WO 2009/ 024905PC171E2008/ 053269 1 PYRI DI NE DERI VATI VES AS S1P1/ EDGL
RECEPTOR MODULATORS 5Fi el d of the invention The present invention rel ates
to S1P1 /EDGL receptor agonists of Forrmula (I) and their use as active

i ngr edi enW® 4902465 pr epar ati on of pharnmaceuti cal conpdxiiBoms/s33dve
invention also concerns rel ated aspectsg including processes for the
preparation 10 of the conpounds, pharnaceutical conpositions containing a
conmpound of the Formula (1), and their use as conpounds i nproving vascul ar
function and as i mmunonodul ati ng agents, either alone or in conbination
with ot her &ERNVEE OFRPGHURUS® 6f FRerfApi e CEITRBHeRGA8H¥d of the invention
The human i nmune systemis designed to defend the body against foreign

m cro- organi sms and substances that cause infection or disease. Conplex
regul atory nmechani snms ensure that the i mune response is targeted agai nst
the intruding 20 substance or organi sm and not against the host. In sone

cases,sthg%egd PH’FJﬂ’IlveHESHam sns are unregul ated and aut oi mmune responses
Iopv"$;TRNﬁnﬂnmaﬂ:

can deve e of the uncontrolled inflammatory response is

, I ti j Qi . Wth t t t, th
wnol e 1 e PasEne invebTt fafler' €St HETRE tarfolel Sdibir o By ik onct
to inf ect theirsudesaglasves RigeE®ENs iRINE PREIPATGEE! P MiphauabiticH| Ut poRitbhé. s cl ass
i ncl ude aigt hi opr.i ne, chl oranbucil, cycl ophospham de, cycl osporin,

, p or
met hot r exat'e NVeBIeN @88 1CeNEFAS rARIecHeSPESRIBCIHAMSAHABASSER 1) Tae SIARFEYS t he
i mmunegre |28 Ussisihig! t ment .
Nonst o o1 Ba e L P B e Safalhe £ Wl 5ede

i nf | ammat Femulaciheand, theieysexas HoMpeonss denadtieg siageulsf flengtion and as
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W t hout coorppoumdsiarghenampiese responses and with reduced side effects would
significantly inprove current treatnments of uncontrolled inflamatory
disease. 2 In the field of organ transplantati on the host inmune response
must be suppressed to prevent organ rejection. Organ transplant recipients
can exper Bapbk@rcadwieof bedavemtiogven when they are taking i nmmunosuppressive
drugs. Rejection occurs nost frequently in the first few weeks after

transpl antag ngmanbimiRi §ete@Ns *RERAEEI0 CRfRkRA 12 RRARPARINERRERHNORiSY.eN
years after transplantation. Conbinations of up to three or four

medi cat i oRSRAISESc BRATHOFIANSE] el gavse iiRelivinPpdbeasei GoMmlRy rraulatejyect i on
while m nh’!@cﬁérﬂgﬂ?eﬁfsu% sl e i%l'ﬁtﬁr?é“r? @g%%g{e‘t&? apﬁﬁgt Er% Fnrtr%ﬁhgt he
rejection of transplanted organs interféere wth screte Intracel l'uFar

pat hwalys Bubsigngeaet pigarnin aifd Tot ppainet B hpple Intddnee thees betd sonExlanpl es

of such d c osSpar.li aclliz b, basi lLiximb, everolinus, ,or
FK506, V\hh%%ﬁia'ﬁ%@ﬁ éfée Wgﬁb%?%k%ﬁde 5@?5‘&@8% ’%ﬁpaﬂaﬁ nE)E?n a§ Vteﬁupopf\i ne or

| ef | unom densegbénde iohtthbi tncumtlobed iidfarsyaidrnesespore kbsedaexygpar @grl i n, an
i nhi bi tor of |eukocyte di ffe&enti ation. The beneficial effects of broad

i mmnosypB?‘séfbesqf\}%'mi %ma%?'e\é”t &uﬂ'f@t FeRMserrhe Mo EMHREYEPT 1§ weually

gener al i ZgGhpr8¥8LA0HHAPTES Sbedy Whiasint RESeadfbt Ugs iRfREME di BBl %Q@é‘re%e

i mmune_ system s defense agai nst inféction and malignancies. Furthernore,

st andé? d POMDROYRshr d¥RIFdle divafydh athé dlassn indede aazakigiTingo setgerarmdngil.can
_ there i i ded
o compound P ESPheneled KV cLBEBAL: ot BB ekt 1R i WRhe st O

Pyri di nel infleprregiontand 2appresstibe énmunkercapbrsd, skay macke tshie bifeuds wittén whi ch

the Pyridjnel . .ri s b t : represents Cl 5-al kyl, 4- al koxy,
C3. 6-cycl gg%im !OQ%y%?rgx@%?, ﬁBPSﬁlﬁfﬂi qpﬁz-tﬂ%agnmgmrgsclé@% (I\&%@%IWI "R b
r epr esent eeduydrege randoinfi@inrdatdrk awever, Rineyasshilft Rontigegihekidel Eledibie

ni trogen Pat .S attached to the %/I‘I dine, forma pyrraolidine ring; R2

F epr e8nt Alepai Gy EeatEn ool apnts B! peiivaiese Hach GEPEER ALSAEE. 5-Al kyl or
C3-6- cycloalkyl, R2 may in addition represent nethoxy; R3 represents

Cl_5-al ky{)ral%acﬁv@'c&ﬁ?pbunﬂgmﬁthqmlﬁ@rﬂﬁdulatﬁg MBﬁéﬂﬁ@@; witiRsut B RIpRSBIRINg
Cl_4-al kyl ; b represents hydrogen, or Cl_3-alkyl; R4 represents

CL_4- al kylIMgRe HGBRQRGEN: 2RE Wilpriedesrds SGe Bifgrisy Wolleksigndiganity INRBARSh: and

R6 repres » X I = yl; R5b represents
hydr ogen. %ﬂfeﬁw&%&g%&%\&?ﬁk ug??ﬂrdll%@ iFRRth ARl adeadd



R5 represents C, 2-al kyl, or nmethoxy; and R6 represents Cl.5-al kyl, or
NR6aR6b; R68 represents Cl-4-al kyl; R6b represents hydrogen, or Cl.3-al kyl;
R7 represents Cl_5-al kyl; RO represents Cl_2-al kyl, or nethoxy; R9
represents Cl 5-alkyl; Rl represents Cl _2-al kyl; A represents R’

Pyridi ne2 represents , OrR20 wherein the asterisks mark the bond wth
which the Pyridine2 ring is bound to A, 2c Rl1 a represents Cl_3-al kyl;
Krepresents hydrogen, or Cl _2-al kyl; -12 K represents hydrogen, or

Cl1_2- al kyt ; thR1 Belde of e@ganstrmsmamrakw ther hiRtL 3aRIBle, résBanseepIust eve s

Cl_3-alk tl tre ent y Cl ents
Cio ol KostibrigsEad I LERISRC Brdal ) FSHTN, Ol <fafbaify BeRidl
Cl_2-al kwpeﬁ&dm@s@e&tﬁ)n% \arhéwthey-axé@alting ﬂﬁme@mﬁprbysiwgﬁ@,s or

or R15 represents Cl1 2-al kyl; and R16 represents Cl 4 o - al kyI or

G _3-alk
NR16R{il6b)(:{ell@cé'ﬁl”é%?’@fﬂlf%m@it @G%FWW In_the i‘fStlf?\é’ﬂP’%%'@n@ SernfRTIShERatios,

Cl 2-alk t or
rethox vl RTaITG SPERIES Y Bl bt dontiS S bR geaR ARl 1y he

except i olCambigatiahseohyp-to- fhyed dylfpusm@mtlwls arepgointhen)y Used 4o gieali azol e;

ohar mme e RPIEPHE SrfeERIT 343t sPieRg e SR fanbe g, pledeakulEh S, .
phar macegtarerid yiregcessdl) deatlie tdjestenl of gatspmanbarorgasyintedéreywigiccept abl e

carrier et. anot her aspect, there s provided a conpound as defined
above, ord‘%f%‘ﬁdmﬁﬁ%f‘é‘ﬂ qrd@é\ﬂ?\vasé?ctfbmea pivagn o et 7Y %Q‘Luti cal

conposi tic@fs as @e{JIRe bhrako¥s. ks URe B5ciBsptiH, CadBMumab, basiliximab,
everolimus, or FK506, which interfere with cytokine release or signaling;
azathioprine or leflunomide, which inhibit nucleotide synthesis; or 15-

deoxyspergualin, an inhibitor of leukocyte differentiation.

The beneficial effects of broad immunosuppressive therapies relate to their
effects; however, the generalized immunosuppression which these drugs
produce diminishes the immune system's defense against infection and
malignancies. Furthermore, standard immunosuppressive drugs are often used

at high dosages and can cause or accelerate organ damage.

Summary
In one aspect, there is provided a compound of Formula (1),

F’yridine1——-wﬂvm-----Pyridirue2
Formula (i)

wherein

Pyridine’ represents



2d In still another aspect, there is provided the use of a conmpound as

defi ned above, or a pharmaceutically acceptable salt thereof, for the
preparation of a pharmaceutical conposition for the prevention or treatnent
of di seases or disorders associated with an activated i mune system
Description of the invention The presgnt invention provides novel conpounds
of Fornmula (1) that are agonists for the G protein-coupled receptor

S1P1/ EDG1L and have a powerful and |ong-lasting i munonodul ating effect

whi ch is gchieved by reducing the nunber of circulating and infiltrating T-
and B-1ymphocytes, wthout affecting their Raturation, nemory, or
expansi on.\.IThe reduction of ciy-es ating T- /\B-|ynphocytes as a result of
S1P1/ EDGL /agonksm possihbly i ination w he observed i nprovenent of
endot hel iNgl celgt--t-dyer TR n aspociated W th SHPLLEDGL activation, nmakes
such conp tory disease and to

i nprove vascul ar functionalitygy. The conpound Nt he present invention can
be utilizdd alone or in comRnation with stgndard drugs inhibiting T-cel
activation, to provide a new i munonodul ating therapy with a reduced
propensity fagedinfections when co d to standard WO

20091024905P 1B2008/ 053269, 3 | ppressive therapy. Furthernore, the
conmpounds of t esent i nkkert e-lsed in combination with reduced
dosages qf7 traditiohal i munosupphessdnt therapies, to provide on the one
hand effettive\i onodul ating aftivity, while on the other hand reducing
end organ dama Nassocig%ed W™ hi gher doses of standard

i munosuppr essi ve drugs.’ The observation of’ i nproved endothelial cell |ayer
function associated with S1P1/EDGL activation provides additional benefits
of conpounds .tq i nmprave vascuyl ar function., The nucleotide,se nge and the
ani no aci e§@83@%g~gtef'8lfs g%ﬂ&?@f@lﬂ%ﬂthf%yﬂgg@p{ﬁp '3P8ur(’]l<rﬁ "in the
art and are published in e.g.: Ha, T., and Maciag, T. J. Biol Chem 265
(1990), 9308-9313; WO 91/ 15583 published 17 October 1991: WO 99/ 46277

publ i she® 18PEsENtsHberaligo &1+ pHOX Yo esrsyciadlylehydrenspeby, oRNR FApounds of
Formula (1) ag@a il .a GIP:yS assay to determ ne ECK val ues and
by neasuri ng ?ﬁeﬂgircuigg%%gg &nphocytes inthe rat after ora

15adni ni st r at RSP represpatsthydesgen| seeCi.nalkylawpIRi8 )andTRE, degeshen witkethes used
her ei nbef ore and her.ei.naft.er ferabl.y. ha Wi .t hin.this disclosure, the
ol | owi ng. meanirgen s cusged R B tinde e PUOS R e o1 "2l Ky »  (x
and y ea®? lepigs@nanhydtb@ge ror, CLLhlRyls of m eassaRliradredersts IGyisghikyl @ Gizanched
chain al kyl group,containing x to carbon atons. For exanple a ClL.5- alkyl
gr oup coﬁb"élpﬂ’i‘y'ﬂ%mﬂ‘@h‘é’ qd(ghtfqr\,r@pgeﬁve@@,meétﬂ@%_ Represent ati ve exanpl es of C.
5-al kyl groups include nethyl, ethyl, n-propyl, iso-propyl, n-butyl,

/so-butyl,3 sec-butyl, tert-butyl, n-pentyl, /so-penty 3-pentyl, and
2,2, 2- t r iRToehsesents/C1.s-Bkgh 6nnetkas, Exanptiealkyi oOURS

3§+kyl groups are

met hyl , et hyl w380-pr l.. A SQyRE.Oopyl, n-butyl, isobutyl, and 3-pentyl.
Preferred exaﬁ%l% r%%*BﬁF%f%W§@I groups are nethyl, ethyl, npropyl,

i so-propyl, nfBtredresaitd hydogeut it C. Pakderred exanpl es of C2_5-al kyl groups
are ethyl_, n-propyl, iso-propyl, iso-butyl, and 3-pentyl. Preferred

exanpl es '%?fre@%@fagilsk%-“‘@'ﬁ%ﬁéRéﬁiré’gﬁf‘?hyl , n-propyl, iso-propyl, and

i so-butyl. Preferred exanples of Cl1_303-al kyl groups are nethyl and ethyl.
WO 2009/ 024905PCT/ 1B2008/ 053269 4 ogﬁgragched %hain al kyl group containing
X to y cdtbepresestsCiakyesathtey, o SRIZRAL RO R geprgsenisntaralkylf r om one to
four carbon atpas rggghg§§ngﬂﬁaye exanpl es of Cl_4-al koxy groups include
nmet hoxy, et hoxy, ?E Fopoxy; 1s0- propoxy, n-butoxy, isobutoxy, sec-butoxy
and tert-but oR® répreSents dgdmoampbe€,.ofalkgl of- al koxy groups are 5et hoxy,

n- propoxy,s and i so-propoxy. A preferredsexanple of a Cl 3-alls _group is
et hoxy. Rtantesents 8 B pe Ml Ryf ang R TAarpeBizcr 52k Ha AR R kgery  used
al one or in ceMigabieons g.efakg, to a cycloal kyl group containing x toy
carbon atons. For 10 exanple a C3_6-cycloal kyl group contains fromthree to
si x carbon at & rereperis diydegepeoekamltet of C3_6-cycl oal kyl groups incl ude
cycl opropyl, cyclobutyl, cyclopentyl, and cycl ohexyl. Preferred are

cycl opropyl, cyclobutyl and cycl opentyl. Mst preferred is cyclopentyl. 15
The conpounds of Forrmula (I) may contain one or nore stereogenic or
asynmmetric centers, such as one or nore asymmetric carbon atons. The
conpounds of Formula (1) may thus be present as m xtures of stereoisoners
or preferably as pure stereoisoners. Mxtures of stereoisoners may be
separated in a manner known to a person skilled in the art. 20 Any
reference hereinbefore or hereinafter to a conpound of Formula (1) is to be
understood as referring also to salts, especially pharmaceutically



15 wherein the asterisks mark the bond wth which the Pyr d nel ring is
bound to A; Rl represents Cl. 3-al kyl, Cl_4-al koxy, C3.6-cycloal kyl,
hydroxynet hyl, or NR18RI b; R a represents Cl4-al kyl; 20Ri b represents
hydrogen, or Cl.3-alkyl; or Rla and Rib, together with the nitrogen that is
attached to the pyridine, forma pyr r%)A idine ring; R2 represents hydrogen,
or Cl 4-alkyl, or in case Rl represents Cl 5-al kyl or C3.6- cycloal kyl, R2
may in addition represent methoxy; 6 R34 represents Cl4-al kyl; R3b

represen 1 3-alkyl; R4 represents Cl_4-al kyl, or hydrogen;
5R5 reprgilé'ﬁi4 sé%g%ch?r ﬁlﬁc’% net hoxy, or Nee; and R6 represents Cl.2-alkyl;
R53 repr wch}sesgﬁfg@ Xk, Bodtigy@r esent s hydrogen, or Cl_3-alkyl; or R5

represents al kyl, ‘or nethoxy; and R6 represents Cl _5-alkyl, or NR64R6b;
R64 represents Cl_4-al kyl; 10R6b represents hydrogen, or Cl_3-al kyl; R7

represent %Fe% PIH?'( 5aEE§ represents Cl1_2-al kyl, or nmethoxy; 15Fe

represents represents Cl.2-alkyl:; A represents wherei n
t he astengk@reammﬁqQ-alm bond that is linked to the Pyridinel ring;
Pyri di ne2 represents , O R20 wherein the asterisks mark the bond wth
whi ch the Pyridine2 ring is bound to A; 5R11 represents G _4-al kyl,

Cl. 3- al kgxpspréyghtoxymet hyl, or NR118R11b; 1, 1la rcrepr esents Cl_3-al kyl ;
Rub represents hydrogen or Cl1_2- aI kyI R12 represents hydr ogen, or

Cl_2-al kyl; 1 represents CL 2. or R13 R138 represents
Cl_3-al kyl'; p senht s hydr en Cl 2-al Rl Tepr esents
Cl.2-al kyl ; epr esents or NR1 Rl ; and R16 represents

Cl_2-al kyl ;

b

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

Pyridine® represents

R11 R15
s Ne—= —
N " R'{3 —
\ / \ / \
R12 R?é R‘iﬁ

17, \
R N
Y

20
, Or R

wherein the asterisks mark the bond with which the Pyridine? ring is bound to A;

R" represents Cy.4-alkyi, C1.3-alkoxy, hydroxymethyl, or NR'12R"";



R15a represents Cl1, 3-al kyl; R15b represents hydrogen, or Cl.3-alkyl; or R15
represents ClL 2-al kyl; and R16 represents Cl-4-al kyl, or NRL61R16b; ', tea
Krepresents Cl_3-al kyl; 20-.1613 K represents hydrogen, or Cl.2-al kyl; R17
represents Cl4-al kyl; R18 represents G _2-al kyl, or nethoxy; 25R19
represents G ..4-al kyl; and R29 repr %'%ents Cl. 2-al kyl; WO

2009/ 024905PCT/ 1B2008/ 053269 8 with the exception of

3- (2- et hyl - 4- pyPirdprosebts(Qretlkyl] - 4- pyri dyl) -1, 2, 4- oxadi azol e (US
3,647,809). 5ikd Another enbodi nmeng, of the invention relates to pyridine
conpounds acc difﬁaqusnérhyém%hprby-?"% rein R2 represents hydrogen, or

CA4- al kyIR" reprébantéRodmeenssrodl-arAt of the invention relates to pyridine
conpounds according to embodiment 1) or ii), wherein if R2 or R4 represents

hydrogen, R12 represents Cl- 10al kyl. iv) Another enbodi nent of the

i nventi Oy [OVAN gedperinds according to any one of enbodiments
i) to Hi)% %@%gﬁﬁﬁg%ﬁiﬁ?%d@ représents R2 N----* ) N 20

wherei n the af'®replesentsr® 4dkylbond with which the Pyridinel ring is bound
to A R' represents hydrogen, or Cq_z-alkyl;

R represents Cqp-alkyl;

RS represents Ci.4-alkyl, or NRT*?R"™®: and R*® represents Cq-alkyl;
R'5 represents Cy.a-alkyl;
R represents hydrogen, or Cq.s-alkyl; or

R'® represents Cq..-alkyl; and R'® represents Cq.4-alkyl, or NR'6R16P:
R'® represents Cq.g-alkyl:

R'® represents hydrogen, or Cyp-alkyi;

R represents Cy_s-alkyl;

R represents Cq.p-alkyl, or methoxy;

R represents Cy_-alkyl; and

R represents Cq-alkyl;

with the exception of 3-(2-ethyl-4-pyridyl)-5-(2-ethyl-4-pyridyi}-1,2,4-oxadiazole;

or a salt of such a compound.

in another aspect, there is provided a pharmaceutical composition comprising a
compound as defined above, or a pharmaceutically acceptable salt thereof, and

a pharmaceutically acceptable carrier.

In yet another aspect, there is provided a compound as defined above, or a
pharmaceutically acceptable salt thereof, or a pharmaceutical composition as

defined above, for use as a medicament.



R1 represents Cl.5-al kyl, Cl4-al koxy, C3_5-cycloal kyl, or NR18R b; Rla
represents Cl-4-alkyl; nib r< represents hydrogen, or
Cl.3-alkyl; or R16 and Rib, together with the 25nitrogen that is attached
to the pyridine, forma pyrrolidine ring; R2 represents Cl4-al kyl; 9 R3
represents 01_5-alkyl; R4 represents gl 4-alkyl; 5R5 represents C5-al kyl;
and R6 represents nethyl; or R5 represents nethyl, or nethoxy; and R6
repr esentrs s@il aﬁno&ﬂdrydaspd@? t‘repeesemd)\sdm tEeal:dqbf a?ﬁonnepméast gdef@ied- al kyl ;

RO represents Cl 5-al k R19 re rese ; epresents 150 N,

O NN whEPEIS, g Rrerheewtie ERPEREH, SolbghirePhabr i AR o 1

Pyri di nephainidbeullyall dom@dsitieRr % Rk l%l/bnﬁbn >or2 @Bafnentobf digdkdeswber ei n the
asterisks mark the bond wi th which tﬁ Pyridine2 ring is bound to A, Rl11

r epr esengipociera agsqgiated pyith ax getviersd ‘mrﬁiﬂn‘?\lﬁﬁ@m R119 represents

Cl. 3-al kyl; 25Rub represents hydrogen, or Cl.2-alkyl; R12 represents
01_2-al kyl; WD 2009/ 024905PCT/ 132008/ 053269 10 R13 represents ClA-al kyl,
or NR13aR13b R136 represents Cl3-al kyl; R13b represents hydrogen, or

Cl. 2- al kﬂescanﬂonmthew Cl. 2- al kyI 5 v) Anot her enbodi nent of the
invention relates to pyridi ne conpounds according to any one of enbodi nents
i) to Hi Jhewhesantmveytiodipnevidesepoes eotnpoBBds pf Bormula (1) that are agonists

for the G protein-coupled receptor S1P1/EDG1 and have a powerful and long-

tasting immunomodulating effect which is achieved by reducing the number of
circulating and infiltrating T- and B-lymphocytes, without affecting their
maturation, memory, or expansion. The reduction of circulating T- / B-
lymphocytes as a result of S1P1/EDG1 agonism, possibly in combination with the
observed improvement of endothelial cell layer function associated with
S1P1/EDG1 activation, makes such compounds useful to freat uncontrolied

inflammatory disease and to improve vascular functionality.

The compounds of the present invention can be utilized alone or in combination
with standard drugs inhibiting T-cell activation, {o provide a new
immunomodulating therapy with a reduced propensity for infections when

compared to standard



10 wherein the asterisks mark the bond wth which the Pyridine' ring is
bound to A; Rl represents Cl5-al kyl, Cl4-al koxy, C3_6-cycl oal kyl, or
NR16Ri b; i Rla represents Cl _4-al kyl; 15Ri b represents hydrogen, or

Cl. 3- al kyWO 2P/ e¢ esent s Cl-al kyl ; R3 represents Cl_FCAVIRIH08/053369- al koxy,
or NR38R3b; R3a represents Cl.4-al kyl; ,20R3b represents hydrogen, or

Cl 3-alkyl; R4 represents ClA-al kyl; Rg represents ClL 2-alkyl; R6

repr esent - : aF%L?m 1= oy ,
represent ?@%%o%gﬁgsgﬁqé?g??a yle&%@?é%@ﬁ@%%ﬁg@%ﬁ%%%ﬁgg@% 11 R7
represent sarCl. % aluegtl; #nd cBSbirgpipesewits nehped Sldspgdsot der tfredtiiodainent  of
the inventjion relates t ridine conpounds accordi ng to any, one of
enbod mentHsSTRGEah Hp Ry O R e o e ates b, B ORTERaN ¢ he
ast eri sksinaukorhbgulbomd aginidy, whilslort e Skt ﬂbﬂ@'reﬂ&dﬁ% iepdhsryad daenaye R
represents C2, 5-%I-\I§[yl , C% 5- gl koxy, cycl oFenal , or NRleRIb; R a represents
Cl- 3- at kyPSSOpfalgg, with  higher doses r%fpr%w@% MERFURPressHe Hjsvgene 15R2
repr esent §pdekvaic! dinprdidar SRICBSSA! %E%@r@hﬁﬁér& 2B IR QB S G@pgal kyl ;
20R5 represents nethyl; dl{?jﬁsmrvg)r esents 4-al kyl; R7 represents C24-al kyl ;
QI

and R8 repPlasdan Srowdasa LTIt UTURRTTHBA0 08P BY8 Xg9cular fnElonanot her
enbodi nent of the invention relates to pyridi ne conpounds according to any
one of enbodinments i) to vi), wherein Pyridinel represents R2 wherein the
ast eri sk Tae keclehiddsesglance andiihe antihe aByrdediaece fondghé sulmanréi R1GEBG15
viii), Anot her enbodinent. of the invention relates to pyridi ne conpoynds
nccor Ui ng REPIE o RBOBR o dt askt &5 BUENG i} & Soieln a9 DEpREetn.
C2_5- al kyBijol Chedr. 2ekqX990)c 360BRENE VWO 91/1BRIBRLbisheher7eDB:oBEB1 sgpngsent s
Cl.3-alkyl and R b rERresents hydrogen, or Cl 2-al kyl (especially Rl

n
r epr esent $9@52EL Jpysfishedr TRRaRERbERN&PRS n TRE™ PRBNEYr Bd@neticey 3Tateyl and
Rib repre g5 Sen -l i t her
enbodi rren?S@P&f@eéd?ﬁvent%‘%gﬂ%er%tsé%%eg lgﬁﬁ%%? or?{% ntsbé%ceg@r |§850t0 any
one of enbadesreatds by measring, ivhesieulztiRy heptesests ir02h5- adtk piter amd R2

repres § nt %dr%nlms%a%loh}/rle'spectively {see in Examples).

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

disclosure, the following meanings, uniess otherwise indicated:

20 The term "Cyy-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 exampie a Cqs-
alkyl group contains from one to five carbon atoms. Representative examples of Cy.
s-alkyl groups inciude methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-
butyl, fert-butyl, n-pentyl, jso-pentyl, 3-pentyi, and 2,2,2-trimethylethyl. Preferred

25 examples of Cq.s-alkyl groups are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, and 3-pentyl. Preferred examples of Ci.z-alkyl groups are methyl, ethyl, n-
propyl, iso-propyl, n-butyl, and iso-buty!. Preferre¢ exampies of C,.5-alkyl groups
are ethyl, n-propyl, iso-propyl, iso-butyl, and 3-pentyl. Preferred examples of Cous-
alkyl groups are ethyl, n-propyi, iso-propyl, and isc-butyl. Preferred examples of Cy.

30  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



15 x) Another enbodi nent of the invention relates-to pyridine conpounds
according to any one of enbodinents i) to vii), wherein Rl represents
NRlaRlb, wherein RIB represents 01. 3-alkyl and Ri b represents hydrogen; and
R2 repr es®®x09024995 al kyl . 20xi ) Anot her enbodi nent of RGTEBRI§/EIILGY%0N rel at es
to pyridine compounds according to any ,one of enbodinents i) to x), wherein
A represents O N wherein the asterisk 'marks the bond that is |inked to t he
Pyri di nel n t

oyr i i ne. ShREZEAEE U P KRR STRORILEERLs § caleh ABBC PP B RURIP Rt
xi), wher elknxPyrdugdi coaine froesend s FOMD 260/ mmésbﬁﬁ&@&mﬁwﬁ@ofm

R12R14Or EtlrgYm ein the ,asteri,sks rk the bond with E% Pyrldlne2
ot phudesy Arolekaiopak FheBiRe Tidd FryPOOR, e RREE Ty DG MR 1 A b
Rua repr esapke, Sék-Rrtatkihd EbulBgT eseRired fbk@hﬁﬂ@é"of o5, Glkoty g $s afdl2
represents Cl.2-al kyl; 10R13 represents Cl.4-alkyl, or NRl13aRt3b; Rl3a

r epr esent §thexy.3n awq@w anB{FORIrepPIs ch PR @é@ﬁple&f @@@%%VIQFOLFQ 2
representfn -aI kyl; 15R15 represents Cl_4-al kyl, and R16 represents
Cl_2-al ky R15 represents Cl_2-al kyl; and R16 represents Cl4-al kyl, or
NR168R16b. R16a represents Cl.3.-al kyl: and -16b 1. (represents hydrogen, or

oy i ne dBpSTHS -k BPHRSE 60808, Eenobe blaabi HEREL Hef AR din v) o
;(ih) , bWhgr ebntmﬁlﬁ\%t;dndi nﬁsrmpeema&kﬁ@ouﬁmaxﬂggt x\hefyelomrtbdae aggher Feks mark
2089(8@49@5@@?‘#1%; 875895?’%&‘9( 19ORR 1 PRI Bs SRS f@igez i) Wl CeRAy AR hyl |

or NRL16REEBresBhdAvE @RERBRIA 6 OBL-BYdibalkyl groups include cyclopropy!, cyclobuty!,
cyclopentyl, and cyclohexyl. Preferred are cyclopropyl, cyclobutyl and cyclopentyi.

to

Most preferred is cyclopentyl.

15  The compounds of Formula (1) may contain one or more stereogenic or asymmetric
centers, such as one or more asymmetric carbon atoms. The compounds of
Formula (I} may thus be present as mixtures of sterecisomers or preferably as pure
stereoisomers. Mixtures of stereoisomers may be separated in a manner known {o
a person skilled in the art.

20
Any reference hereinbefore or hereinafter to a compound of Formuia () is to be
undersiood as referring also to salts, especially pharmaceutically acceptable salis,
of a compound of Formula (1), as appropriate and expedient.

25  Where the plural form is used for compounds, salts, pharmaceutical compositions,
diseases and the like, this is intended {0 mean also a single compound, salt, or the
like.

Salts are preferably the pharmaceutically acceptable salts of the compounds of
3¢ Formula (1}



Rub represents hydrogen, or nmethyl; R12 represents nethyl; R' represents
Cl3-al kyl, or NR1341213b; R134 represents 01 3-al kyl; R13b represents
hydrogen; R14 represents nmethyl; 10 R15 represents nethyl; R16 represents
Cl_2- al kyWO 281/0pf8%aR16b. R168 represents methyl; andPCTEBIE8E328epr esent s
hydr ogen. xiv) Another enbodi nent of the invention relates to pyridine
conpounds according to any one of enbodinents i) to xiii), wherein

Pyri di ne2 e y - ek} a i : ond

w h wn oh S Re By ey P s b et amE ot he
i nvent i onongehiatassd aodipy beae seddiionpalindsetesemediay be onadeg toorielivselesisodi nent s
i) to xii} rei R rigy n .~ R12 wherein the asterisk

mar ks the%%gﬁgganfgns mﬁé’h%%g‘%%@%ﬁg}z&ﬂ%ﬂ s bound to A, WD

2009/ 024905PCT/ 1B2008/ 053269 15 xvi) Anot her enbodi nent of the invention

relates t, ridine c oynds accarding to a e of odinents i) to
xv), wher iTﬁ\élj&VP”F'@'bFég%ﬁ#% ”ﬁﬁ%ﬁﬁ)’('?'”@t%ﬁ?owgPg;}?%?'ﬁjﬂ? net hyl ani no, or
di ret hyl am no (especially R11 represents nethyl, ethyl, or nethylam no);
and R12 represents nethyl. 5 xvii) Another enbodi nent of the invention
relates to pyridine corrpound:s)ymg@rjd-i—ﬂg—t—epq/mwip@% of enbodinments i) to
XV), wherein Rl1 represents nmethyl, or ethyl; and R12 represents nethyl.
10xviii) Another enbodi ment of the Romrad2{idn rel ates to pyridi ne conpounds
accordi ng %gr any one of enbodinments i) to xiv), wherein RL3 represents

Cl. 3-al kyYV, St NR138R13b, wherein R132 represents Cl_3-al kyl and Rub
repregents hydrogen; and R14 represents nethyl. 15xix) Preferred pyridine
conmpounds _according to Fornmula (1) are selected fromthe group consisting
of : 2- et h§yriging. (%F?*'Gs%ﬁtﬁet hy1- 4- pyridi nyl)-(1

, 2, 4) oxadi azol - 5-y1] - 6- net hyl - pyri di ne;
2-ethyl-4-[3-(2-ethyl-6-nethyl-4-pyridinyl)-[1, 2, 4] oxadi azol - 5-y1] - 6-net hyl
- pyridi neR"2-et hyl - 443-(2-isobutyl-6-nmethyl 4-pyridinyl)41 , 2, 4j oxad

i azol -5-y1)\ 6- et hyl - 20pyri di ge:

2- propyl- 4- , 6-di met hyl- 4/pyridi nyl) 41, 2, di azol - 5-y1] - 6- net hyl - pyr
i di ne; 2-pyopyl¥4-{-8-(2- 1-24-pyrydinyN-[1

, 2, 4) oxadi 8y -y1) - 6- net hyl - i ne;

2-isobutyl- -(2,6-dinethyl-4-pyridinyl)-[1 N

, 2, 4j oxadirazol - 5-y1] - 6- met hyR#pyri di ne; =6 ,
2-isobutyl-4-[3-(2-ethyl-6-nmethyl-4-pyridinyl)-[1 ,2, 4] oxad

i azol -5-yl]-6yfethyl - 25pyridine; ...

2-met hyl am no- 4-[ 3- (2-et hyl-6- net Ay1l- 4\pyri di nyl)-[1, 2, 4] oxadi azol - 5-y1] - 6-
met hyl pyri di ne; hyl am naR %~ (2- 2}/ 1~6-met hyl -4-pyridinyl)-[1

, 2, 4] oxad _j,azol/- 5-y1Y - 6- et hyl pyr Rdi ne/

302- i sopr HpyTakj no- 443-(2- et hyl- 6/met Ny 1- 4- pyri di nyl)-[ 1
, 2, 4] oxadi azol - - 6- rret(pryl - pp(tﬁi di ne;

¥

15
wherein the asterisks mark the bond with which the Pyridine’ ring is bound to A;
R? represents Cy.s-alkyl, C1s-atkoxy, Ca.s-cycioalkyl, hydroxymethyl, or NR**R™:
R" represents Cq4-alkyl;
20 R™ represents hydrogen, or C.s-alkyl; or R* and R™, together with the

nitrogen that is attached to the pyriding, form a pyrrolidine ring;
R? represents hydrogen, or Ci4-alkyl, or in case R' represents Gis-alky! or Cae-

cycioalkyl, R? may in addition represent methoxy;

25  R®represents Cis-alkyl, Cig-alkoxy, Css-cycloalkyl, or NR*¥R®®;



2-diethylamno 4 [3 (2 ethyl-6-mrethyl-4-pyridinyl)-[
1, 2, 41oxadi azol - 5-y1] - 6- net hyl pyri di ne; WO 2009/ 024905PCT/ M2008/ 053269 16
2-isobutyl-4-13-(2-methyl am no-6-nmet hyl-4-pyridinyl)-[1,2, 41oxadi azol -5-y11
- 6- met hyi PPr0ae0s PCT/IB2008/053269
2-isobutyl-443-(2-isopropylam no-3-netlyl-5-pyridinyl)-[1
, 2, 4) oxadi azol -5-y1]-6- nethyl -pyridine; and
52-(1-ethy|-erﬁyébmgeh§1§@E§§ﬁyl-6-nethy|-4-pyridinyl)-[1,2,4]oxadiazol-5-
yIi-6-nethyI-F§¥Jidine. xX) Additional preferred pyridi ne conpounds
according to FBT ngPeesents wideoaes) etbeetiybm t he group consisting of :
é?ﬁii?OB;BrgﬁﬁgééﬁéQﬁ;gﬁ@%{ﬁgygEbgﬁ}-4-pyr|d|ny1)41,2,4]oxad|azol-5-y1]-6-m
2-isobutyl-4-[3-(2-ethyl-6-nethyl-4-pyridinyl)-[1, 2, 4] oxadi azol -5-y11-6- et
hoxypyri di,ge; 52 5b. 6 )
2, 6-diet hifl TR Gt Reony {y NRii Ry 1A0E R SoUPsRATi Gret €S y11- pyri di ne
152, 6- di et hyL- ae S (oo T o g 1- pyr i di ny1)- [ 1, 2, 4] oxadi azol - 5-y1

, 0- t -45] 3-(2-et - 6- net - -11, 2, - o- -
i di ne: ' eLhy Rsr[repgeseﬁts qydrogerrrfor 1-3-8 !%/r!;lorl nyL)-1 J'oxadi azo y1)-pyr

5; : 3;322? y &5 Feprdsérits @ QIAMRE B Indtn B, it lnepheseditddd PXAR12BPNRE*RFE] - 6- et hyl - p
2-isobuiy1-443R??Eéﬁﬁ@mK63meﬁhyl-4-pyridinyl)-[1,2,4]oxadiazol-5-y11-6-ethy

| - pyridine; 8b . .

2-(3- lé)(gnt yl)- 48[ 31'_eé)5e,s§ptcﬁ hr%jtr?%ef-’ el E;}F iaclhyhyl )-[1, 2, 41loxadi azol - 5-y1] - 6- net hy
| - pyri di ne;

2-cycl opeptyl-443- 6- di met hyl-4-pyridinyl)-[1, 2, 4] oxadi azol - 5-y1] - 6- net hy
| - pyridi ng‘, ¥%§§ﬁ%t%%d>?§ﬁ L(3-pentyl)-4-[3-(2-ethyl -6-nmethyl -4-pyrid inyl)41l
, 2, 4] oxadrazebreBentd 15, Ry Brigéthoxy; o .

2-cycl opentyl-443-(2-ethyl-6-nethyl-4-pyridinyl)-[1, 2, 4] oxadi azol -5-y1]-6-m
et hoxypyridine; 6-methyl-2-(3-pentyl)-442-(2,6-d imethyl -4-pyrid

inyl)d4d, 3 ilazolzp-y11-pyridi ne; 25 and 6-nethyl-2-(3-pentyl) 4 [2
(2 et % - ?ﬁ%‘?ﬁ%}?ﬁi 65?%!lk i’ny1)-[1,3, 4] t hi adi azol - 5-y1] - pyridine. The
conpoundsRﬂ?ﬁﬁh&mﬂﬁaCékﬁWahd t heir pharmaceutically acceptable salts can be
30 used as nedi canents, e.g. in the formof pharmaceutical conpositions for
enteral or parenteral admnistration and are suitable for decreasing the
nunber of Aciepeadeatd ng | ynphocytes and for the prevention and/or treatnent
of di seases or disorders associated with an activa%ed i mmune system WO
2009/0249Q§PCT/ §Q08/ 053269.17 roducti an_of phar.maceuti cal
conposi ti on3-¢&n bereffected iy a ner mhich“ﬁgflggp’faniliar to any
person skilled in e art (seel\for gxanple Rem ngton// The Science and
Practice of Phgrmaqy, 21st Edi tNomN2005), Part 5~——I8 "Pharmaceuti cal
Manuf act uri ng” [published by Lippincott WIllians & WIkins]) by bringing

the descrixbed c ounds offFornu (1) or their pharmaceutically acceptable
salts, option y Mg-conbi nat-igh w -6t her therapeutically val uabl e
substances, inmjo a/galenical agmnigtration formtogether with suitable,

non-tg ic, ine her apeuti cal npatible solid or liquid carrier
materfals and, if desired, 10usual pharnmbceutical adjuvants. D seases or
di sor der s whgssinitiad esterisshindinaachée vahd dhatrimiinieedsipshe Pyvidiredd rogn be treated
and/ or prevented with the conpounds of Formula (I) include rejection of
transpl anted organs, tissue or cells; graft-versus-host di seases brought
about by p%ﬁdhhgn@pkg@h@tion; aut oi nmune syndrones including rheumatoid
arthritis; "system c |upus erythematosus; anti phospholi pid syndrone;
Hashimoto's thyroiditis; |lynphocytic thyroiditis; nmultiple sclerosis;
nyast henia gravis; type | diabetes; uveitis; episcleritis; scleritis;
Kawasaki's di sease, uveo-retinitis; posterior uveitis; uveitis associated
with Behcet's di sease; uveoneningitis syndronme; allergic 20

encephal onmyelitis; chronic allograft vascul opathy; post-infectious
aut oi nmune di seases including rheumatic fever and post-infectious

gl onerul onephritis; inflanmmatory and hyperproliferative skin diseases;
psoriasis; psoriatic arthritis; atopic dermatitis; myopathy; nyositis;
osteonyelitis; contact dermatitis; eczematous dernmatitis; seborrhoeic
dermatitis; |ichen planus; penphigus; bullous penphigoid; 25 epidernolysis
bul l osa; urticaria; angi oedena; vasculitis; erythema; cutaneous

eosi nophilia; acne; scleroderma; alopecia areata; keratoconjunctivitis;
vernal conjunctivitis; keratitis; herpetic keratitis; dystrophia
epithelialis corneae; corneal ieukoma; ocul ar penphigus; Moren's ulcer;
ul cerative keratitis; scleritis; Gaves' ophthal nopat hy;

~ o~



enterocolitis; intestinal |esions associated with thermal burns; coeliac

di sease; proctitis; eosinophilic gastroenteritis; mastocytosis; Crohn's

di sease; ulcerative colitis; vascul ar danmage caused by ischenm c di seases
and t hr omB83PY/02H0her oscl erosis; fatty heart; myocar diRGTIB2W&PERHC
infarction; aortitis syndrome; 5 cachexia due to viral disease; vascul ar
thronbosis; mgraine; rhinitis; eczema; interstitial nephritis; 19A-induced
nephropat@w; Goodpasture's syndrone; hepwi yticurem c syndrone; diabetic
nephr opat hy; gl omerul oscl erosi s; gl onmeruhonephritis; tubulointerstitial
nephritis; j rstitial cystiNke=s;, multip ositis; Guillain-Barre

syndr one; ni exe' s_di sgase; euritig tiple neuritis; nyelitis;
nononeuriw's;_ 0" 7 adi Ruropat hy; /Avf
t hyr ot oxi cosl pure red cel P S
i di opat hi ¢/t hrombocyt openi c {pur pura; autdi mmune henol ytic anem a;
aut oi mmun® ‘t hr onbocyt openi & "agr anul ocytfosi s; pernicious anem a;
megal obl asti c anem a; anerythropl asia; osteoporosis; fibroid |ung;

i di opathic intBf%titial pneunpnia; tomyositis; |eukodernma vul garis;

15 ichthyosis vl garis; photoallergic segpsitivity; cutaneous T cel

Wt | ngtpn"s chorea; Sydenham s chorea;

X egener's granul oma; Sjogren's
syndrone; ‘adi posi s; gosinophilic fascitis; |esions of gingiva,
periodontium al NI bongy substghti a ossea dentis; male pattern al opecia
or alopecia senilis; nuscular dystrophy; 20 pyodermm, Sezary's syndrome;
hypophysi Whereit eoriteriskgmedislthe heod wrfbivém@fy‘,the/:%mdmﬁn'r@gds Serrelo A
i schem a-reperfusion injury of organs which occurs upon preservation;
endot oxi n shock; pseudonenbranous colitis; colitis caused by drug or
radi atd onR"Y rephesents @byl Enalalkoxguiifdrokenetpyl, ohNBY2 B Penal i nsuf fi ci ency;
| ung cancer; lstkgnancy .of. | yaqphoid origin; acute or chronic |ynphocytic
| eukeni as; 5 Sﬂ%ﬁséﬁﬁﬁﬂﬁgry enphysenm; cataracta; siderosis;
retinitis pigngHPagﬁgsgﬂghy@nggﬁyéﬁmbggggmeration; vitreal scarring;
corneal alkali burn; dermatitis erythemn; ballous dermatitis; cenment
dermatiti 8 'GPIRASHSE MErogRi%hdumdi's; sepsis: pancreatitis: peripheral
artery di sease; carcinogenesis; solid cancer tunors; netastasis of
carci noma; hypobar opat hy; autoi ne hepatitis; primary binary 30
ci rrhti s31ss@éﬁmiﬁ@wchﬁvlaﬁgNﬁqu%T%arti al liver resection; acute |iver
necrosis; cirrhasigs. | i drrhosis; hepatic failure; ful m nant
hepat i c failurg; F%?%g%ﬁgg?*ﬁﬁﬁﬁtic failure; and "acute-on-chronic" |iver
failure. VK)235@k©®49&ﬁ?6¥6¢@32QQ&DQ&SQ@Q 19 Preferred di seases or
di sorders_to be tr a@ed nd/ or prevented with the conpounds of Formula (I)
are seIecFed“*W?ﬁﬁ”%h “ﬁ?@ﬁb consisting of rejection of transplanted organs
such as kidney, liver, heart, |lung, pancreas, cornea, and skin;
graft-versushost di seases brougﬁ& ghout by.stemcell transplantation;
aut oi MrunB sEREREMESSC1-5alkie PUBIPNg Ry he@nafor teRapants Ei-ealifil ti pl e scl erosi s,
i nfl ammat ory bgwel.. di S %MSh as Crohn's disease and ulcerative colitis,
psori asi s, pso?iapggbigﬁ ?%?is,hthyroiditis such as Hashinoto's
thyroiditis, uRES+emesentsinydrogeopbtcCdi-skxses such as rhinitis,

cut of mrunk. choSEEt Preri AR e eV Guer R IR enfect | ous

gl oner ul onephr R s¢preedritd ClQeginter s and tunor netastasis. Particularly
prefeaied disggggs or disgrgers to he t@g_ted and/ or prevented wth the
conpotfhds of FBr miFREFFS AVErOPENeRt wazf the group consisting of

rejection of transplanted organs selected fromkidney, liver, heart and
lung; graft-versus-host 15 diseases brought about by stem cel
t r anspl anRat iegreseati ei-mailife syndrones sel ected fromrheunatoid arthritis,

mul tiple ged i SOL ;. asli st atic arthritis, Crohn's disease, and
Fbshinntoﬁé %%@%%?ﬁ??ré?kgﬁgﬁg{oplg{dernatitis. Very preferably the

di seases or disorders to be treated and/or prevented with the conpounds of
For mu (Lxe are selected, . frommultiple sclerosis and psoriasis. 20 The
prese%? i eﬁ¥¥§ﬁ?3§iéﬁrﬁgygggg to a nethod for the prevention or treatnent
of a di sepStrepresbingCdenligqenti oned herein conprising adnministering to a
subj ect a pharnaceutically active anmount of a conpound of Forrmula (I).
25Furt hernore, conpounds of the Formula (1) are also useful, in conbination
with one or several inmunonodul ating agents, for the prevention and/or
treatment of the di seases and di sorders nentioned herein. According to a
preferred enbodi nent of the invention, said agents are selected fromthe
group consi sting of inmmunosuppressants, corticosteroids, NSAID s, cytotoxic



WO 2009/ 024905PCT/ 1 B2008/ 053269 21 D. S. Machado, R M Sout o- Mai or,
Synthetic Commun. 29 (1999), 1437-1450; E. 0. John, J. M Shreeve,

I norganic Chem stry 27 (1988), 3100-3104; B. Kaboudin, K. Navaee,

Het er ocycWegt@®2499003), 2287-2292; C. T. Brain, J. M POA(B2008KS3R¥ong, P. J.
Cakl ey, Tetrahedron Left. 40 (1999) 32¢5-3278). Pyridinel ( Pyridine2 OHN CH
HO-NH 5 Structure 2Structure 3 Conpounds of Structure 1 nmay be prepared by
reacting a conpound of Structure 2 with a conpound of Structure 3 in a

sol vent such as DW, THF, DCM etc. in the 10 presence or absence of one or
nor e coupWithghegetspsion of B-(@ssiMBHDYIDED; 5-EethyHB T id ypB:2, 4-CRedIaRHBUPS et c.
and in th ) %%gpce or absence of a base such as triethylam ne, D PEA NaH,
K2CO3, etT. ? " e.g. A Hanee, J.-F. Hernandez, P. Fulcrand, J.
Martinez, J Org. Chem 68 (2003) 7316-7321; and the literature cited

above). 15 ridine2 Structure 4 Conpounds of, Structure 3 may be prepared
by 1 et | MNP ABRRTBR! 8 PR U0 TBg iR DI  TatE roehe Br Tt s
salts in ampobinRnt i) SHEbreASRABINSEIs h@@rh%@@,lorcpwémwe,_etC- in the
presence or absence of a base such as Na2CO3, K2003, triethylam ne, KO Bu,

etc. (Lit.: e.g. T. Suzuki, K. Iwaoka, N. Imanishi, Y. Nagakura, K Myta,

H. Nakahay; ; %f‘? [ el 5‘?2‘%)5 o J.
Cui, D Cﬁiféﬂ%ﬁ%wgﬁ%%\dmfgﬁ[ A n i gélgntéjo é{dwﬁ gOKG se,acé\%qf#&%u, Y.
Zhou, 25 MnbRdimenAi) o.ii)Owsergin MR*r BbremsesentgingdrogenVBY. rephesantd C162003)
3379-130?»92'&3. MIller, F. Lang, Z. J. Song, D. Zewge, WD 2004/ 035538 (Merck
& Co., Iné.}"USA); B. Kaboudi n, K Navaee, Heterocycles 60 (2003),
2287-2292). HOOC-Pyridine2 30Structure 5 WD 2009/ 024905PCT/ 1B2008/ 053269
22 A conpound of Structure 4 nay be prepared froma conpound Of@{?}ﬂé cture

5. Met hod¥) fRathee eMeeding of ingBrenticat BEEDI BY EUHERIAEPEIIsHGCR 4 into
a conpoundnPhnShf BebHiitents Blo fivipeRsi te, are known to a person skilled
in the art. Structure 6Structure 7 Conpounds of Forrmula (I) which
represent a [1, 3,4]oxadi azole or [1, 3, 4]thiadiazole 10 derivative are
prepared s l.anl acting a conmpound of Structure 2 with hydrazi ne (by
US| ngﬁg cﬁkﬁ‘fi.‘rﬁegrr%fgé%'ﬁ such as TBTU, DCC, EDC, HBTU, PyBOP, HOBt, CDI,
etc.) to forma conmpound of Structure 6 which is then coupled with a
conpound of Structure 5 to give a conpound of Structure 7. A conpound of
StructureRf can al so be prepared by foll owi the reverse reaction order
i.e. by firgt 15 coupling a co nd of Structure 5 with hydrazine foll owed
by reacting the\correspondi ng/hydr te with a conpound of
StructureN. DepydrationFo conmpgpund of Stfucturge..Zsto formthe desired
[1, 3, 41loxatkhaz ected by eat#ng a conpound of
Structure Zwth a reagent su as POCl 3, Cd CBr4 in conbination with
tri phenyl phosphi ne, P205, Buﬁﬁess reagent, efc. in a 20, solvent such as

tol uene, acetonitrile, dioxane, THF, CHClI 3, etc. at tenperatures between 20
and 120C in tI# presence or abseng m crowave irradiation. (Lit.: e.g.

M A Garcia, Mar ti n- Sant gyrar i M\Cacho, F. Mreno de [a Llave, M
Julian, A Martj \ B. De Pascu a,” A Ranps, J. Med. Chem 48
(2005) 4068-4075; C. \T...Brain, J. ul, Y. Loong, P. J. Cakl ey,

Tet r ahedr Lety . 49’25 (1999) 3275-3278). Likewi se, [1,3,4]thiadiazole
derivatives are i ned by cyclk¥ing a conpound of Structure 7 with
Lawesson's reagent optionally in conbination with P255 in the presence or
absence of a solvent such as pyridine, toluene, THF, acetonitrile, etc. at

A ki 79 ansh oREh B R anls R in B Wi WL R i S e 2By 4825 7800

Org. Prep. Proc. Int. 37 (2005) 213-222). NH Structure 8 Conpounds of

Formul a (Ly which represent.an_oxazole or, a.thiazple ferivative are 5

pr epar ed K}"?Pr&a?ﬁ“ﬁ;%é" Wﬂp%bﬁﬁ'gglfy’gﬁﬁ?é’ﬂ?ra&yg Oéfr\%g? with POCI 3, PCI5, 12
i n conbi nati onrM fhrdgenphenybposphi ne and triethylam ne, trifluoracetic
anhydri de, Burg?§s reagent, etc. in a solvent such as ol uene, benzene,

di oxane, THF, Bt creRiEseEsfeiaf e detsBEH: 20 And@ND AT, BIOSGS WAl son' s
reagepk, opti ORRbkYn ktht GOFRAMELIO Tebirtike $om kb FSdiRE ¢pgNce or absence of
a solvent such as pyridine, 10 toluene, THF, acétonitrilé, etc. at

el evat ed f@ﬁ@@ﬁéﬁﬁﬁéﬁmﬁ%ﬁ;or wi t hout m crowave irradiation as nentioned
above (Lit.: e.g. N. Sato, T. Shibata, M Jitsuoka, T. Chno, T. Takahashi,
T. Hrohashi, T. Kanno, H. |waasa, A. Kanatani, T. Fukam , Bioorg. & Med.
Chem Lett. 14 (2004) 1761-1764). The conpounds of Structure 8 are prepared
by reacting a conpound of Structure 9 with a conpound of Structure 5. 15
The am noketon of Structure 9 can be prepared froma conmpound of Structure
2 by procedures given in the literature (e.g. J. L. LaMattina, J

I OA NSNS\ =g N PN PN N N O | -




Pyridinel Structure 9 Al ternatively, the bonds between the pyridine or
the phenylring and the central 5- 25 nenbered heteroaromatic ring can al so
be formed by applying pall adium catal ysed cross coupling reactions. WO
2009/ 02498 PETLBPH081053269 24 Appropri ate protecting F§rEEPE8/E8E%known to a
person skilled in the art and include g.g. a benzyl, a THP or a
trialkylsilyl group to protect an al cohol, or a BOC group to protect an
am ne, etc. These protecting groups nay be enpl oyed according to standard
nmet hodol ogy (e.g. T. W Geene, P. G M Wits, Protective Goups in

50r gani ¢ ﬁmhﬁgmgicsﬁamﬁﬂition Wl ey New York, 1991; P. J. Kocienski,
Prot ecti ngs Stuttgart, 1994). Conpounds of Structure 2,

wher ei n H@ gﬂ%%ﬁksé gg&%ts R2 Rl 10may be prepared by reacting a
2,6-dich|oro |son|cot|n|c acid ester (Structure 10, below) wth an alkyl

Gignard agent in_the pres e of Fe(aca in a solvent such as THF,
dioxaﬂ%, @ﬁkﬁ ?%#ﬁsgtéamggﬁ ?H%FPB% &éf at tenperatures ranging
from- 78 RordaGdotuiatieoreRaibly ene Rk fesew[egc1 Ao stner, A Leitner,

M Mendez, H Krause J.” Am Chem Soc. 4 (2002) 13 56- 13863 A. Furstner
A. 15 Leitner, Angew. Chen1 114 (2002) 632 635). The reaction conditions
can be ch Sgﬂ)%%ﬁﬂ;& kther the 2-chl oro-6-al kyl-isonicotinic acid ester
or the 2, I'a ylls inic acid ester is obtained as the main product.
The two CR Gxxmﬂwmiﬁn&awmla 2,6-dichloro-isonicotinic acid ester may al so
be supstituted either sequentlally or in one step by two al k-1-enyl groups,
whi ch y be the sane or different, by treating 20

2, 6- di chl Rt eepresanitc Ol (-aikgi:aci d ester with the appropriate al kenyl boron
derlvatlve gunder Suzuki coupllng conditions known to a person skilled in
the art. &héeB%ﬁﬁﬂﬁéa1Qa%ydl al kenyl -i sonicotinic acid ester is

hydr ogenated to the correspondi ng 2,6- dialkyl-isonicotinic acid ester. In
addition, a procedure in which the Furstner and the Suzuki conditions are
enpl oyed Adgpi@Rental |y can be envisaged. The 2,6-dichloro- 25 isonicotinic
acid esters or the 2-chloro-6- ﬁ|ky|-l50nICOtln acid esters may al so be
treated with an al cohol -or oholat e-at ted.tenperatures to
furni sh the correspondi ng ZiaiIEZE 6- al koxy soxzybtlnlc acid esters or

2- al koxy- 6-al kyl i soni coti ni aC| esters (L| N. Wld, U Goth,
Eur. %5 Org. Chem 2003, 4448=—ND 2009#0249@%13@1*1/ 1132008/ 053269 25 4449).

