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WO 2009/ 024905PCT/ 1B2008/ 053269 1 PYRI DI NE DERI VATI VES
AS S1P1/EDGL RECEPTOR MODULATORS 5Field of the
w0 pwee490h The present invention relates to SREUIHED®&I053269
receptor agonists of Formula (I) and their use as
active ingredients in the preparation of
phar maceuti cal conpositions. The invention also
concerns related aspects including processes for the
pryrgarsg iDERIVAYIVES tAses T poeM RECEPITRr MelBaroral
conpositions containing a conpound of the Fornula (1),
and their use as conpounds i nproving vascul ar function
and as i mmunonodul ati ng agents, either alone or in
conbi nation with other active conpounds or therapies.
15 Background of the invention The human inmune
Fielgcot-the inventiolned to defend the body against foreign
m cro- organi sms and substances that cause infection
Ther paiseabswentionpelates &y SN &Y E D Greataptcs regosistsirod Rdmatula (1) and
the i mune response js targeted against the intrudin "
theip USEIAT AR BI9T8YIgANS @nﬁ%narqp@fat%wﬁgha&rﬂ%c%w C@’%pos't'ons-
T@ﬁ@eﬁﬁﬁ?élso%ﬁ%@rr&%ﬁd@é a é&%ﬁh@ﬂ@in@kﬁoéé‘s’s%@%?fr%dpreparation
and aut ol nmune responses cah devel op. consequence of
oftthe coropoumndd,| eriarmrddeatnalt coypoeiipos seontainggyar eompound of the
Fot%@gqnn(gﬁfe!nlc{ ﬁrtée'iaf%%e%rgn%&hg%@&”ﬁ&%i‘r@wdéE\éﬂcq%;yraernllunction and as
imWn@écﬁﬁﬁ'ti@“dag?é?ﬂs,bW'eﬁ abhki bY 1o coffifihatich with other active
infections i's also severely 25 conprom sed. Typica
compayndisroritherapisass i ncl ude azat hi opri ne,
chl oranmbuci |, cycl ophospham de, cycl osporin, or
met hotrexate. Corticosteroids which reduce
i nfl ammati on and suppress the inmune response, may

Back¢groundast thiefinotatiohen used in | ong term treatment.
Nonst eroi dal anti-infammatory drugs (NSAIDs) can

THeERUWREN ARINAURN Sy dtBR] ANIeigey tdaBRYRI thel by §?‘é’ih§ﬂ foreign micro-
considerable side effects. 30Alternative treatnents
organibigcang cubstarces tet icause ivfedsiooc@r egesisenéomplex regulatory

Lanal ing.. O al cti C i.t.h . . .
GRS S et P B8 REEBASe s againgt the intruding
subBianEe SeoRES and nut tdydisstugednssidan edrestecasesulitese control

significantly inprove current treatments of
MeFEsVImS| PEal HATEGAIATRE o epiddiaskeigEnungyresponses can develop. A
/ 905R(CT/ 3 iel d.of
IR SR TR bl Ml L0 o, o
tissuppr gsistedarmager Biittndurcery areat@ent tthe wholg gamune system is usually

transplant recipients can _experience so rejectio
Sugv@?aﬁﬁe@n@hépeabegvékia@'tv n@%bptoeggﬁ%%%@s.aqso severely
coﬁﬁirﬁﬁﬁé ! TgpHae § i eideridsy iftidde d24sibpficy chjorambucil,

eks after transplantation, but rejection epPsodes
cyclaphasitaraiep ecyahasmionis, cor evetholyexates. dorticosteroids which reduce

. fransplantation. Conbinations of up to three or .four

fAAEPRGHL SHEDES AR TCES "BoPYfise MAKIGURS 08 Sfects when

us@ﬁoﬁwel‘éhgoiérﬁgﬁéﬁﬁﬁerﬁt?ll\ﬁfﬁs‘té’r@idﬁl"drﬂi-iﬁTd?hﬂWa?dr?gdrﬁlﬁge(NSAle) can
effects.” Current standard drugs used to treat the .

redege: gaioranst infleamspliemt Bawevesartbey nexribie raonaidenable side effects.

I screte jntr I a V.S 0.t ivatian. .
A God s Bt Phodts B2 SRk eiBlkdheing
drugs are 10 cycl osporin, daclizumab, basilixi mab,
Orallg raetivengempounl&a@th invhundmoalkitihgrpropéities cwitheuth@ompromising
. release or signaling; azathioprine _or |eflunom de, _
IMHNE respenses AL yﬁhi E%jl@?ﬁt pide; sffegls would significantly improve
' . e A _ ocyt e
cu R B B e e o 0 L o
I mmunosuppressive therapies relate to their effects;
however, the generalized i munosuppressi on which these
drugs produce 15 di m nishes the i mune systenis
def ense agai nst infection and malignanci es.
Furt hernore, standard i mmunosuppressive drugs are

Y - o o o o o S e
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The general terns used herei nbefore and hereinafter
preferably have, within this disclosure, the foll ow ng
woreanioznyss unl ess ot herw se indicated: 20The tRECTIB2008/053269
"C-alkyl" (x and y each being.,an integer), refers to a

saturated straight or branched chain al kyI group

0 i nin For exa
In G /1 gRR UErEaRTIAD fiedes BT ERoRss Buset be suppressed
to ab&Vent '%ﬁ@éﬁsr%‘@éfngeO@WFa%%PFﬁc thlpﬁeﬁ%kan géﬁbé?ﬁance some
i ncl ude nethyl; ethyl pr opy i so-propyl, n-but
rejiestom gven, wbe@-tbay yare taking- mmgqusupgm&l\ga drugs. Rejectlon occurs
and, 2,

oS @ity sa R aRY ey RS ek T R Bt st episoces

caftdizd haPp@tﬁ et ths 0B @vER 9RElS afﬂelbtl#érYé Iaht&ﬂ@h’t&bmbﬁﬂons of up to
3-penty Preferred exanples of Cl _4-al kyl groups are

threst qary‘iour anegicationsr aigycomMeBlh Hees 110 aiveh taxiMumnigrotection against

reje?ﬁorp l%H’I‘e r’A:> ﬁlﬁ{lfﬁ% gsgdg)%q‘fg&is?s(i)@rgeﬁ?éln’%ﬁ gr%sg g%ég ﬁ_Betreat the

rejléb&éreblf edmefslaﬁtdoﬁergafnsﬁﬁtfér@réy\htrm|SUMe anteacellbhal pathways in the
n- pr opy i SO- pr opy and i so-butyl. Preferred

aCBngﬁﬂ & Ttyrgy 050 tMP‘Ry\{V itf Ripd Smﬁﬁ%/mp'ﬁ%oo"eﬁHW drugs are

cylBsBORS! BZARRRET HEAAGRLES R, & PRDEyFEH hierfere witn
al k group contdaining x to y carbon atons. For

cytotamep FeleaseCbr 4igradlikgx pzgthampineoort kiflosomiden whiehtiohibdutucleotide

syéﬁ{g%g{g o?h%%@%ﬁ%r%@% LAl mé?np%g%?%l fferentlap o

I SO- propoxy, n-butoxy, |sobutoxy sec- but oxy and
THeetBénéﬂé:ﬁaJ’@fec%"@ff@rbb@dnﬁ?ﬂ@\@u%régsn@th‘éréﬂ)lléwéla% i Beir effects;

are 5 ethoxy, n-propoxy, and iso-propoxy. A preferred
how@(@m ghef %r@la@eél NWU@WW@I%tM@i@h theset girugs produce

dm@sﬁ/ac){ﬁé ﬂrmﬂwe %{%@rﬂ% %e?éar%% %g'aﬂ%t alﬂféd?l'bﬁg%%ikmallgnanmes.

one oOr I 'nat i1 on, rs to a cycl Ooa

Flﬁ!‘n@mnoﬁe) rgtanmngummunowgmewtre aroge ard-ofteh Lseaaphighadosages
6- cycl oal kyl group contains fromthree to six

a@m%@&ﬁacm@a@s@matw@a@am es of
C3_6-cycl oal kyl groups include cycl opropyl,
cycl obutyl, cyclopentyl, and cycl ohexyl. Preferred are
cycl opropyl, cyclobutyl and cycl opentyl. Most
Desariptioredf the meindiment yl . 15 The conpounds of Fornul a

(1) may contain one or nore stereogenic or asynmetric
Theepieseant wﬁﬁéﬂhoﬁsprcﬂaegrndver EomPYONES Iof Fapiuld () abMBre agonists
The conpounds of Fornmnu (L) t hus be present as
formfie & GRoH-Soapled EsRERs §1P B! s1d, havearRowerul and long-
r t r
Iasﬁ Eaﬁﬁrtr@ gﬁf]o%glalrﬁa Hﬁ& Whlé{%%%ge&ggnﬁg%ﬁypﬁg the Iqumber of
cureuliatlngcanmmfultm‘tuagemmmer Igmmmfcpres withbet eﬁeetfrtgamalromturatlon,

mETRPRG A P aNSont e sddction i @Paelg dhaENEsCK g 35 @ result of
S1@9ED@P%§0§@H S’pos%fbc!ﬁ?l Iﬁmv@er emﬁﬁ;t’ﬁ'é: ﬁt? A rQ/?d "ﬁprovement of

appropriate and 'expedi ent p ormis
enldgtlrtEI'r[abceld:dzmeolfmd@]orsai;smlatpdMlﬂnﬁélﬁ’tﬂ/Eam activation, makes such

conposj tion es an i ke his is inten
ot et 40 Rgt ancBielith MATmAGy° plsasPind %6 mprove
vaSalilbp futcBoRaiRl er abl y the phar maceutl cally acceptabl e

salts of the conpounds of 30Formula (1). WD

2009/ 024905PCT/ 1B2008/ 053269 5 The term

Thﬁpﬁ%ggﬁrg& !oﬁ b%ﬁ)ﬁg%&gpﬁgegtiqﬁ g!aésrfe hgﬁ%oz ogwgsgr in combination
withdstahdam éigsSnhibiingr Paek acavation, lf@dﬁb\ﬁde asv |mmunomodulat|ng
sel ection for basic drugs", Int. J. Pharm (1986),

thergpy 2with 8i Gedﬁ%dl RRRDSNSEY o8 'HfQ%'OE‘% weoR| cq;ppar(gdnéo 'standard
conmpounds of Formula (1), Pyridinel APyridine2 Fornul a
(I') wherein 15 wherein the asterisks mark the bond
with which the Pyridinel ring is bound to A, Rl
represents Cl_5-al kyl, Cl_4-al koxy, C3_6-cycloal kyl,
hydroxyrret hyI or NRlaRI b RI a represents Cl 4- al kyI

P — e N ~A = -
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R5a represents Cl_4-al kyl; RSb represents hydrogen, or
Cl 3-alkyl; or R5 represents Cl_2-al kyl, or nethoxy;
waraIRBI9Epresents Cl_5-al kyl, or NR6aR6b; R7T/IB2008/053269
represents Cl_5-al kyl; R8 repéesents Cl_2-al kyl, or
met hoxy; 15R9 represents Cl_52al kyl; R19 represents
V\herel the asterjis

MR GSORETAsKiYe tErmAEAANER PR | b@ﬁomﬂpéandﬁ.q@he presait invention

caﬁyr'b@' n%%eﬂepfrﬁs%a)‘i“@oln&%n r eptes eidbiticéd_4d8ddods of traditional
3-al koxy, hydroxynmethyl, or NallaR1113; Rua

lmmwmgepte§smt 3therapies, Ritm r ppavisentan hyhe ogme, dand  effective

. Cl1 2-al kyl . represent s dr 1

it e B0 VTR ) P SRR R et oRg B rgan damage

as660BRKENWEh Chigher! lkes RbBbspBRRS erﬁmuhwn;gge@sw@r drugs. The
Cl _2-alkyl; Rl14 represents Cl_2-al kyl

ohsgp/reélggrqurr@@\eedaemtheuﬁl mﬁlgmfgacthhasm@ated with S1P1/EDG1

o BGOSR p gl v cton

represents Cl_2-al kyl; and R16 represents Cl _4-al kyl,

or NR16a R16b; .-.16a Krepresents Cl 3-al
Thegricleqligle S‘?%ﬁ@@e&ﬂds h%?‘tﬁ@eﬁc' dseqggnce EPrktDﬁ -human S1P1/EDG1
I
reééﬂﬁﬁé@@kég\%-gﬁrt@%téﬁsa&t Sg%f%gﬁ rrﬁe?—ﬁraa Tkybrp(d Maciag, T. J.
B/oleﬁhemeﬂ% (C39@), ABRSI9Y31INDVO ¢ 91/15583 published 17 October 1991; WO

99%60297/ %?Igﬁ(g/ Jfgzg%%{eorgg’éngm%g The potency and efficacy of the
compounds of Formula (1) are assessed using a GTPyS assay to determine ECsg
values and by measuring the circulating lymphocytes in the rat after oral
administration, respectively (see in Examples).

The general terms used hereinbefore and hereinafter preferably have, within this

disclosure, the following meanings, unless otherwise indicated:

The term “Cy.y-alkyl” (x and y each being an integer), refers to a saturated straight
or branched chain alkyl group containing x to y carbon atoms. For example a Cq.s-
alkyl group contains from one to five carbon atoms. Representative examples of C1.
s-alkyl groups include methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-
butyl, tert-butyl, n-pentyl, iso-pentyl, 3-pentyl, and 2,2,2-trimethylethyl. Preferred
examples of Cqs-alkyl groups are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, and 3-pentyl. Preferred examples of C4-alkyl groups are methyl, ethyl, n-
propyl, iso-propyl, n-butyl, and iso-butyl. Preferred examples of Cas-alkyl groups
are ethyl, n-propyl, iso-propyl, iso-butyl, and 3-pentyl. Preferred examples of Co.u-
alkyl groups are ethyl, n-propyl, iso-propyl, and iso-butyl. Preferred examples of C4.

s-alkyl groups are methyl and ethyl.

The term “Cyy-alkoxy” (x and y each being an integer), used alone or in
combination, refers to an alkyl-O- group wherein the alkyl group refers to a straight
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with the exception of
3-(2-ethyl -4-pyridyl)-5-(2-ethyl-4-pyridyl)-1, 2, 4- oxad
WO 2000024903JS 3, 647, 809). 5ii) Anot her enbodi neneCDIB20682053269
invention relates to pyridine, conpounds according to
enbodi nent i), wherein R2 rep‘}esents hydr ogen, or
1 4-al kyl .. Anot her. enbodi ne of, the
Or%ﬁ%?ﬂﬁotghﬁ"elaé%g%%o SOPERE Xc@rﬁb&ﬁ 2oty dikgxegele a Cia-
all@ﬂg UBrHon'téan“frdrh bneBebet Bar‘anRa@coﬁfs Weﬂr@@érﬂﬁﬁ\?g &xamples of
rogen, 2 represents Cl2- 10al kyl. iv) Anot
C@n@jb@lxwgmumfmcllmdeu memyoathpéyan@gop@(ypym arop@xy, n butoxy, iso-
qun accaording to a one of enbo i), 10
bﬁ?&’ A, aﬁg (e aaXy R eXREnS P@é'%‘é??&’ groups are
etidty briopbxy hendPydo- Qﬂdﬂ)@kyfArmefe%ré@PGMnb@ of a Ry, 5- alkoxy group is
represents Cl_5-al kyl, -al koxy, C3_6-cycl oal kyl,
MeihoKR1aR b; Rl a repr esent s Cl _4-al kyl ; R b
represents hydrogen, or Cl_3-alkyl; or Rla and Rib,
together with the 25nitrogen that is attached to the
They terth '€, yfogclmea(yﬂy(x aniddiyneach ngsindlart dptegee)tissed alone or in
Cl 4-al ky R3 resents ClL 5-al kyl; R4 represents
coppl Qatgquyqeferng ,aeﬁy ggﬁysg@upstgm@;mmgaﬁ&o% arbon atoms For

S IR o r Gk, (CRISRE TR | 0Dlix eqron atoms.

Reftreserbliye exB®plepot Sepicyclonl k3 grdxqps, mlé@deepycéspmpsl cyclobutyl,
1 5-al kyl : R19 ts CL 2-

oy SERARD. AT\ GRBP BT PreTai e i, R At ¥ ackdBh T Bl pyciopenty!.

Méﬁ%refe?réd'lgﬁglob@niyhe Pyridinel ring; Pyrldl ne2

represents erein'the asterisks mark the bond with
which the Pyridine2 ring is bound to A; R' represents

e B MO TP L potarl e B fhRogenic o5 asymmetric
ceflerg; 3Lkl as Rine foﬁipm@ré%/n%eﬁroabKWOn a¥ns. The compounds of
2009/ 024905PCT/ 1B2008/ 053269 10 R13 represents

Fammula d) Riay, thyp berareasnzas Miigees efpylemaisamers Q-prekefpbly as pure

s LSRo o cPRlb B BRE bl hef 18 oAbt fpameg known

a pergentskitedrielttes @g. t o pyri di ne conpounds according to
any one of enbodinents i) to iii), wherein Pyridinel
represents R2 , or * 10 N

Any reference hereinbefore or hereinafter to a compound of Formula (I) is to be
understood as referring also to salts, especially pharmaceutically acceptable salts,
of a compound of Formula (l), as appropriate and expedient.

Where the plural form is used for compounds, salts, pharmaceutical compositions,
diseases and the like, this is intended to mean also a single compound, salt, or the
like.

Salts are preferably the pharmaceutically acceptable salts of the compounds of
Formula (I).
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wherein the asterisks mark the bond with which the
Pyridinel ring is bound to A; Rl represents

W@2003/0249851 , Cl_4- al koxy, C3_6-cycloal kyl, or MNRU/EHRA68/053269
RC1_4-al kyl; 15al b represents_hydrogen, or Cl_3-al kyl;
R2 represents Cl_4-al kyl; R3 $epr esents Cl1_5-al kyl,

Cl, 4-al koxy, or NR3aR3b; represents Cl 4-al kyl ;. ,
TSOREE' ¢ BBPLIRIRY dr ageRiotie SISy HTkG: o Fpr-toxc, inorganic or
or& SRk exfN hAd/ek Ltsal dadition ¥8lts. Reference can be made to "Salt selection

009/ 024905PCT/ 1 B2008/ 053269 11 R/ represents
fordlagic drugs”; Inandl Ak@rme h12WHNB3, 2&EL-BYT. 5 vi) Anot her
enbodi ment of the invention relates to pyridine

conmpounds according to any one of enbodinents i) to
i) T invehaor irdlaRy tochdve! pyreding TeRipgouRds of Formuldiper ei n

the asterisks mark the bond with which the Pyridinel

ring is bound to A; Rl represents C2_5-al kyl,

C2_3-al koxy, cyclopentyl,;or NRlaR b; R & represents

Cl_3-alkyl: Rib repyedie sciAz—aPyyidingr hydr ogen;

15R2 represents Cl_2-al kyl:; R3.represents C24-al kyl;

R4 represents Cl_2-al kyl ; Qfmﬁ'k?agresents methyl; R6
wHeBinesents C2_4-al kyl; R7 represents C24-al kyl; and RS

represents nethyl. WO 2009/ 024905PCT/ 1B2008/ 053269 12

vii) Anot her enbodi nent of the invention relates to
P)P d’.i di ne co%r\wtiounds according to any one of enbodi nents

|rX g (A8 CSGHErein Pyridine” represents R2 ) > N---*

Rl wherein the asterisk marks the bond with which the

Pyridinel ring is bound to A 5 wviii) Another
R%nbodi nent of the invention relat egs5to pyridine
onpounds accor di ng f_any one of ewbodinents i) to

\ Wherein RL repf €SseRts C2_5-al C2_3-al koxy,
nNcycl opentyl, oR3 Rl b, erein R A& rephesents
1 37al kyl and Ri b predgents hydr Cl_2-al kyl

NR1aRl b,
wmherein R a 10repregents Cl_3-al kyl Zand Ri b represents
hydr ogen) ;" and R2 represents’ C1_2-8f3 kyl . ix) Another
enbodi ment of the invention relates to pyridine
unds according to e of enbodinents i) to
rein RL r o-al kyl, and R2

Anot her enbodi nent of
N di ne compounds accordi ng
of enbodi nen i) tovii), wherein RL
NR1aRrb, wh&ein R a represents Cl_3-al kyl

and Ri b represents hydrogen; and R2 represents

Cl_2-al kyl .
wherein the asterisks mark the bond with which the Pyridine' ring is bound to A;

R

R’ represents C1.s-alkyl, C14-alkoxy, Css-cycloalkyl, hydroxymethyl, or NR"R™;
R' represents Cy4-alkyl;
R'™ represents hydrogen, or Cis-alkyl; or R'™ and R'™, together with the
nitrogen that is attached to the pyridine, form a pyrrolidine ring;
R? represents hydrogen, or Cis-alkyl, or in case R' represents Cy.s-alkyl or Css-
cycloalkyl, R? may in addition represent methoxy;

R® represents C1.s-alkyl, C14-alkoxy, Css-cycloalkyl, or NR**R*;
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20 xi) Anot her enbodi ment of the invention relates to
pyri di ne conpounds according to any one of enbodi nents
WO 2000024095 wherein A represents wherein the aRCEIB2868/053269
marks the bond that is linked.to the Pyridine ring.
25xi i) Anot her enbodi ment of ®he invention relates to
pyrigine conpounds according to any one of enbodi nents
i)t ir?pr)esgﬁfé @%“’f"@yﬁi ), wherein Pyridine2 represents
VO 3909 A r 1OP34R%: 13 R11R15 wher ei n
the asté@%gsém he’Qﬁo(%g?a%lvi ?h whi ch the Pyridine2
R'rreptesents Cundlkyd, ok hySIRogenspr esent s C1_4- al kyl ,
hydroxynet hyl , or NRLll aRl | b; Rua represents
Cl_3-alkyl; Rmrepresents hydrogen, or Cl_2-al kyl;
R%%réﬁhﬁ@@@.@%&ﬂ}lmétr@xgybﬁ NREFES; a6 REsEpieSents Cy.o-alkyl;
Cl_4-al kyl, or NR13aR13b; Rl13a represents Cl_3-al kyl;
RL3RT eppresentssChyalkygen, or C1_2-al kyl; R14

repr - ; 5 pr.esents Cl_4-al kyl
and Iﬁ?é%ﬁ%@i@ﬁ%@é%@ﬁ'e&R15 represents
R Geprestinty C; .-l Rirfimethioxgsand R® GdprésahisyCys-alkyl, or NR®*R®®;
.-.16a Kr e[r_)r esents Cl1_3-al kyl; and .-.16b

NR16gR16b;
Kr ept eS@EECRPdrog@iYior C1_2-alkyl. 20xiii) Anot her
e”b‘?@""F@b"rtes@ﬁtstrﬁ}{iirb@é(r‘?,rﬁr'(?{‘yélﬁill?t es to pyridine

conpounds accordi ng"to any one” of enbodinents i) to
iii) and v) to xi), wherein Pyridine2 represents
R1I1IR15 wherein the asterisks mark the bond with
R\VEPEP R Crgilffine2 ring is bound to A WO

R%Q%%@@?E%T@lﬁ?r%&h%&??% 14 R11 represents
Cl 2-al kyl, hydroxynethyl, or NallaR1113; Rua

represents nethyl; R mrepresents hydrogen, or nethyl;
RIBrd SRS BS Dlahyit MY

R' represents Cy.-alkyl;

A represents
S

RO YA

O—N

O

. - N
DA
N or N ,

wherein the asterisks indicate the bond that is linked to the Pyridine' ring;

Pyridine” represents
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R13 represents Cl_3-al kyl, or NR13aR13b; R13a
represents Cl_3-al kyl; R13b represents hydrogen; Rl4
wo e@oeswns s nethyl; 10 R15 represents net hyl PCRIBR008/053269
represents Cl_2-al kyl, or NRL6aR16b; .-.16a K
represents nethyl; and Rl 6b Xiv) Another enbodi nent
f the invention reI ates to pyrijdine conpounds
9 'n
Raccordl ng to any one of embodiRents i) to xiii),
erein Pyridine2 nepresents Rl wherein the

ng to any one of

odinments i) to Ni di ne2 represents

RIRL1 N) > * R12 whg¥ein the astgrd sk marks the bond
with which the Pyridine2 ring is bound to-A. WO
2009/ 24905PCT/ 1B2008/ 053269 15 xvi) Anot her

enbddj mnent of the inventi ates to pyridine
conpoinds accor di NgMo_agy one f..embodinents i) to
XV), ere\n R11 represemys nmeyhyl, ethyl,

RH: b---1ret hyl amin di met hyl am no

(espey al R11 represent4 nethyl, ethyl, or
met hyl ); anarR12 rdptesents nethyl. 5 xvii)
Anot her enbodi nent f the invention rel ate
WHSTBII RSt TRs ek B8 oMl W CEFedne cUre i bRuEso A
i) to xv), wherein Rl11 represents nethyl, or ethyl;
and R12 represents nethyl. 10xviii) Anot her errbodl ment
‘6frepmeenn$\@m-akkm Calseatl kaxyt, bygyaxydiatieylconRIFE"™;
acc 1q14n ’ﬁ&é?ﬂi@f enbodi ments i) to xiv),
whe kY c1 3-al kyl, or NR13aR13b,
mhelreﬂmrﬁggeﬁtgngquopag MY | and R13b represents
g dr ogen; A%resents nmet hyI 15xi x) Preferred
pyemr@rsﬁ@tSdm%@gmisor cotlilylng to Fornula (1) are
sel ected fromthe group consisting of:
2-ethyl-4-13-(2,6-di nethyl-4-pyridinyl)-[1, 2, 4] oxadi az
R'8lrefSregdhts6C npaikyl, opWR'HRIES;
2-ethyl -4-[3-(2-ethyl -6- rrethyl 4-pyridinyl)-[1, 2, 4] oxa
di a®i -@W@ﬁfe@s I%BI"%}W'pyrl di ne;

2- ety 1- 4- i di 1)-11
e gxa gszéorft é‘%w‘%‘ Oﬁ% AW}‘%’OpyPly{j: nleny o
R12f@prrep§!ﬂts43{23an<§2l, 6- di met hy1- 4- pyridinyl)-[1, 2, 4] oxadi a

zol - 5-y1] - 6- net hyl - pyri di ne;
2-propyl-4-[3-(2- ethyl 6- met hyl -4-pyridinyl)-[1, 2, 4] ox

13 159y15h. 16 ) )
R 2(#?@?%[3“@1@@4[‘11%& IN(ft rratﬁel:%,I hy%n‘aﬂéy rrle Irensye 1 (s Fiz 2&1 ,l ké%/]l ‘'oxadi

azolR'8? geﬂreﬁn’teﬁm}almm d| ne;

2- d 1 1
> B taresaits bpHads, baramec P i ner D!

R12r@a*eaéh@rmn9arﬂ<¥t %nﬁﬁ?@trép!ﬁes@nf@@hybwr RY NRITFREY - [ 1
gxadi azol - - 6- net hyl pyri di ne;

2- et T@aﬂrﬁ%erzta@(szalbylhyl 6- met hyl - 4- pyri di nyl)-[ 1
2, Rroxadl 828l Ry¥idged: BPCy ) di nes

R' represents Cy.4-alkyl;
R'® represents Cy.o-alkyl, or methoxy;

R' represents Cy.4-alkyl; and
R? represents Cy.o-alkyl;



10

15

20

25

302-i sopropyl am no-4-[ 3-(2-et hyl -6-net hyl -4-pyridi nyl)
-[1 , 2, 4] oxadi azol -5-y1] - 6-net hyl - pyridi ne;
WQ2@e24993 am no- 4- [ 3- (2- et hyl - 6- net hyl - 4- pyr i dPCil/IB20081053269
,2,4]oxadiazol-5-y1]-6-nethylgyridine; WO
2009/ 024905PCT/ 1B2008/ 053269
2-1sobutyl-4-[3-(2-nethyl am no-6-net hyl - 4-pyridinyl)-]|
1 , 2, 4] oxadi azol - 5-y1] - 6- net hyl pyri di ne;
wifhy tr@o(%ép%oﬁ‘lﬁ -4-8- éﬁ@pﬂwidwalﬁz StHyR: Wrrd?b%’? i4dbyeneldzole (US
@é 4] oxadi azol - 5-y1]-'6- "net hyl - pyri di né; and
3 78Q9bthyl propyl)-4-[3-(2-ethyl -6-nmet hyl - 4-pyridinyl
)-[1, 2, 4] oxadi azol -5-y1] - 6-net hyl - pyridine. xx)
Addi tional preferred pyridine conpounds according to
i) A@lotdraertbodifient @)ﬂrﬁﬂrﬁ@nf@@i’@lbf@% t@rmmmr@e@mbum; thordmg to
102-i so ropoxy 41% 3-(2-ethyl -6-nethyl - I)Q‘I di nyl) 41
embﬂdﬁlﬁﬂ Bzwheteiy R reprasents hyCﬁ?@@'@Ll CPfeC1 -4-a
2-isobutyl-443-(2-ethyl-6-nmethyl-4-pyridinyl)-[1
, 2, 4] oxadi azol - 5-y1] - 6- met hoxypyri di ne;

|||)g°.\rﬁ)tﬂd|3reer|nbbd#ﬁér&deh@1rdﬁeniﬁbhyélaﬂesOt¢rpyildmelq\,e|{r1iboandé azeording to
lazol -5

1
embpdigegf th{] i), whpse'@.zf BY 19y IR 6remeesants hygragenm RS rearesents Ci.-
3”92 4]oxad|azol 5-y1] - pyridine;
-i sobutyl-443-(2, 6-di net hyl-4-pyridinyl)41, 2, 4] oxadi a
zol -5-y1] - 6-et hyl - pyri di ne;

iv)i%p g# é%‘u]bpéj 3@@@@%‘\’ oo 65:1;% kes topwrfdgnenX&%poUnds %ccordlng to

ang &%@%}ﬁwédm‘fb‘r{ts'ﬁ)(tg ||f§ ﬂ/h@ﬁ-‘!lﬁyl 4-pyridinyl)-[1,2, 4] ox
adi azol - 5-y1] - 6- net hyl’- pyri di ne;

2-cycl opentyl-443- (2, 6-di net hyl-4-pyridinyl)-[1, 2, 4] ox

Py%%gﬁﬁglﬁpg%&r% ?3”522%/;1) y;ri ([jiSm(EZ et hyl - 6- net hyl - 4- pyri

dinyl)-[1 , 2, 4] oxadi azol -5-y1]- pyridine;

2 cyclopentyl 443- (2-ethyl -6-nethyl -4-pyridinyl)-[1

R? 2, 4] oxadi azol - 5-y1] - 6- net hoxypyri gbne;

- net hyl - 2- (3- pentyl -442- (2, 6- dlnekhyl 4-pyridinyl)-[

N6 met hpyl--2- ( 3- Nyl - 4-pyridiny
3,4]th iadiaz e conpounds
ormula (1) and thert pharmaceuti)e accept abl e

R1sa|ts can be in the form
of pharnmaceutical conpositions forRenteraI or
parepteral adm nistration and are suitable for
decrigasi ng the number of/TrT&ul ating | ymphocytes and

pent of di seases or

di soyder s\associ ated w ctivated i mmune system

69 17 The production of

ceuti cal nEh1|tions can be effected in a

ch wi,ldr be f liar to any person skilled in
the art (see for exanple Rem ngton, The Sci ence and
Practice of Pharmacy, 21st Edition (2005), Part 5, 5

whé?émrtﬁé%&)éﬁlsﬁk@méﬁ(ﬁﬁé%btndfwmwhidmhbl BRfihdVring is bound to A;
Li ppi ncott Wllians & WIkins]) by bringing the
descri bed compounds of Formula (1) or their

REBREITR Hisabl GEAERORRTaaRi S bt DETARY: "

subs:t%rngmsemrgt@ @ag?I eni cal adm ni st ratl on form
together with suitab non-t oxi c, ,
thel%perﬁpr%iﬁrlt@ WQF@%W tfPreCsﬁﬁ”ﬁ’l,oPr IR Lﬁrui Pr fagether with the
mat i a :
s (U AP o alod®R b gy ?gﬁﬂé‘ﬁgﬁsﬁmﬁb
R%aepressnésiCi ralitye; syst em whi ch can be treated and/or
prevented with the conpounds of Fornula (1) include
rejection of transplanted organs, tissue or cells;
graft-versus-host di seases brought about by 15
transpl antati on; autoi mmune syndrones i ncl udi ng
rheunat0|d arthrltls systen1c Iupus erythenatosus

. . s
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enterocolitis; intestinal |esions associated wth
thermal burns; coeliac disease; proctitis;

we@omoaid | i ¢ gastroenteritis; nmastocytosis; CPONIB2808/053269
di sease; ulcerative colitis; yascular danage caused by
i schem c di seases and thronboSi s; atheroscl erosis;
fatty heart; nyocarditis; cardiac infarction; aortitis
syndrone; 5 cachexia due to viral disease; vascul ar

RARppIERSd &, g ai ne; rhinitis; eczem; interstitial
pephritis; ng—induced nephr opat hy; Goodpasture's

Rsgnrsemts CheaiWit i curem ¢ syndrone; diabetic
nephr opat hy; gl onerul oscl erosi s; gl onerul onephritis;
tubul oi nterstitial nephritis; interstitial cystitis;

Rebtddings Ty 9Kyl sandRP késreBeamethyy dr one; Meniere's
Ji sease; polyneuritis; nultiple neuritis; nyelitis;

Rrrereasaints medhyl, aomethixyurep &t Heprasepts Enyabiyli sm
Basedow s di sease; thyrotoxicosis; pure red cel
apl asi a; aplastic anem a; hypopl astic anem a;

R’i rdpegsainttd €4 bHatkyibocyt openi ¢ pur pura; aut oi nmune
qhenol ytic_anem a, autoi mune thronbocyt openi a;

Rd§PERRANT (t-e@Y. perni ci ous aneni a; megal obl asti ¢
anem a; anerythroplasia; osteoporosis; fibroid |ung;
idiopathic interstitial pneunonia; dermatonyositis;

RY repkespetsi& wallgdri s; 15 i cht hyosis vul gari s;
photoal l ergic sensitivity; cutaneous T cell |ynphoma
R SPR&PERIS; T%a%MGosa; Huntington's chorea; Sydenhanis

chorea; nyocardosis; nyocarditis; scleroderng;
Wegener' s granul ona; Sjogren's syndrone; adi posis;
Apgesdphi lic fascitis; |esions of gingiva,

peri odontium al veol ar bone, substantija ossea dentis;
mal e pattern alopech r alopecia s (S; _buscul ar
dystrophy; 20 py$¥der mg) "Sezary's” ndFEZﬁ;
hypophysitis; chropic renal insuf\\icighcy; Addison's
di sease; ischem a-OepeNf usi ongd nj ur W-ef-Nor gans whi ch
occurs upon_ preservation; endotoxin shock; g
wheseindba@sterigkondicatas thedongdhpt isdinkad de the P ydidine ging;
radi ation; ischem c acute renal insufficiency; chronic
renal insufficiency; lung cancer; malignancy of
Pyridindrepresérgsn; acute or chronic | ynmphocytic
| eukem as; 25 | ynphoma; pul nonary enphysens;
cataracta; siderosis; retinitis pignmentosa; senile
Rmacular degeneration; vitreal scarring; corneal alkali
burn; dermatitis erythema; ballous dermatitis; cenent
titis; gingivifLs;, periodontitis; sepsis;
pancreatitis; peripheraN artery disease;
Ncar cipiogenesiRs; id cghcel tunors; netastasis of
noma; hypobar ; autoi mmune hepatitis;
rimary biliary 30 cirrhosis; sclerosing cholangitis;
R'Bartial livgr res&tion; acute |iver necrosis;
cirrhosis; alcoholic cirrhosis; hepatic failure;
wheiein thamsterigkatmarks thpinang, withwwalidnsetPyighge i g igidqung to A;
and "acute-on-chronic" liver failure. WO
2009/ 024905PCT/ 1B2008/ 053269 19 Preferred di seases or
R'diremedents € n,-bikyl, hgdtoxgnestiaylpor NREV&ItPed with the
conmpgynds of FornuI% I) are selected fromthe group
const st i&RgeANt? &16@ K8’ of transpl anted organs such as

kid b I reas, cornea, and
Aey® ggéﬁnts%?aﬁdgsen,grg}égga;‘lgﬁ

skin; graft-versushost brought about by stem
R'é epreseatsspl-aalkyt i on; aut oi mmune syndrones 5

i ncluding rheumatoid arthritis, nmultiple sclerosis,

i nfl ammat ory bowel di seases such as Crohn's di sease

and ul cerative colitis, psoriasis, psoriatic

arthritis, thyroiditis such as Hashinoto's

thyroiditis, uveo-retinitis; atopic diseases such as

rhinitis, conjunctivitis, dermatitis; asthma; type |

di abet es; post-infectious autoi nmune di seases

I 1 ' - o r

T T L
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Structure 1 Conpounds of Formula (I) which represent a
[1, 2, 4] oxadi azol e derivative, are 20 prepared by

WO 224905 a conpound of Structure 1 in a sol vePET/HR2008/053269
as di oxane, THF, di net hoxyetq xyl ene, tol uene,
benzene, pyridine, DV, dichl F omet hane, acetic acid,

grl fl uorpaceti @i cispat rt or el evated
téﬁ@f@?ﬁt‘@a@e“'?ﬁfyﬁ é%nce or absence of auxiliaries
sucm1asr@ﬁé§éqt§@1g aﬂ)ﬁA acetic acid, HCl, etc.),
bases,, NaH, c, Na2CQO3, K2CGO3, triet hyl am ne,
etc R"? tmreeentwt/dmgm, onCsatalkyl; @8 or water renovi ng
agents (e.g. oxal yl chloride, a carboxylic acid
Ragh@f&??é@,@ﬁf@!' PCl 5, P4010, nol ecul ar si eves,
met hoxycar bonyl sul famoyl triet hyI armoni um hydr oxi de

(Burgess reagent), etc.) (Lit.: e.g. A R Gangloff,
v) Anothengmrbogiment o@H@e tnygntion r@p@egﬁcpy@drr\e CERNPYERES ap\cordrng to

ang or R ForpBBHTRAE N Wb hberdd, |V Nagakura, K. Myta

PWhmhlakﬁmeeentM Ohta, T. 30Mase, Chem Pharm Bull. 47
(1999), 120-122; R F. Poulain, A L. Tartar, B. P.
RZDeprez Tetrahedron Lett. 42 (2001g? 1495-1498;, R M
rivastava, F. J. S \dliveira, WO
009 024905PCT/1820 3269 21 D. chado, R M
N Sout o)-Mator , < 1437-1450;
John, J. M S 7 stry 27
), 3100-3104; Kaboudi n, K :
rHet erocycl es 60 (23) 2287-2292; € T. Brain, J. M
Paul , Y. Loong, P. J. Oakley, TetrBhedron LettOr 40
(1999) 3275-3278). <I Pyridinel HN)Pyridine2 504 HO NH
Str@cture 2Structure 3 Compounds of Structure 1 may be
prepayed by reacting a conpound of Structure 2 wth a
Structure 3 in a solvent such as DWF, THF,
A-the 10 presence or absence of one or nore

etc., and in the presence or absence of a
base such as triethylam ne, : , etc.
WG e@sSTiokS masibe BpnORvuEHE LV i Brkpung o A
Martinez, J. Og. Chem 68 (2003) 7316-7321; and the
I|terature cited above). 15 NC Pyridi ne2 Structure 4
R@epp&nermds;Ca% aityl L(&tuakkOXyrﬁye byclpaleplaoe §/R eacting a
mﬁqund of Str ctu 4 20 wi th hydroxyl am ne or one
S

reRlesENS bent such as methanol, ethanol,
pyr iRt g re%bﬁtsh rb RIreSefgIRyler absence of a base
such as p ¥ ngn rlﬁgtjhy?/am ne, KO Bu, etc.

R(represenés @14'B|ky$uzuk|, K. | waoka, N. |manishi, Y.
Nagakura, K. Myta, H Nakahara, M Chta, T. Mase,
Chem Pharm Bull. 47 (1999), 120-122; J. Cui, D

R%pfésen& OV 2lky| & J-8IKoxy ol NRRREPNgoI d, D. A Case,

Fu, Y. zZhou, 25 M Rao, A. J. Oson M E
Johr% fepresepisdc1 4y Chem 11 (2003), 3379-3392; R
M| 0, Zewge, WD 2004/ 035538
(Nelﬁﬁr%ﬁ'&gem%rydzog%%&ﬁ%H al%ﬁ'boudln K. Navaee,

R*Hepesserys Ces-aByl;( 2003) , 2287-2292) . HOOC-Pyridi ne2 WO
2009/ 024905PCT/ 1B2008/ 053269 22 A conpound of
Structure 4 may be prepared froma conpound of

R%@Péééh‘t@g n-gl hods that effect the transformation of

onpound 6f Structure 4 into a conpound of Structure

R&epo&semitﬂeC&emﬂejlltcmr NBFPR®*,nown to a person skilled in

the ridinel( Pyridinel Pyridine2
@@Wﬁs trsatﬁ?lleygStructure 7 Conpounds of Fornul a

(l) RiPir6preseRfsanitbgén [oF G, hiryiadi azol e or

[1,3 4]tr5h'r| adi azol e (‘10 der|1vat|¥e are prepared

S|mlarly by reacting a conpound of Structure 2 with

hydrazi ne (by using a coupling reagent such as TBTU,

DCC, EDC, HBTU, PyBOP, HOBt, CD!, etc.) to forma
conpound of Structure 6 whi ch |s then coupl ed wth a
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WO 2009/ 024905PCT/ 1B2008/ 053269 23 Structure 8
Conpounds of Fornula (1) which represent an oxazole or
wWa@2aoblo203 e derivative are S prepared by treaPCHB208/053269
conmpound of Structure 8 either, with POCI 3, PCI5, 12 in
conbi nation wth triphenyl ph&gphl ne and triethyl am ne,
trifluoracetic anhydride, Burgess reagent, etc. in a
sol vent such as toluene, benzene, dioxane, THF, etc.

R™&ephyEpRs ah Wahd)l; baigveen 20 and 120C, or with
sawesson’ s reagent, optionally in combination wth
R°repgssants meéh)ﬂresence or absence of a solvent such as
pyridine, 10 toluene, THF, acetonitrile, etc. at
el evated tenperatures with or w thout m crowave
vi)l AfiGtHeRéMBBdREeEITith MR@n&BA Y8laldd fo pyrRlite c&in;?&ah@s adeording to
Shi bata, M Jitsugka, T. GChno, T. Takahashi
anyj Qnehefsémbodimedm A0 ), WhegeiBa, A. Kanatani, T.

' j . & Med. Chem Lett. 14 (2004
Pﬁ%@g‘ﬁ%ﬁég%ge conmpounds of Structure(8 ar)e pr epar ed

RDY reacting a conpound of Structurgs9 with a conmpound
f Structure 5. 15 The am noketon Structure 9 can
epared froma c nd of Struc 2 by

N Proceyur es gi vg ' tecature J. L.
ina, J. ter Chem 2 --533-538: M
n, M Antoine rard, J. chon, S.

{Chabassier, P. De Eajudle S. Patte/ F. Roquet, G

R'Vont ay, Eur. J. ! Chem 15 (198R} 263- 268)¢r 20

Pyri di nel Structure 9

AItR?natlver, the bonds between the pyridine or the

and the central 5- 25 nenbered

tic ring can also be forned by applying

at al ysed cross coupling reactions. WO

PCT/ 1B2008/ 053269 24 Appropriate protecting

knomn to a person skilled in the art and
include e.g. a’benzyl, a THP or a trlalkyIS|IyI group

whereiprtotestertgksahaktbe, bomd \QitB@BiY thePyridime'airecks bound to A;
am ne, etc. These protecting groups may be enpl oyed
according to standard nethodology (e.g. T. W G eene,

sﬂ?ﬁﬁfﬂss SROEC ?gﬁrl?bxte/v& W'Q%r? g?ggl p. J.

Kocﬂ%ﬁskpresé’nmt@c:t-aikgl Groups Thi eme Stutt gart, 1994).

2, 6 R EAPRL ot 2 A EElAdE Bt er (St ruct ure 10,

th}@b%@)en\fg choakyal kyl Gignard reagent in the presence
of Fe(acac)é |n a solvent such as THF, di oxane, DM,

NMP, etc., or conbinations thereof, at tenperatures

to 25C (Furstner condi tions, Lit.:
r%ﬁ%s%%téé‘?étaﬁlg A. Leitner, M Mendez, H Krause J.
R“A@pr@mm(;@@kylm (2002) 13856 13863; A. Furstner, A
15 Leitner, Angew. Chem 114 (2002) 632-635). The
reaction cond|t| ons can be chosen such that either the
-isonicotinic acid ester or the
R%eg%ds%]?iﬁ] | sohl cotinic acid ester is obtained as the
R presynwlcngh alkhie two chlorine atons in a
2,6-dichloro-isonicotinic acid ester may al so be
substituted ei ther sequentially or in one step by two
R7%brése%t’é’b29rawsand’m' ch may be the same or different,
by treating
R® represents methyl.
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20 2,6-dichloro-isonicotinic acid ester with the
appropri ate al kenyl boron derivative under Suzuki
W@ 0upl24905 condi ti ons known to a person skil |l edPCTIB20€8/053269
art. The obtained 2,6-di-al kenyl-isonicotinic acid
ester is hydrogenated to the ! rresponding 2,6-

.di al -isoni.cotini C ster | n add a .
vi el SR R h TpierEBhdriate € RYTienR igripounds according
to %ﬁp%@ é?'e?n@écﬁr’r@ﬁl@é gx&ql)s\%éfwﬁ PYridinEBRdpes ity i saged.

he 2, 6-di chl or o- IsonicotiniC acid esters or the
2 chloro 6-al kyl -i soni coRfnic acid esters may al so be
treated with an al cohol oX an al cohol ate at el evated
tenperatures to furnish tpg cdrrespondi ng
2-chl or o- 6- al koxy-i soni cgti ni cyjacikd esters or
2- al koxy-6-al kyl i soni cotiW cid esters (Lit.: e.qg.
N Wld, U Goth, Eur. J . Chem 2003, 4445- WO
2009/ 024905PCT/ | B2008/ 053269 25 4449). Finally,
cl eavage of the ester functionality delivers the
whaseinahe dsteriskSnarkst thedonhd WatFCWRR:h) the NEGERNCORROSBRUNN to A.
5Structure 10Structure 11Structure 12 Conpounds of the
above Structure 2 wherein al represents NRl aal b may be
vilgrﬁ%ﬁ@ﬂeﬁboﬂmt' dt%ha ||3V&'Tt%'ncr*é|lé}é916 RbFRt édthSoddsdaccording
ster (Structure 10, wherein represe ts a
to @hyders bf/bmbmdeﬁemtabb yO &), |vﬂweusp§t| representsr ©2.sdalikyls| Co.3-alkoxy,

10 ,appr.o ate ani b _i,n.the
oy BloBEBLeoh NBIR!®  BrgpBhoR 38 IR dnt RYS Fepresents
hyaHi_gerﬂ'@Kﬂ@%lk}@t(B%lallyﬁRé represeherebl-Hkat or NR'R™, wherein R
t enper at ures above ? i've a conpound of Structure

remiﬁseﬂfﬁeccvﬁtkdbﬁ'@& Ro rQWEﬁ%"ﬂtﬁr’%’dllqngﬁnafﬂ%&w rerreseaist edz-alkyl.
with the appropriate al kyl-Zn reagent (e.g. Me2Zn,
MeZnCl, Et2Zn, etc.) under Negi shi reaction conditi ons
ix)(Andther empodihemtbsfsihis irivisatiofr. reI%itme' ®hpyridine &Mpoﬁlieﬁfeccordlng to
47 15 t§1982 4161-4165) to give a conpound 9
ang: pOgt A €MOdigenis iLda” v r&iry fed F?W%ee%ﬁd@rﬁlkﬁdf and R
n addition, conmpounds of the Structure
re@?s#ﬁfys“% prglpared by reacting a conpound of Structure
11 with an al kyl GI‘I gnard reagent in the presence of

ca03|na ent such as THF, di oxane
S riatiiei I nvRBfigh felalgs oaseh rm?eeov%ﬁiﬁg?ﬁgordmg fo
an:yr&ﬁ% o?serﬁeo&%r{tf Yy &8 Wﬁf wﬁQreWrR" Féﬁ?8§ent§QQRad@"e)Nhereln R'?
n case R2 represents a kyl group,
repr@sestspongaliky! amdrﬁour&meeentsmydmgﬁre ang I%arrepaewt@éh 2-alkyl.
prepared by reacting a conpound of Structure 11 with
an al kenyl boron derivative (e.g
xi)2Ardothet é#n‘bbﬂb(ﬁerﬁ)tﬁ'tl@é VRO @él@)eéJerdﬁwééSmpounds according to
condi tions (&th e.g. F. Kerins, D. F. O Shea, J.
angraje efrRmbo me(r12$)029 M%IsermA)repwn@%t ai ned
2- am no- 6- al kenyl -i soniscotini¢ acid derivative is 25
hydrogenated to the corresp g cenpound of
Structure 12. WD 2009/ 02 05P 182008/053269 26
chl or o- 6- met hoxy- pyri di ne- 4- car oxyllc aci d by
i ntroducing the desired Cl ®@-attkyl or, C3_6-cycl oal kyl
residue for Rl under either i shi, Furstner qQr .
whrgiidhe asierisk roas ke qonﬂébeﬁsglnke@tw the Byeding" ring.
Alternatively, the conpounds of Structure 12 may al so
be prepared by reacting a conmpound of Structure 13
xiiyvAinbtheres raipeadiofant atf ehamventibhiReERE tapgedinBudmaduhds according
rtw g .condit.ion it.: e. Wl f e, H. Tonori ,
to Gy el Erahpd s b 0 i ang VTt ebAiER - o' or g
2 ) 1158-1174; S. Wagaw, S. L. Buchvval d,
Pﬂtﬁﬁb ﬁé)dégé%qgm (1996) 7240-7241; M C. Harris, O.
Gels S L. Buchwald, J. Og. Chem 64 (1999)
6019-6022; S. R Stauffer, S. Lee, J. P. Stanbuli, S.
|. Hauck, J. F. Hartwig, Og. Letters 2 (2000)
1423-1426). Conpounds of Structure 13 or their
correspondlng aC|ds are ei t her connerC|aIIy avai |l abl e

AP . =
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The above described reaction sequences that allow the

i ntroduction of the two 20 residues RL and R2 may al so
wheooappdod®d to a conmpound i n which the scaff ol BCTEBR008/053269

al ready been further el aborat % For instance, the

Buchwal d reacti on may al so bé applied to a conmpound of

Structure 15. WD 2009/ 024905PCT/ 1B2008/ 053269 28 may

be prepared by reacting a 5, 6-dichloronicotinic acid
riester with an alkyl Gignard reagent in the presence
of Fe(acac)3 in a solvent such as\THF, di oxane, DMF,
etc., or conbi gathons thereof tenperatures
g fron11g8 t (Furstner /cond tlons Lit.

