WO 2013/ 019828PCT/ US2012/ 049097 | NHI Bl TORS OF | NFLUENZA VI RUSES REPLI CATI ON
RELATED APPLI CATI ONS [ 00100] This application clainms priority to U S

Provi si ornsb 24spl1pg2at i on No. 61/513, 793, filed August 0lpczabion2opmoentire
teachi ngs of which are incorporated herein by reference. BACKGROUND OF THE
| NVENTI ON [ 00101] I nfl uenza spreads around the world in seasonal epidem cs,
resulting in the deaths of hundreds of thousands annually - mllions in
pandem c years. F , ERifA @ﬁgﬁh urred in the 20th
century and kiIIegﬁggﬁgﬁgbgé?¢Pﬁ%ﬁgEg?Aggggﬁg?gmnt gégﬁggf t hese pandem cs
bei ng caused by the appearance of a new strain of the virus in humans.
Oten, these new strains result fromthe spread of an existing influenza
virus to humans from ot her ani mal species. [00102]Influenza is primrily
transmtted from person to person via |large virus-|laden droplets that are
generated when infected persons cough or sneeze; these |large droplets can
then settle on the nucosal surfaces of the upper respiratory tracts of
suscepti bl e individuals who are near (e.g. within about 6 feet) infected
persons. Transm ssion m ght al so occur through direct contact or indirect
cont aREMATEDrASSIICAITdONSsecr et i ons, such as touchi ng surfaces contam nated
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persons wi th weakened i mmune systens m ght be infectious for 10 or nore

days after onset of synptons. [00103]Influenza viruses are RNA viruses of
the fam b i.gh conprises five genera: Influenza virus
A Inf J%%gékbﬁgggﬁgﬁtﬁ%ﬁfﬁgﬁigﬁﬁirus C, Isavirus and Thogoto virus.

[ 00104b070a] | nf | ueMZehzy brosdsAr@eiiubic Wasd omscasPet bfidemicdf desi@id@inAhy dedtss Wl d
aquatic birds are the natural hosts for a large variety of inf|luenza A
Cccasiob handrgds eftheusardsggnaualam@itiensdy pepdestip ypars pBey eamply ey indlierzac ause

devas i [ 0 ' I i) i O..:

20137 GIBUSRECBESR £5 b 20B0TRR PRl fohs 9F i K b REpkSwilRuch ofihise e
ar e t pandamsits béing tantd by thernppedrageta nawongirt ¢dfehé hireeinihnflane rQfeent yees and
cause the npst severe diseaae. The i.nf] uenza A virHs ca&,be ubdi.vi ded into
di ff eﬁl@Wtst@gxsawﬁeng%a@éar Of AR CHRH Y CIZESHYR S NYBIRSHEUR OYCF HEBE] The
ser ot ¥p&sed hat have been confirned in humans, ordered by the nunber of
known human pandem ¢ deat hs, are: HLN1 (which caused Spani sh influenza in
1918) [0 ( whilcfluaaa ssquindailatrahsrhittae froen parschd Persohi¥MAafgehiimb-lagused Hong
Kong Fl u.in 1968), H5 a pandenic threat.in the 2007-08 infl|uenz
seasorffoPlgty f\fl‘f? Eﬁﬁ%ﬁfa{}%@g 11?8&’%%8‘1631?8%%% FOUEP OF SHETRITCSC 4TRD drPBl‘?gSe‘fﬁngh?“n

human g8 @nRhdlicosaONfaci/Mahe uppeNBespirstoR1ENNEs off BOJPEDIERRiV LAY oAy rus B
genus has one species, influenza B virus.” Influenza B al nost excl usively

i nf ectnsatgrgamsthamabonso fesd)gnteetedwarsoha d ransisseanzaight alyy ecay throeghhdirecani mal
known t e S eptible to influenz .infecti i.s thec.seal. This. type of
o ueh BRSPS B Bt SRR 1 R BB SRS bondrBighng
i's | essitig@neéizaatiduy afld theh squichitigtthe ydsynda3ser mdhithuadals BigebotyReo spsad
result of this |ack of antjgenic diversity, a degree of imunity
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speci esoradbygeter onginbf symptemsur es t hat pandem cs of influenza B do not
occur. [0Q106] The_ I nfl uenza vi C genus. has .on ecies, ,influenza C

Vi _rus,lf’m%i h i nﬁgf&wzw%%?é aaen%ﬁ%i Feail e il Cehagvundidcy WeE"and 1 oca
epi denyfprisddaRVRheral HIWERZANGE A, Inhi&SSa QRFIfB,nlntﬂlfl@&at\J?ﬁls ot heridypgs and

usual ly seems to cause mld disease in children. [00107]Influenza A B and
C vi r ddegotanerugery similar in structure. The virus particle is 80-120

nano in di ter and. usyal ly roughly spherical,, alth fil.ament ous
For o 101 Cur TGO EERER Yo R Bt B eie bt GooE Rt SV Ef agat®Dr ece. of
nucl eitgrdd@tetthe hatgfa@Aekts for aGQ3t dhcty SEUETIcRZa A1 OftasiBhEGE Virdfes 2QIMBRIhREd
negati ve-sense RNA. The | nfluenza A genone encodes 11 proteins:

hemagd® athiensnecicraypd mag thearfianscodey astithgg) Qutbrgelisdn gparcetiqpquiip) or give Tif@to NS1,
N52( NEP), PA, PBl, PB1-F2 and PB2. [00108] HA and NA are |l arge gl ycoproteins
on the outside of the viral particles. HAis a lectin that nedi ates binding
of the virus to target cells and entry of the viral genone into the target
cell, while NAis involved in the release of progeny virus frominfected
cells, by cleaving sugars that bind the mature viral particles. Thus, these
protei ns have been targets for antiviral drugs. Furthernore, they are
antigens to which antibodies can be raised. Influenza A viruses are
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WO 2013/ 019828PCT/ US2012/ 049097 and N distinctions (vide supra) in, for
exanpl e, H5N1. [00109] I nfl uenza produces direct costs due to | ost

product i woyomndsssoci at ed nedi cal treatnment, as well @&sTiusdéizeeto9Tosts of
preventative nmeasures. In the United States, influenza is responsible for a
total cost of over $10 billion per year, while it has been estimated that a
future pandem c could cause hundreds of billions of dollars in direct and

i ndi r édomagosihenzPpademiat iThe tyyesA sirases asd tho nfvisghirul Govhenmmpathe gevsranchaigd e
have spent hi Iioni of U S dﬁlllars?l| gre ri ng nd @I anni n% for potenti al
HENL 405 BFFSi IRFYIEA D ARdEst ooy, soilt Uscpss JhCP R AhYIBeRESi ng dr ugs
and vagediPRIEd dfto WatdreRScrdB)pel BRAGn WSaRhedy Hishddse tdMdsSHiFRLETIRS for

i nproved border controls. T700110] Current treatnment options for influenza

i ncl uderotypes ihaahivsrheemnanfohedon hemapy ovsterashiontbp nophed eikingwwihumaant i - vi r al

nmedi cat i ons. Vagcci nat| ai.nst _influenza,w th.an,.i.nf a.vaccine is
aalig Thcherh G R B el e S LTS T c N
or in meaph€uébatn hayp, BSNDhicticaiRt @Fong®ond&ah in 19ERIAIEN 1 HopMemhic it 1S
possi ble to get vaccinated and still get influenza. The vaccine is

r ef or rfcaltis dhe20H-Q% adlyangagicasnd.e 7N 3 gﬁ’hfohélaﬁ Hhysyelroaneli paterdiabuH18@nn ot
possi I |1 [ i i kng people in the world for
t hat gée%iggﬁglq%%ﬁggagégﬁyﬁjgﬁmh% %?ﬁ({]ﬁzﬁlﬁgnuf acturers to formul ate
and pro@hise t he Thellhflwmsa ofrudB Pesuy legwne gekcics, déatn2aiB hirdhdnfeaseBal

epi dem cs; occasionally, a new ar overl ooked strain becones prom nent

dur i ng!mestexelpstucly ipfeth humprs widdpicss opmepdniRdyeEade Hicanly aler spimaly (as
by th ik i - ' eng; j I
possi BT e baplem ot 2o BIRoaBn b PR AR Ay B TR, Lery
st r ai matcRad tindes sloaeciine tys A uphosedqiantlpiekengencasllyhbvarse siitheoniyabees about

two weeks to _becone effectiyve 0111] Furt her,, the effectiyveness of these
0 | USSR BARHRE A Ub PR SR AT ALFET YR GR Y Re v T s,
a par tihfhnas BiighiduagpasqRAG Eh@eéig“@éel. HAHRREERSTRNSS BGhitdRds Effughendtor e than
a few years. A vaccine fornulated for one year nmay be ineffective in the

f ol | owistige ymerunity isyee posseble.nthis eeduged/iataisf ahigenje shangpi epinbinsdewith itsre, and
di fferen trains cone dom nant . 0112 0, because of the.absence of
v o BlerioR RS (516 R TR Rk DTes ARt R T BBl S RARERES

VRNA Bfesotacsingl e nucl eotide insertion error roughly every 10 thousand
nucl eoti des, which is the approximate I ength of the influenza vVRNA. Hence,
near | JORMSEy neviibg InBinza viruy € @enws has o spasissuatlpenzg Gy thightintestsi c
drift. ' n ' [ NA
al | owBiils BERRLEMAE Ty IS, SRR B RpR oniRE Ak ol THRALR COL K

i nf ectcethnansthagthe otledr typedhed nealll kéamgs toapust milddigeast in vilda¢n.geneti cs
produEﬁ antigeni ¢ shifts arild allows the virus to infect new host species

and qUP¥O overBiwEza (WoB2I1S] DTe82 SISCTRUBZOERMOHEYTC prl BE ¥t RAtFlRiNi ty.
[ 00113hAM ] Yoot HOfarhéRr MSRubsy Hﬁl@ﬁlgﬁs?l;ér‘fecf%]f}talthm\%lm%@ntoﬁé fdtms can

neur am ni dase I nhibitors belng partict ecti but viruses can
devel opcuresisusanltyefore vitue, isstgendae ds moitaisuiglapiecdy efgsicleid 80d;igdteathitsontahere i s

till d.f .d f t ti. i nfl i ti h f d
ot h SRR S Pisaey e b At e KRR 2By BBRG A Benprihspien 1 Cor 9°
SUMMVARY, (s THdEake DIVERNTH @D )| AQkLAIRTRRC PRAS 8ik1chpA&H [10m), SenanalNyi rel ates to

met hods of treating influenza, to nmethods of 1 nhibiting the replication of

i nf | ueHZANER).JePB It 8BAdiZiodBY. r educi ng the anount of influenza viruses,
and t ound n I 1] hat can. b | oyed .f or h et hods.
00110 iR e kB atH RATRE ke 23l BB By SR b S R eSEpouna
r epr esestinabathyedBitedisihdinglof FRrvitis @ fakgct celty and dphigloffaakial galdnye iagc@pt abl e
salt thereof, wherein: Xl is -F, -d, -CF3, -CN, or CH3; X2 is -H -F, or
-Q ;. Zargpteeh whilegNA izgnyodvaq ig thegrlease of progeny virus from infected cells, by cleaving

sugars that bind the mature viral particles. Thus, these proteins have been targets for antiviral

drugs. Furthermore, they are antigens to which antibodies can be raised. Influenza A viruses are

classified into subtypes based on antibody responses to HA and NA, forming the basis of the H
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Z3 is CHor N, Yis -C(RAR5)-[C(R6R7)]1-Qor -C(R4)=C(R6)-Q@ R is -H -F,
or CN; R, R2, and R3 are each and independently -CH3, -CH2F, -CF3,

- C2H5, - GMDChIBA1982€H2CF3; or optionally R2 and R3, or RPCTRAR2@nM49R37
together with the carbon atomto which they are attached, forma 3-10
menbered carbocyclic ring; R4 and R5 are each and independently -H, R6 and
R7 are each and independently -H, -OH -CH3, or -CF3; or WO

2013/ 01O PERTTAIOB01R, W8OI, for exampmptHB¥Al | y, R5 and R7 together with the

car bo to ich th are attached form a cycl.oprqpane. ri.ng;, and

each AFIITT depditiien procte Bt b TS co Bl proaggyiand Bpgplcaiflsi &l

- S(0) 2RatmenB(d e IN if¥lirecPEos®s o prBERRECE nfta REQ &Y e RU tdted iflReAkd Re group
consisting of:, N,H ,...,.... [/ ---- --:-- NN\NA111 /...... Vo....

N .... responpibledpr HBta gdst of Qversh LOMillioDpenyear,GHRRHE ha hogn esfinpatedthaa Aitkgl ; R

is -OH4,._ <G 4 alkyl, qr -CH? OH: " &S =H.or . . R isg - a.3-6

menbe Pé‘%é%@‘él? 88%@8??589}“?%1695 E% &@fﬁ ngi%@*}“ atireshang 1§dgﬁ%§??s‘§-uﬁ§&e%at%‘f-? one or
nor e sykis bictdigriigh.sebeahedntk Mandinig: Biveupert Oilsibss 6MY.S0folhad p@p#Ming 4ida and
-C(0)ORa; Ra is -Hor G 4 alkyl; and nis 0 or 1. [00117]1n anot her
enbodiPksming fope ppieada A5 N haydwt indlenzs napdepiceyith §ogs priarinee svith pughasing

B R

phar maortublscal | y acceptable salt thereof) and a pharmaceutically acceptabl e

carri ?{]01 1%?1 uvargurroeglt ‘g’eeart]ringlllteo'ptions for influenza include vaccination, and chemotherapy or
chemoprophylaxis with anti-viral medications. Vaccination against influenza with an influenza
vaccine is often recommended for high-risk groups, such as children and the elderly, or in people
that have asthma, diabetes, or heart disease. However, it is possible to get vaccinated and still
get influenza. The vaccine is reformulated each season for a few specific influenza strains but
cannot possibly include all the strains actively infecting people in the world for that season. It
takes about six months for the manufacturers to formulate and produce the millions of doses
required to deal with the seasonal epidemics; occasionally, a new or overlooked strain becomes
prominent during that time and infects people although they have been vaccinated (as by the
H3N2 Fujian flu in the 2003-2004 influenza season). It is also possible to get infected just
before vaccination and get sick with the very strain that the vaccine is supposed to prevent, as the
vaccine takes about two weeks to become effective.
[00111] Further, the effectiveness of these influenza vaccines is variable. Due to the high
mutation rate of the virus, a particular influenza vaccine usually confers protection for no more
than a few years. A vaccine formulated for one year may be ineffective in the following year,
since the influenza virus changes rapidly over time, and different strains become dominant.
[00112] Also, because of the absence of RNA proofreading enzymes, the RNA-dependent
RNA polymerase of influenza VRNA makes a single nucleotide insertion error roughly every 10
thousand nucleotides, which is the approximate length of the influenza vRNA. Hence, nearly
every newly-manufactured influenza virus is a mutant—antigenic drift. The separation of the
genome into eight separate segments of VRNA allows mixing or reassortment of vVRNAs if more
than one viral line has infected a single cell. The resulting rapid change in viral genetics

produces antigenic shifts and allows the virus to infect new host species and quickly overcome
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[00118]In yet another enbodi ment, the present invention is directed to a
nmet hod of inhibiting the replication of influenza viruses in a biol ogical
sanpl e orwpavizmpg2sconpri sing the step of adm ni st eri ngPCo/tsadid/ooot ogi cal
sanple or patient an effective anount of a conpound disclosed herein (e.g.,
a conpound represented by any one of Structural Fornmulae (I) - (X), or a
phar maceutical ly acceptable salt thereof). [00119]1n yet another
enbodipmtﬁnd;tivetitmmmlﬁtgsent invention is directed to a rret hod of reduci ng the
anmount nfluen uses i bi ol tle

conpr 1081131 Aan repab] diey Gridliboregn G5l in SR8 oyl maRE G iR ve
amuntpeRiy ﬁﬁf&tfﬂ?%ﬂtc%@ %h%ﬁ@e@@ir@de@el@ﬁ r&histarfc GO RAUM ardeRkiOR a6k, by any
one of Structural Formul ae (1) (X), or a pharmaceutically acceptable salt

t her ed#9114] 00120]hus, there iagidt m@fredefmbdmlgmttreattntgelnﬁn@szennfeptmmmqu @s fay

directed to.a netho t.r eat |nflu patient,
corrprldgrﬁlgisgmgh Ana ?ddtr atmge[wmg?vgl’ Orr({ g Seélf“ftlé’c |?/§1r%r?§ int of a conpound
di scl osed herein (e.g., a corrpound represented by any one of Structural WO
2013/ GLGRBAY/QISZAEANOANDIONFor nul ae (1) - (X), or a pharmaceutically
acceptabl e salt thereof). [00121] The present invention al so provides use of

t he coppounds descri bed herein for jnhibiting repli.cation of influenza
virusdBOtiETa bi di GrEaNt IBXFSIOB SERCTRAY TdHES tOfr%?tﬁchdaﬁ&eﬁfgn& REUSBU of

i nfl ueRZRyQ4IJF %ﬁﬁ&tlh tl% 1@{)19&&199{1 681 REARIBrREs, RATEBBHS oBediGhe {hreeaﬂ{duﬁgof
influenza 1n a at| Al'so provided herein i's use of the conpounds
descr |11m‘é1¢nheveus¢s famud to hempaumd and mrepmitmls theed icerabeemnploged fareath mgthodd. | uenza
in a r redu am)un i nf.l enawruses in _a biolqgical
sarpl QOB o' BheneRBodhent oiment iy ia tFEGR LA ST e ER o
Vi rusey Stﬂlcalralfq,ln@glaqgj; sanple or patient. [00123] Al so provided herein are
t he conpounds represented by Structural Formula (XX): X2 \ 1Zi NNI Gor a
pharmaceutically acceptable salt ther of Wthout bei ng bound to a
particul ar theory, the conpounds of ruq\}l_PraJ/YFor mul a (XX) can be used for
synt hesi zi ng the conpounds of For “PHe variables of Structural
Formula (XX) are each and i ndepen Ny a i’ned herein; and when Z1 is
N, Gis trityl (i.e., C(Ph)3 where pPh is %heua?yl) and when Z1 is CH Gis
tosyl (Ts: CH3C6HA502) or 00124] The invention al so provides
met hods of preparing a conpo nd epr@sent ed by Structural Formula (lI) or a
phar maceutically acceptable s tNereof I n one enbodi nent, the nethods
enpl oy the steps of: i)reacting E'orrpound A (Awth corrpound B:

or a pharmaceutically acceptable salt thereof, wherein:

X' is -F, -Cl, -CF3, —-CN, or CH;;

X*is -H, -F, or —ClI;

Z'is N or CH;

Z%is N or CR”;

7’ is CH or N;

Y is -C(R*R’)-[C(R°R)],-Q or —C(RMN=C(R®)-Q;

R"is —H, -F, or CN;

Rl, Rz, and R? are each and independently —CHjs, -CH,F, -CF3, —C,Hs, -CH,CH,F,
-CH,CF3; or optionally R* and R’, or R', R* and R’ together with the carbon atom to which they

are attached, form a 3-10 membered carbocyclic ring;
R* and R’ are each and independently —H;
R® and R’ are each and independently —H, -OH, -CH3;, or —CF3; or



conmpound represented by Structural Formula (XX): WO

2013/ 019828PCT/ US2012/ 049097 G XX); and ii)deprotecting the G group of the

conpound w0 28tyaes28r al Forrmul a (XX) under suitabl e condiPCirarsgomo4400T m t he

conpound of Structural Forrula (1), wherein: t he vari abl es of

Structural Fornulae (1) and (XX), and conpounds (A) and (B) are

i ndependent |y as deflned herein; and L2 is a halogen; and when Z1 is N, G

is trityl; oq&hemall&lRf sndCR{] togethsr wahyhe @rbdnrdtoms to Which dicyanostteehedfdvmdi nment ,

t he matgl ods e 1?(2/ de steps of: conpound D: NH2-Z3(C(R1R2R3))-Y to form a

compoudXiOPEpr et é8%by Structural Formula (XX): G(XX); and ii)

deprot ecti RgcH Hgs Ad G?éi‘id@nﬂ)} @@O‘I@U@HUF@H%HSIS'(@)R’UH%b @11 @Oi under
€ co (ZI)

suitable conditions to formt npound of Struct Ur al wher ei n:
t he vab(QiNR RY’,8r pdemembgredbetaracaele s¢lyctehfromis groalmoumtpmfds (L), (K,
and (D) are each and i ndependently as defined herein; and when Z1 is N, G

Is trityl; Z1l is CHNG\J)stsyI T\I’It .
2013/ 0198 USZO 9QP7 Inuie(—émot er [
t he st s d (O rrp
NH2- Z3( R3)) N (D) N un o, sui tdpl e cggadltlons t
r epr esent ed by Structural Fornula (XX): X2

Qg -H, —-OH or —-CH,0OH;
R is —H or C 4 alkyl;
R’ is —OH, C;4 alkyl, or -CH,C(O)OH;

R’’ is —H or -CH3;

t, the methods enpl oy
D: X2 (G,
ywd;orm a conpound

R’’’ is —H, a 3-6 membered carbocyclic ring, or C,4 alkyl optionally substituted with one
or more substituents selected from the group consisting of halogen, -OR" and —C(O)OR?;

R is —H or Cy4alkyl; and

nisOor 1.
[00117] In another embodiment, the present invention is directed to a pharmaceutical
composition comprising a compound disclosed herein (e.g., a compound represented by any one
of Structural Formulae (I) — (X), or a pharmaceutically acceptable salt thereof) and a
pharmaceutically acceptable carrier, adjuvant or vehicle.
[00118] In yet another embodiment, the present invention is directed to a method of
inhibiting the replication of influenza viruses in a biological sample or patient, comprising the
step of administering to said biological sample or patient an effective amount of a compound
disclosed herein (e.g., a compound represented by any one of Structural Formulae (I) — (X), or a
pharmaceutically acceptable salt thereof).
[00119] In yet another embodiment, the present invention is directed to a method of
reducing the amount of influenza viruses in a biological sample or in a patient, comprising
administering to said biological sample or patient an effective amount of a compound disclosed
herein (e.g., a compound represented by any one of Structural Formulae (I) — (X), or a
pharmaceutically acceptable salt thereof).
[00120] In yet another embodiment, the present invention is directed to a method of
method of treating influenza in a patient, comprising administering to said patient an effective

amount of a compound disclosed herein (e.g., a compound represented by any one of Structural
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(XX); and ii) deprotecting the G group of the conpound of Structural
Formul a (XX) under suitable conditions to formthe conpound of Structural
Formul a (WP,204340r18628 : the variables of Structural Forrask@e/ofdop7 and
(XX), and Conpounds (G and (D) are each and independently as defined
herein; LI is a halogen; and when Z1 is N, Gis trityl; when Z1 is CH Gis
tosyl or trityl. BRI EF DESCRI PTI ON OF DRAW NGS [ 00125] FIG 1 shows certain
conpouiedsulat (k) e X)narerpliaomaceDETAlyL 4eDeDECRb HThONoOF THE INVENTI ON [00125]

The c ds of ,the invention are as descri.hed in t

enbod IEATL. ¢ hdheaRmsIhaL P ehe A RO RT DesorbphabuleBiFyeth fne. o
Str uctmtﬁatmgqtmbe&n()h)of influhza AFfusBOA SHERYIcCanple W@h@%&ea&t@m

t hereof, wherein the variables are each and independently as described in
any oneayht efiaflednan viyusasnn & diedogied) senpigrer patierheordontpenting snfbfenpgon a
2013/0198 8PCT/ US2012/ 049097 the invention are represented by any chem cal
f or mulP&e" epicted in Table 1 and FIG 1, or pharnaceutically acceptable

sal t s [odeneof .  |AlsEprRiREhedinBRLS of thh@omPoRaidndscridvbd hBRid foy et i on are
presented by Structural Fornulae (I) - (X), or a pharnaceuti cal

acceptapugcaur of ¢ medcgmentfaefredtimetipnducpas itad patienhfer wderngig W@g@ﬁtdent ly
as depigl&d, b{r}uste@% £6om g@all Firﬁﬂ%t Afa f%e{he?{ﬁ%!r for ﬁtﬂgm'ﬁg%e 1%811%‘%&%@] I'n one

enbodi ment, e compoun I nvention are repreSente tructura
Fornuhaﬂ&h&aOﬁmmharmhmﬁuﬁm@ahhMeacpﬁnmable salts thereof: X2 wherein the

val ues he vay |ables f Structural For la (I e_as d r|b
[00126?% firsth Proeft 3&?@&&%&# A GRS %?3{31 SRR TS (| (|)_

is as follows: is -F, -G, -CF3 CN or . In one aspect, is

-F, -d, or -CF3. In another as ct is -For -d. X2 is -H, -F

-d, or -CF3. In one aspect or -CF3 I n anot her aspect, X2

is-For -d. Z1is Nor o asp%é%? Z1 is CH |In another aspect, Z1
>

is N Z2is Nor CR N, CGF, or GCN In another
aspect, Z2 is N Z3 i . In one aspect, 23 is CH Yis

-C(R4R5) - [ C(RBR7) ], - C(R6) Q Ris -H -F, or CN R, R2,
and R3 are each and ind t%q CH3, -CH2F, -CF3, -C2H5, - CH2CH2F,
-CH2CF3; or optionally R2Nand|R3 or R, R2 and R3, together with the
carbon atomto mhlch they areGattached, forma 3-10 nenbered carbocyclic

T (e b e SOl e P "
opt i ongldpyulki cﬁt@@"ua%ral ®orifila (RX) %Qﬁbg@sedtfgﬂ%%ﬁlzmgttﬁe E&ﬁp&ﬁ{dpgme to

whi ch they are attached, forma 3-10 nenbered carbocyclic ring. In another
as pec (1). Fctvavablg of FactualcF omluiae(XX)obep efudiamtilusdep@&d&nﬂy @HQ@ﬁned(bléBe,m,omd

oy ar s g TRy RS B A b SRREREL ot Whep PP BT iR ! en

CH3C6H4SOZ) or trltyl.

[00124] The invention also provides methods of preparing a compound represented by
Structural Formula (I) or a pharmaceutically acceptable salt thereof. In one embodiment, the

methods employ the steps of:

1) reacting compound A: (A) with compound B : a

compound represented by Structural Formula (XX):



WD 2013/ 019828PCT/ US2012/ 049097 aspect, Rl, R2, and R3 are each and

i ndependently -CH3, -CH2F, -CF3, or -C2H5. In yet another aspect, Rl, R2,
and R3 arwoOeacinigsrd i ndependently -CH3, or optionally RPCan$2033/04wp7 R1l, R2
and R3, together with the carbon atomto which they are attached, forma
3-6 nmenbered carbocyclic ring. Specific exanples of carbocyclic ring

i ncl ude cycl opropyl, cycl obutyl, cyclogentyl, cyl cohexyl, and bridged
rings, such as adamantly group. In yeK another aspect, Rl, R2, and R3 are
each and independently -CH3. R4 an are eag:h and |ndependently -H.

R6 and R7 are each and i ndependent {y NN -CH3, or -CF3; or optionally,
R5 and R7 together with the carbo cRIms tQ ’ch they are attached forma
cycl opropane ring. In one gspect, and R7 are each and i ndependently -H,
-OH, -CH3, or -CF3. In andt t, R6 and R7 are each and i ndependently
-H Each Qis independently |C(O ORZ-OH, -CH2OH, -S(0)R, -P(0)(0OH) 2,
-S(0)2R, S(0)2-NR'R', or N ered het erocycl e sel ected fromthe group
consi sting of: N- R z-|-- NNAN----"-- \ ... ... H or
- CH2CH. SpeC|f| c exanpl es of the 5- Srenbered het Myaé]ldes i ncl ude: each Q
i s indgpen the ifdd xRy

5- mnggred%ﬁ%k%ﬁlg%%% soél (?gltﬂtlaed fromn%1 Ogsg%%{l?ﬁl Egﬁglﬁitl ng %@r Sgﬂiaﬂb@zE 111\
D r N.conditions to-fpnHthermdmpound of Structural Formula (I),wherein:

the variables of Structural Formulae (I) and (XX), and compounds (A) and (B) are
independently as defined herein; and
L?is a halogen; and

when Z' is N, G is trityl; when Z' is CH, G is tosyl or trityl.

In yet another embodiment, the methods employ the steps of:

X2 X2
/i H 7 /l;
2 N S\ Z/Z/\S/S\ 0]
1 =N 1 =N
N NA
[ 2 [ 2
N L N L
N N\ N N
1) reacting compound K or L: G (K) G (L) with

compound D: NH,-Z*(C(R'R’R?))-Y to form a compound represented by Structural Formula
(XX):
X2

N 577
Z/g/S/NH

X1
B
/
N/ '\ll
G (XX); and

i1) deprotecting the G group of the compound of Structural Formula (XX) under suitable
conditions to form the compound of Structural Formula (I),wherein:

the variables of Structural Formulae (I) and (XX), and compounds (L), (K), and (D) are
cach and independently as defined herein; and

when Z' is N, G is trityl; when Z' is CH, G is tosyl or trityl.

-7-



CH2OH, -S(0)2R, -S(0)2-NR'R ", or a 5-nenbered heterocycle selected from
the group WD 2013/019828PCT/ US2012/ 049097 anot her aspect, each Qis

i ndependewOIl2913/00pBOR, -OH, -S(0)2R , or -S(0)2-NR'R ". PCm/Uset12anmbher
aspect, each Q is independently -C(0)OH, -OH, -S(0)2R, or -S(0)2-NR'R'. R
is -Hor G _4 alkyl. In one aspect, Ris -H R is -0OH G _4 alkyl, or
-CH2C(0)OH. I n one aspect, R is -OHor -CH2C(0)OH R' is -Hor -CH3. In
one aslpecita,nombr bmbed-ﬂment the iR¢thpds emkplon tiB®-sepy@itber ed car bocyclic ring, or
Cl 4 al kyI 2% ]y ﬁgﬁtltﬁ d\Mté\ﬁ*g or nore substituents sel ected
fromt F% b SIPoER it COBeH’ ( and -C(0)ORa. |n one aspect, R'
is -H, a -6 nenbered carbogyclic ring, or optionally substituted Cl1_4

al kyl. In another aspect, is -Hor optionally substituted Cl-4 alkyl. Ra
is -Hor Cl_4 alkyl. In ct, Raeis -H nis 0 or 1. [00127] The
second set of val ues of ariables of Structural Forrmula (I) is as
follows: Xl is -For -C.yX2is -For -d. Values of the other variables
are each and in n as described above in the first set of values of
t he vari abl es of S|ruc urggr Forrmula (I). [00128] The third set of val ues of
the variables of S (@ Formula (1) |s as follows: Xl is -For -d. Z1
is CH val ues oY the ot her vari abl es are,each and i ndependently as
descri bed above in the fPrst set“%ﬁB@hﬁ@é@ﬁbﬁﬁgﬁbYV$D|ables of Structural
Formula (I). [00129] The fourth set of values of the variables of Structural
Formula (I) is as follows: X2 is -For -d. Z1 is CH Val ues of the
ot her waler alitabk @nditivacto fand ai codgppemntieptdsyntad by 8gactuix Hoahdey XX t he fir st
set of values of the variables of Strugtural Fornmula (1). [00130] The fifth
set of values of the variables of Strfictural Fornula (1) is as follows: Xl

is-For -d. Z1 is N Val ues he \pf.herYvariabl es are each and
i ndependently as descri bed above i2a th Ir set of val ues of the
vari abl es of Structural Formula (I)=~=N01 si xth set of values of the

vari abl es of Structural Fagnul is as foRfows: WO

2013/ 019828PCT/ US2012/ 04909

Z1

G (XX); and
i1) deprotecting the G group of the compound of Structural Formula (XX) under suitable
conditions to form the compound of Structural Formula (I),wherein:
the variables of Structural Formulae (I) and (XX), and Compounds (G) and (D) are each
and independently as defined herein;
L' is a halogen; and

when Z' is N, G is trityl; when Z' is CH, G is tosyl or trityl.
BRIEF DESCRIPTION OF DRAWINGS
[00125] FIG. 1 shows certain compounds of the invention.

DETAILED DECRIPTION OF THE INVENTION

[00125] The compounds of the invention are as described in the claims. In some
embodiments, the compounds of the invention are represented by any one of Structural Formulae
(I) - (X), or pharmaceutically acceptable salts thereof, wherein the variables are each and

independently as described in any one of the claims. In some embodiments, the compounds of

-8-



X2 is -For -C. Z1 is N Val ues of the other variables are each and

i ndependently as descri bed above in the first set of values of the

vari abl eswof2o8vmeg28ur al Formula (1). [00132] The sevent hpseiused1zwadoars of
the variables of Structural Fornmula (I) is as follows: Xl is -For -C. X2
is-For -d. Z1 is CH Val ues of the other variables are each and

i ndependently as descri bed above in the first set of values of the

var i athemvefitioBtarecipusahtedby any ehenhiyal HHOISSHcPhaedinghable end BFG.Viabues of t he

vari abl es of Structur Fo la (1) is as fo . X is -For.-C. X2 is
VB or Phggnegialy Rbeth ol Tttt s Srb@imGH  wpFebPupds Bt Cand

i ndepend@nbh YredtedRRE rbl[ytseﬂlcﬁ@a\f%nhma% fag f(x5 r abrrRdced@d N Hc8dptdoiesalt

vari abl es of Structural Formula 0134] The ninth set of val ues of the
vari abh@sofowh@temb@ vpEdblGareradch a(nd)mdepelak:nﬂmm demctein thg chgmigal fodhulag2 j s
N, C F q% CgFI Val ues of the other variables are each and
|ndepeng £y géscrlbed above in the first set of values of the

var i ahberepf Eldﬂé(étmb’oaimﬁﬁrtﬁbl b@mf)él)nds 0O thb3hychiien beytepres@ticdby Shdi@al of the
variabl es of Structural Formula ) is as follows: X2 is -For - Z2 is N,
C-F, diormulaND) or pharmaggpticadly gecopkiblotafs thogepfi abl es are each and

i ndependently as described above in theirst set of values of the

vari abl es of Structural Formula (1). 136] The el eventh set of val ues of
the variables of Structural Formula as 501 lows: Z1 is CH Z2 is N,
CF, or GCN Val ues of the other arlqi_ § are each and

i ndependent |y as descri bed above in tFeNfir st t of values of the

vari abl es of Structural Formxiy a

wherein the values of the variables of Structural Formula (I) are as described below.
[00126] The first set of values of the variables of Structural Formula (I) is as follows:

X! is —F, —Cl, -CF3, —CN, or CHs. In one aspect, X! is —F, —Cl, or -CF5. In another
aspect, X' is —F or —C1.

X% is —-H, -F, —Cl, or -CF3. In one aspect, X?is —F, —Cl, or -CF3, In another aspect, X2 is—
F or —CL.

Z'is N or CH. In one aspect, Z' is CH. In another aspect, Z' is N.

Z%is N or CR’. In one aspect, Z%is N, C-F, or C-CN. In another aspect, Z%is N.

7’ is CH or N. In one aspect, Z’ is CH.

Y is -C(R*R’)-[C(R°R")],-Q or —C(RH=C(R%)-Q.

R’ is —H, -F, or CN.

Rl, Rz, and R’ are each and independently —CHs, -CH,F, -CF3, —C;Hs, -CH,CH,F,
-CH,CFs; or optionally R? and RS, or Rl, R? and RS, together with the carbon atom to which they
are attached, form a 3-10 membered carbocyclic ring (including bridged carbocyclic ring, such
as adamantly ring). In one aspect, R', R?, and R” are each and independently —CH3, or —C,Hs, or
optionally R” and R’, or R', R? and R’ together with the carbon atom to which they are attached,
form a 3-10 membered carbocyclic ring. In another aspect, each of R', R? and R? is
independently —CHs, -CH,F, -CF3, or —C;Hs, or R' is —CH3, and R? and R” together with the

carbon atom to which they are attached form a 3-6 membered carbocyclic ring. In another



[ 00137] The el eventh set of values of the variables of Structural Fornula
(1) is as follows: WD 2013/019828PCT/ US2012/049097 Z1 is N. Z2 is N, CF,
or C-CN. woO2013/e828es of the other variables are each amdTiusdapament|y as
descri bed above in the first set of values of the variables of Structural
Formula (I). [00138] The twel fth set of values of the variables of

St ruct ur al Forrrula (3I is as follows: XI is -For -d. X2is -For -d. Z1
is N agch,R'NR>,@nf R’ are @clthnd independviatlyie€Haf-CHRE, -6iFhear %Hs abiMamthereach
and i nde denpt | S desc i bed above e first by al u

oo LBEREHRE B A Eh R alR i O S ot S R e LR LR 9 s of

the vagri gb@sr With Sl deEdARdm f@ WRtthahdyl dre afad@d f Blh QWsé membered@arbog%zhczj-
and Z2 are each and i ndependently as descri bed above in any one of

first ringr &pgﬁﬁ@\marﬂplhs @%Qasbqwclvﬁam@mctwdetcwompylabm@bwbﬁ stolapshiytal For rrul a

d
' i evisphegrtiedd Bkt it s8R Ma Sy BIPRETANY ok Rasb T R GRS whi ch
they af&eath bhag hedpdmiemp-GHE. menber ed carbocyclic ring. Val ues of the

ot her variahles are each and independently as described above in the first
set of val FesndR wapecaghppdbidsersentst rdct ural Fornula (1). [00140] The

fourteenth f7 I t &5( 7S as
fol |l ows: R%eatnd% ay%a%ﬁ%&ﬂt?%ig&ﬂ\éﬂﬂ%ﬁ ﬁé %isaér;rg%e %lad:gﬁlg]‘r‘:}élepelﬁégnt ly as
descr itethabathethe barboy atons tofvhidhethéy astatthdtred dgitin & byclo@epine rigt dnohe val ues

of the varl%bl ,of Structural Fornul and R7 are each and

i ndepéiRféht ;ﬁn "aregch spggndepgndcoghy 1, 9i; C@ﬁr SeCTot 15 HROBEHEPSGaR, 2091 e
are egghy, hlaﬁgl gﬁfghhy _As descri bed above in the first set of values of

the varia uctural Formula (I). [00141] The fifteenth set of val ues
of the var |Falbhé251smrideﬁerldswtlym€(0}QR rfiIER -CHYOHs - Sa(@)ROIP(@l)éOH)z, S(OWR’, X2, 71,

Z2, R h t b d ab i
o N P&ﬁﬁﬁ?@h@fﬁd38%?@@@%?%@%? BB O T ot anl ot of |

Structural ﬁor rrul a o
{ ) o |
ELQ/ \/k \ % H//’\Ij, andg \ I

-OH or -CH,0OH. Spemﬁc exarnples of the 5-membered heterocycles include:

(T T =G
512/ \/kco%‘</ko§‘<wli andg \ F

each Q is independently —C(O)OR, -OH, -CH,OH, -S(O);R’, -S(0),-NR’’R’"’, or a 5-membered

H
/\N \

N, A %

ke N \ /g
heterocycle selected from the group consisting of: CH,0H, o,

/N ~ o~
AUV}
N/N ..
H , and oH. In another aspect, each Q is independently —C(O)OH, -OH,

-CH,0H, -S(O),R’, -S(0),-NR’’R’’’, or a 5S-membered heterocycle selected from the group

O ORad a0

CH,OH, N o, H , and on. In

y0, wherein J?is —H,

oH. In one aspect,

consisting of:

-10-



WO 2013/ 019828PCT/ US2012/ 049097 Each Q is independently -C(0)0OR, -CH,
-CH2OH, -S(0)2R, -S(0)2-NR'R', or a 5- /IN-...._NA..---\>-."--- C1-19
OH, woO 20Mal1gee8 of the ot her variables are each andpCmdsSpendeswty as
descri bed above in the first set of values of the variables of Structural
Forrmula (I). [00142] The sixteenth set of values of the variables of
Structural Forrmula (1) is as follows: X, X2, Z1, Z2, Rl, R2, R3, R,
and Ranather &spett, @l Q ndegreaaently yC4Q)0kRsOH,BEEM ARG we -$(0)alR’ K€ . dh yehe

first through fourteenth, set f t vari ab ,Structural

For muHOP P SDEced RertnY y T RS bR . @ aRR T

- S(0) 2- NR" R s —H or C VAIMAS 196nd NBcQl R —pari abl es are each and i ndependently
as described above in the first set of values of the variables of

St ruct ur al Rras ndHa Cgh 3lkyl, 004430 e pneaspept, Béis -PHwatGdsC(@)H0the

vari abl es q{,,lst_r%ct_ttrﬁl Foroula (b). isas follows: X, X2, 71, 72, R1,
R2, R3, Re, ahd RY are  ealh®am |’nde5endently as descri bed above in any one

of the firRtibrEugh-d Aumbeentirbssfcsic @ingvad Oealiefl opfienallgrsubditg@sd ¢fith one
Structural Fornmula (1). Each Q independently is - QQH, -OH, -$(0)2R , or
_5( 0) 2r RRrgsubstituents yaleted frigm tiparayprrensigtg afiflalogenr-ORe a8k —SHGRdEperdent | y

as de i »»aPo I i of . va . I1abl f

St ruct b Formal 2 o MRBE R SppRE LR sk iRy APl - Ghofiln

var i abhetheodsp&itr Rt isr-d ofFeptivubldy §ubstitusedas, Hfatityll.ows: X, X2, z1, Z2, R1,
R2, R3, R6, ,and R7 are each and i ndependently as descri bed above in any one
of the firdt 1t nl&GHrkY tlééﬁli"?ﬁs&eéf’?é?_lgal ues of the variabl es of
Structural jFepnyha (1). Each Q independently is -C(0)0H, -S(0)2R, or

-S(0) 2-NR'R". Val ues of the other variables are each and independently
as ded@0i23¢d abdihe steonidhyet dfivabites 9€theofriviEbuesStofcturhlerorenial) Bsis dbllows:
Structural orn}r:ll a él) [ 00145] The ni neteenth set of values of the

vari abl es it QEttral Fornula (1) is as follows: WO

2013/ 019828PGI L g20&R/ 049097

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00128] The third set of values of the variables of Structural Formula (I) is as follows:

X' is —F or —Cl.

Z'is CH.

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00129] The fourth set of values of the variables of Structural Formula (I) is as follows:

X? is —F or —Cl.

Z'is CH.

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00130] The fifth set of values of the variables of Structural Formula (I) is as follows:

X' is —F or —Cl.

Z'isN

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).

[00131] The sixth set of values of the variables of Structural Formula (I) is as follows:

-11-



X1, )(2, Z1, Z2, Rl, R2, R3, R6, R7, and Q are each and i ndependently as
descri bed above in any one of the first through sixteenth sets of val ues of
t he vari avDes13df1988ructural Fornula (1). R is -OH or - GE2ASA)1QM490B s - H.
R' is -H a 3-6 nenbered carbocyclic ring, or optionally substituted C1 4
al kyl . Val ues of the other variables are each and i ndependently as

descri bed above in the first set of values of the variables of Structural
Formul a (Iﬁ?ﬁﬁ@ﬂbﬁ?pLThe twentieth set of values of the variabl es of

St ructural orﬁula (I') is as foll ows: X, X2, Z1, Z2, Rl, R2, R3, RG,
and R7 are and i ndependently as descri bed above in any one of the

first througiygiortiResthd: wehBlcOhre\AtHBRI 1ﬁﬁeﬁeﬁﬁeﬁ{§fds%l'ééc@ﬁ>e@fabc§leﬁﬁ@ﬁélﬁ@{
Formula (I). Each Qi ndependently is - (0) 20H, -$(0)2CH2C(0) OH,

- S( 0) 2etNHi(velugs af tickytiybles OfStI'uCVHHILM’Hmfa (tlhe ot her variables are each and
d | d b th t |
SR S Sacrybe AORLR de DEybU o SRS, B FUPNURTRS e

conpounds of! it he ok hgention are represented by any one of Structural
Formul ae (Il) - (V), or pharmaceutically acceptable salts thereof: RSR5
X2R4) Qx2Q K Re-Fp-6b13/ 019828PCT/ US2012/ 049097 wherein val ues of the

vari abl es 9%i§&Hyctural Formulae (I1) - (V) are each and i ndependently as
descri bed above in any one of the first through twentieth sets of val ues of
the vari abl\eﬁuasfofﬁiermhénmﬁhbllémamhdl 4d) ind¢0d Ay dsnlcsoribet @bovenbold fimnt , t he

conpounds. o i nvention_ are represe d by any one of the Structural
Fornuﬁ@é’@@[ 50 Va“%@e W%?ﬁﬁ@gﬁk‘EQWEvﬁ hcceptabl e salts thereof: or a
phar FTEEG@HB'] cal | Wh%%@%ﬁ ?é{’lo?vﬁﬁest ofttﬁ@(fﬁ@afbiesmg'fﬁbtﬂral Bbrm& 5&%@% f3BoRse each
and ndependently 3; and ring P

is 3-6 nenﬁénedFanGbcycllc rlng, and mhereln values of the other variabl es
of Structural. Farnulae (VI) and (X) are each and i ndependently as descri bed
above in aﬁ? g fhe first through twentieth sets of val ues of the
vari abl es of! Nructural Formula (1). [00130] The twenty first set of values
of the variables of Structural Fornul ae éll) (X) is as follows: WO

2013/ 019828RtRsuSTIvthg4909lcRatcsash ard inflgpendintiyras-depgribed poeye iRthg st H,

set of values of the variables of Structural Formula (I).
[00134] The ninth set of values of the variables of Structural Formula (I) is as follows:

X' is —F or —Cl.

Z?is N, C-F, or C-CN.

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00135] The tenth set of values of the variables of Structural Formula (I) is as follows:

X? is —F or —Cl

Z?is N, C-F, or C-CN.

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00136] The eleventh set of values of the variables of Structural Formula (I) is as follows:

Z'is CH.

Z?is N, C-F, or C-CN.

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).

[00137] The eleventh set of values of the variables of Structural Formula (I) is as follows:
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R' is -H a 3-6 nenbered carbocyclic ring, or optionally substituted C 1 4
al kyl . Values of the other variables are each and independently as

descri bedwvalz01s#19§280131] It is noted that, for exanpl e, PErruseaianado9for mul ae
(M), (MI1), and (1 X) can also be showmn as follows, [00132] In yet another
enbodi nent, the conpounds of the invention are represented by any one of
Structural Forrmulae (1) - (X) or a pharmaceutically acceptable salt

t her eof , wiérneNn val ues of the variabl es are each and i ndependently as

shown in trkatligngg[yn%g&ng& Table 1 or FIG 1. [00133] In yet another

enbodi nent of the invention are represented by any one of
the struct waesloPiHAdtA& VAeRbIES 8¢ chth FRbin8epbnadfllyFds Gesclibe®ab& e in the first
pharmaceutical |y acceptable salt thereof [00134] As used herein, a

r ef er epicd viebics ohfhsatt®ys of Strusgurplrasmuiadd). (f or exanpl e, the conpound(s) of

onar rl0G8 ca 118 el o BIRREF RS hugbS pBe bt O S ol e

i nvention desgrirledcherein can be prepared by any suitable nethod known in
the art. For, exanple, they can be prepared in accordance w th procedures
described P WG 2006}.095400, WO 2007/ 084557, WO 2010/ 011768, WO

2010/ 011756, ;W@ WO 2013/ 019828PCT/ US2012/ 049097 2010/ 011772, WO

2009/ 073300, and PCT/ US2010/038988 filed on June 17, 2010. For exanple, the

conpounds $HawN, CrF,Bald-€éN1 and FIG 1 and the specific compounds depicted
above can prepared by any suitable pethod known jn th rt,. for_exanple,
VO 2005/ oggf?é@ﬁs Rt oRAdsyare STy Pé@ﬁé@}tlymdsw@ﬁg shopisin thgpfnst

2010/ QUITZ1uoY0r RO9ATE300N RN ACThRAFL0/ 038983, and by the exenpl ary
synt heses descri bed bel ow under Exenplification. [00136] The present

i nvent[0®i39pr ovi dés thmetebrobl setaff vpluepal tha gamatdeng@indturd gioeseht(®dsby any one
of Stru]itur‘al Formulae (1) - (X). In one enbodi nent, the conpounds of the
inve_ntf? tan be prepared as depicted in General Schemes 1-4. Any suitable
condi ti on( ', KAOMNand 7 18 et andlaRdpen&mily QY GekckiBed MSovieny 81 b offtRE figach

step depicted in the schenes. [00137] In a sEecific enbodinment, as shown in
Gener dhrogghh eyadfth scts pEvateastd dies veoiapled 96 Strivetursd Bprnofla fldact i ng Conpound (A)

wi t h Conpoynd 1ynder  suit.abl e condi tipn forma oyhd_o

Structur ot Trep BBk K Rubdf G G0N SRRy B A (e RN g s

hal og@®t ahff R’ @gettBi withrthe tarbén biond foiviiith ¢l atd@tacksBioRn AB-§ afcnill@ls of
Compounds (A), . (B) and Structural Fornula (XX) are each and i ndependently
as desemopedicdBigve for Structural Fornulae (1) - (X). Typical exanples for
LI and L2 i . RELR r: nprise
the step o?f aﬁ‘ée%?’g?leei‘?ﬁ%ﬂg‘aﬁ ﬁ@%%g%% %%J%altﬁanl gépesﬁg?ntt%%g cong?ta P(E)‘;néslh?%r fT'ngfr)m t he
conpouadd vafueSof thetvariabhlesof Stulcauréll GarmAtay(Isui t abl e condi ti on(s) known in the

art c enpl qved. in the invention for each ep depjicted in.the schenes.
For eiﬁ?ﬁ%, an%ﬁw%%rl@ ebRdiA TP dserabEsol %twrég%mg@s@&f %nd WO
2007/ Q8dzpsf for the coupling of a dioxaboraolan with a chloropyrimdine can

be enpl oyed 1f or tlhe2 reiacgi on Qet ween Conpounds (A) and (B). Specifically,
the reacti of, Betdwén ReoRpeod®s atedachpdd (ndypaanntiyeagdasé mradedtovaintdng opeesence

of Pd(RPh3)4 or Pd2(.dba dba i.s dibenzyl iden ceto . _For . exanple, the
e t el o RIS E o g i Mincatieb R LSRG L Bhem T B o .
trifluor 0agetung RAGKIeATEM IndePeridogtPrESANG LR, of QFexanpl e, Et3SiH (Et is
ethyl). Specific exenplary conditions are described in_the Exenplification
bel ow [ 00138iluaef ithsrth¢ryaripbles aistcheltatdindenendendhypsidsessibed ebesedp thss first
reparin cti oynd (E) with Conpound (D). An
gui PaSFteO%cVong???@%éﬁ%\%\%/?%ﬁﬁﬁ%mgﬁo%gga (gg egrpl) oyed in '[rﬁi S stfap? andy
Conpoyogist1{ E) anthe(Bectnchs vanepar &@d vayialsloy oSStidcdlrh EF sreiuhnod) e \elidws: t he

art. Specifi,c gxelngg ary conditions.are described in the Exenplification
bel ow.  W0X0X3/%14838PR TS0 204 B4guoracisarbingrposdprtheasydescribed above in

NH2_Z t i f.i i shown
1 Goney ST ot i fouk SRk bW AREE Tthe SRR of SFINGRA PERhua 8, 201G
wi th Conpound (D) under suitable conditions to forma conmpound of
Structural Fornmula (XX), wherein each of LI and L2 independently is a

hal ogen (F, d, Br, or 1), Gis trityl, and the remaining vari abl es of
Compounds (G, (D) and Structural Formula (XX) are each and independently
as described above for Structural Formulae (1) - (X). Typical exanples for
LI and L2 are each and independently O or Br. The nmethods further conprise
the step of deprotecting the G group under suitable conditions to formthe
WO 2013/ 019828PCT/ US2012/ 049097 conpounds of Structural Formula (1). Any
suitabl e condition(s) known in the art can be enployed in the invention for
each step depicted in the schenes. For exanple, any suitable am nation

Y



[00140] Optionally, the nethod further conprises the step of preparing
Compound (G by reacting Conpound (E) with Conpound (B). Any suitable

condi ti orsOlkn3/M1p828t he art can be enpl oyed in this stepPCFRas2ezanpb®, any
sui tabl e condition described in WD 2005/ 095400 and WD 2007/ 084557 for the
coupling of a dioxaboralan with a chloro-pyrimdine can be enpl oyed for the
reacti on between Conpounds (E) and (B). Specifically, the reaction between
conpounds (Harh &nid iffdpermintlp e CHBYAR-EY -CH.OHe-J1OedE nc¥Onf NRIRPPh@) 45-or
Pd2(dba) 3 (dba is dibenzylidene acetone). Specific e;@@pl ary conditions are
described in the Exenplification below. General Schgng- \ 1Zi NNH(I)
[00141] In yet another specific enbodi nent, as &he An|General Scheme 3,

t he net hods conprise the step of reacting Conpound ( N_ Conpound (D)
under naenieagy keteropvile teétﬁed%oméhmraunéweﬁmﬁa obf Structural CE8Fnul a (XX),
wherein Gigs trityl and the remai ni ng vari abl es of Conpounds (K), (D) and

Structur al NFe.r | a ( ach and i ndependently as descri bed above for
Strucé orjmul a I(
depr otsect % oup\u

or

The net hods further conprise the step of

r suitable conditions to formthe conpounds of
Structural N am(il) Any subd.abl e condition(s) known in the art can be
enpl oyed in the invention for each step depicted in WO
2013/ 019828PCT/ US2012/ 049097 t he schemes. For exanple, any suitable
reaction c [ [ nd WO
20071 084557 Tar R St AnleEfreSat al ha ARG s O 2
enpl oyetbfivatuct hétheeadsblenofdtruCanpldtomohsla((K). wi t h Corrpound (D) For exanpl e,

Conpo D a can r act pr.esence h as
et dPOREY 75, s Aol R RS ol hseVantbfos F ST o Poriig? B0 welbfdhiior e
under an acy'dix¢ gopdig'i ph 1(3 %and R bid 446K Qﬁ"&ﬁ%ﬁenﬁ@ﬁtﬁz é(s-'a:e@r)beﬁ'lbéxbbem
presence of, for exanpie, H(Et is ethyl). Additional specif

exenplaay pne ofbiic i rstrtbroaglequetscmh lsetsl of nalutseofEk@mﬂatbquc)éStroctubié FomuEl@OIJMZ]

Optional ly, t ho r. e f..greparing Conmpound (K)
by oxi di zi r?ga @@n’g‘g g‘inﬂ; O)gﬁgﬁ%ﬁ §®h§r’ fﬁggth% ﬁi

et a- chl or opgidemzi &h&@aﬁabl&@@rb‘b@&h Xt in@&th Hantlyt Relesmibbe dbdwerih gy first
conprises the step of preparing Conpound (J) by reacting Conpound (H) with

Conpougidef(values phtheggrielps ef Htensthireli Bmmuled i n the art can be enployed in

thi SV@E’%@; For %@@P%e?ﬁeieﬁﬁyse?& {a‘ﬁl’lpéseof r\qa'n{abfgg gg&&({tﬁﬁ??m{nﬂﬂ%ﬁ) ?50%5/ 095400

and /084 e cou di oXabor ao

chl or delpywd: m di ne can be enpl oyed for the reacti on between Corrpounds (H)

and (B). Specifically, the.reaction between conpound and (B) can be

performed i*h- tthe” pfe nRe Rof KpapdBh gesagh amh@éamﬁélﬂsntfw eﬁ@l@ﬁ@émﬁ‘ym. dene

et oA ST KPR L 1003 26D RSSO Cm oo
0>/ Z2S B- - Bach R mbependenttidis —C(O)OH, -OH, -S(O),R’, or -S(O),-NR’R’"’.
Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00144] The eighteenth set of values of the variables of Structural Formula (I) is as
follows:
x!, x% 7!, 7%, R', R%, R?, R, and R’ are each and independently as described above in
any one of the first through fourteenth sets of values of the variables of Structural Formula (I).
Each Q independently is —-C(O)OH, -S(O),R’, or -S(0),-NR’’R’"’.
Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00145] The nineteenth set of values of the variables of Structural Formula (I) is as

follows:

-14-



zi NN6 (B) |- NH Z32(Z2 0 i*R3 Xi -NRR2\ z 1 NH223((CRLR2R3) - I
(DNN G (K) i (1) [00144] In yet another specific enbodi nent, as shown

i n Gener av0O30otsartes28, t he net hods conprise the step of reatttiseg2Cwvpound (L)
wi th Conpound (D) under suitable conditions to forma conmpound of
Structural Formula (XX), wherein Gis trityl and the remai ning vari abl es of
Compounds (L), (D) and Structural Fornmula (XX) are each and i ndependently
as descri bed, Xbot/eZt,®', Bt RICRURA) ariddD ptel caeh fid indegexipentThes destritedsibbvr inher

[ t he.st f depr. [ he G i tabl dit.i t
CE T htob b e T A0 e b PR Ry PSR BRA BB s
known in the jarpHcanceecenyreyed in the invention for each step depicted in

t he schenes. For exanple, any suitable reaction condition known in the art,
for exanpl & ismHAD 2005/ 095400 and WO 2007/ 084557 for the coupling of an

am ne witha,sul fonyl gro an,bhe enpl oyed for it he.reaction of Conpounds
OO et OSSRy Mg BRRs Y o Bhal iR SR el Dot od i n
t he presencal@s off tha@Ber vaableasre NEEBar inlpkhdentB(dstdkscribed abxanplies fitshe
de-tritylation step can be §)terfor med under an acidic condition (e.qg.,

trifl werfaabes ef dieivaripbtengf) StruystyrpldF grakete of, for exanple, Et3SiH (Et is

et hyl) it I i.fi ry. . i d Chh I e
Eompl P28 | SR BT a b G ST AR o SR A TR RS E e (e
step of pregak? itf, LaRIoRh&R’(RY, ahy ROxicdiazh agyl Gdopadaetly( ab)desdribved ekanpine, by
treatnment W L h neta-chl oroperbenzoi.c acid, [001 tionally, the method
furt hépy 88?715# ihe it drauied w5 IeER N r 6 g5+ MG Qf&ﬂ% B%Fﬂ?g’?%sﬂ%wc%% ey achinpound
(H wth t ndid . e ) for
(H wi th CampRndabfhdcfBact LRYSINGO].008 -8(Chen.(B56H, bsd)aRee, |

alkyl).

Values of the other variables are each and independently as described above in the first
set of values of the variables of Structural Formula (I).
[00128] In another embodiment, the compounds of the invention are represented by any one

of Structural Formulae (II) - (V), or pharmaceutically acceptable salts thereof:

X Q X R
n n
NH < / (%l 7 NH 7

1 1
| Z | z!
2 / y/ /
NT N (ID), NT N (1),
X2 R4 R5 2 R4 5
/é/\%/ NH Q ! \ NH \LQ
Z Z
1 N R1 R3 ’ N R1J\ R3
X AN N R2 X N N R2
| Z1 | Z1
Z~\ Z~\
N H (IV), and N H V).
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General Scheme 4 WD 2013/019828 PCT/ US2012/ 049097 I _ N H-2Z32(22
RI\-NO i "k-R3 X1 R2\ NH2_Z3((CR1IR2R3)-YIZ 1 (D NN I-) G |
WO 2013/019828 PCT/US2012/049097

wherein values of the variables of Structural Formulae (II) - (V) are each and independently as
described above in any one of the first through twentieth sets of values of the variables of
Structural Formula (I).

[00129] In another embodiment, the compounds of the invention are represented by any one

of the Structural Formulae (VI) - (X), or pharmaceutically acceptable salts thereof:

X2 R5 X2 5
Z/J/\S/NH \\\\\ COZR /!/\S/NH .}I_COZR
V4
o re b
R X
| X \Z1 | AN \21
N/ / yy N/
H (VI), NoOH (VID),
X2 R5 X2 4R5
R4 R
/g/\S/NH _}I—OH Z/Z//\S/NH \I—S(O) R'
V4
=N R1J\R3 N R1J\R3
X1 2 X1 R2
X\ R X
| z' | Z'
/
= / P
N N N N
H (VIID), (1X),
X2 R4 5
/g/\S/NH S S(0),NRR™
v J\
—N
] R1 R3
X N R?
| Nz
. /
N N
H (X),

or a pharmaceutically acceptable salt thereof, wherein: R', R?, and R? are each and independently
—CHs, -CH,F, -CF3, —-C,Hs, -CH,CH,F, -CH,CF3; and ring P is 3-6 membered carbocyclic ring;
and wherein values of the other variables of Structural Formulae (VI) and (X) are each and
independently as described above in any one of the first through twentieth sets of values of the
variables of Structural Formula (I).

[00130] The twenty first set of values of the variables of Structural Formulae (II) - (X) is as

follows:

-16-



(1) [00146] Compounds (A)-(K) can be prepared by any suitable nmethod known
in the art. Specific exenplary synthetic nethods of these conpounds are
descri bedwbebmwipsest he Exenplification. In one enbodi mneRrCT/USenpourds ( A),
(G, (J), (K and (L) can be prepared as described in CGeneral Schenes 1-4.
[00147] I n sonme enbodi nents, the present invention is directed to a conpound
represented by Structural Formula (XX), wherein the variables of Structural
Formul a (XRisdt:e each and i ndependently as defined in any one of the clains
and Gis trj,tyl ecif] npl es of the conpounds represented by
Structural l%‘d%/ﬁgpi&('%bgthom bel ow i n the Exenplification. WD

2013/ 019828PCL/ Yp2012/ 049097 Sone specific exanpl es include: Conpounds 3a,
8a, 28a, 34a, 39a, 42a, Ma, 57a, 80a, 84a, 90a, 101a, 119a, 144a, 148a,
154a, 159aR’I79aH, 2 36amemBorgd cai®agyclicging, ori@rianalposdstitated Qu8&kylwhi ch are
shown in the, Exepld §6al,on.Pel vy, DeFf AL 005, aNd Geer al, Ter mi nol ow

[ 00148] For pul%ﬁoses O R e PRV ENET O TR CREM BRI eﬁ%n & are identified
i n acqoexsancert tdied that, Per dxadipte, SabbtaradFotddaEBMIS), LARIXPESI 4150 be
Handbook of Chem stry and Physics, 75th Ed. Additionally, general

pri ncispPws apfollopgani ¢ chemistry are described in "Organic Chenistry",
Thomas Sorrell, Universi tnySci encep8Books, Sausolito: (3999, ang "March's

Advanced Organic Chemistry", 5thRE(@., Ed.: Smith, MB. and rch, J., John
Wley & Sons, New Yor k:/é)Zé%;L,NH e EmGOR contents !of\ j ot eby
i ncorporated by referenge. /[00149] As described hezei n/ conpounds of the

i nvention nay optionall R sqbs/y"i\hut ed with one ob=1 raﬂsﬁ,b\s,t?i;tuents, such
as illustratedxfgenegal Ly bel ow, gor as exextl i ed py partigular classes,
subcl asses, and ectlesNgf the invention. | ' ¢ appreci ated that the
phrase "optional | I&/l tuted" is used inteégc ably wth the phrase

" substridputtagyar undubstgtuted. " In general , tNe tgl'm "substitut ed", whet her
preceded by the term"optionally" or not, refers to the replacenent of one
or nore hydrogen Kadi cabg R°n a given structure with the radical of a

speci fi ed substityent "‘I’rayﬁg CﬁtFperwi se indicated, an optionally
substituted gr up\ A a g bstituent at each substitutable position of
the group. Wh re than one position in a given structure can be
substituted wt nor & t 2arR3one substituent selected froma specified group,
the s ( \ ey be Réither the same or different at each position. Wen
the ter |"op iopzilly substituted" precedes a list, said termrefers to all
of the s guent substitutable groups in that list. If a substituent

radi cal or strticture is not identified or defined as "optionally

substi "onth tituent radical or strycture. . nsubst i ed.  For
oxanpl SOFR] 50 2% BRSOt ERnadings SF UG0S RS 4B By be

ei t helonoRf Sateltay Formghd (YL €X) 6:la plhrmbdtticolly syetptablalshly thetdostwhiddéiad phenyl .
Likewse, if the term"optionally substituted" follows a |list, said term
al so refuss ef the varipbley arg gechsangddndapgrdantls agplaypysin the corapgypds pf Takle 1 grIFEGs
otherwi se indicated. For exanple: if X is Cl- C3alkyl or phenyl wherein X
is optionally and independently substituted by Jx, then both Cl1_ C3al kyl
and pheend3| main yee anghéraneiddymeubdt icompeachdspf the. inydbidb @tclieprepdmadsiey dmyp t 0",

as used herein, refers to zero or inte nunber that is equal or |ess
t han (ORE OhtisarcipE! ?%m“ﬁ?@ Cf@ﬁ@teﬂwpéggfe ng@&p@r& phagmageytigallygegertabify one
of 0, (lit tikre@nNd 3. As described herein, a specified nunber range of atons

i ncludes any integer therein. WD 2013/019828PCT/ US2012/ 049097 For exanpl e,
a grou0¥dyi ngs fisalrheteid, atetarsnce de bamhawel(sh of the iByendion 4foatmarsple, the

[ 00151] Sel ect.i.0 f su itu s and comfj nations. of .subst,ituents

envi s BBy R TeroHEI o f fouE ALY St BET 1 VATIEREY or mat § on of

st abl @hefmdeB@aflaboepiBasiaht eheg@dTPoOUNds. The term "stable”, as used herein,
refers to conpounds tphat are not substantially altered when subjected to
condi tIPGIS] t oThe casmpduads ehibp inysnbedescobed kkseia san bapreamgd by pag stitabid |y,
their oyve purificatiQ ng. us r.on r - I es

ai sci SRl Y b CRY Smal st bEbupaBah SRRt e REREE T

f easi klcscribedPOWE 2065/095100 WO G0 7MI84 5STbWeat1i0Al 111 ye@Iwerxdopherskapd at a
tenperature of 40C or less, in the absence of noisture or other chemcally
reactive conditions, for at |least a week. Only those choices and

conbi nati ons of substituents that res %t in a stable structure are

cont enpl at ed. Such choi ces and conbi nations will be apparent to those of
ordinary skill in the art and may be determ ned w t hout undue
experinmentation. [00152] The term "aliphatic" or "aliphatic group”, as used
herein, means a straight-chain (i.e., unbranched), or branched, hydrocarbon
chain that is conpletely saturated or that contains one or nore units of

oy - . o . - o o g,




[ 00153] The term "al kyl" as used herein nmeans a saturated straight or
branched chai n hydrocarbon. The term "al kenyl" as used herein neans a

st rai ght wo 2br3anesred chai n hydrocarbon conpri sing one oPCrarseoidowmbe bonds.
The term "al kynyl " as used herein nmeans a strai ght or branched chain

hydr ocar bon conprising one or nore triple bonds. Each of the "al kyl",

"al kenyl " or "al kynyl" as used herein can be optionally substituted as set
f or t h 20¢0/6W1 77120 We0 380 %630 nertt RCT AR 01 &DESASE filsd G1J@E 141, R§10. dforCl- C4

| kyl . | mbodi t .t "al k "o -Co6.al k | C2-4
o K mrampR g sSManis ARt & e Tl Bt 1 bv & R St aFedd oy
al kynibovd QAKR4TRd By MRy GHEhIRAARARLIOR ih o diEI6RAGHEIE WORODSaDRARYCl Y1

or "carbocyclic") refers’to a non-aromatic carbon only containing ring

syst eV @A0OR/ 08470 h VO 20Up/Al Eth8o W@ 8At &P h/5onW Fo2019dHa 7dhiWe 2809/073300,
unsat ur at,i . i ree.to fourteen ri carbo ns. l.n sone WO
0015 Gr Rl BELBReRT B85y Tt STEN s B S B B b I i O o 1 s 3

t o 10.Exkmplifibgfonenbodi nents, the nunber of carbon atons is 4 to 7. In yet
ot her enbodi nents, the nunber of carbon atons is 5 or 6. The term.i ncl udes
monocy@#138] bl kypicpent srvepepypiprides methodeaf prsparing ororprquag sxpresntse dyany c
r'ng phe To?gﬁuctlﬁ?FBﬁﬁLghea{JfQ gxg,‘?fn%ql%%n%%h%ﬁéﬁ?,' thé cérhﬂ&n%¥8§&1%§n¢e%g$@k _the
carbocyclic ring can be “fused" to one or nmore non-aromatic carbocyclic or
het er deyedpaccdrasnigpicaid indznoml fereeean etreAng suitabisconditioo@spkmatn ontht berceof |
wherein the radical. or point of attachment is on the carbocyclic ring.
"Fused® B ;ﬂ&ﬁw &ngygégr@cléétﬁgﬁ?@@tggwhﬁwﬁl@%n%i ch share two adj oi ning
ring qh@rs) Bid eid%gelifﬁ'e%hhﬁe@,réagﬁo&gwcbﬁéaltmeﬁ& 19%e s SRR s tHeee or

four adjacent r atons. Spiro bicyclic ring systens share one'ring atom

Exanplseep affreacyiog Gampphiat (A) wgitlo Cpsippbwad (Beyndensuitable conditipnsntdtfedn & o,

| oal kyl apd | oal ._Specj fi.c, | es_include,  but t
7o ¢ aamppu LSRR T Rla G BB Sahat £y SrEbugrehfauhash pidee S "
" het er@@cyglogt), Gas trithEhfd Beehiining WriabRELECOMYEHAE (AY!(B) ARNSRLENR | C

heterocycle") as used herein refers to a non-aromatic ring system which can
be sathigrankedXd) asoeachiand ardepardenidy as daseiiledafboue SutStiugtura iormulat g t(Xdee to

fourteen.ring. ato i n ich _one or,.nore ri arbons. i s replaced by a

ot er apisal SheRhaTor |l Sl 805 &l RRpfohD9 G RE Tyt Pl AR 5% o 7
menbercsmptife $10RRpeFdesioteR A S the® Broap AiRaEd suithislt eodiNedsi t6 fointhe compplinde up
to three heteroatons selected fromN, S and O wwthin the ring. |In other

enmbodiohehbsturah armayla fht ayruttehle sgrditien(p) kigynds dhsrarsean e apploved iRdh%er oat ons
sel ect: . iy £ i i . j.Aents,
on o SRR P YR LRS! R S ATol Oy bl SRR,
from hh 8@ 2005095400 aink eV Oi 2007 Dg45 Efior THeecotipling o fiecditddsravtanowitie hichlordsi cycl i ¢

or polycyclic fused, spi or bridged heterocyclic rin stenms, The term
al o PHEMABE cpbbyeyeipyed for iy Yo tW%nJofﬂ_md%uP%W&ﬂg@iy%cheﬁqaﬂﬁgthean be
fused £ i8R BcQccARERpARTs A PIRE (B cﬁﬁb@?@ﬁf&lrﬂe‘a iRihdIREQNOCYEPd(PPRIGS OF one

or nore aromatic rings or conbination thereof, wherein the radical or point
of at tPdgldhen(dhass dibenhdidhet actomgr | Far eximgle, thealeptiedaton shapt @nde petferned

i nclude,, but are not.limted.to i.peridi . piperi zi nyl., rrolidinyl,
M N R P I Tk S VR ER e R SR
di azoqawH,(Et IsicBBPL WPetific@xadplabdédiitions aRXAZ MBI iR Yo ExddmA#RhticH Bldw

i sot hi azol i di nyl,” oxazocanyl, oxazepanyl, thiazepanyl, thiazocanyl,

benzi MOB8bI oRptionallat tha myedhask furtherdomnrises hiytpof prepaying Compound (A) by

tetra .0t i I {oophenylk [ ' J Lng, . for

ex arrplr}ééa%l{lgé ?83%@@?‘? h%) \;ﬂiﬁ %‘%ﬁ%ﬁ Qjo) , Ag%’ %GHF%I%P% ﬁ{)rillsn%(;,ow?} rﬂ '?[ h%%ltnﬁ%pl?'ueol i no,
4-t hi empl@Ralin tos stdp, Pyl KRINpdunYY (E)AndYDY edni b giypareBby @iy suddabldinidthod
1-tetrahydropi perazinyl, 2-tetrahydropi perazinyl, 3-tetrahydropiperazinyl,
1- pi pEPMAIIhIAC A Spcpidicicarmplary Gunditinds e 4ﬁ’§$f}beﬂ-ub§1}<‘a@>tﬂniml;ﬁl\é?ﬂ%l be%izol i nyl ,
4-pyrazolinyl, 5- WD 2013/019828PCT/ US2012/ 049097 pyrazolinyl,

1- pi peridinyl, 2-piperidinyl, 3-piperidinyl, 4-piperidinyl,
2-thiazolidinyl, 3- thiazolidinyl, 4-thiazolidinyl, 1-imdazolidinyl,
2-imdazolidinyl, 4-imdazolidinyl, 5- imdazolidinyl, indolinyl,

t et rahydr oqui nol i nyl, tetrahydroi soquinolinyl, benzothiol anyl,
benzodi t hi anyl, 3-(1-al kyl)-benzi m dazol -2-onyl, and

1, 3-di hydro-i m dazol - 2- onyl . [00156]T?§ term"aryl” (or "aryl ring" or
"aryl group") used alone or as part of“a larger noiety as in "aral kyl",
"aral koxy", or "aryloxyal kyl" refers to carbocyclic aromatic ring systens.
The term"aryl" may be used interchangeably with the terns "aryl ring" or
"aryl group". [00157]"Carbocyclic aromatic ring"” groups have only carbon
ring atons (typically six to fourteen) and include nonocyclic aromatic

o o o, - .



[ 00161] As used herein, a "bridged bicyclic ring systenf refers to a

bi cyclic heterocycloalipahtic ring systemor bicyclic cycloaliphatic ring
system i rwotzocn1p828 rings are bridged. Exanpl es of bri dgeu/useapgoldog? ri ng
systens include, but are not limted to, adamantanyl, norbornanyl,

bi cycl o[ 3. 2. 1] octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl,

bi cycl o] 3. 2. 3] nonyl, 2-oxa-bicyclo[2.2.2]octyl, 1l-aza-bicyclo[2.2.2]octyl,
3- aza-Géneyadl Syh8m2.11] octyl , and 2, 6-di oxatricycl o[ 3.3.1.03, 7] nonyl. A
bridged bicyclic ring systemcan be optionally sybstituted with one or nore
substituent,s such as al kyl (including carboxyal k hydr oxyal kyl , and

hal oal kyl /Such as trifluoronethyl), alkenyl, INH - yéYoaIkyI,

(cycl J kyt, NhgZ &R RERp#| kyts—(Hheter ocygl Ikyﬁ%glgyl, carbocyclic
aryl, roaryl, al koxyp)cycl oal kyl oxy, heteracy Ioghrgfoxy, (carbocyclic
aryl)oXy, " heteroaryl oxy, aral kyl oxy, heteroaralkyl oxy, Rroyl, heteroaroyl,

nitro, chony, al koxycar bonyl , al kyl carbonyl oxy, an®¥hocar bonyl ,
al kyl car bohyl am no, cycl oal kyl car bonyl am no,

(cycl oal kyl al kyl ) car bonyl am no, (carbocyclic aryl)carbonyl am no,

ar al kyl car bonyl am no, (heterocycl oal kyl) carbo ylanino,ils%_

(het erocycl oal kyl al kyl ) car bonyl am no, heteroarnyl carborl am no,

het er oar al kyl car bonyl am no, cyano, hal o, hydr ¢xy, acyI,Bﬁ%rcapto,

al kyl sul fanyl, sul foxy, urea, thiourea, sulfanoy | m de, oxo, or
carbanoyl . [00162] As used herein, "bridge" reflers{ e fond or an atom or
an unbranched chain of atoms connecting two di|fferéht rts of a nolecule.
The two atonms that are connected through WO 013/0%%228PCT/U82012/049097
the bridge (usually but not always, tw tertiary carbon atons) are
denotated as "bridgeheads". [00163] used he[gjn, the term"spiro" refers
to ring systens having one atom (uspal BHgg&t ernary carbon) as the only
common at om between two rings. [004%4]The tegmp3ring atont' is an atom such
as C, N, O or Sthat is in the ring/o
or non-aronmatic heterocycl K i1g. {00165] A "substitutable ring atom in an
aromatic group is a ring car pn or niztrogen atom bonded to a hydrogen atom
The hydrogen can be optionall H{ gbe2¥%¥tl1 a suitable substituent group.
Thus, the term "substitutable ng ato does not include ring nitrogen or
carbon atons which are shared when $worings are fused. In addition,
"substitutable ring atoni does not incliude ring carbon or nitrogen atons
when the structure depicts that they ane already attached to a noiety other
t han hydrogen. [00166] The term "het er ogt on neans one or nore of oxygen,

sul fur, nitrogen, phosphorus, or silicon (including, any oxidized form of
nitrogen, sulfur, phosphorus, or silicagh; the quaternized formof any basic
nitrogen or; a substitutable nitroge ayhet epocyclic ring, for exanple N
(as in 3, 4-di hydro-2H pyrrol yl1), Nkkfas n pyfrolidinyl) or NR (as in
N-substituted pyrrolidinyl)). [0016/NAsNuse r*ER%in an optionally
substituted aral kyl can be substjtute¢d on bot R% he al kyl and the aryl
portion. Unless otherwise in used herein optionally substituted
aral kyl is optionally substit n the aryl portion. [00168]In sone
enbodi nents, an aliphatic or heteroaNi phatic group, or a non-aronatic

het erocyclic ring nay contain one or re substituents. Suitable
substituents on the saturated carbon of an aliphatic or heteroaliphatic

gr oup,[0®¥39%f b dnether sregdid ambadigenir @ shevadn égnéebbehchssk the metbddsabove.

O her suit.able substitutepts inc e those lis as,.sui.tabl e f.or the
ansat 6PAPEE HE BEAT b hEEb ol {EPubOPGohR B Ehst Wbl sBugfont 8

addi t ifeiah kympoe dusfesttudgirdlHor@wa X X)=@here®, caehNOFR* and NN RpeRderdNHE( 0) R*,
=NNHCO2(C 1 _4 al kyl ), =NNHS 02 éC 1 4 alkyl), or =NR*, wherein each R* is
i ndepdatogan (5 deBeor B Crip Gityhyad BigeRmamingvasighico Ak Coypeusis Gudent1 - 6

1 om A C PR AR ORI, STyt D REj APERe He A AET >

OH, 0(DL XKalTyphat exampldd@ar LEMdJ CORHeadBCR(dGdepeaddngiailioc Br. Tabalethodd 4

aliphatic), or halo(Cl 4 aliphatic), wherein each of the foregoing

G Aal iTBRBRTcemgFishiths Stop O%deprgPeaﬁ%@@ﬁ 8waaln9frcf@%@f P?P‘Q%?Pé t%%%ﬁd’ihﬁ‘rent s,
optional substituents on the nitrogen of a heterocyclic ring include those
used above. O her suitable substituengg include -R, -N(02, -C(O)R,
-CO2R, WD 2013/019828PCT/ US2012/ 049097 C(0)C(0)R, -C(0)CHC(O)R ,

-S2R , -SM2N(102, -C(=S)N(102, -C(=NH)-N(102, or - NR SO2R ; wherein Ris
hydrogen, an optionally substituted C1L_6 aliphatic, optionally substituted
phenyl, optionally substituted -0(Ph), optionally substituted -CH2(Ph),
optionally substituted -(CH2)1_2(Ph); optionally substituted -CH=CH(Ph); or

M. . . . v

an 8t tic group, cycloal kyl group




|'i ke) or heteroaryl (including heteroaral kyl and heteroaryl al koxy and the
| i ke) group nay contain one or nore substituents. Suitable substituents on
t he unsatwoarsdieesbon at om of a carbocyclic aryl or hereraseyl/ogrooup are
selected fromthose |isted above. Qther suitable substituents include:
hal ogen; -R -OR -SR 1, 2-nethyl enedi oxy; 1, 2-ethyl enedi oxy; phenyl (Ph)
optionally substituted with R, -0(Ph) optionally substituted with R

- ( CH2)cemO®@inds, of (SpmbmlvéleyrnslalﬂIs)t iAnyt sactalle chndXion(©HTOM(@nRN the @ptandeal | y

AR I o ey Ul A BN

-C(0) Qﬁ'ﬁﬁt%@ondﬁ% Bnowgtpﬂlg art c@ﬁ %E Bm @lmg)ll%ientl&ﬁ ﬁ)r%lﬁe‘%)e&etm@( 0) N(R)

-0C(O) R - E R R - R; -S(0)3R -502N(R)2; -S(0)R

- NR50£N(n1q)ognds FQD),.em@@r Rultable condltlon for depr@ﬁecm(g}i@l) gogpqpm( @E) R. wherein
each indg ﬂ{g ifychiioh tﬁe§ ek For s leo%d xhin@fe %ml 1 PRt gl Ty
substhﬂ% Y? f'c, ﬂ?uﬁgu S5 TR d8e 8 ere cﬁg roaryl or

het er gepfoirhé&l 1hltm@prepéaﬁeysfa badd( Kth.as OVEts &HRCPMEL. o cxtawidld, Aistepemidation
occurrences of R on the sane substituent or different substituents, taken

t oget D G PR peHermadgmdsn an aridipcemlibit (s R tgﬂaer@apﬁlcw&mﬂ FApbiorhg presence
5- 8-y b i3 8-
menber [ngIg %“ﬁ”q% %(I:\(Jr% ,S % eir e‘?@{{s}gﬂ&% II?lé'e%/ecr %Xgr ﬁh@%%&ﬁ 1%4%%%/ Q%ﬂ%r I ng has

1-3 heh@EnﬁmﬂﬁEanmdaﬂewdently sel ected fromnitrogen, oxygen, or sulfur.
Option i tuents on the hati c. 2013/019828P US2012/ 049097
gr oup @41 Tar Aty g methad ﬁﬁ%g T GQIRREISCH e iS{TR A PEPAring m@aw%ﬁé)[ ) 2,
hal og :

Cop( A/ T FEAEH P Lo Eh L PR tdole RO FRE s ar canbe
N( C0) (c@bloykdam itphstep.clor Redph Gy sudtahlel Cphdultlpn Hesowhed @i W 2005/055540hend

f t ut ed .00171] No ti
Lt 9ol B e GpBlif Sbrihok it A Abl S Timidibe ol aaipkg ™ ©
ni £ 1 0ginh@Rsheabil Bt LOmbbd ERLALA). Shotifieal THRGUAGIoAoRuch REBERAN

atomare said to be N substituted. For exanple, an N al kyl piperidinyl

gr oup (Egand QBB)@H@@G porforineedrip i mqmncebof lfdr(Bthﬂ ercti@dba)s (dbeistdileenzylidese or

f our 03|t|o t he er|d| ring. and, subst tute t Jing ni trogen
w i SRahe)Rogrint SRS Bl st 08 PR e R Attt P " nge
such as pyra2|nyl that are substituted on a ring nltrogen and attached to
the remai nder of the nolecule at a second ring nitrogen atomare said to be
N sufsenerghSchemeret er ocycl es. For exanple, an N acyl N-pyrazinyl group is
attached to the remai nder of the nolecule at one ring nitrogen atom and
substituted at the second ring nitrogen atomw th an acyl group. [00172] The
term"unsaturated", as used herein, neans that a noiety has one or nore
units of unsaturation. [00173] As detail ed above, in sonme enbodi nents, two

i ndependent occurrences of R (or or any other variable simlarly defined
herein), may be taken together with the atoms) to which each variable is
bound to forma 5-8-nenbered heterocyclyl, carbocyclic aryl, or heteroaryl
ring or a 3-8-nmenbered cycloal kyl ring. Exenplary rings that are forned
when two i ndependent occurrences of R (or R, or any other variable
simlarly defined herein) are taken together with the atonm(s) to which each
variable is bound include, but are not limted to the following: a) two

i ndependent occurrences of R (or R, or any other variable simlarly
defined herein) that are bound to the sane atom and are taken together with
that atomto forma ring, for exanple, N(R)2, where both occurrences of R
are taken together with the nitrogen atomto forma piperidin-I|-yl,

pi perazin-1-yl, or norpholin-4-yl group; and b) two i ndependent occurrences
of R (or R, or any other variable simlarly defined herein) that are bound
to different atons and are taken together with both of those atons to form
a ring, for exanple where a phenyl group is OR substituted with two
occurrences of OR\- OR, these two occurrences of R are taken together

wi th the oxygen atons to which they are bound to forma fused 6-nenbered
oxygen
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WO 2013/ 019828PCT/ US2012/ 049097 containing ring: 51-e- . It wll be
appreciated that a variety of other rings can be forned when two

i ndependewO 2030up828nces of R (or R, or any other vari alpCa/uskomi2ioaqoby
defined herein) are taken together with the aton(s) to which each vari able
is bound and that the exanples detail ed above are not intended to be
limting. [00174] The term "hydroxyror "hydroxy" or "al cohol npiety" refers
to -OH [00175] As used herei n\jan;"al koxycarbonyl ," which is enconpassed by

the term carboxy, used al one MA—connection with anothef group refers to
a group sugh as (al kyl - 0) - C( - . - J00176] As used herelgr_§>%8erbonyl" refers
to -C( [ 00177] As used herepPn,” an "oxo" refers to Qp 178] As used

alky+th+eﬂ as,used her

N, refers to an
ecul e through an
0Z'e.g., -S-alkyl)

her ei ng2 tl) termt"al N
al kyl dkeup, as previou Iy efined, attached™t
oxygenz("al koxy" e.g., - N ) or sulfur ("alkylthl

atom [OQEY9] As used here|n the terns halogen N o", and "hal " nmean F,
Cl, Br, or I. [00180]As usedﬂhereln the term" cyano Cor "nitrile" refer to
-CN or [00181] The terns "al koxyal kyl ", "al koxyal kenyl " ,(Gjal koxyal i phatic",
and "al koxyal koxy" nean al kyl, al kenyl, aliphatic or al koxy, as the case
may be, substituted with one or nore al koxy groups,/ [00182] The terns
“hal oal kyl ", "hal oal kenyl ™, "hal oal i pfjat CRW@R@ 7/hal oal koxy" nean al kyl,

al kenyl , allphatlc or alkoxy, as the case Rﬁﬁ substituted with one or
nore hal ogen atons. This termincl udes per ori/nated al kyl groups, such as
-CF3 and -CF2CF3. [00183] The terns "cyanoal kyl !/, "cyanoal kenyl ",
"cyanoal i phatic", and "cyanoal koxy" , al kenyl, aliphatic or

al koxy, as the case may be, substitujed mnth one or nore cyano groups. In
sone enbodi nents, the cyanoal kyl 4@ [00184]The terns

"am noal kyl ", "am noal kenyl ", "amz2noa |phat - and "am noal koxy" nean

al kyl, al kenyl, aliphatic or al koxys=Ms tg §§se may be, substituted with
one or nore ami no groups,xwherei n fhe am noRgroup is as defined above. In
sone enbodi nents, the am nogli %EIS a Cl-C6 aliphatic group substituted
with one or nore -NH2 group¥, S@ enbodi nents, the am noal kyl refers to
the structure (RxRY)N-al kyl - Nwheﬁblmxgach of Rx and RY i ndependently is as
defined above. In sone speC|f|c embod ments, the am noal kyl is Cl-C6 al kyl
substituted with one or nore -NH2 groups. In sone specific enbodi nents, the
am noal kenyl is C-C6 al kenyl WO 2013/ 019828PCT/ US2012/ 049097 substituted
with one or nore -NH2 groups. In sone| enbodi nents, the am noal koxy is
-0(C1-C6 al kyl) wherein the alkyl group is substituted with one or nore

-NH2 groups. X2
g/%serH\s/Y
z —N 1iR3
R 2
X1 R
TN
| z!
s N/
N"H

(N
[00141] In yet another specific embodiment, as shown in General Scheme 3, the methods
comprise the step of reacting Compound (K) with Compound (D) under suitable conditions to
form a compound of Structural Formula (XX), wherein G is trityl and the remaining variables of
Compounds (K), (D) and Structural Formula (XX) are each and independently as described
above for Structural Formulae (I) — (X). The methods further comprise the step of deprotecting
the G group under suitable conditions to form the compounds of Structural Formula (I). Any

suitable condition(s) known in the art can be employed in the invention for each step depicted in
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[ 00185] The ternms "hydroxyal kyl ", "hydroxyaliphatic", and "hydroxyal koxy"
mean al kyl, aliphatic or al koxy, as the case nay be, substituted wth one
or nore -vobl2grioupss [ 00186] The terns "al koxyal kyl ", "al oxgsképlatopr”, and
"al koxyal koxy" nean al kyl, aliphatic or al koxy, as the case may be,
substituted wth one or nore al koxy groups. For exanple, an "al koxyal kyl "
refers to an al kyl group such as (al kyl-0)-alkyl-, wherein alkyl is as

def i nelt sthomes. F@@CGk8mpIEhenyt entabltceachon yarnddydr! ke thé ky.l fos edomipile,un #60wi t h

b d b def d ab :
[oo1a8PTHEST AR oPLBY MRy T B sable o aetine & T oA UOSaP REr o1 e
are 'Qhﬁﬂ&ﬂﬁﬂ&ﬂﬁ@k&wﬁ&ﬂof@&ﬁbmhﬂs@ﬁ)%@ﬁﬁhnﬂ&ﬁﬂdKD)tﬁﬂﬂ&ﬁﬁ@kiEo gidsone or
nore desired functional groups in a conpound with m&ﬂe reactive sites.

