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is directed to conpounds useful as inhibitors of manmalian Ste20-1i ke
kinase 1 (M5T1), MSTOEINASENHKIBIPORS AND METHODS OFtTHEIR USE heir use. 2.
BACKGROUND OF THE | NVENTI ON Manmal i an St e20-1i ke kinase 1 (MST1) is
a conponent of the "H ppo" signaling pathway, and "has been inplicated in
regul ating theTtgebbpliedidneiaiR® pRdrApioy. 8 foviddravpRentLRpRsponse 1y mepxrdat i ve
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| NVENTI ON This invention is directed to conpounds useful for the
i nhi biti op. BASIRoOUND©FemmodivermioNf the i nventi on enconpasses conpounds
of the formula: O 20and pharmaceutically acceptable salts thereof,
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provi ded pehyaneng daseghunrlipate InyRguigig;tae W"ﬁc'@%pogtaéﬁa?gc?”g'ar

i ndepemnderdshynsBd & oxidaRlEtrsOp RhGI, J.; étR1BheSOnN (LREEED11; { RABONNVBELSOPR1C,
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This invention is directed to compounds useful for the inhibition of MST1. One

embodiment of the invention encompasses compounds of the formula:

0O
NHR,
(R)m X
® e
~
N NH,

20  and pharmaceutically acceptable salts thereof, wherein: A is aryl or 4-7-membered
heterocycle; B is aryl or 4-7-membered heterocycle; X is N or CH; Y1 and Yz are each
independently S, N or CH, provided that at least one of Y1 and Yz is N or CH; each Rz1 is
independently Ri1a, -(R18)nSOpR1c, -(R18)nSOpN(R1c)2, -(R18)nNR1cSOpR1c, -(R18)nC(O)N(R1c)2, or
-(R18)nNR1cC(O)R1c, or optionally substituted Ci.12 hydrocarbyl or 2-12-membered

25 heterocarbyl, which optional substitution is with one or more of R1a; each Ruia is independently
amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl; each Rig is independently C+.12 hydrocarbyl
optionally substituted with one or more of amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl;
each Raic is independently hydrogen or optionally substituted Ci.12 hydrocarbyl or 2-12-

membered heterocarbyl, which optional substitution is with one or more of amino, alkoxyl,



car boxyl, cyano, halo, or hydroxyl; R2 and R3 are taken together to forma
5-7-nmenbered heterocycle optionally substituted with one or nore of R3A,
or: R2 iswbydrogem2or Cl-4 al kyl; and R3 is hydrogen or Poptuseealokis76
optional Iy substituted Cl1-12 hydrocar byl or 2-12-nmenbered heterocarbyl,

whi ch optlo titutio t ch R3A is
mdependen? ngy's r%l%ﬁoha alo'[(o%((j rcfxyl %MarrlﬁjoF%y e %Iéergﬁggth%aﬁo?rmagﬁ/yra? oxeﬁd k is O
or 1; mi BetGFoZeyclenopt@né]Iy(subsltgtutad]dltlpon@orOnor& of B#x, &; R2 is hydrogen/un 61-hakyl; and
enbodi nen S nvention
and a pha%rr%@g&)rg?&] (ﬁ%ﬁt'én% Igyét%h%l e“§§ﬁ[w‘ire!é§ . ngg‘ﬁgﬁ 8@%%8%%@%2650' a net hod
of using aetcmcmr@unwhldf omttmeahsrubsmutlcmlris wmm oneher mCPThiObRiAilftthf%A iy/BFepentiemhot her
enbodi yren C 0 appo { n for
The. troat . A e BB L e o B or o T A e

di sease of. @i%order. 4. BRI EF DESCRI PTION OF THE FI GURES

Certain aspectg t NVEREL Q™ B L sd Ao f tpghed
figures, 15desc?¥@er§mﬁ)}j A pg?éé& %H}rd[eb%g éi '9% g;]aoég(q{d&?re]d?éntcg bet ween
MBT1-/ - rﬁ_mz@nt(on aad @@ﬁa@mew‘t@uyaqmamtgblpymplentt ﬁ@@thﬁt@@f(]nasseiqwemﬁ)d&f

col | agen- g6 ebin @t teSn BB PRIk d-rAlsTa Figure 2 shows the
effect of different doses of a conpound of the invention when adni nistered
proph¥® act i cal Agotperiegbodinyens arrofpesses @ursteed ¢hpsingiagomppynd ¢ the ipgentian an
20exper i MepHa treith ok HRGRRACSH IR RIYS] dfta'rlsrnf(a%@torq'o?&?t&‘ﬁmm%sease or

Figure 3 shows the effect of different doses of a compound of the invention
when adni AFe1ered therapeutically to rats in an EAE di sease nodel .

Figure 4 shows the effect of different doses of a compound of the invention
when adni fii BREEHESERIATERN OF TAIECIAURESease nodel . Fig. 4A shows the

cumul ative arthritis score 25over the course of the experinment; Fig. 4B
shows t he chan§&13imagnekisef theiigvanEesmay e U@qﬁ@twff%thﬁat&aﬁ@dé‘%ﬁ@sl ment .
Figures 5 ghowsed higoef fect of different doses of a conpound of the invention
when adm nistered to rats in a Cl A disease nodel. Fig. 5A shows the

cumul ative art Figifeilsshows the diffesenaerhetwasd ST 1ot migedn —%géan%Wﬁvw"¢fy@e 5B shows

t he Changﬁttérl%a&!%lfﬁe1tlﬂincakdbﬁ§®n(??'/cﬁfce(§ B@hrﬁ@%@éb%m@éelmﬁé experinment. Figure 6
shows the effect of ort-termtreatnent with a conpound of the invention

on |iver enzynB8UrFheye Y6 siiect d SHHEE dpsesief @éo@ﬂ%j”@@ﬂ(gﬁ'f“@”ﬁo%ﬂmnaval in

A (ConA) - admiseRed ﬂ%l@l@ﬂécﬁbeﬂly@@Q@&@noﬂmg@beutlcally (Fig. 2B) to micefrh gir € 7 shows the
effect of different doses o t he |nvent| on when

ound_ of
35adnfhi sF@P@H‘ef‘tizi‘é"f“ﬁﬁ'gmq”€§I”F6§th"t9g§§'ft§('?/T\F diseeskeEfsease model . Fig. 7A

shows the cli nFlgarle3éﬁ&vgﬂﬂe?e(ffb&l&%m%@hb}ﬁé’e@b?é@Mﬁﬂlﬁ]d%@meen\mn@w fmerct i on of
time; Fig. 7B sho t he di sease eveégﬁprrent as functi on of conpound dose
(or vehi cPEJNisEr 8r3§’e§tﬁ° ORE Pt d'%?aSEHE?P “termtreatment with a

conmpound of t heiguravestioivethe effect difliffeirar oDy S AGLhd@Y thekhveatisrespanse i n
mce sub e&%ﬂ%ldstered % n%%gé_a; &g%%%gsehn%g(?eﬁ.i Igiig.sélA shows the cumulative arthritis score
25  over the course of the experiment; Fig. 4B shows the change in ankle thickness over the
course of the experiment.

Figure 5 shows the effect of different doses of a compound of the invention when
administered to rats in a CIA disease model. Fig. 5A shows the cumulative arthritis score
over the course of the experiment; Fig. 5B shows the change in ankle thickness over the

30  course of the experiment.

Figure 6 shows the effect of short-term treatment with a compound of the invention
on liver enzymes and cytokine response in mice subjected to a concanavalin A (ConA)-
induced hepatitis disease model.

Figure 7 shows the effect of different doses of a compound of the invention when

35 administered therapeutically to rats in an EAE disease model. Fig. 7A shows the clinical



5di sease nodel . Figure 9 shows the effect of different doses of a
conpound of the invention when adm ni stered therapeutically to mce in an
EAE di seawo 2ndiel992Fi g. 9A shows the clinical score as a&cfrarseenzon73oé tinme
for mce to whomthe conpound (and vehi cl e) wer e adm ni stered

subcut ane cyosrelz %/%a FU:[]gtlon O$tl§ﬂho Cl I m :?easéagvre?o %ﬁsénﬁafauﬂj%éllo%nofc’f time for
mce to ound |ce Were cadment Srere orally.

Fi gure 100@hmmmdwb® ef‘f@mle of a corrpound of the invention in a nouse Cl A
e S 2t UnFy R A dOREAREL TR DR Ol ELk VSR UrcoFBNER AOR Ay LOP
show the effec e oun Snocumul att ve scor ange in ankle
t hi cknessomfiven eczyrrpsantdicx(t@tmb neefonee e mmﬂsmmqedmrae&mémmw@ﬂéuee@tls
subcutanegusloy. ({? pures 10C and 10D show the results obtained 15when the
conpound ?an vehicle control) was adm nistered orally. 5. DETAILED

DESCRI PTI ON OFFigHE 9 dvETHefect of differerTidpsesiofig eamp@mdiof thedswedtion wherart , on
the discoygniistdias lBEbuiBAFkote F AEARIeSLONbIICARIANEIRE S dificst ant Lo
ani mal aut ol nmune and i nflammatory di sease no an therr type
littermat 8epre Iha BIntlienf higredpionise &uwhdve thei coapeend/(and vehideweckagionirtsed hat
20i nhi bi t o \¥Rldknebl48; FBRSIB Q{oﬁlgﬁ{ercﬁ%qlcglfscm'a%%f@ﬁ&loﬁwt‘ﬁﬁé on%léenco%bﬁBthed' sease
nmodel s and exhi bit ‘deSirabl e toxicological and pharmacoki netic properti es.
5. 1. D} i nFeMRAYEd (and vehicle) wereigdmidsege IREdW se i ndi cat ed, the phrases

“conmpounds of tBgrel 1VRBHS B2 effectc? BRBHBE U iRVt BN mgus%cdlﬁ%l‘j@’as sand
the like refer to the conpounds discl osed herein, particul arléa%corrpounds

of For mul BINCUQEn desh eyl melapeefdelivery. Figureg pheangl %ﬁBrfé\owtg%eff%ap ted, the

term " hydeaagdubtlon coRaRavedtorklaphakd e‘ﬂ{an?kIIé thieRkhdss wiah 8bvpdiavi A @Ricle
al | -carbon backbone and consisting of carbon and hgdro gen atoms Exanp

| e
of hydr oc &8B! WEForPRINSTETLWECYIRRRMISHaliBygs 1098nd 400 showthg reséﬂﬁﬂo'ilta!ﬂ-‘e?:ar bon
at oms14 r efyRéd @d cb@paind(@nniydsonean Wes adkibsleteddnocar byl , Cl-6
hydrocar byl , and Cl-4 hydrocarbyl, 30respectively). Parti cul ar exanpl es

i ncl ude abkydeTARIBCEDESCRRITIONDF THENMVENDONZY! . cycl oal kyl, cycl oal kenyl
cycl oal kyl al kyl , cycl oal kenyl al kyl , napt hyl , phenyl and phenylethyl

Exanpl es of al kly& mKIPrQIoh%%ds@@'uNQ@rt DhltRd &Béov@r@@hd%mdk%%gm%% eties
having 1-20, 1-12, 1-6, 1-4 and 1-3 carbon atons (referred to as Cl-20

al kyl , c1S'$@f'%qnwymorecffS'etaai feynimatauina kA angrigflammaioq|disppse pedgietenvel v) .

PaL ticul afheﬁ)éﬁuerwp@&ubmdtwerh@mnhmg,pr&ﬁﬁdwd uhem@méry ofln@@é)rcawéundatha%but yl,
1 utg | sobut
0
2,

pent i sohex 4- di et hyl pent yl ,
oct yl 20 2, Bhipit '\ﬂ %Bﬁ%ﬁed ohyhigh arecF‘éé&‘i"’e “ﬂugﬂé@ﬁ“s%?ﬁa Mpdale e Sxhikp
2012/ 1219amve&&%%%ic@mmarmacokmetud:'pfamah@s of al kenyl noieties in clude
strai ght-chain and branched C2-20, C2-12 and C2-6 al kenyl. Particul ar

exanpl es in%éﬁde iHnél aIIyI 1- butenyl, 2-butenyl, isobutylenyl,

1- pent enyl 0S3. et hyI -1 - but enyI 2- met hyI 2- but enyl ,
2, 3-di net hyl - 2UbIU§se¢YtyérW|sb-|r|ﬂﬁcmythe &a%@XWoun&dieh@eiﬁydn,tioﬂf hepipeoyds,

2. noneny! 1 52 RERBH SRS GERTE 15 1HaE @01 Lot g RtSagh nerein. PECIY: o s
of al ¥y nytomprintiest Fonalladend settsultteedt r ai ght chai n and branched C2- 20 C2-12
(b opar gyt s Sthesy et e PP 4G LBEEAB Pt SRfrfc BB

azul enyl , nfoleud'rae/rmglan alleddnn backtiemyand cvagibiigydf capbeayd hangephwnant hr enyl .

gSEngPL;E arppls SE/ (flhma‘ 8ca¥byl g%ufost |%§Iu<ljep 1€f1|olsje(>:I I?av%?é_lj-'go, 1%, ?LiG, R 9—4%%%0%%toms
(referred to as Ci20 hydrocarbyl, C1.12 hydrocarbyl, C1.s hydrocarbyl, and C1.4 hydrocarbyl,
30 respectively). Particular examples include alkyl, alkenyl, alkynyl, aryl, benzyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkenylalkyl, napthyl, phenyl, and phenylethyl.
Examples of alkyl moeites include straight-chain and branched moieties having 1-20,
1-12, 1-6, 1-4 and 1-3 carbon atoms (referred to as C1-20 alkyl, C112 alkyl, C16 alkyl, C1.4 alkyl
and Cu.3 alkyl, respectively). Particular examples include methyl, ethyl, propyl, isopropyl, n-
35 butyl, t-butyl, isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-
trimethylpentyl, nonyl, decyl, undecyl and dodecyl.



exanpl es i nclude cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and
adamantyl. Unl ess otherw se indicated, the term "hal 0" enconpass fluoro,

chl oro, bwormi2/am$2i odo. Unl ess ot herw se indicated, theCrarsne12/027376
"heterocarbyl” refers to a noiety having a 15backbone nade up of one or
nore carbon at Part| het er o are
ni trogen, oxyggﬁam Of%[i'(g uﬁ mog 'ﬁ}e{nec(r?%oﬁeas(rP fﬁ {Tﬁn@f e r}debsrgrécggd Bézo’tﬁéﬁgrhofg%f as a
hydr ocar bylkempi MCWWQKmmeamclhwsnyl aatlg, thutboyh, 2athwaenyl, GdputdeRyl, bperﬁ}dﬁl group
is replac e pe

hydr ogen g% eWer)? §r%1ih?| Lo val é%c%%éﬂ%& Fgg)’ %?Swgfégt'?ﬂ&%@ & r{&ggﬁ/PPude 2- 20,
2-12, 2-8hexend, Zhekelyl AL- Immhd!m/r éd\eh*enﬂr@bartbwl mmvleﬂﬂetsnylvﬂﬁ@rtmyh 1t he nunber
range £ ef r xygen, and/or sul fur

at ons E|§n ﬁﬁ%n?mQE?ﬁenﬁr nBr‘?é ?’ 1%% e%gr 290%e pf%dﬁ‘g r carbyl" thus refers to a
het er ocar byl nﬁxaémwem\alkmrgfl aoeigasanclerfe include seighophaimand ygeded Oxspgén; and/ or
sul fur at yICB | 5 ERY | Sq b! ht chain and

br anched IIgat;(ezzraoal b érﬁé’f %(raéggl Efeé%yrﬁmd e%eor| ogf‘ifgﬂgfﬁé%‘zéyam | as

het erocycl e anaxaml@rqfarwmoe%mmla@ﬁwmenmle@@mw Wydrenybinsieh @gdaniile| ude

2- 8- menmbepghin? pﬁemgmﬁ,%qa@tﬂ% g 4- nenbered heteroal kyl npieties.
Particul ar exanpl es | nclude al koxyl, acyl (e.g., formyl, acetyl, benzoyl),

al kyl i no (e. éxamRﬂfP&C(f@id@”@ﬂ %9¢'Be§ﬂﬁoh{9)9 Coapr Gafrarsd Groydlepivhe ardcatabanat es,
car bam deéxan?dlé%yh&@J&anbroi)ﬁrdﬁl&&ﬁﬁ%&lbperﬁmc?&&r?erx;lﬁ%ﬂbf%darﬁérﬁ?‘l' am nocar bO”Y'
al kyl sul f anyl ary kyl sul f onyl ,
aryl sul fonyl, HPR$" @D‘I’Wﬁlﬁiyﬂ'%@ﬁt@?@ hegagm 3@39/(3]' )?P%QJW%WP%W Ghipro, bromo and Un| ess
ot herw Se|0id8dl cated, the term"heterocycle" refers to a cyclic (monocyclic
or polycyclic) heterocarbyl moieity which may be aromatic, partially

aromati c or noHOGFOMREESE 119tk EPLPEs heﬁ%P%%v' Hetest @aryPisly hevngd| es

i ncl uge 4b§&b8ﬁ%ﬁﬂ§(ﬂé§l§b of%nZDmma%n Bom&BRbSEH mo@@ﬁ'et@roﬁwmer%ﬂlcular
het er ocycl es. Particul ar exanpl es incl ude benzo% %‘%I 0X0

352, 3- di h)HFEARERSABE DIUPERN: 83‘<>igﬁ'§/P”d W'Hh ot heigiocarp > C?@B‘%;WPB%'H)?T asa

nor ph|0! Id an,roc@xl@t @BKty, wHexdir éﬂ1¥ést obé BRbETABN CH BHIESOHs BYtup id¢plaeed witmony!
pyrrolidi

tetrhah drofurr}yﬂ tetrahl)éﬁroo%cgg tetrah dro%rldln yl,
et rahydrB%‘%/?r TR0 1qRt ¢ %FWH%BH §1°" hYEp eé“tﬂ*r%l?%*totﬁa WA FSand WO
20]_}2/ 12399%@&4%‘52%%0@%?%@@ -e0,a- az;tzesmmt arﬁegamﬁemj ﬂ@ér?barbﬁt er (r)]cycl e"
refer oar ng.al one | 0 no ieities such as
oot ar Fibietes et BB o Anteuetect B e ST b T B B0 ek Revbat | Lot ed
Ee: er ocyclams/pr sulfor atoskar meywmduaﬁ H_tehsrtrm tzl;lgdwembghdommrocﬁmnphl?ﬂemfs to a

et er oar noi eti es enzi azo enzaf ur.an
Shery orsohrRBe SRl oI RaEs 5 kf's 14 oS M BRI Rak an EEHESRL 1 |
benzoxazoPatticulénireydrocariil daezitdsyihcluderstiaight chairsatdhirazaky heteraatyazol yl
et e aRR AP BN s AR O oo BUEREELY PV f’ﬁii i
tetr F\Zﬁgl yl, thbsallsd of hatedballyl maietigd inclidrd ESwemhmdMZ@nembbre@aram -4t he term
"1 ncl ude' r im o,"
and t he t gﬂr@ﬁ']]%eleﬁgﬁe%%gﬁﬁyirﬁ%@u?% Iﬁa‘?‘tlcu\arp(&a%ﬂﬁes |n319dr;pé1&0?10%cg Bhérﬁayfég%(%{l
| i mted tberzog) atkilaming, (e.ghdi-(CeratkyNsmiri), as’ran‘macs ammmsaanerbemateb,ng as the term

"such as, ceprUJamfagé fopagbgg(j a(?ylcéarlqongl ammo%b&rﬁfa Igﬁ]rry(\fcér%o %'Il{?@hl%%/ht he

terns "nmanage, enconmpass pr ven I'ng
recurr encéwbﬂlfaﬂyba@yj@dﬂﬁw @d’lS@IfElEla@léylwa@Ml smﬁfwé‘pn)il rallyIsplanyentinapaed 15has
al reaw sHJysﬁl‘fcﬁﬁilaHr%m the disease or disorder, and/or lengthening the tine

that a pati
Unless otherwise indicated, the term “heterocycle” refers to a cyclic (monocyclic or

polycyclic) heterocarbyl moieity which may be aromatic, partially aromatic or non-aromatic.
Heterocycles include heteroaryls. Examples include 4-10-membered, 4-7-membered, 6-
membered, and 5-membered heterocycles. Particular examples include benzo[1,3]dioxolyl,
35 2,3-dihydro-benzo[1,4]dioxinyl, cinnolinyl, furanyl, hydantoinyl, morpholinyl, oxetanyl, oxiranyl,
piperazinyl, piperidinyl, pyrrolidinonyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl and



who has suffered fromthe di sease or disorder remains in rem ssion. The
ternms enconpass nodul ati ng the threshol d, devel opnent and/or duration of

t he di seaweo 20r2/di®or der, or changing the way that a pat iPé:mIUStzmpwmls to the
di sease or disorder. Unless otherw se indicated, the term"MST1 inhibitor”
means a cQ 2 |ts h..an than 1
om0, 5 pigppRak! Hecdelt Bk ndonyd ke e deRns e ed aoef

Unl ess ot hecrowipsies mnigities e, astokazotidinone'gridamitacaidinocal $ugh awoxips atsl e sal t s”

e e S el BRRLRE LA ANEL IRERHA BBL LibRRESRAPLS, nOT T O act ds
or bases I'nc ganic organi ¢ aci ds and bases.
Sui t abl e phar rrémmleraxmhbger@@dem&ub‘@ mcbasecmd@emmmnaml teeniafiobude metal lic
salts d - sodi um
L e e ML R I i e
chl or opr otafigvelyl, g1dolyi isethiadplet wexaad!dndxadiazatl pxbzolyvb dhthalagieyl, presgpinyin ne

( N- et hyl erH%Wnppr%aszIdp)PlgﬂC@n %lnyﬁ"ﬂ)%rﬂ#ablepﬂrgp hg%bﬁnllﬁﬁ' ﬁﬁo'llmlté{ga%olyl

i norgani ¢ ‘and "or gani c” aci ds such as acetic gi'nic, anthrani’
benzenejsutfﬁainiybandawﬁzioylc canphorsul fonic, citric, ethenesul fon| c formc,
SOf umari ¢, fur ghiGss GAbALLWABIE, trgaltb'ﬁr?r]h&udegthgjthre%Qhﬂ%’m&lnh‘l%%@ Gougd ycol i c,
hydrobromc hydrochl oric, isethionic, lactic, maleic, maliwc, mandel i c,

met haHesub¥iGre 8ot limilep &0, @Pﬁtﬁhfv‘éempa"r?ﬁidés Waﬁmwamm@anlmwcwew@t IS
phosphori get Ilmlfée‘t@ﬂ'sﬁﬂllaﬁ@lth@ié'rrh@suc‘ﬁta%aﬁéscthe §é‘rﬁ§'rﬁ%bﬁlng g8itreaind 1stien 84l furic,
tartaric acid, and p-tol uenesul foni ¢ acid. Specific non-toxic acids incl ude
hydr ochl oP¥td0t |{pdebi8r'oni ¢, phosphoric, sul furic, and methanesul foni c aci ds.

Exanpl es of 35gpesd éth&w%el.ﬁoﬁca&éwaqeltemsu%nagéif Qﬁéﬂa@fngdﬁnoa%nggéﬁérﬁte salts.
O hers are well-known in the art. See, g Rem ngton' s Pharnmaceuti cal

Sci ences, eq@maéﬂpre(q@e&thﬁdgq:qrgeﬁp%g thgg%qc |ﬁd p;gease\mdlsorderln a patient who

2012/ 1152199243&5/ab,£839f%24o&20713% <2968 oraishrde ranagcsrcpéhgtﬁéfﬂﬁug%% 8ne ﬂma@a@aﬁérﬁct I ce
of Phar macF 19th ed. (Mack Publishin East on PA: 199 Unl ess
ot her wi se"NABFCHHTEERY e the dlistRseqrsiserdey fesgpins '\Wﬁ%fﬂ'sﬂ%dT SCHSRIPPBRASS

chem cal aioauémgrtaeﬂfreémndeawewpafeaf@nd;/@r@rﬁ%ﬁlovaielov@a@é otditrdesfdruct ure or
noi ety wherein one or nore of 5its h BO en atogs IS substituted with an
at om ~ cheMENSMS KaWhar® RaliRRteeears Zﬂt Euﬁ'sﬁzfﬁ?&?r §9M960t not linited to,

al cohol , al dehyhidss otaérWynm@hé@amwsmstm ikeisyarameamnys corpdeaaytat al kyl

(2.9 20 T VR DAL RURRYA L oMby « BB oLk cachamyboex o e

( C(NH) Nl-tasslakyéscnbedlﬁ(réﬁ) NH2) , amine (primary, secondary and terti ary such

car bamoy ! 10(- KR TEE ARy I, Rty ReprifconcBiobamy b erer

CONH- al kyl;alts(a@ﬂ}d:remydrm pharenabanighlly acegtaoty hon-oaic beirty bi bases:mdudlogmbcgayim c
aci d anhy d I d ther
(e.g., ?t%%sx af;rjdb gﬁ%’ér&%ndcg% |ar?§ b%é eSwt%lgggﬁz?rE%?&ﬁcal a%gé(p&%ﬁ%bae

-C(CFx 3) addlmreraﬁalricyube neeathi ccaols alade frmnraajrolpumnmiqyuranmlsrecmagmslym

i socyanat i t O I ,

or ovi de aﬁotg%(%% hso%g%a:% zﬁfooﬁg%gglgtsalw %éde{ffo gg&wé‘ﬁ ) aié!&f%@etwgr?egd@rﬁlﬂe,
15SO2NH2) ph|sf19blf004ﬂe¢ CQQ!Inbo@yﬂhamlmlnaohthbger@blawrswhfeamgnllne (Army¢tByiglieanyihe)and
aryl al kyl é and urea
(- NHCONH- QM{( BE&)},M Slﬁtgblfag])réh ?Og{f atzgplsen%&jg r%r%an%gnﬁw% Yénqcéotl?%{s@?%%]%’egcref ers
to a deri elamiwentbrrantlIhdtenmnea@tomcebeﬂzo'maémowlérm altr@n@thgmesnmrec odrmig s

hydr n I 0 met hyl ,

ot hylog?pr i ﬁuﬁms%ﬁcfuﬁ&ﬁ@%lu&&é&éﬁfﬁr@n% %(ut?H% glyooll i&'r]&bH ﬁro = kD).

am di nyl b)lOU}QQKIH['NHE%h'RW |@¢U02f08|@(CNR§|MrIQW)anin'm m@therpﬁsutfmvy musigcigary and
tertiary suehicasnthier@phdiOacdl 8o, b bahl@gl 3 @@a &l1¥inic,car bary|

(- NHC( 0) Oﬁal kf/ﬁ)-%nor -OCXH% N Cﬂ)% c':'g{r"?]rap{I @ K 2, |n6|1% wel | as
CONH- al kypulfaotisysubyya, }aﬂaﬁéﬁ@d %QIMQ'PR%SU(@'QJM' ~°€B@P'®C ”0@03'0 acids oelys) |

het er oal kMJ/drodhiBnBwa(jnl%'bHWE YohddhhoR€ SORFRI M métﬁ@r%éﬂﬁ&ﬁ@amdss Bhhgeysnat e,

thiol (e.g. dryl, thioether) or urea (-NHCONH al kyl-). 25Unl ess

ot her sesl‘?er?ﬂ'icéaltt% us @C’Utjﬁ@}‘dé?fé‘iﬂ”id@éw V‘eé)ﬁqtéé%"FS\/@t%érﬁtwe”&f‘o‘é‘tﬂ tdhpalind is
an anmount sgdifefd, Weﬁﬁr‘igt&rps%@%&@u&aﬁé@ér@@?@@h%d%ﬁPhbllsﬁmghﬂ_%sioh%t ment or
managenment of a disease or condition, or to delay or m nimze one or nore
synptons associated with the di sease or condition. "therapeutically
effective amount™ of a conpound neans an anmount of ther apeutic agent, al one
or in conbination with other therapies, that provides a 30t herapeutic
benefit in the treatnent or nanagenent @f t he di sease or condition. The
term "therapeutically effective anmount™ can enconpass an anount that

i nproves overall therapy, reduces or avoids synptons or causes of a di sease
or condition, or enhances the therapeutic efficacy of another therapeutic

oy



Unl ess otherw se indicated, the terns "treat,"” "treating" and "treatnent”
contenpl ate 35an action that occurs while a patient is suffering fromthe
speci f i edwoiepare9er di sorder, which reduces the severi PgTafS201bmBr6ease or
di sorder, or retards or sloms t he progression of the disease or disorder

VO 2012/ 1.%%8@ S:He%‘? (ﬁ? 12/ c?fgn%ea d Practice Wh%?rﬁac?t i‘@re\z’d ﬁ&ack%b@s% one or

nore adj eC &9 e prece 'ng a series AOUNS 1S tO "Bonst r ued
as appl yi hgptoroPEdOR5Hf the nouns. For exanple, the phrase ‘optionally

substituted al EXIessacgtt{erWB(%rlndqc%tteg%ﬂfertgut eSélagtltEI]gS o 0 : Ona?%n%@a cﬂ%)r%{cglnal ly

substituted al nall subs ut ed
het er oar thruCtlBBtor enhl@m nbfebetcrmd@datl\mrf tizatetneowreadr rrwmtxe«tvlgerelhane ponome opart of

a | arger ﬁ&g@g&%&ﬂ afBis @8 t%‘ﬁﬁﬁ d@uﬁf o GHR Ehe%&dq%omgrqgnc%gﬁ%gwgé slﬁﬁgé’sr, ded it

when it exi S|ng € Or a nane co

radi cal . Pdrnogkaigd te, alediel, taeilehldde pUKDXYdalh@nomma'kpypardyrl'yf atenyl cadiybledd t he
sanme nean t e b al

o ot | oo, RV SR, BB ARGl CIGBRITH RS ISR

wher ei n Xallell\thQ dikyle amidieyt eCEIERSTH-aled of vENRAHB, af’elaﬁxmgnaﬂaﬁdcoeﬁerdﬁpdss t he

compounds oyt &lic-z8 2 te W, EiGfiafins, eryla‘f’r@%r‘n(ﬂ'}t’]\)'aqib)rl N-e1 Yryloxy, azo, carbantoyf houl d

al so be noted that if the steéereochem str structure or a porfion of a

st r uctQr e(-NHCRH-alkdir cQCEANWictkH). Cﬁ(ﬂa”%daﬁplc@'\‘Hb(ﬂ%“@ﬂ%&@h‘é@ﬂ'i PREBONVE he

struct ur e gholyN8arBlid S, @brbblfc §(§|<ﬁ Hﬁﬂ)’dﬁ@e 'c§rb5>@/I|(p§C|d BISHdRr @‘)}éﬁg edfer,
enconpassing all stereoisomers of it. Simlarl éﬁ@narres 150f ngounds

havi ng onéPQidengper (@i Methaxe sthexy, §UraIdingoh e haDakyi¢-§- Ok §fer(e fsteermi stry

of those GEBIRIKSI, REKIAERASEIMUPAMS 8 QLSREBH S isdBnHeXibsthReydnBR! Rbne,
Mor eover, any atom shown in a drawing with unsatisfied val ences |s assuned

to be attﬁ'&fH%d“tf%oéVﬁ%ﬁﬁ FyRIPYgR thocﬁ’r%“pt dhegrhodiegter, relfide seirneaidq (g-g-
addi t1on, sghem, @dkonbogiﬁsnﬁi@@dl@dnegiaw@uhownethfbdﬂ bmdﬁ@rylammauﬁoﬂyl to one

dashed Ii neI elnco ] | If q o I\g_g‘; | omat i (I: Ironds i f
20val ence8ulfoxiARithio ‘ﬂéﬁ §“ 'W%(hf'] o eéh%’%%%%'e@ ? ?Bﬂer %‘ R vates (e.g.,
hydr at es) e@bodifent theneNElHstiugel resarto Refeaidlive of Rat @@@W&dﬁo@ﬁy@whﬁem
e o Ry AL b e SRS TR T TSP e LTI B eny 2527
4 7 rrerrbep.e;dwheim V&ick e C(IBNHSIKaIE Mi -alRyINEE(Dyamaypahiathylel eH)Nenetdyesr X is N or
O o A £ S o RS RENA0S o gl e °Vaod%%yﬁ§;@%ssgaéa“
- (R1B) nSOBINa(thGﬂ)o a(r)RJcB)UaMoR]((BEB(QD@DQIKyk oRDB)0) NZ(I@)kIN (caﬁlﬁﬁw,yl (elg., CON H2 as
2 12- rombecor SoneRRoeoRD el nRSaRl leshaf e PO RER R R o
nore of RipAmageahl detdhday), iisodgmered &nthiogyanate, thiol (e.g., sulfhydryl, thioether) or urea
(-NHCONH-alkyl-).
25 Unless otherwise indicated, a “therapeutically effective amount” of a compound is an
amount sufficient to provide a therapeutic benefit in the treatment or management of a
disease or condition, or to delay or minimize one or more symptoms associated with the
disease or condition. A “therapeutically effective amount” of a compound means an amount
of therapeutic agent, alone or in combination with other therapies, that provides a
30 therapeutic benefit in the treatment or management of the disease or condition. The term
“therapeutically effective amount” can encompass an amount that improves overall therapy,
reduces or avoids symptoms or causes of a disease or condition, or enhances the therapeutic
efficacy of another therapeutic agent.
Unless otherwise indicated, the terms “treat,” “treating” and “treatment” contemplate
35 an action that occurs while a patient is suffering from the specified disease or disorder, which
reduces the severity of the disease or disorder, or retards or slows the progression of the

disease or disorder.



am no, al koxyl, carboxyl, cyano, halo, or hydroxyl; each RIB is

I ndependently Cl-12 hydrocarbyl optionally substituted with one or nore of
am no, alwoxyizy12e®eboxyl, cyano, hal o, or hydroxyl; eaclrCRUS2012/027376

i ndependent|y hydrogen or optionally substituted Cl-12 hydrocarbyl or 2-12-

WO 2012/ 121992 Us2012/ 027376 mber e r r byl whi ch. ti onal
Nobati cutton. - Unkes ot dfol iy, BEIBERGR RLRESTAnI e EOngRLER0r |
or hydr oxybynsRRtodnectoR3ruad @s bpilging toogeb hethe hourdso For exabwie, trendbeased

het er ocycl e... ' . ' ' Q ors R2 i

nyar ogon. o Bl Sl e  SREERE U MM 180G iih Sorile i tmdieny, 17, ©

subst i t ut ewbsrekalky dptpoalispbstinte@ afyR-oneptiveakydubsidtied be@rdsyyl.” whi ch
optional substj ' ' ' - : A lS | dent |
P oSl oyl 1 oHUPBe hited it SRR A GRS iR B Moo AERREEE 1Y
ni S 0 or ba desgribedphdrein@singd a n_@meZQmPIOeW@WCE@debMpﬁnjh@Qﬁaa%a MBIIE matdel e tors.
Particul ap, cOMMO o aéclagebri‘t\é%uidagnﬁo‘zlégq Ie,:glhéatemé l%h&he'oand “p%%%ere' n D

is a 4-7-nmenbered heterocycle; and . Particular conpounds are of
t he f or mup&:aceorgodythRIRMRIEMNE MBER UsGd tRdsoyiRe areoiety atiadhad épeherethemicas, N,

NH,CH or \{tdges Pub AU WG prE QR OA SunFdin Rls dy A TRGTUbA whePeilk & pyrigité: T
ONHR2 Y23 NH2 wherein Yi and Y2 are each independently S, N or "CH,

provi Hed eieacctied Bg$pmemeeapingNandangonyess shaxpomirogefs Rydine-ql.soyadigs-of
Particul aphn£omapungls are such that R3 is not hydrogen when X is CH More
particul ar conpounds are such that R3 is not hydrogen when X is CH, Yi is
CH and Y2 is shayd aisp e Peted et If CmnPergade T e of B SHUEWELT RPOTION /DR hydr ogen

when X i sgfddturdlis ot ifdidatedQa, fob efdmpld BeidRE dhsheRYiHELQ8RStructure or the portion

of the structure is to be interpreted as encompassing all stereoisomers of it. Similarly, names

15 of compounds having one or more chiral centers that do not specify the stereochemistry of
those centers encompass pure stereoisomers and mixtures thereof. Moreover, any atom
shown in a drawing with unsatisfied valences is assumed to be attached to enough hydrogen
atoms to satisfy the valences. In addition, chemical bonds depicted with one solid line
parallel to one dashed line encompass both single and double (e.g., aromatic) bonds, if

20 valences permit. This invention encompasses tautomers and solvates (e.g., hydrates) of the

compounds disclosed herein.

5.2. Compounds of the Invention

This invention encompasses compounds of the formula:
0

NHR,
(R)m X
X R3

~

N” NH,

25  and pharmaceutically acceptable salts thereof, wherein: A is aryl or 4-7-membered
heterocycle; B is aryl or 4-7-membered heterocycle; X is N or CH; Y1 and Yz are each
independently S, N or CH, provided that at least one of Y1 and Yz is N or CH; each Rz1 is
independently Ri1a, -(R18)nSOpR1c, -(R18)nSOpN(R1c)2, -(R18)nNR1cSOpR1c, -(R18)nC(O)N(R1c)2, or
-(R18)nNR1cC(O)R1c, or optionally substituted C1.12 hydrocarbyl or 2-12-membered

30 heterocarbyl, which optional substitution is with one or more of Ria; each Ria is independently
amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl; each Rig is independently C+.12 hydrocarbyl
optionally substituted with one or more of amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl;

each Raic is independently hydrogen or optionally substituted Ci.12 hydrocarbyl or 2-12-



Particul ar conpounds are of the fornul a: wherein Yi and Y2 are each
I ndependently N or CH O her conpounds of the invention of the fornula: 5

(Ri)rn

wbereinide and Y2 are each i ndependently N or E@HI/USR¢12/087336 € oOf

t he formul a: wherein Yi and Y2 are each independently N or CH and Z is

N or CRi
X NH2R3A

10

15

20
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carboxyl, cyano halo, or hydroxyl; Rz and Rs are taken together to form a 5-7-membered
heterocycle optionally substituted with one or more of Rsa, or: Rz is hydrogen or C1.4 alkyl; and
Rs is hydrogen or optionally optionally substituted Ci1.12 hydrocarbyl or 2-12-membered
heterocarbyl, which optional substitution is with one or more of Rsa; each Raa is independently
amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl; kisOor 1; mis 0-3;nisOor 1;and p is O,
1, or 2. Preferred compounds are MST1 inhibitors.

Particular compounds of the invention are of the formula:

0]
NH
(R)m X D
~N
| (Raa)g
s
N >NH,

wherein D is a 4-7-membered heterocycle; and q is 0-2.

Particular compounds are of the formula:

el

NH,

wherein Y1 and Y2 are each independently S, N, NH, CH or CHo.

Particular compounds are of the formula:

NHR,
(Rﬁr@\(
NH2

wherein Y1 and Y2 are each independently S, N or CH, provided that at least one of Y1 and Y2
is N or CH; and k is O or 1. Particular compounds are such that Rs is not hydrogen when X is
CH. More particular compounds are such that Rs is not hydrogen when X is CH, Y1is CH and
Y2 is CH. More particular compounds are such that Rs is not hydrogen when X is CH, Y1 is CH,

Y2 is CH, and Rz is hydrogen.



O YINH Xr 2 N NH2 R4 or wherein Yi and Y2 are each independently N or CH;
rris 1 or 2, and R4 is hydrogen or alkyl. O her conpounds of the invention
are of theoforzmii®2 R10O RL ,.)NHR2 R3 | M I NH2 5wher ei nP¥Z/USS01R/02T376€H.

O hers are of the formul a: wherein Yi is N or CH Wher e
applicable to th rmul a | scl ein, particular conmpounds of the

i nvention are E‘ﬂrgﬁm% o{npﬁgn rc%g\ﬁot-l-frrngraappI icable to the formul ae

di scl osed herein, particular corrpounds of the ipvention are such that Yi is
CH. V\here applicable to the fornul ae difscl osed herein, particular
conpounds of the invention are su that ¥ HR, Wher e
applicable to the fornul ae (B h;ere Q, | articul ar conpounds of the
15i nvention are such that Z is N Wier &sappl i cable to the fornul ae
di scl osed herein, particular conmpound f_‘he invention are such that Z is
rnﬁ| de di sclosed herein, particular

CRi . V\here applicable to the f
d t - (R1B) nSOpRi
C Rie) nsopReery 20 RN SR N B ey nol o) MR o) 2, or

- ( R1B) nNR1c C( OpfRieccompounds of the invention of the formula:

(R1)m /\/d&
Y2 (Ran)g
NH,

wherein Y1 and Yz are each independently N or CH. Others are of the formula:

R4
Ring? | YZ p NH
X X NS D
2N T T (Ran)g
P

wherein Y1 and Yz are each independently N or CH; and Z is N or CRa.

Particular compounds of the invention are of the formulae:

%rrﬂ

10 NH,

/jiLNH
(Rsa)q
NH2 ,



WO 2012/ 121992PCT/ US2012/ 027376 Parti cul ar conpounds of the invention are
of the formula: 5Conpounds of the invention can be prepared by nethods
known i n wheomr2i®ad by net hods descri bed herein. |n gemeraiSoieonpounds of
the invention can be prepared as shown bel ow wherein the starting
2-am no heteroaryl bromde 1 is coupled with an appropriate aromatic
10boroni c ester under standard Zuki coupling, conditions to provide, after
treatment with an el ectrophili m nat i agent, 2-am no hetero-biaryl
brom de 2. Subsequent Suzuki c Qpl| ng,of not her aromati ¢ boronic
ester displaying an am de functranhahft final product 3. 5.3.
Met hods of Use 15This invention en sses a (Rghhod of inhibiting MSTL,
whi ch conprises contacting MST1 (in vidtr Ner in vi vo) with an effective
amount of a compound of the invention. _ Anot her enbodi nment
enconpass¥8e§e AR I FF catihipreReaffyYiNehitie iBdsPonad Ris BYEagandnelkyle 9., a
human), whi ch corpedsgtinasisnthé Bl eftion@rd & thé®rpaki ent an effective anmount of
a conmpound of the invention. 20Anot her enbodi nent enconpasses a mnet hod of
treating, managi ng or preventingan autoi nmuned or inflanmatory di sease or
di sorder, which conprises adginistering to a gatient in need thereof a
t herapeutically or prophylacti y effectl | afbffat of a conpound of the
i nvention. Exanples of diseasesx 8 ¢ j ncl ude achl or hydra
aut oi nmmune, Addi son's Di sease, ankylllosing spondylitis, anti-phospholipid
syndrome, asthma (e.g., bronchial astgf NH, WO 2012/ 121992PCT/ US2012/ 027376
atopic dermatitis, autoi mmune atrophic gastritis, Behcet's disease, Celiac
Di seas®, @Wheldm' s idh seas.eothGlesié ahsfoRyindr one, dermat onyositis, Good
pasture's Syndrone, graft-vs-host disease, G ave's D sease, Hashinoto's
thyroiditis, hepatitis (e.g., imrl amatory and al cohol - induced),
i di opat hi c adrenal atrophy, g,di gathic thr%yt openi a, Kawasaki syndrone,
|

5Lanbert - Eat on Syndrone, | upus t hemat mNHR2pl e scl erosi s,
nyast heni a gravi s, penphigoid, R Y §
-2

i's, pernicious anem a,
pollinosis, polyarteritis nodosda, piffimary Bilidy cirrhosis, primry
scl erosing cholangitis, psoriasis, psQfi c arthritis, Raynauds, Reiter's
Syndromne, relapsing polychondritis, rheumatoid arthritis, Schmdt's

Syndr one, whE&kRNOGEN BBcH.Sj ogren' s Syndrone synpat heti c opht hal m a,
Takayasu's Arteritis, tenporal _ _ _
Where applicable to the formulae disclosed herein, particular compounds of the
invention are such that X is N.
10 Where applicable to the formulae disclosed herein, particular compounds of the
invention are such that Y1 is CH.
Where applicable to the formulae disclosed herein, particular compounds of the
invention are such that Y2 is CH.
Where applicable to the formulae disclosed herein, particular compounds of the
15 invention are such that Z is N.
Where applicable to the formulae disclosed herein, particular compounds of the
invention are such that Z is CRu.
Where applicable to the formulae disclosed herein, particular compounds of the
invention are such that R1 is -(R18)nSOpR1c, -(R18)nSOpN(R1c)2, -(R18)nNR1cSOpR1c,
20  -(R1e)nC(O)N(R1c)z, or -(R18)nNR1cC(O)R1c.

