Pl COLI NAM DE DERI VATI VES AS KI NASE | NHI BI TORS Cross- Reference to Rel ated
Applications This application clainms the benefit under 35 U S. C
119(e) to U.S. provisional application serial No. 61/093,666. filed on
Sept enber 02,W98P8264Hd to U. S. provisional application S&EPHPIGES

61/ 225, 660, filed Jul y 15, 2009, which are incorporated herein in their
entirety by reference. FIELD OF THE | NVENTI ON [ 00011 The present
invention rel ates to nesvconmwpouwadsrandItdsess kixagt omwersTersd St er eoi Soner s,
and pharmaceutically acceptable salts, esters, netabolites or prodrugs

t hereof , conpositions of the new conpounds together with pharnmaceutically
acceptabl e carriers, and uses of the new conpounds, either alone or in
conmbi nation with at | east o@ssaitdferinontnl Rddted Appliiationsagent, in the
prophyl axi s or treatnent of cancer BACKGROUND [0002] I nfection with the

' dovel oprent - of M SRUFURASATH (i BA-spA? et ridebe t55 PR bney K nase
(PI M Ki nase)a??reat&n@attt Nb! a%ga%amﬁedg; stept@ﬂt»&%%rst 2Rl AT OSORGALERES capabl e

of being tra riptionally activat I's retrovirus 1 ntegration event

(Cuyper s HT agglicatlon serfaVoi Gtezzjseadagemctaruryr 15UE0D nehigede the@pbrhted erpih@magenesi s:

integration of proviruses in a distinct chronosomal region," Cell

37(1):141- S@G(I"PQ‘SﬂWbYSgFIFM G et al., "Proviral activation of the putative

oncogene Pin-1 in MiILV induced T-cell Iyrrphorras" EMBO 4(7):1793-8 (1985)),

t hus establishing a correlati on between over-expression of this kinase and

its oncogeniFDELpD@Eﬂ‘HiEa[NVESﬁtﬁ@Ence honol ogy anal ysis denonstrated that there

are 3 highly ho ous, Pi m & 3 in

pr ot ooncogene or@g@gal 1) Prashty i en %f“(r?@“'gié F1e8eR pbﬁndﬁ?e%@%lfﬁ%tﬁg’eﬁéurt her nor e,

transgenic aﬁctseermmesanrdemmgeuﬁcamiy acaeptEblaBalis hotrs, metalsdisser prodiugence of

T-cell | yrrp QIS al r C ma

i nducti on ereo Cﬁ(gmngom jons of tl&l:el nﬁggcgl;t]lpoun S %ﬁ}nﬁgt rltfg gqm%c uYna(?lé/ apé/eﬁ%pg

3441(6228): 691:1=16‘s (@ADBLY Hf thoviiw @nmmmrdswtpereaMbonmrcnmbmm}qnmtha@h:asmt:eh o-mye

| S associ ate inci denc | J VT. 7Tbeek. S et al.

"M ce beari %‘g“t"ﬁal BRI % Jlalr1th %phﬁrﬁ“wl%%erngﬁicaecﬁes devel op pre- B—cel I

| eukeni a. Bammcamly l\/bI Cel | Biol 11(2) 1176-9 (1991)) Thus, these

ani mal model s eqhapl i Sh 38t LANGKATAE! Al Ol BES VSR ElDAYRES GXPT essi on

and oncogenesis I'n o o et afl ancl es addition to these ani mal

nodel s, Pi nhcm/mll-@mpmmmltem dtadoﬂamnofrlapmmd in miceralPryviotsHetegritiomead

L‘a' | gnanci et?/ralmﬁ’é %’nase rgﬁtrv? KDasd w%x%%%@%d%‘o esofh{gfl‘ﬁﬁg&%t J&ém‘?&% §leXgd 1 n many
enatoporetrc rrson ooncogene

pr oduct p3312apah1¢ ef temgrmssepltmany mgjvitet tal this estmosirgp oicgrsiian famt (Cwypdisver se

| eukem as, 2 9 | ncr eased

expressi on ofNﬁ?éLﬁ@“m%& I)élrtaeV§|g%l %écﬁgﬁ%ﬁ)rl%nﬁ?c@pﬂggeﬁpé% Gr\I]it‘t?g?&mpgtftkem a and

non- Hodgki nproyimpésana distlmeukromymn‘ml #5i0B,) (8837(3): (@GM)I?SMGBMGH:‘:N et al.
"Gene expre ukaem a

prognost | ¢ SBIr-aHeRane B2 aERR R B il TR,

Leukeni a ZOEMEIMAIW)SIZ% 2QU8p). tauﬂtstahhspmestcam'@atmarbc‘e\rcel( @)h:anraseﬁkran ah SM et

al ., "Deli 0 ANGS Nat ur e
412(6849): g@%%%ﬁgﬁﬁgf?og%ﬁgﬁ (ﬁ?@m @&&ﬁﬁ&ﬁm (%rexeﬁ%§§§bn o%d aﬂrl during
progressionm@ﬁapﬂdngﬂﬁmnmﬂadsmbmaKnmweﬁhmlZU&ﬁmfﬁaih@thQPGWPZSS 8 (2006)),
whi |l e over RS 6 i t | 1 ul ar

carci nona (ﬁé %ﬁé§é§&¥8 %ﬁhﬁ&l ?%%ﬁ?yg% %éggronf%ﬁggégpﬁgﬁﬁﬁgggnrne ki nase
Pi m 3 i n hepat-ooedsting Bim loaPanheaw intespetdopeieamee efnitoglh lymplyingas {(Brendy &
proliferatign o i 09-218
(2005)) and panggva gh%gﬁgggﬁﬁfﬁﬁ%#?&h&ﬁﬁnby%gknmk}ggggro?%ﬁgﬁébgene W th
seri ne/ t hr etankgseickiied Serae B4G(F227):6 §-8 (BRY.rvenleloyeresxpresssandd corpungtivran
pancreatic gancer, Eyk LS Fhad; b k~hadzredi at egi,apopt osi s in
human pancreg?|§ Cg%gggggggng ¥ﬁ§%%§ aﬁée%vﬁeEQGQ1gg6674f§7a?5006))

[ 00031Pi i, Zagne3halk enSerd e /EThr-soni rrensrzrrwage@mpm’atﬁﬁeé leakanyia f unction in
survival and proliferation of hematopoietic cells in response to growh
factors and cytoki nes. Cytokines signaling through the Jak/ Stat pat hway

| eads to activation of transcription of the Pimgenes and synthesis of the
proteins. No further post-translational nodifications are required for the
Ki nase Pimactivity. Thus, signaling down streamis prinmarily controlled at
the transcriptional/translational and protein turnover |evel. Substrates
for Pimkinases include regulators of apoptosis such as the Bel-2 famly
menber BAD (Aho T et al., "Pim1l kinase pronotes inactivation of the

pro- apoptotic Bad protein by phosphorylating it on the Serl 1 2 gatekeeper
site, FEBS Letters 571 4349 (2004)) cel | cycle regulators such as p2 | 1

T oS
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X1, X2, X3 and X4 are independently selected fromCR2 and N, provided that
at | east one but not nore than two of Xi, X2, X3 and X4 are N, Yis
selected froma group consisting of cycloal kyl, partially unsaturated

cycl oal kyl , aM® YHERE2bcycl oal kyl , wherein each nenber OfCTER@IGFEP nmay be
substituted wth up to four substituents; Z2 and Z3 are independently
selected from CR12 and N, provided that not nore than one of Z2 and Z3 can

nyaroxyl ol Rty o OB REOBT S R ailen GRER ek Bhc

occurrence arstromedomelutich Betveren Phe ogi-extpession smsdnb@n@fs inyEnAgRRtc hal 0

hydroxyl, nitr and substitute unsubstituted al k

al kenyi, al ky® ]Ignm)é/i’lekogl??%ﬁ?ﬂ Resg W%éﬂ‘%@l rﬂ@f’“‘éreép%@slﬂng‘ a3 Qe ep
partially Satlmmh}edh@mmlnmaﬂnhlﬁylhncwRBPhrﬂ se maeeekpfre"sﬁm Ishﬁ%q@hﬂyl&os%)&ﬁl sting
of hydrogen,

d substituted t ed al kyl, cl oal kyl ,
het er ocycl yl 2 marw%g}?gopp Giepdigngeres (‘gmson% P @E‘%é f%a@tpéﬂg?“m#? he group
consi sting ofprcalhxmpBEsplmubsﬁprdmﬂddm@ flstyd henﬁiobﬁmis and b &it ¢k ibe@mads K @RS am no,

Subst tut od CPIRGRRRERIPRI R el iRes B R B g 5ty 1l 1y

unsat ur at ed (Ilyhlhmhhl;ohlcaﬁﬁbIEb}Kiy, llgukevhia asd ﬁbnﬂ@&ﬂgkﬁaﬁﬂp}ﬁ)ﬂﬁs UJe&MﬁQh R5 group

may be substl ur suybstituents sel ected al o, cyano,
oo, G dryPet-PoR: Budfaun A o ABR SRR B E fisepte eibony!
car boal koxy, chanindeahboxiy leukzu:bﬁet progriostt sabgroge defred pl ZARMoRaGs gbonyl

substituted am nosul fony y 00061 I n sone ‘
enbodi nent s, “HEW CoNPOUNTE %G%ﬁy?# é%Oré))a?ngl"é{’%sé"’lt%‘@H’é?, t aut oner, or
phar maceut i céﬂ)liaylasakmmﬂMbdtel S'BhIﬁnehthmroéplfogﬁﬁsﬁc blbﬁdﬂkd@(ih mbedtetdcet2 i1s N and

X1, X3 and X 71 sorre i ment corrpounds of
Formula I, oﬁa% %g?)sgg%eér(z({oqg%tl url}eﬂ“ ' p ngeﬁﬁr(‘?%gﬂ?l 251“? Wtept abl e sal t
t hereof are pmgwaxtenbf\pfwnaea mleRRaicione)' e!«frl:ﬁd’afhbbS’ﬂ(hmﬁﬂgﬂmm)nﬁ}ﬁﬂadwer-et hyl ,
hal o, cyano. oun la |, or a
st er eoi soner “HEHPY e LP}OH@ i éeﬂﬁ icj:sgﬂvtef?i‘f e é}oc Eﬁlgﬁ) Cbrfoglagg‘lgl‘ df: ‘eof are
provi ded MerhlrerralzzxmmiloZ@f mnee/(ﬁ&bame kinase Pnil;@(lﬁ)ﬁépatoﬁelliﬂmrearamﬁdl ments,

conpounds of 4 r e oner h eutlcally
acceptabl e s & eroﬁiﬁéxﬁ ailc% 1S a@%aﬂ tr?% {0?% %\/\}58 %Flf‘t(f“%d °§§ IhB%t ?rﬂ'rgi((r;‘g?ﬁ?rhydr ogen,
hal o, net hyl IIM@yIISdeSbyaammncreat[ooﬂﬂ@} (L lYYbett Iab,r"Pemmermammgemwﬂl
conpounds, toners d pharmaceut i cal
accep t abl e S% Fé/&?éaoinélg k%%s\%%g?\gtge 1§ gt%efr_lrm% cx refsed fnlqmnpan Pﬁm\r/ﬁ%té? %?P?_'a an<¥
is selected n‘)hoephoaflagfrscbaqb todderkibed-imadjatod ap:)pmlsm lrebuydan ppardatiatdnyerwels at ur at ed
cycl ohexyl, " wherein each nenber of said group may
be substit ut g Eﬁ;ﬁg ggsyég @&Qﬂiﬂa} M(%G))f uents;

[0003] P1m1 2 & 3 are Serine/Threonine kinases that normally function in

Y

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 Bel-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 57%: 43—
49 (2004)), cell cycle regulators such ag p21 WFALCIPL {Wang 7, et al., "Phasphorylation of
the cell cycle Inkibitor pZ1CIpL/WAF] by Pim-] kinase," Biochem Fiophvs Acta

SEQBALS- L 2007), CDHC2EA (1999, C-TAK (Bachmann M et al., "The Cucogenic

,s
e



R is selected fromthe group consisting of hydrogen, -NHR1, halo,

hydr oxyl, al kyl, C34 cycl oal kyl, cyano, and nitro; Rl 2 i ndependentl|y
at each occurrence is selected fromthe group consistin hal o,
hydr oxyl , am W8 2M P B, cyano, S031-1 and substituted O?’CE/I]}Z%H%Q{GQ%U,[ ed

al kyl, al kenyl, al kynyl, al koxy, am no, cycloal kyl, hetero cycloal kyl, and
partially saturated cycloal kyl; R3 is selected fromthe group

consi sting ofscANITIRE e Kifds ﬂéln apsbsﬁlsbbﬁstbg dﬁﬂ@ﬁﬂgfs tmbﬁ§ bt cdegsical kyl
cycl oal kyl, heter ocg(‘:I 3rl, ar i s selected from

the group coR&PEaFEHyingse lad%%%l)s@b%‘t"iﬂtralﬁé‘éf P&Pﬂﬁthegz%ﬁ?l ¥lfbst it ut ed

al koxy, am nQhecﬁb’chﬁt"'ﬁ&'&%dzeﬁm?@@%1@-‘1@32%'(5064%”&198 N@MP@Q{M&&acharyaN'ettﬁl
represents a group sel ected from hydrogen and sups ted or unsubstituted
al kyl, C6-cyc rﬂawcmt@ﬁr‘wh aptein epRlexes AgqessayHei Bitesise LAHOBHPHY subst i t ut ed RS
group nay be 1?%@}5@0 Mz@@b)wnﬁhhe%maﬁ s%r@l\b:hswﬁdrﬁﬂﬁm Gla8@leRaherE dipm hal o,

cyano, am no ycl oal ky al koxy, nitro, carboxy carbonyl
car boal koxy, "B wéé‘éﬁ w&em%«manee@e@afeawﬂﬁ@@éh%%ﬂ%fgﬂmeﬂa?ﬁﬂr%% ety |

substituted g RISUBHRNNS1RPG72185902008))K Y he effects of N%)lumthééérf@gqu% ments,
conmpounds of Formulas | of 1l, or a stereoisoner, tautome

phar maceut i c &Pnsipteatwidht w9k ia progction i argptogis é“dpl?rB‘Q?P'Hé‘d’f\‘Rﬂbﬁ’r@]i‘fﬁraW‘} Hdge| ect ed

fro'rn a-gr O'gi%ump@wbv&gxﬁéqgfeﬁlagplh{(m@@n% 1m&1gpﬁbbraytae(qe ﬁm&mtdgyl
cycl oal kenyl , perid é per azi (r‘]ﬂ\; wherein each mber of said

group is subéwwtﬂééwwl Fﬁﬂaboﬁ C@nﬁf%&%ﬂsé dherefiether mlvlhm%%%mé%%m ments, Y

i's substitut @ﬂ*edw& Wa uteguﬂ‘gceuﬁceﬁ%sihm tafe 5@} Eeagédfmms@mn@ orfdi t 10,
hal o, hydroxyl, am n)g& | kQx substi tﬁ%gd am négﬁ) Cl-4 al ky Cl4 hal o

al kyl and c3mé“> tyé*r%éw’wg dovy GeEesBerRiPiaEhyih fENAgesuls inéf’lg’ﬂﬁ%‘t‘i’t uted with

up to four syﬁaﬁfdratﬁuﬁmcsceﬁak@mmmram mméhsedn &mma.-lecma@pwgen@t hyl,
hydr oxyl , am no, _hal o, .monohal o Cl-3. al tr| alo gSlij:ﬁSal kyl and di haI o]

Cl_3 al kyI the erine/thrponinsrkinass Rig? WE’rl?tt%d plﬂléfﬁ?aﬁ?ﬂﬁfd?}ﬁél Féffula 11, or a

stereo i SOWBPharbaaleQmas)Qm-BSmBﬁ@@Mw aaddoy; aeeAPIBh). FustBdrinoteher eof are
provi ded wherein Y is selected frogma group consi sting  of substituted or

unsubst it ut eH‘u@?%‘?%?Fé‘X? jon of gevpighsli knop ongnegnesinbamanpaivtic malienangics age, o

menber of saindught exth ils SErSDE Ndaktlih gt tmOhEh Rih(§) OF o ex d¥ipd, lta&gtedafdbm
[ 00131 In sone enbodi ments, new conp ags of Formyla Il r a Sf)ér eoi soner,

taut omer, or "SSHalqmR BLR ?@aqswlaaﬂegiﬁuaw fs%amatqpﬂ@%ﬁﬂls 5?”@ BrEHEE wher ei n

Y i's substitadesCriabh (HQmﬁ@taﬂQUOﬁ)S[FB\SSt 1nhma&§$oplndgp&3%amlb¢umle@med from
hydr ogen, cyano, | o, hydroxyl, am no, aﬂro oxy, substituted am no,

Cla al kyl, CI#URe 8% ta?sma 1&%01%%411& WO&&? Rpprent AEERJEETHEIATE, t he
substi t uent Smgélmbme@@md@ageb )éucﬂﬂlﬂﬁﬁf&cﬁdodldi B Rl {fawomrcp e@RMbion bf propyl,

et hyl, hydroxyl nl halg1 lo C1..3 alk trihalo C1 3 al kyI and
dihalo C1_3 cells i btherpy 3?@‘1‘3 t|'°P1§‘SB gt %“e ds5%pb NI of  For nul a

Ilh, or f a st efe&@ioﬁ:gdﬂgﬁn o@@u&@sﬁnéat@h r@&fibmet@meg afhﬁymoa&ﬁﬁm@bﬂte{ﬂ wal t -
thereof are vi.dae ereln ecte r I al o, net Yy
ethyl and cy ﬁg dings thg@?%%ﬁﬂaqoﬁ Ogtﬁeﬁ‘g% d‘?eﬂé{’i‘f g‘n]%%ﬂﬂ@gﬁo@ for mul as |

OL I, for a ﬁﬁlﬁil@ﬁbﬁd&ﬁﬁﬁsiontcﬂflubtﬁml&Zl)(fAHahgert ]lcaB,C'EHﬁrbﬁibhb‘fhlﬁﬁeQﬂ@thahiu@ saI]E

t hereof are provi erein Y is selecte r.o roup, cons ing o
GBSt tut e BV STBSTI U it Py Rasges SRyt oS PRGNy o BETonT RYPe

pi perazi nyl , typhgrcel mfﬁ@h@tlbﬂefwm@fowgplmyvme (mab)gtmomoe& mid$) up to three
substituents selected fro eth droxyl, .am nd net hoxy; Rl
P oel oot o0 PRGTTHE MU rCRIEEL bR isgmres s e 3R h res

i ndependent | 3008 enemasunmiggdsemt&’lm&pfam afttisvdied iGe Barlyhiff@entiationret hyl .

0016] | F t
{autonrer | orPERAT RNt Tt P a R e PP ipLisn s PR wher oi n
Y is sel ect eﬁssﬁs‘e&mﬂ&p@ﬁéﬂdﬁmﬁﬁﬂﬁsﬁi‘Iﬁﬁ@pmﬁf :deb;ﬁinl t ut ed cycl ohexyl,

cycl ohexenyl, idin S .and_pi perazinyl ; tqd f mthe ar oup
Consiti ng. of by BTBGen. G- RED - aL A SR 4Ly LA T oAt

R12 |ndependeﬁmhvaawuea&heeﬁWbeﬁmmefm&t@ﬂheoﬁeﬂwi¢@ﬂv§hewgﬁoamﬂ@0n5|stlng
of hydrogen, halo, Cl4 alkyl, and amno; and R5 is selected fromthe group
consi sting of substituted or unsubstituted phenyl, cyclohexyl, cyclopentyl,
t hi azol e, pyridyl, pyrimdyl and pyrazinyl, wherein the R5 group nay be
substituted with up to three substituents selected from hal o, hydrogen,

met hyl , substituted am nocarbonyi and al koxy. 100171 In a
representative enbodi nent, conpounds of Forrmulas | or Il, or a

stereoi soner, tautoner, or pharnaceutically acceptable salt thereof are
provi ded, selected fromthe group consisting of

N (44( 1R 3R, 4R, 5S) - 3- am no- 4- hydr oxy- 5- net hyl eycl ohexyl)pyridin-3

-yI) 6- (2, 6- d|fluoropherly1) 5- quoroplcollnanlde,, N—(4.- ((2,5 S)-3 -am

= AN 2 1 N A



PIMrel ated disorders in a human or animal subject in need of such
treatnment conprising admnistering to said subject an anmount of a conpound
of Formula | or Il effective to reduce or prevent tunor growmh in the
subject in coMI W26+ with at | east one additional agentCHER0MKE28S eat nent
of cancer. [00211lln yet other aspects, the present invention provides
therapeutic conpositions conprising at |east one conpound of Formula I or
Il in conbina 1o naI ents e.trea nent of
cancer, as ar gﬂlfm HWIéCPlCQ%Er%?%I)yH[HS Ielﬁ&c a(ln}(;:I Ceunca?%om{f‘]]@w

corrpounds of mbdicanrents that comtadr salchlﬁerﬁpodndsnAhm alsbemtstﬁﬁntme&fodwmcer S,

i ncluding he | i ncih es |no of the Iungs
liver, pancr g@%ﬁﬁ%@ﬁ% st glrmglS d, ha%qaéd%gﬁ n@ﬁ?’%hﬁngnﬁgcﬁrﬁ%t nyel oi d
dlsorders (e. gﬁkmﬂmeMmdSMemkhmuaﬁ mul ti pl e nyel oma and cryt hrol eukem a),
adenonmas (e. QNHMMAﬂ@H?Iﬁ?ﬁﬁ?uﬁgenona) sarcomas (e.g., osteosarcomm),
aut oi nmune di seases I"'ergi ¢ Teactions and in organ transplantation
rejection syndronﬂ@mslOdﬁﬁﬁ&hqmumkamﬂﬂmnskﬁmkhemﬁpmﬂMhd€$umonpos|t|ons

net hods of us nuf act escribed in the detail ed
description o mﬁaggllu%éntl Bl S% #‘Eﬁﬁ?@%ﬂﬁ UBRAW NGS [ 0024] The

f oregoi ng aspects and nmany of the attendant advantages of this invention

wi |l becone nore readily appreciated as fishe sane becone better understood
by reference to the following detailed d scription when taken in
conjunction with the acconpanying draj ’z wher ei n: [0025] FIGURE 1
is a graph showi ng the effijcacy pf th

np dund of Exanpl e 99 from an

eval uation in the KMS11-| en af z, as described in Exanple 144.
[0026] FIGURE 2 is a gr i ficacy of the conpound of Exanple
70 froman evaluation intthe KM5114l ue xlenograft nodel, as described in
Exanpl e 144. [0027]3§&QU§E 3% a d?aph show ng the efficacy of the
conpound of Exanple 96 fronfan eval uation in the KMB11-1uc xenograft nodel
as described in Exanple 144. DETAI LED DESCRI PTI ON [ 0028] I n accordance wth
one aspect of the present invention, new conpounds, and their

stereoi soners, tautoners and pharnmaceutically acceptable salts, are

provi ded of the Fehemiha |: YH X4 X3 X2 wherein, X1, X2, X3 and X4 are

i ndependent |y selg b@;(dx;mrm naﬁ,gndsmbpgefwegﬁgmtéwtanah hxl%%tzd fig DUt not

nore than twp of X ) ect froma
group consi sﬂqaﬁgn%ﬁuteg)ten%mwo o ?(aIXMﬂélPisaIelN ated cycl oal kyl, and

het er ocycl oal kyl , menber ] ou be substituted with
up to four subst |‘t(%%lte&wﬁgﬁgEmu%ﬁomsa °§?1%3H%’r!fd°@§@ﬁﬂ AeKE™H el ected from

CR 12 and N, Cmfmi}qyue@ﬂ‘ltetmcydgalkmlﬁ:rmmmh ormbafof Z2d giodp A3y basubbikuld) = Ri

is selected &%Rﬁgknﬁm%E&MRw&Qns'St'ng of hydrogen, -N-I1R3, halo, hydroxyl,
al kyl , cyano,
2 and Zs are independently sclected from CR 5 and N; provided that not more

than one of Z, and Z; can be N;

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

R, and Ry, independently at each occurrence are selected from the group
consisting of hydrogen, halo, hydroxyl, nitro, cyano, SO3H and substituted or

unsubstituted alkyl, alkenyl, alkynyl, alkoxy, amino, cycloalkyl, hetero cycloalkyl, and
partially saturated cycloalkyl;
B is selected from the group consisting of hydrogen, -CO-R, and substituted or

unsubstituted alkyl, cycloalkyl, heterocyclyl, aryl and heteroaryl;

-,



R2 and R12 independently at each occurrence are selected fromthe group
consi sting of hydrogen hal o, hydroxyl, nitro, cyano, SO3FlI and substitut ed
or unsubstituted al k al kenyl , al kynyl, al koxy, am no het er o
cycl oal kyl , aW82parie ¥2a‘l |y saturated cycl oal kyl ; ’Pﬁg%%ogﬁl(’ Beted from
t he group consi st i ng of hydrogen, -CO- R4 and substituted or unsubstituted

al kyl, cycl oal kyl, heterocyclyl, aryl and heteroaryl; R4 is selected
fromthe group coaﬁs%éwmmimmlag%hpﬁﬁ@@ﬁg&ﬁ&%@kﬂ&u&mm&xkam substi tuted
al koxy, am no, substituted am no, and al Kyl am no;, and RS repr esents a gr oup

sel ected frontistivédialkgrednie, -whéw&@ctwm ebd gkypminegndz cycl oal kyl |

heteroaryl, parting] llcyremqtgwuergaga&mdn@aibmte@aqnﬁm@ahﬁedmprel n each said
substi t ut ed R5 group be substituted up four substituents

sel ected froffs |cr3>ioaél%rhete@myh@amé!y wpsawkw cyc@lkal wefkyh Mbgrein egphcdidy

nitro, car bO)&Mbstx&ﬁeﬁ@@%p nﬁfb@%ktﬁ@cw mtlﬁ'z‘ga RAGE RN MientS s teli tidhatlo,

am nocar bonyl, am nosul f ony substituted am nosul fonyl and al koxyal kyl .
[0029] In sofEnenssm: fentlsyl Govevelerodaiesy ortrEetthenyacarbongly casbagter®oi soner
tautomer, or a&hﬁ&&%@%b&@dté&anﬁﬁ&%%@ﬁ'a%m%éhltfongh% efitedhBindbdchelads wher ein
X2 is N and Xi, X3 and X4 are CRZ2. I n sone enbodi nents, new
compounds of alke¥y#lyh |, or a stereoisoner, tautonmer, or pharmaceuti caIIy
acceptabl e salt tqa@mof xrasroﬁlermym@ﬁs w{e@@&hﬁbuﬁas afﬁroﬁﬁlwpwys&&amﬁydrogen
nmet hyl , ethyl, eyano [ 0031] I n sone enbodi nents, ounds of fornul a
|, or a ster &yfamsmer pharmasewisally acssptablesplidiceaf WEBTWW%BE@E}P iNayl t t hereof
are provided ra%mglg d Z3 are CR12. [0, 0324l n sone enbodl ment s,
conpounds of fornul a. or a stereoisoner, |AuZorryer

pharrfaceuri cal | yl08®d, CB’(Sé.’meém%‘iqne%é‘?‘éG?m%dsd%fg\‘?fné}é%il \Rh%?t@\e?isqi?ler’ i's

sel ected fr oputoliedoPBRAnadb@ chly AR ble salt tHAMLF A8 Frov B @herein R, is selebt@P33] | n
ot her enbodi nents, new conpounds, and their stereoi soners, tautoners and
phar maceut i c#PIyydee@pmalylecthy o, c¥ing provi ded of the Formula || | |

wher ei n, Y jodoste! acdbad embmnangwﬁﬂmﬁm@hﬁmgx of a sebihaxy! ,
parti al I y unsaturated cycl ohexyl, het er ocycl o- 05- al kyl , wherei n each

menber of safatogeh@pPhspac ‘él"%]&b%‘f‘?r’fﬁﬁ‘fee*a“ HhieteRt %pw ﬁfbﬁher% Batihddfts: RL is
sel ected frogri,he group consi sting of hydrogen, -NHR3, hal o, hydroxyl

al kyl, C34 cycl oalg{ yan, and_nitro; R12 i ndependently at each
occurrence is sell8%d MSBPPFFWEO%W%?;C%‘BP@PQ%QWQYWM hy? SEHsOMEl o,

hydr oxyl , ama&samef\bi {(Hann&y R&lly a%%dbmgu feRst drk ploidedwhereln RDSE bdidetead al kyl
al kenyl , al k am no, eyel oal kyl, hetero cycl oal kyl, and

, 0
partially saé@?éﬁ@ﬁge@y@‘bﬂ}eﬂw ithﬁ?nfly%‘@i ected fromthe group consisting of

hydrogen, -CO R4 a6y S URSdiiek b&hsamﬁénwﬂ&uaﬁﬁpohhuseﬁqdahéwdtmec@soﬁie@al kyl,

het er ocycl yl | and heteroaryl;
yely fautom)e/rs and pharmaceutlcall}y acceptable salts, are provided of the Formula I

Rs
Rqz
T N
N \
7 l Ri2
s o Rq
N

II

wherein,



R4 is selected fromthe group consisting of al kyl, substituted al kyl,

al koxy, substituted al koxy, am no, substituted am no, and al kyl am no; and
R5 is represents a group selected from hydrogen and substituted or
unsubst it ut ed WA RW0261E6- cycl oal kyl , aryl and het er oaryl .PCT/EP2009/4Q@841 | n
sone enbodi nents, conmpounds of Fornulas | or Il, or a stereoisoner,
tautoner, or pharnaceutically acceptable salt thereof are provided wherein

Y is selected frorygsag elér%ro?n%?r&)%ﬁ%ﬁ)@ﬁstﬁ%g?%%%%%% tpﬁ RB[\}I}%%?‘%E tituted
cycl oal kyl, cycl oal kKenyl, "pi peti I i , each nmenber
of said groupcyclohsaybsid hetragiclowstatkyl) prhtinfeatirmenHes b1 shidg@aiup may e SONME

enbodi nent s, ds of Formylas | or if, or a stereoisoner, tautoner, or
sel ecte roma g ' it £ ge - 1) b3o. gy,

cycl ohexyl, c ex and piperidinyl, wherein each nenber of said
group is subs%@’%'é C\?\(A}/a{lﬁl’ﬁ’banf’bmﬁgﬁlro’substi tuents. In sone enbodinents, Y
is substituted w Ripiogep¢rderttyus ccehbstuirtnee it sslesied fah e ghduprofytihpgen, cyano,

nitro, halo, I 1.nQ,. al koxy, substituted amn Cl-4_al kyl, Cl4
hal o al kyl an‘%x%%%’(%%;%lhgggf)%I MG m;%’t Cy@fl%gb3%%(gsd‘f’%\§lﬁ?£‘?r upsubYitEd St i t ut ed
with up to fcikylsikbgi,iadkyeylt ko) eoite dydsatyl, etetoydyclogkpan partialpr opyl , et hyl,
hydr oxyl , am )nohal o C1.3 alkyl, trihalo C1_3 al kyl and dihalo
Cl -3 al kyl. sl %@%g%?l n sone enbodi nents, conpounds of Formulas | or
|1, or a stereoi sBaisseleqed framie grogp consistirgefdyidioganl 1GO-Beandsubatihueedsal t

t hereof are I rein Rl 4 s hydroge mno or fluoro. In one
enbodi nment a%&\é?g%?%ye@ﬁ’ccg%%lgﬁdhse%é?cgrgz’)]?%ﬁr%ndl’c}lfteré’gfygct ed fromTable | or
Table IL 10R38 $el¢atedSmmethe pioopl tamsists;, of elpipositeted ik fpalkadyas | or |1,
or a stereoi maceut | gal.l y. acceptabl e salt thereof
are provi ded§%gt§né3fi%ﬁ(%ﬁ?@{ngéﬁésct’?&g%{ﬂlgomagu gjflﬁlﬁl?’ea gor unsubstituted aryl,
C5- C6 cycl oal kyl , Rivepreseotan gtoup peledtddetdnyhydnpat sndasvbdin@s-«canampainoad kyl and

Cl-4 al kyl, e I n _he substituted with up to four
substi t uent saigg?g%%%gﬁgzﬁg?n@%@&%%y Ii%@eifmeﬁgﬁ Saélsﬂg%&%ﬂg\ggfﬁlf ¥l oal kyl |
al koxy, ni t r eubsitaieh with up tefolronintifuenta shaaldéoyhalq nymocariimg Ky, alkylhGid t ut ed
am nocar bony L. aln I 1 e 1.aosul. | an xyal kyl . In
o embod: meisi ST LARYL AR el Rbbilh S Bk b O SRRl

t aut oner, or apinaratwerkihisedulinydcokstitutdd ssissifonyhed elkbxwaiigl. pr ovi ded wher ei n
R5 is substitutedygfyun i rein.the ghenyl group can be
substituted vvithd[up !o %gbﬁﬁégﬁﬁé@ﬁ%ﬁ%%ﬁﬁ%@%@t@ ‘grsgr%r y(graogen, cyano,

ni tro, hal o, steipelpasep tautemdrne pharikesxticalls atrsptalle sabidhaenit raoe protidet! wihekgih , C14
hal o al kyl anq, &Rzdd fus . v [ ﬁg}g ds of Fornmul as
| or Il, or a Sst erceoi glglr?%?%l}ﬁ%egﬁsfggﬁ%§&q§sru p Og%nuggglg%tﬁtg(g I y(g%gl(’:ept abl e salt

t her eof are picoeikenyd pilstidiayran@Biperezigylowlttirdih eash orepiernfisaid groupis [ 0037] I n
some enbodi NERLRuteL HIPAVFS:Q | | SQIB!

taut omer, or p_ha? ﬁaqeuﬁycaﬁryabasgglé%{%!a F%Al?s%ﬁ?ddklﬁeél?srégﬁs %&’%Iu%?dom ded wher ei n
R12 is sel ectodeprpysHivpnisisclngien fromatyeno, mitohiplo, hadriayyl, samib, elkaxo substitusd me
enbodi ment s, yaRAROYANS. ef , ey il % ¢ 0 reai ~ fautomer, or
phar maceut i c%l I%gcegf a[ﬂ e sa t%ﬁw?“eg?l&%lfyel' %r}%{/?th%(f&%@%gﬁg Vsi s selected
from the groUpstésehksvish ymig fot sehsbiwents selactedl &din noythylpsentybti-ptoppli etivlc. y oJey,
eyck-hexeny iR&AdLRND, hall REEEIW, anEhEL T S 9 i QYR mRY he.

Eubi | aut ed vm]ﬁ'tdh vV1to tﬁr eeru é)'g Hilw %t s se lfsgf-k?lca%lgglhglro?'ﬁ'gnieﬁflhyl , ethyl,
hydr oxyl , ani no, [l mdpkemgemipilimentssedveenmpguids ofiferimalagl.oup consi sting of
hydrogen,  angkr@mones, 1aRtheRb2 phAdQRRRARN et i Esaft AR P 5 U hEERT esent s
hydr ogen, hal o, or 1;net hyle. P ] '[003§f‘lcnp sonsgﬁenbgd?&néncﬁ'gi?&gg%%gunds of
Fornmuia |1, bissglededirunp gromp eonsistng of westitugad op hesbaticisest dyelakdxyl, accept abl e
sal t ther eofcyapmexphy®\uhd Bleri MBI WHcinede e BbECFEHd EoaMRuilt isting of
substituted Aé(cl oﬁé@yll, E%'flrcl:l ohexeen)jllll? pi peri di.ny?{gogrgig %Iﬁggl%gzwﬁﬁ}ym? Rl is
sel ect ed fr oM Thebg#BWH consi sting of hydrogen, hal o, Cm al kyl, C34

cycloal kyl, and -CN;, R12 independently at each occurrence is selected from
t he group consisting of hydrogen, halo, Cl-4 alkyl, and amno; and RS is
sel ected fromthe group consisting of substituted or unsubstituted phenyl,
cycl ohexyl, cyclopentyl, thiazole, pyridyl, pyrimdyl and pyrazinyl,
wherein the R5 group may be substituted with up to three substituents

sel ected from hal o, hydrogen, nethyl, substituted arni nocarbonyl and

al koxy. [0039] A preferred enbodi nent of the present invention is a conpound
of Formula (11), wherein Y is cycl ohexyl, substituted with one to three
substitutents, said substituents preferably selected from hydroxyl, am no,
Cl.4 alkyl or Cl4 halo alkyl, and nore preferably, selected from nethyl,
hydroxyl, am no, and CF3, and nost preferably frommethyl, am no, and




met hyl pi peridin- 1 -yl)pyridin-3 -yl)-6-(2,6-difluoro-3-nethyl phenyl)-5 -
fluoropicolinam de; 3 -amno-N(4-(( 1R 3 S)-3-am nocycl ohexyl)
pyridin-3-yl)-6- W - di fl uorophenyl)-5-fl uoropicolinam 3 95-3
-am nocycl oheXYpPWPT%*n- 3-y1)-6- (2, 6-di fl uor opheny1) - 5- gF’&B?%%?"&%%l nani de;
N (44(1 R3 R4R 5 S )-3 -am no-4-hydroxy-5 - nethyl eycl oheNyl)pyridi n-3
-yl)-6- (2,6-difluorophenyl)-5-fluoropicolinamde; N-(4- (( 1 R3 S5 9S5)-3
-am no- 5-net hyl c he ' £ Formula I

-y1)-6-(2, 6-difl o %heﬁ%%“pé%ﬁ%g%}egtpsu'lé’(va"lﬁongoungso N(4a 3R 4R 5

S) - 3- ani no- 4- sm@rsomyr, Buieweh pf piapeacewicaly accepsab}eﬁwtbaie e provided wherein
-y1)-6-(2,6 todbd ek byckd@n3 S) -3
_am nocycl ohé&%lswﬁﬁ%%% é(?fouif Augﬁft%ﬂis%cb&ﬂéﬂtg%e e \j Jg%n

-y1)-6-(2, 6- d:muoumr@ﬂw@nlmi)axsk fuhinor abigrixg. cubstitdddening CiaptkyloCiN-helo-alkyBR, 4R, 5
S) - 3- ami no- ‘3& %)él%%@%l % JsTAS) Eﬂ'..ﬁtk qne Ss:.l:lb%t tuents are independently selected

-yl) pyridin- or ophen uoro- picot 1narnide; and3
-am no-N- (4 ﬁ(O(n Imetlm BoIS). -1®rapamm@cm@¥mbwgpyhaku menahaip1§1s@lkyR trihalo

di fl uor ophem@l)5 a@ylfahéﬂﬁfh%B'ccogjkﬂam de. [003942] In other aspects, the
pr esent i nventton provi des methods for treating Provirus Int egration of

Mal oney Ki nase ( NOKInadejonrecmbodichetiis.comgeynds piFosmpla Hadr aoitergpitomsl. subj ect
in need of s i an
amount of & Cameta RSB LA ATk B bRa AR GRb STty 1
the subj ect. from hydeker hald resiivdaihyband cynot he present invention provides a
met hod for {reati g CalnelfbolheARddhpliAlofonRia driol M1t €gr ati on of
Mal oney Ki nase ( Kinase) act | vity conprising admnistering to a patient
in need of suskeoispet epAMeapr Iérammnv@lymﬁble@qﬂt hergeiniye araided Wheseiul a | .
100431l n ot h%s@aﬁ tfﬁ,m&@gm @tﬁl@i@ﬁng'o@!tﬁ;@ﬂth@ﬂopﬁnﬁﬂﬂsgﬁ&d@%lmgﬁ for treating
PIMrel ated disorders In man or ani mal subject 1 n need of such

treat ment coryHehskengl, ammld\lil}éstmer%giﬂ thsfainéaléﬁhﬁ ¥eroupmanhptistitged @itk onrpound
of Formul a I upfo thiee afbmﬁédtsvsele&ted fr&dm;zqrethpr ay@atyl, taurmr aigi sthdxy] By khe

subj ect . t ot her aspects, sent invention i de thods for
treating PI I\/tS eotedi o e g P]Ei%qném’i“ﬁ; %Bﬁ‘ﬁﬁ@ﬁ B agongd E %e(?’f“‘fe’htyrf’é%d of such

t r eat ment Cog&qllogduﬁgn@qlégr&bﬁﬁ{dr@nthglosai}lrﬁletﬁjmbj ect an anount of a conpound
of Forrmula | or fective to reduce or prevent tunor growth in the

subj ect in conbi nlﬁﬂﬁdm Vi ome smbpdments, sprapeads ofiFopmayla Ho@dstrisope t r eat ment
of cancer. 1004k Br YRtmRLRRLIPIPSRbI staia heROE SR ProvidMORd: QR YRE Q¥dcRES

t her apeutic conposi ti ons conprising at |east one compound of Formula | or
Il in conbi nEPREEHPCANEHBS B subpitdcdyaichxgh syclobgessy’s Pipeidinshend r eat ment  of

cancer, as apiperaffifipR|y sdegldayoattht proopodeistidgtEhadrggen a1 phes.ant, alkplyent i on

th d d of F I

| or For mul aCH RRASTCRE T Nar BarHeny LrebRrorsisat bl PRaes o

phaf naceut i Cglous URROSgldr @ rSééHP:{aloSC“Qalﬁyl%ﬂﬁ&%da&ﬁiﬁ%e%@teﬁmmd& (4-((3
S, 5S) - 3-am no- 5- net hyI eye ohex¥&) pyridin 6-di fl uor thenyl) 5-

f1 uor opi col | BFRHR ERESISINE NS RSN I‘G‘{SPbSF#“SedRhﬁlyé CS“@)“@ cyslepeitelahiazadt.oxy- 5 -
net hyl cycl oh ?b gyﬁrhiqm Ad §yra»ihy1)w&r&2m@wﬁfoluygf 99@@{%&@& wh h@wﬂ de;
N—(4((3R4 -3 - am no-4- r oxy- 5- net eridin- ){) r|d|n3
-y1)-6-(2, 6- Hreeisukstitispe pRleE ed@"“’fh%%ﬁ%‘i’&?&d mfﬁl@xh S&Bﬁtméed %rﬁvfwar Rm(l&n (( 1 R3
S)-3 -am nocmgd,,@hexyl) pyr| d| n 3 -yl)-6-(2,6- difluorophenyl)-5

-tl uoropi col i nam de §n|4- -3 -am noc cl ohex(i%pp ridin-3 -yl)-6-

(2, 6-di I uor opherd§43y7l éﬁfaispaté‘fﬂen}bﬁélm?fl gompqup %@Wfﬁ‘gfﬁ%ﬁ 5

S) - 3- am no- 4stay@1§¢%yﬁuammw&%@éua&mﬁéc)ewmb eiith&eafidk) prévided, selebred

i fluorophenyl) - -fluoropi colinamd é( 1 R3 S,55-3-amno- 5

- et hyl cycl oﬁ%‘?)t}}e)gﬁ%plcﬁi‘%‘ﬁuﬁg oA M4 ((éR(3§4R %-) raiRgs 8%%3/51) - 5-fluoro- pica
l'i nam de) ; N méﬂaéﬁo%réﬁdﬁa;@m@ TH DR i by @Y. s FiofBlchirapiiperidi n- 1
-yppyri di n- 3: 0)-6-(2,6- d|f|uorophen ):5-fi |0{opl ollnam de:

N- (44( 1R 33) < (A I"l’l’}n’é’cylér THERE "yrﬂ’-f)' ohed n;i mefm AeyiieGe 2 6-aifucrapheny - S-Tiuonen

pyri di n- 3- yl jirBinkRic6-1di 4 framiop GpRE By o= Bb fd U@ DREE Glipparni d8pyridin.2-

3-ami no- N- (44( 3R, 4R, 53) - 3- at ni no- 4- hydr oxy- 5- net hyl pi peri din- |
-yl)pyridin-3-yl1)-6-(2.6-difl uorophenyl)-5-fl uoropicolinamde; 3-am no
-N-(4-(( 1R 3 S)-3-am nocycl ohexyl)pyridin-3 -yl)-6-(2,6-difluoro -

phenyl ) -5-fl uoropi colinamde; N (4-((3R 4R 5 S)-3 -am no

- 4- hydr oxy- 5- net hyi pi peri di nl-yppyridi n-3-yl1)-6-(2, 6-di fl uorophenyl)-5-fluo
ropi col i nam de; 3-am no-N-(4- ((3R 4R 5S)-3-am no

- 4- hydroxy-5-nethyl piperidin- | -yl)pyridin-3 -yl1l)-6-(2,6- di

fl uorophenyl)-5-fl uoropicolinanm de; and N (4-((3R 4R, 5S)-3

-am no- 4- hydroxy- 5- nmethyl piperidin- 1 -yl)pyridin-3

-yl) 6 (2 6 d| fI uor o- 3 - met hyI phenyl) 5 - fI uor op| col | nam de Anot her

o "




[ 0040] The conpounds of the invention are useful in the treatnent of
cancers, including hematopoietic nmalignancies, carcinomas (e.g., of the
| ungs, liver, pancreas, ovaries, thyroid, bladder or colon), nelanons,
nyel oi d di sor@®er28100ge1gt . nyel oi d | eukem a, mul tipl e myelPSHEP2G2061205

eryt hrol eukem a), adenonmas (e.g., vinous col on adenoma), sarconmas (e.g.,
ost eosarconm), autoinmune di seases, allergic reactions and in organ

bt e R e BN S

::I for pr fp?rhyd@icﬁsmm;smﬁmlf ﬂjpgyhdﬂatylpg(EGﬁﬁlm&ogxhdﬁﬂ)bmu?ﬁﬁmbm—| on of
rovirus Inte i 0 i na i pa Vi

pref erred errbgd& “g%'((m g) §é5@8$y°§§e’i(yﬁ@ff‘¢%g‘ﬁ5?‘éﬁ%f MoK ‘Eﬂyblson is a
cancer sel ectfldrobicolifagéteCind@raniad-Nt (@ €( IRA$YS anfiaiegd eRsyhdyIYinGHd)-6-@@r | an,

bl adder, br eas ol a mel anoma, nyeloid | eukema, nultiple
nyel oma and erf;i/‘{gﬁdlr%ée'}yb%@ﬁroémoﬁpﬁigﬁs col on adenoma, and osteosar coma.
[0047] I n another MOp§ict In btha apiﬁeesethé prefevEitdnaon freviadsasetitods foetrbrg of

consi st ng of (Brin pteetdiphe Filgnepines SIS (e ARodhrs i eliigr s "

bi ol ogi cal ccanidiat swjectrmdeeatoédxcbyreamedtearﬁpnmdmimsl?ermgIto sakd sﬁliBJearad PinB, in a

human or ani J gct |n ) t r. si m ni stering
to the subjec Feas r}?g%lg h?flig%feﬁ%‘feﬁﬁn@q’l” ch&oaril%‘fydng’% nt
effective to i nh| 9019}t hén ckthenmcus rthet;lireseﬁuihweaﬁchnpra'ﬁ&esmwoap&»utreahngorrpounds
are useful f at i.n ntsvm uch inhibitors .g.,

t hose suffer ?%M r€f'lfr?to&rﬁlj 1?:%%‘%)%1? RGN a&‘%ay ‘g‘beﬁglr“r?ﬁ‘fd Ogé?ﬁhﬁ'é’?tf’ﬁ?te‘:(?ﬂ’ip‘rﬁgg(i nase
receptor si gn@hmmg}rln&, BEEHI&MB[MJM&J{uﬁﬁﬂﬁ]a ‘cBiniybund ot Borivmta'l or H effs@eferein to
refer to ac exhlb O wth respect to PIM Ki nase
activity of gégg%oorrg’mvﬁn%u mm}i’(ﬁ‘dges bl%/fqand nore typically not nore than
ﬁbout gol 1.1M as[Om_f_ﬁs uhﬁjd-t otheﬂahggcﬂ?J thé pie@hehv«nnomsaya misisds fdaﬁdatmg

er ei nbel ow. r.as e roups that do not
contai n het e?%hg? i J}sefh&rb T ﬁgmm?laspeé‘mlmnaci:fu & mgf’erdé)lfé‘}h/h‘t%ﬁ TR QPRI r oups
such as net hydlmnl@tehlyg to smid eybydct arbaaﬂopht of[aenmycbundIoéRgdmllahepIIys[fgctﬂetoyl nonyl ,
decyl, undec e i,ncl ude ra ched
chain |somsr}s/edu %9?}%2%%?1“?@9%%&% lglt SPbJIr 6lh‘p°§”bm 18‘? 3E?1t Jeag e %“P nited to,
t he fol | owi nggewhiorthe aeatment of¢adesd. by way of exanpl e: CH CH3) 2,

“crogi ce) (ol dBE Ry gﬁg‘}%&‘é?c‘%ﬂé‘ﬁlnqu"‘%@—é&( C“ZCl 3

- CH( CH3) CH( CHB)poeHDnsChiBprisingRiHREY DRCHIPB) Do Foﬁiﬂmw@bammaﬂ&)

cH o) 2. - e BB SR ) o vl PRI R e M e i Ero e

and ot hers. cdhepsthelpyphase al kyl groups |ncI udes primary al kyl groups
secondary al kyl gggRyps d al k groups
i nclude strai ghtgi gpbrg%c% e h&['ﬁ%?f;t}{%@b ton %ﬁgﬁ'ﬁﬁ%@‘ﬁeﬁ?‘e’% Ofiaf car bon
atoms. A pr eihelpdiagihensdpgietic meﬁgnnmcuasmarmleiraséegmt@%m@b rlaveg hanceehgi N al Kyl

groups such r e ed aIkyI
et ni ton al ooyl R br R stBbore Bt Biiokls (e B Blofl Eltg) 2
CH2CH( CH3) 2, mtiale m&@p@mwh@e@k@y@, adCHIO I} @HQ@HZSGHB),II ad]tﬂ(O@ﬂiB) CH( CH3) 2,
CHZCH( CH3) CHZG The term

"al kenyl " ref egné%t Sgglg%ji%%lé%%u%ggﬂﬂgﬁl ne%H %@g&eﬂcﬁé&e@%% %a%lre is at

| east one pdr%ﬁ»ﬁpl?éﬁatlaﬁmcmraﬁm@nme& e., wherein two adjacent carbon atons
are attached by ﬁwblﬁemguan_ﬁ{'&e} Wdesaéoﬁrbe(sgﬁtonsrrﬁ&ﬁ&ﬁ of" azln yl _groups
wherein two adj acent carbon atons ar attac triple Hon The term

' al koxy" refréﬁﬁi?})dﬁ of maRfacipgsaieserib@ ip shegletaijed deb@@nﬁrlﬁ'sthmwﬂ%m n, thf, term
"hal ogen: " or "kaki." ref=to clhoro, brono, fluo)ro and | ode/ grol i ps%
"Hal oal kyl " refen to an al kyl radical subotituted with one or nore hal ogen
atons. The term "hal oal kyl " thus includes nonohal o al kyl, dihalo al kyl,
trihal o alkyl and the |ike. Representative nonohal o al kyl groups include
-CH2F, - CH2C1, -CHCH2F, -CH2CH2Cl, -CH(F)CH3, -CH(Cl)CH3; representative
di hal o al kyl groups include CHC12, -CHE2, -CO 2CH3, -CII(Cl)CH2C1,
-CH2CHC12, -Cl-12CHF2; representative tfihalo al kyl groups include -CC 3,
-CF3, -Cd 2CH2C1, -CF2CFI2F, - CH(Cl)CHCl2, -CH(F)CHF2; and representative
per hal o al kyl groups include -CC13, - C173, -CCl2CCl3, - CF2CF3.

[0042] "Am no" refers herein to the group -NH2, The term "al kyl am no" refers
herein to the group -NRRL where R and R are each independently sel ected
from hydrogen or a |ower alkyl. The term"arylam no" refers herein to the
group -NRR where Ris aryl and R is hydrogen, a |ower alkyl, or an aryl.
The term "aral kyl am no" refers herein to the group -NRR where Ris a | ower



"Lomeralkoxycarbonyl" refers to ester -C(----0)-OR wherein R is |oweralkyl.
Cycloalkyloxycarbonyl refers to -C(=0)--OR wherein R is cycloal kyl .
10047] "Cycl oal kyl" refers to a nono- or polycyclic, carbac C|IC aIkyI
substituent. ¥ArY8&#4*oal kyl groups are cycioal kyl group T Eh2H a1 ring
atons are carbon. Typical cycloal kyl substituents have fron13 to 8 backbone
(i.e., ring) atons in mhich each backbone atomis either carbon or a
het er oat om . ?MQJ refers herein to cycl oal kyl
substltuent;m%$ ave %g#? 6@Péand nore typically froml to 4
het er oat ons i n t hi0024]ng Tt faregoingerspeSisiandibhey didicattoupgmdvantagesoyféds i n
conpounds of r
Representatlv%ﬂﬁgﬁggggg% oa(§§%b%§?%ﬁggg&§%§;g an%%%%gﬁgﬁgﬁgﬁgﬁﬁﬁgholin
pi perazi nyl , refeysngeitelibadtlommig detaded ddzeiptiGambor fpkéroalciyincerowidsthar e
cycl oal kyl gry ng atons are carbon. Wen used in
connecti on mngﬁﬂ@wgﬂgﬂﬁé%ngh%%%%tuents the term"polycyclic" refers
herein to fused aﬂﬂ2ﬂonlﬁﬁgﬁﬂlaﬂk&¢pk@m%v%t@%#ﬁmwxnﬂ%¥00mméﬂﬂefn1"partiaIIy
Unsat ur at ed %ft%ﬁ?bgﬁlfvm an epa%attlbr?‘i tMC ?E{ﬁ?j{ %g{gl‘l I‘IQ(QIJ.G*(XJ Cl%@&j m
"cycl oal kenyl er to cyc group erein t ere 1s at |east
one point of Exampleddsktion, i.e., mhereln to adjacent ring atons are
connected by a do b | es incl ude
cycl ohexynyl, cch%@xy%ﬁUﬁ%%ﬁJ%r%}psgﬁgﬁg%gfg C u%%tdo}ﬁ%o %?Ee li ke.
100481The t eEasmpls G & patethakon mrtock MBS gl-luc! Xﬁ@@mﬁmf/atdegqr@e®ln or
"heterocycl e'g gﬁlg§gp herein refers to any 3- or 4-nenbered ring containing
a het er oat om Sel ect ed from nitrogen, oxygen, and sulfur or a 5- or
6- nenbered ring cHPRAi nFHGIRE & in grephshoving s effiseasrafsheonmpemidett ed from t he
group consis menber ed
ring has 0- Zkgo l?§6g gggﬂln?ﬁ%ﬂ%ﬂﬁgﬁggﬁgk&#%gé%ﬂﬁ%ﬁ%ﬂ%&%%agme bonds;
wherein the Krampledht and sul fur atom naybe optionally oxidized; wherei n the
nitrogen and sul fur heteroatons may be optionally quartem zed; and
i ncluding any bicyclic group in which any of the above heterocyclic rings
is fused to § T PESCRY IdPNanot her 5- or 6-menbered heterocyclic ring
i ndependent | y defmm]‘l ngpaesordaﬂa@mﬁeﬁe RPect &%@ﬁr%mh&all&yhew as used herein
refers to a 5- or 6- ered ring containing fromone to three heteroatons
sel ected fr ommmm@,sr msiph%rcﬁfm%qomq@ @ptompis g rmasgutisally acenptablel spits arewher ei n
the ring has,noiddpsRheErRQnds: For exanpl e, the term heterocycl o- 05- al kyl
refers to a 8 menbered ring containing 5 carbon atons and. a heteroatorn,
such as N. The term"” heterocycle t hus |nchudes rings in which nitrogen is
l.e.,1l.:roatoi-n.as w" ase.:ialy and fj. .y-sat iratt,d. rings.

F%(?elrexi lieterooyolr.-.;s inc:Ndf; zapizpyl, pyrr-y!, pyrrcErf: 371
pyrrafidinyls, pyrazolyi, pyrﬁzollh py i nyl, |n1dazoyl
i m dazolinyl, imdazolidinyl, byl i perijidi nyl, pyrazinyl, piperazinyl,

|nyI pyrlnldlnyl
|soazoI|d|nyI

N- et hyl pi perazinyl, azet]
pridazi nyl, oxazoly-1, oxd%olid soxarol yl ,
nmor phol i nyl, thiazolyl, thtazolxq 1hlazonI |soth|azoI|dinyI,

i ndol yl, quinolinyl, |squ|ﬁ0krnyI benzi m dazol yl , benzot hi azol ylI ,
benzoxazol yl , furyI, t hi enyl, trlazonI and benzothienyl.

[ 0049] Het erocyclic noieties can be unsubstituted or m onosubstituted or

di substituted or trisubstituted with vari ous substituents independently

sel ected fron1hydro§¥ hal o, oxo (C=0), alkylimno (RN=, wherein Ris a

| ower al kyl or I{<oxy group), am no, alkylam no, dialkyl am no,

acyl am noal kyl , éﬁkﬁxﬁ%fmﬁﬁbawmmkymﬁb@hyﬁkﬁéiﬁmﬂK&%@ﬂéNkVP“d%VbM@élkyI or
hal oal kyl . [Qgéﬁﬂﬁﬂﬁmﬂﬁh%ﬁﬂ&%%b%ng RLBS HBRY%, heattached at various
positions as w apparent to hoSe~“having skill in the organic and
medi cinal chem stry arts in conjunction with the disclosure herein.

[ 0051] Representati ve heterocyclics include, for exanple, imdazolyl,
pyridyl, piperazinyl, piperidinyl, azetidinyl, thiazolyl, furanyl,

triazolyl benzim dazolyl, benzothiazolyl, benzoxazolyl, quinolinyl,

i soqui nol i nyl, quinazolinyl, quinoxalinyt, phthalazinyl, indolyl,

napht hpyridi nyl, inciazolyl, and quinolizinyl. [0052]"Aryl" refers to

optionally substituted nonocyclic and polycyclic aromatic groups having

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 which.' all ring atons in the aromatic ring are carbon. The term
"heteroaryl" refers herein to aryl groups having from1 to 4 heteroatorns

as ring atoms in an aronatic ring with the remai nder of the ring atons
belng carbon at ons. V%en used |n connectlon mnth aryI substituents, t he

Y Y



[ 00571The conpounds of the invention, or their tautonmers, as well as the
phar maceutically acceptable salts, esters, netabolites and prodrugs of any
of them may conprise asynmetrically substituted carbon atons. Such
asynmetri cal | WO204R¢1eut ed carbon atons can result in tRETEFAPOMAS of the
invention existing in enantioners, diastereanier,und other stereoisoneria
cornms. the ma.y be defined:, in tanis. of absolute 2terecthntictry, nicb
afin. (R or(S),, Jer-nc, ,..ks a 1: 7M., all such posgi M i ndi vi dual
stereoi somers in thEffeckddionn grpumnpsistng ofgyclogilkyh pradlyimeateged acenic
mxtures (or c¢yReleApidhetiocyiloaliyl, SheRin HiAGLRYE MRS rouPIndde suRBuildngl e

di astereonmers of the conpounds of the invention are i1ncluded in the present
i nventi on. Th‘@ﬁl‘@rtﬁg"m SYHYS:' R ' configuration, as used herein, are as
defi ned by the | UPA@GdD /e REGENEMDATEERIS oMOR | SBAMN (P ded RhANRAMENT AL
STEREOCCHEM ST, P Chem. 45:13-30 (1976). The ternms a andl3 are
enpl oyed for ‘F?Y"n%legf)%ﬁﬁ%é‘%emé’ym i ¢ conpounds. The a-side of the
reference plane i &;tdvakcted filem e grdvipehnsistieg pitgtiepere NISRiDh4lo thydiokyl] | es at t he
| ower nunbere osition., Those substituents lying on the opposite side of
the ref erencé Pr&fdo1"8 W¥si gned  descriptor. It should be noted that this
usage differs frofybtikR; indepeogantly at catlerceapaceart slecied frohi thhgrdgy nmeans " bel ow
t he plane" and denot@% absokﬂte}\g onfigurati on, The terns a and fi

conf i gur at i orfo"SiEng, SRRy drogeme hHo, XY TR YRS B! FSUCHBI CAL ABSTRACTS

| NDEX GUI DE- AlRSibMihtxd Alkyl( ALRBYI) alRpivaIkap)) adthd, cytBRRALRSers sRbaSL ghd), t he
term "pharmaceut j cal I%%ﬂaccleglﬁ(a]pl e salts" refers to the nontoxic acid or

al kal i ne ear tPAVABE HF4ed ©E°91Yt he conpounds of Formula | or II. These salts
can be prepared iR; bistlectefifrannthe whoap tomating S dlydibgapn-CARB, pursifstioatdioon of t he
conpounds of Formula I or |1, qr by separately reacting the base or acid
functions wi t“ﬂsuéggé‘f}f’qﬂlb‘fq’ecyﬁlf’ﬂgﬁi ltﬁt%?cya f’réig‘"rﬁd)c(letﬁ'i?ia’a'hor base, respectively.
Represent ati ve saR}is sélaveddutben theigroap eontidlingl f Bk ieshbbtaud@kflodlkdxwi Ng: acet at e,
adi pate, al gi a{;te cjktrate aspartate,. begchghe,, benzenesul f onat e,

bi sul fate, bﬁ’t% Red Ak aine sty B 3t 'OonEa%: 4 gl uconat e,

eycl opent anepr opi Ryrapresentd a@eey kdediddatom substhaaesuhbubsaited a:gl, ucohept anoat e,

Py ochl or 1 G6- RSBV bAFHEL PO OB HE SR HRE g F IR SETF Pond el

| act at e, mal edseétpted Rephanasybd abattged witlcai foBalr eubsBubiaphidrt avadulof onat e,

oxal ate, parnoate, .pecti e. persul fate, 3-phenyl proi.onate, pjcrate,
pival ate, pro aln%,nag{u&, eéﬁ%@lh’n(é*tﬁé?’d%%lfyil’i‘ﬁ@?‘y’tnﬁf% Faa‘{%/ Y- Brhogeysheplkoxy,

p- t ol uehesul hroinataghoandubstitecianiaicerbor, amindsliienblasibetitited fra@edif6ON Al Ni Ng
groups can b?lk atsr ni*‘zed with such agents as | oweral kyl halides, such as
nmet hyl , ethy ,&%r oﬁyl , and butyl chloride, brom des, and iodides; dialkyl
sul fates |ike di rf@g29y| , Indiomt byibodiernt) gtk coragvdindhi ol Fydmusal, bied ®G¢oidodizg chai n

hal i des such ecyl,, lauryl nyristyl and stearyl or.i des,. . brom des and
i odi des, ar afagi’?g gﬁharenéac t%%lbbaémf{uef%%feﬁ%%ﬁﬁgﬁaé? W;‘??’Gdﬁﬁf‘ﬁ fa%g% Sh 9t her s.
Water or oil Xadbamd ¥+ &8¢ CBespersi bl e products are thereby obtained. .

