- PI COLI NAM DE DERI VATI VES AS KI NASE I NHI BI TORS Cross-Reference to Rel ated
Appl i cations This application clains the benefit under 35 U. S.C
119(e) to U.S. provisional application serial No. 61/093,666, filed on
Sept enber Q@ 202668124and to U. S. provisional applicati orcserialosiios

61/ 225,660, filed July 15, 2009, which are incorporated herein in their
entirety by reference. FIELD OF THE | NVENTI ON [OM The present

i nvent+en-relates to new conpounds and their tautoners and stereoi soners,

and ph ceut i cal Ty HELEPPUREPEHVRAEIVEE St FEVASEtNIBBITOR€s or prodrugs
t her eoym MM ns of the new conpounds together with pharmaceutically
accept ”IE and uses of the new conpounds, either alone or in

conmbi nati omsowht h at | east one additional therapeutic agent, in the
prophyl axi s or treat nent C€rossRefeaenceB0BeERGADplicationd 0002] I nfection with
the Mal oney retrovirus and genone integration in the host cell genone

Vel oney Ki nasd NSRRI e DB beT CHOSCont o6 o W PREGIRER
Vet ovi 1 dEPTHILY %Fai‘?ﬁe%@é%%ﬁﬁ %s??sr&ﬁmﬁr'og”fd&y@r WS Bt b%fﬂ%h' )
I i R R B R e R i s i S

" Pr ovi r al théig bttty b9 Refefenddle put ati ve oncogene Pim1 in MILV induced T-ceI I

| ynphormas" EMBO J4(7):1793-8 (1985)), thus establishing a correlation
bet ween over-expression of this kinase and its oncogenic potential.

Sequence nonstrated that there are 3 highly honol ogous
Pi m Ki nas@gﬂﬁﬁgiﬁwc’% m being the protooncogene originally
identified by [0801] OViThe Srebeht BFEidnQelatettd iehedoiipotndstand ffgeikt6mBas C ©
over-expressing.Pim21 or Pin2 show i ncreased incidence of T-cell |ynphomas

( Br euer l\ﬂnéts‘:eéqmsome’{?eﬂﬂ Hregraceytisglie arcgptable salisptstisn metabglites BRPIBYUES cheni cal
car ci Nog&Rerks¥, sunr;@olmroﬁaastﬁ@m& cé&ﬁ&ndé\{égétﬁ& wtHBtRuingadcbp@it) . while

over-expression in conjunction with c-myc i s associated with I nci dence of
B-cel | | yapieosrasd ys¢e phibe hewgompgunds, ‘either aldpe ar inmapmbiration with ay/least nde

112 117804 T SRECHERE B e bR Eor cellh B B, I 20t omg

correl at i BACKEGRIEBDPI m over - expr essi on and oncogenesi s in hematopoietic
mal i gnanci es. dditjon taq_ the ani nodel.s, Pimover.- expressi on has
been reported | {"ﬂ’zia Wﬁ&ﬁ@ﬁ’“ﬁ&ﬂ%ﬁ&?ﬂﬁ%ﬁ&%‘fs@d gpRqyRe inteeiatign H&é? expressi on
i's frequeaiski ¢l Qe Reulishin GRVRIophRAPITIRAPIRINS iliided PARGHS IutégtitilpfR et al .
"The human prot ooncogene pr oduct pSC;,_pr mis expressed during fetal

henat-opoiMalpacyhiase{PHidpase) Wes identifisd as om@qﬁswuswmy -09E0RPUGS] (1989) ;
Cohen AM g n chronic
| ynphocyt i %alﬁée%fkbgrn{ga angﬁjﬁgﬂgﬁo%gﬁéﬂ}y ﬁétt"b%rﬁfklt@&%t%ﬁ @eﬂh S%%)gﬁ%l 5
(2004), Hr!r’f ttredn PMnarieg leakemia dempﬁwﬁrlmplmng:gamsrsemtwanaf e B-cell
chronic k 0 f I e 70 and
D08 exprbStnan e R AR RaRACEDR: L SORIR 3R CRR) 3Rt o
cancer (Dmmedcamton&‘dmtheqiut@lve oncogere Rimal in(MuDV uprwgm‘)&élll thjh@ﬂias"ker sin

t at 84 001);. Gibull TL, et al
pE)C/)Zr ngrfg@éécf 4(By H%& X@gﬁﬁﬂ ﬁ%‘tﬂfﬁ'é‘g?l el g‘bm‘t%tqvﬁr'%i@é‘%ﬁ‘egf’fcl noma,
.1 din RaiskalasdMd3is &%&c@&ﬂ@al) SeqidhéechoMttsgyambly SIS | aerﬁms&tm&’ums is

frequent 15?{6 observed in hepatocellular carcinoma (Fujii C et al., "Aberrant

expr essi dhere pregdiighly hemplogonstamiinases (Rind, 2&; 33, Riey deinedhs ot car ci noma
devel op m%ﬁt:o%ﬁg ohélﬁal[)qh&tiﬂ%d tbg ?etfbrvﬁ{té i %%?atttbﬁ Futhel MR frah SRR X8 Cel |

lines," Int Cancer "114: 209 I) and pancreatic cancer (Li YY et
al ., "Piraver-exprgsging Bmhmo@eﬁehwmr ineifleriee eHhicakk Iynphames &neuanMy, is

aberrantl o tes bad to
bl ock bad- an@d%ﬁﬁggg ﬁb&g{emé{@?’ﬂ un%ﬁ&dcgﬁgrgggt% il:‘%l%?:galn%g:rmggf lr|gn1es " Cancer
Res 66( 13janfgedit- niicé"?z%ﬁr)e)&w(ﬁamlpj (rﬂ989)2l whik cverexpeession il tunfotiore ki nases

t hat norma.l function in surviyva d proliferati f oretic cells
in responge (yﬁ"grgﬁﬁf%mfeéic‘t@"?C‘gﬁ’a“'@?%‘ifﬁrlr‘ggphoﬁﬁ Ski’r Eeg‘ Ttrj‘ﬁ §§- t hr ough
the Jal c/hdhrrig thaEhwaihyt @adlE nipiat! irkems dodeldy mEPCEdintbikemiAf the Pim genes
and synthesis of the proteins. No further post-translational nodifications
are requitred_for_the Kinase Pimactivity. Thus, signaling down streamis
primri l y controlled at the transcri pttonal /transl ational and protein

t ur nover ﬂmmu"mmﬂmlm/es for Pimldnases include regulators of apoptosis
such as the menber BAD (Aho T et al., "Pim1l kinase pronotes

i nactivation of .dhg« pro apopt otic Bad protein by phosphorylating it on the
Ser 112 gatekeeper site,: FEBS Letters 571 434 (2004)) ceII cycle
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wher ei n, X1, X2, X3 and X4 are independently selected from CR2 and
N, provided that at |east one but not nore than two of Xi, X2, X3 and X4
are N, Y is selected froma group consisting of cycloal kyl, partially
unsat ur at &b serbBadskyl , and t het er ocycl oal kyl, wher ei npepgbh0d®nodisys of said
group may be substituted with up to four substituents; 7,2 and Z3 are
I ndependently selected from CRL2 and N, provided that not nore than one of
7,2 and Z3 can be N Rl is selected fromthe group consisting of

hydr ogen, prefdtifly)" Mud|Call Bio/dd ()il 76-81(19911)). Thas) thesammal models establisha R2 and R12
I ndependent |y at .each occutrence are selected fromjthe group.consisting of
hydr ogen,St‘i‘?ﬁg gorrqlanpn Reyeen Bim pyer-expession @&ﬂqc%ﬁ’?ﬂe%ﬂﬂg‘ﬁ?‘g@?@ﬂu r

=subst i t Uh&ltknahdisd. .In addi€eh/io.thedk kil moddlK Pid overlBxPRssil Rdsabribortddet er o

cycloallcyl, and partially saturated C&d oal kyl ; = . R3 is selected from
t he gr oupndwARgother hyngrm e Pimb3 &3 eygereuession dyfreenty hseyedt i t ut ed

al kyl, cygl ies (Ak etreL Ak Y R4 is
sel ected 1?@“@#?’%%”8?@%@@%@%‘%?%%‘%&“gﬁgﬁp’, t@% 351.%“%%%05) n%ﬂ el;/ , al koxy,
subst i t utproadust RBBpim isexprassedsiuting fetal hemlatapeiesss aralridl divieksy leukemizs,” 2VASRS

r epr esent . It r..un Slel , C3-C7
cy(F:) | oal ky??ﬁﬁg?%gﬁﬁl??%@@%h%]ﬁwﬁ?tz%'f u@g%ggg}%"%%%k@wcarﬁq ﬁeéla wherein
each sai dnhuinah chrotie dyriffhogytivtipukemyia frel montdddgkint lesipharhd)" DguktIympbur

substitue I rom hal o, .cyano, am no, ,Cl-4 al kyl, C3,6 cycl oal kyl,
o Roxy, - ADSTERHED, ot ot XGRS PR s G R PR Pouber 1 ¢ ut e

ani nocar hrtic lygpho@sid IduRRhia prdghsitictsibgReup e AvBy 048170 andicpb&oxyal | cyl .
100061 I n sone enbodinents, new conpounds of Fornmula |, or a stereoisoner,
t aut oner , cxgresyemstae o heukentia 20: b de 8212 W6-and in proptatsicarget provi ded wherein

X2 is N a(m?ﬁ%eka}% S'?Mdet%ﬂ, W finédton of pro ostiO BR frhrilel A YrSstate gér,ma nts, new
conpounds of Fornmula 1, of a Stereol Sofer,  tautoner. ror phar maceutical |y
accept abl Nateral 412¢60849)822-6(280 1)1 Gibul ., vtraby €D verdxpession sfPiset durifg om hydr ogen,

met hyl, ethyl . .hal.o ang. . 0] 1 . | t s,., conpounds of
Tt ol & orogspssicnir BposiRie Bfkmpcarpinom, W ol S SRR TR, it RBRON'ES o
trr:gr gpf %xprepﬁ@:vbmmg\m&?cﬁilgﬂtlﬂ&ls&ﬁédl dhephitdcdlinlad carcinoma (A§RQJ&t dln sone

e (0] |mar],t , CO ounds or -ror a Lor a st,ere0| soner, tautoner, or

phar mceuﬁsbemtggafem%?@ cpning kinagsiPimy Linhepatperliylanparcipma r1 2 i s

sel ect ed devEIBpNE AR rold ! tRe proBfeftion ofhilian 1RPeofmM 3B lines, [MPOAOnkr Ot her

enbodi nent s, new conpounds, and their stereoi Soners, tautoners and
phar mac e k14290131 8{(20@) ang| panereaticeancgr €liph b ot ale tPiof 3 tapsotpongedene with i |

wher ei n, . Y..i .St . xyl,
parti al l yseﬂrrl\e_s{%ltret? Pglteé(ﬁ] a%%%ﬁ%gﬁg’g@%&prg}ﬁ %8?"3?"8@@@%%@%?‘%? ?%S_r%pgi n each
mentier ofphesphdndatesimdriabloble baliinedinted bpeptosistin human parfeomatic sambatdeluents; R1 i s

sel ected ,fromAt he 0 onsi St i of hydrogen, -NHR3, hal o, hydroxyl;
Ayl cAmsR el R SRS AR (Y o
[0003] Piml, 2 & 3 are Serine/Threonine kinases that normally function in

survival and proliferation of hematopoietic cells in response to growth factors and

cytokines. Cytokines signaling through the Jak/Stat pathway leads to activation of
transcription of the Pim genes and synthesis of the proteins. No further post-translational
modifications are required for the Kinase Pim activity. Thus, signaling down stream is
primarily controlled at the transcriptional/translational and protein turnover level.
Substrates for Pim kinases include regulators of apoptosis such as the Bcl-2 family
member BAD (Aho T et al., "Pim-1 kinase promotes inactivation of the pro-apoptotic
Bad protein by phosphorylating it on the Ser112 gatekeeper site,: FEBS Letters 571: 43—
49 (2004)), cell cycle regulators such as p21 WEAL/CIP1 (Wang Z, et al., "Phosphorylation of
the cell cycle inkibitor p2 1Cipl/WARL by Pim-} kinase," Biochem Biophys Acta

1593:45-- 55 (2002)), CDC25A (1999}, C-TAK (Bachmann M =t al., "The Oncogenic

~
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R12 i ndependently at each occurrence is selected fromthe group consisting
of hydrogen, hal o, hydroxyl, am no, nitro, cyano, SO3H and substituted or
unsubstituted al kyl, al kenyl, allcynyl, alkoxy, am no, cycloal kyl, hetero
cycl oal kyl weamdo/psissi al |y saturated cycloal kyl; R3 is sptEpebmb/donms t he
group consi sting of hydrogen, -CO R4 and substituted or unsubstituted

al kyl, cycl oal kyl, heterocyclyl, aryl and heteroaryl; R4 is

sel ected fromthe group consisting of alkyl, substituted al kyl, al koxy,
subst i t ut eBeraleKidngoninerKinge Péniidthosphoedatenanddnhibitckhe Ncghmﬁ(mczﬁmd

R5 represents. ou fromh dro S

t ui subst i tﬁsts%%%g‘ﬂgﬂage @'i‘&(ﬁgaﬁ@y‘?l rglﬁrf?fl n]gatﬁ}é‘ié?@%?‘?w er ei n each
sai d subst ¢HedkintRY RI6CHmED: 4se1$uml(1zw4¢>chnmeu PBhAAaiRiya 1§ LI t uent s
sel ected from hal o, cyano am no, Cl-4 al kyl X‘Cl oal kyl , al koxy,

nitro, caxdowyl assesialeyith PT@?F%%?&PH%@S@?““&WJ%WH@S@ bromosonedit ed

am nocar bofipl(); 8%?1951&%&)5 th/thc pl%%&ynwgg%@mtmﬁm ?ﬁMﬂﬂa@M&ya' leyl.
100111 In sonme enbodi ments, conpourids or mul as or H or

st er eoi sondim and dikd praogenss amhadqm@;butnegldatbv o bematopdittes csealgtowtheméof are
provi ded M ] siifuted or
unsubstitu %:lyc oa ﬁs{(@ﬁﬁ ﬁi 2k@&rr)éll T%%E%Fsl ?ﬁmy 5 qge plcﬁ%%alragozl% nyI

wher ei n eaaimsﬂmnbexth a)folesml piotgﬂimmfranm;mptmi‘s iatdll ptbchcmbh bf ¢abl rirelifeation and

substituents. sorre enbodi.ne Y.is substityted with to four

Subst | ¢ uonEonLLITBE BRerroREAFES A (S) i G35 HBUE JRIKFoIe B BOn oy,
subst i t ut egdirdiVAIAAd pfelifdatfnlof kancerlcels BRd, %e?éf&é'th&?ﬁlh%&ﬁ%ﬂ&h&)ﬁé /! . In yet
other enbodinents, Y is substituted with up to four substituents sel ected
from net hy¢ff°°BYQ)W of treafinggaprers en which thwmrwgpr -expraised [n fagt severabtieports o C1_3
al kyl, tri ﬂa{c&e%t ﬁn&k(é% gg@gg &e&ﬁlnl f(l;irfl(?é) gllith)é Aresults 1[1919&!?111914 Some

embodi ment's, NEw Conpo or a er eol somner aut oner, or
phar maceut pmhfel-apoaancbmi]aimhth (Pai Mt elr,dAahtisense qﬂfgodedi@duoldwda targ¥tings sel ect ed

froma gr onsj sti.n t.i unsubstjtutec cI ohexyl,

cyol ohesy b seratuBpHaFKrse T Aimbletprolieiont Ayl o el S GpoLp s
subst i t ut eBnamriabol\SH: 1693)E364L8 @bs)t FljuRPAIS2005; Li et al. 2068)1 BlirthdimsRe

enbodi ments, new conpounds of Formula Il, or a stereqQi soner, tautomer, or

phar maceut PaigHpgal &‘Eﬁ’éﬁb?“aflfl sgvesa wellikngwagrogspes ip hematgpeictigaplignanoiesiage
substi t ut { Eﬂcﬂ%ﬂ from
hydr ogen, e@gar%gxérl:‘lq%sr%fcgﬁg leﬁdﬂﬁiﬁd}ng}l}l@ﬂﬁg{%ﬂﬁep ki&/taﬁhsﬁogﬁt ed am no,
Cl A al kyl , reglatidnedfin lekgetssiondmpgins suyuvzdaf kgtnatopomtsaniés tomistodinetbyt Blt3 t he

substi t ue e I r I

othyl . hydiSEGRA md@%?&%g%?yoni I GieRT Fﬁ{zf% &3 Roilidibs “éf“’d‘[‘af)kw and
di hal‘o C1 ﬁeaahémlof these malignand31 44 additisaoa petehmjlrdﬂteﬁlt &ncampmmdmdof Formul a
I, or a stereoi v, £ aut ome ceuti.cal | cept.a salt -

t her eof ar’@y‘ﬂ?ﬂf)‘s’@ﬁvﬁﬂ’é@é%S‘Fﬁ?’é“h‘é‘“@é gg@&}sqf‘l’lé Bﬁ’éﬁs omal o, met hyl ,
ethyl and ignna@R-cells in other patASIEL corillithaFRcIeAREHiMRILS discReDaMmge of Fornul as

| or Il, or a stereoisoner, tautoner, or pharmaceutically acceptable salt
t her eof ari8agsionyanddn oygen transplantation sei¢ciion syndrerags Tmngtmmpswﬁ@?dsw ng of

substi t ut y;—h% qoarrel yl
pi per azi n;ﬂ \/\.?1lH el n sg%r tt 819 ~gro é‘l}férTS%ﬁbg'ig)i?’}%{ﬁ ed W {dfgtgw to t hree
subst i t ueninductioh ef ¢xpdestion of bash Hyill,&ktﬁldypl T etha).dExpydssiomof inmmandtin fmaﬂjn oxy; R1

i | ected f t h 1.no; R12
| ndependertry: Brueae BRaiRer b A e PR perapl Hob ] HeigFy |
[0016] In @pémoenﬁﬁﬁtemaﬁi(&; " Dnbipologd 316 82FR8 (0005)). |MoreOver APiSA(Sr €0i soner ,

t aut oner, har maceyt i ga ceptabl e salt thereof are provided, V\/nerel n
Vi's sel ecPBEsHph el h’%%ﬁg]i?%’%‘by b irmmpaestpRiEstye -8 ok £ 2 al.”

cycl ohexemgos). er@lilﬁ)ébﬁ_'eﬁﬂﬂatmnﬁﬁlﬁéés%‘é invélvtSinIRd &flyBkrdrEQMibRe group
consi sting of hydraogen Cl4 al kyl, C3.4 cycloallcyl, and -CN
R12 i ndepdﬁﬂ%ﬂﬁ% PWﬁPefé[Ia@ﬂHSdE]@Gh @Q@Fdiéati’ ﬁles@me@lealcﬂrreswnmngammnwna sting
of hydrog R5 is selected fromthe group
consi sti ngﬂf)e kse%gl% ﬁ?‘é‘ﬁ"“%‘%ﬁ%ﬂ%éﬁﬂ“ﬁ?‘g@a enyl, cycl ohexyl, cyclopentyl,
t hi azol e, pyri dW‘M py v @mmﬂ-yhgmﬁdcwiﬁ“aszn mpeméhaifrm'hihﬁcﬁ& i@m‘ﬁix}mqfay be
substitute .Se ed Lhom.hal o dr ogen,
retnyl  sapedhch Bt g iR HREheR) HRELEE ouf Bt R sl

repr esent ative enbodi nent, corrpounds of For rrul as | or H or a stereoisoner,
taut omer, or pharnmaceuti cal Iy accept abife salt thereof are provi ded,

sel ected fromthe group consisting of

N (44( 1R, 3R, 4R, 5S) - 3- am no- 4- hydr oxy- 5-

met hyl cycl ohexyl ) pyri di n-3-y1)-6-(2, 6-di fl uorophenyl)-5-fl uoropicol i nam de,
((IE, 3S559);
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[ 00231 The invention further provides conpositions, nethods of use, and

nmet hods of manufacture as described in the detail ed description of the

i nvention. DESCRI PTION OF THE DRAW NGS [ 0024] The foregoi ng aspects
and many w@fo toh@ozdisendant advant ages of this inventi onpgi/kEb200ee0t98 NOT €
readily appreciated as the sane becone better understood by reference to
the followi ng detail ed description, when taken in conjunction with the
acconpanyi nhg draw ngs, wherein: [0025] FIGURE 1 is a graph show ng the
ef fi cacy whibitheolecwns sushchs@imExRimplaed BBn3, andiplanmaceaticad forowmlationg dvd KVB11- | uc

or aph. onogerss BePRE G comhe ot SRR et MEPEIR P om an eval uat i on
i n the KMubiinist¢tink b @ompbund®ghbrmarsutRalofhil@sbnsandnidiidamentd 4o [0027]
FIGURE 3 is, a %ra h showio%gtht he  effi cacy of the conpound of Exanple 96 from
an eval uakatghts Prsubjrstsi e thereotienograft nodel, as described in Exanpl e
144. DETAUMAMAESOY RIVENTION [0028] In accordance with one aspect of the
present invention, new conpounds, and their stereoisoners, tautoners and
phar maceut i cal (008 c c Nswatompogedst and theiestprepigonters, tatftomprs amdr mul a | : wher ei n,

B e e e e A R R L N R

sel ected froma group consisting of cycloal kyl, partially unsaturated

cycl oal kyl, and heterocycl oal kyl, wheRein each nenber of said group may be
substituted with up to four substituents; Z2 and Z3 are independently

sel ected from CR12 and N, prol\_|/i ded,} ot nore than one of Z2 and Z3 can
be N, RL is selected fr mthelgrou consE’sti ng of hydrogen, -N 1R3, hal o,
hydroxyl, alkyl, cyano, Jand ngtro; ang R12 independently at each
occurrence are sel ect consi sting of hydrogen, hal o,
hydroxyl, nitro, cyanp, SOfH and}subst|ituted or unsubstituted alkyl,

al kenyl, al kynyl, al kgyy, &y no,ocycl &l kyl, hetero cycl oal kyl, and
partially saturated cyclXal kyl; R3 is selected fromthe group consisting of
hydr ogen, -CO- R4 and substituted or unsubstituted al kyl, cycloal kyl,

het erocyclyl, aryl and heteroaryl; : R4 is selected fromthe group
consisting of alkyl, substituted @l kyl, al koxy, substituted al koxy, am no,
substituted am no, and al kyl am no; and R5 represents a group selected from
substituted orW$fd®bstituted aryl, C3-C7 cycloal kyl, heteroatyl, partially
unsat urated cyx, @%J Xy hndex flard ikdéhendeiiB/ Riebted Hokh CRY shdNPsbiitied Bek 45 gr oup
may be suibstit ted wwth up to four_substituents selected from hal o, cyano,
am no, Clgashpngut netynese tanitya kK, Xars@ey XadraNo, carboxy, carbonyl ,

e P ey ATASERE Rika SR ATRRRS PRRaly uedifuii! FomY!

substituted ani nosu
cycloalkyl, and heterocycloalkyl, wherein each member of said group may be substituted

with up to four substituents;
Z, and Z, are independently selected from CR ;4 and N; provided that not more

than one of Z, and Z3 can be N;

R, is selected from the group consisting of hydrogen, -NHR3 halo, hydroxyl,
alkyl, cyano, and nitro;

R, and R, independently at each occurrence are selected from the group
consisting of hydrogen, halo, hydroxyl, nitro, cyano, SOsH and substituted or
unsubstituted alkyl, alkenyl, alkynyl, alkoxy, amino, cycloalkyl, hetero cycloalkyl, and

partially saturated cycloalkyl;
R is selected from the group consisting of hydrogen, -CO-R, and substituted or

unsubstituted alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl;

b



10029] In sone enbodi nents, new conpounds of Fornmula |, or a stereoisoner,
tautoner, or pharnaceutically acceptable salt thereof are provided wherein
X2 is N and X1, X3 and X4 are CR2. [ 0030] In sonme enbodi ments, new

conpounds &fo fraGaéha |, or a stereoi soner, tautoner, orpghapivensuioscal |y
acceptabl e salt thereof are provided wherein R2 is selected from hydrogen,

nmet hyl, ethyl, halo, cyano. [0031] In sone enbodi nents, conpounds of
formula I, or a stereoisomer, tautoner, or pharmaceutically acceptable salt
t hereof are pr oRd ideelestdrbfren theRowpabngistimyr of alkigl, Aubstituted alkyd0BRjxy] n sone

enbodi ment s, compoynds of. for |, .or a,stereoi sonpr, tautornek; or
phar maceut Fl@ﬁ?tf’ggéﬂ‘?%ta%ﬁl% S&@{“?%dﬁ&%@%?%ym’aﬁ wherein.R12 is
sel ected from hygdicp@sdnts @b selRicd\tom fibBithted 0fuvibslituted aryl, [ 0033] In
ot her enbodi nents, new conpounds, and their stereoisonmers, tautonmers and

phar maceut Ce&h pycloatledheierasylsparially uasaturgted pydleaikyd mnd plkyl-whergineagh said | |
wher ei n, Y| f stﬁ‘u ﬁsﬂ%iﬂ“ I St

partially fju#gt&%e&;l%ﬁu@%ﬁ? g‘ﬁes){fy ,an g%%ﬁ@?y%ﬁ%@g?gaﬁe%@?%?’n each
menmber of ewnd, ayriny €1 avikyh €35 ojxddalyltalicxy) titro,wprbory, fcathongidrshdatkoapt s; RL i s
kol Caae Bty RIS GET Amtior By, apnts S, ol ombBnfion b2 e
occur’rencealk;mc)&ﬂdyla_ct ed fromthe group consi sting of hydrogen, halo,

a keryl . ai 1 cyr9P0olal dbs7ie anporbmonss S8 sRpPinchet Eramiajb poaES YISO
partially agionleR R Bhamhadfibdity z6cdptibleSsaRl Mo & proAded Wikerélh RYBs KQRS! Sting of
hydrogen, -CO R4 and substituted or unsubstituted al kyl, cycloalkyl,

het er ocycl ¥, Xsang XsarelChet eroaryl ; R4 is selected fromthe group consisting

of al kyl, substy ed A i y 1.0
substituted am l{r(1)E(%‘,’l}]an(¥’il gﬁé?%%dﬁ%%%&%%pé&%egfg@gﬁfgg’ gr ag%rlej%s%né Tact ed
f r om hydr ogetonmendr phdvmbcdutitally aoceptabiesal thetaof ard padkigdd wiisbein Re issalektgd , ar yl

and heteroaryl. 003 ILn. sone enbodi ments, conpounds of Fornul as |
or I, or °'\éth¥?ir€§?nsﬂﬁh}y?’ e_?]lri'&thﬁl_r?efxan&r phar maceutical |y acceptable salt
thereof are progoesid Hesmd EmbodiBerss lcombaithdl bOFOrmuBI 106k #&BSibshdrNg Of

substituted or unsupstituted cycl oal ky], cycloal kenyl, pi.peridinyl and
pi per azi nyPutoRse o8 pharmacayticallyiseeeptablesalt thegiob ats nravided wherein Z; and Z; are

CRys.

[0009] In some embodiments, compounds of Formula I, or a stereoisomer,

tautomer, or pharmaceutically acceptable salt thereof are provided wherein R, is selected
from hydrogen, halo, methyl, ethyl and cyano.
[0010] * In'other embodiments, new compounds, and their stereoisomers,

tautomers and pharmaceutically acceptable salts, are provided of the Formula II

Rs
Ri2
oy
N \
7 | Ry2
™ o R4
N

I

wherein,



substituted. with up to four substituents. In sonme enbodi nents, conpounds
of Fornmulas | or If, or a stereoisoner, tautoner, or pharmaceutically
acceptabl e salt thereof are provided wherein Y is selected froma group
consi sti nyoofor@esestsi t ut ed or unsubstituted cycl ohexyl , pcyerobssysey!l , and
pi peridinyl, wherein each nmenber of said group is substituted with up to
four substituents. In sone enbodi nents, Y is substituted with up to four
substituents sel ected from hydrogen, cyano, nitro, hal o, hydroxyl, am no,
al koxy, substiY issebctadifionm a ghuplcaisistihg ofCycléhdxal, paaiaky unsandat&B4 cycl oal kyl .
In yet other .enmpodiments. Y {s,.substituted with up to four substituents
el bt ed BEISHEMBARIRERoP s C. S5 st e e SEsmiCp® AT o o
monohal o substdued kyth,uptté foudkubsfithents;al Kyl and di hal o Cl1-3 al kyl . [ 0035]
I n sone enbodi nds _of Far mul L. or | or. t er egi soner,
tautomer, or p 1rg %r%%%%f%‘gheﬁ %@c@ﬁ?lgﬁ%oﬁgﬁog?%éwgﬁ halrﬁ’eﬁ%deo)\‘)?’ded wherein

Rl is hydipgen; , §dloBRyREydnbUfidQitrd;n One enbodi ment are provi ded conpounds
of Formula 1l selected from Table | or Table I1I. [0036] In some

enbodi nents, dbmindapradently aFerdnacesrencais selpstedsron the growpeonsinting oft aut oner, or

d
phar maceut. C | g .sal t 0 . I IS
el ect oq kel half RFBLAY. &niid e RARTOM BRI ABLRGE, !
het er oar ydlkylpekeniyh lalkynylnalkéxys ahind, 5loahkyl; hetemadycloglkylh aot @irtilly al kyl |
wherein each ,said oup can be substituted with up to four substituents
sel ect ed %?fcgg[ké'yano, amino, G 4 alkyl, C34 cycloal kyl, al koxy, nitro,
car boxy, car bdhyis selestedofveth exgrouparonsistorgrdf bygrogen HSPiRsané substitutedoar bonyl |

am nosul fongl/tl)s?:i supsti tut ed nosuqulﬁnyl h%a%%lmgo yal kyl . I'n some

enmbodi nents <cYgloalieyh heteroeyglylogry t er eoi soner, tautoner, or
phar maceut i calg s sd&aimit te$fbup oRGstRRor 2ks1, Bitduhtadnen&ky, RS 1S
substituted or u%substi t ut eg ph@nyl , é)rei n"?lE]e pheny%h’grou ' can be

subst i t ut dstitited alispxst, emingy subsiitutet iamire, ard kylawinedartdr om hydr ogen, cyano,

nitro, hal o, .00 i ..alm . yl, Cl4
hal o al kyl ang%%é‘%é%btéla?ﬁ‘%ﬁe!ﬂe%ﬁ@éﬁ@ %@%@%&@gﬁ%ﬁs@%@é&%( Formul as |
or |1, oralkylstecyemakylyaryl ahdhdtaomyl, wherefrhacksaid subistiated \R s geapphagiiiee sal t

t hereof ar royi ded wherein R5 is 6-.di f1 ugrorphenyl . [Q0371 In
o o e B GR b hE aibsrioets seictid trom Bb, SR Mire, Crealiadbiies

t aut oner , cyeloalkfR BIKBRS Withd; adrbdxya 64BhRiyR Raoalkbly, bih@foeabody, sutistitwidded wher ei n
R12 is selected from hydrogen, hal o, ne egl@/ékand cyano. I n some

2t hyl
enbodi merfifdn B Aguiogyltonyl, syhsttuted agyingsplfony] evakykomer, tautoner, or
phar maceuti cal cc = ' rein Y is selected
fromthe gr oup!h{glc}isi ;ﬁ?%dr?\lgg %?&gttﬁ%r{t%}%ﬁ@dmg%gfuﬁr@ %??grul\tﬂggacycl oheryl,
cycl’ ohex estgréqisquiepaautamery by pharpaseatdally lacceptahlerselt thegaf dret frevidedywherginnmay be

substi t ut 1 to three substidtuents. sel ect fro thyl, ethyi,
hydr oxy] ,fgsn%éqﬁé{gdgﬁgl HECHLSS ,Swgﬁg ?fssuﬁsz%‘%‘i %raunl‘c"ﬁl%)s ecygpg%ﬁf’]consi sting of
Eygr ogen, cyaltn]dlkarml,r;ﬁperﬁlhh@]l Ri&pibﬁdﬁ@ﬁn\dﬂdiéi]hy&acﬂfrﬁerﬁwlbﬁb ahd groupice represe gt s f
ydrogen, hal o, ,or. net . . 0038 n_sone enbodi prents, conpounds o
For mul a |ﬁupsttsvte%‘”g{lépéfbf%ﬁé’ﬁvm?ram%ﬁ_@ﬁnﬁ eB’L"?&H‘&Pﬁa‘zé‘tﬁ”‘g%‘éﬂ’tF WHEEBpt abl e
sal t t herg@burdabstiientsiseiected HOR! Gaflo, Yiths} hald] Bk&H), 'ahf?hB, BlkBk P YRoshiftied Sting of
substituted cycl ohexyl, hgléd ohexenyl, piperidinyl, ano’lwgl perazinyl; Rl is
sel ect ed iBenGikalkyh Sup halontkys andigpaoyclagliiylo de met othrembpdimentsY &8 al kyl, C34

cycl oal | . e\ i £ i el ected from
eycl oal | bRyl ki HBUGRSRC RN i FRAD SRBVL LGRS Ky okl |
sel FCL ed 1fy|dfmayt, Bmigy; ba.l?, rﬁ?ﬁ;ﬁalstcltlgglkgf, njstéahfcl_; a,lkﬁdpdd)ﬂihum%tamyl.u_t edI phenyl ,
cycl ohexyl, cy en : i.azol e, ri : r nd pyrazinyl,
wherein the Réﬁ iup&‘%lrweoeé“t?éﬂ’%‘f"itsf B%I‘@Bo'é}’?q'iﬁ%ﬁ%%%mmﬁlgé’rgubst i tuents

sel ect ed sidreuiRdhddr Qautbinel, 88 Arm ALy aSdép@ablelshl Hdreafhe pevikdWersind al koxy.
[ 0039] A preferred enbodi nent of the present invention is a conpound of
Fornul a (Y i9selegied fiommp gropg consistingebeypstitutedar ynsuhstitnted evplobeiylt o t hr ee

substi t ut ' ii : : o f q , am no,
Ca al kyPoioneahih afbRa i e R R han of BB s O Pl
hydr oxyl ,to&gdrmubstitusdtsCF3, and nost preferably from nethyl, amino, and
hydroxy; Rl is hydrogen, NH2, or halo (preferably, Rl is hydrogen, am no or
fluoro, nore preferably, 121 is hydrogen); R12 are each independently
hydrogen or halo (preferably, each R12 is hydrogen, chloro or fluoro); R5

i s cycl ohexyl, phenyl, or pyridyl, whérein said cycl ohexyl, said phenyl and
said pyridyl are each independently substituted with up to three
substituents selected form hal o, hydroxyl, Cl14 alkyl, and Cl4 al koxy
(preferably, R5 is pyridyl or phenyl each independently substituted with up
to three substitutents selected form hal o, hydroxyl, Cl4 alkyl or Cl4

Y T T —~— " N - o N b




[003942] In other aspects, the present invention provides nethods for
treating Provirus Integration of Ml oney Kinase (PIMKinase) rel ated

di sorders in a human or ani nmal subject in need of such treatnent conprising
adm ni st er wgdigos®sd subject an anobunt of a conpound obcFoeriud/@idosor | F
effective to inhibit PlIvi activity in the subject. - A preferred

enbodi nent of the present invention provides a nethod for treating a
condition by nodul ation of Provirus Integration of Ml oney Kinase (PIM

Ki nase) acti vi t 0t3)nprih someembodimerntts, aewrgmpoursls péForemila lyoraced of such

treatment an effective anmounj of ound ornmula I. 1004311 n ot her
aspects, t FETCPISUREn AUOMFEOF P%ﬁﬁ’"‘@%‘&‘?ﬁ&p@?@f%&%rﬁﬁwqf F@aﬁf?‘ﬁ %18 at ed
di sor ders iyMs SubBGATRA vAth b B8Ur seBsRhRAL inde aﬁ@&hﬁeleaﬂe&hoﬁnﬁfa}dge At conpri sing
adm nistering to said subject an anount o}f) a conpound of mula | or 11

ef fective expnpaHinedales hyskrexydraming ﬁﬂqoxb:sbbﬁtwtedqmmne Céluwjll@/é;tcmlhﬁlowawl ot her
aspects, Qe @f %@‘31'8511(%1(“{&Q&h@fb%@%érﬁgﬁh&%mﬁ. ¢l X mtd sEil:%YEJ el at ed
subj ec

di sorders in & homan OF ani na I'n need of suc conpri sing
admi ni st er fmlg m@hﬁaprdp)dulsgrqml eyl chydeoxyl, efmire, hadogpmnmhaloiClselkumrdlalo or Il
effective erﬂgﬂ §@HQ§ tumor growmh in the subject in conbination
with at |east 4 Yagent for the treatnent of cancer. 100441l n
yet other aspecfopi4]he Reaa€erhbidiments,icompiindy bfPsmulball,aR adtekdiseM@ROSi t i ons
conprising at |east one conmpound of Forrmula | or H.in conbination with one
or nore ad@#MomShAr phfgm%@tww acerpiablessatt thergof gre praided whesein Roadis selertesh| y

enpl oyed i gofy etl, AT 2R¥thyl! invention thus provides a

phar maceut ?gaqﬁg%os?{ol oﬁﬂl%lo%?'llp%?%gmg conmpound of Forrmula | or Formula H.
A preferred errb[@ﬂlﬂentlnstﬁmtt hnbotbmgﬁstcowpmndeleﬁmmﬂmaﬂetma cal conposition
conpri sing_a ou d sel ect

S, 59) - 3- anfRSOBORG ViomFE °5R ‘j"“y‘?*‘l}f agce? &%S"% thegeof 8 PRYSFO PRSP - 5- |
fl uorﬁp: coyimemodﬁ f%mﬂi&gtdilpcoﬁh(tﬂig(of%ﬂﬁltgﬁflbr&xsu5ﬁﬁ)tecll 8yc1<ﬂmy19 4- hydrgxy 5
- net cyc ppyri .di j f] uor ophenyl) m de;

N- (4- ((3R ol %13}3/“3P gaammla?laxly efﬁ@tSﬁVIJﬁ"r BT iy te'su %twﬁmfa

-y1) - 6- (2, Gp thi thies etsfituenty dglected fidr aiethyl, @y, ihgarsk @eamiso; didinfhddy{ R{s1 R 3

ﬂlﬁo??pp QSelHed g e P cans 'nséfhéﬁg%ﬁm%mpghéﬁ f1p iR hef%ﬁsgmyl) 6-

(2,6-cli fl h hy(%ﬁlg}{ée)regresefnls h%%%@ﬁ (flgﬂo' &%Hltﬂﬁ N-(4-(( 1 R 3 R 4R,

S) - 3-

rrzet hy??ygfohexy[ﬁpy&]l dilms@me/dmb@liént§ compdunds opFemylh) H,5or histecocpiven| | nam de;
N-(4-

Tt mo- 5- PO PE PRSI E R A hsrens a6 BROPIEh SHEERY 15 8o o-
pi col’i nam fiem;alréup mﬁé:&lﬁg@sﬁﬁhh&d&%lﬂﬂeﬂl leyelokexgnyd; pipsridytlybiapdr i di n- 1

- di 20 6 N- (4
Ry )" Spinsaritdl BT Bt rom 1AL 881 B oy e Pl b (T A O O T
-f1 uorop Ceptyclvalkyl] ard 7CN§ Rla ﬁmd@ped&eﬂtly 4t @achRtBurbénke & selectadifronm-the

- hydr oxy- 5- met hyl pi peri di n- |
-yl ) pyri di grogp gansisting of lydeigen.beloo Phedlil) argl aminerang Rs i selegied diem tBe ani no

ol ORGP, ks 1 3o -

- ami no- 4- hpytidyk )pyﬁmrdyl md mﬁaz;nml,l wehersin the B\grougi maydbe substituted with up to

-y1)-6-(2,6-di f I N- R, 4R 5
Sy 74 i noti shbtiRisnR eigEd fnaloehiARogeR, MEBST Pt R s s, sy
f1 uor ophedlkdxy: 5- fI uor opi CO|hI gam de ; ant ol i I
N-(4-( (3R 4R 5S) - 3- 4 roxy- §- i perj din- ridin- :
-y(l) g((z 6-di f Bgrgméfqgéﬁﬂﬁ‘iﬁ%?}ﬁ'g‘f%ﬁﬂ Oéﬂnean ée@a%#@épfﬁqmu&é)fﬂﬁ t Pt

preferred guReebi& Houldhiey of BRarRatlatdIl GELpIbR! salt RS hiel PEViddd! {di&fed
conpri si ng an addi ti onal agent for thé treatnment of cancer, wherein

pr ef er abl yiremdhegrenn ¢Q§lﬁlﬁﬂm%@é\&£4 (ARSBI AR IDB-tmivad-hidwetan, t opot ecan,

genci tabin I bo C tin, taxanes,
ezaci  abi pay ey r Ry R bl R b Bl )

ant hr acycl {H&$5. 56t unirabriedinibytiobstbpyidiadd - vi-6-(2,6- uﬁﬁl@xﬂ@]hﬁw) c-énpmunds of
the invention.are. u I s the, L1 eat of » ca di

hemat opoi et 6(;hrma G gﬁa(;gblﬂ ﬂ)% CFJHOB?T\B/I:S@? S0 5 ”tm%érfdﬁ Q'HWLI’%%F
pancreas, ovaries, thyroid, bladder or . colon) mel anong, nyeI0|d di sorders
(e.g., nyeloid I eukem a, multiple nyel 6 and er yt hr ol eukem a), adenonas
(e.g., villous colon adenoma), sarconas (e.g., osteosarcoma), autoinmune
di seases, allergic reactions and in organ transpl antation rejection
syndrones. [0046]1n yet another aspect of the present invention is provided
a use of a




conmpound of Forrmula | or Forrmula Il for preparing a nedicanent for treating
a condition by nodul ation of Provirus Integration of Ml oney Kinase (NM

Ki nase) activity. In a preferred enbodi nent of this aspect of the invention
t he condi wemii/eescancer sel ected from carci noma of tbherkpgsos1pancr eas,
thyroid, ovarian, bladder, breast, prostate, or colon, nelanoma, nyeloid

| eukem a, multiple nyeloma and erythro | eukem a, villous col on adenoma, and
osteosarcoma. [0047]1n another aspect, the present invention relates to

met hods oﬂ)-i6r(ﬂj6b1iﬂimgp}tehyel)-aeﬁdovquolmmnmlb 3- mamb—l*d}(re((BRﬂR';‘é)s?edrﬁnb-dd fromthe

group con n Pir d,Pi or treating a

bi ol ogi ca 6? ﬂekﬁféﬂ@aﬁd}ﬂ'LﬁBWI 37-‘/@"@'{2 %‘HQFUB Pgtfm?” ﬁP?twR‘fo id PinB, in
a human Oﬁzniﬂeldiﬁ|N-§4JQlEQS) BAmMMRR leﬁex?;l)ﬁ)*hdiﬁ savl)tm(ﬁs-dﬁmﬁibbhé‘dyl)gs-

adm ni stering to.the Sf.rgi ect at | east one corrpoun Formula’'l or 1T in

an. anounfluorgpicelinamide, and 3-gmingiN-(4-(dRi3S)raamingryel ﬁbe"é’DB}"&'? 3- Yﬁ'l@f@ frer apeuti c
corrpoundsdlg[@mmfy}jg fi¥rofib Ak, Patients with a need for such inhibitors
(e.g., those suffeéring frrom cancer nedi ated by abnormal serine/threonine

ki nase recept df0L8]gndh pthg) aspEBEs; the préesenSn7<dia broPides ingthiods footrtating used

herein top i to PIM

Ki nase act{\e/{rgsrm{ ﬁgﬁﬁore %fﬁi}‘g% @)ﬁuf%&%) fﬁ&é‘l@ %6&(5“5 Iﬁ%%ﬁ% not nore

t han abou&mﬁ@l]sﬁbjectan nesglaof suehdréatmérnin eo Mwhﬁmsteﬂn@ma;ajﬂa;uﬂjea(am bed

her ei nbel gow. The h refers t. rou s that do not

cont ai n h@t’%"rn&)ﬁf% ‘Egh? “b"?t ﬂeeffeﬁ‘cﬁf&é%}“@f PM ﬁ‘f'ﬂ té’H'a H'FJE% gr oups

ZUChI as met hyl[nom]hylln oﬁéﬂ%ﬁfcﬁs ufbtpﬁémmeh ﬁhmpﬁ@iﬂﬁf.meih@ﬂ&ﬁi&ge% yl, EOSW
ecy n e an e like e phrase_al so incl udes branche

chain i soﬁ@& Eel%?éj‘glﬁ é‘?rég Ruymanor anygal S‘Q’J%B%“"eti AESuGh tregyme Bk CORPHSINg ni t ed t o,

LG Ci1a) S D Al Rt R ela PRS0 ) 2

- CH2CH( u—msl'eoaqz emynt tuwmtem @H@}ﬂmect- CH2C( CH3) 3, - CH2C( CH2CHB) 3, ’

_Gecroti codigl oy dtre Mo s s R e
CH( CH3) 2, PIMOrll@bdB] ikt ) a2ty AnimaChifbiad® ity Ch Ml prédtnehipptsiagi3) . and

o gl BB B aPERAPS L PR Bl oP MR o1 cupe

i nclude siethaie@in provent t@ﬁ@t‘g’%@@ﬁh ift ft@l sObjab ik bordbiaativh \ﬁﬁilétmé]tstjo&@d&ﬁomr bon
at ons. l&qe'afgrﬁ]gd "al k definition refers to CM strai ght chain al kyl

groups s fegtraentaficoreer.n. propyl , and n-butyl. The preferred al kyl
oGy a2 dra ‘“d%‘@ﬁ“@fcf@“g"ﬁ%ﬁ SRR, 5 o o 2.
CH|2 EH( Cll 1@%‘4@@2&5300?;@&2 ,ﬁgfé Qj’-glqciggtal{@)rzl m@pmblnp@ﬁ‘éﬁﬂtﬁ he tter m
al kenyl " o8 Sos V, m@g is a

| east one0 80| nt eb%‘ﬁtljtngat L%relgt%?%ﬁﬁe'?é t gre h&taefc : g@?ﬁ; g’&ﬁon at ons
are attac@acbrlﬂ}era)ydoubl e bond. The term "al kynyl " refers to al kyl groups
V\/nerei n two a nt ~car bon ato are attached tri ond. The term
" al koxy" refergﬁ%ﬂ2 ec\’/\‘ﬂ%?"élfi?t ¢ VR are 'ﬁ’?f“ig"@g tﬁ’é?tét fFKe term
"hal ogen' mdudm@ atmitopeiétiy rﬁall@aﬁd dsOEAPcinbthay (8@, ol’\'ﬁh@@m%@dﬁeﬁ Pand@éaUPS -

"1- lal oal k‘y ref er to an al k rad| cal substitut Wi th gne or _nore

hal ogen at'GHES thyFRidy SPOR): R‘}qaﬂofq?u@y? Inid dispaderss fomayeloid leplemiagi hal o
al kyl', t rrafigpRe rideiotha At i%%lel k&R t kyl groups
i ncl ude - CHZE orect, TRl e Be%%@?@ 4”“?“%%&9’"?4

r epr esent @fGOPEs & c0SEE0BATRGTNa) crutRimenting diseases, @ilkzgie, reactpisand iIOBERCH3,

- CH( CDCH2¢2hs arg;{gg—ll representative trihal o al kyl groups

i ncl ude -CCl % 9%&&:6 %%%2 - CF2CH2F, - CH(COCHC12, -CH(F)CHF2; and
representati vdUQ)Bﬂ hall?be atvmytiondmhqmprd\nmb golmpesiiith3, methddsdf useCaikd CC13,

: §|F iﬂ: gml{ﬁgtgécgg]eq“@}r%ﬂ resa];si%%mgﬁ Igtﬂ%%‘%al %&ﬁ%ﬂpﬁﬁwg é‘”ﬁ%’?f‘%ﬁf e;Te each

i ndependent |y selected from hydrogen or a | ower alkyl. The term "aryl am no"
refers herein to the group -NRR where Ris aryl and R is hydrogen, a
| ower al kyl, or an aryl. The term "aral kyl am no" refers herein to the group
-NRR where Ris a lower aralkyl and R is hydrogen, a |oweral kyl, an aryl,
or a loweraralkyl. The termcyano refers to the group -CN. The termnitro
refers to the group -NO2. [0043] The tgrnt "al koxyal kyl " refers to the group
-al k1- O al k2 where alki is alkyl or afkenyl, and alk2 is alkyl or alkenyl.
The term "Il oweral koxyal kyl" refers to an aIkoxyaIkyI where al ki is
Iomeralkyl or Iomeralkenyl, and al k2 is | oweral kyl or |oweral kenyl. The
ternt aryloxyallcyl refers to the group -al kyl-0-aryl. The term
aralkoxyalkyl refers to the group aIkernyl 0 araIkyI mhere araIkyI IS

S o o —— s ,__.l:_,__ M



substituent. Carbocycl oal kyl groups are cycl oal kyl groups in which all ring
atons are carbon. Typical cycloal kyl substituents have from 3 to 8 backbone
(i.e., ring) atons in which each backbone atomis either carbon or a

het er oat omy o figodRi2n " het erocycl oal kyl " refers herein tgcE¥Fleas ok
substituents that have from1 to 5, and nore typically from1l to 4
heteroatons in the ring structure. Suitable heteroatorns enployed in
conpounds of the present invention are nitrogen, oxygen, and sul fur.

Repr esent aDEgERIFETIONOON THEADR X WINKiset i es i ncl ude, for exanpl e, norpholino,
pi perazinyl, piperidinyl and the |ike. Carbocycloalk¥I groups are

cycl oal kyl gr oul9824In \Aﬁlﬁéwesﬂmg F5PRS andgnrny A dhecatiendant adypatazas & this

connect i oninbdtbnGitg |b9&4nle‘i¥$re§é&ﬁt ub i as the s UBeom @ BenéF ¥iidelfoodthy! €1 S
herein to fused and non-fused al kyl" cyclic structures. e term™partially
unsat ur at ettferense eaithe followitighdatailed Idescriptiony mdiew thkery inl coajuketioh, withrtiie

"cycl oal kenyl " all refer to.a gycloalkyl group wherein there is at |east
one point B OQ@QWUwgpwgﬂg&fﬂﬁg?’mherein to adj acent ring atoms are

conlnecr:]t ed b?/ a [00281Le FtDQUll:tEqrisalgia’phlah@"ihgﬂﬁ-eﬂﬁ&%ah%&fmabdrﬂdﬂnﬂg%ﬂﬁ er‘_ ikncl ude
cycl ohexynyl , exynyl , cyclopropeny|, cyclobutynyl, and the like.
(0048 The Famiid 54 FESiah cYalbeiioha Bl QYR e xebagrat Boda 4 degbesin or

- "heterocycEgam@mé14ed herein refers to any 3- or 4-nenbered ring containing

a heteroatom sel ected fromnitrogen, oxygen, and sulfur or a 5- or
6- menber ed ri ng082filt aifHBESZ ig maraphishowiag theredlicapny obthe seropmindef ect ed from

t he group L1Sha I n [ gyh{ [ rel. e 5-nmenbered
ri ng has Oggﬂﬁgﬁa?ggg%% Qﬁgﬁﬁﬁﬁﬁgwéﬁﬁgﬁgg$§gl ngHﬂgé’ %g%rgﬁ%ﬁb bonds;
wher ei n t hExample b4fen and sul fur at om nmaybe optional ly oxidi zed; wherein the
nitrogen and s h tons may pe .optionall artem zed; and

i ncl udi ng any Hi”h#’él [ ?ﬁébggp” 15 A SR SROYAR ﬁl?fe?g"ﬁ@‘}lﬁ & EOTRRAUE 8§ycl ic rings
is fused tBxanf)E€9FREA ahicPdustiondn tekaVIS Pr-1u8 kefogflR6 A ths ABdcEbAEMC! | € 1ing

i ndependent |y defined above. The term or "heterocycl oal kyl" as used herein
refers to BXaple}445_ nenbered ring containing fromone to three heteroatons
sel ected fromthe group consisting of nitrogen, oxygen, or sulfur, wherein

the ring has no doubl e bonds. For exanple, the term heterocycl o-05-al kyl
refers to BECAHSDBESERIFHYN ont ai ni ng 5 carbon atoms and a het er oat om

such as N. The ! I | e ' s.Iiln in ich nitrogen is
t he heteroatem [ggid\pel :?r?é%ogd?r{‘t% ‘gilﬂT é’{éﬁ%écpﬁwg-s’&%%@?‘&&mr ngs. Preferred
het er ocycl emnponndsyaiel théiosteieuisomers, tawtomera phdiphdrmageyitically acqptablel salby bre

pyrrolidinyl,. pyrazolyl., pyrazolinyi, pyrazolidinyl, imdazoyl,
i mi dazol i Pwdg¥?ﬁ§%%%FHWh§|, pyridyl, piperidinyl, pyrazinyl, piperazinyl,
N- met*hyl piperazinyl, azetidinyl, N nethylazetidinyl, pyrimdinyl,

pyti dazi nyl, oxazol yl, .oxazolidinyl, isox@zolyl, isoazolidinyl, :
nmor phol i nyl, thiazolyl, thiazolidinyl, is¢thiazolyl, isothiazolidinyl,
i ndol yl, quinolinyl, isoquiqolinyﬁ, benpzFmM 2yl , benzot hi azol yl,

enzot hi enyl .
ted or nonosubstituted or
stituents independently

benzoxazol yl, furyl, thienyl, trhEzolyl

| ower al kyl or Iomeralkoxyggggyp), aro no, R] kyl am no, diallcylarnino,

acyl am noal kyl , al koxy, thi¥al koxy, polyal koxy, lowerallcyl, cycloal kyl or
hal oal kyl . [ 0050] The heterocyclic groups may be attached at various
positions as will be apparent to those having skill in the organic and
medi cinal chem stry arts in conjunctiol with the disclosure herein.

[ 0051] Represent ati ve heterocyclics include, for exanple, imdazolyl,
pyridyl, piperd2it§®, piperidinyl, azetidinyl, thiazolyl, furanyl,
triazolyl benziXij, &az¥3 gid Xpan ivlepéndentlydelectod fimoxGRpand N; movidal thatyat |

[ i nol i ' VAR ' | inyl ht hal azi nyl, indolyl,
napht npyr i k1 AR el 3R A SR A052) e - Tt er s 1o

optionally substituted nonoeyclic and polycyclic aromati c groups havi ng
from3 to 14 backbone carbon or hetero atons, and includes both carbocyclic
aryl groups and heterocyclic aryl groups. Carbocyclic aryl groups are aryl
groups in whicli all ring atons in the aromatic ring are carbon. The term
"heteroaryl"” refers herein to aryl groups having from1l to 4 heteroatons as
ring atoms in an aromatic ring with thé& renainder of the ring atons being
carbon atons. \Wen used in connection with aryl substituents, the term

"pol yeyelic aryl"™ refers herein to fused and non-fused cyclic structures in
whi ch at | east one cyclic structure is aromatic, such as, for exanple,
benzodi oxozol o (which has a heterocyclic structure fused to a phenyl group,

p— -, =



10058] As used herein, the term "pharmaceutically acceptable salts"” refers
to the nontoxic acid or alkaline earth netal salts of the conpounds of
Formula | or Il. These salts can be prepared in situ during the final

i sol ati onwanghiposifsi cati on of the conpounds of Fornul apbt®p200d/061805 by
separately reacting the base or acid functions with a suitable organic or
inorganic acid or base, respectively. Representative salts include but are
not limted to the follow ng: acetate, adipate, alginate, citrate,

aspartate, benyYgadehecicddivac goup tomatitg ohdysloalkat, partiaNy Misafueatedc anphor at e,

eanphorsul fonate, digluconate, cyclopentanepropi onate, dodecyl sul fate,

et hanesul F’E‘??Péﬁ@'i a@& i]%&??@}ffg t‘@/er‘av FarbIacIRhsE BE%F%%‘OP%WPX b¢ F‘ﬁlsﬁt,“ted

hept anoat gith i XxefRabddstthidiger at e, hydrochl oride, hydrobroni de, hydroi odi de,
2- hydr oxyet hangsul fonate, l'actate, naleate, nethanesu|fonate, nicotinate,
2- napht hal enesfa #9rfsate independs ?’sﬁ'ﬁﬁﬁ‘igﬁ‘,n%éﬂlﬁgé B{ov’;ﬁlﬁﬁ?g'@??‘ﬁt"éo,re

3- phenyl pihah eneéfez, @a%@aﬁebe}qg val ate, propionate, succinate, sulfate,
tartrate, thiocyanate, p-toluenesul fonate and undecanoate. Al so, the basic

ni t r ogen- cont aRhiSﬁ@e‘é%gﬁ@ thesgromecansisting ofihydeogon, tNHRa chaloa frdroxylas

| ower al kyl,, hal i des, .sych as nmethyl, ethyl, propyl, and butyl chloride,

br omi des, al@d"’f"%&i%&é“%"di al kyl sulfates Iike dinethyl, diethyl, dibutyl,
and di anyl sulRpandR,; indrpendéntlyrat hachiodewrenacire sdeadetiyom theagroyd , nmyri styl and
stearyl chlori des rom de nd i odi des, aralkyl halides |ike benzyl and
phenet hy| caststingidy S'"g'f‘sﬁ’eﬁ%d.c’jov&%‘i'o’ﬁ?’a‘& PO P‘Eﬂ)’f“@“ﬁ?te@f’% persible
product s aﬁsabétim&é@mylpakaiyn%fkym(l alkory) Amihb, EERINYE hetfo GriddfkylMahgn maY Dbe
enpl oyed, to form pharnmacéutica [y acce..ptable adid..addition salts

i dcl uee sprshallyrretugried eycloslkal as hydrochloric acid, 3utfuric, acid and.
phosphori ¢ acim, BRélessthiomteAgtbep fkidfingdSt ARt -GOLIY, anfl Bstittedr! d,

met hanesul foni ¢ acid, succinic acid and citric acid. Basic addition salts
can be prepabstithtednalkyl} eyctbatkiyh)detetoeydlylnardy] arsldetsrdapyl; and purification of the

conpounds of for.nula ,_Qr separat.el y..reacting carboxylic acid
noi eties with @@ﬁ?l‘f“é& %O’Bﬁ?egr ‘EPC‘W“%’?“%H%WEPEW , "i‘ﬂaﬁﬁﬂi‘% or
bi car bonagistithted alkORY, XBARY bhtsahked 666 Rhd Rk Plal®iodbndat i on or with amoni a,

or an organic primary, secondary or terti a{eé am ne. Pharnaceutically
accept abl e salRsreprsesntsceerown selogted from subptitited gr unsubstitatedarsl, based on t he

cal o i oh oo ATt R T Tend Al PR ba B

anmoni um sulstEtied Raggoup mmyrbiesnhstitnet with wetodatd substitudntscseledied frombhado, not

limted t nLu t et t hyl ium .tetraethyl DNj nmet hyl am ne,
ai et hy! anens e G b G R &y nikg caBrcafio e Ry | ke,

Q hér  r epamineciriaixyyvabsiliged aditarb&sy], uathdsul b, subginited aainbsulfoafl dadse

addi tion %‘E‘!?ts i pclaude- di et hyl am ne, ethyl enedi am ne, ethanol am ne,

di et hanol _’ﬁ’él,ky i perazine and the like. [00601As used herein, the term

" phar maceut i cahy)ac ¢ MRDLRLEHhEs, nbweBhpo lsSPF&Bﬁlal""Qﬂ&ﬁex@Mi%&& ze in

vivo and include those that break down readily in the human body to | eave
t he par enteutemep ot perrgaceyticallytacedpiableclt ttggof atsl nroddadeawhaginXpés Naod ude, for
exanpl e, xng@%aig[,im\éqg{{.rom pharmaceutically acceptable aliphatic
carboxylic acids, parti‘cularly al kanoi c, al kenoic, cycloall canoic and

al | canedi oi ¢ {00303, iImsoxi exhbatliraénts nkylcompodldk efifdrmiits Iobya Actesisdmgeous! y

has not nmore than 6 carbqn _at ons, ampl es .of particul ar. esters include

f or mat es, m&ﬁ?@?&?&%@“’ﬂ?@ﬂpﬁ‘%f@&@tﬂ??ﬂ?ﬂgﬁ%@f aredyr S’/‘P‘i‘tde‘gheé% R@fsrfffegﬁﬁgci nat es.

[ 0061] Theﬁ-&,ﬁqlgmfbggg[,{@ﬁ,gtémyﬁq,}ajoy?aaﬁg_ept abl e prodrugs” as used herein refers
S

to those prodrugs of the conpoun of the present invention which are,
wi thin the scdfdSldf dwemme erabndiments, ¢oigneunds oSfermuls Leorfagterepisonien, cont act

with the ¢j a”mggga r I i bCILY,
irritati o%hééﬂgﬁé?gl} Cr esggarll@e%,‘d'c‘gg%gﬁtsﬁgﬂ*eg%lg?’re%érﬁ@%;%&g%%ﬁan:&a&% easonabl e
benefit/r?gkzwati o, and effective for their intended use, as well as the
zwitterionic f : ere ssi. bl of the ¢ ounds of the invention. The
term "prodr ug"[@éjeﬁer nf’odnec%@f%iﬂm g=€ﬁ’§?°%ﬂ%-%of§g‘ﬁ@ﬁ?r FASIFLGPHER in vivo to
yi el d t hezparenio: piompatendcOly stbeptaRave (HetdoMulegro Fiddd WheIRES, B Yeibitell ol ysi s

i n bl ood. Aﬂﬁ%roug di scfussi on is provided in T. H guchi and V. Stella,

Pr o- dr ugsT%& KG9 palp Heryl SPReEReYagol . 14 of the A C. S. Synposium
Series, and in Edward B. Roche, ed., Bioreversible .Carriers in Drag

. Desi gn, American Phani kaceuticzi. A-if-ssociation and :PF,,rgalrionPres2;
197, both ofwbich are incor.poratexl herein by reference. 100621
Any formula given herein is also intended to represent unl abeled fornms as
wel |l as isotopically |abeled fornms of the conpounds. |sotopically |abeled
conpounds have structures depicted by the fornulas given herein except that

oy o, o S o M. o, o



treated by the inhibition of Pimkinase, including, for exanple, solid
cancers, such as carcinomas (e.g., of the lungs, pancreas, thyroid,

ovari an, bl adder, breast, prostate, or colon), nelanomas, nyeloid disorders
(e.g., nyekyo shiberkam a, nmultiple nyel oma and eryt hr ol epgeRpRpIvcaEENOMTAS
(e.g., villous colon adenoma) and sarconas (e.g., osteosarconma). SYNTHETIC
METHODS [ 0077] The conpounds of the invention can be obtained through
procedures known to the skilled in the art. For exanple, as shown in Schene
1, cycl ohgxanedjoolmq?] Qﬁﬂﬂiéﬁ?)rﬁbu’iﬂlﬁ' érttg@hewicampanﬂm_ b,rain&iﬂaahesﬁeéécﬁsoh’fws,” "
correspondi ng cyc xenonepor onat e esters i ch cap under go._pal | adi um

medi at ed c?f“%&?}'/s&é‘ﬁd’g?"&}aﬁﬂ{tic W’?Wbi‘-’ F’C?F‘?)nglgﬁ‘??&@}e B?’F‘?"g? He to yield
nitropyridi ne substituted cycl ohexenones |I. Reduction of the enone
functionality can yield a cycl ohexenolRd | which upon al cohol protection,
nitro and al kene reduction, am de coup|ing and deprotection can yield

cycl ohexanol am des HI. 30 undergo M tsunobu reaction
with phthalimde to vyiel illnocycl ohexene 1V. Following nitro
and al kene reduction, phfhalinj d am nocycl ohexyl pyridyl aniline
Va can undergo am de prY a RON, to yield am nocycl ohexane
am des VI. The correspgondi Boc ||pr ot ept ed ani nocycl ohexane pyridyl aniline
Vb can al so be prepar egol 11 in the follow ng manner:

al cohol protection, alkéNé and nitro reduction, pyridyl amne Cbhz _
protection, silyl ether deprotection, Dess-Martin oxidation to the

cycl ohexanone, reductive am nation with benzylam ne, Cbz and Bn
deprotection and primary aliphaticlbhm ne Boc protection. In the am de
products Ill and, VI,, if R2is halo or triflate, the amdes IIl and VI can
be further nodi VR¥HMy standard nodifications to introduce substituted

ar%/Ihsb al kyl's a_Y“iis&%ﬁﬂ%ﬁi’égotﬁﬁcc??%isﬁﬁ@éf@&l?ﬂ@iyﬁ,pahfallﬁania&rﬁéd b%/hreacti on
W oroni Cc Cl gs L, organo I C, reagent s or onver si on 0 e
correspond?’f?&?ﬁ@a&?gg’@teécg‘?&!@ﬁye‘ﬁ%ﬁ%%a%‘?ﬂ“téﬁ"39??3‘%5’8}1%3’@ hal i des or
triflates, yarhely of Lflcations are possible. WO

2010/ 026123 BEfF %%6%%@5%@@3@% 1. _R31 PPh3, DtBAD phthalim de THF
0C 1. TBOMVBCI, Rnisdels@ediromythe group gonsisineof hydpeers -NUB3 tobw hydsmyd, Dom 4.

HCI, EtOH ss-Martin, DCM 6. .BaNH2, LiBH4 7. a: H2, Pd/C, MeOH Boc20R3
R31j . . NHBC%ky]Pﬁ"fL(?ng%&[kap °¥Rﬂ&’ri‘“%élﬂﬁ‘,” DVF 2. H2NNH2, MeOH,

Rz independently at each occurrence is selected from the group consisting of

hydrogen, halo, hydroxyl, amino, nitro, cyano, SO;H and substituted or unsubstituted
alkyl, alkenyl, alkynyl, alkoxy, amino, cycloalkyl, hetero cycloalkyl, and partially
saturated cycloglkyl;

Rj is selected from the group consisting of hydrogen, -CO-R4 and substituted or
unsubstituted alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl;

R4 is selected from the group consisting of alkyl, substituted alkyl, alkoxy,
substituted alkoxy, amino, substituted amino, and alkylamino; and

R; is represents a group selected from hydrogen and substituted or unsubstituted
alkyl, C¢-cycloalkyl, aryl and heteroaryl.

[0034] In some embodiments, compounds of Formulas I or II, or a
stereoisomer, tautomer, or pharmaceutically acceptable salt thereof are provided wherein
Y is selected from a group consisting of substituted or unsubstituted cycloalkyl,
cycloalkenyl, piperidinyl and piperazinyl, wherein each member of said group is
substituted with up tc four substituents. [ some embodiments, compounds of Formulas [

or II, or a sterecisomer, taitomer, or pharmaceutically acceptable salt thereof are



65C 100781Al ternatively, as shown in Schene 2, cycl ohexenol |1 can be
dehydrat ed yi el ding a cycl ohexadi ene whi ch upon epoxi dation (via

bronohyt hin formati on and HBr elimnation or from nmCPBA directly) and azi de
epoxi de opembkaigoyiied ds cycl ohextnyl azido al cohol VI. @y¢lrpbwwednyds azi do

al cohol VI can be converted to the trans protected am no hydroxy aniline

VI M by azi de reduction, alcohol protection and al kene and nitro reduction.
Al ternatively, the cycl ohexenyl azido al cohol VI can be converted to the

pr ot ect ed puiviled whereithy ds setectedrfidm @ group kémsixying af ahbstitewd ot umabsindedBoc

protection | cohol syl ation. and intranol equl ar_cycli,zation to the cis
cyclic caf%céﬂ?ﬁ‘ ;°>f°6?rﬁ%6%ﬁ)£ aﬂg PiB5E Yloi”é‘érf"i"c?ﬁcl Bmﬁ?%’g ﬁ@é SH¥PR tr o

reduct i onsubblifuddasit] iy BFowr)sabseinenis! Dy sdntbydmbbRithéie Y Y ishiRtifbed With p can be
converted to the correspondi ng gyrldl ne amdes Villa and VILIIDb by am de

coupl i ng, ‘o8t bglitgentyseqcred fom renvire halnduEexyl apins, akekbn. | f R
. i S S 8 1, 3080 LMD s 7 120 b
het er oary F@b@dimﬂms,aY issubstititod with np t founsubstitnentnetlqoted dront methyl, propyl,
Oepr ot oo LHpy R T Bl AR A 05 1
and react Copallylt h aryl /heteroaryl halides or triflates, a variety of R2
gggi f :\Iggt 1ons r()?S]pOSl%isgrlng bm§g 1§1g§ts,2dom|§§l}nds of ol\lr?nzulas 1or ?I_, ;)I-rS:' di oxane, 100 C

stereoisomer, tautomer, or pharmaceutically acceptable salt thereof are provided wherein

Ry is hydrogen, amino or fluoro. In one embodiment are provided compounds of

Formula IT selected from Table I or Table II.

[0036] In some embodiments, compounds of Formulas I or I1, or a

stereoisomer, tautomer, or pharmaceutically acceptable salt thereof are provided wherein

Rs is selected from substituted or unsubstituted aryl, Cs-Cg cycloalkyl, heteroaryl,

partially unsaturated Cs-Cs cycloalkyl and C-C4 alkyl, wherein each said group can be

substituted with up to four substituents selected from halo, cyano, amino, C,4 alkyl, Cs.s

cycloalkyl, alkoxy, nitro, carboxy, carbonyl, carboalkoxy, aminocarboxy, substituted

aminocarbonyl, aminosulfonyl, substituted aminosulfonyl and alkoxyalkyl. In some

embodiments, compounds of Formulas I or II, or a stereoisomer, tautomer, or

pharmaceuticalfy acceptable salt thereof are provided wherein Rs is substituted or

unsubstituted phenyl, wherein the phenyl group can be substituted with up to four

substituents selected from hydrogen, cyano, nitro, halo, hydroxyl, amino, alkoxy,

substituted amino, C;4 alkyl, Ci4 halo alkyl and C;4 cycloalkyl. In some embodiments,

compounds of Formulas I or I1, or a stereoisomer, tautomer, or pharmaceutically

acceptable salt thereof are provided wherein R; is 2,6-difluororphenyl.

