COMPOUNDS AND COMPOSITIONS AS MODULATORS OF GPR119 ACTIVITY
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims the benefit of
priority to UVSORP8Y&IB1AI Patent Application Number 60/974,064, filed 20 SeHEMPY/LHH? and U.S.
Provisional Patent Application Number 61/045,263, filed 15 April 2008. The full disclosures of these
applications are incorporated herein by reference in their entirety and for all purposes.
BACKGROUND OF THE INVENTION Field of the Invention [0002]The invention provides
compounds, pharmaceutical compositions comp sing such compounds and methods of using such
compounds to treat or prevent diseases or disorders associated with the activity of GPR119.
Background [0003]GPR119 is a G-protein coupled receptor (GPCR) that is mainly expressed in the
pancreas, small intestine, colon aCORPMOIYNDSANDICOMROSTEIONSABe of the human GPR119
receptor indicates its potential utilit@DH LATORS GcGRAIMe ACTIMEYity and diabetes. The novel
compounds of this invention modulate the activity of GPR119 and are, therefore, expected to be useful
in the treatment of GPR119-associated diseases or disorders such as, but not limited to, diabetes,
obesity and associated metabolic disorders. SUMMARY OF THE INVENTION [0004]In one aspect,
the present invention provides a compound of Formula I: WO 20091038974PCT/U 82008/0751 45
Ri-Wi)12-C L 1.) 6 [0005]in whRQSSHRIIHABENS BiFAIREBAFERIARRBINCATEONSted from C6_imaryl,
Chinheteroaryl, C38cycloalkyl and C3_8heterocycloalkyl; wherein said aryl, heteroaryl, cycloalkyl or
heterocycloalkyl 0¥ is optiohainRRIisatitnela Wit uprists eheroay Fﬁ&éﬁe%/{aé‘ﬁ‘ﬂ‘yaégl‘éﬁéd from halo.
Ch6alkyl, halo-subsiteiesh Shaalk o/ Chtalkanyd bak:suhstitated-£ad 168 kaxysickd0pRaR and
-C(0)0R20; wherein R30 is selected from hydrogen and Ch6alkyl; and optionally connecting a carbon
adjacent to W2 thiRIGRISTAREPep® Dy ff??g&ﬁ AR AOGR %%H&fé%\%éﬂrwmﬁeﬁeotted line) to form
a 5-membered ringplidsechiar ngsPoadiel QefSudly asetha-fusatkii agsény anampEpMpbsyd, infra);
wherein R31 is selected from hydrogen and Ch601.71; [0007]Wi and W2 are independently selected
from CR21 and N; wherein R21 is se\@Si@EROINDY P98 E XA FiesRIKYl and -C(0)OR28; wherein
R25 is selected from hydrogen and C1_601871; ring A can have up to 2 ring carbons substituted with
a group selectedriepdof @O Invéa(iph and -C(=NOR30)- and can be partially unsaturated with up to 2

double bonds; wherein R30 is selected from hydrogen and Cl _ . .
[0002] The invention provides compounds, pharmaceutical compositions comprising

such compounds and methods of using such compounds to treat or prevent diseases or

disorders associated with the activity of GPR119.

Background

[0003] GPR119 is a G-protein coupled receptor (GPCR) that is mainly expressed
in the pancreas, small intestine, colon and adipose tissue. The expression profile of the human
GPR119 receptor indicates its potential utility as a target for the treatment of obesity and
diabetes. The novel compounds of this invention modulate the activity of GPR119 and
are, therefore, expected to be useful in the treatment of GPR119-associated diseases or

disorders such as, but not limited to, diabetes, obesity and associated metabolic disorders.

SUMMARY OF THE INVENTION

[0004] In one aspect, the present invention provides a compound of Formula I:



()alkyl; [0008]L is selected from Cl6alkylene, C2_6alkenylene, -(CH2)n0-, - OC(0)(CH2)n-,
-C(0)0(C12)n-, -NR26(CH2)n- and -0(CH2)n-; wherein R26 is selected from hydrogen and CI_ ()alkyl;
and n is sel¥WIPIRPY 4, 2, 3, 4 and 5; wherein any alkyl of L can be optPhEKS2MS&HIEY with 1 to
3 radicals independently selected from halo, Cl_6alkyl, halo-substituted-C, 6alkyl, Ci_olkoxy,
halo-substituted-C, 6alkoxy, -C(0)R22 and -C(0)OR22; wherein R22 is selected from hydrogen and
Ci_olkyl; [0009]m is selected from O, 1, 2, 3 and 4; [0010]q is selected from 0, 1, 2, 3 and 4; [0011]th
t2, t3 and tt are each independently sefgcted from O, 1 and 2; W @3 91038974PCT/U S2008/0751
45 [0012]R1 is selected from-X1S(0 ’R6a, -X1S(0)0-2X20 , 4X4S(0)0- 2X2C(0)R64,
-X,S(0)0_,X2C(0)0OR64a, -X15(0)0_2 RG&*@nd -X,S(0)0 | aRbb; wherein X1 is selected
from a bond, 0, NR7"R7b and ChalKylere; X\ is selected from A bofad and Chalkylene; R6a is selected

from hydrogen, halo, CI_ ()aFI?(yTCfﬁ‘1 %Ikeni‘f\,’ﬁfloarylr, Ciffoheteroaryl. C3 dheterocycloalkyl and

C3_scycloalkyl; wherein said aryl, h [, cycloalkyl and he
substituted with | to 3 radicals independehtlytselected from ﬁydroxy, hale, Cholkyl,
halo-substituted-Cl_6alkyl, hydroxy-substituted-Cialkyl, cyano-substituted-Ci_6alkyl, Cl_6alkoxy,
halo-substitutedggposplkoxy and Ga#0aryl-C,4alkoxy; Réb is selected from hydrogen and Ch6alkyl;

and R7a and R7b are independently selected from hydrogen and Chh,alkyl; [0013]R, and R3 are
independently sé#98fdd from RyirodErents thsdrabardist! sslanisr Fam Sutodiitufedabsiassaryh,

hydroxy-substitutedeGildaatiy @l Gakexydalasubsied:Ghaslkano SO0 Goarf o (0)OR23;
wherein R23 is selected from hydrogen and Cihalkyl; [0014]R4 is selected from Rs and -C(0)ORS;
wherein Rg is selSEBPHEMET Q Negtauy ERBRETESUIP €03 BjeHiRgRsAdenty
C3_sheterocyclaalkytkdrhenainl saig.anl aleraaryd neye!oalkiyor hetakoychaalkyibefifd@dscoptionally
substituted with Itg 3 radi inde selected from.halp, Ch6alkyl, C3 12cycloalkyl, C3
Sheterocy cloalkyTTHRI0: SRR G ANt ny oy S L T PR g
halo-substituted#8d deikmily (00ds]RE iscstlecteihérmmdaydrogershGHBRIKYD, SaloMRistithted-Ch6alkyl,
hydroxy-substituted-Ci | Ci_6alko n lo-substituted-Ci_6alkaxy. [0016]In a seqond aspect,
the present Ve b G B B B A
or a N-oxide derfQasivas, anthivithsed isegnarsxanblesiMiirg fiidomevkethiorBof ioretepbdfraiceutically

acceptable salt %ﬁ%&igﬁ@?ﬁi&? with one or more suitable excipients. [0017]In a third aspect, the
present invention provides a method of treating a disease in an animal in which modulation of GPR |

19 activity can ptQ&Ht, inhibitoramblicratadprepdanibicgipardifems Rptapddfo g orthBdiseases,
which method cqpnRiisesadmyaisieing dadhe, animel~ thereralical-rieRlve amenatrfr compound

of Formula | or a N-oxide derivative, individual isomers and mixture of isomers thereof, or a

pharmaceuticall4teeqi B aapltpb s AosRdmied oG riTiag satonn supraarst R AgE Brovides the
use of a compouggatdesmuledon thecsanfacioreNd R, mesiaamany ferBating.@ dis¢asé in an
animal in which GPR119 activity contributes to the pathology and/or symptomology of the disease.
[001511n 2 fith aSRELE IRPTERER TUEHOR BrOTULES PrOLE BT R Bompounds of Formia |

and the N-oxide [@e08ptives, przdekgderivaiiasamrotected dawvalenes - 0tiyidualisomers and mixture
of isomers thereg%@gctﬁgnrg@%gﬁﬂfgjb{ 915 ﬁ% zl)en—s grlltdc"—%?é?ﬂsn—, wherein Ry is selected

from hydrogen and C;salkyl; and n is selected from 0, 1, 2, 3, 4 and 5; wherein any alkyl

of L can be optionally substituted with 1 to 3 radicals independently selected from halo,

Cisalkyl, halo-substituted-C;galkyl, Cigalkoxy, halo-substituted-C; salkoxy, —C(O)R,,

and —C(O)ORyy; wherein Ry, is selected from hydrogen and Cjsalkyl;

[0009] m is selected from 0, 1, 2, 3 and 4;
[0010] q is selected from O, 1, 2, 3 and 4;
[0011] t1, tp, t3 and t4 are each independently selected from O, 1 and 2;



DETAILED DESCRIPTION OF THE INVENTION Definitions [0020]"Alkyl" as a group and as a
structural element of other groups, for example halo-substituted-alkyl and alkoxy, can be
straight-chal8AtAANEd, cyclic or Spiro. C,_ 6alkoxy includes methoxy, EhEHP2AM T ke.
Halo-substituted alkyl includes trifluoromethyl, pentafluoroethyl, and the like. [0021]"Aryl" means a
monocyclic or fused bicyclic aromatic ring assembly containing six to ten ring carbon atoms. For
example, aryl can be phenyl or naphthyl, preferably phenyl. "Arylene" means a divalent radical derived

from an aryl grompmﬂ-jeteroam[“igssagc%fmqjggg{(yjomﬁe?,mj@gom_gxg@iggexm%emberg are a
heteroatom. For example, Cmoheteroaryl mcludesﬁ%rldyl, mdolél), indazolyl gumoxahn |, quinolinyl,
benzofuranyl, bef2GEYRey I Heh2 PR sheft20{Q)s1ddXolO rmaad ofr k2R iz olyl,
gyrimidi%ymrgmﬂe@xgxqglsm ﬁl%th &Ormﬁbd),uattl%mmn@mm&yieﬁhiwh aehédmgiﬂgm&onyl, .
-0x0-1,6-dihydroPYridin-3-yl. etc. "C6_10ary1C04alkyr means an aryl as descrihe ve connecte
via a alkylene gr%?.fgﬁlﬁfli E&f‘%%ﬁ?ﬁé@éiggéﬁf%gﬁ)& rl‘?‘ﬁ?llﬁfjélop é?@fﬁgl, b ,ﬂet “Heteroaryl
also includes thaoﬁiﬂx@%ﬂaﬂ%&fgﬁ&xm@dmllp&rﬁd@t@bbﬂ&&ﬂemuesaivimyhe foIIow‘ing '
stucture: (0023 Cyclopliylimieansa saurated ok paiallyunsaiated, menaryelic Jused bicyclic or
bridged polycyclic rlnglgés m%?y Xonlfalnlngt e number of‘ring atomsindicated. For example,
C340cycloalkyl irdigdlesncyotmdrofy|sadyakabinop, leytiopehtld, Eyehdkhdxir]etobsHeteddcyalbalkyl” means

cycloalkyl, as defi n thi |cati rovided fha > @r | f the Jing,Gayt .Indigated, are
replaced by a meg%%%‘s@e@%%%%r? - %ﬂd ngd{g%)ﬁgﬁl%?((% q(])fgﬂis d)(‘zgl%\{/vkﬁetr%%lglgﬁ? %%/%(?ogen

Cl4alkyl or a nittogakiqxotadting grokp-R8osxaRple sa tehipsrduyensakit s usdd imii&application

to describe comppuRds.Qf e leNeniigndnciudeR MAvRRYCRYFQlginY!, piperazinyl, piperidinyl,
piperidinylone, 1,4-dioxa-8-aza-spiro[4.5]dec-8-yl, 2-oxopyrrolidin-I-yl, 2-oxo-piperidin-I-yl, etc.
[0023]GPR119 WAL G profinicoRiptétirdersndinty oclesésHEpR Yy Hesesditla, Nydiaapee125) is also

referred to in the dilgratie apRWiRd-anda R RRL G I heteimGRR 1dRasysaddigraindncliudes the

human sequences found in GeneBank accession number AY288416, naturally-occurring allelic
variants, mamm3Ha4 Sftfdtesdkany re€ORnindit Tﬁ&@%%g}&é‘?ﬁ[&zkﬂﬁﬂs‘f@éﬁ@wy Hes"

preferably represemts, gWkgo or fluoro, but can also be bromo or iodo. [0025] Treat", "treating” and

"treatment” referb ethod of all viaticpgoor ggating %&é case and/oy. its atlienggut]rtog}/@ptoms.

Description of the) Breferred EYhSSIREHHE [0 élfflhe ot HVERTIOH Privigss E5Mpdunds,

compositions anglineétlipasfdr the traatmaih Of digdadigl imidviichawrosytdtdkybf vGieRhlQidctivity can
Comprises admiNGIENTG o e Al TR AT A B ST bt bl Formula 1
[0027]In one emidddinhantepdtidersie ehotetoicontpduidsadfEdrmutadioaliey kémpounds of of Formula
la: )t Ri-w, Ab beterocycloalkyl, halo-substituted-Cs galkyl, hydroxy-substituted-C salkyl, C; galkoxy
and halo-substituted-C; salkoxy;
[0015] Rj is selected from hydrogen, C;galkyl, halo-substituted-Cjgalkyl,
hydroxy-substituted-C; galkyl, Cj¢alkoxy and halo-substituted-C;_galkoxy.
[0016] In a second aspect, the present invention provides a pharmaceutical
composition which contains a compound of Formula I or a N-oxide derivative, individual
isomers and mixture of isomers thereof; or a pharmaceutically acceptable salt thereof, in
admixture with one or more suitable excipients.
[0017] In a third aspect, the present invention provides a method of treating a
disease in an animal in which modulation of GPR119 activity can prevent, inhibit or
ameliorate the pathology and/or symptomology of the diseases, which method comprises

administering to the animal a therapeutically effective amount of a compound of Formula



[0028]in which: ( Re) 1-\\q N-R4  [0029]Q is a divalent or trivalent radical selected from CorioarYL
Cmoheteroaryl, Ci_ecycloalkyl and Cl_sheterocycloalkyl; wherein said aryl, heteroaryl, cycloalkyl or
heterocycloRFUPE3 thtionally substituted with up to 3 radicals independ&ritll/ S84 é&d fom halo,
Choalkyl, halo-substituted-C16alkyl, C1_6alkoxy, halo-substituted-C1_ 6alkoxy, -C(0)R20 and
-C(0)012,0; wherein R20 is selected from hydrogen and C1_6alkyl; and optionally connecting a carbon
adjacent to W, through a CRe, or 0 with a carbon of Q (indicated by the dotted line in Formula 1a) to

form a 5-membereg {iRG-uSE AP LGS MdNdu® (SHFtemthaiflusRd riReR IR earplesaVI -VS, infra);
wherein R31 is selected from hydrogen and Ci_oalkyl; [0030]W1 and W2 are independently selected

from CR21 and NPTREramigely 3sceBidlet B9 drogen, cyano, Cl_6alkyl and -C(0)OR25: wherein
R25 is selected fromg)ydrogan anshdi aogdkylihdpgeée fianvaanenyRda 24 ing GRrepnsoslstituéed with a
group selected from -C(0Q)-, -C(S)- apd -C(=NOR30)- and can be partially unsaturated with up to 2
Goublo bonds: whETHHRAH (E SHOIBEOR AJUIDUERAHS I BRI T AT 18 CHBEIH from
Ci_6alkylene, C2wvhialk6RRErBacGH, ybtribMRABALYah DEAOITHRYmp (A BOR) thatdeBECH2) -

wherein R26is s d from hydrogen and,Ci oalkyl: wherein n is,selected from 0,1 . 2. 3, 4 and 5;
herein s e BT e R B B B e > o

halo, C1_6alkyl, balpeutistitifod:Glk Bakkyhe ON-Balkokyiyhiaves spivdtitg ddiGliGatkpsoyec€{0)R22 and -

C(0)0R22; whereindad, s $EIRFHRS TOMAYHedaR AR GleRRlLIA03 210 ad oAl &3k Any
independently selected from 0, 1 and 2; [0033]q Is selected from 0, 1, 2, 3 and 4; [0034]121"is

selected from-X FEStepobRGARGEC05(0)0 2X20R6a, -X 5(0)0- 2X2C(0)R6", -X 5(0)0_2X2C(0)0Ro0a,
-X'iS(0)0_2X20C(0)R6" and -X S(0)0_2NRG.Rob; wherein X1 is selected from a bond, 0, NR7"'R70
and Ch4alkylene; X2 is selected from a bond and Cihalkylene; R6a is selected from hydrogen, halo,

Chhalkyl, C2_6alkenyl, Co_i | ' c |_scycloalkyl; wherein
said aryl, heteroaryl, cycloalkﬁiéﬁ%@ﬁc@é@ﬁ?ﬁa&éf @%J@%ﬁ@gﬁtuted with 1 to 3 radicals
independently selgigegidigm hydroxy, halo, Ch6alkyl, halo-substituted-Ch6éalkyl,

hydroxy-substitufed-Choalkyl, cyano-substituted-C16alkyl, Ch6alkoxy, halo-substitutedCi_6alkoxy
and C64 oaryl-Ci)dy; R61, Nisdlertedfropriiy dy ogemciurd] SlameatioflotatigRrasa i Kahplce

independently seleRieglamAYAIOSH AN S AaIKY ﬁélﬁﬁdédsﬁﬁﬁéﬁgdfr%@imég5938.”C'}_alo’
hydroxy, Ch_oalkyl, halo-substituted- 6alkyl, hydroxy-substituted-C1_6alkyl, Ci_oalkoxy,

halo-substituted-@kosy ieskifesayefixssethpe - e TbRYS. itdeevbritaqd kM dpshdesm hydrogen and

Chéalkyl; [0036]R4iisorslratsd ggamfﬁgrgagﬁgm%a;wherein R8 is selected from Ch Co_loaryl,
C1_10heteroaryl, C3 scycloalkyl and C3_s eteroc¥cloalkyl; wherein said aryl, heteroaryl, cycloalkyl or

heterocycloalkyl HI0RHE is optioriy SHEAfBenaaHs e £F &1rediRiayS Ha dEpRaifcing A58tk from halo,

Chhalkyl, C342cyslaakkiyk 310 shietpioeyelaalkyhdaa-skivstittadt Can 6alkiényl or naphthyl,
hydroxy-substituted-Cihalkyl, Clhalkoxy and halo-substituted-C1 _6alkoxy; [0037]R5 is selected from
h§ dro gén, Ché alR{ﬁ,f%%RE’- B@fl‘tut @/H%J’]amw}ls a cﬂvalent raglca]ld'enveg f%ﬂ]; an ar)]/I group.