Finally, cleavage of the ester ctignal it livers .thesconpounds of
Struct ure"” Eere °d ?”S@%ﬂﬁ? gﬂﬁl‘-?& 1\%%8%%6 ng'fll?@t UF'e 10Structure

11Structure 12 Conpounds of the above Structure 2 wherein Rl represents
NR1aRl b nag prepared by reacting a 2, 6-dichloro-isonicotinic acid ester
(StructurB ﬁ@‘“%ﬁ%‘gr@?‘?ﬂ 'R represents a om al kyl, preferably an isopropyl or
atert.-butyl group) with the 10 appropriate am ne NHR 8R2b in the
presence or absence of an additional solvent such as THF, di oxane, ethanol,
etc., preRErably at tenperatures above 50C to give a conpound of Structure
11. The coifpounds of Structure 11 can then be reacted with the appropriate
al kyl -zn r t (e.g. Me2Zn N nCl, Et2Zn, etc.) under Negi shi reaction
conditiong (Litp)---eqg. 4 sushpta,» E. Negishi, J. Org. Chem 47 15
(1982) 416%:4165) to give a nd of Structure 12, which can be
hydr ol ysed A 6a conpound of racture 2. In addition, conpounds of the
Structyregl2 may be preparegy reacting a conpound of Structure 11 with an
al kyl |gnard reagént in the presencé of Fe(acac)3 in a solvent such as
THF, di oxahereirDIVE, asNiiBksebark, the boood mith vettitiotie Pyriieestringas bbenper At ur es
ranging from-78 to 25C (Filirstner 20 conditions, see above). In case R2
represents a C2_4-al kyl group, the correspondi ng conpounds of Structure 12
can al so R# ;@pmhgobpyamgiaawmgymemmw W'"Structure 11 with an al kenyl
boron derivatiyvg, $ 6- tr|V|nyI cycl otri boroxane) under Suzuki
conditions (LiR.: @f%serﬁs Ceerd®s, D. F. O Shea, J. Org. Chem 67 (2002)
4968-4971) . Thqﬂmﬁﬁﬂbggqsg @ﬁ;@g &-@| ksmyl - i sonicotinic acid derivative is
25hydrogenated to the correspon i ng conpound of Structure 12. WD

2009/ 0249 reEBRB08/-08B269 26 chl or o- 6- met hoxy- pyri di ne- 4- car boxyl i ¢ acid
by introducing the desired Cl.5-al kyl or Cmcycloal kyl residue for Rl under
ei ther Negi shi, Furstner or Suzuki conditions.




R2 COOR CI 5Structure 13 Alternatively, the conpounds of Structure 12 may
al so be prepared by reacting a conpound of Structure 13 with the
appropriate am ne NHR aRl b under Buchwal d- Hartwi g conditions (Lit.: e.qg.
J. P. WOIWe209024p8ori, J. P. Sadighi, J. Yin, S. L. PIOIBMEHIPY, J. Og.
Chem 65 (2000) 1158-1174; S. Wagaw, S L. Buchwald, J. Og. Chem 61
(1996) 7240-7241; M C. Harris, 0. Ceis, S. L. Buchwald, J. Og. Chem 64"
(1999) 6049 I o rPapBe. Lee, J. P. Stanbuli, S. 1. Hauck, J.
F. Hartwié, @%%ené&%&l@%%go)R14,23_ 1426) . Conpounds of Structure 13 or
t hei r correspdrRf repressntisCas-elkgi;t her commercial ly available or may be

prepared by 136 €act | - di orori,sonicotinic acid ester (Structure
10) with an al 'Ryl f@??ﬁ%ﬁ@@%@%@&ﬁ%ﬁa@?y‘%@t ner conditions (see above) or
wi th an aRKylepdgsehgagenslkyinder Negi shi conditions. Reacting a conpound of
Structure 10 with an al kenyl boron derivative under Suzuki conditions,
treat i@]g the correspondi ng al kenyl -chl oroi sonicotinic acid ester with an
am ne NHR, pRkheng@podeRel tiehiRidritbe r@@%@%ﬁ@ir@c@ﬁﬁbﬁ&%@ﬂm 0
hydrogenation may al so give access to conpounds of Structure 12. e
resi dues &Macamea’ SNBOFHEENE & Bk WIRre8duced by sequencial al kyl ati on and/ or
reductive Lnaki conpound of Structure 14 (Lit.: e.g. N Finch, T.
R. Carrpbe'a?fm[‘y% ; Egén%t%den, H J. Poval ski, J. Med. Chem 23 (1980)
1405- 1410R2whi ch may be prepared by reacti ngsa conpound of Structure 13
wi th ammonia in a 25solvent sugh as water, t hanol , ethanol, THF, etc. at
Fenat ures. WO 2009 905PCT/ 1B2 053269 27 I n case
dr.ogen, rE i i

wne function. Conpounds of
isonicotinic acid wherein R1L

represent a

and Rl11 rpresent hydr oxymet hyl , respéctivefy, may be pelepared froma 10
correspondi ng Z-al kyl -isonicotinic acid ester (e.g. nmethyl ester) using the
M nisci reacti®n (Lit.: e.g. R B. Katz, J. Mstry, M B. Mtchell, Synth.

Commun. 19 (198 7-325; M A A Biyouki, R A J. Smth, J. J. Bedford,

J. P. Leader, nth.\ Commun. 28 (1998) 3817-3825). Conpounds of Structure 2
and 5 whelrei and)Ri-2*represent a nmethyl group and Rl and R11 represent

hydr oxynmet hyl , N5 réspectively, may al so be prepared by making use of the
Boecké&bhei de reacti™n (Lit.: e.g. N. C. Habernehl, P. M Angus, M L.
Kilah, L. ‘ {Jihi S [ -l nar 45

: K39R thihictPt Witdh il e Hun&he
(2006) 14@%&%@%&3# és abo%rg%%ggpéﬁg%h re'%cthlegi;yrselquerﬁ els tﬁgt afm% ow t he
i ntroduction of the two 20 residues Rl and R2 may al so be applied to a

conmpound i_n which t scaf fol d has read een futher el aborated. For

i nst ance, ?ﬁ@p@ﬁﬁ'ﬁ *d'aﬁ'%fc ﬁ'ﬁﬂip%&%éﬁ"s%/c%’@ﬁ(ggﬁri E'?o’a compound of
Structure 15. Réper@stsof. LAeyiStructure 2 wherein Pyridinel represents 25
WO 2009/ 024905P¢T/ 1B2008/ 053269 28 may ber\ prepared by reacting a

5, 6- di'2hl or oni Bot feRreseats Ryeee®r v 3bal kyl G ignard reagent in the

presence (pé‘zrg‘tgr(agg%)@ idiy sol vent such as THF, dioxane, DMF, NWP, etc., or
conbi nat i ons t her eof ,1'4at y?errper atures ranging from-78 to 25C (Furstner
conditions, Lit.: e.g. A Furstner, A Leitner, M Mendez, H Krause, J.

Am 5 Chems . )~13 - y3aghen, FUrstner, A. Leitner, Angew.
Chem 114% ig%%fe%%?%%g& q*hdegz?(g)&éfd?g% c%andi ti ons can be chosen such that
either the 5- & mpeedenad Ryl-alkiyicotinic acid ester or the

5, 6-di al Kyl - ni %g,;i ni c a%i d ester is obtained as the main product. The two
chl or BHe at oms ¥ n"eRrESHIHMNEPF oA Lot acid ester may al so be

substi tutqgi;@%ﬁelggﬁt33§1q@m;j ally or in one step by two al k-1-enyl groups, 10
whi ch nmay be the same or different, by treating 5,6-dichloronicotinic acid
ester with the appropriate al kenyl boron derivative under Suzuki coupling
condi t i ongssl on skilled in the art. The obtai ned

5, 6-di - al Eﬁ%?%?h@t@ﬁ?@kgbi d ester is hydrogenated to the correspondi ng

5, 6- di al K\R*-mepeEsehisiC:.aakd, @sHBFFR®.n addition, a procedure in which the

FO stner and thg. Suzuki_,canditiens are enpl oyed 15 sequentially can be

envi s?rged. Fur eF%éjsee,ntscﬁl‘“b—?h(Hﬁcoti nic acids may al so be transforned to

t he correspondiRiyraréssnts bpdrogee, cacl d-alkfing t he Negi shi reaction (see
above). The 5,6-dichloronicotinic acid ester may also be treated with an

al cohol or an al cohoiate at elevated tenperatures to furnish the
correspondi ng 5-chl oro-6- al koxy-nicotinic acid esters. Finally, cleavage
of the ester functionality delivers the 20 conpounds of Structure 2.

Al ternatively, conpounds of Structure 2, wherein R4 represents a nethyl
group, can be prepared froma conpound of Structure 16 via formation of the



WD 2009/ 024905PCT/ 1132008/ 053269 29 Structure 16 Conpounds of Structure 5-
are prepared in an anal ogous fashi on. Conpounds of Structure 2 wherein
Pyridine' represents RS Rs (Structure 17) may be prepared foll ow ng the
reacti on WegHEME¥ut | i ned bel ow. 1) oxidation e.g. KNKIABXSEBEYrification
COOR Structure 20 1) Suzuki reaction wth

2,4,6-trial kenyl -cycl otri boroxane 2) hydrogenation 3) saponification or 1)
Negi shi reaction with e.g. ReZna 2) saponification The picolinic acid of
Structure 17 may be prepared by treating a conpound of Structure 18 (either
commer ci aR( Wmmﬂtaﬁh-eagwl;@mépar ed in analogy to literature procedures e.g.
T. Kam nskg Fort, Eur, J. Org. Chem 19 (2003) 3855- 3860; U.
Zi ener, E. E?rdgﬁsrﬁﬁt%,ﬁmﬁhﬁm Lehn, E. Wegelius, K Rissanen, G Baum D. WO
20091024905P CT/1B2008/ 053269 30 Fenske, G Vaughan, Chem stry-A European

Journ 6 .(200 4132-4139; .R -A. Fal |l ahpour, Synthesis 2000 1665-1667)
wth 2 4 6! BPDERSTOIEISY Pf bis BYamET RS SR TN SItPor SR Es s i o
compound gy §té BEbibSdidF_n) € ivi) Swiexeti sed and esterified to the picolinic
acid of Structure 20. Oxidation of a commercially available 5 conmpound of

St ruct ur ePYRidingy renreseYpve access to a conpound of Structure 20. The
conpound &E Structure 20 is then either subj%cted to Suzuki cross coupling
condi tionsyusing the appropriate 2,4, 64rial kényl -cycl otri boroxane (prepared
according t Kerins, D. F. ea, J Og. em 67 (2002) 4968-4971),
hydr ogenat £d any saponified, 6r treated wth/Ahe qppropriate

al kyl - zn- Meageny "10under "“Negi cgnditions Qri
furnish th I red conpound 0

Conpoundsof't heSt ruct ur e2wher egnPyri di ne/ r epr ants Re 15(Structure 22 or
Structur eRé7) may be prepar e foll ow ng thegfeacti on seguence outlined
bel ow: 1) 8Suzuki reaction with

R

10  wherein the asterisks mark the bond with which the Pyridine' ring is bound to A;

R' represents Cy.s-alkyl, Cz.s-alkoxy, cyclopentyl, or NR'*R™®;
R'® represents Cq.z-alkyl;
R'™ represents Ci.o-alkyl, or hydrogen:;
15  R®represents Cyp-alkyl;

R? represents Cos-alkyl;
R* represents Cqp-alky!:

20  R®represents methy!;
R® represents Co.4-alkyl;

R’ represents Cy4-alkyl; and
R® represents methyl,
25



Structure 23 Structure 24 2,4,6-trial kenyl -cyclotri boroxane Structure 25

2) hydrogenation O 1) Negishi reaction with e.g. Ft 7ZnCI Thus,
a conmpound of Structure 23 (comrercially avail able or Ty repared in
anal ogy tWOPPP&4PUre procedures, e.g. P. Pierrat, @6‘§20"5/ S5pr t

Synlett 2004, 202319-2322) is reacted yth 2,4, 6- t r| vi nyl -cycl ot ri bor oxane
under Suzuki conditions WD 2009(024905PCT/ 1B2008/ 053269 31 to form a
compound @y ARtk aSodhent'Bl e nh§eﬂ?6rﬂz‘e§ﬁ€s 30 By BShE 'dorRRINHS sRcs@mgound of
Structure 25. Suzuki reaction with the appr |opr|ate

2, 4, 6- 1 ri & AT ErhadiBenex hiver), Mieregdhuaiding’ repESealoni fication or

Negi shi reaction wth the appropriate al kyl -Zn-reagent foll owed by
saponification of a conmpound of Stxucture 5 26 furnish the conpounds of
Structure 22. MO B. ,C COON Sre 28 1) esterification 2) Suzuki

reaction with 24,6-trial kenyl ecycl ¢ Qr oxane 3) hydrogenation 4)

saponi fication O 2) Negishi reac th e.g. RzZna 3) saponification

MeO COOK
R1

L

wherein the asterisk marks the bond with which the Pyridine’ ring is bound to A,

viii) Another embodiment of the invention relates to pyridine compounds according

to any one of embodiments i) to vit), wherein R represents Ca.s-alkyl, Co.s-alkoxy,

cyciopentyl, or NR'R™, wherein R'"™ represents Crs-alkyl and R™ represents

hydrogen, or C+o-alkyl (especially R' represents Gas-alkyl, or NR"™R"™, wherein R*
10 represents Cys-alkyl and R represents hydrogen); and R? represents Cq.-alkyl.

ix) Another embodiment of the invention relates to pyridine compounds according to
any one of embodimentis i) to vil}, wherein R' represents Cps-alkyl, and R®
represents Cq.z-alkyl.

15
x) Another embodiment of the invention relates to pyridine compounds according to
any one of embodiments i) to vii), wherein R' represents NR'R'™, wherein R™
represents Cq.s-alky! and R™ represents hydrogen; and R? represents Cy.z-alkyl.

20  xi) Another embodiment of the invention relates to pyridine compounds according to
any one of embodiments i) to x}, wherain A represents

O—N

b

wherein the asterisk marks the bond that is finked to the Pyridine’ ring.

25  xii) Another embodiment of the invention relates to pyridine compounds according
to any one of embodiments i} to iii) and v) to xi), wherein

Pyridine® represents



Structure 27 Anal ogously, by applying the reaction sequence of either

esterification, Suzuki reaction, hydrogenation, saponification or

esterification, Negishi reaction and 10saponi ficati on, a comercially

avai | abl eVOFMWAHAS of Structure 28 may be transfor med Pq:rt’lﬁz%.’wﬁ?}ﬁﬁound of

Structure 27. Conpounds of Structure 24yherein Pyridinel represents

15(Structure 33) may be prepared follow ng the reaction sequence outlined

bel ow. PCT/ 1132008/ 053269 Ri oStructure 31 1) Suzuki reaction with

2,4, 64rial kenyl -cycl otriboroxane 2) hydrogenation or 1) Negishi reaction

with e.g.RROZnClL Thus, a conpound of StR'ficture 29 is treated with

2,4,6-trivinyl -cyclotri borox ne under Suzu conditions to give a conpound

of Structuy@ Oxi dation f d by sapo ation gives the

correspongi ng ¢ und pof ructuse--31. SuZuki reaction 5 with the

i , 6-trial kenyh:- cygl ot ri bor oxXane, /hydr ogenation and

on or Negi shi regcfion wth the appNoprlate al kyl - Zn-r eagent

fol  onwed RY? saponification gurni shes tlag ge'si red corrpounds of Structure 33.

Conpounds of Structur'e 29, wherein R ‘represents a rret hyl group are

commer ci awhgreav tiel aﬂi&mksmrﬁéilmdeﬂ@fmtstwmm theePpraglinatiinges hom1d fepr esent s an

ethyl group can be 10 prepared following literature procedures (e.g. T.

Hanazawa, M Hirano, T. Inoue, K Nakao, Y. Shishido, H Tanaka; WO

2006/ 0978&T :(er'é%@ts Capalryl, hedrbxymeByi, SNRU*R¥t araj an et al . Bioorg. Med.

Chem Lett. 13 (1200%) 273- 276%@/ for instance from cormmercial | y avail abl e
Byt eyt

3-am no- 2, 6-di Bhi &% :outlined below. WO

2009/ 024905Pﬁhﬁ13g&@§é{g§(ﬁg§@)g§§ (W‘@p;gm?[ t he compounds of Formula (1) are
obtained in the formof mxtures of enantioners, the enantionmers can be
separ at edRusieREsaethodsakiiown to one skilled in the art: e.g. by formation
and separation of diastereoneric salts or by HPLC over a chiral stationary
phase such as a Regis Wel k-01(R R) (10 km) 5 columm, a Daicel Chiral Cel
OD-H (- 1R “pmprmmmﬁ;wmyaowm%ia ®hiral Pak 1A (10 kn) or AD-H (5 kn)

col um. Typi cal,sseondi t L an E:of ig:hl ral HPLC are an isocratic m xture of
eluent A (EtOH, ﬁe%?g%% égc'ﬁJ y<Jazbsence of an am ne such as triethyl am ne,

di et hyl am ne) a??ﬁ r@ﬁ;r‘é@@rﬁtsﬁyﬁh@éﬁﬂ@)& Abkg;flow rate of 0.8 to 150 mL/min.
10 Exanpl es, The follgwi ng exanples illustrate the invention but do not at
al | I|mthh@p§%§?@é9 hé"lag‘é!' 15 Al tenperatures are stated.in C. Conpounds
are characterized by 1H NWR (400 MHz) or 13C-NMR (100 MHz) (Bruker;

chem cal sh fts are given in ppmrelative to the solvent used;

mul ti ﬂ)$| th EBPresents &mglkét and RE° eruuigsents GroalWiiqsl et : p = pentupl et, hex =

hexet , fis ik i g.constants are
given in %0 ﬁ??gé%% Etzmlegymémrﬁaggé r %/qtagjéoa@&[tcﬁw 00 Binary Punp and
DAD, col um: 4R®?5@pmnt§®}1ba@tk¢5&nm 5 lin, 120 A, gradient: 5-95%
acetonitrile i ]’tﬁ] A %{ytrlfluoroacetic acid, flow 4.5
nL/mn), tRis g| %We}lsﬁn T q?éf‘ H%ﬁ s basic LC-conditions, i.e.
eluting with a gradient of 5-95% acetonitrile in water containing 0.5% of

sat. ag. NH40H solution, otherw se identical conditions; by 25 TLC

(TLC §® at &4) f*ﬂ@?‘ﬂeﬁ/@f@@d‘@mtl dhgévesgorssiaies t@rp%@'wqmwrﬁ&ﬁﬂmr%pounds
are purif S p.m

gr adi ent : kcﬁ%’?gg{”j@gﬁg‘?gﬁ'me%&”é\ﬂﬁg?m&ﬁrgyﬁrﬁg @395&%3 of for m c acid) or
by MPLC (Labomatic MD-80-100 punp, Linear UVIS-201 detector, colum: 350x18
nm Labogel; RP- 18- 5s- 100, gradient: 10% neihanol in water to 100%

met hanol ) . R.30Racemat es can be separated info their enantioners by
preparative C (colum: Chiy.alPaK AD 20x250. 5 pm 15% et hanol in
hexane) . \ D 2089/ 02490§fCT/ 132 08/ 053269

\ 7/ \ /" \ 7/

N

R12 RM- or R‘EB

EHl )

wherein the asterisks mark the bond with which the Pyridine” ring is bound to A;
25



34 Abbreviations (as used herein): aqg.aqueous atmatnosphere

BOOt ert - but oxycar bonyl 5 BSAbovi ne serum al bum n Bubutyl CCcol umm

chr omat ogr aphy CDI car bonyl dii m dazol e dbadi benzyl i dene acet one
10DCCdi cyEPEhERy190Tar bodi i m de DCMIi chl or onet hane DEADBSTEBHRpH/055269
azodi car boxyl at e DI PEAdi i sopr opyl - et hy] am ne, Hunig's base,

et hyl - di i sopropyl am ne DIVEl 2-di met hoxyet hane 15 DMFdi net hyl f or mam de

DvBOdi rretE%g\@Fégsgﬁsc@hzq 1h§|oaro %;W p)@s:phl no-tcP)ferrocene EAethyl

acetate nopr -carbodi i m de
20eq. equi val enk{ %ye;&mmmemsﬁmet hanol Ex exarrpl e(s) FCflash chromat ography

25Fe(acac) 3ir -(ﬂ:l | e | ex hour (s)
HBTUO- ( benzot r| az qpr%[ eiy% F%jrﬁg m%@%am&t hyl ur oni um hexaf | uor ophosphat e
HOBt 1- hy dr&xebesrzatsmamgl.e 30 HPLChI gh performance |iquid chromatography

HVhi gh. vacuum condi ti ons KO Bupot assi um tert-butoxide LC-MSlIiquid
chr omet ography - nass spectronetry WD 2009/ 024905PCT/ | B2008/ 053269 35

Lit.]iterptuee-deprtbyl-aMpORRFROPE, M nm nut e(s)
R"™2 represents C.s-alkyl;
R"™" represents hydrogen;
R* represents methyl;
10
RS represents methyl;
R represents Cyo-alkyl, or NR'2R™:
R'®® represents methyl; and
R'®® represents hydrogen.
15
xiv) Another embodiment of the invention relates to pyridine compounds according

0 any one of embodiments i) to xiii), wherein Pyridine® represents

R12 or RM
wherein the asterisks mark the bond with which the Pyridine” ring is bound to A.

20 _
xv) Another embodiment of the invention relates to pyridine compounds according
to any one of embodiments i) o xiii), wherein Pyridine?® represents

R‘I2 ,

wherein the asterisk marks the bond with which the Pyridine” ring is bound to A,
25



5 MPLCredi um pressure |iquid chromatography NaOAcsodi um acet ate

NVPN- et hyl pyrrol i di n-2-one OAcacetate org.organi c 10Phphenyl

PyBOPbenzotri azol - 1-yl - oxy4ri s- pyrrolidi no- phosphon um

hexaf | uor'80p#E4ptiet e prep. preparative rtroom tenper at §FETHBEHERS3XAt ur at ed

S| Psphi ngosi ne 1-phosphate ‘5

TBTU2- ( 1H benzotri azol e-1-y1)-1, 2, 3, 3-tetranet hyl uroni um t et ratl uor obor at e

TEAtTiflugy rga@ﬁ&hérc%@%gr tBHﬁ%eernf«énMdfépéteé%pyﬁf’ﬁ@fcbﬁqpewﬁaeaaé&emgta hin

| ayer chronatograp etention tine
Xant phos4tp5aby stérda i eeTybptiowie rp)te 909; dvhmenhyl%(ame;hreﬁem%methyl ethyl,

2-| sobut yki f. ,
£ SO0 ORI e, o e AT g, 2R o
nL), Pd( dgpdi) of fh@ﬂwymmna) 62 Rifeb)rebentadastyl. The mixture is stirred under

argon at rt and isobutyl zinbromde (6.55 g, 32.4 mol, 65 nL of a 0.5 M
soluti%n in WD 2009/ 024905PCT/ D32008/ 053269 36 THF) is added dropw se The

mxture igy 1?Wnbﬂfé¢ eﬁ{boﬁtmér‘ﬁroﬂth@m\ﬁehﬁ&w ?élat%@qufyﬂﬁmé@ohxpo'rh@s Bhdrding |
cooled to rt and diluted with EA (250 nlL) and cold water (0C). The mxture

i s acidi fiwmyneeaaﬁ@odtﬁnerzg%mv) whéraﬁr@ fprageents naspvr af 8@YERI%t he sq.
phase is ’Qtrfe Fets {H,EA (4x50 nmL) followed by DCM (6x50 m.). The

conbi ned g rac {"are concentrated and dried. The crude product is
purified by I\/PLC on silica geI to glve t he t|tIe conmpound (2 0g) inform

f M:1]l.,= 1 1H N CD30D
o1, o3t u LAt arnoedintRi of B Toibshibn RbBtes ¥ ohiag tBiiodings ol 6 o0
8.29 (dd,to] aﬁy5ez$e k. Bmidadindertt , i &034svﬁswhbreﬂ) RS’ 8&presentd &, HaBylizor 1 H).

10 2, 6-Di net, J,soni cotin ac a so| ution of
2, 6-di chl Hﬁoﬁﬁs ni"’@@fei%l%%a;ﬁ%%%}i% Camﬁ(”w‘ a6 Br (rgg@ee’@ts e sfing,

Fe(acac) 3rl6Ld d@nislmafpymol ) and NWP (1.58 g, 16.0 mmol) in THF (400 n),
a 15 solution of nethyl rragne5| umiodide (11.67 g, 70.2 mmol) in THF is

slowy added at -77C. The brown solution turns green-grey. After the

addi t}j i i sionis

war me* toQ% ﬁ%fg%@%& dl fownldg%ggrd”@%eg Bfr{sumgg@?ér{gc%o%{\%jto -70C. The

ot her hal grotmb doheising ghard reagent i s added, the mixture turns dark

gr een- bro n rredfor e20 mxture is

cool e to po ' t 4 g, 13.5
od 1 oL D 2 e ot 6T 4 HeTes e )P sog BN 5T

mml) is mw [Bhe- dtwmemwmxgwﬁw qwazx}mimﬁt -Shigthggyfighel6 h and

then carefully q[ﬁenche HCI di luted with diethyl

o - The-gi 4 g aronsy do et b i zacaox#\a%c& S-SR ed wi th

di et hyd eﬁ)mm -The conbi ned org. extracts are dried over MySO4, filtered
and evapofated.” The crude 25product is purified by MPLC on silica gel to
gi ve 2, 6- dintephyiidd8rt- dlmatlmy!el Qw’icﬁmﬁ)e[ﬁtZéPobadiﬁtOie%vléﬁ negihg7owidings a paI e

)2/e|6| S:Nrrglt hﬁr%jﬁg%%ﬁgég A € %ém dwter@lrlé{%% y[T 22@? %Zé).i';?%?' %Rﬂ%&mﬁ) in 5N
HCl i n i sppsananal-[3¢@0G-oi)ethy-spyridied)-Ht 2, _8}5{62&1@iazolai-pl.}ﬁil'methsp;byrteime;i S
?%Z‘B?;ﬁte?%&g’%iﬁﬁﬁéﬁ?@%ﬁﬂ? Sotdrosishinen dosteg veipss ey O
25 pyridine;
2-methytamino-4-[3-(2-ethyl-8-methyi-4-pyridinyl}-[1,2,4]oxadiazol-5-yl}-6-methyl-
pyridine;
2-ethylamino-4-[3-(2-ethyl-6-methyi-4-pyridinyl)-[1,2 4]oxadiazol-5-yl}-6-methyi-
pyridine;
30  2-isopropylamino-4-{3-(2-ethyi-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-methyi-
pyridine;



37 give 2,6-dinethylisonicotinic acid hydrochloride as a beige resin; 1H
NVR (CD30D): 88.16 (s, 2H), 2.84 (s, 6H).

2- Hydr oxynet hyl- 6- net hyl -i sonicotinic acid 50 a) To a sol ution of

2- et hyl -Wea#P@B#Ini c acid (5.0 g, 36.40 mmol) in met REREFOEGRM), H2SO4
(2 nL) is added. The mxture is refluxig)d for 72 h before a solution of
anmoni um per oxydi sul fate (16.64 g, 72 nmml) in water (15 nl) is added.
The m xt | - ; bef ore
anot her A0 e b L P o e g PR R

cont i nuednwaidirgb5C for 24 h. About 2/3 of the solvent is evaporated, the

e % R 205 2 BB AL B Ml b A DA LR TR, 1V, o

and concem@ﬂ@t petidire; @indge 2- hydr oxynet hy1- 6- met hyl i soni cotinic acid nethyl

ester (3.7 el | ow solid; = 182. 05.
oster L2 odhsrsmt o et e Pl AR A Heiie 02,
(500 ny, gyaﬁ}lémol) in 32%aq. HC (10 nL) is stirred at 60C for 5 h. The
solvent is renoved and the residue is dried to give

2- hydr oxynet hy1- 6- net hyl -i soni coti nic acid 20hydrochl oride (480 ng) as a
yel | ow so| i

2-Ethyl -6 )lr}gAcir?ln%nSORqeté%tred EX @gegyob%éﬂuégg%réﬁg 1(34Formula (1) are selected

2- chl oro ﬁemmagtoupmmsxsbngnfc aci d (7 0 g, 40. 9 mml) in toluene 25 (100

m) i tedto8 d en sl.o rea or mam de

di terfo. %ﬂpé%%xﬁﬁcr(sg@ e}%g gwﬁhyﬁd‘i RGNy )%ﬂ ?q}?%oi$e%h§§8th Var .

Heat i ng apghicedd:.rring |s continued for 20 h before another portion

N, N- di et yIforrram de di-tert. butylacetal (8.32 40.9 i s added.
Stirring P4SbytHrgdd e&*ﬁyi@o@eM} APyrgInyiE 2, W%@@/‘@zﬂb@ﬁﬁéﬁ&xﬁmoos/ 053269
38 reacti Byr}dﬁlleﬁaure is cooled tort, diluted with diethyl ether and washed
with sat. 2C08-solution. The org. extract is dried over MySO4,
filtered aﬁehteﬂhgl-ﬁs-tﬁ (Be@ﬂdlmethabtﬁéﬁ/tﬂim)ﬂ)-éh&ﬁ&ﬁmdwol Fhvd-rigiseal | i ne nateri al

h | dd d
aive Benteidel R ER i BG40 BIPLAPRIATE 56' ) b
E:(()ZlD(C):r 5 I) esg ;édéal&h@fﬂé{&dfzﬁscimie@hy@ pyrlflrwl)l[; 4] m(»:zmc:ilaiéwﬁlylyG:etm&ymgxnele;\lN_ll?o R
red sol ut ?(ﬁPbb‘fY Q%EDC?FW g i ﬂkpégﬁﬁy@g?’l nﬁ@xaig%?r? %&%f@%mW?%@iPﬁr (2.95
g, 13.0 ”Egh)pen{: (@[Ba@éd(rﬁétaympgﬂd Ad)-rmo k) ox%ﬂ%zNMS’g(JB :5&%}3 -pHAdife;mmol ) in

THF 10 a sol ution nesi um brom

: 13.6 nmol)
in THF .szsqy@iwpyntwd%r&(%é dimgidy! 4‘%”@% 1.4 dlemadmwot érstB gteéfésﬁpgﬂ@ve The
suspepsi o r Layysol ution
i's ggg?;n @6*8 gﬁﬁ{g?g?%@t@nd aLotﬁggagﬁt?ﬁ%nﬁ%%[Pﬁ 0 ?ﬁ}gr)}gcrj%g@eagént (1.38
g, 10.4 nppiging;s added. The reaction mixture is warned to rt, stirred for

16 h and then car.ef h H diluted
W th o et AvoepREy e SHETERE M Bvdupd Pt e BurtiRenb il iR ERY, ¢
extract ede;dlﬂi‘e -di ethyl ether. The conbined org. extracts are dr| ed over
MySOH4, tered and eva d. .The crude product .js purif MPLC on
silica gePPeNYrare- @e@tfﬁ [%Gé\@e’?‘ﬁgﬂthﬁ”‘;owr ﬁhﬁe:’;’ﬁtti"agﬁé?ifé'ygﬁfe)/ﬁjm@ster as
a yel bow ghg which is di ssol ved in 4 N Ha in dioxane (50 nL). The solution
is stirred at 50C for 20 16 h before the solvent is evaporated to give

2- et hyl - 66rmeethyl2-ConeetiniZe2Ring -yt HRiridin s St Biedazgdmer ; LC MS:
tR = 0. 28 1cﬂ e[I\/Hr11+ = 166. 25; 1H NWR (CDC13): 68,19 (s, 2H), 3.12 (qg; J =
7.6 He, %%84 (s, 3H), 1.43 (t, J = 7.6 Hz, 3H).

252- Pr opyl 6 nmet hyl i sonl cotinic acid N a) A solution of

2-chl oro-6; neth |IS t|n| cid 5. i.n_ethanol
(200 m) gﬁa REN ﬁ%g t@o C%’?ﬂ &’ﬂ e%‘agmalcﬁlﬁ C@qmécﬁeé%ggt%%“tse(ifna?e 75C
for 24ph. ,$be a§Qhé’cﬁéﬁmbrStseé@0% geetbransk peemaesiise cbmpdsﬁ;islﬁ)sk Wederitaragt hyI
acetate (200 30 nL) and washed with a sol ution of sat Na (9?

and wat er Of &7ONg{3 . adWYISERI9N0 879 08ISCHUIRDIE0 fb§§9@@s§§ e %ﬁﬁg ract
is dried aygf.d gﬂn Hd AT 86k 384 ey apaVaatie 418l ¥eain&if! 6 Bisbases or
nethyllsonlcot a0|5 ethyl ester (16.3 g) as a pink powder; LC-MS: tR =
0.92 min, d[smeﬂe]rsassczmieqwthm adtiyatedd GIMMrcosysem.

2-chl oro-6-nmethylisonicotinic acid ethyl ester (2.0 g, 10.0 nmol), and
trans- propenyl boronic acid (1.30 g, 15.13 nmol) in DME (20 nmL), a solution
of 2 Maq. K2CAB (3 nL) foll owed by Pd(PPh3)4 (150 ng, 0.205 mml) and

tri phenyl phosphine (265 ng, 0.99 mmol) is added. The m xture is stirred at
100C for 15 h before it is cooled to rt, diluted with diethyl ether and
washed with sat. agq. 10 Na2003 (2x30 mL). The org. extract is dried over
Na2SO4, filtered and evaporated. The crude product is purified by CC on



2-| sopropyl -6-nethyl -isonicotinic acid 30 WO

2009/ 024905PCT/ 4132008/ 053269 40 The title conmpound is prepared in anal ogy
to 2-methyl-6-(2-nethyl-propyl)- isonicotinic acid using

2,4, 6-1riWOPPEREAYI - cycl ot ri boroxane; LG MS: tR = 0. ZETHBHOSPTRA) + =

180 44. 52- Met hyl - 6- (2- et hyl - propy1) -j-soni cotinic acid a) To a solution
of 2-chloro-6-nethylisonicotinic acid ethyl ester (9.92 g, 49.7 mol),
2,4,6-tris-(2-nethyl-propenyl)-cycl oboroxane pyridine conplex (13.0 g, 49.7
nnnl, prepared in analogy to a procedure given by F. Kerins, D. F. O Shea
J. Og. 10hemerductdn ((200)phagt8ecaldita)) compdsitionghanmydepdidegied me a(rha8gerg, 8. 60

ot re i W GaGHE Dot S Sl S T b & Rt dydpis bRl 6105

ol ) i 3 iﬁﬂ@egc;éﬁbﬁ rar»ot upeadf:se St r I%Jﬁnabc:)lOQESi OEdRRnh (lzet)gy e RAdrt IShcooI ed
tort,_diJuted wit th sat The org.
extract i SETMEELYFE tuqmg ?@%'&f@ﬁ*dbﬂé— Fg:\’)%%‘i’ maéﬁnﬁ \R/t”F'Ué]é %r oduct
is purifi Sx‘é@b(g Q@eoﬂe%r\dééa Bflpodhyé | B9 MrkliDEPt ¥Rt %ﬁaﬂméé@aﬁbé{lﬁ;f
2- met hyl - met hyl - propenyl)-isonicotinic acid ethyl ester (9.90 as a

yell ow o e SAR rgoadrim. COTPRRRON wri, Theroiherarutigniys VAKAbE, 00 (<.
(s 4 b Subedancds ingo & Betgiytal Sttt Griondnelith shadl, Bnaodtl o e

acid et hylnegstesrapdutialig, cosfoatibiesbld ics |djugs chured mateThlE aAQ0if regsiratd

met hapol (1 Pd/.C (8 10% Pd) is added and the m xture is

sti rrg(g uHﬂ@?pgtg@?ﬁ%C%ﬁt C&f\’% 5 h. The catalyst is filtered off and the
filtrate is evaporated. The crude product is purified by CC on silica gel
25el uting with hexane: EA 1:1 toE%

2- et hy| - BISEASARPAFSOFSP PEFOFE |‘65Eﬁ Bhi RCtNEIeE B MYNE Btien YiICh §28) %8s a
col ourl esgegich arefisMvebRed Ml IndicdimpdIBu0IH H2ARDIHFALISA0BINR3269 41
evapor at e he residue Is dried under gi ve

2- met hy 1- gaggpianiedyrgprogigsye qrs&ﬁiscgmaﬁﬂvafsa%hasths}da@MI obdet ¢0BEYY) as a
col our}tes

o oy NET AT RS AT s RGeS, indying Sheugpion Aok pYiaTS

2- chl or o- i@ual C@’g/thelrrmtamlsd eﬂrhuohoe;shc@md( 18yfdrgme6 3. Baghimoblo's n thdABidi{is50 ) ,
NVP (8.78 cac 2.46 6.96 mml ) is added under
ar gon. Wi‘cerpm @ﬂﬂ e@“ﬁ? < 7% "‘B ?’0@%%% ArAEEn &K% %F’E?ﬁe&e (47
nmL of a 2u%1§@| sibib@Britfig) stidiritisOKaWa¥ERls) distadddadeo-lRitlsenRelsdbrnfettisses to
-65C. 10 The mixture is stirred at -75C for 1 h, then warned to rt_ and
car ef ul | y UbRIBhcAPCETeh W eBehasie sisacske YeoBaNE e ORI EAIRIIE or g.
extra i d t duct
s puts 11 S00H) PR e pAIgPRE VAR GRRRE PORIRERId o

2-i sobut ymsessm cocluding adiedmatiny | feest eand 3p08- igijectl@usangbmerum@mmst R =

0. 74 ni - : i
aci d ot hyi"ETOp: 208 Birerrnyie SR HitRaRt: SaBRA) PRI, S
i s heat efl )atdpicﬁﬁ&rﬁm‘h@rrey@e&w uﬁy@nétaapgasmmmf I:ﬁnmrﬁmxwdnmlinéaé@e(ﬁtm g f
9. 65 Mo In added carefu Irr I S contl nye or
T b at oA Ee SRSTIREE BBFTRUR: OF Sl AB-BPE 8 BFoRy S AT R BO08: 20 o,
9. 65 pyol by Fd@rrH@P% béuo%arrtambér;@daﬁgsoea@ﬁaam velseliist Seﬂy@fe'n#!a’(eéut@\vﬁ@éusm ght,
cooled to rt ut ed nd washed with sat. aq.  NaH solution. The
org. extr &sinpENid:;i @@nﬁweﬁCi%Wa f planeeiad aRatas okviCPakBEHVith e VeNate

duct d 0% of
product i s,pufid \)I’[% KYats: AR, ;nlj_;% ggbut ys}t%}aﬂ% whitH M GRRLE] '&hr‘?‘% 2t 0% 0

met hanol to ‘give hydr oxymet sonicotinic acl ester
(560 np) mkamamolculazfﬁje@:,m@zm: FM@oreﬂ 8luipgm uic[em{m/]e%araﬂt% s@iﬁratxspﬁraﬁ/e’gol ution

of 2-hydrgx 1-6-i -isonicotinic.acid eth ester 0.421
ot ) ' SSYELeAY: B8k B BBl P e TRl PR o
renoved i feveasitle @mdructhes raeﬁ@yrmmsree@rm;ai%@smedawg;eradthmhoirmm 2- WO
2009/ 024905PCT/ D32008/ 053269 42 h groxynegwgl 6- |sobut | -isopicotjnic acid
hydr ochl o PPHEE; LGNS 23LeMan dyst @ NQEE OF GIVEELIRTEN? St'[‘Wﬁl ale 255f 47,
2-(1-Et hy|ah8ré?rméjy)h@e@é&bﬂnslv@ﬁ@é@%rbrﬁ%?ﬁoiﬁ@' drorfeiel éné’dmgﬁo@ssaﬁ:ﬁ%s' on of
2- chl or o- 6- et yI-|son|cot|n|c acid (20.0 g, 117 nmol) in |sopropano| (80
m), H2SOgagBCrigerssisairipl kv wisresesnielammaiery v misPasas mEAoE)Ng The

m xture is stirred for 24 h at rt, then at 90C for 28 h before the sol vent
is renoved in vacuo. The residue is di ssolved in diethyl ether (200 m),
washed 10 with sat. ag. NaHCO3-sol ution (3x50 nlL) followed by brine (3x50
m.), dried over Na2SO4, filtered and concentrated to give

2-chl oro-6-net hyl -isonicotinic acid isopropyl ester (21.0 g) as a
colourless oil which slowy crystallises; LCMS: tR 0.97 mn, [M1l1l4 =

214 05 15b) A a solutlon of 2 chloro 6 nethyl-lsonlcotlnlc aC|d |sopropyl

~ N~



25 isonicotinic acid isopropyl ester (1.6 g) as a yellowoil; L&EMs: tR =
0.79 min, [M1]4 = 250.14; 1H NWR (D5-DWVSO): 80.70 (t, J- 7.3 Hz, 6 H),
1.33 (d, J= 6.3 H, 6 H, 1.58-1.70 (m 4 H), 2.51 (s, 3 H, 2.55-2.63 (m
1 H), 5. 160(keie4od = 5.8 Hz), 7.39 (s, 1 H), 7.49 (s, PCI/IBROGS/0IAEH0

2009/ 024905PCT/ 132008/ 053269 43 c) A s% ution of

2-(1-ethyl -propyl)-6-nmethyl -isonicotinit acid isopropyl ester (1.54 g, 6.18
mol ) in gr‘?ﬁé‘}cﬁ%mlé—' hie{s@gal”}e)sdn*% %écf gda\}vitﬁigerfn?% tjﬂ?rng cggﬁacs%lls\é‘ﬁg%
removed in vacu I'due TS sso ved T n di oxane and conceniTat ed
agai n to proceti- (adsrmbmyllc @laetygxéljteﬁt-lsreh’rmtoaymm cOtahmicc dismadehyudlrayetieor i de

1.70 asa5bro sh solid; LGNS tR =10 M+ = 208.52.

57 0yl aheE: SVFRALTY ! HGRAC OETIRE oY d SO TERISTaatd aF GEMBORG dppr )
(200 g, BhdASschammdis; snaddee: tyacsalidt iRdial RGBT Oaodifs | spRiIreaE; Ni C
acid ethyl ester (4. 80 24. 0 mol ) in di oxane (60 m_) A sol ution of

cycl opent GRchaXiak dé‘ﬁltﬁrvf{ﬁi disepse; , vasEUGr nImbasss; MNEBRIET Sainitis; BARS™Rs added
dr opwi se. r I tort,
carefull yi gé}gﬂt{g e‘)é‘gaf ?cﬁ'l \?&’ﬁ@ﬁ ugﬁg ”%??@?%% GO%d? wﬁgﬁgroﬁeﬁgﬁh@q%ed org.
extracts aranidr $ywdiraver diysia, nduiropatby; gltuneroivsertasis; edlonEngoreRIMEs pr oduct

2" cyol operty LSRRy eBbll catFin Bon B BEP ARG ol i

LC Ms: tFG?nd}or?@ Me!meréMcEe]aée p@i@#et]r]ns nb,)ltlme sieltitid; onyeaitis; mononeuritis;

L AP e e, Wt B 5Bl Soble BBlRs, e Reledls 1 "

20 vacuo aﬁ@sgh@pt@gf@aﬁérﬂ& hsbslbstid §né1ﬁ#aedi SHRARE thiriR cgic Y}@mc furpura
2-cycl opentyl- 6- et yllsonlcotlnlc acid acid hydrochl ori de ( ng) as a

whi t e sol BdioimMOUNs: harpplytie apgmig:n auoimrLae thpgsbog/openia; agranulocyt031s
2,6-Dieth C 0

2. o di chl BP0 T aohEoay ) TegRPaEoLs oo BT Bb b beeonprags; fopd g
2, 4, 6-1ri wingyl idioplettic i ibersikiaheppumaiiae deomtoesy (5840 lmgko@rﬁ’@ mw;rja,ns WO
2009/ 490 CT/I BZO 8/ 0532 rep red ccor . r| 0

& Shels 3, %F Ost%he‘fﬁg%“? (Eg bzf‘)aﬂ% Bf%é %‘1‘? ) | & IR0 of 2 u
adq. K2003pé@aﬂ.‘bl)ltisf alddeved %tﬁ@(d?%&)tﬁré@'o SWenﬂarﬁ%l iili1e: %) &’W@cardOSIS

tri phenyl phosphj ne (50 ny 187 mmol ) is added. The m xture is stirred at

100C f or Woﬁa%jétfsorsé‘qr?d@@acoWIQQ@”?ro'S igranWeTat SIPIRET R SHEPpE: 8eiveFSand 5
washed w bbsaﬁﬁb\h;w NaH s9bsd 'd?ngt;iﬁé%éo p@ha,denmﬁq aglve®BASRNES sBX&EAG ed
once nore wth di et et her and T heé conbi ned rg. extracts are dried over
Na2SO4, f Ph%es agnéisid n@}%p@ﬂtwr@d&low@acmcﬁéommﬁﬁ% "pusaiaredyHOrOL on

silic e n \Y; di | ni c

aci d ?Oe?t b%ﬁ%é}waégts\e@rzy(}fg %?ﬁ@%&??%ss %PFIC aé‘%l %chi%

[ Mt114 = 233is0h's tikeaby;, Tarhamsarepdriusicof Pu6- cdrfvongyshsmbm:hcot:cmscuam d
tert-butyl ester 0 15 ., _Pd/ 10%
by 1 o o 8B otk BhedanR TR iRR0S ool B, capees bY &fr@s :
The cat al ystradigtid;! beartlicoddutenenbhestiilcianale chongy s akadfticid: r;@ﬁ@ nl ng
residue is purlfled by CC on silica gel eluting with 15hept ane:

gi ve 2, 6- 8reEHyIMageAQoPf MePRRi rigétt adile AT E¥PRF W%@BO%F @é‘k%m*as

coI ousk es G 3. n of
0,0z e ribord ColfodeRy “erofiedihl b, ~iBd enile dogHiosan of

sq HCl  ( $enifeL)masuiar Megedef@ttlogs&ltmﬁl ssarhingefooreea helkgiol bgnt desmatitis

evapor at e 2 dr | n

2, 6-di et h%fythg'ﬁﬁi ggll i ggam%is d GIR |(§)er Wngg% V\ﬁ% aoerzgdgg itésurs[egsg solid,
I(_C- MS: t Rpanfredfliign peripHéral] Jarter;lS@zs@ése 1H3M®g(eﬁaﬁhﬁ®ohd8§a@;der( sum@id) , 3.05
g, J =7.5 Hz, 44, 1.31 (t, J =7.5 Hz, 6H). 2 -is |cot|n|c
bl d OH St O GBPIIY SRHCEBI SRR e Y PG SRR e P S5 SHETe
startsmg thedsd; 6sdibelingr @nolafglisCotdrhC 1ia6i debbdtlon; badut BRdreheamdis;
2,4,6-tri-(2- nethyl-propenyl)-c cioboroxane r|d|ne conplex in analogy to

2, 6- di et hir0stni 2NOHE Ciraleqses; M@GN;B faiipres fg Bafﬁﬁ hepatigpailure; late-onset
2009/ 02499@8&7& %%31%299@%@@9 c41$onuc" liver failure.



[ M1] = 236.40; 1H NWVR (D6-DMS0): 87.90 (s, 2H), 2.92 (d, J = 6.3 Hz, 4H),
2.10 (hept, J = 6.8 Hz, 2H), 0.90 (t, J = 6.5 Hz, 6H).

2- Et hy1- 6-i sobut | -i sonicotinic acid 1\ (0 50H a) To a sol ution of

2, 6-di chI‘B?éﬁqf’é’ééP’cotl nic acid tert.-butyl ester (500FgMBPIHER ol ), and
2,4,6-trivinylcyclotriboroxane pyridi ng conplex (170 ng, 0.706 nmol) in DVE
(12 nm.), a solution of 2 Magq. K2CAB (3 nL) foll owed by Pd(PPh3)4 (30 ny,

0. 041 mobjsr@nsh a@emwlo%ma@@ ta%e(tééht@@aan@ol%?em& wits tadgepodiie

m xture is 10 stirred at 45C

2, 4, 6- Tr i of( Bonmtid ) -a5¢ Getasied frévbmb@rrowmsWﬂgd:rfrf@e@swﬁ)m)traosgtanwg 1.83
| f 15
mol) 1S, §eDs A LB XhAGR B R0l Bt 9l el A dO0E o
extract edngshidissases hraliget Ripbuebhetam The tr@ngptaebﬂhnapﬂsto&maumaﬁgecﬁfomash 1 N
CH i 2X d d | t d d
caporat oo HauTPEA P PRUR I S i BEmBhOBPF IS s
el uting wag f@rbﬁzﬁ&&ﬂ@esﬁé Bad Uieergiinee colitis, psoriasis, psoriatic arthritis, thyroiditis

2- (2-met hyl -propenyl)-6-vinyl-isonicotinic acid tert-butyl est er ,6780 ng)
as a col otHGeds BrINIBEiiMIAEIS, evaP-eoNitet APPIpFEEERTALFUFR A% EBt iR ¢ aci d
tert.-butyl, @ﬁétﬁl%xsa%e'rr‘ﬁﬂfkré té(sthfﬂng ’\% tRofapktéd BbstinlMidds 2ufGifirdthe 20D)
To a sol uti An of the above 2- ? propeny1) - 6 vinyl -isonicotinic acid
tert- but@:see@tsemc(umm r@eumamfemmla)nd pORENfEptiols (GenatYionapdrits;( s8idny, 10%
Pd) i S stirred under 1 atmof H2 at rt for 15 h.
The ca ggr?c s]acH] ererﬁ&lééﬁsand the filtrate is evaporated. The renaining

re5|due is purlfled by CC on silica gel eluting with heptane:EA 5:1 to give

2-et hyl -6-i sobutyl -i sonicotinic acid rt-,25bu ester (39 ), as a -
col our | esEaﬁiCPiB"'{@rﬁBweﬁ Riseages g ﬁisﬁ"ée[rﬁ/ltlﬁf)ﬁgf@%aﬂ%‘” 85‘9«’ é&r@%ﬁ %}ﬁ?

2-et hyl - 6c61‘%9@&rﬁdé| of 5@%‘1@9'[(!)”#3@ %é&eﬁqfdm b Wro®s tBhsib &L oﬂﬂejeét{o%oﬂ”m' )
in 6 Nag. HCL (15 nmL) is stirred at 65C for days before the solvent is

evapor at effanshenteesirgrns seledted pnddEreyivel hgevieand iung; graft-versus-host

2- et hyd - 65 / aci d
hydr oc I o?%sgg%%%ﬁwr%? "R t?:%lcsé%él'\f)gélgq% r{%ﬁga%@aﬁ!:g é&éﬁ@{i@é@%ﬁ%@%nﬁ’e@ M I1 -
= 208. 04. saemdrfmnbewmto@dmm;ms|r@oiﬁlpteowlaﬁoeusmscinas@—lpamattce@rtmt

suspensi o 2-met hyl -i.soni.coni ¢ ac 40 ) ol (50
) and 1bas APERSR 3P RS Aty e o Biek Pl N el ey’

sol ution ofe areRMUe geo@drslitd $ul fradted (dmmaﬁaeaazea aith the bo@Bonmad df i n

wat er (3 gh% i s added and refluxing is continued for 1 h. Another portion
of anmoni GAHMY8 (gélf%ﬁ?'@?:tle@m%fpé‘“F?‘F\IFEJ?@?@BE‘“ PER1EG'S-5.83 mml ) in water (3
m.) iggadded and refluxing is continued for 3 h before a third portion of
anmoni um E}erom dil sul fate ((NH42S208; 0.65 FQ"FE’ 2.91 mmol) in water (1.5 nl)
i s added. TReforgsa@nhinvestien atsorgides ira meihod fE the oreantips %&ﬁagﬁeﬁ?t@fr& and

t he met ha e d e is
i uted wirreedd TRRRe HORRrs LR PREFTRDD ddRSETR M STPRAER (3x1s0
m.) and vvasdamnhwutlmﬁgacnvaqmdNat—lﬁICBesmbummdmf fdoiadl).. The conbi ned org.
extracts are dried over MgSO4, filtered, concentrated and briefly dried
under HV to give 2-hydroxymnet hyl-6-nethyl-isonicotinic acid nethyl ester
(400 pm) EorthePedre, O@hﬂJ&)Md%Cdfltiﬁb Fbﬁiuwﬁ( )taRa ais@ u%éfmn iA, coh%riatibh*wﬁh drﬂe’z 01
1H NWVR (CDCl 3): 82.65 (s H) , g

4.81 (d, 9" sey{er@l pqgmugg@omylatlﬁrg @ge(wgs fqr [.tbe pqevgatt?% ang/qq)treatxgw)en% fs(tﬂeutl on
of 2- hydre?%a@wxéa @13 éaylmérﬁ@abe%wnCA@LCdr@#ng%@yére%m%rer&éQ&m&t oR. 76
mmol) in 32% aq. m) is stirred at 60Cfor 5 h before it is
evapor at ethﬁantmvdﬁﬁ!@tl @ﬁwerawt@o aj¢ v eetasted | fro® cloeporadr asoasipend o® sol i d

> Bt hoxy. BTNRSEET eGP e Brmit B PR e, pHASURR RIS 47 10

<0 NI }@ \mhﬁﬂntoT@ a:ymlirwsg ouytolkm&- tretibitousy | ytakin(el . @@gptol 7 aittagonlsjs | ancet hanol
(25 nm.), 2-chl.aro-6 isonicotinic acid is added. The reaction

m xtur e i PP Gffo @@C%FBFP’E O%-days. The mixture is cooled to rt, diluted
with water and extracted with diethyl ether (3x50 5 nlL). The aq. phase is
acidified by adding 1 Nag. HCl and is then extracted three nore tines with
diethyl ether (3x30 nlL). The org. extracts are conbined, dried over 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-nethyl-isonicotinic acid
(237 ng) as a white powder, LGMS: tR = 0.60 mn; [Mlr = 182.24; 1H NMR
(CD30D): 87.27 10(s, 1 H), 7.04 (s, 1 H, 4.33(q, J =7.0Hz, 2 H, 2.46
(s, 3H, 1.37 (t, J =7.0 Hz, 3 H.