[0037}  In some embodiments, compounds of Formulas I or II, or a

stereoisomer, tautomer, or pharmaceutically acceptable salt thereof are provided wherein

Ry; is selected from hydrogen, halo, methyl, ethyl and cyano. In some embodiments,

compounds of Formulas I or I, or a stereoisomer, tautomer, or pharmaceutically

acceptable salt thereof are provided wherein Y is selected from the group consisting of

substituted or tmsubstituted:cyclchexyl, cyclohexenyl, piperidinyl, piperazinyl, wherein

said the Y group may be substituted with up to three substituents selected from methyl,



[00791Al ternatively, as shown in Scheme 3, trisubstituted 5-al kyl,

4- hydr oxy, 3-am nopi peridines can be prepared and nodified to yield
trisubstituted 5-al kyl, 4-hydroxy, 3-am nopiperidinyl pyridine amdes |IX as
foll ows. Rearciohdrsnhi Ganer's al dehyde with PCT/EP2009/061205

(R) - 4-benzyl- 3- propi onyl oxazol i di n-2-one foll owed by TBS protection of the
resul ting al cohol affords conpound X. Reduction of the oxazolidi none

fol l oned by introduction of the azide group yields internediate Xl.

Depr ot ect i ¢hylulydeoxyh @miticc andbmeihoxy Ry is selestedSronhthe goupeopsistiagiof ani no

R L o U e e L T

formation gfiy tohGhelti perl di ne which is subsequently reacted with

4- chl or o- 3- nltropyry din.a, reduce4-1 to the am ne, coupled with the
correspondi ng déndfixy M sommlb@:lnueIU%pomp@mdedf Empladklocie smmozsumst,l t ut ed
5-methyl, 4 b dr ox din Is halo
or triflat eu%fnﬁr °¥H1§a(§ma(f nllca?lﬁ aEc #a S’ r;#t the¥eo(¥j i1 %8‘”?69 %grﬁi a?(ds Seﬁﬁgefil cations
t o i nt r oduftemageaipi donsistthgaf yhtstitusddicytlshexyl) cyxﬂblmxawi)ﬂlpbrﬂinyﬁhndif ter am de

bond for . -and r I r ! [ s Br, by
roact i on v PRAABACRPl sk o the 800 Sty bpe IR fito i Bl 1

t he corr esPongicloglkh andi«iNg 1€l§umiepmddntb%eaqhmccumrmbe arsylleétbdafremabs yl halides

or triflates, a variety of Rl m)dlflcatlons are possible. Scheme 3. OH 1)
Et OH, PPTgromemlﬁwtnm Cpalid) andeamino; pa Rpigiselectedfrom thvj | e, DI EA,

MeOHHZN 2) ﬁ@é’&, Qfi% &'sﬂbé?ft&@&’&ﬂ ﬁkﬁl%ﬁBHﬁ%heﬂylﬁy@éhe:@?,Qyé’i))pfﬁ’}lﬁhm%g,“ 4)

Add, EDC,

>z

pyridyl, pyrimidyl and pyrazinyl, wherein the Rs5 group may be substituted with up to
three substituents selected from halo, hydrogen, methyl, substituted aminocarbony! and
alkoxy.

[0039] A preferred embodiment of the present invention is a compound of
Formula (II), wherein Y is cyclohexyl, substituted with one to three substitutents, said
substituents preferably selected from hydroxyl, amino, Cy4 alkyl or Cy4 halo alkyl, and
more preferably, selected from methyl, hydroxyl, amino, and CF3, and most preferably
from methyl, amino, and hydroxy; R; is hydrogen, NH,, or halo (preferably, R; is
hydrogen, amino or fluoro, more preferably, R; is hydrogen); R, are each independently
hydrogen or halo (preferably, each R;; is hydrogen, chloro or fluoro); Rs is cyclohexyl,
phenyl, or pyridyl,_wherein said cyclohexyl, said phenyl and said pyridyl are each
independently substituted with up to three substituents selected form halo, hydroxyl, C;4
alkyl, and C,.4 alkoxy (preferably, Rs is pyridyl or phenyl each independently substituted
with up to three substitutents selected form halo, hydroxyl, C;4 alkyl or C,4alkoxy, more
preferably, Rs is phenyl substituted with up to three substituents selected form halo,
hydroxyl, C 4 alkoxy and Ci.4 alkyl, most preferably, phenyl substituted with up to three
substitutents selected from fluoro, hydroxyl, methyl, ethyl, methoxy, or propoxy, most
preferably, Rs is 2,6-difluorophenyl.

[0038]  Yet another preferred embodiment of the present invention prbvides a
compound of Formula II, wherein Y is piperidinyl substituted with methyl, hydroxyl, and
amino; Rj is hydrogen, NHy, or fluoro; Rj; independently at each occurrence is selected
ffom the group consisting of Lydrogen, and halo; and Rs is pyridyl, fluore pyridyt,
eyelchexyl, or phenyl, wherein said pheny! is substituted with up to three substituerits

e



5) 4M HCl in donne R6 0O RLRL =H F or NH Ix [O0080]Alternatively, as
shown in Schene 4, trisubstituted 5-nethyl, 4-hydroxy, 3-athinopiperidines
can al so be prepared and nodified to yield trisubstituted 5-nethyl,

4- hydr oxy w@2@a00se4i peridinyl atnides Xl as foll ows. pReapidovs19ds cr ot yl
boronate esters with Ser0Bn al dehyde foll owed by cyclic carbamate
formation, al kene oxidative cl eavage and reduction yields hydroxyl conpound
XI'V. Benzyl deprotection followed by bistosylation and reaction with

p- met hoxylselestad AoinNBuore THY dauXy)) andl afediol, getfe@BlyYR Ebélse RifRSFJ slieffl. XY aReact i on
of substituted piperidi ng, XV wﬁéh hal 0 nitro substituted arenes or

het er oar efi¥ther plefasrd gmbpdimeptRrpistably,¥ dt Tammerf-hydrexyoS-methylnipesidin- ki de

coupl i ng, RGY¥elydfogeRlaMaLis 28RN pR&1.depr ot ection yields trisubstituted
5-nmet hyl, 4-hydroxy, 3-am nopiperidinyl amdes Xlll. If R3is halo or
triflate, the o4l XM aceprebitdiive einbodineal plebbrel Yompauida bt Fomslildsi It i ons to
i ntroduce substituted aryls, alkyls and heteroaryls at R3. For exanple, if
R3 is Br, llbyr astersoisomenitattother; onplanaasedticably apceptabler salitthéreofc areesmlpetetis, or
oonversion to the correspondi ng boronate ester and reaction with

aryi / het ef08y the erpapicqasstig of r N-(4xt(@%5Sh3-eminoct-ethylopclohgalpyidieBodk are
Pdror | noyPsinionh S SRR A, SRmsarSEHAR A S5 Baimstonds ey
rocept abi LGRS ARSI AL E Ao AR ERAEHIES. Nt

carriers qsRgxagjs)iaeé]ﬁiﬁomﬁidwi@,s-ﬁleﬂhymﬁain%-ylwﬁﬁﬁﬁﬂrvngs-a,619_entS and drug
delivery nodifiers and enhancers, such as, for exanple, cal cium phosphate,

magnesi unmllerophery])-3-Alharppicolivasdads har i de N-(4{(SRARLES)3dasino-dtlgdadxy-gel at i n,
cellulose, methyl cellulose, sodium carboxynethyl cellulose, dextrose,
hydr oxy pr By$hylpigeridiny Hybpaidin-31yD-¢63.§-diflwprophensi- flnempicolingmides | t i ng waxes,

:rjr&”eetxEﬁgﬁ%ﬁiﬁ%ﬁir@%@ﬁ%ﬁaéﬁgw' l keﬂ?@w&?&-&qﬂfylémm Qi%b%%@%%ﬁ% S'are
i i i -5 P ' ' ) Pyh. .Co.,. Ne
Jor sey (1GeraERRBARS: PucrSReRRA ° T ABTLARE R o gty v

amounts o WoTas . _&_PAVERIH ) { acl ude any anount
suffici en@%ﬁéﬁl@%ﬁ%@ﬁ@ I rw}?%ﬁé |’€nm§g?fbv??{$ﬁwhgm) ?)f t he assays

descr i bedfii@bpictlina@iidedt BedmiRbN-td- [ 8m.8S RS- hinidcycl Sifex oS ﬂyﬁamos_?g-ﬁtdzgﬁe havi ng
ordinary skill in the art or by detecting an inhibition or alleviation of
synpt ons difluompbenyl)-SFflacrapivelitamade; ac N-(4e((3 $)g3-enlinenycléheay])pyeidine® yhaabi ned
with the carrier materials to produce a single dosage formwll vary
dependi ng@frdifluorpphenyd S-fluerapisefinamide; hy-ﬁa«?ﬂ,éﬁﬂgﬁﬁgﬂc@moﬁ-ﬁwmwﬁ ration.

part1 cul Zﬁeﬁfq?éﬁﬁé’x?oﬁfﬁcﬁé’éé r6—@?@%‘)—3%&{0&%@:@&%-%L&S@S%m’gﬁﬁé'c! LN e |
neal ¢, SR SPSP 3RS o AR ST RS v BB T i ™ Tt o

excr et i ONpiclinichiddToi f}@tct't-ﬁm,4ﬁ,%l)-,t3gh§?iﬁgxggpfggysimétﬁﬁg@g{i&ibglﬁl yridirs€ase

under goi ng t herapy. The erapeuti ive a gl ven

si t uat i on3.§Br6-{ac6-tReidpheny Bt MBS0l Mmidt | 024-P01 RIS) TR iAbdyeRh&RD- | S

b

within the skill and judgnment of the ordinary clinician. [0083] For purposes
of the prpwtn-3iyiv@(R,6-difluorophérelaPusdropiablinantdd; s amine-NHGE3RI4R, 5 Saer al | y
be a total daily dose adm nistered to a host in single or divided doses may

be in ano@ming;4-hysroxyx&xmethylpipstidin. bid)oyroln: 3 vb-6-(06 difworophtrytlys-fleerght  dai | y
and nore Eir ef er r,gd from1,0 to 30 n?l/g{k& body, wei ght daily. Dosage unit
conposi t i BRAMREYAE onad n  SrEHNNddHEIR. $-Ssupingexciqhexd)nyRdinaby) 6d2fake up
the daily,. 0084].. The, conpounds of the present invention nay be
adni ni st e(rhg@glgpléﬂyyfs'% FERELAM™S: sublingual Iy, by aerosolization or

i nhal ati on spr #93942¢ dhathey aspedts, teepresehl ivivériof] prAitRs Hidttod$ for Wdhtiigi ons

cont ai ni ngr conventi onal t oxi ¢ pharmaceutically acceptable carriers,

no
adj uvant s{ OXHE® W@%é’f%ﬂt!‘é% fingge (PRt inase) E&Wq{‘i‘lﬁrﬁ%{? ihyaR o3l so i nvol ve
the use ofnifkPRISHE! HREePHSLEH Gdakér: QPR AfnikRARRL RS R suBREChes or

i onophoresis devices. The termparenteral as used héerein includes

subcut ane#oewit af @eampaved of Rermaedmy dkeffacive rinlibia PBv activityrin diesstrbjecti nj ect i on,
or infusion techniques. [0085]Injectable preparations, for exanple, sterile
i nj ect abl e aqueous or ol eagi nous suspensions may be fornul ated according to
t he known art using suitable dispersi-tp or wetting agents and suspendi ng
agents. The sterile injectable preparation nay also be a sterile injectable
solution or suspension in a nontoxic parenterally acceptable diluent or
solvent, for exanple, as a solution in 1, 3-propanediol. Anong the
accept abl e vehicles and solvents that may be enployed are water, Ringer's

. o - o,



pol yet hyl ene glycols, which are solid at ordinary tenperatures but liquid
at the rectal tenperature and will therefore nelt in the rectumand rel ease
the drug. [0087] Solid dosage forns for oral adm nistration nmay include
capsul es, waptgé/oee1qai | 1s, powders, and granul es. |n suchcEpPioth/a@omage
forms, the active conpound may be adm xed with at | east one inert diluent
such as sucrose | actose or starch. Such dosage forns may al so conprise, as
is normal practice, additional substances other than inert diluents, e.g.,

| ubri cat i ng paefemedsenshodimens ofithg peesént invehtéaw moddeslaméthed foageatofy acapsul es,

tablets, and pills, the. e for o comprise huff.ering agents.
Tabl et s an%"“&ﬁll"f‘s'??c‘;%ﬁ’“g?&g??f%ﬁ%ﬁ“ﬁ}‘qﬁeéfgﬁhgéa“?%'aﬂ ?Waséerﬁ) &Hil{m%s tings.

Li qui d dosagieit) osmprisigy adatinisternimion mitiemtin Ared B yudhnehmebat ahéfegaeseut i cal |y
accept abl e enul sjons, sol ut] suspensi ons, syrups, and elixirs

i ons
cont ai ni ngarP?fg’i‘Pfﬂ?‘?‘%@HP§°é%‘?ﬂ?b‘lﬂIy used in the art, such as water. Such
conposi tions ”3{»0#3]50 1f B1RRF dspect Hie présohtSnvenSi pR9ideenbihbds RS tRg
enul si fyi ng and suspendi ng agents, cyclodextrins, and sweetening,
f 1 avori ng, PRvheelaed diseriery innajkumman or animal sybjrgsi) negwh of iohireatment compribiag pr esent
i nvention e 11l I .t I is known in
the art, | ?c%gg%{chggg%rsg geJé?g%%&ggiré}\%ggp&g{n@%g%ﬂg??gﬁggﬁ%ﬁ& her lipid
subst ancestedidepy prvers tamer growthad theysubjectoIn pet othel ddpeétanind prasenhipeeradond | i qui d

crystal s that..are di rsed i n ous, nmedi ym Any nont oxi ¢,
prysi ol ogi E4Y47 l&ﬁ@iﬁﬁp‘ﬁgﬁg 1&%8‘%‘%@&8@&8&?5&& il 3‘?;&%?%9

i posones Sedid iRg egiRistecia duBjedt dnhmduBOSTRANGMpeand ¢fan
contain, in a?j itiaon Cg a s,(':lgg%loundt ofgrtmh)% pruejséetnt i nventi on, pgt abilizers,

preser va_ti%gl, TRt toA7ICE ARPIFYGRRIUmPE grovytl frethe subiqct it @nbinatior he
phosphol'pwﬁﬁaﬁe&teﬁmaﬁﬁhmlc&gém?&%w%é t@€L4ndgNS) . both natural and

synthetic. Methods to formli'posones are known I n the art. See, for

exanmpl e, Prescqpp4q)Edn Pt bes dspectelie BirQbRo¥nveNGo MRovilidd, tREAMARHE C
Press, New Yor(lzl,n N.]W, pg.&aiB et segé (197%. [oog] Wil e the
conpounds @fmpobitionssumiprising at dastbeneadipoingl €f dmak It drdl sobembifidtionewith
pharmaceutical agent, they can also be used in conbination with one or nore
ot her agenens argeafe pdditional ageatstfapthe tehtmenhefeganceTivs arocgromonrls coplaypé ipr esent
invention are al so use{_ﬁjl i n cqnbination w t,'g kno thera‘gﬁuti c agents and
ant i - canc e cHEEPY-anthe: Bressnh JRYGgHEn Shus; pravides eephargacatc somgotitiohounds
w th ot her ti-cancer or.chenpt herapeuti ents_are . wthi.n the.scope of
the i nvent s 3 iiteoty SERERRAEL AP Eolpnfe B2°, BrcBined “eabpihenb LIRS Fo. o
ncol 09y, Mpdet pRANde: @ FABShaSeutidel doRRsiiEA koMY Sctint 5
2001), Li pplpnccl))tt \?\i’l Ipf%am 2eu& WJ. |l d|§1l Publ i?l o?gsgk&,& pe?églgc%{ﬁglrn i nary
skill* i n t@e(38,3S)VPathido3emethyleydlsheRy IS eidin- 1) SR erdilharepheaph-5of  agent s

woul d be useful based on the particular characteristics of the drugs and

t he cancerfluaneméolimamidSuch ant i - cadaerinaNeA+(6l R,3R 4 548)-3aminces-hydroky-5i m t ed
to, the follow n estrogen rece&t or nodul ators, androgen recegt or

nodul at or smethgey éheayla Hr 3w DrfoGufi-diflaprephenybpicelinanidey Nodr (IR 4R 3§kt s
ti liferati t l,.- i.n. t f i nhi bi , HMG CoA
Feduct ase THAPHDGREY arieBHRERidRg QyaHaE L9 ArEis SOPSPIRRID ¢ or s of cel |

proliferatg }g&g i val,.Si oRahi ) ﬁﬁhﬁ:' I ng.: aQaNhS.angd agents
that inter ]'g)?o W ltnﬁagzdéi I gcﬂgﬂgﬂé&q{ﬁ%ﬁ)%ﬁ eldgg%guﬁg%&g? n}?ﬁgi‘lﬂﬁventi on
are al so usftistbphifscMiopshitolnghRIeed W-(HQ(?{S@-@Laﬁ‘ﬁith}cfoHé()ﬂi)Byridin-?s-yl?]-él 0064]
Therefore, in one enbodi nent of the invention, the conpdéunds of the

i nvent i on (@6ediflharopheagh)-5Hfluotapidnlinahiden MAHG(1RBRMR S8)-3-amirwe4-hadroxy-S-

i ncludi ng, for exanple, estrogen receptor nodul ators, androgen receptor
nodul at or smetheeygheliedyDpyeidpr-dvD)réoduf-difloerepheny b &t flupropiepdinamide; N-(4-
antiprolif ' gents, prenpyl-protein transferase inhibitors, HMVG CoA
reduct ase ﬁ?m?ﬁ?bf@{mmﬁrmaﬂw&@g XY RRYig-dryd)-6-f ardHleraphenyde3-flperas o

i nhi bitors,. er i LS, i.nhi bitors. E00G5]1.n certain presently
preferred %?T(gf(glg?]% ts of f(ﬁ%&?lﬁ’\glgﬁ%]a%hﬁo%% c{rrgx e’%ﬂnbe?rfﬁ%p%{ élﬁﬁgll)ﬁggcflﬂ] in
combi nat i onymistd,6LIAuGERAYIRSIR odiddinativeNt WOML-f( Pt 35 NS abiRRyAIBLy9f cancer
i ncl ude, for exanple, iTinotecan, topotecan, gentitabine, 5-"fluorouracil,

| euc, ovor ipyridiar bopleaisdifiabophent)s-fidciomeutinamide? 3 GmidNO@ (3R 4R,58)-3-

cycl ophospham de, vinca al kaloids, imatinib (d eevec), anthracyclines,
rituxi mab, trastuzumab, as well as _ other cancer chenotherapeutic agents.
[ 0066] The above conpounds to be enpl Efy'éd in conbination wth the conpounds
of the invention will be used in therapeutic anounts as indicated in the
Physi ci ans Desk Reference (PDR) 47th Edition (1993), which is incorporated
herein by reference, or such therapeutically useful anpbunts as woul d be
known to one of ordinary skill in the art. 100671 The conpounds of the

e o 1 -,



40C), another Waters System (ACQUI TY UPLC system and a ZQ 2000 system

Col um: ACQUITY UPLC HSS-C18, 1.8um 2.1 x 50mm gradient: 5-95% (or
35-95% or 65-95% or 95-95% acetonitrile in water with 0.05% TFA over a
1.3 m n pewbaokookéiow rate 1.2 nlL/mn; nol ecul ar wei ght pcangeocdpbr2dH0; cone
Voltage 20 V; columm tenperature 50C) or a Hewl ett Packard System (Series
1100 HPLC; Columm: Eclipse XDB-C18, 2.1 x 50 nm gradient: 5-95%
acetonitrile in water with 0.05% TFA over a 4 min period; flowrate 0.8
nL/ m n; wakrﬁﬁ&h@g&m*g%emﬁﬁ@@rzdkéﬂ:ﬁﬁg)ﬁdia@ﬂ)-i{qh,%Qgﬁuo‘}Qph\éﬁyly-@lf}u&b-
tenperature 30C). Al masses were reported as those of the protonated
parent i orpicolinamide] 08-drhinoNN44-€AR, IBJrwitihecytREOIBPFAAINIME)-6 A8 difhicFo-Was
performed on sonme of the conpounds with a Varian 400 MHz NVR (Palo Alto,
CA). The gpeayl)-Hfluprpisokmroudesad-@H(IR4R,FVE3-amindré hidroxy: S-airthilpipéridity f t  of
t he sol vent. [QO,;IS% Preparative separations are carried out using a Flash 40

](c:lhr oEat oPrla)ﬂ}Wﬂé BonbR §-difucgpphenglyA-fiurepicedisamidsar | ot t es&rﬂmiﬂéL %), or by
m;? or Sf)i Y@%"ﬁgg%@%?‘ﬁ@‘gg&?&?ﬁ%ﬁ@gLfﬁf)éﬁrﬁ@%g%&q?j@'lga?eilggsed h

75, . in, TVDI .
P ol e SR o, MO SRR L 1

Fl ash 40 Bi otage system a y are

di chl or ongsdiiasiperiti-13MpYridiatoy-6 AT 8ldBro-BSXARApheagIsONe, aqueous ammoni a
(or anmoni um hydroxi de), and tricthyl am ne. Typical "sol vents enpl oyed for
t he rever Smoppasbndditd€ ar Anothery i paefercah cambadirhérnn provideac at @harhiatduticalnd wat er
with _ 0.1%trifluoroacetic acid. . [0072_] It shoul d be understood that
t he or ganicempewrnfbercompriging gniadditineal peert dorr thel treatmsai ofesaneernwhereinhi bi t

t he phenonenon, .of tayt.onecri sm _As the chenjcal structures within this

speci f i CaPTOTTaRE e A fl?f@%rﬁ&%ﬁf Sﬂﬁ%ﬂ@bfwtnh’éma@g@, BPROteCARt BFRARRING oY s, i t

houl d b of d embod .
automer SUpRERRHRHA0Rh tSHRGE Cirif, ATRSS, Fothninh COPRPRARIATEY | e
i nvent i on virga BRklolds ntaBRibl(B1de &) SifRRLY Bi?d}E,SrLtﬁﬁhm UnliraliGiizhdd, O

illustration, but enbraces all Such forns thereof as conme wthin the scope
of the above did0bsulee coppousis T thedxeentiprare edfulin sl twatrhent of ¢ancarsghout t he

applicati . ks V] at i ve t | owi.ng neani ngs. |f

PP o ndipudiithericothBth ABRREK Il BE drlfe s, Bl FholeRl

ABBREVI AT b@tfes IAFBid, tiadddryk estompinsiahdna, yefdididisorders RO Byelblddewkertid)ane DI EA
dii I | ani i et hyl i de DMAP, 4- di net hyl ani i di

1I, IZ_SSIp:TgE %ﬂ}ﬁégﬂ? w&%g%&@ryam euke%-xiz%? a%egpmase(e.g., vﬁlous ccl)lcr)Tt‘{E ade%ox%gg, nopyridine

sarcomas (€.g., osteosarcoma), autoimmune diseases, allergic reactions and in organ

P4

transplantation rejection syndromes.

[0046] In yet another aspect of the present invehtion is provided a use of a
compound of Formula I or Formula II for preparing a medicament for treating a condition
by modulation of Provirus Integration of Maloney Kinase (PIM Kinase) activity . Ina
preferred embodiment of this aspect of the invention the condition is a cancer selected
from carcinoma of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or
colon, melanoma, myeloid leukemia, multiple myeloma and erythro leukemia, villous
colon adenoma, and osteosarcoma.

[0047]  In another aspect, the present invention relates to methods of inhibiting
the activity of at least one kinase selected from the group consisting of Pim1, Pim2 and
Pim3, in a subject, or treating a biological condition mediated by at least one of Pim1,
Pim:2 and Pim3, in a human or animal subject in need of such treatment, comprising

administering to the subject at least one compound of Formula I 'or I in an amount

16-



DMVF N, N-di met hyl f ormam de 1, 1' - bi S(di phenyl phosphi no)ferrocene 1 -(3
- D et hyl am nopropyl)-3 -ethylcarbo di imde hydrochl oride DPPF EDC EtO0Ac
et hyl acetate EtOH Et hanol HOAT Hydroxyazabenzotri azol e Pot assi um car bonat e

K2CO3 MeGhpAe@logdibd ril e MgSO4 Magnesi um sul fat e MeOH etrhrigeb/odyadsCO3-
sodi um car bonat e NaCl Sodi um chl ori de NaHCO3 sodi um bi car bonat e NBS

effective to inhibit the kinase in the subject. The therapeutic compounds are useful for
freating patients with a need for such inhibitors (e.g., those suffering from cancer

mediated by abnormal serine/threonine kinase receptor signaling).

DEFINITIONS

[0048] "PIM inhibitor" is used herein to refer to a compound that exhibits an
ICso with respect to PIM Kinase activity of no more than about 100 uM and more
typically not more than about 50 uM, as measured in the PIM depletion assays described
hereinbelow.

[0049]  The phrase "alkyl" refers to alkyl groups that do not contain
heteroatoms. Thus the phrase includes straight chain alkyl groups such as methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl and the like.
The phrase also includes branched chain isomers of straight chain alkyl groups, including
but not limited to, the following which are provided by way of example: -CH(CH3),,
-CH(CH;)(CH,CH3), -CH(CH2CHs)z, -C(CHs)s, -C(CH,CH3)3, -CH>CH(CHs),,
-CH;CH(CH;)(CH,CHj;), -CH,CH(CH,CH3),, -CH>C(CHs)s, ~-CHC(CH2CHj3)s,
-CH(CH;)CH(CH;)(CH,CH3), -CH,CH,CH(CH3),, -CH,CH,CH(CH;)(CH,CH3),
-CH,CH,CH(CH,CH3),, -CH,CH,C(CHj3)3, ~CHCH2C(CH2CHs)s, -CH(CH;3)CH,.
CH(CHzs),, -CH(CH3)CH(CH3)CH(CHj3),, -CH(CH,CH3)CH(CH3)CH(CH3)(CH>CH3),
and others. Thus the phrase alkyl groups includes primary alkyl groups, secondary alkyl
groups, and tertiary alkyl groups. Preferred alkyl groups include straight and branched
chain alkyl groups having 1 to 12 carbon atoms. A preferred "alkyl" definition refers to
Ci4straight chain alkyl groups such as methyl, ethyl, n-propyl, and n-butyl. The
preferred alkyl definiton also includes Cj.s branched alkyl groups, including CH(CHj3),,
CH,CH(CHjs),, CH(CH;)YCH,CHj3, C(CH3)3, CH(CH3)CH,CH,CH3, CH(CH3)CH(CH3),,
CH,CH(CH3)CH,CH3, CH,CH,CH(CH3);, and CH(CH,CHjs),, etc.

[0050] The term "alkenyl" refers to alkyl groups as defined above, wherein
there is at least one point of unsaturatibn, i.e., wherein two adjacent carbon atoms are
attached by a double bond. The term "alkynyl" refers to alkyl groups wherein two
adjacent carbon atoms are attached by a triple bond. The term 'alkoxy" refers to -OR,
wherein R is alkyl. |

(8041}  As used herein, the term "halogen” or “hale" refers to chioro, brome,

finora and iodo groups. "Haloalkyl" refers to.an alkyl radical substituted with cnie or

<17-



N- br or nosucci ni m de NMP N net hyl - 2- pyrrol i done

Tri s(di benzyl i deneacet one) di pal | adi un{0) Pd2(dba)3 Pd(PPh3)4

Tetraki s(tri phenyl phospi ne) pal | adi un{ 0)

Di chl or o- (Wwp2eivm¢ids phenyl phosphi no) et han) - Pal | adi unm( IHQT/EP2009/061205

di chl or onot het hane adduct Pd(dppf)Cl2- DCM RT or rt roomtenperature
TBDVBCl tert-butyldinethylsilylehloride Triethyiamne : TEA , THE
tetrahydrefuran Synthesis of 3-oxocycl ohex-1-enyl

tri fl uor orreoredinlogen dtomaThe tetif "hploGIKGL' thins imchsiek monalralwalkyl, dihalo alkyl,

| oh =1, 3-dj ' i n DCM ded .0 iv.
o6 Coor edvipdo kel ST BT ehtese e oAl Ao HoEEs ST LS5 S aver 1 hr
at room t eCiAT1 A0H,CH\ GEH,CHITI] JCHEBYCH, ATIS(UITH; réppeentaiididiliabalkyihe

i oroa don o G, L bERche e Lot mucids “PEEUPE 1) ¢ hen

extract ed rtelb”l@seﬁfaﬁaé‘irm%lo aqtfyn gﬂmpa fnB1ubé | lctg -CF?DCCE@ﬁ%L -angpgencent r at ed.

The crude was used fo next step wt out further purlflcatlon

3- oxocycl c%é@l)ﬂéﬂysl- WFW@{@%@M%@‘Q&W perhele alkyb groppsinelade iGE167% vyi el d.
The trifl at® qeq Ngsgf,z@;gon storage and shoul d be used |rrrred| ately for the
next reaction. L 4.9/ 286.0 (MrH and MtCH3CN); Rt = 0.88 m n.

Synt hesi s of 30042} SZ'MM'EQfmhmthﬂEQ@@dﬁﬁbo%ltamiallsa@niad)bhex 2- enone

100801To a gsol,uti.o f 3-o0x ¢l phex- 1- trjfiuor t hanes gnhate (1.0
cquiv.) i neRBtagh § etuRaRRE yRN K ey s shtpuctBrAdEy AARIR on” 2o
equi \é ), KigdogeBota et alkyl, macbnagé@mil mgzefaa\negan ﬂﬁthegt&u};i ~NRRThhedeeact 11 on
was heated, to en filtered. T | OX; ol utj was use
for the. ndkis ctlapT R Shdioeinf o dih o Fiam] ofbe e Tt mpob efym s o
boroni ¢ agiefbin toHOERES LNRK! wheré R-i8h 1dvRR ¥fal il And' RO RYdFRbSREX lotve BN Sin

aryl, or a loweraralkyl. The term cyano refers to the group —CN. The term nitro refers to

the group —-NO,.

[0043]  The term "alkoxyalkyl" refers to the group —alk;-O-alk; where alk; is
alkyl or alkenyl, and alk; is alkyl or alkenyl. The term "loweralkoxyalkyl" refers to an
alkoxyalkyl where alk, is loweralkyl or loweralkenyl, and alk; is loweralkyl or
loweralkenyl. The term "aryloxyalkyl” refers to the group —alkyl-O-aryl. The term
"aralkoxyalkyl" refers to the group -alkylenyl-O-aralkyl, where aralkyl is a loweraralkyl.

[0044]  The term "aminocarbonyl” refers herein to the group —C(O)-NH, .
"Substituted aniinocérbonyl " refers herein to the group —C(O)-NRR' where R is
loweralkyl and R' is hydrogen or a loweralkyl. In some embodiments, R and R', together
with the N atom attached to them may be taken together to form a
"heterocycloalkylcarbonyl" group. The term "arylaminocarbonyl" refers herein to the
group -C(O)-NRR' where R is an aryl and R' is hydrogen, loweralky! or aryl.
"aralkylaminocarbony]" refers herein to the group —~C(O)-NRR' where R is loweraralkyl
and R' is hydrogen, loweralkyl, aryl, or loweraralkyl.

[0045] "Aminosulfonyl" refers herein to the group —S(0),-NH,. "Substituted
aminosulfonyl" refers herein to the group —S(0),-NRR' where R is loweralkyl and R' is
hydrogen or a loweralkyl. The term "aralkylaminosulfonlyaryl” refers herein to the group
—aryl-S(0);-NH-aralkyl, where the aralkyl is loweraralkyl.

{6046}  “"Carbenyl” refers to the divalent group -C(0)-. "Carboxy® refers to—
C=0Y-0H. “Alkoyyearhonyl" refers to ester -C(=0)-OR wherein R:is alkyl.



WO 2010/ 026124PCT/ EP2009/ 061205 100811To a sol uti on of
3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an-2- yl)cycl ohex-2-enone (1.0
equiv.) in degassed di oxane and 2M Na2CO3 was added 4-

chl or o- 3- nvorewpiéisi ne (1.2 equiv.) and Pd(dppf) Cl2- DCWci@poipo/eqmisv. ). The
reaction was heated in an oil bath to 110C for 2 hours. Cooled to room
tenperature, then diluted with Et 0OAc, added H20 - dark solution, |ots of
enul sions. Filtered to get rid of the solids, then extracted the organic
phase, drWEdMMMkhQN&%G@A"mﬁﬂdkﬂﬂﬁﬁeGEKBLGEAMﬁ%ﬁnBﬁuﬁwwmﬂaipurified via

il " : | acet at d h 1:1) t
el d 30 CACTeaBRPRBRy: 5 o Siceol D ein Bt Bllc oy O NS = 219
MrH), LC = 2. ~ | ohex- 2- enol H
N2 10082170 2l aalut | g Fefrstt o R A one (1.0

equi v.) wasbstitngeld Cartoryqlenlioyl gjoupsare cpctaatkyl igpoips I VShlébm]ll 1ing atomarer eact i on
was cool e?arh&b%yﬁgaltc%l'aalh@%ﬁgstﬂmﬁ Olbm)3 t%sbaago%ﬁg a@g’&%ﬁ@ﬁl Stirred

for 2 h a en-quen |ng wat er, conce 0 renove the
Et OH, addediidhteddichackbine atireid either casbgmor zcbqterdatnmd The tdnmb'hetamd}, cladile”" Na2SO4,

i?f N(éOEC(Zagetfr athEd ! ¢ I ellgylgul%ég]gﬁl}t}s E;P%Pg)}ﬁﬁ?gréf@/ ) ?nlog)eht(yal))(igalleyni?omqgg% )

2- (3-(3- numeefvﬁfdncy1ﬂﬂ&ng)s&uah@hSﬁn&1@wérbatsm Bﬂﬁioyélﬁnjeoﬁpdlhﬂﬁlﬁftheadded
(E)-di-tert-butyl diazene-1, 2-dicarboxylate (1.5 equjv.) dropw se. The

reaction MC%HVPF%%nIU@%?XE%@W §ulﬁ€oﬁe@qﬁ§qnmah?tewew $ under
vacua, th d ography elutin
%&fgg inkiuad b te ﬁoﬁhgh}?n%ﬁgﬁﬂ @ghggpoagg wmse gr aphy g

with Et0Ac and hexanes
2- ( 3- ( 3- nCarbopycloatiiyh groupd f)rcyynlmﬂabl gmuBnylpvlsdl altiong atem&m:ecaﬂbpmnwh(:ﬁB%

L Ca" 5. alRapgrtar el hbonti pbdfiedtits e Terpu P RES " e Bign 9 o) 7o a

sol uti on ﬁfse&ar(dito&ﬁhﬁd’faﬂ@py}l‘dlld smuduryé ) Thietenh epartial runsiteaied dptloaleyl”,
1, 3-dione (1. (6,0 equiv.) and the

dded F
reaction \'/'\%?é'-“glty M%ﬁyck"@&ﬁq—' ( Q@Y‘i‘l%@ﬁ%ﬂ ?‘?ccﬁo alﬂg’F lpalkd groWphen” washed
with met h%@ﬂeuﬁﬁ&e?ﬁ??&%&kfg@@ﬂt bhdstlratisR i €, w-ﬁerefnh@ afj B&Eﬂ?nﬁ‘%ﬁmﬁggﬁd et hyl

acetate and sat urated he organi cs were aried . and
concent r agepested by § doyblq tandor a gRnkebgnd; dilysirative examples include cyclohexynyl,

cycl oheXgsgs yeIIowthlck gumin 96% yield.
{pC/ K/B = 3%&%%?mﬁc§abé¥gﬁédﬁjﬁéoghtﬂdﬂ%%y nt eS| s of
2- ( 3- ( 3- am noplM04si n- mymdbtﬂabwgeﬂlhsterquyldﬂ Hitdro@rctic groep” ¢r0085] To a
solution @f 2- (3-ni 4-yl ) cycl - fash soi ndal i ne-
1, 3-di oneo}( fer Béygltfuﬁus)eaﬁ‘% {éfscoﬁ%{%f 'F’fer éo/"d‘&?"% % gPeoro. 2
equi v.) amedt&alefrmamtogan oX#fen SdnidIsa et duacsebr @nfdalbbﬁulrmgaontﬁhh@rﬁoﬁl days, the

reaction was fjl tered thrOLi gh Celite, washed with ethyl acetate and -
met hanol , O thies heterpasoms selegted from thy arepneAoR§isting ol niffogen. SX¥ERadhed t wi ce

with sat. sﬂmrm%ﬁ the SXReMb&ad ifg RRASE NS wnue%cme BRI Ay fat e,
filtered and concentrated. The crude nmaterial was triturated wth hexanes

and et hy| O3cdoubledonds; wherginghe nitrogen and sulfur atom maybe optionally oxidized;
o S SR i Mo TSRS i 7% 1 1 ¢
5. 5- di net inglidthgomyp bicytlahgrauplinevhidh anlylof theabovedtcaomyslid fingsas fised to a
benzene ring or another 5- or 6-membered heterocyclic ring independently defined above.
The term or "heterocycloalkyl" as used herein refers to a 5- or 6-membered ring
containing from one to three heteroatoms selected from the group consisting of nitrogen,
oxygen, or sulfur, wherein the ring has no double bonds. For example, the term
heterocyclo-Cs-alkyl refers to a 6-membered ring containing 5 carbon atoms and a
heteroatom, such as N. The term "heterocycle" thus inciudes rings in which nitrogen is
the heteroatom as well as partially and fuliy-saturated rings. Preferred heterocycles

inclnde, for example: diazapinyl, pyrryl, pyrrclinyl, pyrrolidinyl, pyrazolyl, pyrazelinyl,

-14-



Orf [0086] 1 n a 3-neck round-bottom flask, 5,5-dinethylcycl ohexane-1, 3-di one
(1.0 eq) was dissolved in DCM (0.2 M. Sodium carbonate (1.1 eq) was added
and the m xture was cooled with magnetic stirring on an ice/salt water bath
to - -5 C woderod¥i24Triflic anhydride (1.05 equiv.) dilpdeeeion ot was
added dropwi se via addition funnel over 90 m nutes. Upon conpletion of
addition, the reaction was stirred at - OC for | h. FromLCM5S and 111 NWR
there was still starting material left. Additional sodium carbonate (0.51

eq) and t rpyrazotidiaph jmidazbe], ﬁxﬁxdﬁﬁhlmgb, mﬂmhﬂdﬂﬁebyndyu}ﬁperﬂmw,lpymﬂyhe m xture

was filtered thr h oarse, f unn cake S washed with

DCM) , tran‘%lg%r??@glﬁﬁneglwqﬁmegﬁﬂ 8?e gi\l "ﬁ&é’ﬁ'@ﬁ%"’&w&‘&’r‘@fl b addition of

sat ur at ed maidedgd, mdolyhbkuzﬁﬁdlbﬂniabfaMyI sodzidirY Sndipholiby N thidzolyl,] PH =7,

transferrelgﬁg (ﬁl;lat ry funnel and the | ayers separated. The organic

| ayer was ﬂé@“ pralyeisothiazeliding).dpdalylsawnolinyl, isoawiaoinyd concentrated to

gi ve 5, 5- didiBihhidabo3t, B t f ich was

used to the next ts)l'?ep w%%M?Sﬁ%AISU{%'F@g@ %Séﬂd b?ﬁ?’“?"“m =273. 1,

Rt =1. 03. Synt hd8¢49] of Pktemodclmnmnem(n he nn@bsxruted mamemdsylbsumted or

1 3. 2-di oxg di oxane (0.2
in a roug’%gtgtl()léa O?t%h%slgélg ao‘glndv%é)%gglgtgt mBntx\@dg%ﬁ%?%nggﬂ%lgftﬁ? tgrﬂgh t he

m xt ur e f drydidxynhato, oﬁd@ﬂb)dpl;kyhmihﬁlﬂ{ﬂd:dwheremﬂl B3 lewgratkmbkordewiaslkexyd t he

reaction heat dto8Cf|tte wi.th, a relux ser o an oi | bath under

N2 overni ght a%y&ﬂng au&'d?f?‘é’ﬂ 3t°5 ygﬁ'ﬁ‘@?‘&ttﬁlf’ koxX¥.| t ered t hrough

a coarse f;ioﬂ;tau@bcy,%wémm@ebyclazmeymahaoﬂkﬁsed with 1,4-dioxane to give the

5,5-dinmethyl-3-(4, 4,5

tetramet hyl-1, é‘g‘ﬁ 0y oi'a?)b?t@mf?hz%ley@%h%ﬁﬁazh%wénw positionsi asxalbe whi ch

vas ( us reg  dpile gu)) %%%Mg@m x ﬂé% &Jggﬁ% t rhédlaﬂ%l'cﬁ&msﬁ%n%ﬂcnon

5, 5- di et nyllhwe(i@clnsltrebgymn di n- 4- vbcycl ohex- 2- enone NOZ [ 0088] The

boronate ester tete t h
di oxabor ol an- 2 léﬁil %(é% ?ﬁgélgér%erbfyfﬁﬁs lgalj"g\r/{g%r %f”?gl& %Qf’mhﬂ PY39% oxane in
goroundt b qtipepaaixg1, }‘ﬂlmidmhdfdelmd;,sbddzdm furdnig ], |mmol5l23éri22|r\1/(mdﬁ3m1ytlhg sol uti gn f;)r
m nut e ni ridine an ag) sodium carbonate
(2.0 eq) 39&%?‘%{ éﬁ ROy gLl %qugwémwwolw LguHigralEyhnd t hen
PdC12( dPPfIinhalﬁﬁM ﬁlmogii ,ﬁg})ﬂlwﬁmgdqis@bzoﬂ}hgnd iﬁﬁ&]ﬁ;@ﬁylm xture was stirred at
C

110 C for 2 hr. The m xture was added to EtO and water. The resulting
mxture was fi IQ{LﬁzEd { Ayl rgferscle loptienally mebstinued mpnocyelisaad polyeysliet 0Ac. The

organic | t The
conbi ned ?@%@?@32%% g%é%@%cl&;ﬂ#ﬁ&g%n‘r’]‘%% ‘{t%ﬂ%\%gd %“@ﬁgﬁ&ﬁ | tered
and Concersarbacysdic aflihgrqupsamﬂetmmchmmyl‘ greubsbﬁasbolcyc:lm agyd lgranips ademtydgr ap hy
(eluted w 0 es, = 1;

5, 5- di et f‘%ﬁhp gt"t Qﬁwﬁ?ﬁ 5'8%?508156'1 %eﬂf%aslgl%’ﬁ&e ‘%Ib%‘ngrqgte(‘%h%f"f’%’} three
steps). LGS herdiio: arptdriirpd hﬂvmﬁmﬁ 148 4 heteRySrMESI rgQtoms in an aromatic

5, 5-di neth 1-3- -nitro %gln 4-yl ) cycl ohex-2-enol OH N2 WO

2010/ 0261 %@& e PR AOMTHeiaL sybon ptoms.oVhen used in connection

5, 5- di net hﬁﬂlr I(s3bst ﬁd’n% tbé*téi"ln” ) 0 Yuse@nd

CeC13- 7H20 (liﬁ'y eq) t E/E 'p y%*aﬁlaﬁ?h aﬂgeglegel{lgquﬂﬁlfédl%ﬁ ”3’? fgsteao C. The
sol uti on \Hé(%ll‘-‘s%lmﬁﬁu@@ i Whlch ah‘@%ﬂt oneamlw bt srréreaticosuch ag fadgamplen of 5 nl

of water. d i,n_vac and th resi.due was

partitione g o%e)%ﬂb Eﬁg‘#ﬂs?& C% lcﬁli%‘c%lfegﬁfﬁ? Iaé’%rf #IPSEar at ed and

washed wi uiaphhylnmd tHdikec cmdempwy agmeuﬁemlbﬁalss Subistifaeiits th ddnipduidsOAC and

the organi ¢c_was washed wth The )éonbj ned or ganj ?‘ re dried over
o’

MySO4, fi I BCEesshld B HAR T ?8 “y*F Rerid s thigzply My colum (5%
met hanol iimidhzdlyle bkadiazalsE téttaol D NG ko

3-(3-nitropyri dlyﬁ JAﬂ%alz)lcgziycl ohe§<1 eno?\l 74()/13@&94%5)51 & 5@&%11%

Synt hesi s Ryfingl. paphthy I\; Hjazolyl hengopy ardﬂdlh#nzlﬂmdyl and the like

cycl ohex- 2- eny nd €l " | wti on of
5, 5-di nmet hy1l- 3@%'%9% t?b I{);)‘ra?] s:ﬁbstﬁh%{i" cyc‘?o%ﬁ}eugé%%efﬁlg?p?\g?%?&gm?& Q[lfl‘l phenyl
phosphi ne o4 cBmieR):yc g gihmlaahﬂ;mnﬂmo(vaieﬁ ce gfjvalent rhtifcall GuRaily subeidutslito 0 C,

ditertbutyl azodicarboxyl al in, THE was add the sol ution. The
m xture was st W?’ g"d tgfeém@ Glf‘z'}"-’hg Gsamﬁ?emf“é%féﬁ%ga&s‘g@oﬁg@ﬁf ated in
vacuo. The residue was purlfl ed by colum (5% nethanol in 1:1 ethyl acetate
and hexanes) to give =26
2-(5,5-dimethyl-3-(3-nitropyridin-4- ypcyclohex 2- enypi soi ndol i ne-1, 3- di one
(99% . LCO M5 (mz): MH#=378.2, R=1.10. Synthesis of

2- (343-am nopyridi n-4-yl)-5, 5-di net hyl - cycl ohex- 2- enypi soi ndol i ne-1, 3-

d| one [0091]A sol utlon of 2 (5 5 d| met hyl 3- (3 n|tropyr|d| n- 4 ypcyclohex 2-

.




[ 0092] A sol ution of 2-(3-(3-am nopyridin-4-yl)-5,5-dinethyl cycl ohex- 2-

enyl )i soindoline-1,3-dione (1.0 eq) in acetic acid (0.1 M was purged with
nitrogen for 10 mn. Then 10% Pd/C (0.1 eq) was added. The reaction m xture
was stirregoadiodmi1£d, 300 psi hydrogen at nosphere in a stegp20owedzeaver ni ght
and at 65 C, 300 psi for 5 hours. Solids were renoved by filtration over
celite, then. rinsed with. Et0OAc and MeOH The filtrate was concentrated ,
diluted with Et0Ae and. washed 2x. with sat. ag. 2M Na2CO3. The organic

| ayer was thisanedo,\amidindytiiding, oke, lokernidiho, methoxanidineNimidine,duarditiiho) esi due was

ified b | 5% th t t d.h t
Da543- *anPHGEIRI SRR FO b e kRl Fer TGS 5 PRIRaBiPro. 1. 3. i one.
(539 - Critol b, lfmséak&(y %lﬂio“%&lko'ﬁbelo%ﬁﬂ&)k%]ﬁl'£l€§l&a¥bdﬁ‘:}f e

2-((1R 5R) - 5- ( 3-am nopyrldl n-4-yl) -
3, 3- di net Apinegarbestyba! 9armhatalllmk@rlmn$L beterearylpatbonyl, heteroaralkylcarbonyl,

2-((1S, 55)p §aﬂﬂ;} Y, d the lik
3, 3-di net Ey?l(t:léc’l 0 ex%’sﬁ ndo |’ﬁé)lims (ejllo%e were resol ved by chiral HPLC

(For anal ysi s 054 7. Be6ubstitutiangroiip cadBselfibe splestipeed. | Thelgyouphseksiinted et hanol =
80: 20 lcel QJ-H 100 x 1 / t

separ a'g Yoﬁ tbﬁlée)gghsg@:t&n%% can %WEW‘Y?J% mtneh?"P'QP’::ncé’g“%l;yﬁq—T I())régga;azbvﬁ’m at
20 n/m nlo)wCrd}lMR lowtXalkdxy aﬁm&c@t‘boﬁﬁ -SRbHhioathif6) -§0;H,180,R dr B&lobmeyl, 2H) , 7. 71
(m 2H), 7.06 (d, m 2H), 2.89 (m 1H), 2.23-2.44
( m 2H), Wherséllemlg}lwhyqomEY%mbﬂﬁrlmaa}kyll 18 (s, 3H), 1.07 (s, 3H).

Synt hesis of 4 cl Ml ko a
sol ution of 3_?195%1' t(rxggeﬁtl éf‘ﬁbsﬁhﬁc@%&gh lg‘gér%o % % tChamgﬁQ 1vvas added
di oxane ( GubsEtutibmera opclIFSﬂht(rmmlmﬂpalchalp (e.d. hiéh}z;tbmxr@yl \anhdamddando 100C for

4 h. Cool ] L opviaH t hyl

acet at e,o ﬁ%é&g) Jr%ﬁilﬁg CE ge(ra vﬁglrg?edg';,\%)h ﬁg’ﬁﬁﬂf@z”é}éﬂﬁ%ﬁ%}’ d@ﬁceﬁtlﬁnfeg. ¥he

crude was sm;snnitedesdbsﬂn&n&lohn bastgght chdinybranchédoray iy fphyersdni dhg Wi th 100%

AR R G I T TR N S
( 80216131)1111& 117t9nrfeﬂ to ﬁ'ﬁd@lmﬂe'fﬁnssﬁle%gbs(ﬁ@ltloﬁmss(%@ m&aﬂ@ulﬁuﬁfed(\ﬂilh 111),
(+-)-2- aﬁvghucno gémlm erradiplagen iawnuswt}teﬁpé With anotBerdiglogemgomSuchp

20101 026 1 BARETLEFR AR B AR Lo Pl B

4- (cycl ohexa ien -nltropyrl equiv.) 1tn DCM (0.1 M was
added NaHCO3 ([Dﬂiﬁ]eth will) alsocbegipparest tyd‘lolsomwmthmmﬁmhﬂ @thpioonds of, t hen

added m CRBA to the soI t _once.as a solid. ,The reaction
was stir ?@8 Je%rbonCmf if §t)e (S T Vo c#aggheb;shagﬁﬂcﬁu%@) AP ﬁfgts The product
i onizes amtév&hherabaﬁtzs&ﬂuptbdmgﬁ Mbmwm@%@m@maﬂeﬂeﬁ@ﬁeﬁm W th sat.
NaHCO3, then extracted-wth DCM ( The org an'la‘f phase_ was further

dried wi tWabﬂ}eFFé"mFﬁéHnNW“tWW \Qbﬁieleam&%@? e ¥RBOMR ve the crude
epoxi de_amofciIB shift¥tinbthelhib@indak dHéﬁQaW&nth@théH&é‘%m@Hf!hE' cati on.

[ 0095] To a solution of the above crude material in EtOH and water (3:1)
(cl oudy ywlesvbewp eensequenihareamanied. NeaNS.2(: M@cteddvancyd Qrgdmml Ci@zr@_w( 2.0

equi v.) 1 @, eE s%fné Eczﬁr%' %hﬁﬂﬁdggsﬂaf ﬂﬁ%ﬁ Bidel 668947 Or 16 h,
t hen concentrate C wat er were added, r gani <’: ase was
further d(h9§21) \mstdsed\mem, thmti:nndtm’emter'a'cfeds mdhegconqaoandsrpwduced by thdhe oi |l was

| ded f i h t SCO, 0-50%
e oyt optastih, R i SRt ineRioon e £ oH GG RO BB Al GO0 P 20%)
;éel ![gw 0i ha¥éﬁ%iﬁﬁne&d&ﬂaﬁm)nth&,%t(dﬁ1 z) =262 (MR, LCR = 2.35 nm

n esis o
(i/ ) - 4- ( 3- azi @837 ( (Tp compeypsEPhibe MyeRiany PLikely By lomsreas elbav iy - 3-

nitr opyr ' ﬁiaﬂﬂaceuﬁ&ﬂ?@éc@ﬁtaﬁle%ﬂ@&dt&@ rf?étabohtes and grodrugs of any of them, may
(+/-)-2-azido-4-(3- nltropyrldln- 4-y1) cycl ohex- 3-enol
comprise asymmetrically substituted carbon atoms. Such asymmetrically substituted

carbon atoms can result in the compounds of the invention existing in enantiomers,
digstercomers, and other stereoiscmeric farms that may be defined, in terms of absolute

stereochemistry, such ac in (R}~ or {S)- forms. As a result, 2! suck sessible isomers,

r'\..'.
~Ai~



(1.0 equiv.) in DCM (0.15 M was added TBSCl1 (2.0 equiv.), imdazole (2.0
equiv.) and DVAP (0.1 equiv.) at roomtenperature. After 18 h, water was
added, the organics were dried with brine, then Na2SO4, and concentr at ed.
The crude waterombiznas | oaded to silica gel and purifi eCIVERI®®E1205.
chromat ography (1SCO eluting with ethyl acetate and hexaaes (20% .

. Cbtained (/4-(3-azido-4-(tart-butyldi nmethyl silyloay)cycl ohex- 1-
enyl)-3-nitropyridine as a yellow oil in 60%yield. LCM5 (mz): 376.3

( MH+) ,  LC ipdividgalgtegeoisomersdy thefirapitisallyf puge-forms, ik turds dldreof, racemic mixtures

64t ert - but j S| -(3-ni i di.n-y4-,.

vl) ar/cl oﬁe@- gﬁéegﬁ{/a%g?%g%r? %X?c{i%&e&%@éﬁé,ég %@I‘ﬁ%é‘ﬁ%i’ figﬁgﬁowgs‘)ﬁt%s added

[(3 +/ - I) ;14- ( &ﬁmpbl_li:ﬂsi@f ﬂieélﬂ\ten'?ionharc influded 11n th% present invention. The te{rng "S" and "R" g

ut 1 met Sl oXy)c ohex- 1- -3-ni.tr ridine . equl v. an
ot i e (Moo e Rertipoace 84 oph by Bk TURRES o7 RE ATONSFOR 1
pyridi ne: SEEMRRIB)FURYANIENGALSeRREHEdRedy, [Fokd IR ICkh.. B¥R3-3031650%he/. ) . The

reaction turned dark brown after 10 min. Stirred at roomtenpefature for
1.5 h. QuérfareanP argamployed forring pesitions of aydlis cempoundp c Brecgrsidle gbthe i mes. To

the crude Rmenadsigst is tat siblRbCRicA M HeRrad Qubkthudnt 110 élt%”ae lﬁggdﬁémﬁ’rgﬂciledo equi v. )

was added. Stirred for one hour at roomtenperature. S n 1120 and
Et OAc, t hepositigmnilosp sihstituents lying etheopposivgySdeiof the treferened pland aressignedr at ed.

Fet £t onc)f S o o pfed vl s Bee S oat BarET ol SBibpoas”

(+/-) - ter tin bich|"a" means "below the plane” and denotes absolute configuration. The terms o

e as a f GHD CORARIR s Sabberain aers doBned b i ARSTRARBINET
e as a 79 / ; . :

(/-)-tert-daubdappenDix W‘(l@@%&%ﬂ}m‘m&l) -6-(tert-butyldi nethylsilyloxv)

cycl ohex- 2- enyl car bamat e 2010/ 026124PCT/ EP2009/ 061205 10098] To a

sol ution of (+10058} er As pspdyheredn, thecterm Pnbatmasewtically aeseptoble salts” Bfgrgto

ni tropyri = 4. G 2= I | Ve, ..k8 M was
added Fe %0%}3&(:]& E‘ic%/&ﬂ 8%?\%11? %gﬁ%elg%ﬁ%g?@é S n?pro r%g%H ‘%fc?z""ﬁtrb‘aﬁsafbﬁrg%sﬁ up by
di | uti ng tshlts cap&e preparedirt firurdeting thel finaf isdltwboncahd parification o thie cainpolrids e

filtrate. t h rude was added ethyl acetate. and satur.ated, NaHCO3, the

or gan; oo whrermii E0r it A5 Seiai wapris e i Ot i Blee R st aruhde

(+/-) - t er torgmicyr inorganic acid or base, respectively. Representative salts include but are not

3-(3-am nipyrl di n-é};— i;’l)'- 6- (tertbutyl di nethylsilyl oxy)cycl ohex-2-enyl carbam
te as a yentitsgiothe follovang), acetetesadipats,Rlginate: pitratep aspartgtabenzoate. Rt = 3. 88 ni n.
Synt hesi s = - .

S (o ant nomachesulibahe bsulflh butyrare, camphorate eamphorsulfonate, digluepngte, oo o

| BS NHBoc cX§lopentanepyopiomate, alodestylsuifate, ettian¢sulfonate, ghicoheptanoate,

3-(3-amn i i n-4 -6-(tert- . '
but y1 di e S PoPROIp RS Acpranne, beyangpis, fmpmatey bydiprhlonide, n neon (0. 1
11/ 1) was hadbrbnitdy, Bydraiddedey2-Wdroyethahdalfomite; ldceie, Wateat i rred under a
hydr ogen bal | oon _for 18 h. LG M5 of the reaction indicated m xture of

di ast er eomtanesuifenate, niqotingte. garaphthplepesuonale, oxalate, ameate; pestingipd

concentr atp@ﬂultgfﬂ@, 3tﬂﬂehilgnto]?onafghﬁcﬁ’ié’g§aﬁﬁt, g{ﬁ%ﬁhat@?sﬁc&bgté,fs*ﬂ‘? %,gérﬁ'atgr ep- HPLC

(in DMBO), and the p racfions rec I ned, neutraliz wth solid
NaHCCB, eshipeyenasel paiotuenesutfgnateandtuntecanows hildothe beskeriitrezendontemingnder

Na2SO4, a ncentrated t.o .giv roduct A (,8%.vi.el d nd oduct B (51%
yi el d). ng“d‘ﬁéc)fa“ e qy few?l_ “g’i%cﬁg(%‘yﬁélgﬁ%l‘g@ %“"385 Wg{‘i‘yp h¥huct B
LCVS (' z)prop4R Andibifti chloride Grbinides; 3nd dodides; didikyitshEaeslilefdimethyl, diethyl,

1, 4-d Oxa%%ugy?,[a%d%]a%ay? -su71fa%ens: on lcﬁa% Ilallh (ejg gurg:ﬁtag ger}:()a'ﬁ 'Ilallufryol,n %gr?styl and stearyl

chlorides, bromides and iodides, araikyl halides like benzyl and phenethyl bromides, and

others. Water or oil-soluble or dispersible products are thereby obtained.
180591  Examples of acids which may be employed to form pharmaceutically
accepteble acid addition salts fxclude such inorganic acids as hydrochloric acid, sulfuric

ecid and phosphoric acid and such organic acids as oxalic acid; maleic acid,



Orf [0100] 1, 4- Di oxaspiro[ 4. 5] decan-8-one (1.0 equiv) was dissolved in Ether
(0.1 M and stirred at -15 C then 1M NaHVDS (1.05 equiv.) was added and
stirred for 70 mn then Tf20 (1.05 equiv.) added and reaction allowed to

sl oW y warwoboiofobs124fhe m xture was stirred for 28 hr, weshedoséiosat. aqg.
NaHCO3 and then water. Aqueous | ayers conbined and extracted with ether.
Organic | ayers conbi ned, dried over MgSO4, filtered, and concentrated. The
residue was purified by colum (ethyl ether : hexanes = 1: 4) to give

1, 4-di ox asmﬁtlnanﬁ:stﬂfﬁ]ndecrd]swmni&-ayidtmﬂ cittioscddreBdsivn@ditioh aalatoan b6 phgpared C/ VS

51”122; 51 40 P ing b is el ip SR iph hesompgnds of lormylagDpor

di oxabor olsapeately &&7%& li®#ci@moieties with a suitable base such as the _
1, 4- di oxaspi ro[4 -yltrifluoronmethane- sulfonate (1.0 equiv.) in

Pie
d
di oxane ( (gropde mlgbowﬁ gebicaibetatapia plganacewsicatip ageppfable metal cation or

4, 4,41, 4" Baban i r equiv.),
KQAc (3. nglqw V. ‘3 &Igd%{‘j&g‘%‘ gﬂn%e(cgh%}ye%l}%\?g%y%m@?% %%g?egél . he sol ution
was sti rr edceptabhe ssmmddddgbubamnotaﬁni@d td, tcencmszbasedmn thveeedkli dntlatkaline over a pad
of celite, henta e filtr gle vas tadcle ag acetate, and wa aZhEd Wi th.
brine, drié I(')1\6/3er Tl\? M'm?l jthigm, potassiu, ¢ n?’ra%?eé'é‘m Hrmmumsale was
purified lyddellikeras@ellhy ho@oxit antnoniude yanafary alnmokbiurh,Ging iaiténe cations,

4,4,5 5-tetr

(1, 4- di ox%‘?‘i’% E@O&B@l‘?ﬂ topmmoniymtettamethylammppingy, tetracthyiamgonivey M5 (i z) :
M+=267. 1 mdiiyTinifs, dimAyiB@feStridiethylamine, triethylamine, ethylamine, and the l1ke
3n|tro4(14d|oxasp|ro[4 5]dec7en 8-y}5p i di ne [0102] A

sol uti on &theygpresgntatiyg orgapic FvneguseiY fir ghe @ams@n@f base additiorsalts . ) was pur ged
‘4’1"' Elh 5 me r ?&%ﬁefd?éthﬁgm% rEthyTéh%&laﬁ]iuﬁhétﬂén%Iaﬁnﬁ'é tdfe%ﬁla%r{}eplgéragmg M ﬂﬂe

t et r anet hyike2- ( 1, 4- di oxaspiro[ 4. 5] dec-7-en-8-yl)-1, 3, 2-di oxaborol ane (1.0

equiv.), Pd(dp 2- uiv.). were ad dand tirred_in a sealed
 bonb at 110 C mph&l e‘gg\geég‘e%ﬁgtt?m é’aana‘"tac‘f‘ﬁ’ﬁ hi " s ® 5 hours.
The react ieGters\wlicllhydibigge Wivid a8l ictude aRjsetia bféaém feachi? in@eHumafr i ed over
MySO4, filtered, and concentrated. The residue was purified by colum

(ethyl acépgt® leavg thepgeqt compound gy ¢ saltithersofe SH#hle §ster grayipg inchude, for

t 4- nz):
ol o ) By PR I8 (1)

NO2  1010Bavicwiasty alkenod, atkemlc,mcmalmom@d@ﬂcasqﬂmoEwidssm'@hwﬁemh -afkyyppyri di ne

(1.0 equi NITE C2 tirred rqomtenperature
over ni ght. br %thg[}éé% Vama e%lﬁ'szl #Dvrégm%%?n\'\?‘gﬂ:ﬁ%%gow eggzm)pg he residue
was ti ssolpxeidulwd éstbrﬁhbmﬂe &enﬂhtéi Acdtaey) ptopiohate@,-fbdtyfaésh@di%m& Andat Nal 4CC38

(30nt,), {%(P:II sat NaC1(30ni). The organic was dried with IvigSO4, filtered,
and concefYSHENASS gi ve 4- (3-nitropyri dM4- yl)cycl ohex- 3-enone (85% .

The crude prod{ppslMasTheEkh trham@ebutichBPadobhthie brolifipt N@rusehdréih ¢dbison. LC/ M5
(niz): Mtoo18 0, Rt =060 Sypr];lthes|swa S brobHigs N ushiRdréih Féttds

4- (3- ni t r éphpsecrednagsofthe commeundsof gheqresent inyentian which azep withinghe ssope
4- (3- ni t1 gpyduhd idartaihddyeént, feablSrof BNA chrtad? wiind fhsues of humans and

lower animals without undue toxicity, irritation, allergic response, and the like,

commenstrate with a reasonable benefit/risk ratio, and effective for their intendcd_ use, as
well as the zwitterionic forms, where possible, of the compounds of the invention. The
term "prodrug” refers to compounds that are rapidly transformed in vivo to yield the
parent compound of the above formula, for example by hydrolysis in blood. A thorough
discussion is provided in T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems,
Vol. 14 of the A.C.S. Symposium Series, and in Edward B. Roche, ed., Bioreversible
Carriers in Drug Design, Americart Pharaceutical Association and Pergamon Press,

1987, both of which are incorsorated herein by reference
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met hanol (0.2 M was added sodi um borohydride (1.8 equiv.) at 0 C. The
reaction mxture was stirred at 0 C for 2 hr. Mthanol was renoved under
reduced pressure. The residue was dissolved with ethyl acetate (200 ni),
and washedwa folo/®at24 NaCl (30nlL). The organic was dri edpau/EFeoddnBs
filtered and concentrated to give 4-(3-nitropyridin-4- yl)cycl ohex-3-enol
(859 . The crude product was used in the next step w thout further
purification. LM (mz): ME221.0, R =0.55 Synthesis of

4- (3-ni tropyri dne62}- y ey Ghanex pidehdtbin iPAEARRHEME I 16 fér&ent unldddie® Formsa
solution of 4-(3-nitropyridin-4-yl)cyclohex-3-enol (1.0 equiv.) and DI PEA
(2.5 equi vas)wallmns@btdp2eall l{beled Fori)s ofitie canhpeundsesdtapieslyl lileied coalpbaidsde (1. 8
equiv.) at 0 C. The reaction m xture was stirred at 0 C for 1 hr. The
react i on nhave structypsdepictes: bydheformulas Biyen berein gxespt thatoneior moamatomastéed wit h
sat NaCl (30 ).. The organic s dried SAH, filtered and. concentrated
to give 4#6@,'??%3&%36&9%5 B2 SRR e FIE8S e ALY Ha ML R e (939 .
(T*r:fzg ?S:Vf' ﬁguﬁ@eiéﬁ*a% g«@lz ”%J%@v?g‘gg?s é&g?c}’&nﬁsh&%e T VE SR indbie' i GRL b1 L_C’ VB
4-(cycl 0h%&geé,'cgfb%%vﬂiﬂmgbh?b{)}'ggrpBf)ﬁbéii)'h&%us, fubidd Q%&F ShIGinkOhh WOTH.OH,
4-(3-nitropyridin-4-yl)cycl ohéx-3-enyl nethanesulfonate (1.0 equiv) in

t et r ahydr of@y'4m, '@, "IN, "*M'p)ide, 8 &en, 'BBtespektifele qlleMinyentibn inoludes wiRpey at ur e.
The reaction mxture was stirred at rt overnight. The reaction m xture was
di | ut ed wiisdtopicdilyl labetedtcomponriB@s defined hedinyfrglesample thoss o which (30nmL) . The
organic was dried with MISHA, fi;ltergd and concentrated, The residue was

purified b‘?d‘{??ﬂ"ﬁﬁffot"ﬁ’%’ﬁ%"chﬁé?lgi f:na“f_: L etrppresetetush isotonisalielabrlled) (o give
é&gf%gg?gecéﬁfp%ﬁ{s%[rf '2%%‘1 E}ﬁlﬁl?}?ﬁ){h&%%ﬁéS?{ﬂ%“df,%%%O& E{m%}lc stlwgs:@v(i)t%; %i‘ RU=0. 85.
6- hydr oxy-.3; 124 Mg ks e %F@% .. [0107] To a

sol ution o%‘”g’ ?e- g{tJZT a |d(kj%bt5fbnz%§\{%%$§%%%}|ﬁ @egnsﬁayy ycﬁ%ﬁg%ssgl-ognol (1.0

equi v.) i nofmygiaphy @EANEr iEIphétsn émisﬁo@@o%ut&@t%nﬁgﬁ?ﬂy tSPECEY chidigs phi ne
(3.0 equiv.) at roomtenperature. The m xture was stirtred at room

t enper at urdrug orsuBstiaptissue Getrivetidrcasyuays,er irendioactive Teatnleat sfmitichte Imas added

et hanol . Then ethanpl was rermoved jn vacua to ensure renoval of the ammonia
total |y. Thegticuiasianyd ordabelidsosipountl may be partictilasly-desirablrfos BET on§PEEHdi um

bi carbonate, ,and then Boc20. (1.0 eq) in THF were added to the m xture. The
resul ting %W%Suﬁ%wmglklﬁbé?%@nawuv@m%%W@Wé progirues theseaf €an The reaction

' di d_wi hyl d.yashed. wi th Nacl. Th
or gan ¢ o PEhE G s ind P ofosen dRAGRT e e P o s

purified 0 1 d . aEP,q1 anes) to give
(+/-)-ter Eék%%?ifly%hé]%%pg&%bédmeh%%ﬁ%%&?@%@% o) l%bg%(z- enyl car bamat e
(829 . LC/ibRogtioal)labéMd FeapdatfoPa néi-isbtopibalByIBbdlebieagenf. '
(+/-)-2-(tert-butoxycarbonyl arnino)- 4-(3-nitropvridin-4-ybcycl ohex- 3-enyl
met hanesul f onat{@0731 0188w, sabstvhtitni vaith lehvierisotppdsepdrtiduilirlyl deuterium (i.e.,

6- hydr oxy-,3- (3-ni tropyridin-4- yl)cycl ohex-2-enyl carbamate (1.0 equiv.) and
triethyl af{d)maynfogdcertan therapyypicadvantpzes neyultipssfrom gesgtermetabaliss ul f ony |

hioride (1.2 equiv.) at. 0 C.  The m irred for 2 h t that
Ferper at urbtifgdor trofidneTeed vk B acd] dpemmgireneat A 88 and
vashed w tifhopRbnbaGh trteif#_%)n?é@?&éﬁ i¥@Ricfidod atublle BB his dohtb g9 and

fOBCteEt rate t OI give \ H o |a ﬁ (l)
- but hxyc infb i nft3
BRI 8 egindinl ok lohpOR e hril By Bl Mttt cuch e\,

Is af
met hanesul fonate (859, \l/l\lhl ch
purifi cat ieavielicdtdfe, pdcificalMititdilmh, hay Bt @effrkd by the isotopic enrichment factor.