“Heteroaryl” is as defined for aryl where one or more of the ring members are a
heteroatom. For example, C;_joheteroaryl includes pyridyl, indolyl, indazolyl,
quinoxalinyl, quinolinyl, benzofuranyl, benzopyranyl, benzothiopyranyl,
benzo[1,3]dioxole, imidazolyl, benzo-imidazolyl, pyrimidinyl, furanyl, oxazolyl,
isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, thienyl, 1H-pyridin-2-onyl, 6-0x0-1,6-dihydro-
pyridin-3-yl, etc. “Cg 10arylCo4alkyl” means an aryl as described above connected via a
alkylene grouping. For example, Ce.j0arylCoualkyl includes phenethyl, benzyl, etc.
Heteroaryl also includes the N-oxide derivatives, for example, pyridine N-oxide

derivatives with the following structure:



hydroxy-substituted-Cihalkyl, C1_6alkoxy and halo-substituted-Cihalkoxy. [0038]Iin a further
embodiment, Q is a divalent or trivalent radical selected from phenyl, pyridinyl, pyrazinyl, pyridazinyl
pyrimidinyl, WO2A0R38 &, olyl, and thiazolyl; wherein said phenyl, pyridinyl, ¥yFAZaN88y7idaziny!
pyrimidinyl and thiazolyl of Q is optionally substituted with up to 3 radicals independently selected from
halo, Chhalkyl, Ci_6alkoxy, halo-substituted-Ch_oalkyl, -C(0)01230 and -C(0)R20; wherein R20 is
selected from hydrogen and Chh,alltyl; and optionally connecting a carbon adjacent to W3 through a
CR31 or 0 with a carbon of Q to form a 5-memb§©ngor'used to rings A and Q; wherein R31 is
selected from hydrogen and Cholkyl. [0039]In a furthey embodiment, WI and W3 are independently
selected from CR31 and N; wherein R21 is selec om hydrogen, cyano, C16alkyl and -C(0)0R25;
wherein R25 is selected from hydrogen and C1_0.11(3.1; ring A can have a ring carbon substituted
with a group selggigg from -C(@)cic5H)- Béhs & ZNRARAQ)- prch o RepartalMosnisatikatreqwith a
double bond; wherein R30 is selected from hydrogen and Ch6alkyl; and L is selected from
-0(C1-12)04-, -(CHF2E19 2" HEFDT-PANRYE!C 1B AT SO 29 62 HHBPLOLHRZ 298 40]In another
embodiment, RI iadelecteddireramplS (O).cddRisa,inXIRI)Sc PR syc M bSi(D) Oy clopaifd)ORsa,
-X,S(0)0_2X20C(0)Rsa and -X1S(0)0 2NRG.R6b; wherejn Xi is selected from a bond and 0; X, is
celected Trom a BER ERICH o R AT SRRaG BN UL AT SR By, ety
propyl, isopropyl pethidny khptoid oy lmpye ket idinyth ot pebadsnytli caekb hodingplasek ag alyiptety aziebtkdphenyl
and imidazolyl; wherein sajd piperidi pyridin yn-olidinyl, morpholing, isoxazolyl, tetrazolyl,
phenyl or imida;/\gl?gino_faﬁ’s%@i_s’ b%%b’ﬁgﬁé)shbggﬁﬁ?tke W?%%@% %;g(ﬁ%éﬁlsi%ﬁ%l% endent ﬁ%% «f&:'?erd from
hydroxy, halo, Cia @atiganamdiéstmzetgtantorédnislsclactetfeomlbaliivbgensadatiiyiband ethyl. [0041]In
another embodimepit, R4, is Selecied S RgiabesC (NORS, WRRIEID Rejraaleged fiamy isopropyl
cyclopropyl, t-butyl, | ,2,4-oxadiazolyl, pyrimidinyl, pyridinyl, pyridazinyl tetrahydro-21-1-pyranyl,
tetrahydrofuranyPisazaryli, 2periinal Giperihayipngz digtdionaerart-saiePd/eleprdpylh, 222 %t-oxadiazolyl,
pyrimidinyl, pyridinyeRyrdaginyldelrpipudga2ypyianyl, tetrahydrofuranyl, oxetanyl, 2H-tetrazolyl or
thiazolyl of Rg is optionally substituted with 1 to 3 radicals independently selected from halo,
trifluorornethyl, id8pdby!, t-b&%l]ﬁH%fﬁ%néfﬁwatﬁalfyeﬁiﬁﬁidﬁsﬂﬂsﬂtib‘r?a(ﬁ)slﬁgﬁsglﬁtu‘%éaewﬂ? Methyl; and
RS is selected fromiwdregen.aaddraetionyin[BR4 Inuanalirerrenho dipranbarme aRp@ds selected
from: isopropyl 44(4-((4- meth anesulfonylp iperazi n)- | -yephenoxy)methyppiperidine- | -carboxyl ate,
isopropyl 4-(2- (AASHEFSRINTBAT LB SR ﬁqqlu%lf‘ﬁﬁ@HBQﬂeQﬁi}f))%?ﬁgﬁ&‘fﬁ%g-‘qn-ffg?ﬂ%ﬁyl ate,
isopropyl 4- (3-(4a(4288etbyhsuttoRybloineiazilrit ydahen exy) propyl ptpeibginend reaibbixyhate,
isopropy! 4-(4-(4- 4; meEFgISLgfonyl)piperazin- | -yl)phenoxy)butyl)p iperi di ne- | -carboxyl ate,
Isopropy! 4-46-(4- mé]ttﬁy S Po‘nyl)piperazin-l—yl)pyridin-3-y10xy)methy1)piperidine-l-carboxylate.
tert-Butyl 4-((6-(400241hylsulfoiylypipé iazimld ) pebeitin 18pydsanytmisthy| ypifesidire: tancadsb byl ate,
Tsopropyl 44(5-(§fémetg}yilos&ﬂfonyl)piperazin- | -yl)pyrazin-2- yloxy)methyl)piperidine-1-carboxylate,
tert-Butyl 445-(4- met%ylsuffonyepiperazin-l- yl)pyrazin-2-yloxy)methyl)piperidine- | -carboxylate,
3-Cyclopropy1-5iM2%b-(4- “Treat”, “treating” and “treatment” refer to a method of alleviating or
(methylsulfonyep&gﬁ{ﬁg@a}s-éggg)é%pIg-gggﬁ&mgwptgmgridin-l—yl)-l,2.4-oxadiazole, 5- Cycl
opropyl1-3-(4-((5-(4-(methyl sulfonyepiperazin-1 -yl)pyrazi n-2-yloxy)methyl)p iperi di n-1 -
y1)-1,2,4-oxadi azol e,

2-(4-(Methy|suIfonyepipqrazin-I-yll)-S-((l- 5-(triflugromethyppyridin2-y1)piperidin-4-y1l)methoxy)pyrazi
ne, Description of the Preferred Embodiments

5-Isopropyl-3-(4-ffaddr(methyisulirryiniRe g i RN aainRoviRiy s aviRIRerdindnsl) . 4-oxadia
zole, Tetrahydro-214-pyran-4-y1 4- ((5-(4-(meth ylsul fonyep iperazi n- S
1-yf|pyrazin-2-yld§9)tfcﬁ%¥ﬂffﬁﬁd? Qﬁfﬁsﬁéyllw(?é?lﬁWﬁ%@?{‘g—&ﬁﬂ&ﬁf&%‘?ﬁéﬁ@ﬁ‘a‘f(@b@l{mﬂhyl
sulfonyflp iperazianmtiye pierael pitBo MEXyanet ByhpipRihpe ofl deadbexydateh(ER) nlshcd yanpfisean-3-y 1
44(544- (methyl syl fonyepiperazi n- 1-yflpyrazin-2-yloxy)methyl)piperidi.ne- 1-carboxyl ate, 2-
Sopropylb (2 (R R o LT Py T By e T BIBBH A At azole,
24(1 -(2-methyl-R14-tetrazol-5-yepiperidi n-4-yOmethoxy)-5 -(4- (methyl sul fonyepiperazi n-
1-yl)pyrazine, O -3-y1 44(5 -(4-(methyl sulfonyepiperazi n- 1-
ibyranin2 oA Einy oo LA LRy I R gt SA BT AP &piperazi n-
1-yflpyridi n-2-ylosuyprvathyydipiperimiladal -carboxyl ate, isopropyl 4-((6-(4-(methyl sulfonyl)piperazi n-1
-yl)pyridazi n-3-yloxy)methyl)p iperi di ne-1 -carboxyl ate, isopropyl
4-((5-(4-(methylsulfonyepiperazin-l-y1l)pyri mi di n-2-ydoxy)methyl)p iperi di ne-1- carboxyl ate,
(E)-isopropyl 4-(2-(6-(4-(methyl sulfonyflpiperazi n- 1-yOpyridin-3 - yflvi nyepiperidi ne-1 -carboxyl ate,
isopropy! 4-(2-(6-(4-(methyl sul fonyflpiperazi n-1 - yflpyridin-3-yeethyl)piperidine-1 -carboxylate,
(E)-Thopropyl 4-(2-(2-(4- (methyl sul fonyepiperazi n- 1-yflpyri mi di n-5
-yevinyl)piperidine-l-carboxylate, 5-Ethy1-2-(4- ((6-(4-(meth ylsul fonyep iperazi n- 1-yflpyridi
n-3-yloxy)methyl)piperi di n- 1-yl)pyri m idi ne, 1 - (Methyl sulfony1)-4-(54(1-(5
-(trifluoromethyppyridin-2 -yepiperidin-4-yemethoxy)pyridin2-yepiperazine, 1 -Methyl cycl opropyl 44(5
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carboxyl ate, 5-i sopropy1-3-(4-((4-( 1 -(methylsulfonyl)- 1 ,2,3 .6-tetrahydropyridi n-4-
yl)phenoxy)methyl)piperi di n- 1-y1)-1 2,4-oxadiazole, Tsopropyl 4-((4-( 1 -
methanesuMWAAMIPEH#ATE4-yI)phenoxy)methyl)piperidine-1-carboxylate, isoBrdNAA4H WG ¢thethyl sul
fonyepiperidin-4-yephenoxy)piperi di ne- 1 -carboxyl ate, isopropyl 4-(2-(4-( 1 -
(methylsulfonyepiperidin-4-yephenoxy)ethyl)piperidine- 1 -carboxylate, isopropyl 44344-
(2-(methylsulfonyl)piperidin-4-yephenoxy)propyl)piperidine-I-carboxylate, isopropyl 4-(4- (4-( 1
-(methylsul fonyep iperi di n-4-yOphenoxy)butyl)piperidine- 1 -carboxyl ate, 1 -
Methylcyclopropyl-(methylsulfonyl)piperidin-4-yflphenoxy)methyl) Lps?ridine-l- carboxyl ate, 2-(4-((4-(
1 -(methylsulfonyl)piperidin-4-yephepoxy)methyl)piperidin- 1 -y1)- r wifluoromethyppyridine,
5-isopropyl-3 -(4-((4-( 1 -(methylsul onyep\peri di n-4-

yl)plienoxyhnethyl)piperidin-Jsy1)-: 4-okadi ihc}g sul
fonyepiperidin-4-yephenoxy)rethyl§p iberi dr n® 1 -y1)-5-(tri pyri di ‘he, 5-chloro-2-(4-((4-( 1
-(methyl sul fonyep iperi di n-4-y|)p|i)gass%ethyl)piperi dig- 1 dine, 3-chloro-6-(4-((4-(l
-(methyl sul fonyep iperi di n-4-yl)plienox y)methyl)piperi di n- 1 - yl)pyridazi ne, 5-bromo-2-(44(44 1
-(methyl sulfon yOpiperidi n-4- yl)phenoxy)methyl)piperi di n- 1 -yl)pyri midi ne, 5 -ethyl -2-(4-((4-( 1
-(methylsul fonyqgpgagiidi n4-ygphhenoxy)meth yOpiperidi n- 1 -yl)pyri mi di ne, 5-fluoro-2-(4-((4-( 1 -
(methyl sul fonyepiperidin-4-yephenoxy)methyl)p iperi di n- 1 -yl)pyridine, 3- i sopropyl1-5-(4- ((4-( 1
-(meth ylsul fony&&%@ri di n-4-§ijpHs S%ISHQW%ﬁ?)%?ﬁh?%‘?%eﬁ?ml%;ﬁga%gi‘dﬁl?ﬁ roqryl,
tert-buty1-6-(4-((¢+(sdyeloaithyisd| Coghdirepariocdii4 witepte nod wmetbymipercdiloalkyl yhpyridazi ne,
5-fluoro-2-(4-((4-{ 1 -(methy] sulfonyepiperi di n-4- yl)phenoxy)methyl)piperi dj n- 1 -y)pyri midi ne,
sopropyl 442430 AL B e RS S s Bercine. 1
-carboxyl ate, 1 -$detinddyaiopatpyl4alinethabopubst(BHed-Cnethyl S0l fahkeyijateziuhstuglyrazi
aoymelry MRS B0 e PO, HEMIYRYCIORIRR o oo

; d Cysalkyl;
4((6-formy1-5-(4-6 methylsu onyf))plperazm- 1-yepyrazi nZ2-yloxy)methy erl ?I}lzgf 1 -1c6§rlt())(l)xyl ate, 1

-Meth ylcyclopropyd 2rt{eneHioronBedingra o ad faspeisiyerdriongin a CRs; or O with a carbon of
“yhpyrazin-2-yloxyymatwbpinesidingred reathahaie b 1Mt sustARRVASRsed o rings
-(4-(3-methoxy-3-oxopropyl sulfonyepiperazi n- 1 -yOpyrazi n-2- yloxy)methyl)piperidine- I -carboxyl
ate, 3 -(4-(5 -((1 -(X IRk iHiAR pe IS fusRLy s BSHITRI PEridin-AN@mERR e foyrasileoskbperazin- 1
-ylsulfonyepropaRieoasifans (A1l -(( 1 - meth
ylcyclopropoxy)carbonyepiperidin-4-yOmethoxy)pyrazi n-2-yl)piperazi n- 1 - yl sul fonyepropanoic
acid, 3-(4-(5-(( 1 QP¥1methy®ydshH p&&?&&ﬂ?&ﬂyﬁf&&iﬁéﬁ%éﬁl@ﬁ)‘?ﬁbﬁﬂﬁa ')BQFa%‘PryE%gﬁ)piperazi n-
1 -ylsulfonyepropanreisdaeiih Bytoded(clahb1C salkyl and ~C(O)OR,s; wherein Rys is selected from
methylcyclopropoxy)carbonyepiperidhp4-yl)methoxy)pyrazin-2-yl)piperazin-1- yl sul fonyepropanoic
i, 30 (1 SRR e EOSRO B CARUBHS 4 TPl e RS e Ao merast -
1 -ylsulfonyepropateoiedatitn 3@{5; ({A(S(Chnd —C(=NOR30)— and can be partially unsaturated with
methylcyclopropgxyicar oy DlRe i e NS RN REIR R HRIRSIRFE, Aypuifonyepropanoic
acid: 1-methylcyclopropy! : 0 y 1Y
44(5-(4-(3-cyano®&ydyisulfonklipipediicye@ysakireBey Oxyaliratignpip€itine-1 -cakbdXfiate;
1-methylcyclopro @?ﬁff 3-0 -5-yepr, Ifo ' zin-

-yepyrazin-z-ylo&r%et yI)pzf}p"e’ridzler(w'(cgﬁélt(lié}(:ﬁrj(lz)rjﬁoﬁ{)l/%l1 at%@iﬁ#“efr%l%%?g%ér?ﬁﬁﬁ%ﬁrﬁném%%g;rbpiperazi
n- | -yepyrazi n-2and&xypkstnyppipendinelreaddonylfid; 3-métrdcticidsremyiny alkyl of L can
4-45-(4-(2-(piperidinhRaibysilianye Ring iR hadl RRRIRRIARy RV RBIR BHINE; hngarboxyl ate;
| - meth ylcyclopropyl 4-((5-(4-(2-morphol inoethylsulfonyl)piperazin- | -yepyrazi n-2-
yloxy)methyl)pipSAtniebyitesd Exyhtd: ¢ mtipiicheloprSpiiussiSa4dbongi rhéthramidno)ethyl
sulfonyepiperaziig OyyRpYegéRe2r RIOXY Ja1ethv IRipekidingeh af@dQxiyate: tert-butyl 44(5 -(4-(3-chl
oropropyl sul for(ll/lyaiferazi n- | -yepyrazi n-2- c}/ony methyl)piperidine- | -carboxylate; tert-butyl
4-((5-(4-(3- acetdWIprdpylsulfdAYD FipES%A-1 -?H?ﬁg?&??’ﬁ%%?ﬂﬁ‘e%%%diﬁeri di ne- | -carboxyl ate; |
- meth ylcycloprapyBat((5-(4-(3s-amedramropyd suliopyhaiperazi n- | -yepyrazin-2-
yloxy)methyl)piperidine- | -cafbaoxyl ate; | -methylcyclo yl 44(R4442- ethoxy | sulfonyepiperazi
n- | -yepyrazin-zi%@flﬁmethy ]pllspéerll%‘itr‘f’ -ffq@é%ggé}%&%? 6—*"%&?@%&9 T%lk%gg3€4-(3 ~(pyrrol i di
n- | -yOpropylsulfgxy@ifrsazXrS(Oyhpyra@naR ylexy Fr@ipnpeniipent-carB 6, a6 R e
-methylcyclopropyl 44(54443 -(2-methyl- | 14- midazol- | -yepropyl sulfonyflp iperazi n- | -yl)pyrazi
n-2-yloxy)methyl)piperi di ne- | - carboxyl ate: | -methyl cycl opropyl 4-((5-(4-(3-(di methyl ami
no)propyl sulfon yOpiperazi n- | - yl)pyrazin-2-yloxy)methyl)piperidine- | -carboxylate: | -methyl cycl
opropyl 44(5-(4- (propylsulfonyepiperazin- | -yOpyrazin-2-yloxy)methyl)piperidine- | -carboxyl ate: | -
meth ylcyclopropyl 4-((5-(4-(ethylsulfonyepiperazin- | -yepyrazi n-2- yloxy)methyl)piperidine- |
-carboxyl ate; | -methylcyclopropyl 44(544- (i sopropyl sul fonyepiperazi n- |
-yepyrazin-2-yloxy)methyl)piperidine- | -carboxyl ate; | - meth ylcyclopropyl
4-((5-(4-(isobutylsulfonyl)piperazin- | -yOpyrazin-2- yloxy)methyl)piperidine- | -carboxyl ate; |
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yloxy)methyDpiperi dine- 1 -carboxyl ate; 1 -rnethylcycl opropyl 44(6-(4- (ethyl sulfonyl)piperaz in- 1
-yl)pyridin-3-yloxy)methyl )p iperi dine- 1 -c arboxyl ate; 1 - methylcyclopropyi 4-((6-61-(ethyl sul
fonyBpipera2ih2WA8§di n-3- yloxy)methyDpiperi dine- 1 -carboxyl ate; 1 BA&tHyROB BRIy
4-((5-fluoro-6-(4- (methyl sulfonyBpiperazin- 1 -yDpyridin-3-yloxy)methyl)piperidine- 1 -carboxyl ate;
tert- Butyl 44(5-(4-(methyl sul fony1)-2-oxopiperazin- 1 -yl)pyrazi n-2-yloxy)rnethyl)piperi dine-1
-carboxyl ate; 1 -Methylcyclopropyl 4-((5-(4-(methyl sulfony1)-2-oxopiperazi n- - y6pyrazi
n-2-yloxy)methyRQpigerh &, neselecta! PR%Y BB nd, /I RIRYIRCY lropMk drdke: (2 axdscrippyhsyl fonyl)p
iperazi n- 1 -yl)p razin-Z-ony%rnethyg;iperidine- | -carboxyl ate; 1 - Methyl ¢ CI%ODYI
4-((5-(4-(isopropyraira Hy-s1kXspp ﬂﬁ§lfcf9f§ﬁ%’3£yﬁl¥2g?}o@<§)ﬂngtﬁ§}b’ﬂi§éﬁ 8Yl4Cearboxyl ate;
1 -Methylcyclopropyy4d(3;httesayoyl sietioayklodirxanip erazitichiy)pyrazdin<aiilegy)rnethyl)piperi
dine- 1 - carboxy] ate; 1 -methyl cyclopropy! 4-((6-(2-0xq-4-(propyl sulfonyBpiperazin- -yDpyridi
3yTony)metiy O SCI AN R Gy o T RSN ) it RO rapyn 1o ¢
sulfony1)-2-oxoptpdirakinadkpstifeyirl yoiak tptobepintatingly pipetid (healk dahboxyd atank d {6 (alkyl,
O RSt e PR BB P Sho R EIRpltigone: !
yl)methoxy)pyrididr2aikb)t afrd €ihilsmlfonyd) piper Reinssaere ddromd hydragd @ Bdtifluohiod: @athRethy
fonyep iperi di n-4-yQ@phenadmeitiyPRIASd! RSy FRERRM Alg cteriytyl 4- (2-methy1-4-(1 -(n
ethylsulfonyepiperidi n-4-yephenoxy)methyDpiperidirie- -¢ arboxyf ate? tert-butyl 4-((3
-methoxy-4-(1-(n@8a§isulfonpipelrsisdipaphehossnrhelwiydivardinealkybdrexybsatiaitedr Couty|
44(2,6-di methyl- b Ripefidi Ne4- iperigines:1- late;
MNIRAS ttitiod o L e O Gt R A
-carboxylate; tert@BﬁtﬁQél)@Ri(?h@ﬂ%ﬁ@ Horffficied from hydrogen and Cy.ealkyl;
-(methylsulfonyflpiggsidin-4-yrphepexemesiyRpnRriding o R Sarhasiaieistedlebtrom C,.
44(2-chloro-4-(1-(methylsulionyflpiperidin-4- yflphenoxy)methyflpiperi di ne- | -carboxyl ate; tert-butyl
44(3-methyl 4-( FIHhthy DIy ETEEPE £ S15SHRAER Sy DEPRRHAIREL AR ERDIRE. tert buty!
44(2,3- di methylafd, hefpreinyl sydfenyilpip asdisedeivaye soRYy ) naityn)ipeiidtinged waarbaxyd ate;
tert-butyl 4-((2-fluorp-4-( | -(methylsulfonyl)piperidin-4-yephenaoxy)methyl)pjperidine- | - carboxyl ate:
tert-butyl 4-((4-( F%ﬁﬁ%}?@‘%ﬂ%ﬁ%@fﬁgﬁgg&ﬁ?@ Q?trl(?lli‘fcfilr Pgﬁiﬂ%ﬁg%%%) ethyflpiperidine- |
-carbox yl ate: 2-{He{@ G fhybrival-§bbstinatiyCsifoyly ipipexy diubsd tylefp e pokyl) raethikloyy
iperidin-I-y1)-5-eth L rnidipe; 1- Methyl cycl opropy! 4-((2,6-difluoro-4-(1-(methyl
sulfonyl)piperidin%ﬁél%iyﬁ{ghsgﬁso%%?ﬁé%f/ Pipetidi ne-I-carboxyl ate; 3-(4-(4-((1-(5-Ethylpyri rn idi n-2-
yl)piperidi)methok3033]5-di fludrdpiedaeydtbipsan ldidiokyh sUlfeviyy) phaloyt ubsetatest - C+ Mldsthy| cycl opropyl
(41 (3 acetopyprapvisulipaMdRIPSSIn adies PalilioqplRRRYMSIRYLp iper dine-l-carboxyl
ate; 3-(4-(4-((1-(5-Ethylpyri mi din-2- yl)piperidi)methoxy)-3,5-di fluorophenyflpiperi di n-I-yl
sulfonyl)propan-I[8938i- Methin eyertberembrdigons Qittotodept qRuRyHPBKIA O e AW iperi
din-4- yl_)p_henoxﬁm@hwa&nﬁ%pﬁﬂf&ﬁrggw_ha&ga,l QRIRRYA ((2:4102.3: O:8H At Rads1pethanesul
fonylpyridin-4-yflpyrazi n-2-yloxy)methyDpiperi dine-I-c arboxyl ate; 1- Methyl cycl opropyl
(6:(1.2,3, 6 trPANFEHo L TRB hESTERBYF Y ARy Sy Bih BTt o0 Ehiitcarboxy
ate; Isopropy! 4-(@ 67 sidatahyirrg wnathiaestldorRytiuridigrdadiprotinatsycoxigihyp iperi
dine-I-c arboxyl ate; 2-(4-((5- (1,2,3,6-Tetrahydro-I-methanesulfonylpyridin-4-y1 )pyrazi

