (3.20 g, 31.6
mmoaoly in methano! (40 mL) is refluxed for 2 h before the solvent is removed in vacuo. The
residue is taken up in isopropyl acetate {50 mi) and washed fwice with water (50 mL.). The
org. extract is dried over MgSO,, fillered, evaporated and dried to give 3-i4-(N-

35  hydroxycarbamimidoyl)-2,6-dimathyt-phenyi]-propionic acid tert-butyl ester (4.4 g) as a
white soiid.



to Example R LC-MS tR [min][M+1-11+ 19 3 0-1-1-"NOH OH 0.91" 428.18 20 3 CIINOH OH 0.98
428.16 21 4 OCNH 2 OH 0.84* 427.07 22 4
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3-[2-Ethyl-4-(N-hydroxycarbamimidoyl}-6-methyl-phenyl]-propionic  acid tert-butyl

ester

The title compound is prepared in analogy to 3-[4-(N-hydroxycarbamimidoyt)-2,6-dimethyl-
5  phenyll-propicnic acid teri-butyl ester; '"H NMR (CDClg): 6 1.26 (£, J = 7.5 Hz, 3 H), 2.34~

2.41 (m, 5 H), 2.70 (q, 4 = 7.8 Hz, 2 H), 2.94-3.01 (m, 2 H), 4.85 (s br, 1 H), 7.28 (s, 1 H),

7.32 (s, 1 H).

3-{2-Ethyl-4-[5-(5-isobuty!-4-methyl-pyridin-2-y1}-[1,2 4]oxadiazol-3-yl]-6-methyi-

10  phenyl}-propionic acid
a) To a solution of 5-isobutyi-4-methyl-pyridine-2-carboxyilic acid (246 mg, 1.07 mmol) and
DIPEA (415 mg, 3.21 mmol} in DMF (4 mL), PyBOP (589 mg, 1.13 mmoi) is added at 0°C.
The mixture is stirred for 15 min at 0°C before 3-[2-ethyl-4-(N-hydroxycarbamimidoyl)-6-
methyi-phenyll-propionic acid tert-butyl ester (328 mg, 1.07 mmol) is added and stirring is

15  continued for 1 h at 0°C. The reaction is guenched by adding water, the mixture is diluted
with sat. ag. NaHCOs-solution and extracted twice with EA. The combined org. extracts are
dried over MgSO,, fitered and concentrated to give the crude hydroxy-amidine ester
intermediate; LC-MS: g = 1.10 min, [M+H]™ = 482.27. This material is dissolved in dioxane
(10 mL) and the mixture is stirred at 80°C for 15 h. The scivent is evaporated and the crude

20  product is purified by CC on silica gel eluting with heptane:EA 7:3 to give 3-{2-ethyl-4-{5-(5-
isobutyl-4-methyl-pyridin-2-y})-[1,2.4Joxadiazol-3-yl}-6-methyl-phenyl}-propionic  acid tert-
buty! ester {420 mg) as a cotourless oil; LC-MS: tg = 1.26 min, IM+H]" = 464.34.

b) The above tert. buty! ester (437 mg, 0.943 mmol} is dissolved in 6 N aq. HCl and the
25  mixture is stirred at 65°C for 18 h. The solvent is removed in vacuo and the remaining

residue is washed with EA and dried under HV to give the titte compound (371 mg) as a

white solid; LC-MS: tr = 1.10 min, [M+H]™ = 408.21; 'H NMR (Ds-CMSO): 6 0.93(d, J= 6.5

Hz, 6 H), 1.23 (t, J = 7.5 Hz, 3 H), 1.91 (hept, J = 6.8 Hz), 2.37-2.43 (m. 5 H), 2.44 (s, 3 H),

2.62(d, J=7.0 Hz, 2 H), 2.74 (g, J = 7.5 Hz, 2 H}, 2.91-2.98 (m, 2 H}, 7.75 (s, 1 H), 7.76
30 (s, 1H), 816 (s, 1H),853(s, 1H),10.26 (s br, 1 H}.

Example 1
N-((S)-3-{2-Ethyi-4-[5-{6-isobutyl-4-methyl-pyridin-2-yl)-[1,2,4]Joxadiazoi-3-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide

35  To a solution of 6-isobutyl-4-methyl-pyridine-2-carboxylic acid (100 mg, 0.435 mmol) and
DIPEA (169 mg, 1.31 mmol) in DMF (5 mL), TBTU (210 mg, 0.663 mmol) is added at 0°C.



0.NH 2 OH 0.84* 427.04 23 5 0 cy---,NOH OHH 0.78* 489.25 24 5 0 0----N."-----..NOH OHH 0.78

489.24 Example 20 WO 2009/109872PCT/1 2009/050749 50 1H NMR (CDCI3): 3 0.99 (d, J = 6.8

Hz, 6 H), 2.15 (s br, 1 H), 2.19-2.27 (m, 1 H), 2.39 (s, 6 H), 2.78 (d, J = 7.3 Hz, 2 H), 3.82-3.97 (m, 5

H), 3.98 (s, WQ30WAYD0 (m, 1 H), 6.86 (d, J = 2.3 Hz, 1 H), 7.70 (d, J%Ciflﬁﬁ’??’%slli’)‘ﬁigl (s, 2 H).
44

The mixture is stimed for 15 min at 0°C before  N-({S)-3-[2-ethyl-4-(N-
hydroxyoarbamimidoyl)-G—methylmphenoxy]-2-hydroxy—propyl}—2-hydroxy—acet;amide (170
mg, 0.522 mmol) is added. Stirring is continued at 0°C for 1 h. The reaction is quenched by
adding water. The mixture is diluted with sat. ag. NaHCOs-solution and extracted with EA
5 and two times with DCM. The combined org. extracts are dried over MgSOQ., filtered and
concentrated to give the crude hydroxy-amidine ester intermediate. This material is
dissolved in dioxane (5 mL) and the mixture is stirred at 80°C for 24 h. The solvent is
evaporated and the crude product is purified on prep. TLC plates with DCM containing 10%
of 7 N NH;3 in methanol followed by prep. HPLC to give the title compound (21 my) as a
10  pale yellow olt: LC-MS: tr = 1.00 min, [M+H]" = 483.28; *H NMR (CDCl): 6 0.99 (d, J=6.8
Hz, 6 H), 1.29 (t, J = 7.5 Hz, 3 H), 2.21 (hept, J = 6.8 Hz, 1 H), 2.36 (5. 3 H), 2.48 (s, 3 H),
272 (g, J =7.5Hz, 2 H), 279 (d, J = 7.3 Hz, 2 H), 3.47-3.55 (m, 1 H), 3.74-3.92 (m, 3 Hj,
4.16-4.24 {m, 3 H), 7.18 (s, 1 H), 7.23 (t br, J = 5.8 Hz, 1 H), 7.88 (s, 1 H), 7.90 (s, 1 H),
7.99 (s, 1 H).
15
Example 2
2-Ethyl-4-[5-{4-isobutyl-6-methyl-pyridin-2-yi}-{1,2,4Joxadiazol-3-yl}-6-methyl-phenol
To a solution of 4-isobutyl-8-methyl-pyridine-2-carboxylic acid {480 mg, 2.08 mmol) and
DIPEA {810 mg, 6.27 mmail) in DMF (20 mL), PyBOP (1150 mg, 2.21 mmol) is added at
20 0°C. The mixture is stired for 15 min at 0°C before 3-ethyl-4,N-dihydroxy-5-methyi-
benzamidine (429 mg, 2.21 mmol) is added and stirring is continued for 1h at 0°C. The
reaction is quenched by adding water, the mixture is diluted with sat. ag. NaHCO;-soiution
and extracted twice with EA. The combined org. exiracts are dried over MgSQs, filtered and
concentrated to give the crude hydroxy-amidine ester intermediate; LC-MS: tg = 0.90 min,
25  {M+H] = 370.16. This material is dissoived in dioxane (10 mL) and the mixture is stirred at
80°C for 15 h. The solvent is evaporated and the crude product is purified by CC on silica
gel eluting with heptane:EA 7:3 to give the title compound (112 mg) as a paie purple oil;
LC-MS: {r = 1.12 min, [M+H]" = 352.17.

30 Example 3
(8)-3-{2-Ethyi-4-[5-(4-isobutyi-6-methyi-pyridin-2-yl)-[1,2 4Joxadiazol-3-yi]-6-methyl-
phenoxy}-propane-1,2-diol
To a solution of 2-ethyi-4-[5-{4-isobutyi-8-methyl-pyridin-2-yl)-[1,2,4Joxadiazol-3-yl]-6-
methyl-phenol {41 mg, 0.116 mmol) in isopropanol (3 mL) and 3 N ag. NaOH (0.4 mL), (3)-
35  3-chloro-1,2-propanediof (66 mg, 0.577 mmol) is added. The mixiure is stirred at 65°C for
16 h before another poriion of {S)-3-chloro-1,2-propanediol (68 mg, 0.577 mmal) and 3 N



5 Example 25 2-Ethyl-415-(6-isobuty1-4-methoxy-pyridin-2-y1)-11,3,4]Joxadiazol-211]-6-methylphenol
The title compound is prepared in analogy to Example 18 starting from 6-isobuty1-4-
methoxy-pyridine-2-carboxylic acid and 4-benzyloxy-3-ethyl-5-methyl-benzoic acid 10hydrazide;

LC-MS: te MOGAMIPISII+HT = 368.33. Examples 26 to 31 The folloWirgERAMIPIES are prepared

starting from Example 25 in analogy to previous 158xamples. | Example prepared in analogy to
Example R LC-MS tR [min][M+Hr 26 3 Cr-y\OH OH 0.94* 442.24 27 3 0---N-N.----N, aOH OH 1.00
aq. NaOH (0.4 mL) is added. Stirring is continued at 65°C for 24 h. The mixture is cooled to

rt, diluted with water, and repeatedly extracted with diethyl ether. The combined org.

extracts are dried over MgSQy, filtered and concentrated. The crude product is purified on

prep. TLC using DCM:methanol 9:1 to give the title compound (16 mg) as a coiourless oil;
5 LC-MS: g = 1.02 min, [M+H]" = 426.17.

Example 4
(S)-1-Amino-3-{2-ethyl-4-[5-{4-isobutyl-6-methyi-pyridin-2-yl}-[1,2,4]oxadiazol-3-yI]-6-
methyl-phencxy}-propan-2-o!

10 a) To a solution of 2-sthyl-4-{5-(4-isobutyl-6-methyl-pyridin-2-yl}-[1,2,4joxadiazol-3-yi}-6-
methyl-phenol (79 mg, 0.224 mmol) in THF {6 mL), (R)~(+}-glycidol (25 mg, 0.335 mmot)
and triphenyl phosphine (88 mg, 0.335 mmol) are added. The mixture is stirred and cooled
to 0°C befors DEAD (58 mg, 0.335 mmol, as a 40% solution in toluene) is added. The
mixture is warmed to rt and stirring is continued for 4 h. Another portion of {R)-(+)-glycidol

15 (8 mg, 0.112 mmol), triphenyt phosphine (30 mg, 0.112 mmol) and DEAD (19 mg, 0.112
mmo!) is added. Stirring is continued for 4 h before the solvent is evaporated. The crude
product is purified on prep. TLC using heptane:EA 7:3 to give 2-[3-((8)-3-ethyl-5-methyi-4-
oxiranyimethoxy-phenyl}-[ 1,2 dloxadiazol-5-yil-4-isobutyl-6-methyl-pyridine (46 mg) as a
yellow oif; LC-MS: tr = 1.17 min, [M+H]" = 408.18.

20
b) The above epoxide (46 mg, 0.114 mmol) is dissolved in 7 N NH; in methanot (10 mL)
and the mixture is stirred at 45°C for 16 h in a sealed vessel. The solvent is evaporated and
the crude product is purified by prep. TLC using DCM containing 6% of 7 N NH; in
methanol to give the titte compound (38 mg) as white solid; LC-MS: tr = 0.88 min, [M+H] =
25  425.24.

Example 5
N-({3)-3-{2-Ethy!-4-[5-{4-isobutyl-8-methyl-pyridin-2-y1}-[1,2,4Joxadiazol-3-yl}-6-
methyl-phenoxy}-2-hydroxy-propyl}-2-hydroxy-acetamide

30 To a solution of  (8)1-amino-3-{2-sthyl-4-[5-(4-iscbutyl-8-methyl-pyridin-2-yi)-
[1,2,4]oxadiazol-3-yl]-6-methyl-phenoxy}-propan-2-ol (36 mg, 86 pmol), HOBt (14 mg, 103
umol) and glycoiic acid (8 mg, 103 pumol) in THF (3 mL), EDC HCI (20 mg, 103 pmot) is
added. The mixture is stirred at rt for 18 h before it is diluted with sat. ag. NaMCOgz-solution
and extracted twice with EA. The combined org. extracts are dried over MgSOs, filtered and

35  goncentrated. The crude product is purified by prep. TLC using DCM containing 11% of
methanal to give the title compound (38 mg) as a pale yellow oil; LC-MS: tr = (.88 min,



442.11 28 4 0.1\1H 2 OH 0.88* 441.26 '29 4 NH 2 OH 0.87* 441.25 30 5 0 | 0---.NCN--*N"-OH OHH
0.80* 499.26 WO 2009/109872PCT/182009/050749 51
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[M+H]" = 483.21; 'H NMR (CDCl): & 0.98 (d, J = 6.3 Hz, 8 H), 1.31 (t. J = 7.5 Hz, 3 H),
1.97-2.08 (m, 1 H), 2.38 (5, 3 H), 2.59 (d, J = 6.8 Hz, 2 H), 2.69-2.78 {m, 5 H), 2.81 (s br, 1
H), 3.42 (s br, 1 H). 3.48-3.57 (m, 2 H), 3.74-3.93 (m, 2 H), 4.17-4.25 (m, 3 H), 7.05 (s br, 1
H), 7.19 (s, 1 H), 7.93 (s, 1 H), 7.94 (s, 2 H).

Exampie 8

4-[5-{6-lsobutyl-4-methoxy-pyridin-2-yl}-[1,2 4}oxadiazoi-3-yl}-2,6-dimethyl-phenol

The title compound is prepared in analogy to Example 2 starting from 6-isobutyl-4-

methoxy-pyridine-2-carboxylic acid and 4,N-dihydroxy-3,5-dimethyl-benzamidine; L.C-MS!
10 = 1.01 min, [M+H]" = 354.28; "H NMR (CDClL): & (.99 (d, J = 6.8 Hz, 6 H), 2.19-2.28 {m,

1 H), 2.35 (s, 6 M), 278 (d, J= 7.5 Hz, 2 H), 3.98 (s, 3 H), 4.96 (s, 1 H), 6.85(d, /= 2.3 Hz,

1H), 7.70(d, J=2.3Hz, 1 H), 7.88 (s, 2 H).

Examples 7 to 10

N O-..
7N ( h\’
O\ if B
R

15
The foliowing Examples are prepared in analogy to previous Examples starting from 4-[5-

(8-iscbutyl-d-methoxy-pyridin-2-yl}-{1,2.4]oxadiazol-3-yl]-2,6-dimethyl-phenol.

