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105. 1. Definitions Unl ess otyerw s¢ 1'mdi cated, the term "al kenyl "
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One embodiment of the invention encompasses pharmaceutical formations
15  comprising compounds disclosed herein.
Another embodiment encompasses methods of using the compounds disclosed herein
for the treatment, management and prevention of various diseases and disorders affected by
LIMK2, including cancer, inflammatory diseases and disorders, and disease and disorders

affecting vision (e.g., diseases and disorders of the eye), such as glaucoma,

20  neurodegeneration and infection.

4. BRIEF DESCRIPTION OF THE FIGURE

Figure 1 shows the effect of two compounds in the ocular hypertension assay
described in the Examples below. Compound A is a compound of the invention, dosed at 3
ug per eye. The other compound, timolol, was dosed at 15 ug per eye. Data for the vehicle

25  control is an average of eight experiments using different vehicles. Data for compound A is
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Alkyl moieties having from 1 to 4 carbons are referred to as “lower alkyl.” Examples of

alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl,
25  isobutyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl,

nonyl, decyl, undecyl and dodecyl. Cycloalkyl moieties may be monocyclic or multicyclic,

and examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl.

Additional examples of alkyl moieties have linear, branched and/or cyclic portions (e.g., 1-

ethyl-4-methyl-cyclohexyl). The term “alkyl” includes saturated hydrocarbons as well as
30  alkenyl and alkynyl moieties.

Unless otherwise indicated, the term “alkylaryl” or “alkyl-aryl” means an alkyl

moiety bound to an aryl moiety.



20Unl ess otherwi se indicated, the term"heteroal kyl" refers to an al kyl
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Unl ess ot her wi SBlgshathearisyindicgied; Be g e dplsel Qreanikplkyl’gmears an aryl moiety
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noi ety. B&ﬁldatbri%{g%kgﬁ gftoﬁeretf'wi se indicated, the term "heterocycl oal kyl "
refers to a nobmasootitivishmidenadythe ecrmbStalgss’ antihaalei’ secanneiscft@ihe, t he

term "heterocycl oal kyl al Kyl " or "heterocycloal kyl - alkyl" refers to a
heterocycF@ﬁ’fl{?lbr%ﬁn&a}}ldﬂgﬁﬁﬁ to an al kyl noiety.

20 Unless otherwise indicated, the term “heteroalkyl” refers to an alkyl moiety (e.g.,

linear, branched or cyclic) in which at least one of its carbon atoms has been replaced with a
heteroatom (e.g., N, O or S).

Unless otherwise indicated, the term “heteroalkylaryl” or “heteroalkyl-aryl” refers to
a heteroalkyl moiety bound to an alkyl moiety.

25 Unless otherwise indicated, the term “heteroalkylheterocycle” or “heteroalkyl-
heterocycle” refers to a heteroalkyl moiety bound to heterocycle moiety.

Unless otherwise indicated, the term “heteroaryl” means an aryl moiety wherein at
least one of its carbon atoms has been replaced with a heteroatom (e.g., N, O or S).
Examples include, but are not limited to, acridinyl, benzimidazolyl, benzofuranyl,

30  benzoisothiazolyl, benzoisoxazolyl, benzoquinazolinyl, benzothiazolyl, benzoxazolyl, furyl,
imidazolyl, indolyl, isothiazolyl, isoxazolyl, oxadiazolyl, oxazolyl, phthalazinyl, pyrazinyl,
pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolinyl,
tetrazolyl, thiazolyl, and triazinyl.
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stereocenter wll be substantially free of the opposite stereoisoner of the
conpound. A stereonerically pure conposition of a conpound having two
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conmpound Zhdresstiddi Soieadrouts™dh BlaskePghishbgpEastdreP At H90) stEReolngomefBe of

t he conpoynd. Unl ess. ot her wi indjcated, the term"substituted,” when
used to degeriasdd eriin %4l a@?{ffdﬁﬁ?@@%ﬁﬁ?é‘f@l}%h@%ﬂ p3! I vative of
that structur ?Uﬂ[es?@!h@ﬁv%sé"flhﬁ[cﬁte'a Q"“ﬁot%t LRI Rhibibs’ i@lé%ﬁ%ﬁﬂn@ﬁﬁ%s‘as

substituted with a chemcal noiety or functional group s as, but not

limtéed to]ME2dEOkoo! lesltbhabdet 23] kdxy, al kanoyl oxy, al koxycar bonyl,

al kenyl, al kyl . 0., l10nmet hyl, .ethyl ropyl .., t-butvyl), alkynyl,
o kyl e bony! ok pely Ry igtoptedeii et EbER Gy 4t H¥enton
- al kyl NHCEhtahgte)an RAbAHAY bedu®s Bbfore-aChabichtWap sy buffer R NBEdific Bk &8 e

primary, secondary and tertiary such as al kyl am no, aryl am no,
aryl al kyl anfliseryer, aheghl inhigity pr redngasdlg/severtty, of ¢l disgpsy pr isorger. In other words,
-NHC( 0) 0- gl kyl -, - O)NH-al kyl), carbamyl (e.g., CONH2, CONH al kyl,
CONH- ar yl %e%ﬁegFgﬁé?%%yf3p%Y§%%%ony| , carboxyl, carboxylic acid, carboxylic

15aci @5 anhydr i Ueles¢ athbeiyd indicagidda ChtbpliylaRicalty affietive shetnt e @xbaipouet Her
(e.g., nethoxy, ethoxy), guanidino, halo, haloalkyl (e.g., -CCl3, -CF 3,
- C( CF3) 3) an papwtaaftigprt tassy et @tdaicasq oficaBAitigR| arenG ORRWrSBERHARS pysociated

i socyanat €, i K A L i £k : i.ester,
sl ) do. S BEARLAEYPIRSGionc G MtSon: My Hcubned! A hropfii@rilip SROAKL

al kyl sul f empint” af y ksmpduoniythcan dn amplual dithauapdudioybnt, domd axin dembinatioh with. g. ,
sul f hydryl , thioether) 20 .and ure e, g., =NHCONH al kyl -).. . Unl.ess

ot her wi se°REFEEASe NI ProY ?%@ﬁﬁ}ééﬂfﬁﬁ%ﬁﬁ%&%@%ﬁ%@ﬁ10')ftf&fdl%?a%ﬁbwﬁlani s
an anmpint “ﬁ’d?ﬁ&l&dt{%@ﬂy E@eRRUhREn® bR BhARGIALY &n haveftidtat !irﬂpﬁo_'@@s &¥egat ment or
managenent of ‘a di sease or condition, or to delay or mnimze one or nore
synpt ons aepblaaised cnlianhes the paipbplastec efficeqyndfianpdar praphylheicagent i cal |y
effective am)u%" of ha C.0 unfi ans an, anpunt 250f th,er%peuti c agent
alone or in conBIFRPISHEN PRIGIHRCIHEY AfS eLSOMHICRNEHE Y FUETPAS RISt i ¢
benefit i mitthfesthk QR1MERler@mdiRAKISTRAL] AfixthRe (LS RS 30170¢95/d5 140060, 43138,
term"ther a)oeutl cal l% effective anount™ can enconpass an anount that

i nproves o¥épAV4Q wer3ampd 7P8@kces or avoi ds synptoms or causes of a di sease
or comgdition, e td i » r .apneut i c
St 2 50unt es SERAANNES: hELUPHERGHL R EoRaRY ol DL Loh RS AR

"1t r eat mentompiNth ©APktatcdisamcA6t 4 Coinpdial aad ¢iudstahtidly faccudlotienktct®ispufckesf ng
fromthe specified disease or disorder, which reduces the severity of the
di sease offafraBPIBL. FoF cxainie. dsstaporaerisadly PHES GoNngsision o a compepd v or

di sorder. gereocenter will be substantially free of the opposite stereoisomer of the compound. A

stercomerically pure composition of a compound having two stereocenters will be

30  substantially free of other diastercomers of the compound. A typical sterecomerically pure
compound comprises greater than about 80% by weight of one stereoisomer of the compound
and less than about 20% by weight of other stereoisomers of the compound, greater than
about 90% by weight of one stereoisomer of the compound and less than about 10% by

weight of the other stereoisomers of the compound, greater than about 95% by weight of one
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WO 2009/ 131940PCT/ US2009/ 041126 Unl ess otherwi se indicated, the term
"include" has the sane neaning as "include, but are not limted to," and
t he ter mwonrolwdest® has the same nmeani ng as "incl udes, paf/usgomaos11ké mted

to." Sim kt@feb}éonfehﬁf the Bmp S ardd essHish a_tbbﬁt SRy ﬂ&gﬂi&@h@&héﬂk%réﬁﬁdﬂlé'@ geh
as, but not limted to." gUnI ess ot herw se indicated, one or nore

adj ect i vethcicompdited, ersptqrtkareabionyd o b rieght of onvsiaroisgmepofibe compoundeddas
appl ying to. gach, of A nauns. . Far_.ex | e, the rase "optionall
SDbst o e BRRI0OL 3By BRNAEH L8 Rutt MR Bome e e ol P a1

substi t ut gbuabhy,, byoptightdldny steddsdonicd b€ theaoyipousdd araplessohan hyous WSy eilgid
heteroaryl." It should be noted that a chem cal noiety that forns part of a
| ar ger? coﬁf)@ﬁl‘?&leﬁﬁ";@r@@%@r%ﬁstbf? FHBRPWREr ei n usi ng a nane comonly accorded

| ar gers conpdar RETRISE? PUBPUE i cc
adi oal . For exhusy e rCr Tl PRa BE 1A RnRlEnT RIS ¥ RESHRATA 1o

sanme neanstgtwhennusey tferdiescddrivetive efthgtsyruetitcamrhad ctyoviadréieone bemocadf
nmoi eties. Thus, the two phrases "XOH,A wherein X is pyridyl" and "X

wher ei n X% Eyc_ffyg%ﬁtﬂl@ﬁ lsa%}f‘gst&eea PHER (BT A MOIFR QR ?lﬁﬂgﬁogaﬂ FrARCYAPAS Bty
conmpounds Ryl ¢ A1AnQl alddRRIT AIRbE %Ik%hoﬁegy, RWoxJEdibéty?) alkenyl, glkg(ljget. houl d

al so be noted that 1If the stereochem stry of a Structure o on of a

st r uct@Qr emethyhathylopdt ebutyl)t dkyrybralledearpdrylodyd-ACAD))abladheaidei(ags, t he

tructure ortion e, structure is t interpre .
Z nc ch) np gs s f(ﬁ@)ﬁa@ﬁé’r 'éﬁﬁyggﬁ'gk@ag%ﬁ}’ ?‘ml‘fﬁlégé e r'g(l\ilﬁwlg'taw's h@@ﬁ{)ﬁi% 8% ng
with uns atﬂrﬁﬁér?,dse&f&{cﬁﬁcﬁﬁi tefiafp SHARG alkg1REnetdrAehard, bﬁjlﬁgﬂu&m@p&rwga@gen
atons to satisty the valences. In addifion, chem cal bonds depicted with

one sol i daiylaxe, prees adrbamoyldegneNHELRA-alliie -k d ol sEk BbtcArbamyy (e an@NFbubl e
O T N O S

accept abl ereo erein: a

het er o8y chéd altlydrizle Naualis xg 40 acid ahRERB, cyay@eter, @poide,| cdlieal(b.y., slektsliyt ¢thexd)),
al kyl, heteroal kyl, aryl WO 2009/ 131940PCT/ US2009/ 041126, or heterocycl e;
R is hydB%’é@iPO’H’é‘i%&é%?&&&r&)’, -G8k, o Fi o eI ) strspalkyls emigpgtyh imine

No(0) oreset R ey SEY BB G ™ 3 GG D) oy o)
al kyl het e povcre. saryl s heter oal Kyl - DetopoaLRYLATyLy - o Y
Shet er oal R@Vﬁ&f@t}yac%%@,fowﬁ aﬁf@ﬁ@r%%si}&q 05 DaapioRsR i (n8e peftdptly tpiocther)
hydr oggn, alg%g@&g‘,gmaggﬂg@y(_ﬁc) 2, or optionally substituted al kyl,

heteroal kyl, aryl, or heterocycle; each R3 is independently optionally
substituted al Kpless athgtwier indestatedoe VibErpewrely Rfedtiyeiandepérnderpinpotydisegen,

hal , OR4B 0) R4B 0 RAB).2,, N(R4B).2,. NC(0)R4A, NC(O 4A,
Mot 05 N Ra ot teidiSig brov i MBrmtic B BRI S BL Pl OR L i
10het er oalik¥dse ofEdditidH, oP &t @IBENHGhRImBAGHe BAROLSsyniHGRE AdB bl wihdhegen or

optionally. - , ,
disease or condition. A “therapeutically effective amount” of a compound means an amount

25  of therapeutic agent, alone or in combination with other therapies, which provides a
therapeutic benefit in the treatment or management of the disease or condition. The term
“therapeutically effective amount” can encompass an amount that improves overall therapy,
reduces or avoids symptoms or causes of a disease or condition, or enhances the therapeutic
efficacy of another therapeutic agent.

EE Y

30 Unless otherwise indicated, the terms “treat,” “treating” and “treatment” contemplate
an action that occurs while a patient is suffering from the specified disease or disorder, which
reduces the severity of the disease or disorder, or retards or slows the progression of the

disease or disorder.



substituted al kyl, heteroal kyl, aryl, or heterocycle; and nis 0-3. In a
particul ar enbodi nent, the conpound is such that: 1) each R4AA is
i ndependewol2godmsda4ogen or optionally substituted al kyl ecThstewoalikyl; and

2) when Rl anduRRs@bcRAtaindidicaofn tahitifellide A M sanfRAndanidd0ds ‘Rl REBEBut

151 n one enbodinent, A is optionally substituted phenyl. In another, Ais
opt i onal | gregbEmited tadanbthe teroydhdudes” has the gampecenivg @b rentudeRbut is not

hydr ogen, ;.hal ogen,..cyano,.. or _opti anal, ubstituted | oyer al kyl, |
ot S R AT AR DN GOR by RS RSk r M e Sih p dufnot
chloro). limitegaesher, RL is optionally substituted | ower alkyl (e.g.,

nmet hyI%. 20l n one enbodi nment, R2 is hydrogen, hal ogen, cyano, or optionally
substituted | oltesaptogrwisg imdicatedy ericcarimagre afiseldy sremmedsely graqoding g erics|od

anot her, i o) 4. en i i I
substi t ut Egdudsg%%r%ea&égﬁr& e?eag’gappﬁlﬁléqh%%h éﬂh@%&r{gh FCD)F\E% éﬁr@%)g?%%%{a@ R)?: is R3A
OR3B, or NiRdB2y substiatqulaaiiky, amytlasr hendoediy et theR3mic sSndad i gain dofR3rhailg

tional l'y substjtuted al kyl, alkylh cle, heteroalkyl, ar.
Pt er ooy M REF 155 SpEaRY B ubHBEAT ABher RO WPHTBRAPFYTERst ¢ ut ed
al kyl. 1n anot h%houlﬁ%n‘o%dqgét'a%@nkdél RoRsy {htayfoﬁ'ﬁts ?Lulf?ék helr 5r%¥ﬁo'o%(k }n:az

another, R3A is optionally substituted heteroal ky n anot her,

opt i oh@l | Ye dedosbéd hreid uvagermmeadommadnly acquadeadi ic whan iteristsdis mesmtgle M8lecsleOR3B

or N(R3B)2, and R3B i s, hydr or,.optional ly substituted. alkyl or aryl. In
o speoit Bt wiBur P RSEREE Ay Biisgh A STiRetsy Meter et i Al Ry
substit ut g satbdbd theRaRBaidABng Wik u3éd & RREARNAMbYtySHRShId tdloRtbr @hdthical

I'n one embodinent, R4 is halogen. In another, R4 is OC(0) N(R4A)2 and at

| east onemRigtics.s Thispthedwvambrases 176QkE whktey X(iepyridylfrandhyXQH, wherein Xag t i cul ar

compounds, haicyl ERLLER, A RELTRE A U5 AL G0 gpu BT sgPon e
2009/ 131940RGAUS20Q 9y E4ih1L61.5. 3. Methods of Synthesis Conpounds  of

t he invention mag be gsrepared by nethods known in the art. See, e.fg., uU. S.
pat ent publ i caltisBpuldglo beaodobiabths sterepchonisiiy PE9BUCtUBAT RGO A di nes

may be pr i ik P ¥tn Of hai GRS, @ : rtion/ €St
3 g, "ORRR S APy BB oy RERC o B hOHS Pl o R o i TS
descri bedof the Wkrictugeat enbe appprcedtas oncamppasdidg 8IF SteBoisonferd @dt. Qcloodoser, 22y
2007, and shown bel ow in Sch%rre 1. .
atom shown 1n a drawing with unsatisfied valences is assumed to be attached to enough
20  hydrogen atoms to satisfy the valences. In addition, chemical bonds depicted with one solid
line parallel to one dashed line encompass both single and double (e.g., aromatic) bonds, if

valences permit.

5.2. Compounds

This invention encompasses compounds of the formula:

Jor!
H
N R,
=
N
N

25 N H

and pharmaceutically acceptable salt thereof, wherein: A is optionally substituted aryl or

heterocycle; R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl,



Scheme 1 10 The resulting 4-hydroxy pyrrolo[2,3-c/]pyrimdine conpound is
then converted to the correspondi ng 4-chl oro conpound (conpound f in Schene
2, bel owwo=omwgsmebhods known in the art. See, e.g., WeCT/UB200Q0¢112€Chem

26: 4959 (é@@&éroc%n@tm@ﬁp&ug&l h8lobfie @yéﬁiﬁGr 6@1&5&?@@tlﬁ@é@£kﬁd§et%aﬂ<§iﬁ

i nvention, as shown below i AR Schene 2: Schenme

2009/ 131940ROT hysEByolc0B 1 5K, OR:p, N(Rsﬁ)hé\IG(&)R@ﬂ NCe(@r)@Banﬁ\EdQ)N(lsmm&Bmg

comerci a avai | e 1 tert.- hut Y, e es1, 4-dica boxyl ate
o L LT ROk SR SRR st R P L SO R OB PRCORRE S ofaflichaiy oy L2t e
an al klyl albsﬁgn@gﬂla;tl alkglagyl, allfih@bdoy{clOragyli B@crotlkghhotkei@dylaryp gi ve
corrpound b. O her conpounds of fornula b are comrercially avail able.

Saponi i chttFalkythetsagsionar betgrogralei cacthBeels sifependently trrogeNEGR - aqueous

| ut
;‘5 gr lrJru: g.nN%?ﬁﬁL%l n I@@(%/)tz aqgl gﬁ?g&alt es}ll\tgésﬂtﬁtgd%%l ﬁg W th%%}sgﬁ% %’teﬁé ani ne
in ![ sglor oByd ga?ck{pamg_l(pmgonaé'\gggbgﬂeuﬁ% émybamngiﬂocpamumgﬁk wth a t
sui t abl e acj e i group 0
gi ve am ngld@peqqe%t?x oAt Balg et @ Rap O TR ap é\i‘ﬁ 4R ek NAR E\HSB@
di i sopr Olec‘%b b)NQL% %Qé;i;“é@l@ OISS’(I)M@.E \Ao:?tlgnall ﬁl‘BEHtBi%a'AHJyI

i sobut anol ) "affords co 17 desi red ods can be used to
transf@r nheth]a)all@b mpxiumtdlqtmoczycm caahuRip0s ndesendacthnipakega dyypptibmadlyi nvent i on.

5.4. Met hods,.of Thi s i ntion.enco S a (ethod of inhibiting

iz, R R e e R B TG RETVRD: SR 4 pot ent LI MG i nhi bit or
Preferred potenfapdivkdlat ShbRIihOAS m@rc@nﬁo@ﬁmm Rgéh Oht: t NRabMRENsiiEpbhdcBitly
conmpounds di scl osed herein). particul ar enbodi ment enconpasses a

met hod of hydregen wwptmﬁbgﬁuhgtltmed@im @ﬁh¢t¢rg'aléml iand Eawhen Br yndiRsegdethor

di sor der atle b adm nistering to the patient in need
t her eof ah}’% élpaenlﬁit hlenylcﬁ"%sro@méh fg &tical | y effective anmount of a

conpound of then & emﬂﬁmﬁrhan, A is optionAN@ bttt @edostdin e Mh a@sherPas SPtomallyet hod
of treatin managi ng or preventing cancer in a patient, which conprises
adni ni st ePFsHtUs H@OB®IG- ent i n need thereof a therapeutical |y or

prophyl acti cal y,&f Jrﬁt?&dﬁrﬁ&t?ﬁ?ﬁ'ﬂydfbfge& Iﬁ%géﬂ,u@qn&fortoBﬁoﬂarl'l\fres%ét&rﬂted lower

alkyl. In a particular embodiment, R; is hydrogen. In another, R; is halogen (e.g., chloro).
In another, R; is optionally substituted lower alkyl (e.g., methyl).
20 In one embodiment, R, is hydrogen, halogen, cyano, or optionally substituted lower
alkyl. In a particular embodiment, R; is hydrogen. In another, R; is halogen (e.g., chloro).
In another, R; is optionally substituted lower alkyl (e.g., methyl).
In one embodiment, Rz is R3s, OR3p, or N(Rap),. In a particular embodiment, Rs is
Ria and R34 1s optionally substituted alkyl, alkylheterocycle, heteroalkyl, or heterocycle. In a
25  specific embodiment, R4 is optionally substituted alkyl. In another, R4 is optionally
substituted alkylheterocycle. In another, R4 is optionally substituted heteroalkyl. In
another, R4 18 optionally substituted heterocycle. In a particular embodiment, R3 is OR3p or
N(R3p)2, and Rsp is hydrogen or optionally substituted alkyl or aryl. In a specific
embodiment, R;p is hydrogen. In another, R3p is optionally substituted alkyl. In another, Rip
30  is optionally substituted aryl.
In one embodiment, Ry is halogen. In another, R4 is OC(O)N(R44)2 and at least one
Rya 18, for example, lower alkyl (e.g., methyl).
Particular compounds of the invention are potent LIMK2 inhibitors. Certain

compounds have a LIMK2 ICs, of less than about 100, 75, 50, 25 or 10 nM.
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Anot her enbodi ment enconpasses a nethod of |owering intraocular pressure in
a 25patient, which conprises inhibiting LIMKRZ activity or expression in a
pati ent iwoneedstqer eof I n one nethod, LIMR2 activity i ®Ciraiseimoned2éy
contacting thesgye ®ethd® T8 vneldsiswi th a potent LIMK2 inhibitor. Particular
potent LIMK2 inhibitTors are disclrosed herein. In another method, LIM2
expression is CBHithﬁﬁfbf%{e RIMTInShS! b chfed BE nRIRISknbPE iPRL AN ¢,
conpound (e.g., a siRNA) that inhibits the expression of LIMR2. 30Anof%er
embodi ment. Ferp@mpa@é@gtmm RO F58P2 2 and 2S5/ A% .ng or preventing a

di sease or dis gr af.fe t|n Vi sion i

et e L1 v Spfum e Bl R B s RaGRAR #RF R et one

nmet hods LEMKEv@e!) O Chetn lzehu9b9 B YA&@%@NEP\WS%%QBIE Ohe ifiRofAtiE ent
wi th a potent LI M<2 T nhi bi t or . Pgrtlgular otent LI M2 WD i

2009/ 131940PGIFUSAOSoPTat EPBliGatAN BPt bl87 60 . FiascPeelar 2Re? &) Tnandihowasieiovand
dlsorders]pég% %lng vi sion include glaucoma, neurodegenerative di seases,
and i nfect’i'0US di seases. 5.5. Pharmaceutical Formulations This invention
enconpasses pharnmaceuti cal Oconposi tions conprising one or nore 5conpounds
of the invention. Qertain harnaceutpcal Ronpositions are sidgl e mpit

dosage forns s@T_bl e fHoN or nmuc . g., HEQER", subl i al ,{ vagi nal
buccal, or rectal), parenter I (ét@. ub utanEUUS——rn?rav nou ol us
i njection, intmamiscul ar, OF intraartes : traB@é@rnal Qpi and

ophthalmc (e.g., ﬁoplc_r__TﬁraV|tm£hl)padnlnlstratlon to a pat Hent .
Exanpl es of dosage forns Base| ude, but are not linited to: tablets; capl et s;
capsul es, 10such as soft elastic gelagln capsul es; cachets; troches;

| ozenges; di spersions; suppositories; nts; cataplasns (poul tices);
past es) POWERSEIingUEB I BYSpyrol Q@ﬁﬂp 1@&&@6&)d&ﬁhﬁﬁé@@ﬁcoﬁ@%@@ﬂﬁﬂmaer050'5
(e.g., nasal sprays or inhalers | i qui d dosage forms suitable for

oral or ng@waonch@lgrﬂwh@m a«vmmuntddcqnp@mdefntl SChqmer &dﬂiehgv)stwmerngth@@ﬁskr(oevng

aqueous of, YeQUs Weﬂiuj Ss %u&gﬁen%@ib%g (% h co poun?gssthg Feed %
water-ln-0| UId 11 ons IX rs osae
forns sui p@bhl% cbﬁfpoﬁﬁds&fﬂtl@d’ @bveraibi N sohatbcw hps@alematz. ent; and sterile

solids (e.g., crystalline or anorphous solids) that can be reconstituted to
provi de quuid dosage forns suitable for parenteral adm nistration to a
patient. Oénulatlon shoul suit the node of adnlnlstrat|0n4 For

exanpl e, Hinistrati® hlres ent

conmpounds of hIS i nventi &3-fir om 20degr ad&tJ

eé?;j

tract. Sim a for for mul may cot cont ai

NZ

R \@ K|\R2
N
H

- N N R
x
N N
e H
15 h
Scheme 2
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ingredients that facilitate delivery of the active ingredient(s) to the
site of action. For exanple, conpounds may be adm nistered in |iposomal
for nul at iwogpowvrsiander to protect them from degradati verPemaysoew/o4fiaei | i tate

transport in cif G drepdsdREn indtfe@E De&dmiBlciali§rayadib] O $5¢/68lHyl ARARN anes
to intracellular sites. 25The conposition, shape, and type of a dosage form

wi | | var ypivepéingilitydigarbprglaigda) isrdwylashwph e sudatdo basgde o tithiugeakisppropyie

acute treat t of i sease cont aj | ar ger _appunt.s, of. one or e of
Phat et B RDbndin ABARERAE AT ] o ShRE or BRBHALE (2L Beim P, o ¢

t r eat ment O@ifer cb@ps@B oft fGr@ASEeb afd dinkradrkidlly aviiabeNtRpahifidasaas coapounbly
contain smaller anobunts of one or nore of the active ingredients it
conpr i 3esMitharPashsushas LiGH 04N fropqucowelutionigieastcarbpsyiaemid i whigh an fhese

and ot her i I | §. S is invention
will vary® i %ﬁ%%%‘%?ﬁg?&%“ﬁﬁﬁ%@%ﬁ‘%.#’@g%ﬁ?@ﬁ@% ltq%ggw}stﬁi lled in the
art. See, desopropyRehglaginenn issopkipat a@cee)ito gale abddedcdscatrhitlof edmpdiviiok with
Publ i shing, Easton, PA: 0). 9/ 131940PCT/ US2009/ 041126 5.5. 1. Oral
Dosage Fogﬁ%lt%i%?%@e%tﬁgi}“) M&Q%f%ﬁzl?ﬁo%ﬁgééﬁék%@mom Hok SR 9B T or a
adni ni str gt maircgtagm%@e%&%%hagf%h% HEHAL %ﬁﬁ%@%gﬁggﬁrg@@yﬁﬁn@a inBut are

not limted to, blets (e.g., chewable tablets]), tapsul'es, and
| i qui & ( suigpble Solhawnblee!, isgpropsipl, i®botand) sfgalsfeompeundbht Hidesiedy keaen er mi ned

anounts of active jngredi ent and, may be prepar.ed nmet hods of r macy
wel | knowrrefs Fshe Sty EinsTornt fha: Sifpotad BS BRESS il Resegipisge 8RS
Phar maceutgveadiorSci ences, 18th ed. (Mack Publishing, Easton PA: 1990).
Typi cal oral dosage forns are prepared by conbining the active
ingredient(s) in an intinmate adm xture with at | east one excipi ent
according to cddvenMeatheds oflisennceutical 10 conmpoundi ng techni ques.

Exci pients can take a wde variety of forns depending on the form of
prepar ati on dedhisdgvengen gaganiiassos ameshod of inhibitReddlylie2,orhiglheqmpesgse of

dm nj st i,.on, t : |es, . h : |
dosaghs unf e Eng IR SR hobAPEIIRE hABLESHALCLEE plREL ARCRARRILECL S o,
nonaqueousorhpands goes.invantibn (asagenpoondsdisassc @cimpar ed by conventi onal

nmet hods of 15 pharmacy. In general, pharmaceutical conpositions and dosage
forms are prepArRiBysMOIIATY casRINpasts sapehgd aldisakinggnineingarinyeventing

i ngredi ents: W L QU B 5 : LAV J Ll ,
and then Sl ditaGin dilier ih BNV SO B Q0BT FAS 0 B pBRT
D si nt egr antesd thyedfe therapeypoaldy edprophydadticdllyl ofegiee iovonst dfa doagiound yf thapi d
di ssog(gti on. Lubricants may al so be incorporated to facilitate the

manuf act uPE°di%osage forns (e.g., 20tablets). 5.5.2. Parenteral Dosage

For s PRIRBURF BhusRRRACH BB AN ol 4B LhRHadiRg BRbletdhabY

various routes including, but not Iimted to, subcutaneous, intravenous
(i ncl udi ngarset w2 paticeic vhaoh)conipmisessadnsvisicang tae pahentamneast thalcof Because

their adm i SLIALNDY: YRS RL:LIDYPRRS &5 RNk SPE Somp&hnd Fin Gl ENRES
Another embodiment encompasses a method of lowering intraocular pressure in a

25  patient, which comprises inhibiting LIMK2 activity or expression in a patient in need thereof.
In one method, LIMK2 activity is inhibited by contacting the eye of the patient with a potent
LIMK2 inhibitor. Particular potent LIMK2 inhibitors are disclosed herein. In another
method, LIMK2 expression is inhibited by administering to the eye of the patient a
compound (e.g., a siRNA) that inhibits the expression of LIMK?2.

