WO 2009/131940PCT/US2009/041126 MK2 INHIBITORS, COMPOSITIONS COMPRISING THEM,
AND METHODS OF THEIR USE This application claims priority to U.S. provisional patent

application %9815&9%@2 Sfiled April 21, 2008, the entirety of which is ineptrasasrdharein by
reference. I. HE INVENTION This invention relates to kinase inhibitors, compositions

comprising thefy@nckgIRIFB RN MIGIIFONPEONTIERASRS PREMSAIBIMIETBADSGROUND
10Protein kinascs are a class of enzymes that catalyze the transfer of the y-phosphate group from
ATP to a recipient protein. The human genon@ﬁsTé’gﬁFﬁa‘fé‘iﬁto encode in excess of 500 distinct protein
kinascs, of which many have been implicated in a wide range of diseases and disorders, including
cancer and inflammation. The LIM kinases (LTMK) have been linked to the p53 pathway. See, e.g.,

15International Application.No. WO 02/099048 ‘ ' inases with a
unigue combinatioﬁll%)‘fq t‘WBqW Srminal L Orﬁ%%%%ﬁ%%%%ﬁa%@%@ﬁ i%glgg%c?r;/ginf These LIM
motifs afid kifladesdohiairddesetlinkadrtly afprbiities drvdroerhied diereregioie €6HtEining several putative
casein kinase and map kinase recognition sites. LIM kinases and their pathway proteins are believed
to contributejto Rhe4pdyredreproanvamoniddof the actin cytoskeleton. Id. Members of the LIM
kinase family include LIM kinase 1 (LIMK1) and LIM kinase 2 (LIMK2). Both phosphorylate cofilin and
regulates Rho familghiiepesntentraktis aylosiseletabieasrangeoseind domprisivekhvasehdhibitors have
been proposed Jl%r thoef {}rlteeiatme% 8}; gancer. ,Igis ahaagsag &§%§§Q§uggested that LIMK inhibitors may be

It
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useful in trearﬂﬁg gqsaucom}é%g promoﬁng actin 25 epolymerization in trabecular cells and lowering

ocular tension. See International Application No. WO 04/047868. Current glaucoma therapies operate
by different rechaktéhE RSN ANdin F2a analogues (e.g., latanoprost) effect an intraocular

pressure (IOP) independent increase i fly(ift)ii outflow from the eye. Carbanic anhydrous.inhibitors (e.g.,
acetazdidmide), betdBLKERS TR Ao, S nﬁgstgbam?faf{l]‘é? |%§%éc%r.?nﬁl %c%é&%i)?%%ﬁﬁfgalpha
adrenergic regepidramganiBts (@rgeigieimonidine e drease gguecus fimarptodoetibhin excesin
enoimous numbes of ROt Il a AR NAHEly LAhGPhiRER.IANE besR taparled as kinase
inhibitors. For éxample, p eny\-su stituted pyrirnidine compounds have been disclosed that are
reportedly uséfabas uNMEsmiiiions eelprerrativhatlapsiiion WO 2006/084017.

Pyrrole[2,3-d]pyrimigdine-Rzsed.cQ da R besndisclaretkasanibitaes of yarious different

kinases. See, e.g., U.S. patent publication no. 2004/0058922; International Application WO
2007/125329 nipkesieRidreinhispieaiin W B9 I Mk hstraii Khlicd %8WW6}¥W6?646024;

U.S. patent pyhliGationeordRnid300e4 RndrkiiSu patanhpublieatio0-rom200G0LA0688s3.
domain. These LIM motifs and kinase domains are linked by a proline- and serine-rich
region containing several putative casein kinase and map kinase recognition sites. LIM
kinases and their pathway proteins are believed to contribute to Rho-induced reorganization

20 of the actin cytoskeleton. /& Members of the LIM kinase family include LIM kinase 1
(LIMK1) and LIM kinase 2 (LIMK2). Both phosphorylate cofilin and regulates Rho family-
dependent actin cytoskeletal rearrangement. Id.

1.IM kinase inhibitors have been proposed for the treatment of cancer. /d. Tt has also
been suggested that LIMK inhibitors may be useful in treating glaucoma by promoting actin

25 depolymerization in trabecular cells and lowering ocular tension. See International
Application No, WO 04/047868. Current glaucoma therapies operate by different
mechanisms. Prostaglandin F2a analogues (e.g., latanoprost) effect an intraocular pressure
(IOP) independent increase in fluid outflow from the eye. Carbonic anhydrous inhibitors
(e.g., acetazolamide), beta-blockers (e.g., timolol), sympathomimetics (e.g., pilocarpine), and

30 alpha adrenergic receptor agonists (e.g., brimonidine) decrease aqueous humor production,



This disclosure is directed, in part, to compounds of the formula: and pharmaceutically acceptable
salts thereof, the substituents of which are defined herein. Particular compounds are potent inhibitors
of LIM1C2. In a first aspect, there is provided a compound of the formula: (IR.4)n 5having a LIMK2
10313 of less than 25QmMa&isahBsmdcetticaliysacaeptabidsaltithe faffonatgpahavmedicament for

I ing int | i tient, wherein: A i het le: R2 is h hal ,
cyano, akyl: HETETLATT S T0h ety e R B Sl Sa it Mo or Bt TR ARyt vy,
or heterocydieéﬁ&%i&m&,maﬁrmawe)ﬂzl A (OYRIB NG00 RS pNOE@INIRAE) Re SRBB,
SORSB, Or ﬁ%?ﬁ}%%ﬁ?ﬁﬁﬁ%“ > fﬁﬁ@@?@{s@fﬁ « Q02530 CONR Ra R 1Rl i disvlar vl

C ) teroalkylary

alkylheterocycle; aryl, heteroalkyl, , heteroaiky eterocycle, or heterocycle; each
R3B is ifdepeintizotiy hyveiogedif D©@)R3msGO Sr3e, 90 ON(RBt), ralkiiraHetaroaAR(H/ 4y E Be:

heterocycle;; 15each R3¢ I3 kyhoar CXG|8icati h &4/ idependently
halogen, oﬁilﬁeA%? %‘3‘(’ )% %1}??[ g%%%ié%ﬁz??@ﬁ%@%} &?{%%ﬁﬁ? ﬁ%?oﬁs%/mm)ﬁ(mwz,

SR44, SORAesioRd Apaligative Vi@ 280/ 48026 Herarsiepe Rutisa R A8, R9GRA3RAER0¢ hydrogen,

alkyl, or hetgroalkyl, andyliisdsnd0yuibe/tededyviso that when Ri and R2 are both hydrogen and A is
phenyl, R4 is not halogen. In a second aspect, there is provided a pharmaceutical formulation

comprising a3l_lﬂi:_quidS icle ; L{}Iabk% for ophthalmic administration and a compound of the formula: 0

This disclosure is directed, in part, to compounds of the formula:
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and pharmaceutically acceptable salts thereof, the substituents of which are defined herein.

Particular compounds are potent inhibitors of LIMK2.

In a first aspect, there is provided a compound of the formula:
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5 having a LIMK2 ICso of less than 250 nM, or a pharmaceutically acceptabie salt thereof for use
as a medicament fdr dowering intraocmar pressure in a patient, wherein:
A is aryl or heterocycle; _ '
R1 is hydrogen, halogen, cyang, alkyl, heteroalkyl, aryl, or heterocycle;
R: is hydrogen, halogen, cyano, alkyl, heteroalkyl, ai‘y[, ot heterocycie;
10 Rz is Raa, ORae, N{Ras)2, NC{Q)Rae, NC{O)OR3s, NC{O)N(R3g)2, SRas, SORass, or S02Rzz;
each Raa is cyano, C(O)Rac, CO2Rzc, CON(Rzc)s, alkyl, alkylary|, altkylheterocycie, aryl,
heteroalkyi; hetercalkylaryl, heteroalkylheterocycle, or heterocycle;



(R4)n R2 having a LIMK2 ICso of less than 250 Oh or a pharmaceutically acceptable salt thereof,
wherein: A is aryl or heterocycle; 15132 is hydrogen, halogen, cyano, alkyl, heteroalkyl, aryl, or
heterocycle; R2 is hydrogen, halogen, cyano, alkyl, heteroalkyl, aryl, or heterocycle; R3 is R3A, OR35,
N(R35)2, NC(O)Rss?m%mﬁwﬁ?mwméﬁ%%@@@%ﬁm SOURSB; alkyl, betehuRBY, Ky,
cyano, C(0)Ratd&eaide, CON(R3c)2, alkyl, alkylaryl, alkylheterocycle, aryl, heteroalkyl,
heteroalkylaryl, heteroglkylheterocycle, or heterocycle; 20each R3B IS independently hydrogen,
C(O)R??i?COZR?;C, éﬁakl %&%ﬁﬁ@?ﬁ%@é%mﬁ@rﬂ SRy cle; each R3c is independently
alkyl, aryl, or heteroegeteRinsardinreadaeit htiegenisqRay B iRe, [TIOMN ReyticalHAsmMN EHw.as
defined abovf gy e, SRATIARLHTAL bHEAUBIARROINGL AL BIRYIUNO GlRUGeImA D @ patient.
rovi f [ A>C,’

a fourth aspect, there is provided a compound of the formula: é Dora pﬁg’FmaceuticaHy
acceptable salt ther&8F\iiinderendydx hydtogap, 2l RikeieOPIRAETION(R3C)2, alkyl, alkylaryl,
alkylheterocycle, arylifhet&roalkyl, heteroalkylaryl, heteroalkylheterocycle, or heterocycle; R4
s haloggy, 01344, QEOIE A REMINIRANZ NIRA42 134A, NC(0)QRAA NC(O)N(R4A)2,
15SR4A, SOF§]4f1,gsozR4A? élk‘f/l, heteroalky ,’:ffr';%| ,%F ﬁ"eéteyr‘%@éﬁe";"gé" anl A e RIR

alogen.

In a second aspect, there is provided a pharmaceutical formulation compﬁsixxg a

liquid vehicle suitable for ophthalmic administration and a compound of the formula:

-
Nk l h Ry
= N

having a LIMK2 ICso of less - than 250 nM, or a pharmaceutically acceptable salt thereof,

wherein:
A is aryl or heterocycie;
15 Rz is hydrogen, halogen, cyano, alkyl, heteroalkyl, aryl, or heterocycle:
Rz is hydrogen, halogen, cyano, alkyl, hetercalkyl, aryl, or heterocycle;
Rz is Raa, ORas, N(Rzs)2, NC{O)R 3, NC{O)ORzz, NC(O)N(Razs)2, SRss, SORs3s, or SOzRéa;
each Raa is cyano, C(O)Rsc, CO2Rzc, CON(Rzc)a, alkyl, alkylaryl, alkylheterocyclé, aryl,
heteroalkyl, heteroalkylaryi,‘heteroalkylheterocycle, or heterocycle;

20 each Ras is independently hydrogen, C(O)Rae, CO2Rag; CON(Rac)z, alkyl, hetercalky!, aryi
or heterocycle;

t

each Rac is independently alkyl, aryl, or heterocycle;

In a third aspect, there is provided the pharmaceutical formulation as defined

above for use as a medicament for treating managing or preventing glaucoma in a patient.
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each R4A is independently hydrogen, alkyl, or heteroalkyl; and n is 0-3. One embodiment of the
disclosure encompasses pharmaceutical foiniations 15 comprising compounds disclosed herein.
Another embodiment encompasses methods of using the compounds disclosed herein for the
treatment, management and prevention, of varipus diseases and disorders affected by LIMK2,
including cancer, in %%%3%%%@%?8?%8%%%@8?@%@ tQgéc‘)"é‘r"?(’.)“léisorders affecting vision
(e.g., diseases and disorders of the eye), such as glaucoma;-neurodegeneration and infection. )
4 BRIEF DESCRIPTION OF THE FIGURE Figure 1isho effect of two compounds in the ocular -

ofrpotngd,A is a compound of the invention,
dosed at 3 pig per eye. The other compound, timotal, Was dosed af 15 jig per eye. Data for the vehicle

DESCRIPTION This invention is based, in pa&{
inhibitors of LIM kinase 2 (LIMK2). LIMIC inhibitors-mgy be used to treat, manage and/or prevent a
varietyldf diseases and disorders of the eye, such as gfaucoma. See, e.g., U.S. patent application no.

12/188,515, filethhatgnit-SiicfiB: Repfanrd aompaindshatshis invention are stable in solution, and

may therefore be ingorporated | Iquj sa s sych a e drops, In addition, particular
compounds are W(S%’F sso‘f&%?é’f %ﬁ%&gﬁ%ﬁ%&{%ﬁ §Saé)ifﬁléF‘v@?gé%uﬁ(g@ggﬁf?&%?maﬁrkenyI" means
a straight chhétevaindneicindiiaiaybelsydedodhbienisatm @ flesie@ac) (e.g., 2to 10 or 2 to 6)

carbon atoms, and gGlicingat, |easl BORRBTEHRRNLAONBIE NORETReR REeIaHYE RbBVRNeties
include ﬁinyl allyl, 1-butenyl 2-buten§/I isobut?/len}él, 1-pentenyl, 2-pentenyl, 3-methyl-1-butenyl,

152-mé yl-f-%ﬁtéﬁﬁf”zigbﬁﬁeﬁ%w'- %ﬁ%ﬂ?frﬁ LRSI PR&GNyI, 3-hexenyl, 1-heptenyl, 2-

heptenyl, 3-heptengadhtetanyho2aectdmily Bydoteearyl alieyiomeimtkBatiotemd, 3-nonenyl, 1- decenyl,
2-decenyl and 3-degenyls  Unless otherwise indicated, the term "alkoxy" means an -0-alkyl group.

Examples of alkoxygroup's include, but are not limited to, -OCH3, -OCH2CH3, -0(CH2)2CH3,
ne embodiment of the disclosure 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 glaﬁcoma,

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 eve. The other compound, timolol, was dosed at 15 ug per eve. Data for the vehicle

25 control is an average of eight experiments using different vehicles. Data for compound A is
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20 -0(CH2)3CH3, -0(CH2)4CH3, and -0(CH2)3CH3. Unless otherwise indicated, the term "alkyl"
means a straight chain, branched and/or cyclic ("cycloalkyl") hydrocarbon having from 1 to 20 (e.g., 1
tolO0orlto4 carbon atoms Alkyl moieties having from 1 to 4 carbons gr¢(aigad ipas "lower

alkyl." Exa e2§ Bramky rou smclude but not Jimited_to,methyl, r isgprapyl, n-butyl,
t-butyl, 25is6BEA5E ?Pa%@ﬁ%xylfmﬁléacﬁr l}l! h%gqt Eylé%r%?%&ﬁ;@%%%%}ﬂr%e%ylpentyl nonyl,

decyl, undeewoamicﬁﬂd@ﬁybkﬁajmmmygm@mwmayf@@mmtycl|c or multicychc, and examples
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and adamantyl. Additional examples of alky!l

moieties ha(\igg linegygRranchadai e pYgksportions (e.g., 1- ethyl-4-methyl-cyclohexyl). The term
"alkyl" includes saturated hydrocarbons as well as 30alkenyl and alkynyl moieties. Unless otherwise

indicated, the teiii "pikylatyhiion [alkydearyth paeanstandidkyl enpigtydyo Liemneoandaryinsdiaty. WO
2009/131940PCT/US 4112 | gt | r or
‘Puﬁ{é 3%%(}&{83 g r&%ﬁl\ﬁ{%ﬁoun ﬁ%l&'}% %5%1 ¢ U?e&eml =4 %Qﬁ%é% oAk

"alkyl- heter cteroary oiety. Unless otherwise indicated,
the telin "alkytbeieracuciey of daié@dehet@r@sycﬂefsm%@mm ARy RSP BBuURY4d & hEterocycle moiety.

SUnless otherwise indicated, thgzﬁg@ satlgynyl’y § agtitaight-chain Rianaird oheyclic
hydrocarbonp AU Ifro 2'to 20 or 2 to 6) carbon atoms,.and mc;lul%ﬁ%ﬁltfleast one

carbon- carbmmptmbmma@femréﬁéhwtﬁ@ddm%%&&l\%%lﬁﬁﬂ’iﬁfféa%éﬂ}% ) “TButynyl,

2-butynyi, 1-pemtynyl,.aeR) Ewﬂﬂdﬁf{&?% oLy ReeMaykalah@Bt, 2-henmyt, 5-hexynyl,
1-heptynyt, 2- eptynyl 6-heptynyl, 1-octynyt, 2-octynyl, 107-octynyl, 1-nonynyl, 2-nonynyl, 8-nonynyl,
1-decynyl, 2-decynyl and 9-decynyl. Unless otherwise indicated, the telui "aryl" means an aromatic
ring or & aromatic parﬁéﬁ?ﬁ%&ﬁaﬂc ring system composed of carbon and hydrogen atoms. An awl

moiety may comprise mulfile rings,hRund. %@fl{&@g @g&&??’fm%mm@aﬁ@ﬁahﬁhﬁnmmmdnclude but
are not limited to, anthracenyl, azulenyl, bi l, fluorenyl indan, mderg{ﬁﬁ glghth

15phenantluasdigr pﬁéWﬁyi %@Wﬁe@ﬁﬁﬁ%g‘iﬁ’% ez H:blt%WI 0 6) (LD SIRERAES indicated,
the term "arylalyki,@r sapglaliylc aﬁl&%ﬁ%@ﬂ@yhﬁn@mﬁbmﬂc@rﬁm&%@wﬂdmme%Lﬂﬂfdb@@ otherwise
indicated, the terms halogen" and "halo” en Iuor| orin 20Unless
otherwise mdiéaft]eaﬂﬂlfelIE?Fﬁ“ﬂ%e%é?ﬁﬁWl'E?‘é?f&% 8%an aIiEyF3 ?t)? ?n%hy{%‘grg%%@ﬁgfgﬁéggggr cyclic) in
which atﬂeasgmgf-g&gw@mat@mh%%eﬁ@pIhbedemh%hheteyéa&éweésd INepteyE -

Unless otherwise indicated, th erm "heteroallc ) t( i-ar r eyoalkyl
moiety bound't8! %fwgé?/\eﬁ%sﬁg 235 SRN Ly AR S SIS 1o Reoh

decenyl, 2-decenyl and 3-decenyl.

Unless otherwise indicated, the term “alkoxy” means an —Omaikyl group. Examples

of alkoxy groups include, but are not limited to, -OCHs, -OCH,CH;, -O(CHy),CHa,
20 -O(CH,):CHa, -O(CH;)CHs, and -O(CHz)sCHs.

Unless otherwise indicated, the term “alkyl” means a straight chain, branched and/or
cyclic (“cycloalkyl”) hydrocarbon having from 1 to 20 {e.g., 1to 10 or 1 1o 4) carbon atoms.
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 moicties 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 alkeny! and alkynyl moieties.

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

moiety bound to an aryl moiety.



25Unless otherwise indicated, the term "heteroatkytheterocycle" or "heteroalkyl- heterocycle" refers to
a heteroalkyl moiety bound to heterocycle moiety. Unless otherwise indicated, the teim "heteroaryl"

means an a@/é%%%%wperein at least one of its carbon atoms has beenggeplagagdowithy # heteroatom
(e.g., N, 0 or S). EX: es.include, hut are tﬂgttéimiteaﬂ(ggh&glr&%?yt,oﬁ)eg%ym@&gg}y pepzofuranyt, 30

benzoisothiazolyl,@?@éi %’fggiosﬁ/}, lecﬁ%omlnaggliny, enzothiazolyl, benzoxazolyl, furyl, imidazolyl,
indolyt, isothifaoylyisyxazatyipoxediszoi rexezolyl, phthalazinyl, pyrazinyl, pyrazolyl, pyridazinyl,

pyridyl, pyrimidinyl, pyrimigyl, pyrrabvt auinazoliny - ainalinybdeirazalybithiarabyband triagipyl. WO
2009/131940PCT/EIP§¥§ Eb 0411826 Ur?less’ otherwise%icated,cggtﬁe tei "heteroarylalkyl" or

"heteroaryl-aikyikyhamme abremssapyidReteryDsitierto an alkyl moiety. Unless otherwise indicated, the

tel "hetegocycle” refgrs {0 ARAINDBliGRaI ik ARMAlin o neRm emalighnaracTwisepolycyclic ring

or ring system comprised of carbon, 5hydrogen and at least one heterpatom (e.g. 0or.S). A
heterocycle RY&jcBHpIEEmdIRpRE TR fS of ey e %%é%l%}rc ]E%’ﬁd‘ tt%%%’tﬁﬁ&\%ﬁ]—fgféir%%ycles

include hetempanisofxamplesinchdeibubade Replimtiadite aiemzdieidixohjide acetylenyl,
2,3-dihydro-benzo[1,4]dioxinyl,_ cinnolinyl, furanyl, hydantoinyl, morphelinyl, Qxefe jranyl,
piperazinyl, Piv&rH %ﬂWF@ﬁdﬁi Iﬁ?ﬂyg]y}Fgﬁﬁ%ﬁ?’tgﬁgﬁ%%féFglﬁ%?'!;?rgﬁ{yaﬂ)’péﬁb@ﬂ
tetrahydropyrigieini0 iixatyygtopyrinyidinyll; HeirainyidPothiophdnihtetrahly drotitopyraney hand
valerolagtamyl, ess otheryise indicat term... osxsiealyli egcbeterocycle-alkyl” refers
toa he?éroc%%tmlg%@ %%%%thv gﬁngﬁﬁ’cﬁgg%w " ?ﬁﬁ}i%%ﬁtherwise indi_cat%tlc%;?he term
"heterocycloalkyl" rEfeesstotberioncaroinzite. Headeory ol 1moHIE 88 HRTBHATSE Mo CRBPTARYERmM

"heterocycloglilalkyl: ar.iheterosxeiaalio, alkylorefersdar hotrsosy alaalkylaneigtnhoemaig an alkyl
moiety. Unless otherwise indiCated, the term "LIMK2 1C50" is it]I[Pe I?SO of a conépéj%J\}Ed determined

using the in VRPBIRGATARLEI HNsadO L HIBRIEH 8ehs o dSmUer iRt T8 EXRSRee "Bbnless
otherwise indigaigd:dhe lamnsacanagaicnMangging. arskEmanageieath@ncaphass preventing the
recurrence of the specified disease, or disorder.in a patient who has already suffered from the disease
or disortfer, éﬁ&?’é‘??@?‘@ﬂ%@hﬁ@’ﬁw%%iﬁngﬁ{??‘gdﬁgﬁeaﬁﬁ%ﬁ%ﬁa%n@ﬁ%?éd from the disease or disorder
remains in remissiotaEhecthsmdericdioyeals shaeaul Serydpthe treshpla | idéVelopmenean cWoitduration

of the diseas O?H(l %%oa%jg&ﬁr;rcl:gqéat?gmg 25the way that a patient responds to the disease or disorder.

Unless otherwise indicated, the terms “halogen” and “halo” encompass fluorine,
chlorine, bromine, and iodine.

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 “heteroalkylary!” or “heteroalkyl-aryl” refers to
a heteroalkyl moiety bound to an alkyl moicty.

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 5).
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, pyrrolyi, quinazolinyl, quinolinyl,
tetrazolyl, thiazolyl, and triazinyl.



Unless otherwise indicated, the term "pharmaceutically acceptable salts” refers to salts prepared from
phamiaceutically acceptable non-toxic acids or bases including inorganic acids and bases and organic
acids and b&ﬁff‘aﬁr‘(‘ﬁ@%’de pharmaceutically acceptable base addition sajis#aaluiespubare not limited
to, metallic Salts MAge QM AT R 68 Gl A B -DRAR S ReBRIASEI: SRt and zinc or
organic salts made from R/SIHG,N}IQI (%Tbenzylet ylenediamine, chloroprocairie, choline,
diethanolamiee; ety eeedidming, tmegilimimeo{Mymethylglucamine) and procaine. Suitable non-toxic
acids include, but qse not imited d9,dnqrapmic Avd organik Agids Surh@smasstiadslginicaanthranilic,

benzenesulfonic, benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, &Jr?iq, alacturonic,
WO 2009/13T9uaRT NS 20T0/4 MPEREBHRE RLEIFYSiENg It A TSI o Ry R B B SR
hydrochloricp{setaianicg laqtisspaiciscraiies reandelio, snsthanasiisniciemugicomiitiss paripie,

pantothenic, phcnylacetic, phosphoric, propionic, salicyli¢, stearic, succinic, sulfanilic, sulfuric, tartaric
acid, and ptéfiferde SRR ALIRE S hg“ﬁliio@%eg'@fdﬁﬁﬁ{?&g%iﬁ%g qgrlfgfeﬁ%%%romic,
Dphosphoric sfpicirndienbinaneasy|fonie deidserzxpniitdsofdpdaiidsdits thu ihdidexnyl,
hydrochloride. and mesylate salts. Others are well- nownai he ar e.q:.Remi '
Pharmaceutfd&f ﬂ%ﬁ?érsa? ]85?’ gﬁ%f\%%lﬁ“ﬁ@ﬁﬁiﬁ%g?ﬁés%% %g%ggﬁ fﬁ%’%ﬁ’r@\%ﬁ?}’fm Science
and PracticepgfrBlidinmadypsteoh iyl MeaeksRubilishing iadishoprrandoByrabrfeerysiieilise indicated,
a "potefls LINKZORIBIRAIS A AOMRRNARHIBRAGS A LAHMKRIGR0A{1a5 tianauh 50 nM.

Unless otherwise’in e terms "prevent," "preventing” and "prevention" contemplate an action

that occurs before Apasicethbagies o eirb it d eisanedaiistade BriereovasrWhickH {ffibits or

reduces the geygrityof e diseaspaiaiserdetyneibgr words, the terms encompass prophylaxis.
15Unless otherwise indicated, a "prophylactically effective @?%%&r%",,og § compound is an amount

sufficient to prevenPAE18 QB S CBIERHGH; BF SHE oPHIBPS EIRLEELEIH VRS disease or

condition, or psggRLIts recurrence. A "prophylactically effective amount” of a compound means an
amount of therapeutjc agent, alone or. in combipatian with other ~Whigh provides;a.prophylactic
benefit i the prevé‘wﬂ@ﬁ% Iéwé?gé%[é ?Lﬁﬁgg %%moh%?%oﬁag%%@%f%&?\%%mégunt"ﬁcygn
encompass atkgrhatdat tbat imprayebalgr aloprogiypieskio on eliyansesithe prophylactic efficacy of
another prophylactip ggent,, .., Lnless athepisg indiaiga fhe (e Rl goisesgis fxture’

encompasses raceme mixtures as well as stereomerically enriched mixtures (e.g., R/S = 30/70, 35/65,
40/60, 45/5518816n G040 265735 vid Torso). DY Biness2otHabifier dHdic 48t R Teii "stereomerically
pure” meansﬁgi%m&%gm_that comprises one stercoisomer of a compound and is substantially free
of other stereoisomers of that compound. For example, a stereomerically ure com _ositi%;n of a
compod¥d having drel stertseaieritrisd-<on SEntialf9ass of m@%%sfgé SstefESROMEr of the
compound. A-giergemarieaitingiacemprRation afassaifpdutistiavingiturdesterepesmershwilkbe
30substantially free of other diastereomers of the compgpund. A.typical,stereomeric ompound
comprises gréZiaMHTAHS Tﬁ)ﬁ?@di}ﬁ g?%%eig?ﬁtgibs%%eé’ Sﬁc?gg%g%%%%ﬁ&c?g?g%%{naf RS

has suffered from the disease or disorder remains in remission. The terms encompass

modulating the threshold, development and/or duration of the disease or disorder, or changing

25 the way that a patient responds to the disease or disorder.

Unless otherwise indicated, the term “pharmaceutically acceptable salts™ refers to
salts prepared from pharmaceuticalty acceptable non-toxic acids or bases mcluding inorganic
acids and bases and organic acids and bases. Suitable pharmaceutically acceptable base
addition salts include, but are not limited to, metallic salts made from alurninum, caleium,

30 lithium, magnesium, potassium, sodium and zinc or organic salts made from lysine, N,N'-
dibenzylethylenediamine, chloroprocaine, choline, diethanolamine, cthylenediamine,
meglimine (N-methylglucamine) and procaine. Suitable non-toxic acids include, but are not
limited to, inorganic and organic acids such as acetic, alginic, anthranilic, benzenesulfonic,

benzoic, camphorsulfonic, citric, ethenesulfonic, formic, fumaric, furoic, galacturonic,
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and less than about 20% by weight of other stereoisomers of the compound, greater than about 90%
by weight of one stercoisomer of the compound and less than about 10% by weight of the other
stereoisomers of thfe compound, greater than about 95% by weight of ong\WQ 146041126
2009/13194%96%0/?[} 6?)9/0,411 6 stere iSO{T‘IeLOJ tfhe] compoynd .and less than aﬁgtlilé 5% by weight
of the other StE7&%% 8%%‘911%@8%60@%? Greaterthan's %139@ by Weight 6

an ab o by weight of one Stereoisomer of
the compoung:ritg e thamndaiioyin3Habyswitight ofithe oitrs: stereoigenteloictrdcompdind, or

greater than about 99% by weight of one stereoisomer of the -campeind and less;thapghout 1% by
weight 50f tﬁg%ﬁ]&ﬂgfe‘% ?gon}ng’es%]?_) tlﬁ’e“s%(%%(é_ﬁéﬁn%" **Unless otherwise indica}[e’d, t(rilatlapterm
"substituted, tolubersuSeucteciib sErtele ohereealasirsdnsedsrvdraboriteisdoUBiivative of that

structure or moiety whergin ane.or mete ohitd hxdiqaenaiamads upstiteswith aishamical moiety or

functional group 'such as, but not limited to, alcohol, aldehyde, alkoxy, alkanoyloxy, alkoxycarbonyt,
alkenyl, alkyhyérgchiaife g }Wﬁ%%ﬁ/l,QiBﬁWeWﬁWOMVE%%%?%&%W dmide (e.g.
CONH-alkyhsgllydbac ek, a0 oG WHINaalby b QOB Zsamine (Hmary,
secondary and tertiary such as alkylamino, arylaming, ar aminp), arqyl,.any.aryloxy, azo,
carbamoy! (G4 e OEHIE . }}é@' (B }éﬁ&i%n @g?ﬁ%#@ﬁg%}g’?%ﬁ?’%@gf—fal kyl, CONH-aryl,
CONH-arylalkyl), caniesnyhtieathiexyhdoatbiylisoaait] BaldxyividE cick antmpdrivéiheatbexylic acid

chloride, cyangq, ester, epoxide, ether thoxy, ethoxy), guanidino, halo, haloalkyl (e.g., -CC13,
oYL R R S (P 3, R

CSS 1dn & L TLIVE . : . . .
-CF 3, -C(C alkyl, hcmiacetal, imine (primary and secondary), isocyanate, |§’oth|ocyanate,
ketone, nitrile, nitrolJokos pHresphodidsteigds tiidernsulionesnido TecysnSa? RIM2 PTsHRGHE sulfonyl

(including alkeionyt andsuliomd sad Arvaliviswlinowbsllogdathiobie:a. suliv s dioether) 20

and urea (e.g., -NHCONH-alkyl-). Unless otherwise indicated, a "therapeutically effective amount" of a
compound iscadisarisurvRigHibib it roopredigesdhn erapduad Merfian HelediheMUrhEsEement of a
disease or condjlion, Y igHielandpmiRize one or more symptoms associated with the disease or
condition. A "therapeuticall effective amount” of c\%rgpo n%&]eansran ar¥1pu t 250f thgﬂr[aig)eutic
agent, dfone or in cHRIBIRAHSH I Stsatthérdy Hfﬁ“%? HEL R WBHAb ettt BEFSHTh the
treatment or spanagemant oéihe gisease disandiieondiiedesnuiitherapeuticafioefestiveatmount” can
encompass an amount that |m§é ves overall thfrap y,.reduces Or. avoi}d%%é{(r:g foms o causes of a

disease or coRHHBR IH5F BRIPL SR 8- ST dHEaS o another %eraped’?ic agent. 30Unless
otherwise indigsted’ tie telingoitndat-itseatimyan d’ freatrent seortainptae B s Eebioa PR EECUrs
while a patientis suffering, from the specified disease. Qldisofder whichd SPHRES R Seves iyl the
disease or dig%]r%gﬁegfsfé%a}c spcf(r)‘é‘lows cegﬁai;?(il)gression of the g’ﬁgsrease or disorder. \7VO
2009/130940RGTHYBL0004T 6 e sMYHIE S HIRSARIBES Tl cCated RS IBPTAVSHENTERY has the same

meaning as '%ﬁ?&ﬁﬂ?%xﬁlﬁr%ﬁ%ﬁ@J&%&&&l@&@c%é@é{ﬂd?@ﬁ&ﬂ&%’rbﬁ@l&@i&@@&ﬁt.meaning as
s

“includes, but is'nat limited to.” Similarly, the term "such as" has the same meaning as the mint "such
as, but not limited t&* 5t AdsEHisdREEShdRERT ohESHISR QOB e S HITEETTR AT pr8teding a

series of mixtures as well as stercomerically enriched mixtures (e.g., R/S = 30/70, 35/65, 40/60, 45/53,
55/45, 60/40, 65/35 and 70/30).