“Fur sther; iner, M ""H’ Krause, J.
002) 1385 3; A Furstner,
/ Lei t ner, AngeM/ Chem 114 (200 632-635). The
?eactlon CQnd|t|0R§ can be chmseR uch that elther t he

- horo6 tinic acid est

witgrg PG TS BRTHING BRARIVI patch e Rl nesisiaqund to A
mai n product. The two chlorine atons in a
5,6-dichloronicotinic acid ester MRy also be
R'{ népsreisentseh ealkyle hygraoyerethyl] oyN& “Ri®one step by two

al k- 1@ I _\NhICh may be the sanme or
di f %%Fq?@a%ﬁ' ' 5, 6-di chl oroni cotinic acid

est fR"Wéd?eéé}ﬂs%@EFd@j@’nl ak €,3ldrgnyl boron derivative
gnder Suzuki coupling conditions known to a person
R'SkepresenisiCthalkykt . The obt ai ned
5,6-di-alkenyl-nicotinic acid ester is hydrogenated to
the correspondi ng 5, 6-dial kyl-nicotinic acid ester. In
R%d@lpﬁesgnts@pamyp@um?ﬁ\ﬂh ch the Furstner and the
Suzuki, conditions are enployed 15 sequentially can be
envﬁ%ag@ﬁxe$ﬂT§ﬁ%Bﬁﬂkﬂ chl oronicotinic acids may al so

be tg1am C S ing alkylnicotinic
aci d usi rP%%%q mdF% rggge %CP (see above). The
Srépr@sehﬂsdtp;nakkgtl ni c acid ester may al so be treated

with an al cohol or an al cohol ate at el evat ed
tenperatures to furnish the correspondi ng 5-chl oro- 6-

Rl ko6 HﬂsC@uarkgl %%Ch@%&’e%enf:s‘ @glﬁbbkgl @reavage of the

esfor TURCE I ona 'ty delivers the fpounds of
R'Srepresents @io-alkykandtR VeegreseotsGundikybior SR TR e 2,

wher, bﬁ R4 r en t hyl group, can be prepared
fro ?ﬁ]ﬂﬁeqsiﬁ aé@lu%'ﬁre 16 via formation of the
cor wg'p@y#éggq@hygmg;ynoﬁmgtdww nicotinic acid esters

usi ng methods wel | Known in the art, followed 25 by
derivati sation u3| ng Furstner or Suzuki condl tions as

il AR En DR R R TAVEH B refaiPE (G 8 el s ocoraing

to fahg BnkersiwmBodimept) 3o T amdly) So Xt Whkrey Py@ld‘lﬂe’( tdpresents
e.g. EP-0702003 or as described herein) by oxidation

of the fornyl group to the carboxylic acid using

19Xi dation reagents well known in,the art such as aq.
H202 in formc acid, KVMi04, 30"tc. in the presence
sence of a sol such as tyluene, THF,

itrile,

R

can be prepared
ccording to literature nethods (Lit.. e.g. J.B. Paine
R'PI1, J. Heterocyaki*c Chem 1987, R'851-355). WO
2009/ 024905PCT/ 1B2008/ 053269 29 St ruct ur e 16
whesaindtie @sterisksimaik: the dondavigh mhé-‘;b‘athéoc’yrhjl% riigaisdyuing to A;
fashi on. Conpounds of Structure 2 wherein Pyridinel
represents RS R6 (Structure 17) may be prepared
followi ng the reacti on sequence outlined below. COCR
Structure 20 1) Suzuki reaction with
2,4,6-trial kenyl -cycl otri boroxane 2) hydrogenation 3)
saponification or 1) Negishi reaction with e.g.
| R6ZnCl 2) saponification COOH 1\ 1 OR6Structure 17



The picolinic acid of Structure 17 may be prepared by
treating a conmpound of Structure 18 (either
weomwamez4dal | y avail abl e or prepared in anal ogyP€DIB2008/053269
literature procedures e.g. T. Kamnski, P. Gos, Y.
Fort Eur. J. Org. Chem 19 (15003) 3855- 3860; U.
iener, E._Bre elius, K
r‘%@&ﬁ%ﬂts%2 %Mhh%foxvmtaﬁogv ity V%?:T/182008/ 053269
30 lf;@'mas}g% SantYavs Rﬂn Chem stry-A European Journal 6
2000 32-4139; A. Fall ahpour, Synthesis 2000
166R ‘betresents hydrgen or mailyl; cycl ot ri bor oxane under
suzukl ctondlfmgns to forma conmpound of Structure 19
V\lﬁ?%rﬁsfag SdXPtVYsed and esterified to the picolinic acid
of Structure 20. Oxidation of a commrercially avail able
§ conpound_of Structurg 2], may al so give access to a
RS sepresaatsd?-sekyk 06 NR'3tR™%he conpound of Structure 20
ISt ed to Suzuki cross coupling
conc#‘tl o?ségl}g{t%y?hewlbpr opriate
2, 4 3 remék@ﬂglhydwgew;rl bor oxane (prepared according
go F. Kerins F. O Shea, J. Org. Chem 67 (2002)
4@%@9§9'7tf)meﬂ})’8rogenat ed and saponified, or treated
with the appropriate alkyl-Zn-reagent 10under Negi shi
conditions prior to saponification to furnish the
R'desepnesdnisompthyhd of Structure 17.
oundsoft heSt ruct Yre2Weer ei nPyri di nel represents R8
15%%@?8@53&@'9 ytapr&étﬁ ure 27) may be prepared
f ol I Ry rég@]tgmhwogngequence outlined bel ow 1)
Suzuklb reaction wwth 2,4,6-trial kenyl -cycl otri boroxane
2) IR/&} capsesentsmydrogen. Negi shi reaction with e.g.
R7ZnCl Structure 22Structure 26 Thus, a conpound
of Structure 23 (commercially available or nay be
xu\gr/&nﬂh@ﬂemoamﬂémgof the ihvdrelont Mﬁe@ﬁ@gﬁddfn@scorﬁ p&undd according
i errat Gos, Y. Fort, Synlett 20 202319- 2322)
to |a§yp@@&f@ﬂnb@dlme®tsu)6own)wfwmrbt?vrl@lme HEPEBEENES under
1$uzuk| conditions WD 2009/ 024905PCT/ 1B2008/ 053269 31
Rto forma conmpound of Structure 24, which is oxidised
sterified to a ound of Structure 25. Suzuki
eact\ on V\nthghe riate
, 4, Tial keﬁ1y oroxane, hydrogenation and
ification or reaction with the
ppropri ate al kyl - Zzh-reagent foll owed by
R'$aponi fi catgron of rd*conpound of Structure 5 26 furnish
t he compounds of Structure 22. MO Br ,Cl_ COOH
whsreindherasterssks marketve drong wigh w@mmmeﬁwme rréngeisibaund to A.
with 2,4,6-trial kenyl -cycl otri boroxane 3)
hydr ogenati on 4) saponification or
xv) Another embodiment of the invention relates to pyridine compounds according

to any one of embodiments i) to xiii), wherein Pyridine2 represents

R11

R12

wherein the asterisk marks the bond with which the Pyridine2 ring is bound to A.
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2) Negishi reaction with e.g. R7ZnCl 3) saponification
MeO COOH Structure 27 Anal ogously, by applying the

WO 2@e24905 sequence of either esterification, SeUKB2008/053269
reacti on, hydrogenation, sapq I%I fication or
esterification, Negishi react Mon and 10saponi fi cati on,

0 |1y ava bl.e of Strycture 28 :
xR StBrelindiie) Be SRR aAteaie putiine GmPoundy according
to Camp BH o f0 e))2tgMi&H) i I gi1h
\R¥ RO i"&%?”?&’?ﬁ‘?@% ) ey mmp??glga?heded‘eg@ﬁrﬁé%b%yl sthyl
hydmmeihylsm@lbwlemlm,t on dmetbgllammo (FBpesially Rohperregens methyl,

tStlr urct uF e 29. qegtti
© f}y LS Wy\ﬁfﬁyﬁo ’c% 9&6?%%%5”%}Mer Suzuki

conditions to give a conpound of Structure 30.

Oxi dation foll owed by saponification gives the
XV&MH@@%WW'@@%@U%‘@ '6?9@!%@@6@ tg pyridineuk@mpounds according

reac & 11 :
to SR MR sMlehiss) AV OMBGBIER  reprssenis et o ety and
R1§a@@nesénteahemyl or Negl Shl reaction with the

appropriate al kyl -Zn-reagent followed by

saponi fication furni shes the desired conpounds of
xvﬁzwﬂ\%ﬂ‘rﬁreerﬁ@odlﬁ:fﬁgﬁ%@fhcesln%nt%ﬁ F@‘Iét‘é%eco%zmdmeeé&hpo@rhds according

presents a yl" group are conmercially aval le.

toCerpcmn&jsafOErrﬂadumemmsel)zm nvh)erwhareﬁn Ré"‘prrepmeatmrc1_3-a|ky|, or

fahylsp Or OUD .Catyshe fol Lowiag | iteratur _
e D Y BoRe? Seprdsehli Wirogen; and
RMaks@sents rﬁgﬂ-@m do, H. Tanaka VO 2006/ 097817 (Pfizer

Japan Inc.), 84; S. R Natarajan et al. Bioorg. Med.

Chem Lett. 13 (2003) 273-276), for instance from

ol dorerse o RECBPofu BATERLS Fhitys) BRYsL S a5 rom the
grmegnggt|ﬁ¢gf corrpounds of Fornmul a (I) are obtained in
formof m xtures of enantioner he enantioners

2- etéwl 6é3§%1§a¢'ﬁt9éﬂy|d’sph@d'ﬁ’é‘ﬁﬁb@é]%ﬁﬂw@& piré-rsrthyl-eurigdine;
2-%1{%2&-43 (2% -6 rﬂmﬁbyrg&nﬂgﬁcé%J?&Ea%ﬁé%}ﬂ-izs‘r?y-e-methyl-pyndme;

C QA bver a

2-sthgl-it §BAPySqHARES methylaﬁtspwld?agl) $1, Ao Kkadla£dR Y116 1Bethy)-
5 colum, a Daicel Chiral Cel OD-H (5-10 pn) columm, or

PYHA&: cel Chiral Pak 1A (10 pnm) or AD-H (5 pn) col um.

2GR ER (B3R BAAMA R 1 PO 8- L5 VBBl pyridine:
2-propa 13- 2wty | 6 methdidapyridinylg [ 1,8j4doxadizadl+5eyl]-Grdethyl-pyridine;

2-GopibhaTau2 Bedhayt- pRadngiib 3 gRestrg &8 Binsthy-ayddine:
2-f %BBu’dyME[BI(QCé'th?LG -nf@hAA-pidiali)-[1 QM]bxémﬁ@LBlpl?e methyl-

her eof tenperatures are stated
pyddineounds are characterized by 1H NVR (400 MHz) or

2 *%Ww&%{f?%%ﬂﬁ@%ﬂ @?@@@Lﬁﬁﬁfﬁfﬂ&%' lEgethy-

pyﬁdﬁ?ieng| et doubl et t = tr| pI et pent upI et

2- %‘M@m'ﬁg %%&aﬁh\wk%nethgl éé}yﬂplrmyb)m ﬁzﬂOXBQ'aZ@L %ﬂ] ‘6 methyl-
py@ﬁ'n'en' gan Navigator with HP 1100 Bi nary Punp and DAD,
urm: 4.6x50 mm Zorbax SB-AQ 5 pm 120 A

2-igoprbpgteEminb-B- 34 e titybBihethye 4tpyridiriyer[1,2,4 foxadiazot-6-yl]-6-methyl-

0.04% trifluoroacetic acid, flow 4.5 nL/mn), tR is
PY§ARERn in min, LG MS* denotes basic LG conditions, i.

I | to [ _

2 BRI i) SRl arc %*#d'%dhérm%thy'
pyridimet i cal conditions; by 25 TLC (TLC—pI ates from

Merck, Silica gel 60 F254), or by nelting point.

Conmpounds are purified by preparative HPLC (col um:

X-terra RP18, 50x19 mm 5 pm gradient: 10-95%

acetonitrile in water containing 0.5 (:)/0 of formc

acid) or by MPLC (Labomatic MD 80-100 punp, Linear

UVI S— 201 detector, col um:. 350x18 -

o o o —~s AN - A NN A NN oLl -
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at mat nosphere BOO: ert - but oxycar bonyl 5 BSAbovi ne serum

al bum n Bubutyl CCcol unm chr omat ogr aphy CD! car bonyl
walriosoiaadl e dbadi benzyl i dene acet one 10DCCdi cRCT/tB2068/153269

car bodi i m de DCMi chl or onet ha%e DEADdi et hyl

azodi car boxyl at e DI PEAdi i sopr'opyl - et hyl am ne, Hunig's

base, ethyl-dijsopropyl am ne DVEL, 2-di pet hoxyet h
2SRy P O BB B Ry e - adiad Byt ety
pyggg{e;i él- bi s(di phenyl phosphi no- KP) f errocene EAet hyl
2-isDoNty(-3-[31 (ResorroRptiantpe-SoyejhyNo-puriajny L Er Bétnxagiare!-5-y1]-6-

eq.equi val ent (s) Etethyl EtOHethanol Ex.exanpl e(s)
mé&ﬁ%@%@%r%t ography 25Fe(acac)3iron(l11)
2-@c - nei3-enptHex-ehethiy(-2)pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
B?'% (Q?g]y?ot F i gzzrglh?l- yl) - %( N,pNyl, N -)t [et r a]met hyl ur onyi ]um Y
PYREEE | uor ophosphat e HOBt 1- hydr oxybenzotri azol e 30
HPLChi gh performance |iquid chromat ography HVhi gh
vacuum condi ti ons KO Bupot assi um tert - but oxi de

xxb. Bdiiblonal peefetred ridteapdryipounds aceprelirig wrEbriulaVi) are selected
2009/ 024905PCT/ 1B2008/ 053269 35 Lit.literature
frofe (A8 BRAUPNEBSRENE4{01 i nmi nute(s) 5 MPLCmedi um

2.@@@%&@‘%&?@&%%9% WinyAGA S 2k H8126L5 8418-methy!-
pyridine;
2-isobutyl-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methoxy-
pyridine;

2,6-diethyl-4-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-pyridine;
2,6-diethyl-4-[3-(2-ethyl-6-methyl4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-pyridine;
2-isobutyl-4-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-ethyl-pyridine;
2-isobutyl-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-ethyl-pyridine;
2-(3-pentyl)-4-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine;
2-cyclopentyl-4-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine;
6-methoxy-2-(3-pentyl)-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-
pyridine;
2-cyclopentyl-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methoxy-
pyridine;
6-methyl-2-(3-pentyl)-4-[2-(2,6-dimethyl-4-pyridinyl)-[1,3,4]thiadiazol-5-yl]-pyridine;
and

6-methyl-2-(3-pentyl)-4-[2-(2-ethyl-6-methyl-4-pyridinyl)-[1,3,4]thiadiazol-5-yl]-
pyridine.

The compounds of Formula (l) 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 and for the prevention and/or treatment of diseases or

disorders associated with an activated immune system.
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OQAcacet ate org. organi c 10Phphenyl

PyBOPbenzotri azol - 1-yl -oxy-tris-pyrrolidi no-phosphoni u
WOorRoonexad3 uor o- phosphat e prep. preparative rtr oRCT/1B2008/053269

tenperature 15sat. saturated §J7Psphi ngosi ne 1-phosphate

TBTUZ- (1H benzotri azol e-1-yl)1, 2, 3, 3-tetranet hyl ur oni

um tetrafl uoroborate TFAtrifl uoroaceti c acid 20

THFt et r ahydr of uran THPt et r ahydropyran TLCt hin | ayer
THENpRITRICASH Qﬂhﬁetﬁaﬁ‘ﬁ%&bu%‘altéd}‘ﬁposnlons can be effected in a manner

Xant phos4, 5- bi s('di phenyl phoslohl no) 9- di met hyl xant hen
wmcm&nlizbesfebruhqu toj a;mpenspnrﬂl@l eajcindthe art (Jee éors@{amplerRemlngton

o bF RO s e ) PRaA L r 2 8 St o Adsh,  Part

Pﬁﬁﬁhéoéuﬁuc@dd@wufé’ét@nﬁg X'{thshéd 9c§y mr;gﬁnwﬂwn@rr@m Vilkins]) by
rt and isobutyl zinbromde (6 2.4 mol

brigging dhe Meseiked eempoungs of Formula () or their pharmaceutically
P 0 T
wc§ B0 SR CTHARERPhO53REF 00 I, Y ppayicgly vanavi

sudbtah@8s; fntw algalbnlcﬁlh@dmmistreﬁom Jomo abgethto with altmdable non-toxic,
diluted with EA (250 nlL) and cold water (000
ingH.x erapgulically offqni‘%%{'bé%/ siidli P ligeid samercnat I%s &”& if desired,

SRR Z%Cﬁ%‘“mﬁﬂgbtyhéc&q( 6X50 nL). The conbi ned 5

org. extracts are concentrated and dri ed. The crude

Dlg ré)qdeécé I S { sfazssec@/ 4\@_%0‘?%38 |V%{e§dﬁ@1 %\t,\é%] {Nrpnch can be
trela%d\/%nd?d? preQeﬂt%d”W"th ﬂhwédmpoﬂﬁ@s %9 F&Hu?‘ﬁ@)hﬁ@ﬁ@@rejectlon of
plamte.d br@n& tlsguebqr eel@g qrafi vegsus Isosg dlgea;sesz brwgh)t about by

tra% sEiépiaih1iteintde: fnetaTied” Pelfeing purgtoig, anpyiis: systemic

lus Utargtheafat@ss; di giitlppiogphsiipid COsEyrfdr@méCI d—léémtnotcbslt ythyroiditis;
ester (3.35 g, 13.5 mol Fe(acac)3 (512 ng, 1.

Iymﬁmqytl&naﬁmltm maltple 13CIerostn| NyRatenR (gdreanLtype al diabetes;

uvrénﬁrg,rs;@pll@ndl%& Orssd‘%ftgylw dé’g@gé?%. \%{%}é eglr%g\%h ddstérior uveitis;

uvﬁﬁilslchtdeSOCIBtﬂ’d’ISWth ethgete;/ dlééasﬁr yhegafmrtgltmw syindadroet  allergic

alf o nar nt the dark brown suspension

e”i°§p§\%|9m¥@pi'% rcth e §[‘Pg %gd vegeulgpaivn B%f’ftdpéc?guﬁ“' sautoimmune

d|%%b§ qaahe%gt orheZI tic! et h%ﬁdhﬁgcfsé%fetz%sg bgﬂ?ﬁ’ér@bnephrltls,
reagent | s added e mxture tur ark greenZbr own

mf.‘smrdmlaﬁorwaan@dhypgrptolmrdtlm|3I<nredd|Sease156 bsoriHsés; 2psoriatic  arthritis;
to -50C an n_of

atqglp &%grl%a ﬁ%gﬁgqﬁa ?yé IEM_OﬂtIS anot lt}er Fsort hagrmqtﬁg eczematous

der@asiis;oseBntodie dbﬁm)éﬁ*t"sﬂﬂféhbﬁ pﬁlbnu§t ﬂ)ef_lc?ﬁl Ligr b&@odb Béﬁﬁphlgmd
then careful Iy quenched wth (g

epidarooddis builagiaet wjicaea; h@nglmd@rm g vasgyéns | grythema cutaneous

eoBRBIt o B i Rufarip:” Hondud  ffb ety Rells: vemal

coMfiptvitis] keedtieid; aeﬁba}oala@rra@tugddyé'tk@pma uglsithhplio dveiedes corneal
purified by MPLC on silica

leukagog; ﬂ@tlﬁ&pemﬂlw |MPQFGQC§ H'Cﬁér ylcera&ypylferggi'{lsersc@qutw Graves'

orflyBigPatd. iy s kol ihod Syrtiforten speclifhsy Miftn Blergies

rewasibld @bstrubtitey bireal edisé@se3 oronchial adthmmayl allergicSadthi@; intrinsic
|n|so ro anol is stirred at 80C for

. The
aSQHT‘@eﬁ trip 'Ce%’iﬁéﬂaatdé’é 89 ﬁ%ﬁt%OE'Fﬂe'”M?@ﬂ%t@taf’rtEma' late asthma

anRU&ihkh V\J*“Fllggér N Qnef\‘/eﬁ Ld- C&oﬂ?ﬁoﬁf@%r@ﬂ@hlﬁé\ hd@sthefiosis: orchitis;
to 2009/ 02 905PCT 1B20 05326

gastric ulcers; ischemic bowel diseases; inflammatory bowel diseases; necrotizing
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37 give 2,6-dinethylisonicotinic acid hydrochloride as
a beige resin; 1H NWVR (CD30D): 8 8.16 (s, 2H), 2.84

W@ 2009624905 2- Hydr oxynet hy1- 6- met hyl - i soni cot i ni BCHIB2008453269
\ <<H5SOH a) To a soluti onﬂg 2-met hyl -isoni cotinic
acid (5.0 g, 36.40 mml ) in hanol (100 nmL), H2SO4

2m_.'.d. Th t ef | d f 72 h . .
entpgotiss ol R b S a AP e of B E Stat Bl 1@beiiac disease;
pr@ctlt%2 é’oéiﬂi@dﬁllld aorhtdritB; 'ﬁa?ast'o‘é%/t%@%edCrJH?ﬁs Ni¥bade ulcerative

I's vi gorousl y. Stirring is continuéd at 65C for 24
coht|$3ef\(a8@uaﬁotdmagqocpu$e orbyoflsgrnmjm udnseases and thromb08|s
{PELAX di sul fa&b%e dded c&% %nued ah d
athefoSIRTGRIS, Al asfl o YoRaTUlity SARIPS 'Q\Paiﬁ Pt EQT 'tshéy” rome;

catREBBNHNE t80Vivdli aRehSe; neééé@éﬂ #OMBdsis; Imigramme; Mafditis; eczema;
and extracted five tines with DCM_ The combi ned org.

intesatitiabpephiitis; deA-dnduseernarisorathyi Goedpastargis syndrome; hemolytic-

e
org SRR A eghrogaIy: oM IgsPronitnglomgplonephiits
tutfBointerglitials r@phﬂt@ ovinteodtitic t:ﬁstM@ m‘aItFpIé) yositie; Guillain-Barré

15 1]. = 182.05. b) A sol ution
sygd[gme M?Hﬁﬁ?ﬂ@%& RPIYesHHS c%‘HNﬂ'%”ﬁH""éﬁ rFEY@N'IS mononeuritis;
fﬂ;mé %
ra@f: |EJ Jﬁg& y% th% rJ@@ %%e so%vaelﬁ‘?eslésﬂl{1 rmvegzjg Buhe red cell

aptassa;capastsc aneradd; thaypgpl\aetlc anemia; idiopathic thrombocytopenic purpura;

dr oxynet - met.hyl -1 soni cot i
AR TN (@gs ity pudtan i Bieradiioraniziagrangiocytoss;
pemlelo%l'é Hhé‘rnla[ Mhlabafbbléiﬁlcoénemla anerythropIaS|a osteoporosis; fibroid
Et hyl -6-nethyl Tsonicotinic acid a) A suspension of
Iurzg chﬂilop@th& netemgtitial sppewophia; cdagnatopwosity;, leokgdenmd ) vulgaris;

el TPl B BAPITRreiE: REPNOF b e @0 ¢ &Freen ymphoma:
pobyHridriéis enddoé 21 - Huritingléis 3chpmla) - SVb@nhﬁmfsUYcﬁoE&lomﬁﬁ)cardoss;

clear. Heating and stirring is continued for 20
myge6diEis a gele erpis; t YR9eRers diraatioma; opiagiers @ynctr@rrnp, adiposis;

eo@H‘foﬁhﬂ&g (?%l t@gd%%f) é‘ggﬁg%‘ﬁ eﬂer{@oﬂﬂﬁﬁq alvbIaF 'd¥he! Substantia

05868 9de¢4E Ohfa(d / @@681@1%&2@9 oB8alopacia Genilisxtrouscular dystrophy;
cool ed t diluted with diet et her and wa
pyﬁP?H“%at geé‘%ﬂ’ SNaNSEORIE) ugweﬂphy%t@ (GroRiCt raé’é?”%“s insufficiency;

S

Aﬁ%ﬁh%@%&ﬁp%&%ﬁ%‘ﬁ%ﬁ%&'?;PFY;?Q* EBan} Jyniche oecurs upon

présarvstiors emidtemnmookapeéuMmemmwSmolmscmiodtme:puaeda by drug

ortr@p{aqlonggeﬁtqﬁn%gsege((:rgan%g |@§u_fg§t h%{ éﬁrgal@gpetriqllngﬁs%mency lung
I N

ca?%%% rﬂ)ﬁhgr\éﬁ;dygelf I@ﬁdidoér 7gm acbt‘@*éi}‘_bcﬁr&ﬂé I}éphé%%ukemlas

lymphomeas | pigronany ermpays;emasmajjara@ta ofiderosis; retinitis pigmentosa;

seﬁ&g hb]%gﬂlaisﬁgb%a;tgﬂgg\%géélc)s a@gﬂz %;étrnefl %&ﬁlﬁof@%ﬂergermatltls
erfWBnal . bdllodis  d6rrRatitisp| dementTHErma s @ﬁ%ﬁﬂtb& geriodontitis; sepsis;
sol utjon of et hyl rragage& um brom de g, 6 mmol)

pangreptitis; sPefiRhArg! wdtesy diseasec, CaTﬁ'@OB@WS scﬂoutjl &Ancer tumors;
T
SO A7 S TR MABERR A MRB h Bty gy o

cirdmﬂlsad sbteregﬁgi ehdlaag@lsheparpartll\mn oésddtienGraaqnear tlver necr03|s
d. The react

cirm eptglcééo e) hepatgg fqllluged, ? |nJ_a(§1 H‘%Q?&'Ctjf?gﬂre? late-onset
" HCI (100 nlL) and
he@?ﬁﬁ{fﬂ@r%ﬁtﬁ e?ﬁo\’\"éh'ﬂ e H\%hgﬂaﬁolggf | ayer is
separated and the aq. phase is extracted with diethyl
ether. The conbined org. extracts are dried over
MpSO4, filtered and evaporated. The crude product is
purified by MPLC on silica gel to give
2-ethyl-6-nethyl-isonicotinic acid tert.-butyl ester
as a yellow oil which is dissolved in 4 NHC in
di oxane (50 m_) The sol utlon |s stlrred at 50Cfor

NN AN o o o, o o s o o o o, s
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15c) 2-propenyl-6-nethylisonicotinic acid ethyl ester

(2.25 g, 10.9 mmol) is dissolved in THF (100 nL), Pd/C
W@ 209/024995 10% Pd) is added and the mi xture i s BCT/IB20¢B/053269

under 1 atmH2 at rt for 15 The catal yst is

filtered off and the filtratd3s evaporated to give

Pré_ep é@of) %I%@%?%%P %||§|grs I (fo E@qlq\%téaét dfo%r%quﬁﬁﬁg t&ﬁt@}a compounds

ofmmh?a£ B%re) sefe el L1‘F*c5riii"th@fgroup conS|st|ng of regectlon of transplanted
6- met hyl i sonicotinic acid ethyl ester (2.30

or@anasuch asddigneyn ligeml hegrt, HEIg, (cADICraas, icornad, mnsldskin, gad-versus-

f efor it | e rt_and.extracted with
nos BiskieSa ARSIt Aash oy S8 ol fehbr@BierRE BfGus Syndromes
m@l@@ing hﬁeum%tcd@l%rﬂmtlgfm@ﬂlplé@@lérdé\é tinflghifatory bowel diseases such

propyl-6-nethylisonicotinic aci d hydrochl oride (2.0
aSgPrQﬁﬂ A d@@&@olaﬁdrm'ég@tlyél ¢Qlitis| @spEasis RpsoGati afthiitis, thyroiditis

SU%NH-&% s}ﬁrQIBQJQ% ttﬁﬁfm( g\(?(}e_@\@%s %t%P%ZP s%*aéé'gbsuc% 22 rhinitis,

cohjuetititig 2 c(emmaﬂhﬁ a@trﬁﬁa(ltype] |- diabtés;, patt)lnfectlous autoimmune
6- met hyl -i sonicotinic acid 30

2-1sopro
d'mﬁo@ﬁgﬁmhﬁ%@%@/ fexen @9d1posiipiactiope @em%%aemntls solid
coRBERU R o ARBIAMGi 0 2- methyl - 6- (2-met hyl - propy1) -
I'sonicotinic acid using
2,4,6-triisopropenyl-cyclotriboroxane; LC-MsS: tR =

0.2 in [M1] .= 180.44.. :
Paﬁc%l{&g)ref%rreé]qmms cggr%%?,rgfrsf tohe teated andior d)re\jented with the
co?ﬁpomdgsc?ﬁé'rzélt(mtﬂﬁ @f ar?e %Blééféb‘ @r)o?‘i?ttili’é”gré@é”c%%isﬂhg GFCrigfection of
tr@sn?/atsued e ek 1y hehen;ﬂd ﬁﬁﬁpbﬂyeyr dyerl disartoxiachéung;rgraftruersus-host

dlsp ﬁ;céjlggwlt\/%tﬂo%ygﬁ stggf qqeélpntr%%él%ﬂ@t@ﬁ S‘thg%gﬂe ayndromes

se@tﬁéﬂ f@fn (rBQ@r%)at&@@ﬂ#@@l}nulmé émerbb%mdsbh%l@hlp@@rlatlc arthritis,
8.60 mml) in DME (120 nlL), a solution of

Cr@ﬁ” S@@éﬂﬁe( mddﬂasm@oé@alaéfwrom@ rﬁnﬂtiﬂp@cldﬁrﬂ@@%s\égw preferably
e S esEs FualEhcrRdo b MRic 2hder W sk . Tod Fogpouncs of
Fommiaed (1) ere $elesteddmneandlitipletsclatosigtaad pgdriasisA and

washed with sat. ag. NaHCO3 (2x200 niL). The org.

extract is dried over \gS4, filtered and 15
Th%V@%%éﬁf ﬁ%n T&? anrout‘é?atﬁé e8UChetrd fdfr'tlﬁé %@e@ht@ﬁ dHreatment of a

ng W th heptane:

disbaset byldl@ordelt neevhftydnqdr @peenryl ()ompnsmgoadmlmstanngi tet Bysubject a

phEinaRedTtabkeaive gribuff of odngunaciiru §) E|) e
(s, 3H, 2.63 (s, 3 H), 4.34-4.46 (m 2 H, 6 39 (s,

1H, 7.50 (s, 1 H, 7.56 (s, 1 H. 20 b)
FLchleémbg& _@nirounsisHafithe Fepanid () areoalbe oisefl.dnaonieetinn with one

or S Efal Wdedrefiieingashye. B gBR iyt dalihyay ol Bt or e

digedet i ddisbriets inseritfonetiatereimd Accordibgndia @efdrted embadiment of
h. The catalyst is filtered off and the filtrate is

th%va\'ﬂ)\tﬁfﬁp@d s7ide agenrts REduralestedp o etaebygrggporponsstlng of
I 0 v
o RoP st LR o FEAr Cybichod Baflsy Sgpgsipn molecule
inteibitens, ( BytéRings, asytekioel dnhibitsrs, ocltoklng Mecepdr= adtagonists and
WD 2089/ 024905PCT/ 182008/ 053269 41 evapor at ed.
requ{BbW@Q F QYfeking rgEPRI@ finder HV to give
2-nmet hyl - 6- (2-met hyl - propyl)- isonicotinic acid
hydrochl oride (9.56 g) as a colourless solid, LC M
tR = 0.52 mn. 2-Hydroxynethyl-6-isobutyl-isonicotinic
acid) /ON \ OH50H a) To a solution of
2-chloro-isonicotinic acid ethyl ester (10.0 g, 63.3
mol) in THF (150 nL), NWMP (8.78 g, 88.6 mmpl ) and
Fe(acac)3 (2.46 g, 6.96 nmol) is added under argon.
The m xture is cooled to -74C before isobutyl magnesi um
bromde (47 nm. of a 2 Msolutlon in THF, 94. 9 rmol) |s

— e o a N~ AN =l N
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WO 2009/ 024905PCT/ 1B2008/ 053269 42

hydr oxynmet hyl- 6-i sobutyl -i sonicotinic acid
whgapozthdri de (100 ng) as an oil; LG M tR =POI/BR2008/053269

mn, [M1l] = 210.47.

2- (1 Et hyl - propyl ) - 6- et hyI i?Soni cotinic acid 5 a) To

a suspepsi on Qro i soni cot i
Tk@@re@gap 'ni’f'?t'?ﬁ‘r@fs)o re[l]atpgagligeéjﬁéof(%gomppuna'é(ﬁzrwla () for the
pr@feéra'tlén ¥ desh4Hhrreuseal C-Ui'ﬁpdﬂlﬁﬂd”cﬁ)u%ﬁﬁﬁ’)ﬂﬁfr Y& iR combination with

00). The mxture Is stirred for 24 h rt, then at

owoo:r Beverag lmrrbmbquulaimgsegeehst forstheem/edtlon araiteatment of the
d The resi ?Ipu tds ?I veg n.diethyl ether (200 niL),
SRESREAIISP RS e 9069 N&IEB- sol ution (3x50 ni)

foll owed by brine (3x50 niL), dri ed over Na2SO4,

filtered and concentrated to giv

The: eeinpeends ﬁieFﬁgmU|ﬁs@h¢%tbiermand@lct1ﬂﬁ§ o Bigymetdsrgiven below,

bygtrﬂésrﬁ atlg?) nL@l ﬁg@@ﬁ?‘p@% a%lo#o&%‘lriﬁethogf 4 Optimum reaction

coh@hipnd masyok/atyl vithofthe2 - pz’rrhdular Genetanyd -orssolventsi nsed but such

acjd isopr est er E .0 %, 9.36 nmmol ) in di oxane
copgifiong (@@g%ggétﬁrﬁ\%e% Y aReSPNFRYle Beherart By (rappRG Opt'm'sat'on
pr&?@n% , 0.281 mmol) is added. At rt, a 0.5 Msolution

1-ethyl -propyl zinc bronide in THF (46.8 nlL, 23.4

mol ) is added dropwise to the mixture. The mixture is

stirr a re the reaction
Cojlied Lé’hfg% {33/ ead%mhléja](Beor}éEPcPrﬁé?rétr'”k’%rhE?” bﬁoorﬁpared according
to Hﬁ@?éﬂeﬁ*éﬂt Sedudings W@ahh@né“o&ﬂ#fe@ bl 'GHI?% v bfEAe synthetic

(200 nmL.) and filtered through celite. [trate is
poss@ﬁifreede@ﬂng te compeepds af boymilar(hedre deseribed. phase

is collected and the aq. phase is extracted with EA

(120 nL). The conbined org. extracts are dried over

MySO4, filtered and concent@Qatiid. The crude product is

purified by CC on silica el \i ng with heptane: EA

9:1to 4:1to gPy/eidme( yl - pr Pﬁ‘rid‘im%yl - 25

isonicotinic acid isopropy\ estef (1.6 g) as a yell ow

oil; LGM: tR =0.79 mn, OM-NH= 250. 14; 1H NWR

(D6-DMS0): 80.70 (t, J=7 1.33 (d, J= 6.3

Hz, 6 H), 1.58-1.70 (m 4%UHFL5651 (s, 3 H), 2.55-2.63

(m 1H), 5.15 (hept, J=5.8 Hz), 7.39 (s, 1 H), 7.49

(s, 1 H. WD 2009/024905PCT/ 1B2008/ 053269 43 C) A
Casppendsn oéchzrrrMa ethhyyhigh gepresest ety 4loxadiegelei Aegvative, are

pr%rggégp r%_a?ﬁﬁfé éo%‘l‘]d gﬂ%gl(llctgre,l%iggogdlﬁrﬁ S@gi{ \ega?oxane THF,

dumemgdthaney&qw@w@,mﬂolubﬂe r epindere] Pydidisn! DMMF | ”iichloromethane,
di oxane and concentrated again to give

acetl@ Kk HYTUGEPBBSIG A60mEttyAL T 96 RIevatathiemaeiptres in the presence
e@%@'(ﬂ‘r é@ﬁ@rﬂﬁ 7Qu%§§ 3&d§t(é‘§;WF5A‘ 5Q1dacHCHE: &td), bases

(efg- OlaH ddadiy] NenCetsh b Os pirietintlamine, atc.gl, tetraaH()/Iddwdenlum salts,
to a

or SALET FesRONE AdeRt e 10 SRV L adR et I BEivimIastide. POCK,
PdI4 8I64(§1’0 Zf‘ndi)eém@r' ) sieDedli %@ﬂﬁ) @Qrt)@ﬂysuﬁ‘aﬁ%'ypt trhyammonium

cycl opentyl zink chloride (50
hydeoxide éﬁiungessmgerﬁ) aldedLige e;gmﬁseR GaneglnﬁxtlulmelaksE J. Shelton,

D. &) ViR eB5uf: RS Talridiop a2 okl g441-1443: T

Suzbiki, Kelweri Nedningshi ext N@gbﬁu@r«dwy@éi [V RlakdB&@4 M. Ohta, T.
filtered and concentrat ed he crude product is

Masg,i Ghed. bracn. Bsdh 491 (1998).g20-8P8t Rad - viPewHake gt dnel atar, B. P.

t I t [ id
k) FBA L4 URY, T RN SRERI, Felis otver,
[I\/H] = 234.11. b) A solution of
2-cycl opentyl-6-nethyl-isonicotinic acid ethyl ester
(3.96 g, 17.0 mml) in 25%aq. HC (50 nm) is stirred
at 75C for 16 h. The solvent is renoved in 20 vacuo
and the rerral ni ng reS| due |s dr|ed under H\/ to gi ve

o . o ”~ o, o
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colourless oil; LGMS tR=1.05 mn, [M1l] = 236.13.
c) A solution of 2,6-diethyl-isonicotinic acid
W erpabevy| ester (635 ng, 2.70 nmol) in 6 N aRCT/HR2008/053269
(10 m.) is stirred at 95C for 15 h before the sol vent
I's evaporated. The 20 resi duélis dried under HV to

D% Migengagofio 1 SadBdseh, Syénike Gabiiiip! 25 bl (41450 €.
—Jérﬁp ﬁJM Sh'ré‘é\@ Om'iqa%@@hen%tiy ¥4 (698%@10033% (Bl Kaboudin,
K. ;N@V&je g-(ﬂjaqumﬁegcﬁq (;ZQQ&); 228£2d925C) T) Brain, J. M. Paul, Y. Loong,

P.oh R T ey P A Do 3R 88780 <oni cot i ni ¢ aci d

tert.-butyl ester and O HN

2,4,6-tri-(2-methyl -prgpenyl)-cycl oRor oxane pyridine

conplex in éFryilidO’ga] ,6-diethyl-is iridire2aci d;

LC-Ms: tR = 0.68 nin; VD 2009/ 024906PCT/ TB2008/ 053269

45 [M+l] = 236 40 1H NMRI(DGHUVSGNHS 7.90 (s, 2H),

2.92 (d, J = , AH), 2.10 (hept, = 6.8 Hz, 2H),

0.90 (t, J = §tr510p|ge26 Structure3

2- Et hyl - 6- |sobutyl-|son| cotinic acid) N)<0 )- OHa)

To a solution of 2,6-dichloro-isonicotinic acid
CarepoundsuofyStrestuee 1 (68 beprepared bymmactingradcompound of Structure 2

wi&)’gd" 6-tri vq'gﬂ%{ §Mﬂﬁht%§/:§b,?]rlazo)§ﬁfv)en?éﬂérg:a%?lpml-ﬁ% [ﬁ)ﬁgﬁ etc. in the
ré@&% 63aB4ande0bt QM‘@%rWor%décﬁ’LFﬁl%b“aéié’rQs %chOaSOZFBTmquQ;C EDC,

and tri phenyl phosphi ne rr% % is ad
HE, tue®li EVB@PstQTCF rasgl @tthegwesenceler absence of a base such as

trl%tgxlg?réaé QEJ?’E%SN% ggzcgcﬁg”%(t'c) LSV b PR KBRS P E i nandez, P.

Fulrshd! &. Raetirsz, Ur Org. ChehP88 (2003) F3180M21f @hdlthehiterature cited
The mxture is cooled to rt, diluted with 1 N aq. NaCH

aboyelti on and extracted twice with diethyl ether. The

org. extracts are washed with 1 N ag. NaCH sol ution

(2x30 nL), and brine, dried over Na2SO4, filtered and

evaporated. 15 The renmani-ng-pGiigk®e is purified by CC

on silica gel eluting with heptane: EA 5:1 to give

2- (2- et hyl - propenyl) - 6- viStrglcturea@ni cot i ni c aci d

tert-butyl ester (780 ng) as a colourless oil

cont ai ni ng 2, 6-di - (2-nethyl - propenyl)-isonicotinic
Ccﬁ'f?ubé*urﬁd?e,r &f S?H(‘;étlg%e ?%ﬁ%béﬁ)réo ] C})’Letallegﬂ@/?fcc%rﬁgcn‘gﬁdo\eliStructure 4
W|m bgquyia]mmpr@rpengzlc)f @s vsahtyl i aosoleenti auech a@si thetleanol, ethanol,

YBE. @5 N P ca o FRBoRrl BT LGS SBC05, KCOs
trléﬁyFahﬂﬁe uRdeBu letat Mitofe H2T aSusikif RI wdoka, NTﬂ}ﬂaﬁ%haWNagakura

is'filtered off and the filtrate is evaporated

K.Mivta, dil.nyakaimraud. i@htpuli Mase, Byreat Rrarsi. 1 Buh 4§e(l1999) 120-122;

3. Sl ROPrigh; B, BRGC LaM, 2t ihehd e oA Cassy Wy T- Fu. Y. Zhou,

Melata@rA($9@|smg Ma<E. almksouerg OMled CﬁerB11t(Eoe3)L 3379-3392; R.
= 264.11. ¢c) A solutio

M'ﬂeretﬁawang Zsdoepa. Ps WQ@UVHOCZQQ‘V@%@% (Metak & &-elnc., USA);

5. AEhuEh, ¢ AR ot B lo0n 802D, 2T B0 et

The residue is dried under HV to give

2-ethyl - 6-isobutyl-isonicotinic WO
2009/024905PCT/182008/553239—4ly@®nd hydrochlorlde
(334 ng) as a col ourl ess Eg CMs: tR=0.58 mn,
[ MF1] = 208. 04. 2-Hydroxy nethyl-lsonlcotlnlc
acid 5CH a) A suspension of 2- nethyl-lsonlconlc acid
(400 ng, 2.92 nmmol) in nethanol (50 nmL) and H2SO4 (0.5
m.) is refluxed for 24 h. To the clear solution a

sol uti on of amoni um peroxidilsul fate ((NH4)2S208;
1.33 g, 5.83 mol) in water (3 nL) is added and
refIUX|ng |s contlnued for 1 h Another portion of

o I Y TAN /NSNS A ~ ~ o
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2- Et hoxy-6-nmet hyl -i sonicotinic acid WO
2009/ 024905PCT/ 1B2008/ 053269 47 \-0 0 OH To a
W@ 009024905 of K-tert.-butylate (1.99 g, 17.7 mmedl/1B2008/053269
et hanol (25 nlL), 2-chloro-6- 'zget hyl -i sonicotinic acid
I s added. The reaction mxtu is stirred at 90C for 7
days ure is cooled to rt, diluted wwth wa
A SRonnel SiuEl e GiriRnye eidhared 05 S Somboueng! Siyucture 5.
M&hBas inat 3é3ﬁé1ﬂtfﬂh%dtr*éhsﬁﬁ’ﬂ'aﬂgnlof\'aa%or’r\ﬂgun@ngf'§trt§é1@ﬂa 4 into a
extracted three nore tines wth diethyl ether (3x30
compountied Sirugturexd.reidhe oppesitarrdse eawndoiagersesrskilled in the art.
Na2SO4, filtered and concentrated. The crude product
is purified by CC on silica gel eluting with
heptane: EA 1:1 to give 2-ethoxy-6-nmethyl-isonicotinic
acid (237 ng) as a white powder, LC-MS: tR = O 60 m n;
[I\/H] = 182.249 1H NWVR (CD30D): 8 7.27
y:[l%s 11 A i 330(&2 J3 I_EZyr?dlr';g 2

2 I sopr opoxy met i soni cotinic aci

OH 152-1| sopr ny EIHTEt hyl -i soni coti ni g”\ll
prepasgdcwitapt i ng from 2-chl or o- 6- mESt*ﬁNd:turé goni cotinic
acid in analogy to 2-ethoxy-6-nethyl-isonicotinic acid

usi ng i sopropanol as solvent; LCGMS: tR = 0.70 mn,

C%W &f@gﬂé‘%@ %Qg\ﬁﬁgr‘{ﬁé@gsgﬁé 12V abR80L58E & (§, Ftladiazole
de?wéN@ra?e%l@iaf‘éd(ysmﬂanqu Iréactlr@CIad cothpdind, oﬂCStFucture 2 with

mmol) in nmethanol (100 nL), H2S (I_ m.) is added
hygraaing &y ysisgia peerling resgenbsudivas TBIkS ReCutilin H§TU PyBOP,

HOBE 8P rdio BupSEhEPhINT st BB e S dRa g bodbied it 2

cow&mm mﬁtS’trumnr’eaﬁot_o give dr cemhpbandi ofeStructure 7. A compound of

St(up%g@o'/[ yagg?s? poX %(')ajgg Iq(;'oftotm ” %ﬁ@ﬁeggr%%’gamlqp o[q@;i]e by first

cotpRit?- P Lorfdou %fSS{rH&t'uPé‘ Dfwith hydrazine followed by reacting the
2-chl or o- 6-net hoxy-1sonicotinic acid nethyl ester

co(respénding m}@ﬁazidenmebmemaw wltmd:cc(rﬁpomg of Brpatme 23 Dehydration

(3295"'{%%8”80%’0 étm%‘ég rﬁf Eca |f$r\§ﬂe Cdﬁgfrgg(lf'gl 4%@@@% derjvative is
af%cﬂéoﬁw %bm’ﬁ_p @fcdrﬁsmmbﬂsgne@r@mwm arredgef’suthn aé-Mt:|3 CCly

In THF is added. Stirring is continued at -
Orf(éBMllnhCO'“Bbméflen tWith FpheamyhosphaemdtOso B@l(gessh@eagent etc. in a

soT\%g §H| ss é@ﬂ {1‘% ngt?ﬁlt@%r % vdglghngd Wtﬂ@%ﬁ %tg ?a_pet‘emperatures

betwéém @edarty 100POen tials lpeebemw oVgbsehced of intdredagsdrradiation. (Lit.:
concent rated to Iﬁl ve cru

e.9- MsohuGRICia. Fet 65@3715@61@”@5@ Me Gaahg. et Mprenasderla Llave, M.
Ju&%ﬂzﬂzmarﬂﬁ%?nBo'de P!agcq}ﬁ Tdr&sa A: RanBd) v [MEd] Chem. 48 (2005)

'sol uti on
4038+4t(17!ﬁ,1t(§/1T6BrmnhdxM iRanj Yotioong, BciJd Geddw,| Tetsdreadron Lett. 40

(1499F 2t 53280 Eiswisg n 1 dialaadle donvalian ey obtained by

Cy¥REGNG é"n@or‘ngguﬁésbﬂl@tru&u@"ﬁ%i‘t’r’i‘dﬁéwé%drps gr‘e‘é?ent optionally in
2-1sobutyl Xy-1sonicotinic acid hydrochlorid

co(binatiay) waatb ReSkoini ithe prespsee otrFabseocaaofra ISQ|VPMEI-$]JCh: as pyridine,
tolyen?%%% ga%eii%)tnqwe eECODQ{IQIevatQE ttgr%);() e'ttaroe%' v(\:n% iorr]iv\(lzlth"i‘)(l:ﬁgnicrowave
irradiation (Lit.: e.g. A. A. Kiryanov, P. Sampson, A. J. Seed, J. Org. Chem. 66
(2001) 7925-7929; Org. Prep. Proc. Int. 37 (2005) 213-222).
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20\ a) Under argon, Pd(dppf) (83 ng, 101 ilnol) is
added to a solution of 2-chloro-6-
WOoreionox4903 soni coti nic acid nmethyl ester (2.00 RBCT/E820@8/053269
nmol , see preparation of 2-
I sobut y1- 6- met hoxy-i soni cot i 9% ac d) in dioxane (30
m.). To this m xture, a sol tioa of 1-ethyl -propyl
zi nkbrom de (1.17 g, 9.92 | ,R0 nmL of a 0.5 M
solution in THF)L 25 i3 added. Th& mi xture is stirred
at 85C for 16 hhgg OFe thé\ r eact i/on ixéyrcﬁ?%ful Iy
guenched wth water and ext\ract twice with EA. The
conmbi ned org. extracts are dried over Mg504, filtered
and concentrated. The cru@ructwddct is purified by CC
on silica gel eluting with heptane: EA 9:1 to give
2-(1-ethyl -propyl)-6-nethoxy- WO
CRBGU R GOPEFBEBNRIATIRR AR ahsOiRS bPbtnBEof dervative are
nmet hyl ester (1.17 g) as a pale yellowoil; LCGM: tR
preparedgbyritrgatjnigh-a] compagnd nf Siruduse|duteitbar ofith POCI;, PCls, 12 in

002' ||i§t(|ec}(ng)</\lft-ﬁ) gﬁﬁéelrlylrgwp%%( yqr}lqs grn | %ﬁglf?lmr}h% ?r(d:@gorgr%tpqy I§nhydride,
Bfﬁééé‘ eshqrint, /&6, fos sbfveht stbie a8abNeRk, benAAURP AickRE, IME, etc. at

e residue is dried under HV to give the title . .
tepafaiuies petwrernyR0agnd WO Cowrswith d:awesspB's fgrgeny. oationally in

coffoatidl M 5. iEhhe, pyesens othsgnee gl  soveghgpo g pyridine
toluehé ETEIEMPOBtRMitile, eld. ait retelated aembetatusesl with ion withalud eicrowave
to the procedures given

f
iradigtion Ry TIERIGR J0q et~ Ns Saie ki $hieatge My Jisugka, T. Ohno,
T3 <Ba g HoRaE T pio] donessel B Kearan T, R0 &
Meg. Kheobt.uLetin 14f (2004 6761-876d9).hYhei sompoondsiaf &tudture 8 are

oriwsren O reaidg Beohmeingolatuctitnd W sadempaund of Sticture 5
Th‘n%g“\ﬁi?foﬁbﬁﬂw ngirt&rerd g%aﬁlﬁedb%;ﬁqéé @oned do'ﬁnzrcﬁ)ﬁ%rﬁ%tructure 2 by

. The solution 1s washe sat. aq.
Progadooss giveant innthg t@ratuye 4e9. WatlerLaViating,) J. beferdcynlier Chem. 20

Lkt conecent r.at ed . dried under HV {0 :

(199953 Brpo b FeessenF ALBIEC 5T A b BERl oY PeChabassier
P.([06& 1 3judle,55. Patié, K ROy G. Moy, ER-. . WEZ Ohérmn. 15%1980) 263-

= 200. 17. b) To a sol ution of
268).chl or o- 6- net hyl -i soni cotinic acid ethyl ester (5.20

g, 26.0 25mmol) in dioxane (200 nlL), Cs2003 (25.5 g,

78.1 mol ) and isopropylamne (9.24 g, 156.3 mmol) is

added. The m xture i s degassed and put under N2 before

WD 2009/ 024905PCT/ 1B2008/ 053269/50 Xant phos (5.43 g,

9.38 mmol ) and Pd( | | Pyrdiee 1.17 g, 5.26 mol) are

added. The m xture is stirred iy a seal ed vessel at

85C for 18 h. The mixture is coo Nid,rt, filtered

and concentrated. The cru%ef‘ produyct is purified by CC

on silica gel eluting witRUHEBETe: EA 7:3 to give

2-1sopropyl am no- 6-net hyl -i soni cotinic acid 5et hyl

ester (3.91 g) as an orange solid; LCMs: tR = 0.67
Altermativiel the b@@i3. Heiweeh thespyrigtirieonr die phenylring and the central 5-

bR BBOBC gt ik B0 i Hof llpoan cataysed
crédd eafslingtred@forfsor 5 h before it is cooled to rt and

concentrated. The residue is dried under HV to give
2-i sopropyl am no-6-net hyl - 10i soni cotinic acid

D%.ye%rﬁl?rﬁqlﬁ,ﬂrtb%ﬁrﬁtﬂr‘:ezggg'?eogﬁwc%ngﬁtfaegg&eggﬁ{ [N thl'ecfé\é%uetsRRf R? RS,

R%2-FY nRIYR'Abne R nitidagl funstioridlities Thay aeduairel té¥hbdrary protection.
COON 15a) 2-Chl oro-6-nethyl-isonicotinic acid (7.55 g,
44,0 mmol ) is suspended in toluene (150 nL) at 80C and
then treated with N, N-di net hyl formam de di-tert.-butyl
acetal (50 nmL, 209 mml). The mixture is stirred at
80C for 3 h, then at rt for 72 h. The clear solution

o, VALY Y.
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(625 ng 2.75 mmol ), Na tert.-butylate (396 ng, 4.10
mmol ), Xant phos (173 ng, 0.30 mmol) and Pd(OAc)2 (83
WOoreN0902097s nmol ) in 2 Mdinethylam ne in THF ( 3BCHiB20088053269
stirred at 110C for 18 h. The ,dark reaction mxture is
cooled to rt diluted with 6 aq. HCl and extracted

th th th 4x60 Th )
AR BIS OIRSHEHGTP 18D 965 KOBUDES % porgin SRS L e b @nd include
.g?.eas bQHE)ﬂ' 8 mﬁe%\tﬁgrky@nﬁ dYoaf to Prdtednsh Beahef dra BBR group to
or The or ange suspension Is concentrat ed
prafiest @nv aaine etCNTalttspseNar@thm QLQUp@nmayoheeempt@yed according to

agai n. The resjduye i [,ssolved Ln . :
SRR B Eapd, We b by mbc S VrdTetss TapidegyS Croups i
Orgghict ey@ﬂh\égls2 3 peitibm! &\meyowéwﬂ%thggSr $ONJ. ¢dignski, Protecting

amd_f_ %asabeleml LCGMS: tR = 0.44 mn,
Gronpsf TH tyitgart, 199

2- (Et hyl - et hyl - am no) - 6- net hyl -i soni coti nic acid

COON The title conmpound is obt a| ned as yellow crystals
Cdrgéumay) ofi Stractare@ywhereh P;zﬂdlne represents

di met hyl am no- 6- net hyl -i spni cotinic acid starting from

2-chl oro- 6- net hyl -i soni CB?I nic acid tert.-butyl ester

(730 ng, 3.21 nmol) and ethyl -nethylam ne; LC-Ms: tR =

0.50 mn; [MH = 195.05; (D6-DVS0): 8 1 .08

(t, J =6.8 Hz, 3 H, 2.88 (s, )3-H, 3.03 (s, 3 H,

3.60 (q, J = 6.8 Hz, 2 HY\ 6. (s, 2 H.

152- Di et hyl am no- 6- et hyl - icotinic acidr NN 1

COON a) A solution of 6-di chl oroi sonicotinic acid

(20.0 g, 104 nmol) in ethanol (250 nL) and H2SO4 (5
man pei prepared &y eeac8og & @6-2&hloroTisenisatinieracid estezn(@tetture 10,

oely iR en i Reaard reasentn e Attt of FoGratTanaysgivent such
as'\/tﬁ@4 diokbh&r EMRNPanatat §d cominatons thereof, at temperatures
6- di chi or oi soni cotini ¢ acid ethyl ester (17.7 g)

raraglbgo‘mmgmstomﬁic (FOrsmBer cenditiong1Litd a.g9. A. f)rsimer, A Le|tner M.