Example prepared in analogy R LC-MS

to Example tx Imin]  [M+H]'

7 4 O/Y\NHZ 0.98 427.04
CH

8 4 O/\\é/\\NHg 0.98% 427.02
OH

g 5 O 0.86" 485.26

O/Y\NJK/OH

or H

10 5 O 0.85" 485.21
OM H




3150.80*499.26 6H H Example 31 1H NMR (CDCI3): 81.01 (d,J=6.5Hz,6 H),1.31 (t, J=7.5Hz, 3
H), 2.19-2.28 (m, 1 H), 2.39 (s, 3 H), 2.70-2.79 (m, 4 H). 3.49-3.58 (m, 1 H), 3.76-3.93 (m, 4 H), 3.97
(s, 3H),4.18-54.25 (m, 3H), 6.82 (d, J =2.0 Hz, 1 H), 7.07 (s br, 1 H), 7661&6 =2.0Hz, 1 H), 7.90
(s, 1H), 7. 9YQ§“‘P’I1{)’8E%<ampIe 32 PCT/IB2009/056749
2-Ethyl-445-(5-isobuty1-4-methyl-pyridin-2-y1)11,24¢]oxadiazol-3-y11-6-methyl-phenol 10 The title
compound is prepared in analogy to Example 2 starting from 5-isobuty1-4-methylpyridine-2-carboxylic
acid and 3-ethyl-4,N-dihydroxy-5-methyl-benzamidine: LC-MS: tR = 1.12 min, [M+H]t = 352.12.
Examples Bulamfelfpl The foIIowing Examples are prepared starting from Example 32 in analogy to

previous Exa @p&g@é&ﬁfxa e9 grepared mangl&g%t%%xgr}%e *ﬁl LES'X'% tg{dmg@[é\/kH J1+ 333

NCOH OH 110
7.3 Hz 2 H), 3.47-3.71 (M, 2 H), 3.72-3.92 (m, 4 H), 3.98 (s, 3 H), 4.14-4.23 (m, 3 H), 6.86

5 (d,J=23Hz 1H),7.15( J=53Hz), 7.69 (d, J=20Hz, 1H),7.88 (s, 2 H).

Example 11
2-Ethyl-4-[5-{6-isobutyl-4-methoxy-pyridin-2-yl)-[1 .2 4Joxadiazol-3-yl}-6-methyl-
phenol
10  The title compound is prepared in analogy to Exampie 2 starting from 6-isobutyl-4-
methoxy-pyridine-2-carboxylic acid and 3-ethyl-4,N-dihydroxy-5-methyl-benzamidine; LC-
MS: tg = 1.11 min, [M+H]" = 368.12; "H NMR (CDCls): 6 0.99 (d, J=6.8 Hz, 6 H), 1.32 (t, J
= 7.8 Hz, 3 H), 2.24 (hept, J = 6.8 Hz), 2.35 (5, 3 H), 2.73 (q, J=7.8 Hz, 2 H), 2.78 (d, J =
7.3 Hz, 2 H), 3.98 (s, 3 H), 5.02 (s, 1 H), 6.85 (d, = 1.3 Hz, 1 H), 7.70 (d, J = 1.3 Hz. 1 H),
15 7.89 (s, 2 H).

Examptes 12 to 17

N O-
7N ( P
— N
O\

The following Examples are prepared in analogy to previous Examples starting from 2-
20  ethyl-4-{5-(6-isobutyl-4-methoxy-pyridin-2-yi}-1,2,4Joxadiazol-3-yl]-6-methyl-phenal.

Example prepf;‘ edeiar:napt:ziogy R tr {m;{]?-miM4-HI+

10 3 O/Y\OH 1.01 442.12
OH

3 3 O/\V;/\OH 1.01 442.11
OH

4 4 o NH, 1.02% 441.26
OH




OH OH 1.01 1426.45 35 4 ONH2 OH 0.86 425.46 36 5 0 1 ONOH OHH 0.98 1483.16 WO
2009/109872PCT/182009/050749 52 Example 33

10

15

20

25

WO 2009109872 PCT/AB2009/50749
48
15 4 O/\é/\NHz 0.86 444.27
OH
16 _ 5 (3!3 0.96 499,11
O/\&/\N/\/OH
oH H
17 5 0 0.67 499.19
O/\&/\NJJVOH
OH H

Exampie 17

"H NMR (CDCls): § 0.99 (d, J=6.5Hz, 8 H), 1.31 (£, J=7.3 Hz, 3 H), 2.18-2.28 {m, 1 H},
2.37 (s, 3H), 273 (g, J= 7.5 Hz, 2 H), 2.78 (d, / = 7.3 Hz, 2 H), 3.01 (s br, 1 H), 3.46-3.56
(m, 2 H), 3.74-3.93 (m, 3 H), 3.98 (s, 3H), 4.16-4.24 (m, 3 H), 6.86 (s, 1 H),7.08 (sbr. 1
H), 7.70 (s, 1 H}, 7.90 (s, 1 H}, 7.91 {5, 1 H).

Exampie 18
4-[5-(6-lsobutyl-4-methoxy-pyridin-2-yl}-{1,3,4]Joxadiazol-2-yi}-2,6-dimethyi-phenol

a) To a solution of B-isobutyl-4-methoxy-pyridine-2-carboxylic acid (270 mg, 1.10 mmol), 4-
benzyloxy-3, 5-dimethyl-benzoic acid hydrazide (327 mg, 1.21 mmol) and DIPEA (4535 mg,
3.52 mmol) in DCM (15 mL), PyBOP {858 mg, 1.65 mmol} is added at 0°C. The mixture is
stirred for 30 min at rt, the reaction is diluted with diethyl ether and washed with 1 N ag.
NaOH solution followed by 1 M ag. NaH,PO, solution. The org. extract is dried over
Na,S0,, filtered and concentrated to give the crude hydrazide intermediate: LC-MS: tg =
1.00 min, [M+H]" = 462.23. This material {1.13 g) is dissolved in DCM (15 mL) and pyridine
(1 mL) and the mixture is cooled to 0°C before trifluoromethanesulfonic anhydride (1.38 g,
4.89 mmol) is added dropwise. The mixture is warmed to rt and stirring is continued for 16
h. The reaction is guenched by adding 3-dimethylamino-1-propylamine (50 mg, 0.4%
mmol). The mixture is washed twice with 1 N ag. NaH,PO, solution followed by water, dried
over Na,SQ., fitered and concentrated. The crude product is purified by CC on silica gel
eluting  with  heptane:EA 411 1o give 2-[5-(4-benzyloxy-3,5-dimethyi-phenyl)-
[1,3,4]oxadiazol-2-yi]-6-isobutyl-4-methoxy-pyridine (414 mg) as a yeliow oil; LC-MS: tr =
1.15 min, [M+H]" = 444.21,

b) The above benzyl ether (414 mg, 0.934 mmol) is dissolved in THF (5 mL) and methanol
(5 mL) before Pd/C (200 mg, 10% Pd) is added. The slurry is hydrogenated at rt under 1

bar of H, for 72 h. The catalyst is removed by filtration and the filtrate is concentrated and



1H NMR (CDCI3): 8 1.00 (d, J = 6.8 Hz, 6 H), 1.32 (t, J = 7.5 Hz, 3 H), 1.89-2.01 (m, 1 H), 2.10 (t br, J
= 5.8 Hz, 1 H), 2.40 (s, 3 H), 2.47 (s, 3 H), 2.63 (d, J = 7.3 Hz, 2 H), 2.72-2.80 5(m, 3 H). 3.81-3.98 (m,
4 H), 4.13-4.20 (m, 1 H), 7.95 (s, 1 H), 7.96 (s, 1 H), 8.09 (s, 1 H), 8.55 (s J(pt %Examg)e 36 1H NMR
(CDCI3): 80M89204Y Y98 B Hz, 6 H), 1.29(t, J = 7.5 Hz, 3 H), 1.94 (hept. 36 (s, 3 H),
2.46 (s. 3 H), 2.62 (d, J = 7.0 Hz, 2 H), 2.72 (q, J =4R5 Hz, 2 H), 3.37 (s br, 1H) 3.47-3.55 (m, 1 H),
3.64 (s br, 2 H), 3.74-3.92 (m, 3 H), 4.16-4.24 (m, 3 H), 7.16 (t, J = 5.3 Hz, 1 H), 791th 1H),7.93 (s,
1 H), 8.09 (srigcHy, @ve3he filersprmeanrh(8087mg) as a white solid; LC-MS: tx = 0.77" min

153-{2- Ethyg&@(msgwuémtbymw@nJZ_yelkl& 2sAdoxadiazolBarl]16-methyls, 6 H),

phenyll-N-methyl-propionamide To a solu

3-{2-ethyl-448 58 49s0 Uty L# Adthyi: %Wfiilﬁ Elyi)%% A1OxAREI81-85 FP e i ey propionic
acid (40 mg289 1y mal)yit BME, (5-nL). DIPEA (35 mg, 268 pnol) is added. The mixture is cooled to OC
before ByBOP (51 mg, 98 limo is added. The mixture 20is stirred at OC for 15 min before methylamine
(58 tiL of a 2 M solution in THF) is added. The mixture is stirred at rt for 16 h, diluted with sat. aq.
NaHCO3 sorffgiPiend Biitted twice with EA. The combined org. extracts are dried over MgSO4,
filtered and concentrated.\The crude product is purified on prep. TLC plates using heptane:EA 1:4 to
give the title compound (3571Qg) as a white solid; LC-MS: tR = 1.10 min, [M+Hr = 421.25; 1H NMR 25
(CDCI3) 8 1.00 (d J=6.5Hz6 H) 1.31 (t, J=7.3 Hz, 3 H), 1.89-2.00 (m, 1 H), 2.34-2.41 (m, 2 H),

LC-MS: R = 1.02 min, [M-I-H]t = 451.23; 1H NMR (CDCI3): 6. 1.00 (d, J = 6.3 Hz, 6 H), 1.31 (t, J = 7.3

35Hz, 3 H), $r9:2idike Ekdrhp8s34ra . fRiie & sirthd Trésn Txkin@id3 §dinJenalcdyHp, Bréljoud/O
2009/10987%PCT/1132009/050749 53 2.73-2.81 (m, 2 H), 3.07-3.14 (m, 2 H), 3.44-3.50 (m, 2 H),

373379(m rpﬁ °5:84 (s br. 1H),791(s,1H),793(s,1H) 810(s, 1H).8.55(s,1H)
prepared in analogy R LC-MS
Example to Exampie tr fmin]  [M+H]
19 3 0.g1* 428.18
OH
20 3 O/\‘/\OH 0.98 428.16
OH
21 4 O/Y\NHZ 0.84 427.07
OH
847 04
22 4 O/\é/\NHz .84 L 427.0
OH
23 5 O 0.78" 489,25
I "
on H
24 5 O 0.78 489.24
O/\E/\NJ\/OH
OH H

10
Example 20



Example 39 5N-(2-Amino-ethyl)-3-{2-ethyl-4-[5-(5-isobuty1-4-methyl-pyridin-2-y1)41,2,4)oxadiazol-3-
y11-6-methyl-phenyll-propionamide a)
[2-(3-{2-Ethyl-445-(5-isobuty1-4-methyl-pyridin-2-y1)-[1.2,410xadiazol-3-y11-6- methy henyII propionyl
amino)-ethyfFRaPBaME Acid tert-butyl ester is prepared in analogy to Ex%ﬂffl@g’?)ﬁ?‘}%ﬂplmg
(2-amino-ethyl)-carbamic acid tert-butyl ester with §2-ethyl-4-{5-
10(5-isobuty1-4-methyl-pyridin-2-y1)41,2,4)oxadiazol-3-y1]-6-methyl-phenyll-propionic acid; LC- MS:
tR = 1.14 min fMRHED S50 838.9b) A selatonnBtHe abéve bert. ButyltSazcarlionyl proaiséied @mine (44
mg, 80 umo)).i Li t T, [ in;vacuo and
g, gL 9959%%23( %&ﬁpﬁﬁatedﬁ Aorct® I Uessoheept s [emevedlny

the 15 crude pro is purified sing DCM Containing 4% of 7 N NH3 in
methanol tog#ra kife title éoihpbutitas 'a'ZWHf@ dotit8: 8MS: tR = 0.89 min. [M+Hr = 450.21. Example
40 203- (3 {2 Ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-y1)41,2,4joxadiazol-3-y11-6-methyl-

phenyll+ '59) propionic acid a)
3-(3-{2- thy éjg-lsobutyl 4-methyl-pyridin-2-y1)-[1.2 4]oxad|azol -3-y1]-6-methylphenyl}-propionyla
mino)-propidnfBeid-artersRR et Rsinap Ry iR At a%fB TSR 59 B R %
3-amino-propieamici acid tert-butyl ester hydrochloride with 3-{2-ethyl-4-[5-(5-

25isobuty1-4ypefpyl H%H;%'ﬂr% Mé)éﬂegaﬂéwd%&y Qd- @-A&%mylm%mf lr@QMQD@x%%tM MS: 1R =
1.18 min, [Mi-Hit = 535.33. b) A solution of the above tert. bHJ mol) in 4{!\/I HCl in

dioxane (5 MM SHREEAE 5 W befBl the WBivart o, que ;y?(?e Boduct s purified
on prep0 30rThGzdateSudhg-EFCONM mEthdMoHY: £ 8yR@ the t|tIe compound (23 mg) as a white solid;
LC-MS: tR = 1.03 min, [M+Hr = 479.30: 'H NMR (CDC13): 80.99 (d,J=6.3Hz, 6 H), 1.26 (1, J=7.8
Hz, 3 H), 1.87-1.98 (m, 1 Hé 2.34-2.41 (m, 5 H), 2.43-2.51 (m, 5 H), 2.61 (d, J = 6.8 Hz, 2 H),
2.68-2.77 (n‘F’?‘iﬂ? e df.90d (m, 2 H), 3.39-3.61 (m, 2 H), 6.34 (s br, 1 H), 7.82 (s, 1 H), 7.84 (s, 1 H),
8.06 (s. 1 H), 8.52 (s, 1 H))\35 Example 41 WO 2009/109872PCT/1132009/050749 54
2-Ethyl-445-(5-isobuty1-4-methyl-pyridin-2-y1)41,3,4]oxadiazol-2-y1]-6-methyl-phenol The title
compound is prepared in apalogy to Example 18 starting from
5-isobuty1-4-methylpyriding-2-¢arboxytis acid and 4-benzyloxy-3-ethyl-5-methyl-benzoic acid

The following Examples are prepared starting from Example 25 in analogy to previous

15 Examples.
prepared in analogy R LC-MS

Example to Example tg [min]  [M+H]"

26 3 0.94* 44224
OH

27 3 O/\i/\OH 1.00 442 11
OH

28 4 O NH, 0.88 441.26
OH

29 4 O/\é/\NHZ 0.87 441.25
OH

30 5 (}) 0.80* 499.26

O/Y\N OH

oH_H




The following Examples are prepared starting from Example 41 in analogy to previous Examples.
Example prepared in analogy to Example R LC-MS tR Frnin][M+Hrl , 42 3 01-11.N.----\OH 4 OH

0.961426.151 43 4 ONKNH2 ,.. OH 0.83 1425.27 44 5
WO 2609/109872 PCT/IB2009/05G749

51

O
!
H H

31 5 0.80~ 499.26

O| 15

Example 31

'H NMR (CDClsy: & 1.01(d, J=8.5Hz, B H), 1.31 (1, /= 7.5 Mz, 3 H), 2.18-2.28 (m, 1 H),

2389 (s, 3H), 270-2.79 {m, 4 M), 3.49-3.58 (m, 1 H), 3.76-3.83 (m, 4 H), 3.97 (s, 3 H), 4.18-
5 425(m,3H),6.82(d, J=20Hz, 1H),7.07(sbr, 1H), 766 (d, J=2.0Hz, 1H),7.90 (s, 1

H), 7.91 (s, 1 H).