I n cer(Daalmd @ﬁb@dlhmmoéedlaﬂm pressct afja brssupichas I\kﬁﬁzeordﬂ( Bt). ber epewld.i cal |y
al |, h hara terist a. se t ve

functl ) ‘iﬁ F“Wl%u%n V*‘ﬁp gan"b “E‘n‘eii 8“%”“ 1)dlcr%otn %Ong §u15ré ?acefﬁa?ld. s b)

st abl QTFA))rlﬁaledp@mCesglﬂdea ehplS,, EOREH OFt i ?l)OfAddhﬁ)n@I fetificeacsihphg; sites;
and c) is selectively rennvabFe iin good yield by reagents that do not

at t acleondionseje descaipad in t«h@ﬁ%@@ébﬁ@@m@ﬁ@w onal group. As woul d be

under b not
at t achOOrRLy O BEGAMS  Fihdh htFp iyl R R S Fphe o BBHRID 62 Cent s
may aloacdlzla@(ibmpbuﬂid hfer cxaadt, |byetr@tmup®v1thméﬂa€chmombmdmc5>cﬁhpl es of

pr ot ect | T. W, Wits, P. Gin rotective

d | G
G oupjﬁéﬁ% QHP %na@ye Bl euﬁh?&f&ﬂ&ﬁ@%@ﬁ step o RTepRT B Cemagprd () &@w Yor k:
1999 (andnfih oﬁga HEPR|L @forrryaﬁnépagk)mﬁ AaBRICLAGHEANLRA & AL attRithe are

her eby 1 nc rpo ated by refe he t'erm "nitrogen protecting group”, as
used kemdoyed in 8fiestsp.t Eoraxamgénanmsadbkcconémnpm ldasrcrﬂbyd ol WEk 250 %5H 0bramde

desi t Ltif I d.. Pref d

i tr o Ao RRERT6R Blestiatis &6 WBudholtinutE f b Bl oy SRR TSIt or

a protfeethk @@eﬂé@blaw@ao@s amchsan) tad (B)eweﬂf@alyy hd Ire@aﬁﬁh HREDERACIOhPBUBIOUPS
apt er

are also detailed in in Geene, T.W, Wit P. Gin "Protective

G oupdH) ﬁndil@)an@n&)ewrfpm@i iy *the misbange BAPE(PBA;): Qbﬂéz(dh‘abse(yib&lssbb@zyme Yor k:
1999, the entidre.caonte Nt ch e hereb incor ref erence.
[0018@13%8“‘5? tsae‘hlﬁc TP %‘WeCOP%%“ STArSd Bt the Xemﬁ’%“%mdﬁe%n ng group”
refers to a group that IS a5500|ated mnth an allphatlc or aromatic group as
defined herein and is subject to being displaced by nucleophilic attack by
a nucl@nskalSchempd 2013/ 019828PCT/ US2012/ 049097 [ 00190] Unl ess ot her wi se

i ndi cated, structures depicted herein are also neant to include all

i sonmeric (e.g., enantionmeric, diastereoneric, cis-trans, confornmational,
and rotational) fornms of the structure. For exanple, the Rand S
configurations for each asymetric center, (Z) and (E) double bond isoners,
and (Z2) and (E) conformational isoners are included in this invention,

unl ess only one of the isonmers is drawn specifically. As would be
understood to one skilled in the art, a substituent can freely rotate
around any rotatable bonds. For exanple, a substituent sfV1l.1V JNN |1 drawn
asal so represents [00191] Therefore, single stereochem cal isoners as well
as enantioneric, diastereoneric, cis/trans, conformational, and rotational
m xtures of the present conpounds are within the scope of the invention.

[ 00192] Unl ess otherwi se indicated, all tautoneric forns of the conpounds of
the invention are within the scope of the invention. [00193] Additionally,
unl ess otherw se indicated, structures depicted herein are also neant to

i ncl ude conpounds that differ only in the presence of one or nore

i sotopically enriched atons. For exanple, conpounds having the present
structures except for the replacenent of hydrogen by deuteriumor tritium
or the replacenent of a carbon by a 13C or 14C-enriched carbon are within
the scope of this invention. Such conpounds are useful, for exanple, as
anal ytical tools or probes in biological assays. Such conpounds, especially
deut eri um anal ogs, can also be therapeutically useful. [00194] The terns "a
bond" and "absent"” are used interchangeably to indicate that a group
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is absent. [00195] The conmpounds of the invention are defined herein by
their chem cal structures and/or chem cal nanes. Where a conpound is
referred wo 2b1s/dagg2B a chem cal structure and a chem cal Paaras201a0d009he
chem cal structure and chem cal nane conflict, the chem cal structure is
determ native of the conpound's identity. Pharmaceutically Acceptable
Salts, Solvates, Chlatrates, Prodruzs and O her Derivatives [00196] The
conmpounds described herein can_exist in free form or, wher¥ appropriate,
as salts. Those salts that are maceutical ly accepta are of
particul ar ybnterest since theyyarg useful in adm nistegtng “Conpounds
descri bed del ow for nedi cal puﬁggses. Salts that are noX armaceutically
| e\are useful x¥in nuf act uring processé r igolation and
tidnS WO 2013/ 01828 |JS20T27 049097 pu Nand in some
i nstangesN for use in separalling stereoi soneric
the i Wentjon or internedimtes“?hereof. [ 00197] As Nsed
"pharnacéUiicaIIy accept abl e aPt" refers to salts of a conmpound whi ch are,
wi thin the scope of sound nedl’cal judgnent, suitable for use in contact
with the tissues of humans and | ower animals w thout| undue side effects,
such as, toxicity, irritation, allergic response and the IiK;, and are
comensurate with e reasonabl e benefit/risk ratio. [v00198] PRarnaceutically
acceptabl e salts _dre well own in the art. For exanple \ M Berge et
al ., describe sdtip€al |y acceptable salts in detatl /(e S8
Phar maceut i cal ZSci ncesu§53?7, 66, 1-19, incorporated h\FaNn by©r ef er ence.

i bed herein include

Phar maceuti cal | a@cepRh ,e sal ts—of—the—com

t hose Heri om sui tabl e inorﬁ@qgﬁc ng gggani aC|d§\gnd bases. These
salts can| be pré red in situ during the Pinal I Sl &t and purification
of the c ~ [00199] Wiere the corfbund descri Bed hgr eiiky contains a

basic group! or|a suﬂ%%biently basi c bi oi sostere, acid addition salts can
be prepared by @) reacting the purified compound in its free-base formwth
a suitable organic ¢r inorganic acid and 2) isolating the salt thus formned.
In practice, acid addition salts m ght be a nore convenient formfor use
and use of the salt |anbunts to use of the free basic form [00200] Exanpl es
of pharmaceutical |l yvacceptabl e, non-toxic acid addition salts are salts of
an am no group fornmed w th inorganic acids such as hydrochloric acid,

hydr obrom ¢ aci d, phogphoric acid, sulfuric acid and perchloric acid or

Wi th organi c acids agelic acid, oxalic acid, maleic acid, tartaric
acid, citric acidzésuc inicpcid or malonic acid or by using other nethods
used in the art suc i gneXchange. Ot her pharnaceutical |y acceptable

sal ts inclyde adi pate, alginﬁie, ascorbate, aspartate, benzenesul fonate,
benzoate, brgul® e\_jorate, butyrate, canphorate, canphorsulfonate,
citrate, cycllopg tah%propionate, di gl uconat e, dodecyl sul f at e,

et hanesul fonate, formate, fumarate, glucoheptonate, glycerophosphate,

gl ycol ate, gluconate, glycolate, hem sul fate, heptanoate, hexanoate,
hydrochl ori de, hydrohfom de, hydroiodide, 2- hydroxy-ethanesul fonate,

| act obi onate, lactate, laurate, lauryl sulfate, nmalate, maleate, nalonate,
met hanesul f onat e, 2-napht hal enesul fonate, nicotinate, nitrate, ol eate,

oxal at | m t 1| s FORSL i;onat e,
phospiiay AT B BnoBR APEHE erBEEHAEAT snREL o REF SR T BIARATRL S o
sul f atcemptisd theated,of rdticainy @oaipeund¢lt)olitleGempbimh@)andemnaieiaibio cahditiomaber at e
salts, and the like., WO 2013/019828PCT/ US2012/ 049097 [00201] Where the
conpodfidn a&erpPWK idusiusal Formulad XX, whetsiy igirieypnd thereapimig yampley ofci di ¢
bi oi s e itd I r.eg: j :

pur' £ o end DG IPAR S RER FoimEATXAR B SR ek G O o
base ahdvfor Sgottatal igrmhilec dak-t(X).hlise mothwds further pomaeideaks stes of ddprétbeingase
addition salt m ht.b% nnrg.conv%giqu and use of the salt ffr jgherently
Amount®® BRI pyiEble cgadigdttor pmhechnougds ¢Stk ARE bases

i ncl udgitadl & 8didite @lknb®nn theSROEMMe b ddMh tRNEyRRATS! 440k stepldéikicasn ear th
metal (e.g., magnesium and cal ciun), amioni umand N (C Aal kyl)4 salts. This
i nventthosehaings leomexsinples anyhsiitgbiatreactipr aondimoroknaayyinshe g, for example, in WO

ni t rogen-contai ni ng groups of the conpounds di sclosed herein. Water or

oi | -sol ubl e or dispersible products nﬁ be obtai ned by such quaternization.
[ 00202] Basi ¢ addition salts include pharnaceutically acceptable metal and
amne salts. Suitable netal salts include the sodium potassium calcium
barium zinc, magnesium and alum nium The sodi um and potassiumsalts are
usual |y preferred. Further pharnaceutically acceptable salts include, when
appropriate, nontoxic anmmonium quaternary ammoni um and am ne cations

N oy o R o [T T L Y - [T I Y




[00204] It shoul d be understood that this invention includes

m xt ur es/ conbi nati ons of different pharnaceutically acceptable salts and

al so m xtwpesipup8nat i ons of conpounds in free form an#Cphseomoewp? cal |y
acceptable salts. WD 2013/ 019828PCT/ US2012/ 049097 [ 00205] The conpounds
described herein can al so exi st as pharmaceutically acceptable sol vat es
(e.g., hydrates) and clathrates. As used herein, the term "pharmaceutically
accepﬁ@bﬁ/@%ftﬂO\ﬁaIﬁéV O 3007484 55 W ¢hef aupla d)fiammmlhe vahsogil fanylgrowf camrbe or

h | | t abl t. ol of .th d
Goscr ORI e Spiof 8L BRy L1 HER ColongiE oo SU50l. CimiPgibare,
nonohy g aﬁ@(L)dsamb@ "r@éfcﬁbd ih "tﬂé}M@kﬁE@@fé BistahiA b alg; AN fir*g €E).| K& exahpR206] As

used herein, the t hydrate" neans a conpound descri bed herein or a salt
t her edlic dhtittylntion ﬁep caiml@d peifpsmad gnddrehiacidie eandition (pgn il wiredricterecidi ¢ amount

of wat by nan qval ent F ecula for.ces sed
ner o TP A8 ARG F RS, FLSIFREE AN, cBloffhabtr R S aPaliR sa ¢
t her e@bndifiofid e Hegchibed 1rBth6B(5ﬁ1Fhﬁ&a’ﬁbhlb@R)v¢ hat cont ai ns spaces (e.g.,
channels% t hat have a guest nolecule (e.g., a solvent or maten}(trapped

wi t hi 100 4(5@20@P11?Paéléld1ihﬁ ingfrihadofurther @@rﬁ%‘aﬁ@ﬁ seE prapadns epeipaund (L) by

h t d
Drar TRARHE oA R APLEARE A A i PhAILHIR REp DR cRETPEUNdS, Ty
di sor dedste] [ OO@Q&la@ly mhmdmmnheradolr%rﬁesmpts&bloé pepurivgaCompoontd @) bdr ug”

i ncl udes .an phar e ac table ester, salt of an_e r or other
der i vAFACHBE bioMBRTa (I W%an%t)an@gﬁpéiﬁ%aﬂ%%lﬁi tiga ¥l diereTiRR @ﬁovqf[ab

adm nicgl LAl ketoz a recipient, is capable of providing, either directly or
indirectly, a conpound described herein or an inhibitorily active
nmetabolite or residue thereof. Particularly favoured derivatives or
prodrggs ar;e;if hose that increase the bioavailability of the conpounds when
such emed adninistered to a patient (e.g., by allowing an orally
adninlstered conpound to be nore readily absorbed into the bl ood) or which
enhance delivery of the parent conpound to a biological conpartnent (e.g.,
the brain or Iynphatic system relative to the parent species. [00210] As
used herein and unl ess otherw se indicated, the term"prodrug" neans a
derivative of a conpound that can hydrol yze, oxidize, or otherw se react
under biological conditions (in vitro or in vivo) to provide a conpound
descri bed herein. Prodrugs may becone active upon such reaction under

bi ol ogi cal conditions, or they nmay have activity in their unreacted forns.
Exanpl es of prodrugs contenplated in this invention include, but are not
limted to, anal ogs or derivatives of conpounds of the invention that
conpri se biohydrol yzabl e noi eti es such as bi ohydrol yzabl e am des,

bi ohydr ol yzabl e esters, biohydrolyzabl e carbamates, biohydrol yzable

car bonat es, bi ohydrol yzabl e urei des, and bi ohydrol yzabl e phosphat e

anal ogues. O her exanpl es of prodrugs include derivatives of conpounds
descri bed herein that conprise - WD 2013/019828PCT/ US2012/ 049097 NO, - NQO2,
-ONO, or -ONO2 noieties. Prodrugs can typically be prepared using

wel | - known net hods, such as those described by BURGER S MEDI Cl NAL CHEM STRY
AND DRUG DI SCOVERY (1995) 172-178, 949-982 (Manfred E. WIff ed., 5th ed).
[ 00211] A "pharmaceutically acceptabl e derivative" is an adduct or
derivative which, upon adnmnistration to a patient in need, is capable of
providing, directly or indirectly, a conmpound as otherw se descri bed
herein, or a netabolite or residue thereof Exanples of pharmaceutically
accept abl e derivatives include, but are not limted to, esters and salts of
such esters. Pharmaceutically acceptable prodrugs of the conpounds
described herein include, wthout |imtation, esters, am no acid esters,
phosphate esters, netal salts and sul fonate esters. Uses of D sclosed
Conmpounds [00212] One aspect of the present invention is generally related
to the use of the conpounds described herein or pharnaceutically acceptable
salts, or pharnmaceutically acceptable conpositions conprising such a
conpound or a pharmaceutically acceptable salt thereof, for inhibiting the
replication of influenza viruses in a biological sanple or in a patient,
for reducing the anmount of influenza viruses (reducing viral titer) in a

bi ol ogi cal sanple or in a patient, 94for treating influenza in a patient.
[00213] I n one enbodi nent, the present“rnvention is generally related to the
use of



conpounds represented by any one of Structural Formulae (1) - (X), or

phar maceutically acceptable salts thereof for any of the uses specified
above: [O8024{3m9sz8t anot her enbodi ment, the present i neemtuiser2iogood? r ect ed
to the use of any conpound selected fromthe conpounds depicted in Table 1
or a pharmaceutically acceptable salt thereof, for any of the uses

descri bed above. [00215]1n sone enbodi nents, the conmpounds are represented
by any one of Structural Formu 1) - (X), and the variabKes are each

i ndependently as depicted in thg.conmpounds of Table 1. 16]1n yet

anot her enhodi ment, the conpouids [descri bed herein or phar ically
accept apleg sal ts thereof can beBused to reduce viral II%LE in a biological

sanmpl e /(e. an i nf ected culture) or in e Iung viral titre
in a ESEL tF. [00217] Th Fe T\"j nfTuenza vi rus|jmedijat ®¢ condi ti on",
"influenz&d infection", ot "L Iu%nza as used h re used

i nt er dhan ﬂeable to nmean the di Sease caused by an |Nfecﬁgon(wytl1 an

i nfluenzdMirus. WO 2013/01&§2§PCT/U82012/049097 [00218] I nfluenza is an

i nfectious disease that affects birds and manmmal s caused by influenza
viruses. Influenza viruses are RNA viruses of the famly O thonyxoviridae,
whi ch conprises five genera: Influenzavirus A |Infl enzaV|rus B,

I nfl uenzavi rus C, yesavirus and Thogotovirus. Influenzaviru XA genus has one

speci es, influen A virus ich can be subdivided into f erlept serotypes
based on the anfi NHespOnse to these viruses: HLNL ZHZN& N2, H5NI1,
H7N7, HIN2, H9 7TN2 , N3 and H1ON7. IanuenzaV|rus\B-genus has one
species, influe B kaﬁgg | nf Foenza—B—atmostX’ ly infects hunmans
and i sxke n than i'hfl uenzghlys ﬂ&@#@ﬁ;aV||us QEQus has one

speci es, virus C virus, % Ln cts h d pigs and can
cause sever ezt IMness and | ocal epldenl However, Nlnflgen;QV|rus Cis less

comon t hai the|otheﬂx¥§pes and usually seens to cause nild disease in
children. [00218] I n sone enbodi nents of the invention, influenza or

i nfluenza viruses ane associated with Influenzavirus A or B. In sone

enbodi nents of the invention, influenza or influenza viruses are associ at ed
wi th I nfluenzavirus|A. |In sone specific enbodi nents of the invention,

I nfl uenzavirus A isvyHLNL, H2N2, H3N2 or H5N1. [00220]In humans, comon
synptons of influenza are chills, fever, pharyngitis, muscle pains, severe
headache, coughi ng, akness, and general disconfort. In nore serious
cases, influenza c hi a, which can be fatal, particularly in
young chil dren andszt he/ el y., Although it is often confused with the
common cold, influe |ng *h nore severe disease and is caused by a

di fferent yuype of virus. I nfRUienza can produce nausea and vom ti ng,
especially | en, but these synptons are nore characteristic of the
unrel ated gasftr nte4|t|s which is sonetinmes called "stomach flu" or
"24-hour flu". N OOQZI]Synptons of influenza can start quite suddenly one to
two days after infection. Usually the first synptons are chills or a chilly
sensation, but fever 4s also common early in the infection, wth body
tenperatures ranging from 38-39 C (approximately 100-103 F). Many peopl e
are so ill that they are confined to bed for several days, with aches and
pai ns ghout~ thei r i s | egs.

Sy rrpt bﬁlﬁ?’r i nf Itcuoe zo<']51lnd§)</2dEB ((riéc;)l }é\’% %Be(?gjr’e% ches esuetés]gléegll%gofitf(% nI?s %aarlitg

t hr oatSpeéifit cesplas) 9ndrsc aftthdde vethesd dmiidds hieal@aﬁﬂ)ed blo ﬂnah@d wat eri ng
eyes, reddened. eyes, skln%%espe0|ally face) nDuth hr oat and nose

abdomEﬁ‘ﬁmpbgF?ﬁlo(nt A0 eR¢ FrabeGimaRt fompeinds Al ()): @yﬂ@@eﬁ%%ﬁaq b PrgRASha%r e
non- SQE&&%&%Hl@%&ﬁﬁqgﬂbﬁﬁs yigt h many pathogens ("influenza-like illness).

Usual | or at or ta Is needed in order to confirmthe diagnosis. WO
2013/ @%%%?PCT/ 2012/ 002221 The ter. e "d| rder", and
"condi'ti on ?5)80%1%8%‘% %eepéshgle eésﬁliltm eenrtlgﬁtlsodl%iec ed?t%t%oc,oa |ulr§1 | uenza virus
medi atre;ﬁemd:ld(b@rl StalctipatFoehmagi (), ezthaféint he Rarid IO HAG U FdringlagXX) dhe
terms "subject” and "patient” are used interchan eably. The terns "subject”
and " agh @Hitmdﬂ@fléffnﬂtyasaiﬁﬁm ey cae gt f the glaymp an%gclhtfﬁsl aSR?ﬁﬁf@I@éﬁmplﬁéaf | or
turke I i
K Ay TRl SRR ALEAA Yol MK ) BT sty
nouse) and a primate (e.g., a naney, ghlnpanzee and a hunan) and nore
specifically a human. I n one enbodinéﬁ S, the subject is a non-human ani nal
such as a farmaninmal (e.g., a horse, cow, pig or sheep), or a pet (e.g., a
dog, cat, guinea pig or rabbit). In a preferred enbodi nent, the subject is
a "human".




[ 00224] The term "bi ol ogi cal sanple”, as used herein, includes, w thout
limtation, cell cultures or extracts thereof; biopsied material obtained
froma nmawoabigndsestracts thereof; blood, saliva, urinepCTaSes2/0s®uEN,
tears, or other body fluids or extracts thereof. [00225] As used herein,
"multiplicity of infection' or "MJ" is the ratio of infectious agents
(e.g. phage or virus) to infection targets (e.g. cell). For exanple, when
refer rﬂon@ stpoci&c gK&]HHﬂeS)ﬁlChldbj Gompawoudk 3ac8h, AB4.134an3%c H2ad ay5Ta80pd4n| cl es,

e i1 1) 5, Sl DAFEYS00 o Bl TGk iy S LA NG Hph G LRR)

targekmﬁgl&éSH&@§ﬁﬂ&ﬁE&eﬁ@ﬁﬁa%@hﬂmkEQOZZG]AS used here|n the term
"inhibition of the replication of influenza viruses" includes both the

reductbgﬂ%h(n,s ﬁﬂﬁ%@””@ﬁ”’”‘”&#f replication (e.g. the reduction by at
| east st of virus replication (i.e., 100%
reducty n th Qf e
ropl i AP ot PP it e AE Wl el i B R B reprdeR
65% aﬁltﬁ tﬁa%rl(?dﬁ%/TaBIl’e of gasElcBbits, @ASIveridn, QEBdedD)Ik oAChemiasity &hd®Bhysics, 75th

[00227] I nfl uenza virus replication can be neasured by any suitable nethod
known Edn Adgitioniafly. gegerabRungiples of prepije shemigiry gre dqswltﬁd.lﬂ g GRARIATY sanpl e
(e.g. Bnia@fsﬁﬁéﬁf%ﬁ%ﬂsuf§é1%ﬁtre%oo% Sdf’ﬁs pﬂf®9( &&‘M%ﬂ%ﬂ% Advaitbed Of aﬁlc' n-a
patient) can ‘measur ed. More speci for ce baseg assays, in each
case ddichsstar’eSthild UEedSmith, \MtB cand Wlarcis Ji, ﬂolad%kéyu?osmhsel\tem Yorke2001, thee
presence or abseg g{ a te ent, ggd g;ter a suitable length of tine a
vi r us SHBIERGERE Hgﬁ e heee eyﬁiﬂﬁFﬂﬂ EST YT cal assays, the Madi n- Dar by

cani ne kldney cells (MDCK) and the standard tissue culture adapt ed

i nf 1 udB@kdd%t 1 ai ds qﬁ?ﬁiﬂ‘d@rdth@r% comppraadsof ﬁh%@veﬁ@a may eptjogelly heaubstituged |
assay \)&1@@(}1}6&9%&@ stBHich, H&ﬁ g's ﬂlﬁ%ﬁ%ﬂe& Qéio&” égﬁ%&&aﬁﬁﬁéd‘@ ?&L&ﬁ&ed

t ar get , a process ca cytopat ere
infecmkmmmcammEwﬁsxnmupun@nﬁbhehmeMumlHtwﬂkbmm@e&nﬁnﬂﬂmvemqmaheIyS|s of the
cell. In.the first type of cell ow fracgtion of cells in t mells
of o DeionlsruhShsetet B Bo0D Wik HBEE - pHStEte & et

(typi Gahdry, MeJthrﬁ BqubbkARAY ’wﬁéﬁ?er\f)'réc'ééed By ﬁile |té?’x‘}{3‘doptt19na§181”td? het! 9&@%@8 @f{ea|
rounds of replication over 48-72 hours, then the anount of cell death is
measu rrada@mmg@omms eydmgc:tetaldwlah;rm AEFVemarcmetme wohgerredictlmf @rspﬂcrlﬁcd ed

control e .of. eII assa t can empl oyed in the.invention
depenauPuiiafie DR HRRaR iR 5r rittioh ahLu Ry RE T FUE fried: SN

i nf ectageachlibstitutvblt hokihibn bt lesolpe i WHertbRCthhiy ofeRssticRdn USiivig stfi€ture can

br anched- chai n DNA hybrldlzatlon met hod (bDNA). In _the second type of cel

assay beaubssitediiemese thas|ang subssityant @qleqtfrq/fr@rnfaé@ﬁeﬁeql growp] the syifstiguent
m cr Otnﬁaéret%) e[q h%t %Ilﬂg 0}/ M‘é?ent téaal F% ﬁ?ﬁ %an%e he,? QPPéﬁg}gu@%ﬁﬁ& d cells

and spr |ona roun n and
viral pmedwﬂm,rﬁald sriedsiirtedll oi'ﬁie%uageqamlsﬁbmmmegrce@s hynhaulssﬂalﬂay after
18-36 hours, while all the target cells are still, viable. ral RNA is

quant iSEREHENE AAERHPT HTUSES iSrhof &ﬁeebféei o1 detwrd gy rnmoe%lbi ﬂ)@sw&?éesth? i xed to

wel | s cat. f zation

mnth agﬂt?@gﬁa ﬁ%%o %é£1uégﬁgmﬁ£ﬂhh%£&%%fgr g%z¥2§m§iggﬁhggﬁggﬁggquerein a
"vir aIleik’ybmr rhenylt Xtmey be eishea opﬁmﬂyeubﬁtltuted (s Ce alkykot optonelhy substigutedt est i ng

can e rial utlon tOOtaI ,0 mat e uantltatlvelnfor

oy AR R, b g ool Sh AR RRE KU BRA F R ST LS g & PO

negat 'tHeesubIﬂ?tﬁtaﬁolet Gbufah tRSRIAR aﬁegshﬁh&wﬂ;@%dlcaed Ufrd QR afplt ATX that stil I

yields a positive reading; for exanple, positive readlngs inthe first 8
ser i alCsahvt o pheayl wharansX tsromtishaltyeandrindepandantlgsubstitute o b6 ™, shandmdh €i

exanpl S, Vifr iter xter, several dilutions will be
pr epar éﬁllk ykipdp %ﬁgyl gy be ﬂlgloﬁaﬁﬁﬂj%{]%ted%of 8. The | owest concentration of

Vi rus [06ws0] Sti | ITherph@GE Sup@l'] & ssd hérginy rdf@h td £dreor ahA2L3t Asmbigaghther ei n,
the ternms "treat", "treatnent" and ' treatlng refer to_both therapeutic and
pr opheHB@or dess ﬂeatthemr@berﬁelrlowaﬁlﬁ Rhraseh dioa peaimple. "up sad ke 40 Ona@és. t he
reduct;i on, or; anelQnalihefieh hOSARI ARRESTAAR o SRRk aangh Shiedraliban of

i nfluenza viruses ne rate Ions, e ame |ora ion”o he or mor
synptonms (specifically, one or nore dlscernlble synptons) of influenza
viruses nedi ated conditions, resultin? fromthe adm nistration of one or
nore therapies (e.g., one or nore the gpeutlc agents such as a conpound or
conposition of the invention). In specific enbodi nents, the therapeutic
treatment includes the amelioration of at |east one measurabl e physi cal
paranmeter of an influenza virus nediated condition. In other enbodi nents
the therapeutlc treat ment includes the inhibition of the progression of an

o - .



[ 00233] According to the US CDC, an influenza "outbreak"” is defined as a
sudden increase of acute febrile respiratory illness (AFRI) occurring

Wi thin a w6 2m/0i2828our period, in a group of peopl e whoParTaS2e20kBIT
proximty to each other (e.g. in the sane area of an assisted |iving
facility, in the sane household, etc) over the normal background rate or
when any subject in the popul ation being anal yzed tests positive for

i nf | udioz axan@rle, acaeep béviey fbir rd dtdnmf dowshizevedy 2 ahr esdamng net hod i s

consi an o reak, 0234] A "cluster" is_.defi.ned as a. gr of three
or monGOBLas oicleRn sEur i and ritmbigings £ SRSt HefiBaTO A% group
of peqp!@tivh reah&scl tRatGbRHan PKORTAGoh $QRtBRCE AbRRIall{ Feddibld ForhRindYOrhe
2013/ 019828PCT/ US2012/ 049097 sane area of an assisted living facility, in
t he sderm Tatabd@hod eseddee)n, réfosag spmpowsis dhaieraziat subsntialindésece aden, "primary
case" of. " ient..zero" s the initial.patient in the | at i.on_sanpl e of
o opi° s R s iR Sl bt o b oot P HRBHY Apf e A0
pat i epusificaticRphtEibeEbOGH cCitlmdrd o€ Biel iiapdsenGisclbsrd Heedim InSsoned entlidihedts, zed.
When the termis used to refer to a specific person in place of that

per sorntablagompopnd By shomieadlydfersibla camppnd is ope they isdrof shstapHally slécredwhen s
capitalized.as Patie ro, Often scientists . search for the.index case to
dot er MRCTHEpREU el Qb T AR P PGP Rl O BRERSEST

bet weeBnditibhy, Eakes lcablaf wedkh@inly hOsd EHdes GAS CorhBinhtiéhsfof kebstiRRhis@Rit rédidtin
i ndi cates the existence of an outbreak. Earlier cases may be found and are

| abel akbtahlg srciure swcontsajated. epughgphgicespnd cqnaunawps wilhhe appasHitortiese of he
met hods .0f . t i i A i " - tive" nmeasure to a
pat i e%? (,hﬁé esgllq]f]ilng%ﬁ%hrg&WM%?etﬁ%g%%g@%yt}&?g%g i oenq?ltgh'corrpl i cations
resul t{0ouH2] r om iThceati Ghipbyticirori“afiphado zeoupl’ s assisedhereine mivarispr @ragipichaia”  as

used herein as for exanple in pre-enptjve use, "pre-enptively", etc, is the
pr ophyl-&ctl al_l?él@%i W@?{@sgi IoeSSaFbaR PR it P%@lﬁteiwé?ra@ﬁ OfHa* eRRHPEak"
has begp of ARdtd iTRGF uhfut@adse blts H&%%'ﬂ%agtch@nf]%w &W{}e&?@éﬁ%&,'aﬁ hatly the rest

of the community or popul ation group. 0237] I n anot odi nent, the
met hogsoup comein e aliplanic andon pnise dn asma ethppdimeptsptliphatic geapsicenttio lrenber s

of a uni t r _popul ati rqu specj.fically humans, in,order to

ot everlD ATHBHIe 5o Eiea T et b S COp oS e AEh T G OB LB A Lo B et
anduntyiokh 118811 ofhc@ BmB B thtsS MifHabit @R*fuph Corhinal-& afififtid @&ibbe dioisOhepincal
response. In the present invention the desired biological response is to

i nhi biyet ether erelidiments,ahipbitia grpvpserentriv | +udiphates ¢aghhncdompeAlphaiistgrodps
influenza viruses or .to r ce . or anel.iorat he, seyer.i dur ation,

or ogr S50, syt S Rl g B0 SEnBTBH AR Pk aBesPSh O WS B
advancpaeifit cRimplds Indfudueiz aramdt lisgteditdfeahyloethy RisdpRipy 1, hhgopECIbCrRIBAE,

devel opnent, onset or progression of a synptom associated wth an influenza
vi r us Vimfarbutenyl, efhymaiaddertdutyl apd esed/letfe prophyl actic or therapeutic

ef f ect f an ; P A9 | A I The precise
arrount[é(g%sg'@orrpoﬁ%lg%%rg;m%%}gt gsr 2%831 6 A sg%}sedc%fu\lﬁgtl%ﬁ% %E@%Oceic"té%&? %Cl}fagrge of
adm nihgtiroghibon, Théeriypkeayld as emelrlictgin afcahhe strdifla ot beamchstdchaim liskieocarbon

e onCoRhES PR b L s A e BSRSE Bt bl fRun ety 0
determ i : i : a “ tof, en
fﬂrﬂﬁh@@a{aﬁpﬁﬁﬁﬁ@%ﬁﬁi@gﬁ%sﬁ%ﬁﬁr%@ B‘lﬁl@géﬁds: Egc\,l\}ﬁ&eﬁ%% J1BAT O feen

co-adm ni stered wt viral agents, e.g., co- adm ni stered

wi t h amn“akyiyll af baed zeimed adpitional yasubsetifed ol isstdfodthnbalotv: lofsommhe second
agent will. depend on the type of dr used. . Sui t abl osages ar.e known for
o or o BtrosgRRs M allobn e Gy BB R TRE Lo e Bt o Ren 1O

2013/ @988 IS2AE24R4RNA Tn 86HOESbEE mcAts! {he “qul?ﬁ'ylt’ isom,-of alkhgy1odlo,act, the
type of condition(s) being treated and the anmount of a conpound descri bed
her ei n#lyayhg used. In cases where no amount is expressly noted, an

ef f ectj mount,shoul d b suned. For exapple. coO nds..described herein
can pa WY ot A,y AR RA Tor SRR Sy BORROITRE GBI

appr oxtfiamttelayhol-Bdmitic EBEbr@HIK golraidihgwii ggiybtcthayhitb tall Besatpettt io cOitains
prophyl actic treatnent. [QOZSQ]CEneraIIy, dosage regi mens can be sel ected

i n ac©Hf QRRSE WitspTangaiyragen, haying daee Fosfouren g eprbosatams o FH¥MGei ng
treated and the severity of the disorder; the activity of the specific
conpound enpl oyed; the specific conpog%tion enpl oyed; the age, body weight,
general health, sex and diet of the patient; the time of adm nistration,
route of adm nistration, and rate of excretion of the specific conpound
enpl oyed; the renal and hepatic function of the subject; and the particul ar
conpound or salt thereof enployed, the duration of the treatnment; drugs
used in conbination or coincidental with the specific conpound enpl oyed,

o . oy —— I



are described in detail below under the section entitled "Adm nistration
Met hods. " WD 2013/ 019828PCT/ US2012/ 049097 Conbi nation Therapy [00243] An
ef f ect i vewarzowntiog2an be achieved in the nethod or phar meCEAtS2@l049097
conposition of the invention enploying a conpound of the invention

(i ncluding a pharmaceutically acceptable salt or solvate (e.g., hydrate))
al one or in conbination with an additional suitable therapeutic agent, for
exanplembodhmam, ithel mamhbea g€ cerbar atam\sséa&:&tmh() Miglmer "eotobinmats, the riungreapy” i s

enpl oye an effective anount cal chi eved usi.ng, a first anount of a
oo GAOBAIRIS ) i S CTORGH AHGHTLBPT SIOTUPER GraP SuThSbl o

t her apgut in@lu@gé?ﬁbn&c%rcgc A cBlbl y&&@;‘a@%@é @]%lrd’@ic&idﬁ%h carﬂa@@;%%]drl@ anot her
enbodi ment of this i'nventi‘on, a conp of the invention and thé

addl t |smﬁatrns t Rleg @p@@iﬂoan%{g@?stpolsewehcela@mss@thmmnswlwleﬂie |cmrbaqycé1fcfrmgtqan &canount
(i " fys &’ ! nea ao%)u 1n-ar % c\é\ﬁ) dc 1%6 t%lrroaclgrelUt 1(1:a 0 yonEfO ec% arorna{l
adn1n|§f8 e&)lﬁong} 'R ﬁgphgr ﬁﬁ%é et dﬁpdﬁn& of °t he'S HVeRtt on and
t he adfhigh bpb@hbihixesnpetdbs, &vhagemthe r@d@al&ﬁ@bm@dﬂhﬁucﬁﬁl@ﬁtﬁﬁ oh theaqaryEpelid  Whi ch
al one does not grOV|de a therapeutic effect (a sub-therapeutic dose). In
yet aﬁ@l{gheFu@ﬁb HYRENG By SEHRAROTIISS Ve Hags whishehya twaadbe agrng pomsr ed i n
an eff i tered
' o Eo el B R Bhup bbAsq A A AT Bard AR S By ROR g AT he

i nve ntmcmahc aing bﬁtadmharesdsmmcg atoma Fs;uimptels of apdodliphatiog@upwinclude tHue are
addltlon therap c agent, for exanp itabl e ca t her apeutic
agent P it i Sy Pk R MCIQPI&%W% éngﬂ?ﬁl fic fwgﬁ inclide dut HErel n. ¢ ho
terns ihikdG AN Qvpd jion" can be used |nterchangeably
to ref1erﬂ%tdogq;ﬁ/gﬂ)?}ge}qocycPcr mel&3 Kanﬂ%ﬁ%&%{{@? apy (e.g., one or nore

pr ophyi0@ISSi ¢ andlherterithdrespeaytcla’ (a;lgéha:tesc)cycllyrhé ouébetabcydilie”bei‘m gomstiqot

{her ot csgbin iy Bt BRefory e fuafitt Mdthdr U ati on

enco WQ@ﬁt%ﬁﬁon’éCHFnﬁUré Lhid b0hsAhirdtiog, ﬁa!v[rﬁ% thRRdo ﬁﬁ&@ﬁ' rigatoissin ¥hidthénccmpounds
of the coadm nistration in an essenti |y sinultaneous manner, such as in a

si ngl engrhaingwedons sarplecddosi hdtgnatofigruck ramplSe or @m@i@a@h bng inetht systéravi ng a

LR r talns f 7fr|ner Sf)eranfjn Seceoe%qaoa@dlmen Ifonoar orlna rm érl 9 cfic i gorr%tref\secua gul es
or tab eac tl on, SUC coaam ni S]% apl%n eﬂg enconp SSES

use ofth@aﬁ&emm@mcbctda fﬁarﬁN;]lSQilﬁEil(B{mtﬁﬁll’tﬁ@hng niredthBedmsydiiaents, [Hdd24dthatic one
enbodi nent, the present invention is directed to nethods of conbi nati on

t her aéseterwcmﬁn&ﬁ ¢ompisEup t fwQBEeropeplsisgigetcd rﬁrOiHhNbS@n%él vabingbgres or
patien aemoﬁng X othdr @B Qs RBEY dtf&%e{e%ée)dﬁ@ VéJ sk ?8%&«&”5 in
patlen S usin e conpounds "or pharmaceut | I ons of the

i nvenﬂllemmatmgsme:hmgﬂrmn Np vt @mﬁun tlteaingcggmaoslTheaaﬁn nfcludhenionvmhcon al so
WO 2013/0 9828PCT/ S 01 /04909 ude th?se conpr i Sllﬂaﬁ an i nhi. b|t r of
Flu vidrds't epPe [¥exelip StPHfPsOT hgsrorxslig singisnaeman LI teHmavodnspd Qﬁ ral
conpoug sl fid %@&n%rlh iygHiH il ﬁ%%cX&IE%M pal fhied th 02 61311&{% Radsopbriyse of
t he conpounds and conpositions of e 1nvention also i nclude conbi nati on of
che nDtChléxoawwwrﬁlhteeoowolmmngwr@me oomposipinehic ohgs dreconthrgrtondhsreals whitehn a
conbi nat und or. co ition. of .thi s i nven ot her

e - R e i R Er R oGP R o B U S PRETS PDSHaY YHig nelode

co- admyfh® thbakim@ed td)pievigmyt, ﬁb@pe‘éﬁﬁ@[ yeroBdimyni b?ﬁa&@l‘idlﬁ’ﬂ Phidhgidfdyr st anmount
of a compound of the invention and a Second anbunt of an additi onal

t her ageenangl, dgeenanyt Heazepanybaaekanslk diageienngl, siapedhybkpzdidentl y cl ose in
time t e LC [ of
i R R N gt A

t her apentihtd2bloagt, ret@apdioangs 1 f teeaydrdfutaasl, tarahpdivthigghdnglan be det er mi ned
takin% into account the properties of each conpound such as potency,

sol ubi$trahydrogigpheay. amhqhylo nrldipg. f%|ef<amplﬁe3 -Hdphalinat 4 alogsplwrlmpeZ- For
exanpl hﬁ?@ agent can
be ad%@ﬁ?@te ﬁﬂﬂgﬁ%m%ﬂ@n%ﬁ&ﬁ?ﬁ out” gﬁyﬁgﬁﬁgﬂ»%Qg' ﬁ@M%%@ Wi t hin
about pjzﬁohdmyls laétrai@dh)mdnannyly\l-tdmlahy(kbplpbra&nlyhGFEtrﬂi‘fydﬁqn]b'ermztlhﬂf1 wi t hin
about 4 hours of. ea her hi n ab hour of each other _or within
About PRSI eRIPERY aleh qﬁ@anytl fo@f@%ﬁ é‘pgﬁ@éﬁnf/ é‘anwr@zoﬁlaylp Pt st therapy
(e.g., a prophylactic or therapeutlc agent such as a conpound of the

i nvention) can be adm ni stered prior Eg (e.g., 5 mnutes, 15 mnutes, 30

m nutes, 45 mnutes, 1 hour, 2 hours,“%d hours, 6 hours, 12 hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 8 weeks, or 12 weeks before), concomtantly with, or subsequent to
(e.g., 5 mnutes, 15 mnutes, 30 mnutes, 45 mnutes, 1 hour, 2 hours, 4
hours 6 hours 12 hours 24 hours 48 hours 72 hours 96 hours 1 meek 2

o o o o o o o o o o o o o o _.:‘._,



[ 00252] As used herein, the term"synergistic" refers to a conbination of a
conpound of the invention and another therapy (e.g., a prophylactic or

t her apeutwo 2atpandg28 which is nore WD 2013/ 019828PCT/ USPOTAISRU20995097
effective than the additive effects of the therapies. A synergistic effect
of a conbination of therapies (e.g., a conbination of prophylactic or

t herapeutic agents) can permt the use of |ower dosages of one or nore of

t hg_ t pyreaplied, gpdy’eddinlyéﬁspipfﬁﬁﬁmﬂnﬁ p&!stnilctiimthmpemﬁnyit 2dlapzblidivel.api es to a
;thﬁgﬁa§§g§“g { %%& g l?“&L&ﬂ§$$§BEQ %Vagi?%léherapy | ess

f requenidavoledifyIr ﬁqaﬁﬁyltﬂaﬁaﬁﬂ%écﬁilﬁdlng«ﬁ %&fadh%@qiso%ﬁlbhﬁﬁeb&ﬂmhml ation of
sai d therapy to a subject without réducing the efficacy of said therapy in

t he prenzdithgnyl, ﬁrﬁ(ﬂnai@@ﬁ?eh@nzamdtméét -prsthtandfl, hdwwdmm@dazoﬂﬂ agdition, a

syner ef f eGt (San.res i mproved, ef f i, agent s t

ot oveltTtseT randdeigil S Mok s G510 A3 RordPr vl e o1 o
ef f ectmdibtyas GOTdRAIRAL’] QRalRbx hsf ‘aﬂylasya(l 10refed t6 eafbb@a:hb afon@dticpm@pye@et i C

or therapeutlc agents) may avoi d or uce adverse or unwanted side effects

associldedeaniari” ey hﬁsl@e@fnt@iclﬂmﬁahlh @@%pe eromeary] 0uL53] Wid graupe.

nbi t her.
conti nogIsan LTC G RRbAGIE AP AUBR 18 e b ARERGHH JOHEHARIL S o o
so t ha“burtdea) m&tunolﬁideﬁlohomhb atonegic rags uchdisi phicsilraat ifaved patycheid @ogetic (e. g.

days, weeks or . nng g OOZS%%The resence of a syner istic effect can be
det er MBSSYSIEL HyWaLS {t&BO Beeyrdf 2ngagis Singy atg ] oy ditfeas aathgn. suitabl e

et ho‘i%;ahﬁfés‘fﬁ&udef Rha cf% Htlli'ﬁ B giPicr SR aRAMNRT 1 %sé HRlfaed dithh {He G
and Schel . nacoklnet . 429-453 (1981)), the equation of
Loewe saaiuhi dfithd teym (¢ t@rbwcllsaroaxmﬂlcmg§ ohhekbodsiclic #oohtic’Bapit 1Paselddllereﬂ‘iha$ amcol .

114: 313-326 (1926 and the di,an-ef fect equation ou, T.C. and

Tal al o0 W Ehyphe e T o S SmoE Fe Ay Mt GaeeSTe Pt er r ed
t o aboyeredBlibesRRRk ifsh MWdhiy1eReiniait ahptilidhadOpitaRahaliRyR ofOr I espondi ng
graph to aid in assessing the effects of the drug conbi nation. The

corr eé@mhddma@rtbﬁhwh@@émtaémhowom of hachaqueat isomshe efogratiedingo above are
the ¢ rati ffec qury ”‘I bo ogram gurve a d conbination index
cur ve%(?@s%ﬁ)ectl ve yem§ e e¥°a6‘ﬁ Oam’ﬁ% ﬁhaﬁer%afy COMR AN ?%%”“Rn th a

conpouaniles teichasyche bﬁi‘ﬁbt¢r6@1buﬁac BEIIHANIsEd ddBE of M $ N 1arges HdketRSs in
osel tam vir TanlquC» and Zanam vir (R enza0), viral ion channel (M
pr ot ei AYteIaEEiEY or “het@parylal ko ntralgr F%hﬁlt@%ﬁﬁ?ﬁlafﬂ% mg SEQVES hrviag fixeihe

T 705 e AT bt b Hop A RS ERRAARR s MR RORPLAR P B o7

al ., Aﬂhch/a mahoRedis eamadtic rBi2:is Abed i@ o @AN&E otheTaMt@fringva’ler(mvylrglromd

relat d conpounds br oad- spectrum inhi bitors
| nf ec U 9r mwegwggﬂe&%%%% AR mqlﬂiedc%ﬁ%amoa%gﬂﬁhﬁm Wéhé?%"ylca% be
co- admj QiySdeneddn W falfgbéhéat inacHith ABbrlafE LiHg Mza ¥Re ¢ Bﬁ‘e ol HoRYTB-LoRAGH ment s,

the conpounds descr herein can be co-admnistered with Zanamvir. In
some eimige (iantenyslic Qtﬂetarmmbuh ddierowe 20 019828HETLUBROL 2Y @408 ieEcr i bed

hereln.ca .be c% n istered with o Ip Hents t he
conpodiieg Crt R T I S S A S
Pharn&&&%&h&ﬁ&uﬁ%ﬁ?ﬁﬁédkﬂﬂ&c&ﬂﬂﬁ&5&@ﬂ@m@@@E@Uwﬁéeﬁﬁﬁ@hwh%ﬂoh@ﬁﬁhﬁ‘Can be
formul ated into pharnmaceutical conpositions that further conprise a

phar nﬁ&é@tﬁl@élﬂ%ﬂ‘fé@é@ﬁﬂ%b@e‘éaﬁgl Brampfes Qn%hﬂteromr} gipapt ingludg ehiidyle. |1 n one
enmbodi nt.i h r I osition
oy STy TG RRAERE b DB hOBx DRI ERLA o, AREEL 1 §RoRR™

phar magexdlylc Bbkarzodt ceatinkblgl, elebzdlEl 1so'£ﬂﬂ1dzulr3/mbr thaxdidre B incdidivg lfbméxamplm one
enbodi nent, the present invention is armaceutical conpositio

conpr i2siUEYAR- @F‘?@éﬁ%ld&iﬁﬁﬁh@'lﬁ\‘da&ob’é wﬁamésfl ﬁ@ldﬁ?‘&’bﬁtw?w@ﬁl fon or a
phar %%H%dl?la%lléloxggcg?lgg}%![a&g?(ﬁ%féﬁ}%ﬁgﬁg(&;laa%xgzcﬂ 24! ﬁ?d{g %'xh §ept abl e

carrier, aent armaceutrca cepta é carriers
i ncl uggrazbiyl, eepanpilel, lﬂjyabtm,(ﬂepyﬂrmyl 3ehirtoylt Z-pyedydi &pgﬂdysl Hpyddylr 2er s
suitably selected w. h ect to he j ntended form qf adm ni_strati and
consi SYBRICRY RYBHY vh Flnﬁﬁ’é‘V GdeEay!: gt%ee%qlzleg thl[aég]ﬁgéytf& 1éf2ect. ve
anount” includes a therapeutlcally effective anmount” and a
"prophylactically effective anmount” I?e term "therapeutically effective
amount” refers to an amount effectiveéin treating and/ or aneliorating an
influenza virus infection in a patient infected with influenza. The term
"prophylactically effective amount” refers to an amount effective in
preventing and/or substantially |essening the chances or the size of
|nfluenza V|rus |nfect|on outbreak SpeC|f|c exanples of effectlve anDunts

o S - . o o Y o ~



effects are al ways unwanted, but unwanted effects are not necessarily
adverse. An adverse effect froma therapy (e.g., prophylactic or

t her apeutwo 2atpanpg28nmi ght be harnful or unconfortabl e or Peirdisgo128iuae7 ef f ect s
i nclude, but are not limted to fever, chills, |ethargy, gastrointestinal
toxicities (including gastric and intestinal ulcerations and erosions),
nausea, vomting, neurotoxicities, nephrotoxicities, renal toxicities

(i ncl mdazo@llswﬁazobfrhdbmzpbé Zthigyphi I-thamy |, vedroslys baumimirhmiml benzutleestl) ti al

nephr|t|s pati ¢ . toxici.ti | ud| eIevat eru enzyne

evel Spnadaigh gebitRe T RGN aRO ATk P Lt BisedSl on

thr Om?ﬁfélﬁiﬂéﬁﬁﬂ' ddnRA 3818401 acrii{dyln%@ﬁé?soxﬁﬁi@l' isbﬂnzlz%gllel 2ch9<|a@1@9@1§11 on of
gestati on, kness,” sommol ence, pain (including nuscle pain, bone pain and
headadkb)- oxmhazolylokg 4-exedigolivh, 1 ij #11470b4 5] 2,é>¢h1aglaptylwhd1 Ithlocym@thdrru 5-

akat higs, &, G0 AL OVASSHAL 1di§ “&1%%%0 Ay ofn (e 8 Sf“” umol{n g%59] Some
exanpl'es 8F° P ey Par AT gn eV p ar%§6e6¥|ca cep 2

car ri gmolingl)umhd,isdpinofingl (B8QL, l|-isﬂdl111ﬁﬂ1ﬂy@,,3 is 1ﬁ@<1ﬁ{yart@emso uhdliiyna, al um num
stearate, lecithin, serum proteins gsuch as human serun1;}bun1n) buf f er

subst AACEI] ( sucHsaised hpiging cyc&@spn £os CYQICyEPUR or S BYdhicaneietyd, inghdeot assi um

nat or ey 2 She b B AT Bt ] € Ly SERANE e RS BR l B IR e
Doy Dt e Iprearsl ?hmﬁﬁfﬁe“?ﬁ?]ﬁ?ﬁi?mﬁ“f“ﬁ' i g e salts),
f)gl yaé&ﬂ@ es, %%aee;gﬂ%}ryét W%‘Ffe“%?yﬁﬁi?{j) %15 % UL T igop%lérs

met hy | el i LS Rcn Y INRURR 2RY Irln tvmék&ﬁ k@S g WA adf@dst %éélzﬁéﬁl%nSUCh as

| act ose, gl ucose and sucrose; arches such as corn starch and potato
st ar clvpme@inl (algoSeatams in ¢esnrdem)i \Eatyohesmgwohems irpbdicuneychrabpkative ( hyl

cel |l ul ose cell nd c IIuI t at wder.ed ant h

el t+ bgatae i wegeionk R BbeSReae R%aBE Biiht eBPOSRE Bl ST BT Maxes:
oi I's suhoaplspeanut oil, cottonseed oil; safflower oil; sesane oil; olive
oil; corn ol and soybean oil; glycols; such a propylene gl ycol or

pol yetldi6dhe gl yisoised beresy 8 “budgﬁdéscxedlhymgomemerﬁm tee hdycliaur at e; agar;

U T R AR

al cohdkridged dquﬂéﬁt&ttﬁldlgBd Bﬁ&cl&ﬂﬂlﬁg $}@f¢&15 1ﬁ<§1u&\@ Ibht @’é not lﬁlﬁftedltbn ad@%an@anyl
conpati bl e lubricants suc sodi um aur%/lpE sul f and magnesi um st ear at e,

as welnorbognayi, &aqyﬁ@[%taé&ﬁ%yl 'Pléy%le@ %a%;]oafgé @cl%atlﬂwyb@éww Svidanghi ng,
WO 20 /

pr ese%zsé%l@es ﬁg?%j 9%)% a%antcg%lof 6dt %%%?f? 2@2&1%{5{?%5‘?;@9%&52668 fhtolj%_n
accor diieygld[8.3t1he3, j ndgyte mt blodgetil’l)ecyfcbc mig ayem cadbe optiinaHy isutm;tlmdmdh one

[ 00260] The ¢ ounds and rmaceutically acceptabl e conpositio escri bed
above O BB BB St &9198 (HetdHe ?h?xa;e & BEdromAs | o ”fygéklfgﬁ

par e”ttﬁﬂﬁ’orb%eth'g[)t LR Nf%ﬁfcﬁﬂz‘l' clohIP(Sz[ Q&S%@daﬂ%’ljaﬂqyl 'H%Eerré’dii%[dah&’l"em ly,
topically ( er ointnents, or drops), bucal Iy, as ‘an oral or

nasal (hpﬁmyycloﬂlkylbvékyll ¢@eb00delpeml rhgtemrylhdkezavewloz}lkyibxy he infection being
treat 00 ud do rns, for oral ad istration.include,  but
e ndeterrap patiosd P Rad e Bt hedlon Sl Ra ks Mo AR APHA AT ons,
sol ut ingRFoarSHSMEDSEPRSy, BIXbXRrdN, alkyidafonyloRy adeinbéRPordy® t he active
conmpounds, the Ii qui d osagﬁﬂ;orns may contain i nert di | uent s comonl y used

in thellﬁfrlqar@mlﬂnago dyeloakky oeylawamet(Cmloadim@kylé@rb@m@nn@,dmrbpwcm ng

agent thy l.c h | cohol , et hyl

car bo%?? gcqrb {Eﬁ ?llgéd%fgl aﬁlt(ﬁ&&go%jyrﬁmo (lche% ?C(g' %gki’})? g&??}z?%lg g pr opyI ene

gl yCO|(hetéroBydlMlWl@lﬂt?l)giry@rgﬂaml(ﬂbﬂliﬁtéwhtfywaf%ﬂyliﬁnn@Ihb&rdarﬂkﬂaﬁtbbﬁylhrﬁfno
cottonseed, groundnut, corn, germ olive, castor, and sesane 0|Is)

gl ycercsino, ihelpr %WJ@P%@BHWPWP@L elkHisnLfanybsylory usite thioyren seltamey !t at ty aci d
ester%ug%nﬁgrgp arfilovl Xt ures thereof Besides inert diluents, the oral
conposi tions’ can afso I mcl ude adjuvants such as wetting agents, emul sifying
and sy8@2iii ng agentds hersie Ebradycli gefefstaudondgr ammdmperahumbrag claglerht s, of
[00262 | nj ectabl e preparations, .for exggp, sterile i $ectq§%£ qg ous or
ol eagiHIRsCLIEHREL IO TraYL n3E's P67 Mnlchulsd The £¥9 APRY e AP RATHATEPHENS| ng
sui tabl e dlsper5|ng or wetting agents and suspendi ng agents. The sterile

i njectable preparation may also be a sterile injectable solution,
suspension or enmulsion in a nontoxic'g renterally acceptable diluent or

sol vent, for exanple, as a solution in 1, 3-butanediol. Anbng the acceptable
vehi cl es and solvents that may be enployed are water, Ringer's solution,

U S.P. and isotonic sodiumchloride solution. In addition, sterile, fixed
0|Is are conventlonally enployed as a solvent or suspendlng nedlun1 For

et hyl



hard-filled gelatin capsules using such excipients as |actose or m |k sugar
as well as high WD 2013/019828PCT/ US2012/ 049097 nol ecul ar wei ght

pol yet hylwoeotgoies2Bs and the |ike. The solid dosage for reTafS201al0®b7T,
dragees, capsules, pills, and granul es can be prepared with coatings and
shel s such as enteric coatings and other coatings well known in the

phar maceutical formulating art. They nmay optionally contain opacifying
agent shabidgednsuwally bubeotatwaysconplogiary cmbdnhabmshay dendtetad es thredgrbedds’e

i ngre s) only, referentjally, in a certain part of the intestinal
tract 0GR ohat I ised heBiue SRR nebintyeto b rE s s BRibatisaS0Buly o ons
t hat %ateﬁﬁry%goﬂ)%kﬁ%lp@wﬂ%hlafom&%&m%nagsd waxes. Sol i d conposi tions
of a simlar type may also be enployed as fillers in soft and hard-filled
gel at i[00kSdpsul esl hétsﬁ:rng“rstlgc&tm@i%m g omsuelsay QAN g er Srthatils i thegag ohgn wel | as
hi gh nq)qﬁ%l%g m% ]k?pleth Iene ﬁ #stpndlghe | i ke. [00268] The active
conpounds Can 4l sd ngﬂy% ‘g at'eq Form W& h one or nore exci pi ents

as notjeglieapove. Al f@bst@thtadledﬁﬁgaeg@mf’ of aBarofatiabtRipss a 6hage®EN of AABYEESom
pills, and granul es can be prﬁﬁared with coatings and shells such as

ent er ibengskipiartydrogen jatons o T kbR drezqni Gag be GatipHlY rﬁﬁiace@tw& a g bl s stitiaent
k h
nown gr&lgﬁmo W) E e‘éﬁbsgﬂtaﬁlg ha}g : ﬂotrﬁ N e@fn% inkfhg® Hﬁg ﬁPd&; ﬁoP'Q B&?at&f?{ me the

activ m xe eas one I n uen suc
sucr osshicl aetshmed Whes tea cihgs o dised o smghlifiar, Mubstytablsiingaopi’idees nas i s
addi ti onal substances other than_.inert diluenpts, e.

nor mal cti ce,

t abl etﬂilﬁ!f Tt FACbAT & OB WABH LeeisHyct afeoiepg%ﬁhafatﬁ%@rﬁéérﬁ At and
”inO%HMQEﬁghhﬁﬂhﬁﬁﬂ(ﬂ% fse. In the case of capsules, tablets and pills, the
dosage for may al so conprise buffering agents. They may optionally

cont ai[M0Iedhci f yiThg tagefiteteraatdmt arcans soe dzrem«nfe of oxygrposil fur omtrogeat  t hey

o R ST b A Lo BRSBTS SR g P

enbed dh@%la@éfﬁﬁ@@ Fdrinadtany basic G eRE oM %%ﬂbétﬂﬁtlab'l@ RitPSY N FB & ihGtebdR Sli @ARE Foand
waxes 0269] Dosage forns for tOBIC& or transdernal dnlnlstratlon of a

co rrpo@ﬁ@mn]@% fastie d,4ndihedra-2HhoyweleDoNH (ae it Ryrrodiditydsor NR e@ren Nisobptgnied gel s,
pomdershnﬁ BLOﬂS sprays, inhalants or patches. The active conponent is
admi x&d 4 terile conditions with a pharmaceutically acceptable carrier
and ango nmded pysased HakinvgsomionBllf fubkstuas ar@iylan begubstieded 6pbdthahdri C
formul ati on, eardrops, and eye drops are also contenpl ated as belng W thin

the scdpéapd therrd ropiasntWripss otravise drdicatsd asyed Persdeqntionalieribeiiyted

conte ches, which have the added advant age
of pr§8? Hﬁgoggﬁ?ggFwﬂﬁu%&f&gggyggpogﬁ%onpound to the body. Such dosage

f or ms [6@I68he made stayic dinbsdimentsgamilipdhat p enkdtargaliptetic gnppuoda non-tdoenapic oper
medi um Absor.pt.i on enhancers can al so be used.tq increase the flux qof the
conpo WT%P{B‘FSJ%“% Ry SRpIn T e S@&H“’SB“C SHF?@F P@ﬁ“B&?méioﬁlﬁg? SIMEPrdi ng a
rate Qﬁﬂ%h%khh@%dﬁ%ﬁ%?ﬁ&%nﬁ[ R¥icH &ﬁﬁ6§ p@h&@%dfﬂﬁnﬁ%qge&ﬂaﬁapﬁ&%qﬁﬁe”atr'X
or gel. WO 2013/019828PCT/ 201 9097 [00270] The conpositions descri bed
her ei distedyabpec. a{aﬂniemlmab}egdbsmubmy ;mqbateémﬁrlatddyaﬁ syabilfoa theet ursatuspeday

t opi cal | aI bucca Y |nal . vi.a i mpl a tg

F ober goioph oF A Darigtieg i Ok bieyaest GRourting “RELERMY ilugbu® BPaw s 2LES

i m t edyNIR" SGW ?ZHEWC(UJRF W@%(quta[@my&W%Oz(Cm ElﬁggrdrE‘NR ar,

intra- synOV|aI, Jntrasternal intrathecal, intrahepatic, ral esi onal and
intr ac&‘@fﬁl@ﬁathﬁ\eléﬂﬁ@ﬁeftﬂenﬂ)ﬁﬁﬂs@t@ﬂhff@@(ﬂ}’ﬁmﬁ@é@f a1sppledrRa] g aubsyitutehe o

COMPOSKALEN® A aATHALRLRL SR Aphie 104 ARE I aneaLl KoBnylinggNSIOUS! .

[ 0027 er|I I'njec orns “or I ONS Scribed i‘n may be

aqueouﬁpmﬁwphaﬁgumﬁp&nﬁy§nﬁﬁgﬂpﬂh4Ihﬁ&ﬁcSDHpeUSLQﬂ®hmﬁ»fN@bﬂQﬁnDOgHed
accordin igto technlgues known in usi.ng suitabl e dispersing

vet t i fPAgentlphang. SlRylehdi hlg)%%@shalqﬁ% 4@llalilqt10é Whirdecad Qef the @5@%%@& on
may akso]ﬁ?mﬁc ?kEFRt cliablg.fFo!l ution or suspension in a non-toxic
parentera yac uent or solvent, for exanple as a solution in
1, 3- byo@reddi ol . Immmngenmemammmpbmhhmlm@MMmhﬁsoaﬂwIsmbgmnﬁsimhaquhynhg

enploy re water, Ringer's solution and.i oni.c diu hl ori
Sol ut astudd Hosgpsed Ahve. E? T jugable ﬁ&@&t%msgnfjvie R PorieO)g ﬁgaz%yed as a

sol vent or suspending nmedium For this purpose, any bland fixed oil may be
enpl oyed i ncludi ng synthetic nono- or gl-glycerldes Fatty acids, such as
oleic acid and its glyceride derivativés are useful in the preparation of

i njectables, as are natural pharmaceutically-acceptable oils, such as olive
oil or castor oil, especially in their pol yoxyethyl ated versions. These oi
sol utions or suspensions nmay al so contain a |ong-chain al cohol diluent or
dispersant such as carboxynethyl cellulose or S|n1Iar dlsper5|ng agents

o - rr Y N . T



[ 00276] For topical applications, the pharmaceutical conpositions may be
formulated in a suitable ointnent containing the active conponent suspended
or di ssolweaoiyniesre or nore carriers. Carriers for topi ealr/tsdnm2oi®pT ati on
of the compounds of this invention include, but are not limted to, mneral
oil, liquid petrolatum white petrolatum propylene glycol

polyoxyethylene polyoxypropylene conpound enulsrfy ng wax and wat er .

Al t er REEOXEDYR ", +AE0YHRGIBMR UESQR ', eXDABI ki €IisSNR he-GoNHINREY, om- a
ta | ot i, 0 a ontainin e ent nded or

o sconVES PR Shuhin g8 BV EREHhal ontetalf sfbulEs C o R EPHRF rarRRRE ab e

carri gBstitited Hﬁal[yr %tloﬁdtpy sﬂettlthﬂemegﬂl)th)tloﬁtrner@ktlﬁtéd c%grptpt)taﬁonauzy

nonost ear at e, sorbaté 60, cetyl esters wax, cetearyl alcoh
octyl d@hﬁé@@tml)r(CPb nQRh) @ptmhkby smutwm SH= C[Idl((m)'w]rlaomn@ﬁtﬂtlwmdrﬁ -6 meseherache
phar maceut i ensions in

d
P Oty nERIRSE Ol R TR o ol BLH Ab SR Tr R BRUG S SHERSRE L 0T

I sot oRix¢ Iphttﬁ@bm&tr@dlfat ef, it e irfRpédient @ctlhatcewof R* ,h thé thedidubatithegser vat i ve
such as_benzy | al Koni um chl'ori de. Al ternatively, for opht hal m ¢ uses, the

phar n&é@@ﬁt@&bst&mmen éresthenyithehe sfomisde adiigheagh Rorgrﬂurrelﬁboetdc rfprasa -
petroleat um,. &8%%%?&&5&%%@%5%%% 1 he‘fé% ﬁhﬁ GNP 3 BB eb&Qq P 1 fgyni stered

by nasal "aerosol or”i tron conp |t| nNs are prepare cordrng to
t echnirigeshwveld sakdiosteroaryl blhte:tabtyabﬂ rptgarasraeaehﬁtaemaﬂomfs andepb@icndn selactedray be

prepared as solutions in saline, nplo ng benzy|. al cohol or other sui tabl e
pr eser (PR MHOEEN, Q¥ 8TH Of %}Hﬁﬁr Divbipe U pusAH A e Bt iRigigron qrithg phenyl ring

f1 uor oeqrBANS e At Rh NI NRIH (e9ntr1ﬁﬂtahemt]c§ptrgmrat%u{t% h, @ 4829@ he egg)@,gent S.

[ 00279] The conpounds for’use in In entron
f or mulQ(Ced aliphatin), NQhp §2g € 3.6k, KO- hie: allehMC)tm(halod@sa@@hﬁm)nﬁr lradd(€lis to

D015 Ghnbdishoniuan 1y biBe BreAmeat s b B e R, o ubrtiyted eat ment . i th

each ypot70font aifpkfide emPbEHRLE! M a@ﬂ?ﬂaaathg bdaligfl, AEkbME afpbB/aligl af@lieul at ed
to produce the desired therapeutrc effect, op tronallﬁern association with a
t

sui t abike) priwtaravelifindeding ar:tptoeralkyt ned beicroatdalligey dnskthe bike) dreurt mey gouhing| e

gglr ! éagl? So? %??{re &%gﬁlttufent?gb le sug)atét gn dos % 1£ 8at%ﬁ%eda ca?b%n %%sa an't bronﬁ}locrh% times

en nu & lrse uni e can be

t he sapg o@rleretd‘afﬁrgecmp afr@ﬁel@c&@dlfrdﬁﬁﬁose@é&lﬂalbb% @rﬁle@tuﬁmrmbauﬂ,entﬁmamhem S
of Corrpounds of the I nvention E00280] The conmpounds di scl osed herein can be

pr epatielpgey: -BRy-GRiT tBR 6 1remety duadiany:i In2-chelaedioxy; d}he@xle(ﬁb) eptiopgly

2010/ 8%%48%% U8 RSSO BT LA s
For ex@mpR® - CH%%PHP@EM&H?@MM& wahire; Nepdckt @J(PQP)ZCHNR*%@(({))RGPM ed by
any suitbl e meth known in"the art, for exanple, WO 2005/ 095

2007; GNRBGQS)RVG(;\HU@?MQW% -Nm:@m(lxmllgtmcom 2N1%0f\mg:rzom° h

2009/ 07330 PCT/ US2010/ 038988 a %,

descL |§§§N8ep§5bN(&e%geT%IWJQ% c&fﬁ)sa C(pﬁé ary K E@Qigraepar ed
e T R PR AR ARTR - ORI héRs?f%tBC i tdﬁfoﬁir“t‘éﬁéf&?@%o)npounds
[ 0028l%l°5ysw)§&ess(rNaR/Rme LS@INTRE), EIMOR Y, -Naﬂpem@@)zofNRtﬁ)ngvet(omRar e

descri bed bel ow Mass Spectroscopy data of certain specific
Conpou66§\1 H)—N(Etbmmr—((“zléﬁo iNHTEDIRE; Wherdm arsk chdeperaient adeerremocrpf RT if sdlected

T NI AT LT MU KTE O R

2013/ %%@t%ﬁf) 93 ’fr“%?é? %géﬁﬁ,gWﬁh), or -CH,(Ph), or, two independent occurrences of R°, on the
same substituent or different substituents, taken together with the atom(s) to which each R°
group is bound, form a 5-8-membered heterocyclyl, carbocyclic aryl, or heteroaryl ring or a 3-8-
membered cycloalkyl ring, wherein said heteroaryl or heterocyclyl ring has 1-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur. Optional substituents on the aliphatic
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(a) Na2CO3, THF, CH3CN, mcrowave, 135 C; (b) NaOMe, MeOH, O C; Formation
of

(R) - 3- (2-Wb-2018/098281- t 0Ssyl- 1H pyrrol of 2, 3- b] pyri di n- 3- y PXTAISROIQOU®IDYT i M di
n4-yl am no) - 4, 4- di net hyl pentanoi ¢ acid (3a) Toasol utionof5 -chloro-3 -(5
-fluoro-4-nmethylsulfinyl-pyrimdin-2-y1)-1 -(p-

tolyl sul fonyl)pyrrolo[2,3-b]pyridine, la, (0.100 g, 0.215 nmol: prepared in
a si mgrarp ofefnee s@i@ctdﬁﬁommldg I\Héd(hmaliphratlé)ohip@umﬂpﬁeﬁ&)j, halsgdre @g_4aljphatie

(R -3-am no-4, 4-di.neth ent anoi ¢ (003 g, 0.21 1) in

Lot 1 alibr Orlipnatc s § Sk S Gyl DURC R B 0o 0BG 0. 645
mol ) f gl AW BYNRCES @D, b1k iHafic) © htipht i ORnEP Rty dgat ed
to 135 gdfaor 30 mNg‘?;tFe(slfnﬂaaﬁ)crgmgg/(g%eé%t org) r\ﬁ%e reaction r?l?e

sl ow yaljydiatiedraups of RSisndnsastiieddAC1l. The pH of fi naI soI ution was adjusted
to 1. The aqueous was extracted wth EtOAc (3 X 5 , washed W|th bri ne,
dri ed [BUer Na2 SOPnAHAMATLE figtogen Wt%ﬂatn&lwteéowuaeng&ﬂhﬁwr? 84fstiticd atharigg ude

r esi d LAY 12
S AR RO 8 3l g ol sl R O,
0.1% fsobsntlﬁechcﬁod pxéinp’te,rwnﬂ@ alkyChipeAdiNy| Ebupisitt@chudrio theesrefehrdpr &tGe 22.

oy - 4 TN IR PR AEBRBY Eokgviong? B pincrigy Lol oMy ldt Ed of *
(R) - 31itdodeR v&i’f’h! kaﬁ JrOS Nolab&r@maﬁ@hﬁog&l SmtAhiRY 'hbfékd&y@hc M&gs s'ﬁch as
fl uoro-pyrimdin-4- gﬂ_am no) - 4, 4- di met hyl pent anorc aci d 08 g, 0.14

ol ) nymZMEJdJ Haf 2reéu l)tutmgn aduilgdntswnwnd atiadhad 6o ‘dmeeer(@néqr Qﬂ_hQ)lﬁlOESul@w v,

13. 4 for 30 d
P L Sy PR R T R S it e S A
sol ut iy @le:ﬁE ?%@ﬁdﬂ@&s amaw@ttﬁ@lrdnﬁmﬂc&wpmnﬁolbaﬂe aﬁﬁﬂélrtﬂgnﬁtr@gmm phase

di luted w then extracted with Et0OAc (3X). The organics were dried
(Na2S@ny substifutes @dﬁ%lmoed)ﬁegmﬂfoa%atonhwvhé@écylfgéwpyst alization from MeOH

prowi G737 0 5, BRMGERPT RUUGH neho iyl & ABYAIEK:s s DVE0)

(s, 1rdfun§at145u((1d 1H) ; 4 75 (t, 1H); 2.5 (m 2H), 1.0 (s, 9H); LCMS

G adi ent 10 90% 0 1% form c. acid, 5 m nutes, PS/ ACN, RT = 2.06 mnutes
(M+H) %127 . ﬁ@ 06 HPIOTI KDPHINEA G P | aﬁieélﬁpwrr&fw@&rﬁﬁo&%s 2,
Et 3N - %ﬂa@%ﬁ%&kg@gﬁ% ’smM:anISJ defiRld Hefeind, PhayPbArali Ak O 8 with tHAKSRMS tm di ne,
5- f | uovloellegch-vanhbie mjiduodydjorﬁl a SS4dnbmbertdhetammeydiyl, ealrb&;y:ehdaqokadyor ol an-2-yl

lo[2,3-.Db 7 P 3, XPh K3PO4, THE, H20, 115 C
6 Rt it BTl /et ) EXPOR DRSS GTe SOTE SR A48 on of
(R) - Lin®RpHBeaent dechin@hdB R (10X PR @RerdradabRisHm &R Qfind€ héRa) are taken

(R) - 3-am no- 4, 4-di met hyl pent anoi ¢ aci d, 2a, was diSsolved in nethanol (1.4

L). Thegotlsr wtithcthe atem(sdoiveict ¢ach vafighde bsdonnd mhat@ebuytlar@;mtdnm@mi to &l 0 rrL

9 0 | dded d h
Tho L ARl AP oS AROR Mot R St BLRY oty bEIP LA PO e R ¢

3 h. Blaf%lﬂ)&ﬁatalr@sbmidxb tHeSsanRSitdih @h € Brett@kdnQOFBth & WAL Rbikitémas torkhefing | fashed
with toluene to renove volatiles. The crude material was used w thout

f ur t herapple; Nz ae Mdwre bgth RMRIEeD qﬂ% arqieber @gyther witly he(nstroggyators toyforpy |
0 t
3 SR 4, B Pl R s

di met IRl(peRt,anaay ethtHe@griable smnléﬂR) defined hereln) that are bound to dlfferent atorns and

1- met hoxy- 4, 4-di net hyl - | - oxopent an- 3-am ni um chl ori 5a 189 mmol )
was diaé%ék%@gﬁﬁh%w ket thtse AR B GPE Of BB yv hgecp Lﬁtemal %r?up L) .

The solution was cooled in an ice ba @r%- di chl or o-5-f | uor o-pyri m di ne
(35 g, 208 nmml) was added, foll ot he dropwi se addition of
triethylamne (85 nL, 606 5 2 Rkpon m xture was heated at 55 C
for 1PUPSHITtAE WitBAWPIOBFHIFANLELATO RS then cool thepettyo ogeHraneeiRiritaie takat t er
whi ch Y ases
vor o OB R e R O Aol £ e HE e e Bt 62
mL). The organic | ayers were conbi ned and washed w th br| ne. The sol vents
were renoved and the residue was purified on silica gel (EtOAc/Hexanes):
LCMS Gradient 10-90% O0.1%formc acid, 5mn, CL8 ACN, RT = 3.10 m nutes
(MtH) 291.02. WD 2013/019828PCT/ USZO}%/ 049097 Formation of (R)-nethyl
3-05-fluoro-2-(5-fluoro-1-tosyl-1H pyrrol o[ 2, 3- b] pyri di n- 3-
yl) pyri m di n-4-yl)am no) - 4, 4- di net hyl pent anoat e (8a) A 2- MeTHF (253
m.)/water (56 nmL) solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-
tetranet hyl -1, 3, 2-di oxaborol an-2-yl)pyrrolo [2,3 -b]pyridine, 7a, (24.3 g,
58.3 mmol ), nethyl (R)-nmnethyl
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WD 2013/ 019828PCT/ US2012/ 049097
(R)-3-05-fluoro-2-(5-(trifluoronethyl)-1H pyrrolo

[ 2, 3- b] pywOdD18/89828) pyri m di n-4- yl)am no) -4, 4-di et hyl pemtuspao4mei d (43)
1H NW\R (300 MHz, CDC13) 6 11.16 (s, 1H), 8.70 (s, 1H), 8.04 (d, J= 3.2 Hz,
1H), 7.96 (s, 1H), 7. 87 (s lH) 5.02 (d, J=8.1 Hz, 1H), 4.80 (t, J= 9.6

Hz, 1H), 2.81 (d, J: : , 2.34 (t, J=11.3 Hz, 1H), 1.14 (s, 9H);
LCVMS G adi ent 10- oformc acid, 5 mnutes, C18/ ACN, Retention Tine
= 2.49 mnutes(I\/Hr 6 7. (R - 305f|uor02(5 met hyl - 1H pyrrol o

[ 2, 3- anﬂéﬁﬁﬂ 3y Ypyrami @lﬂvvﬂl%eydp}f?éaarfa)mét dvaridt jn'&tdwér%@& aapb&fo%b@l (90)
1H NVR (300 ' CDC13) 6 8.68 (s 2 3 (s,
1H), wiee tyve 1n®p|§ndegt ggurrences of Mor or @y@h@rgvarlgﬂ)e similayty ((eflne@ hgtrem_)cj\/s

(rﬁ ﬁglt glgtt(a%)ﬁ Er\gljt(y%ﬁeoaﬂtonpn S)%ngch eaéﬂ Qal%ltaglse 18 lca:&u8n/(f6‘ Clal’that Itlee &[alrn%ﬁ]es-n me = 1.8
(R - 3-d€:(aae¢15b&%&m@ndthhﬂéﬁdddqbfbb2mﬁnbi pyridin-3-y1)-5-fluoropyrimdin-4-yl)am
i no)-4,4- dinmethyl pentanoic acid (89) LCVMS G adient 10-90% 0.1%

for ni dOQITME, 5 mlﬁ@r@s“hy@mw}&@w“hﬂb@@ntqronlctlfh(#éneietz'”Iefnﬁsﬁqrégi(I\/H—I) 383. 38.

S) - 3- 2, bl pyri di -4-yl
o) - JBGcuore G5 35 DB 7 TG ePoRY e h Ry CleRiPated b M G ) b
aci d, yBedalBhd @Sin coddcAGNwitReehct Sidup réfersTo 4 gBipBubkibealiGMaNC@EH6. 21. WO
2013/ 019828PCT/ US2012/ 049097

('S) - 340QLT8{ 5- chi‘wrused Petsips poPasPond” gy i di@)3- y1) - 5-f 1 uor opyri ni di n-4-yl ) a
M n0) o fry) A MELAWIRENEAROLE B defer to =O.
[00178] As used herein, the term “alkoxy”, or “alkylthio”, as used herein, refers to an

alkyl group, as previously defined, attached to the molecule through an oxygen (“alkoxy” e.g.,
—O-alkyl) or sulfur (“alkylthio” e.g., —S-alkyl) atom.

[00179] As used herein, the terms “halogen”, “halo”, and “hal” mean F, Cl, Br, or 1.
[00180] As used herein, the term “cyano” or “nitrile” refer to —CN or —C=N.
[00181] The terms “alkoxyalkyl”, “alkoxyalkenyl”, “alkoxyaliphatic”, and

“alkoxyalkoxy” mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted with one
or more alkoxy groups.

[00182] The terms “haloalkyl”, “haloalkenyl”, “haloaliphatic”, and “haloalkoxy” mean
alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted with one or more halogen
atoms. This term includes perfluorinated alkyl groups, such as —CF3 and -CF,CFs;.

[00183] The terms “cyanoalkyl”, “cyanoalkenyl”, “cyanoaliphatic”, and “cyanoalkoxy”
mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted with one or more cyano
groups. In some embodiments, the cyanoalkyl is (NC)-alkyl-.