MG H sk oAt e SR, ok (ROpREseeg  BlsarR; Fiter. A
Lewthed ORkgbar Ghdém. 'Fhel 2062)i BSZMOW@Sr@d@on condltlons can be
25evaporated and the residue is purified

chepen sHcly dhateither e diahtpragpakitkisppicotigic acrg ester or the 2,6-dialkyl-
GBA AORFE SHARLEZRR, B8l .y rigapg poms o
2,6 l:IO:hlorg, |somobtmn0$c_2} ester may also be substituted e|ther sequentially or in

chl or - di ekh}e/l am no- | sonh@%tl nic acid met h¥ H?St er
Onﬁrﬁt@H ut-BRY 9rREPS r WRIShdPay CthE FAER O gifterent, by treating
2,%%%5%6‘@@%@1%%@ Qb A kisk t | ongeélhér‘ﬂ;ﬂ' Boron derivative

c) To a s
unglec Bluaubi- @ugiling h:phdrtnone-lqnewmr toct parsonaskrlhbdemttye agk tldve obtained

10. 31. 6 ol n_di oxan 120 d 6
2.5 ey Sl bbloeder Ve dropanasty S b6 aartgipphaing 26-
d.élﬁylﬂé&ﬂéotﬂﬂ@@tﬁros@stép | BRIdMoxt érpﬁoé&ttﬂéen Ivth|¢r$tr$et Furfs@r‘ier and the
he m xture is carefully diluted with

Sumkerzondlh@mrs @m regmlemledmsenuextla”w@rbbﬁtﬁm/@agﬁ@ dihg. 2,6-dichloro-

BRI BB pCH 5 oMYAl R pprgpey i oo

tregitéd eEthoah &@toltolngr mhtahcdsmtawﬂgt BReVRitdd témpereures to furnlsh the
2-di et hyl ami no-6- nethyl -isonicotinic acid ethyl este

corresegn@ngco%f:alpmﬁgallé,@mslseetquesaeﬂ) eplers paf e2- alkoxy -6-alkyl-
0
|s%ﬁéc%)tﬁ1‘ﬂ% ?glh o%t&fl\@ et%] Qm"\ﬁ@’- n%eﬁoﬁtwrsgnﬁg t¢,rltleml§%3 4445
acid ethyl ester (6.39 g, 27.0 mmol) in 6 N aq. HC
(100 nm.) is stirred at 80C for 72 h before the sol vent
is renoved in vacuo. The remaining solid is dried
under HV to give 2-diethylam no-6- nethyl-isonicotinic
acid hydrochloride (6.96 g) as a yellow solid; LC Ms:
tR=0.53 min; [MH = 209.09; 1H NWVR (D6-DVS0): 8 1
17 (t, J— 6 8 Hz, 6 H, 2.51 (s, 3 H, 203.68 (q, J=

~ N~ 7 A '\




10

15

20

25

A solution of 2-chloro-6-nethyl-isonicotinic acid

(1.03 g, 5.98 mml) in pyrrolidine (5 ) is stirred
W@e0085299Dr 6 days. The mixture is diluted w tPCI/IBIOGHHNS53269

NaOH (40 nlL) and the solvent ,js renoved in vacuo. The

crude product is again di ssol¥ed in 1 N5 aq. NaOH (3

44&}9 C Eﬁdaallgﬁtcﬂ]%@&e( t%én@evgsperp?/unc |on§\|tyydé\fF\)/ers tﬂe compounds of

Stgjdg@iemllﬁ pyrrolidin-1-yl-isonicotinic acid (1.18 Q)
as a beige solid; LGMs: tR=0.52 mn; [MH =

207.06: 1H NVR (D6-DVBO): 81.89-1.94 (m 4 H), 2.27
3 H), 3.33-3.38 (rg|4 M, 6.61 (s, 1 H, 6.77 (s,

102\(I sobut yl - net hyl - 6-met hyl -i soni c®tinic acid
NI N The title co is prepared i

t oy2- di me - 6- O C

fr or o- 6-mret hyl - tinic acid a

~ met hyl am ne; ; 0.61 mn
223/10. 15 2- D|methg/l ammo- 6 ethyl-lsqnl cot/nic acid 1
NSI'L \/ COON a) 2R6Z-BdMI or o- i soni coR Aire—Mci d (11.2
g, 57.1 nmmol) is suspended,in tol uene (150\01_1)D at 80C
and then treated with N, K di met hyl f or mani de R

utyl acetalg 209 mmol ) r
gt&l{cﬁ{% 1|02 stirred at g%t%ur%or 12 h, then atS{rrptetuﬁJ|é1b
h. The dark solution is diluted W|th di ethyl et her

Ctiao i) g5 eBer iy S ibirss 2 WhtEIl &R, efPresgiisoNRSR™ may be

préipsar@d Wﬁiach'ﬁé%péﬁ dichlors %n@d@ﬂlnﬁoﬁtﬁ@r&é’t@* @ruc’ﬁm@ 10, wherein R

crude product purified by Con silica ge
representsy awCu - aékyj,;,r me@rﬂblsofarmsqnﬁomdpora@et@r@ @utvle group) with the

S BREENERRT bih@ PEEnrs oL sisite f i Rofyliondi sowent
sutR a3 THPdigkane, léfﬂhbMRt S@Br%@éag‘yﬁ% t%ﬁwp(e‘ﬁatu?eé-bboﬂe 86°C to give

a gcgrepamloasrssrchﬁfﬁmnﬁ 6OmRPHNgS O SUbGHyE Hisean than he reacted

iy 5 Loy R S DT B, T ot ) uner

Ndgistalregciidn tdodtions (Li2: b.g. H—Ialdla&us@aﬂaaEe Nebhi/xOug.eChem. 47

0 trated to
(1952t 62 BEEaravS ParmeRuriL it SBustHre: 12cmhichesan bedysrolysed to
a @él‘ﬂ%btjﬁa }_%9 Qi)ruélﬁr@ 2DNRVH itRsH, A 6197d¥60f H% %trjucgj?re 12 may be
357 '1H NVR (Db- 81.54 (s, 9 H"
prep@ed(ky, r@chmg asccaﬁp()lsnd of H}rucmrezl 1(wlth anHlkyl @mgrrardareagent in

g BreSarim, ot EERERCR S5 3! SUCrDBS AR TPk (M RIE. etc., or
cog%k%lréartgér?%gaﬂ)sgn(e%ﬁ7%t”ﬂemﬁer%@urré%o;rénélﬂb| W 8 to 25°C (Firstner
copdiliopst 8¢e/BRYYR)y &nngéw Bérr@&raaﬁ;@nkwa iCaiaraiky gFpURxthegresponding

co%%ﬁwggoo@ uct%%epfrcga‘;w %%8)8%%' %é%?ﬁ@ﬂ%%é&ﬁfg dg dcgmpound of

Strilegur@ X1 Wiieh ia® QI&GﬁﬂSB&oandermﬁtlvén(féeg am%llth\bmjlmyelotrlboroxane)
sz%uba&?’ (82 , mmol) is ad he m xtu

ungler Sugd Ia&onﬁdef@ﬁ % ELSKW'rE)?ef[brFe @tShie§ éo@ﬂéoc@@”r 67 (2002)

4RRITIN ST, REInBd® 2Rt b GiRaAT oAt iL! B Mbfivative is

hypragenaledCithat asresipohd DOMdopauncoRStructure 12.
di met hyl ami no- 6-vi nyl -isonicotinic acid tert-butyl
ester (885 ng) as a red to brownish resin; LCGM: tR =
Cchﬁ@urﬁ'ﬂé1 of[%%ture 22‘%@1@@35@2 F—ébréséﬂéué' %trﬁx}g group can be
-di net hyl am no-6-vinyl -isonicotinic acid tert y
premred in&ralogy, tthr@SpamMJay ouilimed bhowve frons cammerellg available 2-
(150 ng, 10% Pd) is added and the mxture is stirred
under 2 atmof H2 at rt for 3 h. The catalyst is
filtered off and the filtrate is evaporated to give
crude 2-di nmet hyl am no-6-ethyl -isoni cotinic acid
tert- butyl ester; LC—I\/S: tR=0.76 mn, [M1l] =

~r—-a A~ . 1 - I L Y ~ N1 1 17~1 VALY
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COON
2- Et hyl - 6- (et hyl - net hyl -am no) -i sonicotinic acid is

Wpe@pareos i n analogy to 2- 5 PCT/IB2008/053269
di met hyl am no- 6- et hyl -i soni c tinic acid using
et hyl - net hyl - am ne; LC MS: = 0.56 mn; [M1] =

ch%(?’g@z%}etr%{;(ylz\lpwy?logr?%g%g iczacéé%(ydntrgguclag dk?@_@zesgg%@ “s-alkyl or
Cg%~§/%lda‘$kyl3e§ﬁiue$or7 1(1ﬁder\]e|fhe‘§ Nedi#i, FérsBer(orSukukl conditions.
.23 (s,” 1 H). 102-Di et hyl am no-6- ethyl-lsonl cotinic

acid The title conmpound is prepared in analogy to

2-di met hyl am no- 6- et hyl »i soni cotinic acid using

di ethyl anine; LC-Ms: tR = 0.55 nin, [Mrl] = 223.37.

WO 2009/ 024905PCT/ 1B200 269 56

2- Di met hyl ami no- 6-i sobut/yT-T1%onicotinic acid 1 .NN 1

\/ COON The title conmpdund i BRd in analogy to

2- di met hyl am no- 6- et hyl -\so cotinic 5acid using

2,4,6-tris-(2-methyl -progpenyl)-cycl otri boroxane

pyridine conplex int Suzuki coupling reaction;

LCMs: tR = 0.54 mn, TMW1] = 223.37.

6- | sopropoxy- 5- net hyl - ni cOtrictuee 43id 10 a) A

solution of 5,6-dichloronicotinic acid (5.0 g, 26.0

mol) in dry ethanol (300 nL) and

AI@ﬁhé’cT\}é‘ly 'tﬁ&tdb‘:‘ﬁﬁcbdrﬂ%eoﬂ S8ubture 12 R@y)alss bat btferp%%cﬁbyrrbactlng a

. _The solvent is evaporated, the residye
Commwv@fdstrnctureeﬂ Bwltféﬁm@appmlahe;)armﬂ@ WABN& ™~ winder Buchwald-

Ha?rﬁ'légo g. p‘%as |"s ( |ed o%?ll(elgmangé@}?dff)lrﬁt) gsgégahgﬂ_‘)wn’ S L.

Blmham al, E(Urgt @f@nvesas(zﬁ}od))dhlser’mmxa IWagawcdeeBbthald, J. Org.

& %g olid: LC 96 m n a@gmr%
C/E'Q1@1 5996) 24@ 6243 d‘ﬂl br bﬂﬁ%%t@nﬁ@'%&d—&%lw t&rOrg. Chem.
64(§19§?)%01§346§22m§')R'§ta%ﬁ@?dst Ped %0' t%@)?n&]iuh@ PHauck, J. F.

n 1 sopr opanal
Harrtmgur@rgl 4 elifesd ed(ZﬁOOSO’G%GMm) Iﬁompdmnﬁdx ef Stnidere 13 or their

[ f ) , . . [) dded.
colBepeiaigS abigs iren Sbhen OBy SaVailabkh O iy be Prepared by
reﬁ'ét‘rl{#ﬁdz ES"'o‘iéhIérr"i‘ﬁ|sor"}i‘&ot|r’h‘€‘"é-%%B e%?r%%‘tr%’étur@xid aGkeAnvaIk Grignard

ether, and the conbined org. extracts are
rea@emwmdﬁmsynerfcdndﬁm ed aansgramaitiedin Jlgl-Znuaegent under

NGl FrodeouE orafflsithob SalTrenb i alh pReav boron

deglggﬁ\é%%é?pﬂuz@ﬁﬂ ebhditiohs: Meatihl thel - dradobnd Nyt Hlkenyl-chloro-
isonicotinic acid ester with an amine NHR'R' under Buchwald-Hartwig conditions

and subsequent hydrogenation may also give access to compounds of Structure
12. The residues R'™ and R™ may also be introduced by sequencial alkylation
and/or reductive amination of a compound of Structure 14 (Lit.: e.g. N. Finch, T. R.
Campbell, C. W. Gemenden, H. J. Povalski, J. Med. Chem. 23 (1980) 1405-1410)
which may be prepared by reacting a compound of Structure 13 with ammonia in a
solvent such as water, methanol, ethanol, THF, etc. at elevated temperatures.
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WO 2009/ 024905PCT/ 1B2008/ 053269 57 C) To a sol ution of
5-chl oro- 6-1 sopropoxy-nicotinic acid isopropyl ester

W@ 285/024995 0. 912 mmol ) i n di oxane (5 nL), PCT/IB2008/053269
2,4,6-trinethy|-cyc|otriboroggne (114 ng, 0.912 mmol),
052003 (386 ng, 1.19 mmol) a
tri-tert.-butyl phosphine (7.4 , 3611nvl) is added.
The mi xt uURg is degassed and putR“under argon before
Pd2(dba)3 (\17 ng, 5 1811nol) is\added. The m xture is

stirred at for 18 h. The m is cooled to rt,
di | ut ed t. aq. -SO|utIB nd2
extract ed € org. ext [ drfbd o¥%
MISH, filt and concentr at ed) crude product is

. heptane: EA 9:1 to
gi ve 6-HsNpropoxy-5-net hyl - ni q@it i ni ¢ acid i sopropyl

ester (90 s a colourless oil; LC NB: = 1.08
min; [é/iﬁ&?tﬁgg@o 238.08; 1H NMR ( r%?FUF%Hg .35-1 .41
(m 12 H), 2.20 (s, 3 H, 5.20-5.30 (m 1 H),

5.37-548 (m 1 H), 7.95 (s, 1 H), 8.67 (s, 1 H. The
IntqaseeR Corepoasents Aydtagenh e cotrebponding qulsimegderlvatlves that may

ookt 3T B AGRES L Th SuBMAe g verorndso BRTBpIE Hemay require

temggﬂ;’w aLl)Trd)t@Eitl@rﬁ abtHe sbdom@lk} il &@ktiohc aci d.
alternatively: a) To a solution of potassiumtert.

butylate (1.26 g, 11.3 mml) in isopropanol (30 niL),

Copgoiidy Hsrialie dfoL St o Wt PEebeht oA EBHigotinc aci
wmﬁétnl Rhand RIbresrean hgirbxyrhethyl, &éepééhvég gnayZB’e @repared from a

20 is added, Stirring i s continue 80C for
cozr@SHoMﬂer%a{Nyélseimaqym@ agldde$t9f é8. gmmﬁthybfastea)q using the Minisci

ropRIOHIE e Rl M2, MR A “ROBHGRED Dy e G 19 (1089

317e3RENNN A.eA. Biyauldr RleA. prJodinmth i $. puBetiard, Uy RCQLeader, Synth.

CaminaBa o8brblh A28l mthyprias f RitpbFof §)d gavherein R? and

1gol I Rarg 1 /06 n; R 1Mk 0
R r%k/gﬁ?o%ol?;)hﬁ;&{% %Sa(d R‘JJ_ dﬁ.d R ré])rese%?’ hg(ﬂ'oxymethyl

reﬂgectraely) Mm&y 279 heperepareds by rﬂaklngH)lse Df 4l89 (Etpeqkekhe]des reaction

o G 5. iR SV Andes o, i)y WaRy A BoRee, A. .

WD), Bandil® . 1Aefy: THeyh. 8 @0069H qummgne pyri dl ne
conplex (1.27 g, 5.26 mmol) in DVE (12 nL) 30 and 2 M

aqg. K2003 (5 nL) i s degassed and put under argon
T FEETOR b BBy TP ey g e o

reilduei R1dérhdJRédna!y Talrscﬁbéesrpp{@@ tolg compebed |NVIV\tanhS&te scaffold has
HCO3 sol ution dri ed over

alrﬁaﬂvae@@ faﬁtae&@lﬁb&ﬁ@t.egt E@r Iﬁﬁﬁ@n%er Jhe B hg rection may also be
ap?H%d td g%wpcﬁ;qd Sy ﬁr‘eﬁ%g%PCT/ 1B2008/ 053269 58 on
uting w

I ca gel eptane: EA 9:1 to give
2-1sopropoxy- 3-net hyl -5-vinyl pyridine (703 ng) as pale
C%ﬁbé&@%%ﬂtﬁg#%{ﬁl\é%retﬁ whe%éiRJPyrrrlld?rié[rg/grlésentsﬂs 1. )
2-1 SON oxy- 3- net hyl - 5-vi nyl -pyridine (703 ng, 3.97
' o acetone (80 nL), KMh04 (1.60 g, 10.1 mol)
d-the mixture is stirred at rt for 18 h.
The rown suspension is filtered and the clear,
coloyrless filtrate is evaporated to dryness to give
6-i ®8propoxy-5-methyl-nicotinic acid (1.06 g, as
potassiumsalt) as an off-white solid; LCGMs tR =
0.86 min; [M1l] = 196.09; 1H NWR (D20): 8 1 .31 (d, J=
6.3 Hz, 6 H, 2.14 (s, 3 H), 5.15 (hept, J = 7.0 Hz,
1H), 107.91 (s, 1 H, 8.34 (s, 1 H).
6-1 sobutyl-nicotinic acid is prepared in anal ogy to
5-i sobutyl-6-nmethyl-nicotinic acid
15fronconner0|alIyavallable6 chloronlcotlnlcaC|dether

. ~ ~ 2~ ~ ™
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WO 2009/ 024905PCT/ 1B2008/ 053269 60 a) To a sol ution

of 5,6-dichloronicotinic acid tert.-butyl ester (5.00
W@2002020905mol ), and 2,4, 6-trivinylcycl otri bor oRGHEB2008/053269

pyri di ne conplex (9.700 ny, mrol ) in dioxane 5 (30

m.), a solution of 2 M aq. 3 (6 m_) fol | oned by

Pd(,PPh3) 4 (62 d hosphi
SRS MDA MorseqEdagaBd-diE rwﬁ&b e ¥eBIRSRT ot an alky
Gr%fr@é%gnthn tﬁ@?r@geﬁéé bt Faiad) |Ht§§othhsgbr?ta§YfHF dioxane,

he m xture I's extracted with ag.
DMEGJI\/(I% etc50r monbmailo@mtherepamtﬁempemsr@ r@ngp‘rgafs@m 9810 25°C
ried SO4) filte and e p ate The resj
(RS, oo RS, Litc s b UrEREr KRRl cbh. MM, Riuse, u. Am.
Ctrerah50£.0124 (2002)- 13868-11 3863;a4&1 Hiitstdr, AbLLteﬁheESAtg_BW4CEem 114

8& ellow oil; LC Ms: tR=1.05mn M1+ Cl\%q
(2 @8@3%'@%5) b7h¢\ repgiQnt 60Bditigng Hiaer beachﬂ8ﬁ9|suquthat er the 5-
chfo‘r}{)% S/F nlggtﬂﬁ %‘,) p(ﬁosp r(gr W%g Qéﬁ{?pﬁlcgﬁn% id ester is obtained

ast WhleS(rQIlrbgmdUdt d@hedwbom&ﬂm@«’altémdl inna 606 GE:hlkﬁoamohlnlc acid ester
6-trjvinylcyclotriboroxane pyridine co

MEpElSoS SbTRa RIS GORUTT Sy B e S G BIHam Bl xeny! roups,

B M BB At ) i s 4 donih i cer v

themppmnrlsaue \aiktelmyllbtbm deNaGHve an)deBEBuzuau mqbllbgmed(tlﬁﬁs known to

é\?)é *ﬂqSRg:% dj@% QS%J é&zégﬁ%)alfl l %gcg B"cid ester is

hy%g}@%‘té’d‘% the &r?ﬂ’&p%n@rr@ Y)'GMiaﬂWI ﬁRfdtlﬂlcCaéﬁ@I' Qstb?an addition, a

20butyl ester (O. as an oil
prmedurpmm]wlalcjaszhemFurs(tr)err@r@] gbeuﬁuguklofcondltlons are employed

ol A B SN R e ey o ve

traﬂ@fdﬁrr(ebol@ thg, cok&¥pBeadingsal Ry Aiedtigisdid @sifiyxthg Nedishi reaction (see

stirred under 1 atmof H2 at rt for 3 h. The catal yst

abjoye}.i Theep &qdighioreigotinie agil ester mayealse ke, patesh wiih anphalcohol or
r e | \ - ) A
an g%hala@% dg %b\%ﬁ%d t%rqfdééor fdrﬁ?% tgcﬂug% bgfﬁ’] r)%%p@@?ér@ng chloro-6
aIKcﬁ@Quo@)nlascwﬂestleks RicalNG:clédvagelofthemster fuvielibnality delivers the
236. 14, ) solution of 5,6-diethyl-nicotinic
Cogbqwnﬁéﬂf-séwgwe ter (860 ny, 3.65 mml) in 6 N 30aq.
HCO (15 ni) is stirred at 65C for 3 h before the
solvent is evaporated. The WO
AlZO0EHVeRA SOBROLNTB20 (BIA5326Y éierezsRy mapresentsizemetmdegroup, can

be(ggga% %3@ %ﬁo%ﬁpﬁhﬂiﬁ@f%‘:%ﬁ' 0 \%%Id‘gr;ﬁrl] t%rfgﬂﬂ%rclzorrespondmg 6-
chi’&@ @ﬁ}et | Hidbtini®atislodsier udlh§ Hhéthbas addidkifown in the art, followed

-isobutyl-nicotinic acid is prepared in
byadgrm@tgsafug%u@ng. Etinsinernpe stuzaike cepdidionsoas described above and

sus§At e Adplon s il ThEl s of Sy ERufHele can be
prf@:@a‘t’%gﬁ)e‘?rlﬁﬁ{s@m GCbhlcsroamairﬁgw 5tmeanyp Cgﬂ@uder(mtglev%nEPm7ozoo3 or

2
asatrssrpedero g byEpXigetion O 6 Tyl [y te de cambodylic acid using

Y [

X0 SRR S DR h G B 0P 5o 1Dy H 1o, Kuno
etet inathel pl(e%@ﬁcerhdr avsknck! off atsorllventhrsum Fartelu(eaa MHF, 1dcetonitrile,

eq.) is stirred a r16 nt is
aCEis0re off, [ PLLPHRSNUPEE A Jad 139 61 iy sorERsRANding nitrle of

) h [

Stﬁtﬁﬁ?re% vgﬁgﬁéﬁr!‘ﬁe?@br%éﬁ‘tséa %&etH)t/I g}BuEhgéthbiesﬁrgP?gS?QQ@ordmg to
Iltemm're ma@tﬁons (lit.1 e gr ddB. d?aineMapbﬂ-tatelabcydi@Chem. 1987, 351-355).

5,6-dichloronicotinic acid ethyl ester (5.8 g) 20as a

solid; LCGMs: tR=0.96 mn, [M1l] = 219.93. b) To a

sol ution of 5,6-dichloronicotinic acid ethyl ester

(0.8 g, 3.6 mmol ) and 2, 4, 6-

tri-(2-methyl-propenyl)-cycl oboroxane pyridi ne conpl ex

(1 78 g, 5 49 rmol) |n DI\/E(20 m_) a solutlon of 2 M

WY V.. ~rsl o~ N\ - N NSO
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10m n, [M+l] = 264.19. d) A solution of
5,6-diisobutyl-nicotinic acid ethyl ester (52 ng, 0.2
wornewbp249m5 6 N ag. HCl (2 nl) is stirred at 65CPE¢DIB2/(53269
before it is cooled to rt an%%Fxtracted wi th di et hyl
ether (2 x 10 nL). The ag. pHase is evaporated and the
residue is dried 15under [
5, 6-di i sobutyl-nicotinic
as a col ourl ess solgg' L ; 73 min, [Ml] =
236. 40. 6- Chl or o- 5- met hyI\ni [ [
Phosphor oxychl ori de (183
and a m xture of comercidlly avail able
2-methyl -2-butennitrile ¢73 g, 0.9 nol) and DVF (154
m., 2 nol) is added sl ow rw$H€§1geeprng t he
tenperature at 100 to 110 e mxture is stirred at
110C for 15 h, cooled to rt and diluted with DCM (500
nm.). The mi xture is cooled at 0C and carefuIIy
CCHU@%WWWWW& 22"¢ BERPaTEY In FRANGIRANLS faplions
separated and the ag. phase extracted with DCM (tota
of 800 nL). The conbined org. extracts are dried
(NaZSO4) fiItered and evaporated The residue IS

d fro cIoh t,0 _provi
OBt 2 AP Ry B8 GeREERIS 3 o) as
R5sI|ghtIy yeIIOM/crystaIs LCMS: tR=0.76 mn, [M1]

= 156.14. WO 2009/024905PCT/182008/053269 63 360
ey i s added at this tenperature. The m xture is
ed at OC for 15 h, carefully diluted with water
i) and extracted with DCM (8 x 100 nL). The
onf\ined org. extracts are washed with 1M ag. NC (100

) (check for remaining peroxide), dried (MgSOH),
R¥iltered and evaporated The residue is dried to give

he, 5ti ound LC MBS, tR =
(SR 17) P rebsed (P melg i ARCiiph Sefe ke g betow:
10a) A solg&mp@%gLW§1chloro 5- methydatani coti nic acid
(3 85 g, B06-hdnyratr) Rf n dry et harfet KNn®00 RiL)
t PATEEIPSO-Ls, stirred
tion is cool gd t Eoor
t e residue dissol wed /n EA
200 nm.) and washed wi Yh a solution of sat./ ag. Na2003
XS"8OeHL), 1M ag. &Kwscﬁmﬁeﬂﬁ 80 ) aﬁdcbrrﬁ%“W5@
m.). The org. phase is dried owdaichd MySO4, fil
and evaporated to give 6-chl or o=bKmet hyl - ni co &gﬂ&”%mmnwm
acid ethyl ester (12. g) as?astgitdaiiog.~LC- MS: t = an
0.92 min; [M1] = 200. Do—1H NNR 13) 8 1. 4%)f %&mw
7.0 HZ 3 H) 2.46 (S (q’ J=7.3 _E@sa%onfr ation
8.16 (m 1 H, 8.84 (d\Jg 50 Hz, 1 H. 20b) Jo'a
solution of 6-chloro-5 nethyl ni cotinic acid euhm%mmm%mem
ester (4.98 g, 24.9Bnkpl ) Structure2s 6.9 R%ZnCl
2,4,6-tri-(2-nethy|-propenyl)-cycloboroxané pyrﬁg%QQQMm

conmplex (5.74 g, 17.7 mmol, prepared in ana to a
procedure given by F. Kerins, D. F. O Shea jTiéLg
S

Fheated at 90C

2 ,6-trialkenyl-cyclotri-

Chem 67 (2002) 4968-4971), and triphenyl p ine "

(1.15 g, 4.4 nmol) in DMVE (60 ni), a solution'of 2 M
agq. K2003 (20 mL) is added. The m xture |§?degaeeed

TRTDIPIE ST SRER (TR bEChERRR L 5y, gfmpound of

Sthﬂitlm‘ee18t(elthecmrre”deltcmaliyt avaldble ext mie(plar@ir@ l&@logy to literature

d hed Th
PrOCHIUIER S Tk aTase P yeDe ToTh Erec dYa- Ginabor 48¢4003) 3855-
38502 LF Ao EDGIShncg, BUN Lt 1Y VEERIOK. KBBAAGR-EABaum, D,

to give 5- methyl-6-(2-nethyl-propenyl)-nicotinic acid
ethyl ester (3.98 g) as an orange oil; 30LC-MS: tR =
0.72 min, [M1l] = 220.15. WO

2009/ 024905PCT/ 1B2008/ 053269 64 C)

5- Met hyl - 6- (2- net hyl - propenyl ) -ni cotinic acid ethyl
ester (3.98 g, 18.2 nnDI) |s drssolved in THF (100 nL)

I A PN 1N | NN A NN 7
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b) Under argon, Pd(dppf) (11 ng, 14 ilnol) is added to
a solution of 6-chloro-5- nethyl-nicotinic acid

WO 2@pogys ester (300 ng, 1.40 mmol) in di oxaneCT/B82008/053269
m). To this mixture, a 0.5 Mssolution of cyclopentyl
zink chloride in THF (452 rTg,OZ 11 mol, 4.2 nL) is

e ¢ PR i gt e 301 did S o r o

FallBRp&Urt Sy RnbSis | a669i1 dyivh 12 ateihyRBftIot
ﬁ%HﬁMwW¢$M%WWW

Suzwki @@ﬂéltlane tor faren @v €oMups0d, of iJtrustere 4Adwhich is oxidised and

esgeLr @tg %‘fmhﬁﬁ@%@ﬁ@%ﬁﬁre%q '6)8%%&{ 5 g cOhmMereR ially available
coﬁ'rpﬁi(@do@lestrmétu% Pt gy~ 8166 Qivel la@cél§s € IaS@dmp@mhd ©$t81fucture 20.
as a pale yellowoil; LC M

quh,@qmggzgq@ cggﬁtrquurq;ijAsstbeutelm¢r(ﬁubjected to Suzuk| cross coupling

co?f gréﬁls 0 Hféqﬁ% c éﬁe w&ﬂt g 'qé:tr%eq%/g éﬁﬁ?ﬁ%% tre‘r3 gg)re pared

acgbrdddg- tboF. erins, The FSOO\&hiéa I 3. ©rgpaClérad quw@) 4968 -4971),
residue is drleduder e%gvethetltle conp

hygeogenafest il S@pgaified) tor( E"Gét Withn “?%raﬁ%f)p%at@e?&é” -Zn-reagent
ungi%r I\Fégu%cyﬁdltlbﬁﬁ&@r ﬁ(lﬁl go ?WI‘%ME:'? ’g)‘ﬁgﬁlsg)qhe HRsired compound of
StByddurdi thl oro-nicotinic acid (1.00 g, 5.21 mol) is
added to a solution of Na (252 ng, 10.9 mmol) in
met hanol (50 nmL). The m xture is refluxed overni ght
CObONii?0 @rot hpe postiefuref ’\B (28Rer@hn  10Pg@idim®! ) irépresents
added. Refluxing is continued for 2 h. The mxture is
cooR8d to rt, diluted with water and concentrated. The
I ng solid is dissolved in water and the sol ution
ised by adding 2 N ag. HCl. The resulting
issextracted twice with EA. The conbi ned
xtrgcts are dried over MgSOH4, filtered,
ed and dried to give 5-chloro- 6 met hoxy- 25

SRBHE T HAATERE b, A i e

oua|rié)dbé30®2(d J = 1.8 Hz, 8.67 (d, J = 2.0 Hz
1 H. b) A sol ution of

B4 GRI or 0- 6- MetdaKyeBibioahi Niccy,aci d (976 ng'd,c‘?'"j[ 30 mol )

in t hynol 3C@“30ivimiyyclend HZSG4 (0.5 nly) Egtg.,f,ogttohrre at

60C for \20 h. MYRE xture is nt r At ed—WO»> = o
Br g ET/ 1B2008/ 05826 he r esi dereCl \ /

di ss 8d in EA (150 nlL) and d twce with sat. OR

ag., Nal sol ution. The org. extract i%Sdrkedicowér
§(54 | tered, concentrat eé nd dri ed 26.6-giplgegyl-cyclotri-
5 chl oro 6- met hoxy-ni cotinic acid nethyl besesr (880
ng) as a white solid; LCG-Ms: tR = 0.87 Zrh’ﬂwﬂlfoge[‘%ﬂnl] =
201.88. 5 c¢) To a sol ution of
5-chl or 0- 6- net hoxy-ni cotinic acid met hy1I)N@§'t,é*PCt'f”8‘%
my, 4.37 mmol) and eg. R'ZnCl V
2,4,6-tri-(2-methyl - prapenyl ) -cycl obor oxane pyrgtgliene
conplex (1.42 g, 4.37 nmo repaged d.pnald@,0gy toda_ o
procedure given by F. Ker/ns,\D. /F. GSkhea— )
Chem 67 (2002) 4968- £971 i
aq. K2003 solution 10 (5 N Pd(®Ph3)4 (101 ny, N OR
8711nol) is added after thewdth Xxture has been degassea@cure 2

THiS efeoping of St ds [ mercialbusbRiar ay Be prepared in
\éﬁ?&% metratu\“@tcf%eedﬁr@s%g% exPigedt 5 AFdsedy. OPSﬁ Synlett 2004,

, filtered and concentrated. The crudeé product
2339r2322)ds hgaciedowit 3,4 Gatriyelyl-eycloirivgravane h@cpnraﬁezm condltlons
4:1 to give 6-nmethoxy-5-(2-nethyl-propenyl)-nicotinic
acid nethyl 15 ester (300 ng) as a colourless oil;
LCMs: tR=1.01 min; [M1] = 222.00; 1H NMR (CDCI 3):
81.85 (d, J= 1.3 Hz, 3 H, 1.97 (d, J=1.0 Hz, 3 H,
3.93 (s, 3 H) 404 (s, 3 H, 6.20 (s, 1 H), 8. 04 (d,

~ 2 —a

Structure 25
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WD 2009/ 024905PCT/ 1B2008/ 053269 68 it is cooled to rt

and concentrated in vacuo. The residue is dissolved in
waelr@ran®0g 100 nL) and concentrated agai n. The RBCTTE2008/053269

product is purified by CC (h%ﬁtane:EA 1:3) to give

5, 6-dichloro nicotinic acid i¥sopropyl ester (9.29 g)

S pale bei g
to33raT agoripol i Shrusturecobrvaich imipuHIRaA T edEl e ugicgmpound
of | SORIAENE ©8! erSUAki’ 6 réactdp: 3\Affﬁ0| theAN8ppriopriate = 2,4,6- trlalkenyl-

et hyl methyl amine (6.88 g, 116.4 mmol) is stirred in
cysl@thOMehycaﬂpgm@@rf @nd7 gaponifieation yafLNengbl ceaﬂtled with the

d|| d wi th

anfolidipaiy g sEobht Blebad ] StrdhficeliRy b Ehimoplf of structure
26" unisH e e6@poeds acstrustues ped 10 over MySO4,

filtered, concentrated and dried to give

5-chl oro- 6- (et hyl - met hyl anmi no) - ni cotinic acid

I sopropyl ester (5.18 g))&a&nmaiyel low oil; LCGMS tR =

1.38 min, [M1] = 257.02js.lid -NMBn (6- DMSO) :  81. 19 (t,

J=6.8 Hz, 3 H), 1.30 (d, 2d5uifkeyi-2ori-6 H), 3.08 (s, 3

H, 3.55 (q, J = 7.0 Hz, &rddbne 5.10 (hept, J = 6.3 Hz,

1 H, 7.98 (s, 1 H), 8. 38kbgenalonH). 15 <¢c) A solution

of 5-chl oro-6- (et hyl - metshgsboni@daiin o) - ni coti ni ¢ aci d

i sopropyl ester (5.18 g,r20.1 mol), NWP (3.0 g, 30.2

mol ) and F%ﬁacac)s (498) Magishi kachdh wiwol ) i n THF (150

m.) is put Under argon betgrézna net hyl mifesi um
brom de (3.0 5. 2 Mol sapdidatithi on i n di e et her)
is added, mﬁs —dJémH dark—+red-brown st tioy oS

20 yel | ow, nvdark brown again. The m xt

stirred at ér for 2 h before another porti

nethylnagne3|un1bron1de (1.44 g, 12.1 mol added.
ArEtegalsty by >appiyng sthet reactidn asequenicer ofl @ither Aastariisation, Suzuki

.Q 30.2 mmol ), . F ac)
el RuftpoRtiatarts RoPnaliRelrl st Eaan 4 NegIs , Fection ane
safBRifitaiion, addednanercrdliy rvadable eeRipourad oft StrtictLies %‘emay be
nore hour. The reaction mxture is 25 diluted with
transtmmad) inigha CoRmneNR of SHLSHeBe -wi t h i ce- wat er (1oo
m.). The suspension is basified by adding 1 N agq. NaCH
solution (10 nL) and filtered over a small pad of
Cdmpdondenef Sirlétare getherdin ffc@nehb@ﬁ@aemftsthe filtrate
is separated and collected and the aq. phase is
extr th DCM (3x100 nmL). The org. extracts are

f
S)ructureo 27

Ré i-ed over MgSHA, filtered and concentr at ed.
The roduct is 30 purified by prep. MPLC on
silic N eluting with a gradient of EA in heptane to

gi ve 18- (et hyl - met hyl - am no) - 5- et hyl -ni cotinic acid

I sopropyl ester (2 19 g) as a beige oil; LCGMs: tR =
(SﬂuZt@réTBBg prepaddd llowithe reaction sequence outlined below:

2009/ 024905PCT/ 1B2008/ 053269 69 d) A sol ution of

6- (et hyl - met hyl - am no) - 5- net hyl -ni cotinic acid

i sopropyl ester (2.19 g, 9.28 mvol) in THF (40 nlL) and

25% aq. HCl (5 nL) is stirred at 65C for 3 days before

it is cooled to rt and concentrated. The residue is

di ssol ved in dioxane (50 nlL) and concentrated again.

This procedure is repeated one nore tine before the 5

residue is dried under HV to give the hydrochl oride

hydrate of the title conpound (2.4 g) as a white

powder; LC-Ms: tR = 0.68 mn, [M1l] = 195.07; 1H NWR

(D6- DMSO): 81.13 (t, J=6.8 Hz, 3 H), 2.28 (s, 3 H,

2.93 (s, 3 H, 3.32(q9, J=7.0 Hz, 2 H, 7.82 (s, 1

H, 852 (s, 1 H).

106- (1 sopropyl - met hyl - am no) - 5- et hyl -ni cotinic acid

The title conpound is prepared in analogy to

6- (et hyl -nmet hyl -am no) -5-nethyl - nicotinic acid usin

N-i sopropyl -nmethyl-amne; LGMs: tR = 0.58 mn, [ M1l

= 209.10; 1H NWR (D6-DWVs0): 81.23 (d, J= 6.5 Hz

2 40 (s, 3 FD 2.97 (s, 3 H, 154.22 (hept, J=

~ N\

o
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15

20 CC (heptane: EA 9:1) to give
6-di et hyl am no-5-ethyl-nicotinic acid ethyl ester

W@ 2009024995 as a colourless oil; LC-Ms tR = 0. 78CTiB2008/053269
[MF1] = 251.19; 1H NWR (CDClI 3),; g 1.15 (t, J= 7.0 Hz,
6 H, 1.27 (t, J=7.3 Hz, 3 , 1.40 (t, J= 7.3 Hz, 3
H, 2.65 (g, J =7.5Hz, 2 H, 3.36 (0, dqmoh 0 Hz, 4
H, 4.37 (q, Buzkifeafiotitth 2 H), 7.99 (d, &g5xwe3 1
H, 8.76 (d, \f’@'tVZ'.”%CVFl?tE" 1 H. 25 d) A selditdn of

6- di £t h\ ani ne—b—ethyt—ni coti nfc aci ¢fethyt—ester /— P
B“*Eiﬂél g,/>_5.°é&‘“rmo|) in 2%%"alq.\Hcy I% m) i sBrs¥iTRed 4

at 6 Nor 18 h. The sol vent i aporated and the N OR
prodiict is dried under HV to gfPve the hydrochl ori d€® gyucture 31
hydraiexof the title conmpounghtn30 0) A8 WiidSitn
solid; LGMs: tR=0.62 mn, [M1] = 223.,L3.iR83cycbotri-
5- Et hyl - 6- (i sopropyl - met hyl - am no) - ni cot i,pLg.ACi d
2009/ 024905PCT/ 1B2008/ 053269 71 The §)hfdogeng@fpoung
is prepared in analogy to or

6- di et hyl am no-5-ethyl -nicotinic aci d Ugi&hireaction with

i spropyl -nmet hyl am ne; LG MS: tR = 0. 64 meh, rpM1] =
223.14. 5 4,6-D net hyl - pyri dine- 2- garboxylic acid <0

-/ OH The title compoung_i rgially avail abl e/~ P
a) To a solution of 2,5-di i coﬁﬁgéﬁ‘ﬂg(’;at@@. /

35.9 mol) in DVE (96 ni), / o N oR
2,4,6-trivinyl-cyclotriborBxaggwRrys i di ne compl ex (8. 63,0 2

g, 35.9 mmol) and 2 N aq. K2003-sol ution Egt? m) 1s
Thilgd &d compouRfixeu SEruckirg egh ds depaied With 4k IvmyL@wlotrlboroxane
ad ¥ 7 4 ' ded..
o 855 FOAFENE 674 B o TS e M Bl olowea

saponifiedtiéo givies ttliel edrespontimgdeahpyline o Struchirend)., Suzuki reaction
washed w th, sat. a% NaHC(OB- sol ut i on $2x30 rrL%, dried,.
Wiy e th@y RPPMGANELR 1 ettt ol eyERYFIaOQTOXARS: ¢ rifisogenation  and

saﬁggﬁigﬁﬁﬁ)ﬁ E?r g{ggii{Hg?g?cgbgnggﬁtﬁ@héiabchﬁ)r%?é afyHEhgaybhifollowed by

sapooiiioalemetmjshed- thenylesipga iadinmeounitdsOdf Giruature §&| Compounds of

Stl?L@B&pl " E%Ngge%{n (:%Qrégpﬁrge%s %ghml(ehjyzl ;glrggacz)azrg qlggnr[ﬁ“\f/lr?q_lﬁxlly available.

Cmpdurdy &f Strudt(ird 38, wheBin ﬁ-"”refl)%benk ar -ethyl1@réup can be
Hz, 1Hﬁ6.7.2.2(s, 1 H, 8.59 (s, H. b) To a

preparedi foowing Siteriature-proaedurgs (2.9vilnylanazaiva, M Hirargy Tg,Inoue, K.

Nafeien Y (D0 Tertkan Yy oty flect dPReidea 84: S R

Natarafdn fetef. Biodry. Myd. Thkams Leaf aBe(2003) L7BLAAE! fsF P¥RInce from
a glass-filter pad. The 25colourless filtrate Is

cogvapsiallyeyailablgi Iraninerdes-dichiasapyriding erautlngd kelaw: 2-
WO 2009/ 024905PCT/ 1B2008/ 053269 72 car boxylic acid
(10.9 g, as potassiumsalt) as a white solid; LC Ms:

tR = mn, [Mkl] = 215. c) To NRaNBMSPENSI on
H,N -4-_rfethyl H j i }

./ 5 as potassium sal pproxi mately 35.5
i A et hanol (120 nl), .
Th€l'm xture is stirred at #0C for 18 h. The pH of Athe
clear solution is adjusted to pH 9 by adding sat. aq.
NaHCOB- sol uti on and the m xture was extracted with

In deBbhy) thetdiired3%81d0es 1R toTRA raayrbisaase Mibduesd iirkitsr steps that
are dried over MgSO4, filtered and concentrated to

f

folipw establislirg -of thee PrydingyA-Byridine” seaffisyl i ¢ aci d et hyl
1l0ester (8.20 g) as a green oil; LGMs: tR = 0.87 mn,
[M+1l] = 243.91. d) To a solution of
5- br ono- 4- net hyl - pyri di ne- 2-carboxylic acid ethyl
ester (4.03 g, 16.5 nmmol) in DVE (43 nL),
2,4,6-tri-(2-methyl -propenyl)-cycl oboroxane pyridi ne
conplex (5.36 g, 16.5 nmmol) followed by 2 N ag.
K2003-solution (16 nL) is added. 15 The m xture is
degassed and put under argon before Pd(PPh3)4 (343 ny,
0.297 mmol) is added. The m xture is stirred at 80C

r Y o o o a o

N
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30

4- et hyl - pyri di ne- 2-carboxylic acid hydrochl oride

(1.05 g) as a white solid; LCGMs: tR = 0.59 mn; [M1]
We 20942983 1H NVR (D6- DVS0): 80.90 (d, J = 6. 3P¢®/B2608/053269

H, 1.85-1.96 (m 1 H), 2.69 (d, J= 7.0 Hz, 2 H), 8.18

(s, 1 H, 8.58 (s, 1H) 11. (s br, 1 H. 5

Wg%%%sl\?q?’ghgoqorﬂg%h{ S [)hr%l a (I%@?%rqm%%ed m%ﬁﬁ/ﬂ‘orrﬂ c%f,_[,ﬁlxtures of
en'aﬁtléﬁ’l‘élr@dtﬁeoenZﬁﬁbr*ﬁéfsorc@nabéOéégﬂdré’ﬂédoﬁsmg methods_known to one
6 chl oropyridine (5.0 [) Tn THF (36 nl)
skilledaindiée ao: érpp sermation ancﬂ)@ap@catm‘n 00 didsterephweric salts or by
H%@?ﬁw‘e&%%ﬁﬁﬁ&t‘@ﬁa@%‘p&ra%%sé‘%cnn%%%fﬁgg'a"\@f“&w SRR (10 pm)
coﬂ]rﬁﬂp]ué g)éuéelséhlm% . u?s gtg']gf?fc%@h Heé n@]@téixté%lf(gﬁuﬁalpak IA (10

unexbr aD-ed (;W;Inlﬂ) doletiny | Tydibar cortdittorey of chkalr BELG sire an isocratic
dried over MpSA. filtered and concentrated. The crude
mixieauet elgerauﬁf(Eé@Hbymc@r%ﬁe@q Of 228NGs @fi AQ @Mine such as

tn%ﬁﬁgl‘_&ﬁriﬂh%ngrre@m%ﬁ% y?n(g;/e\r(llfe (Psxglle)g)at a flow rate of 0.8 to 150
mic/diour | ess oi | cont ai ni ng the regi o i soner

2,6-dichloro-3-nmethyl -pyridine; LCGM: tR = 0.89 mn,
[M+1l] = 161.97. b) To a solution of
2,6-dichloro-4-nmethyl-pyridine (2.34 g, 14.4 mmol) and
Exarfipfes 20 trivinyl-cyclotriboroxane pyridine conpl ex
. g, 7.26 mmol) in DME (27 nL), 2 Mag. K2CG3
solution (10 nL) is added. The m xture is degassed and

TRl BT TR, o 20 ATBH e sove
théfeof s cooled to rt, diluted with diethyl ether and

washed with sat. agq. NaHCO3 sol ution. The org. extract
is dried over MpSO4, filtered and concentrated. 25 The

NGt rﬁfﬁggg‘r%&%%eqrhf@eﬁcﬁ%g fnd¥a nelé'l‘g lzeﬁ'@“ﬁmMR (400

MHz)seoF%wMIﬁ (E@O Mlelp)a(aBrexlatby okmsied shifté aw/mqan i ppincrelative to
aci d sol uti on, [ filtere

thSafienoused: B ITe: & Gingiet. i soudist T Bpfeto 7 pantplet, hex

= PRich) b BneaEe s BB Bkt s By bRl G 2B, agg oiven in

HZ)pby LE6MS (lainnigknaNavigatoo - withnelPh {1 0@ Binary IRyyp iashidnl@AD, column:
4 8. 06 iLn wat 50 m) a et one (50,

4 S50 ehgar s, SEAQ. Bt 19014, redipnich dsth @cglinit e in water, 1

miﬁ‘ i r@oﬁ%m éﬁc(é‘&@)ﬂéwd4'§rrﬁ_t/:‘nﬁrg ﬂi gﬁ/%nfiﬁrm'r?ﬁ, LC-MS*
before it is tered over a sintere Ilter.

deﬁbbassbtamenttCﬂfondh@nsoh euelwimyg Withta @redleet oV &p8b %t edetonitrile in

t.0 e.c o 2 . o . e
W%e'&%?r\éﬁtﬁ“rlﬂ AT S8y AfaNEOH galEgR,ptherwise ddepiicalsengifions; by
TL@'(TL((Ji’pIé’t]eg)frcﬂﬁ Meﬁfk' Sildzessl §(§’|F'2% ), &CoMraeltifty T o@ﬁt Compounds

This faterial is suspende
aret panifeld (oy5©rene)ra’avei H2804 (¢atumb) X-4ersalddB18nt50x18 mm, 5 um,

ordaieRt: Eoas% ekipBHTTE n et koY Eia D it ortk 40,07 by MPLC
(LASGIRSEC 3bW0-200Uplimb, a imsaroU\ASiZ 1 @@Fé&& &?@mn 350x18 mm,

mxture is extracted three times wth EA.
Labogbi-REd1&08-108xt gracientarl®%lr ﬁr@dﬂamérmlvgmr tou ﬂ@@%ecﬂnethanol)

RERMGTBR ER gl EhareleREin 1T BRIk eta oy Wb il PEE (column

CHitdWAK &3 PhR2SD frreSs I, 1F5Y/B'eﬂ#éh%1?hﬁéi ylate (500
my) as a pale yellowoi'l; LC-MS: tR = 0.87 mn; [M1]

= 200.04; 1H NWR (0DO13): 81.45 (t, J = 7.3 Hz, 3 H),
2.45 (s, 3 H, 4.48 (g, J =6.8 Hz, 2 H, 7.35 (s, 1
H, 7.89 (s, 1 H. 15 d) To a solution of ethyl

6- chl or o- 4- net hyl - pyri di ne- 2- car boxyl ate (500 ng, 2.51
nmol ) and

2,4,6-tris-(2-nethyl -propenyl)-cyclotriboroxane

pyr|d| ne con‘pl ex (814 ng, 2 51 rmol) |n DI\/E (32 m_) 2

1 7N PN
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15 continued at reflux for 3 h. Methanol is renoved
under reduced pressure and the remaining solution is
wa@lztoghzosv t h sat. agq. NaHCOB sol uti on and extPED1B2A08/053269
with EA. The org. extract is gri ed over M504,
filtered and concentrated. TRE crude product is
uri f ed&é dgn Slllca gel eluting with heptane: EA
M@—’é’i YR IREVE- et hyl - pyri di n- 2-y1) - net hanol
ag(1.31 g) as pegq@,ebggl ow solid; LGMs tR = 0.31 mn;
20l M 1-1] = 201.96; 1H NWMR (CDCIS) 82.55 (s, 3 H,
at®. 59(s br, 1 H)tmOﬂDW@(GS br, 2 H, 7.28 (s, 2 H. b) To
sol uti on of br om net hyl - pyridi n-2-yl) - met hanol
BC?? 31 g, 6.48 %ﬁ%&”}o’iyﬁag@é}y ne (150 nl), KVhO4 (2.61
B 16.5 nmmol) povirkdskedm dibanim Xxture is stirred at 25
40C for 2 h before it is filtered over a sintered
Bul ass funnel . bPR8 filtrate i s evaporated to dryness,
Céhe remai ni ng c%ﬂlﬁﬁch?oﬁ%@?éjpﬁv th water and dried
under HV to giv
CH@+ br ono- 6- met Imkbmyw dimigazdtecar boxyl i ¢ aci d pot assi um
salt (1.91 g) as a white solid; LCGMs: tR = 0.45 mn,
dban 1-1] = 217 .98ReENzy(@en3R8eRIP2905PCT/ 182008/ 053269 76
To a suspe
cgl%brorm 6- metm(? pytféfxg% %%rbgdlcl:rglr oxylic acid potassium
DGl t (253 ny, dibrg@@rmm‘bamel n et hanol (100 nm), H2SO4

i s adde 0 mture is heated to 70C
Dé’%‘? 16 h befo tﬁY' ‘%?di%ﬂ”@ ?tﬁ diluted with sat. agq.
NEACO3.  The mdﬁ&&;ﬁr‘%p&ﬁe%@nﬁﬁéeﬂuhl@;"seﬁaéé l1511?Izylyél||ts!3propylam|ne

d| et hyl ether. ombi hed org. extracts are driéd
DMEer MySO4, f|1l2w§|iréetf@mefzheﬁeentrat ed. The crude

oduct is pu TLC plates with
Dlﬂgpt ane: EA 3: 9’}‘8@@@%@%@ 6- nmet hyl - pyri di ne- 2-
DM8oboxyl i c aCIdﬁn@tH%éulf@de@f (105 ng) as a pale yellow
oil; LGM: tR=0.85 mn, [M1] = 244.22. 10d)

dppf | sobut y1- 6- et rois(diphenyinhesphiver tR)smoeeneci d
ydr ochl ori de prepared starting from
E’g br ono- 6- et r‘?&h y! Fag?ne 2-carboxylic acid ethyl
Emster fol |l owi mg(3- hﬁn@ﬂhy@ﬁmbsﬁ)pgnwrethw &drpegiirdidet o )
for the preparation of
€06- i sobut y1- 4- @SUMAIEB(®)i di ne2- carboxylic acid; LC Ms:
it R = 0.58 min;, 1] = 194.08; 1H NWMR (0D013): 8 1 .01
(d, J= 6.3 Hz, H, 2.04-2.16 (m 1 H), 2.80 (d, J=
EtOH) Hz, 2 H), eth&®l(s, 3 H), 7.56 15(s, 1 H), 8.04 (s,
1 H, 9 74 (s br, - .
EX5- | sobuty1- 6- r%?ﬁlﬂ'e(ﬁs;?i di ne- 2-car boxylic acid
hydrochl ori d e conpound is prepared
Cét arting fro Q%S%gr%mgﬁig %Mp}} coline follow ng the
Fe2agaamcedur es dgiondill) anetytamesorie-compfex of t he
preparation of 65( §obuty1-4- nmet hyl - pyri di ne-
hZCarboxyllcgﬂa LCMs: tR=0.59 min, [M1] =
HEPg. 08. Inter '@-@béﬂz‘%ﬁrlazol 1-yl)- -N.N.N'N"tetramethyluronium
3- br ono- 2- met hyl vin pyridine: LC Ms: 0. 69
mn; [ Mt1] I@X&@MOFOD}V?IOSWR’((EODOB) 82. 68 (s, 3 H),

0 (d, J =10 0 d J =17.6 Hz, 1
(553? 6 %6 (dd, %hédr?’iy%elz%‘%z { . 7.07 (d, J =
HF&.(S Hz, 1 H), hg?ﬁﬁenffdrma]nceﬂﬁhufd &hfbnhﬁto fa

“br onp- 6- nmet hyl - pyri di ne- 2 carboxyllc aci (as
H\bot assi um sal thjgh M@PWB“ CORAEODS 64 min, [MH1] = 217.91;

étBQJrorm 6- met M@ﬁtﬁjﬁgéﬂ%ﬁoﬁ boxyl ic acid ethyl

ester: LC M = 245. 91,

LGBMSt hyl- 5- (Zﬂqekhyhpwmmgmgwhypmnadhepedﬂmaempxyl|c
acid ethyl ester: LC M 0.88 mn, [M1] =
220.11; 5-isobutyl-6- nethyl pyrldlne 2-carboxylic acid
et hyl ester: LCGMs: tR = 0.87 30mn, [M1l] = 222.009.
WD 2009/ 024905PCT/ 1B2008/ 053269 77
6- | sobut y1- 4- met hoxy- pyri di ne-2-carboxylic acid
(hydrochloride) NO\/ - OHo \ a) To a stlrred

A T o ~ o -



1IH NVR (CDCI 3): 82.36 (s, 3 H, 7.37 (s, 1 H, 8.24
(s, L H. Db) To a solution of
WQ 2009424908 or o- 5- net hyl - pyri di ne (337 ng, 2.08 PEDIB20081053269
met hanol (10 nL), NaCH (93 n% 2.33 mmol ) is added.
The m xture is refluxed for days 25 before it is
cooled to rt, %ll ted with water and extracted wth
LiteA” The org. & Elf? is dried over MgS4, filtered and
méoncentrat ed tQet@iV
2-chl or o- 4- nethoxy 5 met hyl pyri dine (240 ng) as a
MQ@Hte solid; TeetRRROICDCI3): 82.15 (s, 3 H), 3.90 (s,
mi H, W 2009/, 024% 5PCT/ 1B2008/ 053269 78 6.77 (s, 1
H) 8.02 (s, Y30 NVR (CDC* 8 12.67 , 55. 60,
MROS. 77, 121. 7?ned468} essdelidfd cﬂ@'ﬁné‘tbf;r dphyTo a
solutlon of 2-chl or o- 4- net hoxy- 5- net hy yrldlne (2.91
NaPAg8. 5 nmmol ) SPAiung apgate 75 ni),
4,6-trivinyl EXAN yridi ne conplex (3.13
N'\%P 13.0 mmol ) “f%ﬁt@m”@'ﬁé n¢” k2003 sol ution (25
OM¢) i s added. ath&atel xture i s degassed and put under
argon before Pd(PPh3)4 (384 ng, 0.332 nmol) is added.
Of%he mixture i #'92MEred at 80C for 15 h before it is
iooled to rt, qu]%h fed with water and extracted with
di et hyl ether. org. extrac is washed with sat. ag.
PyB{MHECE sol ut i denzdiriaedl- ﬂ)wd}oxy:t@s peaidindiphbepkaniamd
concentrated. ,The_crud ct is purified by CC on
silica gel el (YXARUQNCt ﬁﬁ"%&%@%e EA 4:1 to give
prépmet hoxy- 5- nq;r@p(éragvyl nyl -pyridine (1.22 g) as a
white solid; LCMs: tR = 0.52 min, [M1l] = 150.08. d)
rt To a sol uti on repmaempenatuye 5- met hyI 2-vi nyl - pyri di ne

1.22 g, 8.20 I 15 acetone:water 1:1 (50 ni),
Sakvno4 (6.64 gsgﬂ% %?dmml is added. The m xture is
SiHirred at rt sbﬁrng@sh]eb‘e.bﬁbgphétel s filtered. The

filter cake is washed with water and acetone and the

THiUtrate i s cendéhbeareiiazelg-tyhdd dnttatramethylugeniem
4- met hoxy- 5- ne- 2- carboxylic acid
pot assi um sal ?@%@%68%@‘3% a light brown solid; LC Ms:
TRAR = 0. 41 m ntrifUdrdbceticl&cid99. To facilitate t he
rification of the c ound, 20 the material is
T IiJefl uxed for I%r?hyqﬁo&ng%nol cont ai ni ng H2SO4. The
sulting 4- %ng@{. ARt hyl - 2-vi nyl - pyridi ne et hyl
Tl{sfter is purifie %&on silica gel eluting wth
TLfept ane: EA 3: Thlnuayew&hromatoglraﬁlaym n, [M1l] = 195. 96;
1H NMR (CDCI 3) : J=17.3 Hz, 3 H, 2.25 (s,
R3 H, 3.97 (sre@”ﬁﬁ’”t'&f‘%o (qp J =7.0 Hz, 2 H), 7.64
Xdriphds H) ., 8.3% 5%1s(é|prnyIEhb§prﬂﬁbF9gélﬁéiﬁﬂxéﬁﬁ@ﬁéf' ed
to give the title compound 25 treatnment” with 6N HCl
at 65C for 16 h. a) To a soI ution of
2, 5-di chl oro- 4- hydroxypyridine (1.43 g, 8.73 nmol) in
DMF (15 30mL), K2CO3 (2.41 g, 17.5 nmmol) foll owed by
2-RRibtyI-isonicstinit.-abidg, 8. 73 mmol ) is added. The
mxture is stirred at rt for 24 h before it is diluted
with EA (R00 nmL), WD 2009/024905PCT/ 1B2008/ 053269 79
washed w ¥'h ter (2x100 i), dried over MgSHA,
ted. The crude product is
Klica gel eluting with heptane: EA
di cQlHbr o- 4- met hoxy-pyridine (0.73 Q)

Tola-;aogglonSOf %»)ch(go é)%/gg{\r%flff gﬁrtggx?/lig %C'H & 5% NH1]6 2 mmol) in dioxane
I ejg( )

SER-FAENIBD G 1P b dRRATOI e F R} lgiéa under
argompt Handdigdbuty| zmbncﬁmnlndﬁ)%‘ 0] 32dedmioy, 85 MLaaf.a B(EOMB‘oolutlon in

solution (4 nm.) is added. The solution is degassed and

put under argon before Pd(PPh3)4 (95 ngy, 8211nvol) is

added. The m xture is stirred 10 for 18 h at 80C. The

m xture is cooled to rt, diluted with EA (200 nL) and

vvashed W|th vvater and sat aq. NaHC(IB sol ut| on. The

o, AR A SN NA

purified by RHC o
1:1 to glve 2)
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\ a) A solution of 4-brono-2-nethyl-pyridine (735 ny,

4.14 mmol ) in nmethanol (80 nmL) and H2SO4 (20 !'IL) is
wheavezord refl ux. A solution of (NH4)2S208 ( 3P@BIRR)08/053269

16.6 25 nmmol) in water (6.5 ) is added dropwi se to

t he stirred m xture. Upon co etion of the addi ti on,

TR ARl RS ke B el AR eh SOBYER or 16
TI%OIEIIC%:@&JB@IS codfedio it Wi dititdd WiheEAdRBO LRI é‘hd’ EoF%Ie\RlateNWC) The

solution and extracted twice with
miriuye isTheiddiediiiyhaddiog @q. kY HEL.sTha ergd rpIheae wsepavg&chand the aq.