25 Unless otherwise indicated, the term “stereomerically pure” means a composition that
comprises one stereoisomer of a compound and is substantially free of other stereoisomers of
that compound. For exarnple, a stereomerically pure composition of a compound having one
stereocenter will be substantially free of the opposite stereoisomer of the compound. A
stereomerically pure composition of a compound having two stereocenters will be

30 substantially free of other diastercomers of the compound. A typical stereomerically 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 sterecisomer of the compound and less than about 10% by

weight of the other stercoisomers of the compound, greater than about 95% by weight of one
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nouns is to be construed as applying to each of the nouns. For example, the phrase "optionally
substituted alky, aryl, or heteroaryl" has the same meaning as "optionally substituted alky, optionally
substituted %%I?G{%r/ ]%%h%nally substltuted heteroaryt. It sho.uld pe noted l\t,@,y[%mgmlﬁ%mmety that
forms part of a larger gorri]ﬁ?ound ma%)écg.p iﬁde?g“%%d hg[;/el usin ?or%%neot %”},EQI%BQXO%%%%@QO' it
when it existSEEF UGB! HSICLIRY BT RANE S5 ATCHIY attdrded its radical For example, the terms
"pyridine" angl¢'pytigylihdr graseotied e sitebneaiitg ftensused sorde of Hisecarmoiay adached to
other chemical Toielies, H9u5, e tne.PHEsAs. KOR Wherel hisaufiivloand Xblherein X i

pyridine" are accorded the same'm aning, and encompass the compounds pﬁ{éi in(;2-o|, 15pyridin-3-ot
and pyridin-4teiut 99% sheelghafstobe sttedsomstr ot storoospdandtgrohansthesire By &'piéhion of a

structurg is ngtindicated with, ipLexampl&,RRldQr dashed lines, the structure or the portion of the

structure is to be interpreted as encompassing all stereoisomers of it. Moreoyver, any atom shown in a
drawing with unsatightsesalsaviss Rdicdamti 1Fe stbaiREer o WRBLGI OB Astiaeh UomEto satisfy
the valencesyln-agdision.caemical honds-Hepictedmithans.soliddior paralelitoanerdasked line
encompass both single and double (e.g., ar. mat‘iécz_éaonds,.if valgepce§ e{mit. WOh as. but not
2009/131940@@%@2%%4@&%%‘”&&3?@&?& SR INEOe™ ﬁéﬁ%&e%ﬁogyasﬁg, &% Sptidhally
substituted aliafichetesalkyl, andalchsierogytien&idoisy R3RG:PRBB/NN(RB8)Z . NB{OYREB, NC(0)OR35,
NC(0) 38)2, SR3 OR38 SO2R38: each, R3A s Cyan, € ’ ON(R3C)21 or
optiongﬁ(@su%’é&t‘%{e@g Qﬁ”ﬁﬁy?é%f?’él I??/%gé?é]é{gggfbg&f%%&groa:E?/%ﬁl, glt%r%%%%/i(a%‘i‘/l, ‘
Sheteroallcytii#@RnsEyalkeylor-hisidhdd(¢@rbath REsuyitdepentehiy iy ert (S)ik).coPR3c,
CON(R302, of pplionally sHbsUkiad ally uperarlivin A QRIS G IRE ARG 3 3ropi adapendently
stitu

optionally su d alkyl, aryl or heterocycle: each R4 is independently hydrogen, halogen, ()Rem,
OC(0)R48, GO(0YN(221 G bRRE B2 2N A0 -RiE( ) oREAD Wﬁfﬂﬁ?@ﬁﬂr{e%ﬁﬁﬁ%

SO2R48, or qRiRAAlNU @%hwmegga!%ﬁﬁ@gegg@isy&awmraaa;sﬁggmmeﬂwdaia&mﬁﬂﬁpendently
hydrogen or optionally substituted alkyl, heteroalkyl, aryl, or heterpcycle; and n isﬂ?-& In}zlag rticular
embodihent 2k B ner TRyl ’t‘ﬁﬁat.D%DEQE*FYI%PAC‘i%“?ﬁc?@ﬁé}%eﬁwrt%&oﬁlgn SHotiShay
substituted aldheriheteiRaliglband 2) whed R 1@and-BEase hathchydkggérmidealisphienyl, R4 is not
halogen. 15In one embodiment, A is optionally substituted phenyl. In another, A is optionally
substituted h%%ﬁ&%‘?segoﬂ’ggﬁé & 3%%%@}%1 tﬁi R s g

IR aydrogen,’ha ogén, cyano, or optionally
substituted |gwespabidikstar aspiidic ke fembioiditaentS Q1IN Thy drbges. snianptiiecRing halogen (e.g.,
chloro). In angiher, R, 15 apiigrially substiyad-Iawer VL (e methi. 2000, aneambmdiment, R2 is
hydrogen, ha%%gsﬁj}%%ﬁﬁg%?%%%ﬁaﬁi? s}gést'l uted Irogjvg/jér alkyllj Ina pazr%%t(}lar emb?ggiment, I?Z IS
hydrogéi. In andotteer( 22 iHAIBYEM Y- chloro). In another, R2 is optionally substituted lower alkyl

(e.g., methyl). |@ﬁ[&@s%@%ﬁ@%ic@t@d?aR%aﬁ]ﬁé%@algfMﬁg&%rﬂMtp@HEMp@mﬁthﬁﬂent, R3
e

is R3A and R3A is optionally substituted alkyl, ajk)é teroc%{]cle, heteroalkyl, or hetero%ycle. Ina -
amount sufficient to provide a therapeutic ¢ treatment or Mmanagement of'a

encfit 1n
disease or condition, or to delay or minimize one or more symptoms associated with the
disease or condition. A “therapeutically effective amount” of a compound means an amount

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.

30 Unless otherwise indicated, the terms “treat,” “treating” and “treatment” contemplate
an action that occurs whiic 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

discasc or disorder.



25specific embodiment, R3A is optionally substituted alkyl. In another, R3A is optionally substituted
alkylkterocycle. In another, R3A is optionally substituted heteroalkyl. In another, R3A is optionally
substituted heterocg(cle. In a particular embodiment, 113 is 01138 or N(R38§)¢«aaeld3384s hydrogen or

optionally stpLatlt a%‘myl or aryl..In.a specific emhodiment, R311 is hydrogen. In. MR 38 is
optionally substituttBI SR FERoM ﬁaggeﬁt%%r%ptli%crll% v ;huaﬁzh%ust%% anrlﬁﬁ%ng Iaﬁn oﬁ}w%ﬂégrﬁ’t;bodiment, RA
is halogen. lpranethesdd4olSQCHR) N(RAA) akel dhlahstseme RidnisoreXaniples. bwes aikyl  (e.g.,
methyl). Particular compounds of the inventiqn NLLIMIG2 dnhibisors ertringompounds
have a LIMP&E”I](tf’éomOf I%lslgi{)%réjﬁ %ﬁo%ﬂowé%ls L;S%a%i%rg zg1%1(5?ch. W% i
2009/131940REd1¥S2009/041126 5.3.Methods of Synthesis Compounds of the invention may be

prepared by methods known i0:the afl. S8R Gr b RSN R WhlicalierINos.2204/0Q88927 and
2005/0130954. Pyrrolopyrimidines may be prepared by a variety of methods known in the art. See,

5e.g., West, IuB¥ds Chereneeued 3o {using Reaehetialc oy 583538 O HY APSfSach is described in
U.S. patent agplicafign noiks@7aQ5% filedOeieher2%s200 ZuanehshvngubetlpndmBeheme 1:
Scheme 1 10The resulting 4-hydroxy pyrrol%,:?ﬁi]épgrimidi%? co%]g utgg(gﬂgtépoen ?anerted to the
correspondirigbateniesta! B PR SERBBURLAR - SERBHRES Nt ?N?usmg metods known in the art.
See, e.g., West, J. 0¢a0 Gemo26 4959 (h961k! Thatgahpfemd isithefalsestoopreparéreampounds of
the InveirbltlonBea e:sscrxli%vevg hbe%?}ﬁy\{ils?ngg%%mg c%mm]b%%/%gp(%‘%% ?twhen it exists as a single molecule
or a name commonly accorded its radical. For example, the terms “pyridine” and “pyridyl”
arc accorded the same meaning when used to describe a moiety attached to other chemical
moieties. Thus, the two phrascs “XOH, whercin X is pyridyl” and “XOH, wherein X is
pyridine” are accorded the same meaning, and encompass the compounds pyridin-2-ol,
15  pyridin-3-of and pyridin-4-ol.
1t should also be noted that if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed lines, the structure or the portion
of the structure is fo be interpreted as encompassing all stereoisomers of it. Moreover, any
atom shown in 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:
O
_ (Ra)n
Ra N
H
A R
N -
Y
= N

N
25 H

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

heterocycle; Ry is hydrogen, halogen, cyano, or optionally substi_.tuted alkyl, heteroalkyl, aryl,



10 WO 2009/131940PCT/US2009/041126 In the method represented in Scheme 2, commercially
available 1-ten-bury! 4-ethyl piperidine-1,4-dicarboxylate (a) is alkylated with a suitable base (e.g.,

lithium diiso‘%ro (!9?1@1153'1‘3) and an alklylating agent, (e.g., an alkyl bromidg-Qy,ahlRERe) 19 give

compound b. Other compounds of foimula b arc commercially avail ification . compound b
5with a basé’s %ﬁrg%yﬁ%@gzé?qﬂ?’é?@ﬁefﬁ %ﬁﬁ%%lug%dgﬁit%r? %t?\(/)ggﬂ asr%%o%y |¥:§(ZC| ¢, which cfe};r’l be coupled

with amines @ffosmialardiidé Bsind suitbie, teaentSNE G IRANO WA Riiis o1 OpyéHylantife-in
isopropyl acg[?%e t&@géﬂ%&?p%%ﬁ?@ﬁ@f@{@%&m@ Qav@%ql%%iqulaleoﬁgjg,gg}g., HO in MeOH or
‘ u

TEA in CH2 amoves the Boc gAro to give amine e. Heatinq amine e and chloride f with a

suitable baseulstiniaiisbptopydulakingyiresidetabiessndat (8geroatyiapdnol, isobutanol)
affords gom F?l%fé?&‘dﬁglw@g@%k&%% heds,ean heusashigdeansiarddhal, campaund into various

others encompassed by this invention. 5.4.Methods of Use This invention eﬁ%com?a?ses ehmethod of
inhibiting LINHC2ReuhfcH | SNBSS LiRAeI iR 18t HE RTMES WHBSF Bréféred potent
L1MK2 inhibiigrssargserpaundsiohing inveniion eyl compeotadsdistiossd Rarisin). A particular
embodiment encompasses a method of treating, in ntin infl ry disease or
disorder in a%%??@ﬁégwdeSSﬁ?ﬁsggg%:&n@%ﬂegﬁg& éq%%r{%ﬁ%ﬁéﬁgﬁt%é}é’of a }eﬁﬁaxﬁeutically or
prophylactically(effestivearnoiaf g SRmpRORe: 05RO Finvenponnally fbotteréniiddiment
encompasses a method of treating, managi r venii g Ehj grp(g,t Which comprises
adminisqtgerinea %rﬂ@%gﬁgét h ialrlleeiee%fC @?é(%% a t%gr%rpﬁelﬁ‘%t c%?l y%@%rgp%lactic%heﬁegive amount of a
compound ofthsitnterior], mothdndnahddimsieienrd e pasads Uriethod of lowering intraocular

pressure in a 25patieqt, which copRrisas,NhbINAAMKR acivibeor Bxatessioninapatientin need
thereof. In one method, LIMK2 activity is inhibited by contacting the eye of the, patient wjth a potent
LIMIC2 inhibltsroRantiv B peibniubmiikedistord arsikaloatd Nerbim fn SHothey éPErl%od, LIMK2

expression is,iphihitedyedmirisierinadedheryenf the patient a compound (e.g., a siRNA) that

inhibits the expression of LIMK2. 30Another em odirﬁletrjtt e_gc%mg?SFegnat ethod of treafing,
managihy or prevertiRECE TS Br Ao RRY Bie MR SR IR R palient, which 'comprises inhibiting
LIMIC2 activigyretiirassionyisia patient in need thereof. In one method, LIMK2 activity is inhibited by

contacting the eye pf the pafientwith 2 ROl Ak MR a RN BHRALRAE I IHER (ower
alkyl. In a particular embodiment, R, is hydrogen. In another, Ry is halogen (e.g., chloro).
In another, R, is optionatly 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, i8 halogen (e.g., chloro).
In another, R, is optionally substituted lower alkyl (e.g., methyD).
In one embodiment, Ry is Rsa, ORsg, or N(Rsp),. In a particular embodiment, Rs is
Raa and Raa is optionally substituted alkyl, alkylheterocycle, heteroalkyl, or heterocycle. Ina
25 specific embodiment, Rs, is optionaily substituted alkyl. In another, Rax is optionally
substituted alkylheterocycle. In another, Rag is optionally substituted heteroalikyl. In
another, Raa is optionally substituted heterocycle. In a particular embodiment, Rs is ORsg or
N(Rsg)2, and Ryp is hydrogen or optionally substituted alkyl or aryl. Ina specific
embodiment, Ray 18 hydrogen. In another, Rap is optionally substituted alkyl. In another, Rsp
30 is optionally substituted aryl.
In one embodiment, R is halogen. In another, R4 is OC(O)N(Rsa); and at least one
Raa is, for example, lower alkyl (e.g., methyl).
Particular compounds of the invention arc potent LIMK2 inhibitors. Certain

compounds have a LIMK2 ICj; of less than about 100, 75, 50, 25 or 10 nM.
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WO 2009/131940PCT/US2009/041126 inhibitors are disclosed herein. Diseases and disorders
affecting vision include glaucoma, ncurodegenerative diseases, and infectious diseases.
5.5.Ph'a'rmagﬁgjg@%h%%gensuIatlons This |nvent.|on encompasses pharmacggyﬁ%%%pﬁiglqns ‘
comprising one res Is of the invention. Certain pharmaceutical compositions are single
unit dosage forms uitabid AL e.g., nasal, sublingual, vaginal, buccal, or rectal),

parenteral (e.g., st 8%%5&%%%&‘§f{ﬂérﬁl‘(é%ﬂ%‘§n§9l'ﬂ§_ IESHT HEASRAA O Gaar o0l

transdermal, topical a phthalmic (e.g., topical, intravitreal) administration to a patient. Examples of
dosage form-maieiget pisraooraimi @ BBl rn el ¢dhules, 10such as soft elastic gelatin

capsules; CachetS:ﬁm&gﬁ%eﬁgm?%e%m& SVRReSityigsRIntReRIsealaplasssRoultices);
pastes; powders; dréssings; creams; plasters, solutions; patches; ae.r%s.ﬁls g);{% nasalhs?rays or
inhalersy: gefsgidfichdoSige i 8iPaBIE Ao SrarsP M doSE Hdnfinistati o RPERERE, including
SUSPensioNsHa @b AAYROESFRORALtIRRIS g UidsugEenSied £)dibia-20a B mus ks, Orcdow
water-in-oil liquid emulsions), solutions, and 15elixirs; liquid dosage forms suitable for parenteral
administratidfi %%’ﬁgt}ént; and sterile solids (e.g., crystalline or amorphous solids) that can be
reconstituted to provide liquid dosdge forms suitable for parenteral administratigil to a patient. The
formulation should suit ﬁé mode dministratign. Fo examgllg !;gl administration reguires enteric
coatings to protect @lﬁgmpoh‘dﬂs of this inyeAt ZOdigﬁé.aIWithm
tract. Similarly, a formulation may ain ingredients that facilitgtadelivery o@he

| ingredient(s)
to the site of action.Rdel\qxamplereompounds beNadministered in liposomal formlations, in order
to protect them from dedﬁadativemymes, facilitate transport in circulatory system, and effect delivery
across cell membranes to intracellular sites. 25The compgsition, shape, and type of a dosage form will
vary depending on its use. For example, a dosag O used in the acute treatment of a disease may
containligrgeTianmautisof-anéenmers ol 1t dptiverdgrediemsuitCrisrises thasddcdbsage form used
in the chronic yeaiment o4 e Same SEasE RITIAYiF QAGHIAAR0G DML MAK kRREIN smaler

COITe
amounts of one oFmoresof the active ingre It comprises than an oral dosage 30 form used to

treat the sanie tisedssed vase Hed. diRe e UKREY §petitic Hodagarerns 8 fRanpsSed by this

invention willyary,frogm,one. angier il b deadiioanndientipdiase.skiled in the art. See, e,
Remington &'Pharmaceutical Sciences, 18th ed. (Mack Publishing, Easton PA: 1990).

C OEt . O OEt 0 OH O 5
SO SQD
A-NH,
N N N N
i i ! !
Boc Boc Boc

Boc

a b C d

H
Os N
A \® T )
S
H

i5
Scheme 2
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WO 2009/131940PCT/US2009/041126 5.5.1. Oral Dosage Forms Pharmaceutical compositions of the
invention suitable for oral administration can be presented as discrete dosage forms, such as,. but are
not limited to, tablets ée. ., chewable tablets), caplets, capsules, and I|qU|d(sT§85§mgllgvored Syrups).

Such dosagg’?o?Pﬂglé titain 5 predetermined amounts of active ihgred,ieg S,.and ma %Ié% repared by
AR

methods of pharmd&y ek iRPIS G RRREA thee i ega by BRIn ceutical
Sciences, le ggeack Pulnlisbinglfzagipr BRyidR86)itH ypical it dosage idons diaqnepared by
combining the active ingredient(s) in an intimate admixture with at,least one cxcipient according to
conventionaﬁ%g?h?ggﬁ%tﬁﬂéﬁi%@% BohGfig® e‘?h%g?q Gggl‘gx%]ip%e}ﬂ @aﬁ"t%ﬂ’ee %15’%5 r\}/'((:'jalcrl'gf)'ety of forms
depending oftite formabpsefdoatiai desiredfonadaliniswatibfe. eranﬁ@&ifqmefrceaml@fd b
adminisiation, jAPIIs A epRUITRAGESR R AOShAANIReONB Al IRsRgE Rk IOIMS: |
desired, tablets can be coate lloy standard aqueous or nonaqueous tec%e& Such dosage forms
can be preparswlod vohveritionel fortaboSIdi L Bpngkesle KeesatEl 2o Heslibical compositions
and dosage Eﬁ{mﬁré‘;ﬁ%&{{?@&ﬁﬁ% by uRifepniy_ngkintinatehradmixing the-activesngredieatsivith liquid

carriers, finely divided solid carriers, or both, and then shaping the product into the desired.

presentationdfHERESaH) (DFifteyAMEMEY OE ihdBlpdratett FResroBIg S RIS BV aEmt rapid
diss%llution- Lubrigants maealsadaincesnarated dadactate the. naassiagiilengidnsage torms (e.q.,
20tablets). 5.5.2. Parenteral Dosage Forms Parenteral dosage forms.can be administered to
patientd By v?i‘HB’L]féeﬁ?ﬁ‘fggt%‘fcgudﬁﬂﬁfor?ﬁ?wofﬁ%?%aoﬁ),agé LT 8'&%2{:‘?1‘”1;%\%%% including bolus
injection), intrashsgieutar hanskihtsaamefiah Becaosedhedr iagministatibartypicaty sypdbgdsipatients'
natural defenses g5against contaminants, parenteral dosage forms are specifically sterile or capable
of being steriized ﬁﬁbr to administration to a patient. Examples of parenterat dosage forms include,
but are not limited to, solutions ready for injection, dry products ready to be dissolved or suspended in
a pharmaceutically %&cep%@ﬂ&ﬁéﬁ%r injection, suspensions ready for injection, and emulsions.

30Suitable vehicle_s,g%gt can tbe used to p rovilde r %ﬁﬁligi%sa%f 5,6 fitﬁ%(i)nverrgggn are well
known to those skilled A& &rt. G@ﬁ%nrri{jﬁlgesgsinc u%@?%ut are notﬁlm%@g&l‘o:%\fater?gjr fnjection USP;
aqueoussvehichetssing HsiKoUtitbalymited tEV8GdnhibBhloFidéenjd et RIMEF suhfatrisarDextrose
Injection, Dexlross ¢ s AUYM SGRINES MUSSHOM AN LRSI ein).
A particular embodiment encompasses a method of treating, managiﬂg 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 the
20 mvention.
Another embodiment encompasses a method of treating, managing or preventing
cancer in a patient, which comprises administering to the patient in nced thereof a
therapeutically or prophylactically effective amount of a compound of the invention.
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
LIMKZ2 inhibitor. Particular potent LIMK?2 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 LIMK2.
30 Another embodiment encompasses a method of treating, managing or preventing a
disease or disorder affecting vision in a patient, which comprises inhibiting LIMKZ 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
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WO 2009/131940PCT/US2009/041126 Ringer's Injection; water-miscible vehicles such as, but not
limited to, ethyl alcohol, polyethylene glycol, and polypropylene glycol; and non-aqueous vehicles such
as, but not Iirpited to, corn oil, cottonseed oil, peanut oil, sesame oil, eth;@&ggg&@gﬁrﬂgyl myristate,
and benzyl Ee%%%ﬂgfglg‘g{:S.S. Transdermal, Topicﬁaé nd %uco I Dosage -orms Transdermal,
topical, and MEHSL HELREORSARE RSB 4 ajﬁ?li Wea’é%{%f%%mﬁ fmic Eofu%lglrll%?lgdp’rays,
aerosols, crermsdtgtianatioiniinents, gd s fsofisiioniseasalsions, suspensions, or other forms known to
one of skill in the art. See, e.g., Remington's Pharmaceutical Sciences, 181h ed. (Mack Publishing,

Easton PA: 1990); g.rgq IngRgMGHoNIR FOB ARG tical Dosage Forms, 41h ed. (Lea & Febi ger,
Philadelphia: 1985). TranSa€rmal dosage torms Include "reservoir type" or "matrix type" patches,

which can be appliguioithenskinsasshwersiomarspeeificpetogpad dime donpeishit e penetration of a
desired amount of active.ingredients. Suitable excipients (e.q., carriers and diluents) and other
materialg thaCCHPIY gg&?&%’@“ﬁ‘f’&]i e‘?ﬂ%ﬁg&%ﬁ%‘f?%ﬁ%& ,ﬁé%(&l%%négoaggrsglgg%ig%%ﬁﬁ%%re well
known to thokenskiliediie the phiamsaceliical, ans;land depehd gintlebpasik viaretisdieasuwih a given

pharmaceutieal compgsition of losags, foum il e ARPlindRRRAIAIOG AN SheGlieisaia (o be

treated, addi Fo%a?%omp%%gélrsﬁé rﬁ?f e useoi“l prior to, in conjunction with, or subsequent to treatment

with active ingredibmd ofithel20irvantionicFomasaifishe) phratragBACAREEE- may be used to assist
in delivering active ingredients {osie fauendingpH.ofe Rhaimaceiicabeampgstiongrsdrsage form,

or of the tissue to which the pharmaceutical composition or dosage form is applied, may also be
adjustetfto ifsPoveSe IRAsHC srbiiE e SRANE NIk LR miIdND R S oIHPRY BPE Bolvent
carrier, its 23ignigcsikeoaihianiopisiivican, besad]ysiedde; imprangsdativery phemppundsoasch as
stearates may also be added to pharg;aceutlcal C malpsu ons orddcg)%g e forms tgaggvﬁzzl)gtoargleously alter

the hydrophiRei§PeF REBIAERF oRBRESBIPRGTe Ha1GE dieh QRO

S SO as to improve delivery. fA this
regard, steargiescdndenisiasalipiapehiclafdotiefonpetation {as. amperowisifying-agsator surfactant,

and as a deliverysenhancing or.penetration-enhancing agent, Diffarent 30salts hydrates or, selvates of
the active ingl?%u fie?llfgp Ean Be §sed 10 Sl?tﬁg‘“rsgl Jnusét0 %hgewp%ggé%t?es oE? %ﬁe resu]tir?% éomesit?'on. wO
2009/133940HCTYURR00H/04 1068 SudaBpiathirpitcBOsARE oAt o 2QHEpbURASHithe invention

e doliveradtt . ars. and
can be de N%jq&gé%g@g@ﬁf JORiralN, USInAATHEOHS: S UQDS: %@E@%%&H@@ﬁﬁfﬂ@ns an

ointments. As tho In the art are aware, theé ophthalmic product must be sterile in its final
container to geseenfanisobiabdentaiFabAls e RYRN BrafaHFatves may be used to maintain

sterility once the coffaiRginulation should suit the mode of administration. For example, oral
administration requires enteric coatings to protect the compounds of this invention from

20  degradation within the gastrointestinal tract. Similarly, a formulation may contain
ingredients that facilitate delivery of the active ingredient(s) to the site of action. For
example, compounds may be administered in liposomal formulations, in order to protect them
from degradative enzymes, facilitate transport in circulatory system, and effect delivery
across cell membranes to intracellular sites.

25 The composition, 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 discase 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 discase. 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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has been opened. Ophthalmic formulations also require that the pH, buffer capacity, viscosity, and
tonicity of the formulation be controlled. Rreferred formulations have a pH of from about 6.5 to 8.5, and
a buffer capacity of from about 0.01 to 0.1. Particular formations are isotppig,ERRRMIgsformations
have a visc&ﬂyﬂg?/%r%m about 25 t r%? cps. 0 Ingredients that may be used to provide safe vehicles
that effectively deliver ansag e%ﬁ% Ogc%%ﬁgaﬂ%gredient (API) to its site of action are well known, but

will vary depending,pn. the physical and ehemical characiaristicsorspe-ARkminishepsardately buffered

agueous solutions may be used for the delivery of water soluble compounds, In solution compositions,

polymeric ingrewiintsadistypiv Anyaes &S, SEiicredub atrereb Hipbehion ehis Bty “BSUAhiSles of
suitable polygg&g&g’p&iﬂgg&%&gg{@ggaggIum%(@gg.ﬂww@pyl methydesiittosas byeteoxyethyl
cellulose, ethylhydroxyethyl ceIIu_Iose),_ synthetic polymers %%.égarb vingﬁgalb)@eiﬁ%ﬁgl vinyl
alcohol)> polyEakeramRRS BRI Ah A HH JUF BT GO ’S?ﬁfgﬁ%, Andmixtiredthereot. See, e.g.,
U.S. patent Ras; iéi&@ﬁ,ﬂﬁﬁo@,él@k?l@d{hliﬂ@a@um%ioﬁs;magt@iéoﬂmmmcdéﬁm‘@nmcéﬁﬁhpou nds.

Polymeric ingr%&%n s are.typic sed in ension compositions as physical stability aids, helping
to keep the iﬁ%‘ %%@é%%%%ﬁ%ﬁf&é?@? easily rcdispersible. Id. Preservatives may be used to

ensure the sterility DffarshatibdssGuifainie prasepaativbs énoibitensdhy atoriter <HRBHEEENzethonium
chioride, Ch.'?£9b%%gg8k}g§,§g¥$mﬂ%q& %ﬁ@@&g&@?M&?&ﬁg’f&@ﬂ@%@mﬂlﬁ@ﬁéﬂ%%em@mlparaben,

and propyl-parérgens. antioxidants may be used to ensure the stability of formations
susceplible teooxioknibng Soltaikils artexdaHisMdRige stfcREa Al Rmirdaingan Lot

bisulfite, sodjyim metabisiite.ard fRigkieRaREXAMPLES Aspects of this invention can be
understood from the following examples, which do 30nat limit its scguqe. WO

2009/131940PCT/UBSon00A4 141 gde DERGHRT AL o8y gl @y capsules represent the most
1-(5-ehloro-7{dnyrselelR, 3ralipysimidiniddhnMN- If desired, tablets can be coated by standard aqueous or
(3-(4-11uorophenoxy)phenyl)-4-methylpiperidine-4-earboxamide, .5A. Pre arati f tert-butvl 4- 3-
4-fluoro hend SR EHBIES: rﬁgéﬁﬁé)fﬁ%?ig%ﬂéﬁ?gg%%gﬁg §d by convenn HPRAbI R
1-(tert-igtoxyearhany1)Aconethlyifipenidinsidticanpayilicacid{ 20 edo 10 memubpared by
3-(4-fluorophenoxy)aniline (203 mg, 1.0 mmol C.(206:ma. 1.8 mmel. 2ad-H9AKL38mg, 1.01
mmol) were gg%g%l}l%@aa i Et act%@gd%i?g%ggﬁ%g(%é (3115%93 relact%% meixture was heated at 80 C for
20 hours. MostidfairedEsOrdathsaed dpor sheping Ohe Sumdhgtintor e SRarshretsansdivn WRRKSES

removed by fliian. TS laie assied WHEIAAR WasDesuih b acuikGasaler, and brine

dried, and concentrated under vacuum to give the title compound. MS (ES+§ [M+H]=429.  B.
Preparation GfUNLt@Ha-MiorophERSKPTBRERRA L ArHER BiHBHR R AE SRR TR Butyl
4-(3-(4-§yor0ﬁg@&qu)phenylcarbamoyl)-4-methy|piperidine-l-carboxylate from 15 step A was treated
with 4 N HC1 in dioxane for 16 hours at room temperature. The product was isolated by filtration and

washed with ether to affor tifle co mg, 56% for two steps) as the hydrochloride salt.
MS (ES+) [1\4+H|= 329, g.y:f Iﬂaren@n%?m%a(geoﬁo S

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; agueous vehicles such as, but not limited to, Sodium Chloride Injection,

Ringer’s Injection, Dextrose Injection, Dextrose and Sodium Chionde Injection, and Lactated

I3



C. Pre aration of 4 5-dichloro-7/ vrrolo 2.3imidinc. To a solution of 4-
chloro-7H-pyrrolo[2,3-d]pyrimidine (154 mg, 1.0 mmol) in CH2C12 (6 mL) was added NCS 20(134 mg,
1.0 mmol). The reaction mixture was refluxed for 18 hours, filtered, and cPo H)%% ynder vacuum to

give the tltlev%(dﬁ%)ﬁgmd“%hlch was carrjed on crude. [M+ re aration 05
¢ loro-7H-old &S BqIe s Wﬁiﬁ?dﬂﬁ‘éﬁ@x‘ﬁﬂ}nﬁiﬁfﬂ%ﬁn% i??jl %‘ﬁ*& té) FES B AR de.