[00184] The terms “aminoalkyl”, “aminoalkenyl”, “aminoaliphatic”, and “aminoalkoxy”
mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted with one or more amino
groups, wherein the amino group is as defined above. In some embodiments, the aminoaliphatic
is a C1-C6 aliphatic group substituted with one or more -NH, groups. In some embodiments, the
aminoalkyl refers to the structure (R*RY)N-alkyl-, wherein each of R*and RY independently is
as defined above. In some specific embodiments, the aminoalkyl is C1-C6 alkyl substituted with

one or more —NH; groups. In some specific embodiments, the aminoalkenyl is C1-C6 alkenyl
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LCMS G adient 10-90% O0.1%formc acid, 5 mnutes, C18/ ACN, Retention Tine
= 2.06 mnutes (MH) 392.21. Preparation of Conpound 69 Synthetic Schene 3
(a) 2, 4-dvohbwwoe®sf | uoropyri m di ne, Et3N, DMF, (b) oxalgir/ushéianime7 DVF,
DMSO, Et 3N, CH2C12; (c) [(1213r0)2P0]2C H2, NaH, THF; (d)
5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-

tetranet hyl -1, 3, 2-di oxabor ol an-2-yl ) pyrrol o 2, 3-b] pyri di ne, 7a, Pd2(dba)3,
XPhos sulb3i@dd wth o SHmordH20H, do0p<C, In(sene NaOvBimdut) Hie apfilodRoxyHd FQCIMEGH, 40

Si ; i odi de 12 Formati o f

(5 25l hiindle ko Uisb Bhprs kG RO AP A 35 8oHRY hyl but an- 1-of ( 14a)

To a gmxfss fe of (R%mz-agl %Qyéikﬁ"d*hgﬁﬁd}&hhﬂlﬁh@n'aﬁd eﬂly({réxﬂillg)x Adcdn ANHL,) and
i chl oro-5-fluoro-pyrinidine ) 1) 50 nL) was

added atiphasicroy ladkoxpieas(thre daspimayde, s_uhmm)d witlf O@OIgOOIm—IQH gls)ups he reaction was

di | ut oa Qus_sat yra HACL s on  and ctedtc th

E![ OXC?H%% congllpi‘ri1 emrsggﬁ(loéyﬁ%%sesa OXP'gé)llR/\Lhéhﬁédn alE%XXMaﬂioﬁybP}e\r%\%a 1r,’v: ed

( MySO4)iphdtid dreﬂ@sly,adsdh@earseemyrte; absiifitadacidoonclbremérc ullexk eshde Feas purified
via sil | ca gel chromatograph -10% MeOH CH2Cl12 gradient) to afford 6.7 g

of t hex@eBler &y almyzmlé/remgmyugmzspemg%@% chbiex!;, wihergig abykisiag ky
sol i dy S%Y{S %?,%Idl ent 10-90% O0.1%formc acid, 5 mnutes, Cl18/ ACN, RT =
2.48 m nu H) 248.32. Formation of

(S) - 2-0€B7¢hl or AFhb-tErIGraduyklybliy imeads ylk) Bstbadiutcd, vaittdommedrinédio whdboay (15a)
To a cold (-78 O sdlu i on of oxal chloride (1.06 nL, 12.11 nmol) in

di chl er%tw%?{em(ailev § S RERE IP‘F@tatt?Wesulfom de (1.43 ni, 20.18 mmol)
drop fter 1§l Fe e suspensi on
of (2%56188 (2 chi tgrt%r?ﬂS‘qu?%gt?%g”%%ﬁ# ﬁléi %E’oté&d@g%ﬁ&sas%ged' HBeift; ar@

yl ) amimeich8)Rablic med ngfbr tounagent-uséd toltdmporatilyoblgek dndder mumeldesirad functional

o ot LSS 385 RS s PSR B ottt
M Xt uth@s YaSorstheml ¥r ypREinBE 1y 41, Of the¥BEwWARQUES ctetiBes MaX tsdBe@Sedivbiytied 1 nto

aqueous satur at ed NaHCO3 sol ution and extracted twi ce with EtOAc. ~The
conbi deertiongagipep m@@éylé\}@t@glm aenpt@qtgismytratﬁ that erodtedinogerrtions eeouethd n

vacuo._. The crude Les) el chro t ogr.aphy (0-15%
E oac e S BT R B B0 e b Bl M ASR AR E" it e
sol i d.reagents that do not attack the regenerated, deprotected functional group. As would be

For mat i onof(R E) - di i sopropyl (3-((2-chl oro-5-fluoropyrim din-4- ylt)an‘i no)-4, 4
- di menAgSoes yfneﬁklﬂe intHp adpREARCSager oy reagents dogopattagk gthepraaytincyspensi on
of so (

2 (i el B e st o den R M Rl el B il ol A8 E s 10 g,
3.542 umthel cbmpéﬁh@rEﬂeBnp‘mmmﬁm&ecﬁn@gbulbs aa dethiled in Greene, T. W., Wuts, P. G1n

R R A il T R
m xt Ur(@nd’\@cﬁersédﬂ%dé oMRIHRBK S, T QR E(ﬁﬁaﬁi &t Whith QMferdbyNAporkf@ gyl Xt ure was
diluted into aqueous sat urated NHAC1 sol ution and extract ed with Et0OAc. The
or gamrcfemna@elea@rrd n@@géﬂVQ@@t}mg grdumé,raedlsahhlercmnmém tatreggenhusgddeo. The
resultln resi due via silica romat ogr a (10-50%
Er oo ERR AN otk s Tre BpPisHa e et phiS Tnd S SRR ISUD S APt
(Gr M?E;) erz%fgﬁg% ﬁfa%geloprl)%cfnﬁg t@hﬁlp@-ﬁlfsg %s%gg tgé' bRFact&iBil AN mPRFicd 8 ZProfciHE es

For mation o i i sopropy
( 3- 05-grouPorbevR-angd ceitaip cEemplapsiTodd PYicrBdgRUBS are also detailed in Chapter 7 in
%fgy; el 3T¥W) W%H&”it&& gln4b5 e% ’@éﬁ‘%@ﬁm“d%}ﬁ%@}% R i Edadd, hhijesphonat e
(3- (l(a)v?fg} ﬁrsmﬁ Né\tacyrod%mgg( giegbfﬁreydo)f@dgﬂéd@wl‘lﬁ;ﬂaregie‘g%@ﬁid htled g;y t
-en-1 -yl )phosphonat e a g, mmol ) an -fl uoro- p-to
Iylsulr?%l?f-‘gﬂﬁ- 3 -(4,4,5 ,5 -tetramethyl-1,3 , 2-dioxaboro lan-2-yl)pyrro lo

203, TP "yl bk e TR e Vil B gcced

degas %endmjhates aﬁosmtedamlnén erhphamgmrbmatld Bronp @sl tieﬁned‘ﬂemm and BhobjetGo 11 g,
0.24 and P 0. 06 0. |) was added to the m xture.
Aft er af’é%ﬁlef?ﬁdﬁb’glﬁ %Iﬁ}é@@}ﬁck%p’ WGE?&E\% onal 5 minutes, the vessel was

seal ed and heated at 100 C for 2 hours. The mixture was cool ed to room
tenperature and diluted with EtOAc, fg%tered through celite. The filtrate
was washed with brine, dried (NgSO4) 1ltered and concentrated in vacuo.
The crude residue was purified via silica gel chronmatography (0-50%

Et 0Ac/ CH2C12 gradient) to afford 1.123 g of the desi red product: 1H NWR
(400 MHz, d6- DWVB0) 6855-842(m 3H), 8.31 (d, J 37Hz, 1H), 8.06
(d, J = 8.3 Hz, 2H), 773(d J 8.9 Hz 1H) 744(d J = 8.4 Hz, 2H),

)
A e A " A1 N = A e A '



Spectral data for phosphonic acid, 69: 1H NWVR (300 MHz, MeOD) 6 8.59 - 8.39
(m 2H), 8.32 (t, J=5.3 Hz, 2H), 4.59 (d, J= 9.5 Hz, 2H), 2.21 (s, 1H
1.79 (ddowp 2013012886, 23.0, 13.2, 6.9 Hz, 3H), 1.11 (d, PCTAIS015/0k097 OH) ;
LCVMS Gradient 10-90% O0.1%formc acid, 5 mnutes, Cl18 ACN, RT = 1.81

m nutes (M-H) 426. 09. Spectral data for phosphonate 2la: 1H NMR (300
MHz, MeOD) 6 8.57 - 8.41 (m 2H), 8.32 (d, J =5.6 Hz, 2H), 4.73 - 4.41 (m
2H), 20@®0{d, J Ucnl% othezisc Indicat@l, GBucturts 4&i¢tay hielin arg aBA meafht t@(inc(lmle 6H) ,

1.11 J=1 Hz, 9 G adi.ent  10- 909 % f

i ot 88 ETRAR 56U D RS EHF Trn g e Do ToGBED &3 &fm?ounds
16 angfik stM@u?@ h?drf&% ﬁpﬁlm%rﬁ?g%%%n&d}te'a% h@a%&ﬁ%exﬂ vg

Tsd, DWVF; GHFCAC , di oxane, water, réflux; d( PPh3)4
Na2COGE) d}N@ € delsomQrd)andrde)hlm GEﬁ@onfO@aatbmylsommscm d@ludmclm QINEIIVGF(CHBCM

For mat i fon rldlne
(22ay. unfs By B G IR Smart ¥ ol Bl S Y BB Qg BB BB 10,
was ditssat, \wadbstiuddviar Béeld rothle addthdemoredtablk %n@s ﬁﬂwxuﬂiptbydr‘su&au(eﬂn 5 g,
37.2 mmol ) wag, added and the_ reaction m xture was stirred for 10 m nutes
and then treatled with tosyl c chl ori de (6.6 g, 34.9 mol ). The m xture was
stirred for Ni nutes at Oy nd then at roomtenperature for another 90
m nutes. Thell eliction m xtute s poured into water (100 nlL) and the
resulﬁh%@lgbll wHEo eprasetis e washed with water and hexanes three tines

d d f.
T oor Ao ¥Rt %3%@?68?@?% 8 ixgtaBt AR s suantiomarig diayiygomeric,
DVBO- d6)tréns ScohBortmtioddt) andGoBliofs ,rmik’rt&es &t piiesknt demPowhdsiare within thle &3p€ dd,

J=8.4, 2.7 Hz, 1H), 7.44 (d, J = 8.5 Hz, 2H), 2.35 (s, 3H).
For matof gighsetionor o- 1- (p- tonIsquonyl) 3- (4,4,5,5-tetranet hyl -1, 3, 2-di oxab

I I 1- t
F; F S 3 (?)1;]9%?') 2)53( ;I%ﬁ%sg OF‘?B:I'\gls_Q %}(%%a:t%(g :aﬁ Zau@c?rﬂ%rlc f()rrn% oBthe Qg&ggurﬁs O{f ltﬂ’bo r O (5p 0

- t et r amenhyd a@-widhid tiee scbpe ofethe anventigd.- 1, 3 | 2- dloxaboro | an- 2-y1) - 1

. 2-di | 8.3.9, 32.5 J t t 3.2 ,32.5
ol ) THERET ¢k ardlonb s Sgepnt s s G hS et ala meat s or
pur gi AGinMddd Binpb@ARNhtAHEDnly BULE §res£’&%2 bHPBf ﬁloﬁeqs&oﬁcalkf dnrl¥ABd dto¥BS

added. N trogen purgi ng was continued for an additional 40 'm nutes, then
t he rdattkampled wmoen@mvn@athe drets@nt rSE’fl¢tu15(SS @x@ph fQ}] lthe rep\l‘awnem(mé hvdiggdom

t he m, xt Was Hétme Hhr t b 1 § $

G ol b o ERMRE BT g A SRR e bt Y o80T bbb un oi 1
The cridgfn ﬂfecsdblﬁetoﬂfoﬁﬁ 1ﬁ\fblﬁﬁﬂnl Blich dmmﬂﬁds(a&@ usdnl, MQXIIBP/E §sléhanltkai@ogisheat ed
to reflux. After cooling to roon1tenperatur the resulting suspen5|on was
fi 1t ersgrabss prologicabassays. Such pempeigids cdpgsial bidouteasmpangiogsecadiisobe 1H NVR

(300 8.42 (dd, J= 2.7, 1.4 Hz, 1H), 8.14 (s, 1H), 8.06 (d,
J = 8%?&6%%’,&%2?‘@5 (dd, J = 8.6, 2.8 Hz, 1H), 7.44 (d, J = 8.3 Hz, 2H).
2.36 ((80193H), 1.132 térens “hdlhd” ad¥aBOHBT &1t ISABMESTEHIBZENLEY D4BEOate that a group

FornatlonofS fluoro-3-(5-fluoro-4-nethyl sul fanyl -pyrimdin-2-y1)-1-(p-
t ol yI U6y ) pyrrol o[ 2, 3- b] pyri di ne (24a)

2- chl gp@roz; f | UOfﬂe‘&oﬁi?%HHds%Lf ltﬁ@lﬂ%éntﬂﬁﬁra'r%éhd%ﬁ h@ljen{swg‘lth_eg cﬂem Structyres

5-fluoro-1-(pto lyls onyl) - , 5 -tetranet 2- di oxabor o

| an- Zayd/)opylnermcdtlma[x&s 3Whelpy cordpamd 17 meferf&l t6 by, both @clmmba)l sencuNa20@s (1.9

0t orcBeaal fame B e ROmIE] SRiTE gpd Siermietl et top ek the e SRS 4

pur gedied-hhaiid 50880 ?6mﬁpgk@§ﬁt20 m nutes and heated to reflux overnight.
enperature wat er (35 nL) was added and the

After cooling to room

resulgyﬂgﬂgyégg

col |

overn| t 50 8 Cl. as

o t o 1881965 “ﬁﬁ&g‘%@%‘fws&m% %% o8l ﬁ'e"f‘sfog% %m%g”i&) a%%ﬁopg%% % 42

(2 mBGZESMS 8T IQ)@e blts tHat aB pharimacaityallyacdBptiile atkofadiddar idbfest sthcéGhdysare 3H) ,
S

For rrat%fﬁbm@dm%ﬁeans thesromneypds desighadyredayy faragadiqs) prppegsnSPtsyhat.ate ngs-

tonI idi

Pl or e g Py R Rl e proceyns®, O WIRFSR N piificarion |

- b] pyridine, 24a (2. 30 g, 5.32 nnnl% was dlssolved in dlchloronethane

(107 mL) and treated portionwi se with 4 chl or oper benzoic acid (1.19 g, 5.30

nmol ), keeping the tenperature bel ow 20C. After stirring for 2 hours,

anot her portion of 3-chl oroperbenzoic acid (0.18 g, 0.80 mmol) was added,

and stirring was continued for another hour. A third portion of

3- chloroperben20|c aC|d (0 07 g, 0 05 nnDI) was added and stlrrlng vas

. o M 1 o

2,3



1H NVR (300 MHz, d6-DMS0) 6 9.12 (d, J= 1.3 Hz, 1H), 8.90 (d, J = 2.4 Hz,

1H), 8.68 (s, 1H), 8.53 (d, J= 2.4 Hz, 1H), 8.12 (d, J = 8.4 Hz, 2H), 7.46

(d, J= 8.woHna13/@p§28 2.54 - 2.48 (m 3H), 2.36 (s, 3H). PADUS2012/049097

2013/ 019828PCT/ US2012/ 049097 Synthetic Schene 5 a) Et20; b) malonic

aci d, ammoni um acetate, ethanol, 80 C c¢) 5-fluoro-3-(5-fluoro-4-

(methyl sul finyl)pyrimdin-2-yl)-1-tosyl-1Hpyrrolo [2,3 -b]pyridine, 25a,

1Pr 2NBurpobéds angtn s@me(id$ta11de€gl—ﬂpr T4dAn séiat{n®: storeoid@aer fioiros ofhv epmpdurBFGf
ation For 2- di met hyl but anal (26a) To a solution

chiral r

o 1 ISR R BB TGOS A chi or{ de {20.0 i of 2 M 20.0 mmi) in
et her [0@®7ML) Wess RddaeielN, Hﬁtt% “ Nraphge¥ticd Ry FREPtAlTe éa‘it”%@fef’@-to @ §ramol ) in
one portl on (exothermc). e yellow solutidn was gently refluxed for two
hour s camgosnd whisl agg, Wfiﬂ)l@mh@ emm:rqitsgm@ medicalhindgmdnuugablafortuse ineemhtast t hi s

perlod nard conp d b QUi nt o 500 crushed
Poe. antdBe fnegpr furg i ot wf AL S Ou g R e eSO iRs Nl cepar at ed
and t heitae olls i@hagpenmxfdaﬁé ek, tahd ee dohmsmatdwwﬁﬁ)améas&%ﬂd somsfigfisiet her .
The conbi ned et%er extracts were dried (MgSO4) and concentrated in vacuo.

The crifée re5|due was purified by short-path distillation to afford 1. 0 g

2 17" (BPSE 7 TMBIEIE R RO RE Pl N 400 Me SHE) g

2. 3 HABerddt, al 2de’ls5rllﬁe:iphar1dlacehﬁczﬂly dcOcBaltiliz salfksHip ,dethllSﬁ)J PhaB8ademicadQriendes?28 (dd,

For matlBh &5 lﬁéhm%%%ﬁw 6@1114?%?%% Remisca églbzgféfptable Hsthibir e of
2, 2-di %Bﬁ(ﬁcﬁl{ge%%ed heReh inkRid0thdle Ei&@ve?ﬁrdﬂ?@ul}abldrﬁb hic. 4810 d% % D%4Qmndl. 29

m., 20 0 anmoni um acet at e 08 g, 40. in ethanol (5 nl)
was r dhbagx dticseoralts barelee roparsd inTh@ durieg ithp firel ﬁoifeawnraadpueﬂcabrpnforf ther at i on and
washed with ethanol. The solution was used wi thout further purification.
Sul f urPEPEETY- (1.962 g, 1.066 nL, 20.00 mvl) was added to above et hanol
sol utijpmoand t heyh&swhd dorgholth& HENCEbLYRBerBRloRfidsQ BaBfc! éfu OF ati@ichauys. The
sol vent was rempved under WO 2013/ 019828PCT/ US2012/ 049097 reduced
pr ess lesic b\msoetere( 20dradylition dalés dparbe(prepantd) bynbrreaciig dlee pltrlﬁddecoemued meiss due.
The a HEW3e foFhSTith & Suit a$ eaorraglfelg @ ﬂl%r Walscha%cljd a\ﬁnld iseotla il t%e sal{ﬂh}ls -II-‘ll”Ill% S[rganl ¢
| ayers wer e di Scarded’ 5 eQusEST Ut on e et 1Ba |zed Wi Qn %
hydr oxiralgics Qlcld ddaitiontits ﬁlmght %@hlﬂﬁc&b eanathntiforbi foanamdtige 60ihdishipdmbentbasi c,
and extracted with ethyl acetate (3 x 10 nlL). The conbi ned organic | ayers
wer e VREHRf the free heieformio mi), brine (10nL), filtered, dried (MySO4),
filten d co i 0.5, ct as
ali g Ee&y@ | ow sq% :ac {/e%tc??phéﬂh gﬁfétg %)% %Ce(%bﬁéﬁltebnogloﬁxgj Etjctﬁ&c:aﬁd(g?%{ng gafys%ﬂg crude
pr oduef ammmmgdupvfdrhmdt\mﬂunbﬂgamcpurds Euciﬁasl hyﬂrochldrﬂdl‘d&d( HWOMw 6@6;13) 6
151:7,) (pg’osgﬂlﬁg aﬁ_lﬁb sul@rlfgcmg%gécﬂ%slcsam V@tl]_&rgatilﬂ)amdg_ sg‘él as a%gtg.‘ge%?c}n 3H)
éH)28 (lgg\ghc g?md: n?algic a§1d3taH€1r1c §é’Qi: cithic2Rid, dudthi€ Rid dFnaldiBRid Gr by]uSTngot%ele

. Formation of hyl
3- 05- fhatlods uzec( ELtm: a@rsmshlaStlos y&eh_ahgqay(mh@t pf[aZmzcebl}lpe}llry abicept@ble salts include

1 4,4- | h 8 i f
ihy Pl At GEHBR ol RSt SRR B Bt e HERET™ " °
fl uor Qal%ph&réte Edtﬂﬁlfo@swﬂfoﬁ% hottretd] dylcipentay rGiblghaﬂe ?dlg’l%onlate( Bod&ylsulfate,

IyIsquony%tprrolo [2,3 b]pyrldlne 2 (0 g, 1.20 mmol) in THF
(14. 4 cHhancswdionatddesmaty, ﬁtmmat@cg@mbyptemmlgéyﬁemhe@me glycolategplugenstty,. The
m Xt ur I [ t h ts under
s PSR, P R BUSORE hhl Fe BY g =

chro nmtyagixgmnéﬁﬂﬁa%ﬁta%%hemal@eta@r Rdiaed) ﬂe)uryldu&ﬁn‘epmdlaiéﬁ mat@it malldifte,
desi red oduct as _a light yellow solid: 1H NWR (300 Mz, CDC13) 6 8.61
(dd, n@su Q)ngteH%-nag_ ale@esg]éoq%e nqu}lnatg, gat@d@eatg, oxa@tq ’pal:[mgiteHz 1H),

8.11 , 2.2

o ﬁ&@%m%a%ieé‘%f’é‘?@ ety P bingdsiofs. PGB piehugbivfle. plapiuy 2%
2.40 (ssl,icyIBaLt&,,steZhratt@ s@cltinatdsullfdte ltartut® thiacyadhkie, p-loldnefilfondtesundetatdmfe, 3H) ,
1.01 - [% 94 (H% 9F NVR (282 MHz, CDCl13) 6 -130.39 - 133.75 (dd, J=
9.0, 12 “llﬁsa“fFﬁn §5kc56 (s, 1F) LOMS Gradient 10-90% O0.1%formic acid,
5 mnutes, C18/ACN, RT = 4.18 mnutes (MtH) 572.07. Formation of

3-05-fl uoro-2-(5-f| uoro- 1Hpyrrolo [2 .z-b] pyridi n-3-yl)pyrimdin-4-

yl ) am no) - 4, 4- di met hyl hexanoi ¢ aci d (% , 17) To a solution of ethyl 3
-((5 -fluoro-2-(5 -fluoro-1-to syl-1Hpyrro lo [2,3 -b]pyridin-3 -

yl ) pyri m di n-4-yl)am no) -4, 4-di et hyl hexanoate, 28a, (0.16 g, 0.27 nmmol) in
THF (6 nL) was added LiOH (1.50 nL of 1 Msolution, 1.50mmol). The reaction
mxture was heated |n a mcrovvave reactor at 130 C for thlrty mnutes The

. Y o o o . T 1 o



WD 2013/ 019828PCT/ US2012/ 049097 a) LiHWVDS, Mel, THF -78 C, b) D BAL,
CH2Cl12, -78 C, c) malonic acid, ammoni um acetate, ethanol, 80 C, d)1Pr2NEt,
THF, 80 GvOoep13ui1gds THF- H20 (3:1), 130 C, m crowave; fPCBRS2@hionwb7
separation Formation of 1-nethylcyclopentanecarbonitrile (31a) To a
cold (-78 C) solution of LiHVWS (48.0 nL of 1 Msolution in
tetrahydrofuran, 48.0 mmol) in tetrahydrofuran was added dropw se a

sol ut i[6#2031 cyclWhentlanecgoboddescribed (GeBlcogiainkG @rlmxylgroumortastufadigmthyof ur an
(10 m). over.a 5 nut iqd. After stirnrin -78 C for thirt ut es,
et hy G aisOySeTh R ad BN S8 b} Plaedrt e fotioh B grts oM 8B | on
was  alakRvBEh hathweduiable og%@'f@ 6&[1&%5@1% Ba& e Moliing tHhasldidneBd Was cool ed
to 0 C, ethyl acetate aqueous saturated anmmoni um chl ori de

sol ut |p®¢ct1@Q,01$¢rp§ thﬂévgsea@igletdm Sé\tiannghfd:mnomwpevemqm aml_)lsa/@fsthe@dlte@rmo di ssol ve

the sqlid T ar sed u

sat ur St et B p 8 FesBEIFAR RS So TR0 0T Ao Miked o PR wi e
et hyl afietitadtel (€., Xo@@mlijhiurhhendosvtdxkingd, Akgairicarth hasa S pehtghesiiednM t h
brine, dried (I\/gSO4) filtered and concentrated in vacuo to give a 4.7g of
a yel Icalgiusn amﬁ@pmm@ndﬁe@wlmmaltf ul i épveptien plise gryigians the IRVRIIZEO0N VHz ,

CDC13 4 1.54
L LT TR N R
To a weoldtipérsib fEpdsas niay do obfalﬂldlbsrcsbtﬁ yhatrirationm hydri de (100.0 nL of 1 M

sol uti 100. 0 mmpol ). .in di chl or gnet hane was_ added dr opw se .a sol ution of
1- metlﬁ@%cl opé?r%rﬁéég&oséﬁl.tst ing} ug acwcgﬂbawaetagl%w hangd gmine salts.

di chl %%ﬁ%%@ﬁ sﬁl@s ik hude TH2& Hﬁlﬂptpb%Q i aﬁ&ﬁﬁl ﬁérlurﬂ Bife, Bﬁ%nésmrﬁta)ﬁdm nut es.
The dry-ice was rermveg and e %anof

2013/ @h@mﬁaﬁcmwsa@mm DAIqEOB i) sa\Wasreaddd@' pnafeapwdnf‘:lkrtheh pharemctutoally

Pot assi um %ﬁ)di m. t e sol utlag 30 nL, 10% sol utii on) was added (flnd t he
mi xt uPECD 36# U SFR, APPFE! ?gém%lq 40P, AU ALY Ay, gag aqueous

layer awase @&fﬁoh@fdrﬁféd%ﬁlg OB AfsQuEE hamgide hylird@ddredrboIgeCqmatdIed or gani c

phases were washed with brine, dried over sodi um sul fate, filtered and

concemhpgthety, hitratea e wlkyy bulfpngtegndfaryl shifepiate. it jovinsirganibase wadition sats

wi t hout furth urlf atio 1H,N 400 193(m
2H) , freﬂ%rep%e Waseﬁwggh 1nc£u(gq/aRs }i rlde S Aun(l)lr%?lgrf%(g Iiot%?glu(m

For mathiy@roxafe, e&lbmhl @d@dﬂld@aﬁnﬁlﬁm@mh&wbﬁu@llamﬁi h&d}wl@@maéﬁuﬁlwal)omde A
m xture of 1-nethyl cycl opent anecar bal dehyde, 32a, (3.00 g, 26.75 nmpl),

mal onizncdeideryide g thy lika Gugabl ﬁﬁﬂ“}e Base a@%ﬁ%ﬁ%ﬁﬁﬁéﬁc@r@w@d ?rsrroaam@es whicho

nmol ) S
Femov et B e Rrlichd chEhlHEBELASE poel B R R R E Rl Ry Foli®

W t houtiedicat tifee Anpuonib, atla;tlermmamme N-Gdtliydsglecaatdne 1sine) @rgidine, dthitinaymol ) was

added o th ve eth ol ution and heated to reflux for 2h. The
sol ve ﬂgﬁrwﬂmﬁ enP e ChippEQfaEe, %ﬁ@n?légmzﬁj@r%@e tuted with
vat er e&pylmaleﬁg}gnﬁﬁmqetmgnme plp‘Jﬁagméqﬁecw&m&%@fhyn@a%ma&aeﬂheﬁ@d and washed

w th ether he organi c layers weré di Scarded. The aqueous sol ution
was nétttanaﬂthﬁ@dnmtlm bydtoxide, Hyldﬂh@l»andlee sidjeuzﬂ@mn(eﬁbl)henmblam c, and extracted

with et C 1 The nbi n |cla rs were washed
ot P08 Riind Ar-Singlhieting Dies PRRh S G R S BeH,° 1Tl erad and
conce métfa%ﬂgﬂfaﬂnﬂofﬁ@ﬁy ﬁle'ﬂgzleﬁhl‘{l@ dlmétlgla@ﬁm@ thhﬁhiyla)fﬁh& %ﬁiﬂlﬁl@)/bé@id antif@t
turned into solid upon standing. The cr ude product was used w thout further

purlflaéléiﬁﬂbwdqumll(%@twke CDC13) 6 4.25 - 4.14 (q, 2H), 3.40 (bs, 2H),

3 20 , 5 (m
OB, ) e 8y A 5 iy ol Byl
FOY rTB.tbleQﬁlp(Dcfyedtlﬂﬂ WHe preparation of salts useful as intermediates in obtaining the compounds
3-05-fluoro-2-(5-fluoro-1-tosyl-1H pyrrol o[ 2, 3-b] pyri di n- 3-

y1) py deshrived hareimandrheip pb Wiﬁlﬁ’éﬁ%&ﬁ@?ﬁqﬁ@ﬁé‘ﬁﬂﬂr)bﬁ%@éiﬁwséh% 34a) A
Suspeggﬁ mTJ)Of et P%'TQP r@@rs?og@thmﬁlknﬂd‘eﬁﬁ&@&%ﬂwé MRLRREAGAbRatididor (0. 20
uor o-

“f uordmf—fekemtqﬂ]layhmehﬁ@amlylaempltabm ghiltn a2d yik) nfixtupestconibyasiohs efnob)popyds i free [ 2, 3

- b] pyridin 25a 1), and /V, N-diisopropyl ethylam ne (0. 26
f‘?)@lﬁﬁlfﬁl’l)a“?lﬁceﬁ“ﬂﬁg 1%Cﬁptﬁ1'|%? S% refluxed at 80 C over ni ght. After
rem)V| ng the solvent in vacuo, the crude product was purified by silica gel

chr omat ogr aphy (0-50% Et OAc/ Hexanes gﬁg_di ent) to afford 300 ng of the
desired product as a light yellow solid: 1H NWVR (400 MHz, CDC13) 6 8.49
(dd, J = 9.0, 2.8 Hz, 1H), 8.46 (s, 1H), 8.23 (d, J
J=8.3 Hz, 2H), 7.99 (d, J= 3.1 Hz, 1H), 7.20 (d, J

1.5 Hz, 1H), 8.02 (d,
7.8 Hz, 2H), 5.23 (d,
, 1H), 4.80 (td, J= 9.7, 3.6 Hz, 1H), 4.04 (q, J= 7.1 Hz, 1H),
= 7.1 Hz, 2H), 2.73 - 258(m 1H) 2.44 (dd, J= 14.7, 9.6 Hz,

)
”~ ~ "~ A ~1 N a —~ a ”~ A A1 N a ~



Ts (a) ethyl-2-triphenyl phosphoranyli deneacetate, CH2C12; (b)
5-fluoro-3-(4,4,5,5-tetranethyl 1,3 , 2-di oxaboro | an-2-yl)-1-to syl-1H pyrro
lo [2,3 -wDpyrydpsre, 7a, aq. K3PO4, 2-Me-THF, H20, XPho®CTR$2¢1dloado37 (c)

H2, 10% Pd/ C, MeOH; (d) CH3CN, 4N HCl/ D oxane For mati on of
(R E)-ethyl 4-((2-chloro-5-fluoropyrimdin-4-yl)am no)-5, 5-
di net hyl hex- 2-enoate (37a) To a solution of

( S) 2{04205¢hl or a- Iﬁcbmpoumts)descm‘txetd hebity tanaaisonax)ist 3s ﬁhajnmedzlhijchltbwaca:ﬁaﬂable15a

e phehyREAGLEnBrHyT! e EARIeR: 85 ComORTgn. BE Fmi e Isear iy 45 Siablfy ¢ ne

react 's@Hraf@ % WrsB1vhR fofrhdd %m&l@@&é‘s&&ﬁf%r&fdﬂ& Or MOBE ﬁheﬁ!&heeﬁl@ﬂ[ﬁé‘dc@ﬁtﬁ@lky hal f
of the solvent was renoved under reduced pressure. The remai'ning crude

m xt uselvaaismplaeules lednpyf tcrasotpoyndsodedinizpdderain aThe termaokyete indidashy(o1e®00%

0AC/ h fford d dyct - G adi
T0- 9008 £o Mo ahdl oot MR fle, WS ERE MBI et o6 " (e

316 32{001@6@ mat i Qg 1Q;Ed ﬁ&eﬁl), tiRttBiyh “hydrate” means a cornpound described herein or a salt
4-05-f| uoro-2- (5-fl uoro-1-tosyl- 1H pyrrol o[ 2, 3- b] pyri di n- 3-

yI ) py tharpefi that fusphor anglydsp Astachipmelrioyr meR-swidreraetac aapant of water howpdhy (1. 078
g, in water (3.2 nlL) and added to a sol ution of

(R E) %éﬁ Wlﬂéﬁt 1%{‘%%%30“) fé%%’?l uoropyrimdin-4-yl)amno)-5 ,5

- di rret[ﬂ(}ﬂ(]ﬂex 2- eousadl dereBif éhe t6fin Sdthepte” ImES3 armsnipbuildldéﬁcfrbéd'lb/drelﬁldl:a(sél@. 7

m.) and the m xture _was rged th nitrogen for 30

- | uortBerqetip ﬂtﬁ‘ottOFfi}l% ama% _h% tw%tzPOHFaS‘}SE§Pg‘{eét(? amﬁlemgfshﬁlgt hazec'h gxebor o

| an- 2+, bdudy ff P! OsdifenBoPhRH 1l gedwﬁﬁm.(o 775 g, 1.862 mmol) was added and
the nitrogen purging was co tIIII) d for an additional 15 mn. X-Phos (0.048
g, 0.100208hol ) dnddddaf thth} 3onPodBik dgscribsed)hdrempha)mmeﬂeicahiydeccbeatradlet he

m xture .was heate C over ni to roo

2013/ PRI BETe) LRIBEs oo ST rTasEs Ao BisEHiesfin EAmPFERns o e o 1 ut ed
with wadwent MBUcext idestifd Midrllert OAC. The |ayers were separated and the
organi c phase was washed with brine, dried over MySO4, filtered and
evapor[&Q Ito dryfrhesmachnticallyateentelt derévaiins otipedoigldeclidesanyi ni num vol une
of dichloro rreth ne an f|e silica.gel, chromato

(0- SomeeAeTiaD fedPoRn 8o ¥ et S Ue G USRS BERNGFStce: 11w
(400 Mbﬁl,pom&hﬂﬁed&eﬁn Wlﬁclﬁﬁpémdrﬂﬂ[ﬁstraﬁotﬁﬁ) e(l’:émpidrﬁ,,ls &pﬁ&le(df @rovddirig,10. 5,
5.5 Hz, 3H), 7.08 (dt, J = 36.7, 18. 1H), J = 15.7 Hz, 1H),
5 11 (egher hiregtly o;.gldlrgq.q;y, a @oglpoundgfdepqul(eﬁi]heg_qq} or an 111@1l{1t@n1§gact17e Inqt@ohgq_q)r 2 39

16 oodstdelpbibor Bioady rSured derftivibor tbluaartOnd R lorcdsCHR 1Lt ent

570. 0Dioaveil ataltty @ tiof co(n@ouﬁd‘ld’lwhen such compounds are administered to a patlent (e.g., by

4-05-fl uoro-2-(5-fluoro 1- 14 pyrrol of 2

yl) py Alﬁwmgﬁn@r%bj %ﬁ%lﬁbﬁe@ %I?%fiﬁ\%ﬁ e@a%%aéiv e%ﬁaed Ihid the bigod) giiwhiglyen
purg e@nfla&é e Gay gﬁgle‘ﬁal;elﬂt M%flﬁvd% £8id133 8 cofpItRe iR § thegrafsled enough
net hanol to cover the catal To this M xture was added a sol uti on of
(R E) -lgnplyatlwystél(rﬁreldtimdod}ea;a(rﬁltspetcmsro |-to syl-1Hpyrro lo [2,3

0 BLa0E %578 AR Bl d S PR gt e e e PR Srod i o

ful l'y geabathicl dfa@okipusd Mt daMthy ARSI, 8kidizEh® JtREGIcGBadiudddtbRoI¥@salt hen
stirred under 1 atnosphere of hydrogen for 3 hours. LCMB shows presence of

s | g ni fPedfensb oIl Vit prayideacempatnd diseribashicssins Prfdragsangelaspingn

ur S sour ce of
o | adiis (Gro Y R EG e R A RSy Sahe Y Bl ARy bl B30 °P L S e+
hydr og@ratica forisa T athiptts lof Heoddsds d@hteh)fﬂﬁtagﬁhhima‘vdmnghtinchﬂa&eblm aXé histe was
diluted with nethanol and filtered through celite, The filtrate was
concentdde. analogs eueertyatixgs ercarr@smncifsgbfélﬂe innentipacthateqmprise biohydmbezablas used

e B LS I S 0,0 T,

(R) 4-‘cﬁlﬂ}yﬁfd]mab}eZC-a(‘tibnhtesl,dnohylih‘blpgferbﬂ&)ﬂlm[dZs,&nb]bmhlyddjlyzaBleyﬁh))mhatermﬂldguds
. ( (5 @ﬁ%foee%mﬁgeg? I heﬁgﬂvﬁﬁ%m%%mawrﬂsggs 5169 b Contpise S

yl) pyri m di n-4-yl)am no) -5, 5-di net hyl hexanoate, 39a, (0.30 g, 0.53 mmol)
was in acetonitrile (5 nL) was added 1 (0.70 mL of 4 Msolution in

di oxane, 2.80 mmwl). The reaction m xtdre was heated at 60 C for 3 hours
and then heated to 80 C for 6 hours to drive the reaction to conpletion.
After cooling to roomtenperature, the m xture was then stirred overnight.
LCVS showed remaining starting material. Fresh HCL (0.7 nL of 4 Msolution
i n di oxane, 2 80 rrrml) vas added and the mxture vas heated to 80 C



WO 2013/ 019828PCT/ US2012/ 049097 N N H (a)Pyridiniumchl orochronat e,
CH2C12; (b) ethyl-2-triphenyl -phosphoranyli deneacetate, CH2Cl2; (c)

N- benzyl hworowyligszsne, Et 3N, CH2Cl2 (d) H2, pall adi um hypdraseade/ 04Ep0H (e)

di azonet hyl -tri net hyl sil ane, MeOH, benzene (f)
2,4-dichloro-5-fluoro-pyrimdine, Et3N, THF, EtOH (g) 5 -fluoro-3 -(4,4,5,5
-tetranethyl-1,3 , 2-di oxaboro lan-2-y1)-1 -to syl-1Hpyrro lo [2,3 -

b] pyr iNID né{OﬂeQN@qor KBRQmotivie - HildBrughki2@y ty)iideHp $¢ pRop2(edbaing, wabki@ywr( h)

(a5a) ™etnods, shaf Bost Aearbeihe RLRST 8 NEPINL e ST AR PB4 G

69. 1 @IBCDVERY“(P@US rl@ﬂﬁ?k‘fml@ QSQE(Q/Idﬁ‘flﬂ)ed\EaW(ﬁﬁQ%d 5éh &pl ution of
cycl obut i n di chI oronethane (60 nL). The

| met hanol g,
r eact |[60¢yhli xt ur é\mhaﬁ@@lcebtla@kv W@mabie derfeapyven hml@sldmi@rdm%éll\’bmhe@ to stir
r oom te% S RLEOS ntoa tlenlt1 e d ) arera;bi( W ng (11 1;[1 1n$re &y,Et hyl et her
(500 ey nﬁ]i &t &4 P%rougnh A 58% $9 (?r? ( 00-260 ShY”> *The crude
mat er icagmpwasd asseBlerwiidehiRbdrifed hefed, op Wi dtitvaitd mes1&&)st therebh eERmOslecsf 1 S
vol atile, the solvent was carried with the product onto the next step.
For rratPihéWl%ﬁu’[(CE}ly @egeprably dyivpbstiyelads Priare npylgaited to, esterpppg palts of such

g of L![I on OL%W &gﬁl%glr#e%:cgr@gﬁggh&%&gs(%ﬁgcc%@@gd; ées ; hé{‘@iﬁl ?ﬁﬁl&d to a

di chl ovidwat himitetidi3 @stods) amihbecideattd, phosphateusterswartadb salafang spiiorgedestdrs.h
nitrogen and capped allowed to stir at roomtenperature overnight. All
vol atiles were renoved at reduced pressure and the residue was dissolved in
Et 20 ({400, AblscRRs b8xahEsis(25mL) . The resulting pink precipitate was
filte 28PCT/ US2012/ 049097 and di scarded. The sol vent
was r dfe4ad fror@rtehaepefdt bf thatpeesant inechtioeds msélurrelateﬁheﬂmnwdef freoduct was
purified via chr o Et OAc/ Hexanes .gradient) to
DT or domnbuft et dereime dBnP R EBab e bR SRR oI R SRBC1S) & 705
(dd ~11'cc b ¢ Iﬁ)sh?orns é&ﬁl}éﬂﬁng guo(hdl%om]pouﬁé oPa pﬁarfhal?%tlc&l acc@pt%@le sélt09 (m

: -2.98 (m 1H) 28" - 2.09 (m 2H), 04 - 8 (m 4H), 1.36 -
1 18 (tlmrecaﬂrﬁor uﬁnblﬁag ﬁlmfeplﬂcambeﬁzsﬂlle@zac‘ymsmt%hwbéwalz&amp& oI lsaamleltha)
N- ben dr.ox ne h ochl ori de an tri I am ne
(. 76 i oS MBR GG ShLFS it Ghadre (A {TE Rl AR shp BT B

3- cyclpahietitydrdcfoy trédting idBeenz4 b HPatient.4. 19 mmol ) in dry dichl oromet hane (23.5
m.). The reaction mxture was allowed to stir at roomtenperature under an
at nospA&H81 of nile pBYERbeEMent, fropyeserhiavertian s gengid lgiclaiaddg the ¥ oF5 nL of

t ted
i ce e S Sl o B R P R o Ve
dried aow@ltablkdgﬁmtheréaflfbleer@d)fahmjumya;mrfa:tdeﬂotz@ dryness. The resi due was
urifi a S|I|ca chr 0- 100% EtOAc/ an ient) to
zlljmfford&g@lfﬁ (dBost ﬂ’(eﬁ%mgg‘g gbﬁ%r%aé?é‘ nve! g%l\?ﬁz tr%ﬁff %3%%‘@?’ 6) 7.38
- 7 2@0 gbuMe;lecfedﬁfflorﬁ%e éo’ﬂ?ouﬁd@gepﬁaedﬂl Tabie?‘l Br ii:ghargﬁleutl%aly acceﬁtal;l% (m
’ LSak’DlherGOI iBBalﬁmftEH)lseSI@@Smﬂmd@hO\@f (+/ ) - 3 am no- 3 cycl obutyl propan0| c

Zc'f @GP (1 odn R Lo B Pt & TRl SRR S

sol ut ifRAm@fac 2H)DENGYrd3he Vi istayd éafcﬁXﬁcZe@lehdiinﬂy 3s 888eted fithe COmPSdndd of 3. 605

mol ) in approxi mtely 90 nL of ethanol. The reaction m xture was subjected
to 50 Tgble of hydrogen for 4 hours. The pressure was vented and the catal yst

was f| red off I C I

shows M]i;mﬁresencgptl nOM}% I{I]lur)lcgﬁlr?a (tal% Jo?ﬂ}%ﬁ&'s&? e&%%x?gn gt ﬁga%g&un%!ﬂ\yed in
appr oxicomptlysald hortorehn bbQtddas decrdel etalttir3id atoloficd0Ml G ctdhan itfadedeen

wet with 20 nL of MeOH. The m xture was subjected to 50 psi of H2

over n.C@%@ulturﬁbordﬂ@ggﬁ%(%éunge\ﬁfaéatraﬁaapﬁ@né)at alyst was filtered off. All
vol atl f & > product. The
resal (0FA7LT e TRV HALRAL RN REGISH ol "Rt d AR BPNR (400
VHz, d‘ﬁiﬂ]NBf@” & Belbierei aB83usedintddehang2ald8 tc( nhdah thd die8sccaudetl. 1, anﬁni%ct-ﬂm 1H),
2. 19 - ]h3a g 2I;p 1.99- 1.56 (m 6H). Formation of (+/-)-methyl

3- ani MYt Pokd Wﬁropanoate (49a) To a solution of racemc

3- am no- 3- cycI obut yl - propanoi c acid, 48a, (0.34 g, 2.38 mmol) in MeOH (10.2
m.) and benzene (10.2 nlL) was added d4 zonmethyltrimethyl-silane (3.56 nL of
2 Msolution, 7.13 nml) and the reaction mxture was allowed to stir at
roomtenperature under a nitrogen atnosphere overnight. The m xture was
diluted with Et0OAc and brine. The | ayers were separated and the organic
phase was dried (MpJSOX4), filtered and concentrated in vacuo to afford 354
ue (95°/c) of crude product that was used Wi t hout further purlflcatlon 1H

NN A S\ ~ N = oa "~ N~ ~1 N ~ A "~ NS ~




WO 2013/ 019828PCT/ US2012/ 049097 stirred at 70 C for 5 hours. The m xture
was filtered and the filtrate was concentrated in vacuo to approxinmately 5
mL final wol2ors#198EBe crude residue was purified via silipca/used12/049097
chromat ography (0 -100% Et OAC/ hexanes gradient) to afford 289 ng (45% of
the desired product: 1H NWMR (300 MHz, CDCl13) 6 7.87 (s, 1H), 5.80 (s, 1H),
4.71 - 4.38 (m 1H), 3.68 (s, 3H), 2.84 - 2.37 (m 3H), 2.23 - 1.67 (m
6H); UGBSE adi dnfluchda 8084 inBclidosf dsaabcthaciftkctsSirdsnod esmrel8AGN] bRT = 3. 08

t . 287. F t
(o Ty bisteg 1 Itogn s Mo NArYinsFueting Beyh: Qubgpiepingdac, which
[2, 3- Qb&?hbéi' fRredren¥ia) RYfubMadirls A; Mi%ﬁia&%@BOHﬁlﬁ@ﬁia%lrﬁ&V@) Isavirus and SOl ution

of tri assi um phosphate (0.640 g, 3.021 mmol) in water (1.735 nL) was
added Emggtog@uajthnﬂnemvw ;gﬁ@usriﬂ@zs ap¢ specws influenza A virus which can be

Cor sastmiflita b uRRULRIblct ol d AT ASK: BrfUSLEOUEY MERBFRRIE, DO

was t N U0 HAN 1 HTNT Bigsn, H9N22137mnm7es and HION7. Inﬂuenzav1rus B genus
5-fluoro-1-(p- tonIsquonyl) 3- (4

t et r akgs Pm spfcws,znﬂweél%aﬁo\ﬂmsawﬂzew)%?lm%t efchusseaby ifectolivmeans agd iylgss160 g,
1.106 . indded A?”Hlffu'%ﬁ aﬁ;\ ﬁrg[%gﬁéiﬁas%%%ﬁ&lé@, ffhuhI LRGSR iRk, an
addi t i‘ona 1 m nutes. D cycl ohexyl -7 2-

(2,4, 6vlt1ch mfmt)srlumydnpraﬁahpig)srahényﬂ ¢qubo sploaniénésX-akt dxal EridaBicg, HOvOGH nmol )

and P 2 18 wer e ded _and the react]j m xture
%‘Bﬂ’é&o @q c‘ngltnFOrnrtE%P g‘TFIDOE%ﬁf &Reg ﬁ’bgll%{al}?/ &Sy o5 pss A ‘? in*??ée M xture

vvas al hg&\%g‘ to cool to roomtenperature. The reaction mxture was diluted
with water and extracted with EtOAc. The | ayers were separated and the
or gani[802d9hse wds sevas hetiodintehtstmfi |tltrﬁe1nvctrt10ad1ncﬁlvae1nzal‘clg;$@ﬂuenzei virgses ed and

evaporated. t ss. The .crude, was di a.nn o ume of

o op Pt YRR s A SRR aits ofied iRl e

( 0- 1Ot DA% 4 ireved BRS kst @ Hvah nBRAz4Erus AL %h BfnctshecidesinbsdinRhadfets LCVS
Gradient 10-90% 0.1%formc acid, 5 mnutes, C18/ ACN, RT = 3.68 m nutes

( M+H) imgation, Infregnzavirusms @ﬁH(NL—f)U%th or H5NI.

3-cycl 1-3-Q5:fluoro-2-(5-flu rrolo ridi n3- i mdin
ey YA Badiio s o BB Bk, B R

3- cyclpabt $6derd-hehddchél@o0gdng, SNefaku@s@canh geﬁsmlldlwmyfbﬁollﬁ n[o%e Berrdm]s c@sesl din-3

-yl) pyrimdin-4-yl)am no)pr ano ate,
net hangfiluqnza cauges prwagloaad@alq%av@ e %a%p%mcwﬁﬂw :mng @6@@{1@%&6@1@% mol ) .

Af ter I t he
it e B b ARl S Lt o ol RS it e e U HAE S it
Et OAc aadds cuatel by atiéfelay eips ofeires. Seflac@taedn ardlutdheasegand vaormhag,e:spaSaIWas hed
with hrine, drie filtered and .evaporated to dryness

resul tf ﬁ@ﬁk%&@t &@Q%&gﬁ%@% UGG |Cg%factﬁﬂst%f Jhths WiRtedrd) saogeritis MWfich is

di chl QpRRRHLBaRAIAMGoRUER ﬁhealr Visdhott ii€a gel chromat ogr aphy

(0-100% ¢t OAc/ Hexanes gradient) to afford 108 ng of the desired product:
LCVES @@filgnt 16Gye@iomOofligdlhenzricen steitduits suddeutyame tChos AGN, afRiTinfec2ionr9

m nut For mati.on of . . . .

(+1-) G W@s&ﬁmﬂbﬁmﬁ%ﬁ o 52 eBUly GO ITFOIS 1PN B 3-

yl) py ﬁhﬂ%bt%ﬂ"mﬁﬁﬂdoh?'ﬁé@@ﬂﬁ&@@ﬂ@lﬁg A6t B 8CIHC (approxinm@ el IOBCEYZI°F) SOlakly | on of
met hyl 3-c¢ cl obuty1-3 fl uoro-2 -fluoro-1H pyrrol o[ 2, 3-

b] pyr ipgpple arGySO)lby 4t thayi aie donfined e h@; for spand alegs, pathoghespndpapghionshouti n THF
1. 5 600
oty e B Rk Kol IR BEE°ah et S BmigR Shifthee bt e
react |aelﬁbsms>pteualey fotits Andondat, éxh%nﬁlc)éldm%@ adSeebir] futiget, Heﬁ&hcﬁﬂdﬁﬁdﬁédsat urated
NHACLl sol ution and Et OAc. The or ganic_layer was dried (MgSO4), filtered and

evapordtEng ey rg¢isaed @B@Sasrl%feap%lhlgfaeﬁ) nawhgdsoat aed b‘?sﬁd%l%jpninll?é ARAE ysed

VO 201318 ARRRLSRR 2 AARRK oS GUDbRSER b HERD YRR R (400

15 8 atho8éds, “Hlﬂd&lz(adﬂ(e\lﬁ'nﬁsﬂ Uslaallyl HboratorgQafasis nddded ii2ofl8r {odebnfidmth&0. 6,
12.2 2H), 1.85 (ddd, J =29.4, 26.5 21.1 Hz, 7H); LCMB G adient

10- 904486 formic acid, 5 minutes, CL8/ ACN, RT = 2.10 ninutes ( M+H)
374.02. Preparation of Corrpounds 10, 11, 19, 21, 22, 32, 33, 34, 35, 38,
39, 40, 49, 57, and 58 Synthetic Schegﬁ 10 (a)5 -fluoro-1-(p-to

| yl sul fonyl)-3 -(4,4,5,5 -tetranet hyl 3 , 2-di oxaboro | an-2-yl)pyrro
lo-[2,3 - b]pyridine, 7a, K3POX4, X-Phos, Pd2(dba)3, 2-MTHF, water, 120 C
(b) Msd . CH2Cl1l2; (c) KOAc, DW, 80 G (d) 30% H202, HCOOH, RT, 2 hr; (e)
oxal yl chloride, DV, CH2Cl12; (f) (O nethylamne, THF (ii) 4M HCl, CH3CN,
65 C. (S)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1H pyrrol o[ 2, 3-b]

A



(S)-2-(5-fluoro-2-(5-fluoro-1Hpyrrolo [2, 3-b]

pyridin-3-yl)pyrimdin-4yl am no)-N, 3, 3- trinethyl butane- 1-sul fonam de (19)
Met hyl amwe 200(/0i%8281. of 2M sol ution, 1.53 mol) was addedTius2@29e¢t0a1i on of
(S)-2-(5- fluoro-2-(5-fluoro-l-to syl-1Hpyrro lo [2, 3-b]
pyridin-3-yl)pyridin-4-ylam no)-3, 3- dinethyl butane- 1 -sulfonyl chloride,
58a, (0.15 g, 0.26 mmol) in THF (1 rrL) The solution was stirred for 1 hour
at rodﬁﬂmﬂmer atTlineecrarsd dibpass ol disortlenia: aldt MndltleWbmeyibunsmirlnteadhan@ibly
pressure. crude,.sul fonam d e cetqnitrile (3 nL) and
Fir CBefio srn o SaRTR s edibraneicaas babokdietiRbiont ur o was heared at

65 C f[9§223) hour nAaRdd h&em, araksk sab ]léé)tomla e?ﬁif%hﬁ’tdﬂé Bsed ThRrchahablky. Was
reaned under reduced pressure and the resulting crude residue was purified

by pr épamasiby ecthd:f WW@%QWI@@U@&O%@W wat elmckm goeilTerAurkes, oni n)
to give 26 ITE tfh desi al .38, & whi tte(so Ahﬁ? ,
cpc13)t By S(P§C1 lfaiy 4 smi‘?m(ad ’élg? 9 PRy (FE 9?10?% pl%%orser Pis, 2H)
7. 67 (chwist, glinka pid, B8 cat, ggg &nﬁﬁo&bﬂ and® B4t (c. £k modkdP chimpadde arfdl 299
(m9H) Cfl\/B 10- 90% ACN/ wat er 5 min with 0.9% FA) mz 425.3 (MtH),

2.0 m ma@b and more speridicpldy p Himae Boorsourkpsimen. e sphiegds egon-Rumag F‘Wﬂazhr

(5 N A AL » B8RE Sei PP FaD by GTRERET 208 58} AURSPE Y. y1 ) pyr

i mdi mal#bit)yhaairpn&)rfea e&itd]dffﬂélhyﬂllbﬂﬁlgétﬂidaghﬂrﬁajlﬁam de (21) 1H NMR (400 M—Iz
gDSC]"?:&O(?Zﬂ_Zﬁj 685( 1 e(tgm leOlOgngl qqglplq_ |,_51|_2 usgg ,hlér%(q_j 1ncjl}d1ﬁ:s,9vv12hq1&|_Q1n§t|8aﬁlgr§ zz(ego -

2. 47 (Mrurkbir eﬁra@%(tﬁer%'b b10 51@% ma%;’la‘flgbtﬁfﬁbd@d}n a hGhMBi1 61 Oz BR ¥ R pat er 5
mn wth 0.9%FA) mz .2 mnutes.

(S - ZbQ@dFBalryawrﬁ}e( Eect's lscmcn,lebﬂ:rapyor pthicop&]y3Hflpegr éxdiants 3agredfpyri mi di n- 4-yl am

L e P, A D A, 10 S0

2013/ (ii&ﬁg & g’ﬂhh%?&k%ﬁﬂ%%iecﬁon taDdek @. cel’%)/ For cxample, kvhef referring to B gibup
(S)-2-(5-Fluoro (5-fluoro-1Hpyrrolo
pyri di ceilwlngwcpwﬁdwwdhnn&cmlamlrm@pamces ¢ n@dtmhcﬂmoﬁnrf@}lomm Mi@L is the ratio

]I-IZ,SU|1]ICQ;)P agfl_ l@thh%z er ofN '\g fléf sviﬁ)s pal}C%]d?eéosnj:g H}L?l“%ﬁlglz\:l%x thﬁ_nélg%ter ‘Jf_ 9 5
4.81 (tdi‘fget]dd)lspl%séhtnﬁd}at\l/elll5 0 Hz, 1H) 3 19 - 2.84 (m 3H), 1.59 - 1. 38

(m 3H& 0.84 (t . LC/MS_(10-90% ACN water 5
‘mﬂ 9% FA%S %ﬁé hensm the e(rmmhlbwon 0§th¢zeph%u%§f inflygnzaviggsegs- - - 1\ 1H X

(5)- 2. s i, e oyt f i mlcon et reduspin by gt 10791,
no) Niagd ﬂrmyrﬂ;ﬂéie 31=rekitmsﬁtviml febhmtmm(i byt e rddustidif mrthmﬁem(t&@)mﬁt-l NI\/R ( 400
2 H) % 3%?n n sorge gmp&cw mfpﬁs t%7 re;;glce‘gon gf Bﬂgezngca ]Iy'];%sefl_q}re 1n§1b6‘r@d 213& &’[ legst_ 8 (s,

13. 0, 590 aH%ast%'S'%, a‘?’}eﬁﬁ 76, adidhst 8@"/9%‘[ regst 804 B atlE)st 039,20 (d, J 4.9 Hz,
6H), 0.97 (s, 9H): (10-90% ACN/water 5 mn with 0.9% FA) Mz 453.19

(MrH) [60227] 2. 22 Irrﬂmﬂmtze girus rephcatlon can be measured by any suitable method known in the
art. For example, influenza viral titre in a biological sample (e.g. an infected cell culture) or in
humans (e.g. lung viral titre in a patient) can be measured. More specifically, for cell based
assays, in each case cells are cultured in vitro, virus is added to the culture in the presence or
absence of a test agent, and after a suitable length of time a virus-dependent endpoint is
evaluated. For typical assays, the Madin-Darby canine kidney cells (MDCK) and the standard
tissue culture adapted influenza strain, A/Puerto Rico/8/34 can be used. A first type of cell assay
that can be used in the invention depends on death of the infected target cells, a process called
cytopathic effect (CPE), where virus infection causes exhaustion of the cell resources and

eventual lysis of the cell. In the first type of cell assay, a low fraction of cells in the wells of a

42-



-0 0, I/ NNNHS--1N\1H 7( NH
(S)-2-(5-Fluoro-2-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyrimdin-4-ylam
no) - N- t erwbun1s1019328- di net hyl - N- pr opyl but ane- 1- sul f onam @#€T(t$0)12l0@&0b/E
(10-90% ACNwater 5 min with 0.9% FA) mz 467.20 (MtH) RT = 2.36 m nutes.
WD 2013/ 019828PCT/ US2012/ 049097
(S)-N-Ethyl-2-(5-fluoro-2-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyrimdin
- 4 yI amicrodiyer pBitSamtiinfettey I(ttyptcame-lﬂl()w [1f10A6itbevi(B3) alldwddVR go 4O ufiHzeve@DCL 3)

1 2
4 9 5 (r?lgnd‘% of f_qj)l_%éw OVfl'_élg 734]85“ ﬁlen 3he_ar@3|1%1’t ce?lgqg%al ig U%éltrﬁ(} pé D 3. |]'_|)8 )
2.96 (@reddin cdida ATR cér%eﬁtmon%;'}ed t8 uﬁﬁlfédf@d cQJﬁ'irolsL@( M%oﬁé%rp@%%&péﬂswt er

mn wth 0.9%FA) mz 439. 30 m nut es. H 0 O, //\S—NH
F \ - thgft can be pm oyed n the 1nvent10n depends on the rnultlphcatlon of Vlrus spemﬁc RNA

S -N 2 di f I 3-.b di n-
soy1) aydrenih A hERTRtels SaoR s RO BB Rrohia b &SR | oo
MHz, GRGhI)NA h&bﬁ&zéﬁibn nllethad QOIDNA) 1hD the feddhd the of cell asslty,Hwall’rd)me 063 (s,
lH), 7.55 (s, ., J =95 I-}i)1 5.03 Qt, J = 10.4 Hz, 1H),

4. 86 (Cﬁ%ls q_rp{)mltlgllﬁglququsm vg_qllﬁ of 3 nggro@fzﬁr pm QI 1§ A ovgqxb to rgplg‘@te(lg thegH)

L VS i fpd B/ S b o RadidhalduaOoPc@E theiMi i Part ol ikl ViRl RNA- 20

m nut es
content is measured. This assay is stopped early, usually after 18-36 hours, while all the target

cells are still viable. Viral RNA is quantitated by hybridization to specific oligonucleotide
probes fixed to wells of an assay plate, then amplification of the signal by hybridization with
additional probes linked to a reporter enzyme.

[00228] As used herein a “viral titer (or titre)” is a measure of virus concentration. Titer
testing can employ serial dilution to obtain approximate quantitative information from an
analytical procedure that inherently only evaluates as positive or negative. The titer corresponds
to the highest dilution factor that still yields a positive reading; for example, positive readings in
the first 8 serial twofold dilutions translate into a titer of 1:256. A specific example is viral titer.
To determine the titer, several dilutions will be prepared, such as 101,102, 10°,...,10°®. The
lowest concentration of virus that still infects cells is the viral titer.

[00229] As used herein, the terms “treat”, “treatment” and “treating” refer to both
therapeutic and prophylactic treatments. For example, therapeutic treatments includes the
reduction or amelioration of the progression, severity and/or duration of influenza viruses
mediated conditions, or the amelioration of one or more symptoms (specifically, one or more
discernible symptoms) of influenza viruses mediated conditions, resulting from the
administration of one or more therapies (e.g., one or more therapeutic agents such as a compound
or composition of the invention). In specific embodiments, the therapeutic treatment includes
the amelioration of at least one measurable physical parameter of an influenza virus mediated
condition. In other embodiments the therapeutic treatment includes the inhibition of the
progression of an influenza virus mediated condition, either physically by, e.g., stabilization of a
discernible symptom, physiologically by, e.g., stabilization of a physical parameter, or both. In
other embodiments the therapeutic treatment includes the reduction or stabilization of influenza

viruses mediated infections. Antiviral drugs can be used in the community setting to treat people
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H
(S)-2-(5-fluoro-2-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyrimdin-4-ylam
no) - 3, 3- woret3wabs2BE (2, 2, 2-tri fl uoroet hyl ) but ane- 1- sul f ecaraSde2(058y7 1H NVR
(400 MHz, CDC13) 6 8.03 (dd, J= 9.3, 2.4 Hz, 1H), 7.82 (t, J= 11.2 Hz, 1H
7.59(s, 1H), 7.46 (s, 1H), 5.07 (t, J=10.6 Hz, 1H), 4.77 (m 1H), 3.45 (m
1H, 3.16 - 2299 (m 1H), 0.97 - 0.86 (m 9H); LC M5 (10-90% ACN water 5

m n wiviho Dregdy Fd)e influentd B BdudhbpeRTityoyBiptomnandesdude-the Npberd\dals 2 A N

H .
('s) - 2-haE My i8¢ 8% (5-f1 uor o- 1H pyrrol o[ 2, 3-b] pyri di n- 3-yl ) pyri mi di n- 4-yl ani
no) - 3,[3023dj et hYﬂémQQéﬁD@chénﬁﬂieféwa%fGﬁ té a%%)%s%ﬂgﬁ(ﬂigﬁﬁé@%eglfﬂﬁﬂ fdicBulel, 25.7

mol ) was added dropwi se to a solution o '
2013/ GresAsreT s 0eoyioud BT tehting adigordsr orfdispesw- | -t o syl- 1H-pyrro lo

y O" i di n- 35Vl J.di n-4-vyl,am. - = di, | b - - g |
Lo or TSl " Tt i bR g 3T AShastactie LRI RS il 8]

stirreded Rdreihprefdrng 'Eaﬁf,Sn@ﬂicﬁl@?ubﬁﬁﬁ&l@tp%@zdufe&ﬁhdsb ipa€poksdlisao prdventl rathott ur e
of the desired sul fonam de and sul fonic acid. The solvent was renoved under

r educ depngFess aeuse a prsaser A8 asqsk saeia thaesms (ipioV PG Iyevention angepreventing”
chro - 709 r,adi f .

oyl SRR i b AACOTINARGS aBGh o KRR obREHo br i Rludlificr
sul f onatiibitien E9temgdurivase oi ssbtangitidnnin THEbjcdOvind s nendl, Auswhahisteenbr MagMe

(0.15 nmL of 25% solutiop in OH, 0,66 mmol s,,added. The resulting
yel | oRed6riA PAERPIKD thej disease- abhertgigm ‘S@W&QFOA%%%W geferpgo ﬁh%@?@g and t hen

di | ut %@em&@n@}g,tgg%u ﬁ%ﬁé&h?ctcﬁﬂg%ﬁﬁér A Wa@c@iﬂes(”aggsp-%? grﬁbﬁ%glo_\f%ﬁso&ﬂ@é

renoved under reduced pressure and the residue SO in water (10
mL). TDhdisagggeous | ayer was extracted with EtO0Ac (3x10 nlL) and dried

(MyS filtered, and concentrated in.vacuo, The.crude residue was

bur (H0P38Y Lot o ERaPERT DR PGt SQPAPG® ME0S SN BRIV AU 10 506 TFA
15 m rylyttr@akafak ®esh &&edﬂ&i,@épﬂeb&t@@ﬁﬂa%i@ﬁ opllé_}?dh’(i:bf, the Zafe@fondn YctEwhQt ladot 1H
NVR (400 MHz, MeOD) 6 8.65 (d, J = 9.3,1H), 8.47 (s, 1H, 8.34 _ém 2H) ,
5. 28 (ofipeQrte tipt drcidy highpdsk of s@Bug mlygpra compleations 194d)in clogt MtV h

ACN water ;.5 min wt.h,0 9% FA) mz. 411.0. 1. 96 RT. =.1.96 m.,nutes, F
(R) - 2-05@-1” #?-%-&Pé‘-hf-slega-l AT By By ST oY) @%Y%IP%% . 1%9)3Ityﬁjf3°p}§l?1%q§-?s§|h%9§f’- yl ) am
i NO) - abhodg Popiilafi®@ishyldotet aineprbttibh Gidanihd enf(u2Ba but who cither do notlddt NVR (300
MHz, d6-DVS0) 6 12.21 (s, 1H), 8.55 (dd, J = 10.0, 2.8 Hz, 1H), 8.29 - 8.23
(m 1myotegiongificy vacyination fe.gyduc fgvealgimmupsg system), qy when thqyacemeas (d, J= 8.4

3 56 oy Bg8f 0 1§20 MR fhdtelibe it hece i it gl J9-

LCVS @sadurény thd Ow 08dek Ofoll®tvingy wiccinatdorg sinbe duning thst, tircd 8leAGDLInd&RE sH112. 11

m nut elgefgelé/!gv . Pﬂfozp%y a%ﬁc ll.:lse/ r-na3|1\l allgloH incgl_lu(%e treating a person who is not ill with the influenza
or not considered at high risk for complications, in order to reduce the chances of getting
infected with the influenza and passing it on to a high-risk person in close contact with him (for
instance, healthcare workers, nursing home workers, etc).
[00233] According to the US CDC, an influenza “outbreak” is defined as a sudden
increase of acute febrile respiratory illness (AFRI) occurring within a 48 to 72 hour period, in a
group of people who are in close proximity to each other (¢.g. in the same area of an assisted
living facility, in the same household, etc) over the normal background rate or when any subject
in the population being analyzed tests positive for influenza. One case of confirmed influenza by
any testing method is considered an outbreak.

[00234] A “cluster” is defined as a group of three or more cases of AFRI occurring within

a 48 to 72 hour period, in a group of people who are in close proximity to each other (e.g. in the
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(S)-2-(5-fluoro-2-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyrimdin-4-ylam
no) - 3, 3- wonretdmbdret ane- 1- ol (32) Al cohol , 32, wa®CIyustéiesiwed in a
manner simlar to conpound 70a utilizing the sanme deprotection procedure,
starting with conpound Ma: 1H NMR (400 MHz, CDC13) 6 10.77 (brs, 1H), 8.25
(d, J= 8.4 Hz, 1H), 8.07 (s,1H), 8.03 (s, 1H), 7.88 (s, 1H), 5.59 (brs,
1H), 4aiB6 afca,of an assistdl lzng ﬁ&d)'lityAnme fame ma)sehom R)(m 2H), 1.06 (s, 9H);

LC/ VB % A 0,9% F n z,348. ) =.1.83
e TS DA R BB e s k3 ir e rary Thg G paienkggred ds T fnital
(S)- Zp(aﬁ&n(&ﬂfem gﬁﬁn&ﬁéﬂfﬁlé oF d 1§erﬁﬂomgﬁ¢a¢hnre§n%é&bn 5W11€1¥'9§e@9ﬁ?bﬂ9rﬂ't8 4-yl)a

mno)-3,3- d | but an-1-ol (49) Al coho 49, was synthesized in a
mannercist o Suah p@t@n@olmtd@dl@gglcah-mm@m ubﬁterm(ls)@q@)apﬁalmd 7Whebihe, 1H),

Cboa W i uzeds tod tod Wegitld iifsoh3n by o By idhug it o B Sy 550

9H) ; lspédifc (n&@st%@%rﬂw wah ey c@nmlideMsu)htléht%d:/é\)ftemszleaﬂﬁs dGrdiMbHiheRidex 1. 83
mnutes. /-0 0, // NNHs . ,, \\/ vri A NN

('S) - 2<p%: tp|dgtsFwing.-hos. the disEesc sPEY ﬁn%wéptzremlpwlﬁam dzsopsq igypetwhcai n- 4- yl ani
N0) - 3.3 eor B O A tiRNGady Sk faRk (ﬁrs@(bhtqen(t fik} indicates the existence of an outbreak.

Earlier cases may be found and are labeled primary, secondary, tertiary, etc.

[00236] In one embodiment, the methods of the invention are a preventative or “pre-
emptive” measure to a patient, specifically a human, having a predisposition to complications
resulting from infection by an influenza virus. The term “pre-emptive” as used herein as for
example in pre-emptive use, “pre-emptively”, etc, is the prophylactic use in situations in which
an “index case” or an “outbreak’ has been confirmed, in order to prevent the spread of infection
in the rest of the community or population group.

[00237] In another embodiment, the methods of the invention are applied as a “pre-
emptive” measure to members of a community or population group, specifically humans, in
order to prevent the spread of infection.

[00238] As used herein, an “effective amount” refers to an amount sufficient to elicit the
desired biological response. In the present invention the desired biological response is to inhibit
the replication of influenza virus, to reduce the amount of influenza viruses or to reduce or
ameliorate the severity, duration, progression, or onset of a influenza virus infection, prevent the
advancement of an influenza viruses infection, prevent the recurrence, development, onset or
progression of a symptom associated with an influenza virus infection, or enhance or improve
the prophylactic or therapeutic effect(s) of another therapy used against influenza infections.
The precise amount of compound administered to a subject will depend on the mode of
administration, the type and severity of the infection and on the characteristics of the subject,
such as general health, age, sex, body weight and tolerance to drugs. The skilled artisan will be
able to determine appropriate dosages depending on these and other factors. When co-
administered with other anti viral agents, e.g., when co-administered with an anti-influenza
medication, an “effective amount” of the second agent will depend on the type of drug used.

Suitable dosages are known for approved agents and can be adjusted by the skilled artisan
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Sul fonic acid, 11, was synthesized in a manner simlar to Conpound 25
descri bed bel ow, using conpound, 57a, as the starting material: 1H NVR (400
MHz, MeODyo@oss/mMds28s, 1H), 8.34 (dd, J = 9.2, 2.6 Hz, 1HCT/B202/06097J = 5.7
Hz, 1H), 8.13 (s, 1H), 5.16 (d, J= 4.1 Hz, 1H), 3.46 - 3.33 (m 2H), 1.10
(d, 9H); LC/ M5 (10-90% ACNwater 5 min with 0.9% TFA, C18) mz 412.19 (M+H)
retention tine = 1.91 m nutes. H(S)-2-((2-(5-chloro-1Hpyrrolo [2, 3-Db]
pyri diane@dipg)te Brcfdouditioppf thei sdbjmemtl;eltymﬁw)ldmoﬁés) teine tiaytet andthe-ainosiut éfoni c

anImC)i of?rﬁ?}]?fun%g?sﬁﬂt f(P nelrecln elng use(? In'Gises llné[rg 1o Iar%lggntl i egprg‘sgpynrlegte(f mlar to

5 chl QrR&irfount sdudd bAFRLRMYA - Rordxd l&é@ﬂﬁﬁc’iﬁd@ﬂe&n’%é& hédrefnQY be 1H- pyrrol of

, 3-b] pyridine instead of boronate es 7a, as the starting nmaterial: 1H
NI\/R ( Mmlmredm@ Bibjectgn 44logage randye, fragn Batw(e@l@l appyoxingitely 09160 90 mirhg begly22

d J= , i
2H) Wei%“@ﬁ%ﬁ@%@%@ﬁ@%%@% Bl s i i b o e T§A46C18§% "

412. 190@299H) r etGunkia0l), ddsage egindhb cahauheﬂscted?rn@taadsraam&nmq{a%ﬁﬂ@@bflds 46 WO
2013/ 019828PCT/ US2012/ 049097 ( MsCQl . CH2C12; %4 KOAc, DMF; (c) NaOMe,

MeOH; feagrs pegludipg theglisosdesbsing treatpd@nd (d@ se@r@,tﬁ@f t 1@rderp\/ﬁ@}qctlglt§h@ theT; (f)

5-fl 4

o7 oxanpdafic (habalaf it Y e st dorndbid il AT lelhud eidy weight sonen
2- I\/ETI-HEalthlyaé)eand d12100f(ﬂle Batlent; tthetim80f &mihiduatiod,gputblad M&mnli@ﬁhion and rate of
L e T o
(S) 2- tﬁe( éarﬁmlgr&-n;) fuh&'ef %Ythéxgbfjérﬂ%l{’s?zé’d )cl?crﬂd?é)c)on‘?bf?fhe Qédﬁﬁ-‘&mh agbdl inol .

and triet am ne
d| chI @Dmlbmaham er Q(ﬁﬁcmmtalmﬁl ﬁnddp@blﬁ@tmmmdlehquedcmddrkecfect()ﬂ vveﬁl lm.owtg 84

I t d at t t f Th I t
s 1 i THE SRS P RN RN Py el <5 R0) "
ver e agdeton ?@)@n@sf ARBCAMASE rdtfafcd RPAEAE Prev@hd, ﬂﬂlllﬁﬁ@@@f})gﬁd’%ﬁ alg9Reent r at ed

under reduced pressure to afford 2.55 g of the desired product as a pale
yel | ownfesiahﬁjpr@@rqsﬂofnh@/dmas(elo 90% ACNwater 5 min with 0.9%FA C4) mz

326.9 2. 96 . nt ue

(5)- ST o B BRaBM sy ot dessibacsrsipponreges o by asagpu 001

et haned Ab@at 60 MeBa) body weightRRk agtiution0ll b sraebahgy/Kelbaly Weightlda§ labwupd )l was
added to a stirring sol ut1on

of (S)-2-(2-
ol o 40 Shat SOrse PodhchrehCdvas SO 5 ionias gLkl wiehtAkes s onat e,
75a, ‘% i ol ution
was hglé%i e togdt atgltl g%?%\%mg? p%é(a b(e%gﬁgﬂgtere:{iﬁgag \%\gh&dss ggf)ga{nﬂs)ll%;nsvvag |
pour eddmmlstewdhe mwhnqﬂe dMn@&uﬁdawmctb dEfﬂaQAe g, 2xed 0 holu)s), tFéeatinmebdayed.g.,

organic f@se dried éx,\é %) d and concentrated under reduced
pr essVe. r@r‘&‘f EAT ST D R ’pq.YF &/ silica gel chr omat ogr aphy
(0- 309[’9@411\0/ He)f%?%{ﬁfeﬁﬁlé ﬁghttﬂleﬁtotlﬁfcfoﬁfp@ugdsldegcr?ge PO Eh o/ iR B! €

brown solid: 1H NWR WO 2013/ 019828PCT/ UsS2012/ 049097
7. 81 (agpatit)witlsn,1f2r ¢rampléfUs Muﬁsj(ot W;lthm 49 Iguts, lep Jesd tpp 23lag§-o2 180 tham 1.2H) |

:2)) 023 O%SYM%H}AA%% 245 @{J(Lgé Q%H%Set gjsyrnptg)rns (69 (g)(yne'?é%ongestlonSSore t roatt Qou%hga%hFA) m z
(S) - 2-fhtZoehhQOchRs,fand @hRRYKichs i Thkh¥lapetitRtlcatnet hiTRENE Bt an@blk- t hi ol

(77a) To a nitrogen-purged sol ution of

( S)h Sdpratipncier gxammefioud nd@xﬁyﬁudﬂmulﬁdawllé@ﬁmm Epr rapphetdefic pigatment
NaOMe
(1 4o T8 8 Suatiiy ol e BB el A TRIEN ber il R <SR, T e

at r oemtHigfpes-ampl§ 2fdaks df haof of sljh@tdrﬂmltth@ﬁldei ¥idd] endnad be@oaemicd dbethyl N
vacuo and the residue was dissolved in water (25 nL) and slowy acidified
wi t h PNt dyigtion.Jar exapile, dorpt daspl @ dave. %%ﬁyswsdaéﬁ,t%yw% diy et Adaypy

Et OAc., The combi ned organi c phases were dried (MySO4), filtered and
concentrated under reduced pressure to afford 0.85 g of the desired product
as a [e0zi2bei ge \cwilons typos dfladnhiGisivEi¢rlteods AONovmmdoydl imithe invedtiod, &9 FA)

mz 264.92 (MtH) RT.= 3.32 mn. . e o ”

(S)- 2-%?1‘1?%?&@%1?@?@11&16??& wgf?r ﬁle(%fe%m“ﬁl%) pmastsatippyMethods.

5-fl uoropyri m di n-4-am ne (78a) To a suspensi on of
(S)-2-(2-chloro-5-fluoropyrimdin-4- yhgnlno) 3, 3-di met hyl but ane- 1t hi ol ,

77a, (0.85 g, 3.60 nml) and K2C3B (2.26 g, 16.35 mmml) in acetone was
added i odonet hane (0.82 ni, 13.08 mmol). The suspension was heated at 70 C
for 1.30 hours and then cooled to roomtenperature. The solid was filtered
and the solution was concentrated under reduced pressure. The crude residue
was purlfled by S|I|ca gel chronatography (0 10%)Et0Ac/Fbxanes gradlent) to
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Asol utionof (S)-2-chl oro-N (3, 3-di net hyl-1- (net hyl sul fonyl ) but an-2-y1)-5-
fluoropyrimdin-4-amne, 79a, (0.15 g, 0.48 nmol),

5- f | uor o-wo(2pr3twmbseBsul f onyl) - 3- (4, 4, 5, 5- PCT/US2012/049097
tetramet hyl - 1, 3, 2- di oxabor ol an-2-yl ) pyrrol o[ 2, 3-b] pyridine (0.24 g, 0.58
mml ), and K3PO4 (0.25 g, 1.16 mml) in 2-nethyl THF (5 nL) and water (1
m.) was purged with nitrogen for 30 m nutes. X-Phos (0.015 g, 0.031 mmol)
and Pd2(dba)3 (0.007 g, 0.008 mml) were added and the reaction m xture was

heat ed.at, . 120 Cin a pressure vial for 2 hours. The reaction m xture was
cool e L ature, filtered and concentrated i n vacuo. The residue
was di ﬁ@ﬁh ed I B BRI vE 2olih)caRBE aWESHRdn Whd RetBY 8f|_ﬁha-'r_ﬂﬁc&1"ug§1n' c layer was

dried (l\/gS filtered and concentrated in vacuo. e crude residue was
puri f |cempb§atlgm pf iba ug@ltltlemﬁmpi@wxgraa@nypqucd 46%Enm@pmémalnémggtr adient) to

af ford, 219 n%tl(‘g lgtﬂgc%pga%%:}sr ft (réllc_)éjt%?t%ggiy? 3%’“)"} alonl_e Oaﬁ%om% go%wg%NNR ( 400
8 03 (addltlé)ni-l sQitablEttheraplitic dgedB fGiSexatiple, ad alvifdllbgend or QQa&melQNﬁeﬂ‘iZ 2H)
3.37 (d, J= 14.4 Hz, 1H), 3.07 (dt, WO 2013/ 019828PCT/ US2012/ 049097 J=

31. 3, ggmlymp{zon tilpﬁapyéls@gq(lgyedgﬂ) effg:tlgg a{rlguntyan begclyeygd usg],g)a figyt YGoYy, ofj =
20. 7. ol Y A6 0 AQUNRLRE R PR it T Al R4 20
(S)- N{¢.8, aﬁrditmhl‘agbaﬂar(mhhy)l sul fonyl ) butan-2-y1)-5-fl uoro 2-(5-fluoro-1Hp
yrroI r|d d|n4amne 46) a solution of
(S)- ?@22443 - di ﬁ% erlene é} R Yy aﬁOf%lP%l)d of the mswnzanéé c

-fl UoraﬁéftlBHalStMénrr}%%ﬂ'tl@é%&R ar@ chd a%imlﬁﬁste}é?i%h'aﬁ @fegthGYElIﬂCRJXIIE gr@ QU i ne, 80a,
(0.21 g, O. THF 510 was added Na nL of 25% sol ution
i n Me@rjouft wﬁlchm:du)d beT thtera@cllltmallm nffwaszesf atdrmad;teattd ﬂllonﬂ')l e amﬁha‘tem‘tmdfmﬂ:nt,lo

m nutes, then,djl uted nto ue turate 1 sol uti,0 sol vent
et oo b ol ah P B SR B0 MRt e At B Bl G A vt &1
(10 Mamouhh@hRA YR HobLAYR provage Lerpeh®deict (b FbOASrap itQiosd) In Jéd ed
(MySA4), filtered and concentrated in vacuo. The product was purified by
sili catngfd,iler ghbwivmttgs aphpoyd-of §be nsenjonRThe agmédstenst Yn epeldgdtior @mpost, ny of

t he deﬁg%qﬁ d%cﬁ duc glaeswae‘ut\i\%jégte%glss%lghﬁmst%%ﬁ)]iy 'e\l/gu‘% e(asp'\e/lﬁ%?_ﬁiose %%étll?arzp@% E ?ﬂ

1H) 3nfbddiment ?alco(nmouﬁdﬂ))f th3.idvidnfibn &40 be &dnSidis(csed iﬁl'd) sublth&@pdisic dOkD, whilke/ MS

(10-90% ACNwater 5 mn with 0.9% FA) mz 410.19 (MtH) RT = 2. 03 m nutes.