30 Another embodiment encompasses a method of treating, managing or preventing a
disease or disorder affecting vision in a patient, which comprises inhibiting LIMK2 activity
or expression in a patient in need thereof. In one method, LIMK?2 activity is inhibited by

contacting the eye of the patient with a potent LIMK2 inhibitor. Particular potent LIMK?2
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25agai nst contam nants, parenteral dosage forns are specifically sterile or
capabl e of being sterilized prior to admnistration to a patient. Exanples
of par entwoabosdcsage fornms include, but are not |imtedPCoUSS@OOBilONS ready
for injectinfiordirk dRCRAMEES I AsIVeab& A dHos&e$ ¥Ektiah vausPRBRad glalcéna,

phar maceutical | y acceptable vehicle for injection, Suspensions ready for

i nj ect i onncwndegenerpyotiscas30 Byl midstieuydiktastes that can be used to provide
parenteral dosage fornms of the invention are well known to those skilled in

the art. Exanpkgs i PﬁLHHEC uWLl@EFE NQliohd M ted to: Vater for Injection USP
aqueous vehicl 88" su , to, Sodium Chloride Injection,

Ri nger's I njectiaon xtrose lnjection, xtrose and Sodi um Chl ori de
| nj ecti on, andtrhlasé %%Qﬁlan Y0 f@i%ﬁ@ﬂt&%%ﬁt%ﬁ%p%%%?e g THore
| nj ect§ oncompdigids b SeiilVaativehTetsis phbteihcasticabtbmmitionk aid ehlé Onit @ddagd

al cohol , polyethyl ene glycol, and pol ypropyl ene glycol; and non-aqueous
vehi cl es syiable for ol mpearpk (€@ tngsdlcyibHnghal, vagisipl GHe@b @ 6¢qtal). paretaralo; | |
sesane oi e t i l i st : 0 5. 3.
T ansder mis & HhSaBy R fory)RERE BB IR Hm R0 K RERED R R

and rnucos alpicbsabepHticalmic (erec)togieal, rtviarcel ) adiidistrative to 4 patiempht hal m ¢

sol utions, sprays, aerosols, creans, |otions, ointment el s, solutjons,
enul si ons, susﬁéﬁgplaﬁgf dosp e foRms | %&%gwﬁmottlgmmﬁié%fﬁ%%?;mkﬁ; tReulght .
See, £ 9. sudfeRisBALRBtC gelamdﬁeﬁewcha@ts- 26LRACRS engkSL dsRebiodsMihofiRles Shi ng,

Easton PA: 1990); and Tntroduction to 10 Phar maceutical Dosage Forns, 4th
ed. (Lea @&nEsbitgentapRiimb feteilipdes h pat&s pywddis adrsshargyndredos pdpstdrs sokitions | ude

" i t " "matri t " hes, i.ch. b . to th Ki
and vor o PEFIG agsRiols (B iyl tPS oP GRS, ssly Wil Rt S Tnab i By Gy oaFo™ "
desired amResdal fdmmedtiatbn tOpAHE M GudiSu 'sds@sﬂsﬁnﬁnggp b§idotis bEnch-aquedtiy i er s

and diluents) and other materials that can be used to 15provide

t r ansder nifividspiricasipns, gHdnnvica saIuldorsagea fetcrsn-ai didwil amudsiont, sodutionssad
skill i n.3:he:pharnac I art e . he. parti cul .ssue to
o ch 5 gP VU pRAR SRR b B Ter RPEESPER et e b i o
Dependi ngsslfilst(he., spstillidcortah®spiut soliB) thaeednast, reasidiitut@inalpreddpbnddt s may
be used prior to, in conjunction with, or subsequent to treatnment with
active i nBPwas s saitable or porenicst adapnisteasiondQ aatient. penet rati on enhancers

may be used t OrasRiahydidndBbINSH 08 AS S AARHIRTES: Lule dissue. The

pH of a pharnaceutical conposition or dosage form or of the tissue to

whi ch t heagrhaistatentdiquaks composiatingntoqrotdashgeorhpsunds of typinvedionfeom al so be
adjusted to improve delivery .of one or r ctive ingredients.. Simlarly,
the paY ar AGAGRIOR VRN MisEhulpipioginl frod. SENHsE dPRRHE MBY CQUHRci ty can be

adj ust ed 1R ddREOHE: BelIHME BN iveEPIPALANS SHERIRAL SIS M AL RS IBYor2l 1R be added
to pharmaceutical conpositions ‘or dosage fornms to advantageously alter the

hydr ophi | Exdnipie.aonipopagsthiy bé¢ admiofstasekindrposomel favhilweonsngraderdntpsotsd thgmt o
i nprove delivery.. l.n this r a.ga Stearates c serve as i pi.d. vehicle
for the OPRACaridaHve BT aRar &y SRR RER e Blo Sy Gt oy neR]
del i ver y- eabanelingebrap@ne iftadceOilaedifeganci ng agent. Different 30salts,
hydrates or solvates of the active ingredients can be used to further
adj us?5 t he pr opbe epraposition, shape, and type of a dosage form will vary depending on its use.
For example, a dosage form used in the acute treatment of a disease may contain larger
amounts of one or more of the active ingredients it comprises than a dosage form used in the
chronic treatment of the same disease. Similarly, a parenteral dosage form may contain
smaller amounts of one or more of the active ingredients it comprises than an oral dosage
30  form used to treat the same disease. These and other ways in which specific dosage forms
encompassed by this invention will vary from one another will be readily apparent to those

skilled in the art. See, e.g., Remington’s Pharmaceutical Sciences, 18" ed. (Mack Publishing,
Easton PA: 1990).
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of the resulting conposition. WD 2009/131940PCT/ US2009/041126 5.5. 4.

Opht hal m ¢ Dosage Forns Conmpounds of the invention can be delivered
to the eywoO(2e0991319400pi cal | y) using agueous sol utions, aqueas0@O$PRAaSI ONS,
and ointnments. As thase ©¢al beshokFokhR art are aware, the ophthalmc
product nust be sterile in its final container to prevent m crobial

scont am nat i onpR{rmfaButRYEecontPRIRNY 8 ih¥ &Sy iRy RRta¥Redr bA] ABhMldaloSEaI bd 1ty
once the container has been opened. Ophthal m c formnmulations also require

t hat the pidscrived dsedisasetpaosagy forss sunbiasybut arecnat dimitsidity, talfletstegt ohewdbdt i on be

troll Pr.ef df | at.i ons h H of f t 6.5t . D, d
SOhut for I e oGl g e B dafor'sBiypo! SR A Hse fansiRufiy "

i sot ong ¢. pRakleifiab@EmbORtEBE hARS iMAY¥E edts Vind GRS Bdprepartd BhRBRUE 0RPhdrMadP
cps. 10 Ingredients that may be used to provide safe vehicl es that

ef f ect i verylldapiude there datledia thaaitmiese aigi Remingigr s dharmadenyy Seigniass1 &) t e
of action_ar k ; .| ary dependi ng on the physical and
SFSLOREIRAGHL EghU pit Jhgary cepenciio on L1 LY

chem cal racterrs Appropriately buffered aqueous
sol utions may Wepigsiedalfdasageformehne\pedparal byvaintiniag thiddceive angpaliaid) il an
sol ution conpositions, H£I¥neric ingredients are typically used tq

i

15i ncr eas B1tHREe BEF MGt falt g SEFIPIENt EsearAingle wnvaionainthermeeytenl s

inclu c g S T :

nydr oyt FyMeaT] TR ek Fpfine S B AP e T8 A R eflaRTon he form

(e.g., caprbpxyaunnyl dgsoky feradmipedationnyl al cohol ), pol ysacchari des (e.g.

xant han gum guar gu and dextran).,, and m xtures thereof See, e.g., US.

patent nos. 4, BSeues! b Coenfadmigrdeeahbisid regeseral a0

deliver 206MRQEAHOralRRYSRIMiClolRE" BACGRIUStaBlcgs da¥ibeBhed b%‘%ﬁﬁddrﬂ aﬁhlet?))f&@ Bei on
e

conmposi tions as physical stability aids, helping to keep e insolu

i ngr edi enhenaguepsneddiques. edwihl dpsegsdpypeeas tsl prepdret] bPeayentianal ethodagt be
used ?i ensure thF ster%lht%?of Jo mat i ons. Suit.abl e ﬁreservativ§ i ncl ude
benzal konPUHTERY of} SRS A ARIERASSHI G AR G HE And AP SR EUPRHRET PrEpHE §Vmsr curic
acetate, pREHHIPRACIANGLY bidheng thblabBYORatedichBWIYE PQiidbeRicrsafiflcly divided
propyl - parabens. And 25 anti oxidants nay be used to ensure the stability of
f or mat i onsolish&aEdqys. asbeth, andihica sharvre thepradast iataihe idexicdanessniagen ifdecessary.

et hyl enedianmi r i J 5 %g hi %5'E ﬁg' m 1 fsul fite,
; t facRidPk fott
T L T s
under st ooldubticumtstrhey iled boiicagoexahpl fed]itavdthe matofadtinodf ddsagd fortns (sgppe. WO
2009/%319i@ﬁ%§{U82009/041126 6. 1. Exanpl e 1: Synthesis of
1- (5- ¢l oF8 %k pyrrol o[ 2, 3- dl pyri mi di n-4-y1)- N\
(3-(4-fluorophenoxy) phenyl) - 4- net hyl pi peri di ne- 4-car boxam de
5.5.2. Parenteral Dosage Forms
Parenteral dosage forms can be administered to patients by various routes including,
but not limited to, subcutaneous, intravenous (including bolus injection), intramuscular, and
intraarterial. Because their administration typically bypasses patients’ natural defenses
25  against contaminants, parenteral dosage forms are specifically sterile or capable of being
sterilized prior to administration to a patient. Examples of parenteral dosage forms include,
but are not limited to, solutions ready for injection, dry products ready to be dissolved or
suspended in a pharmaceutically acceptable vehicle for injection, suspensions ready for
injection, and emulsions.
30 Suitable vehicles that can be used to provide parenteral dosage forms of the invention
are well known to those skilled in the art. Examples include, but are not limited to: Water

for Injection USP; aqueous vehicles such as, but not limited to, Sodium Chloride Injection,

Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chloride Injection, and Lactated
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5A. Preparation of tert-butyl 4-(3-(4-fluorophenoxy)phenyl carbanoyl)-4-
nmet hyl pi peri di ne-| -carboxyl ate.
1- (tert - bwoargcdidgonyl) - 4- net hyl pi peri di ne- 4- car boxyl i c Patiu$2¢02438112gy, 1.0

ol ), 3- Rérdel Y BjeRIAN %16} Mk dibIRS chidR3 stidh aslb@ H¥MRlted ROGtHy2RBo@, 1.0
mmol ), and t (138 ngy, 1.01 nmml) were conbined in Et0Ac (50 m_S and DMF

(5 ml). Thelyethalone glyced sadipalymasykeagkdolaandmnaduspueehidesr sich Mpdut ot t he
Et 0Ac was,.evaporated.., 10resul ti.ng i n precipitati of; sol i d, swhi.ch was
removed b THen L apiig SRR oy RITEHRYE Bl Rl KM MRSt R" 1
ag. HCl, wad ednzyebwhzéaténe, dried, and concentrated under vacuumto give the
title conpound. M5 (ES+) [M+H '= 429. B. Preparation of

N- (3-(4-fluorophenoxy) phenyl) - 4- met hyl pi peri di ne-4-car boxam de. tert-Butyl
4- (3- (B-f 1 uor ophenoﬁﬁ):ghJﬁ?/‘F%F‘HéW?P)Qaha%ﬂvﬁ‘}qoﬁi‘ld%?ﬁaéﬁ Kerms car boxyl at e
from1l5 step A was treated with 4 N HC1 in dioxane fqor 16 hours at room

t enper at ure. ThENsdEmabtoried. anddnygosy deyage; fprmsinclpde.dnd agaoh g t® et her
to afford i : o%.f: - ,
o ocht o7 B A RTPBLL (GRRYTB cBHloh RS GRS, A9, spusion,

4, 5- di chl suspensibrsysir axhe|f@rnds dlomyr torand ioffi ekill To thee as101 ek O, Bémikgron’s
chl oro-7H-pyrrol o[ 2, 3-d] pyrjJ¥ di ne ( \ 0 in. CH2C12 (6 nl) was
added N@Pgm@&u%! 3o )Sd: @H@C&lﬁ@gﬁ@a}%s}&rﬁrﬂ? béa?@);ra@ﬁ!%@f@%wfle'f ‘g
hour sy fi lphghmte. 8 DOONGEFSAAL £YcNHST MR HDa8dINifat f‘)%g)' Tlafsfompound,
whi ch was carried on crude. M5 (ES+) [MtH '~ = 189. . Preparation of
1- ( 5- chl odosageHqysrindlodc?  r@scavqaytyperi ef ‘matriy fy)peRipgt8hgs4which can be applied to the

fl h h -4- hyl pi i di ne-4- b i de. .
N (3 O ERIS AR RO SRy fermosBl s Rifehm i GRSk of A5 B0V 8hy st ep
B (50 nyg, a&ivé?m%’f)emlem& 4,5-dichloro-7H pyrrolo[2,3-c]pyrimdine fromstep C

(19 ng, 0.1 mmol), and triethylamne (0.04 nL, 0.3 nmol) were conbined in
i sopropanol ( 1Shitablaexrinienis &g acarne® awd fguens) apdl pthce matprighsrthati cen Goasesd to

compoid. DB IpBsRe b R SRS L S ko L Rudpif O Bfogb ShliEL i gy
7. 30- 7. 35phdrmadditicallar3and depefidion Hd)partulas+iGsubbo whichldiveBpRbmic&Ricdim 2H),

3.44-3.51 (m 2H), 2.35-2,38 (m 2H), 1.74-1.81 (m 2H), 1.38 (s, 3H; M
( ES+) [N»Pﬂmaosmwordosagefommg].bgamés@éinme 2: Synthesis of

Lo (5-hromo- TH DYRLRHAL dn e Sheyfid Ml B g ¥dkedaddigional ts may be used
5(3-(4-fl uor op%goxy ﬁnenﬁ %-1 metshyl pllslepe%al)tecﬂ\l-’raile-lf%%rc%lf?gﬁn ema% ?—|use A
Pr epar at i pnoob, f-donpmotich with corcubtdgpem totroftest with pgtiviemgledients d6the sol ut i on
of 4-@? or o- 7H pyr r ol a2}%{&93- C Pétr i m'ngli ne (1. 2bg, 7.8 m‘ml% iln CH2C12 (25 nl)
was attied NGRSO SE4AP P SIQ] CTEARCahIBRY O HSCER @125 (28CTHCyIng iy
reaction {Hg¥éd¥érﬁs wage figfkuxed for
The pH of a pharmaceutical composition or dosage form, or of the tissue to which the
pharmaceutical composition or dosage form is applied, may also be adjusted to improve
delivery of one or more active ingredients. Similarly, the polarity of a solvent carrier, its
25  ionic strength, or tonicity can be adjusted to improve delivery. Compounds such as stearates
may also be added to pharmaceutical compositions or dosage forms to advantageously alter
the hydrophilicity or lipophilicity of one or more active ingredients so as to improve delivery.
In this regard, stearates can serve as a lipid vehicle for the formulation, as an emulsifying
agent or surfactant, and as a delivery-enhancing or penetration-enhancing agent. Different
30  salts, hydrates or solvates of the active ingredients can be used to further adjust the properties

of the resulting composition.
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10 40 m nutes, then concentrated and washed with cold water. The crude
material was recrystallized froma mninmal anmount of isopropanol and dried
under vacwormagi4ve the title conmpound (82% as |ight-g@cagpssabiodii2é/s ( ES+)

[ MHH "= 232. 58.4. POphk Ahii® DoSge Forms
1- (5-bromo-7H pyrrolor2, 3-cfl pyrim din-4-yl1)-N-(3-(4-

f 1 uor ophenoxy) @Bﬁ@é&ﬁds‘bf'ﬁ?é favéRioagah 8k '&@h&’e’r&fi{ot}%@y@ (@% t @cm}%%ﬁa@ on of
N- (3-(4- 15fl uorophenoxy) phenyl) - 4-net hyl pi peri di ne- 4-°Carboxam de from

exanpl e 1aq@99$)501@tlon(s uggys Ospenmoens,)ani winteiepts o parladse Skilled Jn thaast aacleheaet o

5- br ono- 4-,chl H rolo ine fromste 2 0.1 nmol)
and triet Hﬁ?l ﬁﬁﬁ é’%@ ﬁ@ugtéd%t%ﬁ%ﬁgﬁts %i%@g@ﬂ@rprﬁ%ﬂlﬂé %ggheat ed at
100 Cgor cd&arﬁln@tib@ﬁf HBEeE. PrEEAMAVE BHE hde@ o malidaih BRALGOMER M @&nedndinder
vacuum The product was 1solated by prep HPLC to give the title 20

conpound. has been opened.  OphthplrgRf s algo gqpire @%t@rﬁ)ﬁl bpffgpcapagty,(m 4H),

> 30 2. 20" Ly Y gneptiss?  the Fhnidn v e Efferéftonlusiions ity 4 Pt o)
WO 2009/ 18b84MBGT6. WS2 0G4 Buber@apacitood fipheatdut GYmttdredi Pasifcular formations

N- (13- (4-fl uorophengxy) phenyl) - 4- met hyl - 1- ( 7Hp rrolo 2,3-d
pyri m di n2%-1§HpRiee PRgcHar orpatons,ewe aéﬂscosrty feqap al?qvgs 7 & % cps.

N- (3- fd’"f luoro &ﬁé‘&fﬁ &Qﬁ&ﬁ%baﬂsﬁ% DY RAPEIR dihGedm ﬁﬁé(fi’e%@%[&‘a@h@r ghtéve

exanple 1, step I'n 1sopropano
4- chl or o- ﬁh&mpy@utmhla[lgr,earen] (VR toi ick sne of a6tiomggre Ovell kmowhn) bwrvdlltvaiyeddpghding ne

(0.04 nm., 0.3 ). reaction m xtur heated at 180 C for 30

m nut es uﬂla&ﬁr}?&olf%‘\ﬁﬁgéﬁ%wa ¢ha §erlsﬂ?%°fthf\é\%%éoncentrat ed under vacuum The
product was i sg| b?;o%ﬁaieyy m%%&%&ﬁ%%%hﬁg Hl LA ODRYAGry diGiderl NVR
(CD30D): 6 8.01 23 (m 3 S1-7.16(m BH) . 6.65-6.68 (d,

1H), 6.51s@uls C()mpoquebs ’Imso_llrztmm @Snl(qntlozﬁ)polﬁn@mmsred@n(smre pijcally u.s_@itg 28

2 1. 50- Vi 7
el alielhig MeSPubBinglbyidadl. ipihar bR Ay by o i fios
[2,3-d] pyslyficel (@'g4 Ty #ox4p wp?ﬂmleﬂhbl%ﬂlhldt,dﬂﬁy&nﬁ%tbﬂ%@ﬂhl@& bﬁlylhydroxyethal
Preparati on of 4-phenyl pi peridi ne-4-carboxylic aci

1- (t er t - Beglbgreaspthgig pAdymeidagl SRBerydny dolymess, tmiowm algehe) (1.0 g, 3.3
|
mol ) was PI’ _&E%g&bd% EA‘U% ; xel}lﬂtéﬁj%dnp é%ggig@,%f}ﬁl trt%%) Jn%rm&uHQthre%E h‘gé)e?g]ﬁ o

tenperature was | at1’on to provi

conmpound (8. Z)dtegt n&?:%l 36473 a7 2e4.440.1 SuspbisidisSngy 4154-bi used?éo aélbuer 20B.

Preparation of 5meth14(¥d|hydro 3|—|—prro|o[23

-cf | pfti nfenpou 133012¥rner1c mgredients are typically used in suspeénsion compositions as physical
stability aids, helping to keep the insoluble ingredients suspended or easily redispersible. Id.

Preservatives may be used to ensure the sterility of formations. Suitable preservatives
include benzalkonium chloride, benzethonium chloride, chlorobutanol, phenylmercuric
acetate, phenylmercuric nitrate, thimerosal, methylparaben, and propyl-parabens. And
25  antioxidants may be used to ensure the stability of formations susceptible to oxidation.

Suitable antioxidants include ethylenediaminetetraacetic acid, sodium bisulfite, sodium

metabisulfite, and thiourea.

6. EXAMPLES

Aspects of this invention can be understood from the following examples, which do

30  not limit its scope.
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phenyl pi peri di ne-4-carboxylic acid. To a sol ution of

4- phenyl pi peri di ne-4-carboxylic acid fromstep A (0.74 g, 3.1 nmmol) in

i sopr opamneD 20d3md4p, was added 4-chl oro-5-nethyl-7H PCT/US2009/041126

pyrrol o[ 2, 3-d] gy! i MEdhmpld L. Sénthesis ofmzrsnahl)orm by H@Id1Y BalTh nfidin®y-gi)-N-9. 8
mmol ). The reacti O”Q!gﬁlﬂ&%g‘l’{@ﬁoéﬁwu 124 midthyIpigePidiné Y- Al Bbafrigdnder

m crowave condition 7 J.dJ.U4UI-’uF/ USZ0097 041126 concentrat ed
under vacuum The residue was dissolved in_Jce waLer and neutralized to pH
[ s‘

4 by addition of 1 N ag. HCl. The pro uct ed by filtration and
dri ed under vacuum for 3 hours atHs

|tIe conmpound (62% as
a brown solid. Ms (ES+) [MtH' HPreparatlon of
N-(3-tert-butyl phenyl)-1-(5- rrethyl 7H-pyrro| o[ 2, 3-dl pyri m di n-4-
5y1) - 4- phenyl pi peri di ne- 4-car boxam de. Ta a sol ution of
1- (5-net hyl-4, 7-di hydr o- 3H ,
pyrrol o[ 2, 3-d] pyri mdin-4-yl)-4- ph eri di ne-4-carboxylic acid from
step B (33 ng, 0.1 mmol) in DVF (2 Was added 3-tert-butylaniline (15
ng, 1.0 nmol), BOP (50 ng, 0.11 mmol) aHd trlethylamne (0.04 nm, 0.3
mol ) .. The reagtipon mxture} 20 hours,

and the am de BrodeRaratignof

goronl)ok'nd- methylpi eridine-l-caﬂfﬁx ' toxgcza&tzc?@ll)(-@-me@%lggndhﬁe 4. é?bo& ic 9H) A
S

(s, 3H), id§4B 8, (0 rnrmla),,3 Cﬂ r(oshengﬁ))amlkrse (@Sﬂ)lg [ MmOl (206 mg, 1.0

6. 5. Ex | 1 t H

5 Dt SIS e S0 b0 S BEPIEDR o g,

Prepar at i 9hc ffacti@l ﬁlI)huﬂeWas‘heaﬂeh mlsmo(c Forchl ouep M}/bme IFeOBY Wapicpgiorattde- 1-
carboxyl ate. Under an_atnosphere of N2,
4-al | 1fe(5t1]ém€ﬂb91te@5pﬂ,‘éta<?1b®f‘r)ﬂ/$0}lﬂt phichavaseemoveddnpisption, Theifttrito wesdilyted

0. 586 nmo ANe! re
di sl ved™th YRSl il Pt 18 BT b A Rl Sy sy

sol uti on, vacuahyto givd the tide coRpOEfal. MS (ES84 PV F 4221s added dr opwi se The
reacti on was st|rred or . after V\/mc tlnf. 3- ql oro n|J4| ne (0 061

nL, 0.586 nmol P-ide ' uhels oY
stirred a?erf-Bﬁt’bi?} H??R@Vfﬁbw WBﬂHeHgl%arbIBS §14usd6th ldRHR- M@&b&%ﬁ&@‘i’roﬂt h1

N ag. HCl and ine, dri e and concentrated under vdcuum The
25r esifuestapds ey tlrefat@dwbly 4N H|C¢a1 diekarcHoo hahags aptepn( tempyiatuac el prodestanes

o r epat wev sl S Brkljon fof SRR SHetPast Y il febs M bedmaibelglitheci®ore

sol ution @fr tBIstepPsithe hydrochloride salt. MS (ES+) [M+H] = 329.
4-al |l yl-4-(3-chl orophenyl car banoyl ) pi peri di ne- 1-car boxyl ate fromstep A
C. Preparation of 4,5-dichloro-7H-pyrrolo[2.3-d]pyrimidine. To a solution of 4-

chloro-7H-pyrrolo[2,3-d]pyrimidine (154 mg, 1.0 mmol) in CH,Cl, (6 mL) was added NCS

20 (134 mg, 1.0 mmol). The reaction mixture was refluxed for 18 hours, filtered, and
concentrated under vacuum to give the title compound, which was carried on crude. MS
(ES+) [M+H]" = 189.

D. Preparation of 1-(5-chloro-7H-pyrrolo[2.3-d]pyrimidin-4-y1)-N-(3-(4-

fluorophenoxy)phenyl)-4-methylpiperidine-4-carboxamide. N-(3-(4-Fluorophenoxy)phenyl)-

25  4-methylpiperidine-4-carboxamide from step B (50 mg, 0.13 mmol), 4,5-dichloro-7H-
pyrrolo[2,3-d]pyrimidine from step C (19 mg, 0.1 mmol), and triethylamine (0.04 mL, 0.3
mmol) were combined in isopropanol (1 mL) and heated at 130 °C for 30 minutes under

microwave conditions. The product was isolated by prep HPLC to give the title compound.

16



WO 2009/ 131940PCT/ US2009/ 041126 (0.172 g, 0.453 mol) in MeOH (10 nlL) was
added 4 WHC1 in dioxane (0.340 nL, 1.36 mmol). The reaction was heated at
50 C for 80 2m31@nd t hen concentrated under vacuum rePdirasedoondiize MeOH
and re-concent fI@tI\@QRt(@DSQD)OS QQYE s, t1pg, 1.50 W%Sc(ﬁffﬂﬂl)mﬂoﬁ?/ 14he, bydrezhbgei de
salt. M5 (ES+ EMP = 279. reparation

4-al | yl - N 3L B @6ehbretip.13H)1 3 @8- %khyllfy)kaéﬁfzriﬁ@[lélfﬁ 1.74-1.81 (m, 2H), 1.38

oo Lyt A B RN L B Gl e ET o boxami de from step B (0.142

0. 453 mml) 4-chl oro-5-net hyl - 7H pyrrol o[ 2, 3-d] pyrimdine (0.075 g, 0.453
mol ), N, N-di i 62pr oExhmiply:asvinhesio o2 BHS-bkomd- 735 prriwlg[2.3adigviiaiginepanaN- (5
nm) wege conbined aml(hfab haho & V&-ﬁﬂﬁtﬂhbideﬂitﬁn@ﬂ-%ﬁﬁb&fx@nﬁﬂ@Se|- The
10 crude reaction was di ssolve vvashed w th H20 and brine, dried
over Myg504, and concentrated under VaCUUR irdue was purified by
silica gel chromatography (MOH: CHZL12 |e o gl ve the title conpound
in 61%vyield. 1HHQNR ONMA 6 ppm 8.19 (s, 1H),

7.73 (s, 1H), 7.48 (d, J=8 Hz, 32 (t J =8, 16 Hz, 1H), 7.14 (d, J=8
Hz, 1H), 7.00 (s, 1H), 5.78-5.88( 1H), 5.11-5.16 (m 152H), 3.91 (d,
J=13.6 Hz, 2H), 3.24-3.30 (m 2H)Y 2.B0 (d, J=7.6 Hz, 2H), 2.45 (s, 3H),
2.41 (d, J=13.6 Hz, 2H), 1.80-1. 2H); M5 (ES+) [M+H] ' = 410. 6.6.
Exanpl e 6: Synt hesi s of
N-( 3- met hoxypheny1) - 4- net hy1- 1- ( thyl - 7Hpyrrol o[ 2, 3-d[ pyri mi di n- 4- ybpi pe
ri di ne-4-carboxam de 20A. Prepara i on of 4-net hyI pi peridine

4- car boxyl i ¢ adi Prefargticaraf-58 s e Trea gelatzorbaliy | | c

act d (0590, o 2400, IURL): Y85, biH T ol ea S AR o

t he hydr ogRn@acelemsR! (1.2 dVIS. 1 &d)) 1[1M‘H‘§b12 @514b). Qhe Bachsemastate voly refluxed for
4- matgal §9(5 met hyl- 7H pyrrol o 1-2, 3-di pyri m di n-4y1) - pi peri di ne-
bo

254- ¢ njigutas ﬂly:n cvacwt@@ld@pﬂo\r@sm witle kold vet®- el erpre matasial was of 2, 3- d]

rimdin
Y et hyl proserigiladdpnts Baf ol dﬁ%@f@%ﬁf%lﬁ(%%g@%%ﬁ%@?%%‘*xt?eot}%m
g, 1.64 nmomhpouadd82%o) e hg/ﬂtegl“fhm@ll(do MS{ESH),[MI9P =030l ). The reaction was
heated to 180 fol hour ur51 e m croe COdI t] ogs_

2009/ 131940PCTEUE: sl ,
Hh&eatﬁo 4 E‘cﬁuﬂ?&f’mt@ (4 he

neutralizgdyt,
product was C under vacuum overnight to

gi ve the ﬂubﬂophmrxphthﬂyl]{ -0- m&thgplpzﬁ%leeﬂscambgaaaydesﬁrbmekxalﬁdﬁle(lESte)) H, K&Hng=
275.2. C. Pre atLon
N Ca- et nByBRERYL OB Rt ML) anasdsgito SHaypcihigre- HE-pyrrolof2,3-

d]pyrimidine from step A (24 mg, 0.1 mmol) and triethylamine (0.04 mL, 0.3 mmol). The

reaction mixture was heated at 100 °C for 10 minutes under microwave condition, and then
concentrated under vacuum. The product was isolated by prep HPLC to give the title
20  compound.
'HNMR (CD;OD): § 8.21 (s, 1H), 7.22-7.35 (m, 4H), 6.98-7.17 (m, 4H), 6.72-6.77
(m, 1H), 3.84-3.95 (m, 2H), 3.32-3.51 (m, 2H), 2.30-2.40 (m, 2H), 1.72-1.85 (m, 2H), 1.38
(s, 3H); MS (ES+) [M+H] = 525.
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5d1pyri m di n-4-yl) pi peri di ne-4-carboxam de. To a sol ution of
4-met hyl-1- (5-nethyl- 7H

pyrrol o[ 2yvB8-2djppnd4m di n- 4y1) - pi perl di ne- 4-car boxyl iC aCIPdeUSQOm@UHpG B
(0.020 g, O. 07§3mm]3);ain g . oOR

mol ), triethylam ng QM@@I
0.11 mmol ). The rea oncent r at ed under

vacuum The residue was purified by pre HPLC tl 1Qg| ve the title conpound

(0.091 g, 33%. 1H NMR ( D) : 07 (1H, bs), 7.00-7.17

(3H, m, 6.89 (1H, s), 6.58-6.#C N 3 72 (5H, m, 3.22-3.34 (2H,
m, 2.12-2.33 (5H m, 1.62-1.7¥(2HH M, 1.29 (3H s); M5 (ES+) [MtH ' =
380. 1. 6.7. Exanple % nt hesi s of

4- et hyl - 1- (5-met hyl - 7H-pyrrol o[ 2N3-

15dl pyri m di n-4-y1)- N—ptolylplygl e-4-carboxam de CH3 H3C CH3 N NH

To a solution of 4-nethyl-1-(5 kmetl y}\ /Hpyrro lo [2,3

-c] pyrimdin-4yl)-pip eridine-4- xylic acid fromexanple 6, step B,
(0.020 g, 0.073 mmol ) in DMF (1 rrL) V\'/'ére added BOP reagent (0.065 g, 0.15
mol ), tri et hyTamisokitipO o0 M(3aH; lidrdihenool)phengh)ed -drethidlpiparidiyd-dmehtboramidd. 012

m., 0.11 ). Th d d
Vaouur | THETY &G i thueh lted Bymse B RPLEPEE G T NE KR 4 SoBO0Ad.
(0.0133 gpyr@&c{? 2.3- glerlrmdlne (15 m&l(')"l %ﬁ %ggthylgmﬁleqa Oﬁ 8_0335%15110(1)2.%“ he (n')2H1

J= 8.4
3.21-3. 44re(a2thbn m)x,tulz VQ&JS -h2at8d a( BH9, °Grjor 30 rﬁﬁuﬂ:s ﬁﬂde(r m;:romave 2&idi2éns( 84, ther) ; NS

(SSE:%e[s:VE Ceﬁﬁ%g(ffk‘%@éb’ﬁ 200@4 13#&V$PCT/ (Plg}{ 041?{-&&(%0 glVgﬁleqR e 8:

(5- rrethylcg supdr ol of 2, 3-d[ pyri m di n-4-yl) pi per|d| ne- 4- car boxam de y CH3

CH3 C H3
10 'HNMR (CD;OD): 8 8.01 (s, 1H), 7.18-7.23 (m, 3H), 6.91-7.16 (m, 5H), 6.65-6.68

(d, 1H), 6.51-6.53 (d, 1H), 4.12-4.25 (m, 2H), 3.351-3.62 (m, 2H), 2.13-2.28 (m, 2H), 1.50-
1.60 (m, 2H), 1.25 (s, 3H); MS (ES+) [M+H]" = 447.