-2 yloxy)rmethy S HAHAN A S S i O B 5 OB ARG OEE oo
fonylpyri din-4- yhpyiigittoger] axydmathyi; g epdindiyebnethy oy damdinglj2e40l « S thytpgtmidin-2-
yppiperidin-4-yl)methoxy)-5-(1-methanesulfonylpiperidin-4-yflpyrazine:; 2444(641- Methanesul
Tomyipeid mA A8 B R T RS i e 0 i K 288
3-((1-(5-Ethylpyriwtiekiei2Ryl )i paeidia-Fopl) inyeitoguy Gl (1raikethanesulfonylpiperidin-4-yepyridazine;
2-(44(5-(1-Meth fonylpiperidin-4- yhpyri din-2:y] oxyymethyDp iperi din-1-y1)-5-ethylpyrim idine; 1
et Buyl 41 Ty e S T B
Ethylpyrirnidin-2-3shieritivein Jybnim ettegfpditiam (rsétpgds udionyl) pipelairad yi§ 400 sNv(herein
-(5-Ethylpyrim dife2-yhpineridinsa-xMs i tethiuidang a @ethvisyifopvinipetditdadaniine;
4-(4-(0-(5-fluoropyrinaidin-2-yhpipefidin-4- yOmethoxy)phény1)- 1 -(methyl
sulfonyl)piperidingih-g gBex g ReEeiFon [(2L QA= [54{S)~= Fpd ~C(=NORs)— and can be partially
rnethylcyclopropoxy)carbonylrnethoxy)pyrazi n-2-y1]-3-oxopiperazine- 1 - sulfonyl } ethypamino]acetic
acid; 1 -rnethylcyclopropyl 4- f [(5-{ 4-[(2- carbani im irdarn idoethane)sulfonyl ]-2-oxopiperazin- 1-y1
}pyrazi n-2- ynoxy]rnethyl } pi peridi ne- 1 -carboxyl ate; 1 -methyl cycl opropy! 4-{ [(5-{ 4-
[(3-methy1-3- n trobutane)sulfonyl]-2-oxopiperazin- 1 -yl}pyrazin-2-yl)oxy]rnethyl } piperidine- 1 -
carboxyl ate; 1 -methyl cycl opropyl 4- [({ 5- [4-( 1 -benzylpyn-ol i di ne-3-sulfonyl)-2- oxopiperazi n- |
-Apyrazi n-2-y1 } oxynnethyl]piperidi ne- 1 -carboxyl ate; 1 - rnethylcyclopropyl 4-{ [(5-{
4-[(carbamoylmethane)sulfonyl]-2-oxopiperazi n- 1 - yl}pyrazin-2-yl)oxy]rnethyl } piperidi ne- 1
-carboxyl ate; 1 -methyl cyclopropyl 4- { [(5-{ 4- [( 1 -carbamoyl- 1 -rnethyleth ane)sul
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yl] oxy methylThiperi dine- 1 -carboxyl ate ; 1 -methyl cycl opropyl 4-(f [5-(4-{ [2-(azetidin- 1 -
yflethane]sulfonyl -2-oxopiperazin-I-yflpyrazin-2-ynoxy Imethyflpiperidine- 1- carboxyl ate ; 1 -methyl
cycl opropyMARI82B38%4-4- £ [2-( | H -pyrazol- 1- ynethane]sulfonyl }piperaZtl/YSAMBIra4h-2- ylloxy
} methyl)piperidi ne- 1 -carboxyl ate; 1 - methylcyclopropyl 4-[( f 5-[4-(1 -methylpyrrol
dine-3-sulfonyl)-2-oxopiperazi n- 1- yl]pyrazi n-2-y1} oxynnethylThiperi dine- 1 -carboxyl ate ; 1
-methyl cycl opropyl 4-(f [5-(4- f [1-(di methylcarbamoyl)- 1 -methyl ethane]sul fonyl -2-oxopiperazin- 1
-yl)pyrazi n-2- yllaxyumnetayl TRiIRabuBIe @odd:; GABRIY RaIes sdlcmret e ushrmkamd Ae(f fard-{ [2-(3 ,3- di
fluoroazeti din- 1 -yflethane]sulfonyl -2-oxopiperazin- 1 -yl)pyrazi n-2- g]!?géémethyﬁhiperi dine- 1
~carboxyl ate ; 1 2R IEIEISoRy T 2 iR e 1Y I & oy-3- Yibatane]sul fonyl }
-2-oxopi perazinNCIYpyazi-nadd Yarky, methylThiperi dine- 1 -carboxyl ate ; 1 -methyl cycl opropyl 4-
f[(5- 4- [(2- { [2-(tertbutoxy)-2-0xoethyl]arnino ethane)sulfo -2- peragzin- 1 - yrazi n-2-
ynoxy]methyl | pf{@f@]‘ ne- 1 flc%{}%tﬁ%iaﬁé) fhfl ?H%Eﬁiiﬁ Sc%%%%%%ﬁﬂ%%&ﬁ%@ﬁkhﬁé% sul
fony1)-2-oxopiperazQiRs], ~N]Syeazin-24Lj0RyNACYIRIPeIl (1R 4. sodrbmS(CateNRs.Reb;
methylcyclopropyl 441[544- { [3- -ditl uoroazetidi n- | -yflpropanelsulfony] }-2- oxopigerazi n- 1
pyra noy e Gt SRR S B e R b ahaee
[3-(azetidin-I-yl) pRapanelsutid frp Doikoge ipbrbzinyahe, ymlyyh zith2 - piensy). mepkst)pipthédine-1 -carboxyl
ate ; 1 -methyl cyeh ROyl ief l6fiyi2s SRS Rimarpbidineao i iaminncsey 4yt Jpyrazi
n-2-y1 Yoxy]methyl piperidi nel -carboxyl ate”; 1 -methyl cycl opropyl 4-f [(5- T 4-[(3 S)- ] -rnethylpyrrol
idine-3- sul fonyljprigeaelyl:rvhersin saidpapgr o psydmet i papdingl necrphadipdserardyl. -
methylcyclopropyldai (1, AR i hitREHMIBY K QliiiBRoRasy (OBUIRIBE AT &b 3 radicals
yl}pyrazin-2-yl)oxy]rnethyl piperidi ne- 1 -carboxyl ate; 1 -methyl cyclopropyl 4-1[0- { 4-
[(3S)-pyrrolidine-BsErBIFAL sEHsHramAYdyF4AR - edlyhiathhfrrperidind Re: ettt ate ; 1
-methyl cycl opropyidhf dtSedr iR)-pvarghidi ne-3- sul fonyl]piperazi n- 1 - yl}pyrazin-2-yl)oxy]rnethyl
piperidi ne- 1 -carboxyl ate; 1 -methyl cyclopropyl 4-[(f 514- .
(azetidine-3-sulfdRYtHiperazift 120 ephed ARt dky higRrb isandinard a8 rtaharein Ry
-rnethylcyclopropykétdctéa-frenoixopfopiayeseldgtvpy8ybmgthane)sufonydpipgyaziitmil; yi)
pyrazin-2-yl)oxy ¥methyl ) piperidine-I-carboxylate; 1-methylcyclopropyl 41( 15 -
ycory 2ot BTGLRH L I BH ST A ARy LSS IR AR CLAETAE -carboy
ate; 1 -methyl cyehdgrapylyt-wh¢teindaid2:yclopropyl, 1,2,4-oxadiazolyl, pyrimidinyl, pyridinyl,

hydroxyethane)sulfonyllpiperazin-1- razin-2-ylo thyl Ipiperidine=l: carboxyl ate; 1 -methyl
i oprapy - T P R B A SIS ety piper
dine-1 -.carboxyﬂa?fta?lll@ﬁgﬁiylgp@wplhpybﬂﬁ(m[@@ﬁlf_ ﬂ(gonined&gdbyndﬂphdﬂmwwmcﬁémﬂsulfonyl
}-2-0xopiperaz '%}16}’88}{[&5'1%%59{,"Béifr&]-p%?ﬁ-@ﬁ'%ﬁ!%&h%gﬂl}lfﬁﬁf@?&%{) bttty cyel opropyl 4-
[(5-{ 2-0x0-4-[(3R)- pyrrolidine-3-5ulfonyl]piperazin-1 -yI Ipyrazin-2-yl)oxy metﬁyl Ip iperi dine- 1
-carboxyl ate; 1 -sakttitedciofrasird: fodsRpss¢leptrst ipna hrdigrn andulihgRpiperaz in-1 -yl]pyrazin-2-
ylYoxy)methyllpipgigiie- 1 -carbosmlaltibdarmeihivk eyl omarydidHd _ﬁéﬁ?‘%opf@ﬁ}hyjﬁ@lﬁﬁ-di
ne-3-sulfonyl)-2-oxopiperazin- 1 -yl]pyraz in-2-ylloxy)methylp iperi dine- 1 - carboxyl ate; 1 -methyl
cycl opropy! 4-(f Befaneplionlpigsaziy. %rﬂ?ﬁh@%ﬁf@?ﬂl%@ﬁ%%ﬁf!b?%%%i6@?&%3111-412-yppyraz
in-2-ylJoxy} methyl)pi-pgsingingfohyisapeaxy-aten dheddeioysipiony! diaddad [(bprogiiy! azeti di
n-3-yl)methane]sulfonyl Ipiperaz in- 1 - yl)pyrazin-2-ylloxylmethyl)piperidine-1 -carboxyl ate; 1 -methyl
cycl opropyl 41( {5 sty e ey LR ey S P BT 18T AR R R RS S e ratRPsHiMS- 29858 iperazin- 1
- Ylpyrazi n-2-ylloxy)methydthipaiislingpidersarboyibrégoxly ustippayanonropybhl i, Isdgopyl

({2-[(3S,4S)-3,4-dihydroxypyrrol idin-1 -ylethanelsulfony1)-2-oxopiperazin-. 1. - y||pyrazi

2y oxyymeiny e B N e RN o8 BoSE e (e
n-3-ylmethane)sutfahytly]-2«oxop{peragsuich il peraznn-2h pyyoiy]srgthy) fpitpéndiendind- tearboxyl ate;
1 -methyl cycl opropyl 4- f [(5-{ 2-0x0-4: [(pyrral idi n-2-ylmethane)sul fonyllpjperazi n- 1 -yl
Ipyrazin-2-y1)oxycjar1ng§t)fé/?tfb%%éfaﬂie(?_ﬁ?g%%%xyﬁaﬁ%?nfy J%%%ﬁ)z/ ncegcﬁlll)g f?)%%/%f [(5- f 4-[(3-am
inopropane)sulforipipHmakoppipatdine riicaybdpylrtziar Bypbty|inetiyidhipattetihpiptragarboxyl ate; 1
-methylcyclopropyl s I(2-{ 4r, Q%ﬁ%?ﬂ?nfb‘?rﬁg%ﬂﬁéﬁ%i%x[%ﬂa%:%@féf&ﬁ%ﬂs%4‘4/('5%/4{-32 n-2-ypoxylmethyl
}piperidi ne- 1 - car‘t))oxylate; 1-methylcyclopropyl 4-( ( [5-(3-methanes
ulfonamidoazetidifethyyp{raviriper oy giofpd eraimsthypipnidiyil ate; 12 rreadazRlopropyl 4-(f
[5-(4-{ [2- (dimethyl am ino)ethane]sulfonyl }-2-oxopiperaz in-1 -yppyrazin-2- ylloxy )
inethyl)piperidine-1-carboxylate; 1-methylcyclopropyk4-( ( [5-(2-0x0-4- ( [3- (pyrrol i din-1
-yppropane]sulfonyl }piperazin- 1 -yppyrazin-2-yljoxy}methyl)piperidine- 1 - carboxylate;
1-methylcyclopropyl 4-( ( [544- ( [3-(morpholin-4-yl)propane(sulfonyl) -2- oxopiperazin- 1 -yppyrazi
n-2-ylJoxy methyl)pi peridi ne- 1 -carboxyl ate; 1 - methylcyclopropyl 441[544- { [(3 -methyl
oxetan-3-ylknethane]sulfonyl Ipiperaz in- 1 - yl)pyrazin-2-ylloxy 1methyl)piperidine-1-carboxylate;
1-methylcyclopropyl 4-(1 [5-(4f [3-(acetyloxy)propane]sulfonyl 1 -2-oxop iperazi n- 1 -yl)pyrazin-2-
ylJoxy Imethyl)piperi dine- 1 -carboxyl ate ; 1 -methyl cycl opropyl 4-{ [(5-{ 4- [(3,3,3-

trifliinraonronanalciilfonvIilninarazin. 1 villnvira=in_ 2 v/Nawvv/imathyv/l In inari dina. 1 - ~rarbhavyvl ata - 1



yl)cycl opropyl]methane} sulfonyl)piperazin- 1 -yl]pyridin-3-ylloxynnethyl Thiperidine- 1 - carboxylate; 1
-methylcyclopropyl 4-[({ 514-0[1 - (benzylamino)cyclopropyl] methane)
sulfony!)pip&YRAAY/Widtazin-2- ylJoxynnethyl]piperidine- 1 -carboxyl ate ; BCHEXRNEYEdDropyl 4-
[(1544-( f [1 -(azetidin- 1 - yl)cycl opropyllmethane} sulfonyl)piperazin- 1 -yl11lpyrazi n-2-y1
loxynnethylThiperidi ne- 1 - carboxylate ; 1-methylcyclopropyl 4-( (1544- ( [(1- hydroxycycl
opropyl)neth ane]sul fonyl Ipiperazi n- 1 -yl)pyraz in-2- yfloxy ) methyl)piperidine-1-carboxylate;
1-methylcycLoprogyioré A5 {424 lme YR HRBOR SHRRSISUIONU, S BB dhrPPyrazi
n-2-yljoxy} methyll?piperidi nel -carboxyl ate; 1 -methyl cycl (zfrop I 415( {514-{2-[1-
(cetyloxy)cyclogtopyirEaBralia SRy IS PR A SES Ty RBe e erigin
-carboxylate; 1 -mstipieyiaiaprgnylenbilyaiddathld, s-fasopyladaysianinpulimethanglsuionyl)piperaz in-
1 -yllpyrazin-2- y1 }oxy)rnethylpiperidijne- 1 -carbaoxyl ate; 1 -methy| cycl opropy! 4-(f [5-(4-{ [(1 - am
inocycl opropyl)riieti& 3’]?0%18;&%3 L?Pé%eirhd-“l'l-'))%p{;?a %@Vﬁ&ﬁfﬁ%ﬁiﬁgb% '8¥f8§"r%'é3il(@éarboxyl ate;
1 -methyl| C)écl c;lp(r(dplwL(&tf{lﬁ&lﬁ(dfb{i%%@erwmmﬁwﬁmﬁpwiﬁﬂﬁm]ﬁ}iﬁﬂwhﬁam{2 Gb%aeazsm- 1
-yppyrazin-2-y e iperi - 1 -carbo te: 1 -methyl cycl opropyl 4- {2,6-di
quoro-413-(Nme?ﬁ%/( ?rﬁé %gh}%ﬁb?'%né 5_%6%62% %¥1rf§nflellﬁ)ﬁﬂaéﬁlél)@/%@ﬁ%?ﬂ%%eridine- 1 -carboxyl ate; 1
- methylcyclopropid4)tm@hditbireratde(3-qubthahes (Ricreaahydodwetich-pl-41(65-(4-
yhphenoxynethylipiperidings duiba B Al el erelnpmit 2 G ilorne 145
(2-methylpropane- 1 -sulfon am ido)azeti di h- 1 -yl[phenoxyméthyl Ipiperidine- 1 - carboxyl ate; 1
-methyl cycl opropsiepy k8 (E 24dimestiyiapfopdimeretazigl- ibnsrerietd) dear) eiibyDpiperidin-1-

-y1]-2 6-difluoropfignaxyeetyl R iRar BnertARRMHAR G- Sk $ 14 (12-methanesulfonyl- 1 H
,2H ,3 H ,4H-pyraz ino [] ,2-a]indo1-8-y1 }g)xy)metrgl piperidin- 1(—211 Ipyrimidine; Il -{ [1
-(5-ethylpyrimidifBeyist EnahpinergHsxy yopsieitaResan fond 1-82damedyhilieysipipraznd { 2,7
Htrideca- 1 (1 3),40£):zik-1 giteypensibibed dthe(beatbodphe N igdidnd yBlperidi
n-4-yfirnethoxy}-5-methanesulfony1-8- ox a-5-azatricyclo [7.4.0.0 {2,7}]tri deca- 1 (1 3),2(7),9,1 1
_tetraene; tert-but eI HRRSHER | PRI A SpM P RSHIE 1 - RS BOPIRRA ) methy ]
iperi di ne- 1 - caslypscyd-ai@ihlymesiyihsipet-epropy) il taZnnehanssiiiamibeddhea iH 3rbb 4thyraz ino [1
,2- indol -8-yl}oxy)methyl]piperidine- 1 -carboxyl ate; propan-2-y1 4-{ 3-[3-(1- . .
methanesulfony L URBTL A BRI BB P e e g Bt i -
[213-(1-methanesationyhoip@lidinpdoyi)phenoxyletiyiy piptrdipipdreariepypateiptopan-2-y1 4- [3-( 1
-methanesul fonylpiperidi n-4-yl)phenoxymethyllpiperi dine- 1 - carboxyl. ate; propan-2-y1 4-{ 3-[3-( 1
methanesul formy T B R e e Ty S NS A Ayt
1-methylcycloprapyryrdin¢I5hdthphwinenvbnell fomhdx Plasel| (FRarybpdembpiffet@in- 1
'yppyraz'“'2'y']0&2(&%&9%99}8%9}Qz?ﬁ-Jf_-91?&59838{@5@?%%}5%&%&9{8%%;z(y"i?te‘}@aﬁfﬁyﬂ(ﬁ’%y"" FI(6-
[ 4-[(2- methylpropané)sulfonyIThiperazin-1-yllpyridin-3-yl)oxy]rnethyl }piperidi ne-lcarboxyl ate;
1-methyl cycl opt&piA-(BRInSEchyoppRyadfl fidPaid(p3-yloxy)methyDpiperidin-1-yl)pyrimidine, 1-
methylpropane)sylfanyllpiRaiazincdvlipyrigdinasyhoxyh pieiyldRpgapding:- Fribasyl igidamethyl cycl
opropyl 4-hydrox&}{4-{_§€(6-{ 4% Er%ghg%(rlglpane)sulfgr)lg}ﬁ)i era?;?r%?- II_pyrid_??ﬁ%- I)oi%gr?wethyl }piperidi
ne-lcarboxy! ate; 2¥hRibRSAZE el I FSiT vl ppeR YL 4-((2-Hy agyl%l-lfonyl piperazin-1-yl)pyrazin-2-
methylpropane)spiienyhinippisaiaityrysisiretry L aexnjinethyt 3pipehidh Nartappdaia:- L-methyl cycl
opropyl (3S,4R)-3-rnethoxy-4-{ [(6-{ 4- [(2- o . N
methylpropane)sURApi é’}%ﬁ?fﬂ?{ﬁmﬂmﬂgﬁlﬁ)ﬂwm’iﬁ}%%EF%W&Y&%W'&@?H?%&hyI cycl
Opzror;]yl 4-|(f [5-h(4|4{isnﬁ&@vdiﬂmml(amwﬂa%nf)fit@@ﬂﬁlﬂigﬁﬁ%pl p@ftatmwemm-«m-
n-2-ylloxylmethy ri-carboxyl ate; 1-rnethylcyclopr -({ [5-(4-