The term "isotopic enrichment factor" as used herein means the ratio between the isotopic

abundance and the natural abundance of a specified isotope. If a substituent in a
compound of this invention is denoted deuterium, such compound has an isotopic

enrichment factor for each designated deuterium atom of at least 3500 (52.5% deuterium

A



Synt hesi s of

(+/-)-5-(3-nitropyridin-4-yl)-3,3a., 73a-tetrahydrobenzo[ d] oxazol - 2( 6H) - one
WO 2010/ 026124PCT/ EP2009/ 061205 101091The m xture of

(+/-) - 2- ( tyed bolbMiqaxy car bonyl am no) - 4- ( 3- ni t ropyri di n- 4pcyleptpebaabmx- 3- enyl

met hanesul fonate (1.0 equiv.) in pyridine (0.21 M was stirred at 110 C for
10 mn in mcrowave. Pyridine was renoved under reduced pressure. The

resi due was di ssol ved in ethyl acetate, and washed with sat NaC . The

organic f i ve

(+/-)-5- (g |tropp| d‘lgér;:h %;tegd%g @gttgp?aa{%é% @Eggﬁfgi%%é%ol 2(6H) - one
(859, mh%adb@ﬁnolé{ﬁﬁlebéﬂﬁdlﬁ(éﬂ@%deﬁeﬁﬂm%& htidn! ?Iratt hﬁ&t 5006 (#seeation. LC M5
(mz): ME26 0.49 Synthesis of (+/-)-ter

543-nitr ogiymtemimﬂ&egpb)atlan))aﬁeﬁasmm(sza‘i/oetenmhynﬂnnﬂmmal{od) ax rasl680 ( 2H) car bo
xyl at e [01101To a solution of (+/ %3 g3 nitropyridin-4-yl1)-3,3a,7, 7a-

t et rahydr Mﬁd@{tu}mm@m@(x@mwmw 3. 3(1 Fquevteyium TEARerat@np @tiesst) . and
catal ytic ampunt CH2C12 ( ? was_ added di-tert-buytyl

i car bona®AOR A (5% dFeFta b B L Tetet U0 (9o Seisrtn BRORPRLEDe0Tls
stirred f reacti.on u was diluted wth ethyl acetate
(100 rrL),?ezfﬁtcllﬁG\alggﬁ%Q ;‘&n%fﬂteglérp If\“lgfﬂor’;(i Bj;‘rL) The organic was dried with
MpSH4, filtere C colum (5%
nmet hanol in 1: et yll%.t8 Q‘Id ygfaan %ﬁ@ane&)&?@ﬂéﬁaﬁ@o%hlg% ?gh%é but yl
5-(3-nitr g&}‘?r&'eg 'b? cémbéhﬁonal techniques known to those skilled in the art or by Progesses

2- 0X0- 3a, et rahydr obenzo[ d] oxazol e- 3( 2H) - car boxyl ate (98% . LC M5
(mz): Mtamdogoudio Bbse&e?&xbe&yr&hmmpmfymgﬁﬁmp&saﬁd Papguatiensaiingand Oxazol e-
3(2H) - car boxvl at e [0111] To a solution of (+/-)-tert-butyl

5- ( 3- ni t r epropritithiisdtopitylly2labsled Sagedisin place of the non-labeled reagent previously

t et rahydr obenzo d] oxazol e- 3(2H) - carboxylate (1.0 equiv.) in nethanol and
ethyl acef®PlYed:-1 0.1 M was added 10% Pd/ C (0.1 equiv.). The resulting
m xture was st [(foﬁﬁjd Ui (LRl bé KppateAPRRRRE Skified inGhd @ihat thd BSnsRthiifotBs T enmoved

by filtration. The filtrate was concentrated under reduced pressure to give
(+/ -) - t er inviention, osthgmtagmmp@qurqdmgqand starpoisomers, as well as the pharmaceutically

oronexahyShShERE L) 016t thendhale s 3 ROV ARFEd MGt U5 I

Synt hesi s nmiabﬁhmirfwlhmﬂhimr(anmaﬂ birdyror telbtoyprodiict imetabolites. Eiectexnt f onat e orf

01121T ti, 5. et hy | ah -1, 3-di .).in DCM
(0.5 veomEamle R sbeabretohis Y e SRS gty diralVcprbducka flRMbi%h (1.
equiv.) i aﬂa@qhﬁ:ﬁstﬁhnwh ofl4 pzﬁvmlcSﬁp&Mﬂf The Qérivativenaisiasroducsd fro@ged

at nosphere. Upon a tion, g reaction_was stirred for 1 hr at room
t enper at up@e{ncfamm Ywrigns Biaghemital ransfosmatiops i dherspbiegtsueh 3nlT the filtrate

was quenc@ﬁﬂn@y oﬁﬁraﬁwlreﬁé@a& hgd}on%s SR i ﬁ%a@ign N@H&@%dmmana&rous stirring

until pli=7 he sol ution was transferre separatory funnel and the

| ayers mep@dswﬂmmﬂlylaﬁdeieuvwm cTheayetabolites Oﬁagq’mpptmdtoﬁﬂlgnmmtwrdru ed with
Na2SO4, I yvgcuum for
15 mnto y&%ﬁgﬂgtlﬁ&fﬁ%t{o_ -ggég@y%s%%%clin Stegl% L%e?{g}rlg{‘?]anesul fonate

as |ight yeMed\WCheinl 46:2011E261¢i(E99d); Shdk®. et alf, UaEI&zrdeMrﬁﬁ(fB%Sﬂﬁ@ﬂ storage and

houl d b d i i at 300 1 (MH
anuwmgél%;&‘ '?33‘”1?%% e?h’FFSOf_"c‘%e%ﬁéi&’r?éﬁgcdtfi?{ 'Nk?ﬁ"?eﬁdfb esCDC13§ 8
ppm 6. 0578924-384 (1984)79‘1(1?3“ JHJ,DeBz gn 8f Brodidgy (Elaev@e% P(réid,198]5:j,1£1d6 3.7, 1H),

2.48-2.31 2 16.4, 11.7, 1 =5.9, 3
Synt hesi s (alglen F% , Design and Application of Prodrugs, Dru|_g|) Des:gn and( Development .

5- et hy| - %Kﬁ)ﬁsgl\aﬁ Birenlef le’cﬁ?)/ﬂaﬁvogdKcﬂieﬁfi@i‘nﬂflﬁhéi@'l?ﬂ’)l)[ﬁs‘lﬁ%lﬁ%x 2-enone

[0113] To a solution of 5- e | - 3- oxocycl ohex-1-en

trifl uor ommmmtfmmal(cme@c@l@mom g avtats ok R soRImTARS ves
dded bi
I%d(gppf I)Sé %oglh%q%%&’{h\%ﬂ &Qlﬂ%eerg’&’g%dé?gsoaﬁtfv% oﬁérgtg Ig Lu,e\ﬁB% d?faf or 10 h

(initial bbmnamymeallyl acgpabbcalts estesiahd prodrige xdidyerfihem, o ineludainwvitfin an

or ange foar 0. ‘f of the solution, the heating bath should be renoved
until the r% racts, reheating to 80C at this point appears to be
fine), then cool ed to roomtenperature and filtered through a coarse fit
gl ass funnel. The cake was rinsed with nore dioxane and the filtrate

sol ution was used for the next step WlthOUt further purification. LOM =
155.1 (M+H of boronic acid); R 0.44°nin, LC = 1.37 nmin. Synthesis of
5-nmet hyl - 3-(3-ni tropyridi n-4-yl )cycl ohex- 2- enone




101141To a sol ution of

5-nmet hyl -3-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an-2- yl)cycl ohex- 2-enone
(1.0 equiv.) in degassed di oxane (0.5 M and 2M Na2CO3 (2 equiv.) was added
4- chl or o- 3woibfoapymni di ne (1.3 equiv.) and Pd(dppf) Cl2- ¥vi/EK2009@51208|UI V. ) .
The reaction was placed under a reflux condenser and heated in an oil bath
to 110C for | h. Cooled to roomtenperature, filtered through a pad of
Celite, washed the pad with ethyl acetate and concentrated the filtrate
under vacuo. THe07T6¢si dhetenas cdnser nefers peicqneet dideastd thaocancberbeheficyallyvapor at or

for one haur to renove.boranate. by-product MtH = 101) via syblinmation.

The resi dﬁ%&%@ﬁﬂ“ﬁ%ﬁé’ggﬂ’éﬁﬂ@%ﬁ’ﬁﬁ‘ﬂ%’ ﬁé"aé'ml&ls‘]’]&%%ﬂ’&?%ﬁ“ the | ayers
wer e separ@kcpthmas (&g 26LBO img) DasReadAfiyold, bb@rmeaﬁdd@%%ﬂ,ﬂ%ﬁo&a@; &yl acetate
(4x), the organics were compined, dried over sodiumsulfate, filtered, and

concent r ate@ipn). melanomagamygleid disprdersde ey myeloid lewkemie imultiple myelomeaAsdly | oadi ng
in DCM and. &hiid h e 72 81 ikb D%Ehg @%%’fﬁrs e pure fractions
wer e concentr at é‘gallﬁr%b’va%%o ??% ePdusg(%ggfagﬁfbe f"{i@ e oi(%:g'\’/vas pl aced under
hi gh vacuustepse@maxt orr) with seed crystals overnight to yield an orange
solid. The |id was further purified via trituration in hexanes to yield
5- net hyl - SS-‘%@II#T%WTWW 4-yl)cycl ohex-2-enone (48% 2 steps). LC M =

233.2 (MH); . O iR ! 4 408: 5
9. 31 (g, [{)11) ,Rt[%@gg (gf‘ S 1‘1@1‘)‘?&%}]%%“{%‘{,héﬁ:%‘é, 1@“?{8@050“;?%?, 125,
1H), 2. 62 Kngun to the skilled in3heart.1 Bpr exantp, as Sowhrin Seeie, 1, 2ycdehefaidiones 6. 1.

11.7, 1H), = hesi s, of
Ci s-(+ H§ %&%?%’{‘/’?“?]Y‘gmg’f’?&@%)ﬁ to ¥ B) TSROl cyslohexenoneborgate €46! 0115170 a
sol ut bﬂ n( ?%&Mmtmdémggﬂ?dmcgmﬁg gﬁbombwd)fsmﬁ?hwrﬁ%aﬂmag-ﬁhw equi v ) .
In Et . was, .added , -7 .2 equiv,). € reaction was cool e
to 0C, th@Hnﬂ&mwelf.@“waﬁfﬁefum@teé&&éeﬁ?wgwE-i Reductiog oftFeencfsy 1 h at
0C, then gqusstehaldy Bah yisldiaigclvRdxehol IP@H@EB&&?&I_&%& SrofeBiidy ittoRd Eikek added
Et OAc, extracted the organics, washed with brine, then dried with Na2SO4,
filtered MCQ%@MQ@@JB@&QMW@@CHMcanyield cyclohexanol amides III.

is-(+-)-& | %. LCM =
255, 2. ( 19 TP CReEILH Pl el R NSt oK i i A iehd
4- ( 3- ( t er tprdtedtsdlanimetyciohsxehy T9x FoHVINE hittyl any alkedrcredictionyphthabintdd r opyri di ne

[01161To a _solution of 5-nethyl-3-(3-pnitro Kl i n-4-ypcycl ohex-2-enol (1.0
bautv.) i e s Bodie R i andite S sttt s RS e Bovsc (2. 5
equi v. ). Alkeptectibn, td Vil dnthocyBlohédnsarhides ¥R THe fredpdhding Bot gm&téaet veen

Et OAc and H20 and separated. After washing further with 1120 (3x) and

NaCl ( sat . Emiggeyrlbexguepyridybailing Y eanyglsede paepared fnpa pycighexesiol Hrip the
4-(32(tert . j h i AN 1. -2t i di
was ot al 1o 5k Sl SleSRd AR, MATRL B R k@G py Rt e 1 TPYT !l ne
4- ( 3- (t er tprajeatiphoiilybethet deprojdctisny DeSs-NMattinydxidation krethe tyaohekampe. di n- 3- ani ne

reductive amination with benzylamine, Cbz and Bn deprotection and primary aliphatic
amine Boc protection. In the amide products III and VI, if R, is halo or triflate, the

amides III and VI can be further modified by standard modifications to introduce
substituted aryls, alkyls and heteroaryls at R. For example, if R, is Br, by reaction with

boronic acids or organometallic reagents, or conversion to the corresponding boronate
ester and reaction with aryl/heteroaryl halides or triflates, a variety of R, modifications

are possible.



[01171A het erogeneous solution of 4-(3-(tert-butyldi nmethylsilyloxy)-5-

nmet hyl cycl ohex- 1-enyl)-3-nitropyridine (1.0 eq.) and iron (6.0 eq) in
acetic acid, at a concentration of 0.4 Mwas stirred vigorously for 2
hours. ThewghioiQ24vas t hen passed through a celite pagcTaiphéobog2e8 t h MeOH.
Upon renoval of the volatiles in vacuo, the residue was dissolved in EtOAc,
washed with Na2CO3 (salL), Nad (s..), was dried over MgSO4, was filtered and
the volatiles were renoved in vacuo yiel ding

4- (3- (t ertSohémyed i net hyl si |l yl oxy) - 5- et hyl cycl ohex- 1- enyppyri di n- 3- am ne
(7899 . LOM5 (rn/z): 319.3 (MHT); LC Rt = 3.77 mn. Synthesis_ ok

4- (3-(tert-byyl di rﬂ?gﬂyl si | y| oxy) - 5- met hyl eyckohexyl dogi n- 3¢ e cr_
NH2 [0118] T# 81 udmaie of KOAc, P(dppClz, |

4-(3-(tert-b di et hyT st | y)d—wmcl ex- 1-Neny1) - 3- nitxelyri di ne
(1.0 equiv.) i nethanol, atom concentration ofscf), 1 PMerias added. 20%

pal | adi um on carbon (0.1 eq.). The resul tant het er ofBEESH¥2Col ution was put
under an atm)ﬁgnere Q h&{jrogen and wgs stirred for 15 hgurs. At bhis tine
the mxture Was,fHd hr eargbesd "D TP celite el utifgrWwit'f" net hanol . The

vol atiles wer etonr e‘ltmv vaethgimiye el Ha, PAIC, ACOH
4- (3-(tert - butdeine sozly-l—’g%ﬁls zcyd_ohexgd_)pyr' _mn3- am ne (909 .
LCMS (mz): 321.3 (M| £r); LCR = mn. Synthesis f, cis (+1-) benzvl

4- 34t ert- Bubtdi t netthW si | yimwag) - 5- rWst hylcycl ohexyl) p¥#i%in-3-ylcarbamate
4,.,0.," Ol BBkds, omr 0119] TtyidegolestY ut | on of

ci s- (+/ ) sl lr t£ byt yl Qbﬁzm”tgﬁ(d Sdul yI oxy) - 5- o i oo OHE

met hyl cycl SRR By/i dilp- 3¢peyFRAe (0 di chl oronet hane at a EoBoentTati on of
0.5 Mwas added benzyl 53 n@XBRyr rolidin-1-y1 carbonate (1.1 equiv.) and
DVAP (0.05 equiv.). Afte 58 w:wcwgow or 16 hours at rt, additional benzyl

2, 5- di oxopwa n-1-yl 0 _mfs.cqui v. ) and "2 03, equi v. )
wer e added. S £J ng r an tionakc.d%Aﬂ@urDﬁpa t, peditd onal
benzyl 2, 5-di M.d. - 1-yT~ear bbnate ¢ G (0.03

equi v.) wer e fatde fter stirring {0 mafe—%em*sth ol it irkoN was
partitioned "p tOAc and Na2CO3¢% 1. ) and separ at ed. "Upon further
washing with Na ’31 ) (2x) and® Nad (S.), drying ower |§FiySoue:
filtering and renoval of solvents, cis (+/-) benzy)

4-3-(tert-butyl di met hyI si |l yl oxy) - 5- net hyI cycl ohexyl ) pyridi n-3-yl car bamat e
\ﬁéggoﬁ;[ ﬁl T@i}ﬁ -fll_ggl gr ngt}v? yL_?sls)hBV\gﬁiq/u %eme% cyclohexeno I ca#ES 3 (MH), LC
4- (3- hydr aw&mlmmgw@abw&wwmdha otr pb LAkt laSbrohibiizdzn [ 0120] A

sol ution f CI s - aenz yl 4-3-(tert- Ilz)utyl di met hyl si | y] oxy) - 5-

net hy! cyc § ¢linyintion or aﬁ’emGPBﬁ diregtly) apdpfigel gppkide ORENINGL a

concentra !p{gm d jhan-

adj ust ed (?mg Iflg%loge)ég |g 8%51(1%1 'Vg %lggbé{l gf az}?decm\;&{hﬁl V-lirgehgl b\%eléfﬁé\@e?te noved in
vacuo. Thiotg Emﬂmoileetyds pminadiydioxy awiting]Vilp bi azidOreductivd, aleahobpmytestion was
washed wi ( fitere d enpyal of the
vol atil es r"’}lpdrfjﬂgeaq(‘:a ua%ﬁ‘ﬁﬂg%osre%.[r 1_81§j.b§lrf§-§;?tl\@l§r%e °¥‘<’J°he"en>§ a51d5 afcBAil VIEhRbe

net hyl cyc bormenw foptlye prdtented cislaaandlaydedxy andime Milbsbyeetlle rdduetion adieBorat eri al was
used as is. = 2.38 hesis .of cis

(+ - ben,?wec w%glﬁw@ lm@vem@m%ﬁ}zaslw% A exslfgRhamate.c - 0 NHChz

[0121] To folﬁ)@eﬂ@&%b@fbt&iwﬁhﬁdz(lk“éne)an@ﬁiﬁ%%dxénéﬁ Thedeqitrgd- et hyl -
cycl ohexyl%sgyrl di n-3-ylcarbamate in wet CH2Cl2 at a concentration of 0.16 M

was added YRCXXRYEd 2midpesotilaandeVih cap beganverted hifle coreesponding Bidigs stirred
for 18 hoymieavmr éaﬁwm&d%{&ﬁé couEﬁ(ﬁ;g QAL | bpéeygvi@

en Et OAc
and 1:1 1Q% Na2S203 ..). and separ at g%ﬁ%‘%%l'fwgms %g W th
1:1 10% m@%lfégc%‘%ﬁ ?”Pﬂ%’f ¢ amidse D and ]glrbffiﬁ

filteringpysanmYdnodificaRing & infodRe sibsfiluiddGay1t, qmykvmalhueﬁﬁrﬂ@h Rz
chr omat ogr aphy 75-100% Et OAc/ hexanes), cis-
after amide bond formation and prior to full deprotectlon For example, if R, is Br, by

reaction with boronic acids or orgznometallic reagents, or conversion to the



(+/-)-benzyl-4-(3-nethyl-5-oxocycl ohexyl)pyridi n-3-yl ear banat e was obt ai ned
as a white solid (53% 5 steps). LM - 339.2 (MtH). Synt hesis of
cis-(+/-)- benzyl 4+3-(benzvl am no)-5-net hylorcl ohexi 1) pyri di n- 3-

yl ear bamatweo 2018032241 A sol uti on of PCT/EP2009/061205
cis-(+/-)-benzyl-4-(3-nmethyl -S- oxoeyel ohexyl ) pyridin-3- ylearbamate (1.0
equi v) and benzylamne (3.0 equiv) in MOH, at a concentration of 0.25 M
was stirred at rt for 2 hours. Upon cooling in a -78 C bath, LiBH (1.1
equi v, 2. GotwsponditgHorovete st end reactioniveithsanyetepsaryldthliddsl oo wifthtdspa war m t o rt

W th stlr | ution was partitioned between Et0Ac and
NaHCCB(saE" gﬁ%ﬁ?é@g &}Un§ c}ggﬁgﬁgt her with NaHCO30.0 and NaCl4.1,), dried
over MgSO4, filtered and after renoval of volatiles in vacua, cis-(+/-)-
benzyl 4+§ k(ieiyl am no) - 5- met hyl cycl ohexyppyri di n-3- yl carbanat e was

obta| ned 1 mxture of isoners, with the all cis as predom nant LC/ M5
= 430.3 (MtH), LC = 0.62 mn. SyntheS|s of cis (+/-)-tert-butyl

(- 3-(3-ani nopyr Reli Nggl- y1) - 5- net kyl evel ohexyl Qgﬂbamte 4" . o, p BB
a sol ution of "ti +-) - gnzyf (benzyl%e 5.
met hyl cycl ohexyl )yri di n«dmyleear Dgfiat e Ws 1 1. ¢ equi wopu. ivA met aqg,lb, at a
concentration of St M was add % pal T adi NPy diroxi de on @ n (0.2

eq.). The resulty het er ogeneous\gol wti on was. gut under gn atmwosphere of
hydrogen and was stirred for 14 hours. this tinme theAa’eaction was
purged. with Ar, Bac20 (1.0 equiv.) was a = (110 b sol ution was stirred

for 8 hours. Additional Boe20 (1.0 equiv.) was added and the sol ution was
stirred for 16 nore hours. At thlstlnethe m xture was |Iteredthrougha
pad of celite eluting wth rret hanol g &6 0, removal of V&L INI-(ZES in vacuo,

[0123] To

purification by silica gel gmatfe %wSJOAT 5. DM 2012"w Lh 0.1%
OAc

DI EA) and recrystallizati on2 gdamem Yyl el déd xei
(+/-)-tert-butyl (3- a’mmﬁrldln 'flz)sl_")ﬂfféﬂi%ﬁ_VJeyc arbarnate
(49% . LCMVB (tn/rg 06/3 (M ? @/Z 2.59 min . Pur nefhtf“orrers coul d
be obt ai ndi™by chi chr omat ogr aphy yy9ynt hesi s of V|la'“°" For NH,

(+/-)-4- (Bﬂﬂmet hyl eygl hiexa- 1, 3- di enyl) - 3y ni tropyri di ne [0124) To a

sol ution ofme( +/ -)- 5-) hyl v @y 3- i t rowyki di n-4-yl)cycl oheQ{HZ enol (1.0
equiv.) in dioxane ¥0. TN 20 adderi ARC(1.0 equi V. )Ry #ehe, r eact i on
was stirred at 100VE for &% oly |on1>%°ﬁbo?°@wto er at ur e,
t hen passed through a pad 40)FfvrldneeM"caI k) @s Jcl;lg W t EIﬂO o yield
(+/-)-4-(5-met hyl cycl ohexglf23: di en 1 -3-nrtroeyridine S alé?tw oil in
68%yiel d. LO/M5 = 217.1 (MEH), LC = 8 908 nin. Synthesi SNgf_ W
(+/-)-2-azi do- 6- met hyl - 4- ( 3- mtropyrl‘ﬂﬁbn 4- cvel ohex- 3- er\g 501251 To a
solution of (+/-)-4-(5-nethylcyclohexa-1, 3-dienyl)-3-nitr t?/rl di ne

equiv.) in DCM (0..14 M at 0C was added m CPBA (1.1 equiVv.) andthe

reacti on was aIIovved to warmto roomtenperature. After 3 hours, the
m xture was quenched wth saturated NaHCO3, extracted with DCM and the

organi ¢ phase dri S rated to
o Vo yel L ow MBI /SteniliyyoRShAT B ShBHE s, et RREGH s A0A, £80GERT T 5 3
M, and sii)dmi.nnpamldmes(@n(])empamd)andmmdxﬁmimylald\tnhibsmmtéé Stalleyd, equiv.) were
added. Thg acti,on was stjrred.f.or 4..hours, [hen oncentrated, i n vacuo. To
the crude iy ‘°é%rd"e%im€??+9?“‘ia%vé?§? “%ﬂa'dﬁ%ﬁé?s follpws- Repghiono Swas washed
wi th bri ngldettde aathR)-o- b@@@ngrﬁrmbﬁm)@mﬁdlﬁ ke thllowed by IBSTHbte@iads The

crude material was_ purified via sili ca col umm chr omat ogr aphy el uting
with et hytheagsslting aleghel affordscemppundX. R uafl%@fahe oxazohdmone ollowed by

+-)-2- 4 I
29% i/l el S&hﬁ%u%ggﬁf%%nﬂe F%uEQ?H(%?MEhgéd%}e XY ]b ynt esl Serg%&i?l![l e?tS gst 3: "

(+/ -) - 6- hsanhddiops B:vaals thelcoBespBading aroipy alcdhal; Whmﬁ)uprmi mhiextich widhnthe Bacbamat e
OH group followed by mesylation of the primary alcohol yields intermediate XII. Reduction

of the azide affords formation of the piperidine which is subsequently reacted with
4-chlorc-2-nitropyridine, reduced to the amine, coupled with the corresponding

carboxylic acid and deprotected to provide trisubstituted 5-methyl,4-hydroxy-3-



10126] To a solution of (+/-)-2-azido-6-methyl-4-(3-nitropyridin-4-

yl )cycl ohex-3-enol (1.0 equiv.) in pyridine and amoni um hydroxi de (8:1,
0.08 M was added trinethyl phosphine (3.0 equiv.) and the brown sol ution
was stirregoxbig@eimt enperature for 2 hours. Ethanol wastatidesokos he

m xture and the solution was concentrated under vacuo (2x). The crude

m xture was then dissolved in dioxane and sat. NaHCO3 (1:1, 0.08 M and

Boc20 (1.0 equiv.) was added. The sol ution was stirred at roomtenperature
for 2 hourasminepipamdiyl pyridingesidesdXnd€R; thaldl oratBataitthe amide Watcen be firtheror gam C

phase was drj.ed w th gn um sul fate, filtere nd_conceptrate
vacuo. Then g Wg@t ‘\’/@é%ﬂ?ﬁ tPl“étH’d\‘}Feas”QFtltP@ga@gﬁ akkyls Gﬂ‘ﬁﬂ‘?ﬂf’ﬁfﬁgt ogr aphy
el uting vmdthIaftbr;dmdcmnﬂtfenmdn hrckprive $o full: deproteztiaf.f Bordxample - ibRY ¥4 Br,

(+/-)-6-hydroxy-5-nmethyl-3-(3-nitropyridin4-yl)cycl ohex- 2- enyl carhamate in
69% yi el d.byreadien wlth-;berommswr onganomaalligreagents, osgnwwé@n

(+/-)-2-(t Qﬁ@ =y1)

cycl ohex- 30%%\,%3%19?}2&%%8?%{0% wﬁ%l%%}g%é }}d(j)lﬁ 0 t:?ﬂ&l % utyI
(+/-)-6- hy\@rleti( wf By madificationsage passiblspyr i di n- 4- yI)cycI ohex- 2- enyl car bamat e
(1.0 equiv.) in DCM (0.09 M was added triethyl amne (1.5 equiv.). The
reaction rickemed. was cooled to 0 C and MsCl (1.2 equiv.) was added to the
reaction and stirred for 3 hours. To the solution was added water, the
organi ¢ phase was dried with sodiumsulfate, filtered, and concentrated.
The crude %;ﬂ\m s purick.oed vi a % cq el dbgggdggﬁg*c'drﬁorrato Hohy

el uting w&hw yh sN( o—gtve—— . N

(+/-)-2-(tefty but oﬁ?’tﬁbanyéoamnm) 6- e h>91’°- ( 3rompiepropRPRi di n- &‘”"7/\
yOcycl ohex- nyI t hanePGPHBhat e as a\white fodfiin 65%yield. LC M =
428.2 (MHH) | 0.88 min. Synthe5|s (¢t/-)-tert-butyl X

7-met hyl-5-(3- nltropyrl di n-4-y1) - 2- oxo- 3a, 6 7, 7atg'}rahydrobenzol dl oxazol e- 3

(2H) - car boxyl at e [0128] A sol, f

(+/-)-2-(tgfg car bogw$ am rm)dﬂ Re
ni tropyri din- 4 yl Scyckp’hgg% gpyID'mzr‘ﬁaﬂr@sul fona (A daiv.) in pyridine
(0.2 M inas@iced onave vesd®ie was,.peaded to 110 mn. The orange
sol uti on was™h&h concentyat ed t4madsgcnessmand worjed cupriby partitioning

bet ween ethyl acetate and water.?*PHE"8tHani c phase wgs Britdd N th sodi um
sulfate, filtered and concentrated. The crude material was dissolved: in
DCM (0.2 M and. tri& hyl smtte (1.8 egyiv.) was added to the reoction"
foll owed by :Boo20 (1.2. egiv,), Aftf:r. tithg.at. roomtenpeTal yre for 40
mn; the reaction was concentrated in vacuo and purified via silica gel

col um chromat o rai)hy eluting with et hg acetate and hexanes (1:1) to give
(+/ -} -tert - but J¥088] rpAlornativefys as shown in Scheme 4, trisubstituted S-methyl,

D) o A v oo

Synt hesi s 5@1ﬁ1e1@1yD4-thedltoxjnL3t-gdnn5plpﬁichmyl ampades Xdilnas bllphk- Reantibhyfierdtyl

oxohexahydr obe zoLdJo 3 ) NBo, H2 101291To a

sol ution OPT{Ee ey a%ﬁb?f’ agizﬁ%({llf?/li ng%y%ﬁf?lfcr%% gl fﬁ“ﬂati?f)q “"6xo0-

3a66, 7,h7?-dxeiana@wavamqb@ucammmehgé(((jra;gﬁlfggb&mﬂmpd e(avg ernilel;pﬁ;&@% i R MeOH
and et hy et at e was e 0 qui.v.) and the
reaction vﬁﬁ’i vquﬁyﬁggosg{aﬁpgam F%@MEIHH’QCWHW ROYPHBYE of hydr ogen.
Upon conplaﬂehfo%n&{ ithag rgeaaahem ﬁea@nmfgﬁusaﬁne@p%péddh&ew%Mmlmo a pad of
Celite, washed % 8 and ethty acetate, the filtrate was concentrated
to drynessubstitied sremasor heserghugnes( ovyedtbafrc@rbgumelprmqwn nitro reduction,

(e o s s otbbieyAT Shbanal I LORREN BB Gs ) ¢

0. 50 m n. SSpethiledibydrgky, —ammoplpendmyl amldes II. If Ry is halo or triflate, the amide

(+-) r ni C OH NO2
[0130f % 3”8?’115'8%@% ﬁé%%ﬁ%‘@% ﬁ%ﬁ“é‘%ﬁgf"%‘ﬁm %%‘%E‘F‘k?%%yri dine (1.0
equi v.) i ralkpisang hawcbawels #rRy( Fot examipled if; inds, lydemtionBShbordbicegidswr ) and t he
reacti on was StII‘J‘Ed roomtenperature for 30 mn. Upon cqnpl etion, ethyl
acotat o artPRATERIGErE= SATEI G T HeREETRSAdIng ﬁ@roaﬁfaaﬁrwgﬁ%?géows dried
with bri ne.ylt}tdrﬁlfnembﬁhrylrhahdﬂsfoahﬁlatdsjdV&YeQChfIQndomﬁdﬂnﬁﬂﬁ arapedibielhe crude
material was purified via silica gel columm chromat ography eluting with

et hyl acetate and hexanes (1:1) to gi ve (+/-)-6-brono-5-

met hy1- 3- (3-ni tropyridi n-4-yl)cycl ohex%2-enol as a yel | ow oi | in 80% vyi el d.
LG M5 = 315.0/313.0 (M+tH), LC = 2.966 m n. Synthesis of
(+/-)-2-azido-6-nethvl-4-(3-nitropyridin-4-yncycl ohex- 3-enol




OH 101311To a solution of (+/-)-6-brono-5-nethyl-3-(3-nitropyridin-4-

yl )cycl ohex-2-enol (1.0 equiv.) in THF (0.1 M was added potassium
tert-butoxide (1.5 equiv.). The reaction turned fromorange to bl ack al nost
i mredi at elwo 28y0dhti, the formati on of product is cleanpci/EBovbdaizosQuenched
by addi ng saturated amoni um chl oride and ethyl acetate. The organi c phase
was dried with brine, then sodiumsulfate, filtered, and concentrated. The
crude product was dissolved in ethanol and water (3:1, 0.1 M, and ammoni um
chlori de Sghemeshjui v) and sodi um azide (2.0 equiv.) were added. The dark
orange reactiongnas stirred at roqQmtenperature overnight. The conversion

to product is an as i ndi:€at .l,hG(,cl\/B The reRact oy, Wwas concentrated to
renove the_ et hanojs by | 8Bt at § ahd wat B W e Hadey, and the organic
phase was 1 Bd wit od| um sul ate ofnj | t ered, andconeentrated. The crude
mat eri al %urlfleapwa silica gel colum chromatography eluting with

ethyl acetate and hexanes (1:1) to give (+/-)-2-azido-6-
met hyl-4-(3-nitropyridin- 4 yI )cycl ohex-3-enol in 55‘V%>i eld. LM = 276.0

(MH), LC = 2803 mn. |s DEz Fhdue L er t - but
6- hydr oxy- 5- ey (5(“3”“?1| t i nslizéfd%,(ﬁwcl oheX: g'llyl car bamat c ON
[0132] To a sol uti or’l of - -a2| 3/1 4- (3>yd tropyri di n-4-

yl)cycl ohex- 3’~1§H 110’@ eg i V. bgd N4, gzyfol%, énd ambni um hydr oxi de (8:1,
0.08 M was ad & “EF i met hyl phosph|M®H(z31.otﬁs equi Vv.) the brown solution
was stirred at room tenperat¥¥e for 2 h. Upon conpl'etion, EtOH was added
and the solution was concentrated in vacuo. Mre ethanol was added and the
reaction was concentrated again. D oxane and sat. NaHCO3 (1:1, 0.08 M were
added to the crude, fol% by Boc20 (1.0 equiv.). Stirred the reaction

m xture at roomtenperga Bde QT p,c ﬁr’bHadded ter and ethyl acetate. The
organl c phase &A,@hlced th I\fg C)f coneﬁﬁaed The crude product was

purified vnaalaos2 M2 U€l g0l uma %lh-rﬂ@niﬁtE@‘gtDaf]ﬁhy tingiwith ethyl acetate
and hexanev(ﬂrﬁj—t—o—u éﬁjd’ { ~H——tert—buty g

6- hydr oxy- 5- met hy 1- 3- ( 3%)¥Ft r opy cd,cb, Moy Ocycl o e’x 5 en ear bamate (599 .
LG/ MBS = 350.1 (MrH), Rt: 0.763ntMHCEprrchesi s o d

(+/-)-2-(tert-butoxyc'arbonyl am no) - 6- met hy1- 4- (3 nltropyri di n- 4-
ypcycl ohex- 3-enyl acetate [0133] To a soluti on oflH(+/-)-tert-butyl

6- hydr oxy- 5- ne nitropyridin- hex 2- e | carbamate (1.0
equiv.) in pyrltoﬂﬁle ( efOW}’o‘\‘llﬁg g@‘ﬂé‘a’eﬁt&%&fé é’&]ﬁ’i”\?a? 8htf Wi r eact i on
was sti rrmlbaﬁngrta@gaowrwaawwlsowsebrgpéundyﬁﬁ?beamalaﬁ;nbeflmthe reaction
was concentrated to dryness, then worked-up with ethyl acetate and water.

The or ga?n'emﬁﬁ@%tqmberm%pmmmaﬂé acqeptahlesatrien Af exgipient.eSuitablet er ed, and

concent r apeebQulka
(+-)-2- (l,ert blljlt oaxl*?gg?fegglrtlif cgrrllerrls 3r C)éﬂﬁ%gﬁlﬁ ulwhﬁde( g’r ﬁl{atnl%%ﬁolcg 1113g4- yl ) cycl ohex

- 3-enyl aagentstapd idrugQiebivery modlﬁets@w@nhanﬁaﬁ, sncl( At Fir exd@nple, dalcBun rri n. Synthesis
SRGEREIEL O e TR R
cellulose, methyl cellulose, sodium carboxymethyl cellulose, dextrose, hydroxypropyl-p-
cyclodextrin, polyvinylpyrrolidinone, low melting waxes, ion exchange resins, and the
like, as well as combinations of any two or more thereof. Other suitable pharmaceufically
acceptable excipients are described in "Remington's Pharmaceutical Sciences," Mack
Pub. Co., New Jersey (1991), incorporated herein by reference.

[0082]  Effective amounts of the compounds of the invention generally include
any amount sufficient to detectably inhibit Pim activity by any of the assays described
herein, by other Pim kinase activity assays known to those having ordinary skill in the art
or by detecting an inhibition or alleviation of symptoms of cancer. The amount of active

ingredient that may be combined with fhe carrier materials to produce a singie dosage

46



101341To a degassed solution of (+/-)-2-(tert-butoxycarbonyl am no) - 6-

nmet hyl1l-4-(3-nitropyridin-4-yl)cycl ohex-3-enyl acetate (1.0 equiv.) in MOH
and EtOAc (1:1, 0.1 M was added 10% Pd/C (0.1 equiv.) and the reaction was
stirred atwoRndeswer at ure under a hydrogen bal |l oon f oscPBESNI6126HON
conpletion, the solution was filtered through a pad of Celite, the pad was
washed with ethyl acetate and the filtrate was concentrated. The crude

mat eri al contai ned about 10% of the undesired isoner. The crude was

di sso: ved fommihy?ryalgﬁrﬂimg @e:lif)&ﬂmanﬁathémfhs p&tﬁdulhﬂabwbﬂadﬁﬁdjstfﬁﬁbn.

%ngr gg?b;t&}fgg" S0, By el ok gtsép%gfc{,cfgs? fevel 3o oy oo sttty 2 98YS:
(+-)-4-( i falvatiBts i : an =

ot ] oyl opend el a ity S Bliorantlufi U MRS TRABLATIPORY, 15 - 304, 5
(MrH) , Rt emplowsd, e age, banweighti genefal health, sex, diet, time of administration, route of

nyl et haL iR RSt B fhnench Bd R8RHeYE) i’ o>

6- hydr oxy - diseast ingergBing Shenapyr djhg thetipeutioally kffestivk aeunt Torargivasitationt € (1. 0
iv.) i ) . dded triethyl am ne. (L.5 equj.y. d th
et bn v SRGHLY e Rt R b R ckberhetae B s Skl b SR | on and

stirred fodéfthe SrdindyQdliiRfanl. O equiv. of MsCl was added to the reaction and
stirred for another 2 h. Wrked up the reaction_by adding water, the

organi ¢ phase AS3dr i Eer mirposesof theprescatinyention) 4 thermpeuticallyceffestvr dose ed. The
crude pr odyil gehEEIPHE & fokdff Haik) dbsS hdrhinibtedédd to GHoSTR simbled uting
with ethyl chgt at eﬁandohexgﬁes S‘?1: 13 to atls)%oro(kji 5 Ee ?HRQQH%QQX:&E;

2- (t er t but keip camobusforaxample; 6 fram APA1 1 1000 mg/Kplmdyivebight dailyyandagart ohex- 3- eny
!3' gztzh%nﬁsli%éf%;P {érgling%oa 3 _p'}gf/?g_ {)(gﬁwy%é]}tg‘%%.ybgéagé unlitcéo%spos?itiég@mgy (M), LG

7- met hy 1- Seopfaimsuch ampyuritslofisumultiple? {hexeaf RemfkeipAhe daily dose.

L ot R P St i e preop iy e smied SIS,
ni tropyri diakenfersly) &mhg.%gy;@&mébuﬁﬁwaﬁmhti&%h?b{eaaﬂy,% Wipically i? PYyri di ne

(0.2 M was heated in the mcrowave at 110 C for m n, The orange

reacti on vesagerai formwdations eanéadning eaventionalonontaxic phatrasevikcs!lylpeseptbled i n

et hyl acet r ECaP e ] i ul fate
and concen‘?&gﬁr%gaﬁaﬁ%gsﬁ%da%%%l&fgg&ér%ﬂ'dzgﬁgﬁl\é@?%%%w Qgc?)ﬁ&éigg}h% DCM (0. 2
M, tri et hskaf mansderial inenisiration suetsasacidetirmilphichesan imppBredddvice? equi v. ).
The reactiﬂrétv\r@ns stirred fegir 40 m'p, th ntconce.ntrat ed o dryness. The
crude nat er i AP OURECNTR] & jused herein wejude “§%‘f AP T LM RSP Sohy . el ut i ng

W t h*hexarnatrangscelan ytradebBinRcticn, &) infiGicaftéchhiiuést/ - ) -tert - but yl

7-met hyl- 5-( 3- ri@h{;ﬁpyi i.di r?) 4-yl)-2-0x03a, 6, 7, 7a-t etrahydr obenzo[ d] oxazol e-3
(2H) - car boxyl at a Iniftable prepdmtions.depprgmelegsterilemigstableagyequs ot ), LC:

3. 424 mi n.ol&gHoleSisperiBfond ihhy be foRmlitalita¥dording to the known art using suitable

5-(3-am nopyridin-4-yl)-7-methyl-2- o '

oxohexahy dHPSEBHIREK Welling Agends FydaMypeading agsptsatlde steole3njeqtabla prepgratieed sol uti on

of (+/-)-t -{ 3- Nij ri di.n-4- .
V1) 2 oxo- e Aste adiniTriRabiednlutofbt LSO IS foposs premplly 41 o (1.0
equi v.) i rachip@abileadibieitod Aotvéit, for exaumpleyps avedutioide d,34B6paRediGl. (AOmdngatheri v. ). The

reaction irred, under .a r.,ogen bal I oon overni ght. 6 Uppn conmpl eti on,

[ ha Sor ut 1 RReriale Ve ARE b ol 5 e P SR Rl s B oS8 achog

wi t h et hylisciaret eddtum Slileridd dolutiah.e Invalditivansterile,rfied dilsiad eonveatisally 0 gi ve

(+/-)-tert-butyl 5-(3-am nopyridin-4-y1)-7-methyl-2- i

oxohex ahycﬁ“l?g‘@%/’?g & ﬂ}‘ﬁ&%’i B %‘%{‘éﬂﬁ-ﬂ@é}‘%‘bx’iﬂr&@ puposeny blead fixed ol BYict as a

yel | ow foeti@ei@éc%a&/whﬂh@s ono36Bdilgliddkidks. Raddtn Fatl deids SWdMd3esi s of
. y

((+/-)-(1R,2R 6 6- met hyl- 4- ( 3-ni t.rgp%/rl di n-4-v1l)cycl ohéx- 3-ene-1, 2-di ol
and oleic acid find use in the preparation of injectables.

(+/-)-(11z. 2s. x6- =2 A= (2o 0] Bdin-4- - 3- -diol)
VO 2010/ 026.124i@?FEng%@%%%O%§ %) g’r F%% 3?%‘{’%}*‘2% 8%/‘?‘?)%&%%% plefiléd 6

(+/ -) - ( 1S,158ng S Buprithne-sHitshbt topiriguicg exiiticwpyel d cneoadnyit)@yic| ohex- 2- enol
(1.0 equiv.) in THF (0.1M was added potassiumtert-butoxide (1.5 equiv.)
at roomtenperature. The reaction m xture was stirred for 10 min. The
reaction m xture was quenched with NH4Cl sol ution and worked up with EtOAc
by washing with water and brine. The ©rfganic |ayer was dried over anhydrous
sodiumsulfate, filtered off, and dried in vacuo. The crude product was
used for next step without further purification. Rf = 0.5 (50%

Et OAc/ Hexanes). LCVs: M+ 251.2 (as a diol), Rt =0.49 mn. To a solution of
crude (+/-)-441S,5S)-5-net hyl - 7-oxabi cycl o [4. 1. 0] hept - 2-en-3-y1) - 3-

o ~ oA 7~ S ~~A 1] 1 L A B T L |




concentrated in vacuo. The m xture was purified by sequential autonated
silica colum chromatography (gradient eluting with Et 0Ac and Hexanes) and
preparative reverse phase HPLC (55% 95% acetonitrile in water, then run

5% 95% acatonitmdiey i N water to yield PCT/EP2009/061205
(+/-)-4-((3S,4R 5S)-3,4-bis(tert-butyl di net hyl silyloxy)-5-nethyl cycl ohex-1-
enyl)- 3-nitropyridine (27.2% and

(+/-)-4-((3R 4R, 5S)-3, 4-bi s(tert-butyl di net hyl silyl oxy)-5-

net hyl cycipolyethyleneglydgls, Svhﬁﬂaremyrdimlbm&ﬁ&nﬁ%aund:%hqw&m ddic] Rt =1.60

d 1.63 t hes 4- S,3 S bi
-2?tert bu?ﬁ@F%?ﬁ@? IF@‘F“’EB{?/%%"‘ thﬁé?‘i‘i'i}?@'%ﬂ' Qﬂ&% ﬁWTI di n-3 -anine and of
4- ((I R 3R 4R, S[0887P . Yol dobdgR ThrthsUbybidl Jﬁﬁﬁ])!ﬂratﬁ;hln\ﬂy@féﬂd&apsules

- met hvl evcl ohexyl )pyr| di n-3 -amne 1401To a"sol ution of

(+/ -) - 4- ( (abisty pillsgyaveders, gndsgramyies. gQIﬁ%Gph%@mgc forms, the active compound

si |yl oxy)

et hanol / E%X%%ixgx%ﬁ?g%? %gtﬁ ?g%}tg? u&t%ﬁ&%mgngéa}%&% %B%h Fﬁéi I um on
carbon (0 dﬁsaeqfqrmsm alse soinprset asie nemu practices additianal sbstarcss pther tharder an

at nospher e 4 h t time the

m xture vvgnse?t;(}l %’lere%eri ‘?%3t“¥£%"'ﬁ&5‘55"f ﬁ%Pfslm 8%}5%9 h\?\%h[ hg%t Ac. The

vol ati | e; cmnles rtﬂm‘:lls/add prlllsvlhed«magmfdmﬁhmal%f alsdEOrﬁmgerbuﬁbnﬂmeﬂw Thbles by)
automated s ca col,um romat ogr a, =.0. 40% EtOAc. i n Heptane to
yield pur 8“4%‘@%??‘1%&‘[%’88?}@ @Gﬁ%wa!rgnﬁé'f ogatings. —E: ‘ﬁ?@g"' Tons fPticeni ¢
cormng ?d @amghftﬁql 18Yy 1abluBE@phapkia@iIBs NG a8dpiable! b Bolutibn§lL/ M n, 5% PA
i n Heptane ie

((1S,3s, 4@83?&)8@%%%@6 ehixis goptagningingsy dilnaniy copymanty wsed frythe gty yplexy | ) pyri d
I n- 3- am ngs whte Isudh

(1R s el suth By fitions may also comprise sdjuvants, such s wetting agents,

hyl cycEohisiying pyd suspenddeagents cydoduxtririspgnd w@ytnmhasﬂasmmig,mt 1R, 3R, 4

4-(
met
ﬁ gR;mBn:pgfﬁﬂﬁ{légé&l{ébtitsygdl met hyl si lyloxy)-5- nmethylcvel ohexyl)pyri di
SAR,[ gf)a,l ]3 4- bi M?&]rt b[ﬁe)dfodﬂpﬂm/ daof ﬂielpyésag%h\gegﬁﬂgédgwﬂsbmIaallnﬁﬂ%ér):cp?n(rjthd| nhSI am
ne 0 asolution,o +/-),-4- terg uty i met hy

si |yl oxy) Egmrflﬁ‘ﬁ%%}fél éﬁé%é&fwéﬁfy%ﬁ %P@WF&FI}?@RJ(Y et .Y in ethanol,
at a concpRéspBAlpRIE o? bty ﬂpl%m&n@éid%o%&x{emé kAl BY %né}aarmnuio 1eq.).
The resultant hetero eneous sol uti on was dput under an at nosphere of

hydr ogen Smsliapkydsted liquid ¢rystals thaherg dispersgd infsngqudoppmediamaiAnynos- was
filtered i | es were
renmoved |F1(H{lié)B an(goé? ey%{:cu gbkrréi? %ﬂea bﬂﬂ:bl’@lf&hd f‘&pﬁﬁ}@%fogﬂh gnétg ée‘%gégl l'ica
col um chramketused. aPieyprésht conipomloma/dlﬁo@m form H&ntoatam), irt azdd;uoaltda pure

racem c emc -
compound” S8 b i prdsent sion, S cte Gupestun e et nd e Bt n, 500 P
i n Hept an@he p:@feﬂle& ﬂlﬁlds are the phos hohpxds and phos]phatldyl cholines élecuhms), both

4- ((1R 3R 4S, I‘-S l& yl di met hyl si | on net h Icyclohexyl)pyr
i di n-3- amtﬁl@ ?:{gl sggt ﬁtil(‘n) (eilﬁgds to form liposomes are knownm e art. See,
4- ((1S, 35e>(’a81p'§§)1’re%c&t LN Me%dd:v e ﬁz:(of%&roh%lﬁfnlemxx&dﬁmﬁeﬁr@é' R¥&! ohexyppyri

4d|n3amnegb67mn Synthesis o di um
6- ( met hox Ye&s BoWu D) 3BeloRe (597(60r|fl uor onet hyI )cycl ohex- 1- enol ate c F3 0 ON a

[0142] To a fr y (1 M
was added et hy\%&get g&g@ﬁ’ffhg gor?%%qd i;khg nvg cg]gégg%ﬁm‘f%#e S&%Sro stirred
on an i ceadie Iphdrmacaltlcﬂdgerttj thébaéanhﬁsorbemsecﬁhlwinbﬂaaﬁomm bid dt@icre bheonat e
(1.0 eq) was, added ﬂ W se ndth m xture st%rred at roomterrperaturefor
an addi ti oFFafs "‘§€Fe‘r'?1t ’PE‘FO EACelx | g cPPounds pt the peeseht VRPN ML alsd ol ed and

hexanes M@@ﬁﬂdﬂ&ﬁnbﬂﬁ%n%&ﬂh@%%&aﬂéﬁﬁc hdehts@h@ dntbdroBgerts rZhier

purification to give sodiu

6- cf net h%mb%wy&y the mcéer@y(duaclosmnmmdﬂyw@y@th@rmu =cancepo| at e (46%) .
Ig ({vrIS [ 1£ | uor or%ﬂtéifu e?g &%xan‘qugwg%o& eOfﬁyqu’ge%?l’gi? Sg %PmLP les of such agents

6- (I\/gt hoxWa:rgtfomyi]r)i{Bzﬂmed#~5w(,jﬂa~|aﬁ*dmcmﬂafEﬁ@hdo¢g@J vham&mem% ate (ﬁ 0 ]ccaq)
was di ssol,v I e, m x 1 After
cool i ng t%{ f?%%'h‘}r}"}iﬁﬁ)ér ateﬁﬂl”én%-e e)“’fﬂzg{)]ﬂr I W%"%&w |‘{‘fr’i°gd{"}J\}oif p§g#§ﬁ S furic

acid. The m xture was extracted with EtOAc. After washing with water, the
organi c |l ayer was dried over nagnesi u#¥sul fate, the solvent was removed
under reduced pressure to give 5- (trifluoronethyl)cycl ohexane-1, 3-di one,
whi ch was used to the next step without further purification (98%. LC/ M
(rniz): MW=181.1, R = 0.55m n. Synthesis of
3-0x0-5-(trifluoronmethyl)cycl ohex-1-enyl trifluoronethanesul fonate




Orf [0144] To a suspension of 5-(trifluoronethypeyel ohexane-1, 3-dione (1.0
eq) in DCM (0.23 M was added TEA (1.2 eq) to give a clear solution. The

m xture was cooled to 0 C. And then Tf20 (1.05 eq) in DCM was added

dropwi se. wbeofopagiki on m xture was stirred at that tenpefraipdém®obss 2 hours.
The reaction mxture was diluted with DCM and washed with water, aq.
NaHCO3, brine, and was dried over MgSO, filtered and concentrated to give
3-0x0-5-(trifluoronethyl)cycl ohex-1-enyl trifluoronmethanesul fonate, which
was used tApesott ofsfrdiparg iskitidi the.artlviduldbbd ablejo: didvkth whidilébnthindonsofl. 02 mi n.

Synthesis of 3-(4,4,5,5-tetranet hyl -1, 3, 2-di oxapor ol an-2-y1) - 5-
Cori 11 wor GRERAPPYE Hebrtul S e barit s pcap Bges pLbe s iad e cancer
3- 0X0- 5- ( tihdIdd0 'SRBRIMYRRYSE AR mbuBE) Wt 4ré hbd 114RkATE thefaBsWigoltoged 1. 0 €q),

NaOAc (3.0 eq), and bis(pinacol ato)diboron (2.0 eq) were added to
1, 4- di oxarfeceptyr ppdnlators, andreganfecepior modulatoss ketiapid repepies swdulplprsubbl i ng N2

t hrough t 1 g o : y : s added
and t he react I%&A&Sﬁ@s&z{t@ggé@s,g B&éoﬁﬁ%g%%%%ﬁéfr @g@‘ﬁ%&% ene;lg}?i g}é%l)égn oi |
bat h underHMG-€CoA rednctaseduhibitors and othsrt angiogevgsis inhibitods, inhibiooroftcelfrper at ur e,

filtered thrg a coarse.fit glass funnel . the cake rinsed wth -10nL

1 4 Gt oxarBo g A Ry Sgha el Pplol isneipe BEost il apedts it lettere

di oxabor ol ith il¥le Shdckpdints U ThOORABMhALIHThORGHtidn AR dséfullwHertiocoXane,

whi ch was used to next step directly. LM (mz): nfr. 209.1 (boronic

aci d), Rt-adpuggend withggdiatipadherapys -
3-(3-nitropyri g4 -V s i &Qﬁﬁ- -g[;}g]%ﬁ] ] The

bor onat e esterq‘:’%d-lsi4 ,4?%?59%%?#%%; b;‘;g?ﬁf%%%ﬁydflﬁgxa o’r%f an- ;11%%&@

(trifl uor dmesntign 3re alsb ubeshin Remmbinatéon( witlokreopn antisandérsgenty indluding1fod- di oxane
(0.14 M in_a round bottom fl ask, was degassed b bbl i n t hr ough the
Soi ut i on GPREs e aLeSR maARS SndiFRRGRpion edMapr Pabid tetbdE e oo
(gg 2(2). 0 gqaéwwszre,ogdﬂmdhayadt(sj(\)%tipﬁﬁi)fémbfblag?dts,?fsﬁyﬁﬁrofeaftmh@femsaut es and then
PdC1201 PP -12Cl12 adduct .1 e s.added. ., The reaction m xture was
stirred atinhl %%Mﬁ-&mpgwﬁﬂ@gm% VeProigase AP reYAESe SRBSCHPIRC.  The

resul ting iAhikkdHs, andBhef ddeldpbfdistitiitgl celite, the cake was washed with
Et OA.c. The organic Iayef’ was separated, and washed with brine, dried over

My304, and fil| {68l ahreeamndeesentit rraferrqhembedientpeiibe ventios, purifi ed by
silica gel 2l Wy : = 1 t 1) to
g: vle 3?3%@"{9{%%9%‘?)%6?1@51%?&15&#& ?W%é%&%%@g%ﬁex?@gr@née()73%for

t hr ee st epeafmenhofiakesr mvhide, foidBiplenirmotechB topote287, gémcibine, B 85 mi n.
Synthesis Of cis=3(3-nitropyridin-4-y1)-5-(triflyar.omethyl.)cyclohex-2-enol
o7 3 ¢ Aiery oo SfGm el pidpi¥e ivaist ol RO SIS SERERE 10 e0)
was m xed vimdallkaRidsyiatihib) (Gldtves)) ahehrisplisiyitirintb( tastiz@@ab, andeRbs ol Ut €

et hanol (0.17) was added. The m xture was stirred at anbient tenperature
until al | 4Rsreapeershemgthgragenticigents xt ure was cool ed on an ice bath and

NaBl -14 (1.2 6%0%5 RAR v 85 hpRAdMoIR embfyed BAGHIbAMRLIVRHithlithd r€d on the
ice bath for Ih. e mxture was diluted with Et 0OAc, washed with water,
dri ed overconpams of the inveatiorawill hegisedinttheranpeytic Feuntsasiindieatedia theur i fi ed by

colum (1: ) ' . ' i .

ol s (5 RN DRERTY e VEDRT I RIS ch 31 sk Syt i incpmporsied hergin b

LC M5B ( M zpferehte, or 888 tirapRotidlly BsafulramoBits ahesild betknown to one of ordinary
cis:4-(3: aﬁi ]?o- S-SZ%H fl uoronet hypcycl ohex- 1-enyl)-3-nitropytidine [0148] To
a sol uti orrkBFMEREA_ (3 hi't ropyri di n- 4-y1) - 5-

(trifluoronet hyegesycl Pherongroandd of tHe i@vétibn bid REMHKePantidardder MR ftsaakiesd TEA
(2.5 eq), agnd .followed by MsCl (1.8 eq).at roomtenperature. The reaction
m xture siered At the r%tametl@ﬁﬁwwaéhwﬁl dosags aF &t loweredosest Posigenas
renoved. Ia%lsr&%@uéﬁvmlﬁ&uﬁ&qh\ﬂf‘aﬂho&ﬂ}m%ns(&ﬂ%&nwnﬁo@myb@eméd% afl xture
was added sodium azide (1.2 eq). The resulting mxture was stirred at room
t enper at uri@ obtain aidepisdrtheraprytip easpanse depgnding en deunyta of elmipjsgatipageayerity The

m xture t 3 r Lr.e Is G I Xture was
G uteq wo HRdebisnd ind - OQBhICTTRGY AU TRY €50 Hillon it o EERRHPA &' 114
or gani ¢ wespadati: eenpnsisiondMySe4: siifgld dasagsdcam dortainiog hothagews. Wher r esi due was

ified h I ; ) i
G5 4 ( - araoeRe et truBhoe o PRl S B AT R I Ss0v i ne (5699
LOMS (mMz): MH#+ = 314.1, Rr--0.96 min. Synthesis of tert-butyl

(11L3R, 5S) - 3- (3-ami nopyri di n-4-y1) - 5--*ft ri f 1 uor onet hyl ) cycl ohexyl car bamat e
Boc NH2




[ 0149] A solution of cis-4-(3-azido-5-(trifluoronethyl)cyclohex-1-enyl)-3-
nitropyridine (1.0 eq) in Ethanol (0.13 M was bubbled with N2 for 20 m n.
Then the reaction m xture was added Boc-anhydride (1.5 eq) and Pd/C (0.2
eq). The rwpaabioots1d Xt ure was stirred at room tenper at weg/EPIEHSH61RES

at nosphere overnight. Solid was renoved by filtration over celite and
rinsed with EtOH The residue was purified by colum (5% nethanol in 1:1
ethyl acetate and hexanes) to give racemc cis-3-(3-

am nopyr i ¢pmpadsitichy,-whi¢h arbfgiuamabﬂreshyqommbotﬂn&m;ehﬁandesaote&let}(eﬁﬁs%txc LT M5
(mz): MH Sgaonbze i Rt = 0. hThe enantionerically pure tert-butyl
(1R 3R SS)ag?ts(' rﬁ‘ﬁ%’pﬁ?ﬁsﬂi ecz?“i}’f?‘ gn(t rifluoronethyl)cycl ohexyl car banat e
and N (5 4( (( 1S| F968R) -B-one emb?dur?ent, the 1nventcljon prgwdis ameth(2>d (éf %lhlfbftm heny1)-5
am no- tifluo ycl ohexyl ) pyridin-3-y i fl uor opheny -
f 1 uor opi coMp é’ﬁ‘?“é@%fé ap epay PF&‘I ]ﬁPE’@ﬂ(‘Jldch(lei?&P jnistq@ng= 8. 14 nin
and 10. 59 gpefledti® PhaRR lcel IC
100 x 4.6 mm at égﬁlﬁ]}d%%)é?:né?&gygﬁgar at i vgagggg*%%c?ﬁﬁ Igleé[;t'}lgr):h%flso ropanol =
90: 10 (v: o) theembediments of @mEmings oftFommulatl o H terh swhject jn nee@gherdoési s of

(R 4- benzy - SiobdR i AR ifvehiith WRM B drigbestod Bty bberdlicl¥sIr 0xy 2- et
hylpropanoynox di n-

[ 0150] ( R) the-bidowing S, SRich Are(prRYid&l & waynetitiystratiorBardi abx odt dmterteyl 1 - 3-

hydr oxy- 23 p n .0xazolidin-2-one was prepared in the reported
manner (PPgﬁ‘“@ﬂg"/@% %%P‘)e‘ﬂi’:é’i‘mlm 33, 2004, pages 12042-12047) for the
enanti oneg k% prpound by starting with

(R) - 4-benzyl- 3- propi onyl oxazol i di n-2-one and Rgl ycer al dehyde acet oni de.
Synt hesi s of [0070] Referring to the cxamples that follow, compounds of the preferrcd

R) - 4- benzvl- 342 ert but i) di met hvl 1, 3
Sdl) oxol an? 'E%?/‘% 9'% WP%F%{%QHB’W ngﬁ%ieﬁcr'ﬁ’g‘aﬁ%‘)n S ot me%ho%s

[ 0151] ( R) whicharzkhbwadh &.aetR) - 3- (t ert - but yl di net hyl si |yl oxy) 34(R) -2, 2-
di met hyl - 1, 3-dj oxol an- 4-y1) - 2- met hyl propanoyl ) oxazol i di n-2-one was prepared

in the reportef0 Mnn&he(@me%@n#e@awseﬁfhﬂ%‘ymquﬁctg@edizmbx@h pages
12042-120 t

(R) - 4. bonbarorhce I RARAOEE, PRI AN Waihd Biliofin bhdoBatography
" hydr oxy- Sistem Wigh p2 Snpaspltl)mMQilzbl(l\/ﬁlfwdeae The Syalytigalsiobts were

(25 0 S MRS Y 3 o bl o

(R) - 4- benAygradient Elitl&R)vaBus(eﬂ €fléw 2.5 mL/mm) typically starting with 5%

but yl di net hyl 2, 2-di 1,3-d | 4-y
oty pr ORI T T aiResins 1 100k PeetiniiRiover A aRand ot 0gniaMery ) i n
THF (0. 09A%§lv€ﬁ§‘@tﬂn&hw1%3mﬂu&%ﬂeﬁc Aci®{TF, (5’60@0 mcfs%?c?é H%JEBSI ure was

allowed to warmup to rt slowy and stirred at t tenperature-for 12
hours. Thultrgyiplet llgm (VX3 aksomtien abq&kr worz&emnarm’labmlvmmre froBH4 (0. 3

equi v.) ng for 2 hours the
sol uti onwagrsd?%ﬂdggjﬁﬁﬁrf@ddm E%W%hf%pﬁ %ggﬁﬁgn(gn‘gkﬁrkg%) was added. The
resul ti ng m xt[@0&]Jwadnsothe mstaadasypunluy whyyskeseaktiyathin, layeh ehromg@giaphy ayer was
separ at ed shed with sat.).. dri.ed over magnesi um sulfate, filtered,
and concehtfANERe g%%orrflgla"igﬁﬁf@&iﬁﬂ§mﬁ%g‘flﬁ’?aéﬁ $hel a%& or eXampley %F‘&Eﬁ

chr omat ogsilies !Zie( 12-B A%k iblcQhedts) - TP RM@SWery k&ﬁg} ddected v1sually under

(2S, 3R) - SP& ert - butyldlmathylsHonxy) 34(R 2- di met

1, 3- di oxobiavigley ligh t,zorr?éteﬁgﬂlwrtao\aw knayyn lioﬂme Yapay ancL@hws/aﬂowtalmng

(MFH— ket al. Rt 0.64 mn. Synthesis of

01R, 2S) - 3- azi 1 ((10- 2,2-di met hyl-1. 3-di oxol an- 4-v1) - 2-

met hvl pr opoxy)[@ﬂ%iﬂt Bdasp spadirmpetriglagaly sinwas pdrididd] dore of dlhret LENSof

(2S, 3R) - 3;.

di met hy1- T%'ﬁﬁﬁt’%%% Y%&%‘f%@d‘ﬁ@?w%ﬁéé “’?’d %F’Ffr?mﬁssezq%f‘\?“) DIAD (2.0

equi v.), mclrcﬁﬁlhéi' Calushre gelipse XDBYCT8I2. (QSO&MngtaMS% (OPF39%%, & equi v.
1M sol utlgp P T% The reaction mﬁl&g was stirred at rogmtenperature
over ni ght ¢ %dﬁ’f SiTo(PA PeeiNiFiffin yteg M %Eéﬁwa%émw@qde PH I was
purified &Y o/t ddiehias VleipiPrat mmmgr&%woﬁzz €30 @%oﬁm&@eaﬁﬂé anes)
yielding 1 R, 2S)-3-azid.o-- -((R 72, 2d |methy%1 7di oxol an. - 4-

y1l) - 2- net hyl propoxy)(tert but ypdi net hyI silane (62% . 1H NWR (400 M—Iz
CDC13): 8 4.04-4.10 (m 1H), 3.94 (dd, J=8.0, 6.4, 114), 3.72 (d, J=7.2,
111), 3.53 (t, J=8.0, ~34.




1H), 3.36 (dd, J=12, 8.0, 1H), 3.19 (dd, J=12.0, 6.7, 1H, 1.52-1.60 (m
1H), 1.41 (s, 3H), 1.34 (s, 311), 0.92 (d, J=7.2, 3H), 0.90 (s, 9 H, 0.12
(s, 311), 0.09 (s, 311). Synt hesi s of

(2R 3R, 4S)woB7d@ens- (tert-butyl di met hyl sil vl oxyl-4- metgeigiesjagosl, 2- di ol
OrBS 101541To a solution of a 1

R, 2S) - 3-azi do- 14(R) - 2, 2-di net hy1- 1, 3-di oxol an- 4-

y1) - 2- net hyl propoxy) (tert-butyl)di nmethylsilane (1.0 equiv.) in MeOH (0.1 M
was added 49PFS; ahdthé} wauﬂs\sﬁtear(ﬁdmmmmm Sysvéabarfilld 20 @00®dysten; f or 14 hours,
50C for 2 haqurs and 80C for hour. The volatiles were renoved under vacua

and the rdsqlume AaQUELY Wll&ﬁ% %184 §-$um, 20lox SOmmy smadient Sn2x%e G 3518% 10- 25%

Et OAc/ n-h 0
S asi do- 3P Ear e ber oy HeCr PP Sabe wil 0,030 TFA overa 1.3 mig period foje
Synt hesi s refe l(ZZIRLBﬁin;qmolecular weight range 150-850; cone Voltage 20 V; column

S)-5-azid t th ntvI

2) oty pasBralty o2l R bl S RIOH pr VRS Y £ PR PR

f) 2R, IBE 4S)XB]|36(21i8d@1 3: S(Otrﬁmt gradient: 5-95% acetomtnle in water with 0. ObS% TFA overa4 )
utyl di ne Si r ox entan ar bama 1.0 equiv.

in pyridi n(m“?‘%ég’“ya‘éﬁé’dp y{“fl @rq ?‘ g %S&T’ﬁﬁe }FP{E?E‘}ESQ ‘gel d at

this tempelfim @mb%tui@d“@?”&ll m'EQs%s %ie%;bdr?e& a¥ViioSe 6ﬁﬂ@%x%ﬂ>nht@d }fﬁ%ﬁto and the
- residue was purified by silica gel colunn chromatograp (10-15-20%

Et 0Ac/ n- hépwsanes) vyi el di ng (2R, 3R, 4S) - 5- azi do- 3-

(tert-butyldi 66% S Jl\%l:lgérytéiﬁ%t tIEILy QE&?%ANW)%L@?Q% performed on some

4- et hyl benze suI onat
(2R 3R, 4S)ofFheamimpouRis3vith =Y sréamt400 MEE NiMRE (Radd Altd,yTAX yhe 4paratlhvgfepmnt v

met hyl benzenesuyl f te.101561To a l.uti.an o

(2R 3R 495 eé@?rﬁagoﬂhg?([' ‘Hﬁfm?airglﬂ‘ﬁff&els9fv89{ty) -2- hydr oxy- 4- net hyl pent yl
4- et hyl benzengeomsf ong ax(aﬁvé)sepﬂﬁmmS)ar@da&leaoﬁthmg'ﬁFlaﬁu((B 4 equiv.) was
added TBDMSOTf (1.7 equivVv.) e, sol ution was stlrregafor 7 hours as

it warned mattogrqnba sx%swm%ﬁl’v%& 6%@@@@%&3&%8&&@ Vabsnenilaih h 100
Cust4, H2 ]W E{Q&%
concentra?’g The r%s g%@q n?%%hu%ﬁfﬂg%@g?/ﬂé?h ag mﬁtéﬂ[l&letfr ghromat ogr aphy

(2.5-5-10- BiapVaters/2A6h §gpal|q é@)nagqrelﬂdﬂmgrersed phase column, 30X50 mm, flow 75

(2R, 3R, 45)5 3! faca olag LAV B bRt i FRHSAREP V!

nethylbenzenesu
chromatography are dichloromethane, methanol, ethyl acetate, hexane, acetone, aqueous

ammonia (or ammonium hydroxide), and tricthyl amine. Typical solvents employed for
the reverse phase HPLC are varying concentrations of acetonitrile and water with
0.1% trifluoroacetic acid.

[0076] It should be understood that the organic compounds according to the
preferred embodiments may exhibit the phenomenon of tautomerism. As the chemical
structures within this specification can only represent one of the possible tautomeric
forms, it should be understood that the preferred embodiments encompasses any
tautomeric form of the drawn structure.

[0077] It is understood that the invention is not limited to the embodiments set
forth herein for illustration, but embraces all such forms thereof as come within the scope
of the above disclosure.

[0078]  The examples below as well as throughout the application, the
following abbreviations have the fcllowing meanings. If not defined, the terms have their

generally gceepted meanings.