10



10arteritis, thyrotoxicosis, transplant rejection (e.g., of organ, cell or
bone marrow), type 1 diabetes, ulcerative colitis, uveitis, and Wgener's
gr anul oneWwo2012/121992 The amount, route of adm ni straPCconsSand/oeB3é ng
schedul e of a conpound wi |l depend upon factors such as the specific
indication to nt nd the age, sex and

condi tion of tﬁéﬂégrco pbu é¥§b'§%m8 %9@&9§%ﬁgﬁ3ﬁ ‘factors are well known
in the 15art, and may be accommpgdated by routln% experinmentation. In a
particul ar enbodlnent aRemehpquind of the inventijon is adninistered to a
human patient in an anDunt of sdbg >RH or 2.5 - 15, or 5 - 10
npk. Conmpounds of @he , B Jadm ni stered in

conbi nation with other imMmunosuppréssgntor i ﬁg%nnatory drugs. The
drugs can be admi nistered at the sane t different times.

Exanpl es of i nmunosuppressants include -nIHgbterln, azat hi opri ne,
cyclosporin A D-penicillamne, gold salts, hydroxychl oroqui ne,

| ef | unomi de, n@ﬂﬁbﬁﬂ@%émésa@ﬂﬁﬂﬁyémﬂﬁé rapanycin sul f asal azi ne,

tacrolinmus (FK506), and pharnacegtlcally acceptapl e salts thereof. A
particul ar |nnunosuppres§§ﬁ1”$s4hethotrexate 25/ddi tional exanples include
anti-TNF anti bodi es, such as agahy b, ceY o| zum&b pegol , etanercept,
and infliximb. Cthers includ®in such as anaki nra.

QO hers include anti-B cell (CD20) anti od]es\ﬁsuchRgg rituxi mb. O hers
include T cell activation blockers, su ﬁbatacept

Addi ti onal exanpl es include inosine nnnophosﬁhate dehydr ogenase i nhi bitors,
such Fas nycogbnaﬁmna&efﬂmgfre/tshﬂuon(c,@albb@eéﬁa@d 3 MEetRRES KR BERN @ the ad&hdl by
(Myfortic$). ExaqP es of anti-inflanmato g gru S include %Iucocorticoids
and NSA| pgiethods describgd bereine b1 ggpeig). ﬁB’BBQH“P CHELVPRANG8 PEPERST e,

becl onet asne, bendt: anet hasone, corti sone, deoxycorticosterone,

dexamnet hasone, fludrocortisones, hydrocorti sone, nethyl prednisol one,
predni sol one, prednisone, triancinolone, and pharmaceutically 35a&cceptabl e
salts there S Exg of NSAI D i ncl ude s ylate

aspirin, ano ipﬂ%n, benori | ate, Ashdiy magnesi® ), cyl at ey \H fd ¥ sal
fai sl am ne, NHsal eyl ate, magne iun1sa#fcy|ate f;ﬁi\v
2012/ 121992PCT/ US2012/ 027376 sal i cW atN and pharnaceut'c | y acceptabl e
salts thereof), arylal kanoic acids (e.g., diclofenac, acébld%bnac,

acemet aci n, brdnfenac, etodol ac, irdonetacin, nabumetone, §u|indac

tol metin, and pharnaceutlcally acceptable salts t her eof) { pr opi oni c
aci ds (e. yhereingipFiarting 2-appheseeany! bramislerleis Cow%%wﬁwwpran@ HArpreten,

ket opi®f ePerokigeStePlifer staPXAB SOLENcoURATY QXBINondB PP RRZ b tlcbBiir@lvRRbR aci d,
suprofen, and pharnmaceutically acceptable salts thereof), ar Ianthranlllc

acids (e. 6'eCtr9P§5'P8fcé‘H5<'f‘Hr‘(8r%ﬁﬁth 231G LY Qromidig2 pﬁ‘étfsﬁﬁ e RY
accept abl gouphhd & 2 hieT &kNer aRyiaAZE Bbiodiceted @isbEAhs Xiesm(de f@\ctlor@al@ﬂa'r@\mon&
netanizol henbut azone, phenyl butazone, sul finprazone, and

phar maceut'l ”%QV¥@Cﬁ%ceptable salts thereof), oxicans (e.g., |ornoxicam

mel oxi cam piroxi cam tenoxicam and pharmaceutically 10acceptable salts

t hereof ), C@X32 iwmbinbdéerbsée. 9., cel ecoxib, etoricoxib, |umracoxib,

par ecoxi b, rof COXIb val decoxi b, an ceu I acceptabl e salts
Pherctt) " and Ci SHEHEA AN Guesrs 3 Tomah AECTPR G Math: e HRCRse cal &y
accept abl eorsadting Msher(ueoﬁao or ;v vivoPhvan Bl efedtive amo@arpe sbipamd of tHalisventirent i on

crEoTpasees DML IRESYLL et TR L0, SRIPL. R 805, LS, A2GRPOuNe

dosage f opaensisld &hll&nénmrwrmhaiompﬁmaiunuéten@gt,otlma;salent Sudstdctiglarhounv agyi nal ,
buccal , or rectal) eral (e.g., subcutaneous, intravenous, bolus

|nject|on C?WP?&W&EE |\pnhg} intraarterial), or

20 Another embodiment encompasses a method of treating, managing or preventing an

\

autoimmune or inflammatory disease or disorder, which comprises administering to a patient
in need thereof a therapeutically or prophylactically effective amount of a compound of the
invention. Examples of diseases and disorders include achlorhydra autoimmune, Addison's

Disease, ankylosing spondylitis, anti-phospholipid syndrome, asthma (e.g., bronchial asthma),
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transdermal administration to a patient. Exanples of dosage forns include,
but are not limted to: tablets; caplets; capsules, such as soft elastic
gel ati n cap=oixri9eachets; troches; 20l ozenges; di sper siPOmAIS2GIRRPBS6t Or i €S;
oi ntnents; cataplasns (poultices); pastes; powders; dressings; creans;

pl asters; lutl ches S SN B or i hlers)

el s 1+ araeasuTiTs ARIE e pRB0 I Bish b athos iR R I R e TR 6016 &
patient, Drseehsdeu@nrfg&Q&edmmn@n@etogprIwl(ﬁeomasture s 8yndapues gst-visihgsti d
suspensi o |ons),
sol uti onsggeag %ﬁa}@s %Egﬁr ﬁggﬁdﬁ (gosad roq#'%?rr}s%ﬁ'% a I'gh%m%ggyﬁ dgap&eéh er al
admi ni st r aducay) tldJoraatlpaadrenal ;atrapity, Bieeiniccthgoibodgogemiay Kawaﬂay&tyadﬂomee or

anor phous ted. ] e[ sage forns
Ui t oy o Farbatihol SRl BEs EHRRRLihE SRl O e RO et L B

f or mul at i peMetrigid, desgwhigus Yegatiedeergéiousdarienia opin¢sim polrterigx apgsise, printeey or al
admi nf St r gL 9%ndbsid FATRAMLHLS 8!%%{% Bedrisfiss oﬂgﬁéé@mt.g oSt omach may
be achi eve using an enteric coatl ornul ation may

cont ai n i RgifesdiSertrame, Ha*@pi‘r'%:ﬁ)quchafﬂﬂt'ée’h?ui@&tyld@ﬁhtlmﬁeSmlﬂiﬁesﬁnﬁ@”@dl ent(s) to
the site ofiedliirANsjofrefs SHURSsyGRIRALBHNNIRYS, BEAMTIURIEE Geinbdtal | pOSOMa
fornmulations in ordef to protect themfrom degradative enzymes, facilitate
t r ansHor t aiteyitie] thygioxicesisy tgpsrlaniyeieiign & e@ftorganesdl! OﬂéPnQ/f@WOVé)cW@%é cell

menbr anes gigskiad luitelative PARE | e8] iAo REMR A MERYsidPe | ncorporated into
li quid dosage forms 35(and dosage forns sultable for reconstitution) wth

the aid of sol U 3THVgodgehedNEHAIYI d1dctosing Aeheduieoae CampPeng withdepsnd put
not lim t@ﬁoﬁf@@topsxs@bwgl@eﬁtsrsgéb% iRdiBationd syﬁb&@@é&éueﬁtedPorw&lag&%ha e, WO
2012/ 121992PCT/ US2012/ 0273 Captisol ( and nca sinT see .g., Davis
and Br ews 8% SONgNd, copgijon ﬁrtﬁi;p%le@k T@éi@?%p'ﬁrﬁsimsz@b@yt)ors aiawre%@ﬂvmly the

Labrafs | (g, anb%y&fe%édrhmo@dt&iw @Utmeaé}ﬁerf}ﬁé}rtéﬁme@% pérﬂbM@rrénsbodﬁﬂé}h as, but
not linted to, et hyl al cohol g{aeha cohol, eth car bonat e, ethyl

acet at e, B%H&%}‘I”dé?f E{‘SH?YP”“%?@W'” “%%W'PBHB%PWHN of gbayt Hut%?} ene

gl ycol, dunesrwlzefgnmadnaielompnet hyI 5sul f oxi de (DMSO), bioconpatible oils
(e.g., cottons ?t?]nut corn, germ oli casto d Sesane oils),

gl ycerol, tetr WVB? Pﬂveﬁtl'%‘di%lb a%‘l"&'/%?rﬁél'rb é“bm*z'%r”& %ty acid
esters of |n$rﬁMrbisUmessaﬁ‘dorl’thMJirUIﬁaeﬁndtdﬂ¢U&1g§ (e dugs dVBRaaoImaédey at thesame
conposition a and type of a dosage formw Il typically vary dependi ng
wth %@ oﬁ'—%rd'sf%(%ﬁrﬁmé} a dosage formused in the acute treatnent of a

di sease nmay coEkaarhpmSIcﬂhramQMSuanfewmss |0<E|udnmmooptamrr ezalhlopm actosp@in A,
ingredients it conpri Lmus e_chroni c . treat nment
of *t he saneebiUEREE S8Ry aR s BP ORI st Fme mabebi

smal | er arapamysn,clifasaéazioe, namm&mosf(FKb@G)aemd M@rma@uechlleatcseptablmnpthem. t han
an oral d di sease. How to account for such
differ encgz)g'q'%ﬁJ PP@%%%S% Sﬁter'é”% %Isagre%%?l ed in the art. See, e.g.,

Rem ngdon' s Phadmuexamlesﬁlmltaecaes -TNE 8btibolipedsuch b edaliPulniabs barogzuntzdst on PA
(1990). 5.4 I For i s of the
i nventi onp%%a?. etage?CeP ﬂggﬁ%rﬂﬁwrr%gmﬁmeé 'rn 3'# F%E@%%ﬁiﬁdﬁg?gﬁggggﬁh% ng%r ete
dosage f obtrers isclade a8i;B ¢alit(CR2@ anbbodigsnsuch cistrityxintakh | hers (nsluge T celhewabl e
tablets), a&ﬁimcﬂﬁock%%p%h%é’a gtggedtl quids (e.g., flavored syrups). Such
dosage forns contain eterm ned anmounts of active ingredients, and
may be prepar eeiddafyonaé@namhesmrﬁclLm@ammynwphoaph@twﬂehmrmgeoe%e ighibkdre$uE t he
art. Spe genGihbioiBREagianc ey ENAIRRSHIALH acie hffGhse) 16th ed. , Mack
Publ i%eﬂ ng, anzjtonoalgA (1995)(% %D;Eplpca _org r@os% eh\ﬂcﬂ)rrrs are pr epar ed by
conbi ni ng the Banines df agi-edpenaay diugs @ﬁ'uﬁﬁgmméwa@ﬁrﬁ&d NPAD%i t h at | east
one exci pi ent @w&ld?@uwco&%}ﬁ@mdua@%hdoe@%nmwe%ong%%m%&hm

t echni ques. Excipients can take a wi de variety of forns depending on the
form of pPYPANEt JaMYCABEPF RS, &exaiﬁm’ﬂ@ﬁoﬁf’ rflidrogartisones, hydrocortisone,

methylprednisolone, prednisolone, prednisone, triamcinolone, and pharmaceutically
35 acceptable salts thereof.
Examples of NSAID include salicylates (e.g., aspirin, amoxiprin, benorilate, choline

magnesium salicylate, diflunisal, faislamine, methyl salicylate, magnesium salicylate, salicyl
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Because of their ease of admnistration, tablets and capsul es represent the
nost advant ageous oral dosage unit forms. If desired, tablets can be coated
by standawo 2atpueo9s or non-aqueous techni ques. Such dosage/UdSernw213a6n be
prepared by conventional nethods 30of pharmacy. In gener al , pharnmaceuti cal
conposi ti nd_dosage_ fo pa uni f Ctyl nt,l & I

adm xi ng q'cyl%gt?nvdgoﬁ ﬁﬁar"&af'gﬁ %CC\%P{%%% rt 8%& rr?llefragno' <'ijcr'f]'e y P'\?lo e% solid
carriers, amclol&mab acarmdtatchelvromh‘&mc nsgodoﬂw pdordataclnmaborrmtmemma@d

pr esent at i 1 0 i | d
dosage fo#o?r@eri aﬁgﬁﬁﬁs&? Eé,rlggﬂyé Qatpgag)oﬁag%it%ﬁl@gci_ﬁgpl %;)(I)c[nﬁ)c ér?gr}s'?g'g ﬂ)ugr%lfén’

i ncor por atagdrofem, fe@buﬂentfamcmrmfhm fioehiurbfzot keterofen, detagec, wbwpfm rfareren,

t abl et;s) 0 age Forns
Par ent ot aP Bt e 3 ERE S <UpRat Lol P e e e R B0 oot s

i ncl udi ngasghtvrrditesids (e-£nneelvfenauis atidnwkigdamiy ab@ll aryl phayreeteiutieally

|t T aMUSCHb bRl R bE e BERANRE d ACYbpRARRE ShEARAR, LYPI cal |y
bypasses patients' natural enses agal nst contam hants, parenteral
dosage fopmhqrb@t%miohwwwa}om éIIlf'm@amﬂecﬁﬁmﬁﬁnaﬁﬁu%@llh@ccsp@blﬁISﬁlzsed prior
to admi ni %Ié‘)tg' Ncah® @gP%IrI&I%Bm Iﬁé@g@érﬁspn%c&ﬁrtéﬁﬁx%%' aﬁ’@&%%aéé&wéﬁly' ncl ude
sol utions rea % or |n ection, dry products ready to be di ssolved or
suspeHiedagasrl t?ﬁéﬂﬁﬁ'@éﬂ?f i QR {nhidespe- &b PrieqpEiR] @P%COIX'@HUWHF%M pafecoxib,
suspensi Opgedo&iBideebxid, %h@ﬁﬁér%celﬁl@glyeé%@pﬁé@@%lts%%réﬁp|aﬁd ¥@Bﬁ&mlaﬁlﬁdéshat can
be used to provide parenteral dosage forns of Oi nvention are well
known to tebemegilife agd PWIWH%?U&PQ”Ya%?&'%‘@'tﬁﬁlﬁrﬁéﬂ% Water for |njection
USP; aqueous vehicles such as Sodi um Chloride Injection, Ringer's

I nj ection, Dext rqq«@%@b@md’apo@mggﬁ,b@e and Sodi um Chl oride Injection, and
Lactated Ringer's Injection; water-m scible vehicles such as ethyl al cohol

pol yet hyl ene  gl'j/& BIVentaAEnERBASP Y PETRPEYHSRE BAMPRS Nt BFTRIFNSATS OV BRICC| es

such & Ceshpdints oAb INaRRAM coltdin pRAARYbUtREI oowﬁ)@§ﬁ6f% ¢ bingleuhy bog2sgat e,
15i sopropg)l nyristate, and benzyl benzoate. 6. EXAMPLES 6. 1. EXE%I‘I ment al

Aut oi mmun r@ﬁé@}ﬂ%ﬂf{%‘;@'l FWP%Sat(EﬁE)”aﬁ'%’BE‘%g“%b%ﬂ'”a' buccal, or reggiahc RYER A ce and
conpounds evgersfabélﬂgrﬁe%dslnﬁtraa/@ncﬁéﬁodu@am@nrrmdahwswmm&.M@%n@@pbal ly carried
out as descrl bed bel ow. 20Mouse Model. Here fda tation of the nethod of
Bettel | i, Ugpsdgmal agminisuaiginfo a patigyt. 352‘9@9'(8&95%";5 RO TSP AVEYE "B ght to 12
weeks ol diihddBb! Gabhtdicaped2&pebivs, |sU&It & JoRtcRBtiveeEI8tir mpsslmegeacrﬁewat:ru&raaeoys! y

ith t | f 300 35- 55 t d GWRSP HL YRNGK | fied
R e & e ks T S RS A AR I A
g/_yc_ogagt eﬁrwﬂgwMEmulm?tes HBlYJtIR:s ()ﬁcrﬁesoaérahm atgorna%)sprairdm@ﬁmn) m) was
i vi ded eqgua across ection s
e at T s BEfoRR2 st e LR dsATispa Fimiaie i SRR hek Py o). each
nouse recemiuspenlsume{eganmemoumnraqpemislIlqnld(sfjs@(aaomg ovfn-Raeetansgsionst oa n ( Li st
Bi ol I L b th tart
ot the cxhalriRlited e el s AR u iR T bRt fF R Rl P e 5L
week. 2P spasetesaemninisyratiarstosaatiedt; am siersﬂeableis&sgfm/sltamm or@nwrphous
30 t i i = i f th
Ca 111 opgyebarenaf s chiihge % MR Al TERRE whod bR bR para yo s
of the tablimingtrationi tod patidatl e/ di storted gait and total paralysis of the tail
d/ | d . I i i ired
andr o 1 | TR EEREAALOR L StcouteaaFROLIRIA AR AL
par al ysi sadinistretiarf oftarrompowt $usn¢m'bt@dg§B$ﬂ99’atwntlmthmstcuina‘Cbn’@IYibﬁ‘@CbIevsﬂdness; 6
par g ysj, %né’én bt &aﬁhé‘% il I ?/ go?rgﬁlg?omg)%cﬁwttﬁn @RV hatl 1QGiRLieTO

vveakness quadr1 pl egr a/ par
delivery of the active mgredlent( ) to the site of action. For example, compounds may be

administered in liposomal formulations in order to protect them from degradative enzymes,
facilitate transport in circulatory system, and effect their delivery across cell membranes.
Similarly, poorly soluble compounds may be incorporated into liquid dosage forms
35 (and dosage forms suitable for reconstitution) with the aid of solubilizing agents, emulsifiers

and surfactants such as, but not limited to, cyclodextrins (e.g., a-cyclodextrin, B-cyclodextrin,
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all linbs-hind and fore; 8 = noribund/ dead. Wien the severity of EAE was
scored a "2" or WD 2012/121992PCT/ US2012/ 027376 greater, an additi onal

wat er souwoeormsdseti ng of Napa NectarTM and pre- noi st eagdSt@on21se6 e

pl aced on the cage floor. Aninmals with severe onset of the disease were

gi ven sub £OUs a nsi std n c ; n
m ni mum o I%)t'r?(?e andcﬁmgpsin na seo%|§a§ a;?];ﬁnémséor'\l"jlt e %gﬁ# g%&%‘ns of

recovery f2§)04nolra®retsh@nLaZ>rajﬂi%/$aMeﬁae® Seemcatorf amoechn-aqueous soRattsMudiebs, BEAE was

0 s a s uiEEgEePl ks 1ol AEhe buntkareBlocl crun ofg Mhon o CBRE | O

anal ogous berayltueezqa@@rdmldnﬂglmom3 lbte}figmmglmobemmﬂml foogemide, deetyhi nant of

the b 26 (

Lovi o 3 at 2 PYBR 007G eyl b, M olBisREY o M B el U B o,
IVA) wer e Bimj easeed Oﬂ@tﬁlwmhé@[%WWOTWTfubﬁ)@lhoml delyetbflendgyadisy @ﬁb’fﬂ@'éle‘ﬁtefsdﬁt with
0.1 m of S@rglr??{ergdl]éhg(ﬂ”g@m@;e%; e mS(ﬁl‘&Qn&gOOf encephal i t ogeni ¢ MBP pepti de

in conplete nd' s adj uvant cont ai ni ng 0 pg of Mycobacterium

t uber cul osi s HBTERRAMRPAITEN ShaPes BndiyRe of hasaEe am al BreiFaly wely depensingoridd dai | y
for di seass, GRPelontiie RIOGMEASH QR Pl Rkl BUrcBRReBEK 1Bl BBl al i On.

Di sease severity was scored as descri bed above. 15Aninals di'splaying scores
of 7-¥ wi taresnemeurihef ofe o drBe erpe pefive mrgredigriaih cComerisps thagracdosags fofm degy.

6. 2. Col | agaRe brgHE @dattienbbi the §ar{1gjle%as@ 8RARAY, MyRdnteral dosage folRRGOUL mi ce
and conpounds were tested in a ClA disease nodel , which was generally

carri ed ofR"R8 SEaLR PMOEASIVEPRN PURBLYE a%\@éﬂgreqt_f?@ﬁtt COBHPATSSIRANE Bfld DBA/ 1

mce V\Bredbs{%ymr%%edj thFe%@afer@Hew.s(ebs@ Rovido a3 6B B s@htﬁﬁerbrmeevmr& base of

the tail 100 of chicken pe Il collagen (ClI, 8%1? Chem cal Co.)
i n Fr eund@RPEHH? @Pée gijedvate & §F-f Reningser ﬁcﬁ’ﬁ@rmqut'ce HiCRY r%&thz 5
ng/ m 1M E@bﬂémmgrﬁng tgétb@mqlglgm a repeat booster i.d. i nj ection of CI

(100 pg enulsified in CFA given 3 weeks after the prlrrary i mruni zati on.
M ce were noni Eégid d% for signs of 25 arthritis, and di sease severity
scores were as el %‘?Eﬂ@‘s scoring of 0 to 4 accor di ng to the

foll ow ng scal Qharﬂwaeeﬁi@al%yipbﬁfms&iﬁdweSM\ﬁelnhd)ngltaﬁle?oerréﬂtahEhr'Fﬁ’stl%lﬂdn barl sk
swel ling of the m d-foot or a}nkle ema_and m swel i ng

ext endi ngPEPEHFY ARdSHRICLOBECHE St faéo?“taf? mté%ﬂ}?%@nﬁ‘bﬁﬁ#ﬁo&@?%%&

swel i ng @)bteemobalp@ts‘ bmtebearﬂmlqh.as e, eode balpd) S8lich dlbbﬁlgesforms cohtam er yt hema
and severe swel | f oot

t di t
o B S s e bee ARt A et on s, et Sath i cpapd Po s praymey Y
addi tion well kiguab tiesesking in pevert. lSeekpess/asmmgasis Ritrmbddutieal Stienaspt er
| t ed t di t o Rosl
galper . agh ea. o2k PUIBfIsE SBRlaniAlA St or 16 Lot e he "1t 08 ere. o

Levvl S rats (15®fp}1!a00rgld$egaafoens @h@rdpeeedFEiy\cemblnaigmh@a@wé agredidhk(miingbon, MA)

were i nj EC I%dFﬁl.ﬁlOtml)%Hrew at¥eaﬁéo eXx |p||e|'1t ac Prdl C F tlonfg%narma e {IC %50]: 300
|ofa1 e <Si'on ot - Bov r{pg s c(rk\f RNe)

S! gne2Al dreropunding téchoigngs. eﬁxeplléntewanita(eadryldn/m[ety_(df FoAms ]jSﬁ)ermmgtoottb& form

Si gma- A dE)]J pgle?%/arat tdng\?ﬂopgdrﬁin{sﬁgt?o%t booster injection of the same

enul si on muni zati on. Rats were nonitored for
si gns of art hr Bedawisdyf tbeir easneanlf a@mmrsntragor( tabtdaisbndiapevleatepmsentghe easth r at

paw, usin o 0 o Lin S
cal cul at egd\{?e%gégl{ r%%tdl%%% ﬁhﬂ%%ase :a%g%@é?égreeé %ﬁ )F?O&PB bggtarﬁré%éube%e%? from
t he val uesr min-smUbsusjeEmiques aSushavergegorms can be prepared by conventional methods

30 of pharmacy. In general, pharmaceutical compositions and dosage forms are prepared by
uniformly and intimately admixing the active ingredients with liquid carriers, finely divided
solid carriers, or both, and then shaping the product into the desired presentation if
necessary. Disintegrants may be incorporated in solid dosage forms to facility rapid
dissolution. Lubricants may also be incorporated to facilitate the manufacture of dosage

35 forms (e.g., tablets).
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56. 3. Concanavalin A (ConA)-Induced hepatitis D sease Mdel Thi s
nodel was generally conducted as follows. C57B1/6-Al bi no/ 129SvEv m ce were
i njected wotzoeviemasly (i/v) via the lateral tail vein WRCThiSaoigioaTsre

subl et hal dose of Concanavalin A from Canavalia ensifornms (Jack bean, Type
1V-S, lyophilized,ppgwder ept cal processed; Sigma) adm ni stered at

10- 16 g/ kg rmés“ng 8&?%?8@?&]%‘?%?”{% 10vol ume of 0.1-0.3 ml of
pyrogen-free PBSentbhe dbseigk formisian bg emhln&raed)fo mﬁnerﬁs byesarroas redkes inclading

Pl exi gl as u restr ai ner t out anest ngaln
oy 1 nge wp s R Ll BNl it o oL R TE oM I s BRE TPl oo

sanpl es V\Becmuse)tﬁeecaumdwmgatlDetypmalnfmybmse@baedtsngatuFEhdaefarmeeraga;nsNer e

sact {14 ceg A 88EAS LANRLARR! Rt SRTPLERPLE,8IALYER of 804 Denpresence

cytonetri prldJeaddramrsaytlc(rﬁBA)pahemt EBDnBeosfqiaemtes, doMzgﬁTbammnGmm\sollmAm

accor di ng , f r ] th a
Facecal | Diroy DRAOs kYOGS Rl Uk o or st UEL R AEMA R

Bi osci encesrpiaBicoehielgiferahiestinksissensionsireesly fdranjeédlioe, m&rgremmchessed by

e N0 s &1 Ul len AR cEREY B0 BRRRE MBI AN AL LARRIET B2 (AST) and
al ani ne am notransf erase using ard clinrcal biochem cal

anal y¥er . Inzen_tlowr@weifkr@wnm*choe@s@dﬁdrrmtf@a;verEeﬁa@eles Inchider Water & dijendidnwi t h HRE
Knockout - KPRe re0eaeRBeghuch o e e o pe

( C57B1/ 6- Wigstipn Dexpas\arg Sodiupt(diarige dxeaiien.cnd laefated Ringeas (niacten; WateEAE, Cl A,
e o AR e aEes B IS STl 15 1
were testBe- aqwow\éehw'qw@fy@%com @'é come%@laﬁeqyt 8ih BESA MOl gipyigleate,

post - {AMURLEBh Miristilel Bnfodie@BeaRt at day 11.4 0.78 and 12.3 0.9
(experinent #1 and experinment #2, respectively). The onset of disease was
si gni ficagt Ipxafep@dged in the MST1- deficient animals (day 16.6 1.41 in
experiment #1 and day 15.1 1.1 in experinment #2; p 30= 0.005 and 0. 06,
respectively In the acute post-l mTunl zrz]itl on phase of_ EAE (dayls 7-22),
there was a 6 A 5 D B € 92E Wiog8iase score in
MBT1-/- mice CRH&@(E%l% Iﬁlhd &Jﬁ%oruna\é \lvgretté/s]?@d |h'ahtEﬁEm§E§s% mgaér IWhnlflisS phase
of the disease, the nean clinical score was significantly l'ower 1n the
NBT1-/- mEeralbianriesouyas d&ﬁ@rHPﬁﬂ@e'OWn addi tion, the mean peak EAE score

obserygd in thgoV&Ihddet ﬁé'r'ef@ri §da9fbt|€é‘)6ftlmz nfé@l%d'df@@ﬂah?e%! QN&hol.
355|gn|f|cantlégﬁj@%‘8ﬁer t han the nean score in MST1-7- group.

Thus, hormd8%:§é W?%‘W”&ﬁ”“ﬁ%éf'%g‘)il%\é‘ﬁ%séﬁ'cb@ﬁ@'/@aﬂ@'P‘;/l@@ﬁ‘éﬁyed the
onset of E’f@m‘afbsme?@lnﬁﬁﬂwliéldlsgydlﬁér%GU%hﬁlth X@t&%l@ééaéw%@é%%&l&! 027376

severity of EAE in the acute post-inmunization phaseé. oget er, these
resul ts deWpRIYVRIPESRWALYRMIH)-gmulsiiieddn develrsg rewds asiyantd CEMEOTRINME

significapkh)g h@é‘t@rﬁacﬁ\'/a'i&ﬁﬁ@co%g&lé#&n t@é%u‘id&%maﬁ’r i |Dﬁ§§La%‘é§aQ@rFHs} bipg to

di sease when conpared therr | d-type |ttermat es. In the C A nodel,
ei ght2® 0 awidgBaRS SthﬂieN/Bmla”Méff"ioéﬁ Téﬁt'maﬂ@n\mtwn tRgRrLdoESHgrds Alnpediately

S/ 129SvEv)q 6@k ki mﬁ?:tﬁ)‘ﬁ oWeeerﬁﬁﬁ&)dantl? RBPWNehdh Fb B Eeled bRE
MST1-deficient mce dis %)ar&a mar ke decreased i ncidence of arthritis

when conpHiErenas Hiackei ¢f thﬁ%uqSIStt%m fHist Biglogical Lizgpigiaries). pnnad. 03) .

Joi nt  swelybighg waRdreebruBd pddr t&h@RSartsf thépaRMBkt R nhdhitbiea tABkgrRumd Wi st
joints were evident in wld-type controls fromday 21 after the initial

i muni zat Pwr'”\ﬁﬁe?é”é’éﬂﬁsﬁﬁrYVP%tD'%Fia@ﬁéeVSf'tdeatsﬁP?rF? gn gsoateas iU By arthritis

severady ssMpRsmatlc, AddetbdahibcighBidiseded; 1c+ a@qtm&@eyﬂf%@ﬂaﬂﬁlogmﬁnon day 42.
The nean cumul ative arthritis scores in th e_control group

remai ned ATYREFUPRSHNRI®IattRISH GIETIRIG TRIE! B@(B'@ﬁ"? PrfetH? Yap'ﬁs\e Wverity of
arthriti szcae/sjisgclmefdlg@mahdj ;bﬁéi%ra@@&eﬂtnenan M/gﬁmd iehgfaired ﬁgﬂtlnméﬂ%xw th a
maxi mum an Cu atjve arthriti s score . an aI'TB.II'TU

Tl ot B 8T Mb edeh SainiaieR ey M i s Ad PRt UG e
control grpdERRGABNES tRahiht @mbasogdatblydah mild forelimb weakness; 6 = paralysis of

35 both hind limbs and/or moderate to severe forelimb weakness; 7 = quadriplegia/paralysis of

all limbs—hind and fore; 8 = moribund/dead. When the severity of EAE was scored a “2” or
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1525 post-imuni zation, with a nmean cunul ative arthritis score of 3.5 at
day 28, a maxinmum nean cunul ative arthritis score of 6.2 at day 46 and a
maxi num rearrorr/ivvankl e t hi ckness of 485 Jimreached byPdays3®2/071376
significant decrease in the severity of arthritis in the MST1-/ - rrice

per si st ed ung il f he fir ni.zati.pn hepatitis
rodel - - 243l an Rt el ol Ee ek D CBRRERG P Rsg b PRsGRT e ier o
tested. Awateysacsdoh tr@(mgé\ﬂocndaamlsc\yltmdavere opsembﬂtrtelotmaseweralgefdnt hat the
serum | ev ed in
VT 1 - - Siudhebuntihy sk NEIG b YR BUB0L ANk o L FBECC f
liver danﬁgmatsrmmmg(SMES aindis ABTut signdBTedovery-fommere tl\ms2 fayamerd n

MST- 1-gef | E%d than wild-type mce in two i ndependent experinents.

6. 5. Cenera Eynt hetic Method A and Synthesis of

4- (6- am no- 5- (E_’rd}ﬁgi_e]_ EAE3vas-elicited in rats according to Mannie, M. D., et al., Proc Natl. Acad.

25t et rahy a i O m de
The capt | Ao s aan e e LB B T O R P el ow
0 WO 201terenwepparmaszogi coocphaiiogaidg ¢gtermingnt gf the bovine myelin basic protein
1-oxo0-1, 2 I r

Coz00s, DU 1B B S ROk ROy RS TS RRG oMhy o 1
4- (NC%QI oBW@WbQ@FQr@ﬁW'FFDT'ﬁﬁéﬂW@dY%?ﬂ”LeCH?@lsﬂbcqﬁ%l’(ePPﬁBM)O“hﬂdesl‘%mfs% BuCH,
100C. In panbdiGlthay s m@oﬁéﬁ%dl&é@&{n@fsﬂrﬁﬁfsﬂ% 5Yof Qrﬁce%hé]ﬁ%ﬂuc%}léﬁ depRRy [ di ne
(6.4 g. 31.57 5muol ), 1-oxo0-1,2 gy roi soqui nolin- gdxlboronlc acid
(6.63 g, smn'etemn)isammrz@@rﬁﬁm'rﬁéw(ugoé I@baite%mﬁ‘ﬂﬁﬂ“)u'c& HYCOB (15. 43
g, 47.35 mmdidan SralAVimM@szcaQm s Rerelonitdkdbally t6hbibeask bRsaahY Blogred¥igguat i ng
the reaction m xture and back-filling with dry N2 to effect degassing. The

degassed SPRUIMEP NG4Sk #Er EHPIgoNo Df@@?? FMEY W@S PRI ISIITSHERE I R8RSt or ed by

LC M55 At conph@itiaRitispidyRiglseaed bons Wakout slgh@brdcdvBEoGAre @b 2844 werder
vacuum The 10resu|t| ng crude material was redissolved in MeOH, treated
with silié2fedd- (15 g) then concentrated under vacuumto dryness, then
azeotroped with toluene to renove trace nethanol. The powder was slurried
in DCM thers.p| astigidgenviiduded Atthrid (G@ATDis6add Madelel uting with 4-10%
MeOH. DCM Pure fractions were combi ned and concentrat ed. The resul ting

brown sol i d wa8"NQkaYLTIER ANHCBBAUPIBWHE eseHBR FA fiseasednqds! WBIFBWES col or ed
i mpuri ti egeretalProviedeutes(dscribed below.

RHTD il M SRR B 1

( d, J 7. 8at$eyverdl difes irdo (hé biabé of t8e tailwith) 1,00 ugd6 chchenQﬁoe(lmOllﬁgdrl) Cll; Bidd (s, 1

o e it o) i e Sasnalest bt kS Block nb oy Bpn ol 58 ey 56 o5

137. 26, 12/9tu'b€rcuib28 fdﬁqweﬁZﬁ:ﬁépeailﬂos&? i. d.’hﬁJ@ctﬂﬁl of ERGlQ[QrJg ehulSfled IMBFAEl ) nl z:

270 20 |\/|+ 70..0870.
A oot ot 1 obven S el fheldimety it fatch, L et airg R B oy e (7.4
g, 272%0 aanit)s amy dlsz{ahamybru1(3/$6®e$rw¢reansbs§hd:b)(éﬂﬁjahtc)ormgef Ueyhsseditgto

|terat|ve t fill tro en
(5% Tomb@iiolth L3P chARid A0 MK AOTHRRFEenah B hiegfibd g 100
50 mt % w&IOEOr ankleFoigl 2 =Tdvghervaend oild asglingexteyduhgfiotth2 Bhieraothe mig-fodt;at m) by
t t hyd
(355 The S DREHE RS Bobolere FRRRE SReiRdom LRI il bbbl 01" °0°
stirring arceribena endskvbie MENNSOf the aolderﬁb@ta@mlglbhéonaé@@qasgaema@/ sdergassed
and e - t - - i d while
ot oo eltikibribd SR Bl S (AR RS PRl BvaRRsIdhE B v
thickness was measured with a micrometer caliper.

Rat Model. CIA was elicited in rats according to Rosloniec, E. F., et al., Curr Protoc
Immunol Chapter 15:Unit 15, pp. 11-25. Here, Lewis rats (150-200 g, female; Charles River
Laboratories, Wilmington, MA) were injected intradermally at the base of the tail with a total
35  of 300 ul of a 1:1 emulsion of bovine type Il collagen (Cll; 150 ug total; Sigma-Aldrich) and
incomplete Freund’s adjuvant (IFA; 150 wl total; Sigma-Aldrich), followed by a repeat booster

16



(100 m.) that was heated to 120C. The comnbi ned organi cs were concentrated
under 30vacuum and azeotroped with toluene (2 X 150 nmL) to renove residual
DIVF. wO 2019t ai ned solid was treated w th nmet han®CT(UBR@2m2737¢ hen
heated and sonicated to provide mlKky slurry. The sl urry was cooled to 0OC

and treate 4 8. 88 mol The
reaction wgescw?rrb(t’rh Fore %m& ? ?/é{ﬁysaaert ar'ertd ? | on F%i%\ﬁerg ﬁonﬁored
concent rafoedlgumofeirthmassmn‘muc%ﬂha&omr@ubmal ngsem\aattlen)lailea@/barat sdvoueidg thedetinghi gh
vacuum 359y, re om ne , ,

oo (2 am gt Rl sl ol TR B b OGS BRATMEEEARIBEN) dBirctng g vasgine
hydrobronvajeemtiwﬂjsfommssmm&mt(ram Nevaiyes DO OYespdwint Ineasviepentevas used wi t hout
further purification. 1H NVR (400 MHz, DI\/BOdG) 6 ppm8.31 (d, J=2.3 Hz,

WD 20 llzlﬁép : 8.00 (d, J=2.0
Hz, 1 , 2 H, 3.38 -

3. 45 (m 2 H, Tms %deltwasxevserallympnd@tﬂasfQ@@SNIOWBII%IbMeIzHMOME)we@e ppm

163.89, 1 , 0, 127 79,
12710, 15658 M aRY Gha e e et i f el Snfel BP0 i
calcd for CQIMFE\@B!’I R3O Blaveli3 E8sitea 3, (Jeck haeh, IU®. IB33ophilized pOWdﬁzrsI urr y of
E}h?Za;}r/nl nos e%ﬂ%rlg%ocgsrsle Slgm? adm_lrgstzreglaﬁ%grlgln’égéé%fnﬁg e bod kaght in a total

hydr ol onvdeme ef Ga-Og ml@‘ W@gﬁiﬁﬁ?é} PBY- mt@'y‘(ﬂ'rb'pﬁ@mnsw P‘ﬁ(@rfﬁ's}/tra)"pﬂﬁiéhsll bor oni ¢
acid (6. 55Ie9gla§-%ro§& r@gﬁ’é )|er v Egﬁb?’awéd @ﬁl@(ﬁjt gEestIQes‘f’ag uémé’é X nﬁ@gr irge % |tMaaq
Na2CO3 ) in n-B m.) was degassed bubbling a
st ream of QZlﬂﬁWrrt?G@'enﬁTﬁ”b@"é’f?‘\‘ '&frpoiﬁnlfgtﬂﬁ”nb'o%@”ﬂ@%\ﬂ@réﬁO'IﬁCB@PlPNéEtWaS t hen

heat ed t 0,R0GIERINg3 The affnak AR Sdctifidbd énh%er*é@on’ﬁ@@@do@@a%@s%}éﬂ ed with
DMF (300 nL) and heated to 125C before f |Iter||kr’:£9t e hot slurry over a pad

of celite2tRFpRHEPaREIRS LT IBILR: TNHE MiFraiiNs @ng YoF 6INg B MOHANn
t enpermt U@amidagsn &ﬁ&ﬁétﬁ@ b&&dfahra‘il ¢ Rit gsd Bl()g&)erﬁ)es mntdwvlgwl cy/s@ MHecHVadg

renmoved under vacuum The 1\y wder was slurried in | oaded on top
of a tall toptﬁﬁﬁ‘aBFfag‘i“rfiréé”%@P %ﬂsuPPFaé’ber? ACISERA HﬁﬁlatFﬁ%S%E%f{Oé’rﬁYWHéet%l ut ed
wi th 10- 280 Mfized Iie BPIBA S wERNBEBIYsE16n ek A B dcRBSicRH S kERIE BVRY faated, and
the resulting solid was slurried in hot DM- then filtered. The cake was

rinsed wi WACNSBRISCT REMCRTBESTHYLY er@é&@&ﬁ??@”ﬁ? GPP@IiAte aminotransferase
4-(6-am nmﬁ)énb-mdaram&,raﬂﬁsferase ALT), using a standard clinical biochemical analyzer.

2 wni 20 pONERR baigicbe; s s%')vtﬁ‘onfm%ﬂﬁﬁamémt%%pg@%%?zeWeZP' b 62 (d.