6.4. Example 4: Synthesis of N-(3-tert-butylphenyl)-1-(5-methvl-7H-
pvrrolo|2.3-dlpvrimidin-4-vl)-4-phenvlpiperidine-4-carboxamide

E jl I:CH
CH; °

A\
k\
15 N H
A. Preparation of 4-phenylpiperidine-4-carboxylic acid. 1-(tert-Butoxycarbonyl)-4-

phenylpiperidine-4-carboxylic acid (1.0 g, 3.3 mmol) was treated with 4 N HCI in dioxane
(20 mL) for 2 hours at room temperature. The product was isolated by filtration to provide
the title compound (0.74 g, 93%) as a white solid. MS (ES+) [M+H]" = 206.

20 B. Preparation of 1-(5-methyl-4.7-dihydro-3H-pyrrolo[2.3-d[pyrimidin-4-yl)-4-

phenylpiperidine-4-carboxylic acid. To a solution of 4-phenylpiperidine-4-carboxylic acid

from step A (0.74 g, 3.1 mmol) in isopropanol (10 mL), was added 4-chloro-5-methyl-7H-
pyrrolo[2,3-d]pyrimidine (0.52 g, 3.1 mmol) and triethylamine (1.0 mL, 9.8 mmol). The

reaction mixture was heated at 180 °C for 180 minutes under microwave condition, and then
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To a sol ution of

4-met hyl - 1- (5-net hyl- 7H pyrrol o[ 2, 3-c] pyri m di n-4y1l) - pi peri di ne- 4-

5car boxylwo 20e9319400om exanpl e 6, step B, (0.030 g, 0.11prewaiSpooon4Dbéd (1 ml)
wer e addegotdAiehté@udt vBeuuh. rhe %@d&@wésrdl@bméh%mc@%vaﬁg add @ ctiikalizZ0d &2praD! )

and 3-am no- N sopr OPﬁ!@ benzam de (0.029 mmol ). The reaction was

stirred aby8ddigot of thl(frl sThopto M@@m&ggét@bbxuﬁwlov aedidined qilsT vediuguier was

Ceboony - & gRhEP eIt T bReShafic ipddunl SR SMBOBE bR REMEEEH fr PR
7.41-7.43 (1H, CJ Pré&argioand MB- @rd:mvlddénvl)mwn(eﬂwl 7JFDQT&0HZ3 dibyrinfldia0s-4. 23

(1H m, 379 3.85 (2H m 3 36-3 46 (2H
1.76-12 83 ami ez@sa@ehtlogef 6(%ﬂr¢£hyld'>7 dmd( ) [MeH =

N C5- t or t PRQIO[2:hdfhomi Ei*%‘e’hyl- o RS Blrponyic acid frgmstep B (3me 01

bpi peri di nﬁﬁdl) malD amlﬁpwag\hdded 3MNthutylamhned(15I?ng [ar mimoby) B@]‘P GOrhg,Butly|

4-(3-tert-but 4- di I box T

ol Ut i on B FREFEBITER UL biihy 0 HIHEY I 45LPT ET HarA e B [9hc d
(0.30 g, gﬁlﬁ)eme)for ﬁ“ﬁo&g%ngﬁ%oa?ﬁlde gﬂﬁlugty\%sdik&gte(i%y eIQHPﬂCQO Q]U%ltl)le !11.”6

di chl or oet hane ‘was added oxal yl chloride The

m xt uk@ V\/B.QIHBQuIlIdr ed for 40 m nutes, and 3-tert- butyI ani I | ne vvas added The

m xture was Stif o) l.ut e t , h i ce
XU a2 St ARTR B Ao 208 e s L SBhLIR TR0 gauRe
t 1 t

ggﬂggﬂndaFﬁggl%A{t;%? gelblvzgm gframm@ﬂmﬂpa%%% CHL G1R) (s e Mbeesht | e
2009/ 13192IMF’5T/TJ$Q®09/041126 B. Preparation of
N-(3-tert-butyl phenyl)-4-methyl pi peridi ne-4-carboxam de. tertButyl
& (3ot ert-butykRheny G RaSOk o deE RAIDLRSBLANISp e AL P GhG 70 ! P

( f»? - mo é VthQ[ZBUlﬂ Vl}]ll],l\fil&l”‘l- I lduneN‘l—ICZIll vléiﬁii%c .o ITL

mTDl) net hanol o) at oo C T ot T eS: ure was
concentrated to gi ve the title conmpound as the 5hydroch| oride salt in
quantitative yield. M5 (ES+) [MtH = . C.

N-(3-tert-butyl phenyl)-4-nmethyl-
y1) pi peri di ne- 4- car boxam de.

N (3-tert-Butyl phenyl) - 4-net hyl pi per{_dihe-4-carboxam de fromstep B (0. 33
g, 1.07 mmol), 4-chloro-5-nethyl-7H pyrrokej 2, 3-d] pyrimdine (0.18 g, 1.07
mmol ), N, N-diisopropylethylam ne (0 5.34 mml ), and isopropanol (7
m.) were 10 conbined in a pressure ra Deal ed tube and heated at 100 C
for 18 hours. The nmixture was concenty t and taken up in dichloronethane
fromwhich a precipitate (0.18 g) was collected. The sol ution was

chr omat ogr aphed. Phip@iatiol o fb-Madid CriPdIRY3-cldophdrey| caobanmnebipeaidaret &l (0. 15

was conbj ne i the pre t ol ved in _methanol (15 nlL) at
33) C . vat éa—%‘ﬂ—sb atwdhpé‘éier(%l%mﬁf & %‘tﬁ@ aé‘ﬂﬁffif(%f@\’/%@l’cé%% pip @9? sul tant
15preci pi tahéx Sacfd dotl%%%do 5‘8’@%‘%&) Vﬁyh'&ﬁé&qﬁ@ ANg. ﬂﬁhﬁfég angb)(/ﬁi 63%0151§£t le
conmpound in 50% yi el 6 ppm

(s, 1M, @erkldlewlvenim) CH}CLQ((IQ ,mIJ)H)nd cgoled 1r( &1 iCQ Psi)tt,h To5be (:@pled] s:Butﬁbd—Imcaly;ll—I)

7. 2 2 (t 8
52 R, A (b, 5 Lo, oy e et et
(s, 20 3Hfterkvidéh fide 39%¢MoroMBli0ERH 6 [ MEHD 586G nHF) was added. The reaction was

removed from the ice bath and stirred at room temperature overnight. The crude reaction was

Yrrol o[ 2, 3-di pyri m di n-4-

washed with 1 N aq. HCI and brine, dried over MgSOs, and concentrated under vacuum. The
25  residue was purified by silica gel chromatography (ethyl acetate/hexanes gradient) to give the
title compound in 51% yield. MS (ES+) [M+H]" = 379.

B. Preparation of 4-allyl-N-(3-chlorophenyl)piperidine-4-carboxamide. To a solution

of tert-butyl 4-allyl-4-(3-chlorophenylcarbamoyl)piperidine-1-carboxylate from step A
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6. 10. Exanple 10: Synthesis of 4-nethyl-1-(5-nmethyl-7H pyrrolo[2,3- di
pyrimdin-4-yl)-N(3-(oxazol -5-yl) phenyl) pi peri di ne-4-carboxam de H A
Pr epar at iwo 2069/13e¥40 - but yl 4- met hyl - 4- ( 3- (oxazol - 5- y1) phecylusasooamagd ) -
25pi peri digezd gQ)aarf};sofﬁmbatlﬁMeTﬂml(ﬁ@lLWa@ad&fd4MHC1 in dioxane (0.340 mL, 136
1-(tert-butoxycarbonyl)-4-net hyl pl(g)erl di ne-4- carboxylic acid (61.3 nyg,
0. 252 mmm)m(d%dT kgwnea@thnewa(smatﬁd @50 OC 68 %Lmlnlamthmm}cenﬁat@d pnder vacuum,

G0 o 0L DARE I Sl oy % H5 B PO P RS LARIR Y 222
hour, andhdrbemaaed saf: MYCELOASABISADRCT/ US2009/ 041126 yI )anl line (40.4

ny, 0 252 nol ) vas added The reactlon was aIIovved to stir for another 1.5
hours.d The mi x&u : {1 ¢raEH eh oy {157 /4D 3t he organics

wer e wshgg%ﬁﬁan% %1_)&8%1%&%% ]cgrﬂgx)lmgd%r '4“&1[1 14N%)chlog(§]ﬂh%a#?ﬁ’ﬁéndyges94
filtered, was used in
t he next sarb@xatnhltihﬁum dtep Bli@n 4pyy 0.8 Taniody) 4- dHB)r5{553¢ﬂly[ Ky rol 3 36-32.

B. Preparati.on,.of

4- met hy| - RyAmLdis@510-8 053 mrmaai YAt diserirxistiwlzning 6% 236 B 178 mmel 47d; on

of tert- b%%! opanol (5 rnL) were combined and heated at 120 °C overnight in a Pressure vessel, The
4-met hy1-4-( 3- (oxazol -5-yl ) phenyl car banmoyl') pi peri di ne- 1car boxyl ate from

step K (77ude ngpction ROLdissndvod lnrﬂﬁﬁlh anshed(\@itmt)Owad baddehheﬂi(ﬁjzeI(MgSON and

di oxane, reaction ed 15 hour,s and t hen
concent 1 af%e{l%éti%wﬁgg%?% S MY oy e e A Chl or i do
salt. NaSoOH:¢ gradicf®fo Zive the title SomfEiRRaA 8l %%Hel@f

4-rrethy| -1-(5-methyl-7H pyrrol or2, 3-di pyri m din-4-y1)-N-(3-

(oxazol - 5-y1) pHéﬁ’r{MRrﬁﬂ@ibMPm 680D ar fipox BrtPds. | HA, P7265 UH, S EkI=SHs, Bhar ged
wth a so

f
4- et hyl - kﬁ? dokabdizdH), T phehyrs bizp bt i HebalidaPybicatit 68 Harddm bt e
from s34 ep2B), (35511 @&, 5@13 OH2. 2i8124- A5 rhsz;gf grser(@IJ:@% HJ:—)ZH)aﬁ'ds"(Q 3H)i 341
sol ution was added 4 5ch| or o- 5- net 3-d]pyrimdine (55.0
o 0" 320 (ol .6 2t NY. LA %6 Oy BBy IS K8 SN 290 g 0. 40 L 2. 32
nmol ). The vessel was seal ed, and the reaction was heated to 105 C for 15
hours. The reagtd ongyas, WO kg%ﬁBmPXfﬁ%%Lth@%?mﬁ N nde AR L 1EEL Sl 193

purified by prep HI-'_\,L | e, _COIpou an.ut r-whrte sorrd.
1H NVR (400 Mb) 6 BUiplZ:3-dlpvrimidin-dy dine-d-caghoxamide ' 5277 [ gy

7.58 20(ddd, J=8.08. 2.02. 1.01 Mz, 1H. 7.52 (s. 1H), 7.50 (dt. J=8.08.
1.26 Hz, 1H), 7.43 (t, J=7.83 Hz, 1H), .Op d, J=0.76 Hz, 1H),
3.78-3.86 (m 2H), 3.38-3.46 (m 2HC / I50HI6 Hz, 3H), 2.36-2.44
(m 2H), 1.79 (ddd, J=13.39, 9.85, 3 , 2H) ©1.42 (s, 3H): M5 (ES+)
[ MFH] " = 417. 2. 6.11. Exa 11: Synthesis of
4-net hyl - 1- (5-met hyl - 7H-pyrrol o[ 2, 3- N5dicH,

pyrim di n-4-y1)- N (3-sul f anpyl phenylg% di ne- 4- car boxami de A

Preparation of tert-butyl

4- met hyl - 4- ( 3- sul f anoyl phenyl car barm&l prueridi ne-1- carboxylate. To a

solution of 1-(tert-butoxycarbonyl)-4-netnyl pi peridine-4-carboxylic acid
20 A. Preparation of 4-methylpiperidine 4-carboxylic acid. 1-(fer-Butoxycarbonyl)-4-

methylpiperidine-4-carboxylic acid (0.500 g, 2.06 mmol) was treated with 4 M HCl in
dioxane (10 mL) for 2 hours at room temperature to afford the title compound (0.294 g,
100%) as the hydrochloride salt. MS (ES+) [M+H]" = 144.0.

B. Preparation of 4-methyl-1-(5-methyl-7H-pyrrolo[2.3-d]pyrimidin-4yl)-piperidine-

25  4-carboxylic acid. To a solution of 4-chloro-5-methyl-7H-pyrrolo[2,3-d] pyrimidine (0.274

g, 1.64 mmol) in isopropanol (10 mL) were added 4-methylpiperidine 4-carboxylic acid
hydrochloric acid from step A (0.294 g, 1.64 mmol) and tricthylamine (0.654 mL, 4.92

mmol). The reaction was heated to 180 °C for 1 hour under microwave conditions,

20



WD 2009/ 131940PCT/ US2009/ 041126 (60 ng, 0.25 mmol) in dichloroethane (2.0
m.) were added DMF (2 drops) and pyridine (78 ng, 0.99 mmol), followed by
oxal yl chworneet3(82 ng, 0.25 nmol). The mixture was sti PC@Wstaw/04026r nut es,
and 3-am parcbaipasnesenfipnm B8 wieg, afdRdiralTRAR FHKtINEL Was ahadted padeifithtC

for 3 hours, and the m xture was cool ed, diluted with dichl oronethane,
washed t wihseredush Shwrpﬁu@a‘tas ca&ectwhbacftt%raanm and dried engler HELUMd e gloie r

MySO4, and. concent rat ed. chr onat.o < 5% MeQH.CH2C12) gave
the o1 t1 cceb Moo FhShoes e e BRESpREASIES i sy,
Preparation of ¢4+ HmialfatioanQ\BfﬁmleﬂlaWMielﬁhﬂmyﬂthbpGI(Biiiﬂldmevléwzla{nb@mBm—de

tertButyl 4-net hyl 4- (3- suI f anoyl phenyl car banoyl ) pi peri di ne-1-car boxyl ate
from st epdRyrigadingt-ypiperiding4rpagioxamide. Togptodion af-methyl-4-(-mgth-di-ox ane,

nas ConcoRTTolBTE i Rinlle {“ﬁ’éf’#lpé‘%elg%-oas‘aun b abig oy 45p B e06% 0 67€ AT U7 €

quantit at ivleMH @lrdL) WEre(dd8¢g BDWHrkfgent (0. (B8, 0 15 rnrno() trE[lgzﬂJamat: (@01DML,

ghﬁ;%;[ é- 5_ nehn %é_ b r r %g%%@)palg.‘r@gyr lmm(rjﬂo TKe zeacN-tlo(n?)was stirred

4- Met hyl - Bbe(rﬁlg)ﬁtl'aB@ﬂR}i'cBH@e%ﬁlar)eH'uﬁééﬂs%ﬁlﬁn“ThéL?éé%Q%@ghﬂﬁe& g&g?eﬁt}ﬁ&@tc( 33
0. 098 mmol | oro-5-nethyl- 7H pyrrol of 2, 3- yrimdine (16 ny,

ny, :
0. 0981Gmokive thy; N dl¢dnsmpnd 6§02t ByddEmM. ne (51 ny, 0.39 mmmol ), and i sopropanol

For 18 hour s, et brEofE6 B3Rtk ot 87 1T b M R el Twled by

prepar at i ¥g, 36LG QM 3@213@4 bH, ﬁ?@leQSI(SHZé%IYMEhdI (ﬂQJ{hI) I‘M@ (@ﬂpo
MHz, DVBO d6) 6 ppm 11.52 (s, IS) 72(s, 1H), 8.24(s, 1H), 9 (s, 1H),
7.87-7. 9os)QMS(LE§+)[M+§G 7301 m 2H) 7.35 (s, 2H) 7.06 (s, 1H) 4.09-4.13
(m 1H), 3.66-3.40 (m 2H) 3. 25 3.31 (m 2H), 3.18 (d, J=4 Hz, 2H), 2.36

(s. 3H), 2.27-3,30 2. -t p3Hato BB (ES®) [ MH
; né-4-carboxamide

N—(3 ﬁl—l—tetrazol 5= = y
25nmet hyl - 7H- pyrr ol 0[2 3- d] pyr| m di n- 4- yI ) pi erb I ne- 4- car boxam de

A. Preparation of tert-butyl 4-(3-(1lHa et ot - %yl ) phenyl car banoy1) - 4-

met hyl pi peri di ne-1-carboxyl ate. Tgca I J of 1-(tert-butoxycarbonyl)-4-
WO 2009/ 131940PCT/ US2009/ 041126 me pfperT di ne- 4- carboxylic acid (100 ng,
0.41 mmol ) in dichloroethane (2.0 ) were added DMF (2 drops) and pyridine

(0.13 g, 1.6 nmmol ), followed by oxa @,l,orlde (57 ng, 0.45 nmol ). The
m xture was stirred for 40 m nutes, (1H—tetrazo| 5-y1) - phenyl am ne
was added. The nixture was stirredN o 2\hours and a pink precipitate
formed. The m xture 5was filtered, e filtrate was washed with 1.0 N

ag. HCl1 and brine, dried over MgySO4, and! concentrated to give the title

conpound in 70%)@@1@1 B4 (iiy1- [-Mthdkthyl 7 H38 frolo[2,3- RIiRRSD i QI IRS-4-
N-(3-(1H-tetrazol - y fyon heny1) 94 grégt %QEM per’i dol 0n[e 461](1:32’1;Hl§1oxlamg‘gég1 terlt But yl
yo g,

4- ( 3- ( 1H cabexyliglacBl r)l;@h@rnpllecﬁastbaﬂio rﬁe@MmODenWEél mlgardsorgdedt e
i t 0,11 t 4.0.N di
0 36 . BOR e .00 £0-FEBmeRb R G fo ko e TS P Sy - or 30

M nut 8. HeehyMdniline (©.(M@nICANTEM R €Uhd fbagulo&ﬁwaml»ieutdvem@gmra@& BshRstritbe

hydrochloride salt in quantitative_ yield. M5 (ES+) [M-H 287
Pr epar at | Bpdegfacuum. The residue was purified by prep HPLC to give the title cornpound (0.0133 g,

N-(3- (1H—g@;§azol 5-yl) phenyl) - 4- et hyl - 1- (5- net hy1- 7Hpyrrol o[ 2, 3-di pyrimd
i n-4-y1)piperidine-4-carboxam de. N-(3-(1Htetrazol-5-yl)phenyl)-4-

met hyl pi peri di fié NMRACBoOBN a:l&ovmmtso &3 B0 -y 1, 29 7mm(|21L J= 8 4 Hz, d),
4- chl 5- et 15 | di
N R ol o P Ho o213 Bt ot S 8 5 R 67478 Gl i.and

DVSO 9. 5 @‘9) g Dg%ﬁgq + +a3@ﬁrgssure rated seal ed tube and heated at
105 C for ( 5 ﬁg{tu e was concentrated, and the residue was

purified by prepratlve HPLC to give the title corrpound in 4.3 %yield.
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1H NVR (400 MHz, DVBO-d6) 6 ppm 11.5 (s, 1H), 9.56 (s, 1H), 8.31 (s, 1H),
8.19 20 (s, 1H), 7.77 (d, J=8Hz, 1H), 7.69 (d, J=8Hz, 1H), 7.40 (t, J=8 and
16 Hz, 1My 2009081948, 1H), 3.64-3.72 (m 2H), 2.37 (s, 3HCTE2@04021138 (m
2H), 1.91 (s, gld). ExBfhple§: OS(fﬁ'ﬂhes?lH))fN1(33(fs0{)§0mf3é'£9rbaﬁﬁvf)§@'ﬁvl{ Mikdihv-A18.
6.13. Exanple 13: H @1571@? verol 2@9 mﬁdfn54 %B#hdﬂ'& _PXAFRxAhAdS i‘

pyrim di n-4-yl) pi pe rrboxam do) pnenyt at

Preparation of tert-butyl 4-(3-(di rret hy rbam)yl oxy) phenyl car banoy1l) - 4-
met hyl pi peri di ne-| - car boxyl at e.

1-(tert-Butoxycarbonyl)-4-net h? dkylic acid (67 my, 0.28
nmol ), EDC (64 ng, 0.33 nmol), (I-ll5rrg ymol) and VWO

2009/ 131940PCT/ US2009/ 041126 di }\1 oet hane (2 3rrL) were conmbined in a
pressure rated seal ed tube and stlrre@Hior 45 mn. 3- Am nophenyl

di et hyl carbamate (50 ng, O0.28 s added, and the m xture was heated
at 85 C for 18 hours. The m xturlg was £oncentrated and chromat ogr aphed

(Si 02, 0-2% MeOH: CH2C12) to give Nhe Nitle conpound in 50 %yield. M5 (ES+)
[ MtH ' = 406. 5B. Preparation of

3- (4- net hyI pi pépiadipheion of drbrskdm -tomesehy F-piirrede [ByA-day banidin <y Dt raperidpg-

 fron st ook B A B, RO ) (Y e RO S e,
0.17 L, 6.8 (07042 g,i0nl INlided)) eletifydaklingl().028 ndQ 0Q2famoB dndBFanindMe n xture

was concentrated to give the t|tIe compound as the hydrochl or| de salt in
quant i t at WETOWIGW?Z&W@G(@SQ% mgad] 7 mmolpo@he 1egetiorpyaneireadiay R0 o for 48 hours

3| § gi SS; Ihéﬁld %é[gg%%%{;%{%dr%z g%;ﬁﬁﬁg N }%[%81&%5%1g¥fggd$grbrép HPLC to give the title

3-(4- met hyérppcpmdl(mOﬁégMS%}ar boxam do) phenyl di met hyl carbamate fromstep B

0 1380hmoi ) NN COBraRDd i Bna PulHgs. 8z by Bt g3 optino

(1.0 n) Wﬂﬁ@.@{}lﬂ neq ipa P¥.ESBUAS), v abetHsealoadnt uhes and hqated)af 74.5100
C for 18 hours.” Thé mixture was concentrated, and thé residue was purified

by prepar a85\2HHRLG .33 ¢bvaH hs 23824 (Btpourd/6-h85 @K yiklld2 (3H, 5), 1.268

1H NI\/R 4 , 7.50 1H), 7.42-7.44 (d, J=8
oy AL e SRS RT3 T IR s e b a0 o 11y

379385(m oH), 3.37- 3.44 (m 2H), 3.14 (s, 1H), 3.01 (s, 3H), 2.44 (s,

3H), 2.36-2.4060Mm Ekbhmple 9:5S{nthisi§ 61 M@ter%ﬁﬂwﬁﬂ)-%hvﬂ@-(sﬁﬁéthvﬁw =

437. €5 14. Exanple Mﬁro&mﬁswﬁwnﬁam&-eﬂpﬁ@ﬂmd-cﬁl%dm d - 7THpyrrolof 2, 3-
di pyrimdin-4-yl)piperidine-4-carboxam do)phenyl di nethyl car bamat e

CH;

l/

A. Preparation of fert-Butyl 4-(3-tert-butylphenylcarbamovyl)-4-methylpiperidine-1-

H

carboxylate. To a solution of 1-(tert-butoxycarbonyl)-4-methylpiperidine-4-carboxylic acid
(0.30 g, 1.2 mmol), DMF (20 drops), and pyridine (0.38 g, 4.8 mmol) in dichloroethane (10

20 mL) was added oxalyl chloride (0.15 g, 1.2 mmol). The mixture was stirred for 40 minutes,
and 3-tert-butylaniline was added. The mixture was stirred for 1 hour, diluted with
dichloromethane, washed twice each with sat. aq. NaHCO; and 1.0 N aq. HCI, dried over
MgSOs, and concentrated. Silica gel chromatography (0-2% MeOH:CH,Cl,) gave the title
compound in 61 % yield. MS (ES+) [M+H]" = 375.
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A. Preparation of tert-butyl 4-benzyl-4-(3-(dinethylcarbanoyl oxy) -
25phenyl car banoyl ) pi peri di ne-1-carboxyl ate. Under an at nosphere of N2,
4- benzy1-wO-200%131940but oxy car bonyl ) pi peri di ne- 4- car boxypCe/useéod/ 04028 g,
0.626 mml ), pglipgédRat{od ARE( ﬁkrt-@l@mmw—é’r neftiel 15N dide- AL QRSokaMRIce  rert-

di ssolved in CH2CIZ (10 nlL) and cooled in an ice bath. To the cool ed

sol uti on, B@WéH;(B teftiibobilpheny Gademenl)- %m@slmld)nwh@ar@dwédtedmpmsé (Orhe WO
2009/ 1319 US2009/.94 126 t was th r d mth at h
and st rr S0 A PaRsean ERA Rp U TR PR b G B3 85

an ice bath,) aaﬁl@i°6f@mmnmeaay IThéhﬁE(ﬁJPﬁ}’IV@@éd‘h@Bi&faﬁec{t@ ghe2thg ¢itlo co@poumids)thovas
added in one portion. The reaction was stirred overnight, and then washed
with 1°N hﬁfiroﬂﬂﬂﬂ%ﬁ‘n@“@|CIH@Ut@IF‘ieéﬂelévM NESOAMEHd c?&ﬁcent rated under

i)

vacuum The I‘EEI 8 . @tjp_y (ESH)

acet at e: hexane & ' ‘ - L] d
[ MENHA] - =yBpideridine-4- CaB)OXEm&tearHt(BqW Hﬁutylphenyl) 4- rnethylplperldlne 4- carboxarmde

S Ci-beme B R AL, GoLtena SRLRNETML BBt L DAL, 19 1 o1

h I I f I
R R e R g R A

react i®n mbheétm@ptatssuwa@df wealed tibewand haatdd athkﬂﬁ) “Cofoc é &thpanseéf handeiuraraeuum

re-di ssolved in 0 d rec ntra ed vvlce ive ecorrpound as
t he hydr OB‘IIICSPIWI%/I‘F%'ZII&E CIIEI i Elcga recipi @I—:?I) 8485 on of

3- (4- benzyditebtddd-THB N dion IﬁI"aI@)éﬁﬂ'oﬁIaﬁ& aﬁiﬁe@(mz o2 PiedH: CHZClz) and the

15yl ) pi peri di ne-4- car boxam do) phenyl di net hyI car banat e.

3- (4- benzyolpinped matonial @1 SC%)erwmmlmﬁ)deéWe ¢ onitaty askdibeineddn petheaol @5

0. 336 mmD t 17H— rrol rlmdlne
Lo o6 g ) gERIEL Bl GLELR BB b BN Bl Anlhe il e
I sopr opanptecipitatelyasvikiteged; Mabhgdaditiafdtcheat ddcdto gﬁ@ tHe teadoRip@ahd 1m50%

pressure vessel. The reaction was diluted with CH2C12, washed with H20 and
20 brine, Y8 -ed over My504, and concentrated under vacuum The residue was

Sol uti on 10 gi v PR TR ViR, DRSO, PSR, 1E) RIROST AT EREA B G0

MHz, CD30Q) 18),0050 @, 1:8.0 $1z, 1H),,7. zn(LSIr%HaanﬂrmHBI-i)H) 7.080Qd,(Js, 8.0 Hy, 118),8%36. 91
(m 1H), 3.97 (d, J=13.6 Hz, 2H), 3.25 (t, J=12, 24 Hz, 2I—P 3.14 (s, 3H),
3.02 (s, 2%Bign 2H).9624-3.33 $m) 2H2.2Aﬁ§(@s%HBﬂ)Z,S-%%n(%H),J-éézl.-é@(I&,,2Pi>)H)1 31 (s,
1.85-4, 92 ; +_70H13. WD 2009/ 131940PCT/ US2009/ 041126
6. 15, annre THS PENETEE N = T

esi s
3-(4- (benzyl oxynet hyl ) - 1- (5- et hyl - 7Hpyrrol o[ 2, 3-d[ pyri m di n-4-yl ) pi peridin
e- 4- car boxam dejiphe Exhmpth hiet Sipitbesibefdriethyl-1-(S-methyl-7H-pyrrolo[2,3-
d]pvrimidin-4-v1)-NV-(3-(oxazol-5-yl)phenvl)piperidine-4-carboxamide

o)
H,C o
N
N
N CH;

N/
k\I
N

A. Preparation of tert-butyl 4-methyl-4-(3-(oxazol-5-yl)phenylcarbamovl)-

H

25  piperidine-1-carboxylate. To a solution of 1-(¢ert-butoxycarbonyl)-4-methylpiperidine-4-
carboxylic acid (61.3 mg, 0.252 mmol) and pyridine (79.7 mg, 0.08 mL, 1.01 mmol) in 1,2-
dichloroethane (2 mL) at 0 °C was added DMF (1-2 drops) followed by oxalyl chloride (31.9
mg, 0.022 mL, 0.252 mmol). The reaction was stirred for 0.5 hour, and 3-(oxazol-5-
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5A. Preparation of 1-tert-butyl 4-ethyl 4-(benzyl oxynethyl)piperidi ne-1A-
di carboxyl ate. LDA (2.64 nL, 5.82 mmol) was added to a sol ution of
1-tert-buwol20eb/B1939| pi peridi ne-1, 4-di carboxyl ate (1 g, PBTAB20m0k)126 N THF
(35 rrL) a&l)alﬁﬁn&(mmﬁgd@m RS &lded raf rEthloﬁQva@"aﬂow@dﬂ% thesr Botet 160. 6

g, 3.88 nmml) was adde The reaction was allowed to warmto room
t enper at uheursafhbe ﬂh@nreqm@rﬁb}mé@ﬂ wiith bthabacerku @y, rnfrh encémen@g@lqsawﬁ wiasleed1 0

extracted t t e.orga ract d th bri dri ed
over - sor gl SR o F R IR A £ ol S REMESE, MRRRA S dofle Bl U
fl ash chr gRattiegtitipeympcdad owibic Zas Qsclaotied haklt a@phaﬂleuth@na&qamfic@u&f s d the

title conpound 49% . M5 (ES+) [MH 378. B. Preparation
of 4- (bendH +d>{M(r?é1]h>ﬂg§8-611(tert but oxycar bonyl )p| peridine-4- 15carboxylic
acid. 1-tert-Byty 4m | |3 ? AT 1y CuBotfh ipexyi At e

fromstep A (O
THF (10 rrh)solandn mﬁz%rtlfiﬁﬁj‘zlefﬁmathyli@ (B:-(bmzolza-yﬂ])q)hergdca]’ﬂmmﬁ@qiandmem -Xture was

difi d HC1 d Et 20.
Rashed v €HOBRY Hie gt HEdAGT4r MSLP2 Db redmp Leesl Underdp i 0o
afford t hGIOB(hﬁé 9.4 ?@EPH%&I@ "l?he@leac@%ﬂ()was M@n@@ﬁﬁ)ls[ﬂwﬁ}ﬂ and thetlz&%égntrated to C

Preparation of te 4- (benzyl oxynmet hyl ) - 4- (3- (di net hyl car banmoyl oxy) -
phenyl@ar Bamossl th giveehé dtlmeempmalldta@xl}d Iatdeochlwide sglb] MS (ﬂS+01[M+H] =286.2.

4- (benzyl oxymsbmﬂ )-1- terft4but acid from
step B (0.3 g, =065 = X S 9% i

N, N-di i S0FHX@BMI-ﬁ&th{e@m)ﬁl%elﬁ&lné-aEbaﬁﬂoxaﬁm&‘l mséur@ﬂéksWéé &151‘ @V&gﬂl gmol ) .