Synt hesi s of

443R, 410S1- 3, 4-bi s(tert-butyl di nmet hvl silyl oxy)-5-nethyl pi peridin-|-yl)-

3-nitropyridine O BS TBSM0, 0

101571A sol uti on of

(2R, 3R, 4S)wbamvider22, 3- bi s(tert-butyl di methyl silyl oxy) -Fer/mebdybizent vl

4- et hyl benzenesul fonate in EtOH (0.05 M was degassed wi th argon.
The reaction

(1.5 equiv.) was

m xture was stirred under a hydrogen balloon for 3 hours.
degassed and purged to argon,

equiv.) and addit
for 15 hours the

were renoved in \
washed wi th Na2C(

added, fo

|l owed by 10% Pd/C (0.1 equiv.).
Th

at which tine 4-chloro-3-nitro

Dl EA

e sol ution was
pyridine (1.5

concentrated. The g@gi due

(10-15% Et OAc/ n+

4- ((3R 4R, 59)- 3, 414,

met hyl pi peri di n-1
m n. Synthesis of
44( 3R, 41L5S1- 3, 4
din-3-amne O B
44( 3R, 4R, SS) - 3, 41
met hyl pi peri di n-1
concentration of
resul tant hetero
and was stirred f

a pad of celite ¢

yi el di ng 443R, 4R,
met hyl pi peri di n-1

ional DI EfAt—S—eqtiv)were—agdes~—Arter—sfirring at rt
sol uti on WVABBREVIATEAONSO renove the Pd/ C and the vol atiles
cu The|resj due, was diluted wih ethyl acetate and
Mﬂ ) lgﬁq: lamino)sulfutriflupside Ny Son f?ll'rer d and
l\@'fchmﬂ.&hgﬁl% by silica gel col umm gchr omat ogr aphy
Neptanes) [yl et dr ng
EA(t er t | Bugoprogiylethylaming | vI oxy) - 5-
DL 3- it b?rgé(t{nillg e :440% . LOM = 482.4 (MH), R = 1.26

iMAPer t -

m-tdyrhethyrmhhmbﬁidmd oxy) - 5- et hyl pi peri di n-1 vfl pyri

% [015

fprf-

To a sol ut1on of

L&Almﬁthaxma&e Lyl axy) - 5-

-DWSm

Wﬁi}ﬂéﬁiﬂﬁnﬁ&nﬁ equiv.) in ethano

|, at a

0. 05 ™

1&PREus so

S adued 1U70 pdall adrom-on—carbon \

Uil Hois(diphenyiphtosphintdfermpenet nospher e

.1 eqg.). The
of hydr ogen

FR

ng w

4 hout

B Phmb By BooBopD g Erolteie,

iltered through

noved in vacuo

Synt hesis of (R
4- ((1R, 2R) - 34(R) -

yl) -2, 2-di net hyl
(R) - 4-benzyl- 3- p

Ti Cl4 (1.0 equiv

(yel | ow suspensi ¢#
and stirred at O

5S) - 3, 4- bl hydreghlorilet y| di met hyl si | yl oxy) - 5-
- yridih-3-amne. LM = 4527 (MFH), Ri] = 131 min.
EX(BRC buty ethyl acetate
ﬁ@ﬂnzyl 7EWX8.ZO].I di n-3-y1)-1-hydr oxy2- rqet hyl - 3- oxopr op
pXazot T arme=3=car boxytate (9159t Fo—a—sotutf on of
bmAdhyI ox nHedroglyazabénestdadole O equiv.) in DCM (0. 13was added
b C. The mxlt)ure was stirred at -40 |[C for 10 m n
, ”mn [ pigsgiumeag j red sol ution)
| idan 20 ABetoriffle L €r t - but yl

4-formyl-2, 2-di met nyl oxazo| T dine3-carpoxytate (-0 equiv.) ijn DCM (0.5 M
was then added di&880se anpMepeesivassmlfeteng i xture was stirregd for 1.5
hours. The react | QROKpS qunﬂféﬁg%lby the addition of aqueous | ammoni um
chl ori de and the mM=xture—was—eX . —Hhe organic
phase was separ af ddsCOashepsodivnicdibonae:, dried w th magnesi um sul f ate,
filtered, and 001&2&Lr at ed} _The rﬁzl_&ue was purified via coljlum
chr omat ogr aphy ela¥=hg wit S@I'{Lﬂ}lc BE€% ate _and hexanes (1:4) to give
(R -tert-butyl 4; R - Bdld -g-gg%yg-z-
oxooxazol i di n- 3-y1)= J.(ﬁyUI xy@g} nlgt y=3=oxopropyl)=22=crmat hyl oxazol i di ne
-3- carboxyl ate aQIBtShe_ maj pN-bpomebucdiniBd®?) in 58% vyield. LCO|MS = 363. 3
(MrH-Boc), Rt = LN(RJ?P mn. N-methyl-2-pyrrolidone

Pd,(dba); Tris(dibenzylideneacetone)dipalladium(0)

Pd(PPhs), Tetrakis(triphenylphospine)palladium(0)

Pd(dppf)Cl,- | Dichloro-(1,2-bis(diphenylphosphino)ethan)-

DCM Palladium(ll) — dichloromothethane adduct

RT orrt room temperature

TBDMSCI ! tert-butyldimethylsilylchloride

TEA: Triethyiamine

THF i tetrahydrofuran




Synthesis of (R)-tert-butyl

4-alRs2R) - 3-((R) - 4- benzyl- 2- oxooxazol i din-3-yl)-1-(tertbutyl di methyl silyl ox
v) - 2- met hyl - 3- oxopr opyl) - 2, 2- di et hyl oxazol i di ne- 3-carboxylate [0160] To a
sol ution Gggokbhwte18f t - butyl 44(1R 2R)-34(R)-4-benzyl - 2-pc1/EP2009/061205
oxooxazol i di n-3-y1)-1- hydroxy- 2- net hyl - 3- oxopropyl) - 2, 2- di met hyl oxazol i di ne
-3- carboxylate (1.0 equiv.) and lutidine (1.8 equiv.) in DCM (0.1M was
added TBSOTIf (1.4 equiv.) at -40 C. The reaction m xture was stirred at -40
C for 2 h@yhthesid B£3-60dcktlbhex- Wasy! triflusk@fletdriesulPhdtyg| acet ate and washed with
sat. NaHCO3, sat. NaCl, dried with nmagnesium sulfate, filtered, and
concentrated. The residue was_purified by silica gel colum chromatography
eluting with ethyl aceta gt hexanes (1:4) to give (R -tertbutyl

4- ((1R 2R) - 34(R) - 4- benzyl- 2Joxooxazol i din-3-yl)-1-(tert-butyldinmethylsilylo
xy) - 2- met hyl - 3- oxopr opyl)l- 2, 2- di et hyl oxazol i di ne- 3-car boxyl ate as the

maj or product (5:2) in 83®Wield. LM = 577.3 (MtH), Rt = 1.33 min (Frac
65% 95% nmet hod). Synthesis of (R)-tert-but

44(111., 2S) - 1- (90581 - biie piselintien ehayelohsxanscy.B- cémmwp@uy)laDCM (0.4 M) was

el B e LA TR SR 81C, ARRAEXERR:D S DGR 2

oxooxazol idiopwiss gvty 1 hr {tireorh tdmypieydtate m:addn\jllnm‘dgyth almo)sphbmﬂﬂ[bml adgditionape opy1) - 2,

2- dlnethylox zol i di ne- e and 3.0 equiv.)
in THF (Or?ﬁ? R ™ %“r?&%‘érdf% %ﬁﬁ"f%’s 5'& 5016\13‘2)“ thgg ion mxture
was al | Omﬁﬂuét@\vé@édﬂeﬂﬁatﬁﬁte@m(ﬁérhﬁm th?éﬁ eitEHéied &ﬁé#ﬁﬁecf With 3 hours.
The solution was then diluted with diet et her and NaOH was added. The
resul ti ng bingtthendNe8 Os.cnd concentgnted. tﬁheémﬁiylwaaeeqdaf%the pﬁ@ SigpJaWPBt | ayer was
separ at ed, iltered,
and concer&“‘r‘\ge?gggﬁ%[e)grzg% ggﬁ\%xsl%ﬁrll md%?@ag I ca ﬁlof)ﬁ.fn%du{

chr onmat og rﬁﬁpmyleldl (The triflatd deoormpdeg upnestandge and shduddkanesd (Mmddiately for the

(R -tert-but

O1R, 29) - 1 RPN LEASAH SO SR CER O RSB r opy 1) - 2, 2- di et
yl oxazol i di ne- 3-carboxyl ate as the major product (5:2 ratio) in 71% yi el d.
LC M5 = 3®4nthesidbfs- -t&tranetlfy1-9 3 2vliox 4Heralan-B! R2tdmodd . Synt hesi s of
(R -tert-butyl 441R 2S)-3-azido-1-(tert-butyldinmethylsilyloxy)-

2- met hyl propvl) - 2, 2- di net hyl oxazol idi ne- 3-car boxvl ate TBS BocN-7c 101621To
a solution of (R -tert-butyl , 2S)-1-(tert-butyl di met hyl -

- silyloxy) - 3-hydroxy- 2- net hyl pr ) - 2, 2-di net hyl oxazol i di ne- 3- car boxyl at e
(1.0 equiv.), DIAD (2.0 equiv.) | and PPh3 (2.0 equiv.) in THF (0.18 M was
added DPPA (2.0 equiv., 1M so;}ﬁlﬁn in THF). The reaction m xture was

stirred at roon1tenperature oV I ght. Upon renoval of the volatiles under
vacuo, the residue was .purifi® y> silica gel colum chromatography el-uting
\(M( ][ g, gtS;] Yl?)_ gg?i@lﬁl] amiio a s%(la{lon of oxoc}cl hexgl-enyl &@uorome anequtloneﬁe (1.0

- (t er t - buteghigh) i tdpabszd diokane(DI3Myebsydded &BQpiﬂac&atB)cﬁlbdf&i (30 e@joizy;| i di ne- 3-car

o 15 Gy L B oS et it G
tert-butyloc(ghR ﬁ'%héhsﬁlféecﬁm%(ﬁ(aﬁé ﬁﬂﬁu&%%&&%bﬂﬁé abxk B XMthout further

1- hydr oxy- 4- net hyl pent an- 2-yl car banat e [0163] To a sol ution of

(R) -t ert - pyrifiration LCANIDS) 489 Vi-Hpf boronieracid).

butyl di net hyl si |yl oxy) - 2- nethylpropyl) 2, 2-di et hyl oxazol i di ne- 3-c, ar boxyl a
te (1.0 eq dﬁe&sbfb@ Iﬁlo VaS| &{Exﬂ? né1.3 equiv.) and the mxture was
refl uxed for Z days. |1 olatitTes were renoved under vacuo, the residue
was di ssolved in DCM (0.1 Mand DI EA (1.5 equiv.) and Boc20 (1.0 equiv.)
were added to the reaction re. The solution was stirred for 3 hours at
room tenperature. The solv were renoved under reduced pressure and the
residue was diluted with etfifyl acetate, washed with water, aqueous NaHSO4,
aqueous NaHCO3, sat. NaCil, KOgani c phase was dried w th nmagnesi um
sulfate, filtered, and congentrated. The residue was purified via silica
gel colum chronatography éhgtlng with ethyl acetate and hexanes (1:3) to
give tert-butyl (2R 3R 4 S)-5-azido-3 -(tert-butyl di

met hyl si | yl oxy) - 1- h, ydr oxy- 4- net hyl pent an- 2- yl carbamate as the maj or
isomer (5:2) in 70%yield. LOM = 289.3 (MrH-Boc), Rt = 0.76 mn (Frac

65% 95% et hod) . Synt hesi s of G

(2R, 3R 4S) - 5-azi do- 2- (tert-but oxycarbonyl am no) - 3- (tertbutyl di net hyl silyl ox
y) - 4-met hyl pentyl met hanesul fonate [0164]To a solution of tert-butyl

(2R 3R, 4S)-5-azido-3-(tert-

butyldlnethyI5|Ionxy) 1 hydroxy 4- nethylpentan 2 ylcarbanate (1 0 eqU|v )

R A ~A a ~ o R AR N .




met hanesul fonate as the major isoner (5:2) in 90%yield. LC M5 = 367.3

(MtH-Boc), Rt 0.81 min (Frac 65% 95% net hod) . Synthesis of tert-butuvl
(312..4L5S)-4-(tert-butyldinethylsilyloxv)- 5-nethylpiperidin-3-yl earbamate
OTBS BocHNWyo 2000b8abA sol ution of PCT/EP2009/061205

(2R, 3R, 4S) - 5-azi do-2-(tert-butoxycarbonyl am no)-3-(tert-

but yl di net hyl si |l yl oxy) - 4- net hyl pentyl net hanesul fonate in MeOH (0.09 M was
degassed with nitrogen for 20 mn. DI EA (2.5 equiv.) was added, followed by
10% Pd/ C (0.1 pgsi). )To d Estuticnasf BH@, 975 -tetrdinethyR 5,3 StdibtabBrolimcer  a hydr ogen
bal l oon fo ours. sol yuti.on was filtered andtheflltra was

concent r a¥ w&ﬁ%é? %IE% G estuiy¥ig agqsw@%a{mnd M Nex 5, veos adald &

(3R 4R, 58thﬂro(—§-ﬁfh§)p?ﬁﬂlﬂé g Z%W)]ﬂ?idhﬂadbﬁﬁbhﬁ)@ﬁ(b)()k Qgﬂ@'}' ‘i’"hé‘regctidncar banat e
as the mmjor isoner >99% LC Ms = Rt = 0.95
and 0.99 maﬁheaggdnpmg;lg ftoﬂb(}‘{Cfm urs Cooled to room temperature then dlluted

3RAR, 5S I
Eu tropyr |) (‘#%@lémﬁ %H%)&Ieifl% mr?%%\%/) éé%’ggénégerﬁm%y%g%ﬁﬁ\l&ﬁehﬂﬁ Bfthe 101661To a
sol uti on edlidsgthen dxitayted (liferghricyBase} dfi¢dowith Nu;tSﬁl;pkhrdﬁi)hgdn&hﬂeyl Bheygrude

(2. 5" caur v Puir e ST Sisfmerpirtpff e vith buloribtepna feeiet B B ™
equi V.

m xt ure wailds3-{3-hiedp@idi®d-yOchcdshez-1eHons (55%1@ swals)aLCVMs 2EoEMAHENPEd under

vacuo, the residue was diluted with ethyl acetate and washed with sat.

NaCl . The~@rF4MM8 phase was dried with magnesi um sul fate, filtered, and
concentrated. The crude material was purified by silica gel colum

chr onat ogsmﬁ_&iﬁ;ﬂgtﬂgqgtrgﬁ'lﬁ_imrp‘{-méxc%gﬁ.gieﬁoland hexanes (1:2) to give
tert-buty

(3R 4R 5S)-4-(tert-butyl di methyl silyloxy)-5-nethyl-21-(3-nitropyridin-4-yl)p
i peridin-3- ylcarbamate in [6%yjeld. LCOM = 467.3 (MH), R = 1.09 mn.
Synt hesis of tert-butyl
(3R 4R, 59) - 1- ( 3- ami nopyri -yl)-4-(tertbutyldimethylsilyl oxy)-5-nethyl pi
pefi di n-3-yl carbamate OIBS|BocHN 4000 101671A solution of tert-butyl
(3R, 4R, 5S5)-4-(tert-butyl di ilyloxy)-5-

met hyl- 1- (3-ni tropyridi n-4tyL) pi peri di n-3-yl carbamate (1.0 equiv.) in MOH
(0.05 M was degassed with Nitrogen for 20 min. 10% Pd/C (0.2 equiv.) was
added to the mjogsay ¢ AiesdiiRneAbUS ARG EdpUNdRR0R (Modargn bal | oon

for 3 hours. reacti on was tere and the'filtrate was ¢ ntrated
under redweegided EtQH (@2 M) @d\f-‘@cﬂse?ﬂzﬂddtﬁqmv) The reaction was COOledtOO °C,

then NaBH, (1.3 equiv.) was added in portions. Stirred for 2 h at 0 °C, then quenched by
adding water, concentrated to remove the EtOH, added EtOAc, extracted the organics,

dried with brine‘, then Na;SOj, and concentrated to yield 3-(3-nitropyridin-4-yl)cyclohex-
2-enol (99%). LC/MS =221.1 (M+H), LC =2.235 min.

Synthesis of 2-(3-(3-nitropyridin-4-

06831  To a solution of 3-(3-nitropyridin-4-yl)cyclohex-2-enol (1.0 equiv.),
irighenylphosphine (1.5 equiv.) and phthalimide (1.5 equiv.) in THF (6.3 M) at 0 °C was



(3 R4R 5 S)-1 -(3-am nopyridin-4-yl)-4-(tert-butyldinmethyls ilyloxy)-5
- et hyl pi peri di n-3- ylcarbamate as the desired product in 94%vyield. LC/ M5
= 437.4 (MtH), Rt = 1.08 mn. 1H NWR (300 MHz, CDC13): S 8.01 (s, 111),

7.95 (d, Jwe0dbbize 1H), 6.76 (d, J = 6.0 Hz, 1H), 4.pk4nioos128dd), 3.74
(br s, 211), 3.59-3.55 (m 1H), 3.25-3.13 (m 211), 2.47-2.35 (m 2H), 1.89
(br s, 2H), 1.44 (s, 911), 1.04 (d, J = 6.0, 311), 0.92 (s, 9H), 0.13 (d,
J = 9.0, 611). Synthesis of tert-butyl

(2 (I;/P 1- (be rwaémem)m&dnbadymazeﬂe-mtdwm)ﬂa&r(w -equiv ) ASPIASR e Factiot H ) "as!
y.

< 0 OBn ,101681T sol ution of N-Boc, O-benzyl-D Serine al dehyde (1.0
equi v) in WEswtired at fé?! howrs Gerssntrated to frynegssnsenvacuo, then pyadied the

Z) - 2- (butg d
Lo o sar e sedlee cctumin hiSHhRFERRY drttng’wfin SOXERANBANE btell)! 1) o0
was added 3% nettone) B:mifwﬁthe\ﬂe(éif(édutmpwhdmﬁzﬂ)c@Bbo)lex-ZHedyIMc(odame-)l 3-dried over

art bty SR B DS S SEGHEC 7Y Bnhon. 5 cn. 2. vi car bammt s

(54% as a 3:1 mixture of |sorrers as judged by |II NI\/R LCIVS (mz): 236.3
' 3 2heny!)i

(4R) - 4- (benzyl oxyrret hyI) 5- (but 3 en- 2 ypoxazol idin-2-one lip H OBn
101691To a solution of (2R -1- nzyl oxy) - 3- hyrr oxy- 4- met hyl hex-5-en-2- in
THF (0.1 a was added 60% i ydride in mneral oil (1.5 equiv.). After
stirring for 3 days, the reac n was quenched by addition of NH4C (sat.)
and sol ution was dil ut Yo t i\ Et 0OAc and washed with NH4Cl(sat.) and

NaCl (sat.), drioil over MySOLand purified by silica gel chromatography
(50% Et OAdhexanes) to yifeld (1R)-4-(benzyloxynethyl)-5-

(but - 3- en- 2-ypoxazol i dg2<0lRe (89% as a 3:1 mxture. LCMS (mz): 262.2
(MH); LCR = 3.47 mQQ. bynthesis of

(4M 4- (benzyl oxynet hyl ) N5- (1- hydr oxypr opan- 2-vl) oxazol i di n-2-one [0170] To
a solution of (4R)-4-(benzyl oxymet hyl)-5-(but-3-en-2- yl)oxazolidin-2-one
(1.0 equiv.) ip00B4L MO bsolutiéh «6@-@4(3aumndﬁdﬂﬂl)%&mhﬁmieﬁﬂ)l@@ﬁh&ﬂméﬁl n H20

(0.07 equg- and sodi um periodate (3.0 e%: fter stirring for 3 hours,
the white lprdieng(lGeqivghia 440H @38 My was ad %EEI(QAP eqiE) @picthe raetionowsi ned

filtrate rdgﬁén 580! ved in EtOAc,
washed w ﬁﬁ%&ﬁﬁﬂ?&@%&?g&@gﬁ%@@oﬁ tﬁéﬁ%{sgc:dgugn coénlcagntrat ed. The
crude al d@hmtr@taéthecﬁllsa:tgl Ve theicmdemariadd@dethyMoetatsandpoturatabiNaiigos,o 0C,

sodi um bor de er. s for 5 hours and
coming tor 00%541&%%%% ure a)Sdg’ga%} ?cgﬁce\g\'ggteéﬁo ‘6?1%'&5 "Ey@&ﬁ?’ﬁ 4ot H0.
After sti ryll)cyngolfeua é]ﬁl)rmmdbhm:—l ,BdipnEtdilysikvsy thizkgumdniosvesdad d.C/HMOAC was
added and Lyt Qn washed with I'N HC1, NaHCGB0.0 and NaCl(,t.),
dried oveﬁbp@@ﬁf%ﬁgf&vﬁé M concentrated yielding after purification by
silica gel chromatography

(4R -4- (b egix I@Bamibeytidinv4lyhagcivhepdisoindolfeasadionl N- 2- one as a 3:1
m xture of isonmers (60%. LCVMS (mz): 266.1 (MH#); LC R = 2.28 mm

Synt hesi s of
(4R) - 4- (hydr oxynet hy1) - 5- ( 1%y

ypr opan- 2-yl ) oxazol i di n-2-one 10171] To a
1 ) - 5- (1- hydr oxypr opan- 2-
.M\ in nmethanol, at a concentration of 0.1 M
arb@n (0.1 eq.). The resultant heterogeneous
sol ution was put under an |at nosphere of hydrogen and was stirred for 15
hours. At this time the ¢ @ was filtered through a pad of celite
eluting with methanol . re/ olatiles were renoved in vacuo yielding
(4R) - 4- (hydr oxynet hyl ) - 5- N1- hydr oxypr opan- 2-yl ) oxazol i di n-2-one (99% . LCMB
(mz): 176.1 (MH).

[0085] To a solution of 2-(3-(3-nitropyridin-4-yl)cyclohex-2-enyl)isoindoline-

1,3-dione (1.0 equiv.) in acetic acid (0.1 M) was added 10% Pd/C (0.2 equiv.) and the

reaction was stirred under a H; balloon. Afiter 3 days, the reaction was filtered through

Celite, washed with ethyl acetate and methangl, the filtrate was diluted with ethyl acetate



Synt hesi s of 24(4R)-2-o0x0-4-(tosyl oxynet hyl)oxazolidin-5-yl1)- propyl

4- met hyl benzenesul f onat e Ts0OTs [0172] To a sol ution of

(4R) - 4- (hydr oxymet hyl ) - 5- ( 1- hydr oxypr opan- 2- ypoxazol i di n-2-one (1.0

equi v.) inwoyelo@reies (0. 15at 0C was added p- tol uenesul fpemredrbosinee (2. 1
equiv.). The solution was allowed to warmto rt as it stirred for 14 hours,
at which tine Et0Ae was added and the solution was washed with H20(3x),
CuSat (Sat.) (2x), H20 , Na2CO3(sat.) and Nad (sat.), dried over MgSH,
filtered, au@mdwdrlwicetWithaatdZMNazCD@.dThwonghﬂifc pliasg las ditedowitit mggraesioyn

75%&t OAc/ i el :i' 24 4R) - . . .

(2 0X0- 4- ?F@f{}? gﬁéﬁétaﬂ f’?%ffﬁ'lfag"? I IH}%%VF‘S triturated withhesassand f onat e
(68%) . LCWhhy( #detatc tohBrardl2- (j\/(g.r émmbﬁrﬁln— gﬁcﬁ%%ﬂ)ls&dﬂfﬂgﬁ'ﬁd@ﬁe in

(3aR 711. 7aS) 5- (4-.1mret hox nzyl) - t hyl hexahydr ooxazolo [4,5 -

c] pyri di n@%’@ﬂ’r‘lénécﬁﬂﬁ*(z‘?ﬁ ?I/E‘X"ﬁ = 8.5¢ Minet hoxybenzvl ) - 7-

nmet hyl hexahydr ooxazol o[ 4, 5- c] pvri d| n-2(3H)-one NHoN If PVMBPMB [01731A

sol ution @f@txésﬁﬁa)5,%9.&%%:3(6@@&éyn%gvma@mekﬂh&uﬁbﬂdté pr opyl

4- et hyl benzenesul fonate (1.0 equiv i1sopropylethyl amne (3.0 equiv.)
and par anet hoxybenzyl am ng (1 5 equiv.) in NMP (0.05 M was heated at 100C
for 14 hours. The sol utiddMezCurified directly by RP HPLC. The product
fractions were desalted b dition to Et 0Ac and Na2CO3(), washed further
wi th NaCksat.), dried over ¥gSO4 and concentrated yielding two separate

i soners of (3aR 7R, 7aS) 5- (&rinet hoxybenzyl) - 7-

g;gy |7 ge>7< : Eg dr5 1%[ jﬁ-necﬁ]rgl}ﬁdl b%'ttgmzt{a%l% -59—&1'?11%%1y?cr}glohexane- 1,3-dione

benzy1) - 7(h0'ed11)ydzdmbtsshlydd nmamqna[M) Sodihpiydattibinate 2(. 3 ey wsedded #adansel 8% . LCVS

(mz): 277.2 (ar 0.40 and 0.42 mn nt hesi s of
(3aR 7R, 738y ‘%%“t‘%iﬁ}‘ﬁa %Wﬁ&é&%@%@%ﬁﬂ%ﬁ%ﬂl}%ﬁ? °G Mader NsnH
[01741 To 'Iﬁﬂﬁﬁ:ﬂi&dﬂm (905 equiv.) diluted in DCM was added dropwise via addmon funn
(3aR, 7R, 7aS) - 5- (4- met hoxybenzy1) - 7- met hyl hexahydrooxazol of gyrl din-2(3

H) - one ( 19¥erdQuminutes. Upopspmples nofa@aidréw@,dhwmmwasrshmdﬂﬂom fordh. added 20%
pal | adi U”FMt@Msd& %%{é Qadet ﬁﬂta?mquxﬁ&aﬁﬁ%ﬂ tA?daE o%ts%ﬁ%e”eous

sol uti on was put un Tere rogern an Was stirred for 2
hours. At carhonatet (Orpa eqhsmdmﬂiwmhydm (0.50 h@)nmie hdtttcdu.gﬁer@ ek, dée naixtakd t €

elutin th nol The yol atil es e renoved va ieldin

(3;RI 7% \;M&@?f & ﬁﬁ%&%&&ﬁ?ﬁﬁﬁ&%ﬁ%ﬁ“ﬂf‘ﬁ% @f%‘y?ﬁv‘mSHégWM | (99:%) Y Lok
(M z): 15%adsféridli-+d 4 mrenﬁeg& ﬂrm;l qu&mdmasefﬂfadaﬁaﬁio?&t&a@ afiRblis but yl
7-met hyl-5- (3-nifropyridin-4-

oxohexahy & by bicarbgnate BV@IVWF‘?%SH@HS (wihpH 2 tpesiprred © a sgpaatory funnel

and the layers separated. The organic layer was washed with brine, dried over MgSOs,

filtered and concentrated to give 5,5-dimethyl-3-oxocyclohex-1-enyl trifluoro-
methanesulfonate, which was used to the next step without further purification. LC/MS
(m/z): MH'=273.1, Rt=1.03.

Synthesis of 5,5-dimethyl-3-(4.4.5.5-tetramethyl-

1,3.2-dioxaborolan-2-yl}cyclohex-2-enone

O

N
E6087}  All of reagents 5,5-dimethyl-3-oxocyclohex-1-enyl trifluoro-
methanesulfonate (1.0 eq}, potassium acetate (3.0 eq), and bis(pinacolato)diboron (2.0 eq)
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[0175] A solution of 4-chloro-3-nitropyridine (1.3 equiv.) and

(3aR, 7R, 7aS) - 7- net hyl hexahydr ooxazol o[ 4, 5-c] pyri din-2(31-0-one (1.5
equiv.) in CH2Cl12, at a concentration of 0.1 M was stirred at it for 48
hours at V\chzglowzpﬁgl dine (0.4 equiv) was added to CONSIHBBIPRASS0s
4-chloro-3-nitropyridine. After stirring for an additional 2 hours,
di-tert-butyl dicarbonate (2.0 equiv.) and dinethyl am nopyri di ne (0 1
equiv.) were added. After stirring for 4 hours, the solution was

partiti onagerbgddedes1 HdHena@d mkﬁ%&ﬁ&mﬁw@ﬂm&h@degawea B9 bubbling NaHCC3

(sat.), and Nad (sa), was_dried over was filtered and puriftied by

silica gelNxthroyshthsgmixtwes oy i @min. r@@ﬂ@l&ﬂ?‘ﬁb@h@d@@l@ £3 Bt Was added and

e e o I

(3aR, 7R, 7afspriight.tFhie tmhyiunﬁwx(saaoa}eﬂ hORPmi telmperdm;elﬁlté’redrﬂﬁ-dn;gh -adoarse frit

oxohexahydr ooxazol Q[ 4, 5- ¢ ridine:3(2M car bgxylate B 1761To a
soI ution d¥asp :%_c%arglsg{g} -1gﬂ‘l‘?ﬁm?t%%%.Széél(n\?ﬂﬁﬁg'r%’ﬂ;;rﬁodl rt4-

)h 20T<Ohamkejl@ﬂqwmmkﬁﬂoﬂolﬁr-z-{cyngwldheﬁe—@bﬁégrEﬁ-ﬂi%g%/ﬁé \allhléh (aiﬂs We@fui V. %) in.
net ano at a concentration o adde opal ]l adi um on car bon
(0.1 eq.) .Deyhsen withaut Bythenpurificaipnn koM M]gd rbraric aeid) THds RED-2% nospher e

of hydrogen and was stirred for 14 hours At this tine the m xture was

filtered tsyﬁ_-lﬁiéﬂboﬁs,Mﬂn&ﬁylfaedBLﬁi@o?J_rﬂdId-ﬂ?l)ﬁ!cldhe@téﬁaﬁ@| . The volatiles were
renmoved in vacuo yielding aR, /R 7aS)-tert-buty

5-(3-am nopyridi n4-yl)-7-net hyl- 2- oxohexahydr ooxazol o[ 4, 5-c] pyri di ne-3(214)
- ear boxyl ate. LCM5 (n/z): 0 (MH); LCR = 2.06 min. Synthesis of

(3aR, 7S, 7aR) - 7- et hyl hexa poxazol o[ 4, 5-cl pyri di n-2(3M one 10177]
To a sol ution of
(3aR, 7S, 7aR) - 5- (4- met hoxybeazy®&of- met hyl hexahydr ooxazol o[ 4, 5-c] pyri di n-2(31
1)-one (1.0 equiv.) in rreth/aql, at a concentration of 0.1 M was added 20%
pal | adi um hydroxi de on carBgtt (0.3 eq.). The resultant heterogeneous

sol ution was put under an atnosphere_of hi:dr ogen and was stirred for 2

hours. At this 9088k ¢ Khe bgronaty esterds-dimethy -3¢ 55 oaamethylalsd.af ¢, elite

el uting widifaBBloha 1cyahﬁemle@aﬂel(ﬁéew§s GGBRLEth 1 A QHAGM I Wil NO

(3aR, 7S, 7aR) - 7- met hyl hexahydr ooxazol o[ 4, 5-¢e] pyri di n-2(3H)-one (99% . LCMVB
(m z): 157oomomm@ak 0d dapasicr by Bybhling N2dhrongh tha FolwENToR)0 mémuteshdt y |

7- et hyl th
oxgﬁexéhycf?igéggz{)‘?oot% cgﬁenqlévérﬁ}é?dznzehﬂ@@bﬁdl carb B?(ny ea e q)fﬁcf'fgf‘]?&l soI ution of
4- ehl or 0- Nywasrbopbied throvgh (dr. I migutey and thelP{QA@ppTH: DER] €005 eq)

o concenchitd SR Bestermiir A it ALGOIC P D fe e i gt pen

pi peri di NEtOAc4Ane Huiey.)Theacsultiag dfttuteOnHAIREEIRhOYSEESite, the cake was washed
4-chl or o- 3- |tropyr| dine. After stirri ng for an additional 2 hours,

di - t er t - bO¥ih E@ACa T orgemic yergvaseragatyd anddheipansons vasxianst vith FOA®. 1
equiv.) e caReRdd ofthhi@llayeishided REHER itk bRk dHied b MESOL fiRGed B
partitioned between EtOAc "and NaHCO3 (sat.), was washed Further with NaHOCB
(sat.), arsaneqattpted.tThe residue wis purfieshhyrsiligg Berchrematographycielbdawith puri fi ed by
silica gel ) ((RY / i 2y
(3aR 89¢ EF@'A[ 1% &rgegwi] W10/ FVOSS DEAYES- (R hitopiAdiN 4§ O8hex-2

-nmet hyl- Een()ﬁb(ﬁﬁﬂVofoyﬂlrehstepd) LOMS (akp MNEMME 20RKAZL o] 4, 5- c] pyri di ne-3(2H)
-carboxyl ate (35% . LCMS (rrlz) 379 0 (MT) LCR = 2.42 min. Synthesis of
(3aR 7R, 73 ! idl et hyl- 2-
oxohexahy“’ P T ‘ X te [0179) To a
solution of (3aR 7S, 7aR) tert- butyI 7- rret hy1 543 ni tropyridi n-4-
y1) - 2- oxohexahydr ooxa 4,00 c] pyri-di ne-3(2H) - carboxyl ate (1.0 equiv.) in
met hanol , at a concentr pn pf 0.1 M was added 10% pal | adi um on car bon
(0.1 eq.). The resultan et erogeneous sol uti on was put under an atnosphere
of hydrogen and was stirpgedypr 14 hours. At this tinme the m xture was
filtered through a pad {6f {felite eluting with nethanol. The volatiles were
renoved in vacuo yieldi? g 13aR 7S, 7aR)-tert-butyl
5-(3-atni nopyridi nd4-yl)-7-net hyl 2- oxohexahydr ooxazol o[ 4, 5- c] pyri di ne- 3(2H)
-carboxylate. LCVMS (mz): 349.1 (M#); LCR = 2.18 mn.




Met hod 1 Synthesis of nethyl 3-am no-6-(2,6-diflurophenynpicolinate

[ 0180] A sol ution of nethyl 3-am no-6-bronopioolinate (1.0 equiv.),

2, 6-di fl uorophenyl -boronic acid (3.0 equiv), and Pd(dppf)Cl2-DCM (0.1

equi v.) i mwQ@2diopMits 2M Na2CO3 (0. 5was subj ected to m cromEeeoodmélae at i on at
120 C for 15 mn intervals. The reaction was filtered and washed with

Et OAc. The organic was partitioned with H20 (25nL), was further washed with
NaCl (at.) (25nL), was dried over MgSO4, and the volatiles were renoved in
vacuo. The res[U88%] wako alsdluiondfisiH-dimeikyl-3(3inpepgedinidhylipygohea-2ehdnea gel

5 am no LB At CoR s At SR RO QPR o MEUAIBHTL PYome ¢ (w1 1) L

Rt = 2. 70The sol@yont waestigedfor 6-how, andlihéh guenoiddebytie adaitidnld 5ol 6DWitet, c aci d
0 [0181] T ol.ution of 6-brono-5-fl yoropicolinic, aC|d 1. uiv.) in DVE
and 2M Na 3Bl gléles werg resoviegd ‘W“QH&@@HWSS“HHW@& %Warﬁt Fhsei ) (1.3

equi v.) aaehﬁgtﬁdwmargéracla@ﬂws aﬁéﬁléﬂd\)/ashéuﬁtﬁrbﬁﬁ@%\é%ofﬁbﬁabd The vial was
heated in the m crowave at 120 for 30 mnutes. The m xture was diluted

with et hyPauseRt Wasagh extyactefaith %écaadiﬁv organis wasgrashed withbinendBe separ at ed
and ext r agdfttndd\68mmidR&e HiidPsve dg&?ceﬁ fEd, Vr'hE *Pefﬁigl bag* The
and acl the

conbi ned aqueous phases were flltere addi tion
of concenpvifieddylclumm(§%exetharsl gdl:hethyl asetayd anddlexmg to Eive Sdr@mnthgl-l ayer was

dried ove |It ve 6-
(2,3 duflééﬂﬂﬁ’g’ﬁ'%‘ 45§iiﬁyu8gé6‘p|‘8% I?Wéi’ %@MS% S,@@f»ﬁ%ﬁ%sk%o er. 1 (M+11),
Rt =0.75 mn. Met hod 2 Synt heS| s of 3-am no-642,6-difl uorophenyl)p| oolinic
; Disoindoli

3- am no- 6+ %2 6- dlfluorophenyl)pl collnate (1.0 equiv) in THF (O. 5 M, was
added lM% (4.0 equiv). After stirring for 4 hours at 60 C, 1 N HCL (4.0
equi v.) was added and the THF was renoved in vacua. The resulting solid was
filtered and rinsed with col dgl1 3 x 20m.) to yield 3-am no-6-(2, 6-

di f 1 uorophenyl ) picolinic acid LCMS (nz/z): 251.1 (M4); LCR = 2.1
mm Synt hesis of 3-am no~p(Z-Myor o-5- propoxyphenyl | picolinic acid

[0183] Method 1 was follo S|n 3-am no- 6- bronopicolinic acid (1.0
equiv.) and 2-fluoro-5- pro-cxyphenylboronle acid (1.5 equiv.) and

Pd( dppf) C12- DCM (0. 05 equi K@, give

3-am no-6-(2-fl uor o- 5- profjoxyphenyl )picolinic acid in 75%yield. LG M =
291.0 (M+tH), Rt 081 m Myy? Synt hesi s of

3-am no-5-fl uoro-6-(2-fl uoro 5- propoxyphenyl ) pi colinic acid
[0090]  To a homogeneous solution of 5,5-dimethyl-3-(3-nitropyridin-4-

yDcyclohex-2-enol (1.0 eq ), triphenyl phosphine (1.5 eq), and phthalimide (1.5 eq) in
THF (0.2 M) cooled o 0 °C, ditertbutyl azodicarboxylate (1.5 eq) in THF was added to

the solution. The mixture was stirred at 0 °C for 2 hours. The reaction was concentrated

in vacuo. The residue was purified by column (5% methanol in 1:1 ethyl acetate and
hexanes) to give 2-(5,5-dimethyl-3-(3-nitropyridin-4-yl)cyclohex-2-enyl)isoindoline-1,3-
dione (99%). LC/MS (m/z): MH'=378.2, Rt=1.10.

'-4‘2'_.' '



0 NH2 [0184] Method 1 was foll owed using
3-am no- 6- br omo- 5-fl uoropi colinic acid (1.0 equiv.) and
2-fl uoro-5- propoxyphenyl boronic acid (1.3 equiv.) and Pd(dppOCl2- DCM (0. 05

equi v. ) tWﬂiﬁmﬁ()ﬁm no-5-fl uoro-6-(2-fl uoro-5-propoxypranewdieRbs ni c aci d
el d.

in 28%yi LCOMs = 309.1 (MtH), Rt = 1.00 mn. Synthesis of nethyl
3-am no- 5- f | uoro- 6- (2-f 1 uorophenyl ) pi col i nate [0185] Method 1 was
fol | oned using nethyl 3-am no-6-bronmo-5- fluoropicolinate (1.0 equiv.) and
2-f 1 uoro- ; i faMine-{ 8- 05

equiv.) to give nethy uorophenyl)prcolrnate in
>99@6y|eIdLQEKYNB 265.0 (M+H), Rt = 0. 77 m n. Synthesis of

3- am no- 5-fl uor o- 6- (2-f|uoropheny|)p|collnlc acid 0 NH2 [0186]

Met hod2wasf ol | owedusi ng3- ag | uor 0-6- (2- fluorophenyl)picolinate (1.0

3-arni no-5-fluoro-6-(2ff gnyl )picAinio, acid. in 90%vyiefd. LC M
=251.1 (MtH.), R = 0. WO 2010/ 026124PCT/ EP2009/ 061205 Synt hesi s of
met hyl 3-am no-6-(2, 6-d or dhheny1) - 5-f | uor opi col i nat e [0187]

Met hod | was foll owed usiing .pet hyl 3-am no-6-brono-5-fluoropicolinate (1.0
equiv.) and 2, 6-difl uor ?boronic acid (13 equiv.) and Pd(dppf)Cl2- DCM
(0.05 equiv.) to give 3{agl no-6- (2, 6-di fl uorophenyl)-5-fluoropicolinate in
94%yield. LC/ M5 = 283.ON(MtH), Rt = 0.76 min. Synthesis of

3-ami no- 6- (2, 61oh9f1] UOA%BH&BH&M-@S 5huﬂétﬁbﬂl3C@Lmﬁbﬁmﬂﬁi-4iyl)cycﬂ>hW [01881Met hod

2 was followed usin 0-6-(2, 6- dlfluor heny1l) fluoropicolinate
(1.0 equienyD lawadcﬂmm 3( tiloee @cfap i acetiacid 30 ﬁwged véh gitrogen for 10
dl f1 uor o HeRY Heh 1094 Mer(@ R s@ Wwadia8d&E 'rﬂe fcht?o%%ﬁéhﬁ‘é Was Afﬁe&@ o069 0 (MrH)

= 0.79 mn. Synthesis of | uor 0- 6- (2-fl uorophenyl)picolinic acid
temperature overnight under an atmosphere of ydrogen Solids were removed by

filtration over celite, then rinsed with EtOAc and MeOH. The filtrate was concentrated,
diluted with EtOAc and washed 2x with sat. aq. 2M Na,CO;. The organic layer was
dried with MgSO,, filtered, and concentrated. The residue was purified by column (5%

methanol in 1:1 ethyl acetate and hexanes) to give 2-(3-(3-aminopyridin-4-yl)-5,5-
dimethyleyclohex-2-enyl)isoindoline-1,3-dione (89%). LC/MS (m/z): MH'=348.3,
Rt=0.79.

[0092] A solution of 2-(3-(3-aminopyridin-4-yl)-5,5-dimethylcyclohex-2-
enyl)isoindoline-1,3-dione (1.0 eq) in acetic acid (0.1 M) was purged with nitrogen for 10
min. Then 10% Pd/C (0.1 eq) was added. The reaction mixture was stirred at 45 °C, 300
psi hydrogen atmosphere in a steel bomb overnight and at 65 °C, 300 psi for S hours.
Solids were removed by filtration over celite, then rinsed with EtOAc and MeOH. The
filtrate was concentrated, diluted with EtOAc and washed 2x with sat. aq. 2M NapCO-s,

The organic jayer was dried with MgSO4_, filtered, and coneentrated. The residue was .

5=



0 [01891Method 1 was foll owed using 6-brono-5-fluoropicolinic acid (1.0
equi v.) and 2-fiuorophenyl boronic acid (1.3 equiv.) and Pd(dppf) Cl12- DCM
(0.05 equiv.) 4) give S-fiticro-6-(2-fluorophenyppicolinic acid in 43%
yield. LCOWe261083024 (MrH), Rt = 0.72 min. Synthesis ®CT/EP2009/061205

6- (3, 4-di fl uorophenyl)-5-fluoropieolinic acid 0 101901Met hod 1 was
fol | owed using 6-brono-5-fluoropicolinic acid (1.0 equiv.) and

3,4-difl uoroghenyl boronic acid (1.3 equiv.) and Pd(dppf) Cl2-DCM (0. 05

equi v.) t eugfiedbseolBnm (st fiethona gl érlyethyl Beetdteianddpixanss) toigtvee(Se(3t n 70% vyi el d.
LG MS = 2941

y , =.0.81 m . n -h IS . 0 .

6 (2. 5. oi APk 3ot S PHRbERIR- 1 dgos R0 REMBID vas
foll gwfefl MHT?SG.%b%@Gﬂ%STﬁd emagtm(rmmhmmpm al{(l(R,ideJJ(Sd%ufhbpy}id&ﬂdyl)z
2, 5-di fl uqrophe oronie acid (1 equi v nd Pd(dppf) C12-, 0. 05
equiv.) t %@w&%@%% fSPWS?'H}fh%%’ e 804 %ﬁ@ﬁéﬁ)'g'g?'ﬁwﬂépﬂé%)'so% yi el d.
LCIMS = 234 dinetiytdyelofxyDisBindd1inED1,3-dionk MR @sdWed by chiral HPLC (For
6- (2, 4-di f [ uor opheny1 -g-fl uoropi colinic acid 6/ ‘equiv.) to give
6- (2. 4- di PPAIBTORIEAY6 M a0 137 65 P ResRe<tively: Rexpaesmpsl- 8020 (VOLNG = 254. 1
(MtH) . R ChirlBted0M00 x 4.6 mm at 1 mL/min. For preparative separation, hexanes:ethanol

= 80:20 (v:v), Chiralcel OJ-H (250 x 20 mm at 20 mL/min ). "H NMR (CDCLy): & 8.04 (s,

1H), 8.00 (d, 1H), 7.82 (m, 2H), 7.71 (m, 2H), 7.06 (d, 1H), 4.54 (m, 1H), 3.71 (m, 2H),

2.89 (m, 1H), 2.23-2.44 ( m, 2H), 1.90 (m, 1H), 1.20-1.60 (m, 3H), 1.18 (s, 3H), 1.07 (s, .

3H).

Synthesis of 4-(cyclohexa-1,3-dienyl)-3-nitropyridine

N0,

P

N

[0093] To asolution of 3-(3-nitropyridin-4-yl)cyclohex-2-enol (1.0 equiv.) was
added dioxane (0.18 M) and p-TSA (1.1 equiv.). The solution was heated to 100 °C for 4
h. Cooled to room temperature, worked up with sat. NaHCO; and ethyl acetate, the
organic phase was dried with Na;SO,4 and concentrated. The crude was purified via silica
gel column chromatography eluting with 100% DCM to give 4-(cyclohexa-1,3-dienyl)-3-
nitropyridine as a yellow oil (27% yield). LCMS (m/z): 203.1 (MH"), LC R; = 3.53 min,
'H-NMR (CDCls): 9.02 (s, 1H), 8.70 (d, J=5.3, 1H), 7.30 (d, J=5.3, 1H), 6.15-6.17 (m,
1H), 6.02-6.11 (m, 2H), 2.35-2.38 (m, 4H).

Synthesis of (+/-)-2-azido-4-(3-nitropyridin-4-yl)cyclohex-3-enol




Synt hesi s of 5-fluoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid O
101931Met hod 1 was fol |l owed using 6-brono-5-fluoropicolinic acid (1.0
equiv.) and 2-fluoro-5-propoxyphenyl boronic acid (1.5 equiv.) and

Pd( dppOCl2wbGMofRs1@p equiv.) to give PCT/EP2009/061205
5-fluoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid. LCM = 294.2 (MH),
Rt = 0.95 mn. Synthesis of 6-(2-fluorophenyl)picolinic acid 0
101941Method 1 was fol |l owed using 6-bronopicolinic acid (1.0 equiv.) and 2-
f1 uor ophenyl borjettid aTbd solitibn 6fu+{cyclbhéxadl , RdicaypB nttichy ik (100 Sqieyui v.) to

% 'S 0. 66 RV PR DB rbOn foobiy 5 gy pi s Conledfod (o'

é 2, 6-di f@%@ﬂ&&am thgodvoruqawe)% @helsalua&meneéQsadeﬁﬂlvﬁsherea&ﬁmavéswkl) Rt

6-
= 0.87 mn. nt hesi s of GM( | yor o- 5- met hox (Fhenyl)pl colinic acid O

[ 0196] Met al (b€ fond Sdve oagorﬁ@bﬁbbthimq%m@dw /MSc Theiprpdugt ionigepdsy. ) and 2-
f 1 uor o- 5- nett-Hex337N@iey) Re<0cHintin a8 UPLCL Grerehied veaptianwlitiPsht dgHG O, ZhddCM (0. 15
equiv.) to give 6-(2-fluoro-5-nethoxyphenyl)picolinic acid in 95%vyi el d.

LC M5 = 24&trdctédivith DORI (3-tifes) STheunrganicSyhasdeas farthdr dried with brine, then

6-(2-fl uorl@ar%oar ARQLY BRI ORHERH wgceﬁfélcﬂme @pmcie%%]al\;%nmwlwmaﬁ wafl | oved

usi ng 6-brorfopicolinic acid (1.0 equiv.)
used without further purification.

[0095) To a solution of the above crude material in EtOH and water (3:1)
(cloudy yellow solution) was added NaN3 (2.0 equiv.) and NH4Cl (2.0 equiv.) to give a
clear orange solution. The reaction was stirred for 16 h, then concentrated. EtOAc and
water were added, the organic phase was further dried with MgSO4 and concentrated to

give a brown oil. The oil was loaded in silica gel and purified via column

chromatography (ISCO, 0-50% EtOAc) to give (+/-)-2-azido-4-(3-nitropyridin-4-
yDeyclohex-3-enol as a yellow oil (44% for 2 steps). LCMS (m/z) = 262 MH"), LC R, =
2.35 min. '

tert-butyldimethylsilyloxy)cyclohex-1-enyl)-3-

[0096] To a solution of (+/-)-2-azido-4-(3-nitropyridin-4-yl)cyclohex-3-enol
(1.0 equiv.) in DCM (0.15 M) was added TBSCI (2.0 equiv.), imidazole (2.0 equiv.) and

DMAP (0.1 equiv.) at room temperature. After 18 h, water was added, the organics were
dried with brine, then Na»SOy4, and concentrated. The crude material was loaded to silica

gel and purified via column chromatography (ISCO) eluting with ethyl acetate and
hezanes (20%). Obtained (+/-)-4-(3-azido-4-{tert-butyldimethylsilyloxy)cyciohex-i-

o
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fl uor o- 5- propoxyphenyl boronic acid (1.5 equiv.) and Pd(dppf)C12-DCM (0. 15
equiv.) to give 6-(2-fluoro-5-propoxyphenyl)picolinic acid in 20% vyi el d.
LOMs = 276.0 (MtH), Rt = 0.87 mn. Synthesis of

6- (2, 6- di fwoasnds1pet hoxyphenyl ) pi colinic acid 0 [ 0peQ]HPRé0bOCI2és Was
fol |l omwed using 6-bronopicolinic acid (1.0 equiv.) and _

2, 6-di fl uoro-4-nmet hoxyphenyl boronic acid (1.3 equiv.) and Pd(dpp0Cl2- DCM
(0.15 equiv.) to give 6-(2,6-difluoro-4-nethoxyphenyppicolinic acid in 42%
yi el d. LCeig)->nRfipyfidind/dD yellaw cil ih.60% yield. LEMS (os): 3703 (MH), LCR,

3-fl uor o- 64 %gf l. uor ophenyf | pi colinic acid [0199] Met hod 1 was fol | owed
usi ng 6- brg ° 31 uoropicolinic acid (1.0 equiv.) and 2-fltorophenyl boronic
acid (1.5 equiv.) and Pd(dppf)Cl2-DCM (0.05 equiv.) to give

3- f | uor o- Syifthesid efgtbpteerhiog icatdri-titeldimiticy 111y10%y Y8 y3-aitcbpyliihMS = 236. 1 (MtH),
R =0.72 n S theFi of 3-fluoro-6-(2-fluoro-5-nmethoxyphenybnicolinic
acid cyclo < | was followed using 6-bronp-3-Noropicolinic
acid (1.0 equiv.) and 2-fiuoro-5-mnmethoxyphenyl boronic acid (1.3 equiv.) and
Pd(dppf)d 2-DCM (0. 15 equhgg toO give
3-fluoro-6-(2-fluoro-5-nmethoxypBgny!)picolinic acid in 89%yield. LOM =
266.1 (MtH), Rt = 0.79 m Synt hesi s of

5-fl uoro-6-(2-fluoro-5- xyphenyl ) pi colinic acid 0 [0201] Method 1 was
fol |l omwed usi ng6-brono-5-flporgpicolinic acid (1.0 equiv.) and

2-fl uor o- 5- met hoxyphenyl N@z acid (1.3 equiv.) and Pd(dppf)Cl2-DCM (0. 15
equiv.) to give 5-fluorotg-H2-fl uoro-5-nmethoxyphenyl)picolinic acid in 86%
yield. LM = 266.1 (MFtH)N Rt = 0.79 nmin. Synthesis of

6- (4- (benzyl oxy) - 2-fl uor ophenyl) - 5-fl uoropi colinic acid

[0097]  In around-bottomed flask was added (+/-)-4-(3-azido-4-(tert-
butyldimethylsilyloxy)éyclohex-1-enyl)-3-nitrop)1'idine (1.0 equiv.) and pyridine (0.1 M)

to give a yellow solution. Ammonium hydroxide (10:1 pyridine: ammonium hydroxide)
was added followed by PMej (3.0 equiv.). The reaction turned dark brown after 10 min.
Stirred at room temperature for 1.5 h. Quenched by adding EtOH, and concentrated.
Repeated 2 more times. To the crude was added sat. NaHCO; and dioxane (1:1, 0.1M).
Bocz0 (1.0 equiv.) was added. Stirred for one hour at room temperature. Washed with
H,O and EtOAc, the organic phase was dried with MgSQy, filtered and concentrated.
The residue was purified via silica gel column chromatography (ISCO, 5:1 Hex/EtOAc).
Collected the ptire fractions and concentrated to give (+/-)-tert-butyl 6-(tert-
butyldimethylsilyloxy)-3-(3-nitropyridin-4-yl)cyclohex-2-enylcarbamate as a foam.
LCMS (m/z): 450.3 (MH"), LC R; = 5.83 min.

Synthesis of (+/- i idi tert-butyldimethylsilylox

cyclohex-2-enylcarbamate

TBS
NHBoc

o NH2

P
3]

46-



0 [0202] Met hod 1 was fol |l owed using 6-bronmo-5-fluoropicolinic acid (1.0

equi v.) and 4-(benzyl oxy)-2-fl uorophenyl boronic acid (1.3 equiv.) and

Pd( dppf) C12-DCM (0. 15 equiv.) to give

6 (4- (benz“wwmgnﬁl uor opheny0-5-f | uoropi col i ni ¢ aci d pc/Eleosbsl. LC MS
342.1 (M+tH), Rt = 1.05 min. Synthesis of

6 (4- (benzyloxy)-2-f|uorophenyl) 3-fluoropicolinic acid [ 0203]

Met hod 1 was followed using 6-brono-3-fluoropicolinic acid (1.0 equiv.) and

4- (benzyl oxy) 2[069&110r qafaesamhbﬂapqw ?t@@bﬂyl(&(té’rt m?:ldﬁnathﬁﬁ%?g@g Rpf) C12- DCM
(0.15 equiv.) benzyl oxy)-2-fluoro

% ﬁ3 fl uoropi CO|InIC
acid in 41’%’91?3@1‘16"4 MQYWB’ FRYlearbampty | (i fepaquiv. 11‘0‘6"9# 18M vves adl
6- (2, 6-di flsl4iBivy Hféqgééﬁgﬁwé%gur?éd%m P Pivofel ﬂk %%?ghﬁ;rx(?tae re%ctgm [0204] 4

Met hod 1 was folfome usi ng 6-brono- 3-fl uoropicofi equiv.) and
2, 6-di f | uowith metmendldiltepdte and dvncentiated e filtrgte. Toﬁmrude)waradddach(tmpf ) C12- DCM

(0 15 eqU|v djifl uoro- 4 nmef hgxyphe fl upropicolinic
acid in 9%% %tg dgitﬂﬂafﬁgh&%ﬁ’ e(oms &“g“g'%s ﬁm)%éﬁ‘?ﬁlé‘& s of
6-cycl ohemngehﬁ’éwﬂ kmgwop»/qaéxt-bmgl B3-aminopRidi431)%6-ibi-hod 1 was fol | owed
using 6- br opi col i ni c .aci 0 equiv,) anpd | ohexenyi borenic
acid (1. 3 eghygwaf%p&kcw fseﬁhae@te 2ggle \voalntﬁ“vf Ytﬁl‘ixéCI‘X

6-cyc| ohexgy 14@-3)‘(%@1‘)09@le3@ng,1§0| din 61 %yield. LOM = 222.0 (MH),
Rt 0.52 mn od "3 Synthesis of 6-cycl ohexyl-5-fl uoropicolinic acid

[0099] To a solution of (+/-)-tert-butyl 3-(3-aminopyridin-4-yl)-6-(tert-
butyldjmethylsi}ylox_y)cyclohex-Z-enylcarbamaie (1.0 equiv.) in MeOH (0.1 M) was
added Pd/C (20% by wt) and the reaction was stirred under a hydrogen balloon for 18 h.

LC/MS of the reaction indicated mixture of diastereomers, the reaction was filtered,
washed with EtOAc and concentrated the filtrate. The crude material was purified via
prep-HPLC (in DMSO), and the pure fractions were combined, neutralized with solid
NaHCOs, extracted with ethyl acetate, washed with brine, dried under Na,SO,, and
concentrated to give product A (8% yield) and product B (51% yield).

Product A: LCMS (m/z): 422.4 (MH"), LC Ry = 3.75 min.

Product B: LCMS (m/z): 422.4 (MH"), LC R, =3.94 min.

WA



[ 0206] To a degassed sol uti on of 6-cycl ohexenyl-5-fluoropicolinic acid (1.0
equiv.) in MeOH (0.07M was added 10% Pd/C (0.1 equiv.) and the reaction
was stirred under a hydrogen ball oon overnight. The solution was then
filtered, wonsmg2sw2s h MeOH, and the filtrate was concemorairadhoioer2ed f or d
6-cycl ohexyl-5-fluoropicolinic acid in 65%yield. LOM = 224.2 (MH), R =
0.95 mn. Synthesis of

5-fluoro-6-(1, 4-di OanpI r014 51dec-7-en- 8- an| colinic acid 0

[ 0207] Met Hiydthgsinak] 4 Qs Sl ey 7-6n-8 ilfoehteni ¢ acid (1.0
equiv.) and

4,4,5 5-tetranmet hyl-2-(1, ﬂ—%loxaspl ro[ 4. 5] dec-7-en-8-y1)-1, 3, 2-di oxabor ol an
e (2.0 equiv.) and Pd(dppf) @l2-DCM (0.2 equiv.) to give 5-fluoro-6-(1, 4-

di oxaspiro[ 4. 51dee- 7- en- picolinic acid. LC/MS = 280.2 (MtH), Rt = 0. 66
mn. Synthesis of nethyl

5-fluoro-6-(1, 4-di oxaspi rof 4. 51dec-7-en-8-yl ) pi col i nate 102081To a
solution of 5-fluoro-6-(1,a@rfdi oxaspiro[4.5]dec-7-en-8-yppicolinic acid (1.0
equiv.) in DCM (0.3 M was added EDC-HC1 (1.0 equiv.), DVAP (1.0 equiv.),
and MeOH (10 equiv.). The reaction mxture was allowed to stir at room
tenperature for 5 days, then diluted with ethyl acet at e, vvashed wth water,
brine, dried oygy g crude
product was pu!‘?‘fopgg Q%lwlzgls@g&[tg‘glt]&c%{%%@ AT 6 8&?2%‘ l%leé&\sf]fth
25-50% et M) andstitred & i$1°(hé)cadhéNaHLmSedld)SrﬂamhylwaSaddedandstﬁred for 70

1, 4-di ox I . - (- en-.8- i desired oduct in 35%
Vield. LOMBURIET Y Eraly g RSB HLR B GGo HOBHER G o PR

5-f | uor o- &31({t11re4wﬁsnna$ﬂir128[hﬂ vidshkalbwith &‘t)éh)NbHOO!; add e witeR) Aqueoud 0209] To a
degassed ?ol utio t hyl 3 fI ugr o- 8 - di oxaspi r.o| 4. 5] dec- 7-

en- 8-yl ) pirE6SiR wa'f‘q% ’@é‘ﬁfe withjethef . Grgapis IWM%"Q ied oyeMipePe (0.1
equiv.) ameﬁeh,eaxﬁ%ﬁémeﬁtmemdué%smﬁﬁéd@Jamﬂﬁlp@ 1 88t %aan@yerml ght.
The solution was then filtered, rinsed with the filtrate was

concent r atdto give hi-dixesnitel h§lded 7 £n-garl @ﬂmmmethanesmfonate (65%). LC/MS
(1, 4-di oxm% 1\3%4*2%‘39&%69% yﬁ,iellﬁ% bpate in 91%yield. LOM = 296.2

(MH), Rt nt'hesr's "of " 'net hyl
5-fl uoro- % (4-oxoc cI ohexvfl pi col i nate

thesis of 4.4.5,5-tetramethyl-2-(1.4-dioxaspiro[4.5]dec-7-en-8-

dioxaborolane

[0101] A solution of 1,4-dioxaspiro[4.5]dec-7-en-8-yl trifluoromethane-
sulfonate (1.0 equiv.) in dioxane (0.5 M) was purged with nitrogen for 30 min. Then
4,4,4',4',5,5,5',5'-octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.0 equiv.), KOAc (3.0 equiv.),
Pd(dppf)C12-DCM (0.2 equiv.) were added and the solution was stirred in a sealed bomb
at 80 °C. The reaction was filtered over a pad of celite, then to the filtrate was added ethyl
acetate, andé washed with brine, dried over MgSQy, filtered, and concentrated. The residue

was purified by column (ethy! acetate : hexanes = 1 : 1) to give 4,4,5,5-tetramethy}-2-



[ 02101To a solution of nethyl 5-fluoro-6-(1, 4-di oxaspiro[4.5]decan-8-
yl)picolinat (1.0 equiv.) in acetone and water (1:1, 0.04 M was added
oxalic acid dehydrate (2.0 equiv.) and the reaction mxture was stirred for
3 days. Thgoglowkéen was then neutralized by the additipgr/Erhos®@bizek NaHCO3,
the m xture was added to ethyl acetate and brine, the organic phase was
dried over magnesium sul fate, filtered, and concentrated. Mt hyl

5-fl uoro- 6- (4- oxocycl ohexyl ) pi colinate was obtained in 98%yield. LC M =
252. 1 ( MKl ,4-dRbxaspith[$.8)detn7-eny8ayiha 3 B diokaborildngl(95%). LC/MS (m/z):

5-fl uoro- 6]\-4{%1- h%dr oxyocc:)%/écl ohexvf | pi colinate 102111To a 0 C sol ution of
met hyl 5-f T4 éJBl’F- ocycl ohexyl ) picolinate (1.0 equiv.) wn MOH (0.08
M was added NaBH4. The solution was allowed to warmto roomtenperature
over ni ght $yeRsipaf 3-hidoNats-bRINGEE 49N 7.6 84 AbfidR brine, the organic
phase was dried over magnesium sultate, filtered, and concentrated to give
nmet hyl 5-fl uoro-6-(4-hydr cycl ohexyl )picolinate as a m xture of two
isoners (5:1). LM = 254. 2 (MtH), Rt = 0.63 mn. WO

2010/ 026124PCT/ EP2009/ 06 Synt hesis of methyl 6- 4- tert-butclohex 1
-5-fluoro icolinate 02121 To a solution of nethyl

5-fl uoro- 6-(4-hydroxycycl ofexyl )picolinate (1.0 equiv.) in DV (0. 15was
added i m dazole (4.0 equiy ﬁag TBDMSCL (2.5 equiv.). The reaction m xture
was stirred at roomtenp fatjure for 2 days, then added to ethyl acetate,
washed with water, brine,xd¢ried over nmagnesiumsulfate, filtered and
concentrated to give nethyl 6-(4-(tert-butyldinmethylsilyloxy)cyclohexyl)-5-
fluoropicolinate in 97%vyield as a m xture of isomers (3:1). LCMS = 368.3
(MtH), Rt = 1.4 and 1.42 mn. Synthesis of

6-(4-(tert-butyldinethylsilil OXK}C cl ohexvl)-5-fl uoropicolinic acid 0
[0213] To a sol U@103h oA sebtiny pf DME (0.2 M) and 2M agq. sodium carbonate (1.7 equiv.)

6- (4-(tert; | dipgt k i eyl . - [ i .0
eqt(Ji v.( ) eir n #&H&@@B‘Eﬁ (ngﬂ%ihE&&@%C“X”gésnog%é%l{&a%#ﬁﬁé@@héﬁ%ﬁ@%,%hﬁéslr eaction
m xt ur e Westrahethyl-2¢( 1 @vdioxuspind[4 A]dec-Gem-8-glid St Adiorshordlarer(1 ONgidiv)C1 and et hyl
maanes um SAPRLE DEM @i Gt HREA AREr R ioa salnd bomo o T10 LR V"

6- (4- (ter treqeuibiy Wels Rtk fial (hPXuEd/ ol O5esMls) THR reddtion Wap tikwbd Rith etgl d as a
m xt ure of |sorrersp(£3: 1) in 82%yield. LG/ M = 354.2 (Mt Rt = 1.38 and

1.41 nin. acelples weshpd with watendsied o%eriNgiiPep flteredsjand eongentgnted: The residue

was purified by column (ethyl acetate : hexanes = 1 : 1 with 10% methanol) to give 3-
nitro-4-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)pyridine (83%). LC/MS (m/z): MH'=263.2,
Rt=0.71.