2- 1 sopropoxy-6-nmethyl -isonicotinic acid )0 -~

152-1 sopropoxy-6-net hyl -i sonicotinic acid is prepared starting from

2-chl oro-6-nethyl - isonicotinic acid in analogy to )

2- et hoxy-BOA#PMAYA%03 soni cotinic acid using i sopropanol P&3/IBEOYEREEY | C Vs tR
= 0.70 min, [Mlr = 196.04. 2-Isobutylyf-methoxy-isonicotinic acid COON O
20 a) To a suspension of 2-chloro-6-nethoxy-isonicotinic acid (2.00 g, 10.7

mol ) in Rl gi%%%t ﬁir@@ticm-élso ated t()ztlhght}sei & a{aggﬁﬁowﬂ‘_@f Fb%ﬁ&rlé]‘ji)if& e

irred
at 65C for 2 The solution i1s cooled to rt. recipitate forns. The

sol i d mat@epatatios of 6l phecmedeuticaDCRD PP i, IgERCTFIYL B 068/ 5826 & align Wi hed

wi t h net hanol i ive.2- chl.oro-6- [ (W wd met hyl
st or (1. oy 387 uPhyB R Teens PR DAl Or B B0 L)
To a sol uiicesseafard-dikdrdes- Benixdrzaoheréisoni cotinic acid nethyl ester (1.66 g,
823 5 mmol) in dry THF (50 m.), Fe(acac)3 (320 ng, 0.901 mmol) foll owed by
NVP (P.l m., 11.5 nmmol) is added. The m xture is cooled to -74C before a 2

- M sol uti ophoboinpabsdy bmeanash umaehl i heeufatiired bl4he rismblis gveftieidw, added.
Stirring is continued at -75C for 1 h, before the mxture is warned to OC.

The react Poiie Behoenched Byhe Brxanpiespriy@resmseretnode Grbynaepeliadi | ut ed
w th EA, &?ﬁ_ﬂ ! I y i r 1 , atidrl t €red
and concen ré@gvﬂﬂgggﬁagfﬁﬁd@%b ?)g% i&?yl?%%{é?n& %x%ﬁﬁrg%%%%% g%c%hd

met hyl esteditiohs2@nghe dsteamined| by & ek siilad B7ihei art by xedtine epip@gatim. c) A
sol uti@n of Zai sgbutyl- 6- met hoxy-isoni cotinic acid nmethyl ester (1.20 g,

5. 38 mMAECY 1S 259% ag. HCL (60 ml) is stirred at 65C for 16 h. The
solvent is renoved in vacuo and the residue is dried under HV to give

ECI_ i/gb ?t %/éogqusagg )é%/];g{es %L]ag I(ISI;IO% 1%?&?%@?49 srrn(\),r(e::rrw]tl'rc?nr Icagne bg jﬁrggagr)ed %%Cgrd?nogl hd;

2- (1- Et hyly Weogé!ﬂararﬁsé&refaeéwré@&tzﬁx@téaiiﬁe@@b@y@%n:¥ @) TN e ek BRAetic
Pd(dppf) (83 ng, 101 unol) is added to a solution of 2-chloro-6-

met hoxy- i pestiiftasieadiag ieicorspeyndsedfifarmua Oparg descdPedmpl , see preparati on
of 2-,4 sobutyl-6-nethoxy-isonicotinic acid) in dioxane (30 mL.). To this

m xture, a solution of 1-ethyl-propyl zinkbromde (1.179, 9.92 mmol, 20 nL
of a 0.5 Msolution in THF) 25 is ad@edHNThe mixture is'stirred at 85C for
16 h before the reaction is careful querRghed with water and extracted
twice with EA. The conbi nEuridng. racts gridee over MgSO4, filtered
and concentrated. The crude product Vs purified by CC on silica gel eluting
wi th heptane: EA 9:1 to give 2-(1-eth§?'—'p“ yl)-6-net hoxy- WO

2009/ 024905PCT/ 1132008/ 053269 49 i sgii&Qtd ni c acid nethyl ester (1.17 g) as
a pale yellowoil; LCMs: tR=1.08 mn; [M114 = 238.03. b) A solution of
2-(1-ethyl-propyl)-6-nmethoxy-isonicotinic acid nethyl ester (1.17 g, 5 4.97
mmol ) in ¢ ) (i e 0 ; ThE: e is
evapor at e§é aﬁ%g’tn ngéfeglgmtg}fi @ Evrhi%e% r%fﬁ%g?ﬁtm% ﬁé,gp\%&ta E%Iet ?fgﬁi\za%g%’nggeund
(2.002Q) as=pargeby cewciod iadsonOuvE: of SR uctlgeddinm solvgrvielth as P@4ne1THF,

Co A non BEFGRRRLAGEY kRl SRk DyoBiidhe, pPUTorIl (R ERTpgHrke
2- (1- et hy hegticopoilt ) trifuorebbetiy adig osticc et rrirceievatdd adraperatilres MSthe Resefcd3 mi n;

Mr1]4 = 221, 99. 152-is opyl am no- 6- net hyl =i soni cot i ni cid
[ ] or absence of auxii? rEespguo% as aC%S e.g.ylrFA, acet?a amg, %CEIl efc.), bases

{e.g. NaH, NaOAc, Na:CCs, KoCO3, triethylamine, etc.), tetraalkylammonium salts,
25  or water removing agenis (e.g. oxalyl chloride, & carboxylic acid anhydride, POCls,
PCls, P04, molecular sieves, methoxycarbonylsuifamoyl triethylammonium
nydroxide (Burgess reagent), etc.} (Lit.: e.g. A. R. Gangloff, J. Litvak, E. J. Shelton,
D. Sperandio, V. R. Wang, K. D. Rice, Tetrahedron Lett. 42 (2001), 1441-1443; T.
Suzuki, K. lwaoka, N. Imanishi, Y. Nagakura, K. Miyta, H. Nakahara, M. Ohta, T.
30 Mase, Chem. Pharm. Bull. 47 (1999), 120-122; R, F. Poulain, A. L. Tartar, B. P.
Déprez, Tefrahedron Letf. 42 (2001), 1495-1498; R. M. Srivastava, F. J. S. Oliveira,



COoH a) A solution of 2-chloro-6-nmethyl-isonicotinic acid (15.5 g, 90.3
nmml) in ethanol (200 nm.) and H2SO4 (0.5 nL) is stirred at 75C for 24 h.
The solvent is evaporated and the residue is dissolved in EA (200 nmL). The
sol uti on W& 2008908 wi t h sat. ag. 20 NaHCOB- sol uti on (AGTABOOPE et er (70
m.), dried over MgSH4, filtered, conc rated and dried under HV to give
2-chl oro 6- nmet hyl -i sonicotinic acid ethyl ester (16.3 g) as a pink powder
LC MVE: 0 [ 1 )

2-chl or o- -S M%%P |‘55|0Fr%| Mgﬁoh;?oc%’%%rdéé/ﬂ?eﬂ? ch;ﬁm% 5%231@?%j ZE%T %%

di oxane (@OOohurL)J NTs 2@ vE 2Bokgagiic memdlm)ﬁ)’ 39818) §®ﬁ®<3p9#aﬁ1 Keb(319d|24 g,
156.3 mmo),), i s ad The m e efore
2009/ 0249‘6 Bexags gfi@@g@f%é@%@é)n?aﬂiﬁ?? gsqn%fé é%ﬁ? E‘OBB%H)
acetate (g, LDdklep. T26-aWBBoh L@tﬁeggadomg 3Pre-gu7ghure is stirred in a seal ed
vessel at 85C for 18 h. The mxture is cooled to rt, filtered and
concentrated. The crude product jps purifi eliNqy CC on silica gel eluting
with heptane: EA 7:3 t%yglveﬂ i Opr opyl am no-\g- et hyl -i soni cotinic acid
S5et hyl ester (3.91 g) ora e SO|Id LC— : iding” 67 ni n; [Mr11+ =
223.10. c) A solution of 2-isopr thyI -isonicotinic acid ethyl
ester 5{3.90 g, 17.5 mmol) in 32%aq H m) is stirred at 70C for 5 h
before it is cooled to Struafige 2oncentr at ed Th&imesirele is dried under HV
to give 2-isopropyl am no-6-nmethyl- 10i soni cotinic acid hydrochl oride (4.20
g) as an orange resin; LGMs tR = 0.52 mn; [M1] = 195.009.

2- Di met hybamppQ @sﬂ?SW&t teS PR tepapsd © 150 d of Structure 2
2- Chl or o- 6- nep'? 9| -isoni Cgtl ni cég/g%ﬁg 7.55 yr% mpoun ‘Suspends

i s suspended in
t ol uene (WHO antYMpRUIBDTS QfidCttifed it ree%ntéwvﬁttch 39, NV, Eé%ﬁaﬁ@ iR éhe
d -t O Jaal t 0C f
| ew]enB %X}P%@Pg%aﬁ%r(% {I%ne Pgnar S(()J}J hﬂ%%glg?%?é lcﬁtngTi\_S;Mﬂ[JL |e’ta¢|?/ " et hg;
(250 mL) , HedshetDBE, ODisByBO&geicNaRCOB tep praseooe onaE@m:E)qf adpdsedsuners Mg804,

filtered an concen d,, Th uct 2 r| e VPLC,on

11 oa gel BTG W EFAnbal brebEingie debt & RoFgrg. J-F FefantEs P

2- chl or o6pgREdN, i SRRt UNDeg.aChént estzemBJ;tMﬁeemzar 308 .1hd lirai@se aitdyr owni sh
oi I which sIovay solidifies; LCGMS: tR = 0.99 nmin; [ MMH 4 = 213. 24 (-15);

1H NMVR ( DBO®I®30): 81.56 (s, 9 H), 254(s 3 H, 759(s 1 H, 7.66 (s, 1
H). 2%5) Under argon, a solution of 2-chloro-6-nmethyl-isonicotinic acid
tert.-butyl ester (625 ng 2.75 mmol ), Na tert.-butylate (396 ng, 4.10
mml ), Xantphos (173 ng, 0.30 MONG ~antPyRAG@AC) 2 (83 mg, 0.37 mmol) in 2 M
dinmethylamne in THF (35 nlL) is stirred at 110C for 18 h. The dark reaction
mxture is cooled to rt, diluted wieHUGUR 4g. HCl and extracted with

di et hyl ether (4x60 rrL). The org. extracts are WO

2009/ 024905PCT/ 1B2008/ 053269 51 concentrated, the residue is dissolved in 6
N ag. HC Campoueds efl Stroctled 8 nfay bd §répardthby oeadig soeypeAgicoel Sisucture 4

ooiang + wi lRORTR 47 e Rusate o rolet SUEh o PR g by

MPLC on RByfdiBe skid. dm tbel presergiever 2bdensd h;ylamaee guametd WNaC8hss oGOt i ni ¢

2Tt hyi - AP ROTB6- 3t b1 S S nie ET e, BooRPHRE! 1 N8 Kipound

i s obtaingd w;?ta}’ﬂl 'm%WaﬁéﬁéSMil@th?Q\n@fﬁé CRe@nhagy. E@u 47 (3099), 120-122;
di met hyl am no-6- ne yl-isonicotinic acid starting fr

2-chl or o 6- Bt @Icm@oﬁl ¥ink Ve Law, & Le Rheingagids|D. e%t%&se( Y80T gl Y322hawnol )

and e MT% égfi(rm[ E*ﬁ%od-ﬁ%'% Jﬁ?ﬁs%n %3158{?“&@% [@Wégﬂ) f_l[)‘l_ 2§%§)3%%791%9%Nﬁ 3. 60

(q, J = 61\/8EleHzF Qarh@,,z 6. 8n@sD. Zewpe, 182200410350 adn(Merds-&r&ichyinei, s )cot i ni ¢

i) i B ReRrO oV Rt it 80 RO ER B “60C or 28 . The

solvent is rem)ved in vacuo and the residue is dissolved in EA, washed with
sat. ag. NaHCO3 solution and water, 20dried oyer MySO4, filtered and
evaporated to give 2, 6-dichloroi d@i@@m—rwrtﬂf@:l d ethyl ester (17.7 g) as a
br owni.sh solid; LC—IVB: tR=1.31 mg A sol ution of

2, 6- d?’@hl or oi soni cotinic acid ethyl Hg?’fél,fe 14.0 g, 63.6 mmol) in

di et hylam ne (25 nlL) is stirred at 100C for 7 h. The volatile conpounds are
25evaporated and the residue is purified by CC on silica gel eluting with
hept ane: EA WD 2009/ 024905PCT/ | 82008/ 053269 52




9:1 to give 2-chloro-6-di ethylam no-isonicotinic acid ethyl ester (10.1 g,

contains 2- chloro-6-diethylam no-isonicotinic acid nmethyl ester which

forms during the transfer of the reaction mxture into a round bottom fl ask

usi ng nmetWerrer9o24me- Ms: tR = 1.09 nmin. c) To a sol uti A§TEB2008/033269

2- chl or o- 6-di et hyl am no-i soni cotinic aﬂod ethyl ester (10.1 g, 31.6 muol)

i n di oxane (120 nlL), Pd(dppf) (262 ng, 322 mmol ) is added. MezZnCl (8. 40

g, 72.4 d S i d=at 75C

Por ‘16 h P hbragul P SrREERY A Bl ol et i sBi ol of Shaddlad o

EA. The cigthionsd tHH @‘f@t tegttramfemaartemdrofaj amvrmouwgscm Stfucturer €dintnc

concentrated. Th r|f| CC on silica el uting

W th hept SrBPRRGO ST TRS S Bie ot En e d e oT s kg e o

ethyl ester (6.39 g, containing sone methyl ester) as a pale yellow oil;

LCGMs: tR=0.70 mn, [MH = 237.11. 15d) A solution of

2- di ethyl ani no- 6- rrethyl-lsonl cotinic acid ethyl ester (6.39 g, 27.0 nmmol)

in 6 Nag. HC (100 nL) hs stirred at 80C for 72ch before the solvent is

removed in vacuo. The r ining solid is dried der to give

2- di et hyl am nPytin -i soni coti ni cpgzamde chl ori Q@ng§’ as a

yel | ow soli d; {C-I\/B: tR\N= 0.53 mn; [MtHr 209.09; 1H NWMR (Ds Dvs0) : 81.17

(t, J= 6.8 Hz, 6 H, 2.BH-+(sSNH3 H), 203.68 (q, HN—6MN4iHz, 4 H), 6.96 (s, 1

H, 7.15 (s br, : (1 sopropyl - met hyl - am - thyI-isonicotinic aci d

COOH The title é%rﬁlﬁ%?lg is prepared in anal Og§9%%}9ren?

2-di et hyl am no- 6-net hyl -i soni cotinic 25 acid hydrochl ori de using

i sopropyl net hyl am ne;_ LC- M5 mn Vi 1.37

(d, J= 6. §OPMOURARIPT Fgrf%uta(@ thctrrepresetni%ésé»ﬁomd’aﬁccf%é&jﬁﬁﬂ%% 7.16
BRivkSarel pRpardd My Sy Pdcahd di Nokpdunbisenisekture c2 agid VO

bonor bSuofSituppat pidoared iy ByDIRhe & Mokt

2-chl or o- eycrrem;zl(bryemgca)t:wﬂ!@ger@a@ﬁr(tﬁugc &g, TBIBP G FPG, HBY  BYBEdPne (5

m) is st d NaOH

(40 nli) ah@% gﬁso%%g tE)OfrE)rsn(?r e%@%djﬁoﬂg%%h 3"@?%@ pr odﬁSLg)tiéq g"tggaar n

di ssol vedconmpdrumd:i 5)t8$]trudtlaz@-|5(t3> givk ancbromiunaino! Stricdg Aand gympduredoby MPLC

on RP- C18- to give rolidin-1- i sonicotini.c acid

(1.1 o) sughfdrdandity e Wadanes ViR ke dtatiad 885 68 B

( D8- DV50) co@élrn%galc&ﬁp()@ﬂrd ‘bf"@truc?tu%75(Wrth3hyﬁraz&e3ﬁ)i16wéa bynredctidg 6 61 (s,

1 H, 6.77 1 H. 102- i(ilsobut yl - met hyl - am no) - 6- e %I/Jl-lsonlcotlnlc aci d

COO H The cpqrewpr@mgpwgmzr g rrge@W@tg Wi gﬁgm@ynq &t Struc re 2. Dehydration
2-di met hy|,ami y;?ourt?ot BY sthsepd Gofd g:lan B oSty M 9{0@(58?&0@ derivative is

2- chl or o- 6- et I soni cotinic aci using iso yl -met hyl am ne; LC- MVE:
t R = 0. 61 affeeied [bykFgating 2e3nROUNAG @v@tu@t%ymtarﬁ egene3unl 29 B6Kils 6iGini ¢

e oncostt D RS PSR e Sl e 7

N, N- dppet Bghkotr seeh de diveher ticetbnityié, dosbad, HD, 201G, ﬁ@Qammh;)era’ﬂUtes dar k

i xt t for 12 h, then at rt for 16 h. The | ut |
5G| ut eBOWAT 90 EOHyILLECHRrS FRPRES ONLSRBEP & MO SUEVe JeE RGPt o
2009/ 0249Q5PGH/ 1B2EARIN5 268 rhdssebmakan M 35386, nt) Moﬁ’édcﬁdeq}éel_lal)@2ﬂ04

filtered and concentrated. The crude product is purified by MPLC on silica
gel el uti dyliat th Magingdi BnDeoPapmair e dheRe@oyi deled. Chiem. 48 (2005)

2, 6-di chl t t vb t 2 h I
2.0 chl oo lipos] SOt o gl DU Mle SSUPIOLAG, 2rarity g, beguag sh o
9 H), 25%. 85?&95) 32751)3278b) Lﬁteﬂmtéﬂ Brijgvedizsble | darivafives are obtained Dy
2,6-dichloro-isonicotinic._.ac ert 4

di met hyl aﬁrﬁéﬁ M f“]'l-ﬁi@n(pﬂﬁ’nﬁ{L)OIf d%tr%qtyrrer gu%{h Zgg%ggﬁgg‘% %%QFﬁ pmé%’c”?or 2 h
and fi nal lepnidinalib@Qitro P, 32 irhtrienprageact ot kavenceTbea rdokieut sucts at(Qyridine,
concentrated to give crude. 2-chl or? 6- di net hyl am noth%% cﬁ%r ni.c acid

t ert - but yllolegR@ Tk, arefoniiile, aie FheIS @R NP BIKES Wi URIGTOWERR | - 1] +

= 257.32; z%:% (t'é?@ PR, A8R}r§£r{o$/ P9 S@mpé’br’p@ﬁt(ﬁ s@ecH)J &rBChSm. 86H) ,
6.92 (s, a solution of 2-chloro-6-di nethylani no-isoni cotinic
aci d 6@”( VI798§t7€9r29( @19 Prep. Proc. int. 37 (2005) 213-222).



15 ng, 3.00 nmol) in dioxane (45 nL), Cs2C33 (1270 ng, 3.90 mmol) foll owed
by P(tert.-Bu)3 (30 ng, 0.15 mml) and 2,4, 6-trivinylcyclotriboroxane
pyridi ne conplex (722 ng, 3.00 nmol, prepared according to F. Kerins, D. F.
O Shea J.WOR¢oBAEM 67 (2002) 4968-4971) is added. THRETABIR¥E24s degassed
and put under argon before Pd2(dba)3 (2 ng, 0.09 nmml) is added. The

m xture is stirred at 100C for 20 15 h before it is cooled to rt and
filtered over a short silica gel padpel U{PI ng with DCM The filtrate is
concentrated and purified on prep tes with DCMto give 2-

di met hyl am no- 6- vi nyl -i sopym:gﬁ;g Ci d t Adine&ster (885 ng) as a red
to brownish resin; LCGMs: tR = 0.82\mn, M1} = 249.37. 25d) To a solution
of 2-di met hyl am no- 6-vi nyl -i soni cot i BEid tert-butyl ester (877 ng, 3.53
mmol ) in nethanol (15 nmL), Pd/C (1 0% Pd) is added and the m xture
is stirred under 2 atmof H2 at rt '81’%8 The catalyst is filtered off
and the fiItrate is evaporated to give crude

2- di net hyI am no-6-et hyl -i sonicotinic acid tert- but%a tester LC M5

0.76 min, P’WQT”® QTSEOFI@“B Thive e ienreesntied enazen ¢ k|’“ﬁz‘€‘§‘3I“EI*ez%i’(‘,iat“ffl’(:"lf‘re( 60 30
m) angl t thr 8 t ol tLi @
ev;por at eéc)]’%p?ﬁ)g g\% Qhéeélnso%uieﬁ%&hdungEGEtU?g A ehﬁélgﬁﬁlgPF%Cg?’ s?/(??ccla gel to
gi ve 2-di crnbiphtion r\rﬁﬂ’ﬁiﬂ{é’t@iﬁ‘ylw‘péb‘ﬁm@o@ﬂmltﬁeé&iaﬂﬁmgsﬂ'ﬁwyaﬁca@ﬁfb’ldﬁﬁ@ye oi |,
LC- Ms: t 4 0 0 8/.053269 55
2- Et hyl - PBI&T&%E% ﬁee@g{ﬂh 4%/:{#] a Sﬂvlé?gsr#:go slt}é\ﬁe%g Igérqge‘h% 5%%(\58%99 étg &2

2- Et hyl - Gt%mdmbfaﬁgeb@w\leean?@mndl $201C; odri witls [avaksbs’ sprreegamtecbpitmnatyalnogy to

2o v e SR LRSSl MG ELY LS
I|j|)z 3167‘% t(olue%é ﬁ'HF écétoﬁatraeHétc (@t bl)euat%d%rr(o@rat&res wittd oHwithduthhicréw®é (s, 3
102-Di et hyrﬂa’éirﬁtfﬁea@ re@migqneﬂsamvedwnﬁe a&.a@to,mesmb@teZMWdT. ShpPepar ed
o anal 09¥_‘r%a§§9wt %ﬁgﬁﬁ R H, IRORIE O Ikt 7 1GR9, Bosidyl am ne;
152- Et hy 1484d( iGman.opyit- hdt [BA04an #3) 11&0niTbet canpoads of Vi@ructure 8 are

2009/ 024905PCT B2008/.053 ' | - _j sni.cat kni
2008 24 Sp T 20 .20 S Lol o sl s

2-di mpg hyvﬁ@hﬁm&e&imw Sirs@piec®tinibe fragardddsinng compound of Structure 2 by
yridi ne co the

2,4,6-tris-(2-nmethyl enyl)-c ot ri bor oxange

Suzuki coH'ﬁCPﬁﬁ"e?&YﬁrF hq_é kﬁé yetkgz 0. 54 ﬂﬁmFMﬁl et@‘“%‘”?@g%?

6-1 sopr oppxgsp5aBIsAE MIikRsHAI B, @\Wtcﬂne 1@ Gﬁ%rd%s@ BehRACAS S, Chabassier,
5, 6-di chl ronlcotlnlc acid (5.0 g in dry

00
chl or ot ri Rebryladidiane. 3, RClCOJeéqG)Nioﬁaé/t Hr-ed Med. @hﬁ‘fBr*i@(% 0) 7Re
sol vent ? vaporated the resi due dissolved in diethyl ether (200 nm.) and
washed wi % a solution of sat. ag. Na2CO3 (75 nlL) and brine (50 nmL). The
org. phase is dried over 15Na2SO4, filtered and evaporated to give
5,6-dichloronicotinic acid ethyl ester (5.8 g as a solid; LGMs. tR = 0.96
mn, [M1]4 = 219.93. b) 5,6-Di chloroni tinic acid ethyl ester (5.33 g,
24.2 mmol ) is added to a sol utp §Hb u(2.72 g, 24.2 mol) in
i sopropanol (50 nL). The m xture 1s heat d at 80C 20 for 15 h before
anot her portion of Kk Bu (272 ng, 2.42 Nﬁzadded Stirring is
continued at 80C for 24 h. The mxture is diluted with sat. aq. NaHCO3
solution, extracted with diethyl et8sugtuen® the conbined org. extracts are
dried (Na2SO4), filtered and concentrated. The crude product is purified by
CC on silica gel eluting with heptane:EA 9:1 to give
5 chl or 0- BitbHRAVAPOKE- irkat bathesAachd p S@Ipemwhemymngm !I!vacetrRa%:S-l 10

%NH114 = 258.05. WD 2009/ 0249 5PCT/1132008/05326 g%
sol ut #3n BTEMBREsRT HEETRArOTHIF SIEGAAIRL PR T Py APRYPE AR Pd*H ‘é?}ta‘é’%% ny,
0.912 ”“UEkﬁb%og%géﬁ@@cﬁ§h§ﬂ— 2,4,6-trinmethyl-cyclotriboroxane (114 nyg,
0.912 mmuol) (386 ng, 1.19 mmol) and tri-tert.-butyl phosphine (7.4
ng, 36 tinol) is added. The m xture is degassed and put under argon before
Pd2(dba) 3 - 5.18 r 1 b3 C for
18-, The TP 1T o Eastl bR, AR Ralar o AT L i L 3 F0
NaHCOB- soRit Réhn RiﬁdR%f’xiandd%@dthﬂseHuEwttonﬁhima)n'@y remtmactempera@r peﬂe@imr
MySO4, filtered and concentrated. The crude product is purified on prep.
TLC plates with heptane: EA 9:1 to give 6-isopropoxy-5-nethyl-nicotinic acid
i sopropyl ester (90 ng) as a colourless oil; LCGMS: tR=1.08 mn; [M1l] =
10 238.08; 1H NWR (CDCI3): 81.35-1.41 (m 12 H), 2.20 (s, 3 H, 5.20-5.30
(m 1 H, 537-5.48 (m 1 H, 7.95 (s, 1 H, 8.67 (s, 1 H. The title
conmpound can be obtained by hydrolising 6-isopropoxy-5-nethyl-nicotinic

)ad




15alternatively: a) To a solution of potassiumtert. butylate (1.26 g,
11.3 mmol ) in isopropanol (30 nL), 2,5-dibrono-3-picoline (2.89 g, 11.3
mmol ) is added. The m xture is stirred at 80C for 15 h before anot her
portion oVOopgemdasge M tert.-butylate (2.53 g, 27.5 mmolPCTIBBO§ES3Hdded.
Stirring is continued at 80C for 24 hphefore the mxture is diluted with
sat. ag. NaHCOB-solution. The mxture'is extracted with ether, the org.

extr3ct | Befiph Al oo iBhuct i i noech SERCETIABLER g S50y ot

5- br ono- 2eigs eeapoxy T BiPnat dirdghydilgi greuf 1o 24otglt ars almoball ous IBEXS godup oL C- MS:

tR=1.06 230, 00: 1H 25 NWVR | 3 35 (d,..J.= 6.3 Hz, 6
. 2. 16 PBSS dy skie, € e pidlegy HOSHR R Ae SPiriced Becotaigo”, T
8.02 (d, diandarg hethodolbyy e@ 'P\WO|GI@EQQ Bf G M. Wuts Protective Groups in

5- br onp- 2-i sopr gpoxy- 3- n;gc;_;gé ridine %;? 8

2, 4, 5r|WW‘%§E'FtB?$’F‘b%r el é&‘/ﬂ@ydl“ﬁé’ Xe%ﬂ 1(E. 27@0’693@6 R1BEYN%i n DVE
(12 @_[lbq iM%l Bidgay ) is degassed and put under argon before
Pd(PPh3)4 ng, 0.097 mml) is added. The m xture is stirred at 80C for

15 h before it is cooled to rt, diluted with ether (50 nL), washed with

sat. ag. ried S, filtered and
concentra%ﬁ%ésgéft%d‘%%rodu e%?w ﬁrdl5 Iggﬁfr%%e% WO

2009/ 024905PCU1B2008/ 053269 58 onR§| lica gel eluting with heptane:EA 9:1 to
gi ve 2-isopropoxy-3-nethyl-5-vinylpyridine (703 ng) as pale yellow oil;
LCGMs: tR=1.01 mn; [M1]. = 178./F£/~¢) To a solution of

2-i sopropoxy- 3-met hyl - 5-vi nyl - pyrifdi Q3+«ng, 3.97 nmol) in 5 acetone
(80 nm.), Kwmh04 (1.60 g, 10.1 nmol) \ ded and the m xture is stirred at
rt for 18 h. The dark brown suspens Is filtered and the clear,
colourless filtrate is evaporated _fio dryness to give

6- i sopropoxy-5-methyl -nicotinic a& d (1.06 g, as potassiumsalt) as an

of f - whi t emzgl bhed prdpGrédSbytrigasting 862 Gidichipiidricetirti® Ge@b estiH ( Bl‘vECt(J[GZG)D 81 31
(d, J =6

(s, 1 . bEows Wi s g Srgnnitisaebht intag BremRgCa s Heeobgbit isaleht 8720t 1 ni o
acid is pbépﬂq;eddmaﬁ@aw NP 0Dt YdorfbiRBlidne tHdreet i i reansrdtures

15f r oncommer ci al [ yavai | abl €6- chl or oni cot i ni caci det hyl est er and

i sobut yl neajieng fisciiPopiceC (Eeraimer qarationSpilnied). 4-NHIyWeE AdeiBe! oa) A
suspensi o ol O, C | | yene
(500° ) Moz, & IR AL OMRC Rl o 194( 2085) G851 RaE0TOM) FirBuied) A

N, N- dt fret hgitieor egede @emertid4 lﬁ@@?baﬁf@t@&( 2T0160 r@ectlga coneliEsIng. camedari xt ur e

becones sl tl c t for 3
h before Ph‘g&go%ﬁ%%% E%A{Q%coo ig tocr)O re, :.Ef%@?%bgmﬁ:’ Cglé% {h? h%o‘?% gﬁd
washed wi isan&atinic agic MG saih e bonhe ﬁm @rcgjucph“ametwcscrﬂﬁr;rmhr aTechwrma

MySO4, flltered and the solvent is eva 8ed The residue is rified by
VBLC (51 03)0-$6 it SoB OB chcrun BBy At oacHatuie bt yroudh Bl ps's o).
1H NWVR (C@ﬁ:é%)epv% fwPIk(Send dr Sq'l;l}; C_Ipsg e H}ange-tf“% $hrhi or ifldrentBoBebhg J =
2.0 Hz, 2009/ 02490 /1B2008/ 053269 59 b?{ To a solution of

5, 6- d2@hl BroRirdletd-isppicadliel acd estas v tagtapproRiae gkend. @rﬁwe)rivaiﬂ@( acac) 3

of et hy! SB0ReSr o eRPRpRRE ol o Behsn MU hEa, The oL RIRR - e

at -78C Etﬁedlbaflmml—mhwotlmn acid nesteuisihydearggnalec ko t&lwrasgowimgohﬁf nued

for 75C before, it eac ete
and the mg@ﬂ’ ?OPLS‘OQ §IEEl %%%r ‘“@d[@g@ 8 gﬂi’”feh' rﬂéﬂ &WO‘BLFS ﬁﬁﬁﬁﬁgnem um
brom de i suhiti doddibn® a4e @:npi d@cﬁséﬂﬂﬁn}:nal]ﬁ csh @l ema@lac@di Jhe- 7 0Qichldre- dar k
green_m xture i.s sl ow uenched WI h 0.7

0C and care
00 CheF ( B0rcatiyie Frihelipi OF 16 5 Bl Pace B S TR oA CARARaY 5150 B 1)
The conbi padQr @it &Rt ék@@ﬁcﬂ @Vf §n Hidcdi atéoat%éﬂatlé@%é%erétaﬂe%etbei@rrﬁéw the
evaporated to give crud | oro-6-nmethyl -nicotinic acid tert. -butyl ester
as a yell @W!’@WOWMQGGZG)WFOFQL-@@UBBXWRO&CQ’UFO% BCiY, PR +o= 2 2ikoxy-6- aléy

EEFQL&%%H%C a%y%%fb%ﬁa% ng[\l ﬁ%d(t? g\%%the'%goj %P?hg’?eég? ssol ved in

THF (3 M 500 15 nl) and cool ed at -78C. A solution of isobutyl magnesi um
bromde in THF (2 M 13.6 mol) is slowy added at -75C. The brown sol ution
turns turbid and yellow. Stirring is continued for 1 h at -75C before it is
slowy warned to rt. The reaction is inconplete, further Fe(acac)3 (719 ny,
2.04 mol) is added and the m xture is cooled again at -70C. Further

met hyl magnesi um bromde in THF (2 M 13.6 nmol) 20 is slowy added at
-70C. The dark green m xture is slowy warnmed to rt and stirred for 15 h.
The m xture is carefully quenched with 0.7 N ag. HC (150 nmL). The m xture




b) A mxture of 5-chloro-6-vinyl-nicotinic acid tert.-butyl ester (2.0 g),
Cs2003 (3.4 g), tri(tert.-butyl)phosphine (0.04 eq. )

tris(di benzgl i denacet one) di pal | adi um (0. 02 15 eq.),

2,4, 6-t iV RAYPEHAPt ri bor oxane pyridi ne conplex (2,0 &Tﬂﬁlﬂ&%’%ﬁ%ﬁ%e (30 ni)
i's degassed and heat ed at 100C for 154x The m xture is cooled to rt, and
diluted with diethyl ether (200 nL). The m xture is extracted with 1M aqg.
NaCH (2 x444@) Me)nza0d ctyalvage(érotﬂe)est&hmr@hgnawa@ﬁvee tHd edn{fiadador.
filtered and evapor at ed he residue is pur| i'ed by FC (Si 02, EA-heptane)
to give S3BAUG fyl -nicotinic acid tert.- 20butyl ester (0.89 g) as an oil.
LCGMs: tR=1.01 mn, [Mlr = 232.04. c) To a sol ution of
5,6-divinyl-nicotinic acid tert-butyl ester (890 ng, 3.8 mml) in THF (20
nmL) containing some nethanol, Pd{C (100 ng, 10% PdRr% s added and the

m xture is stirred under 1 atmof H2 at rt for 3 h. \The catalyst is
filtered off e 25 filtrate i porated. The pemaining residue is

purified by F 3L %gﬁ(ﬁﬂdme 14.

tert-butyl el
egter (860 ng, 3.65

d) A solution\f_ 9 6-diethyl-nicot\tni acid tert-but
mol) in 6 N 30aq. HCl (15 nL) is/stirred at 65C for/3 h before the sol vent
is evaporatey. The WD 20092 ®24985PCT/ 1B2008/ @53269\ 61 residue is dried
under HV to give 5,6-diethyl-nicokinic acid hydrochPorjde (923 ng) as an
oil; LCMS: tR = 0.50 min, [M1]4 R 7180.05. 6-Ethyl-&1sobutyl-nicotinic
aci d |s pr ol anal ogy to hyl - ni coti ni om

5-chl oro 69&\[}%&& nl%cotl ni c aci géterfé?ﬁ)utyl ester a%tdg&h% 2
2,4,6-tri-(2-methyl -propenyl)- cycl oboroxane pyridine conplex (prepared in

anal o t ro ed i,ven : erins he em 67
(2002) 4968TREHIGS o i BoefR Sl %Kﬁ"he %1%4 rSg5es, 'Q‘f5$m%g¥>|b?| on of
5, 6-di chl @egarw%y maetza@IaCE 651@1@0 ig6niootlig atid ety (Strbanpd 103@;&@@@ Rand
chlorotrinmethyl sil ane is stirred

rt for
sol vent @P&ﬁéﬂéﬁa@‘t%(afwe P?@?rrél’:]@ a% SePoRY Ph ad?eé'f ﬁWV'eQ?FPHP C"Q@OR}?L) and
washegy W 48,88k Uiha8 r@i!Ry@‘\fzb iehe NRkEBe (of Ebhcéand aﬁrédtﬁtnc(n%@ sBlvknt The
org. phase is dried over 2S04, filtered and evaporated
5, 6- di chl 9aras bHF nifigxars, d?t?eQWI et@s@é@fe@hea@)er@@a@u@%aﬂqva 5%@: tREivet R =
0.96 mn, T f h cid
ethyl estd Ec%gna %}%trz.étr%%)'lf . gﬁ% @%ﬁé{ﬂ%@ Alsiruclird LA MG tlcfed?C!
tri-(2- newmylthprmmoyme)tecadky{oboma@me f&vg.i bliepén. cbiegh€ EchﬁBeg;) 5nd& ol )

in DVE (20 _ni), 2 M K 5 foll PRh3) 4
(50 g, | oNeBEMLeRaRg FoARlom (iensh phobarrss Erhiesi o ol 4 added.
The mst urests4$61-4n68) tatg :@Q@owouad dﬁsmrubm‘r@ﬂ g, ihichanasy mdjrblcyséd tcand

diluted wth diethyl ether r?: ases are se;t)ar ated .and t he aq.
phase re- &30HRAEE WUQ}P’& Hyl‘“ élF’HE'P”( SepEds of the Structure 12 may be

2009/ 024905 3200 5&;@@0
washed wi Q %’Fl\%dab} O—é % 4019%1_()%%{%&E% ﬁgmﬁ%% %ﬂ%ﬂ Q%rr;gﬁ?eétécﬁ % ggzlﬁ)e
filtered @@dareeam af E@(acatWe rrcmmrévqm@@g?ataaB-IFdemar@d [hyiF | |e®:2 or

(62 oo A nEmbafuls Meftli 1 [ERHALPEEDENGG: MR ) (o 3950 Sl repEe | o

g 6- mi(( 2dnmd11}dnsplse@ebwe ) iri catd RF oemeseeh*eel‘@d;u Esyle;;gLQ%Zhagzprrﬁs@mm@) is
THFE 20 10% P t

T Pen irtBpodics A Biktur 1 14 skh e bg hiembd) Oy Asahet P p B Shr S e

filtrate BguemaPaH awd ahOaIQéNyQ &rﬁn Herivah ya. hQ@%%Wtr?i@gtidtrinMan@ﬁt er
(52 ng) as an oil; LG = 12 10m n_, d). A solution

of 5, 6-di ﬂ%‘éﬁ)’u‘@%UthQf&'ti‘%Sdi—écleeg ét- H")ﬂ””és?ei; P5peryd 02 Ghas )87 w0B2N aq.
HCl (2 mL)oh :?4@% f.rafheals tﬁélﬁ&%m? érli:’&br{b @%ﬁi@nﬁ! |‘sme§t1rﬁé’0|a%fd t@eﬁf\;atlaé‘dls
extracted W th di‘ethyl e ag. phase I's evaporated and
t he r2fsi dogdrogenateddo M%DH’WDQ c@mx:@usd@f&tms@mjﬂm -nicotinic acid
hydrochl oride (0.12 g) as a colourless solid; LCGMs: tR =013 mn, [Ml1l] =
236.40. 20a) Phosphoroxychloride (183 nL, 2 m)l) is heated at 90C and a

m xture ofopmmmmtei ¢l Byuatvued Iabh/ee%mrefﬁﬁyesr%sbmﬂseanmemdxe frdipg cal. & nol )

and DVF (154 adde ile e the u e at
100 to 11860 pstede weseatpay BeihelRc s Tors R el Ve e 2

diluted with DCM (500 nL). The m xture is cool ed at OC and carefully
guenched with water (500 nlL). The phases are 25 separated and the aq. phase
extracted wwth DCM (total of 800 niL). The conbined org. extracts are dried
(Na2SO™4), filtered and evaporated. The residue is crystallised from

cycl ohexane to provide 6-chloro-3-fornmyl-5-nethyl-pyridine (28.3 g) as

sli ghtly yellow crystals; LCMS: tR = 0. 76 mn, [M1]4 = 156.14. WO

AN NS ] NS AN NPTl A RSN NNrs] AN NN O ANPSN NSNS 1\ - 1 . L e ——y



et hanol (200 nlL) containing some drops of concentrated H2SO4 is stirred at
reflux for 2 days. The solution is cooled to rt, the sol vent evaporated,
the residue dissolved in EA (200 nL) and washed with a solution of sat. ag.
Na2003 (2WQ 28@/%34%S 1M ag. KHSOR (2 x 80 nlL) and bri n@{I4828§§5326Phe or g.
phase is dried over 15 MySO4, filteredyi@and evaporat ed to give

6-chl oro-5-nethyl-nicotinic acid ethyl ester (12.65 as a solid; LC M

tR =0.92 3 H)
246 (5. H({gﬁ&%-ﬁ'fq\%@x@ C{Jyrﬁm tﬂ-%aﬁ%‘i‘y!‘ﬁ“%@%h% lﬁ:ﬂglﬂ% Gészrelj C A aﬁ)(xﬁ'gr

Hz, 1 H).C2ebycigakd restiug faoiR’ ofnderelﬁn@*rbd)e@smeﬂirytnanpc&uznkic;:oadiﬁdn@t hyl
ester (4.98 g, 24.9 mol ), 2,4,6-tri-(2-nethyl-propenyl)-cycl oboroxane
pyridine conplex (5.74 g, 17.7 nmol, prepared in analogy to a procedure
given by F. Kerins, D. F. O Shegz3. Org. Chem 67 (2002) 4968-4971), and
tri phenyl phosphine (1.15 g, 4.4 ) in DVE (60 nL), a solution of 2 M aq.
K2COB8 (20 m.) is added. The m xtu s degassed and flushed 25 with N2
before Pd(PPh3)4 (460 ng, 0.4 ORThe m xture is stirred at 90C
for 20 h before it is cooled tor utedwth EA (150 nL) and washed
with sat. aq. NaHCO3 (2 x 50 mi). org. extract is dried over MgSHA,
filtered and evaporated. The cru product is purified by FC (Si O2,

hept ane- EA) to give 5- nethyl- 69t2- nmet hyl - propenyl)-ni cotinic acid ethyl
ester £3.98 g) as an orange oil; 3@uocMee 1BR = 0.72 mn, [M1]4 = 220. 15.
WO 2009/ 024905PCTRE2008/ 053269 64 c)

5-Met hyl - 6- (2- net hyl - propenyl)-nicotinic acid ethyl ester (3.98 g, 18.2
nol) is 10%
Pd) is adgg%'%% I%&?hﬂggrﬁgxt t?ﬁ‘l;lejglgsd??tfrre W%’S& Jogoﬂgbé"edpg’/’ f%écﬁggaﬂg The
cat al yst cempoumcéo’éatrottweaha withethei aammapreateﬁrema;wﬁa tr&d® tuadgri Bachwald-

G| SRV R P DICR ", 300 G PR LT TEpgine dyfokon] o
ng) 61(b2'|) %gﬂ;cﬁgﬂal‘(]:lti G;rgg Cﬁzea’f ZHB (2303*) 111% 2074‘(] Hﬁpﬁ/agdw%%%&ﬁwwaldgy C?’gB? (:s
L Bt 1ot 6103996 r2g0r B MLC: Hams o) Giee. & olBeniaicy: Grd. chéih

6-i sobutygg 1@@9%@@5@@2@' R. @céﬁ‘ﬁ&”&"i.e%gtﬁrp(é’naﬁﬁxﬁ; s16. Ruarol) Fin
12. 5% aq. HC is stirred at 65C for 24 h before the solvent is

evapor at ehiaftWI@ @%lhﬁ!ﬂ‘@fﬁ 2 @OPBY "dhRddrt 2l bemgpyireds of Structure 13 or their

6- but t
pouder: | CoRESRr g BoB!ard e SolpHeRagl) SLARBIQ S rp i d BB i ¢
gdd (%5 ?5;@5cmsg tw?hﬁatd:ﬂiux{omdm|cmimlqgra$naeﬂgr (Strechakeod) with an alky! tGragnard .

i sobu i ni c .aci rom ni.coti.ni ¢ _aci
othyl st BoGeBt g BiyTics HeBrEPhE | GEaTRPY Sh oD L B b AeaLt AT By oni ¢
gCIOg E EL 3l\@)gish1|dohtﬁﬂ)z%0(%0%@@ cBOhpRand tof Strwtﬂréﬁmztﬁahbalkény'{%owh 2% ;'l)

- a
6- Chl or o- éﬁﬁ‘éitl‘ﬁl “ﬂ‘ij‘?fotsluﬁ% 5@“%! '?%p?g%@ﬂg ég? e?orfe§pBP@'ﬁ§r e %Y:%Pogy to
S' 2;2' 8%0 1s%ﬁ§€%ks/ﬁﬁél(acﬁ &Qéﬁ \Wf!tﬁ aﬁcérﬁ:n%tmh“@\sp %hder’-ﬁx’:\@vHa)iGJﬁarthg %3n6¥:8?_?) [ M-11+
goég/%% ig aog]subseguerg h/gzzjgog)g@natlomaygamgdqge agcegs, 0 y@npounds og Structure4 ) )
not
i s added Sg Sﬁ @lgg% I%f %]%gﬁéor o- _aH’E; E%}yﬁ{rm cotlt%;%gg défhs%[p gtp') ester
(300 nmy, End@r rrrmhlclwe andhaioand g 6Emphind EFbSh’lhmsrenM((th ee.gaNO Fdw, $oRut i on

i opi ser CRIPARTEuYE Pemerden & TPkt of & 1E 1 ors (190 S s daPla o
rt and quw&%ﬁeﬁzawbrerp %r@a D Tr@Qctfﬂq;_é @bﬁlﬂo&nﬁ@ﬁshﬁbtu% hatath Mntddrvines and

extracted twice with he conbined o extracts are dried over
MySO425f i |S@@e@brstaahoﬁ3dwé@rﬁwa@%@1 SHREOC Y e o5t aH@J@vatﬁg {YBPPTalggSon prep.
TLC plates with heptane: EA 1:1 to give 6-cycl opentyl-5-nethyl-nicotinic
acid isopropyl ester (138 ng) as a pale yellowoil; LCGCMS: tR = 0.91 mn;

[ MF1] + =248.53. 10 c¢) A solution of 6-cyclopentyl-5-nethyl-nicotinic acid
i sopropyl ester (138 mml, 558 kmol) in 25%eq. HCl (5 nmL) is stirred at
65C for 24 h. The solvent is evaporated and the residue is dried under HV
to give the title conpound as a hydrochloride salt (163 ng) in formof a
beige solid; LCGMs: tR = 0.64 mn; [M1l] =206.50. a)
5,6-Dichloro-nicotinic acid (1.00 g, 5.21 mmol) is added to a sol ution of
Na (252 ng, 10.9 mmol) in nethanol (50 nL). The m xture is refluxed
overni ght before 20 another portion of Na (252 ng, 10.9 nmol) is added.
Refluxing is continued for 2 h. The mxture is cooled to rt, diluted with
wat er and concentrated. The remaining solid is dissolved in water and the
solution is neutralised by adding 2 N ag. HOE. The resulting suspension is




25 e) A solution of 5-isobutyl-6-nmethoxy-nicotinic acid nethyl ester (260
nmg, 1.17 nmmol) in 25%ag. HC1L (10 nm.) is stirred at 60C for 6 h. The
solvent is evaporated and the residue is dried under HV to give the title
conpound Wo3Wig0as a white solid; LCGMS: tR = 0.95 FCH/IBIRMEP29= 210. 51;
1H NVR (D6-DVS0): 80.86 (d, J = 306.5 4), 1.84-1.95 (m 1 H), 2.46 (d, J =
7.0 Hz, 2 H, 3.95 (s, 3 H, 7.93 (d, = 2.3 Hz, 1 H, 859 (d, J =23
Hz, 1 H). 6-1sopropytam no-5-nmethyl-nicatdinic acid WO

20091024905PCT/ 182008/ 053269 67 HN OH To a solution of

6- chl or o- 5- met hyl - ni inic acid (21.64 g)\_126 mmol) in isopropand (450
m.), trimethylsilyl Zhloride (160 L) is Adde dropwi se. Upon conpl etion of
t he addition, the niNxture Bd to AH—ng/r@&eéontl nued 5 for
18 h. The m xture is\i ed with dlethyl\eth (500 nL) and washed with
sat. ag. NaHCO3 sol ut/ion (5x50 nmL). The gs are extracted back with
diethyl ether (100 jqlL). The conbi ned org extracts are dried over MySOH4,
filtered and conceftrated. The crude prdduct is purified by CC on silica
gel eluting w thShegtene4 EA 6:1 to give 6- chstmau&»ﬂ@t hyl - ni cotinic acid

i sopropyl ester (6.09 g) as a 10 colourless oil; LCGMs: tR = 0.97 mn,

[ MF11+ = 214.03. 1H NWR (DE-DVMS0): 81.34 (d, J = 6.3 Hz, 6 H), 2.41 (s 3
H, 5. 11- 5 &Ae(R1P dpksend Wdrﬁéen ]{hb')oon%sﬁén&lﬁ g piribhe dé?b\/aﬁve%oﬂh%t LRy O

6-chl oro-5-net hyl -nicotinic acid isopro ester (200 ny, 936 mmol’) |n

di oxarfe (®caw)indhel dosiEisr @bW%ﬁVW@e@s ‘?ﬂfLﬂ/‘Om@O@ldSrﬁ Hormuig @)edﬁ@d rKGEe at 15

100C for t he residue dissolved in DCM
(50 ) an(q)&%(?grlxé)-('jj ?‘% ¥tett% s'eﬁo Kﬁﬂ%@ﬁggfr@??on (20 rril). The org.

extract is dried over MySO4, flltered and concenctrated. The crude product
is purifi don p. pl ates t 1 to

61 Sopr opy PEPHELS et AL BT ETa £ SBBr SRy PoRLr el RAPIRG 256 a

yel I ow oi Whedefer RBand W"‘rébr@ﬁermhl?drc{xMhb]ﬂﬁ/ —regﬁfikt@@y Athy 1) prBps@dutdren of

6- |soPropyI am no-5-net hyl -nicotinic, acid isopropyl ester (137 .. 0.58

mol )14 n’ eBEsRgNding) 2 @gyhﬁynqﬂgﬂ@@.acrde&% Gieo m%ﬁnvbastﬁr) e¥iog dhg Mipigc
gglnfgnt ] g{e%et.&ng idr g @th ® g@u[e k *msfny tl ﬂggsgwmendsﬁrﬂf%cm)n@ﬁ 19 (k40w
2009/ 024995P823; 1M13ﬂzoas/amr’gsg%3\ ik $wittod! ddBedfard, dnd. deadent Sented i n

The or udeCRr IS 3aB) P HERy) %&m&%éﬁﬁiﬁéé%% 2y SRR oo

ni cot i ni cRéchdpressep’r O@ymeﬁaﬂ egrol®. 20dg)Rasamad pal'e rbpnegenblﬂyﬂrd@ﬂi‘@y IR =

1.33 mn, xture of 5, ni.cotinic acid
sopr By FEBERIE e 5150208 PreARES B AR AR Ry HREK BOEE aciee. 4
ol ) i s tidrd. ngI r@: a-iécﬁaﬂn@ﬁl \Fesmehngus JIQ5Q k@éh 72 RNerehhe, M faH enis. cool ed
tort, uted with was hed sat . ag. NaHCOB-sol ution

(3x10 rrL) WilHs | vie Vi ’6@"%@“(3%4ﬁ?oo@h@4§rb%2éxt ract is dried 10 over
MySH4, filtered, concentrated and dried to give

5-chl oro-6- (et hyI -met hyl am no)-nicotinic acid isopropyl ester (5.18 g) as a
yel | ow oi The |aDoMs: dasrribed rggctiminnseduantps thaRBlfow 2he IiMromvREIODS DBOWwe 81. 19

N L L e e 1

15 c) A siedadyi mserofurthec blabbmtéd (Bdrhiybiamesd hipe- Bushee)d néaodibh may aisb e

i sopropyl ester (5.18 |),,., NVP (3.0 g, 30.2 mml) and Fe(acac)3
(498 ngy, PRliEd r{?rt(?lfﬁorWP%fﬁlﬂqeé%’(‘fn?D We)'5 s put under ar gon before a

net hyl magnesi um brom de (3.0 g, 25.2 mmol, solution in diethyl ether) is
added dropw se. The dark red-brown solution turns 20 yellow, then dark
brown agaCAMPPHBAFPXKIGrRErYciuretd Wherginabyhiding gientesentief or e anot her portion of
met hyl magnesi um mde (1.44 g, 12.1 mmol ) is added. The dark m xture is
stirred at rt f h. Anot her portion of NW (3.0 g, 30.2 mmol),

Fe(acac) 3 F( 41-"mmol ) and net hyl magnesi um broni de (1449, 12.1 mmol)
i s added and st g is continued at rt for one nore hour. The reaction
mxture is 25 dffuted with EA (200 nL) and carefully quenched with

i ce-weg er (10R*L). The suspension is basified by adding 1 N ag. NaCH
solution (10 nm.) and filtered over a small pad of Hyflo and silica gel. The
org. phase of the filtrate is separated and collected and the aq. phase is
extracted with DCM (3x100 nL). The org. extracts are conbi ned, dried over
MySH, filtered and concentrated. The crude product is 30 purified by prep.
MPLC on silica gel eluting with a gradient of EA in heptane to give

6- (et hyl - net hyl - ami no) - 5-net hyl -nicotinic acid isopropyl ester (2.19 g) as
a beige oil; LCGMS: tR=0.76 mn, [M1]4 = 237.20. WO
2009/ 024905PCT/ 1B2008/ 053269 69 d) A sol ution of




20 tri phenyl phosphine (19.67 g, 75.0 mmol) and ethanol (5.55 g, 75.0 nmol)
is added. The m xture is cooled to OC before DEAD (32.65 g, 75.0 mmol ) is
added. The m xture is stirred and warnmed to rt. Stirring is continued for
16 h bef o¥@2&041024%8Fg. NaHCO3 sol ution is added. The m PCHAB2PEI¥ZIeat edl vy
extracted with EA. The conbi ned org. racts are dried over MgSO4,
filtered and concentrated. The crude product is purified by CC

(P80 G iy R PR o i St 0

2009/ 0249056 r6 26984058 2168 pienby oAFel adag)xinod sblvertdiushl & OHFc doxang, aCI d

et hyl est ( nd di.e am.ne (11..1
stirred |EﬁM§ E@@%e%bvggg%mmm %?fgkh]egerotﬁqﬁmpeﬁ@utﬁsigﬁglgg9@%%tg?%%; rt and
Conce”tra{q:%%tné'ﬁ‘tﬁ)rfdﬁﬁjnduﬁtl§gdASS@ﬂs‘zt%i ANLECMr (5 Mehlieand Kyaabed). virh.h 1 N
aq. KHSO sol ution ings are extract ed bacES W|t

i

(50 m3 . @ﬂ@”ccgﬁﬁtﬁé‘ﬁ(%ﬂ%? 1&%5@&@5@&%%?3%@' dv &£ tRe2 8646V (LGheat e1c?

Concentraggézga@ez%rss dpt@ r@ééﬁ%n dﬁ'&lti%rng @arfjb@t&ﬁb's@ﬁ‘s@@hrthgtoéitttt!rcth@%d et hyl

ester (3 | ow oi | : [Mr1}4 = 257.12; 1H

NNR (CDCI @)iorois-akyimicotinie azldoes;t@r oetbq; 5 Bld@@(y( ﬂlcogme azldgeq;t@r is3opjaineg. 62 (q,
1

10 c) ng%trie Hﬁ élr’tg,cg#qm FV(‘SCr’ (Z):?}% E%e%tﬁml@a% %gognptgﬁtéolr%q (lggtgclchga&g S es'lt_Der

(2.96 g, thayDlsom pubstitaiedxdther §dientidlly @d:@wctpm‘ step HYAwothik- G)—eEtY/Bgmurp*a) is

dded d d
S or GhicB i Rnoe Se.stiap 4t pf nEsls &6 SRkakiogtefie fQu ks o Tsc
for 16 h thefétf(ﬁo@m Bﬁtenplqﬁctrb@@eﬂtat% tﬁdz(eﬁlrmfzhk%umng QoAdifiorsmedgwrad

di ehtyl zinc M solution 1 n toluene) is added.