Pr epartht kiRl herpeuirresy!, f@ﬁf@ﬁl@ﬁ 2 saiablgeanggr-therapyytic agentdy agmpispieredHr,

1N HC enzoic acid, THF, reflux; (c) Toluene; (d) Br2, HBr,
]r%%'é@f?&sde q%ﬁlxphydr oxyurea, NEOH. For mati on of

(+/ ) G025 f | uorA}&se(l Berfein,ldredeﬂ:ﬁst‘bﬁydmﬁdﬂawr Tal ‘o{)-zdﬁmbitmlbhﬂbzmk%’eused

pyr.im | pent an- 1- To a.cold (O

c:) sonatn g ble/ée é%??rcwﬁ%? Y37 Oq:‘sn%S 9 P8F Mams@fa &&P@r mpre prophylactic

-t Osy]an&/dpﬁfe'féﬂeﬁt[lcz 6g°en¥&b pYﬁé ﬁiéerbf:%hé’ﬂe}rﬁé( ddyindt fbsfhc‘( J[h)eqmié}(?l)l vﬂuc‘h tﬁétﬁﬁltepw pent a

noate (4.00 g, F (160 nm.) and H (10

l'ithi lﬁmgb@rapﬂlybpildmd(/@gheMpm_lcage@smrs eclimtmsmed tCW)subJect

oot NPT <t or CRATTLNENRY cner e Eaariyar o i iRk e R i) e
to 0 Ghe ArifdubidosBl Ubd@Minis@@dorTa anZ2¢enfHMY Jiniian @RlE BthnHEOMWHSSE in IBgle

mxture was stirred for 15 minutes and then diluted with dichl oronet ﬁane
The plihgeracpetical g@pmsetmdfqamamhl@ eapsele 9s tablribavina g fiard radmredirsigadn wit h

N s

concenrbidhdktiatioy alw encohtjRsdce skt 61 dagh cempoliirl inasc@uhtibl reshnét th sthlet 6@lcgel

chr omat ogr aphy ([Et OAc/ Hexanes) to afford 3.79 g of the desired product.
For natlf Q;%I n one embodiment, the present invention is directed to methods of combination

(+0- 3 tﬁ)éal%, H)?Eﬁ%ylﬁ 1ﬁ%F ‘;{H%QS 1368593,?1% B'fo@é’grléa(? Q‘%@g?spﬂﬁ%ﬁfsd ogfreat

yl)pyrim I met pentana a Sol Gtion of
race mpmeviént—u:ﬂ@lnffulenM\OfuB Affectidrs o pmehts- usingstird cdiripgyrds or ph)arflﬁcéht}cal) ]

pyridin-3 - i mdin-4- 4- di net hyl pent an- 82a, (1.60
g, 3. f@mﬁﬁﬁlg % §the s VEBO T/ FHWE] Q&d@*&ﬂ‘gaqe&}tﬂ%ﬁyﬁ%ﬁl@%@%&e wfﬁé)on(a%s%e g,
6.21 mmol ). The reaction m xture was heated to refl ux under at atnosphere
of nitrogen for 30 mnutes. After cooling the m xture to roomtenperature,
the solids were filtered. An aqueous éZturated NaHCO3 sol ution was added to
the filtrate and the biphasic m xture was stirred for 30 mnutes. The

m xture was further diluted with dichloromethane and t he phases separ at ed.
The aqueous | ayer was extracted again with dichl oronmethane. The conbi ned
organi ¢ phases were dried (Na2804) flltered and concentrated in vacuo. The
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yl ) pyri m di n-4-yl)am no) -4, 4-di net hyl pentanal, 83a, (0.295 g, 0.574 mol)
in toluene (5.9 nL) was added nethyl 2-(triphenyl phosphoranyli dene)acetate
(0.300 g,wO0.286n19828 ). The m xture was stirred over ni ghPCRUSE@Q0M9097
tenperature and then purified directly on silica gel (EtOAc/Hexanes) to
afford 278 ng of the desired product: LCMS G adient 10-90% 0.1%formc
acid, 5 mnutes, C18/ACN, RT = 2.54 mnutes (MtH) 584.12. Formati on
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76 mmol ) acetic acid was added brom ne (0.099 g, 620 mmol )
fol | owembbyltlpmof ¢lerogiEeray Wfthg cemmgnﬂ QI“[QO@IPOSWOA@GID%‘ mwamélonwowlm m xt ure

was heat C over ur.e S ute nto di hI or onet hane
and aqousisbn bty SoBNS LR Shmat Ul DB h R B Pl bt B B PO

separ azh&dn@ﬂﬂvtzlﬂﬁa BRueetisc| ayer was washed with di chl or onet hane The
organic | ayers were conbi ned and the solvents were renpved under reduced

pr essuf@49he r ¥henco-sdnsingitration wyolyies theispparate gaminipFadiontod drealptamount
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of compounds are administered sufficiently close in time to have the desired therapeutic effect. For
(+0-5 (5-fluqgro-2-(5-fluoro-1Hp rrolo[23 |n- -yl).pyri m din-4-
yl )amef"}ﬂﬁllg e prered Al iBaLGIMers Sﬁé‘f@l“}i@s‘%i‘“%‘? 1¢ 98/“5 ti tﬁe egnp
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di ssol ve n wat er was ad hydroxyurea (0.008 g, 0.100 nmmol).
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before the addition of AcOH (0.031 nL). The resi due was purified bmeverse

phase ofrespaitlinjabeuti§iionrs of cath othdr, tithinaliut 4 doprsed gaeh othet, NitRin( @00t

MeOD) dd, J 16 (d, J= 5.5 He, 2H) 8.00 (d, J=

4.1 Hz°§ei‘i1b°thé§°é§“hnatﬂlbtgo?lg%es(%@d‘bhﬁt *b7.4. 15.4, 12.3 Hz, 2H), 1.10 (d,

J= 3. 300250] 11H) MbeMpctitiralilg ntfirdth&apy (. w@ﬁo@hﬁmalmtﬂeraﬁeumﬂc Agér@Such as

C18/ ACN, RT = 15 mnutes (MrH) 416.04. Preparation of Conpound 45

Synt h@tqoglpgg%ﬁ;‘éthg ventigry an OF gdmiristered prior to (e.g., 5 minutes, 15 minutes, 30
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yl) pyri m di.n-4- am nQ) - 4, 4- di et hyl pent an- 1- ol , a, 0. 7.9, 0.363
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was dilut'ed water (30 nmL) and extracted twice wth EtOAc. The conbi ned
or gamvmebha}sxegek\m‘? wedkas hedel, Ohwdsks, ibeycalts. ard 2(wgBOaficr) thicl aderieidtratro of a

trat d hed th He t fford
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(dd, quae& 3, 2.7 Hz, 8.13 (d, J= 11.2 Hz, 1H), 8.10 (s, 1H), 8.04 (d,
J= 3.2 1H),489(d J= 9.0 He, Ig—?426 (t, J=9.9 Hz, 1H), 3.65 (d,
J= 9. :{0%51] 1H) ., Igissudgrsigod that the method of ¢aradmipsiration of a first ggoymnofaH) , 1. 40
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Pr eparaﬁtehﬂdhced of9pINIdTh&Qpeit ,effa&dwﬁareﬁyﬂhb kembimedetfesras grdatef than the

2-ni trophenyl sel enocyanate, Bu3P, THF; (b) nmCPBA, CHCL3; (c) Rh2(0Ac)4
N2 CH2 @dgifive cipeithas wquig repylp flompepsatceidmipigtratios gl st anount of a compound
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To a 4602&2] on OfAsrL&;eé herein, the terrn synerglstlc” refers to a combination of a compound of

3-[[5-f1uoro: 2- fl uor Isu fon rrolo 3- S

b] pyr it Wyaatnm P GWPW ztaa ?m?ut%élﬁﬁ%-%hlshl iSTBYE  (1.093
g, 2.120 mmol) and (2- nltrophenyl) selenocyanate (0.722 g, 3.180 nmol) in
THF (8 nL) was added tributylphosphanﬁg(o 792 nmL, 3.180 mmol ). The reaction
m xture was stirred overni ght and then®concentrated under reduced pressure.
The crude residue was purified by silica gel (0 to 100% Et OAc/ Hexanes
gradient) to afford 1.20 g of the desired product. Fornation of

(+/-)-N-(4, 4-di methyl pent-1-en-3-yl)-5-fluoro-2-(5-fluoro-1-tosyl-1Hpyrrolo
[2 3 b] pyr|d|n 3 yI)pyr|n1d|n 4 anlne (89a) To a cold (0 CD solutlon
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1st fraction - a mxture of diastereoners with 4 peaks at 1.8, 1.9, 2.06
and 2.16 mnutes -contains 50; 2'd fraction - single peak at 2.06 m nutes-
(Si) 3rd woaotywaes28 single peak at 2.16 m nutes- (52) (&CTRIS2NE490BT OH, 75
C, (b) Pd2(dba)3, XPhos, K3PO4, THF, H20, 135 C, m crowave. Formation of
(+/-)-2-chloro-5-fluoro-6-(1-hydroxy-4, 4-di net hyl pent an- 3-yl am no) pyri di ne3
-carbonitrile (95a) To a solution of 3-am no-4, 4-di net hyl pent an- 1- ol
(2. 00 effectBveaamiiplajlditive effbanof thé 2erafiys. wasyrmdgistic ¢ffaenf € combination of

2, 6-dichl aro- 5-f| uor.o- i ne rbopitrile (1.6 , 8.6 and 5 niL
ot N, NSl dhyF PR e REP T GG B Dbk e st (R A Sty
hour s d@guigeg eﬂ@mrrrﬁé@ %fm tl»{&ﬁb'l%s arld16r 1%@8&&1&%%&@%&&%& B thérhpicdtone!

chr omat ogr ap é | ene chloride), yielding 2.2 g of

2-chl @u@e@ ﬂrh@@ dnseto(mﬂwydwmagts of méapiydemt. arpr@phylactic or therapeutic

yl am no e- 3- car.boni G adj e 0..1%.f or,m ¢
aci d. agg@y arhcg%rnt %Tg)l%malck{}nerapg 1655 ?‘rr%qﬁe?}ﬁgsca{l m_(h)c %]610?81 ociated with
2013/ QHOERSRSTALUSOAA OhSRABY td-9 EwbREdt dthefit reducing the efficacy of said therapy in the

(+/-)-5-f|uoro-2-(5-f|uoro-1FLF yrrolo [2,3-b] pyridin-3-y1)-6-(1-hydroxy-4,4
- di nPrEHENPYR RARABEIE OF HEJtpERt @fi ?hd}sgd@rarlb@ﬁ ifipp,| aéyrl@,r:g}strr@ffactrcaaéw in
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5- f | ueymergis(id ¢ e 0ba tembmaedhyfltherapics (¢.g., a combination of prophylactlc or

1,3, 2- droxaborolan 2- yl)- -to rrol of 2, 3- ridine, 0. 44 g,

1. 05 ARBRICUIIR agents)may %ﬁ?} a%r&oréaerp ¢ %‘FW%%W %55)4 %ﬁ%&assﬁw wgéﬁ%ﬁlee( 0. 45
9) N o3 cftherPherdiRf Qbne. The resul ting m xture was degassed under a stream of
nitrogen for 15"mnutes. To the m xture was then added X-Phos (0.03 g, 0.07
nol ) [86R53Pd2( dBELS: tho coRbypation Otrapyoising thheompawtls ofithopseseetrimenitipn isli35 C
via mc¢c e adi.ation f Ies nd then extracted,into EtOAc. (3 X
15 ot orNRYge it B vaan hon o B et Brabpr BT b R At e peted o
Vacuo ting wetfedkealh hditightivAgak BEichg& ¥@ddiy, ¥ek¥lor ntfnthikhiF. To the sol ution
was added 5 nL of 2 N LiOH and the reaction was warnmed to 65 C for 12 hrs
and t H@WiﬁlbncentTrhatpe@enw afaciyocreibhe cffegichn bp getenringd asing suipabia mi:tedd&/foa
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11, 24, 2526,. 27, 29, 30, .and 3 ic Schene 16

2- chl 6PBERORY I&gfgrrpil B3y Ingstrasing @5 %@ﬁrse? Hjecirypp R, wamrreswdeg (b)
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| an- 2-ylI')pyrro lo [2 b] pyri di ne, 4, X-Phos, Pd2(dba)3, 2-Me
THF wuﬁehganGMQea@@yommﬁmmmtmﬂeﬂ@nVQd@ﬂk&ﬂmﬂyEmF 80 C (e) 30@6H202

V\D 20%}6£g§§§'&% %DJ%/FWG&? nl(s%)red Wltﬁ\a combounl_(q:descrlbed%erem idclude CN. 65 C.

(S) - 2netitaafifidiselihmetOrs Ssutch 4s B%‘Fﬂé@%\)ﬂr B ani L@ hAY ¥ Mbin@ i 2R eh)A0), RRAINbEOL I noni
trile g97a A mxture of

2- chl sheus! é\/lanpfqt@i@) blpylﬁqr@hsneh & apgtishng (Symengtel®pangl rimantadnenpl ), (2S) - 2-

oo R T AU AT g sl g RS0 BB LSO o

hour S .deWdlepritenttbyr Bywas Chealied of tapafqBeé elvp RiuAlta Eeal anehtil el Rkssed, SDASS-
evaporated under reduced pressure The crude product was urrfred Vi a

si |i cd0g&r0Wn JnﬁQ%@aﬁﬁ’WV’(f a@d%aﬁdmemqé& V@lrborar(bmeftm@ ighibdprg of. 7 g of

the d S 6 7.25
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3. 74 -a8midistered vlith) g trﬁ)dlﬁéha(l mﬂ&hﬁa vacCinB I ﬁﬁn@ﬁ%d&tﬁ’ﬁbmﬂltﬁe compoundai t h 0 9%
l(:é) 5 déq;ceiéf:ggge(%caf]ﬁgé?d%{llg‘%%dt\%&e 6%1}&}%621[\7{? ?n sorne embodiments, the compounds

[ 2, 3-b] pyridin-3-yl)-6-((1-hydroxy-3, 3-

di met hyl but an-2-yl ) anm no) ni coti noni tri ée (98a). A solution of 5
-fluoro-1-(p-to lylsulfonyl)-3 -(4,4,5)5 -tetranmethyl-1,3 , 2-di oxaboro

| an-2- yl)pyrro lo [2,3 -Db]pyridine, 7a (1.84 g, 4.42 mol),
(S)-2-chloro-5 -fluoro-6-((l-hydroxy-3, 3-

di met hyl but an-2-yl )am no) ni cotinonitrile, 97a, (1.00 g, 3.68 mol) and
K3PO4 (2.40 g, 11.22 mmol) in 2-nmethyl-THF (12 nlL) and water (2 nmL) was



chr omat ogr aphy (0-30% Et OAc/ Hexanes gradient) to afford 6.8 g of the
desired product as a pale brown solid: 1H NWMR (400 MHz, CDCl13) 6 8.57 (s,
1H), 8.28w0do13l1e828. 3 Hz, 1H), 8.11 (dd, J = 8.5, 2.3 HeCTAINR01284987 (d, J =
8.3 Hz, 2H), 7.33 (d, J =10.2 Hz, 1H), 7.24 (d, J = 8.3 Hz, 2H), 5.11 (m
1H, 4.31 (m 1H, 3.19 (dd, J = 14.0, 3.0 Hz, 1H), 3.03 (dt, J= 13.6, 6.9
Hz, 1H), 2.31 (s, 3H), 2.10 (m 3H), 10.97(s, 9H); LC M5 (60-90% ACN wat er
5 m n desdrived hshnFean befco- ﬁaﬁm@te(dkﬂﬁk‘l)‘.h pedtermi vionintsome emi@dGhents, the es.

S) - 2- 03fl r06 I a-1-to rrolo [2,3-b
éyi. di® E]mf%{ dﬁﬁﬁrlb@ ere&ﬂ q?‘?ﬁogadj[ngﬂlé effe(g%‘r]f]i‘ iﬁo??yaci d (ELOla) . ! To a
col d (HhofshiadRltihi Obmpbsificyism ¢ acid (22.2 nml, 588.5 mmol) was added H202

(7.35™nLC of 30%solutron, 71.96 mml). The m xture was stirred at 0OC for 1
hour . [#0251 ut i o hefcofngpunds described herein can be formulated into pharrnaceutical

S—2(50 5fuoo|-ts

b1 py PP ROy iR Xolpits R fen R AeeRible i thegbadivanierg 5 57

Mol ) viehicfed M e’iﬂbd&luﬁ&nm): p\f@sntaﬂe&ﬁoﬂ €186 fota p&n&lh@auhea&bh@amﬁbﬂt ure. The

resulting solution was stirred for 2 hours at roomtenperature. The sol vent

was r eRpwEsng sgemppeelieiic preaden deseritral aboye, anda rhagngceuticlly reeiptabici d as a

pal e 9% FA) niz
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(S)- 2-p¢15ﬂ1@camﬁ3edrhpmutmnﬁeohﬁarfsingmn@ffbﬁﬁ%e}melﬂdﬂoﬁy compourdh3adpresent

pyri di.n- 2yl am no) - 3, 3- di pet hyl but ane- | fonyl chlorid 102a

a sol dRYBHORP! ¢ a@la@@twlé;hbccgptﬁﬁl&éﬁ%ﬂ@“(%l g agkwpwwﬁy %wea%lﬁcﬂaale[nz 3

- b] pyr 2 d f 59, 2.54
AR REAATTY rehcte PR RRReopal saRles ekl (A00Rmis,

d| c hI @haldmcéﬁnc@Bdlmmnts? eB6Gpiants Io) cariopwugehly Tﬁects@mthlrcﬂpewae tlmtlntenédi farmr oom

t enper sgol vent was. renoved .under reduced pressure to

arfor " 1y ot 8 b g AL EB e ek P EBITEEEEy N ( B0- 909
Wgh@rsep N n AM tdTeRti AYaiduntMne 1 ReSa (%ﬁbeﬁt&hﬁpEff@awrelam)um”?ana(a m nut es.

(S) 2 (5-Cyano- 3-fl uor o- 6- (5-fl uoro-1Hpyrrolo [2, 3-D]

pyri di“nre@hylaypimsally diffiact2yel aamduns) - The, tgrna- tllpiap@uttwllbaffaﬁéfslanmnt”dn&rﬁ @en( 26)

(M;; hglafxgorlrl]n{g eefae(rtlsgo)w% 1nf tlreatl(r)lf ZMt)Egrlp? lljogarlt(l)ﬂ% an[ 1n121uinzil|_l_rus 1n %cﬁpo%qg a%gtleant sfl(l)flecbzltteai on of

- b] py i€l inflaydzaniThe Yeri  pBoptldveitdiyl éiwcan@ari;omﬁuke‘fa@yd a@ﬁl{h@uﬁt@@ﬁecﬁ\%ziﬁ (0.10

g, 0.16 nmml) in THF (1 nL). The solution was stirred for 1 hour at room

t enpe rpawrltén%@mi/w@b@mtwébftlemng dresharces REEY sizs i deflicpresisyisfectipr cr ude

sul f ony i ion in

di oxanﬂ§H @38@8%@Jﬁéﬁggggf%gg%{nné?ﬁ%)em%gahﬂg%& gélge ﬁ{'tg@geéﬁw gﬁ)@ our s and

t hen ddwoeb eﬂDtsolosab@bmpnm&irsat ure. The sol vent was renoved under reduced

press d the resultin esi due was purified by prepar H
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t he d%ﬂﬁl?qnlﬁBf?Mlol%%cﬁl é’@ﬁ'vhg oFﬂlle'CGme){ﬁld\éWh@‘f)QQmME‘%utw@@%%@aef@b% 68 (s,
1H), 8.45°- 8.33 (m 1IH), 8.17 (d, J = 2.8 Hz, 1H), 7.88 (s, 1H), 7.36 (d,
J- 10.c8rridzs shokid, beghiddonfphtibk-¢ 4., Bokizgxid,Hon- iﬁﬂelrmm@td);ry Jon-ifinginelgenid by , 4. 90

(d \J]ﬂe%mg é«?m§%@5ffe(g‘?a‘(t§°(nsQwﬁgfﬁé%u{’%g’@@é’“ %é’f‘ég agulHHléﬁ %l_%“r‘?a 9%

FA)  Mphadi@edical Mihlulatieh @thhRied ¢dMBeendlSfedm nut es. The fol |l ow ng
conpounds can be prepared in a simlar fashion as the procedure described

above [9%‘58430 ITpOlTI‘h@ p@@rmacv@l@@y 356@@%%“&@‘1@ o1 9’@@1‘5216 2% e 1;1-|hereln
yi am AeOSART L SR it R i VRS RITS o SRl o ™

?DClii)suﬁa& a&ﬁvé dgbntsl tso&)n7<;4 ag§171@ ﬁichellﬂdg or Sma&f@ﬁl,g a:gbﬁts ;ﬁgs%i%a(tl&es ,$61d 70335
brs s,
( nm1 9|h}ndetsembsce% a@b%eA@w %?Pé?d W th? ﬁalﬁic’tllﬁf @psg% ff’Aljn 4%6(’4 e%era@gtogom

ret ent

(9 2 BB sphces SUMBEREANION ). Marin, (Magk Puplishing Co EspionPag 1 4
yl am n630 Nbydosep vapyys-carrprdused tifn fdrinutaaing phasmdctwiratty decopB)e doGipdsitioh®- 90%
ﬁ%;lvaélég &Rgqurlnteréhmques f%r t%é)plieA aI‘E;,HO%l tﬁe71r20f0 éxcello_t')mso%tlreagtalng QOIg\lerI{EOIlal ?c’:ar%zer
(S)-2-05-cyano- 3-fluoro-6-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyridin-2
-yl )am no) - N( 2- met hoxyet hyl ) - 3, 3-di rreg@yl but ane- 1- sul fonam de (29) 1H NWR
(400 MHz, MeOD) 6 8.71 (dd, J= 9.7, 2 , 1H), 8.37 (s, 1H), 8.20 (s,
1H), 7.57 (d, J= 10.9 Hz, 1H), 508(d J= 8.8 Hz, 1H), 3.54 - 3.40 (m
2H), 3.32 (m 5H), 3.15 (t, J =5.4 H, 2H), 1.03 (s,9H); LC M5 (10-90%
ACNwater 5 mn with 0.9% FA) nmlz 493.50 (MtH) retention time = 3.05
mnutes. NN
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(S)-2-05-cyano-3-fluoro-6-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyridin-2
-yl ) am noyo2pB/o1g828et hyl - N- pr opyl but ane- 1- sul f onam de ( 3CY/USTI1RB4909D- 90%
ACNwater 5 min with 0.9%FA) mz 477.65 (MtH) retention tine = 3. 27

m nut es. N H (S)-2-05-cyano-3-fluoro-6-(5-fluoro-1H pyrrolo

[ 2, 3-b] pyridin-3-yl)pyridin-2-yl)am no)-3, 3- di nethyl butane- 1-sul fonam de
(30) h@diBn (sliDc@DpathCNVith tther comnpoiundwildshriBeddtdr &) sunh as b&zﬁrodﬁci(lg/hhi) r et ent ion
time = 2.80. m nut (551l uoro- 1H-

pyr | diuﬂg%ﬂlgﬁ?bé& %1falrﬁfﬁfb%f(t§'3f@1%ﬁ.lﬂt§m§%m aa%el%eﬂws)fa%ﬁ RSy Plish o1 i1 e
(24)  compon@NtGPHOthe Kéxma‘é@ﬁloﬁb{iﬂE&%ﬁta%%%ohﬁ)o@uﬂﬁrl&ﬁlse $ é’ﬂn‘té%ﬁplﬁt@d ¢Pppound 32
ut|I|2|ng t he sane deprotectlon procedure, starting with conpound 98a: 1H
NI\/R (LMOHIMJ@ scqpGI3hisdnvention. Appsed hkin, the EBTaQQi“Slcbtef®C$”I@BCOHM§GSB. 17 (s,

J.= 9.6 Hz, 1H), 4. 41
(1) 3 bl pd Mg oy tidd G5 pdPhingtc®S dfanclyagiad) Siaey 7y G
(d, J=ffbbsardwa@inwantdd, but unwanted effects are not necessarily adverse. An adverse effect

(S) 2- (5 cyano- 3-fl uoro-6-(5-fl uoro-1H pyrrol 0[2 3- bl pyridin- 3- yI)pyr|d|n 2
"yl aniffes) 2 thesapyde wetrgniyiaciner ihespeptinageny anighitesharmtul or ureprafostablgor on of

(S)-2- 0 y 3-
yI)pyf&g?ns%@$ﬁ3§ﬁ$%%%{3?®¥%$%%thy%%ﬁ%§%§§f%g%{ionl%ng#ﬁnéﬁg%BY&%g“%§

0. 21 rimoluding gaBicNn( Sntodtinairals cradeeschndClosichsiyinandea dddnsiahgtricarototiciticQXx ane)
The reaction. m.xture was.heated at 100 C for 18 hayrs in a pressure vial
and t FERMTREBIGHC™ BrREMCHENPOF B esTCh FRIN ah PARILE VrsRioY S N RO IGr educed

press r i t ogr aphy
S LR 8l P e PO g e SRS o7 o)

2013/ @ﬂ.}%ﬁﬁﬁﬁﬁﬂewﬁiﬁdméﬂl@l@@l@ﬁema oulyatesuppreanion ftiirowibot gopaiia ahd aﬂtHHWR(iI@AOO

NH,Z 1%00 Iaé r&%tgl 1§ tasgwroJ[nggo% ﬂf g%gﬁlongwgfvg{ngéssszoggnozl_%ﬁcegglﬁ (1&015%1 %éﬂusgllgb

LG M5 pait0 b SR MM Idalich), Halk 18dst Kkt&n%/fd-&%ﬁlesscéﬁt}a-ﬁilrﬁnﬂcﬂf@ 5
(S)-2-05- quoro 2- (5-fl uor'o- 1H pyrrol of 2, b]pyr|d|n 3- yI)pyr|n1d|n 4-yl)am

i no) - 3kahwﬁnn@ﬂhynﬁmt@ﬁemmb@ut$@ﬁl%ﬁ&@ﬂﬂ@ﬁmgqmn Sul fonic acid, 11, was

synt h manner C qund 30 si.ng. ¢ und 1H NWR

(500 THEZ5e00) YoM G mp s B el SRR EHNGriGes MALRR ARG ErpASs 1 M

5. 7 Hzarrierd inc®dd Duf Ste Iibll'ﬂlmlt‘éd i® 1(61dexcl}1a-ngbrsl altmnind, Hlumidudstearate,3cithin, 2H) ,

1.10 (d, 9H); LC M5 (10- 90% ACN wat er mn with 0.9% TFA, C18) niz 412.19

(I\/H—I) SPIEPIOTHH (ﬂu‘rbeashu@agfewmﬂbg@ln)d?@&aﬁ&b%ﬁ%ﬁsu@b@ﬁﬁma% réigsphates, and

glycine, sorbic acid, or potassium sorbate), partial glyceride mixtures of saturated vegetable fatty

acids, water, salts or electrolytes (such as protamine sulfate, disodium hydrogen phosphate,
potassium hydrogen phosphate, sodium chloride, or zinc salts), colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, methylcellulose, hydroxypropyl methylcellulose, wool fat, sugars such as lactose,
glucose and sucrose; starches such as corn starch and potato starch; cellulose and its derivatives
such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered
tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such
as peanut oil, cottonseed oil; safflower oil; sesame oil; olive oil; corn oil and soybean oil;
glycols; such a propylene glycol or polyethylene glycol; esters such as ethyl oleate and ethyl
laurate; agar; buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic
acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate buffer
solutions, as well as other non-toxic compatible lubricants such as sodium lauryl sulfate and

magnesium stearate, as well as coloring agents, releasing agents, coating agents, sweetening,
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WO 2013/ 019828PCT/ US2012/ 049097 (a) LDA, Mel, THF, (b) Li AlH4, ether; (c)
PCC, CH2Cl12; (d) 2-(triphenyl phosphoranyli dene)acetate, CH2Cl2; (e)

N- benzyl hworowydigszsne- HC1, CH2Cl2; (f) H2, Pd/ C, MeOH, @gY/utAe@2/04908DH,
reflux; (h) 2,4-dichloro-5-fluoropyrimdine, Et3N, EtOH, THF, 55 C, (i)
5-fluorol -(p-to lylsulfonyl)-3 -(4,4,5,5 -tetranethyl-1,3 , 2-di oxaboro

| an-2-yl)pyrro lo- [2,3 -b]pyridine, 7a, Pd2(dba)3, XPhos, K3POX, 2-MeTHF,
H20, ZIXbSofdg §1d) pdrliininghgondn @resawemwland iahtegxi@GBE cafika)solheQiieseta, th¢20, 50C.

Formation of eth anecar boxyl ate (1lla) A sol ution
of ot gmey i brteieds idyidnet BhHRISERIEE 0 ol ) 1 n THE (160 n) e
added dropwi se to a cold (-78 C) soI ut| on of LDA (164 mmol of 2M sol ution)
in TH ISppation | ution was warmed to 0 C and then cool ed again to -40
C before the addition of iodonethane (10.2 niL, 163.8 nnol). The sol ution
was sl[B%60] war mddictcompewidstaadpbaaageeicaly agqeiptafbéeop%mﬁwpghdescmh@ ¢hexet i on
was q and

et her%\%\/Iglggg%r(‘rj’méStt g?%?o ﬁ%%l%é%\(}\%?{e&é@%g‘?sa rgfé}y 6351 )ggalae ueoh’ﬁ‘qtayes‘gr&ﬁma}a *washed
W t h egithaaginkhg ic@dfRiinedaldy, garitatlyl (@yey powedrs, olaakad, wdrbpsbj\bdd@ny,talsaﬁ dried
over MgSO4. The product was purjfied by disti]lation: 1H NVR (400 MHz,

MeOD) ogal pr Qgsal spfay)@rélpﬁ 119,45iepegd151g on the ge\yel(l‘mo quﬁ 1nfez:t198 being t@ate(im 1H),

1.94- ormation
of (1183881 | &) bt P et et ol afinthrion e, o roc i b B8 (21
g, 59 phammbl)tmaﬂy asme@pétﬁd@nlulsmngtrmelroe(xﬂl&(ﬂomj_sohannhs,cguelb@dlohs; sPrups ad sol ut i on

f eth I | .obut b la, (13.0 th
(o0 i) st p YL e Eombts s e d Bien i me it et bodaal "
SUIT T @Gméndiiied!ifl iRl Gi2h BRI LI %&%@@t@k Qo shewsbiibdiiddebendigal ayers

were separat'ed and the aqueous | ayer was washed with ether conbi ned
or ganicowilafiers SuqheaS@thlxégheholvaDWODVi ai@,oba)h@th}’fhear\bon?a@ldﬂeé aggsate, hemmplved with a

tl t t ffo d t hat d
o t nodteopbf B! plvb PPyl ik e S By Sl ot g5
4H) , aﬂ&ufar JooftBndelll, g#blindndt, ¢4m, Eeré 011% c4btds, ard 48ame bildBg %A&'éroBH) 1.13 (d,

J= 1. H). For mati on of 1-n®eth Icycl obut anecar bal dehy 113a) and

met hy|tet@h(yiroflﬁf@ﬂﬁ&xﬂ@@hﬂlm&l&eyh»l@@rglmﬂ%ar(dlfmﬁ)wld esters q&sgﬁblltama@ n@iﬁtures

E% 5@&@&&&3/ Bl eh%hgggqg% gih E8tnpdshidi e a0 ?n%hgag%g@daﬂts gJ),&hAsgL%eﬂﬁ hane
(2. 70 aggnth,rendilghlior mubmﬁldg?fgeﬂﬂs)swe“é’fmlﬁgeﬁm‘mrmg, andparfigningagaitd. r r ed 2

hours and filtered t&rouha pad. of SI|IC8.? thIn wth )

di chl dP&AP@1 hane)MicqRblcBIRAERIOESRT Bxaib v EH WW CAYIENH BPISEIPEY en unt i |
vol u Sedely olhd Bhehy (0.98
g, 18% 0 ﬁSI \%ts) addegat%ﬁacg%rg 1‘%or ttlﬁ%n andélfﬁﬁﬁ%%{a%%dlb %E% ?I(r:‘?étgihgo

hour s agérﬂteammmpeﬂdmg agens. rlhosteade myadmblerlﬁdpara@bmmﬁslm be antdrike ig@ictabloon of

10% Hexanes/ et her. was adfied The resultl n olid Jltered of f .and
L e B R Hr Sioh o PR in G e P el et et i e PR g
el ut e@xéﬁhf%lté z%té)m&tl&?ﬁﬁneﬁbﬁtgnéﬂfiélo "Pgn(gr%ethgﬁﬁef)ﬁglepfeﬁf&%tand 1651V DIVR o By MHZ

CDC13) 6 (d, J= 158 J=15.8, 1.3 Hz, H)4y21
-4.00 b(emnpmyﬁd age water, Blrrgr(smluw) U.g.P2gn motpmc(wmmhlom sedwticon In

(+-) 1- cl gbut xazol idi;n

b012) SUEEBAT BLHHITH oG TR BRI E R A ST af et Rbs i oz

aci d) t§iQpdole arly: lﬁ@ndm@éd)mﬁﬂﬁll Herdn%lbyddaﬁélﬁ@nF@yﬁﬁetlﬂ-moﬁo - digiderideeria added
to a solution of net 3-(1-nmet hyl cycl obutyl)acryl ate, 114a, (0.26 g, 1.50
nmol ) aﬁﬁlﬂépcﬁé}t%ﬁﬁ%ﬁlﬁgr@éo taac arighpne usw%@ the REPREHOROL INiRciablss stirred at 50 C
over ni The r e

it AL ) RS G o S OGP BPAh RS Bl B

separ dhedriwitchidnphiase osbjparceﬁp@ratﬁngdteﬁqﬂneln@cmgemslm {hafern mﬂaerwizasdsllad wth

di chl or onet hane. ge 0 g Iayers wer e conbl ned ang]the vol at i es removed
under CPERANEANSVRISE Gant e Yeésqrdia@ewa% hsfetile veder o oder pigklegmyectable

( Et OAqhdxanes) toliReaf ford the desired product as a racemc mixture: LCMS

G adi ent 10- 90% 0. 1% formc acid, 5 mnutes, C18/ ACN, RT = 1.47 mnutes
(M+H) [00254]10. Fdn peter onprofong-the ¢St afri nompeynd-destribel dycin bius pitypdopablei ¢
acid (116a) A solution of racemc

2-benzyl-3-(1-nethyl cycl obutyl)isoxazolidin-5-one, 115a, (0.18 g, 1.28
mmol) in MeOH (2.9 nL) was shaken over gl ght under 50 psi hydrogen in the
presence of 50 ng pal |l adi um hydroxi de“Catal yst. The mixture was filtered
through Celite and the volatiles were renoved under reduced pressure to
afford the desired product that was used wi thout further purification: 1H
NVR (400 MHz, MeOD) 6 3.42 (dd, J= 11.0, 1.9 Hz, 1H), 2.26 (ddd, J = 27.8,
16.7, 6.5 Hz, 2H), 1.86 (dddd, J= 36.9, 26.3, 11.2, 7.6 Hz, 6H), 1.18 (s,



To a solution of nethyl

3-((5-fluoro-2-(5-fluoro-1H pyrrol o[ 2, 3- b] pyri di n- 3-

yl) pyri mworrem/ohg2anm no) - 3- (1- net hyl cycl obut yl ) pr opanoa®eT(U52012(012095 g,
4.36 mol ) in THF (25 nL) was added aqueous 1IN LiOH (13.1 nL). The m xture
was heated to 50 C for 3.5 hours. The reaction m xture was cooled to room
tenperature and diluted with water. The THF was renoved under reduced

pr essuo eloarttc thwrptesi afulke waspduhé firoind sileedntonis ©e m/aaintushdmamgstlorEt Reis mags

added . and t a a a the et he r was car ded H was
2 ustedesangissFY FheaRE REA Tad Simenseetl e RyTog T amAEGOR MEGHEk™ AR E0Hs ned
with W@f{&rsolu-gnﬁys%é thiMBSatsbihsiBE O f Wetclag%sﬁﬁ@ﬂl%ﬁ déﬁ‘éﬂldﬁ‘hb&filt%% ofP205 to give
t he desired product: 1H NWR (400 12.17 (d, J= 60.2 Hz, 2H),

8. 59 (d@ssowﬂostlmt mztumH}lay 8e89d upgn GISS'[@MIZ@HM crystﬁianQ g H}lterﬁatm@ly( s, 1H),
2.23

1H) , elz%ec{ absoHH_bon o{ %fe@gerggrkéfmlEE%déom&?og%& fq_ran Jédlg/:oraplksg}e(f {8_% H%s%ol}zimig

M nut 3 suspdBdiACthe dShpourd BBandimdhede ( Mi¢dtab388epsb fortRard MeéNby forinkigur e vvas
submtted to SFC chiral separation to obtain the individual enantioners, 87

and 88111011%6@%?@&&? inriess ofHiprompgued ingiindepsadabloqoheners sgch agpolylactide-

o oRbipelidl el AR the haGRr ChndES polfilttind 2 IifEor 61)

(|+§ );plaft%}afr bg@n@rl g?nlbﬁ)g;eﬂ thz mée,lef mn@buiélﬁheﬂyarse@hmbécamtfyggr Eglarmpl3s OAfr#%%rl m
gm 2?, eﬂ'ﬂee@gi eéo?@%ﬂﬁw&??ow@%ésémgﬁpﬁﬁ afl%rﬂla@ﬁ (Dzepet misctabihe i xt ure
vas Cwaﬁdﬁs% 4166 Jg 8d @pgnésrdg% ¢ g&&nd% I?P%I%écfs&lnﬂhlo@ﬂluls%ﬂs%é{ene

2.30 was added OpWI Se m xture was s m nut es and
anot here @@npatlhlmlthb«zﬁmmwnwer ature. A solution of racem c nethyl

2T oy PR 2 rpmoiiions for el cvadinpAdr P A8 et st s L?ri){‘; ’
in 4. Sylidh &l Bé%ﬂ@pd\f\@cﬁb@ﬂl%ﬁﬂ% edohipBuA@SHLEATRE Hatorh With sWash1S hod-Treichtid

overni ght. The reaction m xture was cooled in an ice bath and quenc ed wth
1N HCEXciPisatsrarepuices swab aegeqoadutier, phlybthslcos glymlrmtarﬁalneosatnw Wax wdichcre hr ough

& b o FERBOA g Rl i boBY s el iR B B ah s
(MrH) Vﬁélhaﬂc%,vn{f@ﬁ@ﬁéa@@ th%factlve compound.

(+/-)- 05f|uor02(5fluoro 1H pyrrol o[ 2, 3-b]p r|d|n3gl)pyr|md|n4

yl ) anmiliB6Sk - hy diodd ylosese fernefongr adinystaie ke capssios, tablets, DiHS, a sol uti on
f I

b] pyr Pangery g sl S AR Bk AR E Lo BRAU U Bhatipast
(0. 059ng me@t ﬂ:ﬂﬁnmn@itﬂcaily\amﬁ@ol(e&xa@(bnnbl) canas sacldedsdayidn oxnakeaom dieal{i0m031 g,
0.470 e\ﬁé}g}e TT}F ure was eateg in a mgrovvave at 140 C for 30, m nutes.
The r &8P %nlaét % [leTe T BHCRIE HICR 3F GRFPRES ORI TIeTSey Buass rBtiel 48dd) to
af f or q)ﬂfclﬂ?ac‘ii@%ﬁﬂeﬁrsgglyﬁst fo F@' @Qb@vlf_%mé'tgylgg%losg AFnbRS, r@e‘fatﬁ“ d, 5

m nutes, C18/ Al m nu 390. 06. Formation of

(+ - )-p@l}(\@}(bﬁyrfdhdmomezsu@@st Iaundraoaqa-l-cwumgcttm{tgslathbl]s;g%rqeml,rd)%syﬂlt)awhngn d| n- 4-
I t hyl but 2, 4- 2

Lol at 1Bt e e PO e giel SO R e e RGeS iyt o -

y1) Py rsilidatds Nmd-sydihandansdmty, oy Sonitatedrdn !E%S&Es*'s‘ﬁbh H@gdr ”gdib tid® o2,
(0.034 g, 0. 087 nmol) WO 2013/ 019828P 012/ 049097 and car bonyl

di i m dagd¢ratorpsugh 4s guaternaiyanpmeniym; aenipapngs] hivptting gente eurhiy, for exarnple

, Ndi 4

L1011 SR8 ARSI ERILAS ok Ra 45, Wy GO0 TI sl PRGN iy

di chl adgisahfianeh bk, adelash straghtt,iBadnayiemsSstongdte, soEPPbBLBG Nt tgtycalspha@&ﬁn
separator. The resi due was purified on a C18 colum (acetagnitrile/0.1%

for ni daugyh ifatepand mprteres Hisraof nh}thsﬁwmtcapwsmfdezsmdmt ehdosigsieyme 11. 23
(s, 1 8.36 (s, 1H), 8.20 (s, 1H), 8.13
(d, Jlﬁ%aysﬁsfs‘ﬁztﬁ&%w&ffggﬁa%& 5 oo (d, J = 11.2 Hz, 1H), 3.15 (d, J =
14. 8 HA0263H), 2 Md(cdnhposlt;oﬂsébflh snihﬂlat&yﬁzmaiblbsp bt eipldysd aBH)lersllﬂﬁ @[dadl ent
10-90é0 dgfé()/ rmc aC|d .5 mputes, Cl18/ ACN, RT .= 1.58 teh

390. 0 lghgclitinerpayleibiifsotiit CAP S daGiese ¢ Rulkeugy as I@h O—| 1\ 1
, H2N, )
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/11 N--N'-F 2a H Ts/ 127aTs/ 128a (a) Na2CO3, CH3CN THF, 125-150 C, (b)
4M HC1, 1, 4-di oxane-CH3CN, 60 C

(R) - 3- 02-Wb-2h13apg281-t osyl- 1H pyrrol o[ 2, 3- b] pyri di n- 3- yPLCpyuseen2diqe97- yl ) am
no) - 4, 4- di net hyl pentanoic acid (128a). Sul f oxi de, 127a, was prepared
in sane fashion as sul foxide, 25a, (see Synthetic Schene 4) using

2,4-di chl oropyri mdi ne i nstead of

2-chl (nlnmiecﬁbléfrl\miglﬁ mlyeﬂtyﬂf;de%llj'dowmld tpeyhkﬁm Bhaselid dosage férmmd ofttalrlets odragees,

-fl UOI‘CO 3 €S, Rl rr%tdh fC n% %) re C é-g an]d Sthoﬁgl suc% QX‘[I‘Glrlg Cola n%z )
b] pyr AP 115 o g0 b PEpY H

(3R) - 3ndBtHRecdhtih sibV@’ﬁtkhwvn @[eﬂfeqmm@ac@ﬁﬂmcm fo%ﬁmla&lﬂ @&5 me%&ag%%naﬁml) al ong
w th Na2CG3 (0.051 g, 0.483 mmmol) |namxtureo THF 0 nm) and

acet orgontain @aexﬁyms@gms angaganiadset e fagconpesigon drat Q@yrwln@ﬂeélse yider ni cr onwave
irradi.ati £ ete rature was ra for afurther 2.5
nour s g ep O Re o A TR AL e TRk Sl et bR But i et i o
sever delaped flafing. @fxaﬁb%@f erhb&l M DedthFos&InY €Ak Saney esc@ Viad@iediobgnérit vacuo.
Purification by flash chromat ography (5i 02, 0-100 % hexanes-Et 0Ac (with 10%

MeOH) substaereietsl Warayy Sefid eprapereonsed aprpidritare mav gk bepaployahrehlleman used

tri 1 o ant BFERIO deh ceb il 8naE RisiFohfy s diBo TR Bk st i
(R) - B{ﬁlﬂec(LfE&rfWejgth)olldth}de @yels and the like.
[ 2, 3- yr|md|n4yl am no) -4, 4- e noic acid (47).

Lo 0P on "o hGR)C v qqBRaugds ¢4 cif rl@larogyciapma@rfwgne yhoge gr more

-b 128
(0] pi’g'x@ib{én?s asxﬁb)e%%g)ml, gngbcéebglgﬁ'o%fgl@faﬁﬂs &f t@bl@ﬂs”@rta addg%}ﬂ&o&ﬁl(sg&ifg o o? 4

Min @rmu@wgn 0¢ Gpared|With émanMHdtshclrhs swh ah em:ed coatingf) r@edssrcofB@olhogr s.
Then, additional, HCL 36,.nML o

d dded d.h
T R St E e B8, HKF o 41 51t GHO R IO THE Snds LGP nas

cool ediogiid MERNCHB hEREQDPIUNARIAY be BbxHdaY kPR 1Wst BndEhdR dfigddtuatasby
purification by preparatory HPLC provided 17.5 ng of the desired product as

a TFA ssepse, lactopper MuRhi vl dosede formsinanylalsoagdneprist, astis bpyingd peactee, 1H NI\/R (400

Nﬁ%@b?ﬂa slu {6190%%8 RPHE] lthert (? L}legts( dd ?%661tm% _hgdélc 1(1}15 akgbthsﬂ)?bﬁgmg i 1 5 05

( d 3 s&clﬂ-@mﬁgﬁ&smﬂl Kearai. eﬁla rﬁldﬂacrykteﬂ:luﬂe&eﬂuloie 8InHAe cddeof cZpsaes(tdbletshng 15. 9,
11.2 Hz 1.08 (d, J = 0.8 Hz, 9H); LCVMs G adient 10-90% O0.1%
trifl @&l%&@éi%geafems mgy glsp &9@@6@@%@& agents = Theyimayppiiqnally cwMpp 358, 02.

Pr epa%?k%%%%g%@ﬁﬁ%@ﬂ afA8 bovhk Qsﬁl};&mt?&hﬁg?th%@ Qs EARFachibE Qﬁ?ed%ﬂ%@*}oﬂi&,

NCl e
or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.

Examples of embedding compositions that can be used include polymeric substances and waxes.
[00269] Dosage forms for topical or transdermal administration of a compound described
herein include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants or
patches. The active component is admixed under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or buffers as may be required. Ophthalmic
formulation, eardrops, and eye drops are also contemplated as being within the scope of this
invention. Additionally, the present invention contemplates the use of transdermal patches,
which have the added advantage of providing controlled delivery of a compound to the body.
Such dosage forms can be made by dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used to increase the flux of the compound across the
skin. The rate can be controlled by either providing a rate controlling membrane or by

dispersing the compound in a polymer matrix or gel.
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(a) (C0)2C12, DWVF/ CH2Cl2, NHACH;, (b) Et3N, TFAA, CH2Cl2 (c) N2H41120,
nBuOH, reflux; (d) tBuNO2, Br3CH, 60-90 C, (e) Ph3CCl, K2CO3, DMF;, (f)
KQAc, 4, 4w0,26txm@vs2amet hyl 244,4,5 |5 -tetranet hyl -1, 3 , 2Pdirasaiene097

| an-2-y1)-1, 3 , 2-di oxaboro | ane, Pd(dppf)2Cl2, DWVF, 100 C;

2-chl or o- 4- net hyl sul fanyl - pyri m di ne, Pd2(dba)3, XPhos, K3POX, 2- MeTHF,
H20, 115 C, (h) nCPBA, CH2Cl12, 0 C (i) Na2CO3, CH3CN THF, 125-150 C, (c)
Et 3Si HP02MBA, CHIABEZomipositrans dascrfed2eodih oray b8 -afliniostorpy orallyn parBateealllyobsam de

(130a). To the suspensi on o hIo 0-5-fl yor opyri di ne- 3- car boxyl i c

o d- (aalsiog Bio BeRATp R Y a0 buisalhaneineBs T B ait ereBieat yi

chl or ifgg tér%@"p%r&terﬂi‘l%s UsdRkdin HRURIes Mult (AR NimifelYo, stb&far@oud %t%eﬁ@f@' ) was
added slowmy to the reaction m xture. The mi xture was stirred at room

t errperi@tmm@cw@r, uztr%alélndladu@tm symoned Hamestand, ngrtheed, inhatmpatiaducdesigréssur e.

The r%SI 1n1§ac¥a@1§ d S01 n fla 0 g&hlgsoo g‘p) if1 dllc ol ed doo%nto 0 %11n1¥t LA®
bat h. HiCt hy'drox 8230% 113 vt 1.8 rﬁw%ﬂ‘?p\%a A AgdTINSSH
porti MauyThgramp{tbuég&lyvmsntsdvleﬁdmdzfor another 15 min. The m xture vvas
diluted into ethyl acetate (300 nL) and water (300 nL) and WO

2013/ 04} pcT/ L%zdg ipAguo forpgef ﬁi%?@é?oﬁlélpés desprbes lteaemm?éf beragaprus I ayer

e I din
vacuo raepl B Al b aRi B g el 6 e RN
DVBO- dity arﬁuﬁné&l(aﬁle dlspe'ﬁsnﬁg MZwetﬂlh’g age&tsla’lnd(mspehﬂi)ng agefd. ([HelstedlednBc@ble3. O
Hz, 1H), 7.89 0:% ent 10-90% O0.1%formc acid, 5 nut es,
Cl 8 / A@r@papgpon aylais en%mtg]gle 11@,%19% e fqlg 19® or %pmqndﬁ adgyon-toxic parenterally-
2-ch AkQppibld HAIAPH ML 15 SARPRAL | 'hﬁloﬁﬂn’%mbutaneﬁﬁ)laA%ﬁb%@%éa&@ @bl
2ch|or05f uor opyr i di né- 3- car boxam de, 130a; g, 53
di chl ocbicks Iaaaheol(faﬁmhmmayvhs captbydd bre vedtbry Ratlgenesc(lﬁﬁomand.lsotaﬂm s@dlmml )

Thi s 0.0 C. Trifluoroac C dride (26.1 mi,
187 2 St SoliBSn clteuEliomrritsy Brodsip e Sl B e St s 7 v e
at 0 @uiﬁéﬁdl% nBdum. Ther RSP Re VS tﬂéﬂdtﬁ@@ dilth®y B &hpRyeIRhang §3080tiaL)
and the resul'ting organic phase was washed w th aqueous saturated NaHCO3
sol ut inano¢ 80di-gyyeraesl &ttmlc{sswhraﬁ)olelormd @n@mgb0¢ra§eeienmtsveararee®eﬁxlen
Na280£h,le fi Iérgtrloend flgon%g/pt rat ed | n Cali!r?la Trﬁe | rocdcucttable Sur% soel(ij ebc}/11 sjlica
gel chr o o ra ‘?1 J(e é‘ﬁ%/l PR AT 6 meXanks &1 2 51 \ 4.7
g of paaduesi, e@ﬁecaall\pvhh tlﬁlﬁwlycd;yethbnawme&s’i&& NHizse &D@aﬂiorﬁ &s&@eﬁdonslmay 3.0

, 1%, 7.77 (dd, = Hz, 1H); LCMS Gradient 10- 90% O0.1%formc
aC| d Or@ﬁ@trb%lonepmmdkwh%@wr ordisnentants spehsw Garbhosymsthyt sgtiujoseny 06,

F To th
it g St R B A B flofs o B o ool R dipplikificatty 29 "¢
nmol ) aceeprebiuid@agd fofd9 Zhadding\aauladedndyidpanions. Oyl abmn{oniy dsetl, 1.6 nol ).

This mxture was heated to reflux for 4.5 .h and coaol.e n- But anol was
r emvéaf%eﬁ%a@% SHelfit BYCs e an ﬂf&em@ﬁ%@aegm Odagavalﬁa%vﬁtwélamer%g in a
yell 0‘%1961‘?&% letnﬁjto%ly R8s H%Hﬁﬂﬁﬂféb@ur%? Pﬁdrhfa‘é‘é&féa@;“&’cdéﬁtﬁﬂl%%m tlfhuY@B‘?r

tw ce, foll by "a MIBE wash |l ow solid was dried in vacuum oven
to g| wdlelaogagoffomﬁwn@bedw bdu@d(fdlutdne pumelswwf()lsmﬂatmm DVBO-d6) 6 12.08 (s,

O 2Mp0F kg’ TRt gL b oo e Rt ey il “enao T

Ret eNtah§Brally R céptabl & oAk Fr@Sin IR, Bir AoPhmitE@foTeidsars Ahblets, aqueous
3- brono- 5-f[uor o- 1H pyrazol o[ 3, 4-b pyrldl ne (133a) To a m xture of

g fl u?u@emwwras,@blt@ps I thy paseiofitablas fariorrd usngzlalew( @nggoRy uscdzigckydp| but | nh
i T
o ool T LS, S, UM TAERRE ol By funld T

addi t iasaalpibalir addEheFsi orhlddenindGati@oineccapule am, LesTlediRichis éndudt 1b¢togef or m
was renpved under reduced pressure. The resulting crude residue was

pur i f 288 dEgd epmptarshy W henrrageHsSYPREBRIONY Jre Sempited oM oraluse dthe petsedRESTicnt

2 A o 6 8 e 8 Wl AN Gt

8 2 2olbring agditth mal @B be&raddeent 10-90% 0.1%formc acid, 5 mnutes,

C18/ A tenti nTlrre—242 m nutes (MtH) . 216.11, Fornmation of

5 br oMV | or ot &er@%tw@&yithmhﬁm%wf 99%9%%%3}18 da%%@eﬁﬁgr&a*)may be A mixture
of 3-brono-5-fluoro-1H pyrazol of 3, 4-b] pyridine, 133a, (0.97 g, 4.49 nmol)
and K2C33 (1.86 g, 13.47 mmol) in DW §9 7 nmL) was cooled to 0 C.

Chl or odi phenyl net hyl benzene (1.38 g, 2594 mmol ) was added. The m xture was
stirred at roomtenperature overnight. The m xture was diluted into ethyl
acetate (40 nL) and water (30 nlL) and the |l ayers were separated. The

organi c |l ayer was washed with brine, dried over Na2SO4, WO
2013/019828PCT/ U82012/ 049097 f| I ter ed and concentrat ed |n ‘vacuo. The




For mat i on of

5-fluoro-3-(4-(nethylthio)pyrimdin-2-yl)-1-trityl-1H pyrazol o[ 3, 4-b] pyri di
ne (136a)wo 2013/01#8280l uti on of 2-chl or o-4- et hyl sul f anyl Ppgrusedidionm®9o( 0. 25 g,
1.56 mmol ), K3PO4 (0.99 g, 4.67 mmol) and 5 -fluoro-3 -(4,4,5,5
-tetranethyl-1,3 , 2-di oxaboro | an-2-y1)-1-trityl-1Hpyrazol o[ 3, 4-b] pyri di ne,
135a, (0.87 g, 1.71 mmol) in water (1 nL) and 2-nethyltetrahydrofuran (9
m) wadmdsstarsd ea therfden ofsgtpositnrics ffomicttrlagemnisoatidt Theseitasbe propared Pd2( dba) 3

(0.04 g,.0.05 | )., was. added and the m xture.was degassed for

b ¢ g B s2SRY ot e o SR ety BN BT 3 o Ser s i e

Af ter 1§1ﬁwt@édtﬂgeﬁlp&aﬂu@e/ﬁfd&he&hﬁe QA0 ARk Gn BRASEUMAS r¥BsReRk Wukhswat er. The

resulting solid was filtered and washed with ether and MeTHF. Filtered

t hr ouget@shs mahude) iy eraiat hnso 14, d]O@(bﬂ oitgrdehare andpolediiaegilywelt he desired
9 0. 1% f.or

gl?iu 0%3 Zn}[,\':“”[the.l;%armace tlcggs %n]%os M%Eﬁgfscgﬁgg ?%rem may also Bﬂe adrfal‘lcnlls(iiéreg mn,

For rrattmﬁbmty{v cdpetian g wieh ﬂTe(tHitgteh(yﬂ tsdakrhmylhc)hmers iaPgad bﬂor%aﬂﬁ-l)ead-rlﬁ ddcbyibld bl pyrazo
| o[ 3, 4- Db] pyridine (137a) To a cold (0 ©) mxture of
5- f | udprica apRliHer.HFlufking disgrscrPahs-cacythy skingqrithg/ lpwerpyesainal s, Suitlyri din

e, ) was added nTCPBA
Co. 45 5picd Ty igna arChe IR dyehied bl R GHR ARG Ol Brdbnl0) e £

di chl qoe2®s] hane Taxpcbav\qqimeah(m foh thizNoWarGhiteatiahl lorattnean bElRéfcoedana cecp;ﬂ]ase was
brine dried over 2SO4, filtered and strippe do tw.ce. CNto
af f or dUBEO A eﬂn@a 491t (sae Wﬁh%ﬁlntarﬁé}fta%§n%§%g° Uaehe T Pwﬂ%ﬁaﬂ

purifiGahboRa glgg@eggéﬂdl ent 60-98% 0.1%formc acid, 7mn, CA4/ACN,

Retentpl on Time = 2.68 ninutes (MrH) 520.

(R) - 3{002765- f | u@rootcipmaﬂ apgltbatldﬁhspghleqyil@ﬂmacp@;om bympositions may be formulated in a

Y S B o e M LB it LR PR A1 £ RS b A28 -

5-f 1l uQhRieds. (éarﬁ@i%tfbﬂ/ﬂo?iéhlf ddﬁ&ihﬂsﬁyﬁdﬂ%ﬂh@c@m%/&ﬁldiofﬂﬁé MenkidnNA@da, But 372,

(0.09 g, 18 mol am no-4, 4-di net hyl - pentanoi c acid ((5 05 g, 0.36

m"rDI ) nahthanm@al?tel @qu@l prgrotatsh,) white patelaswint propglepoglsgolnl) and 2- MeTHF
eated to m cr,owave..r.eactor for_ 1 Afte

cool i r?gQ[ %ﬁ%lﬁ?? é’ﬁﬁé’?‘%lﬁml?glen? %Omp%dzﬁﬁ‘ﬁfﬁiﬁ%ﬁ@ﬁ&# D51 SPGB S ur e

was diphbitngdcididahcdthfAdtiond et baldra@thtod i sukedbl¢ Mbtiba olerd@in ehnhisial id on, 1. 42

nmmol ) and the product was extracted with several portiogns of EtOAc and

CH2 C1 2ctivs eopaoaents suspendageor disspivad in @reg%n%re phasescwicglly de@redl Gids t he
d t th
e R p N R E o e R

C18/ AGN, cdRdtsretd wax, Tewerytaldolid, roctytdededabilbiperz)LaloGhol and water.

R)-3-02-(5-flu H- | , 4-b] . ..
I(oyi. TRy, ) py owé?thﬁz{lgﬁéjeaﬂa LP?‘?I’WC]&““‘EﬁI RPAYT BRI CloRBIgted £8)
TO a sRikihniRn ngpeﬁilngsQnﬁ&oﬁc (p(I-?a((ﬁstéd Uehre sgcl'lﬁer bl; % ecH"!Sa‘PlXIr aZQRioh3in

4-b]pyridin-3 - yl)pyrimdin-4-yl")am no) -4, 4- tanoic acid, 138a,
( 0. 11 igptorie, 2 adyodtyd $tnr11@Iﬂ21®162 cilacs vatldadwmhquea msdsanhtmeSWE aisem&lall@)nmn mol )

follo trifl oro ci.d (0. fter |rr|ng t he
resul ET g P UeTBHUelE Pesr b e pe e PFB i R orenesi PS8R m xt or e s
kept tmllngm@tédfﬁQy@hﬂh@ﬁgu&lr@,fﬁetrggfﬁor) The m xture was then allowed to
warmto roomterjr})erature and kept at that tenperature for an additional 5

hours. [mm@] sol utlihsphopmacgitiqal eempg@sitipns anayehs @ﬁﬂn@@ﬁ@é@ﬂbmaé@ll gerpseheiuo.

T a0y R B L LSRR L R RS gy 9 19

m xt urpﬁamﬁacaﬁtﬁ@l)fcﬁ‘ﬂllﬁﬁlhsn abdiniyBe (pAdHarddHas, so MEIOh) 1nrw.11@é’ ehﬁ){b’ﬁl@ b&lzﬁl 63 - 8.45
(m 2H), 7,96 (d J =73 H. 2H 6.66(d J =7 2H),, 5 (d, J =
10. 6 Rcohokgr oﬂzer@wt%%preg@rvatsve& SoIptlipy promterszo wap@edbw@vaﬂah@tsg 10.7 He,

2H), acetic acid, 5

m nut glsu %gbé%gglo R%d/ﬁé%{ %Iﬁ;g ﬁ&{al ;&%ﬁgéﬁlﬁ?’ é&f(lf%/kgé)&tgw. 02. Preparation

of Cor[mfmdi 42 S“)hl&tcbﬁipbuncﬁdhem iR the metBodd eflh@iﬂve]hhon canMecNbiiNilket] IdE@d 2 (a)

2-chl or o-5 uor opyri di ne- ca,rb nitrile, N, THF, Et.0

5 1 udhgies s 915% oj%iegm B %agg raf%s 5 phtyaf%lg/n@{s%tﬁ ufltésulaﬁ'gkﬁ Sxbtieo

| an-2-yl)pyrro o [2,3 -b]pyridine, 7a, Xphos, Pd2(dba)3, K3POX, 2-nethyl

THF, H20, 130 C, c¢) NaOMe, THF; d) Li 9{5/—1 THF, H20. Formation of (R)-ethyl
1Ta

3(6 chloro50yan03fluoropyr|d|n2 m no) - 3- ( 1-
nmet hyl cycl opent yl ) propanoate (143a)



To a solution of racem c ethyl 3-am no-3-(1-nethylcycl opentyl)propanoate,
33a, (0.40 g, 2.01 mmol) and 2, 6-di chl oro-5-fluoro-pyridine-3-carbonitrile
(0.46 g, wosatiamred2y in THF (20 WO 2013/ 019828PCT/ US2012COABO@Z/0ud0p7 Was
added triethylamne (0.67 nL, 4.82 mml). The reaction m xture was stirred
at 90 Cin a pressure tube for 18 hours. The reaction m xture was filtered
and the resulting filtrate was concentrated in vacuo. The product was

pur i f ideshgeyfosiubjacts mbrg)hlgdrmtmglta\phly ef(cﬂhﬁﬁﬁmomamﬂeg( apesipteroinafl foardit38d ny

?L tg_eac‘g\?eirlnéégalpqg&culljage %S;traducggheggieélrgé tega'rg)eeutlcllé—tl g\gfr(i)agly_mgssgcrgg%%% 7 31
1H), %ﬂ%aﬁlgﬁgimaZe&lcﬁkearﬁ&D The u8f do efdmrczﬂtflbegf’orgsﬁlgl'ézdal %se&é}féc{fdd J
= 14.8, 9.3 1H), 1.77- 62 (m 4 1.61- 1.49 (m 47- 1.37 (m
1H), Imsaple Tty dgses (agf) about 1do ¢or nipee imes ppr, da3H) When @mlm@e d@lh) dosen®

G adi egt 900/ 0. 1°oforn aecsad o?d ntesl,ea Wg/ ACN, Retention Tine =
3.81 r]fli?ﬂ] ﬁ\ﬁk g 47g4 ﬁ'eragemc “ubnitted to SFC chiral
separation to gi ve the individual enanti orrers 143a and 143b. The
(R)-enantioner, 143a, was taken forward into the next synt hetic step.

For mtE@MBLIRIQATépﬁIﬂ

pyrrol o[ 2, 3-b] pyri di n- 3-
e ¥t | ) propanoat e (144a)

o0 ui afa > |afallh%%%ﬂ>% Adiftigdt B TOO Mholerabeheh iRl Ee(%%%)

r acemike &t,yt ex?an{pdeﬁwhlzro)()@foésmoawe 3007/084557 WO 2010/011768, WO 2010/011756,
fluoro-2-pyri dﬁ’) % {%‘ thy cyc oentglg{) propanoate, 143a, (O. 120 g,
0. 339 Wp%/ah i/ Raﬁ@ﬂ ¢p/0'68 08, and ‘2#‘51% $rBI /035983 fred oy JurpH, (2(11(9 o) and

N L e

0. 008 knvwh )in thEhet, Ifc&aﬁhmph: Wdtzo@seoms)oswo D@0V /@845330W0O imoaolpﬂe&suc)e t ube
ase filt redthr celite and

for 45 wa ou f
concerntTUPL s windud on 2%  ROE Gl Sabd el ws%qma%%g@ iitudioy i1 oa
gel ( S sired

pr odu}c%'% %ﬁ%&@%%&%&ﬁ%@m %{%"ﬁ)@e“% &’Hfﬁ I[lﬁlds AT ﬂ“(?]lpf‘n%%. 3, 7.7
Hz, 1HkyspaBad3id shawn dethbsSsytdrhesdsHf)ptio8allyBwith any ckes?reﬁ aprop@#fp modificatipol, J =
10.3 Hz, 1H), 7.32 (d, J = 7.5 Hz, 2H), 5.38 (t, J = 9.7 Hz, 1H), 4.89 (td,
J= 10 Methadé?oﬁzfor.ﬂv%heﬁsQﬂdCh&nB:IerithtoIZblfCoﬂandsdd J = 15.1, 3.5 Hz, 1H),
2.52 (dd, J= 15.1, 102HZ AH), 2.40 (s, 61 (ddt, J= 3 20. 7,
7 7 (1)0278‘]{’1 Aﬁgnt e§es9y cglﬁa[ln g]sﬁmplﬂryzepnmoungs of tE;'e }]‘Ele&tIOng.‘q? esErlég(? belgvv97 (m
3H). % i t ion
T ) Za%%q%f% ?ﬁ&@os@%ﬁ %aga élrfl.; %e&@npgq[rglpg%lﬁgfcgmﬁ)édﬂrgg{ﬁh%ﬁﬁnm&}z%/dwwlgq. et
3-(5- Gly%h)er&nfthumrm-ﬁil: (t6inf tafions oo thieHEYVIB ottoftiynirh, py midhitas, 3ssociated with the

yl ) pyridi n-2-yl am no) - 3- (1- et hyl cycl opent yl ) propanoat e (145a) To a
sol ut i°8HP8¥% acenmic ethyl 3 -(5 -cyano-3 -fluoro-6-(5 -fluoro-1-to

sy1- 1ubr%»,x¢frwoa,9gbzmgoundo1pyrn din-3"-yl ) pyri di n- 2-yl ani no) - 3 _
(1 yT cycC op entyl)yprop ano ate, 144a, (0.150 g, 0.247 mmol) in THF (20
ﬂﬂ:ﬁ%kﬁ ym met hoxi de (0.053 nmL of 25%wt solution in MeOH, 0.247
e reac |on m xture was stirred at roomtenperature for 5 m nutes.
The reactlon m xture was diluted wth agueous saturated NaHCO3 sol uti on and
Et 0OAc. The organi c phase was dried over MpSO4, filtered and concentrated in
vacuo. The product was purified by silica gel chronmatography (40%
Et 0Ac/ Hexanes) to afford 90 ng of the desired product as a m xture of ethyl
and nethyl esters. The m xture was taken onto the next step w thout further
purification: 1H NWMR (400 MHz, CDC13) 6 10.18 (s, 1H), 8.65 (dd, J= 9.6,
2.5 Hz, 1H), 8.48 (d, J = 2.8 Hz, 1H), 8.32 (s, 1H), 7.37 (t, J = 14.1 Hz,
1H), 5.38 (d, J= 7.9 Hz, 1H), 5.02 (td, J= 9.8, 3.5 Hz, 1H), 3.54 (s, 3H),
2.80 (dt, J = 15.8, 7.9 Hz, 1H), 2.57 (dd, J= 14.9, 9.8 Hz, 1H), 1.80- 1.57
(m 7H), 1.43 (ddd, J= 24.5, 14.1, 6.0 Hz, 3H), 1.08 (s, 3H); LCM5 G adi ent
10- 90% O0.1%formc acid, 5 mnutes, C18/ ACN, Retention Tine = 3.60
m nutes (M+-H) 440.26. Formation of
(R)-3-(5-cyano-3-fluoro-6-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyridin-2
- ylam no) - 3- (1- net hyl cycl opentyl ) propanoic acid (42) WO
2013/ 019828PCT/ US2012/ 049097 To a_solution of racemc nethyl 3
-(5-cyano-3 -fluoro-6-(5 -fluoro- 1F+p§ Tolo[2,3 -1A
pyridin3-yl)pyridin-2-ylam no)-3-(1-nethyl cycl opentyl ) propanoate, 145a,
(0.090 g, 0.204 nmmol) in THF (30 nL) was added a solution of lithium
hydroxi de (0.035 g, 0.819 nmmol) in H20 (10 nL). The reaction m xture was
stlrred at 70 C overnlght The organlc phase was reaned under reduced

o e 1IN N ——




WO 2013/ 019828PCT/ US2012/ 049097 5 (R)-3-05-fluoro-2-(5-fluoro-1H pyrazol o
[3,4-Db] pyridin-3-yl)pyrimdin-4-yl)am no)-4, 4- dinmethyl pentanoic acid (5)

Conmpound wowas/E@ys8hesi zed in a manner simlar to conmpolad/uUB201288wPT i ng

wi th conmpound 6a: 1H NWVR (400 MHz, d6-DWVS0) 6 12.65 (s, 1H), 9.43 (s, 1H),
9.15 (s, 1H), 8.44 (d, J = 4.7 Hz, 1H), 8.41 - 8.29 (m 2H), 3.93 (s, 1H),
3.54 (s, 1H), 1.19 (d, J= 20.0 Hz, 9H); LCM5 G adient 10-90% 0.1%formc

acid, 5 m nutes, FCl8/ACN Retention Time = 2.70 min, (MH) 393.3% 6

(R - 3035d|f rod6- (5-fl uor o- 1H pyrazol o

[ 3, 4-b] pyri dimg 374TIQyri di n-2-yl ) am no) - 4, 4- di met hyl pent anoi ac; NK 6)

Conpo Id 6 was)shnt hesi zed NA2a manner si mlar to corrpound 12, Nufi | i 2Ny, —0H
(R -et r>\d Cl 7\
((6-bro -35 i f1 uoropyri |n2yl)amno) 44d|rrethylpeta oave as ‘'t he
internmedi &t e Nor yhe Suzki ing. (R-ethyl 3 -((6-br -ﬁ 5 3a

-di fl uor opyri dlsn 2-yl)am no) - 4 4- di met hyl pent anoat e was preparT%d in the

sane fashion as internediate, 143a, utilizing 2-brono-3,5, 6-

trifluoropyridine as the startingfmaterial instead of

2-chl oro-5, 6-di fl uoropyri di ne- rbonitrile: 1H NVR (400 MHz, CDC13) 6

8.31 (d, J=6.4 Hz, 1H), 8.06 : R _7.06 (t, J =9.7 Hz, 1H), 4.58 (s,

2H), 2.80 (d—J =+13.2 , 1H),2N29 {dd)~®H= 13.3, 8.7 Hz, 1H), 0.98 (s,
%foWi\c cid, 5 mnutes, C18/ ACN, Retention

9H).; LCMS Gradient 10-

Time = 2.92 mn, (MH) 394. 19.

(R)-3-02-(5-chl oro- 1H pyrakol df 3, 4-b) pyri di n-3-y1)-5-fluoropyrimdin-4-yl)a

m no) - 4, 4- di net hyl pentanoic acid (97) and net hyl ester (96) Conpounds

96 and 97 were synthesized in a manner simlar to compound 12, starting

with conmpound 6a: 1H NMR (300 MHz, MeQD) for Conpound 97: 6895(d J =

2.3 Hz, azC%Tﬁﬁzﬁf@ PGPONS2G53 04000 MeddeQH, 05C= 2.3 Hz, 1H),

8.35 (d, J = 5.2 Hz, 5.12 (dd, J= 10.7, 2.9 Hz, 1H), 2.93 (dd, J=

16. 5, Forfaliop d]fH)R)-32(27(5 @oio-Dtosy6.1 A-pyi@old [ 13-b] iyidin3-$1)- - BuordH)yrith ENG-

G adi eRrflaiiin®0fd4-diméthyipeneamiaadid (3H m nut es, C18/ ACN Ret enti on Tine =

2.79 mn, 407 3 Pr epar ounds 6 and

tert-but Elljfgra%l n éﬁb %ﬁl];io 0’19%? %‘e‘&%“ B’(tiyh??’mélb Papd)- (I%CCB

CH3CNO vy nyl)pyrro ]pyr1 ne 1a, (0. 1 rnol prepare a similar manner as

(4, 4, Sesribed palont fy Comppund 358,in Behancah). and/@)-3ramigeyhd-dimethylpeaiancieraeidy | ) - 1

H pyr 28} 60938, @]Zﬁﬁrmmqh)em otz hydrxtustio §1.6@d2l divay 3dded3 freshly Bepund-Pe;CQ)

TBAF/ THPOS ged.645 ool HROlowEHIby aégt]olmn]ec(ﬁ 381 mL). The reaction mixture was heated to

4- ( 2- 186 t°CHfut §0 minktaz inny )cr@wen @actob- Thaimactiyr miktaicnveas(sldaidla)poured i 2

sol ut ingn o6fIN2HE . diTeBIpet of Sindll dodutnpydd adjaiteto| L. 8%he GuqudchsOlasnaxdla}tcaneth

t er t butiplalydrazi IE!E) hyshhed RHer bréle, dliedovéer NS Qnaritered & Jtthin (O8udd-koland

Et OH (&sidde) 'Y‘fi’egcﬁg e&kiduel \%s}"'gﬁrﬁmdn@la (ftick &elbhroRRtd? )109] MO ICeN

m xt U:g? ) StESrEEs e JE9R K §: OEéIvES @Ea‘du];n 6-9082%t 199 RorMliX hikge was
AR eldo

filte )AecﬁerL %{Huﬂgs ? % traté concentrated in
vacuo tlng residue was purified by silica gel chronmatography

( Et OAc/ Hexanes) to afford 1.7g of the desired product: 1H NVR (400 MHz,
CDC13)XRB-34282-(ldor o} EH2pYa rbin [ 2,3-H) pyradid-3-(13-5-flikdroprifidiped-yamibo B4 4z, 1H),
1. 09 (dimefHylpentiidic &iaqient 10-90% 0.1%formc acid, 5 m nutes, CL8/ACN,
Retention Tinme = 2.19 m nutes (MtH) 218. 81.
To a cold (0 °C) solution of (R)-3-(2-(5-chloro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-
fluoro-pyrimidin-4-ylamino)-4,4-dimethylpentanoic acid, 3a, (0.08 g, 0.14 mmol) in MeOH (2.6
mL) was added sodium methanolate (2.91 mL of 25 %w/v, 13.46 mmol). The reaction was
stirred at room temperature for 30 min and then quenched by dilution into aqueous saturated
ammonium chloride solution. The MeOH was evaporated in vacuo and the resulting aqueous
phase diluted with EtOAc, then extracted with EtOAc (3X). The organics were dried (Na;SO,),
filtered and concentrated in vacuo. Recrystalization from MeOH provided 52 mg of the desired
product 1 as a white powder: 'H NMR (d6-DMSO) & 12.25 (s, 1H): 12.0 (bs, 1H): 8.8 (s, 1H):
8.3 (s, 1H): 8.25 (s, 1H); 8.1 (s, 1H): 7.45 (d, 1H); 4.75 (t, 1H); 2.5 (m, 2H), 1.0 (s, 9H); LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 2.06 minutes (M+H) 392.21.
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Formati on of et hyl
2-(1-tert-butyl-2-(2-chloro-5-fluoropyrimdin-4-yl)hydrazi nyl)ethanoate
(152a) Towe 2e1s9p0828i on of PCT/US2012/049097
4-(2-tert-butyl hydrazi nyl)-2-chl oro-5-fluoropyrimdine, 151a, (1.50 g, WO
2013/ 019828PCT/ US2012/ 049097 6.86 mml ) in acetonitrile (68 nL) was added
2- bronoet hyl acetate (0.84 nL, 7.55 mmol) and K2CO3 (2.28 g, 16.46 nmol).
The reaction mxture was stirred at roomtenperature overnight. The m xture
was diRrdi@dtiomnbpChinpbdandid] 48y 89end Jihe or gani ¢ phase was dried over MySO4,
filtered and concentrated in vacuo. The residue was purified by silica gel
chro q;@mt’géh@l%Q%Et OAc/ Hexanes) to afford 1 g of the desired product: 1H
NVR (4 VHz, CDClS)679@a(d J= 3.1 Hz, 1H), 4.16 (dt, J= 7.1, 5.9 Hz,
2H), 3. 74 (s, 1.30 - 23 (m 3H), 1.20 (5 9H). LCM5S Gradient 10-90%
0.1% f or i g \HJ_LQH 5 mi nut@@& ACN, Retentieq Ti & =/ 2.69 mnutes (MH)
305.09. For °

2-(1- tert\/butyl 2- (5- quo 2-(1-tosyl -5- (trOT’F‘l ofomathyl)%l‘-kpyrrol o[ 2, 3-
b] pyri di n-'3- %/1) pyrim di n- -y1) hydr azi nyl ) et khnoar'e I\'?T)T\g ,, Boronate
ester, 153a,“was prepared i same fashion as bé?onate ester, aia, (see

Synt het| c Schene 4) using

3- br ono- 5- (trlfluoromathyl) 1H pyrr oIFo[2 3 b] pyridin ﬁz;tead of 3-brono-5-

fluoro-1Hp - la] pyri di ne/’%; utel on of }
|yl sul f ony1) 3/ ﬁ&g—E—(—eﬁ y-5 -

(triflF )pyrrolo [2, rlﬁ/H\ne 153ac 1—97\ 1181 nmol ) ,

ethyl 2 utyl-2-(2- I

chl or o- 5N Iuoropyri m di n-4-yl) hydrazi nyl ) et hanoata :y'52a (0.300 g, 0.984

mmol ) and K3PO4 (0.627 g, 2.953 mmol) in 2-Methyl THF (26 nl) and H20 (5 nil)

was degassed ufeder a stream of nitregen for 45 mnutes. 70 the reaction

m xture was added X-phos (0.056 g, 0.118 mmol) and Pd2(dba)3 (0.022 g,

0. 025 mm@l) AcCThde®Hasugn(b2dt-dicklova S-fluesdpg einddind, 260G EtOH, 131 HyisaUCe&) The

agqueous pHlasH-NEs-tdRONGL | R4, 1 1365-Egmbihg 1-P13as gionasorblaheylgs riod[ogh a pad
H0ME N, Pal(8sh)l, X PRG UQ. FNd2 METHF ad, (Y 15 P E! &1§Pﬂ;q|d16§aﬁfénm ogr aphy

of celitgy
(30% Et Oﬁzdﬁgm@%géc t(Q) @ij}prqq{ﬁzﬁ)dwgo@@ the desired product: 1H NMR (400
M—IzCDClB) 6 9.49 (s =70Hz 1H), 863(d J=11.1 Hz,

1rp! Foifratil O*ﬁRf-T%neim%v 5 ﬁéﬂ‘eg'n;ﬁ b ofinal bt = 21,0 1

9 1.17 LCVB tlogocy 01ch d 5
m'H)nut es, c%ﬁ) A@Nlln%ét“éﬁii?}eﬁﬁ’lpﬁnﬁﬁémw amég %qena% disselyg ahayp! rT(]rkér frg![ Tlefn of
et hyl sghl(lgzn (var saqbedt gt pnoice hath aed gogtyl shlpride (67, rl@he@ﬁzlp)mmql)pyw , 3-

b] pyr ide#onvise gnyiptarriing mertempwyuh@hfpla\m Wyi0)adbe saaeti¢n Botyre was hrgted tQ(ﬂ5u°1G on
of et hapdl stirred at that temperature for 3 h. The reaction mixture was cooled to room temperature and
2- ((1- tthesrt flbsHeyd Iwizh (tSlutheuar eenZovelvalatslys.- Bag tirudt | matetaet by biedl Widioutofuotha; 3- b]
pyri diparificitionpyH NiviR (408 VI WGEIYyS B gbh@raray, 8,41 VeH)( 0.854d¢, 110), 8%4nol )
in THE4 &, M), Wes (adged tetrabutyl amoni um fluoride (1.78 nL of 1 M 1.78
The reacti on m xture vvas stirred at roomtenperature for 30 m nutes.

The r - ng The organi c phase
was dﬁ%ggz??neﬁlﬁﬁ B]}(t ercg dﬁ%on&lqﬁﬁ edyﬁélﬁl\ﬁ}g?u“dr The resulting
resi due Qllf) %j 6\/ a silica gel chromat ogr aphy (70%t OAc/ Hexanes) to

afford 300 of roduct . NVR (4 13 6 10.59 (s,
1H), 9.55 (&F %2 Jc@et g -Oxgp@éa AMUUB. C%?qu ] C(g)C ree) was(—
3.8, 111850194%1 lqmlxwrequ tegahydpgfuran (667 mk) @ud EQHATY mL3. § @utlcmvas gl (d,
J = 9. apyace bath. 2#4- c_ilghl(om -5-fiperqepyrimgline (35, g, DAL mm@lvsvz&eeﬂdpérﬁollme@b%theo 1%
f or m drewiisg adslinemaof E@thy@tlmh@\(N mRe 686 tinoel). TiTthe rea@io@ 3nimiung wabkbftedi BEIHA 3.
For mat°Cofor @7 h. The reaction mixture was then cooled to room temperature after which water (625

2- ( 1- (phiey dndoditiloyordethdmef (609 Mok Pwéie- {dded.f Mherphagss Rydry sdddr@yd aod the aqueous
[2,3- M;I%Y WAkl Rdsheld) Witk | didtbiantbthahng B ols &KLPYFHea&%Em@ [agdrd w&é)combinciOa
;ol[ 'tjtel vﬁ{himef LThe solveélt%s t\()vﬁere %?lnbovre }%%) Ht}{ )remdue was purlﬁed on silica gel

b] pyri In-ég%iilg %%ﬁg) Cira ]lﬁlarrg5 20 é%fr?o acet aatce %@a 1?6&2% Rg.~ O3 440
nmol ) ( was added a solution of Iithium hydroxide hydrat e
(0.074 g, 1.760 mml) in H20 (4 m). WD 2013/019828PCT/ US2012/ 049097 The
reaction m xture was stirred at room ‘g/grrper ature overnight. The reaction
m xture concentrated in vacuo to reno the THF. The remai ni ng aqueous
phase was diluted to 8 nL and the solution was used directly in a
preparatory HPLC. The product precipicated when the fraction was
concentrated on rotavaporator. The solid was filtered and dried in

de5| ccat or with P205 to afford 120ng of the desired pr oduct 1H NIVR (400

1/ IR A~ \ ~ AN o~ o ~ NS NS



1H NVR (400 MHz, d6-DMS0) 6 12.57 (s, 1H), 9.40 (s, 1H), 8.88 (s, 1H), 8.40
(d, J =18.7 Hz, 2H), 8.34 (s, 1H), 3.93 (s, 1H), 3.52 (s, 1H), 1.20 (s,
9H); LCvVBvGrath/aps2810-90% O0.1% form c acid, 5 m nutes, PCTRISAGRI04480T ent i on
Time = 2.50 min, (MH) 377.42. Preparation of Conpounds 7, 8, and 18

Synt hetic Scheme 24 WO 2013/ 019828PCT/ US2012/ 049097 159a18 (a)

2,6-dichl oro-5-fl uoro-pyridine-3-carbonitrile, Et3N, acetonitrile; (b) 5
-fluoro-1 -(p-to lylsulfonyl)-3 -(4,4,5,5 -tetranmethyl-1,3 , 2-di oxaboro

| an- 2- Edrmyibhcof (R)-2tisy1 3b((Pluioclo-2&5- fﬁmro-ﬂelt%yibhﬂ]@yr%lﬂhmbm@ﬁm& 2- MeTHF,

H20, ﬁmlﬁﬁ;MJyl)ahth)HH dtﬁ@tl&mdmnime a) et hyl

3- [(6 c oro 5-cyano- 3-fl uoro- 2- pyridyl)am no] 4, 4-di rret hyl - hexanoat e

(158a) "T\/I@Pﬂiﬁt@?ﬁm‘l /v&%&é? "1311L rE'oﬁf?loﬂ SdflﬁH%B hydy- 'I't%ﬁ 1?43 (%746‘5 5-( 0.24

11% f @rgﬁ 20588/#111%9 ﬁﬁoggrﬁ et?l 353
at

70 C Oveer%l é% g%ro rn1 1n %armno I1 1rn nt n % § 'i fied

oy <1 |“i“881)6 g W%l%lr A D SRdrPde 205

|and Pd,(dba)s ( rnrno were a ded an the reactlon mixture was stlrred at 115

3 [(6 EhlnoﬁcﬁﬁSLeé)ﬁH%f@f ?-MuoTltfz paption @yiKkiuEhIvRe] conled. yidrengquenek ahesat was OV
G adi epmovd@l 90Bke Orgavict phast cwarcifidicred throughes , pad1 8f AGite Red etht | BixtUTE was
3. 75 rmomeeneste( M- Hyyn842 . Tht. residue was purified on silica gel (EA/Hex) to provide the desired
For matpraduet, Sah y2332) 5 -[0yeB oG Sid fenti 00-00 B4 B- %% doimdie heidp Stod, y& BUIACBIRT) py. T80l 0
[ 2, 3- nlﬁhuﬂay(MeiHI)235 9YR] -2-pyridyl] am no] -4, 4-dinethyl-hexanoate (159a)
A sol ution of ethyl
3-[(6- 1L | .
1584, %@hﬁ&ﬁg?f&ﬁﬁﬁ&t%3 Sﬂirﬂ;ﬁo?o EXE éﬁ%’lr% Q%B?Jrofo[ﬂ?;q?] Oltnleilﬂ) @gﬁﬁ?ﬁnﬂ&ﬁn
tetra é I OX fla pyrrol o[ 2,3-b] pyridine, 7a, (0.30 g
0.72 mol) Taml sHBE@ of 0‘?)5tmet@yl ?(@eﬂm+2)(5rﬂuu@oﬁetpw+lﬁrpvrrolztﬂ % birtyyidén- a d
H20 ( ZDpymin)jdindsyliregasséd-dimethdpenianodtesSaaiidll £y Eatmmblvnt dcedonpthides (150.108) g,
0. 07 nmlajldadh4MRAR] @htd3ine Q1 BAm@,). ThOzZaotial mixtdleeydsdratcd am 65 €6 Set 4 Wahe
seal edoriign hR8ceslcl @ fodm fenfperatiBe ahdl fHetseBenifv@e r&ﬂ@&eﬁﬁﬁdéﬂeﬂmmpressure
t enpergleUniurk MRasAURBOY i hASRNWAR ARIFOVIEEh @Mlarbﬁemaﬁ@moen& agR. WaRous

filtengfy 369 DG U 9@ mL ork raH r?ﬁé ereid érfafeﬁ nB¥he
sili ca d%y%%s 7_@% s %‘;’a@ etré’ ‘8 5511%{“% 5

of th

_ an c a Oty 1 \¢ p

(d ] (E %Cfgzei‘%neﬁ °’f1d§ &esuf? :pr%d‘iCtl—% g)féng‘g‘S %% ey 0-1% 921
(td, Jounigacid, 51@1112 zr70%6m11§1 @ﬂ\ﬁﬁl 3.2.75 (dd, J = 14 9 3.5

Hz, 1hormatidn (RYL8-( slﬂu&?o @(s&u%rédaH- Vhrolof2,35)] §r1dﬂ1‘3 NpyHmidiat)-, 1. 36 (q,
J= 7. éd)'ﬁ'?m 4dlmé ent:ilrmZaéid % 03 ? § g Hz, 6H), 0.88 (t,

J= 7. ?L_B 9 181 2630%@ ridin Qﬂﬁﬁﬁmdﬁlgl ACN,
Reten )@4 Eil ééﬁ 1% ?e MO‘(- %‘%_% r{g&s g ?’ e [n traBgldrofuran

[ 5- cy 5 1 4 r r I f% |']
ani no]. er groag #p3d (%% y
Et hyl 3 TFBCUOWH uré Walslct98 St% 19 t? P,FES?tBreia s"{ﬁt r q 0
[2,3 1 a&gﬁ jodiirgn Jvasyremoved ugder; iggyqednprrespresand en@ﬁ ¢ W?éxtaﬁb ghe 1*8%?