The reaction was heated at 85 C for 30 mn, and 3-am nophen
di met hy! ¢ selbéeraeft-methyhdHed oxezal theyhthenyiriperitiec- ﬁ@a@pﬂmldﬁé@dmhb@de &ongs C

for 2 hour wor S roduct
i sol ated %t%pﬁ(gg%né rdé% %{éorl)g%ﬁlgo(pﬂg&ng%@(fgﬁfﬁﬁggv Stsf'? ace aastaéid%%%anes) to
J000/ iﬂigi%é*é‘?}?wuszm“oo‘é’?ﬁﬁ‘?%la@ ot o o 'fﬂm"” oAy 0

aration
'[3 (:1 E btenﬁf’f%ﬁgh‘&ﬂhlﬂﬁl)lm%@? E;ﬂrgeﬂfgdaﬁa b’o&ﬁﬁﬂ%} Eh@ﬁwsel wiswselsg) adrtBanat e.
er uty V/ ¥
(ai et hy ] S B o L oy The rnion vgs workgdup Py pormpal meens. -
(0.25 g, OGndithemmidue wmqmdnﬁsdd)br\pe@ HRLCS@pffomﬂathehtle t:(brﬁpdn&ld amahbfﬂwhité—@hd and
stirred for twp hours. The 5 reaction mx

ur e
NaHCO3, and t helh NMRA40Q ww&mmé 306, ﬂi‘é %F%éﬁn#kl) e&é}(ic% 3l %Hé, 1H) 75
conce \% ( anl

(ESt) Hﬂggé é’@f%l‘g%?ﬁ@igbgrsg?f éiﬁf)ofﬁfo&f?,'lp%'(ﬁ. (R 142,91 1P9%Y, VB

3-(4- (beniy’v B3 Hret Hy,7)00Lcapp-dyet=Ryi6-H4AH plyr 3. 08-8183,(8y, CHI)[By38-814di(md 2K 24 el 1 di
ne- 4- car boxapj do) phenyl di met hyl car e a luton -(4-

(benzyi ox) ﬁ@?%a% ﬁﬁbgﬁ%fﬁ%?%%é»sﬁiﬁﬁ%ﬁ%@aﬁ@& et 1 8 S o1 o
step D (O¢gs -mgly) in isopropanol (5 nL) was added

N, N-diiso ro yI ethyl amne (0.167 nL, 0.98 nmmol) and

4- chl or o- 5- rrethyl-?l—l—pyrrol 0[2 3- d]pyrlmdl ne (0.08 g, 0.49 mol ). The
reacti on was hédiledEaamg venth dthiyleld (Snineth i TEADYI I BSel wi t h
brine25dried over 4mﬂm}4 Btsmwami) vidine-FHoarboxgimdde was
purified by flash chromat ography 15(40 g 5i 02, 0- 80% et hyl acet at e: hexanes)
to give the title conpound (0.1 g, 3§9. 1H NVR (400 Hz,
CD30D) 6 ppm 10.68 (s, 1H), 8. 78,_,&3 37 G, 1H), 7.33- 7.44 (m 6H),
7.25 (t, J=8, 16 Hz, 1H), 7.11 (d 18 6.91 (s, 1H), 6.86 (d, J=8
Hz, 1H), 4. 62 (s, 2H), 3.65 (s, . 62- 7P (m 4 H, 3.09 (s, 3H),
3.01 (s, 3H), 2.40 (s, 3H), 2.27-2>83 ( 2H), 1.75-1.82 (m 2H); M5 (ESt)
[ MFH] ' = 543. 206.16. Exanple 16: Byntfiesis of
3-(4-(hydroxynethy|)-1-(5-rrethy|-lt | N

N
H

A. Preparation of fert-butyl 4-methyl-4-(3-sulfamoylphenvylcarbamovy)piperidine-1-

carboxylate. To a solution of 1-(fert-butoxycarbonyl)-4-methylpiperidine-4-carboxylic acid
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pyrrol o[ 2, 3-d[ pyri m di n-4-yl) pi peridi ne-4-car boxam do) phenyl

di net hyl car banat e To a solution of

3- (4- (benzgl2000y13et4ny| ) - 1- ( 5- met hy1- 7H pyrrol o[ 2, 3- c] pyr iPEIrAiSRe04/041236

yl) pi peri (h(nﬁ%% @%ﬂ@im cﬁ!a)l&faemhe | ORI W24 RRATINF (2 @F9pS e yRidiR, (78t ep
E, (30 ny, in THF (2 nL) was added Pd/C élo% The reaction

m xture wee @199rrmre@|l) aewedy azalmlmdedﬁém,gﬂﬁ .mmpb. fhgmixterawes stirreder ed

and concen t ed under, vacuu The pr.e P
(30x250 il it 385t Tencd ﬁfﬁmt ow?ﬁ\ﬂdﬁlﬁétoihﬁ m”ti% Waﬁ%?‘?& 7% n)
to give theféid ﬂl(ﬁﬂ@ Qﬁ@@uﬂﬁlx&dre [72)3 cool\é@ cﬁ@t&ﬁlﬁﬂdﬁi&&ﬁB@fﬁéﬂﬁ&&QWa%ﬂl&ﬁ:e each

1H NMR (400 Mz, cosooa m 8. 18 (s, 7.52 (s, 1H), 7.40-7.42 (m
1H), 75 33with satjag NafgC £9 lérledl jer Mg S6n, Itﬂcoawelwed 1ifica ge

[3' ) o ancl Sty @3@4 0%“%%%&% é‘t@%@ﬁ%ﬁ? i ld"’k*%s GO

H)
MtH] ' =[M5B] 56947. Exarrpl e 17: Synthesis of
3-( :

4- (nmeth . .
-4-yl §g?pe(r):(é| 2e14 5% S P < + ©H3 H
A. Prepar gfjpQ rﬁéth 4 ?3" Eulﬁ%%ﬂlplf&nﬂfcQ%leéyl()%ﬁ?Er@&lﬁéf-frf‘éamdxm't&%m{e@ezx B

10di car boxyl"ate. To a sol uti of "1-tert

pi per @i nexgl 0 98 inveolhwry tratted QvithOH@ (440 Nﬁnrdma)lel% ;IIIHFO I20mol))in amcthapdl C

under nitro e ed, dr opw s

This sol ull BRTadESa R Sck haRI® Rug e v tohedgifussd ok ihng 1R SoRBY,

chl ori de aptha 1bsockrif WTD)quaAddGEI. T (BYsf@mES: 295 oved to varm

slowy to room terrperature over hours The reactl on was quenched W th

aqueous NH4AC1 $@sBreparation aff-sapthyl 1 sl ao¢o[ 2 3-dlpwamidin-4-vih&-(3 ganl C

| ayer was il ed ad of el, d nj ve

ayer s R eSS ) W@-su‘?ﬁam% TR S 100

et %Izliicebzﬁbexdﬁﬁ&aﬁeﬁl)st@SBQSZCh@aO .008 mrf @R 0G1- moroﬁﬁ%emye—hﬂ])pyri‘&o[QBSﬂ [MH—I] '
4. B. Preparation

1- (t er t - bdlnsxigiding 6HymE- G0l Vrdirdiigonropy by taginr(54.mg, 0.39 mmol), and

isopropanol (1.0 mL) were combined in a pressure rated sealed tube and heated at 105 °C for

18 hours. The mixture was concentrated, and the residue was purified by preparative HPLC
to give the title compound in 21% yield.

20 'H NMR (400 MHz, DMSO-ds) & ppm 11.52 (s, 1H), 9.72 (s, 1H), 8.24 (s, 1H), 8.19
(s, 1H), 7.87-7.90 (m, 1H), 7.50-7.52 (m, 2H), 7.35 (s, 2H), 7.06 (s, 1H), 4.09-4.13 (m, 1H),
3.66-3.40 (m, 2H), 3.25-3.31 (m, 2H), 3.18 (d, J=4 Hz, 2H), 2.36 (s, 3H), 2.27-2.30 (m, 2H),
1.64-1.70 (m, 2H), 1.32 (s, 3H); MS (ES+) [M+H]" = 429.

6.12. Example 12: Svnthesis of N-(3-(1H-tetrazol-5-vD)phenyl)-4-methvl-1-(5-
25 methvl-7H-pvrrolo|2.3-d]lpvrimidin-4-vD)piperidine-4-carboxamide

(o]
H
HsC N N
H \ N
~N
N

k

A. Preparation of fert-butyl 4-(3-(1H-tetrazol-5-y)phenvlcarbamovyl)-4-

NI

Iz

methylpiperidine-1-carboxylate. To a solution of 1-(fert-butoxycarbonyl)-4-
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20carboxylic acid. To a solution of 1-tert-butyl 4-ethyl

4- (met hoxynet hyl ) pi peri dine-1, 4- dicarboxylate fromstep A (732 ng, 2.63
nmrol ) in wo2oexisanel /water (9 nl) was added |ithi um hydraxiuseonmomobydr at e
(700 no) . mEhs1 éﬁdiﬁe%%%oﬁ?l@é&‘i’dt(@O(Yﬁlg,CO.ﬁP'imﬁor}?ﬁydﬁchly&t}faﬁ@@ib %&Weﬁe
cooled to room en’gerature and poured into 50 of sat. aq. NaHSOQ4. The
aqueous | agdsd DNE (8xropar estipysidite @t Byd, ldfcmmade f(Rweddy axelyl chinede bhaed
organic | gyers 2 re.washed with brine. dried oyer M504, an -
concent r aped s 156 SRR S A R SR S 48285 Dsw mineoum

oi |, whi clvavasgdedarmhi esix@ife #as §theedTex? hstus Pand 4 fiak brekipitaleformed. | TheGaixings. MS
(ES+) %I\/HrH] ‘o= 274. 2, C. Preparation of tert-butyl .
4- ( 3- (i meenfiltesdpanddhe BlaapNanyrdsd Bathold N ag HCl and bring, dried over MgSOa,

th : ARG  colubi .
1t ort DD RBHBAL] 6 Gs bR 3K Mdia 70 SrReats P attgyn =387

( me]t ?oxymejt gyl B- rﬂgﬁglzitﬂnnﬁi\ﬂéﬁdﬁbmﬁ;akéles-agbhf‘)bl\r}zbmt ﬂli&b)i@rfd?%@émboﬁar.ﬁiae.

mol ), ri dine : : ,. an catal yti c, rops) .in
CH2C12 F{éerﬁ*éytyvkéj@-éaﬁéarﬁpgsm%@%é%m%m-m%%ﬁw%@mﬁn_l;Caéb%P%%ﬁP@_
caution: exOWIRL I £h:20AhhieY) WASraKRE PTITHDNN APdoxkRCoBEREL ANy IWAFoP b T e
at anbi ent tenperature for ‘30 m nutes. 3-Am nophenyl 5di nethyl car banat e

(475 Yy, medBnointBl0)mivhasnditréd 4t 0 §adopdl mimrest Ol hehmistisovas conveaimaded ta gived

for anot her m nutes. The reacti.qn s quenched .wt r queQus
TSR St At Rl R RN BT S e
The conbi ned oCgpRiperatiay 6F §-(38N H-14@SAES-WidhBnH§-40eth L i -enRuR-7MISO4,
filtered, and concentrated under vacuum_ SiTica gel chronatography &50%
et hyl acep@ie {hvsimidinghy e acthqaroxamigs: @-(lﬁ%rag@?l-gwb)@ll@}')'r‘bld

for two steps).. .E+ MENH4] ! = 4 D. Rr ti-an_.nf

37 a- (et RER RS saseb R rom el B0% g e v D PRELR Sl Bt 7o
Phany| Gor Doy - 4 et Mo ek ) BeT AL bt YL at . (ot gD ¢
(1.03 g, mrrso;l{mrgpapﬂl (ﬁ&mhh&pgﬂ%ﬁ@ﬁm&) WergCammEd im a pressyra tatedh sqated

di oxane, %lbg‘a)dd géfeﬂ@d LERZLCR, 19 hd@S Wﬁﬁ&ﬁ&r&% wad c&léeﬂ&%}%%gﬂy fhe REdud REQ

concentrate nder vacuumto pro e title conpoun
hydr ochl opurd@cdsiat prepfeBvé HBEL th Mistd] thetiB8601@pound in 4.3 Reldpar at i on of

3-(4- th thyl)-1-(5-methyl-7H | o] 2, 3- di imdin -4-

J1) i per 1 i o 39 SO A Vit DINAQ <ok REPrh)ar MRS (Th R B 4P

3. (4- i A : . ,
from 2 ep by b KNSR 60 Ffite ) £a0 POy and | TBE AP POSRELS:

i sopr opanBle4{B7n), 2A)s 2 adde 3 H); 2.09-Ar33-(bn, 2Bt hY1L(s7 BHpyIr6o1 6D 2m32H), dy34i (37 di ne
397 : 37 : | ti i Xt heated to 110 C i | ed
( ny gHPNgﬁ#l}@ﬂﬁbre ction m xture was heate o] in a seale

hi gh- pres T Ugrs, during which tinme the m xture becane
honbgenous. The reacti on was concentrated under vacuum and purified by

silica gel chrgngt ogkanie {3- SIRIBINSNRI4-GHREAA) (5-Heth7eAHGEr oS 3Was hed
wi th cold methanol g yein P4 viipiBdiht Ul bORRA0T i, Pt iHramaie! | d

(462 ny, 42%yield): NVR (400 VHZ, DVBC- 00)
(br. s., 1H, 9.45 (s, 1H), 8.18 (s, 1 7.54-7.57 (m 1H), 7.47 (d,
J=8.84 Hz, 1H), 7.29 (t, J=8.08 Hz,|1H) 047(s, 1H), 6.81 (dd, J=8.08,
2.27 Hz, 1H), 3.68-3.78 (m 2HICZ ﬁf% (s, 3H, 3.21 (m 2H),
3.04 (s, 3H), 2.91 (s, 3H), 2.34 (s} BH), 2.22-%.31(m 2H), 1.65-1.78 (m
2H); M5 (ES+) [MrH] ' = 30467. 3. 2009/ 13194 |ﬁ;CT/ US2009/ 041126 6. 18.
Exanpl e 18: Synthesis of N cHs
3- (44(2- net hoxyet hoxy) met hyl ) - 14 hyl 7H pyrrol o[ 2, 3-di pyri m di n-4-yl) pi
peri di ne- 4- car boxam do) phenyl dl\\ma| hyt car bamat e
N~ N
25 H
A. Preparation of tert-butyl 4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-4-

methylpiperidine-1-carboxylate. 1-(ter-Butoxycarbonyl)-4-methylpiperidine-4-carboxylic
acid (67 mg, 0.28 mmol), EDC (64 mg, 0.33 mmol), HOBT (45 mg, 0.33 mmol) and
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5A. Preparation of 1-tert-butyl 4-ethyl
4( ( 2- met hoxyet hoxy) net hyl ) pi peri di ne-1, 4- dicarboxylate. To a sol ution of
1-tert-buwol20eb/B1939| pi peridi ne-1, 4-di carboxyl ate (2.0 @CTUS300witpe i n THF

(70 m) aﬁlch@oe@héﬁﬁg2 @qgl?)jw%(%ﬁﬂﬂ!bﬁﬁdlt@&\p%éﬁlre Batbd SHal RSubdRHdiRicAIfEIHU S he
t enper ature bel ow he m xture was stirred at -78 C for 1 hour.

1- Chl or onmlm}o&fgnmphmxydlmeﬁaﬁ@rlqmm(fé) mg, @2Hmol) wasaddgdemddhopiitse whi | e
mai nt ai ni n & 10b ow 75 C. The Xt S t|rre
Cior 3 noo boed FBREOLI ity T s Cel SR Linpherp R Glos ™0

over ni ght ¢- 2'F/thdOH(UHz€12\)V&Sg1leﬁftQh&Cbomﬁohnd§ﬁi50 BeyiclIHABL (Fe8ve) [MGEH]éetm. 3
tines vmth Et OAc. The organi CS were conbi ned, washed with bri ne, dried over
I\/gsm and conE 5~ r.I"'..-V HPNn O 3G alzlofly _I.' all ’:.h‘z-lq'a. ACKSLN Rido P POCTHY ['V _; R/

acetate: hg P‘Bﬁl? 451@38111{6?%'1&&%a{rﬁoﬁm&wﬁ?ldafbagz%)y4 ﬁleﬁlylﬂ}@er{(ﬁ% ) cLMBkgflate =

346. 15B. %r epar
1-(tert- bﬁbnus}qut(ﬁ@yﬂg)s (mf(&mrmﬂjmame&almix\yﬂtlpHﬂéM dinirdlexane . boxyl, 0c9aci d.

1-t t - But th th t t di -
i car boxy M) Fripstael bt A A g0gC 1ot 4 Bovimolt e Wb win Gaeqithedp et 62g.
26 mol ) {ifle 85860 o %1?@ Mo&’l%d@as%ﬁﬁn g@eﬂltlfgﬁ)ve %’iel@OM@ (fE@[F?] hG+pguL s The

and was

m xture was cool ed, dil uted vmth dICh ed w't h sat. ag.
NaHSOW The aqUedlspap imet-hane (3x),

and the organic re orrbl as.he th brln drle .ove 504, and

concentramw&egg@%m%% ?1(%1?}6\}3' Pférll({i ( ES+)

[ MiH = 33&boxamido)pkeny? Hﬁﬁ@ahﬂl@hr@@m@tfe figph Ete?lﬂ(ﬂb mg, 0.14 mmol) 4-chloro-5-methyl-
)

4- ( 3- (di net hyl car banoyl oxy(z1 enyl car banoyl g\g
met hoxyet RExapyisilgldBrdipyemi @Qa%cmg/IOaw mimelaNg\oHiiapeepydgthylamine (54 mg, 0.41

1-(tert-but b d
v om st ep R0} 84 S3Bbhch 8imE P AR ATOOMRREE S G Rb A ot
20 i ) ao@°Orr 18Chddbs. Mihe, mﬂ‘x@lrbmedomen@maﬂ Yandeld esidde wad p&ifigl byd. 1 mml )

The mixture was stirred for 30 mnutes, and then 3-am nophenyl
di net hyl CHWB%%EY%HH%CQ@ give the gie ROBPYUNAEE SaYcg8ld. The mi xture was stirred

HCL and once’ wi Lrou (il SR (S SoBb TS BET B0y BHETAR Gk sy

and concemHy,at 0, ISi8landd 6Ged, IBII)rDOf&i, QH')@WMSQ(&%IH@@-WCHSSI@ 2H§>,\Be37t-he
title conmpound in 88% |eId A S!ka) eparation
of 3-(4- (34 Kyet Hobey i) éé)rh(aﬁ{& Ad 4, a%rﬁ@@)‘&?r(@mZIH) 175 181(rn 2H),

gl ?gt%wd: (r:rg'[ E?F%&ﬁba {%’S Et%ﬂp%gnyl car banoyl)-4-(2- 5

met hoxyet hoxy) pi peri di ne-1-carboxylate fromstep C (2.1 g, 4.4 mmol) was
treated wi th Hel4(4EQadplalHi hesis of B (4vhenZRAP-1 thiyk7 ob[2.320 nl) at
50 C for 30 m nut esd|phiimidincdulpipaidioodaanbsaintidolshegvldinidigyltartbagmate
compound as the hydrochloride salt in quantitative yield. M5 (ESt+) [ MrH]

= 380. E. Preparation of o

3-(4-((2-nmet hoxyet hoxy) net hyl ) - 1- (5- net @ BLU r Q_.ho[ 2, 3-

10d] pyri m di n-4-yl) pi peri di ng= 2CaPkoXa pbenyN P et hyl car bamat e.

3- (4-(2- Met hoxyet hoxy) pi per ldide{4- dafboxani do) pheny! di met hyl car bamat e
fromstep D (1.82 g, 4.38 mol N
4-chl oro-5-net hyl- 7H pyrrol o 2, 3-c] pyri ffidine (0.73 g, 4.4 mol),

N, Ndi i sopropyl ethylam ne (2.8 g. R , and isopropanol (50 m.) were
conbined in a pressure rated seal ég and heated at 115 C for 18 hours.
The mi xture was concentrated 15 andNchmionat ogr aphed (5i 02, 0-5%

MeOH: CH2C12) t % g}e\{oaelrattlon o% ter} gut 8#29?4 ( 9 ( 8 metﬁxxcarlbamovloxv)-

ronet ha

25  phenylcarbamoyl)piperidine-1-carboxylate. Under an atmosphere of N, 4-benzyl-1-(tert-

butoxycarbonyl)piperidine-4-carboxylic acid (0.2 g, 0.626 mmol), pyridine (0.202 mL, 2.5
mmol), and DMF (3 drops) were dissolved in CH,Cl, (10 mL) and cooled in an ice bath. To
the cooled solution, oxalyl chloride (0.06 mL, 0.688 mmol) was added dropwise. The
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1H NWR (400 MHz, DVMSO-d6) 6 ppm 11.48 (s, 1H), 9.43 (s, 1H), 8.18 (s, 1H),
7.52 (s, 1H), 7.44 (d, J=8 Hz, 1H), 7.30 (t, J=8 and 16 Hz, 1H), 7.05 (s,
1H), 6.8IWOap0IBs®4biz, 1H), 3.68-3.76 (m 2H), 3.67 (s, PHr/US0085483268 (m
2H), 3. 44rQchih ¢H thgﬁi}em&lea‘fro%iﬁl@ 1&6‘1!)2&12 'Zhd stﬁre%i%t@@om@éfﬁ era?tulcé‘kof §O nﬁgﬂ")The?— 91
(s, 3H), 2,35 (s, 3H), 226 (d. 2H), 1.69-1.76 (m :

(ES+) [ |\/|+1=qact10n:w5511jp c@le_’(_ign agx@d:mtlg am@ 3- a@yn@pﬁ@gylsdlmfethylcarbamate (O 112 g, 0. 626

3-(4-((benz X nyl am n
oot iyt © o AEPXE AR LATRIRMECTRY teh P yimod oxerpieht, and thon washed it 1
di met hyl cardpme and brind 2fed Br&dE80), @Ad @I)ncibntr@lfeﬂ ubhddr WactmireThy/ tesidue was

4- ((benzyl oxycar bonyl am no) met hylzpl peridine-1, 4-di carboxyl ate, To a
sol utidn peri 1eq1@fqlhme>}|c OIS hy/ethyl acetate:hexanes gradient) to givé the title

(am nonet ¢ e_(8,300 g, 1.1 mml) and

N, Ndi i sop?%% @1&8 gﬁ%nﬁ%ﬁ g‘”%%@?ﬁm%@ﬁ 5%9) in CH2C12 (5 nL) at O C was
added benzyl cBl d]rafamtmtcé 3-(FHenr @dapetidincvesarisdxianti édplangt dingliyicabanitben
dil ut ed 2C12 .and wa 9/13 94 PCT/ US2009/ 041126 with H20
and brine nWITO&rSP OB%F@FTVB@E‘IZP%%Y%{%@WW@E% UYAMPXY)acuum The resi due was
Pt e conpr gy raIae araaiie hbrhftn ATIFRC8. GRSEhRR g MeOliE, on°
of 4-1Q benﬂ.ylvmsytddﬂ(b@MHé}hunbg)mlﬂ)ﬂl QSOIHLI E0Q mmol) The reactlon was heated at 50

5but 4- id. f 1-tert-butyl
Ao AR DR T g e S b ds e M SRR s bt ace
from st epcdhdentrated Jﬂﬁe@{o %156 fﬂe)tltbé@%g%@ﬂ@djas]{hyh%ocm% . BVES (Bb+) I_P/lﬁﬂﬁ =

mol ). The reaction was heated at C overnight, acidified to p wth 1
N agq. HC138%nd extracted 3x with CH2Cl2. The corrbl ned organic extracts were

washed wi th br bnq’renarctlo% 0('11\56(!’4 bN% 50146 %1 lqu?g L&E%Mum 10 to

give the titl e ~tonpoun W Che WA —Car T et onerude H = 393.

C. Prepar at)m@snmheﬁafatbdaumydo)ﬂxe&l(/b@ﬁwivw@yw@@ Nyt mg)pipdrivihd-4-4- ( 3-
(di met hyl car banoyl oxy) phenyl car bano ?) eridine-|-carboxylate. Under an
at nospher gargpxagido)phenyl diméthylcarbamate (0.140 g, 0.336 rnrnol) from stép B, 4-chloro-5-

4- ((benzy r ( 4-carb
oxylic acﬁ%%f@%l@‘g@%ﬁ%%@ (F&g(f-n& gtéﬁ) pyri dllvﬁ{el% %%ngg{h#@hﬁf;

nmol ) and((DM%I@B ﬁﬂbm@ol)ﬁmﬂnmpcbmﬁoﬂ (Geall) \mereldaﬁibﬁle(ihﬁdhba)temtdl%k?o} ed | n an
ice bath. Oxal chl orlde .0 0. 733 ded dr.0 e to the
sol uti on. 0%?{@%%&%}& I?%W“Wa‘ée tihonhs BRBIRTVEY Q}ﬁﬂ}m%ﬂ%@ @ize waghed V@V‘% HrQand
room »@NPEHA, lélh%d B%r Mgs@!. RHY 88ncehffel BRE: 'v@Eth@STﬁeeregfaﬁé Qs | tdkeRtp ifRotbat h,
and 3-am nophenyl hyl car bamate (0.110 g, O. mol ) was added in one

portion. Tthenoldhtr |Idlvprvmhsg,| the pepdootenredipyiteted @Lﬁd)f Bcbiehomglwthﬁ titleaq. HCL
and brine, dri e % pver. Mg504, and concentrated under vacuum The residue
was purlfF%IB Illéaw@lg chromat ography (ethyl acetate: hexanes gradient)

to give the ti lﬂl@@MRf{@wm{z CDLe1)0 it -8, s ( B9 ). 1M Mg, 8H)—75)6?{s ), D

Preparation of 3-(4-((benzyl oxycar bonyl am no rret hyl ) pi peri dine- 4-
car boxam @88ghengmh, IdDneORyd,.dad barki, @H),Th2 a(tsbildt24diz, dH)IbM (aty)3.02 (s,
25  2H),2.96 (s, 3H), 2.40 (s, 3H), 2.40 (d, J=14.4 Hz, 2H), 1.85-1.92 (m, 2H); MS (ES+)

[M+H] =513.
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25( (benzyl oxycar bonyl am no) net hyl ) - 4- ( 3- (di net hyl car banoyl oxy) phenyl car bano
yl)- piperidine-I-carboxylate fromstep C (0.245 g, 0.441 mmol) in MeOH (2
m.) was awoedoss13mM4biCl i n di oxane (0.331 ni, 1.32 nmol). PChAS2@a08i1060 Was
heated at 50 Cgfier Exhple 18NGyviitheds 6OEE M2t Bevmea/!)- VoS Hibthyllgydi ssol ved
in MeOH and re-concg 91 rof[ 8- 4 A Sfnidin- Aﬂ'vﬂﬁlgﬁﬁﬁiné-& 'c&r%%ﬁﬁ#?#h%ﬁlt ne

hydr ochl ori de salt
3-(4-((benzyl oxycarg'orry'h arh Iﬁqﬁj_Ih yl)-1- (5 met hyl- 7H

pyrrol o[ 2, 3-di pyri m di n-4-y1) pi peridi ne boxam do) phenyl

di net hyl carbamate. 3-(4- o

((Benzyl oxycar bonyl am no) d{}wﬁﬁdo) phenyl

di et hyl carbamate (0. 216 rom step 3

4- chl or o- 5- et hyl - 7H—pyrro| , 3-d] |md|ne(0 ]/'IB g, 0.441 mmol),

N, N- di i sopr opyl et hyl am ne (O. 230 m., Hynol ), and i sopropanol (5 n) WO
2009/ 131940PCT/ US2009/ 041126 were c d and heated at 120 C overnight in

a pressure vessel. The crude reactipn sydiluted with CH2C12 and washed
with H20 and brine, dried over MgSOf,N"anfy concentrated under vacuum The
resi due was purifi ed by silica gel chr omat ogr aphy (NEO—l CH2C12 gradient) to
gi ve the titl eAcBraparatidn oh 1 FaubyivéHetthyd HH{OMMRI gt aoeH).4-6 ppm 8. 18

1 7 4 40 ' :
10, 6 89%&@@@%@)6“ kS ot B 3% utob g Py TRl
§H)12 I?:|Z 28 fpeﬁdméﬂM aid)mboﬁyl?;te(@ ,g, §|8|B ,mrﬁol?gl THF (§ﬂnL%%t 43 93, TM&%@E%S( d,
6. 20. Exaﬁtg)'r@ fpp: 30 gynbtqméghqp ]@@MCI (O 6g,3. 88I_r|1)1m01) was added [The reaction was allowed
3-(4- A 3- d di ne-
a- ((:ar f)g)r(nam \g%%l‘d]?{' eI)rol)Ol tgélﬁgﬁhl?‘ry ng %ﬁg@ﬁeﬁ&&i [vﬁth aq. Nﬁ/t’l nﬁ"ﬁ’é Qqu%oé(d l)a%rRr%sl I ne
3- (44(®BenzyttexylositbBIYAanind cﬂ)ermghmb extiact ﬁfaﬁraﬁahheld -wikh By, atied dves Mgy, bid di n

-4- vyl ) pi peridine-4-carboxam do) phenyl di nmet Icar bamate (0.140 ﬁ@to'- 239
mol ) f r ofERRPFEUAdT gacimp Tl repdpewes oy lty @é&hr%m%ra%mﬁ $i®a0l (5

m.) were | h ction
was fil te?tca1 /I rougﬁgte}hl)é?{%g)etg%ﬁ?gdn@r%??lgdg&hdﬁd(\39ﬁ%um@aﬁjf &) H?ﬂv'g

neut r al ph%&e prep HPLC to give the title conmpound as the acetate salt in
52% yi el d. : (T, . 6 Hz,
1H), 7.18-7. 1926wl S ‘ g A0 BELRE - oH), 3. 20

(s, 28, ZabB8lifcaclf 1the8t’-B3t%rl @ e{'f%nl 4E{Bgnzyloxyrnethyl)plperldlne 1,4- dlcarboxylate from
step A (0.500 g, 1.3 mmol) was dissolved in 1 N aq. LiOH (15 mL) and THF (10 mL) and
was heated at 50 °C for 24 hours. The reaction mixture was acidified with 1 N HCI and

extracted with Et,O. The organic extract was washed with brine, dried over MgSO,, and
concentrated under vacuum to afford the title compound (0.3 g, 65%). MS (ES+) [M+H] =
20 349.