PHI 591 Exanpl es [ whi ch e_enpl oyed fo har maceutical |y
nccv. ;:), tablo. ﬂ{mcz'ﬂf r fj%.sgm?rﬁ ?‘;@’ﬁ%ngsgg%vf On%{}c/(ﬁu?‘%fftfﬁwui)a%ﬁ RO L
autfuri:: arta@ophosbemacewicalty acgtablcllt hegaftrepracideabwiaseioRalsistleamal d,
maleic rd f.oni cid,,succinic acid and citric acid. Basic
addi tion sar?élggga?%;el’ I%éruéyg’aer ]evcll’qllalr?’ YU duri ng the final isolation and
purification of ##HB1Eonpeounesmiafdifiammnedapofhds,of fmmslbpanatsetepistiyiers eact i ng
carboxylic agj et - j l.e. b such t he hydr.oxi de,

car bonate or t?xgé‘f%@aﬁ%ﬁ%e@&%@ %ﬁ%ﬁ%@gﬂﬁh@a%%e %fg‘(’:l%ep Vzvakf? et %% ¢ %3r§ti on or
wi th ammoni &Regr an organic primary, secondary or tertiary am ne.

Phar maceuti cal | y ;@gsept 1. 1.ncl | U re not limted to, cations
based on the al ka(ﬁ}?%gndﬂgjflg%%ﬁé\agﬁ%égr%f ‘ﬁ%gr@%‘%qgg%f%&c 'J'Sé)éfag%rcﬁ)b’?nm@rr i thium
pot assi um cakeiruny: preigresiicny cadcpabin g isakdiscandvitdieviisidoel . assclaedd  as

nont oxi ¢ anmpni Lm.. quaternary anyoni um . and am ne cations, including, but
not Iinitedffb”g%%%%%gﬁg?%€€¥'%QHE§T§%%ﬁniun1 t et r aet hyl ammoni um

net hyl am ne, dinethylanne, trinethylamne, triethylanne, ethylamne, and
the like. Other representative organic‘damnes useful for the formation of
base addition salts include diethylam ne, ethylenedi anm ne, ethanol am ne,

di et hanol am ne, piperazine and the |like. [0060] As used herein, the term
"pharmaceutically acceptable ester” refers to esters, which hydrolyze in
vivo and include those that break down readily in the human body to | eave
t he parent conpound or a salt thereof Suitable ester groups include, for
exanpl e, those derived from pharnmaceutically acceptable aliphatic
carboxylic acids, particularly al kanoic, al kenoic, cycloal kanoi c and

e o - o




invention, or their tautoners, prodrugs and stereoi soners, as well as the
phar maceutically acceptable salts, esters and prodrugs of any of them may
be processed in vivo through netabolismin a human or a@igabmgg Y2097 cel

to produce meVSBYPPIEY. The term "metabolite" as used h&ré&in Terers to the
formul a of any derivative produced in a subject after admnistration of a
parent conpound. The derivatives may be produced fromthe parent conpound
by various biochemgs)l 1 80Sf AbERARSeivRohb&ndy BhPstir Sttefisdasers, f Or exanpl e,
oxi dation, reduction, hydrolysis, or conjugation and include or exanpl e,
oxi des and ddiameys 2 pharaapduiieally pecsptabin gltprareateyidaded hsfFornudpound of t he

i nvention may be identified using routine techniques known in the art. See,
e.g., Bertolini, G et al., | Md. Chenfts 40: 2011- 2016 (1997); Shan, D. et
al., I Pharm Sd 86(7):765-767; Bagsha K., _Drug Dev. Res. 34:220-230
(1995); Bodor, N., Advances in Drug ~B24-331 (1984); Bundgaard, H.
Design of Prodrugs (El sevipr Press 1985); |land Larsen, |I. K, Design and
Application of Prodrugs, Eﬁ i vel opnment ( Krogsgaard-Larsen et
al ., eds., Harwood Acad 99IRy, It shoul d be understood that
i ndi vi dual chem cal co t hat|| are tabolites of the conpounds of
formula I, fornmula I, their t prodrugs and stereoi soners, as
wel | as the pharnaceutica“fy acceptabl e salts, esters and prodrugs of any
of them are included within the itweni W) 2010/ 026124PCT/ EP2009/ 061205
[00761The term "cancel refers to canger diseases that can be beneficially
treated by the inhibition of Pimkinase, including, for exanple, solid
cancers, such as whargnnomas (e.g., of the lungs, pancreas, thyroid,

i an, bl adder, [ fbin ex 0 id di d
Cocy Mol o ehbsERake nhh A SonRin O SlnexbRRITRUEY of { €80T ST
(e.qg., vill oﬁ&cl%%rﬁnéé@ﬁ@%}‘ﬁ-gﬁeik%'a\”’&s%%“béﬂ.eal.b?f PSULELHP EBHBY .  SYNTHETI C
METHODS sus&&@Z&%h&Eﬁ%%8¥ﬁ§$@%§?°f t he invention can be obtai ned

- through procedures kno led in the art, For exanple, as shown
in Schene 1, cyclBHexdsredifireige gionp H@S‘E%Pé&‘i"gﬂge%}i 'y%n]@?%?;%%’fyés to the
correspondin vel o n QRAlig.esters which can undergo pal | adi um
medi at ed carg%ﬁ’g%ﬂﬁs%ggﬁﬁﬁgg% mnfﬁoﬁ-ehjoro, 3-nitro pyridine to yield

ni tropyridi ne subRt indepeadendy of esthescevreamesis seledmeldinm the group cenistieg@ine
functionalit e X6 W adoT s SH UGl & ahBbstiRliQf ection
nitro and a|é§ﬁ%£?%%§%?¥%ﬁ§¥§nl éé@gdgwkhdwgnd éeproteé}ion.%an yi el d

cycl ohexanol allyh dsnyl plkynybyptiosharéreotycloptkgh heterb seelepterbragdratitlyunobu
reaction mﬁtgmgggpgkhﬂﬁgp to yield a protected am nocycl ohexene | V.

Foll owi ng nitro and al'kéfie reduction, phthaljnde protected.

ami nocycl ohexyl piariF sRacted fion Hesoup ‘é‘ﬁ‘ﬁ“ﬁ’rﬁ”cﬂ’gﬁ{j‘k"%"ﬁi '&g)'lg‘b@ﬁ'glsﬁﬁaméﬁdrc?r
depr ot ect i ony, &0kl £ 2T DOfNKE | HRIBRX il A8 BetMbaryif N€ COrrespondi ng Boc
prot ect ed an?ﬁbcycf%ﬁe%ggg perJ&P aﬁ?ﬁi%g]Vb %anmgrso be prepared from
cycl ohexenol H i Ratiwelecist rom theerrumesasistinglo€ gkl substisetedalkdrilkoabikene and
nitro reduct L@@y Liko%! ariflbNEodtAed e Gld Mylanthd;%hd €t her deprotecti on,
Dess-Martin oxidation to the cycl ohexanone, reductive am nation wth
benzyl ami ne, Cbz Ranwremnscispraseinceleeed Bo hyspgerayd aibsiipad promsyhstetoc
protection. hgwiég%ﬁm%ﬂ§lQgggﬂqééﬂﬁﬁi and VI, if R2is halo or tri Hate,
the amides 111" and VI can be further nodified gy standard nodifications to
i ntroduce substi 3l alngome cabpdiments semprapdy Seymuasdor BT aror  exanpl e, i f
R2 is Br, bygleathtePRaitbhdl, RUBRaCeuBBldScRptafiE G thGEdTEh@plobided RRGEAT S, OF
conversion to the corresponding boronate ester and reaction with

aryl / het er oa¥y sefeaied Giea agrouproppsisting of substided @rupsubptitriod RsrEYkat i ons are
possi bl e. - VIO ROMOK02ELRARATLERZLAAGHRASN SCOERLLr of id NN L er nativel y,

as shown in Schene "2, cycl ohexenol |1 can be dehydrated yiel ding a
cycl ohexadi eWESHREET Tpbls fopewitaeronEoracBPuHBHyY FYAPUBSRE PEHI%Ad | TBr
el imnation g b 0 kRBA: ALEEGE] MphanfcRatde LRexbEe0RsRsMgeYi el ds

cycl ohextnyl undo al cohol WI. Cycl ohexenyl azido al cohol VI can be
converted to the trans protected am no hydroxy aniline Vila by azide
reduction, alcohol protection and al kene.and nitro reduction.
Alternatively, the cycl ohexenyl azido alcohol VI can be converted to the
protected cis am no hydroxy aniline VIIb by azidc reduction and Bac
protection, alcohol nesylation and intranol ecular cyclization to the cis
cyclic carbamate, followed by Boc protection and al kene and nitro
reduction. The resulting cycl ohexyl pyridyl anilines VIla and VI|b can be
converted to the corresponding pyridine amdes Villa and VIIIb by am de
coupling, acetate or cyclic carbamate cl eavage and Bac deprotection. If R2
is halo or triflate, the amdes Villa and VIIIb can be further nodified by

. - T v LT T




am nopi peridinyl pyridine amdes I X If R is halo or triflate, the amde
| X can be further nodified by standard nodifications to introduce
substituted aryls, alkyls and heteroaryls at R after am de bond formation
and prior to MAPIYEPEbt ection. For exanple, if R is BreCTHP2i@adedson with
boroni c acids or organonetal lic reagents, or conversion to the

correspondi ng boronate ester and reaction with aryliheteroaryl halides or

triflates, a var.ie of. Rl di fi.cati ons are .possibl.e. Schenp 3.

OO A ¢ na PO Wi i RS KR el BB P et BBy

4- hydr oxy, 3-@chkhaghipdshegynyk andgiperaingh whereipreagan@tbenothaiip@ddpiied to yiel d
trisubstituted,5b- hyl . 4-.hydr,0 3-am nopi.peridji nyl amdes Xl 11 as

fol | ows. Reacstulb%rﬁur%# W%l}‘gitﬁlfo%(%‘?bﬁﬁ%?% 'égf%?esgﬂﬁ%gwegg%ﬁﬁ“g%t%m@ Yol | owed
by cyclic cartbdemtebsiinembdelcotad framhedrogaxiydad, nit®, k€ aydeelandnd, edest i on

yi el ds hydroxyl| . ound Xl n epraotection followed by bistosylation
and reaction %ﬁmhsfuﬁtgeg?arnﬁ%?’ ﬁ%ﬁ‘(%@ﬁ@’yﬂz}ékaﬂgpa@n 4§?ﬁ?‘??g(ygeljﬁry8tt°é ion yields

pi peri di ne X\mhediaehisOniisahbstitlnsitwithuiped fopi pdstraintecXded\rdoh maalyD plbilr 0

substituted arene r, het eroarenes . foll d.by. .carhamate protection, nitro
reduction, amide y?fgﬁlﬁll’ | %‘%‘,’Xygﬂ%"f‘}"cgaé‘aﬁ%’a%"ecld&&?(ﬁH@%-a&@%f%@éé?ﬁon yi el ds
trisubstitut edtsalkykt hyl , 4-hydroxy, 3-am nopiperidinyl amdes Xlll. If R3

is halo or trifla t he am de .X\. can be furth di fi by standard
nodi fications to ?@??lodﬁgéonéeu%%ti%%{’tmtfflénmgﬁpﬁlll@? °§‘|‘[‘1?§r}?1§5 ];cﬁgﬂﬂre%/er oaryls at R3.
For exanpl e, sickeoR8mers taBlomel yr pleacdcewivaliy dcbephbleanik hemof a6 parvided gaaemet al | i c
reagerfT, or v L0g to the correspondi.ng, borona ester and reaction
with aryl/ heté:(r%(;hrfr%{/()lsgmﬁéﬁnil S B%?ro't ini 9t e%({lm%terﬁrpf(gf‘{?gﬁ?mwn%ogi fications
are possi bl e Foront DOdSAGDEL2 F4ET 2009 061205 Scheme 4. [0081] The
C e o e V™ PRSI, SRR SR B YL e o
i n conpositi ekezoisoget aepm, bihpharnphanineEtyeatdptblelsylt hereahira plogidedwhérein or
exci pient. Sgit 2ut i.cal | Rt g.carri.e or excipients
i ncl ude, for H%E(%er% E?Q%%g%%{s?ﬁeﬁéﬁ%nﬁébﬁ? tglgegr?fﬁglrsudc .é?ﬁlvgiﬁte’f?ﬁﬁifi ers and
enhancers, s mmamnsamteéﬁ&ﬁpt)elqa&al apil GiRCh hibglphdrain cavhgaie groupeaitear at e,
col | Ul s, - soar nined s yfF AREIPAERR s SLE oy pP s Qb RS, Yl o Y
hydL oxypr opyFth@y@l,aﬁteﬁﬁE nitﬁk%aﬂwky,wggjyh)p,wamﬂkoﬁmmtmocakhwﬁ,rmtistim;:eg waxes, ion
exchange resipjs . rbi nati ons. WO Or nore
t hereof. O her gﬁ?‘%ba%llt’e %lh%lr né’%ﬁ?l cé%dla%ﬁléogglg%\y g §&8§}caﬁ(ﬁf'2]%¥%m%re
descri bed i nemiRalithendst orhuRbsat Fawelss 1 ovll, Beisereobemér, okePub. Co., New
Jersey (1991£han#1£1:%ﬁr'i‘ogﬁ}l;gcté abrﬂeegaﬁltﬂ‘éréay?rft ?lto%dg?%géreik%?%z Algsfti ?e%tc}rve. anount s of
t he conpound owt %éﬁ‘r;;g t1on genera I'ncl ude any ‘anount sufficient to
det ect abl y i Asibstitutad; thgieinthbpheayheraip cainbe mbsinted witlsgr olf@a her ei n, by
ot her Pim ki QasGudldMditYidss n t hna.ordinary skill in
the art or by det _ectsi ._ngt gn&;ﬁng%g%e?i %\ﬁ%éwrgi‘ dgo\shﬁg_{}?&yrlf%o_ oéglﬁr(r%’%)(?rrs of cancer.
The anmount o?ub@téﬁtﬁd/@nmngfledlkéhtl4mallfbdylan'és-mnibalh)ddInmonh emhedimants,i er
nost 11 eat ooy per orpg! f 19 8Ereok AL Wb Hnka MEBRRELDY, UPC" 1N
under st ood, #eumabky salt thiseeof arh erosided whirein Ro &, 4-difleprofpbenyhny parti cul ar
Cpeci i ¢ compound arpl oped Fharil gkt rr BRI IR 2 1Y S T
diet, time ofeTeRispmes saameron pharoeecetiofly actabiphlssaltabiref, arg prpedelwheseds et i on,
therapy. The T horSaati o Torar o e B e Bl s o can be
readi |y det efomPAERSS BYFarmules her Thepertpmeiptre tesomercoripbamiagdutiealiyhe ski | | and
judgnent of fReBAhRAEM.E hieBidhBR wik@A83LEOLPUERPERS R c&ggti}?é gsent
invention, a therapeutically effective dose wll generally be a total
dai |y dose a#Fi'fi%t@redotdue Wost=ivn csirigheorirdividedpduses whayibe in
Tore preforred Tromi 07t o 30 mar kg Doty uel ont daiTy - beedegiat o

p . g y I g ily. sage uni
conpositions may contain such anmounts gf).ﬂsubrrulti pl es thereof to nmake up
the daily dose. [ 0084] The conpolinds of the present invention nay be
adm nistered orally, parenterally, sublingually-, by aerosolization or
i nhal ation spray, rectally, or topically in dosage unit formul ations
cont ai ni ng conventional nontoxic pharmaceutically acceptable carriers,
adj uvants, and vehicles as desired. Topical admnistration may al so involve
the use of transdernal adm nistration such as transdertnal patches or
i onophoresis devices. The termparenteral as used herein includes
subcut aneous injections, intravenous, intranmuscular, intrasterrtal

-, = o F A/ 1 L I . r




tablets, pills, powders, and granules. In such solid dosage forns, the
active conpound nmay be adm xed with at | east one inert diluent such as
sucrose | actose or starch. Such dosage fornms nay al so ¢ as_is
normal practi¥824dHit onal substances other than |nert%§?{Eh%)§%/%%° .

| ubricating agents such as nmagnesium stearate. In the case of capsules,
tablets, and pills, the dosage forns may al so conprise buffering agents.
Tabl ets arid oyl hgdean, b, Ehd);ﬂahéx}y, ,els@ﬂem@rfﬁﬂqmmupmrersmg &foat i ngs.

Li quid dosagﬁﬂf or s for or al adm ‘i’i y i ncl ude harligry%feutl cally
acceptabl e em§fEahad ap e Rez ing tf{@ﬁ Shgeh SRS PRIy

contai ning ingpt, rcht,gﬂw;nts commnly used in the art, such as water. Such
conposi tions may al SO conprise adjuvants, such as wet ti ng agents,

enul si fying and s (0938 diTn gpreaperodimepty costeyads pHRPrmuA i, SRdcuaremIonyT,

flavoring, a%t&@érf&gh%a&gﬁ&i@ acceptable saﬁt%&%l’ aIJﬁoﬁ@éﬁp@Hé}gﬁ Yok sél&?edpr esent

i nvention can al so be adm ni st eredp f orm of posones. As known in
the art, |i pdmgom@ngewepémbww PW@@WM @mlwéwhmpmpqhaﬁ ad ot her i pid
subst ances. lﬁtﬂé&&ﬁ?@ﬁi %rseleétéﬂﬂﬁiﬁﬁitﬁé)grdﬁ?ﬂ&msﬂﬁg SRy fdogdrameity alohydraldygd 11 qui d

crystals that_ are in a e dium Any nont.ox

physi ol ogi calGy© &é‘}f’gﬁf a&f&q\é ‘tpéﬁ‘g’l‘ﬁ Yi5p Cl“?‘ﬁteﬂcedgf?éeﬁ eg(%‘iﬁ’fn ¢ mi ng

l'i posones can. Qg HiGdng Jé}@dlragéﬁﬁnt C‘%Qmﬂ%td'aﬁi"ﬁ?o bl R PSIQIR sl A can
contain, in addition to a conp ound re-sent invention, stabilizers,

preservat i veeroue&ensptxwfwb“aﬂ@dm ensubatléltectme%rcw@w@dc}fCiO@Prasél fisgolehe
phosphol i pi dg, patl p?yatmg:th%eraﬁ %e(lts%?duta tttast%t sutmmd hdpal and

synt heti c. hocfs to ormfﬁb‘posones are known in the art. See, for

exampl e, Pr eé}éeﬁt substifygnts spipataddfenm halo, brpeep; @PtblglySUb%‘FtWIX‘PWboAﬂéﬂ‘ém e
Press, New YgfkgX N.W, p. 33 et seq. (1976). [0063] Wile the
corrpounds of the |nvent| on can be adm nistered as the sole active

phar maceut i cal ag@f¥9] t hbypreferrrdambedipeniglelie iprpsens iieptan it WU Bhel or nore
ot her agent s pysfh (1), WRGeh A GRBhe9, sCRNRRL. WLW&GC@WU@%ttﬂfen&hﬁlcpr esent
invention are also useful in conmbination wth known therapeutic agents and
anti-cancer &¢stivents prrirablyrsieniad fromshgdroxyhamioeSentlkyt ogCo¢hade alyle #ihounds
Wi th other agfoe Egefa%ry, Nlectlaaron Hefh@p%y&rb)@ytamﬁs Sm@ICF;, Winll it bldRrabGOPe Of
t he invention. | es of such agents canbe fc- -;nd. in Cancer
Principle,: ff"%ﬂn’@etb)’laétnll@ea%‘f hygrowst dayis Viydregen.t M a Rl haly (rederpblier Ry ésdi t cr s)
6th e?Ttiti Oﬁic(rg animéor @LQ,Qollnoré—erQfeﬁb@eR, ARG Ldeh. NG, BYRhdnGR®PEndediiyper son

of ordinary ski in the art able to discern which conbi nations of
agents woul dhyskogsaer tw0wgeebtynwhéhwﬁwe&tnaﬁhleﬁaré@?@? .Rsstl? gxclbexslhe drugs

and the cancsﬁenytn\belp\yeslyt “RUERInABLd cRMNCBI, SEPhéhyl ALd wde, pytq | @6 QadhOt
linited to, the fol | ow ng: estrogen receptor nodul ators rogen_receptor

modul ators, F"éﬁl?eﬁ‘éﬁnﬂv P‘é’é@ﬁt‘?é IR e ﬁ’f"(ﬁrsgbsutﬁ’t“éﬁﬂ?ﬁt@/f&)?"t Basl? aW foXdglert s,

antiprolifer @k%lVﬁtda&l%@Ik%xy DrEENb1y, Q8 Hyrliyl 6ramedyd baHEndePdidBitlyQubstitdddC CoA
reductase inhibitors and ot her acgl ogenesis inhibito i nhllgl tors of cell

proliferati ol itHetodthses pupstituienty selecisd Omhlt?t)‘btl%‘gi)%yl’l(hd&h‘iyh‘ﬁ GgakPs> B agent s

that interfe @feWbI}h r;ak |ph&1‘$fp k@bsthiRaknal i % ttmemammeceﬁ tbdae hhioy ent i on
are al so useful when co-adm njstered with r nthera% %: 064]
& ugrto thy

Therefore, i WEHE &palrheid Con 2kHemPspee? fﬁp Frﬁ’ SEhSHPLS

invention ar ﬁlb@tltﬁt@ntﬂ%ﬁébtédnfr&@mbﬁahj@éky‘v\ﬁrﬁé%hykném\ﬁ ABhb:62BE Bfop&ge Riost
i ncl udi ng, for eng estrog;ﬁ)g recept or nodul at ors, androgen receptor

modul ators, PEEAR ‘rS@e,ée(BthO 1 at ors, cytotoxic agents,

anéI iprolifer ﬁt 13 VE0GEBENt Yot RNOMBYpreRired ﬁhlgbdhﬁ@ﬂ sf e @8Berit ifdiehidnOfr6viddslaMS CoA
reductase inhibito H V protease, inhi rever, tase

i nhi bitors, %fWH’OB‘PCL‘eFrF Oéfﬂ%}i‘ ‘é(%‘e‘é‘f‘ JFﬁ}l?ﬁfbf’l{‘)g,Sgbbﬂﬁlffégg%ﬁﬂe@iq})a{oﬁ p?‘gsent ly
preferred enhddbgri%tnf@bvmégdnh@ Ti, oy Bwirdio 12 indgyerdsoiilt zitehaheocagreantsis pedetagl i n
combination with the conpounds of the inyention for the treatment. of cancer
i ncl ude, for Eaifpfa? fisﬁb”t%c’aﬂd“‘tg(%bcf‘ti‘ex%ﬂ a5bt e Prabf e o8 Pyoidyl,

f1 uorour aci | syclofe4e Oy OkkAY COROPLAL ihen: fpksqabﬁmmf wiRxane shred @datidsabi ne,
cycl ophospham de, vinca al kaloids, imatinib (G eevec), anthracyclines,
rituximab, trastuzumab, as well as other; cancer chenotherapeutic agents.

[ 0066] The above conpounds to be enployed in conbination with the conpounds
of the invention will be used in therapeutic anounts as indicated in the
Physi ci ans' Desk Reference (FDA) 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. [ 0067] The conpounds of the
invention and the other anticancer agents can be adm nistered at the
recommended maxi mum clini cal dosage or at | ower doses. Dosage |evels of the
actlve conpounds |n the conp05|t|ons of the |nvent|on may be varled SO as

I S ey



chromat ogr aphy system and KP-Sil, 60A (Biotage, Charlottesville, VA), or by
flash col um chronmat ography using silica gel (230-400 nesh) packing
material, or by I PLC using a Waters 2767 Sanpl e Manager, C-18 reversed

phase col um, Y3020 |l ow 75 nl/ min. Typical sol vent sP@ngheyed2d5or t he
Fl ash 40 Bi otage system and flash col um chromat ography are
di chl oronet hane, nethanol, ethyl acetate, hexane, acetone, aqueous anmoni a

(or anmoni um hydr gxi de),, and .tri.ethyl ine, Typical solvents enployed for
the reverse pﬁ%?&ea)%l ‘éﬂr%r}\?'g’f‘)??’ln@“%@ﬂggnfrf‘%ﬁbé s eimgiBienrhenl e ImAd wat er
wi th 0.1% tri furtiarpeeerratehboditiett prd@RHG I it 3-Shaislonjaryndassipadidhal .t he

or gani ¢ conpo nd?}i,%ccordi r}{g .tg %@9 referred enbodi nents may exhibit the
phenonenon of "t SIVGRER WS s 20 ‘@E)e‘?he’&% structures within this

speci fication can geyiy rgRr e..0f 4 ible tautoperic fqrns, it
shoul d be ‘under st dad Yhat trﬁég%&tg%ﬁ@gdlg%ﬁ%%%%ﬁ S ﬁ?g‘sr?pog?g%maﬁﬁfr

taut oreri ¢ f ofiyeraf stdrbtdsothieg Whtditor Usktplifihacdu ¥ ]abdepiable YRE BESEP QL Johalqt he
invention is not limted to the enbodi ments set Forth herein for

i |1 ustrati on, e theggigypaonsstiag lof s NoR-(B856k3-amvconcthgcwinmexlipytidin3tte scope

of the above gdisclgsure. 100781The exanples bel as well as throughout the
appl i cati on, %L%&?lg}l?rfﬂ&)eﬂ)é)'g BPEUFUIARNE nipBe s r G SRt g Shisaminags. | f

not defined, KyRRxi-SLIEhIGBLRBbTdGENSHBLb ¥ BRG: NS 4
ABERE AT on et (di e’{tﬁw e DR A ER BRI SN 0 b Ea
di i sopr opy! et(B3R.4Rb$Hes-dhibo-Dihydrbhy b-aettypifedéin DMAPy4digiznet- oyl @m nopyri di ne
DMVE 1, 2-di met hoxyet hane. DMF NN-di r net hyl f or mam de

1, 11- bi s(di p PRy Reprerisolipeaide N-(4-((3R,4R,58)-3-amino-4-hydroxy-5-

1-(3-Di net hy'x%%ﬂﬁ;%’e,fn‘aw ljigrl_)p%_riﬁ%nmllrls:-@!(gg—%%f{umog cn?%g[ u%polp%l;)jirga?nigg? PF
3-amino-N-(4-((3R,4R,5S)-3-amino-4-hydroxy-5-methylpiperidin-1-y1)pyridin-3 -yl)-6-
(2,6-difluorophenyi)-5-fluoropicolinamide; N-(4-((3R 4R,55)-3-amino-4-hydroxy-5-
methylpiperidin-1-yl)pyridin-3-y1)-6-(2,6-difluoro-3-methylphenyl)-5-
fluoropicolinamide;  3-amino-N-(4-{(1R,3S)-3-aminocyclohexyl) pyridin-3-yl}-6-(2,6-
difluorophenyl)-5-flucropicolinamide;  N-(4-((3 S)-3-aminocyclohexyl)pyridin-3-yl)-6-
(2,6-difluorophenyl)-5-fluoropicolinamide; N-(4-((1R,3R,4R,58)-3-amino-4-hydroxy-5-
methyleyclohexylpyridin-3-y1)-6-(2,6-difluorophenyl)-5-fluoropicolinamide; N-(4-
((1R,38,58)-3-amino-5-methylcyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-fluoro-
picolinamide); N-(4-((3R,4R,58)-3-amino-4-hydroxy-5-methylpiperidin-1-yDpyridin-
3-yl)-6-(2,6-difluorophenyl)-5-fluoropicolinamide;  N-(4-((1R,38)-3-aminocyclohexyl)-
pyridin-3-yl)-6-(2,6-difluorophenyl)-5-fluoropicolinamide; 3-amino-N-(4-((3R,4R,58)-3-
amino~4-hydroxy-5-methylpiperidin-1-yl)pyridin-3-y1)-6-(2,6-difluorophenyl)-5-fluoro-

picolinamide;  and 3-amino-N-(4-((1R,38)-3-aminocyclohexyl)pyridin-3-y1)-6-(2,6-
difluorophenyl)-5-fluoropicolinamide.

[003942] In other aspects, the present invention provides methods for treating
Provirus Integration of Maloney Kinase (PIM Kinase) related disorders in a human or
amimal subject in need of such treatment comprising administering (o said subject an

arount of a compeund of Formula [ or I effective fo inhibit PIM activity in the subject.



EDC EtOAc ethyl acetate EtOH Et hanol HOAT Hydr oxyazabenzotri azol e
Pot assi um car bonate K2CO3 MeCN Acetonitrile MgS 04 Magnesi um sul fate MOH
Met hanol Na2CO3- sodi um carbonate NaCl Sodi um chl oride NaHCO3 sodi um
bi car bonat e NES2NOB&Hosucci ni mi de NVP N- net hyl - 2- pyr r ofFF§GRE/061205
Tri s(di benzyl i deneacet one) di pal | adi un( 0)
Tetraki s(triphenyl phospi ne) pal | adi un(0)
Di chl oro- (1, 2 hlefefrld mﬁ,ammamraemmm pr&Radds 3kl Fdrhreating a
di chl or onot het hane adduct Pd2(d
condition by modulation of rov1rus Integratlon of Maloney Kinase (PIM Kinase)
activity comprising administering to a patient in need of such treatment an etfective

amount of a compound of Formula I.

[0043]  In other aspects, the present invention provides methods for treating
PIM related disorders in a human or animal subject in need of such treatment comprising
administering to said subject an amount of a compound of Formula [ or II effective to
reduce or prevent tumor growth in the subject. In yet other aspects, the present invention
provides methods for treating PIM related disorders in a human or animal subject in need
of such treatment comprising administering to said subject an amount of a compound of
Formula I or II effective to reduce or prevent tumor growth in the subject in combination
with at least one additional agent for the treatment of cancer.

[0044] In yet other aspect, the present invention provides therapeutic
compositions comprising at least one compound of Formula I or II in combination with
one or more additional agents for the treatment of cancer, as are commonly employed in
cancer therapy. The present invention thus provides a pharmaceutical composition
comprising a compound of Formula I or Formula II. A preferred embodiment of this
aspect provides a pharmaceutical composition comprising a compound selected from N-
(4-({38,58)-3-amino-5-methylcyclohexyl)pyridin-3-y1)-6-(2,6-difluorophenyl)-5-
ﬂuoropicolinan;ide; - 3-amino-N-(4-((1R,3R,48,5S)-3-amino-4-hydroxy-5-
methyleyclohexyl)pyridin-3-y1)-6-(2,6-difluorophenyl)picolinamide; N-(4-((3R,4R,55)-3-
amino-4-hydroxy-5-methylpiperidin-1-yDpyridin-3-y1)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide; 3-amino-N-(4-((1R,38)-3-aminocyclohexyl) pyridin-3-yl)-6-(2,6-
difluorophenyl)-5-fluoropicolinamide;  N-(4-((3S)-3-aminocyclohexyl)pyridin-3-yl)-6-
(2,6-difluorophenyl)-5-fluoropicolinamide; N-(4-((1R,3R,4R,58)-3-amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-fluoropicolinamide; N-(4-
{(1R,38,58)-3-amino-5-methylcyclohexypyridin-3-y1)-6-(2,6-difluorophenyl)-5-fluoro-
picolinamide}; N-(4-((3R,4R,58)-3-amino-4-hydroxy-5-methylpiperidin-1-yl)pyridin-
3-v13-6-(2,6-cifluorophenyi}-5-fluoropicolinanude;  WN-(4-((1R,28)-3-aminocyeiochexyl)-

pyridin-3-y1}-6-(Z,6-difluorophenyi)-S-flucropicolinamide; 3-amino-N-(4-((3R 4R, 551-3-



Pd(PPh3)4 Pd(dppf)Cl2- DCM RT or rt roomtenperature TBDI vl SCl
tert-butyldinmethylsilytehiorid.e TEATirethy:ariaine: TH F.e:.rallydrofuran
Synt hesi s of 3-oxoevel ohex-1-enyl trifluoronethanesul fonate OIf

[0079] To a s¥Ooiowa61df cycl ohexane-1, 3-di one (1 equiv) HGT/ED@W/0204 L4) was
added Na2CO3 (1.0 equiv.) and cooled to O C. Added Tf20 (1.0 equiv.) in DCM
(5 M dropwi se over 1 hr at roomtenperature under a nitrogen atnosphere.
Upon addition, the reaction was stirred for 2 hr (dark red solution). The
sol ution was #pg-éhedroanemedypinsridin ity myedind s e @eadiSadrophatd i3 -RadiGO3

fully), then extracted ics, dried with bri t hen Na2SO4,
(caretul 1), ARSI 36t oh, \nG CLOADLCE,, Sried b LEn ey L hep NS
purification. ph%ﬁﬁfiﬁﬂﬁ&bﬁklﬁ?ﬁaéfd&“Bﬁ-(4%&4&{%)%%&5&@-%@%.’5&%ﬁ-gi%}hgtpg%ﬁalggga' ned

in 67%yield. The triflate deconposes upon’storage a

i mredi at el y floyl)ytidiniepd)-6(Badiflucwphen@)-MiuaddicOinddfic) (VEl anthiM:-QHICN); Rt
= 0.88 mn. Synthesis of L » _

3- (4, 4, 5, 5- t di¥ateihprnina4hydpex ipsthyipingidiny Ddpetidind»l)26-Efone [ 0080] To a

| uti f 3 | -1-enyl trifl h | te (1. iv.) |
degassed di oner e B e Rl i SRl nAcer GGy Doraring S iodestsy. ).
KOAc (3.0 eq Uﬁéihy)pipe@iﬂﬁl-Eﬂgﬂﬁ@ﬁﬂﬁéwﬁﬂogi-ﬁ&Hj/l}ﬂhe}xyll):gh,e reaction was

heated to 80 C for 2 h, en filtered. The di oxane sol ution was used for

t he next st eplupiopiedlinamider t hdmotberr iptéferaddi @mbodifbbiVG providd®. 9 pidiiheediticapr oni ¢
acid). Synthesis of 3-(3-nitropyridi n-,4-g| ) cycl ohex- 2- enone WO

2010/ 026124 PETPRIBIH s SWerristie st pddtionak eept fop e ieatment of cancer, wherein
3-(4,4,5,5-t = b - di l.an- 2-.ypcycl.ohex-2-enone. (1.0
EATTRNERS R e

chl or o- 3- ni t Mapytiadi, Meichvorid @AYPNMN, capeiRdiHARR] JedatdMc(QoMBsphaMiay, ) - The
reaction was heated in an oil bath to 110 C for 2 hours. Cooled to room
t enper at ur e, VinkeHkapifiy inedinih) (GleeRied Asthragttieds, ritugig@b-and &mdtuzsohkbit i on, | ots of
emul sions. Filter@pydio 6l cdulidu of € i olid ted the organic
phase, dried w t_hI@Na S, %nd’?corﬁéent?at etéf. %r%gggﬁgé%fg%legtuorff%nﬁg vi a
silica gel cHebgagbgpapinetie matigngeio taicinemmsi(c.acefttnt lengniivehexmmes, (1:1) to
yi el d 3-(3- npd£RDWykd Bradadol EXGHORESRr 2 LR = 219
(MtH), LC = 2. 21_94 r¥1lrn Saynt ﬁ)escl}{s )’g? é’f@dﬁlﬁfé;@%gg?r %rﬁ?elgsy'ﬁpe%%}%kg gggz-enol
OH NO2 multiple myeloma and erythroleukemia), adenomas (e.g., villous colon adenoma),

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

transplantation rejection syndromes.

4

[0046]  In yet another aspect of the present invention 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 Piml1,
Pim2 and Pim3, in a human or animal subject in need of such treatment, cormprising

administering to the subject at least one compound of Formula I or IT in an ameount



100821To a solution of 3-(3-nitropyridin-4-yl)cyclohex-2-enone (1.0 equiv.)
was added EtOH (0.2 M and CeCl3-7H20 (1.3 equiv.). The reacti on was cool ed
to 0 C, then NaBH4y£61 3 equiv.) was added in portions. fEFfﬁ%%E{OaZ h at 0
C, then quenc‘ﬁgamﬂ Sddi ng water, concentrated to renove t added

Et OAc, extracted the organics, dr| ed with brine, theii Na2SO, and
concentrated toyield 3-(3- nitropyri di n-4-yl)cycl ohex2-enol (99% . LC M5 =

221.1 (MHH), difetive %o lgﬁglt fHe 'lhna&ﬂ Eﬂé%ﬁﬁ]&t Ofhe therapeutic compounds are useful for
2-(3-(3-nitropyridin-4-ypeyel ohex-2-enyl )i soi ndolipe-1, 3 di one 04831To a

sol ution 3- (éreﬁtrltgrpabww wn?ewf etsﬁe:rrlwoe%e -2 A% suftering Trog s3pcey

y! phosphi ne( ImedR@diby abnodfisl sBiHeBbddid IGhRisd lebe ﬁﬁ'élgi«fah)ng) n THF (5.3 10) at 0
C.:. \ryas added (E)-di-tert-butyl di azene-f i carboxylate (1.5 equiv.)

dropwi se. The reaction was stirred at 0 C for 2 hours. Concentrated to
dryness under vacggmelemgpuri fied the crude via sili ca gel colum
chr omat ogr aphy el ut| ng with EtOAc and hexanes (1:1 w 5%%&;{1hanol) to

afford the 2-(3- (HO#lt r op4 indiibitod is)}is‘/"b%‘i’bWéﬁe@Oé‘r‘f?‘T)"i’%l bsan 3. dione

(63% vyi el d) . 1ELWMB raspst . MM actlvity of B B8 tHih AbouBYOU N Sihé mBie
2-(3-(3-am nopyr|d| n- 4-yl ) cycl ohex- 2-enyfl i soi ndol H%g?tl 3-di ope [0084] To a

sol ution of zzpeegli(gotmoe%ﬁwhoaﬁ?%&WWW@%@S@GQH\@ SYsiiste) e?fé‘ bedy 3. 'di one
(1.0 equiVv.) pe@inkaS¥ (0.38 M vvas added Fe (6.0 equiv.) and the reaction
was stirred at room tenperature |tered, then washed with

ar i
met hanol and concé@ffHat HePlﬁésef?l}qflr eéStO'Pg‘Ylﬁé“H‘f'rﬂE?ﬂéo DISOMMBed et hyl

acetate and %ab:u&@ﬁ@@hl@h@?ﬂmsé lmeu&ys@aagmha&\eﬂeyzcgmu@dsu& hmdBd M1, and
concentrated to ve 2 é, am nop

yl ) cycl ohex- PoBHly B Eore bIbeRg. beptal ?%‘n*é"na%ﬁacyyé*?‘i%% {odeakayiths lifs- 96% yi el d.
;Cé ;I\D,/B( '3' 32016 ﬁllyg‘déi)alsz h@luﬂesa)rfhl:ﬁed%ﬁln 155&1@13 I&F&i‘a@hi)ghaan alkyl groups, mclufdl_mg

am napyridin-4-y cl ohexypi soi ndol i ne i one 0 a
sol ution of g (ngt'(‘g“‘?ﬁ]lt?rt%“p’&?ﬁ?‘ﬁ%ﬂ- W@F%W@Q%%Wé%%xgﬁ’ d‘é'{lfﬁgrg{ 321, 3- di one
(1. Ot equi v. ) -CINCRERCHICHRG,-AH(CHLHY,. mﬁdd&@m@%ﬁm@cﬁﬁcm)gqu;v ) and the
reaction was ogn eaction was
filtered thr o@éﬁ}@ﬂ% &ﬁﬁg%ég%ﬁhﬂ C&Wy@%@@f%ﬁeﬁﬂg(%hm t he

filtrate was-CH(OH:RHOGHCIRICH), -@CLIBCH(CHN-ORSHedH(CM;REHYEHT), sat. 2M

Concent rat ed Cbe-CROGECRak cr P Fdetbr rolRARER oAb bR attng ey T

acetate to aCHCH),, -CH(CH;)CH(LH3)LH(CH3)2, -CH(CH;CHg,)CH(CH3)CH(CH3)(CH2CH3)

ol vt 53k o bG5B g ks o Yo S !
5, 5-di net hylgraummlyahﬁrlpepkyﬂgrwJ Préfeiréd dlion grepdiaceddshightaing brafled [ 0086] I n a

i Ssol ved | nBARCDER Ry a8 1% 4 SRP Bhie AP T L L AR ng.

m xture was coateightwhhii altgiggredps Guchtal methpig e, Apropelessial-burlaTRe bath to - -5

(c:I:r gg\?me;eN\z/l aTrQ% H&Bﬂ%?%ﬁ{?legleﬁgf’épg@dﬁ%% %’ggj%%ﬁgpél H‘BR@% @ﬁ&ﬁ iaddl tion,

t he reacti oNCHECHEH;)S @dCaL;)YCH,OHE d(0H), hCHEMINILCMECH) CITEHNR(Cliher e was

still starti ef onate (0.51 eq) and
triflic anhygﬁfcg%%?@c%CgﬁF%é%égéd an%&ﬁ&ﬁg@}ﬁgu‘gg the mxture was
filtered through [@0sopar Sig thint "agdeaﬁ!;refanntnelky( grb@seaﬂﬁimasbamshrefémm th DCM,
Satur ated aclis o ERICTREHT 4 PEORERMRL KOG d¥o ATEr PrPREbleR o -7,
Itransferred ftacted b pdvetiobondf Thaetm aaﬂcjmylheeférayeﬂlss;lgle){um\al;eedn :jvaahe or g?ni;: 4
ayer was was iltered.a ncentrate
to give 5, 5- o‘nﬁg{t O%Q%Q%ﬁygﬁg%h Vft %le%/gq uoro kox hlgﬁeesgtul g‘nate whi ch
was used to wm.eméxkalkﬂep wi t hout furt her purificati on L M5 (w z):
MH+-273. 1, Rt=1.0Q; ynt hesi s i e o

5-di met hy1- 3- (4, 4%]” t}etﬁa?re{trhm o g EiSTAL s BlanT ﬁr )hcorcﬁ% 8%- 2- enone
[ NEMAI | of r@&agentisqds,beigk. nﬁ{érwrﬁ =/8-refency el ﬁhﬂxaﬂe&én@stvtu*ﬁd fithuoreg



met hanesui fonate (1,0 eq), potassiumacetate (3.0 eq); and

bi s(pi nacoi ato)di ncron (2.0 eq) were added to 1,4-dioxarte (0.2 M in a
round bottoned flask and degassed by bubbling N2 through the m xture for 10
mn. PdC12( dpPO20®%fiatiduct (0. 03 eq) was added and the BCE&PRISPcIEat ed to
80 Cfitted wwth a reflux condenser on an oil bath under N2 overnight. The
m xture was cooled to roomterrperature filtered through a coarse frit

gl gsfil Lg?ﬂ;ll %15%31 @Q%. rrﬁs”?ﬁe terh thalogflk)ﬂr‘l" gm(s)%(n%ﬂgestn?on%lle}fg aI}th,e dihalo alkyl,

t et r anet hy1- 14iBzl2 altyloxd eriilk.anR prasetatire inainebal 2aley @romps mclﬂdeizp,xane whi ch

Vl\\/ll.‘ili( Ez ?gnf 2 gglﬁ%ﬁlsbiggﬁgft F@?ng (glo d]—gg%(ﬁ-ﬁ I&{ﬁé&@{jf—lg, representatnegirya]% alkyl

5, 5- di et hy 1- Sei8-imiude @;hlﬁ)i;;, diHL 409 DEYE | -CHEX CH AN e 0B, CHOQ 88H:KTeF,por onat e

ester 5,5-di (4 tetr1a

di oxabor ol annigf)lhgy télé‘(': 18 (§ﬁ°uﬁs n{‘lf&bag(lf) (%égcﬁ"%g%ﬂ,&fﬁﬁﬂ?l 4-di oxane in
a round bottdﬁﬁ@lﬁlfﬁﬂk (éfﬂ(ﬂ)(dﬁga:sﬁe@résynthwehkrha@ N1 plonmugdiudeheCrol uti on for
30 mi nut es. ?ng&l f.0- pyridine (1.3 eq) and 2Maq) sodi um carbonate
(2,0 eq) were n3 v@as bubbl ed through for 10 m nutes and then
PdClZ(dppf) - DCI\/I[Q0@2]05 "eq)quaﬁeraﬂeiem to tha groug aNHh,OThertendt utkelawa®" St i rred at

110 C for t added,t o 0AC resul ting

m xture was It} ?Ie]fs-el;l? %&' mtaﬁl W%%IR‘ gre Frad glaaﬁe eaﬁgglq%g(&'egﬁy \S/ﬁ];tc%d EP8Ac. The
organic | ayerhyﬂmsempéwmeﬂtyhrwe tehe "aﬂlammos ref@shageih rathé eduniNRR iHaAC. The
conbi ned organj, g:ﬁ%ﬁ? ngen 2 0%931 ¥l¥ h br| ne r| e’dbﬂ@fﬁagﬂwﬁ%f filtered

and concentrate e’ was R Sgr aphy
(eluted with hEE@AQ tht-grapah@R' whete K@S 4 low2x aiélkﬂ(anch\Aehydrogen a loweralkyl, an

55d|methy hex n 1% f 0 hr ee

ot ops) | LO N R Dl e o LG R SERE Tap o AR st

5, 5-di meth ylhe&t@lpmNonpyrl di n-4-yl )cyclohex 2- enol WO

2010/ 026124PCT/ E /0 " i on of

5, 5- i ot hyL-3- (SUFOr oy AT rei Ty Rl -0 it

Ce|Cl§3 7H20 (zlkzl feq)ken)g anﬁemazp(selkzl MWalkeayd. Elkotecn Nh@tﬂdlk@y@fﬁykéqefgra:oa& C. ngem_
sol ution was ition o

o vator. | Tharsl g yAgt ol RNl TG bENLNFIETEE ik PioTHiE wne
partitioned wewél@nylEtTﬁ)Nﬁﬂaﬁdyllemlkyﬁ'héemmgéln goup aglkyl- C\‘maxsrl sﬁpmt ed and

washed with dvmth t OAc and
%ﬁlﬂ(\?};\ggj@l ks ré%& tggéln‘g)qg%ﬁfgﬁ%o rI K d&/hgrxt’nra& alower alE

t he organic organi ¢s o were ed over
MySO4, filtered dﬂ%on@%@mfa@dnocaﬁbenydeisfedﬂerwva@tlpﬁ.grodp{MObNH@ol um (5%
met hanol in t. hyl

3-(3-nit ropyrll?&Stﬁatgaémﬁgﬁ%% I?R)Ctg g%o Qp W‘ﬁ%ﬂ T =249. 2,

Rt =0. 76. Synionesilkyl '@rdiﬁxs(fedegm qr@tlmaled( B soinercopydimeitn Rand B, together

cvel ohex-2-e I geneous sol ution of

5, 5-di net hyla%ﬁ-?E%%?%?S%d}}%d%ﬁﬁzen%ﬁr%c%k%ﬁ%%%%&tgenoqp(1 0 eq ), triphenyl
phosphi ne ( 1'steeagycloadindeagionydagiond. dhe(tarms asdgmingparbeiyl | @fegs Meuctodhaad to 0 C
ditertbutyl ] y. ' fhe solution. The
m xture was %%f&?ggfg?ﬁ ‘lvgér@R(lS]a iﬁogégkq%ﬁg??éég%?‘?%%ﬁ\aeg %goncent rated in
vacuo. The ré‘éﬁlﬁﬂﬁmmfbsﬂﬂﬂ Efeeﬂletﬁyn edhagroun - SHOMRRRawbdre Riis loweragilyy| acet at e
and hexanes) ag® Qe'h rogen, loweralk aﬁl e lo eraralllc

2- (5, 5-di net hy1- 3- (3-ni fropyridi n-4- “) ohex-2-enyl )i soi ndol i ne-1, 3-

di one (99% . LU Nﬂ"'éh z"mnm@saecrrel”zctceimpmtg the gByupt$EQ@)SNFDf "Substituted

2- (13- ( 3- ar ni akysuirshyn- I I cl [ 3- dione
[00911A sol ution of y2 r?febé hg}enﬁ%wﬁr&% b@%?ﬁ%@%&ki{f%%@%p m@?%]ex- -

enypi soi ndol i©e @ adpwralkyly Té%ﬂe”l‘ ﬁa@lﬂéﬁm@O%fPGIlY%@ 1efip hevais t(pthlp gedp Wi t h

ni trogen for—olQ. s p-wHheNyl 0¥RMGardildy 10.86k-#af added. The reaction
mxture was stirred at roomtenperature overni ght under an at nosphere of
hydrogen. Sol i ds iéfle r'énpged” By il dtaohesverCEst i 'Cabotrierferinsed with
Et 0Ac and MeQ@Hn The fdldfale.vas.concent rated.odihuted w.th: Et 0OAc and
washed 2x with sat. ag. M Na2CCB. The organic Iayer was diied with MySH4,
filtered, and concentrated. The residue,was purified by colum (5% methanol
in 1:1 ethyl acetate and hexanes) to gi've 2-(3-(3-aninopyridin-4-y1)-5,5-
di et hyl cycl ohex-2-enyl )i soi ndoline-1, 3-dione (89%. LC M (nlfz):

MH4=348. 3, Rt =0.79. Synthesis of

2- (5- C3-am nopyri di n-4-0) - 3, 3-di net hyl cycl ohexyDi soi ndoli ne- 1, 3-di one
100921A solution 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 stirred at 45 C 300 p5| hydr ogen atnosphere in a steel bonb overni ght

o, ~r— o~ ~ NN



100931To a solution of 3-(3-nitropyridin-4-yl)cycl ohex-2-enol (1.0 equiv.)
was added di oxane (0.18 M and p-1SA (1.1 equiv.). The solution was heated
to 100C for 4 h Cool ed to room tenperature, worked up gl&ﬁ %0‘3‘/061 HCO3 and
ethyl acetate? tz?f@/o%ﬁ‘ﬁamc phase was dried with Na2SO4 G4 EONCENT at ed.
The crude was purified via silica gel columm chromatography eluting with
100% DCM to gi ve 4-(cycl ohexa-1, 3-dienyl)-3- nitropyridine as a yellow oil
(27% i el d) . MBI EktodB ey (Mhok . CEO)RIR 3 eAR Bldhoraliht VR ( CDC13):
9.02 (s, H). géo’%°“M§?t éi)féwe ’Hf 15-6.17 (m_ 1H),
6.02-6. 11 (m"Czceralk x3eurongls rqfers t%@(—o)sﬁ&w@squsfieﬁrcycloal yl.

(+/-)- 2 azi do- 4f30@h'ﬁrop d A télok€ ¥ HoRNSX p Mo N al

5010] 0263 p4PeT! EPSRLT ORATUGDSLINE Y Bohb B pely SRR, ooyt D

4- (cycl ohexasqbssmmteﬁymycysbmkrlrwp prd icyrdoagky! growppun which plh ripoppippare | 24) was
added NaHCOB o 44,0 T?ﬂ!:'dl %y()loatllgfl afbytﬁue%tsmﬁ{le! 2% S 4'bdcRBbne 69 lrﬁg) d&nOnC then
added m CPBA (1.0 & he solution at once as a solrd. The reactlon

was stirred athicheaap dqrboge azsom |ts eithesrehtber efch slerasinnn Thedsran getprepvibalkyhe
product ioni 285 A t@a%logﬂiyﬁuﬁmﬁhs%aéﬂa% Ro@N tHELdrd nforEHFBAR HRALLI on Wi th

sat. NaHCOB, then extracted wt times). The organi c phase was
further dried hgferontomsimiae nvm@wcmz §@4a lerherer@ﬁ% eaw&ye%w&eﬁpqﬂa%@f the give

the crude epgﬁk‘g@m@&tx@n XI%lnttR) e@b&yge%h@ﬂllﬂ@SRéﬁéghtﬂvE h&%cic!gafkg'ﬁr _
purification. 0 a solution of the above crude material in

Et OH and wat &oietigs ipglu eefoawwfemomnow pipsramnylpirsridigalend fggNike( 2. 0 equi v.)

and NHACL (Z&rb%aulomk}l FrOupd ey, aoaqlgﬂfgfou,gmmﬁzh%gmg h©fhs arkREbEEAFHION was
stirred for 16 t hen concentrate Ac and wat er wer e added, the

organi ¢ phas éseﬁka%bqnﬂwlﬁlémthi pyclaglioil substiagsiostbaisam Cehrcaslicr sfeaberengl ve a br own

oil. The oil ﬁi@@eﬁadd%%ﬁed 5119'% érdlfé@tr&%lresanﬂneﬁ&hi oV hrRatGaled Bkloalkyl",
chromat ogr aphy (1 SCO,

(+/-)-2-azi dmmaélgsaﬁmﬁlﬁéwﬂqaaiyh mﬁ"wC}O@%%h@kW@l Origvelagdkd &P ow oi | (44%

for 2 steps) wh&%e@éﬁ’s Alemt &@%oﬁl%ﬁ}nsat&gldﬁt i.6., wheith i&‘aﬂjaceﬁy ﬂﬁé’ﬁ&h%r@f
(+/-)-4-(3-azido-4-(tert-butyldimethylsil [ oxy) cycl ohex- 1-enyl ) : 3-

nitropyri di n@onnec[t@ijg@]dpgblg_b@@qgﬁtrgﬁe d. Ilustrative eXamples include cyc ohexynyl,

+/-)-2-azid . , | (1.0 DCM
(0. 15 1 s e AL b o 2. ' squive) antl DVAP (0. 1

equiv.) at room ti8%ér ai”ﬁF‘r*émsAﬁ‘ﬁlé‘im‘tfdhetFFOCXR&E' "Petﬂﬁgycgﬂ&ré’ap ¥he organics

were dried W'He&r&fya@eas ubdaaRreliféofdo ajgnﬂ ois%feﬁ{btnreahs conldd@n€d Wi@odi@h er i al
was | oaded to silica gel and purified via_colum. r omat ogr aphy (1 SCO

el uting wi t hsecieg froBuRtogeR oxHasnRad R eoppor 6- mb&reéurmg peptaining from

0-1.)-4,-(3-a&ifand &te@ar&rrstsmbaémnw@t Kbﬁﬁlsﬁﬁ%m%@ﬁ( Coxdgen, or

enyl) - 3n|tropr|d|ne as yellow oil in 60% d, LCVB ). 376.3
(NH+), LC Rt sul r; agvhgrey the -membered ring has 0-2 double bonds and the 6-mem ere ring has

0-3 double bonds; wherein the nitrogen and sulfur atom maybe optionally oxidized;
wherein the nitrogen and sulfur heteroatoms may be optionally quarternized; and
including any bicyclic group in which any of the above heterocyclic rings is fused 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-membcered ring containing 5 carbon atoms and a
heteroatom, such as M, The term "heterocyele” thus includes rings in which nitrogen is

he heteroatom as well ag partially and fully-saturated rings. Preferred beterocyclon

nclude, for example: diazapinyl, pyrovh, pyrrelinyl, pyrrolidinyl, pyrazolyl, syrezolingy,

a
Ly



Synthesis of (+/-)-tert-butyl
6-(tert-butvldirnethylsilyloxy)-3-(3-nitropyridin-4-

vDcycl ohex-2-enyl earbarnate [00971In a round-bottoned flask was added
(+/ =) - 4- ( 3- az NI 1URE134 ¢ - PCT/EP2009/061205

but yl di et hyl si | yl oxy) cycl ohex-1-enyl)-3-nitropyridine (1.0 equiv.) and
pyridine (0.1 M to gi ve a yeI | ow sol ution. Ammoni um hydroxide (10:1

pyri di ne: ammpni um s .added f o) |.owed PMe3 (3.0 equiv.). The
reaction turn daz&arlfﬁ/l %Oyz’fl{né Zof@ylrdl’?fdazogl ?T@H%tpmeﬁ’é‘}ﬂy{ BNAERdt ure for

1.5 h. Quenc hﬁderhlgln)ad{imﬂ@yﬁhﬁﬁl‘hznﬁn dz&dﬂi\?lemmaﬁﬂﬁeudﬁ%@%hﬁﬂl jhore times. To

t he crude was_added oc20 (1.0 equiv.)
was added. St¥ rraé‘dnyilé’?‘a%’?é? Oﬁﬁ? 1d15§1 ’F%ﬁ‘ﬁg ﬁﬁgﬂﬁ%’mé“ %QBS higrelH- 1120 and
Et OAc, the Of@&ﬂﬁﬁhrpbm&ll%ﬂﬂ dbihﬁdolmxiyb 1d\e@§%umfmdyu esroqﬁin@{hgh concentr at ed.

o/ Etonc) . GO RRPL e 8 b Rnu el i A ce Pt

(+/-)-tert-butyl [0049] Heterocychc moieties can be unsubstituted or menosubstituted or

6- (tertbutyl 3-nitropyridirt- 4 cyclohex 2- enyl ear bana
te as a foamlerj&/ngdrsw?r ‘%““853@5 W’E‘?\)f—‘ﬁ‘j’us ﬁ?gy‘ﬂfem inde ﬂ?ﬁ seleglak iy s~ of
(+/ -) -t ert - butyytoxB-haB; awi(GeQ)y bikdiming (B, vorefeirer h—&u@e&hdyl@%&%&%/l 0Xy)

O Sy S B A i, L0 o

nitropyridi n-mlw&o%c!whmﬂeyzcmMIMbﬂm&gl (1.0 equiv. ) in Acal-1 (0.18 M
was added Fe (6.0 Y, react i or was. stirred 20 h. \Worked up
by diluting the rg@%l or’lf)h \?\ng%}?fo??@f HERGT MY tag °86‘£at§m?“58??8@|‘ff psavilidet he
filtrate. To appreenttoubiee hadngsttilEd tetonahicaod matieinsrtesiattiratiebnNabkdaB, t he
organi cs wer rie di um sul fate and concentrated to give
(+1-)-tert- bfﬁl@l tfle (gscmsﬁre h& 2!

3- (3-anmi-nopyri d| ni0A54] 1) Repreteemtibiteyhayclizt melude,|fyd craypleialdangy: Brigfy | ear bana

te as a yell ?)!f( %h%lyl' QP?rﬁ %lafetlgmyi‘g}é%olg/m furg.nyl %nazogf[ lgenzﬁm(l'azol)ﬁt = 3.88 mn.