Example 32
2-Ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-yl}-[1,2,4]oxadiazol-3-y1}-6-methyi-phenol

10  The title compound is prepared in analogy to Example 2 starting from 5-isobutyl-4-methyi-
pyridine-2-carboxylic acid and 3-ethyl-4,N-dihydroxy-5-methyl-benzamidine; LC-MS: {. =
1.12 min, [M+H]" = 352.12.

Examples 33 to 36

15
The foliowing Examples are prepared stariing from Example 32 in analogy to previous
Examples,
’ Example prepared in analogy R LC-MS
to Example tr Imin]  [M+H]"
33 3 O 1.02 426,12
OH
QOH
34 3 O/\_/\OH 1.01 426.45
OH
35 4 O/\é/\NH2 0.86 425.48
OH
36 5 {}) 0.98 483.18
oH H




0 CY-----1-IN------ vy -OH OHH 0.92 483.23 Example 42 1H1 NMR (CDC13): (5 1.00(d, J=6.5 Hz, 6
H), 1.31 (t, J= 7.3 Hz, 3 H), 1.94 (hept, J= 6.5 Hz, 1 H), 2.40 (s, 3 H), 2.45 (s, 3H). 2.61 (d, J = 7.0 Hz,
2H),276(q,J=7.5Hz, 2H), 153.81-3.98 (m, 4 H), 4.15-4.21 (m, 1 H), 7.93 (s, 1 H), 7.94 (s. 1 H),
8.12 (s, 1 HV8 HOY(&19%87). Example 45 PCTAB2009/050749
2-Ethyl-445-(6-isobuty1-4-methyl-pyridin-2-y1)11,2 gtjoxadiazol-3-y1]-6-methyl-phenol 20 The title
compound (30 mg) is obtained as a paly yellow oil in analogy to Example 2 starting from
6-isobuty1-4-methyl-pyridine-2-carboxylic acid (100 mg, 435 umol) and

3-ethyl4,N- C@)‘\é(;“ iy33-methyl-benzamidine (85 mg, 435 grnol); LC-MS: tR = 1.13 min, [M+Hr =
352.28. WQ 2009/109872PCT/182009/050749 55 Exam

o - N Ry B GEh R DL e s Lo B 112 T eibry-propane
-1,2-diol 5Theitittetompognd(324Ng)4s @btatetl £5(3, Gdlt)u.?lﬁSs(deln RAfatagy 0, EXanade 3 starting

from E A H{Z% 45430, 008 Y}G?%)thg M3 i@(m LGy migs M- HI* 7 @41 g’t ’\ﬁ;{QPCB) 80.98

d,J= 131(J z, 3 HY, 2.22 (hept, I=7.0 Hz, T H), 2.45 (s br, 1
H), 2.47 (s, 88D %’7 (g, J=7.5Hz, 2 H), 279(d J=7.3Hz, 2 H), 300(sbr 1H) 3.80-3.96 (m, 4
H), 4.13-4.20 (m. 1 H), 7.17 (s, 1 H), 7.91 (s, 1 H), 7.93 10(s. 1 H), 7.99 (s, 1 H). Example 47

2-{2-Ethy1-4] a-(5-[sokuty 1-4-methyl-pyridin-2-y1)41,2,4Joxadiazol-3-y1]-6-methylphenoxyl-ethanol

15To a solution of the compound of Example 32 i’ﬂ 2.85 mmol) in isopropanol (10 mL) and 3 M
ag. NaOH (3%5@!@%&%% d(112f269‘3 Ha. 4 o?%@ atitéd *%ér‘ﬁ?xtﬁ% (Eedtirréd &f60C for 24 h

before anothen porior, of Bybramesethaneled 6 mgy b4k mmpl} added.73tiFing is)coptingied at 60C
for 6 h. The mixt s d, wi i r |s K Mg304,
filtered and Qr)lscg tréa% dLy Crﬂgi%%lghm% %p\grﬂ%e%%tf Q%r}) s%ﬁcga)%g?c Iutlnaﬁvd\Zt Iyﬂaptane:EA

4:1 to 3:1 toYive. QHéZtlﬂlé’*a\;Jn%dﬁnH "69(70931@3) éé"é gdl8irless bff-3CsMIMR = 1.10 min, [M+Hr =
396.09.

Example 37
15 3-{2-Ethyl-4-[54{5-isobutyi-4-methyl-pyridin-2-yl}-[1,2,4]oxadiazol-3-yl}-6-methyi-
phenyl}-N-methyl-propionamide
To a solution of 3-{2-ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-yl}-{1,2,4Joxadiazol-3-yl}-6-
methyl-phenyi}-propionic acid (40 mg 89 umol) in DMF (5 ml.), DIPEA (35 mg, 268 pmol) is
added. The mixture is cooled o 0°C before PyBOP (51 mg, 98 umol) is added. The mixture
20 s stirred at 0°C for 15 min before methylamine (68 L of a 2 M soiution in THF) is added.

The mixiure is stirred at rt for 16 h, diluted with sat. ag. NaHCO; solufion, and extracted
twice with EA. The combined org. extracts are dried over MgSQ,, filtered and concentrated.
The crude product is purified on prep. TLC plates using heptane:EA 1:4 to give the litle
compound (35 mg) as a white solid; LC-MS: iz = 1.10 min, [M+H]" = 421.25; 'H NMR

25 (CDCly): & 1.00(d, J= 6.5 Hz, 6 M), 1.31 (t, J=7.3 Hz, 3 H), 1.89-2.00 (m, 1 H), 2.34-2.41
{m, 2 H), 2.44 (s, 3H), 247 (s, 3H), 263 (d, J= 7.0 Hz, 2 H), 276 {g, J = 7.8 Hz, 2 H),
2.85 (d, J = 4.5 Hz, 3 H), 3.06-3.13 (m, 2 H), 5.38 (s br, 1 H), 7.81 (s, 1 H), 7.93 (s, 1 H},
8.10 (s, 1 H), 8.55 (s, 1 H).

3¢ Example 38
3-{2-Ethyl-4-[5-({5-isobutyl-4-methyl-pyridin-2-yl}-[1,2,4Joxadiazol-3-yl]-6-methyl-
phenyl}-N~{2-hydroxy-ethyl}-propionamide |
The title compound is prepared in analogy to Exampie 37 using ethanoiamine; LC-MS: g =
1.02 min, [M+HT" = 451.23; '"H NMR (CDCly): 6 1.00(d, J=6.3 Hz, 6 H), 1.31 (t, J= 7.3

35  Hz, 3 H), 1.88-2.01 {m, 1 H), 2.37-2.45 (m, 6 H), 2.47 {8, 3 H), 2.63 (d, J = 7.0 Hz, 2 H),



Example 48 2-{2-Ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-y1)-[1,2,4]oxadiazol-3-y1]-6-methyl-
25phenoxy}-ethylamine a) A solution of the compound of Example 47 (900 mg, 2.28 mmol) and
triethylamine (322 mg, 3.18 mmol) in DCM (20 mL) is cooled to OC before methanesulfonyl chloride
(313 mg, 2. ¥PBIP187ddded. The mixture is stirred at rt for 90 min. The frfidEA¥4¢Hiltited with DCM
and washed with water. The org. extract is dried ovgs MgSO4, filtered and concentrated. 30 The crude
product is purified by CC on silica gel eluting with heptane:EA 1:1 to give methanesulfonic acid
2-{2-ethyl-425-352i8blouty2l H)- HiSih{l igyiridia -2y Y1358 loxad idz 3-33-§T B ermetHyl phre iyl ‘ethyl ester
(110 9) as qyyhita salil-b G-MSeIR ) b min, I 6. =1474.02. WO
2009/109872PCT/1B2009/050749 56 the crude product is purified on prep. TLC plates with
DCM:methanol 9:1 to give the title compound (220 mg) as a colourless oil; LC-MS: tR = 0.86 min,
[m+H]t = 395:68nEg3hple 49

5142-{25Ethy: Wﬁr&@b%lﬁ{fﬂﬁﬁwlﬂwicﬁﬂsgwm&éiﬁwm% bl 6. amBbRddiazol-3-
phenoxybeth )?Saze e 3 c box llc aC|ddA solution of methanesulfonic acid

2-{2-ethyl-4 iSomi rl(gi"'l in- -yl) [1,2,4]oxadiazol-3-y1]-6-methyl-phenoxy}-ethyl ester
(300 mg, 638)ttmol) %@dﬁﬁé¥84&ﬁﬁdm@ﬁﬁm¢%wwé§ﬁéﬁ(ﬂI@ hglorshiegensty hfidneierylamine
(129 mg, 1. %ﬁéﬁﬂ}%)dﬁlé@l@ﬁh@ﬂ%(ﬂ;@ wabissiirser inea-seniedswinl i@t SREaten 96 ndlogymixture is

cooled to rt, ,gllluteg vggrb3 M ﬁ@?@&%ﬁ}%ﬁ 5?#@ aLrt 8}1&% ITeQ?epWIW? bse%gj‘{ ﬁg by adding

ag. HCI and T8 then extrac e org. extracts are comblned d over MgSO4,

filtered'&nd MHWQ@@@*H@W&H%‘W&& ‘i’é%é?i*ﬁéﬁ WB@WL@%@\P@%@YRI@%%EOUM (170
mg) as a colagtlgss Dil4 lGaM&+ HY = 658%min, [M+H]t = 479.10; 11-1 15 NMR (CDCI3): 80.98 (d, J =
6.5 Hz, 6 H), 1.282 (t, J = 7.0 Hz, 3 H), 1.93 (hept, J = 7.0 Hz, 1 H), 2.38 (s, 3 H), 2.45 (s, 3 H), 2.61
(d, J=7.3Hz, 2 H), 2.73(q, J = 7.3 Hz, 2 H), 3.71- 3.82 (m, 2 H), 3.97-4.08 (m, 1 H), 4.19-4.27 (m, 2
H), 4.37-4.62)(fns@utipnsl7sie) abpyentest HtY By qbent) poBgtes aming &6 7s, A0 MMes8 M1 H). 20
EZ;T;'G ﬁOIHA{El 1;4(15oxane t51mA1r_) is tsﬁlrreci at rt for 18 El‘ghe solvent |s|r%moved in vacuo and the} i

y utyl-4-me Z0 y oxy}-ethylam
ino)-propionft @c?Rdssoq foRUBF %S %Iaﬁlne et C)%ae{%ger Hyd;b)én%ﬁ/?1 g&m@q& anol (2
mL) is filteretieshandb LoHG© 3 PtSPEm@@)&ﬁa@@WﬁéﬁﬁéiH&Té@Ifbm%&% sistelMitdrnTediate 25
of Example 4899 mg, 190 umol) and triethylamine (77 mg, 760 umol) is added to the filtrate and the
mixture is stirred in a sealed vial at 80C for 18 h. The mixture is cooled to rt and the solvent is
evaporated. The crude 3-(2-(2-ethyl-445-(5-isobuty1-4-methyl-pyridin-2-
y1)41,2 41o%&ampi-48y11-6-methyl-phenoxyl-ethylamino)-propionic acid ethyl ester is dissolved in
ethanop@2 nﬂ-}:a{mle:tHyiaggsNa(mdKatmu)raamthﬂmys-gma@bawém&Lytmmbmmixture is
neutralised b 1Nag. HCI t t.is removed in vacuo and the residue is separated by
prep. HPLC 1o n"/'é % Rie 3?:‘8%‘"8&2’3" ?}n‘?é‘ c?lé a white solid; LC-MS: tR = 0.90 min, M+H]
466.79; 1H ﬂMR (CBEI3F- %%t‘vdﬁ(fé @-l‘-‘féf)sf -gatiy-pistia- 2 2 Alpxadiapo Gy a1 H), 2.38
(s, 3 H), 2.40H{srdHd)oRdianGBo(ror abid)ic2acd (gridatyl.battr iR pippar20-8. Ada(ngy 2HEX3@3e3.33 (M, 2
H), 4.07-4.134R 2 225irb 3nblodic?4id 1o tilitd-08 LS niukbbrfbordeRidh 5o-ethyi-4-i5-(5-

25  isobutyl-4-methyl-pyridin-2-y)-[1,2,4Joxadiazol-3-yl]-6-methyi-phenyi}-oropionic  acid; LC-
MS: tr = 1.18 min, [M+H]" = 535.33,

b) A solution of the above tert. butyl ester (40 mg, 75 pmol) in 4 M HCl in dioxane (5 mL} is
stirred at rt for 18 h before the solvent is evaporated. The crude product is purified on prep.
30 TLC plates using DCM:methanol 9:1 to give the title compound (23 mg) as a white solid;
LC-MS: 1 = 1.03 min, [M+H]™ = 479.30; 'H NMR (CDCls): & 0.89 (d, J = 6.3 Hz, 6 M), 1.26
(t, J=7.8 Hz, 3 H), 1.87-1.98 (m, 1 H), 2.34-2.41 (m, 5 H), 2.43-2.51 {m, 5 H), 2.61 (d. J =
6.8 Hz, 2 H), 2.68-2.77 {m, 2 H), 3.01-3.09 (m, 2 H), 3.39-3.61 {m, 2 H}, 6.34 (s br, 1 H),
7.82 (s, 1H), 7.84 (s, 1 H), 8.06 (s. 1 H}, 8.52 (s, 1 H).
35
Example 41



WO 2009/109872PCT/1132009/050749 57 Example 51
N-(2-{2-Ethyl-445-(5-isobutyl-4-methyl-pyridin-2-y1)-[1,2,4]oxadiazol-3-y1]-6-methylphenoxyl-ethyl)-2-h
ydroxy-acetamide To a solution of the compound of Example 48 (50 mg, 127 umol) in THF (2 mL) and
DMF 5 (2 mY$§,22BEMrdrochloride (27 mg, 139 Knot), HOBt (19 mg, 13FGHERBIBEA (25 mg, 190
pmol) and glycolic acid (11 mg, 139 !mop is added.skEhe mixture is stirred at rt for 1 h before it is
concentrated and separated by prep. HPLC to give the title compound (32 mg) as a colourless oil;
LC-MS: R 2E0Wdi5 {oH4pbutib3 -08:thA- VIR QBT .8 Be& {diaZ ol -8-BIHizr@ HY)-pi8dhe, J= 7.3 Hz,