C. Preparation of fert-butyl 4-(benzyloxymethyl)-4-(3-(dimethylcarbamovyloxy)-

phenylcarbamoyl)piperidine-1-carboxylate. To a solution of 4-(benzyloxymethyl)-1-(zert-

butoxycarbonyl)piperidine-4-carboxylic acid from step B (0.3 g, 0.85 mmol) in isopropyl
acetate (10 mL) was added N,N-diisopropylethylamine (0.165 mL, 0.94 mmol) and HATU

25  (0.94 mmol). The reaction was heated at 85 °C for 30 min, and 3-aminophenyl
dimethylcarbamate was added to the mixture. The reaction was heated at 85 °C for 2 hours,
then worked up by standard procedures. The product was isolated by flash chromatography
(40 g Si0,, 0-30% cthylacetate:hexanes) to give the title compound (0.25 g, 57%). MS (ES+)
[M+H] =512.
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2.96 (s, 3H), 2.83 (s, 3H), 2.27 (d, J=14.4 Hz, 2H), 2.11 (s, 3H), 1.72 (t,
J=10, 20 Hz, 2H); M5 (ES+) [MrH = 452. WD 2009/ 131940PCT/ US2009/ 041126
6. 21. Exawpl2e092131948ynt hesi s of PCT/US2009/041126

3- (4-((dimet hybarpre&mﬁinwslf4l(bé§zvﬂ'&$vl%thxﬂiﬂwewdme04 -arBo b jpRbskiin- 4- y1 ) pi p

eri di ne-4- car boxam do) hen di met hyl carbamat e 5To a solution of the
acetate séImeth\flcazbamateamrh H;ﬁbgnzyiloecsméréwwy‘&(%—k pyrrol o[ 2, 3-

d] pyri m djp-4: i ca box ca r

ey ol B A BB A RE R Rl R SRRy L
NaBH3CN ( ZindolyWas @is&’-fé’edﬁﬁﬁslobrdﬁﬁﬁol@.dﬁzﬁéd f)v(ilhflﬂﬁ (Hﬂly ded 630 foh twi Bourd STHA,
0.064 mol ). The reaction was stirred overni t hen concentrated, and the

resi dud WERSCHRIY Miiteig W5 agivsfsdipptd 1-8osthose CI’B d sy pptractsd with Etgdde Thon: H20
10 mM N :
((: onpoun dl—i?% A exég(ac re c‘h cé‘k{/a&%dmél)sdefﬂ%u{é%g? %\le tﬁgﬂtlé Qorgfaéltﬁld (69 gt 'lbd)%h N

(400 MHz, MSEH}))[MWHF&IIB (s, 1 H, 7.51 (t, J=2.02 Hz, 1 H) 7.37 - 7.42
(m 1 H, 7.34( . _
3.89 (d, J=13.

gparaji : h-d DT 3
’ 2 72 (% 1ne d C e d d 'a n -(= 42 3 41
E)lz 22 ﬁsvl)p?o H)d ?4 §a§ng ‘ﬂxﬁd&ﬁsh nyt qh%'théh%bn%@e&zgl% Ss&ﬁgt%eé}g f

3- ( 4-1@- ( daeneylhwrmrﬁlyﬂaplpmﬁyhe) 4ba(t5xamtdwypheﬁﬂpym|edllyh{aﬂqama¢h[ fvymistapdd (0.2 gy ) pi
per i di ne- ﬁ_ 5 bo ?Izrenlrsgp%ﬁ )61“]&5 ms am{e(f: & rI\P8’11soplropyle(fﬂ{farmne (6j_|g7 28@8

Preparat i

4-(2-(di nﬁﬁﬁm}a{ﬂﬁ@hlﬁdﬂﬁrﬂ JFIEWH gyrﬁ‘@loﬂzﬁ pﬂhﬁéfn@?@ﬁg%t@49ﬁﬁn@) SPhat i on of
l-tert-butyl 4-eth pi peri di ne- di car \élate mmol ) in THF
(10 nl) atcact® Canenteod8d °@r0cypm1§é difyped with h@Ac,c\ymh@qln@/xtaﬂv@neermd ov8r
nmol Af J440 m nut e e) NN—d 370
mo % " VB Rl gL Pl B bR Rl oY PRARR R

at -78 C, (4d‘§81(192l OQWdethﬂacé(@e.B@%éé)&&%MREE’&M@Z&B&@AZ(@Z@ B8YM t O room
tenperature, stirred for 2 hours, then quenched with sat. 3?\% NaHCQ3,
diluted with EUHABRKARHNMHACDHOMIOS prag 10.K8 OB She B i Hb 83 tsh1Bhdid3-

tract MgS d
vas. pur 1170 G5 SRS LI ERR Hgr Aihg (48 5263 L Sh ey TSR 0T B gt ve
the titlelEpMp6RNY 213286570 210),3.60v8175 (BOYH)AS 02 (s, 3H), 3.01 (s, 3H), 2.40 (s, 3H),

2.27-2.33 (m, 2H), 1.75-1.82 (m, 2H); MS (ES+) [M+H]" = 543.

20 6.16. Example 16: Svnthesis of 3-(4-(hvdroxvmethvl)-1-(5-methvl-7H-
pvrrolo|2.3-dlpvrimidin-4-vDpiperidine-4-carboxamido)phenvl
dimethvlcarbamate

N' CcHs
N /
k|
N
To a solution of 3-(4-(benzyloxymethyl)-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-
25  yl)piperidine-4-carboxamido)phenyl dimethylcarbamate from example 15, step E, (30 mg,
0.055 mmol) in THF (2 mL) was added Pd/C (10%). The reaction mixture was stirred under
H, at 60 psi overnight. The mixture was filtered and concentrated under vacuum. The residue

was purified by prep HPLC (30x250 mm C18 column, 10-100% MeCN:H,O (10 mM
NH40Ac), 18 min, 45 mL/min) to give the title compound (1 mg).
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5 vyellowoil. M5 (ESt+) [MtH ' = 329. B. Preparation of
1-(tert-butoxycarbonyl)-4-(2- (d| nmet hyl am no) et hyl ) pi peri di ne-4- carboxylic
aci d. 1-twote®ut3yd404- et hyl PCT/US2009/041126

4- (2- (di met hyl WN’MRZ%O’M}E! Q@g%)%eppl‘n é‘l@'(ﬁlm@ﬁk?ﬁt @Hf)rﬁim -7"49Rm°\1f%1?28 ng,
1.0 nmol) was treated overnight w'th |ithium hyrdroxi’de nmonohydrate

ny, 5 molB3i(h J48,1 6EHHEHRD0( &, AH), (a$7 6D C=8 Hhel HpdddiH80 (m2H)adl7éds,t201)r oom

10 tenper re e alized 1 1, an oncent rat
under vac%#i3 %G‘" % édée(‘%éiﬁpﬁbb ?Si %Sgi%gegﬂhé% @n@* f%/g[ﬁhﬁ%;leﬁfg] ce
to gl ve ths, gpgh@s(:ggmc[mqi(ﬂ:%gng, 64% as a white solid. M5 (ESt) [M+H
Preparation of tert-butyl 4-(2-(dinmethylam no)ethyl)-4-(3-
fd| nethylcarba 1-(tert-
15But okycar bon?]l% -
fromstep B (100 ngp ' ) : arh SLC
N, N- di i sopr opyl et hyﬂmthelcaﬂ)alﬂﬁerrL 0. 67 mml) were sti rred i n isopropyl
acetate for 10 m nutes. 3-am nophenyl dinethylcarbamate (90 ng, 0.5 mmol)
was added, and the reaction was stirrged & 5 Cofor 2 hours, cooled to room
tenperature, stirred overnight, and t en‘ute wWidyh Et OAc, washed 20wi th
sat. ag. Na2COB and brine (w ft (nOb Nira |0n) N rfed over My504,
filtered, and concentrated under acuu to give ¢|-|3e title conpound as a
viscous oil. M5 (ESt+) [MHH D. Preparation of
3-(4-(2-(di nmet hyl am no) et hyl )p| per| | nef & car boxani do) phenyl

| ox
Ey p

hen | car bam)yl pi per i d| ne-1 -car boxyl ate

di nmet hyl carbamate. Crude tert-but - (di met hyl am no) et hyl ) - 4- ( 3-

25(di net hyl car banoyl oxy) phenyl car pi peri di ne-I|-carboxylate from step
Cwas treated with 1:1 TFA: cHec12 (M. 5|-rrL) for 45 mn. The reaction was
concentrated undey. \ d L ! eQ gp HPLC

(30x100 mm Cl18=t¢o /mn.) and
I yophl(zed dicarbakyiatel Wﬁ)lﬁt[dnlcﬁ 1cgmmylch étﬂlyl%)lﬁ@‘)dlﬁél uktecaTEdkys&aé 11.0 ¥B>1.0ESH)

[ MtH] 363. 30E. Preparation
3-(4-( 2 ( B WyTIéﬁi@fgl)"M A% £l wlepaitipgen was pddedsireippisgLDA (1.5 M in THF,

1 di d h t I
ez (b s D R e O g k™ o mpure
di met hy| carchmxgmethiyt drfosde(®. Om] T& S myhoass adddal. iéhd systtin was allowed to warm

4- chl 5- hyl - 7H- | o] 2, 3-d di 50
N, N di | SopPY] tTOerPﬂ‘% ﬁgrrét%(&&efi h?lLuPsy : THRSPARtIPR Wog gﬁwgﬁiwmug%@m%
heat egs at {0 ME AR IBNULORETA USRS Ofild &8 afrc | Bfer %ab@ﬁé@oveﬂﬁﬁoaﬂ eagiiten

was cooled to roomtenperature and concentrated under vacuum The residue
was puri f gedarglthp selpeiPer@o {S0wto0vaomnu@l 8 he ditlerenmpd 0nd7 6§94 mblemdm@csﬂ(@(gew

o) ae ¢ nébiaeectiny S dnd 2%@%(9%%?%%5%&‘3@%%5@5 o g B Sy
7.52 (t, ?agHTs:lglngH) 744(d,J808Hz 7.35 (t, J=8.08 Hz, 1

,701 , 6.91 (dd, J=7.58, 1.77 Hz, 1H),391(d J=13.64 Hz, 2
3.37-3.30 BmPrepamtlonQ)f 14 tqrébumxmarbcmvh)ﬂ (methaxymethwl)-vmerldmem;a (m 2 H,

2 58 ﬁ(i/s ?%Mﬁi‘% To ] éoi]étifm o_Lfngr%f bu%égép efhPI124 %et@&%ﬁh&l?@%é{@ ne- 111 89 (m

3 ( 44( 1H dﬁhﬂ)@iﬂh‘t@‘fr(}fﬁ »EptAyi3Rnig, Q%Sniﬁhhy)l in 17ethytol/@lager (9 mL) was added

[ 2, 3-d] pyr| m di n- 4-y| ) pi peri di ne-4-carboxam do) phenyl di_net hyl car banat e
lithium hydroxide'monohydrate (700 mg). The mixture was heated to 75 °C for 1 hour. The

reaction was cooled to room temperature and poured into 50 mL of sat. aq. NaHSO,4. The
aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined organic layers

25  were washed with brine, dried over MgSQ4, and concentrated under vacuum to give the title
comopund as a viscous yellow oil, which was carried on to the next step without further
purification. MS (ES+) [M+H] =274.2.

C. Preparation of rert-butyl 4-(3-(dimethylcarbamoyloxy)phenylcarbamovyl)-4-

(methoxymethyl)piperidine-1-carboxylate. To a solution of 1-(tert-butoxycarbonyl)-4-
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A. Preparation of 1-tert-butyl 4-ethyl 441-trityl-1Hi m dazol-4-y1l) nethyl)
15pi peri di ne-1, 4-di carboxyl ate. To a solution of 1-tert-butyl 4-ethyl
pi peri di nr€oR2peb/13d440ar boxyl ate (360 ng, 1.39 mmol) i n anirgarusaeDHE2¢ 10 ni)

at -78 C ypas h@ﬂfiiﬁéilrlnﬁ idedidiheM-Ourfédy yhc:hcig7frcfﬂ} ste C§ Bg(mg 2‘1?3%%13%}%’&1&6 10

mn. The reaction xture was stirred a 1 hour

4- (chl or offe8hil) 10.52 mmell.- aanMFdfaaz@iV@c @atrops&gn CHBCQ (ko) was aaté@ (5 nL)
was added sIowI The re S Ilowe to to rog

Fampor at uf 2P EHPREEIL A8 e i o i P i ' BRSE

ext r act edswistded FhO Aaclodxd} skitrkd afl: &tﬁble@trtbmpadmé BRB0Gnia¥tcs agtAsminepleenwhshed
wth brine, dried over Na2504 flltered and concentrated under vacuum

Puri fi2at ﬂwtwc@rb"‘mﬁ (48 et Ghd wphydded on swmpEtionte tiscahuion aaf séirerkd
the titl f
1- (et elr t- gut oxycar A\%’% ?%‘}@iﬂofl M%ﬂ_(l %azol thﬂiatuﬁ?gcp%gleo% Nﬁr@pgﬁﬂﬂeon o]

met hyl ) pi p@rcods hgeﬂwmafmraxtyﬂ mthzm]nﬂ acdieted3 scﬂOuﬁLp AT'taf commttimadt orpartiy layéeset hy|
441-trityl-1H m daz nmet h i peridine-1, 4-di carboxyl ate frgm step
A (330 my Vet Bashy lt)h hﬂﬁle ricdpve a@@@f ec'i (@06 Cagenifakd Jad ey PHSE ny,

5. 7 mol ) o TGRS EHPE 1588, ERTI 4Rt ﬁ&%ﬁés&&%e& huwed db%g%hﬁ& GPAVRPF! ON
to produc? then concentrat ed” under WO 2009/ 131940PCT/ US2009/ 041126 vacuum

di ssol@edyichl fvatweo st@BS)WMS (E&*t)t[MaﬂNHdd #638H 5-6 with ag. NaHSO4, and

extracted V\nth'];etﬁgl atcetg ( ¢ mﬁ? he c.rrbl ed or ga |chh ses were
washed with br ‘ SR PERHEES PR AHARLIRE uum t o gi ve
the titl edﬁ%mbmﬂarﬁ%?ﬁm soﬁ@l%ofk@t blEpt)-(1- Mﬁhﬂethylo‘é%n?oylo‘ég) Pr eparation

of tert-butyl 4- (di ne | car banmoyl oxy) phenyl car banmoyl) - 4-
trityl- 1kph¢nybraf®m04d)y4 A e le s @e-ixe@aomw fire ST 6 Eot &Fon of

1-(terthbu ar tri

ottt ) o BERHERr RO 1 0 G il bl T (aRudBRSin 5 Uphane, 2 gn1g. hirgaction

i sopr opyl wachéasEat(5d °m_f)or Wb, aﬁldiﬁténldéﬂ'dén(ra%a uﬁaer VActian E61Proyidanik title
NN—dllsoproperthyIamn 205iu he m xture was stirred for

5 10 mi n, SREOUamthpi Orﬂjrerf’élthM%%ﬁSBLéMJ@](Ié%ﬁg 0.6 mmol) was added.
The resulti ng g opt.us, g%@%agﬁ: Hﬁmﬁhxgure
was diluted w tf 0 0 1O

over Na2 5014pmémd11he443ﬂrboaanh1c&ﬁﬁmm dlateﬂdrlmMate/ aCola rsvoluﬂih@ of ®g4-due was

fied I 0% Et OAC ord th
PrEl e conpbehormasiRipS i T chmog sty IR ety rgipupiics Som erBad o § on of
3-(4-44 1Hmzmdﬁ§@p%pﬁetn§mﬂi%{élﬁzlmpl &S PP As GREASAE HL) wROEIMEH 4-chloro-5-

di met hyl carbamate. "To a solution of tert-butyl 4-(3-(dinethylcarbanoyl oxy) -
phenyl car b@ﬂu&-ﬂ)‘l—myr(qldpt} ilpytimidine (A9 amg| 2. 3 lylh)Oth)e tFhelrpgitioe mldiun@was h@iltd:dox yl

ate from 180 i.n MeOH (5 C ane
Ty, The el bt D e R S b7 Wttty fils e Ml R0y *
under VaCHélrﬁb éﬁ'@@s I'ed RUGioasasionsaltved dnde2icEliBAGd pariflkd by M\m@ga with aqg.

NaHCO3 and br| ne, dried over Na2504, filtered, and concentrated under
vacuum t ochspoateesanhlié3 B H@th@bﬂlﬁféﬂzﬁlz)( gherpgoduggwps wiehed maHh cqldmghanokso

37(2 42%% rovu% thg) 1ﬁ\g g&ﬁ§ a51 oif— glte sothﬁi );|46%m_gp42% gield)[ 2. 3-
¢/l pyrimdin-44 %MHtenMscar Z@pinda @fll@lln@tmdq Janggse
253p%/4| ((1IH-| dezhi\)?g}m ] rret hyl ) dﬁier@?ﬂ& n%am c§r t}ogam dg H?] MS ),

di net hyl cadBah@t enflitbay §t7éﬁd) JBS(&‘} H)07.82 ¢, fmied§ Hz, 1H), 7. 04 (S 1H) 6 81 (dd,

4-chl or o- r

N, N-di i sogr%rg%/’%#hgl?alm 5%%%[3?%%% %gg}(m%ﬁ §§6 «E:ggcg: g‘b3?%lewﬁ)f%§ggdpanol
(0.5 ). 3Mhe.9iegUBH), rzg34rtsxﬂwezm31h@@,tm a’&SSJJOiB@lIQrH)m\@(@]Se{)i [MHERSHr e

tube for 24 hours. The reaction m xture was cool ed and concentrated under

vacuud TA®7-Pesi due was purified 30 by prep HPLC (10-95 % MeOH: H20 with

0.1% HCOOH), then treated with AcOH in H20 and |yophilized to give the
title conpound (5.7 ng, 42% as the acetate salt. 1H NWVR (400
MHz, CD30D) 6 ppm8.17 (s, 1 H, 7.61 (s, 1 H, 7.42 - 7.45 (m 1 H), 7.31
- 7.39(m 2 H, 6.99- 701 (m 1 H, 6.87 - 6.91 (m 1 H, 6.79 (s, 1 H),
3.90 - 3.98 (m
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WO 2009/ 131940PCT/ US2009/ 041126 2 H), 3.14 (s, 3 H), 3.02 (br. s., 2 H),
3.01 (s, 3H, 2.44(d, J=1.01 Hz, 3 H), 2.36 - 2.43 (m 2 H), 1.94 (s, 3
H, 1.83 wobo@Bi3{awp 4 H)y: MS (ES+) [M:H] ' = 503.3. 6. 22CTHES20m0/081126):
Synthesi s of 3¢(4: ( ERRRHIOKS:) SvinthSsi{BE 31y4- r(iﬂnmbkwtﬁ&;&)ﬁretlﬁh)-1-(5-methv1-
pyrim di n-4-yl) pi peqpah ol £ AN AR RPN THIEri G Bl e b b A RIbTpenyl 0T

A. Preparation of 13 - et nyl
4- hydr oxypi peri di ne-—}iizc{-hé! ALk mﬁe ate. To a solution of methyl

4- hydr oxypi peri di ne- 4- car boxyl ate (pr epare descrl bed in U S. patent
application no. 2005/0080095 to Zheng e | on April 14, 2005) (792
ng, 4.98 mmol) and triethyl arPae~td- )’Cll'lfﬂ di chl or omet hane

(25 nmL) was added di-tert- utyI 10 dica blebnate (1 2 m_, 5.48 mmol ).
Reaction progress was nonitored by TLC anal ysi s/ ELSD.? Upon conpl eti on,

vol atiles were renoved under vacuum | i c@dsgel chromat ography (0-10%
MeOH CH2C12) provided the title co s aclear oil (1.25 g, 99%
yield). M5 (ES+) [ MtH = 250. 2. kB eparation of 1-tert-butyl

4- et hyl 4- (benzyl oxy) pi peri di ne-1, 4- i caflboxyl ate. 15To a sol ution of
l-tert-butyl 4-nmethyl 4-hydroxypiperidi ne 1, 4-di car boxyl ate from step A
(535 iy, 2.06 ddiryparatioDvE 1¢@rzbutyl)d-ethgl £HPahe ot s periyel-i e (60%

0=per ! T8 3 Ol T R DR, PR 71,

added, anghnkd1in"EBAE (TOMLWAS-78tCrwatdHed dRPALIRAIDSQvE NiHiffes, Hﬁﬁﬂalﬁﬁ@nh@t ion
as nonitored by TLC anal ysis, the reaction was 20 uenched with 50 nL of

1: 1 sat ur lemmeraigre bRIACTS\i&: ékhe nrxaurs g siied alyd “Gaer kheuradteloimahasyhy |
t at
aceLate, (el 09150 T ARAN A0S, LAMEES WASRRRRA HELBELAR,

(5-10% et bylbwagerat ehbeﬁm&sx)vammwdcbem& t(efdr|3tﬁoer§eﬁfpmuﬂdlla\$ecatoodmar oi |
(359 ny, 54%yvyield). M ( I—%( 5C. Preparation of

1-(tert- bétptyby@atpaeﬁ%pcwtut%mtgb Tjhemlﬁetr? eﬁaﬁ@uwctla@ BaRypt 8d- NMidild andg g
sol ution eitralcfegef ﬁmpytv)th E%oﬁr@t 'T}tl; oégfﬁ t%}gar%q t?éd) %lsﬁédf\@nﬂbénéﬂ l4¢ied ggggyl ate

fromstep B (350 wat er m.) was ad

l'i t hi um hivtaSéxi dei cmnnﬂhlgathfdatSehogangD chrpmatopngphyi (X0-20% evt}aysl aloetatedﬁtxarmsﬁga\@ for
30 mn, and then cool 009/ 131940PCT/ US2009/ 041126 room t enper at ure
and poure e&ﬁ@c?OE‘é’PH’F(gtne@g/&éﬂf I@w % TTE%(? The aqueous | ayer was
extragjed wt hBetP‘i'é‘dare?ef‘o%tcﬁftle(tér%bﬁto%%a%&nvl)]'ﬁ?z SRIRKD&H. BN ERBGintayer s were
washed with brine, dried with MgSOF, and concentrated under vacuumto give

the titl eﬂbmzdlit&ﬂ_dasl -&riyBetybdrsthyi #- ((m&nxy\ﬁbomamthebpmnndmetlwe next step

\4’1\‘ E Bgﬁtzyr {?t%hb%% lg%réff |, ¢al h/ac%f% aén@;/]in y))a\%%iisce)tn efd vtvﬁh h(S’H (y 62 g. 26 mmol) in

car bamoy| ke r(uihﬁgaitd Gafdd O/ et 80TC 8orSI8! HeluksOMHRfmixture was cooled, diluted
1-(tert- butor%Ccarbon 4- (benzyl oxy) - pi peri di ne-4-car boxylic acid from

step C (33%%h h@%@%’hﬁﬁﬁla}ld vish o Wl sqtoags BafiS 045 The agimsiuy phass qvapiback

(cat ti r oride
(0 1370 Caragfd PRFdichfBrodibie (6, adb BB SSHBRRES LI LG,

the 10 r edﬁéd)@venMng, anecbr@tntedtdd ®ndivd tepiee abuipeuddin @a@ntittivg wsld. MS

3- Am nophgéls)t/ di rrethyl carbamate (244 ng, 1.35 mmol) was added in one
portion t il o3 18n, whi ch

C. Preparation of tert-butyl 4-(3-(dimethylcarbamovloxy)phenylcarbamoyl)-4-(2-

methoxyethoxy)piperidine-1-carboxylate. To a solution of 1-(fert-butoxycarbonyl)-4-(2-

25  methoxyethoxy)piperidine-4-carboxylic acid from step B (1.6 g, 5.1 mmol) in dichloroethane
was added pyridine (1.6 g, 20 mmol) and DMF (0.05 mL), followed by oxalyl chloride (0.65
g, 5.1 mmol). The mixture was stirred for 30 minutes, and then 3-aminophenyl
dimethylcarbamate (0.91 g, 5.04 mmol) was added. The mixture was stirred for 18 hours,
then diluted with dichloromethane, washed twice with 1 N aq. HCI and once with brine, dried
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was stirred for another 30 m nutes. The reaction was quenched wth

saturated aqueous NH4Cl, and the aqueous |ayer was extracted with ethyl
acet ate (Oxo®3m4p. The conbi ned organic | ayers were washas2e0oniibeé i ne,
dried witBydype¥o,, bhd &&{c@ﬁrat@d‘dsﬁgﬁgﬁ%fo@ﬁ 61% rhREAN0- 523 MESH WAL CH)dhéathge!

chr omat ogr aphy (4(5% et hé acet at e: hexanesf forded the title conpound as a
whi t e sol Hile ¢aopoung,in §3% yieldl &S ﬂ@*()EMFDH[mW] ' = 515. 4. E.

Prepar ati on of (& bensyl opA LaET! Shay 1 481 RXREL A)RNEDYheny

4- (benzyl gitydthAcdrBarhiste nwthh@a4lzamyﬂ@h§yaarwtﬁdswbge)meﬁfb)amopgr4 (i-ne-1-carb
oxylate fromste (400 , nmol ) in nethanol (4 20 was added
HCL (4 M wrwwﬁompmp@%aﬁé cadmykaﬁt) fromysenr(e f1 lgo?‘*r“mohé‘é‘ﬁéféatﬁ@ waity ’Ck or

1 hour, t o ound as
t he hydr ogﬂ?wgie slﬁig’tejfn'|§ k?@“’?ggﬁﬁﬁMﬁ?ﬁﬁfi@égg?ﬁf)%yggectf%%déyﬁlgersaﬁlﬁggn of
3-(4-(be nﬂw;toveyx)/as]m@&nmtddyt& ghid-thy titlo banousrd e Ithxytiyi dnd chil oride-salt in quantitative

1) pi peri dj pe-4-c 0 enI di met hyl carbamate. To a sol uti on of

% %2 p25(%’é’ﬂ‘§yM§>@$ }é@ﬁiﬂ Ql >c/ar boxam éo)phenyl di et hyl carbamate, from
step E, and N, ELPQMI%B&{ epykﬂdzyrh@tﬁb%tﬂo@(ﬂm&hvn% @%n@ﬂm' THIRbRPREOPano
(1.6 {r(;_rzmwas added 4-chloro- b- rret yi (F-pyrToOl o[z 3- _py;:;g‘lzégﬁng (135 ng,
0. 804 pyrifthe Al C (i) AAS NEne ) amanc e

hi gh- presg)rlre Vlﬁ% f.or 1(71 hours dur.i fl Ehe xture eqcae
hormgenou N RTENT AT, 4R e e P4 e
mat et i al 308uaSoRULAIbRIS BCURNED ko (0.0 HIQARTYE2E c&hm@?a@zwloO%

acetonitrile:water (10 nM anmoni um acet at e 15 mn, m./mn) to afford
t he titl eddwppayiadhyldsing (A§)s. 48 nsrnvslhlqné ispprangnol (50 mL) were combipid MMR (400

NH,Z’ CDSODl)eﬁ Alrgpaﬁqu s<e ljéd%l_lﬁglar&}l?]f@te fogﬁ%%%ﬁfsogﬁ%angé%wégaﬁkcgntiﬁ& .85

6. 89 (:dddand WO 2009 a@aa@emegﬂ ﬁ%MQ@H@H;{Z@) td g?ve&ﬁe tidde Bﬂmpdunaﬁn 62 % $id)d.
4.54 (s, 2H) §H91399m 2H), 3.45-3.54 2H), 3.14 3.01 (s,
3H), 2.46 (d. NMR(M%DMSQ%)ZSBBHI(IM IH)x/%ﬁléEsd )[ &AL&](S 1H5oB53.

6. 25. Exa Si 8§10 d 7 LT

di pyrim dgﬁhﬁ)’yl‘ p@ég ﬁl h@i)ﬂfsggr({jgxgrgn%g?%ﬁeln@f 73%n(e’t]h%f)l’ ?g? 4 JO$CH%%H§
Crude 3.68-3.76 (m, 2H), 3.67 (s, 2H), 3.55-3.58 (rn 2H) 3.44-3.47 (m, 2H), 3.24-3.30 (m, 2H),
3(4(benzy|ox%l-é5-nethyl-7 rro (g d] pyrim din-4- F? i peridi ne-4-
car boxani 4@ phehil 384 e 28t Ba ﬂé’-35r n$1é)(§ |, 546 Ha, ébg 5 BITPEOY €,
appr ox4 na Megrtakgn up in nethanol (2 nm), and a catalytic
am)un%((5 of Egzg\r/lggraggjs[ cat Iygsfft31 was added. The system was hydrogenated at 60
psi for 24 hours, after which a small anobunt of 10 product was observed.
Trifl uoroaceti 6.laci xample 1:) Swvatbesiciofsd (4-Qbenz chonybmainopme -1-(5-
continued at 60 psi mdZh¥lSrH-pverts2.3ad]perimitlincd-yl)bipeiriwd-4-on was

approxi mately one t barbdx@hidd)gh defacvRaeBamdfee reaction was filtered,
and the product was isolat eEi Ey prep HPEC (30 x 100 nm C18 col um, 10-100%

acetonitrile:water (10 nM amoni ug acet af mup, 45 nl/mn) to afford
the title conmpound (9.6 ngy) as a |tesllgﬁ(ﬂ 400 MHz, CD30D) 6
ppm 8. 20 (s 1H), 7.55 (t =8. 08, 2.02, 1.01
Hz, 1H), 7.33 (t, J=8. 08 lH) 6190 (app. d., J= 1cp Hz, 1H), 6.87 (ddd,
J=8. 08, 227 076Hz 3.95-4.03

2H), 3.73 (s, 3.41 (dt,
l;gz (s, 3H), (

J=12.63, 2.27 Hz, 313326 (m 2 (s, 3H), 2.99 (s, 3H), 2.44
(d, J=0.76 Hz, 3H) 2 36 (dt, J=13 . N\ 9 Hz, 2H), 1.75-1.83 (m 2H).
M5 (ES+) [MtH ' = 439. 3.
N N
H
25 A. Preparation of 1-fert-butyl 4-methvl 4-((benzyloxycarbonylamino)-

methyl)piperidine-1.4-dicarboxylate. To a solution of 1-tert-butyl 4-methyl 4-

(aminomethyl)piperidine-1,4-dicarboxylate (0.300 g, 1.1 mmol) and N,N-
diisopropylethylamine (0.229 mL, 1.32 mmol) in CH,Cl, (5 mL) at 0 °C was added benzyl

chloroformate. The reaction was stirred overnight, and then diluted with CH,Cl, and washed
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206. 26. Exanpl e 26: Synthesis of 3-(4-(2-nethoxyethoxy)-1-(5-nethyl -

pyrrol o[ 2, 3-d[ pyri m di n-4-yl) pi peri di ne-4-car boxam do) phenyl

di met hyl caokastse40 WO 2009/ 131940PCT/ US2009/ 041126 PCTAIS2009mpHaR@t | on Of
1-tert- butyyh HOBRIdBHnAdlicdt SRY 42 M&&@éxﬁ&&écﬂdﬂﬂﬁr YdumardidtewasTo a
sol ution of 1-tert-butyl 4-methy hydr oxypi peri di ne-1, 4-di car boxyl at e
(360 nm, muls@edrﬂmmca grl mn(azfp%anhy)(E c:baxants pragicatde divedhit tiths enrapduad it 60%
di sper si og,4 nef 2.08 nmmol). The m xture was stirred for
30 m nut egzé’t lemgo %F#zrr)qger gﬁu?glml Chl or o- 2- net hoxyet hane (0.38 niL, 4.17
mol ) was addeg, Papgratibe of £dkhBlowasbehYIameth)akth§)-1C(kar 72 hours. The
reacti on was quenched wth 25 nI_ of water. The aqueous | ayer was extracted
with et hybutazygaghos --.-‘ e qarboppylic agighiTeecbobrgamt d -teayeid dmedylds hed

b R B bl IO RO FEMRRCI SN EAUTRG APHT BBl
anddst ?rtg?g rvdaﬁmalﬂml NIaana@H‘r@O)ﬁlﬁrr&Lt(haIS mv?fg)g)::fhelrewbtmﬁmmmdatédSm(}@ 1:2
pr oduct :

1-(tert- baY%&{gbag W)tORL%%WHBtl%WeI#ﬁ@ﬁ@? BYLRSHS %tﬁxn‘@lﬂﬁcmgér gogypmbingd; .