: : as
Stirring asp@’éﬁftlsﬁ‘d%@ it tl‘r%@rt o?hezzph’tamtﬁeMe%ﬁ”iw' -RIERUNIS 2G'E {3 &d to rt
and car ef The._ t v, | iste and
the filt rgl¥de¥9$ ?ggthed&bre éﬁém% dﬁ%&ﬁg e co I %%‘g %%d igxﬁdggﬁs aare
dried oveproltig@@é tri i Whehedﬂean%rstaﬁcemd athed.Supbisi @ondigops oanec erigoyrsr i i ed

by 20 I d
oY, 2015 LRRSAE) EA i brk Bl e e, SISO QAL Mhsg R 88 9
251.19; Olt(lradtsfblf\vﬂ%d@ﬁbﬁjorre%pd@uﬁg alkdirdeolint &g uBink)the NeiBh( teacﬂoe(s?e]eB H% 03

, 1. , = 7.
|I:||)z, 4 ahove). Toe Sp- diCl?lO@’ar:Ithmf %;d(e%teggn@u alsybege%teplimttia:pi)alc%pb%r (d, J
= 2.3 HZ adt ah&ono?a‘ie é’t)eiév%lﬂttbh%reﬁure@ & ﬁtrhtéhatﬁbn@yésebhmh?rﬁ -eRlbic acid
et hyl ester (1.78 g, é;)ﬁ in 25%aq. HCl (50 nmL) is stirred at 650
for 18 h. atknéy—gtspvemaqlcéeet@eaa %ﬁilédcleﬁua%ef Hraoasiet funstionaliba dehess thay t

t f the titl d (2.30 whi t

Joi T 020 HRPOTRSEAER P 21 L"2 D05 T oge e (230 @) As Al :
5- Et hyl - 6- (i sopropyl -net hyl-amino)-nicotin ic acid WO

B e

I spropyl - petofyda8E fem eﬁoNﬁoutchOFSQu@tﬂtrem& ViE[ et dtorro2P8 cﬂ;ﬂ'esponcmg 6-

54, 6- Di et hyl - grldlneZCarboxyllcal (%C]—fThetlt undls
CONMET Ci aP'I“?rOa A¢tRYrricoting agig esters|UstNomesioas, wely kvl W e‘{ 9. 00
g, 35 ( n OLE| i e
conpl (zag n’gp %erlvﬂtt%’ég %QIHP‘L#WS@W& X tc3‘;{@”&2%&%%?53(?:;1%t%‘|§ O(%}éﬁ(’(:@%@d“ﬁ%ﬂé?&é éaiﬂ(]zld;ed

The mi xt usebsmudebejgeea@eiﬁﬂtw@f@mﬂ@ﬁbw gbie pemgpenda({ Bruglee (848 ke 0. 646

mmol) is ? 1 IS
cooled to p%g%dfr ﬁ‘egg'gvﬁxﬁ”ltﬂﬁecdq%?h OH@her eztﬁg%a{ﬂtne\}g;t %055] E@%&Q%ﬁoé ga
NaHCOB- solautdeeontﬁe?kﬁ@rarﬂj)by dmdembmu’emel\/tgﬁ@grl gfduptterted canmbxgbmeecnt wated. The
crude product is urlf gel el t'n i th hept : 9:1
Lo orve, SONBRRRSRRahy ! TRy g ALR T ey 2B ot T M A BWRBC L ve:
tR = @075etﬂ Nh th ébnce%a@s"encé"d)f%o(v@a@%abh a&Zto&ﬂenéSTl-iiF Hcetdnits@, (d, J
= 10.8 Hz, 1 H), 21 20(d, = 17.3 H% = 17.3, 10.8 Hz,
1 H), % 22cglone] el at aersger@@rea bﬁjweerbj? ors! AR ik oROTGHSERN GGy e ©

4- et hyl - p 1€ wat er
(280 ). % bﬂﬁ‘e 4 éfhgpélﬂek ?e&és&te@m@t%'réud rﬁéﬁa@%@%@@??. nate
at rt for i:teratapesmle&faﬁirsdutt eigs JB. IFtaetrfSeUIi dvstesogyciie $hem. 4887 pifd -33he

25col ourless filtrate is evaporated to give crude

5- br ono- 4- net hyl - pyri di ne-2- WD 2009/ 024905PCT/ 1B2008/ 053269 72 car boxylic
acid (10.9 g, as potassiumsalt) as a white solid; LCMs: tR = 0.64 mn,

[ MF1] = 215.90. <c¢) To a suspension of crude

5- br ono- 4- net hyl - pyri di ne- 2-carboxylic acid (10.9 g, 5 as potassiumsalt,
approximately 35.5 mml) in ethanol (120 m.), H2SO (0.5 nL) is added. The
m xture is stirred at 70C for 18 h. The pH of the clear solution is



[ MF1] + = 220.08. e) To a solution of

4- met hyl - 5- (2- net hyl - propenyl) - pyri di ne- 2- carboxyllc acid ethyl ester (1.33
g, 6.06 mol) in THF (10 nL) and ethanol (10 ni), Pd/C (300 ng, 10% 25 Pd)

i s caref WOQ00aitie®h. The slurry is stirred at rt for 1BCHIBREEIS3Z bar of H2.
The catalyst is filtered off and the fégtrate is concentrated and dried to
gi ve 5-isobutyl-4- methyl-pyridine-2-carboxylic acid ethyl ester (1.27 g)
as a colourless oil; LCGM tR = 0.86.mn, [Mg] = 222.10. 30f) A solution
of 5-isobutyl-4-nethyl - pyrldlne 2- arbo cid ethyl ester (1.27 g, 5.76
mml) in 6 Nag. HC (110 nL)Ci C for 48 h before the sol vent
is evaporated in vacuo. The remain i due\i s suspended in DCM and
filtered. The solid material is was i th ad@H i onal DCM and dried under
HV to give 5-isobutyl- WD 2009/ 024905PCT/ M2008/ 053269 73

4- et hyl - pyri di ne- 2-carboxylic aci'd hydrochloride (1.05 g) as a white
solid; LCGMs: tR = 0.59 mn; [m+i]8troctugA128; 1H NVR (Ds-DMVS0): 80.90 (d, J
= 6.3 H, 6H, 1.8-1.96 (m 1H, 2.69 (d, J=7.0 Hz, 2 H), 8.18 (s, 1
H, 858 (s, 1 H, 11.80 (s br, 1 H. 5

6- | sobut Y¢or41 BB b Bt Bard- rapfexih iaf sd@idhoubféshion. OH  a) A sol ution
of n-BulLi E 1 nm, 33.8mol, 1.6 M in THF is cooled to -78C before a

sol ut i%on of 2, 6- dlchloropyrldlne (5.0 g, 33.8 mol) in THF (36 nL) is added
10 dropwi se over a period of 20 min. The reaction mxture is stirred at
-78C for 30 min, and then iodonethane (4 79 g, 33.8 mmol ) is added. The

M xture | Sospbunesiol Jrudeend th@ﬁereﬂciﬂﬂel@demﬂwed with sat. aq. NFl4Cl
solution at -78C. The m xture is extracted with diethyl ether, the org.

extract iS . dried over MJSOR, filtered and concentrated. The crude pr oduct
is purifie CC on silica gel eluting with 15 heptane: EA 19:1 to give
2,6-dichlofo 4 thyl-pyridine (2.34 g) as a colourless oil containing the
regio iso =thi-chl oro- 3-net hyl -pyridine; LCG-Ms: tiR = 0.89 mn, [M1ll+
= 161. 97. 0 a solution of 2,6-dichloro 4 nethyl-pyridine (2.34 g, 14.4
mmol ) and Z, 4, E 20 trivinyl - cyclotrlboroxane pyridine complex (1.75 g,

7.26 nnDIR |n DVE (27 nmL), 2 Mag. K2CO3 solution (10 n.) is added. The

m xture i : P 0. 26
ol ) s, e pRe A HEAhIAEY e el SEAPRA A b O 00, o
tort, diluted with di.afbylnether and masﬁé%ﬁ%ﬁ%l1 sat aq. NaHCO8 sol ution.
The org. extyact is étéedvoyer- HSO4 fl|5§? ﬁi fhd \oncentrated 25 The
crude produc pur =S |1 g mge%;fféui wi th heptane: EA 9: 1.
The thus obti t&duct is di§ washied Wi th 5% aq.
citric acid ation, dried over =1 [
6- chl or o- 4- ¥ 28 vinyl -pytiging (1.24 g) as a gployrless oil; LCGM: tR
= 0.90 mn, [N% = 154.03. "W 2009/024905PCT/I82008/053269 74 c) To a
sol ution of 6- chloro 4 et hyl - 2-vi nyl - ﬂﬁhe (1.24 g, 1806 @mpIwWn i N wat er
(50 nL) and acetone (50 ni), KMi04 (6. §§ @ﬁmgﬁ mol ) | i sz.askteehy-ckhe dar k

m xture becones warm (40C) and | stirred for 3 befeere it is
filtered over a sintered gl ass f} r. The solvent of I Revewkeier| ess
filtrate is evaporated to give ”Swmﬁm%“

6- chl or o- 4- net hyl - pyri di ne- 2-car Ylic acid potassiu gal t % as a
colourless solid; LCM: tR =a6f m GuafpMr1]4 = 171. 99. TH#@“ﬁﬁ?@PW | is
suspended in ethanol (150 nmL) and H2SO4 (2 niL) is adde ﬁ?ﬁ! %. cl ear
solution forms. The mixture is heated to 70C for 18\n.Y Th&"MKfUre is
carefully diluted with sat. ag. NaHCO3 sol ution untiA as\pH of 9 is reached.
The mixture is extracted three times with EA. 10 Th e org. extracts
are dried over MgpSO4, filtered and concentrated. Th ude product is
purifi@d by CC on silica gel eluting with heptane: BA 3: @ut07gi ve et hyl

Lo v RIS TR b A e B ot MR TERCRayBo D ATy 5

3 H, 2 45utsiurs 19 (elt‘he4&o(nqned:iaﬁy6a\&ilalble @r yepare®5n (saldgyH)g lier8erd s, 1

H. 15 d) To _.a sol uti of 1 rid xyl at e
(500 g, Brosoied 5 Sahek @Bl £ 40 o et toft oy ety P SRR B P8 ane
pyridine gesp! @xz@&éﬂ FBrednid, mmil Lehh, EMAdRAusLY ., R%s%@q G K2&KR, 012 )
solution is added. The mixture is degassed and put under argon bef or e

Pd(PPh3)4 (52 ng, 0.045 nmol) is 20 added. The mixture is stirred at 80C
for 6 h before it is cooled to rt, diluted with diethyl ether (50 nmL) and
washed with sat. aq. NaHCO3 (2x30 mlL) solution. The org. extract is dried
over MgSH, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane: EA 9:1 to give 4-nethyl-6-(2-

nethyl propenyl) pyr|d|ne 2- carboxyllc aC|d ethyl ester (176 ng) as a

T~ ~E N\ 2 ~ 1 N - N — 7 ~ 1 N




75 f) A solution of 6-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl™
ester (174 ng, 0.78 mml) in 6 Naqg. HC (20 nL) is stirred at 65C for 18
h. The solvent is evaporated and the remaining residue is dried under HV to
gi ve gi vév@2908880tSy| - 4- Snet hyl - pyri di ne- 2- car boxyl i c PREBRPREFEEhI ori de as
green oil; LCGMS tR = 0.58 min, [Ml] = 194.09.

4-| sobut yl - 6- et hyl - pyri di ne-2-carboxylic acid 10a) To a solution of

4- br omd- Z=dmRkby s %_Fﬁﬁ!aﬁ'ecﬁéﬁ?&ﬂ!\ @%oﬂaéaﬁ%b}ndlr‘o‘ @d@mbz(ﬁ@@ s, H2SOA

(0.3 ) is added e mixture i's heated to reflux before a sol ution of

anmmoni um ﬁidhab&tylm simffth@ @@0@31 6§5- BB 71 avithn) 4. Bitivilg e ofrErevane; gn@gir ef ul |y
dd d T b f
o The T\ OHRBy b, 4 e B M oD T 19 Rt on ©

Stirring eserifledaonta piaeﬁmataordetbﬂ Stxudtore 2. [Oxiddtidnaoial commeecieilyeal ainder

reduced pressure the r n| ng _sal ution i ut ed sat NaHCGO3
sol ut i%n W%@Pr%n&é‘ﬂj\iﬁetﬁ %8 DYy 2Bt E’c? qognqﬂ,qngdof téL?CtW&ag%
filtered Wo@@ﬁ@@rﬁﬁ bﬁ‘S@r@ctuT@@(ﬁ rsuﬁ@npé;m%byemwm Buedkiyro&LCconmipll i ca
gel elutin hept ane: EA 3:7 to give

met hyl - pmr@istwng wﬁ)mmth%nappr@mr=@ff 9% %%trﬁﬁﬂe@ygv@qu&mp%@ﬁﬂ%ﬁ (EeRredi R =

o 31 1 1 5 b
m ”ﬁ&%rmbgﬁ’“i& é. ‘F(e%g%?gﬁ(?: 'Ebéﬁ?a(gD@rg) acﬁnutél‘fg oo§) Hossdrd),(s br,

(4 br ono- iBrdregdnatedyandd sap@nifed.- oetieates with, S1e gapmm’imk}) -drrreapetione

s0C 11 2iopdesiS Bprdtony piar B dpobliodfer i whlfh Sbebed fambodigsr = #

filtrate $su@vepor.ated to dryness, the remaining solid is washed with water
and dried under HV to give 4-brono-6-nethyl-pyridine-2-carboxylic acid
potassiumsalt (1.91 g) as a white solid; LGMs: tR = 0.45 mn, [M1]' =
217. 89. &\9]1%:39%5024%@5%5@113@@9&4@532@9 T@h&XkiTO @ \BRRENS] gré%fents

4- br ono- 6- net hyl - pyri di ne-2-carboxylic acid potassiumsalt (253 ng, 0.996
mmol) in ethamol (100 ni), HZSO4 (2 nmL) is added dropwi se. The mture is
heated to 70C f 16 h before it is carefully diluted with sat. aq. NaHCCS.
The m xture is cted three tinmes with diethyl ether. The conbi ned org.
extracts & .-.over MpSO4, filtered and concentrated. The crude
product is puri on prep. TLC plates with heptane: EA 3:2 to give

4- br ono- 6- net hy=pyi di ne-2- carboxylic acid ethyl ester (105 ng) as a pale
yel | oy oi iS’trde@]rB@2 bRSTURHBE IW\Mmal MelddparetfbiidRingl &b reaction sequence

4-1 sobuty met hyl - pyri di ne- 2- car oxylic acid hydrochloride is prepared
starting ewinedibePwio- 6- met hyl - pyri di ne- 2- carboxylic acid ethyl ester
followi ng the procedures given in steps d) to f)unbedadhe pr epar at on of

6-i sobut y1- 4+ UHEZAthoxsivec aci d;  LCoNBMneReimm

t hyl - pyri \nl
[ MF1} 41="194. 08—1H NNRie,éééPyéﬁy 81.01 J = 60508 H) N2, 04- 2% 16 (m
1 H), 283 & QeFT, T H 3, )/ 7.56 18(s 04 (s, 1
H, 9.74 (s br, ;L/H). 5-1 sobut y1- 6- net I-/pyrldlne2carbo k . d

(hydr ochl oride) ( The title corrpound IS prepaledoshamht i ng from
5-di br ono- 63"w€?©| ine follow ng the 28pteedur es >Qis¥WaRnfBcist nﬁg"mﬁif’ to f)
of the preparation of 6-isobutyl-4-nethyl-pyridineswdwcarboxylic acid;
LCGMS: tR =0.59 mn, [M1]+ = 194.08. Interned at@sSgenation
3- brono- 2- net hyl - 6-vinyl -pyridine: LCMS: tR = 069 mn; [Mlr = 197.94; 1H
NVMR (CDCl 3): 82.68 (s, 3 H, 5.50 (d, J = 10 8 I-Iz:\iegibmH)aqﬁon&ﬂﬂ‘ZO (d J = 17.6
Hz, 1 H, 6.76 (dd, J = 17.6, 10.8 Hz, 1 H), 7.07eRk’z2¢ = 8.3vHz, 1 H),
7.75 (d, J 25 =8.0 Hz, 1 H); 5-dreno-6-nethyl -pyridi ne-ggarboxylic acid
(as potassiumsalt): LGM: tR = 0.©4 mn, I\/Hr E]pzhﬁmﬂ%N 91, 0
5- br ono- 6- net hyl - pyri di ne- 2- car boxyfi c\aci LCA VB! = 0. 87
mn, [M1]. = 245.91; 6-nethyl-5- mey/hy ropenyl) pyI‘IR in -2/car oxylic
acid ethyl ester: LC-MS: tR = 0.88 nimh [Mpf]+:220 11; N OR
5-i sobutyl-6-nethyl -pyridi ne-2-car baxybi c acid et hyl ester: M2 tR =

o- P sobut y IPHSTRERBRGYES A et E G BRI £ oL Ao a o cHTOPF APty 1o

sti rred sghu&bgganoq&erﬁm@ Spﬁb@edbra@tb@xxmyw}edanan 263004, b‘ﬂx?bﬁcSﬁnﬁed 200400 g,
26. %ﬂ chi orotri met hyl si | ane S ded. The
react?%n Q ﬂﬁ%ﬁa?bf& rgeagﬁqdr WEQ 4t SrifvingrCYERTHOR K% U %r §HF%rﬁ°n lons
evaporated. The remaining residue is dried under vacuumto give

6- chl or o- 4- met hoxy- 2-carboxylic acid ethyl ester (5.95 g) as a pale yellow
oil; LGMs: tR=10.85 mn; [Mlr = 215.97; 1H NWR (CDCI 3): 81.44 (t, J =
7.0 Hz, 3 H, 3.94 (s, 3 H, 4.48(q, J =7.0Hz, 2 H, 7.01 (d;, J =2.0
Hz, 1 H, 7.61 (d, J =2.0Hz, 1 H. 10




b) The title conpound is prepared from 6-chl oro-4-net hoxy-2-carboxylic acid
ethyl ester following the procedures in steps d) to f) of the preparation
of 6-isobutyl-4- nethyl-pyridine-2-carboxylic acid;, LCGCMS: tR = 0.51 mn;

[ MME1] 4 SVO2PI824905 H NMR (CDCI 3): 81.04 (d, J = 6.5 HFCT@BHP8A5201.2 32 (m
1H, 3.27 (d, J =7.0 Hz, 2 H, 154.20 (s, 3 H) 7.12 (s, 1 H, 7.83 (s, 1
H) . 4- Met hoxy-5-net hyl - pyri di ne-2-carboxylic acid -0 -N OH a)

2,4-Di Chlerferéa%mwunewﬂs@ﬂu@eré% m%r@exﬁrsema%d%s@ér%bq&a% c%TﬁéBL%O”Et hyl
20pyri di ne as described in W 2005/ 068455; LC- M5 [ M+

161. 92; 101 NSMRIGOBC13p: 8S2z3E (©acBoH) Wlth 3tng( sapgmqg)nateg 241 @éﬂa”leﬂ*j) b)

To a soI u I e I I |n

met hanol ‘%”fgﬂrn%m%ﬁ %@8&%“%5”5@&#8??‘%‘&%50% ﬁ?’% rr%g?(t?%r W s? ref | uxed
for 5 daysp@bprimt etigl-Zh-resgendbéalvédby szpaiificdtied 0§nat d:nmmlmd alrtreottireact ed
W th T extract MySO4, filtered and concentrated to
gi ve ? h?%ﬁ‘émﬂ FPQWK}O@J@EQ{%T%& Pé%ne (240 ng) as a white solid; 1H NMR
(CDC13): 82.15 (s, 3 H), 3. 90 (s 3 H, W 2009/024905PCT/ 1132008/ 053269
78 6.77 (s, 1 H, 8.02 (s, %ﬂ;\lcam CDCl): 8 12.67, 55.60, 105.77,
121.77, 149.50, 150.29, 165. 41 i]Suzu oI L ytion of

2- chl or o- 4- et hoxy- 5- net hyl - pyrldlrk ﬂ(en EmlS 5mol) in 5 DVE (75 nL),
2,4,6-trivinyl cyclotriboroxane pyrlajmgee conp ex (3.13 g, 13.0 mml)

fol | owed by 2 Magq. K2CO3 sol utiog (o) 1S added. The mixture is
degassed and put under argon bef oge BeRRh3)4 (384 ng, 0.332 nmol) is
added. The m xture is stirred at §0(€‘for 15 h before it is cooled to rt,
diluted with water and extracted witdrnagbhyth et her The org. extrac is
washed with sat. aq.MfNaHCO3 sol uti an, r'gici ed over Y40 MySO4, filtered and
concentrated. The crud oduct i s spurcditned by CC o {lica gel eluting

w th heptane: EA &L t | - &—winyl coch ne (1.22 g) as
a white solid; LC—IVB: ¥ 0.52 mn, [M1-1]+:150\ d) Toasolution of
4- met hoxy- 5-net hyl - 2-yi nyl.-pyridine (1.22 g, 8.20 gnpl.), i n

acetone:water 1:1 (50 m_) KMhO4 (6.64 g, 42.0 rrrml) I'S added The m xture
i's stirrefnalpgousiy.oby INRRG dhe feacion sRAvRcedo’ FifeeT pReaficaitRe SLBZUWas hed

wth wate t a nd.
to give 4Fm§ de?@r‘&BSnE‘[ﬂtﬁ Q&p& ’éllctnagéé caf%squl g&gc?\%%b%t grs“'giad(?nqs (2 20
g) asia Isgmnlflmemm saolmmme_r@aw ayRabled . opmnpriund pMSitucturel @3. gAY 'It@

for 18 n [ANSORO AR Y EoE AL eulting 4 o oS

met hoxy- 5- met hy1- 2-vi nyl - pyri di ne ethyl ester |s purified by CC on silica
gel eluti wth h ane 7; 0.56 mn, [Mrl]+ = 195.96; 1H
NVR (cm1§gmp9uﬂe}'5? tFBQfUFEﬁA%WQ?Fe‘Q%M)'Ng‘”Q Wr%%e”t% H, 3.97 (s, 3 H, 4.50
(q, J = , 7.64 (s, 1 H, 839 (s, 1 H. This ester is then
saponifled go ve the title conpound by 25treatnment with 6N HCl at 65C for
16 h. 6-1<dbu hoxy nicotinic acid NO OH a) To a solution of

2, 5-di chl oro- 4- xypyridine (1.43 g, 8.73 nmol) in DWMF (15 30nm), K2CCB
(2 41 g, 17.5 |) followed by nethyl iodide (1.48 g, 8.73 mmol) is added.
The mxture i sR&tirred at rt for 24 h before it is diluted with EA (200

dri eddi%\o E&%@%ﬁ%’%g ﬁ] 4L5r%g)%gé00%ﬁ§\g% tﬁ? g%%?@ﬂg\én@?%h‘ga%ﬁ%mé \g E)nlﬁl fied

by CC on silica gel eluting with heptane:EA 1:1 to give 2, 5-

di chl oro- 4- met hoxy-pyridine (0.73 g) as a white solid; LCGMs: tR = 0.85
mn; [Mrl] = 177.90. 5 b) To a solution of 2,5-dichloro-4-nethoxy-pyridine
(730 ng, 4.10 mmol) in DME (16 nlL), 2,4,6-trivinylcyclotriboroxane pyridi ne
conplex (987 ng, 4.10 mol) followed by 2 Maq. K2CO3 solution (4 nL) is
added. The solution is degassed and put under argon before Pd(PPh3)4 (95
ng, 82 Ino!) is added. The m xture is stirred 10 for 18 h at 80C. The

m xture is cooled to rt, diluted with EA (200 n.) and washed with water and
sat. ag. NaHCO3 solution. The org. extract is dried over My804, filtered
and concntrated. The renmaining brown residue is purified by CC on silica
gel eluting wth heptane: EA 9:1 to give 5-chl oro-4-net hoxy-2-vinyl -pyridine
(402 ng) as a pale yellowoil; LGMs: tRi=0.53 mn, [M1l]4 = 169.98; 1H
NVR (CDCl 3): 153.98 (s, 3 H), 5.52 (d, J = 10.5 Hz, 1 H), 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-nmethoxy-2-vinyl-pyridine (435 ng, 2.57 mmol)
in acetone (20 nL) and water (20 nL), KMWhai (2.03 g, 12.8 nmol) is added.
The 20 m xture 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 nethoxy pyrldlne 2 carboxyllc aC|d (987 ng) as potaSS|un1saIt cont ai ni ng

PP




d) To a solution of 5-chloro-4-nmethoxy-pyridine-2-carboxylic acid ethyl
ester (309 ng, 1.43 mmol) in dioxane (10 nl), Pd(dppf) (12 ng, 15 pnol) is
added under argon. To this mxure, isobutly zinkbromde (8.5 nL of a 0.5 M
sol uti on Wi 26924908 added dropwi se. Upon conpl eti on ofP@tiB2addsx2son, the

m xture is heated to 75C for 5 18 h. %e m xture is cooled to rt, and the
reaction is quenched by carefully addi water (50 mL). The m xture is
filtered and the filtrate is extracted with EA (2%x3QR.nL). The conbi ned
org. extracts are dried %rﬂereaa‘}%r , f||tered and cenecenf r at ed. The crude
product is purified on paro,g,rf‘”“ ©Pl at es

i sobutyl-4-ne ki i
cont ai ni ng 103 5- |sobuty1 4- met hox -p i

ester; LGMs: t/R0.87 nin, [M1]+ = 266/ (|sobutyl ester) MR =
0.76 i n, [M1§4 = 238.02 (ethyl ester)R" e) A solution of Rhesabovre

5-1i sobut y1- 4-#etféky- pyri di ne- 2- car boRy#ice aci d mnsodbtiteylond® ester (134 ny,
0.57 mml) in 5 Maq. HC1 (5 nL) is heated to 65C F«@rriaRepyifycictFhe sol vent is
evaporated and the crude product is purified by preepaneHPLC to|gi ve the
title conpound (89 ngy) as an off-white solid; LCINBretrRex= 0.68 min, [M-11+
= 209.98; 1H NWR (CD30D): 80.96 (d, Jr 6.5 Hz, 6”;!) 1.96-2.08 (m 1 H,
2.67(d, J =7.0 Hz, 2 H, 4.22 (s, 3 H, 7.99 (s feae"’w&h , 1 H. 20

4- Di met hyl am no- 6- met hyl - pyri di ne- 2- car boxyli.c acred; N a) A ol ution of

4- br onp- 2- net hyl - pyri di ne (735 ng,, LA in met hanol (& ) and H2SO4

(20 4) is heated to reflux. A solfi | HA) 28208 tof 3¢ @ 25 mol )
in water (6.5 nL) is added dropw se t Nhe S Hrred m xt ure. aopl etion
of the addition, refluxing is contimied_for h. The mxtur i's cogled and

Structure

the reaction is quenched by adding 1 Meq ?\IaSZOS sol ution® Th&“W%ture is
furhter diThuted mm;bbumit of &rucme-l r$®ﬂeatecbmrtanﬁ 4@6trrvmyt eyzbld)tvr,bcr@xmm h EA

(2x300 ni Th extracts are ie r t d and
concent rai‘@ge %%ﬂ‘é ﬁ?.fg %’L@Ye P sCOSHBUHT fg%t %@“ rd\;g‘%‘ EOEJOQ)%’ YJtr ng
wi t h hept gagadsadiod @eé)ih\éeodr bﬁ@‘@gﬁ:d?@édﬂﬂd'of Micture 31. Suzuk; reactron _
2009/ 024905PCT/ 1132008/ 053269 PYridin-2-yl)-nmnet hanolyﬂ( 156 as a white
sol i d;SLCMIB: R =a@PRePHALA, %Mﬁﬂrrake@gllcxp@tnbcpjqur@ a B rggfi?réﬁ{'oﬁf and

(4- br ono- \V t i one
(400 ni), g%‘k%%“é’ﬂz‘i{ r\gﬁ%d?%@q‘éédgﬁ @?ge é@) éér orti r[n%nggg béi'rﬁefelrkgnl@cfts? ng

m xt ure i sapoiificadionafurmishdsothel 8esirdse fcormpounds 9ff$tru<emred3bv@crr@ounds of

gl ass-fi I

filtrate i 88'5% o teg%mCﬁhe@:pfesg%?gdm%%%@eér a@%@?& Qlﬂ/ a\%%b he

4- br ono- 60mﬁ¢adndpy0f ditnetze c2@ batigkdin R depebasisi am stalt gtdu03ag) bas a

whi t lid; 1H NVR ( 10
c)l sﬁl $8r :pée%@qlfc( ﬁﬁ_ Ilt)Pgatlér&dgaC%%Jfg é%bgpgnglpaeéqyfa Jl\/l|_l|2hrano %5 lrgoue }( H .

4- br omo- 6-\EREBY Y- E‘i‘sféh‘iﬂd“?r &areﬁébwelzoeemyrérmpﬁﬁéua@aﬁah&)7(;58@83% 15.5
mmol) in ethanol (150 ni). The clear solution is heated 0C and stirred

for 18 h. NEfraanxeuge Rf@or@eM&cér%@a WP TR 2h2E8R) foralystengsidasn
| Th nbi ned
sol uti on ‘&Bﬁn’ié}%n é&ér Ove-r %@gﬁh?ﬁﬁ%}ﬂre@ é}t&ytl é'd5 gbier . The conbi ne

org. extrac are r|e concen rated. The crude
product is purified by CC on silica gel eluting with heptane: EA 3:2 to give

4- br onp- 6- et hyl ridi ne-2-carboxylic id et héll ester (2.4
yel I ow oi | ; : R—OEﬁi\lmn 43, 963N%p4f! A sol
4- br omo- 6T Fhe2-%ar b%@!{/lr e?hyl ester {7 mol )
in 6 N ag. HC O nL) is stirred at for 18 h. The solv
der HV, suspended in filtered

evaportjst ed and/the residue is dried g
and drted agali n under HV to give 4-bronp-6-nethyl-pyridi ne-2-carboxylic
acid (2.50 g) as a hydrochloride salt in formof a white powder; LC-MS: tR

0.46 m )i 0
4-br ono- 6 hEPHSTE: 4o GRS RueB IR 1B, B TR b Bedhreucegdn [AS5IS8S 5" 306
mmol ) in tﬁmltcmnmtabifshrr@oftder?@nhyrbém ﬁenc(r&@scra@‘pldl 19 nmmol) is added and the
m xture is refluxed for 2 days. The solvent is renoved in vacuo and the 30
residue is dried under HV to give
4-di met hyl am no- 6- net hyl - pyri di ne- 2-car boxylic acid (102 ng) as
di ret hyl ammonium salt in formof a yellowoil; LCGMs: tR = 0.48 mn, [M1]
= 181.07. This material is dissolved in DCM (5 m.), nethanol (0.5 nlL) and
triethylamne (5 nL). The solution is stirred for 5 mn at rt before it is
WO 2009/ 024905PCT/ 132008/ 053269 82 concentrated and dried under HV to give
the title conmpound (125 ng) as triethylamoniumsalt in formof a pale
yellow oil. 1H NWR (D6-DVSO): 6' 1 .2 0 (t, J =7.3 Hz, 18 H), 3.08 (g, 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



The title conpound is obtained as a triethylammoniumsalt in analogy to 4-
di met hyl am no- 6- net hyl - pyri di ne- 2- carboxyl i c acid using

i sopropyl -methylamne; 15 LC-MS: tR = 0.57 mn, [M1lr = 209.08. 1H NWR
(CDCl 3): BO.O/QR#PISI= 6.0 Hz, 6 H), 1.43 (t, J = 7.3 HETIGAGP/5326974 (s, 3
H, 2.99 (s, 3 H, 3.15(q, J =7.3 H2336 H, 4.34-4.47 (m 1 H), 6.48 (s,
1H, 7.54 (s, 1 H). 6-Mthyl4-nethylam no-pyridine-2-carboxylic acid -NH

20 = The Wﬁe!n%vgpmo Lﬁm‘gbcg ﬂf\g{lé an% cﬁ:ﬁéﬁné@ in the form of m%ﬁtures of

4- di net hyl am no- pyr| Ic acid using net am ne;

LC- MS: t Resariiofers) the [eMarrl‘f]omers Q@V b@lse;bm&adrrednngt methods known to one
6-|\/bthy|-4-. hyl.am oprld carbox lic.acid eth est.er; tR =
0,56 m . S 18 BB By o falo Gt dbasdnd of s PreoSEE g B o

2009/ 0249 2
.40 (5 bgﬁ’lﬁ?ﬂﬁé@ g%@ﬁ%&ﬁﬂng@ 3h5§e GSch iai)sHb Ré%eafvﬁdlk @1@&@1@?@3 ) s

(d, Jh& 2o®|uecm,, alDe«i)cetd@mr@@Er @@y!‘la(@r’rﬂ)#m)r@dmm qrya it e Ghirgiffakobdy ( 1.oc’ aci d
5 T tit 1
2- di ot kiR BB Bt pORi Bl BPEHSH ol 2k HELEE 20 5 Can ne:

LC Ms: tRthreﬁQ)fnblﬂent[ W%Et@ﬁl% §|%sence or absence of an amine such as
6- Di et hyl am no4- net (‘%ﬁﬁh iyr| di ne- 2- car box?fnl ic acid 10 A sol ution of
¥

6- di et hyl Hfﬁtwmlﬁ% @Vﬂedlq{@— ollieat Bofaenel 10Oy 1. BA8 ol i n 25%
eq. HC ig)$tiyred at 90C for 18 h. The mixture is diluted with water and
extracted W|t EA. The pH of the eq. phase is adjusted to pH 11 by adding 1
N ag.10NaOH solution and the nmixture is extracted with EA. The pH of the aft
phase is 15 adjusted to pH 7 by adding 1 N HCl and the solvent is

evapor at eg, Ellﬁ od €sidue is suspended in DCM met hanol . The suspension is
filtered filtrate is concentrated and dried to give the title
conpound (130 ng) as a white solid; LCGMs: tR = 0.57 mn, [M+1]4 = 209. 01,

%HONﬁ (Eﬁ p&%gg‘@ﬁg(l%"%%’i % “r]U?f_r_an?jﬂ %)fge ir&/epﬁrohq Jéab:?d% ndSat alt%:t teledk Y T

6- Br ono- 4+Hgeédroxy- pyri di ne- 2- carboxylic acid -0 Br a) Methanol (1.48 g,
46.1 mmol) is slowy added to a cool ed suspension (0C) of NaH (2.12 g, 53.2

mol , 180% di spersion in mneral oil, washed with hexane prior to WO
2009/ 0249@53@7{3@%@@9%@%@@ ngA'CU@%}nddﬂmgﬁ%ré %Qar@e?erlz%% RRiiA@n of
the addition t emx ure is stirred for 150 mn before

2, 6-di broM:HZl) i (EIPYRi dDaé\mdab(&;u@r @Bemrqa%rﬁhl)‘tmagemdn Arive relgkpeicat ur e
rises to ?‘n C%O!Jgfi JQeéIMkﬁR@t@st' r.z glﬂﬁ%tt_lc{]e m Bie?‘ th tlpg Edeégtl{ﬂ?%cﬁéﬁn s

guenched w xture h Wwat er
and 5 ext rauhedt iﬁwtc—ehmpt&h ricA (r@ﬁﬁbieﬂ_))r =Tiread ocduphegl congtanwanea@tfsn are

d d d d i ified

Y o2 R RAC A I fieag RSP RGN d TG B0 aerd TreR e HonEy By i o ne
(6 43 9) asxab @, ZMﬂbéﬁSBQi@dB W M) Al Rracifnt98-950 ackMnidie i wWistér, 715 10b)
To a suspension of 2, 6-di brono nethoxy gyrldlne (5.90 g, 22.1 mmol) in

DVE (60 nb)inawdh 2.04% drifiucramstis ad i fsry: (20 mivmin), iz is g;ven in min, LC-MS
2,4,6-t

added anaSPREeS S LR QBNE BY' ARG TR ol B2 oo ParmuliBld | 2o
ng, 0. 398wael Qonitainiad deitic oTlaet HQXNH{IZ@H solgitdn; Déxér\msemnberccﬂzdhldnefmre it

i ' I t,. dil d ext d wit

or g "Bt dLL PLCPERS BB MRGSORIoR 05 GEeEang’ DYegity APk CTRROET

pr oduct I%r@tﬁurﬁfb@dbpypr@&ér@ﬂveslmp@@ @elureh ukitagaWkRbhshepbaoembh 4: ;;Lmto give
2-brono 4 net hoxy6-vi nyl - pyr|d| ne $4 50 g) as a ellowsolid; LGNS tR =

0.90 ni n, g[adiant: 16-95¥gaeaonisje Towaterssinginieos| b Poaf foomjc agid) or by MPLC

2-b 47 | | 30
i Runar e Rt BB opb i Dt GP1sson? el "Whiuha 23688 ALY, o

at OC for Lé@o@enﬂfbeﬁeﬁfseﬂm gradisat:ne 0% cmeﬂhaant i nivaigr its t@0Thi megchrdhh. The

i xt d. th | t nd th

frabe RecenmentinpeaesTrss ol B Fenlibeln SLararres deCdrdite’ noi o

sol ution @Fﬁi"awﬁéP@ADaZDizE»@ rﬁrﬁei‘?uﬁ?(t%%b@@ﬂb%%x%é)h EA. The conbi ned org.
extracts are dried over



25 My804, filtered, concentrated and dried to give the title conmpound
(1.60 g) as a pale yellow solid. LCGMs*: tR =0.68 mn, [Ml] = 231.83.

N- Hydr oxy- 2- net hél -isoni cotinam dine HN N WD 2009/ 0243 S5PCT/ I\/2098/ 053269
85 a) A SUQPWRGIDHK of 2-methyl - pyri di ne-4- car boxyl i ¢ AEFEPEEE? 7. 29
mmol ) in nmethanol (50 nlL) and H2SO4 (345 nlL) is heated to 70C. The solid
mat eri al dissolves and stirring is continued at 70C for 18 h. The m xture

i s cool edaprevibiionds (lag@ggglheeg;,d) the filtrate is evaporated. The renaining
solid is Wwashed wth diethyl 5 ether and dried to give nethyl

2- et hyl -3ri di ne- 4- car B&§AYte; LC-MS: tR = 0.39 min, [M1l] = 152.05. This
mat eri al é §, di ssol ved i?m?oé}!h% i n methanol (25 nl) and the mxture is
stirred in a sealed via 20 h at 60C before it is :filtered. The
filtrate B@Cevaporated toot-utoxyaarieeyl 2- met hyl -i soni cotinanmide (2.12 g) as a
br owni_sh id. To a solut.ion of is.nmaterial in DCM (25 nlL), pyridine
(5. 245;, @g 0O mol) is L§6h§88®@5%§“ i xture is cooled to OC before
trifluoropgetic anhydridety(8. 10 g, 38. 6 mol ) is added portionw se.
Stirring I?: continued at 0C f?'\R? before the reaction is quenched with
water. TheCmixture is dPPHIESL Wnd the org. phase is separated and
washed w ¢&h| 5% aq. ci trbgrb@ﬁy;chglﬁqaégdlé)n foll owed by sat. ag. NaHCC3
solution. The washings are extracted back twice with DCM The conbi ned org.
15 extract® are dried od®enkyoens acpionéred and concentrated. The crude

pr od i rified on th heptane:EA 4:1 to glve

2- et hyl -?S%I cot i noni t?{cﬁaoh%%cmt?ﬁﬁﬁx@@ tR=0.55 mn, [M1lr = 119.13.
b) To a sbCition of 2-ndichidremstwaineot i noni t ri I e (330 mg, 2.79 mmol) in

met hanol 20 mL), hydr | am.ne. hydrochl oride (388 ng, 5.59 nmol) and
NaHCO3 (4‘%%3‘ , 5.59 n@p&ﬁf@zgﬂ%@&%ﬁ% mxture is stirred in a seal ed
vial at 68@dpr 16 h betpisrohg-ctpliarane, Hinglopaseateyl-dilstpromsardine i s dried
to give N-h dr oxy- 2- rrethyllsonl cotinam dine (550 ng); LCGMs: tR = 0.55 nin,
[MF1] 4 = - 25. " 25N Hy drioWSNSYEE Ny | - i soni cot i nami di ne N2-) (NH i NH HO
To an D | ed sol utlgnné)tf1 R9tassham tert. -butylate (1.25 g, 11.1 nmol)

in methanol (20 nl), hydroﬁvﬂ am ne hydrochloride (773 ng, 11.1 mml) is
added. ThBMSiigpensi on i dinethylseiiodiés 30 nin before

C st rr el som for aa beplrbiER Rt e e, e 1 e
evapor at egat o dryness a@ch Bestegsul ti ng soI idis washed wnth water and WO
2009/ 024905PCT/ 1B2008/ 053&313 86 t hen dri e%stg

N hydr oxyE@Cﬁ- di net hyl BRI AR NAPHPY, tﬁﬁ)caéigo 'f’t e powder; LC- MB:

tR—7 )2 ?gmn [M+1]+—eagﬁ,a%A)S§LHNNR(D6 DVS0): 2.43 (s, 6 H), 5.88 (s, 2

2 Et hyl - NEhydroxy 6- rret ¥isonicotinamdine 5- NH N\< iNH HO a) A

sol ution 4- et hyl - A%{,J pisonicotinic acid ethyl ester (3.90 g, 20.2

nmol , pre%ac?ed in anal ogy to the corresponding tert.-butyl ester) in 7 N

NH3 in meEhanoI (50 n) exampte(sy ed in a seal ed vessel at 60C for 20 h. The

sol vent gpevaporat ed agld 10, the resi due is suspended in diethyl ether. The
i a

solid mat i s col | edPRUCTNSHAH AR Y h addi tional diethyl et her and dried
under 24V F@b%ggg 2- et hy%ﬁ(m}a@&g{h}ﬁg@gahg%wm de (2.85 g) as a white
powder; LC 26 mn 114 = 165. 05; NVR (D6- DVS0): 81.23 (t,
J:75HB,3H),249(h§’U*'§H) 2.75 (q, J =7.8 Hz, 2 H, 7.44 (s, 2 H),

7.59 (s b H, 8.11 (5. T
2- et hyl - GHrret yl -i soni cotl nam Z‘Oﬁé_z‘%ﬂ 1@ NWN iQ @t@%;fwaﬁg“g;”n dine (6.74 g,

85.2 mml) in DCM (80 mpxaﬂwompmatfet|c anhydrlde (9.11 g, 43.4 mml) is

added dro%@'@e at 0C. Th]e @ré%&%ﬁ@ﬁﬁﬁf rred at OC for 1 h before it is

careful ly uted with wat Re mixture i s washed with 4% aq.
citrigoaciH®LZD sol uti on High penierehdmyediglid cnombladdgeaBywsol uti on. The washi ngs
are extracted tw ce wtw The conbi ned org. extracts are dried over
MySO4, fiFtered and con T GNP %ef Iy dried under HV to give

2- et hyl - 4xeygpo- 6- et hylsopadsith Ret-bdickRied) as a col ourless |iquid; LC M
tR=0.58 mn, [Ml1l] = 147 06; 1H NMR (CDC13): 81.33 (t, J = 7.5 Hz, 3 H),
2.61 (s, BOHMS 2.86 (g, liguid Ghremegograptly — MEsS SPESTOMEPY H) .  ¢) To an

i ce-cool ed solution of potassiumtert.-butylate (7.11 g, 63.4 nmmol) in

met hanol (50 nli), hydroxylam ne hydrochloride (3.78 g, 54.4 mmol) is added.
The suspension is stirred for 30 mn before

2-et hyl - 4-cyano-6-net hyl -pyridine (2.65 g, 3018.1 mmol) is added. The

m xture is refluxed for 3 h before it is filtered. The filtrate WO

2009/ 024905PCP- 1E2008/ 053269 87 is evaporated to dryness and the resulting
solid is dissolved in water (30 nL) and extracted with EA (3x150 nmL). The



H, 9.87 (m 1 H. N Hydroxy-2-isopropyl-6-nethyl-isonicotinam dine HN N
10The title conmpound is prepared in analogy to 2-ethyl-N hydroxy-6-nethyl -
i soni cotinam dine starting from 2-isopropyl -6-nmethyl-isonicotinic acid
ethyl est®P20002498 tR = 0.42 mn, [M1l]4 = 194.08; 1HWRYNFEBSEYS0): 81. 22
(d, J= 7.0 Hz, 6 H, 2.44 (s, 3 H, 2%1 3 02 (hept, J =7.0 Hz, 1 H, 5.91
(s, 2H, 7.32 (s, 2 H, 9.88 (s, 1 H.
N- Hydr oxyy [ig- i sobutyl- 6- g%li.%\é i sonicoti nam dine HN N The title conmpound is
pr epar ed | % anal ogy to - N- hydr oxy- 6- et hyl - i soni coti nam di ne
st arting Meom 2-i sobutymﬁhyfet hyl -i sonicotinic acid ethyl ester; LG 20

tR = % g%{nin, [Nhlkyﬁg 208.12; 1H NWR (CDC13): 80.94 (d, J = 6.5 Hz, 6

¥9Us

;206 (mlH) s, 3H), 2.68 (d, J)=7.0 Hz, 2 H, 4.91 (s,
2H), 71r?nr(s 1 H, 7. 22n(@s)1 H.
N- Hydr oxy- 2- met hoxy- 6- rret hyl - i soni cot i nani di ne
2009/ G249W6BET/ 182008/ 0 PELIHNIquid GPW@P@WWSul furic acid (1 mL) is

added to p.guspensi on ofyadiehhQi9=6- met hoxy-isonicotinic acid (4.16 g, 22.2
mml) in ethanol (20 ni). The clear solution is stirred at 70C for 18 h.
The m xutN&H s neutrali é\éme@wimmkd@ -&8b¢ ag. NaHCO3 solution and then 5
extracted E\%gee tines gg (3x250 m). The conbined org, extracts are
dried oveP filtef toncentrated and dried to give

2- chl or o- érgret hoxy| soni oogame c acid ethyl ester (4.32 g) as a white solid;
LC M5; t% 1.00 mn, [Mt1l+ = 215.89. 10b) Under argon, dinethyl zink

(14. 2%0 t1149 nmol , 124 PREMYF a 1.2 Msolution in tol uene) is added

dr opwi se boB@psol ution ®enZotfiBk 610y 1Wt»b@gm@ﬁ@1pﬁ@§wumrﬁm d ethyl ester
(5.37 g, 24.9 mmol) and Pd(dppf) (203 249 mmol ) in dioxane (120 nL).
The nmixture is heated td‘e‘#é@cﬁﬁd’h%ﬁ”ﬁﬂ@d for 18 h before it is cool ed again
to rt. eaction is by carefully adding water. The m xture is
di | uted fEertph 15 Wthwmgﬁraﬁ%iltered over celite and the filtrate is
extract edrtwi t h EA (2x25000m)temPhetwenbi ned org. extracts are dried over
MySO4 5flltered and concsﬁg r%t ed. The crude product is purified by CC on
siliclé ge? eluting with ‘%? ﬁje:EA4:1 to give 2-

met hoxy- 63net hyI -1 soni caphimgosiaeitdptetshyibteest er (4.10 g) as a col ourless

o LM ¢ o Lo B U M R B (L -

7.12 (s 1H, 7.28 (s, tdirdfluorédordfae title conpound is prepared in anal ogy
to N-hydroxy-6-isobutyl-5-nethyl ni cotinan dine fromthe above

2- met hoxyTBAnet hyl - i sonitdbiaraecetiagicdl et hyl ester; LGMS: tR = 0.43 min,

M 1- 1. 96. lHN 82,49 3 3. 95 ,3 . 254.89 (s,
[ é‘t]% g'll? N?%&WLF% 803(?5 br,H)l H) . (s 31 (s

2 D| met hyTad no- N- hydroﬁgtrﬁhym;bwam soni coti nam dine WO

2009/ 0249 CT/ 1B2008/ 0 9 89, NH /INH -N HO a) A solution of
2, 6-di chl g}s‘gl soni cot i noﬁﬁ Py c(wg)r%toarapm 5 mol) in 2 NM2NH in THF (20
m) is stigred in a sealrsgknvessgle at 105C for 24 h. The dark suspension is
cooled to rt, diluted with EA 200 wat er (2x50 L)

fol | owed B§"PE08at. aq. NebEtd a@w%ﬁhm%%?*m%?wé@ta%@ Na2SO4,
filtepgd and concentrated to give crude

2-chl or o- 6-di net hyl am no-i sonicotinonitrile; LCGMS tR =0.96 mn, [M1l+ =
182.00. This nmaterial is dissolved in dioxane (100 nL) and Pd(dppf) (120
ng, O. 147 W TQ.khis solution, MeznCl (5.02 g, 43.4 mmol, 2 M
solution in !?S&Hggﬁfuca%d%ed. The m xture is stirred at rt for 30 mn,
then at 75C for 16 10 The orange suspension is cooled to rt, diluted
with EA (150 niL) an shed with water (2x50 nmL). The aq. washings are
basi fi ed by addi ng Y th® precipitate that forns is filtered off. The
filtrate is extracted Wth (3x70 nmL). The conbined org. extracts are
dried over Na2SO4, filt angjconcentrated. The crude product is purified

by MPLC on silica gel eluting with EA containi net hanol 15to0 give
2- di met hy|T&nd ﬁ@UBO'?fr@f ReANQre T i€ BereRTPPXY !Ceaf(‘%gg5 % ER' b I9KaR |

whi chsgl Ogﬁsol P &FE 134Gl 13 mrﬂoig% BHBed. [Wé]rﬁxmré@@sgﬁed LPlBeFrO an

i ce-cool e otassiumtert | at e . % nmol ) in
met hanol @EEMal)rt ahg éobxid aimbrasnidg d6.6eH. (32@@“‘(@»0@ ﬁ"‘é} of£30 G’M FEBIIPN it
added.