J= 20HZcéllri'r&dlatSdBﬂm(uﬁhlnﬂaﬁmetlorQOHz 1 H, 813 (br. s., 2 H, 8.07 (br.
s., 1 H, 8.04 (d, J=8.6 Hz, 2 H), 799(d J=8.3 Hz, 1 H), 7.88 (d, J=8.3
Hz, 2 H, 7.57 (s J.56u(s, 2 H, 3.43 (t, J=5.7 Hz, 2 H), 2.99 (t,
J=6.3 Hz, 2 CHOWLSNE 3.5 Hz, 1 H), 0.44 - 0.53 (m 2 H), 0.36 -

0.44 (m 2 H); IVISSl((Ed)c)(omﬂrﬁlbe @BEar[dMHﬂl]Wll(ﬁtyﬁe Gam alalbmontresvRy) IvedrinetdsB and
Synt hesi s_of

5-
et ey bl et e Rt A KPP SATindea heppi URRER B9 Ul f onan de
The cZpti oned tohpeAnhhodeSeightepaP wdebbyldg/laTer/alandmtldntydB +/FpEBEBREBABthobel ow:

0 VO 201;121998%/8\%%{:)%311]&3852\%1%%05 ed3 In'the wild-type mice, EAE began as early as day 8 post-
immunization, with a mean onset at day 11.4 = 0.78 and 12.3 = 0.9 (experiment #1 and
experiment #2, respectively). The onset of disease was significantly delayed in the MST1-
deficient animals (day 16.6 + 1.41 in experiment #1 and day 15.1 + 1.1 in experiment #2; p

30 =0.005 and 0.06, respectively). In the acute post-immunization phase of EAE (days 7-22),
there was a 4- to 6-fold decrease in the mean accumulative disease score in MST1-/- mice
compared with their wild-type littermates. During this phase of the disease, the mean clinical
score was significantly lower in the MST1-/- mice than in +/+ animals. In addition, the mean
peak EAE score observed in the MST1+/+ animals on day 17 post-immunization was

35  significantly higher than the mean peak EAE score in the MST1-/- group. Thus, homozygous

deficiency of the MST1 gene significantly delayed the onset of EAE in mice and alleviated the
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wherein: ais 1 N NaHCO3:DCM (1:1); b is MelLi, t-BuLi, B(0i-Pr)3, THF, -78C
to roomtenperature; and c is 5-brono-Nethylthi ophene-2-sul fonam de,

PAC12( PP8D2012M2@d2 2. 0 M ag. Na2CCB, ti-wave at 140C f @cTAS21/027760! uti on
of 6-(2-am no-5-bronopyridin- 3 yl)-3, 4-di hydroi soquinolin-1(2H) -one 5

b ot B Brage de B0 BN AT B8 HRE L SR Re ne
sol ution (thM@I[;l -/~ 1 hede\@dﬂpéeiss%mle Esbwitasigsificantlg bwer disgasastored, and e n, and

t hen the r over so4,
filtered g%yg{:s%ﬁ%\% ﬁ?‘gﬁﬁgﬁsgﬂmaw‘gﬁ&{ g@mtﬁthﬁﬁma ﬁgg?ttgﬁcag%m Themrgesul ting
tan solid (1.5 tge CB. rOodehmight Wwalkd \weeksdd MEHL- dﬁchHFarQOB\Mﬁi -pbe (COEBIPb-Btinoo - 78C
10and gre I mL The
roaction e ue ppat T et A bbbl b BT B rie T 1w
t-Buli (8d8priated almagedinpedrgased écideocawiarthiirewiasaloguparsd withi tbeir witdstyee i r r ed

vi gor ousl fry

tr|g| sopr ogtft?@or at eqﬁgggeg%aé 09? gb i Qﬁ”?lrg%ﬁgta&elgagtg 'fgﬁén&\?\%@ aT?Uon IIr]thteo warm t o
r oom t enpantde arewiiss joirge waierevisenoip avilgtiwa chntrs T Wasat afterghe MigCl (1 nl)

fol |l oned f and
washed wi Do ieredk e et Uhhd bRl B0 Bl P LA MR Soterhd ol oF

(6- antho- B4 theddT-1deficigntamitedevaloped omlssolqaayrrb’a i The Breay [cypyiakivh artrsmyl ) bor oni ¢

d (1.1 Qp/ﬁzpj J=2.3
ﬁzCI, ( chgeész?gé’\Wdetwp conﬂ_ré?’ mg ?Qe%pe @Qh I_?gl%?m.}% e‘}[?erﬁvgeng 6 Hz, 1
H) , 7 67 {lek seyerty 6f aqghritig wefy sigmfiGmtly decrgasgd 8 the MS]TlH)af|C|th4r30e WI?h a7 (m 2 |-|) ,
%‘ 2_1 ( S, U{r‘?mggn éJmul%ﬁg:aﬁpm% scg?ezoq liDS ar%‘ a8rﬁa>2imam%ea(fm ofzankpe;thi%eggl )

z: 284 m xture o
( 6- am no- bt {Apoxeache® bBday-4% ivhakydardirgio tfuiha @bntrol Broyb bpgani i earlidr yd ataay oni ¢

i d 91 1.02 | [),.5-bro h | f d 78
2502t 75 Masti e S RebNy s Psah BNty B R A B TR hE o e
with 2.0 Meagcuha2@@Bsnlitid sore ¢f16.2r5) dedy Merandiaahaxivaye Mre%atAecﬂ adkle M&@eésor 6

m n. The react| on was then 25filtered, and purified by HPLC to provide
5- ( 6- ani n8LER U gsashad by day 82 Jf“ﬁé@@%ﬂté’éﬂﬁ???df‘ - sgverity of arthritis in'the

yl) pyridi MS?pier%rc&lp@rTsiatéldtdat.&my%@%ﬁ%r%If.mnﬁmuﬁh@at@a a white solid after
preparatory HPLC purification. 1H NVR (300 HE d, J=2.3
Hz, 1 H), 8.07 't He Cpag hgppplis mods), /- ?”%Oft”é?' W'bdizp%cﬁz '/QAEUHO/ﬁ@%V 4d,

J=3. 820 2. Md’dZNeré-telsﬂed Knél?sls(@*Coﬂzﬁ\intyuckﬂcytéklh’@proaucﬁ% (éi/ealéd tﬂ)atth% s8tn{ d, J=3.8
Hz, 1 H), 3.57 J=13. 4 (r H, 1.85 - 2.03
30(m 3 H)evelgofll 1@dH\IFqg.afg I\/g}P J;wgreﬁgmflgarpby deRyBaS(qul)l M4 /4@9&3 qu,qqred towp
2]912/ (13199«%%% 2L 20 8indiIERy, Belbase@R N Abmayd e o b& (AMRE RPASTEiANGT-Bynt hesi s
o am no- 5- (4-

| et hyl sul fTHﬁW’I‘?éH@’}‘FSVFfbVﬂ didgligen) thamvilg-typenpige 81 WeMfeRsdent PPeyeHhe The
captioned conpound was prepared by CGeneral Method C, represented bel ow

S wherein; a.bs 4driirddyatddteNéthb AHdEYHeitsts GA-5-amHERNMBdb-1.2.94M aq

Na2CGgs n- BuOH, rigfrhyeroiBoddin&XdVb-yINRidiRBSN N-¢yvBlopropylbenzenesulfonamide
1-o0xo0-1, 2, 3, 4-tetrahydrol soqui nol i n-6-yI boronic acid, PdCIZ(PPh3)2Z, Na2CQO2,

MeCN, H20. | n PR ¢arEenesrcompodnd yvasprepared %%@E%UBFV@MpﬁDEﬁSﬁ@e@ pelow’ g, 4.67
mol ), 4- 10(ethyl sul fonyl) phenyl boronic acid (1.10 g, 5.14 mml), and

Pd(PPh3)4 (0.16 g, 0.13 mmmol) in n-B§OH (20 nL) was treated with 2.0 M aq.
Na2CO3 (4.5 nlL). The reaction sparggd wWith dry N2 under sonication for

10 mMn to .~ and then reflu or |16 h at 100C. At conpletion, the
reaction \A@&I ed—te—rooRT Tetfperatw’e and copcentrated to dryness. The
resi due was PariNG.i ongd betlwegn Et OAc (50 W9 and water (30 nL). The | ayers
wer e 15separated and the ath‘éouél bayer was extracted with Et0Ac (2 x 50

m.). The conbi ned
N_Q 0
~Z
V/o’/s O O NH
A
P »
NH2 HBr N NH2
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organi cs were washed with brine (20 nL), dried over Na2SO4 and
concentrated. The crude material was purified by flash chronmat ography over
silica gevo(BR/120¥% Et OAc: hexane el uent) to provide PCT/US2012/027376

5- (4- (et hyl sul fonyl ) phenyl ) pyridin-2-anine as a white solid (0.57 g, 47%

1S9 o bG8 R0l o0 SRR Ry R SRl or ol b 5 (M 2

2 H), 3.2BMFQLOQET b HHiz Pd-2, MBOH:DMERLQY; ¢ isJBrZ, MeOk an8di§ 4-(WS (El) nfz: 263

[ e BRI BB cSBLA O he N0 nOIAORTS | 1 pon 16

rrL) was t reat ebth peirtidulaNBS 00 0.t ggraRresgummnes|bramd- 2trhteonye<ac¢ {6ohgWdsS hrai nt ai ned

B e

organi ¢ | Bg¥r(1wads dr2@anolend NaZ80415.4her 7139 Itané@h BMd wes posatedfivedOt o

gnbgfgﬁggrngg fi %ﬁ&%ﬁ%lﬁk/&@é&%&%%%ﬁ%{hgg% gno%ﬁcﬂ%lh(wg@ﬂh Ngz(zg/ﬁé@tel d) as

2012/ 12199@@%532@1@2%@%%%%9 theg haed 1003 C(arrmo| tfle KqpCtion Vg monitose (m 2
H, 7.85 p C/% (Am;or% Eﬂon ﬁTe@Qac(tgﬁ wa§flltgreﬂhen%o%nﬁrgt’ed‘?mger%a&!ﬁj’m ), 1.11
(t, J74¥—|z I\)OB A mxture of the
3- br ob- 5rqs14ttloétsrﬁ9¢ g@lterr@hvmrsﬁlémwe)imwleaﬁntrezﬂ IH@SII(C@@@I #§.2 hero mol ),

1-0x0- 1, 2¢ch ént?&&ﬁ @MQ&HU@Q&H'd%Eé@tF@n%&QﬁC@Q& Wlt@?dllf&ﬂ@?ére%’ve Bagd Mol ),

PdC12(PPh3)2 5(7 3:1 H20 was m crowave
heat ed at MEBBOOK Fhe BOWa Wa%ﬁluﬁr@ﬁﬂﬂ BEMoen fiprbed @Wtaltﬁlhleﬁ thsdfcé &4 evitht er ed,

then puri ﬁll@% I\Wé’OI—IPD@MarP@FeQFééUHPsL\@r& @orl%lﬁé’d 81 concentrated. The resulting brown

6- (2- am no- f Isulfonyl 1y Olyr|d|n3 1) - 3, 4- di hydroi soqui nol i n-
1(2H) - oneé@'dé("%é 'e}ﬂ)é'[‘ P& %él”?Lé}tbeB t@Ie/B“QYeéoﬁ’feddWéFt"?sé98F°é’@e@ﬂ
ﬂ;epiﬂﬁ; Ohl‘!{robﬁid(ﬁ;\ @M)’?& ﬁldﬂﬁaﬂo@,ﬁqwﬂl_{gﬂn[‘im (041995 25/{%% soM?@/D) g, @7%};@@{) 317N|(/Id ~(]d2 5
J=8.5 Hz, (4P0Hz, ?"‘@P‘(%Spgm@@ (A= 4P%1ﬁ'@ 8;3%3 de 7\]8‘*7'281 it} 8.04 lPJI)S 37"'219 (s,
1H, 3. 5(?78@;t 7. 913-(€h ékh'zzsg é"lwé%:i@owﬁ&@ﬁz(m 33'7*)84% 9172(L§12§5-@ ;eHz, 2
H, 1.25 (t, J= [ M+ nt hesi s of

4- (6-am nbze-H 1136*64&(1@13/”# PM@pa@h PR3N 4631 PNBIG- AL 6—4§riéy%é/ A4, 139.99,

3- yl) N, Ny gy 95%%%@@@%“&§§§§@ﬁ%3 127 92N 85,19 8k 52 ms (EN) m/z SFener al

nethod A was a i ed [ sul f amoyl ) pheny Iboronlc aci d,
provi 4 ng [M+H]*; HRMS calcd for Cl4H12N303 M+H]*270.0879, found 270.0870.

4- (6-am no- 5- (As@lﬁ@onlof%» SurtrdpBidiRBYABAL &%%u&ﬁbinﬂrrﬁlﬁh '7(11'{'23"5\0) N, Ndi e

t hyl benzenesul f onam de after pr epar at or C purifi ca%l on NVR (400
MHz, MeoD®lgpmedhang! (La0 myrandDYE (200 Waé d@@séﬁd bﬂ't%aweMzeVaCPapﬂéth? 85 (m
J=8. i I|:I)|Z re%cﬁ)n’f%agk 4Rd bacz«flﬁgg \Q/fﬁﬂ d@Qn?tro'é}an 5(7X 5$o {r@chegéss%d Q@Ilﬁ’{t)lorﬁNdézadd%d H) . 1= ; 88
S qd,

Hz, 6 H), 18% fel Otharb9n@eBUF&a ty@e Wt Witﬁl §L5rﬁ zTheJS?LCt[ON/IWQP chyged Wt hesi s of
4- e nﬁyo@oéeﬂa‘(hygtrnﬁ))by itﬁ@ﬁWIMablﬁbtﬁgMQﬂloﬂ v8sa¥ilarrdNback-filling with hydrogen

e

~

(6-
t hyl benzenesul fonam de 0 g,
(3 X). The reaction was malntalned at room temperature with vigorous stirring and monitored

by LC/MS. At completion, the reaction was degassed and purged with nitrogen as before,
then heated to 70°C and filtered while hot over a pad of celite. The pad was rinsed with DMF
(100 mL) that was heated to 120°C. The combined organics were concentrated under
30 vacuum, and azeotroped with toluene (2 X 150 mL) to remove residual DMF.
The obtained solid was treated with methanol (200 mL) then heated and sonicated to
provide milky slurry. The slurry was cooled to 0°C and treated with bromine (1.48 mL. 28.88
mmol) by careful addition. The reaction was monitored by LC/MS, and, after completion (15
min) was concentrated under vacuum. The resulting material was stored under high vacuum
35 overnight to remove trace bromine to provide 6-(2-amino-5-bromopyridin-3-yl)-3,4-
dihydroisoquinolin-1(2H)-one hydrobromide as a brown solid (11.16 g, 100% yield), which
was used without further purification. *H NMR (400 MHz, DMSO-ds) 6 ppm 8.31 (d, J=2.3 Hz,
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0/ 25CGeneral nethod C was applied to 4-(N-ethyl sul fanmoyl ) phenyl boronic acid
and 6- (4,4,5,5-tetranethyl-1, 3, 2-di oxaborol an-2-ypi soqui nolin-1-ol to

provi de wWO@ommmi2m9925- ( 1- PCT/US2012/027376

hydr oxyi soqui nol i n-6-yl ) pyridin-3-yl)-N-ethyl benzenesul fonam de. 1H NM R

530 (o I T ) goib o W R S Sruntt i 613 A% 1y

7 96 (d, 2%6.B3$H3.42 ()2 H7 288 tJ=768612(:m-l BCH)MR PLAVKD DMSD=B) Sppri. 5 Hz 1

M 758 (80uoIihlndy g8 o od o133 0000 I 10, 80 e ) 660

mz: 421 [RGB, 104.76, 48.52, B7.70; MSYEI} hesB$8,E20 [M+H]*; HRMS calcd for CiaH12BrNsO

4-(2- - B- | f amoyl )ohenyhoyr| 'di n-3- 5vl ) benzam de
Gener g,i.{n n@@ﬁﬂdﬁh@(% Fof)’ $5§§6%324 br ono- N- cycl opr opyl benzenesul f onam de (41
ng, 0.15 mmol )As[ﬁwanf mnea@l brbrricer &eerapyih phenyrhdnyydin-Siv)-33+-gihisosisorjudotiei d (53

ng, 0.15 I
4-(2-am no- %"Ze% '8% Eg%égsuq %%nr%nyl ) th qy ||05)rop¥ls%famo R yhle?)f)bor%%{?nac e as a
white 10s.5dg, (ﬂ%&@moﬂl%@ﬁfehd@% hE NMRMODGNNZ) MRBE20@) (468 Hpth78. 42 (d,

J=2. 3 Hz, J 8 5
e, 2 by T puBn (R Buesy Je.a@se%g%%f*ga%@%é%hﬁ%@mtﬂgf%%éfoJ
Hz, 11(H) m‘rn dhe (e@ctIQ]tr8lx1®rd—izas DemMpeatdd B7LQASC.fors3 h. At delnple@odBhg kot reagtion 2 H)
2.06 - 2. a El
7. 409 éﬁ[ d}_\g‘gl) I?Mp(%%)nt hgagggeétgh tglfg C IQeff(‘?‘rlL;2 ftherQngAtﬁe gmsllﬁrykcﬁler a!vr%d( )

4- ( 6- am nof @lifeldanwendd \QlthhatDtWt rTahpcﬁaOicswmermpieﬂicatopmdymaerﬁture then

3-y1)- N'e{rgé/tlsg%ﬂﬁglq&?égl %&l‘f‘he solven as rerﬁ@\r/'b%r e%tcb\ﬁq %me ied to
4- (6-am no-5-bronopyrid n- - - enzenes onam 0.141

mol ) andwas ¢inried Hylp@ulaﬂ@\qu @m@ny)r@éﬁ*lmmgcofawp@lg@@wwdn@DCM ®Ydéhemol ) to

provi ge 4s>(s@n§%§'9ut%d W{h@éozo]% KieSH 4Tﬁee§r5ﬁm96rﬁél§l\?\% B BRIk We@ concentrated
yl)pyridin-3-yl)- Iydobenzenesu fonam de as a ite solid (28 ng, 47%

yield) af @@Hhsu?ﬁwtln@ép wesjurried ot DMRaSen Picsethr Heseye SELed MR (400
MHz, NETHME’@ t‘ﬂéﬁ dr@eoolﬂmegva%ﬁur(w% ;;rl)v%eaf Uémln]o é‘bl»oxgal% Qld J=7.8 Hz, 1 H),
7.90 (d, J=8 2 H) . (m 3 H, 7.58 (m 2 H), 3.57
(t, J=6. 8th@hon0|§q)qU|r@ll@§y@@yrld@;’@dg\lp;@lop@p;d@enzgnq;;glfmfmlge-qs@wp&e powv

251.08 (tq 53)%775% )H@Id 34 ik (Mo M‘ﬁ'z)Dl\Wé@dG %%%rr{%ﬂd Jj=Bo 121 l%/@tsbﬁé'ﬁz@f

2Lam no-5" - | oor ooyI sul f anoyhoheny -bi oyri di ne5- carboxani de
Generf nﬁzh’ld@ %lﬁ/é@f apphi ed 4 br- 8- 4@&@%&5‘8& Oaey)r 1-@Pitd, 3=§B)HzNL H),

5Scycl opr 0?B|8Q§@Z§@%Ub F@Wﬂ der 95137356@ 2 By, §% {TTJJ% )' H%@'H 2.99 (t, J=6.3 Hz,
5carbarmél_8 ridin- 2%/ oroni ¢ aci thg 1) to rowd

2' - ani no- 212 [ &3P op? Opyl 'é)upﬁ&rrﬁ;%i“) rWBfﬁGz @44 m, 2 H); MS (El) m/z: 435

bi pyri di nﬁ\]]ﬁ:fﬁ-,car boxam de as a white solid (35 ng, 28%yield) after
purification by reverse phase preparatory HPLC. 1H NMR (400 MHz, DWVMSO d6) 6
ppm907-916(m1 ,853(d J23Hz, 847(d J23Hz 1H)
8.32 (dd, J¥x2. 1,Gengry bicyyle d_ - h6-amuo-orid-pxp-1.2.34

H, 7291 (d, J= o't draisequinglir rid vhN-ethv@lomheme Ztaulfonamlde 2 H),

The captioned compound was prepared by general methodB, represented below:

NH
—> (HO)Z

N NH,-HBr
NH,-HBr

o)
—\ 9 NH
e HN—:S: 7\
0O S | X
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7.61 (br. s., 1 H, 2.06 - 2.18 (m 1 H, 0.34 - 0.55 (m 4 H; M (E)
mz: 410 [MH]. 6. 13. Synthesis of

6- ( 2- am NIO2R0(2112199di oxi do- 2, 3- di hydr obenzor dl i sot hi azol PET/US2012/027376
vhoyri di n- 3- y1) 3, 4-di hydr oi soaui nol i n-1(2H)-one The capti oned conpound

d .. bel . ej BN, NBS, PhMe,
15 ht bt eisBlals iy NEHOGDEMENR. BR ML au bREI P TR - Cloghor
0XO0- I1 t2 SIGmrteeiturahWQ)ib§dvqa:m<p‘rlmeithy4t6|ogme)wr¥a=siuﬁbm%r@d%'IAnygjgb(rPBmgl\/g@Nd2 IO)M To
a solution . nzenesul f onani de : mol) in
t ol uene (%%‘?ﬁ PW?&%%{@n%ﬁ?rbﬁvee was added Al BN (38ggng, 2.20 mol) and
N- 20brormsuccmso|m|cdeof(63(8%rrmgq5Bro%pmmﬂ 3yl Ehejummv«ﬁsmqemwasl bepired to 90C
f 2 | et t WAt
195 28" BGRB8 A0 S SR B PR B0 PSSR .
extract edmvﬁ)(tl\m EEIrﬁlé)can(jSvaXsEJ@/Iyrrte)ated'l\'/hm a:bqunP&aH(cﬁgg;amncm; 2penie. Wastmtkdwi t h
b 20
o provi & Gpafte SltefYErolAraR e G g SROEOE L b B RS M Bele S50
DMF (5 nlleserdvesrogiatl eceriMgShs, KRSE8 a@a%nqegtratEd OwemimIng thofdughly @aderivecuunas
t d ' fi ' t
the rosi ains SATUEIREbE 1sa L3 s OitSisc) B0 ISR O
chr ontQ ogeaphigated eith 8illGM Begesblufidn MOJLAMEOR DCNI6E} menThe teectohfv@sd
fn:q br gg&; ipqél'né‘?hé%& PHRRZ %éﬁéér @?h%%%&%g%aigﬂg 9&51%%%5.% s SSAMLE (108
5- br ono- ZOWdDWdrBtﬁem@Pépliuémmsﬁbﬂeé vmomuar/fgxard@dontmal 4Rymirthefiare thepl ) and
(140 ng, chﬁ?oﬂm oﬂ}fb%?’alt&'(% m@%i"@WﬁolﬁTﬁéré‘acgﬁé&gﬂb%e@m Wém to

di hydr oben I azol - 5- di n-3-y1) roi soquinolin-1(2H-o0
ne after [AM Tﬁﬁtl@a'tatlﬂﬁf%ﬁorr@véﬁ @W@@%Wé‘p&&ta@%i\‘iﬂ@lm(m DHPYIRIFRY(WRO® MHz,

NET""A*_NQ- L)X THQF@sﬁrtlﬁépt(e}efpltat% Wa% fll'ared %ff%ﬁd Wa§1e%|4/v ﬁmoldaNd'Qr thzn %ﬁeci s, 2 H) ,
7.82 (3, T 1)) 1°H), 2"(s 2 H (t. J=6.8

Hz, 2 H), O@Vf(ﬂéht(lmde(]"ﬁsl“&n I'-qu'fO\QdEI—(ﬁ'a”I\VB? B i}owjz2§44t@?a'5’d[qmpﬁﬂ“n0“n 6 6. 14
Gener al 9 1 I I (1-
10oxo0- 1, gﬁgﬂﬁﬂ? gty?gkﬂoﬁ%{g% Q?&%ﬁ%gf%/ﬁylel )m HW@S@ Wp{?gféhed\s_égﬁ;snﬂ?fggggm de
The capti m’%@HédrﬂWOZuﬁa (as, pHegd2ad, b5y - 89|émérfbl7 ?‘r@fthbé aJiz, Aepr e8efth ed bel ow

10N /7 203 hz, 2N 750180 /D8 &Hz 1, 7.43-7.47 (m, 2 H), 6.21 (s, 2 H), 2.96 (t, J=6.4 Hz, 2
20  H), 2.85-2.92 (m, 2 H); MS (El) m/z: 284 [M+H]".

A mixture of (6-amino-5-(1-0xo0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)boronic
acid (291 mg, 1.02 mmol), 5-bromo-N-ethylthiophene-2-sulfonamide (278 mg, 1.02 mmol),
and PdCI2(PPhs)2(35 mg, 0.05 mmol) in n-BuUOH (3 mL) was treated with 2.0 M aq.
Na2CO0Ossolution (1 mL) then microwave heated at 140°C for 6 min. The reaction was then

25  filtered, and purified by HPLC to provide 5-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-
yhpyridin-3-yl)-N-ethylthiophene-2-sulfonamide as a white solid after preparatory HPLC
purification. H NMR (300 MHz, MeOH) & ppm 8.31 (d, /=2.3 Hz, 1 H), 8.07 (d, /=8.0 Hz, 1
H), 7.72 (d, J=2.3 Hz, 1 H), 7.54 (dd, J=3.8, 2.1 Hz, 1 H), 7.52 (d, J=1.7 Hz, 1 H), 7.48 (s, 1
H), 7.34 (d, J=3.8 Hz, 1 H), 3.57 (dd, J=13.4,6.5 Hz, 1 H), 2.93-3.15 (m, 2 H), 1.85-2.03

30 (m, 3H), 1.13(dd, J=14.5, 7.2 Hz, 3 H); MS (El) m/z: 429 [M+H]*.
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SnMe3 a wherein: ais Sn(Me)4 and Pd(PPh3) 4di oxane, 90C, and b is
Pd( PPh3) 4, 6-(2-am no-5-

br onopyr iv0OreR/R219923, 4- di hydr oi soqui nol i n-1( 2H) - one, di EXANMES20120£7376
156- chl or o- N- et hyl - N- et hyl pyri di ne- 3-sul fonam de (2.34 g, 10.0 mmol),

tetramethyl tin (1.08 0. 0Q, o a P h3) 4, (572 0.50 nmmol) were
m xed in di oé(Zne & Ig‘:’. el % d?: r}dds ”gﬁﬁ%e#k%é% r:%"U—'at ed to 90C. At
siffonyliphenyiavidinvIFa 4-dibyg (

Coerl eti on, t he reaetiFronWirs—cboPe %@%Inollm_anu {,Oguuent r at ed.

The resi due washd dphofdiashduiess sbpiredpy GeHeral M N, espéendherane
eluent) to afford N-ethyl-N-nethyl-6-(trinethylstannyl)pyridine-3-
20sul fonam de (1.46 g, 40% y| el d) A m xture of

N- et hyl - thyl -6-(trimethyls sS | ) pyridine-3-sul fonanide (225 ng, 0.6
mol ) and \@T no- 5- brormp@rl 3 yl') -3, 4-di hydroi soqui nol i n-1(2H) - one

(190 nmg, Ph3)4 0. 03 mgol)' in dioxane (3 nL) was
degassed and H\eat 2to 90C. At conpl etli

tenperature and concentrated. The 25r e3\
chr omat ogr aphy over silica gel to provide6' -am no-Nethyl -

met hyl -5' - (1- oxo- 1, 2, 3, 4-t et rahydr oi soqui nol i n-6-y1)42, 3' - bi pyri di ne] - 5- sul
f onam de as a yellowsolid (134 ng, 50%yi el d) I—bNI\/R (400 MHz, DO d6) 6
ppm 8. 88 (dd, J=17.9, -2 % 2 H, 817 - 8 H),8.10-16(m2
H, 7.94 (d, J=7.8 Hz, & 43-751("12& ;

2012/ 121992PCT/ US2012/ 0273 r 3730 (s, 3 K 9 6.4 Hz, 2
H, 0.86 (t, J=7.3 Hz, 3 H); I\/BI(EI n12:438.5[M+1]+. |6.5 Synt hesi s of
6- (5-am no-6- (1-o0xo0-1, 2, 3,4-tetr Nei, socl ui nol i n-6-yl )y ;qunZ y1l)-N-et hy
| - N, 4-#li et hyl oyri di ne-3-sul fonam de 5 General methdd D was
applied toN-ethyl-N, 4-di met hyl-6-(trinmethyl stannyl) pyridi ne-3- sul fonam de

(233 ng, Qh&emBlds- %ﬂ@lsmfon phenylboranic acid, Pd(PPhs): 2.0 M aq Na2003, n-BuOH reflux
6- ( 2- amnoSbrom) yridi 3, 4-di hydr oi soqui nol i n1( 2H) - one

190 ny
0.6 nmol ) b Py 3@‘?3"%’1 91@_163_@,11tgw,yqrog;ogwaoltn&yl%%q; 894 FGGlRENn- 6-
yl) pyrazi RaZoy Wedd, ebby! - N, 4- di met hyl pyri di ne- 3-sul f onami deas a yel | ow
solid (41 ng, 33% 10 yield)after purification by preparator reverse phase
HPLC. 1H NVR ( A0GTHaUZ! sty A@)ergn gl Bnas dins (1 %4%)4 gmapl) i 8. 14
2539116'% f;h)&%lforéy@pl%ylg)mgg% akeh 119%35 (l_Lg,mngélﬁ ahd EHOPEI% 4{‘@) 167g66@_3|(_|r§mollm|'|)

. - 3. m , 3. =7. : , 3.
2.81 (s, 3BHpHE0 @‘E?‘(/%S,U%atﬁ“%‘,ﬂﬂl?]@@” ?‘i',Naﬂc-QP.(éH'%I—WE':)' §h5i—éea‘3tl\9§ "(aEISParﬁ?‘}W'lh 453
%M*'l] +. ﬁlty Nzﬁnder@oﬁlﬁatlo‘ﬁyfﬁrt i@mir&o@fegaSS %nd then refluxedlior %16 h at 100°C. At
am no- N- et X0 t -

ool pyr 0P B 5 TR 15 pdsierp reons (s TRLe dB0 CatrenEagH FbeeEEoRfound

was preparesidiubyat b&ﬂlﬂ&tddaﬂt\ﬁdeG\MﬂOMﬂbomL and water (30 mL). The layers were

15  separated and the aqueous layer was extracted with EtOAc (2 x 50 mL). The combined

t he reactlon was cooled to room

organics were washed with brine (20 mL), dried over Na2S04 and concentrated. The crude
material was purified by flash chromatography over silica gel (30-100% EtOAc:hexane eluent)
to provide 5-(4-(ethylsulfonyl)phenyl)pyridin-2-amine as a white solid (0.57 g, 47% yield). 1H
NMR (300 MHz, MeOH) 6 ppm 8.27 -8.31 (m, 1 H), 7.91-7.98 (m, 2 H), 7.79-7.89 (m, 3
20 H), 6.71 (dd, J=8.7, 0.7 Hz, 1 H), 3.30-3.35(m, 2 H), 3.24 (q, J=7.4 Hz, 2 H), .25 (t, J=7.4
Hz, 3 H); MS (El) m/z: 263 [M+H]*.
A room temperature solution of 5-(4-(ethylsulfonyl)phenyl)pyridin-2-amine (0.56g,
2.14 mmol) in DCM (15 mL) was treated with NBS (0.42g, 2.35 mmol) and the reaction was
maintained for 1.5 h. At completion, mixture was washed with sat. aq. Na25204 solution (10
25 mL), followed by sat. aq. NaHCOs (10 mL) and brine (5 mL). The organic layer was dried over
Na2S04, then filtered and concentrated to 3-bromo-5-(4-(ethylsulfonyl)phenyl)pyridin-2-amine
(560 mg, 77% yield) as an orange solid. tH NMR (300 MHz, DMSO-ds) 6 ppm 8.37 - 8.49 (m,
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1Cc2 ,,0"1\i'S-" Il N NHO General Method D S N NH2 wherein: a is AlBN,
NBS, CCl4; b is NH3, MeOH, DWF;, c is K2CO3, MeOH EtOH (1:1); d is Br2,
HOAC, watwo 2e12/121992rt - but yl PCT/US2012/027376
(3-(4,4,5,5-tetranmet hyl -1, 3, 2- di oxabor ol an 2 yI)pyridi n- 2- 20y|)carbarrate,

Pd( PPh3) 4 T

sol( uti 021 01;-3 é)jf%/l ?93 nlq\lafﬁﬁtgﬁl opne ég% car ?‘ig@ %)r SB%HbSmmI ) i g :

CCl 4 (100(ony7. 4\/58 Zldded 1AL BN .4 B8(B h‘l@MSJ(EllmeW)BM INMbiH]Ormsucm nimde (11.4
, 64.0 I t t i

gddi ti on?lmpér }ﬂﬁu%ﬁ?& ﬁﬂ{’ﬁ‘% %&hﬁfowkwr{ ot '&@m eac%]legna\rflvas

heat ed ovemnl)ghpxaal 230 etrabsiroispquismblini-ylbOn 2 @¢R/(12 1 goQ. permmmeqczé 0376

condenser 7. ¢ecOBRETAPHg 4IE0L A LRt ok HiBbRE eBlea 9B0¢E P al1d, Of

silica ge rate was concentrated and purified by
f 1 ash chr ovmtAsgemplations e reggtion ceixtyel wasIiverdOner hesdiedéy eraperatqry HHBLGTOf or d

o SRR s B B PB4 il b g

Ed j] =5. 0a pgle yellow) solid (4FEmg,.gt 170yigh) aftz;gager@gph%;gepam(égﬂﬂﬁﬁpqﬂcatlgg@:1

ME1] +. te
AMR (400 z%é@ﬁ p%gg% J %Wgﬁg (hr\{% & rﬁ/jaﬁ 8

,&?égrf%t le i), ag?r(@ﬁﬁii 6¢hp%Hat7L&1i(d¥\§z 5%?2!1 1 H)h&s53 éialéﬂ -9 hiz\fald), (Zég]z%rit r at ed

%

pr ovi de ‘*f%ff%y |ThEERLOAOR 30 AUEL o7l boasORl 2 Do MGH B | 0

as a whit H);M5 |Eﬂm/1MQﬂ\/FMJ(Hﬂ00 MHz, METHANOL-d4) 6 ppm 7.83 (d, J=5.0 Hz,

H, 7.28 (d, J=5.0 Hz, 1 H), 445(5 2 H, 3.94 (s, 3 H,; M (H) rﬂZ:

172.2 [ M¥1] 6.8.  Synthesis of 4-(6-amino-5-(1-0x0-1,2,3.4-tetrahydroisoquinolin-6-yl)pyridin-
3-vI)-N,N-diethylbenzenesulfonamide

i

\/N //

” O

15 Ha

General method A was applied to 4-(N,N-diethylsulfamoyl)phenylboronic acid,
providing 4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)-N,N-
diethylbenzenesulfonamide after preparatory HPLC purification. 1H NMR (400 MHz, MeOD) &
ppm 8.33 (d, J=2.3 Hz, 1 H), 8.06 (d, J=8.0 Hz, 1 H), 7.85 (m, J=8.5 Hz, 2 H), 7.76 - 7.82 (m,

20 3 H), 7.53 (dd, J=8.0, 1.5 Hz, 1 H), 7.48 (s, 1 H), 4.10 (q, /=7.1 Hz, 4 H), 3.56 (t, J=6.7 Hz, 2
H), 3.26 (q, /=7.0 Hz, 6 H), 3.07 (t, J=6.7 Hz, 2 H); MS (El) m/z: 451 [M+H]*.

6.9. Synthesis of 4-{6-amino-5-(1-hydroxyisoquinolin-6-yl)pyridin-3-yI)-N-
ethylbenzenesulfonamide

O l\“

2

\/N //

25 General method C was applied to 4-(N-ethylsulfamoyl)phenylboronic acid and 6-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-ylisoquinolin-1-ol to provide 4-(6-amino-5-(1-
hydroxyisoquinolin-6-yl)pyridin-3-yl)-N-ethylbenzenesulfonamide. *H NMR (400 MHz, DMSO-
ds) d ppm 11.31 (d, J=5.3 Hz, 1 H), 8.47 (d, J=2.3 Hz, 1 H), 8.30 (d, J/=8.3 Hz, 1 H), 8.12 (s, 1
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A m xture of nethyl 3-(a m nonethyl)thi ophene-2-carboxylate (4.5 g, 26.3
nmmol ) and K2CO3 (3.64 g, 26.3 nmmol) in 1:1 MeOH EtOH (600 nmL) was heated
over ni ghtwonder121®2| ux. The reacti on was concentrat ed amdTaiseéioes7ey fl ash
chromat ogr aphy over silica gel (50-100% 15Et OAc/ hexane) to yi el d

NVR (400 Ne ONETRRRCEE Adf 650pe0 ta7 fl 7St 1851 W7 B8 52,7

Hz, 1 H), /133 X5z, 2 W) 7.28BId, B 12.8768 Hz, 140, QGQM—IT?FO HA, 1), Qt750r2 &F(m, 2

4H-t hi eno i 2 mol) in acetic acid (9 nL)
and wat er hg?%%%gmgéq_léogﬁggﬁst@ﬂwlﬂgq ﬂ‘t" I_«Q'(407 4, 7.92 mol) was added and
the 20reacti on was mal nt ai ned at 0oC for 1. 5 h. At corrpl et| on, Wat er (30 nb)
was added arf@l1@heynihesis @ b-T S D4 (i me

conbi red or gani cylsenzmmids hed W|th 5% aq Na2503(30 rrL) sat aqg. NaHCO3(30
m.) and brine (30 nL), then dried over I}@ZS@ filtered, concentrated. The
crude material was purified by flash c oﬁraphy over silica gel (5%
MeOH DCM) to yield 2-bronp-4Hthie rol -6(5H)-one (1.3 g, 83%
yield) as a 25white solid. 1H THANOL-d4) 6 ppm 7.28 (s, 1
H, 4.39 (s, 3 H; W(El)% . NH, A solution of
tert-butyl (3-(4,4,5, 5-tetr thyl - 1, 3, 2- di oxabornlol an-2-yl) pyri di n- 2-

yl ) car banat e (736 ng, 2.3 mml") 2- br ono- 4H-t hi eﬁ’o[z 3-c] pyrrol -6(5H)-one

G0 M azoon( 408 e lnods et bl 0a Fmed gl ary a2 Besbi P e s e

refl uxed ati5Jnir6361 ,fecrmido-B-(4-tiprbameysheh @ plyadin-3iy e raneasetd (68 nwao.160ohed td 0 r oom

fil 2 X 10 nL
The' <or | dPyLE P Eé%ma’?“f"'h RO Geto B b el S fbeRhite ba it ™)
am nopyr i eblia-(29 yhk) 4 Bkyitia). SRONR BH00] o2, DMSOGL: B proBet A (383 2rafz, 1206808 d) as

5. 00" (da, 635 o) 198 /-84 Ry FHsa¥ &y T s B BRILTE0 W Ly Pp04d (1

|r;1|)’ 6. 66 (=Bl HI2MHW7.78.(& JHES He, HH), 75619(9 8,3 2z, BH), A3BDr(ss,1 1), B‘I)DB INBS(EI)
z= 232. + ti

2 (2- am el 2 43y DOt O B 2101090 £ 8262 L REN 4G 4, 1. 52
nmol ) in DPMHIES ) vvas added NBS (297 ng, 1.67 nmmol). At conpletion, the
reacti on was concentrat ed and the residue was taken up in 20% MeOH DCM (10

22" 5 nopy £ 13

VA : % 66%
yi el d) was i sol atet-as—a-t i & NIVR (400 , DI\/BOdG) 6 ppm8 44
(br. s., 1 H), 8.08 (d, J25HHZ@1H) 7.67 (d, gJ=2.3 Hz, 1 H), 7.39 (s, 1
H, 6.27 (br. s., 2 H, 4.32As¢ 2 NS (El = 311.2 [ M+1] +.
H

CGeneral nethod D was applied tg
N- et hyl - N-met hyl - 6- (tri met hyl st an
mmol ) and 2-(2-am no-5- bronopyri di n- 3-
6(5H)-one (186 ng, 0.6 rrrml) to give
6' - am no- N- et hyl - N- net hyl -5' - (6- oxo- 5, 6- d| hydro 4Ht hi eno[ 2, 3-c] pyrrol - 2-y1)
42, 3' - bi pyri di gedersr- ns&h&pmaw@@@d@owéérﬁwo%qirbrqo;(y%nw 8% yield) after
purlflcatlon by preparatory reverse phase HPLC. g 00 MHz, DMSO-d6) 6
ppm 8. 91 e@ylbgnzgn@u nanj_d 50rgg@ylétjdnmgl_.);gn@ﬁ(.ﬁethllsp.ﬁamcgl ann(lgoroq_lcmld 8. 26
(d, J=2. 3621ng1)3'§6 m&o@@o proﬁd@@ éHEmn%dﬁoxgl%ﬁﬁetraﬁyd?%lso@lr@'ﬁnks 2 H,
435(32 0 (s, 4 H, 090§dd H, 2.72 (s, 3
H, 1.06 ('tpyr'@ﬂ*%y{z Negthyleenggriespiong pdeas, Wh”&?@“fi WlT%M%"yﬁd a8ght hesi s of
1-(4-(5- aHﬂJﬁTQa@Gr(tSlfr@\)@Pselpr%s@pr‘épbr%tdr@hMSUQHNWMO@MI—E BETHANOL-d4) 3 ppm

vhoyrazi n- 2- yhohenyhcycl ooent anecarbonitril e
8.35(d, /=2.3 Hz, 1 H), 8.08 (d, J/=7.8 Hz, 1 H), 790(d J=8.5Hz,2H),7.79-7.84 (m, 3 H),

7.48 -7.58 (m, 2 H), 3.57 (t, J=6.8 Hz, 2 H), 3.08 (t, J=6.8 Hz, 2 H), 2.93 (g, J=7.8 Hz, 2 H),
25  1.08 (t, J=7.3 Hz, 3 H); MS (El) m/z 423 [M+H]".

| f onam de (218 ng, 0.6
I)-|4H-thi eno[ 2, 3-c] pyrrol - 10
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NO NH N NH2 CGeneral nethod A was applied to

1-(4-(4,4,5,5-tetranet hyl-1, 3, 2- di oxabor ol an- 2-

20y| ) phenyb)eixi2o9ent anecar bonitrile (149 ng, 0.5 nmol) PaMAIS2012/027376

6- ( 3- am no- 6- brormpyrazr n-2-yl)- 3, 4-di hydror soqur nol i n- 1( 2H) - one (180 ny,
0.5 mmuol) t%p gv 4- 2
tetrahydrms%lﬁ v cvami FHETT STt arrétat bon
a yellow solid (895%% >2 mol , 44%y|eld) after purlflcatlon by
preparatory reverse phase HPLC. 1H NMR (MOONMNHz, DMSO-d6) 6 ppm 8.60 (s, 1
H, 8.02 (d, J=8.3 Hz, 3 H, 7.96 (d, —8\.0Hz,1H) 257.72 - 7.78 (m 1
H, 7.70 (s, 1 H, 7.57(m J=8.5 8-345(m 2H), 299(t
J=6.4 Hz, 2 H), 237-24(na)2 :
4 H: NS (El) mz = 410.5 £M1]} >18. syN
6Lami no- N-(cycloorooyl et hyI)HI\I—‘oet hyl -5' - (1- oxoQl, 2, 3, 4-

t et rahydr oi soaui noli n-6-yl1)-[2, 3" -bi oyridi ne]-5-sul fonam de Cener al

met hod D was aQQﬂrér@IC’nétﬁod\B Ovaygwpa prtarah.wls)mb\lnmhbmlm@r\r
5(trinmethyl

stan% %,%B“ di ne- 3-sul fonam e rrg %

and6- (2- aR(CBI%YIRE Wl‘f%ﬁ”ﬂde 81718 93P QIPB‘?' Gaﬁ?PWBY'PWd (2ehorgie (190
mg, 0.6 ne®d )73 @gd.¥%3 mmol) to provrde 2’am|no 5'(4 NcyclopropylsuIfamoyl)phenyl) [2,3-

6' -am no- N(cycl o | met hg ; 1%? é 4- tetrah¥dr0| soqui no
i noe vy Bpynel oo aTic s b WTE oo REneTATIsE) TRt eS, ABPSRE. 0 3y
nmol , 46°/<pwaselp¢épaaé‘tb@r4pp@lr if Nmat(ir@mrvrhy crma@e p@h@@%@@@ﬁai QrdeRbC 1H
NMVR (400 do) 6 p %@4 gd J=2.3
Hz, JBQ%S'Z 1'@ 847 (/= 53%2 14), §g32.(dg, 19é4(1n40§*\4)?“778@31 br? Gh(m 2 H),
6.34 i@? @olﬁ)d J383%z 2 By, 4901 @ J=2.8Mz, 12H)97.861d, ;IS3 HR, HA), 7279 s 2291, (d,

J=6.8 Hz, H%ﬁ 2.80 (s, 3 H), 0.85 - 0.96 (m 1B 0435 0. 81 (m 2 H),
0.16 - O. ifl( spl )2 G ?(-E?F?”Pﬂjzr')zoéézr.‘)@[(ﬂmﬂ]“%M%.Ei)g‘?/zsﬁ}%ﬁ ASHE: of
6Lam no- N- et hyl - N, 4-di net hyl-5' - (1- oxo-1, 2, 3, 4-

t et rahydr oi ®a8j rgynitess §fD-2LdmBio-BiQydickideed 35t s dissrasidlieothidrol-5-

General et hod DW@ﬁrrcﬁﬁ%ﬁh)@4Io¢nvdr0|soqumolm 1(2H)- one
N- et hyl - N, 4-di net hyl - 6- (tri1 net hyl st annyl t¥]l’ldl ne- 3- sul fonam de (226 ng,
Yy

0.6 nmmol ) The captioned compound was prepared e method shown below.

and6- ( 2- am no- 5- bromopyri di n- 3-yl) -3, 4-di hydr oi soqui nol i n1(2H) - one(190 ny,
0.6 mol) to give 6' -AH no- N et hyl - N, 4- & rﬁ%thyl-S'-(l-oxo-l,Z,SA-

t et rahydr oi soqui nol i n-56= I 42, 3' - bi py wsn sul fonam deas a yellow solid
(41 nmg, 33%yield) puri ficati erse phase preparatory
HPLC1. H NVR (400 MHz, "DMBO-d¥) 6 ppm 8.84 - 8.88 (m 2 H), 8.56 (s, 1 H),
8.23 (5, 1 H, 806 (br. s., 1 H, 8.00 (d, J=7.8 Hz, ldj) 7.49 - 7.56 (m
2 H, 3.38- 3.48 (m 2 H), 323(q Qsv. (t, J=6.3 Hz, 2
H, 2.81 (s, 3 H, 2.61 (s, 3 H, %Z\I NS (El) mz=
452. 5[ M+1] +. WD 2012/ 121992PC;I'/ 520 Met hod E and
Synt hesi s of
(S)-4-(6-am no-5-(3-nethyl -5-0x0-2,3,4,5-tetra 3 Ql—l-benzo[e] [1,4]cliaze
oi n- 8=Apyri di n-3-y1) - N cycl oor ooyl benzenesul f onani de > The capti oned

conpound WasreRr £RAIESE NBS, BRNET B n; B8E RRD:E2 2 K 2RE B SANDLIWE-amino-5-(1-
ox0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)boronic acid.