- ot oy e e e et S gt S are
1-methyl cycl opr@pyd-d(fibth{dsul (Grphpibaxyiprdpdneigiulididly ipetazipipbiydipyrazipysRnidjoxy|methyl

carboxyl ate; 1-methyl cycl A-1 [(6- f 4-](3-chl oropropane)sulfanyl1]-2-o iperazi n-1-y1} pyri
iy hory et T e e s S S R e
din-I-yl)ethane]sulfoh$i}pipdrezaln -3-Yhpyopddia-Chylfosdy eyl fipebidpaezin- Cabboxginae; 1-methyl
cycl opropy! 4-(f - i gi:n-1-.vl onyl i in=l-vpyd 4
din-3-y||oxy|rneth@%%%%%@gfﬁgﬁﬁag%% iﬁg?ﬁiﬁu}i%ﬁa’ﬁ?ﬁ* é[%yﬁm idine-3-sulfonyl)p
iperazi n-l-ylJpyrdgiatholsyfonslpinsexiyijpy peitdine-HeayhpshyArieetidiethyrlsraditopyl 4-(f [5-(4-{
[2-(3,3- fluoroazeti din-I-yl)ethane]sulfonyl Ipiperaz in-l-yl)pyrazi n-2- ylloxylrnethyl)piperi
dine-I-carboxyl ate; 1-methyl cycl opropyl 4- f [(6-{ 4- dpyri n-3-yl)oxy]methylne-1- carboxyl ate;
1-methyl cycl opropyl 4-(f [644- f [3-(azeti di n-I-yl)propane]sulfonyl} -2-
oxopiperazin-1-yflpyridin-3-y11oxy }methyflpiperidine-1-carboxylate: 1- methylcyclopropyl 4[2,6-ditl
uoro-4-(4-methanesul fony1-2-oxopiperazin-1- yl)phenoxyrnethyl]piperidi ne-I-carboxyl ate; and
1-rnethylcyclopropyl 4-[({ 5- Ifony1)-2-oxopiperazin-1-ylipyrazin-2-y1) oxy)methyl]piperidine-1-
carboxyl ate. WO 20091038974PCT/U 82008/0751 45



[0043]Further compounds of the invention are detailed in the Examples and Tables, infra. [0044]The
present invention includes all pharmaceutically acceptable isotopically- labeled compounds of the
invention, i.&Y@3MPBE8#AS of formula (T), wherein one or more atoms are reBtd¢EeRBIBAIGMS having
the same atomic number, but an atomic mass or mass number different from the atomic mass or mass
number usually found in nature. Examples of isotopes suitable for inclusion in the compounds of the
invention comprises isotopes of hydrogen, such as 214 and 314, carbon, such as 11C, 13C and 14C,
chlorine, such asi3@fedyithiofing. @UaR &% LB6n 0FipG a1y BS FRAR36k I dRcthy1ipipaeiinguch as 13N
and 15N, oxygen, such as 120, PO and 180, phosphorus, such as 32P, and sulphur, such as 35S.
[0045]Certain isotBplicaliy 3y ¢ hRTCB g M PEeidh e msiaowsedncorporating a
radioactive isotopge@sausaiul el andipysubstaiojissyesdisiibulionsiydiemnihesadioactive
isotopes tritium, La 314, and carbon-14, i.a MC. are particularly useful for this purpose in view of their
ease of incorporatior ShdFeadyes s Rrat lgfildﬁl.ﬁ g&b%ﬂﬁﬁé}éﬁoisltﬁrﬁ éf\t)féﬁg)t %es such as

deuterium, i.e. 2nengisaftord)cestain thard paiticaativapiagesdasyitipgifioml grebéeylntetaliolic

stability, for example, in sed in vivo half-life or reduced dosage requirements, and hence may be
preferred in som%?(l:t%%}ér‘qgs?t n@é’f@t})@%‘]gt %Jéﬁ%at%%%ﬁwﬁé@gﬁzré’hséﬁ%ﬁ ngljefsg%ﬂ)éegfg é“ﬁf?k as 11C,
18F, 150 and 13hyreanylbe. usetuitih P@SittomEthyissitmyDopegraphyiPERusidies for examining
substrate recept%0 9M&ﬁp§eﬁpL%€lﬂ£1T-%9}98! [Q/-i%ggﬁ)chgmgmqg(gt(?rmula (I) can generally be

prepared by conventional techniques known to those skilled in the art or by processes analogous to
those described el ladéampripgidy £ xaippres ghd Prepatibins idirg saarhpphaisriete Butyl

isotopically-labelgd yeagents i RIAcs,2fipe-NanTabeledireagent sg YoM HeRigyqd. Pharmacology
and Utility [0048]goﬁ%%%g%f the i)r?\)f%gtion mo%%late the activitye{)% Gg%{% 19 and, as such, are

useful for treatin§rSEHats ‘61 depldeid (Fritimse Hewmbgirsraipr Dol cotitiBtizstdthe pathology
and/or symptomgigay i ifiseAifRasabbiginventnn furten provides compperass:of jftispipyention for

use in the preparation of medicaments for the treatment of diseases or disorders in which GPR119

activity contributé$ (B B irBIBRp e Wrhpto Rty 6r trerarebasd fddao The resultant
pathologies of Typetytiabkeidskedmpayed Nswiadsignasingmbps) araadilissuasbangdatajisire of the

insulin-producing cells of th reas to secrete an appropriate degree of insulin.in response to a
hyperglycemic s?{;sﬁ%i?@hér’gﬁ%gr(ab(irélg%gﬁ?lrﬁe%{l ¥H81P§f$§‘ﬁ'na§8‘éa%rﬂ%%.§ FéBBP%rféz%'e?ﬂ TP-sensitive
potassium channil todrigigepihdsoptopgel oflieti doganeud insllin?stores,abyadppiitistration of exogenous
insulin. Neither o ghese, achieyes, aecurate nomalization ol bioed, icose Ieyels and bath carr the
risk of inducing h{/éfogllycg la. 10T these reasons. there Nas been intense nterest in t ie"development
of pharmaceuticatsrthgirfpsatontinl pfucospigependerirrgbne. ieppatdritid#s bf glucose signaling.
Physiological sionaling syRigms whighnctiepindhis anosieslehaaeleUzed an include the

gut peptides GLF ACAP. These hormones act via their cognate G-protein coupled
receptor to stimulifierepe priddddtidmeheanimib) dahdletitiehydrepiigliTie increased cAMP does not

appear o result i ekl an, o sl eleassoditinc s daating oL preiapialatase. sgwever, a
e

series of biochemical targets of CAMP signaling, including the ATP-sensitive potassium channel,
voltage-sensitive fEtasEnmidihneps aquvihetdpiesidte hshielie drapivdiieaneriddh @ way that
the insulin secrefarynfaspenss {02, posirandiabplease siipreids,isinrrkegiienbanced. Accordingly,

agonists of novel, similarly functioning, 13-cell GPCRs, includwg GPRI 19, would also stimulate the
release of endogeEUR ST RiePUGTE I P BB Br RPN FT diabetes. Tt is
also established {hahéncxeasarl DAL dfivN sxaNIUsAsIRIas UBptdplR Y @timulation, promotes 13-cell
proliferation, inhibits 13-cell death anpd thus improves islet. mass. This positive effect -cell mass is
expected 10 be bBRTLTAT RSO3 DD Eto L R R TR A BrSBcst Gid Type 1
diabetes, where GiBetslisibiseythpiicoymet hy) piennappippiiate huidiomphunasrpsponse2{G080]Some [3-cell
GPCRs, including GPR119. are also present ii the hyppthalamus where they modulate Qunger, satiety,
decrease food in aete%léa:sgk%laﬁl %@é‘%a&%‘éﬁﬁ%"ﬁ%‘?ﬁﬁﬁ glr?gnéqglgrgljyc ae%(f)x r%ﬁ%lrsgpﬁ Ec%a(?;ﬁl\‘/en their
function within the ppdtialdenid piretitiy-dad phistexpirinpgise agirists abehpse . reepptotsttfitigate
hunger, promote saly AN SIS R MAHUIIE RN Y6 ROORI0BARTAREIYS2008/075145

- [

[0051]Tt is also well-established that metabolic diseases e€xert a negative influence on other
physiological systéthglcreigromid re((d-ofterethd seaexienmsrisent obrishie Brsadipstisias-te.g. type |
diabetes, type Il diabetes, inadequate glucose tolerance, insulin resistance, hyperglycemia,
hyperlipidemia, hypertriglyceridemia, hypercholestergigmia, dyslipidemia, obesity or cardiovascular
disease in "Syndrome X") or secondary diseases which clearly occur secondary to diabetes (e.g.
kidney disease, peripheral neuropathy). Thus, it is expected that effective treatment of the diabetic
condition will in turn be of benefit to such interconnected disease states.



[0052]Tn an embodiment of the invention is a method for treatment of a metabolic disease and/or a
metabolic-related disorder in an individual comprising administering to the individual in need of such
treatment a YRPAPHUHRAy effective amount of a compound of the inventiorP STA pHARAZIdBtical
composition thereof. The metabolic diseases and metabolic-related disorders are selected from, but
not limited to, hyperlipidemia, type | diabetes, type 2 diabetes mellitus, idiopathic type | diabetes (Type
Tb), latent autoimmune diabetes in adults (LADA), early-onset type 2 diabetes (EOD), youth-onset
atypical diabetes.G¥fo Qe MaiUity Loseh diabelss abihei Yaun MO e ma IR falkased diabetes,

gestational diabetes, coronarY heart disease, ischemic stroke, restenosis after angioplasty, peripheral
vascular disease'THteARER MRt I PARYE A GisrintArRabH e g HEPsEtinatid apoptosis),
dyslipidemia, posppransiailigeimisp&ansitigns of ipairediglacasedolerance (TGT), conditions of
impaired fasting plasma glucose, metabolic acidosis, ketosis, arthritis, obesity, osteoporosis,
rypertension. o AP T ORI KAy ey D AT ARE RS, diabetic
retinopathy, macsHétlcle ge@darationpeaigkatitngighptitiephnppatbyy) glemenipesdierpsisy ghiioaic renal
failure, diabetic ropa oli rome, syndr remenstrual syndrome, coronary
heart disease, a;%%lg)%ég:] g?{gﬁfi?—r mrﬁ%‘glé%?oélﬁ]q}@rf %% é?gé%?pﬁéﬁgéé%% )ft}ﬁpé?%]i%ﬁj[fransient ischemic
attacks, st_rokt_a, MMjw&gt%m—M@%[qulmMQHnémh, hype_rl@pidemig, _
hypertryglicerideqyig, JasyinASiSiARARLTRARSH ARCS . MeARRYER, ERRAtion® af mpaliRe glucose

tolerance, conditions of iImpaired fasting plasma glucose, obesity, erectile dysfunction, skin and

connective tissue digfreiers) et hlperaions- sy uediagivellolite; @rittbthelial dysfunction and
impaired vascuIa{n%;pggg&%q)pyggg(gg)_g%;{%ﬁg%&jﬁlgy}ﬁnﬁgggﬁ,{wg;pjgdﬁgg@aﬂggb%}q@jg@_diment of

the invention are thera&futic benefits of G activity modulators derived from increasing levels of
GIP and PPY. Fétieilampteysitisrabiriest tiort - pisrar angthybrieidisel 2 ds2dner plitgsifefal
neuropathy. [OO5@}{3338,1]64@(@(@@E’(ﬂef@ﬁgm@ﬁ}aﬁ%m&my@phmﬁh@m@ﬁgﬂgﬁﬁﬁt@ctive for treatment

of neurodegenerative diseases and other neurolog,cal disorders. GLP-1 and exendin-4 have been

shown to stimula¥¥MEGAE OGN St BHREMRERY el NRARSridifs? growth factor withdrawal in PC12

cells. In a rodentymgidabef)nretnagegeiaaratian yehhileaRepeomndip43restoee shalirgrgic, pmeker
activity in the basal forgbrain C E infusion ?f GLP-1 a{ld exen in-A} g}s redLice the levels of
CE’ % e- -Met C é

.Len ;
amyloid-13 peptid& i f88y51rd131'§éy R PRI PR G F BRI aroURP RIS BTI2 cells.

GLP-1 receptor agomsisshavedb@ethgholio {hpirhance-jépyriao 2 yhtsy andtiylgpigdrRiderceptor
knockout mice show deficiencies in learning, hehavior. The knockaut.mice also exhibit. increased
uscentibiity o Kol e L R e ceptor
agonists. GLP-1 anthexentiybiipraslialsb-oeerkghewinMothed effeetie lid-treatilgogiyidoxine-induced
peripheral nerve &?&%ﬁ&ﬁ%ﬁ%p%@r%Hﬁfgtﬁﬁﬂ%ﬂ&‘?ﬁ%é%&%%%ﬁi&ld?ﬁ@%%Wb’&%fl’é?eoeﬂhy-

[0055]Glucose-dependent insulinotropic polypeptidé (GIP) has also been shown to have effects on

proliferation of hiMls8uagridenprobreidor et i evinpie ity bend pineiator Eobrtiiazitich and memory
recognition. [005GHR&QAM 'mgﬁg_@J‘Cg;xgoy}yggtgqg_@gq(m@ﬁ@ﬁg@%}gﬁ@%@@ﬁ&lﬁ&%&) activity
evera

modulators. For exagl\rr_gle, GLP-2 and short bowel syndrome (SBS). studies in animals and

from clinical trial R SATHRHAE CPB 1L F HRPHIE RSO HAR BRI GrF it pdftarTt Yol€lin

intestinal adaptatiQmis Isépsegeiaian piraliRrolietationy RReRIesiS) phdHairient absorption has
been well documented. Short bowel syndrome is characterized by malabsor%n of nutrients, water

and vitamins as & TEL0MYBPERBSES O Stif it Petovaitsip e dianacarman isstiid-(sg. crohnis

disease). Therapyemtfiaiyypiaxa-nieginadadapisiitsn g theughida Bebeneficial-in treatment of this
disease. In fact, %hq}s?cll ftudles '9ca8§os &a@ﬂent mk_lg_v shtgwn that tedzu utide, an(.}!_P-Z analog,
d enta [ o

modestlyincreasef‘it uid and Rutrien Btion. RS B ETimert BY ' ihvention are

therapeutic benefitaldGRRIfMcictivity InodiHalofd -aetivacy fioproircieashogybpiplsidniP and PPY. For

example, GLP-1. GIP and. osteopprosis. GLP-1 has been shown ta increase calgitonin and calcitonin

related gene pepﬁee%@a%'fasz&pr% %Er)wlpgﬁa 1%)2p¥e8151§%1|¥$ rgpfaﬁlﬁlrfnaéléi-%glaﬁr?g( -77). Calcitonin

inhibits bone resorpghpnyblpprsrestlestorpiprohoteslimstbealirariomor-ghelstarvohe. Osteoporosis is

a disease hat Is GRNARGIAIRER ARG 91%%43@94.&%!1&1%-mwr%ﬁ)%h%n}ﬂp ugehincrease in
[

calcitonin might be therapeutically beneficial.” [005 has been reported’to be involved in
upregulation of markeysanrevieBvRe totRipgEAine-bsateniasts iharedimeyeonreprhtised-MRNRA and in
increasing bone mineral density. Like GLP- I, GIP has also been shown to inhibit bone resorption.
[0059]In an embodiment of the invention are therapeytic benefits of GPR 119 activity modulators
derived from increasing levels of GIP and PPY. For example, PPY and gastric emptying. GPR119
located on the pancreatic polypeptide (PP) cells of the islets has been implicated in the secretion of
PPY. PPY has been reported to have profound effects on various physiological processes including
modulation of gastric emptying and gastrointestinal motility. These effects slow down the digestive
process and nutrient uptake and thereby prevent the postprandial elevation of blood glucose. PPY can
suppress food intake by changing the expression of hypothalamic feeding-regulatory peptides.
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therapeutically effective amounts via any of the usual and acceptable modes known in the art, either
singly or in combination with one or more therapeutic agents. A therapeutically effective amount can
vary widely WeEbENEIBYH the severity of the disease, the age and relative HEalN BB SUtject, the
potency of the compound used and other factors. In general, satisfactory results are indicated to be
obtained systemically at daily dosages of from about 0.03 to 2.51-lig/kg per body weight. An indicated
daily dosage in the larger mammal, e.g. humans, is in the range from about 0.5mg to about 100mg,
conveniently adrpipistared)s:shyRUMMGBFifesaS LP1ipyiarh BOYR A HalPpiperRiasd form. Suitable unit
dosage forms for oral administration comprise from ca. 1 to 50mg active in redient.éOO62]Compounds

of the invention CAPBE AmirSBYEy SPEmat ATt e ipbinBReRY LX) RGHEAtional route, in

particular enteraliyo:8:Ghe@iRi¥peidinen -tadbiakmof takletagtiopppylas s paremrialy. ©.9., in the form
ot in a nasal o ST BURU I B AL B0 ST ER SRR Lo Sl o the present
invention in free fosthylyitopreid iacauticabypaciaptabilesaly fipiparziassoBigtomviith at least one
g, granulet G o7 DA E AN b SHich b B ACRRBE ole S be tables of gelatin
capsulés compri$ﬂ1'vgetﬂhel%acilir@éeih@B@dﬁéﬂbb@g&heflvwi’lﬂp)a)ziilil}aeyitgymgthw)mp@miul@ktrose, sucrose,
rnannitol, S°rbitoba&%%lgf%eté}'{‘-%?ﬁQ'B(Eé'-t'?ﬁﬁi?/ﬁ?)cﬁﬂ&fé&%%frmﬁf&Fﬁﬂi&%ﬁ!ﬁu%p [eANis acid, its

magnesium or calcium salt and/or polyethyleneglycol: for tablets also c) binders, e.g., magnesium
aluminum silicateylstayertipdpigeidinstincarberatantierrhetthideiidoSe, sodium carboxymethylcellulose

and or pO'VViny|pé@&@!@i?f&%ﬁﬂ%ﬁc}iﬁﬂﬁ}mﬁl@Ig@ﬁ?{é"z?n-%gloglﬁ»ﬁglﬂ%pﬁagéﬁi&'&ii-'@&?b@QWaFéE its sodium
salt, or effervescent mixtures; and/or e) absorbents, colorants, flavors and sweeteners. Injectable
compositions caBEAGTEBIRP I ARt <CratrPoPEiseiunsipRe gl shipyEEitbties can be prepared

from fatty emulsigpsomsispepsianse- TR&KANResItifRS e Rerstsrilized @qel/or contain adjuvants,
such as preservin%],ostabilizin , wetting or emulsifying agents, solution promoters, salts for regulating

the osmotic pres&lRSSHY/SH BEPL Az GHBRY RV ZcdR ey SRR A iRe! HEPapeaticly valuable

substancc(ajs. fStrJ]itablﬁyﬁeyamﬂaﬁ@n&wr-(t:laasgﬁfmﬂlnapghiga@m @iﬂiﬂjﬁg&(jﬁpaﬁﬂﬁfeciigfy@?@nt of Ia |
compound of the present invention with a carrier. A _carder can inc sorhable rmacologically
acceptable solve%P & méa’éhé?lg I 5rslsglge'e}'t?1arrgﬁx fafﬁ’el'srf%ﬁ?lhg\‘: fﬁ%o eyl 'é'(gﬁsggé(f%éérf“fpé%é ermal devices
are in the form ofmidandagbrecopaprisingl pipaaking mMpyhan- 2 yiesgmweth damaiiing- the compound
optionally with carriers, optionally a rate controlling banier ta deliver the compound to the skin of the
st at & controleH R R e b B PR PSR oo the
device to the skinyDiatrix-fahsdenstby foipsdthtohsaheoxalse: bengdedtySojtaipld 4aithi(dations for topical
application, €.9-,{a4ia. i AN @G AL PHEMRIEPIATHEONS SRANS: QOIRERIR, greams or gels
rt.”Such can contai il

well-known in the a n Solubilizers; stabilizers, tonicity enhancing agents, buffers and

preservatives. [0068]doitipRiapd<toftive eibertém Yopinseztmirisisred-#h therapeutically effective
amounts in comQjmygﬂewgﬁp%gcgﬁgnoggggg@ggy%ggﬁggo@g@gmqgﬁchal combinations).
0