Synt hesi s of
5- ( 3- am nopy rbr:rd'mhmolyllbenzedatcéylt qdmomyjzldnsamidwmﬂ; duytlagoiinyl, gyiadxalgxy| car bamat e

[0099] TOo a s §. {8t but 0 idin-4-yl)-6-(tert-

but y! di met hy?311 %y @19 dofcl %htxpyﬁldmﬁk rgéf%ﬁ?gu‘f"rll g‘%qw v.) in MeOH (0.1 M

was added Pd/ C ( 20982y \Mx)yl"acefdrsttchqatnoealytsuhmmmlm@cycheahdqmj,eyclﬂ hydr ogen
m xt ure .of t er eoners,

bal | oon for n_i ndi

the reacti ongnélamlsa 'S érﬂ tere ‘gﬁg ed Wlatc B¢ ﬁconaoﬁg‘e%%r?&ogﬁt ?“gt"é%“ Wi trate.
The crude natabdcatlionad rpups a‘ndéctemc;e;hp mpgrbﬁpsc%rbncymh«s@)rl, graq:d atelhagyl pur e
fractions we i | ed Wi, t h. so tract dW|t

et hyl acet at é@uﬁgﬁggﬁ% flﬁg %%”l;’%e Fredeh %bfgéﬁxtg S%Wélé’ﬁt rated to
gi ve product feﬁ?rf(@@iym@lr!d)gﬂmpdh@mml B%Eﬁk%awnsladhng Rowdineh admaiEVS (N z) :
422. 4 ( M_H-) ! rl\lkggq\'@] the re‘?ha?r?etrgt %e rl:r)lggtg)ﬂ%tbemg car%\r/lsat&ns \%’?)en usedzm COI&leCtIOZ‘l LC Rt

=3 .94 nin. esl s
1, 4- di oxaspi Wil #ybjubisigucttscthe EmyI}t@bl%@Mcarxb’hefdﬁmmtoffm&ahm NonTlseDT

1010011, 4- Di gxashi 4 u s dissal ved in Ether
(0.1 M and sti rreu({?flt(a%fts 1&@8%%% ?%l &laFtQL @%;SE (a%nﬁ' ceﬂcﬁcﬁl a\§ fr%mplﬁdded and
stirred for tROzZdigxordhetwvitfmios Qlletﬂﬁcyehﬂntmct)lreadaéab aplenyleaepiion .al | owed to

slowy warm X shed with sat. aq.
NaHCO3 and télag}rllth%/\l/a?ng?ﬁe lmeuse:gun?l%gg ?Ignb%%nbl OJC dJ] {és%fuensfn Ct?m\ﬂmt“ﬁlset her .

Organic | ayeffféhedﬁwfn@ﬁnﬁ@rm@diemh@wl wmpyﬁntiled,ehha?cﬁm,dn@mﬂcent rated. The
i df oxaen ‘?%kfa?l&‘%ﬁ@‘é??éz‘?ﬁk“{é%ﬁ PReen{l Pty AROARSE udl ool 18] € s
(m z): M+=289ng naRbﬂ*Ef @Erlmthmz@r_@emopsnm an&perzingdizelybfand the like.
4,4,5,5-tetramet hyks2- (bdsdl QW?“A{F(@[C& B Gredr SR oynje)rep}a%&*m@rt of

di oxaborol ane [( OllA sol ution
1, 4- di oxaspi¥6P4IST deeoFratisg-yltaridlougen metivad radical. Suitable subsitution

groupe iaclude, for example, hydroxy, nitro, antine, imino, cyane, hals, this, mifenyl,

A



sulfonate (1.0 equiv.) in dioxane (0.5 M was purged with nitrogen for 30
mn. Then 4, 4 41,41,5,5,5" ,5" -octanethyl-2,2'-bi (1, 3, 2-di oxaborol ane) (1.0
equiv.), KOAc (3.0 equiv.), Pd(dppf)Cl2- DCI\/I(OZequ dandthe
sol ution was ‘¥ F?‘P’g%fq% n a seal ed bonb at 80 'C. The rea)g ?@%ﬁ\(}\%g’ Pltered
over a pad of celite, then to the filtrate was added ethyl acetate, and
washed with. brine, dried over MgSO4, filtered, and concentrated. .The :
Elez ' gug }[Nats QMB&!EIH@QmRNHOC%l&% o@(@t&)ﬁlmd%eﬁ‘n@th@xannchﬁi(%@ﬁo,—gulamdmo 1) to give
etrarnethyl
(1, 4- di oxaspiswiépamsiocathorylghyrgylyloyeralkyl, balglpwsraliyy loramkyleosm . Lo/ VS ( 2) -
MH+=267. 1, RuzQ; %ra tlrpjeﬁ)'W% aﬁ@coxy, haloloweralkoxy, loweralkoxyalkyl alléylcarbonyl
3-nitro-4-(1, 4- |oxasE|Mr52 dec-7-en- I ne
[0102] A soI @mingparsmy lce@owlwallasﬁ@r@m éter%ﬂpﬁ?ﬁrwhhﬁ@rﬁaﬁl@ylearbwéqu| v.)
was pu;%ﬂ Woiigih GRSy &fanGo Mo Hiele firghl or o- 3-ni tropyridine (1.6
equi v :
t et ramet hy1l- 2- (1 [90%31] o x Abpsubeftuionjerap cm isslfde gubstityted Pheroppsybatibiiedhe (1.0
equiv.), Pd( q&eftﬂe%@shm gxfclu&éan%glaarxm)yx \f{@laemasio&%oa&%thly%gp in 2 seal ed
bonmb at 110 C. The reaction was stirred hat tg)g‘iperature for 5 hours.
The react i on lamgsgalel|lowaseikerivt cﬁmé‘t’%}q‘mﬁcﬁf{a‘t“é’m‘b@sﬁ LSRR gryeeal ﬂrl ed over

MpSO4, fil te%QeR%Q@pﬁQlW}Jg@ﬁ %gdro@qgrl'b@%ﬂa g was purified by colum
(ethyl acetate : wi tth 10% net hanol) to give 3-

nitro-4-(1, 4-di oxla%i} r oMesyhséehsvtu@ﬁﬁebswuylﬁqulwﬁ%st(a%% ain grgupethe ny z)

MLe=263. 2, ; n ' ) |
NCD L0103  Roithiddo ec'ébéeécmeaﬂﬁrmhﬁfh@%hm el Y oot ). S¥is bR xmd- enone

3-ni tro- 4- ( 1theligp)ex atths shaipdergrins de-g- Thydoxypthply 3 crnpropyt. 20d &5die): ) in 20%

TFA in CH2C12 ¢ Bred Mbsmgn@&zmrbe 86ki @it GO 'E}ahé}{EB%f @ycu& Sr@YSEMPt . The
sol vents were renoved under reduced pressure. resi due was .di ssol ved

with ethyl aeowkatldy fopde garbon or WO%%éHSW“%eFP@ét‘haﬁﬁ*P ahedeiiEnsey, and sat

NaG (30ni). n&hﬂeﬁw%nh&udeaﬁpé}ﬁﬁs@i@le%mmlnuﬁ 9&&%5 (ég | h&rRduRifledGaircent r at ed
to give 4-(3-nitropytidin-4- gc ycl ohex- 3- eno (85% . The_ crude product
&

was used to fEsiluosd gpurgiof ﬁb‘ﬂ?geﬂ pstitiied ‘f"iﬂb%ﬂofbﬁhhalq_g@ pemd-nfuEh: M T

=218.9, Rt Oln%n%xml@a?ogt&umn thideis P evemwmslmasﬁﬂycﬂérﬁsaﬁl ohex- 3 enol _
[0104] To a solution of 4-(3-nitropyridin- 4%@)(: yc| ohex- 3- enone eq) in
&

methanol (0.2 M ¥l aghed! %%%‘i’%i’?ﬁ%‘%‘h&blﬂﬁ ‘%Tt@e%htﬂ?t\fh‘3°°§t1’°@d@3° The

reaction m XindlifeMids, ctiitdil sRfeoftomPrs GasfvRll agtlﬁlbhar%&éﬂﬁéhﬂ?r a&@ﬁaﬁl@ﬁﬂl’t‘ded under
reduced pressure. The_ resi due was_di ssol ved with eth acetate ( 00 m.),

and washed wssss g5taboligsand prodyugs 9f anyabthepgamy ke sphject ¢t pegmeiigefo

filtered andmgpieRmhd sieth ‘taao&ltylﬁmﬂa{&mﬂistvﬂ@&m ﬁbtﬂnéforwa)(ﬁy&iaOheX 3- enol
(859 . The crude product was used i n he next p w thout Etgrther

purifi cati onmoleylgasiliste syothegpiompnd ghe c mlﬁal $gnds Fl‘i."‘f‘?‘é%‘ihg atggos o
4j 3- ni tr opyr indlefinds-ayl oW sl ey redrr@iped. SRt HaNemiehf QPRI Organic Chemistry:

Reactions, Mechanisms and Structures, Fourth Edition, John Wiley & Sons, pages 69-74
{1992). As used herein, the term "tautomer" refers to the compounds produced by the
proton shift, and it should be understood that the all tautomeric forms, insofar as they
may exist, are included within the invention.

[0057}]  The compounds of the invention, or their tautomers, as well as the
pharmaceutically acceptable salts, esters, metabolites and prodrugs of any of them, may
comprise asymmetrically substituted carbon atoms. Such asymmetrically substituted

carbon stoms can result in the compounds of the invention existing in enantiomers,

renmers, znd other steresisomeric forms that may be dafined, in terus of absoiute

stereachemistey, suck asin (R} or (8 forme. As a reault, all such poanilile isomers,

e



[ 0105] To a solution of 4-(3-nitropyridin-4-yl)cyclohex-3-enol (1.0 equiv.)
and DIPEA (2.5 equiv.) in CH2C12 (0.15 M was added net hari esul f onyl
chloride (1.8 equiv.) at 0 C. The reaction m xture was stirred at 0 C for 1
hr. The react MO'HIR¢14t e was diluted with ethyl acetate RCIOW2042H61208nd
washed with sat NaCl (30 nalL). The organic WAS MyEO-4, E 1-::mrd. and c;
oncentrated to gic442-nitropyridin-4- yetyci che- 3-eryl nethanesul fonate

0
OV (e Rl SRR o MRS b PR i e T RO o8 s 2 T O™
4- (cycl ohexa-(br \r&cohniesty, b)ixBren bf diaypyecnttisnas well akGihgIe Hiktter@oaak vt then of

Cet ranyar of ur Sep M YEaRRH reBRY pTRPERT A ot St Wure. The

reaction m xtqsrnwwasnsat; usedderemt are bis defiaedbyghé [UPRE197¢ RECOINMMENTIARDNE BorWAS

or gani ¢ ves drrod bt Rosear TrreslaSH PR AR Pt 46T BT TG s

purified by comsmmngdBY%ampiphandlorking fositions bidycl mh@b@dﬁﬁ&eb@%@d’lﬁ&ﬁe to give

4- | oh 1),- t d Rt =0. 85.
Syt hesi o of printh B RGaT gl ud LRRX ek e o dpeer fametea
(+/-) - 2- azi deodti¢i8-Thbsersolpyiticntis nﬂrﬂg-qnl theytpbotaaide 3ﬁthamlferérﬂ:e ﬁ]aﬁd}dﬂé yss;);mdn

Pyridi ne and hlne

equiv.) at r LCAllg{okera ldb%mf‘ﬁedmr%mu?aege\%ggms |”?’n&‘3tg s te>rature
for 3 hours. uswhrvlel’w‘snanes heloerthwglahe” Fal dehaesae:solﬁtaeom?@araﬁﬂdene&trdﬁaaol Then
et hanol was r C nsur i e .amopnia totally. The
resi due was 3?(2@%%%3(1}3% %&égd ﬁegengxaenaes%gf?ufg% ?‘ &&McébéiBa?ﬁAﬁ?%\JP%nate and
t hen 130c20 @lﬂ@qf)PPENDIXG‘lFl%)rww@Mbdoio the m xture. The resulting

m xture was s_ti rr@g?@l Agg thgthle gtte%aﬁﬁa%n th"%s-‘/;?s“?@l%fe X a.éeflson m xture

was diluted with ace nlc was
dried with MjSO@antofip Ia‘tuémedlkaandewbmmmtabéﬂte c&h;mundssxf Boreulelsor luThédeed by

colum (5% ”?g{l@ @Meﬁr%?tjed ;71 gtru?éhn % En%l 'ieso%{] 911 an )1(3%{1]? ca?mrr (())f tge m?png car bamat e

(+/-)-tert-but ropy | ohe
(82% . LC/ Msof EYﬂ“Zl)ﬂa IpHL~8 BB S@araﬁl)tt@aﬂ?mg By Ibadaesacsd mhcnons with a suitable

o Fanaall £ bt X ERERORN ATRAeneoticly® WALLLARKL! Al dpughghex-3-eny!

nmet hanesul fonat e ution
6- hydr oxy- 3- {i®ited tprﬂ@ﬁquvdngq -agetatg] adippts| Diieate, zmrwaseawmmeat( 1.0 equiv.) and

triethyl am gg,&l nesul f onyl
chloride (1.2 gqufu\?fowlb}%ﬁaéé %@%qﬁﬁgg%mg%np@?l?oggg cé)nato’ur s at that
t enper at ur e. CYFI?@em@aEl‘Pplemtwmmy@lfn@setl!anlemfenhtwghrholepﬂaydamcet ate, and

washed wi t h erd}lﬂ@phater Iﬂgmgﬁlg.ﬁ@ %Sptmﬁte q{ek&%atw ﬁﬁmlé@%%rocfl Mj ered and

concent r at ed
(+/-)-2- (terJﬂyﬂfm@bwr@eﬁw,érﬁm@)n&tha(nMDmalteotﬂyuatedmdeate yl )eyel ohex- 3- enyl

h | f . , without furth
T T PSR o R R T

(+/ -) - 5- ( 3- NRETHRG ewlmrﬂqute@uwe,pnmbzier, propiahatel rsuxbelntzmu[fd]a,dmztel -2(6H)-one
WD 2010/ 026 %gﬁgﬁétg,%ﬁ%egﬁ%% and undecanoate. Also, the basic nitrogen-containing

groups can be quaternized with such agents as loweralkyl halides, such as methyl, ethyl,

propyl, and butyl chloride, bromides, and iodides; dialky! sulfates like dimethyl, diethyl,

dibutyl, and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl

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

others. Water or oil-soluble or dispersible products are thereby obtained.

[605%]  Examples of acids which may be employed to form pharmaceutically

abs inchide suck in L_.J_éc\Pu\ acide e ;?)’F‘l agokiorie so EL” sulfuris

anvd phospheric acid and such arganie zeids as owalic acid, maleic acid,

2



101091The m xture of

(+/-)-2-(tert- butoxycarbonyl arni no) - 4-(3-nitropyridin-4-

yl ) cy-cl ohex-3-¢e net hanesul fonate (1.0 equiv.) in pyri M was
stirred at 11%° 6‘9%’8‘7‘ 20 min in nicrowave. Pyridine was rpg%\%)d /061{?}
reduced pressure. The residue was dissolved in ethyl acetate, and washed
with sat NaCl. The organic was dried with MgSO4, filtered and concentrated

to give methanesulfomc aud sucumc acid and citric acid. Basic addition salts can be prepared
(+/-)-5-(3-ni trop(ﬁls di n-4- -3, 3a, 7, 7at et rahydr obenzogd] oxazol - 2( 6H) - one
(85% , whi ch g leethpﬁn«rlrw atien endguE Fcaipr Aighe compopnds of PPl (3aXi on. LC MS

(mz): M -C=26%lsly B chctﬁl!g c§¥(5k§ H@§du§m@1eu&sﬂ1fh)a shitdble 1A Hkh as the

5-(3-nitrorw.idin-4-yl)-2-0x0- 7at et r ahydr obenzo[ d] oxazol e-3(2H)-carb
oxyl ate  10tydrexide. aaréeratﬁqrbwadpnacwfﬁ)phenraswmﬁtﬂw@ffy‘?ﬁa@lﬁ petel gatipn gr 33, 7, 7a-
tetrahydrobe %@[ﬁh@ﬁezelané_%ﬁéc)prﬁa? &:&A&@% teWialy anfiRé RbhrfacOtidhiYy ) . and

catal yti c anount was added di-tert-butyl

di carbonat e @gceptablgpalty inglude. d&h{#? é‘i’fﬁ'@?‘tﬁm eationhasgdondhy Brplignd pllplsicnas
stirred for LafoEtals Thé Jse@&&mqnmmlxlsdaseumeeﬁrcmnr Wagtksivht Brugidifl safcet at e
(100 nL), and washed with sat NaCl (30mL). The organic was dried wth
MySO4, filt erBdithetke aomelbasteptosy W@“%WWWW#@%HHW HBPHM (5%
geE gagflt r Ion }r;%l}dsnﬂghwt nsﬁqeﬁlea & AForAEX IRt BmeHoWind tetradihylifhhofuhy |

2- 0X0- 3a, 6p)7/ mP&Wlaétnreaﬁwrhwe%?e]ew&meetre@lzhﬁnﬂear%wpeeed thodbs. Lo/ M
(mz): MIf =38 QpreBtfivd Srganty RhineSIssfuPfor thé fornad @l dr v laididor Ano) drbe o d

Oxazol enz- 3(2H)-carboxyl ate 0111]To a solution of (+/-)-tert-hbutyl

5- (3-ni tropy incids dlgth,ylﬂn_ng, ¢hodens aging, efhanolamine, diethanolamine, piperazine and the
tetrahydr oberng@[d] oxazol e 3(2T-1)-carboxylate (1 . 0 equi v ) in methanol and
ethyl acetate (1:1 was added 10% Pd/C (0.1 equiv.). The resulting
m xture was sti rr[@gﬁot],rndé‘lS ugd bstieippip fae phaﬁﬁacﬁuf%W%ccepﬁ%ﬁ f‘s‘:‘t?F 8 r enpved
by filtrati Otherg_h\@ud}ﬂh'yHﬂb@I?@mV\ﬁ% aﬁ@m@eaé rhageedlt vRaiedowrBdMERth PE ASHM € tO give
(+/-)-tert- bg‘é{%{ am nopyridin-4-y

oxohexahydr o i%["'éﬁed;%%l%@éc'%’(‘md eraﬁ%a%ﬂvrea% eSyitabiogstergruphinglude. ffked in the

next step w E)bﬁi-}ble murédaﬁredmﬂm briagAdce@nallfotdfmbldaliphatic Mibm3 84 adids, Synt hesi s
of 5-net hyl - 3- gx cl ohex-1l-enyltrifl uoronethariesulfonate OTf L0112] To a

sol ution of Ba : |l ‘PBHBS?%.‘H% eyclepligneif and afkagedigi pgjds, in whickgoek #¥h)  was
added Na2COBofalkehylaidibty advaﬁtﬁ?eoﬁﬁ?hz%dmi B01@ tian %adeﬁiatafi&laoeiahp&s efuiv.) in DCM
(5.0 M dropw se over 1 r at 0C under a nitr en atg‘%agqaer Upon

addi tion, thBHRUAEestyR © frmatess goetalss, Promipnates. %*W?St re (dark red
sol uti on) Thaylsetidikon Wwas filtered and the filtrate was quenched by
careful addition of saturated NaHCO3 with vi us st|rr| unt | 11
The sol ution was [ﬁqﬁdisfe}i‘eﬁé@ tpdarﬁlag?}lb‘&?llétaf)?e‘?t%&?ﬁfﬂ‘@gs a*ﬁd‘s ref%éfsg wer e

separ at ed. Thehse gﬂ)ﬂfugs bANEEoMPB SN SE Preséit fnRerdtioh RBich dfer, @fhinkHeRcda 2 SA,

filtered., concentr nder nd dried under_ hij uumfor 15 mn_
Lo yierd ' 5 IHBTHyP Gy SHEDE s M ePret g e ST e sis 11 ght
yell ow oi | i Rwer/dhifals wihigout fddub aikeitfleempastisrgipedposdomage lked shoul d be
used i medi ately for the next ction, LC/ I\/B 9.1/ 30 1 and
M+CH3CN) ; m“om‘%e“%dtm“ﬁ afggsanage gﬁmﬁf/’HSk raiQ. NW 556 el"@%&‘i )58 %Hpm 6. 05
(s, 111), 2.w&li 4sdbk zwieckibnid, foﬂxsﬁwh&ﬂossﬁlcﬁﬁ t{ed@mpodidd 6f the indenfion. 1H)e,

gﬁ? hg S?;’ f)?t] rn% @rédrgg'"]igfelgsqg corﬁjporjir?ds%hdt are rap1d1v trg'r?sfonnedl' in vg*vo 'to ylelg ‘the’ 3H) .

5- et hyl - 3- (phreht Sonpold sfakavoly tbrilyl3 @ cstivapia bp hpdralpsiRinG)doy c hakexugh- enone

[01131To a s@lution of 5-m | - 3-.0xocygl ohex- 1-eny .

et T or omet HESHEL T Shued T B g § FhTL e Nt BT S was
added bi s( pi visicod rﬂ‘t“lﬁ‘)&iftﬂ)@@;ﬁp(ﬁﬂuﬂ&ﬁﬁuid{d ¥, LA@ACE .(FcBk, edjUitereyersiaiad

Pd( dppf) C12- DCM ( e.reaction was.heate Lo BQWC for 10 h
(initial heatihg" h‘t%‘%ﬁgé“écaf & eéﬁr‘faéff ’nﬂeﬁwt‘h Im"‘”dp rati of“of an

or ange foam A7 thep: dfvidessotutdaron] bdebheétdng bath shoul d be renoved
until the foamretracts, reheating to 80C at this point appears to be
fine), then cooled to roomtenperatureand filtered through a coarse frit
gl ass funnel. The cake was rinsed with nore di oxane and the filtrate
solution was used for the next step without further purification. LC M =
155.1 (M+H of boronic acid); R = 0.41 min, LC = 1.37 nm Synthesis of
5-nmet hyl -3-(3-nitropyridin-4-yl)cvel ohex-2-enone [01.141To 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 dioxane (0.5 M and 2M Na2CO3 (2 equiv.) was added
4-chloro-3-nitropyridine (1.3 equiv.) and Pd(dppf)Cl2-DCM (0.05 equiv.).
The reacti on was pI aced under a reflux condenser and heat ed h an 0|I bat h

. A A MNP~ ~ N 1 e o Y



ethyl acetate and concentrated the filtrate under vacuo. The residue was
further punped at 80 C on a rotary evaporator for one hour to renove
boronate by-products (M+H -- 101) via sublimtion. The residue was
partitioned b®OMeEN2EGR4 ne and ethyl acetate, and the | ayRSITEPMP/ESIZSpar at ed,
t he agueous phase was further extracted wth ethyl acetate (4x), the

organi cs were conbi ned, dried over sodiumsulfate, filtered, and
concentrated. The crude was purified via silica gel chromat ography | oadi ng
in DCM and el uti nd®et h 2u5opds &'W’ hegein igelso mdwﬂm@eﬂtmébeéﬁérf@mﬂ actions

wer e concentr n_vac or ange ced under
hi gh vacuum (aaé%g amsgt\é?lféf&ll?}ﬁl%g ‘8‘383‘{}1‘%?"&??0%8‘19 ?{Pﬁf‘ﬁrﬁ tlagjl {7?1 8?“8? ﬂ‘?or an;e
solid. The sofavélstiRires UEdih&! byPHE foi'rhﬁﬁls MR hefelntlb Pt !thrbnE Br HEEARGR al;eo y' el d
5-nmet hyl - 3-(3-nitropyridi n-4-yl)cycl ohex-2-enone (48% 2 steps). LU

233. 2 (M+H); mBplaced By Gatom havihg veleZted@tommaﬂbi‘-rhhﬂn@rﬂl&@ vatipleColiC1 3) ppm
9.31 (s, I11), 8.88 (d, J=5.1, 11-1), 7.30 (d, J=5.1, 1H), 6.00 (d, J=2.4,
111) 2 62 ( dptopys-that can beingorpargted jnto @H@Sunzls Swh% fvertippinchido otoprs of 1=16. 1,

11.7, 1.

Ci s- (+/ r%é@’i?%% %al?’g‘ st op%"ry%‘ h‘b"g 7 “gyﬂc » gndhlorine. sesh avel Fo115170 a
sol ution of Slaretdyic; BN('3r HptFm Pl 16di, le‘l’e&}SQ@N&BfOlhéXnv@mﬁiﬂQﬁ‘t@ucﬁQ-me@QU'V ) in
EtOH (0.3 M was added CeCl 3-7H20 (1.2 equiv.). The reaction was cooled to
0C, then NaBHRptqpically bmkdm)nmmsis asididided rerqpo ftricaarsple Bpserintechifabr 1 h at 0C,

t hen quenched addi n , 3:GQR l.ated to rermve t he EtOH, added

Et 0Ac, ext racf?cg%qc ‘f*‘r’és% %ﬁi‘cg‘é‘ 3’3@ @éﬁ‘s \Xﬁt’ Are BrePeTL, “%*h'é?fola?ﬂ“é&ab\fﬁﬁftdh Na2SO4,
filter ed and

cis ()5 Sl Jr@ﬁs?ﬁf Al sudics (uith ') regtion jnetc studies oy, oy g =
235. 2 (M1- 1)exan|1}ﬂb Ha. 3HX detettion objniigi@3échnifiies, such as positron emission

4-(3-(tert-butyldi nmet Eyrl si |yl oxy)-5-nmet hylcycl ohex-1-enyl)-3-nitropyridi ne
[0116) To a smigeraphy gF 5owemamh@n(eanwmw@rpwtﬂrcﬂpmograguy)(&lgm’lah@tu@geno| (1.0

equiv.) in TBDMSCL (2.5
caut v ) A ¢ apef pitplle W35 AYERRoh FORE S biostsh Fianbens sPRisHEd bet ween

Et OAc and HZQmQEldaISﬁ:U&f &lﬁﬁled%ﬁﬁ&m&@ﬁ?b@&rﬁdﬁ[e&l@%ﬁsn‘%ﬁa I?or:i’E-Jf%Q spB¥t and

NaCl (sat ), drying over MgSO4, filtering and refoval sol vent s,

4- ( 3- (t ert - betgiky. Isewpieyilisihbejddaxynpemdset thy irwymionhed(praadmmér¢ef3aml tropyridi ne
was obt ai ned é’?}?ﬁf@ LC M5 = 349.2 (MrH), LC = 5.99 mn. Synthesis of
4-(3-(tert-b8 heprpared ITY)HE‘BX‘W O‘t’? ﬂFFeHr?ﬁ?i‘L‘éf%‘f‘ Lip ﬂ%?r?yllleffﬁ PT8ithe- 3- ami ne
101171A hete o yl i1yl oxy)-5-

met hyl cycl ohg}%- &g%}%ré%lrn r%ﬁ%bf‘g?&n‘g”%}l%&npt argééﬂ?%%?lﬁ %% 0 eq) in
acetic aci d, isafopidal AAHERA rdagérit @ aGbon-BotbpivhliyWaselitrbdgt@d Vi gorously for 2
hours. The m'xture was then passed through a celite pad, eluting with MeOH.
Upon renoval of tIA&3 ol Burthengulistitutiercwish heahier iﬁ(ésriedwerﬁmbrlldd@mhméde.j n Et OAc,

i
4-(3-(tertbug l: ): 5 Iy anm ne
(78% . LOMVB (twll@%' 315 é})ﬁlngfe n%&éﬁ%@ﬁ 1n 51vHﬁ£lh M%e%}‘ Fédﬁ&ﬂ)&oéag§% lﬁ%é‘lfeggoparg
4-(3-(tert- bmtpyd»dmamhﬂnmkmpémb mdyp) -Iﬁs mﬁ:teifa;;dodytmt dduexyin)ipihis w@htdxt3s at ni ne
(01181To a sol ution of

4- ( 3- (t ert - biGEddidasristigpntpf bmnosnmthﬁ/ﬁowé*ll @hdke qancentration of sucha

enyl)-3-nitr UIV i,on of 0.1
M~ was addeﬁ%‘%‘%‘lﬁ"% %‘ﬂfr‘lﬁ’%l SUFBEH m(aés 5 dé}?ne?!:y tf‘ﬁésog)gwﬁﬁl ﬂ%‘ftgﬁ‘ ogeneous
sol ution wasmuénmma?ﬁlceeanaﬁm&mems 0ded AMEMORERs AOEkHYBSwedd the BGofier 15

hours. At this tine e mxture was filtered through a pad of celite

el uting wi t hebtedaheerrol the Thwiral ebuatlarice of awprafisddnpyredIfianubstoedidn yi el di ng
4-(3-(tert- but Id| th IS|Ionxy thylc cl ohexyl ) pyri di n-3-am ne (90%.
LCVB (m z): (rgl%/ﬁh*%/’ﬂ jenbipgs léF sfe n‘}”/‘m SReHH aéafblﬁotel?f% (+abenzyl
4-3-(tert-b | sl . VL) i, ar bamat e
a3 (1e [Oltj%%gﬁégeﬁsag}eu% bath QiR H&Bé}}ﬁ. h&a&%gkﬂﬂm 350 {2 SN aedeatilfs
cis-(+/-)-4-(3-(tert-butyl dimethylsityloxy)-5-

met hyl cycl ohexyl ) pyridin-3-anmine in dichl oromethane at a concentration of
0,5 Mwas added benzyl 2, 5-di oxopyrrolidin-l-yl carbonate (1.1 equiv.) and
DVAP (0.05 equiv.). Aft er stirring for 16 hours at rt, additional benzyl

2, 5-di oxopyrrolidin-1-yl carbonate (0.55 equiv.) and DVAP (0.03 equiv.)
were added. After stirring for an additional 24 hours at rt, additional
benzyl 2,5-di oxopyrrolidin-I-yl carbonate (0.1 equiv.) and DVAP (0.03
equiv.) were added. After stirring for 18 nore hours the solution was
partitioned between Et 0Ac and Na2CO3(sat.) and separated. Upon further
vvashl ng W|th NaZCCB(sat ) (2x) and NaCl (sat ) dryi ng over 1\4604,

oy



[0120] A solution of cis (+/-) benzyl 4-3-(tert-butyldinmethylsilyloxy)-5-
nmet hyl cycl ohexyl ) pyri din-3-ylcarbamate in 1:2:1 6N HCLl/ THE/ MeOH at a
concentration of 0.1 Mwas stirred at rt for 6 hours. TQ@T/EMOX\%%u%han

adj usted to pERIBYKdditi on of 6N NaOH and the vol atiles Were removed in
vacuo. The aqueous | ayer was extracted with Et OAc and the organic was
washed with Nad (sat,), dried over MySOH4, flltered and upon renoval of the

| | - -
\r/rgt ﬁ;: c3e/§l I()Ee@fcp)%%yf’flﬂ%“‘;‘{ é” Wﬁ?‘g’g y&@f‘%‘? 4 &S e material was

used as is. lngop@raﬁox%@t le%st@%ﬂ&? S%eutegmﬁ%\cmpﬂrau Nk Rasisso®f7s6i s

(+/-)-benzyl hyl -5-oxocycl ohexyl) pyridi n-3-yl carbamate c: TO

[0121] To a O d&t&ﬁinumb@ﬂor@tion(;,IaSl-eéshSSO))—(ﬁﬂai% vbutdiufBinéuyphrationy, Bt leest HG00-

cycl ohexyl ) pyri di n-3-yl carbamate in wet CH2Cl12 at a concentration of 0.16 M
was added Deé%ﬂwqrwmpeqormnﬁah@tlfaﬁt@%a&ﬁv JeuleHIMARETIORaR) Bricaias stirred

f 18 h dt t t I t Et OA
and 1:1 10% (oA narFeen teapor diet B bAoA el bRl o
1:1 10% Na2S@Q@W@ww}wl(@ﬁmpﬁg%ﬂga oat.), drying over rvi gSO4

filtering, renoval sol vents and purification by silica gel
chr omat ogr aphy ( 70914) Q/ddatopieliynbkaeb®)npounds of formula (I) can generally be

(+/-)-benzyl-4- (3. nethyl -5- oxocycl ohexyppé)gl dlq 3-yl carbamat e was obt ai ned
as a white s@r%ref{ B&s%msmglﬁaé&g queg kgL R/AcHe arsy Y ERCPE e f

cis-(+/-)- b enﬁfﬁgg %l}f(s f{lé?beﬁlrﬂ tﬂ? gcc§m£%5fﬁ¥ lEﬁXrﬁ;LlQﬂﬁé flsl"e})B'X{id-nq iuglﬁg’én

yl carbarnate

Ci s- (+/ -) - bengydmtelitdpriahyabSic@ragy s ioReads e bh-tibeleSreaydnepetiamsit € (1. 0
equi v) and benzylam ne (3.0 equiv) in MeOH, at a concentration of 0.25 M
was stirred amployedf or 2 hours. Upon cooling in a -78 C bath, Lil3H4 (1.1
equiv, 2.0 Min wa I W mto rt
with stirring ove[rWﬁfé h%ﬁﬂgg%ﬁ%{%{gg&E%f%%h\}/\éggp%g%ﬁaﬁg%ed blel%dv%veo\eﬂﬁl%Et OAc and
NaHCCB( sat ) , inyeipimnatréitbir tywerhreel pfadrugh end sidredisonarCes el as the phavtasgatyedlyt ) |
dried over

el g’gﬁg@fbé L tL %g@g ﬁ{,g%@r%%s)eafk_)ﬁﬁe@% g&fg bgg{eog?sgéd% v;vm &u%h

yl car banat e wagbdlsmen négm@[goramwnaibqﬁym edlldo prodpegapriabelitesy t‘t‘”ﬁ’e all cis as
predom nant n Al e aGli

(+/ )-tert- bbt% t%@ tte g‘%e(g}rh&ér\l(gwfemh’l n?fo%l%g?mn?rge%é c{}?%hgxlvlaea@%%rmt e 0
/,".. AHBoc p@xz@nm@n@m@w aparetﬁ cethpasing- The/de)watweww bepraluceskliony theni no) - 5-
met hyl eycl Ohgzs¥4tkm%duﬁaﬂy%%h&a&&em%ﬁramnﬁa%o& B9 Mbjdet kiphBtHianol , at a
concentratio was added 20% pal | adi um hydr oxi de on car bon -(0.2
eq.). The rewtrmh?n?Xlﬁﬁélenngbﬁ%ubydE@V%m potenivgationgnd pelyde. farexapripspher e of
hydr ogen andomz% (aﬁéi a&ﬁeﬁ@ﬁt&rdenwvés THE rdefbSiittd 318 cblifouh@8EhE BReWRA pur ged

with Air, Boe20 guiv.) was added and the solution was stirred for 8

hours. Additmenbd ldeﬁtﬁz@w(mg l@u@qn}?c\bmﬂumowt!'é@ HhdPep ke - JBrialinics shals stirred

for 16 nore h%dscw% 4530151 im@%ldghﬁsﬂanxwét%; Vﬁ?thhzl S&Q}%@b yhs.ogigh a pad of
celite eluti ng w t h net hanol E 28!’ enoval volatiles in vacuo,

puri fi cat i onBashasie K.cRrugdievchas GRAPIRYS X QO@W NoAdygonar exPezZeni th 0. 1%

DI FA) and regy. mta%h él%@i Iggﬂdgaa@nm 19@1@«9@?&3)@@9@&1&@%@%5?'aﬁd
(+/-)-tert-buty 3-am nopyr i -y1) - 5-" net hyl cycl ohexyl car bamat e

(49% . LCMS {LW}I stk«szgn e Azapqu_f@nmf Pfﬂd@gsd)fﬁg Q“’g’Pﬂ’fdé)eéﬂ%‘H”E‘i”bner s coul d
be obt ai ned @Mogsgaa&@hm@&re@gpteegr%wod ANDEAE PuBlisAfrs, 1991). It should be

(+/ -)-4-(5-nmet hylcycl ohexa- 1, 3-di envl)-3-nitropyridine 10124170 a

sol ution of {deistoodthapindiyidual chesnipgl comppndsthar ez petatolites b componpds of 1. o

equiv.) in di;gxane f&;ﬁmild\ﬂ omlr%dﬁf&dopﬂé&/ﬂgi Qnd@te@&i&bﬂteﬂs;as%ﬂ athe reaction
was stirred at 100 C for 3 h, sol ution was cooled to r%{l)lgi)ﬂ(éwf erature,

t hen passed ?W@‘H‘%ﬂﬁﬁ’éﬂe%%m%m PAFS SMdumeTRaesal Bt HE b 815 ¢ yi el d

(+/-)-4-(5- mgt hybeysl ohexa-1,3- dienyl)-3-nitroilyridine as a yellow oil in
68% vyield. LCM = 217.1 (M+H), LC = 3.908 mn. Synthesis of
(+/-)-2-azido-6-nethyl-4-(3-nitropyridin-4-vBcycl ohex- 3-enol

1
mT



OH 101251To a sol ution of

(+/-)-4-(5-nmet hyl eycl ohexa-1, 3-di enyl)-3-nitropyridine (1.0 equiv.) in DOA
(0.1 M at 0 C was added rn-C713. A. (Li equiv.) and the reaction was

ati owect to WHO@261200i n tenperature. After 3 hours, tHEE/ERRMMBSWAS
guenched "with saturated Nali CO3, extracted with DCM and the organic
phase was dried with sodiumsulfate, filtered, and concentrated to gi ve a

yellow oil. The cr, i ssplved i_.n et hanol, and wa , and
sodi um azi de (2.0 @%l Wa?“ g?ﬂf 8?%1%%%?#%“‘6‘}3{ﬂéeaﬁeétf@tbaaﬁﬁ?m)e‘%‘?% added.
The reaction wasddy llfefuﬁﬁblﬁ@f ofPirh Rinks, intliding, CAREAAIE, AblRTbahddrsy AkHAs TO the
crude was added. et h%tf ac?b t]e and wat e}‘réy t he or g@?}‘i‘i‘g ﬁhase was washed with
brine, dried SERTEdE &t DI g @angsap.£ r“é‘ﬁ RET BRIt RERFAFRE cr ude

mat eri al was q@lﬂn},ﬁne&domasanmlbidd&xo@eﬂs (@QJ :tij?ﬁlblalkhmiiﬁﬁ QRO My@bts hddg Wi t h
et hyl acet at e,

(+/-)-2-azi do- )gpnlet'%w%zld(e -”Fﬁst(?%p‘?ﬁ?‘ﬁfﬂoﬁavﬁmlaﬁ%gﬁco?aéﬁcﬂ as an oil in
49% y| el d. LGstelsaréma)l (MrH), Rt = 0.71 min. Synthesis of tert-butyl
(+/-)-6-hydroxy-5-nethyl- 3-(3- nltropyrl di n-4-yl)cycl ohex-2- enyl car bamat e
OH [0126] To Tdﬁﬁ%#?&wés/ ) - 2- azi do- 6- net hy1- 4- (3-ni tropyri di n- 4-
yOcycl ohex- 3- enol [dp37]0 quwmgouh& P! ﬂﬂ%&@ﬁ@%ﬁﬁg%&ﬁ@ﬁg{ ookl (8: 1.

0.08 M was added tri rret hyl phosphi ne 0 equiv an own sol ution
was stirred afovdrthe Eisdabend F@rrexzmﬂwﬁ ghowgtim §ehsine iagyclabichatkdiapes he
mxture and tchebs@hibrie® tia Yoot aReER b e Hﬂﬂ?gf rude

m xture was then d|1ssol vlgd |?1 di oxane andp G Xl@ﬁéi@n%x%ﬁ%on%@%tgﬁw’ and
Boc20 (1.0 edial cpn idereg palldivnmmediases q&fhoeﬁowgmww pidh 4ghlorqdittoenper at ur e
for 2 hours, pyiieRe tB@[elld ﬂlir&}@ﬂdmgeﬁb‘éﬁ@t@d @}cnﬂexeﬂ&@s &t ReddBtbn ¥t enonk® OF gani c

phase was dr| ed with magnesiumsulfate, filtered, and concentrated in

vacuo. The crhingtonshiysaryieldasysioherenobli which ugen aleoholpsptectionmitre sidralieas ogr aphy

el uting wit hr@h&ubh RGOS @ulli dh&%&&@i@né&l‘m yik)ld& I&E{aﬁ&dmﬁ&rsfmbm yl
(+/-)-6-hydroxy-5- rreth 1-3-(3-nitro i n4-yl’) cycl ohex-2-enyl carbamate in

69% vyield. L GXGIS%B cgn ‘(llmmﬂel 8RM1§m@bt? BasHoR Wlthsswlil@lwwr to yifld a

(+/-) - 2- (t er probudle@%MRBE %}Qmieﬁwoﬁd@wl@tnm@ dnfl maiérrbawon phifalfri@d ohex- 3- enyl
nmet hanesul fonate [0127] To a_solution of tert-but

(+ -) - 6- hydr BIFE8d ABRgclosexyBpyidy} BylipeiV a.cmwuiesgp)a@mcewéwgznfbny| ear banat e

(1.0 equiV.) déprotédEdh, (OyieR Mndéﬁﬁolﬁ%@gmid’e& ot hitle c@msﬁﬁhd(r% ]ﬁac%ﬁ%&c\’ed) The
cooled to 0 C and MsCl (1.2 equiv.) was added to the

reaction m xture V\gg

reaction and®8f'PyF exlaﬁerp@‘dhld\‘}fl’éle Vhgan gl begrapeied fomeyclabrrenp W e, t he

organi ¢’ phaS&)llwbﬁgﬁi{ah@il WikdHol Sroftaom aﬂkhlnfa@ﬁcﬁmtr(g fehhﬁﬁﬁqaynaﬁ%n%@ﬁ”t rated.
ified via silica gel colum chromatography -

The crude materi V\gz g
el uti ng Wi t hprg'teﬁ%n Heoett et‘ée%rﬂ'ﬁ"t’r?éx%‘?'?éya(@ opydatign igitheeeyclohexanone,
(+/-) - 2- (t er fedintivOxMBRIAHNN b%ﬂiyﬂtﬁhn@ﬂﬁ?&ﬂ&ﬂrd%p&%tmﬂafneBirifnh@' allp Iﬂa tic

Z|2)8C)2/C|( (I\)/IT-I%( B éﬂ?@ﬁgcﬁ%pﬁ%e T té; 91?1%; roau%sfaIII\(M_ﬂxflR};f g; B hB]ﬁtofl gﬂl{fa}é t% LOMS =
7- met hy 1- 5- (BnitéstIH@AY Vi etinnre4aryhl) medifeDby3eanard m%aﬁmtfoﬂh%dﬁmg&z o[ d] oxazol e-3

(211) - car box
FRR It e ———
nitr opyrl di nbofenyd écidﬁ@)f ol tad RytbagRE, Iaam&klf)@ﬂﬁh@o&ﬁes&n@iﬁgbd/roﬂaté n pyridine

(0.2 in aesﬁﬁ{dqgﬁ}ﬁ&l% §r$f/ Y)%éar)ﬂ%gl sdorttgﬂaeb 3/ gy %Q&Odgfacra‘ghe orange

solutlon was en concentrate ness an i oni ng

bet ween et hydre pseibiat e and water. The organic ohase was dried with sodi um
sulfate, filtered and concentrated. The crude material was dissolwd in DCM
(0:2 PE) and .-riethyt amne (1.8 equiv,) was added to the reaction,
fojlowed by Boc?.0 (1,2 egiv,), After Ftirring at roomtfmpratl)re for 41
mn; the reaction was concentrated in yam and purified via silica gel

col unm chr omat ogr aphy eluting with ethyl acetate and hexanes (1:1) to give
(+/-)-tert-butyl 7-nmethyl-5-(3-
nitropyridin-4-y1)-2-oxo-3a,6,7,7a-tetrahydrobenzo[d]oxazole-3(211)-carboxy
| ate as a white foamin 66%yield. LOMS = 376.0 (MrH), Rt 0.87 mn.
Synthesis of (+/-)-tert-butyl 5-(3- anlnopyrldln 4-v1)-7- nethyl 2-
oxohexahydr obenzolLdi oxazol e- 3( 2H) - carboxylate [0129] To a sol ution of
(+/-)-tert-butyl 7-methyl-5-(3-nitropyridin-4-yl)-2-o0xo-

3a, 6,7, 7a-t et rahydr obenzo[ d] oxazol e- 3(2H) - car boxylate (1.0 equiv.) in MOH
and ethyl acetate (1:1, 0.07 M was added 10% Pd/C (0.1 equiv.) and the
reaction was stirred at roomtenperature under an atnosphere of hydrogen.
Upon conpl etion 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 glve (+/ ) tert butyI 5 (3-

o, ~ o o o o o o . o I ~7 ~1 N I T



m xture of diastereoners in >99%yvyield. LC/M = 348.2 (MtH), Rt - 0.50 m n.
Synthesis of (+/-)-6-brorno-5-nethyl-3-(3-nitropyridin-4-yl)cyclohex-2-cnol
0011 No2 [0130f To a sol ution of

4- (5- met hyl cy¥P3HRKIA 3-di enyl)-3-nitropyridine (1.0 edGr¥PYH*EE and
water (1:1, 013 ItAf) was added NBS (1.5 equiv.) and the reaction was
stirred at roomtenperature for 30 rnin. Upon conpletion, ethyl acetate and
wat er were esq;lgg fo the reaction, the organic phase was dried with brine,
t hen sodi um sUl , filtered, and concentrated. The crude mat em al was
purified via siljca getlaecceol unm chr omat ogr aphy %I ut i ng i t.h, et hy @ St at e

and hexanes ( B g,c(*a‘l bosroeede. R 0
met hy1-3-(3-nitr r| oHBZ= 2 61 yel_l_bw_ou in
LC M5 = 315.0/31% 0 (Mt14), LCO‘Ff 2.966 mn, Syntdupegi SuwC:

(+/ -) - 2- azi do- 6- met hv1- 4- (3-ni tropyri din- 4 yI)cycIohé’}% 2ERGP o

[0131] To a sol ut ] Fpof ./ -) - 6-brono-5e 1-3-(3- nltropayrlg,;mn 4-
yl ) cycl ohex- 2-en 20 ﬁ’| V. Feri, tiaF | 1 M was adcretasm um
tert-but oxi de (15“5* ‘é%]w . Thérrgéctio t ur netk "e.amor andg to bl ack al nost

dPret i on of et ——s—cteam i n'3gNHi n.  Quenched
by adding saturated a ¢ um chl ori de ethyl acetate, T¥fe organi c phase
was dried w tihedsedne, Then sod@M?ﬂD%yl ate, filtered, and concentrated. The

crude product, & ‘,?ﬁ&s? ved bR, dabmenol and water (3:1, O. % 1+ M, HoRMHe, BRFTONI UM

i medi ately. By ¥fEc—t he

chloride (2. 088N odFﬁ@‘r@%;fi“‘tfeDc'(‘Z 0 equiv.) were addegy.Tie dark
orange react i*0R-5Rs sfirred apesﬂ@@mcverrper ature overnight+ THE conversion
to product is clean as in 'cafnéﬁpbbmwws The reaction was concentrated to
renove the ethangl, ethyl aset&té€ e&nd wat.er were addeds Nt'zheR organic

phase was dri €t th s di um s | fate; 'ﬁ terqq o @Rd. capcenty at El'l;le crude
material was purifiedyVid?silic 261 unn zchionEE Rgr ap g with
ethyl acetate ay es (1:1) to gi ’(”/-“C”"a“e -6-

met hy1- 4- ( 3- ni % diin- 4-yl ) cycl ohex#3-enol in 55% yi el ‘o'Vs = 276.0

(MrH), LC 2.803 mi R "ynthesi s’ of ¥4/-)-tert-butyl v REHFoNR
6- hydr oxy-5-nmet hyl- 3- (3-ni tropyridi n-4-yl)cycl ohex-2- enyl car bamat e
101321To a sol uti on of (+/-)-2-azido-6-nethyl-4-(3-nitropyridin-4..

I | oh 1.0 LV, 1N, j id 8.1,
5,08 “was TG ¢ ¢ 1 ettt bl b SR EEn S TRALHTLIA. T (01 bt o
was stirred dthydeedyibingsrqticheadior whith upbjp epxiionpl (etalbunnolﬁdlfl}H was added
and the. sol UrSikaiafa ARISRIMLANST pb MasHON MY S B RhANG S Afiged and the

reacti on was concen oxane an 08 M were
added t o t heyieidsiche] ohf:@hylweld algyhdB¥E.2 Oy ¢lohdFenydj eido JlcohSt Vi gap e tdwertadact i on

mxture at roqm &a%gpxl%é%{eﬁ aﬁhno%@ aﬂé}ﬂ%&flﬁadog/%%d@@etd&%loﬁj% cofib 'B{J()}e&l%ﬁt ate. The

organi ¢ phase was condentrate e crude product was
purified vi aaslalkepaangaiitrocwiiugtivn. chltesmntivdprtbgdyglobdxgnyl agidoileehobVhedn bacet at e

and hexanes é&n,%}egtt(gth?yo?ercgd Crs aﬂéng)hﬁg\% y)f ?A?frﬁey\h b bv ide reduction and Boc

6- hydr oxy- 5- net ¢l ohex-% -enyl carbamate (599%.
LG M5 = 350. frofeiidd) alcdRpt m@sylﬁ@omnd int@yeldeelgt eycligation to the cxs cyclic carbamate,

(+/-)-2-(t erf‘o’[lp\lfd cﬂﬁr\él%tﬁ ;?85%81%&%%%3@@&’ xleaitlgl? 'ﬂ&e rEéﬁR%ﬁfg' di n-4-

ypcycl ohex- 3-eny a solution o +/-)-tert-butyl
6- hydr oxy- 5- evetohgxiligrifd-anilinesoyijardndiVilb can 9¢ gopyesied ireske Qoreq’fﬂpqnémg pardine (1.0
equiv.) in péﬁh'd&k Vel bl Y1l Vﬁﬁd@é&ﬁ@ﬁl A%@Qte(o? oL 1i€ Gdthnake &&ga%ehiﬁd peaction
was stlrred roomte eracur e e ctl ﬁH C@nﬁl etgon, he {ﬂe?gctlon
was concentr EQEFCPB“ af %é%‘%‘”‘o?‘ﬁ’é t?néli‘el?grd i o b rtheranodified ¢ er |
The by standard modifications to introduce substituted aryls, alkyls and heteroaryls at Ry

after amide bond formation and prior to full deprotection. For example, if R is Bz, by

reaction with boronic acids ar arganometatlic reagents, or conversion to the



organi ¢ phase was dried wth brine, then sodiumsulfate, filtered, and
concentrated to give

(+/-)-2-(tert-butoxycarbonyl am no)-6-methyl-4-(3-nitropyridin-4-y0Ocycl ohex-
3-enyl acetatWon@aoRyield. LC M5 = 392.2 (MtH), Rt = RCIEPRINI61HFNt hesi s
of (+/-)-4-(3-am nopyridin-4-yl)-2-(tert-butoxycarbonyl am no)-6-

nmet hyl eycl ohexyl acetate [0134] To a degassed sol ution of
(+/-)-2-(tert-butox r bon

ot Py 4 (3 1T RO PR i heisap bl dpor R 4. ) i MoK
and Et OAc ( 1:verietg of Rinodifisatiguitreeipas@idtePd/ C (0.1 equiv.) and the reaction was
stirred at roomtenperature under a hydrogen balloon for 3 days. Upon
conpletion, the solution was filtered through a pad of Celite, the pad was
washed wlth e‘l_hgitl_iécet ate and the filtrate was concentrated. The crude

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

di ssol ved in ethyl racetate (-20% and hexanes ang heated unti Irqabl
di ssol ved. The sd# A was allo 0 sit atratpoOpPt enper at ufd
The precipitate was“then cdfiected gi viEs Ho KO, THF

(+/-)-4-(3-am nopyrgdit=4-yi)y-2-(t Nout OXyTar yb.am o) =6-

nmet hyl eycl ohexyl acgrate as the pu { Zpr Qduct i nd %yield ,LCME= 364.3

(MtH), Rt 0.63 min. Synthesis of W

2-(tert- but oxycar bonyl am no) - 6- rret hy1l-4-( 3- - 4-yl ) cycl ohex- 3-

enyl et hanesul fonate [0135]"i"0 a solution of tert-butyl

6- hydr oxy- 5- met hy1- 3- ( 3- nltropyrldln 4- yl ) cycl ohex- 2- ;mcarbamate (1.0

equiv.) in DCM (0.09 M was added tl’li&zt yL,@gp ne (1.5 eg d.and the
reaction was cooled to 0 C “/51@1:1&3(1 ? @1 V. ) ach ngq)gg h action and

st!rred for 3 h. Anothr 1. h%‘{l %ﬁ%@; tot er tion and

stirred for another r2 rkeim%enqzth t he
organi c phaseg,yas 5?‘| “Wi‘th brine, so um suI fate, and cbnlgq‘ trgt ed. The
crude pr oduct—vgas puriffied via silica 8 col um chr oty aphy "l uti ng
with ethyl acedate andy€xanes (1:1) to_afford

2- (tertbut oxy€8r bonyl afi Bpugbt hy 1z 8= L 3xsd t ropyri di n- 4r,) i) ,s;, cl ohex 3 enyI
net hanesul fonate as aviwhi t & P n 65 i el1dm ot VB oime 21

3.542 mn. Synthesis of (+/ -y)eddoedbuty 2) €5505, MoOH

7-met hy1-5- (3-ni tropyri di n- 4&§:&? 2- oxo{jiNHGHS/TFNPeH%%ahydr(@én 0 d] oxazol e- 3
(2H) - carboxyl ate [0136] A sol Gtf'ion

(+/-)-2-(tert-butoxycarbonyl ani no) - 6 m¥ithy| - 4- ( 3- R Fort

ni tropyridin-4-ypcycl ohex-3-enyl nethanesuffonate (1.0 eqLYf"\'? ) in pyridine
(0.2 M was heated in*the mcrowave at 110 C for 10 mn. The orange -
reacti on was then concentrated under vacuo, the crude was dissolved in
ethyl acetate and water, the organic phase was dried with sodium sul fate
and concentrat ed [BOTIPr XR&aMUvdINEs SRdWaEN BBHeRIci3atrisubdBSitedis Oweﬂii«dfo&yDC'V' (0.2

M, trlethylflmne 1,8 equiv.) was added, fol|owed by Boc 2 equiv.).
The reacti on RRLCRIpsTidmescandy piagargd and ’T‘%‘Fdé%ﬁ’é@ﬁf‘?uéﬁtéﬁe‘i63'(1}V1yness The

crude mat erifhydas, Duthlnﬁp@&ldq’dyﬁpﬁidkﬂc%uﬂﬁ x G@foﬂﬂ@s aamlpanaphy el uting
with hexane%pﬂ thlﬁgtatf%l: to afford (+/-)-tert -but%l?g

7- met hy1- 5- (35749 VT ALy PIorenyleyAsslidn-2; (’?Et‘t”@i"*F%ﬂfWE?% Hrdfoxazol e- 3
(21-1)-car bakg/ieaﬂﬁlgaﬂcoaowﬂbfdg c&ﬁ;&ﬁhﬂﬁ @é%cﬁb@btdhe b MRirondBlioReddrH) , LC:

g ?:2,)4am 2 Op)} 0 %%ESO),;%G a%ldﬁ%%)}@?iglés mterr};edlate XI. Deprotection under acidic

oxohexahydr abadidaisdévexlaie cardpatidime amidoanashalf €hicH Odod protertian dapassRd sol ution
of (+/-)-tert-b | 7-methyl-5- i.tropyrjdin-4- ) .