N-(3-(4- FIuop@p}zﬁm&@@hmyJa)n&ﬁcﬂymeﬂw&pmgl@dunmddcam@qamm&ﬂmsmph&@@mt 0.13
mmol), 4,5- dél chlor 1gyniolo[t% dJB mlgégﬁtfg messtae em{lE)thm mmog dt &tdhfylamlne
(0.04 mL, O 818 Yomid |r(1)e n |sdpjro ano d%e}éte ?i%(? minutes under
microwave cmnﬂ\moqd.b'éhmpt@duct was isolated by prep HPLC to give the title compound. \We;
2009/131940PCT/US2009/041126 1IHNMR (CD30D): 6 8.22 (s, 1H), 7.30-7.35 (m, 4H), 7.03-7.14 (m,

4H), 6.73-6.76 (m, 1H), 396:4.02\ (s ddthh ol APl 408 RidbodaB Dtk (arakl), 1.74-1.81 (m, 2H),
1.38 (s, 3H); MS (ES+) [M+Ht- = 480. 6.2.Example 2: Synthesis of

145-bromo-7H-pyrrodefaj3rdigy rimicih #hd/usesal dosage forms include, but are not limited to,
5(3(4-fluorophenoxy)ohenyl)-4-rnethylpiperidin r t
(3( y %%@ggm 150y zmpﬁzf RRering icarhonamdf il uof: LIERRIENAR Bons

5-bromo-4-chloro- VTrolo /fimidine. o a so chloro- H -pyrro 0[2 3-d]pyrimidine
(1.29,7.8 mmqi;enm@&lmg@@@»mv@ywa@atd@@d Miskotodbemmidke(4.2.Regungal) in CH2C12 (25

mL). The reagfion, mixtyre, wags feluxed é@f(%&@ﬁmﬁfﬁg thendoneensutedand wasbagwith cold

water. The crude material was recrystallized from a minimal amount of |sopr anol and drled under
vacuunt fo gileoresiidies) W@?%)4a§ﬁgﬂ{0@r%f ebigrr NG adeplinaldge L dgsdermgl

Preparation @fdx£8 remarthipyreaialgisnipy nmigiarf-wheNp@clds, which can be apphed to the
fluoropheno %)phenyl) -4- methylpu%endme -4-carboxamide. To a solution

15fluorophend ¥/ i3 ém?f)%M‘Fﬁ%bﬁé’éﬁai’n%fH%%FBB%%?&%“%PSP%%% ? %le pfgn(@%tmg, 0.1
mmol) in isopxepanal€tieiky, was added to 5-bromo-4-chloro-7H- pyrrolo[2 3- d]pyrlmldlne from step A

(24 mg, 0.1 mtnol) gnd %rleth Iamlne(éoﬁgrdf? rglrl?agﬁfs c{rarﬂpelg,t };Qﬁ o %@51@}% R s gg%%g at10cC

for 10 minutes und&rMiGrowave con en concentrate er vacuum. T e product was
isolatediBy prepvidP i@ sdagive. theiite 26 oorpolidekage forms are I\HNWO@@@EP) siglgdindelH),

7.22-7.35 (mpﬁ‘éij a‘ée%ﬁcltjazts(rﬁné“é%péﬂ 8&1@&%&#‘9 il§€§éf§%§léma éﬁén%i%%&ééu&w 2H),

2.30-2.40 (m, 2H), 1.72-1.85 (m, 2 ) [M+HTL =
compomtlon or dosage form will bc app 1ed

Depending on the specific tissue to be treated, additional components may be used

prior to, in conjunction with, or subsequent to treatment with active ingredients of the
20 invention. For example, penetration enhancers may be used to assist in delivering active
ingredients to the tissue.

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 fo improve delivery. Compounds such as stearates
may aiso be added to pharmaceutical compositions or dosage forms to advantageously alter
the hydrophilicity or lipophilicity of one or more active ingredients 5o as to improve delivery.
In this regard, stearates can scrve 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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WO 2009/131940PCT/US2009/041126 6.3.Example 3: Synthesis of '
N-(3-(4-f|u_orophenoxv)Phenyl)-4-methy|-1-(7H- pyrrolo12,3-dipyrimidin-4-yl)piperidine-4-earboxamide
To a solution 01; N%é—l(ﬁhﬂuorophenoxy)phenyl)-4-methy|piPeridine-4-camg@9§ﬁgm example 1,
step B, (20%%, (o} mnaol) in ié(ﬁ?’ﬁ‘r nolél mL)was added 4-chloro-711- pyrrolo[2,3-d]pyrimidine
]£153nag, _0.1tmmol) and _tr?e%h‘gzla éﬁgﬁaﬂ’ 1)) r%ﬁ]nosl). The reaction mixture was heated at 180 C
or minutes un | ifi , ] q r
isolated by prep H%é@t% %%qe)ﬁkgﬁggé%%?nﬁpcgg ggt Q%XE I—%Ia\fl:l\%g[%%%%g[?e{gg %%ngh lSEIEI’[ge7pl%d$CZtSW(?r'I5
3H), 6.91-7. 4GNS SPILETB520 B YHS UPRIE0S - BRS PRIMERS. 4 03088 le O Ds HE{ ST oH),
2.13-2.28 (M, 2k ROL-BR &M Bt Be2Beffe s MBI (EStl M il viaTmbcdExample 4: Synthesis of
N-(3-tert-butylpheny1)-1-(5-methy1-7H- ) _ L o :
PnroIo[é,_S-&ﬁyﬁmiHi#‘F%-Qi}b&-ﬁﬁe ISR BB HEhINE SIS B EAS R R s A,
Prr]epa1a.t|onlggs%%m%%w@_elrmirim&rﬂrﬁﬁrbﬁxyilmﬁmiﬂaiie(teqummybanﬁ&dyiffmcapacity,
phenylpiperidjne-4-carboxylic acid (1. .3 mmol) was treatedwi in di m
hours at rooMSfaTePHR .mllﬂfeog;fg%l%:’%ﬁvl\}%é%?sno ated %())fl%l ﬁaﬁ)%%%%\%%%%ﬁégﬁmﬁad (IE)). ;ngz
93%) as a white sblict MSo(ES vk ifir206:20B Brapataiof 0f to 0.1. Particular formations ’
L-(5-methyL-4. . dihydras3E1-aurolo R lavumidindsnd LoRNeiPiBas dingsd-carboxylic acid. To a
solution of 4-p?1en3ﬂp|pe(| ine-4-carboxylic acid from step A (0.74 g, 3.1 mmo]) in jsopropanol (10 nit)
was adtied 4-ch|or@asr¢ﬁemy1h§uwhﬂ@pzsét@m9wﬁﬁéﬁ{% Yohsgey ¢ '.tleﬁﬁ‘?ﬁ%'l’)elo’(rfﬁelfﬁ@?ﬁﬁﬁ?ﬁmee (1.0
mL, 9.8 mmal), The reaciion mixierashiaated at 480 aforkBninies underagidspuatiegcondition,

and then

on the physical and chemical characteristics of the APL
Appropriately buffered aqueous solutions may be used for the delivery of water
soluble compounds. In solution compositions, polymeric ingredients are typically used to
15  increase the composition’s viscosity. Examples of suitable polymers include cellulosic
polymers (e.g., hydroxypropyl methylcellulose, hydroxyethyl cellulose, ethylhydroxyethyl
cellulose), synthetic polymers {e.g., carboxyvinyl polymers, polyvinyl alcohol),
polysaccharides (e.g., xanthan gum, guar gum, and dextran), and mixtures thereof. See, e.g.,
U.S. patent nos. 4,136,173 and 7,244,440 Suspensions may also be used to deliver
20 compounds. Polymeric ingredients are typically used in suspension compositions as physical
stability aids, helping to keep the insoluble ingredients suspended or casily redispersible. Id.
Preservatives may be used to ensure the sterility of formations. Suitable preservatives
inciude benzalkonium chioride, 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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WO 2009/131940PCT/US2009/041126 concentrated under vacuum. The residue was dissolved in ice
water and neutralized to pH 4 by addition of 1 N ag. HC1. The product was isolated by filtration and
dried under vacuum for 3 hours at 65 C to give the title compound (62%)@&1@&@/@&9@ MS (ES+)

[M+Hr = 38 ‘c*“ﬁ’%’i%]a? tion of N-(3-tert-but |n£1en¥1?1- SypethylHymaIoT 2. 3gd|n4yrm5_jm 4-
5y1)-4-p envlnlpe ne- Szl |u g-SOtt —{oethy é UL
1TStep

pyrrolo[2,3-d]pyrimidin- 44 yu 4 Jﬁ%’ﬁlﬁd 50 SCToHT 3 Mg, 0.1 mmol) in
DMF (2 mL) was added 3-tert-butylaniline (15 mg, 1 0 oI ), BQP (50 mg, 0.11 mmol) and
triethylamine (0.04 mL, 0.3 mmol). The reaction |xtu RS st at room temperature for 20 hours,
and the amide product was isolated by preps - e 0 compound

2. 73 2.78 (d, 2H), 2 46 (s, 3H) 2. 28 2. 35 (t, (s 9H) MS (ES+) [M+11] 468. 6.5.Example
5: Synthesis of 4-allyl-N-(3-ehlorophenyl)-1-(5-methyl-7H- 15pyrrolo[2,3-di
pyrimidin-4-yl)piperidine-4-earboxamide CI % A. Preparation of ten-butyl

4-ally1-4-(3- chIoronhenylcarbamoyl)plperldl 1 <Camboxylate. Under an atmosphere of N2,
4-ally1-1-(tert-butoxycarbonyl)piperidine-4- carboxyllc acid (0.158 g, 0.586 mmol), pyridine (0.189 mL,
2.34 mmJoI) and DIXllg g a%%ﬁ)o%?e)‘)’%llﬁﬁ'f? Qlyeg ed in an ice bath, To

the cooléd solution;, or| e mmol) was addéd dropwise. The reagtion was

stirred for 40nmtny lafps rbé%?d@@@@f%{yib%%%ﬂ?&fwgg AHGEAOFAE reaction

was removqur@mfﬂ q b%&@gdgsrﬁﬁb%m@mﬂﬁ{@wﬁ a@m(gﬂtnahmaoteoeacgmmwas
washed with 1 N aq. B E and brine, dried over MgSO4, and éraég(dmﬂﬁier r(‘g
25residue wasRiREd BY &l %%Hr%%a Bﬁﬂ?fé’ﬁ;}yfnf elfér?(;g ned'gradient) to give he title

compound Nt %easedd. AMSuie Srap Bdatdd 4+ ke 87 B BOR1euayatiost of halEGNe @ﬁsrﬂoaocuhmd |

eridine-4-carboxamide. To a.solutio t-but
The filtrat diluted
4-a||y1-h9(3-6ﬁ§’8f Wﬁé?ga?ﬁoygﬁlﬁ%rédlnglg LAY oxy?zz{teeCl g 8%12”%‘8“ Wig e was are

2009/13194&91&1&&329@&@4@@& (ON.7@ &, 4B88emand|pimdd0pd (20 opekddadsd MHCL in
dioxane (0.340 | rn A:pq% eT&%r%%(ﬁﬂonM@?ﬁ@Q?W@ 150 &for 30 mm, and then concentrated
|

under vacuum re n MeOH re-concentrated twice to give the title compound as the
hydrochloride salt. ﬂsﬁmgmﬂﬁﬁ\&( 354 fluorophenoxyiphenyl)-4-methvipiperidine-4-carboxamide.

tert-Butyl 4-(3-(4-fluorophenoxy)phenylcarbamoyl)-4-methylpiperidine-1-carboxylate from

15 step A was treated with 4 N HCl in dioxane for 16 hours at room temperature. The product
wasg isolated by filtration and washed with ether to afford the title compound (206 mg, 56%
for two steps) as the hydrochloride salt. MS (ES+) [M+H]" = 329.

C. Preparation of 4.5-dichloro~7H-pvrrolo]2.3-dJpyrimidine. To a solution of 4-

chloro-7H-pyrrolo[2,3-dpyrimidine (154 mg, 1.0 mmol) in CH>Cl, (6 mL) was added NCS
20 (134 mg, 1.0 mmo!). 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-dJpyrimidin-4-yD-N-(3-(4-
fluorophenoxy)phenyl)-4-methylpiperidine-4-carboxamidg. N-(3-(4-Fluorophenoxy)phenyl)-

25  4-methylpiperidine-4-carboxamide from step B (50 mg, 0.13 mmol), 4,5-dichloro-7-
pyrrolo[2,3-d|pyrimidine from step C (19 mg, 0.1 mmol}, and tricthylamine (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.
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5C. Pre aration of 4-all 1-N- 3-chlo o hen | 1 5-meth I-7H-olo 2 3- nmidin-4- 1 si.
eridine-4-carboxamide. 4-Allyl-N-(3-chlorophenyl)piperidine-4- carboxamide from step B (0.142 g,
0.453 mmol), 4-chloro-5-methyl-7H-pyrrolo[2,3-d] pyrimidine (0.075 g, 0. é% 89}(}411
;
ZVHH

d IBRIAmiA ), and d heated
o Tzd'é‘)BCeﬁ.gh% RSB a e T e oeor %@&?E‘*ﬁ;‘smﬁﬁm

H20 and bring, degdoxen MosRarand sencentrater yoder vasumyehhe. Tésidug matputified by silica
gel chromatograﬂ@é&%%mﬁl %g dient) to give the title compound in 61% yield.

IHNMR (400R7I 8.1978, 1H), 7.73 (s, 1H), 7.48 (d, J=8 Hz, 114), 7.32 (t, J=8, 16 Hz,
1H), 7.14 (d, J=8 Hz, 1H), 700(s 1H) 578588(m 1H) 511516(m 152H) 391(d J 136Hz
2H), 3.24-3.30 (m, QH) 2 Bample=z 6 B.0: gr oy _'» ‘-' o2 Fzadnypimidin-4-yH-1
21-1); MBS (ES+) [M+H]4 £34daflwogophenexanieayhidugtl
N-(3-methoxyphenyl)-4-methy1-1- (5 methyl 7H Pyrrolo[2 3- dIyrlpudln -4-yl)piperidine-4-earboxamide
20A. Preparation of 4-methylpineridine 4-carb xyI|. 1- utoxycarbonyl) 4-
methylpiperidine-4-carboxylic acid (0.508; ROHWastee

2 hours at room temperature to afford the fitle“campound (O 294 g, 100%) as the hydrochloride salt.
MS (ES+) [M+H] = 144.0. B. Preparation N
4-methy1-145-methyl-7H-pyrrolo12,3-dIpyrimidin-Av1)-niperidine- 254-carboxylic acid. To a solution of
4-chloro-5-methyl-7H-pyrrolo[2,3-al pyrimihe (074 g, 1.64 mmol) in isopropanol (10 mL) were
added 4-methylpiperidine 4-carboxylic acigshyergghloric acid from step A (0.294 g, 1.64 mmol) and
triethylamine (0.654 mL, 492 mmol). The reactioh was heated to 180 C for 1 hour under microwave
conditions, WO 20&9/ D%&%Bﬁia'ﬁ’ %an%mmmmtpﬁw@&ﬁmwﬁwitﬁdcesm aind

neutralized tg p it roduct. .T d Il yy filtration
and dried unde \P&(Q,uu 4@6‘?/ E ?n%t%ﬁ@(&%@@ ) \g@sau?g%a%/%ocfép MS (ES+)
[M+HI = 275 &ﬂo@omewlan@ 18- zmthw?ﬁaéh@ﬁmmemwwmémmwavrﬁﬁm@ For

dipyrimigj %%'ﬁﬂi%‘?%d 'tﬂgndé 9%&1?1)3%9 'Q{ﬁt wgsﬁ‘eﬁ(wﬂ&%igfwcﬂer The crude material was

4-methy1-1-( 7Hpyrrolo[2,3-Mpyrimidin-4y1)-piperidine-4-carboxylic acid from step B (0.020
g, 0.073 mmmyﬁms@mmfrmn)amer@éd@@@oﬁ ireRgERR DEsgcd wsieh R ivBaMnElR.019
mL, 0.15 Mm@k AR B %pmgm%;gy@ﬁ&m(@;;mmgp Thereaction was stirred overnight, and

then concentrated under vacuum e residue was purified by prep. HP ive the title compound
(0.091 g, 33%). B. Preparation of 1-(5 bromo-"/H—DV?lo 1o} 2.3- a}{ngfmnpndm Ifi—vl% %g P

fluorophenoxy)phenyl}-4-methylpiperidine-4-carboxamide. To a solution of N-(3-(4-

15 fluorophenoxy)phenyl)-4-methylpiperidine-4-carboxamide from example 1, step B, (36 mg,
0.1 mmol) in isopropanol (1 mL), was added to 5-bromo-4-chloro-7H-pyrrolo{2,3-
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.

"H NMR (CD;0D): 3 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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IH NMR (CD30D): 88.07 (1H, bs), 7.00-7.17 (3H, m), 6.89 (1I-1, s), 6.58-6.61 (1H, m), 3.62-3.72 (5H,
m), 3.22-3.34 (2H, m), 2.12-2.33 (5H, m), 1.62-1.71 (2H, m), 1.29 (3H, s); MS (ES+) [M+HI = 380.1.

6.7.Example Z): %y{) 16;%5 of 4-methvl-I-(5-methyl-7H-pyrrolo[2,3- POT/US2009/041126
15d1nyr|m|37n-3-y gl -n- gx%ll}’ﬁ%%rl‘ Qﬁiﬁé@f’s‘r?ﬁm QR -methl-l- 7H-
4-methy1-1-(5-methy1-7H-pyreorog2 TR LR AT s HRYNIC acid from example 6,
step B, (0.020 g, 0.073 (I'mLC)ywere adde reagent (0.065 g, 0.15 mrnol),

triethylamine (0.019 ml, 0.15 mmol), and 4- 20met niIin nth, 0.11 mmol). The reaction was

stirred overnight and concentrated under vac I m. as purified by prep HPLC to give the
title compound (0.0133 g, 50%). 'LINMR(CY;
(2H, J = 8.4 Hz, d), 6.89 (1H, s), 3.68-3.7 Fn), 3.21-3.44 (2H, m), 2.21-2.33 (8H, m), 1.62-1.71
(2H, m), 251.29 (3H, s); MS (ES+) [M+Ht =g864.2. WO 2009/131940PCT/US2009/041126

6.8.Example 8: Synthesis of N-(3-(isopropylearbamoyl)phenyl)-4-methy1-1-
(5-methyl-7H-pyrrolo[2,3-dIpyrimidin-4-yIMipef dinge-4-carboxamide  To a solution of 4-methyl-1
-(5-methyl-711-pyrro|o[2,3-d]pyrimidin-4y1\ peﬁdine-4- carboxylic acid from example 6, step B,

(0.030 g, 0.11 mmol) in DMF (1 mL) were added HATU (0.042 g, 0.11 mmgql), triethylamine (0.028 mL,
0.22 mmol) and 3-aZFﬁiﬁ@N&@Wéﬁﬁ%@h%?ﬁﬂ?@%?@@W%fﬁlméw S s

807 H, bs), 7.31 (2H, J = 8.4 Hz, d), 7.04

On Was stirred at
50C for 48 hauyrs angeencamipatecbunde VeI Thespaigueasmyrified dardpHRbdib give the
tile Compoug?rrggigéggﬁ]g}?;@{dinc (15 mg, 0.1 mmol) and triethylamine (0.04 mL, 0.3 mmol). The

reaction mixture was heated at 180 °C for 30 minutcs under microwave conditions, and then

concentrated under vacuum. The product was isolated by prep HPLC to give the title

compound,

10 'H NMR (CD;0D): § 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, 28D, 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: Svnthesis of N-(3-tert-butviphenvi)-1-(5-methvI-7H-
pvrrolo]2.3-dlpvrimidin-4-vl)-4-phenvlpiperidine-4-carboxamide

o}
CH,
N
CH
H CH; °
N

CH;

9%
—
N
15 N H |
A. Preparation of 4-phenylpiperidine-4-carboxvlic 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-y1}-4-

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

from step A (0.74 g, 3.1 mmol) in isopropanoi (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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10IHNMR (CD30D): 38.19 (1H, s), 7.99 (1H, m), 7.7-7.72 (1H, m), 7.56-7.58 (1H, m), 7.41-7.43 (1H,
J=8 Hz and 15.6 Hz, dd), 7.00 (1H"I = 0.8 Hz, d), 4.20-4.23 (1H, m), 3.79- 385(2H m) 3.36-3.46
(2H, m), 2. 38 244 Png) 1.76-1.83 (2H, m), 1.42 (3H, s), 1.268 (6H, J&. ,]& MS (ES+)
[M+H]j-= 43% le 9: Synthesis of N-(3-tert-hut nyl)-4-me h 1 sme h

15pyrrolo[2, 3%%&%??—%%)‘ E@%%ﬁ%%&’&% bséglgeé)ﬂé %8ﬁf§r §1KI &tg glgreparatlon
of tert-Butyl 6y(8dtefbbu,wlmaqv}n@rbam@wmtmmemhwgnmrwrﬁ“énraltmanldakwawldcoxa@wmm of
1-(tert-butox arbon eth ridine-4- car ac 3 1) 20 gyops), and
pyridine (03 g1 éﬁrlr%%w % orci)éef;l Omé) (&B ﬁ%@éggﬁé%k&alyﬁ%ﬁ%% @’5; mmol).
The mixture was stir - s 2 & ;

hour, dil ted&@@%@'?ﬁ%}?&ﬁ%!}ﬁcmm gv'%%aggm%;ho%q @@@&%&@N ag. HC, dried
over Mg504 ntrated. Silica gel chromatography (0- 20 CH2C12 ave the title
compound irrsrdalyiétd IS E D4 WME@%PW?g 8§§W%EW 0l g,
Preparation gf Ns3-esi ity IRRS A éa&s&ﬁlyém&@ﬂdﬂﬁﬁrﬂeqashﬁgarmhﬂmcﬂsm&?tyﬁ0 mg, 0 1

4-(3-tert- butylphenylearbamoyl -4- methy iperidine-1-carboxylate from ste &E,‘fg LO7 mmol) was
treated with FEPRANFFIRgRERR %04 A %%@Wﬂﬁol ?ﬁ‘ PO B IE Pﬁ% B %?orlgo minutes.

The mixture wasgenseniraiedde-giveitihe Mﬂ@de@momdaassﬁhﬁeah%dpmhlmb@ satiin thoamittative
yield. M§ (ES+) [M+HF = 275 C. N- 3-ten-but I. hen4 meth I. 1 5 e h 1-7Hidin-4-

yI)plperJl ine-A"CHHE%amide. N-(3-tert-Butylphenyl)-4-methylpiperidine-4-carboxamide from step B
(0.33 g, 1.07 mmol}m}aﬂm@a@mtm%mspw}bﬂd@ B PyriATAiAL {0 81d), B.BY- Pt b6, 21D,
N,N-diisopropy, I ngl@gn@@

pressure rategddgé?';t%mu%ﬁe) 2n%§hgeat %{4 %)4 o%lg? ?%g?rﬁﬁuxgﬁa%@cp?ncentrated and
taken up in dihtbtbmétifane from which a preC|p|tate (0.18 g) was collected. The solution was
chromatographed (Si02, 0-2% MeOH:CH2C12), and the columned materlal (0.15 g) was combined
with the precipitate g8d digs@hvigdein; nSetiiaeek @SmINavE : ¥D7HL ), and the
mixturejwas cooled. The rgﬁwwu_@mnﬁmmwaammmmmmwer and dried to give the

title compound in 50% yield. IH NMR (400 MHz, DMSO-d6) 6 ppm 11.51 (s, 1H), 9.31 (s,
1H), 8.19 (s, 1H), 7.62 (s, 1H), 7.59 (d, 7=8.0 Hz, 1i4), 7.22 {y, J=8Hz and 16Hz, 1H), 7.08 (d, J= 8.0
Hz, 1H), 3.63- 3.68 (m, 2H), 3.28-3.33 (m, 3 3 p-2.29 (m, 2H), 1.63-1.68 (m, 2H),
1.31 (s, H
N CH,
N7 N
!
k\N

A. Prenaration of tert-butvl 4-allyl-4-(3-chlorophenvicarbamovlpiperidine-1-

carboxylate. Under an atmosphete of Ny, 4-allyl-1-(tert-butoxycarbonyl)piperidine-4-
carboxylic acid (0.158 g, 0.586 mmol), pyridine (0.189 mL, 2.34 mmol), and DMF (3 drops)

20 were dissolved in CH:Cl; (10 mL) and cooled in an ice bath. To the cooled solution, oxalyl
chloride (0.056 mL, 0.645 mmol) was added dropwise. The reaction was stirred for 40 min,
after which time 3-chloroaniline (0.061 mL, 0.586 mmol) was added. The reaction was
removed from the ice bath and stirred at room temperature overnight. The crude reaction was
washed with 1 N aq. HCI and brine, dried over MgSQy, and concentrated under vacuum. The

25 residue was purified by silica gel chromatography (ethyl acetate/hexanes gradient) to give the
title compound in 51% vield. MS (ES+) [M+H] = 379.

B. Preparation of 4-altyl-N-(3-chlorophenylipiperidine-4-carboxamide. Toa solution

of tert-butyl 4-allyl-4-(3-chlorophenylcarbamoyl)piperidine-1-carboxylate from step A

19



20 3H), 1.27 (S, 9H); MS (ES+) [WHY = 406. 6.10. Example 10: Synthesis of

4-methyl-1-(5- methyl -7TH-pyrrolo[2.3-

dipyrimidin-4- &[} gjxazol -5-y1Mhenyl)piperidine-4-earboxamide Lk Nt Brgparation of
ten-butyl 4-methvI-4-

xazql-5-viln icarbamoy d|n -I- ca tc. T solutlon of
1-(tert- butox%&?%&’l)()é@% ﬁ’i‘@%ﬂ@lﬂ’i%ﬁ“%ﬁg W&s‘?ﬁ%i% amd%gf 106;% r)r?/r%%ly]éhd pyridine (79.7
mg, 0.08 mLmﬂn&:} mmaamamzwmhmmdatm&mn)mnoa@m adm@nttmmat yiderdrspsinfollowed by
oxalyl chlorld nth, 0.252 mm The r act{, ur, and
3-(oxazol- 5" %géqf&%ﬁ%ba&q'fu§%85 élt%ce w%re}hg%ﬁf?r%g %)t%d%r?nﬁ%l) was added. The
reaction Wamaﬂmmundesimﬁok/@dﬁﬁe}%ﬂbur§7?he mixture was diluted with ethyl acetate (10 mL),
and the prganics were washed with 9,1 NRCL(RXA0mb) [MgSO4, fltered,

and concentrated to g|v e It ecomoun , Which was use n the next step without further
purification. K8 2 aagaboxarmdy rép%]rlé@réﬁ(éfchlomphcnyl)mpen dime-4-

4-methyl-N- @Mmh@%&@wﬁm@gﬂ@-Asgafm@ermdeo;r@mmm@mmwd]
4-methyl-4-(3-(oxazol-5- yI henylcarbamoyDpiperidine 1— aée ggrgﬁﬁte A 77 fgd 0.202
mmol) in meB¥ERBAREHLY (vas Sdee et ‘?‘ﬁ%%ﬁﬂp&?&kﬁﬁ Ef?] 1 mo§5 e)ac ion was
stirred for 151W§aaed(ﬂ1@np@ammadmma@sslmn@@e}mm@m iocrppound aessh]e The
hydrochlorlde It. MS. M+Hr = C. P e
4- methyﬁ 1- fé“n%ce]iﬁ?f-éﬂ—w ?)‘no or?’%‘j dlilpyn?midiﬁV 2y %235% and brine, dried over MgSOy. and
(oxazol-5- vD@mmﬂﬁmbmﬁatevdewmbo?hfmnmhﬁ Wmm@d@%llmbﬂa@e@%m@’solution of
4-methy1l- N @%%ﬁ %ﬁ&w%%e%d&etﬁr@%g%mqgé]y/d@gmonde from step B (51.9 mg, 0.17
no

mmol) and |s propa and to this solution was added

15chloro-5-methyl- 7HIpYFolé02, 3Lt iaidihe @808 e (9.528 M Bl R &isShiBpythylamine
(297.9 mg, O'ﬂ?z’QLJ% 3 rﬁ??@i),—rﬁﬁl"(ﬂsﬁ ‘P@Sﬁ%al?@@ @nqmesrﬁ%t@@(ma%e@t@ﬂiq 4@a,C for 15
i

hours. The redction ' was worked Up by nolinal means, and the residue was purlfled g{frep HPLC to

afford thé titlFEbMPoUHAEE dnHeE it Lol ONMRTA0D Midk s b e Y. &421%, BRe2@! 1H), 8.03

(t, </=1.77 Hyy 33 % 55 20461003 17 8OEn 2208, 119 1adz) Bib)iT52 430 1H), 7.50 (dlt'/=8.08, 1.26 Hz, IH),
7.43 (t, J=7.83'Hz, 1H), 7.00 (app. d, 1=0.76 Hz, lH) 3.78-3.86 (m, 2H), 3.38-3.46 (m, 2H), 2.44 (d,

1=0.76 Hz, 3H), 2.36:2.44 (m, 2H) 1.79 (ddd"/=13 39, 0.85 384 Hz 21-1), 1,42 s, 3K M5 (ES+)
[M+H] = 417.2. 66626 = OQE EJQ 7 A STS, _' ' AL ne‘qxi /|—€ pyrrololZ,3-
25dlpyrimidin-4-y1)-N-(3- e lynvunenume R EaTboXamde N A Preparation of tert-butyl 4-m
ethy1-443-sulfamo v | phenvicarb amoy | Ip ip erid inje-1 boxylate To a solution of

1-(tert-butoxycarbonyl)-4-methylpiperidine-4- ﬁ&gﬁ%&llc

A\

H

g |
N

20 A Preparation of 4-methylpiperidine 4-carboxylic acid. 1-(tert-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+HT = 144.0.