4

Synthesis of 4-(3-nitropyridin-4-yl)cyclohex-3-enone

NO,

Z
|
N

[0103] A mixture of 3-nitro-4-(1,4-dioxaspiro[4.5]dec-7-en-8-yl)pyridine (1.0
equiv.) in 20% TFA in CH,;Cl; (0.2 M) was stirred at room temperature overnight. The
solvents were removed under reduced pressure. The residue was dissolved with ethyl
acetate (200 mL}, and washed with sat NaHCGO; (30mL), and sat NaCl (30mL}. The
organic was dried with MgSQy, filtered and concentrated to give 4-(3-nitropyridin-4-



[ 0214] To 2-brono-3-fl uoro-6-nmethyl pyridine (1.0 equiv.) in H20 (30 nL) was
added pot assi um pernmanganate (1.0 equiv.). The solution was heated at 100 C
for 5 hours at which tinme nore potassi um permanganate (1.0 equiv.) was
added. Af two 200@até1ng for an additional 48 hours the mateermiephoosms2és |t ered
through cefite (4cmx 2 inches) and rinsed with H20 (150 nL). The conbi ned
aqueous was acidified wwth 1IN HC1 to pH=4, extracted with ethyl acetate
(200 nL), washed with NaCksat.), dried over MgSH4, filtered and

concent r aybeydeheyiledndn& (8509 nthesrideipodnet wad usad to mext steyf Withut fgther whi t e

sol i d. Y P = 2.05 mn. Mthod 4 Synthesis of
2- (2. 6- dfmghg 8§%eh§é§$gﬁékﬁﬁﬁgﬁggaggﬁgpgyridine [0215] To a sol ution of
2- brono- 3-fluoro-6-nethyl pyridine (1.0 equiv.) in THF and Water (10:1, 0.2
M was ad i6efif-{3l-nitomyid ciohieg-3agmbl (2. 0 equiv.) and potassi um
fluoride (3.3 equiv.). The reaction was degassed for 10 m nutes, then
Pd2(dba) 3 (0.05 equiV. g was added, followed by tri-t-butylphosphine (0.1
equiv.). The reaction Jas stirred to 60 C for 1 hour at which point, al
starting material was suned as indicated by LG M5. The reaction was
allowed to cool to roepAenperature, partitioned with ethyl acetate and
wat er, the organic phage was dried with sodiumsulfate, filtered, and
concentrated. The cruge~i@rial was diluted in EEOHto 0.1 Mand 0.5
equi v. of NaBH4 was agdded to reduce the dba. The reaction was stirred for
one hour at room tenpeNature, then quenched wth water and concentrated
under vacuo to renove the ethanol. The product was extracted in ether,
washed with brine, the organics were dried over sodiumsulfate, filtered,
and concentrated. The crude material was |oaded on silica gel and purified

via colum chr mmpgrwbyomdo'ﬁ@)m?-ﬂ&bﬁs&m h@l)@%&lﬁ%@ afodle BLAY]) imcet at e

(0% 10% et hiﬁ acet ate) ure fracti'ons were conbi ned, and concentrated

to yield mefang. BﬂthU?-‘iﬂS‘HE‘hW}WBb?TPW@B@ Brequiy) pyd G The r%tl@ li ght yel | ow

oil in 86%,iwi&l Qmj t hesi s of
6(26-di fl uor onhvgar?vl dg/ﬁfort?glr%g%?f:o I ni 81 g%:silgmgv%m%grfg%g a so? %Pon of
2- (2, 6-di fdsidue ophdissolyed3vifl eyl @cBatet200yhIpy andiwashed With sagNa®lL (BOmb). wat er

(0. OSM dthere cti.on s.. heated, to refl ux
over ni ght . %n%?ﬂ a%%e& ‘aﬁﬁypgsgq%ﬁ?ﬁ%f”a@?'g%% XA %’F’?P‘F%yrﬁﬁ“'?ef | ux for
anot her 8yheuichex-FreRols@5%4Y).i T8 cyiie pfadatesastuted AARR AXIREP AitH&R furftel t er ed

t hrough Cel |, The filtrate was acidified with 6N

HCL to pHPW lcaflﬂ‘édm%("ff%e’ﬂbi:?%’c &r%g >Piltered. The filtrate was further

acidified to pH =1 and filtered again. The filtrate was extracted with

et hyl aCGS@tﬂesWﬁﬂ%GQﬂtr%m inP4-90¢veloht 13 1Rl ActHARMAInaer . The organi ¢ phase
was washed with brine and dried over magnesiumsulfate, filtered, and
concentrated. The residue as di ssolved in ethyl acetate, washed with 1N
NaOH, the aqueous |ayer wgs acidified to p=1 and the white crystals were
filtered. The conbi ned huct s yi el ded

6- (2, 6-di fl uorophenyl) - & oropicolinic acid in 32%yield as a white
solid. LO M5 = 254.0 (MHHY,

6- (2, 6-di fl uorophenyl) - 3:4

= 0.71 min. Synthesis of

- 2- met hylpyridine 102171To a sol ution of
6- br ono- 3-fl uoro- 2-net h Ip;& idine (1.0 equiv.) in ethanol and toluene (1:1,
0.2 M was added 2,6-dif Nrophenyl boronic acid, D EA (5 equiv.) and
Pd(PPh3)4 (0.2 equiv.). The reaction was heated in the mcrowave at 120 C
for 30 mMmm The solution was filtered and rinsed with ethyl acetate. The
vol atiles were rermved in vacuo and the crude was purified via silica gel
col um chr omat eIu i.n iyt th te, and he 5-20% et hyl
acetate). Upo nﬁ’%ﬂ ﬁ%ur?% 0 4T(E'é’ﬁf)°3¥1é‘dlflr a%l?eiy@r?gex'}eno W% ‘gl A
6- C§ 2, 6- di DIREA (ipﬁeqm\l) minmalpqoaszwnwhmddp&mdm:fsuml chlotidd @® dqnivdB8% yi el d.
LG/ VB = 22

6 (2.6 i FitL5 O Bbaotom b o BEdiar A ok b The feastion e tess e
fol loved uisitBOwhih efybictiale 008 RRHSAY Shstds WilQRONZCT (30 mL). The organic was

dried MgEOy, filtered and concentreted (o give 4-(3-nitropyridin-4-yljcyclchex-3-enyl




met hyl pyridine (1.0 equiv.) and potassi um pernmanganate (6.0 equiv.) to give
642, 6- difl uorophenyl)-3-fluoropicolinic acid in 30%vyield. LCOM = 254.1
(MHH), Rt = 0.70 min. Synthesis of

2- (2, 6-di fiveorolsiagt hoxyphenyl) - 3- f | uor o- 6- net hvt pyri degigep200920é2b3vet hod 4
was followed using 2-brono-3-fluoro-6-nethylpyridine (1.0 equiv.) and

2, 6-di fl uoro- 3- met hoxyphenyl boronic acid (2.0 equiv.) to give 242, 6-

di f | uor o- 3- met hoxyphenyl) - 3-fl uoro-6-net hyl pyridine in 60%yield. LG M =
254. 1 ( MtHhethifiesutfdRa$93%)) ThEwSidae Sasused in the next step without further

6-(2,6-difl u ro 3- et hoxv 5-fl uaropicolinic acid 0 [ 0220]
Met hod 5 viggifie %Q%MM%S(P‘??S @’%‘222980@1 zﬂ?o 3- net hoxypheny1) - 3-
fluoro-6-nmethyl pyridine (1.0 equiv.) and potassi um pernanganate (4.0

equi v.) tosjgmégsgm:g%%ﬁhggatj Nfeﬂ;@‘ﬁﬁ&g@ﬁdﬁfée”yn 5-fluoropicolinie acid in
27% vyield mm Synt hesi s of
3-fluoro-6-methvl-2-(2,3, 5. trifluorophenyflpyridine [0221] To a sol ution of
2- br ono- 3-f | uor o- 6- net hy idine (1.0 equiv.) in dioxane (0.2 M was added
2,3,5-trifluorophenyl boregi£ acid and Pd(dppf)Cl12-DCM (0.1 equiv.). Aqueous
sodi um car bonate (2M sol utfion, 2.0 equiv.) was added and. the reaction was
heated in the mcrowave a#~28PC for 15 mn. The solution was partitioned
between ethyl acetate agd 8at. Nal -1 CO3, the organic phase was washed with
brine, dried with magnesi hn sulfate, filtered, and concentrated. The crude
material was purified via silica gel columm chromatography eluting with
ethyl acetate and hexanes (1:3) to give

3-fl uoro6-nethyl-2-(2,3,5-trifl uorophenyl )pyridine in 87%vyield. LM =
242.1 (MrH), RgORIG? 93’0 HisBlutisty St 42 1I§37ridin-4-yl)cyclohex-3—en1

5-fluoro-6-(2, | uor ophenyfl picolinic acid HO 0 [0222] To a sol ution
of 3-fl uormetbawlfw&tezél@zq@vmﬁqﬁahm;@ﬁlmt{ed;ﬁ@maddﬁﬁ@ (13 egyiizat) in

and the sPR oot T Rl ol oA hAP QMR ERRIE R r T )

t enper at urvegs diloted sothiethyd acems(ZOD Imle)rmd waahell witlesat NaCt Ql)mmaﬂmemmgunmt r at ed
under reduced es e 2, 3,5-trif )picolinic
acid in 89/%9%" Hmﬁigﬁ\% fi 9‘&”6’5 ‘ﬂfr ?Qtarhgrﬁs%“fﬁ?] “%ﬁ?éwp"sq%é‘x%f net hyl
6- br onp- 5-(F%aunéthgiot il §: hathel ac&lﬁ@%iﬁl hexates) @ give Oicyeiohexa-1,3-dienyl)-3-

6- br ono- 5- quor i coli Ci uiv.) in nmethanol (0.2was added
H2SO4( 4. 2 THERMIA ;g‘e Gﬂ\qhé"‘gbég]fr( éqg@,aé_QﬁSrred at roomtenperature for two
hours. Upon conpletion of the reaction as nonitored by LG M5, the reaction
was di | ut efmiMetid oty terBBR{IR8- - TR e S - AW Wy Mbiel - B lvitaflafifdteadueous
NaHCO3. The reaction was poured into a separatory tunnel and extracted with
et hyl acetate. The organi I_f)hase was dried with magnesi um sul f at e,

filtered, and concentrated | n vacuo to provi de nethyl

6- br ono- 5-fl uoroni col i na asNP%hi te sol i d (>99% . LC M5 = 233.9/23: 5 9
(.4.+H, Rt = 0.69 mn.

[0107]  To a solution of (+/-)-2-azido-4-(3-nitropyridin-4-yl)cyclohex-3-enol
(1.0 equiv.) in Pyridine and NH,OH (8:1, 0.23 M) was added trimethylphosphine (3.0
equiv.) at room temperature. The mixture was stirred at room temperature for 3 hours.
Solvents were removed. To the residue was added ethanol. Then ethanol was removed in
vacua to ensure removal of the ammonia totally. The residue was dissolved in i,4-

dioxane aud sat. ag. sodium bicarbonate, and then BocU (1.0 eg) in THF were added to



Met hod 6 Synthesis of nethyl

6- (3- (benzyloxy) -2, 6-di fl uorophenyl)-5-fl uoropi colinate 0 [0224]To a
solution of nethyl 6-brono-5-fluoropicolinate (1.0 equiv.) in THF and water
(10: 1, O. iveso100sketh 3- (benzyl oxy) - 2, 6-di f | uor ophenyl bopefiiee208806l2d52. 5
equiv.) and potassium fluoride (3.3 equiv.). The reaction was degassed with
nitrogen, then Pd2(dba)3 (0.25 equiv.) and tri-tert-butyl phosphine (0.5
equiv.) were added and the reaction was heated to 80C for one hour. LC MS
anal ysi s trdhigaire dhe esspliiag minarvweisstifed &froéh Gensepdtiie Tér 2Wjueéy. TR to product.

fused to. SPPHORRe widhed R HhgTREre, i Jshed VUhohy oL s praacls

chr omat ogtaphyedshidi Mgsowmi@reatahu oeRtcAé P Tﬁaslasfa%as wagﬁurﬁﬁé@bty%m et hyl
acetate) to provide nethyl 6-(3-(benzyl oxy)- di f | uor ophény1

f |C}JOI‘ opi c6Yp mfﬂ@n@@nﬂﬂéﬂ%gw%m&mms) 9give (r*( @;mrt-wllﬁawdmy-g-@ -96% vi el d.
L M5 = 3
6- ( 3- (bengl';trlo %mygcgﬁ?ﬁlel}f)ro henvag’allegg?%ﬁ: ?CngW C}ggg]RWgt hod 6 was

follomed usi ng. neth | 6- bronDplcollnate (1.0 equiv.) and

S YRINCSTS O (Hr X¥-4-(fe-BHIQX YeArbonyiap acid (2.5 equiv.) to give nethyl
6 (3- (bepzyh { &ﬁ%l&i Rate as a light yellow solid in
i n. Synthesis of nethyl
6- (2, 6- di f I uor o- 4- nethoxy henvl) 5- quoroplcollnate 0 [0226] Met hod 6 was
fol |l owed using nethyl 6-Db Uﬁnglcollnate (1.0 equiv.) and
2, 6-di fl uoro-4-nmet hoxyp HHBemie acid (2.5 equiv.) to give nethyl 642, 6-
di f | uor o- 4- met hoxypheny -fluoropicolinate as a white solid in 85%yield.
LCMs = 298.0 (MtH), Rt =Y0.89 m n. Synthesis of
6- (2, 6-di fluoro-4-net hox Rp}) - 5-f | uoropi eol i nie acid 0 [ 0227]

To-a solution of neth G- (2, 6-di fl uor o- 4- met hoxyphenyl) - 5-

fluoropicolinate (1.0 equyv.) in THF/ MeOH (2:1, 0.09was added LiOH (1.5
equi v.)

[0108]  To a solution of (+/-)-tert-butyl 6-hydroxy-3-(3-nitropyridin-4-
yl)cyclohex-2-enylcarbamate (1.0 equiv.) and triethyl amine (1.5 equiv.) in CH,Cl, (0.2
M) was added methanesulfonyl chloride (1.2 equiv.) at 0 °C. The mixture was stirred for
2 hours at that temperature. The reaction mixture was diluted with ethyl acetate, and
washed with sat NaCl. The organic was dried with MgSQy, filtered and concentrated to
give (+/-)-2-(te1:t-butbxycarbonylamino)-4-(3-nitropyridin-4-yl)cyclohex-3 -enyl
methanesulfonate (85%), which was used in the next step without further purification.
LC/MS (m/z): MH'=414.0, Rt=0.82

Synthesis of (+/-)-5-(3-nitropyridin-4-y1)-3.3a.7, 7a-tetrahydrobenzo[d]oxazol-2(6H)-one

y,

N~y

iy
v A



and the reaction was stirred at roomtenperature for 1 hour. The sol ution
was quenched with 1IN HCl, extracted with ethyl acetate, washed with brine,
dried with sodiumsulfate, filtered and concentrated to give

6- (2, 6-di f{ywaﬂ(ﬁﬁﬁEt hoxypheny1) - 5-f| uoropi col i ni ¢ aci dedmeiB3éfogizes d. LC M5
=284.1 (MH), Rt = 0.76 min. Mthod 7 Synthesis of methyl

6- (2. 6-di fl uor o- 3- hydr oxyphenvl)-5-fl uoropicolinate HO [0228] To a sol ution
of nmethyl 6-(3-(benzyl oxy)-2,6-difluorophenyl)-5- fluoropicolinate (1.0
equiv.) in metheo) ( hd mMiurdRs (ﬁq@@e@&%ﬁ%@oﬁﬁmﬂn@wa _mitropPri€ih by |

acetate. The reaction was placed under an atnos

d
stirred fafeyclpkaxrienylmsthaaesuionate di) equive @@V@@lﬂ%&rwe vas %‘Efeggpb&r a pad
f Celite,, trated
o1 Col oo e R HSHRA0EC M TR S e oot o

as a grey msldmsulv&ﬁ%eﬁwéh@btat&,@hd@asheﬂ&dth&at(mﬂ) Tthrgame V\&@dmchwnlSy nt hesi s

of nmet hyl i f1uoro-3-hydr,ox CO|I [ 0229]

Vet hod 7 85 Pl s EERRREETS BB Eh P e e

di f | uor Ophetmhbzaln@baab[dtp@ia@ol(ztm) @cu(em) vitichywas wdedrinttheyhex® ste@ withelitf | uor o- 3-
hydr oxyphenyl ) pi col i nhate as_a ht . br own sol | din 96%yield. LC M 266.0

(MrH), R furthergarification. M%é’g"nzk HeE-hyR=0.4

6- (2-fl uoro-5-fornyl phen yl) pi collnate 0 PM To a solution of methyl
6- br onopi id-B-vD3D-dxo-34.6173aM crowave vi al was
added Pd(dpp -tluoro-5- ftornyl phenyl boronic acid
(1.5 equi etyahyded OO0 43 narbex lateThe reagents were heated to 120 C
for 20 mn. A mxture of the desired product and the correspondi ng
carboxylic acid was detected gy LC/MS, the reaction was diluted with ethyl
acetate, washed with HCl ( 5), the acidic phase was extracted wth ethyl
acetate, the conbined orggQi INIggyers were dried with magnesium sul fate,
filtered, and concentrat n vacuo to provide a light brown solid. The
solid was dissolved in MeQe and treated with 3 equiv. of TMS-di azonet hane
at room tenperature. Upon con;ﬁézete conversion of the carboxylic acid to the
correspondi ng net hyl est e reacti on was concentrated in vacuo and the
crude material was purif ~edI via silica gel colum chromatography (I SCO
eluting with 30% ethyl acétate in hexanes to provide nethyl

6- (2-fluoro-5-fornyl phenyl)picolinate as a yellow solid ita 58%yield.
LOMS = 260.0 (MtH), Rt = 0.70 mn. Synthesis of (E)-nethyl

6- (2-fl uoro-5-(prop-1-enyl)phenyl)picolinate 0 102311To a sol ution of
net hyl 6-(2-fl yoriof 5- Toamylhﬁbm%)—psqmnlmyﬁdlﬁﬂ W)-83u7Way in MeOH (0. 17was

ot o e s Bibaofioar e & e nabacd | k! SdGient,r S {Ten

cooled to dh%mbmmﬂiw}mal @nd M&%ﬁé@&ﬁ&%{}m me&uanateT@ez &hwde material
was purified via silica gel colum chronat eluting with 50%

et hyl acetraem tempprat@)caTheggaqt@n pugmed@as(sgyred?rgy }hhpur Thc reactlon mixture was -
o e LU A SR L DT A1 L. PR\ 1% i1 ¢
6- ( 2- f | uordried-withdyigS P4y €ftgred padanceratated. The residue was purified by column (5%
methanol in 1:1 ethyl acetate ahd hexanes) to give (+/-)-tert-butyl 5-(3-nitropyridin-4-yl)-
2-0x0-3a,6,7,7a-tetrahydrobenzo[d]oxazole-3(2H)-carboxylate (98%). LC/MS (m/z):
MH"=306.0, Re=0.75




0 102321To a solution of (E)-methyl 6-(2-fluoro-5-(prop-1-enyl)phenyl)-
picolinate (1.0 equiv.) in MeOH (0.04 M was 10% Pd/C (0.5 equiv.) and the
reaction was placed under an atnosphere of hydrogen and left stirring
over ni ght wdbmaomniettsure was filtered over a pad of Celi perTapshovwabsd W th
MeOH. The filtrate was concentrated in vacuo to provide nethyl

6- (2-fl uoro-5-propyl phenyppicolinate as a light grey oil in 97%yvyiel d.
LM = 274.2 (MtH), Rt = 0.61 min. Synthesis of

6- ( 2- f | uoSenthesiy of iyt ptedibytyl i(8-@bitiperidiaiddyl)-2-dXoRdxdbiitdenzo[8[Dxakslen Of
met hyl 6§§;il ugrOIS propyl phenyl ) pi colinate (1.0 equiv.) in THF was added
l'ithiumh t equiv.) and the reaction was stirred at room
tenperature for 1 hour. The THY solvent was renmoved in vacua and the
remai ni ng basi ¢ phase was a’l@)dl fied with concentrated HCl. The aqueous

| ayer was extracted with et+-tyl acetate (2x), the organic phase was dried
wth sodiumsulfate, fil el-ggrd concentrated to give

6- (2-f I uoro- 5- propyl phe picolinic acid in 35%yield. LCM = 260.2
(MHH), Rt = 0.36 mn. Bi4fod 8 Synt hesis of nethyl

642, 6-di fluoro-3-(trifluoy onﬁhhyl sul f onyl oxy) pheny1) - 5-fl uor opi col i nate
0 [0234] To a sol ution off?T =i hy 6- (2, 6-di fl uoro- 3- hydr oxyphenyl) - 5-
fluoropieolinate (1.0 eh.) in DCM (0. 2was added DI EA (2.0 equiv.) and
1,1,1- trifluoro-N-phenyl“N-(trifluoronethylsul fonyl)nethanesul f onam de
(1.5 equiv.). The reaction was allowed to stir overnight at room
tenperature. The sol ution was quenched with water, the organic phase was
dried with sodium sulfate, and concentrated. The crude material was
purified via |880]chriertobdioaphi(t/ottert-baiyl $w(3-hitepirdin-ded)-2oro-dad,7IYaxanes

o (2.6 ciel PR R Bl R RATE ARG RN BRETG BftiniBeditc) Mmar o

as the de€lil,@d M) edsiadded$0% RV @ €0.1 equiv.). IThe 8&ulying hixtuteGldyStimedilitdel (MFH), Rt

D

=1.08 m nt.hes f hyl . )
6- (2, 6- ci P BEIPGRISEToF § BouSy DHbeplig Masiemagd byfhmabon Ton et Viac e o
[ 0235] Met &ﬁﬂexﬁra%%nﬁéﬂr&dh&@dj 1éSsufOto PRl Ty 1-)- Rttty 503 LA 1am-4~y1)-2-
(t r|quoro th gulfon onyyphen )-5-fluoropicolinate (1.0 equiv.) to
yi el d met pEane )@¥1y robenzo[d]oxazole-3(2 carboxylaxe (87%), which was used mthe next step
2, 6-difl BirfHe m 0 icolinate as a
f:ol orl esswzt-)qi(lSlﬂ in >{S:9 /Oﬂ)}’;lﬁﬁ %Sﬁfé% %I;Ogﬁ R&I]ﬁ)gdki:\’? = 1.03 mn.

Synthesis of 3-methyl-3-oxocyclohex-1-envyltrifluoromethanesul fonate

[0112]  To a solution of 5-methylcyclohexane-1,3-dione (1.0 equiv.) in DCM
(0.5M) was added Na,COj3 (1.1 equiv.) and cooled to 0 °C. Added TH0 (1.0 equiv.) in
DCM (5.0 M) dropwise over 1 hr at 0°C under a nitrogen atmosphere. Upon addition, the
reaction was stirred for 1 hr at room temperature (dark red solution). The solution was
filtered and the filtrate was quenched by careful addition of saturated NaHCOj3 with
vigorous stirring until pH=7. The solution was transferred to a separatory funnel and the
layers were separated. The organic layer was washed with brine, dried with Na;SQ,
filtered, concentrated under vacuo and dried under high vacuum for 15 min to yield 5-

methyl-3-oxocyclohex-1-eny! trifivoromethanesuifonate as light yeilow cil in 78% yield.

w54



WD 2010/ 026124PCT/ EP2009/ 061205 Synt hesi s of

6- (2, 6-di fl uoro- 3-net hyl phenyl) -5-fluoropicolinic acid HO 0 [0236] To a
solution methyl 6-(2,6-difluoro-3-(trifluoromethyl sulfonyl oxy)

phenyl ) - 5- {lo4Ri@Rkee! i nate (1.0 equiv.) in dioxane and p@iEsodoldizés 0. 15 M
was added nmethyl boronic acid (3.0 equiv.) and potassium carbonate (3.0
equiv.). The reaction was degassed with nitrogen for 10 m n, then Pd(PPh3)4
(0.1 equiv.) was added to the solution and heated to 100 C for 3 hours.

LC/ M5 of tm:thﬁaehb&ﬂl Ees}#bﬁ stBﬁigE‘End S R CinRdRkdy ERMeaicki ON to the
carboxylic acid Ero uct Cool ed to roomtenperature and added

wat er and mgedtign. @@YI&T'59 HHS. k@éﬂﬂ&%wgbl)éﬁtpa(?&@@@ LGr384midus phase
di f t t t hyl
hootare | TRENMR (o VHERBEN Sehelleiod @, . ZhoRICIANZ 35 B BspRaE Y

concent ratkﬂ&ﬁnﬁ@;leaﬁdﬂﬂm (o, 9H),3:16 (dd, J=16.4,11.7, 1H), 1.16 (d, J—5 9 3H).

(2, 6-difl uoro- 3- net hyl phenyl) S-fluoropicolinic acid as a clear oil in 97%
yi el d. LC $dthesid 685-inefivi-B yxabore D

6- (2, 6-di fl uoro- 3- net hyl phenyl) pi coli nate 0 [0237] To a sol ut| on of nethyl
6-(2,6-difluoro-3-(trifluoronethyl sul fonyl oxy)- phenyl)picolinate (1.0
equiv.) in toluene was added Rd¢dppdO C12-DCM (0.1 equiv.) followed by
dinmethyl zinc (3 .0 equiv.). T pl ution turned fromorange to bright
yellow. The reaction was heated {0 80C for 2 hours at which time, LC M
anal ysi s indicated conplete convgrsion to product. The reaction was cool ed
to roomtenperature, diluted wiQh ¢t hyl acetate and washed with brine. The
organic layer was dried with {ajugnesium sul fate, filtered, and.
concentrated. in V (IMOto provid met hyl 6-(2, 6-difinoro-

STt ) Py Ll 138 Reg Pk ok B L v Y1 el 0. LG -

6- (2, 6-di f&lﬂ%x@nﬁthaﬁésblﬂ)rﬁ&e(ﬂyi e)qaivgqh uegamarawiane (007 W&B&dﬁ@da sol ution of
met hyl 6-(2, 6-difluoro-3-nmeth 5% |coI|nat Pg%i UIVIM)'(QII’] THF was

added sodi mﬁﬁpwgeﬂlmd&@rqnl@ Oé‘amv PI‘?&“‘V PRASLCM @3+ or
hours. The.@fl JUITHE Reabfish Whd hthed 18d *C ﬁﬁ hyh (R&EA ﬁéaﬁngaam\g@sgméirewshn 1N NaCH

(2x). The conbi ned basi c agueous washes were conbined and acidified with

concent r at exgthemic formatien piancoranpsdonms op tepd theesolusion.theheatingbath shauld/be acet at e
(2x), the g gt? cﬂﬁn‘?il %tnja@ﬁs( %r?ea é&‘) éé“b%@' 81‘% plnt TRERESH $enY), highe:

filtered, conce i n~vac

6-(2, 6- di fdddlbﬁ@e ﬂ)omimpérphmnﬂd)fmemdlthmugh aeoaclseefst glasstfinrel. STiei cdké was85%
yield. LM = 250.0 (MH), Rt =.0.76 m.n. Synthesi.s of .

6- (3- et hy f"fe%wafﬁmqa%élaﬁ'%ﬁw i fHtF pottionayag e e fH525% 5% o8t ut i on of
met hyl  6- (RrtRerGutitickdion: 15C/MS + 1 5510 QuWEl dTWbortcf sty ’v<y0.41 min, LC = 1.37

min.

Synthesis of 5-methyl-3-(3-nitropyridin-4-yl)cyclohex-2-enone

NO;

-~

N
[0114] To a solution of 5-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylcyclohex-2-enone (1.0 equiv.) in degassed dioxane (0.5 M) and 2M Na,CO; (2 equiv.)
was added 4-chloro-3-nitropyridine (1.3 equiv.} and Pd(dppf)Cl>-DCM (0.05 equiv.).
The reaction was placed under a reflux condenser and heated in an cil bath to 110°C for 1

h. Cooled to room temperature, filtered through a pad of Celite, washed the pad with



phenyl)picolinate (1.0 equiv.) in toluene (0.15 M was added
Pd(dppf)C12-DCM (0.1 equiv.) followed by diethyl zinc (3 .0 equiv.). The
solution turned fromorange to bright yellow The reaction was heated to 70
C for 2 houosoiab2eads ch tine, LC/ MS anal ysis indicated acwiErtogsesieds 1: 3: 1
rati o of hydrol yzed product, desired product and unknown by-product. The
reaction was cooled to roomtenperature, diluted with ethyl acetate and
washed with 1IN NaOH (2x). The organic |ayer was dried over nagnesium

sul fate, tihylaeetat andochoemiaaithe filtete e vt The fRsie Wes farthérgomped | . The
oil was redjsgsolved in THF and treated with |IN NaOH for one hour. The

reaction TRIerY, £ ROsRfor foreng hipurde gmave barpgatghypsedugistMHERNT NaoH (2x) .
The basi ¢ 1984 HBEmYESE ﬁfé%&h“e%as%ﬁﬁﬂbﬁéd%iwﬁéehQnﬁ@&ﬁ?&lﬁﬂ%&&ﬂe Had and

extracted with ethyl acetate (3x). The org ni c phase was dried wth

nmagnesi unthglayees;were sgparagede the aamus:nbﬁé@ww eF gxfrasted wish p@ykﬁcetatedéx),

yiora: LOparisg Yol GREaR et g gyt niflc et ghd Sllecdfiggf i, 17 =0

honogeneocsds whapirified ofa mnwgebmmngWGadln@mmm and eb.umgl withi@8d0%nd EDC

i n DV, aly 8 GOl Qt(;,aenéﬁatlon,lgl 5fac 1S left stan |n q ﬁ hour s at

whi ch tine ?7\/aat eéxtaﬂ?ﬁ c?é)fl%ﬁé e eV a eyt rgam 8}'5: &% was dried

Wi t h sodi otangadif. eThe oilneksplaced uedtr High v&d:duhﬁ@-SG@hﬂdt@lWiﬂTseﬁ&é@ﬂBl& ogr aphy

eluting with ethyl acetate and hexaneé to _give the desired, protected am de
i

product . Ayeruightdp vield an arpngesplidieTheslid wam fusthes puridiedyia thfwration|iyy purified by
HPLC.  UpORexa&3RB el Sitriey1- 3&%&6@%&% y1yclbhék- @Jéﬂ&ﬁqwd Z%EEtpﬁbe product was

obtai ned. Alternativel fractlons cou be added to Et OAc and

sol i d Na2EERS 523324 )amfﬁégma,wfﬁ TQeain( :HaNMR (@BW@W%VH My SO4,
filteri d duct
uns. obt o P 2BFIRHITB 4S8 B2 I Yoad @, AP, oD @ SHECIAE SHRAE B 0 e

used for IH16.4085; bl 2158 2B4s(te 3H) 2.280(dd, h]Gﬂhth mﬂi);]fl@@it, I3, 3H) [ 0241]

If an N-Boc protected am ne was present, it was renoved by treating W th
excess 4Nyiftigsisaif oisdihb)-5-metlivl-3HBwnitsopyridinyd-viNe@tohexg2wnolh 25% TFA/ CH2C12 f or
2 hours. Upon renoval of the volatiles in vacuo, the material was purified
by RP HPLC yielding after |yophilization the am de product as the TFA salt.
Alternatively, the HPLC4.r WOHs coul d be added to Et0Ac and solid Na2CG3,
separated and washed with (sat) Upon drying over MgSO4, filtering and
renmovi ng the volatiles in Wacuo the free base was obtai ned. Upon di ssol ving
in MeCN H20, adding 1 eq. nd, HCl and |yophilizing, the HCL salt of the
am de product was obtai nefl. [0242] |f an N-Bocl, 2 am no al cohol
cyclic carbamate was presexjs prior to Boc deprotection the cyclic
carbamate coul d be cleaved by treating with Cs2CO8 (0.5 eq) in ethanol at a
concentration 1 tter . in
vacuo. the Bodtiiiino TEhubALE SRA 3.2k GhrRERY Gy cthe 2 cBbid (9

102431 | f eqpuv. NnBsOH (@QM};WWdﬂbCeCl@-ﬂHs@m 2 efuiiv Qr Th@reBamndmsrcodiled:td on, the

acetate g cl eayed b reati.n th equiv.) in

et hanol @W%B%b%ﬁkﬁgﬂ‘ﬁvg a%i fLi/F ?‘% #H&F%Fzr??at% %éh‘?i‘l I f an

N-pht hal i queaalegrbgtaadm%sva&& edfdintrafed & RMOVEHIEIOHERIRE BRY ¢l eRivaciddané i Ng Wi th
hydr azi ne i n MeOH at B5C for three hours. Upon cooling and filtering of f

t he whi teOrg'P'éﬁﬁ’ prethed avithisiocs then driadovifieNa8OndHisradzand qospsarped iomidd by RP
L TR LR o O g st ST LS TR S 52,

THF, met hhﬁe#Z.Q?lmih 1) at roomtenperature for 12 h. After renoval of

vol atiles in vacuo, the Boc am no group was deprotected as described above.
Al ternatively, the TBDVS et her and Boc group could be both deprotected with
6N HC1l, TI-1F, methanol (21:2:1) if left at rt for 24 hours, or heated at 60
C for 3 hours. [0246] If a Owe group was present, it was deprotected
by treating with 1 MBBr3 in DCM (2.0 equiv.) for 24 hours. Water was added
dropwi se and the volatiles were renoved in vacuo. The material was purified
via reverse phase HPLC as described above. [0247] If a OBn group was
present, it was deprotected by treatnent with 10% Pd/ C (0.2 equiv.) under
an at nosphere of hydrogen in ethyl acetate and nethanol (1:2). Upon
conpletion, the reaction was filtered through Celite, washed w th nethanol
and the filtrate was concentrated in vacuo. Synthesis of

(+/-)-3-am no- N (4-(3-am no- 4- hydr oxyfcl ohex- 1- envf| pyridi n-3-yl) - 6-

(2, 6-difluorophenyl)pi canam de [0248]Follow ng Method 9, (+/-)-tert-butyl
3-(3-am nopyridin-4-yl)-6-(tert-

butyl di net hyl si | yl oxy) cycl ohex-2-enyl carbanat e and

3 anlno 6 (2 6 d|fluoropheny1) picolinic acid were coupl ed and deprotected

~ e




Chem cal Nane 1 HM4O0Chlral F N1 o 442.2 0.75 6-(2, 6-difluorophenyl)-5-
fluoro-N-(4-((1R 3S,5S)-3- hydroxy-5- nethyl oycl ohexyl) pyri di n- 3-
yl)picolinamde 2 Chiral HH C NHso F F 11... 474.3 0.52

N- (4- ((3R @ Hfajo26r2a&n no- 4- hydr oxy- 5- et hyl pi peri di n- lpcT/EP2009/061205
yl)pyridin-3-yl)-6-(2,6- difluoro-4-hydroxyphenyl)-5- fluoropicolinam de
WO 2010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure LCIMS (MtH on UPCL)
LC M5 (Rf on UPCL) Chem cal Nane

Synthesis of 4- i i i idine

[0116] To a solution of 5-methyl-3-(3-nitropyridin-4-yh)cyclohex-2-enol (1.0
equiv.) in DMF (0.5 M) was added imidazole (4.0 equiv.) and TBDMSCI (2.5 equiv.).
After stirring for 18 hours the solution was portioned between EtOAc and H,O and
scparated. After washing further with HO (3x) and NaClsar), drying over MgSOy,
filtering and removal of solvents, 4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclohex-1-
enyl)-3-nitropyridine was obtained (85%). LC/MS = 349.2 (M+H), L.C = 5.99 min.

1din-3-amine

Synthesis of 4-(3-(tert-butyldimethylsilyloxy)-5-methyicyclohex-1-enyl

[0117] A heterogeneous solution of 4-(3-(tert-butyldimethylsilyloxy)-5-
methylcyclohex-1-enyl)-3-nitropyridine (1.0 eq.) and iron (6.0 eq) in acetic acid, at a
concentration of 0.4 M, was stirred vigorously for 2 hours. The mixture was then passed
through a celite pad, eluting with MeOH. Upon removal of the volatiles in vacuo, the
residue was dissolved in EtOAc, washed with NayCO3 (sa1), NaCliser), was dried over
MgSO,, was filtered and the volatiles were removed in vacuo yielding 4-(3-(tert-
butyldimethylsilyloxy)-5-methylcyclohex-1-enyl)pyridin-3-amine (78%). LCMS (m/z):
319.3 (MH"); LC R; = 3.77 min.



. 3Grd OH1O H,”" NH2 F NErl NONH2 F 473.3 0.55
3-am no-N(4- ((3R, 4R, 5S5) - 3- am no- 4- hydr oxy- 5-
met hyl pi peri di n-1-yl)pyridin3-yl)-6-(2,6-difluorophenyl)-5-
f I uor opi covonafodaz4 ' HChiral Hb 4 F 473.3 0.52 N (44(pH/edRcdfos 25 - 3-
am no- 4- hydr oxy-5- nethyl cycl o hexyl)pyrid in-3- yl1)-6-(2,6-difluoro-4-
hydr oxyphenyl) -5- fluoropicolinamde 5 OHto OH crtirai H C ,? H 455.3 0.65
N(4-((21 R 3R, 4R 5S) - 3- amlno 4- hydroxy 5-
th

[0118] To a solution of 4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclohex-1-
enyl)-3-nitropyridine (1.0 equiv.) in methanol, at a concentration of 0.1 M, was added
10% palladium on carbon (0.1 eq.). The resultant heterogeneous solution was put under
an atmosphere of hydrogen and was stirred for 15 hours. At this time the mixture was
filtered through a pad of celite eluting with methanol. The volatiles were removed in
vacuo yielding 4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-amine
(90%). LCMS (m/z): 321.3 (MH"); LC R; = 3.85 min.

Synthesis of cis (+/-) benzyl 4-3-(tert-butyldimethylsilyloxy)-5-methvlcyclohexyl
pyridin-3-ylcarbamate

"v..O,\\OTBDMS

NHCbz

ZQ

[0119]  To a solution of cis-(+/-)-4-(3-(tert-butyldimethylsilyloxy)-5-
methylcyclohexyl)pyridin-3-amine in dichloromethane at a concentration of 0.5 M was
added benzyl 2,5-dioxopyrrolidin-1-yl carbonate (1.1 equiv.) and DMAP (0.05 equiv.).
After stirring for 16 hours at rt, additional benzyl 2,5-dioxopyrrolidin-1-yl carbonate
(0.55 equiv.) and DMAP (0.03 equiv.) were added. After stirring for an additional 24
hours at rt, additional benzyl 2,5-dioxopyrrolidin-1-yl carbonate (0.1 equiv.) and DMAP
(0.03 equiv.) were added. After stirring for 18 more hours the solution was partitioned
between EtOAc and Na;COjsar) and separated. Upon further washing with NayCO3sar)
(2x) and NaClg ) drying over MgSOy, filtering and removal of solvents, cis (+/-) benzyl

EE.
e



met hyl cycl ohexyl ) pyridi n-3- y1)-5-fluoro-6-(2-fluoro-5-

hydr oxyphenyl )pi colinamde 6 "HChiral # "1zN6'g . N 407.2 0.52

N (4-((1R,3S)-3- aminocycl ohexyl)pyridin-3- yl)-6-(2-fl uoro-4-

hydr oxyphegy 206k nam de 7 HO tiocram H2ZN , N 407. 2 GcadkmbdoAsi20slR 3S) - 3-
am nocycl ohexyl ) pyridi n-3-" y1)-6-(2-fluoro-5- hydroxyphenyl)picolinam de 8
OHM nd H2ZN* F H N, 425.2 0.54

4-3-(tert-butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-ylcarbamate was
obtained. The crude material was used asis. LC/MS =455.3 (M+H), LC =4.39 min.

idin-3-ylcarbamate

[0120] A solution of cis (+/-) benzyl 4-3~(tert-butyldimethylsilyloxy)-5-
methylcyclohexyl)pyridin-3-ylcarbamate in 1:2:1 6N HCI/THF/MeOH at a concentration
of 0.1 M was stirred at rt for 6 hours. The pH was than adjusted to pH=7 by addition of
6N NaOH and the volatiles were removed in vacuo. The aqueous layer was extracted
with EtOAc and the organic was washed with NaCl g, dried over MgSQ,, filtered and
upon removal of the volatiles in vacuo, cis-(+/-)benzyl 4-(3-hydroxy-5-
methylcyclohexyl)pyridin-3-ylcarbamate was obtained. The crude material was used as
is. LC/MS = 341.2 (M+H), LC =2.38 min.

[0121] Toa 0 °C solution of cis-(+/-)-benzyl 4-(3-hydroxy-5-methyl-

cyclohexyl)pyridin-3-ylcarbamate in wet CH,Cl; at a concentration of 0.16 M was added
Dess-Martin Periodinane (1.5 equiv.) and the solution was stirred for 18 hours as it
warmed to rt. The solution was partitioned between EtOAc and 1:1 10%
NazS,03/NaHCO3sar ) and separated. Upon further washing with 1:1 10%
Na,8;03/NaHCOj5t) (2x) and NaCligay, drying over MgSOy, filtering, removal of
solvents and purification by silica gel chromatography (75-100% EtCAc/hexanes), cis-

56



N-(4-01 R, 3S)-3- am nocycl ohexyl )pyridin-3- yl1)-6-(2,6-difluoro-4-

hydr oxyphenyl ) pi col inam de 9 . 11Chiral H2N10O 425.2 0.53 N (4-((1R 3S)- 3-
am nocycl ohexyl ) pyridi n-3- yl)-5-fluoro-6-(2-fluoro-4.

hydr oxyphewpl2ppiocaaki nam de WO 2010/ 026124PCT/ EP2009/ 061 a0tp2609m6mbE NO.
Structure LG M5 (MtH on UPCL) LG/ M5 (RI on UPCL) Chem cal Nane 10 HCt dr al
NH, 10 F 111 453.3 0.58 N-(4-((1R 5R)-5-am no-3, 3-

di et hyl cycl ohexyu yridin-3- yl)-5-fluoro-6-(2-fluoro-4-

hydr oxy phéhy}-basiex —FananﬁhmleS-m&ocyczgh@:prmm@ +yl¢deimate Wasobtained as a white

solid (53%, 5 steps). LC/MS = 339.2 (M+H).

[0122] A solution of cis-(+/-)-benzyl-4-(3-methyl-5-oxocyclohexyl)pyridin-3-
ylcarbamate (1.0 equiv) and benzylamine (3.0 equiv) in MeOH, at a concentration of 0.25
M, was stirred at rt for 2 hours. Upon cooling in a -78 °C bath, LiBH, (1.1 equiv, 2.0 M
in THF) was added and the solution was allowed to warm to rt with stirring over 16
hours. The solution was partitioned between EtOAc and NaHCOssy), separated, washed
further with NaHCOj(sst) and NaClysa), dried over MgSOs,, filtered and after removal of
volatiles in vacuo, cis-(+/-)- benzyl 4-(-3-(benzylamino)-5-methylcyclohexyl)pyridin-3-
ylcarbamate was obtained as a 4:1 mixture of isomers, with the all cis as predominant
LC/MS = 430.3‘(M+H), LC = 0.62 min,

[0123] To a solution of cis-(+/-)- benzyl 4-(-3-(benzylamino)-5-

methylcyclohexyl)pyridin-3-ylcarbamate was (1.0 equiv.) in methanol, at a concentration
of 0.07 M, was added 20% palladium hydroxide on carbon (0.2 eq.). The resultant
heierogeneous solution was put under an aimosphere of hydrogen and was stirred for 14

hours. At this time the reaction was purged with Ar, Boc,G (1.0 equiv.) was added and



NF 111 O 469.2 0.7 N (44(1R 5R)-5-am no- 3, 3- di net hyl cycl ohexyl )pyrid in-3-
yl)-6-(2,6-difluoro-3- nethyl phenyl)-5- fluoropicolinamde 12 H cmchiral
NH M F ,N 1+1 451.1 0.69 N (44(1R 5R)-5-am no-3, 3-

di met hyl cygbQbfnogshpyrid in-3- yl1)-6-(2,6-difluoro-3- pcr/EP2009/061205

met hyl phenyl ) pi col i nam de 13 OHAka CH, Chlral M12IWF HN N'... o 454.2 0.58
N-(4-((3R 4R, 5S) - 3-am no-4- hydroxy-5-net hyl pi peri di n- 1-
yl)pyridin-3-yl)-6-(2,6- difluoro-3- nethyl phenyl)picolinam de 14,

the solution was stirred for 8 hours. Additional Boc,O (1.0 equiv.) was added and the
solution was stirred for 16 more hours. At this time the mixture was filtered through a
pad of celite eluting with methanol. Upon removal of volatiles in vacuo, purification by
silica gel chromatography (2.5-2.5 MeOH/CH,Cl, with 0.1% DIEA) and recrystallization
from 10% EtOAc/hexanes yielded cis (+/-)-tert-butyl (-3-(3-aminopyridin-4-yl)-5-
methylcyclohexyléarbamate (49%). LCMS (m/z): 306.3 (MH"), LC R;=2.59 min . Pure

enantiomers could be obtained by chiral chromatography.

[0124] To asolution of (+/-)-5-methyl-3-(3-nitropyridin-4-yl)cyclohex-2-enol
(1.0 equiv.) in dioxane (0.1M) was added p-TSA (1.0 equiv.), and the reaction was stirred
at 100 °C for 3 h. The solution was cooled to room temperature, then passed through a
pad of neutral alumina eluting with EtOAc to yield (+/-)-4-(5-methylcyclohexa-1,3-
dienyl)-3-nitropyridine as a yellow oil in 68% yield. LC/MS =217.1 (M+H), LC = 3.908

min.

Deyclohex-3-enol

[0125]  To a solution of (+/-)-4-(5-methylcyclohexa-1,3-dienyl)-3-nitropyridine
(1.0 equiv.) in DCM (0.1 FA) at 0 °C was added m-CPBA (1.1 equiv.) and the reaction

wag allowed tc warm (6 room temperature. After 3 hours, the mixture was quenched with

Gl



PFChi r al S NH IFCFiHNCX N O 445.2 0.62

N-(4-((1R, 3S)-3- am nocycl ohexyl)pyridin-3-. yl)-5-fluoro-6-(2, 3, 5-
trifluorophenyl)picolinamde 15 Chial OH I pCH3 H C 1.12 F "F N O 467.5 0. 63

N (44( 1R, 3Ro4Ro@8128- .am no- 4- hydr oxy-5- met hyl cycl ohexp¢apprbodlobrds
y1l)-643-ethyl -2,6- difluorophenyl)picolinamde 16 0 4 428.2 0.63
N-(4-((3R 4R, 56)-3-ami no-4- hydroxy-5-nethyl pi peridin-1-

yl ) pyridin-3-yl)-6-cycl ohexyl- 5-fluoropicolinamde WO

2010/ 0261 3REdERIINY, ©6i8 withdd@MNand the organic phase was dried with sodium

sulfate, filtered, and concentrated to give a yellow oil. The crude was dissolved in
ethanol and water (3:1, 0.1 M), and sodium azide (2.0 equiv.) and ammonium chloride
(2.0 equiv.) were added. The reaction was stirred for 4 hours, then concentrated in vacuo.
To the crude was added ethyl acetate and water, the organic phase was washed with
brine, dried with sodium sulfate, filtered, and concentrated. The crude material was
purified via silica gel column chromatography eluting with ethyl acetate and hexanes
(1:1) to afford (+/-)-2-azido-6-methyl-4-(3-nitropyridin-4-yl)cyclohex-3-enol as an oil in
49% yield. LC/MS =276.1 (M+H), Rt = 0,71 min.

Synthesis of tert-butyl (-+/-)-6-hydroxy-5-methyl-3-(3-nitropyridin-4-vl)cyclohex-2-
enylcarbamate

OH

~NHBoc

[0126] To a solution of (+/-)-2-azido-6-methyl-4-(3-nitropyridin-4-
yl)cyclohex-3-enol (1.0 equiv.) in pyridine and ammonium hydroxide (8:1, 0.08 M) was
added trimethylphosphine (3.0 equiv.) and the brown solution was stirred at room
temperature for 2 hours. Ethanol was added to the mixture and the solution was
concentrated under vacuo (2x). The crude mixture was then dissolved in dioxane and sat.
NaHCO; (1:1, 0.08 M) and Boc;0 (1.0 equiv.) was added. The solution was stirred at
room temperature for 2 hours, then partitioned between ethyl acetate and water. The
organic phase was dried with magnesium sulfate, filtered, and concentrated in vacuo.
'The crude product was purified via silica gel column chromatography eluting with ethyl
acetate and hexanes (1:1) to afford tert-butyl (+/-)-6-hydroxy-5-methyl-3-(3-nitropyridin-
4-yhcyclohex-2-enylcarbamate in 69% yield. LC/MS = 350.1 (M+H), Rt = 0.76 min.



Structure LG M5 (MtH on UPCL) LC/ M5 (Rf on UPCL) Chem cal Nane 17 ChM

PHati3 H C4-H2'gib."F F N 14 .."..N? lo 467.3 0.64 N (4-((1R 3R 4S,5S)- 3-
am no- 4- hydr oxy-5- net hyl cycl ohexyl ) pyridin-3- yl1)-6-(3-ethyl-2, 6-
di f | uor ophgiyo)om262k i nam de 18 Chiral ONIi pH3 rA .. .. , Bd1ZEM200bfos 1051 1. .

453.2 0.66 N-(4-((1R 3R 4S)-3-arnino-4- hydroxycycl ohexyl) pyri din-3-
y1l)-6-(3-ethyl-2,6- difluorophenyl)picolinanm de 19

cvclohex-3-enyl methanesulfonate

OMs

[0127]  To a solution of tert-butyl (+/-)-6-hydroxy-5-methyl-3-(3-nitropyridin-
4-yl)cyclohex-2-enylcarbamate (1.0 equiv.) in DCM (0.09 M) was added triethyl amine
(1.5 equiv.). The reaction mixture was cooled to 0 °C and MsCl (1.2 equiv.) was added to
the reaction and stirred for 3 hours. To the solution was added water, the organic phase
was dried with sodium sulfate, filtered, and concentrated. The crude material was
purified via silica gel column chromatography eluting with ethyl acetate and hexanes
(1:1) to give (+/-)-2-(tert-butoxycarbonylamino)-6-methyl-4-(3-nitropyridin-4-
yDcyclohex-3-enyl methanesulfonate as a white foam in 65% yield. LC/MS = 428.2
(M+H), Rt = 0.88 min.

-2-0X0-3a.6.7.7a-

‘ - Q

Xy NO2

~

[0128] A solution of (+/-)-2-(tert-butoxycarbonylamino)-6-methyl-4-(3-
nitropyridin-4-yl)cyclohex-3-enyl methanesulfonate (1.0 equiv.) in pyridine (0.2 M) ina
microwave vessel was heated to 110 °C for 10 min. The orange solution was then
concentrated to dryness and worked up by partitioning between ethyl acetate and water.
The organic phase was dried with sodium sulfate, {iltered and concentrated. The crude
meaterial was dissolved in DCM (0.2 M) and tristhyl amire (1.8 equiv.) was added to the

reaction, followed by Boe, (1.2.eqiv.). After stirring at room temperature for 40 min,



Chiral HNACEI F F N 437.2 0.67 N-(4-((1R 3S)-3- am nocycl ohexyl ) pyri di n- 3-
yl)-6-(3-ethyl-2,6- difluorophenyl)picolinamde 20 *I CH3Chdral FO
F41125.-P.F F NI 0 441.2 0.64 N (4-((1R 3S)-3- am nocycl ohexyl) pyridi n-3-
yl)-6-(2, Gvaledibemnz+ 3- net hyl phenyl ) -5- fl uoropi col i nawrctgp2ibeedizesei i H,
HC,,, N211i 11, F ,FHNN1

the reaction was concentrated in vacuo and purified via silica gel column chromatography
eluting with ethyl acetate and hexanes (1:1) to give (+/-)-tert-butyl 7-methyl-5-(3-
nitropyridin-4-yl)-2-oxo-3a,6,7,7a-tetrahydrobenzo[d]oxazole-3(2H)-carboxylate as a
white foam in 66% yield. LC/MS = 376.0 (M+H), Rt = 0.87 min.

[0129]  To a solution of (+/-)-tert-butyl 7-methyl-5-(3-nitropyridin-4-yl)-2-oxo-
3a,6,7,Ta-tetrahydrobenzo[d]oxazole-3(2H)-carboxylate (1.0 equiv.) in MeOH and ethyi
acetate (1:1, 0.07 M) was added 10% Pd/C (0.1 equiv.) and the reaction was stirred at
room temperature under an atmosphere of hydrogen. Upon completion of the reaction,
the solution was filtered through a pad of Celite, washed with MeOH and ethyl acetate,
the filtrate was concentrated to dryness under vacuo to give (+/-)-tert-butyl 5-(3-
aminopyridin-4-yl)-7-methyl-2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate as a
mixture of diastereomers in >99% yield. LC/MS = 348.2 (M+H), Rt = 0.50 min.

Synthesis of (+/-)-6-bromo-5-methyl-3-(3-nitro

f[0130] To a solution of 4-(5-methylcyclohexa-1,3-dienyl)-3-nitropyridine (1.0
equiv.) in THF and water (1:1, 0.13 M) was added NBS (1.5 equiv.) and the reaction was

stirred at room temperature for 30 min. Upon completion, ethyl acetate and water were

G4



451.2 0.7 N(4-((1R 3S,5S)-3-arnino-5- nethyl cycl ohexy) pyri di n-3-

yl)-6-(3-ethyl-2,6- difluorophenyl)picolinamde 22 OHs CH3Ch 2-CHF NIF o

472.3 0.59 N (4-((3R 4R, 5S) - 3-am no-4- hydroxy-5-net hyl pi peri di n-1-

yl) pyri di nw@2¢igye26r242, 6- di fl uoro- 3-net hyl phenyl) -5- flrpooRi®msizsan de 23

Chiral OH1110 H2ZNHP N H N?.. | 0 422.3 0.53 N (4-((3R, 4R, 5S)- 3-am no- 4-

hydr oxy- 5- net hyl pi peridin-1 - yl)pyridin-3-yl)-6-(2-

fl uorophenyl ) pi col i nam de WD 2010/ 026124PCT/ EP2009/ 061205 Exanpl e No.
added to the reaction, the organic phase was dried with brine, then sodium sulfate,

filtered, and concentrated. The crude material was purified via silica gel column
chromatography eluting with ethyl acetate and hexanes (1:1) to give (+/-)-6-bromo-5-
methyl-3-(3-nitropyridin-4-yl)cyclohex-2-enol as a yellow oil in 80% yield. LC/MS =
315.0/313.0 (M+H), LC =2.966 min,

Svynthesis of (+/-)-2-azido-6-methyl-4-(3-ni idin-4-yl)cyclohex-3-enol

[0131]  To a solution of (+/-)-6-bromo-5-methyl-3-(3-nitropyridin-4-
yl)cyclohex-2-enol (1.0 equiv.) in THF (0.1 M) was added potassium tert-butoxide (1.5
equiv.). The reaction turhed from orange to black almost immediately. By TLC, the
formation of product is clean in 30 min. Quenched by adding saturated ammonium
chloride and ethyl acetate. The organic phase was dried with brine, then sodium sulfate,
filtered, and concentrated. The crude product was dissolved in ethanol and water (3:1,

0.1 M), and ammonium chloride (2.0 equiv) and sodium azide (2.0 equiv.) were added.
The dark orange reaction was stirred at room temperature overnight. The conversion to
product is clean as indicated by LC/MS. The reaction was concentrated to remove the
ethanol, ethyl acetate and water were added, and the organic phase was dried with sodium
sulfate, filtered, and concentrated. The crude material was purified via silica gel column
chromatography eluting with ethyl acetate and hexanes (1:1) to give (+/-)-2-azido-6-
methyl-4-(3-nitropyridin-4-yl)cyclohex-3-enol in 55% yield. LC/MS =276.0 (M+H), LC
= 2,803 min.



Structure LG M5 (N1+1-1 on UPCL) LC M5 (Rf on UPCL) Chem cal Nanme 24 Chiral
OH=cO0,N14-.... 458.3 0.51 N (4-((3R 4R 5S)-3-am no- 4-

hydr oxy- 5- met hyl pi peridin-1- yl)pyridin-3-y1l)-6-(2,6- difluorophenyl)-3-

f1 uor opi covo paoIE2425 chiral OHi 011, 14-Hp N H N | O 440c3EP2004061205

N (4-((3R 4R, 5S) - 3- am no- 4- hydr oxy- 5-net hyl pi peri di n- 1-

yl ) pyridin-3-yl)-5-fluoro-6-(2- fluorophenyppicolinamde 26 Chiral OH - HP

enylcarbamate

[0132]  To a solution of (+/-)-2-azido-6-methyl-4-(3-nitropyridin-4-
yl)cyclohex-3-enol (1.0 equiv.) in pyridine and ammonium hydroxide (8:1, 0.08 M) was
added trimethylphosphine (3.0 equiv.) and the brown solution was stirred at room
temperature for 2 h. Upon completion, EtOH was added and the solution was
concentrated in vacuo. More ethanol was added and the reaction was concentrated again.
Dioxane and sat. NaHCOj3 (1:1, 0.08 M) were added to the crude, followed by Boc,O
(1.0 equiv.). Stirred the reaction mixture at room temperature for 2h, then added water
and ethyl acetate. The organic phase was dried with MgSOy, and concentrated. The
crude product was purified via silica gel column chromatography eluting with ethyl
acetate and hexanes (1:1) to afford (+/-)-tert-buty! 6-hydroxy-5-methyl-3-(3-nitropyridin-
4-yl)cyclohex-2-enylcarbamate (59%). LC/MS = 350.1 (M+H), Rt: 0.76 min.

-6-methyl-4-(3-nitropyridin-4-

yDcyelohex-3-enyl acetate

[0133]  To a solution of (+/-)-tert-butyl 6-hydroxy-5-methyl-3-(3-nitropyridin-
4-yl)cyclohex-2-enylcarbamate (1.0 equiv.) in pyridine (0.1 M) was added Ac,0 (2.0
equiv.) and the reaction was stirred at room temperature overnight. Upon completion, the

reaction was concentrated to dryness, then worked-up with ethyl acetate and water. The

66~



1o 440.2 0.53 N (44(3R 4R 5S)-3-am no-4- hydroxy-5-net hyl pi peridi n-1-
yl)pyridin-3-yl)-6-(2,6- difluorophenyl)picolinamde 27 cHa H2NO,,,,, F F
| o0 455.3 0.66 N(4-((1R, 35,5S)-3-am no-5- nethyl cycl ohexyl) pyri di n- 3-
y1)-6-(2, 6weihigRERs 3- net hyl phenyl)-5- fl uoropi col i nangcdgepdosnk2e4 t ehr al
N 423.2 0.61 N (4-((1R 3S)-3- am nocycl ohexyl) pyridin-3-.
yl)-6-(2,6-difluoro-3- nethyl phenyl)picolinamde 29 CH Ctdral H3Ce,2W F N
437. 2

organic phase was dried with brine, then sodium sulfate, filtered, and concentrated to give

(+/-)-2-(tert-butoxycarbonylamino)-6-methyl-4-(3-nitropyridin-4-yl)cyclohex-3-enyl
acetate in 94% yield. LC/MS = 392.2 (M+H), Rt = 0.94 min.

[0134] To a degassed solution of (+/-)-2-(tert-butoxycarbonylamino)-6-
methyl-4-(3-nitropyridin-4-yl)cyclohex-3-enyl acetate (1.0 equiv.) in MeOH and EtOAc
(1:1, 0.1 M) was added 10% Pd/C (0.1 equiv.) and the reaction was stirred at room
temperature under a hydrogen balloon for 3 days. Upon completion, the solution was
filtered through a pad of Celite, the pad was washed with ethyl acetate and the filtrate was
concentrated. The crude material contained about 10% of the undesired isomer. The
crude was dissolved in ethyl acetate (~20%) and hexanes and heated until all dissolved.
The solution was allowed to sit at room temperature for 2 days. The precipitate was then
collected to give (+/-)-4-(3-aminopyridin-4-yl)-2-(tert-butoxycarbonylamino)-6-
methylcyclohexyl acetate as the pure product in 59% yield. LC/MS =364.3 (M+H), Rt =
0.63 min.



0.64 N-(44(1R 3S,5S)-3-arnino-5- nethyl cycl ohexyl) pyri di n- 3-

y1l)-6-(2, 6-difluoro-3- nethyl phenyl)picolinam de 30 OHri kkChi plirai
H3C,,2lir F N 453.2 0.59 N (4-((1R 3R 4R 5S)-3- am no-4-hydroxy- 5-

met hyl cyclwaesplo)qys i di n-3- y1)-6-(2, 6-difluoro-3- PCT/EP2009/061205

met hyl phenyl ) pi col i nam de WO 2010/ 026124PCT/ EP2009/ 061205 Exanpl e No.
Structure LOMS (MtH on UPCL) LC M5 (Ri on UPCL) Chem cal Nanme 31 H3 4 OHai
CH Chirm - Opr Nfo 453b2 0.6 N-(l4 ((1R 3R AlfS 5S).- 3- %m2014 h%drgxy 5-

met hyl cyc P& -9A taxygarbg BN0)-Q- 3chitsopyridin-4-yl)cyclohex-3-
met hy| pheeail)uwtmkg ulfgfgle 32
OMs
~»NHBoc
X NO2
P
N

[0135] To a solution of tert-butyl 6-hydroxy-5-methyl-3-(3-nitropyridin-4-
yl)cyclohex-2-enylcarbamate (1.0 equiv.) in DCM (0.09 M) was added triethylamine (1.5
equiv.) and the reaction was cooled to 0 °C. MsCl (1.2 equiv.) was added to the reaction
and stirred for 3 h. Another 1.0 equiv. of MsCl was added to the reaction and stirred for
another 2 h. Worked up the reaction by adding water, the organic phase was dried with
brine, sodium sulfate, and concentrated. The crude product was purified via silica gel
column chromatography eluting with ethyl acetate and hexanes (1:1) to afford 2-(tert-
butoxycarbonylamino)-6-methyl-4-(3-nitropyridin-4-yl)cyclohex-3-enyl
methanesulfonate as a white foam in 65% yield. LC/MS = 428.2 (M+H), LC: 3.542 min.

Synthesis of (+/-)-tert-butyl 7-methyl-5-(3-nitropyridin-4-y1)-2-0x0-3a.6,7.7a-

tetrahydrobenzo[d]oxazole-3(2H)-carboxylate

NBoc

[0136] A solution of (+/-)-2-(tert-butoxycarbonylamino)-6-methyl-4-(3-
nitropyridin-4-yl)cyclohex-3-enyl methanesulfonate (1.0 equiv.) in pyridine (0.2 M) was
heated in the microwave at 110 °C for 10 min. The orange reaction was then
concentrated under vacuo, the crude was dissolved in ethyl acetate and water, the organic

phase was dried with sodium sulfate and concentrated under vacuo. The crude material

G



HChiral 1110 H N - 443.2 0.55 N (4-((1R 3S)-3- am nocycl ohexyl ) pyri di n-3-
yl)-6-(2,6-difluoro-4- hydroxyphenyi)-5- fluoropicolinamde 33 H2ZN HO
QlChifal F No 425.2 0.53 N (4-((1R, 3S)-3- am nocycl ohexyl) pyri di n- 3-
yl)-5-11 uoge20m0dsird uor o- 5- hydr oxyphenyl ) pi col i nam de pg4/ep28d0)0612630i T al

425.2 0.52 N-(4-((1R 3S)-3- am nocycl ohexyl) pyridi n- 3-

yl)-3-fluoro-6-(2-fluoro-5- hydroxyphenyl)picolinam de 35.
was dissolved in DCM (0.2 M), triethylamine (1.8 equiv.) was added, followed by Boc,O
(1.2 equiv.). The reaction was stirred for 40 min, then concentrated to dryness. The
crude material was purified via silica gel column chromatography eluting with hexane
and ethyl acetate (1:1) to afford (+/-)-tert-butyl 7-methyl-5-(3-nitropyridin-4-yl)-2-oxo-
3a,6,7,7a-tetrahydrobenzo[d]oxazole-3 (2H)-carboxylate as a white foam in 66% yield.
LC/MS = 376.0 (M+H), LC: 3.424 min.

oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate

v

Boc

N NH2

[0137] To a degassed solution of (+/-)-tert-butyl 7-methyl-5-(3-nitropyridin-4-
yl)-2-0x0-3a,6,7, 7a-tetrahydrobenzo[d]oxazole-3(2H)-carboxylate (1.0 equiv.) in MeOH
and EtOAc (1:1, 0.1 M) was added 10% Pd/C (0.1 equiv.). The reaction was stirred
under a hydrogen balloon overnight. Upon completion, the solution was filtered through
a pad of Celite ;nd the pad was washed with ethyl acetate. The filtrate was concentrated
under vacuo to give (+/-)-tert-butyl 5-(3-aminopyridin-4-yl)-7-methyl-2-

oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate as the desired product as a yellow
foam in 93% yield. LC/MS = 348.1 (M+H), Rt = 055 min.




H2ZN HO .,Chiral CH, ir 1,1 421.1 0.56 N (4-((1R 3S,5S)-3-am no-5-

nmet hyl cycl ohexyl )pyrid in-3-. yl)-6-(2-fluoro-5- hydroxyphenyl) pi coli nam de
36 SHChiral SO .. 439.2 0.57 N (4-((1R 3S,5S)-3-am no- 5-

met hyl cyclwboexwlo}qays i di n-3- yl)-6-(2, 6-difl uoro-4- PCT/EP2009/061205

hydr oxyphenyl ) pi col i nam de 37 H2ZN N aarai CH' So M 421,1 0.56

N-(4-((1R 3S,5S)-3-am no-5- nethyl cycl ohexyl ) pyridin-3- yl)-6-(2-fluoro-4-

hydroxyphenyl) pisSgf | "AdTh fiutiofDr 24219581655 Bkt 3 M AGL &R tropyridin-
4-yl)cyclohex-2-enol (1.0 equiv.) in THF (0.1M) was added potassium tert-butoxide (1.5
equiv.) at room temperature. The reaction mixture was stirred for. 10 min. The reaction
mixture was quenched with NH4Cl solution and worked up with EtOAc by washing with
water and brine. The organic layer was dried over anhydrous sodium sulfate, filtered off,
and dried in vacuo. The crude product was used for next step without further purification.
Re=0.5 (50% EtOAc/Hexanes). LCMS: MH+ 251.2 (as a diol), Ry =0.49 min. Toa
solution of crude (+/-)-4-((18S,5S)-5-methyl-7-oxabicyclo[4.1.0Jhept-2-en-3-yl)-3-

* nitropyridine (1.0 equiv.) in 2:1 CH3;CN/H,;0 (0.1 M) was added acetic acid (0.3 equiv.)
at room temperature. The reaction mixture was stirred for 16 h at room temperature.
After quenched with NaHCOj solution, the reaction mixture was concentrated to remove
the majority of CH3CN and the residue was partitioned between EtOAc and water. The
combined organic layer was washed with water and brine, dried over anhydrous sodium
sulfate, filtered and concentrated in vacuo. A mixture of diols ((+/-)-(1R,2R,6S)-6-
methyl-4-(3-nitropyridin-4-yl)cyclohex-3-ene-1,2-diol and (+/-)-(1R,28,68)-6-methyl-4-
(3-nitropyridin-4-yl)cyclohex-3-ene-1,2-diol) was obtained in 33.1% yield as a white
solid by flash column chromatography. Rs = 0.3 (100% EtOAc; diols were not separable
on TLC). LCMS: MH+ 251.2, R; =0.49 min.

methylcyclohex-1-enyl)-3-nitropyridine

TBDMS TBDMS
“a., OTBDMS ‘., ~OTBDMS
+
o NO2 Xy NO2
I = N/
N
(+1-) ' (+/-)

[0139] To a solution of a mixture of diols (1.0 equiv) in DMF (0.3 M) was
added TBDMSCI (7.0 equiv.) and imidazole (9 equiv.) at room temperature. The
reaction mixture was stirred at room temperature overnight. After quenched with sat
WNaHCO;, The reaction mixture was extracted with EtOAc. The combined organic layer

was washed with water and brine, dried over anhydrous sodium sulfate, filtered and

76
REAY



Exanple No. Structure LCMS (MtH on UPCL) LC/MS (Rf on UPCL) Chem cal Name
38 OHchina CH, (110 ,F HL N1 439.2 0.57 N (4-((1R, 3S,5S)- 3-am no- 5-
met hyl cycl ohexyl ) pyri di n-3- yl)-5-fluoro-6-(2-fluoro-4-
hydroxyphe@blz),w,(ﬁgllzk nam de 39 Chiral CH SO g NOF 439'1%’1%[5&)9/061205
N (4-((1R, 3S,5S)-3-am no-5- net hyl cycl ohexyl) pyri di n- 3-
yl')-3-fluoro-6-(2-fluoro-4- hydroxyphenyl)picolinam de 40 pHri gki
NH2CH3c i f Sncenbated l1:11 vacuo. The mixture was purified by sequential automated silica column
chromatography (gradient eluting with EtOAc and Hexanes) and preparative reverse
phase HPLC (55%-95% acetonitrile in water, then run 5%-95% acetonitrile in water to
yield (+/-)-4-((3S,4R,55)-3,4-bis(tert-butyldimethylsilyloxy)-5-methylcyclohex-1-enyl)-
3-nitropyridine (27.2%) and (+/-)-4-((3R,4R,58)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylcyclohex-1-enyl)-3-nitropyridine (50.2%). LCMS: MH+ 479.2, R; =1.60 and 1.63

mir.

Svnthesis of 4-((18.35.4S.5R)-3.4-bis(tert-butyldimethylsilvloxv)-5-
methyleyclohexyl idin-3-amine and of 4-((1R.3R 4R.55)-3.4-bis(tert-

butyldimethylsilyloxy)-3-methylcvclohexvlpyridin-3-amine

QTBDMS TBDMS
- OTBDMS n,, ~OTBDMS
+ -
N NH, '\ NH,
I / | / .
N chiral N chiral

[0140] To a solution of (+/-)-4-((3R,4R,5S)-3,4-bis(tert-butyldimethyl-
silyloxy)-5-methylcyclohex-1-enyl)-3-nitropyridine (1.0 equiv.) in ethanol/EtOAc, at a
concentration of 0.1 M, was added 10% palladium on carbon (0.1 eq.). The resultant
heterogeneous solution was put under an atmosphere of hydrogen and was stirred for 14
hours. At this time the mixture was filtered through a pad of celite eluting with EtOAc.
The volatiles were removed in vacuo and the crude material was purified by automated
silica column chromatography (R¢ = 0.2, 40% EtOAc in Heptane) to yield pure racemic
product. LCMS: MH+ 451.3, Rt =1.35 min. The racemic compound was resolved by
chiral chromatography (IC column, 1 mL/min, 5%IPA in Heptane) to yield 4-
((1S,35,48,5R)-3,4-bis(tert-butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-amine
(6.01 min) and 4-((1R,3R,4R,58)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylcyclohexyl)pyridin-3-amine (8.34 min).



F NOI 471.2 0.62 N (44(1R 3R, 46, 56) - 3- ami no4- hydr oxy- 5-

nmet hyl cycl ohexyl ) pyridin-3- yl)-6-(2,6-difluoro-3- nethyl phenyl)-5-
fluoropicolinamde 41 CErEd .91-1ipH3Ch 07 , NH2 W F N-Hcy 0 ?-. 439.2
0. 57 N (4-woOl2R0dBs148) - 3- am no- 4- hydr oxycycl ohexyl ) pyr i liTnerdo09/061205
yl)-6-(2,6-difluoro-3- nethyl phenyl)picolinamde 42, HWei Hpi.gcH P N
N.-OF 457.2 0.56 N-(4-((1 R 3S,55)-3-amno-5- . nethylcycl ohexyl)pyridin-3-
yl) - 6- (2 6- di fI uoro 4- hydroxyphenyl) 3- fluoropicolinam de 43

HOii. S.5R)-3.4-bis(tert-butyldimethylsilyloxy)-5-

methylcvelohexyl idin-3-amine and of 4-((1S.3S.4R.58)-3.4-bis(tert-

butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-amine

TBDMS
‘., OTBDMS

A NHz

2
N chiral

[0141]  To a solution of (+/-)-4-((3S,4R,58S)-3,4-bis(tert-butyldimethyl-
silyloxy)-5-methylcyclohex-1-enyl)-3-nitropyridine (1.0 equiv.) in ethanol, at a
concentration of 0.1 M, was added 10% palladium on carbon (0.1 eq.). The resultant
heterogeneous solution was put under an atmosphere of hydrogen and was stirred for 14
hours. At this time the mixture was filtered through a pad of celite eluting with ethanol.
The volatiles were removed in vacuo and the crude material was purified by automated
silica column chromatography (R¢= 0.2, 40% EtOAc in Heptane) to yield pure racemic
product (50.4%). LCMS: MH+ 451.3, R;=1.35 min. The racemic compound was
resolved by chiral chromatography (IC column, 1 mL/min, 5%IPA in Heptane) to yield
4-((1R,3R,45,5R)-3,4-bis(tert-butyldimethylsilyloxy)-S-methylcyclohexyl)pyridin-3-
amine (6.98 min) and 4-((18,3S,4R,5S)-3,4-bis(tert-butyldimethylsilyloxy)-5-methyl-
cyclohexyl)pyridin-3-amine (8.67 min).

Synthesis of sodium 6-(methoxycarbonyl)-3-oxo0-5-(trifluoromethyl)cyclohex-1-enolate

CFy 07

oo
0] ONa

[0142]  To a freshly prepared solution of sodium (1.0 eq) in t-BuOH (1 M) was
added ethyl acetoacetate (1.0 eq) by dropwise and the mixture stirred on an ice bath for
an additional 15 min. ethyl 4,4,4-trifluorocrotonate (1.0 eq) was added dropwise and the
mixture stirred at room temperature for an additional 30 min. After refluxing for 2 h, the

mixture was cooled and hexanes was added. The precipitate was filtered without further

rery
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OF 439.2 0.56 N(4-((I R 3S,5S)-3-am no-5- nethyl cycl ohexyl) pyri di n- 3-
yl)-3-fluoro-6-(2-fluoro-5- hydroxyphenyl)picolinam de 44 oil ahn CH, CNrai
|-12N711 MP F N-"-- -- 471.2 0.62 N (44(1R 3R, 4R, 56)-3- am no- 4- hydr oxy- 5-
et hyl cycl\gbesiolopsiyd i di n-3- y1)-6-(2, 6-difluoro-3- et pdrpresysr2bs
fl uoropi col i nam de WO 2010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure
LC M5 (MHH on UPCL) LC1I\/IS (Rf on UPCL) Chem cal Nane 45 H3C-0 401Chiral
H2NCH3 , NF L 320

purification to give sodxum 6- (methoxycarbonyl) 3-ox0-5-(trifluvoromethyl}cyclohex-1-

enolate (46%). LC/MS (m/z): MH" = 253.1, Rt = 0.70min.