V1)< 2~ oxor st fonel by Fealionabihs Bpis Rieobil i nrmedints gy Baduetion. o
equiv.) in M@ aalﬁdaﬂﬁtrﬁk#@nﬁe&mﬁ.gf e dipddineashiccid ecbsdoupMyRekcfed (Bl equiv.).
The reaction was stirred.under ? %(dr ogen bal | ocf)fniover ni ht Upon

conpl etion, fhe &6l Ut PER Ral FiT ered™hirBUyR® a5 e Sr™ 1|te and the pad
was washed whibhxéit byt amcepat@icd Theotitid trikds@mwa S -6aNG yRated. under vacuo to
give (+/-)-tert-butyl 5-(3-aninopyridin-4-y1)-7-nethyl-2-

oxohexahydr obenzol di oxazol e- 3(2H) - carboxyl ate as the desired product as a
yellow foamin 93%yield. LC M5 = 348. f’(M+H) Rt 055 mn. Synthesis of
((+/-)-(1R 2R, 6S)-6-net hyl-4-(3-nitropyridin-4-vl)cycl ohex- 3-ene-1, 2-di ol
and

(+/-)-(1R 2S,6S)-6-nmethyl-4-(3-nitropyridin-4-yl)cycl ohex-3-ene-1, 2-diol)



WD 2010/ 026124PCT/ EP2009/ 061205 [0138] To a sol ution of

(+/-)-(1S,5S, 6S)-6-bronp- 5-net hyl-3-(3-nitropyridin- 4-yl)cycl ohex-2-enol
(1.0 equiv.) in TI-1F (0.1M was added potassiumtert-butoxide (31 5 equi v.)
at room t enpeVaRUPE 1 %he reaction mxture was stirred f&FVEBRRA

reaction m xture was quenched with NI I4Cl sol uti on and worked up W|th Et OAc
by washing with water and brine. The organic layer was dried over anhydrous
sodi um sul f ata@inobipbii®hd gy @fifie anaihd I”r el it Ruly @Gk Bate, Tllftmﬁadm@caﬁwdmer was
used for next step without further purification. R = 0.5 (50%

Et 0Ac/ Hexanegjodifle@hBstandasd matifitignsso mtraduse yubstituted-grylppalkilpand heteepardl ut i on of
crude (+/-)-4¢ ﬁ%ﬁt&&rd@b&ﬁit%ﬂangn BNPROEY GO eprolechddh) S e2mile, FRY 19 BS-
nitropyridine (1.0 equiv.) in 2 CH3CNV H20 (0.1 M was added acetic acid
(0.3 equi v.) bateariorwithchopmicacids et orFinemeiakic réaggntnpxeoureasion e i rred for 16 h
at room terrp%&%sggn%m %tnt ﬁ‘rzte g&&ﬂﬁtpx%gct%mh H'cﬂl!lég%r trf-tﬁ@:s Reaction

m xture was conc fted 1o remove. ihe ma| rltyo CN and the residue
was partiti or’Yé‘éF%%ftIﬁé%WI@iaB%a&ﬁHS%? er. The conbi ned organl c layer was
washed with ter and brine, dried over anhydrous sodiumsulfate, filtered
and concentr%—hnw vacuo. A mixture of diols ((+/-)-(1R 2R, 6S)-6-
nethy1-4-(3-nitropyridin 4-yl)cycl ohex- 3 ene 1, 2-diol and

(+/-)- (1R 25, £S)5 6- mm(gs.«n'tmp pd- yl})ug,y%,QMX 3-engssl. 2-diol)
was obt ai ned eI d Da$4@c Whl te lsestacccol u AeFﬁ(\
chr omat ograpﬁyf' Rf w% RL, RE -sERaT abl nﬁLC)

+/ -

BQ:N (
LOMB: MH+ 251. i\g rﬁTBSOTf.Q“"”et heS| S of “4nr 3S.4R 5S -1 4'bis
tert-but |di 5neth | ¢ el ohex- 1- e -3-ni tropyridine and x
_(+/-)-443R, 4R’5S) - 3, 4- bi s(tert-butyl di rretHS/I sil yloxv) - 5-

met hyl evel ohex 1-enyl)-3-nitropyridine (+1.)(+1-) 901391To a solution of a

m xture of d|g§ Pg‘gﬂ”!;eqw vyred N DYESE e, was” d TBOVECI (7.0 equiv.)
and i m dazol e equl v. m t eppecatesr e.  The AC i M xture was

stirred at roe)mct@wperatur orEeT nggJ;gMeo,After quen h sat Nal TCO3, The
reaction m xt uP¥ W8s extracgged wi phalebOMacmr The copbi Redk or gani ¢ | ayer was

washed with water and brine, dried™6Vefanhydrous sqgdi Uitfétifate, filtered
and concentrated in vacuo. The m xture was purified by sequenti al
automated silica colum chromatography (gradient eluting with Et0Ac and

|l exanes) and preparative reverse phase HPLC (554-95% acetonitrile in

wat er, then run 5%95%acetoni tri le in water to yield

(+/-)-4-((3S, 4R 4- te t iJret h byl - 5-mat hyl cycl ohex- 1-
enyl)- 3-nitropyrl %{Pﬁi %}) 38 &HO\%‘!I% Snl?emeyﬁi %1 ué@u%é’d)S 1?16&1%, |
(+/-)-4- (( 3R-BRIGS) 3amoblpemmtcmmwdedrmteuyndsmwﬁm)y;eat trisubstituted

ety eyl Oneieli PR BRI BhNnE R0t bV Rt &t Rt =1 60
4- ( (1S, 3S, 4de5'5i)a{93§s%rst1ﬁ(See(BBn iﬂddzllyﬂdfoﬂmwdydymym«yyba@ate formation, alkene

rnet hyl cycl ohe

4- ((1R 3R 4R @ﬁvé@l avﬁ? bu({;lfll%ﬁng? O)ﬂl ﬁ“B? oxy WS éo§céf101hexyl ) pyri
di n- 3- ami ne foll@x)zaEB)ym/ﬁos@EB&Mredlelﬁorth}rlahlefMBM}WmENHZC Nchi r al
101401To a s f 1-

si |yl oxy) - 5- ﬁ,é)?ttéc 1ong ‘d%g/ge%dhg#\;iﬁ{%&mi[%f sg’bqﬁm dédﬁ) eﬁeﬁ%&g&‘&t\}é‘l’&*a@w@/

et hanol / Et OAwbstautetaar@moehﬁtaramn@ﬂdeibWGi by dvtbawa@ pad@téldn M%lp@ct@dl um on

carbon (0. 1 § c)‘?c% u&%at{‘cﬁ%ﬁih%%&?f%ﬁecﬁ&l uﬂ&h?&s Ryt under an

atm)sphereo %{’éﬂr n was stirre IS tinme the

m xture was fetyhé ythl‘ﬁ%ﬁg"‘ﬁ“%f’l’ﬁﬁﬂ igyl agiep féll o} J"tBH%al?APrttﬁ %?Wm‘%e

vol atiles we i grg;u% I i ed by
aut ormat ed SI%(I ca coﬁéﬁgern{hﬁ}rlf%%?%gra%n&i %aHgl%(f g%i%ﬁgg%c&%ﬂg ptane) to
yi el d pure rdednid hgiesauctat Rpcvis: “”W"A i 18 Br.fyy resptiawith BOronf it S eni ¢
conpound Wasf“'&%sgj ?ﬁgg rp)ée&h'niiﬁ% QhFD@ﬁ§%9%¥ﬁ1(7$ G B AR okt AL N, 59 PA
i n Hept ane) gl 3 5R) -3

,4-bis(tert- ‘fﬁiﬁ“f W”éﬁefﬁé‘faﬁx} §E|"16§/P‘ot$<‘§)§t‘395a N%VEW%’;EGP%%‘B?W‘)S&WHO&?’WS ar ni ne
(6 01 min) and 44(1R 3R 4R 5S5)-3, 4-bi s(tert-butyl di methylsilyloxy)-5-

met hyl cycl ohexyl ) pyridin-3-amne (8.34 min). Synthesis of 4 -((1R 3R 4
S,5R) -3 ,4-bis(tert-butyldinethylsilyl oxy) 5- net hyl cycl ohexyl
)pyrldln 3-am ne and of
4-((1S,3S. 4R, 5S5)- 3, 4-bi s(tertbutvldi met hyl si 1yloxy) - 5- net hyl cyclohexyl) pyri
di n-3-am ne TBDMSO



TBDMS ""0 NH2 chiral [0141] To a sol ution of

(+/-)-44(3S, 4R 5S)-3,4-bis(tert-butyl di met hyl -

si |l yl oxy) - 5- net hyl cycl ohex- 1-enyl)-3-nitropyridine (1.0 equiv.) in ethanol,
at a concentr MO28H/@6120. 1 M was added 10% pal | adi um on REAYEPANY9/(0205 eq. ).
The resul tant heterogeneous solution was put under an atnosphere of

hydr ogen and was stirred for 14 hours. At this tinme the mxture was
filtered through a,pad of celite eluting with ethanol. The volatiles were
removed in va%%%—%%dm the crude material was purified by automated silica
col um chr omat ogr aphy ( Rf = B.g, 40%:+Et OAc in Heptanekx-{0 yield pure
racenfic product )(fo. O/QNHBo!T%:'W ¥eE  Rin k. 350N The racenic
conmpound was sgtved Qy chiratr™chronatqgrapny (TC gol m, 1 nmn, 5% PA

i n Hept ane) t%bel d oBn "

4- ((1R, 3R 4S,5R)- 3, 4-bi s(tert-butyl clinmethylsilyloxy)-5-nethyl eycl ohexyppyr
idin-3- amne (6.98 mn) and 0

4418S, 3S, 4R, 5S) - 3, 4-bi s(tert-but yldi n’?t?igg;s 140yl oxy) - 5-ombt hyl , |

cycl ohexyl ) pyri dl-g}d&r e 8. 674 ni NJ N BB bR&ST S Gfﬁﬁi‘um

6- ( met hoxycar bony 1} 3-0xo- S-gg?m"f‘u ycl oheXy2-enolate CF3 0 ONa
[0142] To a fresm-g(a)ﬂgbﬁ‘@@av*édH | UtdepnyWF S8GHNATR (1.0 8g) in t-BuCH (1 M was
added et hyl aceto Bt e (1.0 e bymdHopwisse” and t m xture stirred on an
ice bath for an additional 15 ethyl 4,4, 4-trifluorocrotonate (1.0 eq)
was added dropwi se and the m xture stirred ar,,: roomtenperature for an
additional 30 min. After refiyxing for 2 h, the mxture was cool ed and

nexanes was added.. The pregipitate was filtered wi thout further
purification to give sodr

NBOS | 10% Pd/C, Hy, MeOH H
6- (et hoxycar bomyd pE3enxp-5-trifl Ea‘y‘bgoigé“x- 1r; €nol ate (46%.
L/ VB (tnl z): PNBRODYE 3. 1,@3}%@ 20?#8{%9%? é’ﬁ hedi, ofN@
1

5-(trifluoronmethypcycl ohe éri - i,33-d| one F3C Tcr Qs odi um

6- ( Met hoxycar bony1) - 3- oxo- (ttiiﬁ_@%%ﬁ‘@%iehypcycxg exs 1r, enol ate (1.0 eq)
was dissolved in 1M NaOH (1.0 eq), and the nmixture refluxed for 1 h. After
cooling to roomtenperature, the mxture was acidi{jyed wwth 5 Msulfuric
acid. The mixture was extracted with EtOAc. After washing with water, the
organi c | ayer wasl08ll ed Teseomprrenga eSthe invention ateaisefulve visolapd/oit inwixe ir enoved
under  r educeg gy o ofaEer enjs( trhd £ ghe-1, 3-di one,
whi ch was used tg%,t heg‘?(r)lext0 _ste5 (\aMlst hout “#%P‘?@J}%E%J%é%ﬁ??éﬁ (989% . LC M5
(mz): M- 1+cm_sqlpnsmgeﬂiegwglgpfp}pﬂ_rmgaywich]é}sqlogemble carrier or excipient, Suitable

3- 0X0- 5° (11 flauBkRmRLf A&%Xé%ieoéaﬁ?é'%%&b){ ierid nbibdO R &ﬂﬁ@ gpate  OTf
[0144] To a sgsapensi ont%f_— -(tri_fIfJSorrorrel%l%yﬂnc ?:lﬁ?ocﬁgga eﬁl%gésgllﬂ ne (1.0 eq)
in DCM (0. 232 deddragidrlivery Emdifiprsang ghhanesrigpuph an farlewample shlgiunon.  The
mxture was GRAMRE, h@xdsifm sitte e MmoHodRe 'd&'l,sdiﬁmha!riﬁesm Sla@flded

dropwi se. The reaction m xture was stirred at that tenperatldre for 2 hours.
The react i onceiphetssmethifesildpieysodigmgartioxmenhyl seltleseslveiepsovty droweran!-Baq.

gla 55285 ?{ Ir ?ﬁcﬁ%ﬁlﬁrﬁ%@ﬁly@ﬁﬂﬁﬂrc@iﬁﬁﬁn&%elﬁﬁé whik G6h &@ﬂanggfagﬁ{) %ﬁ@ﬁlsd to give
- - 5- i vyl )cycl ohex-1-enyl ttifl uoronet hanesul'fonate, which
was used to Mexds vedllas combisionsof ap r (prthyreofyiQiher 3uigblg phamaceutical}p i n.

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

of by detecting an inhibition or alicviation of symptoms of cancer. The amount of active

ingredient that may be combined with the carrier maierials to produce a singie dosage



Synthesis of 3-(4,4,5,5-tetratnethyl -1, 3, 2-di oxabor ol an-2-y1) - 5-
(trifluoronethyl)cycl ohex-2-enone [0145] Al of reagents

3- 0X0- 5- (trlfluoronethypcyclohex 1-enyl trifluoronethan t 1.0 eq),
NaOAc (3.0 eqdY?24AB°bi*s(pi nacol at 0) di boron (2.0 eq) vverggg/g%@@%gmg

1, 4-dioxane (0.23 M in a round bottom flask and degassed by bubbling N2
through the m xture for 10 mn. PdCl2(dppf). CH2Cl2 adduct (0.1 eq) was

added and thQoﬂmﬁ@i@lt\la%ep&l@ﬁlﬁQpc;rpchgﬂbqgre‘fateﬁtaﬁdjth%ﬁrhuﬁarrnﬁ;dla BRada@RGRASLT on an
oil bath under N2 for two hours. The mi xture was cooled to room

tenperature, IT‘P“'l“tbéruEQ?fSttQﬂdohj’g‘h"% téi‘ié\‘?"s‘séeeﬂfﬁq qosgylexyd dorrpy praticulsr paliepWid i nsed
with -10n 1, dgpe‘ﬂﬂ fo(ﬁirhevah gf MBiord n(c‘ﬂJd‘f]rlgEtheBach@iBf (ﬁ'ni%tsgyolﬁcloogppgund

di oxabor ol an- {) - 5- tr | uor omet hyl ) cyclohéex-2-enone in 1, 4-di oxane,

whi ch was usé&@p acch&s@tag%b@b wshécaewal heatthp gx( digtztimg of ampistrpng, PuEbr oni ¢
acid), Rt=0. @meﬁlsﬂatw%}’ﬁgehﬁéic?eti@ﬁ drug combination, and the severlty of the particular

3-(3- nltropy ridin-4-yl)- -(trlfluororrethyp cl ohex- 2-enone 0146]The

bor onat e est discae pudergomatherapyy Ahtherpnenticatly 9 eﬁn@%%@%foaﬁglzew

(trifluor Oﬁekhyﬁaremgeh%&d%pmné e pPritBEhati¥R Sndlis SAAInMALs ki Nand lédgmeﬁkx ane
(0.124 M in a round bottomflask was dcgassed by bubbling N2 through t he
sol uti on for oBthe mdingtyedinicign. ch| oro- 3-nitropyridine (1.3 eq) and ag. Na2CO8

(2M 2.0 eq) werepaglfedr B[Nge\w-ﬁa LGk e edtdh OB af@ficall effica\Ws &3e and t hen
PdC12( dppf) . CI—IZCl[Za&gduct@[% j e\%as ad gd The rﬁeactlgn mxtureé was

stirred at 100! enphy beHy §311>’11ﬁ~‘?§ aﬁ@%ﬁﬁ?{@ padosfaydglerroiiidediigssmaye. The

resul ting m %E W dnotAs, tbi dxhRpIE D tomADI t&ﬁlaowkgtmﬁy GR#R: dep antradied Wi th
1',4,0M The qgrganic |ayer 'was separai.ed washed with '31-irie,

dried over Mgsfsared fap 15 tPt38P“§ﬂ<gé’ﬁ€D’ Wﬁﬁ@é’éﬁly ’r%‘fsé%i’mﬁltﬁémﬁ‘?sélf’%m@f oduct was
purified by %d)dtdn@alcgaﬂnoﬁﬁsr@sﬁurmﬂgésamébm(ﬁbw@dhe/uanhd&reOAc Hexanes- - - -
1:10 to 2:1) to give 3- %3 nitropyridin-4-yl)-5-

(trifluoromet hyl)B084 ohdhe compree of thegressst mpentigr may Byadnipigited prelly.one) .

LO M5 (fez): &f&kera%gzvablmg@ly ’Bygelgs%hﬂéiﬁn o&f)ﬁilﬂﬂﬁ\lqﬁraﬁfrectally or topmally in
cis-3-(3-nitropyridin-4-yl 5-(tr|fluororretthcycIoh Ff

1014713- ( 3- NP?SP%FdWﬁ W%O%C})nfsm(ﬂtgrcmeaféﬂna Wic)PéwaBﬂHB% Iy a%CﬁB‘ﬁ‘ée( 1.0 eq)
was m xed w taahn&@rauja%ksl hnd vehicie asdrsiaprapya bdhistrdticd nefhalsailoRBERI Ut ©

et hanol (0.17) was ded. The mixture was, stirred at a‘gﬁl ent tenperature

until all soPfegd “H?*Q?’B’Wé*ﬂ‘mlitﬁ&mrﬁuﬁ% oy teanggleamal paiehag obignaoreda A48 and NaBH4

(1.2 eq) wasTREREpREdrhIQNuM BErein TRudeeaBbit@RoMAS edohs, itdvadud he ice bath
for h. The m xture was dil uted WItthtOAC washed with water, dried over
MySO4, fil t efEamUuTsHaG Siadeitsl dwesgon. oh infysind erbRiMeSs purified by colum (1:1

ethyl acetate andqo§ssxanpgektabl pgspmetlcﬁissfose;(a&plal sttérn@k&jdccameaeiheyds)ms-
(trlfluorometh%;g cIohex2e ?/ec) (tﬁdkt? MEl + = 289.2, Rt =
0.72 nmin gswensmns may formu atéd’ accordmg to own art using suitable

eis:4-(3: a2| aii@pe'&m(gtdrwehmgagsmtahwﬁy@hm@agmls— amy 3rilk-injéctabRyépaditie [ 0148] To

a solution of cis-3-(3-nitr Oglﬁ ;}

(trifl uor omePAYERF (ﬁséaﬁ‘é%(m]fc BF° tff’“(?"é’rj en?‘ﬁnﬁ(ﬂ\)i‘o(“ﬁ’xfé’awte%% added TEA

(2.5 eq), anﬁl:céﬁiﬂlmémhysdv&ﬁﬂ,fc(&xa&n@a)as atolitdank 1,8pppamkiol. eAmzﬁkgethé eaction
rature for 2 hours. The sol vent

m xture was stirr 0 S
renoved. Theacl"@g?biﬁ?g\ﬁﬁ %@8&%@6‘ TS Wpﬁ‘ﬁe‘ig"l%am AHeeE Snsé’ TR xt ur e
was added so?mum &ﬁhlﬁl@c}ﬂdncﬁ sﬁﬂﬁon Tiﬂ&idit&ﬁl];cﬂtérﬂglgixﬁd éﬁlslbgeecomtxsﬁalllp red. ﬁt room
temperature for 1 hour. Another 1, 62 eg o sodi um aZ2i S The

m xture was EEHPYeEEs f‘)]‘feBb%s‘Esé’ﬁWi‘Pga‘F?#ﬂn oV BHPOse e i\ﬁ%eﬁ: ?8’?“’%?’ xture was
di | ut ed w t hbeadnipdyeditehnding syaitctit eph@ e di-gncridas e sddiohhfaspdcidiaadh as The
organi c was dr.i ed r A, filtered concentrated. The residue was
purified by 8'Fﬁ%gf‘%sfl}{g%ﬁmep%ﬁté@ﬁf@e&%gphexanes) to give

ci s-4-(3-azi do- 5{@!1861fImbmi:&mhr)zeqrﬂIadmﬁmﬁamﬂk)wﬁugmhrbapmmrdd e (58%.
LOMS (mMz): le ”g‘” m.n ynthﬁ i of tert- butdyl

(1R 3R 59)- 3r”(§f‘ét’ﬁ hCJp JEE Brhe -y/i)r”’:ji“U BT SP B PRV Y& FShexyl car bar nat e
F3CONHBoc NH2 [0149] A sol ution of

Ccis-4-(3-azido-5-(trifluoronethypcycl ohex-1-enyl)-3- nitropyridine (1.0 eq)
in Ethanol (0.13 M was bubbled with NZ:for 20 min. Then the reaction

m xture was added Boc-anhydride (1.5 eq) and Pd/C (0.2 eq). The reaction

m xture was stirred at roomtenperature under 112 atnosphere overni ght.
Solid was renoved by filtration over celite and rinsed with Et011. The

resi due was purified by colum (5% nmethanol in 1:1 ethyl acetate and
hexanes) to give racem e cis-3-(3-

am nopyri di n-4-y1) -5-(trifluoronet hypeycl ohexyl earbamate (579 . LC MS
(mz): M+ 360.2 , Rt 0.72 min. The enantionerically pure tert-butyl
(1R 3R 5S) 3- (3 am nopyr| din-4-y1)-5-(trifluoromethypcycl ohexyl ear bamat e

A N NS oS\



Synt hesi s of

(R)-4-benzyl-34(2R, 3R -3 ((R) -2, 2-di net hy1- 1, 3-di oxol an-4-y1) - 3- hydr oxy2- ne
t hyl pr opanoyl ) oxazol i di n- 2- one

[ 01501( R) - 4- bt W0BHLPR, 3R) - 3- ((R) - 2, 2-di net hyl- 1, 3- di BCIVERRBOA061105- 3-

hydr oxy- 2- met hyl pr opanoyl ) oxazol i di n-2-one was prepared in the reported
manner (Proc. Nat. Acad. Sciences 101, 33, 2004, pages 12042-12047) for the

R e o SATRANAE Bors Faﬁ%ﬂ%ﬂa’ﬁdéﬂ%ﬁmﬁar*%@m liguifgtie 568t oni de.

Synt hesi s of temperature and w111 therelore melt in the rectum and release the drug.

(R) -4-benzyl-3-(( ) tert 1si 1ylox R 2-dinmetl yl
- 1, 3-di oxol an- 4- j@s‘ﬂ; S%h dP”a%eg’ (}L) rgg‘f]t# aﬁglﬁm%)émlude c(a guleq

[ 01511( R) - 4- bebigty, pilB; ﬁd“wa;sm)igﬂlﬂ(llhﬁrlhsﬁnhtsylhdﬂdﬁsjehM{rﬁJ thydctixy JonAWR) - 2, 2-

di nret hyl-1, 3 th n oxazo i di n-2-one S prepared
inthe reporthdvogr%ga%%gxf: é?’%&}ﬂ leﬁg‘fe %&gf %%ﬁé‘f%@ésuc%ﬁ actgse "r?tﬁﬁﬁ S‘\ﬁl‘\fgges
12042-12047) dosage tforms emaa]sm oMmtis€ ag Smpmunh frakrice Sddditibhah gibwiakdas other than

(R)-4-benzyl- @%&Buﬁﬁ) | h%{‘l E}tlélg hgeggsmqﬁ}eas)&aggqslmn s ch?atltear}l_l ﬁ{e%gfge_o% hydr oxy-2-me

t hyl pr opanoyl’) oxazo
(2S, 3R) - 3- ( t empsulysttyblals, amt g, meldys’lagxio)méiﬁléﬁls&qo&rpdbdiﬁﬂﬁhyﬂgakex&s dr#pledd an- 4-

yl1)-2-methyl pa%g?glg %AF%galgo?aglg% parecfa Wi%hoen'flerlc coatmfgs Liquid dosage forms for

(R) - 4-benzyl-

but yl di met hylogdl h@*hmwyytmﬁﬂ(a@flﬁ)ohﬂl,e phatinaeutioally ichptéhl@eifmllﬁﬁhsllsojdﬁl)mQ

met hyl propanqy, nd _eth noI V.) in
THF (0.09 M %V\ggﬁ%%geg[qkyﬁéd. l(( _uLS éfmteamdill nféla%ue%ﬁ Jos ggi’ctp? ?)rﬁ%ﬁ‘ihxt ure was
al | owed to waswatgp Such camwbxomsyneambkosbmpmsedd;atzantshat:h hsemmrgeetgbme for 12
hours. The s 40C dditional LiBH4 (0.3

equi v.) was gl Hfséﬁ H%\%Zq}l%\%gdr]% aﬁggt% X‘%}Odex Swee%mng’l W?H& r 2 hours the
sol uti on was peifiemnglagentsed with d| et hyl et her and I N NaOH) was added. The

resul ting m xtur L) he)&g&ﬁﬁ%ﬂx}dyoﬁ‘&eg} héfat 1nven }ogga?ﬂ alsoq) grpﬁa?el & qla %er Vas

separated, washed w over nagnesi o’ tered,
and concent r &raf liftsemese sAsdsnomasn tha ritf lipesbmes aresgeharﬂhr dgeveddfminum

h t

(25,57 3. (1 Do bpEp 4 b A AT Psobh B b mopingr 1945 ot oxol an- a-y

1) - 2- net hyl p,lagyg@f_hyd@ed liquid #59Q1s tﬂz_l(%rh@slaer@dm'&l aqivields tnediah- Hﬁ@)lon- 0. 64
Synt hesig; | an- 4-v1) - 2-

et iyl br opoxs eVt i ) e Reb R and izl St dip iR mEy YY)

(2S, 3R) - 3- ( t efnthepsady [Tée presentdogipbsitiansyn) LiB¢R) fofm 2an contam in addmon toa

di met hyl-1, 3; t DIAD (2.0

elqlrJrF V. 31 andC(;Fi’]!l h3 (%ﬂﬁe ple%‘(3:%Il}tz/m‘%mgﬁl %M%gso%seb‘ag%s(gm%&gguaﬂéﬁk h(ki 0 eéw V.

| M sol uti onThﬁrPrerfFiFéd llpﬂﬁ@r@rtmmhmdxmmomh@dﬂthh@d (ledithins)p both enper at ur e

overy Ot ARl ARl 0 RGPk AR RL KE AR R AC BEYS Wes PurTTTed.

by -Y a e iurnn c
y1) - 2- met hyl W@ﬁ@x@fff(c?%r&d— le)ri) @lfr’?ﬂtﬂqqlb& Valume (8Y¥ 94 cadérhic PrasiyRe®400 MHz,

CDC13): 8 4. Q4x 4N3,@I(I§Beﬂy],%)(197% 94 (dd, .1,=8.0, 6.4, 1H), 3.72 (d, 1=7.2,
1H), 3.53 (t,1-8 5% dd, J=12. 8.0, 1H. 3.19 (dd, J=12.0, 6.7,

111), 1.52-1.60 ([?ﬂ63]]_|-|) ile thg c<(rgpougcj_s.of)hc invention can be administered as the sole

active pharmaceutical agent, they can also be used in combination with one or more other
agents used in the treatment of cancer. The compounds of the present invention are also
useful in combination with known therapeutic agents and anti-cancer agents, and
combinations of the presently disclosed compounds with other anti-cancer or
chemotherapeutic agents are within the scepe of the invention. Examples of such agents
car: e found in Cancer Principles and Practice of Oneclogy, V. ¥, Devita and 8.

Hellmar (editors), 4% edition (Feb. 15, 2001), Linpincott Williams & Wilkins Publichers.

oy
&



1.34 (s, 311), 0.92 (d, .1=7.2, 311), 0.90 (s, 9 H), 0.12 (s, 311), 0.09
(s, 311). Synt hesi s of

(2R3R, 4S) - 5-azi do-3- (tert-butyl di met hyl silvloxy)-4-neth -1.2-di ol
OTBS 10154‘%%‘%&3/%%65)%%“ on of Y V) HERRPAARizhs

((IR 25)-3-azido-1-((R) -2, 2-di net hyl- 1, 3-di oxol an- 4-

y1l) - 2- met hyl propoxy) (tert-butyl)dinmethylsilane (1.0 equiv.) in MeOH (0.1 M
was added PPTSpdrdonQf 6@kt skilidR the bt Svoll e WbIE td\BScemtviHidRdmAlnatidnslber 14 hours,
50C for 2 hours and 80C for 1 hour. The volatiles were renoved under vacuo

and the resi daemIpheryseiublpsed o thy particylageliaractsrigien ohe Gitet BEhESRYY 10- 25%
Et 0Ac/ n- hept aR@Hkdy s@h dhilehntedRedit iflehide, but are not limited to, the following: estrogen
5-azido-3-(tert-butylditnethylsilyloxy)-4-methyl pentane-1, 2-di ol (40% .

Synt hesi s of IfegponROduisiors, andrpess reeptorippdulAiaTy IreHinAIdeRFPIST IMOJUAIYY-- 2- hydr oxy- 4-
et hyl nentyl 4uiRicRYoanzeRes uhiRaatStive agaltl pRAIIRotén SRhsirase hhitokser t - but yl
(2R, 3R, 4S) - 5- azi do- é(;tert_- . . . .

but yl di met hy H8YPyHodgqucteseplibiney e atsr Aaiqgerrsiaulsbiprseliibiera eecofl1. 0 equiv.)
in pyridine @gliferRtiondsd A0 siplaicd, apdpishiSAdlicthglagdits 4d dgentkhikat Mretkelt € hel d at
this tenperature for 16 hours. The volatiles were renpved in nen) and the

resi due was puthicgi @GIGHP?‘%‘P‘PiP‘é-aT'@"e‘lomé’B'inlﬁlﬁﬁft&ﬁl“ﬁ??é‘f’%@rFébﬁysﬂoYhi’Sg?O%
Et OAc/ n- hept an@misteyddalithi iiflatlod hediy4S) - 5- azi do- 3-

(tert-butyldinmethyl silyloxy)-2-hydroxy-4-met hyl pentyl

4- met hyl benzenes u%fl@u at dhere QEntPEe pxglbqflpment of the inventiofi, the compounds of the

(2R, 3R, 49) - 5iRZhthA are abo sk S5hbiRiol MWith KRSV AnSitdngéraxshks idcludigd, iotl pentyl  4-
met hyl benzenesul f onate 101561To 13 sol uti on of L

(2R 3R, 4S) - 5500 H0pEPEePign I HRAS 3910871 R peBiey Jodulatpis FriRAid Hespi hy | pent vl
4- met hyl benz afpastetofs0dadidkid é'geﬁ’cs,%ﬁi(-i’:{brhﬂ-if}raﬂ%g&t@pkdﬁﬂ—ﬁbt@ﬁ tladsf&aRQUi V. ) Was
added TBDIVISOTJﬁf,(l. 7 @gﬁgi v.) at O0C. _The I§O| ution.was stirred for, 7 hours as
it warmed t o MhbiteReMErGeA Eusiase i arse ! \uprefrase it oS, B HA AP TR 28D %6 CuSOA,
| - 120, Na2COBfgabs, MNaGlheSakilogerdtis atlibayer MySO4, filtered and concentrat ed.
EP 8 AL/erSII_ ﬂggt \é\ﬁzs? {ld{)ﬁJSi: 3 nrfgxytairsl Ipll‘else%%y regferr%g lellfllgpdir(rzlgl{tg &at}tleoigxl;‘e?nggr}f (2.5-5-10-20%
(2R, 3R, 4S) - Sreps@utide ebis a{dra it cdmbingich tRh Mglcsipoth@ftheAnvaatibyfopast yl  4-

met hyl benzenesulfo_n?lt eg&?S?. S}/nt hesis of 4- 3R4R . . _
54- bi sr_yAUnfre3ipens of apeer felpide, for example. ippRizoapyitonotaenn, prneigbiag>- N0 2 101571A
sol ution of @ddo@RiI¥EB)covoRTattdphitin-dipBlih,@fdanddUeydciabiR] fiylophdsyhadiiye) - 4-

vinca alkaloids, imatinib (Gleevec), anthracyclines, rituximab, trastuzumab, as well as

other cancer chémotherapeutic agents.

[0066] The above compounds to be employed in combination with the
compounds of the invention will be used in therapeutic amounts as indicated in the
Physicians’ Desk Reference (PDR} 47th Edition (1993), which is incorporated hergin by
reference, or such therapeutically useful amounts as would be known to one of ordinary
skill in the art.

[0067] The compounds of the invention and the other anticancer agents can be
administered at the recommended maximum clinical dosage or at lower doses. Dosage
levels of the active compounds in the compositions of the invention may be varied so as
to obtain a desired therapeutic response depending on the route of administration, severity
of the disease and the response of the patient. The combvnation can be administered as
separate compostione or 45 & singie dosage form contalning both agents. When

adminigtered an & combination, the therapeutic agents can be formulated 2: separate

PRE NN
3



met hyl pentyl 4-net hyl benzenesul fonate 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 m xture was stirred under a hydrogen balloon for 3 hours. The

sol ution was ®YA¥dRed2and purged to argon, at which ti nePCI/EP2009/061205
4-chloro-3-nitropyridine (1.5 equiv.) and additional D EA (1.5 equiv.) were
added. After stirring at rt for 15 hours the solution was filtered to

renove the Pd th oatlle Were i n.vacuo, The residue was
diluted with ée%ﬁ’g{]gé’ée‘%e'“ are%‘éie %J‘Pﬁo %%E%{‘g‘ﬁs )"”mgﬁfa(’%%.), dri ed
over 1\4004, afgleﬂlts,@mehi: gamiaeaamgabmmpoeﬁlmnThe residue was purified by silica

gel colum chroma p 0Ac/ n- hept anes) | di ng. .

4- ((3R 4R, 5S)- 3, 4@%@ g%(fjg%?ﬁ’ i‘fﬁy?vs"f“i‘ 6&‘9&%“’6&‘03 "9‘“&%““1%

met hyl pi peri d?lm-l,IPuyll))P Emﬁuﬁablpyam (dlamma(sﬂiﬁfb@t Th&hMbod-indlB&:s 4dioMistdying Rt = 1. 26
m n. Synt hesi I .

4- (3R, 4R, 55)&3?%%‘"’“6’ PPt PLAROPPr Rt AR PR stigly reesPiaRle 9t gl ofdrn- 1-

vl ) pyri di n- 3- Qfﬁlerltelboﬁﬁ%% of coppdatdh $OF eamslall i il e wbject in need thereof.

4- 43R 4R, 59) - 3, 4- tert-but yl di meth - 5- .

met hyl pi peri di n-| Ri % 3 ]tr}ﬁ ?68p§/}nlvrr%on¥vzl§ﬂ)ed}/ ﬁ%%/d ot peadily by ysferengg tog
concentrati onhmll@m%exv&anSvkadrmdprﬂ:ﬁ%mIW@dxt ilmstertions addaddindt htdndedito) . The
resul t ant het@ﬁ?tﬁ%%i S ?e%n 11:n|Vo ohas put under an at nosphere of hydrogen
and was stirred ours this time the mxture was filtered through
a pad of cel isgangbLLits NQ W|th et hanol . The volatiles were renoved in vacuo
yi el ding 4-03R, 4 3,4-bis(tert- butyl di rret hyl si | yl oxy) - 5-

met hyl pi peri di n- | @Hﬁy iRafering to fe sxamples s folloygopmpo P%/the reeferred . 31 i n.
Synt hesi s of cﬁz&mffna{ti wre btlthesized using the methods described herein, or other methods,

4- ((I R, 2R) - 34 - 4- benzyl - 2- oxooxazol i di n-3-v1) - 1- hydr oxy2- met hyl - 3- oxopr on
vl) -2, 2-di net Wé?BTV?H’i‘H%“TS carboxylate [0159] To a sol ution of

(R) -4-benzyl-3- prmwl@nymmohﬂlbﬂnﬂoﬂﬂﬁnﬁe&ags%fé'c‘lﬂar)tctérf} g, 13was added
TiCl4 (1.0 e e mxture was stirred at -4 Cfor 10 min

(yel | ow sus pg‘?ufléq\{“a “Lﬂ‘ﬁgﬁlﬂﬁrlmaw (HPEGlysineys Warsrs Miblednng epmategrabhyol ut i on)

and stirred afsteth vatf £26988¢ dﬂmnﬁ\/@dulc%ﬁ/ﬁlf&dlm) The analytical columns were
4forny122d|neth%%xazo earboxylate(lo (0.5 M

was then add&§oSHk é@logwae% arcé§Lﬁ i oA Wuﬁ@n\%g'éecg fieffl,féii flor Ls

hours. The r aagddieanelivas vayanaligsy DY mbgid x&aug@taﬂﬁlgmgwsmamm um
acetate e or gam C

chl ori de andtp) @na)ég re was, extracted w t
phase was sef&i°ai% éan%wr?ﬁe%wsﬁ%w%wcsfanwlf AveRAgFiiadiof i winufest e
filtered, andllcanaenbhainedlo. l%hﬂﬂlﬁceédc&ib%d&ﬁﬂ? d)”(l,‘ofrﬂp@ﬁindé WdreCRlcEiM by

((: g; O[rgf’ ? 9 rbﬁf 9}43\%}%&%{'}%&%@) ggc(o%tlf(l)ﬁ latbeétﬁ Qr 25 nmh eI-)I(PaLQZes%lver]its @eretigon? 've
oxooxazol i di Barick ?u)dJﬁcl&smd(l\@«kkcg%nmt)mIFwBel(Eé&BﬁﬁkaPi@sb‘&g@ Pdiyr net hyl oxazoli din

e- 3- carboxyl ate roduct 5:2) in 58%vyield. LCM5 = 363, 3
(M 111 -Boo), R M 2f ss'ﬁtsﬂ‘l&% frstages. PRI f‘zsﬁﬁﬁ‘t’%‘?y thin'ayer chiromalography

4-((I R 2R) - S(TLCR)lﬁlég-éi&@Ziyﬁlaﬁc@m%ﬁH@ deDplites3 sueh hs, TeteRirhel tRakaim®t hyl si | yl ox

V) - 2- et hyl | o aZO|IdI eSCrbo |ate [0160] To a
sol ution of ?Eﬁay‘?"i g E%%@eﬂﬂ%leﬁh ﬁ"ﬁ&%@amf Topd ‘ifie%?’““é}/ under

oxooxazol i di uitrB-od Jight; Mreﬁmlbvﬂrgmlhmbwﬁrcﬂi(ﬁﬁ)ﬁ@pwmﬁergaxdiug&bimhlgoxazm i di ne
-3- car boxyltgte 1 0 eqw v.) and lutidine (1.8 equiv.) in DCM (0. 11yl was
added TBSOTf [ 1.24° eqU|v at -40 C. The reaction mxture was stirred at -40

C for 2 hours. Ti®73] SCNfIaBBBlﬁmtwmand&ddlytsedvambdrfhnﬁ&d%on&@ﬁﬁl‘xﬁ&a@,m washed

concentr at ed ooRg S e aliE Sisegnfion U BT ERRT £ M58rs: 2t chr omat ogr aphy

el uting wi t kpstrhmbten CeluaimeEdipse KBBaMISS2.( SG)mnﬁ @raieve 9% (&B‘ﬁbﬂ%ydar

44( 1R, 2R) - 3- ooxazoll - -( ri-butyldi nethylsilylo
xy) - 2- et hyafiiﬂéo(%ggr%’gézf)e%ﬁqﬂmdn %{2%32/(3 %’%}‘ °Re- IB'&‘I‘”BB%%; F4Pé48s  t he

maj or products {ib/nd); nimkc83%yice rdigel.{.@l B/EM“L@?WG&&@MBH), colbnn Ferdped@iean N (Frac
65% 95% nmet hod). Synthesis of (R)-tert-butyl

4- ((1R, 2S)-1-(tert-butyldirnet hylsi 1yl oxy): 3- hydr oxy- 2-

met hyl propyl) - 2, 2- di met hyl oxazol i di ne- 3; carboxyl ate OT BS



[0161] To a solution of (R)-tert-butyl 441R 2R)-3-((R)-4-benzy| - 2-
oxooxazol i di n-3-yl)-1-(tert-butyl di methylsilyloxy)-2-nethyl-3-oxopropyl) -2,
2-di met hyl oxazol | di ne- 3-car boxyl ate (1.0 equiv.) and et equi v.)
in THY (0.09 YP U8 Hded LiBIT14 (3.0 equiv.) at -30 C Q‘?’ﬁ@!"%"ézﬁ"%“%n

m xture was allowed to warmup to O C and stirred at that tenperature for 3
hours. The solution was then diluted with diethyl ether and I N NaCH was

added. The regeyyt alﬁqlemrcrmseeﬁ%\ewwU@ﬂc\@ygtéan aldwio 8eRtsgdign; the organic
| ayer was separ at ed, dried over nesi um sul f at e,

t.
o oroa: aehare ST BAPLEHS B8 0 fumvad ~slims gedioni 30974 GEi- 48 col um
?g; 0 {rzﬁ ?g[) 3Ffay6§b51% lbPGs.- 9ok PhcEibiille RGRER Wh ANFoRRRSa {3 i) pdrRdINE
((1R 2S)-1- (%;@réJW/Wrndrnﬁ@eHw‘gqlgkgf/raagfwos%ﬂgf@m82@@22%& PR opy 1) - 2, 2- di ne
t hyl oxazol i d't&ﬁﬁe@a‘t&@ﬁ@%ﬂ ﬁtxﬁwra@p.med @?&t@ﬁ (RFiedued HPbr2cbighh Cﬁchhé?: 71%

yield. LO M = ) mn (Frac 65% 95% net hod) .
Synt hesi s of X8 C@%,Ztl )bﬁ)tryqn, gradlent 5~ 95% acetomtnle in water with 0.05% TFA over a 4

4-((IR 2S)- 3nﬁ§b&f6d1ﬂc(v& R0 PHUiE] ABENA ShioM 193941 50-850; cone Voltage 50 V;
2- met hyl pronv di net hyl oxazol i di ne- 3- ear boxyl at e 101621To a

sol ution of epé;*mtl éfiﬂtpﬁﬁmf%ﬁ @h(&lmasze)were repergselias tﬁlerewf&rerﬁr‘é?md parent

si Iyl oxy) - 3- hydr oxy- 2- met hyl propy1) - 2, 2- di net hyl oxazol i di ne- 3- car boxyl ate
(1.0 equiv.), DIAD§2 0 equiv.), and PPh3 2.0 equiv.) in THF (0.18 M was
added DPPA (2.0 eWBT4}.  Nugrargragnstigresons R)alYFie Wat ReSAIPROOIPIEE was

stirred at ropiR E&ﬁ%ﬁﬁ&tw&fhea PMRA aorgmtﬂz NiIR Pl EARY, A)OTThd RciMPleddrédces under
vacuo, the residue was purified by silica geI col umm chr onmat ogr aphy el uting

with ethyl a@é%%tfhérgﬂﬁoﬁ‘é‘ﬁm‘(hfmt?)‘“ﬁ@ﬁrt olvRY. tert - butyl 4-

((I'R 28)-3-azi de-[p075]  Preparative separatlons are camed out usmgaI‘lash 40
-(tert-butyl di nethylsilyl oxy)-2- -2,2-di rnetbyloxazolrdr ne- 3-ca

rboxyl at e ascﬁrﬂ'éatﬁ@?@rys?ﬁ‘%f}’&K ’§12§0¥‘\|( ‘@@% aélP‘EFSV‘H?_CWPJB‘” y3bsh 3 (MrHBoC) ,

Ri =1 40 ni goilufih aﬁmﬁ&%/gr%%u@ieg Erﬁéb) gel %@lmbdﬂﬁéélﬁ p&kink @fateriBl bydy HPLC

(2R, 3R, 4S) - 5- azi do (Z;ert but d| rret | silylo

1- hydr oxy- 4- HieaR Va2 %rwle re\[errféeat%ceu%ﬁ%?%nmoﬂow 75

(R -tert-but M‘rIL/er( @ﬂ?eaz Slv&ts&aéipd@reé-f(ﬁ EP@'Pﬂash 40 Biotage system and flash column

but yl di net hyl sr I r(y5l|¥| -met hyl propyl ) épigl net hyl oxazol i di ne- 3- car boxyl at

e (1.0 equi veiyom 5 apegliohlqpmethane o dafatate NEYRRPAACSOBEA BIUCHRS i xt Ur e

was refl uxedaﬁlﬁbmz(oelam&ommexymmé) hRSriVBYIQmiRITTYFidal Woldaits % fdrgg (1.0
qui V. oc

resi due, was dissolved in DCM (0.1 M and DI 1.

equiv.) wer eq’ﬁd’d@’deP]HS‘TIH%L(Fé‘ﬁd’ﬂy&gcﬁi‘%‘?f‘?ﬂn@ns%ﬁéﬂ%‘i“fmngri” ’s"“gtr rred for 3
hours at room%eﬂw@hwc@mﬂhe solvents were renoved under reduced pressure
and t he residue iluted th eth acetate, washed with water, aqueous
NaHSO4, aqueous \I@ﬁégﬁ It shuld erstp %}F}&aﬂﬁga(?mdﬁ&‘g%“ %CCB‘Bf“@dO %Ft h

magnesi um supé@tirel erﬁliddin%rn&dmaya:ﬂﬁibﬁ e@qﬁa{oheh@pbftéﬁhﬁndheei dehewnsmipalr i fi ed vi a
silica gel colum ch& nﬁto r P/ el uti nl% W th et hY ebtlate and hexanes
(1:3) to gi vEruetres wy 1s specifr cat on can only represent one of the possible tautomeric

(2R, 3R, 49) - 5foagd, d@hé’tﬂc( 5ee.rnaex’etubd/dhdﬂtﬂmrbﬁ&r5d dnyodifyehts kntbmpdssexany4- met hyl pent an
-2- vyl carbatn te asft etﬂa jor isomer (5:2) in 70%yield. LCMs = 289.3
(MA-| - Bac) , mel?f 950 R e fiepn SRy 95% met hod). Synt hesis of

(2R, 3R, 4S) - 5- azi qen72} ( teistunbaritoxyBarnizoRynasn 1 aptlonifet &F thb ehyddithemd 3y | si | yl ox

%/)2R43 gezggll 5te ﬂé Fcagrngg n %&gtlljolnf Q%}ngracisoillgéc 1;8rma§t reoliltéré (?orrlneovfilthgr? trhte sctg)Ut yl
but yl di net hydfshdaﬁbw@lc)cro:kmbydr oxy- 4- net hyl pent an- 2-yl earbamate (1.0 equiv.)

in pyridine (0.2 added 1.3 e | 1 o by .DMAP (catal ytic
anount) at 0 C. ?ﬁ%sﬁ?3¥ émﬁﬂgﬁE#W&FgﬁuégHF%E%”F@H%@&@ H?%t or 1 hour. The
sol ution mas%ﬂ%%mgﬁﬂnM&ﬂﬁmﬂﬁmeﬁeaﬂm“ﬁﬁhy%nQQEPﬁﬁﬁdéﬂﬂﬂ)heMﬁSﬁ&de%bﬁh aq.
NaHSO4, sat. h %rrne dried over magnesiumsulfite, filtered, and
concentrated TR reé dﬁ'rV%s purified by silica gel enltinn.

chromat ography eluting with ethyl. acetate and. |aexanes ,(1.1-) to give
(2R ,37.4-Ti,
5-azi.dri-2.-.(tert-hutonir.?rbally)..psmna)-3-(tert-butOliinethd. sityl ox
y)-4-rr.t.ethyl pent3.4 nethanesul fonate as thc major isonmer (5:2) in 90%
yield. LM = 367.3 (MtH-Boc), Rt -- 0.81 min (Frac 65% 95% net hod) .
Synthesis of tert-butvlDR 4R, 5S)-4-(tert-butyldi methylsilyl oxv)-

5- et hyl pi peri di n-3-yl carbamate OTBS BocHN [ 0165] A sol ution of

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

but yl di net hyl si | 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 equiv.) The reactron nrxture was strrred under a hydrogen

o o o r " 1 - N .



BocHN

[0166] To a solution of tert-butyl

(3R, 4R, 5S)-4-(tert-butyl di net hyl silyl oxy)-5- nethyl pi peridin-3-yl ear bbanat e

(1.0 equiv.)

60 C for 2 hours.
diluted with, ethyl

acetate

and washed with sat. NaG .

ini-PrOH (0.09 M was added DI EA (2.5 equiv.) and
4- chl or o- 3- ni WOgpiRdihe (1.5 equiv.).
The vol atiles were renoved under v-acu. o,

The reacti on m xtR¢TE&EPHEL0405r r ed at
the residue was
The organi c phase

The crude

was dried with nagnesiumsul fate, filtered, and concentrat ed.

material was purified by silica gel columm chromatography eluting with
et hyl acetate and hexanes (21: rt-butyl

(3R, 4R, 5S) - 4- (t ert - bttyeiret é’?ﬁéﬁ%}ﬁiﬁiﬁ?ﬁ?g Fethyl—1

-(3-nitropyridin-4-
(MtH), Rt 1.09 m
(3R 4R, 5S)-1-(3-am

peridi n- 3-yl car bamat

(3R 4R, 5S)-4-(tert-
met hy1- 1- (3-ni tropy
(0.05 M was degass
added to the m xtur
for 3 hours.
under reduced press
(3R 4R 595)-1-(3-a
i peridin-3- ylcarb
(MtH), R
6.0 Hz, 111), 6.76

LG M5 = 467.3

yDASICper i cll(dietBylaryilnsﬁnﬁIbmmfﬂh@den 76% yi el d.
1 nt he<b ? te t - but yl
Q din in;l QI'O qngrf but \I| dit

I\Jr.lyl LI LI

)XY) - 5- met hyl pi

BIEATBS BaﬁsobMpylethquﬂ;ﬁZ] A sol ution of teft-but yl

I e

A,

(il hyIS|Ion

d\é)
| @cmaxxu \/I earbamt e (1 0_eq

oMM h ni

Hfdﬁﬂ@lﬁylgnﬂﬁopg'gdlﬁl n.

10% Pd/ C (0. 2

Jui v.) in MeOH
2 equiv.) was

e_and the

The regl

n- A&

solution Was stirred under a ny
s 12idimethosyethand the filtrate was

rogen bal |l oon
concent r at ed

1-91.1:'[ o gi

ﬁ' ﬁ?—&fﬂe&?%rﬂamlde

m no

1.08 mng

rEDdZ H NVR

rrdrn
as._t

4-yT1) (Tert-putyrdimethytsity
1hldﬁﬂ(dlphﬂ4ylﬁh®§hm)fqchm% vi el d.

oxy) - 5- met hyl p
LG M5 = 437.4

(d, J =
1H, 3

(- %Qﬁml}é!'lﬁaf&f@l@ 24 S %1&%0(1?%&1

alraghlpgdg m 211), 2 47-2.35 (m

1), 7.95 (d, J
3. 74 (br s,
211), 1.89 (br

3.59-3.55 (i
oM, 1.44 (s, 91

oAl 04

Q.hylace@at@ 3H), 0,92 (s, 911),

h. 13" (d, J

0, 6H). Synthesis

R) - 1- (benzyl oxy) -

of tert=
F8Ydr oxyt

Eihm hyl hex- 5- en- 2-yl car bamat e

21

S,

9.

(2R) -

[01681To a sol ution

DC,M (0.1 1A at
(Z)-2-(but-2-et|y1)

7 8b urde

}ﬁf) fd—Boc

’Hydrasr%énz&rlg?%rlé ne al dehyde (1.

D equi V)

-Kdzcﬁ)s f,.5-

diT Al "alrTTosS pPIrrer € was auucu

Ratgssinmmgatbpnate 1. 3, 2- di oxabor ol an

and the cl ear sol ut

W@ti rr

eﬂcjio?lfml%G houLs as it warned t

sol ution was added
dried over MgSO4 ar
Et OAc/ hexanes) to

LUTCULUAC

Mghii fie

[ o Ya
and—was washed—with—H20 \3/\}, att

dMipncguth isdéategel  chr onat ogr aphy (

Nﬁ!(ﬂ{t ert

Nt

(2R)-1- (benzyl OoXY) -
m xture of isoners

o= Ty ul U}\_y

assCdged

s Sl |

sbljﬂuﬁl-daﬂdhﬁ:te LCMS (nz): 236.3 (N

[L1+- Boc) ;

= 4.37 and 4.51 mn
(4R) - 4- (benzyl oxynsg

el

g nt hesli

Sty Dlprige o a6

din-2_ one_H
AT T — ITTO LI}

1,11,1 H O OBn
in

e (1.1 equiv)
D rt.

The
NaCl (saE ),

15%

(54% as a 3:1
"LC RE

B n 101691To a

E_{
Y

solution of (2R)-14

NaBODY| 0X

I T OO T

|
wbdlﬂmhmdj%mtc4 met hyl hex- 5- en- 2-

was added 60% sodi u

ydri deg

on \AQC
VVCK

|aneraJ (15eqU|v) AF
\1- rgmpmwnm e::rlrh tionof N-14C1

for 3 days, the resg
sol ution was dil ut¢

KO U T UTT

tivm t h Et

LA Nava |

QAgicich- W}ﬁme&levm th Na4Cl(sat) a

dried over MgSO4 an
Et OAc/ hexanes) to
(but - 3-en- 2- yI)oxa‘

4

rifie
a

pldPeh ) 2-

d b Sili, el ChI‘OITEltO raph
Sedaonngpallgunity

%@a&ﬁ@%smﬁ@h&p&eﬁml‘fﬂdﬁﬁﬁ{@ﬁ LCME

(Mr); LCRE = 3.4

mn.
Pd(dpphHCl,-
DCM

Dichloro-(1,2-bis(diphenylphosphino)ethan)-
Palladium(II) — dichloromothethane adduct

RT orst

room temperature

TBDMSCI

tert-butyldimethylsiivichioride

¢ Triethyismine

THE

- setrghydrofuran

in THF (0.1 M

ter stirring
(sg,E) and

nd Nagsat),

50%

(mz): 262.2




Synt hesi s of

(4R) - 4- (benzyl oxynet hyl ) - 5- (1- hydr oxypr opan- 2- vboxazol i di n- 2-one ,oN H

H, 0Bn [01701To a sol ution of (4R)-4-(benzyl oxyrnethyl)- n- 2-

y1) oxazol i di nY92GHExY o equiv.) in 2:1 MeOH H20 (0.04 ?/{&Pﬂég/ RIAZ osmi um
tetroxide 4% in H20 (0.07 equiv) and sodium periodate (3.0 equiv.). After
stirring for 3 hours, the white precipitate was filtered and rinsed wth

Et OAe. The c Qgsdoffg,Lcj\&,&atogem%mq@fﬁgﬁg)}r{e%gégulfdﬁa%acuo and the residue was
di ssolved in EtOAc, washeéd wth Na.Coat.), dried. over MpSO™4, filtered and
concentrated. The crude al dehyde was dissolved in EtOH (0.08 M and upon
cooling to O C, sodium bor@?de (2.0 equiv.) was added. After stirring

for 15 hours and conming to m tenperature the reacti on was quenched by
addition of H20. After stirring for 20 m nutes, the EtOH was renoved in
vacuo, EtOAc was added and tHé sol ution was washed W|th I N HC1, Nal -K:03(sm
) and Nadl (sat), d qve filter onc Idlng after
purification by sﬂ)f)?gga 82 S8‘%E%‘%P3‘é?‘%ﬁﬁeld3 0% FORGGh DR B AS W

(4R) - 4- (benz yidad WOyl D-equit } ady/abblaat yoolr W antded Wzmxa)bqhwdntQM (GlMa) as a 3:1

gy)r(lt ﬁ(ragl gf o:‘ %?0%532(?3%%!‘?%%@% %Panétd %&29‘6‘?08%&6 ?‘VES& 8| n- 2- one

101711To a sodadiidnomsofirrdddR) 2 Hr-((ak nalsbiosyme Thydojutibn (vis filytiedosy oo mp an- 2-

yl ) oxazol i di 2 one 0 _equi i e | oncentration.of 0.1 M

was added 103} LEN ‘f"agdlgi%er%sgtﬁ&geg\r%}dlnd (i(}é‘faietﬁg%.s:;a}dnfﬁ%ac?eg?’ i FEin ]te ?’Vbtgeneous

sol ution was ban, thien desS Caend comspiugxle Toé crhdedwasgenl fantlc was steit withand f or 15

hours. At thi.s..tine.t red throu elite

el ut 1 g i t nREEHARGPopn e S e HRE L Bt G e BB e

(4R) - 4- (hydr 65(%miaﬂchWhﬁ{x‘&la(te]ﬁdugrdmwmbmgwag&m&lsbm&chlzeoisecdnmnemamhefo(9@% LCMVS

(rn/z): 176.1 oy )

244R) - 2- ox0- it egquno?%@&ngﬁ %%&g +H d +C ?N)’&toé)yg“““'

4- et hyl benzenesul fonat e TsOOTs 01721To a soI ut| on of

(4R) 4- (hydr thasis|of BY4.4.5 .32 cskiaxe lan thaBEY-diepat2. one (1 0

equiv.) in pyridine (0.15 M at OC was added ptoI uenesulfonyl ehloride (2.1

equiv.). The solution was aIIovveovvarmto rt as it stirred for 14 hours,
‘ s

at which tine Et0Ao was added a e solution was washed with 1-120(3x),
CuSH(sat.) (2x), H20 , 1sTa2CO t.) and Nad (sat.), dried over MySO4,

filtered, concentrated and purifged by silica gel chronmatography

(75%&t OAc/ hexanes el uent) vyi el dRngP24(4R) -

2- 0X0- 4- (t osyl oxynaet hypoxazol i -yl ) propyl 4-nethyl benzenesul fonate

(68% . LCMB (M z): 484.1 (MH); Rt = 4.06 nm Synthesis of

(3aR, 7R, 7aS) - 5- (400881 hoiybeqiztidil)of F-oreayblphdrebeeryl diflvorene ibasful foate (1.0

el pyri di n- 2( )

et byl hexany Al aliagepar i8R (0 KA RydsfMphe RV fequiy,

PVMBPMB [ O 1731‘_;@Ag()} Y equin), efid Pd(dppH)Cl,-IDCM (0.05 equiv.). The reaction was heated to 80

24( 4R) - 2- 0XOe, t l,

4- et hyl benzg%g%ﬁﬁg%ngﬁ%@'l &éggeég%,\g #l%({j}ﬁ ‘léiss gl%)%dt%tapée/{lﬁwmpam%og éth% equi v.)

and par anet hpxifisetiveyL@STe 14019 6/4-8dof bergnid a¢idIMP (0. 05 M was heated at 100C

for 14 hours. The solution was purified directly by RP HPLC. The product

fractions wes@des st 3-e0nibup el iRy cbRxEL g and Na2C0B(,), washed further

with NaCl (sat.), dried over MgSO4 and concentrated yi el ding two separate

i soners of (3aR 7R, 7aS)-5-(4-net Boxybenzyl) 7-

met hyl hexahydr ooxazol o[ 4, 5- qi pyf1di n- 2( 3H) - one and

(3aR, 7S, 7aR) - 5- (4- met hoxybengyd) - 7- met hyl hexahydr ooxazol o[ 4, 5-e] pyridin-2(3

H) -one (27% and 8% . LCMS (infz): 277.2 (M1') at 0.40 and 0.42 mm

Synt hesi s of (3aR 7R, 7aS) - 7-qTed hﬁ?‘Phexahydr ooxazolo4, 5-clpyridi n- 2( 3H) - one
.1?1H [01741To a sol uti on ©f

(3aR 7R, 7aS) - 5- (4- r net hoxybenizyl ) - 7- net hyl hexahy-




dr ooxazol o[ 4, 5-c] pyridin-2(3H)-one (1.0 equiv.) in nmethanol, at a
concentration of 0.1 M was added 20% pal | adi um hydr oxi de on carbon (0.3
eq.). The resultant heterogeneous solution was put under en. atnosphere of
hydr ogen and. WR281048¢124 ed. far 2 hours. At this tinme theCGHERRAYRS1205, vas
filtered througli a pad of nelite ei.utingE, wth nethanol. The volatiles
were renoved in vacuo yielding (3aR 7R, 7aS) - 7- net hyl hexahydr o-

oxazol o[ 4, 5-ci pyr , - pne 99 ... LC\VS - 157.1 at 0.16 mn.
Synt heS|[ s of (%Rh&’g% s%’%@ﬁ'fl?‘b%@%%?ﬂg}%%@%% %‘P’farbB Wzﬂl n- 4-y1) - 2-
oxohexahydr oqok)ambmm e’ﬁex(ej (PP et Niv-ddgaddll dvadReny DB, CONBaCadded 4-0175] A

sol ution of yri.d nd aR 7R, 7aS) - 7-

net hyl hexahycfr %6‘3(%?’%083[1‘ g (2? Yhfmﬁ}&% Pﬁ)gg:ﬂ)é:\{‘@ép@ 8&’&3; li‘i}‘elie?Ft‘@iZClZ at a
concent r at i orwashedlkedlin M oiivesh ®t1i10 P@¢hr athoiirk, Cailedd8 rdvaiegpahtushthehdiptdaer i di ne
(0.4 equiy) va ns s 4-chl or o- -ni ropyr.idine. After
stirring for a%hgggfﬁd%e%a# o (%ggsrogu)émﬁ otp afemylyignsy Fiff FrﬁéFan%ﬁ’é‘k %‘ltgf?. 0 equiv.)
and di net hyl aotidsopstr dxtthael thdorgardephiave, alne&azm Nglsiled andNoh@ntrstd. rrhcRgdbor 4

hours, the soql ut| ar i oned en Et OAc, and NaHCO3
washed furt hef™ Bi f?dl\lﬁll-sl&% G(%éﬁ tog% e rdhethyl ggglate gp B%wa\?ﬁsozt was
filtered andyplii- fa-mdoﬂgfyidmaﬂ-ylmclg&lx MMS%QI aﬂhy Lyvb d=|2mg(M3HRLER 7aS) -
tert-butyl
7- met hyl- 5- ( 3- 2n2|94rn%)pyri di n-4-y1l) - 2- oxohexahydr ooxazol o[ 4, 5- c] pyri di ne3(2H) c
ar boxyl at e (62O LCIVB (n/z) 379.0 (M#4) at 0.58 mn. Synt hesi s of
(3aR, 7R, 7aS) Syuihg p-nit yi-ibgygloheli-Zrenbl y 1) - 7- et hyI
oxohexahydr ooxazol 0[4 5-cl pyridi ne-3(2L1)-carboxyl ate a concentration of
0.1 /A was added 10% pal | adi um on carbon (0.1 eq.). The resultant
het er ogeneous sol uti on was p er an at nosphere of hydrogen and was
stirred for 14 hours. At thi me the mxture was filtered through a pad
of celite eluting with nethan The volatiles were renoved in vacua
y| el ding (3aR 7R 7aS)-tert-b |.NO,

5-(3-am nopyridi n4-yl)-7-net hyl 2- oxohexahydr ooxazol o[ 4, 5- e] pyri di ne- 3(21l)
-carboxylate. LCMS (mz): 34981 (M-it); LCR = 2 06 mn. Synthesis of

(3aR, 7S, 7aR) - 7- ol 3 1771 To a
sol ution of (Bag@@ aR;ﬁ@EXO%%g)S?ﬁgi Rlloré’??%d%g% %/ exa e?ln(?eqmo)

hydr ooxazol opvas @ded EsOH (612iN) a2 TeChy7HoM €1.3 dquiv. e dikic veaytidnrwasebmw'tolo °Cat a
concentratio | adi N GRALPN (0.3
eq.). The re@ﬁf&ant](hly‘egm gﬁgej%@gdégﬁg&{%ﬂg ﬁ‘ﬂeb‘?&r at uné‘ggﬁeélnqugf CPbﬁ’here of
hydr ogen andadding wterropeegntrased t2 rénenye the EA(i)HIetddgl EtiOm ¢xdtractex] the ongenias filtered
|t 2 r \C/’;g L‘ aay ngﬂ‘iegfvwﬁ%hhg Bhehi IN‘ét Ed\Jant cgﬁeﬁﬁatt&acg9 eld 3T@qnt¥(ﬂ)|y?iﬁ 46}5)0\9&511%){ removed
(3aR, 7S, 7aR)2- 711%&9%94 heRdhy 8z bbdrid), b4, B236]myr i di n-2(311) -one (99% . LCVS
(mz): 157.1 (ML1+) at 0.17 min. Synthesis of (3aR 7S, 7aR)-tert-butyl

7- met hy 1- 5- (Smibiciis OV OGLEInRrdyvNdd-421)evclohex-2-enylisoindoline-1.3-dione _
oxohexahydr ooxazol o[ 4, 5-cl nyri di ne-3(2H) - carboxylate [9I./81A sol ution of
4-chloro-3-nitropyridine (1.3 equky ) and (3aR 7S, 7aR)-7-

met hyl hexahydr ooxazol ol 4, 5- e)'s -2(3H)-one (1.5 equiv.) in 014202, at a
concentration of GA was sti t—1t for 48 hours at which piperidine (0.4
equ.v) was added to cons ess 4-chloro-3-nitropyridine. After
stirring for an additional hoWs, di-tert-butyl dicarbonate (2.0 equiv.)
and di et hyl am nopyri di ne ({0. 1N§qU|v ) were added. After stirring for 4
hours, the solution was pgrty I'dned between Et 0Ac and NaHCO8 (sat), was
washed further with NaHCGCS at ), and Nad (sat), was dried over MgSOH4, was
filtered and purified by silica gel chromat ography (75% Et OAc/ hexanes

el uent) vyielding ﬁ&% R 7S, 7aR)-tert-buty

7-met hy1-5- (3-ni t gyrl d"*rf‘“dﬂg“%‘)rﬁz"d&‘&?é&?ﬁ?&?l%‘ié%@‘fé#d{”ﬂ BI¢APYri di ne- 3(2H)
- car boxy lat erifi3hPhoshEM3: (bid). a@7DeIiEMe 1) 5 edle Rb R 20434 M0 cSyat hesi s of
(3aR 7R 7aS)-tert-butyl 5-(3-anainopyridin-4-yl)-7-nmethyl-2-

oxohexahydr ooxazol of 4, 5- ci pyri di ne- 3( 2H) - car boxyl at e




[0179) To a solution of (3aR 7S, 7aR)-tert-butyl

7- et hyl -5- (3-ni tropyridin-4-

y1) - 2- oxohexahydr ooxazol o[ 4, 5- c] pyri di ne- 3( 2H) - car boxy| uiv.) in
net hanol , at'%géﬁﬂgﬁﬁ%ratlon pf 0.1 M was added 10@6pa?%§@§%%§8%ﬂcarbon
(0.1 eq.). The resul tant heterogeneous solution was put under an atnosphere
of hydrogen and was stirred for 14 hours. At this tine the m xture was

filtered throyah @ mg,lt By kel ELAbRG 1 Y ABLDARGIviseThe MRkBH 1 | €5 ver e

removed in vacuo yle S, 7aR
5- ( 3- ani nopy ryad stirzedya § 2C7 ford thpwr.- @mm@ﬁmmwdzrowaemﬂ@neqrpﬁﬁﬂm ne- 3(2H) -

ear boxyl at c. cl'u%a%ﬁ%é é% c&alﬁé]g cﬂro&%ﬂ?%mﬁ)k{y@hﬁn EWA{M exafed (I‘f qchuih Synt hesi s

of nethyl 3- am no- ur o i cor 0180 A sol'ution of
met hyl 3-ami rﬁ&’ar@etbmhmpaf&mi tha dt(&-(3- mttgpsédurfwl)c)clzhﬁat%iﬁmﬂ)w@mdplh@dyi bor oni ¢

acid (3 0 quhﬁzgggpﬂdgpiggg§;§§@3E&hﬁfg M) in 3:1 DME/ 2M Na2CO3

(0.5 M was to mcrowave irra |at|on at 120 Cfor 15 mn
intervals. The reactlon mas flltered and mashed mnth Et 0OAc. The organi c was

partitioned ek 343 fliz 2sx-2pgyRiseindeling: diane ) (25n1), was
dried over MpS™, and the volatlles wer e reaned in vacuo. The residue was
diluted in Et0Ac -and passedghr a silica gel plug and the vol atiles
were renoved in vacuo yieldi yl

3-am no-6- (2, 6-di fluorop colinate (47%. LCMs (in/z): 265.1 (Mi); LC
Rt = 2.70 mn Synthesis -(% 3-di fluorophenyl)-5-fluoropicolinie acid HO
0 [01811To a solution of §-brono-5-fluoropicolinic acid (1.0 equiv.) in DME
and 2M Na2CO3 (3:1, 0.25 added 2, 3-di fl uorophenyl boronic acid (1.3
equiv.) and Pd(dppt) C12- (0.05 equiv.) in a mcrowave vial. The vial was

heated in the mcrowave an"12e C for 30 m nutes. The m xture was dil uted
with ethyl acetate and IN NaOll was added. The organi c phase was separated

and extracted thr@es4por €o bisdBionWf bI3-(3-hilko -BO0kyORES-NedyiseNddaeH.  The
conbi ned aquequs phases were flltgred an cidifled to H1 bé the addition

of concent r atddiqell - AedielipsOHEE Sa M vas pdfet Fa (el equly.) apf thedragion ¥ ayer was
dried over nagrast ﬂé%&éﬂlﬂe@e&xﬂe fdr 2t ExRekd, tﬁ&ﬂw&éﬁé&eﬂﬂiﬁl&hﬁ@l ifd give 6-

S SRR R Ao B by AT Lo acl Bk Sl O] (M1
3-am no- 6- ( 2th60£ga§1by£)éxeahwlm 4,80, lafd @naéﬁtr@ke&i@ g}«lbézz BA3&dlkpyadisal uti on of

met hyl 3- anl 2, 6-di qu n i col F (0.5
was Zldded 1|v¥ ‘iY R @ly 50 9hneﬁf %?gegw?li Ms%m& “h glefﬁr L@M@ ( N ngl

(4.0 eqU|v ) 32V OeDC arndi 1D gn. THFE was rennved in vacuo. The resultlng
solid was filtered and rinsed with cold 1120 (3 x 20nL) to yield
?Mamlgf GL(CZ GiineHls i 4! lihid R 1 s WP (M2): 251, 1
3-am no- 6- ( 2- fluoro 5- propoxyphen pieolinie acid [0183] Met hod 1 was
fol | owed using 3-am no- 6- br onBgi ic acid (1.0 equiv.) and

2-fluoro-5- propoxyphenylboron|c ; (1.5 equiv.) and Pd(dppf)d 2-DCM (0. 05
equiv.) to give 3-am no- 6- Nogr o- 5- propoxyphenyl ) picolinic acid in 75%
yield. LG M5 = 291. 0 (M+H) =00. 81 m n.