[0064]For example, synergistic effects can occur with other anti-obesity agents, anorectic agents,
appetite suppresSstRreRYSTHRIEPRGEAS | ylenyarrdiol BRareRghyhRipERpal s BhriBigictit: effects.
Anti-obesity agentsdReudepbpfiare 1.0t likaked 1t aRalpeRigtenyB sessgtinn/microsomal triglyceride
transfer protein (apo-B/MTP) inhibitors, MCR-4 agonists, cholescystokinin-A (CCK-A) agonists,
serotonin and noYSPMBIHRHEIPETHISKE SHRMBRTS: (FoPehemplereml fdite)  sympathomimetic agents,
in adrenergic recepiMuEaoN)pifcraapaminsagartsmionaxanpie: hremoesitpiifiak; 1-
melanocyte-stimulating hormone receptor analogs,.cannabinoid | receptor. antaganists [for example,
compounds destRBtA BTOBD0A 0t 5. 165 Tt B RRAY Fer e An LG Btoms (tne
OB protein), leptyleanaledydsideptinertcepiotybagonististhgelatopreptbgraiists lipaisexirbibitors (such as
tetrahydrolipstatin, i.e., Orlistat),.anorectic agents (such as.a bompesin agonist), Neurgpeptide-Y
antagonists, T B B B e ot
receptor agonistdVstlatzigjopisps] dréRittreaptadiartadoists faadaniarbindingl rotein-antagonists,

glucagon-like pepliclefigespiornagAnsts ClianSUHONORDIS [ASI0Fs (4 peyplipefm), human

agouti-related proteins (A , glirelin receptor antagonists; histamine 3 receptor antagonists or
reverse agonistsy hetlirbiéenil i PeEE o HYonmsts; hileonamshyl msoietid SdaRYIds: Example,
phentermine, mazindol and the like) and appetite suppressants (for example, bupropion). WO
20091038974PCT/U S2008/0751 45 [0065]Where cgmpounds of the invention are administered in
conjunction with other therapies, dosages of the co-administered compounds will of course vary
depending on the type of co-drug employed, on the specific drug employed, on the condition being
treated and so forthours. [0066]A combined preparation or pharmaceutical composition can comprise
a compound of the invention as defined above or a pharmaceutical acceptable salt thereof and at least
one active ingredient selected from: [0067]a) anti-diabetic agents such as insulin, insulin derivatives
and rnimetics; insulin secretagogues such as the sulfonylureas, e.g., Glipizide, glyburide and Amaryl;

inciritlinAatronie crilfonvZliiiraa rarantar linnande cirirh ace rnanlitinidae a A Nnatanlinida and rananlinida-



fluvastatin, dalvastatin, atorvastatin, rosuvastatin and related statin compounds disclosed in U.S. Pat.
No. 5,753,675, rivastatin, pyrazole analogs of mevalonolactone derivatives as disclosed in U.S. Pat.
No. 4,613,6 Y #8¥PB3%Halogs of mevalonolactone derivatives as disclosed frit BE0pivdation wo
86/03488, 6-[2- (substituted-pyrrol-1-ye-alkyflpyran-2- ones and derivatives thereof as disclosed in
U.S. Pat No. 4,647,576, Searles SC-45355 (a 3- substituted pentanedioic acid derivative)
dichloroacetate, irnidazole analogs of rnevalonolactone as disclosed in PCT application WO 86/07054,

3- carboxy-2- hyaiexymanapemasehenic ReihgRkpaines a9 gissiased i aaehRaentNe.

2,596,393, 2,3- disubstituted pyn-ole, furan and thiophene derivatives as disclosed in European Patent
Application No. 0253898/ s pistiurldgs G imetrheimsdisne airareend e Ry 48 Pat. No.
4,686,237, octahyrignapihippRagiseahcameiseesechisiyiSydRaopka. 4499, 289, keto analogs of
rnevinolin (lovastatin) as disclosed in European Patent Appljcation N0.0,142,146 A2, and quinoline
and pyridine deri@é@éﬁf&%ﬁ)&%ﬁ% : .gﬁg‘értl.cp NiosY @85%%@5% %‘%5:13[3@23% %yﬁ i?(’)n, phosphinic
acid compounds st yrlophdpiging (MG EoAsudidughasee suitalblel fpyriutie-Berein are disclosed in GB
2205837; squaleng synt inhibjtors; F farnesoid X receptor (liver X receptor)ligands;
cholestyramine; ??g)rx e%?ﬁ?&%ﬂ ?5lceif(%§léﬁg(%§g|¥?ﬁ%f )06 %l)c}écﬁggﬁ?gngagg' y(z'gent or appetite
regulating agent ettfisa¥en @Biperativity-mipdtilitod; yhelanathytipipeddpol (MGAR)atg)dnists,
melanin-concenthqémglagi 9@{2@@[&%&%@%@%&@@%@1g&yﬁmdnggmone secretagogue

ula

receptor (GHSR) antagonists, galanin receptor mo ors, orexin antagonists, CCK agonists, GLP-1

agonists, and othapiashyhriestidnedeavdbaxyptidenelpiricnProPy 3-&ftétonsist, NPY2 and NPY4
modulators, Corti@ﬁsqaiﬁagl%@spaquaci% ?@ﬂﬁiﬁ@ﬁiﬁ@%ﬁlﬁyi?ﬁﬁéﬁ@[ﬁ@-('—'&%)H&Bﬁ’é&@tprs, ap2
u

1
inhibitors, PPAR gamma modulators, PPAR delta modulators, acetylCoA carboxylase (ACC)
inihibitors, 11-13Me813cICRRIBRYS; (Kifid sl HerrbeRemadulatbrsr9it’3 adrenergic agonists, such
as AJ9677 (Takeda/DaiRiRpon pekid2R30E(MRICKD; ANRBILRAS LG IAan) @ratherdpnwn beta 3
agonists as disclosed in U.S. Pat. Nos. 5,541,204, 5,770,615, 5, 491,134, 5,776,983 and 5,488,064, a

thyroid receptor BRESSHRROP RERA B -AHRYASI s XiospameE P RETOSd sEribor Ay 99721993 (U.
Cal SF), WO 99/00863 ((GreRio}and BRE%/ 284435 (areBio), s G ishihitonassiscosed in

W02005011655, a lipase inhiQitor, such as orlistat TL-9 iz , Serotonin receptor agonists,
(0.0, BVT- 933 (GO R s R R LRI D e e S BHRETEUR m forfiramin,
dexfenfluramine,yilpyoxantrdopilvioxatiyepipatidietineadextyadinel -dfddrydbpridpropylel-albiarexo-
clortermine, picilgrex. sibutramine, dexamphetarnine, phenterrnine, phenylpropanolamine or mazindol,
aorectic agents SR A e e R R oA RS
factor)/Axokine(rM&eadeyvdepropyB BN - (bigiepdenlatforalirdtiophipciactor),ibprinzmnd-leptin receptor

modulators, phe%Qg?ﬁ@m'ﬁPﬁlﬁe@éﬂﬁl@gi%%iﬂ&’@ﬂl@tﬁﬂ@};ﬂ%‘?o @Jagtg(lmine, fenfluramine,

dexfenfluramine, sibutrarnine, orlistat, dexfenfluramine, mazindol, phenterrnine, phendirnetrazine,
diethylpropion, flGieewRE!sphpRrDhi &0 xRnthearEe - Iethyibropidpr nesgphetaertiac- 1-
phenylpropanolasaiesxg)[a%‘&qpﬂpéaﬂsnc%i@%ﬁg@4%@@9@&'&%&%‘1&%&l%i%z@@%%ﬂﬁhﬁﬁgentS

such as loop diuretics such as ethacrynic acid, furosemide and torsemide; diuretics such as thiazide

derivatives, chlorithiazia@eHydRierTskBth AR Fo lidesthrigisterspvt drniiing enzyme (ACE)

inhibitors such agibhgrRaRanTifosAREBRbpaRMaRTL-joOPeRAl3 linnepbrypsaitirerinodopril, quinapril,
ramipril and trandolapril; inhibitors of the Na-K-ATPase membran mp such as,di%oxin'
?tg‘ééb’dﬁffrz ¢

-ATP lembrane pu
neutralendopepticR¥ NS }T%ﬁ@f@?@&?@ﬁi%ﬁﬁ%}y@tgﬂlﬂ%?dﬂ{ﬂ Jidhibitors e.g.
SLV306; ACE/NERetnkihitessyspaieasitomapatiilat, s pediilalyanddasidatslpangiotensin 11 antagonists

such as candesartan, eprosartan, irbesartan, lgsartan, telmisartgn and valsartan, in particular
valsartan; renin it ?ttg%bé)ﬁgﬁ éré'%r'l?&i%err{fe%?’laslﬂfgrﬁ‘{lzﬁ@%%ﬁ% e6éerfal%éy%(gy;%cqﬁ%oéo
beta-adrenergic reCepbothplodieng)sipelidis-aebputoio)) atendlpipdeiaxdlohrinsgprolaktineioprolol,
nadolol, propranolgl, sotalgl and tirnolgl inatropic. agents such as digoxin, dobutamine gnd rnilrinone;
calcium channel%%ceg}i} gu@r?%% gr%c(l) IHI%% ré%lrll il?lt(fqﬁ%l%ﬁr?g‘]%%?ﬁ?ﬁréﬁﬁ?cgrcéfp%ﬁ%modipine,
nifedipine, nisoldipineahéérapheiit-alddsietohel ferdporattatohibencaldosthybpigssidmbdse

inhibitors; and duahET/AlL aniagqDist suetAR.hase Fisslanac iR R 0Q104389. [0071]e) a HOL

increasing compound; [0072]f) Cholesterol absorption modulator such as Zetia(r) and KT6-971;
[0073]g) Apo-Al ahahsprieanaaiey hifraiiiee-loom Ryl st tih AilHordisisdvad- Kimelagatran; WO
20091038974PCT/U 82008/0751 45 [0075]i) aldosterone inhibitors such as anastrazole, fadrazole,
eplerenone; [0076]j) Inhibitors of platelet aggregationguch as aspirin, clopidogrel bisulfate; [0077]k)
estrogen, testosterone, a selective estrogen receptor modulator, a selective androgen receptor
modulator; [0078]1) a chemotherapeutic agent such as aromatase inhibitors e.g. fernara, anti-
estrogens, topoisomerase | inhibitors, topoisornerase Il inhibitors, microtubule active agents, alkylating
agents, antineoplastic antimetabolites, platin compounds, compounds decreasing the protein kinase
activity such as a PDGF receptor tyrosine kinase inhibitor preferably Imatinib ( {
N-1544-(4-methyl-piperazino-methyl)-benzoylamido]-2-

maoathvIinharmv/11 A4 . /2-nvuyrichv 71 .2 _nvvrimidina_-amina 1)\ daceribhead in tha Erirconaan natant annlicratinn



COX-2 inhibitors) ; antidepressants (e.g., fluoxetine hydrochloride (Prozac )); cognitive improvement
agents (e.g., donepezil hydrochloride (Aircept(r)) and other acetylcholinesterase inhibitors);
neuroprotec&284UMHE4 g., rnemantine) ; antipsychotic medications (e.g. PA3raSf48%87?EEodoe),
risperidone (Risperdan, and olanzapine (Zyprexa(r))); [0084]or, in each case a pharmaceutically
acceptable salt thereof; and optionally a pharmaceutically acceptable carrier. [0085]The invention also
provides for a pharmaceutical combinations, e.g. a kit, comprising a) a first agent which is a compound

of the invention agglisglaasslheieinaindrasferex PnitlnpreasatticaliyAcrrp@Rleall fym, and b) at
least one co-agent. The kit can corgﬁ{rise instructions for its administration. [0086]The terms

"co-administratiof? SO EGEAIRYY GblmrdAtbion Yrniner ke Ll iniroey Herb¥h BiRs 5t to encompass
administration ofdhisoselasteditbasapautienagentsitomnaangliEpatipiptandsare intended to include
treatment regimens jn which the agents are not necessarily adminjstered by the same route of
administration oryl)lp 3%5?‘??5%?‘98%@5@?}%??8?@% atﬁhtﬁ??gﬁggg%f&d%eégﬁqé?ﬁgﬂon" as used herein
means a product(biai yisekitis, fygiperibda-midipheos -gomuigingpefithaere - thao ghecactiveupptedisat and
includes both fixed and hpn-fixed combinations pf the active ingredients. The term "fixed combination”
means that the et or e S O B Rl PR S o A 2 e A
administered to depeltigyitdsidlmnediistinintihleuidrnylgfisesimgie wiphitporydoshgeritéraltert "non-fixed
combination” me@g[?ﬁ@%éb&%ﬂ&?f m@{ 9jﬁﬂéﬁiy?sﬁfp%ﬁ%}ib@8&ﬁﬂgtgl)@rmUla | and a co-agent, are

both administered to a patient as separate entities either simultaneously, concurrently or sequentially

with no specific titidursirctyhebsiosiestadipipisigagoncpiovidess tRdfapeatidiyoetfédive levels of the
2 compounds in Ehl%tﬁg}gmﬂingh%@H@Hﬁﬂﬁ%@H@{ﬁlﬁa@mfyﬁﬁa&ﬁ@%}@léﬁ?fﬁﬁymﬁi&eth@

administration of 3 or more active ingredients. Processes for Making Compounds of the Invention

[0088]The presefMsHVdntRPLRY htlitdetiBroeetsbsms et rahpardifiier tompounds of the
invention. In the ng&g_gﬁl%gjpg@eﬂcﬁg@p@amgm@;rg_gq_pm@qgrgg@,qyﬁimmﬁ@nal groups, for

example hydroxy, amino, iming, thio or carboxy groups, where these are desired in the final product,
to avoid their unﬁ%’t‘é‘ﬁ‘ﬂ'&r‘ﬂéﬂ?&t%"ﬁiﬁé'%%’W%MQ%@PBH&VEP&%‘&W@@P@&B%t*ifgmlbe used in
accordance with stengiidippasiice. for @xaraplerseepyBiifcrebppaiiinkl- @)-Ms-Wuts in "Protective

Groups in Organig¢ Chemistry”, Joh iley and Sons, 1991. [ In th lowing schemes, several
methods of prepaqc%lfr%)]i?%%%gr%g&eﬁﬂ g)\éfpt ré% Blfésé:ﬁﬁ)l?f\%% ‘T’oé{%%z ﬂfl(JL't(SaiE%/ey.W rrlgénb%rslkglﬂ in the art will
appreciate that thy@pipeneinetgl anethopyeSehihifiveroahchin)pipandinihgllssiten pif ibpasthotd for preparing

the compounds qf;the present inyer E B }El%rg i_?_l in the schemes are as.deseribed in Formula |.

Reaction Scheme F}‘ﬁ%ﬁ' ﬁ\f@@éb%ﬁl‘g a- gé FQS agg, Heat zﬁ)) yUPIP
yl)phenoxy)methyl)piperidine-1-carboxylate; Isopropyl 4-((5-(1,2,3,6-tetrahydro-1-
methanesulfonylpyridin-4-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate; 1-
Methylcyclopropyl 4-((6-(1,2,3,6-tetrahydro-1-methanesulfonylpyridin-4-yl)pyridin-3-
yloxy)methyl)piperidine- 1-carboxylate; Isopropyl 4-(2-(6-(1,2,3,6-tetrahydro-1-
methanesulfonylpyridin-4-yl)pyridin-3-yloxy)ethyl)piperidine- 1 -carboxylate; 2-(4-((5-
(1,2,3,6-Tetrahydro-1-methanesulfonylpyridin-4-yl)pyrazin-2-yloxy)methyl)piperidin-1-
yl)-5-ethylpyrimidine; 2-(4-((6-(1,2,3,6-Tetrahydro-1-methanesulfonylpyridin-4-
yDpyridin-3-yloxy)methyl)piperidin-1-yl)-5-ethylpyrimidine; 2-((1-(5-Ethylpyrimidin-2-
ylpiperidin-4-yl)methoxy)-5-(1-methanesulfonylpiperidin-4-yl)pyrazine; 2-(4-((6-(1-
Methanesulfonylpiperidin-4-yl)pyridin-3-yloxy)methyl)piperidin-1-yI)-5-
ethylpyrimidine; 3-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-6-(1-
methanesulfonylpiperidin-4-yl)pyridazine; 2-(4-((5-(1-Methanesulfonylpiperidin-4-
yDpyridin-2-yloxy)methyl)piperidin-1-yl)-5-ethylpyrimidine; 1-fert-Butyl 4-(4-(1-
(methylsulfonyl)piperidin-4-yl)phenyl) piperazine-1,4-dicarboxylate; N-((1-(5-
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Xa-Q-LN -R4 R, (4) (RI) X R1-W1 W,.Q-LNR4 Pd or Cu catalysis(/t2-R (la) [0090]A compound of
Formula la, where W2 is nitrogen, can be prepared as in reaction scheme | by reacting a compound of
formula 3 (WHErRRA38%ts to a chloride, bromide, iodide, triflate, nonaflate F&rHEAEOwittSa
compound of the formula 2 (where XlI, refers to a leaving group such as an aryl- or alkylsulfonate
ester, halide, epoxide where R5 the oxygen of the epoxide, or other appropriate group familiar to one
skilled in the art) in a suitable solvent such as N,N-dimethylformamide, tetrahydrofuran and the like in

the presence of agilahle Rase-SUEHaxGSRGRRMNAHLQN 1helikasatren slayatachiempaiatse of up to

about 80C to generate an intermediate of the formula 4. A co%ound of the formula 5 (where C=X can
be a C=0 or CH2Y ¢ah & tuipEmrititay beirgiting s metshriimehybitiglthe Pd or Cu methodology
known in the art (fastexannmole; phrkidiA4Bughnatd 4%4 K1-J-Amor6aimiSe0- diigstias4 8742 and
references cited therejn and Hartwig, J. F. Handbook of Organopalladitun C istry for Organic
Synthesis, NegiSH?,HEF},“EKH.)PW%%]Ig@?@éﬁéﬂ?’&yﬁf@ﬁﬁ%ﬂﬁgﬁ M 58 ’s%lﬂuegf?é%é'fg%h@érstood that
the groups may hecprdteciegoensignsbohitipipaditiald-gEfimebbiy therGimnydrg-ok thep tmemtion which
may be deprotected and manipulated to a final co und of the |n i fter completion of this
scheme or in the%fl}alc]ﬁlg eor%l@e Sche ?ﬁ‘g&%ggét,%ﬁ@gh%é’IﬁOPB(E:‘Lﬁng[ﬁ_( 12. Metal catalyst C Ib:
_cuz2-et/2_ [0091(]&@#@@1@@0&@@@@@5&1]PB,-thlei[@mzw—ZHsl Naadd-Zan be -CH=CH- or
-ChL-Cl-12-, can e, Bicpaedl A IRas an SRhRme y ATABKRARGIG Jqumia . fof be reacted

with a compound of the formu (where X, and Xd both independently represent leaving groups such
as F, Cl, Br, OTf nétebyie ulteisil-thexapipersaiactivél prysup)- dsibersimethhpipandition-metal catalysis

mentioned in sct@%gx%,lg{ey§jﬂgtgy§g9%%pﬁtgg[(t?g_jg_gpgpngﬁlgggg%g[gemmipg and the like in a

suitable solvent such as N,N-dimethylformamide and the like at an elevated temperature to generate
an intermediate GFERPFEMRIEYAIRKRA MR Y R yNePeridiaed et ROtHIaR dtefin of the formula 8

using heck reactigaaeapglitignsplio -3 MpIR Ao yim Ethianths G day - 220k fihespinS0C. 2001, 123,
6989) to generate compounds where L is -(CH=CH)- which can subseguently be reduced using

hydrogen and a SAtBRAE SRR erRS i hRIRTH Mitstar 2Re Beisok NSRS H080 781 45 such
as Pd/C and the [ikectebaaimpouindsh ywhanad)sigfdiyti 2 oxdpifeiasehempyitisiipderstood that the

groups can be prolgggt d vgrg]ltons of the rgdi)cals defip_eo(l3 In the Sum yﬁf '_d&e InVﬁl_‘l '8_n which can

e donrotectod P TR R RERE A G L S ST o S SERER Lo i the

middle of the schpmelirmatiydiatbokiuéoty] } {POL2]A cotpowd B the Horedulbdiperdiubith Q is a
heteroaryl group SUEA. a8, . | methyleyclopropyl 4-({[5-(4-{ [2-(morpholin-4-ylethane]sulfonyl}-2-
oxopiperazin-1-yl)pyrazin-2-yl]Joxy }methyl)piperidine-1-carboxylate; 1-
methylcyclopropyl 4-({[5-(4-{[3-(dimethylamino)propane]sulfonyl }-2-oxopiperazin-1-
yl)pyrazin-2-ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-
{[2-(1,3-diox0-2,3-dihydro-1H-isoindol-2-yl)ethane]sulfonyl }-2-oxopiperazin-1-
yl)pyrazin-2-ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-
{[(dimethylcarbamoyl)methane]sulfonyl } -2-oxopiperazin-1-yl)pyrazin-2-

ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-[1-(2-
methylpropyl)pyrrolidine-3-sulfonyl]-2-oxopiperazin-1-yl }pyrazin-2-

yl)oxy]methyl }piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(2-ox0-4-{[3-(1H-
pyrazol-1-yl)propane]sulfonyl } piperazin-1-yl)pyrazin-2-ylJoxy } methyl)piperidine-1-
carboxylate; 1-methylcyclopropyl 4-[({5-[2-ox0-4-(pyrrolidine-3-sulfonyl)piperazin-1-
yl]pyrazin-2-yl}oxy)methyl|piperidine- 1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-
[(2-amino-2-methylpropane)sulfonyl]-2-oxopiperazin-1-yl }pyrazin-2-

yl)oxy]methyl }piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[(1-
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1,2,4-oxadiazolyl (as shown) and W2 is N, can be prepared as in reaction scheme Ill by reacting a
compound of the formula 5 with cyanogen bromide in a suitable solvent system such as aqueous
Na2C03 an¥ Qi&HiyP3#iéthane and the to generate a compound of the formRfY ST 1R nediate
can then be reacted with hydroxylamine in an appropriate solvent such as ethanol and the like at an
elevated temperature such as 60 C to furnish a compound of the formula 10. Intermediate 10 can then
be reacted with a compound of the formula 11 (where AE stands for an acid equivalent such as a

carboxylic acid, aifeyh @piefRuACIVAIREBSIElSHeR, Sk Nibe gaten 3ng theilike) using any of the
protocols known in the literature (such as Science of Synthesis 2004, 13, 127, Tetrahedron Lett. 2006,

47,3629 and J. MEJYERER o dre- Esapiy affolatRE X e dbhoUnds-dFmeediiala ic. in this
scheme, it is undgsipad thabie) reupsisesanatedpsanne pngteslet ¥ IsigRsidhine radicals defined
in the Summary of the Invention which can be deprotected nipulated to the final compound
after completion &F" |’§VL3(§ﬁ’e]ﬁ’{ge Vi 8pﬁ?{%lydIé’gy{hé'gﬁéﬁg'@ggﬁ%%'fheme IV (R, 0, N,
Rcw, A N-ce \-Ectl)8Gan&]siNFdR4 { [d)raz[0093)yeonnpb yoxef tiehly b pipeitalit dacnbie piapared as in
reaction scheme |V by reactin of the formula 9. with.a pound of the formula 12 in a
sohvent such as tE A SR T e e P A i the ke
at an elevated tephjperatin-é-yh thiosethghpéridinmtiershoryl ttat thethybwpbplesid Hatdd-¢an be

protected versiorns of i iRdicals S fined AU RHIIADKON e YRaioRhIsR an s deprotected

and manipulated to the final compound after completion of'this scheme or in the middle of the scheme.