(0. 27 w;}th xaBesaridicthylgalzer d0Q gd) ey alddedr e layieys s&n@lratqde?&h@nH\Mftthp 2qUEPLY 4. 50
L of ldyemwas, mumm 6 Whee INedlili ohthyl xtefate (248 rhiehwvad added;Ghe liyers woTe

hour s .scp¥rated acdthlciaqgedus lay@o mabk erppentat witke cthwhietat¢ 2R0m).), dreah .epmyWitlacthyht e
(20 mapetaer@Oo@aaiex] Thptbridide l8y8r Femedontsepimaiskel withebraguaol snl. ayel dieds

br oughNaisoD & mEéltsblarbnt@ Hv&y @edved arhiRf fdMikdClvithanshtidee tbelﬁ’élvidle NBe desired
preci pddle v “ﬁCNR/ﬂ{ ofmhterMsmd6 V&sned i) mat)ﬁg Py, ¢enceyd at ed

in va Hlo H9 PIOY )%71 t @( rPdeQ)tHzlﬂlfl)NW9 élg,%g% DO d6)
?d12j 78 41 5’6)3 %%ﬁ%me %ﬂgég 9L8]§f§z((‘jr o, Ddhic 7- 83

.71 ¢ %121“”(18 ,080(tJ:187Hz 9H) :
LCVS Cﬂ‘had“oldxmmg@ﬂﬂﬁg/qwa@pﬂéizfaifednm‘aslrmdxrdashﬁanmmhﬁ poccdit8dAchbedRdtornforon Ti me
= 3. 14&ompouhe: (MrH) 414, 31. The foll ow ng conmpounds can be prepared
in asimlar fashion as the procedure described above for Conpound 18: N N
H7 Formati on of

(R) - 3-(5-cyano-3-fluoro-6-(5-fluoro-1H pyrrolof 2, 3-b] pyridin-3-yl)pyridin-2
- ylam no) - 4, 4-di net hyl pentanoi c acid 67) 1H NMR (400 MHz,

MeOD) 6 8.81 (dd, J= 9.8, 2.7 Hz, 1H),78.36 (s, 1H), 8.20 (s, 1H), 7.53 (d,
J=11.0 Hz, 1H), 5.04 (d, J= 8.7 Hz, 1H), 2.80 (dd, J= 15.2, 2.5 Hz, 1H),
2.59 (dd, J= 15.0, 11.0 Hz, 1H), 0.99 (s, 9H); LCMB G adient 10-90% O0.1%
formc acid, 5 mnutes, Cl8 ACN, Retention Tine = 3.0 mnutes (MtH) 400. 39.



O NHOH\ : N N H3 Formation of
(R)-3-(5-cyano-3-fluoro-6-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridi n-3-yl)pyridin-2
-yl am noyo2e(3lmpe8hyl cycl opentyl ) propanoi c acid (8) PCT/US2012/0490b7 NVR
(300 MHz, CDC13) 6 10.70 (s, 1H), 8.42 (dd, J= 9.6, 2.6 Hz, 1H), 8.05 (s,
1H), 7.73 (s, 1H, 7.40 (t, J = 8.4 Hz, 1H), 5.32 (d, J = 6.6 Hz, 1H), 4.83
(t, J= 9.4 Hz, 1H), 2.89 (d, J = 5.3 Hz, 1H), 2.34 (dd, J = 12.8, 9.6 Hz,
1H, 1.92 - 1. ( 8H), 1.32- 1.24 (m 1H, 1.20 - 1.06 (m 3H); LCMV5
G adi ent 10- N Mformic acid, 5 mnutes, C18/ ACN, Retention Time =
3.27 mnutes 26. 31. Preparation of Corrpound 55 Synthetic Schene 25
8PTHN/ US2012/ 049097 (a) (i) NH3, HBTU, THF, (ii) 2N LiOH, MeOH,
[Adine; (c) Bu3SnN3, dioxane, 130 C Formation of
(+/-)-3- (g-ffhuoro 2- (5-fluoro-1H pyrrol o[ 2, 3- b]pyridin 3-yl)pyrimdin-4-

| di t d 16 t f 3
7 (8™ 3t Bhper iy @%@,izﬁnf@p%smr e Eupygmidind- 37" ©
yI )perll)FHIHPWﬁ Wimsthydpentamiepgigt#3) pent anoi ¢ acid, 163a, (0.50 g, 0.94
nol ) i n 15 NyroB 00 MEHMNasDed 8@1&@?@1@9 860 6, 100,900 .1):3 e, 18 C7t963@ was

Sti rrq@l)f@m ? ay)”'dto? daﬂ‘d q{k al’ﬂgo @&%SHP et r9L—L9¢19PPZ 190),
?oﬂgte i 0, d h lfa R/ISSE}Hdlén rlgigt%))l)\;ed i'n fSI?\l/}snblﬁsand
treat ergalgan ﬁ% {lo ?]?f\? Li m“flﬁ{es ?ﬁ 8?%

was warmed to 60 C for 3 hours

and then concentrated to dryness The residue was purified by silica gel

chr omat ography f Et OAC) to afford 250 ng of desired product: LCVMS G adi ent

10- 90% 1%/?’1/)% agi,d, 5 mnutes, C18/ACN, Retention Time = 1.78 mnutes
orn;a,t;

(MrH) 375. 45' i on of
(+ - )-FBC- TZ\-Z (5-fluoro-1Hpyrrol o[ 2, 3-b] pyridin-3-yl)pyrimdin-4-

yl am no) \4 la-Xi met hyl pentanenitrile (165a) A solution of racemc 3
-(5 -1 uofo- Eﬁ (5 -fluoro-1Hpyrro o [2,3 -b] pyridin-3

-yl) pyri m di n4-yl an no) - 4, 4- di net hyl pent anam de, 164a, (0.250 g 668
mmol ) (Ri3d{A-flupirs2WEnethy d-nysrelo ghH)mdém@dmrtrnlcimﬂfxllmlaa):éﬂrc aci d
anhyddigethytpentanaie acid B3 nmol ). After 2 hours at 0 C, the reaction was

concentr at gagiR bbfﬂﬁﬁ%@ﬁ'@ e %dwuine}ﬂz by sgés H?|496
ot L S BT PO

%&1%) ég% i8S eten’tl]pn 1me = 1 §fmnu ¢S
(+/-)-N(3, 3-difmet hy1- 1- (2H-tetrazol -5-y1)butan-2-y1)-5-f| uor o- 2- (5-fl uoro-

1Hpyrrol o [2 uPXLEGi n-3-yl ) pyrim di n-4-amine (55) To a solution
ofracem c 3 oro-2-(5 -fluoro-1Hpyrro lo [2,3 -b] pyridin-3 -
yI)pyPPm%éa?gf ‘ani no) - 4, 4- di met hyl pentaneni trile, 165a, (0.150 g, 0.420
mrol ) 1\l of di oxane was added azi do-tributyl stannane (0.221 g, 0.668

nmol ) . The rieaction vessel was seal ed and warmed to 130 C for 12 hours.
Upon cool i gq% the reaction was concentrated to WO
AGCF

2013/ GRYS exaypohiZmyrodof2, bl pysikkin-gnd)-ptfnorepynimidig-4-¥3amine)dels puri fi ed
by si [dimathydpentanaieraciddB¥phy to afford 48 ng of desired product: 1H NMR

lE_EnOOH? NH%JC%% )3 )it ﬁ) égﬂ/ 2% 108 for'\p?w §§1d4§ réﬁuteg C }_?/A%ﬁet%ﬂtron%lﬁ@z 581 ?g

B“tf §§(dtJ:251 80HzH)101(s H, 0.96 (s, H)
and 0.87 (d, J =6.6 Hz, H ppm LCM5 G adient 10-90% O0.1%formc acid, 5
m nut es, C18/ ACN, Retentl on Time = 1.94 mnutes (MtH) 400.46. Preparation

of Conpounds‘é;lh@'n gL Synthetic Schene 26
U\{/

N N

H

(8)-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b| pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (4)

LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 1.93
minutes (M+H) 376.21.

-61-



a NHzSHC 7\ 77a d, e Ts 170aH60 (a) tert-butyl bronpacetate, K2CO3,
acetone; (b) Oxone, water, MeOH, (c) 5-fluoro-1-(p- to

| yl sul f ory0)208/019828, 5,5 -tetranmethyl -1, 3 , 2-di oxaboro | aaTasy@ppugoe7 | o [ 2, 3
-b] pyridine, 7, K3PO4 X-Phos, Pd2(dba)3, 2-Me THF, water, 120 C, (d) 25%
NaOMe, MeOH;, (e) TFA, CH2Cl2, 50 C. Formation of (S)-tert-Butyl
2-(2-(2-chloro-5-fluoropyrimdin-4-ylam no) -3, 3-di net hyl but yl t hi 0) et hanoat e
(168a) TH a stirring suspension of

(S)-2-((2- ch - SLyor opyri m di n-4-yl ) am no) - 3, 3- di net hyl but ane-1-thi ol
77a, (1.50 g ) and K2CO3 (2.36 g, 17.06 mmmol) in acetone (15 nl)
was a% tyl bronpacetate (1.26 nL, 8.53 nmmol ). The suspensi on was
stirred atly omtenperature for 18 hours. The resulting solid was filtered,
washed wi't h Macet one and the fil trate was concentrated under reduced
pressure. The crude residue was purified by silica gel chromatography

( 0- 309 E3E@(Seehlaxvpa LH T Hele X 3- bilzyrsﬁmérﬂ)é ineyopyripidingtyDamingristtuct as an
of f - widlimethydpengandicpid@hdi ent 10-90% 0. 1% formic acid, 5 mnutes,

%?/ tACNh B@l\??‘tdr%‘ieﬂ:ﬂ 0296930 84, Mt £5d, (é\/ﬁﬁﬂutgs7%1§ﬁAcﬁ0R&%hﬂ1&{‘Tﬂﬁe =2.06
2-(2- ((%;1 uﬁ% H% ?‘Izuoropyrl m di n- 4-yl am no) - 3, 3-di net hyl but yl sul f onyl ) et han

oate (169a) Oxone (5.37 g, 8.73 nmmwl) was added to a sol ution of
(S)-tert- Butyl 2- (2 (2-c¢hl oro- 5-
fl uor - 3, 3-di net hyl - but yl t hi 0) et hanoate, 168a, (1.10 g,

2.91 nmmol ) in nmethanol (50 nL) and water (20 nL) and the solution was
st i r r &ynthdtigchbene 3r oom t enperature. The sol uti on was concentrated in vacuo
to give a white residue that was dissolved in water (100 nL). The aqueous

| ayer was extracted wipth Et OAc (3x 5&) and the conbicned organi c phases
was drHiZed/ f|| Hand_cnnc nt) d4—n—\+acuo<€9 af f of 50 ng of
t he dejﬂ\red pr oduct asN |te sol i d)’i%s@‘radl ent “!5949&%/’@ 1% formc

acid, 5 ninutes, 018/464\ Ret enti on i 29 ninut'esfMrH) 7410.19. VO

2013/ 019828PCT/ US2012/ 049097 For mat i on' of (S)-tert-But yai
2-(2-(5-fluoro-2-(5-f|uoro-1-tosyl-1H pyrrol 2, 3-b] pyridin- 3-

yl) pyri m di n-4-yl an},%_)l 3, 3-glijmet hyl but yl sul/té[%l )et}‘? ate (170a) A
sol ution of_ 5 -fl uol - (/phto0 yTsu fonyl) WA 595 -tetramethyl -1, 3

, 2-di oxabo rr87+o[2 -b] p (ne;7%a, (076 g, 1.83 mmol),
(S) te 2\( chloro

fluoro hm d| n- El- am nak- 3, 3- di net hyl butyﬁ sul f ongl ) et hanoat e, 169a,

(0.75 g, /1 83 mml) *and K3PO4 (0.93 g, 4.39 nmml) in 2-nethyl THF (10 ml)
and watef (2 nL) was degassed under a stream of nitrogen for 30 m nut es.

X- Phos (0. gaégn 0.12 1) and Pd2(d Nﬁ , 0.03, wePe added and
t he reacti (1/ NWFBO s hgated at 113nC | HOr essur e \wja \_tfroof 5 hours.
The reactio xtur S—GG@J—edm eratuFmérte dad
concent(a e vac The residu S di ssol ved iy Ac (50 nL) and
washed Wit Wat er. The organi c | ayer "was dr| ed (I\/gSO4)H filtered and
concentrated in vA&uo. The crude pr oduct was puri f| ed via st'fica gel

chromat o ph 0 6 % Et OAc/ nt 0]
desired @gd‘u%@g Tig 1P8rﬁm gtdo)é‘ ty? %ﬁ?&ﬂ étg\?g%
formc zv(CM(r?dpé@O 2 Rt AiHFo A3 -fuore- 12(P3‘@’1Y+§1Hﬁ¥1§ H-9564. 34.

For mat i o‘wtrgmethyl 1,3,2- dioxaborolan-2- yl)pyrrolo[2,3-b]pyridine, 7a, Pd,(dba)s, Phos K5POy,, 2-

(S) - 2- ( 2McFHA, Ho0ol Q- (G (¢) Nade 1My, (DITh] Pd/S, BIq8i 40 psi:3gy| ) pyri ni di n- 4-
yl am no) tBpShydsitgtodidebGHyCkul f onyl ) et hanoi ¢ aci d (60) To a solution
of (S)-tert-butyl 24245 -fluoro-2-(5 -fluoro-1 -to syl-1Hpyrrolo [2,3 -

b - - L
a% ep?’mltf;gi;atﬁn oygﬁgpz/ mmulm Mmbalmgm%rd%l 43,1)mlﬂsyb$§ggieegﬁ;§g%tfawgwbl) Sohﬁm o

25% s0) ut | Jr? AR, 0f1 ?4% Zn%m .53 33rﬁ€n§ﬁéylrlaw%1m@ ol'at/i BINUALISt 31T ed
at roshshiesapeflseramyrintgingds digadedsmaned) inHaME (A8 naf kv addrd driethylaméng Wik h
aqueousl.sat-grmamel. NAS1 98 ghiicontheTiactionl vendilugd inenareduy pferatadeti et

pr essuplitiamdnd bgracesl tdue widls EHDAs olThe corminedgoeganic phasek werd ested uemasvithay er
was extrihacdred MEPOB: OhAcrel 3mBGontgntrated dnicedo.( MhSOH)de febidtiemed parified via
concentlfcat gl ¢homaeg@phy 6- 1000 MeOHY@IS, [y rdridied) by £idrd aa7 gelof the desired

chr omat ography (0-10% MeOH CH2C12 gradient) to afford 0.50 g of the
detosyl ated ester internediate as a V\/g‘jgte solid. The ester (0.50 g)
was di ssolved in CH2C12 (4 nmL) and trrfluoroacetic acid (2 nmL) was added.
The solution was heated at 50 C for 2 hours. The sol vent was evaporated
under reduced pressure. The residue was diluted with water (10 niL) and the
solution was neutralized with agueous saturated NaHCO3 sol ution. The
agueous phase was extract ed W|th Et OAc (3x 10 m_) dri ed (MgSA), filtered

T 1



H61

(S)-2-(2-(2-(5-chloro-1H pyrrol o[ 2, 3-b] pyridin-3-yl1)-5-fluoropyrimdin-4-yl
am no) - 3,80 2di3mapsrgl but yl sul f onyl ) et hanoi ¢ acid (61) WOPCT/US2012/049097

2013/ 019828PCT/ US2012/ 049097 1H NWVR (300 MHz, MeOD) 6 8.95 (s,
1H, 8.29 - 8.14 (m 2H, 8.08 (d, J = 4.0 Hz, 1H, 5.26 (m 1H, 4.21 (d,
J=15.3 Hz, 1H), 3.92 (dd, J= 30.0, 14.5 Hz, 2H), 3.77 - 3.57 (m 1H), 1.10
(s, 9HroducCNBaGa atelgniolid0-1IBUS AGNeat £0-90%, %P4 Grmicaad. dminutes, RUBSSCNCA,
Ret entR'on 2H8mminated (RB-Hyi248138s (M+H) 470. 14. Preparati on of Conpound 64

Synt h | che Oxo fl.uo S 1)-3

S Boruatp BT LB (G ehons 2 S P Kipmt S abning S il ot bS8 -5
7a, K3PO4 SoRhasd (-F?ﬁ?C()lei)lﬂQn af dvalyTHdRoridat( £06 rn’]I2(12(Il romp]) N @i ordfe BHan T HF .
For mat(i @ mlIof whe aldddudiletty Shtfakide ¢hlormaE 526 I 8 an@phrdropwlise- 4a fdragririing ik 3-
di met hyikkwd yibs ubf imltdsethamgate a( 3 ﬂsmn of (2@92%% ofA5 Gluofo-HRitiim-3- was
added yianmoytd 3- Girﬂé}h)ﬁ%&'&d pral 4a %i otgerzt 0PUINb1) 24 Ao leMaRe %10 mL) was

-t uoraaae/d ! Tf 'r@acl‘% n%lhf?é) r% Iﬂ é% y ‘%%&fn A afd ga 8r‘ﬁL1
(0 53 2q 22trnrnol w a de({'l SHJ_?W warrngd ?0 IO\(I) rI]‘ S StIlhE Ii’nelXtuI‘e\(l)\Xr%la g

m nut

resid faﬁﬂ lﬁtﬂ a\ﬂﬁ%m’ﬁ télfﬂt fﬁ‘@?él ‘HE ?ﬁ_t aCt ‘é(lcﬁ gb bine

ext ra@F%?ﬂn‘i/\PlfaﬁesEWérﬁ HHEeCBIC Fﬁt 1”a‘§f’€f‘0 &F‘} des(1 S,
filterssiighyiacvhciessl c Oé‘éﬁt‘i’gﬂia&hé’c@ Lngragient fe atfex o8umeddict as
a whi tdesigasl raduct avewirtadeliht  10- 90% 0 1% formc acid, 5 minutes, C18/ ACN,
Ret enty 991('1 013 03 i fi Sprépdir ?ﬁ(h 2R10rbSy- flu tI)X’L’lmldln -4-yl)amino)-4,4-

2-((S b
[Z(g %3 pyr Jn‘ﬂ- . ? 914e1(1k9)3y pyrroto

yl anmi no) - 3 T&@cﬁét(%bewSpbmmf ofspidivent hpdrodet @. (03 264)083 mmol) A nsBHEB.8rmbf 5

- f 1 uorvees1adgedt @-(dyibsprbpaxyphidspBory(methyBisdpropety)phmsphyrlyh)ox3propanti ax 2B06r @,
| an- 2-3.542) mayol )0 AGER 1 8ntihiys,i dsalgtion af (S)R-G6-cbhlord-55Buctomlrimidin-4-yl)amino)-
tert - BU-YidBylBitdna NS, C0F80 ! 1 oY DR i i AHH 8ini10) was dddbidndbpwiseut yhsul fi
nypet h‘@d&ﬁ@ﬁ SnixthfORas §10w grméH 18 fosREhp@BEr&KSRPY Hodr. 65’h<9m1§tuf%5wmmted n
2-met Byl o ﬁ@:ou(sjsgtu% dﬁ' JCYed on( cf%)%tra\é{%a WapRgsed THQS HCS[}" Qliried

nitro g %ﬁcijme m 3 19§ tgﬁ#{%ﬂg@%ﬁa g
p r e S s gfl{ojgaarp | a 1 % 851Ired odlict?
{enpe raiept 409 /Oar(?dl/e ﬂl&@ﬁm@p STt %@d 93) ved
in Et A8 50 m.) and washed with water. The organic Iayer vvas dr| ed

by si | ca derTaiP, 3?3%&2{}85%%% i B8 TP

my of WPWidiasd-yhnyiim inaxdh4-dimethyipeatsi teg-1-ppphosphonate (1

2013/ 019828PCT/ U 12/ 0 CMS Ga 0.1% f
it s, CI8 A 512“%8 %Eé# fop ?%?{% vec faty el yﬁ)ammo 543
2- (( S)dlrgefggh)gnu P]E) 2ylz@o§g gits g B @OB]and -fluoro-1-(p-tolylsulfonyl)-

pyr i didn@at. 3Pyt GHudr i YODy P HYIﬁ]ldX‘eSJPf (hA getHhBimolhei d
(64) in2-Me- (omp 'V\@,ﬁ adqzled{ EBR bt g, 3.00 rnrnol) and water (4 rnL) The biphasic

2- ( ( SymiRtuf& wap Wogaps@l (def lausreamloft mgggden far dyprmoiutss 2, Bhen, KRhosi(@ild-& 0.24

- yl) pymmod) dind- Bdydtapd (0006 8, 036- chinmd} ek badtlyd sallthé myikjuet. hafier degassidd 6eith

(0. 42 nitrodénGdr amamldjtional I hifruites, file) vases wad deded\afiteated.a? 100mC 6dr 2idors oTh | on
in MeQidxtPe Y T8Il to Tésn $6h rht‘ﬁfb HYRB didhtbd keth BIOAQ IMctRINMPedh Wedtcef OTha30

m nut %ﬁtrat@%%@sh@@%ﬂlaﬁﬁ% 'fﬁﬁré@@é“ndaé%%gnt?di‘éh @) Vﬁi%t cri@s

ory R, B H&@@mp&ﬁé&s?é o o mi% gnf%érgql% ng%a? )

and t e ugfg[ﬂ g\}d
orgagl 039 gggw@% %/ § %;%% 98;) ﬁn% Qgﬁr%f The
resi
gr adi Zﬁ‘ii to ¥lﬁ'g 116} g él f‘HSlNNR
(400 WM32 (559 iz,
2H), 4.GMdS Gﬁad@% 10 &0%@ 0(1(% fgmnmcnd IézmmllH)S; QS@ECP(MRTF@AS mlrﬂzes MHED
3.59(#6235= 13.9, 1H), 1.12 (s, 9H); LCVMs G adient 10-90% O0.1%formc
acid, 5 mnutes, Cl18/ ACN, Retention Tinme = 1.93 m nutes (MH) 438. 25.
Preparati on of Conpounds 66, 67, 72, and 73 Synthetic Schene 29
(a)i.TMs-CF3, CsF, THF, ii. TFA, CH2Cl2; (b)
5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5 ? tetramethyl -1, 3 , 2-di oxaboro

| an-2-yl)pyrro 1o [2,3 -Db] pyridine, g X- phos, Pd2(dba)3 K3P&4, 120 G
(c) NaOMe, THF; (d) TBAF, THF. V\02013/019828PCT/ US2012/ 049097 Formati on
of (4R)-4-((2-chloro-5-fluoropyrimdin-4-yl)amno)-1,1,1-trifluoro-5,5-

di met hyl hexan-2-ol (180a) and (181la) To a sol ution of
(3R)-3-[(2-chl oro-5-fl uoro-pyrimdin-4-yl)am no] -4, 4-di net hyI pent anal

NN N




A solution of 5 -fluoro-1-(p-to lylsulfonyl)-3 -(4,4,5,5 -tetranethyl-1,3

, 2-di oxaboro lan-2- yl)pyrro o [2,3 -b]pyridine (0.091 g, 0.218 nmml), 7a,
(4R) - 4- [ (WoCchi3omes28- f | uor o- pyri m di n- 4- PCT/US2012/049097

yl)am no]-1,1,1-trifluoro-5,5-di met hyl - hexan-2-ol, 180a, (0.060 g, 0.182
mml ) and K3PO4 (0.116 g, 0.546 mol ) in 2-methyl THF (5 nL) and H20 (1.5
m.) was degassed under a stream of nitrogen for 45 mnutes. To the reaction
m xt ur e wad oacektion Xefp RE)(diisGir®pyl (B-(G2Auoroed-{S-Ancr 0P {give)l8[2, B biB4idin-

0. 005 3nyippyrimidie-4r@paihinop44-dimetkylpast- Ben11-@iplaspAathtE(i18a) a pressure tube
for 2 hours. The aqueous phase was renoved. The organi c phase was filtered
t hrough a pad aofsomsbit ef dRdE)edmopmpylat(@d(S-fluaracdi®-flTdre- I-®syll thl-pyrroe$l,due
was pUipfrided 3wil pysindidio st -gledminby-é gediogthyfient- ( 409y Qpiaspleonatee 3 Ya t(0.0ad,flof1d 60
my of nidiel)dasheBangr@duat.) whisl ANRI (s8RnmMVinizthoxE1®).2 nI8. AL LS , wilskdlutich &
(dd, Mc@HP, AdicB 3HAiInuldd) theBmBdurbtwasddifut& itdaquebll) satfraldl e, CPsctufordakd
1H), %xggctédjtwrle' v@tlflE{'@Ac 2}1')[16 c%n%‘ﬂneﬁdorggmc %h&sek'zwerg ihied %N%% i, filbrel dnd HZ,

2H), 4 ﬁdén ted“in va 0 I’GSI %l&z i %il biy 6‘ 5 =
1306 RN R .
T| rre Ib (g‘%%ﬁf Iﬁ%{ dieél émef%% O(E\@dsﬁ)cet @S%I’I a%ih% eTSiign
g/;agdle} ﬁgn@%ﬁte fn t:}?)_ ﬁ? ot %Hﬁg%% o%'&?ﬂb??}(%[i?gﬁwgidﬁy? i

5 7 ] )Piﬂ)““ %@I)E‘H“ P'%?SRE"“ 7.29 - 7.24 (m

5.30 -pp,
2 43 ; 33T %%1 g i* E)‘Eh? 1(§fg u o%( ﬁh&g %10%031 di
G adi i?@ é ! f%}ok 4r%1 B 1P$§SP%§§;§A&§? 9 m
4.02 ! %(11% dHofuP fqaaﬁﬁonof
(4R) - Im%tuie t“farsfslt% dnzﬁ BaT thy, 8%2‘:’8“%‘10(115 # dvd f g2n§VS B 3-
yl ) pyrirfug reas-dpluyesnivit)EOAs. andriitery ﬂHb‘S@élEh 2@6‘1@ 6 dmre 6735 concewt%fi
sol ut iveeucoto giviRhe dedired-nproduck emd%k‘gra(y(@ldf IHé‘iMR2(4@(5MHZ worlMSQ® 12.28 (s,
syl- 1HHy8.46 (db J[=9.9, 2.7 Hz, 1H), 8.30 - 8.21 (m, 2H), 8.15 (d,/=3.9 Hz, 1H), 7.29 (d,/=9.5
b] pyr iHH, N1H3-4/5 ) @itrJ #il2i3062-14, PN 87 5/ 508 Fet hif), hedsant.@8 @h, 3HB289 -(13053
g, O. Qﬁﬂ, 1Pl 24vas.cadee di2M0 o @, OB, gCois Zhddised Li-beys, 0N AWEBhic G 15
Nl ) .mihRRs, [EagA TN RM Xb Uk eninds BV1iH) 86036, room t enper ature for 5 minutes.
The reaction mxture was diluted into Et0Ac and aqueous saturated NaHCO3
sol ut ikematiofs oroganiR)- (ﬂnc(semua&z%mcbromeﬂ!- VoI 2,3t bl eidas 3ampyeinmannys at ed

in va mino)e4, a3 AR tH NRPhomtatide@oby silica gel chromatography
(Et OA%xam) to affor dylg% p of thge(gegl red product, 66: 1H NWR (400

MHz, CDC13)Td6 a9satdtidrs of 1(A)- d1180pﬂf$p§(l€{@ (3 8uo-(Rfluorbizl, H- M‘Brolo& 1-5]ysidinkBsd) ,

8. 10 (%qj) yamidn4-yFamidbh-4,44iB8th§ thent) 1 p &pﬁoﬂfﬁe Ieh, &@.664 £S,0.3H) mrdo1B4id d,
i :65 roﬁ%aﬁé(g%lﬁ)t was) adri%d; oﬁg‘m S l?_lll%ng r(él%n&%:g ligmglt%le/ "ﬂ'—hegyea%t(‘i)%gn 1'(;')
i {5 t I h 0 o4

aci d, 1 r&ﬁ? l%l rt 'olgq tﬁélefh llége @h‘ Iﬁoﬁl(Ei raﬂ %0 the

The secon
B il B

to Iyla§ig hongte, B Ibyridin-3 -yl ]pyrinidin-4-yl] anino] -5,5

- di hyl - 2 4a 0. 06 T dd d
S S
terrpe Hg2 6f 030
m nut € xt]m’ Huleds rﬁréd@ﬂtoh(b Qe Odlye deimic saigidirat ed

NaHCCBmQ@ﬂe&tG]@ﬁACNhBTOT @&ﬂnfl@lnpﬂqaﬁ\ﬁm&@wed over I\/gSO4 f| | tered and
concentrated in vacuo. The residue ywas purified by s

chr ot aor Y58 565 B Ohphexan Ly |5 NTRY0 $oke WEORS £ 8 ddun2Hn
NVR ( 408 (dHZ £33HE 4173, - 1641 6n. 228 (d9/ ¥ 8.7 Hz, 2HY, 306 2143 gn, 311194)1 3%.16
(s, 1H1,28m.GH)d]. 10 (& 2 61 Rz, 9H);, L@m&}(adi,enm&-%O/ooOH% form)c adsd, F0ominaites) =
15. 0 MZ8/AEN, R5.<4D.06 nGndt6s (Vi HLEHS. 13, 32 - 4.24 (m 1H), 4.23 -4.17 (m 1H),
2.37 (dt, J'=14.9, 3.4 Hz, 1H, 1.85 - 1.71 (m 2H), 1.09 (s, 9H; LOWS

G adi ent  10-.90%. 0. 1%ft?r thﬁd 5 mnutes, C18/ ACN, Retention Tine =
2.37 MM The foll owi ng two di astereoners can be
prepared in a simlar fashion as the procedure descri bed above: HOHO NH
, NNH AA NNN N H72H73

(4R) 4- 05- Fl uor o- 2- (5-f1 uor o- 1H—pyrro%‘[2 3-b] pyridin-3-yl)pyrimdin-4-yl)a
m no) -5, 5- di net hyl hexan-2-ol (72 and 73) Diastereoner 72: 1H NVR (400 MHz,
CDC13) 6 9.99 (s, 1H), 8.60 (dd, J = 9.4, 2.7 Hz, 1H), 8.26 (s, 1H), 8.20
(d, J =2.6 Hz, 1H, 8.10 (d, J = 3.2 Hz, 1H), 5.06 (t, J= 12.3 Hz, 1H),

4.28 (dd, J = 9.6, 7.2 Hz, 1H), 3.96 (d, J =5.7 Hz, 1H), 2.71 (s, 1H),



(a) Ph3P-Br, LiHVDS, THF; (b) 0504, 4-nethyl norpholine 4-oxide, THF, H20;
(c) X-phos, Pd2(dba)3, K3PO4, 2-nethyl THF, H20; (d) MeONa, THF;, (e)

5-f | uor o-wo@pttwmbpseBsul fonyl)-3- (4,4,5,5 -tetranet hyl - 1P8T/IB2a20%®DDr O

| an-2-yl )pyrro lo [2,3 -Db] pyridine, 7a, X-phos, Pd2(dba)3, K3POX, 2-nethyl
THF, H20, 120 C, (f) MeONa, THF Fornmation of

(R)-2-chloro-N- (2, 2-di net hyl hex-5-en-3-y1)-5-fl uoropyri m di n-4-am ne
(188a): To a solution of nethyl (triphenyl)phosphoni um brom de (0.983
g, 2. SydtheielSchemedHF (40 nL) was added Li HVDS (2.753 nL of 1 M solution,
2.753 mol ). The reaction m xture was stirred at roomtenperature for 1
hour. A solution of

(3R)-3-[(2-chl oro-prfluoro-pyrimdin4-yl)amnm no] -4, 4-di net hylypeé‘w/tanal
(0.550 g, & I) |n THF £ 0 ) S add)edtothe reactpondnxture

resulting in|sign Qa_m_m'_em eXy or ITB.tI on. The reactl on xture was
stirred at ro ﬁrrperature for ﬁ} nut Tt}e react NIFe was
diluted into Et0Ad and aqueous satur?t ed ol ution rganl c phase
was separated, dried over MySO4,2%ilt&re é’nd% cent yat svacuo. The
resulting residue was purified by silica gel chronmatogr aphy (Et OAc/ Hexanes)
to afford 180 ng of desired product:f1H NVR (400 MHz, CDC13) 6 7.80 (d, J =
2.8 Hz, 1H), 5.746 - 5.60 (m 1H), 5-4.91 (m 2H), 4.82 J#$22.1 Hz,
1H),426--444_—Gnq—],H), 2.58 - N 48 (Cry 1H 207 - 1.92(m)1%), 0.94

(s, 9H); LCwVS fent 10- 90% 0. e ormi c acid, 5 ninutes, 8/ ACN,
258.38. Formatioh
-4-yl)am no)-5, 5-d rreihy hexane- 1, 2- di ol

Retention Ti geJ» 60m nut e ¢

(4R) - 4- (( 2- chlorogfluorop i

(189a) and (190a): To aNsolNution of N" N

(R -2-chloro-N-(2, 2-di rrethy x- 5Ten-3-y1) - 5-f | uor opyyi ni dita- 4- ami ne, 188a,
(0.140 g, 0.543 nmmmol ) in TH 10 n) and H20 (10 n.) was added osm um

L T T SIS 0 8

hour s. Tt %ﬁ et

2013/ 019828PCT/ U82012/ 049097 saturated Na28203 The resul ti n% m xt ure was
sti r r diermation®f grhromosS-Alugrett(pdetydsalignybpypirolet2,3-iByddigga222)phase was
dried over MgSHA, filtered and concentrated in vacuo. The resulting residue
was puri fi Sdbroynosi-flue@- Yéipyohloghydibdyrainiey (X Mg BB CHAGDD) widiasdlorddindDMEy  of
t he fi(335 ndl)asidedoptoden,0 AB98odiandhalidey 1 6fg, 13T sewdndadaddetiandahercacti@Da.

Di ast efie®ival §@acd forl INVRN(#AQAndien thIAel3YitbtobyBhldrilie &5 2. B Fmolfd) Thd. 00
(d, I mmixBr@wh stiddd for 40 Hlin(s aldPC aftd On-a3 r&ﬁn tempekifive Br 4Rthdho dnuld: 2,
8_4 Hzph e 3 etiof: ﬂ-lg(t&r%’wé!s our Zrﬂo (anqu l‘bf) %nd ]tgp SosuBin id Wi eolfeced (dod
J= 19 gd 9/1 nd eX t1 éso on1 | a’cu L

S t@é‘g%ﬁﬁﬁ L

, 3.22 (s, 1H), 2.12 (s, 1H) 195(dt J=14.7, 4.2 Hz,
1H) rosﬁla&iddd of= 18ifiBor1<Lp-talyRulfgnylf-B)(4,405,8ett Smethiy)- ;13513%:;%@(&1@{12-

10- 90(@ grﬂo%[ﬁqtmpg,rﬁ@ﬂ@naﬁ m nutes, C18/ ACN, Retention Time = 2.24 m nutes
(M+H) 8 Formation of (4R)-4- 05-f | uor o- 2- (5-fluoro-1-tosyl-1Hpyrrolo

[ 2, 3- b] pyr i3dbromd=5-YudiRyT-{ArtdlyBulforyl )paurblop),3-biBridimeetinal heane-1b, @ﬂm@l)
(191ap 45, 5-tetré|t_ﬁetﬁy1521£4m J580teRbmethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane (8.3
(4R) - 4o[{ 27 aﬁ’lrdcbo%s LHOIRrRY (3 é d32"5 1) %é’t@ﬂtetﬁmﬁfﬂia@i@(m bt Pcdﬁt'aﬁl % dio

3

et gt v%ﬁ d%@x;gﬁg@% i %ffg% méﬂfﬁh @g g °
0.401 H20
(2 nL)m% qﬁg %&0 %Bfé i Bgnfthe% ise lef%%ﬁ% AU

r eact iTOM 1S HYJechlotonts: am( ?C%ﬁrm%lflarm% Bioxyes 2

(0. 00P gn oi odeeﬁﬁstsile)prodméwlae £ RO AP3ang éoaﬂéaeﬂ.TrBrM (3 mig@nghpgfedto

pr ess dgfdux. ublcrf eolipg kppom temveraélqaetbg sesyHugeusrension s ddteaasdotnievide §4rd ¢
phase ofitlss ddsireé peduttascughitasgiald of NOAR (309 Melibkk, DOAS@wk) aBed (dd, fadub.1.4The

r esul tHzd Hyy &id< (sydtthr 8.8b (as=@w Hizi 2d),IN85siddi da §6) 2.8 H ek ogad ity = 8.3

( 60%EtrBACHYEX3MEes 3HY,a .33 (soraH)140 ng of the desired product, 191a: 1H NMR
(400 MHz, CDC13) 6 8.51 (dt, J= 7.6, 3.8 Hz, 1H), 8.48 (s, 1H), 8.32 (d, J=
1.7 Hz, 1H), 8.12 (dd, J= 7.2, 5.7 Hz 3H) 7.30 (d, J= 8.1 Hz, 2H), 4.99
(d, J= 10.1 Hz, 1H), 4.42 -4.28 (m 2P9, 3.72 - 3.47 (m 3H), 2.40 (s, 3H),
2.19 - 2.09 (m 1H, 1.97 - 1.83 (m 1H), 1 49 - 1.34 (m 1H), 1.06 (s,

9H) ; LCIVB Gradient 10-90% 0.1%formc acid, 5 mnutes, C18/ ACN, Retention
Time = 3.53 minutes (MH) 546. 49. The second di astereoneric 1, 2-diol,
1904, _was aI By react ed |n the sane fashl on to produce the d| astereorrerl C

~ 1 A N~ a2 R NN A S\ ~ ™~ A ~1 N N NS



(a) i. carbonyl diimdazole, CH2Cl2; ii. potassiumethyl malonate, MCl2,
DVAP, Et3N, THF, CH3CN;, (b) i. ammonium acetate, EtOH, reflux; ii. sodium
cyanobor oNQanida9s28cOH, Et OAc; iii. 2,4-dichloro-5-f| uoPopyus2omaiaee]
1Pr2NEt, EtOH, (c) 5 -fluoro-1-(p-to lylsulfonyl)-3 -(4,4,5,5 -
tetramethyl -1, 3 , 2-di oxaboro |l an-2-yl)pyrro lo [2,3 -b]pyridine, 7a,
X-phos, Pd2(dba)3, K3PO4, 2- nethyl THF, H20, 135 C, mcrowave; (d) LiOH,
MeOH, Fsn@tiokor mat i onf of et hy3-fluoro-3-(5-fluoro-4-methylsulfanyl-pyrimidin-2-yl)-1-(p-
3- oxo-taly(shdfonyl)pyrerolof2iBbhpyridine (BEgnt yl ) pr opanoat e (195a). To a
solution of 1-(trifluoronethyl)cycl opentanecarboxylic acid (1.30 g, 7.14
mmol ) in di2ethloverBudranemetylsufinylgyriaddied ddsbogyl 9.8i imindBz obdlupk-46pg,
33. 68 tomyizulfonyAf-B-€4,4s) 3-tatiangtHyl-H BL2-dioabbarolam 2-gipercd[Ar3eh |pyhidine.e2a t (2an gynas
concermt( aingsl) bid WAGUO; {109 g, N8I Bluwl) were disdolvedNatMAE {317a8SkL) and water (7.5
3- et hexiyy. %&&ﬁmmene@@aigedmﬂiﬁﬁei ok QO}mﬁ@te&)?eregted]inthg@d(FPHJ)) poRgdriined
wi th diiedle rﬁﬁragrﬁﬁl%ru@@ (rgnnjcl?ésgancil eHdd Wkdﬂt&ngv%ﬁt(lg‘t@ ‘EboHHm QO51%oﬁqm|)
in TH'%erﬁ at]tl?’e %E’g n?_ci)e\;f &deh afid (§>§J1PH%,; us\é\g& H%@

o co lecq

(r:ﬂr_Udi 1 01'5'11601 lz{ te \g m%tlo wa’s wate y trla t 1¥ 11
| 8 tgs g %g
W e ongiint T
af}‘lor ddlf? ¢ 182, 2H02. 36 (35D 98 XBECTIUS2012/ 049097 the deS| red product as a
1H NNR o M—lz 3 5 7 -4.18
{m %@?m iicgh | gy ¢ % &35 higro i migenylsuifinicon inighh-2x- 5y 1
1.30 (t® 15“!]““7‘)@"3‘" @]PE Fornatl on of (+/-)-ethyl

3- 0x0 nz@e f‘i (ot et Ry MEOD| Bireh §§ﬂ afoeleth@sa(lol igotndgtreatedygo
nmol ) paﬁwn&ﬁﬁeowﬁhn%ﬁbler%@eemaesldg{ 15 9463 ol), ikqerEng Hhe EoPaTafuraRsionar med
to ref20U& Pdiecr Stittiogrier 2 hers.cangther perioniod 3-chdgropwrhowaia aikd. | g bilmma) a

r esi dovesadded, edil sgoingedas conEn0AE fqr2@othkey hotitheA rilewd pdontiburod nwetdoropabenkzoio 0

C, andcalc@07cg,al 08l nfriol3 3G:srdded afdl btimimg| Wasacuhtinoed fom Xty miraitat ohlye tdadidon

(0. 498nigturd .v2:28treared ,with @fUidtkower 8vARdED;t @hithd ([BoXiineandThie: 18REL Wefe Was
al | onggpdredharit e ROMyt EWREHALHE Sy AN d5 &L K IC G HavBrisY, dikd (BB O gamtdan was
quenchggd c%éeﬂtr%b! %’ RJécu%% lém}c?ﬁ 3Sg3 giﬁcﬁ* tﬁ@ﬂ&%@%&o(ﬁfe{ Wi éllc(véLQoﬁH-)wlﬁ&{j

iéazzin%;g% Kl ﬁ@n i § TS R 431 e
i ﬁghg%ié g}g e reactl on was refluxed for 12

iyéfogg;‘”%;i' Spetoe ot ylsu%'nayﬁ“g% %pqii% bR ol 5

added

N, N-d

hour s r T r ilica
gel @é%o%@wﬁg%ﬁﬁgg 6%«%%9{%(12? él%%%l?% Iaslﬂ?on a?sstb%ﬁr%aggiée 8% M)écfa SDOtV¥ 5(2

yel | oW ’Léf\’/s Gradl ent 10-90% O. 1%formc acid, 5 m nut es c18/ ACN
Retention Tinme =g3.54 mnutes (M-H) 384. 40. Formation of (+0-ethyl
3-(5-fluoro- Zf%l,mro 1-tosyl-1H pyrrol o] 2, 3-b] pyri di n- 3-
yl)pyrimdin-4-yl no)-3-(1-(trifluoromethyl)cycl opentyl)propanoate (197a)
To a solution Nrac\em c et hyl

3-(2-¢h | uor opyri mi di n-4-yl ani no) - 3- (1-

(trifluo 0 t Nyl ) cycl opentyl ) propanoate, 196a, (0.084 g, 0.219 mmol) in THF
(10 nL) terq41 nmL) was added 5 -fluoro-1-(p-to |lylsul fonyl)-3

-(4,4,5,5 -tetgganet hyl -1, 3 , 2-di oxaboro | an2-yl)pyrrol o [2, 3-b] pyridine,

7a, (0. 137 g, 0.328 rrrml) and pot assi um phosphate (0.140 g, 0.657 nmmol).

The r éschloroadr(Srftabvo-4-(weeshdead fis gply rimikbin-2ay 1341 to syl Idf- py i tal @[@ Sab fipyridige

m nut €sa) To the reacti on was then added X-Phos (0.010 g, 0.021 mmol) and
Pd2(dba)3 (0.010 g, 0.011 nmol). The reaction was irradiated for 15 m nutes
at 135HONMR &300i itewd¢-EOM$0e Sresuld,idrg Id Kizutld), Wed) abncedtd Be.etH), 18.68a6u0 t 0
a br oviil)p8.63 \idhih 2weld z,pitH ), Bileddly= 814 He el ehdonatiogHapliy), QER40ATACHACL 2)
to af f3gy) dzg@é djgHof the desired product as a pale yellow solid: LCVS

G adi ent 10- 90% 0 1% formc acid, 5 mnutes, Cl8/ ACN, Retention Tine =
4.22 mnutes (MrH) 638.42. For mation of

(+/-)-3-(5-fluoro-2-(5-fluoro-1H pyrrol o[ 2, 3-b] pyridin-3-yl)pyrimdin-4-

yl am no)-3-(1-(trifluoronet hyI)cycIopentyl)propanmc acid (75) To a
solution of racem c ethyl - -fluor?oi] 2- (5 -fluoro-1-to syl-1Hpyrro lo
[2,3 -b]pyridin3 - yI)pyrlmdln 4 yIa 0) -(1-(trifluoromethyl)cyclop

entyl)prop ano ate, 197a, (0.080 g, O. 120 mml) in THF (10 nm) was added
l'ithium hydroxide (2 nL of 2N solution). The reaction was refluxed for 3
hours and cooled to roomtenperature. The non aqueous sol vent was renoved
under reduced pressure and the agueous | ayer was adj usted to pH 4 The

o o . ..



LCMS G adient 10-90% O0.1%formc acid, 5 mnutes, C18/ ACN, (MH 374. WO
2013/ 019828PCT/ US2012/ 049097

(+/ -)-3-050Bb1saNes28- ( 5- f | uor o- 1H- pyrrol of 2, 3-b] pyri di n- BEFIUSpyziondod? n- 4- yl )
am no)-3-(1- (trifluoronethyl)cyclopropyl)propanoic acid (93) LCVS

G adient 10-90% O0.1%formc acid, 5 mnutes, Cl18 ACN, Retention Tine =
2.37 minutes (M-H) 428.49. (+/-)-3-(Bicyclo [2.2.1]

hept arsyhthetle-Seh¢mefS uor o- 2- (5-fl uoro- 1H pyrrolo [ 2, 3-b] pyri di n- 3-

yl ) pyri m di n-4-yl am no) propanoi ¢ acid (95) 1H NMR (400 MHz,
CD30D) 6 8.62 (da#y J= 9.3, 2.6 Hz, 1HqQg 8.48 (t, J = 5.4 kg, olH, 8.32 (s,
1H), 8.29 ( M Hz, aH), 5.42 (dd, J= 16.0, 3.4 Hz, 1 2.84 (m
2H), 2.18 ( , oL 65—<m—4ty, (MW 6H-—+Ch TOEDO% 0. 1%
formc acid, m nutes, CIBMYEN, Retention Time = 2.12 mnutes (M+H)
414.28. (+/-)-5-Fl uoro\%& fl uoro-2-288-f| uoro-1H pyrrol o [27a3-b]
pyridin-3-yl)pyrimdin-4- yl)amno)-4-(fluoronethyl)-4-nethyl pentanoic acid
(84) 1H NI\/R(SOOM—IZ MeOD) 6 8.67 (dd, J= 9.6, 2.8 Hz, 1H),

8.16 (m 2H), 804(d Js 4.0 Hz, 1H), 5.38 (dd, J= 10.8, 3.2 Hz, 1H)
472-423(m4 (dd, J= 15.5, H }gO(d J = 15.5,
0/19 aC|d5

pyridin-3-yl) ﬁlr |n 4-yl) ani no) - 43¢ fret h pe#&aanoi ¢ aci d (85)
Car boxyl i ¢ aci ﬁx‘)3 Wis prepared in sa fashl on as carboxylic acid, 4,
b] pyri di ne instead of/sul foxi de, 1: 1H NWR , MeOD) 6 8.68 (dd, J=
9.3, 2.7 Hz, 1H), 'ﬁ‘ﬂ}ﬂe 8. 38 (s §H3 $y 1H), 5.17 (dd, J=
(M—_2H), 106(3 Gradlent 10-90% O0.1%
es —£18/ AQN, 2.1 mnutes (MH) 383. 38.
Preparation o mypundg 77, 78, 83 nd 9
acid, EtOH, r N, (b) 2, 4-dichloro orop
|2: MeTHly, ENG m%}%glcc:ac{dd)arﬁr%m?{a%g\',eﬂhgfolc sd eg; LiO'SLﬂuW% %—;f ﬂ-[g'ﬁégo@4- )
or ma - e n a
A sol ;hl% %%ﬁ% )qr{b%}ﬁelcaé%’grg%zg g} 9@5)23 ?{%%[ }e rra1 oni c
t©
filterfoymatigngl @ﬂe‘él“%t ﬂbgfiﬂlé‘h@ 110 m.). The filtrate was concentrated in
vacuo to diovesadutiay ¢fil. bidimethglprapys megpesiwd chloride GREDL p50 Md 30.0 meol) in
21. 79 tempdrytuvesor atide otis. Atsid sitd of thad périel thieUGkegrmiad esinplexiwasaqurathudeby
et han@bufigd ofife)508Ntof HasHEdXES BRI Y@l I &ff don¥@fratedr sulfdribavidS Thd Ber layer was
purified by short-path distillation to afford 1.0 g of pure 2,2-dimethylbutanal as a colorless oil:
'H NMR (400 MHz, CDCl3) & 4.17 (q, J = 7.1 Hz, 2H), 3.03 (dd, J=10.9, 2.3 Hz, 1H), 2.53 (dd,

10.9 Hz, 1. 15‘( /3 N\ LGVS Gradi ent
m nut es, ClB 412——¥© 2813/Q19828 US2012/ 049097 Cr
(+/ -)-3-05-chro BrY (5f|uor@7§H-pyrroI N, 3-
(see Synthetic Schéfe 1) using 5 -chloro- S-
-chl oro-4- (et hyl sul fignyl ) pyrimdin-2-y1)-1-¢ o syl 1Hpyrro lo [2,3 -
9.8, 3.5 Hz, 1H),
formc aci dF S
(a) NH40Ac, mal onic
S rimdine, 1Pr2NEt, THF, M
OH 95 C (c) 5 -fH1uor’crr1 (p-to lylsulfomyl)43 -(4,4,5 5 -tetramethyl -1,
, 2-di oxaboro | an-2- yl)pyrrolo [2,3-b] pyridine, K3PO4 X-Phos, Pd2(dba)3,
aci d THHOR U ¥B3H 43.58 mml) in
absol ut e et hanol heat ed at refl ux for 4 hours. The solid was
preci ptheat2dmdolwab addsd N-methyed/-plhreayt frempinlider @26 whs 20 Onoewt)riatag fontieracuo
t o af flarathetmic)gThrsydiowa syletibowasi pentigordlimtd doe dws ulduny iand astiretd (4. HénL,
separated and the aqueous phase extracted three times with 50 mL portions of ether. The
combined ether extracts were dried (MgSQ4) and concentrated in vacuo. The crude residue was
J =153, 2.3 Hz, 1H), 2.15 (dd, J = 15.3, 10.9 Hz, 1H), 1.50 — 1.33 (m, 3H), 1.28 (dd, J = 9.0,

5.3 Hz, 3H), 1.26 — 1.17 (m, 1H), 0.85 (d, /= 5.8 Hz, 6H).

Formation of ethyl 3-amino-4,4-dimethylhexanoate (27a)

A mixture of 2,2-dimethylbutanal, 26a, (3.00 g, 26.75 mmol), malonic acid (2.08 g, 1.29
mL, 20.00 mmol), ammonium acetate (3.08 g, 40.00 mmol) in ethanol (5 mL) was refluxed for
three hours. The precipitate was removed by filtration and washed with ethanol. The solution
was used without further purification.

Sulfuric acid (1.962 g, 1.066 mL, 20.00 mmol) was added to above ethanol solution and
the resulting mixture was heated to reflux for two hours. The solvent was removed under

-67-



WO 2013/ 019828PCT/ US2012/ 049097 sol uti on was cooled to roomtenperature and
concentrated in vacuo to give a thick oil. Water (10 nlL) was added and the
sol uti on waxorsaups2al i zed with 2N NaCH The aqueous | ayerCras2@zion@met ed wit h
Et 0Ac (3x 25 nlL), dried (MgSO™4), filtered and concentrated in vacuo to
afford 2.4 granms of desired product: LCVS G adient 10-90% O0.1%formc
acid, 5 mnutes, C18/ ACN, Retention Tine = 1.54 mnutes (MH) 214. 14,
For matredugod (préssyree Wntér3202méh |aod cetlerf(1QomE pperd mildhidntodthy | @ndaodsiddie( 1The
met hy laqyalue exy Wap sgpenahiel §206d)vith cther (A0 MIXt Theo@hnic layers were discarded.
2, 4- diTtlalaqtiebus sblutien Gapyéutrilidedeith SoBdmohydBSxidSsonmitn) (ON) a6€ batGratidRydudr
am NO-pealPonaRt ShEHC tPBEAY | AN SRANRAL Rith Z0R@, ackt3H & ldln]Sb MRl dorfed
N, Ndi 'o%é?a%co Er‘é‘%@fé %bﬁk% \Qﬁh 3t (1 G fls Obxn?{@)dlbniL fteed ARl 3%‘&&@&“

1

glo 9'n %cu GCUs o@% es%r sm%l tbgs'aolg%h\f\%%llwg P WG
ngg:ra s 11 u 5 X 108, Iﬁ ngr Oﬁjﬁ rp Blolcr:a%on: 2|

cr ude N b@f 5t 74%%5 gf J‘g’ 3 28t
foarry < HG I )8(1) /5997 5

234
szséHQn%%m)l 174ngéHoﬂP 857(d2-1ﬁz b4 6H 62 (dd J— 14.7, 3.8 Hz, 1H),
167(m1H) 1.17 (m 10H), 1.10 (t, J= 7.1 Hz, 3H), 0.85 (s, 3H); LOMS
G adi d?urnmﬂioﬁ@q‘@tliyl 3‘%((3-ﬂnmm2aﬁ-|ihhor6lftpspdﬂéﬁ-pyﬁW[m]PRéﬂimB+' on Tine =
3. 69 niypyiidsidinVi))advido)3R4-dhaetiBlhexanbdate (28a)
(+/ -) - et hyllo3r {Bpédsionr oF-oBnyl 3= drhiner4ps-dimi @by Aexbbiyr 270, ¢d. 29 3- bb@y:fm@lb BndB5-
yl )pyrﬂumcdg 54% FOTH Ithydsulfiny IR Y HEYE L Dhe o D6 RRAD Y €06 ROYB)pyridine, A
sol ut '2@9 iby%ﬁo i Prip &k il f RBY Jdaed N(Z\Adff'so%r 1dt lérﬁ{ﬁ%t(b% 3
2-di g Qe%ésg%hﬁlc&i’ 90 R BUh e ARror LoV thesof@nfTTRldbe

race

| uorr% ;g%sxg F oy g Bl e shismyerenlye (0-50% 3
vvaterd% %ﬁ %&Eﬁgéﬁ S ol Tg@tgﬁaﬁ ?#g f8o$3 reuzels@H% Phos

(0. 03 1§D, 8}1 td.efof ﬁc?Hbd@éetS@»)Jr@@ id2. 4D, élﬁid%ﬂ]ﬁ 0:le? 8 P&?ddé‘d 4t (tehe
resul ting0® e 3Redded atl 3:716.8d1E.2 [3r4é)s(§u$1é) v1|432| (dtof =4 4o WS HzThe
r eact 269, m0gt(Lre=\iab HzodHadl.0b —+ ®8n(me BPdr AF I¥MR (282t Hed CREY:)cd RO at ed
i n vadia.75Thé fedduel HWaslE) sEB.ied, iR), ECOAS dradficni)0-200d, vdshfadmvd ddid,viat er .
The omgianics, ¢ BYLCNWRT -€4il1@thiaMgSOA}H) B72.02r ed and concentrated in vacuo.
The crude residue was purified via silica gel chronmatography (0-35%
Et OAclﬁd@mmﬁ o% -ﬁﬁBl)o- ﬂufo% <iH4 BH)[QB ﬁ]B?rléiﬁﬁ?; ?Bﬂyﬁﬁﬁéﬂﬁ% as a white
SOlIaQ'l)]“ i 8. 48 824(d J=

: 89(q

= et yl rf‘ 1H2 H>p d1n
(s, 7:%&)DHZ "‘%?f‘l (rl gle{‘?noaf? ﬁ%ﬂr ‘é{%ﬁ ent
(0)

60- 98‘%1‘1 11‘;4 ?ﬁlﬁt&ﬁl’esl SQ%DLA hﬁRéﬁiaé‘iﬁ?Ii HHXFW alsd iRyt es

( MrH) nyg@v&@ge rq:a@ﬁqﬁﬂelttl Qf 0( n@pﬁtw The reaction was quenched by the addition of

3- ( 5- faluenus-satuEEed NH)lC(bSQHprrr cofesul8ng e RIF¢ipaty [Wasyollastad and -washed

yl ami najh 8-afet- m@tmyﬂrldzwahd)hdwyl Y Preopemipatd ofganjc phases wiee themotamctmrataf iret hyl

3 - (5 vatduor @v2pis debiretbeabdxtio asidlasidsqidr rbhd @lid2 was dbfieyt vrich Inyd3ochloric

yl) pyracidi (d mi4ydfarmi n@d)utdn§ end ngbhiiligyic Itcorgeoeyllltmrm@aﬁo@b edesdf drodult 49 410,

0.81 mmomoﬁdgﬁ%g@y@u Wasvaeadedi NEIR (B9 Mz, ficd) S w1 (@1 +m dipxane,
) 8.1467e 1§39 B'tl!SQr‘S ‘I‘@%mh@m edold 7JCL OfFl’i 1%)“9@Qs(daﬁd 61‘?1'2 a9 |3eﬁ5 to

room t(&&ﬂ@?fﬁé%?z 991,55k onbg ,Hm Jisl\g dyceg, Poroa @fbat he

produ t Z e % 1% S@ Etlﬁn

prec %_P(a]%t Zd '%" y 6 (If §I ent

(l\/gS tic (FddOTES  4F Mmﬂ)l ified

by sil4 hr% HBYED {1 tOAc/ Hexanes gradient) to afford 230 ng

of the de Pe‘@cﬁfl’é‘dﬁ’@ftmé‘s WaR S@pfmt@qﬁil o SEE] chpralyggparation to glve the individual

2013/ @@%Mﬂ@%@ 049097 1H NMR (400 MHz, CDCl13) 6 9.55 (s, 1H), 8.58

(dd, J= 9.3, 2.5 Hz, 1H), 8.18 (s, 2H), 800(d J= 2.7 Hz, 1H), 5.13 (brs,

1H), Qr%r&ﬁonaﬁC&naoﬁﬂdsm-&ndBi 84 (m 2H), 2.72 (m 1H), 2.38 (m 1H),

1.67 - 1.15 (m 10H), 0.94 (m 3H); LCMS G adi ent 10-90% O0.1%formc acid,

S m nigyasheticSehéble Retention Time = 2. 77 mnutes (M-H) 444. 36.

3-(5-fluoro-2-(5-fluoro-1H pyrrolo [2 3-b]

pyridi n-3-yl)pyrimdin-4-yl am no) - 3- (%8 rret hyl cycl ohexyl ) pr opanoi ¢ aci d

(78) LiOH (0.118 ng, 4.927 mmol’)"was added to a sol ution of ethyl

3-(5-fluoro-2-(5-fluorolHpyrro lo [2,3 -b] pyridin-3

-yl )pyrimdin-4-ylam no)-3 -(1-methyl cycl ohexyl)-prop ano ate, 77, (0.23 g,

0.49 mmol) in water (5 nL) and THF (5 nL). The solution was stirred at 95 C

for 18 hours and then cooled to roomtenperature. The sol vent was renoved

e/ni‘;




Compound 86 was synthesized in a manner simlar to

3-(5-fluoro-2-(5-fluoro-1Hpyrrolo [2,3 -b]pyridin-3

-yl) pyri mvaiznt3ags2am no) - 3 - (1- met hyl cycl ohexyl ) prop an®Ce/tse#1d/ 049087 usi ng

adamanti ne-| -car bal dehyde as the starting material: 11-1 NVR (400 MHz,

CD30D) 6 8.75 (dd, J =9.7, 2.7 Hz, 1H), 8.18 (s, 2H), 8.00 (d, J = 4.2 Hz,

1H), 2.81 (dd, J= 15.2, 3.1 Hz, 1H), 2.55 (dd, J= 15.2, 10.8 Hz, 1H), 2.00

(m 3H) ., 82 -1.49 (M 12H); L Gradi ent 10-909 Ool%form'c acid, 5

m nut es,/” C18/2ACN, entpon Ti = 2.4Q mnutes (N 454.34. F

(+/-) 1--Adaran - 341 2-( 5- ore=lH-pwrrol 0 o

pyri di -yl)-5-f ro-pyrim 4- yl] am no]

Conmpound 94 was synthggi zed in a mggner simlar

3-(1- Adamantyl) 34[ 5-fluoro-2-(5- fluoro-1Hpyrro lo [2 3 -b]pyridin-3
| )pyrimdin-4-yl] am no] propionic aC|d 86, using 5 -chloro-1- (p-to

= DIoEt
pan0|c acid (94)

-y

| yl sul fonyl)-3 (4455-tetramethy| , 2-di oxaboro lan-2-yl)pyrro lo
[2,3 -Db] pyridine ifnst ead of boronat e est r, 7a,. 11-1 NWR (400 MHz, CD30D) 6
9.02 (d, J= 2. %840-824(@ 1§F‘§d J= 5.0 Hz, 1H), 4.91
(d, J= 11.6 HzN \1 9 88d(dd, J = 16N . 2¢65 (dd, J = 15.9,
11. 0 Hz,r 1H), (s SH1. ¢ : 7.9, 11.9+Hz,—12M; LCMVS

G adi ent -] 0.1% f 0%3i ¢ acy4d, C18/ ACN, Retention Tine =

2. 60 m nutes H) 470.27. Prepa i Q ourgaa68 Synthetic Schene 33 F
(a) NaN3, DWVF, N70 53 (b) propargyl" al oohol THF, toluene, 120 C; (c)
5-f|uoro-1-(ptoTSI yl sul fonyl)-3 -(4,4, 535 -tetramethyl 1,3 , 2-di oxaboro

| an-2-yl)pyrro o §2,3 -b]pyridine, K3PO4, XPhos, Pd2(dba)3, 2- MeTHF,

water, 120 C ( 4N HCn CH3CN, 65 C 2013/ 019828PCT/ US2012/ 049097
Formation of . NQ—OH - Q
y

(S)-N(1-azido- | but an-2-y1)

(216a) Am : : N
(S)-2- ((24ghlfor 5-fopyrirridi Z arrin , 3-di net hyl but y|
met hanesul Tionhamne, 75a,” (2.37 g, 7.6 ) odi um azide (1.89 g, 29.07

mmol) in DMF (50 m) was heated at O (ﬂfor 6 houss. The reaction m xture
was cooled to roomtenperature and poured into water. The aqueous phase was
extracted with EtOAc (2x 25 ni), dried (MySO4), filtered and concentrated

in vagyeiHNIss, (Méld?HPr weetb)\mep&uroﬁmp 214 T, 2 MafchiOfdid, GRiReRLAAC&RRY

SR DA ARG SR 2 <

Hz, 4.32-4.09 (m 1H), 3.60 (dd, J= 12.8, 3.9 Hz, 1H),
3.34 (dd J= 12 8 7 6 Hz, 1H), 0.96 (m 9H); LCIVB Gadient 10-90% O0.1%
formc_ acid, 5 mnutes, C18/ACN Retention Tine = 3.28 mnutes (MH)

273. 14 orp@,tlﬁﬂtqf éﬁngqhylcyclopentanecarbonltrlle (31a)

(S) - (1- ( 2-To(catth(-dR GCH sl ofp JiIMIS (842 pil)ofnh Moyolwgion-igiteteshigrobuas, B8-0LH1, 2

, 3- t r inznol) -iY -tgttdhydrdfaman| wes2ddday dropwise A solutionr & ofclqpenfandaghonitritd (.9 22 g,

3. 85 il thnwhdn tetrahydrofuran (10 mL) over a 5 minute period. After stirring at -78 °C for thirty

(S) - Nnfihu@z,i fethgl Ddtdenest Ry hyteard- siol Pwah hodadt for blcipsreipy r i THedieAetfbnawhde,
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For conpari son purposes, sonme conmpounds disclosed in W2005/095400 were
al so tested against influenza virus using the bDNA and MDCK cel |l protection
assays desonnizaddsBove, and their nean | C50, EC50, and EBCYAISe@koe®m9are
summari zed in Table 2. Table 1: 1C50, EC50, NWR and LCMS Data of Conpounds
of Invention. Conpound nos. MDCK 1050 (uM bDNA EC50 (uM bDNA EC99 (uM
NVR M+l LCMS RT 12.25 (s, 1H): 12.0 (bs, 1H): 8.8 (s, IAAA 1H):
8. 3 (d201hf) of 8h2Besisd pldfluct 8s b I{yslrochtdride7sat5lighit, ydldw pdwd&):( t 'H WMR (206 (m
392. 2MHzMecOD) 6 8.64 (d, /= 9.3 Hz, 1H), 8.14 (d, /= 8.3 Hz, 2H), 7.97 (d, /= 3.6 Hz, 1H), 4.99

(d,/J=6.3 Hz, 1H), 3.37 (s, 1H), 2.75 (dd, /= 14.9, 3.6 Hz, 1H), 2.55 (dd, J = 14.8, 9.7 Hz, 1H),

1.83 = 1.57 (m, 6H), 1.54 — 1.42 (m, 1H), 1.37 (dd, J=11.9, 5.6 Hz, 1H), 1.11 (d, J = 19.2 Hz,

3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 2.10 minutes

(M+H) 401.94.

The racemic mixture of carboxylic acids was submitted to SFC chiral separation to give the
individual enantiomers, 14 and 15.

Preparation of Compounds 20 and 23

Synthetlc Scheme 7
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(a) ethyl-2-triphenylphosphoranylideneacetate, CH,Cl,; (b) 5-fluoro-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine, 7a, aq. K;PO,, 2-Me-THF, H,0, X-
Phos, Pd,(dba)s; (¢) H,, 10% Pd/C, MeOH; (d) CH3;CN, 4N HCl/Dioxane

Formation of (R, E)-ethyl 4-((2-chloro-5-fluoropyrimidin-4-yl)amino)-5,5-
dimethylhex-2-enoate (372)

To a solution of (S)-2-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3,3-dimethylbutanal,
15a, (045 g, 184 mmol) in dichloromethane (9.0 mL) was added ethyl 2-
triphenylphosphoranylidencacetate (0.96 g, 2.75 mmol). After allowing the reaction mixture to
stir at room temperature overnight, approximately half of the solvent was removed under reduced
pressure. The remaining crude mixture was purified by directly loading onto a silica gel column
(0-100% EtOAc/hexanes) to afford 535 mg of the desired product: LCMS Gradient 10-90%,
0.1% formic acid, 5 minutes, C18/ACN, RT = 3.41 minutes (M+H) 316.32.

Formation of (R, E)-ethyl 4-((5-fluoro-2-(S-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-yl)amino)-5,5-dimethylhex-2-enoate (38a)

K3PO4 (1.078 g, 5.079 mmol) was dissolved in water (3.2 mL) and added to a solution of
(R E)-cthyl 4-((2-chloro-5-fluoropyrimidin-4-yl)amino)-5,5-dimethylhex-2-enoate, 37a, (0.534
g, 1.693 mmol) in 2-methyl-THF (10.7 mL) and the mixture was purged with nitrogen for 30
minutes. 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, (0.775 g, 1.862 mmol) was added and the nitrogen purging was
continued for an additional 15 min. X-Phos (0.048 g, 0.102 mmol) and Pd,(dba); (0.031 g, 0.034
mmol) were added and the mixture was heated at 80 °C overnight. After cooling to room
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1.0 (s, 9H). 12.25 (s, 1H): 12.0 (bs, 1H): 8.6 (d, 2A A A
8.3 (s, 1H: 8.2 (s, 1H); 8.15 (s, 376.21 1.92 1H): 7.45 (d, 1H);
t, IWD;201/8952m PCT/US2012/049097

temperature, the reaction mixture was diluted with water and extracted with EtOAc. The layers
were separated and the organic phase was washed with brine, dried over MgSQ., filtered and
evaporated to dryness. The crude residue was dissolved in a minimum volume of
dichloromethane and purified by silica gel chromatography (0-100%EtOAc/hexanes gradient) to
afford 650 mg of desired product: 'H NMR (400 MHz, CDCls) 3 8.57 — 8.38 (m, 2H), 8.30 (s,
1H), 8.11 (dd, J = 10.5, 5.5 Hz, 3H), 7.08 (dt, /= 36.7, 18.3 Hz, 1H), 6.01 (d, J = 15.7 Hz, 1H),
5.11(d,J=8.7Hz, 1H), 497 - 4.77 (m, 1H), 4.19 (q, J=7.1 Hz, 2H), 2.39 (d, /= 10.7 Hz, 3H),
1.27 (q, J = 7.4 Hz, 4H), 1.10 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, RT = 3.99 minutes (M+H) 570.01.

Formation of (R)-ethyl 4-((5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b] pyridin-3-
yD)pyrimidin-4-yl)amino)-5,5-dimethylhexanoate (39a)

To a nitrogen purged flask charged with 10% Pd/C (0.033 g, 0.310 mmol) was added
enough methanol to cover the catalyst. To this mixture was added a solution of (R,E)-cthyl 4-
((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-5,5-
dimethylhex-2-enoate, 38a, (0.330 g, 0.579 mmol) in MeOH. Note, a small amount of EtOAc
was added to fully solubilize the starting material. The reaction mixture was then stirred under 1
atmosphere of hydrogen for 3 hours. LCMS shows presence of significant amounts of starting
material. The contents of the reaction mixture were transferred to a pressure vessel containing a
fresh source of palladium (0.033 g, 0.310 mmol). The reaction mixture was stirred in a Parr
hydrogenation flask under 46 psi of hydrogen overnight. The mixture was diluted with methanol
and filtered through celite. The filtrate was concentrated in vacuo to afford 331 mg of the desired
product that was used without further purification: LCMS Gradient 10-90%, 0.1% formic acid, 5
minutes, C18/ACN, RT = 3.75 minutes (M+H) 572.35.

Formation of (R)-4-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-5,5-dimethylhexanoic acid (20)

To a solution of (R)-ethyl 4-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-5,5-dimethylhexanoate, 39a, (0.30 g, 0.53 mmol) was in acetonitrile (5
mL) was added HCI (0.70 mL of 4 M solution in dioxane, 2.80 mmol). The reaction mixture
was heated at 60 °C for 3 hours and then heated to 80 °C for 6 hours to drive the reaction to
completion. After cooling to room temperature, the mixture was then stirred overnight. LCMS
showed remaining starting material. Fresh HCI (0.7 mL of 4 M solution in dioxane, 2.80 mmol)
was added and the mixture was heated to 80 °C overnight. All volatiles were removed under
reduced pressure and the residue was diluted with EtOAc and aqueous saturated NaHCO;
solution. The layers were separated and the organic phase was washed with brine, dried over
MgSOQ., filtered and evaporated to dryness. The crude residue was purified by silica gel
chromatography (0-100% EtOAc/hexanes gradient) to afford 144 mg of (R)-cthyl 4-((5-fluoro-2-
(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-5,5-dimethylhexanoate, 23, and
29 mg of (R)-4-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-5,5-
dimethylhexanoic acid, 20. Spectral data for 20: 'H NMR (400 MHz, DMSO) & 12.23 (s, 1H),
11.93 (s, 1H), 8.48 (d, /= 9.9 Hz, 1H), 8.33 - 8.07 (m, 3H), 7.18 (d, /= 9.3 Hz, 1H), 4.39 (t, J =
10.2 Hz, 1H), 2.38 - 2.07 (m, 2H), 1.99 - 1.92 (m, 1H), 1.80 - 1.64 (m, 1H), 1.00 (d, /= 20.2 Hz,
9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 2.14 minutes
(M+H) 390.06.
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2H), 1.0 (s, 9H). 3 BBC 392.21 2.06 4 CCC 376.21 1.93
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Preparation of Compound 59

Synthetic Scheme 8
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Formation of (R,E)-4-((S5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b|pyridin-3-yl)pyrimidin-4-
yl)amino)-5,5-dimethylhex-2-enoic acid (59)

Starting ethyl ester, 42a, was prepared in the same fashion as the enantiomeric ethyl
ester, 38a, shown in Synthetic Scheme 7.

To a solution of (S,E)-ethyl 4-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-5,5-dimethylhex-2-enoate, 42a, (0.064 g, 0.112 mmol) in dioxane (2
mL) was added LiOH (2 mL of 2N solution). After heating at 100 °C for 2 hours, the mixture
was acidified to pH 6 with 2N HCI. The aqueous phase was extracted with ethyl acetate (3x),
dried (MgS04), filtered and concentrated in vacuo. The resulting residue was purified via
preparatory HPLC (CH3CN/H,O — TFA modifier) to afford 35 mg of the desired product as a
TFA-salt: '"H NMR (300 MHz, McOD) & 8.54 (s, 1H), 8.50 - 8.18 (m, 3H), 7.18 (dd, J = 15.7,
7.1 Hz, 1H), 6.08 (dd, J = 15.7, 1.3 Hz, 1H), 5.21 (t, J = 22.5 Hz, 1H), 1.12 (s, 9H); LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, (M+H) 388.23.

Preparation of Compound 44

Synthetic scheme 9

-73-



1H NWVR (300 MHz, MeOD) d 8.60 (d, J =7.7 H, 2H), 8.33 (s, 1H),
(t, J 5AAA=17.2 Hz, 1H), 2.93 (dd, J = 16.3, 2.8 377.24 2.17
1H), 2. 73w0dd13/01982816. 3, 10.6 Hz, PCT/US2012/049097
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(a)  Pyridinium chlorochromate, CH,Cl,; (b) ethyl-2-triphenyl-phosphoranylidencacetate,
CH,Cly; (c) N-benzylhydroxylamine, EtsN, CH,Cl, (d) H», palladium hydroxide, EtOH (¢)
diazomethyl-trimethylsilane, MeOH, benzene (f) 2,4-dichloro-5-fluoro-pyrimidine, EtsN, THF,
EtOH (g) 5-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-
b]pyridine, 7a, Aq. KsPO4, 2-Me-THF, H,O, X-Phos, Pd,(dba);, 80 °C; (h) MeOH, NaOMe (i)
aq. NaOH, THF, McOH

Formation of cyclobutanecarbaldehyde (45a)

To a stirred suspension of pyridinium chlorochromate (14.9 g, 69.1 mmol) in
dichloromethane (150 mL) was added a solution of cyclobutylmethanol (4.0 g, 46.4 mmol) i n
dichloromethane (60 mL). The reaction mixture turned black within a few minutes and was
allowed to stir at room temperature for 1 hour. The mixture was diluted with diethyl ether (500
mL) and filtered through a bed of florisil (100-200 mesh). The crude material was used without
further purification. Note: the product is volatile, the solvent was carried with the product onto
the next step.

Formation of (£)-ethyl 3-cyclobutylacrylate (46a)

Ethyl 2-triphenylphosphoranylideneacetate (9.32 g, 26.74 mmol) was added to a solution
of cyclobutanecarbaldehyde, 45a, (1.50 g, 17.83 mmol) in dichloromethane (30 mL). The
reaction mixture was briefly purged with nitrogen and capped allowed to stir at room
temperature overnight. All volatiles were removed at reduced pressure and the residue was
dissolved in Et;O (100 mL) and hexanes (25mL). The resulting pink precipitate was filtered off
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1H), 1.08 (s, 9H). WD 2013/ 019828PCT/ US2012/ 049097 6 A A A 1H NWR (400
MHz, CDCI3) d 8.31 (d, J = 6.4 Hz, 1H), 8.06 (s, 1H), 7.06 (t, J = 9.7 Hz,
1H), 4.58W0=20132198282. 80 (d, J = 13.2 Hz, 1H), 2.29 (dd, POTASIB2849087 7 Hz,
1H), 0.98 (s, 9H). 394.19 2.92 7 AAA

and discarded. The solvent was removed from the filtrate at reduced pressure. The crude
product was purified via silica gel chromatography (0-20% EtOAc/Hexanes gradient) to afford
646 mg (23%) of the desired product: "H NMR (400 MHz, CDCls) & 7.05 (dd, J = 15.6, 6.8 Hz,
1H), 5.73 (dd, J = 15.6, 1.4 Hz, 1H), 4.29 — 4.09 (m, 2H), 3.20 — 2.98 (m, 1H), 2.28 — 2.09 (m,
2H), 2.04 — 1.78 (m, 4H), 1.36 — 1.18 (m, 3H).

Formation of 2-benzyl-3-cyclobutylisoxazolidin-5-one (47a)

N-benzylhydroxylamine hydrochloride (0.77 g, 4.82 mmol) and triethylamine (0.76 mL,
5.45 mmol) were successively added to a solution of (£)-cthyl 3-cyclobutylacrylate, 46a, (0.65 g,
4.19 mmol) in dry dichloromethane (23.5 mL). The reaction mixture was allowed to stir at room
temperature under an atmosphere of nitrogen for 3 days. The mixture was diluted with 75 mL of
water and the layers were separated. The aqueous phase was reextracted twice more with
dichloromethane (50 mL). The combined organic phases were dried over MgSQ; , filtered and
evaporated to dryness. The residue was purified via silica gel chromatography (0-100%
EtOAc/Hexanes gradient) to afford 834 mg (86%) of the desired product: 'H NMR (400 MHz,
CDCls) 6 7.38 — 7.26 (m, 5H), 4.64 (s, 1H), 3.82 (q, J = 13.5 Hz, 2H), 3.37 — 3.18 (m, 1H), 2.80
—2.52 (m, 2H), 2.33 (dd, /= 14.5, 5.1 Hz, 1H), 2.22 - 2.09 (m, 1H), 2.01 — 1.68 (m, 5H).

Formation of (+/-)-3-amino-3-cyclobutylpropanoic acid (48a)

Dihydroxypalladium (0.252 g, 1.794 mmol) was charged into a flask and flushed with
nitrogen. Ethanol (30 mL) was added followed by a solution of 2-benzyl-3-cyclobutyl-
isoxazolidin-5-one, 47a, (0.834 g, 3.605 mmol) in approximately 90 mL of ethanol. The reaction
mixture was subjected to 50 psi of hydrogen for 4 hours. The pressure was vented and the
catalyst was filtered off. All volatiles were removed at reduced pressure. '"H NMR shows the
presence of starting material, 47a. The mixture was dissolved in approximately 100 mL of
MeOH and added to 83 mg of 10%Pd/C that had been wet with 20 mL of MeOH. The mixture
was subjected to 50 psi of H, overnight. The pressure was vented and the catalyst was filtered
off. All volatiles were removed at reduced pressure to afford 340 mg of product. The resulting
crude residue was used without further purification: 'H NMR (400 MHz, d6-DMSO) & 3.06 —
2.83 (m, 1H), 2.28 (ddd, /=23.7, 11.8, 7.7 Hz, 1H), 2.19 — 1.99 (m, 2H), 1.99 — 1.56 (m, 6H).

Formation of (+/-)-methyl 3-amino-3-cyclobutylpropanoate (49a)

To a solution of racemic 3-amino-3-cyclobutyl-propanoic acid, 48a, (0.34 g, 2.38 mmol)
in MeOH (10.2 mL) and benzene (10.2 mL) was added diazomethyltrimethyl-silane (3.56 mL of
2 M solution, 7.13 mmol) and the reaction mixture was allowed to stir at room temperature under
a nitrogen atmosphere overnight. The mixture was diluted with EtOAc and brine. The layers
were separated and the organic phase was dried (MgSOQy), filtered and concentrated in vacuo to
afford 354 mg (95%) of crude product that was used without further purification: 'H NMR (400
MHz, CDCl3) ¢ 3.71 — 3.66 (m, 3H), 3.18 — 2.98 (m, 1H), 2.46 — 2.32 (m, 2H), 2.27 — 1.63 (m,
10H).

Formation of methyl (+/-)-3-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3-
cyclobutylpropanoate (50a)

To a racemic solution of methyl 3-amino-3-cyclobutylpropanoate, 49a, (0.354 g, 2.252
mmol) and 2,4-dichloro-5-fluoro-pyrimidine (0.414 g, 2.477 mmol) in THF (10 mL) and ethanol
(1 mL) was added triethylamine (0.628 mL, 4.504 mmol). The reaction mixture was heated and
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stirred at 70 °C for 5 hours. The mixture was filtered and the filtrate was concentrated in vacuo
to approximately 5 mL final volume. The crude residue was purified via silica gel
chromatography (0 -100% EtOAC/hexanes gradient) to afford 289 mg (45%) of the desired
product: 'H NMR (300 MHz, CDCI®) & 7.87 (s, 1H), 5.80 (s, 1H), 4.71 — 4.38 (m, 1H), 3.68 (s,
3H), 2.84 — 2.37 (m, 3H), 2.23 — 1.67 (m, 6H); LCMS Gradient 10-90%, 0.1% formic acid, 5
minutes, C18/ACN, RT = 3.08 minutes (M+H) 287.98.

Formation of (+/-)-3-cyclobutyl-3-((5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3- b]pyridin-3-
yD)pyrimidin-4-yl)amino)propanoate (51a)

A solution of tripotassium phosphate (0.640 g, 3.021 mmol) in water (1.735 mL) was
added to a solution of racemic methyl 3-[(2-chloro-5-fluoro-pyrimidin-4-yl)amino]-3-cyclobutyl-
propanoate, 50a, (0.289 g, 1.005 mmol) in 2-methyltetrahydrofuran (5.782 mL). The mixture
was then purged with nitrogen for 20 minutes. 5-fluoro-1-(p-tolylsulfonyl)-3-(4.,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, (0.460 g, 1.106 mmol) was
added and the mixture was purged with nitrogen for an additional 10 minutes. Dicyclohexyl-[2-
(2,4,6-triisopropylphenyl)phenyl]phosphane (X-Phos: 0.029 g, 0.060 mmol) and Pd,{dba};
(0.018 g, 0.020 mmol) were added and the reaction mixture was warmed to 80 °C and stirred at
this temperature for 5 hours. The mixture was allowed to cool to room temperature. The
reaction mixture was diluted with water and extracted with EtOAc. The layers were separated
and the organic phase was washed with brine, dried over MgSO, , filtered and evaporated to
dryness. The crude was dissolved in a minimum volume of dichloromethane and purified via
silica gel chromatography (0-100%EtOAc/Hexanes).to afford 385 mg (71%) of the desired
product: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 3.68 minutes
(M+H) 542.27.

Formation of (+/-)-methyl 3-cyclobutyl-3-((5-fluoro-2-(5-fluoro-1 H-pyrrolo|[2,3- ] pyridin-
3-yl)pyrimidin-4-yl)amino)propanoate (52a)

To a racemic solution of methyl 3-cyclobutyl-3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)propanoate, Sla, (0.151 g, 0.280 mmol) in
methanol (1.5 mL) was added NaOMe (1.5 mL of 25 %w/v solution, 6.941 mmol). After stirring
the reaction mixture at room temperature for 5 minutes, the mixture was quenched with aqueous
saturated NH4Cl solution and diluted with EtOAc and water. The layers were separated and the
organic phase was washed with brine, dried (MgSQ,), filtered and evaporated to dryness. The
resulting crude residue was dissolved in a minimum volume of dichloromethane and purified via
silica gel chromatography (0-100%EtOAc/Hexanes gradient) to afford 108 mg of the desired
product: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 2.29 minutes
(M+H) 388.07.