[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 > balioon. After 3 davs, the reaction was filiered through

Celite, washed with ethyl acetate and methanol, the filtrate was dituted with ethy! acetate



Synt hesi s of 3-ami no-5-fluoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid

0O NH2 [0184] Met hod 1 was foll owed using 3-am no-6-hrono-5-fl uoropicolinic
acid (1.0 equiv.) and 2-fl uoro-5-propoxyphenyl boronic acid (1.3 equiv.) and
Pd(dppt) C12- BWOMPO@2Q5 equiv.) to give PCT/EP2009/061205

3-am no-5-fl uoro-6-(2-fluoro-5-propoxyphenyl)picolinic acid in 28%yi el d.
L M5 = 309.1 (M+H), Rt = 1.00 mn. Synthesis of nethyl

3- 5-fl I t .101851 Method 1 was
ol Towed usi ngoting st 4k HE2SE N0 B Fptofingpe o it W monscutmi v. ) and
2-f | uor o- phensylfinerfitwied aﬁttctodu(nﬂrdt’éd,elﬂdzlcmd)z niealReHs dppla)eClhdth Beddnéshn@S equi v. )

0 0L T B Bl 0 0, (2 L REr LB S0 ol >%%

3- am no- 5- f | UBroyild ( ReMSreszipheviyin) Ri€0k# mine aci d _

[ 01861Met hod2wasf oI | owedusi ng3- am no- 5-f l uoro-6-(2- fl uor ophenyi ) pi Wi i nKe
(1.0 equiv.) g f

fi uor ophenyi )] I\/H—I) Rt = 0.80
mn. Synthesis of net hyI 3- am no 6- (2, 6- d|f| uorophenyl) 5-f | uor opi COlI nat e
[0187] Method 1 was fol | owed us

U
3- am no- 6- br ono- 5-f | uor opi co
2, 6-clifluorophenyl boronic acyd (1.3 eqU|v ) and Pd(dppf) C12- DCM (0. 05

equiv.) to gi ve 3-ami no- 6- (2, 6¥di f | uor opheny1)-5-fl uoropicolinate in 94%

yield. LONS = 28hofls( M sonftc ufdoblodllnfis, SYOAGRScRhexane-1,3-di
3- am no- 6- (2 6 di Tl uaro enn r%u uo(r)opl corinic ’?gy& exane one
0 eq) was dlssolved n DCM (0.2 M). Sodium carbonate (1.1 eq) was added and the

mixture was cocled with magnetic stirring on an ice/salt water bath to ~ -5 °C under N.

Triflic anhydride (1.05 equiv.) diluted in DCM was added dropwise via addition funnel

over 90 minutes. Upon completion of addition, the reaction was stirred at ~ 0 °C for 1h.
From LCMS and 1H NMR, there was still starting material left. Additional sedium
carbonate (0.51 eq) and triflic anhydride (0.50 eq) were added. After 2 hours, the mixture
was filtered through a coarse frit glass funnel (the cake was washed with DCM),
transferred to an Erlenmeyer flask, quenched by careful addition of saturated aqueous
sodium bicarbonate with vigorous stirring until pH =7, transferred to a separatory funnel
and the layers separated. The organic layer was washed with brine, dried over MgSO;,
filtered and con‘centr—ated to give 5,5-dimethyl-3-oxocyclohex-1-enyl trifluoro-
methanesulfonate, which was used to the next step without further purification. LC/MS
(m/zy: 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

(087 Al of reagents 5,5-dimethyi-3-oxocyclohex-1-envl trifluoro-

methanesulfonate (1.3 eg), potassium acetate (4.0 eq), and bis(pinacolato)diboron (2.0 eq)



uoropicolinate (1.0 equiv.) and LiCOH (1.0 equiv.) to give 3-am no-6-(2,6-
quorophenyl 15-fltjioropicolinic acid in 79%yield. L ( MtH)
Rt 0.79 mnV béWﬁ@ﬁ%?ls of 5-fluoro-6-(2- fluorophenyl)g?gg p%ﬁg%ggld
[0189]thhod 1 was foll owed using 6-bronp-5-fluoropicolinic acid (1.0
equi v.) and 2-fluarophenylboronic acid (13 equiv.) and Pd(dppf) Cl2- DCM

(0,05 equiv. )wege é(ﬁecﬁofllliu&lé)gahe% pa?]@ﬁ Mo%&‘@d%éhﬂe@ﬂﬁs@ahdﬂaégaﬁ@d Bk buBbKR%0 yi el d.

LC/MS = 236.1 (1V1+, -
6- (3, 4-di fl ud‘hd%ﬁwwm MBI {751 Wi%&dph{dQP%cPEM addget {9 et vist #lslgd andnas

fol 'owed usi ng: SadabOMBeatd émfﬂ@u wah I M foux %Qﬂdémfeg-etpalﬁﬂwaﬁx undéNl
3, 4-di fl uor ophenyl boronje acid (1.3 equiv.) and Pd(d ) C12- DCM (0. 05

equiv.) to giovemnight Bhemixiyre W@rceglﬁ‘éWrgmsmpP@B%ﬁ#%réql ﬁlfﬁ“éh ageareifiit 709% vyi el d.

LG M5 = 254. LijcMhhllel, (R cake @nsBd with N 4-dR%AteNE ive tifafs, 5 dlmeth 1-3-(4,4,5,5-
6- (2, 5- dlfluorophenv uoropicolinic acid 5 Met hod 1 was

fol | owed usi ﬁfejraBIﬁth%)Zﬂlwwlw-&Bwhh@ -Zenoge im! bd@wewhychm used to

2, 5-di f1 uor opbanp %ﬁ&ﬂ IfGrthAChusifitation. Lecqws\(m)z) -and (Fstbslp Rfid)Cli2e. PEY-6.6s. 05
quiv.) to give 6-(2,5 d|fluoropheny1) 5-fl uoropicolinic acid in 80% yi el d.

e
LG/ MB =- 254.1 (M
6-(2, 4-diflu '

[0188] Met hod 2 was fol |l owed using 3-am no-6-(2, 6-difluorophenyl)-5-
fl
di

[0088]  The boronate ester 5,5-dimethyl-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)cyclohex-2-enone (1.0 eq) was dissolved in 1,4-dioxane in a round
bottomed flask and degasscd by bubbling N> through the solution for 30 minutes. 4-
chloro-3-nitro-pyridine (1.3 eq) and 2M(aq) sodium carbonate (2.0 eq) were added and
N was bubbled through for 10 minutes and then PACLy(dppf) - DCM (0.05 eq) was
added. The reaction mixture was stirred at 110 °C for 2 hr. The mixturc was added to
EtOAc and water. The resulting mixture was filtered through celite, the cake was washed
with EtOAc. The organic layer was separated and the aqueous was extracted with EtOAc.
The combined organic layers were washed with brine, dried over MgSQy, filtered and
concentrated. The residue was purified by silica gel chromatography (eluted with
EtOAc:Hexanes = 1:10 to 2:1) to give 5,5-dimethyl-3-(3-nitropyridin-4-yl)cyclohex-2-
enone (46.7% for three steps). LC/MS (m/z): MH'=247.2, Rt=0.79.

Synthesis of 5,5-dimethyl-3-(3-nitropvridin-4-yleyelohex-2-cnol

A



equiv.) to give 6-(2,4-difluorophenyl)-5-fluoropicolinic acid in 79%yield.
LOMS = 254.1 (MtH), Rt = 0.75 mn. Synthesis of

5-fl uoro-6-(2-fluoro-5-propoxyphenyl)pieolinic acid 0 [0193] Method 1 was
fol | owed usi n§9XOHY®BHSL 5-f | uoropicolinie acid (1.0 equi VOU/ERAYI/061205

2-fl uor o- 5- propoxyphenyl boronic acid (1. 5 equiv.) and Pd(dppf)Cl2-DCM (0. 05
equiv.) to give 5-fluoro-6-(2-fluoro- propoxyphenyl )picolinic acid. LC M5

=294.2 (MtH), Rt & 9 linic acid
0 [01941§/bt hH)od 1 J%“s&o "n‘Ji L “%n%n%? ‘“bethc‘{ E %P?Bﬁi 4;2150 C%%D"ozcgﬁ’ﬁ?v ) and
2- fluor opher(ylﬂtﬂg},@ndﬁe@eﬂdzqa 25q)3mMaQH(O&&M_)Rds(mﬂﬁqﬁﬂ)Tm-(D®MleB0@5 equi v.)

(Wb e = o e AR hdh g B5h focyPhe G i 51BN I i o

0 6-(2, 6-di fTheorbplkewst yqpioyed mma@luamnd thenes3RRows pdrttionkdbdvicea F288c O

M11-1 _ f 63 fl - 5- et | Ypi colinic
gmd o) 10196fﬂ/81?ﬁ 18 aﬁé’cﬂ% FacE rﬁ%‘?é%‘é%“%%ﬂ%‘p|“ga‘élﬁ%r%‘% B %Fljl.o -

equi v.) and 2qudohywashask smanttakyihEAchod thamtgaaxc iwds (vdshad @fjlibine) Tl&nd

Pd( dppf) C12- 6- uor o 2]3. p| colinic

acid in 95%yvyi e| %Qd {r%n%g%fyez%f’gd QV%M O f&'t% red apc cfé’c‘?ﬁ“ﬁm& ﬁ¥"ﬁg

6- ( 2- f | uor o- Fupfishmeplmar(§t npiteodliimi:¢ edhgl aetate and hexanes) to give 5,5- d1methy1—
3-(3-nitropyridin-4-yl)cyclohex-2-enol (74%). LC/MS (m/z): MH'=249.2, Rt=0.76.

Synthesis of 2-(5,5-dimethyl-3-(3-nitropyridin-4-v1)- cyclohex-2-enylisoindoline-1.3-

dione

[0090]  To a homogeneous solution of 5,5-dimethyl-3-(3-nitropyridin-4-
yheyelohex-2-enol (1.0 eq ), triphenyl phosphine (1.5 eq), and phthalimide (1.5 eq) in
THF (0.2 M) cooled to 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 rcaction was concentrated
in vacuo. The residue was purified by column (5% methanol in 1:1 ethyl acetate and
hexanes) lo give 2-(5,5-dimethyl-3-(3-nitropyridin-4-yl)cyclohex-2-enyl)isoindoline-1,3-
dione (99%). L.C/MS (m/z): MIT =378.2, Rt=1.10.



0 101971Method 1 was foll owed using 6-bronopicolinic acid (1.0 equiv.) and
2- fluoro-5- propoxyphenylboronic acid (1.5 equiv.) and Pd(dppf) Cl12- DCM
(0.15 equiv.) ve 6-(2- quoro 5- propoxyphenyl ) pi col i,ni i d.J.0 20%
yield. LG M Oé‘*i@"’(fl’(‘lvw) R = 0.87 min. Synthesis o\l"ejr&"ﬁ’ﬁd”%d‘”

6- (2, 6-difluoro-4- nethoxyphenyl)picolinic acid 0 [0198] Met hod 1 was
fol | owed using 6-bromopicolinic acid (1.0 equiv.) and

2, 6-di fl uorogg X k'% E%@ L4zyigu :' ChifadinA-cS bt -2 endDdoiRglidlenfz) G 2- DCM
(0 15 equiv. ) “@a%?€§ LE %Uﬁyogs-net oxypheny I!%pcollnlc acid in 42%
yield. LC M5dienge6.1 (MrH), Rt = 0.75 nin. Synthesis of

3-fluoro-6-(2- quorophenybplcoIinic aci d [0199] Met hod | was fol | owed
usi ng 6-brono-3-fl uoropicoligic AT (1.0 equiv.) and 2-fltorophenyl boronic

acid (13 equiv.) and Pd(dppf) G (0.05 equiv.) to give

3-fluoro-6- (2 f1 uoropher . nic acid in 81%yield. LM = 236.1
(MH), Rt = 0.72 mn. Syn' P
3-fl uoro-6- (2 fl uor o- 5- mretffoxyphenyl ) pi colinic acid f0200! Met hod. | was
fol | oned using 6-brono-3-Lhyonepi colinic acid (1..0 equiv.) and
2-fluoro-5-n- |ethoxypheny|bo onic acid (1.3 equiv.) and Pdf dppi) Cl2-DC/ vi
(0.15 equiv.) to give 3-fIN6ro-6-(2-fluoro-5- met hoxyphenyl') pi col i vic acid
in 89%vyield. LU 266 8.

quoro-6-(2-qu@§”IS Adplt ﬁ“&‘“§%5€ lﬁﬁ%gruﬁr g% %§%§§Ngghod 1 was

f5 ol | owed usi mg@)aslomdnimea-ﬁ-dhumr(d) i) keatic acid (1. M) &v.as)purged with nitrogen for 10
min. Then 10% Pd/C (0.10 eq) was added. The reaction mixture was stirred at room
tempcrature overnight under an atmosphere of hydrogen. 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. ag. 2M Na;CO;. The organic layer was
dried with MgSQ,, 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-y1)-5,5-
dimethylcyclohex-2-enyl)isoindoline-1,3-dione (89%). LC/MS (m/z): MH'=348.3,
Rt=0.79.

-3.3-dimethvlcyclohexyhisoindoline-1.3-dione

Synthesis of 2-(5-(3-aminopyridin-4-

[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 5 hours.
Solids were removed by filtration over celite, then rinsed with EtGAc and MeOE. The
fihtrate was concentrated, dluted with B1QAs and washed 2y with sat. aq. 2M WNa,C0s,

The orpganic layer was dried with MpSQy, filtered, and concentrated, The residue was

4%



equiv.) and 2-fluoro-5-net hoxyphenyl boronic acid (1.3 equiv.) and
Pd(dppf)C12-DCM (0. 15 equiv.) to give

5-fl uoro-6- (2-fl uoro-5-net hoxyphenyl)picolinic acid in 86%yield. LG M =
266. 1 (M+H), RO20109261%4 ni n, Synt hesi s of PCT/EP2009/061205

6- (4- (benzyl oxy) - 2-f1 uorophenyl) - 5-f | uoropi calinic acid 0 [0202]thhod 1
was followed using 6-brono-5- quoroplcollnlc acid (1.0 equiv.) and

4-(b | d Pd(dppf) Cl12- DCM
(0( 1gnzéu?§ygp lﬁeég lgne@& IBeen?10 18)2 )eﬂ%%ﬁeﬁ’gera&gﬁ % %%“felzu‘g @Bl )col inic
acid in 28% ymh@yrlmﬁl% 3:3«34ﬁ’et}iylc(y$/lbllxéx,yl)ﬂnnéblﬁe-®5 -didna (SB‘VSyDQMGnﬁ’gf [ k:J_or 0

ropi colinic
nord (10 equ YRl REb B ¥ Ropen s ARHRNG Phor SR st 5 equi v )
and Pd(dppf) @%ﬁ@ﬂy(c@cldi&xﬂﬁ}mmdo)mé-D,3@lo\ne and 2- ({1S 58)-5- (3-amm0pyr1d1n-4-yl)

b | : 41% ld. LC/ M
6 (3 22( 16?@/_ W%yﬁ ethy% rﬁtiﬁl (}{@H?%L g’rng Ier%cr)eslof;'fecf by c(iural PIII;LC(1F yie

6 (2,6-difl ummlyﬂsﬁm’l‘lﬁﬁéymhamyw}@ mlhmp@pvemhexunes diiincl= 80:2p@20¢ 1Met hod |

foll d e ac d ui v
> 6-difl uoro- ‘Z{‘%rap glh(?i[ﬁ : ni‘/?bd’? gl ’158‘? aﬁ "? Iﬁ_”ega%‘lhvﬁu aiaga‘h% %%%‘Bﬁqumz DCM
(0. 15 equi v. )= $R20gvwe Cm*r(uee,lﬁ}ldi (%u@aom a0 ey phe YR CDIQIyraod4cE) i ni ¢
idin 9% t
gmcyc: ghexe%;?)‘? qu’pﬁ%@? %I <):’ :z%‘ 2& 6%%1&?\%%?@% ?ié n?&% d. using
6, -i c.' dno- 5-X8%urf HdpLEDRIAAK oo, 2H), d.96qmj MH)) 1.20v1.6€ yeD3ENYIL 18- (3, BTHY COTE) dequi v. )

and Pd(dppf) G HJJZ DC14 0.15 equl give 6-cycl ohexertyl-5-fl uoropieolinic
acid in 61 %yreld. Le/Ms = 222.0 (MtH), Rt tnin.

Synthesis of 4-(¢yclohexa-1,3-dienyl)-3-nitropyridine

l

5

N

[0093]  To a solution 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. NaHCO3 and ethyl acetate, the
organic phase was dried with Na,SO, 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/2): 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).

Svnthesis of (+/-)-2-azido-4~(3-nitropyridin-4-yeyelohex-3-enol




Met hod 3 Synthesis of 6-cycl ohexyl-5-fluoropicolinic acid 0 [02061To a
degassed sol ution of 6-cycl ohexenyl-5-fluoropicolinic acid (1.0 equiv.) in
MeOH (0.07M was added 10% Pd/C (0.1 equiv.) and the re j tirred
under a hydr o‘&gﬁ“lﬂ/ﬁ?ﬂ”ﬁon overnight. The solution was th ﬁ@%{%@g? rinsed
with MeOH, and the filtrate was concentrated to afford

6-cycl ohexyl-5-fluoropicolinic acid in 65%vyield. LCM = 224.2 (MtH), Rt =
0.95 mn. Synthesigefll To asolution of 4-(sycloh -1 3-dicny])-3-nitropyridine (1,0
5-fluoro-6-(1, 4- dIiOX spi ro(?soum[(l:i%c (gyce%-exa%/ lﬁn%g)lln;llogy%én%( eq;0207] Met hod
1 was foll omeelD@MngM)mscﬁ&dec@ﬂefHQ@r(ééueew 91 giveaicsielow solgticag Giogled toghd

34,5, L etr anehidcrbrboch 985D kg sthidhor di il Aod) Tk ducafigabor of an

(2.0 equiv.) equl v |ve 5-fluoro-6-(1, 4-

i oxaspi r o[ 4.581¢kas 07C &38- h}pmoemrﬁ%b)cboélcﬂep aILdCIL(MB[S- bgprogduqt pgrides asRt = 0. 66
n. WO 201QvVa26227 6T, RP20AHi06 BPEC. SPtdnbies ireiidnlwith sat. NaHCO3, then
-flunmy_...1,4-cUo)irodec-7-en-8- nicolinate / 00 c£02081T0 a sol ution of
_f1 uor o- 6- (PXWECWGR@WM@ dmey).dide omapip pasy Wpiuebdridpeewitle bepe( thelo equiv.) in
DCM (0.3 M wagsSagdierefEbkd doudenfratedtogitithe grudelOpdRie(ak aGeluiviy, whichand MeOH (10
equi v. ). The reaction mxture was allowed to stir at roomtenperature for 5
days, then diusagtvathoyifptheppyrificatipmet at e, washed with water, brine, dried over

magnesi um sul f at ejpéd)! t%%qolaﬂ& M%H&Mzcﬁ%mﬂaﬁn%@ﬂ%n@m% was

our1 <0 Y, SLLSSCRS! o TA  E bt ol ettt

(i, 4-dioxas p'cfe9:[o4an§1: Qﬁu‘ftmﬁ Qﬁe ﬁaéﬁ%)xWaQQHcH%r%%sthErh&mQ&l&ht%@%t@AQS{HFt in 35%
yield. LOM = 2 VH) . Synt hesi s of

5-f | uor o- 6- (rfawrapr@% 4th@1_>rcalst} d@eeawasgu%e} éﬁlwmg@{@éeg]%mﬁ:dd‘egassed

sol ution of @%Qﬂowﬁ(ﬁ ' ﬂ%r&rxﬁasﬁéadédﬂ'sﬂkéég&'aﬁ@&ﬂﬁé& dacslémnen- 8- yDpi col i nate
(1.0 equiv.) in MOH I\/pwasa equiv.) and the .

reacti on was C@PWFIP&YQPTLW{E%W 8- RydFtOge htotgaiel (Hon- "h[?glNFOPVFH@'%oI uti on was
then filter e?})%vﬁ:loﬂéﬁﬂeﬂéﬂ by %9#1011%@4 the dehdir@ies (%@)S— soneamtegdto

afford net hy | uor o- 6- , 4- d| oxaspi ro[ 4. 5] decan- 8-yl ) pi colinate in 91%
yield. LC M3235998. 2 (M+H) Rt = 0.83 nin.

Q @ -

SN E]

Svynthesis of (+/-)-4-(3-azido-4-{tert-butyldimethylsilyloxy)cyeclohex-1-enyl)-3-

nitropyridine

TBS

[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 NaySOy, and concentrated. The crude material was loaded to silica
gel and purified via column chromatography (ISCO) eluting with ethyl acetale and

hexanes (20%). Obtained (+/-)3-4-(3-azido-4-(tort-buty [dimethylsilyloxyjeyeioher-i-



Synt hesis of methyl 5-fluoro-6-(4-oxocycl ohexyl)picolinate 102101To a
solution of nethyl 5-fluoro-6-(1,4-dioxaspiro[4.5]decan-8- yl)picolinat
(1.0 equiv.) in acetone and water (1:1, 0.04 M was added oxalic acid
dehydrate (2.%0241i%¢13+ and the reaction nmixture was sti rRGEEPRWYIOI20days. The
solution was then neutralized by the addition of solid NaHCO3, the m xture
was added to et hyl acet ate and brine, the organic phase was dried over

magnesi um sul s red,  apd c ptr.ate

5-f 1 uor o- 6- (4ef gigcm% PERARS 591 o‘T’l @}Wé@ g?%’gﬁ@ |3ﬁ6§§$H;/} & Lawms =
252.1 (M+H), =F§t,84&nﬁn68 mm Synt hesi s of nethyl

5-fluoro-6-(4-hydroxycycl ohexvl)pi colinate [02111To a O C sol ution of

met hyl 5-f | uof@mbad & 9X 36QUI V). Wi n MeOH (0. 08
M was added tenperature

over ni ght the!rh)_ﬁ@iﬂ:&mﬂmﬁm@\een ethyl acetate and brine, the organic

phase was dried over magnesiumsulfate, filtered, and concentrated to give
met hyl 5-fl uoro-6-(4-hydroxy ohexyl)picolinate as a mxture of two
isoners (5:1). LM = 254.2 F&c Rt = 0.63 mMm S nthesis of nmeth I 6-
4- lert-but Idineth Isil | %exyl)-S-quoropicoIinate [0212] To a
solution of nethyl 5-fluoro 4- hydr oxycycl ohexyl ) picolinate (1.0 equiv.)
in DM (0.15 M was added inidaégle (4.0 equiv.) and TBDVSCI (2.5 equiv.).
The reaction m xture was stj roomtenperature for 2 days, then added
to ethyl acetate, washed w h/ ter, brine, dried over magnesi um sul f ate,
filtered and concentrated toV gi ve nethyl
6-(4-(tert-butyldi nethylsilyloxy)cycl ohexyl)-5- fluoropicolinate in 97%
yi el dSas ﬁ m xt ur[eomrf] i son@aad-hodtohkd flhk/MBadded 68-) -G Meldd-4-R-= 1.4 and 1. 42
m n. Synt hes
6- (4-(tert- oh t;‘;@ﬂ?‘f@%%ﬁﬂf%‘%a‘n‘ E9d)-Snisepyydinge 4.0 savigy prddriding (M

to give a yellow solution. Ammonium hydroxide (10:1 pyridine: ammonium hydroxide)

was added followed by PMes (3.0 equiv.). The reaction turned dark brown afier 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).
BoczO (1.0 equiv.) was added. Stirred for one hour at room temperature. Washed with
H0 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).
Coliected the pt;re 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.

cyclohex-2-envlcarbamate

TBS
NHBoc

i



0 [0213] To a solution of nethyl
6-(4-(tert-butyldinethylsilyloxy)cyclohexyl)-5- fluoropicolinate (1.0
equiv.) in THF/MeO1l4 (2:1, 0.09 M was added LiO1-1 (1. Jhe
reaction m xtWP& W& %t i rred overni ght at room tenper at gggﬂy%O%Q/&r?lsz\l HC1 and
ethyl acetate were added, the organic phase was washed with brine, dried
over magnesi um sul f at e, fi | tered and concentrated to give

6- (4- (tert-butyl diggsgjhy Sial shluXydfGy.Cl- Byl 6-c1&r-bilt) MPcaRAEIPlok 3C(3aCId as a
m xt ure of |sorrers 4 |anS 82%qu- C‘y 3 & &MH? %t 1. 38 and

1.41 nin. sylﬁronérﬂle‘*df)cselqﬁ%%ﬁnﬂcarr%#‘dﬂnoearw hrncA“éEHi&) I8V wasjadgorAieTo

2- bromo- 3-f 1 yop @ ‘ﬁvmmwr@aeﬁbﬁwagesuﬁad @)rQ@lh“Wo)ke!i Bp FR&IRQ tH¥ldacti@s added
pot assi um permanganate (1.0 equiv.). The _solution was heated at 100 C for 5

hours at whi é’nthtnrﬁﬂﬁn%hléﬂ%ws@nwwerth%\ﬂ’&aﬁaffeﬂ(ef“@eé"q&iﬂﬂe‘} tiidls added.

Af ter heatingedff ardRa@RA N0, HSoBHs svermemtﬁ@bfﬁrhm\e@fmfanht ered through
eelite (4emx 2 inches) and rinsed With H20 (150 niL The conbi ned aqueous
was aci di fi eqoneRtrated g givg Cro-tgst-butyl 3R wpinopeifingh-te acetate (200 m),

washed with {rRdiylsilylod Heyer fotmatd dslatyeil Qe mcbw aentamg ed to
yi el d 6-brono- gﬂd uoyro’yoc%’cﬁ?e acerngrg% 32) ;gyg V\/nflte soﬂqd LCVS (n z:

221.9 (MHF) (m@kﬂ?@3gﬂ JOEC Bi 7 3-8fihod 4 Synt hesi s of
2-(2.6-difluorophenyl)-3-fluoro-6-nethylpyridine [0215]To a sol ution of
2- br omo- 3- f | goithesf-offed/hydrpbirtiidi@emdidopridiataiw)- ) (idrBbuliifingerg1sitiben (10:1, 0.2
M was added -di f1 uor ophenyl borortie acid (2.0 equiv.) and potassium
fluoride (3. %Lé§%¥9%§ﬁﬁ¥ﬁb reacti on was degassed for 10 mi nutes, then
Pd2(dba)3 (0.05 equiv.) was added, followed by tri-t-butyl phosphine (0.1
equiv.). The reaction was siresed to 60 C for 1 hour at which point, al
starting material was consyAed nmBot Ndi cated by LC/MS. The reaction was
allowed to cool to roomte ature, partitioned with ethyl acetate and
wat er, the organic phase dried with sodiumsulfate, filtered, and
concentrated The crude nmatg(i ajy,Was diluted in EtOHto 0.1 M and 0.5
equiv. of NaBH4 was added educe the dba. The reaction was stirred for
one hour at room tenperaturg” then quenched with 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

i I h |. SCO) | uti i h t at
(0% 7006 ot nyl * acAPEb; " M p oot Frdes Sl HdrB BB Sl concant r at ed
to yield 2-(eytAditictiylsiylopherichix-B-chtlcmttiamate-(000 eyl pinrMetdii €0. aM)avabr ght yel I ow

O 2 o 30 VAR b A Me wh e B gy lnter fh iga LR B R 1O S Of

2-(2,6-difl uD@Mﬂrﬁmye]r)eac&oﬁ indhed Mixtat bfldhm]d’re(ﬂhd&ett(e]:eaﬁtr(&t]&khs\ﬂlt)aredn wat er

(0.05 M was_a urv ere ction, was ed to refl ux
over ni ght . W%sgﬁ‘gwﬂﬁl%%@ %conc %ﬁ&% 3 R &) Serélﬁe atreflux for
anot her 8 holnrelsHP]IﬁemS}Mﬂ@) emrh/aﬁmeﬁedtmds were r:mhsm&demal&tedlmh sblid t er ed

t hrough Cel i d a d with 6N

HCl to pH Bﬁelg(g(g W\ﬁ’ﬂ aftgg rtg%%"ﬁ Vc\%f’tg \Yﬁ&e Wlhbérne’a&ne‘i’ﬁndsef fi’t" egwas further

acidified tOcopbd:ntratﬂ:d a)rgﬂvcfprd)duen’E(B‘}agﬂldmandlﬁﬂaiuhB(&l% geldps extracted with

ethyl acetate untP| r@%? .grﬁﬁqy;%s Iayer The organi c phase
over

was washed wth r"w?dr"il nesium suffate, filtered, and
concentrat ed. ThérodestRlUEMBGS /gt 93D4 (MH )| h(,étkn:memet ate, washed with 1IN
NaOH, the aqueous |ayer was acidified to pll=1 and the white crystals were
filtered. The conbi ned products vyiel ded

6- (2, 6-di fl uorophenyl)-5-fluoropicolinic acid in 32%yield as a white
solid. LM = 254.0 (MtH), Rt = 0.71 mn. Synthesis of

6- (2, 6-di fl uorophenyl) - 3-fl uoro-2-net hykyridi ne



[02171To a solution of 6-bronp-3-fluoro-2-nethylpyridine (1.0 equiv.) in
et hanol and toluene (1:1, 0.2 M was added 2, 6-di fl uorophenyl boroni c aci d,
DI EA (5 equiv.) and Pd(PPh3)4 (0.2 equiv.). The reaction was heated in the
m crowave at YOOO®REE4 30 min. The solution was filtered@AR209LEBE with
ethyl acetate. The volatiles were renoved in vacuo and the crude was
purified via silica gel colum chromatography eluting with ethyl acetate
and hexanes ( on of the pure
fractions, 6- z ne was isolated in
88% yi el d. LCYNB 224.1 (MtH), Rt = 0.87 nin. Synt hesi s of
6-(2,6-dif|uorophenyl)-3-f|0 :picolinic acid [0218I Method 5 was foll owed
usi ng 6-(2,6-difluorophenyl -fluoro-2- nmethylpyridine (1.0 equiv.) and
pot assi um per manganat e (6. 0 iv.) to give 642, 6-

di f1 uorophenyl)-3-fl uoropic nic acid in 30%vyield. LM = 254.1 (MRt
0.70 mn. Synthesis of OTf

2- (2, 6-difluoro-3-net hoxyphenyl)-3-fl uoro-6-nethyl pyridine [0219] Method 4
was foll owed using 2-brono-3-fluoro-6-nethylpyridine (1.0 equiv.) and

2, 6-di fl uoro-3-nmet hoxyphenyl boronic acid (2.0 equiv.) to give 242, 6-

3'52 | Lo ED met hox gy]r%])%ﬁlolngsjﬁ& 43 «ﬁcdﬁ%&%'(%%&lﬁ{)%s'dﬁso@\%@uifbﬁlﬂo LG MB
6- (2, 6-difl u&élﬁnésﬁﬂtqdw&ad\?pﬁéwllm HaHMDcSr(bm eqydv-rivas addsdand stir@d f@2920] Met hod 5
was followed sy T§O((¥ 08 e&{h\t } 4L Lard r%&&%%@@cﬁmél]o)w warm to rt. The

fl uor o- 6- et hyl pyri di ne .0 equiv. pot assi um per nanganate (4.0
equiv.) to giiEuE-was 2“%9#3&1@{‘@5 thh?@kyfplh@ﬂy@)aa lMWt@‘pmmqum c acid in
27% yi el d. Lgy'é@ comBiaé alad(ewe,é)ed\ﬂﬁq ethelo dréaxﬁ@ leersS}'o%blﬁ% 'cﬁ‘w@}aver MgS
3-fluoro-6-nmethyl-2-(213,5-trilluorop ridine 21] To solutlon of
2- br omo- 3-f | %Frsd,@n%qnﬁwtwm Hﬁerﬁ@ld@i“@s d/ y cdlymniiethwbetieer ¢ bwcznqs';r lwas added
2,3, 5-trifl uay RNy Jh@;@arsﬁw[@sﬁgd ﬂeﬁl@i}l Eﬂﬁ%ﬁ%&%@%g pomas

Aqueous sodlunlcarbona te (2M solution, 2.0 ur v the
reaction was CREAMEH=280-4, %%701’18%\%—36&7 120 C for 15 nmin. The sol ution was
partitioned between ethyl acetate and sat. NaHCO3, the organi c phase was
washed with Byitheis ot dSc-tairdnleiphg T egidwnmpitbl4el®c-7dnldAr-ed,2- and
concentratedq.Tge grude material was purified via silica gel colum

chr omat ogr ap % g wth ethyl acetate and hexanes (1:3) to give

3-fl uoro6-nethyl-
242.1 (Mrl 1), R
5-fluoro-6-(2,3,5

(2,3,5-trifluorophenyl)pyridine in 87%yield. LCM =
0.98 min. Synfha&sis of
tri fluorophen§1 eolinie acid

-2-

[0101] A solution of 1,4-dioxaspiro[4.5]dec-7-en-8-yl1 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)Cl:-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, and washied wiih brine, dried over MgSQy, ﬁitered, and conceniraied. The residue

was purified by column (ethyi acetaie : hexanes = 1 | 1) to give 4,4,5,5-tetramethy}-2-



10222] To a solution of 3-fluoro-6-nethyl-2-(2,3,5-trifluorophenyppyridinc
(1.0 equiv.) in water and t-BuO1l (2:1, 0.06 M was added potassium
per manganate (10 equiv.) and the solution was heated at go C f2 1% hour s.
Upon cool i ng Y82M88#i¥enperature, the sol ution was filt&FEEP*ENE Phe
filtrate was concentrated under reduced pressure to yield
5-fluoro-6-(2,3,5-trifluorophenyl)picolinic acid in 89%yvyield. LC/ M5 =-
272.0 (M+H), ) I r .uoropi col i nate
[0223] To a soﬁtdfogngpggmm"%?g%rkylﬁggr%ﬁﬁ% llg% gﬁ/;)gl%wrﬁg%qw V.) in
met hanol (0. MI=20A Ridti®td H2SO4 (4.2 equiv.) and the reaction was stirred
at roomtenperature for two hours. Upon conpletion of the reaction as
noni tored by gufhdg of 8 h@rd-Laca- ui@faasm4@wlsélmﬁls%bhl&ﬁehyl acetate and
guenched slowy wth saturated aqueous Nal - . The reaction was poured
into a separatory funnel ang-extracted W|th et hyI acetate. The organic
phase was dried with magneg um sul fate, filtered, and concentrated in vacua
to provide nethyl 6-brono- uoropicolinate as a white solid (>99%.
Le/iva'5 23'3.9/23:5.9 (lvi ), at = 0.69 mn. Mthod 6 Synthesis of
met hyl 6-(3-(benzyl oxy) -2, 6-i f| uor opheny1) - 5- 1l uor opi col inate 0 [0224] To
a solution of nethyl 6-bro fduoropicolinate (1.0 equiv.) in THF and
water (10:1, 0.1 M was ad ed||3- (benzyl oxy) - 2, 6-di f | uor ophenyl boroni c acid
(2.5 equiv.) and potassium fhuoride (3.3 equiv.). The reaction was degassed
Wi th nitrogen, then Pd2(dba)3 (0.25 equiv.) and tri-tert-butyl phosphine
(0.5 equiv.) were added and the reaction was heated to 80 C for one hour.
LC/ M5 anal ysis indicated conpl ete conversion of the starting material to
product . dTPe rgacmi(mp W&&oﬁlﬁ&iﬁd)hMB((D.DMﬁah(Elﬂél_@q&bﬂmﬁcaﬂab%ﬁ: (qgmqelnt)r at egl i nh
vacuo an used to si.lica gel. e u roduct wa iLfied hy CO fl as
chr omat ogr apW)?S@F%ﬁdl"ﬂ@W‘fg% hl’ﬁéfm'hglé? ?éﬁﬁﬁ’ W&ﬁ%’ﬁ@g? @%Vég%ge “hyl
?lcet at e) t?) Reravéthd- 23(&I4|fdld)xa§1n(0§4- i]b@:gzw -OXHI1; 322I ﬁoihbf)ﬂolmr: olplhem»vl)) 5- »
uor opi col i ire ro altg ow 96% yi e
La'vs 2 374, BRpRARIbOSRITE oty R pifes o e PSS horty 52 1%

was foll O\I\Iedreuﬁioﬁgvaﬁrﬁtﬂ‘i:yl lat ﬁatbérﬁ;b@erame @dri3rdetioars( TheQea ot Was)dllafed with ethyl
3-(benzy|oxy 6 i fluoro bor on i ve met hyl

o (5" bemay stilss wSted with BT GRS Tab G Rt St iy st s o1 1 1
95% yi el d. L@é.stpuﬁﬁedb_y&ﬁﬁmﬂ(e(hﬁfydcéth&a h&lanes= 1. 10Sithn1 0% meﬂiyﬂ[tﬁj‘tegivﬁ 3of nmet hyl
6-(2, 6-difluoro-4 hox i 0 ] Method 6 was
fol l owed usi WB #E(ll*ge E‘rﬁﬁ%“ offnriél‘bj ?i% gﬁgﬂuggﬁ\fsgﬁ%’ RAPLYES)

2, 6-di f1 uor orR&0meL hoxyphenyl boronic acid (2.5 equiv.) to give nethyl 642, 6-
d| fl uor o- 4- met hoxyphenyl)-5-fl uoropicolinate as a white solid in 85%yield.

LG M5 = 298. § M)y 4-Bt-ni§o;9/ri§i%-MII).E’vclohex—B—enone

P NO,
|
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 NaHCG, (30mL}, and sat NaCl (30mlb}. The

organic was dried with MgSQ,, filtered and concentrated to give 4-(3-nitropyridin-4-

3
AR
SR



Synt hesi s of 6-(2, 6-difl uoro-4-nethoxyphenyl)-5-fluoropicolinic acid 0
[0227] To-a solution of nethyl 6-(2,6-difluoro-4-nethoxyphenyl)-5-
fluoropicolinate (1.0 equiv.) in THF/ MeOlIl (2:1, 0.09 M was added Li OH
(1.5 equiv.) ¥#*9PvtRéizeacti on was stirred at room t enperBiIrdiPe0od/om203 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 fl uoro- 4-net,hox -5-fluoropicolinic acid ip 84%yield. LC M5
DB 1 (g IO FENEREY e Se pro it o ot St s

6- (2, 6- di f | uoruesifidationdL.OMPHEDVIUFF S2185uRE=0pD col i nate OH 0 [ 02281To a

sol ution of nethyl 6-(3-(benzyloxy)-2,6-difluorophcnyl)-5- fluoropicolinate

(1.0 equiv.) 48t B3Rty kdiVs. lﬁggﬁgm 0% Pd/ C (0.1 equiv.) in ethyl
acet at e. The'?%aCrT6ﬁJéHS"g?HCEéJ%ﬁg%T—?Wr?é%Dsphere of hydrogen and
stirred for 2 hours. Upon conpletion, the solution was filtered over a pad
of Celite, the pad was waffed with methanol, the filtrate was concentrated
in vacuo to give nethyl 642, 6- difluoro-3-hydroxyphenyl)-5-fluoropicolinate
as a grey oil in 86%yi LCOMsS = 284.0 (MtH), Rt = 0.90 min. Synthesis
of nmethyl 6-(2,6-difluorof3-hydroxyphenyl)picolinate 0 [02291Method 7 was
fol |l owed using nethyl 6-£3~f(Nerizyloxy)-2,6- difluorophenyl)picolinate (1.0
equiv.) to yield nethyl 2, 6-di fluoro-3- hydroxyphenyl)picolinate as a
light brown solid in 96%W%ield, LC M = 266.0 (MtH), = 0.68 min. Synthesis
of methyll O [0230]To a solution of methyl 6-bronopicolinate (1.0 equiv.)
in DVE (0.03 M in a mcrowave vial was added Pd(dppf)C12-DCM (0. 05
equiv.), 2-fluoro-5- fornyl phenyl boronic acid (1.5 equiv.) and 2M Na2CO3 (2
equi v.). The reagi¥td wdve shletdnsd 4-G-i@epyGdihei-ylRPcloher-3-dhotd (i towgeinof t he

desired prod r ndi car.boxyl i c. acj d, det ect ed by
LC/MB, the r Z{%%}a?%go\%\g@ “%?F‘Efﬁég"%\‘/& E‘g‘éﬁ?&e Qc e"f*&‘t"g ,“% Q‘iﬂ@ﬁﬁaw@\f@n HCl (pH=5),
the acidi c phagecwas sttt t@br dht. Mediahyll wa caiateundehedeodbiessed. Diegani ¢
vasuo to prodie x4 PRpRER LTS Bf il st §efie B S aRE IR oM and
treated w t hTBe erguiicvwasglied WBh dg8Pa fitelvd aed @hcaoaml toagipel-@tritrepyritipgn

conpl ete con .00 _of 0 i idta.t corr.espondi met hyl
cotor . the. r EaFioBR-Shad (S RERE HSaRT s b e LA BORL BT o1 s
purified vi areiflcaiton. JEYME GhianMIER2DIREe: Hphy (1 SCO) el uting with 30% et hyl

acetate in hexanes to provide methyl 6-(2-fluoro-5-fornylphenyl)picolinate

as a yel | ow s@lidisions-PB%nY Monz-REOMEMitdut ol = 0- 70 mi n.
Synt hesi s of enyl )picolinate O

[0105]  To a solution of 4-(3-nitropyridin-4-yl)cyclohex-3-enol (1.0 equiv.) and
DIPEA (2.5 equiv.) in CH,Cl; (0.15 M) was added methanesulfonyl chloride (1.8 equiv.)
at 0 °C, The reaction mixture was stirred at 0 °C for 1 hr. The reaction mixture was
diluted with ethyl acetate (200 mL), and washed with sat MaCl (36 mL). The organic was

oy et B Ay 4 et fean 4 e e Edeo s on eyl A N SV U SN S
dried MgEt., filiered and concentrated fo give 4-Cinitropyridin-d-ylcyelohex-3-emyl



102311To a solution of nethyl 6-(2-fluoro-5-fornyl phenyl)picolinate (1.0
equi v. ) in MeOH (0 17 M was added ethyltri phenyl phosphoni um brom de (1.0
equiv.) followed sodi um nmet hoxi de (1,5 equiv.). The heat ed
to 65 C f or SW?F?)‘\(X% “"then cool ed to room tenper ature an%%g%ir?gd@r?wit ed. i
vacua. The crude material. was purified via silica gel colum

chromat ography (1SCO eluting with 50% et hyl acetate in hexanes to provide
(E)-methyl 6; URERreT04R]. Phe LsiGRA ratama{h)em AQleh DathSut dimer White solid in
81% vyi el d. é%/hé%s gr%teg ﬁHﬁe‘%h % .E r?t hesi s of nethyl

6- ( 2- f | uor o- Puyicatie. WWI(W@@Hlﬂ&?@,RtﬁoY@ZSZ] To a solution of (E)-nethyl
6- (2-fl uoro-5-(prop-1-enyl)phenyl)- picolinate (1.0 equiv.) in MeOH (0.04

M was 10% P?L/yﬁlhés%-054ggsgioﬁe9a.ﬁ,ﬁ@ieﬁﬂga-hmﬁﬁﬂm was placed under an

at nosphere o ydrogen an eft stirring overnight. The m xture was
filtered over a pad of Celitge and washed with MeOH. The filtrate was
concentrated in vacuo to p de net hyl

6- (2-f 1 uor o- 5- pr opyl phenyl Colinate as a light grey oil in 97%yield.
LOMS = 274.2 (MrH), Rt = 0, N Synt hesi s of

6- (2-fl uoro-5-propyl phenyl col I’ni ¢ aci d 0 102331To a sol ution of
nmet hyl 6-(2-fl uoro-5-propyiphenyl)picolinate (1.0 equiv.) in THF was added
| ithium hydroxide (10 equiv.) and the reaction was stirred at room
tenperature for 1 hour. The THE sol vent was renoved in vacua and the
remai ni ng basi ¢ phase mas acidified with concentrated HCl. The aqueous

| YEr v XL ettt 2hNhoRESt Bt 4 IR PhaSe vas driec

6- (2-f 1 uoro- Erepmnaylhmhtemyo Q) ik 1eﬁahydmﬁlrah ot M}S%swdéécti)BUa $/Buiv) 2602
(M1l), Rt

6-(2,6-difl uf)(fogl %mf’?ril*}“ﬁ‘el ﬂ%ﬁ%ﬁ?ﬁ?rh% W%Snsy‘f o‘gkf/t)l{mve ygfbt T§ ¢ Eiacuorn gjﬁlxté’r& i nate
OTf 0 [0234] %as dilusalwith etty! afetarea@nyh]. 5 afPwshel Witluar NaG-(BYmlc)oXqrgamicl ) - 5-

f 1 uor opi col | nat in equi v.)
and 1,1, 1- %leg 8'@%#% ﬁl}erﬂ_a(m?%\ﬂﬁ& %grrl\%ere duel“faoﬁurﬁje%{&an'g%ul f onam de
(1.5 equi V. )(5%’ hetharediot ii: bethylasctat hlieghnts) (@ give 4-myeloh¢xgﬁt3 -dgienyhebm

t enper at ur e. he sol u n thh water, the organic phase was
dried with so rlﬁdlsnﬁl %‘gwsw@d%ng@n Bgltoe The crude material was
purified via ISCO chr omat ogr aphy el uti ng W|th eth I acet ate and hexanes

(0- 30% et hy| Semtkesig b/ 6ehyflionyfi(Snidropaidin- : spvleasbagiatee et hyl
6- (2,6-difluoro-3- (trlfluoronethylsulfonyloxy)phenyl) 5 quoroplcollnate
as the desired product as acelear oil in 68%yield. LM = 416.1 (MtH), Rt
1.08 min. Synthesis of - NHBoc

(2,6-difluoro-3-(trifluo t hyl sul f onyl oxy) - Dhenvfl oi col i nat e

6-

[0107]  To a solution of (+/-)-2-azido-4-(3-nitropyridin-4-yl)cyclohex-3-cnol
(1.0 equiv.) in Pyridine and NIL,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 residuc was added ethanol. Then ethanol was removed in
vaeno to ensute removal of the ammonia totally. Tke residue was dissolved in 1,4-

dioxane and sat. ag. sodivwm bicarbonate, and then HocaU (1.0 eq) i THF were added o



0 [0235] Met hod 8 was fol |l owed using nethyl 6-(2,6-difluoro-3-
(trifluoronethyl sul fonyl oxy)phenyl)-5-fluoropicolinate (1.0 equiv.) to

yi el d net hyl 6-

(2, 6-di fl uor oW9-20t0/2€1P40r onet hyl sul f onyl oxy) phenyl ) pi colRGT4iP@00es1295
colorless oil in >99%yield. LM = 397.9 (MtH, Rt = 1.03 mn. Synthesis
of 6-(2,6-difluoro-3-nethyl phenyl)-5-fluoropicolinic acid 0 [0236] To a

sol ution neth l.uor o- 3- oroneth sul fony| ox
Bhenyl 515011 ubF BES] s e E it Aired B G e ARISDALER (B 1, 0. 15 M
was added rretﬂagduoﬂnmmme Waammbd(vﬁth&ﬂeqweme) axﬂrvdasmtvamamacn argerahie (3.0

equiv.). The reactio assed w th ni en fo en Pd( PPh3) 4
(0.1 equiv.) V\7\alass 8@%%%% ﬁ%e@‘iﬁf]t‘ioﬂcﬁngﬁﬁ‘} Hg‘g’ieélﬂuet‘ﬁasf@ﬁp] "équc?P UMhour s.
LG/ M5 of the (Stasdthannl iaf :1tckiybacpmierihd hexdhaplogicGonpkebayCOMMRsHS10G-1 0 t he

vt o1 and. et HYTORRE A2kt @2%@-@%@ﬁﬁﬁ%@ﬁﬂﬁfﬁékﬁdﬁeﬁuﬂ hase

was acidified vvlth concentrated HC1 to pH =1 and extracted with ethyl
acet at e. ladsder{rbis arbehylgntii) filtered, and
concentrat ed : '

(2, 6-di f1uor o qlneo L gq \Iig X an 1 methanesulfonate acid as a clear oil in 97%
yield. LM = 268.1 (MtH), Rt = 0.82 mn. Synthesis of nethyl 6-(2

6- di f | uor o- 3- et hyl pheny! ) pit i nat e 0 [02371To a solution of net hyI

6- (2, 6-di fluoro-3-(trifluopometMiA°Sul f onyl oxy)- phenyl)picolinate (1.0
equiv.) in toluene was added_#d(dppf)C12-DCM (0.1 equiv.) followed by
dimethyl zinc (3 .0 equiv.).| The solution turned from orange to bright
yel l ow. The reaction was hed 2 Q20 80 C for 2 hours at which time, LC/ M
anal ysi s indicated conpl et g conversion to product. The reaction was cool ed
to roomtenperature, diluted with ethyl acetate and washed with brine. The
organic |layer was dried with magnesiumsulfate); filtered., and
connentrated in vacuo in nvide nethyl 642,6-611mm

3- et hyl phenyl ) picolinate as a brown oil in quantitative yield. LC M =
264.0 (M+1-1), Rt[0308). 900 misvlutidyad(-Hesersbafl 6-hydroxy-3-(3-nitropyridin-4-

6-(2,6-difl = 023 f
met iyl 6 (2. SOeRpEES BUARRGRACED SN Pl ik apine 1.5 BRERLRS 1 BOR DO 40
added sodi umMiyas edded srehagsefuychioridnd .2 dypiveat 0C.Ohe wegustwas sted:_dffmf 2
nours. The Sohtilt A% Bhpdladdd e Mhdldn Bl BEEh AL AIGnAESNE 1 1D 1N NaCH

(2x). The conbi ne aqueous was acr ied with
concent r at edWwkied wirhgat Ne{l Tbe CGUEDHTS @h@w@hmwmlwmdmmﬂcm@trated il acetate
(2x), the cop q. ] jym sul fate, -
filtered, an con@ Z%e%g{ﬁ'é %a?i%\ggcua 2(?5&;‘8?}3}’&1 Jﬂyf}%%ﬂ‘ﬁé;! y”ﬁﬁ

6-(2, 6- di f 1 uBEbaBsyHonaty (ﬁéﬁenym}p‘mmmwl@eamx@tmwlﬁuowrﬁlmr pwificationn 85%

yield. LC M Engd,/3: did-Hi4.0Rki=5.49- 76 min.

Synthesis of (4/-)-5-(3-nitropyridin-4-y1)-3.3a.7. 7a-tetrahvdrobenzo[dloxazol-2(6H)-one

v

N~y




Synthesis of 6-(3-ethyl-2,6-difluorophenyl)picolinic acid 0 [0239] To a
sol ution of nethyl 6- (2 6-di fluoro-3-(trifluoronethyl sul fonyl oxy) -

phenyl ) pi col | nate 1.0 equiv.) in toluene (0.15 M was ;

Pd( dppf ) C12- D¥R# S dquiv.) followed by diethyl zinc (%99@9@&"’“\‘/2"3. The
sol ution turned from orange to bright yellow The reaction was heated to 70
C for 2 hours at which tine, LC/Ms analysis indicated a m xture of 1:3:1
rati o of hydrolyz r ogy 2d I DOWN, 20V t. The
reacti on was cool@goqt?o gg‘gltrrn“xtt&%}e(&g 3 ﬁ%g@%ﬁ%@gnﬁé}%ﬁ&etﬁwﬁ c‘fggl{gthe and
washed with ¥Nkyekdit-§-205) mefﬁh@%uifcgami(b%@jﬂe}inm@dimﬁ@édimﬂeﬂs siieggree $10um

sulfate, filt tr i |, The
oi |l was redi sg%%qogfi 3. ’&%%%E%arﬁ%l?r ea? él%g\n‘yet(aﬁ&%\llrﬁa%é p?é; S&%%ngld% The
reacti on was wahdissobiied urteddl wictaly, gtdhydshalogthesaeNatid Tivaerbrsdl wistdnied NithlaOH ( 2x) .
The basi ¢ waghicpoS:mer, £ HC1 and
extracted w ?@%?’ﬁ“ﬁég%%‘é C%E[p én?%gd)l to °Cet+{)r§ n%{%g%ﬁggg& agé’%??gd wth
magnesi um suldraliygrobtizotddaxah]-260it-ooo (Fokn L whathedasivsedia thegextstep mithpee

R e Y T

hompgeneous sol ution of | eq each of am ne, car box | ic acid, HOAT and EDC
in DMF, at aSyHisiss iUyl 563 -4 20y for 24 hours at
which tinme mgrﬂvdmgﬁhmz@&%ﬁg_@ar%ﬁteadded The organi ¢ phase was dried
W th sodium sulfate and purifired via SiTica gel columm chromatography
eluting with ethyl acetate and_hexanes to give the desired protected am de
product. Alternatively the ,L@e reaction mxture was directly purified by
HPLC. Upon |yophilization, t TFA salt of the protected am de product was
obtained. Alternatively, t “ractions could be added to Et0Ac and
solid Na2CQO3, separated and shed with Nad (). Upon drying over MgSO4,
filtering and renoving the yolatiles in vacuo, the protected am de product
was obtained as a free basg~aNernatively, the crude reaction mxture was
used for the deprotection stgp without further purification. [0241] If an
N-Boc protected am ne was plesent, it was renoved by treating with excess
AM HC1/ di oxane for 14 hours or by treating with 25% TFA/ CH2C12 for 2
hours. Upon renoval of the volatiles in vacua, the material was purifi ed by
RP HPLC yielding after |yophilization the am de product as the TFA salt.