3 H). 189200 i SoH A bbb 22808 0 A0 sxm.z@fm 2 E0b@A 3oty 75 HZ, 2
E; g ;g ?S %yl_@ng—éggéﬁfglgzacx and d) ’benzy xy% Ht?wy? thy?benzg'tcH%cd%w raznzdlel ) %09 (s 1
N-(2-(2-Ethy¥3:[5£5-gb iy M4 ihet8A7piRidin-2-y1)11,2,4]oxadiazol-3-y1]-6-methyl-
15phengxy}-ethyl)-2-methylamino-acetamide To a solution of the compound of Example 48 (50 mg,
127 umol) IQ:ATHF lI’ Qﬂ DMF (2 mL), EDC hydrochloride (27 mg, 139 urnol), HOBt (19 mg, 139
umol), DIP "(’ﬁ%pmg éB umol) and BOC- sarcosme (26 mg, 139 umol) is added The mixture is
stirred at rt for 1 h before it is CONoeT frated, R
the 20mixture is stirred at rt f 30 oricenfrated and separated by prep. HPLC to give the title
compound (23 mg) as a red IFEC-MSAR >
Ethanesulfonicacid(2-(2-ethyl-4-[* (5 isobutyl-4-methyl-pyridin-211)-
25[1,2,4]oxadiazol-3-y1]-6-methyl-phenoxyl-ethyl)-ami solution of the methanesulfonic acid ester
intermediate of Example 48 (25 mg, 53 umol) and ethanesulfonamide potassium salt (16 mg, 106
ttmol) in DMFhE2 k)i tnest 66 Qke foreb8rbd Bhaumpiie iseanseniratachandfenarismiy prep.
HPLC to gIVE the tll'[|e compound (5 mg) as a colourless oil; LC-MS: tR = 1.14 min, [M+H]t = 487.14. 30
Example 54

N-(2- {ﬁ-%thyl 4-[5-(5-isobutyl-4-methyl-pyridin-2-y1)11,2,4]oxadiazol-3-y1]-6-methylphenoxyl-ethyl)-N1

,N1-dimethyl-sulfamic amgr%mggd 9n§i§8tUJ pn of the compound of Examplg A&£LI00 mg,]253 umol)
and DIPEA 35"1?1@?@04 35un}gl)ggghﬁﬁﬂgon| e (2 mL), N,N-dimethyISJIfa{an chloride (40 mg, 279
. P PPN L g (U i
ttmol) is added—The mixture s stirred at 60C for-i8-h-The sotventis-removea m-yactuo-andithe crude
WO 2009/109872PCT/1132009/050749 58 O™ N"H 0.96 428.15
OH
43 4 O/Y\NHz 0.83 425.27
OH
44 5 O 0.92 483.23
OH_H

Exampie 42

"H NMR (CDCla): & 1.00{d, J=86.5Hz, 6 H), 1.31 (1, J=7.3 Hz, 3H), 1.94 (hept, J=6.5

Hz, 1 H), 2.40 (s, 3H), 245 (s, 3 H), 2.61(d, J=7.0 Hz, 2 H), 2.76 (g, J = 7.5 Hz, 2 H),
15 3.81-3.98 (m, 4 H), 4.15-4.21 (m, 1 H), 7.83 (s, 1 H), 7.94 (s, 1 H), 8.12 (s, 1 H}, 8.50 (s, 1

H).

Example 45
2-Ethyl-4-[5-{6-iscbutyi-4-methyl-pyridin-2-yl)-[1,Z,4]joxadiazol-3-yi]-6-methyl-phenol

20  The titte compound (30 mg) is obtained as a paly yeliow oil in analogy to Exampls 2
starting from 6-isobutyl-4-methyl-pyridine-2-carboxylic acid (100 mg, 435 umol) and 3-ethyl-
4,N-dihydroxy-5-methyl-benzamidine (85 mg, 435 umol); LC-MS: tg = 1.13 min, [M+H]" =
352.28.



product is purified by prep. HPLC to give the title compound (47 mg) as a white solid; LC-MS: tR =
1.16 min, [M+Hr =502.17; '"H NMR (CDC's): 51.00 (d, J= 6.5 Hz, 6 H), 1.32(t, J = 7.5 Hz, 3 H),
1.89-2.01 (m, 1 H), 2.39 (s, 3 H), 2.47 (s. 3 H), 2.63 (d,J=7.3Hz, 2 H), 2.75(q, J = 7.5 Hz, 2 H), 2.89
(s. 6 H), 3.5V 4898z 2 H), 3.98 (t, J = 5.0 Hz, 2 H), 54.75 (t, J = PO HB240P0507495 (s, 1 H), 7.96
(s.1H),8.09 (s, 1H),855(s,1H). Example 55 &5
2-{2-Ethy1-415-(5-isobuty1-4-methyl-pyridin-2-y1)-[1,2,41o0xadiazol-3-y1]-6-methylphenoxyl-propane-1
,3-diol 10To a solution of the compound of Example 32 (100 mg, 285 pmol) in acetonitrile (2 mL),
K2CO3 (56 BhirAiIé pgnol) followed by dimethyl chloromalonate (57 mg, 341 p.mol) is added. The
mixture is stirred at 65C for 18 h. The mixture is diluted with EA and washed with water. The org.
extrac 15 ol A EIRA e 3 BradTEVIA B S B Y ARy it £ 41 to
give 2-{2-ettpieacpdy( Bicpbuyll Adiebthyl-pyridin-2-y1)- 15

[1,2,4]ogadiazal i3 dd-puaneingb phenoxydmalpnicAcit ety lie airNdSP BN s Colestiess oil;
LC-MS: R = 1.17Em|n, &I\g r.= 482.%]1:,'. Thflﬁ nLaég\r%{%l {95“%% 197 u?&? s dissolved in ethanol (10
mL) and treated with 4(680%99, B8 o Mhe tixtute i§'8ird 2k 06RF% ek the
reaction is qiigrched WHA Water. STH eimikidyelis extract@dbtiviec e Witl2A duedtthie=cotnBmed-extracts are
concentrated difie gude;nigru s puries oA piem L ¢-plsasusing beplaneiEA 3 dogive the
title compoundé 4 mq) as a colourless oil; LC-MS: tR =1.02 m|r41? éM+H§/ =426.01; 1H NMR (CDC13):
81.00 (d, J 76.58 PSR H131-4-32% (31413 f1f 51 g8 (Fedtd £-673%2, V)22 BsitBr, 1%95.5 Hz, 2
H), 2.4%0(s, 8sH)HL.4P8s(s31H)).2.63 (d, J = 7.0 Hz, 2 H), 2.80 (g, J = 7.5 Hz, 2 H), 3.91-4.05 (m, 4 H),
4.19 (quint, J=4.5Hz, 1 H), 7.95 (s, 1 H), 7.98 (s, 1 H), 8.10 (s, 1 H), 8.55 (s, 1 H). 25 Example 56
2-{2-Ethyl-4%§(—§>_l-ijog%jtyl-4-methyI-Pyridin-211)-[1,2,4]oxadiazol-3-y11-6-methy|phenoxymethyll-prop
ane-1,3-diol 2- f’ ?( ,2-D i methyl-0 ,31c1 i oxa n-5-ylmethoxy)-3-ethy1-5-meth yl-p
heny1H1.2,£1@xEthidAol 55360 tyb-4gobthy|-gynidithnighp) fidiéi§Radizag) Jsybiheirdtivhs a colourless
oil in analogyrerdsxgmilaAostaring from

4-(2,2-gdimethyl-[1,31clioxan-5-ylmethoxy)-3-ethy|-N- -5-Jnethyl-benzamidine (281 , 871

ool 4 5 80Dl VPR o B i 200 o S CoRSC T 22 i,
[M+H] = 480220 3THigmMaRAI(200 npb@rmihel)ds Hiss clvéd 4rmmoh HECad fisdlidxarai(Biimis) and the
mixture is stywedadrsior k8 4 ThesthsaiveisRyaposatedrand-tieseaiderpreduetds puiiied on prep.

TLC using heptane:EA 1:1 to give the . fj mpaound as.a caolourless oil: LC-MS: tR = 1.06 min,
e BT S e e e B by Seees A B et 8 s 1z, 6
H), 1.31 (t, J*'%'5THe cxrHirggsHoed AYe1L VPSSO » ieredmspsh canrpnivesl (3h8 Fyde mredustdsH). 2.63
(d, J =203 HayrRidd) 2.T8 (sh died GeHauhblyid Hetdd-n. 4H) 4:0%(divd Tb.fiklzodbtling. 94 (s, 1
H). 7.95 (s, 1ohf, 595()5843-@:%985-?3”,@&“%@: 2 Bxample

, HI" = 396.08.

(S)-142-Ethyl-4-15-(5-1so uty1-4-methyl-pyrid:‘in-Z-yl)413, To;(admz%ﬁ%-yll-G-methylphenoxy}-3-meth
ylamino-propan-2-ol a) To a solution of the compound of Example 32 (315 mg, 896 Rmol) in
isopropanol Ex@rpienis) and 3 N aq. NaOH (2 mL), (R)-epichlorohydrine (249 mg, 2.69 mmol) is added.

The mixturei%.@!é’fﬁﬂ@Igst.(f@.ﬁsﬂd%&9@!%@%%{&9&%- RISRGHAREIRGKAR. MY, 2.69 mmol)

5
is add:?tg. Stirring is continued at rt for 24 h."Thé mixture is diluted with EA and washed with water. The
org. exitact RPEBREELEIREAAIRG the crude product is purified on prep. TLC plates using heptane:EA
7:3 to give 2aj3A($8)BetfythEwnethydad of Example 47 (906 mg, 2.28 mmol) and triethytamine (322

15oxiranylmgaysphenyid bt oyaniarokRillie dse el Hmeifukmiging (238 e A3 2
2.73 mmol) is added. The mixture is stirred at 1 for 90 min. The mixture is diuted with DCM
and washed with water, The org. extract is dried over MgSQ,, filtered and concentrated.

30 The crude product is purified by CC on silica gel eluting with heptane:EA 1:1 to give
methanesulfonic acid 2-{Z-ethyl-4-[5-(5-isobutyl-4-methyi-pyridin-2-y|)-[1,2,4Joxadiazol-3~
yll-6-methyl-phenoxy}-ethyl ester (1.10 g} as a white solid; LC-MS: tg = 1.16 min, [M+H]" =
474.02.

35 b) A solution of the above methane sulfonic acid ester (318 mg, 871 pmol) in 7 N NH; in

methanol (10 mL) is stirred in a sealed viai at 60°C for 27 h. The solvent is evaporated and



colourless oil; LC-MS: tR = 1.18 min, [M+Hr = 408.09. b) A solution of the above epoxide intermediate
(20 mg, 49 Rmol) in 41% methylamine in water (2 mL) and DMF (0.5 mL) is stirred at 80C for 18 h.
The solvent is removed in vacuo 20and the crude product is separated by prep. HPLC to give the title
compound BHYRYE Feddish oil; LC-MS: tR = 0.89 min, [M+H] = 439.0%%5@@6@%7@9
1-{2-Ethyl-415-(5-isobuty1-4-methyl-pyridin-2-y1)-[$&2,4]oxadiazo1-3-yl]-6-methyl25phenoxy}-34(2S)-2
-hydroxy-ethylamino)-propan-2-ol A solution of the epoxide intermediate of Example 57 (step a, 25 mg,
61 Rmol) aribeethattotamiire il ounfipd1 S Ronsol) Th @ thlaiss WBMI G aaencAtsDE Bye tha Hite solvent

is removed ip¥aeURERothe; FEdde-BraRIkEt isiipLLifigd: By -poers MRLIRteigivadbeditle compound (9 mg)
as a white solid: LC-MS: tR = 0.87 min, [M+Hy = 469.12. 30 Example 59

Ethanesulfonicacid((2S)-3-{2-ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-y1)-
[1,2,4]oxadi&xer®¢14%-methyl-phenoxy)-2-hydroxy-propyl)-amide A solution of the epoxide

intermegliate; gf EExanmigies T5-(siRp Butgbange b Rmad) apg 35 hapasultonadvd b potassiim salt (27
mg, 184 Rrgl) in Dl}/lng%”rglzgs stirred ag69§i£ogci O 2009/109872PCT/1132009/050749 60 18 h.
I e

dine-3- : . : ,
The solventfs femove VACUO And the eru product is purified by prep. HPLC to give the title

compound (8 )i WlomMEsaeRIfRIMSIAR =21BTthir PRl Ey 1o XM 507 -
53-RZS)-3-{@-,E,mMiaém@d@-jgprﬁ%lhﬂzm@tmﬂyPﬁWn-@gmlI—k:B[ZM&@(adiﬂqlfﬁdjllf&etidinew}
ntermeciad B SR DO S IR a0 e S Gl o e R Paat raeRete (113
mg, 73@umelhard ttidthylainstier¢d3mmy soReclirIpirBRiethiend (5 M9 Biskired £086¢ ©r20 h. The
solvent is regigied.ifvastsyanddrecridgkOpresuiet isprnifiedianimepe T coriatasysiogng
ey o B R RN SRR e (B RIS hedR el T HRIRS Bidg mn

over MgSQ,, filtered and concentrated. The crude product is purified by prep. HPLC to give

the title compound (170 mg) as a colourless oil; LC-MS: tg = 0.90 min, [M+H]" = 478.10; 'H

15  NMR (CDCl): §0.98 (d, J = 8.5 Hz, 6 H), 1.282 ({, J = 7.0 Mz, 3 H), 1.93 (hept, J=7.0 Hz,

1 H), 2.38 (s, 3 H), 2.45 (s, 3H), 2.61 (d, J=7.3 Hz 2K}, 273 (g, J= 7.3 Hz, 2 H), 3.71-

3.82 (m, 2 H), 3.97-4.08 (m, 1 H), 4.19-4.27 (m, 2 H), 4.37-4.62 (m, 2 H), 4.73-4.97 (m, 2

Hi, 7.87 (s, 1 H), 7.89 {s, 1 H), 8.07 (s, 1 H), 8.53 (s, 1 H).