N e
| ExtFdttd aMe cdricantiidd angrireyl The\Wude product is purified by MPLC on

009/ 024905PCT/ 1B2008/ 053269 81 pyri di n-2-yl) - net ha
sﬂwwl 19 pivesthg e eempevnd (2.0@)Ns:fornrof 300332 yellew c["MLg'MS tr =

0 77, Al 0 Ddifod PN Coibpr g 4308, 014, 312224

(rrm’mI-I 3'(00@ aLLy@HEz( ﬁ@? BQ)Q-(dKNU&‘IS 861 ZHg, 139 53@‘(@'1 H), 8.88
i's added portionw se he resuItlng mxture is stirred
(dad =ra-8t7 111d).n before it is filtered over a
glass-filter. The filter cake is washed with water and
acetone and the filtrate is concentrated and dri ed
2,6-Dinvethifli$onigotiaic avide
4- br ono- 6- net hyl - pyri di ne- 2- car boxylic acid potassi um

salt (5.0 asavvhlte solid; 1H NWVR (D20): 82.47
(s, 3 H, 7. ; 785(s, 1 H. 10 ¢)

Sul furic [ rrL) |s added to a suspensi on of

4- br ono- 6- hyl -@¥r i di ne-2- carboxylic acid potassium

salt (5. g, 15.5 mml) in ethanol (150 nlL). The
{
a)@ogéréno@?hﬁtgf?? HE:SIH?Q I%nég&w Qﬁc@rl@rts Bbg\(ﬁ ggtefr% 353} N3.5 mmol),
Fd(\atbﬁ)B (512 otg, dndamimohemdeMiMa¢t.68 g,Hraee mnnma)smvﬂ'l-ﬂﬂﬁ (400 mL), a

sofy i YRy roYTsIuE afidedoned rt2amoen dHTus Sow added at
7RO blr&NIsztébIJtioﬁdtuhys GreeiPgy! AGRr 38 aBldHiohner A half of the

hept ane: EA 3:
Gr&grmrdrr@a@emfetha;darb%wwn Isespersion ik Warmeddpdt endystirred for 30 min

be([?ci/ﬁef g%% c%%leaog@d) ! Sj’Wﬁ%thﬁr h%f %?the Erlgngro8 ?earaerﬁt is added,

théﬂ?k@ﬁ?gﬁzﬂéﬁe@@wgr@bhlﬁb% anca h@xmbdctoa@admdeéthyéd for 16 h. The
es

m) is
mixture i goeled égcﬁ@ 6r ang aI‘IO%hﬂﬁé)%mﬂ/@Hhel @r@wsldneae@at @t 9, 13.5
e u e
thﬁt érac‘ed ahd ri eﬁ%&a’?‘ﬁgg%egpé %ﬁggqgi @,e'sﬂer 16 h and then
caﬁefbhyomueﬁemm fwith- PN iadi HCI2A08r bX yhdodikdéd! with. 5|@tIg/) ether. The
as a drochlor|de aIt in f rmof a whit

orgclq\ygr is peepagateg ,thengq; pa a§g2§5e>§§act%§ \:glgﬁ Zglethyl ether. The
0 I d

CO%”E%%%@ o%)ﬁrlaorl %’E@ {jﬁgg%\@f M@%Qé ﬁl'f@re@ aﬁﬂf Eg%‘%c%]rg d The crude

prodyct lslmmflegIlbaynMﬁ’d-;q o6 Ziliog, gel. tmwlmnﬁlﬁ dlrsetdmglbmjnmtmlc acid tert.-

o fstRr2i ol n Palveln 86 (odMéle 0% P ilsal- pgs 20

to give 4-di net hyl am no- 6-net hyl - pyri di ne- 2-car boxylic
acid (102 E{ as di net hylammonium salt in formof a

b)fesqﬂut«ormpf 2 mm@hyltscznico@nmacnd tert pivtyl esten 21309, 11THidsmmol) in

I h I
5 GHET P sobSpahPrROUEEHS S MRLo STl o ho i lsohpr iaporeted
and Iﬁilencr@tlefrﬁrobaétorsepurﬁflddsb WIPLC on silica gel (heptane:EA gradient) to
2009/ 024905PCT/ 1B2008/ 053269 82 concentrated and dried
under HV to give the title conpound (125 ng) as
triethylammoniumsalt in formof a pale yellowoil. 1H
NVR (D6-DMS0O): 8 1 .20 (t, J = 7.3 Hz, 18 H), 3.08 (q,
J=7.0 Hz, 12 H), 3.17 (s, 6 H, 6.80 (s, 1 H, 7.14
(s, 1 H, 9.75 (s br, 2 H).
4 D| et hyI am no- 6- et hyI pyr| d| ne- 2 car boxyl | C aci d

M o I
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83 2.53 (s, 3 H, 2.92 (d, J , 3 H, 4.40 (s

br, 1 H, 4.46 (q, J = 7.0 Hz, , 6.46 (d, J= 2.3
WO2009024%95 7.18 (d, J= 2.3 Hz, 1 H). PCT/IB2008/053269

4-1 sopr opyl am no- 6- et hyl - pyr_j_di ne- 2- car boxylic acid

NH5 <0 NOH The title con‘pdﬂnd IS obtal ned in

G265 %qtt@vléeﬂifougtcy@gc By rashlfTih a8 et i HNYIR (DOD):
4.
886?-1%( %ﬁfam ngusgﬁkﬁet hyl - pyri di ne- 2-car boxylic acid /-

/-N, NO) </ - OH 10 A solution of

|et r|d|ne 2-carbonitrile (100

2- ﬁ'&g antHE'tzt%o"égg tinjejagid sijrred at 90C for

18 h. The m xture is diluted wwth water and extracted

W th EA pH ab the ag. phase is adjusted to pH 11

by addi ngy'1 NaOH sol ution and the m xture is

extract ed \wit The pH of the aq. phase is 15

adj usted ¥Yo pH 7 By adding 1 N HC and the solvent is

evaporatey. The residue is suspended i n DCM net hanol .

The susperf@fon is filtered and the filtrate is

e 4t

o) RS SRS, SN 8 Byt ¥ 1014 Ja0 PRI ridiiol o
MRPHSQ, PHMNYRS @D8e®MBBE :mi&iurd s (refluxisd for@2Ha ,beford) a solution of

anpztjtg%ipﬁ’@e?gx@d’istﬁﬁa?e? ﬂ()é164‘]g:, ;28 rh'zrnoI)A'in'_%v’ateGr' 53125 nﬁ_) i% added. The
m&tﬁé%@rsdfv@%%l%%r BYifrl T@o%nﬁﬁﬁ&P@t'GEp@%td Zﬂfoh 5&0% another

thanol (1.48 g, nmol
poﬁlmyamnmdumperoxmlsetﬂateus [peldedo Bti(rog) ISOctorNaHed zatm C for 24
n.inh mneral aoil..washe

n. Sl 7l BT e qtgenits Rappite, Bs TeBiithe Rabuish 8t eusgtised witn
1 Rdad! M OHNarldextraétedlive tWREH WHGNDCRA. P 8bmbifed org. extracts are

addition the mxture is stirred at OC for 150 m n
driggf ever MasSQi.bliltared sang tqanggniraiese tq Tive %hy@exmewl-ﬁ-methyl-
o T t ' Cs ug :
sd o i Rfeth BrBSeR (f bL 3B RIS AL I 5 D44 min
[Mai1]h=48P.05a9. NHAC1 sol uti on. The m xture is dilut ed

with water and 5 extracted twice with EA (250 nL). The

conbi ned org. extracts are dried over MgSOH4, filtered

e r _ O \ j. “ 0 T b

b)%%g t&@a&l; g%@&ﬁyﬁi%h M‘%ggﬁ%fﬂ\@c%d mé&fyP¥steF (500 mg,
2. 26 E‘mduol)r onB82% et mly(m/mhla)i ises(ifed 2tgh0°&s fanS5 h. The solvent is

It
refiond Agdang JepiheioANes 1o St BYGrBv RS R fsartiainic acid
hy(dﬁaé?@orwe @I%olm&)faé)a yénowl\é%nﬁﬁgcnms gnd 021 8Vhkl: [M+1]" = 168.04.
K2COB- sol ution : , 6- tr|V|nyIcycIotr|boroxane
pyridine conplex (3 19 g, 13 2 mol ) is added and the

e assed.and. put under N2 before Pd(PPh3)4
2- E‘H%Lqr‘rﬂ" tﬁyg@%‘ IIn)lc A&'%dded. The nmixture is stirred
at 85C f h before it is again cooled to rt,
diluted withywater @nd extracted wth EA The 150rg.
extract is ' er PS4, filtered and
concentrate yde product is purified by CC on
silica gel gluting wth heptane: EA4:1to gi ve

2- br ono- 4- net hox?/6 vi nyl -pyridine (4 g) as_a yell ow
a) fopigpensonvet 21chlarod-a@thyinsorieatinic acngl(i.- g, 4@ mpad) in toluene

f : : :
(1@@%@% Sh%latgc{ ﬁ)gié(é/“(&gend’ then slowlyétreate g% N.N dzvmféh)ﬂt?rmamlde di
terltr’rTbUi)yIadetaiC(Qﬂcmg (ﬁm Mmdﬂl\/hm (rﬁxt&@e gb.ecdnﬁhe& Oleet)Heatlng and
added ortlon mxture is stirred at 0C f
StiFNg I @U?P 529/81} F?%f?r? @”PtherSthF'?ﬂ %Nr@'”},eé*n!('f%ﬁ@d”@e di-tert.
renl t
bulfylad_er’tﬁl {19 d&e e?g r?émgnnd §ddfeof {Sﬁlgﬁﬁeé !sgcd:rglrr]tggﬁ{b?gso‘“g fBr 72 h. The
The residue is dissol ved in 10%ag. citric acid
solution and water and is then extracted twice with
EA. The conbi ned org. extracts are dried over 25My504,
f||tered concentrated and drled to glve the title

o A ~ o~ o A AL 2~
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WO 2009/ 024905PCT/ 1B2008/ 053269 85 a) A suspension of
2-met hyl - pyri di ne-4-carboxylic acid (1.0 g, 7.29 nmmol)
W0 poogee49eiol (50 nmL) and H2SO4 (0.5 nL) i s heak@HIB2008/053269

70C. The solid material di ss% ves and stirring is
contlnued at 70C for 18 h. TH® mixture is cool ed to

{ d, f t
refing TGS 51 69P1ed Y dibteh in e U PReE aBflugshiagwith sat. aa.
Néi@(%‘ésdl@tl&# V%@%Fd‘yéxt?a'df‘ﬁ‘é @Ylbd WérCN/I@S%I gl?érggtggr}ogﬂ@ golvent is
camfgl:kyﬂeﬂ@@orated N hﬂ—mrya’qalhm rmatﬂrle@ zséhﬁg)rraadst e@lected carefully
irred i al ed

weBiglth b33t 5 ahfl eRI8idife Hilorb -l inigdinic acid tert.

buWIV@stétf (@'QQZQ)'TQE hadlourkeRi i ineadiede LEZMS2 @) =as0® min; [M+1]"
br owni sh 17d. To a solution of this material in DCM
22826l ntl)NNﬁ/fGlaChsé & 6.624sg1HE4.56 fevolH), 29 (60 3bded9 (s, 9H).
The m xture is cooled to OC before trifluoroacetic
anhydride (8.10 g, 38.6 mmvol ) is added portionw se.

b)td &l leddsdlSticr B i20¢HeroAs- nﬁ)&hglolfsoﬂlcbtnﬁ?i@fﬁ i® téﬂﬁeoutyl ester (2.95 g,
reaction_is quenched with wa he m xture is

130 mmel. he@saoBMOARMEhd-48r HMPhase NMPSdRd at 88.0amenol) in THFE
(4(2@?969 é""shaq_lg‘@@ﬂe h& &159&@%&%%%% @”af | '(g%vﬁgmtﬁé in THF is

sldlﬂykadd/ad:et wWrTeC.Dohe b'FanCStFTbﬁldiredhmsggreeﬂ:Egreyt ﬂ'aetwspenswn is
are dried Overfcgr/g%}??nmf Itered and concentr at ed.

The
wa PegelopitoBlifeed iDeEPTEHh Sry@ﬂowﬁ@Jttﬂrhtse%thQ‘?o'ed to -70°C

an'g'l?’%&ﬂ% [l@)rﬂ/gﬁ“?h%'dﬁ%r?qgger‘e’%ﬁbnt K/ﬁ’ﬁa‘@t q @ﬁbl ‘?3a.fjded The

reactiool mixtore isfwarmet toytt - $teoed footliGnoandrthér c@%@lly‘rguenched with 1

N B PCTTR G0 ) %@5‘?”0' W galhddthan e preoReigs spgarated and

the 3519 pﬂ'ﬁ@é Js bﬁtr@&@@%thTB%tlﬁ%@tHér‘? The &rhbined drf. xtracts are dried
seal vial at 60C before the solvent is

ovev&ﬂ:gﬁ@n eliitergtd eance eveaperated. drieegrudse grageict is purified by MPLC on

silpﬁhaé]‘r élVﬁ.l ﬁ%q%@ﬁ%&y‘i%ﬂ@% n% ggld( t5ert b”%h esl’fer as ‘a yellow oil

wHSNig tidseEd 7 8-NIHEItIAioxaenisooh L NaIHelsdlation Mstivred at 50°C for
<NH 2 HO To an ice-cool ed sol ution of potassium

16 &r befodjgtu/wpagglvgqt & gyapgnated ntm;gyve, A-gteylHamsthylisgnicotinic acid

oY S BIREDANFETECIS, (7 /73 g, TR 2e: 1 MR

(CB;)diret 9y 4, 2HEYRn2-(gy 0 i-dr eeHz43A), @843(873H201W¥B|(} Js 7.6 Hz,
added. The m xture is stirred at 6 C for 15 bef ore
3Ht is filtered. The filtrate is evaporated to dryness
and the resulting solid is washed with water and W)
2009/ 024905PCT/ 1B2008/ 053269 86 then dried under HV to
2-Bropy|Mé-methglisericotiticratiyy! - i soni coti nam di ne (503 ny)
as a white powder; LC-MS: tR = 0.23 nmin; [M1l] =
166.01; 1N NWVR (D6-DVB0): 2.43 (s, 6 H), 5.88 (s, 2

H, 7.30 (s, , 9,90 (s, 1 H. 5

2- Et hyl - N- hy - 6- et hyl -i soni coti nam di ne

NH N\ < a) A solution of

2- et hyl - 6- net ~i so@Hotinic acid ethyl ester (3.90
g, 20.2 mmol / prepared in analogy to the correspondi ng

o R 1t 25 O B T B . 1 )
etisanol €200 insL )earrpe few edopndf déhdeherates sulfleid scig @Wdt 75°C for

in diethyl ether. The solid material is collect
24\ps hize spivent b’?d@V@FPQfﬁEﬁd an@ttwre%@%ﬂs ﬁﬁéolﬂ/neﬂe'a Q}hmleacetate (200

mit %@%@'S}ég mﬁvﬂ*%@@g’ﬁ%@dt' 80 %896(5‘3%@_ %nﬁ@g&%g@(m mL).

1H NVR (D6-DMS0): 81.23 (t, J = 7.5 Hz, 3 H), 2.49 (s,
3 H, 2275(q, J =7.8 Hz, 2 H), 744(s 2 H, 7.59(s
br, 1 H, 811 (s br, 1 H. 15 b) To a solution of
2-ethyl -6-nethyl -isonicotinamde (2.85 g, 17.4 mmol)
and pyrldlne(6 74g 852nm3|) |n DCI\/I(80 m_)

o o o, ~ A A N I N 1
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ICH, Tt T "-- N 10The title
conpound IS prepared in analogy to

WQ2@9M3490N- hydr oxy- 6- net hyl - i soni coti nam di nePGI/EB2008/153269
from 2-isopropyl - 6-net hyl -i sqni cotinic acid ethyl
ester; LGMs tR = 0.42 mn, Y'Mtl] = 194.08; 1H NMWR

TI“&DS@D?@@'C 3 éfi'ec?f fovSegf\/léSQ; ' P Iie'?%j ng’ya%grdé%%a(iﬁ g?m%fhloro-G-
métﬁ s%rH)otm?c §&d(e°ih |Je§r&r (1623 g) as a pink powder, LC-MS: tg = 0.92 min,
dr oxy-2-1so0 utyl -met hyF- 1 soni coti nam di ne H IﬁN N

[MI'O 220017~ .., - N The title conpound is
prepared in anal ogy to 2- et hyl - N- hydr oxy- 6- net hyl -
i soni coti nam dine starting from
b)2l'1j é%btﬂthbﬂa di- zrembw 61rﬁ@Fh|yﬁ§t§m@cbtml@§bi@ &th I}/éstéﬁg-‘)%g 16:0 mmol),
VB: = 0.52 mn, [Ml] = 208.12; 1
ansidraﬂs p@pemyl:bcemsl%c'd 6143P,9,2. %63 mme) imPME Kéo nﬂ—)ssg solution of

2 S}\ﬁﬁ& 'ﬂ%zclc?arbf@ gﬁ,jzﬁo |ow%fowzpﬁpﬁhg)4 4% (Sg, 9.385 mmol) and

trumhémrmssphmmezeﬁom @-QGEMmbI-)I@@Udedt Thamigture is ¥€rred at 100°C
2009/ 024905PCT/ 1B2008/ 053269 88 ? Sulfuric acid (1
ford§ hj Refopritds pgolg s@§ﬁe¢1%ﬁ %\A@h diethy efher and washed with sat. ag.

Nazzmtr‘,gf!;) @JXQO% %rgo% m[]’?&@l% é‘\%roNé B35 ikerecfand evaporated.

in et ear solution Is
Thet a:rudeqbradudt@@pﬂnﬁedlay IC iihesnmaxgﬂl reduting witlitheataneeldAlly1 to give

addi n at . . NaHCOB8 sql ution an en 5 extra
2 Bipedie S R fibon A aod s thi e 2 25 8b pR ALpgiess of; LC-Ms:
tr SOIFAGIS m+q]*d:E bed 3aver My504, filtered, concentrated

and drleé to give 2 chloro 6- nethoxylsonlcotlnlc acid

et hyl ester (4.32 as a white solid; LGMs tR =

) Z-AorEal 9%*%'%2%9%0 o thy B 225108 FERBM' cssolved

in l'I'HFUﬁIUE)) mL$, RPaide@odr @pwi 6% Pa) B sddad avd tid mixture is stirred under
or o- 6- met hoxy-i sonicotinic acid ethyl ester (5.37

gtm Tk @t 'Fhf@[ 15dhd fm@aﬁws} ig ﬂtkgren#goff @ngseniitsate isnevaporated to
gl\pe{ ir'r e %%ﬁ%f@%kon&%@pem %{Hreefh £oo g@ Zjlggltgﬂ 2{555: t{aﬁc‘fh]rhess oil; LC-

MBeiact 0@ min, Menthedody 2car ef ul | y addi ng water. The
m xture is diluted further 15 with water, filtered
over celite and the filtrate is extracted vvlth EA

f 0
) (e Edtoflof 2 OBy CORRANTIA GrnAciR iy Mtz APy Fiommol) in
6 'NLHQ ﬂ'i@ﬂo(46ynmsmhlrmdl atdab°gelor @I4d1 befpreittis cbeheldatnert gAd extracted

with diet e @xsdae) The ad qurase, palanfated dhchige Tepicue is dried
unQJeF’ﬂ-I‘V1 1Y gi%ﬂpmp%ﬁ@—n?&h?kfdn%n(&@@lo?hydﬁﬂeﬁfdndé §2@) g) as a
co(cnp,rless s:one HE-MS: Hig,= D. é]l@nms [Ml+ﬂ-]) = 718209;sH NMR. (Dz)DMSO): §

.00 %5 10l P TR PR 220 %805 086 ). 1 ot 72, (m, 20),

og@gvgﬁgqqf%.y) 6- met hyl - |son| cotini c aci d et hyl
ester; LG M5 TR = 0. 43 mn, [M1] = 181.96. 1H NWR

(CDCIS) 62.49 (s, 3 H ,395(3 3 H, 254.89 (s, 2
8. 03 br, 1 .
2- O@rSWEﬁﬁﬁmyl E%"'P\L%R@E'ﬂ‘gé?% rret hyl - IS(()?]I czr)ti nalr_nb
i dine WD 2009/ 024905PCT/ 1B2008/ 053269 89 /NH N
@)
N
— OH
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) /NH-NHO\ a) A solution of

2, 6-dichloroisonicotinonitrile (2.50 g, 14.5 mmol) in
WQ20MBENH in THF (20 nL) is stirred in a seal PCT/ 1820634153269

at 105C for 24 h. The dark s ension is cooled to rt,

diluted with EA (200 nm), wasthed with water (2x50 niL)

fol | owed b 5, sat . NaHCOB-solutjo 5 dri e
They JRNDIPUN 15 ePESPHIRA EbrRioar o 3 VeG4 A -propy)-
|so7m@6”t|r@é 90@ @élﬁ@& |6qm§3)%r%§é?'[yl %9&Ibﬁ%r6>€ddee La-fad;; 4 823 min;

). hid material is dissolve

[M|+ﬁ]d:|=dﬁar4é (100 m_) and Pd(dppf) (120 ng, O0.147 mml)

is added. To this solution, MezZnCl (5.02 g, 43.4 mol,

2 Msolution in THF) is sl ovvly added. The m xture is
2-Reithiyl1o6L(2dméthyi-propil) i dnicoliaic atid’>C for 16 h. 10 The

orange suspension Is cooled to rt, diluted with EA

(150 nL) and washed with water (2x50 nm.). The ag.

washi ngs dre\pasified by addi ng NaOH and t he

precipitate t is filtered off. The filtrate

is extractedNwi t (3x70 nL). The conbi ned org.

extracts are ed ot Na2SO4, filtered and

concentrated/ The crude product is purified by MPLC on

a)gToef Biftiart nl 2ol Bmet R EaMiE o aineE sl Gog2 o, 407
mtﬁﬁB)) 2% @-tr- %é@n%rbpéﬁylgb%éb@&“okaﬁ@|piyﬁdfrie%‘ombl@xl\(53 0g, 497

To an i1 ce-coo
m@@l @GW®fln@Tag£m pmqedumtgweaﬂéy F1Keting, D15, ©'Shea J. Org.

CHB:87 (2o SBEar ) DUl B A 1, S, 3 i in Dme
(120 in)ed daduticiDofri2 M krf. &K,.€0; (40 mL) is added. The mlxture is degassed
2-di rrethyl am no- 6- rretd:ﬁzl)lsonl cotingnitrile

ang fashegdobifh Ne bederedPd(Fiehsp 680ragi 9. ﬁérmmséblsmﬂdezi H he mixture
is gﬁ@?@ &t Hbo*? FGVIPATEEED it BGodiEd 'téj(lateghétﬁg v@ﬁPE)L\eé%d {ha8hed with

anount of water and separate
saRPaC1Rabid0L @2x3200 th).glke o&‘gdemad:tylbadnletbombmy/tgmy -fétered and

evge@gr%_i I&?%(ﬁjan ﬁpnr]ﬁ hgtg[lmqrﬁl‘%)gg)m (gr? ng ica g§ ePu;ting with
heltdMEEE RS2 1 GgﬂfeoﬁmthéS@Tﬁ@hﬂéémbéﬁ?b %ﬂlé&ﬁ‘l‘ﬁﬁcdéélé ethyl ester
WO 2009/ 024905PCT/ 1B2008/ 053269 90 A solution

(990hg)ja$)>ayyﬂﬂtdmyﬂ)H6L®éVISth Fs@Ad qoini; AHCNMR (CBEIHy 5 1 43 (m, 3 H),

i ofly o2 80 Lahid 8B o2 bl 7, 7.50 5.1

H)Th%gqsxqqq)e is cooled to rt, the solvent is renoved in
vacuo and the residue is drl ed under HV to give crude
2- hydr oxynet hyl- 6- net hyl -i sonl cotl nam de (400 ng) as a

b)%eal{,(leg}l/y?léiéw | '-%gopﬁ\pé/ |so%|§ot$rac(a§|d %thMS eétgr &99 fe 4§ 2.mmol) is

dlé%o'ﬁvédzm IH? (1(50 ML)(énd Jmeth%n& Tzoo hllg) d7c4(%003m]g_;1 10% Pd) is
58 (s br, 1 H), 16

ad gd ab')d the ralxéwgpg@glrr@d uffder 1 atm H2 at rt for 5 h The catalyst is filtered

o3y RS Y Ly T T CRLESHRROR L5 2B BB pf i o0

ellliti‘ngf Witbr hexarid:EAaM My ¢ ighee (ZLmabhyd-6-E- %tmrmr&)pyl‘ﬁls@dttmimc acid
dropwi se at OC. The m xture is stirred at rt for 1
et%)ﬂc?SE%c(&?&g)c@SeﬁrCOW'@% Gili LesMeatreT QY MR- ut ed wi t h
water and DCM The m xture is 15 washed twice with
sat. aq. NaHCO3-sol ution. The washi ngs are extracted
c) tAvisotutiont of Reivethhé-(@eambihyegropyt)- |semt:oiamtsacad etlayli ester (9.78 g,
4581\( ?rgag/ﬁﬁrgngf ! &\Q gp frcggﬁr?né a?tggglc 8 rh gé#o}’/e the solvent is
2-hydroxynethy1 6 nethyl-lsonlcot|nonltrlle (544 ny,
contains pyridine) as a brownish oil; LCGMs tR = 0.54
mn, [M1] = 148.99; 1H NWR (CDClI3): 82.66 (s, 3 H),
3.48 (s br, 1H), 5.48 (s, 2 H, 7.41 (s, 2 20H). ¢)
To a solution of crude
2- hydr oxynet hy1- 6- et hyl -i soni cotinonitrile (544 ny,
2.38 rmol) in et hanol (50 m_) - pot assium

N a o, ~ N~ ~ ~NAa - \ T I T Y T
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92 N-Hydroxy 4, 5-di met hyl - pyri di ne- 2- car boxam di ne NNH

[ ) 4 -/ ;NH HO a) Trinmethyl boroxine (2.84 g, 22.6
wmb/)oz49(B;2003 (9.58 g, 29.4 mol ) and tri- 5PCT/IB2008/053269

tert. butyl phosphine (183 ny,,  90511nol) is added to a

sol ution of 5-brono-4- nethylﬁﬂrldlne 2-carboxylic acid

ethyl ester (5.5
evBbptet: J5 45Ri6RRy BT AEeE LA BaYP 1 2 methdyB-(2smethyl-propy)
isHiEtANE a€id 4 ardahloridee 9"56@?‘%1@ d Sol888esS&dicane-Mek: t = 0.52 min.

under argon ‘before Pd2(dbaj3 (414 ny, 4521inol) s

added. The grey suspen5|on is stirred at 100C for 18

. The re.is filtered and an her portion of 10

Z'FYFWWPMHQS@ 8"&“%‘%" 052003 (9.58 g,

29. 4 mmol Pd2(dba)3 (414 ny, 452 |InDI) and

tri-tert. phosphine (183 ng, 905 ilnol) is added

to the fi ~ Theom xure is stirred at 100C for 72

h before it filtered. The filtrate is

concentrated,\difute I_)m_th DCM and washed with sat.

Na2003 sol utifon (2x2 ) followed by brine (2x25 nli).

The org. extnact is dried over MgS™4, filtered and
15concentrate@H o gi ve crude

a)5re %gr[%gyér;gxgp% %nﬁmgﬁbgéa aég@wge?t& @Whééf’%t fmol) in THF

(15©rmlo)t,lrmles(8p789|gar8606 irood) tanel Eb(aoec)g (2. 46 g, 6.96 mmol) is added
-di met hyl - pyri di ne-2- car box

U”%f IRy | é‘@tr@ HERICeg\RIIR- ﬁgcﬁ: @?fp@ iSRRI YRIAGNES{HD Hromide (47

e VPRSP ERSY Aitphs Mised T, Ry nggs o e

Thesmipduité) is Stires es; 7ﬂ°0—|)‘qr B h29hegr$ watmidd. to rt and carefully quenched

wifiguefe: TheBHRHBE% EEGEALUIY EA YRS sracobrad 3 oiefiver Mgso,,

filtefddlafdl Rvhceststed! The'@ode %@oddbta@@hﬂﬁéd 9 CC on S|I|ca gel eluting
5-isobutyl-4-nethyl -pyridine-2-carboxylic acid ethyl

withsheptase &A Priglorgiven2aisabutybisonisatipicasid atry! esten3.00R)-as an oil,

MR IR AT 27 0 ", T e (o

3 H, 272 (q, J = 7.5 H, H)448(q,J=7.0Hz,
. WO
b)Zng)@(P'QQQ@G!féwthEDﬁd%‘P@SQ@%}Q arid b?tthésiqrt (1e0@ gvp i mmol) in
m%tﬁgﬁéleﬁ‘?ﬁne)t %Hﬁ" §/Sr 0.3 ?Lgalf'bg%atiepctoago dCelg%fo e a solution of

an&mﬁamm pemdm@nﬁateo(Z 2%9 9.65 mmol) in water (1.5 mL) |s§1dded carefully.
N- hydr oxy- 2- r.oxyjret -i sonj,coti ngm di ne; ,

S e R 100 T 4 BD°C. DBPTE 2nQHEROEERGER) ammonium
pe%xyd:i’s'%lﬂe (8. Zﬂ}_é 9 w’mrﬁoh')ln @%te$5(1(§ ml§) |'s') adae%gTﬁg ‘mixture is
remm (mer mglm) colled toi nt I @Imeﬂmmnriﬂmmdpweﬁiwcbwlthrsat aq. NaHCOs

so@%lq %gltq?;g% q%i?% gggo ar %ﬁﬁ t, Wered écgncen]trated The crude

pr@dué@@bwﬂedﬂfbmd‘bh smlﬁa' @I%t%@ﬁﬁ@%'c&bn@éﬁhﬁhaﬁd@ﬁ'of methanol
ester; 01; 1

to (gr;[@@fb)ydrwrgqthy% |$bb15ylss¢mcotmup|)amd1egwl gstﬁs ((Sﬁp mg) as an oil;

LC{'M%% (}g?(r@ﬁ [}91;3] S5t I =73 e 21, 767 (s,

N-Hydroxy 4 nmet hoxy- 5- net hyl - pyri di ne- 2- car boxam d| ne
o\ The title conpound is prepared f

c)zA @Mt%yoz%2M9Xyrﬁ9hhybﬁﬂ@@tﬂa$%mnIe a9 ptiay h@ﬁter (100 mg,

NSEAY  t

0 R gAmell PonBar e IRl By T RS PLIRTG P! ST, solvent i
retnOvédh: int Racud. 46d nthe, rérﬁbm]lng: rﬂasllju%ls 2ied under HV to give 2-

N- Hydr oxy- 5, 6-di et hyl - pyri di ne- 2- car boxam di ne a)

D nmethyl zink (4.58 g, 48.0 mmol) is added to a

sol ution of 5-brono-6-nethyl 25pyri di ne- 2-carboxylic

acid ethyl ester (11.7 g, 48.0 mmol, see preparation

of 5- isobutyl-6-nethyl-pyridine-2-carboxylic acid)

and Pd(dppf) (392 ng, 0.48 nmol) in
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WO 2009/ 024905PCT/ 1B2008/ 053269 94 di oxane (40 nlL).

The m xture becones warmand is stirred at rt for 1 h.
waewvlzeoportion of dinmethyl zink (4.58 g, 48. RCHIR2)8/053269
is added. The m xture is stirred at 100C for 2 h, then
at 80C for 72 h before it |s4gooledto rt, and dlluted

and .i ce-wat.er Temxture
hVHEOHE”E%r(’gé'@%U% yirisonigalpic y&*ﬁ%c ?@ae 6105} agg asan oil; LC-MS:
tRSECPQQ%Hd M Ehe pglz. phase is extracted with EA
(3x100 rﬁ_g and DCM (2x75 nL). The combi ned org.
extracts are dr| ed over Na2Ss™, filtered and

opgent rate ude duct is purified by MPLC on
2 (ARSI BenyBRfifl s . ol e

5, 6-di net hyl pyrldlne 2-carboxylic acid ethyl ester

(434 nmg) \@s a)brownish oil; LGMs: tR = 0.61 mn,

8, 1H NMR (CDCI3): 81.45 (t, J= 107.0 Hz,

3 H, 2.37 (s , 2.62 (s, 3 H, 4.48 (q, J =7.3
Hz, 2 H), 7 ¢ .8 Hz, 1 H, 7.90 (d, J =7.8
Hz, 1 H). conpound is prepared fromthe
above 5, 6-di yr|d|ne 2- carboxylic acid ethyl

ester in anal ogy to
a)W@)&SQSp’e@M dﬁ@%ﬁbt*@ﬁhéth%isl@hhc’b@rh&pac@otzmarg di 12;mmol) in

'SQPFEP%'W' (&p H’S}'d} Mﬁb (ﬁéﬁhyrs %ﬂﬁqdoﬁir@w@sq: Mo @ prcomes warm
9

GO RT by ofedRotn i b SRre 8 s e sonen

is aenndved opnapyub. ébeaesidié. i§ dissdded imandthylpethpar(200 |rmL) washed

o AU SRR B Y RS B SRRRTRN o e over

N%B@&anﬁtérgéoaﬁ&) coﬁ@&ﬂtFﬁtéBUE@d%;ﬁeStZLdrﬂ&% @Fnéiﬁ@iitggrﬁicéﬁwic acid

before it is cooled to rt luted wth ice
|sqprepylne;s)tea(1%ﬂ Qﬁg)(%(a ecalpusess ativehich stbwly tdrystalses;. LC-MS: tr =
LT r is separated and the aq. phase is
0. 96 in e 2:114%(3“00 25 nl) and DCM (4x100 i) .
The aq. phase is neutralised by adding sat. aq. NaHCO3
solution and is again extracted with DCM (4x75

b)r‘hea @@ane@r &cﬁlor@;&m&md I%qréc@we@c&/@omr@ecb@st%r (20 g, 9.36
gt B Gal (ERATTe sRpBtsed afc im0 Selors Paigpen (220

ngfO 581 Imrrimﬂi)p”saemﬂetdo Agirtea 0.5 M solution of 1-ethyl-propylzinc bromide in
- 6- et %H%¥r| di ne- 2-car boxE/I ic acid isopro

Tl-gzst(zgﬁ (n?LOg3 ) hispdaed dopy(Eelq the mipse. tTFIae_mrx){llrre is stirred
at 899 7dr 1B B %&ggel&qf rg%gtz 1P quid (WY tyRUdidd icCol8wdtbr (200 mL).

A PORYIGEE SNHRCANG BROGBHORES B6SILOEd 6uith Ef,(260 H)L,) andBitdred through

cellg Tyejele apaerFiling b sheslato ot Rpierd Pty colected
antinelad)phade NEitdded WAANPRYL0 AL PrIRAESADINERNb @xtracts are

above et hyl - 6- net hyl - pyri di ne- 2- carboxylic acid
driesopres dVigSEXkt Elteried anthcoggenteated. The crude product is purified by CC

o R A B ST B2 R
|scﬁﬂcé?ri‘hld bcrdJsopergl diter (31 6*)3 a@ IKoSv oFB HB-MS: t§7- OCYS Rin, [M+1]*

= 215(9-4)14 ];'%NMRC( ﬁMS®)85IQz70 (II HiF, 78 Iia ] gsl)b‘r 33](dH)’ QB Hz, 6 H),

1. BRAT oY 43&%‘%@%%%5@3’%98}’( A 15 5153h8R YL B 8%z), 7.3

(s 5t HyobUby 4 PHYEt hyl - pyri di ne- 2- car boxylic acid ethyl
estér in analogy to

N- hydr oxy- 2- hydr oxymnet hyl- 6- nmet hyl - i soni cot i nanmi di ne;
LC-Ms: tR = 0. 72 min, [M1l] = 208.52; 1H NVMR (CD30D):
80.96 (d, J = 6.5 Hz, 6 15H), 1.86-1.97 (m 1 H),
2.54-2.58 (m 5 H), 7.49 (d, J =8.0 Hz, 1 H, 7.62
(d, J =8.0 Hz, 1 H).

N- Hydr oxy- 4, 6- d| nmet hyl - pyri di ne- 2- car boxam di ne <NH
-/ I NH HO 20The t|t| e conpound |s prepared in anal ogy

S o, g
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The title conpound is prepared starting from

4-i sobutyl-6-net hyl - pyri di ne-2- carboxylic acid ethyl
W@2108/024905 anal ogy to PCT/IB2008/053269

N-hydr oxy- 2- hydr oxynet hyl 6 Ql%t hyl -

10i soni coti nam di ne; LC M5 = 0.66 mn, [M1] =

08.01. :
o) 1B By 8 o kPSR SAnIBgH PR BoEiaRNbEsF (154 6
6. 1;% gwgrgpggn% ?50‘:/;]/ abHHCINGDONL ) is stivdt bt 68°CHBPAYH. The solvent is
rezpoyedtinyiagud rodetheeesiduepgrdissalesircdioergland agwsngrated again
to'%v%?kf—%h&l%r%ﬁ s ox%yﬁﬁ}_ch lavg' %glrc]l' %%}o%% or|OI emﬁ .70 g) as a
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5 The title conpound is prepared in analogy to
2,6-dinmethyl -isonicotinic acid hydrazide hydrochloride
W@ @P024905 f rom 2- et hyl - 6- net hyl -i soni coti ni ¢ aRCTB20#8/053269
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gn?égr ﬁﬁf gfc]%%ﬁ/ )%v ngf‘ Pglg&rotlﬂl Rﬂdxfér'{ Suty5 eStdr’ (788 mg) as a
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conversion, the reaction is quenched with water and
sat. ag. NaHCO3- 20 solution. The mxture is extracted
b)vW a) ta sokiiby| ofethtee aBbOEA 2(2-DE@thyl-Tiepenyy)-6esnyl-ssarscatingc acid tert-

S filtered and e ve the, ,

o e o fr i ramelt & eV FEBar-£iPo 2 B e Po) i

add@d Ch K 8 niktdrd r?sflﬁéél”dridé@ 1S QtrHtdfa, b risforM3eH. The catalyst is
WO 2009/ 024905PCT/ 1B2008/ 053269 102 70-90C for 4 to

filtaredrofi asdithe fittrate is eveperatacth Teceoainagtraside sl @urlﬂed by CCon

silfth Oggeﬁ;e %ti @ﬁrﬁ ihfghf‘ag} %A%fi?&éfvg%-gwjé-i%gmgsp icglipig acid tert-
buty @stEIBOEUNG), &5 dicpiuuriews ofl Ll C.MEowae H armhir, TVAA1 8O %64.11.

y| eld. 5 General Method for the Preparation of
, 5-di pyridyl41, 3, 4]t hi adi azoles N r

c) A solution of 2-ethyl-6-isobutyl-isonicotinic acid tert-butyl ester (391 mg, 1.49

cont i nue
(200 i)
NaOH (3 ¥ 5
separ at ed, dN

mmol) in 6 N ag. HCI (15 mL) is stirred at 65°C for 2 days before the solvent is

evaporated. The residue is dried under HV to give 2-ethyl-6-isobutyl-isonicotinic
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Rs rN I N-T-11-R -N)- To a
sol ution of the appropriate pyridine-carboxylic acid

W@ 2008924008nd DI PEA (3 eq.) in DCM (20 mi | rmol ) PCTVBRODY[ (153269
eq.) is added. The m xture is stirred for 5 mn before
the appropriate pyridine-car ﬁ’@xyl ic acid hydrazide (1

e I s, added he 10 mixture is stjrr t, rt f 1 +
ackEipltiothBHAE gt ITationia fo/Befpsasich G it 0,58 min, TMe]” =
208raed over MgSHA, filtered and concentrated. The

remai ning residue is dissolved in THF, Lawesson's

reagent (2 eq.) is added and the mxture is stirred at

1QC for i under. microwave i.nradiation. The
2 dfondnethlid el GisBr eI adil W th oai. 'aa.
NaHCO3, axd concentrated. The crude product is
purified

t ography on 15prep. TLC plates or by

prep. HP e the desired 2,5-dipyridyl- [1
,3,4]thia oOp 3-44%yield. Exanples 1 to 27
ineljj / Pyridine2 20Follow ng the general nethod
for the p

aration of
3, 5-di pyr i§@141, 2, 4] oxadi azol es, the follow ng

o) SR 8O RBY i BV (2 ) motanol (0
M0t tHASP{(A.5 MmD) 50 refxedesfoB 24nt. ki the elear golution @ solution of
ammonium peroxidilsulfate ((NH4)2S20s; 1.33 g, 5.83 mmol) in water (3 mL) is
added and refluxing is continued for 1 h. Another portion of ammonium
peroxidilsulfate ((NH4)2S20s; 1.33 g, 5.83 mmol) in water (3 mL) is added and
refluxing is continued for 3 h before a third portion of ammonium peroxidilsulfate
((NH4)2S20s; 0.65 g, 2.91 mmol) in water (1.5 mL) is added. Refluxing is continued
for 2 h, the mixture is cooled to rt and the methanol is removed under reduced
pressure. The remaining mixture is diluted with sat. aq. NaHCOs-solution (100 mL),
extracted with EA (3x150 mL) and washed with sat. aq. NaHCOgs-solution (100 mL).
The combined org. extracts are dried over MgSOQy, filtered, concentrated and briefly
dried under HV to give 2-hydroxymethyl-6-methyl-isonicotinic acid methyl ester
(400 mg) as a pale yellow solid; LC-MS: tz = 0.44 min, [M+1]" = 182.01; '"H NMR
(CDCl3): 02.65 (s, 3 H), 3.69 (t, J =4.5Hz, 1 H), 3.97 (s, 3 H), 4.81 (d, J = 4.5 Hz,
2H),7.63(s,1H),7.64 (s, 1H).

b) A solution of 2-hydroxymethyl-6-methyl-isonicotinic acid methyl ester (500 mg,
2.76 mmol) in 32% aq. HCI (10 mL) is stirred at 60°C for 5 h before it is evaporated
and dried under HV to give the title compound as a yellow solid (480 mg); LC-MS:
tr = 0.16 min, [M+1]" = 168.04.

2-Ethoxy-6-methyl-isonicotinic acid
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NN
= OH

To a solution of K-tert.-butylate (1.99 g, 17.7 mmol) in ethanol (25 mL), 2-chloro-6-
methyl-isonicotinic acid is added. The reaction mixture is stirred at 90°C for 7 days.
The mixture is cooled to rt, diluted with water and extracted with diethyl ether (3x50
mL). The aqg. phase is acidified by adding 1 N ag. HCI and is then extracted three
more times with diethyl ether (3x30 mL). The org. extracts are combined, dried over
NaxSOy, filtered and concentrated. The crude product is purified by CC on silica gel
eluting with heptane:EA 1:1 to give 2-ethoxy-6-methyl-isonicotinic acid (237 mg) as
a white powder, LC-MS: tr = 0.60 min; [M+1]" = 182.24; "H NMR (CDsOD): § 7.27
(s,1H),7.04 (s,1H),433(q,J=7.0Hz,2H),246 (s,3H),1.37 (t, J=7.0Hz, 3
H).

2-Isopropoxy-6-methyl-isonicotinic acid

= OH

2-Isopropoxy-6-methyl-isonicotinic acid is prepared starting from 2-chloro-6-methyl-
isonicotinic acid in analogy to 2-ethoxy-6-methyl-isonicotinic acid using isopropanol
as solvent; LC-MS: tg = 0.70 min, [M+1]" = 196.04.

2-Isobutyl-6-methoxy-isonicotinic acid

/
N \ COOH

o]
\

a) To a suspension of 2-chloro-6-methoxy-isonicotinic acid (2.00 g, 10.7 mmol) in
methanol (100 mL), H,SO4 (2 mL) is added. The mixture is stirred at 65°C for 20 h.

The solution is cooled to rt. A precipitate forms. The solid material is collected,
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washed with methanol and dried to give 2-chloro-6-methoxy-isonicotinic acid methyl
ester (1.66 g) as a white solid; LC-MS: tgr = 1.29 min; [M+1]" = 202.00.

b) To a solution of 2-chloro-6-methoxy-isonicotinic acid methyl ester (1.66 g, 8.23
mmol) in dry THF (50 mL), Fe(acac)s (320 mg, 0.901 mmol) followed by NMP (1.1
mL, 11.5 mmol) is added. The mixture is cooled to -74°C before a 2 M solution of
isobutylmagnesium chloride (7 mL, 14.0 mmol) in THF is added. Stirring is
continued at -75°C for 1 h, before the mixture is warmed to 0°C. The reaction is
quenched by carefully adding water. The mixture is diluted with EA, washed with
water followed by brine, dried over MgSQy, filtered and concentrated to give crude
2-isobutyl-6-methoxy-isonicotinic acid methyl ester (1.20 g) as an oil; LC-MS: tg =
1.37 min; [M+1]" = 224.12.

c) A solution of 2-isobutyl-6-methoxy-isonicotinic acid methyl ester (1.20 g, 5.38
mmol) in 25% aq. HCI (60 mL) is stirred at 65°C for 16 h. The solvent is removed in
vacuo and the residue is dried under HV to give 2-isobutyl-6-methoxy-isonicotinic
acid hydrochloride (1.20 g) as a solid; LC-MS*: tr = 0.48 min, [M+1]" = 210.1.

2-(1-Ethyl-propyl)-6-methoxy-isonicotinic acid

/
N \ COOH

o]
\

a) Under argon, Pd(dppf) (83 mg, 101 umol) is added to a solution of 2-chloro-6-
methoxy-isonicotinic acid methyl ester (2.00 g, 9.92 mmol, see preparation of 2-
isobutyl-6-methoxy-isonicotinic acid) in dioxane (30 mL). To this mixture, a solution
of 1-ethyl-propyl zinkbromide (1.17 g, 9.92 mmol, 20 mL of a 0.5 M solution in THF)
is added. The mixture is stirred at 85°C for 16 h before the reaction is carefully
quenched with water and extracted twice with EA. The combined org. extracts are
dried over MgSQy, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 9:1 to give 2-(1-ethyl-propyl)-6-methoxy-
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isonicotinic acid methyl ester (1.17 g) as a pale yellow oil; LC-MS: tr = 1.08 min;
[M+1]" = 238.03.

b) A solution of 2-(1-ethyl-propyl)-6-methoxy-isonicotinic acid methyl ester (1.17 g,
4.97 mmol) in 25% aq. HCI (25 mL) is stirred at 70°C for 16 h. The solvent is
evaporated and the residue is dried under HV to give the title compound (2.00 g) as
a yellow solid; LC-MS: tr = 0.94 min; [M+1]" = 224.01.

2-Cyclopentyl-6-methoxy-isonicotinic acid

/
N 3 COOH

Q
\

The title compound is obtained as a white solid in analogy to the procedures given
for 2-(1-ethyl-propyl)-6-methoxy-isonicotinic acid above; LC-MS: tr = 0.93 min;
[M+1]" = 221.99.

2-Isopropylamino-6-methyl-isonicotinic acid

H
N N
Oht
\;)/
COOH
a) A solution of 2-chloro-6-methyl-isonicotinic acid (15.5 g, 90.3 mmol) in ethanol
(200 mL) and HxSO4 (0.5 mL) is stirred at 75°C for 24 h. The solvent is evaporated
and the residue is dissolved in EA (200 mL). The solution is washed with sat. aq.
NaHCOs-solution (70 mL) and water (70 mL), dried over MgSO., filtered,

concentrated and dried under HV to give 2-chloro-6-methyl-isonicotinic acid ethyl
ester (16.3 g) as a pink powder; LC-MS: tg = 0.92 min; [M+1]" = 200.17.

b) To a solution of 2-chloro-6-methyl-isonicotinic acid ethyl ester (5.20 g, 26.0
mmol) in dioxane (200 mL), Cs2COs (25.5 g, 78.1 mmol) and isopropylamine (9.24
g, 156.3 mmol) is added. The mixture is degassed and put under N, before
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Xantphos (5.43 g, 9.38 mmol) and Pd(Il) acetate (1.17 g, 5.26 mmol) are added.
The mixture is stirred in a sealed vessel at 85°C for 18 h. The mixture is cooled to
rt, filtered and concentrated. The crude product is purified by CC on silica gel
eluting with heptane:EA 7:3 to give 2-isopropylamino-6-methyl-isonicotinic acid
ethyl ester (3.91 g) as an orange solid; LC-MS: tg = 0.67 min; [M+1]" = 223.10.

c) A solution of 2-isopropylamino-6-methyl-isonicotinic acid ethyl ester (3.90 g, 17.5
mmol) in 32% ag. HCI (100 mL) is stirred at 70°C for 5 h before it is cooled to rt and
concentrated. The residue is dried under HV to give 2-isopropylamino-6-methyl-
isonicotinic acid hydrochloride (4.20 g) as an orange resin; LC-MS: tr = 0.52 min;
[M+1]" = 195.09.

2-Dimethylamino-6-methyl-isonicotinic acid

N
N\ ~

F

COOH

a) 2-Chloro-6-methyl-isonicotinic acid (7.55 g, 44.0 mmol) is suspended in toluene
(150 mL) at 80°C and then treated with N,N-dimethylformamide di-tert.-butyl acetal
(50 mL, 209 mmol). The mixture is stirred at 80°C for 3 h, then at rt for 72 h. The
clear solution is diluted with diethyl ether (250 mL), washed with sat. aq. NaHCO3
solution (4x50 mL), dried over MgSQy, filtered and concentrated. The crude product
is purified by MPLC on silica gel eluting with heptane:ethyl acetate to give 2-chloro-
6-methyl-isonicotinic acid tert.-butyl ester (8.57 g) as a brownish oil which slowly
solidifies; LC-MS: tr = 0.99 min; [M+H]" = 213.24 (-15); "H NMR (Ds-DMSO): 51.56
(s, 9H),2.54 (s,3H),7.59 (s,1H),7.66(s,1H).

b) Under argon, a solution of 2-chloro-6-methyl-isonicotinic acid tert.-butyl ester
(625 mg 2.75 mmol), Na tert.-butylate (396 mg, 4.10 mmol), Xantphos (173 mg,
0.30 mmol) and Pd(OAc)2 (83 mg, 0.37 mmol) in 2 M dimethylamine in THF (35
mL) is stirred at 110°C for 18 h. The dark reaction mixture is cooled to rt, diluted
with 6 N aq. HCI and extracted with diethyl ether (4x60 mL). The org. extracts are
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concentrated, the residue is dissolved in 6 N aq. HCI and heated to 100°C for 18 h.
The orange suspension is concentrated, dissolved in 1 N aqg. NaOH (40 mL) and
concentrated again. The residue is dissolved in 1 N ag. NaOH (3 mL) and methanol
and separated by MPLC on RP-Css silica gel to give 2-dimethylamino-6-methyl-
isonicotinic acid (1.1 g) as a beige oil; LC-MS: tg = 0.44 min, [M+H]" = 181.07.