WO 200910389 Mirasiuethyboparbiedscribatyior Schemdoy Joompp £othipattid¢d the Formula le, in

which Q is thiaZQiYM@ﬁaE»&W@ié@%%)t@a’ﬁéﬁM%&%H=£@%B$&5%H@[€ﬂ)ﬁ§rﬁiﬁ@@0“0” scheme V by
reacting a compound of the formula 5 with a protected glycine derivative of the formula 13 using

appropriate couptingireaigenisrpredias bydeprofietbmahulcuiprrgihic & cdrbbkylate of the formula
14 to generate aggintesprdiaie of ihenfosmua) darohhis- ntsuppdiaim gap herhexcyclized using
Lawesson's reagent or other thiotransfer/dehydrating agent in an appropriate solvent such as xylene

at an elevated tefHo&YAMrd LR Ainsd CH8Y e ate tRE MRS T Wi ipdlind Gt thélrsfifiia 1e. In this
scheme, it is understogd tbasdingi BiaLips cdesigialieecpD-beopiiaeted yersiensmof the radicals defined

in the Summqry 0 th(_e Irplg nﬂoT%El \é\{ﬂﬁ:h_ an be d?frpigggg ?(:nglman@i%u?@%_%gefligal _cy_mpound

after completion OF Tt e Fin e Hae fthe Ll - Y695 odfAd 0rtha Formula If,

can be prepared a$fonybactiospgeinernel Ml ]pyrazin-2-yl}oxy)methyl]piperidine-1-carboxylate; 1-
methylcyclopropyl 4-({[5-(4-{[3-(3,3-difluorcazetidin-1-yl)propane]sulfonyl }-2-
oxopiperazin-1-yl)pyrazin-2-yl]Joxy }methyl)piperidine-1-carboxylate; 1-
methylcyclopropyl 4-({[5-(4-{[3-(azetidin-1-yl)propane]sulfonyl }-2-oxopiperazin-1-
yl)pyrazin-2-ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{2-
0x0-4-[(3S)-pyrrolidine-3-sulfonyl]piperazin- 1-yl }pyrazin-2-yl)oxy]methyl } piperidine-
1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-[(3S)-1-methylpyrrolidine-3-
sulfonyl]piperazin-1-yl}pyrazin-2-yl)oxy]methyl } piperidine-1-carboxylate; 1-
methylcyclopropyl 4-{[(5-{4-[(3R)-1-methylpyrrolidine-3-sulfonyl]piperazin-1-
yl}pyrazin-2-yl)oxy]methyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-
[(3S)-pyrrolidine-3-sulfonyl]piperazin- 1-yl } pyrazin-2-yl)oxy]methyl } piperidine-1-
carboxylate; 1-methylcyclopropyl 4-{[(5-{4-[(3R)-pyrrolidine-3-sulfonyl]piperazin-1-
yl}pyrazin-2-yl)oxy]methyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-[({5-[4-
(azetidine-3-sulfonyl)piperazin-1-yl|pyrazin-2-yl}oxy)methyl]piperidine-1-carboxylate;
1-methylcyclopropyl 4-{[(5-{2-ox0-4-[(pyrrolidin-3-ylmethane)sulfonyl]piperazin-1-
yl}pyrazin-2-yl)oxy]methyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-[({5-[4-(1-
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A ketone derivative of formula | 6 can be reacted with an organometal reagent of formula 17 such as a
Grignard reagent or the like to furnish after dehydration with an acid such as TFA and the like, an
olefin of the WHHRIH88 Hhis material can be deprotected with the appropri&fel/¥ag&se’fdtdwed by
reaction with an electophile of the formula 19 where X, can be a leaving group such as mesylate,
halide or the like in an appropriate solvent such as N,N-dimethylfomarnide or the like using a base
such as Cs2CO3 or the like to afford If as the olefin. The olefin can then be reduced with a metal

catalyst such as Rfexgrihgelikapiipayaieuen,dpsefthe apnpopiate hydrogen transfer reagent to

afford If as an alkane. In this scheme, it is understood that the groups designated can be protected
versions of the ré’(lﬂt‘?él’@IH‘étﬁPiHBIIi’ﬁrfﬂ’é‘eSh'ﬁ?ﬁl?Sf‘y‘/lﬁﬁHéWﬁgB’ﬂﬁP@%OWﬂPéﬂ ‘&:‘él&)‘é“d%‘rotected and

manipulated to thg didaiaamprunenafigipeampletion efuisschexgmeel (bpdnidadel of the scheme.
Reaction Scheme VIl [0096]A compound of the E la Ig, can be prepared as in reaction scheme
Ui A viny meta BRUAHVS GTYTRR EB TRHIE R 1 T T ST S MR B 0
participate in metaybatahzzed-gduplingeteddtipes)ican karteagiad, Witheahhialide@betang{gsa-(where Xf
refers to a chloride, bromide, iodide, triflate,, nonaflate, gr.the like) using an appropriate metal catalyst
such as Pd with iﬁ“é%‘ﬁ?%ﬂﬁ%’?é’ %éﬁgt'syﬁs g%lagl%lu aqsn}/aﬂhélfi%)?or%%%wrgég'sﬂmé)ﬁ nZ]tIﬁ%'art to generate an
intermediate of foltnyya2ethYhpspiridimddiatbosahthdmisghalkytdeppyith-ali SriteomedidtgRof formula 18

as outined in schema,Yhiowalloihieg5:an 8151, The.olef fan ihen b edusrd mitha etal catalyst

such as Pd/C or the like with hydrogen gas or the appropriate hydrogen transfer reagent to afford Ig as

an alkane. Alternbfiahylegctemaps] gréparkt(bynedirlantiidine 8 wstatyhewereancbiipig srra compound
of formula 20 wit 1?Og%g%“&@éﬁg[ﬁgql_%4}@;;(91g@qi%%@gﬂgggg)fq_{@{_gqhtg:[he alkane. In this

scheme, it is understood that the groups designated can be protected versions of the radicals defined
in the Summary SfsEl#RGEdRE WHieR batr berRiepisiactadiBazRzp LRste B B YNB RPHT 86 rhpound

after completion gfithig,sabemg.atyirihiepRisid!e-qf sha-sehemenyReadinn SohrmanMihifolRPR7]1A
compound of the Formula Ih, can_be prepared as in reaction scheme VIII. A compound of formula 23

can be reductively SRRHEE Wi PEBHBouNdCsY toFHYEPRFTiding trfaBphrBftidte reductant such as
NaHB(0Ac)3, NagadiBitsasstdha like [th@n ppphepiaiesoilveniizuecth as WitkioyDpipthane, methanol,

ethanol and the like to afford Ih. The gmjne in.Ih can then be further manipulated, In this scheme, it is
Cnterataod thiat HPHUISS AU PR eyt < o I AR HEbHEE T the
Summary of the [H$diSWwhjthlibadriey papsbtected ndpmaniplitatdi 2evkopifimaktompound after
completion of this scheme pr.in the middle. of the scheme. Reaction Scheme IX "X Rl-h Vitz (25) 1.
Deprot el 2. (1) BT LI BB iPeae S e e A By 2Ll reation
scheme LX. A cdrh?pH&ﬁd%ﬁﬁd&ﬁbt@i@SM@@xé-aﬂdhahedalrrifpeyéhb@snpﬁmmimbfo, brorno, iodo,
mesylate. tosylata o fieieh eam e AN 2.0MmoRKAT AlRIBURBARHTIAG 78 @PProPriate

base such as sodium hydride, L e like in an appropriate solvent such as
N,N-dimethylfonhesidéinN-ragiapg vatienybng oBwis zdtray@étaiza-and the like at an elevated

temperature sucm@&?ﬁﬂghﬁf}gjggyﬁql{g affoich andrtarmediats Qb iaspgula (¢ hisgnaterial can then be

manipulated in a similar fashion to intermediate 18 in scheme Vito arrive at I. In this scheme, it is

understood that RGNS HesRsTRRasEHRABARIPSTaE s VERIBRE oF thio Tame i sRiRABY IR the
Summary of the havgntiensvhiglearResiepyoiected @ntmampplaiadbauinshiina-sesprerndafter
completion of this scheme or in the middle of the scheme,
1-yl}pyrazin-2-yl)oxy|methyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-
[(2-aminoethane)sulfonyl]-2-oxopiperazin-1-yl }pyrazin-2-yl)oxy]methyl } piperidine-1-
carboxylate; 1-methylcyclopropyl 4-({[5-(3-methanesulfonamidoazetidin-1-yl)pyrazin-2-
ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[2-
(dimethylamino)ethane]sulfonyl }-2-oxopiperazin-1-yl)pyrazin-2-
ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(2-ox0-4-{[3-
(pyrrolidin-1-yl)propane]sulfonyl } piperazin- 1-yl)pyrazin-2-ylJoxy }methyl)piperidine-1-
carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[3-(morpholin-4-yl)propane]sulfonyl }-2-
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Reaction Scheme X  [0099]A compound of the Formula 11, can be prepared as in reaction scheme
X. A compound of formula 28 can be reacted with a compound of formula 29 (where ; can be chosen
from chloro,YbPoif/48%$G4 inesylate, tosylate and the like) using an appropri&fetda2a%8(A143 cesium
carbonate, sodium hydride, LDA and the like in an appropriate solvent such as
N,N-dimethylformamide, N-methylpyrrolidinone, DMSO, tetrahydrofuran and the like to afford an
intermediate of formula 30. This material can then be reduced using an appropriate metal hydride

such as LAH or Bkigeghihen jupctionatizaghwitmte sppepiiala elgstgphieRiXh (where Xh can be

chosen from chloro, bromo, succinate, p-nitrophenyl and the like) to afford an intermediate of the

formula 31. This PrERIRCIOROMA A HE i AHBdReasie s et P ehms i fRriRRf el in scheme VI

to arrive at L. In flipwahameylibis paeaisipperifiat thegeowpstelesigaates crprbpypiotgsted versions of
the radicals defingd in the Su mar%/ in:‘llrlﬁ'e @v{gention,which (farg%e de éotected and manipulated to
the final compountl AHEH L BIERSASH IS Y e RSRIPSHEHE WidliE B the scheme. Reaction Scheme

Xl 1. CI 10, 2. Rikdxyhaseh{lypiperiite 4l L42box 61 00héhgdrndopiogyd e F-04+1014,3k, can be
prepared as in reaction schem A compound of formula 32 can.be converted.to an amide by
eactng with an SLUORG 0 Lo IR Ehon o s e S HBHFLS lvant such as
dichloromethanecarhdrey likes foltowbhett omapyioh Witk @reiiadorxaimaeplidalent followed by reduction

with an approp”%%tﬁ%ﬁ&%ﬁ%ﬁ%%&%ﬁﬁ'ﬁa?ij#?r&éiﬁ-E?y?ﬁ)%gﬁ&ﬂ?f}%ﬁﬁ%‘ﬁﬂiﬁé‘?lg’éaﬁ%‘éJﬁﬁ@é?ﬁ"i‘ 33. This

material can then be cyclized'with formaldehyde and acid’such as acetic acid or thée like followed by

functionalization Wethydey slepremtidte (R (Atrdlaroarapanclépmd &a -freapiedinsis; lbybigasiiccinate,
p-nitrophenyl and te,like) igaffpist andetermediaiae! thedaymuagspinis paterighcan then be

manipulated in a similar fashion to intermediate 18 in scheme VI to arrive at Ik In this scheme, itis

understood that thEgFBEPaRGYHATH CaPrBRIRSBES e VRYEBRS o tAEy I IE X SriRsAERE ih-the

Summary of the lventiensvhighearResepyeiegtediand manipulated to the final compound after
completion of this scheme or in the middle of the scheme, [00101]Detailed descriptions of the

synthesis of comSBHAtY SRR THGCRERE A GRASAH IR Exar s ARz -y Ipyrazin-2-
yl}oxy)methyl]piperidine-1-carboxylate; 1-methylcyclopropyl 4-[({5-[4-({[1-

(dimethylamino)cyclopropyl]methane }sulfonyl)piperazin-1-yl]pyrazin-2-
yl}oxy)methyl]piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-[(3-hydroxy-3-
methylbutane)sulfonyl]piperazin-1-yl }pyrazin-2-yl)oxy]methyl } piperidine-1-
carboxylate; 1-methylcyclopropyl 4-{[(5-{2-0x0-4-[(3R)-oxolane-3-sulfonyl]piperazin-
1-yl}pyrazin-2-yl)oxy]methyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{2-
0x0-4-[(3S)-oxolane-3-sulfonyl]piperazin-1-yl }pyrazin-2-yl)oxy]methyl } piperidine- 1-
carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[3-(acetyloxy)-3-

methylbutane]sulfonyl } piperazin- 1-yl)pyrazin-2-ylJoxy } methyl)piperidine-1-
carboxylate; 1-methylcyclopropyl 4-[({6-[4-({[1-(azetidin-1-

yleyclopropyl]methane }sulfonyl)piperazin-1-yl]pyridin-3-yl}oxy)methyl]piperidine-1-
carboxylate; 1-methylcyclopropyl 4-[({5-[4-({[1-

(benzylamino)cyclopropyl]methane } sulfonyl)piperazin- 1-yl]pyrazin-2-
yl}oxy)methyl]piperidine-1-carboxylate; 1-methylcyclopropyl 4-[({5-[4-({[1-(azetidin-1-
ylcyclopropyl]methane }sulfonyl)piperazin-1-yl]pyrazin-2-yl Joxy)methyl]piperidine-1-
carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[(1-

hydroxycyclopropyl)methane]sulfonyl } piperazin-1-yl)pyrazin-2-

ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[2-(1-
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Additional Processes for Making Compounds of the Invention [00102]A compound of the invention
can be prepared as a pharmaceutically acceptable acid addition salt by reacting the free base form of
the compoulY® W A38%Hrmaceutically acceptable inorganic or organic acidP AERAR/RTY142
pharmaceutically acceptable base addition salt of a compound of the invention can be prepared by
reacting the free acid form of the compound with a pharmaceutically acceptable inorganic or organic
base. Alternatively, the salt forms of the compounds of the invention can be prepared using salts of

the starting matesigip.QydiesprasistannQOa3ing feeeiacid opfieahase iymsdathsisampeunds of

the invention can be prepared from the corresponding base addition salt or acid addition salt from,

respectively. For 6% ateedsBui depreifviekition i (& Lcid addition salt form can be converted
to the correspondingfies RasphyiertngemthfansubakRiahasey(pgaarmnonium hydroxide solution,
sodium hydroxide, and the like). A compound of the invention in a base ition salt form can be
converted to the SR Bgﬁame oS A% 'B%?é&?ﬁeg W%y ARG %&%’.t%ﬁg@?échloric acid, etc.).
[00104]Compouritlene§ tthe iewdsiropyifnueiodeljzaeldofgiipipandie prépared frdm N- oxides of compounds
of the invention by treating, with. a reducin ent (e.q., sulfur, sulfur dioxi riphenyl phosphine,
i borohy gt SO L, S e e e T L e ent e 0.
acetonitrile, ethanoipacyebauspiioxarenasiHeniie)iptdzio-8¢1yid0n05Piognug tetivatevaisnef the
compounds of th?_gay&)r}g;%ec%%%ﬁ@g%ﬁg y mgglggﬁ ﬂgjawn to those of ordinary skill in the art

. (18524 :

(e.g., for further details see Saulnier et al., (1 loorganic and Medicinal Chemistry Letters, Vol. 4,
p. 1985). For exdimprxyapprnsertectromisgéonsn Beoppiparad b ybatHN & non-derivatized compound
of the invention V&}ﬁﬁ'&y@ ﬁHHﬁH@l‘i‘p RaYlating.R08Rt ﬁerﬂeﬂf&ilyéﬁﬁﬂwu%?ﬂfﬁlﬂﬂgﬁm@[@éﬁ@’

para-nitrophenyl carbonate, or the like). [00106]Protected derivatives of the compounds of the

invention can be HsakdpsIRsaERABIGR t3Hdisel of tRkapREY 2 inPiReridipeal tathmeyade seription of

techniques applicahif ta i ersatiqn efpnatesting grewns-antihaiidameral gan be found in T. W.
Greene, "Protecting Groups in Qrganic Chemistry", 3rd edition, John Wiley and Sons, Inc., 1999. WO

20091038974PCH R8I PR T 0 L TN AR uk B RS ARsrR Y hde A RS Ednveniently

prepared, or formeandiningdhmeioaass ahtbe ipsantiany idshsabxaiesa pipeydiaias). Hydrates of
compounds of the present inventjon can be conveniently prepared by recrystallization from an
aqueous/organic%%% qtatr?fixfﬁr%%t, &%%CgOBFap%ﬁé'é%ﬁﬁ}!szé‘égﬁ% %{é?ﬁ?iéirahydrofuran or methanol.
[00108]CompoundE®fatheldnzerition]cgi-he-pittpanpticas:thedthntivipkralistel eaiborytrs; iy reacting a
racemic mixture gf (e, campaund i, an,opiiFAlY G vRssaling aaenl g form a par of
diastereoisomeric compounds, separating the iastéreomers and reco ering the optically pure
enantiomers. Whileresoletiohmopaitimtloyhersicaditse thhiéd vethyingnodialenbdigsidiedrneric
derivatives of theyﬁggp A alRIER1RN. Hissariabls LOBBISPS ARRIF(PHORAD, Crystaline

diastereomeric sa lastereomers have distinct physical properties (e.g., melfing points, boiling
points, solubilitietstienetivityl [t )eandPeEmisenréadinrsegurdratmsthakin g aavhatagdionthése
dissimilarities. Thﬁﬂ?—‘%@(ﬁgfa@[‘ﬁ&@@%?ﬁﬁéé@&eﬂ1@,%75@?1@1%{%Q%e9cfﬂ%{t§f@£?@b& by

separation/resolution techniques based upon differences in solubility. The optically ﬁ.ure enantiomer is

then recovered, Atgnrtiienalrteaitingl dbprrarirahy prtintdel e ars eaiiingr dsult in
racemization. A m@r:deiaiechdasatptiopaiyine (echhiavessansticabien hesmsalubanal2-

stereoisomers of compounds from their racemic mixture can be found in Jean Jacques, Andre Collet,

Samuel H. Wilen B are s R dRiBREd arid -RERBMSHE B8R Witsl Add 'sons, Inc., 1981.
[00109]In summaythifiecompopipeasdaf-Faiphtadeasndps Npaseibna Ptatess] ) pbpavalyed- (@)
that of reaction s s Ito XI: a . _(b).optionally converting a compound of the invention into a
pharmaceutically 2dce A o ey Rl A AR L P o Gondl of he
invention to a nopespdhidyhd-[3-(1-(cioptiodfihy paparetinn dpbsmoxidireidy fipipeofiacsbmpound of the

invention into a pharmaceutically afc?&ti?(ljﬁ Igl-oxi e; ¢) %igqatllx convening an N-oxide form
i Sy HE33- (1 nesulfony1/1,2,3,6-t&trdh difl-4-
of a compound of the INVention {o its unoxidiz dIPgrrr?; est Ong’ CHANYEOpYHIET

yl)phenoxy]propyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-

methanesulfonyl-2-sulfanylidenepiperazin-1-yl)pyrazin-2-ylJoxy }methyl)piperidine- 1-
carboxylate; 1-methylcyclopropyl (3S,45)-3-hydroxy-4-{[(6-{4-[(2-
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(t) optionally resolving an individual isomer of a compound of the invention from a mixture of isomers;
(9) optionally converting a non-derivatized compound of the invention into a pharmaceutically
acceptable PY8HWY/ H8AVAtive; and (h) optionally converting a prodrucP§&rKE&/ G e ompound
of the invention to its non-derivatized form. [00110]Insofar as the production of the starting materials is
not particularly described, the compounds are known or can be prepared analogously to methods
known in the art or as disclosed in the Examples hereinafter. [00111]One of skill in the art will

appreciate that the-alhgusiansiauRAtinps a0y poRiesengtive ptmathadsiferdreparation of the

compounds of the present invention, and that other well known methods can similarly be used.