To a solution of 4-bromo-2-methylbenzenesulfonamide (496 mg, 2.0 mmol) in
toluene (10 mL) at room temperature was added AIBN (383 mg, 2.20 mmol) and N-

20 bromosuccinimide (389 mg, 2.20 mmol). The mixture was heated to 90°C for 2 h. At
completion, the reaction was cooled to room temperature. Water (20 mL) was added and the
layers were separated.The aqueous layer was extracted with EtOAc (3 X 20 mL). The
combined organics were washed with brine (20 mL), dried over Na2S04, and concentrated
under reduced pressure to provide a pale yellow solid (170 mg, 26% vield) which was taken

25 upin DMF (5 mL)and treated with K2COs (196 mg, 2.0 mmol). The reaction was stirred at

room temperature overnight. After filtration and concentration, the residue was purified by
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wherein: ais (S)-propane-1,2-diam ne, DVMF, mcrowave heating; b is NaCH,
MeOH, 70C, 2 h; Cis HATU, DWF;, d is Pd(dba)3, (Bpin)2, 90C

slurry ofwoenteyi21992br ono- 2- f | uor obenzoate (4.66 ng, 20. @CHMSR)12/027376
(S)-propane 1,2- diamne (2.22 g, 30 mol) and K2CO3 (2.94 g, 3.0 mmol) was

i 10f 1 | t trat
e e e oG 400 e g TR A A ERO LR Baacent ot on,
el uent) t dihptrobended[iSthiamtent;lL-dRxifé 2s awhitesmid GIHA harddco)eld)- br onobenzoat e

(200,81 £120 BBk B8 W0aLeq L e Sl oo DO BLSHIloemt 3RS, 0
to 70C ové&0singh0.44Anmob rapidé14@mg, @.A8 mmexite brordes2-amiroralli zéokids2pH -7 with
combi nod Py Pz o0 fdlPeldiRS s 4 by SRR 1) 8hd Bnd/lhheall?
(S)-2- ((Zbﬁwﬂe@pwm)mmorywmridmmmmlmHzaMEdeOladzt\)\,ﬁiObre &316 bd.s, Thi s

solid was u ry % teps)

To a sol uf' %ﬁ%o:‘lg H:Qny J;%?%’?B_H( éég &r%ﬁ&? }ﬂ%ﬁ% é i’hf §n220| c acid
(544 nmg, 3.50( M?Ha,r&iHEB@N (Yﬂwﬁg 2 f/); BS(Evof 2= 407 .DIVF+ MRS added HATU (829
ng, 2.18 20mmol ). After 30 mn, the reaction m xture was concentrated and

puri fied by éghﬁs*béﬂ’é QATRERIE 3N Sheiibdid 6PeHhinbA-ARIGHERNR G40 ) to

provi (S ,
di hydro- 1H benzo[ [3122% aiﬁg‘g‘i’@.’-@@“'“‘)“”ﬁv') (83 blnyrldme15.squQnarplde,464 ny,

91 % yield). Titescaptbdresd @mpoarisd wassgeparediby gendrammn@d(tzﬁearﬂs)enteUMemwt reated
with Pd2(dba)3 (83 ng 0.09 mmol ), PCy3 (121 ng, 0.43 mmol ), di boron

pi nacol ester (595 ng §35 mmol ) and KOAd (§32 ng, 255.43 mmol), then
heated at 90C for \Z/I*N t conpl etion, t\heergfactl on was cooled to room
tenperature, then fil er d{nd eeneeﬁtrategf encrude nmaterial was flashed
over silica gel (2-10% MaQ elPuent) to prayi

(S)-3-nmethyl -8-(4,4,5,5-tdlrafkthyl - 1, 3, 2- di oxdbor 8M4#s2- y1) - 3, 4- di hydro- 1H
benzo[ e] [ 1, 4] di azepi n-5(2H)-one (527 ng, 96%yield) as a yellow solid. WO
2012/ 121992PCT/ US2012/ 027376 Genegal method C waspapplied to
(S)-3-methyl -8-(4,4,5,5-tetra met hyNaN3g2-
di oxabor ol an- 2-yl) -3, 4-di hydro- 1H benzo(b”e 1,
0.7 mml) and N
4- (6-am no-5-bronopyri di n-3-yl) bI\I—cycloprop;'/\ll befizenesul fonam de to give
(S)-4-(6-am no-5-(3- N

met hy1l- 5- oxo- 2, 3, 4, 5-tetrahydro- 1H benzo[ e] [ 1, 4]d\1azep|n 8-yl) pyridin-3-y1)
-N- 5cycl I f n_fm} oyield)
after purlwﬁ %@Q%lagﬁga%%%grpge gglg%n%egfrdatg }é\g ?/%II-?QI?PF(}%Q% %g%mlﬁ?%/ = 464.6

[ MH1] +. ebwopgwwgﬁé %ydwlsoawnﬁlmﬁ?étwldwaﬁ@t%95 -(7-o0x0-4,5,6, 7-

tetrapydr ot hi e@%l%ro?w gﬂhQI}N hw@ih'Qrp?nd(rJels &Hfo%amfd'e‘?i’éhg' I@b‘nﬁﬁ&)‘ﬂé‘ﬁ%%’myﬂ@n The

i

(L

-one (303 ny,

Captl oned COITpOUﬂ wa ar ed shown Dbel ow. wher ei n: a | S
P205, M50H:-0%8i19-GP Rl IE‘I(W| d(ﬁgb% 57%@40 SPHeRolpERe Mixgsdn dioxang (Brl). d
I's tert-bpftdegassing, the mlxture was heated to 90°C. At completlon the reaction was cooled to
(3-(4,4,5,5-tefranet hyl- 2- di oxabor ol an- ?‘/NB‘p yridi n- 2-yl ) carbamat e,

Pd( PPh3) 4r00§qtems@@@a”%0%l9€ﬂrat%o@e r%?‘\‘éi‘eequst Gshegpver MmN @OFERE on of

P205 (25. gnigrofotrhgheRamB@bignt) 1 aﬁs.tdhaamﬁw et/ IG-@erh&thiidi@fhyTbyriowes- 15added
3-(t hi ophen- 3- %W)Fpro anoic acid (5.0 g, 32.0 mmol ) and the reaction was

stirr€d abulfoss rga‘f'%é'elfjbr 1 h. At conpletion, the reaction was
concentrat ed andmttbn@ of BSISUR-nYESy |- @wtrnhfetr@dtatmyayﬁdya&he gRuiraag @phyng 86- 30%

Et OAc/ hexane el uen ive 4Hcyc a[ bl t hi ophen- 6( 5 4 g, 30%
o e s 2k e a0 Ao Bk o (P85 mhmoBe
I[-I) . ]7 17 (thol)\ kR4 .PA(AAR;). 34Hhg, 020\’9|4arm; )& dibxaBy3 éﬁmashd@a%d(ég)anaﬂeétéd(tto— 139 2
M*i cl opent a i ophen- ,

57 tmol ) 90 hwtcwpkﬁ%ihﬂé?cw W ey BSE bR h BN SeteREb et g
nmol )23 n Mafde @vb56urnﬂe)j by/alssrscthrdsmatggrawwmgd;mcaag‘el troqwclswdeermﬁmawwtlwl NTEGOA
reacti on wa n under re aken . up i n. Et 0Ac
(300 e BRIk e S S g o kB BT AR I BB B et

solid (134 mg, 50% yield).?H NMR (400 MHz, DMSO-ds) 6 ppm 8.88 (dd, J=17.9, 2.1 Hz, 2 H),

8.17 -8.22 (m, 1 H), 8.10 - 8.16 (m, 2 H), 7.94 (d, J=7.8 Hz, 2 H), 7.43 - 7.51 (m, 2 H), 3.41

26



25The filtrate was concentrated, taken up in pol yphosphoric acid (100 g)
and heated for 2 h at 130C. Upon conpletion, the reaction was quenched by
pouri ng overoixeiwmater (100 nmL). The aqueous m xture waCEgfiSe@ces7evi t h DCM
(2 x 100 mL) and the conbined extracts were washed with 0.1 M NaCH (100

2012/ ilrzllg 22@?&&%53}*63%@1 y 2 |eno(F3ng%q_f L@Wﬁ”s é‘??’/ﬁ) M\gﬁg (837 ny,

55% yi el djMwHs i solated as a Whl te solid after purification by flash
chromat ography over silica gel (20-30% Et OAc/ hexane eI uent) 1H NMR (300

";/Hé’ 1NEH2H) ZQ?_‘;EBm ﬁgesgsdofﬁl—@s rgm%(.lozwl2 z‘?’n g'T‘o(;
0C sol ution of 5 -one (820 ng, 5.36

mmol) in HOAc (7 rrL) and (5 rru) 8ater was added yom ne (303 4, 5.9 mol)
and the reaction was stlrred/tl\g/ . The reaction s diluted in water (30
m.) and the aqueous m xture wag/ i tONel (2 x 50 nmL). The

conbi ned organi cs were washed W ti 5% aoN (40 nmL), sat. ag. NaHCGO3(40
m.), and brine (40 nL). The organi c wa dI’|I ed over 10 Na2504, then
filtered and concentrated. After purifi R, by flash chromat ography over
silica gel (50-100% Et 0Ac/ hexane el uent)

“sol ated as a GHTS ufRgb g ﬁtﬁxt%gétﬂn@f%@%wﬂ@nzﬁwt%%s“ﬁi
H), 3.55 ¢ulfongmide@23&mg0.6)mma) 88 -(2;andnd>Orarzopyddikp:y)-88-diBidjoisnorinelir233. 1
ME1] +. , L

et iyl - 1, 323044 RRpae PR s e Srcdnfloy ok £ A seramaropsoguinaing-
mml) 2- Pinyragins, %%Njetl‘iytdt@tilmeehvb{mdlse aispmnamldea%z@w)ovm@eq gUoMEP3%L. 3 mmol )

Gegastba NoHerEsERonch R Pen géé%]wtt@na%eﬁﬁ%e%%?‘sﬁ%}? RENEOR T ooc

Upon corrplolerh|8cﬁﬁ (st i), B&ldsmoht ($,i1 H)er.ed - 80d (moRteM faded8.Mderl Heduced

pressure, BCM 5?:149 yers
wer e separ at é%% 9,01?3 gous ayeég\aés gé‘%&ﬁj W ?@%Q?éé%
m.). The Ubrﬁtﬁln(ed% or g9 (6 d= K/\étHe 2UH); ¥$ (BN evz N4280M+ahd concentr at ed. The
concentrate was slurried in EtOAc, sonicated and filtered to afford

2- (2- am ”Opyés h81 N5 Rendsls ob Patiny. qre%\n'l\?r%‘éh%t 8-BlR¥A, @'dﬂ]vdl(o%pi tmeﬁor&%ffl rrg,

88% yj el .
“ﬁ? ) 7. ddoyp2N2aLoldy gl SRtifoudmidd’ T 0 P T e

J 7.5, 5.1 Hz Trie ¢dptioE0BDmpbyndwas Mepded By tHy meh@BhaE0 belod=7. 1 Hz, 2 H); M

(El') mz= 2463[|\/Hr1]+ To a sol ution of

2- (2-am nopyridi n-3-yl)-5, 6-di hydrot hi eno[ 2, 3-c] pyri di n- Z{ZNH- one (250 ny,
1.02 mmol ) in DVF ( rB), was added (199 ng, 1.12 4The reaction
was stirred at r t ghperature 1h_tJ:|en.@ d ald taken up in
DCM (10 ni). The lorya W sobutio sbe;dfvmthla at aq. Na25203, then

dried over Na2504, Sand SOConcentraQ-ted to give
2- (2- am no-5- bronopyri di n-3-yl) -5, 6-di hydr ot hi eno[2 3- c] pyrldln 7(4H) - one

(320 ny, 97% yield) as an orange soI id. WR (400 MHz, DWVSO d6) 6 ppm
8.06 (d, J=2.0 Hz, 1 H), 773(br S/JK 7-7.66 (d, J=18Nikz, 1 H), 7.29
(s, 1 H, 6.23 (br. s., 2 H), 3.40 - cN( A J=6.9 Hz, 2

H; M (El) niz= 3252[M+1]+—'FI=re—f—|-naI st e ral. et Nod D was
applied to N-ethyl-N nethyl-6- §5'Q€tr?'| nmet hyl st a nyI|)py |d| ne- 3- sul f onam de
(233 ny, 0.6 nml) and 2- ( 2- ani 3% hr onopyri di n-

3-y1) -5, 6-di hydrot hi eno[ 2, 3-c] pyri di n-7(4H) - one (194 ng, 0.6 mmol) to give
6" - am no- {yhekhy lahs ABNNNES, Tord E 08, Her DM & Rf’ddé%édrhtzt@mha_) 2rigbpyridin-2
-y1)42, 3" - bi pyridi ne! “5-sul fonam de WO 2012/ 121992PCT/ US2012/'027376 as a
yel | ow soHPHC VIR ergylertdpusA ( W{f‘l55t’3§%mﬁt@1' 43 AtiOEPoRianT3e4idinA by reverse
phasexgr epgeaoniote, Pl MR 640006 ARSI ofipRmES B 4. =2 0 e, !
H, 8.85 (d, J=2.3 1 H, &d Hi -819%

7.73 (br. s, 1T‘P-§S°"7t"?§‘3°f0%ethyi3methy h'@Eh?@Q‘?rWy'a@ QOg §4§C§”r('?ﬁ'” 1) 3 09
(s, 2 H, 12)085L(mfasadé‘é'dﬂBWlSdméMl%n?o?)aﬁ&N bBodTBsuchmuQﬂder 114(g964mmr53| H;: M
(El') mz = 444, 22. (eneral Method F and Iy of

4- (4- (5- am%@a%t'o(‘@%t%%? vzassref)luxgd for 10 min, and then an additiona portlon ofAIBN (460

t et r ahydr egliishenaiphad 4dbed] Tis rRaeiniwad-Heble@yvanight &-9ocheoyd efimahydr o- 2Hby
ran-4-carbonitrile The captioned conpound was prepared by general nethod
F, represented bel ow
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wherein: ais NaH Cl CH2CH20CH2CH2Cl , DMSO, 15 h; b is Pd(dppf)d 2, (BPin)2,
KOAc, 90C, 2 h; c is Pd(PPh3)4, Na2CQ3, 2-am nopyrizine, 90C, 2 h; dis
NBS, DMF,WOt2012212992To a stirred suspension of PCT/US2012/027376

2- (4-chl orophenyl)acetonltrlle (3 06 g, 20.3 mml) at 0C in DVSO (200 m)
was added % er Th 5was
ot rred atooeri Atael bl Fo Bin Pl S TR o5 RS TR Petng s
a dark puelpkm). sﬁiedﬂtrahﬂwaé'cnrtchmt@t@mnnmelrﬁed\/a)sﬂauateubmatography over silica gel

rlegm ?lr(rjlg?zné %05%85\?2]? S ?%(Z%#@rpﬁ}eé@q ?Drgmgr%éhgﬁh' ve!enzeﬁljzlrCc‘ljﬁléé8 ggﬁeér'eegdi | uting

With 50 mb3weatet - andhnestidab KRG 400 M, ME‘VI-IKNOM(ImS dprd YMGa(q J=BI0l Hz, Th,

wor & vBShed RO e A0 307 Rl P or1 o BRET R 5040 AN ‘Soncent at cd.

The resi due wa%o @eoluiﬁorecd S profoasithyt thiapivan o2 ap biwylatan(9s3 §,1396 gelol) (iLOMB0%

Et OAc/ hex

4-(4-chlo ophelf'zb}%ta géaoﬂydr H%ﬁ@"ﬁ?ﬁa% O@é‘ bAgtr?f t'mp%ate{gonatem Efr%t\?vrec];o§slt al line
sol i d (4. 0.lthgrea88n wassdodentisitidesnd PluriBedchyrfizsl nitrothe grapdy oveoaulnzaegah@% on

:‘ﬁ/ ;I\g/g% a}ﬁz)%rg;k?bcgg%eprb\r&eerﬂ&% aﬁw%%emyll)&%pﬂ%nez-g-garBMylaT@&.SE‘gg 78% s 0.6
4- (4-thl oyielphm‘eywlteetahahwwMRZ#GQ)MH&,HWEFI-MDIJ@IWStmant ©.88889=m10,HzAl @), Mol ),

cstor (1. 37500 808 Ml BIiEOAl S 18 P VESE iRm iy 2T of ovane. was

m crowave heat emxtmozﬁmmywm@cpﬁafhwmhez%armmae 160€ 21®8 nbolmnd. The

chr omat 00 Ahy- B4 et £ 5 e MR ESRIRLR SRR chhlehl ShaPigl, °C

t et r anet hyte ma@loz vcaswmtr@ﬂearampyﬂlf)ephwrﬂyd;h) ctredzmahgrdpwc@br pNaagget BOc@OBoNI t i

L2 (15, SRR A R Rl O B Y0 bk Uit
pyr an- 4- c &t NuiRi (#00 I\/blz(l\:ﬂEEﬂl\tg)LdA BonmirdI7)(d, JPéI{SFPRhB)-m 7(277]1 4,8 Bz, 24)mol ) ,
2.0 M aq. 4%?;%%@5%5%)/% %—P% Jﬁ]—br onopyrazi n-2-am ne (846 ng, 4.86

nol ) were™C The slurry was degassed for 10 mn
under a bubbl i AgolgtiorectrtdhieaoRyasrlmu rsol ®(|5Hrorgae(t10g ﬁ%mheaureabeat;a@d)e fbr 2 h.

Th | fi d fi 10f | h
ehr omat ogP ARGIoblT 8 FieERo e E e BRRT B iy Y2 Gy B bdef endte ©1 2

4- (4-32®- ardanpywazain@iney la) ph(efvyll)aretmabmdreﬂerzmmjr(m]m&wdmad tndihe (1.08

79%

9 a0 s ues g el vhd @R sl Snesemnes ortaniss SR PR L 08
m 3. 84 nmhBlay. NaxSDABO (80 sat. povieesiCad@odniNabd briesGO el therderigd bder MayS04. 22
ol ) in ALl [)Me%pr eghl% c?d%!%t zﬂgrlzy\@/%s Hr?fﬂ: % lflaéh &r% g2 o(?/npsllc%t ure for
0. a " B bR lored e s Bilfilbg By bg 3R SEPG }
for 20t mcgel (3% NBK)HYDGDWTatylebm arrwdwovveHsﬁmemg 2v8 -¢] hyr:i/‘;g@") almzj 1d33(|§3@6 Mmm;[slar e

42 (4~ 15 il ANME/AQ0 MR AMETHANRL N 3 70 728y g Dot 39 A i VS Bloni tri 1 e

was obt ai ngd=ddocivailited as a dark brown solid (1.37 g, 100%yield).

Ge I hod,C d b i Q= 2-.

Ceneral T 1o CoMRR BB S 90A S OB D2 HTBRE i 2

8-(4,4,5, ﬁ)da&)tamtm@t%ﬁymg 2.3 mmol), 2-bromo-4H-thieno[2,3-c]pyrrol-6(5H)-one (500 mg, 2. 3

201, 3, 2- Ay xabonoking o o o5l NG S HBIPREAL Tkl Sk AE6RA BHFGRE - one
4- (4- §6@5 anegaesd@l-r8-tox ms@lfifg eaBtidnatiktal dasoellitedeh 1) €] ol 2 #] dpazepi n- 8-yl ) pyr

g, 3296 yr SO MRk B R R SR B Ao %@S%ﬁ”'@wﬁ 510

( J=8. 3(ImL)EnHwated (D1 10dnL).JHE: BlitHwas ereeounder Essh (/@uumzyield?,ng—% (2-2 H), 7 21
|('|) , j 273?#@%0&@@3 yliﬁllq)fmér%? %8mrﬁolg(§-9ﬁgwgr38§mg Y%Jé&el %rs%ﬁlg tbrgr;}wr25s H) ,
3.50 - 3. FBid( Al NMRH1O0 M HE2DMSQ-0265 iom S40KDr; s. l\fSH( B0 ( dﬂzJ-54)41 85z WH1] +.
6. 23. 353y ”%%‘igbé JQE32£§'I1‘I|&“PH§ 7464 (P L% B985, 99Y hsHb i arPUNBRENY B )L 243" -

bi oyridi nel car
(s, 2 H); MS (El) m/z= 232.3 [M+1]*.
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30A m xture of 2-am no-5-bronmopyridine (3.58 g, 20.7 mmol),

N-cycl opropyl-4-(4,4,5,5-

t et r amet hy042012312299di oxabor ol an- 2-y1) - benzenesul f onam de PCH/UBR01g/02306 7
mol ), sodi um carbonate (3. 29 g, 31.05 mmol ), and PdC12(PPh3)2 (0.436 g,

mine and then 1A tBBETE A e B RIB D S R R B 57 e
reacti on wa nihelhinia\df &dni)rwaaradded NB&tA9 7atg, BRI hawol). 18t domplhienrteact i on was

cool ed torerangcﬁ1 ﬁ%e%tu'égf% a%l’a%é #e%utdﬁéﬁgstam?ué%'édj M@éHW@ rﬁ%)ttpe t hanol

(10 ) wer e concenttat erial
was puri f fiketedgnd ¢®Js¢ntcah¢cbrmlteoqnmaluyd&nh@h vapuune 2-(@eimifapyddio-MyH4HDCM) t o

3556 vi 21 of PP RO A6 Tl AR B OB BRTEF AR RSB G e °)

7.88 - 7. 9®0(iz, DMI0:0eV5 B5M Bat4 (Br=3., 5H) 08 (, 2.5 Rz,81H), 7.7 8dk JERB He, H), 7. 71-

4 iy: s (EDedryeae e Rl @ aREL s i Zal? 1o’ 107000

MeCN: 10 nmM aq. GNM@IAmeth@i Privas gprligd et ethtyRN-methyB@ (trimathyl8@%ny pyrétiread-ed ar ea.

10T f I d

(1. 0a"g.  3HobBMR otk b G B P A bind b e O A RERAE BRI BT e

(0. 641@ 6(559}01111&7&318)3 MR meat te gve G@sigt-N et’neleN -fnethylts'6- oxdﬁﬁrdmwofélﬁr tered.

Th filt i sat. . t 9 CO3 (10
. thentieLER RIS S i Rme Pleuraeitd: & folicbie BRme 38 RIS (

4 (6 ani nef&-poriticatiopyy preparaB®ryreyerbe plyask diPLOP{H NIBI14@@Msial BN$Rd) dep(l. 07

.12 (a1 1 vy 1 88 Ty U AN E 18R B 50 ngéb@zm
H)y, 2.19 BL0,(mJ26),7143 B, £8),18465 (8, H), 4B51F, 2 HO3 88 (£, i H)A3.PY (ddVEY4EB,)7.0n z:
368, 0 Yo MeCN: 10 mM
NH40AJ§ Zh%rﬂlﬂr;ﬂ' g%agl@g?"g@u{]g&r& gé(gHz 3Q-| n’g]t:)g;E Wtzemng}sé)ﬁ%g 3} ea. Am xturgqof
4- (6- am no- 5- br ono- pyr| d| n- 3- yl) N-cycl opr opyI benznesul fonam cile (100

acetate (40 ny, (y )Qgtammfﬂ yl)Qﬁédglgﬂblapengaaeggomlm 8 mml) and PCy3 (5 nmg,
0.016 mml) in 1,4-dioxane (2 m) i\yvas heated at -80C to provide

446- am no-5-(4,4,5,5-tetra 3, 2] di oxabor OI an- 2-

y1) - pyridi n-3-y1] - N-chcl opr RH(112 ng, 100% yi el d)
after purification by preparator ! i tegial was conmbined with
6-chl oro nicotinamde (42 ng, 0.27 2 (43 nmg, 0.41 mmol), and
PdC12(PPh3)4 (6 ng, 0.008 mml) in 3: % Q%nitrile:water (2 nmb). The
reaction m xture was m crowave heated 150€ for 6 min. At conpletion, the
oo 't on g.m\,)e“ UGG MBS GROS R AL 85stida BN PUA S 58S Berh Y &2 o3RRS ePar at ory

2' - anMmo- @)phed)chdiapgoiaopraompiteaiel(14mg) (. hemy1gndi -3 antih e§-brahapgrlezib-2e8f boxam

o (& 03 e Shundin DY 462 0a8h % o ENREL 0R)e AT, Binfro 1]?8§§9 (m Y

H, 8.21 (etbnahydrmsocﬂurid)m -681)Hoaz({rd2- yl)lmemﬂi)sycldmpmﬁndﬂ)a,rbo?ut@lm abd,yellow2sdbd (3% H)

10 0 BT Sl o Pughdbo STl

(Sunfir e @IIG) MHZD DIVIBOXsH8 prm8.600(s,9DFY, BERNY, 18813z g H), NEED®C /=80 Hi,ri1 Hjr adi ent )

Sy o TR RIS B e AT R (B BaTE T o 24
tetr ahydr oo AN P.B3762yB) (|, 3,H3' z_@g L6 dheh), 6-Sul it BaniAde; MS (El) m/z =
410.5 [M+1]*.
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General Method C was applied to

6' -am no-5" - brono- N-cycl opropyl143, 3' - bi pyri di ne]-6- 5sul fonam de (650nyg,
1. 76nmol )warrd126(21® no- 5' - br ono- N- cycl opropy143, 3' - bi pyPCaiuse}12827376

sul f onam de (410ny, 2. 11mm|) to pr ovi de

'?et ?;ﬁhggr gll- s%ggl EVCE% ;

de20iad S 16%

§odu1 6 : ’ X
yield) after purif rg e ' 0 MHz, DVSO d6) 6
ppm 9. 11 (d, J=1.8 Hz, 1 H\, 8.51 (d, J=2.3 Hz, 1d") 8.39 (dd. J=8.2, 2.1
Hz, 1 H, 7.93 (s, 3 H, % £3=2.3 Hz, 1 H), [107.46 - 7.56 (m 2 H),

6.19 (s, 2 H, 3.36 - 3.46 (m 8/
H, 2.23 - 2.31 (m 1 H, 0.72 -
(El') mz = 450.5 [M+1]+. 6.25. Synthési¥
N- (4-(6-am no-5-(1-oxo0-1, 2, 3, 4-tetrahyd S HI nol i n- 6-

vi ) pyri di n- 3- Aphenynet hanesul f onam de o)\ ‘00 15Ceneral nethod B

lied to.6-(2-an np-5-b i,di n-3- -
Gyl of Soqui nBPIOTCOrE BRE RONFBE! M Reb pate Ry o ol ) and a-
(ehtylsul ftﬂrmairmyld'e)wp),h)emdlm sutfocaraicie 23 D6Gig Y6 n@nal)?éndﬁmﬂa -amin@-Sghre@opyridin-
N-(4-(6- ag1 9)450“6 éro?%o%érn%ﬁn?’lég etr %dro %oq éf‘l o X}lr? Q%ri di n- 3-yl ) pheny

| ) et hanestl oham y| e ter I'on by reverse phase
pr epar at otcycléfPbiy) médthlyI NNReth) 0D -(Mpio-1 EHBBQetfébydmmmnEHI% VIR 3-pipyridihg]-58. 28 (d,

753 (m 9 fyehieds? ol ol g il B by ady v oy Wnkhpr ofllyqrle 'y -

:]] g 23 2pﬁaserﬁzepa%wf)éﬁpec 18 n(mz ADOMYHz, BMBD-IH pp}n:)B 8’2’8d,!fi.252-|z|,—|).,H),23 %P(L tC
(sunt 10 o €152 Boifeo85 e ToS6lioh RT3 4 Ak ad A i o ki 2 i n
gradi ent ) Hj, R.38 -B.4B{nmi2H), B394 KtleyHated), 20¢4d, /268 H2A2 HEPrEthes3 1), 0185 -

yn N @19%#1@?%1% By g et e B R e e

capti oned conpound was pr epar ed by the met hod shown bel ow. WO
2012/ 121992FTO UL : 6 \ E0PIHD' (1ox01234

674NHz, 2 H), 2.88 (s, 3
.62 - 0.69 (m 2 H); M

| @) O

7\ NH

15 NH,

General method D was applied to N-ethyl-N,4-dimethyl-6-(trimethylstannyl)pyridine-3-
sulfonamide (226 mg, 0.6 mmol) and6-(2-amino-5-bromopyridin-3-yl)-3,4-dihydroisoquinolin-
1(2H)-one(190 mg, 0.6 mmol) to give 6'-amino-N-ethyl-N,4-dimethyl-5'-(1-oxo0-1,2,3,4-
tetrahydroisoquinolin-6-yl)-[2,3"-bipyridine]-5-sulfonamideas a yellow solid (41 mg, 33% yield)

20  after purification by reverse phase preparatory HPLCL. H NMR (400 MHz, DMSO-ds) & ppm
8.84-8.88 (m, 2 H), 8.56 (s, 1 H), 8.23 (s, 1 H), 8.06 (br. s., 1 H), 8.00 (d, J=7.8 Hz, 1 H),
7.49-7.56 (m, 2 H), 3.38-3.48 (m, 2 H), 3.23 (q, /=7.0 Hz, 2 H), 3.00 (t, /=6.3 Hz, 2 H),
2.81 (s, 3 H),2.61 (s, 3 H), 1.09 (t, J/=7.0 Hz, 3 H); MS (El) m/z= 452.5[M+1]*.
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NHCBz a$ M b, c M d wherein: a is ethyl

2- (di et hoxyphosphoryl)acetate, n-BuLi, MTHF, 150C then ag. NaOH, 100C;, b
is TEA, ByvG@ECli21®eet one, then aq NaN3; c is Ph Me, 100ECTiusen2loeTr3zey |

al cohol, CuCl, DWVF; d is H2-Pd/C, DCM then TEA p-br ormbenzenesul fonyl

(z:hl(g.r;?ﬁoxypﬁgp | g OLS\LUn,tUh =Sis of; g)—ﬁ%(g%ms‘uct)(lo tﬂvl—§ oyl
met hyl t et r ahydr of tEathm{iH' gnZoiakld. 4 ‘a'zeo'n#’}mm”ﬂ@@é—?) mol, 2.5 M

in hexane). The r ' [0RAMKE at OC for 30 minutes before the
addi tion of (SrhecapiBidiydompblid®as PrBSart@BEddnerl Mettiod ECrepRSehtBeBeibwansf er red
to a teflon lined steel reactor, 10seal ed and heated to 150C for 18 h. The
reactor was cooled to roomtenperatye, then treated wtip water:30% ag.
NaOH (2: 1) and_refll uxed at 100C for h. The bi phasi c_n ¥t ure was again

O

cooled to ro enmsdeat ur e ,and sf@lV'Ped toassepgfatipr yCHunnel—The
Iayersvve ted and t hg agyeo e wads ar| ag Feortd.  agq.
HCl (100 ) and extracted vvlth |sopfop I acetate (3 X 24D ) while

mai nt ai ni ng the aqueous
washed with 10% NaCl (2

hase at pH - 153. The conbi ned organi cs were
100 nmL), filtered over celite and epncentrated to
provi de (1R 2R)-2- opr opanecar @Qﬂqseoam d (7.9 ¢ %Q”)(i el d),
whi ch was used dire e -pext—react i N Y I\/R(40 h
ﬂZ)fzo - 1.28
, 1 H.

CHLOROFORM d)_%%p 1.52 @eneral H), 1 30l._4 39

(m 1H), 1.13Ydd J=6.0HHz, 3 MehoC7r6 (ddd, J78|65 4. 0N
20To OC sol utfwn of (1R, 2R)-2-nethyl cycl opr opanecaryso MH%C acid (2.0 g,
20.0 i n anhydrous acetone (100 nL) was added triethylamne (2.87 ni,

20. 6 mml )vha@d 8t tsﬁlpr&aaha&@t&émtwpl nfl6ofbve rBtifs: Blid Nadi &R, Gob@tdn. was

removed and t reaction was allowed to warmto roomterrperature for 30 min

bef ore thé'saHﬂPtPMﬁ bip PdEePlarPRIPI2dO (1. 36 g, 21.00 mml) in water (20 niL).

The reaction WASuRRbNHaihNedordinoaRIBTdbeRRBIAL WatnE, @0.0lmhol) {)Propdadilout ed
with DCM (300 nL) and water (200 ni The | ayers were separated and the
or gani ¢ diamine (2:22 g, 30 mmol) and K2C03 (2.94 g, 3.0 mniol) was microwave heated at 140°C

10  for 15 min. After filtration and concentration, the residue was purified by flash

chromatography on silica (2-10% MeOH/DCM eluent) to provide (S)-methyl 2-((2-

aminopropyl)amino)-4-bromobenzoate (2.66 g, 9.20 mmol) as a white oily solid. This
material was dissolved in methanol (160 mL) and treated with NaOH (13.5 g, 200.0 mmol),
then heated to 70°C overnight. At completion, the reaction was neutralized to pH ~7 with

15  conc. ag. HCl and the solid was filtered and washed with MeOH. The combined filtrate was
concentrated to provide (S)-2-((2-aminopropyl)amino)-4-bromobenzoic acid as a white solid.
This solid was used without further purification (2.5 g, 46 % yield, 2 steps).

To a solution of the crude (S)-2-((2-aminopropyl)amino)-4-bromobenzoic acid (544

mg, 2.0 mmol) and EtsN (731 mg, 7.24 mmol) in DMF was added HATU (829 mg, 2.18

20 mmol). After 30 min, the reaction mixture was concentrated and purified by flash
chromatography on silica gel (2-10% MeOH/DCM eluent) to provide (S)-8-bromo-3-methyl-3,4-
dihydro-1H-benzole][1,4]diazepin-5(2H)-one as a white oily solid (464 mg, 91 % vield). This
material was dissolved in dioxane (20 mL), then treated with Pdz(dba)s (83 mg, 0.09 mmol),
PCys (121 mg, 0.43 mmol), diboron pinacol ester (595 mg, 2.35 mmol) and KOAc (532 mg,

25  5.43 mmol), then heated at 90°C for 2 h. At completion, the reaction was cooled to room
temperature, then filtered and concentrated. The crude material was flashed over silica gel
(2-10% MeOH/DCM eluent) to provide (S)-3-methyl-8-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-y)-3,4-dihydro-1H-benzo[e][1,4]diazepin-5(2H)-one (527 mg, 96% yield) as a yellow solid.
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was washed with water (2 x 100 nL) and brine (100 nL) then dried over ngyso4
and concentrated to provide (1R 2R)-2-nethyl cycl opropanecar bonyl azide (1.8
g, 72% yiwbdpiviweh was used directly in the next reactiPOmUS2H2MVR7¢ 400
MHz, CHLOROFORMd) 6 ppm 1.47 - 1.58 (m 1 H, 1.35 - 1.42 (m 1 H, 1.28 -
1.34 (m 1 H, .1 .14 =6.0_Hz WO
5012/ 121992PCTP%6I1 %B(}J‘;%ggs apl)_|p%|bd ’?‘o 3 et y?8|('|4 9,]585 tet?'grgwgﬂhyljl%
(1R, 2R) - 2diorttoydiayZ1pP A aifaneckt-trmaylk] azlonbeepémsm @ne 303Amgntol pnioh andl uene
(100 ni) t 0, j t he
ol ut i on ageniRarebSaTB A pllo e BN | S BP0
(4 5 nm, #@tR-Irmekld,3dridetalmyoer{H perahledirlléldiBaZ(em‘aGBWgyrldTn 5ylbe1)I) in DVF (100
The diluted
wih & 20 T3k s e AR MopLaRTLASTREEALYES) S0k phrbey b6
concent r ateyerse PhasequrerpeatplydthuletMWES nparidoded Mt | ash chr omat ogr aphy over
silica gel (20-30% Et 0OAc/ hexane eluent) to provide benzyl

(1R 2R) - 2- ebhyleyel aaranyL)s carbanmt e (1) 887G, 5786ys.el d). 1H NVR (400
Mo, CHLORORORM GBI rS nlerola 3o ame?z%b.lend?&e LitdhanydeH) 4 B0

-4, 99(m 1 H, 22e T , 100.82 -
0.97 (m 1 H, T @btlQr(chﬂicbombﬂ@nd)wa@repar@d BleHzethqd S‘erwn@eE»w (g, J=5.9 Hz, 1
H) . A sol ution of benzyl ((1R 2R)-2-nethylcycl opropyl)car banat e
(1.68 g, 8.2 mmol) (55 nmL) was charged with 10 wt % Pd/ C, then
degassed and charged with hydrogen (50 PSI). The reaction S ?_'orrpl ete

—_

>

after 30 mn and Wasfiltered ey celite, rinsing vml (15 m.). The
| i quor was cooled{to OC—apd t d Wth trigtliy T4 24. 6
mrol ) 15and 4- bfjoNpbenzéne- 1- §on H chlaei de (2. 30 8761 ﬁ)m)l) The

cold bath was rérved and t I reactl on was stirred Hh. At conpl etion,
the reaction was washed with 0.5 Magq. HCI (2 X 20 nL.) and brine (20 nm),
dried over ng504 and concentrated t proow de
4-bromoN- ( (1R, 2R) - 2- net hyl cycl opr gpyNybenzenesul f on
yield). 1H NWR (400 MHz, CHLOROF d) % Ppm 7. 74
7.72 (m 1 H, 4.90 (br. s— 31 #), 1.94 0J =3
(t, J=7.3 Hz, 1 H), 0.89 -Géned (m 3 H), O.
(m 1 (gi) The appropri at e Matwdédure specifie
appl i€4 to the conversion of

4- bromd- Nubbl 2, 2Re-8; W%bh%l& %M-BN@WF@PWabQ@W%an@ﬂaI@Gj’% & RB8 Hoac T L

mmol) to N-(( cyclo é@ 4,5 5-tetra

met hy1- 1, Bt Qﬂdﬂfdb&é%ﬂ@l%wrﬁmeth%lg Ogé‘ﬁ ﬁ'é@@tyf i 24 CFVPa%tegPd BBy el d)
whi ch wasa@b\;ag@@ged BﬁbHeIO(J‘°|Ca§rm @gr,\cyg;abggr aphy over si I [ ca gel (20 40%

Et 0Ac/ hexane eluent). 1H NVR (40 CHLOROFORM d) pm7.96 (s, 2 H),
7.85 - 7.92 (mToqsqq)pengon;g;‘ P_zOqQQ(ﬂ%r%79p rpﬂwol mrggthanefu@@q@ﬁld ]_10g)mL 1"338 (s,
12 H)45 1. 3(?de@58 tﬁlrod'ﬂ)en ) Ql%pér%lca]crdlfi%yz\’ﬁ @mﬁ‘)ol an?an rea®liof Wab Blirda 4d) , 0. 33 -

0.40 (m H) . The appropriate pr ocedure speci f| ed in general nethod F was
applied t Epophtgrr@e@gﬁgg}ré i'bnAt@pmpletlon the reaction was concentrated and the residue was

N-((1R, ZR})uraremt/ hMéWérﬁélef@Nﬂy) 26:30%, A0 R/ Rexafi ERent) to glve 4H-
met hyl-1, 3, 2- di oxabor ol an- r¥e a34g zenesul f onam de 69 mmol) to

4- (5- ani nByc@pe@_taMtalthg] @(5&10 30% vyield) as a brown s I|d 1H VIR 300 MHz,

tetrahydr medggslb@ﬁlsl 0 @: )y, azi)nz. 27 Wil )=4\8 HE, LR R4 2 anet (y b qyahEiopy| ) ben
zenesul f onam de z?é rochl ori de after treatment with ag. HCI (350 ny, 45%

yiel 30 1A/RAVRSPA0N Tz, METHANOL-d4) 6 ppm 8.34 (d, J=6.5 Hz, 2 H), 8.11 -
8.16 (m 1 H) A?;olat?orrof&-l—ﬂﬁcl(nﬁ@ntéﬁbﬁﬂloph%n%r%@he71§5g(§W rrgndTD hyd?ox@larmne7 61
(m 1 rrg 3. 1&) H@ 4 (m 2 H),
1.84 - ggl éLﬁ,P g12p|)8 migolyand N@ppg-ﬁ@rﬁ 8§0|_q)1mol mQ@eOH 5§gnl( I"f’]asit'rﬁ)d 0.64 -
0.70 (m &vérﬂlght%ta)bmteﬂmpa%tl(rm THe r'é)aetlowfﬁ/aélﬁﬁén dﬁléenﬁaﬁe@mnaer[r%lldeﬂ VO
2012/ 121992PCT/ US2012/ 027376 oom tenperature slurr 8
4- (5- ani nBreésu(rﬁ_ 65&51 ui)n? E@Aﬁ jt(%,q mhmrfd}pgeg(?u?r@oqlpg,]ofélllca gel, eluting Wlth EtOAc.
Kl szy%ﬁfl mhezﬁwéx)ew}is(cérldan%%)ed?camwwh@y@bmpmwahlaemgo%? I;f;gnaam@eh a6t81

rocnl or n car bonat e
ol ) ves L e PR P Pl Fp s o dugobed B adine e el P utPR AT ¢ ne

reacti on Wasaduebtimhatirangs eaacen twitatDew] (2t hi)asb etk Govweredsxtraaawgel

5-10% MeQH | uent ovi d 0: 6-

{et r ahydr BB st R fiBh R Oﬁ'eéoyef) B iRy Pt Bade S Bt 391 cycl op
ropyl) - benzenesul f onam de (90 ng, 86% yi eI d) 1H NWVR (400 MHz,
CHLOROFORM d) 6 ppm 8.55 (s, 1 : 32 =7.8 Hz, 1 H), 8.16 (d, J=8.5
Hz, 2 H), 7.92 (d, J=8.5 Hz, (dd J80 15Hz,1|—|),7.70(s,
1 H, 595 (br. s, 1 H, 514 (r s, 2 H, 366(dt J=7.0, 2.3 Hz, 2 H,
103.14 (t, J=7.0 Hz, 2 H), 2.76 (s, 3 H), 1.48 - 3(m 1H, 1.27 - 1.35

a ~ o~ ~ o~

21(2.06 g, 87%
(m 1 H, 7.66 -

; Hz, 1 H), 1.41
.1(8 1 H), 0.35 - 0.45

yFganeral nethod F was



464.5 [ Mt1] +. 6.27. Synthesis of
- (5- am nwoae21rowe- 1, 2, 3, 4-t et r ahydr oi soaui nol i n- 6- yl ) @¢TABR212/027376
2-y1) - N-et hyl - N, 2- di net hyl benzenesul f onam de The capti oned conpound was

&g&a;edzg%y&rgt%i?ng 887? d’\éﬂ eI et ?3%&1@% y'?@b Iﬁaatgg%gt g%.tsts&% a§t@r”eT .