Synthesis of 5-(trifluoromethyl)cyclohexane-1.3-dione

F3C\q0

o)

[0143] Sodium 6-(Methoxycarbonyl)-3-oxo0-5-(triflucromethyl)cyclohex-1-
enolate (1.0 eq) was dissolved in 1M NaOH (1.0 eq), and the mixture refluxed for 1 h.
After cooling to room temperature, the mixture was acidified with 5 M sulfuric acid. The
mixture was extracted with EtOAc. After washing with water, the organic layer was dried
over magnesium sulfate, the solvent was removed under reduced pressure to give 5-
(trifluoromethyl)cyclohexane-1,3-dione, which was used to the next step without further
purification (98%). LC/MS (m/z): MH" =181.1, Rt = 0.55min.

Synthesis of 3-0x0-5-(trifluoromethyl)cyclobhex-1-enyl triflucromethanesulfonate

F4C

OoTf

a4 ~-

[0144] To a suspension of 5-(trifluoromethyl)cyclohexane-1,3-dione (1.0 eq)
in DCM (0.23 M) was added TEA (1.2 eq) to give a clear solution. The mixture was
cooled to 0 °C. And then T£;0 (1.05 eq) in DCM was added dropwise. The reaction
mixture was stirred at that temperature for 2 hours. The reaction mixture was diluted with
DCM, and washed with water, ag. NaHCOj, brine, and was dried over MgSQy, filtered
and concentrated to give 3-oxo-5-(trifluoromethyl)cyclohex-1-enyl
trifluoromethanesulfonate, which was used to next step directly. LC/MS (m/z): MH' =
313.0, Rt =1.02 min.



N (44( 1R, 3S, 5S) - 3- am no-5- net hyl cycl ohexyl ) pyri di n- 3-
y)-5-fluoro-6-(2-fluoro-5- nethoxyphenyl)picolinam de 46 HO Chiral
lir "NF 1,1 439.1 0.56 N (44(1R 3515S)- 3-am no- 5-

met hyl cyclwbesglo}qays i di n-3- y1)-5-fl uoro-6-(2-fl uor o- 5-PCT/EP2009/061205
hydr oxyphenyl ) pi col i nam de 47 11o H "NH2101s FF F N O 487.1

N (44( 1R 3R, 4R, 5S) - 3- am no-4- hydr oxy-5- net hyl cycl ohexyppyri di n- 3-
yl)-6-(2,6-difluoro-3- nethoxyphenyl)-5- fluoropicolinamde 48 F Chiral F

lir

N JH @yhthdsofB-(3.H95-tetramethyl-1,3.2-dioxaborolan-2-yl)-5-

trifluoromethvl)cyclohex-2-enone

[0145]  All of reagents 3-oxo-5-(triflucromethyl)cyclohex-1-enyl
trifluoromethanesulfonate (1.0 eq), NaOAc (3.0 eq), and bis(pinacolato)diboron (2.0 eq)
were added to 1,4-dioxane (0.23 M) in a round bottom flask and degassed by bubbling
N, through the mixture for 10 min. PdCl,(dppf).CH,Cl, adduct (0.1 eq) was added and
the reaction heated to 80 °C fitted with a reflux condenser on an oil bath under N; for two
hours. The mixture was cooled to room temperature, filtered through a coarse frit glass
funnel, the cake rinsed with ~10mL 1,4-dioxane to give 3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-5-(triflucromethyl)cyclohex-2-enone in 1,4-dioxane, which was used
to next step directly. LC/MS (m/z): MH" = 209.1 (boronic acid), Rt=0.60 min.

F4C 0
<
N

[0146]  The boronate ester 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)cyclohex-2-enone (1.0 eq) was dissolved in 1,4-dioxane (0.14 M) ina
round bottom flask was degassed by bubbling N, through the solution for 30 minutes. 4-
chloro-3-nitropyridine (1.3 eq) and ag. Na,CO3 (2M, 2.0 eq) were added and N, was
bubbled through for 10 minutes and then PdClx(dppf).CH,Cl, adduct (0.1 eq) was added.
The reaction mixture was stirred at 100 °C for 2 Hours. The mixture was added EtOAc
and brine. The resulting mixture was filtered through celite, the cake was washed with
EtOAe, The organic fayer was separated, and washed with brine, dried over MigSO4, and

filtered and concentrated. The crude product was purified by silica gel chromatograply

T4

HaNCH,



N-(4-((lI R 3S)-3- am nocycl ohexyl ) pyridin-3- yl)-6-(2, 3, 5-
trifluorophenyl)picolinamde 49 Chiral F NF 141 0 455.2 0.63
N (4- ((1R15R) - 5-am no- 3, 3- di net hyl cycl ohexyl ) pyri di n-3- -

y1) - 6- (2, 6@ HoldiRERRhenyl) -5- fluoropicolinam de 50 OH pgfgEpbidieidosral F hV
: 0 457.2 0.58 N (4-((1R 3R 4R 5S)-3- am no-4-hydroxy- 5-

néihylcyclohexyl)pyrldln 3- yl1)-6-(2, 6- dlfluorophenyl) 5-

f1 uoropi Coaefupe%%%%t%c%é{aﬁ‘és J Fltl): to]2 BNOH give 3-(3-nitropyridin-4-yl)-5-
(trifluoromethyl)cyclohex-2-enone (73% for three steps from diketone). LC/MS (m/z):
MH' = 287.1, Rt = 0.85 min. |

-5-(trifluoromethyl)cvelohex-2-enol

[0147)  3-(3-Nitropyridin-4-yl)-5-(trifluoromethyl)cyclohex-2-enone (1.0 eq)
was mixed with cerium(lII) chloride heptahydrate (1.0 eq) and absolute ethanol (0.17)
was added. The mixture was stirred at ambient temperature until all solids dissolved. the
mixture was cooled on an ice bath and NaBH4 (1.2 eq) was added portion wise. The
reaction was stirred on the ice bath for 1h. The mixture was diluted with EtOAc, washed
with water, dried over MgSQy, filtered and concentrated. The residue was purified by
column (1:1 ethyl acetate and hexanes) to give cis-3-(3-nitropyridin-4-yl)-5-
(triflucromethyl)cyclohex-2-enol (66%). LC/MS (m/z): MH' = 289.2, Rt = 0.72 min.

[0148] To a solution of cis-3-(3-nitropyridin-4-yl)-5-
(trifluoromethyl)cyclohex-2-enol (1.0 eq) in DCM (0.14 M) was added TEA (2.5 eq), and

followed by MsCl (1.8 eq) at room temperature. The reaction mixture was stirred at room

temperature for 2 hours. The solvent was removed. The residue was dissolved in DMF
(0.1 M), and then the mixture was added sodium azide (1.2 eq). The resuiting mixture

was sfirred at room temperature for 1 hour. Another 1.2'eq of sodium azide was added.

ey
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456.1 0.58 3-am no-N(4-((1R, 3S,5S)-3- am no-5- nethyl cycl ohexyl ) pyridin-3-
yl)-6-(2, 6-difl uorophenyl)-5- fluoropicolinam de WD
2010/ 026124PCT/ EP2009/ 061205 Exanpl e No. Structure LC/ M5 (M+H on UPCL)
LC M5 ( Rf wa 20d00e124£hemi cal Name 52 Chiral OHL10 NC , Ipt'r/EP2008061200. 68
N- (44(16, 3S, 46,5R)-3- amino-4-h ydroxy-5- nethyl cycl ohexyl)pyrid in-3-
yl')-6-(2,6- difluoro phenyl)picolinannide 53 OHChiral H N 413.3 0.55
e A ol e igh! The Fabeiot s b e~

with ethyl acetate and heptane, and washed with sat NaCl. The organic was dried over

MgSO,, filtered and concentrated. The residue was purified by column (1:1 ethyl acetate
and hexanes) to give cis-4-(3-azido-5-(trifluoromethyl)cyclohex-1-enyl)-3-nitropyridine
(58%). LC/MS (m/z): MH' = 314.1, Rt=0.96 min.

Synthesis of tert-butyl (1R .3R,55)-3-(3-aminopyridin-4-y1)-5-
(trifluoromethyl)cyclohexylcarbamate

FSC’I'OMNH Boc

(j,NHz

N

[0149] A solution of cis—4-(3-azido-5-(triﬂuoroméﬂlyl)cyclohex-1-enyl)-3-
nitropyridine (1.0 eq) in Ethanol (0.13 M) was bubbled with N for 20 min. Then the
reaction mixture was added Boc-anhydride (1.5 eq) and Pd/C (0.2 eq). The reaction
mixture was stirred at room temperature under H, atmosphere overnight. Solid was
removed by filtration over celite and rinsed with EtOH. The residue was purified by
column (5% methanol in 1:1 ethyl acetate and hexanes) to give racemic cis-3-(3-
aminopyridin-4-yl)-5-(trifluoromethyl)cyclohexylcarbamate (57%). LC/MS (m/z): MH+
=360.2,Rt= 0‘.72 mm The enantiomerically pure tert-butyl (1R,3R,5S5)-3-(3-
aminopyridin-4-yl)-5-(trifluoromethyl)cyclohexylcarbamate and N-(4-((1S,3S,5R)-3-
amino-5-(trifluoromethyl)cyclohexyl)pyridin-3-y1)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide were resolved by chiral HPLC (For analysis R = 8.14 min and 10.59
min respectively; heptane:isopropanol=-90: 10 (v:v), Chiralcel IC 100 x 4.6 mm at 1
mL/min. For preparative separation, heptane:isopropanol = 90:10 (v:v), Chiralcel IC 250
X 20 mm at 15 mL/min ).
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54 ORCara CF13 HN'.. 10 427.3 0.59 N (4-((1R 3S,5S)-3-am no-5-
nmet hyl cycl ohexyl )pyrid i n-3- yl)-5-flu oro-64(1s,4s)-4-
hydr oxycycl ohexyl ) pi col i nam de 55 OHChiral F121.4CH, 11 427.3 0.55

N (44( 1R, 39026361341 no-5- net hyl cycl ohexyl ) pyrid i n- 3-pCT/EP2009/061205
y1l)-5-fluoro-64(1r, 40-4- hyd roxycycl ohexyl)p icolin ami de 56 OHChiral |,
413.3 0.48 N (4-((1R 3S)-3- a minocycl oh exyl)pyri din-3-
y1l)-5-fluoro-6-((1r, 40-4- hydroxycycl ohexyl)picolinam de 57 Chral 110 F

Synthesis of (R)-4-benzyl-3-((2R_3R)-3-((R)-2.2-dimethy]-1.3-dioxolan-4-yl)-3-hvdroxy-
2-methylpropanoyl)oxazolidin-2-one

[0150] (R)-4-benzyl-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-yl)-3-
hydroxy-2-methylpropanoyl)oxazolidin-2-one was prepared in the reported manner
(Proc.Nat.Acad.Sciences, 101, 33, 2004, pages 12042-12047) for the enantiomeric
compound by starting with (R)-4-benzyl-3-propionyloxazolidin-2-one and R-
glyceraldehyde acetonide.

1.3-dioxolan-4-yl)-2-methvlpropanoyl)oxazolidin-2-one

o] TBS

O}LN
LT

S

[0151]) (R)-4-benzyl-3-((2R,3R)-3-(tert-butyldimethylsilyloxy)-3-((R)-2,2-
dimethyl-1,3-dioxolan-4-yl)-2-methylpropanoyl)oxazolidin-2-one was prepared in the
reported manner (Proc.Nat.Acad.Sciences, 101, 33, 2004, pages 12042-12047) for the
enantiomeric compound by starting with (R)-4-benzyl-3-((2R,3R)-3-((R)-2,2-dimethyl-
1,3-dioxolan-4-yl)-3-hydroxy-2-methylpropanoyl)oxazolidin-2-one.



HNI1O 423.3 0.64 N(4-((1R 3S,55)-3-am no-5- methyl cyclo hexyl)pyrid

I n-3- yl)-5-fluoro-6-(2- fluorophenyl)picolinamde 58 H3C ail LChlad CH WO
NH NI10 419.3 0.67 N(4-((1R, 3S,5S)-3-am no-5- nethyl cycl ohexyl) pyrid

i n-3- yl) wo tdedisumr o- 5- mnet hyl phenyl ) pi col i nam de  WOPCT/EP2009/061205

2010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure LG M5 (MtH on UPCL)

LG Ms (Rl on UPCL) , Chem cal Name 59 H3CChiral H NCH, up F H

Synthesis of (2S.3R)-3-(tert-butyldimethylsilyloxy)-3-((R)-2,2-dimethyl-1,3-dioxclan-4-
yD)-2-methylpropan-1-ol

TBS
2

[0152] To a solution of (R)-4-benzyl-3-((2R,3R)-3-(tert-
butyldimethyisilyloxy)-3-((R)-2,2-dimethy}-1,3-dioxolan-4-yl)-2-
methylpropanoyl)oxazolidin-2-one (1.0 equiv.) and ethanol (3.0 equiv.) in THF (0.09 M)

was added LiBH, (1.0 equiv.) at -40°C. The reaction mixture was allowed to warm up to

HO

rt slowly and stirred at that temperature for 12 hours. The solution was cooled back to -
40°C and additional LiBH, (0.3 equiv.) was added. After warming back up to rt and
stirring for 2 hours the solution was then diluted with diethyl ether and 1N NaOH) was
added. The resulting mixture was extracted with ethyl acetate, the organic layer was
separated, washed with NaClss ), dried over magnesium sulfate, filtered, and
concentrated. The residue was purified via silica gel column chromatography (10-30%
EtOAc/n-heptanes) yielding (28S,3R)-3-(tert-butyldimethylsilyloxy)-3-((R)-2,2-dimethyl-
1,3-dioxolan-4-yl)-2-methylpropan-1-ol in (75%). LC/MS = 247.1 (M+H-ketal-H,0), R,
={0.64 min.

L) -

Synthesis of ((1R,28)-3-azido-1-((R)-2,2-dimethyl-1,3-dioxolan-4-
methylpropoxy)(tert-butyl)dimethylsilane

TBS
2

[0153] To asolution of (2S,3R)-3-(tert-butyldimethylsilyloxy)-3-((R)-2,2-
dimethyl-1,3-dioxolan-4-yl)-2-methylpropan-1-ol (1.0 equiv.), DIAD (2.0 equiv.), and
PPh; (2.0 equiv.) in THF (0.18 M) was added DPPA (1.0 equiv., 1M solution in THF),

The reaction mixture was stirred at room temperature overnight,. Upon removal of the

N3

volatiles under vacus, the residue was purified by silice gel column chromatography (2-3-
5% EtQAc/n-heptanec) vielding ((1R,2S)-3~azido-1-({R}-2,2-dimethyl-1,3-dioxclan-4-



N....1 1o 437.3 0.67 N(4-((1R, 3S,5S)-3-am no- 5-
met hyl cycl ohexyi ) pyridin-3- yl)-5-fluoro-6-(2-fluoro-5-
met hyl phenyl ) pi col i nam de 60 rgivi FCH si H2ZNCH3 Ir F 11? | 441.2 0.70

N-(4- ((1R wd BR)ozén@ni no- 5- net hyl cycl ohexyl ) pyri di n- 3-pc1/EP2009/061205
yl)-6-(2,3-difluorophenyl)-5- fluoropicolinamde 61 riLChiral 3 LWF N F H1
N10 441.2 0.68 N (4-((1R 3S,5S)-3-am no-5- nethyl oycl ohexyl) pyri di n-3-

Y1) - 6- (2, 5l F R RS deki Bty i SRS ST PENRR Db Mk, 'R0 H - N
4.04-4,10 (m, 1H), 3.94 (dd, J=8.0, 6.4, 1H), 3.72 (d, ]=7.2, 1H), 3.53 (¢, J=8.0, 1H), 3.36
(dd, =12, 8.0, 1H), 3.19 (dd, J=12.0, 6.7, 1H), 1.52-1.60 (m, 1H), 1.41 (s, 3H), 1.34 (s,
3H), 0.92 (d, J=7.2, 3H), 0.90 (s, 9 H), 0.12 (s, 3H), 0.09 (s, 3H).

Synthesis of (2R.3R,48)-5-azido-3-(tert-butyldimethylsilyloxy)-4-methylpentane-1.2-diol

OTBS

Na/WOH

OH

[0154] To a solution of ((1R,28)-3-azido-1-((R)-2,2-dimethyl-1,3-dioxolan-4-
yl)-2-methylpropoxy)(tert-butyl)dimethylsilane (1.0 equiv.) in MeOH (0.1 M) was added
PPTS (1.0 equiv.) and the mixture was stirred at rt for 14 hours, 50°C for 2 hours and
80°C for 1 hour. The volatiles were removed under vacuo and the residue was purified
via silica gel column chromatography (10-25% EtOAc/n-heptanes) yielding (2R,3R,45)-
5-azido-3-(tert-butyldimethylsilyloxy)-4-methylpentane-1,2-diol (40%).

Synthesis of (2R,3R.48)-5-azido-3-(tert-butyldimethylsilyloxy)-2-hydroxy-4-
methylpentyl 4-methylbenzenesulfonate

OTBS

* - Nj OTs
OH

[0155] To a solution of tert-butyl (2R,3R,4S)-5-azido-3-(tert-
butyldimethylsilyloxy)-1-hydroxy-4-methylpentan-2-ylcarbamate (1.0 equiv.) in pyridine
(0.2 M) was added pTsCl (1.3 equiv.) at 0 °C. The mixture held at this temperature for 16
hours. The volatiles were removed in vacuo and the residue was purified by silica gel
column chromatography (10-15-20% EtOAc/n-heptanes) yielding (2R,3R,4S)-5-azido-3-
(tert-butyldimethylsilyloxy)-2-hydroxy-4-methylpentyl 4-methylbenzenesulfonate.

7.
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[0156]  To a solution of (2R,3R,4S5)-5-azido-3-(tert-butyldimethylsilyloxy)-2-
hydroxy-4-methylpentyl 4-methylbenzenesulfonate (1.0 equiv.) and 2,6-lutidine (3.4
equiv.) was added TBDMSOTT (1.7 equiv.) at 0°C. The solution was stirred for 7 hours
as it warmed to rt. The solution was diluted with EtOAc, washed with 10% CuSO4, H;0,
Na;COssat), NaCliear ), dried over MgSOy, filtered and concentrated. The residue was
purified by silica gel column chromatography (2.5-5-10-20% EtOAc/n-heptanes) yielding
(2R,3R,485)-5-azido-2,3-bis(tert-butyldimethylsilyloxy)-4-methylpentyl 4-
methylbenzenesulfonate (75%).

3-nitropyridine

[0157] A solution of (2R,3R,4S)-5-azido-2,3-bis(tert-butyldimethylsilyloxy)-4-
methylpentyl 4-methylbenzenesulfonate in EtOH (0.05 M) was degassed with argon.
DIEA (1.5 equiv.) was added, followed by 10% Pd/C (0.1 equiv.). The reaction mixture
was stirred under a hydrogen balloon for 3 hours. The solution was degassed and purged
to argon, at which time 4-chloro-3-nitropyridine (1.5 equiv.) and additional DIEA (1.5
equiv.) were added. After stirring at rt for 15 hours the solution was filtered to remove
the Pd/C and the volatiles were removed in vacuo. The residue was diluted with ethyl
acetate and washed with NayCO3sar), NaClsar ), dried over MgSO,, filtered and

concenirated. The residue was purified by silica gel cofumn chromatography (10-15%

&8s



9Hso =s ONH, F .F oHH2 458.1 0.55 3-am no-N-(4-((1R 3R 4S)-3- am no-4-
hydr oxycycl ohexyl )pyrid in-3- yl)-6-(2,6-clifluorophenyl)-5-

fl uoropi colinam de WO 2010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure
LC/ M5 ( M-Hyorzoldiebizs LG M5 (Rl on UPCL) Chenical Nane 66qgizaedsi@dci2ofN | Ns. . .
1 ONH, 440.1 0.55 3-amino-N(4-((1R 3R 4S)-3- am no-4- hydroxycycl o
hexyl ) pyridin-3- yl)-5-fluoro-6-(2- fluorophenyl)picolinam de

EtOAc/n-heptanes) yielding 4-((3R,4R,58)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylpiperidin-1-yl)-3-nitropyridine (40%). LC/MS = 482.4 (M+H), R;=1.26 min.

Synthesis of 4-((3R.4R.58)-3.4-bis(tert-butyldimethylsilyloxy)-5-methylpiperidin-1-

yDpyridin-3-amine
QTBS
TBSO\(j/
N
N NH2
L.
N

[0158] To a solution of 4-((3R,4R,5S)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylpiperidin-1-yl)-3-nitropyridine (1.0 equiv.) in ethanol, at a concentration of 0.05
M, was added 10% palladium on carbon (0.1 eq.). The resultant heterogeneous solution
was put under an atmosphere of hydrogen and was stirred for 14 hours. At this time the
mixture was filtered through a pad of celite eluting with ethanol. The volatiles were
removed in vacuo yielding 4-((3R,4R,58)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylpiperidin-1-yl)pyridin-3-amine. LC/MS = 452.4 (M+H), R¢=1.31 min,

R)-4-benzyl-2-oxooxazolidin-3-y)-1-hydroxy-

2-methyl-3-oxopropyl)-2.2-dimethvloxazolidine-3-carboxylate

Sy

%,

O

[0159] To a solution of (R)-4-benzyl-3-propionyloxazolidin-2-one (1.0 equiv.)
in DCM (0.13 M) was added TiCl, (1.0 equiv.) at -40 °C. The mixture was stirred at -40
°C for 10 min (yellow suspension), then DIPEA (2.5 equiv.) was added (dark red
solution) and stirred at 0 °C for 20 min. (R)-tert-butyl 4-formyl-2,2-dimethyloxazolidine-
3-carboxylate (1.0 equiv.) in DCM (0.5 M) was then added dropwise and the resulting

mixture was stirred for 1.5 hours. The reaction was quenched by the addition of aqueous
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3-am no- N (4-((1R 3R 45)-3- am no-4- hydroxycycl ohexyl)pyridin-3-

y1) - 5-fl uoro-6-(2-fluoro-5- propoxyphenyl)picolinamde 68 gH10] -.----- CH5
NH, F cr iwohbioib#d2480.2 0.65 3-am no-N-(4-3- am no- 4-PCT/EP2009/061205 _
hydr oxycycl ohexyl ) pyrid in-3- yl)-6-(2-fluoro-5- propoxyphenyl)picolinam de
69 Chiral 1.1 N 441.3 0.67

ammonium chloride and the mixture was extracted with ethyl acetate. The organic phase

was separated, washed with brine, dried with magnesium sulfate, filtered, and

concentrated. The residue was purified via column chromatography eluting with ethyl
acetate and hexanes (1:4) to give (R)-tert-butyl 4-((1R,2R)-3-((R)-4-benzyl-2-
oxooxazolidin-3-yl)-1-hydroxy-2-methyl-3-oxopropyl)-2,2-dimethyloxazolidine-3-
carboxylate as the major product (5:2) in 58% yield. LC/MS = 363.3 (M+H-Boc), Rt =

1.09 min.

butyldimethylsilyloxy)-2-methyl-3-oxopropyl)-2.2-dimethvloxazolidine-3-carboxvlate

0 TBS

[0160] To a solution of (R)-tert-butyl 4-((1R,2R)-3-((R)-4-benzyl-2-
oxooxazolidin-3-yl)-1-hydroxy-2-methyl-3-oxopropyl)-2,2-dimethyloxazolidine-3-
carboxylate (1.0 equiv.) and lutidine (1.8 equiv.) in DCM (0.1M) was added TBSOTf
(1.4 equiv.) at -4‘10 °C. The reaction mixture was stirred at -40 °C for 2 hours. The
solution was diluted with ethyl acetate and washed with sat. NaHCOs, sat. NaCl, dried
with magnesium sulfate, filtered, and concenirated. The residue was purified by silica gel
column chromatography eluting with ethyl acetate and hexanes (1:4) to give (R)-tert-
butyl 4-((1R,2R)-3-((R)-4-benzyl-2-oxooxazolidin-3-yl)-1-(tert-butyldimethylsilyloxy)-2-
methyl-3-oxopropyl)-2,2-dimethyloxazolidine-3-carboxylate as the major product (5:2) in
83% yield. LC/MS = 577.3 (M+H), Rt = 1.33 min (Frac 65%-95% method).
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[0161] To a solution of (R)-tert-butyl 4-((1R,2R)-3-((R)-4-benzyl-2-
oxooxazolidin-3-yl)-1-(tert-butyldimethylsilyloxy)-2-methyl-3-oxopropyl)-2,2-dimethyl-
oxazolidine-3-carboxylate (1.0 equiv.) and ethanol (3.0 equiv.) in THF (0.09 M) was
added LiBH,4 (3.0 equiv.) at -30 °C. The reaction mixture was allowed to warm up to 0

HO

°C and stirred at that temperature for 3 hours. The solution was then diluted with diethyl
ether and 1N NaOH was added. The resulting mixture was extracted with ethyl acetate,
the organic layer was separated, washed with sat. NaCl, dried over magnesium sulfate,
filtered, and concentrated. The residue was purified via silica gel column
chromatography eluting with ethyl acetate and hexanes (1:4) to give (R)-tert-butyl 4-
((1R,28)-1-(tert-butyldimethylsilyloxy)-3-hydroxy-2-methylpropyl)-2,2-dimethyloxazol-
idine-3-carboxylate as the major product (5:2 ratio) in 71% yield. LC/MS = 304.3
(M+H-Boc), Rt = 0.95 min (Frac 65%-95% method).

Synthesis of (R)-tert-butyl 4-((1R,2S)-3-azido-1-(tert-butyldimethylsilyloxy)-
2-methylpropyl)-2.2-dimethyloxazolidine-3-carboxylate

TBS

o]
BocN7k

[0162] To a solution of (R)-tert-butyl 4-((1R,2S)-1-(tert-butyldimethyl-
sflyloxy)—3-hydroxy-z-methylpropyl)-2,2-dimethyloxazolidine—3 -carboxylate (1.0 equiv.),
DIAD (2.0 equiv.), and PPh; (2.0 equiv.) in THF (0.18 M) was added DPPA (2.0 equiv.,

1M solution in THF). The reaction mixture was stirred at room temperature overnight.

N3

Upon removal of the volatiles under vacuo, the residue was purified by silica gel column
chromatography eluting with ethyl acetate and hexanes (1:6) to give (R)-tert-butyl 4-
((1R,28)-3-azido- 1 -(tert-butyldimethylsilyloxy)-2-methylpropyl)-2,2-dimethyloxazcl-
idine-3-carboxylate as the major product (5:2) in 86% yield. LC/MS = 329.3 (M+H-
Boc), Rt =1.40 min (Frac 65%-95% method).
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Svynthesis of tert-butyl (2R 3R.4S)-5-azido-3-(tert-butyldimethylsilyloxy)-
1-hydroxy-4-methylpentan-2-ylcarbamate
TBS

N3 OH
NHBoc

[0163] To a solution of (R)-tert-butyl 4-((1R,2S)-3-azido-1-(tert-
butyldimethylsilyloxy)-2-methylpropyl)-2,2-dimethyloxazolidine-3-carboxylate (1.0
equiv.) in EtOH (0.1 M) was added PPTS (1.3 equiv.) and the mixture was refluxed for 2
days. The volatiles were removed under vacuo, the residue was dissolved in DCM (0.1
M) and DIEA (1.5 equiv.) and Boc,O (1.0 equiv.) were added to the reaction mixture.
The solution was stirred for 3 hours at room temperature, The solvents were removed
under reduced pressure and the residue was diluted with ethyl acetate, washed with water,
aqueous NaHSOs, aqueous NaHCQj, sat. NaCl, the organic phase was dried with
magnesium sulfate, filtered, and concentrated. The residue was purified via silica gel
column chromatography eluting with ethyl acetate and hexanes (1:3) to give tert-butyl
(2R,3R,485)-5-azido-3-(tert-butyldimethylsilyloxy)-1-hydroxy-4-methylpentan-2-
ylcarbamate as the major isomer (5:2) in 70% yield. LC/MS = 289.3 (M+H-Boc), Rt =
0.76 min (Frac 65%-95% method).

Synthesis of (2R,3R.48)-5-azido-2-(tert-butoxycarbonylamino)-3-(tert-
butyldimethylsilyloxy)-4-methylpentyl methanesulfonate

TBS
N3 OMs
NHBoc

[0164] To a solution of tert-butyl (2R,3R,4S)-5-azido-3-(tert-
butyldimethylsilyloxy)-1-hydroxy-4-methylpentan-2-ylcarbamate (1.0 equiv.) in pyridine
(0.2 M) was added MsCl (1.3 equiv.) followed by DMAP (catalytic amount) at 0 °C. The
mixture was stirred at that temperature for 1 hour, The solution was diluted with ether
and ethyl acetate (4:1), washed with aq. NaHSOy, sat. NaHCOs, brine, dried over

magnesium suifate, filtered, and concentrated. The residue was purified by silica gel

column chrometography eluting with ethyl acetzte and hexanes (1:3) 15 give (2R,3R 48

,.n‘l..J}

5-azido-2-(tert-butoxycarbonylamiro)-3-(tert-butyldimethylsilylnxy)-4-methylpentyl

ke
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methanesulfonate as the major isomer (5:2) in 90% yield. LC/MS = 367.3 (M+H-Boc),
Rt = 0.81 min (Frac 65%-95% method).

Synthesis of tert-butyl (3R.4R,55)-4-(tert-but ldimefh Isilyloxy)-

5-methyvlpiperidin-3-ylcarbamate

llo

TBS

BocHN\O/

Iz

[0165] A solution of (2R,3R,4S)-5-azido-2-(tert-butoxycarbonylamino)-3-(tert-
butyldimethylsilyloxy)-4-methylpentyl methanesulfonate in MeOH (0.09 M) was
degassed with nitrogen for 20 min. DIEA (2.5 equiv.) was added, followed by 10% Pd/C
(0.1 equiv.). The reaction mixture was stirred under a hydrogen balloon for 2 hours. The
solution was filtered and the filtrate was concentrated under vacuo to afford tert-butyl
(3R,4R,58)-4-(tert-butyldimethylsilyloxy)-5-methylpiperidin-3-ylcarbamate as the major
isomer (5:2) in >99% yield. LC/MS = 345.2 (M+H-Boc), Rt = 0.95 and 0.99 min.

Synthesis of tert-butyl (3R 4R.5S)-4-(tert-butyldimethylsilyloxy)-5-methyl-1-(3-
nitropyridin-4-vl)piperidin-3-ylcarbamate

* N oTBS

BocHN U

N

o
B

N

[0166] To a solution of tert-butyl (3R,4R,5S)-4-(tert-butyldimethylsilyloxy)-5-
methylpiperidin-3-ylcarbamate (1.0 equiv.) in i-PrOH (0.09 M) was added DIEA (2.5
equiv.) and 4-chloro-3-nitropyridine (1.5 equiv.). The reaction mixture was stirred at 60
°C for 2 hours. The volatiles were removed under vacuo, the residue was diluted with
ethyl acetate and washed with sat. NaCl. The organic phase was dried with magnesium

sulfate, filtered, and concentrated. The crude material was purified by silica gel column

g.f{
kg g
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LOMS (MI] on UP
( c omatogra%;' eluting with ethyl acetate and hexanes (1:2) to give tert-butyl

(3R,4R,58)-4-(tert-butyldimethylsilyloxy)-5-methyl-1-(3-nitropyridin-4-yl)piperidin-3-
ylcarbamate in 76% yield. LC/MS = 467.3 (M+H), Rt = 1.09 min.

Synthesis of tert-butyl (3R.4R.58)-1-(3-amino
butyldimethylsilyloxy)-5-methylpiperidin-3-ylcarbamate

oTBS

N
- NH

<
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[0167] A solution of tert-butyl (3R,4R,5S)-4-(tert-butyldimethylsilyloxy)-5-
methyl-1-(3-nitropyridin-4-yl)piperidin-3-ylcarbamate (1.0 equiv.) in MeOH (0.05 M)
was degassed with nitrogen for 20 min. 10% Pd/C (0.2 equiv.) was added to the mixture

and the solution was stirred under a hydrogen balloon for 3 hours, The reaction was

filtered and the filtrate was concentrated under reduced pressure to give tert-butyl

(3R ,4R,58)-1-(3-aminopyridin-4-yl)-4-(tert-butyldimethylsilyloxy)-5-methylpiperidin-3-
ylcarbamate as the desired product in 94% yield. LC/MS = 437.4 (M+H), Rt = 1.08 min.
"H-NMR (300 MHz, CDCl;): 5 8.01 (s, 1H), 7.95 (d, J = 6.0 Hz, 1H), 6.76 (d, J = 6.0 Hz,
1H), 4.44 (br s, 1H), 3.74 (br s, 2H), 3.59-3.55 (m, 1H), 3.25-3.13 (m, 2H), 2.47-2.35 (m,
2H), 1.89 (br s, 2H), 1.44 (s, 9H), 1.04 (d, } = 6.0, 3H), 0.92 (s, 9H), 0.13 (d, J = 9.0,
6H).

[0168] To a solution of N-Boc, O-benzyl-D-Serine aldehyde (1.0 equiv) in
DCM (8.1 M) at -78°C under an Ar atmosphere was added (Z)-2-(but-2-eny?)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (1.1 equiv) and the clear solution stirred for 16 hours as

86,
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N- (44( 1R, 35)-3- am nocycl ohexyl ) pyridin-3- yl)-6-(2,6-difluorophenyl)- 3-
fluoropicolinam de 81 Chlral 11101 F N 427.2 0.57 N-(4-((1R 39)-3-

am nocycl olwz)(mlla/@ymdl n- 3 y1)-6-(2, 5-di fluorophenyl) - Spcikerosoneize! i nam de
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it warmed to rt. The solution was added to EtOAc and was washed with H,O (3x), and
NaClsa), dried over MgSO, and purified by silica gel chromatography (15%
EtOAc/hexanes) to yield tert-butyl (2R)-1-(benzyloxy)-3-hydroxy-4-methylhex-5-en-2-
ylcarbamate (54%) as a 3:1 mixture of isomers as judged by 'H NMR., LCMS (m/z):
236.3 (MH'-Boc); LC Ry=4.37 and 4.51 min.

Synthesis of (4R)-4-(benzyloxymethyl)-5-(but-3-en-2-yl)oxazolidin-2-one
~NH

OBn

[0169] To a solution of (2R)-1-(benzyloxy)-3-hydroxy-4-methylhex-5-en-2- in
THF (0.1 M) was added 60% sodium hydride in mineral oil (1.5 equiv.). After stirring
for 3 days, the reaction was quenched by addition of NH4Cl¢s) and solution was diluted
with EtOAc and washed with NH4Cl(sry and NaClsa), dried over MgSO4 and purified by
silica gel chromatography (50% EtOAc/hexanes) to yield (4R)-4-(benzyloxymethyl)-5-
(but-3-en-2-yl)oxazolidin-2-one (89%) as a 3:1 mixture. LCMS (m/z): 262.2 (MH"); LC
R, =3.47 min. ,

Synthesis of (4R)-4-(benzyloxymethyl)-5-(1-hydroxypropan-2-yl)oxazolidin-2-one

o-{o

HO OBn

[0170] To a solution of (4R)-4-(benzyloxymethyl)-5-(but-3-en-2-
yDoxazolidin-2-one (1.0 equiv.) in 2:1 MeOH/ H,O (0.04 M) was added osmium
tetroxide 4% in H,O (0.07 equiv) and sodium periodate (3.0 equiv.). After stirring for 3
hours, the white precipitate was filtered and rinsed with EtOAc. The combined filtrate
was concentrated in vacuo and the residue was dissoived in EtOAc, washed with

NeCla), dried ever MgSQy, filtered and concentrated. The crude aldehyde was

~87.
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dissolved in EtOH (0.08 M) and upon cooling to 0°C, sodium borohydride (2.0 equiv.)

was added. After stirring for 15 hours and coming to room temperature the reaction was

quenched by addition of HyO. After stirring for 20 minutes, the EtOH was removed in

vacuo, EtOAc was added and the solution was washed with IN HCI, NaHCOj3(ss) and

NaClisat), dried over MgSO,, filtered and concentrated yielding after purification by silica

gel chromatography (4R)-4-(benzyloxymethyl)-5-(1-hydroxypropan-2-yl)oxazolidin-2-

one as a 3:1 mixture of isomers (60%). LCMS (m/z): 266.1 (MH"); LC R, = 2.28 min.

Synthesis of (4R l)oxazolidin-2-one

[0171]  To a solution of (4R)-4-(benzyloxymethyl)-5-(1-hydroxypropan-2-
yl)oxazolidin-2-one (1.0 equiv.) in methanol, at a concentration of 0.1 M, was added 10%
palladium on carbon (0.1 eq.). The resultant heterogeneous solution was put under an
atmosphere of hydrogen and was stirred for 15 hours. At this time the mixture was
filtered through a pad of celite eluting with methanol, The volatiles were removed in
vacuo yielding (4R)-4-(hydroxymethyl)-5-(1-hydroxypropan-2-yl)oxazolidin-2-one
(99%). LCMS (m/z): 176.1 (MH".

Synthesis of 2-((4R)-2-0x0-4-(tosvloxymethv]oxazolidin-5-v1)-
propyl 4-methylbenzenesulfonate

£
j/&[w

TsO OTs

[0172]  To a solution of (4R)-4-(hydroxymethyl)-5-(1-hydroxypropan-2-
yhoxazolidin-2-one (1.0 equiv.) in pyridine (0.15 M) at 0°C was added p-
toluenesulfonylchloride (2.1 equiv.). The solution was allowed to warm to rt as it stirred
for 14 hours, at which time E{OAc was added and the solution was washed with H20(3x),
CuB04(sary (2x), HaG , NayCOy(gar) and NaClisayy, dried over MgSQy, filtered, concentrated

ey
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N-(4- ((1R 3R AR/@er2a3- am no-4-hydroxy-5- nethyl cycl ohepspi¥soledizos 3-
y1l)-6-(2, 6-difluorophenyl)-5- fluoropicolinamde WO

2010/ 026124PCT/ EP2009/ 061205 Exanpi e No. Structure LCIMS (M+1l-1 on UPCL)
LG M5 (Rl on UPCL) Chem cal Nane 87 chin" OH1110 NH, F ? |

and purified by silica gel chromatography (75%EtOAc/hexanes eluent) yielding 2-((4R)-
2-o0xo0-4-(tosyloxymethyl)oxazolidin-5-yl)propyl 4-methylbenzenesulfonate (68%).
LCMS (m/z): 484.1 (MH"); LC R, = 4.06 min.

Synthesis of (3aR,7R,7aS)-5-(4-methoxybenzyl)-7-methylhexahydrooxazolo[4.5-
c idin-2(3H)-one and (3aR.7S.7aR)-5-(4-methoxybenzyl)-7-
methylhexahydrooxazolo[4.5-clpyridin-2(3H)-one |

¢ <
N

N

i
PMB PMB

IJ'O

[0173] = A solution of 2-((4R)-2-0x0-4-(tosyloxymethyl)oxazolidin-5-yl)propyl
4-methylbenzenesulfonate (1.0 equiv.), diisopropylethyl amine (3.0 equiv.) and para-
methoxybenzylamine (1.5 equiv.) in NMP (0.05 M) was heated at 100°C for 14 hours.
The solution was purified directly by RP HPLC. The product fractions were desalted by
addition to EtOAc and Na,COs(s), washed further with NaCl(sat.), dried over MgSO,4 and
concentrated yielding two separate isomers of (3aR,7R,7aS)-5-(4-methoxybenzyl)-7-
methylhexahydrooxazolo[4,5-c]pyridin-2(3H)-one and (3aR,7S,7aR)-5-(4-methoxy-
benzyl)-7-methylhexahydrooxazolo[4,5-c]pyridin-2(3H)-one (27% and 8%). LCMS
(m/z): 2772 (MH") at 0.40 and 0.42 min.

Synthesis of (3aR.7R,7a8)-7-methylhexahydrooxazolo[4.5-clpyridin-2(3H)-one

£
\ij

N
H

luo

[0174]  To a solution of (3aR,7R,7aS)-5-(4-methoxybenzyl)-7-methylhexahy-
drooxazolo[4,5-c]pyridin-2(3H)-one (1.0 equiv.) in methanol, at a concentration of 0.1
M, was added 20% palladium hydroxide on carbon (0.3 eq.}. The resultant
heterngeneons solution was put under an aﬂnosphere of hydregen and was stirred for 2

hours. At this time the mixture was filtered through a pad of celite eluting with methanol.

8%



425.1 0.52 N-(4-((I R 3R 4S)-3-am no-4- hydroxycycl ohexyl ) pyridi n- 3-
yl)-5-fluoro-6-(2- fluorophenyl)picolinamde 88 Cing OH110 :0O FN NIO
443.0 0.53 N-(4-((1S, 3S, 4R) - 3- am no-4- hydroxycycl ohexyppyri di n- 3-
yl)-6- (2, 6vdizéilowodiephenyl) - 5- fl uoropi col i nam de 89 OHpCHAPIDF/H&20E 63
N- (4- (3-am no- 4- hydroxy-5- nethyl cycl ohexyl ) pyridin-3- yl)-6-cycl ohexyl-5-
fluoropicolinamde 90 OH 2CH2 ONI-122 N 424.3 0.6 3-am no- N-(4-(3-am no-4-
hydr oxy- 5-

The volatiles were removed in vacuo yielding (3aR,7R,7aS)-7-methylhexahydro-

oxazolo[4,5-c]pyridin-2(3H)-one (99%). LCMS (m/z): 157.1 (MH") at 0.16 min.

Svynthesis of (3aR.7R,7aS

~tert-butyl 7-methvl-5-(3-nitro
oxohexahydrooxazolo[4.5-c|pyridine-3(2H)-carboxvlate

[0175] A solution of 4-chloro-3-nitropyridine (1.3 equiv.) and (3aR,7R,7aS)-7-
methylhexahydrooxazolo[4,5-c]pyridin-2(3H)-one (1.5 equiv.) in CH;Cl;, at a
concentration of 0.1 M, was stirred at rt for 48 hours at which piperidine (0.4 equiv) was
added to consume excess 4-chloro-3-nitropyridine. After stirring for an additional 2
hours, di-tert-butyl dicarbonate (2.0 equiv.) and dimethylaminopyridine (0.1 equiv.) were
added. After stirring for 4 hours, the solution was partitioned between EtOAc and
NaHCOj5 (sar), was washed further with NaHCOj3 (g, and NaClgs ), was dried over
MgSQ,, was filtered and purified by silica gel chromatography yielding (3aR,7R,7aS)-
tert-butyl 7-methyl-5-(3-nitropyridin-4-y1)-2-oxohexahydrooxazolo[4,5-c]pyridine-
3(2H)carboxylate (62%). LCMS (m/z): 379.0 (MH") at 0.58 min..

oxohexahydrooxazolo[4.5-c]pyridine-3(2H)-carboxvlate

(4176

To a solution of (32R,7R,7a8S)-tert-butyl 7-methyl-5-(3-nitropyridin-4-
yl)-2-oxohexahydrooxazolo[4,5-c]pyridine-3(2H)-carboxylate (1.0 equiv.) in methanel, at’

50.



met hyl cycl ohexyl ) pyri di n-3- y1)-6-cycl ohexyl pi col i nam de 91- H2NCH, N 411.3
0.67 N-(4-(3-am no-5- nethyl cycl ohexyl)pyridin-3-. yl)-6-cycl ohexyl-5-
fluoropicolinamde 92 '"El Hp dab1101 111111 N. i ',... ONH2 438.3 0.51
3- am no- N-é-201i0/026134 - 3- ami no- 4- hydr oxycycl ohex- 1- PCT/EP2009/061205
enyl ) pyridin-3-yl)-6-(2,6- difluorophenyl)picolinamde 93 OH 2N ail FF O N
H N ... oNH,
a concentration of 0.1 M, was added 10% palladium on carbon (0.1 eq.). The resultant
heterogeneous solution was put under an atmosphere of hydrogen and was stirred for 14
hours. At this time the mixture was filtered through a pad of celite eluting with methanol.
The volatiles were removed in vacuo yielding (3aR,7R,7aS)-tert-butyl 5-(3-aminopyridin-
4-yl)-7-methyl-2-oxohexahydrooxazolo{4,5-c]pyridine-3(2H)-carboxylate. LCMS (m/z):
349.1 (MH"); LC R; = 2.06 min.

Synthesis of (3aR.78S.7aR)-7-methylhexahydrooxazolo[4.5-clpyridin-2(3H)-one

[0177]  To a solution of (3aR,78,7aR)-5-(4-methoxybenzyl)-7-methylhexa-
hydrooxazolo[4,5-c]pyridin-2(3H)-one (1.0 equiv.) in methanol, at a concentration of 0.1
M, was added 20% palladium hydroxide on carbon (0.3 eq.). The resultant
heterogeneous solution was put under an atmosphere of hydrogen and was stirred for 2
hours. At this time the mixture was filtered through a pad of celite eluting with methanol.
The volatiles were removed in vacuo yielding (3aR,7S,7aR)-7-methylhexa-
hydrooxazolo[4,5-c]pyridin-2(3H)-one (99%). LCMS (m/z): 157.1 (MH") at 0.17 min.

4 -

oxohexahvdrooxazolo[4.5-c]pvyridine-3(2H)-carboxylate

[0178] A solution of 4-chloro-3-nitropyridine (1.3 equiv.) and (3aR,7S,7aR)-7-
methylhexahydrooxazolo[4,5-c]pyridin-2(3H)-one (1.5 equiv.) in CH,Ch, at a

concentration of G.1 W, was stirred at rt for 48 hours at wiich piperidine (0.4 equiv) was

61



438.3 0.51 3-am no-N-(4-(cis)-3-am no4-hydroxycycl ohex-1 -
enyl ) pyridin-3-yl)-6-(2,6- difluorophenyl)picolinamde WO

2010/ 026124PCT/ EP2009/ 061205 Exanpl e No. Structure LG/ M5 (M+H on UPCL)
LC/ MBS (Rf woo20dB@gi2Cheni cal Name 94 OH H3C, 1 - NHOL - .. poR20054ds12050. 54

3-am no- N (4-(3-am no-4- hyd roxy-5- neth ylcycl ohexyl)pyrid in-3-
yl)-6-(2,6- difluorophenyl)picofinamde 95 OH H N,,s. 1110 N CIN -..

454.3 0.54 3-am no- N (4-(3-am no-4- hydroxy-5-

added to consume excess 4-chloro-3-nitropyridine. After stirring for an additional 2
hours, di-tert-butyl dicarbonate (2.0 equiv.) and dimethylaminopyridine (0.1 equiv.) were
added. After stirring for 4 hours, the solution was partitioned between EtOAc and
NaHCO; (sat,), was washed further with NaHCOj (5o, and NaClia), was dried over
MgSOs, was filtered and purified by silica gel chromatography (75% EtOAc/hexanes
eluent) yielding (3aR,7S,7aR)-tert-butyl 7-methyl-5-(3-nitropyridin-4-yl)-2-oxohexa-
hydrooxazolo[4,5-c]pyridine-3(2H)-carboxylate (35%). LCMS (m/z): 379.0 (MH"). LC
R¢=2.42 min. -

Synthesis of (3aR.7R.7a8)-tert-butyl 5-(3-aminopyridin-4-yl)-7-methyl-2-

oxohexahydrooxazolo[4.5-c]pyridine-3(2H)-carboxylate

[0179]  To a solution of (3aR,7S,7aR)-tert-butyl 7-methyl-5-(3-nitropyridin-4-
yD)-2-oxohexahydrooxazolo[4,5-c]pyridine-3(2H)-carboxylate (1.0 equiv.) in methanol, at
a concentration pf 0.1 M, was added 10% palladium on carbon (0.1 eq.). The resultant
heterogencous solution was put under an atmosphere of hydrogen and was stirred for 14
hours. At this time the mixture was filtered through a pad of celite eluting with methanol.
The volatiles were removed in vacuo yielding (3aR,7S,7aR)-tert-butyl 5-(3-aminopyridin-
4-yl)-T-methyl-2-oxohexahydrooxazolo[4,5-c]pyridine-3(2H)-carboxylate. LCMS (m/z):
349.1 (MH"); LCR,=2.18 min.

-

0 NH2



met hyl cycl ohexyl )pyrid in-3- yl)-6-(2,6- difluorophenyppicolinamde 96 CH s
H3C," NH F N. LNlo 458.1 0.54 N-(4-((3R 4R 5S)-3-am no- 4-

hydr oxy- 5- et hyl pi peridin-1- yl)pyridin-3-yl)-6-(2,6- difluorophenyl)-5-

f 1 uor opi cofypnefgiden®7 Chita 911 C 0 ? .NH2 454.1 0.55 pCT/EP2009/061205

3-am no- N- (4- (3-am no-4- hydroxy-5- nethyl cycl ohexyl)pyridin-3- yl)-6-(2, 6-
di fl uorophenyl)picolinamde _ 98 Chiral OH s. NHSO

Method 1

Synthesis of methyl 3-amino-6-(2.6-diflurophenyl)picolinate

[0180] A solution of methyl 3-amino-6-bromopicolinate (1.0 equiv.),
2,6-difluorophenyl-boronic acid (3.0 equiv), and Pd(dppf)Cl,-DCM (0.1 equiv.) in 3:1
DME/ 2M Na;CO; (0.5 M) was subjected to microwave irradiation at 120 °C for 15 min
intervals. The reaction was filtered and washed with EtOAc. The organic was
partitioned with H>O (25mL), was further washed with NaClsa) (25mL), was dried over
MgS0O,, and the volatiles were removed in vacuo. The residue was diluted in EtOAc and
passed through a silica gel ptug and the volatiles were removed in vacuo yielding methyl
3-amino-6-(2,6-difluorophenyl)picolinate (47%). LCMS (m/z): 265.1 (MH"); LC R, =
2.70 min

d -

Synthesis of 6-(2,3-difluorophenyl)-5-fluoropicolinic acid
F
F
Y
HO =
o]

[0181] To a solution of 6-bromo-5-flucropicolinic acid (1.0 equiv.) in DME
and 2M Na,;COjs (3:1, 0.25 M) was added 2,3-diflucrophenylboronic acid (1.3 equiv.) and
Pd(dppf)Cl;-DCM (0.05 equiv.) in a microwave vial. The vial was heated in the
microwave at 120 °C for 30 minutes. The mixture was diluted with ethyl acetate and IN

WaOH was added. The organic phase was separated and exiracted three more times with

0%



HC 3_ MoNH 454.1 F 0.54 3-am no-N-(4-(3-an no-4-. hydroxy-5-
met hyl cycl ohexyl ) pyri din-3- yl)-6-(2,6- difluorophenyl)picolinam de 99
H2Ni sChirai F N 427.2 0.55 N-(4-((1R 3S)-3- am nocycl ohexyl) pyri di n- 3-
yl) - 6- (2, 6vdizblomesiophenyl) - 5- fl uoropi colinanm de WO PCT/EP2009/061205
2010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure LC Ms (MtH on UPCL)
LG Ms (Rf on UPCL) Chem cal Nanme 100 Crirrd F 11,....
IN NaOH and once with 6N NaOH. The combined aqueous phases were filtered and
acidified to pH 1 by the addition of concentrated HCI and extracted with ethyl acetate.
The organic layer was dried over magnesium sulfate, filtered, and concentrated to give 6-
(2,3-difluorophenyl)-5-fluoropicolinic acid in 78%. LC/MS = 254.1 (M+H), Rt =0.75
min.

Method 2

Synthesis of 3-amino-6-(2.6-difluorophenyl)picolinic acid

NH.
[0182]  To a solution of methyl 3-amino-6-(2,6-difluorophenyl)picolinate (1.0
equiv) in THF (0.5 M), was added 1M LiOH (4.0 equiv). After stirring for 4 hours at 60
°C, I N HCI (4.0 equiv.) was added and the THF was removed in vacuo. The resulting
solid was filtered and rinsed with cold H>O (3 x 20mL) to yield 3-amino-6-(2,6-
difluorophenyl)picolinic acid (90%). LCMS (m/z): 251.1 (MH"); LC R, =2.1 min.

Synthesis of 3-amino-6-(2-fluoro-5-propoxyphenylpicolinic acid

LT N0
F
'1 =
HO -
O NH,

[0183] Method 1 was followed using 3-amino-6-bromopicolinic acid (1.0
equiv.) and 2-fluoro-5-propoxyphenylboronic acid (1.5 equiv.) and Pd(dppf)Clz-DCM
(0.05 equiv.) to give 3-amino-6-(2-fluoro-5-propoxyphenyl)picolinic acid in 75% yield.
LC/MS =291.0 (M+H), Rt = 0.81 min.



ONH2 442.2 0.59 3-amno-N-(4-((1 R 3S)-3- am nocycl ohexyl) pyridi n- 3-
yl1l)-6-(2, 6-difl uorophenyl)-5- fluoropicolinamde 101 r 0Q_ , 40 iul ONH2
482.2 0.56 2-am no-4-(3-(3-am no-6- (2,6- difluorophenyl)picolinam do)p
yridi n-4- ywhoyfebexyl acetate 102 OH F N : H ONH2 440. 3d3vEr2009/061205

3-am no- N- (4- (3-am no-4- hydroxycycl ohexyl)pyridin-3- yl)-6-(2, 6-

di f1 uor ophenyl ) pi col i nam de 103 Chiral OHso ,H

ropoxyphenvlpicolinic acid

Synthesis of 3-amino-5-fluoro-6-(2-fluoro-5-

N
F
N
HO /
O NH,

[0184] Method 1 was followed using 3-amino-6-bromo-5-fluoropicolinic acid
(1.0 equiv.) and 2-fluoro-5-propoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl-
DCM (0.05 equiv.) to give 3-amino-5-fluoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid
in 28% yield. LC/MS =309.1 (M+H), Rt = 1.00 min.

Synthesis of methyl 3-amino-5-fluoro-6-(2-fluorophenyl)picolinate

[0185] Method 1 was followed wusing methyl 3-amino-6-bromo-5-
fluoropicolinate (1.0 equiv.) and 2-fluoro-phenylboronic acid (1.5 equiv.) and
Pd(dppi)Clz-DéM_ " (0.05 equiv.) to give methyl 3-amino-5-fluoro-6-(2-
fluorophenyl)picolinate in >99% yield. LC/MS = 265.0 (M+H), Rt = 0.77 min.

2-fluorophenylpicolinic acid

nthesis of 3-amino-5-fluoro-6-

[0186] Method 2 was followed wusing  3-amino-5-fluoro-6-(2-
fluorophenyl)picolinate (1.6 equiv.) and LiOH (5.0 equiv.) to give 3-amino-5-fluoro-6-(2-
fluorophenyf)picolinic acid in 90% yield. LC/MS = 251.1 (M+H), Rt = 0.80 min.



N-*--- H ONH2 455.3 0.53 3-am no-N-(44(3R, 4S, 5R) - 3- anni no- 4- hydr oxy- 5-

nmet hyl pi peri di n-1- Apyridi n- difluorophenyl)picolinamde 104_ OHo H2 N,, N
NH2 440.2 0.52 3-am no-N-(44(1R, 3S, 4S)-3- am no-4-

hydr oxycycWoheroypbdipyri di n-3- . yl1)-6-(2,6- difl uorophecuiBrpemotizoanm de 105
H3C AO Nss.- ONH2 438.2 2.92 3-am no-6-(2,6- difluorophenyl)-N(4-(3-

hydr oxy- 5- met hyl cycl ohex-1- enyl ) pyri di n-3-yQpi coli nam de 106 as6 ,,NH2 H, .
H

Synthesis of methyl 3-amino-6-(2,6-difluorophenyl)-5-fluoropicolinate

F F
| N ]
0 Z
(o) NH, '

[0187] Method 1 was followed using methyl 3-amino-6-bromo-5-fluoro-

picolinate (1.0 equiv.) and 2,6-difluorophenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-
DCM (0.05 equiv.) to give 3-amino-6-(2,6-diflucrophenyl)-5-fluoropicolinate in 94%
yield. LC/MS =283.0 (M+H), Rt =0.76 min.

Synthesis of 3-amino-6-(2.6-difluorophenyl)-5-fluoropicolinic acid

F F
NN
HO o
O NH,

[0188] Method 2 was followed using 3-amino-6-(2,6-difluorophenyl)-5-
fluoropicolinate (1.0 equiv.) and LiOH (1.0 equiv.) to give 3-amino-6-(2,6-
diﬂuorophenyl):S-ﬂﬁoropicolinic acid in 79% yield. LC/MS = 269.0 (M+H), Rt = 0.79

min.

Synthesis of 5-fluoro-6-(2-fluorophenyl)picolinic acid

F
F
=
HO "1/
o

{0189] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 2-flusrophenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM (0.05 equiv.)
to give S-fluorc-G-(Z-flucrophenyi)picolinic acid in 43% yvield. LC/MS = 236.1 (M+H]),

Rt=9.72 min.



N..., 1ONH2 394.3 0.74 3-am no-N-(4-((1R 3S)-3- am nocycl ohexyl) pyridi n- 3-
yl)-6-cycl ohexyl pi col i nam de WD 2010/ 026124PCT/ EP2009/ 061205 Exanpl e No.
Structure LG M5 (MrH on UPCL) LG M5 (Rf on UPCL) Chemcal Nane 107 S

| ONH2 421W% 0%2 343-amino-N-(4-(3- aminooycl oh eX- Yscr/Ep2009/061205
enyl ) pyridin- % (2 6 di f | uor ophenyl) pi col i nanni de 108 H, C 400Chi r al

FF>7", N|-12JJ LNA— .1 473.3 0. 67
Synthesis of 6-(3.4-difluorophenyl)-S-fluoropicolinic acid

F

F

=

HO hi/
0

[0190] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 3,4-difluorophenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM (0.05
equiv.) to give 6-(3,4-difluorophenyl)-5-fluoropicolinic acid in 70% yield. LC/MS =
254.1 M+H), Rt = 0.81 min.

Synthesis of 6-(2.5-difluorophenyl)-5-fluoropicolinic acid

F

F
- F
HO 1\1 P
o)

[0191] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 2,5-difluorophenyiboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM (0.05
equiv.) to give 6-(2,5-difluorophenyl)-S-fluoropicolinic acid in 80% yield. LC/MS =
254.1 (M+H), Rt = 0.74 min.

Synthesis of 6-(2.4-difluorophenyl)-S-fluoropicolinic acid
F

F
F

N ~
HO =
o)
__[@192}5 Method 1 was followed using 6-bromo-5-finorepicolinic acid (1.0
equiv.) and 2,4-difluorophenylboronic acid (1.3 equiv.) and Pd(dppf)Cl-DCM (0.65

wh
R,



N (4-01R 3R, 5S)-3-am no-5- (trifluoronethyl)cyclohexyl)py _
ridin-3-yl)-6-(2-fluoro-5- nethyl phenyl)picolinamde 109 0,CH3 Chiral F N
K2(161 F)1 F F LiN 14 507.2 0.65 N (4-((I R 3R 59)-3-ani no-5-
(trifluorowetbiplodaye! ohexyl )py ridin-3-yl)-6-(2, 6-difIpé¢arep26bo/061205
met hoxyphenyl ) pi col i nam de 110 Chiral F.F.,,,,H2is F''"'.F F ,N ONH, 510.2
0.64 3-am no-N-(4-((1R 3R 55)-3- amno-5- (trifluoromethyl)cyclohexyl)py
ridin-3-yl)-6-(2,6- difluorophenyl)-5- fluor picolinamide '111 Chiral
equiv.) to give 6-(2,4-difluorophenyl)-5-fluoropicolinic acid in 79% yield. LC/MS =

254.1 (M+H), Rt =0.75 min.

Synthesis of 5-fluoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid

0

F
F
X
HO pi/

o

[0193]  Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 2-fluoro-5-propoxyphenylboronic acid (1.5 equiv.) and Pd(dppf)Cl-DCM
(0.05 equiv.) to give 5-fluoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid. LC/MS =
294.2 (M+H), Rt =0.95 min.

Synthesis of 6-(2-fluorophenvl)picolinic acid

X
HO I\1/
o

[0194] Method 1 was followed using 6-bromopicolinic acid (1.0 equiv.) and 2-
fluorophenylboronic acid (1.5 equiv.) and Pd(dppf)Cl,-DCM (0.05 equiv.) to give 6-(2-
fluorophenyl)picolinic acid in 93% yield. LC/MS = 218.0 (M+H), Rt = 0.66 min.

Synthesis of 6-(2.6-difluorophenyl)picolinic acid

\

A
HO =
o

0195} 'Method 1 was followed using 6-bromapicolinie acid (1.0 equiv.) and
2,6-diﬂuorophenylboronic acid (1.5 equiv.} and Pd(dppf)Cl,-DCM (0.05 equiv.) to give

QG-



FA4 F'!" 0 465.3 0.72 N(4-((1R 3R 5S)-3-am no-5- -

(trifluoronnethyl)cycl ohexyl)py rid in-3-yl)-6-cyclohexyl-5- fluo

ropi colinam de 112 FF) T4oNH2col Chiral F N H ONH2 492.2 0.62

3-am no- N-{yololZeBR 5S) - 3- am no-5- (trifluoronethyl ) cyelEdenoskipy
ridin-3-yl)-6-(2,6- difluorophenyl)picolinamde 113 Chiral 0 HF 1110

FI3CNI 12 F 458.2 0.55 N-(4-((3S,4S,5R)-3-amino-4- hyd roxy-5-m et hyl pi
perid in-1- yl)pyridin-3-yl)-6-(2,6- difluorophenyl)-5- fluoropicolinam de

WO 2010/ 02626t BigilifepR DHREAAO 2cifFKPI8% Fieli0-LAMSUC Y6 S (M-+H), Rt = 0.87

min.

Synthesis of 6-(2-fluoro-5-methoxypheny])picolinic acid

0O

|

SN
HO =

o)
[0196] Method 1 was followed using 6-bromopicolinic acid (1.0 equiv.) and 2-

fluoro-5-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM (0.15 equiv.) to
give 6-(2-fluoro-5-methoxyphenyl)picolinic acid in 95% yield. LC/MS = 248.2 (M+H),
Rt =0.78 min.

Synthesis of 6-(2-fluoro-S-propoxyphenyl)picolinic acid

N0

i

0

HO

4

[0197] Mé:thod 1 was followed using 6-bromopicolinic acid (1.0 equiv.) and 2-
fluoro-5-propoxyphenylboronic acid (1.5 equiv.) and Pd(dppf)Cl;-DCM (0.15 equiv.) to
give 6-(2-fluoro-5-propoxyphenyl)picolinic acid in 20% yield. LC/MS = 276.0 (M+H),
Rt = 0.87 min.



LG M5 (MHH on UPCL) LC/MS (Ftf on UPCL) . Chem cal Nanme 114 Chiral OCHH, "
OH* FNNF 1 10 441.1 0.61 N-(4-((3R 4R 59)-3, 4-

di hydr oxy- 5- net hyl pi peri di nl-yl)pyridin-3-yl)-5-fl uoro-6-

(2-f1 uor op@ppbdmumol | nam de 115 OHdi i k, Chl rad H3C, , , i ppT/ER20dd0dY205. . | O
441.1 0.6 6-(2,6-difluoro ph enyl)-N(4- ((3R 4R, 5S)-3, 4-di hydr oxy- 5-

nmet hyl pi peridin-1-yl)pyridin3-yl)picolinamde 116 Chiral H16 V.,001t MF

’ Synthesis of 6-(2.6-difluoro-4-methoxyphenyl)picolinic acid

e

Ry
HO '1/

0

[0198] Method 1 was followed using 6-bromopicolinic acid (1.0 equiv.) and
2,6-difluoro-4-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,.-DCM (0.15
equiv.) to give 6-(2,6-difluoro-4-methoxyphenyl)picolinic acid in 42% yield. LC/MS =
266.1 (M+H), Rt = 0.75 min.

Synthesis of 3-fluoro-6-(2-fluorophenyl)picolinic acid

N R
HO I/

o F

[0199] Method 1 was followed using 6-bromo-3-fluoropicolinic acid (1.0
equiv.) and 2-fluorophenylboronic acid (1.5 equiv.) and Pd(dppf)CL-DCM (0.05 equiv.)
to give 3-fluoro-6-(2-fluorophenyl)picolinic acid in 81% yield. LC/MS = 236.1 (M+H),
Rt =0.72 min.

Synthesis of 3-fluoro-6-(2-fluoro-5-methoxyphenyl)picolinic acid

I
o)

i

O F

HO

- [0200] Method 1 was followed using 6-bromo-3-fluoropicolinic acid (1.0
equiv.j and 2-fluore-5-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM



N-. 459.1 0.61 6-(2,6-difluorophenyl)-N-(4- ((3R 4R, 5S)-3, 4-di hydr oxy- 5-
nmet hyl pi peridin-1-yl)pyridin3-yl)-5-fluoropicolinamde 117 OH t"i oChiral
NiF 1 o0 468.2 0.62 6-(2,6-Difiu o rop henyl)-N(4- ((1R 3R 4R 58)-3, 4-
di hydr oxy-@wo 20®td26seh cycl o hexyppyrid in-3- yl)-5-fl uor auieeszboomvarzosie 118
OHNChl rel H.,014H2..-- F NaYH o 423.2 0.32 N (4-((3R 4R, 5S)-3-am no- 4-
hydr oxy- 5- net hyl pi peridin-1- yl)pyridin-3-yl)-3-fluoro-2, 31-
bi pyri di ne- 6-carboxam de 119 ,F F 441.2

(0.15 equiv.) to give 3-fluoro-6-(2-fluoro-5-methoxyphenyl)picolinic acid in 89% yield.

LC/MS = 266.1 (M+H), Rt = 0.79 min.

Synthesis of S-fluoro-6-(2-fluoro-5-methoxyphenyl)picolinic acid
_0
F
VY
HO P
(o}

[0201] Method 1 was followed using 6-bromo-5-flucropicolinic acid (1.0
equiv.) and 2-fluoro-5-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM
(0.15 equiv.) to give 5-fluoro-6-(2-fluoro-5-methoxyphenyl)picolinic acid in 86% yield.
LC/MS = 266.1 (M+H), Rt =0.79 min.

Svynthesis of 6-(4-(benzyloxy)-2-fluorophenyl)-5-fluoropicolinic acid

G

E
F

=
HO =

o)

[0202] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 4-(benzyloxy)-2-fluorophenylboronic acid (1.3 equiv.) and Pd(dppf)Cl.-DCM
(0.15 equiv.) to give 6-(4-(benzyloxy)-2-fluorophenyl)-5-fluoropicolinic acid in 28%
yield. LC/MS = 342.1 (M+H), Rt = 1.05 min.

8.



0.46 N-(4-((3R 4R 5S)-3-am no-4- hydroxy-5-net hyl pi peridi n-1-
yl)pyridin-3-y1)-3,3 -difluoro2, 4" -bipyridine-6- carboxam de WO

2010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure IC M5 (M+H on UPCL)

LC M5 (Rf wao 20d00Gkeh24Chem cal Name 120 , 0 423.1 0.3 PCT/EP2009/061205

N (4-((3R 4R, 5S) - 3- am no- 4- hydr oxy- 5-net hyl pi peri di n- 1-
yl)pyridin-3-yl)-3-fluoro-2,4'- bipyridine-6-carboxam de 121 isChiral F NI
ONH, 473.1 0.68 3- am no- 6- (2 6 di fluorophenyl)-N-(4- ((1R 3R 4R 59)-3, 4-
di hydr oxy Sgathesis riy ko yoioghenyB-3 edlinioaci

Synt hesi s of
6- bronmo-N-(4-(3-(tert-but
-3-y1l)-5-fluoropicolina

[0203] Method 1 was followed using 6-bromo-3-fluoropicolinic acid (1.0
equiv.) and 4-(benzyloxy)-2-fluorophenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM
(0.15 equiv.) to give 6-(4-(benzyloxy)-2-fluorophenyl)-3-fluoropicolinic acid in 41%
yield. LC/MS = 342.1 (M+H), Rt = 1.06 min.

Synthesis of 6-(2,6-difluoro-4-methoxyphenyl)-3-fluoropicolinic acid

HO

[0204] ° Méthod 1 was followed using 6-bromo-3-fluoropicolinic acid (1.0
equiv.) and 2,6-difluoro-4-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-
DCM (0.15 equiv.) to give 6-(2,6-difluoro-4-methoxyphenyl)-3-fluoropicolinic acid in
9% yield. LC/MS = 284.0 (M+H), Rt = 0.74 min.