Examples [00119FPA&YHEsHESHOARRPIERUHAB eyt Sotdifted, by the following

5 0 methanea o maraat o1, T ooy Mo S LAty ate. ITh Mea, AN
- -methanesulfonylpiperazi n)- 1 - noxy.)me e ridine- 1-carboxy late. ir ea,

(0 0 WO 2009ﬁ§§§¥%§/@%@6@§)@%‘§f@4'%3ﬁ3§ y&%%\“;%a solution ofyAIa (5.26 g, 45.7

mmol) in drlyodimmhmb?msmmﬁpﬁa%deﬂﬂmwQ&)(a%;grgelt_ﬁ)ﬁ.@igzﬂ@;ﬂg-'ﬂo the resglkt]ing

mixture, a 1.0-M solution of iso orofqr in toluen is added dropwise, wit

vigorous stirring,Ccfil\r/eorxfp?treﬁrif.ﬂﬁa’{\lc}\)ﬂ|X &f)) ergpﬁ'ﬁgﬁﬁgfgéﬁ%‘!ﬁg%é%ggsion is stirred at room

temperature for 4netwisrapeevkiteopypipitatentd fitbreddoff3 whshddweitl Inipreidimdthoxyethane, and

discarded. The r ing.salytion,i ted toqryr Jo vield Al:NMR (DMSO-d6, 400.13
My 84.75 (sena B R S N 56 rz, 20, 3.2 o,
2H), 1.63 (dd, J agtaylprmpeesuiayyiimperiaint Hyl pyrdia; 3+ ¥exy Ietteipinegdifgr 1 2H); no mass

spectrum could b ahiained: QA ASIER:E;,Ta-A solulign.of AR5 Sdkd mmohin

dichloromethane S30m ) is added tr!ethylar_nl_ne 5 g, _2. mmol) in one pqru?rl. The resulting

mixture yl)propane]sulfonyl } piperazin-1-yl)pyrazin-2-ylJoxy }methyl)piperidine-1-carboxylate;
1-methylcyclopropyl 4-({[5-(4-{[3-(azetidin-1-yl)propane]sulfonyl } piperazin-1-
yl)pyrazin-2-ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(5-{4-
[(3-methoxypropane)sulfonyl]piperazin-1-yl } pyrazin-2-yl)oxy]methyl } piperidine-1-
carboxylate; 1-methylcyclopropyl 4-{[(6-{4-[(3-chloropropane)sulfonyl]-2-oxopiperazin-
1-yl}pyridin-3-yl)oxy]methyl } piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-
{[2-(azetidin-1-yD)ethane]sulfonyl } piperazin-1-yl)pyrazin-2-yl]Joxy }methyl)piperidine-1-
carboxylate; 1-methylcyclopropyl 4-({[6-(4-{[3-(azetidin-1-
yl)propane]sulfonyl } piperazin-1-yl)pyridin-3-ylJoxy }methyl)piperidine- 1 -carboxylate;
1-methylcyclopropyl 4-[({5-[4-(pyrrolidine-3-sulfonyl)piperazin-1-yl]pyrazin-2-
yl}oxy)methyl]piperidine-1-carboxylate; 1-methylcyclopropyl 4-({[5-(4-{[2-(3,3-
difluoroazetidin-1-yl)ethane]sulfonyl } piperazin-1-yl)pyrazin-2-
ylJoxy }methyl)piperidine-1-carboxylate; 1-methylcyclopropyl 4-{[(6-{4-[(3-
hydroxypropane)sulfonyl]-2-oxopiperazin-1-yl }pyridin-3-yl)oxy]methyl } piperidine-1-
carboxylate; 1-methylcyclopropyl 4-({[6-(4-{[3-(azetidin-1-yl)propane]sulfonyl }-2-
oxopiperazin-1-yl)pyridin-3-ylJoxy }methyl)piperidine-1-carboxylate; 1-
methylcyclopropyl 4-[2,6-difluoro-4-(4-methanesulfonyl-2-oxopiperazin-1-
yl)phenoxymethyl]piperidine- 1-carboxylate; and 1-methylcyclopropyl 4-[({5-[4-
(oxetane-3-sulfonyl)-2-oxopiperazin-1-yl|pyrazin-2-yl Joxy)methyl]piperidine-1-

carboxylate.
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is cooled in an ice/water bath and methanesulfonyl chloride (1.8 mL 23 2 mmol) is added dropwise,
with stirring, over 5 min. The bath is removed and the resulting solution is stirred at room temperature
for 30 min. THR 38K hixture is added to water (40 mL) and extracted wRG HEPBRH&lane (2 x 40
mL) The combined organic extracts are washed with saturated ammonium chloride aqueous solution,
dried over MgSO4, and concentrated to yield Ale;NMR (CDC13, 400.13 MHz): 6 4.74 (septet, J= 6.2
Hz, 1H), 4.07 (d, J = 6.4 Hz, 2H), 3.99 (d, J = 11.0 Hz, 2H), 3.17 (s, 3H), 2.51 (br, 2H), 1.88 (dd, J=
1.6, 14.6 Hz, 2H)0#468 (M, thhurdhdB:tehpbuRi2ditheGhVenkidd dfddhik G IS calgsledand 11H22NOSS
(M+H+) 280.11, found 280.2. WO 20091038974PCT/U S2008/0751 45 [001115]Step C: A solution of
Alc (0.42 g, 1.50Tﬁh]1?§|’)’5/ﬁﬂ' 4-brornophenol (0.26 g, 1.50 mmol) in acetonitrile (5.0 mL) is treated with
powdered cesiunpoaiponate (@GQegent iBdndioh ARk Lhe prixdiicRdacsliyegd bR GJopitaihours.
Cooling to room temperature, filtration and concentration yieI? Aid; 1H INWIR (CDC13, 400.13 MHz):
37,360, 0 G SRTEAEN L BE GO S8 P63 U8 SebruIa D (T O £6 T 21, 3.76 (o
J = 6.4 Hz, 2H), 3t@6s(fr, 2pldecd B o 2id);ide A6 (amel dd)mic B@njblel, Dot dnGyididictnids @hljast.30(m, 2H),
1.28(d, J= 6.2 Hz, 6H): ESIMS calcd. for Ci6H23BrNO3 (M-kli+) 356.1, found 356.0. [00116]Step D: A
solution of Al d (B8 DBl U anea g Beradiea ot a3 m, and
tri-t-butylphosphdixiunplte rbioomb oraibl¢ 3o Mehgi@. B2mneolpenndsyo tilxamen@mtonigrireated with
powdered cesiur,Garbonaley(3.03 d.-f-kemellangditie Mixtirads degagsed ping.agan,,
Trls(dlbenzyllden3e acetone dlpallaollgum(O) (0.15q, 92.16 mrp_ol) is added andlthe mixture Is degassed
again with argon. " ChéleuripserisioasiSKtipderviodreusly addel aigegeatsudioas raghdlirxysvoling,
filtration and purificatignsgsing MasetHgASIRELIEYRISE Phast binlG: WeldssAlsH NMR (CDC13, 400.13
MHz): .3 6.90 (d, J= 8.9 Hz, 2H), 6.84 (d, J = 8.9 Hz, 2H), 4.92 (septet, J= 6.2 Hz, 1H), 4.19 (br, 2H),
3.76 (d, I= 6.4 HOOIRN 3.39 (Gertpin Bagopisallyriybdladreprpounds b fonpylag Iz Sopexppmpler thesgr, J= 11.2
Hz, 2H), 1.96(m,ikkdtpdr 3 ddeaalondide Abrpbiaredlful id Tk bbibr buBdiske drsse2iistanBoi); ESIMS
calcd. for C211-134N305S (M+H+) 440.2, found 440.2. [00117]By follow'g%%a similar procedure as the
one used for prepHfiisy ArHrafrAL e RAEmeE iy ﬁ’ué“&ﬁﬁ?%%‘lb"tel'é’rlc SIYBPARIAE following
examples are obtaingdoEKBHRDseSrvietee thRak el satpotedi 6haddlready mdnd & détection,-) ()
ESTMS calcd. fogu%sztlztmg)?lwv%gffgagi\g; i|s_|o-¥(;|'p§rs5sﬁb 'afso e?lgeréi‘rusrﬁ,'%e. 2ﬁ,smay afford certain therapeutic

advantages resulting from greater metabolic stability, for example, increased in vivo half-life

or reduced dosage requirements, and hence may be preferred in some circumstances.

[0046] Substitution with positron emitting isotopes, such as e, B 150 and N, can

be useful in Positron Emission Topography (PET) studies for examining substrate receptor

occupancy.

[0047] Isotopically-labeled compounds of formula (I) can generally be prepared by

conventional techniques known to those skilled in the art or by processes analogous to those

described in the accompanying Examples and Preparations using an appropriate isotopically-

labeled reagents in place of the non-labeled reagent previously employed.

Pharmacology and Utility

[0048] Compounds of the invention modulate the activity of GPR119 and, as
such, are useful for treating diseases or disorders in which the activity of GPR119
contributes to the pathology and/or symptomology of the disease. This invention further

provides compounds of this invention for use in the preparation of medicaments for the
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02.,,,.- S\N,Thle OW ...... ___N,Tro,T,... 0 ES1IMS calcd. for c2;ELgN1-11 ,05s (M+468.2, found
468.2. A402L...""N 00 NO 0 --------------- R | ESTMS calcd. for c241-40N,o0ss (M+H+1 482.2.
found 482.2W0 20098389 n|e BI: Isopropyl 4-06-(4-(methylsulfonybpiperazinfhl/BByR§A78145
yloxy)methyBpiperidine-1-carboxylate. N= McOnSN N-c /0 /N-()_0 rTh [00118]By following a similar
procedure as the one used for preparing Al from Ala except substituting 2-chloro-5-hydroxypyridine for
4-brornophenol and performing step D as follows, B1 is prepared;

treatment of diseases or disorders in which GPR119 activity contributes to the pathology
and/or symptomology of the disease.

[0049] The resultant pathologies of Type Il diabetes are impaired insulin signaling at
its target tissues and failure of the insulin-producing cells of the pancreas to secrete an
appropriate degree of insulin in response to a hyperglycemic signal. Current therapies to
treat the latter include inhibitors of the B-cell ATP-sensitive potassium channel to trigger the
release of endogenous insulin stores, or administration of exogenous insulin. Neither of
these achieves accurate normalization of blood glucose levels and both carry the risk of
inducing hypoglycemia. For these reasons, there has been intense interest in the
development of pharmaceuticals that function in a glucose-dependent action, i.e. potentiators
of glucose signaling. Physiological signaling systems which function in this manner are
well-characterized and include the gut peptides GLP-1, GIP and PACAP. These hormones
act via their cognate G-protein coupled receptor to stimulate the production of cAMP in
pancreatic B-cells. The increased cAMP does not appear to result in stimulation of insulin
release during the fasting or pre-prandial state. However, a series of biochemical targets of
cAMP signaling, including the ATP-sensitive potassium channel, voltage-sensitive
potassium channels and the exocytotic machinery, are modified in such a way that the insulin
secretory response to a postprandial glucose stimulus is markedly enhanced. Accordingly,
agonists of novel, similarly functioning, B-cell GPCRs, including GPR119, would also
stimulate the release of endogenous insulin and consequently promote normoglycemia in
Type Il diabetes. It is also established that increased cAMP, for example as a result of GLP-
| stimulation, promotes B-cell proliferation, inhibits B-cell death and thus improves islet
mass. This positive effect on B-cell mass is expected to be beneficial in both Type II
diabetes, where insufficient insulin is produced, and Type I diabetes, where B-cells are
destroyed by an inappropriate autoimmune response.

[0050] Some [(-cell GPCRs, including GPR119, are also present in the hypothalamus
where they modulate hunger, satiety, decrease food intake, controlling or decreasing weight
and energy expenditure. Hence, given their function within the hypothalamic circuitry,
agonists or inverse agonists of these receptors mitigate hunger, promote satiety and therefore

modulate weight.
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[00119]A flask is charged with Pd2dba.4 (6 mg, 0.006 mmol), xantphos (11 mg, 0.019 annol),
1-Onethylsulfonyflpiperazine (63 mg, 384 mmol), sodium tert-butoxide (46 mg, 0.48 mmol), and a
solution of i¥¥BrRIPYIYA8PM@-chloropyridin-3- yloxy)methyl)piperidine-l-carboxyf&tE {EHYIGS 332 mmol)
in toluene (1mL). The reaction is purged by bubbling nitrogen through the solution for 5 minutes and
then sealed. The reaction is then dipped into a pre-heated 100 T bath and stirred at this temperature
for 3 hours. After cooling to room temperature the reaction is treated with ethyl acetate and water and

the aqueous phagmsig jsolated,washee wiivatiivh aceiateacamae addisearsed i g cambined
organics are dried over MgSO4 and the solvent is removed. The residue is purified on a silica gel

column using a B RYAINeRIET WS T BBk et ReaT el R EsdaYE RMss eht Ty ipi T 98te SRIVIR
(CDC13, 400 MHg). 8yfeQ2itBetd st 1dihbeted Sntdelyulite 310 Reliolktnch. éufth dsialeel H),4.91 (M, 1
H), 4.20 (m, 2H), 3.78 (d, J= 6.4, 2H), 3.56 (m, 4H), 3.34 (m, 4H), 2.81 (s, 3H), 2.7 , 21-1),1.94
(m, 1H), 1.81 (m, BXEP T3¢ PGZ%P%‘?IT?ZE&%EI% ?ﬁfléﬁﬁaégﬁ\%é?i‘f?ﬁ%?lﬁ{ﬂ}%ﬁ%’ N405S
calcd.: 441.2. fourmnesig4k.GirdiovakexhimiiteaBIn tetyrdisiyik 4¢ ( (@ edonethydsutionypdhetexin-1-y) py
ridin-3- yloxy)methyl)piperidine-I-carboxylate../-Th N-' McO2SN\ A // _Blb\0 -c).Example B2
10012075100 A AR SR B oA R0 g B Enet St s opat - Tho i EGRE
((methylsulfonyloky) efitstiiyl) pipenicinet thechabuaicodandi (10814 1Pdmmbaof) iendinethndpyn-olidinone (50
mL) is treated wimtgl;cso%gegtgd(gi.s@sgSt%gsmmol) and heated to 100 C overnight. The reaction is then

diluted with ethyl acetate, extracted with water 3 times, dried over MgSO4, filtered, evaoparted and
crystallized from iff&he/hexine wrkifdime B tRSINeS iy iy Foretvd By-HpeiR i EBeNbDBcalcd.:

315.0, found: 31_ﬁiQeaLQQtﬁ@’%}%%Qtﬁbf@l@WéﬂQiglaﬁdarfﬁcﬁlqﬂﬁﬁffﬂaiQ@rﬁ?i%%ﬁiﬁg%i@iﬂ Qyflined for B1
above, substituting B2b for isopropyl 446-chloropyridin-3-yloxy)inethyl)piperidinel-carboxylate, B2 is

prepared; 'H NMRYEgel inasedo-1o5h srpatnrepy 2 shergpeptipplly otipsfiggmpury of axcqmpeypdephay J= 9.0,

1H), 4.15 (M, 2H}s 3 kB dr dptrthaddtical o6nPLitidhihedess (Me b8 LitSasdin@nletafi®ic21-1), 1.93
(m, IN), 1.80 (m, 21-1), 1.46 (s, 9H), 1.25 (m, 2H): ESIMS ni/z for EE{l}]/l-kli)_+(:21|51:>,5|\14055 calcd.:

) 51 ]
455.2, found: 4555 gg%ﬁ%sé%qtﬂcﬁ%p%tﬂf(g%ﬁgmmq USRS A SIRCES YA in-2-
yloxy)methyl)piparigiae-ireartexylapachc\thie D ABbEMNAT(POIb), latent autoimmune diabetes in adults

(LADA), early-onset type 2 diabetes (EOD), youth-onset atypical diabetes (YOAD),
maturity onset diabetes of the young (MODY ), malnutrition-related diabetes, gestational
diabetes, coronary heart disease, ischemic stroke, restenosis after angioplasty, peripheral
vascular disease, intermittent claudication, myocardial infarction (e.g. necrosis and
apoptosis), dyslipidemia, post-prandial lipemia, conditions of impaired glucose tolerance
(IGT), conditions of impaired fasting plasma glucose, metabolic acidosis, ketosis, arthritis,
obesity, osteoporosis, hypertension, congestive heart failure, left ventricular hypertrophy,
peripheral arterial disease, diabetic retinopathy, macular degeneration, cataract, diabetic
nephropathy, glomerulosclerosis, chronic renal failure, diabetic neuropathy, metabolic
syndrome, syndrome X, premenstrual syndrome, coronary heart disease, angina pectoris,
thrombosis, atherosclerosis, myocardial infarction, transient ischemic attacks, stroke,
vascular restenosis, hyperglycemia, hyperinsulinemia, hyperlipidemia, hypertrygliceridemia,
insulin resistance, impaired glucose metabolism, conditions of impaired glucose tolerance,
conditions of impaired fasting plasma glucose, obesity, erectile dysfunction, skin and
connective tissue disorders, foot ulcerations and ulcerative colitis, endothelial dysfunction

and impaired vascular compliance.
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N 0 [00122]By following a similar procedure as the one used for preparing B1 except using
2-bromo-5-hydroxypyrazine as the heterocycle, B3 is prepared; 1-H NMR (CDC13, 400 MHz): 87.87
(d, J= 1.4, tO2¥e%54 1.5, 1H), 4.92 (in, 1H), 4.18 (in, 2H), 4.08 (d, J= ECTIBHISA BN 41-1),
3.37 (m, 4H), 2.82 (s, 3H), 2.76 (m, 2H), 1.96 (m, 1H), 1.79 (m, 2H), 1.29 (m, 2H), 1.24, (d, J= 6.2,
6H); ESIMS (viz for (M+H)+ Ci9H32N505S calcd.: 442.2, found: 442.3. Example B4: tert-Butyl
4-((5-(4-(methylsulfonyfipiperazin- 1-yl)pyrazin-2- yloxy)methyppiperidine- 1-carboxylate. B4aB4b

WO 20091038974p437/US20Q8/0 émbda iR SBIRtaR By R/ i@uine ais weia R kreseiir¢oas the one
used for preparing B2b from B2a except substituting B4a for B2a, B4b is prepared,; ESIMS miez for

(MtBuU+Fr) C||||15§N§b?€%?&ﬁm%iﬁlﬁe%{ﬁ%1@1@%“%66&6221%% BRESPN \Rﬁﬁﬁaﬂﬁ‘B Procedure for the
palladium coupling@blinectitar, tbaprepatadienal Btiaxee phsybsphatingdafdpdarisopropyl

44(6-chloropyridin-3- yloxy)m e I-carboxylate, B4 is p repa red; 1H NMR C13, 400
o). 87 8700, S 100 SRR GIS 55 A L R T SO 8 P A 83 (1, AH), 3.37
(m, 4H), 2.82 (s, &d)maﬂaf(nauﬂ)ﬂl@ge]n&at(m didelsed a’.kﬁi(ﬁh&i-nh):uiol&@@n RAMIETS XBLB-Miafor
(M+H)+C20H)4N505§§”§§d %}56 gsﬁ'r%ulgte urife oul é%ow e cell sury Val
3-Cyclopropy1-5 (ﬂl (4-(met yfé ony plperazmlfyf)pyra -2-y oxy Ii plperl In-1-y1)-1,2,4-0
xadiazole. \ N M@ 8N gxN G {aci 00t asiByl foIRﬁﬂmgeHssmndaOMGmﬂnl@é@emed@g@medntor preparing

B3 from Bla exce(ﬁ’ﬂﬁqbﬁﬁf‘ég%&l:g??eg?o‘?g &@%@i‘%@%‘%‘ﬁ@rf%ﬁf% RIS PREG M (CDC11.
400 MHz): 8 7.88 (d, J= 1.3. 1H). 7.62( 2H), 4.10(d. J = 6.8. 2H). 3.53 (m, 4H).