Al ternatively, tH%HFJIPLCT(T<’Faélttloéﬁé(%déf(él-nwpmﬂ'ﬂ)& 0% and solid Na2CCB,
separ at ed an@néﬁ@aéas&zwdmmg(%ﬁ) to),e Hm%ui@r)ytrm (w%amMa akAeardijilct €ri ng and

removing the volatiles in vacua base was tai ned., Upon dissol ving

in MeCN/ H20, aaedéi AMAP ie gH26k (0. 19\&\4}-{@@ ‘éﬁ%ﬁ 4%%%‘)’%%%“? He? ¥ICRt sal t of the
am de produclyoRgnRBkdL N8d reabiadtikiufe R sDEEOGL1 ?ro@ml‘ﬂ@reijngﬁ)mmr@ Wakic

carbamate was present, prior to Boc deprotection the clic carbamate coul d

be cl eaved bjilutederthichy! aetate (&%@@wwﬁh%h\yﬂh Tt EF@F&?\Q}F JaThe-LTeBc®Ht r at i on

of 0.1 M foradlresd I\Wﬁﬁlte@dtaﬁﬂ ccgrf%éml\éféld Bfc r¥diRbab ﬁélﬂeﬂb @ﬁh‘lﬁn §/l§‘e Boc
am no group was deprotected as descri bed above. 43] I f an N-Boc,

OAC group vve‘l‘ﬂ‘é‘h%‘fob%‘énltethyé AYette 408 hpgRe Epsivt €t peginbutyl ﬁé3‘§Eré‘P%H -4®8up coul d
be cl eaved byqfd- 028 7 MOty Brobd bR dxdzdi-ROMI-VardoxlyAtedbSrAN Al C/ReS (B2
concentration of 0.1 hAM%§'24 hou;s % % )?'€ﬁ©anﬁhkphtéalgn1de group
was present , MEhe3048i REOV&s deprotected by treatlng with hydrazine in MeOH
at 65C for three hours. Upon cooling and filtering off the white
precipitate, the filtrate was concentrated and purified by RP HPLC to yield
the am no am de product. [0245] |f a TBDMVS ether was present, it was
deprotected prior to Boc renoval by treating with 6N HCL, THF, nethanol
(1:2:1) at roomtenperature for 12 h. After renoval of volatiles in vacuo,
t he Boc ami no group was deprotected as descri bed above. Alternatively, the
TBDMS et her and Boc group could be both deprotected with 6N HCl, TIIF,

met hanol (1:2:1) if left at rt for 24 hours, or heated at 60 C for 3 hours.
[0246] If a Owve group was present, it was deprotected by treating with 1 M
BBr3 in DCM (2.0 equiv.) for 24 hours. Water was added dropw se and the

vol atiles were renoved in vacuo. The nmaterial was purified via reverse
phase HPLC as descri bed above. [0247] If a OBn group was present, it
was deprotected by treatnent with 10% Pd/ C (0.2 equiv.) under an atnosphere
of hydrogen in ethyl acetate and nmethanol (1:2). Upon conpletion, the
reaction was filtered through Celite, washed with nmethanol, and the
filtrate was concentrated in vacuo. Synthesis of

(+/-)-3-am no- N (4-(3-am no-4- hydroxycycl ohex- 1- enyl ) pyridi n-3-yl) - 6-
(2,6-dif|uorophenyl)picolinanide [ 0248] Fol | owi ng Met hod 9,
(+/-)-tert-buty| (3 zunlnopyrldln 4 yl) 6- (tert-

T
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-enyl) pyridin-3-yl)-6-(2, 6-difluorophenyl)picolinatnide as the TFA salt.
LCMS (In/z): 438.2 (M-1), LCR = 2.00 mn. Synthesis of

(+/-)-3-am noMQ20n0ed24r ni no4- hydr oxycycl ohexyl ) - PCT/EP2009/061205
nrridin-3-yl)-6-(2, 6-difl uorophenyl)pieolinam de [0249]Follow ng Method 9,
(+/-)-tert-butyl 5-(3-am nopyridin-4-yl)-2-(tert-

but yl di net hyl si |.yl.oxy) eyel ohe Iearbama,te and
3. ani no- 6- ( 2, SUUEHY YF sl e mep B e
to yield (+/ -32Br-&fboR@ad- (4- (3- am no- 4-

hydr oxycycl ohexyl) pyridin-3-y1)-6-(2, 6-difluorophenyl)picolinamde as the
TFA salt in 18%yield. LOM5 (mg): 440.3 (Mn, LCR = 2.04 nmn.

[ 0250] Fol Il owi ng the procedubeq of Method 9, the follow ng conpounds were

prepared: TABLE 1 Exanple . N-gStructure L M5 (M+H on UPCL) LCI M5 (Rf
on UPCL) Chem cal Nane 1 iPRFI -.. o Chiral F 442.2 0.75
6- (2, 6-di f luor ophenyl ) - 5- ro-N-(44(1R, 35,5S)-3- hydroxy-5-
met hyl cycl ohexyl ) pyri di n-3- Jyl )rm col i nam de
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[0111]  To a solution of (+/-)-tert-butyl 5-(3-nitropyridin-4-yl)-2-oxo0-3a,6,7,7a-
tetrahydrobenzo|[d]oxazole-3(2H)-carboxylate (1.0 equiv.) in methanol and ethyl acetate
(1:1, 0.1 M) was added 10% Pd/C (0.1 equiv.). The resulting mixture was stirred under
H; atmosphere for 6 hours. The solid was removed by filtration. The filtrate was
concentrated under reduced pressure to give (+/-)-tert-butyl 5-(3-aminopyridin-4-yl)-2-
oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate (87%), which was used in the next step
without further purification. LC/MS (m/2): MH'=334.1, Rt=0.51.

Synthesis of 5-methyl-3-oxocyclohex-1-enyltrifluoromethanesulfonate
ﬁo

[0112]  To a solution of 5-methylcyclohexane-1,3-dione (1.0 equiv.) in DCM
(0.5M) was added NayCOs (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 NaHCQ; with
vigorous stirting until pH=7. The solution was transferred to a scparatory funnel and the
layers were separated. The organic layer was washed with brine, dried with Na,SO,,
filtered, concentrated under vacuo and dried under high vacuum for 15 min o yield 5-

methyl-3-oxocycichex-1-enyl triffuoromethanesuifonate as light vellow oil 1 78% yield.
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The triflate decomposes upon storage and should be used immediately for the next
reaction. LC/MS=259.1/300.1 (M+H and M+CH;3CN); Rt = 0.86 min, LC = 3.84 min.
'H-NMR (400 MHz, CDCl3) & ppm: 6.05 (s, 1), 2.70 (dd, J=17.2, 4.3, 1H), 2.53 (dd,
J=16.6, 3.7, 1H), 2.48-2.31 (m, 2H), 2.16 (dd, J=16.4, 11.7, 1H), 1.16 (d, J=5.9, 3H).

-2-v1}evelohex-2-enone

Svnthesis of 5-methyvi-3-(4.4,5.5-tetramethyl-1,3,2-dioxaborolan
\qo
By

[0113] To a solution of 5-methyl-3-oxocyclohex-1-enyl
trifluoromethanesulfonate (1.0 equiv.) in degassed dioxane (0.7 M) was added
bis(pinacolato)diboron (2.0 equiv.), KOAc (3.0 equiv.), and Pd(dppf)Cl,-DCM (0.03
equiv.). The reaction was heated to 80 °C for 10 h (initial heating at large scale results in
exothermic formation of an orange foam on top of the solution, the heating bath should be
removed until the foam retracts, reheating to 80 °C at this point appears to be fine), then
cooled to room temperature and filtered through a coarse frit glass funnel. The cake was
rinsed with more dioxane and the filtrate solution was used for the next step without
further purification, LC/MS = 155.1 (M+H of boronic acid); Rt = 0.41 min, LC = 1.37

min.

Synthesis of 5-methyl-3-(3-nitropyridin-4-y¢vclohex-2-enone

N2

I

L

[0114]  To a solution of 5-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhcyclohex-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 (8.05 equiv.).
The reaction was placed under a reffux condenser and heated in an ¢il bath to 110°C for |

. Cooled to room temperature, filtered through a pad of Celite, washed the pad with
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nmet hyl pi peri din-1-yl)pyridin3-yl)-6-(2, 6-difluorophenyl)-5-
fluoropicolinamde 4 chiral Odilli HC,, NHrir FN-- o 473.3 0.52
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at 80 °C on a rotary evaporator for one hour to remove boronate by-products (M+H =
101} via sublimation. The residue was partitioned between brine and ethyl acetate, and
the layers were separated, the aqueous phase was further extracted with ethyl acetate (4x),
the organics were combined, dried over sodium sulfate, filtered, and concentrated. The
crude was purified via silica gel chromatography loading in DCM and eluting with 2-50%
ethyl acetate and hexanes. The pure fractions were concentrated in vacuo to yield an
orange oil. The oil was placed under high vacuum (~500 mtorr) with seed crystals
overnight to yield an orange solid. The solid was further purified via trituration in
hexanes to yield 5-methyl-3-(3-nitropyridin-4-yl)cyclohex-2-enone (48% 2 steps).
LC/MS = 233.2 (M+H); Rt = 0.69 min, LC = 2.70 min. "H-NMR (400 MHz, CdCl;)
ppm: 9.31 (s, 1H), 8.88 (d, I=5.1, 1H), 7.30 (d, J=5.1, 1H), 6.00 (d, J=2.4, 1H), 2.62 (dd,
J=16.4, 3.5, 1H), 2.53-2.34 (m, 3H), 2.23 (dd, J=16.1, 11.7, 1H), 1.16 (d, J=6.3, 3H),

Synthesis of ¢is-(-+/-)-5-methyl-3-(3-nitropyridin-4-vlcyelohex-2-enol

’I/',. ‘\\OH

N

N

[0115] * To a solution of 5-methyl-3-(3-nitropyridin-4-ylcyclohex-2-enone (1.0
equiv.) in EtOH (0.3 M) was added CeCl3-7H,O (1.2 equiv.). The reaction was cooled to
0°C, then NaBH, (1.2 equiv.) was added in portions. Stirred for 1 h at 0°C, then
quenched by adding water, concentrated to remove the EtOH, added EtOAc, extracted the
organics, washed with brine, then dried with Na,SO,, filtered and concentrated to yield
cis-(+/-)-5-methyi-3-(3-nitropyridin-4-yl)cyclohex-2-enol (94%). LC/MS = 235.2 (M+H),
LC =2.62 min,
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Synthesis of 4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclohex-1-enyl)-3-nitropyridine
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[0116]  To a solution of 5-methyl-3-(3-nitropyridin-4-yl)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
separated. After washing further with H,O (3x) and NaClsa), drying over MgSOs,,
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.

-5-methyleyclohex-1-enyDpyridin-3-amine

[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 Na;CO3 (ga), NaClgsar), was dried over
MgS0y, 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 Ry = 3.77 min.
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[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-butyldimethvlsilyloxy)-3-methvlcyclohexvi)

pyridin-3-vlcarbamate

: ~OTBDMS

NHCbz

o

oY

N

[0119]  To a solution of cis-(+/-)}-4-(3-(tert-butyldimethylsilyloxy)-5-
methylcyclohexyl)pyridin-3-amine in dichloromethane at a concentration of (.5 M was
added benzyl 2,5-dioxopyrrolidin-1-yl carbonate (1.1 equiv.) and DMAP (0.05 equiv.).
Afier stirring for 16 hours at t, 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 NayCOj(sq) and separated. Upon further washing with NayCOsq)

(Zx) and WaClis ) drying over MgSOy, filtering and removal of solvents, cis (+-) benzyl
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di net hyl cycl ohexyl ) pyridin-3- yl)-6-(2,6-difl uoro-3-

met hyl phenyl ) pi.col i nam de 13 OH H'NH, 1110cH, chiral F HN_ 2 0.58
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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.

ridin-3-vlcarbamate

-S-methylcvelohexvl

[0120] A solution of ¢is (+/-) benzyl 4-3-(tert-butyldimethylsilyloxy)-5-
methylcyclohexylpyridin-3-ylcarbamate in 1:2:1 6N HC/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 NaClg;), dried over MgSQy, filtered and
upon removal of the volatiles in vacuo, cis-(+/-)}benzyl 4-(3-hydroxy-5-
methyleyclohexyl)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,Cly 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%

NayS>03/NaHC O34y and separated. Upon further washing with 1:1 10%
Na8203/NaHCOs(sa) (2x) and NaClea), drying over MgSOy, filtering, removal of

solvents and purification by silica gel chromatography (75-100% EtCAc/hexanes), cis-
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[0122] A solution of cis-(1/-)-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 NaHCOs(y, separated, washed
further with NaHCOj(sat) and NaClisy ) dried over MgSOy, 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
1EIErOgericous solution was put under an aimosphere of hydrogen and was stirred for 14

hours. At this time the reaction was purged with Ar, Boe;O (1.0 equiv.) was addec and
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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-
methylcyclohexylcarbamate (49%). LCMS (m/z): 306.3 (MH"), LC R, = 2.59 min . Pure

enantiomers could be obtained by chiral chromatography.

Synthesis of

[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.

Svynthesis of (+/-)-2-azido-6-methyl-4-(3-nitropyridin-4-vDcvelohex-3-enol

[6125]  To a solution of (+/-)-4-(5-methyleyclohexa-1,3-dienyl)-3-nitropyridine
(1.9 equiv.) in. DCM (0.1 ¥4) a1 § °C was added m-CPBA (1.1 equiv.) and the reaction

was aliowed 1o warm (o room temperature. After 3 bours, the mixture was guenched with
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22 CH Chir CBéaturated NaHCO;, extracted with DCM, and 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 = (.71 min.

Synthesis of tert-butvl (+/-)-6-hydroxy-5-methyl-3-(3-nitropyridin-4-ylcyelohex-2-
enylcarbamate

[0126]  To a solution of (+/-)-2-azido-6-methyl-4-(3-nitropyridin-4-
yDcyclohex-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.
NaHCQO; (1:1, 0.08 M) and Boc;O (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-yheyclohex-2-enylearbamate in 69% yield. LC/MS = 350.1 (M+H), Rt = 0.76 min.
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[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 stitred 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-
yhecyclohex-3-enyl methanesulfonate as a white foam in 65% yield. LC/MS = 428.2
{(M+H), Rt = 0,88 min.

Synthesis of (+/-)-tert-butyl 7-methyl-5-(3-nitropyridin-4-yl)-2-0x0-32a,6.7.7a-
tetrahydrobenzo[d]oxazole-3(2H)-carboxylate

o4

NBoc
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[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 crganic vhase was dried with sodium suifate, filtered and concentrated. The crude
material wag dissolved in DOM (0.2 M) and tristhyl smine 1.8 squiv.) was added to the

reaction, followed by Boea(t (1.7 eaiv.). After stirring af raom temnerature for 40 min,



OH 10 458.3 0.51 N-(4-((3R 4R 55)-3-ami no-4- hydroxy-5-net hyl pi peridin-1-
yi )pyridin-3-yl)-6-(2,6- difluorophenyl)-3- fluoropicolinamde 25 Chirai
OH-ISNHNI 0 440.3 0.54 N (4-((3R 4R, 5S)- 3-am no- 4- A
hydr oxy- 5- met M@ 81998¢12di n- 1- yl ) pyri di n-3-yl)-5-f| uor o- RQIAEP2009/061205
f1 uorophenyl ) pi col i nam de 26 Chiral OH -H up N --.. 440.2 0.53
N-(4- ((3R 4R 595) - 3-anm no-4- hydroxy-5- et hyl pi peridin-1- .
yOpyridin-3-yd) ; 8eifof wls ol 9P vrgig@oy alnzi %Iur? 1e|d|vri]aasi 1cgege1%2)lur|ﬂn%m%%}arﬁg§!'
eluting with ethyl acetate and hexanes (1:1) to give (+/-)-tert-butyl 7-methyl-5-(3-
nitropyridin-4-yl)-2-ox0-3a,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-y1}-2-0xo-
3a,6,7,7a-tetrahydrobenzo[d]oxazole-3(2H)-carboxylate (1.0 equiv.) in MeOH and ethyl
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-nitropyridin-4-yDevclohex-2-cnol

f0130]  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 MBS (1.5 equiv.) and the reaction was

stirred at room temperature for 30 min. Upon completion, ethyl acetate and water were



FFN1oONA455 3 0.66 N (44(1R 38,53)-3-am no-5- nethyl cycl ohexyl)pyrid
In-3- yl)-6-(2,6-difluoro-3- nethyl phenyl)-5- fluoropicolinamde 28. fio
CH3Chirai F 423.2 0.61 N-(44(1 R 39)-3- s

am nocycl ohe%&)ﬂyygﬂw i*n- 3- . yl)-6-(2, 6-difl uoro-3- PCT/EP2009/061203

met hyl phenyl ) pi col i nam de 29 di kKhCH3Chirat NH killp F N H N-..

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,

Synthesis of (+/-)-2-azido-6-methvl-4-(3-nitropyridin-4-ylicyclohex-3-enol

[0131F  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 ter(-butoxide (1.5
equiv.). The reaction turned 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 acctate. 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.¢ (M+H), LC
= 2,803 min.



0 437.2 0.64 N-(44(1R 3S,5S)-3-am no-5- nethyl oycl ohexyl ) pyri di n-3-
yl')-6-(2,6-difluoro-3- nethyl phenyl)picolinam de 30 OH0113Chirai 1.43c,,,
NH, F "N ---H-.... 453.2 0.59 N-(4-((1R 3R 4R 5S)-3- am no-4-hydroxy- 5-
met hyl cycl ohe¥AZPIPRG1H i n-3- y1)-6-(2, 6-difluoro-3- PCT/EP2009/061205

net hyl phenyl ) pi col i nam de WO 2010/ 026124PCT/ EP2009/ 061205 Exanpl e No.
Structure LOMS (MHI -1 on UPCL) LCMs (RI on UPCL) Chem cal Nanme 31

citcrom OH l\ngﬂtﬂégis oft +/4—'§éﬂ—%utvl 6-hydroxy-5-methyl-3-(3-nitropyridin-4-yl)cyclohex-2-
enylcarbamate

NHBoc

- NO;

[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. NaHCO; (1:1, 0.08 M) were added to the crude, followed by Boc,0
(1.0 equiv.). Stirred the reaction mixture at room temperature for 2h, then added water

and ethyl acetate. The organic phase was dried with MgSO4, and concentrated. 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-yl)cyclohex-2-enylcarbamate (59%). LC/MS = 350.1 (M+H), Rt: 0.76 min.

[0133]  To a solution of (+/-)-tert-butyl 6-hydroxy-5-methyl-3-(3-nitropyridin-
4-yleyclohex-2-enylearbamate (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

5



0.6 N-(4-((1R 3R 4S,5S)-3- am no-4-hyd roxy-5- nethyl cycl ohexyl)pyrid in-3-
yl)-6-(2, 6-difluoro-3- nethyl phenyl)picolinamde 32 CHChiral HNF F N '--
H1 N 443.2 0. 44( 1R, 3S) - 3- ar ni nocycl ohexyl ) pyrid in-.3:
yI)-6-(2,6-di§§ﬁ®@é¥ﬁf hydr oxypheny1l) - 5- quoropicoIinaﬁ?&épgﬁwﬁﬂ?§01chira
NF ..l o0 425.2 0.53 N (4-((1R 3S)-3- am nocycl ohexyl ) pyri di n- 3-
yl)-5-fluoro-6-(2-fluoro-5- hydroxyphenyl)picolinamde 34 Ho Chiral --.. O
425.2 0. 52 Nokghnicphdse 32 dridd vail birin@,Qlﬁéﬁ%b&ﬁﬁ&l)ﬁfa}a@ﬁrtéréﬁ, BnBconcentrated to give

| )-3-fluoro-6-(2-fluoro-5- hydroxyphenyl ol i nam d
yh ! (+/-)§2-(tert-llJJutoxycarbony amino))(-%pmeth% 42(9-Ingtroplyri in-4-y?)cyclohex—3-enyl

acetate in 94% yield. LC/MS = 392.2 (M+H), Rt = 0.94 min.

methvleyclohexyl acetate

[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-y1)-2-(tert-butoxycarbonylamino)-6-
methylcyclohexyl acetate as the pure product in 59% yield. LC/MS =364.3 (M+H), Rt =

0.63 min.
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N-(4- ((1R 3S,59)-3-anm no-5- nethylcycl ohexyl)pyrid in-3-.
yl')-6-(2-fluoro-5- hydroxyphenyl)picolinam de 36 OHChiral Ib N 10 439. 2
0.57 N (44( IRV92084913L ani no- 5- net hyl cycl ohexyl ) pyri d iR§TEP2009/061205

yl)-6-(2,6-difluoro-4- hydroxyphenyl)picolinamde 37 Chiral H NCH, 1S 421

0.56 N(4-((1R, 3S,5S)-3-am no-5- nethyl cycl ohexyl) pyri di n-3-
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2010/ 026124P
enyl methanesulfonate

OMs
NHBoc

‘- NO2

P

N

f0135]  'To a solution of tert-butyl 6-hydroxy-5-methyl-3-(3-nitropyridin-4-
yheyclohex-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% yicld. LC/MS = 428.2 (M+II), 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
O
o~

NBoc

—

N

[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 sthyl acetate and water, the organic

phase was dried with sodium subfate and concentrated under vacuc, The crude material

1
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N (4-((1R, 3S,5S)-3-am no-5- net hyl cycl ohexy) pyri di n- 3-
yl)-3-fluoro-6-(2-fluoro-4- hydroxyphenyppi colinam de 40 CH Chirai

H'-N

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.

1)-7-methyl-2-

[0137]  To a degassed solution of (+/-)-tert-buty! 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 and the pad was washed with ethyl acetate. The filtrate was concentrated

under vacuo to give (+/-)-tert-butyl 5-(3-aminopyridin-4-y1)-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.

PHLO) 3



F _No 471.2 0.62 N (44(1R 3R 4S,5S)-3- am i no-4-hydroxy-5-

nmet hyl cycl ohexyl ) pyridin-3- y1)-6-(2.6-diffuoro-3- nethyl phenyl)-5-
ffuoropi colinan de 41 CH3Chiral FH NH "2 F ON -H N'... 10 439.2 0.57

N- (44(1R, 3R, 480 8l04Rt1Ab- 4- hydroxycycl ohexyl)pyrid i n-RET/EP2009/061205
yl)-6-(2, 6-difluoro-3- nethyl phenyl)picolinamde 42 OHenml CH, IP H N OF
457.2 0.56 N-(4-( &1R, 3S, 55) - 3-am no- 5- net hyl cycl ohexyl )pyr_l d i n- 3-
yl)-6-(2,6-difluod®38} hick wkyiphef(y-)-(18;55faSk6bomice Bivethais -Penitropyridin-

4-yl)cyclohex-2-enol (1.0 equiv.) in THF (0.1M) was added potassium tert-butoxide (1.5
equiv.) at room temperaturc. The reaction mixture was stirred for 10 min. The reaction
mixture was quenched with NH4ClI 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), R, =0.49 min. To a
solution of crude (+/-)-4-((18,5S)-5-methyl-7-oxabicyclo[4.1.0Jhept-2-en-3-y1)-3-
nitropyridine (1.0 equiv.) in 2:1 CH;CN/HO (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 NaHCQj3 solution, the reaction mixture was concentrated to temove
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,68)-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. Re = 0.3 (100% EtOAc; diols were not separable
on TLC). LCMS: MH+ 251.2, R; =0.49 min.

Synthesis of (+/-)-4-({38.4R. 38)-3.4-bis(tert-butyldimethylsilyloxy)-5-methyleyclohex-1 -
enyl)-3-nitropyridine and (+/-)-4-((3R 4R 58)-3,4-bis(tert-butyldimethvlsilyloxy)-5-

methylcyclohex-1-enyl)-3-nitropyridine

TBDMS TBDMS
‘o, OTBDMS  #.._~_.~OTBDMS
+
N0, S NOz
P -
(+) (+-)

[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
HNallCO;, The reaction mixture was extracted with EtGAc. The combined organic layer

was washed with water and orine, dried over anhydrous sodium sulfate, fillerec ang

D ok
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43 HOi ktiiChiral H NCH MAP N ? OF N 439.2 0.56 N-(4-((1

R, 35, 5S5) - 3-am no- 5- net hyl cycl ohexyl ) pyridin-3- yl)-3-fluoro-6-(2-fluoro-5-
hydr oxyphenyl ) pi col i nam de 44 CH, Chlral ON H, NCHo. F N - 47 0. 62

N- (4( (1R 3R AHO8EIO%I24, i o 4- hydr oxy-5- net hyl cycl ohexéFngl;zroP%}‘f(’#O%-
yl)-6-(2,6-difluoro-3- nmethyl phenyl)-5- fluoropicolinamcle WO

2010/ 026124PCT/ EP2009/ 061205 Exanple No._ Structure LC M5 (Mr1l-1 on UPCL)
LG/ MS (Rf on cgp@t)at@@mcg&.fﬂﬂgﬁgure 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)-S-methylcyclohex- 1 -enyl)-
3-nitropyridine (27.2%) and (+/-)-4-((3R,4R,55)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylcyclohex-1-enyl)-3-nitropyridine (50.2%). LCMS: MH+479.2, R; =1.60 and 1.63

min.

Svnthesis of 4-((18.38.,48.5R)-3.4-bis(tert-butyldimethvlsilyloxy)-5-
methvyleyelohexyDpyridin-3-amine and of 4-((1R. 3R 4R.585)-3.4-bis(tert-

butyldimethvlsilyloxy)-5-methvlevelohexyDpyridin-3-amine

OTBDMS OTBDMS
OTBDMS ‘o, ~OTBDMS
+ N
A NH2 @NHZ
lN/ chiral N/ chiral

[0140]  To a solution of (+/-)-4-((3R,4R,58)-3,4-bis(tert-butyldimethyl-
silyloxy)-5-methyleyclohex-1-enyl)-3-nitropyridine (1.0 equiv.) in ethanol/BEtOAc, 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, I mL/min, 5%IPA in Heptane) to yield 4-
((18,38,48,5R)-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-
methyleyclohexyl)pyridin-3-amine (8.34 min).



45 Chtr al

H C.O H2NCH, F N HL 1o 453.1 0.61 N (4-((1R 3S,5S)- 3-ani no- 5-

nmet hyl cycl ohexyl ) pyri din-3- y1)-5-fluoro-6-(2-fluoro-5-

met hoxyphenyl ) pi col i nam de 46 HO Chi ral F
N- (4- 01R, 35, 582 B1A¢1Ab- 5- et hyl cycl ohexyppyri di n- 3- 2009/
yl)-5-fluoro-6-(2-fluoro-5- hydroxyphenyl)picolinam de 47 Chi pal

FF F N

PCT/EP2009/061205

Synthesis of 4-((1R,3R.45.5R)-3.4-bis(tert-butyldimethylsilyloxy)-3-
methyleyclohexyDpyridin-3-amine and of 4-((18.3S.4R,58)-3,4-bis(tert-

butyldimethylsilyloxy)-5-methylcyclohexypyridin-3-amine

TBDMS TBDMS
TBDMSO O Y1, OTBDMS
+
- NH2 [ X~ NH2
I N/ chiral N/ chiral

[0141]  To asolution of (+/-}-4-((3S,4R,58)-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, I mL/min, 5%IPA in Heptane) to yield
4-((1R,3R45,5R)-3 4-bis(tert-butyldimethylsilyloxy)-5-methylcyclohexyl)pyridin-3-
amine (6.98 min) and 4-((18,38,4R,58)-3,4-bis(tert-butyldimethylsityloxy)-5-methyl-

cyclohexyl)pyri:iin—3;-amine (8.67 min}.

Synthesis of sodium 6-(methoxycarbonyvi)-3-0xo-5-(trifluoromethyl)cvelohex-1-enolate

CFy 07

O
0] ONa

[0142] o a freshly prepared solution of sodium (1.0 eq) in t-BuOH (I 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 mir. After refluxing for 2 h, the

mixture was cooled and hexanes was added. The precipitate was filtered without further

CH3 W FN 14" LN 439.1 0.56
OH NH,
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-, 0487.1 N (44(1R 3R 4R 5S)-3- am no-4-hydroxy- 5-
net hyl cycl ohexyppyridin-3- yl)-6-(2,6-difluoro-3- nethoxyphenyl)-5-
fluoropicolinamde 48 AilF Chiral FW N' 0 427.2 0.59 /Ef,» 4/0'16 5538) 3-
ani nocycl ohexyP yPYPI4i*n- 3- yI) 6-(2,3,5- trifluorophenyl %I COPTRAM de 49
Chiral H3F NH, io NF H -N'. -, 10 455.2 0.63 N-(4-((1R 5R) 5-am no- 3, 3-
di met hyl cycl ohexyl) pyri di n- 3- - -6-(2,6-difluorgphenyl).-

f1 uor opi col i REAIGEOL Y ghyaeRTipR|6- (pxet_pgxngtr p\pyé)p?' fx0-5- (mﬂuoromethyl)cyclohex-1-

enolate (46%). LC/MS (m/z): MH' = 253.1, Rt = 0.70min.
Synthesis of 5-(trifluoromethyl)cyelohexane-1.3-dione

F3C\qo

o

[0143]  Sodium 6-(Methoxycarbonyl)-3-o0x0-5-(trifluoromethyl)cyclohex-1-
enolate (1.0 eq) was dissolved in IM 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-oxo-5-(trifluoromethyDcyclohex-1-enyl trifluoromethanesulfonate

Fgc\qo

OTf

[0144]  To a suspension of S-(trifluoromethyl)cyclohexane-1,3-dione (1.0 eq)
in DCM (0.23 M) was added TEA (1.2 ¢q) to give a clear solution. The mixture was
cooled to 0 °C. And then TH0 (1.05 eq) in DCM was added dropwise. The reaction
mixture was stirred at that temperature for 2 hours. The rcaction mixture was diluted with
DCM, and washed with water, ¢g. NaHCOs, 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.
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LOMS (R on Woel) Shem £al lame, 52 gQchiral H G s. N

(trifluoromethylcyelohex-2-enone

[0145]  All of reagents 3-oxo-5-(trifluoromethyl)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.

Synthesis of 3-(3-nitropyridin-4-yi)-5-(trifluoromethylcvelohex-2-enone

FsC o)

NO,

|

=
™
N

[0146]  The boronate ester 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-5-
(trifluoromethyl)cyclohex-2-enone (1.0 eq) was dissolved in 1,4-dioxane (0.14 M) in a
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 PdCL(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

'l

4

10 A¢. The organic layer was separaied, and washed with brive, dried over MgSO4, and

L

oyl

ltered and

ol
S AWF e

3.

cneentrated. The crade product was pusificd by silica gel clromatography
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N o N 439.1 0.68 N (4-((1S, 3S,4S,5R)-3- am no-4- hydr oxy- 5-

nmet hyl cycl ohexyl )pyri din-3- yl)-6-(2,6- difluorophenyppicolinam de 53
OHChiral 0 413 N-(4-((1R 3S5)-3- anmin ocycloh exyl | 4.0 3-
yl)-5-fl uoro- %0(2‘(13@2611254) 4- hydroxycycl ohexyl ) pi col i nam ég%gé?gg&ﬁg%ral
H2ZNCH s N 14 N 10 427.3 0.59 N (4((1R 3S,5S)-3-am no- 5-

yar oxy eyl oRANSBIE XAt 4 Tepntl g -rmgseviidn i-sh-s-

(trlﬂuoromethyl)cyclohex-2-enone (73% for three steps from diketone). LC/MS (m/z):

MH" = 287.1, Rt = 0.85 min.

[0147]  3-(3-Nitropyridin-4-y1)-5-(trifluoromethyl)cyclohex-2-enone (1.0 eq)
was mixed with cerium(III) 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 NaBHj (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-
(trifluoromethyl)cyclohex-2-enol (66%). LC/MS (m/z): MH' = 289.2, Rt = 0.72 min.

Synthesis of cis-4-(3-azido-5-(trifluoromethyl)cyclohex-1-enyl)-3-nitropyridine
F4Ca., N3
N0z
P
N

(+F)

[0148] To a solution of ¢is-3-(3-nitropyridin-4-y1)-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
{0.16 M), and then the mixture was added sodium azide (1.2 eg). The resuiting mixture

was stirred st room femperature for | hour. Another 1.2 eq of sodium azide was added.



10 427.3 0.55 N (4-((1R 3S,5S)-3-am no-5- nethyl cycl ohexyl)pyrid in-3-
yl)-5-fluoro-6-((1r, 4r)-4- hydroxycycl ohexyl)picolinam de 56, OHch.'

N 10 413.3 0.48 N-(4-((1R 3S)-3- aminocycl ohexyl) pyri di n- 3-

y1) - 5-f | uor o- BO10/02424 - 4- hydr oxycycl ohexyl ) pi col i nani P§a/BBPOTHA1R05]

NH NI10 423.3 0.64 N (44(1R, 3S,5S)-3-am no- 5- _ _ _
met hyl cycl ohexyl ) pyridin-3- yl)-5-fluoro-6-(2- fluorophenyl)picolinam de 58

H3c Chiral

CHrhefixfdke was stirred at room temperature overnight. The reaction mixture was diluted

with cthyl acctate and heptane, and washed with sat NaCl. The organic was dried over
MgSOs, 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.

thesis of tert-butyl (1R_3R.55)-3-(3-aminopvridin-4-

(trifluoromethyl)cvclohexylcarbamate

FSC"'O“‘NHBOC
N NH;
P

N

[0149] A solution of cis-4-(3-azido-5-(trifluoromethyl)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 n‘1in. The enantiomerically pure tert-butyl (1R,3R,58)-3-(3-
aminopyridin-4-yl)-5-(trifluoromethyl)cyciohexylcarbamate and N~(4-((18,38,5R)-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:isopropano! = 90:10 (v:v), Chiralcel IC 250

x 20 mm at 15 mL/min ).

H N H
H2NO1



N? 10 419.3 0.67 N (4-((1R 3S,5S)-3-am no-5- nethyl cycl ohexyl ) pyri di n- 3-
yl)-6-(2-fluoro-5- nethyl phenyl)picolinamde WO

2010/ 026124P 061205 Exam pie No. Structure LT PCL)
L M5 (Rf onc%ggﬁ)%}g%zge*m cal Nane 59 t-130diati, Chiral %T&%hgﬁ&ﬁfo NIO
437.3 0.67 N-(4-((1R 3S,5S)-3-am no-5- nethyl cycI ohexyl ) pyri di n- 3-
yl)-5-fluoro-6-(2-fluoro-5- nethyl phenyl)picolinamde 60 dati FChiral CH IP

F HN Synthesis of (R)-4-benzyl-3-({2R_ 3R)-3-((R)-2.2-dimethyl-1,3-dioxolan-4-y1)-3-hydroxy-

2-methylpropanoylloxazolidin-2-one

[0150]  (R)-4-benzyl-3-((2R,3R)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-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.

Synthesis of (R 3 3 i i -2.2-dimethyl-

1.3-dioxolan-4-vl)-2-methvlpropanoylloxazolidin-2-one

0 TBS

My
O\/j\/é’/ 076

[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.



N? | 1o 441.2 0.70 N (4-((1R 35,5S)-3-arnino-5- nethylcycl ohexyl)pyridin-3-
yl)-6-(2,3-difl uorophenyl)-5- fluoropicolinamde 61 FilkChiral H2ZNCH, IP F

N H N 10 441.2 0.68 N-(4-((1R 3S,5S)-3-am no-5- ‘
met hyl cycl ohe¥2P1PRG13 n- 3- y1)-6- (2, 5-di fl uor opheny1) - FCT/EP2009/061205
fluoropicolinamde 62 rat, Chiral HZNCHHD NH N 10 405.2 0.67
N-(4-((1R, 3S,5S)-3-am no-5- nethyl cycl ohexyl)pyridin-3- yl)-6-(2-

f1uorophenyl)gi col.i NAL 48 B3 1 butyldimethylsilylony)-3-(R)-2.2-dimethyl-1 3-dioxolan-4-

y1)-2-methylpropan-1-ol

TBS
HO
2

[0152]  To a solution of (R)-4-benzyl-3-((2R,3R)-3-(tert-
butyldimethylsilyloxy)-3-((R)-2,2-dimethyl-1,3-dioxolan-4-y1)-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
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 NaCly) dried over magnesium sulfate, filtered, and
concentrated. The residue was purified via silica gel column chromatography (10-30%
EtOAc/n-heptancs) yiclding (2S,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.

R)-2.2-dimethvl-1,3-dioxolan-4-y1}-2-

methylpropoxy)(tert-butyl)dimethylsilane

TBS

N3 0

A

[0153]  To a solution of (28,3R)-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., IM solution in THF).
The reaction mixture was stirred at room temperature overnight. Upon removal of the
volatiles under vacuo, the residue was purified by silica gel coluran chromatography (2-3-

§% BtQAc/n-heptanes} vielding ((1R,28)-3-a7id0-1-((R)-2,2 dimethyl-1 T-dioxolan-4-



Chiral H2N1101 N N o 423.2 0.65 N-(4-((1R 3S,5S)- 3-am no- 5-
nmet hyl cycl ohexyl ) pyri di n-3-- difl uorophenyl)pi col i nam de 64 Chiral

PH 21110CH, Nd,Q,p N zH -N I 483.2 0. 66 N (4- ((1R 3R 4S), 3780088

;
hydr oxycycl ohexg?l)opyrl di n-3- yl1)-5-fluoro-6-(2-fluorc-5-
propoxyphenyl ) pi colinamde 65 PHII :NHwinp Os 2 F F N NH2

y1)-2-methylpropoxy)(tert-butyl)dimethylsilane (62%). "H-NMR (400 MHz, CDCls): &
4.04-4,10 (m, 11I), 3.94 (dd, 1=8.0, 6.4, 1H), 3.72 (d, J=7.2, 1H), 3.53 (t, J=8.0, 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,
3H), 0.92 (d, J=7.2, 3H), 0.90 (s, 9 H), 0.12 (s, 31), 0.09 (s, 3H).

N3 OH

[0154] To a solution of ((1R,2S)-3-azido-1-((R)-2,2-dimethyl-1,3-dioxolan-4-
y1)-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/un-heptanes) yielding (2R,3R,48)-
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

T N3 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,48)-5-azido-3-
(tert-butyldimethylsilyloxy)-2-hydroxy-4-methylpentyl 4-methylbenzenesulfonate.

«;T §



458.1 0.55 3-am no-N(4-((1R 3R 4S)-3- am no-4-

hydr oxycycl ohexyl ) pyridi n-3- yi)-6-(2,6-difl uorophenyl)-5-
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[0156]  To a solution of (2R,3R 48)-5-azido-3-(tert-butyldimethylsilyloxy)-2-
hydroxy-4-methylpentyl 4-methylbenzenesulfonate (1.0 equiv.) and 2,6-lutidine (3.4
equiv.) was added TBDMSOT( (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% CuSO,, H;0,
NayCOssary, NaClisy ), dried over MgSQy, filtered and concentrated. The residue was
purified by silica gel column chromatography (2.5-5-10-20% EtOAc/n-heptanes) vielding
(2R,3R,45)-5-azido-2,3-bis(tert-butyldimethylsilyloxy)-4-methylpentyl 4-

methylbenzenesulfonate (75%).

Synthesis of 4-((3R.4R.58)-3.4-bis(tert-butyldimethylsilyloxy)-5-methylpiperidin-1-y1)-
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 stitred under a hydrogen balloon for 3 hours. The solution was degasscd 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 NayCOsa), MaClia), dried over Mg8Qy, filtered and

concenirated. The residue was purified by silica gel column chromatography (10-15%



1 NH2 498,2 0.66 3-amino-N-(4-((IR 3R, 4S)-3- am no- 4-
hydr oxycycl ohexyl) pyridin-3- yl1)-5-fluoro-6-(2-fluoro-5-
propoxyphenyl%&zcol i nam de 68 OH40 0------ c.3 7NH Cl
480.2 0.65 3

yl)-6-(2-fluoro-5- propoxyphenyl)picolinam de 69 Chiral
0O N 441.3
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CHIS NHN.

EtOAc/n-heptanes) yielding 4-((3R,4R,5S)-3,4-bis(tert-butyldimethylsilyloxy)-5-

methylpiperidin-1-yl)-3-nitropyridine (40%). LC/MS = 482.4 (M+H), R; = 1.26 min.

-3 4-bis(tert-butyldimethylsilyloxy)-5-meth

Ipiperidin-1-

[0158] To a solution of 4-((3R,4R,55)-3,4-bis(tert-butyldimethylsilyloxy)-5-
methylpiperidin-1-yl)-3-nitropyridine (1.0 equiv.) in ethanol, at a concentration of 0.03

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-yDpyridin-3-amine. LC/MS = 452.4 (M+H), R¢*= 1.31 min.

Synthesis of
2-methyl-3-oxopropyl)-2,2-dimethvloxazolidine-3-carboxylate

-tert-butyl 4-({(1R.2R)-3-({R)-4-benzyl-2-oxooxazolidin-3-vl)-1-hydroxy-

[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-

I-carboxylate (1.0 eguiv.) in BCM (0.5 M) was then added dropwise and the resuiting

mixiure was stirred for 1.5 hours. The reaciion was quenched by the adgition of aguecus

1 ONH,
i di n-3-
I



0.67 N-(44(1R 3S,55)-3-am no-5- nethyl cycl ohexyl) pyri di n-3-
yl)-6-(2,6-difluorophenyl)-3- fluoropicolinamde . 70 Chiral _ HF NH
N...- 10 441.3 0.70 N(44(1 R, 3S,5S)-3-am no-5- o
met hyl cycl oheX2ppye¢let n- 3- y1)-6- (2, 6-difl uorophenyl) - RCT/EP2009/061205
fluoropi colinanm de 71 401Chiral H N 10 441 3 . 0.66
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yl)-6-(2,6-di a]:rxllmuc())nrio Qfﬁcr)}yd]é)ang thefnli)lijtgrreo as 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-y1)-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+I1-Boc), Rt =

1.09 min.

Synthesis of (R)-tert-butyl 4-({1R.2R)-3-({R)-4-benzyl-2-oxooxazolidin-3-vI)-1-(tert-
butyldimethylsilyloxy)-2-methyl-3-oxopropyl)-2.2-dimethyloxazolidine-3-carboxvlate

0 O OTBS

N
o] 0
\/l,,, BocN7Q

O

[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 TBSOTS
(1.4 equiv,) at -ilO °C. The reaction mixture was stirred at -40 °C for 2 hours. The
solution was diluted ‘with ethyl acetate and washed with sat. NaHCQs, sat. NaCl, dried
with magnesium sulfate, filtered, and concentrated. 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-buty! 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, (3.0 equiv.) at -30 °C. The reaction mixture was allowed to warm up to 0
°C and stirred at that temperature for 3 hours. The solution was then diluted with diethyl
ether and IN 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.28)-3-azido-1-(tert-butvldimethylsilvloxy)-
2-methylpropyl)-2.2-dimethyloxazolidine-3-carboxylate

TBS

O
BOCN%

[0162] To a solution of (R)-tert-butyl 4-((1R,2S)-1-(tert-butyldimethyl-
sflyloxy)-’j-hydroxy-2-methyIpropyl)—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-methylprony!)-2,2-dimethyloxazol-
idine-3-carboxylate as the maior product (5:2) in 86% yield. LC/MS = 3293 (M+H-

Baocj, Bf = 1.40 pun (Frac 65%-95% method).

a
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.6 N
)6
I

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 NaHSOQy, aqueous NaHCO3, 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 48)-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.4S8)-5-azido-2-
butyldimethylsi]vloxy)-4-methylpentyl methanesulfonate

TBS

OMs
NHBoc

[0164]  To asolution of tert-butyl (2R,3R,48)-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. NalICO;, brine, dried over
magnesium sulfate, filtered, and concentrated, The residue was purified by silica gel

A
_)f
s

sl chrometography eluting with ethyl acetate and hevanes { ve (ZB,37.4%

e

m-

g

S-azida-2-lrert-butoyyearhonylaming)-3-ltert-butyidimethylsibvioxy)-4 -m.ethy?’.pen?:,f.i.
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methancsulfonate 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.58)-4-(tert-butyldimethylisilyloxy)-

S-methylpiperidin-3-vlcarbamate

TBS

BocHN\(j/

Te]

Iz

[0165] A solution of (2R,3R,48)-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,55)-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-butvl (3R.4R.5S

nitropyridin-4-yDpiperidin-3-vlcarbamate

s OTBS

BocHN‘]\/'j/

N
N0,

P
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
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chromatogtraphy eluting with ethyl acetate and hexanes (1:2) to give tert-butyl

(3R,4R,58)-4-(tert-butyldimethylsilyloxy)-5-methyl-1-(3-nitropyridin-4-ylpiperidin-3-
ylcarbamate in 76% yield. LC/MS = 467.3 (M+H), Rt = 1.09 min.

Synthesis of tert-butyl (3R.4R.55)-1~(3-amino

butyldimethylsilyloxy)-5-methylpiperidin-3-ylcarbamate

QTBS

BocHij/

N

o NHe
L

N

[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-y1)-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): & 8.01 (s, LH), 7.95 (d,J=6.0Hz, 1H), 6.76 (d, ] = 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).

-4-methvlhex-5-en-2-ylcarbamate

[6168]  To a solution of N-Boc, O-benzyl-D-Serine aldehyde (1.0 equiv) in
1XCHM (0.1 M) at -78°C under an Ar atmosphere was added (Z)-2-(but-2-eny1)-4,4,%,5-

tetramethyl-1,3,2~dioxaborolane (1.1 equiv) and the clear solution stirred for 16 hours as
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fluoropicolinamde 82 Chlrai SOF HN? |0 427.2 0.58 N (4((1R, 3S)- 3-

am nocycl ohexyl ) pyri di n-3- yl)-6-(2, 4-difluorophenyl)-5-
quorop|c0I|ﬁ¥3ﬁ$§®2f%hlral OHso zNH zH , 0 407.1 0. 51 PCT/EP2009/061203

N (44( 1R, 3R, 48) - 3- am no- 4- hydroxycyclohexyOpyrd I n-3- yl)-6-(2-
quorophenyI)plcoI|nan1de 84 o...... ,CH3chir.1 N 465.2 0.62

N-(44(1R, SRA warme 470 "flhe sg%glcr)r? %ch%ﬁegﬂg %{@/A«) i rvslrag \«\Qsh%a with H,0 (3x), and
NaClgeat ), 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

o

& 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 hydridc in mineral oil (1.5 equiv.). After stirring
for 3 days, the reaction was quenched by addition of NH4Clat) and solution was diluted
with EtOAc and washed with NH4Clisq) and NaClegy,y, dried over MgSO, 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. .

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 EtOA¢. The combined filtrate
was concentrated in vacuo and the residue was dissoived in EtOAc, washed with

WaCla), dried aver MgSOy, filtered and concentrated. The crude aldehyde was
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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, FtOAc was added and the solution was washed with 1N HCl, NaHCO3(at) and
NaClisat ), dried over MgSQy, filtered and concentrated yielding after purification by silica
gel chromatography (4R)-4-(benzyloxymethyl)-5-(1-hydroxypropan-2-yloxazolidin-2-
one as a 3:1 mixture of isomers (60%). LCMS (m/z): 266.1 (MH"); LC R, = 2.28 min.

Synthesis of (4R)-4-(hydroxymethyl)-5-(1-hydroxypropan-2-vloxazolidin-2-one

0—4?

HO OH

[0171]  To a solution of (4R)-4-(benzyloxymethyl)-5-(1-hydroxypropan-2-
yhoxazolidin-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-oxo0-4-(tosyloxymethyloxazolidin-5-v1)-

propyl 4-methylbenzenesulfonate

o~4?
j/H:NH

TsO OTs

[0172]  To a solution of (4R)-4-(hydroxymethyl)-5-(1-hydroxypropan-2-
yloxazolidin-2-one (1.0 equiv.) in pyridine (0.15 M) at 0°C was added p-
toluenesnlfonylchloride (2.1 equiv.). The solution was aliowed te warm to 1t as it stirred
for 14 hours, at which time EtOAc was added and the solution was washed with F0(5%),

CuSOiseary (2x), Hals , NagCOneary and NaCligy), dried over MgSQy, filtered, concentrated

2
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and purified by silica gel chromatography (75%EtOAc/hexanes eluent) yielding 2-((4R)-
2-0x0-4-(tosyloxymethyl)oxazolidin-5-yl)propyl 4-methylbenzenesulfonate (68%).
LCMS (m/z): 484.1 (MH"); LC R, = 4.06 min.

Svynthesis of (3aR,7R.7aS)-5-(4-methoxybenzyl)-7-methylhexahvdrooxazolo[4,5-
c]pyridin-2(3H)-one and {3aR,7S8.7aR)}-5-(4-methoxybenzyl)-7-

methylhexahvdrooxazolo[4.5-clpyridin-2(3H)-one

.{ O’é)
A o
N

h

i
PMB PMB

u.lo

[0173] A solution of 2-((4R)-2-0x0-4-(tosyloxymethyl)oxazolidin-5-yl)propyl
4-methylbenzencsulfonate (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,COss), washed further with NaCl(sat.), dried over MgSOq4 and
concentrated yielding two separate isomers of (3aR,7R,7aS)-5-(4-methoxybenzyl)-7-
methylhexahydrooxazolo[4,5-¢lpyridin-2(3H)-one and (3aR,7S,7aR}-5-(4-methoxy-~
benzyl)-7-methylhexahydrooxazolo[4,5-¢]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-methvlhexahydrooxazolo[4,5-clpvtidin-2(3H)-one

<.

N
H

lno

[0174]  To a solution of (3aR,7R,7aS8)-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

roger ard was stirred for 2

aeterogeneans sclution was put under 2n atmosphere of hydrog

hours. At this time the mixture was filtered through a pad of celite eluting with metharal.
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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.

oxohexahydrooxazolo[4,5-clpvridine-3(2H)-carboxylate

mNN Boc

N

< |

N

[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
NaHCOj; (sat), was washed further with NaHCO; (s, and NaClisz), was dried over
MgSO0s, was filtered and purified by silica gel chromatography yielding (3aR,7R,7aS)-
tert-butyl 7-methyl-5-(3-nitropyridin-4-yl)-2-oxohexahydrooxazolo[4,5-c]pyridine-
3(2H)carboxylate (62%). LCMS (m/z): 379.0 (MH ) at 0.58 min..

oxohexahydrooxazolo[4,5-c idine-3(2H)-carboxvlate

o
o |
N

(P76 To asolution of (32R,7R,TaS)-tert-buty! 7-methyl-5-(3-nitrovyridin-4-

yiy-2-oxohexahydrooxazolof4,5-cIpyridine-3(2H)-carboxylate (1.0 equiv.) in methanol, af
RAYS 17 1Y X /
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0.54 3-am no_awbﬁc%ﬁt('a’%foﬁlmé.p&l} %/_as :Q:MQJ oy f)éfadium 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 vielding (3aR,7R,7aS)-tert-butyl 5-(3-aminopyridin-
4-y1)-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,7S.7aR)-7-methvlhexahydrooxazolo[4.5-c idin-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 cclite eluting with methanol.
The volatiles were removed ir vacuo yielding (3aR,78,7aR)-7-methylhexa-

hydrooxazolo[4,5-c]pyridin-2(3H)-one (99%). LCMS (m/z): 157.1 (MH") at 0.17 min.

Svnthesis of (3aR.7S.7aR.

oxohexahvdrooxazolo[4.5-c]pvridine-3(2H)-carboxylate

-tert-butyl 7-methyvl-5-(3-nitropyri

[0178] A solution of 4-chloro-3-nitropyridine (1.3 equiv.) and (3aR,7S,7aR)-7-
methylhexahydrooxazolol4,5-clpyridin-2(310-one (1.5 equiv.) in CHCh, at a

concentration of G.1 M, was stiired at 1t for 48 hours at whick pipendine (0.4 equiv}) was

e
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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; sar), was washed further with NaHCO; (sat.), and NaClegy ), 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.7aS)-tert-butyl 5-(3-aminopyridin-4-yl)-7-methyl-2-

oxohexahydrooxazolo[4.5-c]pyridine-3(2H)-carboxvlate

[0179}  To a solution of (3aR,7S,7aR)-tert-butyl 7-methyl-5-(3-nitcopyridin-4-
yl)-2-0xohexahydrooxazolo[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
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,78,7aR)-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, =2.18 min.
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Method 1

Synthesis of methyl 3-amino-6-(2.6-diflurophenyl)picolinate

NH,

[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 NapCO3 (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 NaClys) (25mL), was dried over
MgS0y, and the volatiles were removed in vacuo. The residue was diluted in EtOAc and
passed through a silica gel plug 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

4 -

Synthesis of 6-(2.3-difluorophenyl)-5-fluoropicelinic acid

F

F
F

|

S
HO =

O

[0181]  To a solution of 6-bromo-5-fluoropicolinic acid (1.0 equiv.) in DME
and 2M Na,CO; (3:1, 0.25 M) was added 2,3-diflucrophenylboronic acid (1.3 equiv.) and
Pd(dppHClz-DCM (0.05 equiv.) in a microwave vial. The vial was heated in the
microwave at 120 °C for 30 mimutes. The raixture was diluted with ethyt acetate and 1N

HaCli was added. The organic phase was separaled anu extracted three more times with



WO 2010/ 026124PCT/ EP2009/ 061205 Exanpie No. Structure LC M5 (M+r1l-1 on UPCL)
LG M5 (Rf on UPCL) Chemical Name 100 Chiral "N4O F LJF HN 1 NH, 442.2 0.59

3-am no- N- (4-((1R, 35)-3- am nocycl ohexyl ) pyri di n- 3- ‘
y1) - 6- (2, 6-di MAHAHEhy1) - 5- fluoropi colinami de 101 00 RCTRNH2003®IFF NI ONH2
482.2 0.56 2-am no-4-(3-(3-am no-6- (2,6- difluorophenyl)picolinam do)p
yridi n-4-yl)cycl ohexyl acetate

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

g
HO W
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 vacwo. The resulting
solid was filtered and rinsed with cold HoO (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

o N0
F
"1 =
HO P
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)Cl,-DCM
(0.05 equiv.) to give 3-amino-6-(2-fluoro-S-propoxyphenyl)picolinic acid in 75% yield.
LC/MS =291.0 (M+H), Rt = 0.81 min.



102 OH "NH2 QOMF O N :H _-, ONH, 440.3 0.52 3-am no-N- (4-(3-am no-4-
hydr oxycycl ohexyl ) pyri di n-3- yl)-6-(2,6- difluorophenyl)picolinamde 103
Chiral OH"C_N"- -- NH2 455.3 0.53 3-am no- N (44(3R, 4SC5B1)- 3-

ani no- 4- hydr oX§ 28 &y pi peri di n- 1- yOpyri di n3- y1) - 6- (2 6-r2009/061205

di f1 uorophenyl ) pi coli nam de 104 OH F O N ONH, 440.2

Synthesis of 3-amino-5-fluoro-6-

F
'
HO S
() NH»,

[0184] Method 1 was followed using 3-amino-6-bromo-S-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-flucrophenyl)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(dppf)Clz-DéM (005 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-fluorophenvhpicolinic acid

Svnthesis of 3-amino-5-flucro-6-

10186] Method 2  was  followed  using  3-amino-5-fluoro-6-(2-
fluorophenylpicolinaie (1.9 equiv.) and LiOI (5.0 equiv.) fo give 3-amino-5-firoro-6-(2-

fluorophienyi)picolinic acid in 90% yieid. LO/ME = 2511 (M+H), Rt = 0.80 min.



0.52 3-am no- N-(4-3- am no-4- hydroxycycl ohexyl)pyridin-3- yl)-6-(2, 6-

di f1 uor ophenyl ) pi coli nam de 105 H3c OSOH N---- N A, 438.2 2.92

3-am no-6-(2,6- difluorophenyl)-N(4-(3- hydroxy-5-nethyl cycl ohex- 1-

enyl ) pyri di n- 8Op@9ioed?4 nam de 106 N---- H N--- 1NH2 394 .PSTEPZMI/061205

3-am no- N (4-((1R 3S)-3- am nocycl ohexyl ) pyridin-3-

yl)-6-cycl ohexyl pi col i nam de WD 2010/ 026124PCT/ EP2009/ 061205 Exanpl e No.

Structure LC/ hghl}él-fl# n?elgh P?—%}B)llo- - 2'%%111(11%}0 ?1@11 I?Sc-:hglortg}(:eglriingteal Nane 107

F F

F
| N
0] P
0 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-flucropicolinate in 94%
yield. LC/MS = 283.0 (M+H), Rt = 0.76 min.

2.6-difluorophenvi}-5-fluoropicolinic acid

F F
NN
HO o
O NH,

[0188] Method 2 was followed using 3-amino-6-(2,6-diflucrophenyl)-5-

Synthesis of 3-amino-6-

fluoropicolinate (1.0 equiv.) and LiOH (1.0 equiv.) to give 3-amino-6-(2,6-
difluorophenyl)-5-fluoropicolinic 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 I\‘/
O

[0189]  Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0

equiv.} and 2-finorophenylboronic acid (1.3 equiv.) and Pd(dppl)Cl-DCM (0.05 eguiv.)
w give S-fuoro-G-(Z-flucrophenyiipicolinic acid i 43% yield. LOMME =236.1 (vi+H),

Bl e e
Rt =072 min

e
Y



NH 40 FF H . NONH2 . 4219 0.59 3-am no-N-(4-(3- am nocycl ohex-1-

enyl ) pyridin-3-yl)-6-(2,6- difluorophenyl)picolinam de 108 H30O NHi | | Chiral
N O 473.3 0.67 N-(44(1R 3R, 5S)-3-am no-5- (trifluoromnet B%I&%?cycl ohexyl ) py
ridin-3-y1)-6YP2MPP%%0- 5- net hyl phenyl ) pi col i nami de 10 Frigpoe120g
ryL,..NH2io F F .N 507.2 0.65 N-(4-((1R 3R 5S)- 3-am no- 5-
(trifluoronethyl)cycl ohexyl)py ridin-3-yl)-6-(2,6-difluoro-4-

met hoxypheny|Sypihey dffsaBi4cif] henyl)-S-flucropicolinic acid

F

SN F
HO r‘{ =
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)Clo-DCM (0.05
equiv.) to give 6-(3,4-difluorophenyl)-5-fluoropicolinic acid in 70% yicld. LC/MS =
254.1 (M+H), Rt = 0.81 min.

Svnthesis of 6-(2.5-difluorophenyl)-5-fluoropicolinic acid

F

- F

HO r\i/
0

[0191] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 2,5-difluorophenylboronic acid (1.3 equiv.) and Pd(dppf)Clo-DCM (0.05
equiv.) to give 6-(2,5-difluorophenyl)-S-fluoropicolinic acid in 80% vield. LC/MS =
254.1 (M+H), Rt = 0.74 min.

Synthesis of 6-(2.4-diflucrophenyl)-5-fluoropicolinic acid

F

F

E

=
HO q/
O

[0E92]  Method 1 was followed using 6-bromo-5-flucropicolinic acid (1.0

equiv.) and. 2 4-difiuorophenyiboronic acid (1.2 equiv.) and Pd(dppf)Clz-DCMW (0.65



soChira NHl F F N1 ONH, 510.2 0.64 3-amno-N-(4-al R 3R 55)-3- am no-5-
(trifluoronethyl)cycl ohexyl)py ridin-3-yl)-6-(2,6- difluorophenyl)-5-
fluoropi colinanide 111 F NH2Chiral F...,1_ F NH N-, 0 465 3 0.72

N-(4- ((1R 3R 99)20B0&it*o-5- - (trifluoronethyl)cycl ohexyHOIap2009/061205
ridin-3-yl)-6-cycl ohexyl-5- fluoropicolinamde 112 F ioCh4ral FF>l,,,NH F

equiv.) to give 6-(2,4-difluorophenyl)-5-flucropicolinic acid in 79% vield. LC/MS =
254.1 (M+H), Rt = 0.75 min.

Synthesis of 5-fluoro-6-(2-fluoro-3-propoxyphenylipicolinic acid

P

F

F
SN
I\1/

0

HO

[0193]  Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 2-flucro-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

S
HO ]\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

i

o

=
HO =

FEL8S]  Method | was followed nsing 6-bromapicolinic acid (1.0 eguiv.) and

2,6-difluorophenylboronic acid (1.5 equiv.} and Pd(dppHCL-DCM (0.05 equiv.) to give

e



N _ HoNH2 492.2 0.62 3-am no-N(44(1R, 3R, 58)-3- am no-5-
i f1 uoronet hypcycl ohexyl ) py ridin-3-yl)-6-(2, 6-
| uor ophenyl ) pi col i nam de 113 OHAl t Chiral 3NH -,

r_

f 458, 2
55 N (4- ((3%248"88)243- ani no- 4- hydr oxy- 5- nethylplper

p

1

d’Cﬁ}l:EI;AO‘)/OGQZ

hpyridi n-3-yl)-6-(2,6- difluorophenyl)-5- fluoropicolinamde WO
010/ 026124PCT/ EP2009/ 061205 Exanple No. Structure LC M5 (MtH on UPCL)

GME (R on LB R DRI ackih 3604 il s = 236.0 (M), RE=0.87

min.

(t
di
0.
y
2
L

Synthesis of 6-(2-fluoro-3-methoxyphenylpicolinic acid

e

i

=3
HO o

0]
[0196] Method 1 was followed using 6-bromopicolinic acid (1.0 equiv.) and 2-

fluoro-5-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)ClL-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-fluore-5-

X
HO f\1/’
O

4

[0197] Méthod 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.