The pr Oduﬁltgﬁﬁ?c)gxffﬁ&s We%&sth%@ with(bhR, dEd MRENGAED aﬁ@cdn@e&r&edﬂd&ﬁ%&wﬂ@t er
(3 mL). Lithium hydroxi de nonohydrate (150 ng) was ad and the m xture

was héat eth give 8@ tiﬂefoompzumbwmch Whecarsed on cmdwaMSc((ﬁSIJreMbI]r ooABt enper at ur e
and 15 poured L e ,'_ 18R
extracted with=etid LACEY -dBengyloxveyrbonylaminimetiyllaaPe | ayers were
washed w tcﬁm@ih'v[t@rbaﬂfdvﬁiiv%lfeﬁvl%k@%ovl%lﬁeﬁ‘(ﬁﬂ@@%h%&@ﬁteu NokRfer ¥R Gt hQe BF Ve
a 2:1 mxture of I-(tert-butoxycar bonyl() 4- hydr oxypi peri di ne-4-carboxylic
acid and MNe(4- gbgnzﬁymxgggrbgmﬁ@mylp)mqthylg 1-(tert-butoxycarbonyl)piperidine-4-carboxylic

met hoxyet ho n [ I ctyi ve as S60 il,
whi ch was céxé ?J(‘a(gg %ghl% 0] erg(r%%é Bg)?'ggm\%((t) houﬁ]ﬁft&ré‘té‘hné%bgu ﬁl\ggt@o&ngps

( ES+) 1§ MHere dissoBR4d.i2 CH,Cl, (10 @L)Rnhepasiad i @F bhr tO)ial.gfl)éhlorlde (0.064 mL,

4- ( 3- (di net_hyl car banoyl oxﬁrphenyl car bamyl) - 4- ( 2-

met hoxyet AdRY yENgJe Piag péded dreniyise foythg selutiary Ehes@rlﬁtqndﬁ%dhert@ﬁmﬁ@ fiogn thei ds

fromste I in
CH2C12 (g bnﬁ’I d v?gglﬂggép@%ﬁ grs?fel[ﬁ%@%ﬂ mind¥ % é(qg@&%%@ Ieoc_oggedg%%ﬂ?ée
caut i on: batb} drelrIvamjnophdrtyé dlrgahyleatbdlmate Qi1 12(5 g,ubél Ideehol X Wags adedad iroomenas
stirred at anbient tenperature for 30 mn . 3-Am.no I } )

di Imet hyl PRt (eﬂgg as girges %%H}lghtmﬁgdut e 1onad. Qg{%@rbr@& H1Hsds

sol uth@n, oW?'MES(W?%n@ Ebﬂc"eﬁﬁ'at%d)ﬁn@e? QhORm. %ﬁeﬁﬁﬁ@&zas ﬂ_ﬁi@ﬁé&&}%h&ﬂgé{‘ﬁs
quenched with Saturated agq. NH4Cl, and the aqueous |ayer wds extfacted wth

et hyl acetloma(egraph§@ethi) acefﬁteehaz@m gredicw) agrive theditlercompened inaBteslicld. t h

bri ne, ITMISg h%/tered and concentrated under vacuum Silica 30
gel chro ifg é VI% op acet at e: hexanes) afforded the title conpound
as an of f-whit p g9bpdilat{ch 300 (bdMEy bEREN bd VRGBS cthy | Tpi S Rlind-4- D.
Preparation of 3-(4-(2-nmethoxyethoxy)pi peri di ne-4-carboxam do) phenyl

di met hy| csarhexasmido)pirenyd dynethylcarhamater diota solitipn of Z¢Bbpi fret hyl car banoy| oxy)

a0 pe s R b s T O R DB BEh s R RS B 51 o) ©
was addedpiﬁeﬂ;dﬁlé-lhdaﬁﬁﬂxtyldt@ftoinrst@ Ox@n45 g00.84 Intajnol )Tih ME@EGR inflIr) m&dh&&ﬂaﬂ at
50 C for hour, and then concentrated under vacuum to %ISOVI de the title

conpound H§1ﬂfh@10ﬁ§‘lfr(8c3ﬁllélﬂlr de3ZamoD. v (TES‘J-‘P ipated aggh Gforg hopf.epdr at i on
of 3-(4- (aleﬁgbﬂ%ﬁhéh tﬁg&éﬁr va d;(r? r@%ﬂs@%ﬁjvg p%wg%‘%l% B Ed R W 1B 5 lglve the

54-yl) pi peri di ne-4-car boxam heny amate. To a sol uthon of
34442- netlﬂex(ytapcbmwya)smhqnlgrdmhhm%-whr Mﬂ(GZrﬁercﬁI)/bﬂiHnthSdl net hyl carbanmate from
step ﬁl and N, ) . c % € I ] Dr opanol

) was addedPd 2 SIRGHD=S raiAe (55 no,
0 322 MO} rro[B1€3 Uﬁﬁl‘?ﬁﬂl@ﬂﬂ 4@%51‘651‘%1‘&@3: éﬁ%x@ﬁiudo)phenvl dlrnethvlcarbarnate 3-(4-

((Benzyloxycarbonylamino)methyl)piperidine-4-carboxamido)phenyl dimethylcarbamate
(0.216 g, 0.441 mmol) from step D, 4-chloro-5-methyl-7H-pyrrolo[2,3-d] pyrimidine (0.073

g, 0.441 mmol), N,N-diisopropylethylamine (0.230 mL, 1.32 mmol), and isopropanol (5 mL)
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to 110 Cin a seal ed high-pressure vial for 17 h, during which time the
m xture becane 10 honpbgenous. The m xture was concentrated under vacuum and
purified Wo 2p0931HPLC (30 x 100nm C18 col unm, 5-100% acetCoristemlogtiaat er (10

MM NHAOACyercl&nibifod #ha H%b‘(eﬂ‘af‘ﬁd QC foérﬁlﬁgﬁt ﬁlfheprkéshfeeve@m?lﬂﬂ@ grulld ?eaé’ﬁéﬂ%)va@s a
white solid. MR (4 CD30D) 6 ppm 8.20 (s, 1H), 7.51
(t, J=2.0dilyed WlﬂH)CHzﬁlzl@ld(‘d@dﬁedm arzi lomle drighover Mg§Q)s, ared cmlcemtrateﬁ:s 08

Hz, 1 6. 8 7.02 15 2. 27 0)

3 9. I:) 01u18 ne]r V%?_lbul’n gqqgsreli_s%due was pu ﬁf&] b?és 1fa g:eglc (pﬁlatogragl@IEM é%lg&zlﬁz 2H)
3.12 (s, @fdhlen@ 18 8ivieShe B corﬁpcﬂiﬁd(lﬁi54%—3ilelﬁl Hz, 3H), 2.31 (dt J=13. 64,
4.29 Hz, 2H), 97- 2.07 (m 2H). M5 (ES+) |—|]'—49 27. Exanp

27: Sy51t he5| s dﬁNMMél msgﬂiétmg?&-(@%ﬂ)ﬂ 69 s, 3H), H’l‘o (d J=8 Hz, 1H)

ri m di di d h rha N
Py Ol IR T 86 4 £ OO AT IRPNEAY s G oY KA R34S 1 2%
4- (tert bgtsoxytza{)b@lws@’m@ﬁ)zm 134, 3H) 2.99 (s, 3H) 243 (s, 3H), 2.40 (d, J=12 Hz, 2H),
(di net hyl car bam) 0 | car bano &/E* eri di ne-|-carboxyl ate.
N- Boc- ani Ad9((l4 Boég eillﬂ)ll (Es%é é“ﬁylzﬁég 6acid (0.114 g, 0.33 mol),
HATU (0. 151 g, 0.40 rrrml) and N, N-diisopropyl ethylam ne (128 ng, 1.0 nmol)
wer e conbined g ?' S RRLADY 2 RS ithEsid ¢f B ({TkamindnRRRvIE ! (Srlﬁ&héf 7H90M

t enperature for —3- ] . Ty 72 g, 0.40
nmol )[(\’j\llas added ana.' ig(ﬁ? x‘?ﬂ?@mgﬁtfgﬁaly%mgﬁv c&ﬁ”’; hen he reaction
m xture was aIIowed—l—‘B—é%g}?P’ew—ﬂﬁe r ted with Et 0Ac, washed with 2 N Na2C03, 1
N HC1, and brine, and then dried over MJj5Q4 and concentrated. Purification
by silica gel chronmatography (60%

131 40PCT/ US2009/ 041126
Et OAc/ hexanes) gave t he t|tIe 3O B as a white solid. M5
(ES+) [M+NH4] 524. Hatl on O

I
3-(4-am nopi peri d| ne- 4-car boxam o) enyl di net h?/]'3car bamate. To a sol ution
of tert-butyl 4-(tert- butoxycarbon | amichgp) - 4- ( 3-

NT | N\

k\N N

H

3-(4-((Benzyloxycarbonylamino)methyl)-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate (0.140 g, 0.239 mmol) from example
15 19, step E, Pd/C (10% Pd/C, Pearlman), and methanol (5 mL) were combined and
hydrogenated overnight at 1 atmosphere. The reaction was filtered through celite,
concentrated under vacuum, and purified by neutral phase prep-HPLC to give the title
compound as the acetate salt in 52% yield.
'H NMR (400 MHz, D,0) & ppm 7.90 (s, 1H), 7.30 (t, J=8, 6 Hz, 1H), 7.18-7.19 (m,
20  2H), 6.84-6.88 (m, 1H), 3.48 (d, J=13.6 Hz, 2H), 3.20 (s, 2H), 3.08 (t, J=10.8, 21.6 Hz, 2H),
2.96 (s, 3H), 2.83 (s, 3H), 2.27 (d, J=14.4 Hz, 2H), 2.11 (s, 3H), 1.72 (t, J=10, 20 Hz, 2H);
MS (ES+) [M+H]" =452,
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5(di net hyl car banoyl oxy) phenyl car banoyl ) pi peri di ne-1 -carboxyl ate fromstep A
(0.141 g, 0.28 mmol) in MeOH (2 nm.) was added HCL (4 N in dioxane, 0.21 ni,
0. 84 nmolWwoO 200ve13md40t ure was stirred at room t enper at ur e PCOMUSED0OLIRGS .

Further eqival gnis fkalipld 2i:0%AiRedes£3-pAHAM S yIathiRo jthéy)ANG- inbehyIo7HL UT €
stirred for a furthgt, ofR3uns ﬂlnlﬁﬂoﬁ‘vf)gi@%ﬁneu‘i %arbmﬁnﬁ(%eﬁ Vas renoved
under vacuumto affgy Qf& ﬁzfn;?t conpoun "?]‘was 10
carried on crude. ViF 307. C. Preparation of

3- (4-am no- 1- (5- net hyl - 7H-pyrro|or23d|p {mdin-4-

yl') pi peridi ne- 4- car boxani do) phenyl di arb mat e.
3- (4-ani nopi peri di ne-4- car by »l%'ar bamate fromstep B
(0.109 g, 0.36nmmmol), 4ch|oro- - 7H-pyrro| 2,3-c]pyrimdine (0.060

g, 0.36 mmol), and N, N-dllsoprobyl | am ne 15(0-277 g, 2.14 nmmol) were
conbined in isopropanol (5 nL) and eat d:in a sealed tube at 120 C for 18
hours. The m xture was concentratg the residue was purification by
silica gel chromatography (0-10% IV\EO Cl2) to afford the title conpound
(0.085 g, 55% as a white solid. N 1H NMR (400 MHz,

CD30D) 6 ppm 8.25 (s, 1H), 7.61 (m lH)H, 7.47 (m 1H), 7.38 20(m 1H), 7.05
(d, J=51.0Hz, Tjp,soBition of the abefpte s41t00 3{(fh(amipmezhydB1 { mcaiiyl; 7/BpsirgoloE, 3-3H) ,

2335 gszggﬁg g 51 %@Dlpgg%{l?fé-cagbo gﬂucgol)_ghenyl (erne hr{r'lca%b ate roﬁl exaI)np e'\ﬂ+0|_gl4 =

3-(4-(di nﬁfghmoammab Jacéthe ad {v/2 pﬁﬂmrmmbg[ aloBNaﬁHﬂNm Uintly, 4-084)PpB Retadi Ne-
4- car boxam do)theng di nmet hyl car bama 3 -(4-am no-1-(5
- net hyl - 7pfdedrfemnaddghydg (37dp yyHu(Pa i L ﬁﬂéﬂ ypned)- eThﬁfeﬁ@lanaﬁa&tlmr@sé@wmg%henw

i ool yedrieR AR EAATRL g G BEReGhy bidp I8 Graoke BTk ket
12 pl )0 wag0EAdedNiivI0 (oatMbYHAOSE), (1026, 46 mIL/mikS) dnd)lyamhdliAd Brgen tlﬁd)tlt(])&OS g

0.13 nmol ). The WO 2009/ 131940PCT/ US20 009/ 041126 m xture was stirred at room
t enper at uFEMPHNIA8 sy 0D 1A arpl Sdgm e heraseteisgalinder vacuum Purification by

HPLC af f : 79 j t l2i-d.
T RMR (400 M OEROE0 WS CEROR) it RSt 3 S oot AR oy
ZH;N gmﬂll(fl)z (m/ 108, 144 ()7=209Hz, 1 IH) 7.06 (92 H)ms 83 Hp, 9141198 H)rs.82k), /3344 ( m
: S
205 (- By - VESII (i) 144 663 D635 CNgi 2 (55 My mitiads fmof 11"
3-(4-(4£2- -
ybgce%%m (ﬁi 0) rgségﬁgagéjh (51!9 4r$egﬁ1IHZ7I%I-Hyr ro %? [MJF(ﬂ]pyré‘igr(%l di n- 4-
ybpi peri di ne- 4- car boxam do) phenyl di net hyl car bamat e 0 A,CH3
6.22. Example 22: Synthesis of 3-(4-(2-(dimethvlamino)ethvl)-1-(5-methvl-7H-

pvrrolo|2.3-dlpvrimidin-4-vDpiperidine-4-carboxamido)phenvl
dimethvlcarbamate

JO BB
_N .CH
c N 0" "N 3
CH,
N CH,

N\

H

N7 |
k\N

20 A. Preparation of 1-fert-butyl 4-ethyl 4-(2-(dimethylamino)ethyl)piperidine-1.4-

dicarboxylate. To a solution of 1-fert-butyl 4-ethyl piperidine-1,4-dicarboxylate (514 mg, 2
mmol) in THF (10 mL) at -78 °C was added dropwise LDA (1.5 M in cyclohexane, 2 mL, 3
mmol). After stirring for 30 minutes, 2-bromo-N,N-dimethylethanamine (370 mg, 2.4 mmol)
in THF (3 mL) was added. The reaction was stirred for 30 min at -78 °C, then allowed to
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NO NH CH3 CH3 \ H 10To a suspension of 2-(1Him dazol-5-yl)acetic acid
(0.238 g, 1.47 mmol) and HATU (0.372 g, 0.978 nmmol) in CH2C12 (5 nl) was
added N, Wwoi2oeoB31apyl et hyl am ne (0.51 nL, 2.93 nmol ). TRETASIWOLIENG6

sol ution wasma fd@)ﬂ@fén{p‘ér&ﬁrb st @02 Abils, tAén GRABhIIENTRE EAL A4 RaHT® -t Bil§ed
solution was added the acetate salt of

3- (4- (am motdittywc) washed wridt day 2q 7NIGOn @n@pgn@(wnh back extractlon) drled over

exepl o 20 TEStLgBaREllEh it et TR W R RRA B
i n CH2C12(40bg 8i0),, 0-THE; Meatt: CHRCMR® d@id akide icompbinid @L8 ngm()tlﬁﬁm rs@vayrag af or

6h, and then di|luted wth H20, (10 m.) and CH2Cl2 (20nlL). The m xture was
ext r act edYSHOhoGHEIES [MHY m3p9- and the conbined organics were vvashed

wi th NaHCO3 (1 ntbrfll- erg %Qto éa’rb jols t ed
under vacuum gue wWa 0% 20
MeOH: CH2 C&éfboptxdlcaafcfcbrldtetrﬁQBuﬁyl 41-|e€hyd: Q@Qdum:bﬂ(}ﬂarﬁﬁa)@hylﬂﬁﬁérm@l- 11)1 dmﬂaoxwmté e
sol i d. Th| s soli ende i n wat ic acid was, adde ntil
the sol ut f18R %%gr@ﬁai HELE %Frﬁi‘tﬁg Avea &Ei ithigmdrdrgpide mozl@gﬁratet he
di - acet at @ﬁ)%% Phndo emtl' 1t tﬁ)}@‘?ﬂ'@%@ﬁt 4 6675& Q)he reactlon was cooled to]-tldoMVR (400
Mz, MeOD-d6) 6 ppm (d, J=0 Hz, 1H), (t,

2.02 H, ﬂdﬂ)peraluliéJne(lmdﬁzetho pH @ﬂy,lthll N?ﬁq BCO&n&izoncthrated u@d):r(vtacuujn =Tig 08 Hz
1 6. 98 d, J 25 = J

8|_?)8 Hz, Epduey aé?“flﬁﬁ‘bgy Frep @%hngly%hl ized %E'@w gl‘é‘i—bhgqgle%mé’gundz&%] 3. 52
(s, 2H), §1g384%)§s§8/h(t8kol?d-DMs%E$2) [(M+H 308.00 (s, 3H), 2.42 (d, J= 0.76
Hz3H),235 242(m ( , 1.75 - 1.85 (m 2H). M5 (ES+)
[ MtH] 560. WO Premogtos $2 D@ dinmea mlne)e'elayl) -#3npl e 30: Additional
Corrpounds( H%eﬂlgllcalfb npoy oxijp"fl S&lpgr%g rqulfmgerb(F | e'l L%Fet r‘10Qesrt-known in the

art, the aodrtronal pounds dU e prepared. The

LI MK214 C58udﬁ§16arbdﬁt}ﬂ) 4—$2mlﬁiéﬂ@¢ﬂmlﬁejeﬂwlfpﬁ¥erlﬁﬁféﬁ4 Ozfrbéh&lc(a@mp@@tﬁ@ﬁep@@ 00
determ ned using the a %y descri bed in Exanpl e 32.
mg, 0.33 rnrnol) HAT (175 mg, 0.46 mmol), and N,N-diisopropylethylamine (0.116 mL,

0.67 mmol) were stirred in isopropyl acetate for 10 minutes. 3-aminophenyl
dimethylcarbamate (90 mg, 0.5 mmol) was added, and the reaction was stirred at 85 °C for 2
hours, cooled to room temperature, stirred overnight, and then diluted with EtOAc, washed

20  with sat. aq. Na,COs and brine (with back extraction), dried over MgSOQ., filtered, and
concentrated under vacuum, to give the title compound as a viscous oil. MS (ES+) [M+H] =
463.

D. Preparation of 3-(4-(2-(dimethylamino)ethyl)piperidine-4-carboxamido)phenyl

dimethylcarbamate. Crude fert-butyl 4-(2-(dimethylamino)ethyl)-4-(3-

25  (dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-1-carboxylate from step C was treated
with 1:1 TFA:CH,Cl; (1.5 mL) for 45 min. The reaction was concentrated under vacuum,
and the residue was purified by prep HPLC (30x100 mm C18 column, 0-50% MecOH:H,0
(0.1% TFA), 12 min., 45 mL/min.) and lyophized to give impure title compound (173 mg) as
the TFA salt. MS (ES+) [M+H]" = 363.

30 E. Preparation of 3-(4-(2-(dimethylamino)ethyl)-1-(5-methyl-7H-pyrrolo[2.3-

d]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl dimethylcarbamate. Impure 3-(4-(2-

(dimethylamino)ethyl)piperidine-4-carboxamido)phenyl dimethylcarbamate from step D (173
mg) was combined with 4-chloro-5-methyl-7H-pyrrolo[2,3-d]pyrimidine (50 mg, 0.30 mmol)
and N,N-diisopropylethylamine (0.174 mL, 5 mmol) in isobutanol (0.4 mL) and heated at 110
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5Tabl e 1 Conpound M5 + (MtH) LIMK2 | Cso
N- (3-(4-fl uorophenoxy) phenyl) - 4-nmet hyl- 1- (5-nmet hyl- 7Hpyrrol o[ 2, 3-c/] pyrimd
i n-4-yl) pvpendsdianeo 4- car boxam de 460 < 250 nM PCT/US2009/041126

N- (13- br omepgimyddurd- TR R¥diich- & d¥Bldarb rgdth Eéfﬁzﬂe?itﬁ’l{e%ng concentrated under
c/]pyrimdin-4-yl)piperidine-4-carboxam de 428 <250 nM

N- ( 3- br On’ﬁmﬁy ;[ljhelrea(lguq;was)plglﬁﬁd.mm@HBPQ (30x100 mm C18 column, 10-70%

Pa OO PR RS | A R R AR R o 2R M

met hy 1- 7Hegnip s @ldqb@ m3y) @b 111@3(1’14316@@11@@314 yl )p| peri di ne- 4- car boxam de 471 <250

nM 4-al Iyl - N-(3-bromophenyl) - 1- (5-met hyl - 7H pyrrol o[ 2, 3

c/]pyrd m di n- 4- ISINMR&QQ Hre CD:ORDBopan® d@ (836H <756 (hMF2.15 Hz, 1 H), 7.44 (4,

N-(4-neth h 5- . | ) pi

N (ot XY RRBRY Ly 7 SFLCYAr ds R, Wor CPnr@bplc =R P L 1) P!
(d, /~=13.64 Hz, 2 H), 3.37-3.30 (m, 2 H), 3.14 (s, 3 H), 3.01 (s, 3 H), 2.75 - 2.82 (m, 2 H),

2.58 (s, 6 H), 2.43 - 2.47 (m, 5 H), 2.00 - 2.08 (m, 2 H), 1.79 - 1.89 (m, 2 H); MS (ES+)

[M+H]" = 494,

10 6.23. Example 23: Svnthesis of 3-(4-((1H-imidazol-4-vI)methvl)-1-(5-methyl-
TH-pvrrolo [2.3-d]lpvrimidin-4-vDpiperidine-4-carboxamido)phenvl
dimethvlcarbamate

(o) o
JU en,
= N o N
N H )
\=N CH,
N CH

N/
k\l
N

A. Preparation of 1-fert-butyl 4-ethyl 4-((1-trityl-1H-imidazol-4-yl) methyl)

H

15  piperidine-1.4-dicarboxylate. To a solution of 1-tert-butyl 4-ethyl piperidine-1,4-

dicarboxylate (360 mg, 1.39 mmol) in anhydrous THF (10 mL) at -78 °C was added LDA
(1.7 M in THF, 1.07 mL, 1.8 mmol) dropwise over 10 min. The reaction mixture was stirred
at -78 °C for 1 hour, and 4-(chloromethyl)-1-trityl-1H-imidazole (500 mg, 13.9 mmol) in
THF (5 mL) was added slowly. The reaction mixture was allowed to warm to room

20  temperature over 1 hour, quenched with sat. aq. NH4Cl1 (10 mL), and extracted with EtOAc
(3x20 mL). The combined organic extracts were washed with brine, dried over Na,SOy,
filtered, and concentrated under vacuum. Purification by silica gel chromatography (10-50%
EtOAc:Hexanes) afforded the title compound (403 mg, 51%). MS (ES+) [M+H]" = 580.3.

B. Preparation of 1-(tert-butoxycarbonyl)-4-((1-trityl-1H-imidazol-4-yl)

25  methyl)piperidine-4-carboxylic acid. To a solution of 1-tert-butyl 4-ethyl 4-((1-trityl-1H-

imidazol-4-yl) methyl) piperidine-1,4-dicarboxylate from step A (330 mg, 0.57 mmol) in
1:1:2 THF:MeOH:H,O (10 mL) was added LiOH (136 mg, 5.7 mmol). The mixture was

refluxed until LCMS showed complete conversion to product, then concentrated under
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380 < 250 nM 4-allyl-N(3-tert-butyl phenyl)-1-(5-nethyl-7H pyrrol o[ 2, 3-
c/] pyrimdin-4-yl)piperidine-4-carboxam de 432 < 250 nM

4- met hyl -weQBewmsthy1l- 7H pyrrol o [2,3 -c]pyrim di n-4-yl) PCT/US2009/041126
N-(3- (tri (a0 aRtdvEd Rheny! BRhPE hb&mﬁe&lmcﬁq BOX ARhaR . ﬂ&ﬁs@,%ﬁ@ cRiMicted

4-al l yl - 4-f 1 uor ophenox heny1) - 1- (5-met hyl - 7Hpyrr ol o[ 2, 3-c/ rimdi
n- 4- y|>/) pi pf((gtme((th}ﬁ@cqatgé&j@x@h}yé’ge@g%bmegiggganm phazes Werg %vashed v[nth brine, ]dflgd

4-allyl - en 5- et h 0
c/]pyrini 8 I\Ela gﬁ Qco ¢ trateéun%rrggx%urrﬁl é‘ %@Eﬁ‘e éqgsdemwnd (273 mg, 86%). MS
4-allyl - N(E§+—)t[M+i}Wy&rﬂ5Qrw1) 1- (5- et hyl - 7H pyrrol o[ 2, 3-
c/] pyri m di n-4-yl )p| per| d| ne- 4 car boxam de 406 <250 nM
S~ REOpRK y pf igur byl e y)phenylcarbamoyl)-4-((1-

yl) pi peri Humeycihfbrmrybeﬁbee(mtdtylﬂhémylhazdxlﬂqtlhmleti@zt)pmdmem@&rboxyhc acid from
step B (270 mg, 0.6 mmol) in isopropyl acetate (5 mL) were added HATU (273 mg, 0.73

mmol) and N,N-diisopropylethylamine (205 pL, 1.2 mmol). The mixture was stirred for 5
10 min, and 3-aminophenyl dimethylcarbamate (108 mg, 0.6 mmol) was added. The resulting
mixture was heated at 90 °C for 2 hours. The reaction mixture was diluted with EtOAc (10
mL), washed with aqueous NaHCOj; and brine, dried over Na,SOy, filtered, and concentrated
under vacuum. The residue was purified by silica gel chromatography (10-70%
EtOAc:Hexanes) to afford the title compound (185 mg, 43%). MS (ES+) [M+H] = 714.2.
15 D. Preparation of 3-(4-((1 H-imidazol-4-yl)methyl)piperidine-4-carboxamido) phenyl

dimethylcarbamate. To a solution of tert-butyl 4-(3-(dimethylcarbamoyloxy)-

phenylcarbamoyl)-4-((1-trityl-1H-imidazol-4-yl)methyl)piperidine-1-carboxylate from step C
(180 mg) in MeOH (5 mL) was added HCI (1 N in dioxane, 1 mL). The reaction was heated
at 60 °C for 1 hour, and then concentrated under vacuum. The residue was dissolved in
20  EtOAc (5 mL), washed with aq. NaHCOs and brine, dried over Na,SOy, filtered, and
concentrated under vacuum to produce the title compound (84 mg, 93%). MS (ES+) [M+H]
=372.2.
E. Preparation of 3-(4-((1H-imidazol-4-yl)methyl)-1-(5-methyl-7H-pyrrolo [2.3-

+

dlpyrimidin-4-y)piperidine-4-carboxamido)phenyl dimethylcarbamate.

25  3-(4-((1H-imidazol-4-yl)methyl)piperidine-4-carboxamido) phenyl dimethylcarbamate from
step D (10 mg, 0.027 mmol), 4-chloro-5-methyl-7H-pyrrolo[2,3-d]pyrimidine (5 mg, 0.03
mmol), and N,N-diisopropylethylamine (23 uL, 0.135 mmol) were combined in isopropanol
(0.5 mL). The resulting mixture was heated at 100 °C in a sealed pressure tube for 24 hours.
The reaction mixture was cooled and concentrated under vacuum. The residue was purified

30 by prep HPLC (10-95 % MeOH:H,O with 0.1% HCOOH), then treated with AcOH in H,O
and lyophilized to give the title compound (5.7 mg, 42%) as the acetate salt.

'H NMR (400 MHz, CD;0D) & ppm 8.17 (s, 1 H), 7.61 (s, 1 H), 7.42 - 7.45 (m, 1 H),
7.31-7.39 (m, 2 H), 6.99 - 7.01 (m, 1 H), 6.87 - 6.91 (m, 1 H), 6.79 (s, 1 H), 3.90 - 3.98 (m,
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< 250 nM WO 2009/ 131940PCT/ US2009/ 041126
4-met hyl - 1- (5-net hyl- 7H pyrrol o[ 2, 3-c] pyri mdi n-4-y1)- N-phenyl pip

eri di ne- woaniyasasnde 350 <250 nM PCT/US2009/041126
3- (1- (5- netehy 314t ByHY, 9'09[(8r § Q]H)}’B '()W(Q|3FI=I)42)41L)(d4J—1 01 Hz, 3H) 2.36 - 2.43 (m, 2
propyl pi peridi ne- 4-car boxami o di met h carbamate 465 <250 nM

N- ( 3- br onbDAL94 (308 bPhbly 1) 94 (rmﬂﬂil)l S (B> I- 71803.3.
pyrrol o[ 2, 3-d] pyri m di n-4-yl ) pi peridi ne-4-carboxam de 447 <250 nM

4-met hyl - 1- (5- @‘%lhy XZ D34 Oé%tﬁes:is 5;1] ?Yéf tﬂ@n%faxé) Y%g-methvl-éﬂ-pyruﬂoﬂ
TVIIp c %ggg'y_l g \;]% ny

N ( 3- (rmrphollnosul IcaTbamate
4rTEthy| (5 rTEthyJ. Illl'lJ_yl oo 7= °

eri di ne-4- car boxam de 364 <25Q nM
N- ( 3-i sobut yram dophenyl) -4 hyl 1- @\ zl‘ﬂpyrrol o[ 2, 3-d] pyri m di n- 4-
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A. Preparation of 1-tert-butyl 4-methyl 4-hydroxypiperidine-1.4-dicarboxvlate. To a

solution of methyl 4-hydroxypiperidine-4-carboxylate (prepared as described in U.S. patent
application no. 2005/0080095 to Zheng et al., filed on April 14, 2005) (792 mg, 4.98 mmol)
and triethylamine (1.04 mL, 7.47 mmol) in dichloromethane (25 mL) was added di-ters-butyl

10 dicarbonate (1.26 mL, 5.48 mmol). Reaction progress was monitored by TLC
analysis/ELSD. Upon completion, volatiles were removed under vacuum. Silica gel
chromatography (0-10% MeOH:CH,Cl,) provided the title compound as a clear oil (1.25 g,
99% vield). MS (ES+) [M+H]" =250.2.

B. Preparation of 1-fert-butyl 4-methyl 4-(benzyloxv)piperidine-1.4-dicarboxylate.

15  To a solution of 1-tert-butyl 4-methyl 4-hydroxypiperidine-1,4-dicarboxylate from step A
(535 mg, 2.06 mmol) in DMF (8.2 mL) was carefully added sodium hydride (60% dispersion
in mineral oil, 124 mg, 3.09 mmol). The mixture was stirred for 30 minutes at room
temperature. Benzyl bromide (0.29 mL, 2.47 mmol) was added, and the reaction was stirred
for another 30 minutes. Upon completion as monitored by TLC analysis, the reaction was

20  quenched with 50 mL of 1:1 saturated aq. NH4Cl:water. The aqueous layer was extracted
with ethyl acetate (3 x 50 mL). The combined organic layers were washed with brine, dried
with MgSO,, and concentrated under vacuum. Silica gel chromatography (5-10% ethyl
acetate:hexanes) provided the title compound as a clear oil (359 mg, 54% yield). MS (ES+)
[M+H]'=340.3.

25 C. Preparation of 1-(tert-butoxycarbonyl)-4-(benzyloxy)-piperidine-4-carboxvlic

acid. To a solution of 1-tert-butyl 4-methyl 4-(benzyloxy)piperidine-1,4-dicarboxylate from
step B (350 mg, 1.00 mmol) in 1:2 methanol/water (6 mL) was added lithium hydroxide
monohydrate (200 mg). The mixture was heated to 60 °C for 30 min, and then cooled to
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<250 nM N- (3-(2-(di met hyl am no) - 2- oxoet hyl ) pheny1) - 4- net hy1- 1-

(5-methyl-7H pyrrol o[ 2, 3-c/] pyri m di n-4-yl ) pi peri di ne-4- carboxam de 435
<250 nM 3w0O4eemet3head- 1- (5- met hyl- 7H pyrrol of 2, 3-d] pyri nm @#CRA%2009/041126
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3-(4-cyan @‘Vﬂscétfb‘diﬁb&}hy&r Wik QiytiddrofodhSn&dt Ry vithodt Arrther purification.
yl) pi peridi ne-4-car boxam do) phen I d| nmet hyI car bamat e 448
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) o Ly ) pi
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eri di ne- 4¢{warydoxgmnipa)dimedychrbdx nied doyd ﬁam@em@éS%ﬁgQB@anl) pyridine (0.43
mL, 5.40 mmol), and DMF (catalytic, 3 drops) in CH,Cl, (6.8 mL) was added dropwise

oxalyl chloride (0.13 mL, 1.49 mmol, caution: exothermic). After gas evolution subsided, the

10  reacton was stirred at ambient temperature for 30 minutes. 3-Aminophenyl
dimethylcarbamate (244 mg, 1.35 mmol) was added in one portion to this solution, which
was stirred for another 30 minutes. The reaction was quenched with saturated aqueous
NH4Cl, and the aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined
organic layers were washed with brine, dried with MgSOy, filtered, and concentrated under

15  vacuum. Silica gel chromatography (40% ethyl acetate:hexanes) afforded the title compound
as a white solid (406 mg, 82% yield. MS (ES+) [M+NH,4] =515.4.