B. Preparation of 4-methyl-1-(5-methyl-7H-pyrrolo(2.3-dJpyrimidin-4vl)-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 triethylamine (0.654 mL, 4.92

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

20



WO 2009/131940PCT/US2009/041126 (60 mg, 0.25 mmol) in dichloroethane (2.0 mL) were added
DMF (2 drops) and pyridine (78 mg, 0.99 mmol), followed by oxalyl1 chloride (31 mg, 0.25 mmol). The

mixture was stlr%%(gzl for 40 minutes, and 3-amino-benzenesulfonamide W%gggggmghﬁmixture was

heated at 50 C fof 3 Hotirs, and the. mixt led, diluted T
ot 5 with ESRCSTHG Hs i SR et Bk o e o e ANy gatiee Thice

chromatographyr(2:a% m@t&iﬁtﬁ@ﬂyﬁymeithﬁﬁiﬁhatumd@mdmm@%w@mnM@WEMMM+HI

398. B. Preparatign of 4-meth famav APIRS S -fivkamhoxamide. ten-Butyl
4-methyl-4- (% suﬁ‘arﬁ%ylp%%)}]lcar(\g 7%pl;ﬁ)j:‘lrigdmée- -carboxyla’ge?@m step A (39 10 3)g 0.098 mmol)

The mixgure y n‘&%ﬁﬁﬁlQcﬁ‘?dﬂ%%tbﬁﬂ&ﬁ]ﬁm@p@m%a%ﬁhﬁ &Wﬂ&ﬁ&lﬁ@rpessa&wlqmntltaﬂve yield.
MS (ES+) [ =298. C. Pre aration of 4-meth -1-71/2,3d n 4-

sulfam oyIphéwgﬂ)&%ﬂﬁmmﬁﬁéﬁﬁ%@ﬁnm%wpﬂﬂé%%ﬂﬂﬁw ﬁﬁ@r@ﬁ%ﬁg@r%lﬂg 74, mmol)
15carboxamjde;fignpistan %é?&m%@@@%g&mmmg;r@as m&ﬂlyh%ﬂrjﬂyﬂm{e@ 81%fipkrimidine (16
mg, 0.098 mmol) NN-diisopropylethyla n?fqgt%rgﬁé i?l éf d Isopro ang)lst(i:ILdemL) were
combined in&! r@§§?}1)eal’5i[§dr% ]é?ééiafﬁ} %a da for 18 ¥6ursS. The mixture was
concentrated;vaﬁdgmcsmmﬁcwaarpwuémdzhyrpmamu%ﬁ%@mwtﬁ@dtbev pomppBUAdtin 21%
yield. 201H NMR ( M11.52 (s, LH), 9.72 (s, 1H), 8.24 (s, 1H), 8.19 (s, 1H),
7.87-7. g@ (n?‘i’ﬁ‘)hefgﬁ C?@Q"Fm‘%@ J/%*E% 9H), 7.06 (s, 1H), 4.09-4.13 (m, 1H), 3.66-3.40 (m, 2H),
3.25-3.31 (m, 2H), FISNR, (22:08) 284, 17 864haH) 00- 22 72(30. (1. 5189, (11640 86 DA, 32 (s,
31 MS (E5) B 7R 300508 %@@B"% 12:Sybasis0f 62-1.71 (2H, m), 1.29 (3H,
N-(3-(1H-tetraZo1-5-ylipheny1)-4-methy
25methy1- 7H%pM’$d%$ZI§Mlenﬂ(§l$ﬁ4~vlInlperldlne 4-carboxamide A. Preparation of tert-butyl
4- (3 ( 1H-tetrazol-5- vOnhenyIcarbamovl) -4- methylplperldlne -1- carboxylate To a solution of

2 el B8-4-carboxylic acid

D OVrokipvirmaddig i) and pyridine (0.13 g, 1.6

mmol), foIIowed by oxalyl chloride (57 mg 0.45 mmol) The m|xture was stirred for 40 minutes, and

3-(1H-tetrazol-5-y1)-phenylaminc was added. Thegmix atirred for 2 hours, and a pink
precipitate formed. The mixture 5was fiIterepg?n%be was washed with 1.0 N ag. BC and brine,

dried over IVIgSO4, and concentrated to give itt® compound in 70% yield. MS (ES-h) [M+H]' =

387. B. Preparation of N-(3-(1H-tetrazol-5/flp. envl) -4-methylpiperidine-4-carboxamide. tert-Butyl
4-(3-0H-tetrazol-5-yOphenylcarbamoy1)-4-methyIpip@tidine-1-carboxylate from step A (0.11 g, 0.29
mmol) was treated with HC1 (4.0 N in dioxang,?: iL, 1 45 mmol) in 10 methanol (2.0 mL) and
heated at 50 C for 30 minutes. The mixture was ¢ ntrated to give the title compound as the
hydrochloride salt in quantitative yield. MS (ES+Y [MAIL = 287. C. Preparation of

N-(341H-tetrazol S-YipheRyomets Gethvh teysraley 3 slaimidindsyb pipasitinesd-carbox
amide. N-(3-(1H-tetrazol-5- I) henyl) -4- methg/lpgoerldlne 4-carboxamide from S}%%E}é%ﬂ? 0.29

mmol), 4-chl6sbssEAg T m example 6, step 0 g, 0.073 mmol) m DMF (I m
BOP reagent (0.065 g, 0.15 mmol), triethylamine (0.019 mL, 0.15 mmol), and 4-

20 methylaniline (0.012 mL., 0.11 mmol). The reaction was stirred overnight and concentrated
under vacuum. The residue was purified by prep HPLC to give the title compound (0.0133 g,
50%).

'HNMR (CD;OD): § 8.07 (1H, bs), 7.31 (2H, J = 8.4 Hz, d), 7.04 2H, /= 8.4 Hz, d),
6.89 (1H, s), 3.68-3.73 (2H, m), 3.21-3.44 (2H, m), 2.21-2.33 (8H, m), 1.62-1.71 (2H, m),
25 1.29 (3H, s); MS (ES+) [M+H]" = 364.2.
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15pyrrolo[2,3-cflpyrimidine (49 mg, 0.29 mmol), N,N-diisopropylethylamine (0.19 g. 1.45 mmol),
isopropanol (4.0 mL), and DMSO (0.5 mL) were combined in a pressure rated sealed tube and heated
at 105 C for 18 hours. The mixture was concentrated and the residue w chrative HPLC

to give the tHE &G dﬁ?‘?d |n43 ( Jr'i') 9.56 (s,
1H), 8.31 (s, | H), &9 20EE2mpD - ’- AL I F=aamd 16 Hz,
1H), 7.05 (s, 1H), 3.64-3 F2rnei ek Ginra sy 'W‘.'-‘-" (m, 2H),

1.34 (s, 3H); MS (ES+) [MTH"-

3-(4-methyl-1-(5-methy1-7H- pyrroI012 3 d| pyrimi -ybmperlgune -4-carboxamido)Phenyl

dimethylearbamate H C CH3 CH3 N ZSKHQ Praparaf |orﬁ6f tert-butvl

4-(3-(dimethylcarbamoyloxy)phenylcarbamoy 4. methyd piperidine-I-carboxylate.

1-(tert-Butoxycarbony1)-4-methylpiperidin€=§-car xyllc acid (67 mg, 0.28 minol), EDC (64 mg, 0.33

mmol), HOBT (45 mg, 0.33 mmol) and Wolﬁle 1940PCT/US2009/041126 dichlorocthane (2.0
aledl tu

mL) were combined in a pressure rated s and stirred for 45 mm. 3-Aminophenyl
dimethylcarbamate (50 mg, 0.28 mmol) W ddid, and the mixture was heated at 85 C for 18 hours.
The mixture was concentrated and chromato raphed Si02, 0-2% MeOH: C:Hzg]1 )to et e title

compound in 50 % Yetcolopens Aot 4( “Re6Y5 {ﬁﬁgﬁﬁi)a%rdrfi&yﬂmldm Fhipetidine-
3-(4-methylpipasidine-4csaaxamide)pbenyh simetpdcadamaieolietBUE(1 mL) were added

mas. 0.138 THRh HLQdZothl ARICT TR KA Ta 0 17 LB G e ethanol (20 mL)
at 40 C for 3ibguttpyFhenmixidee (Wadcopcentiaedip dgive the:udewmpnmhdté@ el di¥dehisride salt
in quantltatlve gcl)%cé\{ln.s a{E(P un&e[th-c'icl:_l m.3 %e %Qs%lfer%%r%ﬁﬁﬁe%f@fﬁ%@?@LC to give the titic

compound (0.023 g, 48%)).

10 THNMR (CD;0D): & 8.19 (1H, ), 7.99 (1H, m), 7.7-7.72 (1H, m), 7.56-7.58 (1H, m),

7.41~7.43 (1H, J= 8 Hz and 15.6 Hz, dd), 7.00 (1H, /= 0.8 Hz, d), 4.20-4.23 (1H, m), 3.79-

3.85 (2H, m), 3.36-3.46 (2H, m), 2.38-2.44 (5H, m), 1.76-1.83 (2H, m), 1.42 (3H, s), 1.268

(6H, J = 6.8 Hz, d); MS (ES+) [M+H] = 435.

6.9. Example 9: Svnthesis of N-(3-tert-butylphenvi)-4-methvi-1-(S-methyl-7H-
15 pvrrolo[2.3-dipvrimidin-4-vhpiperidine-4-carboxamide

CH3

l/

A. Preparation of tert-Butyl 4-(3-tert-butviphenvicarbamov!)-4-methylpiperidine-1-

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 chioride (0.15 g, 1.2 mmol). The mixture was stirred for 40 minutes,
and 3-fert-butylaniline was added. The mixture was stirred for 1 hour, diluted with
dichloromethane, washed twice each with sat. ag. NaHCO; and 1.0 N aq. HCl, dried over
MgSO,, and concentrated. Silica gel chromatography (0-2% MeOH:CH2Clo) gave the title
compound in 61 % yield. MS (ES+) [M+H] = 375.
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- 5-meth 1-7H- olo 2 3- midin-4-  vl)piperidine-4-carboxamido)phenvl dimethylcarbamate.
3-(4-mcthylpiperidine-4- earboxamido)phenyl dimethylcarbamate from step B (47 mg, 0.14 mmol)
4-chloro-5- meth 7H4pyrro|o[2 3-d]pyrimidine (23 mg, 0.138 mmol), N N-diisgpiopyethylamine (54
mg, 0.41 mﬁs{gl)2 ?;1r4d3 soprop anol 0 mL) )évr? gm| edin g resaureﬁ[%g;go%g ed tube.and heated
at 15100 C for 18 FourSRRRLIOR e tat L : P e by preparative
HPLC to givaihe Me-xz@ﬂ’m}aqdnlﬁhnylﬁa%mmm 4HnNMH§3(140®11W-It cabaobyShepniteriB (&4 2H), 7.50
(s, 1H), 7.42;7 8 Hz, 1:1),7. z 7 H),
3.79-3.85 (m, %ﬁ?‘(’édgjf” as t"‘é ﬁ%’%" ﬁf’mfﬁ;g% bllég}%l-?)% gqﬁm %ﬁeﬁzl%%%@ 4% {m, 2H),
1.75-1.81 (mmRHY, X040 (3) Bty ms’(Ew}tﬁmwwmn‘sai@ﬂ oairfhe Tde eynnaast

(@ benzyliipeiind i hpyitnlal: loyriondisd yflaiparidine - earboxamidolpheny|
dimethylcarbamate A. Preparatlon of tert tyI4 benzyl -4-(3- dlmeth I arb movlq 1? )
25phenvicarbamoyiiphré ; t

butoxycarbog%ﬁﬁgﬂigénﬁn%rﬁb@ﬁ%lcmg Ké}zqﬁlﬁ%ﬁymmﬁiﬁﬁym@bﬁﬁcﬁﬁémmxmmmot) and

DMF (3 drops) were dissalved in CH2C12 (10 mL) an th..To.the led solution,
oxalyl chlorid®® 6% 06688 MHTEH g élglaé darop V\y ﬁﬁ”?'rr%g %%Ynmldme GI%
2009/13194QRﬁW&&Q@$ﬂ&4&b§ﬂ@y&a@ﬂaﬂlm@t6@g r‘bﬁmwﬁmn&kﬂ@mbmh(émm’ﬁé@l at room
tempe 5@ re for i The reaction, wa deiu%ooa&@eéjﬂga%% Ig6 bt A SrRMNORAREMM ure was

dimethyftarbamate ne ’ii?"c“sﬁféﬁ mmo was a In one portion. The reaction was stirred
overnight, anxdxtbrﬁmratakhﬁﬁwkrth dphhatitHueandbsnn&otriediol e PRGBEE htP ddtntrated under

vacuum. The, (BSigue Wﬁ&%&@{&ﬂ%@mﬂ&ﬁ%ﬁm@m&ggm%etbml@@mp hiergges gradien) to

give the title compound In 54% yield. MS (ES+) [M+NHar = 500 B. Preparation qf 5
3-(4-benzylpipédied @agepoRalnigb)sa eAN WA AR 874 dBRATSTH oF TBHTRaRH

4-benzyl-4-(3x(dimeivicathamay.loxnePlanylcarbamey hniperidine dooriboxyitatestiom step A (0.162
g, 0.336 mmol) in MeOH (5 00,
15 precipitate was filtered, washed with water, and dried to give the title compound in 50%
vield.
'H NMR (400 MHz, DMSO-dg) 8 ppm 11.51 (s, 1H), 9.31 (s, 1H), 8.19 (s, 1H), 7.62
(s, [H), 7.39 (d, J=8.0 Hz, 1H), 7.22 (t, }=8Hz and 16Hz, 1H), 7.08 (d, I= 8.0 Hz, 1H), 3.63-
3.68 (m, 2H), 3.28-3.33 (m, 2H), 2.36 (s, 3H), 2.25-2.29 (m, 2H), 1.63-1.68 (m, 2H), 1.31 (s,
20 3H), 1.27 (8, 9H), MS (ES+) [M+H]" =406,

6.10. Example 10; Svnthesis of 4-methvi-1-(5- methvl-7H-pyrrole)2.3-
dlpvrimidin-4-vh-N-(3-(oxazol- S-vl)phenvl)mper1dme~4—carhoxamlde

o
HaC o)
N
N CH

N

NT |
I\\N

A Preparation of ferr-butyl 4-methyl-4-(3-( oxazol-5-vliphenvlcarbamovl}-

H

piperidine-1-carboxvylate. To a solution of 1-(zert-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-

[ S]
wh
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10 mL) was added 4 MHC1 in dioxane ( 0.250 mL, 1.00 mmol). The reaction was heated at 50 C for 1

hour, and then concentrated under vacuum, re-dissolved in MeOH and reconcentrated twice to give the

title compoun((jlésls the drochloride salt. MS (ES+) [M+FIf =- 382. %gf&g%@)@ﬁﬁg

- 3-(4- benzyl- - 7H p 012 -dInyri 153 D| eridine-4-car ¢ Vi
dlmethvlcarﬁ'm 8?1’8? B g]dgé %?Sda it ?/I%)as%i;%%%g%oh g, 0.336

mmol) from &tepsB; T&eohi@fmﬁwn dnhy&é?»ﬁtpytw{cqa;@td:[ i]dymh}dmé (1(1}:@5@910@ BO6 wasisy,

N disopropyiey RTLE A BT hOR MMCHiand soniaRaneh (Gan i eleccambingd and heated

e

at 120C overnight'in a pre Sure vedsel re ctlon was diltted with CH2C12, washed with H20 and
20 brine, drigivevier g S@ncand sdndentratsadindes vadun WIhe el R GKIER- d$Sn hot
ethanolIngQEngctl_| lingydhe product precipitated out of solution to give the title compound in 81%
yield NMR (400 MHz MOD) 6 Dpm ¢ 8 18 (s,,1H), 7.15-7.37 (m, 8H) 7.00 (s,.1H),
6.88-6.91 (m, 1H), B.obreen rophl-/% (g -vhphenviinipesiding=d-guiboxamnds Joo1y 2 o6

(S, 3H), 2.40,(5013H0n 240 (e bbbz, 2k, (éxg%ﬂ-ﬁ?lﬁmﬁﬂéérﬂk&ﬁo@)‘étﬁw&wﬂ’; 513. WO
2009/131940PCT/US2009/041126 6.15. E)éa%rgllgle 15: ?ﬁ/nth SIS

3-(4-(benzy| SBRIEHR ?E"KBSW%M(/WMBSM dnﬁl(é%é?’f alded Bk 4a(r)nllqdlcl)])phenyl

dimethylearhasaie, 0. aﬁﬁLPIm&fﬂM(}nmE Tetetionubyk mmg/m (Benmytoxyhiathyh piperidinkid  4-
d!carpqﬁylat LI%@S g 64 mL, E% 182 mmol})1 &Nas{haql Xﬁfd &m %in\q{fsj( It lf%{kﬁ@ll}%

mmo

piperidine-1 arboRyIa e( at -78 C T reactlon was stlrred for 30
min, and then BOMC1P{0y6rgih 88 frimm yohdthot - T Hepraraitioh A 3 yi

temperature, g&“a%h?;;ﬂ&_g %B%M%@% M;H Gdmldle @%&%&Lﬂ@é%@% %Qa@g@aamﬁﬁdwnh EtOAc, and
the organic e was washed with brine, dried ovér MgSO4, and concentrated under vacuum. The
residue was p‘dﬁﬁ@u(ﬁ)ﬂﬁa@rh}’éﬁ‘fdﬁﬁiégﬁ%lpﬁv%bcﬁy@@?e@&‘@%“@?ﬁ‘?ﬁéé’é‘ﬂé@ﬁ@%ﬁ@)%mrd the

title Compou% % o @éhéf’)@ MSEST MAWisbHop3d&. (3 mIB; a%aeuaar@@m@bn was added 4-
tert-butoxycarbonyl)piperidine-4- 5ca83§)5%/hc a ]d }VeE\t] Butyl 4-ethyl

4-(b th
- bond) 83?"#&:%%& ARG ROt P 5.0 e

diisopropylethylamine (297.9 mg, 0.40 mL, 2.31 mmol). The vessel was sealed, and the

reaction was heated to 105 °C for 15 hours. The reaction was worked up-by normal means,
and the residue was purified by prep HPLC to afford the title compound as an off-white solid.
TH NMR (400 MHz) & ppm 8.27 (s, 1H), 8.18 (s, 1H), 8.03 (t, /=1.77 Hz, 1H), 7.58
20 (ddd,J=8.08,2.02, 1.01 Hz, 1H), 7.52 (s, 1H), 7.50 (dt, /=8.08, 1.26 Hz, 1H), 7.43 (t,
J=7.83 Hz, 1H), 7.00 (app. d, J=0.76 Hz, 1H), 3.78-3.86 {m, 2H), 3.38-3.46 (m, 2H), 2.44 (d,
J=0.76 Hz, 3H), 2.36-2.44 (m, 2H), 1.79 (ddd, J=13.39, 9.85, 3.54 Hz, 2H), 1.42 (s, 3H); M5
(BS+) [M+H] =417.2.

6.11. Exampie 11: Svnthesis of 4-methyl-1-(S-methyl-7H-pvrrole(2.3-
25 dipvrimidin-4-v)-N-(3-sulfamoviphenvpiperidine-4-carboxamide

A. Preparation of fert-butvl 4-methvi-4-(3-sulfamoylphenvicarbamoyhpiperidine-1-

carboxylate. To a solution of 1-(fert-butoxycarbonyl)-4-methylpiperidine-4-carboxylic acid
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step A (0.500 g, 1.3 mmo1l) was dissolved in 1 N aq. LiOH (15 mL) and THE (10 mL) and was heated
at 50.C for 24 hours. The reaction mixture was acidified with 1 N HC1 and extracted with EEO. The
organic extract was Washed with brine, dried over Mg504, and concentraigd 4adesyagpum to afford

the title comip unﬂ 9 0349. P [ Vg

4- (benzylox géérf’ﬂ? t#wﬁég eﬁ%ov zw)méh‘%eﬁﬁlggr %%%,% Elgé%rP %8?@16%% ate. Toa
solution of 4n{he2y|mxysibiethilyed-tteotourdxparbo pipdrfinerdarboxyistaedvwotiEép B (0.3 g,
0.85 mmol) | 'i%pr%(' acetate, (10 ml) was.afded hNNsanrapvisiviamiee.(Q 4bm.ai:.50.94 mmol)

and HATU 2 mmof) e reaction was heated at 85 C for 30 min, and 3-aminophenyl

dimethylcarl5&nfiaité brassatieliaanikainixasreooiite diuedorifdichomE hrns TP HRERen
worked up by SARAaL RIRRRSLIRS 1 Te Rroduetavaa iselaledsiy Tashaivamatapranfi (40 g 5i02
0-30% ethylacetate:hexanes) to give the title compound (1 25 g, 57%). %§/ (yﬁd) [I\IYIIS 5 =512. WO
2009/13194@13@%93@@@9/@4% 4eORT: S lahgrstifl GHe ‘Contpound i 40% (
3-(4-(benzy Igxymethybpiperidine-4-carboxamidoThhenvl dimethvlearbamate. rert-Butyl
4-(benzyloxymethyt)-4-('3- (dlmet Icara Qylox ])]phen | arb \ ieiidi e-1 - rbotéylate from
step C (0.25 g, 0.48ABEHIL Gissd A SOt nd stirred for two
hours. The a:;ﬁgcueﬂcmgmmr(ewﬁ&a@m@m@aq@bﬁm@w}tpdﬁ@mO@ranwth’@rfremrﬁque@ #th Et20. The
organlc xtracts concentrated u V. tQ Qlv it MS (ES+)
e Gy e dvgd%nep IR UNGSE VACY WY IR BVRDG AR RMPSYAt{OrA Ond B
3-(4-(benzyl6xPmathyl 50 A6-fordbyhinitgy riolo TEX3UE1 Y AORR AL RS R BLiR 1 i BERBMR) pheny!
dimethylcarbamate &8@@9@@%9{gug%haawpwaﬂomgwmmdmm carboxamido)phenyl
dimethylcarbamate from step D (0.2 9 mmo) in |soropano 5 mL) wa addd
N,N-diisopropylethyla ipar g gy (o S R A IIB PR e i - =a]|pyrimidine
(0.08 g, 0. 49qu°£&93%&|aﬁvﬁ%§s&%ma@&e&t§@lﬁn§5@@@&1@% shllﬂéﬁﬂ)yl/;ﬂﬂibﬁtl)ﬁipﬁmndﬁhéd with
brine, dried over MgSO4, and concentrate% @iger v ?E% resg S pur ifj %by flash
chromatdgrafitijoraIec e ste-8dss Gk Tl %()r o gNVE the title comptgimd (0.1 g, 38%).
'HNMR (40Q1Mlylimﬁfﬂ3@ll)rﬁgppm93(hﬁa&)(§ NH) BB dsy LY 8187(& umug, 7. 38nmdl, @ 6H), 7.25 (t,
J=8, 16 Hz, 1H), 7. 1H), 6.91 (s, 1H), 6.86 A 2H),
3.62-3.75 (mlsﬁpﬁﬂp*’é‘ég@ Iﬁh))"‘?" iz?mb ’ngf S“?H%affﬁzsf If%istl‘(l?_ng aéﬁ?%{g%giﬁgg& gER%SH
(ES+) [WEI 2 %auﬁoeﬂfﬁmmm@ tm@m@éug@the(maﬁyg oy RS by - psehsERyA-
pyrrolo12,3- gamg amido)phenyl dimethylearbamate To a solutlon of
3-(4- (benzylggg%'net %Buq II)(;:dlqglfllrpyrroIg[z 3-d]pyrimidin-4- 25
yl)pipertfine-4-carb W@lﬁ&wwﬁm@f%e%}nﬂpl@ YRptE4G0 iy, 0'855 mmol)
in THF (2 L3 afdeq el (376 sTheseagion midie was siisqd urger bi2at Sbsigyernight
as

The mixture tered and concentrated under vacuum

he residue Was %ﬁ ?n%}/ PLC
(30x250 mm TI8THmMN2HD-1 86 MEONHEG (0 hikT N2 48Ry 3f8(§mw [ )Efo e the title
compound (1ra@); N/ 2899/132 94 RGNS RROP(RAIHPE- 429,

6.12. Example 12: Svnthesis of N-(3-(1H-tetrazol-5-vI)phenvi}-4-methyl-1-(5-
25 methvl-7H-pyrrole[2.3-d|pyrimidin-4-vi)piperidine-4-carboxamide

8]
H
H3C /@, N\
ﬂ \ ffN
N ¢

N~y
Hs

i\

A. Preparation of tert-butyl 4-(3-(1 H-tetrazol-3-yl)phenylcarbamoyl)-4-

A\
N
H

methvlpiperidine-1-carboxylate. To a solution of 1-(tert-butoxycarbonyl)-4-
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IHNMR (400 MHz, CDIOD) 5 ppm 8.18 (s, 1H), 7.52 (s, 1H), 7.40-7.42 (m, 1H), 7.33 (t, J=8, 16 Hz,
1H), 7.00 (s, 1H), 6.87 (d, J=8 Hz, 1H), 3.84-3.89 (m, 2H), 3.75 (s, 2H), 3.32-3.44 (m, 2H), 3.14 (s,
3H), 3.00 (Wgﬂgggg, 3H), 2.38 (d, J= 12Hz, 2H), 1.72-1.81 (m, 214 Mq{ERddM#HT = 453.
56.17. Example 17.. thesis of 3-(4-(me hyQ-1-(5- : - = ipidin
-4-ybpiperidf§8- -155%%%33?5?88 V oé(&ﬁs ¢ ﬁne%t)ﬁyy(?grﬁébg%g%é%ﬁmfm%%%%g%%o%gg@Zﬁ?ﬁtyl 4-ethyl
4-(methoxyraéday Jpifie (inepd) 4nd pyii darbdxidate | Foransbluitdiavoid bieprplihyahiositsyfsS 7 me,
pipercine- 14 ACARPIOIE 3.0 ALLHBONITHRED ) 2178 Guristypanpmapadded

dropwise LD In THF, 4.0 mL, 6.10 mmol). This solution was stirred for 1 hour at -78 C, after

which methoxgavideegh e RIS EeavRRLS S S A BN Ui SRk PR Byt Ao Tee S5 B fvarm
slowly t% ro?ﬂkﬁgﬁfl‘%@gﬁ@t%’ﬁftg%ﬁQf&fé@*&;_fﬁﬁ%&&@i@mﬁhm%@%ﬂ@ﬁmﬁhd&ﬁd@wfﬁw,ll 15a(;1dh
extracted with ethyl acetate (3 x 50 mL). The orgapijc r was dr ver | of sjlica gel, and the
solvent remdPaFPIaRIYat (Risivertis fﬁﬂ‘é Wﬁ&ﬁﬁﬂﬁl\/@xg i ﬁe%@&g IiS&%épﬁﬁ rozrzggtography (5-10%
ethyl acetate:hexangspas atieanON-(830 16996k e phoaMSEBthplifiteidm a2 abBdAvdparation of
1-(tert-butoxycarbonyl )-4-(methox thyl)-piperidine4- . 20carhoxyiic : id. T 0 -tert-butyl
4-otyl - Rt R A B s b ey R S B T ROt
ethanol/watestdf mf0) Was Gatledrithions hydokidenidboydPatie ¢(rRoomad).Jfhelmbddrawasipeated to

75 CIofdh Mot feaction an.aaoled 4 seart ymagialra And RHEed ol RA Mkl saliac

NaHS The aqueous layer was extracted with ethyl acetate (3 x 50 mL) The combined organic
layers 25 weliee ishermithdsrike byikadbleidngtoin aramshrenttie MMET VAT 6 Ve the title
comopund as a visgos yellow-qik Npich was:eanisdnpHen e nNexkisiep-vithouiurtiner purification.

MS (ES+) [M+1-1]- t-butyl .
ith e Al Sl To a

4-(3-(dimethyiaaeld At lsimidinASa VB B UBC A RSN

solution of 1+{{etshsiixear0aBHdmIBI3009: 31 HORE, TVUSRA008) 84h186-5-methyl-7/-

(methoxymethyl)-piperidine-4-carbaoxylic acid from ste 718 m mmao riding-(0.84 mL,

10.52 mh o|)P§ﬁ8%%mffg}%§%¥d%%)ﬁg%ﬂ?@ c&gﬁ%ﬁp\‘/&’gé’%‘gglea&“ r%[é%v"?? 'olggﬁyl chloride

(0.25 mL, 2.88nwinakopaigtinat @dthbynaig) DMEOJES eviolution subbidebintheisactortigdsestided at

ambient temperatine for 30 s AMINGRNanN) SEMEICRRAMALE (478 & RO was
n no

. 31 T he % .
added in one porﬁo & this solition an stirred for a er 30 minutes. The reaction was quenched
with saturatepaigiedbyoNpAOL, B e sy s layennaséradtedyifid ethyl acetate (3 x 50 mL).

The combined organNgyeB WaUAMASRRGIN D d1ted ovey, Vg4 fitared ansiganpentrated

under vacuum. Silica ge omatography (50% ethyl acetate:hexanes) afforded the title compound
(1.03 g200%(L.OMBId BT (vd-Sdps) U S 08 &4 YiiHRNAH 7 483t31=8 and 16 Hz, 1H), 7.05 (s, 1H),
3.64-3.72 (m, 2H), 2.37 (s, 3H), 2.29-2.33 (m, 2H), 1.91 (s, 2H), 1.64-1.70 (m, 2H), 1.34 (s,

3H); MS (ES+) [M+H] =418,

6.13. Example 13: Synthesis of 3-(4-methyl-1-(S-methvl-7H-pyrrolof2.3-
d\pvrimidin-4-vDpiperidine-4-carboxamido}phenvl dimethvicarbamate

]
H CH,
N CHs
e
oy
N~ N
25 H

A. Preparation of zert-butyl 4-(3~(dimethylcarbamovioxy)phenylcarbamoy!)-4-

methylpineridine-1-carboxylate. 1-(fert-Butoxycarbonyl)-4-methylpiperidine-4-carboxylic

acid (67 mg, 0.28 mmol), EDC (64 mg, 0.33 mmol), HOBT (45 mg, 0.33 mmol) and

26



D. Preparation of 3-(4-(methoxvrnethvl)piperidine-4-carboxamidO)phenvE dimethvicarbamate. To a
solution of ten-butyl 4-(3-(dimethylcarbamoyloxy)-

phenylcarbam (?T%/_O -4- (}r?nethoxymethyl)Plperldlnc -1-earboxylate from step &%%&f{%ﬁz mmol) in
methanol (1 #ded HCI 4M gé’utlon in dioxane, 2 L }ae reacti lon. 1 15 ash heated at 50 C
ale iTF ﬁ/ §

for 1 hour, aiiﬂﬁl"(]ﬁ’é‘?%@ﬁ‘éé?rpr%ei‘l‘j?faéf’ &'ﬁ?ﬁﬁ%%ﬁ%&%%% e co%%eo% “hydrochloride
salt. MS (ESrﬁMNBﬂ*{Emo%B&@L dlmctEyIBJﬁ)mtmf5©hfg-4} Mottty LG L TOIE3.midin-4.

prlpendlne4c box % nYI rbam asolutl n.o t? t@ffand chromatogra hcd SlO,
(methoxyme‘f‘fﬁ? 9 carr%g%g%lsd aﬁtg a?n‘fret ) ggr amate, from step Dlan !