Formation of (+/-)-3-cyclobutyl-3-((S-fluoro-2-(5-fluoro-1 H-pyrrolo[2,3- b pyridin-3-
y)pyrimidin-4-yl)amino)propanoic acid (44)

To a racemic solution of methyl 3-cyclobutyl-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-yl)amino)propanoate (0.042 g, 0.109 mmol) in THF (1.5 mL) and
MeOH (0.5 mL) was added NaOH (0.300 mL of 2 M solution, 0.600 mmol) and the reaction
mixture was warmed to 50 °C. After stirring the reaction mixture for 1 hour, the mixture was
diluted with aqueous saturated NH4Cl solution and EtOAc. The organic layer was dried
(MgSO0,), filtered and evaporated to dryness to afford 36 mg of the desired product that was used
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without further purification: 'H NMR (400 MHz, d6-DMSO) & 12.26 (s, 2H), 8.55 (d, J = 9.7
Hz, 1H), 8.19 (dd, J = 45.1, 15.8 Hz, 3H), 7.48 (d, J = 8.1 Hz, 1H), 4.79 (s, 1H), 2.58 (dd, J =
20.6, 12.2 Hz, 2H), 1.85 (ddd, J = 29.4, 26.5, 21.1 Hz, 7H); LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, RT = 2.10 minutes (M+H) 374.02.

Preparation of Compounds 10, 11, 19, 21, 22, 32, 33, 34, 35, 38, 39, 40, 49, 57, and 58
Synthetic Scheme 10
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(a) 5 -ﬂuoro- 1 -(p-tolylsulfonyl)-3 -(4,4,5,5-tetramethyl-1 ,3 ,2-dloxaborolan-2-yl)pyrrolo-[2,3 -
b]pyridine, 7a, K;PO4, X-Phos, Pdy(dba);, 2-MeTHF, water, 120 °C; (b) MsCl. CH,Cl,; (c)
KOAc, DMF, 80 °C; (d) 30% H,0,, HCOOH, RT, 2 hr; (¢) oxalyl chloride, DMF, CH,Cly; (f) (i)
methylamine, THF (ii) 4M HCI, CH;CN, 65 °C.

(8)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo|2,3-b] pyridin-3-yl)pyridin-4-ylamino)-3,3-
dimethylbutan-1-o0l (54a).

A mixture of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, (11.09 g, 26.64 mmol), (S5)-2-((2-chloro-5-fluoropyrimidin-4-
yl)amino)-3,3-dimethylbutan-1-ol, 14a,(6.00 g, 24.22 mmol ) and KsPO4 (15.42 g, 72.66 mmol)
in 2-methyl THF (90 mL) and water (12.00 mL) was purged with nitrogen for 30 minutes. X-
Phos (0.92 g, 1.94 mmol) and Pd,(dba); (0.44 g, 0.48 mmol) were added and the reaction mixture
was heated at 120 °C in a pressure vial for 2 hr. The reaction mixture was cooled to room
temperature, filtered and concentrated in vacuo. The residue was dissolved in EtOAc (100 mL)
and washed with water. The organic layer was dried (MgSQ,), filtered and concentrated in
vacuo. The crude product was purified by silica gel chromatography (0-40% EtOAc/Hexanes
gradient) to afford 10 g of the desired product as a foamy solid: 'H NMR (400 MHz, CDCl;) &
8.54 -8.40 (m, 2H), 8.22 (s, 1H), 8.09 — 8.00 (m, 3H), 7.29- 7.16 (m, 2H), 5.15 (m, 1H), 4.32 —
4.14 (m, 1H), 3.98 (m, 1H), 3.70 (m, 1H), 2.30 (s, 3H), 1.01 (m, 9H); LC/MS (60-90%
ACN/water 5 min with 0.9% FA, C4) m/z 502.43 (M+H) RT = 1.52 min.
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(m 6Hp)-2454Bi0f a3 (SHluorddl-®sylel B-piirrold[2)3-blLpB6dipel-yl)pyridib24-9lankind)-Bi3: 1H) ,
1.11 (BmethflbutdPmetiandsidonhde G54).

Methanesulfonyl chloride (1.83 mL, 23.67 mmol) was added to a cold (0 °C) solution of
(S)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b] pyridin-3-yl)pyridin-4-ylamino)-3,3-
dimethylbutan-1-ol, 54a, (9.50 g, 18.94 mmol) and triethylamine (3.30 mL, 23.67 mmol) in
dichloromethane (118 mL). The reaction mixture was stirred at room temperature for 1 hour.
The solvent was removed under reduced pressure and the residue was diluted with water (100
mL) and EtOAc (200 mL). The organic layer was separated, dried (MgSQ,), filtered and
concentrated under reduced pressure to afford 10.5 g of the desired product as a pale yellow
foam: LC/MS (60-90% ACN/water 5 min with 0.9% FA, C4) m/z 580.41 (M+H) RT = 2.00
minutes.

(S)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-yl)pyridin-4-ylamino)-3,3-
dimethylbutyl ethanethioate (56a).

To a solution of (5)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b] pyridin-3-
yl)pyridin-4-ylamino)-3,3-dimethylbutyl methanesulfonate, 55a, (10.5 g, 18.11 mmol) in dry
DMF (200 mL) was added potassium thioacetate (3.1 g, 27.1 mmol). The brown solution was
heated with stirring at 80 °C for 1 hour. The thick brown suspension was poured into water and
extracted with EtOAc (3x 100 mL). The combined organic phases were dried (MgSQO.), filtered
and concentrated under reduced pressure. The crude residue was purified by silica gel
chromatography (0-30% EtOAc/Hexanes gradient) to afford 6.8 g of the desired product, S6a, as
a pale brown solid: 'H NMR (400 MHz, CDCls) & 8.41 (m, 2H), 8.23 (s, 1H), 8.01 (m, 3H), 7.23
-7.16 (m, 2H), 4.99 (d, J = 10.1 Hz, 1H), 4.37 (m, 1H), 3.21 (dd, J = 13.8, 2.3 Hz, 1H), 3.09 —
2.95 (m, 1H), 2.31 (s, 3H), 2.16 (s, 3H), 1.02 (s,9H); LC/MS (10-90% ACN/water 5 min with
0.9% FA) m/z 560.99 (M+H) RT = 4.14 minutes.

(8)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo|2,3-b]pyridin-3yl)pyridin-4-ylamino)-3,3-
dimethylbutane-1-sulfonic acid (57a).

To a cold (0 °C) solution of formic acid (103.4 mL, 2.7 mol) was added H,0, (34.2 mL of
30% solution, 0.3 mol). The solution was stirred at 0 °C for 1 hour. A solution of (S)-2-(5-
fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-yl)pyridin-4-ylamino)-3,3-dimethylbutyl
cthanethioate, 56a, (6.7 g, 12.0 mmol) in formic acid (20.0 mL) was added dropwise. The
resulting mixture was stirred at room temperature for 2 hours to give a yellow solution. The
solvent was removed under reduced pressure to afford the desired product as a foamy pale
yellow solid that was used without further purification: 'H NMR (400 MHz, MeOD) & 8.72 (m,
2H), 8.31 (s, 1H), 8.21 (d, J = 4.8 Hz, 1H), 8.06 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H),
5.08 (d,/=10.0 Hz,1H), 3.19 (m, 2H), 2.36 (s, 3H), 1.04(m, 9H); LC/MS (10-90% ACN/water
5 min with 0.9% TFA, C18) m/z 566.0 (M+H) RT = 2.66 minutes.

(8)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo|2,3-b] pyridin-3-yl)pyridin-4-ylamino)-3,3-
dimethylbutane-1-sulfonyl chloride (58a).

Oxalyl chloride (3.5 mL, 38.7 mmol) was added to a solution of (§)-2-(5-fluoro-2-(5-
fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3yl)pyridin-4-ylamino)-3,3-dimethylbutane- 1-sulfonic
acid, 57a, (7.3 g, 12.9 mmol) in dichloromethane (130 mL), followed by the slow, dropwise
addition of DMF (2 mL). The yellow colored solution was stirred at room temperature for 1
hour. The solvent was removed under reduced pressure to afford 8.4 g of the desired product as
a foamy yellow solid: LC/MS (60-90% ACN/water 5 min with 0.9% FA) m/z 585.72 (M+H) RT
= 2.30 minutes.
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(S)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4ylamino)-/,3,3-
trimethylbutane-1-sulfonamide (19)

Methylamine (0.75 mL of 2M solution, 1.53 mmol) was added to a solution of (S)-2-(5-
fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b] pyridin-3-yl)pyridin-4-ylamino)-3,3-
dimethylbutane-1-sulfonyl chloride, 58a, (0.15 g, 0.26 mmol) in THF (1 mL). The solution was
stirred for 1 hour at room temperature and the solvent was then removed under reduced pressure.
The crude sulfonamide was dissolved in acetonitrile (3 mL) and HCI (2 mL of a 4M solution in
dioxane) was added. The mixture was heated at 65 °C for 3 hours and then cooled to room
temperature. The solvent was removed under reduced pressure and the resulting crude residue
was purified by preparative HPLC chromatography (10-80% CH;CN/water, 0.5% TFA, 15 min)
to give 26 mg of the desired product as a white solid: 'H NMR (400 MHz, CDCl3) & 9.75 (s,
1H), 8.12 (d, /= 9.3 Hz, 1H), 7.94 (s, 1H), 7.73 (s, 2H), 7.67 (brs, 1H), 4.93 - 4.78 (m, 2H), 3.08
(m, 1H), 2.76 (s, 3H), 0.99 (m,9H); LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 425.3
(M+H), RT = 2.0 minutes.

The following compounds can be prepared in a similar fashion as the procedure described
above for Compound 19:
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(S)-N-Cyclopropyl-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-
ylamino)-3,3-dimethylbutane-1-sulfonamide (21)

'H NMR (400 MHz, CDCls) & 8.68 (dd, J = 9.6, 2.5 Hz, 1H), 8.24 - 8.11 (m, 2H), 8.03 (d, J =
3.8 Hz, 1H), 5.12 (d, J = 8.5 Hz, 1H), 3.48 (d, J = 9.2 Hz, 2H), 2.60 - 2.47 (m, 1H), 1.13(s,9H),

0.68 - 0.48 (m, 4H): LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 451.14 (M+H) RT =
2.2 minutes.

(S)-2-(5-Fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-/V-(2-
methoxyethyl)-3,3-dimethylbutane-1-sulfonamide (35)

LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 469.28 (M+H) RT = 2.11 minutes.
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(S)-2-(5-Fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-ylamino)-3,3-
dimethyl-V-propylbutane-1-sulfonamide (34)

'H NMR (400 MHz, CDCl:) & 9.84 (s, 1H), 8.10 (d, J = 9.5 Hz, 1H), 7.92 (d, J = 1.2 Hz, 1H),
7.72 (d, J = 14.2 Hz, 2H), 4.92 (m, 1H), 4.81 (m, 1H), 3.41 (d, /= 15.0 Hz, 1H), 3.19 - 2.84 (m,
3H), 1.59 - 1.38 (m, 3H), 0.98 (s, 9H), 0.84 (t, J = 7.4 Hz, 3H): LC/MS (10-90% ACN/water 5
min with 0.9% FA) m/z 453.44 (M+H) RT = 2.42 minutes.

(S)-2-(5-Fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-/V-
isopropyl-3,3-dimethyl-/V-propylbutane-1-sulfonamide (39)

'H NMR (400 MHz, CDCl3) 3 9.89 (s, 1H), 8.07 (d, J = 8.9 Hz, 1H), 7.90 (s, 1H), 7.68 (s, 2H),
4.96 (t,J=9.8 Hz, 1H), 4.76 (d, J = 9.8 Hz, 1H), 3.60 (dd, J = 13.0, 6.6 Hz, 1H), 3.42 (m, 1H),
3.09 —2.86 (m, 1H), 1.20 (d, J = 4.9 Hz, 6H), 0.97 (s, 9H); LC/MS (10-90% ACN/water 5 min
with 0.9% FA) m/z 453.19 (M+H) RT = 2.22 minutes.
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(S)-2-(5-Fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-/N-tert-
butyl-3,3-dimethyl-/V-propylbutane-1-sulfonamide (40)

LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 467.20 (M+H) RT = 2.36 minutes.
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(m 2H), 1.30 (d, J = 7.4 Hz, 2H), 0.80 (t, J = 18.7 Hz, 9H).
1H NVR (400 MHz, CDCI3) ? 9.75 (s, 1H), 8.12 (d, J = 9.3 Hz, 1H),
7.94 WO 2013/019828 PCT/US2012/049097

(S)-N-Ethyl-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-
3,3-dimethylbutane-1-sulfonamide (33)

'H NMR (400 MHz, CDCls) 3 9.89 (brs, 1H), 8.07 (d, J = 9.3 Hz, 1H), 7.89 (s, 1H), 7.66 (m,
2H), 4.95 (t,J=10.2 Hz, 1H), 4.80 (d, J = 9.6 Hz, 1H), 3.38 (m, 1H), 3.18 - 2.96 (m, 3H), 1.35 -
1.12 (m, 3H), 0.90 (m, 9H); LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 439.30
(M+H) RT = 2.25 minutes.
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(8)-N-(2,2-difluoroethyl)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-
4-ylamino)-3,3-dimethylbutane-1-sulfonamide (57)

'H NMR (400 MHz, CDCl3) 3 8.05 (d, J = 7.9 Hz, 1H), 7.81 (d, J = 2.1 Hz, 1H), 7.63 (s, 1H),
7.55 (s, 1H), 5.87 (t, J = 54.9 Hz, 1H), 5.03 (t, J = 10.4 Hz, 1H), 4.86 (m, 1H), 3.68 (brs, 1H),
3.43 (m, 2H), 3.19 (m, 1H), 0.94 (s, 9H); LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z
475.23 (M+H) RT = 2.26 minutes.
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(8)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]|pyridin-3-yl)pyrimidin-4-ylamino)-3,3-
dimethyl-V-(2,2,2-trifluoroethyl)butane-1-sulfonamide (58)

'H NMR (400 MHz, CDCls) & 8.03 (dd, J= 9.3, 2.4 Hz, 1H), 7.82 (t, J = 11.2 Hz, 1H), 7.59 (s,
1H), 7.46 (s, 1H), 5.07 (t, J = 10.6 Hz, 1H), 4.77 (m, 1H), 3.45 (m, 1H), 3.16 - 2.99 (m, 1H),
0.97 - 0.86 (m, 9H); LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 493.31 (M+H) RT =
2.37 minutes.

F

S‘NHZ
fr?m

(8)-2-(5- ﬂuoro 2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-3,3-
dimethylbutane-1-sulfonamide (22)

Concentrated NH4OH (1.0 mL, 25.7 mmol) was added dropwise to a solution of (5)-2-(5-
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19 A AA(s,1H, 7.73 (s, 2H), 7.67 (brs, 1H), 425.3 1.98 4.93 -4.78

(m 2H), 3.08 (m 1H), 2.76 (s,3H), 0.99 (m 9H).
WO 2013/019828 PCT/US2012/049097
fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b] pyridin-3-yl)pyridin-4-ylamino)-3,3-

dimethylbutane-1-sulfonyl chloride, 58a, (0.3 g, 0.5 mmol) in THF (3 mL). The reaction
mixture was stirred for 15 minutes at room temperature, resulting in a 1-to-1 mixture of the
desired sulfonamide and sulfonic acid. The solvent was removed under reduced pressure. The
crude product was purified by silica gel chromatography (0-70% EtOAc/Hexanes gradient) to
afford 93 mg of the tosylated sulfonamide intermediate as a foamy solid.

The tosylated sulfonamide (93 mg) was dissolved in THF (10 mL) and a solution of
NaOMe (0.15 mL of 25% solution in MeOH, 0.66 mmol) was added. The resulting yellow
solution was stirred at room temperature for 15 minutes and then diluted into aqueous saturated
NH4Cl solution (5 mL). The solvent was removed under reduced pressure and the residue was
dissolved in water (10 mL). The aqueous layer was extracted with EtOAc (3x10 mL) and dried
(MgSO0,), filtered, and concentrated in vacuo. The crude residue was purified by HPLC
preparative chromatography (10-80% CH3;CN/water, 0.5% TFA, 15 min) to afford 40 mg of the
desired product, 22, as a white solid: 'H NMR (400 MHz, MeOD) & 8.65 (d, J = 9.3,1H), 8.47
(s, 1H), 8.34 (m, 2H), 5.28 (d, J = 10.4 Hz, 1H), 3.55 (m, 2H), 1.10 (m, 9H); LC/MS (10-90%
ACN/water 5 min with 0.9% FA) m/z 411.0,1.96 (M+H) RT = 1.96 minutes.

H

(R)-2-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-yl)amino)-
N,3,3-trimethylbutane-1-sulfonamide (38)

'H NMR (300 MHz, d6-DMSO) & 12.21 (s, 1H), 8.55 (dd, J = 10.0, 2.8 Hz, 1H), 8.29 -
8.23 (m, 1H), 8.19 (d, J=2.7 Hz, 1H), 8.15 (d, J= 4.0 Hz, 1H), 7.47 (d, /= 8.4 Hz, 1H), 6.77 -
6.69 (m, 1H), 4.88 (t,J = 9.1 Hz, 1H), 3.49 - 3.36 (m, 1H), 3.36 - 3.28 (m, /= 10.5 Hz, 1H), 2.55
(t, J = 5.6 Hz, 3H), 0.98 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
CI8/ACN, RT = 2.11 minutes (M+H) 425.03.
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(8)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo|2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-3,3-
dimethylbutane-1-0l (32)

Alcohol, 32, was synthesized in a manner similar to compound 70a utilizing the same
deprotection procedure, starting with compound 54a: 'H NMR (400 MHz, CDCls) & 10.77 (brs,
1H), 8.25 (d, J = 8.4 Hz, 1H), 8.07 (s,1H), 8.03 (s, 1H), 7.88 (s, 1H), 5.59 (brs, 1H), 4.36 (t, J =
8.3 Hz, 2H), 4.11 (m, 1H), 3.72 (m, 2H), 1.06 (s, 9H); LC/MS (10-90% ACN/water 5 min with
0.9% FA) m/z 348.13 (M+H) RT = 1.83 minutes.
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1H NVR (400 MHz, DVBO) ? 12.23 (s, 1H), 11.93 (s, 1H), 8.48 (d, J =

9.9 Hz, 1H), 8.33 -8.07 (m 3H), 7.18 (d, 20 AAAJ = 9.3 Hz, 1H),
4.39 (t, WO=20M12828z, 390.06 2. 14 PCT/US2012/049097
F
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(8)-2-((2-(5-chloro-1H-pyrrolo|[2,3-b]|pyridin-3-yl)-5-fluoropyrimidin-4-yl)amino)-3,3-
dimethylbutan-1-o0l (49)

Alcohol, 49, was synthesized in a manner similar to compound 32: '"H NMR (400 MHz,
CDCls) 6 10.77 (brs, 1H), 8.25 (d, J = 8.4 Hz, 1H), 8.07 (s,1H), 8.03 (s, IH), 7.88 (s, 1H), 5.59
(brs, 1H), 4.36 (t, J = 8.3 Hz, 2H), 4.11 (m, 1H), 3.72 (m, 2H), 1.06 (s, 9H); LC/MS (10-90%
ACN/water 5 min with 0.9% FA) m/z 348.13 (M+H) RT = 1.83 minutes.
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(8)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]|pyridin-3-yl)pyrimidin-4-ylamino)-3,3-
dimethylbutane-1-sulfonic acid (11)

Sulfonic acid, 11, was synthesized in a manner similar to Compound 25 described below,
using compound, 57a, as the starting material: 'H NMR (400 MHz, MeOD) § 8.44 (s, 1H), 8.34
(dd,J=9.2,2.6 Hz, 1H), 8.22 (d, /= 5.7 Hz, 1H), 8.13 (s, 1H), 5.16 (d, /= 4.1 Hz, 1H), 3.46 -
3.33 (m, 2H), 1.10 (d, 9H); LC/MS (10-90% ACN/water 5 min with 0.9% TFA, C18) m/z 412.19
(M+H) retention time = 1.91 minutes.
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H
(8)-2-((2-(5-chloro-1H-pyrrolo|[2,3-b]|pyridin-3-yl)-5-fluoropyrimidin-4-yl)amino)-3,3-
dimethylbutane-1-sulfonic acid (10)

Sulfonic acid, 10, was synthesized in a manner similar to Compound 11, using 5-chloro-
3-(4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-1 H-pyrrolo[2,3-b]pyridine instead of
boronate ester, 7a, as the starting material: "H NMR (400 MHz, MeOD) & 8.44 (s, 1H), 8.34 (dd,
J=9.2,2.6 Hz, 1H), 8.22 (d, /= 5.7 Hz, 1H), 8.13 (s, 1H), 5.16 (d, /= 4.1 Hz, 1H), 3.46 - 3.33
(m, 2H), 1.10 (d, 9H); LC/MS (10-90% ACN/water 5 min with 0.9% TFA, C18) m/z 412.19
(M+H) retention time = 1.91 minutes.

Preparation of Compounds 46

-83-



1H), 2.38 -2.07 (m 2H), 1.99 - 1.92 (m 1H), 1.80 - 1.64 (m 1H),
1. 00 (d, J = 20.2 Hz, 9H). 1H NVR (400 MHz, MeOD) ? 8.68
WO 2013/019828 PCT/US2012/049097

Synthetic Scheme 11
F
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() MsCl. CH,Cl,; (b) KOAc, DMF; (¢) NaOMe, McOH; (d) Mel, K,COs, acetone, 70 °C; (¢)
Oxone, water, MeOH, 3 hr, RT; (f) 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, KsPO4 X-Phos, Pd,(dba);, 2-MeTHF, water, 120
°C, 3 hr then 80 °C, 1 hr; (g) NaOMe, MeOH.

(S)-2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethylbutyl methanesulfonate (75a).

To a cold (0 °C) solution of (S)-2-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3,3-
dimethylbutan-1-ol, 14a, (1.95 g, 7.87 mmol) and triecthylamine (1.37 mL, 9.84 mmol) in
dichloromethane (25 mL) was added methanesulfonyl chloride (0.76 mL, 9.84 mmol). The
solution was stirred at room temperature for 1 hour. The solvent was removed under reduced
pressure and water (100 mL) and EtOAc (50 mL) were added. The organic phase was separated,
dried (MgSO,4) and concentrated under reduced pressure to afford 2.55 g of the desired product
as a pale yellow foamy solid: LC/MS (10-90% ACN/water 5 min with 0.9% FA, C4) m/z 326.99
(M+H) RT = 2.96 mintues.

(S)-S-2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethylbutyl ethanethioate (76a).

Potassium thioacetate (1.30 g, 11.51 mmol) was added to a stirring solution of (S)-2-(2-
chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethylbutyl methanesulfonate, 75a, (2.50 g, 7.67
mmol) in dry DMF (50 mL). The resulting brown solution was heated with stirring at 78 °C for
1 hour. The brown suspension was poured into water and extracted with EtOAc (3x 100 mL).
The combined organic phases were dried (MgSQ,), filtered and concentrated under reduced
pressure. The crude residue was purified by silica gel chromatography (0-30% EtOAc/Hexanes
gradient) to afford 2.1 g of compound 76a as a pale brown solid: 'H NMR (400 MHz, CDCL3) &
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(dd, J = 9.6, 2.5 Hz, 1H), 8.24 - 8.11 2 AAA(m 2H), 8.03 (d, J =
Hz, 1H), 5.12 (d, J = 8.5 Hz, 1H), 3.48 (d, J = 9.2 451.14 2.2 Hz,
2.60 - 2.0 2018019898, 0. 68 - PCT/US2012/049097

7.81 (s, 1H), 5.12 (m, 1H), 4.21 (t, J = 9.1 Hz, 1H), 3.15-2.90 (m, 2H), 2.23 (s, 3H), 0.95 (m,
9H); LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 306.02 (M+H) RT = 3.32 min.

(8)-2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethylbutane-1-thiol (77a)

To a nitrogen-purged solution of (5)-S-2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-
dimethylbutyl ethanethioate, 76a, (1.00 g, 3.27 mmol) in methanol (20 mL) was added NaOMe
(1.457 mL of 25% solution in MeOH, 6.540 mmol) and the solution was stirred at room
temperature for 1 hour. The reaction mixture was concentrated in vacuo and the residue was
dissolved in water (25 mL) and slowly acidified with 2N HCI to give a white precipitate that was
extracted twice with EtOAc. The combined organic phases were dried (MgS0O,), filtered and
concentrated under reduced pressure to afford 0.85 g of the desired product as a pale beige color
solid: LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 264.92 (M+H) RT = 3.32 min.

(S)-2-chloro-N-(3,3-dimethyl-1-(methylthio)butan-2-yl)- S-fluoropyrimidin-4-amine (78a)

To a suspension of (S)-2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethylbutane-1-
thiol, 77a, (0.85 g, 3.60 mmol) and K,CO; (2.26 g, 16.35 mmol) in acetone was added
iodomethane (0.82 mL, 13.08 mmol). The suspension was heated at 70 °C for 1.30 hours and
then cooled to room temperature. The solid was filtered and the solution was concentrated under
reduced pressure. The crude residue was purified by silica gel chromatography (0-10%
EtOAc/Hexanes gradient) to afford 310 mg of the desired product as a white solid: '"H NMR
(400 MHz, CDCls) 6 7.81 (s, 1H), 5.12 (m, 1H), 4.21 (t, /= 9.1 Hz, 1H), 3.15-2.90 (m, 2H), 2.23
(s, 3H), 0.95 (m, 9H); LC/MS (60-90% ACN/water 5 min with 0.9% FA) m/z 278.29 (M+H) RT
= 1.35 minutes.

(S)-2-chloro-N-(3,3-dimethyl-1-(methylsulfonyl)butan-2-yl)-5-fluoropyrimidin-4-amine
(79a)

To a cold (0 °C) solution of (S)-2-chloro-N-(3,3-dimethyl-1-(methylthio)butan-2-yl)-  5-
fluoropyrimidin-4-amine, 78a, (0.15 g, 0.54 mmol) in methanol (10 mL) was added Oxone (0.50
g, 0.81 mmol). The solution was stirred at room temperature for 3 hours. The solution was
concentrated in vacuo to give a white residue which was dissolved in water (10 mL). The
aqueous layer was extracted with EtOAc (3x10 mL). The combined organic phases were dried
(MgSO0,), filtered and concentrated in vacuo to afford 150 mg of the desired product as a white
solid: LC/MS (60-90% ACN/water 5 min with 0.9% FA) m/z 310.31(M+H) RT = 2.60 minutes.

(8)-N-(3,3-dimethyl-1-(methylsulfonyl)butan-2-yl)-5-fluoro-2-(5-fluoro-1-tosyl-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-amine. (80a)

A solution of (S)-2-chloro-N-(3,3-dimethyl-1-(methylsulfonyl)butan-2-yl)-5-
fluoropyrimidin-4-amine, 79a, (0.15 g, 0.48 mmol), 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine (0.24 g, 0.58 mmol), and K;PO,
(0.25 g, 1.16 mmol) in 2-methyl THF (5 mL) and water (1 mL) was purged with nitrogen for 30
minutes. X-Phos (0.015 g, 0.031 mmol) and Pdy(dba); (0.007 g, 0.008 mmol) were added and
the reaction mixture was heated at 120 °C in a pressure vial for 2 hours. The reaction mixture
was cooled to room temperature, filtered and concentrated in vacuo. The residue was dissolved
in EtOAc (50 mL) and washed with water. The organic layer was dried (MgSQO,), filtered and
concentrated in vacuo. The crude residue was purified by silica gel chromatography (0-40%
EtOAc/Hexanes gradient) to afford 210 mg of the desired product as a white foamy solid: 'H
NMR (400 MHz, CDCls) & 8.54 — 8.43 (m, 2H), 8.24 (d, /= 1.3 Hz, 1H), 8.09 (s, 1H), 8.03 (d, J
= 8.2 Hz, 2H), 7.23 (s, 1H), 4.99 (dt, J = 20.3, 10.1 Hz, 2H), 3.37 (d, /= 14.4 Hz, 1H), 3.07 (dt,
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0.48 (m 4H). 1H NVR (400 MHz, MeOD) ? 8.65 (d, J =9.3 1H),
8.47 (s, 1H), 8.34 (M 22 AAB2H), 5.28 (d, J = 10.4 Hz, 1H),3.55 411
WO 2013/019828 PCT/US2012/049097

J=31.3,15.7 Hz, 1H), 2.83 (s, 3H), 2.33 (d, /= 19.0 Hz, 3H), 0.98 (d, /=20.7 Hz, 9H); LC/MS
(10-90% ACN/water 5 min with 0.9% FA, C4) m/z 564.20 (M+H) RT = 3.70 minutes.

(S)-NV-(3,3-dimethyl-1-(methylsulfonyl)butan-2-yl)-5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-amine (46)

To a solution of (S)-N-(3,3-dimethyl-1-(methylsulfonyl)butan-2-yl)-5-fluoro-2-(5-fluoro-
1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-amine, 80a, (0.21 g, 0.37 mmol) in THF (10
mL) was added NaOMe (0.33 mL of 25% solution in MeOH, 1.45 mmol). The solution was
stirred at room temperature for 10 minutes, then diluted into aqueous saturated NH4Cl solution.
The solvent was removed under reduced pressure and the residue was dissolved in water (10
mL). The aqueous layer was extracted with EtOAc (3x10 mL), dried (MgSOQ,), filtered and
concentrated in vacuo. The product was purified by silica gel chromatography (0-10%
MeOH/CH,Cl, gradient) to afford 109 mg of the desired product as a white solid: 'H NMR (400
MHz, CDCls) 6 9.38 (s, 1H), 8.53 (d, /= 6.9 Hz, 1H), 8.16 (m, 2H), 8.06 (s, 1H), 5.09 - 4.89 (m,
1H), 3.42 - 3.31 (m, 1H), 3.11(m, 1H), 2.84 (s, 3H), 1.00 (s, 9H); LC/MS (10-90% ACN/water 5
min with 0.9% FA) m/z 410.19 (M+H) RT = 2.03 minutes.

Preparation of Compound 62

Synthetic Scheme 12

A\
v
Ts 84a NN 85a

62

(a) LiBH4, THF, 1N HCI; (b) 2-iodoxybenzoic acid, THF, reflux; (c¢) Toluene; (d) Br,, HBr,
AcOH, 65°C; (¢) NaOH, hydroxyurea, MeOH.

Formation of (+/-)-3-((S-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo|[2,3-b] pyridin-3-
yD)pyrimidin-4-yl)amino)-4,4-dimethylpentan-1-ol (82a)

To a cold (0 °C) solution of racemic methyl 3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-dimethylpentanoate (4.00 g, 7.36 mmol) in
THF (160 mL) and MeOH (10 mL) was added lithium borohydride (29.44 mL of 2 M solution,
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1. 96

(dt, J = 14.5, 13.0 Hz, 2H), 1.20 - 1.03 (m 9H).

NVR (400 MHz, DVBO) ? 12.23

WO 2013/019828 PCT/US2012/049097

58.87 mmol) dropwise over 30 minutes. The reaction mixture was slowly warmed to room
temperature and then re-cooled to 0 °C. A IN HCI solution (294 mL, 294 mmol) was added
dropwise. The mixture was stirred for 15 minutes and then diluted with dichloromethane. The
phases were separated and the aqueous phase was extracted again with dichloromethane. The
combined organic phases were washed with aqueous saturated NaHCOs solution and brine, dried
(NaSQ,), filtered and concentrated in vacuo. The resulting residue was purified via silica gel
chromatography (EtOAc/Hexanes) to afford 3.79 g of the desired product.

Formation of (+/-)-3-((S-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo|[2,3-b] pyridin-3-
yD)pyrimidin-4-yl)amino)-4,4-dimethylpentanal (83a)

To a solution of racemic 3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-4,4-dimethylpentan-1-ol, 82a, (1.60 g, 3.10 mmol) in THF (64 mL)
was added 2-iodoxybenzoic acid (Ibx) (3.86 g, 6.21 mmol). The reaction mixture was heated to
reflux under at atmosphere of nitrogen for 30 minutes. After cooling the mixture to room
temperature, the solids were filtered. An aqueous saturated NaHCOs solution was added to the
filtrate and the biphasic mixture was stirred for 30 minutes. The mixture was further diluted with
dichloromethane and the phases separated. The aqueous layer was extracted again with
dichloromethane. The combined organic phases were dried (Na,S0O,), filtered and concentrated
in vacuo. The resulting residue was purified via silica gel chromatography (EtOAc/Hexanes) to
afford 1.59 g of the desired product

Formation of (+/-)-methyl 5-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-yl)amino)-6,6-dimethylhept-2-enoate (84a)

To a solution of  3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-4,4-dimethylpentanal, 83a, (0.295 g, 0.574 mmol) in toluene (5.9 mL)
was added methyl 2-(triphenylphosphoranylidene)acetate (0.300 g, 0.862 mmol). The mixture
was stirred overnight at room temperature and then purified directly on silica gel
(EtOAc/Hexanes) to afford 278 mg of the desired product: LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, RT = 2.54 minutes (M+H) 584.12.

Formation (+/-)-methyl 2,3-dibromo-5-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-yl)amino)-6,6-dimethylheptanoate (85a)

To a solution of racemic methyl 5-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)-6,6-dimethylhept-2-enoate, 84a, (0.278 g, 0.476 mmol)
acetic acid (2.5 mL) was added bromine (0.099 g, 0.620 mmol) followed by HBr (0.085 mL of
5.6 M solution in AcOH). The reaction mixture was heated at 65 °C overnight. The mixture was
diluted into dichloromethane and aqueous saturated sodium bicarbonate solution. The phases
were separated and the aqueous layer was washed with dichloromethane. The organic layers
were combined and the solvents were removed under reduced pressure. The residue was purified
via silica gel chromatography (EtOAc/Hexanes) to give the desired product: LCMS Gradient
10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 3.00 minutes (M+H) 590.94.

Formation of (+/-)-5-(2-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-3,3-dimethylbutyl)isoxazol-3-ol (62)
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1H), 8.44 (d, J = 7.6 Hz, 1H), 8.32 - 806 (m 3H, 7.18 (d, J
Hz, 23 BB C1H), 4.36 (t, J = 10.4 Hz, 1H), 4.00 - 419.08 2.41
7 (m EH)201314828-2. 13 (m 2H), PCT/US2012/049097

To a solution of NaOH (0.015 g) dissolved in water (0.410 mL) was added hydroxyurea
(0.008 g, 0.100 mmol). The resulting mixture was stirred for 30 minutes before the dropwise
addition of  methyl 2,3-dibromo-5-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-6,6-dimethylheptanoate, 85a, (0.064 g, 0.110 mmol) in MeOH (0.150
mL). The solution was stirred for 6 hours before the addition of AcOH (0.031 mL). The residue
was purified by reverse phase preparative HPLC to afford the desired product: 'H NMR (300
MHz, MeOD) ¢ 8.57 (dd, /=9.7, 2.8 Hz, 1H), 8.16 (d, J= 5.5 Hz, 2H), 8.00 (d, /= 4.1 Hz, 1H),
5.68 (s, 1H), 3.03 (ddd, J=27.4, 15.4, 12.3 Hz, 2H), 1.10 (d, J = 3.3 Hz, 11H); LCMS Gradient
10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 2.15 minutes (M+H) 416.04.

Preparation of Compound 45

Synthetic Scheme 13
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(a) LiOH, dioxane, H,0, 100 °C.

Formation of (+/-)-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-4,4-dimethylpentan-1-ol (45)

To a solution of racemic 3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-4,4-dimethylpentan-1-ol, 82a, (0.187 g, 0.363 mmol) in dioxane (4
mL) was added LiOH (0.91 mL of 2 M solution, 1.81 mmol). The reaction mixture was heated
at 100 °C for 2 hours. The mixture was diluted with water (30 mL) and extracted twice with
EtOAc. The combined organic phases were washed with brine, dried (MgSO4), filtered and
concentrated in vacuo. The crude residue was washed with Hexanes to afford 76 mg of the
desired product: "H NMR (300 MHz, CDCls) 3 10.42 (s, 1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H),
8.13(d,/=11.2 Hz, 1H), 8.10 (s, 1H), 8.04 (d, J= 3.2 Hz, 1H), 4.89 (d, J = 9.0 Hz, 1H), 4.26 (t,
J =99 Hz, 1H), 3.65 (d, /= 9.2 Hz, 1H), 3.54 (td, /= 11.4, 2.9 Hz, 1H), 2.17 - 1.99 (m, 1H),
1.40 (dd, /= 14.0, 11.9 Hz, 1H), 0.96 (d, J = 18.4 Hz, 9H), 0.90 - 0.73 (m, 1H); LCMS Gradient
10-90%, 0.1% formic acid, 5 minutes, C18/ACN, (M+H) 362.

Preparation of Compounds 50, 51, and 52

Synthetic Scheme 14
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2.08- 1.93 (m 1H), 1.87 - 1.65 (m 1H), 1.06 - 0.84 (m 12H).
1H NVR (400 MHz, CDCI3) ? 10. 27

WO 2013/019828 PCT/US2012/049097
F
F 4>
=
N N 82a l\‘l N
Ts Ts Ts

pd
v
Iz

Ts 90a 50, 51, and 52

(a) 2-nitrophenylselenocyanate, BusP, THF; (b) mCPBA, CHCls; (¢) Rho(OAc)s, NoCH,CO,E,
CH,Cly; (d) LiOH, dioxane, H,O.

Formation of (+/-)-NV-(4,4-dimethyl-1-((2-nitrophenyl)selanyl)pentan-3-yl)-5-fluoro-2-(5-
fluoro-1-tosyl-1H-pyrrolo[2,3-b|pyridin-3-yl)pyrimidin-4-amine (88a)

To a solution of racemic 3-[[5-fluoro-2-[5-fluoro-1-(p-tolylsulfonyl)pyrrolo[2,3-
b]pyridin-3-yl]pyrimidin-4-yl]Jamino]-4,4-dimethyl-pentan-1-ol, 82a, (1.093 g, 2.120 mmol) and
(2-nitrophenyl) selenocyanate (0.722 g, 3.180 mmol) in THF (8 mL) was added
tributylphosphane (0.792 mL, 3.180 mmol). The reaction mixture was stirred overnight and then
concentrated under reduced pressure. The crude residue was purified by silica gel (0 to 100%
EtOAc/Hexanes gradient) to afford 1.20 g of the desired product.

Formation of (+/-)-NV-(4,4-dimethylpent-1-en-3-yl)-S-fluoro-2-(5-fluoro-1-tosyl-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-amine (89a)

To a cold (0 °C) solution of racemic N-(4,4-dimethyl-1-((2-nitrophenyl)selanyl)pentan-3-
yl)-5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-amine, 88a, (1.01 g,
1.45 mmol) in chloroform (15 mL) was added mCPBA (0.40 g of 77%, 1.79 mmol). After
stirring for 1 hour at room temperature, the mixture was diluted with dichloromethane (100 mL)
and the resulting solution was washed with aqueous sodium bicarbonate solution. The organic
phase was dried (MgSO,), filtered and concentrated in vacuo. The crude residue was purified by
silica gel chromatography (0 to 100% EtOAc/Hexanes) to afford 623 mg of the desired product:
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, (M+H) 496.76.

Formation of 2-(1-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-
yl)amino)-2,2-dimethylpropyl)cyclopropanecarboxylic acid (50, 51, and 52)

To racemic N-(4,4-dimethylpent-1-en-3-yl)-5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-amine, 89a, (0.105 g, 0.211 mmol) and rhodium(II) acetate (0.019 g,
0.042 mmol) in dichloromethane (6.2 mL) was added dropwise a solution of ethyl 2-diazoacetate
(0.181 g, 0.166 mL, 1.582 mmol) in 2 mL dichloromethane over 30 minutes. Pd(OAc), (0.019 g,
0.042 mmol) in dichloromethane (2 mL) was added followed by ethyl 2-diazoacetate (0.181 g,
0.166 mL, 1.582 mmol) in dichloromethane (2 mL) dropwise. The reaction was stirred overnight
and the solvent was concentrated in vacuo. The resulting crude residue was purified by silica gel
chromatography (0 to 100% EtOAc/Hexanes gradient) to afford a racemic mixture of
diasteromeric esters, 90a. The mixture of esters was dissolved in dioxane (2 mL) and 2N LiOH
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(brs, 1H), 8.25 (d, J = 9.4 Hz, 1H), 8.17(s, 1H),8.11 (s, 1H), 7.23
(d, J = 24 AAA10.3 Hz, 1H), 5.20 (d, J = 9.6 Hz, 1H, 373.03 3.08
4.41 (t, Wo=20iB/49¢48, 1H), 4.09 (d, J = PCT/US2012/049097

(1 mL). After heating at 100 °C for 2 h and cooling to room temperature, the mixture was
acidified pH 6.5 with 2N HCl. The aqueous phase was extracted twice with EtOAc and once
with dichloromethane. The combined organic phases were dried (MgSQs), filtered and
concentrated under reduced pressure. The crude residue was subjected to silica gel
chromatography (0-20% MeOH/EtOAc gradient) to isolate the mixture of diastereomeric acids,
which were further purified by preparatory HPLC (CH3CN/H,O — TFA modifier) to afford 3
diastercomers. Two of the diastercomers, 51 and 52, were isolated as a single diastercomer each.
The third diastercomer, 50, was isolated as a mixture of diastercomers. All three diastercomers
showed same LCMS: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, (M+H)
402.45.

1*' fraction - a mixture of diastercomers with 4 peaks at 1.8, 1.9, 2.06 and 2.16 minutes —contains
50,

2" fraction - single peak at 2.06 minutes- (51)

3" fraction — single peak at 2.16 minutes- (52)

Preparation of Compound 41

Synthetic Scheme 15

F
F ——
=\, NH, . NC— /4 NH
N Cl
Cl OH
95a
b F
T N—NH
NC /
QKL \ N OH
- B-O F _
\m 7a N l )
N~ N N N
Ts H M

(a) 'Pr;NEt, EtOH, 75 °C; (b) Pdy(dba)s, XPhos, KsPO4, THF, H,0, 135 °C, microwave.

Formation of (+/-)-2-chloro-5-fluoro-6-(1-hydroxy-4,4-dimethylpentan-3-ylamino)pyridine-
3-carbonitrile (95a)

To a solution of 3-amino-4,4-dimethylpentan-1-ol (2.00 g, 8.64 mmol) in ethanol (20
mL) was added racemic 2,6-dichloro-5-fluoro-pyridine-3-carbonitrile (1.65 g, 8.64 mmol) and 5
mL of N,N,-diisopropylethylamine. The solution was stirred at 75 °C for 12 hours and
concentrated in vacuo. The residue was purified by silica gel chromatography (methylene
chloride), yielding 2.2 g of 2-chloro-5-fluoro-6-(1-hydroxy-4,4-dimethylpentan-3-
ylamino)pyridine-3-carbonitrile, 95a: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, RT = 3.02 minutes (M+H) 286.16
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11.3 Hz, 1H), 3.82 - 3.58 (m 1H), 0.99 (d, J = 19.5 Hz, 9H). WO
2013/ 019828PCT/ US2012/ 049097 25 A A A 1H NVR (400 MHz, MeOD) ? 9.26 (dd,
J = 9.0, WO20H0198e8), 8.43 (s, 1H), 8.22 (s, 1H), 7.66 PCTAB2¢104908f), 5.00
(m 1H), 3.45 - 3.17 (m 2H), 1.03(m 9H). 436 2.54 26

Formation of (+/-)-5-fluoro-2-(5-fluoro-1 H-pyrrolo[2,3-b]pyridin-3-yl)-6-(1-hydroxy-4,4 -
dimethylpentan-3-ylamino)pyridine-3-carbonitrile (41)

To a racemic solution of  2-chloro-5-fluoro-6-(1-hydroxy-4,4-dimethylpentan-3-
ylamino)pyridine-3-carbonitrile, 95a, (0.20 g, 0.70 mmol) and 5-fluoro-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)-1-tosyl-1H-pyrrolo[2,3-b]pyridine, 7a, (0.44 g, 1.05 mmol) in THF (15
mL) was added a solution of potassium phosphate (0.45 g) in 3 mL of water. The resulting
mixture was degassed under a stream of nitrogen for 15 minutes. To the mixture was then added
X-Phos (0.03 g, 0.07 mmol) and Pd,(dba); (0.02 g, 0.04 mmol). The reaction was warmed to
135 °C via microwave irradiation for 15 minutes and then extracted into EtOAc (3 x 15 mL) vs.
water. The organic layers were combined and concentrated in vacuo to a dark oil which was
redissolved in 20 mL of THF. To the solution was added 5 mL of 2 N LiOH and the reaction
was warmed to 65 °C for 12 hrs and then concentrated in vacuo. The resulting residue was
purified via silica gel chromatography (EtOAc) to afford 108 mg of the desired product, 41, as a
yellow solid: "H NMR (300 MHz, d6-DMSO) & 12.40 (s, H), 8.63 (dd, J = 2.8, 10.1 Hz, H),
8.37-8.32 (m, H), 7.83 (d, /= 11.4 Hz, H), 7.31 (d, /= 9.7 Hz, H), 4.56 - 4.50 (m, H), 4.41 (dd,
J=4.1, 5.2 Hz, H), 3.69 (s, H), 3.57 (s, H), 3.49 (t, /= 6.6 Hz, H), 3.48 (s, H), 3.36 - 3.28 (m,
H), 2.50 (qn, /= 1.8 Hz, H), 1.86 - 1.67 (m, 2 H), 1.21 (dd, /= 7.0, 16.1 Hz, H) and 0.94 (s, 9 H)
ppm; LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, CI18/ACN, RT = 3.09 minutes
(M+H) 386.39.

Preparation of Compounds 11, 24, 25 26, 27, 28, 29, 30, and 31

Synthetic Scheme 16

F F

H,N  OH a = b = c
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\ a ) 100a N™ °N
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f Ne— 2NH OS5 g e NN sy
—_— F = N :: _— e :\‘ H
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N
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Ts 102a 26

(2) 2-chloro-5,6-difluoropyridine-3-carbonitrile, 'Pr,NEt, THF, McOH, 95 °C; (b) 5-fluoro-1-(p-
tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, K3;POj,
X-Phos, Pdy(dba);, 2-Me THF, water, 120 °C; (¢) MsCl. CH,Cl,; (d) KOAc¢, DMF, 80 °C; (¢)
30% H,0,, HCOOH; (f) (COCl),, DMF, CH,Cl,. (g) i. Amine, THF; ii. 4M HCI, CH3CN, 65 °C.
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H NVR (400 MHz, CDCI3) ? 9.68 (s, 1H), 8.45 - 8.33 (m 1H), 8.17 (d, J

Hz, 1H), 7.88 (s, 1H), 7.36 (d, J = 10.3 Hz, 1H), 6.47 (d, J = 4,
H), ®WOo2013d9828 = 7.8 Hz, 1H), 4.90 (d, J = 10.4 Hz PCTHIS2013/08097 s,

9
1H),

(dd, J = 15.0, 10.5 Hz, 1H), 2.67 (d, J = 5.0 Hz, 3H), 1.02 (s, 9H).
2 2.97 27 AB 1H NWR (400 Mz, CDCI3) ? 8.59 (dd, J = 9.7, 2.6 Hz,
8.38 (s, 1H), 8.21 (s, 1H), 7.31 (m 1H), 5.12 (brs, 1H), 4.97 (brs,
H, 3SB3-chlorot-fluord-6-0(1¢lsydr6ki)-3,36digtethythutid)y2-yhatid®dniRolifoRirileA97a).

A mixture of 2-chloro-5,6-difluoropyridine-3-carbonitrile (6.52 g, 34.13 mmol), (25)-2-
amino-3,3-dimethyl-butan-1-ol (4.00 g, 34.13 mmol) and tricthylamine (9.51 mL, 68.26 mmol)
in CH3CN (50 mL) and THF (50 mL) was heated at 80 °C for 4 hours. The mixture was cooled
to room temperature and the solvent was evaporated under reduced pressure. The crude product
was purified via silica gel chromatography (0-60% EtOAc/Hexanes gradient) to afford 6.7 g of
the desired product as an off white solid: 'H NMR (400 MHz, CDCl3) § 7.25 (d, J = 9.7 Hz,
1H), 5.32 (m, 1H), 4.19-4.08 (m, 1H), 3.95-3.83 (m, 1H), 3.74 -3.51 (m, 1H), 0.92 (s, 9H);
LC/MS (60-90% ACN/water 5 min with 0.9% FA) m/z 272.02 (M+H), retention time 1.02
minutes.

(S)-5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)-6-((1-hydroxy-3,3-
dimethylbutan-2-yl)amino)nicotinonitrile (98a).

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, (1.84 g, 4.42 mmol), (S)-2-chloro-5-fluoro-6-((1-hydroxy-3,3-
dimethylbutan-2-yl)amino)nicotinonitrile, 97a, (1.00 g, 3.68 mmol) and K;PO,4 (2.40 g, 11.22
mmol) in 2-methyl-THF (12 mL) and water (2 mL) was purged with nitrogen for 30 minutes. X-
Phos (0.14 g, 0.294 mmol) and Pd,(dba);(0.07 g, 0.07 mmol) were added and the reaction
mixture was heated at 120 °C in a pressure vial for 2 hours. The reaction mixture was cooled to
room temperature, filtered and concentrated in vacuo. The residue was dissolved in EtOAc (50
mL) and washed with water. The organic layer was dried (MgSQO,), filtered and concentrated in
vacuo. The crude product was purified by silica gel chromatography (0-40% EtOAc/Hexanes
gradient) to afford 1.88 g as a foamy solid: "H NMR (300 MHz, CDCls) 3 8.64 (s, 1H), 8.36 (d,
J=12.0 Hz, 1H), 8.26 (m, 1H), 8.14 (d, J = 8.4 Hz, 2H), 7.46 (d, /= 12 Hz, 2H), 7.33 (d, /= 7.5
Hz, 1H), 5.34 (m, 1H), 4.42-4.31 (m, 1H), 4.02 (m, 1H), 3.75 (m, 1H), 2.40 (s, 3H), 1.26(s, 9H);
LC/MS (60-90% ACN/water 5 min with 0.9% FA, C4) m/z 526.49 (M+H), retention time = 1.83
minutes.

(8)-2-((5-cyano-3-fluoro-6-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b| pyridin-3-yl)pyridin-2-
yl)amino)-3,3-dimethylbutyl methanesulfonate (99a).

To a cold (0 °C) solution of (§)-5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)-6-((1-hydroxy-3,3-dimethylbutan-2-yl)amino)nicotinonitrile, 98a, (3.77 g, 7.17 mmol) and
triethylamine (1.25 mL, 8.96 mmol) in dichloromethane (75 mL) was added methanesulfonyl
chloride (0.69 mL, 8.96 mmol). The solution was stirred at room temperature for 1 hour. The
solvent was removed under reduced pressure and water (100 mL) and EtOAc (200 mL) were
added. The organic phase was separated, dried (MgSQO,), filtered and concentrated under
reduced pressure to afford 4.22 g of the desired product as a yellow foamy solid that was used
without further purification: LC/MS (60-90% ACN/water 5 min with 0.9% FA, C4) m/z 604.45
(M+H) retention time = 2.03 minutes.

(8)-2-(5-Cyano-3-fluoro-6-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-2ylamino)-3,3-
dimethylbutyl ethanethiolate (100a).

Potassium thioacetate (1.2 g, 10.5 mmol) was added to a solution of (§5)-2-((5-cyano-3-
fluoro-6-(5-fluoro-1-tosyl-1H-pyrrolo[ 2,3-b]pyridin-3-yl)pyridin-2-yl)amino)-3,3-dimethylbutyl
methanesulfonate, 99a, (4.22 g, 6.99 mmol) in dry DMF (90 mL). The brown solution was
heated with stirring at 80 °C for 1 hour. The thick brown suspension was poured into water and
extracted with EtOAc (3x 100 mL). The organic layers were dried (MgSQs), filtered and
concentrated under reduced pressure. The crude product was purified by silica gel
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475 3.12 29 A B 1H NVR (400 MHz, MeOD) ? 8.71 (dd, J = 9.7, 2.6 Hz, 1H),
8.37 (s, 1H), 8.20 (s, 1H), 7.57 (d, J = 10.9 Hz, 1H), 5.08 (d, J = 8.8 Hz,
1H), 3.54W0 2813409/ 2H), 3.32 (m 5H), 3.15 (t, J = 5. £CHAS2@RH4MDID3
(s,9H) 493.5 3.05 30 A A 435.46 2.8 31 A A

chromatography (0-30% EtOAc/Hexanes gradient) to afford 6.8 g of the desired product as a
pale brown solid: '"H NMR (400 MHz, CDCls) ¢ 8.57 (s, 1H), 8.28 (d, /= 1.3 Hz, 1H), 8.11 (dd,
J=28.5,2.3 Hz, 1H), 8.05 (d, /= 8.3 Hz, 2H), 7.33 (d, /= 10.2 Hz, 1H), 7.24 (d, J = 8.3 Hz, 2H),
5.11 (m, 1H), 4.31 (m, 1H), 3.19 (dd, J = 14.0, 3.0 Hz, 1H), 3.03 (dt, /= 13.6, 6.9 Hz, 1H), 2.31
(s, 3H), 2.10 (m, 3H), 10.97(s, 9H); LC/MS (60-90% ACN/water 5 min with 0.9% FA) m/z
584.0 (M+H) retention time = 2.66 minutes.

(8)-2-(5-Cyano-3-fluoro-6-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b] pyridin-2ylamino)-3,3-
dimethylbutane-1-sulfonic acid (101a).

To a cold (0 °C) solution of formic acid (22.2 mL, 588.5 mmol) was added H,O, (7.35
mL of 30% solution, 71.96 mmol). The mixture was stirred at 0 °C for 1 hour. A solution of (S)-
S-2-(5-cyano-3-fluoro-6-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-2ylamino)-3,3-
dimethylbutyl ethanethiolate, 99a, (1.5 g, 2.57 mmol) in formic acid (5 mL) was added dropwise
to the reaction mixture. The resulting solution was stirred for 2 hours at room temperature. The
solvent was removed under reduced pressure 1.72 g of the desired sulfonic acid as a pale yellow
foamy solid: LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 586 (M+H) retention time
= 3.95 minutes.

(8)-2-(5-Cyano-3-fluoro-6-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b] pyridin-2ylamino)-3,3-
dimethylbutane-1-sulfonyl chloride (102a).

To a solution of (§)-2-(5-cyano-3-fluoro-6-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-
2ylamino)-3,3-dimethylbutane-1-sulfonic acid, 101a, (1.5 g, 2.54 mmol) and DMF (0.5 mL) in
dichloromethane (30 mL) was added oxalyl dichloride (0.68 mL, 7.63 mmol) dropwise. The
solution was stirred at room temperature for 1 hour. The solvent was removed under reduced
pressure to afford 1.6 g of the desired product as a yellow solid: LC/MS (60-90% ACN/water 5
min with 0.9% FA) m/z 608 (M+H) retention time = 2.40 minutes.

(8)-2-(5-Cyano-3-fluoro-6-(5-fluoro-1 H-pyrrolo|[2,3-b] pyridin-3-yl)pyridin-2ylamino)-
N,3,3-trimethylbutane-1-sulfonamide (26)

Methyl amine (0.41 mL of 2M solution, 0.82 mmol) was added to a solution of (S)-2-(5-
cyano-3-fluoro-6-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-2ylamino)-3,3-dimethylbutane-1-
sulfonyl chloride, 102a, (0.10 g, 0.16 mmol) in THF (1 mL). The solution was stirred for 1 hour
at room temperature and the solvent was removed under reduced pressure. The crude
sulfonamide was dissolved in CH3zCN (3 mL) and HCI (2 mL of 4M solution in dioxane) was
added. The reaction mixture was heated at 65 °C for 3 hours and then cooled to room
temperature. The solvent was removed under reduced pressure and the resulting residue was
purified by preparative HPLC chromatography (10-80% CH:;CN/water, 0.5% TFA, 15 min) to
afford 26 mg of the desired product as a white solid: 'H NMR (400 MHz, CDCls) & 9.68 (s, 1H),
8.45-8.33 (m, 1H), 8.17 (d, /=2.8 Hz, 1H), 7.88 (s, 1H), 7.36 (d, J=10.3 Hz, 1H), 6.47 (d, J =
4.9 Hz, 1H), 5.11 (d, J = 7.8 Hz, 1H), 4.90 (d, / = 10.4 Hz, 1H), 3.52 (s, 1H), 3.04 (dd, J = 15.0,
10.5 Hz, 1H), 2.67 (d, J = 5.0 Hz, 3H), 1.02 (s, 9H); LC/MS (10-90% ACN/water 5 min with
0.9% FA) m/z 449.22 (M+H) retention time = 2.97 minutes.

The following compounds can be prepared in a similar fashion as the procedure described
above for Compound 26:
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477.65 3.27 32 A A A 1H NMR (400 MHz, CDCI3) ? 10.77 (brs, 1H), 8.25 (d, J
= 8.4 Hz, 1H), 8.07 (s, 1H), 8.03 (s, 1H),7.88 (s, 1H), 5.59 (brs, 1H),4.36
(t, J = SwO2biB/18¥s, 4.11 (m1H), 3.72 (m 2H), 1.06 (sPCIR)S201348093 1.83

WD 2013/ 019828PCT/ US2012/ 049097 33 A A A 1H NWR (400 MHz, CDCI3) ? 9.89

(brs,

1H), 8.07 (d, J = 9.3 Hz, 1H), 7.89 (s, 1H), 7.66 (m 2H), 4.95 (t,

= 10.2 Hz, 1H), 4.80 (d, J = 9.6 Hz, 1H), 3.38 (n 1H), 3.18 - 2.96 (m
F

3H),

0
Osd »
NH S~N

N\

(S)-2-(5-Cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyridin-2ylamino)-
N,N,3,3-tetramethylbutane-1-sulfonamide (27)

'H NMR (400 MHz, CDCl3) & 8.59 (dd, J=9.7, 2.6 Hz, 1H), 8.38 (s, 1H), 8.21 (s, 1H), 7.31 (m,
1H), 5.12 (brs, 1H), 4.97 (brs, 1H), 3.33 (m, 1H), 2.70 (s, 6H), 0.95 (m, 9H); LC/MS (10-90%
ACN/water 5 min with 0.9% FA) m/z 463.49 (M+H) retention time = 3.12 minutes.

F
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— >
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(8)-2-(5-Cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyridin-2ylamino)-/V-
cyclopropyl-3,3-dimethylbutane-1-sulfonamide (28)

LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 475.0 (M+H) retention time = 3.12
minutes.

— O O—
NC—  —NH O~
N

\_/
= N
« N /\
NTSN
H
(8)-2-((5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]|pyridin-3-yl)pyridin-2-yl)amino)-/V-
(2-methoxyethyl)-3,3-dimethylbutane-1-sulfonamide (29)

F.

'"H NMR (400 MHz, MeOD) 6 8.71 (dd, J=9.7, 2.6 Hz, 1H), 8.37 (s, 1H), 8.20 (s, 1H), 7.57 (d,
J=10.9 Hz, 1H), 5.08 (d, /= 8.8 Hz, 1H), 3.54 - 3.40 (m, 2H), 3.32 (m, 5H), 3.15 (t, ] = 5.4 Hz,
2H), 1.03 (s,9H); LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 493.50 (M+H)
retention time = 3.05 minutes.
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1.35- 1.12 (m 3H), 1.08 - 0.90 (m 9H). 439.3 2.25 .1H NMR (400 MHz,
CDCI 3) ? 9.84 (s, 1H), 8.10 (d, J = 9.5 Hz, 1H), 7.92 (d, J =
1.2 Hz, 1WP,2013/0i2828d, J = 14.2 PCT/US2012/049097

(8)-2-((5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]|pyridin-3-yl)pyridin-2-yl)amino)-3,3-
dimethyl-N-propylbutane-1-sulfonamide (31)

LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 477.65 (M+H) retention time = 3.27

minutes.
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(8)-2-((5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]|pyridin-3-yl)pyridin-2-yl)amino)-3,3-
dimethylbutane-1-sulfonamide (30)

LC/MS (10-90% ACN/water 5 min with 0.9% FA) m/z 435.46 (M+H) retention time = 2.80

minutes.
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(8)-5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)-6-((1-hydroxy-3,3-dimethylbutan-2-
yl)amino)nicotinonitrile (24)

Alcohol, 24, was synthesized in a manner similar to compound 32 utilizing the same
deprotection procedure, starting with compound 98a: 'H NMR (400 MHz, CDCls) & 10.27 (brs,
1H), 8.25 (d, J=9.4 Hz, 1H), 8.17 (s, 1H), 8.11 (s, 1H), 7.23 (d, /= 10.3 Hz, 1H), 5.20 (d, J =
9.6 Hz, 1H), 4.41 (t,J=7.4 Hz, 1H), 4.09 (d, /= 11.3 Hz, 1H), 3.82 - 3.58 (m, 1H), 0.99 (d, J =

19.5 Hz, 9H).
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(8)-2-(5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b| pyridin-3-yl)pyridin-2-ylamino)-3,3-
dimethylbutane-1-sulfonic acid (25)

To a solution of (5)-2-((5-cyano-3-fluoro-6-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-
yl)pyridin-2-yl)amino)-3,3-dimethylbutane-1-sulfonic acid, 101a, (0.12 g, 0.21 mmol)in CH3CN
(5 mL) was added HCI (2 mL of 4M solution in dioxane). The reaction mixture was heated at
100 °C for 18 hours in a pressure vial and then cooled to room temperature. The solvent was
removed under reduced pressure and the product was purified by preparative HPLC
chromatography (10-80% CH3CN/water, 0.5% TFA, 15 min) to give 42 mg of the desired
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34 AABHz, 2H), 4.92 (m 1H), 4.81 (m 1H), 453.44 2.42 3.41 (d, J

15.0 Hz, 1H), 3.19 -2.84 (m 3H), 1.59- 1.38 (m 3H), 0.98 (s,
WO 2013/019828 PCT/US2012/049097

product as an off-white solid: 'H NMR (400 MHz, MecOD) & 8.44 (s, 1H), 8.34 (dd, J=9.2, 2.6
Hz, 1H), 8.22 (d, /= 5.7 Hz, 1H), 8.13 (s, 1H), 5.16 (m, 1H), 3.46 - 3.33 (m, 3H), 1.10 (s, 9H);
LC/MS (10-90% ACN/water 5 min with 0.9% TFA, C18) m/z 449.22 (M+H).
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(8)-2-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-yl)amino)-3,3-
dimethylbutane-1-sulfonic acid (11)

Sulfonic acid, 11, was synthesized in a manner similar to compound 30, using compound
57a: 'H NMR (400 MHz, MeOD) & 8.44 (s, 1H), 8.34 (dd, J=9.2, 2.6 Hz, 1H), 8.22 (d, /= 5.7
Hz, 1H), 8.13 (s, 1H), 5.16 (d, J = 4.1 Hz, 1H), 3.46 - 3.33 (m, 2H), 1.10 (d, 9H); LC/MS (10-
90% ACN/water 5 min with 0.9% TFA, C18) m/z 412.19 (M+H) retention time = 1.91 minutes.

Preparation of Compounds 62, 87, and 88

Synthetic Scheme 17
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9H) ,
1.98

0.84 (t, J =7.4H, 3H. 35AAB 469.18 2.11 36 B C C 390.29
1H NVR (300 MHz, d6- DMBO) ?
WO 2013/019828 PCT/US2012/049097

(a) LDA, Mel, THF; (b) LiAlH4, ether; (¢) PCC, CH)Cly; (d) 2-(triphenylphosphoran-
ylidene)acetate, CH,Cly; (¢) N-benzylhydroxylamine-HCI, CH,Cl,; (f) H,, Pd/C, MeOH; (g)
AcCl, MeOH, reflux; (h) 2,4-dichloro-5-fluoropyrimidine, Et;N, EtOH, THF, 55 °C; (i) 5-fluoro-
1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo-[2,3-b]pyridine,  7a,
Pdy(dba);, XPhos, K;PO4, 2-MeTHF, H,0, 115 °C; (j) HCI, dioxane, acetonitrile, 65°C; (k)
LiOH, THF, H,0, 50°C.

Formation of ethyl 1-methylcyclobutanecarboxylate (111a)

A solution of ethyl cyclobutanecarboxylate (20.0 g, 156.0 mmol) in THF (160 mL) was
added dropwise to a cold (-78 °C) solution of LDA (164 mmol of 2M solution) in THF (40 mL).
The solution was warmed to 0 °C and then cooled again to -40 °C before the addition of
iodomethane (10.2 mL, 163.8 mmol). The solution was slowly warmed to room temperature and
stirred overnight. The reaction was quenched with an aqueous saturated solution of ammonium
chloride and ether was added. The layers were separated and the aqueous layer was washed with
cther. The combined organic layers were washed with 1N HCI then dried over MgSQO4. The
product was purified by distillation: 'H NMR (400 MHz, MeOD) & 4.20 — 4.05 (m, 2H), 2.57 —
2.33 (m, 2H), 2.08 — 1.94 (m, 1H), 1.94 — 1.77 (m, 3H), 1.40 (s, 3H), 1.27 (tt, J=7.1, 1.5 Hz,
3H).

Formation of (1-methylcyclobutyl)methanol (112a)

Lithium aluminum hydride (2.1 g, 59.4 mmol) was suspended in ether (150 mL) and
cooled to 0 °C. A solution of ethyl 1-methylcyclobutanecarboxylate, 111a, (13.0 g, 91.4 mmol)
in ether (60 mL) was added dropwise to the LiAlH, suspension. The mixture was stirred 2 hours
in an ice bath then quenched slowly with IN HCl. The layers were separated and the aqueous
layer was washed with ether. The combined organic layers were washed with brine and the
volatiles were removed with a gentle stream of nitrogen to afford the desired product that was
used without further purification: 'H NMR (400 MHz, CDCls) & 3.54 — 3.39 (m, 4H), 1.99 —
1.74 (m, 8H), 1.74 — 1.62 (m, 4H), 1.46 — 1.18 (m, 3H), 1.13 (d, /= 1.7 Hz, 6H).

Formation of 1-methylcyclobutanecarbaldehyde (113a) and methyl 3-(1-
methylcyclobutyl)acrylate (114a)

A solution of (1-methylcyclobutyl)methanol, 112a, (1.00 g, 998 mmol) in
dichloromethane (25 mL) was added to a suspension of PCC (2.69 g, 12.50 mmol) and Celite
(2.70 g) in dichloromethane (25 mL). The reaction mixture was stirred 2 hours and filtered
through a pad of silica gel (eluting with dichloromethane). The solvents were removed with a
stream of nitrogen until volume was approximately 20 mL. 2-(triphenyl-
phosphoranylidene)acetate (0.98 g, 10.00 mmol) was added in one portion and the mixture was
stirred for 7 hours. The volatiles were removed under reduced pressure and a solution of 10%
Hexanes/cther was added. The resulting solid was filtered off and discarded. The resulting
solution was poured directly on silica gel and eluted with EtOAc/Hexanes to afford the desired
product: 'H NMR (400 MHz, CDCls) 3 7.05 (d, J = 15.8 Hz, 1H), 5.66 (dd, J = 15.8, 1.3 Hz,
1H), 4.21 - 4.00 (m, 2H), 2.12 - 1.73 (m, 7H), 1.29 — 1.17 (m, 6H).

Formation (+/-)-2-benzyl-3-(1-methylcyclobutyl)isoxazolidin-5-one (115a)
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2.21 (s, 1H), 8.52 (dd, J = 9.9, 2.9 Hz, 1H), 8.30 - 8.23 (m J
(

J=26H, 1H, 812 37CCC (d

5 Hz, 1H), 8.20 (d,
= 8.9 Hz, 1H), 4.53 (t, J = 5. 4PEIUSIHR/490974

N-benzylhydroxylamine (hydrochloric acid) (0.28 g, 1.80 mmol) and triethylamine (0.28
mL, 2.00 mmol) were added to a solution of methyl 3-(1-methylcyclobutyl)acrylate, 114a, (0.26
g, 1.50 mmol) in dichloromethane (9.5 mL). The reaction mixture was stirred at 50 °C
overnight. The reaction mixture was cooled to room temperature and the mixture was diluted
with dichloromethane and water. The layers were separated with a phase separator and the
aqueous layer was washed with dichloromethane. The organic layers were combined and the
volatiles removed under reduced pressure. The residue was purified on silica gel
(EtOAc/Hexanes) to afford the desired product as a racemic mixture: LCMS Gradient 10-90%,
0.1% formic acid, 5 minutes, C18/ACN, RT = 1.47 minutes (M+H) 246.10.

Formation of (+/-)-3-amino-3-(1-methylcyclobutyl)propanoic acid (116a)

A solution of racemic 2-benzyl-3-(1-methylcyclobutyl)isoxazolidin-5-one, 115a, (0.18 g,
1.28 mmol) in MeOH (2.9 mL) was shaken overnight under 50 psi hydrogen in the presence of
50 mg palladium hydroxide catalyst. The mixture was filtered through Celite and the volatiles
were removed under reduced pressure to afford the desired product that was used without
further purification: 'H NMR (400 MHz, MeOD) 6 3.42 (dd, J=11.0, 1.9 Hz, 1H), 2.26 (ddd, J
=27.8,16.7, 6.5 Hz, 2H), 1.86 (dddd, J= 36.9, 26.3, 11.2, 7.6 Hz, 6H), 1.18 (s, 3H).

Formation of (+/-)-methyl 3-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3-(1-
methylcyclobutyl)propanoate (118a)

Racemic 3-amino-3-(1-methylcyclobutyl)propanoic acid, 116a, (2.3 g, 14.4 mmol) was
dissolved in methanol (104 mL). The solution was cooled in an ice bath and acetyl chloride (5.6
g, 71.9 mmol) was added dropwise (Temp kept <10 °C). The reaction mixture was heated to 65
°C and stirred at that temperature for 3 hours. The reaction mixture was cooled to room
temperature and then flushed with toluene to remove volatiles. Crude racemic 3-methoxy-1-(1-
methylcyclobutyl)-3-oxopropan-1-aminium chloride, 117a, was used without further
purification.

Racemic 3-methoxy-1-(1-methylcyclobutyl)-3-oxopropan-1-aminium chloride, 117a,
(3.3 g, 15.9 mmol) was dissolved in a mixture of 59 mL THF and 6.6 mL EtOH and the solution
was cooled in an ice bath. 2,4-Dichloro-5-fluoro-pyrimidine (2.9 g, 18.0 mmol) was added
followed by dropwise addition of tricthylamine (5.1 g, 51.0 mmol). The reaction mixture was
stirred at 55 °C for 17 hours. The reaction mixture was cooled to room temperature after which
water and dichloromethane were added. The phases were separated and the aqueous layer was
washed with dichloromethane. The organic layers were combined and washed with brine. The
solvents were removed and the residue was purified via silica gel chromatography
(EtOAc/Hexanes) to afford the desired product: LCMS Gradient 10-90%, 0.1% formic acid, 5
minutes, C18/ACN, RT = 3.23 minutes (M+H) 302.35.

Formation of (+/-)-methyl 3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-yl)amino)-3-(1-methylcyclobutyl)propanoate (119a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylDpyrrolo[2,3-b]pyridine, 7a, (3.31 g, 7.95 mmol), racemic methyl 3-((2-chloro-5-
fluoropyrimidin-4-yl)amino)-3-(1-methylcyclobutyl)propanoate, 118a, (2.00 g, 6.63 mmol) and
K;3PO4 (4.22 g, 20.00 mmol) in 2-MeTHF (253 mL) and water (56 mL) was purged with nitrogen
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-4.27 (m J =9.1, 5.8 Hz, 1H), 3.77 (ddd, J = 11.0, 5.1, 3.5 Hz,

1H),

3.59 (ddd, J = 11.1, 8.9, 5.8 Hz, 1H), 0.99
WO 2013/019828 PCT/US2012/049097

for 0.75 h. XPhos (0.38 g, 0.80 mmol) and Pd,(dba); (0.15 g, 0.17 mmol) were added and the
reaction mixture was stirred at 115 °C in a sealed tube for 2 hours. The reaction mixture was
cooled and the aqueous phase was removed. The organic phase was filtered through a pad of
Celite and the mixture was concentrated to dryness. The residue was purified via silica gel
chromatography (EtOAc/Hexanes) to afford the desired product: LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, RT = 2.32 minutes (M+H) 556.44.

Formation of (+/-)-methyl 3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
y)pyrimidin-4-yl)amino)-3-(1-methylcyclobutyl)propanoate (120a)

To a racemic solution of methyl 3-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)-3-(1-methylcyclobutyl)propanoate, 119a, (3.3 g, 5.9
mmol) in acetonitrile (25 mL) was added HCI (26 mL of 4N solution in dioxane). The reaction
mixture was heated to 65 °C for 4 hours. The solution was cooled to room temperature and the
solvents were removed under reduced pressure. The mixture was flushed with acetonitrile after
which aqueous sodium bicarbonate and ethyl acetate were added. The phases were separated
and the aqueous layer washed with ethyl acetate. The combined organic phases were dried with
Na,S0, filtered and concentrated in vacuo. The resulting residue was purified via silica gel
chromatography (EtOAc/Hexanes) to afford the desired product: LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, RT = 2.34 minutes (M+H) 403.11.

Formation of 3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-3-(1-methylcyclobutyl)propanoic acid (87 and 88)

To a solution of methyl 3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-3-(1-methylcyclobutyl)propanoate (11) (1.75 g, 4.36 mmol) in THF
(25 mL) was added aqueous IN LiOH (13.1 mL). The mixture was heated to 50 °C for 3.5
hours. The reaction mixture was cooled to room temperature and diluted with water. The THF
was removed under reduced pressure and the residue was then flushed twice with hexanes. Ether
was added and the layers separated (the ether layer was discarded). The pH was adjusted to 5.5
with IN HCI and the resulting solid was filtered and washed with water. The solid was flushed
with heptanes and dried over P,0s to give the desired product: 'H NMR (400 MHz, DMSO) §
12.17 (d, J = 60.2 Hz, 2H), 8.59 (d, J = 8.4 Hz, 1H), 8.39 — 8.05 (m, 3H), 7.52 (s, 1H), 5.00 (s,
1H), 2.23 (d, J= 7.7 Hz, 1H), 2.00 (s, 1H), 1.81 (d, J = 48.3 Hz, 2H), 1.62 (s, 1H), 1.46 (s, 1H),
1.21 (s, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 2.08
minutes (M+H) 388.46. The racemic mixture was submitted to SFC chiral separation to obtain
the individual enantiomers, 87 and 88.

Preparation of Compound 65

Synthetic Scheme 18

-99.



(s, 9H). 1H NVR (300 MHz, d6- DMBO) ? 12.21 (s, 1H), 8.55 (dd, J

= 10.0, 2.8 Hz, 1H), 8.29 -8.23 (m 1H), 8.19 (d,
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125a )
() AlMes, NH4Cl, toluene; (b) hydroxylamine, DMSO, 140 °C; (c¢) CDI, 'Pr,NEt, THF.

Formation of (+/-)-3-((S-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo|[2,3-b] pyridin-3-
y)pyrimidin-4-yl)amino)-4,4-dimethylpentanenitrile (124a)

Ammonium chloride (0.12 g, 2.30 mmol) was suspended in toluene (4.5 mL). The
mixture was cooled in an ice bath and AlMe; (1.15 mL of a 2 M solution in toluene, 2.30 mmol)
was added dropwise. The mixture was stirred 30 minutes and another 30 min at room
temperature. A solution of racemic  methyl = 3-[[5-fluoro-2-[5-fluoro-1-(p-
tolylsulfonyl)pyrrolo[2,3-b]pyridin-3-yl]pyrimidin-4-ylJamino]-4,4-dimethyl-pentanoate (0.25 g,
0.46 mmol) in 4.5 mL toluene was added and the resulting mixture was stirred 60 °C overnight.
The reaction mixture was cooled in an ice bath and quenched with 1IN HCI. The mixture was
extracted with dichloromethane and filtered through a phase separator. The residue was purified
on silica gel (EA/Hex): LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT =
2.04 minutes (M+H) 511.42.

Formation of (+/-)-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
y)amino)-/V'-hydroxy-4,4-dimethylpentanimidamide (125a)

To a solution of racemic 3-[[5-fluoro-2-[5-fluoro-1-(p-tolylsulfonyl)pyrrolo[2,3-
b]pyridin-3-yl]pyrimidin-4-yl]Jamino]-4,4-dimethyl-pentanenitrile, 124a, (0.059 g, 0.116 mmol)
in DMSO (0.500 mL) was added hydroxylamine (0.031 g, 0.470 mmol). The mixture was
heated in a microwave at 140 °C for 30 minutes. The residue was purified on a C18 column
(acetonitrile/0.1% formic acid) to afford the desired product: LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, RT = 1.58 minutes (M+H) 390.06.

Formation of (+/-)-3-(2-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-3,3-dimethylbutyl)-1,2,4-o0xadiazol-5(2 H)-one (65)

To a solution of racemic 3-[[5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-ylJamino]-N'-hydroxy-4,4-dimethyl-pentanamidine, 125a, (0.034 g, 0.087 mmol)
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J=2.7H, 1H), 8.15 (d, J = 4.0 Hz, 38 CCC 1H), 7.47 (d, J = 8.4 Hz,
1H), 6.77- 425.03 2.11 6.69 (m 1H), 4.88 (t, J = 9.1 Hz, 1H),
WO 2013/019828 PCT/US2012/049097

and carbonyl diimidazole (0.014 g, 0.087 mmol) in THF (1 mL) was added N,N-
diisopropylethylamine (0.045 mL, 0.260 mmol). The reaction mixture was stirred at room
temperature for 48 hours. Aqueous ammonium chloride and dichloromethane were added and
the layers were separated with a phase separator. The residue was purified on a C18 column
(acetonitrile/0.1% formic acid) to afford the final product: 'H NMR (400 MHz, Acctone) &
11.23 (s, 1H), 8.54 (dd, /= 9.8, 2.8 Hz, 1H), 8.36 (s, 1H), 8.20 (s, 1H), 8.13 (d, /= 3.7 Hz, 1H),
6.81 (s, 1H), 5.00 (d, /= 11.2 Hz, 1H), 3.15 (d, J = 14.8 Hz, 3H), 2.94 (dd, J = 14.4, 11.9 Hz,
2H), 1.16 (s, 8H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 1.58
minutes (M+H) 390.06.

Preparation of Compound 47

Synthetic Scheme 19
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(2) Na,CO,, CH;CN-THF, 125-150 °C; (b) 4M HCL, 1,4-dioxane-CH;CN, 60 °C

(R)-3-((2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (128a).

Sulfoxide, 127a, was prepared in same fashion as sulfoxide, 25a, (see Synthetic Scheme
4) using 2,4-dichloropyrimidine instead of 2-chloro-5-fluoro-4-methylsulfanyl-pyrimidine.

A  mixture of 5-fluoro-3-(4-(methylsulfinyl)pyrimidin-2-yl)-1-tosyl-1H-pyrrolo[2,3-
blpyridine, 127a, (0.052 g, 0.121 mmol) and (3R)-3-amino-4,4-dimethyl-pentanoic acid, 2a,
(0.035 g, 0.242 mmol) along with Na,COs (0.051 g, 0.483 mmol) in a mixture of THF (0.780
mL) and acetonitrile (0.260 mL) was heated to 125 °C for 30 minutes under microwave
irradiation. Then, the temperature was raised to 150 °C for a further 2.5 hours. The mixture was
neutralized with aqueous 2N HCI and extracted with several portions of EtOAc. The organic
solvents were evaporated in vacuo. Purification by flash chromatography (SiO,, 0-100 %
hexanes-EtOAc (with 10% MeOH)) provided 19 mg of the desired material (31% yield), which
was used in the next step without further purification: LCMS Gradient 10-90%, 0.1%
trifluoroacetic acid, 5 minutes, C18/ACN, RT = 2.70 minutes (M+H) 512.00.

(R)-3-((2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (47).

To a solution of (R)-3-((2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-4,4-dimethylpentanoic acid, 128a (0.019 g, 0.037 mmol) in acetonitrile (0.6 mL) was
added HCI (0.15 mL of 4 M in dioxane, 0.60 mmol). The solution was heated to 60 °C for 18
hours. Then, additional HCI (0.36 mL of 4 M in dioxane) was added and heating was continued
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Hz,

3.49 -3.36 (m 1H), 3.36 -3.28 (m J = 10.5 Hz, 1H), 2.55 (t, J =
3H), 0.98 (s, 9H). 1H NVR (400 MHz, CDCI3) ? 9.89 (s,
WO 2013/019828 PCT/US2012/049097

for 4 hours. The mixture was cooled and concentrated in vacuo. Trituration with Et,O followed
by purification by preparatory HPLC provided 17.5 mg of the desired product as a TFA salt: .
The NMR indicated a 4 to 1 ratio of atropisomers: 'H NMR (400 MHz, MeOD, major
atropsomer) o 8.70 (dd, J = 8.9, 2.3 Hz, 1H), 8.50 (s, 1H), 8.35 (s, 1H), 7.99 (d, J = 7.3 Hz, 1H),
6.60 (d, J =7.2 Hz, 1H), 5.05 (d, J = 10.7 Hz, 1H), 2.93 (dd, ] = 15.9, 1.8 Hz, 1H), 2.53 (dd, J =
15.9,11.2 Hz, 1H), 1.08 (d, J = 0.8 Hz, 9H); LCMS Gradient 10-90%, 0.1% trifluoroacetic acid,
5 minutes, C18/ACN, RT = 2.17 minutes (M+H) 358.02.

Preparation of Compound 48

Synthetic Scheme 20
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~ P ~ Ny 'N
N Cl e N7l NN
130a 131a 132a
/
B Q N O)s
E Br F. r E B’O =N
= e = f E
A\ ’ \ = I\ g —a
I N ———— N N —_— I - - \
N ’ X N I N
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H Ph Ph N N)
133a
1342 Ph 1352 P py 136a Ph" b,
OH OH

N F F
\ HN © X X
P L P OH N N L
Ph 7(N N N7 N
137a 2a Ph
48
pH pn 1382

(a) (CO)QCIQ, DMF/CHZCIZ, NH4OH, (b) Eth, TFAA, CH2C12 (C) N2H4'H20, nBuOH,
reflux; (d) tBuNO,, Br;CH, 60-90 °C; (¢) Ph;CCl, K,COs, DMF; (f) KOAc, 4,4,5,5-tetramethyl-
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-dioxaborolane, Pd(dppf).Cl,, DMF, 100
°C; (g) 2-chloro-4-methylsulfanyl-pyrimidine, Pd,(dba)s, XPhos, K5PO,, 2-MeTHF, H,O, 115
°C; (h) mCPBA, CHyCl,, 0 °C; (i) Na,COs;, CH;CN-THF, 125-150 °C; (c) Et:SiH, TFA,
CH,Cl,,

Formation of 2-chloro-5-fluoropyridine-3-carboxamide (130a)

To the suspension of 2-chloro-5-fluoropyridine-3-carboxylic acid (37.0 g, 210.8 mmol) in
dichloromethane (555 mL) was added oxalyl chloride (56.2 g, 442.7 mmol) under nitrogen.
DMF (1.54 g, 21.08 mmol) was added slowly to the reaction mixture. The mixture was stirred at
room temperature for 2 h and dichloromethane was removed under reduced pressure. The
residue was dissolved in THF (300 mL) and cooled down to 0 °C by ice bath. Ammonium
hydroxide (28-30%, 113.0 mL, 1.8 mmol) was added in one portion. The mixture was stirred for
another 15 min. The mixture was diluted into ethyl acetate (300 mL) and water (300 mL) and
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1H), 8.07 (d, J = 8.9 Hz, 1H), 7.90 (s, 1H), 7.68 (s, 2H),4.96 (t, J
=0.8H, 39AABIH), 4.76 (d, J = 9.8 Hz, 1H), 3.60 453.19 2.22
WO 2013/019828 PCT/US2012/049097

the phases were separated. The organic layer was washed with brine and dried over Na,SOy,
filtered, and concentrated in vacuo to afford 29.8 g desired product as white solid: 'H NMR
(300 MHz, DMSO-d6) 4 8.53 (d, /= 3.0 Hz, 1H), 8.11 (s, 1H), 8.00 (dd, /= 8.0, 3.0 Hz, 1H),
7.89 (s, 1H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, RT = 1.11
minutes, (M+H) 175.02.