Synthesis of 6-cyclohexenyl-5-fluoropicolinic acid

E

=
HO l\1/

0

[92¢5] Method T was DHllowed using 6-5romo-5-fiuoropicolinic acid (1.0

equiv.} end cyclohexenylborenic acid (1.3 equiv.) aud Pd{dppHChL-DCM (0:15 equiv.) i

~102-



102511Fol | owi ng Method 9, 4-(3-(tert-butyldinethylsilyloxy)-5-nethylcyclo-
hex- 1-enyl ) pyri di n- 3-am ne and 6- brono-5-fl uoropicolinic acid were coupled .
and follow ng addition of Et0OAc and washing with H20, NaC () and drying
over MySOhwo%n10/026124 _ _ PCT/EP2009/061205
bronmo- N-(4-(3-(tert-butyldi nethylsilyloxy)-5-nmethyl cycl ohex-1-enyppyridin-3
-y1l)-5- fluoropicolinamde was obtained. LCMS (nmz): 455.3 (MH); LC Rt =
2.09 min. Synthesis of 6-brono-N (441R3S1-3-(1, 3-di oxoi soi ndoli n-2-y1)-
cycl ohexylgivey-tydiohedenylt j-finofopicolinip acid in 6% ydeld. LC/MS =DR2DIMHD| Rowi ng

Met hod 9, 2-(3-(3-am nopyridin-4-ypcycl ohexypi soi ndol i ne-1, 3-di one and

6- br ono- 5-0f52dB‘rnopi colinic acid were coupled and follow ng additi on of EtOAc
and washi ngembdd 1120, Nad (stit.) and drying over MySO4,

6- br ono- N(Z44TR3S) - 3- (1, 3- di oxoi soi ndol i n-2-yl ) cycl ohexyl ) pyridi n-3-y1)-5-f

Igugrlog; (r:]ols n@r ni dﬁ' i_gvaiohce))t()tl_ag_ﬁg(gb iléo B Mﬂ z): 523.2/525.2 (MH#); LCR =

3- am no- 6- brono- N- (44( 1R 3S) - 3~( 1, 3- di oxoi soi ndol i n- 2-
111) cycl ohexyl ) pyri di n- 3-y1) - uor opi col i nani de [ 0253] Fol | owi ng
“4-yl)cycl ohexyl)- isoindoline-1, 3-di one and

Met hod 9, 2-(3-(3-am nopyridi
3- am no- 6- br ono-5-f | uoropi col i i c ;acid were coupl ed and fol |l owi ng addition
of Et 0Ac and washing with H201 (at ) and drying over MgSOH4, 3-
am no- 6- brono- N- (4- (( 1R 86 , 3- di oxoi soi ndol i n-2-yl)cycl ohexyl ) pyri di n-
3-y1)-5- fluoropicolinam dellwas obtained. LCM5S (mz): 538.1/540.1 (MR); LC
Itt = 3.46 min. Synthesis ®f tert-butyl
(1S, 3R, 5*-3-(3-(6-brono-5-fl uoropi coli nam do) -
gyri di n- 3- v1|) - ?(}12;6}3 gy’gcsyagga(b%&)sbmﬁmbaﬂﬂ%_ dﬂlohi%h?%-élubﬂ@ﬁé]iﬁ@h‘:idﬂ.ﬂg Met hod

, tert-buty - 3-(3-am nopyridi n-4-yl)-5- ) .
met hyl cyclegHE Ma%fa@éﬂﬂ)m aéd@rlg%]?‘gc@-ﬁﬁﬂ'b‘&)) e thaireaction wasgtigd coupl ed
and fol | owngg aelﬂgfotg{e&ll?aﬂ&m Bl QAEhA e WEIRb I ad b fikZEd, riNedd widh fhebrANd dryi ng

over MgSO4, tert-buty e iy
(1S, 3R, 55pndthedilirge pay eancentratadde afordsrevisloherdSluorenieplinioarid ig 6%t hyl cycl ohe

xyl car ba ht & = < 507.1/509.1 (vmt), Rt = 0.90 mn.
Synt hesi rs@ge?dml\@l? %ﬁ%@“ WGWE;F?#& 5-fl uoropi col i nam do) pyri di n-4-y1) -
2-(tert-byto ] .6- e Xl I ) .acetate, 9ft

[ 0255] Fol R Ey>-# e e e am L s o L n-4-y1)-2-(tert-
but oxycar bonyl am no) - 6- net hyl | ohexyl acetate and

6- br ono- 5-fl uoropi col i ni c aci gre coupled and foll ow ng addition of EtOAc
and washing wi th H20, Nad () a@&q dryi ng over MySO4,

(1R 2R, 4R, 6S) - 4- (3- (6-brono- or opi col i nam do) pyri di n-4-y1) - 2-
(tert-butoxycarbonyl am no) - 6- &t hyl cycl ohexyl acetate was obtai ned. LCVS
(mz): 567.2 (MO, R.= 0.82 mn :

- F

[0207] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 4,4,5,5-tetramethyl-2-(1,4-dioxaspiro[4.5]dec-7-en-8-y1)-1,3,2-dioxaborolane
(2.0 equiv.) and Pd(dppf)Cl2-DCM (0.2 equiv.) to give 5-fluoro-6-(1,4-
dioxaspiro[4.5]dec-7-en-8-yl)picolinic acid. LC/MS = 280.2 (M+H), Rt = 0.66 min.



S nthesis of +/- -tert-bu 1 5- 3- 6-brono-5-fluoroidin-4- 7-

met hy1- 2- oxohexahydr obenzo[ d] oxazol e- 3( 2H) - car boxyl ate [02561Fol | ow ng

Met hod 9, (+/-)-tert-butyl 5-(3-am nopyridin-4-yl)-7-nethyl-

2- oxohexahygb@berdasf d] oxazol e- 3(21- 1) - car boxyl ate and pCT/EP2009/061205

6- brono-5-fl uoropicolinic acid were coupled and foll ow ng addition of EtOAc
and washing with H20, Nad (sat.) and drying over My504, (+/-)-tert-butyl

5- (3-(6-brono-5-fl uoropicolinam do
met hy 1- 2- Gynthesisofmethilcaftadroloe(t Azd il 4 o8y iieolimae obt ai ned. LCMVS
(mz): 549.2/551.2 Gvar), Ril= 0.78 mn. Synthesis of tert-butyl

5- (3- (6-brono- 5-f | uoropi col i Aani do) pyri di n-4-y1) - 2-

oxohexahydr obenzor dl oxazol e-3%ZH) - car boxyl at e [ 02571Fol | owi ng Met hod 9,
tert-butyl 5-(3-am nopyridi y1) - 2- oxohexa-

hydr obenzo[ d] oxazol e-3(2H)-c oxyl ate and 6-brono-5-fl uoropicolinic acid
were coupl ed and foll owi ng addli tiFon of Et OAc and washing with H20,

NaCl (sg.) and drying ovelj MySCH

5- (3-(6-brono-5-fl uoropi 69l
oxohexahydr obenzo[ d] oxazolle- 3(2H) - car boxyl ate was obtai ned. LCMS (m z):
537.1 (MEl); LCMB Rt = 0.™ min. Synthesis of

6- brono- N- (44( 1R, 5R) - 541, 3- di oxoi soi ndol i n-2-y1) - 3. 3-

di met hyl cycl oh{298) pyTe alsotutn\oE)s=fhotd-801,85didx@biRdd. jdee 7-enls0Af3bEalc oW ng

Met hod 9, 2- R, 5R) ; 543- am idjn-4-y1)-3, 3-

di me'? hyl e§gf gﬁéﬁ%ﬁ&%éﬁdgﬁg&gx’% ﬂidgﬂgDé‘n%leUbQ eAv- 5 DMAB L bPrEEY-):ni ¢ aci d
wer e couph@iMeOH (10 by W) NBhélaition ixfle WAIMAGWRN RS YoBM tWanpdtarikeTor

NaCl (stit.) and drying over MyS 04

6- br oro- NP @ays themdappd with gthy] @qe@imiw@diedcrdtmwat@, ride; &rigl alienmmmesioyrc| ohexyl ) p
yridin-3- ¥1Hate? fifthrd® Eﬂcg%%ﬂé%?e? gﬁe ¥Rae 81%513&%% purliﬁ:e'\(/ﬁ)y( &) gel ot > (M -0,

tert-butyl

R = 0.95 mn

N44§] ( : R, BFhIdlSaﬁlgﬁpr éluﬁhgs(vitbﬁ?—Sg%gryﬂyd hdmit??nl Iekanek ﬁﬂ?iclametlayl 5-fluoro-6-
met hyl cyc}.,0hex i i, n-3- =6:- br.ono- 5:f | uor opi col i ngm de

[ 0259] Fol ho@h%é%‘?oﬂd@:%&%%ﬁ%@%‘? e %";Skf?‘gg@gk“éﬂ 3% yield. LorMs
but yl di me£hg4 giMH)®)=8&798fiRYy! cycl ohexyl ) pyri di n-3-ami ne and

6- br ono5-f | uor opi colinic acid were coupl ed and foll ow ng addition of EtOAc
and washi ' HP QL Nad () - dryvi.ng, guer. MoSO4, L.

N-(4-((1 ,QMHP,MS}TB )= ) ok ﬁ&]—()% VTSt Hy-toxy ) =o- met hylcycl ohexyl) p
yridin-3-yl)-6-brono-5-fl uorpﬁ coli nam de was obtained. LCMS (nmz): 652.5,
652.4 (MO, LC Rt =5.82 ming_ o Synthesis of N 4- 1S 3S 4R 5S -3 4-bis
tert-bu | dinmeth methvl cycl oheXvl) Dvri di n- 3- 01- 6- br ono- 5- f | uor opi col i nam de
[ 0260] Fol | owi ng Met hod 9, 4 $, 3S, 4R, 5S)-3,4-bis(tert-

but yl di net hyl si | yl oxy) - 5- net hyl cycl ohexyl ) pyri di n- 3-am ne and :

6- br ono5-f | uor opi colinic acj ghwere coupled and foll ow ng addition of EtOAc
and washing with 1120, Nad {ist(.) and drying over MySH4,

N-(4-((1S, 3S, 4R, 5S) - 3, 4-Bis(et t but yl di met hyl si | yl oxy) - 5- et hyl cycl ohexyppy
ridin-3-yl)-6-brono-5-flugyopi colinam de was obtained. LCMS (nmfz): 652.5,
652.4 (M-1+); LCR = 5.83 mn. Method 10 Synt hesi s of

6-(2,6-difluor nvl) - 5-fl uoro-N-(4-(3-hydroxy-5-nmet hyl cycl ohex1-enyl) pvri
di g_ 3-yl) pi COHB%@& dél)o a degassed solutlogl of gnetthS-ﬂuorX)-&(l,4-dio¥casp)1/ro[4.5]dec-7- ylye

en-8-yl)picolinate (1.0 equiv.) in MeOH (0.07M) was added 10% Pd/C (0.1 equiv.) and
the reaction was stirred under a hydrogen balloon overnight. The solution was then
filtered, rinsed with MeOH, and the filtrate was concentrated to afford methyl 5-fluoro-6-
(1,4-dioxaspiro[4.5]decan-8-yl)picolinate in 91% yield. LC/MS = 296.2 (M+H), Rt =
0.83 min. '




[ 0261] A sol ution of 6-bronmo-N(4-(3-(tert-butyldinethylsilyloxy)-5-nethyl -
cycl ohex-1-enyl ) pyridin-3-y1l)-5-fluoropicolinamde (1.0 equiv),

2, 6-di fl uorophenyl boronic acid (3.0 equiv.), tetrakistriphenyl phosphine
(0.2 equi vW? Ahadrk et hyl amine (3.0 equiv.) in 1:1 Et Olch@ipd6pReafs 1 M was
heated at 120C wth mcrowave irradiation for 1200 seconds. Upon cooling,
renoval of the volatiles in vacuo, the Suzuki product was directly purified
by reverse phase HPLC. The product fraction was |yophilized and the

resul ti ng SkRibESs of MethyMirfusteib-@teotwibhasyl inatbed in Met hod 9 yi el di ng,
after RP HPLC purification and iyophilization,

6- (2, 6-di fl uorophenyl)-5-fi uof N (4-(3-hydroxy- '

5- met hyl cycl ohex-1-enyl ) pyri - 3-y1) pi col i nam de as the TFA salt.. LCMS
(mz): 438.2 (MH#); LCR = D mMm Synt hesi s of

N (4-( (1 R3S)-3-am nocycl ohex pyridin-3 -yl)-

6- (2, 6-di fluorop_henvl)-5-fl ugyom col i nam de [ 0262] A sol ution of

6- brono- N- (4- ((1R, 3S) - 3- (|1, INpxoi soi ndol i n- 2-y1) -

cycl ohexyl ) pyri di n- 3-y1) O8_#hyst opi col i nami de (1.0 equiv),

2, 6-di fl uorophenyl boroniclacid (3.0 equiv.), tetral dstriphenyl phosphi ne
(0.2 equiv.) and triethyl afti ne (3.0 equiv.) in 1:1 EtOH toluene (0.1 M was
heated at 120 C with m crowave irradiation for 1200 seconds. Upon cooli ng,
renoval of the [§210ht i Tes solntiomefimsthylbefliBue-6Ki ,4pliocsmpito[haklecintdect | y purifi ed

b . f i | hilized and th
esul t1 ng SHRCRGT: F-§ e S RE00 Sla B e oD nb B RS hod o
>F/e i g |S ;ji gg, dehydzate lE?P% Hﬁhlﬁb m&mfé ma%dm'xamdwhyﬂﬁhh lforz3aday® NThd\bofudiot (Was
, - 3-anj nocyc rj.din-3-yl)- )
6- (2, 6- di M sﬂ‘éﬁ@ﬁ !‘%@quifﬂ&l 8&0&%@%9@@3 mixturrevaspddedioethy] rehtq ny 2)
427. 2 ( Mghg bifre, e orfimicdstfsdWvis dried over rYghbi&R IstIfRE, filtered, and
3-am no- N (441R3S) - 3- anm nocyclohexyl Wri1di n-3-yl)-

6- (2. 6- di febneentspthdnhiethybS-fluororGid-exocydehexvidpicdlina®3yas obtained iro?8% field.

3-am no- 6- )= - o 2 (1. 3-di oxoi soi ndol i n-

2-yl)cycl olﬁ:tra/%ﬁ)) %:?é?é‘.%@%l?%% 1il'uor opicolinamd.e (1..0 equiv),

2, 6-di fl ugropheny) boronjic acid (3.0 equiv.), tetral dstriphenyl phosphi ne
(0. 2 equi YRLISHHOL TG 1 Op{4-hy

iiuoro
was heated at 120 Cwith mecr
cooling, renoval of the vol at

'~
L))

: pdrogyeyglobexylpicolinate 1 £t OH/ t ol uene (0.1 M
ve irradiation for 1200 seconds. Upon

es in vacuo, the Suzuki product was directly
purified by reverse phase HR The product fraction was |yophilized and
the resulting phthalimde gr was deprotected as described in Method 9
yielding, after RP HPLC purification and |yophilization, '
3-anrno-N(4-((1R 3S)-3-am Fohexyppyri di n-3-y1)-6-(2, 6-di fl uor ophenyl)
-5-fl uoropi col i nam deas lhe JITFA] salt. LCvs (mz): 442.2 (MH); LCR = 2.24
m n. Synt hesi s of Z- ami no- 4- hydr oxycycl ohexyl ) pyri di n-3-y1) -

6- (2, 6-di fl uorophenyl)-5-fguoropi col i nam de 102641A sol ution of
tert-butyl 5-(3-(6-brono-5-fluoropicolinam do)pyridin-4-

y1) - 2- oxohexah en lo - -Carboxyl at e .0 eoul V.

b i 11 wor ophdSITT boror e ABRfofartaably F Rl R Rk Prifiiaiif os oni ne
(0.2 equi \(1.p equiiel.) twin MelDH @r08d) was dded|NeBH). The sblutiokvaklallovedaoevatd. 1 M) was
heated at (120 C with m crowave irradi atjon for 1200 seconds. tgon cool i ng,
renoval of° W@V@P%‘?WF%%VW%M&MFWB gan et acrtate ey Et ly purified

by rever s@rgirghatdRhds dribl SvétmRadediuh safikd, GerddSand ¥eRdehiraté®@ gnd the

resulting cyclic carbamate and Boc groups were deprotected as described in
Met hod 9 ymednd Sriljlorgb{(&hydrpxyepelohexybpicolinets asm naixtire glmieiisamens (S,

N (4-(3-am 4- ah ridin-3-yl)-6-(2,6-difluorophenyl)-5-flu
oropi col i nrﬂam ea?x?'zg@i‘:g%c%tal ?éy@% (mz): 443.2 (MH); LCR = 2.11 nin.
Synt hesis of 5-am no-N-(4-((1R, 3S)-3-am nocycl ohexyl’) pridin-3-y1)-

3,3 -difluoro-2,4'-bipyridine-6-carboxam de [ 0265] A sol ution of

3- anm no- 6- brono- N- (441R, 3S) - 3- (1, 3-di oxoi soi ndol i n-

2-yl)cycl ohexyl ) pyridin-3-y1)-5-fl uoropicolinamde (1.0 equivV),
3-fluoropyridin-4-yl-

-105-



boronic acid (3.0 equiv.), tetrakistriphenyl phosphine (0.2 equiv.) and
triethylamne (3.0 equiv.) in 1.1 EtOH toluene (0.1 M was heated at 120 C
with mcrowave irradiation for 1200 seconds. Upon cooling, renoval of the
vol ati | es wo 2uamd6i24 t he Suzuki product was directly purddnimgdoddnstgyer se
phase HPLC. The product fraction was |yophilized and the resulting

pht hal i m de group was deprotected as described in Method 9 yielding, after
RP HPLC purification and |yophilization,

5- am no- NSgdthéds SShetByl dridrcetyinityildimmeshvisilvloxy)cyclohexyh)-5-fluoropicolinate
pyridin-3-y1)-3,3" -difluoro-2,4'-bipyridi ne-6-carboxam de as the TFA salt.
LCMS (mz): 425.1 (M#); LC Rt = 2.08 muBS Synt hesis of

N (4-((1R, 3S,5S)-3-am no-5-net hyl cycl g yl ) pyridin-3-y1)-

6- (2, 6-di fl uoro-5- hydr oxynhenyl ) -5-fl pi colinam de H2N OH [0266] To a
solution of tert-butyl (1 5, 3R, 5S)-3- 6- br ono- 5-

f1 uoropi eol i nam do) pyri di n-4-y1)-5-nmet byl cycl ohexyl carbamate (1.0 equiv.)
in a mcrowave vial was added 2,6-ﬂif1ué§o-3-hydroxypheny|boronic acid (5.0
equiv.), KF (5.5 equiv.) and Pd2(dba)3£9.2 equiv.) foll owed by TEM and
water (10:1, 0.03 M. To this nixt.re was added P(t-Bu)3 (0.4 equiv.) and
the reaction was heated in the mcrowave at 100 C for 30 mn. The organic

phase was then separated, the aqueous |ayer was washed with ethyl acetate,
and the organi 213ker elcostlutinacdf srethyd 6rfbiera-6-44-bydrpxycyelobkxyDeelinataide mi xt ure

was rifij i PN iQn ihiczed and the
resulo'tJ i Ingt@?f)e{dé?%ﬁ%ﬁl\?ggﬁ h(ga; o"?ag’cafa &egﬁgjg& é@?&'ﬁ%@%‘éifﬁﬁmml@?é di ng,
af ter RP BRiiC).pliha feaatiah ntrtusenslas syiopd a roam témyperatite(fdr Z ddyR, tB&h &fdpd & am no- 5-

nmet hyl cycl ghex lidin-3-y1)-6-(2, 6-di fl uoro-3-hydroxyphenyl),-5-fl uoropi co

i na)r/n' d)é aQ‘Yfﬂ%B?%xa%ﬁ?ﬁ“h{%%#z@@%% B3 ,S“[fﬁf“}r'@t LAY 7 i n. [0F2)671

The foll Ow'nftgntmlgﬁ‘éﬁnétﬂﬁ@-(pt(&&%?ﬂﬂﬂg/ﬁﬁ%%(ﬂ%ﬁk?y?a&ﬁﬁx BHABLE 2 Exanple No./
0

NVP I D Structure, LG M5 _( MtH on UPCL ( n UPCL) Chemi cal Nane 122
| Chiral cilugrppicplinate inQ7% yield 253 mixtygrexd isqmers@ ik MM S= 368343 HD, Rt =

di met hyl cyal.ghexglpyri din-3- yl)-6-(2, 6-di fluoro-4- hydroxyphenyl)-5-

fl uoropi colinam de 123

-S-fluoropicolinic acid

[0213]  To a solution of methyl 6-(4-(tert-butyldimethylsilyloxy)cyclohexyl)-5-
fluoropicolinate (1.0 equiv.) in THF/MeOH (2:1, 0.09 M) was added LiOH (1.5 equiv.).
The reaction mixture was stirred overnight at room temperature, then 1N HCI and ethyl
acetate were added, the organic phase was washed with brine, dried over magnesium
sulfate, filtered and concentrated to give 6-(4-(tert-butyldimethylsilyloxy)cyclohexyl)-5-
fluoropicolinic acid as a mixture of isomers (3:1) in 82% yield. LC/MS = 354.2 (M+H),
Rt=1.38 and 1.41 min,
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H C.. chiral CH 11101 , af 3 ,NF N.,....| Lia 485.2 0.65

N-(4-((1R 5R)-5-am no- 3, 3- di net hyl cycl ohexyl ) pyridin-3- .

yl)-6-(2, 6-difluoro-4- nmethoxyphenyl)-5- fluoropicolinam de 124 orichim
H2NA11111)whb 2NoN2448- 2 0.54 N-(4-((1R, 3S)-3- am nocycl @lggxsphdodéied n- 3-
y1l)-6-(2,6-dffluoro-3- hydroxyphenyl)-5- fluoropicolinamde 125 OH Chiral
H2N1111PF N 457.2 0.57 N-(4-((l R 3S,5S)-3-am no- 5-

met hyl cycl ohexyl ) pyridin-3- yl)-6-(2,6-difluoro-3- hydroxyphenyl)-5-

f1 uoropi cqfimail 86 bR aR4 B8edinfilild EP2009/ 061205 Exanple No./ NVP ID

Br

N“ F
HO A |

[0214]  To 2-bromo-3-fluoro-6-methylpyridine (1.0 equiv.) in HO (30 mL)
was added potassium permanganate (1.0 equiv.). The solution was heated at 100 °C for 5
hours at which time more potassium permanganate (1.0 equiv.) was added. Afler heating
for an additional 48 hours the material was filtered through celite (4cm x 2 inches) and
rinsed with HO (150 mL). The combined aqueous was acidified with 1N HCI to pH=4,
extracted with ethyl acetate (200 mL), washed with NaCl(sat.), dried over MgSOs,
filtered and concentrated to yield 6-bromo-5-fluoropicolinic acid (17%) as a white solid.
LCMS (m/z): 221.9 (MH+); LC Rt = 2.05 min. |
Method 4

Synthesis of 2-(2.6-difluorophenyl)-3-fluoro-6-methvlpyridine

-n

F
F

r,1 X
»Z
[0215] To a solution of 2-bromo-3-fluoro-6-methylpyridine (1.0 equiv.) in
THF and Water (10:1, 0.2 M) was added 2,6-difluorophenylboronic acid (2.0 equiv.) and
potassium fluoride (3.3 equiv.). The reaction was degassed for 10 minutes, then
Pd,(dba); (0.05 equiv.) was added, followed by tri-t-butylphosphine (0.1 equiv.). The
reaction was stirred to 60 °C for 1 hour at which point, all starting material was consumed
as indicated by LC/MS. The reaction was allowed to cool to room temperature,
partitioned with ethyl acetate and water, the organic phase was dried with sodium sulfate,
filtered, and concentrated. The crude material was diluted in EtOH to 0.1 M, and 0.5
equiv. of NaBH, was added to reduce the dba. The reaction was stirred for one hour at
room temperature, then quenched with water and concentrated under vacuo to remove the
ethanol. The product was extracted in ether, washed with brine, the organics were dried

over sodium sulfate, filtered, and concentrated. The crude material was loaded on silica

- B~



Structure LG M5 (Mt14 on UPCL) LC/ M5 (Rf on UPCL) Chemical Nanme 126 H,, F
OHFal k," "NH2illF F wN 1.1-,., o 507. 1 0.65 N (4-((1R 3R 4R, 5S)-3- am

i no-4-h ydroxy-5- nethylcycl ohexyl)pyrid in-3- yl)-5-fluoro-6-(2-flu oro-5-
(trifluoroyetbploddabenyl ) picoli nam de 127 H " F FcFar alpch/ephidddéizés " NF N O
507.1 0.65 N(4-((1R 3R 4R 5S)- 3-

gel and purified via column chromatography (ISCO) eluting with hexanes and ethyl
acetate (0%-10% ethyl acetate). The pure fractions were combined, and concentrated to
yield 2-(2,6-difluorophenyl)-3-fluoro-6-methylpyridine as a light yellow oil in 86% yield.
LC/MS = 224.0 (M+H), Rt = 0.84 min.

Method 5

Synthesis of 6-(2.6-difluorophenyl)-5-fluoropicolinic acid

"1 F

o

=
HO =

[0216] To a solution of 2-(2,6-difluorophenyl)-3-fluoro-6-methylpyridine (1.0
equiv.) in water (0.05 M) was added KMnO, (2.0 equiv.) and the reaction was heated to
reflux overnight. Another 2.0 equiv. of KMnO,4 were added and stirred at reflux for
another 8 hours. The solution was cooled to room temperature, filtered through Celite
and washed with water. The filtrate was acidified with 6N HCI to pH =3, the white
precipitate was filtered. The filtrate was further acidified to pH = 1 and filtered again,
The filtrate was extracted with ethyl acetate until no more product in the aqueous layer.
The organic phase was washed with brine and dried over magnesium sulfate, filtered, and
concentrated. The residue was dissolved in ethyl acetate, washed with 1N NaOH, the
aqueous layer was acidified to pH=1 and the white crystals were filtered. The combined
products yielded 6-(2,6-difluorophenyl)- 5-ﬂuoroplcollmc acid in 32% yield as a white
solid. LC/MS = 254.0 (M+H), Rt = 0.71 min.
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am i no-4- hyd roxy-5- nethyl cycl ohexyl) pyridi n- 3-

yl)-5-fluoro-6-(2-fluoro-3- (trifluoronethyl)phenyl)picoli namde 128 OH F
H N 457.2 0.58 N (4-((1R 3S, 58)-3-am no-5- nethyl cycl ohexyppyrid in-3-
yl)-6-(2, 65@i.blow@E@a 4- hydroxyphenyl)-5- fl uoropicol i nggerdrd@erzls chirw F
| 459.2 0.62 N-(4-((1R 3S,5S)-3-am no-5- nethyl cycl oh exyl) pyridin-3-
yl)-5-fluoro-6-(2,3,6- trifluorophenyl)picolinamde 130 1-12N ' OH -C1101
NF 111 ONH2 N 472.1

Synthesis of 6-(2.6-difluorophenyl)-3-fluoro-2-methylpyridine

,1 X
=
F

[0217]  To a solution of 6-bromo-3-fluoro-2-methylpyridine (1.0 equiv.) in
ethanol and toluene (1:1, 0.2 M) was added 2,6-difluorophenylboronic acid, DIEA (5
equiv.) and Pd(PPhs)4 (0.2 equiv.). The reaction was heated in the microwave at 120 °C
for 30 min. The solution was filtered and rinsed with ethyl acetate. The volatiles were
removed in vacuo and the crude was purified via silica gel column chromatography
eluting with ethyl acetate and hexanes (2.5-20% ethyl acetate). Upon concentration of
the pure fractions, 6-(2,6-difluorophenyl)-3-fluoro-2-methylpyridine was isolated in 88%
yield. LC/MS = 224.1 (M+H), Rt = 0.87 min,

Synthesis of 6-(2.6-difluorophenyl)-3-fluoropicolinic acid

i

X
HO Z
O F

[0218] Method 5 was followed using 6-(2,6-difluorophenyl)-3-fluoro-2-
methylpyridine (1.0 equiv.) and potassium permanganate (6.0 equiv.) to give 6-(2,6-
difluorophenyl)-3-fluoropicolinic acid in 30% yield. LC/MS = 254.1 (M+H), Rt =0.70

min.
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0.56 3-am n o-N-(4-(3-am no-4- hydroxy-5- nethylcycl ohexyppyridi n- 3-

yl)-6-(2,6-difluorophenyl)-5- fluoropicolinamde 131 OH = F F ki N1 NH2

458.0 0.57 3y-anr ixno-N-(4-(3-am no-4- hd oy cycl ohexyl) pyri di n- 3-

I) 6- (2, Gy@hddoleedi9phenyl) - 5- fl uoropi colinam de 132 Hpermpiddondiddsll F N
NH, 472.1 0.56 3-am no-N-(4- (3 am no-4- hydroxy- 5-

nethylcyclohexyppyrld I n-3- yl)-6-(2, 6-difluorophenyl)-5-
f I uoropi col i nam de
Synthesis of 2-(2,6-difluoro-3-methoxyphenyl}-3-fluoro-6-methylpyridine

|
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[0219] Method 4 was followed using 2-bromo-3-fluoro-6-methylpyridine (1.0
equiv.) and 2,6-difluoro-3-methoxyphenylboronic acid (2.0 equiv.) to give 2-(2,6-

difluoro-3-methoxyphenyl)-3-fluoro-6-methylpyridine in 60% yield. LC/MS = 254.1
(M+H), Rt = 0.85 min.

Synthesis of 6-(2,6-difluoro-3-methoxyphenyl

F F
F

|

=
HO =

o)

[0220] Method 5 was followed using 2-(2,6-difluoro-3-methoxyphenyl)-3-
ﬂuoro-6-mcthylapyric_line (1.0 equiv.) and potassium permanganate (4.0 equiv.) to give 6-
(2,6-difluoro-3-methoxyphenyl)-5-fluoropicolinic acid in 27% yield. LC/MS = 284.1
(M+H), Rt = 0.75 min.

Synthesis of 3-fluoro-6-methyl-2-(2.3.5-triflucrophenylpvridine

-n

{0221]  To a solution of 2-bromo-3-fluoro-6-methylpyridine (1.0 equiv.) in
dioxane (0.2 M) was added 2,3,5-triflucrophenylboronic acid and Pd(dppf)Cl,-DCM (0.1
equiv.). Aqueous sodium carbonate (2M solution, 2.0 equiv.) was added and the reaction.

was heated in the microwave at 120 °C for 15 min. The solution was partitioned between



WO 2010/ 026124PCT/ EP2009/ 061205 Exanple No./ NVP ID Structure LG/ MS (M+H on
UPCL) LC M5 (RI on UPCL) Chemical Nane 133 H NCHI P F 1 NH, 456.3 0.60
3-am no- N- (4- (3-am no-5- net hyl cycl ohexyppyri di n- 3-

yl)-6-(2, GW@Zthw;gﬁphenyl) 5- fluoropicolinamde 134 Opdiagphocoldies1110 NF
H N 457.1 0.57 N-(4-(-3-am no-4-hydroxy-5- nethylcyclohexyl)pyridin-3-

yl)-6-(2, 6- d| fl uorophenyl)-5- fluoropicolinamde 135 CH H3CG- s NH,0 F F
ethyl acetate and sat. NaHCO;, the organic phase was washed with brine, dried with
magnesium sulfate, filtered, and concentrated. The crude material was purified via silica
gel column chromatography eluting with ethyl acetate and hexanes (1:3) to give 3-fluoro-
6-methyl-2-(2,3,5-trifluorophenyl)pyridine in 87% yield. LC/MS = 242.1 (M+H), Rt =
0.98 min.

Synthesis of 5-fluoro-6-(2.3.5-trifluorophenyl)picolinic acid

[0222] To a solution of 3-fluoro-6-methyl-2-(2,3,5-trifluorophenyl)pyridine
(1.0 equiv.) in water and t-BuOH (2:1, 0.06 M) was added potassium permanganate (10
equiv.) and the solution was heated at 90 °C for 5 hours. Upon cooling to room
temperature, the solution was filtered, and the filtrate was concentrated under reduced
pressure to yield 5-fluoro-6-(2,3,5-trifluorophenyl)picolinic acid in 89% yield. LC/MS =
272.0 (M+H), Rt = 0.80 min.

. Synthesis of methy] 6-bromo-5-fluoropicolinate

4

[0223] To a solution of 6-bromo-5-fluoropicolinic acid (1.0 equiv.) in
methanol (0.2 M) was added H,SO4 (4.2 equiv.) and the reaction was stirred at room
temperature for two hours. Upon completion of the reaction as monitored by LC/MS, the
reaction was diluted with ethyl acetate and quenched slowly with saturated aqueous
NaHCOs;. The reaction was poured into a separatory funnel and extracted with ethyl
acetate. The organic phase was dried with magnesium sulfate, filtered, and concentrated
in vacuo to provide methyl 6-bromo-5-fluoropicolinate as a white solid (>99%). LC/MS
= 4533.9/235.5 (R+H), Rt = 0.69 min, |



11 457.1 0.55 N (4-(3-am no-4-hydroxy-5- nethyl cycl ohexyl ) pyridi n- 3-
yl1l)-6-(2, 6-difl uorophenyl)-5- fluoropicolinamde 136 Chiral 1 0 oNH, F -H9
- IONH, 425.1 0.46 5-am no-N-(4-((1R, 3S)-3- am nocycl ohexyl) pyri di n- 3-
y1l)-3, 3" - b bmonmi2y 4' - bi pyri di ne- 6- car boxam de 137 HpCraP2069/064268 N 440. 2
0.75 6-(2,6-difluorophenyl)-5- 1luoro-N- (4-(3-hydroxy-5- nethylcycl ohex- 1-
enyl ) pyridin-3- yl)picolinamde 138 Chlral

Method 6

Synthesis of methyl 6-(3-(benzyloxy)-2.6-difluorophenyl)-5-fluoropicolinate

o )

F F
F

\

R
_0 y

0

[0224]  To a solution of methyl 6-bromo-5-fluoropicolinate (1.0 equiv.) in THF
and water (10:1, 0.1 M) was added 3-(benzyloxy)-2,6-difluorophenylboronic acid (2.5
equiv.) and potassium fluoride (3.3 equiv.). The reaction was degassed with nitrogen,
then Pdy(dba)s (0.25 equiv.) and tri-tert-butylphosphine (0.5 equiv.) were added and the
reaction was heated to 80 °C for one hour. LC/MS analysis indicated complete
conversion of the starting material to product. The reaction was cooled to room
temperature, then concentrated in vacuo and fused to silica gel. The crude product was
purified by ISCO flash chromatography eluting with ethyl acetate and hexanes (0% to
30% ethyl acetate) to provide methyl 6-(3-(benzyloxy)-2,6-diflucrophenyl)-5-
fluoropicolinate as the desired product as a light yellow oil in 96% yield. LC/MS = 374.0
(M+H),Rt= 1.97 min.

Synthesis of methyl 6-(3-(benzyloxy)-2.6-difluorophenvl)picolinate

[0225] Method 6 was followed using methyl 6-bromopicolinate (1.0 equiv.)
and 3-(benzyloxy)-2,6-diflucrophenylboronic acid (2.5 equiv.) to give methyl 6-(3-
(benzyloxy)-2,6-diflucrophenyl)picolinate as a light yellow sclid in 95% yield. LC/MS =
356.2 (M+H), Rt = 1.03 min.
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01140 HO,CF F N -..1 458.2 0.64 6-(2,6-difluorophenyl)-N(4-

((1R, 3R, 4S, 5R) - 3, 4- di hydroxy-5- net hyl cycl ohexyl ) pyri di n- 3-

y1l)-5-fl uoropicolinam de Exanple 139 Synthesis of N (4-((

1R, 3R, 4S, 5Qb810a3kB9- 4- f | uor o- 5- net hvl cvcl ohexvl) - PCT/EP2009/061205
pyridin-3-yl)-6-(2, 6-difluorophenvl)-5-fl uoropicolinam de 102681To a
solution of tert-butyl (1R 2R, 35,5R)-5-(3-(6-(2,6-difluorophenyl)-

5-fl uoropi col i nam do) pyri di n-4-y1) - 2- hydr oxy- 3- net hyl cycl ohexyl car bamat e
(1.0 equi \Byhthesis &XGhethyl 602 .0Wifladro8icmethex -DAGdropitolhagriui v. ). The
reaction was stirred for 1.5 h at 0 C, then TFA (10 equiv.) was added to
the reaction. After 2 h, the rgaction was concentrated in vacuo and the
residue was purified via prep-
((1R 3R, 4S, 5S) - 3-am no-4-fl uog
quorophenyl)-S-fIuoropicoIL
(MH); LCR = 2.39 mn.
characterization, representat

onpounds were anal yzed by 1H NVR. The
follow ng are typical spegtralof)the conpounds of the invention. Exanple #
1H NVR data HC salt, 1 400 MHz, DMBO-d6): d 10.54 (bs, 1H), 8.80
(bs, 1H), 8.55 (d, 50 1H), @©.34 (dd, 1H), 8.20 (t, 1H), 8.00 (bs, 2H), 7.69
(m 1H), 7.56 (d, 1H), 7.34 (t, 2H), 3.10-3.0 (m 2H), 2.83 (m 1H), 2.03
(d, 1H), 1.76-$0228] ( "Mc@idl 6 was48lldwad usihEdnetihl 8 brdmatediimute tHD eq@v92 (d, 3H).

and 2,6-difluoro-4-methoxyphenylboronic acid (2.5 equiv.) to give methyl 6-(2,6-
difluoro-4-methoxyphenyl)-5-fluoropicolinate as a white solid in 85% yield. LC/MS =
298.0 (M+H), Rt = 0.89 min.

Synthesis of 6-(2.6-difluoro-4-methoxyphenyl}-5-fluoropicolinic acid

~

F F
F
NS
HO 1 &
o

[0227] * Tora solution of methyl 6-(2,6-difluoro-4-methoxyphenyl)-5-
fluoropicolinate (1.0 equiv.) in THF/MeOH (2:1, 0.09 M) was added LiOH (1.5 equiv.)
and the reaction was stirred at room temperature for 1 hour. The solution was quenched
with 1IN HCI, extracted with ethyl acetate, washed with brine, dried with sodium sulfate,
filtered and concentrated to give 6-(2,6-difluoro-4-methoxyphenyl)-5-fluoropicolinic acid
in 84% yield. L.C/MS = 284.1 (M+H), Rt = 0.76 min.

SEES



HCl salt,

7.30 (d,

1.96-1.99
1.15-1.24
10.59 (s,
8.19 (bs,
2.01-2.05
2H), 1.01
d10. 37 (s
7.8 (bs,

1H), 1.76
HCl salt,
8.32 88

5.33 (brs

1H NMR (DVBO-d6):d 10.4 (s, 1H), 8.71 (s, 1H), 8.37 (d, 1H),
8.14- 52 8.20 (m 2H), 7.94 (bs, 2H), 7.86-7.88 (m 2H), 7.54-7.58 (m 1H),

1H), 7.22-7.26 (m 2H), 2.09-3.02 (m 2H), 2.78 (m 1H),
wWorpo1dehei1241. 68-1. 71 (m 1H), 1.60 (q, 1H), 1P8T/EPeaos/ddipes

(m 1H), 0.88 (d, 3H HC salt, 1H NVR (400 MHz, DVBO d6): d
1H), 8.92 (s, 1H), 8.62 (d, 70 1H), 8.37 (dd, 1H), 8.23 (t, 1H),

2H), 7.68-7.71 (m 2H), 7.36-7.40 (m 2H),3.01-3.10 (m

2H),

MethodlH) , 1.94-1.97 (m 1H), 1.72-1.76 (m 1H), 1.46-1.53 (m

“1.13 (m 2H), 0.89 (d, 3H 85 HC salt, 1H NVR (DVSO- d6):

b 8. yindte) - 813 (t,

Sk it Al Ty

. . m
-1.63 (m 2H), 1.53-
1H NVR ( DVBO- d6) :
(m 1H), 8.18 (t,
, 1H),

42 (s, 1H), 8.62 (s, 1H), 8.46 (m

[0228] To a solution of methyl 6-(3-(benzyloxy)-2,6-difluorophenyl)-3-
fluoropicolinate (1.0 equiv.) in methanol (0.1 M) was added 10% Pd/C (0.1 equiv.) in
ethyl acetate. The reaction was placed under an atmosphere of hydrogen and stirred for 2
hours. Upon complétion, the solution was filtered over a pad of Celite, the pad was
washed with methanol, the filtrate was concentrated in vacuo to give methyl 6-(2,6-
difluoro-3-hydroxyphenyl)-5-fluoropicolinate as a grey oil in 86% yield. LC/MS = 284.0
(M+H), Rt = 0.90 min.

Synthesis of methyl 6-(2,6-difluoro-3-hydroxyphenyl)picolinate

OH

F F

[0229] Method 7 was followed using methyl 6-(3-(benzyloxy)-2,6-
diflucrophenyl)picolinate (1.0 equiv.) to yield methyl 6-(2,6-difluoro-3-
hydroxyphenyl)picolinate as a light brown solid in 96% yield. LC/MS = 266.0 (M+H),
Rt = 0.68 min.

14

11-1),
2.86 (m

Zobm 1H), 1.4-1.34 (m 2H), 0.82 (d, 3H).

1H),

£76 (m 2H), 7.67 (m 1H, 7.35 (m 3H),



3.108 (m 2H), 2.88 (m 2H), 1.65 (m 211), 1.48 (m 3H). NCl salt, 1H
NVR (400 MHz, CD30D): d9.09 (s, 1 H), 8.46 (dd, 1 H, 8.39 (dd, 96 1 H),
8.05 (t, 1 H, 7.57- 7.67 (m 1 H), 7.53 (d, 1 H, 7.16 -7.25 (m 2 H),
4.03 - 4. 19o(x0/0ket, 3.85- 3.94 (m 1 H), 3.20 (s, 3 HcT/ER200/061285 80 (m 1
H, 1.67- 1.79 (m 1 H, 0.83 (d, 3 H. free-base, 1H NWR (CDCI3): d
9.93(s, 1H), 9.38(s, 1H), 8.40-8.45(m 1H), 8.40(d, 1H), 7.74-7.80(m 1H),
7.47-7.55(m 1H), 7.19(d, 1H), 7.06-7.13(m 211), 2.68- 99 2.83(m 2H),

1. 97- 2. 05(Synthibkd of thetht 6(BAGdro-5Hobmylphédhicatbarg 311), 1.04-1.15(m 1H) .
HCl salt, IH NMR (DMSO-d6): d 10.13(s, 1H), 8.82(s, 1H), 8.41(d, 1H),
7.94(bs, ' .

[0230] To a solution of methyl 6-bromopicolinate (1.0 equiv.) in DME (0.03
M) in a microwave vial was added Pd(dppf)Cl,-DCM (0.05 equiv.), 2-fluoro-5-
formylphenylboronic acid (1.5 equiv.) and 2M Na;COj3 (2 equiv.). The reagents were
heated to 120 °C for 20 min, A mixture of the desired product and the corresponding
carboxylic acid was detected by LC/MS, the reaction was diluted with ethyl acetate,
washed with HC1 (pH=5), the acidic phase was extracted with ethyl acetate, the combined
organic layers were dried with magnesium sulfate, filtered, and concentrated in vacuo to
provide a light brown solid. The solid was dissolved in MeOH and treated with 3 equiv.
of TMS-diazomethane at room temperature. Upon complete conversion of the carboxylic
acid to the corresponding methy! ester, the reaction was concentrated in vacuo and the
crude material was purified via silica gel column chromatography (ISCO) eluting with
30% ethyl acetate in hexanes to provide methyl 6-(2-fluoro-5-formylphenyl)picolinate as
a yellow solid in 58% yield. LC/MS =260.0 (M+H), Rt = 0.70 min.

Synthesis of (E)-methyl 6-(2-fluoro-5-(prop-1-enyl)phenylpicolinate

[0231] To a solution of methyl 6-(2-fluoro-5-formylphenyl)picolinate (1.0
equiv.) in MeOH (0.17 M) was added ethyltriphenylphosphonium bromide (1.0 equiv.)
followed by sodium methoxide (1.5 equiv.). The reaction was heated to 65 °C for §
hours, then cooled to roont temperature and concenfrated in vacuo. The crude material

was purified via silica gel coiumn chromatography (I3CO) eluting with 50% ethyl acetate

+hE5e



100 211), 7.52-7.62(m 1H), 7.36(d, 1H), 7.36 (bs, 2H), 7.20-7.31(m 3H),
2.78-2.88(m  2H), 1.70-2.02(m 4H), 1.16-1.54(m 4H). HC salt, 1H NMR
(400 MHz, DMSO-d6): d 10.59 (s, 1H), 9.30 (s, 1H), 8.54 (d, 102 1H) 8.08
(br s, 3HwoZeidh2dih 1H), 7.65 (d, 1H), 7.60-7.56 (m MdErfed@eies 1H),
7.33 (t, 2H), 4.04 (br s, 1H), 3.16(br s, 211) 3.05 (br t, 1H), 1.98-1.20
(m 7H) HC salt, 1H NMR (400, d6-DMSO): d 10. 47 (s, 1H), 8.56 (s, 1H),
8.33 (dd, 1H), 8.26 (dd, 1H), 8.20 (t, 1H), 7.62-7.72 (m 1H), 7.30-7.35
( m 3H), 3 ﬂ&aaesqa pfdﬁdeJ(Eflmeal'y') 6- (ﬁﬂﬁ&o% I_@?oﬂ I%nﬂl?ﬁwnﬁ)p%haat@ as 4 Whitd 11) ,

.69 (t, J=13, 1H), 1.
sohdm8’1% yield. LC/MS 2720(M+H), Rt 0.73 min.

Synthestis of methyl 6-(2-fluoro-5-propylphenyl)picolinate

[0232] To a solution of (E)-methyl 6-(2-fluoro-5-(prop-1-enyl)phenyl)-
picolinate (1.0 equiv.) in MeOH (0.04 M) was 10% Pd/C (0.5 equiv.) and the reaction
was placed under an atmosphere of hydrogen and left stirring overnight. The mixture
was filtered over a pad of Celite and washed with MeOH. The filtrate was concentrated
in vacuo to provide methyl 6-(2-fluoro-5-propylphenyl)picolinate as a light grey oil in
97% yield. LC/MS =274.2 (M+H), Rt =0.61 min,

Synthesis of 6-(2-fluoro-5-propviphenyl)picolinic acid

. |

>
HO P

0

[0233]  To a solution of methyl 6-(2-fluoro-5-propylphenyl)picolinate (1.0
equiv.) in THF was added lithium hydroxide (10 equiv.) and the reaction was stirred at
- room temperature for 1 hour. The THF solvent was removed in vacuo and the remaining
basic phase was acidified with concentrated HCI. The aqueous layer was extracted with
ethyl acetate (2x), the organic phase was dried with sodium sulfate, filtered and
concentrated to give 6-(2-fluoro-5-propylphenyl)picolinic acid in 35% yield. LC/MS =
260.2 (M+H), Rt =0.36 min.



HCl salt, 1H NVR (400, d6-DMSO): d 11.00 (s, 1H), 10.46 (s, 1H), 8.55 (d,
111), 128 8.29 (dd, 1H), 8.15 (t, 1H), 8.05 (bs, 2H), 7.54 (d, 1H), 6.72
(d 211), 3.04 - 3.10 (m 1H), 2.92-3.04 (m 1H, 2.01 (d, 1H), 1.95 (d,
1.74 ‘881201%} pd-42-1.52 (m  2H), 0.97-1.08 (m 3cHep26dofdrzés, 3H) .
Exarrpl e 14 Piml ATP depletion assay 102701The activity of PIM is
nmeasured using a luciferase-luciferin based ATP detection reagent to
gquantify ATP depletion resulting from ki nase-catal yzed phosphoryl transfer
to a peptidgpsygstrate. Conpounds to be tested are dissolved in 100% DVSO
and direc#y—oélistrlbuted into white 384-well| plates at 0.5 Il per well. To
start the reaction, 10 pI of, 5 nM Pl,nt ki nase and 80 pM BAD pepti de
( RSRHSSYPAgthesis of meth gmilvorametpdes pH 7.5, 5 nM MyCl2, 1 v
DTT, O. OS%IBﬁMoxlvﬁahaﬂﬂBﬂﬂu&bﬁlcemtb V\eII After 15 minutes, 10 gl of 40 pM
ATP in assay buffer is added. Final assay concentrations are 2.5 nM PI ML,
20 pM ATP, 40 pM BAD peptide and 2 o ODVE. 30. The reaction:is perforned
until. approximtely 50% of the A is d.eplpted, then stopped with the
addition of 20 Ill KinaseC |lo Plg prega Cor poration) solution. The
stopped reaction is incubated for 1Q ngnutes and the remaining ATP detected
via |l um nescence on the Victor2 (N i

P~depl eti on assay and found to exhibit
an | C50 val ues as shown in Tabl e 3, below IC50, the half nmaxi nal

i nhibitory concentration, represents the concentration of a test conpound
that is requir @238br Bodsoluionifiniethyl 6*(2,i6td§ﬂlt<m-§dtydtomyphmyk)—5-Exarrpl e 141
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assay and Syuthe & p1H ‘ :

Exanpl e 142 Pin8 ATP depI et| on assay 0272] The actl Vi ty of PI I\/B i's
measured using a |l uciferase-| Tfn based

[0235] Method 8 was followed using methyl 6-(2,6-difluoro-3-
(trifluoromethylsulfonyloxy)phenyl)-5-fluoropicolinate (1.0 equiv.) to yield methyl 6-
(2,6-difluoro-3-(trifluoromethylsulfonyloxy)phenyl)picolinate as a colorless oil in >99%
yield. LC/MS =397.9 (M+H), Rt = 1.03 min.



ATP detection reagent to quantify ATP depletion resulting from

ki nase-cat al yzed phosphoryl transfer to a peptide substrate. Conpounds to
be tested are dissolved in 100% DVSO and directly distributed into white
384-wel | pvetemiadizd.5 pl per well. To start the react ipgmEPi@ombizeg 10 nM
Pitn3 ldnase and 200 p. M BAD peptide (RSRHSSYPA. GT-OH) in assay buffer (50
mM HEPES pH 7.5, 5 nM MgC12, 1 mvl DIT, 0.05%BSA) is added into each
wel |l . After 15 m nutes, 10 |I of 801. 1M ATP in assay buffer is added. Final
assay conee 53 ¢ adidl g} pitplinid B¢id ! AM HAD pepti de and
2.5% DMSO. The reactlon IS perforrred until approximately 50% of the ATP is
depl eted, then stopped by the addi of 20 p.l Kinased o Plus (Pronega
Corporati on) solution. The stoppe ction is incubated for 10 m nutes and
the remai ni ng ATP detected via Ifum hesEence on the Victor2 (Perkin El mer).
Compounds of the foregoing exanpl Fe tested by the Pin8 ATP depletion
assay and found to exhibit a C5(Ql vdl ues as shown in Table 3, bel ow.
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[0276] Usi ng the procedures of Exanples 140 (Pl m ATP depl etion assay), 141
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(cell proliferation:assay), C50 concentration of conpounds of the
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exanples in were determ nedc+4 R AKM311 cells as shown in Table 3. TABLE 3
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[0237]  To a solution of methyl 6-(2,6-difluoro-3-(trifluoromethylsulfonyloxy)-
phenyl)picolinate (1.0 equiv.) in toluene was added Pd(dppf)Cl,-DCM (0.1 equiv.)
followed by dimethyl zinc (3 .0 equiv.). The solution turned from orange to bright
yellow. The reaction was heated to 80 °C for 2 hours at which time, LC/MS analysis
indicated complete conversion to product. The reaction was cooled to room temperature,

. diluted with ethyl acetate and washed with brine. The organic layer was dried with

magnesium sulfate, filtered, and concentrated ix vacuo 10 provide methyl 6-(2,6-difluoro-
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3-methylphenyl)picolinate as a brown oil in quantitative yield. LC/MS = 264.0 (M+H),
Rt =0.90 min.

Synthesis of 6-(2.6-difluoro-3-methylphenyl)picolinic acid

|

X
HO =

0

[0238] To a solution of methyl 6-(2,6-diflucro-3-methylphenyl)picolinate (1.0
equiv.) in THF was added sodium hydroxide (10 equiv.) and the reaction was stirred for 2
hours. The solution was diluted with ethyl acetate and washed with IN NaOH (2x). The
combined basic aqueous washes were combined and acidified with concentrated HCI.
The acidic aqueous phase was extracted with ethyl acetate (2x), the combined organic
layers were dried with magnesium sulfate, filtered, and concentrated in vacuo to provide
6-(2,6-difluoro-3-methylphenyl)picolinic acid as a white solid in 85% yield. LC/MS =
250.0 (M+H), Rt = 0.76 min.

Synthesis of 6-(3-¢thyl-2.6-difluorophenyl)picolinic acid

®

o)

HO

[0239] To a solution of methyl 6-(2,6-difluoro-3-(trifluoromethylsulfonyloxy)-
phenyl)picolinate (1.0 equiv.) in toluene (0.15 M) was added Pd(dppf)Cl,-DCM (0.1
equiv.) followed by diethyl zinc (3 .0 equiv.). The solution turned from orange to bright
yellow. The reaction was heated to 70 °C for 2 hours at which time, LC/MS analysis
indicated a mixture of 1:3:1 ratio of hydrolyzed product, desired product and unknown
by-product, The reaction was cooled to room temperature, diluted with ethyl acetate and
washed with 1N NaOH (2x). The organic layer was dried over magnesium sulfate,

filtered, and concentrated in vacuo to provide a brown oil. The oil was redissolved in

-1 EG.
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THF and treated with 1N NaOH for one hour. The reaction was then diluted with ethyl
acetate and washed with IN NaOH (2x). The basic washings were combined, acidified
with concentrated HCI and extracted with ethyl acetate (3x). The organic phase was
dried with magnesium sulfate, filtered, and concentrated in vacuo to provide 6-(3-ethyl-
2,6-diflucrophenyl)picolinic acid as a light brown oil in >99% yield. LC/MS = 264.1
(M+H), Rt = 0.88 min. '
Method 9

[0240] A homogeneous solution of 1 eq each of amine, carboxylic acid, HOAT
and EDC in DMF, at a concentration of 0.5 M, was left standing for 24 hours at which
time water and ethyl acetate were added. The organic phase was dried with sodium
sulfate and purified via silica gel column chromatography eluting with ethyl acetate and
hexanes to give the desired protected amide product. Alternatively the crude reaction
mixture was directly purified by HPLC. Upon lyophilization, the TFA salt of the
protected amide product was obtained. Alternatively, the HPLC fractions could be added
to EtOAc and solid Na;COs, separated and washed with NaClis,y. Upon drying over
MgSO0,, filtering and removing the volatiles in vacuo, the protected amide product was
obtained as a frec base. Alternatively, the crude reaction mixture was used for the
deprotection step without further purification.

[0241]  If an N-Boc protected amine was present, it was removed by treating
with excess 4M HC/ dioxane for 14 hours or by treating with 25% TFA/CH,Cl, for 2
hours. Upon re;novz;l of the volaﬁles in vacuo, the material was purified by RP HPLC
yielding after lyophilization the amide product as the TFA salt. Alternatively, the HPLC
fractions could be added to EtOAc and solid Na,COs3, separated and washed with
NaCla) Upon drying over MgSOs, filtering and removing the volatiles in vacuo the free
base was obtained. Upon dissolving in MeCN/H,0, adding 1 eq. of 1 N HCl and
lyophilizing, the HCI salt of the amide product was obtained.

[0242]  If an N-Boc1,2 amino alcohol cyclic carbamate was present, prior to
Boc deprotection the cyclic carbamate could be cleaved by treating with Cs,CO; (0.5 eq)
in ethanol at a concentration of 0.1 M for three hours. Afier removal of volatiles in

vacuo, the Boc amino group was deprotected as described above.
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[0243] If an N-Boc, OAc group were present, prior to Boc deprotection, the
acetate group could be cleaved by treating with K;CO; (2.0 equiv.) in ethanol at a
concentration of 0.1 M for 24 hours.

[0244]  If an N-phthalimide group was present, the amine was deprotected by
treating with hydrazine in MeOH at 65°C for three hours. Upon cooling and filtering ofFf
the white precipitate, the filtrate was concentrated and purified by RP HPLC to yield the
amino amide product.

[0245] If a TBDMS ether was present, it was deprotected prior to Boc removal
by treating with 6N HCI, THF, methanol (1:2:1) at room temperature for 12 h. After
removal of volatiles in vacuo, the Boc amino group was deprotected as described above.
Alternatively, the TBDMS ether and Boc group could be both deprotected with 6N HCI,
THF, methanol (1:2:1) if left at tt for 24 hours, or heated at 60 °C for 3 hours.

[0246] If a OMe group was present, it was deprotected by treating with 1 M
BBr; in DCM (2.0 equiv.) for 24 hours. Water was added dropwise and the volatiles
were removed in vacuo. The material was purified via reverse phase HPLC as described
above.

[0247] If a OBn group was present, it was deprotected by treatment with 10%
Pd/C (0.2 equiv.) under an atmosphere of hydrogen in ethyl acetate and methanol (1:2).
Upon completion, the reaction was filtered through Celite, washed with methanol, and the

filtrate was concentrated in vacuo.

Svnthesis of (+/-)-3-amino-N-(4-(3-amino-4-hydroxycyclohex- 1-enyDpyridin-3-v1)-6-

(2.6-difluorophenyl)picolinamide

H
HaN F F
’d
o)
B NN
2 O NH
N 2

[0248] Following Method 9, (+/-)-tert-butyl 3-(3-aminopyridin-4-yl)-6-(tert-
butyldimethylsilyloxy)cyclohex-2-enylcarbamate and 3-amino-6-(2,6-difluorophenyl)-

picolinic acid were coupled and deprotected to yield (+/-)-3-amino-N-(4-(3-amino-4-
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hydroxycyclohex-1-enyl)pyridin-3-yl)-6-(2,6-diflucrophenyl)picolinamide as the TFA
salt. LCMS (m/z): 438.2 (MH"), LC R; = 2.00 min.

H,N

[0249]  Following Method 9, (+/-)-tert-butyl 5-(3-aminopyridin-4-yl)-2-(tert-
butyldimethylsilyloxy)cyclohexylcarbamate and 3-amino-6-(2,6-diflucrophenyl)picolinic
acid were coupled and deprotected to yield (+/-)-3-amino-N-(4-(3-amino—4-
hydroxycyclohexyl)pyridin-3-y1)-6-(2,6-difluorophenyl)picolinamide as the TFA salt in
18% yield. LCMS (m/z): 440.3 (MH), LC R, = 2.04 min.

[0250]  Following the procedures of Method 9, the following compounds were
prepared:

JABLE 1

- LC/MS LC/MS
Example No. Structure (M+H on | (Rfon | Chemical Name
UPCL) UPCL)

Chiral
HO. CH, 6-(2,6-difluorophenyl)-5-
1 F fluoro-N-(4-({(1R,3S,5S)-3-
bV F 4422 0.75 | hydroxy-5-
L NN methylcyclohexyl)pyridin-3-
LJ 3 yl)picolinamide

N

Chira
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H,C,, gjﬂ hydroxy-5-methylpiperidin-1-
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difluoro<4-hydroxyphenyl)-5-
flucropicolinamide
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N

473.3

0.55

3-amino-N-(4-((3R 4R,58)-3-
amino-~4-hydroxy-5-
methylpiperidin-1-yl)pyridin-
3-yl)-6-(2,6-diflucrophenyl)-5-
flucropicolinamide
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N-{4-{(1R,3R,4R,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl)-5-
fluoropicolinamide

OH OHChiral
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455.3
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N-(4-((1R,3R 4R,5S)-3-
amino-4-hydroxy-5-
methylcyclohexy!)pyridin-3-
yh)-5-fluoro-6-(2-fluoro-5-
hydroxyphenyl)picolinamide
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N-(4-((1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

407.2

0.53

N-(4-((1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2-fluoro-5-
hydroxyphenyl)picolinamide
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N-(4-{(1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl)picolinamide

H Chiral
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F
.
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N-(4-((1R,3S)-3-
aminocyclohexyl) pyridin-3-
yl}-5-fluoro-6-(2-fluoro-4-
hydroxyphenyl)picolinamide
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Exampie No.

Structure

LC/MS
{M+H on
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LC/MS
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Chemical Name

10

4583.3

0.58

N-(4-((1R,5R)-5-amino-3,3-
dimethylcyclohexyl)pyridin-3-
y1)-5-fluoro-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

11

469.2

0.7

N-(4-((1R,5R)-5-amino-3,3-
dimethylcyclohexyl)pyridin-3-
yl}-6-(2,6-difluoro-3-
methylphenyl}-5-
fluoropicolinamide

12

451.1

0.69

N-(4-((1R,5R)-5-amino-3,3-
dimethylcyclohexyl)pyridin-3-
yl)}-6(2,6-difluoro-3-

_methylphenyl)picolinamide

13
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N-(4-((3R,4R,58}-3-amino-4-
hydroxy-5-methylpiperidin-1-~
yl)pyridin-3-yl)-6-(2,6-
difluoro-3-
methylphenyl)picolinamide

14

445.2

0.62

N-(4-{(1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2,3,5-
trifluorophenyl}picolinamide

15

467.5

0.63

N-(4-((1R,3R,4R,5S)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-6-(3-ethyl-2,6-
difluorophenyl)picolinamide

16

F |4282

0.63

N-(4«{(3R,4R,5S)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yl)pyridin-3-yl}-8-cyclohexyl-
5-fluoropicolinamide
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LC/IMS LCIMS
Exampte No. Structure (M+H on | (Rf on | Chemical Name
UPCL) UPCL)

N-(4-((1R,3R,4S,55)-3-
amino-4-hydroxy-5-

467.3 0.64 methylcyclohexyl)pyridin-3-
yl)-6-(3-ethyl-2,6-
difluorophenyl)picolinamide
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N-(4-{(1R,3R,48)-3-amino-4-

hydroxycyclohexyl)pyridin-3-
453.2 0.66 yi)-6-(3-ethyl-2,6-
difluorophenyi)picolinamide
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N-(4-{(1R,3S)-3-
aminocyclohexyl)pyridin-3-
yI)-6-(3-ethyl-2,6-
difluorophenyl)picolinamide
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441.2 0.64 yl)-6-(2,6-difluoro-3-
methylphenyl)-5-
fluoropicolinamide
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hydroxy-5-methylpiperidin-1-
472.3 0.59 yl)pyridin-3-yl)-6+(2,6-
difiuoro-3-methylphenyi)-5-
fluoropicolinamide

22

N-(4-((3R,4R,5S)-3-amino4-
hydroxy-5-methylpiperidin-1-
yhpyridin-3-yl)-8-(2-
flucrophenyl)picolinamide
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_ _ LC/MS LC/MS
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o T 4232 1081 | i) 6.(2,6-difluoro-3-
= ! methylphenyl)picolinamide
X, o]
N

N-(4-((1R,3S,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
y)-6-(2,6-difluoro-3-
methyiphenyl)picolinamide

-

29 437.2 0.64

F F amino-4-hydroxy-5-

M, 1 NH, N-(4-((1R,3R 4R 58)-3-

30 NZ i 453.2 0.59 methylcyclohexylpyridin-3-

NS yI)-6-(2,8-difluoro-3-
| B methylphenyl)picolinamide

146~
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Structure
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{M+H on
UPCL)

LC/MS
(Rf on

UPCL)

Chemical Name

31

OH CH:’Chlml

H,Cs, O\\NHF .