0C sol uti Dumfmfatlmwyrftaamemometoggdpbyemamagaﬂ y30% EOArihdgankelel @Dt)g H BMRL mml )

and 2ok TENRPLAPRE T 6RO 4 087 ARY TB e ol a Yt b Trovea

and the reaetddon svad Het 2 HY; etb EbDm/2 =hLs544 M:{m*pl et| on, the reaction was

t ed, d.t d The
Xt s nae walhed GeoRidE SPARTShe iR L8R ane‘?’é%?m% 458 (5
10 m), watredAc((Zhuybid 5arﬁld v@@éru\raabedeoalqummss@@mt 5(§mmg) andrtieadadtiva2504) ,
and concentrat e benzenesul f onam de

SRR e A P e T o R S
1, 4- di oxaberacQ wiih)Etomd 2txsdahied Thé tdmibnab@ganicspven@aashea wites% £4.87 g, 3. 43

o) O AR SR TR ), OOl gD SR SRR G Redbite s

cool et) t oNesom themfiaradt arrdecoamhtmmzuc After ;airadatloﬂw flesmdmm&‘@g,ra phy over silica

2012/ 1219 P 7376 ma e ed and
vater ( T0SH30 LIRE GRS R e SR el aRlichala &Pyt el its Bk
brine (5 mg)73%lyie@pwasiesiatia26€haa oo nE MR (amedAHlevnleemmiedmab@m?ado was
0 B 1 30k NLOBNLILEMe RYEY o b5, € len (20348 g Rexane

N- et hyl - 2 Ndi rebibydn eF1rdbdty5354, 4 615 RrBinBINAL 3, 3, ditixdb walab oy pbyatin2- y 1) -

5benz na 0.6 Yo vi el . 0 pm 7. 80
200N eE (iR A e ompl 2 b Slasaibidrolen 2 iy ARG eBgBETT (L%,
H) , 2 61 (Tg 1.3 nm(m ) dnd3( reeh,g )a123 H)g 0.02 hifnditin nBaDHIS nittz anB2MNa-0M5 (B EIL) m z:
340 [ MrH . _HPL unf| re 50 10- % NH40AcC,
>0 b or mipbierogea b Sttt o Seelohl e g Vs o Y P8

N- et hyl - 2¢ddpletioet tinelreabtiod wés Blidsed atd wmeerhgatteo[ und8y 2P decoxpdrsnie tien2- y1) -
10benzene ,

o (3 am npttah g Beteeh 1 BBt Ee MLy, s usrsers sepReiosaii e (150 .
0. 38 Zool )aqmgﬂéhe)vws(emaczedngith oCY 13 x n:an) Tandorﬁbloecmraqmcsl\mere:@ﬁeq oveB8 i)
in n-buta t - r de
4-(5-am n(K)’ go};%nmnc atga th%\égﬁ{gﬁ]t‘%‘?eﬁ%&%?%% %16 - ﬁcaf@d%nﬁ‘?ultgki}‘% N- et hy
| - N, 2- di aferdyH Benreameidin -Bobrafrdieyd(aigienay2, 32U 1gin gl 4)-oae (281 pergsih iedd)i on by

(V5 DRI BT bR Ol 198,00 OIS £ R 5 (=1
7_77 (m 2=1h, 1.46HB2 H)s7.23 ()1, H)36.48 ( c(dtd=75ﬁ114@1l® 561Kz /=720 HY, 2 I, 28’7(q,

i_gég "y RT3 ngwﬁm ’ﬂ@a(%%)% af by ZMZEH (SHPECH% St tre g8 4 %' mm
x 50 rrm 10 9100/6 KM @ien1@ 2r(1‘2AaanpdnvmrAayl Zbaﬁlmvdgﬁmdmcéaﬁ)c yRdia-724H)Hneri n, 100%

i nt egr at egz Ly, &Orﬁrlrgg %%m?ﬁ] 'w%s Eded NB V\ﬁ199 m yrﬂ%qgllg.aTzr}er{fzactlon was

4-(5-amn tet r0|soc nol i
2-y1) - N cywr@mtd}wﬁ t@@n@mtlhfylf@rénmémmﬂnﬁ@ﬁ@mmd taken up in DCM (10 mL). The

organic solution was washed with a sat. aq. Na25203, then dried over Na2S04, and

Hz, 3 H, 0.96 - 1.02 (m 1 H), 0.47 (dd, J=12.3, 6.0 Hz, 1 H; Ms (El) miz
4

30 concentrated to give 2-(2-amino-b-bromopyridin-3-yl)-5,6-dihydrothieno[2,3-c]pyridin-7 (4H)-
one (320 mg, 97% yield) as an orange solid. *H NMR (400 MHz, DMSO-ds) 6 ppm 8.06 (d,
J=2.0Hz, 1 H), 7.73 (br.s., 1L H), 7.66 (d, /=1.8 Hz, 1 H), 7.29 (s, 1 H), 6.23 (br. s., 2 H), 3.40
-3.50(m, 2 H), 2.83 (t, J=6.9 Hz, 2 H); MS (El) m/z= 325.2 [M+1]*.

The final step of general method D was applied to N-ethyl-N-methyl-6-

35 (trimethylstannyl)pyridine-3-sulfonamide (233 mg, 0.6 mmol) and 2-(2-amino-5-bromopyridin-
3y1)-b5,6-dihydrothieno[2,3-c]pyridin-7(4H)-one (194 mg, 0.6 mmol) to give 6-amino-N-ethyl-
N-methyl-5'-(7-0x0-4,5,6,7-tetrahydrothieno[2,3-c]pyridin-2-yl)-[2,3'-bipyridine]-5-sulfonamide
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General nethod C was applied to

4- (5- am no- 6- br onopyr azi n- 2-yl) - N-cycl opr opyl - Nnet hyl benzenesul f onam de
(383 ny, woO1zmxd9r and 6-(4,4,5,5-tetranet hyl-1, 3,2- PCT/US2012/027376

25di oxabor ol an- 2-yl) - 3, 4-di hydr oi soqui nol i n-1(2H)-one (300 ng, 1.1 mmol) to
provi de 4- 0

ani no- 6- (_aﬁ( f XY SNG40 Pahy T8y 2GRN PHH-PE 059 1R) PASVESS Y- N- cycl opr op
yl - Nmet hyb&eeamemyaﬂﬂldmnwmdﬂ)d @82 DMBO-&H Ypyined. ah) (daft2er Hpurh)f 8.6atd, oe2.By

SE0S! b W g et P P B AR P B e e B 05

Hz, 2 H), 2H) 73]44(:[350?8 DHEZ,091s, 1D H), Z.88(Q, ﬂﬂOH:IzH)H 37425(3“—,! B801=5.08 (iz

H) , 9 ,67 (s, 3 H, 177-186(m1H),061-
0. 81 (% t‘%“ﬂs e )4%%9""* 50.5 [Mrl]+ WO 2012/ 121992PCT/ US2012/ 027376
6.29. Synthesis of 2-(4-(5-am no-6-(1-0x0-1, 2, 3, 4-t et rahydr oi soaui nol i n- 6-
yhoyr azi n- 2-6.82h alMethbt hieasid ofi 4-61-(arGeroad-ei-oxe? BoH5B was
applied to 4-(2-qgasoaropairbehzyle]EdHzoon @I by erird2§TShaml)teb@nd@ommpl ) and
6- ( 3- am no- 6- br orgypMti-a€bodityile) - 3, 4- di hydr oi soqui nol i n-1(2H) -one (150 ny,
0.38 mmol ) in n-butanol (o m.) to give 24445-am no-6-(1- 0xo

1,2, 3, 4- tetrahy'b?‘&?—pf'g Lﬁ ABPYH was prepared by general method F, represented below:

6- y1) pyrazi n-2-yl1] - phenyl } - 2rret hyl -propionitrile (119 ng, 82%yield) after
purification by c m chr onptbyg v 5%I\/bOI—I/DCMeIuent) 1H
NVR (400 MHz, dé) 6 pp J=8. 53 Hz, 7 96

(d, 10 J=8.03 2_tu_zgy CdonJ=8. 03, 1, 25 M 770(s 1

7.58 (d, J=8.53 45 B:j%) c3d 43

2.99 (t, J=6.40 ,2H) 1. 71 (376 (El) m tHPLC
(Shim Pack VP 0DS'4. 6 nm x 50 mm  10-9096°95%vEOH, 5%Watr/ th 0.1% TFA, 4

mn gradient) tR = 3.22 nin, 99%integrfated area. 6“*30 Gener al
Met hod G and Synthesis of 4-(5- amcﬂo 6- (1- oxo-2,3,4, 5-

15t et r ahydr o- 1H benzor cl azeoi n-7 yrazin-2-yl1)- Nethyl -

met hyl benzenesul f onam de The ca t| ned corrpound '\Pr epar ed by general

met hod G represent ca WHNH Tf 0) 2NPh, THF; and b
. . H enera
i's diboron pinacol eg §g Pd(d;bbf)Cl QAqy d ne, 2090C. To a

room tenperature sol ution of
7- hydroxy- 2, 3, 4, 5-t et rahydr o- 1H benzo|[ c] azeps & o'ﬁe (2.3g9, 12.9mmol) in
THF (10 rrL) was added NaH (671 ng, 16.7 miol )% ol owed by

(508 g, tROr Rl e adobn (R Toim b B BB o b0 20
e e
. Toas pensd)n é4 ch oro eany etron| |I r’r’ét mao

brine, dried over concentra S purlfled
by flash ohp\sRi20rrapimesedded aH {1CZD g @I0%(i@ 0% debl AT 5é xram). éheleaatplort o]

pr ovi ﬂge %, 1 . | K

t et r ahydr 08%_{%- é’ﬁa%é[ @ 28R A 29 IR ETR e Anes Ul SRAF e P71 RifBe, 779

yi el d) Mssql@&ion. Sothds s@t]_tﬂ)n[vMsb}jded 1-chloro-2-(2-chloroethoxy)ethane (3.18 g, 22.33
mmol)dropwise. The resulting mixture was stirred at room temperature overnight before

diluting with 50 mL water and neutralizing to pH ~ 7.0 with 1.0 M aq. HCI. The reaction was
extracted with Et20 (3 x 200 mL) and the combined organics were washed with brine (200

20 mL), dried over Na2S04, and concentrated. The residue was purified by flash chromatography
on silica gel (10-30% EtOAc/hexane eluent) to provide 4-(4-chlorophenyl)tetrahydro-2H-pyran-
4-carbonitrile as a yellow crystalline solid (4.01 g, 89% vyield) (Note: This compound does not
ionize well on LC/MS. It does not have intense UV absorption at 220 nM. The TLC Rris 0.6 in
30% EA/Hexane).

25 A solution of 4-(4-chlorophenyl)tetrahydro-2H-pyran-4-carbonitrile (889 mg, 4.0
mmol), Pd(dba)z (138 mg, 0.24 mmol), PCys (268 mg, 0.96 mmol), diboron pinacol ester
(1.21 g, 4.8 mmol) and KOAc (1.18 g, 12.0 mmol) in 16 mL dioxane was microwave heated
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A degassed slurry of 1-oxo-2,3,4,5-tetrahydro-1H benzo[c] azepin-7-yl
trifluoronethanesul fonate (4.0 g, 12.9 mmol) di boron pinacol ester (9.9 g,
39. 0 mMolwo 260Ac1992. 9 g, 19.5 mmol ), and Pd(dppf) d 2(96B0H/US2012/021306 ) | n

di oxane (8 nL) was heated to 90C for 1.5 h. At conpletion, the reaction was

e e R

t et ramet h;lash]c,hﬁmzatogrmhmrsddcatﬂ—@éWlprZDeMéjl&nt )&t prabivelAod-UH.bénzo[ c] azepi n- 1

was appi ¢ S 2 bendBeh 2 ey STl s oaan SRS b ™! o4 ©
2,3,4,5- tGW$talhyej$®lleObgn&l?{>w]3|aZepl n-1-one(95 ng, 0.33 mmol) and
4- (5 a%no 6| )%QB\DQ&F%M d(ﬂ%h%% ek erSED% - JxEBS Bk BS ARG LipppBde (108

(B am no- Bygrtdoxbopiras 0, 53 £ dkaany0h IRRrbB 2] CERbIMMON, JOMgaAFO2- y1 ) - N
-ethyl - N Qﬁllztﬁ % ) fol i on by
pr epar at (r)rtr%{/@ﬁllf‘fc 1 ng&%%wﬁdg?r%%%é%%dm%%g%gﬁ gwﬁé %&ﬁblpébw 1i2-|2 (d,
J=8.5 Hz, (2D ), TH®: slurry(was dgesssad fa 10 Tnipfnder agmibpling syeamsT sphydmupiitrogeryl ( dd,
‘(] =8. 2 H)l &eh‘%eat%dlél) 90‘70 1@2211 17he6r§sdltrﬂ§ ixtidle wi ﬁ@ré&ﬁoncémtr&e@gﬁ'& pur%egg)é 3. 09
> H),10. oﬁamchromoaaw 0n3‘>l"|c=9 NteélHyDﬁMzel@nnsfzp@wpw#ﬁ & aremsqyrazsy%t hosi 2

of 6-(3- amdﬂgnﬁte(tﬂahfld]rochp‘y%ﬁfmytio%ﬁth@)&’bgQEWEWIH?Z' n- 2- y1) 3, 4-
di hydr oi soaui nol i n-1(2H) - one he capti oned npound was prepared by the

met hod shown b&P Bfelution g fEp- ﬂm'nap¥r§Z'NaM pf@nt‘i}%tr%?r@ﬁﬂ @’f%@ﬁrborﬂjﬁﬂf 100C;
b is Pd(dppdg Fﬁl 3,84(n5ﬁbl§1|)12)Mﬁ§@6%L %gad@edh@ldrroﬁ“rosuccmlmlde (747 rﬁgQQQﬂanHor y of

NaH (460 ng, w /odIS ersion in mneral 0|I) in DVF (14 nl)
was added'”1°”€)P8Itt9ﬁrﬁ‘6yP%¥'H%W6§“’(60 S?@eqw?;t rogm ZEMpRiRiLTE Tar HPwis@MPItiendBf d bat h

was Fﬂmvﬁﬂ(uir@rvvﬁgom%@omﬂ&r 80 higamfielirtel @61 20f mih: hft@rrmtréhoWaH@r\A@Bmﬁgﬁﬂe (1.00
g, 5.7 mo The resul tlagjé]reactlon m xture was_ heated to 100C for 3 h. At

conpl et i oWagef Al HrER8 PN VAR B FER2 T OOdU A PRYFRFEY Ay IR MR YR Ht r at ed.

The resul pyrag4@hiboriete #hd titsiledbd botipb®ss 4 8k Bownaddlld @ X B aci@shs ien Et 0AC
(3 x 30 m). Teconblg?fg% ani c washed with bripe 5(20 nL), then

dried over ngsBaERdNE S ARG - G Mg B REeaN ¢

cycl opr Opylbphfeh})@)xe_,tbalh@dmeﬂ@)y(ah A3 rignitBie Y215 ek d).6 mhh®) anesBil4id, hg-tetdmetas used
direc urt

1 br o, 4 CE AePEBIE e RO e eRe! @ifé@'aagp'%gg?@ {1y 3 me 06 mmo

4,4,4" 4" 1dnrbyide 4-B-Gamtinsred hyxb-23,2, 5-teirHyd - PH- derang'ehmmqmamau)w pyrdzigR- 7. 01

ol ) PO AR e PR G BB TR AR e BB D AR ) T

Eogg\e?ar at4an, Mih eALOROFGRM) doyponh Basgs anim p&nuqxgna&tawzpyay 81l up.aswhz ©20- 40%
t -(4-(1-
oo el G Rl 20D 33 EAAHET the? g 1.1, G401 arb b3 1. 38 g

88% y2=l d}., 2 GercsAfor.sE oM. A2 e s=a@ pizi 2d), 84 (t, /=11.7 Hz, 2 H), 3.50-3.73 (m, 4

2-(4-(1-cycl t y -4 4 I
15t et rane%ﬁ&%%%éz&ﬂpgﬁﬁa@g?@ré%% ‘t%%] '2.00 nmol ), providing
6- (3-am no-6-(4-(1-
6.23. Synthesis of 2'-amino-5'-(4-(N-cyclopropylsulfamoyliphenyl)-[2,3'-
bipyridine]-5-carboxamide

| N\ NH,
= SN
0 I
A 3 N _~_NH,
N7
H O
30 A mixture of 2-amino-5-bromopyridine (3.58 g, 20.7 mmol), N-cyclopropyl-4-(4,4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzenesulfonamide (5.00 g, 20.7 mmol), sodium
carbonate (3.29 g, 31.05 mmol), and PdCI2(PPhs)2 (0.436 g, 0.62 mmol) in 3:1

acetonitrile:water was microwave heated at 80°C for 20 min, and then at 100°C for 15 min.
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cycl opropyl et hoxy) phenyl ) pyrazi n-2-y1) - 3, 4- di hydr oi soqui nol i n-1(2H) - one
(321 ng, 40%vyield) after purification by reverse phase preparatory HPLC
1H NVR ( AWO0 2M421219B0- d6) 6 ppm 8. 50 (s 1 H), 8.00 (brPrcsus2di2737¢. 95 (d,
J80Hzl H, 7.88 (d, J=8.8 Hz, H, 7.72 - 7.77 (m 1 H, 7.70 (s, 1

0’ 6. 97 gtg%re%&tlongw%hen%eggéd(l a§§|l égtg Eé(l)_b%foailg TB@re%atlo(n%aé 08%’(03 42 (td,

5 (dt rapBetperdi@e Biad filleréd)., The.sdBd waDwasBed mijth Bhellano(1Q L), Dd 3 (m 2 H) X
MS (El)

5 anin r‘ré_ tzln%p%tégtf%w}éc}gn en%%%eg?%ﬁ%@rgﬁé §1a9 rial \ﬁas”pﬂ l)fled b¥ fqash_

1) 3, 4chtpmpthe@ipbpener pitita gel (- PHMeOHADCMhie gwa;élf B@n”er@bpamawhﬂ was prepared
t
4-

" b RgrIBeRE Mhanide 0 0n.g 35i8idly® 3 K08z MervapLgn 5

added 37°/¢)raxqt8€27l1(sl f=ar0tatizi é ) desg 5295 4, THN 7r@sat)/=21842504 Hi, TOBL 134 and STAB

2.98 g, Af i rrd t t
wes parti £t bl it Bhe st edthdal £53° ART b TRBA SRy 2 4Re”l tyer s
wer e sepaMst(elmadn@90h@d1+HND mm&mmfg@mv@wrmsmmﬁmzm%% MeghieldusM aayer was

extract edeé/Q PCM dénip _rr})sz1 mgp%@oﬂg\g%g& a%ganl cs were dried over

Na2S4, ered and concentrate
2-(4- bﬁ‘rom)phenwysoupwrmfrﬂﬁﬁﬁmlrpxwpaln&d dreyalep(ondienrgens8lgnapiidd 3)0deg a

el l ow oi k. , - d4 i ) . — 4
216 0. gy iR SR tghbihdaited BRfoductiuafie OBBE RIS [ Dhod G
was appl i edhdlo The (egctinrovassiieag foy LN, Nediwaeilgregr dipeafiitr2teass mestiefS0thagt. 1. 86
N S SRRV A e R e e
yl ) pheny! ¥ige 61@@ammoaﬁﬁrﬁ@0(pg@m “By)-NsgcloprgnyEbefeerisuiéenapidy (iQ7a2 Bak Yisjd)f | ash
ffl\‘/[k‘i]”_fié O%Eerﬁgplﬁl Q?{gwﬁé JJAI& Wal\gﬁg%ﬁs&pnjrg%’ ELULASLNEXRNER) 10 BB HIMhF) = 290. 2
N, N- di et Ryp2- Q,Jea5@44z425 5~ fee(dr etz 21).3- 29 (tt, J=6.71, 3.58 Hz, 1 H), 0.17 -0.83
s Lo xa0oRLAR, Rig/lEheTads B ORR2. AR cﬂ@aﬁﬁ@%ma & o3,

6- (2-ami no-5- bro r ol sogqui no 1
hydr obr omVGQN(li)ZHJV'@g Nmom ?rmmgram@ntmwr@s min, 90% integrated area.

6- (2- ami no- 5- (ﬂrr(l%uf(e%m%é Qbﬁ#n%rﬂ 61‘8%8 9%@3%)(1'%@5\&8& HEVEhG Ry dd g1%04'

di hydr oi soqui nol'in-1(2H)-one (14 I el as ‘a white solid after
pur i f2&at Men0-By NMmalks Hibeten PIMECY Feteh 3@&%&“@0@%'“%@1@6@ BE&ppm 8. 32

(s, 1 H, Ozllgﬂmol &d;(a}ba(QQZS rﬁﬁ @OOSlrﬁrz“ﬁ?and Pz)|_2v7% nG%b 0716|?91molain8174 (j%%(ar% B 23_41
. ; =

2H),
Eur)nl 5H% mﬂwaa%he@fged ag*,m ﬁé@p@wg(p 4 amlno 5 4,5,5- tetramethyl (1,3 2]d|oxaborolan 2

4- (5- am nQy-Byrigi=an I\F‘ ghc%ﬁop@rﬁe%tzér%@b{lﬂfn‘éﬁmz@lﬂi Hglléd%)%élé%ﬂéﬂjigurlflcatlon by

8- yhoyra2| n-211) cl oor ooyl - N- net hyl benzenesul f onam de he captioned

conpound Rﬁ@arﬁF%ﬁpﬁP Thip rﬂ%@“w@ﬁa@“@ﬂw'%@ﬁwomcot'nam'de (4AM8dt-4f i on of
7- br op® ¢ hrpIRNNZ00R @13 B4 . 4D mmbi ) DarfiEIC) (FPRE, mgmhmgwsaﬂ d (3 nt,

6-(
3-y
by

2(

23.0 nmmol ) in DCM was cool ed to 0C and treated W th NaN3(146 25 mml)
port i onwi SEETORIRISAHHR MR Lai THE REPCHAIR MiXHE WAS MG RYRYENSRIGH &t hel &/\‘705@”““‘\‘

reaction waspledentnstréddtios r‘rﬁb&ur@@afs @bncéntiatedbn® piliFleg bl PiVersk pRadeaREpdr@BrNAS
sl ow y neutrallzed with 8 ag. NaCOH, o _
HPLC to give 2'-amino-5'-( (N-c clopropylsulfamoyl)phenyl)-[2,3-bipyridine]-5-carboxamide (7
mg, 6% yield). 1H NMR (400 MHz, DMSO-des) & ppm 9.11 (d, J=1.25 Hz, 1 H), 8.53 (d, J=2.26
30 Hz, 1 H), 8.47 (d, J=2.26 Hz, 1 H), 8.26 - 8.39 (m, 2 H), 8.21 (br. s., 1 H), 8.00 (d, J=8.53 Hz,
3H),791(d,)J=2.51Hz,1H),7.76-7.87 (m, 4 H), 7.62 (br. s., 1 H), 2.12 (dd, J=6.53, 3.51
Hz, 1 H), 0.46 - 0.54 (m, 2 H), 0.37 - 0.45 (m, 2 H). MS (El) m/z: 410 [M+H]*. HPLC (Sunfire
C18 4.6 mm x 50 mm, 10-90% MeCN:10 mM ag. NH40Ac, 2 min gradient) tr = 1.39 min,

96% integrated area.
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25then diluted with DCM (20 nL)and water (20 nlL). The | ayers were separated
and the organics were dried over ng504, filtered and evaporated to afford
8- br ono- 3yo-20tkinyeobenzo[ f] [ 1, 4] oxazepi n- 5( 2H) - one ( 37@CEFyIS2@w00%463y6 el d) . MS
(El') mz=242.1 [M+1]+. General methods G and C were successively applied
orovi a2 2 OIS M RIS ISR POR A g 1. o) o
br onopyr azi n- 2- y 1eUR, h Mk 2 gHEYY de (241 ny, 41%

yield, 2 steps) after purlflca[tl n of the crude 5 actlon m xt ure over
silica gel (2-10% MeOH DCM el : r\}H 5 NWR MHz, DMSO-d6) 6 ppm 8. 72
(s, 1 H, 8.43 (dd, J=10.3, 4.,

H, 8.26d N3=8.8 Hz, 2 H), 7.90 (d,
J=8.0 Hz, 1 H), 7.85 (d, J=8.3"Hz, @. J=8.0, 1.8 Hz, 1 H),
7.41 (d, J=1.5 Hz, 1 H), 4.31 - 4.20 (

T H)Y 3756 (s, 3 H), 3.33 - 3.43
(m 1 H, 2.47 - 2.52 (m 2 H), 0.65 - ‘ rn 4 H,; M5 (El) mz =466.5
N
[ MF1] +. 6. 34. Synthesis of

ToVpayt az: ne 2GR RNGEIEG Fadarkh e sl SR R thee i Panike The
capt i dhedsdonpolded6d@sg, 1t Apand artuys' Jeahtetawotfebh:nmtb Is-hyelaprdpeB\8-bipprirel-6: a is
ger 3, bovieTonp kel & i bIoig S o iy RapBRE RES i e °
di oxang dﬂﬁrehﬁtﬁeastugtogn 6??[373 roiyHilinelrss ulfiodd riddé TIRD myg, 16¥8iedd)rafelr ) wer e

5~ ot hoxy P s nabe 1Bl PR ATE 5F0 By b iy 4 o y

to the st Bmedl JsD1BrHzy 1 HY 1839 @a ct=80n 2uiaidsz, i efonesl (sf Belomtsﬁa de&20B batiH)and

iék{ﬁ@? ot e pet he BB B tnd PR I8, A Ry PR SRR RGH U] Breeth 2t

6 L), 2P3%2RL (nKOHH)(B75B- oz (m2DEHN O.68at0e69 (11, &. HBMS_()EJ ) nNa 2SS BVedded and
the mxture was filtered. The organics were concentrated then purified by

ARNRARL L _ : O £L008 4 DOXARES Gl Methg ovi de
yiel d) 1H NVR (40028 erepasiianespiiagmidess ™ 44 j=9. 00 Hz, 7.18

-7.22(m2|—|),385(s 3 H, 306-311(mZ)H) 271-275(m2|—|).
255- net hoxy- 3, 3- di deut er o- 2- ﬁ{deo- g, 3.33mml ) was

di ssolved in acetic acid ( A of 603(1.33 g, 13.32 mmol)
in 50% aq. acetic acid (10 nlL) . e reaction was stirred
at 50C for 0.5 h, then cooled to OC an t 1992PCT/ US2012/ 027376
guenched with isopropanol (3 nmL). The rae 'Ne|51 m xture was partitioned
between 0.25 N aq. NaOH (50 nL) and EtO0Ac (50 nL). The |l ayers were

separeg ed and Gb@er@trrg@mwlwaea@mmsdtedz Mhinb-5ororepyridinial-Haer ngsod and

concentr at d to af 3 3- eut e 2- di hydr.oi nden-1-one (545
o 30006 o podting T Ao Pk b G CE 85 T WA 70 (br o 1 58y
6. 91 (br. (edtyisuBordmidEpiBhylpbronicsacid (86 Mg, 0.226rm4Ipto.give.N-(426HimildSs-(1kdxpnT z

=165.4 l. f d
solut | on sPErdehaROS sl e uar st AR a s e M e S U B g
mol ) i n BV pudficalib) by rRnersé bﬁasecpireﬁamarymd: ed NMR (G0 mwﬂowreoaf@; sigprhi 356 ny,

ot 0T ne e e e R Rt b TR sk dacr P T s 88 e o7 4t o wer o
separ at edy.5aneh, £ g 722BIQ0LSB. TRNER MERIE Kirf .t 3w t(a, B@\As:{ 354 1H2m)) . The

Concentr abil 10 G PG heeNexs 2t G0 PRI G B hoa0dh Lohok Hord B: M2 - one

(500 ng, ™%yt 22)M+AH NNR(S@Gﬁ}eMﬂiB4WGRM1@)9(ﬁ6 PpOH:109%M g, J=8. 78
Hz, 1 H), ,h6.88 (dd, J=8 7 51 Hz, 1 H), 3.88
(s, 3 1 AgmagupClimaley Akerdurty (i1 da gl SPlilepfieati®n®s actsol ieion o
6- met hoxy- 4, 4- di deut er o- 3- hydr oi soqui nolin-1(2H)-one (2.9 g, 16.2 mmol) in
DCM (250 nl)6.26s Syddesisoff4-Esdrhinopt-Elpancet 213, 8-t &tr soldudisanuirad|inEBy| B yravirdCM
(32.4 m., 32.4 mmtl)Nrfrd;tevlrreacthzm 2wagtaldyolopplybetizadesu fonamiden t 0 room
tenperature ov rnl t co etion, the reaction was cooled to 0OC and
careful ly quen E‘rﬁ{A n{)dl TP RLPY 08 MM RORRPERY puri fi ed by
flash chromat ography over silica gel (10% 20MeOH DCM el uent) to provide

6- hydr oxy- 4, 4- di deut er o- 3- hydr oi soqui nol i n-1(2H)-one as a
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bright orange solid (2.33g, 86%yield). 1H NVR (400 MHz, DVMSO-d6) 6 ppm
7.66 (d, J=8.53 Hz, 1 H), 7.60 (br. s., 1 H, 6.68 (dd, J=8.53, 2.51 Hz, 1
H), 6. 61 (WO202202p82Hz, 1 H); M5 (El)m z=166.4 [ Mt1l] +. APSOIUSR010/02T300M
tenperature of 6-hydroxy-4, 4-di deutero-3-hydroi soqui nolin-1(2H)-one 25
(2.75 g, 16.2 mol)._in THF (15&1?_% s treated with NaH (1.62 g of 60 w.
% di spersion in mnePal_qil, 4 ). The rleaeNHoBzwas stjrred for 0.5
h, then treated wW4&h PhNE 2 I\§I$7 36 g, 48.6 mpl) and the geaction was
mai ntai ned at roomtenperature for 2 h. At Mfmpletion, the reaction was
guenched with sat. aq. NH4Cl (50 niL), thq\zpr%dl luted with water (50 nL) and
extracted with EtOAc (3 X 100 g@h)ergThe cq\l ioned organi cs wer@ washed with
brine (100 30nl), ,Nagn dried Qyg&hodwa2 10 ‘
material was pukyfi | ash—ehromat aph
MeOH DCM el uent 20 pro 1- oxtBerde hydmg 4,4
di deut er o- i soun?oI i n-6-y! tBi f | uor omet hanesul fonatb .31lg, 69%yvyield) as a
slightly red solid. 1H NVR (400 MHz, DMSO d6) 6 ppnN8. INH,(br. s., 1 H),
7.99 (d, J=8.53 Hz, 1 H), 7.52 (d, J=2.51 Hz, 1 H, 7. 45 (dd, J=8.66, 2.64
Hz, 1 H), wBerd®: § &, eth2-(di&hblgphadphdryl)deBialdin)BuBH MeZH2 A802¢ Mich]at. NaOH, A
slurry of o b L o
1- 0x0- 3- hyd? &% B 9T GECOPEr T XEGUPRBT NANS S§7 TS 1108 r G han84 dlcPtat e (3. 30
g, 11.1 nowotl)DMdFabis6b-PRiGacyl, thes TEA pbirddbegzendduiBnymblblide; KRAC(COH 81,
16. 7n’n,$:)l) d WD 2012/ 121992PCT/ US2012/ 027376 Pd(dppf)C 2 (814 ny, 1.1

1) BI oxane (50 nL) was degassed then heated to 90C for 1.5 h. At
conpl etion, theoaéacsolotonestiyl 2{deteekyshusplmybeattegtl6S0 mihen.3guninbi) &d by
[l ash cor QTR ASEARRAEF: 581 hi G B A9 B NEXERGRS SN heliRePr Vi de
t et r amet hyie rea@joR-véis medfieined aind °Z-fpd 30 Bvrwek lwpfere dhechddévn ef (5)Psoqui nol i n- 1( 2H

T A Sl s e e Gl s P

J=14. 0D Heealn am)d hegte®d4o @ao Q2 136. Fie, re@ct@ﬂ)wasjpoglgd {csroom2errperatvie, (trEjn) m z=
276. 4 [ W . - f

di oxabor oﬂrgér:t? %Mﬁ ?@%rgoﬁ’%g w ﬁeah'? g?fgﬁ?dg%qi&% ns)ﬁ(lsrna?"{rq b I%g%geg’?a?u{%g,

4. 15mol ) waseged) @olqﬁlitbrmmpamtweznéﬁ‘aﬁﬁé@rle@g a sgpggtqwffymel TRe layevgpl et i on,
the crude,tgachs@rdbng ki &qu\é@&s ph]aQe fzvbé é@r&uﬁ@h Wi *El‘?ébn@%{ hb?@oémﬁ !a@ds h

chromat ogr aphy over silica gel (5 DCM el uen provi d

4- (5- am nextgciet %Bbdsogrcwytﬁcsta&e @L@?%mtwmtﬂn@ﬁainmslthmaceww% W\Sa@mﬂ 2-yl)-N
cycl opg opgl ﬁi‘e'%hq@ﬁm% %rgaﬁ@& Mk%ﬁ@dﬁﬁ%hé@%@i @& ﬁofdﬁﬁmgmte?@a"/evw i andlH NMR
(400 MHz, do6) ppm 8. S, 8.02 (br.
s., 1 H, C"/ﬂCQWE{tﬁd tQP‘SV'@R% 1ﬁ22R ”F%thy'CFC'SWO(’@WeCQVbBXYBQa% 7%&%2% vielglq (dd,
|‘J_|)8 83781\_Nﬁi?h Wés uéed"&mect?ylzgwe(r%xt rlzaétloﬁlll-,ﬂMRl-?_Dd'@ IVIH§ Cﬁﬂ:Oﬁ@FOR]M%I §Eypr;]1EDHZ I\/é
(Ei ) mz 14@535ﬂ m+1]H|) @03:53953;,11 Hedi20 -¢28 (m, 1H) 1.13(d, J= 60Hz 3H),0.76

4- (6- am n@yya:- /=4, e ARy 41l - oxo- 1, 2, 3, 4-
t et r ahydr o1 soqui nol I n- 6- yhp érl di n-3-y1)-Ncycl opr opyl benzenesul f onam de The
P

capt i hed conpd@id \E@@'%P@ ABdRy¢- ”ﬂ%@"%?ﬁéﬂa@ﬁ@r@ﬁxyb@ﬁ%ﬁiﬁog AHPEIN: a is

TiCl4, ZnMegn d?SMaceles%l(SB BBy wdd@eed Frle%ngl?i%{ﬂ% ﬁQ"@?OrHL A Mnnfdniapd €BRI N) 2,
Pd(dppf)CIZ di o M sol ution of T|CI4|n (50
m, 49.8 ﬁ'ﬁﬁnojorwa@ (&:9880 £8-6mbe Foq FRIMDIB 4GB FeTBRYRE AN TISgeastn paBayanedc ool ed
to -40C {hedim 18 reorPtdMperdtibeir@Bahintiefor e adgitiBh of Sbatudh HaMRE1HHE21D0M |

71.1 mmol) was added slowy and the solution was stirred for 20 m nutes at
- 40C. mmol) in water (20 mL). The reaction was maintained at room temperature for 1 h, then

25 diluted with DCM (300 mL) and water (200 mL). The layers were separated and the organic
was washed with water (2 x 200 mL) and brine (100 mL) then dried over MgS04 and
concentrated to provide (1R,2R)-2-methylcyclopropanecarbonyl azide (1.8 g, 72% yield) which
was used directly in the next reaction. *H NMR (400 MHz, CHLOROFORM-d) & ppm 1.47 -
1.58 (m, 1 H), 1.35-1.42 (m, 1 H), 1.28-1.34 (m, 1 H), 1.14 (d, J/=6.0 Hz, 3 H), 0.79 - 0.87

30 (m, L H).
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To this m xture was added a sol ution of 6-brono-2, 3-di hydro- 1H-i nden- 1- one
(5.0 g, 23.7 mol) in DCM (40 m ) and the reaction was allowed to warm

gr adual | ywoaoroemoeenperat ure WO 2012/ 121992PCT/ US2012p,02AB7@ 202876 ght .
At conpletion, the reaction was cooled to OC and quenched with MeOH (10
) e O URESth ) HRLRL 28, M RO BRIl IS BN T
Na2SH4, f idivepeétOamt) wasr‘rreetwrtaﬂém for 1 h. After gas evolution had subS|ded the solutlon

6- bronol, % .vi,el sol at ed
ns 5 o eafas bRt (SR XA Anbite DG 0P oo buiboll) LR e R End £, el
(hexane ebmntb)chlgwd\dwaomwwmpl CHNOROPORM) dihe@eastion Fa@@aintanedFt(m 2 H),
v ‘23; Eési #oo%ém%ra uéF)H) ) r?u?egzoghrfd%@ﬁ Hsonéq_o%é_wshg l}lvta?rger?(vs@ ohré; diebver? H)
6- br ono- 1MES@i anest depdenragsddiThy diude quduﬁd@s@uo@eoﬂoyglasn6hrn1m610)3raphya\@et| c acid
(50 n) i errﬂ& .agueous
10acet i C"‘%ﬁ?agéé?%% 4 gtoaﬁ/:hg%snglréb% O&B ggglgﬁgg?zgld( jf 3 ln%lc)’ggg

conpl eti op@rbarheter(bé&gl o5 yiekd). awm&awqmamwmw )adeint 7.8n- 6f46 (m, 5
 Sobr opangl, SZ0p) 2 EaSUEBSIE, FEack AN MRnPaLL L POEA st egy ELOR
t he otQanD&2 -Wetenedtth) &6 e didi 9. EB@BAS-§t2z, & H).0B5rld) /=5Th Bz clombi ned or gani cs
wer e washed wi ' ted. After
purification bégﬁlgﬁﬂgﬁ)egm @%ﬁt@%ejr Qgﬁéé&fggé@ %a?%@%tgfp?ggr}c%%ﬁ) exanes
el uent), BCHr(BL3Was eliangedhyith- 1;0\&/0 Rt/ Byt e dagassatdend-chaigae w2 hgiroggn (3%

¥' g|5d) Swaﬁs%%% géa?‘r@or?\ﬁa?sacow ét@aﬁ&lioqmn]awg%aé ﬂ@&e%%wgé%%@ﬁg@/h ngG ppm
(BEl)m z’ =(124pl) 1Tquomwa%cwwﬁeﬂéCaarﬂutrﬁétmmrlsmﬂémmﬁwgth ﬁél@rfnq}o'd)ne

(1.6 g5 654y mn)ob\éﬁz%ng'l%ﬁ%ﬁﬁlﬁ&ldrﬂe 390?@’6&%&?—%@@%%@&'%@ tQolG Then
I\/ESOSH(l 83 , .1 mmol) was added portion-w se

addi tion @fd Nﬁl‘i@%'@%gawweﬂdoﬂl %pgm@@’uﬁn IhPiGefr*ﬁt'ﬁ” Wh WP efeiihe® Mafy t he

internal pegot mtedﬁ%rnﬁé %ﬂoeerer‘QéN Er Mgé'@ Jn@%@ﬁdeﬁﬂat‘é@%o ﬁrlo{/lem%rérﬁ’o War mto
room t enper at ur e And was stirred 3 h under ni trogen. 1l_I/r§>l\/det|on

reacti on Nd&ReBoReer¥CYdoPRRY) b@ﬂ@ﬁé%&”@ﬁ“{dﬁ %0%6@7% N@@—I %f“o@t'\ﬂ'ﬂzrl ng 30
m nut es abH[WﬁdR@/f%%rernW &4 - t?@@ 2«59%“706630'7 FeaRtd AN 4WRSHPEr L i105ed:,

bet ween DCM m.) ‘and water (50 ayers were separated and the

aqueods | 1\/\%52 éxtt)r héd da/Wi-2 hz, BOM @§9X1@G L $ H). The0 codabimedibPFani cs
were washgdswint hprine (50 ni), dried overNa2SO4, filtered and
concentrated. 6-brono-4, 4-di net hyl- 3, 4-di hydr oi soqui nol i n- 1( 2H) - one( 711 ny,
40% yi el d) was Thaanprapiiatesracagie peaitied ig ganrerarmeilied F veaerrRbad Bythe| ash

h t 1H NMR
?4{) gma MEQE%&.&WH bpdrhd- legejR fz@rhéﬂwdygobreéﬁ)@erlﬂﬁe@lﬁ%r%%dwgweiH) N

©7.64 (el N QR@D JRnethyeycypiapyl)-4(4.4.5. Srtetrametayl-ig3. piioxasrqlgn-9- ny 2 =

255. 1o4 Mtd)oknzenesulfonamile$2B8 ! $8Y% GkId) which was obtalned after flash chromatograph
6- brono- 4, 4-di net hyl-3, 4-di h dr0|squ|no i n- 1; F% one 500 1.97 nnDI)
tH NMR 23

di bor on pPYra&HFa %ﬁ?é}"“{%?g@'“ exgneguatiip RO?O g-ohrBP) and
Pd( dppf) Cr 2643, 9.886 7/9Mh) 2'I—f‘ ZQTES)X@-Q@ h, 1 m—h)88"3@59ﬂﬁ@t1 188 21bpyrs at

100C under 3 reflux At conp etlon he reactlon was coo ed to room

t enper at ut&/ ($il Hle?-88 (GHTL- éd’HC%Hi paﬁoecp then guti P-B8dOKY (Mt st chr omat ogr aphy
over silica gefne dgraptiatdvbdR0le hid ih-geddtg MEBSUElas Sl Rime fractions

were concentrated, taken up in hexanes, sonicated and filtered to WO
2012/?1(@199@31@13}0@@251%@7gethylcyclopropyl) -4-(4,4,5,5- tetramethyl -1,3,2-dioxaborolan-2-

af f or d4, 4yiHeRRinBYkoRakfieds 16 Ezgtﬁwﬂc{ﬂmwk @—a&*r%@l@k@holl@han 2-y1) -3, 4-di hy
dr oi soqw nol i n1(2 one ite solid. 1H NVR (300

Vo, - Ol CROECHI Rt S Ro BB T2 HﬁR@RP% -meinyfgyclonrombenzepésifipgarniy . 3. 33
(d, J=3. lhmochPonb& aftdr. tadtrh it WiRSqOHEIZ35A BigHI5% W8ld( B NVvR (2oeMBR2. 2 [ Mr1] +.
METHANOL-ds) & ppm 8.34 (d, J=6.5 Hz, 2 H), 8.11 - 8.16 (m, 1 H), 7.97 - 8.03 (m, 2 H), 7.89
35 -7.96(m,2H), 7.57-7.61 (m, 1L H), 7.54 - 7.56 (m, 1 H), 3.55 - 3.61 (m, 2 H), 3.07 - 3.14
(M, 2 H), 1.84 - 1.89 (m, 1 H), 0.92 - 0.97 (m, 3 H), 0.80 - 0.89 (m, 1 H), 0.64 - 0.70 (m, 1 H),
0.31-0.38 (m, 1 H); MS (El) m/z = 450.5 [M+1]".