N,N- dusoprdpyfé;tM&@Htﬁ?éiﬁQﬂa)m gwgmmm)qmpndparﬁﬁl (&vald) \%%(Eédé@\ﬁ*@ﬂloro‘l@@

methy1-7H-pyrrolof, 3;¢f 31meel) The FeReHam MR WASAaaied t0 110 C
in a sealed high-pr [ me the mixiure. became homogen enous The
reaction wagasissnitrateddimatn s amaapey Nﬁ?ﬁé&ﬁ?%ﬂ@é)gdémﬁh‘m%@‘gﬁﬂycﬁ By 1ate

methanol: CHC12), Thesprg @tyg@%m@gmm@@wlmmﬁmm 25peavitethe title ogmpound as
an off-white solid (4%2 mg, 4 % IFINMR_ (400 MHz, DMSO- dcgag g% égfﬁ?p (br. s.,

1H), 9.45 (s,mRgD g Eydane|)2 ST&L)WQmC fipry> hows (g e Bighing Ve genaes Z.114), 7.04
(s, 1H), 6. 81t(ﬁ@c&xn§e‘ﬁ8d3s&K&ﬁ§dﬂddhl&r;ﬁSsaW& é[mﬂi'fb)ﬂl&ﬁ&@ M)(E%[Mﬂ%ﬂl)—giga (m, 2H),
3.04 (s, 3H), 2.91 (s, 3H), 2.3« y LM (ESH) [M-Hi]r =-
30467.30 WO 200411376458 4 '

3-(4-((2- meth@wﬁﬁm)memmmthmmmﬁmnmummmap%mmww@mm@ﬂmﬁe 4-earboxamido)

phenyl d|meth Carba j{iﬁcg},l\i%lm %%éf‘ fg?ﬁgwwp&% t@ﬁtqt;ﬂ}b{&ﬁ £Wbro-5-methyl-

44(2- methoxye oxy iperidi 14 dicarboxylate. To a solution of 1-ten-but g‘}4 ethyl
piperidine-1 ﬂdm:amb@laté]pzrmgdma&mmmpmﬁwﬁb Miydisopey ke Apds et dpsilE DA over

8 minutes, mainiaining INe IGMRATALY %W e-dRifeinbBenM MLV As Sligserd Rtuttafil fasalebatir.
1- Chloromgﬁoxyé meth%ﬁ{)ygg?hani1 0.9 7.8 rancr)ll) was gfjéged dr%[;Wlse Whllgﬁgw?mtalnlng the

temperafure 1996160 iﬁél@‘f‘ﬂ'h@hﬁﬁ&]t%w‘é?é SORSH S GRS RS VAR TTRES Glfdwed to warm
slowly to roo @mmgmeﬁhe wmmmssguemned with sat. aq. NH4C1 and extracted 3

times with EtOAc. The organics were combined, was r

“concentrated. Silica Eﬁﬁ#&ﬁ%&@#&pﬁ?@@% ;g &/ && ﬁggzgﬁ ?f%\ﬂe}_fﬁgﬁéé J((:’J‘(Ijgr?wﬂpdund in
67% yield. ME{EP3) [MIES 1846, 158, ?m(@,rammcgmmrbmmmrmm BnR-phBtRo} ethoxv i
eridine-4- carbox lic acid, 1-tert- ty t t thy|pi iner}4-Hicarboxylate
from step A (i% 6‘ q)ﬁnlr% ﬁé gtrea %’é ﬁfl?th Li I%%@? Q@ 26“@1 gﬁrﬁ) gﬁ{g‘:}gﬁ? (%2 n%ql? ‘and water
(24 mL)at 8Q@Mmlﬁ1)phﬂ$(ﬂ"$1€) it wéd7cooled, diluted with dichloromethane, and washed with
sat. ag. NaHSO4. The aqueous phase was back 20 extracted with dichloromethane (3x), and the

organics were comhingd, ‘ﬁﬁ‘ﬁ‘&%‘i‘e"l’ﬁh Sringesided RvenMeSQ4 andieonoenratesdrz give the title
Ori Ta8)

compound in quantitative yigjd &-81t8rboxamido)phenvl dimethylcarbamate

NT ‘
RN

A. Preparation of tert-butyl 4-benzvl-4-(3-(dimethylcarbamoyloxy)-

IZ/

25  phenylcarbamoyDpiperidine-1-carboxviate. Under an atmosphere of Ny, 4-benzyl-1-(fert-

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 CHyCl, (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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C. Preparation of tert-butyl 4-(3-(dimethylcarbamoyloxylphenylcarbamoy1)-4-(2-
methoxvethoxy)piperidine-1-carboxylate. To a solution of 1-(tert-butoxycarbony1)-4-(2-

25methoxyethoxy)piperidine-4-carboxylic acid from step B (1.6 g, 5.1 m in.gi )hanc was
added pyridmg E%@BI% mmol) and DMF (Q.05 mL), followed by oxal Irch‘:lr%lcg)"r{l%%jlJ 3%’%‘15

) mmol).
The mixture $ARIERNEY R IOOANTHESLHA s ARG AL AV TRV S (0.91 Fé]},l%.04
mmol) was adgemnThe rixtereduasHsiiteatifomtes haniin hery diiutedviithdiohloforhm e washed
twice with 1 N ag. HC1 and once with bring, dried .\WO 2009/131940PCT/US2C % er
MgSO4, anmﬁgé"ﬁﬁ dc?@é‘i’li%%eé’g%%]}o%}é 6%%§Wyw(ﬁ-§%)§ é)éﬂmgg%éni%%%ga%éeg E'it??eeaﬁ?ﬁlég\cﬁom pound
in 88% yield NG, {ES-enfNitikt], drk8ver MSPrepatatiopenfrated under vacuum. The residue was
3-(4-(2-methoxvethax eridine-4-ear | Aimethyleast te: tert-Butyl
4-(3-(din?eth9fgérlgg%%¥}%% % Ceﬁ?/ C%%é%ﬁ;ﬁ?{/‘%‘?@%}% %n%%%%%té@@?ﬁ%@r%ﬁ- | -carboxylate from
step C (2.1 groonmri o) Wis tddated Wilis DICHEANBIN i ¥i8xane, 5.5 mL, 22 mmol) in methanol (20

mL) at 50 "C for 30gnippies. Fheqniqurewasconeeniaiefio:givRdimdile eompoungbamite
hydrochloride salt inquantitative yield. S+) [M+14]1= 380. E. Pre aration of 3- 4- 2-methox
ethox5 e h 1T 598602 of fe0bihibibarriine-AdEaptslsHRan HER™Y dimeth Icarbamate. 34442-
MethoxyethopapiRaridinevhsperramida)phemtdimethylcariamate, ronsstepD i(lN8203] 438 mmol),
4-chloro-5-methyl-7H-pyrrolo[2,3-d]pyrimidine (0,73 g, 4.4 mmol diisopropylothylamine 2.8 g. 22
b, U T SPARBITEG TidToiche LBTRBRA T 10 & bt R b Lt g S AT B 118 ¢
for 18 hours.°Thiarikiure avdshennoantrates 15 dndchrom atafssphetifi102H08YeMeOH:CH2C12) to
give the title compound,in 61 % vyiel : / ; .48 (s,
1H), 9.43 (s,°fﬁ3’,"p ?@?5"1?3),4’%%’5 < ?L%C?mzf’ﬂi&%%%@a%%%g@%ﬁ%ﬁfgm@% ), 7.05 (s,
1H), 6.81 (d, 3828 Hz, 11-1), 3.68-3.76 (m, 2H), 3.67 (s, 2H), 3.55-3.58 (M, 2H), 3.44-3.47 (m, 2H),
3.24-3.30 (m, 2H), 1 (Se@H)72r30d810901) 21RGifRiad=46 Hz, 2H),
1.69-1.76 (m, 20 2H); .19. Example 19: Synthesis of ,

3-(4-((bbhzy ehpinsshpshsarheyaaingiphersl digetvier banate) Sro D eRsYIRRIIALE T piperidine-4-
carboxamido)phgRyldimethvioarbamsteabakhs @80 ¢, 0.336 mmol) from step B, 4-chloro-5-

methyl-7H-pyrrolo[2,3-d] pyrimidine (0.056 g, 0.336 mmol), N,N-diisopropylethylamine

(0.175 mL, 1.00 mmol), and isopropanol (5 mL) were combined and heated at 120 °C

overnight in a pressure vessel. The reaction was diluted with CH>Cl,, washed with H,O and
20  brine, dried over MgSQy, and concentrated under vacuum. The residue was taken up in hot

ethanol/H,0. Upon cooling, the product precipitated out of solution to give the title

compound in 81% yield.

'H NMR (400 MHz, CD-0D) & ppm 8.18 (s, 1H), 7.15-7.37 (m, 8H), 7.00 (s, 1H),

6.88-6.91 (m, 1H), 3.97 (d, J=13.6 Hz, 2H), 3.25 (t, J=12,24 Hz, 2H), 3.14 (s, 3H), 3.02 (s,
25 2H), 2.96 (s, 3H), 2.40 (s, 310), 2.40 (d, J=14.4 Hz, 2H), 1.85-1.92 (m, 2H); MS (ES+)

[M+H]" = 513.
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25A. Preparation of I-tert-butyl 4-methyl 44(benzyloxycarbonylamino)-
methyl)piperidine-1,4-dicarboxylate. To a solution of | -tert-butyl 4-methyl 4-
(aminometh E)Zl(lt)endlne -1,4-dicarboxylate (0.300 g, 1.1 mmol) and N, Ncli_ts‘%%gg%mwﬂgmme (0.229

mL, 1.32 mAOFIPEHAE 12 (5mL) atQ C was adde henzyl chlorofoi n was stirred
overnight, and therf-diuteBXAMPIE LB CATILARSLE Qiy A":’i;'ﬁﬂ"ﬂ- %E@gmnze with
1-120 and brine, dried ovEF R SSd-HRYUBIE A INDIDS IR G CarRD i was purified by

silica gel chromatography~tef ATES radlent) to give the title compound in 82% yield. MS (ES+)

[M+Hr = 407. B. Preparation of 4- ((benzyloxycarbm gglnognethyl) -1-(1ert- 5butox carbon'
9

eridine-4-carbox lie aC|d To a solution of 1-tert-buiyl 4- I 4‘?}\
pe icarboxylatefrom step A in methanol (5 n-IL) was
= reaction was hedied at 50 C overnight, acidified to
pH 5 with 1 N ag. HCl, and extracted 3x with CHZC1ZThe combined organic extracts were washed

with brine, dried over Na2S04, and concentrat er vacuum 10 to give the title compound, which
was carried on crude. MS (ES+) [M+HT = 393k {iC. Yreparation of tert-butyl
4-((benzyloxycarbonylamino)methyl)-4-(3- N

(dlmethylcarbamovlox )phenvlcarbamo D|er|d|ne 1 carbx Iate Under a atringsphere of N2,
A EiEpaatiomabne ity g SeHHr e yic-acid (0.240 g,
0.611 mmol) framsteRtd, mnctmszx(atﬂ,%m tmt@%md@eand Mﬁt(&dx’bb@r&-ﬁw@ré—dibsblved in

CH2C12 (10 mL).and coo ed an |ce Xa 733 I ed
dropwise to tHESERGon ™ FHE, é’gé’ il (wgstgﬂ%n %(r)rﬁoved%% ﬁsoﬁigné‘ b@théan gt}%rge:\éy%?ﬁ%dm
temperature {630 foria0tes, The teadbioMEbd exddddimdhnvice bt dhd BasHinophahipwed

dlmethylearbamate 0.110 9, 0.61 e inaneRoriq:1T Ag Leagtion was-stisted
overnight, an8 then w: &vars qu ergtuﬁbl angﬁ)@%e d{ned Zoagver %3504 aand conczntrated under

vacuunwrheexssmewvasmaﬁwed:ﬁy@maaga Hirerhaesgrapg i PResreRseE M8 adih to

give the title camppundkin, 2% yiglth MB(ESHMANHAREHfash @r&s@@g@mm g S0,
3-(4-((benzyloxvcarbonylamino)methvIThiperidine-4- carboxamldolphe Igmﬂﬂate Toa

solution of tefe W@ylacetdte ‘hexanes) to atford the title compound (0.5 g, 34
25((benzyloxyearbonylamino)methy0-4- (34d|methylcarbamoyloxy)phenylcarbamoyl)
piperidine-1-carboxylate from step C 0. 24 A4 ) eOH 2 m W&S(ﬁddgd 4 A/HC1lin
dioxane (0.331 mL B-22RAREa0-Phe- BT e CfoT 1 | en concentrated

under vaguu rasarbemwed tndtﬁeﬁwyamd&gqabﬁmmmmaé)n@gtme %mfeceﬁnmé@mcﬁra@ the
hydrochlorlde sal %)6 $S+)§M+1ﬂ "]’)aﬁ%%g R;% ratio t| 15 ral) and THF (10 mL) and
y

3-(4- abenzyIOX\Pcar INo)me met H- 00 2 |d|n eridine-4-carboxamido)nhen 1

dimeth Icarbamat&a&c(z&t 6{B°éhﬁyléﬁMdﬁ}damM@)mmFﬁ)?ﬁ@rWﬁeﬁﬂddﬁ%dxgrﬁ%%ﬁenyI

dimethylcarb Roa I@;glgrmgtaﬁggbl;&m kb2, 3rd] pyrimidinc
(0.073 g, 0. 4%fur%ltcr%glj)“%$pl%gd(ﬁs§%%o%y e%tgglrgﬁrﬁﬁég % 23%1?1{?[ 1.32 rnm and IS gﬁ%?n‘% (5 mL) WO

2009/131940RCTUSEIOTNT 1106 Rd P EBFA RS H %ﬁdﬂt@é‘f&h U816 ssure

vessel. ke cgyge reaction was

C. Preparation of fert-butyl 4-(benzyloxymethy!-4-(3-( dimethvlcarbamovloxy)-

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

butoxycarbonyi)piperidine-4-carboxylic acid from step B (0.3 g, 0.85 mmuol) 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% ethylacetate:hexanes) to give the title compound (0.25 g, 57%). MS (ES+)
IM+H] =512,
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diluted with CH2C12 and washed with H20 and brine, dried over MgSO4, and concentrated under
vacuum, The residue was purified by silica gel chromatography (MeOH:CH2C12 gradient) to give the

title compound in 54% Xle|d 51-H NMR (400 MHz, CD30D) 5 ppm 8.18 (s 039‘5%1 s 1H), 7.40 (d,
d J=13.2 Hz,
=12 Hz, 2H), 1.79

J=8 Hz, 1H)} 9.26°7.32 t‘m 6H), 7.00 (s, 1H), 6.89 (d =8 Hz .1H 5.06 (S,
2H), 3.50 (s, 2H), 328 R Al '

(t, J=10.6, 2& ;ﬁ@iﬁ (E&#BLM&%Ib@rﬁﬁﬁxyrﬁcﬂ@thple 20 Synthe5|s of

glr(;‘egﬁ;‘;gﬁ e R A QRATRIRRS SheaRie tafryline deiacidsRarbaxamidgipheny!
3-(44(Benzytmxyptavhe didsrviehimisthyipangh-meetb wvitbl LM EME[ 208 ddipyeifiifg-hours. The
yhpiperidine-4-carboxami AR A0 Qe?r%%n%@lmg@t%ame 1519,
step E, d/éea IBQ%J %@thamﬁ ?nyzga%%?% mL) were ’(t:omblned and h dro%enated
overnight at@mm@pﬁ@téWﬁWP@&@@F@ﬁW&@%@r‘é‘&‘tﬁﬁmgﬁ%@%‘ﬂé&ﬁm -G%d&PV4éuum, and
purified by n%@@@@@gg ep-FPLC to give the title compound as the acetate salt in 52% yield. NMR
(400 MHz, D20)6ppm79 (s, 1H), 730(t J 8, 6 Hz) 1H), 7.18-7.19 (m, 29 .84-6.88 (m, 1H),

3.48 (d, J= 13.6 HZ-2HFreraopon) FUTELEY gyl B[R : dIRVEEding iy 5 57
(d, J=14.4 H&ﬂiﬂbpe&éﬁd&@dﬂaoﬂaﬁﬂdﬁ)ﬂmﬁﬂ (ﬂﬁl&ﬂivleiﬂl)afvfhﬁe(ESﬁa) E[Muﬁdmﬂszas-wo
2009/131940PCT/US2009/04112 nthesi

3-(4- ((&I%ethk}%ﬁgﬁln’?éymg DIPEC mg-t -c_la_r pyrro{% 1 difie carbamate from step D (0.2 g,

pyrimidin-4- \mpﬁmeﬂﬂilmm%amﬂqmmh{&jojb}wwhdﬂmbth&’}daﬂgamm@t@HB@@@ Ta1mle HFH 3CCH3
5To a solution of he s | of thyh- |
g %‘ ﬁm ??—\é% A REiy! o%h%rmm%ﬁ The

a]pyrimidin- anng per| ine- car dimet ylcarbamate om example 20 (14 mg, 0.027
mmol), aceticcadidn(6:2s rhbmsiﬁtrﬁﬁnéf)ﬁwmlﬂléBﬂg@N‘(’ZhlEﬁﬁb‘\@ ‘osdhed el s afHEféd”f’GFmaldehyde

(37% in H20\ AR, 0,064 fomakFhadsactionvasstivedRueroiahtstaesy sapeentsaiedeandthe
residue was purified by y prep p HPLC (30x100 mm CI8 column, 5- 10 70%&{?%?? 0 (10 mM NH40Ac),

12 min 145 miefheisiParii)optiindaerty G aps ittt Ry 57%) as the
acetate salt. 'H NMR (400 MHz, CD;0D) 8 ppm 10.68 (s, 1H), 8.78 (s, 1H), 8.37 (s, 1H), 7.33-

7.44 (m, 6H), 7.25 (t, J=8, 16 Hz, 1H), 7.11 (d, J=8 Hz, 1H), 6.91 (s, 1H), 6.86 (d, J=8 Hz,
1H), 4. 62 (s, 2H), 3.65 (s, 2H), 3.62-3.75 (m, 4 H), 3.09 (s, 3H), 3.01 (s, 3H), 2.40 (s, 3H),
2.27-2.33 {m, 2, 1.75-1.82 (m, 2H); MS (ES+) [M+H]™ = 543.

20 6.16. Example 16: Svnthesis of 3-(4-{hvdroxymethvl)-1-(5-methyl-7H-

pvrrolo]2.3-dlpyrimidin-4-vipiperidine-4-carboxamido)phenvi
dimethylearbamate

fe] O
M e
HO N 8] N
H 1

CH,

N

Ciy
0
Sy 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;0 (10 mM
NH,OAc), 18 min, 45 mL/min) to give the title compound (1 mg).
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IFINMR (400 MHz, CD30D) 5 ppm 8.18 (s, 1 H), 7.51 (t, 1=2.02 Hz, 1 H), 7.37 - 7.42 (m, 1 H), 7.34 (t,
1=8.08 Hz, 1 H), 7.00 (s, 1 H), 6.85 -6.91 (m, 1 H), 3.89 (d,1=13.64 Hz, 2 H), 3.38 - 3.48 (m, 2 H),
3.14 (s, 3 H), 3 01 S, 3 H) 2.72 (s, 2 H), 2.36-2.45 (m, 11 H), 151.79 (ddghJ5dRebhuiBd2, 3.41 Hz, 2
H); MS (ES ¥80. 6.22. Exarrﬁjle 22: Syntgr gf é 752 (s, 1H), 7.40-7.42 (m, 1H)

3-(4-(2- (d.methyrantﬁtﬂ%ﬁqg/‘t?w%{ﬁa& PPN PRFOIB A2, EH 752 (& ’
pyrimidin-4- xrl);yr@@rjdmsélfaanwfmﬁ@)phﬁn&lsﬂ{me&wﬁarbﬂmﬁ%@%@@mﬂm N5QCHHH3 CH3 N
L.sN 20A. Preparation of 1-tert-butyl 4-e ( n ppipefidines,4; oxylate.
To a solutior? éjr?'f fedh(-lﬁuw)f-’l etﬁ;flgp? %%ﬁi ié(?i’ca%o%( ?‘ﬁé% o jej mf;rilho%IJI TI:}%IIECI?%E mL) at
-78 C was adgderttiropsviss bOM-(HP Aldsdcyclohexane, 2 mL, 3 mmol). After stifling for 30 minutes,
2-bromo-N,N-dimethylethanamine (370 mg, 2.4 mmol) in THF (3 mL) was added. The reaction was

stirred fQr 30 mm af 143 QEJIQE: ﬁ'@”@r?ﬁhé’é’i@o@@ 9[1.3 $200040d#kaG warm to room

temperature, stirred for 2% 3el VL)
with sat. aq. NaHCO3 ang;B{Hig.iM "h haal extractlon) dried over MgSO4, and concentrated under
vacuum. The residue was purlflea by flash chromatography (40 g Si02, 0-15% MeOH:CH2C12) to give
the title compound (328 mg, 1.0 mrnol, 50%) as @ 5 y orId\/IS (ES+) [M+Hf = 329. B.
Preparation of 1-(tert-butoxvcarbonyL)-4-(2- ’ ﬂprgerldlne -4- carboxylic acid.
1-tert-Butyl 4-ethyl 4-(2- (dlmethylamlno)efh midine- 1 4- d|ca boxylate from step A (328 mg, 1.0
mmol) was treated overnight with lithium hyr ro de monohydrateH("‘ZlO mg, 5 mmol) in 1:1 EtOH:H20
(5 mL) at 60 'C. The reaction was cooled to room 1(Ftemperature, neutralized to pH 6 with 1 N aq. HG,
and concentrated under vacuum. The resid rified by prep HPLC and lyophilized twice to give
the title compound (191 mg, 64%) as a whitdsso S (ES+) [IM-FH]r = 301. C. Preparation of
tert-butyl 4-(2-(dimethylamino)ethyl)-4-(3- dimBth 18arbamo lox hen Icarbamo 1 i eridine-I -carbox late.

1-(tert- 15Butoxycagbopy 44 (dimethviaminoietnd) RiReridine-Areapasadiaacid- from step B (100

10 dicarboxylate. To a solution of 1-fert-butyl 4-ethyl piperidine-1,4-dicarboxylate (1.0 g, 4.07
ramol) in THF (20 mL) at —78 °C under nitrogen was added dropwise LDA (1.5 M in THF,

4.0 mL, 6.10 mmol).. This solution was stirred for 1 hour at -78 °C, after which

methoxymethyl chloride (0.8 mL, 10.5 mmol) was added. The system was aliowed to warm

slowty to room temperature over 2 hours.  The reaction was quenched with aqueous NH,4Cl
15 and extracted with ethyl acetate (3 x 50 mL). The organic layer was dried over a pad of silica

gel, and the solvent removed under vacuum. The title compound was isolated by silica gel

chromatography (5-10% ethy! acetate:hexanes) as a clear oil (830 mg, 69% yield). MS (ES+)

[M+H] = 3024.

B. Preparation of 1-{zert-butoxycarbonyl)-4-(methoxymethy-piperidine-4-

20 carboxylic acid. To a solution of 1-fert-butyl 4-ethyl 4-(methoxymethyl)piperidine-1,4-
dicarboxylate from step A (732 mg, 2.63 mmol) in 1:2 ethanol/water (9 mL) was added
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. ag. NaHSO4. The
aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined organic layers

25 were washed with brine, dried over MgS04, and concentrated under vacoum 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-( di_methvlcarbamoyioxv)phenvlcarbamovi)-4—

(methoxvmethyDpiperidine-1-carboxylate. To a solution of 1-{fert-butoxycarbonyl)-4-
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mg, 0.33 mmol), HATU (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 r 5@{@&@ stirred
overnight, aWQ KGR ed with EtOAC, W E satt a r| WI
extraction), &ﬁé@%ﬂ)@?%ﬁ%@‘@eﬂﬂ@r‘éé frﬁ acuu to grve P’r tle compound as

a viscous oilo\ % AESt). iMm&:&]rr dﬁcﬂﬁm{P (oarhrﬁr@pactmmmlofcragcrz (13 mL) was added

3-(4-(2-(dimethylamino oxa ! e tert-butyl
4-(2-(dimeth§TAPRTHE ) &tH {7 ﬁ/}‘?g C%ér cargamoycioxy phexno)s c%%%%%%peﬁggfﬂarboxylate

from step C wh&deﬂathaﬂrwmtvﬂ\ﬂzaﬂﬂ?m@i-m@m@ém?@mf}rﬁfpwsc%ﬁﬁ) minatesadtidninarbeBrcentrated
under vacug, o eside g put PG 3 BORIEAT G BSRlHGH R 56
MeOH:H20 (BIA".}L %ﬂarfﬁ rpﬂﬁw?‘g4 n?Lf}?n%r%p%)r?ﬁgophrzed to ggr’velrmpure trtSIe compo ({1?\(173 mgQ)
as the TFA daltapSES-syiMgsHThe %Stl(?}oEaﬁliﬁéep]&Péﬂdﬁl@f%mmed aqueous NH,Cl, an

344-(2-(dimefhylam @%éﬁm&&&%mmwﬂa@m@m 30 mLMldlﬁk)cbﬁmii;edlmgaﬁth lparbamate.
Impure 34442- (dim lamino)ethyl)piperidine-4-carbox mrd?ghen dr‘rinet Icarbamats frccl)m step D
(173 mg) wa‘é‘iférﬁb?h@%%’fﬁ’ﬁfiﬂﬂ dS’Yﬁ%M?SLOFHﬁBﬁ? I&‘fﬁi APﬁyPér m%%%)vacuuf}l 30 mmol) and

N,N- diiSODfOQM'@M@M Jgi@/rrﬁthﬁ AaBRab): H&ﬂsmmtﬁﬂﬁﬂéﬁ hentlt)eanthheatéd!a1314.000O0O

2009/131940PCT/13S2009/ 4%%%% Sg §3b§actron was cooled to room temperature and
concentthted GHHEY (KR STRY T due was p |f|e y prep HPLC (30x100 mm C18 column,

10-70% MeCN:H2Q)(18renMabibdAGTAe)d -1 athior vihe aauedietfie title compound
). 7.04 (0, SR e SR ééqﬁ%ﬁ@? @%@“‘%“% At 2 (215 ke L
3.91 (d, J=13chHamRarinyd I7@ B0ty B aifinesiprbooy e Gom semE 3.85%mM:3 H), 2.58 (s,

6 H), 2.43 MS{ESH) 7 494 r40623. Exampl
oy Syntheséhﬂ 35?4 %’Hﬁaﬁ?&%g%f!i%m%ﬁ%l??% r%gglﬁ%&ﬁpajrroloé L7 xample

[2,3- dlp%/l’lmldYﬁbil%ﬁﬁﬁﬂéﬁQhr{efﬂiéaﬁm‘élxgﬂmﬁ@ﬁlﬁﬂnﬁaﬁlﬁ? Eﬁyﬂﬁ‘fﬁg‘[ o provide the title
compound as the hydrochloride salt. MS (ES+) [ [M+H] = 336.3.