20 The suspension is stirred for 30 m i before

2- di met hyl am no- 6-net hyl i soni cotinonitrile (699 ng, 4.34 mvol) is added.
The m xture is refiuxed for 2 h before it is evaporated. The residue is

di ssol vedwrzom/024983 | anount of water and separated by PPEBEHIRIG s-silica
gel to give 2-dinethyl am no-N-hydroxy-f: nethyl -isoni coti nam di ne (284 ng)
as a brownish resin; LCGM: tR = 0.60 n, 25[ M+l]+ = 195.42.

e R A MR s AL RO BB P el 100G or 10,

2- hydr oxyTes midiute mf&iomdd-ilost)an@n‘ihumdcm&ciiﬂ (Qéﬂhﬂ)aﬁmtd@@@(@&) Ziel ol )
in 7 N NH3 in methanol, (25 in a eaedves at .70C for 5
b4 b el BoRBep s e eeg 25% HE othe Bred oRES Brbaiten c084loang t he
residue i shald bR With EA @kSE nﬂ_r)h‘@@owed bg DCM (6x50 mL). The combmed

2- hydr oxynet hy1- 6- net hyl -i soni coti nam de (40 e yel | ow solid;

LC- MB:5 t Rorg. @Xipactsrigre congenjrated argizdried. The aquee @[%@L@tvﬁd;urlﬁgé yMPEC o3 ),
4.56 (d, —= (.58
(s br ( 1 iﬁaca gei‘r’t?'@?ve %je_:"ﬂ%’e c%gﬁfoé&%j Z“b q) ﬁ 8 rh'%féa]pdg% yel?ovg%gl(gc M}%:’%n of
2~ hydr oxy eEhyih; Bv-Et h:yl80 maﬁHdWRd@Mm(sgoomm J2= 88 o ) aamzﬁm di ne

i) 14 &aﬁﬁu”&%’h%m S 20 482 M 2 [ G 1 PR i Bbedng™

becomes clgar= befior g Hi. |s carefully diluted with water and DCM The
mxture i s 15 washed twi ce with sat. aq. NaHCO3-sol ution. The washings are
extratied twice with DCM The conbined org. extracts are dried over My304,
filtered riefly dried under HV to give crude

2- hydr oxy?ﬁe%?%ﬁq&@?ngéﬁ§?§g%?| nonitrile (544 ng, contains pyridine) as a
browni sh oil; LGMX tR = 0.54 mn, [M1] = 148.99; 1H NWR (CDCl13): 82.66
(s, 3 H, 348(s bry ,@).48(5, 2 H, 7.41 (s, 2 20H). <c¢) To a

sol ution of crude 2hyd nmet hyl- 6- net hyl -i soni cotinonitrile (544 ny, 2.38
mol ) in nethanol (5 , Pdtassiumtert.-butylate (933 ng, 8.31 mol) and
hydr oxyl am ne hydroc¢hl oride (495 ng, 7.13 nmmml) is added. The solution is
25 ref | UXBHTh Oscfildn oFX-BRAISIAAIAURRARY QR lodf80kPr 56 of 13 8Mmbl) t er ed.
The sol ven |trate 1s evaporate e remi ng residie i's suspended
in water, Fia(ac'aeTse(Ei‘lZ)frmg WS redohviatita NMBu (ti%hal 1&vatremolnd TiHH ed@Oumbera HY to

oL ve MM Sen & il BB B of 76358 Q”ﬁWM$@QB%??SSZA5

(s, 3 H) -mrs;zmd brdWH @muonmngog}%ﬁ@@pm/tmém@ﬁmﬁmt aanﬂdzzh@ H)

5.37 (t, J =

9.92 Es @WQPBFQ\FWH%W @r@mw%ﬂgbnh@ ﬁﬁ?@ﬂﬁf&%. ﬂ@eﬁm a)
To a sol upbpRe @fis @gh@%&éelmS 708t hyhe BtﬁéPtHa'Pf'cﬁtﬁ@'G?q aﬂpré@enpxs&?e?dbemml)
and DI PEA (450 ng, “3. ) in DVF (9 nl), 1) is

added at b@ mvﬂ@rerﬁumw@rku @resnirewd andris MR @efft@r@ ﬁlr@dmomlﬂl@ h N feﬁ oxane

6.1 toard 43

i xt uts | T b 20 & ancehohb Bl an G RId pHBMy iabaderl (2eid 138 o e

LC— MS: t Rmind@) &5 anded. TiM-1daction Jrgature lsm:'mamtoert; alires foh $8dl aecdi then DCM (8
d 4 4.43 | | d trifl hydri d

(1. 25""3, g qms%cﬁed&‘ﬁwew\aﬁag‘ﬁ%@@ g e SRESE B er B 1

fo: 2 b@f rié?/ert id §epbtbt§dednwmb Mhé@é&%ﬂr&tﬁt@dl\ﬁltw\@ﬁaﬁﬂ whieh 2hd0% ag.

citric aci

ution foll owed Na2CGO3- sol ut i dri ed over
My S04, f| Ppmbé"@ P18 @éﬁﬁ%ﬁtaf%fjéﬁd O'Fﬁ%}\’lﬂs?ﬂ% ﬁﬁ?(ﬁ%@‘?d pyapRipied; 3‘ SFUCE on
silic rc?dd& ﬁsnefﬁﬁebrbﬂ"@ﬁi{_@én Bhica- glal M’g%v?;eﬁ -dimethylisonicotinic. acid tert.-

6|so uty 5-nmethyl nicotinonitrile asacolourless oil; LGM: tR

= 0.90 m hui sete] .37 gyes @paielyelmmlt ‘ts:e 80.&58m(ird [M31E ©288.28, 6 H)
2.20(hept.J=7Hz,1H), 2.38 (s, 3 H, 2.74 (d, J =7.3 Hz, 2H) . 69
(s, 1 H, 867 (s, 1 H. 20 b) To an ice-cool ed solution of potassi um
tert. -but p) atsoliRBbiQ,6-Binsdhpisohjcotinic reetch@nobulyd estie) (2.8Y dr dX ik anmog in

30 i bofdh £ SORARALOS (A0 n) o PR AORE P Pa ( TSGORGT b 9280iet) | &

addedgp Thenfitxe u:rr@dé srocRict exggtiffear byl MPLeier §!E%éeh@ei5ﬁ|e¢@h% £ grddient) to
evaporated. The residue is dissolved in sat. aq COB-sol ution (10 nm.)

and extracted with EA (3x15 nm.). The conbined org. extracts are dried over
MySat, filtered, concentrated and dried under HV to give

N- hydr oxy- 6-1i sobut y1- 5-net hyl ni coti nam dine (143 ng) as a white solid;
LCMs: tR=0.56 mn, [M13+ = 208.13; 1H NWR (CDClI3): 80.97 (d, J = 6.8
Hz, 6 H, 2.16 (hept, J =7.0 Hz, 1 H), 2.36 (s, 3 H), 302.72(d, Jr 7.3 Hz,
2 H, 4.91 (s, 2 H, 7.70(d, J= 1.3 Hz, 1 H), 8.66(d, Jr 1.8 Hz, 1 H. WD
2009/ 024905PCT/ 17B2008/ 053269 92




b) The title compound is prepared fromthe above
5, 6-di net hyl - pyridi ne-2-carboxilic
aci det hyl est eri nanal ogyt oN- hydr oxy- 2- hydr oxynet hy1- 6- net hyl -
20i soni co¥{agnsiogope; LCMS: tR = 0.48 m n [ MH1] + = 16’63T0§200@:’M3M§VR (CD30D) :
82.31 (s, 3 H, 2.33 (s, 3H) 766(5‘3 H, 829 (s, 1 H.
5- Et hyl - N- hydr oxy- 4- net hyl - pyri di ne- 2-Tar boxam di ne NNH / NH HO 25a) 5- Et hyl
4 et hyl e K p gy to
5- 1 sobut TG 2 AT AR NI SR bAaeCE Soeloh BAEE R MR ORI o
2, 5-di br odre4-6E cail), a4 (sGBWB: tR = 0.70 mn, [NH]+ = 193.99; 1H NMR
(CDCI3): 81.25 (t, J =7.8 Hz, 3 H, 1.45 (t, J=7.0H, 3 H, 2.39 (s, 3
H, 2.72 (q, J =7.5Hz, 2 H, 448 (q, J =7.0 Hz, 2 H), 7.92 (s, 1 H,
8.49 (s, Hﬁhroxw@emgqggm@m@a,a&oggaomz69 93 b) The title conpound
is prepared’from 5-ethyl -4-nethyl -pyridine-2-carboxylic acid ethyl ester in
anal ogy to N hydroxy-2-hydroxynet hyl-6-nethyl -isonicotinam dine; LCGM: tR
= 0.54 mn, [M1]+ > 1H NWR (CDC13): 81.25 (t, J = 7.5 Hz, 3 H,
52.35 (s, 3 H, 2 = 7.5 H, 2H, 577 (s br, 2H, 7.75 (s, 1 H),
e céMpound is prepared in anal ogy to
thyl-6-methyl - 10 isonicotinamdine starting from
S5-isobjtyl-4-methyl giyri di ne- 2-carboxylic acid ethyl ester; LCM tR =
0.67 mn, [M11+ = 208.01; 1H NVR (CD30D 0.97 (d, J= 6.
1 84- 1. 968)(%’ alsquﬂtsonzof»%n@hylgsq:bpco(t@%@c;% (gﬁ%Jg ﬁgﬁfénﬁgol izbethaf]oégmlg)o

, 8.26 &n%h 4, (21§aL§\hsFu@lcﬂéa<yrrf’e ARthXi- réﬂuﬁédﬁwr “TRYH IbdEdre 2s@afidrogam dl ne
-N NH HN- The titl e conpound is prepared from
4- et hoxyaBmasity pspydisuiiaie2t O b ex yRiL maeeldl irewiar €86t B ishadied g t o
N- hydr oxy:- 2- hyd L | A6 mn,
[ MF1] + = &éGB&%Uﬁb%ﬁx@ﬁ@H% %l%ﬁgﬂfnﬁ pé}?%c:@ng& 22%559 bl\%;(f%r%‘l T%tge a)
D nettyl| gonikn 4 258naniutBadoxythdy)|fais |saat¢tm:ﬂ tShirdnosisl aantioned &t 65°C for 24

5 bronD 6- neth |d|ne carbox cid ethyl ter. (11 7.

e onpRbi 2 Boegionet i€ Bl st BT g aht sefete eapudidpidfic o)
and Pd( dppfy aé 38809‘!9@51&@)&8@6@@&9/(—:‘ ltimesV\ch?QﬂSM W@@éﬁ&ﬁe@&ﬂ'@%ﬁt%@@@ 94
di oxane (40 ni The m xture becomes warm is stirred at rt _for

Anot her p@feg &vebf*\/l%ﬁ%tﬁm’e%%n@ egnwt@atechgo S B‘Yq@‘)é[ﬁ%lt@éi’ O-edn i xt ure
Is stirr e%oﬁfcoﬂﬂ@%&fcphe%hﬁ edt@em M JOhs faoxye%%/ Boilﬁﬁfiﬁﬁ st S £oolhgd to rt,
and diluted w and 1 ce-wat er . The mxture is

aci di 15 ed[M#tih= 218&% HC1, the org. 5 phase |s separat ed and the aq. phase
is extracted with EA (3x100 nL) and DCM (2x75 nmlL). The conbi ned org.
extracts are dried over Na2SO4, filtered and concentrated. The crude
product ib) pusglfiticedoby- hWtch‘ymetina matrgelsohlwpnxarm:lmghﬁcbm )500o0mgi ve

&l Bl et o B ] S eglas (Al g, o
107.0 Hz, ré?n(b‘i)ed a?noetﬁe(résnd@e |r@ drlé’d ﬁ)?g[(/é 2- i‘%/dr&xyn'ﬁbtﬁﬁ g- methlﬁisbn&oﬂﬁlc aidH) ,

755é9] J=7. H), é El;% The title
conpoéhd ﬁ%dTQP@Eﬁ¢%648fOrrBQ) ?@Shé V& @Wé;oﬁd d-QrM%tthle P Mé“é ¢8%-Boxylic
acid ethyl ester in analogy to

N- hydr oxy- 2- hydr oxymet hy1l- 6- met hyl 15i soni coti nam di ne; LCGMsS: tR = 0. 49
mn, [ M- 2-Ethyl-660etbglis@aiEphinic aEiKydr oxy- 6- net hyl - pyri di ne- 2- car boxami di ne
a) Diethyl zink (9. g, 79.2 mmol) is added to a sol ution of

5- br ono- 6- et hyl - 20 i di ne52-carboxylic acid isopropyl ester (14.6 g,
56.5 Mol , prepared i | ogy to 5-brono-6-nethyl-pyridine-2-carboxylic
acid ethyl ester) and‘\Pd ppcf)J (461 ng, 0.565 mmol) in dioxane (250 nli).
The mixture is stirred at 80 For 18 h before it is cooled to rt, diluted
with ice-water (150 mL) and EA (250 nmL) and acidified with 2 Nag. HCl. The
org | ayer) Assusppasiant etiZahbrotfematiyl-sioaketinic asit (7ak ged0Ri mmMOBAN (BMaB0 25

NaHOCE sof 19 B Bripere iy o S gy Pt 2R Bedie i,

or g. extraet shayiecstni ¢d m\germwgscaanom Therettiae heponeantieat. edbat'ﬁlgeam ude

product is urlfledb L n sili el eluting, wt radi.ent, of. EA in
hept ane tﬁt §inges @0@?%&9'\? %@c}h??iﬁw eap "QO@QPH}BE‘? qﬂ@fc’gmrﬁ%{%’ gp¥t ester
(7.08 g) %ﬁty"i’a 1 2%829@ QWGP#n'mo fo-dMaiedt gtsz'rm GO cartinicn, V%[M@]farﬁ B07r9. 1H

NVR ( CDCI 3) : T3 H), (d, J=
2009/ 024905PCT/ M2008/ 053269




95 6.3 Hz, 6 H), 2.63 (s, 3 H, 2.70 (q, J = 7.5 Hz, 2 H, 5.30 (hept, J =
6.3 Hz, 1 H, 7.54 (d, J =80Hz, 1 H, 7.87 (d, J =8.0 H, 1 H. b) The
title conpound is prepared fromthe above 5-ethyl-6-nethyl-pyridine-2- 5

car boxyl iwoacdoh2issopr opyl ester in anal ogy to PCT/IB2008/053269

N- hydr oxy- 2- hydr oxynet hyl - 6- net hyl i son cotl nam dine; LGMS: tR = 0.49 mn,
[ M-1] = 180. 01; 1H NVR (CDC13): 81.24 :75Hz 3 H, 256(s 3 H,
2.67 (q, J =

7.72 (d, {f:actsqr’u gﬂﬂzy‘e 1«% qlﬁfﬂecgf /4 é!iiut 'wrc% cm%t’nyl sher nd whshed witt! Zat. %q .
10N- Hydr ox¥s01-660t6y, Irife 6;? féa)k'tra@ty]él@é@%\%f%@@@%ame%@@nd'ﬁh@ solviehneis

conpound is prepared fro i sobut yl-6-net hy P yri di ne-2-carboxylic acid
et hyl est%&rquHya%P@We@oThe crystalime material tha forms is collected, carefully

['\FNE{?: Ofygégﬁ%odwﬁqﬁgﬁl\@bh%ﬁ% B¥dg | té@o% g%m&are H‘le% féo%cM%n ctal%me% 729g1 n,

(m 1 EH) batybasier $828rg) & H):Loumeasgfsoe nepdiesg LE-MS: t& H)l, O‘mranz, KMM j = 8.0

20The 111785 wﬁm@o@e 2 HPELS. T8 AR ) 220 Y | o co

|nam di ne startlng from4,6 d| met hyl - pyr|d| ne- 2-carboxylic acid; LGM: tR

= 0.38 min, [miy = 166.13. N Hydrox i sobutyl-4
ety |- pyb] GPrRrE BalFIRIEA IR BSHDO B0V RN ISR N

-/ /NH HO g %Ho}i? Fe@‘e L{Bﬁ’z g, W@@%ﬁ&g%ﬁ@rﬂw 16.0 mmol) in THF

6-i sobutyl-4- i'ne- 2-Carbo acid in ana ‘ogy to
N- hyd“rQ)ny@Orm‘tLhya -aownnc@ft ¢tha%magn@emm_©rmdet® &1 g. 63.arimnmol) nITHF i

208.29. 5 NH - N
7R 23 ot BROL AL B 08 PP Ehdion

4-i sobut ylebmetdiyl sfryad thrrg® R4in baﬁbbaomd yatioacsaludrhig! amrﬁ eoolbd_tan"aﬂ}"@gy to
m_ Eyd{ (,\),);3{ o %@@O%{p%%gr}%f ?hen%rp hard }'gégse%rt" ?%tBI nanbgl mrﬁo! |s- g@c’iec} RFh:e 0.66
4-Di et hyl addcRgn kel @War%er&bhylsnméalfgﬂ &h2meahbesargidiyueiiediitiQ  The

title conpound is prepared f

4- di ethyl rﬁmdd@iﬁﬁohw)wf m&ﬂta@ Mvithcdiebak §ines Tisaeidd laver &hageryptadoand
N-hydr OXYU&/{J& QL&(IQ ﬁ'e{?wgi etnbr Me %gfnbm%d g M Aradidrel difed

223. 02 m no-pyr1 di ne-2- car boxam di ne
over MgSO4 fgttered aﬂd evaporated The crude product is purified by MPLC on

silica gel to give 2-ethyl-8-methyl-isonicotinic acid tert.-butyl ester as a yellow oil
which is dissolved in 4 N HCI in dioxane (50 mL). The solution is stirred at 50°C for

20 16 h before the solvent is evaporated to give 2-ethyl-6-methylisonicotinic acid
hydrochioride as a beige powder; LC-MS: iz = 0.28 min; [M+1]" = 166.25; 'H NMR
(CDCl3): 6 8,19 (s, 2H), 3.12 (g; J = 7.6 Hz, 2H), 2.84 (s, 3H), 1.43 (1, J = 7.6 Hz,
3H).

25  2-Propyl-6-methylisonicotinic acid

a) A solution of 2-chloro-8-methylisonicotinic acid (15.5 g, 80.3 mmoi, 1 eq.) in
ethanoi (200 mL) and a few drops of concentrated sulfuric acid is stirred at 75°C for
24 h. The solvent is evaporated and the residue is dissolved in ethyl acetate (200
30 mL) and washed with a solution of sat. ag. NaHCO; (70 mL) and water (2x70 mL).



-NH <NH -N /NH HO WO 2009/ 024905PCT/ 1B2008/ 053269 97 The title conpound
is prepared from 6-net hyl - 4- net hyl am no- pyri di ne-2-carboxylic acid ethyl
ester in anal ogy to N hydroxy-2-hydroxynet hyl-6-nmethylisonicotinam dine;
LC- MS: t Rve2@9484M n, [ Mrl] = 181.59; 1H NWVR (CDCl 3) : PEZ/IB0g/653268 H), 2. 88
(d,J 48Hz 3 H, 423(sbr 1H) 5.69 (s br, 2 H, 6.34 (d, J = 2.0
5Hz, 6. 93 (d, J = 2.3 Hz, 3ﬁﬁe dehydrati on of

6- met hyl --4- Y. I| ( 0. 42
min, [lene”gﬁ%%%cp% fid ?i'@ff\ﬂé?%%ci’ﬁé% bR enel dhe Fpibs-
cyano- 6- nrab’mbyhscpyclfotmmcﬁd piyt 8si2r 218.3 idh) laear me\\I-pmebyIL&m agrFdeSZ by, MS: tR
= 0.87 mn J?b = 243 96 1H NWVR (CDCI 3): 82.69 (s, 3 H, 3.48 (s, 3 H),
736(d +4110 8Ty Hz, 7.52 (d, J = 1.3 Hz, 1 H which upon treatnent
wi t h hydroxyl am ne hydr ochl ori de gives the title conpound.

6- Di et hyl am no- N- hydr oxy- 4- met hyl - pyri di ne- 2- car boxam di ne <N -N NH
NHO 1%a) tP)nT%as?@éHU@d qfiZaghiorg- Gsmeﬁwhéﬁméptlrzc G @ihy'cﬁséerz(?-;q 801G ﬂéﬂrc@l) 80 g,

L1 10l dnd fafl-BIIREhBAIENE Boltlh 35 NeRE 8 h8l) ASPRIE pI0 AQ) 1k Sdyfodibrer ovave

oven. The pressufe e vial reaches e mxtur uted with
EA (200 n2)Mand. ie€ied (i mh) Tollovkesay, %F’E’ﬂﬂebn 150hegna8B0Rgsraele askt r act ed

back with 00 t . ~MySO4,
P Y ered ARSI a@%S CHR I R R T S kg el

Slh: i ca geﬂortebu’li b@f@rg\déwcbﬁe?&mg; Eﬁ]t% Vit Gaemy{/etr(eﬁﬂnd washed vlwth szlft aq. i
C OI’O nme - Il -Z- | e asS a C ourl es sol i
Co vt T B D LT etert Sl affd Sfetiadioe il ailedionias.

rzret hyl - DYThé'bﬁuﬁ% #é&iunﬁ'n@bwled%ﬂ 0€ drbsiéa gei é?@m% w%h@ﬁf@hé EMWE gﬁvlﬁ m),

6-trivinylcyclotriboroxane ‘pyridi ne conpl ex
prepar ed &®ERadyhE-reefhFisoRisetinie acil eyl @tshé?amg @ﬁ §. CO%wkﬁSS@ﬁ k@d@&)
4968- 4971 j w2_ K2CO3 solution (25 nL) is added. The
sol ution %s d%%ggggypxkd Qb$gunder argon before Pd(PPh3)4 (560 ng, 0.485
mmol ) is added. The m xture is stirred for 15 h at 80C. Anot her portlon of

S’Séi’d*?) na Zero s RYROTIORNC G B0 SYRE (R nburid ] B b alPTe

di | ut ed Wntmﬂl(emmm)efbdwe:r(seodn Pd)ii¢ Bdsed an@the NattleBs sTifred @Ihger
extract is dried over I\/g tered nd co?(centrat ed. The renmin
yel | ow oi [ g g”af fiifeg 1 >}1 J r@pcatﬂpg‘@st teﬁ@qi,@ and the filirate is evaporate

di et hyl - (4r/BBl Rﬁbdpe;@GYﬁé}WrsBMfobﬁlﬂnB a%sd/ébhw@bt@e(ééo a&)a%@o@m@@é @wri@ss 5
oil; LC [ M 5. 1H N 3): 81.20(t, J =
7.0 H, GM%tpazOz%‘S(an% %062(q,J=70H2 4H) 5.32 (dd, J = 10.
2.3 Hg H, 6.23 (dd, J = 17.1, 2.0 Hz, 1 H, 6.23 (s, 1 H, 6.36 (s, 1
H), 6.%5 (dd, J = 17.3, 10.5 Hz, 1 H). 10c) A solution of

di et hyl - (4} Rmoln;don&)f\a mbylp&me:ﬂ%nyirsan&mblnzamcmieeth%%mgz 3. 401 bokol) in

N- net hyl - ho, f
2. 5o ool ubRbRC ROL GAm b GeRBR " PR G2k onB TEReerts CHRaCaarLe oiftyed’s © °
stirred aWithtdtétﬁ I étﬁerh(Zx%@nlﬂji Tha . phatk idibeshonsted 08 10808sials iwatedvashed
with water (50 ) . rg. extract is dried over MgSOH4, filtered and

concent r atBee" b!\/gfic{(,@l\(ﬁ- @d@omy!(%mei@ltsomcotmlc acid hydrochloride (2.0 g) as a

oi 1+ T RO S e TR 0 B IR PR R B a0 5

7.0 Hz, 681@)2 (32127 .89 §1-H)) 33145(1‘(6{75M“21-0 P78 ( é, ), 1BZ1.7ddy, 2H)= 11. 3,
5.8 Hz, I@ 7%3(% , 3.88 (dd, J:110,38Hz 1H),462(t
J = 4.8 HQ; 31’ T . :(( ,' 1 H), 6. 33 (s, 1 H. A solution of the above
crude 1-(6-diethylam no-4- rrethyl pyridin-2-yl)-ethane-1,2- 20 diol (550 ng,
2.45 mol ) and Nal ai r g857 4.01 mol) in THE (18 nmL) and water (3 ni)

i s stirred-geprapWdrmeinyiieeRicatiBitc?dEr portion of Nal04 (524 ny, 2.45
mml) is added. Stirripng is continued for 16 h. The mxure is diluted with
EA, washed with watery dried over MgpSOH4, filtered and concentrated to give
crude 6- diethyl am no-%-net hyh- pyri di ne- 2- car bal dehyde (427 ng) as a green
oil; LCGMS: tR 25 = (¥55\ni [ MP11r = 193.01; 1H NMR (CDCI 3): 81.22 (t,
J:70Hz 6H), 2. 34 3.60 (q, J =7.0Hz, 4 H, 6.49 (s, 1 H,
7.041(5@ 9.89 (54 1 H."d) A solution of

6- di et'hyl am no- 4- met hyl - pyri di ne- 2- car bal dehyde (427 ng, 2.22 nmol) and
hydr oxyl am ne hydrochloride (232 ng, 3.33 nmmol) in NW (10 nL) is 30
stirred at 80C for 3 h, then at 90C for 10 h under m crowave irradi ation.
The solution is cooled to OC before pyridine (1.10 g, 11.3 nmol) and
trifluoronmethane sul fonic anhydride (3.15 g, 11.2 nmol) is added. The

m xture is warned to rt and stirred for 18 h before it is diluted with DCM
(100 m.) and washed with 10% ag. V\D 2009/ 024905PCT/ 11132008/ 053269 99
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net hanol (10 nlL), hydroxylam ne hydrochloride (262 ng, 3.73 mml) is added.
The 10 mixture is stirred for 30 mn before

6- di et hyl am no- 4- met hyl - pyri di ne-2-carbonitrile (238 ng, 1.26 nmol) is
added. Stwoprzpesg24ws continued at rt for 18 h before the(SOBUSHOSRE
evaporated. The residue is dissolved I‘ﬂaal N ag. HCl. The solution is
extracted wwth EA. The pH of the aq. se is adjusted to pH -9 by adding

sat. agq. HCCB. The m xture_ i tra t ct is
art ed-avel T o8e, S rsedt wafaiteif aldablnt o rBlifig e Dkt

6- di et hyl @am@@mi;\l@ lgidr @tyg 2. 08thydprpgengdioyelotibocandrex aG-iSne: €M23my); as a
yel | ow oi | LQI\/B tR =0.69 mn, [M1l+ = 223.05.

2, 6-Di matM/ Ui 5808k i ni ¢ aci d hydra2| de 0, N Thll-12 20To a sol ution of

2, 6-di net hyl -i soni cotinic aC|d (1.59 g, 10.5 mmol), hydrazi necarboxylic
acid tert- but yl esterﬁgl 42 10.7 mmol ) and DI PEA (6.06 g, 31.5 nmol) in
DVF (38 nEjMethpiFeH{2-m ybpropylbrsmqtlmg agéiled. 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 s ion. The washing is extracted three tinmes with DCM
acidified and 25 extrac n wth DCM The conbi ned org. extracts are
dried over MgSO4, filtgfed concentrated to give crude

N - (2, 6-di met hyl - pyri di onyl)- hydrazi necarboxylic acid tert-butyl
ester (2.79 g) as a br oi | .~ This material is dissolved 5 MHCl in

di oxane (14 nL) and the resulting solution is stirred at rt for 3 h. The
sol vent i 8) rfemavsduiion waclichiamnds-dhyisondoénicsagdr éthiledstey (RR2CoortORP- G B

Db et RUTO R ke R A N Rlek o B oo {139 91497 bei e
O g v, pipared ibarmapy (b MEoBedE dien By B Kt in S DR MY leficaan @Ot I i ¢
D b et i S3m2000) 190545, Myd i Ro P R beB e e mnaa T PRI
2-et hyl - &f% m@ 4 SANHGPLI Ping agcllfg'JO%@@\'Wgs?s Jadﬂ@d (Thel_i)ﬁuﬂuﬁe 2 dé@as@ed")

2.87 (s
2- IsoE)utyla%-flh”él'ﬁﬂ?fi/wlthé‘brh&f@fﬁlﬁﬁ(ﬁ":’é@ﬁ@ mzﬁ&% mnmqlplqadﬁ@da%@lwhuem of

o900 R dAGE A £Ph bRl 335 SobEa BT BuRaTERlar aceh{ 150
Ihfmm o o o ém? ??f“?méef?g?f“fﬁﬁﬂémf@?”ﬁe Mo ﬁﬁfeﬁdiaf?
S ot B bvasashiier TR0 G it B S HE i Giof L iieq e TeHRS Sy o

NaOH (3 Xnbptahk:E0A5hrib aeve( Dridiyl-sTiremetig- pﬁmmm; Ja@mxarcﬁéce@letrqm bedr over
MySH4, fil ter ed and evaporated. The crude prp (S pur| gr ep. TLC
pl ates wi {hoDavasonvaliay el odds ot T4t AYN; %W@éCDC'S 51 43 (m

2- i sobut h | S |} il;
P y% &@Egrwbéqwﬁq z*%ga%ﬁ ), Y 27606, 034), BBo @513y #lshqw ©
2-(1-Et hyIH-)p"r‘ 6fy$,)*+ By.net hyl -i soni cotinic acid hydrazide WO

2009/ 024905PCT/ 1132008/ 053269 101 OH2 The title conmpound is prepared in
anal ogé to 2-isobutyl-6-methyl-isonicotinic acid hydrazide starting from

2- (1 et hylbj praenL)-6-62- ki ord e asdrichihicgdid ethyCebBt (3.80 5, 8529 miol).is [ Mr1] 4
- " dissolved in THF (100 mL) and methanal {100 mL), Pd/C (800 mg, 10% Pd) is
added and the mixture is stirred under 1 atm H; at rt for 5 h. The catalyst is filtered

10

off and the filtrate is evaporated. The crude product is purified by CC on silica gel
25 eluting with hexane:EA 1:1 to give 2-methyl-6-(2-methyl-propyl)-isonicotinic acid
ethyl ester (9.78 g} as a colourless oif; LC-MS: tz = 0.71 min.

c) A solution of 2-methyl-6-(2-methyl-propyl)-isonicotinic acid ethyl ester (9.78 g,
45.1 mmol) in 6 N ag. HCI {20 mL.) is stirred at 95°C for 20 h before the solvent is



5 2-Di et hyl am no- 6-net hyl -i soni cotinic acid hydrazi de O NN NN The title
conpound is prepared in analogy to 2-isobutyl-6-nethyl-isonicotinic acid
hydrazi de from 2-d et hyl am no-6-nmethyl -isonicotinic acid; LCMS: tR = 0.47
mn, 10[ WQpuos249083. 14, General Method for the Prepar &CTaBR08E/055269
3,5-Dipyridyl-[1, 2, 4] ozadi azol es RyN (4” 0--N 15To a solution of the
appropriate pyridine carboxylic acid (1 eq.) and DIPEA (3 eq.) in DWF is
added Py i r 0C. The
appr opr 1 aEPRcAy i Fedhuas, Feg, Btk A heaipd 2Ry et hiBbu
stirring mmzcccimm mjecthyﬁmchnantie (8.56 g:)tas@z(bd:lountass sbhe, rledt3iier 0.52 nomi t or ed
by LC-Ms. Upon conpl ete conversion, the reaction is quenched with water and
sat. ag. NaHCO3- 20 solution. The mixture is extracted with diethyl ether,
EA or DCM- H?]Bﬁoﬂlrﬂet ¥BLigsbatyisoicbificoads MISO4, filtered and evaporat ed
to give the crude hydroxyam dine ester. This material is dissolved in

di oxane and the resulting solution is stirred at WD

20091024905PCT/ 1B2008/ 853269 102 70-90C for 4 to 24 h. The solvent is
removed in vacuo and t udg”product is purified by either CC on silica
gel , chromat ography orlN LC plates or by HPLC to give the desired
3,5-dipyridyl-[1,2,4]o azoIOh‘fn 30-80% yield. 5CGeneral Method for the
Preparation of 2,5-dipyridylll, 3,41thiadiazoles 5 | N-N To a solution of
the appropriate pyr|d| r@Hcarboxyllc acid (1 eg.) and DIPEA (3 eq.) in DCM
(20 n1_|rrrm| , TBTU (1 eq. The m xture is sti dfor 1.n
before th@ prigpricaid % "P@"ﬁ%mE%ﬁ‘%ﬁﬂd E%fh}élcf?séﬁrl‘@groa%léi?e Mmely In TF‘E added.
The XbURE), INMBL(8r7ged, 386rﬁ1ﬁg?rar1d Irelafaes.e0 46 hSede ke wdae@CM
vvashed wi t h wat er dr| ed Over | tered and concentrated. The

r emai ni ngmc@mam iTeednigboe eeaied mﬂ°@atwé<sr§0$ptsltyi@@gewur(nzw@@.lqe G4§’ added

andLhe T PSS RO S0 £ Mha R B gpeis g adhaton

The m xture 9 &€
concertt r afted mixthee &r stiheecpatoBEC bs 1purthen edarbnedcior o rmat agarefply qoandtggdr ep.

(1537 s ety BhERnidlia & SRt WA e ) Sl Mg dren WosPai neo

0, N 20F0Iﬂn@ﬂé@§nmengerﬁt%tédi n@éhe@efmbda&as@fueﬂ@é @ylm odfsilica gel elutin 3
3, 5-di pyridyl41, li]ﬂoxadl azol es, the follow ng exang es are prepare

LC- V5 Exwmme@tpyei Aditomjq &=W%&smﬁoﬂmq%d gewogster (3.00 §) a& an oll,
LC-MS: tg = 0.74 min, [M+11" = 208.11.

15
b} A solution of 2-isobutyi-isonicotinic acid ethyl ester (1.00 g, 4.83 mmol) in
methanot (50 mbL) and H:S0s (0.3 mL) is heated to 80°C before a solution of
ammonium peroxydisulfate {2.20 g, 9.65 mmol) in water (1.5 mL) is added carefully.
Stirring is continued for 1 h at 80°C before another portion of ammonium

20  peroxydisulfate (2.20 g, 9.65 mmol) in water (1.5 mlL) is added. The mixture is
refluxed over night, cooled to rt, diluted with EA and washed with sat. ag. NaHCO»
solution. The org. extract is dried over MgSOQ., filtered and concentrated. The crude
product is purified by CC on silica gel eluting with DCM containing 10% of methanol
to give 2-hydroxymethyi-6-isobutyl-isonicotinic acid ethyl ester (560 mg} as an oi;

25 LC-MS:tz = 0.81 min, [M+1]" = 238.40.

¢} A solution of 2-hydroxymethyl-B-isobutyi-isonicotinic acid ethyl ester (100 mg,
0.421 mmol) in 25% ag. HCI (6 mL) is stirred at 75°C for 16 h. The solvent s

removed in vacuo and the remaining residue is dried under HV to give 2-



(as hydroxyamdine) tR[mn] [MtH Form1l 0.59 295.06 32 ng white solid
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hydroxymethyl-8-isobutyl-isonicotinic acid hydrochloride (100 mg) as an oif; LC-MS:
tr = 0.52 min, [M+1]" = 210.47.

2-(1-Ethyl-propyl}-6-methyl-isonicotinic acid

N/ \ COOH

a) To a suspension of 2-chloro-8-methyl-isonicotinic acid (20.0 g, 117 mmol) in
isopropanol {80 mL), Hz50, (5 mL) is added dropwise. The mixture becomes warm
(40°C). The mixture is stirred for 24 h at rt, then at 80°C for 28 h before the solvent
is removed in vacuo. The residue is dissolved in diethyl ether (200 miL), washed

10 with sat. ag. NaHCOs-solution (3x50 mL) followed by brine (3x50 mL), dried over
Na,SQ,, filtered and concentrated to give 2-chioro-6-methyl-isonicotinic acid
isopropyl ester (21.0 g) as a colourless oil which siowly crystallises; LC-MS: tg =
0.97 min, [M+1]" = 214.05.

15 b) A a solution of 2-chloro-6-methyl-isonicotinic acid isopropyl ester (2.0 g, 2.3
mmol) in dioxane (75 mL) is degassed and put under argon before Pd(dppf) (229
mg, 0.281 mmotl) is added. At rt, 2 0.5 M solution of 1-ethyi-propylzinc bromide in
THF {46.8 mL, 23.4 mmol} is added dropwise to the mixture. The mixture is stirred
at 80°C for 16 h before the reaction is guenched by adding ice-coid water (200 mL).

20 A precipitate forms and the mixture is diluted with EA (200 mL) and filtered through
celite. The fiitrate is transferred into a separatory funnel. The org. phase is coliected
and the aq. phase is extracted with EA (120 mL). The combined org. exiracis are
dried over MgSOs, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 9:1 to 4:1 {o give 2-(1-ethyl-propyl)-6-methyi-

25  isonicotinic acid isopropy! ester (1.6 g) as a yellow oil; LC-MS: tg = 0.79 min, [M+1]"
= 250.14; 'H NMR (De-DMSO): 60.70 (1, J = 7.3 Hz, 6 H), 1.33 (d, J = 6.3 Hz, & H),
1.58-1.70 (m, 4 H), 2.51 (s, 3 H), 2.55-2.63 (m, 1 H), 5.15 (hept, J = 5.8 Hz), 7.39
(s,1H), 748 (s, 1H).
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c) A solution of 2-(1-ethyl-propyl)-6-methyl-isonicotinic acid isopropyl ester (1.54 g,
6.18 mmol) in 25% ag. HCI (60 mL) is stirred at 65°C for 16 h. The solvent is
removed in vacuo and the residue is dissolved in dioxane and concenirated again
to give 2-(1-ethyl-propyl)-6-methyl-isonicotinic acid hydrochloride (1.70 g) as a
brownish solid; LC-MS: tr = 0.62 min, [M+1]" = 208.52.

2-Cyclopentyl-6-methyl-isonicotinic acid

4
N A COOH

a) Under argon, Pd(dppf) (200 mg, 0.245 mmol) is added to a solution of 2-chloro-
isonicotinic acid ethyl ester (4.80 g, 24.0 mmol) in dioxane (60 mL). A solution of
cyciopentyl zink chioride (50 mL, 24.0 mmol, ~2 M solution in THF) is added
dropwise. The mixture is stirred at 75°C for 2 h before it is cooled to ri, carefully
diluted with water and exiracted twice with EA. The combined org. exiracts are
dried over MgSO, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 9:1 o give 2-cyclopentyl-6-methyl-isonicotinic
acid ethyi ester (3.96 g) as an oil; LC-MS: tr = 0.72 min, [M+1]" = 234.11.

) A solution of 2-cyclopentyl-6-methyl-isonicotinic acid ethy! ester (3.96 g, 17.0
mmol) in 25% aq. HCI (50 mL) is stirred at 75°C for 16 h. The solvent is removed ih
vacuo and the remaining residue is dried under HV to give 2-cyciopentyl-6-methyi-
isonicotinic acid acid hydrochloride (4.12 mg) as a white solid; LC-MS: i = 0.54
min, [M+1]" = 206.08.

2,6-Diethyl-isonicotinic acid

o

/

N
=/ OH

a) To a solution of 2,6-dichloro-isonicotinic acid tert.-butyl ester (780 mg, 3.14
mmol), and 2,4 6-trivinylcyciotriboroxane pyridine complex (640 mg, 2.66 mmol,

60
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prepared according to F. Kerins, D. F. O'Shea J. Org. Chem. 67 (2002) 4868-4971)
in DME (12 mL), a solution of 2 M ag. KoCO3 (3 mL) followed by Pd{FPPhs). (30 mg,
0.041 mmol) and triphenylphosphine (50 mg, 0.187 mmol) is added. The mixture is
stirred at 100°C for 15 h before it is cooied to 1, diluted with diethyl ether and
washed with 1 N ag. NaOH solution {3x30 mL). The aq. phase is extracted once
more with diethyl ether and the combined org. exiracts are dried over NazS0;,
filtered and evaporated. The crude product is purified by CC on silica gel eluting
with heptane:EA 5:1 io give 2,B-divinyl-isonicotinic acid tert-butyl ester (703 mg) as
a colouriess oif; LC-MS: g = 1.03 min, [M+1]" = 232.01.

b} To a solution of 2,8-divinyl-isonicotinic acid tert-butyl ester (703 mg, 3.04 mmol)
in methanol (15 mL), Pd/C (50 mg, 10% Pd) is added and the mixture is stirred
under 1 atm of Hy at rt for 15 h. The catalyst is fillered off and the filtrate is
evaporated. The remaining residue is purified by CC on siiica gel eluting with
heptane:EA 5:1 to give 2,6-diethyl-isonicotinic acid tert-butyl ester (635 mg) as a
colourless oil; LC-MS: tr = 1.05 min, [M+1]" = 2386.13.

¢} A solution of 2,6-diethyi-isonicotinic acid tert-butyl ester (635 mg, 2.70 mmol) in 6
N ag. HC! (10 mL) is stirred at 95°C for 15 h before the solvent is evaporated. The
residue is dried under HV to give 2 6-diethyi-isonicotinic acid hydrochloride (523
mg) as a colourless solid, LC-M3: tr = 0.42 min; [M+1]" = 180.31; 'H NMR (De-
DMSQ): § 7.95 {s, 2H), 3.05 (g, d = 7.5 Hz, 4H), 1.31 (t, J = 7.5 Hz, 6H).

2,6-Diisobutyl-isonicotinic acid

2.,6-Diisobutyl-isonicotinic acid hydrochloride is prepared starting from 2,6-dichioro-
isonicotinic acid tert.-butyl ester and 2,4,6-tri-(2-methyl-propenyt}-cycioboroxane
pyridine complex in anaiogy to 2,6-diethyl-isonicotinic acid; LC-MS: tg = 0.68 min;
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[M+1]* = 236.40; 'H NMR (Ds-DMSO): 8 7.90 (s, 2H), 2.92 (d, J = 6.3 Hz, 4H), 2.10
(hept, J = 6.8 Hz, 2H), 0.90 (t, J = 6.5 Hz, 6H).

2-Ethyl-6-iscbutyl-iscnicotinic acid

a) To a solution of 2,6-dichloro-isonicotinic acid tert.-butyl ester (500 mg, 2.02
mmol)}, and 2,4 ,6-trivinylcyclotriboroxane pyridine compiex (170 mg, 0.706 mmol) in
DME (12 mL), & solution of 2 M ag. KoCOs (3 mL) Joliowed by Pd(PPhz)s (30 mg,
0.041 mmol) and triphenylphosphine (50 mg, 0.187 mmol) is added. The mixture is

10 stirred at 45°C for 15 h. 2,4,6-Tri-(2-methyi-propenyl)-cycloboroxane pyridine
complex (594 mg, 1.83 mmol) is then added 1o the mixture and stirring is continued
at 100°C for 15 h. The mixture is cooled to rf, diluted with 1 N ag. NaOH solution
and extracted twice with diethyl ether. The org. extracts are washed with 1 N ag.
NaOH soiution (2x30 mL}), and brine, dried over Na,SO,, fillered and evaporated.

15 The remaining residue is purified by CC on silica gel eluting with heptane :EA 5:1 o
give 2-(2-methyl-propenyi)-6-vinyl-isonicotinic acid tert-butyl ester (780 mg) as a
colourless oil containing 2,6-di-(2-methyi-propenyl)-isonicotinic acid tert.-buty! ester
as impurity; LC-MS: tg = 1.01 min, [M+1]" = 260.14.

20 b) To a solution of the above 2-(2-methyi-propenyl)-6-vinyl-isonicotinic acid tert-
butyl ester {444 mg, 1.71 mmol) in methano! (15 mL), Pd/C (50 mg, 10% Pd) is
added and the mixture is stirred under 1 atm of Hy at rt for 15 h. The catalyst is
filtered off and the filtrate is evaporated. The remaining residue is purified by CC on
silica gel eluting with heptane:EA 5:1 to give 2-ethyl-6-isobutyl-isonicotinic acid tert-

25  butyl ester (391 mg) as a colourless oil; LC-MS: tg = 1.15 min, [M+1]" = 264 .11,

c) A solution of 2-ethyl-6-isobutyl-isonicotinic acid teri-butyl ester (381 mg, 1.49
mmol) in € N ag. HCI (15 mL) is stirred at 65°C for 2 days before the soivent is
evaporated. The residue is dried under HV fo give 2-ethyl-6-isobutyi-isonicotinic
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acid hydrochloride {334 mg) as a colouriess solid, LC-MS: tx = 0.58 min, [M+1]" =
208.04.

2-Hydroxymethyl-6-methyl-isonicotinic acid

= O

N
\/OH

OH

a} A suspension of 2-methyl-isoniconic acid {400 mg, 2.92 mmol} in methanoi (50
mL} and H;804 (0.5 mL) is refluxed for 24 h. To the clear solution a solution of
ammonium peroxidilsulfate ((NH4):5.0s; 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):S20¢; 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)28208; 0.685 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. ag. NaHCOs-solution (100 mL),
extracted with EA (3x150 ml.) and washed with sat. ag. NaHCOs-soiution {100 mL).
The combined org. exiracts are dried over MgSQOy, filtered, concentrated and briefly
dried under HV fo give 2-hydroxymethyl-6-methyl-isonicotinic acid methyl ester
(400 mg) as a paie yeliow solid; LC-MS: tg = 0.44 min, [M+1]" = 182.01; 'H NMR
(CDCl3): 6285 (s, 3H),3.89 (t, J=45Hz, 1H),3.97 (s, 3H),4.81(d, J=4.5Hz,
2H), 7.83(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% ag. HC! (10 mL) is stirred at 80°C for 5 h before it is evaporated
and dried under HV fo give the titie compound as 2 yellow solid (480 mg); LC-MS:
tr = 0.16 min, [M+1]" = 168.04.

2-Ethoxy-6-methyl-isonicotinic acid
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g
N
—/  ©oH

N

To a solution of K-tert.-butylate (1.99 g, 17.7 mmaol) 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 i, diluted with water and extracted with diethyl ether (3x50

5 mL). The ag. phase is acidified by adding 1 N ag. HCI and is then exiracted three

more times with diethyl ether (3x30 mL). The org. extracts are combined, dried over

Na,S0q, filtered and concentrated. The crude product is purified by CC on silica gel

eluting with heptane:EA 1:1 to give 2-ethoxy-8-methyl-isonicotinic acid {237 mg) as

a white powder, LC-MS: tg = 0.60 min; [M+1]" = 182.24; "H NMR (CDs0D): § 7.27

10 (s,1H),7.04(s,1H),433(q,J=70Hz, 2H),246(s,3H),1.37(, J=7.0Hz,3
H).

2-Isopropoxy-6-methyi-isonicotinic acid

= OH

15  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/ A COOH

o
20 N

a) To a suspension of 2-chloro-6-methoxy-isonicotinic acid (2.00 g, 10.7 mmoi) in
methanol (100 mL), H.504 (2 mL) is added. The mixture is stirred at €5°C for 20 h.
The solution is cooled to rt. A precipitate forms. The solid material is coliected,
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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: tr = 1.29 min; [M+1]" = 202.00.

b) To a solution of 2-chloro-6-methoxy-isonicotinic acid methy! ester (1.66 g, 8.23
mmol} in dry THF (50 mL), Fe(acac)s (320 mg, 0.801 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 chioride (7 mbL, 14.0 mmol) in THF is added. Sfirring is
continued at -75°C for 1 h, before the mixture is warmed to 0°C. The reaction is
guenched by carefully adding water. The mixture is diluted with EA, washed with
water followed by brine, dried over MgSQ,, filtered and concentrated to give crude
2-isobutyl-6-methoxy-isonicotinic acid methy! ester (1.20 g) as an ol; LC-MS: tr =
1.37 min; [M+1]" = 224.12.

c) A soiution of 2-isobutyl-6-methoxy-isonicotinic acid metnyt ester (1.20 g, 5.38
mmol) in 25% ag. HCI (60 mL) is stirred at 65°C for 16 h. The solvent is removed in
vacuo and the residue is dried under HV 1o give 2-isobutyl-6-methoxy-isonicotinic
acid hydrochloride (1.20 g) as a solid; LC-MS*: {z = 0.48 min, [M+1]" = 210.1,

2-{1-Ethyl-propyl)-6-methoxy-isonicotinic acid

4
N A COOH

@)
\

a) Under argon, Pd(dppf) (83 mg, 101 pmol) is added to a solution of 2-chioro-g-
methoxy-isonicotinic acid methyl esier (2.00 g, 9.92 mmol, see preparation of 2-
isobutyl-8-methoxy-isonicotinic acid}) in dioxane (30 mL). To this mixture, a solfution
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. extracis are
dried over MgSQ;, filtered and concentrated. The crude product is purified by CC
on silice gel eluting with heptane:EA 91 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 soiution of 2-(1-ethyl-propyl}-6-methoxy-isonicotinic acid methyt ester (1.17 ¢,
4.97 mmol) in 25% ag. HCI (25 ml) is stired 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: tgr = 0.94 min; [M+1]" = 224.01.

2-Cyclopentyl-6-methoxy-isonicotinic acid

4
N 3 COOH

)
N\

The title compound is obtained as a white solid in analogy 1o the proceduras given
for 2-(1-ethyl-propyl}-6-methoxy-isonicotinic acid above; LC-MS: tz = 0.93 min;
[M+1]" = 221.99.

2-isopropylamino-6-methyl-isonicetinic acid

H
N N
Y
U
COOH
a) A solution of 2-chioro-6-methyl-isonicotinic acid (15.5 g, 90.3 mmol} in ethanol
(200 mL) and H,804 (0.5 mL) is stirred at 75°C for 24 h. The solvent is evaporated
and the residue is dissoived in EA (200 mL). The solution s washed with satl. ag.
NaHCQOs-solution (70 mL) and water (70 mbL), dried over MgSQy, filtered,

concenirated and dried under HV to give 2-chloro-6-methyl-isonicotinic acid ethyl
ester (16.3 g) as a pink powder; LC-MS: tr = 0.92 min; [M+1]" = 200.17.

b} To a solution of 2-chioro-6-methyl-isonicotinic acid ethyl ester (5.20 g, 26.0
mmol) in dioxane (200 mL), Cs.C0s {25.5 g, 78.1 mmol) and isopropylamine (9.24
g, 156.3 mmol) is added. The mixiure is degassed and put under N, before
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Xaniphos (5.43 g, 9.38 mmol) and Pd{ll) acetate (1.17 g, 5.26 mmol) are added.
The mixture is stirred in a sealed vessel at 85°C for 18 h. The mixiure is cooled to
rt, fillered and concentreted. The crude product is purified by CC on silica gel
gluting with heptane:EA 7:3 0 give 2-isopropylamino-6-methyl-isonicotinic acid
ethyl ester (3.91 g} as an orange solid; LC-MS: ig = 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% aq. HCI (100 mL) is stirred at 70°C for 5 h before it is cooled o rt and
concentrated. The residue is dried under HV to give 2-isopropylamino-6-methyi-
isonicotinic acid hydrochloride (4.20 g) as an orange resin; LC-MS: tg = 0.52 min;
IM+1]" = 195.09.

2-Dimethylamino-6-methyl-isonicotinic acid

N\ N.\

|

S

COOH

a) 2-Chloro-6-methyl-isonicetinic 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 mixiure 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. ag. NaHCOs
solution (4x50 mL.), dried over MgSQy, filtered and concentrated. The crude product
is purified by MPLC on silica gel eiuting with heptane:ethyl acetate to give 2-chloro-
8-methyl-isonicotinic acid tert.-butyl ester (8.57 g) as a brownish oif which slowly
solidifies; LC-MS: tg = 0.99 min; [M+H]" = 213.24 (-15); "H NMR (Ds-DMSO): 6 1.56
(5,9 H),2.54 (s, 3H), 759 (s,1H), 766 (s, 1H).

b} Under argon, a solution of 2-chioro-6-methyl-isonicotinic acid tert.-buty! ester
{625 mg 2.75 mmol), Na tert.-butylate (396 mg, 4.10 mmol), Xantphos (173 mg,
0.30 mmol) and Pd(OAc): (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 ag. HCI and exfracted with diethyl ether (4x60 mL). The org. extracts are
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concentrated, the residue is dissolved in 6 N ag. HC! and heated to 100°C for 18 h.
The orange suspension is concentrated, dissolved in 1 N ag. NaOH (40 mb) 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-methyi-
isonicotinic acid (1.1 g) as a beige oil; LC-MS: {r = 0.44 min, [M+H]" = 181.07.

2~(Ethyl-methyl-amino}-6-methyl-isonicotinic acid

|
N\ N\/

S

COOH
The title compound is obtained as yeliow crystals (420 mg) in analogy to 2-
dimethylaming-8-methyi-isonicotinic acid starting from 2-chioro-6-methyl-isonicotinic
acid tert.-buty! ester (730 mg, 3.21 mmotl} and ethyl-methylamine; LC-MS: tr = 0.50
min; [M+H]* = 185.05; '"H NMR (De-DMSOQ): §1.08 (¢, J = 6.8 Hz, 3 H), 2.38 (s, 3
H), 3.03 (s, 3H),3.60 (g, J=6.8Hz, 2H),6.85 (s, 2 H).

2-Diethyiamino-6-methyl-isonicotinic acid

g

N\ N\/

|

F

COOH
a) A solution of 2,6-dichioroisonicotinic acid (20.0 g, 104 mmol) in ethanol (250 mL}
and HS0, (5 mlL) is stirred at 80°C for 28 h. The soivent is removed in vacuo and
the residue is dissoived in EA, washed with sat. ag. NaHCOC; solution and water,
dried over MgSQy, filtered and evaporated to give 2,8-dichioroisonicotinic acid ethyl
ester (17.7 g) as a brownish solid; LC-MS: g = 1.31 min,

b} A solution of 2 8-dichloroisonicotinic acid ethyl ester (14.0 g, 63.6 mmol) in
diethylamine (25 mL) is stirred at 100°C for 7 h. The volatie compounds are

evaporated and the residue is purified by CC on silica ge! eluting with heptane:EA

0. 63 353.18 72 ng bei ge powder

/

/
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9:1 to give 2-chloro-6-diethylamino-isonicotinic acid ethyl ester (10.1 g, contains 2-
chloro-8-diethylamino-isonicotinic acid methyl ester which forms during the transfer
of the reaction mixture into a round bottom flask using methanol); LC-MS: 1z = 1.09
min.

¢) To a solution of 2-chioro—6—diethylamino—isbnicotinic 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 MgSQy, 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: tg = 0.70 min, [M+H]" = 237.11.

d) A solution of 2-diethylamino-6-methyl-isonicotinic acid ethyl ester (€.39 g, 27.0
mmol) in 8 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-
methyi-isonicotinic acid hydrochiorice (6.96 g} as a yellow solid; LC-MS: tr = 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),
3.681(q,J=63Hz 4H),6.96(s,1H),7.15(sbr, 1 H).

2«(Isopropyl-methyl-amino}-6-methyl-isonicetinic acid

N N
O
\g)/
COOH
The title compound is prepared in analogy to 2-diethylamino-6-meathyi-isonicotinic
acid hydrochioride using isopropyimethylamine; 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-Methyi-6-pyrrolidin-1-yl-isonicotinic acid
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=

S

|

COOH

A solution of 2-chloro-8-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 ag. 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 methanoi (1 mL) and pyrified by MPLC on RP-Cyg-silica gel

to give 2-methyi-6-pyrrolidin-1-yi-isonicotinic acid (1.18 g) as a beige solid; LC-MS:

ta = 0.52 min; [M+H]™ = 207.08; 'H NMR (Dg-DMSQ): §1.89-1.94 (m, 4 H), 2.27 (s,

3H), 3.33-3.38(m, 4 H),6.61(s,1H),6.77 (s, 1 H).

10 2-{Isobutyl-methyl-amino}-6-methyl-isonicotinic acid

N J\!\)\
| ~x

e

COOH
The title compound is prepared in analogy to 2-dimethylamino-6-methyi-isonicotinic
acid starting from 2-chioro-6-methyi-isonicotinic acid and using isobutyl-methyi-
amine; LC-MS: tr = 0.61 min, [M+H}" = 223.10.
15
2-Dimethylamino-6-ethyl-isonicotinic acid

COOH
a) 2,6-Dichioro-isonicotinic acid (11.2 g, 57.1 mmol) is suspended in toluene (150
mL) at 80°C and then freated with N,N-dimethylformamide di-tert.-butyl acetal (50
20  mL, 208 mmol). The dark mixiure 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. NaHCO3
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soiution (3x100 mL), dried over Nay;SQ, 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.-buty! ester (14.2 g) as a brownish oil which
slowly solidifies; LC-MS: tz = 1.05 min; 'H NMR (Ds-DMSO}: §1.56 (s, 9 H), 7.85
(s, 2 H). |

b) A red to brown solution of 2,8-dichioro-isonicotinic acid tert.-buty! ester (1.49 g,
6.0 mmot} 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 auioclave. The mixiure is
concentrated to give crude 2-chloro-6-dimethylamino-isonicotinic acid tert-butyt
ester (2.0 g) as a brown residue; LC-MS: tg = 1.08 min; [M+H]" = 257.32; "H NMR
{(Ds-DMSO): 61.54 (s, 9 H), 3.06 (5, 6 H), 6.85 (s, 1 H), 8.92 (s, 1 H).

¢) To a soiution of 2-chloro-6-dimethylamino-isonicotinic acid tert-butyi ester {770
mg, 3.00 mmol) in dioxane (45 mL), Cs;C0Os (1270 mg, 3.0 mmol) followed by
P(tert.-Bu)z (30 mg, 0.15 mmol) and 2.4 ,8-trivinylcyciotriboroxane pyridine compiex
(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 Pdy(dba)s (82 mg, 0.08 mmol) is added. The mixture is stirred at 100°C for
15 h before it is cooled to rf 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-
dimethytamino-8-vinyl-isonicotinic acid tert-butyi ester (885 mg) as a red 1o
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 methano! (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: tr = 0,76 min, [M+1]" = 251.10. This material is dissoived in 6 N ag. HCI (60
mt) 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-Cqg-silica gel to give 2-dimethylamino-6-
ethyl-isonicotinic acid (332 mg) as an orange ofl, LC-MS: tr = 0.51 min, [M+1]" =
195.10.
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2-Ethyl-6-{ethyl-methyl-amino}-isonicotinic acid

o

2-Ethyl-6-(ethyl-methyl-amino)-isonicotinic acid is prepared in analogy to 2-

5 dimethylamino-6-ethyi-isonicotinic acid using ethyl-methyl-amine; LC-MS: iz = 0.56
min; [M+11" = 209.20; "H NMR (Dg-DMSO: §1.16 (t, J = 7.0 Hz, 3 H), 1.24 (¢, J =
7.3Hz, 3H), 2.95 (g, J=7.0Hz, 2 H), 3.57 (s, 3 H), 3.76 (g, J = 6.3 Hz), 6.98 (s, 1
H), 7.23 (s, T H).

10 2-Diethylamino-6-ethyi-isonicotinic acid

/- {
N/ \ COOH

The title compound is prepared in analogy to 2-dimethylamino-€-ethyi-isonicotinic
acid using diethylamine; LC-MS: tg = 0.55 min, [M+1]" = 223.37.

15  2-Ethyl-6-(isopropyl-methy!-amino}-isonicotinic acid
>_'N

N/ \ COOH

The title compound is prepared in analogy fo 2-dimethylamino-6-ethyi-isonicotinic
acid using isopropyimethylamine; LC-MS: tr = 0.54 min, [M+1]" = 223.37.
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2-Dimethylamino-6-isobutyl-isonicotinic acid

|

N\ N\

COOH
The title compound is prepared in analogy o 2-dimethylamino-6-ethyl-isonicotinic

p

acid using 2,4,6-iris-(2-methyi-propenyl}-cyclotriboroxane pyridine complex in the
Suzuki coupling reaction; LC-MS: tg = 0.54 min, [M+1]" = 223.37.