20 Example 50
3-(2-{2-Ethyl-4-[5-(5-isobutyi-4-methyl-pyridin-2-yl}-{1,2,4]oxadiazo!-3-yl]-6-methyl-
phenoxy}-ethylamineo}-propionic acid
A solution of B-alanine ethyl ester hydrochioride (88 mg, 570 umot) in ethanol (2 mL) is
filtered over PL-HCO; MP SPE ion exchange. The methanesulfonic acid ester intermediate

25  of Example 48 (90 mg, 190 umol) and triethylamine (77 mg, 760 pmol) is added to the
filtrate and the mixture is stirred in a sealed vial at 80°C for 18 h. The mixture is cooled to rt
and the solvent Is evaporated. The crude 3-(2-{2-ethyl-4-[5-(5-isobutyi-4-methyl-pyridin-2-
yi-[1,2,4Joxadiazoi-3-yl}-6-methyl-phenoxy}-ethylamino)-propionic  acid  ethyl  ester s
dissolved in ethanol {2 mL) and 1 N ag. NaOH (2 mL) and the mixture is stirred at rt for 3 h,

30 The mixture is neutralised by adding 1 N ag. HC!, the solvent is removed in vacuo and the
residue is separated by prep. HPLC to give the title compound (24 mg) as a white solid;
LC-MS: 1 = 0.90 min, [M+H]" = 466.79; 'H NMR (CDCls): §1.00 (d, J = 6.5 Hz, 6 H), 1.30
(t, J = 7.3 Hz, 3 H), 1.90-1.99 (m, 1 H), 2.38 (s, 3 H), 2.46 (s, 3 H), 2.60-2.68 (m, 4 H), 2.73
(q, J = 7.5 Hz, 2 H), 3.20-3.27 {m, 2 H}, 3.27-3.33 (m, 2 H), 4.07-4.15 (m, 2 H), 7.92 (s, *

35 HL7.84(s,1H),808(s, 1H) 854 (s, 1H).



Example 61 3-((2S)-3-{2-Ethy1-445-(5-isobuty1-4-methyl-Pyridin-2-0)-[1,2,4]oxadiazol-3-y11-6-
15methyl-phenoxy}-2-hydroxy-propylamino)-propionic acid A solution of the compound of Example 60
(53 mg, 101 umol) in ethanol (1 mL) and 1 M ag. NaOH (1 mL) is stirred at rt for 18 h. The ethanol is
evaporated RSHEAAIHTAG solution is neutralized by adding 1 N ag. NCI,PAAdHRE S is separated
by prep. HPLC to give the title compound (23 mg) &3 a white solid; LC-MS: tR = 0.88 min, [M+HI =
497.08; 11-1 20 NMR (CDCI3): 80.98 (d, J=6.5Hz, 6 H), 1.27 (t, J = 7.3 Hz, 3 H), 1.93 (hept, J=7.0
Hz, 1 H), 2.8%qm8etPl 2,44 (s, 3 H), 2.60 (d, J = 7.3 Hz, 2 H), 2.65-2.83 (m, 4 H), 3.18-3.40 (m, 4 H),
3.82-3.96 (.2 kh.e4rBR 4 945(%@@.1 &&e@;Jpw)dmzy{p{»a,mo&aﬁasomwn.&%wa H). 25

Example 6 3-(2-E 1-eth y1)-4-methyl-pyridin-2-y1111,2,4]oxadiazol-3-y1}-6-
methyl- pher?é@%r)ox% ;‘b ‘Z‘l)%} %v 33(%5%3 ,2-Dimethyl-r1
3)dioxolan- aeymmmw@mymwmw@mww (50 Mg, 127 umol) in THF (2 mL) and DMF

[1,2,4]oxadi %L% ﬁécﬁn}f&@&mdnereowl)ﬁé meshvhByridins: (42 me) isprenaredimeaousling, 30and
cyclizing 6- ( -ethyl- [F)_L 4-methyl-pyridine-2-carboxylic ac
I

(R)-4-(2,2-dilFB#gER ﬂix&ﬂ%ﬁma&‘?/ Efﬁ%xy?%%@ﬁ?l’?uaﬂ%?%@ ﬂpﬁé{fﬁ@,{%@t'%}rﬁv}/ 2140 mg, 420
umol) as desefibed in Eoxampiadd diisenatetial iy dissoBdlintaligxaties (Bimt)rapeh 2dNBAqN#HCI (1 mL)

and the mixture i rt for J oNGRAt presluet js-purified
on prep. TLég L%SI(?logb Ig{:gl\gjlsaéjgn|t'aé|)n'\|ﬂné hof%? %JW I\IHj Hl?frﬁ:'l Sﬁgﬁﬁmsgfgﬁ%e §§j’r% nd (25 mg)

as a pale yefiéuigidss) LA ME+~R 780 Min, $Rr#d} £ado 9r4] leHelss J=73
Hz, 6 HY 1.32 (1, 7073 Mz 3 43 1§/Q 2009H09872RCH/2B2000/DEQT19%61 % T8, (AUiM4RE 7.3 Hz, 4

H), 2.40 (S I:%@gzgo%sv%n)n% 27.%3 ﬁ“Q‘Hﬁb §9§§ 4 A9 85341, 14513-4.21 (m, 1 H), 7.16 (. 1

H), 7.91 (s, ), 8.00°(s, 1 H). Example 6
5N-US)-3-(2-Ethyl-4-{546-(1-ethyl-propyl1)-4-methyl- pyrldln -2-y1141,2,410xadiazol-3-y11-
6-methyl-ph&xamgie 42ydroxy-propyl]-2-hydroxy-acetamide The title compound (35 mg) is prepared

b | : 23 pimol
by coup Q)QBWS}%C& _ Wﬁmsqmlnmy&%efiﬁgnswm RYIgingr2;eRsksuinbie iasid) (6maayR23 pimol)

hydrox arbﬁmﬂgﬁ)’%‘)rﬁéﬂﬁ}pﬁﬁg%?ﬁCftﬂ%?jgxy propy1)-2-hydroxy-acetamide(137 10 mg, 420
Imop as destrilzesbintiExafriptechmp@:MSf e DIO BEniPN e HR7=a97. 78T HE INMR IGOEM8): 80.85 (t,

J=75Hz, Qﬂé}ﬁg Ep %Pé/argc??léﬂée ﬂ_?l)m]%7%@ﬂm& j T o0 g H%H)Bg RS, BiPRa249 &5, 3 H),

2.70-2.80 (M 56 (m, 2 H 3.93 (m 4 (m, 3 H), 711(tJ 55HZ 1 H),
7.16 (s, 1 H)19090n@) qnpi)%Qnga(goqqq)@Q oy (éBﬁ moli@ added, The mixture is stirred at rt for 1

h before it is concentrated. The residue is dissolved in 4 M HCl in dioxane {2 mL) and the
20  mixture is stirred at rt for 30 min, concentrated and separated by prep. HPLC to give the
title compound (23 mg) as a reddish ail; LC-MS: tx = 0.89 min, [M+H]" = 466.05.

Example 53 _
Ethanesulfonic acid {2-{2-ethyl-4-[5-(5-isobutyi-4-methyl-pyridin-2-yi}-
25  [1,2,4loxadiazol-3-yi]-8-methyl-phenoxy}-ethyl}-amide
A solution of the methanesulfonic acid ester intermediate of Example 48 (25 mg, 53 umol)
and ethanesulfonamide potassium salt (16 mg, 106 umol) in DMF (2 ml.) is stirred at 60°C
for 18 h. The mixture is concentrated and separated by prep. MHPLC to give the fitle
compound (5 mg) as a colourless oil; LC-MS: t = 1.14 min, [M+H]" = 487.14.
30
Example 54
N-(2-{2-ethyl-4-[5-(5-isobutyl-4-methyi-pyridin-2-yi)-{1,2,4]oxadiazol-3-yl}-6-methyl-
phenoxy}-ethyl)-N',N'-dimethy!-sulfamic acid amide
To a solution of the compound of Example 48 (100 mg, 253 umof) and DIPEA (39 mg, 304
35  umol) in acetonitrile (2 mL), N,N-dimethylsulfamoy! chloride (40 mg, 279 umot) is added.

The mixiure is stirred at 60°C for 18 h. The solvent is removed in vacuo and the crude



The following Examples are prepared in analogy to Example 62 starting from
6-(1-ethylpropyl)-4-methoxy-pyridine-2-carboxylic acid and the appropriate
4-(2.2-dimethyl20[1,3]dioxolan-4-yImethoxy)-N-hydroxy-benzamidine Example Ra Rb_R, LC-MS™ tR
folio]IM+Hr B& RPEHPEH2CH3 0.78 456.32 65 H CH3 Cl 0.78 462.17 68??98%%"9’“5”749

58

product is purified by prep. HPLC to give the title compound (47 mg) as & white solid; LC-

MS: tg = 1.16 min, [M+HT" = 502.17; "H NMR (CDCls): §1.00 (d, J= 8.5 Hz, 6 H), 1.32 {4, J

= 7.5 Hz, 3 H), 1.89-2.01 {m, 1 H), 2.39 (s, 3 H), 2.47 (s, 3 H), 2.63 (d. J = 7.3 Hz, 2 H),

275(q, J=7.5Hz, 2 H), 2.89 (s, 6 H), 3.51 (0, J = 5.3 Hz, 2 H), 3.98 ({, /= 5.0 Hz, Z H),
5  4.75(t J=6.0 Hz, 1 H). 7.95 (s, 1 H), 7.96 (s, 1 H), 8.09 (s, 1 H}, 8.55 (s, 1 H).

Exampie 35
2-{2-Ethyl-4-{5-{5-isobutyl-4-methyl-pyridin-2-yl)-[1,2, 4joxadiazol-3-yl]-6-methyi-
phenoxy}-propane-1,3-diol

10 To a solution of the compound of Example 32 (100 mg, 285 umol) in acetonitrile {2 mL),
K,CO; (56 mg, 427 pmol) foliowed by dimethyl chloromalonate (57 mg, 341 umol) is added.
The mixture is stirred at 65°C for 18 h. The mixture is diluted with EA and washed with
water. The org. extract is concenirated and the crude product is purified on prep. TLC
plates using heptane:EA 411 to give 2-{2-ethyl-4-[5-(5-iscbutyl-4-methyl-pyridin-2-yl)-

15 [1,2 4joxadiazol-3-yi]-6-methyi-phenoxy}-malonic  acid dimethyl ester (95 mg) as a
colourless oil; LC-MS: tz = 1.17 min, [M+H]" = 482.01. This material (95 mg, 197 umol) is
dissoived in ethanol (10 mL) and treated with NaBH, (60 mg, 1.58 mmol). The mixture is
stirred at 80°C for 1 h before the reaction is quenched with water. The mixture is extracted
twice with EA and the combined extracts are concenirated. The crude product is purified on

20  prep. TLC plates using heptane:EA 1:1 fo give the title compound (44 mg) as & colourless
oil: LC-MS: tz = 1.02 min, IM+H]™ = 426.01; ' NMR (CDCl,): 61.00 (d, J = 6.5 Hz, 6 H),
1.31 (t, J = 7.3 Hz, 3 H), 1.95 (hept, J = 6.3 Hz, 1 H),2.08 (tbr, =55 Hz, 2 H), 2.42 (s, 3
H), 2.47 (s, 3 H), 2.83 (d, J = 7.0 Hz, 2 H), 2.80 (g, J = 7.5 Hz, 2 H), 3.91-4.06 (m, 4 H),
4.19 (quint, J = 4.5 Hz, 1 H), 7.95 (s, 1 H), 7.98 (s, 1 H), 8.10 (s, 1 H), 8.55 (s, 1 H).

25
Example 56
2-{2-Ethyl-4-[5-(5-isobutyi-4-methyl-pyridin-2-yi)-[1,2,4]oxadiazol-3-yI]-6-methyl-
phenoxymethyl}-propane-1,3-diol
2.{3-[4-(2,2-Dimethyi-[1,3]dioxan-5-yimethoxy)-3-ethyl-5-methyi-phenyil-{1 .2,4loxadiazoi-&-

30 yl-5-isobutyl-4-methyl-pyridine (200 mg) is obtained as a colourless cil in analogy to
Example 1 staring from 4-(2,2-dimethyk[1,3]dioxan-5-yimethoxy)-3-ethyl-N-hydroxy-5-
methyl-benzamidine (281 mg, 871 umol) and 5-isobutyl-4-methyl-pyridine-2-carboxylic acid
(200 mg, 871 umol); LC-MS: tz = 1.24 min, [IM+H]™ = 480.20. This material (200 mg, 417
umol) is dissotved in 4 M HCl in dioxane (5 mL) and the mixture is stirred at rt for 18 h. The

35  solvent is evaporated and the crude product is purified on prep. TLC using heptane:EA 1:1
to give the title compound as a colourless oil; LC-MS: iz = 1.08 min, [M+H]™ = 440.05; 'H



OCH3 0.75 458.29 67 H OCH3 Cl 0.77 478.18 68 OCH3 H H 0.68 444.21 Example 64 11-1
NMR (CDCI3): 80.87 (t, J = 7.3 Hz, 6 H), 1.33 (t, J = 7.5 Hz, 3 H), 1.79 (quint, J = 7.3 25Hz, 4 H), 2.09
(tbr,J=5.3Hz, 1H), 241 (s,3H),2.72-2.81 (m, 4 H), 3.82-3.94 (m, 2 H), WO
2009/109879BCHYHI889/050749 62 3.94-3.97 (m, 2 H), 3.99 (s, 3 H), £LABAFYHIIHH), 6.85 (d. J =
23Hz,1H),7.71(d,J=2.3Hz,1H). 792 (s, 1 H)gd.92 (s, 1 H). Examples 69to 72 0

NMR (CDCl): 61.00 (d, J = 6.5 Hz, 6 H), 1.31 (4, J = 7.5 Hz, 3 H), 1.80-2.0 (m, 1 H), 2.27-
2.35 (m, 1 H), 2.39 (s, 3 H), 2.47 (s, 3 H), 2.63 {d, J = 7.3 Hz, 2 H), 2.75 (q, J = 7.8 Hz, 2
), 3.94-4.04 (m, 4 H), 4.05 (d, J= 5.5 Hz, 4 H), 7.94 (s, 1 H), 7.95 (s, 1 H), 8.09 (s, 1 H),
8.55 (s, 1 H).

Exampie 57
(S)-142-Ethyl-4-[5-{5-isobutyl-4-methyi-pyridin-2-vi}-{1,2,4]ocxadiazoi-3-yi]-6-methyi-
phenoxy}-3-methylamino-propan-2-ol
a) To a solution of the compound of Example 32 {315 mg, 896 umol) in isopropancl (10
10 mb)and 3 N ag. NaOH (2 mL), (R)-epichlorohydrine (249 mg, 2.69 mmol) is added. The
mixture is slirred at rt for 18 h before another partion of (R)-epichlorohydrine (249 mg, 2.69
mmol} is added. Stirring is continued at rt for 24 h. The mixiure is diluted with EA and
washed with water. The org. extract is concentrated and the crude product is purified on
prep. TLC plates wusing heptane:EA 7:3 to give 2-[3-((S)-3-ethyl-5-methyl-4-
15 oxiranylmethoxy-phenyl-[1,2,4]oxadiazol-5-yi]-5-isobutyl-4-methyl-pyridine (233 mg) as &
coiourless oil; LC-MS: tr = 1.18 min, {M+H]" = 408.09.

b) A solution of the above epoxide intermediate (20 mg, 49 umol) in 41% methylamine in
water (2 ml) and DMF (G.5 mL) is stirred at 80°C for 18 h. The scolvent is removed in vacuo

20  and the crude product is separated by prep. HPLC to give the title compound (6 mg) as a
reddish oil; LC-MS: tz = 0.89 min, [M+H]" = 439.07.