39



5Ceneral nmethod C was applied to 4-(6-am no-5-bronmopyridin-3-yl)-N

cycl opropyl benzenesul f onam de hydrobrom de (92 ng, .25 mmol) and

4, 4- di metwpe/121992 PCT/US2012/027376
(4,4,5,5-tetranet hyl 1, 3, 2-di oxabor ol an- 2-y1) - 3, 4- di hydr oi soqui nol i n-1( 2H) -
one (75 ny, 5 : .

one (719 O 35 TRl Y S o 4 150mre F 97 ST Sy i
-3-yl) - Nipyczio-opyH(be AR erestilyfcprempmybbdrntdnasylfor@midé rwdenlcdl))rlde; (140whg, t e

VeoH pow SRRt o) S St ot i 22D o R gy Blevi 68 85, ¢ 57

J=8.5 Hz, u2 0-951 Mmd6. At @n(pRetiom) th radrtionAva&iltedsd ahdl:oﬁceldzrateﬂi th&n fIz?sh@& (dd
J:7 5. 1. .20 (d, J=2.0
'?_D O\Qer %ca geg'l%d/() eO&-I?%?Id %eg@ tct %row%e'z_?{')S ara ng i 060 %g):’( 4 H§ NG

( Ei ) mz tetn@ﬁﬁirﬁsc{d\lﬁnb]ln-fi -yBpy8in- By pll-neshys NOfLR, 2R)-2-methylcyclopropyl)-

T4 Lt soBPieRa eS8 BRane soriesdy bRl bR Y E bREaRPAE parp 8155 e

capt i oned1cngzaagwes Hpriemas.ad dw 8.6eizne Hh) a2 . Soed, owm), 7.83 wider=8.0): a i s

aa mys0a-odtel dhe. 0 L HRaTbhe T adAet T 9%?%2%@%%% T ana e

i s BFBMe0BL1420DBEMD Heen), 2i761(4.3 H), 1.48 - 1.58 '|221 5 HM 1ot ut.Bom,af Hn1Bel@, 6.3

hoxanes (79 8yibocs9 goTel ) s @@eﬁf%%ﬁ LR TN

After 1 h, a solution of 6 brom) 2, 3-di hydro 1H i nden-1-one (10.0 g, 47.0
nmol ) in THFB.QBO hasissofatd tn@—@— oxoes.al 3.4 thetr utis@muieiioh-G- raact i on
col d bath was remvipH-ethpo aﬁnﬁmbehi@l@suwmnﬁldecti on was quenched wth
water (40 nmL)._The h %/ers wer e separate ueo | ayer was

oxt ract od i1 hTE GRUSTS GG §E R e O P P o GRE BRkT & washed wi t h
brine (50 m.), dried over Na2504, filtered and concentrated to afford

6- br ono-1- et hyl ene 2, 3-di hydro H i ndene (6. OQCT 6,.@%|el d) as a clear
oil after purlcbl St i n by flash C20 2/ 121992P /N 027376
chromatography i ca—gel | uent)—=1H NI\/R

CHLOROFORM d) 6 61 (cf‘ J= 1 ED H) , W 32 (dd Hz, 1 H) ,
7.13 (d, J80Hz HBr5.45 (t, J=22% 508(t -. Hz, 1H,

.
288-298(m2H) 278-286(m2H) I\/B(El)n12:210 [ Mt1] +. 5A
1.1 Mtoluene solution of diethyl zinc (104.0 m., 114,8 mml) was added to
a reaction vessel containing DGM N ) and cooled Jfo OC. TFA (8.9 n,
114.8 mmol ) was added to the resul t4 R&NlH eacti on was
stirred at OC for 15 m nGerwalt he cool IuNi 0 added CH212(9.26 niL,
114.8 mmol ), and t he redddthalrB was stirréd |0r i/Ai onal 15 m nutes at
0C. Then, a solution of 6-bronp-1-nethylen j hydro-1H 10 i ndene

(6. 091528 7 mol) in DCM (90 nL) was added and t é reaction was rral nt ai ned
0C for an I e ature
Upon corrp% ?@h%%t%g}hd%td&%@ é\i\ggﬁgﬂgﬁc %QVL? ﬂ[sﬁ%cf'\@éﬁ) Eﬁzd %@f@j 0 m)
and diluted.with DCM (200 nmL). The layers were separ at ed and t he aqueous

| ayer was wash i 2, r shed
wih brine (1000 By C ST ot ohEe Blhyiog o e o 3 T et
6' - br ono- CFBClede]md)rwmdne@ dyethysiisapeny@ninel (O- Flnverfe3y Bndt),and386 yi el d) was

ohear?5e, PSR GA 00 Ry hpl TNt R aBt e sags AL 1 @,
H, 7.05 §t¢fredjer72 B Mzcompletipn, the ERclian wakpngenkiated] andg) the pruglg niateria) wgs 5 Hz 2
H, 2.06 |sgol\?e9 |f( ‘(“H C% g%ng) ﬁ% mlxt%(ﬁlﬁas(\ﬁgshéd W)t Ol}ﬁ\l é(lfcle)oum-lél 3x2_L%AmL]) [ m+i It

20To a so utiton o drosplro cycl opropane-1
(5.7 g, 25atGaqTﬁJﬁH¥04@>%\%(éméhé/a‘(eVQL%m malurstemaaqeoumém(nz@ ¢ﬁ§}i was added

KMh04 (4. 46:,80.) ?a%d%oﬁm{rdted-{d@vé BRI PNMR, ﬁbln’idtﬁﬁb%ﬁ@s'UQMan%e {Ooé’lm

t enper at ur e. Upon COI'Tp etion, the reaction was |'tered over celite and

concefR r aBetll mH! 84 WRI®- Wﬁ%mﬁ'@f'@'l qud’f'fé@ﬂyb’é‘-’ﬁﬂ}é@qn'”vila‘ﬂf diexqneddO mL) anthd  Et 0AC

(200 n), andq Whe blsayreﬁ §m\ae<n est%e(@agﬁg %Chs mRe) %@awpsf \r_\@m @bwas bedawi t h
brine, dried over hen | tered and concen rat ed

6' bronosﬁl”?@[%'}ﬁc*ﬁ%r 919§r8e9§4I‘“mP'hd@ﬁ]rea§t'(’r2WPﬁ Bepdeq 24 8Pr§ forfbe At el d) was
i sol ated asm@letidhl iR réfhibAlwad Eied tb asdh EiRARLRGhIRBNceANSldSTAd Gaddel (5%
Et OAc/ hexane el uent) 1H NWR (400 MHz, CHLOROFORMd) 6 ppm 7.59 (d, J=8.3
Hz, 1 H), 7.45 (dd, J=8.0, 1.5 Hz, 1 H), 714(d J=1.3 Hz, 1 H), 2.76 (s,
2 H, 1.15 - 1.34 (m 4 H; M (EI) n1 = 238.1 [Mt1l]t 30 A solution of
6' - bronospiro[ cycl opropane-1, 1' -i nden] - 8 (2"H)-one (2.1 g, 8.86 nmol),
hydr oxyl am ne HCl (1.23g, 17.7 mol) and NaOAc (4.32g, 53.1 mml) in MeOH
(160 m_) was stl rred over ni ght at room tenperature. The reactl on was

Y 1 . T 1 M 1 o




To a 0C solution of (E)-6'-bronospiro[cyclopropane-1,1'-inden]-3"(2"H) one
oxinme (500 ng, 1.98 mmol) in THF (5 nL)was added triethylamne (332 4, 2.38
mol ) folwowert/t2y992WO 2012/ 121992PCT/ US2012/ 027376 sl owraddistéion2wfe6 MsCl
(170 4, 2.18 mmol). The reaction was stirred 10 m nutes at OC then

concent r at The re d fr t hano o _afford
(B 6 orefreplr i UERaked MY Ak A0S, R et el RedleHony

oxi me (658itmyatet COVAY me) ah)d amedd wii, Heed oler asflu @nd doncentgetatidBre dnidgh vacuum

1L MR (500 Mot REPRERM I PORIT % 8o 3208 lopchtng i 9

1.06 - 1. dige Nrethyh2 N)dimamBy{4EK 4, b zetran8Biyl-2L, 3, Ridiokakorolan-2yl)- A sol uti on of

oxt e § 0580 He e ORI P E gy TR Ich e ePDE o PRI BHN 5> o

4.36 mmol H), m -addegn, )t B1e6 (m o+ ed2 sie) uH), 283 (§.d Hpaed (H 1] bar7 &ldtH)on of

TiCl4 (30 I i, ' [ 4 h.
At compi etig: i HEo PRatt U8 bl HoaR TRk PP e S B Ry ™ R 30y s
Pat dkChintD OA ingesdiewsthe®.4% inin, BCXirft2graxtet Grasl. Th
\(l:\gﬁrgi ?lggaor gani raqm'\gw o YA Apﬁl ef_' g % d. ©
6' - brono-2', 3 kgngy\%{ég r%—tll1 i'\%'ﬁ{et% g 55t!3 %rﬁét‘ﬁﬂ fg’ u@%ﬁ?@ian ne (228
ng, 01®0 hwlenes&llﬁ%awl@ d)40wa$ Oiohabibdb- @9nanmhbt0®1®mﬂaZId2a4t3e4 purification

by fl h 0 M—IZ
Glo crerCRRN I OB RAE AR ohe bl oS AP ER BLidlink p g 1 INBOGAG)) Y
7.01 (d, 39IM 89 Hya2CQs (|Q)38 rBL mn(omanolsp ij_wpg mlcgowe(hdateg ap190 g for O H)n 0 94
- 1.20 (my, pAfovl'%e 4- P@ar(ﬂﬁl)% Y %Ié@@te&ahﬁr&édc{umolm 6-yl) pyra@ﬁwr@%ﬁ{l-leh@lt-lmgﬂ G was
applied to 6" -bromp-2 8 ro-1"Hspiro[ cycl opfopane-1, 4" -
i soqui nol ﬁmeihyltz@néen@zz@nmldemwgn?w )”elﬂbafﬁﬂr@‘v)i'f@é‘t'@f 'PXerleV?f&fF piaseat i on by
fl h,.ch 1 % Et

o © oG PR RHARNG SeRyRIB00 Firs, GRs08) il SBITE B AROARIEM D00
2 . 3" - di h§@Rdmy BIH I 82){dcsjﬁﬁ Sprogdher.87 4777 $oqRHh 6162 (-2 HoR 3(109-6v0, 74%

yi el d) as i (s L d

yi el 2?1}@3} &?1 ?ﬁ;ié @ dj%"éws(ﬁ%%%‘zf QW@O@W@ %HED% 3§H

J=2. Hz 198K, J=0.1367 (?sH W3 (H) m/D 492 [M+H]*2 E|P¥¢ﬁSUﬂflrI9I)Cl8MEﬁ(TEI>)5W ﬂO

300. 2[I\/Hr1 o MeRSENe e %

1-(4-(5- arb}?no 6- br o@paymﬁ%ﬁgzﬁnﬁ henytIIR)gZy%prc];g]r %Bgﬁénéggrr%tggla{eral le (95 ny,
0.30 mmol ) and 6' - (4455tetrarreth1 , 2-

di oxa¥or ol arf-28y 18 foft- ¢ shietel
one (100 ng, 0. 3£zﬁxﬁjgygggmwld\lrmﬁihvlbenzenesuIfonamlde

1-(4-(5-am no-6-(1'-oxo0-2', 3 |d| hydr o- 1 H-splro[c cl opropane-1, 4' -

i soqui nolin]-6"-yl)pyrazin-2- ),@nenyl )cycl oprop ecarbonitrile (44 ng, 36%
yield) after flash 30chro gr rQver silj 8h\H( 2- 5% MeOH DCM

el uent). 1H NVR (400 MHz, O &6) (m 4 H 1.08 - 1.35
(m 4H 1.44 - 1.63 (m 2 H 1.6 % 6.37 (s, 1 H 7.10 -
7.51 (m 3 H 7.68 (d, J=7.78 Hz, 83 - 8.28 (m 4 H 8.57 (s, 1 H).
M5 (EI) miz: 408 [M+H]. HPLC (Sunfire Cil” 4Ne2nm x 50 mm 10- 90% MeCN: 10 mV
ag NH40Ac, 2 mi n gradi enté tR=1.69 mn, 100%integrated area. WO

2012/ 121992PCT79?J§Z@|1”2?t0(2d7 Vs gpriizd tffsﬁﬁ@fé'ﬁpﬁ bspmopyrazin-2-yl)-N-cyclopropyl-N-

4- (5-am nﬁ]eﬁw(b%nz&é%hérﬁidwﬁiﬂ%%@@ﬁmﬂd Jalﬁb%qklfl@étéﬂr'arr@thyll?ﬂ
y1l) pyrazin-2-y1l) - N_C%é oor ooyl benzenesul f onam de he captl oned conpound

was pfepafieras(Piamey! f‘ﬁddd@ﬁ@&wn%rjé%ﬁ -one (3heeet- ﬁmn&ol 8 PIOVIdeiFP) 4,
Et MyBr, Ebgfho:6-@rslo-R, 2 $4-4EBRMIrSisodti{di Ra)Bpyr &4y YIBN-c I EFSIYEN-

methylbenzenesulfonamide (382 mg, 85% yield) after purification by preparatory HPLC. H
NMR (400 MHz, DMSO0-ds) 6 ppm 8.73 (s, 1 H), 8.26 (d, J=8.5 Hz, 2 H), 8.03 (br. s., 1 H),
7.97 (d,J=8.0Hz, 1 H), 7.84 (d, /=8.5Hz, 2 H), 7.74 (d, J=8.0 Hz, 1 H), 7.70 (s, 1 H), 3.42 (t,

30 J=5.3Hz,2H),2.99(t J=6.4 Hz, 2 H), 2.67 (5,3 H), 1.77-1.86 (m, 1L H), 0.61-0.81 (m, 4
H); MS (El) m/z = 450.5 [M+1]*.
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To a solution of nethyl 4-chloro-2-cyanobenzoate (2.0 g, 10.2 nmol) in Et20
(40 nm.) was added Ti (G Pr)4 (3.43 m, 11.7 nmmol). After cooling to 0C, a
3.0 M solwDi2ore/10i998t MgBr in Et20 (6.8 nl, 20.4 nmol) wagCadsed20bBM y. The
reaction was warned to roomtenperature and stirred for 3 h. Upon

conpl eti on, 20 nL 10t hen
filtered oveéage RSO, 'I ayer was
xni cs were dried over

el uent) to provide
(400 ng, 21%yield) as
75 (br. s., 1 H, 7.66

6' - chl orospi ro[ cycl opr opaneg%
a yellow solid. 1H NWR (400 MHz,
(d, 15J=8.5 Hz, 1 H), 7.40 - 7. 1.47 (dt, J=11.2, 2.8 Hz, 4 H);
M5 m zC1OH8CI NO [ M+t1l] = 194.6. tion of
6' - chl orospi ro[ cycl opropane-1, 1' -i soi ndolin]-3"-one (380 ngy, 1.96 mml),
bi s( pi nacol at oidhRQIrBthéBO Xa8Bpplidd 1B4-BhoprN2-{ BREnEbrorfo LidMBlng, P( Q/) 3
(137&n)g 0. 9mm|% and Pd dbag in dioxane (8 m) wa

ov

heat e 2A%igne) gtd o6RD m%logfaéf”r%ﬁ %6HH‘<¥W§§PQ8'N"”€WI°§F| ) MEhe

reaction o@3 r@hbmmbdt@ndp@mtt@ gve oMy B amRbaL( mroeo u[or ;! utt@cebﬁyawoﬁwb{uﬁwémw m),
ash_chr omat ogr aphy

d d fil il
Sonr O b a8 Bkt 5h She) Brrsitel reRaniter it B2 i b e RO ni o

fracti onscaene chrakatbgdphl Bn bigee2ess; Mebcwaiueal.ed and filtered to afford

6 -

(4, 4, 5, 5-t et r aneNMF1490 MH3. VR EH B ®9 (S L 8- P B[k V8 DpHogdhel $649:- i soi nd
olin]:+@ - oo BZ20 A5NYs (@BYgs0el1d)5 BS 1a4)yﬁlrb@/v1ml7' sis &ﬁ%@Hf @Q@ iz,
METHANCL- d4) 6 ppm 7.70 -"7.91 (m 2 K. 7.56 (s 68 (m 4
e S P 49840, ke, e Ot i e, b vis G ey

met hod B w8s [Mapwl.i BRLA (Shim-Pack VP ODS 4.6 mm x 50 mm, 10-90% 95%MeOH, 5% water with

4-(5-amn ro razin ¢lo ro | benzenesul f onani de (140 nmg,
0. 38 ol ?%ﬁ%ﬂr% d'S”%th e%?é ﬁ’éf trégra “dfi"6%abor ol an- 2-
yl ) spi ro[ cycl opr opane- I-r-|30|ndoI|n]3 -one (120 ng, 0.42 mmol) to provide

4- (5- am no- .88 -General Method G and Synthesis of 4-(5-amino-6-(1-0x0-2,3.4.5-

oxospis o[ cycl opr qpasgydke-I H-b&RbRUMLM 7-0) Y iR PhaN-BthgrN-1) - N- cycl opr opyl ben
zenesul f onam de (Rh engéhésmf@déﬂnd@f ter purification by flash

chromat ogr aphyl over silica % MeOH/ DCM el uent 1H NVR (400 Hz,
DVSO-d6) 6 ppmite gegtiongyl @8“9(’%'?0‘ %a%reﬁar%wgei‘e@ﬂ%mﬁ(w rqqfeséntfg b@@W J=2.51
Hz, 1 H 6.62 (s, 1 H 7.62 (s, 1 H 7.74 - 796(m 5 H 8.21 (d, J=8.53
Hz, 2 H 8.70 (s, 1 H 8. % (s, 1 H 8.96 - 9.32 1 H. M5 (E) mz: 448
[ MMH . HPLC (Sunfire & _4-6nwm x 50 nm 10- 90 bCNNEIO M ag NHAOAc, 2 mn

gradient) tR = 1.47 ntegrat.ed area Synt hesi s of

5- ( 3- ani no- 6- (4- ( NygyTheprepy! - Na, b O-g

10net hyl sul f anbyhohenyhoyr azi n- 211) N- Ai ndol i ne- 1- car boxam de The
capti oned conpound was prepared by the hod shown bel ow. wherein: a is

met hyl i socyanate, DIEA, THF. To a solution of 5-bronoindoline (1.0 g, 5.05
mol) and DIEA (1.9 ni, 11.11 mmol) 1 noTHF (40 ) wasQadded
met hyl i socyanate (346 ng, 6.06 nmmol) ls [ as._ e ai ned at room
tenperature for 4 h. The requ_t_l_ng,pred redyand dried under
vacuum to afford 5-brono- N- netéerdindol i ne~l_%£4a 936y, 72%vyi el d)
as a white solid. 1H NVR (40Meidd,C DVSO- d6) 6 .75 (d, J=8.78 Hz, 1 H,
7.17 - 7.31 (m 2 H), 6.60 (d, J=4.27 Hz, 1 H), Ht, J=8.78 Hz, 2 H),
3.10 (t, J=8.66 Hz, 2 H), 2.65 (d, 20J427Hz 3H) M (El) nmfz=

255. 1] M+1]Nﬁrere|n:a is NaH, Gemened, TREtdha ¢ |§dmn@mab¢|eétet ®d(dppf)Cl2, KOAc, dioxane,

5-bro Brga hyl i ndol i ne- 1- car boxam de (935 ngy, 3.67 nmmol) to provide

N- net hyl -% ,4,5,5-tetramet hyl- 1, 3, 2- di oxabor ol an-2-yl )i ndol i ne- 1-

car boxam de aST@.aWhin’i enfpeature Sollifigh of TOQ/Mooxy-23c),5-adfttadydrpuHibbhoadazepinky fl ash

ity ﬁb”aé"%r B, 3biTE T 19ty s Sy Vg T T e ro RyRE B (e
s, 1 H 7186L-iiluorotN-phewml- I\Q((Irlszqrorﬂlethlyl )sulf@Hyl)hbthanesulfonamide (5.98 g, 16.77

mmol). The reaction was stirred at room temperature for 2 h, then quenched with sat. aq.
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d, J=1.00 Hz, 1 H 7.84 - 7.91 (m 1 H; Ms (El)mz = 301.0 [M1]-
Met hod C was applied

t oN- net hywo3e(24124993, 5-t et r anet hy1- 1, 3, 2- di oxabor ol an- 2- PCT/US2012/027376
ypi ndol i ne- 1- car boxam de (85ng, 0.28mmol) and

oyl opropyl e R TRk %%mmﬁ%%ﬂ’ﬂ%l@ﬂ%ﬂ Ry P Gani o

| ayer was bdmdnd:daoj/et Nas$0t nd corat@dated. The EURO mateript was meified by flash

5-(3-am n N— .

et iyt sul PLREbSERE Y SHEORY Lo eione eane clientt o provide 1002845 1 o ¢

yel | ow sotet@h{B&f-beadlgepined)y! trifHotiviRtiatedl fokite (CVBOIS) 7 16 Yigih S BR) - 8. 66

(m 149 mgzgo 1(m 51H, 7.92 - 7.99 (m 1 H, 7.79 - 7.88 (m 2
,747-5 ﬁP\? . 6.61-6.71(m 1 H, 6.60 - 6.65 (m 1 H), 6.58

6.71 (m 2 H)\de@saai slurgy, ofd-qxm2, R4, Bitetrady @8- 1Hhepo(¢layertn-Hyl, 3.13 - 3.25 (m

!_D 2 6 flﬁﬁfn%tr?nss@f[oﬁﬁi((@Og%% mnloll%%orgd'plﬁgcoq Q%;tevl@@g,?g:oar%mbl),q{(ﬁ\%(m 4

esls O
“(5 . nd—%g(@-@ﬁm@; BIPHINNECEI8AND 1B TnahsHingNe 6 mLBuaS heated to

OVI') Pyr aéb“c %r i@h '\kt%ﬁb@ﬁér?l@ﬁ’é @Q&?oﬁ%%‘f'ﬂtér%ﬁ%ﬂa %ce?ﬁﬂﬁe&%’é Zﬂlﬂl‘ﬁgd gPmpound

was prepared by the neth shown wherein: ais DCM b
is Nal®4, f'ﬁh\@fﬂ)mwwpmm/@rs'“cwwo% EF%CH@XM%QH#@@H@ D@N’ded7 f4st B65N2,

Pd( PPh3) 4tetf@h@l‘r§p98 2%0%@??@_}@ ?@h%ttb% 8fo-1H-benzo[c ﬁzepln 1-one %15g 41%
6-chloro-1, 2 tetraﬁy pht hyr i |ne hydr ochl ori de 0g, 24.4
mol ) andYigiot A Fibpiz 8§a[Wiéhate (8 0 g, 36.6 mml) in DCM (100 m.) at
room t enper at ugn IS ASLd whé b@éneak@mm%ﬂt@t@m&hw 173',32%|O%E?J|rdlan RN

conpletion, the reaction was diluted in DCM ), washed with a sat.

aq. NaHOOZ:3-4pies@huirerHgpartiazepin k@nesep Rad: %H@@Hﬁarnﬁt“ééamWHQ resi due was
purifigd Bynd Pﬂéiﬂn@yrmﬁ@glfrﬁélhy{béh\i@rﬁesﬁlfddaﬁﬁd@(@_bSG@@Q@Qﬁh&ﬁ@/

el uent) to af tert-b )édro r|d|ne 2( 1H) -
car boxy! atE RO (§0ox%3 g5 éltréb‘ydé%l'ébér‘z@[a?ﬂazéi"f‘ yiPYrWQ“Qr

NETHANO— d\@ihy@eﬁwﬁb&lfbﬁa&]ﬁe §3|H§ 298 ﬁ&d)(ﬁter iburlrﬂ)ca’éorﬁ@/ p{réparéiolﬁ)HPLa 186 (t,
J=5.9 T_? %ﬂk ;M5 (El) mz
= 269.7 [Wﬁ 400WZaD"£6‘P€f 5&?%@ 7%51(} 832%61;;1 &QH? )12éhd=%@F31(927ng,
4. |47t mol )+f I7tr80/\@tﬁ@t52||5£ gfh nin da@éls(@q i, 18407 B CNeb2mM ), \wess @Aded a
solu |on of tert- y -

di hy d?®- 27 28t OR/ - di the- §§M %%F'bc%ﬁyl%rﬁé (% 2.0 gl-94 e/ ot )69%2 B ( 25
mL) . Thi s108agviop HwesHS MSIEgeh/at as0emv+anperature for 2 h. At conpl eti on,
the reaction was and was quenched with isopropanol (10 nmiL), filtered over
celite and téﬁ flgter Ca e s washed vth V\02012 2199 2PCT/ S2012/ 027376
DCM(20 I'T'L) . 1S Qrba=alY L0 Q- QKO D) ‘n_o_h POEHYID ek t he

| ayers were separC RIS G, n dyer was extracted with DCM (2 X 20 nl)
and the conbi negk éHpQ@rEHdCc%w%ﬁrﬂj \E‘éd &Qpé?é’&ﬁyﬂN@%%@?od dnBRA bEbIvt er ed and
concentrated. The residue was purified by flash chromatography over silica
gel (20- 50% Et OAc/ hexane el uent) t ove ert-butyl 6-chloro-1- 5

BRIN' I

< avate Gl &

=
C

0xo0- 3, 4-di hydr o- 2, I .« hyrl di ne- 2( oxyI ate (3.0 g, 71%yield) as a
yel | ow crystalllne JFHANCOL-d4) 6 ppm 8.92 (s, 1
H), 747(s 1H, v Jado3 3\09 , J=6.1 Hz, 2 H, 1.54 -
1.62 (m 9 H; I\/B(EI) niz:2837[|\/Hr1]+ To a solution of

tert-butyl 6-chloro-1-oxo-3, 4-di hydro-2, 7-napht hyridi ne-2(1H)- carboxyl ate
(3.0g, 10.6 mml) in DCM (20 nL) was added 4N HCl sol utldh i n di oxane (10

10mL). After stirring 20 mnutes at ~QQ erature, Neﬁa\ctlon was
diluted with DCM (50

General

Method A

25

wherein: a is NaH, 1-cyclopropylethanol, DMF, 100°C; b is Pd(dppf)Cl2, (BPin)2, KOAc, 90°C,
2 hours.

To a 0°C slurry of NaH (460 mg, 11.4 mmol, 60 wt % dispersion in mineral oil) in
DMF (14 mL) was added 1-cyclopropylethanol (0.79 mL, 7.41 mmol) dropwise. The cold bath

43



m., then sonicated and filtered to give

6- chl or o- 3, 4-di hydr o- 2, 7- napht hyri di n- 1(2H) - one hydrochloride (2.22 g, 93%
yi el d) aswaatv2e9gol i d. 1H NVR (300 MHz, DI\/BO d6) 6 pprC/URR01LH?27316 H) ,
8.23 (br. s., 1 H, 7.57 (s, J06Hzl ,340(tJ66 2.8 Hz, 2 H),
2.96 (t, J 6 tdon of

29 (L. de8efieBidhothin Nokeh) o 30y PRl bR PR 0% .-
mmol ) , heiiaamsmwgileactr@n(njjxtafk EgS rﬁzaﬁedrmmD@ @mdsrﬁd(AP%‘Gp)ldtlo(nzmé reaytioOwa® nmol )
i n di oxan I at 110C
for 4h. A oo(q:%borrtﬁ I'e |on ?fﬁ%fa@gg %ﬂﬁg\/\tﬁguggﬁ%:%ﬁ Eai M%Qﬁﬂ;&%@ﬁ?q? %EIE% fl ash
chr omat og rrapmd ovrecten iU F@AC &3 uAD me). ). (The@vBtnedorgehiaewere stbm Bk Mar@l—v DCM

| t
505 4% R RULtnEh GACy ek MeSORSCRLARING prpyiae Lorgpeaiie) o ac a brown
oi | that Weeiopusuidihakdoaend @0t DSHICID.] Deianingve WeEIsehdimclmpion: 312,

A solutio

4-(5-am nf)h-rm%i)?uélr%%typazi n-2-yl)-N-cycl opropyl benzenesul f onam de (150 ng,
0.41 mol), 6- Asturmret hplogtoahidydyylogomveineypeezepe T1.4@ gHr-BY rinefin- 1( 2H) - one
(150 ng, Q4%4%@'@5%@%$9(fo533(‘i&(gﬁlo%or&a% 1%7?&)7 d)fm%o%xlaJ@Qd() . ML) was

heated in the m crowave 25mi n | etion, the reaction

m xt ut® wRSMgLPT f‘”IgeQiQBW”ﬁ‘éi/épé@ %&éoﬁﬁeﬁiﬁ‘ﬁ)al%@w: (—ﬁ_@-)t"@sﬂ\eé\ﬁdd‘é
4- (5- am ngp@-=d Br OKOARpletidn, ttﬁé Fe%mdjwr\&bs?cmzcéﬁ%%hﬁﬁéh difredoylheyrazin-2-yl) -

Ncycl opropyl benzenesul f onan de (8 5% yield) as an orange sol id after
| yophi | i z&t"PHACSHERhARRY sileroEa iR 4 gL a@espany toprovige 2444 8.87 (s, 1
|('|)m, g Ei)g éﬁlogﬂopyﬂatho%l )ohen{ida, 4%‘?5te5ra’ﬂéthy21kb2rd|(§<awro|€apé bl§8g 8%@@%&_534 I-VS7 99

(El) mz = 437Gsn€[rﬁhmq|ﬂi0d ,ﬁm opliog méfqép@nmwmmma 4@ 28. Synthesis

of 15 tetramethyl 1 3 2- dloxaborolane (639 mg, 2. 00 mmol) prowdlng 6-(3- amlno 6 ( (
4- (5-am no-

}/ r oxyi soaui nol i n- 6- yhazin; cl o(ﬁropyl
Bl P e e L R LA F S L
met hod shgig Jaati@ion bﬁ%%@bﬂase%rép%r%l-m 1Mk LQ0WIHzZ, NBS0-ds) 5 ppm TO @

room terrperat ure sl urry

1 O i hBB.(¢ 1y BPBAY: Skl RS (5B WipghHizT 8 b y188 He 2 1), 7.72-7.77

N-cycl opr Qﬁ))& H)N7 et il #gee;l@@n&saé é@ﬁazmﬂ% el@yerzoltha@w deozl( #, Q) B.42(t07 mMoL,
pr epar ed ener aI met h

1, 1- df et ﬁcf&% AN N et ﬁ?l tr‘r’é‘t%Hér% "r'}’e£ 134 ‘P‘n{76 O\NZt%ﬁh 1rﬁ9h(GE B 0theHaurry

di schar ged), o3 554 W, i20, 0.35e0.39NmbD PITESIEDink)iz1H 4teL & BB61)AY, 102. 17 nmol )
was added 1 n one portion. After 1 h the reaction was concentrated and

flashed over éél | %/%Ltge%&s (gf 6- &(yglmmo% P(M (%lergthwammo)Brooan% -yhphenyhpyridin-

4-(5-am no- &

hydr oxyi soqui nol |sﬂéﬁﬁ%¥¢9@%@9—lﬁt¥%ﬂél opr opyl - N- net hyl benzenesul f onam
i de_hydrochl or 'Flﬁjeeca(o‘ﬂ&%dr&mpé@h%\yés%rgﬂared-bﬂ/ﬂNWe&MQ;hMVRbel@WSO d6) 6 ppm
11.59 - 11.67 (br. s, 1 H), 1 H, 836 (d J=8.3 Hz, 1 H), 8.24 -
8.30 (m 2 H), 8.17 ,J:1.5Hz,1l—|), 199 15(dd. J=8.3, 1.5 Hz, 1 H),
7.86 (d, J=8.5 7.62 (d, J=6» H, 6.76 (br. s, 2 H, 2.69
(s, 3 H, 1.80%!\'90 1 H, 0 76 (“E 0.65 - 0.73 (m 2 H: M
(El') mz = 527.4 [ MF11&x06g}l. Additi onal nds Nunerous additional

conmpounds were prepared, sone of which are listed belowin 20Tab| e 1. Table
1 also provides in vitro test results, whjich were obt ai ned® usi ng the assay
described in Exanple 6.42, whdjepeml " - "\ Athcz Fedsyyement was not
obt ai ned; * = 1C50< 0.15 pM Methed € C50<(. 05 i | Cp0<0. 01 pM

Tabl e 1 Conpound General g

o5 Method C N~ ~NH,

To a solution of 2-(4-bromophenyl)propan-2-amine (500 mg, 2.34 mmol) in DCM (30
mL) was added 37% aqueous formaldehyde (525 uL, 7.0 mmol), Na2S04 (100 mg) and STAB
(2.98 g, 14.0 mmol). After stirring 2 h at room temperature, the reaction was partitioned

between sat. aq. NaHCOs (20 mL) and DCM (20 mL). The layers were separated and the
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6-am no-6' -fluoro-[3, 3" -bi pyridin]-5-yl)benzam de
2- am woRe (21 yr azol - 4-yl ) pyri di n- 3-yl ) benzam de * PCT/US2012/027376

C50(pM  1pM ATP 50pM ATP
- (2-am no- 5- (4-sul famoyl phenyl ) pyri di n- 3-yl ) benzam de *
)

(
E
| ( ﬁéﬁ?é%g(é}ge_ogg I_ag/eNr’wlél_s%g(trrraec QOY \;véhubéﬁ@ygé) _mJLl)_.'_HhEn cgn%%igled élr_ggrlli?:&xérie iriQ& gJer
- ( 5- (4- ( MBbSOni ftapol andl-cyhdeptrateyl 1) p@viderRiidbroniophenyB-Nyl-ioenizinomte-2-4mint0

1

(

(

2+ am nEde T8 B8 PORIRM By NMELI40G MHBNETHNGL 0243 oo 7.45 6,460

AN DDA —

2- am ndz, 32 by apheng g, pyiMs (BH)3n )y 223.2{MeXybenzam de *

5 General method G was applied to 2-(4-bromophenyl)-N,N-dimethylpropan-2-amine
(450 mg, 1.86 mmol), to provide N,N-dimethyl-2-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhphenylh)propan-2-amine (300 mg, 56 % yield) after purification by flash chromatography
over silica gel (50-100% EtOAc/hexanes). MS (El) m/z = 290.2 [M+1]*.

General Method C was applied to N,N-dimethyl-2-(4-(4,4,5,5-tetramethyl-1,3,2-

10 dioxaborolan-2-yl)phenyl)propan-2-amine (109 mg, 0.38 mmol) and 6-(2-amino-5-
bromopyridin-3-yl)-3,4-dihydroisoquinolin-1(2H)-one hydrobromide (125 mg, 0.31 mmol) to
afford 6-(2-amino-5-(4-(2-(dimethylamino)propan-2-yl)phenyl)pyridin-3-yl)-3,4-
dihydroisoquinolin-1(2H)-one (14 mg, 11% yield) as a white solid after purification by flash
chromatography. H NMR (300 MHz, DMSO-ds) 6 ppm 8.32 (s, 1 H), 7.81-8.11 (m, 2 H),

15 7.37-7.79(m, 7H),5.87 (s,2H),3.41 (m, 2H), 2.85-3.10 (m, 2 H), 2.11 (s,6 H), 1.30 (s, 6
H); MS (El) m/z = 401.5 [M+1]*.

6.33. Synthesis of 4-(5-amino-6-(5-0x0-2,3.4.5-tetrahydrobenzo[f][1.4]oxazepin-
8-vl)pyrazin-2-yl)-N-cyclopropyl-N-methylbenzenesulfonamide

The captioned compound was prepared by the method shown below:

0 0]
00— b
)
Br O a Br (o)
0]
0.0
General ANE\S/’ NH
Method G | )
—_— N
N 0]
General |
s
20 Method C N NH2

A solution of 7-bromochroman-4-one (340 mg, 1.5 mmol) and methanesulfonic acid
(3 mL, 23.0 mmol) in DCM was cooled to 0°C and treated with NaN3 (146 mg, 2.25 mmol)
portionwise, while maintaining the internal temperature below 5°C. The reaction was then
stirred at 0°C for 4 h. At completion, the reaction was slowly neutralized with 8 N ag. NaOH,
25 then diluted with DCM (20 mL)and water (20 mL). The layers were separated and the
organics were dried over MgSO0s4, filtered and evaporated to afford 8-bromo-3,4-
dihydrobenzolf][1,4]oxazepin-5(2H)-one (370 mg, 100% yield).MS (El) m/z=242.1 [M+1]*.
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3-am no- N (pentan-2-yl1)-6-(3, 4, 5-tri nmet hoxyphenyl ) pyrazi ne-2- carboxam de
* 3-am no- N-cycl ohexyl- 6- (3, 4-di net hoxyphenyl ) pyrazi ne-2- carboxam de *
4- (2- am wORO(AR(P®20X0- 2- (pyrrolidin-1-yl)ethyl)phenyl) pgrius2e12827376

yl ) benzam de *

4- (2-am no-5-(4- (N net | f | ). phenyl ri.din-3- vl amde -- *
3- gim' no.-N_cycl(éﬁrgae{?/lﬁ%[?%%ﬁf%m§?)ns§ eﬁ%(')/%ﬁ%%oy?g %y?%%ﬁ?%? Z car boxam de *
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Hz, 2 H), 7.90 (d, J=8.0 Hz, 1 H), 7.85 (d, J=8.3 Hz, 2 H), 7.54 (dd, J=8.0, 1.8 Hz, 1 H), 7.41
(d, J=1.5Hz, 1 H), 4.31-4.40 (m, 2 H), 3.56 (s, 3H), 3.33-3.43 (m, 1 H), 2.47-2.52 (m, 2
H), 0.65 - 0.79 (m, 4 H); MS (El) m/z =466.5 [M+1]*.