453.2

0.6

N-(4-({(1R,3R,45,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-642,6-difluorc-3-
methylphenyl)picolinamide

32

2:%

443.2

0.55

N-(4-((1R,3S)-3-
aminocyclohexyl)pyridin-3-
yi}-8-(2,6-difluoro-4-
hydroxyphenyi)-5-
fluoropicolinamide

33

HO Chiral
H,N .
E
d
Ho N
A N
L J &

N

4252

0.53

N-(4<{(1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2-fluoro-5-
hydroxyphenyl)picolinamide

34

HO Chirat
HN -
N/
e
I N/ O F

4252

0.52

N-(4-({1R,38)-3-
aminocyclohexyl)pyridin-3-
y1)-3-fiuoro-6-(2-fluoro-5-
hydroxyphenyl)picolinamide

35

i

421.1

0.56

N-{4-((1R,3S,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
yi)-6-(2-flucro-5-
hydroxyphenyl)picolinamide

36

el

439.2

0.57

N-(4-{(1R,3S,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl)picolinamide

37

Chirad
H,N CH, F
N
; N ]
“
N [o]

4211

0.56

N-(4-((1R,3S,58)-3-amino-5-
methylcyciohexyi)pyridin-3-
yl)-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

127
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Structure
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(Rfon
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Chemical Name

38

439.2

0.57

N-(4-({1R,3S,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

39

439.2

0.55

N-(4-((1R,3S,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
yi)-3-fluoro-6-(2-fluoro-4-
hydroxyphenyti)picolinamide

40

CH,Chical

Fo 471.2

0.62

N-(4-((1R,3R,45,56S)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl}-6+2,6-difluoro-3-
methylphenyl)-5-
fluoropicolinamide

41

439.2

0.57

N-(4-((1R,3R,4S)-3-amino-4-
hydroxycyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-3-
methylphenyl)picolinamide

42

457.2

0.58

N-(4-((1R,35,55)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl)-3-
fluoropicolinamide

43

439.2

0.56

N-(4-((1R,3S,55)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl}-3-fluoro-6-(2-fluoro-5-
hydroxyphenyl)picolinamide

471.2

0.62

N-(4-((1R,3R,4R,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-3-
methylphenyl)-5-
fluoropicolinamide
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N-{(4-{(1R,3S,58)-3-amino-5-
methyicyclohexyl)pyridin-3-
yi)-5-fluoro-6-(2-fluoro-5-
methoxyphenyl)picolinamide

45 453.1 0.61

N-(4-((1R,38,5S)-3-amino-5-
methyicyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2-fluoro-5-
hydroxyphenyl)picolinamide

46 439.1 0.58

N-(4-((1R,3R 4R,5S)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
y1)-6-(2,6-difluoro-3-
methoxyphenyl)-5-
fluoropicolinamide

47 4871

F F Chiral

H,N F N-(4-((1R,38)-3-
48 aminocyclohexyl)pyridin-3-
2” N7 ) 427.2 0.59 y1)-6-(2.3.5-
PPN

trifluorophenyl)picolinamide
N/

H,C%. NH!
F
49 1 -

Chirgl

N-(4-((1R,5R)-5-amino-3,3-
dimethylcyclohexyl)pyridin-3- -
yl}-6-(2,6difluorophenyl)-5-
fluoropicolinamide

455.2 0.63

Chiral
H,Cy, NH N-(4-{(1R,3R,4R,55)-3-
© amino-4-hydroxy-5-
457.2 0.58 methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-5-
, fluoropicolinamide

Chiral
_ 3-amino-N-(4-((1R,3S,58)-3-
51 amino-5-
456.1 0.58 methylcyclohexyl)pyridin-3-
yl)-6-(2,6-diflucrophenyl)-5-
fluoropicolinamide

50
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(M+H on
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(Rfon
UPCL)
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52

Chiral

439.1

0.68

N-(4-((1S,35,45,5R)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-
diflucrophenyl)picolinamide

53

OoH Chiral

413.3

0.55

N-(4-((1R,3S)-3- °
aminocyclohexyl)pyridin-3-
yl)-5-fluoro-6-((1s,4s)-4-
hydroxycyclohexyl)picolinami
de

427.3

0.59

N-(4-((1R,3S,58)-3-aming-5-
methyleyclohexyl)pyridin-3-
yl)-5-fluoro-6-((1s,45)-4-
hydroxycyclohexyl)picolinami
de

55

427.3

0.55

N-{4-((1R,3S,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
yb)-5-fluoro-6-((1r,4r)-4-
hydroxycyclohexyl)picolinami
de

413.3

0.48

N-(4~((1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-5-fluoro-6-((1r,4r)-4-
hydroxycyclohexyl)picolinami
de

57

423.3

0.64

N-(4-((1R,3S,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2-
fluorophenyl)picolinamide

58

H,N

419.3

0.67

N-(4-((1R,3S,5S)-3-amino-&-
methylcyclohexyl)pyridin-3-
y1)-6-(2-fluoro-5-
methylphenyl)picolinamide
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Hac Chiral
HN CH, F N-(4-((1R,38,5S)-3-amino-5-
59 F methylcyclohexyl)pyridin-3-
H N\ | 437.3 0.67 yl)-5-fluoro-6-(2-fluoro-5-
“ methylphenyl)picolinamide
\N o]
FChiral
HN CH, F N-(4-((1R,38,58)-3-amino-5-
60 AF methylcyclohexyl)pyridin-3-
e 4412 1070 1 n's (5 3 difluorophenyl)-5-
@& > fluoropicolinamide
% o)
N
F Chiral
H,N CH, F N-(4-((1R,3S,5S)-3-amino-5-
61 AF methylcyclohexyl)pyridin-3-
H N 441.2 0.68 yl)-6-(2,5-difluorophenyl)-5-
@ = fluoropicolinamide
N o}
N
Chiral
HN Che N-(4-((1R,38,5S)-3-amino-5-
62 LN l 405.2 067 w)c—_:tégl;yclohexyl)pyndm-3-
] NS fluorophenyl)picolinamide
\N [e]
Chiral
H, CHy r . N<{4-{(1R,38,5S)-3-amino-5-
63 - " N/I 4232 0.65 C?ﬁtsrlzizcéc-:lohexyl)pynd|n—3- .
Z I NS difiuorophenyl)picolinamide
\N (o]
(‘jﬂ“z / N-(4-{(1R,3R,4S)-3-aminc-4-
64 AF hydroxycyclohexyl)pyridin-3-
T 0 4832 1066 |\ 5 fuoro-6-(2-fluoro-5-
= X propoxyphenyl)picolinamide
N
3-amino-N-(4-{(1R,3R,48)-3-
65 amino-4-
458 1 0.55 hydroxycyclohexyl)pyridin-3-
y)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

YA
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LCIMS LC/MS
Exampie No. Struciure {(M+H on | (Rfon | Chemical Name
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3-amino-N-(4-({1R,3R,4S)-3-
amino-4-

440.1 0.55 hydroxycyclohexyl)pyridin-3-
yl)-6-fluoro-6-(2-
fluorophenyl)picolinamide

3-amino-N-(4-((1R,3R,45)-3-
amino-4-

498.2 0.66 hydroxycyclohexyl)pyridin-3-
yh)-5-fluoro-6-(2-fiuoro-5-
propaxyphenyl)picolinamide

67

3-amino-N-(4-((1R,3R,4S)-3-
amino-4-

480.2 0.65 hydroxycyclohexyi)pyridin-3-
yl)-6-(2-fluoro-5-
propoxyphenyl)picolinamide

68

s H,N CHy F N-(4-((1R,3S,5S)-3-amino-5-
p. methylcyclohexyl)pyridin-3-
N 4413 1087 | 6 (2 B-difiuorophenyl)-3-
fluoropicolinamide _

H,N Chy F N-(4-((1R,3S,5S)-3-amino-5-

70 F methylcyclohexyl)pyridin-3-
441.3 0.70 yi)-8-(2,8-diflucropheny!)-5-

flucropicolinamide

y HzNz,O\\CHF F N-(4-((1S,3R,5R)-3-amino-5-
N/

methylcyclohexyl)pyridin-3-
e d 4413 1086 | n'6 (2 B-gifiuorophenyl)-3-
fluoropicolinamide

“zN"O\\Cﬂw F N-(4(1S,3R,5R)-3-amino-5-
F methylcyclohexyhpyridin-3-

T Y 44131070 | )6 (2 6-difluorophenyl)-5-

fluoropicolinamide

72

S——

L
A
)
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LC/MS LC/MS
Exampie No. Structure (M+H on | (Rf on | Chemical Name
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OH H,C. Crired
. MG A NH, N-(4<(1R,3R,4S,55)-3-
73 * O F amino-4-hydroxy-5-
. N F 453.1 0.7 methyicyclohexyl)pyridin-3-
A PN yl)-5-fluoro-6-(2-fluoro-5-
U o methylphenyl)picolinamide

HzC Chinal
HCo NH, N-(4-((1R,3R,45,58)-3-

F amino-4-hydroxy-5-
N ) 435.0 0.6 methylcyclohexyl)pyridin-3-

PLINN yI)-62-fluoro-5-
U o methylphenyl)picolinamide
Chiral
H.C), NH, N-(4-({(1R,3R,48,55)-3-
75 F amino-4-hydroxy-5-
. N F 439.2 0.57 | methylcyclohexyl)pyridin-3-

PPN yl)-5-fluoro-6-(2-
o fluorophenyl)picolinamide

74

N-(4-((1R,3R,4S,58)-3-
amino-4-hydroxy-5-

439.2 0.55 methylcyclohexyl)pyridin-3-
yl)-6~(2,6-
difluorophenyl)picolinamide

76

: HN oH N-(4-((1R,3S,5S)-3-amino-5-
77 ) ) . 4413 o052 | methylcyclohexylpyridin-3- -
ad ‘ ' yl)-6-(2,4-diflucrophenyl)-5-
N
7

fluoropicolinamide

Q\\Nw - N-(4-((1R 3R 4S)-3-amino-4-
< ) 425.2 0.52 *y‘ll;‘_*é?(’éygydohexyl)pyrldm-3-
> difluorophenyl)picolinamide

78

HN F N-{4-({1R,38)-3-

79 F aminocyclohexyl)pyridin-3-
N 427.2 0.58 yl)-6-(2,3-difluorophenyl)-5-
fluoropicolinamide
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80

Chiral
HN F F
oY)
e N N
Sy I O F

427.2

0.54

N-(4-({1R,38)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-3-
fluoropicolinamide

81

427.2

0.57

N-(4-((1R,38)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2,5-difluorophenyt)-5-
fluoropicolinamide

82

) F Chiral
H,N EF
N’l F
,% [P
N fo)
E

Chiral

H,N .
F
o N
N
J
\N 0

427.2

0.58

N-(4-((1R,3S)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2,4-diflucrophenyl)-5-
fluoropicolinamide

83

QH Chiral

NH

oL
N/

0

407 1

0.51

N-(4-((1R,3R,48)-3-amino-4-
hydroxycyclohexylpyridin-3-
yl)-6-(2-
fluorophenyi)picolinamide

OF N

84

O\/\CHSCNM

oH
O‘ NH
A g N
Shh
N O

485.2

0.62

N-(4-((1R,3R,4S)-3-amino-4-

hydroxycyclohexyl)pyridin-3- -

yl}-6-(2-fluoro-5-
propoxyphenyl)picolinamide

85

Chiral

457.2

0.56

N-(4-((1R,3R,48,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl}-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

86

457.0

0.58

N-{4-((1R,3R,4S,55)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yi)-6-(2,6-diflucrophenyl)-5-
fluoropicolinamide

£} 34
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Chiral .
OH
O\NHz F N-(4-((1R,3R,4S)-3-amino4-
87 AF hydroxycyciohexyl)pyridin-3-
i N\ I 4251 0.52 y1)-5-fluoro-6-(2-
I = fluorophenyi)picolinamide
N ©
gH Chirsd
OoNW - N-(4-({(1S,3S,4R)-3-amino-4-
88 A _F hydroxycyclohexyl)pyridin-3-
w0 430 1083 | ) 6.2 6-difluorophenyl)-5-
~ | fluoropicolinamide
\N [e]
OH
H Ny A\ s CH, N-(4-(3-amino-4-hydroxy-5-
89 ANF methylcyclohexyl)pyridin-3-
H N\ [ 427.3 0.63 yb)-6-cyclohexyl-5-
| = fluoropicolinamide
4 0
N
OH
HN CH, 3-amino-N-(4-(3-amino-4-
90 . hydroxy-5-
l N\ | 424.3 06 methylcyclohexyl)pyridin-3-
' = yl)-6-cyclohexylpicolinamide
o O NH,
HN CH, N-(4-(3-amino-5-
91 . AF methylcyclohexyl)pyridin-3-
N N\ | 411.3 067 yh-8-cyclohexyl-5-
o | fluoropicolinamide
x ol
N7
3-amino-N-(4-{trans)-3-
92 amino-4-hydroxycyclohex-1-
4383 1051 4 on hpyridin-3-yl)-6-(2.6-
difluorophenyl)picolinamide
OH
H,N . . .
F F &sn’gno-N-(ﬂ-(ﬂs)-?;-amlno-
83 Z 4-hydroxycyclohex-1-
a0 4383 1051 enyiypyridin-3-yl)-6-(2,6-
| = difluorophenyl}picolinamide
N/ O NH,
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OH -
H,Cy, i NH 3-amino-N-(4-(3-amino-4-
94 O ¥ F hydroxy-5- N
T 4 NP I 454 1 0.54 methylcyclohexyl)pyridin-3-
' .\ N N yl)-s-(zva-
“@ O difluorophenyl)picolinamide
™ 'l H 3-amino-N-(4-(3-amino-4-
o5 F hydroxy-5-
", N ] 454.3 0.54 methylcyclohexyl}pyridin-3-
P PN yi}-6-(2,6-
LJ & NH, difluorophenyl)picolinamide
N
CH
H,C, NH N-(4-((3R,4R,5S)-3-amino-4-
96 £ F hydroxy-5-methylpiperidin-1-
N N F 458.1 0.54 | yDpyridin-3-yi)-6-(2,6-
N AN diflucrophenyl)-5-
Sy b3 fluoropicolinamide
o Chirgl
He . 3-amino-N-(4-(3-amino-4-
97 I F hydroxy-5-
o NS 4541 0.55 methylcyclohexyl)pyridin-3-
AN p yl)-6-(2,6-
| @ O difluorophenyl)picolinamide
OH Chiral
H,C H NH, 3-amino-N-(4-(3-amino-4-
98 - ; F hydroxy-5-
y pi X 454 .1 0.54 methylcyclohexyl)pyridin-3-
AN wWe-26-
| 2 o N, difluorophenyl)picolinamide
Chiral
o HN F F N-(4-((1R,3S)-3-
F aminocyclohexyl)pyridin-3-
P 4272 1055 | ) 6. (2 6-difluorophenyl)-5-
A\ g
| fluoropicaolinamide
= o)
N
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Chiral
100 O‘xNHF F 3-a_mino-r\|l-§]4-(( 1I)R'3$d)'-323
F aminocyclohexyl)pyridin-3-
SeP 422 1059 |\ 6 9 6-difluorophenyl)-5-
@/ fluoropicolinamide
\N O NH,
iH’
2 2-amino-4-(3-(3-amino-6-
101 O B AP 2.6-
o0 4822 1086 | yifuorophenylpicolinamido)p
E’j/ yridin4-yl)cyclohexyl acetate
t N O NH,
oH
Q“”“; . 3-amino-N-(4-(3-amino-4-
102 . NZ 440 3 0.52 hydroxycyclohexyl)pyridin-3-
s N | yi)-6-(2,6-
(\/r difluorophenyl)picolinamide
= O NH,
N
OH Chiral
H,N CHy 3-amino-N-{(4-((3R,4S,5R)-3-
103 ' F amino-4-hydroxy-5-
NT AT 455.3 0.53 methylpiperidin-1-yl)pyridin-
N A 3-yl)-6-(2,6-
I @ O M diflucrophenyl)picolinamide
D & 3-amino-N-(4-((1R,38,4S)-3-
104 T F F amino-4-
NZ ] 440.2 0.52 hydroxycyclohexyl)pyridin-3- -
PN yl)-6-(2,6-
| @ O N, difluorophenyl)picolinamide
H,C OH. F 3-amino-6-(2,6-
105 difluorophenyl)-N-(4-(3-
I ’ ’ ydroxy-5-methylcyclohex-1-
S 4382 1292 | b droxy-5-methyicyclohex-1
I = enyl)pyridin-3-yl)picolinamide
NE O NH,
ANH.
_ : 3-amino-N-(4-({(1R,3S)-3-
106 o NS 394.3 0.74 aminocyclohexyl)pyridin-3-
AN yl)-6-cyclohexylpicolinamide
N l O NH,

~5
7
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Siructure

LC/MS
(M+Hon
UPCL)

LC/MS
{Rf on
UPCL)

Chemical Name

107

421.9

0.59

3-amino-N-(4-(3-
aminooyclohex-1-

enyl)pyridin-3-yl)-6-(2,6-
difluorophenyl)picolinamide

108

H,C Chiral

al
z
I

2

mm
|IIQ
(
2
3
i

A p
0

473.3

0.67

N-(4-((1R,3R,58)-3-amino-5-
(trifluoromethyf)cyclohexyl)py
ridin-3-yf)-6-(2-fluoro-5-
methylphenyl)picolinamide

109

M
-
(4

A/

507.2

0.65

N-(4-((1R,3R,5S)-3-amino-5-
(trifluoromethyl)cyclohexyl)py
ridin-3-yI)-8-(2,6-difluoro-4-

methoxyphenyl)picolinamide
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510.2

0.64

3-amino-N-(4-((1R,3R,58)-3-
amino-5-
(trifluoromethyl)cyclohexyl)py
ridin-3-yl)-6-(2,6-
diflucrophenyi)-5-
fluoropicolinamide

111
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465.3

0.72

N-(4-({(1R,3R,5S8)-3-amino-5- -

(trifluoromethyi)cyclohexyl)py
ridin-3-yl)-6-cyclohexyl-5-
fluoropicolinamide
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3-amino-N-(4-({1R,3R,55)-3-
amino-5-
(trifluoromethyl)cyclohexyl)py
ridin-3-yl)-6-(2,6-
difluorophenyl)picolinamide

113
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458.2

0.55

N-(4-((3S,45,5R)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yl)pyridin-3-y()-6-{2,6-
difluorophenyl)-5-
fluoropicolinamide
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Example No.

Structure

LC/MS
(Rfon
UPCL)

Chemical Name

114

441.1

0.61

N-(4-((3R.4R,585)-3,4-
dihydroxy-5-methylpiperidin-
1-yl)pyridin-3-yl)-5-fluoro-6-
(2-fluorophenyl)picolinamide

15

441.1

0.6

6+2,6-diflucrophenyl}-N-(4-
((3R,4R,58)-3,4-dihydroxy-5-
methylpiperidin-1-yl)pyridin-
3-yl)picolinamide

116

4591

0.61

6-(2,6-difluorophenyl)-N-(4-
((3R,4R,5S)-3,4-dihydroxy-5-
methylpiperidin-1-yl)pyridin-
3-yl)-5-fluoropicolinamide

117

Chiral

458.2

0.62

6-2,6-Difluorophenyl)-N-(4-
((1R,3R,4R,58)-3,4-
dihydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-5-fluoropicolinamide

118

423.2

0.32

N-(4-({(3R,4R,5S)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yl)pyridin-3-yl)-3-fluoro-2,3'-
bipyridine-6-carboxamide

119

441.2

0.46

N-(4-((3R,4R,5S8)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yhpyridin-3-yl)-3,3'difluoro-
2,4'-bipyridine-6-
carboxamide

139,
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N O

bipyridine-6-carboxamide

Chiral
H 3-amino-6-(2,6-
HCs, OH E difluorophenyf)-N-(4-
121 AF ((1R,3R,4R,5S)-34-
HETI 4731 0.68 dihydroxy-5-
SRS
N O N

methylcyclohexyl)pyridin-3-
yl)-5-flucropicolinamide

Synthesis of 6-bromo-N-(4-(3-(tert-butyldimethylsilvloxy)-5-methylcyclohex-

1-enyl)pyridin-3-yl)-5-fluoropicolinamide

TBDMSO

H
AN A
N

[0251] | Following Method 9, 4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclo-
hex-1-enyl)pyridin-3-amine and 6-bromo-5-fluoropicolinic acid were coupled and
following addition of EtOAc and washing with H,0, NaCl(sa y and drying over MgSO,, 6-
bromo-N-(4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclohex-1-enyl)pyridin-3-yl)-5-
fluoropicolinamide was obtained. LCMS (m/z): 455.3 (MH"); LC R = 2.09 min.

B4
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cyclohexylpvridin-3-yl)-5-fluoropicolinamide

[0252] Following Method 9, 2-(3-(3-aminopyridin-4-yl)cyclohexyl)iso-
indoline-1,3-dione and 6-bromo-5-fluoropicolinic acid were coupled and following
addition of EtOAc and washing with H;0, NaCl) and drying over MgSOj, 6-bromo-N-
(4-((1R,38)-3-(1,3-dioxoisoindolin-2-yl)cyclohexyl)pyridin-3-y1)-5-fluoropicolinamide
was obtained. LCMS (m/z): 523.2/525.2 (MH"); LC R, = 3.31 min.

)-3-(1,3-dioxoisoindolin-2-

Synthesis of 3-amino-6-bromo-N-

Deyclohexyl idin-3-yl)-3-fluoropicolinamide

[0253] Following Method 9, 2-(3-(3-aminopyridin-4-yl)cyclohexyl)-
isoindoline-1,3-dione and 3-amino-6-bromo-5-fluoropicolinic acid were coupled and
following addition of EtOAc and washing with H,0, NaCls, y and drying over MgSQOy, 3-
amino-6-bromo-N-(4-((1R,3S)-3-(1,3-dioxoisoindolin-2-yl)cyclohexyl)pyridin-3-yl)-5-
fluoropicolinamide was obtained. LCMS (m/z): 538.1/540.1 (MH™"); LC R, = 3.46 min.

141
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Synthesis of tert-butyl (1S.3R,58)-3-(3-(6-bromo-5-fluoropicolinamido}-

pyridin-4-yl)-S-methylcyclohexylcarbamate

BocHN Br
F
d
H N |
2 NN
\N (o]

[0254]  Following Method 9, tert-butyl (1S,3R,58)-3-(3-aminopyridin-4-yl)-5-
methylcyclohexylcarbamate and 6-bromo-5-fluoropicolinic acid were coupled and
following addition of EtOAc and washing with H,O, NaCly ) and drying over MgSO,,
tert-butyl (18,3R,5S)-3-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-yl)-5-methylcyclo-
hexylcarbamate was obtained. LCMS (m/z): 507.1/509.1 (MH"), R, = 0.90 min.

2-(tert-butoxycarbonylamino)-6-methvlcyclohexyl acetate

QAc
BocHN

[0255] Following Method 9, (1R,2R,4R,68)-4-(3-aminopyridin-4-yl)-2-(tert-
butoxycarbonylamino)-6-methylcyclohexyl acetate and 6-bromo-5-fluoropicolinic acid
were coupled and following addition of EtOAc and washing with H,O, NaClsg) and
drying over MgSOy, (1R,2R,4R,6S)-4-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-yl)-2-
(tert-butoxycarbonylamino)-6-methylcyclohexyl acetate was obtained. LCMS (m/z):
567.2 (MH™), R; = 0.82 min.
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Synthesis of (+/-)-tert-butyl 5-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-yl)-7-
methyl-2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate

0
BocN
r
F
~a
HoN
/IN N
\N o)

[0256] Following Method 9, (+/-)-tert-butyl 5-(3-aminopyridin-4-yl)-7-methyl-
2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate and 6-bromo-5-fluoropicolinic acid
were coupled and following addition of EtOAc and washing with H;O, NaClsa,) and
drying over MgSQyg, (+/-)-tert-butyl 5-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-y1)-7-
methyl-2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate was obtained. LCMS (m/z):
549.2/551.2 (MH"), R, = 0.78 min.

Svnthesis of tert-butyl 5-(3-(6-bromo-5-fluoropicolinamido

oxohexahydrobenzo[dloxazole-3(2H)-carboxylate

N—Boc

[0257] Following Method 9, tert-butyl 5-(3-aminopyridin-4-yl)-2-oxohexa-
hydrobenzo[d]oxazole-3(2H)-carboxylate and 6-bromo-5-fluoropicolinic acid were
coupled and following addition of EtOAc and washing with H,O, NaCl(sat) and drying
over MgSQy, tert-butyl 5-(3-(6-bfomo-5-ﬂuoropicolinamido)pyridin-4-yl)-2-
oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate was obtained. LCMS (m/z): 537.1
(MH"); LCMS R, = 0.71 min.
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Synthesis of 6-bromo-N-(4-((1R,5R)-5-(1.3-dioxoisoindolin-2-y1)-3.3-
dimethylcyelohexvl

idin-3-yl)-5-fluoropicolinamide

=~
N

[0258] Following Method 9, 2-((1R,5R)-5-(3-aminopyridin-4-yl)-3,3-
dimethylc_yclohexyl)isoindoline-1,3 -dione and 6-bromo-5-fluoropicolinic acid were
coupled and following addition of EtOAc and washing with H;0, NaCl(sa) and drying
over MgSOq, 6-bromo-N-(4-((1R,5R)-5-(1,3-dioxoisoindolin-2-yl)-3,3-dimethylcyclo-
hexyl)pyridin-3-yl)-5-fluoropicolinamide was obtained. LCMS (m/z): 551/553 (MH"), R,
= (.95 min.

Synthesis of N-(4-((1R.3R.4S,5R)-3.4-bis(tert-butyldimethylsilyloxy)-5-

[0259]  Following Method 9, 4-((1R,3R,4S,5R)-3,4-bis(tert-
butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-amine and 6-bromo-
S-fluoropicolinic acid were coupled and following addition of EtOAc and washing with
H,0, NaCl(se:) and drying over MgSO4, N-(4-((1R,3R,4S,5R)-3,4-bis(tert-
butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-y1)-6-bromo-5-fluoropicolinamide
was obtained. LCMS (m/z): 652.5, 652.4 (MH"); LC R, = 5.82 min.
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Synthesis of N-(4-((1S.3S.4R 55)-3.4-bis(tert-butyldimethylsilyloxy)-5-

methvlcyclohexyDpyridin-3-y1)-6-bromo-5-fluoropicolinamide -

OTBS

n,, QOTBS Br
AF
Ho N
N N AN
N

[0260] Following Method 9, 4-((1S,3S,4R,5S)-3,4-bis(tert-
butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-amine and 6-bromo-
5-fluoropicolinic acid were coupled and following addition of EtOAc and washing with
H,0, NaClsy ) and drying over MgSO4, N-(4-((18,3S,4R,58)-3,4-bis(tert- |
butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-yl)-6-bromo-5-fluoropicolinamide
was obtained. LCMS (m/z): 652.5, 652.4 (MH"); LC R, = 5.83 min.

Method 10

Synthesis of 6-(2.6-difluorophenyl)-5-fluoro-N-(4-(3-hydroxy-5-methylcyclohex-
1-enyl)pyridin-3-yl)picolinamide

_ HO

H
/IN

[0261] A solution of 6-bromo-N-(4-(3-(tert-butyldimethylsilyloxy)-5-methyl-
cyclohex-1-enyl)pyridin-3-yl)-5-fluoropicolinamide (1.0 equiv), 2,6-difluorophenyl
boronic acid (3.0 equiv.), tetrakistriphenylphosphine (0.2 equiv.) and triethylamine (3.0
equiv.) in 1:1 EtOH/toluene (0.1 M) was heated at 120 °C with microwave irradiation for
1200 seconds. Upon cooling, removal of the volatiles in vacuo, the Suzuki product was
directly purified by reverse phase HPLC. The product fraction was lyophilized and the
resulting TBDMS ether was deprotected as described in Method 9-yiel.ding, after RP
HPLC purification and iyophiiization, 6-(2,6-difiucrophenyl)-3-fiuoro-N-(4-(3-hydroxy-
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5-methylcyclohex-1-enyl)pyridin-3-yl)picolinamide as the TFA salt.. LCMS (m/z):
438.2 (MH+); LC Rt = 2.00 min.

Synthesis of N-(4-((1R,38)-3-aminocyclohexyDpyridin-3-yl)-
6-(2.6-difluorophenyl)-5-fluoropicolinamide

HoN
d
HoN |
= | N x
XD
N o
[0262] A solution of 6-bromo-N-(4-((1R,38)-3-(1,3-dioxoisoindolin-2-yl)-
cyclohexyDpyridin-3-yl)-5-fluoropicolinamide (1.0 equiv), 2,6-difluorophenyl boronic
acid (3.0 equiv.), tetrakistriphenylphosphine (0.2 equiv.) and triethylamine (3.0 equiv.) in
1:1 EtOH/toluene (0.1 M) was heated at 120 °C with microwave irradiation for 1200
seconds. Upon cooling, removal of the volatiles in vacuo, the Suzuki product was

directly purified by reverse phase HPLC. The product fraction was lyophilized and the
resulting phthalimide group was deprotected as described in Method 9 yiclding, after RP

HPLC purification and lyophilization, N-(4-((1R,3S)-3-aminocyclohexyl)pyridin-3-y1)-
6-(2,6-difluorophenyl)-5-flucropicolinamide as the TFA salt. LCMS (m/z): 427.2
(MH+); LCRt= 2.26 min,

HoN

[0263] A solution of 3-amino-6-bromo-N-(4-((1R,3S)-3-(1,3-dioxoisoindolin-
2-yheyelohexyl)pyridin-3-yl)-5-fluoropicolinamide (1.0 equiv), 2,6-difluorophenyl
boronic acid (3.0 equiv.}, tetrakistriphenylphosphine (0.2 equiv.) and triethyiamine (3.0

<146
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equiv.) in 1:1 EtOH/toluene (0.1 M) was heated at 120 °C with microwave irradiation for
1200 seconds. Upon cooling, removal of the volatiles in vacuo, the Suzuki product was
directly purified by reverse phase HPLC. The product fraction was lyophilized and the
resulting phthalimide group was deprotected as described in Method 9 yielding, after RP
HPLC purification and lyophilization, 3-amino-N-(4-((1R,3S)-3-aminocyclo-
hexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-flucropicolinamideas the TFA salt. LCMS
(m/z): 442.2 (MH+); LC Rt = 2.24 min.

Synthesis of N-(4-(3-amino-4-hydroxycyclohexvl)pyridin-3-yl)-
6-(2.6-difluorophenyl 1-5-ﬂuoropicolina1ﬁide

’ .
H,N
2 F F
F
/
HNI
/lN X
~
N 0

[0264] A solution of tert-butyl 5-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-
yl)-2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate (1.0 equiv), 2,6-difluorophenyl
boronic acid (3.0 equiv.), tetrakistriphenylphosphine (0.2 equiv.) and triethylamine (3.0
equiv.) in 1:1 EtOH/toluene (0.1 M) was heated at 120 °C with microwave irradiation for
1200 seconds. Upori cooling, removal of the volatiles in vacuo, the Suzuki product was
directly purified by reverse phase HPLC, The product fraction was lyophilized and the
resulting cyclic carbamate and Boc groups were deprotected as described in Method 9
yielding, after RP HPLC purification and lyophilization, N-(4-(3-amino-4-hydroxycyclo-
hexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-fluoropicolinamideas the TFA salt. LCMS
(m/z): 443.2 (MH+); LC Rt = 2.11 min.

<E474
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Synthesis of S-amino-N-
3.3'-difluoro-2.4'-bipyridine-6-carboxamide

N\
H,N l A, _
N A
N | O NH,

[0265] A solution of 3-amino-6-bromo-N-(4-((1R,3S)-3-(1,3-dioxoisoindolin-
2-yDcyclohexyl)pyridin-3-yl)-5-fluoropicolinamide (1.0 equiv), 3-fluoropyridin-4-yl-
boronic acid (3.0 equiv.), tetrakistriphenytphosphine (0.2 equiv.) and triethylamine (3.0
equiv.) in 1:1 EtOH/toluene (0.1 M) was heated at 120 °C with microwave irradiation for
1200 seconds. Upon cooling, removal of the volatiles in vécuo, the Suzuki product was
directly purified by reverse phase HPLC. The product fraction was lyophilized and the
resulting phthalimide group was deprotected as described in Method 9 yielding, after RP
HPLC purification and lyophilization, 5-amino-N-(4-((1R,3S)-3-aminocyclohexyl)-
pyridin-3-yl)-3,3'-difluoro-2,4'-bipyridine-6-carboxamide as the TFA salt. LCMS (m/z):
425.1 (MH+); LC Rt = 2.08 min.

Synthesis of N- -3-amino-S-methylcyclohexyl

6-(2,6-difluoro-3-hydroxyphenyl)-5-fluoropicolinamide

OH

H->N
2 F
E
X
o0
N -

S
z o)
N

[0266] To a solution of tert-butyl (1S,3R,58)-3-(3-(6-bromo-5-
fluoropicolinamido)pyridin-4-yl)-5-methylcyclohexylcarbamate (1.0 equiv.) in a
microwave vial was added 2,6-diflucro-3-hydroxyphenylboronic acid (5.0 equiv.), KF
(5.5 equiv.) and Pdy(dba)s (0.2 equiv.) followed by THF and water (10:1, 0.03 M). To
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this mixture was added P(t-Bu); (0.4 equiv.) and the reaction was heated in the
microwave at 100 °C for 30 min. The organic phase was then separated, the aqueous
layer was washed with ethyl acetate, and the organics were combined and concentrated in
vacuo. The crude mixture was purified via prep-HPLC, the product fractions were
lyophilized and the resulting BOC group was deprotected as described in Method 9
yielding, after RP HPLC purification and lyophilization, N-(4-((1R,38,55)-3-amino-5-
methylcyclohexyl)pyridin-3-yl)-6-(2,6-difluoro-3-hydroxyphenyl)-5-flucropicolinamide
as the TFA salt. LCMS (m/z): 457.2 (MH+); LCRt= 2.17 min.

[0267}  The following compounds were prepared using Method 10:

TABLE 2

Example No./ LC/iMS LCIMS
NVP Ig ) Structure (M+Hon | (Rfon | Chemical Name
UPCL) UPCL)

N-{(4-((1R,5R)-5-amino-3,3-

122 H N ak . dimethylcyclohexyl)pyridin-3-
N F - | 471.2 0.58 yh)-6-(2,6-difluoro-4-
QoL hydroxyph_enyl)_-s-
Ul fluoropicolinamide

N-«4-((1R,5R)-5-amino-3,3-
dimethylcyclohexyl)pyridin-3-
485.2 0.65 | yi)-6-(2,6-difluoro4-
methoxyphenyl)-5-
fluoropicolinamide

N
QHChiral
HN N-(4-((1R,3S)-3-
124 z F F aminocyclohexyl)pyridin-3-
a NS F 443.2 0.54 | yl)-6-(2,6-difluoro-3-
AN~ hydroxyphenyl)-5-
L J & fluoropicolinamide

123 b

7\

N
QHChiral
H.N CHy N-(4-((1R,38,58)-3-amino-5-
125 : F methylcyclohexyl)pyridin-3-
N 457.2 0.57 yl)-6-(2,6-difluoro-3-

A N A hydroxyphenyl)-5-
L) & fluoropicolinamide

N

-149-



Pirn3 1C50 pM KMs11-
10 F |

0.83 77 Chiral

WO 2010/026124

I nc EC50 PM 76 Chiral
0.001 0.013 0.003 3.9 78 (H L-c¢)

OHoN....

0 0.001 0.003

PCT/EP2009/061205

0. 002

Example No./
NVPID

Structure

LC/MS
{M+H on
UPCL)

LC/MS
(Rf on
UPCL).

Chemical Name

126

507.1

0.66

N-(4-({(1R,3R 4R,55)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-5-flucro-6-(2-fluoro-5-
{trifluoromethyt)phenyl)picoli
namide

127

507.1

0.65

N-(4-((1R,3R,4R,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2-fluoro-3-
(triflucromethyl)phenyl)picoli
namide

128

OH

457.2

0.58

N-(4-((1R,3S,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl)-5-
fluoropicolinamide

129

459.2

0.62

N-(4-((1R,38,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-5-fluoro-6-(2,3,6-
trifluorophenyl)picolinamide

130

472.1

0.56

3-amino-N-{4-(3-amino-4-
hydroxy-5-

methylcyclohexyl)pyridin-3- -

yI)-6-(2, 6-difluorophenyl)-5-
fluoropicolinamide

131

458.0

0.57

3-amino-N-(4-(3-amino-4-
hydroxycyclohexyl)pyridin-3-
y1)-6-(2,6-diflucrophenyl)-5-
fluoropicelinamide

132

4721

0.56

3-amino-N-{4«3-amino-4-
hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide
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3-amino-N-(4-(3-aminc-5-
methylcyclohexyl)pyridin-3-
y1)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide
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methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-5-
fiuoropicolinamide
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N-(4-(3-amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide
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0.46

5-amino-N-(4-((1R,3S)-3-
aminocyclohexyl) pyridin-3-
yl)-3,3'-diflucro-2,4'-
bipyridine-6-carboxamide
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6-(2,6-difluorophenyl)-5-
fluoro-N-(4-(3-hydroxy-5-
methylcyclohex-1-
enyl)pyridin-3-
yl)picolinamide

138
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0.64

6-(2,6-difluorophenyl)-N-(4-
((1R,3R,45,5R)-3,4-
dihydroxy-5-
methylcyclohexyl)pyridin-3-
yl)-5-fiuoropicolinamide
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Example 139

Synthesis of N-(4-((1R,3R.48.55)-3-amino-4-fluoro-5-methyleyclohexyl)-
pyridin-3-y1)-6-(2.6-difluorophenyl)-5-fluoropicolinamide

H
N F F
F
ol
oo N
|\N X
N ©

[0268] To a solution of tert-butyl (1R,2R,3S,5R)-5-(3-(6-(2,6-difluorophenyl)-
5-fluoropicolinamido)pyridin-4-y1)-2-hydroxy-3-methylcyclohexylcarbamate (1.0 equiv.)
in DCM (0.04 M) at 0 °C was added DAST (1.0 equiv.). The reaction was stirred for 1.5
h at 0 °C, then TFA (10 equiv.) was added to the reaction. Afier 2 h, the reaction was
concentrated in vacuo and the residue was purified via prep-HPLC to afford N-(4-
((1R,3R,48,58)-3-amino-4-fluoro-5-methylcyclohexyl)pyridin-3-yl)-6-(2,6-"difluoro-
phenyl)-5-fluoropicolinamide as the TFA salt. LCMS (m/z): 459.3 (MH+); LC Rt =2.39
min,

[0269] In addition to LC/MS and LC characterization, representative
compounds were analyzed by !H-NMR. The following are typical spectra of the

compounds of the invention.

4 ~

Example # | '"H-NMR data

HCI salt, 1H-NMR (400 MHz, DMSO-d6): d 10.54 (bs, 1H), 8.80 (bs, 1H), 8.55 (d,
1H), 8.34 (dd, 1H), 8.20 (t, 1H), 8.00 (bs, 2H), 7.69 {m, 1H), 7.56 (d, 1H), 7.34 (t,
2H), 3.10-3.0 (m, 2H), 2.83 (m, 1H), 2.03 (d, 1H), 1.76-1.59 (m, 2H), 1.40 (m,
1H), 1.31-1.21 (m, 1H), 0.92 (d, 3H).

50

HCI salt, 1H-NMR (DMSO-d6): d 10.4 (s, 1H), 8.71 (s, 1H), 8.37 (d, 1H), 8.14-
52 8.20 (m, 2H), 7.94 (bs, 2H), 7.86-7.88 (m, 2H), 7.54-7.58 {m, 1H), 7.30 (d, 1H),

7.22-7.26 (m, 2H), 2.09-3.02 (m, 2H), 2.78 (m, 1H), 1.96-1.99 (m, 1H), 1.68-1.71
(m, 1H), 1.60 (q, 1H), 1.37 (m, 1H), 1.15-1.24 (m, 1H), 0.88 (d, 3H)

HCI salt, 1H NMR (400 MHz, DMSO-d6): d 10.59 (s, 1H), 8.92 (s, 1H), 8.62 (d,
1H), 8.37 (dd, 1H), 8.23 (t, 1H), 8.19 (bs, 2H), 7.68-7.71 {m, 2H), 7.36-7.40 (m,
2H),3.01-3.10 (m, 2H), 2.01-2.05 (m, 1H), 1.94-1.97 (m, 1H), 1.72-1.76 (m, 1H),
1.48-1.53 (m, 2H), 1.01-1.13 (m, 2H), 0.89 (d, 3H)

70
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HCl salt, 1H NMR (DMSO-d6): d 10.37 (s, 1H), 8.61 (s, 1H), 8.41 (d, 1H), 8.29
(dd, 1H), 8.13 (t, 1H), 7.8 (bs, 2H), 7.69-7.61 (m, 1H), 7.34-7.28 (m, 3H), 3.061
(m, 1H), 2.86 (m, 1H), 1.76-1.63 (m, 2H), 1.53-1.47 (m, 1H), 1.4-1.34 (m, 2H),
0.82 (d, 3H).

HCl salt, 1H NMR (DMSO-d6): d 10.42 (s, 1H), 8.62 (s, 1H), 8.46 (m, 1H), 8.32
88 (m, 1H), 8.18 (t, 1H), 7.76 (m, 2H), 7.67 (m, 1H), 7.35 (m, 3H), 5.33 (brs, 1H),
3.108 (m, 2H), 2.88 (m, 2H), 1.65 (m, 2H), 1.48 (m, 3H).

85

HCI salt, 1H NMR (400 MHz, CD30D): d 9.09 (s, 1 H), 8.46 (dd, 1 H), 8.39 (dd,
1H),805(t 1H), 7.57-767(m, 1H),7.53(d, 1H),7.16-7.25 (m, 2 H), 4.03 -
4,12 (m, 1 H), 3.85 - 3.94 (m, 1 H), 3.20 (s, 3 H), 2.70 - 2.80 {m, 1 H), 1.67 - 1.79
{m, 1 H),0.83 (d, 3 H).

free-base, 1H NMR (CDCI3): d 9.93(s, 1H), 9.38(s, 1H), 8.40-8.45(m, 1H), 8.40(d,
1H), 7.74-7.80(m, 1H), 7.47-7.55(m, 1H), 7.19(d, 1H), 7.06-7.13(m, 2H), 2.68-
2.83(m, 2H), 1.97-2.05(m, 1H), 1.65-1.95(m, 5H), 1.22-1.40(m, 3H), 1.04-1.15(m,
1H).

HCI salt, 1H NMR (DMSO-d6): d 10.13(s, 1H), 8.82(s, 1H), 8.41(d, 1H), 7.94(bs,
100 2H), 7.52-7.62(m, 1H), 7.36(d, 1H), 7.36 (bs, 2H), 7.20-7.31(m, 3H), 2.78-2.88(m,
2H), 1.70-2.02(m, 4H), 1.16-1.54(m, 4H).

HCI salt, 1H NMR (400 MHz, DMSO-d6): d 10.59 (s, 1H), 9.30 (s, 1H), 8.54 (d,
102 1H) 8.08 (br s, 3H), 7.75 (d, 1H), 7.65 (d, 1H), 7.60-7.56 (m, 1H), 7.49 (d, 1H),
7.33 (t, 2H), 4.04 (br s, 1H), 3.16(br s, 2H) 3.05 (br t, 1H), 1.98—1.20 (m, 7H)

HCI salt, 1H-NMR (400, d6-DMSO): d 10.47 (s, 1H), 8.56 (s, 1H}), 8.33 (dd, 1H),
8.26 (dd, 1H), 8.20 (t, 1H), 7.62-7.72 (m, 1H}, 7.30-7.35 (m, 3H), 3.82-3.92 (m,

116 2H), 3.18-3.22 (m, 1H), 2.84-2.91 (m, 1H), 2.69 (t, J=13.2, 1H), 1.38-146 (m.
1H). 0.69 (d, 3H).
HCI salt, 1H-NMR (400, d6-DMSO): d 11.00 (s, 1H), 10.46 (s, 1H), 8.55 (d, 1H),

128 8.29 (dd, 1H), 8.15 (t, 1H), 8.05 (bs, 2H), 7.54 (d, 1H), 6.72 (d, 2H), 3.04 - 3.10
(m, 1H), 2.92-3.04 (m, 1H), 2.01 (d, 1H), 1.95 (d, 1H), 1.74 (d, 1H), 1.42-1.52 (m,
2H), 0.97-1.08 (m, 2 H), 0.8 (d, 3H).

Example 140

Pim1 ATP depletion assay

[0270]  The activity of PIM1 is measured using a luciferase-luciferin based
ATP detection reagent to quantify ATP depletion resulting from kinase-catalyzed
phosphoryl transfer to a peptide substrate. Compounds to be tested are dissolved in
100% DMSO and directly distributed into white 384-well plates at 0.5 ul per well. To
start the reaction, 10 ul of 5 nM Pim1 kinase and 80 pM BAD peptide
(RSRHSSYPAGT-OH) in assay buffer (50 mM HEPES pH 7.5, 5 mM MgCl,, 1 mM
DTT, 0.05% BSA) is added into each well. After 15 minutes, 10 pl of 40 pM ATP in
assay buffer is added. Final assay concentrations are 2.5 niv PIM1, 20 uM ATP, 40 uM
BAD pertide ard 2.5% DMSC. The reaction is performed until epproximately 50% of
the ATP is depleted, then stopped with the addition of 20 ) KinaseGlo Plus (Promega
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Corporation) solution. The stopped reaction is incubated for 10 minutes and the
remaining ATP detected via luminescence on the Victor2 (Perkin Elmer). Compounds of
the foregoing examples were tested by the Pim1 ATP depletion assay and found to
exhibit an ICs values as shown in Table 3, below. ICs, the half maximal inhibitory
concentration, represents the concentration of a test compound that is required for 50%
inhibition of its target in vitro,

Example 141
Pim2 ATP depletion assay

[0271]  The activity of PIM2 is measured using a luciferase-luciferin based
ATP detection reagent to quantify ATP depletion resulting from kinase-catalyzed
phosphoryl transfer to a peptide substrate. Compounds to be tested are dissolved in
100% DMSO and directly distributed into white 384-well plates at 0.5 ul per well. To
start the reaction, 10 pl of 10 nM Pim2 kinase and 20 puM BAD peptide
(RSRHSSYPAGT-OH) in assay buffer (50 mM HEPES pH 7.5, 5 mM MgCl,, 1| mM
DTT, 0.05% BSA) is added into each well. After 15 minutes, 10 pl of 8 uM ATP in
assay buffer is added. Final assay concentrations are 5 nM PIM2, 4 uM ATP, 10 uM
BAD peptide and 2.5% DMSO. The reaction is performed until approximately 50% of
the ATP is depleted, then stopped with the addition of 20 pul KinaseGlo Plus (Promega
Corporation) solution. The stopped reaction is incubated for 10 minutes and the
remaining ATP‘dete(‘:ted via luminescence on the Victor2 (Perkin Elmer). Compounds of

the foregoing examples were tested by the Pim2 ATP depletion assay and found to
exhibit an ICs, values as shown in Table 3, below.

Example 142
Pim3 ATP depletion assay

[0272]  The activity of PIM3 is measured using a luciferase-luciferin based
ATP detection reagent to quantify ATP depletion resulting from kinase-catalyzed
phosphoryl transfer to a peptide substrate. Compounds to be tested are dissolved in
100% DMSO and directly distributed into white 384-well plates at 0.5 pl per well. To
start the reaction, 10 1} of 10 nM Pim3 kinase and 200 pl BAD peptide
(RSRHSSYPAGT-OH) in assay buffer (50 mM HEPES pH 7.5, 5 mM MgCly, | mM

~$EA-
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DTT, 0.05% BSA) is added into each well. After 15 minutes, 10 ul of 80 uM ATP in
assay buffer is added. Final assay concentrations are 5 nM PIM1, 40 uM ATP, 100 uM
BAD peptide and 2.5% DMSO. The reaction is performed until approximately 50% of
the ATP is depleted, then stopped by the addition of 20 ul KinaseGlo Plus (Promega
Corporation) solution. The stopped reaction is incubated for 10 minutes and the
remaining ATP detected via luminescence on the Victor2 (Perkin Elmer). Compounds of

the foregoing examples were tested by the Pim3 ATP depletion assay and found to
exhibit an ICsg values as shown in Table 3, below.

Example 143
Cell Proliferation Assay

[0273] KMSI11 (human myeloma cell line), were cultured in IMDM
supplemented with 10% FBS, sodium pyruvate and antibiotics. Cells were plated in the
same medium at a density of 2000 cells per well into 96 well tissue culture plates, with
outside wells vacant, on the day of assay. MM1.s (human myeloma cell line), were
cultured in RPMI1640 supplemented with 10% FBS, sodium pyruvate and antibiotics.
Cells were plated in the same medium at a density of 5000 cells per well into 96 well
tissue culture plates, with outside wells vacant, on the day of assay.

[0274] Test compounds supplied in DMSO were diluted into DMSO at
500 times the desired final concentrations before dilution into culture media to 2 times
final concentrat‘ions: Equal volumes of 2x compounds were added to the cells in 96 well
plates and incubated at 37 °C for 3 days.

[0275]  After 3 days plates were equilibrated to room temperature and equal
volume of CellTiter-Glow Reagent (Promega) was added to the culture wells. The plates
were agitated briefly and luminescent signal was measured with luminometer. The
percent inhibition of the signal seen in cells treated with DMSO alone vs. cells treated
with control compound was calculated and used to determine ECjsg values (i.e., the
concentration of a test compound that is required to obtain 50% of the maximum effect in
the cells) for tested compounds, as shown in Table 3.

[0276]  Using the procedures of Examples 140 (Pim1 ATP depletion assay), .
141 (Pim2 A'TP depletion assay), and 142 (Pim3 ATP depletion assay), the [Csg
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concentration of compounds of the previous examples were determined as shown in the

following table 3.

[0277]

Using the procedures of Example 143 (cell proliferation assay), the

ECsq concentration of compounds of the examples in were determined in KMS11 cells as

shown in Table 3.
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139 riik.aim IPF 1 0.001 0.005 0.004 1.9 Exanple 144 Bi ol ogi cal

Met hod: Phar nacol ogy Target Modul ation and Efficacy Study in Miltiple

Mrel oma Xenografl Mbdel 102781 KMS11-luc multiple nmyel onma cancer

cel | s, obtwoOpadotaizm Suzanne Trudel ((Jniversity Heal t rCatreadok¢12050r ont o,
Canada), express stable |uciferase achieved by retroviral transfection and
wer e mai ntai ned in DVEM suppl enented with 10% heat-i nacti vat ed fetal bovine
serum wi t h 1% gtotamme(invirtrogen, e —Fermate—SCrbf-bg— e [12 weeks
ol d, 20- 25pExafaanb.es g ver) were used fof pad PYP2vo | pla maq ogy| st udi es.
The i ce weNeP Woused HMFYHRi nt ai ned in a¢mwsoam{dE38i t hicsoame Eosd f Pder al
gui delines| for _the humane treatnent and ¢are of H&bor at ory dniMmal s| and
received fpod and water ad lip{tum Cancer celljs werefharvesgted frpm
m d- | og phjase cul t urlegp, X | count was ¢stablighed wifth an aut omat ed
cel |l counterss(Vi - CELL, -Coul ter), 3$I2ncell we resuspendefl in
equal partp HBSS and [ Jl nvi trogen g )0 en ﬁf’?q igns cel]s were
subcut aneousl y i njecft edf | t ank of] each pouse. |[Conpoupd

t r eat ment S initiated eached 250-350mB fjor PI 4 PD

studi es, and I50-25 Jies, Wi th tupor vol|{umes det erm ned
ystens,| Inc.)| Al gonpound
LFor ir vivo target [nodulation in
n0.691ce |WeQ08 addPM st|efred a| singl e
oral dose [of vehicl g erent doncentfationg. At 1, 8 arid
24 hours dfter dosin bl ood [sanpl e were | taken| from

i ndi vi dual “m-ee—Redeectedtupr—ti-ssues—were—sadap—frokzen ana—pulveli zed

using a liquid nitrogen-cool ed cryonortar and pestle. Blood sanples were
taken by Examplad4$uncture, and pl asma was separated utilizing

centri f ugatdiey cdl%dcqmbﬁﬁd%blb&l:h“bﬂg@MﬁhlhﬁRﬁ“ n and plasma separator (BD
M crot ai ner T 078 sanpl 7] in cold buffer (Meso Scale
Di scover y¥stpprer HEAOIRS AENCSIEAXQER i nhi bitor (Roche),
phosphat ase |nh| bitors 1 and 2, and 1M NaF (Sigma) according to

manuf act ur er S[02m8]t r UCKMISO DSuc d?mhblemyagmmia@e QElEAbbteiedrbif Sazagpynce

o1 T ow o TEA Lm0 O et s %ﬁf&@é@ﬁbﬂ%ﬂéﬁéﬁ%ﬁéﬁd
concentraby%%ﬂﬂﬁ&@étmn&ﬁslwlayexﬁ&ﬁw{nm Bad M 5’?’3’{‘”?% fd%’He

determ ned using the Meso Scal e phosp upl ex

accor di nginagfivatad fetabhayinsrsemim wish d Ycglutamine (&Vl@@bm Ingh I‘@qmlad S(élmzﬁbmt of
t h 112/t ot al
protein \A"ﬁﬁ%eé@ qg%?eek{él? eﬁ?%& &ﬁé’lles%v Mgr% ?lséc v(z)vs macololgg ota

Bad dupl ex aIe scovery an sa es We i ncubat ed
for 30 mi sudies The rmmmrt: chmmd andimeintained e actbglahceatithldtate ahdifeldergl Pl at es were
washed with.lx uffer, and Sul f g det.eciion anti was added
o the wePRGCteh R tetibmat piien i s of Bbgdfhes Bhipelsetreceediihg. - The

pl ates wenkl waeRilitagn. TCantsh colpivere Bokvadia 68 nielaeiask fubutdWise t he
addi ti on of Read Buffgr Tto the wells. Plates were read on a SECTOR | mager

6000 | nst FAHMRL Vagestgblighed withiag agtomalesl celiaquntss (WHCERE, Beckman-CoulieR.pBad t o
total Badaysefls WeRteduSpdiaed fidquilParty ABSS R Ma#%?{maﬁa%@aﬂ@ )¢ Ten Data shown

in the follow ng tabl e express the percent I on dserl 12
phosphor y mallipescetle warei subcutaneoustpinjeBted ingh deprtght ﬂalﬂ:tofceaclh;nousep resentative

d dt hi c tr Th t ent
ool S Bheblld e balm B Bhendifor rerfatnid SRR ol BRED, o Tl o
not det er studies)and 1msmi:ﬁ3/ ﬁZSfﬁEélcy@wdimuWﬂh aimdrvaliies détermihdd usBlyr

StudyDirector software (StudyLog Systems, Inc.). All compound treatment was
administered orally.

[0279]  For in vivo target modulation in PK/PD time-course studies, tumor-

tr eat nent
PK/PD ti - cour se st

(

bearing mice were administered a single oral dose of vehicle or compound at different

concenirations. At i, § and 24 hours after dosing, tumor tissues and bicod samples were

176+



PCT/ EP2009/ 061205 24hr 99 (50 mg/kg) 40 55 0 99 (100 ng/kg) 62 66 24 70 (25
mg/ kg) 34 50 ad. 70 (50 mg/kg) 28 62 0 70 (100 mg/kg) 5 67 68 96 (25 my/ kg)
0 24 ad 96 (SO ny/kg) 44

WO 2010/026124 PCT/EP2009/061205

taken from individual mice. Resected tumor tissues were snap frozen and pulverized
using a liquid nitrogen-cooled cryomortar and pestle. Blood samples were taken by
cardiac puncture, and plasma was separated utilizing centrifugation tubes containing
lithium heparin and plasma separator (BD Microtainer). Frozen tumor samples were
lysed in cold buffer (Meso Scale Discovery) supplemented with EDTA free protease
inhibitor (Roche), phosphatase inhibitors 1 and 2, and 1M NaF (Sigma) according to
manufacturer's instructions. Following homogenization with a dounce apparatus or by
MagNA Lyser (Roche), clear supernatant was obtained following centrifugation at 300xg
for 30 minutes at 4°C and protein concentration was determined by BCA (BioRad).
Target modulation was determined using the Meso Scale phospho-Bad®™!'/total Bad
duplex kit, according to manufacturer's instructions. Briefly, an equal amount of protein
was loaded into each well of a Meso Scale phospho-Serine' */total Bad duplex 96-well
plate (Meso Scale Discovery) and samples were incubated for 30 minutes at room
temperature or overnight at 4°C, shaking. Plates were washed with 1x MSD wash buffer,
and Sulfo-Tag detection antibody was added to the wells and incubated for 1 hour at
room temperature, shaking. The plates were washed again and captured analyte detected
following the addition of Read Buffer T to the wells. Plates were read on a SECTOR
Imager 6000 Instrument (Meso Scale Discovery). Ratios of the signal from pBad to total
Bad were used to correct for variability between samples. Data shown in the following

ad*"''? phosphorylation relative to total Bad

table express the percent inhibition of pB
phosphorylatioﬁ by representative compounds of the invention, normalized to vehicle
control group. The extent of modulation is expressed as a percent, relative to vehicle

control (n.d., not determined).



69 16 96(100 ng/kg) 58 71 53 [ 0280] For efficacy studies,
tunor-bearing mce were randonm zed into groups with equival ent tunor vol une
variation rangi ng from 150-250mm8 utilizing the StudyDirector software

(St udyLog vegstenssizd nc. ). Fol | owi ng random zati on, n cecempeoodosiees oral |y
daily or twice daily at nultiple conpound concentrations in 200R1

i nci pient. Tunor growth and ani mal body wei ght was neasured at | east tw ce
weekly, and daily clinical elsfiodd iopns were used to nonitor potential
toxicities related to the tg %{gﬁ . Arlibral8br wadler r enoved from study if
tunmor vol unme exceeded 2500 et body wei ght | oss exceeded 20% of
initial measurenents. 99 (Pamg/kex f i49acySof Ot he conpound of Exanpl e 99
was eval uated in the KMSL1- 9d kg r ght deby with mice receiving oral
adm ni stration of the conmpound of anple 99 tw 4ce 6i1ly at 50 and 100

ng/ kg, and once daily at 1080 (Ay/mekelor 3¢4 §8ysndDosing was initiated when
tunor sizes reached approxi sgislig/RoONH8. sgown in Figure 1, the
conmpound of Exanple 99 exhi bi{ed doSe-dependant effects in vivo, with tunor
growt h inhibition observed ¥ (1905mw/ka)/ g t &7 ceb¥aily (92% and 100 ny/ kg
twice daily (4% regression)ges@3GRe/Ka)i | Y adayni giration of 100 ng/ kg was

| ess efficacious (65% than en dosed twice daily. These results correlate
with the extent and magni t uB@(¥mgkeds44126%odl$ ati on, and suggest that

extensive and prol onged tar g&fodR tisQ regquired for maxi mum efficacy.
[0282] Efficacy of the corrpgﬁnd o?’}*giarrpl elﬁ}o \?\gs evaluated in the | CV511-

| ue xenograil nodel, with mce receiving oral adm nistration of the

conmpound of Ex e twi ce daily at 25 and 50 ng/ kg, and once daily at

100 ng/ kg for @H@ayg‘%f éﬁa%ﬁb\él&?/ PHRQrToSRIang I)ee Were rRponzeddator e e d

appr oxi Makgth eqeit@le R TBmor OIEROVHatiBn FhGiE Frofy %%tﬁ%toﬁﬁﬁﬂnﬁm%&ﬁ? Exanpl e 70
W

exhi bi ted dose- dependant effects in wvo, unor gro i nhibition

observed PBdyDBedtey R§warsSiudzher Siotemys kog.)(Fodlowing randpmiizdtionsmice were  gr owt h

11 oacy of o Rt Cup O oAl B m 015 e Bathond P i '
xenogr af t Tnwdegrowst and amingad bodyc weightgasaneaburadiat ledsstwied weeklygfind flyconpound of
Exampl e 96.t.wi . ce dai.ly at 25 and 50 nmg/ kg, and once daily at 100 ng/ kg for
14 days. Bt g5RBtiogs Vs B tomentor Hitsatel o citeelatielto ShyreaRickn ol y

225mB.  AdnihywereRethb@d fonsstudOif R Yol x8cEaeAPSbORm ESAIBbE, 96 exhi bited
dose-dependanpt, effects in vivg, with tunor growh inhibition observed for

25 ngl kg MEEYAlossaxgeeded 20iief il gyeaswgments.i cant tunor growth i nhibition was
al so observed 10 i 0 ) 41. \\i e
preferred enbo@??rgnt G%‘?{gécﬁg)f?%&gw ?%Arclly%f(a%%lgr?gi ﬁsﬁg?gra%fdeﬁqgén@ﬁelgbri bed,

it will blicxeprsail mpde, witlhmiceaedeting arabadnesistraiionlof themdmpbdinakafi N Wi t hout
departinggfr Spifit d e of the inventjon. A . A conpound
of For mul gﬂuﬁﬂk 2?R?%%be%?@%?f@f&?%@’@#&??“o%ﬁﬁﬁgf%%(% fql\f/iﬂljaﬁysaccept abl e
sal t t her Bofing wi hitfica Wﬂentu‘{ﬂerrsi‘iesrea&hddﬁamﬁbﬁhﬂﬁiﬁﬁﬁomélbﬂ SownS Wi th one
to three substituents; Rl js hydrogen, -NH2, or hal o; . R12

i ndependeﬁ’[gf"@? lathesompomdafExample 99exbibited doserdependant isifeess inmivas wifhi sti ng of

hydr ogen, waiid e RAHR inkifon ob d I : | thhE”yl’ and
pyridyl, V\,hergi n said cync(l) Sﬁrgiylaﬁhgg@;%%ﬁdlgﬁ?@g# qgg?‘.’éé‘ﬁ are each

i ndependefiilyy(4% Beressian).e@ned daily agministratiomef K0bsg/kg wenless effiteeictued fr om hal o,
hydroxyl, 53¢ tRnWilen dB05 tR5ekHall). “Bhlese results correlate with the extent and magnitude

of pBad®*"''? modulation, and suggest that extensive and prolonged target modulation is

required for maximum efficacy.

[0282]  Efficacy of the compound of Example 70 was evaluated in the KMS11-
luc xenograft model, with mice receiving oral administration of the compound of
Example 80 twice daily at 25 and 50 mg/kg, and once dsily at 100 mg/kg for 14 days.
Dosing was initiated when tuinor sizes reached approximately 225mm’. As shown it

Figure 2, the compound of Bxample 70 exhibited dose~dependant effects in vive, with
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2. A conmpound of Claim1l wherein Y is substituted with one to three
substituents sel ected-from hydroxyl, amno, C A alkyl, and Cl4 hal o al kyl.
3. A conmpound of Claim2 wherein Y is substituted with one to three

substi t ueniyy BaI@ehed from nethyl, hydroxyl, am no, ancdadoe09061205 4. A
conpound of Claim2 wherein Rl is hydrogen, am no, or fluor. 5. A
conpound of Claim2 wherein RS is pyridyl or phenyl. 6. A conpound
of Claimb wherein R5 is phenyl substituted with up to three substituents

sel ected famet fralveh inhibetioRdopbervell fEOXYmgRB U694y analsk¥he/ke (100%). Bigrifimipound of
Claim5 wherein Y is substituted with one to three sugbstltuents sel ected

f r om met hythmongrgwgiinhibition;was alsg ghseryed-ford00img/kg encsday 34k R5 is  phenyl
substituted wt t i 1 5l . Ir oxyl ,
met hyl , ethyl, [QZESP ongﬁ%ﬁ’g%@gg@%‘{‘ﬂg&%‘c rlr%géuﬁgs %‘%ﬂ%’egiu&r;l q%gyfeji n RLis
2, 6- di f | udnopdnegsalft m@iel, Avithanige teaciving o€l administratien efthecbnipound bhie gr oup

consi sti ng.of . . .

N (4- (35, TBEyuple v sl at 13 P0mais gushgAce dpile 3 192 medke B 64 4181 Lor opheny 1
) - 5- f | UOrD¢inpONasiAiTbEE when tumor sizes reached approximately 225mm’. As shownin
3-am no-N-(4- ((1R 3R 4S5, 5S) - 3- am no- 4- hyci r oxy- 5- et hyl cycl ohexyppyri di n- 3-
y1) - 6- (2, igyre MH%%&”EB‘PMMH@PPIC 96 exmglted dose-dépendant eftects in

N-(4-((3R n G BroWhdn . LR/ RE (679 Narld-SORRY ki Bievs)3- Y1) - 6-
(2,6-difl u‘g‘rgéaﬁ}e’ﬁ%) Ly 3‘5*?‘5‘?5’3‘3‘?‘%‘*?5%? (679% e SURRYRS (%)

3- am no- N-SignificapRivemy seovghinhiitien weratspopyervedt for 300mp/ke opce &ildi(88%br ophenyl )

- 5-fl uoropicolg 1 A . . . .
N (4 (395 arl AL, o OHEIHS efedembogitof e fmertio bas been sty .
f | uor opi ccind destritled, itovilldbe appredated thatvarioischaapasrcan be madatherirewithonal | y

acceptabl e, sal.t thereof..10.. A pharmaceutical conposition conprising a
corrpgund cﬂ‘paa‘hf}g ﬁ?m(ﬁea?pr‘ﬁlt_anﬂ S?Oé’%e? Agntion. 1r1rP A phar rracgEti cal )
conposition conprising a conpound of any of Claiml to Caim9, wherein
sai d pharmaceutical conposition conprises an additional agent for the
treatment of cancer. 12. A pharmaceutical conposition of Caiml1l
wherein the additional agent is selected fromirinotecan, topotecan,
gentitabine, 5-fluorouracil, |eucovorin carboplatin, cisplatin, taxanes,

t ezaci t abi ne, cycl ophospham de, vinca alkaloids, imatinib (d eevec),

ant hracyclines, rituximb, and trastuzunmab. 13. A use of a conpound
of any of Claiml to Claim9 for preparing a nedicanent for treating a
condition by nodul ation of Provirus Integration of Ml oney Kiliase (PIM
Ki nase) activity. WD 2010/026124PCT/ EP2009/ 061205 14. The use of
Claim 13 wherein the condition is a cancer selected from carci noma of the
| ungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or colon,
mel anoma, nyeloid | eukem a, nultiple nyeloma and erythro | eukem a, vill.ous

col on adenoma, and osteosar cona. 15. A compound of Cdaiml to 9 for
use in treating a condition by nodul ation of Provirus Integration of
Mal oney Ki nase (PI M Ki nase) activity. 16. The conmpound of d aim 15

wherein the condition is a cancer selected from carci noma of the |ungs,
pancreas, thyroid, ovarian, bladder, breast, prostate, or colon, nelanom,
nyel oid | eukem a, nmultiple nmyeloma and erythro | eukem a, villous colon
adenoma, and osteosarcona. 17. A conmpound of Fornula Il selected
fromTable | or Table II. 18. A compound of Formula Il, or a
stereoi sonmer, tautoner, or pharmaceutically acceptable salt thereof,



R12 R12 Il wherein, Y is piperidinyl substituted with nmethyl, hydroxyl,
and amno; Rl is selected fromthe group consisting of hydrogen, NH2, and
fluoro; R12 independently at each occurrence is selected fromthe group
consi sti ngvofwtpdsiegen, and hal o; and R5 is sel ected f rp@myEPgetodyizes f | uoro
pyridyl, cycl ohexyl, and phenyl, wherein said phenyl is substituted up to
three substituents selected fromfluoro, hydroxyl, and nethyl. WO

2010/ 026124PCT/ EP2009/ 061205 20. A conpound of Claim 18 or 19
wherein Rl is Ie%%r en. 21. A conmpound of Claim 20 wherein R5 is difluoro
phenyl . ) compound of Claim 18 or Claim19 wherein R5 is
2,6-ditill O 0 phenyl. 23. A conmpound of Claim 18 selected from

N- (443R, 4R, 5S) 13- ani né-camppyndradXprmdulal ond stérpeisimkir, tautomexsloy pyri di n- 3-y1) - 6

-(2,6-di 0 oIinam’de
3-am no- Np%%@%cc%mmg ia!&(ﬁjl‘::rg‘%/tjr oxy- 5- met hyl pi peri di nl - yppyri di n-3-y1)

-6-(2,6-di fl uorophenyl)-5-fluoropicolinam de, and N (443R, 4R, 58) - 3-

anm no- 4- hydroxy-5 -nethyl g% eri din-1 -yppyridi n-3-yl)-6 -(2,6-difl
uoro-3 -m et hyl phenyl) - f1 uogopi col i nam de. 24. A pharmaceuti cal
conposi tion gonprigsi ng g#Co nf of Claim 18 or O aim 23, wherein said
pharmaceuticpl corposit|on cgnprises at |east one additional agent for the
treat ment ofAcancer. The pharnmaceutical conposition of Caim?24
wherein t ' Reel ected fromthe group consisting of

i ri notecan, topotecaf, gengitabine, 5- fluorouracil, |eucovorin

carbopl ati r'spl at¥n, t &anes, tezacitabine, cycl ophosphamni de, vinca

al kal oi ds, iM¥atinib (G eevec), ant ﬂlracycl i nes, rituximb, and trastuzunab.
26. A use of awggapound of Claim18 for preparing a nedi canment for treating
a condi tion by nodul ation of Provirus Integration of Ml oney Kinase (PIM

Ki nase) acti vi ¥yis cyclohexyl, ipstitiied withonofo thregisnbsBGentser ei n the condition is a
cancer sel ect e, {s'Hyddgah, CNAQIGR halb; t he I ungs, pancreas, thyroid, ovarian,

bl adder, breast, prostate, or colon, nelanoma, nyeloid | eukema, nulti pI e
nmyel oma and er mzhndnpbmiahﬁyrata:ach/oucmmmcem solected éroanthe grong comsistiag af conma.

28. A co nd of m18 to 23 for use in treating a condition by
modul at i gﬁy‘gf’gqﬂr ?Wi% egration of Ml oney Kinase (Pl M Kinase) activity.

VO 2010/ 026124REH4ERANIREA)AEIR ol CATBAUA Wiferdh 36— B0HAGLEI N the

condi tion Ii a cancer sel ected from carci nom t he | ungs, pancreas,
thyroid, Sihphenyl, and saidpyridybare gagh IHM%EIES“%HWIVBWUWI@%M myel oi d

eokem e é‘gﬂén%ﬁ‘%&‘@é%k%‘%‘ﬁﬁﬂgﬁ?ﬁ@&%%hﬁﬁ?Eq QM o Tabi e 1 or Tabl o
.

A compound of Claim 1 wherein Y is substituted with one to three
substituents selected from hydroxyl, amino, C,4 alkyl, and C,4 halo alkyl.

3. A compound of Claim 2 wherein Y is substituted with one to three

substituents selected from methyl, hydroxyl, amino, and CF;.

4, A compound of Claim 2 wherein R, is hydrogen, amino, or fluoro.
5. A compound of Claim 2 wherein Rs is pyridyl or phenyl.
6. A compound of Claim 5 wherein Rs is phenyl substituted with up to

three substituents selected from halo, hydroxyl, alkoxy, and C 4 alkyl.

7. A compound of Claim 5 wherein Y is substituted with one to three
substituents selected from methyl, hydroxyl, amino, and CF3; R; is hydrogen; and Rs is
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phenyl substituted with up to three substituents selected from fluoro, hydroxyl, methyl,
ethyl, methoxy, and propoxy.

8. A compound of Claim 7 wherein R, is 2,6-difluorophenyl.
9. A compound of Claim 1, selected from the group consisting of

N-(4-((38,5S)-3-amino-5-methylcyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-

5-fluoropicolinamide;

3-amino-N-(4-((1R,3R,48,5S)-3-amino-4-hydroxy-5-methylcyclohexyl)pyridin-3-
y1)-6-(2,6-difluorophenyl)picolinamide;

N-(4-((3R,4R,5S)-3-amino-4-hydroxy-5-methylpiperidin-1-yl)pyridin-3-y1)-6-
(2,6-difluorophenyl)-5-fluoropicolinamide;

3-amino-N-(4-((1R,3S)-3-aminocyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-

S-fluoropicolinamide; and

N-(4-((3S)-3-aminocyclohexyl)pyridin-3-y1)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide, or a stereoisomer, tautomer, or pharmaceutically acceptable salt
thereof.

10. A pharmaceutical composition comprising a compound of any of Claim
1 to Claim 9.
11. A pharmaceutical composition comprising a compound of any of Claim

1 to Claim 9, wherein said pharmaceutical composition comprises an additional agent for

the treatment of cancer.

12. A pharmaceutical composition of Claim 11 wherein the additional
agent is selected from irinotecan, topotecan, gemcitabine, 5-fluorouracil, leucovorin
carboplatin, cisplatin, taxanes, tezacitabine, cyclophosphamide, vinca alkaloids, imatinib
(Gleevec), anthracyclines, rituximab, and trastuzumab.

13. A use of a compound of any of Claim 1 to Claim .9 for preparing a

rnedicamerit for treating a condition by modulation of Provirus Integration of Maioney

Kinase (PIM Kinase} activity .
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14. The use of Claim 13 wherein the condition is a cancer selected from
carcinoma of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or colon,
melanoma, myeloid leukemia, multiple myeloma and erythro leukemia, villous colon

adenoma, and osteosarcoma.

15. A compound of Claim 1 to 9 for use in treating a condition by

modulation of Provirus Integration of Maloney Kinase (PIM Kinase) activity .

16. The compound of Claim 15 wherein the condition is a cancer selected
from carcinoma of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or
colon, melanoma, myeloid leukemia, multiple myeloma and erythro leukemia, villous

colon adenoma, and osteosarcoma.
17. A compound of Formula IT selected from Table I or Table II.

18. A compound of Formula II, or a stereoisomer, tautomer, or

pharmaceutically acceptable salt thereof,

Rs
Ri2
% T NZ
N
7 | N R12
A Ry
N 11
wherein,

Y is piperidinyl substituted with methyl, hydroxyl, and amino;

R is selected from the group consisting of hydrogen, NH,, and fluoro;

R;; independently at each occurrence is selected from the group consisting of
hydrogen, and halo; and

Rs is selected from pyridyl, fluoro pyridyl, cyclohexyl, and phenyl, wherein said
phenyl is substituted up to three substituents selected from fluoro, hydroxyl, and methyl.

19. A compound of Claim 18 wherein Y represents 3-amino~4-hydroxy-5-

methyipiperidin-1 -yk.
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20. A compound of Claim 18 or 19 wherein R, is hydrogen.

21. A compound of Claim 20 wherein Rs is difluoro phenyl.

22. A compound of Claim 18 or Claim 19 wherein R; is 2,6-difluoro
phenyl.

23, A compound of Claim 18 selected from N-(4-((3R,4R,5S)-3-amino-4-

hydroxy-5-methylpiperidin-1-yl)pyridin-3-y1)-6-(2,6-difluorophenyl)-3-
fluoropicolinamide, 3-amino-N-(4-((3R,4R,5S)-3-amino-4-hydroxy-5-methylpiperidin-
1-yD)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-fluoropicolinamide, and N-(4-((3R,4R,58)-3-
amino-4-hydroxy-S-methylpiperidin-1-yl)pyridin-3-yl)-6-(2,6-difluoro-3-methylphenyl)-

5-fluoropicolinamide.

24, A pharmaceutical composition comprising a compound of Claim 18 or
Claim 23, wherein said pharmaceutical composition comprises at least one additional

agent for the treatment of cancer.

25. The pharmaceutical composition of Claim 24 wherein the additional
agent is selected from the group consisting of irinotecan, topotecan, gemcitabine, 5-
fluorouracil, leucovorin carboplatin, cisplatin, taxanes, tezacitabine, cyclophosphamide,

vinca alkaloids, imatinib (Gleevec), anthracyclines, rituximab, and trastuzumab.

26. A use of a compound of Claim 18 for preparing a medicament for
treating a condition by modulation of Provirus Integration of Maloney Kinase (PIM
Kinase) activity .

27. The use of Claim 26 wherein the condition is a cancer selected from
carcinoma of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or colen,
melanoma, myeloid leukemia, multiple myeloma and erythro leukemia, villous colon

adenoma, and osteosarcoma.

28. A compound of Claim 18 to 23 for use in treating a condition by

modulation of Provirus Integration of Maleney Kinase (PIM Kinase) activity .
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29, The compound of Claim 28 wherein the condition is a cancer selected
from carcinoma of the lungs, pancreas, thyroid, ovarian, bladder, breast, prostate, or
colon, melanoma, myeloid leukemia, multiple myeloma and erythro leukemia, villous

colon adenoma, and osteosarcoma.
28. A compound of Formula II selected from Table I or Table II.