Example 58
1-{2-Ethyl-4-[5-{5-isobutyl-4-methyl -pyridin-2-yi)-[1,2 4Joxadiazol-3-yl}-6-methy!-

25  phenoxy}-3-{{28)-2-hydroxy-ethylamino}-propan-2-ol
A solution of the epoxide intermediate of Example 57 (step a, 25 mg, 61 pumol) and
ethanolamine (19 mg, 18 umot) in ethanol (5 mL) is stirred at 60°C for 18 h. The solvent is
removed in vacuo and the crude product is purified by prep. HPLC to give the title
compound (9 mg) as a white solid; LC-MS: tz = 0.87 min, [M+H]" = 469.,12.

30
Example 59
Ethanesulfonic acid {(28)-3+{2-ethyl-4-[5{5-isobutyl-4-methyl-pyridin-2-yi)-
i1,2,4joxadiazol-3-yi}-6-methyl-phenoxy}-2-hydroxy-propyl}-amide
A solution of the epoxide intermediate of Exampie 57 (step a, 25 mg, 61 umol) and

35  ethanesuifonamide potassium salt (27 mg, 184 aumol) in DMF (2 mL) is stirred at 80°C for



0 OOHH 5Rb The following Examples are prepared in analogy to Example 62 starting from 6-(1-ethyl-
propyl)-4-methoxy-pyridine-2-carboxylic acid and the appropriate 2-hydroxy-N-{2-hydroxy- 344-(N-hyd
roxycarba mi mid oyb-phenoxy)-propyl}-acetamid e. Example IR, Rb R, LC-MS™"" tR_Lmin][M+Hr 69 H
CH3 CH2CM® 8%¥189%80 70 H CH3 CH3 0.73 499.22 PCT/IB2009/030749

60

18 h. The solvent is removed in vacuo and the crude product is purified by prep. HPLC to
give the titie compound (8 mg) as a colouriess oil; LC-MS: {z = 1.07 min, [M+H]" = 517.12.

Exampie 60
5  3-((28)-3-{2-Ethyl-4-{5-(5-isobutyl-4-methyi-pyridin-2-yi)-{1,2,4joxadiazol-3-yi}-6-

methyl-phenoxy}-2-hydroxy-propylamino}-propionic acid methy! ester
A solution of the epoxide intermediate of Example 57 {(step a, 150 mg, 368 umol), B-alanine
methyl ester hydrochloride (113 mg, 738 umol) and triethylamine (83 mg, 920 umol) in
methanol (5 mL) is stirred at 60°C for 20 h. The solvent is removed in vacuo and the crude

10  product is purified on prep. TLC plates using DCM:methanol 10:1 to give the fitle
compound (53 mg) as a colourless oil; LC-MS: iz = 0.92 min, M+H]" = 511.18.

Exampie 61
3-{({28)-3-{2-Ethyl-4-[5-{5-isobutyi-4-methy}-pyridin-2-yi}-[1,2,4Joxadiazol-3-yi}-6-
15  methyl-phenoxy}-2-hydroxy-propylamino}-propionic acid
A solution of the compound of Example 60 (53 mg, 101 umol) in ethanol (1 mL) and 1 M
ag. NaOH (1 mL) is stirred at rt for 18 h. The ethanol is evaporated, the remaining solution
is neutralized by adding 1 N ag. HCI, and the mixture is separated by prep. HPLC to give
the title compound (23 mg) as a white solid; LC-MS: tz = 0.88 min, [M+H]" = 497.08; 'H
20  NMR (CDCls): 60.98 (d, J = 6.5 Hz, 6 H), 1.27 (. J = 7.3 Hz, 3 H), 1.83 (hept, J= 7.0 Rz, 1
H), 2.34 {s, 3 H), 2.44 (s, 3H), 260 (d, J = 7.3 Hz, 2 H), 2.65-2.83 {m, 4 H), 3.18-3.40 (m, 4
H), 3.82-3.96 (m, 2 H), 4.52-4.61 (m, 1 H), 7.88 (s, 1 H), 7.92 (s, 1 H), 8.06 (s, 1 H), 8.51
(s, TH).

25 Example 62
(S)-3-(2-Ethyt-4-{5-[6-{1-ethyi-propyl}-4-methyi-pyridin-2-yl]-[1,2,4}oxadiazol-3-y1}-6-
methyl-phenoxy)-propane-1,2-dioi
2-{(R)-3-[4-(2,2-Dimethy!-{1,3]dioxolan-4-yimethoxy}-3-ethyl-5-methyl-phenyl}-
[1,2,4]oxadiazol-5-y1}-6-(1-ethyl-propyt)-4-methyl-pyridine (42 mg) is prepared by coupling

30  and cyclizing 6-(1-ethyl-propyl-4-methyl-pyridine-2-carboxylic acid (67 mg. 323 umol) with
(R}-4-(2,2-dimethyi-[1,3]dioxolan-4-yimethoxy}-3-ethyl-N-hydroxy-5-methyl-benzamidine
(130 mg, 420 umol) as described in Example 1. This material is dissolved in dioxane (5 mL)
and 2 M aq. HCI (1 mL) and the mixture is stirred at rt for 16 h. The mixture is concentrated
and the crude product is purified on prep. TL.C using DCM containing 10% of 7 N NHa in

35  methanol to give the titie compound (25 mg) as a pale yellow glass; LC-M8™: tr = 0.80
min, [M+H]' = 440.27; "H NMR (CDClg): §0.85 (t, J= 7.3 Hz, 8 M), 1.32 (t, J = 7.3 Hz, 3 H),



71 HCH3CI0.75519.25 72 H CH3 OCH3 0.72 515.20 10 Example 69 1H NMR (0DO0I3): 80.86 (t, J =
75Hz, 6 H),1.31(t,J=7.5Hz, 3H). 1.78 (quint, J=7.3 Hz, 4 H), 2.38 (s, 3 H), 2.71-2.79 (m, 3 H),
2.92 (s br, 1 H), 3.45-3.56 (m, 2 H), 3.76-3.81 (m, 1 H), 3.84 (dd, J =9.5, 6.3 Hz, 1 H), 3.90 (dd, J =
9.5, 4.8 Hz, WO3/B98(3, 3 H), 4.19- 154.24 (m, 3 H), 6.85 (d, J = 2.3 HZCFBROPIH = 5.3 Hz),
7.71(d,J=2.3Hz, 1 H), 7.90 (s. 1 H), 7.91 (s, 1 H}4+Example 73 4-15-[6-(1
-Ethyl-propy0-4-methoxy-pyridin-2-y1]-[1,2,4]oxadiazol-3-y11-2-methyl-6- 20propyl-phenol The title
compound (3 fagyisprepdrddibydool BliFhartl-ty Eling. 6-()-etighpeSay) 4H), 3.82-4.00 (m, 5

methoxy-pyfidiner2-Latapxvie aeid ddrophioride (64 1mg 246, uma)) and @, MN-djhydroxy-3-
methyl-5-prg§yl-benzamne ()24 mg?éo'lZSQ I|5;rnol)e(as dgz]cribe innl]EIPJxample( 1; L(%-MS**: t = 0.88 min,
[M+H]' = 396.29. 25

Example 63

5  N-{(8)-3-(2-Ethyl-4-{5-[6-(1-ethyi-propyl}-4-methyi-pyridin-2-yi]-{1,2 4Joxadiazoi-3-yi}~

G6-methyi-phenoxyl-2-hydroxy-propyi}-2-hydroxy-acetamide
The title compound (35 mg) is prepared by coupling and cyclizing B8-(1-ethyl-propyk)-4-
methyl-pyridine-2-carboxylic acid (87 mg, 323 wumol) and N-((S)-3-{Z-ethyi-4-(N-
hydroxycarbamimidoyl-8-methyi-phenoxy]-2-hydroxy-propyl)-2-hydroxy-acetamide {137

10 mg, 420 umol) as described in Example 1; LC-MS™ tz = 1.01 min, [M+H]" = 487.23; 'H
NMR (CDCl;); §0.85 (1, J=7.6 Mz, 6 H), 1.31 (, J=7.3 Hz, 3 H}, 1.79 (quint, J = 7.0 Hz, 4
M), 2.38 (s, 3 M), 2.49 (s, 3 H), 2.70-2.80 (m, 3 H), 3.48-3.56 (m, 2 H), 3.75-3.93 (m, 3 H),
4.18-4.24 (m, 3H), 7.11{{, J=55Hz, 1 H), 7.16 (s, 1 H), 7.90 (s, 1 H}, 7.81 {s, 1 M), 8.00
(s, 1 H).

15
Examples 64 to 68

o-N — R OH
Peawed
\#\\N \ /0 oH

é Ra Rb

The following Examples are prepared in analogy to Exampie 62 starting from 6-(1-ethyi-

propyl-4-methoxy-pyridine-2-carboxylic acid and the appropriate 4-{2,2-dimethyi-
20 [1,3}dioxolan-4-yimethoxy)-N-hydroxy-benzamidine

LC-MS*
Example R Ry R t [min] N+HT
64 H CHs CH,CHj 0.78 456.32
6o H CHs Cl 0.78 462.17
66 H CHs OCH; 0.75 458.28
67 H QOCH; Ci 0.77 478.18
68 QOCH;, H H 0.68 4dd 21
Exampie 64

"H NMR (CDCls): §0.87 (t, J = 7.3 Hz, 6 H), 1.33 (t, J = 7.5 Hz, 3 H), 1.79 (quint, J = 7.3
25  Hz, 4 H), 2.09 (i br, J = 5.3 Hz, 1 H), 2.41 (s, 3 H), 2.72-2.81 (m, 4 H), 3.82-3.94 (m, 2 H),



Example 74 WO 2009/109872PCT/1B2009/050749 63
N-U2S)-3-(2-Ethyl-413-(5-isobuty1-4-methyl-pyridin-2-y1)[1,2,4)oxadiazol-5-y1)-6-
methyl-phenoxyl-2-hydroxy-propyl)-2-hydroxy-acetamide The title compound (32 m i% prepared by
coupling an@geH¥#iEERE-hydroxy-5-isobutyl-4- methyl-pyridine-2-carbox&fidia (40 g, 193 [tmol)
with 3-ethy1-4-[(S)-2-hydroxy-3-(2- 5hydroxy-acetydamino)-propoxy]-5-methyl-benzoic acid (60 mg,
193 pmol) as described in Example 1; LC-MS: tp = 0.95 min, [M-FH]* = 482.86. Example 75: GTRyS
assay to detedhe7EG5D Walaés (96 T Bitdidraskiystade ferforddh d6WéH inilrotiter plates
(Nunc, 442587 )in adinalooiyme-9f 260 gl 1using membrane preparations of CHO cells expressing
recombinant human S1P1 receptor. Assay conditions are 20 mM Hepes (Fluka, 54461), 100 mM NacCl
(Fluka, 71378), 5 mM MgC12 (Fluka, 63064), 0.1% BSA (Calbiochem, 126609), 1 pM GDP (Sigma,
G-7127), 2. 5%eDMSEIFUK, 41644), 50 pM 355-GTPyS (Amersham Biosciences, 15 SJ1320). The
pH is 7.4. Test compounds are dissolved and diluted in 100% DMSO and pre-incubated at room
temperature for 30 min in 150 pl of the above assay buffer, in the absence of 355-GTP7S. After
addition of 50 pl of 35S-GRyS, thﬁ ass for 1 h at rt. The assay is terminated by
transfer of the reaction mixture tp a iSgreen.plate iITipore, MAHﬁC\lﬂ@bﬁ using a cell harvester

from Packard Biosciences, and the _plates % aré she /vvith{iée\-(bbld 10 mM Na2HPO4/NaH2P0O4
(70%/30%), dried, sealed at the bottom and, aftér addition of | MicroScint20 (Packard Biosciences,

order# 6013621), sealed on the @Q Membranae-bourag 35S-GTRYS is measured with a TopCount from
Packard Biosciences. 25ECK is the concentration of a onis[%indu ing.50 % of the imal specific
35S-GTP7S B g ap &Rt MftfHg Eﬁ@f@ﬂﬁ%@ﬂaﬁ&ﬁ& gg{f’r%en%n-ss[%e@i%crg?ﬁ%?% rom maximal
binding. Maximai pirdistyds, theridmsdrzoiepiic lboidnahtb treametiiateA-prateyrthe presetice of 10
pM of S1P. Nen ific hinding.is; 2 hipgling-mthgabsence of an agonist in the assay.
The EC50 vglﬁﬂgﬁ%%& gg%%%%h%?&@fﬁ%@ng@& 11, 14, 30 15, 21, 22, 28, 29, 45 and 60
have not been measured. Agonistic activities (EC50 values) of all other exemplified compounds have
been measured. The measured EC50 Value of the compound of ExamipteM3 tvas greate# than 10 p,M.
EC50 values of|alEsepexemplified campBeands ar&in the rangg;efia2 to 76QRIFHYT with an average of
345 nM. Agonistlclacggltle§ of some comlp@gsnds; @;,_g@pqpula () ey_egjlisplayed ||5I3a§ﬂ)e 1. WO
2009/109872PCH u.uauua/u‘)uu-rﬁ o4 aué?_{;.. LJUIIMUHL or I:X&[P:[;)Ie ECSU [nJ{ﬂéEZ

70
71 H CHa Cl 0.75 518.25
72 H CH; OCH4 072 515.20
10
Example 69

"H NMR (CDCly): §0.86 {1, J = 7.5 Hz, & H), 1.31 (t, J = 7.5 Hz, 3 H), 1.78 (quint, J = 7.3
Hz, 4 H), 2.38 {s, 3 H), 2.71-2.79 (m, 3 H), 2.92 (s br, 1 H), 3.45-3.56 (m, 2 H), 3.76-3.81
~(m, 1H), 3.84 (dd, J = 9.5, 6.3 Hz, 1 H), 3.90 (dd, J = 9.5, 4.8 Hz, 1 H), 3.99 (s, 3 H), 4.1¢-
15 424 (m, 3 H), 6.85 (d, J = 2.3 Hz, 1 H), 7.07 (¢, J = 5.3 Hz), 7.71 (d, J = 2.3 Hz, 1 H), 7.90
(s, 1 H), 7.1 (s, 1 H).

Example 73
4-45-[6-(1-Ethyl-propyl)-4-methoxy-pyridin-2-yi]-[1 .2,4loxadiazol-3-yl}-2-methyl-6-

20  propyi-phenol
The title compound (3 mg) is prepared by coupling and cyclizing 6-(1-ethyl-propyt)-4-
methoxy-pyridine-2-carboxylic acid hydrochloride (64 mg, 246 umol) and 4,N-dihydroxy-3-
methyl-5-propyi-benzamidine (54 mg, 259 pmol) as described in Example 1; LC-MS™ g =
0.88 min, [M+H]" = 396.29.

25
Example 74



11210271723337.2349.1403.3505.1518.8554.75811.25911.9612.3

10

15

20

25

30

35

WO 2009/109872 PCT/AB2009/050749
63

N-((2S)-3-{2-Ethyl-4-[3-(5-isobutyl-4-methyi-pyridin-2-yl)-{1 ,2,4]oxadiazol-5-yl]-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide

The title compound (32 mg) is prepared by coupling and cyclizing N-hydroxy-5-iscbutyl-4-
methyl-pyridine-2-carboxamidine (40 mg, 193 umol) with 3-ethyl-4-[(S)-2-hydroxy-3-(2-
hydroxy-acetylamino)-propoxyl-5-methyl-benzoic acid (60 mg, 193 umol) as described in
Example 1; LC-MS: tr = 0.95 min, [M+H]" = 482.86.