6.34. Synthesis of 4-(5-amino-6-(1-0xo0-3-hydro-4,4-dideutero-isoquinolin-6-
10 vl)pyrazin-2-y)-N-cyclopropyl-N-Trideuteromethylbenzenesulfonamide

The captioned compound was prepared by the method shown below:

0 0]
NH NH
——— B ———
\O a,b,c \O def O\|/3
o 0D 4 0D

CD;
/,

0]
W
V4 d NH
> N
General _
Method C | _ DD
N NH,,

wherein: a is LiAIDa4, AICls, MeOH; b is CrOs, HOAc, H20 ; ¢ is NaN3 MeSOsH, DCM ; d is BBrs,
DCM; e is PhNTf2, NaH, THF; and f is Pd(dppf)Cl2, (Bpin)2, KOAc, dioxane.

15 AICI3(4.9 g, 36.7 mmol) and LiAID4(770 mg, 18.4 mmol) were suspended in
anhydrous Et20 (50 mL) and cooled to 0°C. 6-methoxy-2,3-dihydro-1H-inden-1-one (744 mg,
4.59 mmol) was added slowly to the stirred slurry. The reaction was removed from the cold
bath and stirred overnight while gradually warming to room temperature. At completion, the
reaction was quenched sequentially by addition of water (5.6 mL), 15% aqg. KOH (5.6 mL),

20  and water (16.8 mL). Na2S0swas added and the mixture was filtered. The organics were
concentrated then purified by flash chromatography over silica gel (30% EtOAc/hexanes
eluent) to provide 5-methoxy-3,3-dideutero-2-hydro-1H-indene as a clear oil (500mg, 73%
yield) TH NMR (400 MHz, CHLOROFORM-d) § ppm 7.38 (dd, J=9.00 Hz, 1 H), 7.18 - 7.22 (m,
2 H),3.85(s,3H),3.06-3.11(m,2H),2.71-2.75 (m, 2 H).

25 5-methoxy-3,3-dideutero-2-hydro-1H-indene (500 mg, 3.33mmol) was dissolved in
acetic acid (10 mL) and a solution of Cr03(1.33 g, 13.32 mmol) in 50% agq. acetic acid (10

mL) was slowly added. The reaction was stirred at 50°C for 0.5 h, then cooled to 0°C and
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** 4-(6-am no-5-(3-hydroxy-1Hindazol -6-yl)pyridin-3-yl)-N, N

di et hyl bewoeneszifonanm de * PCT/US2012/027376
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4- (5-(4- ( acety anoyl am nop ehzam
cooled to O C Sodium azide (356 mg, 5.48 mmol) was slowly added portion-wise to the

stirred solution. After 6 h at 0°C the reaction was quenched with 8N aq. NaOH (20 mL). The

10 layers were separated, and the aqueous layer was extracted with DCM (3 X 20 mL). The
combined organics were washed with brine (30 mL), dried over Na2S04 and concentrated to
afford 6-methoxy-4,4-dideutero-3-hydroisoquinolin-1(2H)-one (500 mg, 76% yield). 2H NMR
(400 MHz, CHLOROFORM-d) 6 ppm 7.99 (d, J=8.78 Hz, 1 H), 6.88 (dd, J/=8.78, 2.51 Hz, 1 H),
6.74 (d, J=2.51 Hz, 1 H), 3.88 (s, 3 H), 3.60 (s, 2 H); MS (El) m/z =180.4 [M+1]*.

15 To a -78°C solution of 6-methoxy-4,4-dideutero-3-hydroisoquinolin-1(2H)-one (2.9 g,
16.2 mmol) in DCM (150 mL) was added a freshly prepared 1.0 M solution of BBr3 in DCM
(32.4 mL, 32.4 mmol). The reaction was allowed to gradually warm to room temperature
overnight. At completion, the reaction was cooled to 0°C and carefully quenched with MeOH
(10 mL) then concentrated and purified by flash chromatography over silica gel (10%

20 MeOH/DCM eluent) to provide 6-hydroxy-4,4-dideutero-3-hydroisoquinolin-1(2H)-one as a
bright orange solid (2.33g, 86% yield). 1H NMR (400 MHz, DMSO-ds) 6 ppm 7.66 (d, J=8.53
Hz, 1 H), 7.60 (br. s., 1 H), 6.68 (dd, J=8.53, 2.51 Hz, 1 H),6.61 (d, J=2.26 Hz, 1 H); MS
(E)m/z=166.4 [M+1]*.

A solution room temperature of 6-hydroxy-4,4-dideutero-3-hydroisoquinolin-1(2H)-one

25 (2.75 g, 16.2 mmol) in THF (150 mL) was treated with NaH (1.62 g of 60 wt. % dispersion in
mineral oil, 40.5 mmol). The reaction was stirred for 0.5 h, then treated with PhNTf2 (17.36
g, 48.6 mmol) and the reaction was maintained at room temperature for 2 h. At completion,
the reaction was quenched with sat. aq. NH4Cl (50 mL), then diluted with water (50 mL) and
extracted with EtOAc (3 X 100 mL). The combined organics were washed with brine (100

30 mL), then dried over Na2S04 and concentrated. The crude material was purified by flash
chromatography over silica gel (2-10% MeOH/DCM eluent to provide 1-ox0-3-hydro-4,4-
dideutero-isoquinolin-6-yl trifluoromethanesulfonate (3.31g, 69% yield) as a slightly red solid.
1H NMR (400 MHz, DMSO-ds) 6 ppm 8.14 (br. s., 1 H), 7.99 (d, J/=8.53 Hz, 1 H), 7.52 (d,
J=2.51Hz, 1 H), 7.45 (dd, J=8.66, 2.64 Hz, 1 H), 3.38 (d, J=2.76 Hz, 2 H); MS (EI)

35 m/z=298.2[M+1]*.

A slurry of 1-0x0-3-hydro-4,4-dideutero-isoquinolin-6-yl trifluoromethanesulfonate

(3.30 g, 11.1 mmol) diboron pinacol ester (8.45 g, 33.3 mmol), KOAc(1.63g, 16.7mmol) and
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4- (6- am no- 5- (4- hydr oxyqui nazol i n-7-yl ) pyridi n-3-y1) - Net hyl benzenesul f onam
de ** *** 2'_-am no-5'-(4-(Nethylsul fanoyl ) phenyl)[ 2, 3' -bi pyridi ne] - 5-

car boxamwe 2012/121992 PCT/US2012/027376

4- (2-am no-5-(2-chl oro-4-(N-cycl opropyl sul fanoyl ) phenyl ) pyri di n- 3-

yl ) benzani * 2/ 121992PCT/ /1027376 .
- {2- am neogertey s Qe ey AR S RSB P sg iy erina o 90°C o

yl ) benzanildeh. At completion, the reaction was filtered and concentrated, then purified by flash

3-ami no- N 4 A RATEDY})Le| REbhd iakds ENGHFAREARYE. 5 5BIDY ) phenyl ) py
4- (2- am ntetsmethypt.8 Paligpheniah 2ayrd-fdidro-B4 gldebenriapduiielin-1(2H)-one (2.2g, 72%

4o (B armi no be 1o oo, 4t : ol i ne Byl
SN R R e

6- ( 2- am n@dSs<747g, etz alH),ony9 Jdaheriyloopya, R ), 8.4 (W1)=232@1Hz, 2 H), 1.29 (s, 12

. : . \ AL
ZI ?éd;(r)nl f}gﬂyﬁz@bbﬂé%%i@ﬂﬁl?%tjgﬂze}ﬂogﬁvgﬁs)a W%{jztloﬁ'-(%ﬁ?f){-el{lgvgﬁhélblr’%’%yI benzenesu
| f onam dedioxaborolan-2-yl)-3-hydro-4,4-dideutero-isoquinolin-1(2H)-one (1.14¢g, 4.15mmol) and 3,5-
dibromopyrazin-2-amine(1.0g, 3.95 mmol). At completion, the crude reaction mixture was
10 filtered then purified by flash chromatography over silica gel (5-10% MeOH/DCM eluent) to
provide 4-(5-amino-6-(1-0x0-3-hydro-4,4-dideutero-isoquinolin-6-yl)pyrazin-2-yl)-N-cyclopropyl-
N-Trideuteromethylbenzenesulfonamide (435mg, 23% yield). *H NMR (400 MHz, DMSO-de) &
ppm 8.72 (s, 1 H), 8.26 (d, J=8.53 Hz, 2 H), 8.02 (br. s., 1L H), 7.97 (d, J=8.03 Hz, 1 H), 7.84
(d,J/=8.53 Hz, 2 H), 7.74 (dd, J=8.03, 1.76 Hz, 1 H), 7.70 (d, J=1.51 Hz, 1 H), 3.41 (d, J=2.51
15  Hz, 2 H), 1.78-1.86 (m, 1 H), 0.72-0.79 (m, 2 H), 0.64 - 0.72 (m, 2 H); MS (El) m/z =
455.1[M+1]".

6.35. Synthesis of 4-(6-amino-5-(4,4-dimethyl-1-0x0-1,2,3.4-
tetrahydroisoquinolin-6-yl)pyridin-3-y)-N-cyclopropylbenzenesulfonamide

The captioned compound was prepared by the method shown below:

O o
NH
——— B ———
Br a,b Br c.d O\?
© o

H
N. //O Q
VaQL
—_—
General | N
Method C =
20 N NH,

wherein: a is TiCls, ZnMe2, DCM ; b is CrOs, HOAc; cis NaN3z, MsOH, DCM; d is (Bpin)z,
Pd(dppf)Cl2, KOAc, dioxane.
A 1.0 M solution of TiClain DCM (50 mL, 49.8 mmol) was added to a reaction vessel
containing DCM (40 mL) cooled to -40°C. Then, a 2.0 M solution of dimethyl zinc in toluene
25  (35.5 ml, 71.1 mmol) was added slowly and the solution was stirred for 20 minutes at -40°C.
To this mixture was added a solution of 6-bromo-2,3-dihydro-1H-inden-1-one (5.0 g, 23.7

mmol) in DCM (40 ml) and the reaction was allowed to warm gradually to room temperature
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5-( 6- anmi no- 5- (1- oxo- 1, 2, 3, 4-t et r ahydr oi soqui nol i n-6-yl ) pyri di n-3-y1) -
N (2, 2, 2-woizbinmareet hyl ) t hi ophene- 2- car boxam de * ** PCT/US2012/027376
6- (2- am no- 5- (5- net hyl t hi ophen-2-yl ) pyridin-3-yl)-3, 4-

di hydr oi squi.pgl i,n-1 -Qne *x kkx o .
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N- cycl opr geyldiiNet mith eates (et hard@aM @ionetk)SHeubfecnesre deparated &fid the organic

6-(2-am n%&?r’v&a%’wﬁagh%\glﬂgﬂ_)@n@égg HLEidﬁéa) !)Veér"N%lzs?d?;yﬁlﬁ.eﬁé.dnén%'c%ﬂréén?raé—zh. 6-bromo-

di hydr oi soqui nol 1 n- -
(E) - 4- ( 6- atidimeByl(53-(ihydio-dRlyndena 614 g67 8% Belt lpvasdéntaied aap biehadieafte -

i I 1 * % k%%
(67 BB R B B BRR L EPAR AT e chsgd, 1 BUR 4PR M
N- cycl opr GBYORAFORM-¢I\ dpenz.8ae g B3f(on A ), de0 7 (o J=8:3 Hz, 1 H), 2.86 (t, J)=7.3 Hz, 2 H),
b pyr i di B bt ekt sh sy ST 2O el | 1 &y - HrbyrreTel = 3
2- (4- (6- am no- o ¢ $olovan o 6 @nd-Liledimathyled, Soibpdroilhlohdene 63.6 g, 16 mmol) in
yl) pyridi Qée?lfi'c%gi)j'(% HIE} \DXJ :Hﬂ%‘% g%‘él&t?o'ﬁao%gg)(g%%t 858 nﬁmol) in 50% aqueous
10  acetic acid (50 mL). This solution was heated for 3 h at 60°C. At completion, the reaction
mixture was quenched by the addition of isopropanol (20 mL). The quenched reaction was
partitioned between EtOAc (200 mL) and a 0.25 M aqueous NaOH (100 mL). The layers were
separated and the organics were extracted with EtOAc (2 x 100 mL). The combined organics
were washed with brine, dried over Na2504, filtered and concentrated. After purification by
15  flash chromatography over silica gel (50% EtOAc/hexanes eluent), 5-bromo-3,3-dimethyl-2,3-
dihydro-1H-inden-1-one (2.91 g, 76% yield) was isolated as a white solid. tH NMR (400 MHz,
CHLOROFORM-d) 8 ppm 7.65 (s, 1 H), 7.47 - 7.58 (m, 2 H), 2.58 (s, 2 H), 1.42 (s, 6 H); MS
(E)m/z = 240.1 [M+1]*.
5-bromo-3,3-dimethyl-2,3-dihydro-1H-inden-1-one (1.6 g, 6.7 mmol) was dissolved in
20 DCM (12 mL) and cooled to 0°C. Then MeSOsH (1.83 ml, 28.1 mmol) was added, followed
by the portion-wise addition of NaNs (653 mg, 10.1 mmol) over ~10 min, while maintaining
the internal reaction temperature below 5°C. The reaction was allowed to warm to room
temperature and was stirred 3 h under nitrogen. At completion, the reaction was cooled to
0°C and quenched with 8 M aq. NaOH. After stirring 30 minutes at room temperature, the
25 guenched reaction was partitioned between DCM (50 mL) and water (50 mL). The layers
were separated and the aqueous layer was extracted with DCM (2 X 30 mL). The combined
organics were washed with brine (50 mL), dried overNa2S04, filtered and concentrated.
6-bromo-4,4-dimethyl-3,4-dihydroisoquinolin-1(2H)-one(711 mg, 40% yield)was isolated as a
white solid after purification by flash chromatography over silica gel (eluting in 50-100%
30 EtOAc/hexane). 1H NMR (400 MHz, DMSO-ds) & ppm 8.02 (br.s., 1 H), 7.77 (d, J=8.0 Hz, 1
H), 7.46 - 7.64 (m, 2 H), 3.16 (d, J=3.0 Hz, 2 H), 1.27 (s, 6 H); MS (El) m/z = 255.1 [M+1]*.
A solution of 6-bromo-4,4-dimethyl-3,4-dihydroisoquinolin-1(2H)-one (500mg, 1.97
mmol), diboron pinacol ester (752 mg, 2.96 mmol), KOAc (773 mg, 7.88 mmol) and
Pd(dppf)Cl2 (43mg, 0.06 mmol) in dioxane (7 mLI) was heated for 2 hours at 100°C under
35 reflux. At completion the reaction was cooled to room temperature, filtered and concentrated
the purified by flash chromatography over silica gel, (2-5% DCM/MeOH eluent). The product

containing fractions were concentrated, taken up in hexanes, sonicated and filtered to
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** 4-(6-am no-5-(1-o0xo-1, 2, 3, 4-tetrahydroi soqui nolin-6-yl)pyridin-3-yl)-
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N- (2, 2- di fimobrto give¢(G-aiinued-Hyd-tisetheeow 1, Zxﬁeﬂﬁueu@hyﬂmlgoﬁumolm yl)pyridin-3-y|)-

2012/ 1219%%?&;Jdr8§?b%%%n%glﬁ%%gmide (43 mg, 37 % yield) as a white solid after purification by

10  flash chromatography over silica gel (2-5% MeOH/DCM eluent). *H NMR (400 MHz, DMSO-

ds) 6 ppm 8.61 (s, 1 H), 8.06 (d, J=8.5 Hz, 2 H), 7.96 - 8.02 (m, 2 H), 7.80 (d, J=1.5 Hz, 1 H),
7.75 (dd, J=7.5, 1.5 Hz, 1 H), 7.62 (d, J=8.5 Hz, 2 H), 6.00 (s, 2 H), 3.20 (d, J=2.0 Hz, 2 H),
2.06-2.18(m, 1 H), 1.33 (s, 6 H), 0.33 - 0.55 (m, 4 H); MS (El) m/z = 463.6 [M+1]*.

6.36. Synthesis of 1(4-(5-amino-6-(1'-0x0-2'.3'-dihydro-1'H-spiro[cyclopropane-
15 1,4-isoquinolin]-6'-yl)pyrazin-2-yl\phenyl)cyclopropanecarbonitrile

The captioned compound was prepared by the method shown below:
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s,
Method C N NH,

wherein: a is MesSBr, n-BuLi, THF, 0°C; b is EtoZn, TFA, CHzl2, DCM, 0°C; ¢ is KMnO4, 1.5 M
aq. MgS04, acetone; d is HONH2-HCI, NaOAc, THF, then MsOH, TEA, THF; and e is BFs:MeOH,
20 DCM, then TiCla.
A 2.5 M solution of n-BuLi in hexanes (23.6 mL, 59 mmol) was added dropwise to a
0°C slurry of methyltriphenylphosphonium bromide (16.8 g, 47.0 mmol) in THF (200 mL).
After 1 h, a solution of 6-bromo-2,3-dihydro-1H-inden-1-one (10.0 g, 47.0 mmol) in THF (50
mL) was added to the resulting solution and the reaction cold bath was removed. Upon
25 completion, the reaction was quenched with water (40 mL). The layers were separated and
the aqueous layer was extracted with EtOAc (2 x 40 mL). The combined organics were
washed with brine (50 mL), dried over Na25S04, filtered and concentrated to afford 6-bromo-1-

methylene-2,3-dihydro-1H-indene (6.06 g, 62% vield) as a clear oil after purification by flash
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yl)isoqui Q&’Aiﬂi&éﬂ‘igmﬁu?&eat’b’ga ?Fﬁgn, a solution of 6-bromo-1-methylene-2,3-dihydro-1H-

10  indene (6.0g, 28.7 mmol) in DCM (90 mL) was added and the reaction was maintained 0°C
for another 15 min, then allowed to gradually warm to room temperature. Upon completion,
the reaction was quenched with a sat. aq. NH4Cl (100 mL) and diluted with DCM (200 mL).
The layers were separated and the aqueous layer was washed with DCM (2 X 100 mL). The
combined organics were washed with brine (100 mL), dried over Na2S04, then filtered and

15 concentrated. 6'-bromo-2',3-dihydrospiro[cyclopropane-1,1-indene (5.9g, 93% yield) was
obtained after purification by flash chromatography (hexanes eluent) as a clear oil. 2H NMR
(400 MHz, CHLOROFORM-d) 6 ppm 7.22 (dd, J=7.9, 1.9 Hz, 1 H), 7.05 (d, J=7.8 Hz, 1 H),
6.78 (d, J=1.8 Hz, 1 H), 2.99 (t, J=7.5 Hz, 2 H), 2.06 - 2.20 (t, 2 H), 0.83 - 1.03 (m, 4 H); MS
(El) m/z = 224.1 [M+1]*.

20 To a solution of 6'-bromo-2',3"-dihydrospiro[cyclopropane-1,1-indene] (5.7 g, 25.6
mmol) in acetone (78 mL) and 1.5 M ag. MgS04 (29 mL) was added KMnQO4 (4.46 g, 28.2
mmol). The reaction was stirred overnight at room temperature. Upon completion, the
reaction was filtered over celite and concentrated. The residue was partitioned between
water (100 mL) and EtOAc (200 mL), and the layers were separated. The organic was

25  washed with brine, dried over Na2S04, then filtered and concentrated.
6'-bromospiro[cyclopropane-1,1-inden]-3'(2'H)-one (2.11g, 39% vyield) was isolated as a white
solid after flash chromatography over silica gel (5% EtOAc/hexane eluent). *H NMR (400
MHz, CHLOROFORM-d) & ppm 7.59 (d, J=8.3 Hz, 1 H), 7.45 (dd, J=8.0, 1.5 Hz, 1 H), 7.14 (d,
J=1.3Hz, 1 H), 2.76 (s, 2 H), 1.15 - 1.34 (m, 4 H); MS (El) m/z = 238.1 [M+1]*.

30 A solution of 6'-bromospiro[cyclopropane-1,1-inden]-3'(2'H)-one (2.1 g, 8.86 mmol),
hydroxylamine HCI (1.23g, 17.7 mmol) and NaOAc (4.32g, 53.1 mmol) in MeOH (160 mL)
was stirred overnight at room temperature. The reaction was concentrated, slurried water
(40 mL), then sonicated and filtered. The precipitate was dried under high vacuum to give
(E)-6'-bromospiro[cyclopropane-1,1-inden]-3'(2'H)-one oxime (2.23 g, 100% yield) as a white

35  solid.MS (El) m/z = 253.1[M+1]".

To a 0°C solution of (E)-6'-bromospiro[cyclopropane-1,1-inden]-3'(2'H)-one oxime

(500 mg, 1.98 mmol) in THF (5 mL)was added triethylamine (332 uL, 2.38 mmol) followed by
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4- (6-am no- 5- (1-oxo- 1, 2-di hydr oi soqui nol i n-6-yl ) pyridin-3-yl)-Ncycl opropyl -
N- et hyl benzenesul f onam de *** ***

6' - am no-Woaylproepyl - N-net hy1-5' - (1- oxo-1, 2, 3, 4- PCT/US2012/027376
t etrahydroi soqui nolin-6-y1)[3, 3" -bipyridine]-6-sul fonam de **x* ***

g 5/2) ar2n |n§|8%rag§8§< gj%ﬁﬁﬁé)ﬁ& &mmolp#hsél'}legc?gr?% ggtlrredyl() r‘RXthae% a‘?f) °C then

ﬁl— (5- gm neor@elﬁtiar;téd(OFhl-z r&su&éwets&hfuaéwdifr@ms?dqmmo 5 k) @cfa yifgrpym)&zi n- 2-y1) -
trideuteronet t u onam Frw KA

AP T e e G Pl i B A IV A o

yl') phenyl }i@ﬁjh@s’@wté‘wnamtdajr%ﬁg l’jﬁ‘d*er hlgh vacuum 1H NMR (300 MHz, CHLOROFORM d)§
6' -am no-N-c t et rah%/drm squ| nolin-6-yl)-

2. 50 e . BBARS o 5ok 123G ben i g 4. IR 55065
i ydr o Lo ot el (o ) ar o] mm{ﬁ?ﬁ“m >

L . RSB ol hiabigl SR bai T Adnfa) éi%w'b%g?roa@fﬂwy'ﬁuw'
N- et hy| - bkifne 163320y - ﬁemmw.wgmmoamyhé@mmrw@abf BRAMREH(3BR L 4 56

6- (2- am no- 5- ( 2- oxoi ndol i n- 5dy % yridi n- 3- yl? 3, 4-di Tydr0| soqui nol i n-
1( 2H) - oneMmol)}xwas added to the cooled solution, followed by slow addition of TiCla (304 uL, 2.77

10 mmol) and the reaction was maintained at 0°C for 4 h. At completion, the reaction was
quenched with water (10 mL). The layers were separated and aqueous layer was washed
with DCM (2 X 10 mL). The combined organics were dried over Na2S0a, filtered and
concentrated. 6'-bromo-2',3-dihydro-1'H-spiro[cyclopropane-1,4-isoquinolin]-1'-one (228 mg,
0.90 mmol, 46% yield) was isolated as a white solid after purification by flash

15 chromatography (50-100% EtOAc/hexane eluent). 1H NMR (400 MHz, CHLOROFORM-d) &
ppm 7.98 (d, J=8.3 Hz, 1 H), 7.46 (dd, J=8.3, 1.8 Hz, 1 H), 7.01 (d, J/=1.8 Hz, 1 H), 5.94 (br
s., 1 H), 3.37 (d, J=2.8 Hz, 3 H), 0.94 - 1.20 (m, 4 H); MS (El) m/z = 253.1 [M+1]*.

General Method G was applied to 6'-bromo-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-
isoquinolin]-1-one (228 mg, 0.90 mmol) to provide after purification by flash chromatography

20 over silica gel (50-100% EtOAc/hexanes), 6'-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-isoquinolin]-1-one (199 mg, 74% yield) as a white
solid. *H NMR (300 MHz, CHLOROFORM-d) & ppm 8.12 (d, J=7.6 Hz, 1 H), 7.77 (dd, J=7.6,
1.0 Hz, 1 H), 7.30 (s, 1 H), 3.37 (d, J/=2.3 Hz, 2 H), 1.36 (s, 12 H), 0.94 - 1.22 (m, 4 H); MS
(El) m/z = 300.2[M+1]*.

25 General method C was applied to 1-(4-(5-amino-6-bromopyrazin-2-
yhphenyl)cyclopropanecarbonitrile (95 mg, 0.30 mmol) and 6'-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-2’,3’-dihydro-1’H-spiro][cyclopropane-1,4’-isoquinolin]1l’-one (100 mg, 0.33
mmol) to provide 1-(4-(5-amino-6-(1'-0x0-2',3"-dihydro-1'H-spiro[cyclopropane-1,4'-
isoquinolin]-6'-yl)pyrazin-2-yl)phenyl)cyclopropanecarbonitrile (44 mg, 36% yield) after flash

30 chromatography over silica gel (2-5% MeOH/DCM eluent).:H NMR (400 MHz, DMSO-de) &
ppm 0.76-1.07 (m, 4 H) 1.08-1.35 (m, 4 H) 1.44-1.63 (m, 2 H) 1.65- 1.86 (m, 2 H) 6.37
(6, 1H)7.10-7.51(m,3H)7.68 (d, J=7.78 Hz, 1L H) 7.83-8.28 (m, 4 H) 8.57 (s, 1 H). MS
(El) m/z: 408 [M+H]*. HPLC (Sunfire C18 4.6 mm x 50 mm, 10-90% MeCN:10 mM aq
NH40Ac, 2 min gradient) tr = 1.69 min, 100% integrated area.
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6- (5- am no- 6- ( 1- oxo-1, 2, 3, 4-t et rahydr oi soqui nol i n-6-yl ) pyrazi n-2-y1)-
N- et hyl - N- et hyl pyri di ne- 3-sul fonam de *** ***

6- am no- NydR2dizvet9eg 1- 5- ( 1- oxo- 1, 2, 3, 4-t et r ahydr oi soqui n®@CICSee1207376
5',6' -di hydro-[ 3, 4" -Dbi pyr| d| ne]-1' (2' H)sul fonani de * **

ﬁ;g?é?gﬂppgp%éé es -MIN0-G:(3 -0x0SIIrglcy oroangllzZBJsro%r%loqln%6yl)

4-(5-am no-6-(1- ; 5-yl ) pyrazin-2-yl)-
N-cycl obut yl - Mﬁ@éd@lﬂbrﬁlﬁﬁi)ﬁﬁb@&rﬁd \hmap)ai@d theﬁ’fe"thod\wown below:

2012/ 121992PCT/ US2012/ 027376

6- (5- am no- 6- (1- oxo- 1, 2, 3,04-t etrahydroi soqui nol i n-&-yl ) pyrazin-2-yl)-
N-cycl opropyl - N- met hylpyr ildi ne- 3- sul f onam de Z&& _#(**

4-(2-am no-1'-(2- cyaty@) 1.2°.3,6-te ydiner [ 3, 4' - bi pyri din] -
5-y1)-N-cycl opropy&l- VN | benzgngsul f gRagic g

5- (5- ani no- 6- (1- 0x6- 1, 2, 3, ANt et r ahydr 030 ;
N-cycl opr opyl - N- et hyl pyri di ne-2-sul fo | de ** **x*
6' - am no- N-net hyl-5' - (1- oxo- 1, 2, 3, 4-t et rahydr oi soqui nol i n- 6-y1) - N
propyl[ 2, 3' - bi pyri di ne] - 5-sul f onami FR@ ex*

4- (5-am no-6-(1-o0xo0-1, 2, 3,4-tetrahy |Ns§ olin-6-y Z|n 2-yl)-
N-cycl opr opyl benzenesul fonam de . |

General

Method C

5  wherein: ais Ti(OQiPr)a, EtMgBr, Et20 ; and b is (Bpin)2, Pd(dba)s, P(Cy)s, dioxane.

-yl) pyrazin-2-yl)-

To a solution of methyl 4-chloro-2-cyanobenzoate (2.0 g, 10.2 mmol) in Et20 (40 mL)
was added Ti(OiPr)s (3.43 ml, 11.7 mmol). After coolingto 0°C, a 3.0 M solution of EtMgBr in
Et20 (6.8 ml, 20.4 mmol) was added slowly. The reaction was warmed to room temperature
and stirred for 3 h. Upon completion, the reaction was quenched with 1.0 M HCI (20 mL)

10 then filtered over celite. The layers were separated and the aqueous layer was washed with
EtOAc (2 X 20 mL). The combined organics were dried over Na25S04, then filtered and
concentrated. The crude product was purified by flash chromatography over silica gel (2-5%
MeOH/DCM eluent) to provide 6'-chlorospiro[cyclopropane-1,1™-isoindolin]-3'-one (400 mg,
21% yield) as a yellow solid. H NMR (400 MHz, DMSO-ds) 6 ppm 8.75 (br. s., 1 H), 7.66 (d,

15  J=8.5Hz, 1 H), 7.40 - 7.54 (m, 2 H), 1L.47 (dt, J=11.2, 2.8 Hz, 4 H); MS m/zC10HsCINO [M+1]*
= 194.6.

A solution of 6'-chlorospiro[cyclopropane-1,1-isoindolin]-3'-one (380 mg, 1.96 mmol),
bis(pinacolato)diboron (808 mg, 3.18 mmol), KOAc (677 mg, 6.9 mmol), P(Cy)s (137 mg,
0.49 mmol) and Pd(dba)s (180 mg, 0.20 mmol) in dioxane (8 ml) was heated overnight at

20 100°Cunder a reflux condenser. At completion, the reaction was allowed to cool to room
temperature, diluted in DCM (40 mL), sonicated and filtered. The filtrate was purified by
flash chromatography over silica gel (50/100% EtOAc/hexane eluent). The product
containing fractions were taken up in hexanes, then sonicated and filtered to afford 6'-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)spiro[cyclopropane-1,1'-isoindolin]-3'-one (520

25 mg, 93% yield) as a yellow solid. 1H NMR (400 MHz, METHANOL-d4) 8 ppm 7.70-7.91 (m, 2
H), 7.56 (s, 1 H), 1.46 - 1.68 (m, 4 H), 1.15- 1.43 (m, 12 H); MS (El) m/z = 286.1 [M+1]*.

General method B was applied to 4-(5-amino-6-bromo-pyrazin-2-yl)-N-cyclopropyl-
benzenesulfonamide (140 mg, 0.38 mmol) and 6’-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
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6- (5-am no- 6- (1-oxo-1, 2, 3, 4-tetrahydr oi soqui nol i n-6-yl ) pyrazin-2-yl)-
N ((1S, 2Sye2exmet9voxynet hyl ) cycl opropyl) - N- et hyl pyri di meTarS26l02B3n@nm de
** 4-(5-am no-6-(1-o0xo0-1, 2,3, 4- tetrahydroi soqui nol i n-6-yl ) pyrazi n-2-y1)-

2-chl or o- t t hyl.benzenesul f o *** * x %

& (- an nQsBr s EPE ROt PR BR GRS he DEBLAE .42 mmob  ppyig 445 Aoy
N- et hyl - Npmdlrﬂmhpimemﬁﬂesmmdod)n]aEBHyk)tB/ra‘zﬁ?EQ P1¥N- cyclopropylbenzenesulfonamlde
4-(5-anin 19 2-y1)-
N- et hyl be%?ﬁnﬁés ljll/ el a?tg?plﬁglkgti n%*WEEt?&%QHQﬂer%\ohw o@eﬂé,ll):epgél?fg‘%
4-(5-am nMeGH([lGM)etmeﬁt) 21-BNMIR (400 BiHy,dN$Gaq) dippol .29 60.98 \py4 Hr1.8621.68

** K *k*

I L ae s st U253 6 1255 LG 9B ) LERR D 4 479 B i35 ) -

N- cycl obui38.5HE{ 2 1D, 827(1 sl £ Hu8.76e4, HyH) B 232 sl If o aif @6 nt/ sz 448 [M+H]".

4-(6-anin y[?%é#m‘%%l% 25 Bt %@%mfﬂiﬁ%j MO B RIn 95 RiYOAPY il Badnd 1=

N- cycl obu zenesul fonam

2- (4- (5- amdidoni6- {71 oiegrate@arBa4- t et r ahydr oi soqui nol i n- 6-yl ) pyrazi n- 2-

yl) phenyl) - 2-met hyl propanenitrile *x *** _ _ o

4-(6-am no- & 63~ et & At ShIAWHA SRAARIAD- 6- Y1) Pyri di n-3-y1)-
- chi pg o- - cycl ony By s Bir SR SV Tohe VTRV Pagir: 2-v1)-N-methylindoline-1-carboxamide

The captioned compound was prepared by the method shown below:

H N
N Y \
D — o~
Br a
Br
H
General N\S’/ N\
Method G Y N
T T 0]
General N\
Method C |
S
N” NH,

wherein: a is methylisocyanate, DIEA, THF.
To a solution of 5-bromoindoline (1.0 g, 5.05 mmol) and DIEA (1.9 mL, 11.11 mmol)
15  in THF (40 mL) was added methylisocyanate (346 mg, 6.06 mmol). The reaction was
maintained at room temperature for 4 h. The resulting precipitate was filtered and dried
under vacuum to afford 5-bromo-N-methylindoline-1-carboxamide (935mg, 72% vyield) as a
white solid. TH NMR (400 MHz, DMSO-ds) 6 ppm 7.75 (d, J=8.78 Hz, 1L H), 7.17 - 7.31 (m, 2
H), 6.60 (d, J=4.27 Hz, 1 H), 3.85 (t, J=8.78 Hz, 2 H), 3.10 (t, J/=8.66 Hz, 2 H), 2.65 (d,
20  J=4.27 Hz, 3 H); MS (El) m/z= 255.1[M+1]".
General method G was applied to 5-bromo-N-methylindoline-1-carboxamide (935 mg,
3.67 mmol) to provide N-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)indoline-1-
carboxamide as a white foam (1.10g, 100% yield) after purification by flash chromatography
(5% MeOH/DCM). 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.34 (s, 12 H) 3.10 - 3.22 (m,
25 2H)3.90 (s,2H)4.54 -4.66 (m, 1 H) 7.60 (br. s, 1 H) 7.66 (br. d, J=1.00 Hz, 1 H) 7.85 (br
d,J=1.00 Hz, 1 H) 7.84 - 7.91 (m, 1 H); MS (El)m/z = 301.0 [M-1]-.
Method C was applied toN-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhindoline-1-carboxamide (85mg, 0.28mmol) and 4-(5-amino-6-bromopyrazin-2-yl)-N-
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*k* k%%

4- (6-am no-5-(1-oxo0-1, 2, 3, 4-tetrahydroi soqui nolin-6-yl)pyridin-3-yl)-
N- cycl oprwpydt22eigsaor obenzenesul f onam de *** *** PCT/US2012/027376
6- (3- am no- 6- (1- net hyl- 1H pyr azol 4- y1) pyrazin-2-yl)-3, 4-

di hydr o S%%E)Ippo%:yll Nnm%{hle%nzeng Ifﬁnaomlge{ 6. mmol).The organlc éayer was

N-allyl-4 ox0- 1 r0| soqui hol™
yl) pyri di nec%n;eﬁ)thNHnIBIrmyU béhZedas utoﬁlmaértﬁdmlrfdkﬁf (N*cyclopropyl N-

(4

2 (6. Y : e i n-3-v1) -
X oot oor ST S o LAl AL Aok Bi AT v
421 ( ﬁl am n@Seag; 280 yieidlL, 1R, NBJRHAOStN mwmmmmmelam%@/ n), AyH)a8.20 - 8-3¢ 1in;

C 0 ro 7 e *xk*k* **%x*%
6 (3 o ot (B B2 PR, PRSI o R R Ry PRI kLY BRI
di hydr oi s660i- @cﬂa (m, Z1I.(I-BH) 5®n@.71 (h*2 H), 6.42 - 6.49 (m, 2 H), 3.88-3.98 (m, 2 H), 3.13 -
4- (5- I
yl §py?212inn'-§ 1?H cyc !"8 ]qsoﬁl-o“)f% ge@t éré()8e %wdé gbeflggmsnp%l¢g'\r4§r(r1'ﬂbe *xx
*xx WD 201127 4*29.9[9@9@/ U82012/ 027376
4- (5-am no- 6- ((2- hydroxypyridin-4-yl)ethynyl)pyrazin-2-y1)-N

cycl opropyl 'é\.bge tﬁ/}ﬁh%es%z@fnlﬁ(%%%%%%Qéjgxo’t&&?,&tetra hydro-2,7-naphthyridin-3-

10 ylpyrazin-2-yl)-N-cyclopropylbenzenesulfonamide

The captioned compound was prepared by the method shown below:

0 0
N~ NH _Boc
| . N7 N N7 NH
Y a,b U c, d J
_HCI Cl MesSn

wherein: a is Boc20, TEA, DCM; b is NalOa4, RuCls, DCM, water, MeCN; ¢ is HCI, dioxane; and d
is MesSnz, Pd(PPhs)s, dioxane, 110°C.

15 To a solution of 6-chloro-1,2,3,4-tetrahydro-2,7-naphthyridine hydrochloride (5.0 g,
24.4 mmol) and ditertbutyl dicarbonate (8.0 g, 36.6 mmol) in DCM (100 mL) at room
temperature was added triethylamine (10.2 mL, 73.2 mmol). Upon completion, the reaction
was diluted in DCM (100 mL), washed with a sat. aq. NaHCOs, dried over Na2S04, filtered and
concentrated. This residue was purified by flash chromatography over silica gel (20%

20 EtOAc/hexane eluent) to afford tert-butyl 6-chloro-3,4-dihydro-2, 7-naphthyridine-2(1H)-
carboxylate (4.0 g, 61% vield) as a clear oil. *H NMR (400 MHz, METHANOL-d4) § ppm 8.17
(s, 1H), 7.30 (s, 1 H),4.60 (s, 2 H), 3.66 (t, /=5.9 Hz, 2 H), 2.88 (t, /=5.8 Hz, 2 H), 1.43- 1.61
(m, 9 H); MS (El) m/z = 269.7 [M+1]".

To a solution of NalO4 (9.56¢, 44.7 mmol) and RuCls (927mg, 4.47 mmol) in water

25 (50 mL), DCM (50 mL) and MeCN (2 mL) was added a solution of tert-butyl 6-chloro-3,4-
dihydro-2,7-naphthyridine-2(1H)-carboxylate (4.0g, 14.9 mmol) in DCM (25 mL). This
reaction was stirred at room temperature for 2 h. At completion, the reaction was and was

quenched with isopropanol (10 mL), filtered over celite and the filter cake was washed with
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** 6-(2-am no-5-(4-((cycl opropyl (et hyl ) am no) net hyl ) phenyl ) pyri di n-
3-y1) -3, 4-di hydroi soqui nolin-1(2H)-one ** ***

6' - am no-Woayluprepyl- 4- net hyl-5' - (1- oxo-1, 2, 3, 4- PCT/US2012/027376
t etrahydroi soqui nolin-6-y1)[2, 3" -bipyridine]-5-sul fonam de **x* ***

6- ( 3- ami NBx I@I %@mq%%%gﬁﬁ%%%%ﬂﬁ&{eﬁw g%e‘zp%raztox%annel élnd the layers were

di hydr oi soqw
6- ( 5- am nee@{tdd.gReorEalic Bydr waaxahgtdd oitls DGMi (B K120 BG-apb Yheyeoaziimedrgeh)cs

N- et hyl - Nwéreqnlrlgg%tié/rll\%\{éq {f@@ ﬂﬁe E@nglraﬂ?atéé *Th*e*r*5|due was, %urlfled by fIaSB

1- (4- (5-amno- 01 50GuI nof 1 N-6-
yl ) phenyl Yoyobwgeanhaoee sifi¢zogel {20 5@%’E’t®Ac7Mexane eluent) to give tert butyl 6-chloro-1-

4- (6-

yl § pyraglgndlnir%xoB53 é% h9{rlf8cyc%ﬂd'op,C b fi& Rl—?i%gir%f)%eﬁrtlézjggg 1 jT gi ‘ﬁ?{%ea yellqw grygtalline
1- (4- (5- asolidoIBNME éQ@JVﬂHZZMETwANCMma&ym 8iRag UL NI i4i-(§-1yt)) pPB dizi+6.2Hz,
i (5 am na b BhBEIE L 4o b Hhasdruayer asag -

yl) pyrazi n- 2- yI9 a bblatidnydf 1&gt htﬁylrﬁydhltmorz@m@smoﬁhydwﬁ deaphthyridine-2(1H)-

1-(

yl)

2- ( 6- | ; ; P Do
(6-a %y%be(r Op(%iﬁe?% érnﬁr‘gtﬁ fﬂ Dtc]% IR S5 DPHEMRBH WPHELaAL Pro®
. After stirring 20 minutes at room temperature, the reaction was diluted with DCM (50

phenyl

10
mL, then sonicated and filtered to give 6-chloro-3,4-dihydro-2,7-naphthyridin-1(2H)-one
hydrochloride (2.22 g, 93% yield) as a white solid. *H NMR (300 MHz, DMSO-ds) & ppm 8.70
(s, L H), 8.23 (br.s., L H), 7.57 (s, J=0.6 Hz, 1 H), 3.40 (t, J=6.6, 2.8 Hz, 2 H), 2.96 (t, J=6.6
Hz, 2 H); MS (El) m/z = 183.6 [M+1]*.

15 A solution of 6-chloro-3,4-dihydro-2,7-naphthyridin-1(2H)-one hydrochloride (800 mg,
3.7 mmol), hexamethylditin (1.83 g, 5.6 mmol) and Pd(PPhz)4 (214 mg, 0.19 mmol) in
dioxane (40 mL) was degassed under bubbling nitrogen then heated at 110°C for 4h. At
completion, the reaction was concentrated and purified by flash chromatography over neutral
alumina (100% EtOAc eluent, then 5% MeOH/DCM eluent). This yielded 6-(trimethylstannyl)-

20  3,4-dihydro-2,7-naphthyridin-1(2H)-one (1.22 g, 100% yield) as a brown oil that was used
without further purification. MS (El) m/z [M+1]t= 312.