E. Preparation of 3-(4-(methoxymethyl}-1-( 5. methyl-7H-pyrrolof2.3-dIpyrimidin -4-

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

(methoxymethyl)piperidine-4-carboxamido)phenyl dimethylcarbamate, from step D, and
20  N,N-diisopropylethylamine (2 ml., 11.9 mmol) in isopropanoi (5 mL) was added 4-chloro-5-
methyl-7H-pyrrolo[2,3-d]pyrimidine (397 mg, 2.37 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 purified by silica gel
chromatography (3-3% methanol: CH,Cly). The product was washed with cold methanol to
25  provide the titie compound as an off-white solid (462 mg, 42% yield).
TH NMR (400 MHz, DMSO-ds) 8 ppm 11.50 (br. s., 1H), 9.45 (s, 1H), 8.18 (s, 1H),
7.54-7.57 (m, 1H), 7.47 (d, J=8.84 Hz, 1H), 7.29 (1, J=8.08 Hz, 1H), 7.04 (s, 1H), 6.81 (dd,
J=8.08,2.27 Hz, 1H), 3.68-3.78 (m, 2H), 3.56 (s, 2H), 326 (s, 3H), 3.21 (m, 2H), 3.04 (s,
3H), 2.91 (s, 3H), 2.34 (s, 3H), 2.22-2.31 (m, 2H), 1.65-1.78 (m, ZH); MS (ES+) (M+H] =
0 4673,
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A. Preparation of 1-tert-butyl 4-ethyl 4-41-trity1-1H-imidazol-4-1/1) methyl)
15piperidine-1,4-dicarboxylate. To a solution of 1-tert-butyl 4-ethyl piperidine-1,4- dicarboxylate (360
mg, 1.39 mrnol) in anhydrous THF (10 mL) at -78C was added LDA (1.7 Min. Tk QL. 1.8 mmol)
dropwise ov‘é’Pf&‘ﬁﬁﬁ?%ﬁ reciomixtrwas stirred at -78 C for hl]}\ké,pp (ﬁ)gﬂ; 2

4-(chloromethyl)-1-$ritf1 - Tixample 181 euihesis of 3tz methoxyetheXyme el 2

T 4 A ‘hl_“ T WwasS aoret yThe
reaction mixture was allommmﬁ*%ﬁ? PARSHEEY -‘L‘éﬂ: e nthed-with sat. aqg.
NH4C1 (10 mL), and extr ] 3x20 mL). The combined organic extracts were washed
with brine, dried over Na2S0O4, filtered, and concentrated uader vaeuum. Purification by silica gel
chromatography (10-50% EtOAc:Hexanes) affordedithe ‘?_giung4403 mg, 51%). MS (ES+)

-2<((IPwify In(H-imidazol-4-y1) 25

methyl) piperidine-1,4-dicarboxylate from step AT830 nag, 0.57 mmol) in 1:1:2 THF:MeOH:H20 (10
mL) was added LiOH (136 mg, 5.7 mmol). The mixture{was refluxed until LCMS showed complete
conversion to product, then concentrated underwwlsl%OPCUU82009/041126 vacuum,
dissolved in water (3 mL), neutralized to pH 5-6 With af§. NaHSO4, and extracted with ethyl acetate
(3x10 mL). The cobied orga ]has_es were la hed w brine, dried over Na2S04

concentfated under

Pre aration ofitarbifiid: 36k Rgifdearrertautien-a @i},‘iﬂ'id’iﬁe—l,4-:dicarb0xylate (2.0g,7.8

trity1-1H-imidazol-4- ethylipiperiding-I-carbaxylate. Ta a tion of 1-(tert- . . .
butoxycarboWfﬁ’h%{ﬁﬁﬁ@ﬁ%&%-dﬁf/af)dr%ée% )é/f)0 |%’ésr?c§r$§ 56%?%6“%5‘?.‘@3@%? fom S %1?3 (270
mg, 0.6 mmabrinisapropyoacetate (S hivere addetidATITR 73 forgl, BoP8 rrhblymmthoxy-
N.N-diisopropylethylaming @Rﬁgﬁﬁe@( F 2N ANABRGHEENES HIESHLRL AR Al ature

3-aminophenylmcﬁme)fﬁ"ﬁcagbama 08 mg, 0.6 mmol) was added. The resulting mixture was heated
at 90 Clfor 2 brdews: 7516 rebistivimisture wixsdittey WilSoney1maibyngbened Qi aueous

NaHCO3 and prine, drisdh ousr MagS O dilleredriandiconceny girdipdarivage um. Nhgoiesidue was
purified by silica gel chromatography (10-70% EtQOAc:Hexanes) to afford the |tle‘cgrgggémd $185 mg,

43%). MS (Egﬁaﬁwdlﬂlfi@%‘ﬁ'@ %q;r"g&%?mﬁi\cwvere combined, washed with brin ove
3-(441H-imidgzRied-viamethvipiperding-4-carbosamiseiphanyldimetnyleashanatendy gesolution of
ten-butyl 4-(3-(dimethylcarbarnoyloxy)- N ‘146
phenylcarbariGy e A{BEREA 4 Ziﬁ?d%@ol%%/@%Qt%ﬁﬁﬂ)e?iaine-l-carboxylate from step C (180 mg)
in MeOH {5 mL) wagaddec iHGh(bN indicxaneychrininy Fhd Yeactionyabexyaatediding@-C for 1 hour,
and then concentrated under vacuum, The residue IS d 2 (5 mL), washed with aqg.
NaHCO3 an%Eﬁg,—%'%ﬁgiv{é\{eﬁg%gfefﬁ%%g%ﬁ%?ﬁ&?éﬁ&%@é%&%mﬂ% produce the title
compound (8dicao98aey. MBS (ESH) (MEH =13 7mm]) Wi tereyaralioh O (0.62 g. 26 mmol) in
3_(44.1H_imid%gké'Y%@XQaWémmg'ﬁk@bf”@lﬁ)llgﬁours. The mixture was cooled, diluted
dlpyrimidin-4-yOpiperidine-4-carboxamido).phenyl dimethylcarbamate. )
253-(44(1H-im&a@@w}@@ﬁi@fmmﬂﬁb‘é’ﬁ%@mﬁc@aﬁ%&@ﬁié-é}’phérh?laaﬂ?fétﬁyi&?é%‘é?ﬁéﬁé%rom step D
Aoy e (8 T G L3 1o ere cambmed n ppropanal (L6 ml ). Tae resul
,N-diisopropylethylamine jiL, 0. mmol) were combined in isppropanol (0. .Jhe resulting
mixture was O Y6 R i1 OGRS SR ?ﬁﬁ%t%? WSH’%&.} E')f‘l%’gm{%ga oA s

FeLtioh MviXture was cooled
and concentratgd yngleryacgugn. The residue was purified

6 o -

C. Preparation of tert-butyl 4-(3-(dimethylcarbamovloxyphenylcarbamoyl}-4-(2-

methoxyethoxv)piperidine- 1 -carboxylate. To a solution of 1-(tert-butoxycarbonyl)-4-(2-

25 methoxyethoxy)piperidine-4-carboxylic acid from step B (1.6 g, 5.1 mmo) in dichloroethane
was added pyridine (1.6 g, 20 mmol) and DMF (0.05 mL), followed by oxalyl chloride (0.63
g, 5.1 mmotl). The mixture was stirred for 30 minutes, and then 3-aminophenyl
dimethylcarbarnate (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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30 by prep HPLC (10-95 % MeOH:H20 with 0.1% HCOOH), then treated with AcOH in H20 and

lyophilized to give the title compound (5.7 mg, 42%) as the acetate salt. NMR (400 MHz, CD30D)
6ppm8.17]_}%§ 1H 761(s 1H),7.42-7.45(m,1H),7.31- 739( U%?t}ﬁgﬁgﬁﬁn I H), 6.87 -
6.91 (m, 1 06 g% ) 3.90-3.9 WO 2 09/13194 P ﬁéﬁ%ﬁi B 14 (s, 3H),
3.02 (br. s., 285 MedP s P?)“Cf‘ﬁfct‘tfé? g&%ﬁ?—tf %‘”ﬁ?“’f@@ 1 BT 83- 1.93
(m, 4 H), M&1(5$$%ded]fh%@@3a8kﬁ YN E@mm@mf Syfr&(hess of

3-(4-(benzyloxy)-1- &5 yl: Yo r\@quérr'be)m%ac{p%awpo)phenyl
dimethylearbamate AT A-metr

4-hydroxypiptinigiheidbeiom bwyﬁwlﬂda@bﬂmtbw@ﬂfmmhméﬁpmw@ﬁb@?@ﬁbﬁ%arboxylate
(propared a5 tessthah b b erjentanalicatinig, 0990090093 in chend aludisdgmepri 14,
2005) (792 mg 08'm nd triethylamine (1.04 mL m f%%) in dlchloromethane (25 mL) was
added di-tertbati iﬁ@ménﬁt@{ﬁ%@m@ guapcihmel) 2R eelisn Brégfessdmewsnitdted by TLC
analysis/ELSR, bipop.compisiinmMelatlesivers wmpvaciurdes MaguuiTorRilicalgel ghremategraphy
(0-10% MeOH:CH2C12) provided the title compound as a clear oil (1.25 g, 99% yield). MS (ES+)
[M+H]+ = 2584 Mig( @d&f{aﬁgn 0}51 tert- butyI 4- methyl 4- (benzyloxy)plperldlne 1.4-dicarboxylate.
15To a solution of :Eteg kg / & L dt i

Ep{%ln |neral oil, 124
mg, 3. zyl bromide (0.29

mL, 2.47 mnmetmahtdgdpzaﬂddihex#ead:mwdsbﬂmted ﬂm«mahmtmba@atmﬁateétqgﬁbﬂ &Bréipletion as
monitored by, TLC analysis, (ihg ECACHIN RS, ﬁ@&g@§%¥t’tﬁhd§% mlﬂ@%létlﬁﬁtﬂéﬂt%@ﬁq
et

NH4C1: water e aq eous layér was extracted with acetate (3 x 0 mL). The combined organic
layers were wWastradpyitthisdmnaidetianih W@Aﬂ%ﬁd%@ﬁ@%&&é@dﬂd@? et Sifca gel

chromatogr h;;%tﬁé&@%@ayé@a@tate&h%@ae@mwjeq fheditle ConReMAdas A ciaeiki@b9 mg,
54% vyield). MS (ES-I-) [M+Hr=340.3. 25C. Pr

ration o
1-(tert- H&oxﬁ@ér%ﬁ?@}oﬁw@&%?\’f)op?p/eW@@E&F’HM VAL 55 SO0RHBR Bt tart Ryl
4-methyl 4-(benzyloxy)piperiginacid-disasboxylatgpiom. ste@ BH3504mnes, 119) SrRed) im:2.52
methanol/water (6 mL) was added lithium h droxide monohydrate h X heated
to 60 C for 365 (h"‘)aa?tﬁ“tﬁed “odred W@ 5/1’?&%9@1555%5\) %2(%/6[%? 62% %Om %Le{nﬁﬁ;lé ture and
‘poured onto g&tgrﬁm@quﬁpﬁmwﬁ@%@&m {hherpgagacsdayer, Qs 2etact@dwitbethyl acetate
(B3x25mL). T ombin S r r g
concentrated rﬁbﬁ%ﬁ f’j%%l/)e #ahgef [qs te’c T%Véguadﬂig? \%%s dujsdeéﬁqwhlﬁthﬁva%%gzne on to the
next steypwithelt MRKESpLiificH fion511. D. Preparation of tert-butyl
4-(benzyloxv)-4-(3-(dimethylcarbamovloxv)phenvicarbamovllpiperidinc-1-carboxylate. To a solution of

1-(tert-butoxycarbory{yy4- {RERZMIONY)-BiRRHEIREfi3C i Rei fRhSIemE (R3S IND: L0 mmol),
pyridine (0.43 mL, 5.40 mmﬁni%}wmm&ﬂa@mmm@ £ mL) was added dropwise

oxalyl chloride (0.13 mL, 1.4&iaalasaiion) exatiriminhAdieregas evolution subsided the 10 reacton
was stirred at ambient temperature for 30 minutes. 3-Aminophenyl

o 0 o
L M eng
0" N N G N
H CH,
N CHs

N\

H

N/
|
N

25 A. Preparation of 1-tert-butyl 4-methyl 4-((benzyloxycarbonvlamino)-

methyDpiperidine- 1.4-dicarboxyliate. To a solution of I-tert-butyl 4-methyl 4-

(aminomethybpiperidine-1,4-dicarboxylate (0.300 g, 1.1 mmol) and N,N-
diisopropylethylamine (0.229 mL, 1.32 mmot) in CH2Cl; (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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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 NH4C1, and the aqueous
layer was extracted with ethyl acetate (3 x 50 mL). The combined organig¢ é TYU%S SGe ngshed with
brine, dried WW%@@&Q filtered, and concentrated under 15vacuum. Silic CPWO raphy (40%
ethyl acetate“ﬁ@@i‘%é}l%ﬁ@%e@%oﬁﬂéwgﬁ%ﬁ%cggcéﬁwﬁl%ﬁar%é%géﬁfc%g "F%% (ES+)

[M+NH4]+ = R}5idd by silfea Rt dMidHARLEFBhAH DO ClaXxatidinediaarboianddaitie nobthonethin
carbamatc. To a solution o

4- (benzyloxy% Zhe (@‘%&l%?h{ﬁg Syé]ggloxyybhenylcarbamoyl)plperldlne 1-carboxylate from step D
(400 mg, 0.804 mrimlpiepmeibandiid rashar iz (19 (13" (i¢itn in dioxanc, 0.8 mL). The
reaction yvaslh at%%r g gq C. for 3, hozyr abnd tlﬂ 8”%‘8%&%3%%%”&% VALK gpﬂ?ggwpg the title

compound a Preparation of

3-(4- (benzyI(ﬁﬁ!ﬁmﬂ&mmbmﬂﬂnp}tﬂmﬁhﬂslmmMihﬂdgb}pﬁﬂéﬁﬁﬁ’@éi%rb@kWhﬁenvl
d'methv'carbﬁﬂb%qI&a@é?&%@”@i&q(ﬁ% @ﬁ%ﬁﬂwlﬂwﬂm&lﬁfldﬂ% feLarhoxasmidadanesyl-c

dimethylcarbamate, from step E, and N dusopro ylethylamine (0.7 mL, 4.02 mmol) in_isopropanol

(1.6 mL) wasseiaistaagiiiiense Rbyily Hb3roiol BLAByrHdme (35 Hi o 908 M he
reaction mixiye washgateddr h0ntd %@ﬁ@ﬁi@ctmtﬁiw:sem%e)ylaﬂldafoﬂ;zeﬂ@m @uiéngasthieh time
the mixture became homogenous. Tr‘)@ reaction Wa conce fin&’d % %% d half of the
material 80 v%glﬁﬁfh?etﬁiﬁﬁmﬁ‘ﬁ@l Wﬁ%‘?ﬁ ?ﬁ%’ (g ce?onltrlle ‘water (10 mM
ammonium acetatey; PocpaMiidh dﬂkdmh)ﬁb%b@dzﬁiemﬂerbmbwnd)mmmﬁ@ihs a white solid.

NMR (400 M ne ﬁ?&ﬂa&d&&?{aﬁ&e 5H).

. S, 8,27
7.44-7.49 (M. SHTH58 T, SH)- Eamuas S8,
2009/13194%4(%@@0@1@%&@@@%@@) 1. Q@Jﬂbummca@m@pmdw%@a@%ﬂ@H)

3.45-3.54 ( ) 46 (615 3 ) +)
e = 5205 008 Lan ol nd ) Mt %ﬂ S i

dliwrimitiin- 4%@%%&%@@@&%)@% a&m&aﬁw&mﬁéa@% FeH N Bha N 5

Crude 3-(4- (Wﬁ%@ ~hksmethwbpiispysralofdidaepyrimidinty Qrinpdisinrdd from the

carboxamido)phenyl dimethylcarbamate from example 24, step 50/ ure, 80 mg)
was taken uﬁciﬁl?ﬁ’gﬁ%chﬁfl(f%arﬁo%fﬁdeg%%ﬂ?ﬁcﬁg %Efﬁl“é??’eggﬁﬁ%‘f‘?g §/§$ g g::]rclleg

system was hydrogarmiedai-6enpsifor4batsyaties. Which (aésmaihmlr)&wstadﬂed in one

portion. The reaction was stirred overnight, and then washed 1 N aq. HCI and brine, dried

20 over MgSOs, and concentrated under vacuum. The residue was purified by silica gel
chromatography (ethy! acetate:hexanes gradient) to give the title compound in 72% yield.
MS (ES+) [M+NH,]" = 573.
D. Preparation of 3-( 4—({beuzvloxvcarbonvLammo)mcthvl)mpcridmc 4-

carboxamido)phenyl dimethvicarbamate. To a solution of tert-butyl 4-

25 ((benzyloxycarbonylamino)methyl)-4-(3-(dimethylcarbamoyloxy)phenylcarbamoyl)-
piperidine-1-carboxylate from step C (0.245 g, 0.441 mmol) in MeOH (2 mL) was added 4 A/
HCl in dioxane (0.331 mL, 1.32 mmol). The reaction was heated at 50 °C for 1 hour, and
then concentrated under vacuum, re-dissolved in MeOH and re-concentrated twice to give the
title compound as the hydrochloride salt. MS (ES+) [M+H]" = 455,

30 E. Preparation of 3-(4-{(benzyloxycarbonylaminoymethyl)-1-(5-methyl-7H-

pyrrolo[2.3-dlpvrimidin-4-yDpiperidine-4-carboxamido)phenyl dimethylcarbamate. 3-(4-

((Benzyloxycarbonylamino)ymethyl)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)

35



10 product was observed. Trifluoroacetic acid (0.1 mL) was added, and the hydrogenation was-

continued at 60 psi H2 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 prge@gsg%@ %400 mm C18
mUr

column, 10- YOS UEB S Ritrile:water (20.mM ammorgum acetate), 15 nfmnff nin).to afford the title

compound (Y EHgTRDSA ARG ESH 1 BB ITE 80 M 2 S0 B°E phphie 2t (€E4HY 785 (t,1=2.02
Hz, 1H), 7.44i(6de »ima 082 Qad h&kbddzyikh HA33 (thim8, ABiddzyvbi) 6500, (apikadcdrtla®d Hz, 1H),

6.87 (ddd, J=8,08, 2.27, 0.76 Hz, 1H), 3,95-403 (m, 2H), 3,73 (5, 3H), 513:631,2.27 Hz, 2H),
3.13-3.26 (MR Y Hs, - )feil.%be)ﬁé’?%ﬂffg?%}ié}%}fgcﬁ%cﬁié?él%%ﬁ%%%@gﬁggf 4.29 Hz, 2H),

1.75-1.83 (npr2kkiniyis ¢E8 H)eNildtbnyd38i3n 30% 2&:1&xample 26: Synthesis of

3-(4-(2-methoxyethoxy)-1s(5-methy1-ZH- pyrrol -dipyrimidin-4aylipipeyridi -Gatbgxapifdo)phenyl
dimethytcarbamate g‘&)@?‘@é&@@@%@{o@gfﬁoﬁzﬁgﬂ Wﬁﬁﬂ%r@?&iﬂ%ﬂﬁ 1%%%%&
4-methyl 4(27ethayethotyIpipe fidibd) 1649 tickrBdieate). Tda olition ¥t didrlBatyi Hhethy!
hycroxpivernesl - eroylpla (390 103,39 ol BUF (>0t Jge saretubyridec

o di

0
sodium hydride sber_sgion in mineral oil, 84 m ,h,,2.(58@mmol). he mixture was stirred for 30
minutes at rdetf BtémiPetatiird PE-Chibrd2thethbByiéthane®.38 mL, 4.17 mmol) was added, and the
reaction was stirred at 60 C for 72 hours. The reaction was quenched with 25 mL of water. The
aqueous layer wasg&xtaciaginiilz ethyh actiate (3 3« @5aniinohinaiodivbi iddayers were
washed with brine, dried withrMg334{ pndisiticei ki vidier-¢aonboxasidmnienshromatography
(20-35% ethyl acetate:heximes) yicovickagkthe title compound and starting 10material as a mixture that

was carried forward (150 mg, 1:2 product:starting material). B. Preparation of
l4tert-butoxycarbonvl)-442-methoxyethoxv)piperidi cafpoxylic acid. The product mixture from
step A (150 mg) was taken up in 1:2 met ' ot Qhﬁﬂshydroxide monohydrate (150 mg)

was added, and the mixture was heated’to g0 O fér 2 hours. Thggseaction was cooled to room
temperature and 15poured onto saturated yeous NaHSO4 (25 ml). The aqueous layer was
extracted with ethyl acetate (3 x 25 mL). The comhftiéd organic layers were washed with brine, dried
with MgS04, and concentrated under vacuim e a 2:1 mixture of 1-(tert-butoxycarbony0-4-
hydroxypiperidine-4-carboxylic acid and 14 A% xycarbony1)-4-(2-
methoxyethoxy)piperidine-4-carboxylic acid, respéttively, as a viscous oil, which was carried 20on to
the next step without furthBeRiytificatitrnMSiSmeiMHEI T 5-80621-7H-1Grbled Afatipyoniémn-Bu 443- di
meth carbamq.lox hen tcarbamo 1 -4- 2 methaxyethoxvipiperidine;kea ioR.of
carboxylic acidS e ég"ﬁl?%%’/’??‘ |ﬁﬁegz?)l}§n%q(%%§ ?ﬁ?’ﬁ%% %ﬁ%wgf\l/lb (cafa yli@?%%ﬁ% |1—|2C12
(3.1 rnL)awasl addes Birpi sEOBX Y c Rioridei6.0red nGtB 8 tiom antensabist aife). After gas

evolution 28gubsidied (e (RAEIAN WASRA.AL ATRIRALIBMRAGMEPLAL mIAHRS. S-Aminophenyl
619 g, 062

dimethylcarba?zng mmol) was added in one Eortion to this solution, which was stirred

for another 3comieritetsdTd o Vad Budreh By etk @&@&%ﬁi@ﬁ’:"ﬁﬁ%ﬁtﬂ@%queous layer

was extractego\pgg&g{mg@g@%@a@ 1pfh AMls), JikR combined organic layers were washed with brine,
dried with MgSO4, filtered, and concentrated under vacuum. Silica 30get chromat%%a 1ESO% ethyl
ES

acetate:hexanes) afdrid@RRd BarhbBlAdER 27 whle 'solié (150 Hgf: M8: ‘CH3CN] =
529.3. 5g D.Rrepataliofkeh3 (4R ynsthpsyethernpineriding@;carhoxavidn) pheryl .6 Hz, 2H),

dimethylcarb te. T luti f tert-butyl 443-(dimethylcarb -
Smetheanatil T & solopLS Y S OMENERANT: 10

MS (ES+) [M+H] =452,
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WO 2009/131940Per/uS2009/04026 0.322 mmol) in methanol (2 mL) was added HO (4 M solution in
dioxane, 0.3 mL). The reaction was heated at 50 C for 1 hour, and then concentrated under vacuum- to
provide the tide compound as the hydrochloride salt. MS (ES+) [M+H] - %@q@sgggggﬁ%aﬁon of
3-(4-(2-metw&§%é)f d?(%-l-(S-rreth 1-7H-pyrrolg12,3-d r“lnipin-.S '
ineridi Ixample 212 Svathesis of 5-{4-({1 PX myinoymethyD-1-(5-methvl-7H-
4-y|Iplperldlne-4-ce§r%xamu EH B ETETY I At 10 oo oL A A
SN RN i piperiding-4-carboxamide)phienvl
methoxyethoxy)piperidind=4-cap : ethylearbarate from —and
N,Ndiisopropylethylamineg-’('é‘%t Mt -1-6-rnmol) in isopropanol (1.0 mL) was added 4-chloro-5-
methy1-7H-pyrrolo[2,3-d]pyrimidine (55 mg, 0.322 h%reaction mixture was heated to 110 C in

a sealed high-pressure vial for 17 h, %u&ing which ti mixfure became 10 homogenous. The
mixture was concentrated under vacudm‘rgm rified by prép HRLC (30 x 200mm C18 column,
5-100% acetonitrile:water (10 mM NH4@4&); 15 min, 45 mL/min¥th afford the title compound (17.4 mg)
as a white solid. ITINMR (400 MHz, CD30D) &ppmg.20 (s, 1H), 7.51 (t, J=2.02 Hz, IH), 7.40 (ddd,
J=8.08, 2.02, 1.01 Hz, 1H), 7.33 (t, .T:8.O8Nl—l;i\’, th% 6.98-7.02 (m, 1H), 6.89 (ddd, J=7.83, 152.27,
1.01 Hz, 1H), 3.92-4.01 (m, 2H), 3.69 (br. s.;\\4H , 351 (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=18.64,}.29 Hz, 2H), 1.97- 2.07 (m, 2H). MS (ES+)

EM+Him = 497.3. 6.27. Example 27: Synthesis -(4-amino-1-(5-methvi-7H-pyfrol )
pyrimidiﬁ-4-yliMpeerﬁﬁéﬂggﬁpo%g&ﬁﬁa%tﬁ}ﬁéﬂwg%ti@%gr éer%rlfﬁgggi\lnﬁt r]egpgéf?ﬁ]%?%rt-butyl
4-(tert-butoxyparhenytamingpipér{@ne-4-carboxamido)pheny! dimethylcarbamate from example 20 (14

(dimethvicarbamoyloxv nvicarba iThineridine-1<c ~N-BQCsa, i - -piperidinyl)
carboxylic a&@%‘%&%, @% Cﬁ%}ﬁg lmﬁ%@g}%ﬁ%%& gf%gmmoli%n% %?&%i?%%%%?gﬁa%nine (128
mg, 1.0 mmai)daefercaidbirydd (37opropY) 48etafb0! 3:mp) 28 bk astiioadvat FEBRY RFHEure for 15

minutes. 3-aminophel ime : e {004 meDwas.addedmanckthemixtyte heated
at 80 C for 1. eﬁ(%l%}lscg I#k%%éﬁé%%ﬁ%%%gg%\%e Ztﬁé)(iigol dilu?ed with EtOAc, W}?gr?%c%/ with 2 N

Na2COB) 1 NOSHRd Hefdé] AraREh B é@é?W&é@‘i%&%B%@fﬂ?gﬁﬁ?dﬁﬂﬁﬂé% silica gel

chromatograp‘m{g@g% WO 20U 13 IRGTIUEL0094043:126 EtOAc/hexanes) gave the title
compound (0.075 g, 4&%)

. as a white solid. MS (ES+) [M+NH4] = 524. _ B. Preparatjon of
3-(4-aminopiperidin@ﬁ%?gﬁﬁﬁé)&whﬁﬂﬁmgd rﬁaﬁgﬂ]ewé ésjé"l%ﬂ%ﬁ 6f fel?lsbylj)t{:/}l )
]fl-(teft-butoxy?c@z*e&?ylﬁmmg)récff:@@imﬁ,thm,acrmrrsoy:jemymnw@a(bamﬂyl)mﬂe@ddme-%éarboxylate

rom step A (0.141 g, 0.28 mmol) in MeQH (2 rd,) was ed HC|..(4 N in di .21 mL.0.84
mmol). The riktardwhdtstitrad Gt robhh %elr%é%(riémg’fﬁ @4 %ﬁ?é:é&fh%&%\%ghﬁ %?Séi]%ioxane
were added atthigidienes envithe rixsue StrteH fdvia fERhef4hburd#t.room temperature. The
solvent was removed under vacuum to afford the title compound (0.084 g, 98%), which was

6.22. Example 22: Svathesis of 3-(4-(2-(dimethylamino)ethyl)-1-(5-methvi-7H-
pvrrolo[2.3-d|pyvrimidin-4-yDpiperidine-4-carboxamido)phenyi
dimethvicarbamate

l:I:H3 o o]
/N )J\ /CHQ
HsC E 0" N
CH,
N CH,4

N

N |
k\N

20 A. Preparation of 1-feri-butyl 4-ethyl 4-(2-(dimethylamino)ethyDpiperidine-1.4-

N
H

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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10 carri(_ad on crude. MS (ES+) [M+H] = 307. C. Preparation of
3-(4-amino-1-(5-methy1-7H-pnrolof2,3-dlpyrimidin-4- y1)piperidine-4- earboxamido)phenyl
dirnethylcarbamate. 3-(4-aminopiperidine-4- carboxamldo)phenyl dlmethiy m step B

(0.109 g, 0. ); 4-Chloro-5- methy1-7 rrolo[ ,3-d rnidi mmol), and

N,N- dusopro‘iﬁ%’é‘tﬁ’)ﬂfﬁﬂ’i‘?ﬁéﬂiﬁo‘e@tﬁ% §req 85% e Atgr%/{bl%(gd“fﬁ 1S8prop ar%‘%(% m?‘fi%‘g heated in
ag se?led tulbeqa{ AN, f@ﬁsﬂ;Bdh@iﬂli&aﬂ'laq MRBHO@: was lmoncentiateds axtd:tiierksidekorets purification

y silica ge ato % eOH/CH2 t 5%

white solid. Mr 1 uu gé esi?j‘}% gg ?m %H%gr%?%&??rg&?ﬁ%%%%?zo&as i
1H)3 I1)05 g%(@&@%@ﬂﬂ% m@mmm@mm@mem@mﬁn@wm () Brpplz98YssaH), 2.51

Al M+HI = 438. 6.28. E le 28: Synth
Oé Méﬁne tﬁﬁ) M]SL%%) [ xample ynthesis of

3-(4- (dlmeth%/](Famln prrroIM2 3- dlpyrlmldln 4 yIMlperldlne -4-earboxamidoMhenvl
dimethylearbamate3 DO ; Jethylplperidine

drssolved in 3 *“‘*M@t%%%ﬁi%%?ﬁiﬁﬁ%@“ﬁv%éﬁé%‘%‘ﬁ?“‘?ﬁﬁﬁg)”?‘fé’%g‘*ﬁ'@fé‘ggmwﬁﬁ d

0 mo W, e
followed by A0 24 3niive: 15 b‘ﬁ@égFﬁ%‘tﬁW@ B RS Ve
2009/ 1?124(%?@51@ 132009/041 1.2 6RUKHI WSSt e T 0Tt hempenams)::mtezi owstbefore
concentra mg under vacuum. Purlflc rded the {it GOIRQ 4.(059L7 g, 57/0) as
a white'doligfemperature, ?Le_LuTall\'lﬁﬁt %)Mhp]&g% X if 756
7.37 (m, 1HyeEiOR @as:pﬁrmdz Ty IQBI(maﬂH)yap@%t?ﬂtf fsa%e ®. ggvsc('ﬁhez&@cw@* %1—?7)1 436c§£1n 5(1314)
3H), 148 (s, 3%()2?% %sﬁghl)ﬁ QO(?(QQISZ@E ?H% 2H)MS (ES)) [M+1-111 = 466. 6.29. Example 29:

mi azo

Synthesis of%

DS 5 vbace amid methyl) 1-(5- methyl -7H-pyrrolo[2,3-dipyrimidin-4-
yDpiperidine-4-eartoxamiris 4 ‘

hAcErhEmete anNpo)ethyl)-4-(3-

{ dimethvlcarbamovioxv)t}henvlcarbam ovDpiperidine-1-carboxylate. 1-(tert-

15  Butoxycarbonyl)-4-(2-(dimethylamino)ethyl)piperidine-4-carboxylic acid from step B (100
mg, 0.33 mmol), HATU (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
dimethyicarbamate (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,CO; and brine (with back extraction), dried over MgSOy, 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-(dimethyi amino)ethypiperidine-4-carboxamido)phenyl

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

25  (dimethylcarbamoyloxy)phenylcarbamoyljpiperidine- | -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, §-50% MeOH:H-0
(0.1% TFA), 12 min., 45 mL/min.) and lyophized to give impure fitle compound (173 mg) as
the TFA salt. MS (ES+) [M+H] = 363.

30 E. Preparation of 3-(4-(2-(dimethylamino)ethyl)- 1 -(S-methyl-7H-pyrrolof2.3-

dlpyrimidin-4-ylpiperidine-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-dJpyrimidine (50 mg, 0.30 mmol)
and N,Nudiisopropylethyiaminc (0.174 mL, § mmol) in isobutano! (0.4 mL) and heated at 110
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10To 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 CH2CI2 (5 mL) was added N,N-diisgpropylethylamine (0.51 mL, 2.93 minol). The resulting
solution was aIIowed to stir for 20 min. at room temperature. To this solug%/y}@gﬁ%gﬁq the acetate
salt of 3-(4- Cg é’[ﬁ%-l -(5-methyl-7H-pyrrolo[2,3-

d]pyrimidin-45 EBipaAHhe 1SS BRRNRISROISHY I AT RS BLR A (ARST a0, 150500 g,
0.978 minol),apgl:N. W%ﬁ@ﬁd@@ﬂﬁ@)&&%@@(@rdﬁf@ﬂlm%ﬂmm& 8loolTne, reaEtitn was allowed to
stir at room te erature fo n.diluted, wit 10 mL and CH2C12(20mn. The mixture
was extracteI?ffl %ﬁf&q %ﬁ@éﬁﬁ) lar%ml’]e%::ok}‘“n}_| or ar kc’sﬁi.| Wgﬁg lggit%edq%th NaHCO3 (10
mL) and brinex{dtbant),6d nee) m/ﬁtelwlgﬁmﬁtamitconcentrated under vacuum. The residue was purified
by flash hromatog{ 3-10% 201 ford.t t d, ( 2% yield)
as awhl solid. Thllg s%g Eg%&%%en d[% V\PEPt%}I’ a é?é%?chaﬁglﬂd@/ggg]agggg uln% ta%goﬁjtlon
became c|earahasfm|uﬁbnma§mz&a8aﬁm yBphTiZEt 10 the GRbéddare 5alt df théldtkRbmBbund
(0.477 g). = - p ( ) 7 6.146 Hz, 1H),
747 (3 2.0 0 a0 e TR 0L 51 5 08 T 1 ?0?1} = 68%82(%{% '98 (d, J 25
= 1.01 Hz, 1R}%(9% {4). 245, 0287 (ﬁﬁ@l’fﬁ 2.00: 3. %%@zﬁ%zi 1) | $Bmdadty M8 985928, 14.15 Hz,
2H), 3.58 (s, %@H? 8248, 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, 211). MS (ES-)) [M+1-1] = 560. WO

2009/131940PC-17US2009/04 6.30. I t h
procedﬁ%es descrlbéJ& _mi'rl?% SoihaarR'e A0 g Ioéla?(’?gr{}ﬁm%%} 1(sYsingihe

; Nluvu T T [ed below in
Table 1 were prepared. The ))1(1, v 1 j: e dm SR I THRE AT LT IHG R n v

S proviaed oe ow-for some of the compounds was
determined using the assayuestnoe ample 32. Table 1 Compound MS im+m+ LIMK2 ICso
N4344-fluorophenoxy)pheny1l)-4-methyl-1-(5-methyl-7&pyyrolof2,3-d]pyrimidin-4-yl)piperidine-4-carbox
amide 460 < 250 nM N(3-bromopheny1)-4-meth 14‘yI/H\H p(yiqrolo[Z 3-
d]pyrimidin-4-yOpiperidine-4- carboxa\m N

CH,

N CHa
N~ N
o
‘\N

A. Preparation of 1-tert-butyl 4-ethvl 4-((1-trityl-1H-imidazol-4-yl) methvl)

15  piperidine-1.4-dicarboxylate. To a solution of 1-fert-butyl 4-cthyl piperidine-1,4-

dicarboxylate (360 mg, 1.39 mmol) in aphydrous 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)-i-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. ag. NH,CL (10 mL), and extracted with EtOAc
(3x20 mL). The combined organic extracts were washed with brine, dried over Na;SO,,
filtered, and concentrated under vacuum. Purification by silica gel chromatography (10-50%
EtOAc:Hexanes) afforded the title compound (403 mg, 51%). MS (ES+) IM+HT" = 580.3.