6-lsopropoxy-5-methyl-nicotinic acid

{ e p

e OH

a) A solution of 5,8-dichloronicotinic acid (5.0 g, 26.0 mmol} in dry ethanol (300 mL)
and chiorotrimethyisilane (33 mi, 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. ag. Na,COz (75 mbL) and brine (50 mL). The org. phase is dried over
Na,S0,, filtered and evaporaied to give 5,6-dichioronicotinic acid ethyl ester (5.8 g)
as a solid; LC-MS: tg = 0.96 min, [M+1]" = 219.93.

b} 5,6-Dichloronicotinic acid ethy! 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 sai. ag. NaHCO; solution,
extracted with diethyl ether, and the combined org. extracts are dried (Na:S0Os),
filtered and concentrated. The crude product is purified by CC on silica gel eluting
with heptane:EA 91 to give 5-chtoro-6~isopfopoxy—nicoi%nic acid isopropy! ester;
LC-MS: tg = 1.10 min, [M+11" = 258.05.
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¢) 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), Cs,CO;3 (386 mg, 1.19 mmol) and fri-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
rt, diluted with water and sat. ag. NaHCOs-solution and extracted with EA. The org.
extract is dried over MgSQO,, fillered and concentrated. The crude product is purified
on prep. TLC plates with heptane:EA 9:1 to give 6-isopropoxy-5-methyl-nicotinic
acid isopropy! ester (90 mg) as a colourless oil; LC-MS: igr = 1.08 min; [M+1]" =
238.08; *H NMR (CDCls): 61.35-1.41 (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 tille compound can be obtainad
by hydrolising &-isopropoxy-5-methyi-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 fert. butylate {1.26 g, 11.3 mrmol} in isopropanol (30
mLi), 2,5-dibromo-3-picoline (2.89 g, 11.3 mmol} is added. The mixiure 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 diluied with sat.
ag. NaHCOs-solution. The mixture is extracted with ether, the org. extract is dried
over MgSQ,, fittered and concentraied. The crude product is purified by CC on
silica gel eluting with heptane:EA 91 to give 5-bromo-2-isopropoxy-3-methyl-
pyridine (1.24 g) as a colourless oil; LC-MS: tg = 1.06 min; [M+1]" = 230.00; 'H
NMR (CDCl;): 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=15Hz, 1 H), 802 (d, J=2.0Hz, 1H).

b) A solution of 5-bromo-2-isopropoxy-3-methyi-pyridine (1.24 g, 5.39 mmol) and
2,4 6-trivinylcyclotriboroxane pyridine compiex (1.27 g, 5.26 mmol) in DME {12 mi)
and 2 M ag. K.COs (5 mL) is degassed and put under argon before Pd(PPhg)s (112
mg, 0.097 mmol) is added. The mixture is stired at 80°C for 15 h before it is cooled
to rt, diluted with ether (50 ml), washed with sat. ag. NaHCO3z solution {(2x30 mL),
dried over MgSOy, filiered and concentrated. The crude product is purified by CC

77
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on silica gel eluting with heptane:EA 9:1 to give 2-isopropoxy-3-methyl-5-viny!-
pyridine (703 mg) as paie yellow oil; LC-MS: tz = 1.01 min; [M+1]" = 178.11.

c) To a solution of 2-isopropoxy-3-methyi-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, coiouriess 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: tz = 0.86 min; [M+1]" = 196.09; H
NMR (D;0): §1.31 (d, J = 8.3 Hz, 6 H), 2.14 (s, 3 H), 5.15 (hept, d = 7.0 Hz, 1H),
7.81 (s, 1H),8.34 (s, 1 H).

6-iscbutyi-nicotinic acid

7\
==/ OH

O

6-lsobutyl-nicotinic acid is prepared in analogy to 5-isobutyl-6-methyl-nicotinic acid
from commercially available  6-chloronicotinic  acid ethyl esier and
isobutyimagnesium chioride; LC-MS: tr = 0.52 min, [M+11" = 180.30.

5-lsobutyl-6-methyl-nicotinic acid
N O
/- N
== OH

a) A suspension of 5,6-dichloronicotinic acid (5.25 g, 27.3 mmol) in toluene {200
mi) is heated to 80°C and then slowly treated with N,N-dimethylformamide di-tert.
butyiacetal (20.0 g, 98.0 mmol). The mixture becomss 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. NaxCOsz-solution. The org. phase is
gried over MgSQy, filtered and the solvent is evaporated. The residue is purified by
MPLC (SiO2) to give 5,6-dichloronicotinic acid tert.-buty! ester (5.13 g). '"H NMR
(CDCl3): 6182 (s, 9H),830(d, /J=2.0Hz, 1H),883(d,J=2.0Hz, 1H).
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b) To a soiution 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 mi, 20 mmol) in THF (300 mL), a
soiution of methylmagnesium chiloride 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 coniinued for
1 h at ~75°C before if is warmed to 0°C. The reaction is incomplete and the mixture
is cooled again at -70°C. A further batch of methyimagnesium bromide in THF (3 M,
5.4 mbL, 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 ag. HCI {150 mL}). The mixture
is extracted with diethyl ether (5 x 60 mL). The combined org. extracts are dried
over Na:S0y, filtered and evaporated to give crude 5-chioro-8-methyl-nicotinic acid
tert.-butyl ester as a yellow oil (4.66 g); LC-MS: tg = 1.03 min, [M+1]" = 228.22.

¢} 5-Chloro-6-methyl-nicotinic acid tert.-buty! 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
mbL) and cooled at -78°C. A solution of isobutyimagnesium bromide in THF (2 M,
13.8 mmol) is slowly added at -75°C. The brown solution turns turbid and vellow.
Stirring is continued for 1 h at -75°C before it is slowly warmed to rt. The reaction is
incompiete, further Fe(acac): (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
mixiure is extracted with EA (6 x 60 mL). The combined org. extracts are dried over
Na:S0s, filttered and evaporated. The residue is purified by reversed phase MPLC
to give B-methyi-5-iscbutyl-nicotinic acid tert.-butyl ester as black oil (0.50 g); LC-
MS: tr = 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 S-isobuiyl-8-methyi-nicotinic acid
hydrochloride (0.52 g); LG-MS: tg = 0.54 min; [M+1]" =194 .29; "H NMR (De-DMSOQ)
8 0.91(d, J=86.5Hz, 6 H), 1.91 (hept, J =6.5 Hz), 2.68 (d, J= 7.3 Hz, 2 H), 2.73 (s,
3H), 847 (d, J=1.8Hz 1H)8.90(d, J=2.0Hz 1H).
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5,6-Diethyl-nicotinic acid
N
/- \
== OH

O

a) To a solution of 5,6-dichloronicotinic acid tert.-butyl ester (5.00 g, 20.0 mmol),
and 2.4 6-trivinylcyclotriboroxane pyridine compiex (9.700 mg, 40 mmol) in dioxane
(30 mL}, & soiution of 2 M aq. K;CO; (6 mL) foliowed 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 aqg. NaOH (2 x 50 mL) and brine (50 mL). The org. phase s dried
(Na:S0.), filtered and evaporated. The residue is purifiied 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: tg = 1.05 min, [M+1+CH3CN]™ = 281.36,

by A mixture of 5-chloro-6-vinyl-nicotinic acid tert.-buty! ester (2.0 g), Cs:CO; (3.4
g), triftert.-butylyphosphine (0.04 eq.), tris(dibenzyiidenacetone)dipalladium (0.02
eq.), and 2,4 6-trivinylcyclotriboroxane pyridine complex (2.0 g) in dioxane (30 mi)
is degassed and heated at 100°C for 15 h. The mixture is cooied to rt, and diluted
with diethyi ether (200 mL). The mixture is extracted with 1M ag. NaOH (2 x 50 mL)
and brine (50 mL). The org. phase is dried (Na»S0.), filtered and evaporated. The
residue is purified by FC (SiOs, EA-heptane) to give 5,6-divinyl-nicotinic acid tert.-
buty! ester (0.89 g} as an oil. LC-MS: {z = 1.01 min, [M+1]" = 232.04.

c¢) To a solution of 5,6-divinyl-nicotinic acid teri-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 (SiO,, EA-heptane) to
give 5,6-disthyl-nicotinic acid teri-butyl ester (860 mg) as an oil; LC-MS: tg = 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. HC! (15 mlL) is stirred at 65°C for 3 h before the solvent is evaporated. The
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2 H). SExanple 3: TH NVR (CDCI3): 8 0.99 (d, J = 6.5 Hz, 6 H), 1.40(t, J=
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108 190 ZKQMerDD A &'8hed, J. Org. Chem. 67 (2002? 4968-4971); LC-MS: tz = 0.64 min,
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hed™

g) is obth 8white solid following the general nethod for the
preparation of 3,5-dipyridyl41l, 2, 4] oxadi azoles starting from

2-chl oro-6-nethyl- 5 i soni cotinic acid (1.70 g, 9.91 nmol) and

2- et hyl - N5 jeyldiisodystgl-nistatipiic somd coti namidine (1.78 g, 9.91 mmol ); LG M. tR
= 0.79 mn, [M11+ = 315.Q3; 1H NWR (CDCI 3): 81.39 (t, J = 7.5 Hz, 3H),
2.68 (s, 3 H, 2.72 (s, N 2/894 (q, J =7,5H, 2 H, 7.73 (s, 2 H),
7.88 (s, 1 H, 7.96 ( To a sol ution of

2-chi oro-4-[3-(2-ethy Tbyridinyl)-[1, 2, 4 oxadi azol -5-y11-
6-met hyl -pyridine (1 eq.)y sodiumtert.-butylate (5 eq.) and the
appropriate amne (5 eq.) /i di oxane (5-10 nL/mvol oxadi azol), a degassed
sol ution of Xantphos (O. eq.) in dioxane followed by Pd(QAc)2 (0.21 eq.)
IS adged. Tﬂ%diﬂt?éh%f% B%Ic‘?ﬂérbﬁtégm% 8RS, @gazgﬁﬁfhsg ¥ 8RS Elnaher (388 hLjpefore

it |sf|Itered The filtrate 1s concentratéd
and chlorotrimethyisilane (33 miL, 10 eq.) is stirred af rt for 16 h. The solvent is

evaporated, the residue dissolved in diethyl ether (200 mlL) and washed with a

solution of sat. ag. NazCO3 (75 mL) and brine (50 mL). The org. phase is dried over

NaxS0., filtered and evaporated to give 5,6-dichloronicotinic acid ethyl ester (5.8 g)
20  as a solid; LC-MS: tg = 0.96 min, [M+1]" = 210.93.

b) To a solution of 5,6-dichioronicetinic acid ethy! ester (0.8 g, 3.6 mmol) and 2,4,6-
tri-(2-methyl-propenyt)}-cycioboroxane pyridine compiex (1.78 g, 5.49 mmol) in DME
(20 mL), a soiution of 2 M ag. K,CO3 (6 mL) followed by Pd{PPhs)s (50 mg, 0.068
25 mmol} and triphenyiphosphine (110 mg, 0.68 mmol) is added. The mixiure 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-extracied with diethyl ether (50
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mL). The combined org. extracts are washed with 1M ag. NaOH (2 x 40 mL) and
brine (40 mL), dried (Na;S0s), filtered and evaporated. The crude product is
purified by FC (SiO;, EA-heptane) o give 5,6-di(2-methyi-propenyl}-nicotinic acid
ethyl ester (52 mg) as a colourless of; 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 Hy at rt for 15 h. The cataiyst is fillered off and the filtrate is evaporated

to give 5,6-diisobutyl-nicotinic acid ethyl ester {52 mg) as an oil; LC-MS: tr = 1.12
10 min, [(M+1]" = 264.18,

d) A solution of 5,6-ditsobutyl-nicotinic acid ethyi ester (52 mg, 0.2 mmaol) in 6 N aq.
HCI (2 mL) is stirred at 65°C for 15 h before it is cooled to rt and extracted with
dgiethyl ether (2 x 10 mL). The ag. phase is evaporated and the residue is dried

15 under HV to give 5,6-diisobutyl-nicotinic acid hydrochioride (0.12 g) as a colouriess
solid; LC-MS: tg = 0.73 min, [M+1]" = 236.40.

6-Chioro-5-methyl-nicotinic acid

N o)
a—d N\
=/ OH

20 a) Phosphoroxychioride (183 mL, 2 mol} is heated at 80°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 guenched with water (500 mlL). The phases are

25 separated and the aq. phase extracted with DCM (iotal of 800 mlL). The combined
org. extracts are dried (Na;SO4), filtered and evaporated. The residue is crystallised
from cyclohexane to provide 8-chloro-3-formyl-5-methyl-pyridine (28.3 g) as slightly
yeliow crystals; LC-MS: tr = 0.76 min, [M+1]" = 156.14,

30 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 ag. 50% weight solution of H20; in water (9.6 mL,



\ 0.159 0.83 324.10 10 ng yellow resin 1 WO 2009/ 024905PCT/ | B2008/ 053269
109 32 0.159 0.87 338.13 10 ng yellowresin / N\ ' 33 NC\ 0.

0.92 352.15 7 ng yellow resin

159

Exanpl e 28: 1H NVR (CDCI3): 81.39 (t,

Jr 7.5 Hzwo3eddjop498s 52 (s, 3 H), 2.67 (s, 3 H, 2.93 (pcrhemdnSzddz, 2 H),
3.02-3.06 (m 3 H), 4.82 (s br, 1 H, 69 (s, 1 H, 7.22 (s, 1 H, 7.73

2 H
J =
7.3
2 H

10
15
20
25

30

. 5 Exanple 30: 1H NMR (CDCl 3)6381.32 (d, J = 6.0 Hz, 6 H),

. car@fuiy amiceswilt? whieaPH03HLN 238 dxractd witd\CM (8 x 100 mL). The
combined org. exiracts are washed with 1M ag. HCI (100 mL) (check for remaining
peroxide), dried (MgS0.), filtered and evaporated. The residue is dried to give the
titte compound (9.568 g); LC-MS: iz = 0.72 min, [M+1]" = 172.0.

6-Isobutyl-5-methyl-nicotinic acid

AN
=/ OH

a) A solution of 86-chioro-5-methyl-nicotinic acid (13.85 g, 80.75 mmol) in dry
ethanol (200 mL) containing some drops of concentrated HzSO4 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 soiution of sat. ag. Na,C0; (2 x 80
mbL), 1M ag. KHSO, (2 x 86 mL) and brine (50 mL). The org. phase is dried over
MgSOy, filtered and evaporated to give 6-chioro-5-methyl-nicotinic acid ethyl ester
(12.85 g) s a solid; LC-MS: tz = 0.92 min; [M+11" = 200.10; '"H NMR (CDCl3) § 1.43
(t, J=7.0Hz, 3H), 246 (s, 3H), 4.43(q, /=73 Hz, 2H), 816 (m, 1H), 8.84(d, J
=2.0Hz, 1 H).

b} To a solution of 8-chioro-5-methyl-nicotinic acid ethy! ester (4.98 g, 24.9 mmoal},
2,4.6-tri-(2-methyi-propenyl)-cycloboroxane pyridine complex (5.74 g, 17.7 mmol,
prepared in analogy to a procedure given by F. Kering, D. F. O'Shea J. Org. Chem.
67 (2002) 4988-4971), anc triphenylphosphine (1.15 g, 4.4 mmoi} in DME (60 mL},
a solution of 2 M ag. Ko.COs (20 mL) is added. The mixture is degassed and flushed
with Ny before Pd{PPha)s (460 mg, 0.4 mmol) is édded. The mixture is stirred at
90°C for 20 h before it is cooled to rt, diluted with EA (150 mL) and washed with
sal. ag. NaHCOs (2 x 50 mL). The org. extract is dried over MgSQ., filtered and
evaporated. The crude product is purified by FC (SiO,, heptane-EA) t0 give 5-
methyl-6-(2-methyl-propenyl)-nicotinic acid ethyl ester (3.98 g) as an orange oi;
LC-MS: tr = 0.72 min, [M+1]" = 220.15.

1.39
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10 d) A solution of 8-isobutyl-5-methyl-nicotinic acid ethyi 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 B8-isobutyl-5-methyl-nicotinic acid
hydrochloride (3.55 g) as a white powder; LC-MS: tg = 0.57 min, [M+1]" = 194 .25,

15  5-Methyl-6-propyl-nicotinic acid

/N \ O
— OH

5-Methyl-6-propy!-nicotinic acid (1.85 g as hydrochloride) is prepared in anaiogy to
B-ischutyl-5-methyl-nicotinic acid from &-chloro-5-methyl-nicotinic acid ethyl ester
(2.0 g) and commerciaily avaitable frans-1-propen-1-yl boronic acid (1.3 g); "H NMR

20 (De-DMS0)80.96 (t, J=7.3 Hz, 3 H), 1.72 (m, 2H), 3.05 (t, J=7.5Hz, 2 H), 8.66
{m, 1 H),8.86(d, J=15Hz 1H)

6-Cyclopentyl-5-methyl-nicotinic acid

/N \ O
= OH

25 a) 6-Chioro-5-methyi-nicotinic acid isopropyl ester is prepared in analogy to 6-
chioro-5-methyl-nicotinic acid ethyl ester; LC-MS: tr = 0.97 min; [M+1]" = 214.03.
"H NMR (Ds-DMSO): 6 1.34 (d, J = 8.3 Hz, 8 H), 2.41 (5, 3 M), 5.14-5.23 (m, 1 H),
8.27 (s, 1 H), 8.73 (s, 1 H).
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b) Under argon, Pd{dppf) {11 mg, 14 umol) is added to a solution of 6-chloro-5-
methyl-nicotinic acid isopropyl ester (300 mg, 1.40 mmol) in dioxane (60 mL). To
this mixture, a 0.5 M solution of cyclopentyl zink chioride in THF (452 mg, 2.11
mmol, 4.2 mL} is added dropwise. The mixture is stirred at 75°C for 18 h before it is

5 cooled to rt and guenched with water. The mixture is further diluted with water and
exiracted twice with EA (100 mlL). The combined org. extracts are dried over
MgSO., filtered and concentrated. The crude product is purified on prep. TLC plates
with heptane:EA 1:1 to give B-cyciopentyi-5-methyl-nicotinic acid isopropy! ester
(138 mg) as a pale yeliow oil; LC-MS: {g = 0.91 min; [M+1]" =248.53.

10
' c) A solution of 6-cyclopentyl-5-methyl-nicotinic acid isopropyl ester (138 mmol, 558
umol) in 25% ag. HCH (5 mL) is stirred at 85°C for 24 h. The solvent is evaporated
and the residue is dried under HV to give the title compound as a hydrochioride salt
(163 mg) in form of a beige solid; LC-MS: tg = 0.64 min; [M+1]" =2086.50.
15
5-lsobutyi-6-methoxy-nicotinic acid
5 /N \ O
7 = oH

a) 5,6-Dichloro-nicotinic acid (1.00 g, 5.21 mmol}) is added to a solution of Na (252
mg, 10.9 mmol) in methano! {50 mL). The mixture is refluxed overnight before

20 another portion of Na (252 mg, 10.9 mmol) is added. Refluxing is continued for 2 h.
The mixture is cooled o rt, diluted with water and concentrated. The remaining
soiid is dissolved in water and the solution is neutralised by adding 2 N ag. HCL
The resulting suspension is extracted twice with EA. The combined org. extracts
are dried over MgSQy, filtered, concentrated and dried to give 5-chioro-6-methoxy-

25 nicotinic acid (976 mg) as & white solid; LC-MS: iz = 0.77 min; [M+1]" = 189.90; 'H
NMR (De-DMSO): 64.03 (s, 3 H),8.22(d, J=1.8Hz, 1H),867(d, J=2.0Hz 1
H).

b) A solution of 5-chioro-6-methoxy-nicotinic acid (976 mg, 5.20 mmol) in methynol
30 (B0 mbL) and HzS04 (0.5 mL) is stirred at 60°C for 20 h. The mixture is concenirated



1.11 380.17 4 ng pale yellow resin 5 Exanples 39 and 40 01-N

[ a) 2-lsobutyl 4 [3 (2

chl oro-3-met hyl-5-pyridi nyl)-[1, 2, 4] oxadi azol - 5-y1] - 6- net hyl pyri di ne (290
ng) is obwaeizned:ass a white solid foll owi ng the gener alrCrashiogltBae t he
preparation of 3,5-dipyridyl4l, 2, 4] oxadi azol es starting from

2-1sobutyl -6-net hyl - 10|son|cot|n|c a (690 ng, 3.00 mml) and

6- chl d net 0 9 5PCT/ 13 00 /05326
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2-isobuty 8clidschl.o T%H'e 47 5-2@)1r85j| nyl)-[1 , 2, 4] oxadi azol - 5-
yl] - 6- rnc:t%of(lj‘lpyrl\fa |rFfe ?? i W (2.5 eq.) and t he appropriate am ne
(5 eq.9 in dioxane (5-10 rrL/ mml oxadl azol) a degassed sol ution of

o e HETH e Shlobd SR FUA A S M gl e,
filtered. mhig) Bhtit2 apetrii(- m@thglqrrbpamyé}icmmb@rbearcer peedipe omtunapiex 1 @ér§gfi ed by
e e g Peb ToC Bl e o Seale b oABts 1R
Org. Chem. 87 (2002) 4968-4971) in dioxane (10 mL) and 2 M ag. K2CO3 solution
10 (5 mi), Pd(PPha)s (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 i,
diluted with EA and washed with water. The org. extract is dried over MgSOu,
filtered and concenirated. The crude product is purified by CC on silica gel elufing
with heptane:EA 4:1 to give 6-methoxy-5-(2-methyi-propenyi)-nicotinic acid methyl
15 ester (300 mg) as a colourless oil; LC-MS: tz = 1.01 min; [M+1]" = 222.00; " NMR
(CDCls): 61.85(d, J=13Hz, 3 H),1.97 (d, J= 1.0 Hz, 3 H), 3.83 (s, 3 H}), 4.04 (s,
3H),6.20(s,1H), 804 (d, J=20Hz,1H),871(d, J=2.3Hz, 1H).

d) A solution of 8-methoxy-5-(2-methyl-propenyl)-nicotinic acid methyl ester (300
20 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 Hz 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
methy! ester (260 mg) as a colourless oif; LC-MS: tr = 1.08 min; [M+1]" = 224 .49,
25
g) A solution of 5-isobutyl-6-methoxy-nicotinic acid methyl ester (260 mg, 1.17
mmol) in 25% aq. 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 (De-DMSO): §0.86 (d, J =
30 6.5Hz),1.84-1.95(m, 1H),246(d, J=7.0Hz,2H), 3.85(s,3H),7.93(d J=23
Hz, 1 H),8.59(d, J=23 Hz, 1H).

6-lsopropylamino-5-methyl-nicotinic acid
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provi de crude 2-ethyl-6-ngthyl-isonicotinic acid chloride. This nmaterial is
di ssol ved WD 2009/ Oi_ﬂ@rorﬁ /053269 112 in THF (4.5 nlL) and treated
with 1 M hydrazine i
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isopropyl ester (137 mg) as a yeliow oil; LC-MS: tg = 0.68 min, [M+1]" = 237.02.

20
c) A solution of 6-isopropyiamino-&-methyl-nicotinic acid isopropyl ester (137 mg,
0.58 mmaol) in 25% ag. HCl (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 yeliow solid; LC-
MS: tr = 0.57 min, [M+1]" = 195.54,

25

6~(Ethyl-methyl-amino)-5-methyl-nicotinic acid -

\
N—  N—cooH

N\

a) To a solution of 5,8-dichloro nicotinic acid (12.2 g, 63.5 mmol} in isopropanol (70
ml.), Ho8QO, (4 mL) is added dropwise. The mixture is stirred at 80°C for 16 h before
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h at rt before it is diluted wwth DCM washed with water, dried over MgSO4,
filtered and the solvent of the filtrate is evaporated. The crude product
is purifiwdz2gopeep. TLC with heptane: EA 2:3 to give 2ciraghudysizd-
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[ MEHE A
is added and stirring is continued at rt for one more hour. The reaction mixture is

25 diluted with EA (200 mlL} and carefully quenched with ice-water (100 mL). The
suspension is basified by adding 1 N ag. 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 aq. phase is extracted with DCM (3x100 mL). The org. extracts
are combined, dried over MgSQO,, filtered and concentrated. The crude product is

30 purified by prep. MPLC on silica gel eluting with a gradient of EA in heptane to give
B-(ethyi-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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d} A solution of 6-(ethyl-methyl-amino)-5-methyl-nicotinic acid isopropy! ester {2.19
g, 9.28 mmol) in THF (40 mL) and 25% ag. HCI (5 mL) is stirred at 65°C for 3 days
before it is cooled to rt and concentrated. The residue is dissolved in dioxane (50
mL) and concentrated again. This procedure is repeated one more time before the
residue is dried under HV fo give the hydrochloride hydraie of the title compound
(2.4 g) as & white powder; LC-MS: tg = 0.68 min, [M+1]" = 195.07; 'H NMR (De-
DMSO): 6113 (t, J=6.8Hz, 3H),2.28(s,3H),2983(s,3H),3.32(q, J=7.0Hz, 2
H), 7.82 (s, 1 H), 8.52 (s, 1 H). ‘

6-(Isopropyli-methyl-amino)-5-methyl-nicotinic acid

N
——ZN 7 N cooH

The titie compound is prepared in analogy to 6-(ethyi-methyl-amino)-5-methyi-
nicotinic acid using N-isopropyl-methyl-amine; LC-MS: tz = 0.58 min, [M+1]" =
209.10; "H NMR (Dg-DMSO): 61.23 (d, J = 6.5 Hz, 6 H), 2.40 (s, 3 H), 2.97 (s, 3 H),
4.22 (hept, J=6.8 Hz, 1 H), 8.07 (s, 1 H), 843 (d, J=2.0Hz, 1 H).

6-Diethylamino-5-ethyl-nicotinic acid

(

N
N N—cooH
< —
a) To a solution of 5,8-dichioronicotinic acid (10.0 g, 50.0 mmol) in THF (600 mL),
triphenylphasphine (19.67 g, 75.0 mmol) and ethano! (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
mixiure is stirred and warmed to rt. Stirring is continued for 16 h before sat. ag.
NaHCOs; solution is added. The mixture is repeatedly extracted with EA. The
combined org. extracts are dried over MgS0Q,, filtered and concentrated. The crude

product is purified by CC (heptane:EA 7.3} 1o give 5,6-dichioronicotinic acid ethyl
ester (11.4 g) as a white solid; LC-MS: tr = 0.96 min, [M+1]" = 220.02.

/

\
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b) A mixture of 5,6-dichloronicotinic acid ethy! ester (2.81 g, 15.2 mmol) and diethyl-
amine {11.1 g, 152 mmol) is stirred in a sealed vessel at 80°C for 72 h. The mixture
is cooled to rt and concentrated. The residue is dissolved in DCM (15 mL) and
washed with 1 N ag. KHSO4 solution (2x50 mL). The washings are extracted back
with DCM (50 mL). The combined org. exiracts are dried over Na,S0, fittered,
concenirated and dried io give 5-chloro-6-diethylamino-nicotinic acid ethyl ester
(3.36 g) as a veliow oil; LC-MS: tz = 1.08 min, [M+1}" = 257.12; "H NMR (CDCls): 6
1.26 (t, J=7.0Hz, 6 H), 1.39 (t, J=7.3 Hz, 3 H), 3.62 (q, /= 7.0 Hz, 4 H), 4.36 (g,
J=73Hz 2H),8.07 (s,1H),870 (s, 1 H).

¢) To a solution of 8-chioro-6-diethylamino-nicotinic acid ethyl ester (2.96 g, 11.5
mmol) in dioxane (50 mL), Pd(dppf) (470 mg, 0.576 mmol) is added under argon.
To this mixture, diethyl zinc (8.53 ¢, 69.1 mmol, as a 1.1 M solution in olueneg) is
added dropwise. The mixture is stirred at 75°C for 16 h before another portion of
Pd(dppf) 94 mg, 0.115 mmol) and diehtyl zinc (142 g, 11.5 mmol, as a 1.1 M
solution in foluene) is added. Stirring is continued at 75°C for 24 h. The reaction
mixture is cooled to rt and carefully quenched with water. The mixture is filtered
over celite and the filtrate is extracted twice with EA. The combined org. extracts
are dried over MgS80y, filtered and concentrated. The crude product is purified by
CC (heptane:EA 9:1) to give &-diethylamino-5-ethyi-nicotinic acid ethyl ester (2.40
g) as a colouriess oil; LC-MS: tz = 0.78 min, [M+1]" = 251.19; "H NMR (CDCls): §
1.15(t, J=70Hz, 6 H), 1.27 (t, J=7.3Hz, 3H),1.40({, J= 7.3 Hz,3H),2.65(q, J
=7.5Hz,2H),336 (g, J=7.0Hz 4 H),437(q, J=7.0Hz, 2H),7.99(d, J=23
Hz, 1 H), 8.76(d, J=2.3 Hz, 1 H).

d) A solution of B-diethylamino-5-ethyl-nicotinic acid ethyl ester (1.78 g, 5.34 mmol)
in 25% aq. HCI (50 mL) is stirred at 65°C for 18 h. The solvent is evaporated and
the product is dried under HV to give ihe hydrochloride hydrate of the tille
compound (2.30 g) as a white sofid; LC-MS: {z = 0.62 min, [M+1]" = 223.15,

5-Ethyl-6-(isopropyl-methyl-amino)-nicotinic acid
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N—  N—cooH

The title compound is prepared in analogy to 8-diethylamino-5-ethyl-nicotinic acid
using ispropyl-methylamine; LC-MS: tr = 0.64 min, [M+1]" = 223.14.

5 4,8-Dimethyl-pyridine-2-carboxylic acid

N O
/N
— OH

The titie compound is commercially available.

5-lsobutyi-4-methyl-pyridine-2-carboxylic acid

N O
7\

— OH
10

a) To a solution of 2.,5-dibromo-4-picoiine (9.00 g, 35.9 mmoi) in DME (96 mL),
2,4 6-trivinyl-cyclotriboroxane pyridine complex (8.63 g, 35.9 mmol) and 2 N ag.
K.COs-solution (36 ml) is added. The mixture is degassed and put under argon
before Pd{PPhs)s (746 mg, 0.646 mmol) is added. The mixture is stirred at 80°C for
15 15 h, before it is cooled to rt, diluted with diethyl ether (50 mL), washed with sat. aq.
NaHCOs-solution (2x30 ml), dried over MgSO,, filtered and concentrated. The
crude product is purified by CC on silica gel eiuting with heptane:EA 9:1 to give 5-
bromo-4-methyl-2-vinyi-pyridine (7.04 g} as a yellow oil; LC-MS8: tgr = 0.75 min;
[M+1]* = 198.22; '"H NMR (CDCls): §2.41 (s, 3 H), 5.50 (d, J = 10.8 Hz, 1 H), 6.21
20 (d,J=173Hz 1H),6.74(dd, J=17.3,10.8 Hz, 1 H), 7.22 (s, 1 H), 8.58 (s, 1 H).

b) To & solution of 5-bromo-4-methyl-2-vinyi-pyridine (7.04 g, 35.5 mmol) in
acetone (280 mL) and water {280 mL), KMnO; (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
25 colouriess filtrate is evaporated fo give crude 5-bromo-4-methyl-pyridine-2-
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carboxylic acid (10.9 g, as potassium salt) as a white solid; LC-MS: tz = 0.64 min,
IM+1]" = 215.90.

c) To a suspension of crude 5-bromo-4-methy!l-pyridine-2-carboxylic acid (10.9 g,
as potassium salt, approximately 35.5 mmol} in ethanol {120 mL), H2S04 (0.5 mL)
is added. The mixture is stirred at 70°C for 18 h. The pH of the ciear solution is
adjusted to pH 9 by adding sat. ag. NaHCO;-solution and the mixture was extracted
with diethyl ether {(3x300 mL). The combined org. exiracts are dried over MgSQs,,
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) foliowed by 2 N ag. K:COs-solution (16 mlL) 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 cooied to rt,
diluted with diethyl ether (50 mL), washed with sat. ag. NaHCOs-solution (3x30 mL},
dried over MgSQ,, fittered and concentrated. The crude product is purified by CC
on silica gel eiuting with heptane:EA 7:3 to give 4-methyl-5-(2-methyl-propenyi)-

pyridine-2-carboxylic acid ethyi ester (1.33 g) as a yellow oil; LC-MS: g = 0.87 min,
[M+1]" = 220.08.

e) To a solution of 4-methyl-5-(2-methyl-propenyi}-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 carefuily added. The slurry is stirred at rt for 15 h under 2 bar of Hs. 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: {r
= 0.86 min, [M+1]" = 222.10.

) A solution of 5-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester (1.27 g,
5.76 mmol) in 8 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 fiitered. The
solid material is washed with additional DCM and dried under HV 1o give 5-isobutyl-
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te = 0.59 min; [M+1]" = 194.28; 'H NMR (De-DMSO): 5 0.90 (d, J = 6.3 Hz, 6 H),
1.85-1.96 (m, 1 H), 2.69 (d, J= 7.0 Hz, 2 H), 8.18 (5, 1 H), 8.58 (s, 1 H), 11.80 (s br,
1 H). ' -

6-lsobutyl-4-methyl-pyridine-2-carboxylic acid

IN_§
== OH

a) A solution of n-Buli (21.1 mL, 33.8 mmol, 1.6 M) in THF is cooled fo -78°C

before a solution of 2,6-dichloropyridineg (5.0 g, 33.8 mmol) in THF (36 mL) is added
10 dropwise over a period of 20 min. The reaction mixture is stired at -78°C for 30

min, and then iodomethane (4.79 g, 33.8 mmol} is added. The mixiure is stirred for

30 min before it is quenched with sat. ag. NH.C! soiution at -78°C. The mixture is

extracted with diethyl ether, the org. extract is dried over MgSQO,, filtered and

concentrated. The crude product is purified by CC on silica gel eluting with
15  heptane:EA 19:1 to give 2,6-dichloro-4-methyl-pyridine (2.34 g) as a colouriess ol

containing the regio isomer 2,6-dichioro-3-methyl-pyridine; LC-MS: {x = 0.89 min,

IM+1]" = 161.97.

b) To a solution of 2,6-dichioro-4-metnyi-pyridine (2.34 g, 14.4 mmol) and 2 ,4,6-
20 trivinyl-cyclotriboroxane pyridine complex (1.75 g, 7.26 mmol) in DME (27 mL), 2 M
aq. K,COj solution (10 mL) is added. The mixture is degassed and put under argon
before Pd(PPhz)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.
NaHCO3; solution. The org. exiract is dried over MgSQOy, filtered and concenirated.
25 The crude product is purified by CC on siiica gel eluting with heptane:EA 9:1. The
thus obtained product is dissolved in EA, repeatedly washed with 5% ag. citric acid
solution, dried over MgSQ,, filtered and evaporated io give 6-chioro-4-methyl-2-
vinyl-pyridine {1.24 g} as a colouriess oil; LC-MS: tz = 0.90 min, [M+1]" = 154.03.
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¢) To a solution of 6-chloro-4-methyi-2-vinyl-pyridine (1.24 g, 8.06 mmol} in water
(50 mL) and acetone (50 mi), KMnOs (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
5  -chloro-4-methyl-pyridine-2-carboxylic acid potassium salt (3.2 g) as a colouriess
solid; LC-MS: tr = 67 min, [M+1]" = 171.99. This material is suspended in ethanol
(150 mL) and HS804 (2 mL) is added until a clear solution forms. The mixture is
heated to 70°C for 18 h. The mixiure is carefully diiuted with sat. ag. NaHCO;
solution untit & pH of 9 is reached. The mixiure is extracted three times with EA.
10 The combined org. extracts are dried over MgSQOy, 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 vellow oii; LC-
MS: tg = 0.87 min; [M+1]" = 200.04; *H NMR (CDCls): § 1.45 (t, J = 7.3 Hz, 3 H),
245 (s,3H),4.48(q, J=6.8Hz, 2H),7.35(s, 1 H),7.89 (s, 1 H).
15
d) To a solution of ethyl 8-chloro-4-methyl-pyridine-2-carboxylate (500 mg, 2.51
mmol) and 2.4,6-ris-(2-methyi-propenyl)-cyclotriboroxane pyridine complex (814
mg, 2.51 mmol) in PDME (32 mL}), 2 M aq. K.COs3 (12 mL) solution is added. The
mixture is degessed and put under argon before Pd(PPhs). (52 mg, 0.045 mmoi) is
20 added. The mixture is stirred at 80°C for 8 h before it is cooled to rt, diluted with
diethyl ether (50 mL) and washed with sat. ag. NaHCO; (2x30 mL) soiution. The
org. extract is dried over MgSOQ., fiitered and concenfrated. The crude product is
purified by CC on silica gel eluting with heptane:EA 91 to give 4-methyl-6-(2-
methyi-propenyl)-pyridine-2-carboxyiic acid ethyl ester (176 mg) as a yellow oii; 'H
25 NMR (CDCls): §1.45 (t, J= 7.0 Hz, 3 H), 1.97 (s, 3 H), 2.12 (8, 3 H), 2.42 (s, 3 H},
446 (g, J=70Hz, 2H),841(s, 1H), 717 (s, 1 H), 7.75 (s, 1 H).

g) To a solution of 4-methyl-6-(2-methyl-propenyl}-pyriding-2-carboxylic acid ethyi
ester (175 mg, 0.80 mmol) in THF (5 mL) and ethanol (5 mL), Pd/C (50 mg, 10%

30 Pd)is added. The mixture is stirred at 50°C for 15 h under 1 bar of Hz. The catalyst
is fillered 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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) A solution of 6-isobutyl-4-methyl-pyridine-2-carboxylic acid ethyl ester (174 mg,
0.78 mmol) in 6 N ag. HCI (20 mL) is stirred at 65°C for 18 h. The solvent 18
evaporated and the remaining residue is dried under HV to give give B-isobutyl-4-
methyl-pyridine-2-carboxylic acid hydrochloride as green oil; LC-MS: {r = 0.58 min,
M+1]" = 194.09.

4-lsobutyl-6-methyl-pyridine-2-carboxylic acid

N O
/A

— OH

a) To a solution of 4-bromo-2-methyl-pyridine (5.70 g, 32.14 mmol) in methanol
(100 mL), H.804 (0.3 mlL) is added. The mixiure 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 fiir 2 h before two more portions of
ammonium peroxydisulfate (2x7.33 g) is added as a sat. ag. solution. Stirring is
continued at reflux for 3 n. Methano! is removed under reduced pressure and the
remaining solution is diluted with sat. ag. NaHCO; soiution and extracted with EA.
The org. extract is dried over MgSO., filtered and concentrated. The crude product
is purified by CC on silica gel eluting with heptane:EA 3.7 to give {4-bromo-6-
methyi-pyridin-2-yl)-methanol (1.31 g) as pale yellow solid; LC-MS: tz = 0.31 min;
IM+1T" = 201.96; 'H NMR (CDCla): 62.55 (s, 3 H), 3.52 (s br, 1 M), 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)}), KMnOys (2.61 g, 16.5 mmol)} is added. The mixture is stirred at
40°C for 2 h before it is fillered 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]" = 217.89,
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c) To a suspension of 4-bromo-6-methyl-pyridine-2-carboxylic acid potassium salt
(253 mg, 0.996 mmol) in ethanol (100 mL), HSO4 (2 mL) is added dropwise. The
miture is heated to 70°C for 16 h before i is carefully diluted with sat. ag. NaHCO:.
The mixture is extracted three times with diethyl ether. The combined org. extracts
are dried over MgSQ,, filtered and concentrated. The crude product is purified on
prep. TLC plates with heplane:EA 3:2 to give 4-bromo-6-methyi-pyridine-2-
carboxylic acid ethy! ester (105 mg) as a pale yellow oil; LC-MS: tr = 0.85 min,
IM+1]" = 244,22,

d)} 4-lsobutyl-6-methyl-pyridine-2-carboxyiic acid hydrochioride is prepared starting
from 4-bromo-8-methyl-pyridine-2-carboxylic acid ethyl ester foliowing the
procedures given in steps d) to f) for the preparation of &-isobutyl-4-methyi-pyridine-
2-carboxylic acid; LC-MS: tg = 0.58 min; [M+1]" = 194.08; "H NMR (CDCls): 6 1.0
{(d,J=6.3Hz, 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), 804 (s, 1 H), 9.74 (s br, ~1 H},

5-ls obutyl-6-methyl-pyridine-2-carboxylic acid {(hydrochioride)

—< I\
== OH

The title compound is prepared stariing 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: tr = 0.69 min; [M+1]" =
197.94; "H NMR (CDCl3): §2.68 (s, 3 H), 5.50 (d, J = 10.8 Hz, 1 H), 6.20 (d, J =
17.6 Hz, 1 H), .76 (dd, /= 17.6, 10.8 Hz, 1 M), 7.07 {(d, /= 8.3 Hz, 1 H), 7.75(d, J
= 8.0 Hz, 1 H); 5-bromo-6-methyi-pyridine-2-carboxylic acid (as potassium salt).
LC-MS: tg = 0.64 min, [M+1]" = 217.91; 5-bromo-6-methyi-pyridine-2-carboxylic
acid ethyl ester: LC-MS: tg = 0.87 min, [M+1]" = 245.91; 8-methyl-5-(2-methyl-
propenyl)-pyridine-2-carboxylic acid ethyl ester: LC-MS: iz = 0.88 min, [M+1]" =
220.11; 5-isobutyi-6-methyl-pyridine-2-carboxylic acid ethyl ester: LC-MS: ir = 0.87
min, [M+1]" = 222.09.

H
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6-lscbhutyl-4-methoxy-pyridine-2-carboxylic acid (hydrochloride)

N O
/N

e OH
g

\

a) To a stirred solution of 8-chloro-4-methoxypyridine-2-carboxylic acid (5.00 g,
26.7 mmol} in ethano! (75 mL), chloroirimethylsitane (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 B-chioro-4-methoxy-2-carboxylic acid ethyl
ester (5.95 g) as a pale yeliow oil; LC-MS: tg = 0.85 min; [M+1]* = 215.97; "H NMR
(CDCl3): 6144 (t, J=7.0Hz, 3 H), 3.94 (s, 3H), 448 (q, J=7.0Hz, 2 H),7.01(d,
J=20Hz 1H),761(d, J=2.0Hz, 1 H).

b) The titte 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): §1.04 (d, J = 8.5 Hz, 6 H), 2.21-2.32 {m, 1 H), 3.27 (d, J = 7.0 Hz, 2 H),
4.20(s,3H), 712 (s, 1 H), 7.83 (s, 1 H).

4-Methoxy-5-methyl-pyridine-2-carboxylic acid
—Q

=N OH

a) 2,4-Dichioro-5-methyl-pyridine is prepared from 2.4-dichloro-5-chioromethyl
pyridine as described in WQ 2005/068455; LC-MS: tg = 0.88 min; [M+1]" = 161.92;
"H NMR (CDCla): 62.36 (s, 3H), 7.37 (s, 1H), 8.24 (5, 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 ri, diluted with water and extracied with EA. The org. extract is
dried over MgSQy, 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),
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6.77 (3, 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-chioro-4-meathoxy-5-methyl-pyridine (2.91 g, 18.5 mmol) in
5 DME (75 mL), 2,4,6-trivinylcyciotriboroxane pyridine compiex (3.13 g, 13.0 mmol)
followed by 2 M ag. KoCOg 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 ri, diiuted with water and extracted with
diethyl ether. The org. extrac is washed with sat. ag. NaHCO; solution, dried over
10 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: {g = 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
15 acetone:water 1:1 (50 mL), KMnQO4 (6.64 g, 42.0 mmol) is added. The mixture is
stirred at rt for 3 h before it is fillered. 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: tg = 0.41 min, [M+1]" = 167.99. To facilitate the purification of the compound,
20 the material is refluxed for 18 h in ethanol containing H2S04. The resulting 4-
methoxy-5-methyl-2-vinyi-pyridine ethyl ester is purified by CC on silica gel eluting
with heptane:EA 3:7; LC-MS: tg = 0.56 min, [M+1]" = 195.98; 'H NMR (CDCls): &
147 (t, J=7.3Hz, 3H),225(s,3H),3.97 (s,3H),450(q, J=7.0Hz, 2 M), 7.64
{s, 1 H), 8.39 (s, 1 H). This ester is then saponified to give the title compound by
25  treatment with 6N HCl at 65°C for 16 h.

6-lsobutyi-5-methoxy-nicotinic acid

N O
/N
— OH
g
\

a) To a solution of 2,5-dichioro-4-hydroxypyridine (1.43 g, 8.73 mmol) in DMF (15
30 mlb), KGOz (2.41 g, 17.5 mmol) followed by methyl iodide {1.48 g, 8.73 mmol) is
added. The mixture is stirred at rf for 24 h before it is diluted with EA (200 mL),
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b) To a solution of 2 5-dichloro-4-methoxy-pyridine (730 mg, 4.10 mmotl} in DME
(16 mL), 2,4 8-irivinyicyclotriboroxane pyridine compiex (987 mg, 4.10 mmol)
foliowed by 2 M ag. KoCOs; solution (4 mL) is added. The solution is degassed and
put under argon before Pd(PPhs)s (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. ag. NaHCO; solution. The org. extract is dried over MgSOy,
filtered and concntrated. The remaining brown residue is purified by CC on silica
gel eluting with heptane:EA %1 to give 5-chioro-4-methoxy-2-vinyl-pyridine {402
mg) as a pale yellow oil; LC-MS: iz = 0.53 min, [M+1]* = 169.98; 'H NMR (CDCls): &
3.98 (5,3 H),552(d, J=105Hz, 1H),620(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 (5, 1 H).

¢} To a solution of 5-chioro-4-methoxy-2-vinyl-pyridine (435 mg, 2.57 mmoli) in
aceione {20 mL) and water (20 mL), KMnO4 (2.03 g, 12.8 mmol) is added. The
mixiure is stirred at rt for 15 h before it is filiered through a glass-filter pad. The
filtrate is evaporated and dried fo give 5-chioro-4-methoxy-pyridine-2-carboxylic
acid (987 mg) as potassium salt containing water in the form of a white solid; LC-
MS: iz = 0.45 min, [M+1]" = 187.91. This material is dissoived in ethano! {20 mL)
and H-S0s (4 mL) is added. The mixiure 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. aqg.
NaHCOs solution and water. The org. extract is dried over MgSOy, fillered and
concentrated. The crude product is purified on prep. TLC plates using heptane:EA
1:1 to give 5-chloro-4-methoxy-pyridine-2-carboxyiic acid ethyi ester {350 mg) as a
pale yellow oif; LC-MS: tr = 0.81 min, [M+1]" = 215.92; "H NMR (Ds-DMSO): §1.34
(t, J=7.3Hz 3H),4.05(s,3H),437(q, J=7.0Hz, 2H)},7.75 (s, 1 H), 8.81 {m, 1
H).
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d) To a solution of 5-chloro-4-methoxy-pyridine-2-carboxyiic 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 compietion of the addition, the mixture is heated o 75°C for

5 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 MgSQy, fillered 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

10 30% of 5-isobutyl-4-methoxy-pyridine-2-carboxylic acid ethyl ester; LC-MS: g =
0.87 min, [M+1]" = 266.04 (isobuty! ester); LC-MS: g = 0.76 min, [M+1]" = 238.02
(ethyl ester).

&) A solution of the above 5-isobutyl-4-methoxy-pyridine-2-carboxylic acid isobutyl
15 ester (134 mg, 0.57 mmol) in 5 M aq. 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
titte compound (89 mg) as an off-white solid; LC-MS: tz = 0.63 min, [M+1]" =
209.98; "H NMR (CD30D): §0.88 (d, J = 6.5 Hz, 6 H), 1.96-2.08 (m, 1 H), 2.67 (d, J
=7.0Hz, 2H),4.22 (5,3 H),7.99 (s, 1 H), 844 (s, 1 H).
20

4-Dimethylamino-6-methyl-pyridine-2-carboxylic acid

—N 0
\ /" o4
~—N
\

a) A solution of 4-bromo-2-methyl-pyridine (735 mg, 4.14 mmol) in methanol {80
mL) and H,SO4 (20 plL) is heated to reflux. A solution of (NH:)5.0s (3.78 g, 16.6
25 mmol) in water (6.5 ml) is added dropwise fo 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 aqg. NaS:0s solution. The mixture is furhier diluted with
sat. ag. NaHCOQO; solution and extracted twice with EA {2x300 mL). The combined
org. extracts are dried over MgSOs., filtered and concentrated. The crude product is
30 purified by CC on silica gel eluting with heptane:EA 3:2 to give (4-bromo-6-methyi-
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pyridin-2-yl}-methano! (156 mg) as a white soiid; LC-MS: tg = 0.32 min, M+1]" =
201.93. |

b) To a soiution of (4-bromo-8-methyl-pyridin-2-yl)-methanol (3.13 g, 15.5 mmot} in
acetone {400 mL), KMnO,4 (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, 3H), 7.58 (s, 1 H), 7.85 (3, 1 H).

¢) 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
NaHCOs and sat. ag. NaHCO; solution and fhen extracted three times with diethy!
ether. The combined org. extracts are dried over MgSQy, filtered and concentrated.
The crude product is purified by CC on siiica gel eluting with heptane:EA 3:2 to give
4-bromo-6-methyi-pyridine-2-carboxyiic acid ethyl ester (2.42 g) as a yellow oil; LC-
MS: tr = 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 68 N ag. HCI (100 mk) 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 hydrochioride (100
mg, 0.398 mmol) in butanol (6 mL), dimethylaming (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 0 give 4-dimethylamino-6-methyl-pyridine-2-carboxylic
acid (102 mg) as dimethylammonium salt in form of a yellow oil; LC-MS: tr = 0.48
min, M+1]" = 181.07. This material is dissolved in DCM (5 mL), methanol (0.5 mL)
and triethylamine (5 mbL). The solution is stirred for 5 min at rt before it is

61
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concentrated and dried under HV to give the title compound (125 mg) as
triethylammonium salt in form of a pale veliow oil. 'H NMR (Ds-DMSQ): 61.20 (t, J
=7.3Hz, 18 H),3.08(q,J=7.0Hz, 12 H), 317 (5,6 H),6.80 (s, 1 H), 7.14 (s, 1 H),
9.75 (s br, 2 H).

4-Diethylamino-6-methyl-pyridine-2-carboxylic acid

NN
/N[
== OH

The title compound is prepared in analogy to 4-dimethylamino-6-methyl-pyridine-2-
carboxylic acid using diethytamine; LC-MS: tz = 0.57 min, [M+1]" = 209.08.

4-(isopropyl-methyl-amino)-6-methyl-pyridine-2~carboxylic acid

w/
>N/ \__/
== QOH

The title compound is obtained as a ftriethylammonium salt in anaiogy to 4-
dimethylamino-6-methyl-pyridine-2-carboxylic acid using isopropyi-methylamine;
LC-MS: tz = 0.57 min, [M+1]" = 209.08. *H NMR (CDCl3): 6 1.30 (d, J = 6.0 Hz, 6
H), 143 (&, J=73Hz, 9H), 2.74 (s, 3 H), 2.99 (s, 3 H), 3.15 (g, J = 7.3 Hz, 6 H),
4.34-4.47 (m, 1 H), 6.48 (s, 1 H), 7.54 (s, 1 H).

8-Methyi-4-methylamino-pyridine-2-carboxyiic acid
—NH

7\

=N OH

0

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 (CDCls): §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-lsopropylamine-6-methyl-pyridine-2-carboxylic acid

NH
O
/N
=N OH
5
The title compound is obtained in analogy to 4-dimethyiamino-6-meathyl-pyridine-2-
carboxylic acid using isopropylamine; LC-MS: tr = 0.60 min, [M+1] = 195.54.
6-Diethylamino-4-methyi-pyridine-2-carboxylic acid
—
/—N
N O
/N
—— OH
10

A solution of 8-diethylamino-4-methyl-pyridine-2-carbonitrile (100 mg, 0.528 mmol)
in 25% ag. HCI is stirred at 90°C for 18 h. The mixture is diluted with water and
extracted with EA. The pH of the ag. phase is adjusted to pH 11 by adding 1 N aq.
NaOH soiution and the mixture is extracted with EA. The pH of the ag. phase is
15 adjusted to pH 7 by adding 1 N HC! and the solvent is evaporated. The residue is
suspended in DCM/methanol. The suspension is fillered and the filtrate is
concenirated and cried to give the title compound (130 mg) as & white solid; LC-
MS: tz = 0.57 min, [M+1]* = 209.01; "H NMR (De-DMSO): §1.12 (t, J = 7.0 Hz, 6 H),
2.31(s,3H),357 (g, J=7.0Hz, 4 H),6.82(s,1H),7.12 (s, 1 H).

20
6-Bromo-4-methoxy-pyridine-2-carboxylic acid
—0
O
7\
==N OH
Br

a) Methano! (1.48 g, 46.1 mmol) is siowly 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 fo 14°C. The mixture is stirred at rt for 3 h before the reaction is
guenched with sat. ag. NHsCl solution. The mixiure 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 8-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 ag. K,COs-solution {20 mL), 2,4 6-trivinyleyclotriboroxane pyridine
complex {3.19 g, 13.2 mmol) is added and the mixture is degassed and put under
Nz before Pd(PPhs)s (460 mg, 0.388 mmol) is added. Tne mixiure is stirred at 85°C
for 2 h before it is again cooled to ri, diluted with water and extracted with EA. The
org. extract is dried over MgSOQ,, 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-
B-vinyi-pyridine (4.50 g) as a yeliow 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), KMnOy4 (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 concentraied. The residue is dissolved in 10% aq. citric acid solution and water
and is then extracted twice with EA. The combined org. extracts are dried over
MgSQ., filtered, concentrated and dried to give the title compound (1.60 g) as a
pale yellow solid. LC-MS™: iz = 0.68 min, [M+1]" = 231.83.

N-Hydroxy-2-methyl-isonicotinamidine

H

HN
N\OH

S

==

N



10

15

20

25

30

65 1.24* 337.18 15 ny

WO 2009/024505 PCT/IB2008/053269
85

a) A suspension of 2-methyl-pyridine-4-carboxylic acid (1.0 g, 7.29 mmol) in
methanol (50 mL) and H:S0s (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 fo give methyl 2-methyl-pyridine-4-carboxylate; LC-MS: tr = 0.39
min, [M+1]" = 152.05. This material is dissolved in 7 N NHj 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-methyi-isonicotinamide (2.12 g) as a brownish
solid. To & 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 trifluorcacetic 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 i3
separated and washed with 5% aq. citric acid solution followed by sat. ag. NaHCO;
solution. The washings are extracted back twice with DCM. The combined org.
extracts are dried over MgSQs,, filtered and concentrated. The crude product is
purified on prep. TLC plates with heptane:EA 4:1 to give 2-methyi-isonicotinonitrile
(330 mg); LC-MS: tr = 0.55 min, [M+1]" = 119.13.

b) To a solution of 2-methyi-isonicotinonitriie (330 mg, 2.78 mmol) in methano! (12
mL), hydroxylamine hydrochloride (388 mg, 5.59 mmol) and NaHCO; (469 mg, 5.58
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: tr = 0.55 min, [M+1]" = 152.25.

N-Hydroxy-2,6-dimethyl-isonicotinamidine

= NH

N
\/ NH
HO

To an ice-cooled solution of potassium tert.-butylate (1.25 g, 11.7 mmol) in
methanol (20 mL), hydroxylamine hydrochlioride (773 mg, 11.1 mmol) is added. The
suspension is stirred for 30 min before 2,6-dimethyi-4-cyano-pyridine (480 mg, 3.71

mmol) is added. The mixiure 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-DMSQ): &
243 (s,6H),5.88(s,2H),7.30 (s, 2H), 9.80 (s, 1 H).