E. Preparation of 3-(4-(benzyloxy)piperidine-4-carboxamido)phenyl dimethyl-

carbamate. To a solution of fert-butyl 4-(benzyloxy)-4-(3-(dimethylcarbamoyloxy)-phenyl-
carbamoyl)piperidine-1-carboxylate from step D (400 mg, 0.804 mmol) in methanol (4 mL)
20  was added HCI (4 M solution in dioxane, 0.8 mL). The reaction was heated at 50 °C for 1
hour, and then concentrated under vacuum to provide the title compound as the hydrochloride
salt. MS (ES+) [M+H] =398.4.
E. Preparation of 3-(4-(benzyloxy)-1-(5-methyl-7H-pyrrolo[2.3-d]pyrimidin-4-

yl)piperidine-4-carboxamido)phenyl dimethylcarbamate. To a solution of 3-(4-

25  (benzyloxy)piperidine-4-carboxamido)phenyl dimethylcarbamate, from step E, and N,/V-
diisopropylethylamine (0.7 mL, 4.02 mmol) in isopropanol (1.6 mL) was added 4-chloro-5-
methyl-7H-pyrrolo[2,3-d]pyrimidine (135 mg, 0.804 mmol). The reaction mixture was
heated to 110 °C in a sealed high-pressure vial for 17 hours, during which time the mixture
became homogenous. The reaction was concentrated under vacuum, and half of the material

30  was purified by prep HPLC (30 x 100 mm C18 column, 20-100% acetonitrile:water (10 mM
ammonium acetate), 15 min, 45 mL/min) to afford the title compound (33.4 mg) as a white
solid.

'H NMR (400 MHz, CD;0D) & ppm 9.71-9.74 (br. s., 1H), 8.22 (s, 1H), 7.51 (app q,
J=1.85 Hz, 1H), 7.44-7.49 (m, 2H), 7.29-7.42 (m, 5H), 7.03 (d, J/=1.01 Hz, 1H), 6.89 (ddd,
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3-(4-(2-(tert-butoxycarbonyl am no) et hyl am no)-1-(5- nethyl-7H pyrrolo
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581 <250 wih12000320209/ 131940PCT/ US2009/ 041126 PCT/US2009/041126
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(et hyl sul f onam donet hyl ) pi peri di e 4eHgar boxam do) phenyl di net hyl car bamat e
530 N7 A\

5 Sy | N
Crude 3-(4-(benzyloxy)-1-(5-methyl-7H-pyrrolo[2,3-d[pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate from example 24, step F (85% pure, approximately
80 mg) was taken up in methanol (2 mL), and a catalytic amount of Pearlman’s catalyst was
added. The system was hydrogenated at 60 psi for 24 hours, after which a small amount of

10 product was observed. Trifluoroacetic acid (0.1 mL) was added, and the hydrogenation was
continued at 60 psi H; for 3 days, after which the reaction was approximately one third of the
way completed. The reaction was filtered, and the product was isolated by prep HPLC (30 x
100 mm C18 column, 10-100% acetonitrile:water (10 mM ammonium acetate), 15 min, 45
mL/min) to afford the title compound (9.6 mg) as a white solid.

15 'H NMR (400 MHz, CD;OD) & ppm 8.20 (s, 1H), 7.55 (t, J=2.02 Hz, 1H), 7.44 (ddd,
J=8.08, 2.02, 1.01 Hz, 1H), 7.33 (t, /=8.08 Hz, 1H), 6.99 (app. d., J/=1.01 Hz, 1H), 6.87
(ddd, J=8.08, 2.27, 0.76 Hz, 1H), 3.95-4.03 (m, 2H), 3.73 (s, 3H), 3.41 (dt, J/=12.63, 2.27 Hz,
2H), 3.13-3.26 (m, 2H), 3.12 (s, 3H), 2.99 (s, 3H), 2.44 (d, /=0.76 Hz, 3H), 2.36 (dt,
J=13.39, 429 Hz, 2H), 1.75-1.83 (m, 2H). MS (ES+) [M+H]" =439.3.

20 6.26. Example 26: Svnthesis of 3-(4-(2-methoxvethoxv)-1-(5-methvl-7H-
pvrrolo|2.3-dlpvrimidin-4-vDpiperidine-4-carboxamido)phenvl
dimethvlcarbamate

H3C /\/ofﬁ /©\ CH3
C

H3

k A\

Iz
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(urei done I o] t 4 <250 nM
e (o, ﬁ% %%I%d%g 6?h§gﬁoz2 Jg.yif?%@?&mgy&ue%ﬁfe% W SRRRASBY fer Fhe

met hyl pr oparans ﬁg&ma&wdtt)aetﬁ:d Mﬂlrmhﬁyibetiﬂel-(@y%(lhbi 2I'@&-combined organic layers

d] pyri m di n-4-yl) ri di ne-4-c n1do phenyl dlnethylcarb mat e ?68 <250
nM WO 20867613y py /buggdg“ 1611 4, an concentrated under vacuum. 1llca ge
3-(4-((1- A |

1-(5- neth%@ﬁgg/gygrg?%@gggfﬁ 133??%3Q?% 4;@ 9%%%gﬁﬁgkne4 cgﬁ%g%%ﬁﬁgg§phenyl
di met /| canatranahtsea mixture that was carried forward (150 mg, 1:2 product:starting material).

B. Preparation of 1-(fert-butoxycarbonyl)-4-(2-methoxyethoxv)piperidine-4-

carboxylic acid. The product mixture from step A (150 mg) was taken up in 1:2

methanol:water (3 mL). Lithium hydroxide monohydrate (150 mg) was added, and the

mixture was heated to 60 °C for 2 hours. The reaction was cooled to room temperature and
15  poured onto saturated aqueous NaHSO,4 (25 mL). The aqueous layer was extracted with ethyl

acetate (3 x 25 mL). The combined organic layers were washed with brine, dried with

MgSQ,, and concentrated under vacuum to give a 2:1 mixture of 1-(fert-butoxycarbonyl)-4-

hydroxypiperidine-4-carboxylic acid and 1-(¢ert-butoxycarbonyl)-4-(2-

methoxyethoxy)piperidine-4-carboxylic acid, respectively, as a viscous oil, which was carried
20  on to the next step without further purification. MS (ES+) [M+H] = 304.2.

C. Preparation of fert-butyl 4-(3-(dimethylcarbamoyloxy)phenylcarbamovyl)-4-(2-

methoxyethoxy)piperidine-1-carboxylate. To a solution of carboxylic acids from step B,

pyridine (0.2 mL, 2.48 mmol), and DMF (catalytic, 2 drops) in CH,Cl, (3.1 mL) was added

dropwise oxalyl chloride (60 uL, 0.68 mmol, caution: exothermic). After gas evolution

25  subsided, the reacton was stirred at ambient temperature for 30 minutes. 3-Aminophenyl
dimethylcarbamate (112 mg, 0.62 mmol) was added in one portion to this solution, which
was stirred for another 30 minutes. The reaction was quenched with saturated aq. NH4Cl, and
the aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined organic layers
were washed with brine, dried with MgSQy, filtered, and concentrated under vacuum. Silica

30  gel chromatography (80% ethyl acetate:hexanes) afforded the title compound as an off-white
solid (150 mg). MS (ES+) [M+CH;CN]" = 529.3.

D. Preparation of 3-(4-(2-methoxyethoxy)piperidine-4-carboxamido)phenyl

dimethylcarbamate. To a solution of fert-butyl 4-(3-(dimethylcarbamoyloxy)-

phenylcarbamoyl)-4-(2-methoxyethoxy)-piperidine-1-carboxylate from step C (150 mg,
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10 homogenous. The mixture was concentrated under vacuum and purified by prep HPLC (30 x

100mm C18 column, 5-100% acetonitrile:water (10 mM NH4OAc), 15 min, 45 mL/min) to

afford the title compound (17.4 mg) as a white solid.
'H NMR (400 MHz, CD;0D) & ppm 8.20 (s, 1H), 7.51 (t, J=2.02 Hz, 1H), 7.40 (ddd,
J=8.08,2.02, 1.01 Hz, 1H), 7.33 (t, /=8.08 Hz, 1H), 6.98-7.02 (m, 1H), 6.89 (ddd, J=7.83,
15  2.27,1.01 Hz, 1H), 3.92-4.01 (m, 2H), 3.69 (br. s., 4H), 3.51 (s, 3H), 3.29 - 3.38 (m, 2H),
3.12 (s, 3H), 2.99 (s, 3H), 2.43 (d, J=1.01 Hz, 3H), 2.31 (dt, J=13.64, 4.29 Hz, 2H), 1.97-
2.07 (m, 2H). MS (ES+) [M+H] = 497.3.

6.27. Example 27: Svnthesis of 3-(4-amino-1-(5-methyl-7H-pvyrrolo[2.3-
dlpyvrimidin-4-vD)piperidine-4-carboxamido)phenvl dimethvlcarbamate

ﬁ@k

I
20 NN
A. Preparation of tert-butyl 4-(tert-butoxycarbonylamino)-4-(3-

(dimethylcarbamoyloxy)phenylcarbamoyl)piperidine-1-carboxylate. N-Boc-amino-(4-N-
Boc-piperidinyl) carboxylic acid (0.114 g, 0.33 mmol), HATU (0.151 g, 0.40 mmol) and

N,N-diisopropylethylamine (128 mg, 1.0 mmol) were combined in isopropyl acetate (2.3 mL)
25  and stirred at room temperature for 15 minutes. 3-aminophenyl dimethylcarbamate (0.072 g,
0.40 mmol) was added, and the mixture heated at 80 °C for 1.5 hours. The reaction mixture
was allowed to cool, diluted with EtOAc, washed with 2 N Na,COs, 1 N HCI, and brine, and
then dried over MgSO4 and concentrated. Purification by silica gel chromatography (60%
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VO 200%/ 1 @Whasm@@m&lfmearbamen RipstiHetrdtopshoxylate fsompsteny (07 lgsr ro | o
53 83<'2 58' p\%%fﬂnﬁbﬂhﬁ‘lvfedﬁ 1 PIP§ Wal bR CAUBOXATLINPH S TV, H S Ll c afhamat e
4- (am nonetityte) wiy-stiBect yud rooxy ehgpiatyre Tor( B i Furtliéduyjivatdne] & BCEdippgiciwardi n-

4-yl ) pi peridine ar boxam de 381 <2 n
ylypip aclicijed at thélls t(irne and the rn?xture stirreg ?or aMurther 24 hours at room temperature. The

solvent was removed under vacuum to afford the title compound (0.084 g, 98%), which was
10  carried on crude. MS (ES+) [M+H]" = 307.
C. Preparation of 3-(4-amino-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-

yl)piperidine-4-carboxamido)phenyl dimethylcarbamate. 3-(4-aminopiperidine-4-

carboxamido)phenyl dimethylcarbamate from step B (0.109 g, 0.36mmol), 4-chloro-5-

methyl-7H-pyrrolo[2,3-d]pyrimidine (0.060 g, 0.36 mmol), and N,N-diisopropylethylamine
15 (0.277 g, 2.14 mmol) were combined in isopropanol (5 mL) and heated in a sealed tube at

120 °C for 18 hours. The mixture was concentrated, and the residue was purification by silica

gel chromatography (0-10% MeOH/CH,Cl,) to afford the title compound (0.085 g, 55%) as a

white solid.

'H NMR (400 MHz, CD;0D) & ppm 8.25 (s, 1H), 7.61 (m, 1H), 7.47 (m, 1H), 7.38

20 (m, 1H), 7.05 (d, J = 1.0Hz, 1H), 6.91 (m, 1H), 4.00 (m, 2H), 2.48 (m, 2H), 3.18 (s, 3H), 3.05

(s, 3H), 2.51 (s, 3H), 2.45 (m, 2H), 1.72 (m, 2H); MS (ES+) [M+H]" = 438.

6.28. Example 28: Svnthesis of 3-(4-(dimethylamino)-1-(5-methyl-7H-
pvrrolo|2.3-dlpvrimidin-4-vDpiperidine-4-carboxamido)phenvl
dimethvlcarbamate

hﬁ

3-(4-amino-1-(5-methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4-

25

carboxamido)phenyl dimethylcarbamate from example 27, step C, (0.028 g, 0.064 mmol) was
dissolved in MeOH (1 mL). Formaldehyde (37 wt% solution in H,O, 0.15 mmol, 12 ul) was
added followed by AcOH (0.26 mmol, 15 pl) and NaBH3;CN (0.008 g, 0.13 mmol). The
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10 To a suspension of 2-(1H-imidazol-5-yl)acetic acid (0.238 g, 1.47 mmol) and HATU
(0.372 g, 0.978 mmol) in CH,Cl, (5 mL) was added N,N-diisopropylethylamine (0.51 mL,
2.93 mmol). The resulting solution was allowed to stir for 20 min. at room temperature. To
this solution was added the acetate salt of 3-(4-(aminomethyl)-1-(5-methyl-7 H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl dimethylcarbamate (from example 20,

15 0.500 g, 0.978 mmol) and N,N-diisopropylethylamine (0.17 mL) in CH,Cl, (5 mL). The
reaction was allowed to stir at room temperature for 6h, and then diluted with H,O (10 mL)
and CH,Cl, (20mL). The mixture was extracted with CH,Cl, (2 x 10 mL), and the combined
organics were washed with NaHCO; (10 mL) and brine (10 mL), dried over MgSQ,, and
concentrated under vacuum. The residue was purified by flash chromatography (3-10%

20  MeOH:CH;Cl,) to afford the title compound (0.393 g, 72% yield) as a white solid. This solid
was suspended in water, and acetic acid was added until the solution became clear. This
solution was frozen and lyophilized to the di-acetate salt of the title compound (0.477 g).

'H NMR (400 MHz, McOD-dy) & ppm 8.17 (s, 1H), 7.57 (d, J = 0.76 Hz, 1H), 7.47 (t,
J=2.02 Hz, 1H), 7.37 (ddd, J = 1.01, 1.77, 8.08 Hz, 1H), 7.30 (t, /= 8.08 Hz, 1H), 6.98 (d, J

25 =1.01 Hz, 1H), 6.92 (s, 1H), 6.87 (ddd, J = 1.01, 2.27, 8.08 Hz, 1H), 3.87 (ddd, J = 3.28,
3.28, 14.15 Hz, 2H), 3.58 (s, 2H), 3.52 (s, 2H), 3.32 — 3.38 (m, 2H), 3.12 (s, 3H), 3.00 (s,
3H), 2.42 (d, J = 0.76 Hz, 3H), 2.35 — 2.42 (m, 2H), 1.96 (s, 6H), 1.75 — 1.85 (m, 2H). MS
(ES+) [M+H] = 560.
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383 <250 nM 4- (am nonet hyl ) - N-(3- (i sopropyl car banoyl ) phenyl)-1-(5-

nmet hyl

-7THpyrrolo [2,3 -c/]pyrimdin-4-

yl )pi p eridine-4-

<250 nM dwoOamvicensdhyl ) - N- (3- (di net hyl car banoyl ) pheny1) PCT(U52009/041126
- 7TH- pyr r olgsol 21E3‘ah_|félé By w@mﬂi(ﬂm{l%h}ﬁhﬂdgr I di ne-4- carboxam de 436
<250 nM 4- (am nonet hy I met hyl am no) - 2- oxo et hoxy) phenyl)-1-(5

- met hyl - 7H pyr (RinkAhd grodeduidseséiBedifRrddn ¥hd RPbMBas Bid&r thtREERAKE T HBorHP 6

met hyl

<250 nM

car boxam de 450

3- (4- ((3- n@nmmpn‘h@tpéhalmwdo)TmbtehwmeprQ@mﬁetwllei@ao|d@1[azhe3-1s:pr]omedm di n-

gb% lg) 5_)!3 ESE{ | d%%e{@%%g{ tgg )é%rrgn%oduct)?dg r\}v%rs] ¥ieterrn1nect1

ﬁlreba%ga%lt c?esc5r§38ed<n% igiar?l]Me 3\§O

3- (4- (% 2- et hoxyacet am do) met hyl ) - 1- ( Stamehy1- 7prrro| 0[2 3-d] pyrimdin-4-y

2,3

| ) pi per i dine-4- carboxani do)phenyl dinethyl carba 250 nM

4- (am norpet hyl ) - N- (3- ( 2- net hoxyet hoxy) phenyl) 1- ( hyI -7Hpyrrol o [}

-c/]pyri r%hﬁ)’oﬁh}il )pi p eridine-4- carboxam de 439 LIMK?2 ICs
N-(3 -(4-ﬂuorophgnqu)phenyl)-4-rpgthyl- 1-(5 -rnethyl-7H - 460 <950 1M
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
N-(3 -brqmophenyl)-4-m§thyl- 1-(5 -rnethyl-7H -pyrrolo[2,3- 428 <250 oM
d]pyrimidin-4-yl)piperidine-4-carboxamide
N-(3-bromophenyl)-1-(5-chloro-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)-4-methylpiperidine-4-carboxamide 450 <250nM
N-(3-(N-isopropylsulfamoyl)phenyl)-4-methyl-1-(5-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 471 <250 nM
carboxamide
4-allyl-N-(3-bromophenyl)-1-(5-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide 436 <2500M
N-(4-methoxyphenyl)-4-methyl-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide 380 <250nM
4-ally}-N—(3 -tert-bqtylph@nyl)- 1-(5 -rnethyl-7H -pyrrolo[2,3- 432 <9250 1M
d]pyrimidin-4-yl)piperidine-4-carboxamide
4-methyl-1-(5-methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)- 418 <9250 1M
N-(3-(trifluoromethyl)phenyl)piperidine-4-carboxamide
4-allyl-N-(3-(4-fluorophenoxy)phenyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide 486 <2500M
4-allyl-N-(3-fluorophenyl)-1-(5-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide 394 <2500M
4-ally}-N—(3 -metho?(yphgnyl)- 1-(5 -rnethyl-7H—pyrrolo [2,3- 406 <250 oM
d]pyrimidin-4-yl)piperidine-4-carboxamide
3-(4-allyl-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate 463 <250nM
3-(4-isopropyl-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4- 465 <950 1M
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
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4- (am nonet hyl )-1-(5-nmethyl-7H pyrrol o[ 2, 3-c] pyri m di n4-y1)-N-(3-(trifluoro

met hyl ) phenyl ) pi peri di ne- 4-
4- (am norEOYe9) B340 3- cyanophenyl) - 1- ( 5- net hyl -

car boxam de 433 <250

nM

7Hpyr r ol op2TASAj0ppuiRe di n-4-y

| ) pi peri di ne-4-car boxam de 390 <Z50 nM
3-(4-((2- ?\ aabyr biomethyaZ S maraiel4.ydlpaaeidinidad) et hyhy, 1- <950 nM
(5- net hy] pylrprmrld[@ %carbqumdfm di n-4-yl) pi peridi ne-4- dar boxam do) phgnyl
di et hyl qarbamate 592 <256—iv
4- (am norpa(n(bmethy] 5 rpyyldf 7 Hdppprimotmf£yB-42] pyrim di n4-y1) - N- (2- (et hylfam
no) benzol| propipieidite-4-drbopmiiddjphenyl4- car boxam de|l 43865500 nM< 250 nM
4- (am norfeinithylcddbirdate di met hyl am no) benzol[ d] oxazo| - 6-
yl) 1- (5-_@1‘ h\ll 7I—Ln\lrrn| fa) f’) 3 -r\/'l n\lrl mdin-4-
yl) pi per il di nesdmear-ne%a 14:&%1 7500 'Yhethlm-
3-(4- (ani) g% bl ﬁ%ﬁf i #%aga(r@mg . =250 mM
d] pyrim er| | ne oxam p envI di et hyl cqr bamate 480 <250
nM 3- (4-(|gr P/m) gglmath 1yrr 9l 43
N ethyl yfrol 1idin- T) SR A
dlpyri i durl #?‘?g BT TR R e TR BTSN b gy e sy
4- (am norf&t! %a)mlﬂﬁw brom)phenyl) 1- (5- et hyl - 7Hplyrr ol o[ 2,{3-d] pyri mi di n{4-vy
| ) pi peri i ne-4-car boxam
4-methyl-1-(5-methyl- 7H—pyrrolo[2 3-dlpyrimidin-4-yl)-
364 <250 nM
N-m-tolylpiperidine-4-carboxamide
N-(3-isobutyramidophenyl)-4-methyl-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide 435 <2500M
N-(3-(2-(dimethylamino)-2-oxoethyl)phenyl)-4-methyl-1-
(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 435 <250 nM
carboxamide
3-(4-methyl-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)piperidine-4-carboxamido)phenyl morpholine-4- 479 <250 nM
carboxylate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-((3-
methylureido)methyl)piperidine-4-carboxamido)phenyl 509
dimethylcarbamate
3-(4-((2-(dimethylamino)ethoxy)methyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 524
carboxamido)phenyl dimethylcarbamate
3-(4-cyano-1-(5-methyl-7 H-pyrrolo[2,3-d]pyrimidin-4- 448
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
3-(4-(acetamidomethyl)-1-(5-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl 494 <250 nM
dimethylcarbamate
3-(4-(2-aminoethylamino)-1-(5-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl 481 <250 nM
dimethylcarbamate
3-(4-(2-(tert-butoxycarbonylamino)ethylamino)-1-(5-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 581 <250 nM

carboxamido)phenyl dimethylcarbamate
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443 <250

nM

4- (am nonet hyl ) - N- (3-1i sopr opoxyphenyl) - 1- (5- net hyl 7H pyrrol o[ 2, 34] pyrim di n
-4-y1) pi pEOI2dMIB19%0 car boxam de 423 <250 nM

PCT/US2009/041126

i di

A

2

4- (am noffet hyl)-N-(3-tert-bufyl phenyl)-I-(5-nmet hyJ - 7Hpyrrdl o[ 2, 3-d] pyri |
Ayl ) pil B bR zsoRs et 45T
(R - 3- ( 1{pBrolet by dlpprnpdinrbyopieddiogdyr i ni di n- 4- y[1) - 472 <250 nM
( (pyr r ol i|dirhexddidaypboxd dirdehytesrbyinitei peri di ne- 4- car boxani|do) phenyl
di met hyl qarbanmate—S549—WO—26691-131940PCETHUS2669+ 94112631145
- net hyl - 1Be(pyeyan- 165ty 1-7¢-pyyelod. diltpyainydin=4¢-  ( rre%ﬁng/l arfi no).ngfdhwly) pi |
er i di ne- 4ybpipbodiacdn)ipixemydo)phamgt diyletal dzavenate 466
-(4-(2-(gqrmerhnytam no)etnyt J-1-(5 -Metny1-7HpyTr o] 10 [ 2, 3
- ¢/ ] pyr i i di-t2-Aygroxpethylemin) nlet4metbat-boxamoddy sheny| di et Hyl car bamat e 52
4- ( 2- ( di netpyyihadmabyepingtidintd{c8rboxgmplogpexybheny 1)) - 1485 - [met k250 pyr 1
lo [2,3 -{dinqlyylcarbahated-yl ) pi p eridi ne-4- carboxam de 465
3-(4-((1-benzyl-1H-tetrazol-5-yl)methyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 595 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(4-((1H-tetrazol-5-yl)methyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 505 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-
(methylsulfonamidomethyl)piperidine-4- 530 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(4-((N,N-dimethylsulfamoylamino)methyl)-1-(5-methyl-
7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 559 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(4-((methoxycarbonylaminomethyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 510 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(4-((1-methyl-1H-pyrazole-4-carboxamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 560 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-
((morpholine-4-carboxamido)methyl)piperidine-4- 565 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-
(ureidomethyl)piperidine-4-carboxamido)phenyl 495 <250 nM
dimethylcarbamate
3-(4-((3-hydroxy-2-(hydroxymethyl)-2-
methylpropanamido)methyl)-1-(5-methyl-7H-pyrrolo[2,3- 568 <9250 1M

d]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl

dimethylcarbamate
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N-(3 -tert-butyl phenyl)-4-(2-(dinmethylam no)ethyl)-1-(5 -

met hyl- 7H-pyrro

lo [2,3 -c/]pyrimdin-4-yl)pip eridine-4- carboxamde 463 3 -(145

- met hyl - AMopgew31940 [ 2,3 -c/]pyrimdin-4-yl1)-4((5 - OXOp¢IMS2009/041126

| i di ne-2- ? gﬁa{aeg? do) net hyI )pr p erirdine-4- car boxjpm do) phgnyl

di net hyl c B brorm hen%l(iH (‘15! (dj et hyl arfi no) et hyl )-1-(5 -

met hy1- 7+ ?‘Y“(ﬁ‘r %1 a?“?PC Gragu )5“13 Derj di ges4- |car boxsyinde 485

4- (2" - (diftd m%7 1m1ﬁ’élr4-ry)PIPFF1 Brollo [2, 3]

ci ] pyri mi 6TCﬁKMX9/IB)d0DAPh(GBY ctlmethty mﬂ@wéft hyl ) phenyl )jpi p eri dilne- 4-car boxari de

475 3 - (|4 -(am nonet hyT) [ -7/Hpyrro Tp [2Z,3 -

ci]pyrim Al (@mﬁﬁt%ﬁlﬂﬂ)whﬂ)éﬁﬂﬁ%hﬁ ) pheny| dii soprlopyl car bamat e |508

4- (am norfey1sglp iR IRgtdiperény 1) - 1- (5 - net hydFH dyrr 39 1M, 3

- ¢/ ] pyr i rfcatboxanigd )ppenyl dmethyleahametar boxam de 394

4- (am norpethyt)=—N(A({dmethytanmo)methyphenyt)=—t=—<5STmethyt—=7+pynro

lo [ 2,3 -8/}§2-{dimndihpladriyd)hmtamido jokéthg)-4-(Seactbplxami de 422
7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 537 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-
((sulfamoylamino)methyl)piperidine-4- 531 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-(2 H-
tetrazol-5-yl)piperidine-4-carboxamido)phenyl 491 <250 nM
dimethylcarbamate
3-(4-((1H-imidazol-2-yl)methyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 503 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(4-((1-aminocyclopropanecarboxamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 535 <250 nM
carboxamido)phenyl dimethylcarbamate
(8)-3-(4-((2-amino-3-(1H-imidazol-4-
yl)propanamido)methyl)-1-(5-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamido)phenyl >89 <250nM
dimethylcarbamate
4-(arn1n0rnethyl)-l-(5-methyl-7H‘-py1"ro'lo[2,3-d]pyrlrm'dln- 432 <9250 1M
4-y1)-N-(3-(oxazol-5-yl)phenyl)piperidine-4-carboxamide
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-
(morpholinomethyl)piperidine-4-carboxamido)phenyl 522 <250 nM
dimethylcarbamate
(8)-3-(4-((2-amino-3-hydroxypropanamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 539 <250 nM
carboxamido)phenyl dimethylcarbamate
(8)-3-(4-((2,5-diaminopentanamido)methyl)-1-(5-methyl-
7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 566 <250 nM
carboxamido)phenyl dimethylcarbamate
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4- (am nonet hyl )-N- (3 -ethoxyphenyl)-1-(5 -nethyl

-7H pyrrolo [2,3

-c/]pyrimdin-4-yl)pip eridine-4-carboxam de 409 4-(am nonethyl)-N-(3

- i sobut oxwplheewis)o4d- (5 - et hyl -

7H pyrrolo [2,3 -c/]pyril)(ﬁrtllsneoé/oyil)upl p

eri di ne-
(R -4-(arn
c/]pyrim
yl oxy) phe

-carpoxam de 45/ WO 20097 151940PCI1/ USZ2

PrdHt thyD(1gSraethyls ZHmypell dBol 2, 3-
d]mmi?;ﬁ? Bt S il d AN i

009/ 0411,
478

<250 nM

4- (am no
met hyl -7
4- (am nor

dyﬂle)tlpylpzebatrdatne 4- car boxami de 451
l','LII_yI)'I\I' PIIUIIyJ_)'J_'

1 AARARMAS W B S A RARG AR AR S P
Byiyib]2. 3-{Grims dinylLy pippydinoHefi@amidepy |

a art
I n4

oxam
y1) - N-

e

ahyd

ro- 2H py
4- (am nor
hydr oxyt 4
pyrrol of 2
Expr essi g

hygraxap

an-4-_yr oxyJphenytJpi peri di ne- 4-car boxa

PR UL A ARB AL A G i

moaphedinoéthy pipdidihosycp ploeayido)mhe( - met hy

dﬁhmhﬂp&bmnmdln 4-yl ) pi peridi ne-4-car box
n_of

fi oAt ~ L1 MNKOD

n_~and

e 405

| - 7BB6
am de 467

<250 nM
6. 31.

dimethyl 1-((4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyl)-1-(5-methyl-
7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-4-yl)methyl)-
1H-1,2,3-triazole-4,5-dicarboxylate

T Ul

620

<250 nM

3-(4-((5-methyl-1H-pyrazole-3-carboxamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate

560

<250 nM

3-(4-((2-(2-methoxyethoxy)acetamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate

568

<250 nM

4-(aminomethyl)-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)-N-m-tolylpiperidine-4-carboxamide

379

<250 nM

4-(aminomethyl)-N-(3-chlorophenyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide

399

<250 nM

4-(aminomethyl)-N-(3-methoxyphenyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide

395

<250 nM

4-(aminomethyl)-N-(3-fluorophenyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide

383

<250 nM

4-(aminomethyl)-N-(3-(isopropylcarbamoyl)phenyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide

450

<250 nM

4-(aminomethyl)-N-(3-(dimethylcarbamoyl)phenyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamide

436

<250 nM

4-(aminomethyl)-N-(3-(2-(dimethylamino)-2-
oxoethoxy)phenyl)-1-(5-methyl-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)piperidine-4-carboxamide

466

<250 nM

3-(4-((3-methoxypropanamido)methyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate

538

<250 nM
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LI MK2 was expressed using the BAC-to-BAC Bacul ovi rus Expression System

(I'nvitrogen).
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6. 32.

In Vitro LIMK2 Inhibition Assay An in vitro assay used to identify

LI MK2 inhibitors was devel oped. The anal yti cal readout was the
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carboxamide

422

4-(aminomethyl)-N-(3-ethoxyphenyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
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4-(aminomethyl)-N-(3-isobutoxyphenyl)-1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
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WO 2009/ 131940PCT/ US2009/ 041126 Tabl e 2 Conpound Dose' Fornul ati onb Change
in I OP (Nunber of Studies)c 2 hours 4 hours 6 hours A 30 1 -4.4 -1.6 Not
tested A \801009/131940 PCT/US2009/041126

(R)-4-(aminomethyl)-1-(5-methyl-7H-pyrrolo[2,3-
dlpyrimidin-4-yl)-N-(3-(tetrahydrofuran-3- 451
yloxy)phenyl)piperidine-4-carboxamide

4-(aminomethyl)-N-(3-(cyclopentyloxy)phenyl)-1-(5-
methyl-7H-pyrrolo[2,3-d|pyrimidin-4-yl)piperidine-4- 449
carboxamide

4-(aminomethyl)-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)-N-(3-(tetrahydro-2 H-pyran-4- 465
yloxy)phenyl)piperidine-4-carboxamide

4-(aminomethyl)-N-(3-((3R,4R)-4-
hydroxytetrahydrofuran-3-yloxy)phenyl)-1-(5-methyl-7H- 467
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide

6.31. Expression and Purification of LIMK?

LIMK2 was expressed using the BAC-to-BAC® Baculovirus Expression System
(Invitrogen). Recombinant baculovirus was made according to the manufacturer’s directions
as set forth in the instruction manual. Briefly, the plasmids (pFactBacl or pFastBacHT)

5  carrying the LIMK?2 inserts were transformed into MAX efficiency DH10Bac competent E.
coli to generate a recombinant bacmid. The DH10Bac E. coli host strain contains a
baculovirus shuttle vector (bacmid) with a mini-attTn7 target site and a helper plasmid, and
allows generation of a recombinant bacmid following transposition between the mini-Tn7
element on the pFastBac vector and the min-attTn7 target site on the bacmid. The

10  transposition reaction occurs in the presence of transposition proteins supplied by the helper
plasmid. Cells were plated and the white colonies picked for bacmid isolation as described in
the instruction manual.