B. Preparation of 1-(fert-butoxycarbonyl)-4-((1-trityl-17/-imidazol-4-yl)

25 methyDpiperidine-4-carboxyvlic acid. To a solution of 1-terr-butyl 4-ethyl 4-((1-trityl-1H-

imidazol-4-y]) methyl) piperidine-1,4-dicarboxylate from step A (330 mg, 0.57 mmol) in
1:1;2 THF :MeOH:H,0 (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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428 <_25_0_nM N43-bromopheny1)-145-chloro-7H-pyrrolo[2,3-
cflpyrimidin-4-y1)-4-methylpiperidine-4-carboxamide 450 < 250 nM N434N-isopropylsulfamoyDph
znylll)l-d&l-m;%glzb%é%lmgthyl-?H-pyn-olo[2,3-c]pyrimidin-4-yppiperidine-qrcqaﬁgg;@mggén <250 nM
alVI-N-(3 ‘ A o ) R 170 )
a-ally N3 BromoBTeny)-a5; ety T putelRlR 21 SIRUTD: 4 Qesoiner s athgramide 456
ggg-methowemzme(aquﬁ,m&uwmmmmm@sapéﬂwm@m@%ﬁéﬂ%ﬁﬁé&f%boxamde
<250 nivl 4-allxls ,(a%ﬁeQﬁ%%&%’ﬁ@&ﬂX&éf%@ﬁmﬁéﬂa%%'h&YﬁE@%%nund(273 mg, 86%). MS

cflpyrimidin-ﬂ-yepl eridine-4-carboxamide 432 < 250 n
4-methy1-1455meiMAHTH=gyAa8lo[2,3-efipyrimidin-4-y1)-

Eii;/(ltrli\flgz g 5121 n; Etggg?r,?g[;ym}{g@@%ﬁ,@gﬁﬁp@h@ﬁ%@%ﬁaﬁiﬁﬁwmph enylcarbamoyl)-4-((1-

-allyl-N- - enox enyl)-145-methyl-7H - imidin-4-yl)piperidine-4-

mide 486 <zg@yhﬂ'ﬁ—imidazoXﬁvl}mgtgvi)piperiding-1—car‘%gg}gtg'%oda].gx{illrt?cl)%lgﬁ —¥tlzwp eridine-4-carboxa
butoxycarbonyl)-4-((1-trityl-1H-imidazol-4-yl) methyl)piperidine-4-carboxylic 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
mkL), washed with aqueous NaHCO; and brine, dried over Na,SQ,, 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-vymethv)piperidine-4-carboxamido) phenyl

dimethyicarbamate. To & solution of fert-butyl 4-(3-(dimethylcarbamoyloxy)-

phenylcarbamoyl)-4-((1-trityl- 17 “imidazol-4-ylymethyl)piperidine-1-carboxylate from step C
(180 mg) in MeOH (5 mL) was added HCE (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,SQq, filtered, and
concentrated under vacuum to produce the title compound (84 mg, 93%). MS (ES+) [M+H]"
=372.2.
E. Preparation of 3-(4-((1 H-imidazoi-4-yDmethyl)-1-(5-methyl-7H-pyrrolo [2.3-

d}pvrimidi_n—4—vl)pineridine—4-carboxamido)nhenvi dimethylcarbamate.

25 3-(4-((1H-imidazol-4-ylymethyl)piperidine-4-carboxamido) phenyl dimethylcarbamate from
step D (10 mg, 0.027 mmot), 4-chloro-3-methyl-7H-pyrrolo[2,3-dlpyrimidine (5 mg, 0.03
mmol), and N,N-diisopropylethylamine (23 uL, 0.135 mmo}) 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,0O with 0.1% HCOOH), then treated with AcOH in HO
and lyophilized to give the titie compound (5.7 mg, 42%) as the acetate salt.

"H NMR (400 MHz, CD;0D) S 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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4-al lyl-N43-fluoropheny1)-145-methyl-7H-pytTolo [2,3- d]pyrimidin-4-yl)piperidine-4-carboxamide 394
< 250 nM 4- aIIyI N(3 methoxypheny1)-145-methy1-7H-pyrrolo[2,3-
d]pyrimidin- 4 erldlne 4-carboxamide 406 <250 nM

3(4-allyl- 14%" e? rolo[2,3-d]pyrimid iperidinc %173:[/%5 /041126
dlmethylcart’?alﬁ*?af’ 463 E%{ié HRA@ (&EI%(E_BF ‘;’R ¢ (yfﬁ 4%@1—‘( bﬁfz 1pyrimi m-i-
yppiperidinexy,ceshgxamigo) ghenyb slimethificadsamsite | 465}1@2505%/8 WO
2009/131940PCT/US2009/041126 4-methyl-1-(5-methy1-7H-pyrrolo[2,3-tfipyrid-4-y1)-

N-phenylpiperidinegJsga 1,1.- %%@:5%3@9@1% 3012l THspyealel A-glpyeimigin-4-y1)-4-

propylpiperidine-4-carboXam WSS RdGR R aRale Aa eliM dimethvicarbamate
N-(3-bromo-4-fluoropheny T-T-(5-met yI -/H-
@\/ Q\ ’CH3
c;H:.,
N
l{\
5 NooH

A Preparation of 1-terz-butvl 4-methyl 4-hydroxypiperidine-1.4-dicarboxylate. 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 mk) was added di-tert-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,Clz) provided the title compound as a clear 01l (1.25 g,
99% yield). MS (ES+) [M+H]™ =250.2.

B. Preparation of 1-tert-butvl 4-methyl 4-( benzvloxv)piperidine-1.4-dicarboxylate.

15 To a solution of 1-fert-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. NHsCl:water. The aqueous layer was extracted
with ethy! acetate (3 x 50 mL). The combined organic layers were washed with brine, dried
with MgSOy, 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 (., Preparation of 1-(fert-butoxycarbonyl}-4-( benzvloxy)-piperidine-4-carboxylic

acid. To a solution of 1-fert-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 mn, and then cooled to
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pyrrolo[2,3_-cf|pyrimidin-4-yepiperidine-4-carboxamide 447 <250 nM 4-methyl-1-(5-methy1-7H-pyrrolo
[2 ,3-d]pyrimidin-4-y1)- N-(3-(morpholinosulfonyl)ph enyppiperidine-4- carboxamide 499 <250 nM -
4-methyl-1-(5-methy1-7H-pyrrolo[2,3-cflpyrdin-4-y1)- N-m- tonIplperldlne- iq 364 <250 nM

N-(3-isobutyf2Afdy ety 1)-4-meth 3‘
e 435 <SOSR 2L A LIp G A Qi 1 7 SR g 4 corbexa

((55metm/l 17%@/&@1;{9@ &ﬁg,mtﬂym iditAcy 1 ppigeridinetae cmﬂﬂnxatm@ﬂ@&y@ﬁ@vm F@Shﬂfdmethyl-l
methy p rrolo Opi er idi b I

carboxylate“ﬂ% 258G°H ‘g{%ﬁ\@gﬁ oy X ef)lfrarg(é)rﬁl%ar g%]?fml%%% yl)g Z@%@wﬁ%ﬁ&ag
methylurelda)maﬁmmlmmmmmmmmytmm@ﬂmﬁ:ﬁ\f@mﬁ‘@é‘ j0g.
24(2-(dmethyamypolethoxymei)- 1y malyTHpysle 2. AR episitine ¢

carboxamldo)phen ylcarbam ate
carbamoyDpiperidine- 1-carboxvlate. To a solution of 1-(fert-butoxycarbonyl)-4-

(benzyloxy)-piperidine-4-carboxylic acid from step C (335 mg, 1.00 mmol), pyridine (0.43
mL, 5.40 mmo)), 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
NH,C!, and the aqueous layer was extracted with ethyl acetate (3 x 50 mL). The combined
organic layers were washed with brine, dried with MgSO0y, filtered, and concentrated under

15  vacuum. Silica gel chromatography (40% ethy! acctate:hexanes) afforded the title compound
as a white solid (406 mg, 82% yield. MS (ES+) [M+NH4]" =515.4.

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

carbamate. To a solution of rert-buty! 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.
F. Preparation of 3-(4-(benzyloxy)-1-(5-methyl-7H-pyrrolo[2.3-dlpyrimidin-4-

vDpiperidine-4-carboxamido)phenyl dimgthyicarbamate. To a solution of 3-(4-

25 (benzyloxy)piperidine-4-carboxamido)phenyl dimethylcarbamate, from step E, and N, N-
diisopropylethylamine (0.7 mL, 4.02 mmol) in isopropanol (1.6 mL) was added 4-chloro-53-
methyl-7H-pyrrolo[2,3-dlpyrimidine (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) 8 ppm 9.71-9.74 (br. s,, 1H), 8.22 (s, 1H), 7.51 (app ¢,
J=1.85 Hz, 1H), 7.44-7.49 (m, 2H), 7.29-7.42 (m, 5H), 7.03 (d, /=1.01 Hz, 1H), 6.89 (ddd,
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5_24 3-(4-cyano-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimi din-4- yOpiperidine-4-carboxamido)phenyl
dimethylcarbamate 448 3-(4-(acetamidomethyl)-1-(5-methyl-7H-pyrrolo[2,3- -
cflpyrimidin-4-yOpiperidine-4-carboxamido)phenyl dimethylcarbamate 494 <
3-(4-(2-amiﬁ%§ﬂlﬁ?émﬁ?-l §5-methy1-7H-p rro[09[2,3- Her e arras e
d]pyrimidin-25/6Pipet ine A abdlcinbie) st Sny dimeth(Taimats a1 @ogb hiy 144 3
-(4-(2-(tert-bytpxyc arppnylamins) etylaming)-1.2452.36 (m, 4H);, MS (ES+) [M+H] = 529.3.
methy1-7H-pyrrolo[2,3-d]pyrimidin-4-yOpiPeridine-4- carboxamido)phenyl dimethylcarbamate 581
<250 1M WO 2009/331940RGHEIS 00U (-t drgercL-(Smethk THpyrrola 2.3-
-(4-(2-(benzyloxy)ethylamIna ) s MEH Aoy R RIS b IR ety BRREHCING Hhmate

carboxamido)phenyl dimethylcarbamate 572 <250 h

3_—(4-cyano-1-(5-methy1-7H-pyrrolo[2,3-cflpyrgnidi l)pigeridine-4-carboxamido)phenyl
dlmet.hylcarbamate 448 <250 nM 3-(4-(3;hydraxye in/di)\-l;@qnethyl-?H-pyn-olo-[2,3-
d]pyrimidin-4-yppiperidine-4-carboxamido wil dimethYIcafbamate
CH,
N CHs
NZ A
K
5 NTOR

Crude 3-(4-(benzyloxy)-1-(3 -methyl-7H-pyrrolof2,3-dlpyrimidin-4-yl)piperidine-4-
carboxamido)pheny! dimethylcarbamate from cxample 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 ammontum acetate), 15 min, 45
mL/min) to afford the title compound (9.6 mg) as a white solid.

15 'H NMR (400 MHz, CD;0D) & 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, J=8.08 Hz, 1H), 6.99 (app. d., /~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), 3.4} (dt, /=12.63, 2.27 Hz,
2H), 3.13-3.26 (m, 2H), 3.12 (s, 3H), 2.99 (s, 3H). 2.44 (d, J=0.76 Hz, 3H), 2.36 (dt,
J=13.39, 4.29 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-(S-methvl-7H-
pvrrolo[2.3-4lpyvrimidin-4-yl)piperidine-4-carboxamido)phenyl
dimethvicarbamate

2 Q1%
HyC.. o _CH
3C o/\/fﬁn i
H ]
N CHg

CH,

1|
l\;

NZ N
N
H
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482 <250 nM
3-(441-benzyl-1.11-tetrazol-5-yl)methyl)-1-(5-methyl-7Hpyrrolo[2,3-4pyrimidin-4-yDpiperidine-4-
carboxamido 5 “gll dlmethylcarbamate 595 <250 nM
3-(44(1H-te - 0[2
carboxamido)phenys-e

3- ob(5 metg)&cZ%@yﬂ@lqtaésslmsmﬂmrémi@fﬂ 4(4meﬂﬂy1ﬂuhiﬂmwdmmﬂwﬂ)ﬁmmdmey‘ﬂ&w
carboxami ethylcar <250 nM o
3-(4-((N,N- d#ﬁ%&ﬁ@%d% ﬁ“?n%%% f”i A C?ﬁeffnéfﬁdg?/?r% omhaj]dﬁqycﬁn(nég /6 Eﬁggrldlne 4-

carboxamiddjphéeryhidiih&hylgattiBmate 559 he 2B u @’a(sde‘((métfw@c@m@Tﬁylﬁﬁﬂﬁ@methyl) 1-(5-me
ny1-7Hpyrro efﬂ AR PRIRAIS gzihan&&f?%%m'qu{ymm&wcmmmm <250 M

3-(441-meth pyrazole -ca oxamido)methyl
methyl-7H- pm@m{gq@@f@rﬁfmrmhmp.ﬁ%mmimcmaxam@émﬁé%ﬂ Aindthgiearamate 560

<250 nM 3- (%2 CJH@TE%&- -k BYrRIQ Rt P MICingd 11045 m1). The combined organic layers

((morpholine-4-carboxamido)methyppiperidine-4- carboxamido)phenyl dirnethylcarbamate 565 <
nM were washed with {)rme é/regdpwnh MgS0Oy4, and concentra). ed un%er vacuur%/t S1l tl)ca ge{ 250

3- dLg[)%/rlml i

oxvyet

chromatography (20-35% ethy! acetate:hexanes) provided the title compound and starting
10 material as a mixture that was carried forward (150 mg, 1:2 product:starting material).

B. Preparation of 1-(fert-butoxycarbonyl)-4-(2-methoxvethoxypiperidine-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, (25 mL). The aqueous layer was extracted with ethyl
acetate (3 x 25 mL). The combined organic layers were washed with brine, dried with
MgS0y4, and concentrated under vacwum to give a 2:1 mixture of i-(fert-butoxycarbonyl)-4-
hydroxypiperidine-4-carboxylic acid and 1-(terz-butoxycarbonyl)-4-(2-
methoxyethoxy)piperidine-4-carboxylic acid, respectively, as a viscous oil, which was carried
20  onto the next step without further purification. MS (ES+) [M+H] = 304.2.

C. Preparation of fert-butyl 4-(3-«(dimethylcarbamoyloxyphenylcarbamoyl)-4-(2-

methoxvethoxv)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 pL, 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 MgSOy, 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

dimethvlcarbamate. To a solution of rerr-butyl 4-(3-(dimethylcarbamoyloxy)-

phenylcarbamoyl)-4-(2-methoxyethoxy)-piperidine-1-carboxylate from step C (150 mg,
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3_—(1-(5-methyl-?ll-pyn-olo[z,3-d]pyrimidin-4-y1)-4- (ureidomethyl)piperidine-4-carboxamido)phenyl
dimethylcarbamate 495 <250 nM 3-(443-hydroxy-2-(hydroxymethyl)-2-
methylprop“;})agnggggrg ihyl)-1-(5-methyl-7H-pyrrolo[2,3- PCT/US2009/041126

clipyrimidin - ypberidine. LeartoxamidQRNENY SRS RARAE FRT280 1) WM.

3-(4-((1-te rtbtﬁﬂmcazﬂs@ylaa’ﬁhﬁﬁy@ép‘ré banseaibsarsieriatpg prder vacuum to provide the

1-(5-methyl.gH-pyrrolofe. 3-glpyripidinshaseniperidinedsoqnoxgmidgiphen

: yt dimethylcarbamate 635
<250 nM 3- &462 ﬁ%acetamldgﬁr&et )-1-(5- methrayl 7??) rrtfl% H]pyrl d[ -4- eridine-4-
carboxamido)pheniy! difefa -vmu.' -1-(5-metl v’l 7 nvrro 0 ? 3 vl%t% din:

3-(442- @imﬁtgﬂé@ﬂ%&%@@t@f?ﬁ% ﬁv(%fﬂ@ &Z 501013, 3 wd] pyciufil4-gPppiperidine-4-
carboxamidd)phenyl dimethylcarbamate 537 < f.

-(5-methy1- WIB%VGFBPZ‘QIH?SVHH%‘%%T%&H“% %}Fg%}ﬁlfo d.rb %cpfl%)élgl dt%peD and N,N-
c;rngamldq&ma mﬂﬂanmmh@ar@amme 531260 mmaa@peametmmmwdd@ 4-chloro-5-
2:3-dlpyrimidin oy ) 4 a2 b YRR g b st dplenen metd sathamate 491

to 110 °C in a scaled high-pressure vial for 17 h, during which time the mixture became

A ameade

10  homogenous. The mixture was concentrated under vacuum and purified by prep HPLC (30
100mm C18 column, 5-100% acetonitrile:water (10 mM NH,OAc¢), 15 min, 45 mL/min} to
afford the title compound (17.4 mg) as a white solid.

'H NMR (400 MHz, CD;0D) & ppm 820 (s, 1H), 7.51 (t, /=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, /=783,

15  2.27,1.01 Hz, 1H), 3.92-4.01 (m, 2H), 3.69 (br. 5., 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, 429 Hz, 2H), 1.97-
2.07 (m, 2H). MS (ES+) [M+H]™ = 497.3.

6.27. Example 27: Svathesis of 3-(4-amino-1-(5-methvi-7H-pvrroio[2.3-
d]pyrimidin-4-yDpiperidine-4-carboxamide)phenvl dimethvicarbamate

/@\ / H3
CH3

AN

]\\ |

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

(dimethvicarbamovloxyiphenylcarbamovlipineridine-1-carboxylate. N-Boc-amino-(4-N-
Boc-piperidinyt) 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 (0072 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 2N Na,COs, 1 N HCL, and brine, and

then dried over MgSO, and concentrated. Purification by silica gel chromatography (60%
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<250 nM 3-(4-41H-imidazol-2-yOmethyl)-1-(5-methyl-7Hpyrrolo[2,3-dipyrimidin-4-yOpiperidine-4-
carboxamido)pheny! dimethylcarbamate 503 <250 nM

3-(4-((2- amlno cIo ropanecarboxam|do)methyl) -1-(5- '
methyl- 7H éFE’hﬁ 3 yr|m|d|n -4-yepiperidine-4- carboxa dp n PCT“@émmm1r2nﬁate 535 <250
nM (S)-3-(4- 62‘%@%1gﬁYﬁﬂB%&‘é‘F&“@}t@BP@S&ﬂQﬁ&oﬂﬁ i"?‘é ‘lr/ﬁa{ﬁ&/ lo[2,3-
d]pyrimidin-4yyepipgridine44- carboxamldo)phenyl dlmethylcarbamate 589 <250 nM

4-(aminomethyl)-1- 5meth pcawa}gapendme -4-car

ANES

boxamide 432 <258 : ' ¢ _
(morphollnomemsd)m@emdmer-&mwédmmd@mﬁwwﬂmﬂmeﬂa@amate 522 <250 nM

(S)-3-(4- (2 Mmino-3- rox

methy1- yrro?hfail d py mldﬁ%ﬂ gpl erngsx éwe lég}%%iacr%ﬁ%%xylﬁgn@?ﬁrﬁce]%kﬁ/lgzarbamate 539
<250 nM (S)G%M@BmuMﬁ%;ﬁém&mﬁmémwm%wﬁm@% 21 mL, 0.84 mmol). The
7H-pyrrolo[2,3-dlpyimidin:4oRipsridingsAnsarirxamida)nhemd dimetbyicaranaie.666 was0 nM

added at this time, and the mixture stirred for a further 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-pyrroto{2.3-dlpyrimidin-4-

yDpiperidine-4-carboxamido)phenyl dimethvicarbamate. 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,ClLy) 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, /= 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; Svathesis of 3-(4-(dimethviamino)-1-(5-methvl-7H-
pvrrolo[2.3-d]pyvrimidin-4-yhpiperidine-4-carboxamido)phenvl
dimethvicarbamate

fﬁl Q )L
51/%

3-(4-amino-1-(5-methyl-7H-pyrrolo [2,3-d}pyrimidi11~4—yl)piperidin.e—«il-

25

carboxamido)phenyl dimethylcarbamate from example 27, step C, (0.028 g, 0.064 mmol) was
dissolved in MeOH (1 mL.). Formaidehyde (37 wt% solution in H>O, 0.15 mmol, 12 ul) was
added followed by AcOH (0.26 mmol, 15 ul) and NaBHzCN (0.008 g, 0.13 mmol). The
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PCT/_US_2_0091041126 3 -(4-(azidomethyl)-1-(5-methyl-7H-pyrrolo [2,3 -
d]pyrimidin-4-y1)piperidine-4-carboxamido)phenyl dimethylcarbamate 478 <250 nM

4-(aminometh 3-hydroxypheny1)-1-(5-methyl-7Hpyrrolo[2,3-cflpyr ridine-4-carb
xamide 381% 4%@8 'l%? % [ pyrigpiginsfasloniperidine-4-carbo

(5-methyl1-7H-pyrro c/I |d|n 4-
mprphohnoé’f’rﬁ%’ﬁ ﬁéﬁ&ﬁﬁ‘?%%&?ﬁ%ﬁﬂ% %ﬁ%ﬁ)ﬁ/l dn%%% fcar %O%%%]T%i}é G N dimethyl 14(443-
(7dImethylea@bﬁmmdam)jpﬁewmemm)}Mameidsmpeund (0.017 g 57%) as a whm sohd
H-pyrrolo[2,3-d]pyrimidin-4 )met | late-620 <250

nM 3444(5 methyl- ¥i {39@% %69%15&)&m@/ \ és ‘1 %Ezyfnséét yrr;(ilar[o[z ; (?]57 rinn
g”(] 4(y|)p|pqﬂﬁ;1im34’? Oal(hoXarmldﬂmhényﬁﬂmmh%ammésﬁm%mnml) 3.17 (s, 3H), 3.04

44(2 ethoxy, e 4 -
methyl- %H -p rr51 %é% gérpf peﬂréilegé%f)cgr%%ggmzlgg)pl\r/ligrgﬁsdl)n%/{;ﬁ%:arsgr?\ate 568
<250 nM 4- (amlnomethyl) 1 (5 meth 1- 7H pyrrolo 2,3- ag
4-y1)-N-m- toly|p|peﬁ@ﬁ]e- B Y REAG SIS {6 (IH-lmIdaZO]-S-

vl)acetamido)methvl) 1-(5-methyl-7H-pvrrolo[2.3-d| pyrimidin-4-
viipiperidine-4-carboxamido)phenvl dimethvicarbamate

H H CH,
N CH,
“‘KT%
\N N

H

10 To a suspension of 2-(1 H-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 (0.531 mlL,
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-7H-pyrrolo{2,3-
dpyrimidin-4-yl)piperidine-4-carboxamido)pheny! 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 MgSOj, 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% yicld) as a white sofid. 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 titie compound (0.477 g).

" NMR (400 MHz, MeOD-ds) 8 ppm 8.17 (s, 1H), 7.57 (d, /= 0.76 Hz, 1H), 7.47 {t,
J=2.02Hz, 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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4-(aminomethy1)-N-(3-chloropheny1)-1-(5-methyl-7Hpyrrolo[2,3-cflpyrimidin-4- yl)plperldlne -4-carbox
amide 399 <250 nM

4- (amlnometrgflg N- §A3 methoxypheny1)-1-(5-methyl-7Hpyrrolo[2,3- cﬂpytygjl%rég%o\é;n)ﬁﬁgndme -4-carbo
xamlde 398" ‘ s
4-(aminomethy1)-N- ?Ss?l'u FSarutedy Addlional COMPAUBAS-> 3-d)pyrimidin-4-yDpiperidine-4-carboxa
mide 383 <250 n inomet C NeRVDi R art, the additional
methy1-7H- pyrro’r{ﬁ% fﬁ?ﬁl 232& §§13 I{E)I%)g)r%%%l ??{ (?:g{r%%ég{)mde 45]0 <2 5a rﬁ joceon
4- (ammomemm@mﬂqmayﬁ@h{gywﬁgwg_paﬁ@ “The LIMK2 ICs; data that is provided
methyl-7H- p?{][(g)\lxo B3R yimidia:As X&ﬁﬁ&?ﬁ@ﬂ@%ﬁmﬁ@é@@ nide 4364 aMn Example 32,

et

4-(aminomethyp-N-(3-(2-(dimethyl amlno) -2- oxoetho’ﬂdphenyl) 1-(5-methyl-7H-pyrrolo [2,3-
a]pyrimidlin-4-yppiperidine-4-carboxami de 466 <258

3-(4-((3-mefnoxypropanamido)rnethyl)-1-(5-methyl-7Hpyrrolo[2,3-d] Idih-4-yOpiperidine-4-
carboxamidp ():phenyl dimethylcarbamate 538 <250 nM WO 200‘)/1%§§F’CT/&$}21109M&12 §
ompound M+E

N-(3-(4-fluorophenoxy)phenyl)-4-methyl-1-(5-methyl-7H- 460 <250 nM
pyrroto]2,3-dlpyrimidin-4-yl)piperidine-4-carboxamide
N-(3-bromophenyl)-4-methyl-1-(5-methyl-7H-pyrrolo[2,3- 428 <950 nM
dlpyrimidin-4-ylpiperidine-4-carboxamide
N-(3-bromophenyl)-1-(5-chloro-7H-pyrrolo{2,3- 450 <250 M
dlpyrimidin-4-yl)-4-methytpiperidine-4-carboxamide
N-(3-(N-isopropylsulfamoyl)phenyl)-4-methyl-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylpiperidine-4- 471 <250 nM
carboxamide
4-allyl-N-(3-bromophenyl)-1-(5-methyl-7H-pyrroio[2,3- 456 <250 oM
d|pyrimidin-4-yhpiperidine-4-carboxamide
N-(4-methoxypheny!)-4-methyl-1-(5-methyl-7H- 180 ~ 50 1M
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
4-allyl-N-(3-tert-butylphenyl)-1~(5-methyl-7H-pyrrolo[ 2,3~ 432 <950 oM
d}pyrimidin-4-yDpiperidine-4-carboxamide
4-methyl-1-(5-methyl-7H-pyrrolo[2,3-dlpyrimidin-4-yI)- 418 <250 M
N-(3-(triftuoromethyDphenyDpiperidine-4-carboxamide
4-altyl-N-(3-(4-fluorophenoxy)phenyl)-1~(5-methyl-7H- 486 <250 oM
pyrrolo[2,3-dlpyrimidin-4-ylpiperidine-4-carboxamide '
4-allyl-N-(3-fluorophenyl)-1-(5-methyl-7H-pyrrolof2,3- 194 <250 M
d]pyrimidin-4-ylpiperidine-4-carboxamide
4-allyl-N-(3-methoxypheny!)-1-(5-methy!t-7H-pyrrolo[2,3- 406 <250 uM
dpyrimidin-4-y1)piperidine-4-carboxamide
3-(4-allyl-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4- 463 <950 oM
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate
3~{4-isopropyl-1-(5-methyi-7H-pyrrolo[2,3-d]pyrimidin-4- 465 <250 oM
yl)piperidine-4-carboxamido)phenyl dimethylcarbamate '
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3-(4-((2-methoxyacetamido)methyl)-1-(5-methy1-7Hpyrrolo[2,3-d]pyrimidin-4-yppiperidine-4-
carboxamido)phenyl dimethylcarbamate 524 <250 nM .