H ,0 O#401 NNF H1441.1 .-"f,N 0 0.61 N (44(3R4R, 58)-3, 4-
di hydr oxy- 5- net hyl pi peri di n1-yl ) pyridin-3-yl)-5-fl uoro-6-

(241 uor ophenyl ) pi coi i nam de 115 O#0Chiral -...N--"-- HN441.1 N 10 0.6
6- (2, 6-di f | uoMOPABMNIIL N- (4- ( (3R, 4R, 58) - 3, 4- di hydr oxy- BCT/EP2009/061205
met hyl pi peridin-1-yl)pyridin3-yl)picolinande 116 Chral CHp., .,., %It
F459.1 NI I. 0.61 6-(2,6-difluorophenyl)-N-(4- ((3R 4R 58)-3, 4-di hyflroxy- 5-
E‘Zggy'zp' per i & Mdsiy e fhiso Y Heitdx pranPRLEAL Lagm de 117 . OChiral OH
~
F F
'1 =
HO <
o]

[0198]  Method 1 was followed using 6-bromopicelinic 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-fluorophenvl)picolinic acid

N

=
HO ’/

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 §1% yield. LC/MS = 236.1 (M+H),

Rt=0.72 min.
Synthesis of 3-fluoro-6-(2-fluore-5-methoxyphenvlpicolinic acid
|
O
F
N =
HO I P
Q F

[9260]  Method | was followed wsing 6-bromo-3-fluoropicolinic acid (1.0

equiv.} and 2-fluoro-5-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppH)CL-DCM

~ERG



..... | o 0.62 6-(2,6-Difluorophenyl)-N(4- ((1R 3R 4R, 5S)-3, 4- di hydroxy-5-

nmet hyl cycl ohexyl ) pyridin-3- yl1)-5-fluoropicolinamde 118 Chiral OHN
"-N'"NF423.2 H N/ %6? 40. 32 N (44(3R 4R 5S) - 3-am no- 4-
hydr oxy- 5- met WPPYB&M di n- 1- y1) pyri di n- 3-y1) - 341 uor o- 2,
bi pyri di ne- 6-carboxam de 119 ,-...IF IF441.2 o 0. 46

N- (44( 3R, 4R, 58) - 3- am no- 4- hydr oxy- 5- net hyl pi peri di n-1-

S016) 026104pt] EBEOPGE o0t SRR PR PP Rt e

LO MS (Rf ongAGB) 266.1 (M+H), Rt =0.79 min.

PgT/_EP2009/061205

Synthesis of 53-fluoro-6-(2-fluoro-5-methoxyphenvl)picolinic acid

-0

F
F

i

=
HO =

0

[0201] Method 1 was followed using 6-bromo-5-fluoropicolinic acid (1.0
equiv.) and 2-fluoro-5-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cl,-DCM
(0.15 equiv.) to give S-fluoro-6-(2-fluoro-5-methoxyphenyl)picolinic acid in 86% yield.
LC/MS = 266.1 (M+H), Rt = 0.79 min.

Synthesis of 6-(4-(benzyloxy)-2-fluorophenvD)-5-fluoropicolinic acid

\_/

HO

[0202] Method 1 was followed using 6-bromo-5-flucropicolinic acid (1.0
equiv.) and 4-(benzyloxy)-2-flucrophenylboronic 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.



Chem cal Nanme 120 " -.... 423.1 0 .3 N(4-((3R 4R 5S)-3-arnino-4-

hydr oxy- 5- net hyl pi peridin-1- yl)pyridin-3-yl)-3-fluoro-2,4'-

bi pyri di ne- 6-carboxam de 121 113,. OH s ioChiral F IV . --. ONH, 473.1 0.68
3- ami no- 6- ( 2, B0 2819%2¢iadt ophenyi ) - N- (4- ((el R 3R 4R 58) - PCX/EP2009/061205

di hydr oxy-5- net hyl cycl ohexyl ) pyridin-3- yl1)-5-fluoropicolinam de

Synt hesi s of

o promo- N (4- 43 ente Al retml S L Bk 2o B Lgye! onext-enyl)pyridin

o
HO N:

[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(dpp)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.

2.6-difluoro-4-methoxyphenv])-3-fluoropicolinic acid

~
F F
[‘1\
HO =
o F

[0204] ° Méthod 1 was followed using 6-bromo-3-fluoropicolinic acid (1.0

Svnthesis of 6-

equiv.) and 2,6-difluoro-4-methoxyphenylboronic acid (1.3 equiv.) and Pd(dppf)Cls-
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

—
F
=
HO I1/
G

[S2G5F  Iethod | was Sllow

&0 using §-bromo-S-Ouoropicolinic acid (1.5

aquiv.} snd cyclohexenylborenic zoid (1.3 equiv.} and PaldppfiCl-DCM (0,15 equiv. to

PN
-1 n s



[ 0251] Fol | owi ng Met hod 9, 4-(3-(tert-butyldinethylsilyloxy)-5-nethyleyel o-
hex-1-enyl ) pyri di n- 3-am ne and 6-brono-5-fl uoropieolinic acid were coupl ed
and foll ow n %%4‘0}"%‘%1 of Et 0Ac and washing with 1120, I}jggE(,ﬁ@;m)mand

dryi ng over %ﬁ'

bronmo-N- (4-(3-(tert-butyldi nethyl silyloxy)-5-inethyl eycl ohex-1-enyppyridin-
3-y1l)-5- fluoropicolinam de was obtained. LCVMS (rn/z): 455.3 (MH#); LC R =
2.09 nin. V\@iﬁ%@él@ﬂ&&&ﬂ?@%ﬁ%@@&é R6d12@% oSyiBlheeINS =222.0 (M+H), Rt =

of S) - 3-f | 3-di oxoi soi ndol'i n- 2-f

cycl ohexyl )p&r%zd‘i“ﬁ- 3-y1)-5-fl uor opi col i nam de E02521Fol | owi ng Met hod 9,
2- (3- (13- am noathédd N- 4- ypcycl ohexypi so- indoline-1, 3-di one and

6- brono-5-fl uoropicolinic acid were coupled and foll ow ng addition of EtOAc

and washi ng with.L-.}2( y g,(s ng over MgSO4, 6-brono- N(441R, 3
S)-3-(1, 3-di \%(%?esgslo%gg (l;lm -ly5 %/O mgy%l%yrl din-3 -yl)-5-

fl uoropi coli nam de was obtai ne CMs (In/fz): 523.2/525.2 (Mr); LC RE =
3.31 mn. Synthesis of
3-am no- 6- brono- N- (4- ( (1R, 3S) - 3-Y71, 3-di oxoi soi ndol i n- 2-

yl ) cycl ohexyl ) pyri.di n-3-y1)-5-1 ppi col i nam de [ 0253] Fol | owi ng Met hod
9, 2-(3-(3-am nopyridin-4- %l )C hexyl )- i soi ndol i ne-1, 3-di one and

3- anmi no- 6- br ono- 5- f | uor opi g acid were coupled and foll ow ng addition
of Et0Ac and washing with 11 NaCl oa() and drying over MgSO4, 3-

ani no- 6- bromo- N- (441R, 3 §)-3 - (1,3

- di oxoi soi ndol i n- )C m de was

obt ai ned. LCMS nfﬂgﬁh 5%%9%% ﬁ{&%ﬁgb&%%%fs gﬁ&ﬂﬁ&ﬁﬁg ggl s of

tert-butyl ( 1(511‘3)411 Y AFRWOOIM) s adsiad 1B PGPS gqmml) prrvbhe tegtion wab stirred

pyr| di n-4-v1 r 2 | Qv Met hod
5" tert - but yl" i L S Als0 SR PRBlfion HRCH ik adti Qb AR

met hyl cycl oh@yhetdia was @Dnama@dm Gefelabersdibordpivoliniaadidingte coupl ed

and follown elaq_%/MSonqgfz @%CR@,n@igmﬁhl ng wth 1120, NaCksai ) and drying

over Myg504, tert-butyl

(1S, 3R, 55) - 34 by [ r| i n- 4 y1) - 5- net hyl eycl ohe

xyl car banat S eg : VS : g '5 Cdpr”=0.90 min.

Synt hesi s of (1R 2R, 4R. 0) 4- (3-,(—6\- br oro- 5 1 uor op| coli nam do) pyridi n-4-y1)-

2- (tert-butoxyear bonyl am no) - 6egebhyl cvcl ohexyl acetate QAc

o

[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-yl)-1,3,2-dioxaborolane
(2.0 equiv.) and Pd(dppf)Cl,-DCM (0.2 equiv.) to give 5-fluoro-6-(1,4-
dioxaspirof4.5]dec-7-en-8-yl)picolinic acid. LC/MS = 280.2 (M+H), Rt = 0.66 min.



[ 02551Fol | owi ng Method 9, (1R 2R 4R, 6S)-4-(3-am nopyridin-4-yl)-2-(tert-

but oxycar bonyl am no) - 6- et hyl cycl ohexyl acetate and

6- br ono-5-fl uoropicolinie acid were coupled and foll owi ng addition of EtOAc
and washi ng wWMORVIPP2@924 NaCl (sat) and drying over MySO4, PCT/EP2009/061205

(1R 2R, 4R, 65) - 4- (3- (6- brono- 5-fl uoropi coli nam do) pyri di n-4-y1) - 2-
(tert-butoxycar bonyl am no) 6- met hyl cycl ohexyl acet ate was obtained. LCMB
(mz): 567.2 § ) . S,IOf &Otea but yl

5- (3 (6 br ono- : "eﬁr vhpicolinate

met hyl - 2- oxohexahydr obenzo[ d] oxazpl e- 3( 2H) - car boxyl ate [ 02561Fol | ow ng
Method 9, (+/-)-tert-butyl 5-(8caoi nopyridin-4-yl)-7-methyl-

2- oxohexahydr obenzo[ d] oxazol e- - car boxyl ate and

6- brono-5-fluoropicolinic acid e coupled and foll owi ng addition of EtOAc
and washing with H20, NaCl(,,,c)] and dryi ng over MgSHA4, (+/-)-tert-butyl
5-(3-(6-brono-541luoropicol i na ridin-4-yl)-7-

met hyl - 2- oxohexahydr obenzo[4 azol e- 3(2H) - car boxyl ate was obt ai ned. LCVS
(tn/z): 549.2/551.2 (MO, Rt 0.778 mn. Synt hesis of tert-butyl

5- (3-(6- brono-5-fl uoropicol i Ram do) pyri di n-4-y1)-2-

oxohexahydr obenzor dl oxazol e- 3( 2H) - ear boxyl ate | Q2571Fol | owi ng Met hod 9,

tert-butyl 5-(3- arﬂw&]py ITloChi st slhlﬂexydf)S*mmﬁX@bmaroxasplroH 5]dec-7-en-8-y)picolinic

wbr e coupl ea Sng L e M Rr O K BB BadiclhO md mTAR i o, © ¢

lgla(CIs( ?g.t b) amud MIEQHN@) apit). W@S@éﬁmﬁéﬁﬂkmiguiay bllowed to stir at room temperature for
ro a ri
oxohexahydr ggedg 1 J[h ((l)lgugezo g"egh(yé &%ep%%@ a%\ﬁﬁér%f*%%ar MARRAI g 7) :

537.1 (My); BONB, Ritered dhd Eanoeitrated. FYe1tresprodidf was purlﬁed by silica gel column

6- br or no- N-( ndolln
di met hyl cycl 0 ér%/t%p@ egmglg \3:??{895 36? ﬁlg KHEEdt b%&%ﬁ &éylflgﬁﬁ]yﬁ)ﬂ}‘@w%g Met hod
3 24% 1:Q 5R|) (154-digxampiraid plded- ﬂ-lelil—Séf{B)}mé:Mnﬁte&s thg dgmrgd product i 1r% ?5% yield. LC/lMS d

i met hyl cycl o ol.i-ge-1 i one an rono-5 uor opi col i ni ¢ aci
wer e coupl ed ggﬁyW%ﬁd%gnng%l ‘tion of Et0OAc and washing with 1120,
NaCl (sat ) a§|d d ] . o
6- br omo- N- ( 4= RIBR Sigxasgsolitaldocanrylpicoligiteret hyl cycl ohexyl ) py
ri d| n-3-yl)-5-fl uorop| col i nam was obt ai ned LCVMS (mz): 5511553 (MH'),
Rt 0.95 mn. Synt hesi g_ 0
N-(4-((I R 3R 4S,5R) - 3, 4-bi s(ter
met hyl cycl ohexyl ) pyri di n- 3-0) rono- 5- f | uor opi col i nam de
[ 0259] Fol | owi ng Met hod 9; 4-9l1R; 3R 45,5R)-3, 4-bis(tert-
butyl di met hyl si |yl oxy) - 5- mpt hybsyet ohexyl ) pyri di n- 3-am ne and
6- br ono5-f 1 uor opi colinic %I d ey e coupled and follow ng addition of EtOAc
and washing with H20, Nad {%at and dryi ng over MgSO4,
N(4-((I R 3R 4S,5R) - 3, 4-bi st ertbutyl di met hyl silyl oxy)-5-net hyl cycl ohexyl)p
yridi n-3-yl)-6-brono-5-fluoropicolinam de was obtai ned. LCM5 (nfz): 652.5,
652. 4 (MF1+); LC0R09]= SroPdeBA¥sed solution of n%m BERbD- (9{1 4- d10xa§p1r0[4 S]dec-7~

N-(4-((1S, 3S,4R, 55)-3,4-b tert-butyld t hyl sil
rre§ hyl( ((:ycl oﬁ@% D}’lf{‘?“‘?aﬁﬁ @ O[oeilgffn%r“ﬁmﬁﬁggﬁﬁgé\gi‘l@cﬂd% %’8@0?37/@6@ Hequiv.) and

[ 0260] Fol | ovkngnelint Hinckifted drabd Sy R iShn v s
but yl di t net El%' SIC| }1 g net h I)?ycglél?r)]exyﬁ) pef}“@{tl ﬁ@%{ogu%o%\emas th(ejn

6- br onmo5- f | F%ﬁ. Wa%ﬂoﬁlkﬂéfffé" lede presenematrated ol abiardmethid diftuoomb-of - Et 0AC
and washi ng(M-ﬂhxiﬂ@ﬁ’0f41§@ﬁb®@yl)p1@iﬁﬂat@|fw1mlauetch@@%s2 (M+H),

N-(4-((1'S, 3% 43} 58) 3,4-bis(tertbutyldi methylsilyloxy)-5- rretHh [Tcycl ohexyppy
ridin-3-yl)- é Bno- 5- f | uor opi col i nani de was obtained. LCMS (nilz): 652.5,
652.4 (MH); LCR - 5.83 mn. Method 10 Synt hesi s of

6- (2, 6-di fl uorophenyl)-5-fluoro-N-(4-(3-hydroxy-5-nethyl cycl ohexl
-enyppyridin-3 -yl)picolinam de

but yl di net hyl si |l yl oxy) - 5-



[ 0261] A sol ution of 6-bronmo-N(4-(3-(tert-butyldinethylsilyloxy)-5-nethyl-
cycl ohex-1-enyl ) pyridin-3-yl)-5-fiuoropicolinamde (1.0 equiv),

2,6-difluoro onic acid (3.0 equiv.), tetraklstrl sphi ne
(0 2 equiv. )pgﬁgx?@$§4hylanlne (3.0 equiv.) in 1:1 Et OH'T Fﬁené&f% was
heated at 120 C with m crowave irradiation for 1200 seconds. Upon coollng,
renoval of the volatiles in vacuo, the Suzuki product was directly purified
by reverse pltysthediRifGetlivhe-flpsodudioxbdvalohd Malkadeyophi | i zed and t he
resulting T13DI VIS ether was denrotected as described in Method 9 yiel ding,
after RP fPLC purification and Ryophiiization,

6- (2, 6-di f) norophenyl) -5-f luor gsN\- ( 4- ( 3- hydr oxy-

5- et hyl eycl ohex- 1- eny1) pyri di yl) pi colinarnide as the TFA salt.. LCM5
(iniz): 438.2 (M#); LCR = 2.90 mn. Synt hesi s of

N(4-((1R 39)-3- aninocyclohex%l idin-3-yl)-

6- (2, 6-di fl uorophenyl) - 5- fHuoropl olinam de [0262] A solution of

6- brono- N- (44( 1R, 3S)-3-(1,3-gi 0 i soi ndol i n- 2- yl)-

cycl ohexyl ) pyri di n-3-y1)-5-fouoropi colinam de (1.0 equivV),

2, 6-di fl uorophenyl boronic acid (3.0 equiv.), tetrakistriphenylphosphine
(0 2 equiv.) and th [ ne (0.1 M
was heat ed at 120'm01(§v| %%18@}1%(&%6?? ira%glhég'? ?60(?1[2l &oﬁsﬁ%%%@%&ngs Upon

cool i ng, renﬁbﬂﬁﬂ@ﬂ(ﬂH@QWbpaﬁxﬂ@@Hmﬁ“Wﬁéﬂd Owhéﬁsu@a%kdpxdmu@ﬂ mas directly

purified by ed and
the resulti ngzlgﬁ{a%?l@%agg) H@gﬁé re\%\-iﬁgn gﬁ)g%gﬁg%%tggﬁ%@gjdscr |hb¥§9 thod 9

yi el di ng, ngyprakigod by m@ﬁﬁlFl@mﬁS@W MAC Py e mixtizearas adred to ethyl acetate
N-(4- ( (1R 3Slﬁd3ﬂﬁmtﬁp&¥&k%§9&wslaﬁéd chmg’grﬁéﬁ)lm sulfate, filtered, and

6-(2,6 d|fluorophen§1&E | uor opi col inamdc as the TFA salt. LCMS (m z):
427.2 (NH+) ; cqneentiate thy125zgqu-ﬁ (4- oxocyclggqagylm@gqhgatgwas obtamed in 98% yield.

3-ani no- N- (4p¢M-38)13 M&HP”KiQQ)YGR';QiHeXW ) pyridin-3-y1)-

6- (2, 6-di fl uorophenyl) - uor opi col i nam de ! 02631. A sol ution of

3-am no- 6- br
2-yi)cycl ohe (1.0 equiv),

6-di fl uoropl i enyl boroni.e achl (3.0 equiv.), retrakistriphertyl phosphi ne
(0.2 equiv.) and trietiwiamn 3.0 equiv.) in 1:1 EtOH tohtene (0.1 M
was heated at 120 Cwith mecr e irradiation for 1200 seconds. Upon
cooling, renoval of the volatikes in vacuo, the Suzuki product was directly
purified by reverse phase |1 PLJ,_ The product fraction was |yophilized and
the resulting phthalinde grolp Yas deprotected as described in Method 9
yielding, after RP HPLC pue+ ff~cztion and |yophilization,
3-am no-N(4-((1R, 3S) - 3- anl Yocycl ohexyl )pyridirt-3-yl)-6-(2, 6-difluoropheny
1) - 5-f | uor opi col i nam deas the TFA salt. LCMB (mz): 442.2 (Mt*); LCR =

2.24 mn. t hesi s of

N (4- (30 no- 4 Aoy Tt Shekyion Byl - uogar-(4-oxoeyclobesyDpicolnate

6- (2, 6- di f| yonepiienyd) MBOHI(I08 mkxﬁé)édde@-l%@ﬁo, T 261 $RlaUbW Qo Narh €7 t - but vl

5-(3-(6- bro -5-f | uor opi collngn}1 é Jcbg

V1)~ 2" oxone B BB SRED e T SR essR s et v i 5

2, 6- di f 1 uor apharyphadeave Biicl @6l Madndsitin 8@y filkered, Bhd @fbdniraie| phosphi ne
qui v in1:1 Et01-1/toluene (0.1 M

(0.2 equiv. triethyla

was heat ed é'fa@gé ﬂ@%‘&%}fﬁm Wé@éevﬁ?ﬁ@f“a i35 A TR PE P 18Qmshidsl): Upon
cool i ng, remuvel =0bs4h@iv) Rt +bESmiu) vacuo, the Suzuki product was directly
purified by reverse phase HPLC. The product fraction was |yophilized and
the resulting cyclic carbanate and Boe groups were deprotected as descri bed
in Method 9 yielding, after RP I-1PLC purification and |yophilization,

N- (4- (3-am no- 4- hydroxycycl ohexyl ) pyri di n-3-y1)-6-(2, 6-di fl uorophenyl)-5-fl
uoropi col i nam deas the TFA salt. LCMS (mz): 443.2 (MR : LCR = 2.11 mn
Synt hesis of 5-am no-N-(4-((1R, 3S)-3-am nocycl ohexyl) pyri di n-3-0) -

3,3 -difluoro-2,4"-bio_yridine-6-carboxam de [02651A sol ution of

3-am no- 6- brono- N (4- ( (1R, 3S)-3-(1, 3-di oxoi soi ndol i n-

2-yl)cycl ohexyppyridi n-3-y1)-5-fl uoropisgol i nam de (1.0 equivV),
3-fluoropyridin-4-ylboronic 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 Cwith m crowave 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 |yophilized and the

resul ting phthalimde group was deprotected as described in Method 9

yi el ding, after RP HPLC purification and |yophilization,

5-am no- N- (441R, 3S) - 3- am nocycl ohexyl) -

o ~ I T Y o M ——— I R



this mxture was added P(t-Bu)3 (0.4 equiv.) and the reaction was heated in
the mcrowave at 100 C for 30 mn. The organi c phase was then separated,

t he aqueous | ayer was washed with ethyl acetate, and the organics were
conbi ned and VOPHMEAt ed i n vacuo. The crude mi xture wISTHRROPPEYSvi a
prep- HPLC, the product fractions were |yophilized and the resulting BOC
group was deprotected as described in Method 9 yielding, after RP HPLC
purification hi : . i

met hyl cycl oh ;
ol i nam de as the TFA salt LCNB (niz) 4
[02671 The foll owi ng conpounds were prep
Exanple No./ NVP ID Structure LC M5 (M-
Chenical Nanme 122 OHC hi rai HCH301 pl

€5t uor opi ¢
oL (N+H) LCR = 2.17 mn,
red using Method 10: TABLE 2
n UPCL) LC/ M5 (Rf on UPCL)
F kiN 471.2 0.58

yl)- 6 (2, 6 dlfluoro 4 hydroxyphenylp
OChirai ,_at N''"'" H N NO cH 0 P4

[0212]  To a solution of methyl 5-fluoro-6-(4-hydroxycyclohexyl)picolinate
(1.0 equiv.) in DMF (0.15 M) was added imidazole (4.0 equiv.) and TBDMSCI (2.5
equiv.). The reaction mixture was stirred at room temperature for 2 days, then added to
ethyl acetate, washed with water, brine, dried over magnesium sulfate, filtered and
concentrated to give methyl 6-(4-(tert-butyldimethylsilyloxy)cyclohexyl)-5-
flucropicolinate in 97% yield as a mixture of isomers (3:1). LC/MS = 368.3 (M+H), Rt =
1.4 and 1.42 min.

Synthesis of 6-(4-(tert-butyldimethylsilvlioxv)cvclohexvl

TBS

o Ho. A

o)

NTR F
L

[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,

it



0.65 N (4((1R 5R) -5-am no-3,3 - dinethyl cycl ohexyl)pyridin-3-,
yl)-6-(2,6-difluoro-4 - nethoxyphenyl)-5- fluoropicolinam de 124 H2N40
oFichiral F N,- 43 2 0.54 N-(44(1R 36)-3- am nocyclo i (dLn- 3-
yl)-6-(2, 6- dWPﬁ@‘P@%G X hydr oxypheny1)-5- f1 uor opi col i na%%ﬁék’%@%&i\n&m
Chiral "WF N N 457.2 0.57 N(4-((1R, 3S,5S)-3-am no- 5-

nmet hyl cycl ohexyppyridi n-3- yl1)-6-(2, 6-difluoro-3- hydroxyphenyl) - 5-

f 1 uoropi col i R@pm A& or VB HLO4028 124 R .5P2009/ 061205 Exanple No./ NP ID
Structure L on on UPCL) Chem cal Nane 126

F Fcbrat OHF F Br
NZ |
HO SN

F

[0214]  To 2-bromo-3-fluore-6-methylpyridine (1.0 equiv.) in H;O (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. After heating
for an additional 48 hours the material was filtered through celite (4em x 2 inches) and
rinsed with H>O (150 mL). The combined aqueous was acidified with 1IN HCI to pH=4,
extracted with ethyl acetate (200 mL), washed with NaCl(sat.), dried over MgSQOy,
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-methyl

T
M

[0215]  To a solution of 2-bromo-~3-fluorc-6-methylpyridine (1.0 equiv.) in
THE 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 o 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 siiica

-1 g”;"‘j:..



HN N..., o 507.1 0.65 N-(44(1 R 3R 4R 5S)-3- am no-4- hydroxy-5-

nmet hyl cycl ohexyl ) pyridin-3- yl)-5-fluoro-6-(2-fluoro-5-
(trifluoromethyl)phenyl)picoll namde 127 P F'''' OH H3C', H2ioF F 507.1
0.65 N (4- ((1ROPRINREIZE) - 3- ami no- 4- hydr oxy-5- net hyl cy AGHERRPAEF5iI di n- 3-
yl)-5-fluoro-6-(2-fluoro-3- (trifluoronethyl)phenyl)picoli nam de 128 CH
-12N.0 F N ,... 457.2 0.58 N-(4-((1R 3S,5S)-3-am no-5-

met hyl cycl ohex ri.din-.3- yl)-6-(2,6-dif ro-4- hydr oxyphenyl)-5-
I A A e A RS R Y
acetate (0%-10% ethyl acetate). The pure fractions were combined, and concentrated to

yield 2-(2,6-difluorophenyl)-3-fluoro-6-methylpyridine as a tight 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
F F
Y
L

0

HO

[0216]  To a solution of 2-(2,6-difluorophenyl)-3-fluoro-6-methylpyridine (1.0
equiv.) in water (0.05 M) was added KMnO4 (2.0 equiv.) and the reaction was heated to
reflux overnight. Another 2.0 equiv. of KMnOj4 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-fluoropicolinic acid in 32% yield as a white
solid. LC/MS = 254.0 (M+H), Rt = 0.71 min.



10 N 459.2 0.62 N (44(1R 3S,5S)-3-am no-5- nethyl cycl ohexyl ) pyri di n- 3-
yl')-5-fluoro-6-(2,3,6- trifluorophenyppicolinamde 130. OH 1121110 F N
ONH, 472.1 0. I no-N-(4-(3-am no-4- mh yedro t h

y-5c- Iohexyppy??dwﬁz -- yl)-6-(2,6-difluorophenyl)-5- f%ﬁ%ﬁ%MP%%Tﬂ%a de
131 OH NH2 40 ,." C F F N EOlI NH, 458.0 0.57 3-am no-N-(4- (3 am no- 4-
hydr oxycycl ohexyl ) pyridi n-3- yl)-6-(2,6-difl uorophenyl)-5-

f 1 uor opi col i rHdhelss of 6-(2.6-difluorophenyl)-3-fluorg-2-methylpyridine

n
M

,\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)s (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-diflucrophenvl)-3-fluoropicolinic acid

[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 (M1H), Rt = 0.70

min.



132 OH F N NH2 472.1 0.56 3-am no-N-(4-(3-am no-4- hydroxy-5-

nmet hyl cycl ohexyl ) pyridin-3- y1)-6-(2, 6-difl uorophenyl)-5-

f1 uoropi colinanmide WO 2010/ 026124PCT/ EP2009/ 061205 r Exanple No./ NVP | D
Structure LC/ N8 XNMPI%2on UPCL) LCIMS (Rf on UPCL) Cheni cB{T/EGAWR0MZS F ONH,
456.3 0. 60 3-am no- N (4-(3-am no-5- nethyl cycl ohexyl) pyri di n- 3-

y0-6- (2, 6-di fl uorophenyl)-5- fluoropicolinanmde 134 OHFF N ... --

Synthesis of 2-(2.6-difluoro-3-methoxyphenyl)-3-fluoro-6-methylpyridine
I
O
F F
F

i

[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-methoxvphenvl

0
F F
'S
HO L
O

[0220]  Method 5 was followed using 2-(2,6-difluoro-3-methoxyphenyl)-3-
ﬂuoro-6-methylpyric}ine (1.0 equiv.) and potassium permanganate (4.0 equiv.) to give 6-
(2,6-difluoro-3-methoxyphenyl)-3-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-trifluorophenylpyridine

-n

[0221]  To a solution of 2-bromo-3-fluore-6-methylpyridine (1.0 equiv.) in
dioxane (0.2 M) was added 2.3,5-triflucrophenylboronic acid and Pd{dppHCL-DCM (0.1
equiv.}. Agueous 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



457.1 0.57 N-(4-(-3-am no-4-hydroxy-5- nethyl cycl ohexyl )pyri di n- 3-
yl1l)-6-(2, 6-difl uorophenyl)-5- fluoropicolinamde 135 OH :NH F 410 F F 11

457.1 0.55 N- i no-4-h ydroxy-5- net hyI cycl ohexyl }:{%;, q§
yl)-6-(2, 6-di‘$’éﬁ§)l§/8%h%e4nyl) 5- fluoropicolinamde 136 ChP %O /Ql’l---. N H

N 1.. ONH, 425.1 0.46 5-am no-N-(4-((1R 38)-3- amlnocyclohexyl)pyrldln 3-
yl)-3,3" -difluoro-2,4"- bipyridine-6-carboxamde 137 HC OIP F
ethyl acetate and sat. NaHCOs, 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 =
(.98 min.

Synthesis of 5-fluoro-6-

F F
F
N\F
o A
0

[0222]  To a solution of 3-fluoro-6-methyl-2-(2,3,5-trifluorophenyl)pyridine
(1.0 equiv.} in water and t-BuOII (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 methyl 6-bromo-5-fluoropicolinate

4 -

Br
F
R
-0 N/
0]

[0223]  To a solution of 6-bromo-5-fluoropicolinic acid (1.0 equiv.) in
methanol (0.2 M) was added HySO4 (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 cxtracted with ethyl
acetate. The organic phase was dried with magnesium sulfate, filtered, and concentrated
in vacuc to provide methyl G—bmmo-S-ﬂuoropicoiinate as & white solid (>99%). LC/MS

= 433.9/435.5 (Ba+H), Ki = 0.69 min,



NHN,..-O0440.2 0.75 6-(2, 6-difluorophenyl)-5- fluoro-N(4-(3-hydroxy-5-
nmet hyl cycl ohex-1 - enyppyridin-3- yl)picorinamde 138 Qvral OH CH io F I
0 458.2 0.64 6-(2,6-difluorophenyl)-N(4- ((1R 3R 4S,5R)-3,4- di hydroxy-5-
met hyl cycl oheX¥?) %’WP?I& n-3- y1)-5-fluoropicolinarnide BARPW/IGYS

Synt hesis of N-(441R 3R 4S, 5S) - 3- am' no- 4-f | uor o- 5- net hyl cycl ohexv1l) -
nyridin-3-yl1l)-6-(2, 6-di fl uorophenvl)-5-fluoropi co |I inamde 102681To a
solution of t ARt Yl (1R 2R 35, 5R) 5-(3-(6-(2,6-difluorophenyl)-

5-f | uor opi colﬁ'erg"r%alc‘l}o) pyri d| n-4-y1) - 2- hydr oxy- 3- net hyl cycl ohexyl car bamat e
(1.0 equiv.) 00 C ) d .(_)equiv) The
reaction was s ‘ ) ' added to
the reaction. After 2 h the reactlon wa

residue was purified via prep-HPLC to a d N(4- ((IR3R 4

S, 55) - 3- ami no- 4-f [ uor o- 5- net hyleys pyri di n -3-yl1)-6-(2, 6-'

di fl uorophenyl)-5-fl uoropicolinamge as the TFA salt. LCVS (mz): 459.3
(MH); LCR = 2.39 mn, F 10 In addition to LCMs and LC
characterization, representativ, pfpounds were anal yzed by 111-NVR The
foll ow ng are typical spect/rdal o) e conpounds of the invention.

[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); (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% vield. LC/MS = 374.0
(M+H), Rt= 1.97 min.

Synthesis of methyl 6-(3-(benzyloxy)-2.6-difluorophenvlpicolinate

[0225]  Method 6 was followed using methy! 6-bromopicolinate (1.0 equiv.)
and 3-(benzyloxy)-2,6-difluorophenylboronic acid (2.5 equiv.) to give methyl 6-(3-
(berzyloxy)-2,6-difluorophenyl)picolinate as a light yellow solid in 95% yield. LC/MS =

356.2 (M+H), Bt = 1.03 min.



Exanmple # 1H NWVR data HO salt, 1H NVR (400 MHz, DVBO-d6): d 10.54 (bs,
1H), 8.80 (bs, 1H), 8.55 (d, 50 1H), 8.34 (dd, 1H), 8.20 (t, 1H), 8.00 (bs,
2H), 7.69 (m 56 (d, 1H), 7.34 (t, 2H), 3.10-3. 2.83 (m
1H), 2.03 (d,Wém“”“?l’;‘G 1.59 (m 2H), 1.40 (m 1H), %E%"ﬂ’?&"“‘“m
0.92 (d, 3H. HCO salt, 1H NVR (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 ( mgydthbsis of m3fhyl 62 cLitifluoro-A-mAhoky pen{IWs-MRbMpicind@- 3. 02 (m 2H),
2.78 (m 1H), 1.96-1.99 (m 1H), 1.68-1.71 (m 1H), 1.60 (g, 111), 1.37
(m 1H), 1.15-1.24 (m 1H), O. 8’8(d, 3H HCl salt, 1H NMR (400 Mz,
DVSO- d6): d10.59 (s, 1H), 8.92 1H), 8.62 (d, 70 1H), 8.37 (dd, 1H),
8,23 (t, 1H), 8,19 (bs, 2H), 7. .71 (m 2H), 7.36-7.40 (m
2H),3.01-3.10 (m 2H), 2.01-2;% 1H), 1.94-1.97 (m 1H), 1.72-1.76 (m
1H), 1.46-1.53 (m 2H), 1.01-1. 3¢m 2H), 0.89 (d, 3H)

[0226] Method 6 was followed using methyl 6-bromopicolinate (1.0 equiv.)
and 2,6-difluoro-4-methoxyphenyiboronic 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 = (.89 min.

Synthesis of 6-(2,6-difluoro-4-methoxyphenyl}-3-fluoropicolinic acid

FYF
F
=
l\1/'

0

HO

[0227] * Toa 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 al room temperature for 1 hour. The solution was quenched
with 1IN HCI, extracted with cthyl acctate, washed with brine, dried with sodium sulfate,
filtered and concentrated to give 6-(2,6-difluoro-4-methoxyphenyl)-5-fluoropicolinic acid
in 84% yield. LC/MS = 284.1 (M+H), Rt = 0.76 min.



85 HC

2H), 7.67 (m 1H), 7.35 (m 3H), 5.33 (brs, 1H), 3.108 (m 2H), 2.

salt, 1H NVR (DVBO d6): d10.37 (s, 1H), 8.61 (s, 1H), 8.41 (d, 1H),
8,29 (dd, 11-1), 8.13 (t, 1H), 7.8 (bs, 2H), 7.69-7.61 (m 1H), 7.34-7.28
(m 3H), :

1.4-1.34 (m Y9002@2 (d, 3H). HC salt, 1H NMVR ( DVS@CAEP2E9/a602082 (s,
1H), 8.62 (s, 1H), 8.46 (m 1H), 8.32 88 (m 1H), 8.18 (t, 1H, 7.

3. 061

2H), 1.65 (

8.

1 H, 839 (dd, 96 1 H), 8.05 (t, 1 H,7.57 -
(d, lH) 7. 16- 7.25 (m 2 H), 4.03 - 4.12 (m 1H, 3.

Depmethy6 3.6-diflugQ-3-hydrg i-flupropitoligte- 1.79  (
free- base 1H NWR (OCDCIS) d993(s 1H), 9.38(s,

m 1H), 8.40(d, 99

[0228]  To a solution of methyl 6-(3-(benzyloxy)-2,6-difluorophenyl)-5-
fluoropicolinate (1.0 equiv.) in methanot (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 mcthyl 6-(2.6-difluoro-3-hydroxyphenyl)picolinate

[0229]  Method 7 was followed using methy! 6-(3-(benzyloxy)-2,6-
difluorophenyl)picolinate (1.0 equiv.) to vield 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.

(m 1H), 2.86 (m 1H), 1.76-1.63 (m 2H), 1.53-1.47 (m 1H),

76 (m
88 (m

7.67 (m
85 -
m 1H,
1H),

m 222! 1.48 (m 3H). NG salt, 1H NVR (400 MHz, CD30D): d9.09



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 __HO salt, 1H NMR (DVBO-d6): d 10. 8.82(s,
1H), 8.41(d, ‘Yﬂ)lzwf‘}?"éﬁ*(bs, 100 2H), 7.52-7.62(m 1H), %’%&@Fﬁ’?’mﬂﬁ”? 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). HCO salt, 1H NVR (400 Mz, DVMBO-d6): d 10.59 (s, 1H),
9.30 (s, 1H),Syfthésk dichethlD&(2-fildro-8-108ny{ddeny®picalidate 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), 1.9%1.20 (m TH  HC salt, 1H NMVR (400,
d6-DVBO): d 10.47 (s, 1H), 8.56 . 8.33 (dd, 1H), 116 8.26 (dd, 1H),
8.20 (t, 1H), 7.62-7.72 (m 11-f),]7.%0-7.35 (m 3H), 3.82-3.92 (m

[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-
formylphenyiboronic acid (1.5 equiv.) and 2M Na,COs; (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 cthyl 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 methyl ester, the reaction was concentrated in vacuo and the
crude material was purified via silica gel column chromatography (ISCO) eluting with
30% cthyl 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)phenyl)picolinate

[0231]  To a solution of methyl 6-(2-fluoro-5-formyiphenyl)picolinate (1.0
equiv.) in MeOH (0.17 M) was added ethyltriphenylphosphonium bromide (1.0 equiv.)
followed by sedium methoxide (1.5 equiv.). The reaction was heaied to €5 °C for 5
hours, then cooled to room terpperature and concentrated. in vacua. The crude material

was purified via silica gel column chromatography (ISCO) eluting with 50% ethyl acetate



2H), 3.18-3.22 (m 1H), 2.84-2.91 (m 1H), 2.69 (t, J=13.2, 1H), 1.38-1.46
(m 1H), 0.69 (d, 3H). HCl salt, 1H NVMR (400, d6-DVS0): 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), 7.5¥024l001484 6. 72 (d, 2H), 3.04 - 3.10 (m PCHHEP2®IGR203, 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, 0.88 (d, 3H). Exarrpl e 140 Pinm ATP depletion assay

102701The actjvity of PIML is measured usi ng a luciferase-luciferin based
ATP det ect i on"ESgeIP PIoyids (FRrgthx) cATHuerept@opdreny Behsnylinigplingioen 2 white

ki nase- cat al y@ﬁglmmagrut/hhgagﬁ@%w;m 8t PEPS hle substrate. Conpounds to
be tested are dissolved in 100% DVBO and di rectly distributed into white

384-wel | plat . e . reaction, 10 1.1 of 5 JIM
Pim ki nase %‘%Js%n?ﬁﬂé}\%?%g\p@ﬁm&@é@%@dﬂ in assay buffer (50 nmM
HEPES pH 7.5, 5 tnM MgC12, 1 nmM 0-05% BSA) is added into each well.
After 15 mnutes, 10 [ft of 40 [ ATP in assay buffer is added. Final
assay concentrations are 2,5 sk Pl 1\41, 20 JAM AT?,, 40 BAD peptido s.n
2,5% DI ASC, " The reactiori is perf=ed until approximtely 50% of the ATP is
depl etod, then stornmed wth. gdition of 20 r).1 Kinaseelo Plus
(Promega Corporation) sol w9 'he stopped reaction is incubated for 10
m nut es and the remaining ATPodet ected via |l um nescence on the Victor2
(Perkin Elnmer). Conpounds of the foregoing exanpl es vvere tested by the Pim

ATP depl etion ass&gsﬂnd jfog)itégﬂmg %ﬂ&%h%l@dug‘% pheSh wn in Table

3, below. 1C50, al f maxi nal conce resents the
concent r at i omicolinate ({l @sguivo mpdend (@ praM) ves t@’qﬁd/&{@ﬁkqlﬂv SQ%thﬂieadﬁbni on of its
target in vi thanlafeﬂWe!r%n A‘t%ljcyfphg}e%%hﬁpg eﬂgﬁ)d &k st?rrﬁnggée%}‘gl{to%gelnl‘l&? activity

of PIM2 is neasured usin ci feras ucl erln
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,

O

[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.



ATP detection reagent to quantify ATP depletion resulting from

ki nase-cat al yzed phosphoryl transfer to a peptide substrate. Conpounds to
be tested ar i ved in 100% DVBO and directly distri white
384-wel | pl a?‘ggza't%%’g 'Alper well. To start the reacti opﬁwE?gmé/&tlﬂ? 10 nM
Pi n2 ki nase and 201.1. M BAD pepti de (RSRHSSYPAGT-COH) in assay buffer (50
iNnMHEPES pH 7.5, 5 MMM 2, 1 mM DIT, 0.05% BSA) is added into each well.
After 15 m nySR,a40 ttl of 81, tMATP in assay buffer is added. Final assay
concentrahomS nMPIM, 41..tMATP, 10 p. M BAD peptide and 2.5%
DVBO. The react | ) 1 . at el y 50% of the ATP is

depl et ed, t hest GG HiBuarg {85111 Ki nased o Plus (Pronega
Corporatlon) SwinmMiokYOF bipropiselthateeact i on is i ncubated for 10 minutes and
t he remai ni ng ATP det ect ed via lum nescence on the Victor2 (Perkin Elner).
Conpounds of the foregoing exanpl es Mexe”tested by the Pin2 ATP depl etion
assay and found to exhibit an 1050 es as shown in Table 3, bel ow.
Exanpl e 142 PinB ATP depl etion adsay| [ 02721The activity of P1MB is
measured using a luciferase-|uciferjrxbased ATP detection reagent to
quantify ATP depletion resultin I nase-cat al yzed phosphoryl transfer
to a peptide substrate. Conpourids]fo be tested are dissolved in 100% DVSO
and directly distributed into white 384-well plates at 0.5 piper well. To
start the reactiqpa34)0 Tbbs&ﬁtl()]ﬂ(@ﬁﬁ{hyﬂﬁ (2R ('ilﬂ@org-'iifhyal%%y SA5Y £0 fi M BAD

pe, ptid.e (RSLU I SSYPAGT-OH) in assay buffe "PES pH 7.5, 5
tri M | vi gClBuorppisofinge (EPreguivg), le@%l\@@y %&%D]%Qoé’ééﬁ Ivied 1.1 lAf ter 15
mnutes, 10 Hfuelh- ﬁgh&% Nﬂﬂu&nﬁﬁwmumw)ﬁémMSMElﬁme fi9Rbivas T8y
concentrations are ATP, 100 | AM HAD peptide and 2. 5% DVBO.
The react i onteAiopaias glowed LS PYernig absepidemanelptusgod igrsolufien wasplueached p| et ed,

t hen st oppedwhly whide th%@gahic%ﬁas@fwag@nd&m{ﬂ sB&ﬁﬁ%@atE'ah@c&E’énﬂﬁl@&laT&Of por at on)
solution. The stoppe reaction is incubated for 10 m nutes and t

remai ni ng ATEU¢feRRiciabyaspusity %W.%%%%éfﬁe@ataaamhxémm%m# sthylseptple ﬁncla rrer)

Conmpounds  of hdkh@s {025®@4 8thithc@X8)TTIHE PurdBiation® Sib@ do¥nthAARY 1F) rrémir’l élepl etion
assay and fo (uéeCP{t‘O exhibrt an I C50Q val ues as shown in Ta bel ow.

Exanpl e 143 uqsp-dr(friflypropethpilsplianyloxy)phenyl)- S[fblzm]mmaf t'(elﬂ??f’heﬁ nyel oma
cell line), Rt W diddF &i6lini 8% WENV SOBMN RNt @@+, k= 1086rkBS, sodi um
pyruvate and antibiotics. Cells were plated In the sane nediumat a density

of 2000 cel | il é 13t 6%@11&’8?4& hhéo%!rﬁem{riélﬁfdhﬁoﬁ)%h&ﬁnm%imteom si de
wel I s vacant’, ay o human nyefrona celfl 1 ne), were
cultured in RPM 1640 suppl errent tfh 10% FBS, sodi um pyruvate and
antibiotics. Cells were plated the same medium at a density of 5000
cells per well into 96 well tdSsge~culture plates, wth outside wells
vacant, on the day of assay. [02{4] Test corrpounds supplied in DMSO were
diluted into DVBO at 500 ti nesNth& desired final concentrations before
dilution into culture medi.e®+e 24 ines _ final concentrations. Equal

vol umes of 2x conpounds were jadded to the cells in 96 well plates and

i ncubated at 37 C for 3 days. [0275] After 3 days plates were

equilibrated to ur e ncj e f. Cel | Titer-d ow Reagent
(Promega) was adgﬁgg?t oehggtg “a% “\A?rgl mfﬁ‘@“f; [ 28 ggu?/\@r?’e agitated briefly
and | um nes deﬁmos)n@ﬂvaisuMSIOHg)@hmyE)d ﬂuo'tdmdoljmtm(dm&tqew) tdl jneldpmthmm

inhibition see egt e cells
troated w e nEanesr HDBaERI uRu bR STl i S FERelF ¥ Ecso
val ues (i.eLmeMtﬁﬂ&ﬁMﬁEﬁﬁQ@&ﬂ@nRo#193tm$t conmpound that is reqU|red to
obtain 50% of the maximumeffect in the cells) for tested conpounds, as
shown in Table 3. 12761Using the procedures of Exanples 140 (Pim ATP
depl etion assay), 141 (PinR ATP depletion assay), and 142 (PinB ATP
depletion assay), the TC50 concentration of conpounds of the previous
exanpl es were determned as shown in the followng table 3. [0277] Using the
procedures of Exanple 143 (cell proliferation assay), the EC50
concentration of conpounds of the exanples in were determned in KMS i
cells as shown in Table 3. TABLE 3 Exanple No./ NVP ID St Structure Pini
| C50 pM ‘




Pin2 1C50 PM Pin8 1050 pM KMS11. luc EC50 PM1 HO ioChiral F N LNJH O 0.001

0.018 0.006 7.6 2 OHChiral OHitli FIiC PH2Iir FF H N ... 0.001 0.001
0. 001 0.07 3 OH40Ch?ral
WO 2010/026124 PCT/EP2009/061205

[0236] To a solution methyl 6-(2,6-difluoro-3-(trifluoromethylsulfonyloxy)
phenyl)-5-fluoropicolinate (1.0 equiv.) in dioxane and water (10:1, 0.15 M) was added
methyl boronic acid (3.0 equiv.) and potassium carbonate (3.0 equiv.). The reaction was
degassed with nitrogen for 10 min, then Pd{PPh3)4 (0.1 equiv.) was added to the solution
and heated to 100 °C for 3 hours. LC/MS of the reaction at this point indicated complete
conversion to the carboxylic acid product (M+H = 268). Cooled to room temperature and
added water and ethyl acetate. The two layers were separated, the aqueous phase was
acidified with concentrated HCI to pH =1 and extracted with ethyl acetate. The organic
phase was dried with sodium sulfate, filtered, and concentrated under vacuo to give 6-
(2,6-difluoro-3-methylphenyl)-5-fluoropicolinic acid as a clear oil in 97% yield. LC/MS
=268.1 (MHI), Rt = 0.82 min.

Synthesis of methyl 6-(2,6-difluoro-3-methylphenyl)picolinate

=
-0 ﬂ/
o

[0237]  To a solution of methyl 6-(2,6-difluoro-3-(trifluoromethylsulfonyloxy)-
phenyl)picolinate (1.0 equiv.) in toluene was added Pd(dppfH)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 crganic layer was dried with

magnesinm sulfete, fltered, and concentrated in vocun 1o provide methyl 6-02,6-difluoro-

1



H3C62 F F N NH2 0.001 0.001 0.001 0.01 4 HChiral OH0 F HN --? N 0.001 0. 003
0.002 1.3 6 OFI Chwal OH NF N 0.003 0.020 0.009 4.8

WO 2010/026124 PCT/EP20609/061205

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-methviphenvDpicolinic acid

i

0

HO

[0238] To a solution of methyl 6-(2,6-difluoro-3-mecthylphenyl)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 HCIL
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-cthyl-2.6-difluorophenyDpicolinic acid

RS
HO =
0

[0239]  To a solution of methyl 6-(2,6-difluoro-3-(trifluoromethylsuifonyloxy)-
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 IN MaCH (2x). The organic layer was dried over magnesium sulfate,

filtered, and concentrated in vacuo to provide a brown oil. The oil was redissolved in



Exanple No,/ NVP ID Structure Pim 1C50 pM P1n2 1C50 PM Pirn3 | C60 pM
KMS11- [uc EC50 PM chi,"1L1P...- HNO 0,002 0.012 0.003 4.1 H2N HO

soChiral N ? o ,
WO 2010/026124 PCT/EP2009/061205

THF and treated with IN 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-difluorophenyl)picotinic 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 lcft 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 acctate 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 HPL.C fractions could be added
to EtOAc and solid NaxCO;, separated and washed with NaClqay. Upon drying over
MgSQs,, filtering and removing the volatiles ix vacuo, the protected amide product was
obtained as a free 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 HCI/ dioxane for 14 hours or by treating with 25% TFA/CH,CL, for 2
hours. Upon re;novz;l of the volatiles 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;COs, separated and washed with
NaClgsary. Upon drying over MgSOy, filtering and removing the volatiles in vacuo the free
base was obtained. Upon dissolving in MeCN/H,0, adding 1 eq. of | 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. After removal of volatiles in

vacuo, the Boc amino group was deprotected as described above.

'r\\fﬂ

1 2
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[0243] If an N-Boc, OAc group were present, prior to Boc deprotection, the
acctate group could be cleaved by treating with K,CO;5 (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 filteting off
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 HC], 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 HC,
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
BBr3 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.

4

Synthesis of (+/-)-3-amino-N-(4-(3-amino-4-hvdroxvevclohex-1-enyl

(2.6-difluorophenyl)picolinamide

H
HoN F F
il
HoV ]
l o N
Z 0 NH
N 2

[0248]  Following Method 9, (+/-)-tert-butyl 3-(3-aminopyridin-4-y1)-6-(tert-
butyldimethylsilyloxy)cyclohex-2-enylcarbamate and 3-amino-6-(2,6-difluorophenyl)-

picolinic acid were coupled and deprotected to vield (+/-)-3-amino-IN-(4-(3-amino-4-



NH2 S F HNO 0.001 0.012 0.006 2.9 11 N 240 0113Chrai F F hil N O 0.001
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hydroxycyclohex- [-enyl)pyridin-3-y1)-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-y1)-2-(tert-
butyldimethylsilyloxy)cyclohcxylcarbamate 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 TT'A 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:

TABLE 1

- LC/MS LC/MS
Example No. Structure {M+Hon | (Rfon | Chemical Name
UPCL) UPCL)

Chiral

6-(2,6-difluorophenyl)-5-

HO, o
1 b F fiuoro-N-(4-((1R,38,55)-3-
WOV F 4422 0.75 | hydroxy-5-
NGE NN methylcycliohexyl)pyridin-3-
i P o yi)picolinamide
CH Chiral
OH N-(4-{(3R,4R,58)-3-amino-4-
Hacf,f'j“H? - hydroxy-5-methylpiperidin-1-
2 N FN, F 474.3 0.52 yhpyridin-3-yl)-6-(2,6-
oo difluoro-4-hydroxyphenyl)-5-
» flucropicolinamide
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473.3

0.55

3-amino-N-(4-((3R,4R,55)-3-
amino-4-hydroxy-5-
methylpiperidin-1-yl)pyridin-
3-yl)-8-(2,6-diflucrophenyl)-5-
fluoropicolinamide

Chiral

473.3

0.52

N-(4-{({1R,3R, 4R 55)-3-
amino-4-hydroxy-5-
methylcyclohexylpyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl)-5-
flucropicolinamide

QHChiral

455.3

0.55

N-(4-((1R,3R,4R,535)-3-
amino-4-hydroxy-5-
methylcyclohexylypyridin-3-
yh-5-fluoro-6-(2-fluoro-5-
hydroxyphenyl)picolinamide

407.2

0.52

N-(4-((1R,38)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

407.2

0.53

N-(4-{(1R,38)-3-
aminocyclohexylypyridin-3-
yl}-8-(2-fluoro-5-
hydroxyphenyl)picolinamide

HN

425.2

0.54

N-{4-{(1R,38)-3-
aminocyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyljpicolinamide

H,N

4252

0.53

N-(4-((1R,38)-3-
aminocyclohexyl)pyridin-3-
yl}-5-fluore-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

P
ey
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LCiMS LC/MS
Exampie No. Structure {M+H on | (Rfon | Chemical Name
UPCL) UPCL) .

he. Gt NH, N-(4-((1R,5R)-5-aminc-3,3-

10 : ‘O F 4533 0.58 dimethylcyclohexyl)pyridin-3-
b : ; yl)-5-fluoro-6-(2-fluoro-4-

N hydroxyphenylipicolinamide

N-{4-((1R,5R)-5-amino-3,3-
dimethyicyclohexylpyridin-3-
469.2 0.7 yl)-6-(2,6-difluoro-3-
methylphenyl)-5-
fluoropicolinamide

11

N-{4-((1R,5R)-5-amino-3,3-
dimethylcyclohexyl)pyridin-3-
y1}-6-(2 6-difluoro-3-
methylphenyl)picolinamide

12 451.1 0.69

N-(4-({(3R,4R,5S8}-3-amino-4-
hydroxy-5-methylpiperidin-1-
454.2 0.58 yhpyridin-3-y)-6-(2,6-
difluoro-3-
methylphenylipicolinamide

13

N-{4-((1R,35)-3-
aminocyclohexylypyridin-3-
yl)-5-fluoro-6-(2,3,5-
trifluorophenyl)picolinamide

14 4452  |oe2

N-(4-((1R,3R,4R,58)-3-
amino-4-hydroxy-5-

487.5 0.63 methylcyclohexyl)pyridin-3-
y1)-6-(3-ethyl-2,6-
difluorophenyl)picolinamide

15

N-(4-((3R,4R,58)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yl)pyridin-3-yl}-8-cyclohexyl-
5-fluoropicolinamide

‘e, R
16
N

428.2 0.63
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Chiral

e, A e N-(4-((1R,3R,48,58)-3-
17 : O ¢ F amino-4-hydroxy-5-
7y N 467.3 0.64 methylcyclohexyl)pyridin-3-
A AN A yl)-6-(3-ethyl-2,6-
Q/ o difluorophenyl)picolinamide

N-(4-((1R,3R,48)-3-amino-4-
hydroxycyclohexyl)pyridin-3-
yh)-6-(3-ethyl-2,6-
difluorophenyl)picolinamide

CHSChimI
HoN / . N-(4-((1R,38)-3-
18 2 aminocyclohexylpyridin-3-
w0 4372 1067 | n 6 (3 ethyl2 6
3 I difluorophenyl)picolinamide
N
CHachiml
HN N-(4-((1R,3S)-3-
50 F F aminocyclohexyl)pyridin-3-
qoNY F 441.2 0.64 | yl)-6-(2,6-difluoro-3-
AN AN methylphenyl)-5-
<Ug fluoropicolinamide
N

Chiral

453.2 0.66

OH
L NH,

N-(4-((1R,3S,58)-3-amino-5-

21 methylcyclohexyl)pyridin-3-
12 107 e (B ethyl-2 6
diflucrophenyl)picolinamide
OH CHSChiraJ
: N-(4-((3R,4R,58)-3-amino-4-
H,N
: UCHF F hydroxy-5-methylpiperidin-1-
22 Ny N F 472.3 0.59 yl)pyridin-3-y1}-6~(2,6-
LGN difluoro-3-methylphenyl)-5-
L J & fluoropicolinamide
N
Chiral
oH
HNay A\ aCHy N-(4-((3R,4R,55)-3-amino-4-
23 hydroxy-5-methylpiperidin-1-
o 4223 1088 1 ioyridin-3-yl)-6-(2-
= = fluorophenyl)picolinamide
Y ! O
N

N ¥icE
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24

% Chiral

Qz;

458.3

0.51

N-(4-{(3R,4R,55)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yljpyridin-3-y)-6-(2,6-
difluorophenyi)-3-
fluoropicolinamide

25

Chirat

440.3

0.54

N-{4-({3R,4R,58}-3-amino-4-
hydroxy-5-methylpiperidin-1-
ylypyridin-3-yl)-5-fluoro-6-(2-

fluorophenyl}picolinamide

26

440.2

0.53

N-(4-({3R,4R,58)-3-amino-4-
hydroxy-5-methylpiperidin-1-
yl)pyridin-3-y1)-6-(2,6-
difluorophenyl)picolinamide

27

CHSChiraI

HN g F

F

455.3

0.66

N-(4-({1R,35,58}-3-amino-5-
methylcyclohexyl)pyridin-3-
yh-6-(2,6-difluoro-3-
methylphenyl)-5-
fluoropicolinamide

28

T
N
p-d
[}
A
ZX
o)
Z'ﬂ
72K
- o
T
w
0
¥
5

423.2

0.61

N-(4-((1R,38)-3-
aminocyclohexyl)pyridin-3-
yh-6-(2,8-difluoro-3-
methyiphenyl)picolinamide

29

CH,Chiraf

437.2

0.64

N-(4-((1R,38,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
y1)-6-(2,8-difluoro-3-
methylphenyhpicolinamide

30

CHBChlral

453.2

0.59

N-(4-{(1R,3R 4R, 58)-3-
aminc-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl}-6-(2,6-difluoro-3-
methylphenyl)picolinamide

yioe
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3

CH,Chirai

453.2

06

N-(4-({1R,3R,48,5S)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
y)-6~(2,8-difluoro-3-
methylphenyi}picolinamide

32

Chiral

3

443.2

0.55

N-(4-((1R,3S)-3-
aminocyclohexyhpyridin-3-
yI}-6-(2,86-diflucro-4-
hydroxyphenyl)-5-
fluoropicolinamide

33

HC. Chirat
H N .
F
4
Ho N
PN
i A ©

4252

0.53

N-(4-((1R,38)-3~
aminocyclohexyl)pyridin-3-
yi)-5-fluoro-8-(2-fluoro-5-
hydroxyphenyl)picolinamide

34

HC Chirat
HN E
=
gV
| = N e
= [8} F

N

4252

0.52

N-(4-({1R,35)-3-
aminocyclohexyl)pyridin-3-
yI)-3-fluoro-6-(2-fluoro-5-
hydroxyphenyl}picolinamide

35

=3

421.1

0.66

N-{4-({1R,35,58)-3-amino-5-
methylcyclohexylypyridin-3-
yi)-6-(2-fluoro-5-
hydroxyphenyl)picolinamide

36

Chiral

2;%

438.2

0.57

N-(4-((1R,38,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluoro-4-
hydroxyphenyl}picolinamide

37

4211

0.56

N-{(4-((1R,38,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
y)-6-(2-fluoro-4-
hydroxyphenyl)picolinamide
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L.C/NS LC/IMS
Exampie No. Structure (M+H on | (Rf on | Chemical Name
UPCL) UPCL)

N-(4-((1R,38,58)-3-amino-5-
F methylcyclohexyl}pyridin-3-
N F 439.2 0.57 yl}-5-fluoro-6-(2-fluorc-4-

PN hydroxyphenyl)picolinamide

38

N-(4-{(1R,38,568)-3-amino-5-
methylcyclohexyl)pyridin-3-
yh)-3-fluoro-6-(2-fluoro-4-
hydroxyphenyl)picolinamide

39 4392 | 055

N-(4-((1R,3R,45,58)-3-
amino-4-hydroxy-5-
methylcyclohexylpyridin-3-
y1)-6-(2.6-difluoro-3-
methylphenyl)}-5-
flucropicolinamide

40 4712 |o0s2

N-(4-((1R,3R,48}-3-amino-4-
hydroxycyclohexyl)pyridin-3-
4392|057 | h 62 6-difluoro-3-
methylphenyl)picolinamide

41

OH Chiral

N-(4-((1R,35,5S)-3-amino-5-

42 HN, CHe - methylcyclohexyl)pyridin-3-
457.2 0.56 yI)-6-(2,6-difluoro-4-

hydroxyphenyl)-3-

» fluoropicolinamide

H,N CH, e N-(4-((1R,3S,55})-3-amino-5-
43 J methylcyclohexyl)pyridin-3-
; NTY 4392 1086 | s ioro-6-(2-fluoro-5-
-
L.