2-(Ethyl-methyl-amino)-6-methyl-isonicotinic acid

COOH
The title compound is obtained as yellow crystals (420 mg) in analogy to 2-
dimethylamino-6-methyl-isonicotinic acid starting from 2-chloro-6-methyl-isonicotinic
acid tert.-butyl ester (730 mg, 3.21 mmol) and ethyl-methylamine; LC-MS: tr = 0.50
min; [M+H]* = 195.05; "H NMR (Ds-DMSO): §1.08 (t, J = 6.8 Hz, 3 H), 2.38 (s, 3
H), 3.03 (s, 3 H), 3.60 (g, J = 6.8 Hz, 2 H), 6.85 (s, 2 H).

2-Diethylamino-6-methyl-isonicotinic acid

g

N\ N\/
F

COOH
a) A solution of 2,6-dichloroisonicotinic acid (20.0 g, 104 mmol) in ethanol (250 mL)
and HySO4 (5 mL) is stirred at 80°C for 28 h. The solvent is removed in vacuo and
the residue is dissolved in EA, washed with sat. ag. NaHCOs solution and water,
dried over MgSQy, filtered and evaporated to give 2,6-dichloroisonicotinic acid ethyl
ester (17.7 g) as a brownish solid; LC-MS: tr = 1.31 min.

b) A solution of 2,6-dichloroisonicotinic acid ethyl ester (14.0 g, 63.6 mmol) in
diethylamine (25 mL) is stirred at 100°C for 7 h. The volatile compounds are

evaporated and the residue is purified by CC on silica gel eluting with heptane:EA
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9:1 to give 2-chloro-6-diethylamino-isonicotinic acid ethyl ester (10.1 g, contains 2-
chloro-6-diethylamino-isonicotinic acid methyl ester which forms during the transfer
of the reaction mixture into a round bottom flask using methanol); LC-MS: tr = 1.09

min.

c) To a solution of 2-chloro-6-diethylamino-isonicotinic acid ethyl ester (10.1 g, 31.6
mmol) in dioxane (120 mL), Pd(dppf) (262 mg, 0.322 mmol) is added. MeZnCl (8.40
g, 72.4 mmol) is added dropwise to the mixture before it is stirred at 75°C for 18 h.
The mixture is carefully diluted with water, then extracted with EA. The combined
org. extracts are dried over MgSOQOy, filtered and concentrated. The crude product is
purified by CC on silica gel eluting with heptane:EA 9:1 to give 2-diethylamino-6-
methyl-isonicotinic acid ethyl ester (6.39 g, containing some methyl ester) as a pale
yellow oil; LC-MS: tr = 0.70 min, [M+H]" = 237.11.

d) A solution of 2-diethylamino-6-methyl-isonicotinic acid ethyl ester (6.39 g, 27.0
mmol) in 6 N ag. HCI (100 mL) is stirred at 80°C for 72 h before the solvent is
removed in vacuo. The remaining solid is dried under HV to give 2-diethylamino-6-
methyl-isonicotinic acid hydrochloride (6.96 g) as a yellow solid; LC-MS: tg = 0.53
min; [M+H]" = 209.09; "H NMR (Ds-DMSO): §1.17 (t, J = 6.8 Hz, 6 H), 2.51 (s, 3 H),
3.68(q,J=6.3Hz,4 H),6.96 (s, 1 H), 7.15 (s br, 1 H).

2-(Isopropyl-methyl-amino)-6-methyl-isonicotinic acid

N N
O
\Eg/
COOH
The title compound is prepared in analogy to 2-diethylamino-6-methyl-isonicotinic
acid hydrochloride using isopropylmethylamine; LC-MS: tr = 0.54 min; [M+H]" =

209.09; "H NMR §1.37 (d, J = 6.3 Hz, 6 H), 2.64 (s, 3 H), 3.17 (s, 3 H), 4.50-4.60
(m, 1 H), 7.16 (s, 1 H), 7.62 (s, 1 H).

2-Methyl-6-pyrrolidin-1-yl-isonicotinic acid
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A solution of 2-chloro-6-methyl-isonicotinic acid (1.03 g, 5.98 mmol) in pyrrolidine (5
mL) is stirred at 85°C for 6 days. The mixture is diluted with 1 N aq. NaOH (40 mL)
and the solvent is removed in vacuo. The crude product is again dissolved in 1 N

5 ag. NaOH (3 mL) and methanol (1 mL) and pyrified by MPLC on RP-Cs-silica gel
to give 2-methyl-6-pyrrolidin-1-yl-isonicotinic acid (1.18 g) as a beige solid; LC-MS:
tr = 0.52 min; [M+H]* = 207.06; 'H NMR (Dg-DMSO): & 1.89-1.94 (m, 4 H), 2.27 (s,
3 H), 3.33-3.38 (m, 4 H), 6.61 (s, 1 H), 6.77 (s, 1 H).

10 2-(Isobutyl-methyl-amino)-6-methyl-isonicotinic acid

N 'LJ\
X

F

COOH
The title compound is prepared in analogy to 2-dimethylamino-6-methyl-isonicotinic
acid starting from 2-chloro-6-methyl-isonicotinic acid and using isobutyl-methyl-
amine; LC-MS: tg = 0.61 min, [M+H]" = 223.10.
15

2-Dimethylamino-6-ethyl-isonicotinic acid

N N
A ~N

COOH
a) 2,6-Dichloro-isonicotinic acid (11.2 g, 57.1 mmol) is suspended in toluene (150
mL) at 80°C and then treated with N,N-dimethylformamide di-tert.-butyl acetal (50
20 mL, 209 mmol). The dark mixture is stirred at 80°C for 12 h, then at rt for 16 h. The
dark solution is diluted with diethyl ether (400 mL), washed with sat. ag. NaHCOs

F
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solution (3x100 mL), dried over NaxSOs, filtered and concentrated. The crude
product is purified by MPLC on silica gel eluting with a gradient of EA in heptane to
give 2,6-dichloro-isonicotinic acid tert.-butyl ester (14.2 g) as a brownish oil which
slowly solidifies; LC-MS: tg = 1.05 min; "H NMR (Dg-DMSO): § 1.56 (s, 9 H), 7.85
(s, 2 H).

b) A red to brown solution of 2,6-dichloro-isonicotinic acid tert.-butyl ester (1.49 g,
6.0 mmol) in 2 M dimethylamine in THF (20 mL) is stirred at 65°C for 2 h, then at
80°C for 2 h and finally at 110°C for 12 h in an autoclave. The mixture is
concentrated to give crude 2-chloro-6-dimethylamino-isonicotinic acid tert-butyl
ester (2.0 g) as a brown residue; LC-MS: tz = 1.08 min; [M+H]* = 257.32; "H NMR
(De-DMSQO): 01.54 (s, 9 H), 3.06 (s, 6 H), 6.85 (s, 1 H), 6.92 (s, 1 H).

c) To a solution of 2-chloro-6-dimethylamino-isonicotinic acid tert-butyl ester (770
mg, 3.00 mmol) in dioxane (45 mL), CsxCO3 (1270 mg, 3.90 mmol) followed by
P(tert.-Bu)s (30 mg, 0.15 mmol) and 2,4,6-trivinylcyclotriboroxane pyridine complex
(722 mg, 3.00 mmol, prepared according to F. Kerins, D. F. O'Shea J. Org. Chem.
67 (2002) 4968-4971) is added. The mixture is degassed and put under argon
before Pdz(dba)s (82 mg, 0.09 mmol) is added. The mixture is stirred at 100°C for
15 h before it is cooled to rt and filtered over a short silica gel pad eluting with DCM.
The filtrate is concentrated and purified on prep. TLC plates with DCM to give 2-
dimethylamino-6-vinyl-isonicotinic acid tert-butyl ester (885 mg) as a red to
brownish resin; LC-MS: tg = 0.82 min, [M+1]" = 249.37.

d) To a solution of 2-dimethylamino-6-vinyl-isonicotinic acid tert-butyl ester (877 mg,
3.53 mmol) in methanol (15 mL), Pd/C (150 mg, 10% Pd) is added and the mixture
is stirred under 2 atm of H; at rt for 3 h. The catalyst is filtered off and the filtrate is
evaporated to give crude 2-dimethylamino-6-ethyl-isonicotinic acid tert-butyl ester;
LC-MS: tg = 0.76 min, [M+1]" = 251.10. This material is dissolved in 6 N aq. HCI (60
mL) and the mixture is stirred at 80°C for 72 h before the solvent is evaporated. The
crude product is purified by MPLC on RP-Cs-silica gel to give 2-dimethylamino-6-
ethyl-isonicotinic acid (332 mg) as an orange oil, LC-MS: tg = 0.51 min, [M+1]" =
195.10.
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2-Ethyl-6-(ethyl-methyl-amino)-isonicotinic acid

s
—N

2-Ethyl-6-(ethyl-methyl-amino)-isonicotinic acid is prepared in analogy to 2-

5 dimethylamino-6-ethyl-isonicotinic acid using ethyl-methyl-amine; LC-MS: tg = 0.56
min; [M+1]" = 209.20; '"H NMR (Ds-DMSO: 61.16 (t, J = 7.0 Hz, 3 H), 1.24 (t, J =
7.3 Hz, 3 H),2.95(q, J=7.0Hz, 2 H), 3.57 (s, 3 H), 3.76 (q, J = 6.3 Hz), 6.98 (s, 1
H), 7.23 (s, 1 H).

10 2-Diethylamino-6-ethyl-isonicotinic acid

The title compound is prepared in analogy to 2-dimethylamino-6-ethyl-isonicotinic
acid using diethylamine; LC-MS: tg = 0.55 min, [M+1]" = 223.37.

15  2-Ethyl-6-(isopropyl-methyl-amino)-isonicotinic acid

N/ \ COOH

The title compound is prepared in analogy to 2-dimethylamino-6-ethyl-isonicotinic
acid using isopropylmethylamine; LC-MS: tr = 0.54 min, [M+1]" = 223.37.
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2-Dimethylamino-6-isobutyl-isonicotinic acid

COOH
The title compound is prepared in analogy to 2-dimethylamino-6-ethyl-isonicotinic
acid using 2,4,6-tris-(2-methyl-propenyl)-cyclotriboroxane pyridine complex in the
Suzuki coupling reaction; LC-MS: tr = 0.54 min, [M+1]" = 223.37.

6-Isopropoxy-5-methyl-nicotinic acid

4</N\ P

= OH

a) A solution of 5,6-dichloronicotinic acid (5.0 g, 26.0 mmol) in dry ethanol (300 mL)
and chlorotrimethylsilane (33 mL, 10 eq.) is stirred at rt for 16 h. The solvent is
evaporated, the residue dissolved in diethyl ether (200 mL) and washed with a
solution of sat. aq. NaCOs (75 mL) and brine (50 mL). The org. phase is dried over
Na,SO,, filtered and evaporated to give 5,6-dichloronicotinic acid ethyl ester (5.8 g)
as a solid; LC-MS: tg = 0.96 min, [M+1]" = 219.93.

b) 5,6-Dichloronicotinic acid ethyl ester (5.33 g, 24.2 mmol) is added to a solution of
KOtBu (2.72 g, 24.2 mmol) in isopropanol (50 mL). The mixture is heated at 80°C
for 15 h before another portion of KOtBu (272 mg, 2.42 mmol) is added. Stirring is
continued at 80°C for 24 h. The mixture is diluted with sat. ag. NaHCOg3 solution,
extracted with diethyl ether, and the combined org. extracts are dried (NaxSOa),
filtered and concentrated. The crude product is purified by CC on silica gel eluting
with heptane:EA 9:1 to give 5-chloro-6-isopropoxy-nicotinic acid isopropyl ester;
LC-MS: tgr = 1.10 min, [M+1]" = 258.05.



10

15

20

25

30

17 0.70 366.18 89 ng beige solid / Lzl
18 0.62 340.13 70 ng yellow foam - N / )
WO 2009/024905 PCT/IB2008/053269

57

c) To a solution of 5-chloro-6-isopropoxy-nicotinic acid isopropyl ester (235 mg,
0.912 mmol) in dioxane (5 mL), 2,4,6-trimethyl-cyclotriboroxane (114 mg, 0.912
mmol), Cs2CO3 (386 mg, 1.19 mmol) and tri-tert.-butylphosphine (7.4 mg, 36 umol)
is added. The mixture is degassed and put under argon before Pdx(dba)s (17 mg,
18 umol) is added. The mixture is stirred at 100°C for 18 h. The mixture is cooled to
rt, diluted with water and sat. ag. NaHCOs-solution and extracted with EA. The org.
extract is dried over MgSOQy, filtered and concentrated. The crude product is purified
on prep. TLC plates with heptane:EA 9:1 to give 6-isopropoxy-5-methyl-nicotinic
acid isopropyl ester (90 mg) as a colourless oil; LC-MS: tg = 1.08 min; [M+1]" =
238.08; 'H NMR (CDCls): 6 1.35-1.41 (m, 12 H), 2.20 (s, 3 H), 5.20-5.30 (m, 1 H),
5.37-5.48 (m, 1 H), 7.95 (s, 1 H), 8.67 (s, 1 H). The title compound can be obtained
by hydrolising 6-isopropoxy-5-methyl-nicotinic acid isopropyl ester according to the

procedure given in step d) of the preparation of 5,6-diisobutyl-nicotinic acid.
alternatively:

a) To a solution of potassium tert. butylate (1.26 g, 11.3 mmol) in isopropanol (30
mL), 2,5-dibromo-3-picoline (2.89 g, 11.3 mmol) is added. The mixture is stirred at
80°C for 15 h before another portion of potassium tert.-butylate (2.53 g, 27.5 mmol)
is added. Stirring is continued at 80°C for 24 h before the mixture is diluted with sat.
ag. NaHCOs-solution. The mixture is extracted with ether, the org. extract is dried
over MgSOQ., filtered and concentrated. The crude product is purified by CC on
silica gel eluting with heptane:EA 9:1 to give 5-bromo-2-isopropoxy-3-methyl-
pyridine (1.24 g) as a colourless oil; LC-MS: tz = 1.06 min; [M+1]* = 230.00; 'H
NMR (CDCl3): 61.35 (d, J = 6.3 Hz, 6 H), 2.16 (s, 3 H), 5.27 (hept, J = 6.3 Hz, 1H),
7.48 (d, J=1.5Hz,1H),8.02(d, J=2.0 Hz, 1 H).

b) A solution of 5-bromo-2-isopropoxy-3-methyl-pyridine (1.24 g, 5.39 mmol) and
2,4,6-trivinylcyclotriboroxane pyridine complex (1.27 g, 5.26 mmol) in DME (12 mL)
and 2 M aq. KoCOg3 (5 mL) is degassed and put under argon before Pd(PPhs)4 (112
mg, 0.097 mmol) is added. The mixture is stirred at 80°C for 15 h before it is cooled
to rt, diluted with ether (50 mL), washed with sat. aq. NaHCOs3; solution (2x30 mL),
dried over MgSOQy, filtered and concentrated. The crude product is purified by CC
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on silica gel eluting with heptane:EA 9:1 to give 2-isopropoxy-3-methyl-5-vinyl-
pyridine (703 mg) as pale yellow oil; LC-MS: tr = 1.01 min; [M+1]" = 178.11.

c) To a solution of 2-isopropoxy-3-methyl-5-vinyl-pyridine (703 mg, 3.97 mmol) in
acetone (80 mL), KMnO4 (1.60 g, 10.1 mmol) is added and the mixture is stirred at
rt for 18 h. The dark brown suspension is filtered and the clear, colourless filtrate is
evaporated to dryness to give 6-isopropoxy-5-methyl-nicotinic acid (1.06 g, as
potassium salt) as an off-white solid; LC-MS: tg = 0.86 min; [M+1]" = 196.09; H
NMR (D,0O): 61.31 (d, J = 6.3 Hz, 6 H), 2.14 (s, 3 H), 5.15 (hept, J = 7.0 Hz, 1H),
7.91 (s, 1H), 8.34 (s, 1 H).

6-Isobutyl-nicotinic acid

/N\

= OH

O

6-Isobutyl-nicotinic acid is prepared in analogy to 5-isobutyl-6-methyl-nicotinic acid
from commercially available 6-chloronicotinic acid ethyl ester and
isobutylmagnesium chloride; LC-MS: tg = 0.52 min, [M+1]" = 180.30.

5-Isobutyl-6-methyl-nicotinic acid
N O
/- \
— OH

a) A suspension of 5,6-dichloronicotinic acid (5.25 g, 27.3 mmol) in toluene (200
mL) is heated to 80°C and then slowly treated with N,N-dimethylformamide di-tert.
butylacetal (20.0 g, 98.0 mmol). The mixture becomes slightly yellow and clear.
Heating and stirring is continued for 3 h before the solution is cooled to rt, diluted
with diethyl ether and washed with sat. aq. NaxCOs-solution. The org. phase is
dried over MgSOQ., filtered and the solvent is evaporated. The residue is purified by
MPLC (SiO,) to give 5,6-dichloronicotinic acid tert.-butyl ester (5.13 g). '"H NMR
(CDCl3): 61.62 (s,9H),8.30(d, J=2.0Hz,1H), 883 (d, J=2.0Hz, 1 H).
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b) To a solution of 5,6-dichloronicotinic acid tert.-butyl ester (3.37 g, 13.6 mmol),
Fe(acac)s (719 mg, 2.04 mmol) and NMP (1.95 mL, 20 mmol) in THF (300 mL), a
solution of methylmagnesium chloride in THF (3 M, 5.4 mL, 16.3 mmol) is slowly
added at -78°C. The brown solution turns turbid and black. Stirring is continued for
1 h at -75°C before it is warmed to 0°C. The reaction is incomplete and the mixture
is cooled again at -70°C. A further batch of methylmagnesium bromide in THF (3 M,
5.4 mL, 16.3 mmol) is slowly added at -70°C. The dark green mixture is slowly
warmed to -20°C and carefully quenched with 0.7 N aq. HCI (150 mL). The mixture
is extracted with diethyl ether (5 x 60 mL). The combined org. extracts are dried
over NaxSQ,, filtered and evaporated to give crude 5-chloro-6-methyl-nicotinic acid
tert.-butyl ester as a yellow oil (4.66 g); LC-MS: tg = 1.03 min, [M+1]" = 228.22.

c¢) 5-Chloro-6-methyl-nicotinic acid tert.-butyl ester (3.09 g, 13.5 mmol), Fe(acac)s
(719 mg, 2.04 mmol) and NMP (1.95 mL, 20 mmol) are dissolved in THF (3 M, 500
mL) and cooled at -78°C. A solution of isobutylmagnesium bromide in THF (2 M,
13.6 mmol) is slowly added at -75°C. The brown solution turns turbid and yellow.
Stirring is continued for 1 h at -75°C before it is slowly warmed to rt. The reaction is
incomplete, further Fe(acac)s (719 mg, 2.04 mmol) is added and the mixture is
cooled again at -70°C. Further methylmagnesium bromide in THF (2 M, 13.6 mmol)
is slowly added at -70°C. The dark green mixture is slowly warmed to rt and stirred
for 15 h. The mixture is carefully quenched with 0.7 N ag. HCI (150 mL). The
mixture is extracted with EA (6 x 60 mL). The combined org. extracts are dried over
NaxSOyq, filtered and evaporated. The residue is purified by reversed phase MPLC
to give 6-methyl-5-isobutyl-nicotinic acid tert.-butyl ester as black oil (0.50 g); LC-
MS: tg = 0.84 min, [M+1]" = 250.14.

d) To a solution of 6-methyl-5-isobutyl-nicotinic acid tert.-butyl ester (0.50 g, 2
mmol) in dioxane (20 mL), 4 N HCI in dioxane (30 mL) is added. The mixture is
stirred for 3 h. The solvent is evaporated to give 5-isobutyl-6-methyl-nicotinic acid
hydrochloride (0.52 g); LC-MS: tg = 0.54 min; [M+1]" =194.29; "H NMR (Ds-DMSO)
6091 (d, J=6.5Hz, 6 H), 1.91 (hept, J=6.5Hz), 2.68 (d, J=7.3 Hz, 2 H), 2.73 (s,
3H),847(d,J=18Hz 1H),8.90(d,J=2.0Hz 1H).
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5,6-Diethyl-nicotinic acid
N O
/" \
— OH

a) To a solution of 5,6-dichloronicotinic acid tert.-butyl ester (5.00 g, 20.0 mmol),
and 2,4,6-trivinylcyclotriboroxane pyridine complex (9.700 mg, 40 mmol) in dioxane
(30 mL), a solution of 2 M ag. K.COs (6 mL) followed by Pd(PPhs)s (620 mg, 0.38
mmol) and triphenylphosphine (620 mg, 3.8 mmol) is added. The mixture is stirred
at 100°C for 2 h, cooled to rt and diluted with diethyl ether (200 mL). The mixture is
extracted with 1M ag. NaOH (2 x 50 mL) and brine (50 mL). The org. phase is dried
(Na2SOQy), filtered and evaporated. The residue is purified by FC (SiO2, EA-
heptane) to give 5-chloro-6-vinyl-nicotinic acid tert.-butyl ester (4.0 g) as a yellow
oil; LC-MS: tr = 1.05 min, [M+1+CH3CN]" = 281.36.

b) A mixture of 5-chloro-6-vinyl-nicotinic acid tert.-butyl ester (2.0 g), Cs2COs (3.4
g), tri(tert.-butyl)phosphine (0.04 eq.), tris(dibenzylidenacetone)dipalladium (0.02
eq.), and 2,4,6-trivinylcyclotriboroxane pyridine complex (2.0 g) in dioxane (30 mL)
is degassed and heated at 100°C for 15 h. The mixture is cooled to rt, and diluted
with diethyl ether (200 mL). The mixture is extracted with 1M ag. NaOH (2 x 50 mL)
and brine (50 mL). The org. phase is dried (NaxSO,), filtered and evaporated. The
residue is purified by FC (SiO;, EA-heptane) to give 5,6-divinyl-nicotinic acid tert.-
butyl ester (0.89 g) as an oil. LC-MS: tg = 1.01 min, [M+1]" = 232.04.

c) To a solution of 5,6-divinyl-nicotinic acid tert-butyl ester (890 mg, 3.8 mmol) in
THF (20 mL) containing some methanol, Pd/C (100 mg, 10% Pd) is added and the
mixture is stirred under 1 atm of Hy at rt for 3 h. The catalyst is filtered off and the
filtrate is evaporated. The remaining residue is purified by FC (SiO2, EA-heptane) to
give 5,6-diethyl-nicotinic acid tert-butyl ester (860 mg) as an oil; LC-MS: tr = 0.79
min, [M+1]" = 236.14.

d) A solution of 5,6-diethyl-nicotinic acid tert-butyl ester (860 mg, 3.65 mmol) in 6 N
ag. HCI (15 mL) is stirred at 65°C for 3 h before the solvent is evaporated. The
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residue is dried under HV to give 5,6-diethyl-nicotinic acid hydrochloride (923 mg)
as an oil; LC-MS: tgr = 0.50 min, [M+1]" = 180.05.

6-Ethyl-5-isobutyl-nicotinic acid
N O
/" \
— OH

6-Ethyl-5-isobutyl-nicotinic acid is prepared in analogy to 5,6-diethyl-nicotinic acid
from 5-chloro-6-vinyl-nicotinic acid tert.-butyl ester and 2,4,6-tri-(2-methyl-propenyl)-
cycloboroxane pyridine complex (prepared in analogy to a procedure given by F.
Kerins, D. F. O'Shea, J. Org. Chem. 67 (2002) 4968-4971); LC-MS: tr = 0.64 min,
[M+1]" =207.98.

5,6-Diisobutyl-nicotinic acid

N o)
7\

= OH

a) A solution of 5,6-dichloronicotinic acid (5.0 g, 26 mmol) in dry ethanol (300 mL)
and chlorotrimethylsilane (33 mL, 10 eq.) is stirred at rt for 16 h. The solvent is
evaporated, the residue dissolved in diethyl ether (200 mL) and washed with a
solution of sat. aq. NaCOs (75 mL) and brine (50 mL). The org. phase is dried over
Na2SO,, filtered and evaporated to give 5,6-dichloronicotinic acid ethyl ester (5.8 g)
as a solid; LC-MS: tg = 0.96 min, [M+1]" = 219.93.

b) To a solution of 5,6-dichloronicotinic acid ethyl ester (0.8 g, 3.6 mmol) and 2,4,6-
tri-(2-methyl-propenyl)-cycloboroxane pyridine complex (1.78 g, 5.49 mmol) in DME
(20 mL), a solution of 2 M aqg. K,CO3 (5 mL) followed by Pd(PPhs)s (50 mg, 0.068
mmol) and triphenylphosphine (110 mg, 0.68 mmol) is added. The mixture is stirred
at 100°C for 2 days before it is cooled to rt and diluted with diethyl ether (100 mL).
The phases are separated and the aq. phase re-extracted with diethyl ether (50



10

15

20

25

30

N 25 0.81 337.15 34 ng col ourless oil /
N
WO 2009/024905 PCT/IB2008/053269

62

mL). The combined org. extracts are washed with 1M aqg. NaOH (2 x 40 mL) and
brine (40 mL), dried (NaxSO,), filtered and evaporated. The crude product is
purified by FC (SiO,, EA-heptane) to give 5,6-di(2-methyl-propenyl)-nicotinic acid
ethyl ester (52 mg) as a colourless oil; LC-MS: tr =1.11 min, [M+1]" = 260.24.

c) 5,6-Di(2-methyl-propenyl)-nicotinic acid ethyl ester (52 mg, 0.3 mmol) is
dissolved in THF (10 mL), Pd/C (20 mg, 10% Pd) is added and the mixture is stirred
under 1 atm Hz at rt for 15 h. The catalyst is filtered off and the filtrate is evaporated
to give 5,6-diisobutyl-nicotinic acid ethyl ester (562 mg) as an oil; LC-MS: tr = 1.12
min, [M+1]" = 264.19.

d) A solution of 5,6-diisobutyl-nicotinic acid ethyl ester (52 mg, 0.2 mmol) in 6 N aq.
HCI (2 mL) is stirred at 65°C for 15 h before it is cooled to rt and extracted with
diethyl ether (2 x 10 mL). The aq. phase is evaporated and the residue is dried
under HV to give 5,6-diisobutyl-nicotinic acid hydrochloride (0.12 g) as a colourless
solid; LC-MS: tg = 0.73 min, [M+1]" = 236.40.

6-Chloro-5-methyl-nicotinic acid

N o)
c—

= OH

a) Phosphoroxychloride (183 mL, 2 mol) is heated at 90°C and a mixture of
commercially available 2-methyl-2-butennitrile (73 g, 0.9 mol) and DMF (154 mL, 2
mol) is added slowly while keeping the temperature at 100 to 110°C. The mixture is
stirred at 110°C for 15 h, cooled to rt and diluted with DCM (500 mL). The mixture is
cooled at 0°C and carefully quenched with water (500 mL). The phases are
separated and the aq. phase extracted with DCM (total of 800 mL). The combined
org. extracts are dried (Na,SOy,), filtered and evaporated. The residue is crystallised
from cyclohexane to provide 6-chloro-3-formyl-5-methyl-pyridine (28.3 g) as slightly
yellow crystals; LC-MS: tgr = 0.76 min, [M+1]" = 156.14.

b) A solution of 6-chloro-3-formyl-5-methyl-pyridine (10 g, 64 mmol) in formic acid
(200 mL) is cooled at 0°C and an aq. 50% weight solution of H,O» in water (9.6 mL,
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360 mmol) is added at this temperature. The mixture is stirred at 0°C for 15 h,
carefully diluted with water (200 mL) and extracted with DCM (8 x 100 mL). The
combined org. extracts are washed with 1M aq. HCI (100 mL) (check for remaining
peroxide), dried (MgSQ,), filtered and evaporated. The residue is dried to give the
title compound (9.56 g); LC-MS: tr = 0.72 min, [M+1]" = 172.0.

6-Isobutyl-5-methyl-nicotinic acid
N O
/" \
— OH

a) A solution of 6-chloro-5-methyl-nicotinic acid (13.85 g, 80.75 mmol) in dry
ethanol (200 mL) containing some drops of concentrated HoSOy is stirred at reflux
for 2 days. The solution is cooled to rt, the solvent evaporated, the residue
dissolved in EA (200 mL) and washed with a solution of sat. aq. Na,COs (2 x 80
mL), 1M aqg. KHSO4 (2 x 80 mL) and brine (50 mL). The org. phase is dried over
MgSOQ., filtered and evaporated to give 6-chloro-5-methyl-nicotinic acid ethyl ester
(12.65 g) as a solid; LC-MS: tg = 0.92 min; [M+1]* = 200.10; "H NMR (CDCls) & 1.43
(t, J=7.0Hz,3H),246 (s, 3 H),4.43(q, J=7.3Hz,2H),8.16 (m, 1 H), 8.84 (d, J
=2.0 Hz, 1 H).

b) To a solution of 6-chloro-5-methyl-nicotinic acid ethyl ester (4.98 g, 24.9 mmol),
2,4,6-tri-(2-methyl-propenyl)-cycloboroxane pyridine complex (5.74 g, 17.7 mmol,
prepared in analogy to a procedure given by F. Kerins, D. F. O'Shea J. Org. Chem.
67 (2002) 4968-4971), and triphenylphosphine (1.15 g, 4.4 mmol) in DME (60 mL),
a solution of 2 M aq. KoCOs (20 mL) is added. The mixture is degassed and flushed
with N2 before Pd(PPhs)s (460 mg, 0.4 mmol) is added. The mixture is stirred at
90°C for 20 h before it is cooled to rt, diluted with EA (150 mL) and washed with
sat. ag. NaHCOs3 (2 x 50 mL). The org. extract is dried over MgSOQy, filtered and
evaporated. The crude product is purified by FC (SiO2, heptane-EA) to give 5-
methyl-6-(2-methyl-propenyl)-nicotinic acid ethyl ester (3.98 g) as an orange oll;
LC-MS: tg = 0.72 min, [M+1]" = 220.15.
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c) 5-Methyl-6-(2-methyl-propenyl)-nicotinic acid ethyl ester (3.98 g, 18.2 mmol) is
dissolved in THF (100 mL) and methanol (100 mL), Pd/C (500 mg, 10% Pd) is
added and the mixture is stirred under 1 atm Hy at rt for 15 h. The catalyst is filtered
off and the filtrate is evaporated to give 6-isobutyl-5-methyl-nicotinic acid ethyl ester
(3.76 g) as a colourless oil; LC-MS: tg = 0.75 min; [M+1]* = 222.15; '"H NMR
(CDCI3) 6 0.97 (d, J=6.8 Hz, 6 H), 1.42 (t, J= 7.3 Hz, 3 H), 2.20 (hept, J = 6.8 Hz,
1H), 2.38 (s, 3 H),2.75(d, J=70Hz,2H),4.41(q, J=73Hz, 2H),803(d, J=
1.8 Hz, 1 H),9.00 (d, J= 2.0 Hz, 1 H).

d) A solution of 6-isobutyl-5-methyl-nicotinic acid ethyl ester (3.75 g, 16.95 mmol) in
12.5% aq. HCI (50 mL) is stirred at 65°C for 24 h before the solvent is evaporated.
The residue is dried under HV to give 6-isobutyl-5-methyl-nicotinic acid
hydrochloride (3.55 g) as a white powder; LC-MS: tg = 0.57 min, [M+1]" = 194.25.

5-Methyl-6-propyl-nicotinic acid
N O
/- \
= OH
5-Methyl-6-propyl-nicotinic acid (1.85 g as hydrochloride) is prepared in analogy to
6-isobutyl-5-methyl-nicotinic acid from 6-chloro-5-methyl-nicotinic acid ethyl ester
(2.0 g) and commercially available trans-1-propen-1-yl boronic acid (1.3 g); '"H NMR

(De-DMS0) & 0.96 (t, J = 7.3 Hz, 3 H), 1.72 (m, 2 H), 3.05 (t, J = 7.5 Hz, 2 H), 8.66
(m, 1 H), 8.86 (d, J = 1.5 Hz, 1 H).

6-Cyclopentyl-5-methyl-nicotinic acid
N @)
/- \
— OH
a) 6-Chloro-5-methyl-nicotinic acid isopropyl ester is prepared in analogy to 6-
chloro-5-methyl-nicotinic acid ethyl ester; LC-MS: tgr = 0.97 min; [M+1]" = 214.03.

'H NMR (Dg-DMSO): §1.34 (d, J = 6.3 Hz, 6 H), 2.41 (s, 3 H), 5.14-5.23 (m, 1 H),
8.27 (s, 1 H), 8.73 (s, 1 H).



10

15

20

25

30

5Exanple 3: 1H NWR (CDCI3): 80.99 (d, J = 6.5 Hz, 6

H, 1.40 (t, J =7.5 Hz, 3 H), 2.19 (hept, J = 6.5 Hz,
wQ@20dp/022067 (s, 3 H, 2.69 (s, 3 H, 2.75 (d, BCHIB20@®/053269

Hz, 2 H), 2.95 (q, J—78Hz6 2H) 7.67 (s, 1 H),

7.73 (s, 1 H, 7.75 (s, 2 H).
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b) (¢rsegragrgogs Reitdprf) (31mg, &4 ppmoly |$.|)addfd7tp q S@Jtm ob 6-chloro-5-

byl g Sl o P4 dafor fo ) To

thisIVRiIx{De; BVBE M 861dn(af, cylsogeriyHzink &chiridel il THR (452 mg, 2.11

mrpg? 4;5933 i5 aggegdiroéw%é?q'g% m.x@éé@ stlrge(g)gt Zé (':_%d ,_328 ﬁ%efore it is

co%le@eto(ﬁ an@i que%c@ueb'%mtk?vdéﬁer &h%&n(x%ure%s Z&n%hger &I‘htéé W|tl1 water and
ex(racteldsywuceowga EA (1.1)0: nﬁ,)s TH@ cehqpblnen wg( extraéts 3res drled over

M£§O4 %Illp%eqz 8”8 foncgn%arfhngEg ﬁfuded;gré)gjs PEIS qH)rH)e% 689%p( ﬁC plates
with A(B:1 lopent thyl-ni | ropyl ester
HbN{\)/Ra&el@ ( 2.6 5e1@ c;/éog‘é yJ—SH)ne yE coghﬁ?ﬂ”ﬁba i5Bpropyl este
(1@& Mg as)a palexzeliow o MS: t7 —o@%gmnz Wi 11" 7248 5(?5 %
H). Exanple 23: 1H NMR (CDCI3): 81.21 (t, J = 7.0 Hz,
3 H), 2.02-2.10 (m 4 H), 2.50 (s, 3 H), 2.53 (s, 3H),
c)(A dadtution oB6Jd)/cIobeE@/l(5ﬁ’nemythlcoﬁn?:0ac(ld1Jsob?'oﬁyl @stér, (138 mmol, 558
6.92 (s, 7.12 (s HP 7.15
pn@@ in 250 aqu@(Z%ﬁplé |§§t|rrgg|am @(jguzg,)h Jgne gelveat isjevaporated

an tﬁf%ildg%’_% dné%%ﬁsjg lz-l tg gilve %rgé_lﬁ&le %9%@@8 ]a%gh rg%morlde salt

(168 m@) itforn20P2 befpe dotid! LE-MS: tR=1).64 Mmid3M-s1]" 226%.50.
822 (s 1 H, 9.20 (s, 1 H. 25Exanple 27: 1H NWMR
81.00 (d, J =6.5 Hz, 6 H, 1.38 (t, J =7.8

5!?6*’@'“3{@&"%"'%"&??4' .28 V=75t

7.80(3 ,08.10 ( 1H), 8.56 (s, 1 H.
Exarrpl es 2009/ 024905PCT/ 1B2008/ 053269 108
a) 2-Ch|ofo-4 -gjhyl - 6- met hyl - 4- pyri d

inyl)-[1, 2, 4)oxad iazol -5-y1]-6-nethyl-pyri- dine
(1.68 g) is tained as a white solid follow ng the
general neth for the preparation of
3,5-di pyridyl-[1, 2, 4] oxadi azol es starting from
a) &, eichilordnicetihigl acid §1 Oécgmﬁ:@t inmnol)as iaddéd .téd @ gplu@orﬁabf Na (252

mg%m? bé) awmglggﬁtrﬁ%hﬂnop (g,b )? 'Hwnee.tr’g&%%gﬁ%hge L ng] overnlght before
an%%r%rtléﬁ'oi\:;@ ((22@@%@ 10. gjm}_ﬁh%l)(lg adﬁ d ﬁeﬁuﬂﬁg |§’(‘:Q>nt|nued for 2 h.
The) ml)?turB |s{ @pol@dl—gq rty cwate(dswutm ‘M)ater7ar&5 coaceniraia)ad TOIa) remaining

sob 4F RS MEB I Seisrignd insrsphyen Js iR PYiading g gaa. HOL

THea?é?slu1tli_Prg>’§ﬂlspeﬁTsiBﬂ Tsybxﬂﬁé(étbé'tﬁﬁtd Q\/ltﬂQE)M Thedédtibined org. extracts
tert.-butylate (5 eq.) and the ap @grlate amne (5

ar@@”)edlwecﬂll\&&%@e fQIB‘JQ@ mnqwaﬁlated(aad ied)to givg@gqg@@d6 methoxy-

w08 BF LS BSOS LRI oo o,

NMR @LOMS): s&absd(svs%)els 3»(d,20= BaipreH)t 8i67 (d, J 2.0 Hz, 1

filtered. The filtrate is concentrated and 15the crude
H)pr oduct is purified by prep. HPLC or on prep. TLC
pl ates. Exanple No. R Scale [M nd] LC-M5 tR

[mni[mtH Anmount Form 28 HN- 1.27 0.58
b) A solution of 5-chloro-6-methoxy-nicotinic acid (976 mg, 5.20 mmol) in methynol

(50 mL) and H2S0O4 (0.5 mL) is stirred at 60°C for 20 h. The mixture is concentrated
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an%Sﬁiel?’es?ing igeéilsgc\)/Yvé SiinnEAN(1\50 mL) and washed twice with sat. aq.
NaHCOs; solution. The org. extract is dried over MgSOs., filtered, concentrated and
dried to give 5-chloro-6-methoxy-nicotinic acid methyl ester (880 mg) as a white
solid; LC-MS: tr = 0.87 min; [M+1]" = 201.88.

c) To a solution of 5-chloro-6-methoxy-nicotinic acid methyl ester (880 mg, 4.37
mmol) and 2,4,6-tri-(2-methyl-propenyl)-cycloboroxane pyridine complex (1.42 g,
4.37 mmol, prepared in analogy to a procedure given by F. Kerins, D. F. O'Shea J.
Org. Chem. 67 (2002) 4968-4971) in dioxane (10 mL) and 2 M aqg. KoCOs3 solution
(5 mL), Pd(PPhs)4 (101 mg, 87 umol) is added after the mixture has been degassed
and put under N,. The mixture is stirred at 80°C for 18 h before it is cooled to rt,
diluted with EA and washed with water. The org. extract is dried over MgSOQOs,
filtered and concentrated. The crude product is purified by CC on silica gel eluting
with heptane:EA 4:1 to give 6-methoxy-5-(2-methyl-propenyl)-nicotinic acid methyl
ester (300 mg) as a colourless oil; LC-MS: tg = 1.01 min; [M+1]* = 222.00; '"H NMR
(CDCl3): 61.85(d, J=1.3 Hz, 3 H),1.97 (d, J=1.0 Hz, 3 H), 3.93 (s, 3 H), 4.04 (s,
3H),6.20(s,1H),8.04 (d, J=2.0Hz,1H),8.71(d, J=2.3 Hz, 1 H).

d) A solution of 6-methoxy-5-(2-methyl-propenyl)-nicotinic acid methyl ester (300
mg, 1.36 mmol) in ethanol (5 mL) is added to a suspension of Pt(IV)oxide (40 mg)
in ethanol (5 mL). The mixture is stirred under 1 atm of Hy at rt for 18 h. The
catalyst is filtered off and the filtrate is concentrated. The crude product is purified
on prep. TLC plates with heptane:EA 7:3 to give 5-isobutyl-6-methoxy-nicotinic acid
methyl ester (260 mg) as a colourless oil; LC-MS: tr = 1.08 min; [M+1]" = 224 .49,

e) A solution of 5-isobutyl-6-methoxy-nicotinic acid methyl ester (260 mg, 1.17
mmol) in 25% ag. HCI (10 mL) is stirred at 60°C for 6 h. The solvent is evaporated
and the residue is dried under HV to give the title compound (230 mg) as a white
solid; LC-MS: tg = 0.95 min; [M+1]* = 210.51; "H NMR (Ds-DMSO): 6 0.86 (d, J =
6.5 Hz), 1.84-1.95 (m, 1 H), 246 (d, J=7.0Hz, 2 H),3.95(s,3H),7.93(d, J=2.3
Hz, 1 H), 8.59 (d, J = 2.3 Hz, 1 H).

6-Isopropylamino-5-methyl-nicotinic acid
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WQ204p/02090902-3.06 (m 3 H), 4.82 (s br, 1 H), 6POBGIK28(8/(53269

H, 7.22 (s, 1 H, 7.73 (s %ZH) 5Exanp|e 30: 1H NWR

(CbCl3): 81 .32 (d, J=6.0 1.39 (t, J =7.5

Hz, 3 H), 2.28 , 1 H) 251(s 3|—|), 2.67 (s, 3 H,

2.93 (q, J =17. \ C?—I) 3.92-4.00 (m 1 H), 6.97

(s, 1 H, *IN , 7.73 (s, 2 H. 10 Exanpl es

12, 13 a 4t H

2-1sobutyl-4~[3-(2-chloro-6-nethyl-4-pyridinyl)-[1,2,4

] exadi ] i -
2) %agngémggﬁaﬁ\ﬁh?t@gmg%ly@e nggv(\%ﬁllﬁb ]ar?gpgeﬁeérﬁlg’ 1t2ﬁog1m0|) n
isdpyopame (SEpeniit rtrarnemfyISHyISijlopsdel dp04m| 2, i8] addedi dzcopveise Upon

St "Trt | ngfg rgndﬁllt'lg R&?n >gU|@n| ta%:la i %ggé #gllfrﬁ%a?s continued
for* ‘ﬁ@ﬂ' trﬁéInﬁntﬁmréh@amﬁt%d@ﬂtrgd.ewl %tHEFRSbO nlaLQ é\fﬁfwa%ﬁ’e& with sat. aq.

To a solution of

Nﬁ@@e@@qftm@ﬁ@zn&m bhe vsashamgg/ larel epracigidnipagk withodigthyl ether

RTEH 5ot Sa I s A e RSO, s o

cofgentrateddi Theareude- d[]i!;t/ @Tfﬂurﬁléddb?ng) onasmlegagéleélutlng with
sol ution of Xanté)rhos g.) in dioxane foll owed

heptanaAEAD: { do Biveskriare- B G, TaRSNiR S6 0 ORrED Y S8 09 g) as a
coffyr B3 i L@h@%ﬁ'tﬁz 4 ¢87%fhn, M P 218932"R WR fDs-DMSO): 51.34
(d 2909 20 GIRLD 4 BROGBHNB3PHS. 22 (n| coﬁge&tzva(tseqi HNg.76he, 1 H).

crude product |s purified by prep LC or on prep.
TLC pl at es. npl e No. R Scal e LC- M5* tR

oL B B S By 358 B, B9 s 0

mmel)l invdiorsnen (SenENand .idGSropylamid® €3 IMdL) is stirred in a sealed vial at
100°C for 1 week. The solvent is evaporated and the residue dissolved in DCM (50

mL) and washed with sat. ag. NaHCOs3 solution (20 mL). The org. extract is dried
over MgSOQ., filtered and concenctrated. The crude product is purified on prep. TLC
plates with heptane:EA 1:1 to give 6-isopropylamino-5-methyl-nicotinic acid
isopropyl ester (137 mg) as a yellow oil; LC-MS: tg = 0.68 min, [M+1]" = 237.02.

c) A solution of 6-isopropylamino-5-methyl-nicotinic acid isopropyl ester (137 mg,
0.58 mmol) in 25% aq. HCI (5 mL) is stirred at 65°C for 24 h before it is
concentrated and dried to give the title compound (133 mg) as a yellow solid; LC-
MS: tg = 0.57 min, [M+1]" = 195.54.

6-(Ethyl-methyl-amino)-5-methyl-nicotinic acid

\
N—" N—cooH

\

a) To a solution of 5,6-dichloro nicotinic acid (12.2 g, 63.5 mmol) in isopropanol (70
mL), H2SO4 (4 mL) is added dropwise. The mixture is stirred at 80°C for 16 h before
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it IS %qx%lgtﬁ %tﬁ/ @fﬂgxgwq%ir%ﬁ]e%?@%?ggo rrtg%)}’?s'd%d?rq'ﬁ‘?%éed in dioxane
(16894 )'Ehd é&wdé*h‘tr%tétﬁg%@iﬁ Fndflekide pRIJUSL fsoﬂ)urﬁ}@d”&g t:fcr,e(h[e tane:EA

gener aI nmet hod for t preparation of 3,
1:3Rt4give hibdlieniero sicatimicragid isapropyl ester (9 29 g) as a pale beige oill;

A e R R S

2009/ 024905PCT/ 1B2008/ 053269 111 ni coti nam di ne (568
% 06 nmol); LCGM*: tR = 1.17 mn, &l\/H-l] = 343.
b) AHMiIRre aH, @ﬁ*cfﬂmogac?fdﬂc Acid popropy| esten) (4.76 9222. 32mm0|) and

etiyTnethyimirfe @288 §; 19610 mnfol PR difired in a sealed vessel at 105°C for 72
h. The mixture is cooled to rt, diluted with EA (300 mL) and washed with sat. aq.
NaHCOg-solution (3x10 mL) followed by brine (10 mL). The org. extract is dried
over MgSO,, filtered, concentrated and dried to give 5-chloro-6-(ethyl-methyl-
amino)-nicotinic acid isopropyl ester (5.18 g) as a yellow oil; LC-MS: tg = 1.38 min,
[M+1]" = 257.02; "H NMR (Dg-DMSO): 61.19 (t, J = 6.8 Hz, 3 H), 1.30 (d, J = 6.0
Hz, 6 H), 3.08 (s, 3 H), 3.55 (q, J = 7.0 Hz, 2 H), 5.10 (hept, J = 6.3 Hz, 1 H), 7.98
(s, 1H),8.58 (s, 1H).

c) A solution of 5-chloro-6-(ethyl-methyl-amino)-nicotinic acid isopropyl ester (5.18
g, 20.1 mmol), NMP (3.0 g, 30.2 mmol) and Fe(acac)s (498 mg, 1.41 mmol) in THF
(150 mL) is put under argon before a methylmagnesium bromide (3.0 g, 25.2 mmol,
solution in diethyl ether) is added dropwise. The dark red-brown solution turns
yellow, then dark brown again. The mixture is stirred at rt for 2 h before another
portion of methylmagnesium bromide (1.44 g, 12.1 mmol) is added. The dark
mixture is stirred at rt for 16 h. Another portion of NMP (3.0 g, 30.2 mmol),
Fe(acac)s (498 mg, 1.41 mmol) and methylmagnesium bromide (1.44 g, 12.1 mmol)
is added and stirring is continued at rt for one more hour. The reaction mixture is
diluted with EA (200 mL) and carefully quenched with ice-water (100 mL). The
suspension is basified by adding 1 N aq. NaOH solution (10 mL) and filtered over a
small pad of Hyflo and silica gel. The org. phase of the filtrate is separated and
collected and the aqg. phase is extracted with DCM (3x100 mL). The org. extracts
are combined, dried over MgSOQy, filtered and concentrated. The crude product is
purified by prep. MPLC on silica gel eluting with a gradient of EA in heptane to give
6-(ethyl-methyl-amino)-5-methyl-nicotinic acid isopropyl ester (2.19 g) as a beige
oil; LC-MS: tr = 0.76 min, [M+1]" = 237.20.
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g, éaZE mFﬁél) \PTRIE @@ th) Bndi2sxaRg. Helll(5wed) |§3ét|Pr%%®5zc for 3 days

% g.) is ad The mxturels stirred

be oe lé@cwedéssrélanﬂcnorwenﬁata@lf dine tesidue isi dlsgaléeld lrrldepxane (50
iltrate i onc he.crude oduct is

mi) 944 Bhfodririel SORIITETS pRR AP i Fefeadd BiEFholetime, hefore the

redidue s %@l@b%r{d\érﬂﬂﬂl to give ke ’H§dfd%hﬂdﬂd@ byardle menintitle compound

Form 39 HN 74 366 ng pale yellow resin 40

(24 8) es@ vhits. chz LM rfg ‘p9l6§ wm EM\ﬂ]em #195.07; 'H NMR (De-

DRSO TSt "G TRy T2 4 (a5 ) 5935 S Pygd g8 o/ = 70 Hz, 2

H)H)7822(s78+4)<18512(1%ﬂ5)H2 2 H, 3.03 (s, 6 H, 7.68 (s,
8.06 (s, 1 H, 8.87 (s, 1 H.
Exanpl e 41 I\O I (NN 20A suspension of

o T R e R, 0,37 )

clear solution is concthrat and dried to provide
crude 2-ethyl-6-nethyl-igonf/cotVynigogsi d chlori de.
This material is dissolyed \W
2009/ 024905PCT/ 1B2008/ 083269 112 in THF (4.5 nmL) and
treated with 1 M hydrazine in THF (1.59 nm, 1.59

Thamtla: cd'rhpomuﬁd(tlsr@reipared iim r @chlagyy rtb GQEthyBrﬁetlbﬁf-ammo)-B -methyl-
[ iluted with dieth g ether, washed with 1 M ag.

nqusiqnpco\@,ggj 55 NG d-igQPr %%hwramwe &P olrer 9@%@”'” [M+1]
o%a. ;e ﬁq%ﬂ‘nﬂ? [\‘/fsﬁﬁ%rﬂﬁs §oy 9'6’8#{‘60\5?) 2.40 (s, 3 H), 2.97 (s, 3 H),

ni co |n1 c acrd
4.2 (r(e?bteli 8. 8$+zrmtmyI8—07 Bs, Ayiel), . m@(dt Lah®rly| ) H)razi de
(38 ng) as a white solid; LCGMs: tR = 0.47 mn, [Ml1]
= 327.41. This material is dissolved in DCM (5 nL) and
4 fol | oned by
GtBﬁtP?IudgﬁIg%eth%ﬁ’él 91 ?giﬁlllgg&elln ydride (91 ng, 0.322 nmol)
is added at 0OC. The m xture is stirred at OC for 2 h
bef ore anot her porti or(of andi ne (42 ng, 0.536 nmol)
and trifl uoronet hanesuly dopge (61 ng, 0.214

mol ) <

a) To a solution of 5,6-dichloronicotinic acid (10.0 g, 50.0 mmol) in THF (600 mL),
triphenylphosphine (19.67 g, 75.0 mmol) and ethanol (5.55 g, 75.0 mmol) is added.
The mixture is cooled to 0°C before DEAD (32.65 g, 75.0 mmol) is added. The
mixture is stirred and warmed to rt. Stirring is continued for 16 h before sat. aq.

NaHCOs solution is added. The mixture is repeatedly extracted with EA. The
combined org. extracts are dried over MgSQy, filtered and concentrated. The crude
product is purified by CC (heptane:EA 7:3) to give 5,6-dichloronicotinic acid ethyl
ester (11.4 g) as a white solid; LC-MS: tg = 0.96 min, [M+1]" = 220.02.
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10 is added. Stirring is continued for 2 h. The

m xture is diluted wth DCM washed with water, dried
wor@p/ 0249804, filtered and the sol vent of the fPCT/IBAES/053269

I's evaporated. The crude prod/\L¢ct is purified by prep.

TLC wi th hept ane: EA 7 3 to gi've 2-ethyl-4-[2-(2-

b)g %turﬁ&%%%ﬂﬁ@ rp@ln a d(eih)glersl gdsgazo Q_Zrﬁ;@]ol)tq@rg diethyl-

anzm@ (99. 1? M52 Mi'ﬁdl) E s?@.%dllﬁ a ééb%%e&l)@gti@o c?fghz?r%) The mixture
is H@oled to 1t andc:qngentmaqu Tﬂearqal@mzs dissTlyed &0 DG A5 mL) and

witheBut 3 Y KD Kol R Bt 3 EGE &7 B B6iea back
withn DOWt (58mialL )i FhedsteabihBd Lbrg5exﬂ’ﬂctsoaﬂe78rléﬁ%\)eraﬂa£gb4 filtered,

The m xture is stirred for mn at OC before
COBW@W@Qy&“@ drl@é‘t F@/IQJV%MV&@@I %%ethylafraaw@o(ﬂsm ﬁg',d ethyl ester

RSP delon oG E0s: T 1,08y 1855 e 466 HduRcOCk): o

1.%6 {th JEO9000Ke z, GIH)fﬂnga(@lﬁ SDBlHi @nHi 3.821§ JE)Z.0984 4 H) 4.36 (q,
9 NaHCOB- solutlon( X rrL) and brine (10 ni),
J i redzod &), #9308, 1H) Be7r0e(§ Al concentrated to gi ve
crude 2-isobutyl-6-nethylisonicotinic acid
N -(2-isobutyl-6-nethyl-pyridine-4-carbonyl)hydrazi de
c) (TH)ar@Iutmm af YetHiony-®idiethieniifn-nidstiricOaid ethyl eétM‘rlﬂZ 96 g, 11.5
25. A part of this material (45

m@eB e (Ezsu\nunpﬁmpp;hm,mgd.on@?r%’mﬁ@ s @dgeg under argon.
f f

Td“’gf@é i it%té 0‘??9‘3{ xﬂtcr 8553; gg f%%hé;mweém%h &2 toluene) is

adﬁ@d%rﬁ@%ﬂ(ﬁé’ 208 IDSHPED 31175 @i fot U6eh ibefarei anatder portion of

Pel@ip o i it R il 2R FeaBE e (head. f1is afeel v 11 M
soltRnsiAl bRIEneYfis ta'@i@ieﬁ' ISttlr’ﬁnglé EorftifeRr at ?g o rHm"Pne reaction
product is purif TLC with heptane: EA 2:

mixireiiy ecoplacs th it 9|1d zpareT}lJJIIy quenched with water. The mlxture is filtered

oGP e, AN O Mt g B e BB B oxvacs

aré @rida: ovdr MgQO72f|lﬂer@d aﬁrﬂ‘d"l;bn%eri}géieﬁ4T?é*d5tMé;p€@1@t3é purified by
Cq:{)(he;ztaég BA| o; ”5) uq)glvg 67¢|e(tl_r|)¢ylammo;5(@th?§ mqpt_p:uc a¢|d6qth¢/gester (2.40

o) echicgleytieas T LG ERVR, Ay 01 =28 Byl AR (goch): 0

1.15 if] J& metiyl6 By 1.dvne LL730HE) 31H, olDAT, rusd 738 He, BHIY, .65 (q, J
owder follow ng the general net hod for
gﬁelrié;%ﬁ)oa ?@f(% J5= a.cgytzb éyr). 4137 £9.4] ox7a@||‘!¥zcﬂ Hy 799 (d, J=23

H%a"'yg;% &mﬁ%a%gl eﬁq_])gi nmet hyl -i soni cotinic acid (499

N-hydr oxy 2 met hyI |son| coti nam di ne (550 rrg 2.91

8
d)e?‘ gglpgen gﬁ%qlethylamlno -5- ethyﬁnnlrE:otlklc acid ethyI ester (1 78)g 5.34 mmol)

in %5%" agr Prcflﬁ(ﬁo(rﬁ E‘E %}I)ft]eeo‘l?f)%g*@'f&y%é Q[ The ft% ?é‘r’?(% #FRborated and
thellpmoduet (ao.drrdo) ,unie( didif Jo (dive npe tydrochiorideahydrate of the title

comUole Aol e SR 9Bk ey e P 64Tl ohE=2551s

anot her portion of isobutyl zink bromde (2.8 nL) is

added. Stirring is continued at 80C for 72 h. The
5-hthylh-6soprapydtdthyd-amingjinigotidioseid wat er and

extracted with EA. The org. extract is concentrated

and the crude product is purified by prep. HPLC to

gi ve 2-isobutyl-4-[3-(2-nethyl-4-pyridinyl)-

[1, 2, 4] oxadi azol -5-y1]-6-nmethyl -pyridine (22 ng) as a

beige solid; LCMs: tR = 0.71 25mn, [Ml1l] = 309.12.