The isolated bacmid DNA was transfected into SF9 cells to generate a recombinant
baculovirus, and virus was collected five days after transfection. Virus was amplified in T75

15  flasks at a multiplicity of infection (MOI) of 0.2. The amplified virus was used to infect SF9
cells at a MOI 5 for protein expression.

For small scale purification of the LIMK?2 constructs, a 50 ml culture of Sf9 cells
infected with the recombinant baculovirus was used. The cells were harvested by
centrifugation for 5 minutes at 500 x g. The cells were then resuspended in lysis buffer (5

20  volumes per gram of cells). A typical lysis buffer contains the following: 50 mM HEPES
(pH 8.0), 300 mM KCI, 10% glycerol, 1% NP-40, 15mM imidazole, ImM benzamidine, and
Roche complete protease inhibitors (1 tablet per 50 ml of cell lysate). The cellular
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7) -2.6 (7) -1.3 (4) A0.31-2.0(3) -1.6 (3) -0.1 A3 2 -4.6-2.6
30 2 -4.1-2.5 -.03 B
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suspension was lysed by one passage through a Microfluidics Microfluidizer M-110Y at a

2 (
.4 B

liquid pressure of 14,000 to 20,000 psi followed by centrifugation of the lysate at 60,000 x g
for 15 minutes at 4 °C.
The supernatant was then loaded directly onto a chromatography matrix containing
5  Cobalt ion covalently attached to nitrilotriacetic acid NTA . The chromatography matrix was
equilibrated in the same buffer as the protein loading solution. The ion charged resin
typically has a binding capacity equivalent to 5 to 10 mg histidine-tagged protein per ml of
packed resin. The amount of extract that can be loaded onto the column depends on the
amount of soluble histidine-tagged protein in the extract. The column was then washed in a
10 stepwise fashion, first with: 50 mM HEPES (pH 8.0), 300 mM KCI, 10% glycerol, 1% NP-
40, 15mM imidazole, ImM benzamidine; second, with 20 mM HEPES (pH 8.0), 500mM
KCl, 10% glycerol, and 20 mM imidazole; third, with 20 mM HEPES (pH 8.0), 100 mM
KCl, 10% glycerol, and 20 mM imidazole; followed by elution with 250 mM imidazole in the
same buffer. The LIMK2 protein solution was then analyzed by SDS-PAGE and Western
15  blot using commercial antibodies directed to both the carboxyl terminus and internal catalytic
domains of the protein. For storage purposes the protein was dialyzed into 50 mM Tris (pH
7.5), 150mM NaCl, 0.1% BME, 0.03% Brij-35, and 50% glycerol.
Large scale LIMK?2 purification was done in a Wave Bioreactor (Wave Biotech) with
10L culture volumes. 10L of cell culture at 2-3 x 10° viable cells/mL were infected at an

20  MOI=5 pfu/cell and harvested at 48 hours post infection.

6.32. In Vitro LIMK2 Inhibition Assavy

An in vitro assay used to identify LIMK2 inhibitors was developed. The analytical
readout was the incorporation of *’P from ATP substrate into immobilized myelin basic
protein coated flash plates (Perkin Elmer Biosciences), which were counted on a scintillation

25  counter equipped with a plate reader (TopCount, Packard Bioscience, Meriden, CT). Using
384 well flat MBP flashplates, total assay volume was 50 ul. The HTS program utilized a
Biomek FX for dilution.

For each assay, the ingredients and conditions were as follows: 200 ng of enzyme

was incubated in assay buffer (1X assay buffer contains 30 mM HEPES (pH 8.0), 5 mM

30 DTT, and 10 mM MgCl,), 10 uM ATP, 0.2 uCi [gamma-"P]-ATP and 10 uM of potential
inhibitory compound. The reaction was incubated at room temperature for 60 minutes,
washed 3 times with 75 ul of stop/wash buffer (1X stop/was buffer contains 50 mM EDTA
and 20 mM Tris (pH 7.4)), and then the plates were read on the scintillation counter.
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Different concentrations of staurosporine (400 nM, 200 nM, 100 nM and 50 nM; purchased

from BIOMOL (Plymouth Meeting, PA)) were used as controls on each plate.

6.33. Dexamethasone-Induced Ocular Hvpertension Model

Twenty eight day mouse Alzet mini-osmotic pumps (DURECT Corp., Cupertino, CA)
were filled with a solution of water soluble dexamethasone (dex) in PBS (Sigma, St. Louis,
MO) so that they would release roughly 0.1 mg of dex per day. Once the pumps were filled
with the dex, the pumps were allowed to equilibrate in PBS at 37 °C for 60 hours. The
equilibrated pumps were surgically placed subcutaneously on the backs of wild-type C57:129
F2 hybrid mice weighing between 25 and 35 grams. Surgical incisions were sutured with 5-0
braided silk (ROBOZ, Gaithersburg, MD) and treated with antibiotic ointment throughout the
entire duration of study. Surgical incisions were glued with TissueMend II (Webster
Veterinary, Houston, TX). Analgesic (buprenorphine) was given through IP injection the day
of surgery and 24 hours after surgery. Intraocular pressure (IOP) was measured on these
mice using a TonoLab (Colonial Medical Supply Co., Franconia, NH) tonometer. Mice were
mildly sedated with isoflurane and topically anesthetized with 0.5% proparacaine (Akorn,
Buffalo Grove, IL) before IOP measurements were taken. Baseline IOP was measured 1 day
prior to mini-pump implantation. After mini-pump implantation, IOP measurements were
taken 2-3 times per week for 4 weeks. Pharmacology studies with potential ocular

hypotensive compounds were performed between 21 and 28 days after implantation.

6.34. In Vivo Effects

Compounds of the invention were then tested in the mouse ocular hypertensive
model, described above. The effects of four compounds of the invention topically

administered to the eyes of the mice are described below in Table 2:
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Not tested a Mcrogram per eye. b Ophthal mcally acceptabl e excipients
were used to nmake different fornulations. The pH of forrmulation 1 was 7. 2;
t he pH ofwbanemi3agsbon 2 was 7.2; and the pH of fornul at ipoOn/IB200884820. 5C
Times are hours after dosing. The effect of conpound A was conpared to that

of tinmolol in the hypertensive nodel. Pfgbighown in Figure 1, the topical
admnistration of 3 [tg per eye of onpound A yi el ded Quhq'ran'rlal ly the

effect ag the topi cal administratioh of 1331';%1%6 B?fO}eM@urﬁlBertdf@m&és ¢ 10Al

publ i cat 1{10 ’DE?et"e ?; SrAndifpt ent_ap tions) ci te abave are
i ncor por at e ereijn by erence I n the h entl reti es4 hour
2009/ 131940PCT/ US2009/ 041126 CLAI M5| WA | 21 ai|med 1A ,orrpoung of tihe
f or mul a: 50r a [pharnmaceutically acceptable salt th Whe e| n. Als
optionally sdbsti tlu 2@1 aryl rcl het er ocycrég;g séehydr bge ?‘?é%gen,
cyano, of optional|ly substituted al kyl, heteroal kyI i het er ycl &;
R2 is hyjrogeﬁﬁ, hal oggen, cyand, or opti cfh%lﬂy substl‘?@t(éb al kyl , ?3
het er oal KyT-, aryl,[ or

A 0.3 1 -2.0(3) -1.6 (3) -0.1

A 3 2 -4.6 -2.6 -1.4

B 30 2 -4.1 2.5 -.03

B 3 2 -3.4 2.2 -0.3

C 3 3 -3.5(2) -0.9 (2) -0.5(2)

D 3 3 -1.8 -0.8 Not tested

D 0.3 3 2.2 -04 Not tested

* Microgram per eye.

" Ophthalmically acceptable excipients were used to make different formulations. The pH of

formulation 1 was 7.2; the pH of formulation 2 was 7.2; and the pH of formulation 3 was 6.0.
5 ¢ Times are hours after dosing.

The effect of compound A was compared to that of timolol in the hypertensive model.
As shown in Figure 1, the topical administration of 3 pg per eye of compound A yielded

substantially the effect as the topical administration of 15 pg per eye of timolol.

10 All publications (e.g., patents and patent applications) cited above are incorporated

herein by reference in their entireties.
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10het er ocycl e; R3 is R3A, OR3B, N(R3B)2, NC(0)R3B, NC(0)OR3B,

NC(0) N(R3B) 2, SR3B, SOR3B, or SO2R3B; each R3A is cyano, C(0)R3c, CO2R3c,
CON( R3c) 2yvoanovnsid4onal |y substituted al kyl, al kylaryl, a&Chgush@vmotaeycl e,
aryl, heteroal kyl, heteroal kyl aryl, heteroal kyl het erocycl e, or

15het er ocycl e; each R3B is indepandams!| y hydrogen, C(0)R3c, CO2R3c,
CON(R3c) 2, or optionally substituted al kyl, heteroal kyl, aryl, or

het erocycl e; each R3.is independently optionally substituted al kyl, aryl or
het er ocycMhat zd4md is:s i ndependent |y hal ogen, OR4A, OC(0) R4A,

OC(0) N(R4A) 2, N(R4A)2, 20 NC(0) RAA, NC(0)OR4A, NC(0)N(R4A)2, SR4AA, SOR4A,

SC2R4A, or optionall ycogﬁgﬁh&gp{hgqoﬂlﬁy:l , heteroal kyl, aryl, or heterocycle;
each RAA is in epenéent y hydrogen or optionally substituted al kyl or

het eroal kyl; and n is 0-3; with the provigo fhat when RL and R2 are both
hydrogen and A is phenyl, R4 is_not 5h(84)'rl'he conmpound of claim 1,
which is a potent LIM2 inhibi t B#> 009+131940PCT/ US2009/ 041126 3. The
conmpound of claim2, which has afLl HI C50 of | ess than about 100, 75,
50,25 or 10 nM 4. The conpound Qf claim11l, wherein Ais optionally

substituted phenyl. 5. The conpounM of gJaim1, wherein Ais optionally
substituted heterocycle. 56. The caoppound of claiml1l, wherein RL is

hydr ogen, hal ogen, cyano, or opt'o/nai Wsubstituted | ower alkyl. 7.
The conpound of claim6, wherein&1 N ydrdogen.
N
H

5  or apharmaceutically acceptable salt thereof, wherein:
A 1s optionally substituted aryl or heterocycle;
R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
heterocycle;
R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
10 heterocycle;
R3 is R3a, OR3p, N(R3p)2, NC(O)R3p, NC(O)OR3p, NC(O)N(R3p)2, SR3p, SOR3p, or
SO,R3g;
each Rj, is cyano, C(O)R3¢, COR;3¢, CON(R3¢),, or optionally substituted alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl, heteroalkylaryl, heteroalkylheterocycle, or
15  heterocycle;
cach Rsp is independently hydrogen, C(O)Rsc, CO,R3¢, CON(R3c)2, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rjc is independently optionally substituted alkyl, aryl or heterocycle;
cach Ry is independently halogen, OR4a, OC(O)R4a, OC(O)N(R4a)2, N(R4n)z,
20  NC(O)Rya, NC(O)OR4a, NC(O)N(R4a)2, SR4a, SOR4a, SO2R44, o1 Optionally substituted
alkyl, heteroalkyl, aryl, or heterocycle;
cach Rua is independently hydrogen or optionally substituted alkyl or heteroalkyl; and
nis 0-3;
with the proviso that when R; and R; are both hydrogen and A is phenyl, Ry is not
25  halogen.

2. The compound of claim 1, which is a potent LIMK?2 inhibitor.
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8. The compound of claim®6, wherein R1L is halogen (e.g., chloro). 9. The

conpound

of claim6, wherein RL is optionally substituted | ower alkyl

10(e. g., wot2hgo131940 10. The conpound of claim 1, wreraiSR00RD4i126

hydr ogen,

hal ogen, ¢}aBOMp&UndUTTciAI), lwyli&l%%iﬂlm@lds%@rei%dhhﬂ hbout 100, 75, 11.

The conpound of claim 10, wherein R2 is hydrogen. . The conpound

of claim
cl aim 10,

30, 25#d0eiM. R2 i s hal ogen (e.g., chloro). 1513. The conpound of
wherein R2 is optionally substituted | ower alkyl (e.g., methyl).

14. The conpoudAd of Tot eempdyndwietaginr, RBetesn R3IApPIEREBY sarstiNt&RBE)cDy!.
15. The compound of claim 14, wherein R3 is R3A and R3Ais optionally
substituted al Ryl , FThkybhphadadytdia,l, hbteinalikyptionatly betiseitned/dteocdd.6. The

conmpound of claim15, wherein R3A is optionally substituted al kyl.

17. The conpoupd of Tat sbiipdind oM@l INwWRAIA R, RHydRIpah ) Mlﬁfﬁ?é}l_ahwcﬁd _

al kyl hetero cycle. 18. The conpound of claim 15, erein RBAis
opt i onal | grtsuisdy isekptisdechlomst alkky| . 19. The conpound of clai m 15,

wherein R3A is optionally substituted heterocycle. 2520. The conpound of

cl aim 14,

wher &i n R¥h¢ soraR3Bdmf chiRIBYA6reamB: RIBdiagehydr ogen or optional ly

substituted al kyl or aryl. 21. The conpound of claim 20, wherein R3B is

hydr ogen.

22. The cohpoempowk oflckiim62 &hewsireR eisrhalk@Bn (sg.ophilomnal |y

substituted al kyl. WD 2009/ 131940PCT/ US2009/ 041126 23. The conpound of

cl ai m 20,

wher gi N R3Be bempiindwTaldin 65 whstcid Rt Bhpabidlly stbstinkiee 160smagnd of

claiml, wherein R4 is hal ogen.

15

20

25

(e.g., methyl).

10.  The compound of claim 1, wherein R; is hydrogen, halogen, cyano, or

optionally substituted lower alkyl.

11. The compound of claim 10, wherein R; is hydrogen.
12. The compound of claim 10, wherein R, is halogen (e.g., chloro).
13.  The compound of claim 10, wherein R; is optionally substituted lower alkyl

(e.g., methyl).
14. The compound of claim 1, wherein Rj is R3a, OR3p, or N(Rap)s,.

15.  The compound of claim 14, wherein Rs is Rz and Rsy is optionally

substituted alkyl, alkylheterocycle, heteroalkyl, or heterocycle.

16.  The compound of claim 15, wherein Rz is optionally substituted alkyl.

17. The compound of claim 15, wherein R34 is optionally substituted
alkylheterocycle.

18.  The compound of claim 15, wherein Rz is optionally substituted heteroalkyl.

19.  The compound of claim 15, wherein Riy is optionally substituted heterocycle.

20. The compound of claim 14, wherein R; is OR3p or N(R3g),, and R;p is
hydrogen or optionally substituted alkyl or aryl.

21. The compound of claim 20, wherein Rap is hydrogen.

22.  The compound of claim 20, wherein Rsp is optionally substituted alkyl.
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25. The conpound of claim1l, wherein R4 is OC(0)N(R4A)2. 26. The conpound
of claim25, wherein at |least one RAAis |lower alkyl (e.g., 5nmethyl). 27. A
conmpound Wb 20év13i@pnul a:  or a pharmaceutical |y accept alpCe/usadow/osties eof ,

wher ei n: 23.  Th cofpddraTesiim 20alvasRh R £MABfkorally QRstaned Jtr)!zl
substituted al kyl, heteroal kyl, aryl, or 10heterocycle; i s R3A

OB, N RAB) 2 oKl OB NRLSEREN INGHOIN RERIRR SRE. Sz, or SooRaB

each R3A is cyano, or optionally substituted

al kyl, al kyl ar g &thaﬁﬁﬁ%céf%la?m la(xXllefelﬁ]ﬁ. %rﬁdadé)#(%%ep eroal kyl aryl,

heteroalkylheterocyc het'er ocycl e; s |ndependently

hydr ogen, C(0) ubstitut | kyl ,

ot er oal kyl 5& Wﬁ%@?@ﬁﬁlé&wﬁﬁﬁ 3R e Ride R B o 1

subst i ut gt aryl or heterocycle; R4 is halogen OR4A,

OC( 0) R4A, O(‘?h ) N( R4A)2 N(R4A) 2, NC(0) RAA, NC(0) OR4A, 20 NC(0) N( R4A) 2,

SRAAS5 SORAAS5 SERR4A I stituted al kyl, heteroal kyl, aryl, or
§F7RAAA &"mﬁlahdi 8Pk YmauR

het er ocycl e; and each R4A is independently hydrogen or optionally
substituted al kyl or heteroal kyl. 28. The ¢ ound of claim?27, which is a

potent LIMK2 inhibitor. 29. The conpddind aim 28, which has a LI MK2
| C50 of |ess than about 100, 257, 5 25 nM WO
2009/ 131940PCT/ US2009/ 041126 30. caﬁpound ofRacl ai m 27, wherein Rl is
hydr ogen, hal ogen, cyano, or optijonal|y substituted | ower alkyl. 31. The
conpound of claim 30, wherein Rl % drogen. 32. The conpound of clai m 30,
wherein Rl is halogen (e.g., chlorog). R4

N/

<

N

or a pharmaceutically acceptable salt thereof, wherein:
R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
10 heterocycle;
R3 is R3a, OR3p, N(R3p)2, NC(O)Rap, NC(O)OR3p, NC(O)N(R3p),, SRap, SOR:p, or
SO,R3g;
each Rsy is cyano, C(O)R3¢, COz2R3¢, CON(R3¢ )2, or optionally substituted alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl, heteroalkylaryl, heteroalkylheterocycle, or
15  heterocycle;
cach Rjp is independently hydrogen, C(O)R;zc, CO,R3¢, CON(R3¢),, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rjc is independently optionally substituted alkyl, aryl or heterocycle;
R4 is halogen, OR4a, OC(O)R4a, OC(O)N(R4a)2, N(R4a)2, NC(O)R4a, NC(O)ORY4,
20  NC(O)N(R4a)2, SR4a, SOR44, SO,R44, or optionally substituted alkyl, heteroalkyl, aryl, or
heterocycle; and

cach Rua is independently hydrogen or optionally substituted alkyl or heteroalkyl.
28.  The compound of claim 27, which is a potent LIMK?2 inhibitor.

29. The compound of claim 28, which has a LIMK2 ICs of less than about 100,
25  75,50,250or 10 nM.
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533. The conpound of claim 30, wherein RL is optionally substituted | ower

al kyl (e.g., nmethyl). 34. The conpound of claim 30, wherein R3 is
R3A, OR3ByOQnIINGREB) 2. 35. The conpound of cl ai mp8&/uSe#veneiire R3 i s
R3A and R3A is3@pti gRatdMpsuadficlahed, ahk¥in R@ﬂs%ﬂfb@k&ﬂﬁ%@h%yaﬁ@b@r oal kyl,
or heterocycle. 1036. The conpound of clai m 35, erein R3A is optionally
subst i t ut epricaially substituted lowgralkYhe compound of claim 35, wherein R3A is
optionally substituted al kyl hetero cycl e. 38. The conpound of claim
35, wherein R3ALis optcampdung of whsmhi30uvberemeR e dgtitogkn. 39. The
conpound of claim 35, wherein RBA is optionally substituted heterocycle.
1540. The conpoBnhd offhet@npoudd,ofwhemaSionwhSreinsR O83Blogen N £38)&o).and R3B is
hydrogen or optionally substituted alkyl or aryl. 41. The conpound of claim
40, wherein R3B3Is mngﬁ&agamd%-claﬁhaomm@ml RlopEb@IIN sABstitiB@ IRId? a is
optionally substituted al kyl. 43. The conpound of claim40, wherein Bis
opti onal | {e-gubsthybut ed aryl. 2044. The conmpound of claim 27, wherein R4 is
hal ogen. 45. The conpound of claim 27, wherein R4 is OC(0) N( R4A) 2.
46. The conpouBd of Tot edmparbid okicknimiln, whelcaalt isdne, PRA, bsN(Ruwser  al kyl
(e.g., methyl). WD 2009/ 131940PCT/ US2009/ 041126 47. A pharmaceuti cal

formul ati on co@pri siThgcampoumndiof claghild] ehswin Rpis®R :f and Bphishoptiohadly

adm ni stratian adrlﬂkﬁ, a(1:11(2}r,’rlgound of the fﬁr mul a:

substitute eterocycle, heteroalkyl, or heterocycle.
10 36.  The compound of claim 35, wherein Ri, is optionally substituted alkyl.
37.  The compound of claim 35, wherein Ria is optionally substituted
alkylheterocycle.

38.  The compound of claim 35, wherein Rsa is optionally substituted heteroalkyl.
39.  The compound of claim 35, wherein Rz, is optionally substituted heterocycle.

15 40. The compound of claim 34, wherein R3 is ORap or N(R3p),, and Rsp is
hydrogen or optionally substituted alkyl or aryl.

41.  The compound of claim 40, wherein Rsp is hydrogen.

42.  The compound of claim 40, wherein Rsp is optionally substituted alkyl.

43.  The compound of claim 40, wherein Rsp is optionally substituted aryl.
20 44.  The compound of claim 27, wherein R4 is halogen.

45.  The compound of claim 27, wherein R4 is OC(O)N(R44)s.

46.  The compound of claim 45, wherein at least one R4 is lower alkyl (e.g.,

methyl).
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or a pharmaceutically acceptable salt thereof, wherein: 5A is optionally
substituted aryl or heterocycle; R1 i s hydrogen, hal ogen, cyano, or
opt i onal Iwo=ows3i440t ed al kyl, heteroal kyl, aryl, or het @ecoapeton/41126 R2
i's hydrogen, hayogen, pHaviaiQuti®dl f&ﬁidlé%ﬂﬁ'doﬁl(pﬂdﬁ@taﬂ ll%‘i&delﬁélggﬁltabllbe{fo?r oal kyl ,
aryl, or heterocycle; 10R3 is R3A, OR3B C(0) R3B, NC(0) OR3B,

NC( 0) N( Rssplzhalmaimls@t@son ord SapREBInd of the foeaulra R3A is cyano, C(0)R3c,
CO2R3c, CON(R3c)2, or optionally substit -- aI kyI al kyl aryl,

al kyl heterocycl e, aryl, heteroal kyl , Ohe ryI ,

het er oal kyl het erocycl e, or het erggy ~- B i s independently

hydr ogen, C(0) R3c, CO2R3c, CON( r opti onal |y substituted al kyl,

het er oal kyl, aryl, or heterocycl R3c is independently optional I y
substituted alkyl, aryl or heterogy e each R4 is independently
hydr ogen, hal ogen, OR4B, OC(0) R4B, OC(O'?N( R4B) 2, N(R4B) 2, NC(0) R4A,

NC(0) OR4A, NC(O) N(R4A), SR4B, S SO2R4B, or optionally 20substituted
al kyl, heteroal kyl, aryl, or het gdoc| —R, each R4B i s independently
hydrogen or optionally substitut , heteroal kyl, aryl, or
heterocycle; and nis 0-3. WO 200 /13@940PCT/ us2009/ 041126 48. A et hod of
| owering i e ti-en i ch conprises adm nistering
to a pati eﬂ% Bﬁaﬁ&ﬁeﬁl C% gcc%tgble IZFI%%eO&t I %%?% or prophylactically

ef f ectj ve anmountis opticéhatlempestingtedhryl heheftabaytll@:

R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or

heterocycle;
R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
heterocycle;
10 R3 is R3a, OR3p, N(R3p)2, NC(O)R3p, NC(O)OR3p, NC(O)N(R3p)2, SR3p, SOR3p, or
SO2R35;
each Rsy is cyano, C(O)R3¢, COz2R3¢, CON(R3¢ )2, or optionally substituted alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl, heteroalkylaryl, heteroalkylheterocycle, or
heterocycle;
15 cach Rsp is independently hydrogen, C(O)Rsc, CO,R3¢, CON(R3c)2, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rsc is independently optionally substituted alkyl, aryl or heterocycle;
each Ry is independently hydrogen, halogen, OR45, OC(O)R4p, OC(O)N(R4p)2,
N(R4p)2, NC(O)R4s, NC(O)OR4a, NC(O)N(R44), SR4p, SOR4p, or SO,R4, or optionally
20  substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rup 1s independently hydrogen or optionally substituted alkyl, heteroalkyl, aryl,
or heterocycle; and

n is 0-3.
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50r a pharnmaceutically acceptable salt thereof, wherein: Ais optionally
substituted aryl or heterocycle; R1 i s hydrogen, hal ogen, cyano, or
opt i onal Iwo=ows3ie40t ed al kyl, heteroal kyl, aryl, or het @ecoapet4R26i s
hydrogen, hal oggn, ava&fed of 10%%@ ﬂﬁféoﬁulﬁ%%&du@éhﬁl%}ﬁ'@ﬁﬂ bvhldh%ﬁ%@@éskyl
aryl, or 10heterocycle; B) 2

NC( 0) ORSBadmqu{Df)fN(gRQ B)pztlersm Beeds@msf a herapeiRaly oeamhmﬂlcraély@ﬁ%mve

C(0) R3c, CIQ |onaIIy substituted al kyl, alkyl aryl,
al kyl het ef'd. yclfacngun ﬁﬂl TFE het er oal kyl aryl ,

het er oal kyl het erocycl e, or 15heteroc®cle; each R3B is independently
hydr ogen, C(0) R3c, CO2R3c, CON( R3c)2 oRL)Ly substituted al kyl,
het er oal kyl, aryl, or heteroccha' RS s i ndependently optionally

substituted al kyl, aryl or heterg eH each R4 is independently hydrogen,

hal ogen, OR4B, OC(0) R4B, OC(0) N( , 20 N(R4B)2, NC(0)R4A, NC(0) OR4A,
NC(0) N(R4A), SR4B, SOR4AB, or SO2RMB, orgoptionally substituted al kyl,

or optlonally substltuted al kyl ,NFfle Ih%i, aryl, or heterocycle; and n
is 0-3. WO 2009/131940PCT/U8200§§2 A nmet hod of treating, nmanaging
conprises adm nistering to a patient in need thereof a therapeutically or
pr ophy3 acbi £ phdrshaedutieslly ¥ cp@bldnhlt terdwfcomg@eound of the fornul a:

het er oal kyl, aryl, or heterocycle; 'each R4B is i ndependent!y hydrogen
412
or preventing a di sease or disor ecting vision in a patient, which

A 1s optionally substituted aryl or heterocycle;
R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
heterocycle;
R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
10 heterocycle;
R3 is R3a, OR3p, N(R3p)2, NC(O)R3p, NC(O)OR3p, NC(O)N(R3p)2, SR3p, SOR3p, or
SO2R3;
each Rj, is cyano, C(O)R3¢, COR;3¢, CON(R3¢),, or optionally substituted alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl, heteroalkylaryl, heteroalkylheterocycle, or
15  heterocycle;
cach Rsp is independently hydrogen, C(O)Rsc, CO,R3¢, CON(R3c)2, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rjc is independently optionally substituted alkyl, aryl or heterocycle;
each Ry is independently hydrogen, halogen, OR45, OC(O)R4p, OC(O)N(R4p)2,
20  N(Rup)2, NC(O)R4a, NC(O)OR4p, NC(O)N(R44), SR4p, SOR4p, or SO,R4p, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rup 1s independently hydrogen or optionally substituted alkyl, heteroalkyl, aryl,
or heterocycle; and

n is 0-3.
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50r a pharnmaceutically acceptable salt thereof, wherein: Ais optionally
substituted aryl or heterocycle; R1 i s hydrogen, hal ogen, cyano, or
opti onal IwozoisBiwuot ed al kyl, heteroal kyl, aryl, or het @coapede/041126

R2 i s hydrogengghal ag@ethod ¥eieating! m@ﬂighﬂg"@l ﬂr&’v&ﬂﬁ%'d‘is‘éﬁ&%r@hs‘éﬂa affecting

het eroal kyl, aryl, or 10heterocycl e; N( R3B) 2,

NC( 0) R3B, vmco@oyl @%@entm@b@)l RORBBY3, adsmserlmmnt woRRdthereofa  each R3A
i s cyano,

ted al kyl ,
o Ky ar i EPROTLy O By SETN Ay B P e Tl Kkt
heteroalkylheterocycle or 15het erocycl e; each R3B is |ndependently
hydr ogen, C(0) R3c, CO2R3c, CON( R3c)2 oRL)Ly substituted al kyl,
het er oal kyl, aryl, or heteroccha' RS s i ndependently optionally
substituted al kyl, aryl or heterg eH each R4 is independently hydrogen,
hal ogen, OR4B, OC(0) R4B, OC(0) N , 20 N(R4B) 2, NC(0) R4A, NC(0)OR4A,
NC(0) N(R4A), SR4B, SOR4AB, or SO2RMB, orgoptionally substituted al kyl,
het er oal kyl, aryl, or heterocycle; 'each R4B is i ndependent!y hydrogen
or optionally substituted al kyl ,Nffe | kyl, aryl, or heterocycle; and n
is 0-3. 2550. The net hod of clai 49 N the di sease or disorder
affecting vision is glaucons, m egglneration, or infection. 51. A nethod
of inhibiting LI MK2, which conprlses contacting LIMK2 with a conpound of
claimi. oMOHROARAEAILMORCEHISRQNV(HADLIAGhEEnA net hod of treating, managing

or preventing an inflammatory disease or disorder in a patient, which
conpri ses adnlﬁﬂéPEVWHQY§Bb$%@e$é®4@h@d@ﬁcﬁ%%d t hereof a therapeutically or

prophyl acti cal kY 1sq{§jd?(§§eh,\/ﬁa1@é&yg§an8f or%p%BHB%gstﬁ{lteﬁlaﬂéy@ leteroalkyl, aryl, or

heterocycle;

R; is hydrogen, halogen, cyano, or optionally substituted alkyl, heteroalkyl, aryl, or
10 heterocycle;
R3 is R3a, OR3p, N(R3p)2, NC(O)R3p, NC(O)OR3p, NC(O)N(R3p)2, SR3p, SOR3p, or
SO2R3;
each Rj, is cyano, C(O)R3¢, COR;3¢, CON(R3¢),, or optionally substituted alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl, heteroalkylaryl, heteroalkylheterocycle, or
15  heterocycle;
cach Rsp is independently hydrogen, C(O)Rsc, CO,R3¢, CON(R3c)2, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rjc is independently optionally substituted alkyl, aryl or heterocycle;
each Ry is independently hydrogen, halogen, OR45, OC(O)R4p, OC(O)N(R4p)2,
20  N(Rup)2, NC(O)R4a, NC(O)OR4p, NC(O)N(R44), SR4p, SOR4p, or SO,R4p, or optionally
substituted alkyl, heteroalkyl, aryl, or heterocycle;
cach Rup 1s independently hydrogen or optionally substituted alkyl, heteroalkyl, aryl,
or heterocycle; and
nis 0-3.
25 50.  The method of claim 49, wherein the disease or disorder affecting vision is
glaucoma, neurodegeneration, or infection.
51. A method of inhibiting LIMK2, which comprises contacting LIMK2 with a

compound of claim 1.
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52. A method of treating, managing or preventing an inflammatory disease or

disorder in a patient, which comprises administering to the patient in need thereof a

therapeutically or prophylactically effective amount of a compound of claim 1.

66