Formation of 2-chloro-5-fluoropyridine-3-carbonitrile (131a)

To a suspension of 2-chloro-5-fluoropyridine-3-carboxamide, 130a, (29.8 g, 170.4 mmol) in
dichloromethane (327 mL) was added triethylamine (52.3 mL, 374.9 mmol). This mixture was
cooled down to 0 °C. Trifluoroacetic anhydride (26.1 mL, 187.4 mmol) was added slowly over
period of 15 min. The mixture was stirred at 0 °C for 90 min. The mixture was diluted into
dichloromethane (300 mL) and the resulting organic phase was washed with aqueous saturated
NaHCOs solution (300 mL) and brine (300 mL). The organic layer was dried over Na;SQOa,
filtered, concentrated in vacuo. The product was purified by silica gel chromatography (40% to
60% ethyl acetate/hexanes gradient) giving 24.7 g of product as a white solid: 'H NMR (300
MHz, CDCls) ¢ 8.50 (d, J = 3.0 Hz, 1H), 7.77 (dd, J = 6.8, 3.0 Hz, 1H); LCMS Gradient 10-
90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.50 minutes, (M+H) 157.06.

Formation of S-fluoro-1H-pyrazolo[3,4-b|pyridin-3-amine (132a)

To the mixture of 2-chloro-5-fluoropyridine-3-carbonitrile, 131a, (29.6 g, 157.1 mmol) in
n-butanol (492 mL) was added hydrazine hydrate (76.4 mL, 1.6 mol). This mixture was heated
to reflux for 4.5 h and cooled down. n-Butanol was removed under reduced pressure and water
(300 mL) was added resulting in a yellow precipitate. The suspension was filtered and washed
with water twice, followed by a MTBE wash. The yellow solid was dried in a vacuum oven to
give 18 g of the desired product: 'H NMR (300 MHz, DMSO-d6) & 12.08 (s, 1H), 8.38 (dd, J =
2.7, 1.9 Hz, 1H), 7.97 (dd, J = 8.8, 2.7 Hz, 1H), 5.56 (s, 2H). LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 1.25 minutes (M+H) 152.95.

Formation of 3-bromo-5-fluoro-1H-pyrazolo[3,4-b]pyridine (133a)

To a mixture of 5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-amine, 132a, (0.88 g, 5.79 mmol)
in bromoform (8.8 mL) was added fert-butyl nitrite (1.38 mL, 11.57 mmol). This mixture was
heated to 61 °C for 1 h and then heated to 90 °C for an additional hour. The mixture was cooled
to room temperature and bromoform was removed under reduced pressure. The resulting crude
residue was purified by silica gel chromatography (5-50% ethyl acetate/hexanes) to afford 970
mg of the desired product as a white solid: "H NMR (300 MHz, DMSO-d6) & 14.22 (s, 1H),
8.67 (dd, J = 2.7, 1.9 Hz, 1H), 8.07 (dd, J = 8.2, 2.7 Hz, 1H); LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 2.42 minutes (M+H) 216.11.

Formation of 3-bromo-5-fluoro-1-trityl-1H-pyrazolo|3,4-b] pyridine (134a)

A mixture of 3-bromo-5-fluoro-1H-pyrazolo[3,4-b]pyridine, 133a, (0.97 g, 4.49 mmol)
and K,CO; (186 g, 13.47 mmol) in DMF (9.7 mL) was cooled to 0 °C.
Chlorodiphenylmethylbenzene (1.38 g, 4.94 mmol) was added. The mixture was stirred at room
temperature overnight. The mixture was diluted into ethyl acetate (40 mL) and water (30 mL)
and the layers were separated. The organic layer was washed with brine, dried over Na,SOs,
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J =13.0, 6.6 Hz, 1H), 3.42 (m 1H), 3.09 -2.86 (m 1H), 1.20
= 4.9 Hz, 6H), 0.97 (s, 9H). 40 A AB 467.2 2.36
WO 2013/019828 PCT/US2012/049097

filtered and concentrated in vacuo. The product was purified by silica gel chromatography (40%
cthyl acctate/hexanes) to afford 1.68 g of the desired product as a white solid: 'H NMR (300
MHz, DMSO-d6) $ 8.45 — 8.38 (m, 1H), 8.04 (dd, J = 8.0, 2.7 Hz, 1H), 7.35 — 7.16 (m, 15H);
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.03
minutes (M+H) 459.46.

Formation of 5-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-1 H-
pyrazolo[3,4-b]pyridine (135a)

A solution of 3-bromo-5-fluoro-1-trityl-pyrazolo[3,4-b]pyridine, 134a (3.43 g, 7.48
mmol), KOAc (2.20 g, 22.45 mmol) and 4,4,5,5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,3,2-dioxaborolane (2.85 g, 11.23 mmol) in DMF (50 ml) was degassed
under a stream of nitrogen for 40 min. To the mixture was added Pd(dppf),Cl, (0.610 g, 0.748
mmol) The reaction mixture was heated at 100 °C for 90 minutes. The reaction mixture was
filtered through a pad of Celite. To the resulting filtrate was added ether and brine. The organic
phase was dried over MgSQy, filtered and concentrated in vacuo to afford 4.0 g crude product
that was used in the next step without further purification (note, the product decomposes if
purification is attempted via silica gel chromatography).

Formation of 5-fluoro-3-(4-(methylthio)pyrimidin-2-yl)-1-trityl-1H-pyrazolo[3,4-b]pyridine
(136a)

A solution of 2-chloro-4-methylsulfanyl-pyrimidine (0.25 g, 1.56 mmol), K3PO4 (0.99 g,
4.67  mmol) and  5-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-1H-
pyrazolo[3,4-b]pyridine, 135a, (0.87 g, 1.71 mmol) in water (1 mL) and 2-methyltetrahydrofuran
(9 mL) was degassed under a stream of nitrogen for 15 minutes. Then, Pdy(dba); (0.04 g, 0.05
mmol) was added and the mixture was degassed for an additional 2-3 minutes. The vessel was
sealed and heated to 95 °C overnight. After separating the layers, the organic phase was washed
with water. The resulting solid was filtered and washed with ether and MeTHF. Filtered
through PSA cartridge with MeOH/dichloromethane mixture to give the desired product as a
white solid: LCMS Gradient 60-98%, 0.1% formic acid, 7min, C4/ACN, Retention Time = 2.68
min (M+Na) 526.1.

Formation of  5-fluoro-3-(4-(methylsulfinyl)pyrimidin-2-yl)-1-trityl-1H-pyrazolo[3,4-
b]pyridine (137a)

To a cold (0 °C) mixture of 5-fluoro-3-(4-(methylthio)pyrimidin-2-yl)-1-trityl-1H-
pyrazolo[3,4-b]pyridine, 135a, (0.70 g, 1.38 mmol) in dichloromethane (10.4 mL) was added
mCPBA (0.43 g, 1.93 mmol). After 30 minutes, the mixture was diluted with dichloromethane
and washed with 2N NaOH and brine. The organic phase was brine dried over Na,SOy, filtered
and stripped down twice with CH3CN to afford 660 mg of desired product that was used without
further purification: LCMS Gradient 60-98%, 0.1% formic acid, 7min, C4/ACN, Retention Time
= 2.68 minutes (M+H) 520.

(R)-3-((2-(5-fluoro-1-trityl-1H-pyrazolo[3,4-b]pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (138a).

A stirred suspension of  5-fluoro-3-(4-(methylsulfinyl)pyrimidin-2-yl)-1-trityl-1H-
indazole, 137a, (0.09 g, 0.18 mmol), (3R)-3-amino-4,4-dimethyl-pentanoic acid (0.05 g, 0.36
mmol) and Na,COs (0.76 g, 0.72 mmol) in acetonitrile (0.62 mL) and 2-MeTHF (0.31 mL) was
heated to 125 °C in microwave reactor for 1 hour. After cooling to room temperature, the
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WD 2013/ 019828PCT/ US2012/ 049097 41 A A B 386.39 3.09 42A A A1 H NWR (300
MHz, CDCI3) ? 10.70 (s, 1H), 8.42 (dd, J = 9.6, 2.6 Hz, 1H), 8.05 (s, 1H),
7.73 (s, WwHRo13f1428(t, J = 8.4 Hz, 1H), 5.32 (d, J = 6. @CHAS2Wk)49047 83 (t,
J =9.4 H, 1H), 2.89 (d, J = 5.3 Hz, 1H), 2.34 (dd, J = 12.8, 9.6 Hz, 1H),
1.92- 1.37 (m 8H), 1.32 - 1.24 (m 1H), 1.20 - 1.06 (m 3H). 426.31 3.27
43A A

mixture was diluted with EtOAc, neutralized with HC1 (0.72 mL of 2 M solution, 1.42 mmol)

and the product was extracted with several portions of EtOAc and CH,Cl,. Evaporation of the
combined organic phases provided 109 mg of the desired crude product which was used in the
next reaction without further purification: LCMS Gradient 10-90%, 0.1% trifluoroacetic acid, 5
minutes, C18/ACN, Retention Time = 3.08 minutes (M+H) 601.05.

(R)-3-((2-(5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (48)

To a solution of crude (R)-3-((2-(5-fluoro-1-trityl-1H-pyrazolo[3,4-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-4,4-dimethylpentanoic acid, 138a, (0.11 g, 0.21 mmol) in CH,Cl, was
added triethylsilane (0.15 mL, 0.94 mmol) followed by trifluoroacetic acid (0.15 mL, 1.95
mmol). After stirring the resulting solution at room temperature for 1 hour, the reaction mixture
was kept below 5 °C overnight (refrigerator). The mixture was then allowed to warm to room
temperature and kept at that temperature for an additional 5 hours. The solution was diluted with
toluene and concentrated in vacuo. Trituration with Et;O followed by preparative HPLC
purification provided 15 mg of the desired product as the TFA salt. 'H NMR indicated a 3 to 1
mixture of atropisomers: 'H NMR (400 MHz, MeOD, major isomer) & 8.63 - 8.45 (m, 2H), 7.96
(d, J=7.3 Hz, 2H), 6.66 (d, J = 7.3 Hz, 2H), 4.95 (d, J = 10.6 Hz, 2H), 2.84 (dd, /= 154,2.4
Hz, 2H), 2.44 (dd, J = 15.9, 10.7 Hz, 2H), 0.98 (s, 9H); LCMS Gradient 10-90%, 0.1%
trifluoroacetic acid, 5 minutes, C18/ACN, Retention Time = 2.12 minutes (M+H) 359.02.

Preparation of Compound 42

Synthetic Scheme 21
F
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(a) 2-chloro-5,6-difluoropyridine-3-carbonitrile, Et;N, THF, EtOH; (b) 5-fluoro-1-(p-
tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, X-
phos, Pd,(dba)s, K3PO4, 2-methyl THF, H,0, 130 °C; ¢) NaOMe, THF; d) LiOH, THF, H,O.

Formation of (R)-ethyl 3-(6-chloro-5-cyano-3-fluoropyridin-2-ylamino)-3-(1-
methylcyclopentyl)propanoate (143a)

To a solution of racemic ethyl 3-amino-3-(1-methylcyclopentyl)propanoate, 33a, (0.40 g,
2.01 mmol) and 2,6-dichloro-5-fluoro-pyridine-3-carbonitrile (0.46 g, 2.41 mmol) in THF (20
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A 1H NWMR (300 M1z, CDCI3) ? 11.16 (s, 1H), 8.70 , 1H), 8.04 (d, J = 3.2
Hz, 1H), 7.96 (s, 1H), 7.87 (s, 1H), 5.02 (d, J 8.1 Hz, 1H), 4.80 (t, J =
9.6 Hz, MWp,2013/B9828d, J = 9.9 Hz, 1H), 2.34 (t, = 11. BCHajS2d1RHM49097 14 (s,
OH). 426.47 2.49 44 A B B 1H NWR (400 MHz, DVsO) ? 12.26 (s, 2H), 8.55 (d,
J =9.7 H, 1H), 8.19 (dd, J = 45.1, 15.8 Hz, 3H), 7.48 (d, J = 8.1 Hz,
1H), 4.79 (s, 1H, 2.58 (dd, J = 20.6, 12.2 Hz, 2H), 1.85 (ddd, J = 29.4,
26. 5, n2l). waHzdded iicth@ami@2(0271mA54 B2 Ar@ol). The reaction mixture was stirred at 90 °C
in a pressure tube for 18 hours. The reaction mixture was filtered and the resulting filtrate was
concentrated in vacuo. The product was purified by silica gel chromatography
(25%EtOAc/Hexanes) to afford 380 mg of the desired product as a racemic mixture: 'H NMR
(400 MHz, CDCls) 6 7.31 (d, /= 9.7 Hz, 1H), 5.56 (d, J = 8.9 Hz, 1H), 4.68 (td, /= 9.6, 3.6 Hz,
1H), 4.07 (q, J = 7.1 Hz, 2H), 2.68 (dd, J = 14.8, 3.7 Hz, 1H), 2.46 (dd, J = 14.8, 9.3 Hz, 1H),
1.77 = 1.62 (m, 4H), 1.61 — 1.49 (m, 2H), 1.47 — 1.37 (m, 1H), 1.35 - 1.26 (m, 1H), 1.19 (t, J =
7.1 Hz, 3H), 1.01 (s, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 3.81 minutes (M+H) 354.98. The racemic mixture was submitted to SFC
chiral separation to give the individual enantiomers, 143a and 143b. The (R)-enantiomer, 143a,
was taken forward into the next synthetic step.

(s
3

Formation of (R)-ethyl 3-(5-cyano-3-fluoro-6-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yDpyridin-2-ylamino)-3-(1-methylcyclopentyl)propanoate (144a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, (0.155 g, 0.373 mmol), racemic ethyl 3-[(6-chloro-5-cyano-3-
fluoro-2-pyridyl)amino]-3-(1-methylcyclopentyl)propanoate, 143a, (0.120 g, 0.339 mmol) and
KsPO4 (0.288 g, 1.357 mmol) in 2-methyl THF (10.0 mL) and H,O (0.24 mL) was degassed
under a stream of nitrogen for 30 minutes. To the mixture was added X-phos (0.020 g, 0.041
mmol) and Pd,(dba); (0.008 g, 0.008 mmol). The reaction mixture was stirred at 130 °C in a
pressure tube for 45 minutes. The organic phase was filtered through a pad of celite and
concentrated in vacuo. The resulting crude material was purified by silica gel chromatography
(30% EtOAc/Hexanes) to afford 150 mg of the desired product: 'H NMR (400 MHz, CDCls) &
8.67 (s, 1H), 8.44 (dt, J =153, 7.7 Hz, 1H), 8.37 (d, J = 1.5 Hz, 1H), 8.13 (t, / = 7.6 Hz, 2H),
7.41 (d, J=10.3 Hz, 1H), 7.32 (d, J = 7.5 Hz, 2H), 5.38 (t, /= 9.7 Hz, 1H), 4.89 (td, J = 10.1,
3.3 Hz, 1H), 4.02 — 3.91 (m, 2H), 2.74 (dd, J = 15.1, 3.5 Hz, 1H), 2.52 (dd, J = 15.1, 10.2 Hz,
1H), 2.40 (s, 3H), 1.61 (ddt, J = 32.0, 20.7, 7.7 Hz, 7H), 1.49 — 1.30 (m, 3H), 1.27 (t,J="7.1 Hz,
3H), 1.08 — 0.97 (m, 3H). LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 4.22 min (M+H) 608.29.

Formation of (R)-methyl 3-(5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yDpyridin-2-ylamino)-3-(1-methylcyclopentyl)propanoate (145a)

To a solution of racemic ethyl 3-(5-cyano-3-fluoro-6-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyridin-2-ylamino)-3-(1-methylcyclopentyl)propanoate, 144a, (0.150 g, 0.247
mmol) in THF (20 mL) was added sodium methoxide (0.053 mL of 25% wt solution in MeOH,
0.247 mmol). The reaction mixture was stirred at room temperature for 5 minutes. The reaction
mixture was diluted with aqueous saturated NaHCO; solution and EtOAc. The organic phase
was dried over MgSQy, filtered and concentrated in vacuo. The product was purified by silica
gel chromatography (40% EtOAc/Hexanes) to afford 90 mg of the desired product as a mixture
of cthyl and methyl esters. The mixture was taken onto the next step without further
purification: '"H NMR (400 MHz, CDCls) ¢ 10.18 (s, 1H), 8.65 (dd, J = 9.6, 2.5 Hz, 1H), 8.48
(d, J=2.8 Hz, 1H), 8.32 (s, 1H), 7.37 (t, /= 14.1 Hz, 1H), 5.38 (d, /= 7.9 Hz, 1H), 5.02 (td, J =
9.8, 3.5 Hz, 1H), 3.54 (s, 3H), 2.80 (dt, J = 15.8, 7.9 Hz, 1H), 2.57 (dd, J = 14.9, 9.8 Hz, 1H),
1.80 — 1.57 (m, 7H), 1.43 (ddd, J = 24.5, 14.1, 6.0 Hz, 3H), 1.08 (s, 3H); LCMS Gradient 10-
90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.60 minutes (M+H) 440.26.

Formation of (R)-3-(5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyridin-2-
ylamino)-3-(1-methylcyclopentyl)propanoic acid (42)
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1H NWMR (300 MHz, CDCI3) ? 10.42 (s, 1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H),
8.13 (d, J = 11.2 Hz, 1H), 8.10 (s, 1H), 8.04 (d, J = 3.2 Hz, 1H), 4.89 (d,
J = 9.0 Hxp20H)01982826 (t, J = 9.9 Hz, 1H), 3.65 (d, J =P@TAISRIN2/044dp7 3. 54
(td, J =11.4, 2.9 Hz, 1H, 2.17 - 1.99 (m 1H), 1.40 (dd, J = 14.0, 11.9
Hz, 1H), 0.96 (d, J = 18.4 Hz, 9H), 0.90 - 0.73 (m 1H). 362.39 1.89 46 A B
C 1H NWR (400 MHz, CDC13) ? 9.38 (s, 1H, 8.53 (d, J =6.9 Hz, 1H), 8.16
(m 2H), 8SoGsofgionkiflracemi®ethy] 89 5{cypnatbffluot-425-fludrdB1H{pyrroldil}.3-1gptrddigm
1H), B-@hyiklin-3lardin6P3{( $-mi)lcycdddnO)p2oraBotd, MFa, B0.090 g, 0.204 mmol) in

THF (30 mL) was added a solution of lithium hydroxide (0.035 g, 0.819 mmol) in H,O (10 mL).

The reaction mixture was stirred at 70 °C overnight. The organic phase was removed under

reduced pressure and the resulting residue was purified by preparatory HPLC. The appropriate

HPLC fractions were extracted with EtOAc, and the solvent was removed under reduced

pressure: 'H NMR (400 MHz, MecOD) 3 8.64 (dd, J = 8.4, 2.4 Hz, 1H), 8.57 (s, 1H), 8.24 (d, J =

4.4 Hz, 1H), 5.19 (d, J = 8.7 Hz, 1H), 2.78 (qd, J = 15.9, 6.6 Hz, 2H), 1.85 — 1.57 (m, 6H), 1.48

(dd, J=11.8, 6.0 Hz, 1H), 1.36 (dt, /= 12.0, 6.0 Hz, 1H), 1.11 (s, 3H); LCMS Gradient 10-90%,

0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.21 minutes (M+H) 426.25.

Preparation of Compounds 5, 6 and 12

Synthetic Scheme 22
0
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(a) EtsN, THF, EtOH; (b) 5-fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-1H-
pyrazolo[3,4-b]pyridine, 135a, X-phos, Pd,(dba);, KsPO,, 2-methyl THF, H,0, 135 °C; (¢)
Et;SiH, TFA, CH,CL; (d) LiOH, THF, H,O.

Formation of (+/-)-ethyl 3-(2-chloro-5-fluoropyrimidin-4-ylamino)-3-(1-
methylcyclopentyl)propanoate (147a)

To a solution of 2,4-dichloro-5-fluoro-pyrimidine (0.184 g, 1.100 mmol) and racemic
ethyl 3-amino-3-(1-methylcyclopentyl)propanoate, 33a, (0.199 g, 1.000 mmol) in THF (10 mL)
and ethanol (1 mL) was added triethylamine (0.307 mL, 2.200 mmol). The reaction mixture was
stirred at 70 °C for 5 hours. The mixture was filtered and the filtrate was concentrated in vacuo.
The resulting residue was purified via silica gel chromatography (25%EtOAc/Hexanes) to afford
180 mg of the desired product: 'H NMR (400 MHz, CDCls) & 7.88 (d, J = 2.7 Hz, 1H), 5.54 (d,
J=9.2 Hz, 1H), 4.74 — 4.54 (m, 1H), 4.08 (q, /= 7.2 Hz, 2H), 2.68 (dd, J = 14.8, 3.7 Hz, 1H),
2.46 (dd, J=14.8,9.3 Hz, 1H), 1.69 (dd, J=12.8, 8.8 Hz, 4H), 1.63 — 1.50 (m, 2H), 1.46 — 1.38
(m, 1H), 1.37 — 1.23 (m, 1H), 1.23 — 1.14 (m, 3H), 1.00 (s, 3H). LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 3.54 minutes (M+H) 330.17.

Formation of (+/-)-ethyl 3-(5-fluoro-2-(5-fluoro-1-trityl-1H-pyrazolo[3,4-b]pyridin-3-
yD)pyrimidin-4-ylamino)-3-(1-methylcyclopentyl)propanoate (148a)
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(s,

1H NVR (400 MHz, MeOD) ? 8.70 (dd, J = 8.9, 2.3 Hz, 1H), 8.50 (s, 1H),
1H), 7.99 (d, J = 7.3 Hz, 1H), 6.60 (d, J = 7.

2 Hz, 1H), 5.05 (d, J

10. 7 Hz, Wll2p13019@s(dd, J = 15.9, 1.8 Hz, 1H), 2.53 (ddpCI/Us2di5/0990911. 2

1H),

1.08 (d, J = 0.8 Hz, 9H) 358.02 2.17 WO 2013/019828PCT/ US2012/ 049

48 A B B 1H NMR (400 MHz, MeOD) ? 8.63 - 8.45 (m 2H), 7.96 (d, J = 7.3

2H),

6.66 (d, J = 7.3 Hz, 2H), 4.95 (d, J = 10.6 Hz, 2H), 2.84 (dd, J =

8.35

Hz,
097
Hz,

15. 4, 2.4 AHmolwidp, of. KPQud (.44 =,18.183 thénol), HagerBid) cthyl IB[(Rschl@eh5-1856- 02
2. 12 pyrimidin-4-yl)amino]-3-(1-methylcyclopentyl)propanoate, 147a, (0.180 g, 0.546 mmol) and 5-

fluoro-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-trityl-pyrazolo[3,4-b]pyridine, ~ 135a,
(303.4 mg, 0.6004 mmol) in 2-Methyl THF (3.240 mL) and H,O (0.360 mL) was degassed under
a stream of nitrogen for 30 minutes. To this mixture was added X-phos (0.031 g, 0.066 mmol)
and Pd,(dba); (0.013 g, 0.014 mmol). The reaction mixture was stirred at 135 °C in a pressure
tube for 1 hour. The organic phase was filtered through a pad of celite and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography (30% EtOAc/Hexanes) to
afford 240 mg of the desired product: "H NMR (400 MHz, CDCls) & 8.55 (dd, J= 8.5, 2.7 Hz,
1H), 8.15 (d, J = 2.4 Hz, 2H), 7.27 (dd, J = 11.0, 5.0 Hz, 15H), 5.38 (d, /= 9.7 Hz, 1H), 4.89
(dd, /=9.7, 6.0 Hz, 1H), 3.99 (q, /= 7.1 Hz, 2H), 2.73 (dd, J = 14.7, 3.8 Hz, 1H), 2.52 (dd, J =
14.8,9.4 Hz, 1H), 1.68 (dd, J=12.0, 6.6 Hz, 2H), 1.64 — 1.52 (m, 4H), 1.47 — 1.36 (m, 1H), 1.30
(dt,J=14.3,7.2 Hz, 2H), 1.11 — 0.99 (m, 4H). LCMS Gradient 60-98%, formic acid, 7 minutes,
C18/can, Retention Time = 3.24 minutes (M+H) 672.85.

Formation of (+/-)-ethyl 3-(5-fluoro-2-(5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-yl)pyrimidin-
4-ylamino)-3-(1-methylcyclopentyl)propanoate (149a)

To a solution of racemic ethyl 3-[[5-fluoro-2-(5-fluoro-1-trityl-pyrazolo[3,4-b]pyridin-3-
yl)pyrimidin-4-yl]amino]-3-(1-methylcyclopentyl)propanoate, 148a, (0.240 g, 0.357 mmol) in
dichloromethane (20 mL) was added triethylsilane (0.285 mL, 1.784 mmol) followed by
trifluoroacetic acid (0.275 mL, 3.567 mmol). The reaction mixture was stirred at room
temperature overnight. The reaction mixture was concentrated in vacuo and the resulting crude
residue was purified by silica gel chromatography (5% MeOH/CH,Cl,) to afford the desired
product: 'H NMR (400 MHz, CDCl3) & 11.80 (s, 2H), 8.59 (d, J = 12.3 Hz, 2H), 8.48 (d, J= 7.9
Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H), 5.07 (s, 1H), 4.09 (q, J = 7.0 Hz, 2H), 2.97 — 2.59 (m, 2H),
1.70 (dd, J = 27.7, 13.9 Hz, 6H), 1.57 — 1.33 (m, 2H), 1.16 (dd, /= 18.1, 11.1 Hz, 6H); LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.97 minutes
(M+H) 431.24.

Formation of (+/-)-3-(5-fluoro-2-(5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-yl)pyrimidin-4-
ylamino)-3-(1-methylcyclopentyl)propanoic acid (12)

To a solution of racemic ethyl 3-[[5-fluoro-2-(5-fluoro-1H-pyrazolo[3,4-b]pyridin-3-
yl)pyrimidin-4-ylJamino]-3-(1-methylcyclopentyl)propanoate, 149a, (0.110 g, 0.256 mmol) in
THF (30 mL) was added a solution of lithium hydroxide hydrate (0.043g, 1.022 mmol) in H,O
(20 mL). The reaction mixture was stirred at 70 °C overnight. The organic solvent was removed
under reduced pressure and the remaining aqueous phase was used directly in the purification via
preparatory HPLC. The resulting HPLC fractions were extracted with EtOAc. The organic
phase was dried over MgSOQ,, filtered and the solvent was removed under reduced pressure to
afford the desired product: '"HNMR (400 MHz, MeOD) ¢ 8.64 (dd, J=8.4,2.4 Hz, 1H), 8.57 (s,
1H), 8.24 (d, J = 4.4 Hz, 1H), 5.19 (d, J = 8.7 Hz, 1H), 2.78 (qd, J = 15.9, 6.6 Hz, 2H), 1.85 —
1.57 (m, 6H), 1.48 (dd, J = 11.8, 6.0 Hz, 1H), 1.36 (dt, J = 12.0, 6.0 Hz, 1H), 1.11 (s, 3H).
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.37 min,
(M+H) 403.22.

The following compounds can be prepared in a similar fashion as the procedure described
above for Compound 12:
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1H NMR (300 MHz, MeOD) ? 8.73 (t, J =50 Hz, 1H), 8.44 (s, 1H), 8.37
8.22 (m 2H), 4.69 (dd, J = 9.9, 2.9 49 A AB Hz, 1H), 4.11 (dd,
J = 11. 5,wW8.201319828 PCT/US2012/049097
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(R)-3-((5-fluoro-2-(5-fluoro-1H-pyrazolo|3,4-b|pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (5)

Compound 5 was synthesized in a manner similar to compound 12, starting with
compound 6a: '"H NMR (400 MHz, d6-DMSO) & 12.65 (s, 1H), 9.43 (s, 1H), 9.15 (s, 1H), 8.44
(d, J=4.7 Hz, 1H), 8.41 — 8.29 (m, 2H), 3.93 (s, 1H), 3.54 (s, 1H), 1.19 (d, J = 20.0 Hz, 9H);
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.70 min,
(M+H) 393.32.

(R)-3-((3,5-difluoro-6-(5-fluoro-1H-pyrazolo|3,4-b]pyridin-3-yl)pyridin-2-yl)amino)-4,4-
dimethylpentanoic acid (6)

Compound 6 was synthesized in a manner similar to compound 12, utilizing (R)-ethyl 3-
((6-bromo-3,5-difluoropyridin-2-yl)amino)-4,4-dimethylpentanoate as the intermediate for the
Suzuki  coupling. (R)-ethyl  3-((6-bromo-3,5-difluoropyridin-2-yl)amino)-4,4-dimethyl-
pentanoate was prepared in the same fashion as intermediate, 143a, utilizing 2-bromo-3,5,6-
trifluoropyridine as the starting material instead of 2-chloro-5,6-difluoropyridine-3-carbonitrile:
'H NMR (400 MHz, CDCls) § 8.31 (d, J = 6.4 Hz, 1H), 8.06 (s, 1H), 7.06 (t, J = 9.7 Hz, 1H),
4.58 (s, 2H), 2.80 (d, J = 13.2 Hz, 1H), 2.29 (dd, J = 13.3, 8.7 Hz, 1H), 0.98 (s, 9H).; LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.92 min, (M+H)

394.19.
F 0
OH
//%/N\j\ N///%/H\j/
g =N I
Cl SN al 4 ~
N
N ” 96 NT TN 97

(R)-3-((2-(5-chloro-1H-pyrazolo|[3,4-b]pyridin-3-yl)-5-fluoropyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (97) and methylester (96)

Compounds 96 and 97 were synthesized in a manner similar to compound 12, starting
with compound 6a: 'H NMR (300 MHz, McOD) for Compound 97: & 8.95 (d, J = 2.3 Hz, 1H),
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364.44 2.1 1H), 3.83 (dd, J = 11.4, 10.0 Hz, 1H), 3.32 (dt, J =
3.3, 1.6 Hz, 1H), 1.12 (s, 9H) . 50 (di astereoner
WO 2013/019828 PCT/US2012/049097

8.66 (d, J=2.3 Hz, 1H), 8.35 (d, /= 5.2 Hz, 1H), 5.12 (dd, J=10.7, 2.9 Hz, 1H), 2.93 (dd, J =
16.5, 2.9 Hz, 1H), 2.73 (dd, J = 16.4, 10.7 Hz, 1H), 1.10 (s, 9H); LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 2.79 min, (M+H) 407.37.

Preparation of Compounds 54, 56 and 53

Synthetic Scheme 23

F F F
= a — b == Q c
N, O = N FNH —— N N‘H}OE’[
N N NH JN_N ?L/L

N\
Cl Cl 7< Cl 7,\ FiC_ B-O
151a 152a m
> 153a

F F
N ) N\H}OE’[ N N‘H}OE’[
\ N d NN N

e A N A ]
[ TN
NS N
N™ N 154 N~ N
Ts 54a H 155a
F
—— O
Ne N\H}OH
FLC ) N N
UNF 7<
I\
N
N~ N
H 54

(a) tert-butylhydrazine-HCI, Et;N, THF, EtOH; (b) 2-bromoethyl acetate, K,COs, CH3CN; (c¢) 3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-tosyl-5-(trifluoromethyl)-1 H-pyrrolo[ 2,3-
b]pyridine, 153a, X-phos, Pd,(dba);, K;PO4, THF, H,0O; (d) TBAF/THF; (¢) LiOH, H,0, THF.

Formation of 4-(2-fert-butylhydrazinyl)-2-chloro-5-fluoropyrimidine (151a)

To a solution of 2,4-dichloro-5-fluoro-pyrimidine (1.84 g, 11.00 mmol) and tert-
butylhydrazine hydrochloride (1.25 g, 10.00 mmol) in THF (50 mL) and EtOH (5 mL) was
added triethylamine (4.18 mL, 30.00 mmol). The reaction mixture was stirred at room
temperature overnight. The reaction mixture was filtered to remove triethylamine HCI salt and
the filtrate concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (EtOAc/Hexanes) to afford 1.7g of the desired product: 'H NMR (400 MHz,
CDCls) 6 7.82 (d, J = 2.8 Hz, 1H), 6.47 (s, 1H), 4.60 (d, J = 5.8 Hz, 1H), 1.09 (s, 9H). LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.19 minutes
(M+H) 218.81.

Formation of ethyl 2-(1-zer-butyl-2-(2-chloro-5-fluoropyrimidin-4-yl)hydrazinyl)ethanoate

(152a)
To a suspension of 4-(2-tert-butylhydrazinyl)-2-chloro-5-fluoropyrimidine, 151a, (1.50 g,
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of AAAB 402.45 1.98 Conpounds 51 and 52) 51 (diastereoner of A AC
402. 45 2. 06 Conpounds 50 and 52)
WO 2013/019828 PCT/US2012/049097

6.86 mmol) in acetonitrile (68 mL) was added 2-bromoethyl acetate (0.84 mL, 7.55 mmol) and
K,COs (2.28 g, 16.46 mmol). The reaction mixture was stirred at room temperature overnight.
The mixture was diluted into EtOAc and brine. The organic phase was dried over MgSQOy,
filtered and concentrated in vacuo. The residue was purified by silica gel chromatography
(30%EtOAc/Hexanes) to afford 1 g of the desired product: 'H NMR (400 MHz, CDCls) & 7.96
(d,/=3.1Hz, 1H), 4.16 (dt,J="7.1, 5.9 Hz, 2H), 3.74 (s, 2H), 1.30 — 1.23 (m, 3H), 1.20 (s, 9H).
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.69
minutes (M+H) 305.09.

Formation of ethyl 2-(1-fert-butyl-2-(5-fluoro-2-(1-tosyl-5-(trifluoromethyl)-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)hydrazinyl)ethanoate (154a)

Boronate ester, 153a, was prepared in same fashion as boronate ester, 7a, (see Synthetic
Scheme 4) using 3-bromo-5-(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridine instead of 3-bromo-5-
fluoro-1H-pyrrolo[2,3-b]pyridine.

A solution of 1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-5-
(trifluoromethyl)pyrrolo[2,3-b]pyridine, 153a, (0.551 g, 1.181 mmol), ethyl 2-(1-tert-butyl-2-(2-
chloro-5-fluoropyrimidin-4-yl)hydrazinyl)ethanoate, 152a, (0.300 g, 0.984 mmol) and K;PO,
(0.627 g, 2.953 mmol) in 2-MethylTHF (26 mL) and H20 (5 mL) was degassed under a stream
of nitrogen for 45 minutes. To the reaction mixture was added X-phos (0.056 g, 0.118 mmol)
and Pdy(dba); (0.022 g, 0.025 mmol). The reaction mixture was heated at 120 °C for 75 minutes.
The aqueous phase was removed and the organic phase was filtered through a pad of celite,
concentrated in vacuo and purified by silica gel chromatography (30% EtOAc/Hexanes) to afford
540 mg of the desired product: "H NMR (400 MHz, CDCls) & 9.49 (s, 1H), 8.71 (t, J = 7.0 Hz,
1H), 8.63 (d, /= 11.1 Hz, 1H), 8.16 — 8.11 (m, 3H), 7.31 (d, /= 8.2 Hz, 2H), 7.11 (d, /=214
Hz, 1H), 4.10 (dd, J = 13.4, 6.3 Hz, 2H), 3.79 (s, 2H), 2.39 (s, 3H), 1.24 (s, 9H), 1.17 (t, J=7.1
Hz, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time =
4.18 minutes (M+H) 609.37.

Formation of ethyl 2-(1-(¢ert-butyl)-2-(5-fluoro-2-(5-(trifluoromethyl)-1 H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)hydrazinyl)acetate (155a)

To a solution of ethyl 2-(1-fert-butyl-2-(5-fluoro-2-(1-tosyl-5-(trifluoromethyl)-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)hydrazinyl)ethanoate, 154a, (0.54 g, 0.89 mmol) in
THF (20 mL) was added tetrabutylammonium fluoride (1.78 mL of 1 M, 1.78 mmol). The
reaction mixture was stirred at room temperature for 30 minutes. The reaction mixture was
diluted into EtOAc and brine. The organic phase was dried over MgSQO,, filtered and
concentrated in vacuo. The resulting residue was purified via silica gel chromatography
(70%EtOAc/Hexanes) to afford 300 mg of the desired product. 'H NMR (400 MHz, CDCls) 3
10.59 (s, 1H), 9.55 (s, 1H), 8.66 (s, 1H), 8.29 (d, /= 2.2 Hz, 1H), 8.13 (dd, /= 3.8, 1.5 Hz, 1H),
7.14 (s, 1H), 4.20 — 4.04 (m, 2H), 3.85 (s, 2H), 1.28 (d, J =9.1 Hz, 9H), 1.19 (dt, /= 7.1, 3.6 Hz,
3H). LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.93
min, (M+H) 455.43.

Formation of 2-(1-(tert-butyl)-2-(5-fluoro-2-(5-(trifluoromethyl)-1H-pyrrolo[2,3-b|pyridin-
3-yD)pyrimidin-4-y)hydrazinyl)acetic acid (54)

To a solution of ethyl 2-[tert-butyl-[[5-fluoro-2-[5-(trifluoromethyl)-1H-pyrrolo[2,3-
b]pyridin-3-yl]pyrimidin-4-yl]Jamino]amino]acetate, 155a, (0.200 g, 0.440 mmol) in THF (40
mL) was added a solution of lithium hydroxide hydrate (0.074 g, 1.760 mmol) in H,O (4 mL).
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52 (diastereonmer of A A B 402.25 2.16 Conpounds 50 and 51)

WO 2013/019828 PCT/US2012/049097

The reaction mixture was stirred at room temperature overnight. The reaction mixture
concentrated in vacuo to remove the THF. The remaining aqueous phase was diluted to 8 mL
and the solution was used directly in a preparatory HPLC. The product precipicated when the
fraction was concentrated on rotavaporator. The solid was filtered and dried in desiccator with
P,0:s to afford 120mg of the desired product: 'H NMR (400 MHz, d6-DMSO) & 12.65 (s, 1H),
12.41 (s, 1H), 9.28 (s, 1H), 8.86 (s, 1H), 8.65 (s, 1H), 8.30 (d, J = 3.5 Hz, 2H), 3.97 — 3.70 (m,
1H), 3.51 (s, 1H), 1.18 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, Retention Time = 2.92 min, (M+H) 427.40

The following compounds can be prepared in a similar fashion as the procedure described
above for Compound 54:

F
— 0
N/\/%*N\H}OH
N N

56

Cl
NS
N” N
H
Formation of 2-(1-(tert-butyl)-2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-
fluoropyrimidin-4-yl)hydrazinyl)acetic acid-TFA (trifluoro acetic acid) salt (56)

'"H NMR (400 MHz, d6-DMSO) & 12.65 (s, 1H), 9.43 (s, 1H), 9.15 (s, 1H), 8.44 (d, J =
4.7 Hz, 1H), 8.41 — 8.29 (m, 2H), 3.93 (s, 1H), 3.54 (s, 1H), 1.19 (d, J = 20.0 Hz, 9H); LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.70 min, (M+H)

393.32.
F
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N )—NH OH
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53

Formation of 2-(1-(tert-butyl)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-yl)hydrazinyl)acetic acid- TFA salt (53)

'H NMR (400 MHz, d6-DMSO) & 12.57 (s, 1H), 9.40 (s, 1H), 8.88 (s, 1H), 8.40 (d, J =
18.7 Hz, 2H), 8.34 (s, 1H), 3.93 (s, 1H), 3.52 (s, 1H), 1.20 (s, 9H); LCMS Gradient 10-90%,
0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.50 min, (M+H) 377.42.

Preparation of Compounds 7, 8, and 18

Synthetic Scheme 24
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1H NVR (400 MHz, DVSO) ? 12.57 (s, 1H), 9.40 (s, 1H), 8.88 (s, 1H),

53 AAB8.40 (d, J = 18.7 Hz, 2H), 8.34 (s, 377.42 2.5 1H), 3.93 (s,
1H), 3.52W0=20131hH¥8281. 20 PCT/US2012/049097
F
H
HoN o_- a ] N\\—N b
PO( NCT N ~ 7a
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N H
159a 18

(a) 2,6-dichloro-5-fluoro-pyridine-3-carbonitrile, Et;N, acetonitrile; (b) 5-fluoro-1-(p-
tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a,
Pd,(dba)s;, X-Phos, K;PO4, 2-MeTHF, H,0, 125 °C; (¢) LiOH, THF, H,0

Formation of ethyl 3-[(6-chloro-5-cyano-3-fluoro-2-pyridyl)amino]-4,4-dimethyl-hexanoate
(158a)

A solution of ethyl 3-amino-4,4-dimethyl-hexanoate, 27a, (0.24 g, 1.28 mmol), 2,6-
dichloro-5-fluoro-pyridine-3-carbonitrile (0.29 g, 1.53 mmol) and Et;N (0.43 mL, 3.07 mmol) in
acctonitrile (4.8 mL) was stirred at 70 °C overnight. The reaction mixture was concentrated in
vacuo and purified by silica gel chromatography (10-40% EtOAc/Hexanes gradient) to provide
205 mg of ethyl 3-[(6-chloro-5-cyano-3-fluoro-2-pyridyl)amino]-4,4-dimethyl-hexanoate; LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.75 minutes
(M+H) 342.04.

Formation of ethyl 3-[[S-cyano-3-fluoro-6-[S-fluoro-1-(p-tolylsulfonyl)pyrrolo[2,3-
b]pyridin-3-yl]-2-pyridyl]amino]-4,4-dimethyl-hexanoate (159a)

A solution of ethyl 3-[(6-chloro-5-cyano-3-fluoro-2-pyridyl)amino]-4,4-dimethyl-
hexanoate, 158a, (0.21 g, 0.600 mmol) , 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, (0.30 g, 0.72 mmol) and K3PO4(0.51 g, 2.40
mmol) in 2-methyl THF (20.5 mL) a n d H,O (2.7 mL) was degassed for 45 minutes and treated
with X-phos (0.03 g, 0.07 mmol) and Pd,(dba); (0.01 g, 0.02 mmol). The reaction vessel was
sealed and heated to 125 °C for 90 minutes. After cooling to room temperature, the aqueous
phase was removed and the organic phase was filtered and concentrated in vacuo. The crude
residue was purified by silica gel chromatography (0-40% EtOAc/Hexanes gradient) to provide
270 mg of the desired product: '"H NMR (400 MHz, CDCls) & 8.69 (s, 1H), 8.51 (dd, J=09.1, 2.7
Hz, 1H), 8.37 (d, /= 1.8 Hz, 1H), 8.15 (d, /= 8.4 Hz, 2H), 7.41 (d,/=10.3 Hz, 1H), 7.33 (d, J =
8.1 Hz, 2H), 5.28 - 5.22 (m, 1H), 4.92 (td, /= 10.4, 3.2 Hz, 1H), 4.03 - 3.91 (m, 2H), 2.75 (dd, J
=14.9, 3.5 Hz, 1H), 2.45 (dd, /= 12.6, 8.2 Hz, 1H), 2.40 (s, J= 4.7 Hz, 3H), 1.36 (q, / = 7.4 Hz,
2H), 1.01 (t, /= 7.1 Hz, 3H), 0.92 (d, J = 8.8 Hz, 6H), 0.88 (t,/ = 7.5 Hz, 3H). LCMS Gradient
10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.86 minutes (M+H) 596.02.

Formation of 3-[[S-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)-2-
pyridyllamino]-4,4-dimethyl-hexanoic acid (18)
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(s,

9H) .
9.28 (s, 1H), 54 AAB

1H NVR (400 MHz, DVMBO) ? 12.65 (s, 1H), 12.41 (s,

WO 2013/019828 PCT/US2012/049097

Ethyl 3-[[5-cyano-3-fluoro-6-[5-fluoro-1-(p-tolylsulfonyl)pyrrolo[2,3-b]pyridin-3-yl]-2-
pyridyl]amino]-4,4-dimethyl-hexanoate, 159a, (0.27 g, 0.45 mmol) was dissolved in THF (7 mL)
and treated with LiOH (4.50 mL of 1 M, 4.50 mmol). The reaction mixture was heated to 70 °C
for 10 hours. After cooling to room temperature, water (20 mL) and ethyl acetate (20 mL) were
added and the layers were separated. The aqueous layer was brought to a neutral pH by addition
of IN HCI, and the resulting precipitate was collected by filtration, washed with water and
concentrated in vacuo to provide 77 mg of the desired product: 'H NMR (400 MHz, DMSO-ds)
0 12.37 (s, 1H), 12.12 (s, 1H), 8.75 (d, J=9.9 Hz, 1H), 8.32 (s, 2H), 7.83 (d, /= 11.4 Hz, 1H),
7.48 (d, J=9.5 Hz, 1H), 5.00 (t, /= 9.1 Hz, 1H), 2.71 - 2.54 (m, 2H), 1.30 (d, /= 7.4 Hz, 2H),
0.80 (t, J = 18.7 Hz, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 3.14 minutes (M+H) 414.31.

The following compounds can be prepared in a similar fashion as the procedure described
above for Compound 18:

Formation of (R)-3-(5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyridin-2-
ylamino)-4,4-dimethylpentanoic acid (7)

'H NMR (400 MHz, McOD) & 8.81 (dd, J = 9.8, 2.7 Hz, 1H), 8.36 (s, 1H), 8.20 (s, 1H),
7.53 (d,J=11.0 Hz, 1H), 5.04 (d, /= 8.7 Hz, 1H), 2.80 (dd, /= 15.2, 2.5 Hz, 1H), 2.59 (dd, J =
15.0, 11.0 Hz, 1H), 0.99 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, Retention Time = 3.0 minutes (M+H) 400.39.

NG \ N\_>~OH

F
=
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Formation of (R)-3-(5-cyano-3-fluoro-6-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyridin-2-
ylamino)-3-(1-methylcyclopentyl)propanoic acid (8)

'H NMR (300 MHz, CDCl3) & 10.70 (s, 1H), 8.42 (dd, J = 9.6, 2.6 Hz, 1H), 8.05 (s, 1H),
7.73 (s, 1H), 7.40 (t, J = 8.4 Hz, 1H), 532 (d, /= 6.6 Hz, 1H), 4.83 (t,/=9.4 Hz, 1H), 2.89 (d, J
= 5.3 Hz, 1H), 2.34 (dd, /= 12.8, 9.6 Hz, 1H), 1.92 — 1.37 (m, 8H), 1.32 — 1.24 (m, 1H), 1.20 —
1.06 (m, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time
= 3.27 minutes (M+H) 426.31.

Preparation of Compound 55

Synthetic Scheme 25
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1H),



8.86 (s, 1H), 8.65 (s, 1H), 8.30 (d, J = 427.4 2.92 3.5 Hz, 2H), 3.97 -
3.70 (m 1H), 3.51 (s, 1H), 1.18 (s, 9H) 55 A A B 400.46 1.94
WO 2013/019828 PCT/US2012/049097

H 165a N H 55

(a) (1) NH3, HBTU, THF, (i1) 2N LiOH, MeOH; (b) TFAA, pyridine; (c) BuzSnN3, dioxane,
130 °C;

Formation of (+/-)-3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]|pyridin-3-yl)pyrimidin-4-
ylamino)-4,4-dimethylpentanamide (164a)

To a solution of racemic 3-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-ylamino)-4,4-dimethylpentanoic acid, 163a, (0.50 g, 0.94 mmol) in 15 mL of
THF was added HBTU (0.36 g, 0.95 mmol). The reaction was stirred for 15 minutes and then
ammonia gas was bubbled through for 5 minutes. The reaction was allowed to stir for 12 hours
and then concentrated to dryness. The residue was redissolved in 20 mL of MeOH and treated
with 3 mL of 2N LiOH. The reaction was warmed to 60 °C for 3 hours and then concentrated to
dryness. The residue was purified by silica gel chromatography (EtOAc) to afford 250 mg of
desired product: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention
Time = 1.78 minutes (M+H) 375.45.

Formation of (+/~)-3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)-4,4-dimethylpentanenitrile (165a)

A solution of racemic 3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-
4-ylamino)-4,4-dimethylpentanamide, 164a, (0.250 g, 0.668 mmol) in pyridine was cooled to 0
°C and treated with trifluoroacetic acid anhydride (0.278 mL, 2.003 mmol). After 2 hours at 0
°C, the reaction was concentrated to dryness and the residue was purified by silica gel
chromatography (EtOAc) to afford 150 mg of desired product: LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 2.41 minutes (M+H) 357.47.

Formation of (+/-)-NV-(3,3-dimethyl-1-(2H-tetrazol-5-yl)butan-2-yl)-5-fluoro-2-(5-fluoro-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-amine (55)

To a solution of racemic  3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-ylamino)-4,4-dimethylpentanenitrile, 165a, (0.150 g, 0.420 mmol) in 10 mL of
dioxane was added azido-tributylstannane (0.221 g, 0.668 mmol). The reaction vessel was
sealed and warmed to 130 °C for 12 hours. Upon cooling, the reaction was concentrated to
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WO 2013/ 019828PCT/ US2012/ 049097 56 A A A1 H NWR (400 MHz, DMSO) ? 12.65
(s, 1H), 9.43 (s, 1H), 9.15 (s, 1H, 8.44 (d, J 4.7 Hz, 1H), 8.41 -8.29
(m 2H), 802813 m9828H), 3.54 (s, 1H), 1.19 (d, J 20. 0 PeT/18R)12/02887 32 2. 7
57 A /A A 1H NWR (400 MHz, CDCI3) ? 8.05 (d, J 7.9 Hz, 1H), 7.81 (d, J
2.1 Hz, 1H), 7.63 (s, 1H), 7.55 (s, 1H), 5.87 (t, J = 54.9 Hz, 1H), 5.03
(t, J =10.4 Hz, 1H), 4.86 (m1H, 3.68 (brs, 1H), 3.43 (m 2H), 3.19 (m
1H), Grewsy and Gieresuliitg @3idAe 26is HBrificd by silica gel chromatography to afford 48 mg of
desired product: 'H NMR (300.0 MHz, d6-DMSO) & 12.23 (s, H), 8.49 (d, J = 9.6 Hz, H), 8.26 -
8.05 (m, H), 4.03 (d, /= 7.1 Hz, H), 3.48 - 3.35 (m, H), 3.17 (s, H), 2.50 (s, H), 1.99 (s, H), 1.13
(dt, J = 25.1, 8.0 Hz, H), 1.01 (s, H), 0.96 (s, H) and 0.87 (d, J = 6.6 Hz, H) ppm; LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 1.94 minutes
(M+H) 400.46.

Preparation of Compounds 60 and 61

Synthetic Scheme 26
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(a) tert-butylbromoacetate, K,COj3, acetone; (b) Oxone, water, MeOH; (¢) 5-fluoro-1-(p-
tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7, K3;PO4
X-Phos, Pdy(dba)s, 2-Me THF, water, 120 °C; (d) 25% NaOMe, MeOH,; (¢) TFA, CH,Cl,, 50 °C.

Formation of (S)-fert-Butyl 2-(2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethyl-
butylthio)ethanoate (168a)

To a stirring suspension of  (S5)-2-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3,3-
dimethylbutane-1-thiol, 77a, (1.50 g, 5.69 mmol) and K,CO; (2.36 g, 17.06 mmol) in acetone
(15 mL) was added fert-butyl bromoacetate (1.26 mL, 8.53 mmol). The suspension was stirred
at room temperature for 18 hours. The resulting solid was filtered, washed with acetone and the
filtrate was concentrated under reduced pressure. The crude residue was purified by silica gel
chromatography (0-30% EtOAc/Hexanes gradient) to afford 1.6 g of the desired product as an
off-white solid: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention
Time = 3.81 minutes (M+H) 378.06.

Formation of (S)-fert-Butyl 2-(2-(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethylbutyl-
sulfonyl)ethanoate (169a)

Oxone (5.37 g, 8.73 mmol) was added to a solution of (S)-ter-Butyl 2-(2-(2-chloro-5-
fluoropyrimidin-4-ylamino)-3,3-dimethyl-butylthio)ethanoate, 168a, (1.10 g, 2.91 mmol) in
methanol (50 mL) and water (20 mL) and the solution was stirred 3 hours at room temperature.
The solution was concentrated in vacuo to give a white residue that was dissolved in water (100
mL). The aqueous layer was extracted with EtOAc (3x 50 mL) and the combined organic phases
was dried (MgSO,), filtered and concentrated in vacuo to afford 750 mg of the desired product as
a white solid: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time
= 1.29 minutes (M+H) 410.19.
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A A 1H NWR (400 Mz, CDCI3) ? 8.03 (dd, J = 9.3, 2.4 Hz, 1H), 7.82 (t, J =
11.2 Hz, 1H), 7.59 (s, 1H), 7.46 (s, 1H), 5.07 (t, J = 10.6 Hz, 1H), 4.77
(m 1H), Wo4b130rpses), 3.16 - 2.99 (m 1H), 0.97 -0.86 (mCTAIR12AEBIBL 2. 37
59 A AB 1IH NWR (300 MHz, M0D) ? 8.54 (s, 1H), 8.50- 8.18 (m 3H), 7.18
(dd, J = 15.7, 7.1 H, 1H), 6.08 (dd, J = 15.7, 1.3 Hz, 1H), 5.21 (t, J =
22.5 Hz, 1H), 1.12(s,9H). 388.23 2.21 60 A B C 454.21 2.01 61 A A

Formation of (S)-fert-Butyl 2-(2-(5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-

yD)pyrimidin-4-ylamino)-3,3-dimethylbutylsulfonyl)ethanoate (170a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylpyrrolo[2,3-b]pyridine, 7a, (0.76 g, 1.83 mmol), (S)-tert-Butyl 2-(2-(2-chloro-5-
fluoropyrimidin-4-ylamino)-3,3-dimethylbutyl-sulfonyl)ethanoate, 169a, (0.75 g, 1.83 mmol)
and K;PO4 (0.93 g, 4.39 mmol) in 2-methyl THF (10 mL) and water (2 mL) was degassed under
a stream of nitrogen for 30 minutes. X-Phos (0.06 g, 0.12 mmol) and Pd;(dba); (0.03 g, 0.03
mmol) were added and the reaction mixture was heated at 115 °C in a pressure vial for 2.5 hours.
The reaction mixture was cooled to room temperature, filtered and concentrated in vacuo. The
residue was dissolved in EtOAc (50 mL) and washed with water. The organic layer was dried
(MgSO0,), filtered and concentrated in vacuo. The crude product was purified via silica gel
chromatography (0-60% EtOAc/Hexanes gradient) to afford 1.0 g of the desired product as a
foamy solid: LCMS Gradient 60-98% ACN/water, 0.9% formic acid, 7 minutes, C4, Retention
Time = 2.39 minutes (M+H) 564.34.

Formation of (S)-2-(2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)-3,3-dimethylbutylsulfonyl)ethanoic acid (60)

To a solution of (S)-tert-butyl 2-(2-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-ylamino)-3,3-dimethylbutylsulfonyl)ethanoate, 170a, (1.00 g, 1.50
mmol) in THF (50 mL) was added NaOMe (1.30 mL of 25% solution in MeOH, 1.45 mmol).
The yellow colored solution was stirred at room temperature for 30 minutes and then the mixture
was diluted with aqueous saturated NH4Cl solution. The solvent was removed under reduced
pressure and the residue was dissolved in water (50 mL). The aqueous layer was extracted with
EtOAc (3x50 mL) and dried (MgS0O,), filtered and concentrated in vacuo. The product was
purified by silica gel chromatography (0-10% MeOH/CH,Cl, gradient) to afford 0.50 g of the
detosylated ester intermediate as a white solid.

The ester (0.50 g) was dissolved in CH,Cl, (4 mL) and trifluoroacetic acid (2 mL) was
added. The solution was heated at 50 °C for 2 hours. The solvent was evaporated under reduced
pressure. The residue was diluted with water (10 mL) and the solution was neutralized with
aqueous saturated NaHCO; solution. The aqueous phase was extracted with EtOAc (3x 10 mL),
dried (MgSQOy), filtered and concentrated in vacuo. The crude product was purified by silica gel
chromatography (0-15% MeOH/CH;Cl, gradient) to afford 204 mg of the desired product, 60, as
a white solid: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time
= 2.01 minutes (M+H) 454.21.

The following compounds can be prepared in the same fashion using the procedure
described above:
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(S)-2-(2-(2-(5-chloro-1H-pyrrolo[2,3-b]pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-3,3-
dimethylbutylsulfonyl)ethanoic acid (61)
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B 1H NVR (300 MHz, MeOD) ? 8.95 (s, 1H), 8.29 -8.14 (m 2H), 8.08 (d, J =
4.0 Hz, 1H), 5.26 (m 1H), 4.21 (d, J = 15.3 Hz, 1H), 3.92 (dd, J = 30.0,
14.5 Hz, WO2M3ATRs- 3.57 (m 1H), 1.10 (s, 9H). 470. 14PRTAB262/049087 B
416.04 2.15 63 A A A 389.06 2.08 WD 2013/019828PCT/ US2012/ 049097

'H NMR (300 MHz, MeOD) § 8.95 (s, 1H), 8.29 - 8.14 (m, 2H), 8.08 (d, /= 4.0 Hz, 1H),
5.26 (m, 1H), 4.21 (d, J = 15.3 Hz, 1H), 3.92 (dd, J = 30.0, 14.5 Hz, 2H), 3.77 - 3.57 (m, 1H),
1.10 (s, 9H); LCMS Gradient 60-98% ACN/water, 0.9% formic acid, 7 minutes, C4, Retention
Time = 2.23 minutes (M+H) 470.14.

Preparation of Compound 64

Synthetic Scheme 28
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(a) Oxone, MeOH; (b) 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, KsPO,4 X-Phos, Pd,(dba);, 2-Me THF, water, 120 °C; (c) NaOMe,
MeOH, THF.

Formation of zert-butyl-((S)-2(2-chloro-5-fluoropyrimidin-4-ylamino)-3,3-
dimethylbutylsulfinyl)ethanoate (175a)

Oxone (1.04 g, 1.69 mmol) was added to a stirring solution of (S)-tert-Butyl 2-(2-(2-
chloro-5-fluoropyrimidin-4-ylamino)-3,3-dimethyl-butylthio)cthanoate, 168a, (0.53 g, 1.41
mmol) in methanol (20 mL). The solution was stirred for 15 minutes at room temperature. The
solution was concentrated to give white residue which was dissolved in water (50 mL). The
aqueous layer was extracted with EtOAc (3x 25 mL) and the organic layer was dried (MgSOs),
filtered and concentrated in vacuo to give 540 mg of the desired product as a white solid: LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.05 minutes
(M+H) 394.28.

tert-Butyl 2-((S)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b|pyridin-3-yl)pyrimidin-4-
ylamino)-3,3-dimethylbutylsulfinyl)ethanoate (176a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, (0.66 g, 1.58 mmol), tert-butyl((S)-2(2-chloro-5-fluoropyrimidin-
4-ylamino)-3,3-dimethylbutylsulfinyl)ethanoate, 175a, (0.50 g, 1.27 mmol) and K3PO4 (0.65 g,
3.05 mmol) in 2-methyl THF (10 mL) and water (2 mL) was degassed under a stream of nitrogen
for 30 minutes. X-Phos (0.04 g, 0.08 mmol) and Pd,(dba);(0.02 g, 0.02 mmol) were added and
the reaction mixture was heated at 115 °C in a pressure vial for 4 hours. The reaction mixture
was cooled to room temperature, filtered and concentrated in vacuo. The residue was dissolved
in EtOAc (50 mL) and washed with water. The organic layer was dried (MgSQO,), filtered and
concentrated in vacuo. The crude residue was purified by silica gel chromatography (0-60%
EtOAc/Hexanes gradient) to afford 450 mg of the desired product as a white foamy solid:
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64 A C 1H NWR (400 MHz, MeOD) ? 8.60 - 8.52 (m 1H), 8.46 (s, 1H), 8.32
(d, J =5.3 Hz, 2H), 5.16 (m 2H), 4.00 (d, J = 14.7 Hz, 1H), 3.80 (d, J
14.7 Hz, whpp1zamsesd, J = 13.9, 1H), 1.12 (s, 9H). 438. PETAISI® 205047 A B
416.07 2.11 66 (diastereonmer of Conpound 67) A A

LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.91
minutes (M+H) 648.40.

2-((S)-2-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-ylamino)-3,3-
dimethylbutylsulfinyl)ethanoic acid (64)

To a solution of fert-butyl 2-((S)-2-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
blpyridin-3-yl)pyrimidin-4-ylamino)-3,3-dimethylbutylsulfinyl)ethanoate, 176a, (0.42 g, 0.64
mmol) in THF(10 mL) was added NaOMe (0.21 mL of 25% solution in MeOH, 0.96 mmol).
The solution was stirred at room temperature for 30 minutes. Aqueous saturated NH4Cl solution
was added and the solvent was removed under reduced pressure. The residue was dissolved in
water (20 mL) and the aqueous layer was extracted with EtOAc (3 x 20 mL). The combined
organic phases were dried (MgSQ,), filtered and concentrated in vacuo. The residue was
purified by silica gel chromatography (0-15% MeOH/CH,CI, gradient) to afford 36 mg of the
desired product as a white solid: 'H NMR (400 MHz, MeOD) & 8.60 - 8.52 (m, 1H), 8.46 (s,
1H), 8.32 (d, /= 5.3 Hz, 2H), 5.16 (m, 2H), 4.00 (d, /= 14.7 Hz, 1H), 3.80 (d, J = 14.7 Hz, 1H),
3.59(d, J = 13.9, 1H), 1.12 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, Retention Time = 1.93 minutes (M+H) 438.25.

Preparation of Compounds 66, 67, 72, and 73

Synthetic Scheme 29
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second diastereomer

(a) 1. TMS-CF;, CsF, THF, ii. TFA, CH,Cl,; (b) 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, X-phos, Pd,(dba)s;, K3PO4, 120
°C; (c) NaOMe, THF; (d) TBAF, THF.
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B 1H NW\R (400 MHz, CDCI3) ? 10.15 (s, 1H), 8.49 (dd, J = 9.3, 2.6 Hz, 1H),
8.16 (s, 1H), 8.10 (d, J = 2.6 Hz, 1H), 8.06 (d, J = 3.0 Hz, 1H), 5.30 (d,
J = 15.0 WD 20k9828. 19 - 5.10 (m 1H), 4.32 - 4.24 (m PHr/US401284909%4. 17 (m
1H), 2.37 (dt, J = 14.9, 3.4 Hz, 1H, 1.85 - 1.71 (m 2H), 1.09 (s, 9H).
430.47 2.37 67 (diastereonmer of Conpound 66) A A B 1H NWVR (400 MHz, CDCl 3)
? 9.40 (s, 1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H), 8.15 (s, 1H), 8.10 (d, J =
2. 7 HZordfion of (ERX-4-((23chHo1d-B - flidpr opyiimidin-B4ylfagmind)H) 1, Utr#udrd;S,3- = 7.5 Hz,
1H), 4li@dthylhexdn2-61 (380®),andHI814). 91 (s, 1H), 2.07 - 1.97 (m 1H), 1.62 (t,
J = 13. 0 H®, a Xblution of (3R)-3-[(2-chloro-5-fluoro-pyrimidin-4-yl)amino]-4,4-dimethyl-pentanal

(0.212 g, 0.817 mmol) and (trifluoromethyl)trimethylsilane (1.96 mL, 0.980 mmol) in THF (20

mL) was added cesium fluoride (0.001 g, 0.008 mmol). The reaction mixture was stirred at room

temperature for 1 hour. The reaction mixture was diluted into brine and EtOAc. The organic

phase was dried over MgSQy, filtered and concentrated in vacuo. The crude residue was purified

via silica gel chromatography (EtOAc/Hexanes) to afford 190 mg of the silylated alcohol. This

intermediate was diluted with dichloromethane (10 mL) and trifluoroacetic acid (1 mL) was

added to the mixture. The reaction mixture was stirred at room temperature for 30 minutes. The

reaction mixture was concentrated in vacuo and the resulting residue was purified via silica gel

chromatography (60%EtOAc/Hexanes) to afford 60 mg of diastercomer 180a and 100 mg of

diastercomer 181a. Each diastercomer was taken on separately through the remaining synthetic

sequence.

Diastercomer, 180a: 'H NMR (400 MHz, CDCl3) ¢ 7.93 (dd, J =43.4, 2.6 Hz, 1H), 5.10

(d, /J=8.9Hz, 1H), 4.13 (dd, /= 15.8, 5.8 Hz, 1H), 3.94 — 3.71 (m, 1H), 2.05 (ddd, J=13.7,9.2,

2.1 Hz, 1H), 1.64 (t, J = 12.9 Hz, 1H), 1.05 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid,

5 minutes, C18/ACN, Retention Time = 3.18 minutes (M+H) 330.42.

Diastercomer, 181a: '"H NMR (400 MHz, CDCls) 6 7.79 (d, J= 2.7 Hz, 1H), 5.30 (d, J =

11.6 Hz, 1H), 4.22 — 4.07 (m, 2H), 2.19 (ddd, J = 28.7, 15.3, 13.4 Hz, 1H), 1.74 — 1.59 (m, 1H),

1.04 (s, 9H). LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time

= 3.26 minutes (M+H) 330.42.

Formation of (4R)-1,1,1-trifluoro-4-((5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b| pyridin-
3-y)pyrimidin-4-yl)amino)-5,5-dimethylhexan-2-ol (182a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine (0.091 g, 0.218 mmol), 7a, (4R)-4-[(2-chloro-5-fluoro-pyrimidin-4-
yl)amino]-1,1,1-trifluoro-5,5-dimethyl-hexan-2-ol, 180a, (0.060 g, 0.182 mmol) and K;PO,
(0.116 g, 0.546 mmol) in 2-methyl THF (5 mL) and H,O (1.5 mL) was degassed under a stream
of nitrogen for 45 minutes. To the reaction mixture was added X-phos (0.010 g, 0.022 mmol)
and Pd,(dba); (0.004 g, 0.005 mmol). The reaction mixture was stirred at 120 °C in a pressure
tube for 2 hours. The aqueous phase was removed. The organic phase was filtered through a
pad of celite and concentrated in vacuo. The resulting residue was purified via silica gel
chromatography (40%EtOAc/Hexanes) to afford 60 mg of the desired product: "H NMR (400
MHz, CDCls) ¢ 8.41 (s, 1H), 8.37 (dd, /= 8.9, 2.8 Hz, 1H), 8.24 (t, /= 8.7 Hz, 1H), 8.16 (d, J =
2.9 Hz, 1H), 8.00 (d, /= 8.4 Hz, 2H), 7.24 (d, /= 8.1 Hz, 2H), 4.92 (t, /= 7.8 Hz, 2H), 4.44 (t, J
=10.3 Hz, 1H), 4.06 (s, 1H), 2.34 (s, 3H), 2.13 (dt, /= 13.6, 4.9 Hz, 1H), 1.66 (dd, J=23.0, 9.3
Hz, 1H), 1.07 (d, J = 8.4 Hz, 9H). LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
CI8/ACN, Retention Time = 4.02 min (M+H) 584.41.

The second diastereomeric alcohol, 181a, was also reacted in the same fashion to produce
the diastercomeric Suzuki product. 184a: "H NMR (400 MHz, CDCls) & 8.53 (s, 1H), 8.47 (dt, J
=11.5, 5.7 Hz, 1H), 8.30 (d, /= 1.9 Hz, 1H), 8.11 — 8.06 (m, 1H), 7.29 — 7.24 (m, 1H), 5.30 —
5.21 (m, 1H), 4.61 (d, J=4.1 Hz, 1H), 4.29 — 4.16 (m, 2H), 2.43 — 2.33 (m, 4H), 1.75 — 1.66 (m,
1H), 1.09 (d, J = 10.8 Hz, 9H). LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
CI8/ACN, Retention Time = 4.02 minutes (M+H) 584.44.
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(s, 9H). 430.44 2.42 68 B A B 1H NWVR (400 MHz, MeOD) ? 8.51 (d, J =
Hz, 1H), 8.16 (s, 1H), 8.09 (s, 1H), 7.93 (d, J = 3.5 Hz, 1H), 7.38 (s,
5. 08Wo20119828. 00 - 4.90 (m 1H), 4.74 (s, 2H), 4. e0T(Uspdik)p49097 2 (s,
429

.01
0

.26 1.9 69 B B C 1H NWR (300 Miz, MeOD) ? 8.59 - 8.39 (m 2H), 8.32
t, J 5.3 Hz, 2H), 4.59 (d, J = 9.5 Hz, 2H), 2.21 (s, 1H), 1.79 (dddd, J
8.6, 23.0, 13.2, 6.9 Hz, 3H), 1.11 (d, J = 9.5 Hz, 9H). 426.09 1.81 70
di astRareation of (4R)-1,1,1-trifluoro-4-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-
y)pyrimidin-4-yl)amino)-5,5-dimethylhexan-2-o0l (66 and 67)

To a solution of (4R)-1,1,1-trifluoro-4-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-
b]pyridin-3-yl)pyrimidin-4-yl)amino)-5,5-dimethylhexan-2-ol, 182a, (0.053 g, 0.091 mmol) was
added NaOMe (0.019 g of 25% solution in MeOH, 0.091 mmol). The reaction mixture was
stirred at room temperature for 5 minutes. The reaction mixture was diluted into EtOAc and
aqueous saturated NaHCOs3 solution. The organic phase was dried over MgSQOy, filtered and
concentrated in vacuo. The crude residue was purified by silica gel chromatography
(EtOAc/Hexanes) to afford 26 mg of the desired product, 66: 'H NMR (400 MHz, CDCls) &
9.40 (s, 1H), 8.47 (dd, /= 9.3, 2.7 Hz, 1H), 8.15 (s, 1H), 8.10 (d, /= 2.7 Hz, 1H), 7.99 (d, J =
2.8 Hz, 1H), 5.54 (s, 1H), 4.84 (d, /= 7.5 Hz, 1H), 4.23 (t,J = 9.9 Hz, 1H), 3.91 (s, 1H), 2.07 —
1.97 (m, 1H), 1.62 (t, /= 13.0 Hz, 1H), 1.01 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid,

5 minutes, C18/ACN, Retention Time = 2.42 minutes (M+H) 430.44.

The second diastereomeric product, 67, was made by removal of the tosyl-protecting group
on intermediate, 184a, using the following procedure:

To a solution of (4R)-1,1,1-trifluoro-4-[[5-fluoro-2-[5-fluoro-1-(p-
tolylsulfonyl)pyrrolo[2,3-b]pyridin-3-yl]pyrimidin-4-ylJamino]-5,5-dimethyl-hexan-2-o0l, 184a,
(0.060 g, 0.103 mmol) in THF (5 mL) was added tetrabutylammonium fluoride (0.411 mL of 1
M solution, 0.412 mmol) at room temperature. The reaction mixture was stirred at room
temperature for 30 minutes. The reaction mixture was diluted into EtOAc and aqueous saturated
NaHCOs solution. The organic phase was dried over MgSQy, filtered and concentrated in vacuo.
The residue was purified by silica gel chromatography (50% EtOAc/Hexanes) to afford 30mg of
desired product. '"H NMR (400 MHz, CDCls) & 10.15 (s, 1H), 8.49 (dd, J = 9.3, 2.6 Hz, 1H),
8.16 (s, 1H), 8.10 (d, J= 2.6 Hz, 1H), 8.06 (d, /= 3.0 Hz, 1H), 5.30 (d, /= 15.0 Hz, 1H), 5.19 -
5.10 (m, 1H), 4.32 — 4.24 (m, 1H), 4.23 — 4.17 (m, 1H), 2.37 (dt, J = 14.9, 3.4 Hz, 1H), 1.85 —
1.71 (m, 2H), 1.09 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 2.37 minutes (M+H) 430.47.

The following two diastercomers can be prepared in a similar fashion as the procedure
described above:

BN

F F
/;S? HO FS* HO
NH NU—
AN j Ny
F F.
~d ~2d
T\ /\ TN A\
N N
N= N 72 TR 73

(4R)-4-((5-Fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-5,5-
dimethylhexan-2-ol (72 and 73)

Diastereomer 72: 'H NMR (400 MHz, CDCl;) 6 9.99 (s, 1H), 8.60 (dd, J = 9.4, 2.7 Hz, 1H),
8.26 (s, 1H), 8.20 (d, /= 2.6 Hz, 1H), 8.10 (d, J = 3.2 Hz, 1H), 5.06 (t, J = 12.3 Hz, 1H), 4.28
(dd, /=9.6, 7.2 Hz, 1H), 3.96 (d, /= 5.7 Hz, 1H), 2.71 (s, 1H), 1.97 (ddd, /= 14.2, 5.8, 2.9 Hz,
1H), 1.66-1.58 (m, 1H), 1.28 (dd, J = 6.5, 5.5 Hz, 4H), 1.04 (d, J = 10.1 Hz, 9H); LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 1.93 minutes
(M+H) 376.46.
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of Conpound 71) A A B 1H NWR (400 MHz, DMSO ? 8.61 (dd, J = 9.9, 2.6 Hz,
1H), 8.26 (s, 1H), 8.18 (s, 1H), 8.11 (d, J = 4.1 Hz, 1H), 4.66 (d, J =
10. 4 Hz, wop13014@8(s, 1H), 4.29 (d, J = 4.1 Hz, 1H), 4P04/US2012D#H097 3. 35
(s, 1H), 3.26 (d, J =6.1 Hz, 2H), 1.69 (t, J = 12.3 Hz, 1H), 1.59 - 1.45
(m 1H), 0.96 (s, 9H). 392.46 1.76 WD 2013/019828PCT/ US2012/ 049097 71
(di astereoner of Conpound 70) A A A 1H NWR (400 MHz, MeOD) ? 8.61
Diastereomer 73: 'H NMR (400 MHz, CDCls) 6 10.81 (s, 1H), 8.47 (dd, /= 9.3, 2.7 Hz, 1H),
8.14 (s, 1H), 8.05 (dd, J = 8.4, 2.9 Hz, 2H), 4.95 (s, 1H), 4.81 (d, /= 8.3 Hz, 1H), 4.31-4.14 (m,
1H), 3.72 (dd, J = 8.9, 6.0 Hz, 1H), 1.83-1.70 (m, 1H), 1.48-1.32 (m, 1H), 1.24-1.11 (m, 4H),
0.98 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time
= 2.01 minutes (M+H) 376.46.

Preparation of Compounds 70 and 71

Synthetic Scheme 30
F F F F
_ 0 — . Fﬁﬁ HO  OH _ HO  OH
NH H a NH = NL)_/ NU_/
S g . s Tl e e
cl 7\ A o TN cl 7\°
188a 189a 190a
first diastereomer second diastereomer
F F
f& HO  OH _ HO  OH
N, 4 N{'_)—/ N ) NI\-|_)—/
¢ >N d E N
1898 ———> F AN — Z A
7 > Y
a X X
NT N 191 NT N
Ts a H 70, 71

(a) PhsP-Br, LIHMDS, THF; (b) OsO4, 4-methylmorpholine 4-oxide, THF, H,O; (c¢) X-phos,
Pd,(dba)z, K3POs, 2-methyl THF, H,O; (d) MeONa, THF; (¢) 5-fluoro-1-(p-tolylsulfonyl)-3-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, X-phos, Pd,(dba)s,
K;PO4, 2-methyl THF, H,0, 120 °C; (f) MeONa, THF

Formation of (R)-2-chloro-N-(2,2-dimethylhex-5-en-3-yl)-5-fluoropyrimidin-4-amine
(188a):

To a solution of methyl(triphenyl)phosphonium bromide (0.983 g, 2.753 mmol) in THF
(40 mL) was added LiHMDS (2.753 mL of 1 M solution, 2.753 mmol). The reaction mixture
was stirred at room temperature for 1 hour. A solution of (3R)-3-[(2-chloro-5-fluoro-pyrimidin-
4-yl)amino]-4,4-dimethyl-pentanal (0.550 g, 2.118 mmol) in THF (20 mL) was added to the
reaction mixture resulting in significant precipitate formation. The reaction mixture was stirred
at room temperature for 45 minutes. The reaction mixture was diluted into EtOAc and aqueous
saturated NH4Cl solution. The organic phase was separated, dried over MgSQ,, filtered and
concentrated in vacuo. The resulting residue was purified by silica gel chromatography
(EtOAc/Hexanes) to afford 180 mg of desired product: 'H NMR (400 MHz, CDCls) & 7.80 (d, J
= 2.8 Hz, 1H), 5.76 — 5.60 (m, 1H), 5.05 — 4.91 (m, 2H), 4.82 (t, / = 22.1 Hz, 1H), 4.26 — 4.11
(m, 1H), 2.58 — 2.48 (m, 1H), 2.07 — 1.92 (m, 1H), 0.94 (s, 9H); LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 3.60minutes (M+H) 258.38.

Formation of (4R)-4-((2-chloro-5-fluoropyrimidin-4-yl)amino)-5,5-dimethylhexane-1,2-diol
(189a) and (190a):

To a solution of (R)-2-chloro-N-(2,2-dimethylhex-5-en-3-yl)-5-fluoropyrimidin-4-amine,
188a, (0.140 g, 0.543 mmol) in THF (10 mL) and H,O (10 mL) was added osmium tetraoxide
(0.138 g, 0.014 mmol) and 4-methylmorpholine-4-oxide (0.085 mL, 0.815 mmol). The reaction
mixture was stirred at room temperature for 2.5 hours. The mixture was diluted with aqueous
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J =9.6, 2.7 Hz, 1H), 8.17 (s, 2H), 8.01 (d, J = 4.1 Hz, 1H), 4.53 (d,
10.0 Hz, 1H), 3.75 - 3.56 (m 2H), 3.48 (dd, J = 11.0, 6.3 Hz, 1H),

- 1.W020m8/0198d8, 1.75 (dt, J = 28.7, 9.4 Hz, 1H), 1PO4/US20120)097 392. 46

72 (di astereomer of Conpound 73) C 1H NMR (400 MHz, CDCI3) ? 9.99
1H), 8.60 (dd, J = 9.4, 2.7 Hz, 1H), 8.26 (s, 1H), 8.20 (d, J = 2.6 Hz,
1H), 8.10 (d, J = 3.2 Hz, 1H), 5.06 (t, J = 12.3 Hz, 1H), 4.28 (dd, J =
9. 6, Ra@rdtx] Natp:.3T86 rdsdlting muxBurd wz stirkéd) for 207hin(iees ahdextrdct@7withddQAS. =
14. 2, The8rgahi® phizse Ak dridd 668 MeS6.,( filterddand LoR2&nfrd@dd 4 vacko.5 Thh.rbsutting 4H) ,
1. 04 (rekidub waslpurlfiddzby Sihia gel chromatography (MeOH/CH,Cl,) to afford 90 mg of the first
diastereomer, 189a, and 65 mg of the second diastercomer, 190a.

Diastereomer 189a: 'H NMR (400 MHz, CDCls) 6 7.86 (d, J = 2.6 Hz, 1H), 5.00 (d, J
= 9.2 Hz, 1H), 4.17 (s, 1H), 4.08 — 3.96 (m, 1H), 3.49 (dd, J = 19.2, 8.4 Hz, 3H), 2.15 (s, 1H),
1.74 (ddd, J=13.2, 10.8, 2.2 Hz, 1H), 1.27 (dd, /= 19.3, 7.0 Hz, 1H), 0.92 (d, /= 10.5 Hz, 9H),
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.24
minutes (M+H) 292.36.
Diastereomer 190a: 'H NMR (400 MHz, CDCl3) 6 7.88 (d,J=2.7 Hz, 1H), 5.29 (d, J =

8.9 Hz, 1H), 4.12 — 4.02 (m, 1H), 3.74 (d, J = 9.0 Hz, 2H), 3.50 (s, 1H), 3.22 (s, 1H), 2.12 (s,
1H), 1.95 (dt, J = 14.7, 4.2 Hz, 1H), 1.56 (ddd, J = 14.8, 9.2, 7.4 Hz, 1H), 0.99 (s, 9H); LCMS
Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.24 minutes
(M+H) 292.39.

(dd
J =
2.08
1.79
(s,

Formation of (4R)-4-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-yl)amino)-5,5-dimethylhexane-1,2-diol (191a)

To a solution of (4R)-4-[(2-chloro-5-fluoro-pyrimidin-4-yl)amino]-5,5-dimethyl-hexane-
1,2-diol, 189a, (0.090 g, 0.309 mmol), 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine (0.167 g, 0.401 mmol) and Ks;PO,4 (0.196 g, 0.926
mmol) in 2-Methyl THF (15 mL) and H,O (2 mL) was degassed under a stream of nitrogen for
45 minutes. To the reaction mixture was added X-phos (0.018 g, 0.037 mmol) and Pd,(dba)s
(0.007 g, 0.008 mmol). The reaction mixture was stirred at 120 °C in a pressure tube for 2 hours.
The aqueous phase was removed and the organic phase was filtered through a pad of celite and
concentrated in vacuo. The resulting crude material was purified by silica gel chromatography
(60%EtOAc/Hexanes) to afford 140 mg of the desired product, 191a: 'H NMR (400 MHz,
CDCl3) 6 8.51 (dt, J=17.6, 3.8 Hz, 1H), 8.48 (s, 1H), 8.32 (d, /= 1.7 Hz, 1H), 8.12 (dd, J = 7.2,
5.7 Hz, 3H), 7.30 (d, J = 8.1 Hz, 2H), 4.99 (d, /= 10.1 Hz, 1H), 4.42 — 4.28 (m, 2H), 3.72 — 3.47
(m, 3H), 2.40 (s, 3H), 2.19 — 2.09 (m, 1H), 1.97 — 1.83 (m, 1H), 1.49 — 1.34 (m, 1H), 1.06 (s,
9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.53
minutes (M+H) 546.49.

The second diastereomeric 1,2-diol, 190a, was also reacted in the same fashion to
produce the diastercomeric Suzuki product. 193a: 'H NMR (400 MHz, CDCl3) & 8.56 — 8.49
(m, 2H), 8.32 (dd, /= 2.8, 1.1 Hz, 1H), 8.15 — 8.02 (m, 3H), 7.30 (d, /= 9.2 Hz, 2H), 5.21 - 5.12
(m, 1H), 4.27 (td, J = 9.7, 3.0 Hz, 1H), 3.93 — 3.74 (m, 2H), 3.55 (d, J = 7.7 Hz, 1H), 3.11 (s,
1H), 2.39 (s, 3H), 2.01 (m, 1H), 1.65 — 1.50 (m, 1H), 1.05 (s, 9H). LCMS Gradient 10-90%,
0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.54 minutes (M+H) 546.49.

Formation of (4R)-4-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-5,5-dimethylhexane-1,2-diol (70, 71)

To a solution of (4R)-4-[[5-fluoro-2-[5-fluoro-1-(p-tolylsulfonyl)pyrrolo[2,3-b]pyridin-3-
yl]pyrimidin-4-ylJamino]-5,5-dimethyl-hexane-1,2-diol, 191a, (0.140 g, 0.257 mmol) in THF
(10 mL) was added sodium methoxide (0.055 g of 25% w/w solution, 0.257 mmol). The
reaction mixture was stirred at room temperature for 5 minutes. The reaction mixture was
diluted into EtOAc and aqueous saturated NaHCO; solution. The organic phase was dried over
MgSQs, filtered and concentrated in vacuo. The crude residue was purified via silica gel
chromatography (MeOH/CH,Cl,) followed by preparative HPLC to afford 10 mg pure desired
product: "H NMR (400 MHz, d6-DMSO) & 8.61 (dd, J = 9.9, 2.6 Hz, 1H), 8.26 (s, 1H), 8.18 (s,
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376.46 1.93 73 (diastereoner of Conpound 72) ¢ B C 1H NWR (400 MHz, CDCl 3)
? 10.81 (s, 1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H, 8.14 (s, 1H), 8.05 (dd, J
= 8.4, 2.WoHn13/@§28 4.95 (s, 1H), 4.81 (d, J = 8.3 Hz, PHIUSA013D49M97%. 14 (m
1H, 3.72 (dd, J =8.9, 6.0 Hz, 1H), 1.83? 1.70 (m 1H), 1.48? 1.32(m 1H),
1.24?2 1.11 (m 4H), 0.98 (s, 9H). 376.46 2.01 74 BB B 1H NMR (300 Mz,
MeOD) ? 8.59 (dd, J = 9.6, 2.9 Hz, 1H), 8.15 (d, J = 2.7 Hz, 2H), 8.01 (d,
J = 4.1H)He. 11 1d)J =4.168z( Hd)), 416<(d8./ 3, 1064 BlzHEH), B3 (s21HD 42P(6T « #nl 124)1H)1. 17
(s, 3H)04 @, 88),(333 (s 1H)F3.96 (d, b="6.HHz, 2H), 1.2 G4/ Ed12.3 Hz 191)41.59-91 4 (m1H) ,
0. 47 -1H), 836 (MnOHHHLCMES Lfadient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention
Time = 1.76 minutes (M+H) 392.46.