5 2-Ethyl-N-hydroxy-6-methyl-isenicotinamidine
e 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.-butyt.ester) in 7 N NHz in methanol
(50 mL) is stirred in a sealed vessel at 60°C for 20 h. The soivent is evaporated and
10 the residue is suspended in diethy! ether. The solid material is coliected, washed
with additional diethyl ether and dried under HV io 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 (Dg-DMSO): 123 (t, J= 7.5 Hz, 3H),2.49(s,3 H),2.75(q, J=7.8 Hz, 2
H), 7.44 (8,2 H), 7.59 (s br, 1 H), 8.11 (s br, 1 H).
15
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, 434
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% ag. citric acid
20 solution followed by sat. ag. NaHCOgs-solution. The washings are extracted twice
with DCM. The combined org. extracts are dried over MgSQs, filtered and
concenirated and briefly dried under HV o give 2-ethyi-4-cyano-5-methyl-pyridine
(2.65 g) as a colourless liguid; LC-MS: {r = 0.58 min, [M+1]" = 147.06; 'H NMR
(CDCls): 61.33(t, J=7.5Hz, 3H),2.61(s,3H), 286 (g, J=7.8Hz 2H), 7.21 (s,
25 2 H).

¢} To an ice-cooied solution of potassium tert.-butyiate (7.11 g, 83.4 mmol) in
methano!l (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,
30 18.1 mmol) is added. The mixture is refluxed for 3 h before it is filtered. The fitrate
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is evaporated to dryness and the resulting solid is dissoived in water (30 mL) and
extracted with EA (3x150 mL). The combined org. exiracts are concentrated and
dried under HV io give 2-ethyi-N-hydroxy-6-methyl-isonicotinamidine (3.43 g) as &
white powder; LC-MS: tg = 0.31 min, [M+1]* = 180.07; 'H NMR (Ds-DMSQ) 61.22
(t, J=75Hz,3H),244 (5,3 H),271 (g, J=75Hz, 2H), 589 (s, 2H), 7.31 (s, 2
H), 8.87 (m, 1 H).

N-Hydroxy-2-isopropyl-6-methyl-isonicotinamidine
H

HNg N
“OH

=
| P
The title compound is prepared in analogy to 2~ethyi-N~hydroxym6~methyi~
isonicotinamidine starting from Z2-isopropyl-6-methyl-isonicotinic acid ethyl ester;
LC-MS: tr = 0.42 min, [M+1]" = 194.08; 'H NMR (Ds-DMSO): §1.22 (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

HNy N
“OH

s

| g
The title compound is prepared in analogy to 2-ethyl-N-hydroxy-8-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, 2 H), 7.17 (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. NaHCO; solution and then
extracted three fimes with EA (3x250 mL). The combined org. extracts are dried
over MgSQ., filtered, concentrated and dried to give 2-chioro-6-methoxy-
isonicotinic acid ethyl ester {4.32 g) as a white solid; LC-MS: z = 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-chioro-6-methoxy-isonicotinic acid
ethyl ester {5.37 g, 24.9 mmoal) 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 guenched by carefully adding water. The mixture is diluted further
with water, filtered over celite and the filirate is extracted with EA (2x250 mL}. The
combined org. extracts are dried over MgSQ, 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 ethy! ester (4.10 g) as a colouriess oil; LC-MS:
tr = 0.92 min, [M+1]" = 195.93. "H NMR (CDCl3): §1.41 (t, J = 7.3 Hz, 3 H), 2.52 (s,
3H),3.97(3,3H),439(q, J=7.3Hz,2H),7.12(s, 1H),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-methyi-isonicotinic acid ethyl ester; LC-
MS: tr = 0.43 min, [M+1]" = 181.96. "H NMR (CDCl;): §2.49 (s, 3 H), 3.95 (s, 3 H),
4.89 (s, 2H),875(s, 1H), 698 (s, 1H),803(sbr, 1H)

2-Dimethylamino-N-hydroxy-6-methyl-isonicotinamidine
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a) A solution of 2,6-dichloroisonicotinonitriie (2.50 g, 14.5 mmol) in 2 N MezNH in
THF {20 ml} is stirred in a sealed vesse! 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. ag. NaHCOs-solution (50 mL), dried over Na,8Q;,, fitered 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 aqg. 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 NaySQO,, 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 (6899 mg) as a brownish oil which
slowily solidifies; LC-MS: {r = 0.50 min, [M+1]" = 162.05.

b) To an ice-cooied solution of potassium tert.-butyiate (1.71 g, 15.2 mmai} in
methanol (50 miL), hydroxylamine hydrochloride (905 mg, 13.02 mmol) is added.
The suspension is stired for 30 min before 2-dimethylamino-8-methyi-
isonicotinonitrile (699 mg, 4.34 mmol) is added. The mixture is refluxed for 2 h
before it is evaporaied. The residue is dissolved in a small amount of water and
separated by MPLC on RP-Cig-silica gel to give 2-dimethylamino-N-hydroxy-6-
methyl-isonicotinamidine (284 mg) as a brownish resin; LC-MS: g = 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-methyi-isonicotinic acid methy! ester (400 mg,
2.21 mmol) in 7 N NH3 in methano! (25 mL} is stirred in & sealed vessel at 70°C for
5 24 h. The mixture is cooled to rt, the solvent is removed in vacuo and the residus is

dried under HV to give crude 2-hydroxymethyl-6-methyl-isonicotinamide (400 mg)
as a paie yellow solid; LC-MS: tr = 0.21 min, [M+1]" = 167.01; "H NMR (Ds-DMSO):
6250 (s,3H),4.56(d, J=55Hz,2H),544 (t, J=5.8Hz, 1 H), 749 (s, 1 H), 7.58
{sbr,1H) 7.67 (s, 1 H), 8.16 (s br, 1 H).

10
b} To a suspension of 2-hydroxymethyl-8-methyl-isonicotinamide (320 mg, 2.38
mmol} and pyridine (922 mg, 9.50 mmol) in DCM (80 mL}, trifiucroacetic 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

15  washed twice with sat. ag. NaHCOs-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 crude 2-hydroxymethyl-6-methyl-isonicotinonitrile
(544 mg, contains pyriding) as a brownish oi!_; LC-MS: tg = 0.54 min, M+17" =
148.99; 'H NMR (CDCla): §2.66 (s, 3 M), 3.48 (s br, 1H), 5.48 (s, 2 H), 7.41 (s, 2

20 H).

¢) To a solution of cruce 2-hydroxymethyi-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 soiution is
25 refluxed for 2 h. The resulting suspension is cooled to rt and filtered. The solveni
filtrate is evaporated and the remaining residue is suspended in water, filiered off,
washed with additional water and dried under HV fo give N-hydroxy-2-
hydroxymethyi-6-methyl-isonicotinamidine (235 mg) as a beige powder; LC-MS: i
= 0.17 min, [M+1]" = 182.01; 'H NMR (Ds-DMSO): §2.45 (s, 3 H), 4.52 (d, /= 5.8
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N-Hydroxy-6-iscbutyl-5-methyl-nicotinamidine

— NH

\N / NH

5 HO
a) To a solution of B-isobutyl-5-methy!-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
mbL, 3.05 mmol) is added. Stirring is continued for 2 h at rt. The mixiure is

10 concentrated to give crude B-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, 5.84 mmol) is added
dropwise at 0°C. The mixiure is siirred 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. ag.

15 NazCOs-solution, dried over MgSQy, 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, 68 H), 2.20 (hept. J = 7 Hz, 1 H), 2.38 (s, 3
H), 274 (d, /=73 Hz, 2H), 769 (5,1 H),8867 (5,1 H)

20
D) To an ice-cooled solution of potassium tert.-butylate (284 g, 2.53 mmol) in
methano! (4 mbL), hydroxyiamine hydrochloride (151 mg, 2.17 mmol) is added. The
suspension is stirred for 30 min before 6-isobutyl-5-methyi-nicotinonitrile (126 mg,
0.723 mmol) is added. The mixture is refluxed for 1 h before the solvent is

25 evaporated. The residue is dissolved in sat. ag. NaHCOs-soiution (10 mL) and
extracted with EA (3x15 mL). The combined org. exiracts are dried over MgSOy,
filtered, concentrated and dried under HV to give N-hydroxy-6-isobutyl-5-methyl-
nicotinamidine (143 mg) as a white solid; LC-MS: tz = 0.56 min, {M+1]" = 208.13; 'H
NMR (CDCl3): §0.97 (d, J=6.8 Hz, 6 H), 2.16 (hept, = 7.0 Hz, 1 H), 2.36 (s, 3 H),

30 2.72(d,J=73Hz, 2H),491(s,2H),7.70(d, J= 1.3 Hz, 1 H), 8.66 (d, J= 1.8 Hz,
1 H).
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N-Hydroxy-4,5-dimethyl-pyridine-2-carboxamidine

N  NH
/N

S NH
/

HO
a) Trimethytboroxine (2.84 g, 22.6 mmol), Cs,CO3 (9.58 g, 29.4 mmol) and tri-
5 tert.butyl phosphine (183 mg, 905 umol) is added to a solution of 5-bromo-4-methyi-
pyridine-2-carboxylic acid ethyl ester (5.52 g, 22.6 mmol, see 5-isobutyil-4-methyi-
pyridine-2-carboxylic acid) in dioxane (100 mL). The mixture is degassed and put
under argon before Pdx(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
10 trimethylboroxine (2.84 g, 22.6 mmol}, Cs;CO3 (9.58 g, 29.4 mmot), Pdx(dba)s (414
mg, 452 pmol) and tri-tert.butyl phosphine (183 mg, 905 pmol) 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,COs solution (2x25 mL)
followed by brine (2x25 mL). The org. extract is dried over MgSO,, filtered and
15  concentrated fo give crude 5,6-dimethyl-pyridine-2-carboxilic acid ethy! ester; LC-
MS: tr = 0.57 min, [M+1]" = 166.04.

b) The titie compound is prepared from the above 5,8-dimethyl-pyridine-2-carboxiiic
acid ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyi-

20  isonicotinamidine; LC-MS: tg = 0.48 min, [M+1]" = 166.05; "H NMR (CDs0OD): §2.31
(s,3H), 233(s,3H),766(s,1H),829 (s, 1 H).

5-Ethy!-!\l-hydroxy-é-methyi-pyridine-Z-earboxamidine

N NH
/N

= NH
/

HO
25  a) 5-Ethyl-4-methyl-pyridine-2-carboxylic acid ethy! ester is prepared in anzlogy to
5-isobutyl-4-methyl-pyridine-2-carboxylic acid ethy! ester siarting from 2,5-dibromo-
4-picoiine; LC-MS: tg = 0.70 min, M+1]" = 193.99; "H NMR (CDClg): 6125 (t, J =
7.8Hz 3H), 145 J=7.0Hz, 3 H),2.39(s,3H), 272 (g, J=7.5Hz, 2 H), 448
(g, J=7.0Hz, 2H),7.92 (s, 1 H), 8.49 (s, 1 H).
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b) The title compound is prepared from 5—éthyi-4-methyl~pyridine~2~carb0xyiic acid
ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-isonicotinamidine;
LC-MS: t = 0.54 min, [M+1]" = 180.01; "H NMR (CDCls): §1.25 {t, J = 7.5 Hz, 3 H},
2.35(s,3H),269(q, J=75Hz,2H),577(sbr,2H),7.75 (s, 1 H), 832 (s, 1 H).

N-Hydroxy-5-isobutyl-4-methyl-pyridine-2-carboxamidine
N NH

/N

S NH
/

HO
The fitle compound is prepared in analogy to N-hydroxy-2-hydroxymethyi-6-methyl-
isonicotinamidine starting from 5-isobutyi-4-methyl-pyridine-2-carboxylic acid ethyl
ester; LC-MS: tg = 0.67 min, [M+1]" = 208.01; 'H NMR (CD3;0OD): §0.97 (d. J = 6.8
Hz, 6 H), 1.84-1.96 (m, 1 H), 2.37 (s, 3 H), 258 (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
Q
\
The title compound is prepared from 4-methoxy-5-methy!-pyridine-2-carboxylic acid

ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-isonicotinamidine;
LC-MS: iz = 0.48 min, [M+1]" = 181.96.

N-Hydroxy-5,6-dimethyl-pyridine-2-carboxamidine

N NH

/N

— NH
HO

a) Dimethy! zink {(4.58 g, 48.0 mmol) is added to a soiution of 5-bromoe-6-methy!-
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) (382 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 ag. HCI, the org.
phase is separated and the aq. phase is extracted with EA (3x100 mL) and DCM
(2x75 mlL). The combined org. extracts are dried over NaySQ, filtered and
concenirated, The crude product is purified by MPLC on silica gel (heptane:EA
gradient) to give 5,6-dimethyi-pyridine-2-carboxylic acid ethyl ester (434 mg) as a
brownish oif; LC-MS: tg = 0.61 min, [M+1]" = 179.98, "H NMR (CDCls): §1.45 (t, J =
7.0Hz,3H),237 (5,3 H),262(s,3H),448(q, /=73 Hz,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 35,6-dimethyl-pyridine-2-
carboxylic acid ethyl ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyl-
isonicotinamidine; LC-MS: tg = 0.49 min, [M+1]" = 166.03.

5-Ethyl-N-hydroxy-6-methyl-pyridine-2-carboxamidine

N NH
/N

= NH
HO

a) Diethyt zink (9.78 g, 79.2 mmol) is added fo 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-8-methy!-pyridine-2-carboxylic acid ethyl ester) and Pd{dppf) (461 mg,
0.565 mmol) in dioxane (250 mL). The mixiure is stirred at 80°C for 18 h before itis
cooled to rt, diluted with ice-water (150 mL) and EA (250 mL} and acidified with 2 N
aq. HCl. The org. tayer is separated and the aq. phase is extracted with EA (3x100
mL) and DCM (4x100 mL}. The ag. phase is neutralised by adding sat. ag. NaHCO;
solution and is again extracted with DCM {(4x75 mL}. The combined org. extracis
are dried over MgSQ,, 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-methyi-
pyridine-2-carboxytic acid isopropy! ester (7.08 g) as a pale yeliow oil; LC-MS: ig =
0.77 min, IM+1]" = 207.99. "H NMR (CDCl3): 61.25(t, J=7.5Hz, 3 H), 141 (d, J=

(
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6.3 Hz, 6 H), 2.83 (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-methyi-pyridine-2-
carboxylic acid isopropyi ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyi-
isonicotinamidine; LC-MS: 1z = 0.49 min, [M+1]" = 180.01; "H NMR (CDCls): §1.24
(t, J=7.5Hz, 3H),256(s,3H), 267 (q.J=7.5Hz, 2H), 577 (s br, 2H), 7.46 (d,
J=80Hz 1H),7.72(d, J=7.8 Hz, 1 H), 825 (s br, 1 H).

N-Hydroxy-5-isobutyl-6-methyl-pyridine-2-carboxamidine

NH
7\

S NH
/

HO
The titte compound is prepared from 5-isobutyl-6-methyl-pyridine-2-carboxylic acid
ethy! ester in analogy to N-hydroxy-2-hydroxymethyl-6-methyi-isonicotinamidine;
LC-MS: tr = 0.72 min, [M+1]" = 208.52; 'H NMR (CDs0OD}: §0.96 (¢, J = 6.5 Hz, 6
M}, 1.86-1.97 (m, 1 H), 2.54-2.58 (m, 5 H), 749 (d, J=8.0Hz, 1 H), 7.862 (d, /= 8.0
Hz, 1 H).

N-Hydroxy-4,6-dimethyl-pyridine-2~-carboxamidine
N NH
/N

= NH
/

HO
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-isobutyi-4-methyl-pyridine-2-carboxamidine

77
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N  NH
7\

S NH
/

HO
The title compound is prepared from 6-isobutyl-4-methyi-pyridine-2-carboxylic acid
in analogy to N-hydroxy-2-methyl-isonicotinamiding; LC-MS: iz = 0.63 min, [M+1]" =
208.29.

N-Hydroxy-4-isobutyl-6-methyl-pyridine-2-carboxamidine

NH

/N

==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-
10 isonicotinamidine; LC-MS: iz = 0.66 min, M+1]" = 208.01.

4-Diethylamino-N-hydroxy-6-methyl-pyridine-2-carboxamidine

The title compound is prepared from 4-diethylamino-6-methyl-pyridine-2-carboxytic
15 acid in analogy to N-hydroxy-2-methyi-isonicotinamidine; LC-MS: ir = 0.57 min,
IM+1]" = 223.02.

N-Hydroxy-6-methyl-4-methylamino-pyridine-2-carboxamidine
—NH
2

==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 fo  N-hydroxy-2-hydroxymethyl-6-methyi-
isonicotinamidine; LC-MS: tz = 0.48 min, [M+1]" = 181.59; 'H NMR (CDCls): §2.44
(s,3H),288(d, J=48Hz, 3H),423(sbr, 1H),569(sbr,2H),634(d, /=20
5 Hz 1H),86.93(d, J=23Hz 1H).
The dehydration of 6-methyl-4-methyiamino-pyriding-2-carboxylic acid amide (LC-
MS: tr = 0.42 min, [M+1]" = 166.07) with trifiuoroacetic anhydride furnishes N-(2-
cyano-6-methyi-pyridin-4-yi}-2,2, 2-trifiuoro-N-methyi-acetamide (LC-MS: {r = 0.87
min, [M+1]" = 243.96; 'H NMR (CDCls): §2.69 (s, 3 H), 3.48 (s, 3 H), 7.36 (d, J =
10 1.3 Hz, 1 H), 752 (d, J = 1.3 Hz, 1 H)} which upon treatment with hydroxylamine
hydrochioride gives the title compound.

6-Diethylamino-N-hydroxy-4-methyl-pyridine-2-carboxamidine

I\
=N NH
/—N HO
)

15 a) In a sealed vial, a solution of 2,6-dichioro-4-picoline (1.80 g, 11.1 mmai) 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 mlL) and washed
with 1 N KHSQ,, solution. The washings are extracted back with EA (100 mL) and
the combined org. exiracis are dried over MgSOy, filtered and concenirated. The

20  crude product is purified by CC on silica gel eluting with heptane:EA 95:5 1o give (6-
chloro-4-methyi-pyridin-2-yi)-diethyl-amine (1.15 g) as a colourless solid; LC-MS: tr
= 1.05 min, [M+1]" = 198.97. '

~b) To a solution of {B-chloro-4-methyl-pyridin-2-yb)-diethyl-amine (5.35 g, 26.9

25 mmol}in DME (75 mL), 2,4,8-trivinyicyciotriboroxane pyridine complex (6.48 g, 26.9
mmol, prepared according to F. Kering, D. F. O'Shea J. Org. Chem. 67 (2002)
4968-4971) followed by 2 M ag. KoCOsz solution (25 mL) is added. The solution is
degassed and put under argon before Pd(PPhs)s (6560 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. exiract ts dried over
MgSQ., filtered and concentrated. The remaining yellow oil is purified by prep.
HPLC to give diethyl-(4-methyl-8-vinyl-pyridin-2-y)-amine (1.51 g) as a colourless
oil: LC-MS: t = 0.68 min, [M+1]" = 191.05. "H NMR (CDCls): 61.20 (1, J=7.0 Hz, 6
H), 2.25 (s, 3 H), 3.56 (g, J = 7.0 Hz, 4 H), 532 (ad, 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).

¢) A solution of diethyl-(4-methyl-6-vinyl-pyridin-2-yl}-amine (457 mg, 2.40 mmol),
N-methyl-morphaline-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. exiract is dried over MgSO,, filtered and concentrated to give crude 1-(6-
diethylamino-4-methy!-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 (CDCl3): §1.20 (t, J = 7.0 Hz, 6 H), 2.27 (s,
3 H), 351 (g, 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 M), 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, (857 mg, 4.01 mmol) in THF (18 mL) and
water (3 mL) is stirred at rt for 7 h before another portion of NalQ, (524 mg, 2.45
mmol) is added. Stirring is continued for 16 h. The mixure is diluted with EA,
washed with water, dried over MgS0O., filtered and concentrated to give crude 6-
diethylamino-4-methyi-pyridine-2-carbaidehyde (427 mg) as a green oil; LC-MS: (g
= 0.55 min, [M+1]" = 193.01; "H NMR (CDCls): 61.22 (1, J=7.0 Hz, 6 H), 2.34 (s, 3
H), 360 (g, J=7.0Hz, 4 H),6.49 (s, 1 H),7.04 (s, 1 H), 8.88 (s, 1 H).

d) A solution of 8-diethylamino-4-methyl-pyridine-2-carbaldehyde (427 mg, 2.22
mmol) and hydroxylamine hydrochioride (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 o 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) foliowed by sat. ag. NayCOs solution. The org. extract is
dried over MgSQ,, filtered and concentrated. The crude product is purified by CC
on silica gel eluting with heptane:EA 7:3 1o give 6-diethylamino-4-methyl-pyridine-2-
carbonitrile (329 mg) as a pale vellow solid; LC-MS: tz = 1.02 min, [M+1]" = 190.02.
'H NMR (CDCla): §1.19(t, J=7.0 Hz, 6 H), 2.28 (s, 3 H), 3.52 (g, 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-diethyiamino-4-methyl-pyridine-2-carbonitrile
(238 mg, 1.26 mmol) is added. Stirring is continued at rt for 18 h before the soivent
is evaporated. The residue is dissolved in 1 N ag. HCIl. The solution is extracted
with EA. The pH of the ag. phase is adjusted to pH ~9 by adding sat. ag. NaHCOs.
The mixture is extracted with EA and the org. extract is dried over MgSOy, filtered,
concentrated and dried to give 6&-diethylamino-N-hydroxy-4-methyi-pyridine-2-
carboxamidine (241 mg) as a yellow oil; LC-MS: iz = 0.69 min, [M+1]" = 223.05.

2,6-Dimethyl-iscnicotinic acid hydrazide
H

A e,
<

LA

To a solution of 26-dimethyl-isonicotinic acid {(1.5¢ 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 ri for 2 h before it is diluted with EA:diethyl ether 1.1 and washed with 1 N
aq. NaOH solution. The washing is extracted three times with DCM, acidified and
extracted again with DCM. The combined org. extracts are dried over MgSQOs,
filtered and concentraied fo give crude N'-(26-dimethyl-pyridine-4-carbonyl}-
hydrazinecarboxyiic 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-Cyg
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2-Ethyl-6-methyl-isonicotinic acid hydrazide
H

O N,

AN

»
5 N
The title compound is prepared in analogy to 2,6-dimethyl-isonicotinic acid

hydrazide hydrochloride starting from 2-ethyl-8-methyi-isonicotinic acid; 'H NMR &
146 (t, J=7.6 Hz, 3H), 2.87 (s, 3 H)}, 3.15(q, J= 7.6 Hz, 3 H), 8.14 (5, 1 H), 8.16

_ {s, 1 H).
10
2-isobutyl-6-methyl-isonicotinic acid hydrazide
H
© N\NHQ
=
| - |

To a solution of 2-isobutyl-6-methyl-isonicotinic acic (83 mg, €.359 mmol) and
DIPEA (186 mg, 1.44 mmol) in DMF (6 ml) is added TBTU (127 mg, 0.385 mmol)

15  airt. 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 ag. HCI (3 x & mL), 1M ag. NaOH (3 x 5 mL) and
brine (5 mL). The org. phase is separated, dried over MgSQs, fitered and
evaporated. The crude product is purified on prep. TLC plates with DCM containing

20 4% of methanol to give 2-isobutyl-8-methyl-isonicolinic acid hydrazide (37 mg) as a
yellow oil; LC-MS: tr = 0.44 min, [M+1]" = 208.10.

2-(1-Ethyi-propyl}-8-methyl-isonicotinic acid hydrazide
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The title compound is prepared in anajogy to 2-isobutyl-6-methyl-isonicotinic acid
hydrazide starting from 2-(1-ethyl-propy!)-6-methyi-isonicotinic acid; LC-MS: g =
0.49 min, [M+1]" = 222.02.

2-Diethylamino-6-methyl-isonicotinic acid hydrazide
' H
O\/N\N H,

Ry

|

N" a\(\
The titie compound is prepared in anzalogy to 2-isobutyl-6-methyl-isonicotinic acid
hydrazide from 2-diethylamino-6-methyl-isonicotinic acid; LC-MS: ir = 0.47 min,
[M+1]" = 223.14.

General Method for the Preparation of 3,5-Dipyridyi-[1,2,4]oxadiazoles
N

NN
AN O
O*—N/ A

To a solution of the appropriate pyridine carboxyiic acid {1 eg.) 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. ag. NaHCO;-
solution. The mixture is extracted with diethy! ether, EA or DCM. The org. extracts
are dried over MgSQ,, filtered and evaporated to give the crude hydroxyamiding
ester. This material is dissolved in dioxane and the resuliing solution is stirred at

-0
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70-90°C for 4 10 24 n. The solvent is removed in vacuo and the crude product is
purified by either CC on silica ge!l, chromatography on prep. TLC plates or by HPLC
to give the desired 3,5-dipyridyl-[1,2,4loxadiazol in 30-80% yield.

5 General Method for the Preparation of 2,5-dipyridyl-[1,3,4]thiadiazoles
/
N\N \/

To a solution of the appropriate pyridine-carboxylic acid (1 eq.) and DIPEA (3 eq.)
in DCM (20 mb/mmot)}, TBTU (1 eqg.) is added. The mixture is stirred for 5 min
before the appropriate pyridine-carboxyiic acid hydrazide (1 eq.) is added. The

10 mixture is stirred at rt for 1 h before it is diluted with DCM, washed with water, dried
over MgSQy, filtered and concentraied. The remaining residue is dissolved in THF,
lLawesson’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 sal. ag.
NaHCOs;, and concentrated. The crude product is purified by chromatography on

15 prep. TLC plates or by prep. HPLC to give the desired 2,5-dipyridyi-
11,3 4lthiadiazoie in 3-44% yield.

Examples 1 to 27
Pyridine’wa
Pyridine?
o\N/>‘ y

20 Following the general method for the preparation of 3,5-dipyridyl-[1,2 4]oxadiazoles,
the following examples are prepared:

LCMS Amount
Ex. No. | Pyriding' Pyridine? _ .
yrar Y | trmin] [MH] Eom
(as acid) (as hydroxyamiding)
1 N g 7 W 0.59 |295.06 32 mg
— white solid
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0.62

309.11

22 mg
white solid

0.72

337.16

44 mg
pale yellow

resin

4

N

=

0.60

311.11

89 mg
off-white
solid

0.77

337.13

68 mg
pale yellow
resin

0.63

309.03

42 mg
colouriess

il

-
e

\ /

N

=

0.67

323.12

4 mg
colouriess
oil

0.68

323.16

37 mg
white solid
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|
g N /N / \N 0.70 337.13 575 mg
Y .
colourless
resin
10 NG /W 079 36517 | 70mg
- white soiid
11 N\_/ ---------- / \N 0.69 339.15 96 mg
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---------- 87 52.17
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—N crystalline
> solid
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22 N\. Van N 0.69 381.18 20 mg
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Example 1: 'H NMR (CDCls): 61.40 (1, J = 7.5 Hz, 3 H), 2.86 (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 Mz, 6 H), 1.40 (t, J = 7.5 Hz, 3 H),
2.19 (hept, J = 8.5 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 (8,1 H), 7.73 (s, 1 H), 7.75 (s, 2 H).

Example 4: *H NMR (CDCls) 6 1.40 (1, J = 7.5 Hz, 3 H), 2.70 (s, 8 H), 2.96 (g, 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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B ZNOZ

(ecl@]

&

%00



Anmount Forrﬁ_ 91 0.73 ? 294.96 35 ng white solid - 92 / 0.82

323.00 43 ng white solid )

10

15

20

25

WO 2009/624905 PCT/IB2008/053269
107

Example 6: ‘H NMR (CDCls): §1.03 (t, J = 7.5 Hz, 3 H), 1.77-1.89 (m, 2 H), 2.66
(5,6 H), 2.89 (s, 3H), 2.88 (t, J= 7.5 Hz, 2 H), 7.72 (s, 3 H), 7.74 (5, 1 H).

Example 13: 'H NMR (Deg-DMSO): §0.92 (d, J = 6.5 Hz, 6 H), 1.1 (t, J = 6.8 Hz, 3
H), 2.06-2.17 (m, 1 H), 2.41 (s, 3 H), 2.80 (s, 3 H), 2.72 (3, J = 7.0 Hz, 2 H), 3.06 (s,
3H), 3.83(q, J=7.0Hz, 2 H), 8.98 (s, 1 H), 7.04 (s, 1 H), 7.73 (s, 1 H), 7.80 (s, 1
H).

Example 14: 'H NMR (CDCls): §0.98 (d, J = 6.5 Hz, 8H), 0.99 (d, J = 6.3 Hz, 8H),
2.43-2.28 (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): 62.51 (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): 61.21 (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,
1 H),7.05(s, 1 H), 7.12 (s, 1 H), 7.15 (s, 1 H).

Example 25: 'H NMR (GDCls): §1.01 (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 (g, J =
7.5Hz, 2 H), 7.73 (s, 2 H), 8.22 (s, 1 H), 9.20 (s, 1 H).

Example 27: 'H NMR (CDCla): §1.00 (d, J = 6.5 Hz, 6 H), 1.38 (¢, 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 =

7.5 Hz, 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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a) 2-Chloro-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2 4Joxadiazol-5-y[}-6-methyi-pyri-
dine (1.68 g) is obtained as a white solid foliowing the general method for the
preparation of 3,5-dipyridyl-[1,2,4]loxadiazoles starting from 2-chioro-6-methyi-
isonicotinic acid (1.70 g, 9.91 mmol) and 2-ethyi-N-hydroxy-6-methyl-
isonicotinamidine (1.78 g, 9.91 mmol); LC-MS: tz = 0.79 min, [M+1]" = 315.03; 'H
NMR (CDCls): 6136 (t, J=7.5 Hz, 3H), 268 (5,3 H),272(s,3H), 294 (g, J=75
Hz, 2H), 7.73 (s, 2 H), 7.88 (s, 1 H), 7.96 (s, 1 H).

b) To a solution of 2-chioro-4-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4joxadiazol-5-yi}-
6-methyl-pyridine (1 eq.), sodium tert.-butylate (5 eq.) and the appropriate amine (5
£q.) in dioxane (5-10 mbL/mmol oxadiazol}, a degassed solution of Xaniphos (0.37
eq.}) in dioxane followed by Pd(OAc); (0.21 eq.) is added. The mixture is stirred at
80°C in 2 sealed vessel for 20 h before it is filiered. The filtrate is concentrated and
the crude product is purified by prep. HPLC or on prep. TLC plates.

Scale LC-MS Amount

Example | R

No [mmol] trimin]  [M+HT" Form

28 HN— 1.27 0.58 310.10 107 mg yeliow solid
29 0.953 0.81 324.12 70 mg yellow solid

HN_/ gy
30 HN—< 0.253 0.63 338.17 64 mg yellow solid
31 N/ 0.15¢8 0.83 32410 10 mg yeliow 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
L :

Example 28: 'H NMR (CDCl3): 61.39 (t, J = 7.5 Hz, 3 H), 2.52 (s, 3 H), 2.67 (s, 3
H), 2.93 (q, 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), 773 (s, 2 H).

Example 30: 'H NMR (CDCla): §1.32 (d, J = 6.0 Hz,  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 (g, J = 7.3 Hz, 2 H), 3.92-4.00 (m, 1
H), 8.97 (s, 1 H), 7.19 (s, 1 H), 7.73 (s, 2 H).

Examples 12, 13 and 34 to 38

L R
/\/[YN —
N

O-N

a) 2-lsobutyl-4-13-(2-chloro-6-methyl-4-pyridinyl}-{1,2 4joxadiazol-5-yl1-6-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-methyi-
isonicotinic acid (250 g, 109 mmol) and 2-chloro-N-hydroxy-6-methyl-
isonicotinamidine (2.69 g, 10.2 mmol); LC-MS*: tr = 1.30 min, [M+1]" = 343.07.

b) To a solution of 2-isobutyl-4-[3-(2-chioro-6-methyl-4-pyridinyl)-[1,2.4]oxadiazol-5-
yl]-8-methyi-pyridine (1 eg.}, sodium tert.-butylate (5 eq.) and the appropriate amine
(5 eq.} in dioxane (5-10 mL/mmol oxadiazol), & degassed solution of Xaniphos
(0.37 eq.) in dioxane followed by Pd(OAc). (0.21 eq.) is added. The mixture i
stired 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] | vl IMeHT Form

No. R

34 HN— 0.159 0.97 338.08 3 mg pale yellow resin

35 0.159 1.11 380.17 4 mg pale yellow resin

HN_J/ g y

36 HN~< 0.159 1.08 386.14 9 mg pale yellow resin

12 N/ 0.159 |0.99 352.17 8 mg pale yeliow resin
\

13 N/’"" 0.159 1.05 366.17 | 4 mg pale yeliow resin
\

37 N/ 0.159 112 380.18 | 6 mg pale yellow resin
N

38 N/ 0.159 1.11 380.17 4 mg pale yellow resin

5 Examples 39 and 40

W@R
b

a) 2-lsobutyl-4-[3-(2-chloro-3-methyi-5-pyridinyl}-[1,2 4]oxadiazol-5-yl}-6-methyi-
pyridine (290 mg) is obtained as a white solid foliowing the general method for the
preparation of 3,5-dipyridyl-[1,2,4]loxadiazoles starting from 2-isobutyl-6-methy!-
10 isonicotinic acid (690 mg, 3.00 mmoi) and &-chioro-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 (CDCls): 60.88 (d, J=6.5 Hz, 6 H), 2.12-2.24 {m, 1 H), 2.50 (3, 3 H), 2.68 (s,
3H),277(d, J=73Hz, 2H), 767 (s, TH),7.73 (s, 1 H), 830 (s, 1 H), 9.00 (s, 1
H}.

b) To a solution of 2-isobutyl-4-[3-(2-chioro-3-methy!-5-pyridinyl)-[1,2,4]oxadiazol-5-
yl]-6-methyl-pyridine (1 eq.), Cs:CO;5 (2.5 eg.) and the appropriate amine (5 eg.) in
dioxane {5-10 mL/mmol oxadiazol), a degassed soiution of Xantphos (0.37 eg.}) in
dioxane followed by Pd(OAc), (0.21 eqg.) 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
Exampie | R fmmoi] Form
No. tg [min]  [M+H]"
39 HN-< 0.06 0.74 3686.15 | 2 mg pale yellow resin
40 N/ 0.06 0.74 352.13 | 3 mg pale yeliow resin
\

Example 40: 'H NVR (CDCls): §0.99 (d, J = 6.5 Hz, 6 H), 2.14-2.24 (m, 1 H}, 2.41
(3, 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

~N

A suspension of 2-ethyl-6-methyi-isonicotinic acid (80 mg, 0.397 mmol) in SOCIz (2
mL) is stirred at 65°C for 1 h. The now clear solution is concentraied and dried o
provide crude 2-ethyl-6-methyl-isonicotinic acid chioride. This material is dissolved
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in THF (4.5 mL) and treated with 1 M hydrazine in THF (1.59 mL, 1.5 mmol). The
mixture is stirred at rt for 15 h before it is diluted with diethyl ether, washed with 1 M
ag. HC! followed by 33% ag. KOM solution, dried over MgSQO,, filtered and
concenirated to give crude 2-ethyl-8-methyl-isonicotinic acid N-(2-ethyl-6-methyl-
pyridine-4-carbonyl)-hydrazide (38 mg) as a white solid; LC-MS: tr = 0.47 min,
IM+1]" = 327.41. This material is dissolved in DCM (5 mL) and pyridine (42 mg,
0.536 mmof)'foﬂowed by irifluoromethanesulfonic anhydride (81 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
watsr, dried over MgSQy;, 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-8-methyl-4-pyridinyl)-[1,3,4Joxadiazol-5-yli-6-methyi-pyridine (16 mg) as a
colouriess oil; LC-MS: tz = 0.59 min, [M+1]* = 309.13; "H NMR (CDCl3): §1.39 (t, J
=7.8Hz 6H), 268 (s, 6H), 294 (q,J=7.5Hz 4H),7.70 (s, 4 H).

Example 42

To a soiution of 2-isobutyl-6-methyi-isonicotinic acid hydrochioride (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-iscbutyl-6-
methyi-isonicotinic hydrazide (37 mg, 0.179 mmol) is added. Stirring is coniinued
for 2 h. The mixture is diluted with ether (200 mL) and washed with 10% aq. citric
acid solution {3 x 10 mL), sat. ag. NaHCOs-solution (3 x 10 mL) and brine (10 mL),
dired over MgSQ,, filtered and concentrated to give crude 2-isobutyl-6-methyi-
isonicotinic acid N'-(2-isobutyl-6-methyl-pyridine-4-carbonyl)-hydrazide (70 mg) as a
yeliow oil; LC-MS: {z = 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, 0.585 mmol}) followed
by trifiuoromethanesulfonic anhydride (37 mg, 0.131 mmol) is added at 0°C. The
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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 MgSOQOy, fillered and the solvent of the filtrate is gvaporated.
The crude product is purified by prep. TLC with heptane:EA 2:3 to give 2-isobutyl-4-
[2-(2-isobutyl-6-methyi-4-pyridinyl)-[1,3,4joxadiazol-5-yl}-6-methyl-pyridine (27 mg)
as a colourless oil; LC-MS: tr = 0.72 min, [M+1]" = 365.54; 'H NMR (CDCls): 60.99
(d,J=8.5Hz 12 H), 219 (hept, J=7.0 Hz, 2 H), 2.68 (5,6 H), 2.77 (d, J = 7.3 Hz,
4 H), 7.64 (s, 2 H), 7.69 (s, 2 H).

Exampie 43

)
/\/\OCN/ @

a) 2-Chloro-4-[3-(2-methyi-4-pyridinyi}-[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-chioro-6-methyl-isonicotinic acid
{499 mg, 2.91 mmol)} and N-hydroxy-2-methyi-isonicotinamidine (550 mg, 2.91
mmol); LC-MS: tr = 0.78 min, [M+1]" = 287.01.

b) To a solution of 2-chloro-4-[3-(2-methyl-4-pyridinyi)-[1,2,4joxadiazoi-5-yi]-6-
methyl-pyridine (200 mg, 0.698 mmol) in dioxane (10 ml), Pdidppf) (11 mg, 14
umol) and isobutyi zink bromide (2.8 mL, 0.5 M in THF) is added. The mixiure 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 o rt, diluied 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-pyridiny!)-
11,2, 4Joxadiazol-5-yl]-6-methyl-pyridine (22 mg} as a beige solid; LC-MS: tr = 0.71
min, [M+1]" = 309.12.

Example 44

0.

60
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To a soiution of 2-chloro-4-{3-(2-methyl-4-pyridinyl}-[1,2,4loxadiazol-5-yil-6-methyl-
pyridine (180 mg, 0.558 mmol, Example 43 a)) in dioxane (10 mL}, Cs,CO; (636
mg, 1.95 mmol) and diethylamine (204 mg, 2.79 mmol) is added. The mixture is
5 degassed and put under Nz 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 af
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-disthylamino-4-[3-(2-methyl-4-pyridinyl}-[1,2,4]oxadiazol-5-yl]-6-methy!-
10  pyridine (43 mg) as a yellow solid; LC-MS: tg = 0.66 min, [M+1]" = 324.15; 'H NMR
61.26 (1, J=7.0Hz, 8 H), 2.51 (s, 3H), 2.71 (s, 3H),3.63(q, J=7.0 Hz, 4 H), 7.01
(s, TH),7.09(s,1H),7.86(d, J=50Hz 1H),794 (s, 1H),871(d, J=5.0Hz1

H).

15 Examples 45 to 50
Pyridine’__N
\J)/ />——F°yr':dine2
~N

Foliowing the general method for the preparation of 3,5-dipyridyl-[1,2 4]oxadiazoles,
the foliowing exampies are prepared:

LOMS Amount
E le | Pyridine’ Pyridine?
xample | Pyridine yri tw [min] M+HT o
No (as acid) (as hydroxyamidine)
45 NG @ 1130 35116 | 17 mg
o yellow oif




= N WO 2009/ 024905PCT/ 1 132008/ 053269 126 101 0. 64 370.07
pal e yel |l ow solid N 1 102 / 0.83
WO 2009/024905 PCT/IB2008/053269
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46 0.75 353.20 18 mg
| / \N
N Vam _—
) resin
OH
- 7
47 N\ A N 0.86 340.17 75 mg
— ' orange oil
HN
>7 HO
S— 73 )
48 N\ Al R N 1.31 339.14 58 mg
o yeliow oil
OI
; - a
9 N\ Vo N 0.74 349.17 142 mg
. yellow resin
50 — 1.36" | 352.11 865 mg
N | 4N yellow soid
dﬂ_ﬂ{q)

* LC run under basic conditions, i.e. eluting with a gradient of acetontriie in water

containing 13 mM of ammonium hydroxide; otherwise identical conditions.

Examples 51 to 58

Pyridine’\_N
he »—Pyridine?

O-N

22

gy
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Following the general method for the preparation of 3,5-dipyridyl-[1,2,4Joxadiazoles,
the foliowing exampies are prepared:

HCo-MS | Amount
C TR ou
Example | Pyridine Pyridine e [min] IVHT" Foren
No. (as acid) (as hydroxyamidine)
51 \ /|7 / \N 0.87 337.16 42 mg
N W pale vellow
oll
52 | ¢ | e / \N 0.85 33717 ¢ 45mg
- . colouriess
\ ;\;’ oil
53 N 2T /N 0.84 |323.15 82mg
N = white solid
54 \ &f -------- / \N 0.86 337.16 91 mg
- white solid
55 \ f\/ll """"""" / \N 0.83 365.16 85 mg
— | white solid
|
;
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0
56 S 1.08 353.16 155 mg
\ r\f / \N paie yeliow
. oil
O/ {
57 = / N 0.89 355.08 35 mg
\ == colourless
HO oil
O/ {
58 e Y 096 135278 | 73mg
4 - pale yellow
solid
Exampile 51

‘H NMR (CDCls): §1.00 (d, J = 8.5 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 (g, 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 (GDCls): 61.00 (d, J = 6.3 Hz, 6 H), 1.92-2.063 (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 (CDCls): 61.38 (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 2H),291(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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Y />—~Pyridin92
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Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,

the foliowing examples are prepared:

LC-MS Amount
Ex. No. | Pyriding' Pyridine’
X. No yridine yridine tw (min] [M+HT" o
(as acid) {as hydroxyamidine)
59 0.62 308.14 28 mg
N 2N white solid
60 | Ve | Y 146* 132326 | 9mg
N = colourless
resin
61 0.72 337.19 44 mg
N 4 \N peige oil
62 1.32* 1351.26 10 mg
N/ 4 \N colourless
— resin




106 0.89 323.41 4 ng white solid N

WO 2009/024905 PCT/AB2008/053269
119
|
63 0.82 |365.27 | 137 mg
N T N beige ol
N .
N/
64 0.84 |379.28 | 83mg
N S T N beige resin
\_/
65 1.24* 33718 | 15mg
TN b N yeliow solid
Y
37 mg
66 069 | 335.07 |
e ' brownish
nnnnn N '
Yo solid
17 mg
67 ¢ |- N 0.71 | 309.17
— pale yellow
""" solid
N/
34 mg
68 (e N 0.76 | 323.16
— pale yeliow
N /o soiid
Y




108

10

15

2107 0.93 337.50 11 ng beige solid NY / [/
WO 2009/024905 PCT/IB2008/053269
120
oo | (| /N 095 |330.03| 99mg
N — 5 white solid
\_/ /
70 0.96 367.10 22 mg
N TN T / \N brownish
N/ o solid
)
N
Example 63

"H NMR (CDCls): 50.99 (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=7.3Hz, 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): 61.00 (d, J = 6.5 Hz, 6 H), 2.14-2.25 (m, 1 H), 2.58 (s, 3 H), 2.70
{s,3H)278(d, J=75Hz, 2H),4.01(s,3H),7.31(s, 1 H), 7.48 (5, 1 H), 7.69 (s,
TH),7.75 (s, 1 H). '

Examples 71 to 82
Pyridine1YN
Pyridine?
o\,\{>’

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,
the following exampies are prepared:



0.84 323.00 3 ng white solid / [\ WO
2009/ 024905PCT/ | B2008/ 053269 127 109
WO 2009/024905 PCT/IB2008/G53269
121
LC-MS
Ex. No. | Pyridine' Pyridine? o min] (MHT Amount
R
{as acid) (as hydroxyamidine) Form
N= 20 m
3 g
71 | M~ e e / 0.76 .02
\ 7/ e N 308.0 brownish
solid
N= \
72 N /T / N 0.66 341.01 36 mg
o yeliow oil
73 M=\ ] 4N 0.84 |335.03 12 mg
\_/ = yellow o
74 AN 7\ 0.87 |349.07 | 31mg
\/ — yelliow solid
"'( N= 79 mg
75 o ) /W 0.88 |339.11
__ colouriess
oil
N N=
O—& 7 mg
76 N/ | 2 1.20¢ 1 339.16
— pale yellow
solid
o
~~~~~ 10 mg
77 \ /.. /N 0.93 |353.07
— pale yeliow
sotid




0.88 337.02 34 ng white solid ) / [\

10

WO 2009/024905 PCT/IB2008/053269
122
N=
RS \ oS
78 2NN VS N 0.77 | 338.12
— pale yellow
resin
‘( N= { 61 mg
N .....
& / 4@ _ N 0.80 35223 colourless
oll
( N= { 64 mg
N— /7 | - i :
80 < \ / B N 0.84 366.23 colouriess
oil
\ N
N— 69 mg
81 N7 | / \N 0.84 366.26
. colouriess
oil
HO
— 7\ 39 mg
82 N e | N 0.78 311.17 , ,
N — white solid
Example 75

"H NMR (CDCls): 61.38 (t, J= 7.5 Hz, 3H), 1.43(d, J= 8.3 Hz, 6 H), 2.29 (s, 3 H),
2.67 (s, 3H), 2.93 (g, J = 7.5 Hz, 2 H), 5.44-5.52 (m, 1 H), 7.73 (5, 2 H), 8.15 (s, 1
H), 8.86 (s, 1 H).

Examples 83 to 90
F’yridine1 _N
\[/ J—Pyridine’
O\

Following the general method for the preparation of 3,5-dipyridyl-[1,2,4]oxadiazoles,

the following examples are prepared:



110

0.84 352.06 13 ng white solid ./

WO 2009/024905 PCT/IB2008/053269
123
_ LC-MS A ;
Ex. No. | Pyridine' Pyridine? e fmin] VT moun
R
{as acid) {as hydroxyamidine} Form
—N /.
83 \ ) N 0.58 | 32895 | 33mg
g . beige solid
84 — 2 051 |saz0e| oM
\ /| AN ' " off-white
—0 solid
85 —N 11171 358.03 85 mg
/N o
\ / L white solid
-
86 e | / \N 0.59 324.01 16 mg
\ / _,__ pale yellow
>*NH ol
—N (
87 C ) | /' 0.561 33807 | 22mg
>.NH - white solid
—N (
88 \ /7 / N 0.57 324 .13 22 mg
——-—N\ white solid
6 =N Va 17 mg
----- N 0.63 352.16
\_/ _ colouriess
\—N oil
RN




10

15

WO 20097024905 PCT/IB2008/053269
124

‘ ==N / Y 27 myg

I Q0 A N 0.62 352.16

; . coipurless

l N oil

Example 87

= 6.3 Hz, 8 H), 1.38 (t, J= 7.8 Mz, 3 H), 2.58 (s, 3 H),
Hz, 2 H), 3.77-3.86 (m, 1 H), 4.27 (d, J = 7.5 Hz, 1 H),
d,J=

"H NMR (CDCla): 61.31 (d, J
J=75
H), 7.30 ( 2.3 Hz, 1 H),7.80 (s, 2 H).

1
2.66 (s, 3 H), 2.82 (q,
6.48 (d, J= 2.3 Hz, 1

Exampie 88
'H NMR (CDCls): §1.38(t, J=7.8 Hz, 3 H), 2.62 (s, 3H), 2.66 (s, 3H), 2.92 (g, J =

7.8 Hz, 2H), 3.14 (5,6 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

Pyridine _N
Y />’F‘yricﬁne2

O-N

Following the general method for the preparation of 3,5-dipyriayi-[1,2, 4loxadiazoles,
the following exampies are prepared:

HCMS Afnount
.No. | Pyriding’ Pyriding”
EX. No yriding yriding tr [min] [M+H]" .
(as acid) (as hydroxyamidine)

— N
91 N | /7 N\ 073 29495 | 35mg
T white solid

N
92 | /7 N 082 |323.00 | 43mg
N\ ya — white solid




111 0,85 323.01 11 ng white solid N/ .
WO 2009/024905 PCT/IRB2008/053269
125
—
N N
93 _ 4\ 089 |337.07 | 42mg
N /7 = yellow oil
94 e /N 089 32348  15mg
N== pale yellow
solid
85 2 /N 0.89 337.97 32 mg
= off-white
soiid
32 mg
96 —_— | - /N 0.86 385.07
— almost
N / """ N
) colouriess
oil
N
97 =\ | 7\ 0.93 380.10 48 mg
AN N= yeliow oil
— N {
98 Y / 0.88 |227.06 6 mg
— white solid
— N { 27 mg
9 | N e o 0.60 |309.99
\_/ . cotouriess
HN— oil
— N {
100 Ve e 081 | 358.08 32 mg
= N—/ pale yeliow
et solid

112



0 0..79

0.93 337A9 26 ny yellow solid /[ \ 113
WO 2009/024905 PCT/IB2008/053269
126
— N {
101 e / 0.64 37007 | 22mg
— N—/ pale yellow
—_— solid
102 S N 0.83 323.02 8 mg
N\ V. 7\ colourless
— resin
Yo
N
103 —— N C.80 338.05 13 mg
N 77 | VAR beige solid
104 — 088 |337.05 17 mg
..... N \
N /77 | / white solid
Vo
N
105 e 0.84 352.09 18 mg
_____ M\
N\ /2 / beige solid
— N Q
106 ) v 089 |323.41 4 mg
— white solid
E— N
107 e 4N 0.93 | 337.50 11 mg
o beige solid
108 — - 0.84 323.00 3 mg
N\ AR 7\ white solid
Nm




339.03 62 ng white solid

10

WO 2009/024905 PCT/IB2008/053269
127
109 — 0.88 1337.02| 34mg
P 2 white solid
Nu_n....
1o |/ h— 0.84 35206 13mg
/2R 7\ white solid
N
M1 N e | e /N 0.85 |323.01| 11mg
N== white soiid
12 (N e | 7\ 0.93 133749 | 26mg
N= vellow solid
N
0O
113 — 079 339.03 | 62mg
S 7\ L
Y white solid
N_'._
Example 95

'H NMR (CDCls): 60.97 (d, J = 6.8 Hz, 6 H), 1.38 (t, J = 7.8 Hz, 3 H), 2.22 (hept, J
= 6.8 Hz, 1 H), 2.45 (s, 3 H), 2.67 (s, 3H), 2.78 (d, J= 7.3 Hz, 2 H), 2.93 (g, J= 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): 50.98 (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 (5, 3 H), 2.70 (s, 3 H), 2.94 (g, 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




Exanpl e 95 1H NMR (CDC13): 80.97(d, J = 6.8 Hz,-6 H), 1.38(t, J= 7.8
Hz, 3 H, 2.22 (hept, J = 6.8 Hz, 1 H), 2.45 (s, 3 H), 2.67 (s, 3 H, 2.78
(d, J =7.3Hz, 2 H, 2.93(q, J =7.85Hz, 2 H), 7.11 (s, 1 H), 7.78 (s, 2
H), 7.87 ¥e,20/0:%5 Exanpl e 98 1H NI\/R (CDC 3): SWIAB2e53369= 6.5 Hz,
6 H, 1.39(t, J- 7.5 Hz, 3 H), 202(qggt 8Hz,1H),257(d J =
73Hz,2H),269(s3 H, 2.70 (s, ,294(q J = 7.5 10Hz, 2 H),
714 d,

59" v 2086 N G0t 4 135 God Fob 3585 1Bk 2638 A Bl 4. 51 38510 32 8
Hz, 3 H),g %1-53.32(!%) 2397&)5 32 6@4@% 3= @OH% 934( ,26J(6 @ %@Hz 2&-;;077@ 97 (s,
3 H), 6 49 o 7.26 (d 8 (s, 1H,
7.79 (s, B )57%96(5({)1@ 109 1H NI\/R(CDCIS) 80. 99(d Jr 6 5 Hz, 6 H, 1.30
(t, Jr 7.5 Hz, 3 H), 2.13-2.25 (m 1 H, 2.45 (s, 3 H, 2.69 (s, 3 H),
2.73-2.80 (m 4 H, 7.79 (s, 1 H, 7.83 (s, 1 H, 801 (s, 1 H, 859 (s, 1
H) . 103Exammela1®1H NI\/R(CDCI3) 80.99 (d, Jr 6.8 Hz, 6 H), 2.14-2.24 (m
1 2.2 7.0 Hz, , 3
oy & %WR%E@ 10 peCw 393 vega FH 90 iy 354 0. 2132 B
114 N r?ﬁusgé 26983H)273280(m 4H),7.79 (s, 1 H), 7.83 (s, 1 H),

2- Brono di met hy1- 4 - pyridi ny1lHl, 2, 4] oxadi azol -5-y11-4- net hoxy- pyri

di ne (24 8{19)1 (ﬁs’} BY.cha? & 1)1 owi ng the general method for the preparation
of 3,5- dipyridyl-[1,2,4)oxadiazoles starting from

6- br ono- 4- net hoxy- pyri di ne- 2- car boxylic 20acid (150 ng, 0646 mmol ) and

N hydtxyERadwde fe2 hyl -i soni coti nam dine (107 ng, 0.646 mml); LCGMS: tiR =
0.76 mn,

o by ot i iR doBeR9% @8 ad 7 8 Bz HIgRAd B4 (3, 4 EBA3P45A 2yf191 4-meth

oxypyri di s abt gi S4¢ | 19PVEB4 (s
DA o710, 100 Bl o oy et 1 o e

, 2, 43oxad|f 48.(5.11 H3- et hoxy- pyri di ne (24 ng, 66 unol) with diethylanne
under Buchwal d conditions as described for Exanple 44; LCMs*: tR = 1.08
mn, [M11+ = 354.27: 1H NMR (CDCI3). 81.26 (t, Jr 7.3 Hz, 6 H), 2.66 (s, 6
H, 3153 Egampie 638 Hz, 4 H), 3.94 (s, 3 H, 6.13 (s, 1 H, 7.20 (s, 1 H,
7.75 (s, 2 H. WD 2009/024905PCT/ 1B2008/ 053269 129 Exanple 115

2- Di et hyl am no- 643- (2-et 7-%- met hyl - 4-pyridinyl)-[1, 2, 4] oxadi azol -5-y11-4-
met hoxy5pyridine is prepated in analogy to Exanple 114; LC-M5*: tR = 1.13
mi‘ile 116

mn, [M1l]4 = 368. 27.
102, 6- Di met hy1- 442-
-pyr|d| ne i s obtaine
2-1sobutyl - 6-net hyl -i soni cot i O ng, 174 lino]) and

2,6-dimethyl -isonicotinic acid'hydrazide (35 ng, 261 tunol); LGMs tR =
0.63 mn, [M1]+ = 322.99; 1H NWR (CDCI 3): 81.00 (d, J = 6.8 Hz, 6 H, 2.19
(hept, J @) @-Bramm-64348.6-dimedy(-4;pyaidiy})-[2.2r400katfiaZpl0-yi]-4-rvethoxy-pfridine 64

15(s, 1 H224 7mg7)ois( Brep%ré_rg 'foi%(vﬂr% ltﬁel&gneral method for the preparation of 3,5-
dipyridyl-[{1,2,4loxadiazoles starting from 6-bromo-4-methoxy-pyridine-2-carboxylic

-4-pyridinyl) - [ 1, 3, 4j oxadi azol - 5-y1]

20  acid (150 mg, 0646 mmol) and N-hydroxy-2.6-dimethyi-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-pyridiny!}-[1,2 4joxadiazoi-5-yl]-4-methoxy-
pyridine {5 mg) is obiained as a yellow oil by freating above 2-bromo-6-[3-(2,6-

25  dimethyl-4-pyridinyl)-{1,2 4loxadiazol-5-yl}-4-methoxy-pyridine (24 mg, 66 pmol)
with diethylamine under Buchwald conditions as described for Exampie 44; LC-
MS*: tr = 1.08 min, [M+1]" = 354.27; "H NMR (CDCl3). §1.26 (t, J = 7.3 Hz, 6 H),
2.66 (s, 6 H), 3.63 (g, J=6.8Hz 4H) 3.94(s,3H), 613 (s, H),7.20(s, 1 H),
7.75 (s, 2 H).



Pyridinel CD-Nf Pyridine2 W) 2009/024905PCT/ 1132008/ 053269 130 Ex. No.
Pyridinel (as acid) Pyridine2 (as hydroxyam dine) LCMS R[m] [MH 4

Amount Form 117* 1 0.97 365.09 90 ng col ourl ess oil /
WO 2009/024965 PCT/IB2008/053269
129
Example 115

2-Diethylamino-6-[3-(2-ethyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazoi-5-yl]-4-methoxy-
5 pyridine is prepared in analogy to Example 114; LC-MS*: tz = 1.13 min, [M+1]" =
368.27.

Example 116
l
Nf\{
/Mro
:

NN

10 2,6-Dimethyl-4-[2-(2-isobutyl-6-methyl-4-pyridinyl}-[1,3 4loxadiazol-5-yl}-pyridine  is
obtained in analogy to Example 42 starting from 2-isobutyl-8-methyl-isonicotinic
acid (40 mg, 174 umol} and 2,6-dimethyi-isonicotinic acid hydrazide (35 mg, 261
umol); LC-MS: iz = 0.63 min, [M+1]" = 322.99; "H NMR (CDCls): §1.00(d, J = 6.8
Mz, 8 H), 2.19 (hept, J=6.8 Hz, 1 H), 268 (5,9 H),2.77(d, J=7.5Hz, 2 H), 784
15 (8,1 H), 7.70 (s, 3 H).

Example 117
Pyridine' _N
g —Pyridine?
O-N

Foliowing the general method for the preparation of 3,5-dipyridyl-[1,2 4]Joxadiazoies,
20  the following examples are prepared.



Exanpl e 117

1H NMR (00013)
80 (m 2 H),

1.83-1.95 (m 4 H), 2.07-
J=7.5 H, 2 H, 3.21-3.30 (m 1 H,

: 51 7.74 (s,

r ‘% 20019/(;'5?201 | owi ng the general

5- pyrldyl [1, 3, 4] thi adi azol es,

Ex. | _1 Pyridine'

81.39 (t, J

2.16 (m 2 H),

\
7
.9 4.03 5(s,

1-
3

1.
(g
7.
I di
di 101188 foll owi ng exanpl es
No.

3 H,
2 H. Exanples 118 to 123 Ryisi.e6#ks )

met hod for the preparation of

are prepared:
(as hydrazide Pyridine2 (as acid) LCM R [mn]

= 7.5
2.67 (s
731(

—

M+H] 4 Anount Form 118
Ex. No. | Pyridine’

0.98(339.12 6 ng pal g yellouywsolid
.Y z
Pyridine tw [min] [M+HT

{as acid) (as hydroxyamidine)

Amount

Form

!

117 0.97 365.09

90 mg
colouriess

oil

Example 117

"H NMR (CDGls): 61.39 (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 (g, J = 7.5 Hz, 2 H), 3.21-3.30 (m, 1 H), 4.03
5 (s,3H),7.31(s, 1 H), 7.51 (s, 1 H), 7.74 (s, 2 H).

Examples 118 to 123

Pyridine1\r3
| >—Pyridine?
N d

Following the general method for the preparation of 2,5-cipyridyl-{1,3,4}thiadiazoles,

10 the foliowing exampies are prepared:

LC-MS A t
Ex. No. | Pyridine’ Pyriding? e [min] [M<HT' :Oiumﬂ
(as hydrazide (as acid)
118 N\_/ S /M\N 0.98 | 339.12 6 mg
pale yeliow
solid




[ I\ N

C WD 2009/ 024905PCT/ | B2008/.053269 131 119 1.05
353.09 4 ng colourless resin N/ /\ N
WO 2609/024903 PCT/IB2008/053269
131
19 N e | 2N 105 |353.00 | 4mg
. colouriess
resin
120 N Ve / \\N 1.07 353.12 2Img |
o white solid
P 121 N VR / \N 1.14 367.12 23 mg
- colourless
resin
122 N Van 4 \N 112 354 .12 27 mg
\—N — yellow solid
AN
123 N Vi / \N 1.19 368.14 44 mg
\ N — yeliow solid
\-— i
Example 120

10

'H NMR (CDCls): 50.86 (t, J = 7.3 Hz, 6 H), 1.79 (quint, J = 7.5 Hz, 4 H), 2.64-2.7

(m, 10 H), 7.52 (s, 1 H), 7.55 (s, 1 H), 7.59 (s, 2 H).

Example 121

'H NMR (CDCl3): 0.86 (t, J = 7.3 Hz, 6 H), §1.39 (t, J = 7.5 Hz, 3 H), 1.79 (quint, J
= 7.3 Hz, 4 H), 2.64-2.71 (m, 7 H), 2.93 (g, J = 7.8 Hz, 2 H), 7.52 (s, 1 H), 7.56 (3, 1

H), 7.59 (s, 2 H).

Example 122



120

WO 2000/024905

1.07 353.12 27 nmg white solid /

I'N

132

121

PCT/AB2008/653269

'H NMR (CDCls): §1.24 (t, J = 7.3 Hz, 6 H), 2.48 (s, 3 H), 2.66 (s, 6 H), 3.62 (g, J =
7.3 Hz, 4 H), 6.85 (s, 1 H), 6.94 (s, 1 H), 7.57 (s, 2 H).

Exampies 124 to 128

Pyridine’__N
\\r/ )—waﬁdmez

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’ Pyriding? , .
yrer 4 | tr[min] [M+H] Eorm
(as acid) (as hydroxyamidine)
=N / A\
124 Wk N 0.82 | 339.01 | 8mg white
g — solid
\
—N \
125 L) 7 0.86 | 353.04 | 5mg white
- crystalline
5 ry
\ solid
N
126 NG /- —N 0.87 |338.02
\ /
N
127 — / —N 0.91 |352.04
N /T \ /7




122

1.14 367.12 23 ng colourless resin - N\/ [ (
1.12 354.12 27 ng yellow solid -I1--- 1\1\/ [/ (
WO 2009/024905 PCT/AB2008/053269
133
N R
128 — /_ —N 0.98 380.10
N/ \ /7

10

15

20

25

Example 125

"H NMR (CDClz); §0.96 (d, J = 6.5 Hz, 6 H), 1.38 (1, J = 7.5 Hz, 3 H), 2.00 (hept, J
= 6.8 Hz), 2.59 (d, J= 7.3 Hz, 2 H), 2.66 (5, 3 H), 2.92 (g, 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 (CDCls): §1.25 (t, J = 7.0Hz, 6 H), 1.38 {t, J= 7.5 Hz, 3 H), 2.37 (s, 3 H),
2.69(s,3H),295(g, J=7.5Hz 2H), 3.64 (g, J=6.8Hz 4 H), 647 (s, 1H),7.29
(s, TH), 7.77 (5, 2 H).

Example 128

"H NMR (CDCl3): 61.00 (d, J = 6.5 Hz, 8 H), 1.25 (t, J= 7.0 Hz, 6 H), 2.14-2.25 (m,
1H),2.37 (s, 3 H), 2.69 (s, 3 H), 2.78 (d, J= 7.3 Hz, 2 H), 3.64 (q, J = 7.0 Hz, 4 H),
6.47 (3,1 H), 7.29 (s, 1 H), 7.71 (s, 1 H), 7.77 (s, 1 H).

Example 129

a) To a solution of 2-methyl-6-{2-methyi-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 stired 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. ag. NaHCO;, followed by water,
dried over MgSQs, filtered and concentrated. The crude product is purified by CC
on silic gel eiuting with heptane:EA 1:1 to give 2-isobutyl-N-methoxy-6,N-dimethyi-



c

10

15

20

25

30

N 123- 1.19 368,14 44 ngy yel | ow sol i dl SN

WO 2000124205 PCT/IB2008/(133269
134

isonicotinamide (3.37 g) as a colourless oit; LC-MS: tz = 0.61 min; 'H NMR (CDCls):
0085(d,/=68Hz 6H) 208218 (m, 1H), 260 (s, 3H),269(d, J=7.3Hz 2
H), 3.37 (s, 3 H),3.57 (s, 3 H), 713 (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 mixiure 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. NaHCOQOa,, dried over Na,S0,, 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-yi}-ethanone (280 mg) as a colourless oil. LC-MS: i
= 0.84 min; "H NMR (CDCl3): §0.96 (d, J = 6.5 Hz, 6 H), 2.08-2.20 (m, 1 H), 2.62
(s,3H),265(s,3H),274(d, J=7.3Hz, 2H), 737 (s, 1 H), 7.42 (5, 1 H).

¢) A solution of hydroxylamine hydrochloride (120 mg, 1.732 mmol) in water (0.5
mL) and 1 N ag. NaOH (1.2 mlL) is added to 1-(2-isobutyl-6-methyi-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 mixiure. The mixiure is cooled o rt and the
precipitate that forms is coliected, washed with water and dried in vacuo to give 1-
(2-isobutyl-6-methyl-pyridin-4-yi)-ethanone oxime (258 mg) as a white solid; 'H
NMR (Dg-DMSO}): 60.88 (d, J = 6.5 Hz, 6 H), 1.98-2.10 (m, 1 H), 2.13 (s, 3 H), 2.45
(5,3H),256(d, J=7.0Hz, 2H),7.22(s,1H), 7.27 (5, 1 H), 11.54 (s, 1 H).

d) To a solution of 1-(2-isobutyl-6-methyi-pyridin-4-yi}-ethanone oxime (125 mg,
0.606 mmol) in pyridine {G.4 mL), p-toluenesuifonyl chioride (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 confinued 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 MgSQO., filtered and concentrated. The crude product is purified by CC on
silica gel eluting with heptane:EA 3:1 fo 2.1 1o give 1-(2-isobutyl-6-methyl-pyridin-4-
yl)}-ethanone oxime p-toluenesulfonic ester (177 mg) as a pale yellow oil; LO-MS; i
= 0.99%, [M+1]" = 361.04.



Exanpl e 120 1H NMR (CDCI 3): 50.86 (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).
Exanpl e 121 1H NMR (CDCI3): 0.86 (t, J= 7.3 Hz, 6 H), 81.39 (t, J= 7.5 Hz,
3 H), 1. %okauiostes ) = 7.3 Hz, 4 H), 2.64-2.71 (m 7 HcmB2080Ges J = 7.8

Hz, 2 H, 7.52 (s, 1 H, 7.56 (s, 1 H) 759(5, 2 H. Exanple 122 132 1H
NVR (CDC13): 81.24 (t, J = 7.3 Hz, 6 Ijij3 2.48 (s, 3 H, 2.66 (s, 6 H, 3.62
(q, J =7.3 Hz, 4 H, 6.85 (s, 1 H), 6.94 (s, 1 H, 7.57 (s, 2 H. Exanples
124 to 128 Pyridinel / Pyridine2 Follow ng the general nethod for the

preparati éant\ ebluBodofl p@bérssldmlétkaamé}@m # QRS 0 BhﬁLf 8lddealing aeschmehes are
prepar ed: Pyri di ne2 droxfyam di ne2 LC- M5 tR
e

[min] [ Medd? b@rtﬁ@ﬁt%!:@ﬁﬂ@tm'gpysndm -6- 3%92%"“93@"‘@9“8’%*%??@% picgester {500y

mg. 1.39 mmol) in EtOH {1.7 mL) at 5°C. The mixture is slirred at rt for 1 h. The

5 mixture is diluted with ether and stirred for 30 min before it is filtered through celite.

The filtrate is concentrated and dissoived in ether (25 mL). 2 N ag. HC! (15 mL) is

added and the mixture is stirred at rt for 1 h. The org. phase is separated and

exiracted with 2 N ag. HCl (3x20 mL). The aqg. extracts are combined and

concenctrated to give crude 2,2-diethoxy-2-(2-isobutyl-6-methyl-pyridin-4-yl}-

10  ethylamine dihydrochloride (453 mg) as a yellow resin; LC-MS: tz = 0.84%, [M+1]" =
281.23.

f) To a solution of 2,6-dimethy!-4-pyridine carboxylic acid hydrochloride (159 mg,
0.849 mmol) in DMF (8 mL), EDC (244 mg, 1.27 mmol) and HOBt (172 mg, 1.27

15 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-methyi-pyridin-
4-yh-ethylamine dihydrochloride (300 mg, 0.842 mmol} in DMF (0.5 mlL) is added.
The mixture is stirred at rt for 4 h, diluted with EA (30 mL), and washed with sat. aq.
NaHCOs (15 mbL) and brine (15 mL). The org. extract is dried over Na:SQy, fillered

20 and concentraied. The crude product is purified on prep. TLC plates with DCM
containing 5% of methano! fo give N-[2,2-diethoxy-2-(2-isobutyl-B-methyl-pyridin-4-
yl}-ethyl]-2,6-dimethyl-isonicotinamide (444 mg) as a colourless resin; LC-MS: {r =
0.89%, [IM+11" = 414.11; ‘H NMR (CDCl3): §0.81 (d, J=8.5Hz, 6 H), 1.26 (, 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),

25 3.40-349(m, 2 H), 3.52-3.61 (m, 2 H), 3.86 (¢, S =5.5Hz, 2 H), 5.80 (s br, 1 H},
7.04 (s, 2 H), 7.10 (s, 1 H), 7.16 (s, 1 H).

g) To a solution of N-[2,2-diethoxy-2-(2-isobutyl-8-methyl-pyridin-4-yl)-ethyl]-2,6-
dimethyl-isonicotinamide (80 mg, 0.177 mmol} in THF (4 mL), 25% ag. HCI (50 ulL)
30 is added and the mixture is stirred at 85°C for 2 h. Another portion of 25% ag. HCI
(50 plL) is added and stirring is continued at 65°C for 3 h. The mixiure 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 NaSO, fillered and concentrated to give
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crude N-[2-(2-isobutyl-6-methyl-pyridin-4-yl}-2-oxo-ethyl}-2 6-dimethyl-

isonicotinamide {48 mg) as an orange oil. Part of this material (22 mg) is purified on
prep. TLC plates using DCM containing 10% of methano! to give N-{2-(2-isobutyl-6-
methyi-pyridin-4-yl)-2-oxo-ethyl}-2,6-dimethyi-isonicotinamide (9 mg) as a pale
yeliow oil; LC-MS: tz = 0.75%, [M+1]" = 330.13; "H NMR (CDCls): §0.97 (d, J= 65
Hz, 6 H), 2.08-2.21 (m, 1 H), 2.64 (s, 6 H),2.67 (s, 3H),2.75(d, J= 7.3 Hz, 2 H),
494 (d,J=38Hz,2H),7.23(sbr, 1H),7.38(s,2H),7.42 (s, 1 H),7.49 (s, 1 H).

h) To a solution of N-[2-(2-isobutyl-B-methyl-pyridin-4-yt)-2-oxo-ethyl]-2,6-dimethy!-
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 methano! to give
2-isobutyl-4-{2-(2,6-dimethyl-4-pyridinyi)-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), 264 (5,3 H), 266 (5,6 H),2.72(d, J=7.3Hz, 2
H), 7.24 (s, 1 H),7.31 (s, 1 H), 7.67 {s, 3 H).

Example 130: GTPyS assay to determine ECs; values

GTPYS binding assays are performed in 96 well microtiter plates (Nunc, 442587) in
a final volume of 200 pl, using membrane preparations of CHO cells expressing
recombinant human S1P1 receptor. Assay conditions are 20 mM Hepes (Fluka,
54461), 100 mM NaCl (Fiuka, 71378), 5 mM MgCl; (Fluka, 83064), 0.1% BSA
(Calbiochem, 126609), 1 yM GDP (Sigma, G-7127), 2.5% DMSO (Fiuka, 41644),
50 pM *S-GTPyS (Amersham Biosciences, SJ1320). The pH is 7.4. Test
compounds are dissoived and diluted in 100% DMSO and pre-incubated at room
temperature for 30 min in 150 ul of the above assay buffer, in the absence of *°S-
GTPYS. After addition of 50 pl of S-GTPyS, the assay is incubated for 1 h at rt.
The assay is terminated by transfer of the reaction mixture to a Muiltiscreen plate
(Millipore, MAHFC1HB0) using a cell harvester from Packard Biosciences, and the
plates are washed with ice-cold 10 mM NeazHPO4/NaHPOs (70%/30%), dried,
sealed at the botiom and, after addition of 25 ui MicroScint20 (Packard
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Biosciences, order# 6013621), sealed on the top. Membrane-bound ®*S-GTPS 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 subiracting non-specific binding
from maximal binding. Maximal binding is the amount of cpm bound to the
Multiscrean plate in the presence of 10 pM of S1P. Non-specific binding is the
amount of binding in the absence of an agonist in the assay.

Agonistic activities (ECsy vaiues) 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 (1) are
displayed in Tabie 1:

Table 1:
Compound of Example | ECsp [nM]

5.2

2.4

0.4
29 0.9
39 6.1
45 0.4
61 1.0
62 1.4
85 0.5
66 0.3
117 2.1

Exampie 131: Assessment of /n vivo Efficacy

The efficacy of the compounds of Formula (1) is assessed by measuring the
circutating lymphocyies after oral administration of 3 to 30 mg/kg of a compound of
Formula (1) to normotensive male Wistar rats. The animals are housed in climate-
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controlled conditions with a 12 h-light/dark cycie, 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 biood is subjected to hematoiogy using Advia Hematoiogy
system (Bayer Diagnostics, Zirich, Switzerland).

All data are presenied as mean + SEM. Siatistical analyses are performed by
analysis of variance (ANOVA) using Statistica (StatSoft) and the Student-Newman-
Keuls procedure for multipie 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 o a group of
animals treated with vehicle only.

Tabie 2:
Compound of Example Lymphocyte counts
3 “17+2%
6* -68%=3%
7 -5913%
9 -81=1%
11* -55+3%
28 -66%=3%
30 -64+3%
48 -641+4%
58 -62+4%
59* -73+1%

* af a dose of 3 mg/kg.
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Claims

1. A compound of Formula (1),

5 F’yridine1~~—~—--)t’-\--—~~'F’yt'idine2
Formuia {1}
wherein

Pyridine' represents

10
Nz
0 @ -
N
\ /
N
wherein the asterisks mark the bond with which the Pyridine’ ring is bound to A;
15

R' represents C.s-alkyl, Ci-alkoxy, Cs.s-cycloatkyl, hydroxymethyl, or NR"™@R";
R'™ represents C._s-atky!;
R™ represents hydrogen, or Ci.s-alkyl; or R™ and R, together with the
nitfrogen that is attached {o the pyridine, form a pyrrolidine ring;
20 R? represents hydrogen, or Ciy-alkyl, or in case R' represents Ci.s-alkyl or Cse-
cycloalkyl, R* may in addition represent methoxy;

R® represents Cys-alkyl, C4-alkoxy, Css-cycloalkyl, or NR*¥R;
% rgpresents Ca.qg-alkyl;
25 R® represents hydrogen, or Cy_s-alkyt;



Exanpl e 125 1H NVR (CDCI3): 80.96 (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 H, 2H),4.05(s 53 H), 7.78 (s, 1 H), 7.80 (s, 2
H, 8.47 xﬁiézoébmb‘ﬁgos Exanpl e 12 1H NMR (CDCI 3) %ﬁﬁdﬂ‘é/ﬂaﬁsg— 7.0 Hz,
6 H, 1.39 (t 7.5 Hz, 3 H) ,237 , 2.69 (s, 3 H), 2.95(q, J =
7.5Hz,2H) 364(q J =6.8 Frl;'064( 1 H, 7.29 10(s, 1 H),
7.77 (s, 2,H). le 128 1HN|\/R(CDC3) 81.00 (d, J = 6.5 Hz, 6
H, 1.25 &regyeserr}zs 1 plkyB oFydrpoeR; 2. 25 (m 1 H), 2.37 (s, 3 H), 2.69 (s,
3 H, 2.78 (d, J = 7.3 Hz, 2H),364(q,J=70Hz 4 H), 156.47 (s, 1
H, 7.29 (s, 1 H), 771(s 1 H, 7.77 (s, 1 H. Exanple 129 a) To a

sol uti on Bf rébresdriy C.6-a(®t mesthgky, mrthFRSbc sohRCoeprasentacdd-4IRIB0 g, 16.5 20
mmol ) in DCM (54 i | P g, 82.7 mml) followed by TBTU (6.37 g,
19.9 nmmmol ) is Add8 egﬁém[%ﬁe is stirred at rt for 10 mn before

N, Cdi reet hyl hyd:z%‘wb@gbme Hy&irdifeng or d;%%mmk) is added The mxture is
stirred at rt for 1 before it is o @ w b sat. aq.
NaHOOB, fBP F%%P%?Cwela@ﬁyl %r’“@ﬁo’dbéf’d%géﬁiresﬁp Sttt nBr Bnéentrated. The
crude product p& rgbllrelsgh@q:&ya]@ 25on silic gel eluting with heptane: EA 1:1
to give 2-isobu yI “N- et hoxy- 6, N-di net hyl - WO 2009/ 024905PCT/ | B2008/ 053269
134 i sonicot i namreere(sentsmy@yogﬁz ar cob@llvliess oil; LC-MS: tR = 0.61 nin; 1H
NVR (CDC13): 0.95 (d, J =6.8 Hz, 6 H), 206218(m 1 H, 2.60 (s, 3 H,
2.69 (d, J =7.3 Hz, 2 H), 337(5 3 H, 3.57 (s, 3H, 7.13 (s, 1 H,
7.18 (&, R’ i'@preﬁeﬁtsmsai!@ul uti on of

2-i sobut yl s N- nmet i met hyl -i soni coti nami de (410 ng, 1.74 mmol) in
THF (10 )reﬁfﬁfﬂﬁ?%hﬁ'@%’giqﬂﬂ%}%ﬁ ‘de (1.17 L of a 3 Msolution in ether,

3.47 mmol) is added at 5C. The mixture is stirred at 5C for 1.5 h. The
reaction ig quenched by adding NHACL. The m xture is diluted with EA (50
n), washBdreweserat: s@fYiNaHCO8, dried over Na2SO4, filtered and
concentra >Liwde product is purified by CC on silica gel eluting
with heptgﬁgre&%nasl@bz gl gl - (2-isobutyl-6-nmethyl-pyridin-411) - et hanone
(280 ty) as a colourless oil. LCGMS: tR=0.84 mn; 1H NVR (CDCl 3): 80.96
(d, J = 6,5 208220(m1H) 2.62 (s, 3 H, 2.65 (s, 3 H,
.74 (d, freHées?gﬁz 7.37 (s, 1 H. 7.42 (s. 1 H. 15c) A sol ution of
hydr oxyl an ne hy[drochl or|de (120 , 1.732 mol) is water (0.5 nL) and 1 N
ag. NaCH (1. ) N.s. added to X< ( 2-hsobilt y1-76- hyl>pyri'di n-4-y1) -
ethanone(276@ .44 mmol ). e sglution is styirred/ at 80C for 2 h and
MeOH i s added |nta|n hormoggneiy of the m xjurey The mixture is cooled
tort and the rec rpitate that forns is collected, washed with water and
dried in vacuo t@ give 1- =20 (ngobutyl 6- met hyl - pyri di n-4-y1l) - et hanone

OX|rre(25 whi-t e sali g NVR- (De- DMSO) : 80.88 (d, J = 6.5 Hz, 6
H),198210 )—i 2.13 3 , 2.45 (s, 3 H, 256(d,J=70Hz
-Te

2 H, 7.22 (s, 727(s ,1154(s 1 H. d) To a solution of
1-(2-isobutyl - hyl - p§% i di n- - et hanone oxine (125 ng, 25 0.606

) o A8 LRl LSRR R B, 0,057 )

portigm of p-toluene sulfonyl chloride (63 ng, 0.334 nml) is added.
Stirring is cont,i nued for h. The solvent is evaporated and the renaining
resi due |§yﬁ'§|"?€? dﬁ@r(?sﬁ%ttsween water (15 mL) and EA (25 nL). The org. phase
is separated, washed with water, dried 30 over MpSO™4, filtered and
concentrated. The crude product is purified by CC on silica gel eluting
wth heptﬁ%e EA 3:1 to 2:1 to give 1- (Zﬁgobutyl 6- et hyl - pyri di n- 4-

y1l) - et hano | fonic este 177 ng) as a pale yellow oil;
LC-MS: tR 3

solution o
p-t ol uenes ng EtOH (1.7 nmL) at 5C. The
mxture i '8tirred at rt fog™l h. The i xture is diluted with ether and
stirred for 30 min before it is filtered through celite. The filtrate is
concentrated and dissolved in ether (25 nL). 2 Nag. HCO (15 nL) is added
and the mxture is stirred at rt for 1 h. The org. phase is separated and
extracted with 2 N ag. HCO (3x20 nL). The aq. extracts are conbi ned and
concenctrated to give crude

2, 2-di et hoxy-2-(2-isobutyl-6-nethyl-pyridin-4-yl)- 10 ethyl am ne

di hydrochl oride (453 ng) as a yellowresin; LCMS: tR = 0.84*, [M1]"

281. 23.



f) To a solution of 2,6-dinethyl-4-pyridine carboxylic acid hydrochloride
(159 ng, 0.849 mvol) in DMF (6 nlL), EDC (244 ng, 1.27 mmol) and HOBt (172
ng, 1.27 15 nmol) is added. The mixture is stirred at rt for 15 mn before
et hyl dii ine (439 ng, 3.37 nmmol) and a sol uty

2. 2-di et h‘?)ﬁgﬁ(g@%‘lﬁ@lﬂsobut y1-6-met hyl - pyri di nd-y1) - et hyl%ﬂﬁfe&%?sﬁ%r ochl ori de
(300 ng, 0.849 mol) in DVF (0.5 nL) it41added. The mi xture is stirred at rt
for 4 h, diluted with EA (30 nL), and washed with sat. ag. NaHCO3 (15 ni)
and brine (15 mi%. The org. extract s-dried over Na2SO4, filtered 20 and
concentr at ed. e crude producs is/puriftNed on prep. TLC plates with DCM
cont ai ni ng 5% of hanol toRgi
N-[ 2, 2- di gthoxy* 2- (2 sohut y1- 6- net\Nayl -pyri di n- 4-

y1l)-ethyl)- 2, 6-\di net 4yl -i soni cot i nagm (444 ny) as a colourless resin;

LG Ms: tR = 0.89%, jMr11" 5.414. 1% 1H NMR (CDC13): 80.91 (d, J = 6.5 Hz, 6
H, 1.26 (t, J =6.8 Hz, 6 H, 2.01-2.13 (m 1 H), e%.55 (s, 6 H, 2.59 (s,
3 H), 2.6%héwn theaskrgksimark thg bon@witB whicrathadyrigine? riFp,is BoF®.B1 (m 2
H, 3.8 (d, J =55 Hz, 2 H, 580 (s br, 1 H, 7.04 (s, 2 H, 7.10 (s, 1
H, 7.16 (s, 1 H. g) To a solution of

N-[ 2, 2- di Rt'hveptesents 5 Lsalkyit §1:-GHary Myldr@ymiathyl; d- MR “REAy 1] - 2, 6-

di met hyl -i sonieiggg;i nam d?#:GO ;’@1. 0.177 mmol) in THF (4 nmL), 25%aq. HCl1 (50
4) 30°is added affP EIEhtxt&reis stirred at 65C for 2 h. Another portion
of 25% aq. HCl R‘(“S[;bwéged@h%gigggn’aé}q;gykw ng is continued at 65C for 3 h.
The n‘ixtur%is cooled to OC, neutralized by adding 1 N aq. NaCOH sol ution
and ext r aBt e@rissees WCteoamACT The-ad9fibi ned org. extracts are dried over
Na2SO4, filtered and concentrated to give WD 2009/ 024905PCT/ 132008/ 053269
136 cr UdEN_sL"Z'(Z'i sobut y1- 6- net h%l -pyridin-4-y1l)-2-oxo0-ethyl}-2, 6-dinethyl -
i soni cot i R&thredeesea® Gmy)alg, anN&Y’ R@%; oil. Part of this material (22 ng) is
purif'(gd on prefa TLCeoIta es sil,ng DCM cont ai ni ng 10% of net hanol to give
N-[2-i - i sobut 'y 1- BPTESENS Ls-alkyl

met hyl - pyri di nR%® yehrederax yeidaeh} 020 6;-dikpet hyl -i soni cotinamide (9 ng) as a
pale 5 yelJowoil; LCGM: tR = 0.75", [Mr1]4 = 330.13; 1H NWR (CDC s):
80.97 (d, RJ repeessnislimelky; 2.09-2.21 (m 1 H), 2.64 (s, 6 H), 2.67 (s, 3
H, 2.75 (d, J = 7.3 H, 2 H, 4.94 (d, J =3.8H, 2 H), 7.23 (s br, 1 H),
7.38 (s, 2. H, 7.42 (s, 1 H, 7.49 (s, 1 . h) To a solution of

N-[ 2- (2-i gé“or@melsest&ém@ukyfpw N&‘??ngbymd E‘E%vsa@r%&erwer Cs226v8i methyl - 10

i soni ¢ot i nam dg1sk rr .in THF (1 nlL), Burgess reagent (20 ng, 80
Iim)!Té)' e rﬁrﬁ({d$ r)e“%)’sti rred at 60C for 2 h before it is

i s added.
concentrat ed. RIRrepraskentphgdiogeni sr Pus-alkiledr on prep. TLC plates with DCM

cont ai ni ng,+6% of t hanol to give 162 16b.

2-i sobutyI~ 4@-%(555%-@1'%?@%%’/F’gaﬁ)yf‘?%?ﬁﬁﬁ pdﬁ%"-qﬁ-%l-%- met hyl - pyri di ne (5
ng) as a pal e REFtapreydts LGl tR = 0.96*, [M1-1]+ = 322.12; 1H NWR
(CDCI3): 81.00 (d, J 15= 6.8 Hz, 6 H), 2.13-2.24 (m 1 H, 2.64 (s, 3 H,
2.66 (s, 6 H),R2 peprpgenty hydroggnipr Coo-plfvt 7 24 (s, 1 H), 7.31 (s, 1 H),
7.67 65, 3 H). Exanple 130: GIPyS assay to determ ne EC50 val ues 20GTPyS

bi ndi ng assays are perforned in 96 well mcrotiter plates (Nunc, 442587) in
a final v& Urepresenz00+-phikylusi ng menbrane preparations of CHO cells

expr essi ng1¢ [ t Pl receptor. Assay conditions are 20 nM
Hepes (FI ﬁkefe%%%g%a@-{%@‘gﬁ@(ﬁi%ﬂm{ym uka, 71378), 5 mM MyCl2 (Fl uke,
63064), 0.1% BSA (Cal bi ochem 126609), 1 pM GDP (Sigma, 0-7127), 2.5% DVSO
(Fluka, 41644), 25 50 pM 35S-GIPyS (Anmersham Bi osci ences, 5J1320). The pH
is 7.4. Tgfr%é‘??ﬁﬁ%&s“"gﬁk@h&f’ sol ved and diluted in 100% DVSO and
pre-ipsubgPeeopdsanepm s-anperature for 30 mn in 150 pl of the above assay
buffer, in the absence of 35SGTPyS. After addition of 50 pl of 35S GIP7S,
the assay is incubated for 1 h at rt. The assay is term nated by transfer
of the reagt.l e Qné | A LSELAEN/ R 4 Yagy HFC1H60)
using a cgﬂnt g‘rggae ttgb%ff?grzn g%kéapgg@?gg%ﬁggg,@gﬁgwhée’é_g?éa(fﬂg%&%re washed
with ice-cold 10 nM Na2HPO4/ NaH2PO4 (70% 30% , dried, sealed at the bottom

and, after _addjtion.of 2 i croSci nt 20 (Packard WO

2009/ 024985%6%5.’%%%‘8% 88‘?‘@@%5&4137 Bi osci ences, order# 6013621), seal ed on
the t@p. Menbrane-bound 35S-GIPyS is neasured with a TopCount from Packard
Bi osci ences. EC50 is the concentration of agonist inducing 50 % of the
maxi mal specific 35S 5 GIP7S binding. Specific binding is determ ned by
subtracting non-specific binding from maxi mal binding. Maxi mal binding is
t he amount of cpm bound to the Miultiscreen plate in the presence of 10 pM
of SIP. Non-specific binding is the amobunt of binding in the absence of an
agoni st in the assay. 10Agonistic activities (ECK val ues) of al

A PN S e



0.9 390 6.1 45 0.4 61 1.0 62 1.4 65 0.5 66 0.3 117 2.1 Exanpl e 131:
Assessnment of in vivo Efficacy The efficacy of the conmpounds of Fornmul a
(1) is assessed by nmeasuring the 20circul ating | ynphocytes after oral

admi ni S”@bizé’d}/e}?bo%vto 30 ng/ kg of a conpound of For my&ebdstBaee
nornotensive nale Wstar rats. The animals are housed in clinate-

2009/ 024905PCT/ B320081053269 138 contréll ed conditions with a 12
h-1ight/dark cycle, and have free access to nor mal rat chow and dri nking
wat er . Bl 2od? icompmiungcacsdrdied oo elaamd! 3whereanR 2 presghtse hydroggn. of Cia-

adm nistrati.o Eul.l . bl cod ] jected to hematol ogy using Advia

Hemat ol og@k%‘ygﬁ%ﬁ?%ﬁég%ﬁl %C‘g‘éﬁggﬁcs ZOich, Switzerland). 5 All data are
presented as mean SEM Statistical anal yses are perforned by anal ysis of
variance (ANOVA) using Statistica (StafSoft). andsthg, St udent - NewmanKeul s

b oedur e1 ORI SO SBRa ! e WA BoPhBS FesTPeette UekRd ahen p
< 0.0% 1R"AspalschicPOP)-8ikylTaPk 8ak osBowwa thapelihgct on |ynphocyte counts 6 h
after oral admnistration of 10 ng/kg, or where indicated of 3 ng/kg, of

sonme conpounds of the present invention to nornotensive nale Wstar rats as

(égggg{lﬁg & %?gﬁr%@ dﬁéy‘:r‘%gﬁ%@@%‘iaﬁ Ao gﬂ%mﬁ#%fg;&h%&%% - ggg&! § “8119% 11

-553% 28 P@6&BH 36presents

R? RS
e Ve ___
R' ’ R ’ R® , or

RS

R7 \ p —

10 N ,
wherein the asterisks mark the bond with which the Pyridine’ ring is bound to A;

R' represents Co.e-alkyl, Co.s-alkoxy, cyclopentyl, or NR'*R*™:
R™ represents Cy.s-alkyl;
15 R'™ represents Cy-alkyl, or hydrogen;
R? represents Cyo-alkyl;

R® represents Cyp4-alkyl;

R* represents C,-alkyl;
20

R® represents methyl;

R® represents Cy-atkyl;

R’ represents Czu-alkyl; and
25 R®represents methyi;

or a salt of such a compound.



-643% 48 -644% 58 -624% 59* -731% *at a dose of 3 ng/kg. WO

2009/ 024905PCT/ 1132008/ 053269 139 Claims 1. A conpound of Formula (1),
5Pyridi nel- A-Pyridine2 Forrmula (I) wherein , O wherein the asterisks
mar k t he \pgnRghobhidds Whi ch the Pyridine' ring is bound teerAi20b&0d3dsor epresents
Cl. 5-al kyl, C1.4-al koxy, C3_6-cycloal kyl, hydroxynethyl, or NRRa Rib; Rla
represents ClA-alkyl; Rib represents A$drogen, or Cl.3-alkyl: or R a and
Ri b, together with the nitrogen that is attached to the pyridine, forma
pyrrolidine ring; 20R2 represents hydrogen, or Cmal kyl, or in case Rl

repr esent I F%tg Y ATYh add| tion represent

nmet hoxy; %S%ng?{zi@tas&é ?rﬁ/ (ﬁé’@dé’féﬁhgf%xy gg&g cycl oal kyl, or
NR3aR3b; RpddimedremestsdsCl- al kyl ; 25R3b represents hydrogen, or

Cl..3-al kyl; WD 2009/ 024905PCT/ I B2008/ 053269 140 R4 represents Cl_4-al kyl,
or hydrogen; R5 represents 01.5-alfkyl, nethoxy, or NR5aR5b; and R6
represents Cl 2-al kyl; R58 represen 14- al kyl ; 5R5b represents hydrogen,
or Cl _3-alkyl; or R5 represents 01/2-al kyl,, or methoxy; and R6 represents
Cl _5-al kyl, or NR6aRst R6a represents CFA-al kyl; R6b represents hydrogen,
or C1,3-alkyl; 10R7 represents C1,5 yl; R8 represents Cl_2-al kyl, or

met hoxy;

R‘I

5 wherein the asterisk marks the bond with which the Pyridine ring is bound to A;

or a sait of such a compound.

6. A compound according to any one of claims 1 to 5, wherein R represents Cos-
alkyl, Cos-alkoxy, cyclopentyl, or NR'R'™, wherein R' represents C:s-alkyl and
10 R represents hydrogen, or C,.p-alky}; and R? represents Cq_o-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

15 QN

wherein the asterisk marks the bond that is finked to the Pyridine’ ring;

or a salt of such a compound.

8. A compound according to any one of claims 1 to 7, wherein

20 Pyridine? represents

R R

= Nz —

N ¥ R13 ———t e
\_/ \_/ \_/
R12 RM or Rﬂi

wherein the asterisks mark the bond with which the Pyridine® ring is bound to A;



RO represents Cl15- al kyl R16 represents Cl_2-al kyl; A represents Pyridine2
represents RL1R15 WO 2009/ 024905PCT/ 182008/ 053269 141 wherei n the
asterisks mark the bond with which the Pyridine2 ring is bound to A

R11 repreggnhssdds al kyl, 01_3-al koxy, hydroxynethyl, ¥ hRbdaRdsb; 5S5R11
represents Cl_3-alkyl; R represents hydrogen, or Cl_2-al kyl; R12 represents

hydr ogen, or Cl.2-al kyl; R13 repéésents Cl_4-al kyl, or NR13aR13b;
10R13a represents Cl.3-al kyl; R13b represents hydrogen, or Cl.2-alkyl; -14
K represents Cl_2-al kyl; R15 repr esents Cl4-al kyl, or NR156R15b; and

R16 repre enf. | k sal kyl ; al5b K represents
hydr ogen, ﬁ é&e%ngs (%fl é(ll(\tj)! %’%@%@ géﬁ C 2- al kyI and R18 represents

Cl- 4- al kyl orRNRﬂﬁﬁesﬂrﬁ@aCKgﬁé@r esents Cl_3-al kyl ; -161) K represents
hydr ogen, or 1g-al k O,R17 re s Cl_4- aI kyl; R18 represents
Cl_2-al kyl , C"l‘rref%'? fits %Ydmg?&z? FE@ @E Unts C1.4-alkyl: and 25R2

repr esgent R‘G@p?gg@h{gy(t”-mph t he exceptl on of
3-(2-ethyl-4-pyridyl)-5-(2-ethyl 4 pyridyl y1, 2, 4-oxadi azole; or a salt of

such a conmpound. WD 2009/ 024905PCT/ | B2008/ 053269 142 2. A conpound

accordi ngRna)re?@gemsch\A@g{,[eb,nNR?saRmDr esents hydrogen, or Cl-alkyl, or a
salt of such conpound according to claim1 or 2,

wherein if R2 BF Wprem@%m@&yfiydrogen 5R12 represents Cl.2-alkyl, or a

gal rmg]; e?gCh aRaegg&ngqﬁS hf}drogeﬁ,om&qéilkﬁ?cor ding to any one of cl ai m 1to

10 R" represents Cy.z-alkyl;

'3 represents Cqs-alky!, and R'® represents Cq-alkyl; or
R'S represents Cq.o-alky!; and R'® represents Ci.4-alkyl, or NR'*R'®;
R'® represents C+.3-alkyl; and
15 R'® represents hydrogen, or Cq.-alkyl;
or a salt of such a compound.

9. A compound according to any one of claims 1 o 8, wherein

Pyridine? represents

R‘H
— N E—
N etk R?B =
\ / \ /
20 R12 or RM ’

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

25  Pyridine? represents



Pyridine' represents R2 10 wherein the asterisks mark the bond wth which
the Pyridine' ring is bound to A, Rl represents C2.5-al kyl, C2.3-al koxy,
cycl opentyl, or NR14Rlb; R14 represents Cl_3-al kyl; 15nlb K represents

Cl. 2- al ke 2000886l 0gen; R2 represents Cl.2-al kyl; R3 pe@RERSERES9
C2_4-alkyl; R4 represents Cl 2-alkyl; 20 Rs represents nethyl; R6
represents C2_4-al kyl; R7 represéfi®s C2..4-alkyl; and 25R6 represents
met hyl; or a salt of such a conmpound. WD 2009/ 024905PCT/ 1132008/ 053269 143
5. A corrpl@Und according to any one of clainms 1 to 4, wherein Pyridinel
represents\R2 N) )- Rl Swherein the asterisk marks the bond with which the
Pyridine' yrng\is bound to A, or a salt of such a conmpound. 6. A conpound
accordi ngnyto any-one of clainms 1 to 5, wherein Rl represents C25-al kyl,
C2_3-al koxy, cyclopentyl, or NRL8R b, wherein RCl_3-al kyl and 10Ri b
represent s /nydrogen, or Cl.2-alkyl; and R2 represents G _2-alkyl; or a salt
of such agtonpound. 7. A conpound according to any one of clainms 1 to 6,
wherein A represents 150 N wherein the asterisk marks the bond that is

| i nked t owhéreirRyeiadtersk manmg theoboral with twhidh Sedhyriiredmpgusbound to A; 8. A
conmpound accorgif% %o anrﬁ one, of clains Ito 7, wherein 20Pyridi ne2

repr esent ¥ & IAORHEN A5 BRAMY C14-al kyl, hydroxymethyl, or NR114R1113.
Rita represents Cl.3-al kyl; Rimrepresents hydrogen, or Cl 2-al kyl; 5R12
represents Cl_2-al kyl; R13 represents Cl 4-alkyl, or NR138R13b; R134
represent §1.c glram%md', according to any ong ¢} Flajreddft 'O MR dn, PraseNS- al kyl ;

methyi, ethyl, hydroxymethyl, methylamino, or dimethyiamino; and R" represents

methyl;
or a salt of such a compound.

10 12. A compound according to claim 1 selected from the group consisting of:
2-ethyl-4-[3~(2,6-dimethyl-4-pyridinyl}-[1,2 4joxadiazol-5-yl]-6-methyi-pyridine;
2-ethyl-4-[3-(2-ethyl-6-methyl-4-pyridiny[)-{1,2 4]oxadiazol-5-yl}-6-methyl-pyridine;
2-ethyi-4-[3-(2-isobutyl-6-methyl-4-pyridinyl)-[1,2,4]oxadiazol-5-yl}-6-methyi-
pyridine;

15 2-propyl-4-{3-(2,6-dimethyl-4-pyridinyi}-[1,2 4]oxadiazol-5-yl}-6-methyl-pyridine;
2-propyl-4-[3-(2-ethyl-6-methyi-4-pyridinyl}-[1,2 4]oxadiazol-5-yl}-6-methyl-pyridine;
2-isobutyl-4-[3-(2,6-dimethyi-4-pyridinyl}-[1,2,4]oxadiazol-5-yl]-6-methyl-pyridine;
2-isobutyl-4-[3-(2-ethyl-6-methyi-4-pyridinyl}-{1,2 4]oxadiazol-5-yl]-6-methyl-
pyridine;

20 2-methylamino-4-[3-(2-ethyl-B-methyl-4-pyridinyl)-{1,2 4loxadiazol-5-y1}-6-methyl-
pyriding;
2-ethylamino-4-[3-(2-ethyl-6-methyi-4-pyridinyl)-[1,2 4joxadiazol-5-yl}-6-methy!-
pyridine;
2-isopropylamino-4-[3-(2-ethyl-6-methyl-4-pyridinyl}-[1,2,4]oxadiazol-5-yl}-6-methyl-

25  pyridine;
2-diethylamino-4-[{3-(2-ethyl-6-methyl-4-pyridinyl)-[1 ,2,4]oxad%azol-S—yI]-&m'ethyi-
pyridine;
2-isobutyl-4-[3-(2-methylamino-6-methyl-4-pyridinyl}-[1,2,4joxadiazol-5-yl]-6-methyl-
pyridine;



10R14 represents Cl.2-al kyl; R15 represents Cl4-al kyl, and R16 represents
Cl 2-alkyl; or R15 represents Cl.2-alkyl; and R16 represents Cl4-al kyl, or
NR16aR16b; R164 represents Cl.3-al kyl; and 15Rub represents hydrogen, or

Cl. 2- al ky, alt of such a corrpound 9. A conpo rdhpg to any
one of clgpr%gdwlﬁ%gﬁ 8, wherein Pyridine2 represents Ri W/Iéﬁ}ggb %(B orR14

wherein the asterisks mark the bond wiléé which the Pyridine2 ring is bound
to A, or a salt of such a conpound. 10. A conpound according to any one of
clains 1 ?@Bc@ptyméﬁél?ﬁsczﬁﬁwlaminme&m@byiés@mcﬁnylm,z,4]0xadiazol-5—yl}~6—

2009/ 0249 (ﬁgO%&BS%Q 145 R11 R12 wherein the asterisk marks the
bond vm'th yrf dine2 ring is bound to A, or a salt of such a
conmpound. 25‘ﬂrlathyApmpm04ul[‘Hsl Zaeb Qi SHieghyil-el-pyrid e 1 ¢, 4 ok adiiasolb- b6 dfsthwher ei n
R11 represents nethyl, et hyI , hydroxynmethyl, nethylam no, or dinethylam no;
and R12 r@ﬁfdé'?énts methyl; or a salt of such a conpound. 1012. A conpound

accor i ngot &t gf Mck asgérggé@fqi fromthe group consisting of:
2- et hyl - 443- (2, 6-di met hyl- 4- pyri di ny1) 41, 2, 41oxadi azol - 5-y1] - 6- net hyl - pyri d

i ne;

2-ethyl-4:43 I.ﬁ:,h | Laz@l s 5= y1] - 6- met hyl

- pyri él ne & A eth [a% ?’gﬁr@! }wa - rrgﬁéﬁ)f&rﬂ{ ?ﬁkgﬁﬁj%%%g or Y4 Y
, 2, 4] oxadﬂasnplre@xyiq Easemmw&s_mqmw Mdpyr@‘,myi) 1,2 4]0xad%azoi -5-yl}-6-methyi-

152 pr opy%ydaéllge (2,6-dimethyl-4-pyridinyl)-[1, 2, 4] oxadi azol -5-y1]-6-nethyl-p

yri di ne;

2- pr oy 1- 44sbtBA @t [ayR-dihyes-mgth 344W'zdd1ym[i)24éﬂ§oﬂad4ém@dﬁ]a@meﬂ5@wyl1 6- net hyl -
pyridi ne; 2- |sobuty1 443- (2, 6-di methyl-4-pyridinyl)-[1
4]oxadPﬁ%Bm35 y1] - 6- met hyl - pyri di ne;

2 but &4 ]
| SOty s b ot
et hyl - 6- néﬁh@@ﬂwi M&'ﬁ-l(%heﬁwlﬁ rpa_thzl44:]y@gimi Y2 Q4] gxq@@zcﬁ%}w| nepy“ di ne:

2262? ’C’,ng?g 4y§1&651 meﬁﬁyﬂglt 5% éﬁrﬁ/e)o?ﬁri 9]'0%&23&;) 15 -yl}-6-ethyl-pyridine;

2-i sops opthbum-M{?)E 3-{Ryied- hwlthyﬂ‘yﬂrrwnhwy{ 44 m(:t}odmmyﬁc)i—tihal], -2- eﬂﬂydypgddlazpl -5-yl1

S g s S A SR

2-i sobut Yngéié é#tyﬂﬁ-t[fs‘-)(i éfﬂnﬂ@tr@’r ﬂ@iyh&ﬁ'nyl‘}*{pﬁm 8kadiazol-5-yl]-6-methyl-pyridine;
inyl)-[1,2,4)oxadiazol -5-y1]-6-neth

| pyri di VO

2009/ 024965PeIPAFBISTENDS (radyi- X methyi-4 pyr&dmyl) [1,2,4Joxadiazoi-5-yi]-
2- i sobut y% ,41(?,[,@ (2-1isopropyl am no- 3-net hyl -5-pyridinyl)-[1, 2, 4] oxadi azol - 5-
yll-6- ne Y1y -pyridine; and . '
2- ( 1- 2@ hy P-gyciopgniy-4-{3-82-ethye Bhypathg-4rey iginyi hid diakediazp--§-yl B-apbtxewi azol - 5-y
1] - 6- et h}glipa/rl dine; 5 or a salt of such a conpound.

6-methyl-2-(3-pentyl}-4-[2-(2,6-dimethyl-4-pyridinyl}-[1,3 4]thiadiazol-5-yl]-pyridineg;

and

B-methyl-2-(3-pentyl)-4-[2-(2-ethyl-6-methyl-4-pyridinyl)-[1,3,4]thiadiazol-5-yi]-

25  pyridine;
or a salt of such a compound.

14, A pharmaceutical composition comprising a compound according to any one of
claims 1 to 13, or a pharmaceutically acceptable salt thereof, and a

30 pharmaceutically acceptabie carrier.



13. A compound according to claim1 selected fromthe group consisting of:

2-1sopropoxy-443-(2-ethyl-6-nethyl-4-pyridinyl)4l, 2, 4 oxadi azol -5-y11- 6- net

hyl pyri di ne; 102-i sobutyl-4-[3-(2-ethyl-6-nethyl-4-py

idinyl)-[1,2 4&Jﬂoxadi azol -5-y11- 6- net hoxy- pyridine;

2, 6-di et hy|YA4¥I0H §i met hy1- 4- pyri di nyl)- 41, 2, 4) oxadi @ég}gg&?/
xa

/5'?-( yri di ne;
2,6-diethyl-4-[3-(2-ethyl-6-nmethyl4- pyr%%} nyl)-[1,2,4)0 iazol -5-y11-pyrid
i ne;

2-1 1- - i = 4- idinyl)-[1,2,4 i | -5-y11-6-ethyl -
I BB R A S
pyri di ny1) -39eRlakiRosaiinamall- &- 3 bhatnasshyibalRy sl according i clair 4

2- (13- pent yYsedad 3= ic%‘ i n[ret hyl - 4-pyridinyl)-[1, 2, 4] oxaoq %%69 X §-P§‘/1ﬂx@fmat hy
| -pyridine; 2-cyclope ntyl-4-13-(2,6-d imethyl-4-pyrid nyl)-(1 ,2 ,4]oxad
iazol -5-yl1]-6-nmethyl-pyrid in e; 6-m ethoxy-2-(3-pentyl)-4-[3-(2-ethyl-6-m
ethyl-4—pyrjd inpyl)4l ,2,4)oxad iazol-5-yl11- pyridine;

202; ﬁyc;sopg:kﬁiyég%ﬁsgﬁza- éﬂ‘i{@ﬁéd?@@%@fﬂimgl- ngmsz) of 1ei2infd oxagi 30l 5;y1] -6
- et hoxy- raeos itical a(a3n .

(2, 6-di )r/ret hy1- 4- ﬁ i ﬁ%ﬁﬁ%@i)faﬁ@g@é ’ofofé-L%%%R}fr‘rﬁa@m@f aaplrmaceutical

6- et hy1- 2-CTRSEIOY LI 42 Y icsting orGrammirayt <f-<hygisd B disortiork AU Ay azol -
5-ylj 25pyr iv@dings a@tfva?eosiﬂ{rﬁurﬁ)é ECh a conpound. 14. A pharnac 5 eaqi
conposition conprising a conp d"accor di ng to any one of clains 1 to 13,
or a pharmaceutically acceptable salt thereof, and a 30pharmaceutically
accept 3l e gar i er,.. WO 2009 0%4.905 PCT/ 182008/ 053269 147 15. A conpound
accor di ng 25:? “any” one BFOAING WsC'aim 3617 ther pPrgvphizomeac euhinealt lof @GRt @FF)I e
sal t t her edfisoroersasgdrasdraeey tii L cording to claim 14, for
use as a med ﬁarreg.t. '1017.%&?'_%]'(;0%;55)%8 ﬁ%éﬂodr%?ﬁgg}%b% Q?rﬁﬁa%p'fiﬁ'{ﬁdt@@ans
prevention or tarsga 'fjﬁﬁi‘rt“\@l‘”s Beabakies, pandieasy demea s ahecdiad rgﬁ_rpefggg_r%'s?up
foar | Ung, - pancr eas P hia ) and  SECK; {GFaATa U LS mNNLTS seaseambs ought
about by st'¥WERY rheureateisl attitréis 00 ipRUE BB BB BTES o, 41 G Ld] ng
rheumatigi d 2ar Ehentd iselW iRl & sclerosis, inflammtory bowel HSEASHE such
15 as Crohn’ S}ydi sgiase and Gﬁcgitcgr{qt\y% @hits ¢ PEOriasiOrisashEc satis athymidits
arthritis, SURyrasi diashsndio’e hthemidias hivml s ikhyr Qi ditis, uveo-retinitis;

at opi ¢ di segses, Mt%\ s rhinitis, con unciﬁt%i %égﬁlgfgée@ég?t?@f’ a3 trhvis, t ype
| di abet es; post-iht el TGS a @SBRI bPedi stiabatssi mokUitifdtEiol eamBil fulever

and post - i isEeseousciglin i.1is:,s0lid.cancers and tunor netastasis.
20 p clgdingenul RaePheldd Sng F%smnfe&lous glomerulonephritis; soiid

cancers and tumor metastasis.
20