Example 75: GTPYS assay to determine EC5 values

GTPYS binding assays are performed in 986 well microtiter plates (Nunc, 442587) in a final
volume of 200 pi, using membrane preparations of CHO cells expressing recombinant
human S1P1 receptor. Assay conditions are 20 mM Hepes (Fluka, 54461), 100 mM NaCl
(Fluka, 71378), 5 mM MgCl, (Fluka, 63064), 0.1% BSA (Calblochem, 126609), 1 uM GDP
(Sigma, G-7127), 2.5% DMSO (Fluka, 41644), 50 pM *S-GTPYS (Amersham Biosciences,
$J1320). The pH is 7.4. Test compounds are dissolved and diluted in 100% DMSO and
pre-incubated at room temperature for 30 min in 15C ul of the above assay buffer, in the
absence of *S-GTPyS. After addition of 50 pl of **S-GTPYS, the assay is incubated for 1 h
at rt. The assay is terminated by transfer of the reaction mixture to a Multiscreen plate
(Milfipore, MAHFC1HB0) using a cell harvester from Packard Biosciences, and the plates
are washed with ice-cold 10 mM NaMPO/NaH,PO, (70%/30%), dried, sealed at the
bottom and, after addition of 25 ul MicroScint20 (Packard Biosciences, order# 6013621),
sealed on the top. Membrane-bound *S-GTPYS is measured with a TopCount from

Packard Biosciences.

ECs, is the concentration of agonist inducing 50 % of the maximal specific *S-GTPYS
binding. Specific binding is determined by subtracting non-specific binding from maximal
binding. Maximal binding is the amount of cpm bound to the Multiscreen plate in the
presence of 10 uM of S1P. Non-specific binding is the amount of binding in the absence of
an agonist in the assay. The ECs values of the compounds of Examples 2, €, 7, 8, 11, 14,
15, 21, 22, 28, 29, 45 and 60 have not been measured. Agonistic activities (ECsq values) of
all other exemplified compounds have been measured. The measured ECs value of the
compound of Example 43 was greater than 10 UM. ECg values of all other exemplified
compounds are in the range of 0.2 to 7600 nM with an average of 345 nM. Agonistic

activities of some compounds of Formula (1) are displayed in Table 1.



62 2.2i659.4693.1702.8710.8728.8749.0 Example 76: Assessment of In vivo Efficacy The
efficacy of the compounds of Formula (I) is assessed by measuring the circulating 5 lymphocytes after
oral administration of 3 to 30 mg/kg of a compound of Formula (1) to normotensive male Wistar rats.
The animal¥&&pYL&eIin climate-controlled conditions with a 12 h-light/GAABEAE HAY have free
access to normal rat chow and drinking water. Bloagkis collected before and 3, 6 and 24 h after drug
administration. Full blood is subjected to hematology using Advia Hematology system (Bayer
DiagnosticsTakien; 10Switzerland). All data are presented as mean SEM. Statistical analyses are

g Statistica (SlatSoft) and the Student-Newman-Keuls

ple comparisons. The ntill nypothesis is rejected when p < 0.05. WO

2009/109872PCT/1132009/050749 65 As anZexample, Table 2 shows the effect on lymphocyte counts

6 h after oraradminisirajjpn of 10 mgikg of sgme caompounds of Formula (1) to normotensive male

ed with vehicle only. Lymphocyte counts 6 h after

oral administration have' been measured fofF of the exemplified compounds (Table 2) and are

performed iy AEYSlE & PGS {ANOZET

procedure for mu

Wistar rats
33 7.2
34 9.1
40 3.3
50 5.1
51 8.8
55 4.7
58 11.2
59 11.6
61 2.3
62 2.2
65 9.4
89 3.1
70 2.8
71 0.8
72 8.8
74 9.0

Example 76: Assessment of In vivo Efficacy

The efficacy of the compounds of Formuia (1) is assessed by measuring the circulating

5  iymphocytes after oral administration of 3 to 30 mg/kg of a compound of Formula {f) to

normotensive male Wistar rats. The animals are housed in climate-controlied conditions

with a 12 h-iight/dark cycle, and have free access o normal rat chow and drinking water.

Blood is collected before and 3, 6 and 24 h after drug administration. Full blood is

subjected to hematology using Advia Hematology system (Bayer Diagnostics, Zurich,

10  Switzeriand).

All data are presented as mean + SEM. Statistical analyses are performed by analysis of

variance (ANOVA) using Statistica (StatSoft) and the Student-Newman-Keuis procedure for

multiple comparisons. The null hypothesis is rejected when p < 0.05.

15



5in the range of -35 % to -74% with an average of -64%. Table 2: Compound of Example Lymphocyte
counts 1 -74% 5 -67% 17 -66% 34 -70% 36 -74% 40 -35% 55 * 3 h after administration. 66 Claims 1.

A compound of the Formula (1),
WO 2009/109872 PCT/AB2009/050749

65

As an example, Table 2 shows the effect on lymphocyte counts 6 h after oral administration

of 10 mglkg of some compounds of Formula (1) to normotensive male Wistar rats as

comparad to a group of animals freated with vehicle oniy. Lymphocyte counts 6 h after oral

administration have been measured for 7 of the exemplified compounds (Table 2) and are
5 in the range of -35 % to -74% with an average of -64%.

Table 2:
Compound of Example Lymphocyie counts

1 -74%

3] -67%

17 -66%

34 ~70%

36 ~74%
40 ‘ ~35%

55 -85%"

* 3 h after administration.



R3 Formula (I) wherein A represents or 0-N  N-O  wherein the asterisks indicate the bond that is
linked to the pyridine group of Formula (I); R' represents methyl, ethyl or methoxy; Fe represents
hydrogen; and le represents C5-alkyl or C1_4-alkoxy; or 15RI represents Cm-alkyl or C14-alkoxy; R2
represents hydrogen; and fe represents methyl or ethyl; or R1 represents methyl, ethyl, or methoxy;
R2 represents C3_5-alkyl; and 123 represents hydrogen;

g6
Claims
1. A compound of the Formula (1),
R? R’ R®
—=N
R? \ / A— RS
R? R’
5 Formula (1)
wherein
A represents
* N * N O
S / P el \ L ... U
/A \ or \
10 O—N N—Q N—N

wherein the asterisks indicate the bond that is linked to the pyridine group of Formula {i);

R' represents methyl, ethy! or methoxy; R? represents hydrogen; and R® represents C,s

aikyl or C4-alkoxy; or '
15 R’ represents Cos-alkyl or Cy.-alkoxy; R? represents hydrogen; and R® represents methyl

or ethyl; or

R' represents methyl, ethyl, or methoxy, R? represents Cjs-alkyl, and R® represents

hydrogen;

20  R®represents hydrogen;
R® represents hydrogen, C,s-alkyl, or methoxy;

R® represents -CH-{CH,),-CONR®'R®, 1-(3-carboxy-azetidinyl)-3-propionyl, 1-(2-carboxy-
25  pyrrolidinyl)-3-propionyl, 1-(3-carboxy-pyrrolidinyl}-3-propionyl, hydroxy, hydroxy-Cos-
atkoxy, di-(hydroxy-C,.z-alkyl)-Cyp-alkoxy, 2,3-dihydroxy-propoxy, ~OCH-{(CH,)-NRV'R®,
2-{(azetidine-3-carboxylic acid)-1-yl}-ethoxy, 2-[(azetidine-3-carboxylic acid 'Cy.s-alkylester)-
1-yil-ethoxy, 2-[{pyrrolidine-3-carboxylic acid}-1-yl}-ethoxy, 2-{pyrrolidine-3-carboxylic acid
Ci.s-alkylestar)-1-yil-ethoxy, -OCH,-CH(OH)-CH,-NR®'R®?, 3-[(azetidine-3-carboxylic acid)-



20134 represents hydrogen; R5 represents hydrogen, Cm-alkyl, or methoxY; R6 represents
-CH2-(C1-12)n-CONRG6IR62, 1-(3-carboxy-azetidinyl)-3-propionyl, 1-(2-carboxy- 25
pyrrolidiny1)-3-propionyl, 1-(3-carboxy-pyrrolidinyl)-3-propionyl, hydroxy, hydroxy-C24- alkoxy,
di-(hydroxy-C1.2-alkyl)-C14-alkoxy, 2,3-dihydroxy-propoxy, -OCH2-(C1-12)-NR61R62, '
2-[(azetidine-3-carboxylic acid)-1-y1]-ethoxy, 2-Razetidine-3-carboxylic acid C1..5-alkylester)-
1-yll-ethoxy, 2-1(pyrrolidine-3-carboxylic acid)-1-ylj-ethoxy, 2-[(pyrrolidine-3-carboxylic acid
Cl..5-alkylester)-1-)41-ethoxy, -OCH2-CH(OH)-CH26lMR61R62, 3-[(azetidine-3-carboxylic acid)- 67
1-yl)-2-hydroxypropoxy,3-[(azetidine-3-carboxylicacidCi.5-alkylester)-1-yl]-2- hydroxypropoxy,
2-hydroxy-3-{IF SIS YBIeRE KOy lic 2ieretidineptsiaoigylichydrexid3- [(Syralidieetcastiaxylic acid
g:lh.5C-ialkyIe;tmdrdxyggmgéoxwm?@mm%@&fﬁwﬁd&a&&ym rtﬁ?@”ﬁﬁFH&’M)'@W@;&y-S- SOR63
-hydroxy-3-{ERiAng-gsAaRAxY i idClps A AropuiyPreD A n-NH R63,
_OCH2-CH(OH)-C -N@jg}_fgg, %@%ﬁﬁ%ﬁé , éﬁ%lfo%ﬁ@égﬁégé&g@‘%"ﬁ ICOR64;
126! represefRS Ry roGan. methyT Sty D RItG R TP dinesssamRanic st Cearindartisorlimethyl,
2-carboxyettifPrpey.5-afk§itatEtx B0 & Emird Sty Lid(CH D et aaRFo- e gk REHppresents
hydrogen, orNRIStbRP R 30e eSS Cd13-AMEbrrethylamino, ethylamino, or dimethylamino; R"
represents hydroxymethyl, 2-hydroxyethyl, aminomethyl, methylaminomethyl, 2- aminoethyl, or
2-methylaming;ethyl; 15 n represents the integer 1, or 2; and RT represents hydrogen, methyl or

chloro; 200r Balts TRFERHS . AEBSRburiastitdordifitrio civArexaheteirraiepiastims whéhein the
asterisks indédsiticathexydnethiat ig-tinteottetiiple pgricineatocstabdiethyla 1ixndhoeryaltsdhereof.
10 methylamino-ethyl;
R® represents hydrogen, or methyl;
' _R“ represents C,a-alkyl, methylamino, ethylamino, or dimethylamino;
_ R*™ represents hydroxymethyl, 2-hydroxyethyl, aminomethyl, methylaminomethyl, 2-
aminoethyl, or 2-methylamino-ethyl; ' ’
15
n represents the integer 1, or 2; and

R represents hydrogen, methyl or chloro;
20  or salls thereof.

2. A compound according to claim 1, wherein A represents

# N L] N
.._..‘ / —-,.— -.‘_‘- \ -’_.-
/ or \
O—N N—O
wherein the asterisks indicate the bond that is linked fo the pyridine group of Formula (I};

25

or salts thereof.

3. A compound according o claim 1, wherein A represents
b3

.. /N -
T

Q—N
30  wherein the asterisk indicates the bond that is linked i the pyridine group of Formula (i);

or salis thereof.



~3. A compound according to claim 1. wherein A represents 0-N 30wherein the asterisk indicates the
bond that is linked to the pyridine group of Formula (1); or salts thereof. 68 4. A compound according
to any one of claims 1 to 3, wherein RI represents methyl or methoxy, R2 represents hydrogen, and
R3 represents C2.4-alkyl or 01.3-alkoxy; or-salts thereof, 5 5. A compound according to any one of
claims 1 to 3, wherein R1 represents C2_4-alkyl or C1.3-alkoxy, R2 represents hydrogen, and Fe
represents methyl; or salts thereof. 6. A compound according to any one of claims 1 to 3, wherein
RI represents methyl, R2 10 represents Cralkyl, an®3 represents hydrogen; or salts thereof. 7. A
compound according to any one of claims 1 to 6, wherein at least one of R6 and R2 represents a
group other than hydrogen; or salts thereof. 15 8. A compound according to any one of claims 1 to 6,
wherein R6 fepfesemeoa BCai{ingr ihembRpe & ¢ hinte PrésénteimesinyR bregintseoio realtg thereof. 9.
A compoundruseidiRy tepREde RaRIEE e & WBERIBRO CEPERSRIYS cCl-diray He i iINREIR62,
1-(3-carbox¥5%]z§f§}dinyl)-3-propionyt, 1-(2-carboxy-pyrrolidinyl)-3-propionyl, 1- 20
(3-carboxy-pyrrolidinyl)-3-propionyl, di-(hydroxy-C1.2-alkyl)-C1ralkoxy, 2,3-dihydroxypropoxy,
-OCH2-?CI2)O-NR61R62, 2-[(azetidine-3-carboxylic acid)-1-ylkethoxy, 2-Kazetidine3-carboxylic acid
C1.5-alkylesterf tofnethostya2d(gigg thidimecBe afstaiyticiaid)- dydratR Ky pres pyid @igiasad-earboxylic
acid CL4-alkglesiRty. W eltesimyiiaoeh ik CeaiEed Rafy &asl st carbonyic
acid)-1-y11-2-hydroxypropoxy, 3-[(azetidine-3-carboxylic acid C1_5- g
25alkylester)-1-y11-2-hydroxypropoxy,2-hydroxy-3-[(pyrrolidine-3-carboxylicacid)-1-yl]- propoxy,
2-hydroxy-3§(pyrFomRraEtd-earaekys dueny eneapkwans: | toyd)-prsseinyR Drepresents methyl, R?
hydroxy63-[(mpmsdistisec2-atiayh axgliRacigd)e eyl prapsaenoh ganepetelpyrrolidine-2- carboxylic acid
G,_s-alkylester)-1-y11-propoxy, or -0C1-12-CH(OH)-CHrNHCORG64; or salts thereof. 30 10. A
“compound agc rdiﬁn{g to any onedof claims 1 to 8, wherein R6 represents 2,3- dihydro>éy-pro JOXy, or
-OC12-CH( H()%\C? AAHTE SRBAVR9 Lo R0NRER.8F Cais Tale SmiskerRir atleaehingacichimnd Blected
from the grdﬂgr@gﬁgﬁ@%@ other than hydrogen; or salis thereof.
35Ni-[(S)-3-12-ethy1-445-(6-isobuty1-4-methyl-pyridin-2-y1)11,2,4)oxadiazol-3-y1]-6-

mEthyHBhe@Xx}%ﬂﬁgﬁ%)@g@mﬂa'%'QXQW@%‘FJF}“@Q?& 6, wherein R® represents C,s-alkyl! or

methoxy, and R’ represents methyl or chioro; or salts thereof.