Exanpl e 44 WD 2009/ 024905PCT/ 1B2008/ 053269 114 N \-

0-1 (YN To a solution of

2-chloro-4-[3-(2-nmethyl -4-pyridinyl)-[1, 2, 4] oxad

|azol 5 yl] 6 nethyl pyrldlne (160 ng, 0.558 nnDI

s o o PN NN PN PN NSNS o
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The title compound is prepared in analogy to 6-diethylamino-5-ethyl-nicotinic acid
using ispropyl-methylamine; LC-MS: tr = 0.64 min, [M+1]" = 223.14.

4,6-Dimethyl-pyridine-2-carboxylic acid

N O
/ N\

= OH

The title compound is commercially available.

5-Isobutyl-4-methyl-pyridine-2-carboxylic acid

N O
/ N\

= OH

a) To a solution of 2,5-dibromo-4-picoline (9.00 g, 35.9 mmol) in DME (96 mL),
2,4 6-trivinyl-cyclotriboroxane pyridine complex (8.63 g, 35.9 mmol) and 2 N ag.
K2oCOs-solution (36 mL) is added. The mixture is degassed and put under argon
before Pd(PPhs)4 (746 mg, 0.646 mmol) is added. The mixture is stirred at 80°C for
15 h, before it is cooled to rt, diluted with diethyl ether (50 mL), washed with sat. aq.
NaHCOs-solution (2x30 mL), dried over MgSQO,, filtered and concentrated. The
crude product is purified by CC on silica gel eluting with heptane:EA 9:1 to give 5-
bromo-4-methyl-2-vinyl-pyridine (7.04 g) as a yellow oil; LC-MS: tr = 0.75 min;
[M+1]" = 198.22; "H NMR (CDCl3): 62.41 (s, 3 H), 5.50 (d, J = 10.8 Hz, 1 H), 6.21
(d,J=17.3Hz, 1 H), 6.74 (dd, J=17.3, 10.8 Hz, 1 H), 7.22 (s, 1 H), 8.59 (s, 1 H).

b) To a solution of 5-bromo-4-methyl-2-vinyl-pyridine (7.04 g, 35.5 mmol) in
acetone (280 mL) and water (280 mL), KMnO4 (28.81 g, 71.1 mmol) is added. The
dark mixture is stirred at rt for 3 days before it is filtered over a glass-filter pad. The
colourless filtrate is evaporated to give crude 5-bromo-4-methyl-pyridine-2-



10

15

20

25

30

46 0.75 353.20 18 ngy >resin / -
H
WO 2009/024905 PCT/IB2008/053269

72

carboxylic acid (10.9 g, as potassium salt) as a white solid; LC-MS: tr = 0.64 min,
[M+1]" = 215.90.

c) To a suspension of crude 5-bromo-4-methyl-pyridine-2-carboxylic acid (10.9 g,
as potassium salt, approximately 35.5 mmol) in ethanol (120 mL), H2SO4 (0.5 mL)
is added. The mixture is stirred at 70°C for 18 h. The pH of the clear solution is
adjusted to pH 9 by adding sat. ag. NaHCOg3-solution and the mixture was extracted
with diethyl ether (3x300 mL). The combined org. extracts are dried over MgSOQOsa,
filtered and concentrated to give 5-bromo-4-methyl-pyridine-2-carboxylic acid ethyl
ester (8.20 g) as a green oil; LC-MS: tg = 0.87 min, [M+1]" = 243.91.

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. KoCOs-solution (16 mL) is added.
The mixture is degassed and put under argon before Pd(PPhs)s (343 mg, 0.297
mmol) is added. The mixture is stirred at 80°C for 6 h before it is cooled to rt,
diluted with diethyl ether (50 mL), washed with sat. ag. NaHCOs-solution (3x30 mL),
dried over MgSOQy, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 7:3 to give 4-methyl-5-(2-methyl-propenyl)-
pyridine-2-carboxylic acid ethyl ester (1.33 g) as a yellow oil; LC-MS: tg = 0.87 min,
[M+1]" = 220.08.

e) To a solution of 4-methyl-5-(2-methyl-propenyl)-pyridine-2-carboxylic acid ethyl
ester (1.33 g, 6.06 mmol) in THF (10 mL) and ethanol (10 mL), Pd/C (300 mg, 10%
Pd) is carefully added. The slurry is stirred at rt for 15 h under 2 bar of H,. The
catalyst is filtered off and the filtrate is concentrated and dried to give 5-isobutyl-4-
methyl-pyridine-2-carboxylic acid ethyl ester (1.27 g) as a colourless oil; LC-MS: tr
= 0.86 min, [M+1]" = 222.10.

f) A solution of 5-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester (1.27 g,
5.76 mmol) in 6 N ag. HCI (110 mL) is stirred at 65°C for 48 h before the solvent is
evaporated in vacuo. The remaining residue is suspended in DCM and filtered. The

solid material is washed with additional DCM and dried under HV to give 5-isobutyl-
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4-methyl-pyridine-2-carboxylic acid hydrochloride (1.05 g) as a white solid; LC-MS:
tr = 0.59 min; [M+1]* = 194.28; "H NMR (Ds-DMSO): 5 0.90 (d, J = 6.3 Hz, 6 H),
1.85-1.96 (m, 1 H), 2.69 (d, J=7.0Hz, 2 H), 8.18 (s, 1 H), 8.58 (s, 1 H), 11.80 (s br,
1 H).

6-Isobutyl-4-methyl-pyridine-2-carboxylic acid

a) A solution of n-BuLi (21.1 mL, 33.8 mmol, 1.6 M) in THF is cooled to -78°C
before a 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 mixture is stirred at -78°C for 30
min, and then iodomethane (4.79 g, 33.8 mmol) is added. The mixture is stirred for
30 min before it is quenched with sat. ag. NH4Cl solution at -78°C. The mixture is
extracted with diethyl ether, the org. extract is dried over MgSOQOsy, filtered and
concentrated. The crude product is purified by CC on silica gel eluting with
heptane:EA 19:1 to give 2,6-dichloro-4-methyl-pyridine (2.34 g) as a colourless oll
containing the regio isomer 2,6-dichloro-3-methyl-pyridine; LC-MS: tr = 0.89 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 pyridine complex (1.75 g, 7.26 mmol) in DME (27 mL), 2 M
ag. KoCOs solution (10 mL) is added. The mixture is degassed and put under argon
before Pd(PPhs)s (300 mg, 0.26 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. aq.
NaHCOs; solution. The org. extract is dried over MgSOs., filtered and concentrated.
The crude product is purified by CC on silica gel eluting with heptane:EA 9:1. The
thus obtained product is dissolved in EA, repeatedly washed with 5% aq. citric acid
solution, dried over MgSOQs., filtered and evaporated to give 6-chloro-4-methyl-2-
vinyl-pyridine (1.24 g) as a colourless oil; LC-MS: tg = 0.90 min, [M+1]" = 154.03.
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c) To a solution of 6-chloro-4-methyl-2-vinyl-pyridine (1.24 g, 8.06 mmol) in water
(50 mL) and acetone (50 mL), KMnO4 (6.53 g, 41.3 mmol) is added. The dark
mixture becomes warm (40°C) and is stirred at rt for 3 h before it is filtered over a
sintered glass filter. The 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: tg = 67 min, [M+1]" = 171.99. This material is suspended in ethanol
(150 mL) and H,SO4 (2 mL) is added until a clear solution forms. The mixture is
heated to 70°C for 18 h. The mixture is carefully diluted with sat. ag. NaHCO3
solution until a pH of 9 is reached. The mixture is extracted three times with EA.
The combined org. extracts are dried over MgSQy, filtered and concentrated. The
crude product is purified by CC on silica gel eluting with heptane:EA 3:2 to give
ethyl 6-chloro-4-methyl-pyridine-2-carboxylate (500 mg) as a pale yellow oil; LC-
MS: tr = 0.87 min; [M+1]" = 200.04; '"H NMR (CDCl3): 6 1.45 (t, J = 7.3 Hz, 3 H),
2.45(s,3H),4.48(q,J=6.8Hz,2H),7.35(s,1H),7.89 (s, 1H).

d) To a solution of ethyl 6-chloro-4-methyl-pyridine-2-carboxylate (500 mg, 2.51
mmol) and 2,4,6-tris-(2-methyl-propenyl)-cyclotriboroxane pyridine complex (814
mg, 2.51 mmol) in DME (32 mL), 2 M aq. KoCOs3 (12 mL) solution is added. The
mixture is degassed and put under argon before Pd(PPhs)s (62 mg, 0.045 mmol) is
added. The mixture is stirred at 80°C for 6 h before it is cooled to rt, diluted with
diethyl ether (50 mL) and washed with sat. ag. NaHCO3; (2x30 mL) solution. The
org. extract is dried over MgSOQOs., filtered and concentrated. 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 yellow oil; 'H
NMR (CDCls): 61.45 (t, J = 7.0 Hz, 3 H), 1.97 (s, 3 H), 2.12 (s, 3 H), 2.42 (s, 3 H),
446 (q,J=7.0Hz,2H),6.41(s,1H),7.17 (s, 1 H), 7.75 (s, 1 H).

e) To a solution of 4-methyl-6-(2-methyl-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 celite and the solvent of the filtrate is evaporated to give 6-
isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester (174 mg) as a colourless oil;
LC-MS: tg = 0.84 min, [M+1]" = 222.48.
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f) A solution of 6-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester (174 mg,
0.78 mmol) in 6 N aq. HCI (20 mL) is stirred at 65°C for 18 h. The solvent is
evaporated and the remaining residue is dried under HV to give give 6-isobutyl-4-
methyl-pyridine-2-carboxylic acid hydrochloride as green oil; LC-MS: tr = 0.58 min,

[M+1]" = 194.09.

4-Isobutyl-6-methyl-pyridine-2-carboxylic acid

N O
7\

= OH

a) To a solution of 4-bromo-2-methyl-pyridine (5.70 g, 32.14 mmol) in methanol
(100 mL), H2SO4 (0.3 mL) is added. The mixture is heated to reflux before a
solution of ammonium peroxydisulfate (7.33 g, 32.14 mmol) in water (53 mL) is
carefully added. The mixture is stirred at reflux fur 2 h before two more portions of
ammonium peroxydisulfate (2x7.33 g) is added as a sat. aq. solution. Stirring is
continued at reflux for 3 h. Methanol is removed under reduced pressure and the
remaining solution is diluted with sat. aq. NaHCO3 solution and extracted with EA.
The org. extract is dried over MgSOQs, filtered and concentrated. The crude product
is purified by CC on silica gel eluting with heptane:EA 3:7 to give (4-bromo-6-
methyl-pyridin-2-yl)-methanol (1.31 g) as pale yellow solid; LC-MS: tg = 0.31 min;
[M+1]" = 201.96; 'H NMR (CDCl3): §2.55 (s, 3 H), 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-methyl-pyridin-2-yl)-methanol (1.31 g, 6.48 mmol) in
acetone (150 mL), KMnOy4 (2.61 g, 16.5 mmol) is added. The mixture is stirred at
40°C for 2 h before it is filtered over a sintered glass funnel. The filtrate is
evaporated to dryness, the remaining solid is washed with water and dried under
HV to give 4-bromo-6-methyl-pyridine-2-carboxylic acid potassium salt (1.91 g) as a
white solid; LC-MS: tr = 0.45 min, [M+1]" = 217.809.
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3,5-di pyridyl41l, 2, 4] oxadi azol es, the foll ow ng
W@2@a04985 ar e prepared: Exanple No. Pyridi nel PEBIB0084)53269

Pyridi ne2 (as hydroxyam di ne)7 LC-M5 tR [m n] [ MtH|

Amount Form 51 0.87 337.16 %2 ng pale yellowoil /

c)/To a suspension of 4%%0m096-§n5etr313ﬁ-7py}’iéine-2-carboxy|ic acid potassium salt
(253 mg, 0.996 mmol) in ethanol (100 mL), H,SO4 (2 mL) is added dropwise. The
miture is heated to 70°C for 16 h before it is carefully diluted with sat. aq. NaHCO:s.
The mixture is extracted three times with diethyl ether. The combined org. extracts
are dried over MgSOQ., filtered and concentrated. The crude product is purified on
prep. TLC plates with heptane:EA 3:2 to give 4-bromo-6-methyl-pyridine-2-
carboxylic acid ethyl ester (105 mg) as a pale yellow oil; LC-MS: tg = 0.85 min,
[M+1]" = 244.22.

d) 4-Isobutyl-6-methyl-pyridine-2-carboxylic acid hydrochloride is prepared starting
from 4-bromo-6-methyl-pyridine-2-carboxylic acid ethyl ester following the
procedures given in steps d) to f) for the preparation of 6-isobutyl-4-methyl-pyridine-
2-carboxylic acid; LC-MS: tz = 0.58 min; [M+1]* = 194.08; 'H NMR (CDCls): §1.01
(d, J=6.3 Hz, 6 H), 2.04-2.16 (m, 1 H), 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 br, ~1 H).

5-Isobutyl-6-methyl-pyridine-2-carboxylic acid (hydrochloride)
/NP
— OH

The title compound is prepared starting from 2,5-dibromo-6-picoline following the
procedures given in steps b) to f) of the preparation of 6-isobutyl-4-methyl-pyridine-
2-carboxylic acid; LC-MS: tg = 0.59 min, [M+1]" = 194.08.

Intermediates: 3-bromo-2-methyl-6-vinyl-pyridine: LC-MS: tg = 0.69 min; [M+1]" =
197.94; '"H NMR (CDCl3): 62.68 (s, 3 H), 5.50 (d, J = 10.8 Hz, 1 H), 6.20 (d, J =
17.6 Hz, 1 H),6.76 (dd, J=17.6, 10.8 Hz, 1 H), 7.07 (d, J= 8.3 Hz, 1 H), 7.75 (d, J
= 8.0 Hz, 1 H); 5-bromo-6-methyl-pyridine-2-carboxylic acid (as potassium salt):
LC-MS: tg = 0.64 min, [M+1]" = 217.91; 5-bromo-6-methyl-pyridine-2-carboxylic
acid ethyl ester: LC-MS: tg = 0.87 min, [M+1]" = 245.91; 6-methyl-5-(2-methyl-
propenyl)-pyridine-2-carboxylic acid ethyl ester: LC-MS: tg = 0.88 min, [M+1]" =
220.11; 5-isobutyl-6-methyl-pyridine-2-carboxylic acid ethyl ester: LC-MS: tgr = 0.87
min, [M+1]" = 222.009.
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6-Isobutyl-4-methoxy-pyridine-2-carboxylic acid (hydrochloride)

N O
/ N\
—/  OH
o
\

a) To a stirred solution of 6-chloro-4-methoxypyridine-2-carboxylic acid (5.00 g,
26.7 mmol) in ethanol (75 mL), chlorotrimethylsilane (15 mL) is added. The reaction
mixture is stirred at rt for 16 h before the solvent is evaporated. The remaining
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+1]" = 215.97; "H NMR
(CDCl3): 61.44 (t, J=7.0Hz, 3H), 3.94 (s, 3H),4.48(q,J=7.0Hz, 2 H), 7.01 (d,
J=2.0Hz,1H),7.61(d, J=2.0Hz, 1 H).

b) The title compound is prepared from 6-chloro-4-methoxy-2-carboxylic acid ethyl
ester following the procedures in steps d) to f) of the preparation of 6-isobutyl-4-
methyl-pyridine-2-carboxylic acid; LC-MS: tr = 0.51 min; [M+1]" = 210.31; "H NMR
(CDCls): 61.04 (d, J = 6.5 Hz, 6 H), 2.21-2.32 (m, 1 H), 3.27 (d, J = 7.0 Hz, 2 H),
420 (s,3H),712(s,1H),7.83 (s, 1H).

4-Methoxy-5-methyl-pyridine-2-carboxylic acid
—0

RO
=N OH

a) 2,4-Dichloro-5-methyl-pyridine is prepared from 2,4-dichloro-5-chloromethyl
pyridine as described in WO 2005/068455; LC-MS: tr = 0.88 min; [M+1]" = 161.92;
"H NMR (CDCls): §2.36 (s, 3 H), 7.37 (s, 1 H), 8.24 (s, 1 H).

b) To a solution of 2,4-dichloro-5-methyl-pyridine (337 mg, 2.08 mmol) in methanol
(10 mL), NaOH (93 mg, 2.33 mmol) is added. The mixture is refluxed for 5 days
before it is cooled to rt, diluted with water and extracted with EA. The org. extract is
dried over MgSOQ., filtered and concentrated to give 2-chloro-4-methoxy-5-methyl-
pyridine (240 mg) as a white solid; '"H NMR (CDCls): 62.15 (s, 3 H), 3.90 (s, 3 H),



10

15

20

25

30

54 0.86 337.16 91 ng white solid / / N
55 0.93 365.16 85 ng white solid /
WO 2009/024905 PCT/TB2008/053269

78

6.77 (s, 1 H), 8.02 (s, 1 H); "*C NMR (CDCI): & 12.67, 55.60, 105.77, 121.77,
149.50, 150.29, 165.41.

c) To a solution of 2-chloro-4-methoxy-5-methyl-pyridine (2.91 g, 18.5 mmol) in
DME (75 mL), 2,4,6-trivinylcyclotriboroxane pyridine complex (3.13 g, 13.0 mmol)
followed by 2 M aq. K2COs3 solution (25 mL) is added. The mixture is degassed and
put under argon before Pd(PPhs)s (384 mg, 0.332 mmol) is added. The mixture is
stirred at 80°C for 15 h before it is cooled to rt, diluted with water and extracted with
diethyl ether. The org. extrac is washed with sat. ag. NaHCOg; solution, dried over
MgSO., filtered and concentrated. The crude product is purified by CC on silica gel
eluting with heptane:EA 4:1 to give 4-methoxy-5-methyl-2-vinyl-pyridine (1.22 g) as
a white solid; LC-MS: tg = 0.52 min, [M+1]" = 150.08.

d) To a solution of 4-methoxy-5-methyl-2-vinyl-pyridine (1.22 g, 8.20 mmol) in
acetone:water 1:1 (50 mL), KMnO4 (6.64 g, 42.0 mmol) is added. The mixture is
stirred at rt for 3 h before it is filtered. The filter cake is washed with water and
acetone and the filtrate is concentrated and dried under HV to give 4-methoxy-5-
methyl-pyridine-2-carboxylic acid potassium salt (2.20 g) as a light brown solid; LC-
MS: tgr = 0.41 min, [M+1]" = 167.99. To facilitate the purification of the compound,
the material is refluxed for 18 h in ethanol containing H.SO4. The resulting 4-
methoxy-5-methyl-2-vinyl-pyridine ethyl ester is purified by CC on silica gel eluting
with heptane:EA 3:7; LC-MS: tr = 0.56 min, [M+1]" = 195.96; '"H NMR (CDCls): &
147 (t, J=7.3Hz,3H),2.25 (s, 3H),3.97 (s, 3H),4.50 (q, J=7.0 Hz, 2 H), 7.64
(s, 1 H), 8.39 (s, 1 H). This ester is then saponified to give the title compound by
treatment with 6N HCI at 65°C for 16 h.

6-Isobutyl-5-methoxy-nicotinic acid

N O
/ N\
—/  OH
o
\

a) To a solution of 2,5-dichloro-4-hydroxypyridine (1.43 g, 8.73 mmol) in DMF (15
mL), KoCOs (2.41 g, 17.5 mmol) followed by methyl iodide (1.48 g, 8.73 mmol) is
added. The mixture is stirred at rt for 24 h before it is diluted with EA (200 mL),
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washed with water (2x100 mL), dried over MgSQy, filtered and concentrated. The
crude product is purified by CC on silica gel eluting with heptane:EA 1:1 to give 2,5-
dichloro-4-methoxy-pyridine (0.73 g) as a white solid; LC-MS: tg = 0.85 min; [M+1]"
=177.90.

b) To a solution of 2,5-dichloro-4-methoxy-pyridine (730 mg, 4.10 mmol) in DME
(16 mL), 2,4,6-trivinylcyclotriboroxane pyridine complex (987 mg, 4.10 mmol)
followed by 2 M aq. KoCOs solution (4 mL) is added. The solution is degassed and
put under argon before Pd(PPhs)4 (95 mg, 82 umol) is added. The mixture is stirred
for 18 h at 80°C. The mixture is cooled to rt, diluted with EA (200 mL) and washed
with water and sat. aq. NaHCOs; solution. The org. extract is dried over MgSOQOsa,
filtered and concntrated. The remaining brown residue is purified by CC on silica
gel eluting with heptane:EA 9:1 to give 5-chloro-4-methoxy-2-vinyl-pyridine (402
mg) as a pale yellow oil; LC-MS: tz = 0.53 min, [M+1]* = 169.98; "H NMR (CDCl3): §
3.98 (s, 3 H),552(d, J=105Hz,1H),6.20 (d, J =17.3 Hz, 1 H), 6.76 (dd, J =
17.3,10.8 Hz, 1 H), 6.88 (s, 1 H), 8.41 (s, 1 H).

c) To a solution of 5-chloro-4-methoxy-2-vinyl-pyridine (435 mg, 2.57 mmol) in
acetone (20 mL) and water (20 mL), KMnO4 (2.03 g, 12.8 mmol) is added. The
mixture is stirred at rt for 15 h before it is filtered through a glass-filter pad. The
filtrate is evaporated and dried to give 5-chloro-4-methoxy-pyridine-2-carboxylic
acid (987 mg) as potassium salt containing water in the form of a white solid; LC-
MS: tg = 0.45 min, [M+1]" = 187.91. This material is dissolved in ethanol (20 mL)
and H2SO4 (4 mL) is added. The mixture is stirred at 80°C for 18 h. The solvent is
evaporated and the residue is dissolved in EA (150 mL) and washed with sat. aq.
NaHCOs solution and water. The org. extract is dried over MgSOQOs., filtered and
concentrated. The crude product is purified on prep. TLC plates using heptane:EA
1:1 to give 5-chloro-4-methoxy-pyridine-2-carboxylic acid ethyl ester (350 mg) as a
pale yellow oil; LC-MS: tr = 0.81 min, [M+1]* = 215.92; 'H NMR (Ds-DMSO): 6 1.34
(t, J=7.3Hz,3H),4.05(s,3H),4.37(q,J=7.0Hz, 2 H),7.75 (s, 1 H), 8.61 (m, 1
H).
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d) To a solution of 5-chloro-4-methoxy-pyridine-2-carboxylic acid ethyl ester (309
mg, 1.43 mmol) in dioxane (10 mL), Pd(dppf) (12 mg, 15 umol) is added under
argon. To this mixure, isobutly zinkbromide (8.5 mL of a 0.5 M solution in THF) is
added dropwise. Upon completion of the addition, the mixture is heated to 75°C for
18 h. The mixture is cooled to rt, and the reaction is quenched by carefully adding
water (50 mL). The mixture is filtered and the filtrate is extracted with EA (2x100
mL). The combined org. extracts are dried over MgSOQOs., filtered and concentrated.
The crude product is purified on prep. TLC plates using heptane:EA 1:1 to give 5-
isobutyl-4-methoxy-pyridine-2-carboxylic acid isobutyl ester (134 mg) containing
30% of 5-isobutyl-4-methoxy-pyridine-2-carboxylic acid ethyl ester; LC-MS: tr =
0.87 min, [M+1]" = 266.04 (isobutyl ester); LC-MS: tr = 0.76 min, [M+1]" = 238.02
(ethyl ester).

e) A solution of the above 5-isobutyl-4-methoxy-pyridine-2-carboxylic acid isobutyl
ester (134 mg, 0.57 mmol) in 5 M aqg. HCI (5 mL) is heated to 65°C for 24 h. The
solvent is evaporated and the crude product is purified by prep. HPLC to give the
title compound (89 mg) as an off-white solid; LC-MS: tr = 0.63 min, [M+1]" =
209.98; "H NMR (CDsOD): 50.96 (d, J = 6.5 Hz, 6 H), 1.96-2.08 (m, 1 H), 2.67 (d, J
=7.0Hz,2H),4.22 (s,3H),7.99 (s, 1 H), 844 (s, 1 H).

4-Dimethylamino-6-methyl-pyridine-2-carboxylic acid

—N O
\ 7/ OH
—N
\

a) A solution of 4-bromo-2-methyl-pyridine (735 mg, 4.14 mmol) in methanol (80
mL) and H2SO4 (20 pL) is heated to reflux. A solution of (NH4)2.S20s (3.78 g, 16.6
mmol) in water (6.5 mL) is added dropwise to the stirred mixture. Upon completion
of the addition, refluxing is continued for 2 h. The mixture is cooled and the reaction
is quenched by adding 1 M aq. NaS20s solution. The mixture is furhter diluted with
sat. ag. NaHCOs3 solution and extracted twice with EA (2x300 mL). The combined
org. extracts are dried over MgSOys, filtered and concentrated. The crude product is
purified by CC on silica gel eluting with heptane:EA 3:2 to give (4-bromo-6-methyl-
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pyridin-2-yl)-methanol (156 mg) as a white solid; LC-MS: tr = 0.32 min, [M+1]" =
201.93.

b) To a solution of (4-bromo-6-methyl-pyridin-2-yl)-methanol (3.13 g, 15.5 mmol) in
acetone (400 mL), KMnO4 (6.24 g, 39.5 mmol) is added portionwise. The resulting
mixture is stirred at rt for 18 h before it is filtered over a glass-filter. The filter cake is
washed with water and acetone and the filtrate is concentrated and dried under HV
to give crude 4-bromo-6-methyl-pyridine-2-carboxylic acid potassium salt (5.03 g)
as a white solid; "H NMR (D20): 62.47 (s, 3 H), 7.58 (s, 1 H), 7.85 (s, 1 H).

c¢) Sulfuric acid (5 mL) is added to a suspension of 4-bromo-6-methyl-pyridine-2-
carboxylic acid potassium salt (5.03 g, 15.5 mmol) in ethanol (150 mL). The clear
solution is heated to 70°C and stirred for 18 h. The mixture is neutralised with
NaHCOs3 and sat. ag. NaHCOs3 solution and then extracted three times with diethyl
ether. The combined org. extracts are dried over MgSOy, filtered and concentrated.
The crude product is purified by CC on silica gel eluting with heptane:EA 3:2 to give
4-bromo-6-methyl-pyridine-2-carboxylic acid ethyl ester (2.42 g) as a yellow oil; LC-
MS: tg = 0.86 min, [M+1]" = 243.96.

d) A solution of 4-bromo-6-methyl-pyridine-2-carboxylic acid ethyl ester (2.42 g,
9.91 mmol) in 6 N aq. HCI (100 mL) is stirred at 65°C for 18 h. The solvent is
evaporated and the residue is dried under HV, suspended in DCM, filtered and
dried again under HV to give 4-bromo-6-methyl-pyridine-2-carboxylic acid (2.50 g)
as a hydrochloride salt in form of a white powder; LC-MS: tg = 0.46 min, [M+1]" =
215.93.

e) To a solution of 4-bromo-6-methyl-pyridine-2-carboxylic acid hydrochloride (100
mg, 0.396 mmol) in butanol (6 mL), dimethylamine (162 mg, 1.19 mmol) is added
and the mixture is refluxed for 2 days. The solvent is removed in vacuo and the
residue is dried under HV to give 4-dimethylamino-6-methyl-pyridine-2-carboxylic
acid (102 mg) as dimethylammonium salt in form of a yellow oil; LC-MS: tg = 0.48
min, [M+1]" = 181.07. This material is dissolved in DCM (5 mL), methanol (0.5 mL)
and triethylamine (5 mL). The solution is stirred for 5 min at rt before it is
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The title compound is prepared in analogy to 4-dimethylamino-6-methyl-pyridine-2-
carboxylic acid using diethylamine; LC-MS: tg = 0.57 min, [M+1]" = 209.08.

4-(Isopropyl-methyl-amino)-6-methyl-pyridine-2-carboxylic acid

/
N

o)
7\
=N  OH

The title compound is obtained as a triethylammonium salt in analogy to 4-
dimethylamino-6-methyl-pyridine-2-carboxylic acid using isopropyl-methylamine;
LC-MS: tr = 0.57 min, [M+1]* = 209.08. '"H NMR (CDCls): §1.30 (d, J = 6.0 Hz, 6
H), 1.43 (t, J = 7.3 Hz, 9 H), 2.74 (s, 3 H), 2.99 (s, 3 H), 3.15 (q, J = 7.3 Hz, 6 H),
4.34-4.47 (m, 1 H), 6.48 (s, 1 H), 7.54 (s, 1 H).

6-Methyl-4-methylamino-pyridine-2-carboxylic acid
—NH

/ \

=N OH

O

The title compound is obtained in analogy to 4-dimethylamino-6-methyl-pyridine-2-
carboxylic acid using methylamine; LC-MS: tg = 0.42 min, [M+1]" = 167.01.
Intermediate: 6-Methyl-4-methylamino-pyridine-2-carboxylic acid ethyl ester; LC-
MS: tr = 0.56 min, [M+1]" = 195.01; '"H NMR (CDCl3): 6 1.44 (t, J = 7.0 Hz, 3 H),
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2.53 (s, 3 H), 2.92 (d, J = 5.0 Hz, 3 H), 4.40 (s br, 1 H), 4.46 (g, J = 7.0 Hz, 2 H),
6.46 (d, J= 2.3 Hz, 1 H), 7.18 (d, J = 2.3 Hz, 1 H).

4-Isopropylamino-6-methyl-pyridine-2-carboxylic acid

NH

/\

=N OH

O

The title compound is obtained in analogy to 4-dimethylamino-6-methyl-pyridine-2-
carboxylic acid using isopropylamine; LC-MS: tr = 0.60 min, [M+1]" = 195.54.

6-Diethylamino-4-methyl-pyridine-2-carboxylic acid
—
/—N
N O
/N
= OH

A solution of 6-diethylamino-4-methyl-pyridine-2-carbonitrile (100 mg, 0.528 mmol)
in 25% aq. HCI is stirred at 90°C for 18 h. The mixture is diluted with water and
extracted with EA. The pH of the aq. phase is adjusted to pH 11 by adding 1 N aq.
NaOH solution and the mixture is extracted with EA. The pH of the aqg. phase is
adjusted to pH 7 by adding 1 N HCI and the solvent is evaporated. The residue is
suspended in DCM/methanol. The suspension is filtered and the filtrate is
concentrated and dried to give the title compound (130 mg) as a white solid; LC-
MS: tr = 0.57 min, [M+1]" = 209.01; "H NMR (Ds-DMSO): §1.12 (t, J = 7.0 Hz, 6 H),
2.31(s,3H),357(q,J=7.0Hz,4H),6.82(s,1H),7.12 (s, 1 H).

6-Bromo-4-methoxy-pyridine-2-carboxylic acid
—0
O

=N OH
Br

a) Methanol (1.48 g, 46.1 mmol) is slowly added to a cooled suspension (0°C) of

NaH (2.12 g, 53.2 mmol, 60% dispersion in mineral oil, washed with hexane prior to
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use) in THF (20 mL). Upon completion of the addition the mixture is stirred at 0°C
for 150 min before 2,6-dibromo-4-nitropyridine (10.0 g, 35.4 mmol) is added. The
temperature rises to 14°C. The mixture is stirred at rt for 3 h before the reaction is
guenched with sat. ag. NH4Cl solution. The mixture is diluted with water and
extracted twice with EA (250 mL). The combined org. extracts are dried over
MgSOQ,, filtered and concentrated. The crude product is purified by CC on silica gel
eluting with DCM to give 2,6-dibromo-4-methoxy-pyridine (6.43 g) as an off-white
solid; LC-MS: tg = 0.90 min, [M+1]" = 267.75.

b) To a suspension of 2,6-dibromo-4-methoxy-pyridine (5.90 g, 22.1 mmol) in DME
(60 mL) and 2 M aqg. KoCOs-solution (20 mL), 2,4,6-trivinylcyclotriboroxane pyridine
complex (3.19 g, 13.2 mmol) is added and the mixture is degassed and put under
N2 before Pd(PPhs)s (460 mg, 0.398 mmol) is added. The mixture is stirred at 85°C
for 2 h before it is again cooled to rt, diluted with water and extracted with EA. The
org. extract is dried over MgSOQy, filtered and concentrated. The crude product is
purified by CC on silica gel eluting with heptane:EA 4:1 to give 2-bromo-4-methoxy-
6-vinyl-pyridine (4.50 g) as a yellow solid; LC-MS: tg = 0.90 min, [M+1]" = 213.83.

c) To a cooled solution (0°C) of 2-bromo-4-methoxy-6-vinyl-pyridine (1.56 g, 7.29
mmol) in acetone (30 mL), KMnO4 (2.30 g, 14.6 mmol) is added portionwise. The
mixture is stirred at 0°C for 10 min before it is warmed to rt. Stirring is continued 2
h. The mixture is filtered, the solid is washed with water and acetone and the filtrate
is concentrated. The residue is dissolved in 10% aqg. citric acid solution and water
and is then extracted twice with EA. The combined org. extracts are dried over
MgSOQ., filtered, concentrated and dried to give the title compound (1.60 g) as a
pale yellow solid. LC-MS*: tr = 0.68 min, [M+1]" = 231.83.

N-Hydroxy-2-methyl-isonicotinamidine

HN N.
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a) A suspension of 2-methyl-pyridine-4-carboxylic acid (1.0 g, 7.29 mmol) in
methanol (50 mL) and H2SO4 (0.5 mL) is heated to 70°C. The solid material
dissolves and stirring is continued at 70°C for 18 h. The mixture is cooled to rt,
filtered, and the filtrate is evaporated. The remaining solid is washed with diethyl
ether and dried to give methyl 2-methyl-pyridine-4-carboxylate; LC-MS: tg = 0.39
min, [M+1]" = 152.05. This material is dissolved in 7 N NH3 in methanol (25 mL)
and the mixture is stirred in a sealed vial for 20 h at 60°C before it is filtered. The
filtrate is evaporated to give crude 2-methyl-isonicotinamide (2.12 g) as a brownish
solid. To a solution of this material in DCM (25 mL), pyridine (5.24 g, 54.0 mmol) is
added. The mixture is cooled to 0°C before trifluoroacetic anhydride (8.10 g, 38.6
mmol) is added portionwise. Stirring is continued at 0°C for 2 h before the reaction
is quenched with water. The mixture is diluted with DCM and the org. phase is
separated and washed with 5% aq. citric acid solution followed by sat. aq. NaHCO3
solution. The washings are extracted back twice with DCM. The combined org.
extracts are dried over MgSO,, filtered and concentrated. The crude product is
purified on prep. TLC plates with heptane:EA 4:1 to give 2-methyl-isonicotinonitrile
(330 mg); LC-MS: tg = 0.55 min, [M+1]" = 119.13.

b) To a solution of 2-methyl-isonicotinonitrile (330 mg, 2.79 mmol) in methanol (12
mL), hydroxylamine hydrochloride (388 mg, 5.59 mmol) and NaHCO3 (469 mg, 5.59
mmol) is added. The mixture is stirred in a sealed vial at 60°C for 16 h before the
solvent is evaporated. The residue is dried to give N-hydroxy-2-methyl-
isonicotinamidine (550 mg); LC-MS: tg = 0.55 min, [M+1]" = 152.25.

N-Hydroxy-2,6-dimethyl-isonicotinamidine

— NH
"/ NH
HO
To an ice-cooled solution of potassium tert.-butylate (1.25 g, 11.1 mmol) in
methanol (20 mL), hydroxylamine hydrochloride (773 mg, 11.1 mmol) is added. The
suspension is stirred for 30 min before 2,6-dimethyl-4-cyano-pyridine (490 mg, 3.71
mmol) is added. The mixture is stirred at 60°C for 15 h before it is filtered. The

filtrate is evaporated to dryness and the resulting solid is washed with water and
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then dried under HV to give N-hydroxy-2,6-dimethyl-isonicotinamidine (503 mg) as
a white powder; LC-MS: tz = 0.23 min; [M+1]" = 166.01; '"H NMR (Ds-DMSO): &
2.43 (s,6 H),5.88(s,2H),7.30 (s, 2H),9.90 (s, 1 H).

2-Ethyl-N-hydroxy-6-methyl-isonicotinamidine

— NH
N
\_/ NH
HO

a) A solution of 2-ethyl-6-methyl-isonicotinic acid ethyl ester (3.90 g, 20.2 mmol,
prepared in analogy to the corresponding tert.-butyl ester) in 7 N NHz in methanol
(50 mL) is stirred in a sealed vessel at 60°C for 20 h. The solvent is evaporated and
the residue is suspended in diethyl ether. The solid material is collected, washed
with additional diethyl ether and dried under HV to give 2-ethyl-6-methyl-
isonicotinamide (2.85 g) as a white powder; LC-MS: tg = 0.26 min, [M+1]" = 165.05;
"H NMR (Ds-DMSO): 61.23 (t, J= 7.5 Hz, 3H), 2.49 (s, 3H), 2.75(q, J=7.8 Hz, 2
H), 7.44 (s, 2 H), 7.59 (s br, 1 H), 8.11 (s br, 1 H).

b) To a solution of 2-ethyl-6-methyl-isonicotinamide (2.85 g, 17.4 mmol) and
pyridine (6.74 g, 85.2 mmol) in DCM (80 mL), trifluoroacetic anhydride (9.11 g, 43.4
mmol) is added dropwise at 0°C. The mixture is stirred at 0°C for 1 h before it is
carefully diluted with water and DCM. The mixture is washed with 4% aq. citric acid
solution followed by sat. aq. NaHCOgs-solution. The washings are extracted twice
with DCM. The combined org. extracts are dried over MgSQO., filtered and
concentrated and briefly dried under HV to give 2-ethyl-4-cyano-6-methyl-pyridine
(2.65 g) as a colourless liquid; LC-MS: tz = 0.58 min, [M+1]" = 147.06; 'H NMR
(CDCl3): 61.33 (t, J=7.5Hz, 3H),2.61(s,3H),286(q,J=7.8Hz, 2 H), 7.21 (s,
2 H).

c) To an ice-cooled solution of potassium tert.-butylate (7.11 g, 63.4 mmol) in
methanol (50 mL), hydroxylamine hydrochloride (3.78 g, 54.4 mmol) is added. The
suspension is stirred for 30 min before 2-ethyl-4-cyano-6-methyl-pyridine (2.65 g,
18.1 mmol) is added. The mixture is refluxed for 3 h before it is filtered. The filtrate
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is evaporated to dryness and the resulting solid is dissolved in water (30 mL) and
extracted with EA (3x150 mL). The combined org. extracts are concentrated and
dried under HV to give 2-ethyl-N-hydroxy-6-methyl-isonicotinamidine (3.43 g) as a
white powder; LC-MS: tz = 0.31 min, [M+1]" = 180.07; "H NMR (Dg-DMSOQ) §1.22
(t, J=75Hz, 3H),244(s,3H),2.71(q,J=7.5Hz,2H),5.89 (s, 2H), 7.31 (s, 2
H), 9.87 (m, 1 H).

N-Hydroxy-2-isopropyl-6-methyl-isonicotinamidine

HN N.

The title compound is prepared in analogy to 2-ethyl-N-hydroxy-6-methyl-
isonicotinamidine starting from 2-isopropyl-6-methyl-isonicotinic acid ethyl ester;
LC-MS: tg = 0.42 min, [M+1]* = 194.08; 'H NMR (Dg-DMSO): 61.22 (d, J = 7.0 Hz,
6 H), 2.44 (s, 3 H), 2.91-3.02 (hept, J = 7.0 Hz, 1 H), 5.91 (s, 2 H), 7.32 (s, 2 H),
9.88 (s, 1 H).

N-Hydroxy-2-isobutyl-6-methyl-isonicotinamidine
H

HN N
“OH

A
| -
The title compound is prepared in analogy to 2-ethyl-N-hydroxy-6-methyl-
isonicotinamidine starting from 2-isobutyl-6-methyl-isonicotinic acid ethyl ester; LC-
MS: tz = 0.52 min, [M+1]" = 208.12; '"H NMR (CDCl3): §0.94 (d, J = 6.5 Hz, 6 H),
2.06-2.16 (m, 1 H), 2.59 (s, 3 H), 2.68 (d, J=7.0 Hz, 2 H), 4.91 (s, 2H), 717 (s, 1
H), 7.22 (s, 1 H).

N-Hydroxy-2-methoxy-6-methyl-isonicotinamidine
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a) Sulfuric acid (1 mL) is added to a suspension of 2-chloro-6-methoxy-isonicotinic
acid (4.16 g, 22.2 mmol) in ethanol (20 mL). The clear solution is stirred at 70°C for
18 h. The mixutre is neutralised by adding sat. ag. NaHCO3 solution and then
extracted three times with EA (3x250 mL). The combined org. extracts are dried
over MgSQ,, filtered, concentrated and dried to give 2-chloro-6-methoxy-
isonicotinic acid ethyl ester (4.32 g) as a white solid; LC-MS: tg = 1.00 min, [M+1]" =
215.89.

b) Under argon, dimethyl zink (14.26 g, 149 mmol, 124 mL of a 1.2 M solution in
toluene) is added dropwise to a solution of 2-chloro-6-methoxy-isonicotinic acid
ethyl ester (5.37 g, 24.9 mmol) and Pd(dppf) (203 mg, 0.249 mmol) in dioxane (120
mL). The mixture is heated to 75°C and stirred for 18 h before it is cooled again to
rt. The reaction is quenched by carefully adding water. The mixture is diluted further
with water, filtered over celite and the filtrate is extracted with EA (2x250 mL). The
combined org. extracts are dried over MgSOy, filtered and concentrated. The crude
product is purified by CC on silica gel eluting with heptane:EA 4:1 to give 2-
methoxy-6-methyl-isonicotinic acid ethyl ester (4.10 g) as a colourless oil; LC-MS:
tr = 0.92 min, [M+1]" = 195.93. '"H NMR (CDCls): 61.41 (t, J = 7.3 Hz, 3 H), 2.52 (s,
3H),3.97(s,3H),4.39(q, J=7.3Hz,2H),7.12 (s, 1 H), 7.28 (s, 1 H).

c) The title compound is prepared in analogy to N-hydroxy-6-isobutyl-5-methyl-
nicotinamidine from the above 2-methoxy-6-methyl-isonicotinic acid ethyl ester; LC-
MS: tg = 0.43 min, [M+1]" = 181.96. "H NMR (CDCls): 62.49 (s, 3 H), 3.95 (s, 3 H),
4.89 (s,2H),6.75 (s, 1 H),6.98 (s, 1 H), 8.03 (s br, 1 H).

2-Dimethylamino-N-hydroxy-6-methyl-isonicotinamidine
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a) A solution of 2,6-dichloroisonicotinonitrile (2.50 g, 14.5 mmol) in 2 N Me2NH in
THF (20 mL) is stirred in a sealed vessel at 105°C for 24 h. The dark suspension is
cooled to rt, diluted with EA (200 mL), washed with water (2x50 mL) followed by
sat. aq. NaHCOgs-solution (50 mL), dried over Na, SOy, filtered and concentrated to
give crude 2-chloro-6-dimethylamino-isonicotinonitrile; LC-MS: tg = 0.96 min, [M+1]"
= 182.00. This material is dissolved in dioxane (100 mL) and Pd(dppf) (120 mg,
0.147 mmol) is added. To this solution, MeZnCl (5.02 g, 43.4 mmol, 2 M solution in
THF) is slowly added. The mixture is stirred at rt for 30 min, then at 75°C for 16 h.
The orange suspension is cooled to rt, diluted with EA (150 mL) and washed with
water (2x50 mL). The aq. washings are basified by adding NaOH and the
precipitate that forms is filtered off. The filtrate is extracted with DCM (3x70 mL).
The combined org. extracts are dried over Na,SOy, filtered and concentrated. The
crude product is purified by MPLC on silica gel eluting with EA containing methanol
to give 2-dimethylamino-6-methyl-isonicotinonitrile (699 mg) as a brownish oil which
slowly solidifies; LC-MS: tg = 0.50 min, [M+1]" = 162.05.

b) To an ice-cooled solution of potassium tert.-butylate (1.71 g, 15.2 mmol) in
methanol (50 mL), hydroxylamine hydrochloride (905 mg, 13.02 mmol) is added.
The suspension is stirred for 30 min before 2-dimethylamino-6-methyl-
isonicotinonitrile (699 mg, 4.34 mmol) is added. The mixture is refluxed for 2 h
before it is evaporated. The residue is dissolved in a small amount of water and
separated by MPLC on RP-Css-silica gel to give 2-dimethylamino-N-hydroxy-6-
methyl-isonicotinamidine (284 mg) as a brownish resin; LC-MS: tg = 0.60 min,
[M+1]" = 195.42.

N-Hydroxy-2-hydroxymethyl-6-methyl-isonicotinamidine
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a) A solution of 2-hydroxymethyl-6-methyl-isonicotinic acid methyl ester (400 mg,
2.21 mmol) in 7 N NH3z in methanol (25 mL) is stirred in a sealed vessel at 70°C for
24 h. The mixture is cooled to rt, the solvent is removed in vacuo and the residue is
dried under HV to give crude 2-hydroxymethyl-6-methyl-isonicotinamide (400 mg)
as a pale yellow solid; LC-MS: tg = 0.21 min, [M+1]" = 167.01; "H NMR (Ds-DMSO):
02.50(s,3H),4.56(d, J=5.5Hz,2H),544 (t, J=58Hz,1H),7.49 (s, 1 H), 7.58
(sbr,1H),7.67(s,1H),8.16 (s br, 1 H).

b) To a suspension of 2-hydroxymethyl-6-methyl-isonicotinamide (390 mg, 2.38
mmol) and pyridine (922 mg, 9.50 mmol) in DCM (80 mL), trifluoroacetic anhydride
(1.25 g, 5.94 mmol) is added dropwise at 0°C. The mixture is stirred at rt for 1 h and
becomes clear before it is carefully diluted with water and DCM. The mixture is
washed twice with sat. ag. NaHCOs-solution. The washings are extracted twice with
DCM. The combined org. extracts are dried over MgSQy, filtered and concentrated
and briefly dried under HV to give crude 2-hydroxymethyl-6-methyl-isonicotinonitrile
(544 mg, contains pyridine) as a brownish oil; LC-MS: tr = 0.54 min, [M+1]" =
148.99; "H NMR (CDCl3): §2.66 (s, 3 H), 3.48 (s br, 1H), 5.48 (s, 2 H), 7.41 (s, 2
H).

c) To a solution of crude 2-hydroxymethyl-6-methyl-isonicotinonitrile (544 mg, 2.38
mmol) in methanol (50 mL), potassium tert.-butylate (933 mg, 8.31 mmol) and
hydroxylamine hydrochloride (495 mg, 7.13 mmol) is added. The solution is
refluxed for 2 h. The resulting suspension is cooled to rt and filtered. The solvent
filtrate is evaporated and the remaining residue is suspended in water, filtered off,
washed with additional water and dried under HV to give N-hydroxy-2-
hydroxymethyl-6-methyl-isonicotinamidine (235 mg) as a beige powder; LC-MS: tg
= 0.17 min, [M+1]* = 182.01; '"H NMR (Ds-DMSO): 62.45 (s, 3 H), 4.52 (d, J= 5.8
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Hz, 2 H), 5.37 (t, J = 5.8 Hz, 1 H), 5.90 (s, 2 H), 7.36 (s, 1 H), 7.56 (s, 1 H), 9.92 (s,
1H).

N-Hydroxy-6-isobutyl-5-methyl-nicotinamidine

— NH

\\_7

N NH

/

HO

a) To a solution of 6-isobutyl-5-methyl-nicotinic acid (200 mg, 0.871 mmol) and
DIPEA (450 mg, 3.48 mmol) in DMF (9 mL), PyBOP (498 mg, 0.958 mmol) is
added at 0°C. The mixture is stirred for 15 min before 0.5 M NHs in dioxane (6.1
mL, 3.05 mmol) is added. Stirring is continued for 2 h at rt. The mixture is
concentrated to give crude 6-isobutyl-5-methyl-nicotinamide; LC-MS: tr = 0.55 min,
[M+1]" = 193.10. This material is dissolved in DCM (8 mL), and pyridine (430 mg,
4.43 mmol) followed by trifluoroacetic anhydride (1.25 g, 5.94 mmol) is added
dropwise at 0°C. The mixture is stirred at rt for 2 h before it is diluted with DCM.
The mixture is washed with a 10% aq. citric acid solution followed by a sat. aq.
Na>COs-solution, dried over MgSOQy, filtered and concentrated. The crude product is
purified by CC on silica gel eluting with heptane:EA 4:1 to give 6-isobutyl-5-methyl-
nicotinonitrile (126 mg) as a colourless oil; LC-MS: tg = 0.90 min, [M+1]" = 175.17;
"H NMR (CDCls): 60.98 (d, J = 6.8 Hz, 6 H), 2.20 (hept. J = 7 Hz, 1 H), 2.38 (s, 3
H), 2.74 (d, J=7.3Hz, 2 H), 7.69 (s, 1 H), 8.67 (s, 1 H).

b) To an ice-cooled solution of potassium tert.-butylate (284 g, 2.53 mmol) in
methanol (4 mL), hydroxylamine hydrochloride (151 mg, 2.17 mmol) is added. The
suspension is stirred for 30 min before 6-isobutyl-5-methyl-nicotinonitrile (126 mg,
0.723 mmol) is added. The mixture is refluxed for 1 h before the solvent is
evaporated. The residue is dissolved in sat. ag. NaHCOzs-solution (10 mL) and
extracted with EA (3x15 mL). The combined org. extracts are dried over MgSOs,
filtered, concentrated and dried under HV to give N-hydroxy-6-isobutyl-5-methyl-
nicotinamidine (143 mg) as a white solid; LC-MS: tr = 0.56 min, [M+1]" = 208.13; H
NMR (CDCls): 60.97 (d, J = 6.8 Hz, 6 H), 2.16 (hept, J = 7.0 Hz, 1 H), 2.36 (s, 3 H),
272(d,J=73Hz 2H),491(s,2H),7.70 (d, J=1.3Hz, 1 H), 866 (d, J= 1.8 Hz,
1 H).
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N-Hydroxy-4,5-dimethyl-pyridine-2-carboxamidine

a) Trimethylboroxine (2.84 g, 22.6 mmol), Cs2,CO3 (9.58 g, 29.4 mmol) and tri-
tert.butyl phosphine (183 mg, 905 umol) is added to a solution of 5-bromo-4-methyl-
pyridine-2-carboxylic acid ethyl ester (5.52 g, 22.6 mmol, see 5-isobutyl-4-methyl-
pyridine-2-carboxylic acid) in dioxane (100 mL). The mixture is degassed and put
under argon before Pdy(dba)s (414 mg, 452 umol) is added. The grey suspension is
stirred at 100°C for 18 h. The mixture is filtered and another portion of
trimethylboroxine (2.84 g, 22.6 mmol), Cs2COs (9.58 g, 29.4 mmol), Pdx(dba)s (414
mg, 452 umol) and tri-tert.butyl phosphine (183 mg, 905 umol) is added to the
filtrate. The mixure is stirred at 100°C for 72 h before it is again filtered. The filtrate
is concentrated, diluted with DCM and washed with sat. Na,CO3 solution (2x25 mL)
followed by brine (2x25 mL). The org. extract is dried over MgSOy, filtered and
concentrated to give crude 5,6-dimethyl-pyridine-2-carboxilic acid ethyl ester; LC-
MS: tr = 0.57 min, [M+1]" = 166.04.

b) The title compound is prepared from the above 5,6-dimethyl-pyridine-2-carboxilic
acid ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-
isonicotinamidine; LC-MS: tz = 0.48 min, [M+1]" = 166.05; "H NMR (CDsOD): §2.31
(s,3H),2.33(s,3H),7.66 (s,1H),8.29(s, 1H).

5-Ethyl-N-hydroxy-4-methyl-pyridine-2-carboxamidine

N  NH
/ N\

= NH
HO
a) 5-Ethyl-4-methyl-pyridine-2-carboxylic acid ethyl ester is prepared in analogy to
5-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester starting from 2,5-dibromo-
4-picoline; LC-MS: tg = 0.70 min, [M+1]* = 193.99; "H NMR (CDCl3): 61.25 (t, J =
7.8 Hz,3H),1.45(t, J=7.0Hz, 3 H),2.39(s,3H),272(q, J=7.5Hz, 2 H), 4.48
(0, J=7.0Hz,2H), 792 (s, 1 H),8.49 (s, 1 H).
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N-Hydroxy-5-isobutyl-4-methyl-pyridine-2-carboxamidine

N NH
/ N\

— NH
/

HO
The title compound is prepared in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-
isonicotinamidine starting from 5-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl
ester; LC-MS: tg = 0.67 min, [M+1]* = 208.01; '"H NMR (CDsOD): §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).

N-Hydroxy-4-methoxy-5-methyl-pyridine-2-carboxamidine

—N NH
MN—OH
@]
\
The title compound is prepared from 4-methoxy-5-methyl-pyridine-2-carboxylic acid

ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-isonicotinamidine;
LC-MS: tg = 0.46 min, [M+1]" = 181.96.