4-(aminomethyl)-N-(3-(2-methoxyethoxy)phenyl)-1-(5-
methyl 7H- %l%q gs n\/rlmlrlm 4 \/1\n|pnr|r~lmn 4-carbexarmide439 PCT_{I{S”%[I}GWGJ‘HZG
4- (amlnom mMﬂSrqgaﬁwhﬂtﬂwyﬁI@}[@mdmmmﬂM@W 3-(tr§'gHororneth\4)gbeM)piperidine-4-
carboxamidev4sids2&Qcnlne- 4 carboxamldc:
4-(am|nomfthyl) N-(3-eyanrophenyb=t=t-methy=7Hpyrrotof2; 3=cftpyrimidimia-yDpiperidine-2-carboxa
mide 390 <P5QIAMHBelyl2 HZhSuiokbimitiazotitin4-yhatetamidp)methyl)-1
(5-methy1-ThtquyimpaidiG:dioyrhemdnidoydsipdridine-4- carboxamiddfphenyl dinfeth{idtbamate 592
<250 nM |dimethyicarbamate
4-(aminomathyh)-I(5-methy1-7H-pyrrolo[ 2, 3-d]p r|m|o||n4 1)-N{(2-(methylamino)benzo[d]oxazot-6-yp
piperidine- 4 é%ﬂﬁﬁzﬁﬁrﬁ]‘@%@ %@rﬁv‘*ﬁtbﬁ} iF ﬁm&& “(2-(flimethylam|no)berz6[d}dxazadl-6-
y1)-1-(5-metAyTo R By eI P Ay R H AR S a AR - cal boxamide 449 <500 nM
3-(4-(ami T P ,
> éthgl?gpbometh¥%g% g?swmcm%%y-lp ypl¥0|iot8[§ g]pw]i%‘ 1r]r11| |91)4 ybpiperidine-4-carboxamido)phenyl
c - »(morphohnoqulfonyi)phcnyl)pipendme -4- 499 <250 nM
carboxamide
4~methy1—1T(S-r.ngthylu']H—pyrrol(-)[2,3-d]pyrimidin—4-yl)- 364 <950 M
N-m-tolylpiperidine-4-carboxamide
N-(3-isobutyramidophenyl)-4-methyl-1-(5-methyl-7H- 435 <250 nM
pyrrolo[2,3-dlpyrimidin-4-yDpiperidine-4-carboxamide
N-(3-(2-(dimethylamino)-2-oxoethyl)phenyl)-4-methyl-1-
(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylpiperidine-4- 435 <250 nM
carboxamide
3-{(4-methyl-1-(5-methyl-7H-pyrrolo[2,3-dpyrimidin-4-
yhpiperidine-4-carboxamido)phenyl morpholine-4- 479 <250 nM
carboxylate
3-(1-{5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-4-((3-
methylureido)methyl)piperidine-4-carboxamido)phenyl 509
dimethylcarbamate
3-(4-((2-(dimethylamino)ethoxy)ymethyl)- 1-(5-methyl-74-
pyrrolo[2,3-d]pytimidin-4-yhpiperidine-4- 524
carboxamido)phenyl dimethylcarbamate
3-(4-cyano-1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4- 448
yl)piperidinc-4-carboxamido)pheny! dimethylcarbamate
3~(4-(acetamidomethyl)-1-(5-methyl-7H-pyrroio[ 2,3~
dlpyrimidin-4-yl)piperidine-4-carboxamido)phenyl 494 <250 nM
dimethylcarbamate
3-(4~(2-aminoethylamino)-1-(5-methyl-7H-pyrrolof2,3-
dlpyrimidin-4-yl)piperidine-4-carboxamido jphenyl 481 <250 nM
dimethylcarbamate
3-(4~(2-(tert-butoxycarbonylamino)ethylamino)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-ylpiperidine-4- 581 <250 nM
carboxamido)phenyl dimethylcarbamate
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<250 nM 3-

(4-(aminomethyl)-1-(5-methyl-7H-pyrrolo[2,3-

cflpyrimidin-4-yOpiperidine-4-carboxamido)phenyl pyrrolidine-I-carboxylate 478 <250 n1M
ﬁxqu l(g% bromophenyl) -1-(5-methy1-7Hpyrrolo[2,3- cflpyrlnygwlﬂsﬁé@%pﬁggme -4-carboxa

4-(aminomgthyd)N¢(BnksRIkOpOXIHRMany-1)¢ 1-(metindtist’H-pyrrol
carboxamide @232 3/ pvtimidin-4-yl)piperidine-4-
4-(aminom ﬂay!b)}kéffﬁdtﬁphhmymmeﬂwla)aﬂb@mthyl 7Hpyrrolo[2

4-(aminom
mide 443 <

((pyrrolidin
2009/1319
((methylam
3-(4-(2-(di
carboxamid

mide 421 < j,\)u rrivh \r\) 3= \J. \:) IIIULIIyJ. II‘I FF%B[UIU[Z o-CIpyrimid

ﬂn‘{
i %n}%ofio)r'g
ﬁ in-fropieamidnphesvslipsiby

D[2, 3 cdpyr midin-4- ypplperldjne 4-

<250 nM

3-4pyr|m|d|n-4-Ap|perldlne-4- carboxa

Dda8a1RIBHE
@B@m%%éﬁmﬁ %)J?E‘%’

-4~y 1)-4-
henW%imeJhylcmﬁéﬂmé 549 WO

?-alpyrimir in-A_y1 )_A-

'%fﬂﬁd@@@éﬁ'bﬁkk@bﬁ&@i@ s3Ad]pyrim

arbamate 522

carbamate 466
din-4gpppiperidinez4s nM

3-(4-((1-benzyl-1H-tetrazol-5-ylymethyl)-1-(5-methyl-7H-
nyrrolo[2,3~d]pyrimidin-4-yl)piperidine-4-
carboxamido yphenyl dimethylcarbamate

595

<250 nM

3-(4-((1 H-tetrazol-5-yl)methyl)-1-(5-methyl-7H-
pyrrolo{2,3-d]pyrimidin-4-yl)piperidine-4-
carboxamido yphenyl dimethylcarbamate

505

<250 nM

3-(1-(5-methyl-7H-pyrrolo[2,3-dJpyrimidin-4-yl)-4-
{(methylsulfonamidomethyl)piperidine-4-
carboxamido)pheny! dimethylcarbamate

530

<250 nM

3-(4-({N,N-dimethylsulfamoylamino)methyl)-1-(5-methyl-
7H-pyrrolo[2,3-dpyrimidin-4-yl)piperidine-4-
carboxamido)phenyl dimethylcarbamate

559

<250 nM

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

510

<250 nM

3-(4-((1-methyl-1H-pyrazole-4-carboxamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yljpiperidine-4-
carboxamido)pheny! dimethylcarbamate

560

<250 sM

3-(1-(5-methyl-7H-pyrrolo]2,3-d|pyrimidin-4-yl)-4-
{(morpholine-4-carboxamidoymethy!)piperidine-4-
carboxamido)phenyl dimethylcarbamate

565

<250 nM

3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-y1)-4-
(urcidomethylipiperidine-4-carboxamido)phenyl
dimethylcarbamate

495

<250 nM

3-(4-((3-hydroxy-2-(hydroxymethyl)-2-
methylpropanamido)methyl)-1-(5-methyl-7H-pyrrolo|2,3-
dJpyrimidin-4-ylpiperidine-4-carboxamido)phenyl
dimethylcarbamate

568

<250 nM
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4-(2-(dimethylamino)ethyl)-N-(3-isopropoxypheny1)-1-(5-
methyl-7H-pyrrolo[2,3- cflpyrimidin -4- yppiperidine -4- carboxarnide 465

N-(3-tert-but:

iphen

methyl-7H-gYR- B | _ e d53or G T/USZIIN41126
-(5-methy1- ZHWM)&@{Z 3 d]pyrlmldln -4-y1)- 44(5 oxo yr rolldlne-2-carboxatrido)methyppiper dine-4-
carboxamiddb)pbrargreimeahyieansinereaseaihe hy1)-4-g2gdimethylaminayethy )11-(5-
methy1-7H-dyietu23-afmmrim 43 yBpisendi i)é&?%sbélﬁﬂde 485
4-(2-(dimethftesritaesedggipheps! et nabimaito 2, 3-
cflpyrimidin g,_g/41 b 3; trlflupro YhrRen 9}311@ glﬂq 4-carbpxamide 475
3j_(4'(am|n0%1?,llrh /] -m 7F p&? e(l Re31.d yrlmldln -4-yDpipggdinet4-carboxamido)phenyl
dIISOp_rOpyIC a 0@9 en lcilmethyiccirbamatc
4-(am|n0m€ A =1-(5- fh\]lf7|—| Py nlnf’) 3 a}p rirpidin-4 yppipcr ine-4-
Cafboxam'0"%Q&’-‘t(z-(dimethylamino)acetamido)methyi)-1«(sumethyz-
7H-pyrrolo]2,3-dpyrimidin-4-yl)piperidine-4- 537 < 250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-4-
((sulfamoylamino)methylpiperidine-4- 531 <250 nM
carboxamido)phenyl dimethylcarbamate
3-(1-(5-methyl-7H-pyrrolo[2,3-dlpyrimidin-4-yt)-4-(2H-
tetrazol-5-yl)piperidine-4-carboxamido)phenyl 491 <250 nM
dimethylicarbamate
3-(4-((1 H-imidazol-2-yDmethyl)- 1-(5-methyl-7H-
pyrrolo[2,3-d]pyrimidin-4-yhpiperidine-4- 503 <250 asM
carboxamido)pheny! dimethylcarbamate
3—(4-((1-aminocycEopropanecarboxamido)methyl}—1—(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 535 <250 nM
carboxamido)pheny! dimethylcarbamate
(S)-3-(4-((2-amino-3-(1 H-imidazol-4-
yl)propanamido)methyl)-1-(5-methyl-7H-pyrrolo[2,3- ‘
dlpyrimidin-4-yl)piperidine-4-carboxamido)phenyl >89 <2300M
dimethylcarbamate
4-(aminomethyl)-1-(5-methyl-7H-pyrrolof2,3-dipyrimidin- 432 <250 0M
4-yD)-N-(3-(oxazol-5-yphenyl)piperidine-4-carboxamide o
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)pheny! 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-(aminomethyl)-N-(4-((dimethylamino)methyl)pheny1)-1- |
25imethyl-7H-pyrroIo[2,3-a]pyrimidin-4-yppiperidine-4- carboxamide 422
-(aminomethyl)-N-(3-ethoxyphenyt)-1-(5-methyl-7Hpyrrolo[2,3-cflpyrimigi ipRridine-4- [
de 409 4-(31!*&/'2%%{&?‘?\,7‘?)-!\! 3 isoﬁatox(yphenyi/) 1 (2ymeth[y'l +ht Pyrim pErRiRiie-4 carboxam
pyrrolo[2,§- J@yx@gﬂid@ﬁﬁﬁ@pip@@hﬁ%ﬂﬂ@ﬂnﬂﬂi&jé—%? WO{2009/131940PCT/US2009/041126
(R)-4-(aminjonpettiid-{syetiyitidt-HpyrtaioigBotipyritidin-4-y1)-NIB-(tefrahyd bl /gd-3-
onx%/)?k;(;n/ljm&mwmamae&rboxamlde 451 4-(aminomethyl)-N+(3-(cyclopentyloxy)phenyl)-1}(5-

23 OmT=Z4=yOpIperigme-4- e 449
4-(aminomethiAyi ?ﬁ@%ﬁﬂ%}ﬁi’%@g '5%7 \-(338atrahydro-2R5pyrsh-4-
%Io(;(y)phen Wﬁ@m@aﬂ@@* 11216-7%" %@ $0) (?(A(:’-{%P,AIQ)-A- ad
ydroxytetrahydrafinan:3-yioxyph ey saimeiiayd-¢t=4-(2-
pyrrolo[2,34 B&ﬁéﬂ%iﬁa‘éﬂ@%@ﬂ@iﬂ&ﬂc@@gﬁ@mﬂﬂwﬁa 536 <250 M
dimethylcarbamate
dimethyl 1-((4-(3-
(dimethylcarbamoyloxy)phenylcarbamoyt)-1-(5-methyl- 620 <250 aM

7H-pyrroio[2,3-dlpyrimidin-4-yl)piperidin-4-yhmethyl)-
1H-1,2,3-trtazole-4,5-dicarboxylate

3-(4-((5-methyl-1 H-pyrazole-3-carboxamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 560 <250 M
carboxamido)phenyl dimethylcarbamate

3-(4-((2-{2-methoxyethoxy)acetamido)methyl)-1-(5-
methyl-7H-pyrrolo[2,3-d}pyrimidin-4-yl)piperidine-4- 568 <250nM
carboxamido)pheny] dimethylcarbamate

4-(aminomethy!)-1-(5-methyl-7H-pyrrolo[2,3-djpyrimidin-

4-y1)-N-m-tolylpiperidine-4-carboxamide 379 <230nM
4u(am1nomethyl)~N—§3?chioropl‘lenyl)'— 1-(5 ~methyi—7H— 399 <9250 oM
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine -4-carboxamide
4m(ammomethyi)~‘f\f-(3.-methox3‘rphe-nyi)— 1-(5 -methyi-'7H~ 395 <250 oM
pyrrolo[2,3-d]pyrimidin-4-ybpiperidine-4-carboxamide
4~(ammomethyl)-N—_(3_—ﬂu0rop}§enyl)'- 1 —(S—methyl-?"H - 183 <9250 oM
pyrrolo[2,3-d]pyrimidin-4-yl)piperidine -4-carboxamide
4-(aminomethyl)-N-(3-(isopropylcarbamoyl)phenyl)-1-(5-
methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yhpiperidine-4- 450 <250 nM
carboxamide

4-(amin0methy1)~N—(3—(dimethyicarbamoyl)phén y1)-1-(5-
methyi-7H-pyrrolo{2,3-djpyrimidin-4-ylypiperidine-4- 436 <250 nM

carboxamide

4-(aminomethyl)-N-(3-(2-(dimethylamino)-2-
oxoethoxy)phenyi)-1-(5-methyl-7H-pyrroio[2,3- 466 <250 aM
dlpyrimidin-4-yl)piperidine-4-carboxamide

3-(4-((3-methoxypropanamido)methyl)-1-(S-methyl-7H-
pyrrolo[2,3-dlpyrimidin-4-yDpiperidine-4- 538 <250 nM
carboxamido)phenyl dimethylcarbamate
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6.31. Expression and Purification of LIMK2 LIMK2 was expressed using the BAC-to-BAC(r)
Baculovirus Expression System (Invitrogen). Recombinant baculovirus was made according to the
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3-(4-(aminomethyl)-1-(5-methyl-7H-pyrrolo[2,3-

carboxamido)phenyl dimethylcarbamate

dlpyrimidin-4-ylpiperidine-4-carboxamido)phenyl 478 <250 nM
pyrrolidine-I-carboxylate

4—(&min0methyl)~N~_(3_—brom0ptlen.).r1)‘-1-(Snmethyl-’?l:-f- 443 <250 1M
pyrrolo[2,3-dlpyrimidin-4-yl)piperidine-4-carboxamide
4-(aminomethyl)-N-(3-isopropoxyphenyl)-1-(5-methyl-
7H-pyrrolo]2,3-dpyrimidin-4-ylypiperidine-4- 423 <250 nM
carboxamide

4~(aminomethy1)—f’\t-'(3Trerbbutyiphen.yl)—1 -(5~methyi_~7H— 401 <50 aM
pyrrolo{2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide
(R)-3-(1-(5-methyl-7H-pyrrolo[2,3-dpyrimidin-4-yl)-4-

({(pyrrolidine-2-carboxamido ymethylpipendine-4- 549
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domains of the protein. For storage. purposes the protein was dialyzed into 50 mM Tris (pH 7.5),

150mM NacCl, 0.1% BME, 0.03% Brij-35, and 50% glycerol.

done ina Wae Bloré:actor (Wave Blotech) Wlth IOL culture vqumes I

hanvested-at-4

Vitro LlMK
analytical rg
protein coal
counter equip
flat MBP fla|
For each as

assay buffelo(Dio agydg)budret dsmlpg Bontim HEPES (pH 8 0),

%Mdlmwtﬁmwwmrﬁdm@mdﬂﬁhe HTs program utilize
sayolhB ihglegionidindd Bomsitidns-tvere as follows: P00 $f of e

pooTHh ll\,ul.IUI 1.

itors was develope]
nobilized myelin b

on a scintillation }

. Large scale LIMK2 purification was

Shdlshaiee,

at 2-3x 106

6.32. In
d. The
ASic

P5

5mM 300

fer, CT)Using 3§
d a Biomek FX for
nNzyme was incuba
TT, and 10 mM M

4 well
dilution.
ited in
gC12),

10 uM ATPJU.Z uCiTgamma-331I-ATP and 10 uM of p

(0]
batod AR BoNat LSRR RS m
nubate syt g ?’ne e z)

scintillation

lal imhibitory co

0 2009/131940PCT/US2009/041126 Different conc

ith 7 ul of

ané t%en §

stop/wash buffer
he plates were re
bntrations of staur

mpound. The read

tion was

1X

nd on the
hsporine

(400 nM, 20
as controls
day mouse
water solub

91 fe tolg)up %k%@l 1§g

= cula
% EQQ{Q{@QSYTIOUC pUmpS (DURE?‘?F orp.. fdQ

0 1 mg of dz_ge(ﬂi@m@lmna gi}er@wmpwwmﬁiteﬂwm mg{idex the pumps

in PBS at 3TdxdigrRfidiowscdihe-aaiiiniad primpsinede surgid
backs of wilg

Cupertln
I \ so-that-t

’dﬂ%ﬁﬂﬁé&%&g{ﬂ}%@%@OL Plymouth |

Hypegrtens
CA) 5we

Meeting, PA)) wer

hov ywwolld raloaa

on Model Twenty
e filled with a soly

b used
eight
tion of

ally ptdced

were allowed to e

d
ey Wotha+erease

subcutaneously o
amaﬁﬁao;@&ﬁa @iyilmﬂiﬂymmmweighim between 25 and 35 grdms. Surgical incis

roughly
Juilibrate
n the
ons

were sutureprwith-5=0-10-braided-stk(ROBOZ-Gaithersburg; vt
throughout E%(émdphauﬁt}éﬂgtme&ﬁ@ﬁ@apiﬁﬁls ohd vere
Veterinary,

and 24 hoursaherasidsery. Intraocular pressure (IOP) was meas

T

roctBior Ao aln Bgedieysmtenbop sy idias-diven throu§i

ured on the

) dIIU teal
glued with Ti
IF if

SOWith antiniotic

ssueMend Il (Wel
hjection the day of
se mice using a T

intment
ster
surgery
onoLab

(Colonial M¢dical bupp y Ca., Franco tonometer ere 15mildly sedated with isoflurane
and topicallyafre et ‘gwfgﬁ %%” Ny B%Eﬁi% 16?{’? d;ﬁfalo Graye, IL) before 10P

measuremel it WEFEAK ?ﬁ g ﬁ 5 eas &P n érf/cbrlor to mini-pump implantation. After
mini-pump iPIATERTSHS 0P measurements were taken 2-3 timels per weeklfor 4 weeks
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28 days aftguimplantatidry! 206c84inn4/bBffecide )phe@dmpounds offhe invention were then fested in
the mouse ddikarhypérersizemodel, described above. The effdcts of four ¢ompounds of the
invention topically administered to the eyes of the.mice are described below!in Table 2:

4-(aminomethy!)-N-(4-(aminomethyl)phenyl}-1-(5-methyl-

pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4-carboxamide

7H-pyrrolo[2,3-d|pyrimidin-4-yhpiperidine-4- 394
carboxaride
4-(aminomethyl)-N-(4-((dimethylamino)methylyphenyl)-1-
(5-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 422
carboxamide

4-(aminomethyl)-N-(3-ethoxyphenyl)-1-(5-methyl-7H- 409
pyrrolo[2,3-dlpyrimidin-4-yl)piperidine-4-carboxamide
4-(arminomethy!)-N-(3-isobutoxyphenyl)-1-(5-methyl-7H- 437
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WO 2009/131940PCT/US2009/00126 Table 2 Compound Dosea Formulationb Change in KW
(Number of Studies)a 2 hours 4 hours 6 hours A 301 -4.4 -1.6 Not tested A 3 1 -4.2(7)

10

is

20

WO 2009/131940 PCTIUS2009/041126

(R)-4-(aminomethyi)-1-(5-methyl-7H-pyrrolo[2,3-
dlpyrimidin-4-y1)-N-(3-(tetrahydrofuran-3- 451
yloxy)phenyl)piperidine-4-carboxamide '

4-(aminomethy!)-N-(3-(cyclopentyloxy)phenyl)-1-(5-
methyl-7H-pytrolo[2,3-d]pyrimidin-4-yl)piperidine-4- 449
carboxamide

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

4-(aminomethyl)-N-(3-((3R 4K)-4-
hydroxytetrahydrofuran-3-yloxy)phenyl)-1-(5-methyl-7H- 467
pyrrolo[2,3-dlpyrimidin-4-yl)piperidine-4-carboxarmde

6.31. Expression and Purification of LIMK2Z

LIMK2 was expressed using the BAC-t0-BAC® Baculovirus Expression System
(Invitrogen). Recombinant baculovirus was made according to the manufacturer’s directions
as set forth in the instroction manual. Briefly, the plasmids (pFactBacl or pFastBacHT)
cartying the LIMK?2 inserts were transformed into MAX efficiency DH10Bac competent £.
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
clement on the pFastBac vector and the min-atfTn7 target sitc on the bacmid. The
transposition reaction occurs in the presence of transposition proteins supplied by th.e 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 nto SF9 cells to generate a recombinant
baculovirus, and virus was collected five days after transfection. Virus was amplified in T75
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 LIMK2 constructs, a 50 ml culture of S19 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
volumes per gram of cells). A typical lysis buffer contains the following: 50 mM HEPES
(pH 8.0), 300 mM KCl, 10% glycerol, 1% NP-40, 15mM imidazole, ImM benzamidine, and

Roche complete protease inhibitors (1 tablet per 30 ml of cell lysate). The cellular
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2.6(7)-1.3(4) A0.31-2.0(3)-1.6 (3)-0.1A32-46-2.6-1.4B302-4.1-25-03B32

WO 2009/131940 PCT/US2009/041126
suspension was lysed by one passage through a Microfluidics Microftuidizer M-110Y ata

liquid pressure of 14,000 to 20,000 psi followed by centrifugation of the lysate at 60,000 x g
for 15 mimnutes 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 equivalentto 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 KCl, 10% glycerol, 1% NP-
40, 15mM imidazole, ImM benzamidine; second, with 20 mM HEPES (pH 8.0), 500mM
KCl, 10% giycerol, and 20 mM imidazole; third, with 20 mM HEPES (pH 8.0), 100 mM
KC1, 10% glycerol, and 20 mM imidazole; foliowed 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 LIMEK?2 Inhibition Assav

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
184 well flat MBP flashpiates, 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), 5mM
30 DTT, and 10 mM MgCly), 10 M ATP, 0.2 uCi [gamma-""P]-ATP and 10 pM 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, 106 nM and 50 nM; purchased

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

6.233. Dexamethasone-Induced Ocular Hypertension Model

Twenty eight day mouse Alzet mini-osmotic pumps (DURECT Corp., Cupertino, CA)
5 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 surgicalty 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
10 braided silk (ROBOZ, Gaithersburg, MD) and treated with antibiotic ointment throughout the
entire duration of study. Surgical incisions were glued with TissueMend 11 (Webster
Veterinary, Houston, TX). Analgesic (buprenorphine) was given through IP injection the day
of surgery and 24 hours after surgery. Intraocular pressure (I0P) was measured on these
mice using a TonoLab (Colonial Medical Supply Co., Franconia, NH) tonometer. Mice were
15 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.

20 6.34. In Fivp Effects

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

administered to the eyes of the mice are described below in Tabie 2:
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b Ophthalmically acceptable excipients were used to make different formulations. The pH of
foimulation 1 was 7.2; the pH of formulation 2 was 7.2; and the pH of fonnulation 3 was 6.0. 5CG Times

are hours after dosingi.

model. As

SHEWAI Eig

The effect of compound A was compared to that
jthe 1, the topical administration of 3 ug per eye

o

\ : > Tin
%%@%gﬁdr%jﬁgﬁg;g; ensive

substantially the effect as the topical adminis,tratiofla%fl Jp ug per eye of timotol. 10All publications (e.qg..
patents and patent applications) cited above are incorporated herein by reference.in their entireties.

CLAIMS What is claimed is: 1.A compound of the formpia, phayirgpantdMKZ KERA,eklgss than 250 nM,
or a pharm a@dmﬁmdac%&@bie%m&%gff ruse.as.a medicament for lowering i N
pressure inja patient, wherein: A is aryl or hetarocycle,Riis hy
heteroalkyl aryl Qr hpmmryrlp R2 is -._____g_,,___-___g.;,“,-,,T,,:,, ool
heterocyclg; 10R3 is R3A, £2R3B, N(R3B)2, NC(0)R3B,4NC(0)( DR33,
or SO2R3B; each-R3A-is-eyahe;-c(0)R3e€O2R3e, CON(R3e)2atkyhatkytaryt,atkytheterocycle,
aryl, heteroalkyl, heteroplkydaryl, heterdalkylheterocytle({®r heterocyélé; (7} each R363i$%)
independentty-hydrogenC(0)RBc, CO2R3t, CON(R3C) 2, alkyl heteroalkyl, aryl, or heterocycle;
15each R3C is intlependety alkyl, anl, or heterocy8l8(3) each R i€ ilependentlyhhlogen
ORTA, OC(0)IT4A, OC[UJN[RAA)Z, N(RAA)Z, NCIO)RAA, NC(0)0134A, NC(0)N(134A)2, SR4A]
SOR4A, SO2R4AL\, alkyly heteroalkyl, aryl, or heeterocy"él' - each R4A is ihdependently hydrogen, alkyl,
or heteroalkyl; and n'is 0-3;, , ’ 4] 25 .03

B 3 2 3.4 22 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 -0.4 Not tested

10

* 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.
¢ 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 ug per eye of compound A yielded

substantially the effect as the topical administration of 15 pg per eye of timolol.

All publications {e.g., patents and patent applications) cited above are incorporated

herein by reference in their entireties.
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20with the proviso that when Ri and R2 are both hydrogen and A is phenyl, R4 is not halogen. 2.The
compound of claim 1, which has the formula: 3. The compound of claim 1 or 2, wherein Ri is hydrogen
or alkyl. 4. The compound of claim 1 or 2, wherein R3 IS R3A, OR38, or N(R30)2. 55.The compound
of claim 4, wherein R3 is R3A. 6. The compound ofgglaigpsd, wherein R3A is heteroalkyl. 7. The
compound of claim 1 or 2, wherein R4 IS OC(0)N(R4B)2. 8. The compound of claim 7, wherein at least
one R4A is %‘%Eailkal ‘I%Lgd,imethyl). 9. A pharmaceutical formulation comprising a liquid vehicle
suitable for oph?haﬁmlc administration and a compound of the formula: having a LIMK2 ICso of
less than 250 nM, or a pharmaceutically acceptable salt thereof, wherein: A is aryl or heterocycle; 15Ri
is hydrogen, halogén, cya’hﬁ?'&\ﬂwnﬁéig%eafﬁg??%ﬂ'/l, or heterocycle; R2 is hydrogen, halogen, cyano,
alkyl, heteroalkyl, aryl, or heterocycle; R3 IS R3A; O0R30;"N{R38)2, NC(0)R3B, NC(0)OR3B,
NC(0)N(R30)2, SR3B, SOR3B, or 502R3§2‘ % 0,(/&{O)R3c, CO2R3c, CON(R3c)2, alkyl,
alkylaryl, alkylheterocycle, aryl, heteroalkyl;*hetéroaikylaryt; heteroalkylheterocycle, or heterocycle;
20each Ran is independently hydrogen, C({ , CO2R3c, CON(R3c)2, alkyl, heteroalkyl, aryl,

NT g,
~2
e

5 having a LIMK2 ICso of less than 250 nM, or a pharmaceutically acceptable salt thereof for use
as a medicament for lowering intraccular pressure in a patient, wherein:
A is aryl or heterocycle;
R: is hydrogen, halogen, cyano, alkyl, heteroalkyl, aryl, or heterocycle;
R2 is hydrogen, haiogen, cyano, alkyl, heteroalkyl, aryl, or heterocycle;
10 R3 is Raa, ORas, N(Ras)2, NC(O)Rzs, NC(O)OR3s, NC(O)N(Ras)2, SRae, SORas, or $02Rzs;
each Raa is cyano, C(0)Rac, CO2R3c, CON(Rac)2, alkyl, alkylaryl, alkylheterocycle, atyl,
heteroaikyl; heteroalkylaryl, heteroaikylheterocycle, or heterocycie;
each Ras is independently hydrogen, C(0)Rac, CO2Rac, CON(Rsc)2, alkyl, heteroalkyl, aryl,
or heterocycle;
15 each Rac is independently aikyl, aryl, or heterocycle;
each Ra is independently halogen, ORaa, OC{O)Raa, OC(O)N(Raa)z, N(Raa)2, NC(O)Raa,
NC(0)ORaa, NC(O)N{Ran)2, SRas, SORza, 502Ru4a, atkyl, heteroalkyl, aryl, or heterocycle;
each Raa is independently hydrogen, alkyl, or heteroalkyl; and
nis 0-3;
20 with the proviso that when R1 and Ra are both hydrogen and A is phenyl, R4 is not

halogen.
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or heterocycle; each R3C is independently alkyl, aryl, or heterocycle; each R4 is independently
halogen, 0134A, OC(0)R4A, OC(0)N(124A)2, N(R4A)2, NC(0)R4A, NC(0)OR4A, NC(0)N(R4A)2,

SR4A, SOR44, 502R4A, [, heteroalkyl, aryl, O(NR%‘W\ 83@%9% ?@ﬁ,? R44 is independently hydrogen,
alkyl, or heteroalkyl; and ?1‘”% 89§?poundv€ftﬁqtvé p’roviso t%at Whgn Rl.a"and R2 are both hydrogen and A

is phenyl, R4 is not halogen. 10. The pharmaceuticalfermulation of claim 9 for use as a _
medicament for treating, managing or preventing Iau patient. 11. A compound of the
formula: 0 N N 10 or a pharmaceutically a: alt thereo ,F%vherein: R3A is cyano,
C(0)R3c, CO2R3c, CON(R3c)2, alkyl, alkyl ky&weterocycle, aryl, heteroalkyl, heteroalkylaryl,
heteroalkylheterocycle, or heterocycle; 4 i5 halogen, OR4A, OC(0)R4A, OC(0)N(R4A)2,
N(1144)2, NC(0)R4A, NC(0)OR4A, NC(O)N(R4K)2, 1pSR4A, SOR4A, SOZ2RA4A, alkyl, heteroalkyl, aryl,
Or heterocycle; each R44 is independently hy/ ogery, alkyl, or heteroalkyl; and n is 0-3. 12. The
alk
i

compound of claim 11, wherein R3A is hete:iil 13. The compound of claim 11, wherein R4 is
OC(0)N(R44)2. 2014.The compound of clai rein at least one R44 is Cl14-alkyl (e.g., methyl).
15.The compound of claim 11, which is 3-(4-(6%inorﬁethyl)-l-(S-m_ethyI-?H-
pyrrolo[2,3-cl]pyrimidin-4-yppiperidine-4-carboxamido)phenyl dimethylcarbamate or a pharmaceutically
acceptable salt thegeof. The compound of claim 1 or 2, wherein Ry is hydrogen or alkyl.

4, The compound of claim 1 or 2, wherein Rz is Raa, ORss, or N(Ras)2.
5 5. The compound of claim 4, wherein Rais Raa.
G. The compound of claim 5, wherein Raa is heteroalkyl.
7. The compound of claim 1 or 2, wherein Ra is OC(O)N(Ra4a)2.
8. The compound of claim 7, wherein at least one Raa is Crs-alkyl (e.g., methyt).
9. A pharmaceutical formulation comprising a liquid vehicle suitable for

10 ophthalmic administration and a compound of the formula:

O
/@A(Rli)n
Ra N
H
N’ R;

N7 SN
QINRZ

NTOR
having a LIMK2 ICso of less than 250 nM, or a pharmaceutically acceptable salt thereof,
wherein:

A is aryl or heterocycle;
15 R: is hydrogen, halogen, cyano, alkyl, heteroalkyl, aryl, or heterocycle;
Rz is hydrogen, halogen, cyano, alkyl, heteroalkyl, aryl, or heterocycle;
R3 is Raa, ORas, N(Ras)2, NC(O)Ras, NC(0)ORzs, NC(O)N(Ras)2, SRsg, SORss, or SO2R3s;
each Raa is cyano, C{0)Rac, CO2Rac, CON(Rsc)z, alkyl, alkylaryl, alkylheterocycle, aryl,
heteroalkyl, heteroalkylaryl, heteroaikylheterocycle, or heterocycle;
20 each Rag is independently hydrogen, C(0)Rac, CO2Rsc, CON(Rac)2, alkyl, heteroalkyi, aryl,
or heterocycle;

each Rac is independentily alkyl, aryl, or heterocycle;
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each R4 is independently halogen, ORaa, OC{0)R4a, OC(OIN{R4a)2, N(Raa)2, NC(O)Raa,
NC(0YORua, NC{OIN(R4a)2, SRaa, SOR4a, S02R4n, alkyl, heteroallkyl, aryl, or heterocycle;

each Raa is independently hydrogen, altkyl, or heteroatkyl; and

nis 0-3;

with the proviso that when R1 and Rz are both hydrogen and A is phenyl, R4 is not

halogen.

10. The pharmaceutical formulation of claim 9 for use as a medicament for

treating, managing or preventing glaucoma in a patient.

11. A compound of the formula:

I
Raa /i :‘\
N R
ﬁLH 4
N

N\\
l
Lm/g

or a pharmaceutically accepiable salt thereof, wherein:

Raa is cyano, C(0)Rac, CO2Rsc, CON(Rac)e, alkyl, alkylaryl, aikylheterocycle, aryl,
heteroalkyl, heteroaikylaryl, heteroaikylheterocycle, or heterocycie;,

Ra is halogen, ORaa, OC(0)R4a, OC(O)N(Raa)2, N(Ran)2, NC(O)Rapa, NC(O)OR4a, NC(O)N(Raa)2,
SRan, SORaA, S02R4p, alkyl, heteroatkyl, aryl, or heterocycle;

each Rua is independently hydrogen, alkyl, or heteroalkyl; and

n is 0-3.

12. The compound of claim 14, wherein Raa is heteroalkyl.
13. The compound of claim 11, wherein Rs is OC(O)N{R4a)a.
14, The compound of claim 13, wherein at least one Raa is Ci4-alkyl (e.g., methyl).

i5. The compound of claim 11, which is 3-{4-(aminomethyl}r1-(5-methyl-7H-
pyrrolo[ 2, 3-djpyrimidin-4-ypiperidine-4-carboxamido)pheny! dimethylcarbamate or a

pharmaceutically acceptable sait thereof.
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