The second diastereomeric 1,2-diol, 193a, was also reacted in the same fashion to
produce the diastercomeric final product: 'H NMR (400 MHz, CDCls) & 8.61 (dd, J = 9.6, 2.7
Hz, 1H), 8.17 (s, 2H), 8.01 (d, /= 4.1 Hz, 1H), 4.53 (d, J = 10.0 Hz, 1H), 3.75 — 3.56 (m, 2H),
3.48 (dd,J=11.0, 6.3 Hz, 1H), 2.08 — 1.97 (m, 1H), 1.75 (dt, J = 28.7, 9.4 Hz, 1H), 1.04 (s, 9H).
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 1.79
minutes (M+H) 392.46.

Preparation of Compounds 75, 76, 79, 85, 93, and 95

Synthetic Scheme 31
o) o 0
F.C
3 on 2 . FC OBt —> - NH
Q
/ =0
195a 196a Ta
N 197a ﬁ

(a) 1. carbonyl diimidazole, CH,Cly; ii. potassium ethyl malonate, MgCl,, DMAP, Et;N, THF,
CH3CN; (b) 1. ammonium acetate, EtOH, reflux; ii. sodium cyanoborohydride, AcOH, EtOAc;
iii. 2,4-dichloro-5-fluoropyrimidine, 'Pr,NEt, EtOH; (c¢) 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, 7a, X-phos, Pd)(dba);, KiPO4, 2-
methyl THF, H,0, 135 °C, microwave; (d) LiOH, MeOH, 65 °C.

Formation of ethyl 3-0x0-3-(1-(trifluoromethyl)cyclopentyl)propanoate (195a).

To a solution of 1-(trifluoromethyl)cyclopentanecarboxylic acid (1.30 g, 7.14 mmol) in
dichloromethane (14 mL) was added carbonyl diimidazole (5.46 g, 33.68 mmol). After stirring 5
hours at room temperature, the reaction was concentrated in vacuo to a residue.

In another flask, 3-ethoxy-3-oxo-propanoate (Potassium lon) (2.03 g, 11.90 mmol) was
mixed with dichloromagnesium (1.13 g, 11.90 mmol) and DMAP (72.65 mg, 0.59 mmol) in THF
(23.13 mL) and acetonitrile (11.57 mL). After 3 hours, the above crude solution in THF (10 mL)
was added, followed by triethylamine (1.66 mL, 11.90 mmol). The reaction was allowed to stir
at 25 °C for 8 hours. The crude product was isolated by extracting into ethyl acetate (2 x 100
mL) vs IN HCI (100 mL), dried over sodium sulfate and concentrated in vacuo to afford 1.0 g of
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1

J =21.3, 12.8, 10.1 Hz, 1H). 374.42 1.94 75 C B C 456.45 2.55 76 B
NVR (300 MHz, MeOD) ? 8.70 (dd, J = 9.7, 2.8 Hz, 1H), 8.15 (dd, J

H
4.0 Wo,200¥919828. 02 (d, J = 4.1 Hz, 1H), 5.23 (dd, JPETAB2012/082097 Hz,
4.30 (d, J = 47.9 Hz, 2H), 3.63 (d, J = 18.2 Hz, 1H), 3.31 (dt, J
1.6

H, 1.07 (s, 6H). 394.45 1.87

the desired product as a yellow oil: "H NMR (300 MHz, CDCls) 8 12.58 (s, H), 5.32 (s, H), 4.27
-4.18 (m, 2 H), 2.33 - 2.14 (m, 2 H), 2.05 - 1.85 (m, 4 H), 1.77 - 1.69 (m, 2 H) and 1.30 (td, J =
7.1,3.2 Hz, 3 H) ppm.

Formation of (+/-)-ethyl 3-(2-chloro-5-fluoropyrimidin-4-ylamino)-3-(1-(trifluoromethyl)-
cyclopentyl)propanoate (196a)

A solution of ethyl 3-oxo-3-(1-(trifluoromethyl)cyclopentyl)propanoate, 195a, (0.500 g,
1.982 mmol) and ammonium acetate (0.458 g, 5.946 mmol) in EtOH (20 mL) was warmed to
reflux for 3 hours. The crude reaction was concentrated in vacuo to a residue and redissolved in
EtOAc (20 mL). The new mixture was cooled to 0 °C, and acetic acid (0.338 mL, 5.946 mmol)
and sodium cyanoborohydride (0.498 g, 7.928 mmol, 4 equiv) were added to the mixture. The
reaction was allowed to warm to room temperature and stirred overnight. The reaction was
quenched with aqueous saturated sodium bicarbonate solution (10 mL) and extracted with ethyl
acetate (2 x 20 mL). The organic phase was concentrated in vacuo and redissolved in EtOH (20
mL). To the solution was added 2,4-dichloro-5-fluoro-pyrimidine (0.496 g, 2.973 mmol) and
N,N-diisopropylethylamine base (2.0 mL). The reaction was refluxed for 12 hours and then
concentrated in vacuo. The residue was purified by silica gel chromatography (EtOAc) yielding
84 mg of the desired product as a yellow oil: LCMS Gradient 10-90%, 0.1% formic acid, 5
minutes, C18/ACN, Retention Time = 3.54 minutes (M+H) 384.40.

Formation of (+/-)-ethyl 3-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4-ylamino)-3-(1-(trifluoromethyl)cyclopentyl)propanoate (197a)

To a solution of racemic ethyl 3-(2-chloro-5-fluoropyrimidin-4-ylamino)-3-(1-
(trifluoromethyl)cyclopentyl)propanoate, 196a, (0.084 g, 0.219 mmol) in THF (10 mL) and
water (1 mL) was added 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)pyrrolo[2,3-b]pyridine, 7a, (0.137 g, 0.328 mmol) and potassium phosphate (0.140 g, 0.657
mmol). The resulting mixture was degassed under a stream of nitrogen for 10 minutes. To the
reaction was then added X-Phos (0.010 g, 0.021 mmol) and Pd,(dba); (0.010 g, 0.011 mmol).
The reaction was irradiated for 15 minutes at 135 °C in a microwave. The resulting mixture was
concentrated in vacuo to a brown oil which was purified by silica gel chromatography
(EtOAc/CH,Cl,) to afford 80 mg of the desired product as a pale yellow solid: LCMS Gradient
10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 4.22 minutes (M+H) 638.42.

Formation of (+/-)-3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b| pyridin-3-yl)pyrimidin-4-
ylamino)-3-(1-(trifluoromethyl)cyclopentyl)propanoic acid (75)

To a solution of racemic ethyl 3-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-
3-yD)pyrimidin-4-ylamino)-3-(1-(trifluoromethyl)cyclopentyl)propanoate, 197a, (0.080 g, 0.120
mmol) in THF (10 mL) was added lithium hydroxide (2 mL of 2N solution). The reaction was
refluxed for 3 hours and cooled to room temperature. The non aqueous solvent was removed
under reduced pressure and the aqueous layer was adjusted to pH 4. The aqueous layer was
extracted with ethyl acetate (2 x 20 mL). The combined organic phases concentrated in vacuo to
afford 16 mg of the desired product as a pale yellow solid: 'H NMR (300 MHz, d6-DMSO) &
8.51 (s, H), 8.25-7.97 (m, 2 H), 7.58 - 7.42 (m, 2 H), 7.12 (d, /= 7.5 Hz, H), 4.35 (m, H), 2.85
(m, 2 H) and 1.27 - 0.70 (m, 8 H) ppm; LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, Retention Time = 2.55 minutes (M+H) 456.45.
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WD 2013/ 019828PCT/ US2012/ 049097 77 C B C 1H NWR (400 MHz, CDCI3) ? 9.55 (s,
1H), 8.58 (dd, J = 9.3, 2.5 Hz, 1H), 8.18 (s, 2H), 8.00 (d, J = 2.7 Hz,
1H), 5.13w0kos/019448, 4.95 (t, J = 8.2 Hz, 1H), 3.84 (m PeHUS202P00M 1H),

2.38 (m1H), 1.67 - 1.15 (m 10H), 0.94 (m3H). 444.36 2.77 1H NMR (400
MHz, MeOD) ? 8.78

The following analogs can be prepared in a similar fashion as the procedure described
above Compound 75:

N 79

(+/-)-5,5,5-Trifluoro-3-(5-fluoro-2-(S-fluoro-1H-pyrrolo[2,3-b| pyridin-3-yl)pyrimidin-4-
vlamino)-4,4-dimethylpentanoic acid (79)

'H NMR (300 MHz, MeOD) & 8.66 (d, J = 8.9 Hz, H), 8.29 (s, H), 8.22 - 8.18 (m, 2 H),
4.16 - 4.06 (m, H), 2.97 (s, H), 2.92 (s, H), and 1.27 - 1.21 (m, 6 H) ppm; LCMS Gradient 10-
90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.22 minutes (M+H) 430.41.

N 76

(+/-)-5-Fluoro-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b| pyridin-3-yl)pyrimidin-4-
yl)amino)-4,4-dimethylpentanoic acid (76)

'H NMR (300 MHz, MeOD) & 8.70 (dd, J = 9.7, 2.8 Hz, 1H), 8.15 (dd, J = 6.1, 4.0 Hz,
2H), 8.02 (d, J =4.1 Hz, 1H), 5.23 (dd, J = 10.7, 3.1 Hz, 1H), 4.30 (d, J = 47.9 Hz, 2H), 3.63 (d,
J=18.2 Hz, 1H), 3.31 (dt, /= 3.3, 1.6 Hz, 3H), 2.83 (dd, J = 15.3, 3.3 Hz, 1H), 2.63 (dd, J =
15.3, 10.8 Hz, 1H), 1.07 (s, 6H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, (M+H) 394.
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(R)-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl)amino)-3-(1-
methylcyclopropyl)propanoic acid (91)

LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, (M+H) 374.
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(dd, J = 9.7, 2.7 Hz, 1H), 8.16 (s, 2H), 7.99 (d, J = 4.1 Hz, 1H),
5.20 (d, J = 78 AAB9.9 Hz, 1H), 2.86 -2.69 (m 1H), 2.53 416.27 2.2
(dd, J = W0.2913/019828 Hz, 1H), 1.76 - PCT/US2012/049097

N 93

(+/-)-3-((S5-Fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-yl)amino)-3-(1-
(trifluoromethyl)cyclopropyl)propanoic acid (93)

LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.37
minutes (M+H) 428.49.

N
N 95

(+/-)-3-(Bicyclo[2.2.1]heptan-1-yl)-3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b| pyridin-3-
yD)pyrimidin-4-ylamino)propanoic acid (95)

'H NMR (400 MHz, CD;0D) $ 8.62 (dd, J = 9.3, 2.6 Hz, 1H), 8.48 (t, J = 5.4 Hz, 1H),
8.32 (s, 1H), 8.29 (d, /= 5.5 Hz, 1H), 5.42 (dd, /= 10.0, 3.4 Hz, 1H), 2.84 (m, 2H), 2.18 (s, 1H),
1.65 (m, 4H), 1.39 (m, 6H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 2.12 minutes (M+H) 414.28.

H 84

(+/-)-5-Fluoro-3-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-
y)amino)-4-(fluoromethyl)-4-methylpentanoic acid (84)

'H NMR (300 MHz, MeOD) & 8.67 (dd, J = 9.6, 2.8 Hz, 1H), 8.16 (m, 2H), 8.04 (d, J =
4.0 Hz, 1H), 5.38 (dd, /= 10.8, 3.2 Hz, 1H), 4.72 - 4.23 (m, 4H), 2.86 (dd, /= 15.5, 3.3 Hz, 1H),
2.70 (dd, J = 15.5, 10.9 Hz, 1H), 1.15(s, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5
minutes, C18/ACN, (M+H) 412.
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1.56 (m 2H), 1.53 (m 4H), 1.29 (m 4H), 1.02 (s, 3H). H NMVR
(300.0 MHz, MeOD) d 8. 66
WO 2013/019828 PCT/US2012/049097

H 85

(+/-)-3-((S-chloro-2-(5-fluoro-1H-pyrrolo[2,3-b] pyridin-3-yl)pyrimidin-4-yl)amino)-4,4-
dimethylpentanoic acid (85)

Carboxylic acid, 203, was prepared in same fashion as carboxylic acid, 4, (see Synthetic
Scheme 1) using 5-chloro-3-(5-chloro-4-(methylsulfinyl)pyrimidin-2-yl)-1-tosyl-1H-pyrrolo[2,3-
b]pyridine instead of sulfoxide, 1: '"H NMR (400 MHz, MeQOD) 6 8.68 (dd, J=9.3, 2.7 Hz, 1H),
8.47 (s, 1H), 8.38 (s, 1H), 8.32 (s, 1H), 5.17 (dd, /= 9.8, 3.5 Hz, 1H), 2.87 (m, 2H), 1.06 (s, 9H);
LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.1 minutes
(M+H) 383.38.

Preparation of Compounds 77, 78, 83, 86, and 94

Synthetic Scheme 32

F
0 HAN O F,—S_ Q c
b
H O —2 . OBt —2—» Ny /NH OEt
7N R Q
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N
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205a 7a
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Ng AN OFt d Ng AN OEt Ng A NH OH
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s < «
N N N
s 77 78
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N N N
! H H

T 207a

(a) NH4OAc, malonic acid, EtOH, reflux; (b) 2,4-dichloro-5-fluoropyrimidine, iPlerEt, THEF,
MeOH, 95 °C; (c¢) 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, K;PO4 X-Phos, Pd,(dba);, 2-MeTHF, water, 120 °C; (d) 4N HCI,
CH;CN, 65 °C; (e) LiOH, water, THF.

Formation of (+/-)-ethyl-3-amino-3-(1-methylcyclohexyl)propanoate (205a)

A solution of 1-methylcyclohexanecarbaldehyde (2.75 g, 21.79 mmol), malonic acid
(2.27 g, 21.79 mmol) and ammonium acetate (3.36 g, 43.58 mmol) in absolute ethanol (5 mL)
was heated at reflux for 4 hours. The solid was filtered and washed with ethanol (10 mL). The
filtrate was concentrated in vacuo to give a thick oil that was diluted with CH,Cl, (50 mL). The
precipitated solid was filtered and the filtrate was concentrated in vacuo to afford 4.3 grams of a
yellow oil. Concentrated sulfuric acid (1.16 mL, 21.79 mmol) was added to a solution of the
crude material in absolute ethanol (25 mL) and the mixture was refluxed for 12 hours. The
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(d, J =8.9 Hz, H), 8.29 (s, H, 8.22 - 8.18 (m H), 5.49 (s, H,
4.16 -4.06 79 BAB(m H, 2.97 (s, H, 2.92 (s, H, 2.86 - 430.41 2.22
2.78 (m W,2013/04%828s, H), 2.06 (s, H), PCT/US2012/049097

solution was cooled to room temperature and concentrated in vacuo to give a thick oil. Water
(10 mL) was added and the solution was neutralized with 2N NaOH. The aqueous layer was
extracted with EtOAc (3x 25 mL), dried (MgSQO,), filtered and concentrated in vacuo to afford
2.4 grams of desired product: LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 1.54 minutes (M+H) 214.14.

Formation of (+/-)-ethyl 3-(2-chloro-5-fluorropyrimidin-4-ylamino)-3-(1-
methylcyclohexyl)propanoate (206a)

A mixture of 2,4-dichloro-5-fluoro-pyrimidine (1.83 g, 85.33 mmol), racemic ethyl-3-
amino-3-(1-methylcyclohexyl)propanoate, 205a, (234 g, 11.0 mmol) and NN-
diisopropylethylamine (4.79 g, 27.50 mmol) in THF (40 mL) and methanol (10 mL) was heated
at 95 °C for 3 hours. The solution was cooled to room temperature and the solvent was
evaporated under reduced pressure. The crude residue was purified by silica gel chromatography
(0-60% EtOAc/Hexanes gradient) to afford 620 mg of the desired product as a white foamy
solid: 'H NMR (400 MHz, CDCl;) & 7.80 (d, J= 2.6 Hz, 1H), 5.37 (m, 1H), 4.59 (m, 1H), 4.00
(q, 7.2 Hz, 2H), 2.62 (dd, J = 14.7, 3.8 Hz, 1H), 1.67(m,1H),1.17 (m, 10H), 1.10 (t, /= 7.1 Hz,
3H), 0.85 (s, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention
Time = 3.69 minutes (M+H) 344.39.

Formation of (+/-)-ethyl 3-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yD)pyrimidin-4ylamino)-3-(1- methylcyclohexyl)propanoate (207a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
ylDpyrrolo[2,3-b]pyridine, 7a, (0.51 g, 1.22 mmol), racemic ethyl 3-(2-chloro-5-
fluorropyrimidin-4-ylamino)-3-(1-methylcyclohexyl)propanoate, 206a, (0.35 g, 1.02 mmol) and
K3PO4 (0.52 g, 2.44 mmol) in 2-methyl THF (8 mL) and water (2 mL) was degassed under a
stream of nitrogen for 30 minutes. X-Phos (0.03 g, 0.07 mmol) and Pd,(dba); (0.02 g, 0.02
mmol) were added and the resulting mixture was heated at 115 °C in a pressure vial for 4 hours.
The reaction mixture was cooled to room temperature, filtered and concentrated in vacuo. The
residue was dissolved in EtOAc (50 mL) and washed with water. The organic layer was dried
(MgSO0,), filtered and concentrated in vacuo. The crude residue was purified via silica gel
chromatography (0-35% EtOAc/Hexanes gradient) to afford 486 mg of the desired product as a
white solid: '"H NMR (400 MHz, CDCls) & 8.50 (m, 1H), 8.48 (s, 1H), 8.24 (d, /= 1.7 Hz, 1H),
8.01 (m, 3H), 7.20(m, 2H), 5.12 (m, 1H), 4.88 (m, 1H), 3.89(q, J=7.4 Hz, 2H), 2.71 (dd, J =
14.5, 3.8 Hz, 1H), 2.39 ? 2.32 (m, 1H), 2.31 (s, 3H), 1.60-1.32 (m 10H), 0.95 (t, J =7.4 3H).
0.87 (s, 3H); LCMS Gradient 60-98%, 0.1% formic acid, 7 minutes, C18/ACN, Retention Time
= 2.81 minutes (M+H) 599.19.

Formation of (+/-)-ethyl 3-(5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
ylamino)-3-(1-methylcyclohexyl)propanoate (77)

To a solution of ethyl 3-(5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4ylamino)-3-(1- methylcyclohexyl)propanoate, 207a, (0.49 mg, 0.81 mmol) in
CH;CN (3 mL) was added HCI (2.0 mL of 4M solution in dioxane, 8.1 mmol). The solution was
heated at 70 °C for 3 hours and then cooled to room temperature. The solvent was removed
under reduced pressure and the product was neutralized with aqueous saturated NaHCO;
solution. The precipitate was extracted with EtOAc (3x10 mL). The solvent was dried (MgSQO,),
filtered and concentrated in vacuo. The crude residue was purified by silica gel chromatography
(0-70%EtOAc/Hexanes gradient) to afford 230 mg of the desired product as an off-white solid:
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1.93 (s, H, 1.80 (s, H and 1.27 - 1.21 (m 6 H ppm 1H NWVR
(400 MHz, CDCI3) ? 8.66 (dd, J = 9.2, 2.6 Hz, 1H), 8.53 (d, J =
WO 2013/019828 PCT/US2012/049097

'H NMR (400 MHz, CDCl3) § 9.55 (s, 1H), 8.58 (dd, J = 9.3, 2.5 Hz, 1H), 8.18 (s, 2H), 8.00 (d,
J =127 Hz, 1H), 5.13 (brs, 1H), 4.95 (t, J/ = 8.2 Hz, 1H), 3.84 (m, 2H), 2.72 (m, 1H), 2.38 (m,
1H), 1.67 - 1.15 (m, 10H), 0.94 (m, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes,
C18/ACN, Retention Time = 2.77 minutes (M+H) 444.36.

3-(5-fluoro-2-(5-fluoro-1 H-pyrrolo[2,3-b]| pyridin-3-yl)pyrimidin-4-ylamino)-3-(1-
methylcyclohexyl)propanoic acid (78)

LiOH (0.118 mg, 4.927 mmol) was added to a solution of ethyl 3-(5-fluoro-2-(5-fluoro-
1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-3-(1-methylcyclohexyl)-propanoate, 77,
(0.23 g, 0.49 mmol) in water (5 mL) and THF (5 mL). The solution was stirred at 95 °C for 18
hours and then cooled to room temperature. The solvent was removed under reduced pressure.
The residue was diluted with water (10 mL) and neutralized with 2N HCl. The resulting
precipitate was extracted with EtOAc (3x10 mL). The organic phase was dried (MgSO,),
filtered and concentrated in vacuo to afford 210 mg of the desired product as an off-white solid:
'H NMR (400 MHz, CD;0D) & 8.78 (dd, J = 9.7, 2.7 Hz, 1H), 8.16 (s, 2H), 7.99 (d, J = 4.1 Hz,
1H), 5.20 (d, /= 9.9 Hz, 1H), 2.86 - 2.69 (m, 1H), 2.53 (dd, /= 14.7, 11.0 Hz, 1H), 1.76 - 1.56
(m, 2H), 1.53 (m, 4H), 1.29 (m, 4H), 1.02 (s, 3H); LCMS Gradient 10-90%, 0.1% formic acid, 5
minutes, C18/ACN, Retention Time = 2.20 minutes (M+H) 416.27.

H 83

(+/-)-3-(2-(5-Chloro-1H-pyrrolo[2,3-b|pyridin-3-yl)-5-fluoropyrimidin-4-ylamino)-3-(1-
methylcyclohexyl)propanoic acid (83)

Compound 83 was synthesized in a manner similar to 3-(5-fluoro-2-(5-fluoro-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-3-(1-methylcyclohexyl)propanoic  acid, 78,
using  5-chloro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-
b]pyridine instead of boronate ester, 7a: 'H NMR (400 MHz, MeOD) § 9.05 (d, /= 2.1 Hz, 1H),
8.39 - 8.24 (m, 2H), 8.16 (d, J = 4.9 Hz, 1H), 5.23 (d, J = 10.4 Hz, 1H), 2.86 (d, J = 15.6 Hz,
1H), 2.65 (m, 1H), 1.58 (m, 7H), 1.37 (m, 3H), 1.05 (s, 3H); LCMS Gradient 10-90%, 0.1%
formic acid, 5 minutes, C18/ACN, Retention Time = 2.37 minutes (M+H) 442.36.
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(+/-)-3-(1-Adamantyl)-3-[[5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yllamino]propionic acid (86)
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80 CB C9.6 Hz, 2H), 8.43 (s, 1H), 8.36 (s, 1H), 5.27 - 5.13 (m 1H), 3.60
(s, 3H), 3.02 406.09 2.41 - 2.87 (m 2H), 1.94 (s, 1H), 1.06 (s,
9H) . WO 2013/019828 PCT/US2012/049097

Compound 86 was synthesized in a manner similar to 3-(5-fluoro-2-(5-fluoro-1H-
pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-ylamino)-3-(1-methylcyclohexyl)propanoic  acid, 78,
using adamantine-1-carbaldehyde as the starting material: 'H NMR (400 MHz, CD;0D) § 8.75
(dd, /=9.7,2.7 Hz, 1H), 8.18 (s, 2H), 8.00 (d, /= 4.2 Hz, 1H), 2.81 (dd, /= 15.2, 3.1 Hz, 1H),
2.55(dd, J=15.2, 10.8 Hz, 1H), 2.00 (m, 3H), 1.82 -1.49 (m, 12H); LCMS Gradient 10-90%,
0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.40 minutes (M+H) 454.34.
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N H 94

(+/-)-3-(1-Adamantyl)-3-[[2-(5-chloro-1H-pyrrolo[2,3-b]| pyridin-3-yl)-5-fluoro-pyrimidin-4-
yllamino]propanoic acid (94)

Compound 94 was synthesized in a manner similar to 3-(1-Adamantyl)-3-[[5-fluoro-2-(5-
fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-yl]Jamino]propionic acid, 86, using 5-chloro-1-
(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine  instead
of boronate ester, 7a: 'H NMR (400 MHz, CD;0D) & 9.02 (d, J = 2.3 Hz, 1H), 8.40 - 8.24 (m,
2H), 8.18 (d, J = 5.0 Hz, 1H), 491 (d, J = 11.6 Hz, 1H), 2.88 (dd, J = 16.0, 2.8 Hz, 1H), 2.65
(dd, /=15.9, 11.0 Hz, 1H), 2.01 (s, 3H), 1.77 (dd, /= 27.9, 11.9 Hz, 12H); LCMS Gradient 10-
90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 2.60 minutes (M+H) 470.27.

Preparation of Compound 68

Synthetic Scheme 33
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(a) NaN;, DMF, 70 °C; (b) propargyl alcohol, THF, toluene, 120 °C; (c) 5-fluoro-1-(p-
tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrrolo[2,3-b]pyridine, K3;PO4, X-
Phos, Pd,(dba)s, 2-MeTHF, water, 120 °C; (d) 4N HCI, CH;CN, 65 °C.
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1H NWMR (300 MHz, CDCI3) ? 9.83 (s, 1H), 8.58 (dd, J = 9.3, 2.7 Hz,
1H), 8.37 (s, 1H), 8.25 (s, 1H), 8.13 (d, J = 81 CCC 3.3 Hz, 1H),
5.66 (s, WwH)213501928-5. 16 440. 45 PCT/US2012/049097

Formation of (S)-/V-(1-azido-3,3-dimethylbutan-2-yl)-2-chloro-5-fluoropyrimidin-4-amine
(216a)

A mixture of  (8)-2-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3,3-dimethylbutyl
methanesulfonate, 75a, (2.37 g, 7.26 mmol) and sodium azide (1.89 g, 29.07 mmol) in DMF (50
mL) was heated at 70 °C for 6 hours. The reaction mixture was cooled to room temperature and
poured into water. The aqueous phase was extracted with EtOAc (2x 25 mL), dried (MgSQ,),
filtered and concentrated in vacuo. The crude product was purified via silica gel
chromatography (0-20% EtOAc/Hexanes gradient) to afford 1.2 g of the desired product as a
white crystalline solid: 'H NMR (400 MHz, CDCl3) ¢ 7.86 (dd, J = 2.6, 1.1 Hz, 1H), 5.07 (m,
1H), 4.32-4.09 (m, 1H), 3.60 (dd, J=12.8, 3.9 Hz, 1H), 3.34 (dd, /= 12.8, 7.6 Hz, 1H), 0.96 (m,
9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time = 3.28
minutes (M+H) 273.14.

Formation of (8)-(1-(2-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3,3-dimethylbutyl)-1 H-
1,2,3-triazol-4-yl)methanol (217a)

A mixture of prop-2-yn-1-ol (0.22 g, 3.85 mmol) and (§)-N-(1-azido-3,3-dimethylbutan-
2-yl)-2-chloro-5-fluoropyrimidin-4-amine, 216a, (0.21 g, 0.77 mmol) in THF (4 mL) and toluene
(4 mL) was heated in a pressure vial at 120 °C for 8 hours. The reaction mixture was cooled to
room temperature and concentrated under reduced pressure. The crude product which contained
two regioisomers was purified by silica gel chromatography (0-5% MeOH/CH,Cl, gradient) to
afford 100 mg of desired regioisomer, 217a, as well as 70 mg of the minor regioisomer (5-
hydroxymethyl triazole).

4-Hydroxymethyl triazole regioisomer 217a: 'H NMR (400 MHz, CDCls) § 7.71 (d, J =
2.6 Hz, 1H), 7.19 (s, 1H), 5.31 -5.16 (m, 1H), 4.86 (m, 1H), 4.79-4.60 (m, 2H), 4.44 (m, 1H),
1.07 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN, Retention Time
= 2.26 minutes (M+H) 329.31.

Formation of (8)-(1-(2-((5-fluoro-2-(5-fluoro-1-tosyl-1 H-pyrrolo[2,3-b]pyridin-3-
y)pyrimidin-4-yl)amino)-3,3-dimethylbutyl)-1H-1,2,3-triazol-4-yl)methanol (218a)

A solution of 5-fluoro-1-(p-tolylsulfonyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)pyrrolo[2,3-b]pyridine, 7a, (0.158 g, 0.380 mmol), (S)-(1-(2-((2-chloro-5-fluoropyrimidin-4-
yl)amino)-3,3-dimethylbutyl)-1/-1,2,3-triazol-4-yl)methanol, 217a, (0.100 g, 0.304 mmol) and
K3PO4 (0.520 g, 2.440 mmol) in 2-methyl THF (8 mL) and water (2 mL) was degassed under a
stream of nitrogen for 30 minutes. X-Phos (0.008 g, 0.018 mmol) and Pd,(dba); (0.006 g, 0.006
mmol) were added and the reaction mixture was heated at 115 °C in a pressure vial for 4 hours.
The reaction mixture was cooled to room temperature and filtered. The filtrate was concentrated
in vacuo. The residue was dissolved in EtOAc (50 mL) and washed with water. The organic
layer was dried (MgSQ,), filtered concentrated in vacuo. The crude residue was purified via
silica gel chromatography (0-70% EtOAc/Hexanes gradient) to afford 120 mg of the desired
product as a white foamy solid: '"H NMR (400 MHz, CDCl:) & 8.37 (s,1H), 8.33 (s, 1H), 8.21 (s,
1H), 8.03 (d, J = 8.4 Hz, 2H), 7.90 (d, J = 3.0 Hz, 1H), 5.37(m, 1H), 4.92 ? 4.83 (m, 1H), 4.78 -
4.69 (m, 2H), 4.44 (dd, J = 13.9, 11.3 Hz, 1H), 2.32 (s, 3H), 1.11 (s, 9H); LCMS Gradient 60-
98%, 0.1% formic acid, 7 minutes, C18/ACN, Retention Time = 1.29 minutes (M+H) 583.33

Formation of (S)-(1-(2-((5-fluoro-2-(5-fluoro-1H-pyrrolo[2,3-b]pyridin-3-yl)pyrimidin-4-
yl)amino)-3,3-dimethylbutyl)-1H-1,2,3-triazol-4-yl)methanol (68)
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2.35 (m 1H), 4.71 -4.32 (m 4H), 4.04 (q, J=7.1H, 24, 2.
-2.77 (m 1H), 2.70 (dd, J = 15.1, 9.1 Hz, 1H), 1.26
WO 2013/019828 PCT/US2012/049097

To a solution of (8)-(1-(2-((5-fluoro-2-(5-fluoro-1-tosyl-1H-pyrrolo[2,3-b]pyridin-3-
yl)pyrimidin-4-yl)amino)-3,3-dimethylbutyl)-1H-1,2,3-triazol-4-yl)methanol, 218a, (0.11 g, 0.19
mmol) in THF (5 mL) was added NaOMe (0.17 mL of 25% solution in MeOH, 0.75 mmol).
After stirring the reaction mixture at room temperature for 30 minutes, the mixture was diluted
into aqueous saturated NH4Cl solution(5 mL) and EtOAc (10 mL). The organic layer was
separated, dried (MgSOQy), filtered concentrated in vacuo. The crude product was purified by
silica gel chromatography (0-10% MeOH/CH,Cl,) to afford 41 mg of the desired product as an
off-white solid: 'H NMR (400 MHz, CD;0D) & 8.51 (d, J = 8.0 Hz, 1H), 8.16 (s, 1H), 8.0 (s,
1H), 7.93 (d, J = 3.5 Hz, 1H), 7.38 (s, 1H), 5.08 (m, 1H), 5.00-4.90 (m, 1H), 4.74 (s, 2H), 4.60
(m, 1H), 1.2 (s, 9H); LCMS Gradient 10-90%, 0.1% formic acid, 5 minutes, C18/ACN,
Retention Time = 1.90 minutes (M+H) 429.26.

Example 2: Influenza Antiviral Assay

[00282] Antiviral assays were performed using two cell-based methods:

A 384-well microtiter plate modification of the standard cytopathic effect (CPE) assay
method was developed, similar to that of Noah, et al. (Antiviral Res. 73:50-60, 2006). Briefly,
MDCK cells were incubated with test compounds and influenza A virus (A/PR/8/34), at a low
multiplicity of infection (approximate MOI=0.005), for 72 hours at 37°C, and cell viability was
measured using ATP detection (CellTiter Glo, Promega Inc.). Control wells containing cells and
virus show cell death while wells containing cells, virus, and active antiviral compounds show
cell survival (cell protection). Different concentrations of test compounds were evaluated, in
quadruplicate, for example, over a range from approximately 20 uM to 1 nM. Dose-response
curves were prepared using standard 4-parameter curve fitting methods, and the concentration of
test compound resulting in 50% cell protection, or cell survival equivalent to 50% of the
uninfected wells, was reported as the 1Cso.

A second cell-based antiviral assay was developed that depends on the multiplication of
virus-specific RNA molecules in the infected cells, with RNA levels being directly measured
using the branched-chain DNA (bDNA), hybridization method (Wagaman et a/, J. Virol Meth,
105:105-114, 2002). In this assay, cells are initially infected in wells of a 96-well microtiter
plate, the virus is allowed to replicate in the infected cells and spread to additional rounds of
cells, then the cells are lysed and viral RNA content is measured. This assay is stopped earlier
that the CPE assay, usually after 18-36 hours, while all the target cells are still viable. Viral
RNA is quantitated by hybridization of well lysates to specific oligonucleotide probes fixed to
wells of an assay plate, then amplification of the signal by hybridization with additional probes
linked to a reporter enzyme, according to the kit manufacturer’s instructions (Quantigene 1.0,

Panomics, Inc.). Minus-strand viral RNA is measured using probes designed for the consensus
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(s, 3H), 1.08- 1.04(t, J =7.1 Hz,3 H). 1H NMR (400 MHz, CDCI3) ?
9.93 (s, 1H), 8.89 (d, J = 2.1 Hz, 1H), 8.24 (d, J= 2.4 Hz, 1H),
8.18 (s, WHi2013310€28( d, PCT/US2012/049097

type A hemagglutination gene. Control wells containing cells and virus were used to define the
100% viral replication level, and dose-response curves for antiviral test compounds were
analyzed using 4-parameter curve fitting methods. The concentration of test compound resulting
in viral RNA levels equal to that of 50% of the control wells were reported as ECso.

Virus and Cell culture methods: Madin-Darby Canine Kidney cells (CCL-34 American
Type Culture Collection) were maintained in Dulbecco’s Modfied Eagle Medium (DMEM)
supplemented with 2mM L-glutamine, 1,000U/ml penicillin, 1,000 ug/ml streptomycin, 10 mM
HEPES, and 10% fetal bovine medium. For the CPE assay, the day before the assay, cells were
suspended by trypsinization and 10,000cells per well were distributed to wells of a 384 well plate
in 50 ul. On the day of the assay, adherent cells were washed with three changes of DMEM
containing lug/ml TPCK-treated trypsin, without fetal bovine serum. Assays were initiated with
the addition of 30 TCIDs, of virus and test compound, in medium containing 1 ug/ml TPCK-
treated trypsin, in a final volume of 50 ul. Plates were incubated for 72 hours at 37°C in a
humidified, 5% CO; atmosphere. Alternatively, cells were grown in DMEM + fetal bovine
serum as above, but on the day of the assay they were trypsinized, washed 2 times and suspended
in serum-free EX-Cell MDCK cell medium (SAFC Biosciences, Lenexa, KS) and plated into
wells at 20,000 cells per well. These wells were then used for assay after 5 hours of incubation,
without the need for washing.

Influenza virus, strain A/PR/8/34 (tissue culture adapted) was obtained from ATCC (VR-
1469). Low-passage virus stocks were prepared in MDCK cells using standard methods (WHO
Manual on Animal Influenza Diagnosis and Surveillance, 2002), and TCIDso measurements were
performed by testing serial dilutions on MDCK cells in the 384-well CPE assay format, above,
and calculating results using the Karber method.

Mean ICsy values (mean all) for certain specific compounds are summarized in Table 1:

A: ICso (mean all) < 0.3 uM;
B 0.3 uM <ICsp(mean all) <3.3 uM;
C ICso (mean all) > 3.3 uM.

Mean ECsq values (mean all) for certain compounds are also summarized in Table 1:

A: ECso (mean all) < 0.3 uM;
B 0.3 uM <ECsg(mean all) <3.3uM;
C ECso (mean all) > 3.3 uM.

Mean ECyg values (mean all) for certain compounds are also summarized in Table 1:
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82 CCCJ = 3.4 Hz,
2.73 460.29 3.08
1.23 (m WOHp13/(0928 (

A:
B
C

1
(
t

H)
dd

J

.19 (m1H), 4.98 (m1H), 3.98 - 3.65 (m 2H),
1H), 1.69-
PCT/US2012/049097

= 14. 3,

ECoo (mean all) < 0.3 uM;
0.3 uM < ECyy (mean all) <3.3uM;
ECyo (mean all) > 3.3 uM.

3.6 Hz, 1H), 2.38 (m

Some exemplary data are as follows: Compound 1: IC5,=0.006 uM, ECs,=0.009 uM,
ECy0=0.0094 uM; Compound 2: IC5p=0.004 uM, ECs5,=0.009 uM, EC9=0.0063 uM; Compound
6: IC50:0.004 },LM, ECs():0.0lS },LM, EC99:0.082 },LM; COl’IlpOllIld 69: IC50:2.31 },LM, EC50:0.8

},LM, EC99:8.4 },LM; COl’IlpOllIld 76: IC50:0.423 },LM, EC50:0.25 },LM, EC99:1.4 },LM.
For comparison purposes, some compounds disclosed in W0O2005/095400 were also

tested against influenza virus using the bDNA and MDCK cell protection assays described

above, and their mean ICsg, ECsg, and ECoo values are summarized in Table 2.

Table 1: ICsq, ECso, NMR and LCMS Data of Compounds of Invention.

MDCK | bDNA | bDNA
gg;“'”““d IC50 | EC50 |EC99 | NMR M+1 'li(T’MS
' M) | M) | (um)
12.25 (s, 1H): 12.0 (bs, 1H): 8.8 (s,
1HY: 8.3 (s, 1H): 8.25 (s. 1H): 8.1 (s.
A A Al 1H).7.45(d, 1H); 4.75 (t, 1H), 2.5 (m, | 39221 | 207
2H), 1.0 (s, OH)
12.25 (s, 1H): 12.0 (bs, 1H): 8.6 (d,
1HY: 8.3 (s, 1H): 8.2 (s, 1H); 8.15 (s.
A A Al 1HY 7.45(d, TH); 4.8 (t, 1H). 25 (m. | 37621| 1.92
2H), 1.0 (s, OH)
B B C 39221 |  2.06
C C C 37621 | 1.93
1H NMR (300 MHz, MeOD) d 8.60 (d,
J=7.7Hz, 2H), 8.33 (s, 1H), 5.08 (t, J
A A A| =172 Hz 1H) 2.93 (dd, J = 16.3,2.8 | 377.24 | 217
Hz, 1H), 2.73 (dd, J = 16.3, 10.6 Hz,
1H), 1.08 (s, 9H).
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6.8, 3H).

8.39 -

1H NMR (400 MHz, MeOD) ? 9.05 (d, J =2.1 Hz, 1H),
8.24 (m 2H), 83 BABS8.16 (d, J = 4.9 Hz, 1H), 5.23 (d, J = 10.4
Hz, 1H), W02613wd9s828 = 15.6 Hz, 432.36 2. 37 PCT/US2012/049097
1H NMR (400 MHz, CDCI3) d 8.31 (d,
J=6.4Hz, 1H), 8.06 (s, 1H), 7.06 (t, J
6 =9.7 Hz, 1H), 4.58 (s, 2H), 2.80 (d, J | 394.19 | 2.92
=13.2 Hz, 1H), 2.29 (dd, J =13.3, 8.7
Hz, 1H), 0.98 (s, 9H).
1H NMR (300 MHz, MeOD) ? 8.86
(dd, J = 9.8, 2.8 Hz, 1H), 8.37 (s, 1H),
8.26 - 8.14 (m, 1H), 7.53 (d, J = 11.0
7 Hz, 1H), 5.04 (dd, J = 11.0, 2.9 Hz, | 400.27 | 2.99
1H), 2.81 (dd, J = 15.4, 3.0 Hz, 1H),
2.60 (dd, J = 15.4, 11.0 Hz, 1H), 0.99
(s, 9H).
8
(diastereomer
of Compound 401.94 2.1
15)
9 390.23 | 2.04
1H NMR (400 MHz, MeOD) ? 8.60 (s,
1H), 8.44 (s, 1H), 8.23 (d, J = 5.3 Hz,
10 1H), 8.16 (s, 1H), 5.15 (m, 1H), 3.39 | 428 | 202
(d, J=8Hz, 2H), 1.08(s 9H).
1H NMR (400 MHz, MeOD) ? 8.44 (s,
1H), 8.34 (dd, J = 9.2, 2.6 Hz, 1H),
11 8.22 (d, J = 5.7 Hz, 1H), 8.13 (s, 1H), | 412.13 1.91
5.16 (d, J = 4.1 Hz, 1H), 3.46 - 3.33
(m, 3H), 1.10 (d, J = 19.9 Hz, 10H).
1H NMR (400 MHz, MeOD) ? 8.64
(dd, J = 8.4, 2.4 Hz, 1H), 8.57 (s, 1H),
8.24 (d,J=4.4Hz, 1H),5.19(d, J =
12 8.7 Hz, 1H),2.78 (qd, J =15.9,6.6 | 403.22 | 2.37
Hz, 2H), 1.85 - 1.57 (m, 6H), 1.48 (dd,
J=11.8,6.0 Hz, 1H), 1.36 (dt, J =
12.0, 6.0 Hz, 1H), 1.11 (s, 3H).
1H NMR (400 MHz, MeOD) ? 8.64
(dd, J = 8.4, 2.4 Hz, 1H), 8.57 (s, 1H),
8.24 (d,J=4.4Hz, 1H),5.19(d, J =
13 8.7 Hz, 1H),2.78 (qd, J =15.9,6.6 | 426.25 | 3.21
Hz, 2H), 1.85 - 1.57 (m, 6H), 1.48 (dd,
J=11.8,6.0 Hz, 1H), 1.36 (dt, J =
12.0, 6.0 Hz, 1H), 1.11 (s, 3H).
14 40232 | 213
15
(diastereomer
of Compound 402.38 | 212
8)
16 390.35| 2.03
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1H), 2.65 (m1H), 1.58 (n 7H), 1.37 (m 3H), 1.05 (s, 3H). W's)
2013/ 019828PCT/ US2012/ 049097 84 B B C 1H NMR (300 MHz, MeOD) ? 8.67 (dd, J
= 9.6, 2.\8oHm13/Mpgs 8.16 (m 2H), 8.04 (d, J = 4.0 Hz, PHNUSIBA4T, J =
10.8, 3.2 Hz, 1H), 4.72 - 4.23 (m 4H), 2.86 (dd, J = 15.5, 3.3 Hz,

17 | B B C 389.97 2.03

1H NMR (400 MHz, DMSO) ? 12.37
(s, TH), 12.12 (s, 1H), 8.75(d, J = 9.9
Hz, 1H), 8.32 (s, 2H), 7.83 (d, J =

18 | A A A | 11.4Hz, 1H), 7.48 (d, J = 9.5 Hz, 1H), | 414.31| 3.14
5.00 (t, J = 9.1 Hz, 1H), 2.71-2.54
(m, 2H), 1.30 (d, J = 7.4 Hz, 2H), 0.80
(t, J = 18.7 Hz, 9H).

1H NMR (400 MHz, CDCI3) ? 9.75 (s,
1H), 8.12 (d, J = 9.3 Hz, 1H), 7.94

19 | A A Al (s,1H), 7.73 (s, 2H), 7.67 (brs, 1H), | 4253 | 1.98
4.93 - 4.78 (m, 2H), 3.08 (m, 1H),
2.76 (s, 3H), 0.99 (m, 9H).

1H NMR (400 MHz, DMSO) ? 12.23
(s, TH), 11.93 (s, 1H), 8.48 (d, J = 9.9
Hz, 1H), 8.33 - 8.07 (m, 3H), 7.18 (d,
20 | A A A| J=93Hz 1H),4.39 (t, J=102Hz, | 390.06 | 2.14
1H), 2.38 - 2.07 (m, 2H), 1.99 - 1.92
(m, 1H), 1.80 - 1.64 (m, 1H), 1.00 (d,
J = 20.2 Hz, 9H).

1H NMR (400 MHz, MeOD) ? 8.68
(dd, J = 9.6, 2.5 Hz, 1H), 8.24 - 8.11
(m, 2H), 8.03 (d, J = 3.8 Hz, 1H), 5.12
(d,J=85Hz, 1H), 3.48 (d, J = 9.2
Hz, 2H), 2.60 - 2.47 (m, 1H), 0.68 -
0.48 (m, 4H).

21 | A A A 451.14 22

1H NMR (400 MHz, MeOD) ? 8.65 (d,
J=9.3,1H), 8.47 (s, 1H), 8.34 (m, ,
22 | A A B| 2H),5.28(d,J=10.4 Hz, 1H), 3.55 41| 196
(dt, J = 14.5, 13.0 Hz, 2H), 1.20 - 1.03
(m, 9H).

1H NMR (400 MHz, DMSO) ? 12.23
(s, 1H), 8.44 (d, J = 7.6 Hz, 1H), 8.32
-8.06 (m, 3H), 7.18 (d, J = 9.6 Hz,
23 | B B C| 1H), 4.36(t,J = 10.4 Hz, 1H), 4.00 - | 419.08 | 2.41
3.67 (m, 2H), 2.41 - 2.13 (m, 2H),
2.08 - 1.93 (m, 1H), 1.87 - 1.65 (m,
1H), 1.06 - 0.84 (m, 12H).

1H NMR (400 MHz, CDCI3) ? 10.27
(brs, 1H), 8.25 (d, J = 9.4 Hz, 1H),
8.17 (s, 1H), 8.11 (s, 1H), 7.23 (d, J =
24 | A A A | 10.3Hz, 1H), 5.20 (d, J = 9.6 Hz, 1H), | 373.03 | 3.08
4.41(t, J = 7.4 Hz, 1H), 4.09 (d, J =
11.3 Hz, 1H), 3.82 - 3.58 (m, 1H),
0.99 (d, J = 19.5 Hz, 9H).
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1H), 2.70 (dd, J = 15.5, 10.9 Hz, 1H), 1.15(s, 3H). 412.43 1.9 85 B A C 1H
NVR (400 Mz, MeOD) ? 8.68 (dd, J = 9.3, 2.7 Hz, 1H), 8.47 (s, 1H), 8.38

(s, 1H), W02m3@9s28H), 5.17 (dd, J = 9.8, 3.5 Hz, 1H), PCSWSLom2/04p7 1. 06
(s, 9H). 392.1 2.23 86 A A B 1H NVR (400 MHz, MeOD) ? 8.75 (dd, J = 9.7
2.7 Hz, 1H), 8.18 (s, 2H), 8.00 (d, J = 4.2 Hz, 1H), 2.81 (dd, J = 15.2
3.1 Hz, 1H), 2.55 (dd, J = 15.2, 10.8 Hz, 1H), 2.00 (m 3H), 1.82 - 1.4
(m 12H).

9

1H NMR (400 MHz, MeOD) ? 9.26
(dd, J = 9.0, 2.2 Hz, 1H), 8.43 (s, 1H),
25 | A A A | 8.22(s, 1H), 7.66 - 7.35 (m, 1H), 5.00 436 | 254
(m, 1H), 3.45 - 3.17 (m, 2H), 1.03(m,

9H).

1H NMR (400 MHz, CDCI3) ? 9.68 (s,
1H), 8.45 - 8.33 (m, 1H), 8.17 (d, J =
2.8 Hz, 1H), 7.88 (s, 1H), 7.36 (d, J =
10.3 Hz, 1H), 6.47 (d, J = 4.9 Hz, 1H),
5.1 (d, J = 7.8 Hz, 1H), 4.90 (d, J =
10.4 Hz, 1H), 3.52 (s, 1H), 3.04 (dd, J
=15.0, 10.5 Hz, 1H), 2.67 (d, J = 5.0
Hz, 3H), 1.02 (s, 9H).

26 A A 449.22 297

1H NMR (400 MHz, CDCI3) ? 8.59
(dd, J = 9.7, 2.6 Hz, 1H), 8.38 (s, 1H),
27 A B| 8.21(s, 1H),7.31 (m, 1H), 5.12 (brs, | 463.49 | 3.12
1H), 4.97 (brs, 1H), 3.33 (m, 1H), 2.70

(s, 6H), 0.95 (m, 9H).

28 A A 475 3.12

1H NMR (400 MHz, MeOD) ? 8.71
(dd, J = 9.7, 2.6 Hz, 1H), 8.37 (s, 1H),
8.20 (s, 1H), 7.57 (d, J = 10.9 Hz,

29 A Bl 1H),5.08(d,J=8.8Hz 1H), 3.54- | 4939 | 305
3.40 (m, 2H), 3.32 (m, 5H), 3.15 (t, J
='5.4 Hz, 2H).1.03 (s,9H)
30 A A 43546 | 2.8
31 A A 47765 | 3.27
TH NMR (400 MHz, CDCI3) ? 10.77
(brs, 1H), 8.25 (d. J = 8.4 Hz, 1H),
2| A A A | 807 (s,1H),8.03 (5,1H), 7.88(5. H). | 540 15| 183

5.59 (brs, 1H), 4.36 (t, J = 8.3 Hz,
2H),4.11 (m, 1H), 3.72 (m, 2H), 1.06
(s, 9H).
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454.34 2.4 87 A A A 389.13
90 A
WO 2013/019828

2.02 88 AAB 388.36 2.01 89 AAB 383.38

PCT/US2012/049097

33| A A

1H NMR (400 MHz, CDCI3) ? 9.89
(brs, 1H), 8.07 (d, J = 9.3 Hz, 1H),
7.89 (s, 1H), 7.66 (m, 2H), 4.95 (t, J =
A | 10.2Hz, 1H), 4.80 (d, J= 9.6 Hz, 1H), | 4393 | 225
3.38 (m, , 1H), 3.18 - 2.96 (m, 3H), 1
1.35-1.12 (m, 3H), 1.08 - 0.90 (m,
9H).

34 | A A

1H NMR (400 MHz, CDCI3) ? 9.84
(s, 1H), 8.10 (d, J = 9.5 Hz, 1H), 7.92
(d,J=12Hz, 1H),7.72(d, J = 14.2
B| Hz 2H),4.92(m, 1H), 4.81 (m, 1H), | 453.44 | 2.42
3.41(d, J = 15.0 Hz, 1H), 3.19 - 2.84
(m, 3H), 1.59 - 1.38 (m, 3H), 0.98 (s,
9H), 0.84 (t, J = 7.4 Hz, 3H).

35| A A

B 469.18 2.1

36 | B C

C 390.29 1.98

37| C C

1H NMR (300 MHz, d6-DMSO) ?
12.21 (s, 1H), 8.52 (dd, J = 9.9, 2.9
Hz, 1H), 8.30 - 8.23 (m, J = 2.8, 1.5
Hz, 1H), 8.20 (d, J = 2.6 Hz, 1H), 8.12
(d,J=4.1Hz, 1H),7.07 (d, J = 8.9
Hz, 1H), 4.53 (t, J = 5.4 Hz, 1H), 4.44
-4.27 (m, J = 9.1, 5.8 Hz, 1H), 3.77
(ddd, J = 11.0, 5.1, 3.5 Hz, 1H), 3.59
(ddd, J = 11.1, 8.9, 5.8 Hz, 1H), 0.99
(s, 9H).

38| C C

TH NMR (300 MHz, d6-DMSO) ?
12.21 (s, 1H), 8.55 (dd, J = 10.0, 2.8
Hz, 1H), 8.29 - 8.23 (m, 1H), 8.19 (d,
J =27 Hz, 1H), 8.15 (d, J = 4.0 Hz,
C| 1H),7.47(d,J=8.4Hz 1H),6.77- | 425.03 | 2.11
6.69 (M, 1H), 4.88 (t, J = 9.1 Hz, 1H),
3.49 - 3.36 (m, 1H), 3.36 - 3.28 (m, J
= 10.5 Hz, 1H), 2.55 (t, J = 5.6 Hz,
3H), 0.98 (s, 9H).

39 | A A

1H NMR (400 MHz, CDCI3) ? 9.89 (s,
1H), 8.07 (d, J = 8.9 Hz, 1H), 7.90 (s,
1H), 7.68 (s, 2H), 4.96 (t, J = 9.8 Hz,
B 1H), 4.76 (d, J = 9.8 Hz, 1H), 3.60 | 453.19 | 222
(dd, J = 13.0, 6.6 Hz, 1H), 3.42 (m,
1H), 3.09 - 2.86 (m, 1H), 1.20 (d, J =
4.9 Hz, 6H), 0.97 (s, 9H).

40 | A A

B 467.2 2.36
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A B 1H NVR (300 MHz, DVBO) ? 8.68 (s, 1H), 8.43 (d, J = 14.1 Hz,
2.55 (m 4H), 2.45 (s, 3H), 1.00 (s,

(s, 1H), 4.96 (s,

2H) ,

2.88 -

2H), 8.23

OH) .

372.5 1. 3WORos/A9B8 374.42 1.96 WD 2013/ 019828PCT/ US20P2m04209/04927 B B C

374.42 1.94 93

41

386.39

3.09

42

1H NMR (300 MHz, CDCI3) ? 10.70
(s, 1H), 8.42 (dd, J = 9.6, 2.6 Hz, 1H),
8.05 (s, 1H), 7.73 (s, 1H), 7.40 (t, J =
8.4 Hz, 1H), 5.32 (d, J = 6.6 Hz, 1H),
4.83 (t, J = 9.4 Hz, 1H), 2.89 (d, J =
5.3 Hz, 1H), 2.34 (dd, J = 12.8, 9.6
Hz, 1H), 1.92 - 1.37 (m, 8H), 1.32 -
1.24 (m, 1H), 1.20 - 1.06 (m, 3H).

426.31

3.27

43

1H NMR (300 MHz, CDCI3) ? 11.16
(s, 1H), 8.70 (s, 1H), 8.04 (d, J = 3.2
Hz, 1H), 7.96 (s, 1H), 7.87 (s, 1H),
5.02 (d, J = 8.1 Hz, 1H), 4.80 (t, J =
9.6 Hz, 1H), 2.81 (d, J = 9.9 Hz, 1H),
2.34 (t, J = 11.3 Hz, 1H), 1.14 (s, 9H).

426.47

2.49

44

1H NMR (400 MHz, DMSO) ? 12.26
(s, 2H), 8.55 (d, J = 9.7 Hz, 1H), 8.19
(dd, J = 45.1, 15.8 Hz, 3H), 7.48 (d, J
= 8.1 Hz, 1H), 4.79 (s, 1H), 2.58 (dd,
J=20.6, 12.2 Hz, 2H), 1.85 (ddd, J =

29.4, 26.5, 21.1 Hz, 7H).

374.02

21

45

1H NMR (300 MHz, CDCI3) ? 10.42
(s, 1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H),
8.13 (d, J = 11.2 Hz, 1H), 8.10 (s,
1H), 8.04 (d, J = 3.2 Hz, 1H), 4.89 (d,
J=9.0 Hz, 1H), 4.26 (t, J = 9.9 Hz,
1H), 3.65 (d, J = 9.2 Hz, 1H), 3.54 (td,
J=11.4,2.9Hz, 1H), 2.17 - 1.99 (m,
1H), 1.40 (dd, J = 14.0, 11.9 Hz, 1H),
0.96 (d, J = 18.4 Hz, 9H), 0.90 - 0.73
(m, 1H).

362.39

1.89

46

1H NMR (400 MHz, CDCI3) ? 9.38 (s,
1H), 8.53 (d, J = 6.9 Hz, 1H), 8.16 (m,
2H), 8.06 (s, 1H), 5.09 - 4.89 (m, 1H),
3.42 - 3.31(m, 1H), 3.11 (m, 1H),
2.84 (s, 3H), 1.00 (s, 9H).

410.19

2.03

47

1H NMR (400 MHz, MeOD) ? 8.70
(dd, J = 8.9, 2.3 Hz, 1H), 8.50 (s, 1H),
8.35 (s, 1H), 7.99 (d, J = 7.3 Hz, 1H),

6.60 (d, J = 7.2 Hz, 1H), 5.05 (d, J =
10.7 Hz, 1H), 2.93 (dd, J = 15.9, 1.8
Hz, 1H), 2.53 (dd, J = 15.9, 11.2 Hz,

1H), 1.08 (d, J = 0.8 Hz, 9H)

358.02

217
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BBC 428.49 2.37 94 A A A 1H NVR (400 Mz, MeOD) ? 9.02 (d, J = 2.3 Hz,
1H), 8.40 - 8.24 (m 2H), 8.18 (d, J = 5.0 Hz, 1H), 4.91 (d, J = 11.6 Hz,
1H), 2.88WOAd13/01982816.0, 2.8 Hz, 1H), 2.65 (dd, J = 15. @CTAB2@24629091H) ,

2.01 (s, 3H), 1.77 (dd, J = 27.9, 11.9 Hz, 12H). 470.27 2.6 95 A AB 1H
NVR (400 MHz, MeOD) ? 8.62 (dd, J = 9.3, 2.6 Hz, 1H), 8.48 (t, J = 5.4 Hz,
1H), 8.32 (s, 1H), 8.29 (d. J = 5.5 Hz, 1H), 5.42 (dd, J = 10.0, 3.4 Hz,
1H), 2.84 (m2H|, 2.18 (s, 1H),

1H NMR (400 MHz, MeOD) ? 8.63 -
8.45 (m, 2H), 7.96 (d, J = 7.3 Hz, 2H),
6.66 (d, J = 7.3 Hz, 2H), 4.95 (d, J =
10.6 Hz, 2H), 2.84 (dd, J = 15.4, 2.4
Hz, 2H), 2.44 (dd, J = 15.9, 10.7 Hz,
2H), 0.98 (s, 9H).

48 | A B B 359.02 212

1H NMR (300 MHz, MeOD) ? 8.73 (t,
J=5.0 Hz, 1H), 8.44 (s, 1H), 8.37 -
8.22 (m, 2H), 4.69 (dd, J = 9.9, 2.9
49 | A A B Hz, 1H), 4.11 (dd, J = 11.5, 3.1 Hz, | 364.44 2.1
1H), 3.83 (dd, J = 11.4, 10.0 Hz, 1H),
3.32 (dt, J = 3.3, 1.6 Hz, 1H), 1.12 (s,
9H).

50
(diastereomer
of | A A B 402.45 1.98
Compounds
51 and 52)

51
(diastereomer
of | A A C 402.45 2.06
Compounds
50 and 52)

52
(diastereomer
of | A A B 402.25 2.16
Compounds
50 and 51)

1H NMR (400 MHz, DMSO) ? 12.57
(s, 1H), 9.40 (s, 1H), 8.88 (s, 1H),
53 | A A B 8.40 (d, J = 18.7 Hz, 2H), 8.34 (s, | 377.42 25
1H), 3.93 (s, 1H), 3.52 (s, 1H), 1.20
(s, 9H).

1H NMR (400 MHz, DMSO) ? 12.65
(s, TH), 12.41 (s, 1H), 9.28 (s, 1H),
54 | A A B| 8.86(s, 1H), 8.65(s, 1H), 830 (d, J= | 427.4| 292
3.5 Hz, 2H), 3.97 - 3.70 (m, 1H), 3.51

(s, TH), 1.18 (s, 9H)

55 | A A B 400.46 1.94
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1.65 (m 4H), 1.39 (m 6H). 414.28 2.12 96 A A B 407.37 2.79 97 A A A 1H
NVR (300 MHz, MeOD) 6 8.95 (d, J = 2.3 Hz, 1H), 8.66 (d, J = 2.3 Hz, 1H),
8.35 (d, wo=0B/@9428, 1H), 5.12 (dd, J= 10.7, 2.9 Hz, 1HPCTAIS2®2(d97J =
16.5, 2.9 Hz, 1H), 2.73 (dd, J = 16.4, 10.7 Hz, 1H), 1.10 (s, 9H); LCMVs
G adient 10-90% O0.1%formc acid, 5 mnutes, C18/ ACN, Retention Time =
2.79 mn, (MrH) 407.37 393.43 2.5

1 H NMR (400 MHz, DMSO) ? 12.65
(s, 1H), 9.43 (s, 1H), 9.15 (s, 1H),
56 | A A A| 844(d,J=4.7Hz 1H),8.41-829 | 393.32 2.7
(m, 2H), 3.93 (s, 1H), 3.54 (s, 1H),
1.19 (d, J = 20.0 Hz, 9H).

1H NMR (400 MHz, CDCI3) ? 8.05 (d,
J=7.9Hz, 1H), 7.81 (d, J = 2.1 Hz,
1H), 7.63 (s, 1H), 7.55 (s, 1H), 5.87 (t,
57 | A A A| J=54.9Hz 1H),5.03(t, J=104 Hz, | 475.23 | 2.26
1H), 4.86 (m, 1H), 3.68 (brs, 1H),
3.43 (m, 2H), 3.19 (m, 1H), 0.94 (s,
9H).

1H NMR (400 MHz, CDCI3) ? 8.03
(dd, J=9.3,2.4 Hz, 1H), 7.82 (t, J =
11.2 Hz, 1H), 7.59 (s, 1H), 7.46 (s,
1H), 5.07 (t, J = 10.6 Hz, 1H), 4.77
(m, 1H), 3.45 (m, 1H), 3.16 - 2.99 (m,
1H), 0.97 - 0.86 (m, 9H).

58 | A A A 493.31 237

1H NMR (300 MHz, MeOD) ? 8.54 (s,
1H), 8.50 - 8.18 (m, 3H), 7.18 (dd, J =
59 | A A B| 15.7,7.1Hz, 1H), 6.08 (dd,J = 15.7, | 388.23 | 2.21
1.3 Hz, 1H), 5.21 (t, J = 22.5 Hz, 1H),

1.12 (s, 9H).

60 | A B C 454.21 2.01

1H NMR (300 MHz, MeOD) ? 8.95 (s,
1H), 8.29 - 8.14 (m, 2H), 8.08 (d, J =
4.0 Hz, 1H), 5.26 (m, 1H), 4.21 (d, J =
15.3 Hz, 1H), 3.92 (dd, J = 30.0, 14.5
Hz, 2H), 3.77 - 3.57 (m, 1H), 1.10 (s,
9H).

61| A A B 470.14 2.23

62 | A B B 416.04 215

63 | A A A 389.06 2.08
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Table 2: 1C50, EC50, NMR and LCMS Data of Conpounds of W2005/ 095400
Conmpounds Mol ecul e MDCK cell 1C50 (uM bDNA EC50 (uM bDNA EC99 (uM WO
2013/ 0198x26RC/WB2812/ 049097 01 ../----- .--, 1. 11 " PCT/USed124p49097 ; - ./
-14H >20(0) C2 H

64

1H NMR (400 MHz, MeOD) ? 8.60 -
8.52 (m, 1H), 8.46 (s, 1H), 8.32 (d, J =
5.3 Hz, 2H), 5.16 (m, 2H), 4.00 (d, J =
14.7 Hz, 1H), 3.80 (d, J = 14.7 Hz,
1H), 3.59(d, J = 13.9, 1H), 1.12 (s,
9H).

438.25

1.93

65

416.07

2.1

66
(diastereomer
of Compound

67)

1H NMR (400 MHz, CDCI3) ? 10.15
(s, 1H), 8.49 (dd, J = 9.3, 2.6 Hz, 1H),
8.16 (s, 1H), 8.10 (d, J = 2.6 Hz, 1H),
8.06 (d, J = 3.0 Hz, 1H), 5.30 (d, J =
15.0 Hz, 1H), 5.19 - 5.10 (m, 1H),
4.32-4.24 (m, 1H), 4.23 - 4.17 (m,
1H), 2.37 (dt, J = 14.9, 3.4 Hz, 1H),
1.85 - 1.71 (m, 2H), 1.09 (s, 9H).

430.47

237

67
(diastereomer
of Compound

66)

1H NMR (400 MHz, CDCI3) ? 9.40 (s,
1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H),
8.15 (s, 1H), 8.10 (d, J = 2.7 Hz, 1H),
7.99 (d, J = 2.8 Hz, 1H), 5.54 (s, 1H),
4.84(d, J=7.5Hz, 1H),4.23 (t,J =
9.9 Hz, 1H), 3.91 (s, 1H), 2.07 - 1.97
(m, 1H), 1.62 (t, J = 13.0 Hz, 1H),
1.01 (s, 9H).

430.44

242

68

1H NMR (400 MHz, MeOD) ? 8.51 (d,
J=8.0 Hz, 1H), 8.16 (s, 1H), 8.09 (s,
1H), 7.93 (d, J = 3.5 Hz, 1H), 7.38 (s,

1H), 5.08 (m, 1H), 5.00 - 4.90 (m, 1H),

4.74 (s, 2H), 4.60 (m, 1H), 1.2 (s,
9H).

429.26

1.9

69

1H NMR (300 MHz, MeOD) ? 8.59 -
8.39 (m, 2H), 8.32 (t, J = 5.3 Hz, 2H),
4.59 (d, J = 9.5 Hz, 2H), 2.21 (s, 1H),
1.79 (dddd, J = 28.6, 23.0, 13.2, 6.9
Hz, 3H), 1.1 (d, J = 9.5 Hz, 9H).

426.09

1.81

70
(diastereomer
of Compound

71)

1H NMR (400 MHz, DMSO) ? 8.61
(dd, J = 9.9, 2.6 Hz, 1H), 8.26 (s, 1H),
8.18 (s, 1H), 8.11 (d, J = 4.1 Hz, 1H),
4.66 (d, J = 10.4 Hz, 1H), 4.43 (s,
1H), 4.29 (d, J = 4.1 Hz, 1H), 4.04 (s,
1H), 3.35 (s, 1H), 3.26 (d, J = 6.1 Hz,
2H), 1.69 (t, J = 12.3 Hz, 1H), 1.59 -
1.45 (m, 1H), 0.96 (s, 9H).

392.46

1.76
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ity) -, tiHG. ., ., o -0 )L - vy ----1,1 "N.H >20 (O 03
rH, iHtc:),,,-()(12't H cl.,,,.,,..- Yli-re-ti H>20 (C 3.38 (O 9.37
(C 04 F wo-2413/01p828 PCT/US2012/049097

71
(diastereomer
of Compound

70)

1H NMR (400 MHz, MeOD) ? 8.61
(dd, J = 9.6, 2.7 Hz, 1H), 8.17 (s, 2H),
8.01(d, J = 4.1 Hz, 1H), 4.53 (d, J =
10.0 Hz, 1H), 3.75 - 3.56 (m, 2H),
3.48 (dd, J = 11.0, 6.3 Hz, 1H), 2.08 -
1.97 (m, 1H), 1.75 (dt, J = 28.7, 9.4
Hz, 1H), 1.04 (s, 9H).

392.46

1.79

72
(diastereomer
of Compound

73)

1H NMR (400 MHz, CDCI3) ? 9.99 (s,
1H), 8.60 (dd, J = 9.4, 2.7 Hz, 1H),
8.26 (s, 1H), 8.20 (d, J = 2.6 Hz, 1H),
8.10 (d, J = 3.2 Hz, 1H), 5.06 (t, J =
12.3 Hz, 1H), 4.28 (dd, J = 9.6, 7.2
Hz, 1H), 3.96 (d, J = 5.7 Hz, 1H), 2.71
(s, 1H), 1.97 (ddd, J = 14.2, 5.8, 2.9
Hz, 1H), 1.66 ? 1.58 (m, 1H), 1.28
(dd, J = 6.5, 5.5 Hz, 4H), 1.04 (d, J =
10.1 Hz, 9H).

376.46

1.93

73
(diastereomer
of Compound

72)

1H NMR (400 MHz, CDCI3) ? 10.81
(s, 1H), 8.47 (dd, J = 9.3, 2.7 Hz, 1H),
8.14 (s, 1H), 8.05 (dd, J = 8.4, 2.9 Hz,
2H), 4.95 (s, 1H), 4.81 (d, J = 8.3 Hz,
1H), 4.31 2 4.14 (m, 1H), 3.72 (dd, J =
8.9, 6.0 Hz, 1H), 1.83 ? 1.70 (m, 1H),
1.48 2 1.32 (m, 1H), 1.24 2 1.11 (m,
4H), 0.98 (s, 9H).

376.46

2.01

74

1H NMR (300 MHz, MeOD) ? 8.59
(dd, J = 9.6, 2.9 Hz, 1H), 8.15 (d, J =
2.7 Hz, 2H), 8.01 (d, J = 4.1 Hz, 1H),
4.60 (dd, J = 8.3, 6.0 Hz, 1H), 2.90 -
2.68 (m, 2H), 1.17 (s, 3H), 0.85 (dt, J
=9.7, 6.7 Hz, 1H), 0.64 (dt, J = 9.4,
4.9 Hz, 1H), 0.47 - 0.33 (m, 1H), 0.27
(ddd, J =21.3, 12.8, 10.1 Hz, 1H).

374.42

1.94

75

456.45

2.55

76

1H NMR (300 MHz, MeOD) ? 8.70
(dd, J = 9.7, 2.8 Hz, 1H), 8.15 (dd, J =
6.1, 4.0 Hz, 2H), 8.02 (d, J = 4.1 Hz,
1H), 5.23 (dd, J = 10.7, 3.1 Hz, 1H),
4.30 (d, J = 47.9 Hz, 2H), 3.63 (d, J =
18.2 Hz, 1H), 3.31 (dt, J = 3.3, 1.6 Hz,
3H), 2.83 (dd, J = 15.3, 3.3 Hz, 1H),
2.63 (dd, J = 15.3, 10.8 Hz, 1H), 1.07
(s, 6H).

394.45

1.87
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2.33 (B) 6.4 (C >16.7 (C) Exanple 3: In Vivo Assay [00283] For efficacy
studies, Balb/c mce (4-5 weeks of age) were chall enged with 5x103 TCl D50
in a totavowolnes2ef 501 LL1 by intranasal by intranasal pcmatSzéizagdoon (25
pl/nostril) under general anesthesia (Ketam ne/ Xyl azine). Uninfected
controls were challenged with tissue culture nedia (DVEM 50 | A total
volune). 48 hours post infection m ce began treat rrent vm'th WO
2013/ 019828PCT/ US2012/1049097 Conpou ﬂ_§ hid for| 10 days.
Body wei ghts and survijal i9d scoreg j"y gy 5% H dition, Wholle
Body Pl et hysnogriaphy ifs conduct ed ch@r1g f%ﬁm (@\ger2y7 f_irnﬂ_é day fol | ow ng
chal | enge and 773 g eported gy enhapged r@,aqlgqgrs r!hg)5(t Tatgd noUr yidved | Pergent
Body Weight Losg on post chgl | enge |day) 8sa06! 2F-]¢nil7z)(m st-mdyggday 6/ 7 are
reported. Table|3. Inf|lunezg Therapeutinc 1Npuse- Moseh, 10Bp®isrg @ 48 hours
post infection with 30 ng/ kg BI D X |10 days) Conpounds (Per3tigrit Survj val
Per cent—\Wet-ght—tess—{(Bay 8)1 VBP—(Penhi—DbBay—6)Y2—110026-61-88 21001
2.03 1 Average Jeight | oss flor untrieataqdnpRntgoaigz, meobay 8&sgi|s 30-32% 2
(dd, J=9.7, 2.7 Hz, 1H), 8.16 (s, 2H),
7.99 (d, J=4.1Hz, 1H),5.20 (d, J =
78 | A A B| 9.9Hz 1H),2.86 -2.69 (m, 1H), 2.53 | 416.27 2.2
(dd, J=14.7, 11.0 Hz, 1H), 1.76 -
1.56 (m, 2H), 1.53 (m, 4H), 1.29 (m,
4H), 1.02 (s, 3H).

H NMR (300.0 MHz, MeOD) d 8.66
(d, J = 8.9 Hz, H), 8.29 (s, H), 8.22 -
8.18 (m, H), 5.49 (s, H), 4.16 - 4.06
79| B A B| (m,H),297 (s, H), 292 (s, H),2.86- | 430.41| 222
2.78 (m, H), 2.45 (s, H), 2.06 (s, H),
1.93 (s, H), 1.80 (s, H) and 1.27 - 1.21
(m, 6 H)ppm

1H NMR (400 MHz, CDCI3) ? 8.66
(dd, J = 9.2, 2.6 Hz, 1H), 8.53 (d, J =
9.6 Hz, 2H), 8.43 (s, 1H), 8.36 (s, 1H),
5.27 - 5.13 (m, 1H), 3.60 (s, 3H), 3.02
-2.87 (m, 2H), 1.94 (s, 1H), 1.06 (s,
9H).

80| C B C 406.09 2.41

1H NMR (300 MHz, CDCI3) ? 9.83 (s,
1H), 8.58 (dd, J = 9.3, 2.7 Hz, 1H),
8.37 (s, 1H), 8.25 (s, 1H), 8.13 (d, J =
3.3 Hz, 1H), 5.66 (s, 1H), 5.32 - 5.16
(m, 1H), 4.71 - 4.32 (m, 4H), 4.04 (q,
J =7.1Hz, 2H), 2.94 - 2.77 (m, 1H),
2.70 (dd, J = 15.1, 9.1 Hz, 1H), 1.26
(s, 3H), 1.08 - 1.04 (t, J = 7.1 Hz,3 H).
1H NMR (400 MHz, CDCI3) ? 9.93 (s,
1H), 8.89 (d, J = 2.1 Hz, 1H), 8.24 (d,
J=2.4Hz, 1H), 8.18 (s, 1H), 8.00 (d,
J=3.4Hz, 1H), 5.19 (m, 1H), 4.98
(m, 1H), 3.98 - 3.65 (m, 2H), 2.73
(dd, J = 14.3, 3.6 Hz, 1H), 2.38 (m,
1H), 1.69 - 1.23 (m, 10H), 0.93 (t, J =
6.8, 3H).

81| C C C 440.45 2.35

82| C C C 460.29 3.08

1H NMR (400 MHz, MeOD) ? 9.05 (d,
J = 2.1 Hz, 1H), 8.39 - 8.24 (m, 2H),
8.16 (d, J = 4.9 Hz, 1H), 5.23 (d, J =

10.4 Hz, 1H), 2.86 (d, J = 15.6 Hz,
1H), 2.65 (m, 1H), 1.58 (m, , 7H),
1.37 (m, 3H), 1.05 (s, 3H).

83 | B A B 432.36 237
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Average Penh scores for untreated controls on study day 6 or 7 is 2.2-2.5,
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389.13
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ound 1

uninfected mce is -0.35-0.45. Exanple 4: Synergystic/Antagoni sm
t est coopAsAAI/WBPTE
infected with A/ Puerto

h,

89

383.38

21

90

1H NMR (300 MHz, DMSO) ? 8.68 (s,
1H), 8.43 (d, J = 14.1 Hz, 2H), 8.23
(s, TH), 4.96 (s, 2H), 2.88 - 2.55 (m,
4H), 2.45 (s, 3H), 1.00 (s, 9H).

372.5

1.8

9

374.42

1.96
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100 synergy Conpound 2 + zanamvir 220 strong synergy Conpound 14 +
oseltam vir 545 strong synergy Conpound 14 + favipiravir 349 strong synergy
Conpound WO 20wameseBvi r 255 strong synergy Conpound 57 +PO0SAISt@Riowdon7 268
strong synergy Conpound 57 + favipiravir 430 strong synergy Conpound 57 +
zanam vir 171 strong synergy Conpound 87 + oseltam vir 348

92 | B B C 374.42 1.94

93 | B B C 428.49 237

1H NMR (400 MHz, MeOD) ? 9.02 (d,
J = 2.3 Hz, 1H), 8.40 - 8.24 (m, 2H),
8.18 (d, J = 5.0 Hz, 1H), 4.91 (d, J =

94 | A A A| 11.6Hz, 1H), 2.88(dd, J= 16.0, 2.8 | 470.27 2.6

Hz, 1H), 2.65 (dd, J = 15.9, 11.0 Hz,

1H), 2.01 (s, 3H), 1.77 (dd, J = 27.9,

11.9 Hz, 12H).

1H NMR (400 MHz, MeOD) ? 8.62
(dd, J = 9.3, 2.6 Hz, 1H), 8.48 (t, J =
5.4 Hz, 1H), 8.32 (s, 1H), 8.29 (d, J =

95| A A Bl " 55Hz, 1H), 5.42(dd, J = 10.0. 3.4 | 41428 | 212
Hz, 1H), 2.84 (m, 2H), 2.18 (s, 1H),
1,65 (m, 4H), 1.39 (m. 6H).

96 | A A B 407.37 | 279

H NMR (300 MHz, MeOD) & 8.95 (d,
J=23Hz, 1H), 8.66 (d, J = 2.3 Hz,
1H), 8.35 (d, J = 5.2 Hz, 1H), 5.12
(dd, J=10.7, 2.9 Hz, 1H), 2.93 (dd, J
97 | A A A =16.5,29Hz, 1H), 2.73 (dd, J= | 393.43 2.5
16.4, 10.7 Hz, 1H), 1.10 (s, 9H);
LCMS Gradient 10-90%, 0.1% formic
acid, 5 minutes, C18/ACN, Retention
Time = 2.79 min, (M+H) 407.37

Table 2: ICsq, ECso, NMR and LCMS Data of Compounds of W02005/095400

MDCK cell bDNA bDNA

Compounds | Molecule IC50 (uM) | EC50 (uM) | EC99 (uM)
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Example 3: In Vivo Assay

[00283]

For efficacy studies, Balb/c mice (4-5 weeks of age) were challenged with 5x10°

TCIDs in a total volume of 50 ul by intranasal by intranasal instillation (25 pl/nostril) under

general anesthesia (Ketamine/Xylazine). Uninfected controls were challenged with tissue

culture media (DMEM, 50 ul total volume). 48 hours post infection mice began treatment with
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X2 is -H -F, or -A; Zl1is Nor CH Z2is Nor CR, Z3is CHor N, Yis
-C(R4R5) - [C(R6R7)],-Qor -C(R4)=C(R6)-Q Ris -H -F, or CN R, R2,
and R3 arwoeacinigsrd i ndependently -CH3, -CH2F, -CF3, - CPHD/US2GRRCHIF,
-CH2CF3; or optionally R2 and R3, or R, R2 and R3, together with the
carbon atomto which they are attached, forma 3-10 nenbered carbocyclic
ring; R4 and R5 are each and i ndependently -H, R6 and R7 are each and

[ ndepél’ummmmgis 1 khd 2 @B0 m@ﬂ@ bid for-10FRys.oBody weightspind swadivay is $6redmidilRior

t oget whi ch th ttached f .
oo ot af o RO HEa Pherh et Gy e G A S s Ry o Gird dshp
- S( 0) RollowiRg QMI%@ and §(r@1)c3’8d as 'eﬁ(a@l):gd f)\RsR(Pen*HB "Potﬁl’ S'[ﬁ'mﬁf ?@rc'@ﬁtt%d%ﬁ)’c' e

sel ected fromthe group consisting of: H, - CH2 OH; is -H or
C1_4 aVeight Laws ongost@hallapcalanBlept Pe@ht on @H{ch@@s) Ofarc morted
2013/ 019828PCT/ US2012/ 049097 R' is -H or - CH3; R'is -H a 3-6

nmenberkabledr bdbwmeta Therapegtic dfousd Mbdal @dsnrgp@l%riwutsypcsuMd:qtlbumﬂh 30 mp/’kgne or
nor e SBJDSXHOMEW)S sel ect ed fromthe group consisti ng of haI ogen -ORa and

C(O\ NRA - 4 al I/\II * and n 1 e N Ar 1 Of

i thCompeas ><| Percep e ival Bereent, Weightduon IOBP PRI 50 & Wher e n
X2 ig-For -d The conpound 0fP#HY one of clailns 1-3 wherein ¥1 is
CH. 5.1 The com)ound 0 any one of [éb4ins 1-3, whereil®8Z1 is N.

2 100 14 2.03

' Average weight loss for untreated controls on day 8 is 30-32%.
* Average Penh scores for untreated controls on study day 6 or 7 is 2.2-2.5, and for uninfected
mice is ~0.35-0.45.

Example 4: Synergystic/Antagonism Analyses

[00284] For synergy/antagonism analysis, test compounds were evaluated in a three day
MDCK cell CPE-based assay, infected with A/Puerto Rico/8/34 at an MOI of 0.01, in
combination experiments with either the neuraminidase inhibitors oseltamivir carboxylate or
zanamivir, or the polymerase inhibitor T-705 (see, ¢.g., Ruruta et al., Antiviral Reasearch, 82:
95-102 (2009), “T-705 (flavipiravir) and related compounds: Novel broad-spectrum inhibitors of
RNA viral infections”), using the Bliss independence method (Macsynergy, Pritchard and
Shipman, 1990). See, ¢.g., Prichard, M.N. and C. Shipman, Jr., 4 three-dimensional model to
analyze drug-drug interactions. Antiviral Res, 1990. 14(4-5): p. 181-205. This standard method
involves testing different concentration combinations of inhibitors in a checkerboard fashion and
a synergy volume is calculated by comparing the observed response surface with the expected
result calculated from simple additivity of the single agents alone. Synergy volumes greater than
100 are considered strong synergy and volumes between 50 and 100 are considered moderate
synergy. Synergy volumes of zero represent additivity and negative synergy volumes represent
antagonism between the agents.

Table 4. Synergy/Antagonism Data

Combination experiments using the Bliss Independence (Macsynergy) Method
Bliss Independence Synergy Volume, Result
95% Confidence
Compound 1 + oseltamivir 360 strong synergy
Compound 1 + favipiravir 1221 strong synergy
Compound 1 +zanamivir 231 strong synergy
Compound 2 + oseltamivir 250 strong synergy
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6. The conpound of any one of clains 1-5, wherein Z2 is N, GF, or CCN
7. The conmpound of any one of clains 1-6, wherein R, R2, and R3 are each
and i ndepeoderstdiys28CH3 or - C2H5; or optionally R2 and RBCTAIS2082/044827 and R3,
together with the carbon atomto which they are attached, forma 3-10
menbered carbocyclic ring. 8. The conpound of any one of clains 1-6,
wherein R, R?2, and R3 are each and independently -CH3, -CH2F, -CF3, or
- C2H3;ConmpoRrid 3 sfaviglsir and R2 and R3 tW§ether withl the carlsynerat om to whj ch
t hey |&ompaendehzatamivirm a 3-16 menber ed®2ar bocycli ¢l ring. strang sprergyonpound of
cl ai mM@mpapskdivpsaliamviof R|  R2 and @’5 is i ndpnpndpnf | \ﬁtrorog-nnefgy (‘?H'—'s or
R ig Corl‘u:«:undpﬂﬁﬂ+ fRipicgMiy R3 t i 349 ¢
att ad .PQDH\pPW}dn’M +2Qn3f\m\ﬂ e mheaer e
of clI[ORROUNIEP?  gegliamiv
or - GIESMPONE S favielipys 5 g pey
cl ai I’Fﬁ%ﬁw & rE [rePhs Ir:lr;j.%‘auc%‘. Q-
p | 8(,%,0s ' [
- S(0) Empoynd\87/ £ faVipiravir '

e ]

groug Compod’rﬁ 87#’5%&%%&9“',‘ of tlc Ty whereinm Qs 'C\Wsﬁ{; ifican N
-S(0)2R~,or -S(0)2-NR*R. 13 The compound of any one of ctarnms 1-12;

wherein: R is -OHor -CH2C(0)OH, R' is -H and R' is -H, a 3-6 nenbered
car boq9@8s¢ ri ng\ll eferopdel preafided lﬁtbﬂiﬁhietiﬂct(ﬁﬂo@edéheﬁdilkyi its éidiretfbe reforgpoaind  of
any one ofqﬁl ainms_1-13, wherein Ris - The conpound of any one of

cl ai meAs1used hergie alb phbreFiationsmpinbrls ird 9%?@%%‘000@;318@9? e those uﬁf&rlﬁﬁhlea E
or a F&B%ﬁ@%&% bGaldek IREGERRL. a@éeeeggh% ndt REPBA, cdl e o) ﬁ@ﬂmag)gyg ALbtaghai m 1,

wherein t ound s represent y Structurdl FEor
phar nﬁ”wezdmhwaldnyl FaliroespadEd., $&shingtvey BOE.: AbkricTin€hemivpbbowmetpf 1997ai m 16,

wher el[&ﬂigﬂ 'S - 'Tt 1£s)rto BeCI understood that while the invention has been described in conjunction

)
Y+~ o 3

with the detailed description thereof, the foregoing description is intended to illustrate and not
limit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects, advantages, and modifications are within the scope of the following claims.
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CLAIMS

What is claimed is:

1. A compound of the formula
F
H
NF#N
=N ¢ OH
-
N
N"
or a pharmaceutically acceptable salt thereof.
2. A pharmaceutical composition comprising the compound of claim 1 and a

pharmaceutically acceptable carrier, adjuvant, or vehicle.
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