N-Hydroxy-5,6-dimethyl-pyridine-2-carboxamidine

N NH
7\

— NH
/

HO

a) Dimethyl zink (4.58 g, 48.0 mmol) is added to a solution of 5-bromo-6-methyl-
pyridine-2-carboxylic acid ethyl ester (11.7 g, 48.0 mmol, see preparation of 5-
isobutyl-6-methyl-pyridine-2-carboxylic acid) and Pd(dppf) (392 mg, 0.48 mmol) in
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dioxane (40 mL). The mixture becomes warm and is stirred at rt for 1 h. Another
portion of dimethyl zink (4.58 g, 48.0 mmol) is added. The mixture is stirred at
100°C for 2 h, then at 80°C for 72 h before it is cooled to rt, and diluted with EA
(250 mL) and ice-water (150 mL). The mixture is acidified with 2 N aq. HCI, the org.
phase is separated and the aqg. phase is extracted with EA (3x100 mL) and DCM
(2x75 mL). The combined org. extracts are dried over NaySO,, filtered and
concentrated. The crude product is purified by MPLC on silica gel (heptane:EA
gradient) to give 5,6-dimethyl-pyridine-2-carboxylic acid ethyl ester (434 mg) as a
brownish oil; LC-MS: tr = 0.61 min, [M+1]" = 179.98, 'H NMR (CDCl3): 61.45 (t, J =
7.0Hz, 3H),2.37(s,3H),262(s,3H),4.48 (q, J=73Hz,2H),755(d,J=7.8
Hz, 1 H), 7.90 (d, J = 7.8 Hz, 1 H).

b) The title compound is prepared from the above 5,6-dimethyl-pyridine-2-
carboxylic acid ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-
isonicotinamidine; LC-MS: tr = 0.49 min, [M+1]" = 166.03.

5-Ethyl-N-hydroxy-6-methyl-pyridine-2-carboxamidine

N  NH
/N

— NH
/

HO
a) Diethyl zink (9.78 g, 79.2 mmol) is added to a solution of 5-bromo-6-methyl-
pyridine-2-carboxylic acid isopropyl ester (14.6 g, 56.5 mmol, prepared in analogy
to 5-bromo-6-methyl-pyridine-2-carboxylic acid ethyl ester) and Pd(dppf) (461 mg,
0.565 mmol) in dioxane (250 mL). The mixture is stirred at 80°C for 18 h before it is
cooled to rt, diluted with ice-water (150 mL) and EA (250 mL) and acidified with 2 N
ag. HCI. The org. layer is separated and the aq. phase is extracted with EA (3x100
mL) and DCM (4x100 mL). The aqg. phase is neutralised by adding sat. aq. NaHCO3
solution and is again extracted with DCM (4x75 mL). The combined org. extracts
are dried over MgSOQ., filtered and concentrated. The crude product is purified by
MPLC on silica gel eluting with a gradient of EA in heptane to give 5-ethyl-6-methyl-
pyridine-2-carboxylic acid isopropy! ester (7.08 g) as a pale yellow oil; LC-MS: tg =
0.77 min, [M+1]* = 207.99. "H NMR (CDCls): 61.25 (t, J = 7.5 Hz, 3 H), 1.41(d, J =
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6.3 Hz, 6 H), 2.63 (s, 3 H), 2.70 (g, J = 7.5 Hz, 2 H), 5.30 (hept, J = 6.3 Hz, 1 H),
7.54 (d, J= 8.0 Hz, 1 H), 7.87 (d, J = 8.0 Hz, 1 H).

b) The title compound is prepared from the above 5-ethyl-6-methyl-pyridine-2-
carboxylic acid isopropyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-
isonicotinamidine; LC-MS: tzr = 0.49 min, [M+1]" = 180.01; 'H NMR (CDCl3): & 1.24
(t, J=75Hz, 3H), 2.56 (s, 3H),2.67 (q, J=7.5Hz, 2 H),5.77 (s br, 2 H), 7.46 (d,
J=8.0Hz,1H),7.72(d, J=7.8 Hz, 1 H), 8.25 (s br, 1 H).

N-Hydroxy-5-isobutyl-6-methyl-pyridine-2-carboxamidine

The title compound is prepared from 5-isobutyl-6-methyl-pyridine-2-carboxylic acid
ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-isonicotinamidine;
LC-MS: tg = 0.72 min, [M+1]" = 208.52; "H NMR (CD30D): §0.96 (d, J = 6.5 Hz, 6
H), 1.86-1.97 (m, 1 H), 2.54-2.58 (m, 5 H), 7.49 (d, J=8.0 Hz, 1 H), 7.62 (d, J= 8.0
Hz, 1 H).

N-Hydroxy-4,6-dimethyl-pyridine-2-carboxamidine

The title compound is prepared in analogy to N-hydroxy-2-methyl-isonicotinamidine
starting from 4,6-dimethyl-pyridine-2-carboxylic acid; LC-MS: tg = 0.38 min, [M+1]"
=166.13.

N-Hydroxy-6-isobutyl-4-methyl-pyridine-2-carboxamidine
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The title compound is prepared from 6-isobutyl-4-methyl-pyridine-2-carboxylic acid
in analogy to N-hydroxy-2-methyl-isonicotinamidine; LC-MS: tgr = 0.63 min, [M+1]" =
208.29.

N-Hydroxy-4-isobutyl-6-methyl-pyridine-2-carboxamidine

NH

7\
—N NH
HO
The title compound is prepared starting from 4-isobutyl-6-methyl-pyridine-2-
carboxylic acid ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-

isonicotinamidine; LC-MS: tg = 0.66 min, [M+1]" = 208.01.

4-Diethylamino-N-hydroxy-6-methyl-pyridine-2-carboxamidine

/
N HO

The title compound is prepared from 4-diethylamino-6-methyl-pyridine-2-carboxylic
acid in analogy to N-hydroxy-2-methyl-isonicotinamidine; LC-MS: tg = 0.57 min,
[M+1]" = 223.02.

N-Hydroxy-6-methyl-4-methylamino-pyridine-2-carboxamidine
—NH

/N

=N /NH
HO

NH
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The title compound is prepared from 6-methyl-4-methylamino-pyridine-2-carboxylic
acid ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-
isonicotinamidine; LC-MS: tg = 0.46 min, [M+1]" = 181.59; 'H NMR (CDCl3): & 2.44
(s,3H),288(d,J=4.8Hz, 3H),4.23 (s br, 1H), 569 (sbr,2H),6.34 (d, J=2.0
Hz, 1 H),6.93 (d, J = 2.3 Hz, 1 H).

The dehydration of 6-methyl-4-methylamino-pyridine-2-carboxylic acid amide (LC-
MS: tgr = 0.42 min, [M+1]" = 166.07) with trifluoroacetic anhydride furnishes N-(2-
cyano-6-methyl-pyridin-4-yl)-2,2,2-trifluoro-N-methyl-acetamide (LC-MS: tg = 0.87
min, [M+1]" = 243.96; "H NMR (CDCls): §2.69 (s, 3 H), 3.48 (s, 3 H), 7.36 (d, J =
1.3 Hz, 1 H), 7.52 (d, J = 1.3 Hz, 1 H) which upon treatment with hydroxylamine
hydrochloride gives the title compound.

6-Diethylamino-N-hydroxy-4-methyl-pyridine-2-carboxamidine

NH

7\

=N NH
/

N HO

/

a) In a sealed vial, a solution of 2,6-dichloro-4-picoline (1.80 g, 11.1 mmol) in
diethylamine (5 mL) is heated to 135°C for 40 h in a microwave oven. The pressure
in the vial reaches 6.5 bar. The mixture is diluted with EA (200 mL) and washed
with 1 N KHSO4, solution. The washings are extracted back with EA (100 mL) and
the combined org. extracts are dried over MgSQy, filtered and concentrated. The
crude product is purified by CC on silica gel eluting with heptane:EA 95:5 to give (6-
chloro-4-methyl-pyridin-2-yl)-diethyl-amine (1.15 g) as a colourless solid; LC-MS: tr
= 1.05 min, [M+1]" = 198.97.

b) To a solution of (6-chloro-4-methyl-pyridin-2-yl)-diethyl-amine (5.35 g, 26.9
mmol) in DME (75 mL), 2,4,6-trivinylcyclotriboroxane pyridine complex (6.48 g, 26.9
mmol, prepared according to F. Kerins, D. F. O'Shea J. Org. Chem. 67 (2002)
4968-4971) followed by 2 M aq. KoCOs solution (25 mL) is added. The solution is
degassed and put under argon before Pd(PPhs)s (560 mg, 0.485 mmol) is added.
The mixture is stirred for 15 h at 80°C. Another portion of Pd(PPhs)s (560 mg, 0.485
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mmol) is added, and stirring is continued for 6 h. The mixture is cooled to rt, diluted
with diethyl ether and washed with sat. ag. NaHCOs. The org. extract is dried over
MgSOQ.,, filtered and concentrated. The remaining yellow oil is purified by prep.
HPLC to give diethyl-(4-methyl-6-vinyl-pyridin-2-yl)-amine (1.51 g) as a colourless
oil; LC-MS: tz = 0.68 min, [M+1]" = 191.05. "H NMR (CDCl3): 1.20 (t, J=7.0 Hz, 6
H), 2.25 (s, 3 H), 3.56 (q, J = 7.0 Hz, 4 H), 5.32 (dd, J = 10.5, 2.3 Hz, 1 H), 6.23
(dd, J=17.1,2.0 Hz, 1 H), 6.23 (s, 1 H), 6.36 (s, 1 H), 6.65 (dd, J = 17.3, 10.5 Hz,
1 H).

c) A solution of diethyl-(4-methyl-6-vinyl-pyridin-2-yl)-amine (457 mg, 2.40 mmol),
N-methyl-morpholine-N-oxide (885 mg), and OsO4 (5 mg, 20 umol, 200 uL of a
2.5% solution in tert.-butanol) in acetone (16 mL) and water (2 mL) is stirred at rt for
18 h. The mixture is diluted with EA (200 mL) and washed with water (50 mL). The
org. extract is dried over MgSQO,, filtered and concentrated to give crude 1-(6-
diethylamino-4-methyl-pyridin-2-yl)-ethane-1,2-diol (550 mg) as a brown oil; LC-MS:
tr = 0.55 min, [M+1]" = 225.03. "H NMR (CDCls): 61.20 (t, J = 7.0 Hz, 6 H), 2.27 (s,
3 H),351(q,J=7.0Hz 4 H), 3.71 (dd, J = 11.3, 5.8 Hz, 1 H), 3.75 (s br, 1 H),
3.88 (dd, J=11.0,3.8 Hz, 1 H), 4.62 (t, J=4.8 Hz, 1 H), 6.22 (s, 1 H), 6.33 (s, 1 H).
A solution of the above crude 1-(6-diethylamino-4-methyl-pyridin-2-yl)-ethane-1,2-
diol (550 mg, 2.45 mmol) and NalO,4 (857 mg, 4.01 mmol) in THF (18 mL) and
water (3 mL) is stirred at rt for 7 h before another portion of NalO4 (524 mg, 2.45
mmol) is added. Stirring is continued for 16 h. The mixure is diluted with EA,
washed with water, dried over MgSQ,, filtered and concentrated to give crude 6-
diethylamino-4-methyl-pyridine-2-carbaldehyde (427 mg) as a green oil; LC-MS: tg
= 0.55 min, [M+1]* = 193.01; "H NMR (CDCls): 61.22 (t, J= 7.0 Hz, 6 H), 2.34 (s, 3
H), 3.60 (q, J=7.0 Hz,4 H), 6.49 (s, 1 H), 7.04 (s, 1 H), 9.89 (s, 1 H).

d) A solution of 6-diethylamino-4-methyl-pyridine-2-carbaldehyde (427 mg, 2.22
mmol) and hydroxylamine hydrochloride (232 mg, 3.33 mmol) in NMP (10 mL) is
stirred at 80°C for 3 h, then at 90°C for 10 h under microwave irradiation. The
solution is cooled to 0°C before pyridine (1.10 g, 11.3 mmol) and trifluoromethane
sulfonic anhydride (3.15 g, 11.2 mmol) is added. The mixture is warmed to rt and
stirred for 18 h before it is diluted with DCM (100 mL) and washed with 10% aq.
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citric acid solution (50 mL) followed by sat. aq. NaxCOs solution. The org. extract is
dried over MgSOQy, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 7:3 to give 6-diethylamino-4-methyl-pyridine-2-
carbonitrile (329 mg) as a pale yellow solid; LC-MS: tg = 1.02 min, [M+1]" = 190.02.
"H NMR (CDCl3): 61.19 (t, J = 7.0 Hz, 6 H), 2.28 (s, 3 H), 3.52 (q, J = 7.0 Hz, 4 H),
6.44 (s, 1 H), 6.74 (s, 1 H).

e) To a cold (0°C) solution of potassium tert.-butylate (494 mg, 4.40 mmol) in
methanol (10 mL), hydroxylamine hydrochloride (262 mg, 3.73 mmol) is added. The
mixture is stirred for 30 min before 6-diethylamino-4-methyl-pyridine-2-carbonitrile
(238 mg, 1.26 mmol) is added. Stirring is continued at rt for 18 h before the solvent
is evaporated. The residue is dissolved in 1 N ag. HCI. The solution is extracted
with EA. The pH of the aqg. phase is adjusted to pH ~9 by adding sat. aq. NaHCO:s.
The mixture is extracted with EA and the org. extract is dried over MgSO,, filtered,
concentrated and dried to give 6-diethylamino-N-hydroxy-4-methyl-pyridine-2-
carboxamidine (241 mg) as a yellow oil; LC-MS: tg = 0.69 min, [M+1]" = 223.05.

2,6-Dimethyl-isonicotinic acid hydrazide
H
N
© “NH,

X

| -
To a solution of 2,6-dimethyl-isonicotinic acid (1.59 g, 10.5 mmol),
hydrazinecarboxylic acid tert-butyl ester (1.42 g, 10.7 mmol) and DIPEA (6.06 g,
31.5 mmol) in DMF (33 mL), TBTU (4.05 g, 12.6 mmol) is added. The suspension is
stirred at rt for 2 h before it is diluted with EA:diethyl ether 1:1 and washed with 1 N
ag. NaOH solution. The washing is extracted three times with DCM, acidified and
extracted again with DCM. The combined org. extracts are dried over MgSOQOys,
filtered and concentrated to give crude N'-(2,6-dimethyl-pyridine-4-carbonyl)-
hydrazinecarboxylic acid tert-butyl ester (2.79 g) as a brown oil. This material is
dissolved 5 M HCI in dioxane (14 mL) and the resulting solution is stirred at rt for 3
h. The solvent is removed in vacuo and the residue is purified by MPLC on RP-Cg
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silica gel to give 2,6-dimethyl-isonicotinic acid hydrazide hydrochloride (1.71 g) as a
beige solid; LC-MS: tr = 0.15 min, [M+1]" = 166.10.

2-Ethyl-6-methyl-isonicotinic acid hydrazide
H
N
© “NH,

X

| P
The title compound is prepared in analogy to 2,6-dimethyl-isonicotinic acid
hydrazide hydrochloride starting from 2-ethyl-6-methyl-isonicotinic acid; '"H NMR &
146 (t, J=7.6 Hz, 3 H), 2.87 (s, 3 H), 3.15(q, J=7.6 Hz, 3 H), 8.14 (s, 1 H), 8.16
(s, 1 H).

2-Isobutyl-6-methyl-isonicotinic acid hydrazide
H
N
© “NH,

x

| -

To a solution of 2-isobutyl-6-methyl-isonicotinic acid (83 mg, 0.359 mmol) and
DIPEA (186 mg, 1.44 mmol) in DMF (6 mL) is added TBTU (127 mg, 0.395 mmol)
at rt. The mixture is stirred for 45 min before 1 M hydrazine in THF (1.44 mL, 1.44
mmol) is added and stirring is continued for 2 h. The mixture is diluted with ether
(200 mL) and washed with 1M aq. HCI (3 x 5 mL), 1M aqg. NaOH (3 x 5 mL) and
brine (5 mL). The org. phase is separated, dried over MgSOQO., filtered and
evaporated. The crude product is purified on prep. TLC plates with DCM containing
4% of methanol to give 2-isobutyl-6-methyl-isonicotinic acid hydrazide (37 mg) as a
yellow oil; LC-MS: tr = 0.44 min, [M+1]" = 208.10.

2-(1-Ethyl-propyl)-6-methyl-isonicotinic acid hydrazide



10

15

20

69 ng colourless oil / 82 HO

0.78 311.17 39 ng white solid /
WO 2009/024905 PCT/IB2008/053269
101
H
Ox No
NH,
A
S
N

The title compound is prepared in analogy to 2-isobutyl-6-methyl-isonicotinic acid
hydrazide starting from 2-(1-ethyl-propyl)-6-methyl-isonicotinic acid; LC-MS: tg =
0.49 min, [M+1]" = 222.02.

2-Diethylamino-6-methyl-isonicotinic acid hydrazide
H
N
© “NH,

X

Nig l\[\
The title compound is prepared in analogy to 2-isobutyl-6-methyl-isonicotinic acid
hydrazide from 2-diethylamino-6-methyl-isonicotinic acid; LC-MS: tr = 0.47 min,
[M+1]" = 223.14.

General Method for the Preparation of 3,5-Dipyridyl-[1,2,4]Joxadiazoles
N

_( N
S N
o L~

To a solution of the appropriate pyridine carboxylic acid (1 eq.) and DIPEA (3 eq.)
in DMF is added PyBOP (1.05 eq.) at 0°C. The mixture is stirred for 15 min at 0°C.
The appropriate N-hydroxy pyridine-carboxamidine (1.05 eq.) is added and stirring
is continued for 1 to 8 h at 0°C to rt. The reaction is monitored by LC-MS. Upon
complete conversion, the reaction is quenched with water and sat. aq. NaHCOg3-
solution. The mixture is extracted with diethyl ether, EA or DCM. The org. extracts
are dried over MgSO,, filtered and evaporated to give the crude hydroxyamidine
ester. This material is dissolved in dioxane and the resulting solution is stirred at
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70-90°C for 4 to 24 h. The solvent is removed in vacuo and the crude product is
purified by either CC on silica gel, chromatography on prep. TLC plates or by HPLC
to give the desired 3,5-dipyridyl-[1,2,4]Joxadiazol in 30-80% yield.

General Method for the Preparation of 2,5-dipyridyl-[1,3,4]thiadiazoles

s

N—

To a solution of the appropriate pyridine-carboxylic acid (1 eq.) and DIPEA (3 eq.)
in DCM (20 mL/mmol), TBTU (1 eq.) is added. The mixture is stirred for 5 min
before the appropriate pyridine-carboxylic acid hydrazide (1 eq.) is added. The
mixture is stirred at rt for 1 h before it is diluted with DCM, washed with water, dried
over MgSOQy, filtered and concentrated. The remaining residue is dissolved in THF,
Lawesson’s reagent (2 eq.) is added and the mixture is stirred at 110°C for 6 min
under microwave irradiation. The mixture is diluted with EA, washed with sat. aq.
NaHCOs, and concentrated. The crude product is purified by chromatography on
prep. TLC plates or by prep. HPLC to give the desired 2,5-dipyridyl-
[1,3,4]thiadiazole in 3-44% yield.

Examples 1 to 27
Pyridine\__N
e )—Pyridine?
O-N

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,

the following examples are prepared:

LC-MS Amount
Ex. No. | Pyridine’ Pyridine? , .
yriew y | wming MeHT |
(as acid) (as hydroxyamidine)
1 N | 7 W 059 |29506 | 32mg
— white solid
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Pyri di nel

WQB0MB24985 [ mi n] [ MFFI] Anpunt Form 83

(as acid) Pyridine2 (as hydroxyam di ne)

0. 58 3ZBCPB28M/053269

ng beige solid /I K -0 84 0.61 343.04 24 ny
off-white solid 103
2 N\ / ---------- \N 0.62 309.11 22 mg
— white solid
3 N\ / ---------- \N 0.72 337.16 44 mg
— pale yellow
resin
4 o 3 0.60 311.11 59 mg
N/ N ' ' off-white
solid
HO
— N 68 mg
5 N ) 0.77 337.13
\ /| — N pale yellow
— resin
6 N\ / ---------- \N 0.63 309.03 42 mg
— colourless
oil
7 N\ / ---------- \N 0.67 323.12 4 mg
— colourless
oil
8 N / ----- 0.68 323.16 37 mg
\ \ . ,
_____ N white solid




/ -0 85 1.11* 359.03 65 ng white solid
N ( / -0
WO 2009/024905 PCT/IB2008/053269
104
9 N\ ---------- / \N 0.70 337.13 575 mg
— colourless
resin
10 NG| 7 W 079 |36517 | 70mg
— white solid
11 N | 7\ 069 |33915| 96mg
— beige resin
HO
12 N | 7 W 070 |35218 | 86mg
. brownish oil
N_
13 N\ ---------- / \N 0.72 366.19 87 mg
— . brownish oil
_/
TN N
14 N\ _____ / N 0.84 365.52 75mg
- coloulress
oil
15 N ) | - N 0.61 339.15 ,
/ _ beige
—N N— powder
\ /




86 N 0.59 324.01 16 ny

pal e yell ow oil

\

) NH 87 N 0.61 338.07 22 ng white solid \ /
WO NI9/024905 PCT/IB2008/053269
105
16 N )| N 0.63 353.18 .
\_/ _ beige
—N\ N— powder
17 N [ 7\ 070 |366.18 | 89mg
N . beige solid
AN
18 N\ / ---------- / \N 0.62 340.13 70 mg
N — yellow foam
— HO
19 N ) | N 0.61 353.42 ,
\_/ __ beige
—N N— crystalline
A / .
solid
20 NG| 2N 066 |367.17 | 25mg
N — . yellow resin
AN _/
21 N N e / \N 0.67 352.17 S0 ms
\_/ _ brownish
—N crystalline
> solid
22 N | 7 W 069 |38118| 20mg
N — . yellow resin
)~ ~




88 0.57 324.13 22 ng white solid / -N\
89 N 0.63 352.16 17 ng colourless oil

WO 2009/024905 PCT/IB2008/053269
106
23 N\ Vaul e / \N 0.65 379.17 8 mg
N . \ beige solid
(D —
93 mg
24 | /N | - / \N 0.77 323.12
— _ pale yellow
\N / oil
34 mg
25 | _/ N\ |- / \N 0.81 337.15
— __ colourless
\N / oil
26 | / \N 0.87 365.18 62 mg
A — pale yellow
N ol
34 mg
27 R 7\ 0.85 [337.40 |  white
\ N/ """ crystalline
solid

Example 1: "H NMR (CDCls): §1.40 (t, J = 7.5 Hz, 3 H), 2.66 (s, 6 H), 2.70 (s, 3 H),
2.95(q, J=7.5Hz, 2 H), 7.73 (s, 2 H), 7.75 (s, 2 H).

Example 3: '"H NMR (CDCls): §0.99 (d, J = 6.5 Hz, 6 H), 1.40 (t, J = 7.5 Hz, 3 H),
2.19 (hept, J = 6.5 Hz, 1 H), 2.67 (s, 3 H), 2.69 (s, 3 H), 2.75 (d, J = 7.3 Hz, 2 H),
2.95(q, J= 7.8 Hz, 2 H), 7.67 (s, 1 H), 7.73 (s, 1 H), 7.75 (s, 2 H).

Example 4: '"H NMR (CDCls) 61.40 (t, J = 7.5 Hz, 3 H), 2.70 (s, 6 H), 2.96 (q, J =
7.5Hz, 2 H), 3.78 (s br, 1 H), 4.86 (s, 2 H), 7.75 (s, 2 H), 7.84 (s, 2 H).
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Example 6: 'H NMR (CDCls): 6 1.03 (t, J = 7.5 Hz, 3 H), 1.77-1.89 (m, 2 H), 2.66
(s, 6 H), 2.69 (s, 3H), 2.88 (t, J = 7.5 Hz, 2 H), 7.72 (s, 3 H), 7.74 (s, 1 H).

Example 13: "H NMR (Dg-DMSO): 60.92 (d, J = 6.5 Hz, 6 H), 1.11 (t, J = 6.8 Hz, 3
H), 2.06-2.17 (m, 1 H), 2.41 (s, 3 H), 2.60 (s, 3 H), 2.72 (d, J = 7.0 Hz, 2 H), 3.06 (s,
3 H), 3.63 (q, J = 7.0 Hz, 2 H), 6.98 (s, 1 H), 7.04 (s, 1 H), 7.73 (s, 1 H), 7.80 (s, 1
H).

Example 14: 'H NMR (CDCls): 60.98 (d, J = 6.5 Hz, 6H), 0.99 (d, J = 6.3 Hz, 6H),
2.13-2.28 (m, 2 H), 2.43 (s, 3 H), 2.68 (s, 3 H), 2.77 (d, J = 7.3 Hz, 4 H), 7.68 (s, 1
H), 7.74 (s, 1 H), 8.16 (s, 1 H), 9.14 (s, 1 H).

Example 15: 'H NMR (CDCls): §2.51 (s, 3 H), 2.55 (s, 3 H), 3.19 (s, 6 H), 3.22 (s,
6 H), 7.07 (s, 2 H), 7.15 (s, 2 H).

Example 23: "H NMR (CDCls): §1.21 (t, J = 7.0 Hz, 3 H), 2.02-2.10 (m, 4 H), 2.50
(s, 3 H), 2.53 (s, 3H), 3.14 (s, 3 H), 3.56 (m, 4 H), 3.70 (q, J = 7.0 Hz, 2 H), 6.92 (s,
1H),7.05(s, 1 H), 7.12 (s, 1 H), 7.15 (s, 1 H).

Example 25: 'H NMR (CDCls): 51.01 (d, J = 6.8 Hz, 6 H), 1.38 (t, J = 7.8 Hz, 3 H),
2.18-2.30 (m, 1 H), 2.46 (s, 3 H), 2.66 (s, 3 H), 2.80 (d, J = 7.3 Hz, 2 H), 2.92 (q, J =
7.5Hz, 2 H), 7.73 (s, 2 H), 8.22 (s, 1 H), 9.20 (s, 1 H).

Example 27: "H NMR (CDCls): 1.00 (d, J = 6.5 Hz, 6 H), 1.38 (t, J = 7.8 Hz, 3 H),
1.89-2.01 (m, 1 H), 2.48 (s, 3 H), 2.64 (d, J = 7.3 Hz, 2 H), 2.66 (s, 3 H), 2.92 (q, J =

7.5Hz, 2 H), 7.80 (s, 2 H), 8.10 (s, 1 H), 8.56 (s, 1 H).

Examples 28 to 33
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R[mn] [MtH]

exanpl es are prepared: Ex. No. Pyridi
Pyri di ne2 (as hydroxyam dine) LC- M +
Amount Form 91

a) 2-Chloro-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyri-

dine (1.68 g) is obtained as a white solid following the general method for the
preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles starting from 2-chloro-6-methyl-
isonicotinic acid (1.70 g, 9.91 mmol) and 2-ethyl-N-hydroxy-6-methyl-
isonicotinamidine (1.78 g, 9.91 mmol); LC-MS: tg = 0.79 min, [M+1]" = 315.03; H
NMR (CDCl3): 61.39 (t, J = 7.5 Hz, 3H), 2.68 (s, 3 H),2.72 (s,3H),2.94 (q, J=7.5
Hz,2 H),7.73 (s,2 H), 7.88 (s, 1 H), 7.96 (s, 1 H).

b) To a solution of 2-chloro-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-
6-methyl-pyridine (1 eq.), sodium tert.-butylate (5 eq.) and the appropriate amine (5
eq.) in dioxane (5-10 mL/mmol oxadiazol), a degassed solution of Xantphos (0.37
eq.) in dioxane followed by Pd(OAc). (0.21 eq.) is added. The mixture is stirred at
80°C in a sealed vessel for 20 h before it is filtered. The filtrate is concentrated and
the crude product is purified by prep. HPLC or on prep. TLC plates.

Scale LC-MS Amount
E I R
xampie [mmol] tg [min]  [M+H]" Form

No. R

28 HN— 1.27 0.58 310.10 107 mg yellow solid
29 0.953 0.81 324.12 70 mg yellow solid

HNJ 9y

30 HN4< 0.953 0.63 338.17 64 mg yellow solid
31 / 0.159 0.83 324.10 10 mg yellow resin
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32 N/ 0.159 0.87 338.13 10 mg yellow resin
\
33 N/ 0.159 0.92 352.15 7 mg yellow resin
A

Example 28: 'H NMR (CDCls): §1.39 (t, J = 7.5 Hz, 3 H), 2.52 (s, 3 H), 2.67 (s, 3
H), 2.93 (g, J = 7.5 Hz, 2 H), 3.02-3.06 (m, 3 H), 4.82 (s br, 1 H), 6.96 (s, 1 H), 7.22
(s, 1H),7.73 (s, 2 H).

Example 30: "H NMR (CDCls): §1.32 (d, J = 6.0 Hz, 6 H), 1.39 (t, J = 7.5 Hz, 3 H),
2.28 (s, 1 H), 2.51 (s, 3 H), 2.67 (s, 3 H), 2.93 (q, J = 7.3 Hz, 2 H), 3.92-4.00 (m, 1
H), 6.97 (s, 1 H), 7.19 (s, 1 H), 7.73 (s, 2 H).

Examples 12, 13 and 34 to 38

N* / R
AN _N —
O\N/ \ /N

a) 2-lsobutyl-4-[3-(2-chloro-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-py-
ridine (1.50 g) is obtained as a white solid following the general method for the
preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles starting from 2-isobutyl-6-methyl-
isonicotinic acid (2.50 g, 109 mmol) and 2-chloro-N-hydroxy-6-methyl-
isonicotinamidine (2.69 g, 10.9 mmol); LC-MS*: tr = 1.30 min, [M+1]" = 343.07.

b) To a solution of 2-isobutyl-4-[3-(2-chloro-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-
yl]-6-methyl-pyridine (1 eq.), sodium tert.-butylate (5 eq.) and the appropriate amine
(5 eq.) in dioxane (5-10 mL/mmol oxadiazol), a degassed solution of Xantphos
(0.37 eq.) in dioxane followed by Pd(OAc). (0.21 eq.) is added. The mixture is
stirred at 80°C in a sealed vessel for 20 h before it is filtered. The filtrate is
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concentrated and the crude product is purified by prep. HPLC or on prep. TLC

plates.
Scale LC-MS* Amount

Example | R [mmol] Form

No. tr [min]  [M+H]

34 HN— 0.159 0.97 338.09 3 mg pale yellow resin

35 0.159 1.11 380.17 4 mg pale yellow resin

HNJ g paley

36 HN4< 0.159 1.08 366.14 9 mg pale yellow resin

12 N/ 0.159 0.99 352.17 8 mg pale yellow resin
\

13 N/ 0.159 1.05 366.17 4 mg pale yellow resin
\

37 N/ 0.159 1.12 380.18 6 mg pale yellow resin
A

38 N/ 0.159 1.11 380.17 4 mg pale yellow resin

5 Examples 39 and 40

N/

\l/N —
/ /)R
O\N\N

a) 2-1sobutyl-4-[3-(2-chloro-3-methyl-5-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine (290 mg) is obtained as a white solid following the general method for the
preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles starting from 2-isobutyl-6-methyl-
10 isonicotinic acid (690 mg, 3.00 mmol) and 6-chloro-N-hydroxy-5-methyl-
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nicotinamidine (568 mg, 3.06 mmol); LC-MS*: tr = 1.17 min, [M+1]" = 343.28; H
NMR (CDCI3): 60.98 (d, J = 6.5 Hz, 6 H), 2.12-2.24 (m, 1 H), 2.50 (s, 3 H), 2.68 (s,
3H),277(d,J=73Hz,2H), 767 (s,1H),7.73 (s, 1 H), 8.30 (s, 1 H), 9.00 (s, 1

H).

b) To a solution of 2-isobutyl-4-[3-(2-chloro-3-methyl-5-pyridinyl)-[1,2,4]oxadiazol-5-

yl]-6-methyl-pyridine (1 eq.), Cs2CO3 (2.5 eq.) and the appropriate amine (5 eq.) in

dioxane (5-10 mL/mmol oxadiazol), a degassed solution of Xantphos (0.37 eq.) in
dioxane followed by Pd(OAc), (0.21 eq.) is added. The mixture is stirred at 90°C in

a sealed vessel for 20 h before it is filtered. The filtrate is concentrated and the

crude product is purified by prep. HPLC or on prep. TLC plates.

Scale LC-MS Amount
Example | R [mmol] Form
No. t [min]  [M+H]® 0
39 HN4< 0.06 0.74 366.15 | 2 mg pale yellow resin
40 N/ 0.06 0.74 352.13 | 3 mg pale yellow resin
\

Example 40: '"H NMR (CDCls): §0.99 (d, J = 6.5 Hz, 6 H), 2.14-2.24 (m, 1 H), 2.41
(s, 3H), 2.69 (s, 3 H), 2.78 (d, J = 7.5 Hz, 2 H), 3.03 (s, 6 H), 7.68 (s, 1 H), 7.74 (s,
1 H), 8.06 (s, 1 H), 8.87 (s, 1 H).

Example 41

A suspension of 2-ethyl-6-methyl-isonicotinic acid (80 mg, 0.397 mmol) in SOCI; (2

mL) is stirred at 65°C for 1 h. The now clear solution is concentrated and dried to

provide crude 2-ethyl-6-methyl-isonicotinic acid chloride. This material is dissolved




10

15

20

25

95 N 0.89 337.97 32 ng off-white solid [ 1\

WO 2009/024905 PCT/IB2008/053269
112

in THF (4.5 mL) and treated with 1 M hydrazine in THF (1.59 mL, 1.59 mmol). The
mixture is stirred at rt for 15 h before it is diluted with diethyl ether, washed with 1 M
aq. HCI followed by 33% aqg. KOH solution, dried over MgSQO,, filtered and
concentrated to give crude 2-ethyl-6-methyl-isonicotinic acid N'-(2-ethyl-6-methyl-
pyridine-4-carbonyl)-hydrazide (38 mg) as a white solid; LC-MS: tr = 0.47 min,
[M+1]" = 327.41. This material is dissolved in DCM (5 mL) and pyridine (42 mg,
0.536 mmol) followed by trifluoromethanesulfonic anhydride (91 mg, 0.322 mmol) is
added at 0°C. The mixture is stirred at 0°C for 2 h before another portion of pyridine
(42 mg, 0.536 mmol) and trifluoromethanesulfonic anhydride (61 mg, 0.214 mmol)
is added. Stirring is continued for 2 h. The mixture is diluted with DCM, washed with
water, dried over MgSOQO,, filtered and the solvent of the filtrate is evaporated. The
crude product is purified by prep. TLC with heptane:EA 7:3 to give 2-ethyl-4-[2-(2-
ethyl-6-methyl-4-pyridinyl)-[1,3,4]oxadiazol-5-yl]-6-methyl-pyridine (16 mg) as a
colourless oil; LC-MS: tr = 0.59 min, [M+1]" = 309.13; "H NMR (CDCls): 61.39 (t, J
=7.8Hz,6 H),2.68 (s,6 H),2.94 (q, J=7.5Hz,4 H), 7.70 (s, 4 H).

Example 42

~N

To a solution of 2-isobutyl-6-methyl-isonicotinic acid hydrochloride (41 mg, 0.178
mmol) and DIPEA (69 mg, 0.535 mmol) in DMF (2mL) is added TBTU (57 mg,
0.178 mmol) at 0°C. The mixture is stirred for 30 min at 0°C before 2-isobutyl-6-
methyl-isonicotinic hydrazide (37 mg, 0.179 mmol) is added. Stirring is continued
for 2 h. The mixture is diluted with ether (200 mL) and washed with 10% ag. citric
acid solution (3 x 10 mL), sat. aq. NaHCOs-solution (3 x 10 mL) and brine (10 mL),
dired over MgSOQy, filtered and concentrated to give crude 2-isobutyl-6-methyl-
isonicotinic acid N'-(2-isobutyl-6-methyl-pyridine-4-carbonyl)-hydrazide (70 mg) as a
yellow oil; LC-MS: tg = 0.60 min, [M+1]" = 383.25. A part of this material (45 mg,
0.119 mmol) is dissolved in DCM (7 mL) and pyridine (47 mg, 0.595 mmol) followed
by trifluoromethanesulfonic anhydride (37 mg, 0.131 mmol) is added at 0°C. The



10

15

20

25

96 0.96 365.07 (colourless 32 ng al nost oil
I N / 97
WO 2009/024905 PCT/IB2008/053269

113

mixture is stirred for 2 h at 0°C and 15 h at rt before it is diluted with DCM, washed
with water, dried over MgSOy, filtered and the solvent of the filtrate is evaporated.
The crude product is purified by prep. TLC with heptane:EA 2:3 to give 2-isobutyl-4-
[2-(2-isobutyl-6-methyl-4-pyridinyl)-[1,3,4]oxadiazol-5-yl]-6-methyl-pyridine (27 mg)
as a colourless oil; LC-MS: tg = 0.72 min, [M+1]" = 365.54; "H NMR (CDCls): 6§0.99
(d, J=6.5Hz, 12 H), 2.19 (hept, J = 7.0 Hz, 2 H), 2.68 (s, 6 H), 2.77 (d, J = 7.3 Hz,
4 H), 7.64 (s, 2H), 7.69 (s, 2 H).

Example 43

N/
AN I _N —
N
O\N/ \_/

a) 2-Chloro-4-[3-(2-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine (1.50
g) is obtained as a white powder following the general method for the preparation of
3,5-dipyridyl-[1,2,4]oxadiazoles starting from 2-chloro-6-methyl-isonicotinic acid
(499 mg, 2.91 mmol) and N-hydroxy-2-methyl-isonicotinamidine (550 mg, 2.91
mmol); LC-MS: tg = 0.78 min, [M+1]" = 287.01.

b) To a solution of 2-chloro-4-[3-(2-methyl-4-pyridinyl)-[1,2,4]Joxadiazol-5-yl]-6-
methyl-pyridine (200 mg, 0.698 mmol) in dioxane (10 mL), Pd(dppf) (11 mg, 14
umol) and isobutyl zink bromide (2.8 mL, 0.5 M in THF) is added. The mixture is
stirred at 80°C for 3 h before another portion of isobutyl zink bromide (2.8 mL) is
added. Stirring is continued at 80°C for 72 h. The mixture is cooled to rt, diluted with
water and extracted with EA. The org. extract is concentrated and the crude
product is purified by prep. HPLC to give 2-isobutyl-4-[3-(2-methyl-4-pyridinyl)-
[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine (22 mg) as a beige solid; LC-MS: tr = 0.71
min, [M+1]" = 309.12.

Example 44
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To a solution of 2-chloro-4-[3-(2-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine (160 mg, 0.558 mmol, Example 43 a)) in dioxane (10 mL), Cs,CO3 (636
mg, 1.95 mmol) and diethylamine (204 mg, 2.79 mmol) is added. The mixture is
degassed and put under N, before Pd(ll) acetate (25 mg, 0.112 mmol) and
Xantphos (116 mg, 0.201 mmol) is added. The mixture is stirred in a sealed vial at
90°C for 72 h before it is cooled to rt. The mixture is filtered and the filtrate is
evaporated. The crude product is purified on prep. TLC plates with heptane:EA 3:1
to give 2-diethylamino-4-[3-(2-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine (43 mg) as a yellow solid; LC-MS: tg = 0.66 min, [M+1]* = 324.15; "H NMR
01.26 (t, J=7.0Hz, 6 H), 2.51 (s, 3 H),2.71 (s, 3 H), 3.63 (q, J=7.0 Hz, 4 H), 7.01
(s,1H),7.09(s,1H),7.86(d,J=5.0Hz, 1 H),7.94 (s,1H),871(d, J=5.0Hz, 1
H).

Examples 45 to 50
Pyridine\__N
e )—Pyridine?
O-N

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,
the following examples are prepared:

LC-MS Amount
Example | Pyridine' Pyridine? . . u
Pie | Fynen Y | trmin] M+H] Form
No (as acid) (as hydroxyamidine)
45 NG 7\ 1.30* |351.16 | 17 mg

yellow oil




0.88 227.06 6 ng white solid

99 N 0. 60 309.99 27 ny
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46 0.75 353.20 18 mg
| \
N / """ _
) resin
OH
— /7
47 N\ / ---------- N 0.86 340.17 75mg
. orange oil
HN
>7 HJ
48 NG| 7\ 1.31* (33914 | 58mg
— ellow oil
O>7 y
— /7
49 N\ / ---------- N 0.74 349.17 142 mg
— yellow resin
50 _ 1.36* |35211 | 65mg
N ) | 7 W yellow solid
_N}

* LC run under basic conditions, i.e. eluting with a gradient of acetontrile in water

containing 13 mM of ammonium hydroxide; otherwise identical conditions.

Examples 51 to 58

Pyridine\__N
\r )—Pyridine?

O-N
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Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,
the following examples are prepared:

LCMS Amount
xample | Pyridine yridine t [min] [M+H]* Forr
No. (as acid) (as hydroxyamidine)
51 \ /7 | / \N 0.87 337.16 42 mg
N — pale yellow
oil
52 (¢ | e / \N 0.85 337.17 45 mg
— — colourless
) N/ oil
53 \ /7] / \N 0.84 323.15 82 mg
N — white solid
= /7
54 \ N/ ----- N 0.86 337.16 91 mg
— white solid
= /7
55 \ N/ ----- N 0.93 365.16 85 mg
— white solid
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o/
56 - 1.08 353.16 155 mg
\ N/ ----- \N pale yellow
— oil
O/ {
57 N | - N 0.89 355.08 35 mg
\ / —
N colourless
HO oil
O/ {
58 N i\ ESES N 0.96 352.78 73 mg
\_/ — pale yellow
solid
Example 51

"H NMR (CDCls): 61.00 (d, J = 6.5 Hz, 6 H), 1.39 (t, J = 7.5 Hz, 3 H), 2.19-2.29 (m,
1 H), 2.49 (s, 3 H), 2.66 (s, 3 H), 2.81 (d, J = 7.5 Hz, 2 H), 2.92 (q, J = 7.8 Hz, 2 H),
7.20 (s, 1 H), 7.78 (s, 2 H), 8.01 (s, 1 H).

Example 53

"H NMR (CDCl3): 61.00 (d, J = 6.3 Hz, 6 H), 1.92-2.03 (m, 1 H), 2.62 (d, J = 7.0 Hz,
2H), 2.65 (s, 6 H), 2.72 (s, 3 H), 7.62 (d, J = 7.8 Hz, 1 H), 7.78 (s, 2 H), 8.09 (d, J =

7.8 Hz, 1 H).

Example 56

"H NMR (CDCl3): 51.38 (t, J = 7.5 Hz, 3 H), 2.17-2.28 (m, 1 H), 2.65 (s, 3 H), 2.78
(d, J=7.3Hz, 2 H),2.91(q, J = 7.5 Hz, 2 H), 3.98 (s, 3 H), 6.87 (d, J = 2.3 Hz, 1
H), 7.70 (d, J = 2.3 Hz, 1 H), 7.77 (s, 2 H).

Examples 59 to 70
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Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,
the following examples are prepared:

LCMS Amount

Ex. No. | Pyridine' Pyridine? u

x. No yridine yridine tw [min] [M+H]" .

(as acid) (as hydroxyamidine)

59 — 0.62 309.14 28 mg
N\ /A 4 \N white solid

60 _ | - / \N 1.16* | 323.26 9 mg
N /T — colourless

resin

61 — 0.72 337.19 44 mg
N\ /A 4 \N beige oil

62 — 1.32* | 351.26 10 mg
N\ /A 4 \N colourless

— resin




103 N /\ 0.80 338.05 13 ng beige solid /
WO 2009/024905 PCT/TB2008/053269
119
63 0.82 365.27 137 mg
N N | / \N beige oil
\ / =
64 0.84 379.28 83 mg
N -\ | / \N beige resin
\_ / —
65 1.24* | 337.18 15 mg
N AN / \N yellow solid
\_/ —
37 mg
66 0.69 335.07 _
__ VAR brownish
N e |77 N .
N/ _ solid
17 mg
67 | (| / \N 0.71 309.17
_ _ pale yellow
N\ Ve solid
34 mg
68 | ¢ | / \N 0.76 323.16
_ _ pale yellow
N\ Ve solid
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69 | ¢ | - 4 \N 0.95 339.03 99 mg
" — — 5 white solid
N/ /
70 0.96 367.10 22 mg
| ... / \N brownish
N / """ _ _
\ solid
O
\
Example 63

"H NMR (CDCl3): §0.99 (d, J = 6.5 Hz, 12 H), 2.20 (hept, J = 6.8 Hz, 2 H), 2.68 (s,
6 H), 2.80 (d, J = 7.3 Hz, 4 H), 7.70 (s, 2 H), 7.75 (s, 2 H).

Example 66
"H NMR (CDCls): §1.72-1.95 (m, 6 H), 2.13-2.23 (m, 2 H), 2.67 (s, 6 H), 2.69 (s, 3
H), 3.26-3.35 (m, 1 H), 7.73-7.75 (m, 3 H), 7.76 (s, 1 H).

Example 69

"H NMR (CDCls): §1.00 (d, J = 6.5 Hz, 6 H), 2.14-2.25 (m, 1 H), 2.58 (s, 3 H), 2.70
(s,3H),2.78(d,J=7.5Hz,2H),4.01(s,3H),7.31(s,1H),7.48 (s, 1 H), 7.69 (s,
1H),7.75 (s, 1 H).

Examples 71 to 82
Pyridine\__N
e )—Pyridine?
O-N

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,
the following examples are prepared:



/

18 ng beige solid

105

KN 0. 84 352. 09

WO 2009/024905 PCT/IB2008/053269
121
LC-MS
Ex. No. | Pyridine' Pyridine? e ] MHT Amount
R |
(as acid) (as hydroxyamidine) Form
N= 20m
N\ g
71| N Ve / 0.76 | 309.02
\ / _ N brownish
solid
N= \
72 C )| 7\ 0.66 |341.01 | 36mg
— yellow oil
73 N= /W 084 [33503| 12mg
\ / — yellow oil
74 N= ] /W 0.87 |349.07 | 31mg
\_/ — yelllow solid
_*( N= 79 mg
75 o~ ) |- 7\ 0.88 |339.11
_ colourless
oil
A
o— /7 7 mg
76 \ /.. 2N 129* | 339.16
__ pale yellow
solid
N NT
o—\ 10 mg
77 \ /| . 7\ 093 |353.07
__ pale yellow
solid




/ 106 0.89 323.41 4 ny
white solid
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_\ N=
N—& ) 5 mg
78 /N | 4 \N 0.77 |338.12
__ pale yellow
resin
[ /N4§\:/> ---------- N 0.80 352.23 colourless
oil
( N= VAR 64 mg
80 N \ /7 | N 0.84 366.23
< _ colourless
oil
N N=
N— ) 69 mg
81 \ / | .. 4 \N 0.84 366.26
_ colourless
oil
HO
82 N e | 7 N 0.78 311.17 . .
N\ / _ white solid
Example 75

"H NMR (CDCls): §1.38 (t, J = 7.5 Hz, 3 H), 1.43 (d, J = 6.3 Hz, 6 H), 2.29 (s, 3 H),
2.67 (s, 3H),2.93 (q, J = 7.5 Hz, 2 H), 5.44-5.52 (m, 1 H), 7.73 (s, 2 H), 8.15 (s, 1
H), 8.86 (s, 1 H).

Examples 83 to 90
Pyridine\__N
e )—Pyridine”
O-N

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,

the following examples are prepared:
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LC-MS
Ex. No. | Pyridine' Pyridine? e ] MEHT Amount
R
as aci as hydroxyamidine
—N 7
83 \ / ---------- N 0.58 328.95 33 mg
g — beige solid
84 — 2 061 |aa304| 1M
\ / | N ' ' off-white
—0 solid
85 —N 1.11* 359.03 65 mg
---------- 7\ > ™9
\ / L white solid
—0
=N / \ 16 mg
86 \ /7 | N 0.59 324.01
__ pale yellow
>*NH oil
—N \
87 \ /7 | / N 0.61 338.07 22 mg
}NH — white solid
—N 4
88 \ /7 | / N 0.57 32413 22 mg
—N\ — white solid
=N VR 17 mg
89 \ /7 | N 0.63 352.16
\_ __ colourless
N oil
AN
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90 \ /7 | N 0.62 352.16
- colourless
N .
\ oil
Example 87

"H NMR (CDCls): §1.31 (d, J = 6.3 Hz, 6 H), 1.38 (t, J = 7.8 Hz, 3 H), 2.58 (s, 3 H),
2.66 (s, 3H),2.92 (q, J= 7.5 Hz, 2 H), 3.77-3.86 (M, 1 H), 4.27 (d, J = 7.5 Hz, 1 H),
6.48 (d, J= 2.3 Hz, 1 H), 7.30 (d, J = 2.3 Hz, 1 H), 7.80 (s, 2 H).

Example 88

"H NMR (CDCls): §1.38 (t, J = 7.8 Hz, 3 H), 2.62 (s, 3 H), 2.66 (s, 3 H), 2.92 (q, J =
7.8 Hz, 2 H), 3.14 (s, 6 H), 6.56 (d, J = 1.3 Hz, 1 H), 7.42 (d, J = 1.8 Hz, 1 H), 7.80

(s, 2 H).

Examples 91 to 113

1

O-N

Pyridine _N
e )—Pyridine?

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,

the following examples are prepared:

LC-MS Amount
Ex. No. | Pyridine’ Pyridine?
x. No yridine yridine t [min] [M+H]" o
(as acid) (as hydroxyamidine)
— N
91 N )| N\ 073 |29496 | 35mg
— white solid
N
92 — | - /" \ 0.82 |323.00 43 mg
N\ ya = white solid




N WO 2009/ 024905PCT/ | B2008/ 053269 127 109
) 0.88 337.02 34 ng white solid
WO 2009/024905 PCT/IB2008/053269
125
—
N
03 |- /" N\ 0.89 |337.07 | 42mg
\ /7 — yellow oil
94 |N )y | 7\ 0.89 |323.48 15 mg
N= pale yellow
solid
95 el /N 0.89 |337.97 32 mg
N= off-white
solid
32 mg
96 _— | - 7\ 0.96 |365.07
_ almost
Van N
) colourless
oil
—
97 — | - /N 0.93 |380.10 48 mg
\ ) N= yellow oil
— N \
08 Pl / 0.88 |227.06 6 mg
— white solid
— N \ 27 mg
9 | Ny | / 0.60 |309.99
/ _ colourless
HN— oil
A
100 |N )y | / 061 |356.08| 32mg
— NJ pale yellow
_/ solid




/ ? N- 0.84 352.06 13 ng white
solid / ?110
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101 N\ Yl A 0.64 370.07 22 mg
NJ pale yellow

_/ solid

102 — 0.83 323.02 8 mg
N /7 | \ colourless

resin

—N

103 — 0.80 338.05 13 mg
N\ J | A beige solid

104 — 0.88 337.05 17 mg
N | A white solid

—N

105 — 0.84 352.09 18 mg
N\ J | \ beige solid

106 N\ Yo \ 0.89 323.41 4 mg
white solid

107 N )| \ 093 |33750 | 11mg
beige solid

108 — 0.84 323.00 3 mg
N ) | 7\ white solid

N—
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109 — 0.88 |337.02| 34mg
)| 7\ white solid
N
—
110 |/ e 0.84 |352.06| 13mg
)| 7\ white solid
N
NG e[ /N 0.85 |323.01 11 mg
N= white solid
12 (N |- /N 093 |33749 | 26mg
N= yellow solid
\
0
113 — 7 079 |339.03| 62mg
J | white solid
N
Example 95

"H NMR (CDCl3): §0.97 (d, J = 6.8 Hz, 6 H), 1.38 (t, J = 7.8 Hz, 3 H), 2.22 (hept, J
=6.8Hz,1H),245(s,3H),267(s,3H),2.78(d,J=7.3Hz,2H),293(q,/=7.8

Hz, 2 H), 7.11 (s, 1 H), 7.78 (s, 2 H), 7.87 (s, 1 H).

Example 98

"H NMR (CDCls): §0.98 (d, J = 6.5 Hz, 6 H), 1.39 (t, J = 7.5 Hz, 3 H), 2.02 (hept, J
= 6.8 Hz, 1 H), 2.57 (d, J = 7.3 Hz, 2 H), 2.69 (s, 3 H), 2.70 (s, 3H), 2.94 (9, J= 7.5
Hz, 2 H), 7.14 (d, J= 0.8 Hz, 1 H), 7.82 (s, 2 H), 7.85 (d, J = 0.8 Hz, 1 H).

Example 99
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"H NMR (CDCls): 1.38 (t, J = 7.5 Hz, 3 H), 2.58 (s, 3 H), 2.67 (s, 3 H), 2.93 (q, J =
8.3 Hz, 2 H), 2.97 (s, 3 H), 6.49 (d, J = 2.0 Hz, 1 H), 7.26 (d, J = 2.3 Hz, 1 H), 7.78
(s, 1H),7.79 (s, 1 H)

Example 109

"H NMR (CDCls): §0.99 (d, J= 6.5 Hz, 6 H), 1.30 (t, J = 7.5 Hz, 3 H), 2.13-2.25 (m,
1 H),2.45 (s, 3H),2.69 (s, 3H), 2.73-2.80 (m, 4 H), 7.79 (s, 1 H), 7.83 (s, 1 H),
8.01 (s, 1 H), 8.59 (s, 1 H).

Example 113

"H NMR (CDCls): §0.99 (d, J = 6.8 Hz, 6 H), 2.14-2.24 (m, 1 H), 2.29 (s, 3 H), 2.69
(s,3H),2.78(d,J=7.0Hz,2H),4.04 (s,3H),7.69 (s, 1H),7.80 (s, 1H),7.84 (s,
1 H), 8.49 (s, 1 H).