A solution of 4-(5-amino-6-bromopyrazin-2-yl)-N-cyclopropylbenzenesulfonamide (150
mg, 0.41 mmol), 6-(trimethylstannyl)-3,4-dihydro-2,7-naphthyridin-1(2H)-one (150 mg, 0.48
mmol) and Pd(PPhs)s (23 mg, 0.02 mmol) in dioxane (2 mL) was heated in the microwave 20

25 min at 150°C. At completion, the reaction mixture was purified by reverse phase preparatory
HPLC to provide 4-(5-amino-6-(8-0x0-5,6,7,8-tetrahydro-2,7-naphthyridin-3-yl)pyrazin-2-yl)-N-
cyclopropylbenzenesulfonamide (8 mg, 5% yield) as an orange solid after lyophilization. 1H
NMR (400 MHz, DMSO-ds) 6 ppm 9.02 (s, 1 H), 8.87 (s, 1 H), 8.59 (s, 1 H), 8.35 (d, J=8.5 Hz,

H), 8.17 (br.s., 1 H), 7.84 - 7.99 (m, 3 H), 3.51 (t, 2 H), (t, /=6.3 Hz, 2 H), 0.29-0.57 (m, 4

30 H); MS (El) m/z = 437.5 [M+1]*.
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** 2-(4-(5-am no-6-(1-oxo-1, 2-di hydroi soqui nol i n-6-yl ) pyrazi n- 2-

yl ) phenyl) - 2- met hyl propanenitrile ** ***

6- ( 3- am oo (4r2{mw2cycl opr opyl et hoxy) phenyl ) pyr azi n- 2- y PLTA1S4012/027376
di hydr oi soqui nol i n-1(2H) -one ** **x*

g_ gZA?hmygféﬁgé_( < 4 ?mn%)&(fgn%%ozl%var%xﬁgg D RRf ST B b )
2- (4- (5- am no- 6- (£ ] PR t=nol i n- 6-yl) pyrazi n- 2-
yl') phenoxy) - 2- mﬁé&ph@rﬁ@pﬁﬁﬁb%m&*pr@ﬁée@bﬂ%b method shown below:

2- (4-(5-am no-6-(1-o0xo0-1, 2, 3, 4-t et rahydr oi soqui nol i n- 6-

yl) pyrazin-2-yl) henyl)acetate *O** | o

2- (4-(5-am noN6z{ 1-oxo-1, 2, 3, 4-t ¢ Frahydrm SQ Nog/l n- 6-yl ) pyrazi n-
y1) - 1H pyrgzol 41> z N* %w =N
4- (5-am no-6-(1- »& @J ap d_Lo_J_I:I-_t;enzo[c] 3

yl ) pyrazi n-2-yl)-NTyc - N'et hylabenzenesul f on&ni de
2-(4-(5-am no-6-(1-o0xo0 ﬁH4 t et rahydr oi soqui nol i n- 6- yi) ,@ﬁln Br
y1) - 2- met hyl pheny1) - 2- net hyl pf opanenitrile ** **x*

2- (6" -am t ydr oi soqui nolin-6-yl1)43, 3" -

bi pyr |%‘| nTVR%r% 1§ 'Sﬁ%PP&@I%ﬂ)vr?Aoégr@n'\!E{%hl le **

To a room temperature slurry of 4-(5-amino-6-(1-hydroxyisoquinolin-6-yl)pyrazin-2-yl)-
N-cyclopropyl-N-methylbenzenesulfonamide hydrochloride (1.00 g, 2.07 mmol, prepared by
general method C) in DMF (10 mL) was added 1,1-dimethoxy-N,N-dimethylmethanamine (1
mL). Within minutes, the slurry discharged to a solution. Then, N-bromosuccinimide (386 mg,

10  2.17 mmol) was added in one portion. After 1 h the reaction was concentrated and flashed
over silica gel (4-8% MeOH/DCM eluent) to provide 4-(5-amino-6-(4-bromo-1-
hydroxyisoquinolin-6-yl)pyrazin-2-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
hydrochloride (480 mg, 43% yield). 1H NMR (400 MHz, DMSO-ds) & ppm 11.59 - 11.67 (br. s,

H), 8.77 (s, 1 H), 8.36 (d, J=8.3 Hz, 1 H), 8.24 - 8.30 (m, 2 H), 8.17 (d, J=1.5 Hz, 1 H), 7.99

15 (dd, J=8.3, 1.5 Hz, 1 H), 7.86 (d, J=8.5 Hz, 2 H), 7.62 (d, J=6.0 Hz, 1 H), 6.76 (br. s, 2 H),
2.69(s,3H),180-1.90(m, 1 H),0.76 (s, 2 H), 0.65-0.73 (m, 2 H); MS (El) m/z=527.4
[M+1]*.

6.41. Additional Compounds

Numerous additional compounds were prepared, some of which are listed below in

20 Table 1. Table 1 also provides in vitro test results, which were obtained using the assay
described in Example 6.42, wherein “—” indicates that a measurement was not obtained;
* =[Cs0< 0.15 pM; ** = [Cs0 <0.05 YM; and *** = [Cs0 <0.01 uM.

Table 1

ICs0(M)
Compound

1uM ATP | 50uM ATP

4-(6-amino-6'-fluoro-[3,3"-bipyridin]-5-yl)benzamide - -

(
4-(2-amino-5-(1H-pyrazol-4-yl)pyridin-3-yl)benzamide - *
4-(2-amino-5-(4-sulfamoylphenyl)pyridin-3-yl)benzamide - *

4-(2-amino-5-(1-(N,N-dimethylsulfamoyl)-1H-imidazol-4-yl)pyridin-3-
yh)benzamide

4-(5-(4-(1H-imidazol-1-yl)phenyl)-2-aminopyridin-3-yl)benzamide - *
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4-(2-amino-5-(4-(benzylcarbamoyl)phenyl)pyridin-3-yl)-N-
hydroxybenzamide

6-(2-amino-b-(4-fluorophenyl)pyridin-3-yl)-3,4-dihydroisoquinolin-
1(2H)-one

*k

4-(6-amino-5-(4-hydroxyquinazolin-7-yh)pyridin-3-yl)-N,N-
diethylbenzenesulfonamide

*k

*kh*k

4-(2-amino-5-(4-(N,N-diethylsulfamoyl)phenyl)pyridin-3-yl)-2-
fluorobenzamide

*k

4-(2-amino-5-(4-(N-cyclopropylsulfamoyl)phenyl)pyridin-3-
yh)benzamide

*k

*k

4-(6-amino-5-(3-hydroxy-1H-indazol-6-yl)pyridin-3-yl)-N,N-
diethylbenzenesulfonamide

3-amino-N-cyclohexyl-6-(4-
carboxamide

(N-ethylsulfamoyl)phenyl)pyrazine-2-

*k

4-(6-amino-5-(2-0x0-2,3,4,5-tetrahydro-1H-benzo[blazepin-7-
yhpyridin-3-yl)-N,N-diethylbenzenesulfonamide

4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)-
N-cyclopropylbenzenesulfonamide

*kh*k

*kh*k

2'-amino-5"-(4-(N,N-diethylsulfamoyl)phenyl)-[2,3"-bipyridine]-5-
carboxamide

*k

*kh*k

4-(6-amino-5-(3-0x0-2,3-dihydrobenzo[d]isoxazol-6-yl)pyridin-3-yl)-
N,N-diethylbenzenesulfonamide

4-(5-amino-6-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)-
N,N-di(trideuteromethyl)benzenesulfonamide

*kh*k

*kh*k

4-(5-(4-(N-acetylsulfamoyl)phenyl)-2-aminopyridin-3-yl)benzamide

4-(6-amino-5-(4-hydroxyquinazolin-7-yl)pyridin-3-yl)-N-
ethylbenzenesulfonamide

*k

*kh*k

2'-amino-5'-(4-(N-ethylsulfamoyl)phenyl)-[2,3"-bipyridine]-5-
carboxamide

*k

*kh*k

4-(2-amino-5-(2-chloro-4-(N-cyclopropylsulfamoyl)phenyl)pyridin-3-
yh)benzamide
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5-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)- | o
N-(2,2,2-trifluoroethyl)thiophene-2-carboxamide
6-(2-amino-5-(5-methylthiophen-2-yl)pyridin-3-yl)-3,4- o -
dihydroisoquinolin-1(2H)-one
6-(5-amino-6-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , , -
N-cyclopropyl-N-trideuteromethylpyridine-3-sulfonamide
6-(2-amino-5-(2-(dimethylamino)thiazol-4-yl)pyridin-3-y1)-3,4- B o
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(E)-4-(6-amino-5-(5-(hydroxyimino)-5,6,7,8-tetrahydronaphthalen-2- | .
yhpyridin-3-yl)-N-ethylbenzenesulfonamide
4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)- | , . . -
N-cyclopropyl-N-methylbenzenesulfonamide
N-cyclopropyl-4-(3-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)-1H- o -
pyrrolo[2,3-b]pyridin-5-yl)benzenesulfonamide
methyl 2-(4-(6-amino-5-(1-ox0-1,2,3,4-tetrahydroisoquinolin-6- « o
yhpyridin-3-yl)-N-methylphenylsulfonamido)acetate
4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)- | , . . -
N-ethyl-N-methylbenzenesulfonamide
4-(5-amino-6-(1-oxo-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , . . -
N-cyclopropyl-N-methylbenzenesulfonamide
4-(5-amino-6-(1-oxo-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , . . -
N-ethyl-N-methylbenzenesulfonamide
6'-amino-N-ethyl-N-methyl-5'-(1-0x0-1,2,3,4-tetrahydroisoquinolin- | , , .
6-yI)-[2,3-bipyridine]-5-sulfonamide
6-(3-amino-6-(4-((cyclopropylmethyl)sulfonyl)phenyl)pyrazin-2-yl)- o -
3,4-dihydroisoquinolin-1(2H)-one
4-(5-amino-6-(1-oxo-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , . -
N-cyclopropyl-N-ethylbenzenesulfonamide
4-(5-amino-6-(1-oxo-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , . . -
N-(cyclopropylmethyl)-N-ethylbenzenesulfonamide
4-(5-amino-6-(1-oxo-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , . -
N-(2,2-difluoroethyl)-N-methylbenzenesulfonamide
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4-(6-amino-b-(1- oxo 2 3 4,5-tetrahydro-1H-benzo[clazepin-7-

yhpyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide

K*AhK K*AhK
yhpyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
1-(4-(5-amino-6-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | _ -
yhphenyl)cyclopropanecarbonitrile
4-(5-amino-6-(1-oxo0-2,3,4,5-tetrahydro-1H-benzo|[c]azepin-7- o -
yhpyrazin-2-yl)-N-ethyl-N-methylbenzenesulfonamide
1-(4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3- | , . o
yhphenyl)cyclopropanecarbonitrile
2-(4-(5-amino-6-(1-0x0-1,2-dihydroisoquinolin-6-yl)pyrazin-2- o .
yl)phenyl)-2-methylpropanenitrile
6-(3-amino-6-(4-(1-cyclopropylethoxy)phenyl)pyrazin-2-yl)-3,4- o -
dihydroisoquinolin-1(2H)-one
6-(2-amino-5-(4-(2-(dimethylamino)propan-2-yl)phenyl)pyridin-3-yl)- | , .
3,4-dihydroisoquinolin-1(2H)-one
2-(4-(5-amino-6-(1-o0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | , -
yh)phenoxy)-2-methylpropanamide
ethyl 2-(4-(5-amino-6-(1-ox0-1,2,3,4-tetrahydroisoquinolin-6- « o
yhpyrazin-2-yl)phenyl)acetate
2-(4-(5-amino-6-(1-ox0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | o
yh)-1H-pyrazol-1-yl)acetonitrile
4-(5-amino-6-(1-ox0-2,3,4,5-tetrahydro-1H-benzo[c]azepin-7- - -
yhpyrazin-2-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
2-(4-(5-amino-6-(1-o0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | , -
yh)-2-methylphenyl)-2-methylpropanenitrile
2-(6'-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)-[3,3'- o o
bipyridin]-6-yl)-2-methylpropanenitrile
2-(4-(5-amino-6-(1-ox0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | o
yl)phenoxy)acetonitrile
4-(5-amino-6-(5-0x0-2,3,4,5-tetrahydrobenzol[f][ 1,4 ]oxazepin-8- - -
yhpyrazin-2-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
4-(6-amino-5-(2-0x0-1,2,3,4,5,6-hexahydrobenzo[b]azocin-8- * o
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1-methyl-2,3-dihydro-1H-indene-1-carbonitrile
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4-(6-amino-5-(5-0x0-2,3,4,5-tetrahydro-1H-benzo[e][ 1,4 ]diazepin- - -
8-yhpyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
1-(4-(5-amino-6-(1-oxo-1,2-dihydroisoquinolin-6-yl)pyrazin-2- o .
yhphenyl)cyclopropanecarbonitrile
2-(5-(5-amino-6-(1-o0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | , -
yhthiophen-2-yl)acetonitrile
5-(5-amino-6-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2-yl)- | , -
1-methyl-2,3-dihydro-1H-indene-1-carbonitrile
4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridazin-3- | , . -
yl)-N-cyclopropyl-N-methylbenzenesulfonamide
1-(4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridazin- | *
3-yl)phenyl)cyclopropanecarbonitrile
4-(5-amino-6-(4,4-dideutero-1-oxo-1,2,3,4-tetrahydroisoquinolin-6- | , . . -
yhpyrazin-2-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
2-(5-(5-amino-6-(1-o0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyrazin-2- | , -
yhthiophen-2-yl)-2-methylpropanenitrile
(1R,5S,6s)-6-(4-(5-amino-6-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6- | -
yhpyrazin-2-yl)phenyl)-3-oxabicyclo[3.1.0]hexane-6-carbonitrile
N-(4-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3- | _ .
yhbenzyl)acetamide
6-(3-amino-6-(4-(4-hydroxytetrahydro-2H-pyran-4-yl)phenyl)pyrazin- | , -
2-y1)-3,4-dihydroisoquinolin-1(2H)-one
4-(6-amino-5-(2-(2-cyanoethyl)-1-oxo0-1,2,3,4-tetrahydroisoquinolin- | o
6-yh)pyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
(R)-4-(6-amino-5-(3-methyl-5-0x0-2,3,4,5-
tetrahydrobenzol[f][1,4]oxazepin-8-yl)pyridin-3-yl)-N-cyclopropyl-N- HEE HEE
methylbenzenesulfonamide
6-(2-amino-5-(4-(2-morpholinopropan-2-yl)phenyl)pyridin-3-y1)-3,4- | , .
dihydroisoquinolin-1(2H)-one
4-(6-amino-5-(5-0x0-2,3,4,5-tetrahydrobenzol[f][ 1,4 ]oxazepin-8- - -
yhpyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
5-(6-amino-5-(1-0x0-1,2,3,4-tetrahydroisoquinolin-6-yl)pyridin-3-yl)- | -
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4-(5-amino-6-(5-0x0-2,3,4,5-tetrahydro-1H-benzo[e][ 1,4 ]diazepin- - -
8-yl)pyrazin-2-yl)-N-cyclopropylbenzenesulfonamide
4-(6-amino-5-(5-0x0-2,3,4,5-tetrahydrobenzol[f][ 1,4 ]oxazepin-8- - -
yhpyridin-3-yl)-N-cyclopropylbenzenesulfonamide
4-(5-amino-6-(5-0x0-2,3,4,5-tetrahydrobenzol[f][ 1,4 ]oxazepin-8- - -
yhpyrazin-2-yl)-N-cyclopropylbenzenesulfonamide
4-(6-amino-5-(1-0x0-2,3,4,5-tetrahydro-1H-benzo[clazepin-7- - -
yhpyridin-3-yl)-N-cyclopropylbenzenesulfonamide
6-(3-amino-6-(4-(1-(methylamino)cyclopropyl)phenyl)pyrazin-2-yl)- - -
3,4-dihydroisoquinolin-1(2H)-one
4-(6-amino-5-(4,4-dimethyl-1-ox0-1,2,3,4-tetrahydroisoquinolin-6- | , . . .
yhpyridin-3-yl)-N-cyclopropylbenzenesulfonamide
1-(4-(5-amino-6-(4,4-dimethyl-1-ox0-1,2,3,4-tetrahydroisoquinolin- | .
6-yl)pyrazin-2-yl)phenyl)cyclopropanecarbonitrile
4-(5-amino-6-(4,4-dimethyl-1-ox0-1,2,3,4-tetrahydroisoquinolin-6- | , . . .
yhpyrazin-2-yl)-N-cyclopropylbenzenesulfonamide
6-(3-amino-6-(4-(pentafluorosulfanyl)phenyl)pyrazin-2-yl)-3,4- * o
dihydroisoquinolin-1(2H)-one
(8)-4-(6-amino-5-(3-methyl-5-0x0-2,3,4,5-
tetrahydrobenzol[f][1,4]oxazepin-8-yl)pyridin-3-yl)-N-cyclopropyl-N- wx HEE
methylbenzenesulfonamide
4-(4-(5-amino-6-(4,4-dimethyl-1-ox0-1,2,3,4-tetrahydroisoquinolin- | , . .
6-yl)pyrazin-2-yl)phenyl)tetrahydro-2H-pyran-4-carbonitrile
4-(4-(5-amino-6-(1-0x0-2,3,4,5-tetrahydro-1H-benzo[clazepin-7- o .
yhpyrazin-2-yl)phenyltetrahydro-2H-pyran-4-carbonitrile
4-(4-(6-amino-5-(4,4-dimethyl-1-0x0-1,2,3,4-tetrahydroisoquinolin- | , . .
6-yl)pyridin-3-yl)phenyhtetrahydro-2H-pyran-4-carbonitrile
(R)-4-(6-amino-5-(3-((benzyloxy)methyl)-5-0x0-2,3,4,5-
tetrahydrobenzo[f][1,4]oxazepin-8-yl)pyridin-3-yl)-N-cyclopropyl-N- * xR
methylbenzenesulfonamide
(8)-4-(6-amino-5-(3-(hydroxymethyl)-5-o0x0-2,3,4,5-

K*AhK K*AhK

rile
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2012/ 121992PCH-US201 2/ 027376

1- (4- ( 5- pftiranBBL-arespidiypoyEispradyareopae-Lisoi ndol in] -6' 4

yl ) pyr az{ BoIRRINEBYHRNgZEyEYIoNCHiRReYENboni tril e ** *¥*
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4- (5- am NRo&uikdin1-6%Anyazins-ysinBMdoRicbrémepBlrirnmiel opr dpane- 1, 4')-

I soqui NoOH+A—6—yhpyraztr—2—yhberzorttre .

4 (5- am B BEPEOSRE:80-8,374 Bis ey PRI eTIEL AloxrapmieBy r i disn- 3-

Apyr azi n} BIRyEYIN NP IoPeav yaRPERRE N Y enanEs * » x * +x

4- (5- am naSahhod-@dia@ieindr1Lo@x0p, S A G iRisdiRe@zi [n- 2- y1) - Ncycl opr o

nzenesul | 9ﬂ@@zﬂez-ﬁ)fN-éy’EroBropyl-Q-methylber]zenesu!fonamide o

4- (6- am Ro—S5—33—di-frethyi—t—exer-sotndoA—S—yhpyrtdin-—3—yi—Neyetopto

et hy| bpRSSRBLRIG Greifi2d-dinyerockh-Spirolcyclopropane-1,4-
isoquinolin]-6'-yl)pyrazin-2-yl)-N-cyclopropyl-2- FHx FHx
methylbenzenesulfonamide
4-(5-amino-6-(1'-o0x0-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'- . .
isoquinolin]-6-yl)pyrazin-2-yl)-N-cyclopropylbenzenesulfonamide
4-(6-amino-5-(1'-o0x0-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'- . .
isoquinolin]-6-yl)pyridin-3-yl)-N-cyclopropylbenzenesulfonamide
4-(6-amino-5-(1'-0x0-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-
isoquinolin]-6-yh)pyridin-3-yl)-N-cyclopropyl-N- Fokk Fokk
methylbenzenesulfonamide
(8)-4-(5-amino-6-(3-methyl-5-0x0-2,3,4,5-tetrahydro-1H-
benzo[e][1,4]diazepin-8-yl)pyrazin-2-yl)-N-cyclopropyl-N- Fokk Fokk
methylbenzenesulfonamide
(8)-4-(6-amino-5-(3-methyl-5-0x0-2,3,4,5-tetrahydro-1H-
benzo[e][1,4]diazepin-8-yl)pyridin-3-yl)-N-cyclopropyl-N- Fokk Fokk
methylbenzenesulfonamide
(8)-4-(6-amino-5-(3-methyl-5-0x0-2,3,4,5-tetrahydro-1H-
benzo[e][1,4]diazepin-8-yl)pyridin-3-yl)-N- Fokk Fokk
cyclopropylbenzenesulfonamide
4-(4-(6-amino-5-(1'-0x0-2',3'-dihydro-1'H-spiro[cyclopropane-1,4'-
isoquinolin]-6-yh)pyridin-3-yl)phenyl)tetrahydro-2H-pyran-4- Fokk Fokk
carbonitrile
4-(6-amino-5-(3'-oxospiro[cyclopropane-1,1-isoindolin]-6'- - -
yhpyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
4-(4-(5-amino-6-(3'-oxospiro[cyclopropane-1,1'-isoindolin]-6- o -
yhpyrazin-2-yl)phenyltetrahydro-2H-pyran-4-carbonitrile
4-(6-amino-5-(3'-oxospiro[cyclopropane-1,1-isoindolin]-6'- - -
yhpyridin-3-yl)-N-cyclopropylbenzenesulfonamide
4-(5-amino-6-(3'-oxospiro[cyclopropane-1,1-isoindolin]-6'- o -
yhpyrazin-2-yl)-N-cyclopropylbenzenesulfonamide
4-(4-(6-amino-5-(3'-oxospiro[cyclopropane-1,1'-isoindolin]-6- o -
yhpyridin-3-yl)phenyl)tetrahydro-2H-pyran-4-carbonitrile
4-(5-amino-6-(4,4-dideutero-1-oxo-1,2,3,4-tetrahydroisoquinolin-6- | -
yhpyrazin-2-yl)-N-cyclopropylbenzenesulfonamide
5-(3-amino-6-(4-(N-cyclopropyl-N-methylsulfamoyl)phenyl)pyrazin- o -

2-y)-N-methylindoline-1-carboxamide
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- et hyl benzenesul f onam de *** ***
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ﬂ,_(AQLEyqar)]lﬁ@-ﬁj%rﬁxgsrglrp@yelerpropane 1,1+ |somdolln] -6'- o .
nYgEzin- 2 e eryevglopropanegpRpiile 2 3. 4-
BLES M I 4-AlrofsphBRYbA&LiR24n Y1 uibyareyi@h-opr opyl benzenesul f onanide *
spiro[ )/clopropane 1, 4' |soqumoI|n] 1- one ) )
neety-t 3—di-rethyHndel A5y 1) —5—amnepyrazii—2—y 1) -Neyelepropyl -
Jéﬁé—@rﬁg@[ﬁ ELoWar; %éﬂlhydroﬂk’lsd splro cycllopropane—1,4’— o ek
N OGN AN-B yBRYGFATEAY ISP FANHITK- 3- y1) - 3, 4- di hydrd- 2, 7-
diBah(ndld 8RRE55:7,5Tetrahydro-2, 7-naphthyridin-3- . .
myp';‘:ra(zr%aoym é/c@p?opﬁbér%ﬁ&mfmacmae -napht hyri di n-'3-
e oPto nnly N-ret || HbenzenresutfFonarde Six x &%
ﬁH%a ERERAR IR A AR ARt At e
HXCE’PWY'bRPZ&%%UHB?%Q? N- et hyl benzenesul f ondni de *** |x**
N9 Ealhfhold- @ @RREPYNONIBRUBIN- Wby ridn-4ygNnydr d- 2, 7- e
&icpidpdi)-megibenzenesulfonamide
4-(5-amino-6-(4-bromo-1-hydroxyisoquinolin-6-yl)pyrazin-2-yl)-N- - -
cyclopropyl-N-methylbenzenesulfonamide
4-(6-amino-5-(8-0x0-5,6,7,8-tetrahydro-2,7-naphthyridin-3- o -
yhpyridin-3-yl)benzonitrile
4-(5-amino-6-(8-0x0-5,6,7,8-tetrahydro-2,7-naphthyridin-3- - -
yhpyrazin-2-yl)benzonitrile
4-(5-amino-6-(4,4-dimethyl-1,3-dioxo-1,2,3,4-
tetrahydroisoquinolin-6-yl)pyrazin-2-yl)-N- * *
cyclopropylbenzenesulfonamide
4-(6-(1-acetyl-3,3-dimethylindolin-5-yl)-5-aminopyrazin-2-yl)-N- o -
cyclopropyl-N-methylbenzenesulfonamide
6-(2-amino-5-(4-fluorophenyl)pyridin-3-yl)-3,4-dihydro-2,7- o o
naphthyridin-1(2H)-one
4-(6-amino-5-(8-0x0-5,6,7,8-tetrahydro-2,7-naphthyridin-3- - -
yhpyridin-3-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
4-(5-amino-6-(8-0x0-5,6,7,8-tetrahydro-2,7-naphthyridin-3- - -
yhpyrazin-2-yl)-N-cyclopropyl-N-methylbenzenesulfonamide
6-(3-amino-6-(4-fluorophenyl)pyrazin-2-yl)-3,4-dihydro-2,7- - -

6.42. In Vitro Measurement of MST2 Inhibition

Assays were performed in low-volume 384-well black proxiplates (Perkin Elmer, PE-

BIk-Proxi-6008269).

Eight compounds were first diluted into LDV (Echo) plates using a

Multiprobe, at a starting concentration of 1 mM compound in 100% DMSO. Using the ECHO,

75 nl compound was pinged into 384-well proxiplates. The starting concentration of

compound in each assay plate is 7.5 uM, followed by 3-fold dilutions, to give quadruplicate

ten-point concentration curves. A 3x solution of MST1 enzyme in kinase buffer (Invitrogen,

PR4940C) was added to wells containing compound or DMSO controls, followed by a 10

minute preincubation step. Reactions were initiated by adding 5 yL of a mixture of ATP and
Z-Lyte S/T Pep 7 (Invitrogen, PV3180) and proceeded at RT for 1 hour. The final

concentration of key reagents in the kinase reactions were 1 yM substrate, 1 nM enzyme,
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concent ratxoeh of key reagents in the kinase reactions were 1 pM substrate,
1 nMenzyne, WO 2012/121992PCT/ US2012/027376 and either 50 pM ATP or 1 niM

ATP. At the gnd %ﬁ&g@g reaction, 10 ul of devel opi ng sol ution
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pL Wa%transfeﬂnedyBmombb@swerasellam_dlmmlgﬁim IDMﬁDaheon@uIaW% wer e then
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30di lution (renal er use)
wer e t hen2{-wellblateegbntaining the cells, followed by addltlon of 300 ul from each compound

30 dilution (remaining compound dilutions kept at 4°C for later use). Plates were then incubated
at 37°C and 5% CO2 for 4 hours. One ul of 225 uM okadaic acid in 100% DMSO was then
pipetted into a new 1ml deep 96-well plate, followed by addition of 300 yl compound dilution
(stored at 4°C in the previous step) to give a final concentration of 0.75 pM okadaic acid.
The media/compound mixture was then aspirated from 24-well plate containing cells and

35 then replaced with the media/compound/okadaic acid mixture. Cells were incubated at

37°C and 5% COz for 2 more hours. Cells were detached by simple pipetting and cell
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at 37C and 5% CO2 for 4 hours. One pl of 225 pM okadaic acid in 100% DVSO
was then pipetted into a new 1nl deep 96-wel |l plate, followed by addition of
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h

propyl - N- net AE di sease del
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o o P hown T SR SEmBRTT et 10wl et Bards g gl sl e S e vo
2012/ 121992010 WEARIBNPANRIL Results are shown in Figure 2A, wherein * indicates p < 0.05

Versus control.

A second study examined the therapeutic effect of the compound. Here, mice were
35 generally dosed PO, BID, for 14 days, starting on Day 9 after MOG peptide immunization (in
the 100 mpk group, compound was dosed BID on days 9-13, and QD on days 14-23).

Results are shown in Figure 2B, wherein * indicates p < 0.05 versus control.
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The conpound was al so studied in a rat EAE nodel. Here, four groups of rats
(n = 10 per group) were adm ni stered vehicle control, 10 ng/kg, 25 ny/Kkg,
or 50 ng/wQ20se$992PO, Bl D. Dosi ng began on Day 9 after PCRruseé1zaeion. As
shown in Figure 3, the corrpound agai n exhi bited a dose- dependent reduction
in severity of cI|n|c 1ndic 5 ont.rol
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enzyme and cyt gkd Jb‘?nd'o@ﬁ@@%ﬁjrﬂwgr QudiinA r‘aﬂém%%gaglaerﬁ@&él tdsﬁlg%?ﬂi%}oupgglur
groups of mce were used (n = 10 per group): vehicle 20 control, 10 ng/Kkg,

30 ng/ kg, AN LEDPIREIP): TERISIeOSEOWED B1ediss 85 MERkeh 2a% 5O ek efhisrats wate 8 h
after, thgodeamrorsehablrngs mgs\kg:grsacss 6#@@(50 m%kw%u@ ) bedghrméhg d}»f@ayhl N Y,

ALT and AST was observed (* 1 ndicates versus control; ** indicates
p<o0.1 v@?@%za@ﬁﬂt/{)‘%ﬁown@ Eugureﬁqg}erpﬁg@pr@p showed a therapeutic effect.
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10The effect ofiguies showptherrifectofahaeuwudt Ao lived ehzymasndcgokiobwspensd ias a

function QfCon-A induced hepatitis model. Five groups of mice were used (n = 10 per group): vehicle
control, 1 mg/kg, 3 mg/kg, 10 mg/kg, and 30 mg/kg. The mice were dosed PO 16 hand 1 h
35  before, and 8 h after, the Con-A challenge. A clear effect in TNF-¢, IL-6, MCP-1, IFN-y, ALT

and AST was observed (* indicates p < 0.05 versus control).
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dose and nmethod of delivery. Figures 10A and 10B show the effect of the
conpound on cunul ative scores and change in ankl e thickness when

adm ni st ewedorutaceseaneously (* indicates p < 0.05 ver sueCrarseoilo273ve t hree
groups of mce (n = 10 per group). The groups were adm ni stered vehicle
control, 10 ék. o/ kg f arélng on Day
20 after col LA *’."""”"*' i —1c St 1 obt ai ned
when t he conpound—was=adiifits s * 0 05 versus
control) to foute @fnﬂj@pﬁd m‘s Binfe- 6( |1 -0%o0- 1@ @&tet@hwakoquﬂbﬂan@wm@z.r\AemeN

adm ni stere eh ntrol [k doses BI D for
R A Y Nt L T N (R R Al
ref er emcesgro(ps ¢ micoat-enod peratrclipp ublel ailnetdstpw‘de/lhuclempmmaa ngNg) 1€ higad, above

are incorpgqrated her b ref erence,. 992PCT/ S2012/ 027376
CLA Ve il TR G RL Bl YorY> S8R L ERSE o B0 S NG peifibR T Aisgp eation. Fisure
phar maceubA sl@dvirsythaettﬁpbfadﬂbeutsaédustdbﬁngGif cleamiesedemenéencs iredliyiicalascore was

ndependeniiy o kREHE < SratrRub’a il eveorsrinBRH G IR ¢ N o
CH, 10eachHodiig.i s |ndependently RlA, - (R1B) nSOpR1C, - (R1B) nSOpN( R1C) 2,

- (R1B) ANR1CSOpR1C F A { i gnal |y
subst %(?ut ed Clﬁiezefﬁecdr OE%E@Qﬁ O)U(EI& %é)%gygen%ﬁ%@g)&v r%gﬂs @S%g%rrﬁ%’fﬁs aol\r/l\ﬂfc}tg% o
opti onal goﬂ@satnldtnaﬂthmfldshww trigures I§A amdrl@BehowR1g efteacdf tiRlgonm@untidependent | y
am no,

|ndependen Mg%f%%@%géﬁégg@%%ﬂﬁﬂg%ﬁbgﬁa %Vhéﬁ @?%Fﬁ?é&ﬁmcﬁéﬁé%gwor nor e of
15am no, & koixgtes p cdrQoxgrsus oeyta@ibto thigke groues ohyide Gxy L9 per group). TheagrhuRi c i s

i ndepende i yl or 2-
12- nenbergée%ggﬁﬂggggbgﬁae ﬁ& %m%qﬁ%%r@%&ggﬁ%%gﬁgrﬁﬁﬂf€ﬁé%ﬁé or nore
of animo, startikgwylDay @gpﬁgmllag@y@nmeQMno Figyreskiyo§ragdyliOD show results obtained

R2 and mwﬁé@th%%%o&rm@és%h @ceﬂ‘e@ Pé\u? machi%QBQr(‘ﬁ% DELR &%M&g leE’r“ O“a' ly

20substituted with one or nore drogen or
and groups of mice (n = 10 per group). The groups were admlnlstered vehlcle control, 10 mg/kg

30 mg/kg, or 50 mg/kg doses BID for three weeks, starting on Day 20 after collagen
immunization.

20

All references (e.g., patents and published patent applications) cited above are

incorporated herein by reference.

25
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R3 is hydrogen or optionally optionally substituted Cl-12 hydrocarbyl or
2-12- menbered heterocarbyl, which optional substitutionis with one or

nore of REM;2012/121992 each R3A is independentl|y anPoo/usadiRox¥Bl76

car boxyl, cyano, halo, or hydroxyl; 25k is O or 1; mis 0-3; nis 0 or 1;
and p is 0-2; with theC r vgfo that R3 is not hydrogen when X
Is CH Yi is CH Y2is CH and R2 is ogen. 2. The conpound of claim1,

wherein R2 is not hydrogen. WO 2012/121992PCT/U82012/027376 3. The
conmpound of claim1l, which is of the formula: O .LNHR2 Y( | Y2 R3 NH2
wher ei n YIVhahigcosnedtis’ each i ndependently N or CH 4. The conpound of claim
3, which is of .the formul a: wherein: Dis a 4-7-nmenbered

het erocycl e: amd q ﬁgoﬁpﬁ”m§9”?ﬁém3%ﬁpound of clain14 which is of the

formul a:
NHR,
(R»r@\(
NH2

5 or a pharmaceutically acceptable salt thereof, wherein:
Ais aryl or 4-7-membered heterocycle;
Xis N or CH;
Y1 and Yz are each independently S, N or CH, provided that at least one of Y1 and Y2 is
N or CH;

10 each R1is independently Ria, -(R18)nSOpR1c, -(R18)nSOpN(R1c)2, -(R18)nNR1cSOpR1c,
-(R18)nC(O)N(R1c)2, or -(R18)nNR1cC(O)R1c, or optionally substituted C1-12 hydrocarbyl or 2-12-
membered heterocarbyl, which optional substitution is with one or more of Rua;

each Rua is independently amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl;
each Ris is independently C1-12 hydrocarbyl optionally substituted with one or more of
15 amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl;
each Raic is independently hydrogen or optionally substituted Ci1.12 hydrocarbyl or 2-
12-membered heterocarbyl, which optional substitution is with one or more of amino, alkoxyl,
carboxyl, cyano, halo, or hydroxyl;
Rz and Rs are taken together to form a 5-7-membered heterocycle optionally
20  substituted with one or more of Raa, or:
R2 is hydrogen or C14 alkyl; and
Rs is hydrogen or optionally optionally substituted Ci1.12 hydrocarbyl or 2-12-
membered heterocarbyl, which optional substitution is with one or more of Rsa;
each Rasa is independently amino, alkoxyl, carboxyl, cyano, halo, or hydroxyl;
25 kisOor1,;
m is 0-3;
nis0or1; and
pis 0-2;
with the proviso that Rz is not hydrogen when X is CH, Y1is CH, Y2 is CH, and Rz is
30  hydrogen.

2. The compound of claim 1, wherein Rz is not hydrogen.
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RolRY NHZiXY2 | D (R3A)g 10Ni NH2 wherein
of claim5, which is of the formula: 0 yfJl

Zis Nor CR. 6. The conpound
Y2\ RBA N NH2 wherein Yi and

Y2 are eawb2rdepeadent|ly N or CH. 157. The conpound of eCaiuse®2/oxt37eh i s of
the formula: RO \.. -.1 YIilINH ZI XY(---C/ NNH2 WO

2012/ 121992PCT§U|SI2;)'JQ]2|_%§0%T7D% 9d nglalm Rfﬁé’ﬂ?suor%(?heofforrﬁlhlg‘:i mb5, which is of the

NHR,
(R1)m4@\[

formula: R10 Ri

wherein Y1 and Y2 are each independently N or CH.

4, The compound of claim 3, which is of the formula:

(R1)m /\/d&
Y2 (Ran)g
NH,

5
wherein:
D is a 4-7-membered heterocycle; and
g is 0-2.
5. The compound of claim 4, which is of the formula:
R4 0]
Ri# Y?Z NH
| | D
Nz Sy
| 2 (Raa)q
~
10 N NH,
wherein Z is N or CRu.
6. The compound of claim 5, which is of the formula:
NH
Yz
Raa
NH,
wherein Y1 and Y2 are each independently N or CH.
15 7. The compound of claim 5, which is of the formula:

NH2
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X ZY 2\'1 pp 3A1 1V sig N NH2 9. The conpound of claim5, which is of the
formula: R1IO Y.LNH 1 jx r NH2 R4 1\ b5Swherein: R4 is hydrogen or alkyl; and
ris 1 orw@.200219pke conpound of claim5, which is of tireTfuseomio2rd7é R1 Y1
Zjf XY2 1\r N2 0 NH (R3A)g 1011. The compound of claim 1, which is of

t he fornul a:

8. The compound of claim 5, which is of the formula:
/\/&NH
(Raa)q
NH2 _
9. The compound of claim 5, which is of the formula:
1 @]
Rz | YfkaH
X
Y f\Yz o
R
N NH,

5  wherein:
Ra is hydrogen or alkyl; and

ris 1 or 2.

10. The compound of claim 5, which is of the formula:

fj\[ sz \
(R3a)q

NH,
10 11. The compound of claim 1, which is of the formula:
wherein:
Y2 is N or CH; and
Zis N or CRu.
15 12. The compound of claim 1, which is of the formula:
NH2
wherein:
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R1 Th\r NH2 wherein: Y2 is Nor CH and Zis Nor CR. 1512. The conpound of
claim1, which is of the fornmula: 0 RLYi NHR2 jf XS R3 NH2 wherein: Yi is
N or CH, wodo2/i2e99 or CRi. 13. The conpound of any of @C&iUSR12ALB76 wher ei n
X is N 14. The conpound of any of claims 1-10 and 12, wherein Yi is CH

515. The corrpoqu &for% J clainms 1-11, wherein Y2 is CH 16. The
conpound of any 8t €14l i 5- 12, wherein Z is N 17. The conpound of any of
clainms 5-12, wAe&hbrCR.is CRi. 18. The conpound of any of claim

1-12, wher ei n R is -(RIB)nSOpRi ¢, -(R1B)nSOpN(Ric)2, -(RLlB)nNR cSOpRi c,

- (R1B) nC( 0) N( RiL8) 2, Th con{rRuB) pNRY {18y Ie12, Wde@inkis Nonpound of cl ai m 18,
wherein n = 0. 20. The conpound of claim 18, wherein p = 2. 21. The
conpound of cl &ftm 20he eginobnd of anly of eleinfsglr Husrad 12 aherel Yids Bl at i on
conprising a conpound of any of clains 1-21 and a 15pharnaceutically
accept@abl e excilpi enfke eampgundieiany of claims 1-1pgvherpifeYaiseHof a conpound of any
of clainms 1-21 or the fornulation of claim?22 for _the inhibition of MST1.
24. The use of 1& coMfporaiPoynd airapy 6f cleimgiond2, 1he it isthhe fornul ati on of claim
22 for the treatnent, nmanagenent or prevention of_ an inflammatory or
aut oi mmune di séése He PXROERY dlgany of claims 51 wherpineZ i§&Ri0f cl ai m 24, wher ei n
t he aut oi mmune d| sease or disorder is achlorhydra autoi nmune, Addl son's

Di sease, ankyl mgﬂéep‘&ﬂ%ﬁww Pfsa”y%?'?'”b%égfdﬁtﬂr?"bﬁél'ss(yRﬁﬂWSQﬁ%c’ asthma (e.g.,

bronchi al (Rs}.50B)R1cA!-0RL)NFIEIOTRL {R:5).C(OIN(RIINBINR: AINRUTD)R.gast ri ti s,
Behcet ' s d| sease, Celiac D sease, Crohn s Disease, Cushing's Syndrorre,

der met@myosi ti 39.  The compound of claim 18, wherein n = 0.
20. The compound of claim 18, wherein p = 2.

21. The compound of claim 20, which is of the formula:

(Rig)aN_ //
//
(Rsa)q

22. A formulation comprising a compound of any of claims 1-21 and a

15 pharmaceutically acceptable excipients or diluent.

23. The use of a compound of any of claims 1-21 or the formulation of claim 22
for the inhibition of MST1.

24, The use of a compound of any of claims 1-21 or the formulation of claim 22
for the treatment, management or prevention of an inflammatory or autoimmune disease or

20 disorder.

25. The use of claim 24, wherein the autoimmune disease or disorder is
achlorhydra autoimmune, Addison’s Disease, ankylosing spondylitis, anti-phospholipid
syndrome, asthma (e.g., bronchial asthma), atopic dermatitis, autoimmune atrophic gastritis,
Behcet's disease, Celiac Disease, Crohn's Disease, Cushing's Syndrome, dermatomyositis,

25  Goodpasture's Syndrome, graft-vs-host disease, Grave's Disease, Hashimoto's thyroiditis,
hepatitis (e.g., inflammatory and alcohol-induced), idiopathic adrenal atrophy, idiopathic
thrombocytopenia, Kawasaki syndrome, Lambert-Eaton Syndrome, lupus erythematosus,
multiple sclerosis, myasthenia gravis, pemphigoid, pemphigus vulgaris, pernicious anemia,

pollinosis, polyarteritis nodosa, primary biliary cirrhosis, primary sclerosing cholangitis,
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25CGoodpasture's Syndrome, graft-vs-host di sease, G ave's D sease,
Hashinoto's thyroiditis, hepatitis (e.g., inflamatory and

al cohol - iwoureexdp1992di opat hi ¢ adrenal atrophy, idiopathi ecCrhrseshoeiBrepeni a,
Kawasaki syndr orre Lanbert - Eat on Syndrone, | upus eryt hemat osus, multiple
sclerosis eni.a Vi pernicious
anem a, pB?Cinl%gcga ”at'ccﬁgt gtr' E?Yr&%g}‘) nmg ossgagyngr%l rrary %'ngﬁm c?r}t'rshom S,
primary S(ﬂeemamlmqtmtmej%uhg1|¢tb§yndrprse,rscasao@rmep§mgremts wnammrswmpstheﬂRaynauds
Reiter's S t

Sehm it - s S Lo R R R E R Al S ARATR Bl BB b S et i,
Takayasu' sf gkgarecéltardone ewpow)atypaﬂtdmhetassuIcetrhwe@ptma geitissand Wagfmprsant
rejectio r%ﬁul?matogfs organ, cell or bone marrow), type 1 diabetes,

ul cera |v§ colitrs, uveitis, and Wegener's 5granul omat osi s 26. The use of

claim 25, wherggn thg QUtpLATUDS vﬂie?é?ﬁﬁﬁ: a%Eouf%%gé 838 ée%r QsQr'aBr |§ jpease,

gr aft -versus- host di sease, psori asi s eunat ol art cerative
colitis. disease, graft-versus- “host disease, psoriasis, rheumatoid arthritis, or ulceratlve colltls
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