8. A compound according to any one of claims 1 to 8, wherein R® represents -CHy~(CHy)u-
CONR®'R®, 1-(3-carboxy-azetidinyf}-3-propionyl, 1-(2-carboxy-pyrrolidinyl)-3-propionyl, 1-

20 (3-carboxy-pyrrolidinyl)-3-propionyt, di-(hydroxy-C,.;-alkyl)-C, -alkoxy,  2,3-dihydroxy-
propoxy, ~OCH;-(CH,)-NR®'R®, 2-[(azetidine-3-carboxylic acid)-1-yi}-ethoxy, 2-{(azetidine-
3-carboxylic acid Cy.s-alkylester)-1 -yll-ethoxy, 2-{{pyrrolidine-3-carboxylic acid)-1-vi]-ethoxy,
2-{(pyrrolidine-3-carboxylic acid C,.s-alkylester)-1-yil-ethoxy, -OCH,-CH(OH)-CH,-NR*RS,
3-[(azetidine-3-carboxylic acid)-1-yl]-2-hydroxypropoxy, 3-[(azetidine-3-carboxylic acid C, .5

25  alkylester)-1-yll-2-hydroxypropoxy, 2-hydroxy-3-[(pyrrolidine-3-carboxylic  acid)-1-yi}-
propoxy, 2-hydroxy-3-[(pyrrolidine-3-carboxylic acid C,s-alkylester)-1-yl)-propoxy, 2-
hydroxy-3-{{pyrrolidine-2-carboxylic acid)-1-yl]-propoxy, 2-hydroxy-3-{pyrrolidine-2-
carboxylic acid C, s-alkylester)-1-ylj-propoxy, ar -OCH,-CH(OH)-CH,-NHCOR™:

_ or salts thereof. -

30
10. A compound according to any one of claims 1 o 8, wherein R® represents 2,3-
dihydroxy-propoxy, or ~-OCH-CH{OH)-CH,-NHCOR®: or salis thereof.

11. A compound according o claim 1 selected from the group consisting of.
35 N-((S)-3-{2-ethyl-4-[5-(B-isobutyl-4-methyl-pyridin-2-y1)-[1,2,4Joxadiazal-3-yi}-6-
methyl-phenoxy}:-2-hydroxy-propyl)-2-hydroxy-acetamide;



69 " N-((S)-3-{2-ethyl-445-(4-isobutyl-6-methyl-pyridin-2-y1)-(1,2,4joxadiazol-3-y1J-6-
methyl-phenoxy}-2-hydroxy-propyl)-2-hydroxy-acelamide; :
2-hydroxy-N-((R)-2-hydroxy-3-{4-[5-(6-isobuty1-4-methoxy-pyridin-2-y1)-
[1,2,4]oxadiazol-3-y1)-2,6-dimethyl-phenoxyl-propylyacetamide;
52-hydroxy-N-US)-2-hydroxy-3-(445-(6-isobuty1-4-methoxy-pridin-2-y1)-
[1,2,410xadiazol-3-y11-2,6-dimethyl-phenoxyl-propyl)-acetamide;
N-US)-3-{2-ethyl-445-(5-isobuty1-4-methoxy-pyridingéry1)-(1,2,4]oxadiazol-3-y1]-6-
methyl-phenoxy}-2-hydroxy-propy1)-2-hydroxy-acetamide;
(S)-3-{445-(6-isobufy1(3)Irériy-pyhidhioiat B @b raddaedlyD-y1 1 2j6xdinaetng-y]-6-
10phenoxy}-preRgnshdad hod:hydroxy-propyl)-2-hydroxy-acetamide;

(R)-3-(2-cthyl-4-15 G gaRy R AEPE R Ra3 RdIRES) S M g e yipheno-propa
(S)-3-{2-ethyLua4IpsedBringri-ARstHpeseoo R M raseiamigst-3-y 1]-6-methylphenoxy}-propane-
1,2-gi(|)l; ﬁsN-v;gi;{zéemmﬁﬁ;wmmmlspwmm&y&w)okihayﬂiamxaqi;azo|-3-A-6-

- methyl-phengx\y oY GERRY. I ir ORI PRGRRG IS Y-acetamide;

ety a45 ooy IO B bk T
3-(3-(2-ethy 102iBY(Bhepmidyd-drrahprapicRrhedioyfacelafusdediazol-3-y 1]-6-methyl-
20phenyl}-propionylSiFin@)ipepieisyaaichansaltsy AL SR oM RRMEGR 4122 M COBIBRIAT according to
claim 1gglec g,{gg%‘;%gqg_q&g:&aslstmg of

2-{2-ethyl-445-(5-is uty14-meth¥l-@/_r,idin-2-y1)41,2,410xadiazol-3-y1J-6-methyI-
25phenoxy}-ethylarh] -e’5;~{2~ethyl-4~ 5-{5-isobutyl-4-methyl-pyridin-2-yl)-[1 .2,4joxadiazol-3-yl}-6-methyl-
3-(2-(2-ethy1rhasglissipanet 14Riethyl-pyridin-2-y1)-0,2,4)oxadiazol-3-y1]-6-methylphenoxy}-ethylami

no)-propionic acid; (S)_-B-{2-ethyl-4—[5—(5«isobutyl-:t-‘r-melhyl-pyridin—:?—yl)f[1,2,4§oxadiazol-3- )-6-methyl-
N-(2-{2-ethpr14§4_%-,@; %Qégg_ll-ﬁ;m.thyl-pyrldln-z-yl)-o,2,4)oxad_|a_zol- -y1]-6-metI!|yIphenoxy}-ethyl}-2
-hydroxy-acetamide, -?(nZ-ethy1-445- S-isotrutyl-4-methyl-pyridin-2-yl}41
2,4)0x 8iazo|-314)§5-§%5 - HEAIR R RN TethKspyridin-2-yI)1,2, djoxadiazol-3-y1}-6-
(S)-142-ethymrifBi(ghrnsity-tydrexitdeppylit@dr ey bdaindadiazol-3-y 1]-6-methylphenoxy}-3-(2-hyd
roxy-ethylamino)-prayast#ol: [steBesuHPAlaASH Sy Hdn 25y A A arisal Wih 4R thyl-pyridin-210-

phenyl}<N-(2-hydroxy-ethyl)-propionamide; and

3-(3-{2-ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-y1)-[1 2, 4Joxadiazol-3-yl}-6-methyl-
20  phenyi}-propionyiamino)-propionic acid;
or salts of these compounds.

12, A compound according to claim 1 selected from the group consisting of:
2-{2-ethyl-4-{5-(5-isobutyl-4-methyl-pyridin-2-y1)-[1 .2,4Joxadiazol-3-yl]-6-methyl-
25  phenoxy}-ethylamine;
3~(2-{2~ethyi—4—[5~{5-isobutyl#methyi-pyridin-z-yl}-[1 .2,4}oxadiazol-3-yl]-6-methyl-
phenoxy}-ethylamino)-propionic acid; _
N-(2-{2-ethyl-4-[5-{5-isobutyl-4-methyl-pyridin-2-y)-[1 ,2,4Joxadiazol-3-yl}-6-methyl-
phenoxy}-ethyl)-2-hydroxy-acetamide;
30 2-{2-ethyl-4-[5-(5-isobutyl-d-methyl-pyridin-2-yi)-[ 1 ,2,4}oxadiazol-B;yl]-S-methyi-
phenoxy}-propane-1,3-diol; :
(S)-1-{2-ethyl-4-[5-(5-isobutyl-4-methyl-pyridin-2-y! H1,2,4loxadiazol-3-ylj-6-methyl-
phenoxy}-s-(2-hydroxy—ethy!amino)-propan-2~ol;
ethanesulfonic acid ((S)~3-{2—ethyl-4-{5~(5-isobutyi~4-methyl-pyridin-2-yl)-
35 [1,2,4}oxadiazol-3-yl]-6-methyi-phenoxy}»Z-hydmxy-propyl}-amide;



35[1,2,410xadiazol-3-01-6-methyl-phenoxy}-2-hydroxy-propylyamide; 70
34(S)-3-{2-ethyl-4-[5-(5-isobuty1-4-methyl-pyridin-2-yl)-[1,2,4]oxadiazol-3-y1]-6-
methyl-phenoxy}-2-hydroxy-propylamino)-propionic acid; ‘
(S)-3-(2-ethyl-4-{546-(1-ethyl-propy1)-4-methyl-pyridifn2-y1H1,2,410xadiazol-3-y11-6-
methyl-phenoxy)-propane-1,2-diol; N _ _
5N-[(S)-3-(2-ethyl-@{@&ﬁd«ﬂ%ﬁﬂ%{iﬁy&-)s%ﬁn%ﬂw Hﬂw{gh-%gi%F?ézgdk%?%la{%gfg—{ﬂ—6_
11-6-methy]- -2-hydroxy-propyll-2-hydroxy-acetamide. (S)-3-(2-Ethyl-4- -(1-
gthyl-pToi)y{k%mﬁéﬁég r?dm%osﬁ%gr , ,ﬁﬁ%‘)@(@éﬁl{\cﬁ%ﬁg'@fﬂgimethyl-phenoxy)-propane-l,2- diol;
(S)-3-(2-chloro-4-{536-31 ety rdpy @) ratiothrpyby fidie Py pyadin. 2 XA dl sdokBidz ol 3-yl}-6-
0y|}-G-meth%fq@ngxyhﬁz(ﬂq%qesla%@ﬂ;@ljiécl;f; th idin-2-y1H1,2 ,41oxadiazol-3
N-[(S)-3:(2-ethyl-4-{5-[G-(1-ethyl-pr -4-methoxy-pyridin-2-y 2,
yl[l(-6)-rf15e(thsl-p¥1enégdgb-%ﬁéd?g@:%%% ](éiﬁwpmpgﬁéﬁé{ﬁﬁﬁyf'pyﬂd'”'2‘3”]“‘{112'4]°Xad‘320"3“
N'-RS)-3-(4-{35}46-(!1%13’1yﬂ#@mpw-memwpmwww-@émmdiazoI(@M}(Z@thyl-4—{5-{6-(1-
dimethyl-pheg Vp)rgpbbégf-%ﬂﬂ{%l\ﬁ}&a%52915%%%8}%8?&1 - ?f%ﬁs-f[lf’%xﬂéphen xy)-propane-1,2-

5N-RS)-3-(2-chloro-4-{5-[6-(1-ethyl-propyl)-4 Xy-pyridin-2 oXadi
3-y11-6-metﬂ&ﬂtphenoxy)-2-hydroxy-propyl]-2-hydroxy-acetamlde; N-RS)-3-(4-{546-(1
-ethyl-propyl)-4-m¢ﬂj®4mﬁyﬂidm12{§uf$1@&é{}@@ﬂhwd 'AarMé}haxy-pgridin»%-yl}-ﬁ 2, 4Joxadiazol-3-
methoxy-6-mgthyl-phenoxy)-2-hydroxy-propyll-2-hydroxy-acetamide; an
N-((23))%-{2®e§“§ﬁ§@%§@%%%’f¥hﬁﬁ§h@?-S;l/?Tdin-2-y1)-[1,2,4]oxadiazo|-5-y11-6-methy|-
20phenoxy}-2-hydrixfSirdpstbyvi ol d ceitatnitend-4attstobtheseidiorBpdiinds 4]odaidvol- 3-

pharmaceutigpbcoBtRASHRRGIRHESHS ung. At _ocl,jgggfg]@@’/ one of claims_ 1to12,0ra
pharmaceut?gglly a Cﬁgggb%ﬁle %alt thereofy ﬁg%?i? gglarﬁaﬁggutically acceptable 25carrier. 14. A
Nlls ,

compound accordi {Fome Bt LIRS A A-arelhonumiaeindodhl! dotioyadmedaintingibof, or a
pharmaceutaisibyhpbsitiony st tyrting -{oratelFe 13 dfekpsedsmaigaedicament. 30 15. Use of a

d accordi aynC Clakms Lt s harmaceutically. acceptahle, salt ther _of, in the
S;);]E?alg:ure of a m@éﬁ%ﬁnﬁzﬁ{ﬁh%%ﬂégt%ﬁ%oPq{(r)%errrl‘teo C@i%e?&é‘%éé”or ?ﬁﬁl)s@r%é% )éaséé%%? ted with
an activatediHireEpdiianasie-tronpeemaan epobagrigrideny one of claims 1 to 12, or a

pharmaceutically asicgpian|e-ioemal-Brépg mameinsiyeRidhmegigapens iiitis rrgyention or
reatment of i3k Re8 Sl SREAER S5)SEIS ISR 9L SRS g afeeciion of ranspianed
N-({23)-3-{2-ethyl-4-[3-(5-isobutyl-4-methyl-pyridin-2-yi)-[ 1 ,2,4]oxadiazol-5-yl]-6-methyl-
20 phenoxy}-2-hydroxy-propyl)-2-hydroxy-acetamide; '

or salts of these compounds.

13. A pharmaceutical composition comprising a compound according to any one of claims
1 to 12, or a pharmaceutically acceptable sait thereof, and a pharmaceutically acceptable
25  carrier.

14. A compound according to any one of claims 1 to 12, or a pharmaceutically acceptable
salt thereof, or a pharmaceutical composition according to claim 13, for use as a
medicament.

30
15. Use of a compound according to any one of claims 1 to 12, or a pharmaceutically
acceptable salt thereof, in the manufacture of a medicament for the prevention or treatment

of diseases or disorders associated with an activated immune system.

35 16. Use of a compound according to any one of claims 1 to 12, or a pharmaceutically
acceptable salf thereof, in the manufacture of a medicament for the prevention or freatment

of diseases or disorders selected from the group consisting of rejection of transplanted



71 organs such as kidney, liver, heart, lung, pancreas, cornea, and skin; graft-versus-host diseases
brought about by stem cell transplantation; autoimmune syndromes including rheumatoid arthritis,
multiple sclerosis, inflammatory bowel diseases such as Crohn's disease and ulcerative colitis,
psoriasis, psoriatic arthritis, thyroiditis such as Hashimeto's 5 thyroiditis, uveo-retinitis; atopic diseases
such as rhinitis, conjunctivitis, dermatitis; asthma; type | diabetes; post-infectious autoimmune

diseases inclughing tehmaticitery dnst phstinfreinussglomeyulpnesirisisg solig cragars-andHsynor
metastasis. diseases brought about by stem cell transplantation; autoimmune syndromes including
rheumatoid arthritis, multiple sclerosis, inflammatary bowel diseases such as Crohn's
disease and ulcerative colitis, psoriasis, psoriatic arthritis, thyroiditis such as Hashimoto's
5  thyroiditis, uveo-retinitis; atopic diseases such as rhinitis, conjunctivitis, dermatitis; asthma:
type | diabetes; post-infectious autoimmune diseases including rheumatic fever and post-

infectious glomerulonephritis; solid cancers and tumor meiastasis.