Example 114

a) 2-Bromo-6-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-4-methoxy-pyridine
(24 mg) is prepared following the general method for the preparation of 3,5-
dipyridyl-[1,2,4]oxadiazoles starting from 6-bromo-4-methoxy-pyridine-2-carboxylic
acid (150 mg, 0646 mmol) and N-hydroxy-2,6-dimethyl-isonicotinamidine (107 mg,
0.646 mmol); LC-MS: tr = 0.76 min, [M+1]" = 360.91.

b) 2-Diethylamino-6-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-4-methoxy-
pyridine (5 mg) is obtained as a yellow oil by treating above 2-bromo-6-[3-(2,6-
dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-4-methoxy-pyridine (24 mg, 66 umol)
with diethylamine under Buchwald conditions as described for Example 44; LC-
MS*: tr = 1.08 min, [M+1]" = 354.27; "H NMR (CDCls). §1.26 (t, J = 7.3 Hz, 6 H),
2.66 (s, 6 H), 3.63 (q, J = 6.8 Hz, 4 H), 3.94 (s, 3 H), 6.13 (s, 1 H), 7.20 (s, 1 H),
7.75 (s, 2 H).
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He, 2 H), 2.93 (q, J = 7.8 5 . 7.11 (s, 1 H),
7.78 (s, 2 H), 7.87 (s, H)1%xanp|e 08 1H NMWR
(CDCI3): 80.98 (d, J= 6.5 Hz, 6 H), 1.39 (t, J= 7.5
Hz, 3 H), 2.02 (hept, J = 6.8 Hz, 1 H), 2.57 (d, J =
Exbriplg112 M, 269 (s, 3 ). 2.70 (s, 3 M), 2.94 (q, J

2 H, 7.14 (d, J= 0.8 Hz, 1 H), 7.82 (s, 2
H), 785(d/J\N/0\8Hz 1 H). Exanple 99 WO
2009/ 024905PCT/ 1B2008/ 053269 128 1H NMR (CDCI3): 8 1
.38 (t, J =7 , 3 H), 2.58 (s, 3 H, 2.67 (s, 3
H, 2.93 (q, . 2.97 (s, 3 H), 6.49 (d,
J =20 =2.3Hz, 1H, 7.78 (s,
1H, 7.79 (s, | eN109 1H NMR (CDCl 3):
60.99 (d, J= 6. 730 (t, J= 7.5 Hz, 3 H),
2.13-2.25 (m 1 H), 2.45 (s, $ H), 2.69 (s, 3 H),
2.73-2.80 (m 4 H), 779(s 1 H), 783(s 1 H), 8. 01

mpl e 113

s, 1 H, 859 (s, 1H.
2-DigtiIaiast-(342(hy sy Py G Pyl )-{ B2 OBz Qi E4-methoxy-

pygfb%e |328r8&5re03 rg%pelagg%ggéiarﬁpl?%@ I_ﬁ%éi’* tJ —‘1l_'b30m";'¥ [M+1]" =

368.84 (s, 1H) 8.49 (s, 1 . 15 Exampl e 114 -N NcN
a)
2- Bronp- 643- (2, 6-di met hyl-4-pyridinyl)-[1, 2, 4] oxadi azo
o met hoxy-pyridine (24 ng) is prepared
Eﬁac')ﬁ?%vl\j%% the general nethod for the preparation of
3,5- dipyridyl41, 2, 4] oxadi azol es starting from
6- br ono- 4- xy-pyridine-2-carboxy|ic 20aci d (150
ny, 0646 d
N- hydr oxy-23g-
0.646 muol); LC NB:
2-Diethyla mi ngy€
nyl)-[1, 2, 4] oxad i
is obtained as a yell ow oil
2-bronD-6-[3 (2,6- 25
li g ] .
2@'%@% | néf |bgblﬁ‘té|1é$ r{wéth? 4\}3%?91'&'15)69? ?]éo%néﬁlgﬁag’gé/p%%dme is
obmjnedvdhdamajogly ttoolﬁzsarapledéﬁcstlattmg from B(lan’pim/l -B4methyl-isonicotinic

iU 7 Ty o BT S NASIE B mo. 26
= 6 4 ; 6 o _
urvol L‘}:-ﬁgs,t!zt?_-?g'?&(asﬁrﬁﬁﬂ{ﬁ \]%219.99, HRME: (cbc'fl'%). 588, J=68
H2 @082 49 qhEET L/ BBBL0S 326 2 628, BXENL.27 35 = 7.5 Hz, 2 H), 7.64

(s,1H), 7.70 (s, 3 H).

I ol

I coti nam di ne (107 ng,

mn, [Mt1l] = 360.91. b)
I methyl-4-pyrid i
- 4-/met hoxypyri dine (5 ng)
treati ng above

Example 117

Pyridine\__N
\r )—Pyridine®
O-N

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,

the following examples are prepared:



10

2-Diethyla mi
nyl) 41, 2, 41oxad i azol

no- 6-[ 3- ( 2- et hyl

- 6- et hyl
-5-y1] - 4- met hoxy5pyridine is

-4-pyrid |

WEe@par4os i n anal ogy to Exanple 114; LC M5*: tIRCHIBR20A8353269
mn, [M1l] = 368.27. Exanple 6 0- N"IV) \
102, 6-Di nmet hy1-4-[2-(2-i sobul 8- 6- net hyl - 4- pyri di ny1l) -
34} oxadiazet—5—yH—py+idi-re—+s—ehtatnred—+h—-analogy
to Exarrple 42 startijng from LC-MS
B iINeo buRyridtifee 'met hy| - iBdee%i nic acid (40 174 | Amount
i I mol)| and 2, 6-di net i soni cotl ni ¢ |aleil ”HyHY"éi'Z'i de  Form
(35 n,(@EEd) ol ) ; Lésw drexyamigingd min, [Ml] =
32279 81 00 (d, J= 6.8 Hz, 6 H,
2.19 ( Hz,lH) 2.68 (9, 9 H, 2.77 (d,
I 7 b4 15(s/ 1 H, 7.t0ofs. |3ebl00 | 90 mg
Exanpl o idine2 WO
2009/ 0 8/-0%3269N130 Ex. [No. Pyri di nel | (eddourless
aci d) hydr mdine) UCGM tR [m n] i
[ M+H] 7 11 0.97 365.09 90 my|col our|ess ©
oi |

Example 117

"H NMR (CDCl3): §1.39 (t, J = 7.5 Hz, 3 H), 1.71-1.80 (m, 2 H), 1.83-1.95 (m, 4 H),
2.07-2.16 (m, 2 H), 2.67 (s, 3 H), 2.93 (q, J = 7.5 Hz, 2 H), 3.21-3.30 (m, 1 H), 4.03
(s, 3 H),7.31 (s, 1 H), 7.51 (s, 1 H), 7.74 (s, 2 H).

Examples 118 to 123

Pyridine1\rs )
| Pyridine
N\N/>— y

Following the general method for the preparation of 2,5-dipyridyl-[1,3,4]thiadiazoles,

the following examples are prepared:

LC-MS A t
Ex.No. | Pyridine’ Pyridine” tr [min] [M+H]" llorl:
(as hydrazide (as acid)
118 N\_/ ---------- /_\N 0.98 |339.12 6 mg
pale yellow
solid




[ERN

\/ o) Exanpl e 117 1H NMR

(CDCI3): 81 .39 (t, J=7.5Hz, 3 H, 1.71-1.80 (m 2
wWo200902985 1. 95 (m 4 2.07-2.16 (m 2 H), 2rGIIK2808/33269
2 21-3.30 (m 1 H), 4.03

.%319'(3, 1 H, 7.74 (s, 2

i dinale 1 Y NN ri i naD
T 1 LR B AL EE™] == l TNV 1 "l LB LELELAYX

H) ,
H, 2.93 (q, J= 7.5 Hz,
5(s, 3 H, 7.31 (s, 1
[ 1

Evamlaoac 119 t+ n
ulrJl T - L4

F6I I Icmi for the |preparation of
5-di [ i axol es, 10t|he.foll j
1iga_rrp! : . . Pyridi Hepé(asg%g)%azi de4 mg
Pyri di [mn] [N+H Ampunt colourless
resin
120 o 2
N\ Vi N 1.07 353.12 27 mg
— white solid
121 N\ Vi 4 \N 1.14 367.12 23 mg
— colourless
resin
122 N\ Yo / \N 112 354.12 27 mg
\ N — yellow solid
AN
123 N\ Yo / \N 1.19 368.14 44 mg
\ N — yellow solid
AN

Example 120
"H NMR (CDCls): §0.86 (t, J = 7.3 Hz, 6 H), 1.79 (quint, J = 7.5 Hz, 4 H), 2.64-2.71
(m, 10 H), 7.52 (s, 1 H), 7.55 (s, 1 H), 7.59 (s, 2 H).

Example 121

"H NMR (CDCls): 0.86 (t, J= 7.3 Hz, 6 H), 61.39 (t, J = 7.5 Hz, 3 H), 1.79 (quint, J
=7.3Hz,4H),2.64-2.71 (m,7 H),293(q, J=7.8 Hz, 2 H), 7.52 (s, 1 H), 7.56 (s, 1
H), 7.59 (s, 2 H).

Example 122



Form 118 0.98 339.12 6 ny pale yellowsolid N [ /

K WD 2009/ 024905PCT/ | B2008/ 053269 131
WA 1®9/0240005 353.09 4 ny colourless resin N  PCT/IB2008/053269
132

"H NMR (CDCl3): 61.24 (t, J = 7.3 Hz, 6 H), 2.48 (s, 3 H), 2.66 (s, 6 H), 3.62 (q, J =
7.3Hz, 4 H), 6.85 (s, 1 H), 6.94 (s, 1 H), 7.57 (s, 2 H).

Examples 124 to 128
1

Pyridine _N
e »—Pyridine?

O-N

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,
the following examples are prepared:

LC-MS Amount
Ex. No. | Pyridine’' Pyridine® , .
y y | twming (MHHT |
(as acid) (as hydroxyamidine)
—N {
124 \ /717 / N 0.82 | 339.01 | 8 mg white
— solid
0
\
—N {
125 \ /1 / N 0.86 | 353.04 | 5 mg white
— crystalline
0 :
\ solid
N
126 N\ e /_ —N 0.87 338.02
\ /
N
127 — /_ —N 0.91 352.04
N/ \ /7
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i/ 120 1.07 353.12 27 ng white
solid N>/

WO 2009/024905 PCT/IB2008/053269
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N/_
128 — /_ —N 0.98 380.10
N \ /"~
Example 125

"H NMR (CDCls): §0.96 (d, J = 6.5 Hz, 6 H), 1.38 (t, J = 7.5 Hz, 3 H), 2.00 (hept, J
= 6.8 Hz), 2.59 (d, J = 7.3 Hz, 2 H), 2.66 (s, 3 H), 2.92 (q, J = 7.8 Hz, 2 H), 4.05 (s,
3 H), 7.78 (s, 1 H), 7.80 (s, 2 H), 8.47 (s, 1 H).

Example 127

"H NMR (CDCl3): §1.25 (t, J=7.0 Hz, 6 H), 1.39 (t, J= 7.5 Hz, 3 H), 2.37 (s, 3 H),
269 (s,3H),295(q,J=75Hz,2H),3.64 (q,J=6.8Hz, 4 H),6.47 (s, 1H),7.29
(s,1H),7.77 (s, 2 H).

Example 128

"H NMR (CDCls): §1.00 (d, J = 6.5 Hz, 6 H), 1.25 (t, J = 7.0 Hz, 6 H), 2.14-2.25 (m,
1H),2.37(s,3H),2.69(s,3H),278(d, J=7.3Hz,2H),3.64(q,J=7.0Hz, 4 H),
6.47 (s,1H),7.29(s,1H),7.71 (s, 1H), 7.77 (s, 1 H).

Example 129

=N

a) To a solution of 2-methyl-6-(2-methyl-propyl)-isonicotinic acid (3.80 g, 16.5
mmol) in DCM (50 mL), DIPEA (10.7 g, 82.7 mmol) followed by TBTU (6.37 g, 19.9
mmol) is added. The mixture is stirred at rt for 10 min before N,O-
dimethylhydroxylamine (1.94 g, 19.9 mmol) is added. The mixture is stirred at rt for
1 h before it is diluted with DCM, washed with sat. aq. NaHCOg3, followed by water,
dried over MgSQy, filtered and concentrated. The crude product is purified by CC
on silic gel eluting with heptane:EA 1:1 to give 2-isobutyl-N-methoxy-6,N-dimethyl-
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121 1.14 367.12 23 ng colourless resin /
122
WO 2009/024905 PCT/TB2008/053269
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isonicotinamide (3.37 g) as a colourless oil; LC-MS: tzg = 0.61 min; "H NMR (CDCls):
00.95(d, J=6.8 Hz, 6 H), 2.06-2.18 (m, 1 H), 2.60 (s, 3 H), 2.69 (d, J=7.3 Hz, 2
H), 3.37 (s, 3H), 3.57 (s,3H),7.13 (s, 1 H), 7.18 (s, 1 H).

b) To a solution of 2-isobutyl-N-methoxy-6,N-dimethyl-isonicotinamide (410 mg,
1.74 mmol) in THF (10 mL), methyl magnesium bromide (1.17 mL of a 3 M solution
in ether, 3.47 mmol) is added at 5°C. The mixture is stirred at 5°C for 1.5 h. The
reaction is quenched by adding NH4Cl. The mixture is diluted with EA (50 mL),
washed with sat. ag. NaHCOg, dried over Na,SOy, filtered and concentrated. The
crude product is purified by CC on silica gel eluting with heptane:EA 4:1 to give 1-
(2-isobutyl-6-methyl-pyridin-4-yl)-ethanone (280 mg) as a colourless oil. LC-MS: tr
= 0.84 min; '"H NMR (CDCls): §0.96 (d, J = 6.5 Hz, 6 H), 2.08-2.20 (m, 1 H), 2.62
(s, 3H),265(s,3H),2.74 (d, J=7.3Hz,2H),7.37 (s, 1H),7.42 (s, 1 H).

c) A solution of hydroxylamine hydrochloride (120 mg, 1.732 mmol) in water (0.5
mL) and 1 N ag. NaOH (1.2 mL) is added to 1-(2-isobutyl-6-methyl-pyridin-4-yl)-
ethanone (276 mg, 1.44 mmol). The solution is stirred at 80°C for 2 h and MeOH is
added to maintain homogeneity of the mixture. The mixture is cooled to rt and the
precipitate that forms is collected, washed with water and dried in vacuo to give 1-
(2-isobutyl-6-methyl-pyridin-4-yl)-ethanone oxime (258 mg) as a white solid; "H
NMR (Ds-DMSO): 00.88 (d, J = 6.5 Hz, 6 H), 1.98-2.10 (m, 1 H), 2.13 (s, 3 H), 2.45
(s, 3H),2.56(d,J=7.0Hz,2H),7.22 (s, 1 H),7.27 (s, 1 H), 11.54 (s, 1 H).

d) To a solution of 1-(2-isobutyl-6-methyl-pyridin-4-yl)-ethanone oxime (125 mg,
0.606 mmol) in pyridine (0.4 mL), p-toluenesulfonyl chloride (127 mg, 0.667 mmol)
is added at 5°C. The mixture is stirred at 5°C for 15 h before another portion of p-
toluene sulfonyl chloride (63 mg, 0.334 mmol) is added. Stirring is continued for 5 h.
The solvent is evaporated and the remaining residue is partioned between water
(15 mL) and EA (25 mL). The org. phase is separated, washed with water, dried
over MgSOQ., filtered and concentrated. The crude product is purified by CC on
silica gel eluting with heptane:EA 3:1 to 2:1 to give 1-(2-isobutyl-6-methyl-pyridin-4-
yl)-ethanone oxime p-toluenesulfonic ester (177 mg) as a pale yellow oil; LC-MS: tg
= 0.99%, [M+1]" = 361.04.
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<K 1.12 354.12 27 ng yellow solid / \-N\ _
123 <K 1.19 368.14 44 ng yellow solid / \-N\ _
WE2@024903120 1H NVR (CDCl 3): 80.86 (t, J = 7. 3P¢#]B2608/053269
H, 1.79 (quint, J = 7.5 Hz, (4 H), 2.64-2.71 (m 10
H, 7.52 (s, 1 H, 7.55 (s, 13%), 7.59 (s, 2 H).

e) A solution of potassium ethanolate (24% in water, 0.3 mL) is added to a solution
of 1-(2-isobutyl-6-methyl-pyridin-4-yl)-ethanone oxime p-toluenesulfonic ester (500
mg, 1.39 mmol) in EtOH (1.7 mL) at 5°C. The mixture is stirred at rt for 1 h. The
mixture is diluted with ether and stirred for 30 min before it is filtered through celite.
The filtrate is concentrated and dissolved in ether (25 mL). 2 N aq. HCI (15 mL) is
added and the mixture is stirred at rt for 1 h. The org. phase is separated and
extracted with 2 N aq. HCI (3x20 mL). The aq. extracts are combined and
concenctrated to give crude 2,2-diethoxy-2-(2-isobutyl-6-methyl-pyridin-4-yl)-
ethylamine dihydrochloride (453 mg) as a yellow resin; LC-MS: tg = 0.84*, [M+1]" =
281.23.

f) To a solution of 2,6-dimethyl-4-pyridine carboxylic acid hydrochloride (159 mg,
0.849 mmol) in DMF (6 mL), EDC (244 mg, 1.27 mmol) and HOBt (172 mg, 1.27
mmol) is added. The mixture is stirred at rt for 15 min before ethyl diisopropylamine
(439 mg, 3.37 mmol) and a solution of 2,2-diethoxy-2-(2-isobutyl-6-methyl-pyridin-
4-yl)-ethylamine dihydrochloride (300 mg, 0.849 mmol) in DMF (0.5 mL) is added.
The mixture is stirred at rt for 4 h, diluted with EA (30 mL), and washed with sat. aq.
NaHCOs3 (15 mL) and brine (15 mL). The org. extract is dried over Na>SOy, filtered
and concentrated. The crude product is purified on prep. TLC plates with DCM
containing 5% of methanol to give N-[2,2-diethoxy-2-(2-isobutyl-6-methyl-pyridin-4-
yl)-ethyl]-2,6-dimethyl-isonicotinamide (444 mg) as a colourless resin; LC-MS: tr =
0.89%, [M+1]" = 414.11; "H NMR (CDCl3): 60.91 (d, J=6.5Hz, 6 H), 1.26 (t, J=6.8
Hz, 6 H), 2.01-2.13 (m, 1 H), 2.55 (s, 6 H), 2.59 (s, 3 H), 2.67 (d, J = 7.3 Hz, 2 H),
3.40-3.49 (m, 2 H), 3.52-3.61 (m, 2 H), 3.86 (d, J = 5.5 Hz, 2 H), 5.80 (s br, 1 H),
7.04(s,2H),7.10(s,1H),7.16 (s, 1 H).

g) To a solution of N-[2,2-diethoxy-2-(2-isobutyl-6-methyl-pyridin-4-yl)-ethyl]-2,6-
dimethyl-isonicotinamide (60 mg, 0.177 mmol) in THF (4 mL), 25% aqg. HCI (50 pL)
is added and the mixture is stirred at 65°C for 2 h. Another portion of 25% aq. HCI
(50 pL) is added and stirring is continued at 65°C for 3 h. The mixture is cooled to
0°C, neutralized by adding 1 N ag. NaOH solution and extracted twice with EA. The

combined org. extracts are dried over Nax;SOy, filtered and concentrated to give
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Exanpl e 121 1H NVR (CDCI 3): 0.86 (t, J= 7.3 H
81.39 (t, J= 7.5 Hz, 3 H, 1.79 (quint, J = 7.
woRg9RA20eds 2. 71 (m 7 H), 2.93 (g, J = 7.8 Hz, ECTvﬂBZOOS/OS3269
7.52 (s, 1 H, 7.56 (s, 1 H) g 59 (s, 2 H. Exanple
122 132 1H NVR (CDCI3): 81.2¥(t, J=7.3 Hz, 6 H),
e e os s y-@&(?iggégtyfigmgt%-pyrﬁﬁ’f ¥ 27@%_&%yl]dﬁ 6-dimethyl-
isdRiGeTMaAsdé 448 h%)la%sah Bedide 8il./PaMt BVleéjM%‘F@rlal'fQﬂnﬁw i8%urified on

t he gener aI od for the preparation of
prep 5Tl<.:£|3 pjates ysing, DCM oqal@inze 185, of methanal (btwgn@ N-[2-(2-isobutyl-6-

@B fils 2 R B LSy RpRR o &) as a pale
ye@&}@t&iﬁ LEOMS:Jt@‘J: 0.75<KM*§2=3350.93; & rvrhcoeIseld @97 (d, J = 6.5
Hz, 6 H), 2.09-2.21 (m, 1 H), 2.64 (s, 6 H), 2.67 (s, 3 H), 2.75 (d, J = 7.3 Hz, 2 H),
4.94 (d, J= 3.8 Hz, 2 H), 7.23 (s br, 1 H), 7.38 (s, 2 H), 7.42 (s, 1 H), 7.49 (s, 1 H).

A

h) To a solution of N-[2-(2-isobutyl-6-methyl-pyridin-4-yl)-2-oxo-ethyl]-2,6-dimethyl-
isonicotinamide (9 mg, 27 umol) in THF (1 mL), Burgess reagent (20 mg, 80 umol)
is added. The mixture is stirred at 60°C for 2 h before it is concentrated. The crude
product is purified on prep. TLC plates with DCM containing 5% of methanol to give
2-isobutyl-4-[2-(2,6-dimethyl-4-pyridinyl)-oxazol-5-yl]-6-methyl-pyridine (5 mg) as a
pale yellow wax; LC-MS: tr = 0.96*, [M+1]" = 322.12; "H NMR (CDCls): §1.00 (d, J
=6.8 Hz, 6 H), 2.13-2.24 (m, 1 H), 2.64 (s, 3 H), 2.66 (s, 6 H), 2.72 (d, J = 7.3 Hz, 2
H), 7.24 (s, 1 H), 7.31 (s, 1 H), 7.67 (s, 3 H).

Example 130: GTPyS assay to determine ECsp values

GTPyS binding assays are performed in 96 well microtiter plates (Nunc, 442587) in
a final volume of 200 ul, 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
(Calbiochem, 126609), 1 uM GDP (Sigma, G-7127), 2.5% DMSO (Fluka, 41644),
50 pM *S-GTPyS (Amersham Biosciences, 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 **S-
GTPyS. After addition of 50 pl of 35S-GTPyS, the assay is incubated for 1 h at rt.
The assay is terminated by transfer of the reaction mixture to a Multiscreen plate
(Millipore, MAHFC1HG60) using a cell harvester from Packard Biosciences, and the
plates are washed with ice-cold 10 mM Naz;HPO4/NaH,PO4 (70%/30%), dried,
sealed at the bottom and, after addition of 25 pl MicroScint20 (Packard



0\ 125 0.86 353.04 5 ng white crystalline solid
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Biosciences, order# 6013621), sealed on the top. Membrane-bound *S-GTPyS is

measured with a TopCount from Packard Biosciences.

ECso 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.

Agonistic activities (ECsp values) of all exemplified compounds are in the range of
0.3 - 4250 nM with an average of 406 nM. Agonistic activities, determined
according to the method described above, of some compounds of Formula (I) are

displayed in Table 1:

Table 1:
Compound of Example | ECs [nM]

2 5.2

2.4

0.4

29 0.9

39 6.1

45 0.4

61 1.0

62 1.4

65 0.5

66 0.3

117 2.1

Example 131: Assessment of /In vivo Efficacy

The efficacy of the compounds of Formula (l) is assessed by measuring the
circulating lymphocytes after oral administration of 3 to 30 mg/kg of a compound of
Formula (l) to normotensive male Wistar rats. The animals are housed in climate-
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controlled conditions with a 12 h-light/dark cycle, and have free access to 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, Switzerland).

All data are presented as mean = SEM. Statistical analyses are performed by
analysis of variance (ANOVA) using Statistica (StatSoft) and the Student-Newman-
Keuls procedure for multiple comparisons. The null hypothesis is rejected when p <
0.05.

As an example, Table 2 shows the effect on lymphocyte counts 6 h after oral
administration of 10 mg/kg, or where indicated of 3 mg/kg, of some compounds of
the present invention to normotensive male Wistar rats as compared to a group of
animals treated with vehicle only.

Table 2:
Compound of Example Lymphocyte counts
3 -17+2%
6* -68%t3%
7 -69£3%
9 -81+1%
11* -55+3%
28 -66%t3%
30 -64£3%
48 -641+4%
58 -62+4%
59* -73+1%

* at a dose of 3 mg/kg.
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0. 98 380. 10 Exanpl e 125 1H
WORMINZDE 3): 80.96 (d, J= 6 5 Hz, 6 H), 1.38 FCT/IR2608/053269
7.5 Hz, 3 H), 2.00 (hept, :,2(338 Hz), 2.59 (d, J =
7.3 Hz, 2 H), 2.66 (s, 3H)1 92 (q, J = 7.8 Hz, 2
H, 4.05 (s, 53 H), 7.78 (s, 1 H), 7.80 (s, 2 H), 8.47
clhSnel M. Exanple 127 1H NMR (CDCI 3): 81.25 (t,
.0 Hz, 6 H), 1.39 (t, J= 7.5 Hz, 3 H, 2.37 (s, 3
H), 269 (s 3H), 2.95 (q, J = 7.5 Hz, 2 H), 3.64 (q,
6.47 (s, 1 H), 7.29 10(s, 1 H), 7.77
1(/§comnqmd@faﬁe¢swlalds 1H NMR (CDCI 3): 81.00 (d,
J= 6.5 Hz, 6 H), 1.25 (t, J=7.0Hz 6 H, 2.14-2.25
(m 1 H, 2.37 (s, 3 H, 2.69 (s, 3H, 2.78 (d, J =
7.

7.3 h, 2 H, 3 84p(fgire =L Rpyfidihe?
Formula (I)
wherein
Pyridine' represents
R? RS
— N— __
N ---* R’
\ / \ / \ 7/
N
R’ R* RS
RS —
— R®
/
R7 / I \ N
\ N R10
, or

wherein the asterisks mark the bond with which the Pyridine' ring is bound to A;

R’ represents Cy.s-alkyl, C14-alkoxy, Css-cycloalkyl, hydroxymethyl, or NR"R™;
R' represents Cy.4-alkyl;

R'™ represents hydrogen, or Cis-alkyl; or R'™ and R'™, together with the

nitrogen that is attached to the pyridine, form a pyrrolidine ring;

R? represents hydrogen, or Cis-alkyl, or in case R' represents Cy.s-alkyl or Css-

cycloalkyl, R? may in addition represent methoxy;

R® represents Cy.s-alkyl, C14-alkoxy, Css-cycloalkyl, or NR**R*;
R* represents Cy.4-alkyl;

R*® represents hydrogen, or Ci.3-alkyl;



156.47 (s, 1 H, 7.29 (s, 1 H, 7.71 (s, 1 H, 7.77

(s, 1 H. Exanple 129 ) a) To a solution of
W@2008024pD5 6- ( 2- met hyl - propyl ) -i soni cotini ¢ aci BCT/B328@/053269

g, 16.5 20 nmol) in DCM (50 n%ﬁ DI PEA (10.7 g, 82.7

mol ) foIIovved by TBTU (6 371 19.9 mml) is added.

The n1x [ ?tlrred at rt for 10 mn before N, O-

RJERETINN o Gl o HET0854 g, 199 mmol) i 5. added.

The m xture is stirred at rt for 1 h before it is

dlluted with DCM washed mnth _sat . aﬂ?
Rfrepressats By.s\adtybrmethaxgdooN R R sog |rBDr@SedtSa®dz alkyl;

con trated., The e product is purified by CC 250n
S|Iﬁgﬂé%9 8?UFH§@4a%Vﬂ hept ane: EA 1:1 to give
5 2- 1 FOPYBY ﬂesbh!?‘,eﬁ)}b%%er@ Nl gnakg WO

g009/024905PCT/182 8/ 053269 134 isonicotinam de &Wﬁa 6.
g)epééseé‘t%@m@m’és@’ rﬁﬁihOXM@fMSR tepresens1Cni-atkyh @r R
63 6.8 Hz, 6 H, 2.06-2.18 (m 1
ig %%p'%%ﬁ%% Yho (d, J = 7.3 Hz, 2 H), 3.37 (s,
3 HR® 3epréseats Bydger, T (salkil; H), 7.18 (s, 1 H). 5b)
To a solution of
2-isobutyl - N-net hoxy- 6, N-di net hyl -i soni coti nam de (410
n THF (10 ni), methyl magnesi um
10 ng 5%?1?*7)% of a 3Msolution in ether, 3.47 mmol)
erepmkmmsé)hzmyﬁdreﬂmrmwe is stirred at 5C for 1.5
h. The reaction is quenched by adding NH4Cl. The
mxture is diluted wth EA (50 nL), washed with sat.
R%@p r&RIAEe, Kf’d over Na2SO4, filtered and
goncentratea 10 crude product is purified by CC
onepriesents Get-akyliti ng with heptane: EA 4:1 to give 1-
15 (2-isobutyl-6-nethyl-pyridin-4-yl)-ethanone (280 ny)
as a colourless oil. LCGCMS: tR=0.84 mn; 1H NWR
A(éﬁ%%éam 80. 96 (d J = 6.5 Hz, 6 FD 2.08-2.20 (m 1
2 62 (s, 3 , 2. 65 (s 3 , 2.74 (d, J = 7.3 Hz,

37 (s, 1 FD (s 1 FD 150) solutlon of
"'hy i-ieé hydr o orl {120 ny Iy in
5nm) and 1 aq NaCH (1 2 |s dded to
utyl- 6- net hyN—pyNi di n- 4-y1) - eNhanNne (276
ny, 1 4 mmol Y. The solution is ’stirred at 80C for 2 h
«and MgQH i s added to negntain honpgeneity of the
~¢ng< The-m xture S oled to rt and the
pr e ipliale that for iEZﬁollected washed with water
and \dri in vacuo tg\give 1- 20
(2-1 y1l- 6- u@thyl- iNi n- 4=y1)-ethanone oxi me (258

wrget%lnﬁgeage_ds sin gatf tfél_!ﬁorNﬂd E]g% Iltr%l\gg 0 r%e Pgrlqsné 2[’”193
20 (s, 3 FD 2.56 (d, J .0 Hz, 2 H, 7. 22 (s, 1 H,
7.27 1 H, 11.54 (s 1 H. d To a solution of
Pyridipej éQﬂi%@"ltSG met hyl - pyri di n- 4-y1) - et hanone oxi me
(125 ng, 25 0.606 mMmol) in pyridine (0.4 ni),
p-tol uenesul fonyl chloride (127 ng, 0.667 nmol) is
R'added at 5C. The mixture is stgRtved at 5C for 15 h
efore another portion of p-tolyene sulfonyl chloride
, 0.334 nmol N5 ng i s continued
h. . The sol vent i s\evaporag ed and the remaining
e is partiongd befween
/' The org. phas
{ried 30 over My504}
R'ér ude product is Purified by G on silica gel eIutlng
wWith heptane: EA 3:1 to 2:1 to give
1- (2-isobutyl-6-nethyl-pyridin-4- yl)-ethanone oxine
p-tol uenesul fonic ester (177 ny) as a pale yellow oil;
LC-MsS: tR = 0.99*, [M+1] = 361.04. WO
2009/ 024905PCT/ 1B2008/ 053269 135 <€) A sol ution of
pot assi um et hanol ate (24%in water, 0.3 nlL) is added
to a solution of
1 (2 |sobuty1 6 nethyl pyrldln 4 yl) ethanone OXInE

oy NN ~ N s o~
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prep. TLC pl ates using DCM cont ai ni ng 10% of mnet hanol
to give N42-(2-isobutyl-6-
wWOoreaohpL49pyri di n- 4-y1) - 2- oxo- et hyl ] - 2, 6- di met hyPET/BR20084053269
tinam de (9 ng) as a pale E'\S/i_?( [low oil; LCMS: tR =
0.75*, [Mt1l] = 330.13; 1H N fCDCI 3): 80.97 (d, J =
6.5 Hp, 6 H, 2.09-2.21 (m 1 H), 2.64 (s, 6 H, 2. 67
H, 2.75 (d, J = 7. 7\ 2 H, 4.94 (d, J = 3.
2 , 7.23 (s w9 1 8 (s, 2 H, 7.42 (s, 1
1 H. h) To\s M1 on of
(i n-4-yl)-2-o0xo0-ethyl]-2
thyy/- 10 isonicot¥namde (9 ng, 2711nol) in
THF ( N Burgegs reageft (20 ng, 8011lnol) is added.
The m xture is stirred at 60C for 2 h before it is
whespinetherasterisks Tharkdha dongrwidfuwhiahsthe Ryridinef ring isrageind to A;
TLC plates with DCM cont ai ni ng 5% of nethanol to give
2-isobutyl-442-(2, 6-di nmethyl-4-pyridinyl)-oxazol -5-y1]
RY Gepretbiis-Oy-alkyN € (5l keRy, dgdoxyaiethylebt RNRMARLTY; LC- VB:
tR =0,96%, [M1] = 322.12; 1H NMR (CDCI3): 8 1 .00
(d, R 1mepresentsgorselkyl; 2.13-2.24 (m 1 H), 2.64 (s, 3

H) , g Js.f.-3 Hz, 2 H), 7.24 (s,
1 H)R,?' 7%%%'?%%‘?@38%%“&%@%. Exanpl e 130: GIPyS
R'3seprestntsduideogemerBa50alkgl ues 20GTP7S bi ndi ng assays
are perfornmed in 96 well mcrotiter plates (Nunc,
442587) in a final volunme of 200 pl, using nenbrane
qug&ggghﬂs@&_gp‘k CPNFErdge!3expr essi ng reconbi nant human
S1P1 receptor. XSsay condi tions are 20 nmM Hepes
(Fl RE repaage)ts Choelk) NaCl ( Fl uka, 71378), 5 mM MyCl2
(Fl Waean  63064),, ,0..1% BSA (Cal bi ochem 126609), 1 pM
Cop S ERECSs V950008 85/ el ko, 41644) 2550
R'PMste8eMERTS-6RYEr sham Bi osci ences, 5J1320). The pHis
7.4. Test conpounds are dissolved and diluted in 100%
DMSO and pre-incubated at roomtenperature for 30 mn

RS SegiaBels Grv a9 BRI RSP Al Spresialfeiaihie
ass®R51 feprésatheCad-dikyl; 1 h at rt. The assay is

term.pated by transfer of the reaction mxture to a
wul (R screpsesetatwdragen Or Crispdfd; ONAHFC1H60) usi ng a

16 te g ' i e , 64 h1isb.
S R S s SR I L S e
( 70R'SOrdpresarite @1.;sdlayled at the bottom and, after
addi {4eon of 25 pl M croScint 2 Packard WO
200 152@15@%@%@%9@@69'3?@& Bi osci ences, order#
6013621), seal ed on the top. Menbrane-bound 35S GIPyS
1i s nmeasured with a TopCount from Packard Bi osci ences.
R'EoppriesentseCooalkght r ati on of agoni st inducing 50 (:)/0
©f _the Lmal  specific 35S- 5 GIP7S bi ndi ng.
Rgﬁ%ﬁeﬁﬁﬁﬁh@?%ﬁ% ”beéﬁ%)ﬂﬁ ned by subtracting
non-speci fi c binding from maxi mal bi ndi ng. Maxi mal
ginding is the amount of cpm bound to the Miltiscreen
R'prepresentstGes-pik¥s @6e of 10 pM of S1P. Non-specific
bi ndi i.S~th unt of binding in the absence of an
Ragr%ﬂjieggnésrswc’fﬁglkgggay. 10Agoni stic activities (ECK
val ues) of all exenplified conpounds are in the range
of 0.3 - 4250 nMwith an average of 406 nM Agoni stic
withe§heexcergon @é?’é?rﬁth)é'ddf-abf%\ﬂBﬁ%’g’-qthy&”rr@y'm'hé ,4-oxadiazole;
descri bed above, of sone conpounds of Fornula (1) are
di spl ayed in Table 1: 15Table 1: Conpound of Exanple
or BCEOt ¢pfrddch2a Bordpbud4 8 0.4 29 0.9 39 6.1 45 0.4 61
1.0 62 1.4 65 0.5
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66 0.3 117 2.1 Exanple 131: Assessnent of In vivo
Ef fi cacy The efficacy of the conpounds of Fornul a

W@ pgovhst9essessed by neasuring the 20circul ati nRCT/IB2008/053269

| ynphocytes after oral adm m%}rati on of 3 to 30 ny/ kg
of a conmpound of Formula (1) nor not ensi ve mal e
Wst ar rata The .ani nmal s. are housedll#n clim

2. 26069 TPRYOS REFCTEDG IR/ P32 60 HETERY

aliyl tdr @Ségohsuérggbbﬁﬁ;dgngycl e, and have free access to
normal rat chow and drinking water. Blood is collected

before and 3, 6 and 24 h after drug adm nistration.

kér?é’lr%} 813{19' i@?g{@ﬂb?@%&gﬁ Boéggaip ﬂ)ff I%ﬁ'p? '?‘gb/resents hydrogen,

R'3vép28EhRIT).,- -affyPlof adRiieofents eonpbesd as mean SEM
Statistical analyses are performed by anal ysis of

vari ance (ANOVA) using Statistica (StatSoft) and the

I |

. iR eu RETERREa T PRROBG I 05 £ 4 ifen when <
Pyridihe' ddpréserts exanpl e, Table 2 shows the effect on
2Iyrrphocyte counts 6 h after oral adm nistration of 10
ng/ kg, or where indicated of 3 np/kf, of sone
ounds of the pre i nventi on {0 nornotensive
_I_Wstar rats as conpared to a gr of animals
-5 Tabl
e Lynphocyte 3 -772%
% 11* -553% 28 - % 30 -643%
R©9* -731% * at a ¢ggse of 3 ny/kg. {
2009/ 024905PCT/ 1B2008/ 053269’ R , or

%7 -693% 9
4% 58 -624%

wherein the asterisks mark the bond with which the Pyridine' ring is bound to A;

R' represents C..s-alkyl, Cz.s-alkoxy, cyclopentyl, or NR"R'®;
R' represents Cy.3-alkyl;
R'™ represents Cq-alkyl, or hydrogen;

R? represents Cq.-alkyl;

R® represents Co4-alkyl;
R* represents Cq.p-alkyl;

R® represents methyl;
R® represents Co4-alkyl;

R’ represents Co4-alkyl; and
R® represents methyl;

or a salt of such a compound.

@IW%%?%%MPW% or Cra-
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139 Cdainms 1. A conpound of Formula (1),

5Pyri di nel APyridine2 Fornmula (1) wherein wherein the
W@2i0e02eks mark the bond with which the Pyri di P&r/1B20081053269

is bound to A, 15 R1 represen}li C1_5-al kyl,

Cl_4- al koxy, C3_6-cycl oal kyl 1 ydr oxymet hyl , or

NRlaRl b; Rl a represents Cl _4-alkyl; Ri b represents

hydrogen, or Cl1 _3-alkyl; or Rla and Ri b, together with
5. U&‘%omddu%%cbﬁﬁﬁg kS afl bReIeIdiRsthe PWihétene, forma

pyrrolidine ring; R2" represents hydrogen, or
Pytidinearagyeseris i n case Rl represents Cl_5-al kyl or

C3-6- cycloalkyl, R2 may_4 n addition represent

nmet hoxy; R3 represents 5-al kyl, Cl1_4-al koxy,

C3_6-cycl oal kyl, or NR3a ; a represents

Cl 4-al kyl; 25R3b repres drogen, or Cl_3-al kyl;

WD 2009/ 024905PCT/ | B2008N053268"T40 R4 represents

Cl_4-al kyl, or hydrogen; presents Cl_5-al kyl,

nmet hoxy, or NR5aR5b; and represents Cl_2-al kyl; R5a

represents Cl_4-al kyl; 5R5b represents hydrogen, or
iR cssSameaRBRERY Yhich R s £ o o
or e eSENIcH SdahpdlLky!: - -.6b K represents hydrogen, or

Cl _3-al kyl; 1OR9 represents Cl _5-al kyl; R8 represents

Cl 2-al kyl, or methoxy; RO represents Cl_5-al kyl; R19

represents, Cl 2-al kyl: A represents Pyridine2 _4
6. BRESEINY seeria o™ dnod Bl 6875 ) '8, hABMR! pepresents C
aligst er b goxiyaickcibbentypnsk WR'PRWhiveHerb e RMY résteBertst Chg-alkyl and

:Ei b%hnd thHA? R?l ?gpresents ClL 4-al kyl, c@fs- al kogig}-, Y
R hyepresehis tydrogen, awrdi-a@kylhand R represents Cqo-alkyl;

or a salt of such a compound.

7. A compound according to any one of claims 1 to 6, wherein

A represents

*

- /N -
T

O—N ,

wherein the asterisk marks the bond that is linked to the Pyridine' ring;

or a salt of such a compound.

8. A compound according to any one of claims 1 to 7, wherein

Pyridine? represents

RM R'5

— N— —

N * R13 * o*
\ 7/ \ 7/ \ 7/
R12 R4 or R'6

H

wherein the asterisks mark the bond with which the Pyridine? ring is bound to A;
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5Rua represents Cl_3-al kyl; Rimrepresents hydrogen,

or Cl 2-alkyl; R12 represents hydrogen, or Cl_2-al kyl;
wRidsesents Cl_4-al kyl, or NR13aR13b; 10R1BEI/1B2008/053269

represents Cl_3-al kyl; R13b r ‘gresents hydr ogen, or

Cl_2-al kyl; Rl14 represents cl al kyl; R15 represents

Cl 4-al kyl, or NR15aR15b; and R16 represents

Cl 2-al kyl; 15Rl15a represents Cl_3-al kyl ; R15b

R ?%@%SH&%PMGR?%?gdr&@nﬂhﬁ 8 KR eROM. R15 1 epr esent s

%1 : represents Cl_4-al kyl, or
NR1 62 ﬁprewntséhrs@ik}ésents Cl_3-al kyl ; . 16b
kyl; 20 R17 represents

K 1 hy.d al
R s e AR et hr a8 11 2 or et by,

R1R18pr©g§hg8@m.g|k 4-al kyl ; and 25R2 represents
ClL 2-alkyl; wt ‘the excepti on of

3-(2-ethyl - 4-pyridyl)-5-(2-ethyl -4-pyridyl)-1, 2, 4- oxad

R BB SnB R BB 588580 243" & Compoune

accR'd n;j)regerﬁk&hmamyly\herel n R2 represents hydrogen,
or Cl4ys al or a salt of such a conpound. 3. A

n&un@%é%%?talhﬁarqg@”cpépwfw 2, wherein if R2 or
R1R1"e;5r%€éﬁ§e@bsﬁm¥gr ogen, 5R12 repr esents Cl_2-al kyl, or

a salt of suc conpound. 4. A conpound according to
any one of cI aims 1 to 3, wherein Pyridinel represents

e _ast er rk the bond with

?F&rﬁs?ﬂié ﬁi’w m@yL@pQ énéepésﬁlﬂ&n@ & gﬁ()(l( OR1L repr es\(lemnt s

R@? bkiglc, C§8Lk§l“ %'nH‘R('}e reﬁbé%bﬁfée@Wbi Pbrmmﬁﬁwb Rl a

repres ents |'; 15alb represenfs Cl_2-al kyl, or
hydrR) reprﬁ&errteﬁneﬁhwsam 2-al kyl ; R3 represents

yepregg'ntg%eldﬁ g %rg{:z-za”? ,kyl 20 R5 represents

ora salt of such a compound.

9. A compound according to any one of claims 1 to 8, wherein
Pyridine? represents

— N—
R12 or R14

wherein the asterisks mark the bond with which the Pyridine? ring is bound to A;

or a salt of such a compound.

10. A compound according to any one of claims 1 to 8, wherein
Pyridine? represents
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R6 represents C2_4-al kyl; R7 represents
C24-al kyl ; and 25R8 represents nethyl; or a salt of
W(sumh/oami)rrpound VO 2009/ 024905PCT/ 1B2008/ 05B2EB206K353269
5. A compound according to any_one of clains 1 to 4,
wher ei n Pyri di nel represents1 N Rl 5wherein the
@sterisk marks the bond with which the Pyridinel ring
is bound to A; or a salt of such a compound. 6. A
ound according to any one of clains 1 to 5,
in al represents C25-al kyl, C2_3-al koxy,
Ncycl opentyl, or NRlaR b, whereln R a represents
1 3/al kyl and 10Ri b represents hydrogen, or
-al kyl; and R2 represents Cl1_2-al kyl; or a salt of
R&uch a conpound 7. A conmpound accordlng to any one
of clains’l to 6, wherein A represents 150-N wherein

whédreinaseersterickmais theedmanith aich thel Pyrigate?ring Bebound to A;
Pyridinel ring, or a salt of such a conpound. 8.

or & T fcish HELHPAVAY t 0 any one of cl ai ms 1 to 7,
wherein 20Pyri di ne2 represents RL1R15 >"" - *R13\ /
___* R14 , or R16 wherein the asterisks mark the bond
11wi Ahcarhpaimd hecdrgirigitan ey minegofi claimusirdtot €0,Avherbint R¥L tepresents

b0 SIE0 Bua Al e Y Bl LR grresens

m&g,,¥|2 al kyl; 5R12 represents Cl_2-al kyl; R13 represents
4-al kyl, or NR13aR13b; Rl13a represents Cl_3-al kyl ;

orralﬂit <Dfam®sasno@pbyddogen, or Cl 2-alkyl; 10R14
represents Cl_2-al kyl; R15 represents Cl _4-al kyl, and
R16 represents Cl1_2-al kyl; or R15 represents

12C1A 2oAlpeyind a%&drdﬂﬂ@td @I@Trﬁ&%éléct@él.ﬁ%n@'tﬂ@’brom@f consisting of:
NR16aRl 6b; . represents Cl_3-al kyl; and

2-athyl-4-[34B,6-dimethyl-4- pwpﬁleglénﬁ% 2,419 ¥Rdigedt; 5. -wi-6anethykpyridine;

2-QlhyR j§ cgé e?@¥|-sé!ﬁ%t@g HQ%@Q) 192 T@W{]&?w -§9rﬂét‘?1'yf19yndme;

2-¢tbpl-2484iR2 9sobutyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;

2-propyl-4-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine;
2-propyl-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine;
2-isobutyl-4-[3-(2,6-dimethyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine;
2-isobutyl-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;
2-methylamino-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;
2-ethylamino-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;
2-isopropylamino-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;
2-diethylamino-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;
2-isobutyl-4-[3-(2-methylamino-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl]-6-methyl-
pyridine;
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R11 N, ---*R13 /\/ , orRl4 wherein the asterisks
mark the bond with which the Pyridine2 ring is bound
W@ 2008024995 a salt of such a compound. 10. PCT/IB2008/053269
conmpound accordi ng to any onf gf clainms 1 to 8,
wher ei n 25Pyri di ne2 represent®® WD 2009/ 024905 Ri11 N)

289yl 3 PP PG S BOKY - PMIRY E1og RBe gol-5 16

m&EPYROYIne 2 A conpound according to any one of
clains 1 to 10, wherein R' represents nethyl, ethyl,

2-Hyelihykprepyhyd-[3-tethyl-Brmathy|-4rpyicingt KL 241 oxadiazob 5R16-methyl-
rgg{esents nmethyl; or a salt of such a conmpound. 1012.

npound accordlng to claim1l selected fromthe

or @ SHHPOTSUBHI S EbMBoahd. o _

2-ethy|-4-[3-(2,6-d|nethy1-4-pyr|d|nyI)-[1,2,4]oxad|az
-5-y1]-6-net hyl - pyri di ne;

132 ,@EBngﬁgé%céarﬁ@%gﬂYé C|gll’Hqtd£@féCtéd gnh Y tolipl dorkigtng s

di'azo pyri

2-iBoptdpoixy 4-[B(2A-ethiys 6 riethi-6-pyeit imyl )-[4; 1 )oixe d iz b5 {yll-62 n¥dthy| -
oxadi azol - 5-y1] - 6- net hyl pyri di ne;

pyfl'g@-epropyl 4-[3- (2, 6-di net hy1-4- pyri dinyl) - [1 2, 4] oxad

2- 56 5[3112 %!Ezé thflyéf b?re‘“ﬁ?}' 1, 24oxa |az YIlG miﬁhoxy-

pyadwmzol 5- yl] nethyl pyrldlne

° éyiﬁ%ﬁg%/{#zéé ﬁy]yl glg/?nﬁw%{b (7 240 Oxadl 2o yJI]' pyri mé('adi
2 é’—'dhe?(ﬁ?m Y-?;L(Zd‘é?ﬁyq-% rﬁén‘bﬁ/iét-ﬁyﬂ'@hﬂﬂ[*r 5 ﬁdﬁé(ﬂéﬂ 18-gli-byRdiko

xadi azol di ne;

2-ispbutyl- 95[3((2,6ed|m&thﬂ Wn«}myl&{bﬁs4]cxw:a;olf&ym64¢tbxbﬂyraﬂzne

2-Bapdialp Rl G Windh The X PRRiazos Sy lpasingsmyriaine

3 O[3, GodirpRthiyH O 8/ridAy lblaal’al5l6thld
(.nge%ﬂ[) Zg@étﬁmeyﬁef@r'wﬁ?ﬁd]ﬁ% T zv]]]gfad?lapzy” ne

&z ﬁ;ﬂlmeﬁwrpmqﬁ@yl 1,2 4]oxad|azol 5-yl]-6-methyl-pyridine;

o ARSI 0o 2 I TRy 2l 8.

pyZidingpbut y1- 443- ( 2- nethylanlno 6-nmet hyl -4-pyridinyl)-[1

M {Zj&;ﬁéé—pﬁ%ﬁp g)g// %ygg/l)dh 2e 4]oxV\Q|azoI 5-yl]-6-methoxy-

y% r%obutyl 443- ( 2- |sopropylan1no 3- et hyl - 5- pyri di ny1)
9 4] oxadi azol -5-y1] -6- nethyl -pyridi ne; and
6- memy-lét—(rsypemtyk)ﬂy@@%-ﬁﬁnemybﬂmwmmyﬂm[ﬂ ti’yﬂ]ilzuapwzoblﬁwmpyrldme
[1 ,2,4] oxadi azol -5-y1]-6-nmethyl pyridine; 5 or a salt
gf such a compound. 13. A conpound according to claim
6-heBf) 2C(3epe ity I-20Q-8thUE-re&th§I-S1pyReingf)-[1,3,4]thiadiazol-5-yl
e??épr%pgiypﬂ4sf( - et hyl - 6- nZthdy qg}J|d|Jy1)41 f]
pyﬁdm@ azol - 5-y1] - 6- et hyl pyri di ne;

y1-443-(2-et hyl - 6-met hyl - 4-pyridinyl) 41, 2, 4]
0réﬁ%ﬁ'§§%#%§%§3%§8&ﬁ%thoxy- pyri di ne;
2, 6-di et hyl - 4- [3 (2 6- dlnethyl 4-pyridinyl)-[1

, 2 1C%Toxadlazol yridi ne;
145 PhPETAGRLEa] QOFBOEIADICOBRTSITG 8 SOFRRQUACkACEPIding ta By one of
1
oA ohutg 1 $aa0F S o0 MR maRorisply, oA a1 e BEiRga 210 @

phaoinabeytidallG -aetapiabjeycartiene;
152-i sobutyl-443-(2-ethyl -6-nmethyl -4-pyridinyl)-[1,2,4
] oxadi azol - 5-y1] - 6- et hyl - pyri di ne;
2-(3-pentyl)-4-[3-(2,6-dinethyl-4-pyridinyl)-[1, 2, 4] ox
adi azol - 5-y1] - 6- net hyl - pyri di ne;
2-cycl opentyl-443- (2, 6-di net hyl-4-pyridinyl)41, 2, 4] oxa
di azol - 5-y1] - 6- et hyl - pyri di ne;
6- met hoxy- 2- (3-pentyl)-4-[3-(2-ethyl-6-nethyl-4-pyrid
nyl)-[1 , 2, 4] oxadi azol -5-y1]- pyridine;
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202-cycl openty1-443-(2-ethyl - 6-nmethyl -4-pyridinyl)-[1
, 2, 4] oxadi azol - 5-y1] - 6- met hoxy- pyri di ne;
W@ 2000024905 2- ( 3- pentyl) - 442- (2, 6 di met hy1- 4- pyrPdi/mra)sab3269
, 3, 4] thi adi azol -5-y1] -pyridin and
6-nethy| 2-(3- pentyl) 442 (2%t hyl - 6- nethyl-4-pyridiny
1, 3, 4]t hi adi az - 25pyri di ne; salt of ,
&ro3EbH diRgoranG 10 T pREVTAAIE 2db KhriosiRasmaceuticall
ac%@ﬂﬂéblééé‘lg t%r@@ﬁ%‘?%ﬁhé\%e%ﬂﬁl é&nwt.&mc%rdmgaw@a&n 14, for
13, or a pharmaceutically acceptable salt thereof
us&r&;B ansg@icemeniceuti cal |y acceptable carrier. W
2009/ 024905PCT/ 1B2008/ 053269 147 15. A conpound
according to any one of clainms 1 to 13, or a

1ePhayugacent 4 Cabmpoass eatetimgs bt ahyese®f of Aaims 1 to 13, or a
phar maceuti cal conposition according to claim 14, for

ph@gr@aa@utspaﬂmoﬁ@sﬁéawe sslﬂﬁthergé & hecpiaperAtiprast or Bhargaceutical
t
ol Berb e 85 plefeliat dryeimdll 4 BRBPH B bk associated

withhan aeiheated dahmunengy@serhi on for the prevention or
treat ment of di seases or disorders associated with an
activated i mune system 1017. The use according to

17CI g@‘d%@ z‘;&foréhﬂs tBrc‘ff%i‘?rfﬁ BBy ‘?ﬁe F@\?érﬁ%ﬂtorotfreﬁhw%‘?ﬁ‘ﬁ%lseases or

I sorders selFecte romthe group consisting of
dlscmjel(st selected froanﬁm andwy congiatisg mjcnejmlom dhtnjmsplanted organs
ver, . heart un pancreas, cornea, an
sugb

TV S C gagegaepwamcoamta%@ Skis grafiyyersus-host

dléé&%@fé,pb i Q(Bbutalé? O§ fEr %IISY@QEFI%\%HO‘?ICl é{ﬂbm‘i’mune syndromes
r eUlTHt0| art rltlS mJtI eSC er osi s IamTatory

in¢ladieg roesmadaid asiicitis, meltgpde srlems& ldﬂ@”ewéora(rm)wel diseases such

h?&ir% (f $%CO| '@hd aglcgéglp{'gﬁéé gls %gﬁg)%%%d lsﬁéét'?é iatrtihf’itis thyroiditis

sugHegs reddtimbtss taymdits, dusm@tﬁuﬁsm@to@ﬁ: diyeRisks Ssuch as rhinitis,
conjunctivitis, dermatitis; asthma; type | diabetes;

Coﬁb%‘lCI'V'ﬁﬁe&eir@@ﬁt'%utaéth’fﬁ@méyRﬁ degiabetesic postr inépctious autoimmune
d|§%b§%§a§1 &dflﬁigﬁ?%gtl Q‘F,I(/%tl I%\fnacébgtulﬁfe&tlgu?mt_?lomeruIonephrltls solid

o canc
camém@r&ﬁimorﬂﬁetastass