H
NSy hydroxyphenyl)picolinamide

o Crce N-(4-((1R,3R 4R, 53)-3-
HaNa A\ (s CHe £ amino-4-hydroxy-5-
44 F methylcyclohexylypyridin-3-
h X 47121082 )’ (2 6-difluoro-a-
[ methylphenyl)-5-
N ©

fluoropicolinamide




Structure Pim |1CSO pM Pi n21 C50 PM Pi nB |1 CSO pM KM511- | uc ECM PM 27

cH,chimF o 0.001 0.003 0.002 0.95 28 *|

0.002 2.2 29 H3 ,"s NH
wO 2010/026124

. al ocH3chir Al

CH3Chiral F

HN. [0 0.001 O.
PCT/EP2009/061205

011

Exampie No.

Structure

LC/MS
{M+H on
UPCL)

LC/IMS
{Rf on
UPCL)

Chemical Name

45

453.1

0.61

N-{4-((1R,35,55)-3-amino-5-
methylcyclohexyhpyridin-3-
y1)-5-fluoro-5-(2-fluorg-5-
methoxyphenyl)picolinamide

48

H,N

439.1

0.56

N-(4-((1R,35,58)-3-amino-5-
methyicyclohexyl)pyridin-3-
yl)-5-flugro-8-(2-fluoro-5-
hydroxyphenyl)picolinamide

47

487.1

N-{4<((1R,3R 4R,58)-3-
amino-4-hydroxy-5-
methylcyclohexyljpyridin-3-
yI)-6-(2,6-difluoro-3-
methoxyphenyl)-5-
fluoropicolinamide

48

427.2

0.59

N-(4-((1R,35)-3-
aminocyclohexylpyridin-3-
yl)-6-(2,3,5-
trifluorophenyl)picolinamide

49

Chira!

455.2

0.63

N-{(4-((1R,5R)-5-amino-3,3-

dimethylcyclohexyl)pyridin-3- -

yl}-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

50

457.2

0.58

N-{4-{(1R,3R 4R,55)-3-
aminc-4-hydroxy-5-
methylcyclohexylpyridin-3-
yl)-8-(2,6-diflucrophenyl)-5-
fluoropicolinamide

51

H,N

Chirat

456.1

0.58

3-amino-N-(4-((1R,35,568)-3-
amino-5-
methylcyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

YL
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52

Chiral

439.1

0.68

N-(4-((1S,35,45,5R)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
y1)-6-(2,6-
diflucrophenyl)picolinamide

53

OH

Chiral

413.3

0.55

N-(4-((1R,38)-3-
aminocyclohexyl)pyridin-3-
yl)-5-fluoro-6-((1s,4s)-4-
hydroxycyclohexyl)picotinami
de

54

427.3

0.58

N-(4-((1R,3S,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
y1)-6-fluoro-6-({1s,4s)-4-
hydroxycyclohexyl)picofinami
de

55

427.3

0.65

N-(4-((1R,3S,5S)-3-amino-5-
methylcyclohexyl)pyridin-3-
yi)-5-fluoro-6-({1r,4r)-4-
hydroxycyclohexyl)picolinami
de

56

413.3

0.48

N-(4-((1R,38)-3-
aminocyclohexyl)pyridin-3-
yl)-5-fluorc-6-((1r,4r)-4-
hydroxycyclohexylpicolinami
de

57

423.3

0.64

N-(4-((1R,38,55}-3-amino-5-
methylcyclohexyl)pyridin-3-
yh)-5-fluoro-6-(2-
fluorophenyl)picolinamide

58

419.3

0.67

N-(4-((1R,38,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
y)-8-(2-fluore-5-
methylphenyhpicolinamide
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H,C Chiral
HN CH, .
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-
po N |
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437.3

0.67

N-{4-({1R,38,55)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl}-5-fluoro-6-(2-fluoro-5-
methylphenyljpicolinamide

80

F Cniral

H,N,

441.2

0.70

N-(4-((1R,35,58)-3-amino-5-
methylcyclohexylpyridin-3-
yl}-6-(2,3-difluorophenyl)-5-
fluoropicolinamide

61

H,N

=

441.2

0.68

N-(4-{(1R,38,65}-3-amino-5-
rmethylcyclohexyl)pyridin-3-
y)-6-(2,5-diflucrophenyl)-5-
fluoropicolinamide

62

H,N CH,

405.2

0.87

N-(4-({1R,38,58)-3-amino-5-
methylcyclohexyl)pyridin-3-
yl)-8-(2-
fluorophenylipicolinamide

63 J

423.2

0.65

N-(4-((1R,38,58)-3-amino-5-
methyicyclohexyl)pyridin-3-
yh)-6-(2,6-
difiuorophenyl)picolinamide

64

483.2

0.66

N-(4-((1R,3R,4S}-3-amino-4-
hydroxycyclahexyhpyridin-3-
yl}-5-fluora-6-(2-fluoro-5-
prapoxyphenyl)picolinamide

65

458.1

0.56

3-amino-N-(4-((1R,3R,48)-3-
amino-4-
hydroxycyclohexyl)pyridin-3-
yh)-6-(2,6-diflucrophenyt)-5-
fluoropicolinamide

o 0.001 0.009
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2 3-amino-N-(4-((1R 3R 48)-3-
66 O i amino-4-
Ty N ] 440.1 0.55 hydroxycyclohexyl)pyridin-3-
o N A yi)-5-fluoro-6-(2-
q o NH, fluorophenyl)picolinamide
O~
™, s 3-amino-N-(4-((1R, 3R 4S)-3-
67 O £ amino-4-
oy N F 498.2 0.66 | hydroxycyclohexyl)pyridin-3-
o N A yi)-5-fluoro-6-(2-fluoro-5-
S b3 NH, propoxyphenyl)picolinamide
OH ,
I NH, 3-amino-N-{4-({1R,3R 48)-3-
68 O‘ amin0-4-
g 480.2 0.65 hydroxycyclohexyl}pyridin-3-
P y1)-6-(2-flucro-5-

< J o NH, propoxyphenyl)picolinamide

N
Chiral
H,N CHe F N-(4-((1R,38,58}-3-amino-5-
69 A methylcyclohexyl)pyridin-3-
w4 4413 1087 | 6-(2.6-difluorophenyl)-3-
“ , fluoropicolinamide
S o F
N
Chiral .
HN Chy 2 N-{4-((1R,35,58)-3-amino-5-
70 AF methylcyclohexylhpyridin-3-
g ) 44131070 | i 612 6-difluorophenyl)-5-
= | fluoropicolinamide
\N 0O

Chiral

F N-(4-({15,3R,5R)-3-amino-5-

HaN, o~ oCHy
71 O A methyleyclohexyl}pyridin-3-
Iy N\ | 4413 0.66 yl)-6-(2,6-difiluorophenyl)-3-

—d

(\/,r fluoropicolinamide
N o F

Chiral

N-{4-((1S,3R,5R}-3-amino-5-
methyleyclohexylypyridin-3-
yI}-6-(2 6-~diflucrophenyf}-5~
fluoropicolinamide

72 4413 | 0.70
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Exampie No. Structure {M+H on | (Rf on | Chemical Name
UPCL) UPCL) |
OH H.C Chiral
G A NH, N-(4-((1R,3R,4S,55)-3-
7 ¢ O F amino-4-hydroxy-5-
N F 453.1 0.7 methylcyciohexyl)pyridin-3-
PRGN yl}-5-fluoro-6-(2-fluoro-5-
U o methylphenyl)picolinamide
N
OH H.C Chiral
HG, A NH, N-(4-({1R,3R,48,58)-3-
74 * O F amino-4-hydroxy-5-
T i l 435.0 06 methylcyclohexyl)pyridin-3-
R Ne A yl)-6-(2-fluoro-5-
G o methylphenyl)picolinamide
N
OH Criral
H.C, i NH, N-(4-((1R,3R,48,58)-3-
75 i O F amino-4-hydroxy-5-
N F 439.2 0.57 methylcyclohexyl)pyridin-3-
o N yi)-5-fluoro-6-(2-
0 S fluorophenyi}picolinamide
N
OH Chiral
G, A NH N-{(4-{(1R,3R,48§,58)-3-
76 ? rF F amino-4-hydroxy-5-
i ; 439.2 0.55 methylcyclohexyl)pyridin-3-
AN Ay yh-6-(2,6-
L J 43 difluorophenyl)picolinamide
N
F Chiral
WA o N-(4-((1R,35,55)-3-amino-5-
2! 3 . ge
77 F 441.3 0.62 methylcyclohexyl)pyridin-3-
o) F : : yI)-6-(2 4-difluorophenyl)-5-
N A flucropicolinamide
\N ' (o]
OH Chiral
AN . N-(4-((1R,3R 4S)-3-amino-4-
78 hydroxycyclohexyl)pyridin-3-
2 4252 .
e 521092 1 yhe(26-
| = difluorophenyl)picolinamide
N
N-(4-((1R,38)-3-
79 aminocyclohexyljpyridin-3-
427.2 0.58

F Chiral
H,N .
F
d
Ho N
N N s
N ©

y1)-8-(2, 3~difluorophenyl)-5-
fluoropicolinamide

1.

5
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80

Chiral
H,N
2 F F
=
go N I
/! N 2
=y
N O F

4272

0.54

N-(4-((1R,3S)-3-
aminocyclohexyl)pyridin-3-
y1)-6-(2,B-diflucrophenyl)-3-
fluoropicolinamide

81

427.2

0.57

N-(4-{(1R,38)-3-
aminocyclohexyl)pyridin-3-
y)-6-(2,5-difluorophenyf)-5-
fluoropicolinamide

82

F. Chiral
N7 F
,; R
NP
E

427.2

0.58

N-{4-({1R,38)-3-
aminocyclohexyl)pyridin-3-
yh)-6-(2,4-diflucrophenyl)-5-
fluoropicolinamide

83

Chirat

4071

0.51

N-(4-((1R,3R,48)-3-amino-4-
hydroxycyclohexyt)pyridin-3-
yl)-6-(2-
flucrophenyl)picolinamide

84 |

465.2

0.62

N-(4-((1R,3R,48)-3-amino-4-

hydroxycyciohexyl)pyridin-3- -

yh)-6-(2-fluoro-5-
propoxyphenyl)picolinamide

85

Chlrat

457.2

0.56

N-{4-((1R,3R,485,58)-3-
amino-4-hydroxy-5-
methyleyclohexyl)pyridin-3-
yl}-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

86

Chiral

457.0

0.56

N-(4-((1R,3R,45,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yi}-6-(2.6-diflucrophenyl)-5-
fluorapicolinamide
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UPCL) UPCL)
oM Chiral
LW NH, . N-(4-((1R,3R 48)-3-amino-4-
87 O AF hydroxycyciohexyhpyridin-3-
e 425.1 0.52 | \))-5-fluoro-6-(2-
m = fluorophenyi)picolinamide
N ©
OH Chirat
A Nk . N-{4-((15,35 4R)-3-amino-4-
88 AF 4430 0.53 hydroxycyclohexyl)pyridin-3-
Ion N : : y)-6-(2,B-difluorophenyh)-5-
3 = fluoropicolinamide
\N O
OH
HaNa A s CH, N-(4-(3-amino-4-hydroxy-5-
89 AF methylcyclohexylipyridin-3-
o N 427.3 1083 | n 6 eyclohexyl-s-
s Ny fluoropicolinamide
A o
N
OH
HNay A aCH, 3-amito-N-(4-(3-amino-4-
20 A hydroxy-5-
g 4243 108 | athylcyclohexyl)pyridin-3-
S NS yl)-6-cyclohexylpicolinamide
N O N,
H,N CH, N-(4-(3-amino-5-
91 i ANF methylcyclohexyl)pyridin-3-
T 4113 0.67 yl)-6-cyclohexyl-5-
N R I
= i fluorapicolinamide
\N . (9]
OH
HN .
2 . E 3-amino-N-(4-(trans)-3-
92 2 amino-4-hydroxycyclohex-1-
Y 4383 1051 o hpyridin-3-yi)6-(2,6-
‘ = difluorophenyi)picolinamide
NI
OH
H N - . 3-amino-N-(4-(cis)-3-amino-
93 Z 4-hydroxycyclohex-1-
H N\ | 438.3 0.51 enyl)pyridin-3-yl)-6-(2,6-
= difluorophenyl)picolinamide
|
N/ Q NH,
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Exampie No. Siructure {M+H on | (Rfon | Chemical Name
UPCL) UPCL) |
OH
H,Cr, A NH 3-amino-N-{4-(3-amino-4-
04 O ¥ F hydroxy-5-
L NT ] 4541 0.54 methylcyclohexyl)pyridin-3-
AN y1)-6-(2,6-
END/ O Nh difluorophenyl}picolinamide
OH : .
HN, CHy . 3-amino-N-(4-(3-amino-4-
05 hydroxy-5-
T 454 3 0.54 methylcyclohexylpyridin-3-
= |
R N A yh-6-(2,8-
EN)/ o NH, difluorophenyl)picolinamide
OH .
H,Cs NH N-(4-((3R,4R,5S)-3-amino-4-
06 1 F F hydroxy-5-methylpiperidin-1-
N, N F 4581 0.54 yhpyridin-3-yi)-6-(2,6-
N~y | diflucrophenyl)-5-
=
Vg fluoropicolinamide
N
OH Chiral . .
Hee A N 3-amino-N-(4-(3-amino-4-
: F hydroxy-5-
97 yaroxy
b NS 454 .1 0.55 methylcyclohexyl)pyridin-3-
KA y1)-6-(2.6-
i P 0w, difluorophenyl)picolinamide
Chirat
OH
H,Ca A wNH, 3-amino-N-(4-(3-amino-4-
98 O £ F hydroxy-5-
7y N 454.1 0.54 methyleyclohexylypyridin-3-
PP y1)-6-(2.6-
O/ diflucrophenyl)picolinamide
o O NH,
Chiral
H,N . . N-(4-((1R,3S)-3-
99 F aminocyclohexyl)pyridin-3-
I H N : 4272 0.55 yl)-6-(2,6-difluorophenyl}-5-
I = fluoropicolinamide
P o]
N

oy




HO Chiral CH VI N'
F'11111jr.F F N -.

N /0 0.001 0.002 0.002 0.76 47 ,Chiral OH NH2I11I
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Exampie No. Structure (M+H on | (Rf on | Chemical Name
UPCL} UPCL)
Chiral
100 O \\NI-\E F 3-amino—l}l-£\4-((1l)R| 3%}—35
aminocyclohexyl)pyridin-3-
x 4422 1 089 | g o8 difluorophenyl)-5-
@’ fluoropicolinamide
Sy O NH,
iﬂs
oo 2-amino-4-(3-(3-amino-6
L (éaémmo- -{3-(3-amino-6-
101 O AN 6-
T i N 482.2 0.56 difluorophenyl)picolinamido)p
E’ﬁ/ X yridin-4-yl)cyclohexyl acetate
' N/ 0 NH,
oH
O-\‘N“; . 3-amino-N-(4-(3-amino-4-
102 ; “ N: I 4403 0.52 %fgﬁ)‘ggyclohexyl)pyrldm-3~
l = difiuorophenyl)picolinarnide
N/ O NH,
OH Chiral
LN c 3-amino-N-(4-((3R,45,5R)}-3-
103 z O F amino-4-hydroxy-5-
NN = 455.3 0.53 methylpiperidin-1-ylpyridin-
SN 7 3-yly-6-(2,6-
| @ o N, diflucrophenyl)picolinamide
OH )
HN, 3-amino-N-(4-{(1R,35,45)-3-
104 . F F amino-4-
i I 440.2 0.52 hydroxycyclohexyl)pyridin-3-
SN yh-8-(2,6-
| @ O N, difluorophenyl)picolinamide
H,C OoH F 3-amino-6-(2,6-
105 difluorophenyl)-N-(4-(3-
y i - 438.2 2.92 hydroxy-5-methylcyclohex-1-
S - enyl)pyridin-3-yl)picolinamide
N© O NH,
W\NH, .
3-amino-N-(4-((1R,38)-3-
106 g NS 304.3 0.74 aminocyclohexyl)pyridin-3-
AN A~ yl)-6-cyclohexylpicolinamide
>\ b o NH,




Pima 1050 pM KMS11- [uc EC50 pm 48 H2Fi sF Chiral NV O N 0.007 0.076 0.009
49 digsbChiral H3c CHNH, r up FN "--, (rNI 0 0.001 0.003 0.002 1.8 50 OH H

C,,NH i oChiral
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LC/MS I.C/MS
Exampie No. Siructure {M+H on | (Rf on | Chemical Name
UPCL) UPCL)

NH . 3-amino-N-{4-(3-
107 F aminocyclohex-1-
e 4219 1059 | o pyridin-3-yl)-6-(2,6-
S = difluorophenyl)picolinamide
N9 NH, ,

Chiral

1
D

b}
I"IO
¢
N
2
3
mn

T

2
I I

N-(4-({1R,3R,58}-3-amino-5-
(trifluoromethyl)cyclohexytipy
ridin-3-yl)-6-(2-fluoro-5-
methylphenyl)picolinamide

108 4733 | 067

S
2
o
¥

O_CH3 Chiral

N-(4-((1R,3R,5S)-3-amino-5-
(trifluoromethylcyclohexyl)py
ridin-3-y1)-6-(2, 6-difluocro-4-
methoxyphenyl)picolinamide

2
X
E5

109 5072 | 0.65

M w
L
““Q
’
zr

=
W,
o

Chiral
3-amino-N-{4-({(1R,3R,55)-3-
amino-5-
(trifluoromethyl)cyclohexyl)py
ridin-3-yl)-6-(2,6-
diflucrophenyi)-5-
fluorapicolinamide

-
Bl
“Z

ZT

110 5102 | 064

A/

Chisal

-

T
4

m

&

N-(4-((1R,3R,5S)-3-amino-5- -
{trifluoromethyljcyclohexyl)py
ridin-3-yl)-6-cyclohexyl-5-
fluoropicolinamide

i NP F 465.3 0.72

3-amino-N-(4-({(1R,3R,58)-3-
amino-5-

492.2 0.62 {trifluoromethyi)cyclohexyl)py
ridin-3-yl)-6-(2,6-
difluorophenyl)picolinamide

|
2
X

112

&
N

I“'Q
v

ZzT

2 4

N-(4-({38,4S,5R)-3-amino-4-
hydroxy-5-methylpiperidin-1-
458.2 0.55 vl)pyridin-3-yl)-6-(2,6-
diffuorophenyi)-5-
fluoropicolinamids

HC

prm o

113

p
I

NS
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LCMS LC/MS
Example No. Structure {M+H on | (Rfon | Chemical Name
UPCL) | UPCL) |
Chiral
OH
H,Cr,, OH
(Ij N-{4-((3R 4R,55)-3,4-
114 N dihydroxy-5-methylpiperidin-
H 4411 1081 4 hpyridin-3-y1)-5-fluoro-6-
= i (2-fluorophenylpicolinamide
X O
N
Chiral
OH
H.C,,, 0
(!j ' F 6-(2,6-difluorophenyl)-N-(4-
115 N N7 ((3R,4R 58)-3,4-dihydroxy-5-
ﬂ ~ | 4411 0.6 methylpiperidin-1-yl)pyridin-
= | 3-yhpicolinamide
X O
N
OH Chiral
H,Co, L/kj"mk . 6-(2 6-difluorophenyl)-N-(4-
116 I F ((3R,4R,5S)-3,4-dihydroxy-5-
N ﬁ N7 4891 1081 | 1 othylpiperidin-1-yl)pyridin-
& i = 3-yl)-5-fluoropicolinamide
\N (s}
OH Chiral
H,C, . OW: 6-(2,6-Diftuorophenyl)-N-{4-
117 ((1R,3R,4R,58)-3,4-
g 4582 0.62 dihydroxy-5-
~ _N methylcyclohexyl)pyridin-3-
A yi)-5-fluoropicolinamide
2 0
N
OH Chiral
Hach,('j.\‘NHz N-(4-((3R, 4R 5S)-3-amino-4-
118 E hydroxy-5-methylpiperidin-1-
1 4232 1032 | Jnovridin-3-yl)-3-fluoro-2,3'
= ] bipyridine-6-carboxamide
\N [#]
& N-(4-((3R,4R 58)-3-amino-4-
1o N S hydroxy-5-methylpiperidin-1-
N NT F 441.2 0.46 ylpyridin-3-yi)-3, 3"-difluoro-
(%,N ~ 2,4"bipyridine-6-
‘ N® O carboxamide

SR



HN?.. 10 0.010 0.149 0.065 >10 54 H OHchl..1 C3 N,... 0.003 0.026 0.024
3.8 Exanple No./ NVP ID Structure Pinl IC50 pMPin2 |1 C60 PM P1n8 | C50 pM

KMs11- !'tic EC50 PM 55
WO 2010/026124 PCT/EP2009/061205

LC/mS LC/IMS

Exampie No. Struciure (M+H on | (Rfon | Chemical Name
UPCL) | UPCL).
8]
N N-(4-((3R,4R,58)-3-aminc-4-
120 hydroxy-5-methylpiperidin-1-
" 4231103 | o ridin-3-yl)-3-fluoro-2.4-
ﬁ/ bipyridine-6-carboxamide
Z 0
N
Chiral
oH " 3-amino-6-(2,6-
':'j o diffuorophenyf)-N-(4-
121 {(1R,3R,4R,55)-3 4-
473.1 0.68 dihydroxy-5-
\ methylcyclohexyl}pyridin-3-

yl)-5-fluoropicolinamide

Synthesis of 6-bromo-N-(4-(3-(tert-butyldimethylsilvloxy)-5-methvlcyclohex-
1-enyl)pyridin-3-yl}-5-fluoropicolinamide

TBDMSO

;
F
o
HNI
N
-

N

0

[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. ) and drying over MgSQy, 6-
bromo-N-(4-(3-(tert-butyldimethylsilyloxy)-5-methylcyclohex-1-enyl)pyridin-3-yi)-5-
fluoropicolinamide was obtained. LCMS (m/z): 455.3 (MH"); LC R, = 2.09 min.



cirgchir.i o 0.003 0.011 0.030 4.9 56 OHChiral H N 0 0.011 0.081 0.102 >10
57 Chiral CHup NF N 10 0.001 0.004 0.002 1.4 58 H, C fa&Chiral
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Synthesis of 6-bromo-N-(4-((1R,38)-3-(1.3-dioxoisoindolin-2-yl)-

cyclohexylpyridin-3-y1)-3-fluoropicolinamide

Q
N
T
O AF
H N!
/IN 2

[0252] Tollowing 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,O, NaClgu.e) and drying over MgSOy, 6-bromo-N-
(4-((1R,38)-3-(1,3-dioxoisoindolin-2-yl)cyclohexyl)pyridin-3-yl)-5-fluoropicolinamide
was obtained. LCMS (m/z): 523.2/525.2 (MH"); LC R, = 3.31 min.

4-({1R,35)-3-(1.3-dioxoigoindolin-2-

Synthesis of 3-amino-6-bromo-N-

0
. N
r
o N/IF
/IN x
N
\ O NH,

[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,O, NaClg ) and drying over MgSQy, 3-
amino-6-bromo-N-(4-((1R,3S)-3-(1,3-dioxoiscindolin-2-yl)cyclohexyl)pyridin-3-yl)-5-
fluoropicolinamide was obtained. LCMS (m/z): 538.1/540.1 (MH"); LC R, = 3.46 min.

4T
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Synthesis of tert-butyl (18,3R,58)-3-(3-(6-bromo-5-fluoropicolinamido)-

pyridin-4-yl)-5-methvleyclohexylcarbamate

BocHN Br
N [ F
=z N ¥
S
N

[0254]  Following Method 9, tert-butyl (18,3R,5S)-3-(3-aminopyridin-4-yl)-5-
methylcyclohexylcarbamate and 6-bromo-5-fluoropicolinic acid were coupled and
following addition of EtOAc and washing with HyQ, NaCl(, ) and drying over MgSO,,
tert-butyl (18,3R,58)-3-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-yl)-5-methylcyclo-
hexylcarbamate was obtained. LCMS (m/2): 507.1/509.1 (MH"), R, = .90 min.

Synthesis of (1R.2R,4R.6S)-4-(3-(6-bromo-5-fluoropicolinamido

2-{tert-butoxycarbonylamino)-6-methvlcyclohexyl acctate

QAc
BocHN Br
N* | F
“ % ’ N X
[0255] Following Method 9, (IR,2R,4R,68)-4-(3-aminopyridin-4-yl)-2-(tert-

butoxycarbonylamino)-6-methyleyclohexyl acetate and 6-bromo-5-fluoropicolinic acid
were coupled and following addition of EtOAc and washing with H,O, NaClsery and
drying over MgSO;, (1R,2R 4R,68)-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-3-fluoropicolinamido)pyridin-4-y1)-7-

methyl-2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxvlate

0]
>0
BocN
Br
N/IF
/]N s
> O

[0256] Following Method 9, (+/-)-tert-buty! 5-(3-aminopyridin-4-y1)-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 HyO, NaCley) and
drying over MgSOy, (+/-)-tert-butyl 5-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-yl)-7-
methyl-2-oxohexahydrobenzo[d]oxazole-3(2H)-carboxylate was obtained. LCMS (m/z):
549.2/551.2 (MH"), R, = 0.78 min.

oxohexahydrobenzol[dloxazole-3(2H)-carboxylate

[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,) and drying
over MgSQ,, tert-butyl 5-(3 —(6—brbmo—5-ﬂuoropicolinamido)pyridin—4-y1)-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-

dimethyleyclohexyDpyridin-3-v1)-5-fluoropicolinamide

o)
N
r
0 AF
H Nl

[0258] Following Method 9, 2-((1R,5R)-5-(3-aminopyridin-4-yl)-3,3-
dimethylcyclohexyl)isoindoline-1,3-dione and 6-bromo-5-fluoropicolinic acid were
coupled and following addition of EtOAc and washing with H>O, NaClisa) and drying
over MgSO0y, 6-bromo-N-(4-((1R,5R)-5-(1,3-dioxoisoindolin-2-y1)-3,3-dimethylcyclo-
hexyl)pyridin-3-yl)-5-fluoropicolinamide was obtained. LCMS (m/z): 551/553 (MH), R,
=0.95 min.

Synthesis of N-(4-{(1R.,3R.48,5R)-3.4-bis(tert-butyldimethylsilyloxy)-5-

methylcyclohexylpyridin-3-y1}-6-bromo-5-fluoropicolinamide

OTBS
TBSO - )
F
-
2 H N l
| N 2
< O
N

[0259]  Following Method 9, 4-({1R,3R,4S,5R)-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, NaClsay and drying over MgSQy, N-(4-((1R,3R,48,5R)-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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N

Svnthesis of N-(4-((18,35.4R,55)-3.4-bis(tert-butyldimethylsityloxy)-5-

[0260] Following Method 9, 4-((15,3S,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, NaCluy and drying over MgSO4, N-(4-((1S,35,4R,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}-3-fluoro-N-(4-(3-hydroxy-5-methylcyclohex-

1-enyDpyridin-3-yDpicolinamide

[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 phasc HPLLC. The product fraction was lyophilized and the
resulting TRIDMS ether was deprotected as described in Method 9 yielding, after RP

TIPLC purification and Ivophiiization, 5-(2,6-diflsoropheny)-5-Nluore-N-(4-(3-hydroxy-
I yop X 4 . Y \
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5-methyleyclohex-1-enylpyridin-3-ylpicolinamide as the TFA salt.. LCMS (m/z):
438.2 (MH+); LC Rt = 2.00 min.

6-(2.6-difluorophenyl)-5-fluoropicolinamide

HyN

[0262] A solution of 6-bromo-N-(4-((1R,3S)-3-(1,3-dioxoisoindolin-2-yl)-
cyclohexyl)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 phthalimide group was deprotected as described in Method 9 yiclding, after RP
HPLC purification and lyophilization, N-(4-((1R,38)-3-aminocyclohexyl)pyridin-3-yl)-
6-(2,6-difluorophenyl)-5-fluoropicolinamide as the TFA salt. LCMS (m/z): 427.2
(MH+); LC Rt % 2.26 min,

6-(2.6-difluorophenyl)-5-fluoropicolinamide

H,N . .
N7 | F
X O NH,

f0263] A solution of 3-amino-6-brome-N-(4-((1R,38)-3-(1,3-dioxoisoindolin-
Z-yheyelohexyl)pyridin-3-yi)-5-fluoropicolinamide (1.0 equiv), 2,6-difluorophenyl

boronic acid (3.0 equiv.), tetrakistriphenylphosphine (0.2 equiv.) and triethyiamine (3.0
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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-y1)-6-(2,6-difluorophenyl)-5-fluoropicolinamideas the TFFA salt. LCMS
(m/z): 442.2 (MH+); LC Rt = 2.24 min.

Synthesis of N-(4-(3-amino-4-hydroxyveyclohexyl

6-( 2.6—diﬂuorophenvl)—5—ﬂuoropicolinalﬁide

[0264] A solution of tert-butyl 5-(3-(6-bromo-5-fluoropicolinamido)pyridin-4-
y1)-2-oxohexahydrobenzo[d]oxazolc-3(2H)-carboxylate (1.0 equiv), 2,6-difluorophenyl
boronic acid (3.0 equiv.), tetrakistriphenylphosphine (0.2 equiv.) and friethylamine (3.0
equiv.) in 1:1 EtOH/toluene (0.1 M) was heated at 120 °C with microwave irradiation for
1200 seconds. Upoii 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, afler RP HPLC purification and lyophilization, N-(4-(3-amino-4-hydroxycyclo-
hexyl)pyridin-3-y1)-6-(2,6-difluorophenyl)-5-fluoropicolinamideas the TFA salt. LCMS
(m/z): 443.2 (MH+); LC Rt = 2.11 min.

< s
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[0265] A solution of 3-amino-6-bromo-N-(4-((1R,3S)-3-(1,3-dioxoisoindolin-
2-yDeyclohexyl)pyridin-3-y1)-5-fluoropicolinamide (1.0 equiv), 3-fluoropyridin-4-yl-
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 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-
6-(2.6-difluoro-3-hydroxyphenyD-5-fluoropicolinamide

OH
HeN F F
F
~
oo
SN &
Z 0
N

[0266]  To a solution of tert-butyl (18,3R,58)-3-(3-(6-bromo-5-
fluoropicolinamido)pyridin-4-yi)-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 (16:1, 5.03 M). To

- PR
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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,38,5S)-3-amino-5-
methylcyelohexyl)pyridin-3-yl)-6-(2,6-difluoro-3-hydroxyphenyl)-5-fluoropicolinamide
as the TFA salt. .LCMS (n/z): 457.2 (MH+); LC Rt = 2.17 min,

[0267}  The following compounds were prepared using Method 10:

TABLE 2

Example No./ LC/IMS LC/MS
NVP "g " | Structure (M+Hon | (Rfon | Chemical Name
UPCL) UPCL)

Chirai

OH
N-{4-({1R 5R)-5-amino-3,3-
122 H,N Cg;ﬁ . dimethylcyclohexyl)pyridin-3-
NP F 471.2 0.58 yi)-6-(2,6-difluoro-4-
g PN hydroxyphenyl)-5-
, X fluoropicolinamide
N

H,C.

0
N-{(4-((1R,5R)-5-amino-3,3-

123 H,N Cg?f dimethylcyclohexyl)pyridin-3-
F - s c 4852 065 | yI)-6-(2,6-difluoro-4-
by NT | methoxyphenyl)-5-
e Ny fluoropicolinamide
Y I Q
N
OHCchiral
HA N-(4-(1R,38)-3-
124 F ": aminocyclohexyl)pyridin-3-
g NS 443.2 0.54 yl)-8-(2,6-difluoro-3-
AN A~ hydroxyphenyl)-5-
L J & fluoropicolinamide

N-(4-((1R,38,568)-3-amino-5-

O Ghiral
125 el i F methyleyclohexyi)pyridin-3-
LN F 457.2 0.57 yI)-6-(2,6-difluoro-3-
A N A~ hydroxyphenyl)-5-
L8 flucropicolinamide
i

Chirat
F

z
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LCIMS LC/MS
Structure {M+H on | (Rf on | Chemical Name
UPCL) UPCL)

Example No./
NVP ID

N-(4-({1R,3R,4R,5S)-3-
amino-4-hydroxy-5-
methylcyclohexyh)pyridin-3-
yl}-5-fluoro-8-(2-fluoro-5-
(trifluoromethyliphenyl)picoli
namide

126 507.1 0.65

N-(4-((1R,3R,4R,58)-3-
amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl}-5-fluoro-6-(2-fluoro-3-
(trifluoromethyl)phenyl)picoli
namide

127 507.1 0.65

OH

N-(4-((1R,38,56S)-3-amino-5

198 HN CHe E methylcyclohexyl)pyridin-3-
F 457.2 0.58 yl}-6-(2,6-difluoro-4-

hydroxyphenyl)-5-

] fluoropicolinamide

F Chira!
N-(4-((1R,35,558})-3-amino-5
y. methylcyclohexylpyridin-3-
Ny 4892 1082 | s fuoro-6-2,3 6

trifiuorophenyl)picolinamide

I
%
Z
o]
-
-

129

n

H 3-amino-N-(4-(3-amino-4-
130 hydroxy-5- .
t - b N7 ] 4721 0.56 methylcyclohexyhpyridin-3- -~
yI)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

NI

=

[¢]

.
mm

3-amino-N-(4-(3-amino-4-
hydroxycyclohexyl)pyridin-3-
yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

131 458.0 0.57

" 3-amino-N-(4-(3-amino-4-

132 Hac"o F hydroxy-5-

y N 472.1 0.56 methylcyclohexyl)pyridin-3-
= yI)-8-(2,6-difluorophenyi)-6-
fluoropicolinamide

TES
S F il
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Example No./
NVP ID

Struciure

LC/MS
(M+H on
UPCL)

LC/MS
(Rfon
UPCL)

Chemical Name

133

mmn

H,N CH,
-
T
2 I N. Ay
=N O NH,

456.3

0.60

3-amino-N-(4-(3~amino-5-
methylcyclohexyl)pyridin-3-
yh)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide

134

M

H, cé:”
s
o

/

4571

0.57

N-(4-(-3-amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yh-6-(2 6-difluorophenyt}-5-
fluoropicolinamide

135

R

gnﬁ

457 1

0.55

N-(4-{3-amino-4-hydroxy-5-
methylcyclohexyl)pyridin-3-
yl}-6-(2 6-difluorophenyl}-5-
fluoropicolinamide

136

Chiral

X, O NH

4251

0.46

5-amino-N-{(4-((1R,3S)-3-
aminocyclohexyl)pyridin-3-
y)-3,3"-difluoro-2,4'-
bipyridine-6-carboxamide

137

N 2
H,C OH. .
F
- =
ol
N >
L

[¢]

440.2

0.75

6-(2,6-difluarophenyl)-5-
fluoro-N-(4-(3-hydroxy-5-
methylcyclohex-1-
enyl)pyridin-3-
ylypicofinamide

138

Chiral
g:cﬁ

N

458.2

0.64

6-(2,6-difluorophenyi)-N-(4-
((1R,3R.45,5R)-3,4-
dihydroxy-5-
methylcyclohexyl)pyridin-3-
yh-5-fluoropicolinamide

H2N
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Example 139
Synthesis of N-(4-((1R,3R.48,58)-3-amino-4-fluoro-5-methylcvelohexyly-

pyridin-3-v1)-6-{2.6-difluorophenyl)-S-fluoropicolinamide

HaN
SN
./

[0268]  To a solution of tert-butyl (1R,2R,3S,5R)-5-(3-(6-(2,6-difluorophenyl)-
5-fluoropicolinamido)pyridin-4-yl)-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
hat 0 °C, then TFA (10 equiv.) was added to the reaction. After 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-y1)-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.

a -

Example # | "H-NMR data

HCI salt, 1H-NMR (400 MHz, DMSO-d6): d 10.54 (bs, 1H), 8.80 (bs, 1H), 8.55 (d,
50 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).

HCl salt, TH-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, tH), 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,
70 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),
1.46-1.53 (m, 2H), 1.01-1.13 (m, 2H), 0.89 (d, 3H)
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HCI salt, 1H NMR (DMSO-d6): d 10.37 (s, 1H), 8.61 (s, 1H), 8.41 (d, 1H), 8.29
(dd, 1H), 8.13 & 1H}, 7.8 (bs, 2H), 7.69-7.6% (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).

88

HCl salf, 1H NMR (DMSO-d6). d 10.42 (s, 1H), 8.62 (s, 1H), 8.46 {m, 1H), 8.32
{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).

96

HCl salt, 1H NMR (400 MHz, CD30D): d 9.09 (s, 1 H), 8.46 (dd, 1 H), 8.39 (dd,
1 H), 8.05 (£, 1 H), 7.57 - 7.67 (m, 1 H), 7.53 (d, 1 H), 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).

99

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).

100

HCl salt, 1H NMR (DMSO-d6); d 10.13(s, 1H), 8.82(s, 1H), 8.41(d, 1H), 7.94(bs,
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).

102

HCI salt, 1H NMR (400 MHz, DMSO-d6): d 10.59 (s, 1H), 9.30 (s, 1H), 8.54 (d,
1H) 8.08 (br s, 3H), 7.75 (d, 1H), 7.85 (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)

116

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,
2H), 3.18-3.22 (m, 1H), 2.84-2.91 (m, 1H), 2.69 (t, J=13.2, 1H), 1.38-1.46 {m,
1H), 0.69 (d, 3H).

128

HCI salt, 1H-NMR (400, d6-DMSO): d 11.00 (s, 1H), 10.46 (s, 1H), 8.55 (d, 1H),
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), 0.88 (d, 3H).

Example 140

4 ~

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 pl per well. To

start the reaction, 10 pl of 5 nM Pim1 kinase and 80 uM BAD peptide
(RSRHSSYPAGT-OH) in assay buffer (50 mM HEPES pH 7.5, 5 mM MgCls, 1 mM
DTT, 0.05% BSA) is added into each well. After 15 minutes, 10 pl of 40 uM ATP in

assay buffer is added. Final assay concentrations are 2.5 nlM PIM1, 20 uM ATP, 40 uM

BAL neptide and 2.5% DMSC. The resctior is performed unti! zpprovimately 50% of

the AT is depleted, then stopped with the addition of 20 p) KinaseGlo Plus (Promega

~E53

H3 N 1:
0. 106
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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. [Cs, 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 resuiting 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 Pim?2 kinase and 20 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 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 petformed until approximately 50% of
the ATP is depleted, then stopped with the addition of 20 pl 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 ICsy values as shown in Table 3, below.

Example 142
Pim3 ATP depletion assay

[0272]  The activily 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, 16 jil of 10 nM Pim3 kinase and 200 uld BAID peptide

(RERHSSYPAGT-OH) in assay buffer (50 mb HEPES pH 7.5, 5 mM MgCl, | mM
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DTT, 0.05% BSA) is added into each well. After 15 minutes, 10 ul of 80 uyM 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 ICs values as shown in Table 3, below.

Example 143
Cell Proliferation Assay

[0273] KMS11 (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 linc), were
cultured in RPMI1640 supplemented with 10% FBS, sodium pyruvate and antibiotics.
Cells were plated in the same medium at a density of 5000 celis 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 concentrataions.‘ 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 ECsy 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 ATP depletion assay), and 142 (Pim3 ATP depletion assay), the [Cqq
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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
ECsy concentration of compounds of the examples in were determined in KMS11 cells as

shown in Table 3.
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and Efficacy Study in Miultiple Myel oma Xenograft Model [ 0278]
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M crotainer). Frozeén tufor sanples were cold buffer (Meso Scal e
Di scovery) suppl en§nt ed with EDTA free protease inhibitor (Roche),
phosphat ase i nhi bt @ s KMirld-lye mulple myriRgx cnsprssls obfeinest fam §ugapne

manuf act ur er TaidelTBhiveiGiy) BEsSth NeBtdreWoRiitd) ORREHNLRALE QibidutifrRe JOHREE
apparatus or b.‘},é l\/a%gﬁ L%ser (Roche), clear supernatant was obtai ned

fol l owi ng ceRY FiPYHhirstsivctnn 286 oty tadmtaings ‘F’m M supplempgied weith 3 P6thestn
concent r at i Ofhathated &t boviRadriay wBCH: RN nvidae s ehe. ModMhR SN LYAS
determ ned usin hos(gho- Bads' 11(%%?0t a)lmgad dupl/gévaki t,

g ﬁge Meso Scal e EB’ tal

accordi ng t o™ HERtiH A 8l D-73es Chaster RiyRg wersrysed foyall zyive pharmaggleint  of
protein’ was $tadiekethd mitOweRGbuseehid Bfin@indEs AcR@he WhosRbQSaltanel12/ t ot al
Bad dupl ex 96-.3\/? I rfgfl ﬁ%e@%@w Scal e, Di scovery) and sanpl es were incubated
for 30 mi nut BEOHPeSTYSRT Rusage Fretmend apd cass/dahoriry arimals; and Fsriverhfood) at es wer e
washed Wi th dnd WiBDatashmb Uldhedt celRRebreifcted 86mHaE BptihaR amtilbdode Was added
to the wells and incubaaﬁiF%‘ﬁf or. 1 hour at [oomtenperature, shaki ng. The

pl ates were SEHSAEY “ARETAR0SHRG Weh pr atppter £sfl pounte 6Y kel Beghmamiawiedne

addi tion of ddaelsBukd @Eusfentied ihRGualpirlsHBIR Al RBVRI @nvisken, Ak 2 18ECTOR | mager
6000 I nstrunent gl\ég‘so Sca{)e Di scove%%q. Ra}';i 0 ﬁ%ﬂ(t he signal frompBad to
total Bad wePei9ms s rsresgpogppouslymigerd inf;t ﬁi%}‘ WEBHh &5 es. Data shown
i R thﬁ fo: | Cﬁ_ldm&@uﬁcfiﬂﬁéa_&n@xﬁﬁseiﬁﬁiaﬁe?@Sﬂgﬂhﬁ@ﬂ%zeirﬂeﬁfhm %éo%o@h;pﬁ@@ml 12
phosphoryl atjon re to fot ad . sphoryl ati on by representative
compounds of™ %heé’ ‘\nfji@é(%?%gﬁn f%’lro‘?fﬁ’%fﬁ'ﬁté‘aﬁt g’“@@ﬁ?"&l" URETHSSRIngd BiRE  The ext ent
of nodul at i dfudyDirexprsefead (Stadylop Syaan, Inchehatbmpoind tréghbh@scont rol  (n.

d., not determ ned 2010/ 026124 Conmpound of Exanple No. 1hr 8hr
PCT/ EP2009/ 0“8’1‘2’@‘%’4?{?‘}/}39 (50 mg/kg) 40 55 0 99 (100 ngy/ kg) 62

[0279]  For in vive target modulation in PK/PD time-course studies, tumor-

bearing raice were administered a single oral dose of vehicle ot compound at different

concentrations. A 1, § and 24 hours after dosing, lumor tissucs and bicoa samples were



66 24 70 (25 mg/kg) 34 50 n.d. 70 (50 ng/kg) 28 62 0 70 (100 mg/kg) 5 67
68 96 (25 ng/kg) 0 24 n.d. 96 (50 ng/kg) 44 69 16 96(100 ng/kg) 58 71 53
102801 For efficacy studies, tunor-bearing mce were random zed into groups
with equi val eP 20240l une variation rangi ng from 150 25ERHEBLIPi zi ng
the StudyDirector software (StudyLog Systens, Inc.). Follow ng

random zation, mce were dosed orally daily or twice daily at nmultiple

el it vers. o ok A R R Vi e BBl BN AREA T2t T o
wer e used t o usingptiouid pitogentdogled tryringitariaadpaséd. Blood samplesheere rakenthyent . Ani nal s
1oL oL SR o R SRR 158 i 00 Sy oCY vl

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

table express the percent inhibition of pBad®*"''? phosphorylation relative to total Bad

phosphorylatioﬁ by representative compounds of the invention, normalized to vehicle

conirol group. The extent of modulation is expressed as a percent, relative to vehicle

control {(n.d., not determined).



102811 Efficacy of the conmpound of Exanple 99 was evaluated in the KVS11-
| uc xenograft nodel, with mce receiving oral adm nistration of the
conpound of Exanple 99 twice daily at 50 and 100 ng/ kg, and once daily at
100 ng/ kg for Wwhewawe24 Dosi ng was initiated when tunor siCZe00ee@iied
approxi mately 250m®B. As shown in Figure 1, the conpound of Exanple 99
exhi bi ted dose-dependant effects in vivo, with tunor growth inhibition
observed with 50 ng/ kg tw ce daéhpyeutn89%#9 and_ 100 ng/ kg twice daily (4%
regression). Once daily admi nipsisnaiées of M108Md4E was | ess efficacious
(65% than when dosed twice daj I(F{Omyl}%se[;bes%tso correlate with the extent
and magni tude of pBadser112 m)c?u at Fofl, and sSuggest that extensive and
%[?l onged ]'Ea{ %et modul a’ai OP IE)?;;;S?JMZ/@ fo8r ﬁ@lf(ij;;mdeffi fﬁcykl\/sll I[02821
icacy o e conpound o & wag ey@l ypyed in e - luc
xenograft nodel, with mce receiyvi n%/ %r al adm ni stration of the conpound of
Exanpl e 80 twi ce daDy at 25 and &om#kgs kg® afd dhce daily at 100 trig/ kg
f2(2)r5t 1_4m(§ay'sb\.s Dﬁsi nghyvag i ?ihti FOETHOWREK) )} s'g(mwl sg’gzgs Zjac_h_e;j agproxi mateiy
rinB. shown hi 2, e und o ampl e edl.-iitae
dose- dependant effects invxjth%gg%’?/g@r ot h ?‘Ehi ‘tion observed for 25
ng/ kg (65% and 50 ng/ kg (100% (50Shgkg)f | danted urter growt h i nhi biti on was
al so observed for 100 ng/ kg o i (849 [ 02831 Efficacy of the
conpound of Exanple 96 was evgﬁﬁggglﬁ}kg)n ?ﬁe FQNI éi 1 - Inc xenograft nodel,
wWith mce receiving oral adm nistration of the conpound of Exanple 96 tw ce
daily at 25 and 5 / kg, d once daily at, 100 ng/ kg for 14 days. Dosing
was initiated whe 2%@%‘)%%{23%3' F%@%E@%ﬁﬁ”&&P}‘Fé’t"éqr‘ilraﬂ%ﬁfﬁ?.mt%r%‘%m in
Figure 3, comwithegadvilée unorpsiune vafaibxanpher8f 1exbididagiidiagezdependant
effects in vi with tunor gr h.inhihition observed for 25 ng/kg (67%,
and 50 ny/ kg S{‘@%%réctt%isbéﬁwﬁ @%%%Wm@ﬁﬁw olqtHngiepdagtzafas mirswetBbser ved
for 100 ng/ kdosedorlligaiilyyor (6824aily at multiple 28AdoukitdreeriitorR i€l @il BeipRADOdI ment
of the i nvent[‘i on. has beﬁn N lll ug%r ated and descrjbed, it will be appreciated
that various -eRgre¥haadaninal hody weightwas megiured ghleat Blies weekly- #dsily he spirit
and scope of clitiel bueatidn®were ukddAb Monilor por oD utiddied felfQlr B tedrehtnentOr a

stereoi soner, tautonmer. O pharmaceutically acceptable salt thereof,
wherein, Y i80S %’f?\of’edstgod%ft}q%d? @Bloﬁm"‘fl}’l‘%%?f@“fdﬁé 2?903@ sdE¥ uents; R is
hydr ogen, - Niightdesslkadeeded 20% of initifRhRasurtdeendent | y at each occurrence is
selected fromth up nsi st.i ng of ~ogen, .and hal o; .and R5 is
sel ected from cygP%qillgxypﬁﬁfﬂéﬁ%e,cglgﬂ?imgéﬁﬁ%p?e Whes sy uates IBHEQW%HexyI ,

sai d phenyl , lvarchogmitdnaayl; ivily miereeaplordl ademprasientol hestlpdunivf ed Wi th up to
three substi ekected fro | 0,, hydroxyl , Cl al kyl, . and OCl 4 -

al kyl . 2 g.ﬁe/sf 93‘3’%%%@0”8?“@ @?ﬁ?%‘g\ﬂ%fglroé‘f’%davyiagméd’ﬂﬁg}fﬁy {”ﬁi‘g@yﬁi th one to
t hr ee subst i Pesimteassetiget eltknftoraon strydlieachyd appaskimaely C50nd’. A Jjtbwn @nd Cl_4
hal o al kyl. g erein Y. .is substituted with

. 3..A co nd of.. Cl. ai. wh
one to three BBt %Oénrﬁognd;%%%?lglafg? Fﬁ’%l%ﬁ?ﬁ?@pwwg&ﬂtﬁméi’r’f?’ﬁ’lf)‘fh and CF3.
4. A conpoundmof gr@ivtiimhidtiwheseval wRih $temprygraganily e0r4)and 000 th/kotsice
5. A conpoung:0f4eC 310 er ej 1S pyri or. phenyl . . 6. A
conpound of r%ldglhn%%\}ﬁggé%nérﬁnﬁﬁla?%%p Ien éﬁ%gﬁgﬁq r?%f’fgﬁaﬂﬂlgﬁsﬁffﬁﬁc“f‘@ three
subst i t uent S6&%) bat whknfdosmhtivak dailyh Yksowyilts catrdlens with arktbxGniland nakiiyide
7. A conpoung sidia) wherein Y. i,S, substituted w one Ihree
substituents gg{’%ct?hgqu?ag& et RS hﬁtcﬁxge?W‘f Lmlaérﬁr %‘}gcgﬁfﬁ"’tﬁ@‘?“ GRS
hydr ogen; arrequRsd fos nphigrwd efficiogt i t uted with up to three substituents
sel ected fromfl , , hyl hyl, t hox nd y.
8. A conpound of H%Pgll m@;ﬂéﬁggﬁt}]ﬁgﬁpoﬁd %%F%‘Plfel’]lqgv%%‘f%%??.m thgkg’fsqi' conpound
of Caiml, lsﬁe‘ree@r:eftlmbd@,nwitﬂmicgre@tipingonalsaicmtihiptg;ﬁoﬁ of the compound of
N (4-((3S, SBhnidh AO:STBLA 3Sh AR LhVEL dhadrobtlgrly d,21.£agL I uor opheny

1) - 5-fluoropicolinam de;

TR e P U TS S S U S SN PR s ooy P 2 : | :
Dosing was infiiated when timor sizes reached approximately 225mry”. As shown i

Figere 2, the compound of Example 70 exhibited dose-dependant effects in vive, with

E Y]
w f e



3 -amno-N(4-(( 1 R3 R4S ,5 S)-3 -am no-4-hydroxy- 5

- met hyl cycl ohexyl )pyri din-3 - yl1)-6-(2,6-difluorophenyl)picoli nam de;
N(4-((1R 3 S,59)- amn05mathylcyclohexyl)pyrldln33%)r g

di f 1 uor ophenyYP2899168%r opi col i nani de C/EP2009/d6 1205

3-am no- N (4-((1R, 3S)-3-am nocycl ohexyl )pyridin-3-yl)-6-(2, 6-difluorophenyl
)-5- fluoropicolinam de; and

N-(4-((39)-3- cycl I 2 d|f|

fl uoropicoli n%ﬁ%sr?,‘%grl%g) S ec>r0§9(§‘|’edqornzr5 m%fkgfpgh and% /g) ?{1(43’25’1

accept abl e sahmongrrewvtbuﬂubltxon was alk@obsérvixhtr h@Ocmg!kg cxa:b dmtyr’(ﬁ%) tion corrpri si ng
a corrpound of any 1 to 9 nmace t| Ca t abl e
carrier exci pi QQ?ﬁ “cji‘i eco 8’?‘“&‘%’2%6?‘?@%? bitej evoélfﬂ [ or%MeclgerT/%?Fm ng a
conpound of aweommafbfﬁaodal awithenide xtecm@ng Welleidenzrﬁstmamdoprt)momwtqfc al
conposition [ dd i ent for the t dagancer.

12. A phar mac%g%?l % corr%‘g I élso%dgé ?Lcev(\ﬁbif%”b&%ﬁ%% |t|BnaI agent
is selected ff)o&ngwmmiaedwhﬁn mopoﬁlmsmphegepmbxlmlately@,zslﬁnfl Apstownaei |

| eucovorin catho atl n atin xan i tabi hospham de,
vi nca al kal OI% r po’un% hf:%) 0\}18% it 5 E%g é: 1?%1 élé)se (ie.lp%ridant egflgcgg m
trastuzumab. vivo, wn;h tum& grmﬂhsmxmﬁmmbs«rmdcfm mg/kgmy%mraedwm@lkgl(m)l to 9 for
preparing a t for tin aco d|t7| nmodul ati,o o, Provirus

| ntegration g? k‘/ﬁ?‘gﬁ@“ f"r‘{"é‘ée“%’?"ﬁ}" ?%‘5%%5"“ Vi Om g onee dal%zl(.%lf‘ﬁe use of
Cl ai m 13 wherein [Bhfét]coh%ﬂbltmpmfﬂreal euﬂvndlmlent&étmamx@dndnrlmsrb@anlmsmmrh of the

| ungs, pancr ea 0|d Qyarlan |, adder brea r col on,

mel anong, rryelildsde r{%u&t ! be %cf tedlt at Vanqus bhan% &be XB% éeuﬁﬁvétﬁﬁmé vi |l ous
col on adenorrdf;paamdﬁmmtth@amt@odmmpeofthemvehﬁonA corrpound of any one of d ains
1to 9 for use in treating a condition by nodul ati on of Provirus

I ntegration of Ml oney Kinase (PIMKinase) activity. 16. The
conmpound of Claim 15 wherein the condition is a cancer selected from
carcinoma of the lungs, pancreas, thyroid, ovarian, bladder, breast,
prostate, or colon, nelanoma, nyeloid | eukem a, nultiple nyel oma and
erythro | eukem a, villous col on adenoma, and osteosar cona. 17. A
conmpound of Forrmula Il according Claim1l selected fromTable | or Table II.
18. A compound of Formula Il, or a stereoisoner, tautomer, or
pharmaceutically acceptable salt thereof, R5 wherein, Y is piperidinyl
substituted with nethyl, hydroxyl, and amno; Rl is selected fromthe group
consi sting of hydrogen, NH2, and fl uoro; R12 i ndependently at each
occurrence is selected fromthe group consisting of hydrogen, and hal o; and
R5 is selected frompyridyl, fluoro pyridyl, cyclohexyl, and phenyl,
wherein said phenyl is substituted up to three substituents selected from
fluoro, hydroxyl, and nethyl.



19. A compound of C aim 18 wherein Y represents 3-am no-4-hydroxy- 5-

nmet hyl pi peridin-1-yl. 20. A conmpound of Claim18 or 19 wherein Rl is
hydr ogen. 21. A conpound of Claim 20 wherein R5 is difluoro phenyl.
22. A conpogf %M Claim118 or Caim19 wherein R5 is 2,6-difluoro phenyl.
23. A conpoun Claim 18 selected fromN(4-((3R 4R, 5S) - 3-am no- 4-

hydr oxy- 5- met hyl pi peridin-1-yepyridin-3-yl)-6-(2,6-difluorophenyl)-5-

fl uoropicolinamde, 3 -amno-N-(4-((3R 4R 5_9)- 3 - am no- 4- hydr oxy-5
- met hyl pi peri di nl.1. A compound = of " Formula I, a stereoisomér, tautomer, or

Kll- % gyE '( g'RnA}% éé%cegﬁéa%l’yﬁacgégtéﬂfg529%@1%811) 5>-fluoropicol i nam de, and

ami no- 4- hydr oxy- 5- net hyl pi pefs di n- 1-yppyri di n-3-y1) - 6- (2, 6-di f | uor o- 3- net hy
| pheny1) - 5- fluoropicolinamn de. 24. A pharmaceutical conposition
conprising a (‘Yorrpouad of - &2l aims 18 to 23, wherein said

phar maceuti cal; conpgsitio ri ses at | east one additional agent for the
treatment of dancery he pharmaceuti cal conposition of C aim 24
wher ei n t he_&ddN e ected fromthe group consisting of

i rinotecan, 5- fluorouracil, l|eucovorin

car bopl ati es, tezacitabine, cyclophospham de, vinca

al kal oi ds, nt1 nib (A eevec), anthragyclines, rituxi mab, and trastuzumab.
26. A use of a conmpound of any one of Clains 18 to 23 for preparing a

nedi cament for tW¢ilng a condition by nodul ation of Provirus Int egration
of Maloney Ki Nasg @cMh&ﬁaﬁﬁtnﬁ@d‘M‘tﬁ e tQ three Sggstltdgll% use of Caim 26
wherein the condit I'SV2’ Cancer sel ected Tromcarcinoma of the | ungs,
pancreas, thyroiRy, lscbvénogarm-Nbiza@rd@ﬂo breast, prostate, or colon, nelanoms,
nyel oid | eukem a nyel o and erythro | eukepi a, villous colon
adenona, and ostR%'@)é“éjlre nﬂy at eac %currﬁn‘é%éﬁﬁlﬁﬁtﬁdgio S0P omsigying 18 to
23 for use yRrdobRaMEIA geNdition by nodulation of Provirus Integration of
Mal oney Ki nase (PIM Ki nase) activity. 29. The conpound of O aim 28
wherein the COI’]CRstIB aﬁdeat@d ﬁomaxycb)he&él Bengl afid pynidydreharoimasasd dei@helxmhgad

pancreas, t i bl adder bre tat ol on | anoma,
el of o1 ebbmattd Rl R penani bnadenpt oSl rE AR ufle B el
adenons, arggleg@aﬁ@ggﬁ&@rfg,droxyl cl43aq1(y1A&Iﬁqp@pwﬁylof For rrul a ll according to
Claim 18 selected from Tabl e or Table I1.

2. 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.
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7. A compound of Claim 5 wherein Y is substituted with one to three
substituents selected from methyl, hydroxyl, amino, and CF3; R1 is hydrogen; and Rs is
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-((3S,5S)-3-amino-5-methylcyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-
S-fluoropicolinamide;
3-amino-N-(4-((1R,3R,48S,5S)-3-amino-4-hydroxy-5-methylcyclohexyl)pyridin-3-
yD)-6-(2,6-difluorophenyl)picolinamide;
N-(4-((1R,3S,58)-3-amino-5-methylcyclohexyl)pyridin-3-yl)-6-(2,6-
difluorophenyl)-5-fluoropicolinamide;
3-amino-N-(4-((1R,3S)-3-aminocyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide; and
N-(4-((3S)-3-aminocyclohexyl)pyridin-3-yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide, or a stereoisomer, tautomer, or pharmaceutically acceptable salt

thereof.

10. A pharmaceutical composition comprising a compound of any one of

Claims 1 to 9 and a pharmaceutically acceptable carrier or excipient.

11. A pharmaceutical composition comprising a compound of any one of

Claims 1 to 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.
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13. A use of a compound of any one of Claims 1 to 9 for preparing a
medicament for treating a condition by modulation of Provirus Integration of Maloney

Kinase (PIM Kinase) activity.

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 any one of Claims 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 according Claim 1 selected from Table I or
Table II.
18. A compound of Formula II, or a stereoisomer, tautomer, or
pharmaceutically acceptable salt thereof,
Rs
Ri2
Y T NZ
N \
Z | Ri2
™ R1
N I
wherein,

Y is piperidinyl substituted with methyl, hydroxyl, and amino;
R, is selected from the group consisting of hydrogen, NH,, and fluoro;
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Ry, 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-

methylpiperidin-1-yl.

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 Rs 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-yl)-6-(2,6-difluorophenyl)-5-
fluoropicolinamide, 3-amino-N-(4-((3R,4R,55)-3-amino-4-hydroxy-5-methylpiperidin-1-
yD)pyridin-3-y1)-6-(2,6-difluorophenyl)-5-fluoropicolinamide, and N-(4-((3R,4R,5S)-3-
amino-4-hydroxy-5-methylpiperidin-1-yl)pyridin-3-yl)-6-(2,6-difluoro-3-methylphenyl)-5-

fluoropicolinamide.

24. A pharmaceutical composition comprising a compound of any one of
Claims 18 to 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.
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26. A use of a compound of any one of Claims 18 to 23 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 colon,
melanoma, myeloid leukemia, multiple myeloma and erythro leukemia, villous colon

adenoma, and osteosarcoma.

28. A compound of any one of Claims 18 to 23 for use in treating a

condition by modulation of Provirus Integration of Maloney Kinase (PIM Kinase) activity .

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.

30. A compound of Formula II according to Claim 18 selected from Table I

or Table 1I.
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