3.37 (In. 4H). 3.08fudd. of Ghlzballdzegelzisl ?H}ozeszcesthswye@@ﬁmlqﬂﬁ pegaden aHpe and1 (m,

élt*) ?3 94 (M, 4HY Bl Fni{&i a5 Mitd) 552 BHARN A4 SusRled P A 64 ufoune: ARd il HO Step A
ep

agonists have been shown to enhance learning in rats and the GLP-1 receptor knockout
mice show deficiencies in learning behavior. The knockout mice also exhibit increased
susceptibility to kainate-induced seizures which can be prevented by administration of
GLP-1 receptor agonists. GLP-1 and exendin-4 has also been shown to be effective in
treating pyridoxine-induced peripheral nerve degeneration, an experimental model of
peripheral sensory neuropathy.

[0055] Glucose-dependent insulinotropic polypeptide (GIP) has also been shown
to have effects on proliferation of hippocampal progenitor cells and in enhancing
sensorimotor coordination and memory recognition.

[0056] In an embodiment of the invention are therapeutic benefits of GPR119
activity modulators. For example, GLP-2 and short bowel syndrome (SBS). Several
studies in animals and from clinical trials have shown that GLP-2 is a trophic hormone that
plays an important role in intestinal adaptation. Its role in regulation of cell proliferation,
apoptosis, and nutrient absorption has been well documented. Short bowel syndrome is
characterized by malabsorption of nutrients, water and vitamins as a result of disease or
surgical removal of parts of the small intestine (eg. Crohn’s disease). Therapies that improve
intestinal adaptation are thought to be beneficial in treatment of this disease. In fact, phase II
studies in SBS patients have shown that teduglutide, a GLP-2 analog, modestly increased
fluid and nutrient absorption.

[0057] In an embodiment of the invention are therapeutic benefits of GPR119 activity

modulators derived from increasing levels of GIP and PPY. For example, GLP-1, GIP and
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WO 20091038974PCT/U S2008/0751 45 [00126]Step A: A sample of Ala (10.19 g, 84.9 mmol) is
treated with a solution of K2CO3 (24.5 g, 177 mmol) in water (100 mL) The reaction is cooled in an
ice/water ba¥fP298%(PE8%é&H with a solution of cyanogen bromide (10.31 g, 9P SHHP#S]75145
dichlorornethane (100 mE) dropwise. After stirring for an hour, the organic layer is isolated and the
aqueous layer is extracted once more with dichloromethane. The combined organic extracts are dried
over MgSO04, filtered and evaporated to afford B5a; ESIMS ink, for (M+H)+C21-112N20 calcd.: 141.1,

found: 141.1. [OOJ%L%%QSBGﬁﬁ@'H&i@é’e&fs@é@n(&ﬂ%c%ﬂse%alc%%ﬁQnNa'[B(QEQ?EYQ){@@EéﬁHJane
carboximidamide (1.064 % 10.6 mmol) and ZnC12 (1.448 g, 10.6 mmol) in dioxane (25 mE) is heated

to 100 C overnigRtPtd5e ﬁcf§t‘[?l‘bi‘i“%\951ﬁf8?%{f’é‘dnt6 ‘6‘1’%‘8& CSH&“ﬂfa iftoted-BlsHIRB{ B8R acetate

and 1 M HCI. Thedﬁegawﬁﬁlawysgla@ads@xﬁw@dowﬂIfhﬂqévm%mmmemdél&@L@M@fr@d@&04
filtered, evaporate%and rn‘led b |I|ca Ito afford B5b; ESIMS /zf I -1)+ C11H18N302
calcd.: 224.1, fodhd*2%4" tﬁﬁﬁéﬁ?@ﬁe rSBRHSBAY Sifyrﬁ‘ lrj’n]oﬁldalﬁad triethylamine

(131 mg, 130 nam})aasbdidﬂbmmﬂagn@élmhpemlcﬂqledmlaaljcelwater bath treated with

methanesulfonyl c%{de (14 3 mmol nd stlrrec? oyernight. The reaction is diluted with water
and extracted wi@Ia |cLlororn§El§]£%e]b X (r)éanltgsf) are aried over ﬁ}llgaggﬁa e%’r evapgoral%ed and
purified on silica @eha@mgrwmwa&gﬁradﬂeﬂmgfcaﬂt{g@w% ketiRNacethie iivhasegeoto afferd ES5c; ESIMS

ink for (M-k1- 1)+d§és%5§7 LA S ﬁi‘iﬂs AW%sden QY Bnibic bone RXATRIE BO:

5-Cyclopropy1-3-(4((5-(41methylsu fonyl)plperazm -1-
y1)pyrazin-2-ylox{§{i$8thyl) pige filibogipentphsiaviazolarothe@peud boneds SRNGIR INONgyityN ()

[00129]By following,a SR Re-REAGRAVIR-ASt g@%%@ﬁﬁ%ﬁﬁﬁx%ﬁ% USROG, R, &?ﬁe scheme
below) for B5b, B6 is obtained; IFI NMR (CDC13, 400 WO 20091038974PCT/U S2008/0751 45

MHz):7.87 (d, J—GPHYTH) GPBélédogatedm t&mn&riﬁlf@Oﬁ@teiGZPW oelbiorfrihe 24lpfs BasBery 4H), 3.37

(m, 4H), 2.89 (ddehpiitated ify theséeréibn EHPR. 82K, 13k beén Qbbb dkbhate BBofGind Etfecks 4l (ddd. J= 25.0.
12.4, 4.3, 2H). 1.14(n, 4H): ESIMS Ink for (M+H)+ C20H29N704S calcd.: 464.2, found: 464.3.

various physiological processes including modulation of gastric emptying and
gastrointestinal motility. These effects slow down the digestive process and nutrient uptake
and thereby prevent the postprandial elevation of blood glucose. PPY can suppress food
intake by changing the expression of hypothalamic feeding-regulatory peptides. PP-
overexpressing mice exhibited the thin phenotype with decreased food intake and gastric
emptying rate.

[0060] In accordance with the foregoing, the present invention further provides a
method for preventing or ameliorating the symptamology of any of the diseases or
disorders described above in a subject in need thereof, which method comprises
administering to said subject a therapeutically effective amount (See, “Administration
and Pharmaceutical Compositions”, infra) of a compound of Formula I or a
pharmaceutically acceptable salt thereof. For any of the above uses, the required dosage
will vary depending on the mode of administration, the particular condition to be treated

and the effect desired.

Administration and Pharmaceutical Compositions
[0061] In general, compounds of the invention will be administered in

therapeutically effective amounts via any of the usual and acceptable modes known in
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NH2 HO NA."---'NN-()11 Step BO /NMN-Ls"v HOHO B5aB6aB6b [00130]Step A: A solution of B5a
(4.01 g, 28.6 mmol) and hydroxylamine (3.51 mL of a 50% by weight aqueous solution, 57.2 mmol) in
ethanol (50 Y@ P¥REEL and heated to 60 C overnight. The solvent is thePfiGaP Iy Bda; ESIMS
m/z for (M+H)+ C7H16N102 calcd.: 174.1, found: 174.1. [00131]Step B: A solution of B6a (905 mg,
5.2 mmol) and 2,5-dioxopyrrolidin-I- ylcyclopropanecarboxylate (957 mg, 5.2 mmol) in dioxane (50 mL)
is heated to 80 C for 3 hours and then 70 C overnight. The reaction is then cooled to room

temperature, congentatareatid i dfigf-omsitiaiaeliusig & inganaagiant fdr80% ethyl acetate in
hexane to afford B6b; ESIMS m/z for (M+H)+CiiHE8N302 calcd.: 224.1, found: 224.1. Example

B7: 2-(4-(Methy! §Wﬁﬂﬁ}f}5ﬁ}5’r3§fﬁ?-ti‘f%?’@%1&ii@- vary widely depending on the severity of the
(trifluoromethy!l) pyisielise Ahd i eiriivrAnyd )R el @y ¥idfd0€ the [§¥dn22|Bitiie bown@m sikvdangprocedure

as the one used for preparing B3 from B2a _except sybstituting B7 ee scheme below)_for Alb, B7 is
B et 111 VTR ot R 6 S e D S g reerLid B Lt da TGl 111) 7 60
YT s P -y o it pawh e Pt AP

-1), <. m, - . - . m, R m, . = . 9, 4.1, ;
Eoms e for codee Tt S et i i R Bk ol Qe D R ad il 20
AlaB7a [00133]St6p, omprtisrelphhleir(SRE:S g i G vickiolysesohlor6oB: iksordmettiylpyridine (1,19
0. 6.5 mmol) and, £2G02 (941.ma. 68 Ml N NVmeremTRmisie. & Mk} ifdicaied fo 160 C for

10 minutes, cooled to room temperature and diluted with ethyl acetate and water. The organics are
extracted with watépedgedeiefigis04, filtered, evaporated and purified on silica gel using a linear

gradient of 0 to 1(gggoethyl aggiatRinlexans A.Algrd &ige ERiMRERE [opaMitb&GhPH16F3N20
calcd.: 261.1, found: 261.1. xample B8:

5-Isopropyl-3-(4-6FNRRISHEh DISEBOFRAYS IR FRRA by PSSy IS Bt Rt SERI ofrB1- {1 §0¢ 2 4-oxadia

zole. form of tablets or capsules, or parenterally, e.g., in the form of injectable solutions or
suspensions, topically, e.g., in the form of lotions, gels, ointments or creams, or in a nasal
or suppository form. Pharmaceutical compositions comprising a compound of the
present invention in free form or in a pharmaceutically acceptable salt form in
association with at least one pharmaceutically acceptable carrier or diluent can be
manufactured in a conventional manner by mixing, granulating or coating methods. For
example, oral compositions can be tablets or gelatin capsules comprising the active
ingredient together with a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol,
cellulose and/or glycine; b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or
calcium salt and/or polyethyleneglycol; for tablets also c) binders, e.g., magnesium
aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium
carboxymethylcellulose and or polyvinylpyrollidone; if desired d) disintegrants, e.g.,
starches, agar, alginic acid or its sodium salt, or effervescent mixtures; and/or e)
absorbents, colorants, flavors and sweeteners. Injectable compositions can be aqueous
isotonic solutions or suspensions, and suppositories can be prepared from fatty emulsions
or suspensions. The compositions can be sterilized and/or contain adjuvants, such as
preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for
regulating the osmotic pressure and/or buffers. In addition, they can also contain other
therapeutically valuable substances. Suitable formulations for transdermal applications

include an effective amount of a compound of the present invention with a carrier. A

26



[00134]By following a similar procedure as the one used for preparing B6 from B6b except substituting
B8a (see scheme below) for B6b, B8 is prepared; -EH NMR (CDC13, 400 MHz): 8 7.88 (d, J= 1.5,
1H), 7.63 (dWV$£-2998/03§9Y47 60 (dd. J= 9.1, 2.5, 1H), 4.11 (d, J= 6.6, 1H), 3.3E Ti¥SAM$/099#Xin, 4H),
3.07 (in, 1H), 2.92 (ddd, J=12.7, 12.7, 2.7, 2H), 2.82(s, 3H), 2.01 (m, 1H), 1.88 (m, 2H), 1.42 (in, 2H),
1.35 (d, J= 7.0, 6H); ESIMS rn/z for (M+H)+ C20H32N704S calcd.: 466.2, found: 466.2. N 112

OH N NStep AN -4) A (NN 110 110 B6aB8a [00135]Step A: A solution of B6a (460.3 mg, 2.7 mime

and isobutyric anhygEidad 4 QuithbdofbIHRYNIMABISEB(BR MeditbrAlIc iR 1oQsGsipanpinutes. The

reaction is cooled to room temperature and diluted with ethyl acetate and water. The organics are

isolated and wasHEH&hE Fith %étfﬁlhodhe@b@’éﬂ%&s@&‘s‘?ﬁfg@dj%\?ﬁbBﬁtg@ﬁﬁﬂrﬁlﬂflﬁed on silica

using a linear gr&m@eﬁ@mﬂ@e@w&m@eﬁaﬁe@@ﬁmﬁcﬁﬁ@xﬁﬁﬁ@fﬁ@wﬁmﬁﬁ@eﬁm&anmws
could not be obtaln d. Exam Ie B9: Tetrah dro é‘wg)%ran -4-y | 44§544

Isulfonyl)piperazifiiiByFaz Rtf%{%&ﬂ)ﬁt& R QR FBf e T(l)%iltﬁélj%%fgl?éwmg a
similar procedureka&dseaomeom&eﬁef@ampmlﬁmglﬁﬁe&m Alarexaefpingad ptitidtinef éﬂmtrzmzmenyl

tetrahydro-2H-pyra 1carb naefor orof rmate in eflr ste epared 1H
NMR (CDC13, 200N 5 T e B R B e o D e 30 v, 4 00(c.

J= 6.5, 1H), 3.89uded. 2$u)t®1510@mummnsf5mmcz1mpmcw@om aHp @@Q{(@aﬁl-lf)ytﬁ 86:(m, 2H), 1.95
(in, 3H). 1.82 (m Egé#émﬁ%q@@ol%d&&l@f? (Dl EMMRB Zgé%f &Mﬁﬂ%*&%il&lelﬁ%”\h%%ﬁ%aﬁa'Cd

484.2, found: 484.2.  "Example B10: (S)-Tetrahydrofuran-
(methylsuIfonyl)pqMWN?I)W?&H%@hm%yWéWWWFMﬁé‘i&t%%&twm@apfesewatwes

[0063] Compounds of the invention can be administered in therapeutically
effective amounts in combination with one or more therapeutic agents (pharmaceutical
combinations).

[0064] For example, synergistic effects can occur with other anti-obesity agents,
anorectic agents, appetite suppressant and related agents. Diet and/or exercise can also have
synergistic effects. Anti-obesity agents include, but are not limited to, apolipoprotein-B
secretion/microsomal triglyceride transfer protein (apo-B/MTP) inhibitors, MCR-4 agonists,
cholescystokinin-A (CCK-A) agonists, serotonin and norepinephrine reuptake inhibitors (for
example, sibutramine), sympathomimetic agents, B3 adrenergic receptor agonists, dopamine
agonists (for example, bromocriptine), melanocyte-stimulating hormone receptor analogs,
cannabinoid 1 receptor antagonists [for example, compounds described in W02006/047516),
melanin concentrating hormone antagonists, leptons (the OB protein), leptin analogues,
leptin receptor agonists, galanin antagonists, lipase inhibitors (such as tetrahydrolipstatin,
i.e., Orlistat), anorectic agents (such as a bombesin agonist), Neuropeptide-Y antagonists,
thyromimetic agents, dehydroepiandrosterone or an analogue thereof, glucocorticoid receptor
agonists or antagonists, orexin receptor antagonists, urocortin binding protein antagonists,
glucagon-like peptide- 1 receptor agonists, ciliary neutrotrophic factors (such as Axokine™),
human agouti-related proteins (AGRP), ghrelin receptor antagonists, histamine 3 receptor
antagonists or reverse agonists, neuromedin U receptor agonists, noradrenergic anorectic

agents (for example, phentermine, mazindol and the like) and appetite suppressants (for

example, bupropion).
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\ 0 McO,SN N =5-//0//-Th WO 20091038974PCT/U 82008/0751 45 [00137]By following a similar
procedure as the one used for preparing B3 from Ala except substituting (S)-4-nitrophenyl
tetrahydrofuf4h28%084Monate for isopropyl chloroformate in the first step, BEIHYS9A8M4&4 IFI NMR
(CDC13, 400 MHz): .3 7.87 (d, J= 1.5, 1H), 7.62 (d, J= 1.5, 1H), 5.26 (n, 111), 4.18 (n, 2H), 4.08 (d, J=
6.5, 1H), 3.89 (n, 4H), 3.53(m, 4H), 3.47(m, 4H), 2.82(s, 3H), 2.80(m, 2H), 2.17(m, 1H), 2.00 (n, 2H),
1.82 (m, 2H), 1.27 (m, 2H); ESIMS itt/z for (M+H)+ C20H31N506S calcd.: 470.2, found: 470.2.

Example B11: (Rpdedrahydrofuf@s @nwpsthia 4t meibitisv HRmak iRl RcbnydiYon with
razin-2-yloxy)methyl)piperidine-I-carboxylate. 0 /-Th(\ N McO,SN N =5-// 00 -0 [00138]By following a
similar procedur®RETHEBAES LRESET Prdis £ BIENGHRI ARMERUR WilbelitatRy TR 4SRirdHiteny
tetrahydrofuran-3ny theayponnie-fondsomnspyl chiareferoiate drihanpistsiepn B tdsdpiepasa with data
identical to B10. I%xa F(\pl%)B 2: 2-Isopropyl1-5-(44(5-(4-(methylsulfonyl)piperazin-1y1)py razin-2-y
loxy )methyl)pipetﬁ?ﬁtﬁ- %ﬂ%] 220 9urs[00139]By following a similar procedure as the one used for
preparing B3 frord¢d6l exceptiseistitutingdpidd dsee genanceuneidvoniposiidn BirRdspnegared; 'H NMR

(CDC11. 400 MH2): 807.%8(9ﬂ1\]=. 1'5t'1H sc7192?3g3’ %: 1.gfg. z'11‘7'6(91§ c(:ja'l‘]z g. 'SHI%?%' g. 9 (s, 1H),
4.13 (d, J= 6.2, 1H), 53 (m, 4H), 3.48'Om 2H), 3.37 (m. k), 3374 ?m, THyP285 (s, 3HY, 2.79 (m,
2H), 1.91 (m, 3H)nd B3efst oRpl)ctlv8dnfredlentPe@dd)frei8IMS tri/z for (M-1-Hr C211-113N603S2 calcd.
481.2, found: 48&)(?67] a) anti-diabetic agents such as insulin, insulin derivatives and mimetics;
insulin secretagogues such as the sulfonylureas, e.g., Glipizide, glyburide and Amary];
insulinotropic sulfonylurea receptor ligands such as meglitinides, e.g., nateglinide and
repaglinide; insulin sensitizer such as protein tyrosine phosphatase-1B (PTP-1B)
inhibitors such as PTP-112; GSK3 (glycogen synthase kinase-3) inhibitors such as SB-
517955, SB-4195052, SB-216763, NN-57-05441 and NN-57-05445; RXR ligands such
as GW-0791 and AGN-194204; sodium-dependent glucose co-transporter inhibitors such
as T-1095; glycogen phosphorylase A inhibitors such as BAY R3401; biguanides such as
metformin; alpha-glucosidase inhibitors such as acarbose; GLP-1 (glucagon like peptide-
1), GLP-1 analogs such as Exendin-4 and GLP-1 mimetics; DPPIV (dipeptidyl peptidase
IV) inhibitors such as DPP728, LAF237 (vildagliptin - Example 1 of WO 00/34241),
MK-0431, saxagliptin, GSK23A ; an AGE breaker; a thiazolidone derivative (glitazone)
such as pioglitazone, rosiglitazone, or (R)-1-{4-[5-methyl-2-(4-trifluoromethyl-phenyl)-
oxazol-4-ylmethoxy]-benzenesulfonyl } -2,3-dihydro-1H-indole-2-carboxylic acid
described in the patent application WO 03/043985, as compound 19 of Example 4, a non-
glitazone type PPAR gamma agonist e.g. GI-262570; Diacylglycerol acetyltransferase
(DGAT) inhibitors such as those disclosed in WO 2005044250, WO 2005013907, WO
2004094618 and WO 2004047755;

[0068] b) hypolipidemic agents such as 3-hydroxy-3-methyl-glutaryl coenzyme A
(HMG-CoA) reductase inhibitors, e.g., lovastatin and related compounds such as those
disclosed in U.S. Pat. No. 4,231,938, pitavastatin, simvastatin and related compounds
such as those disclosed in U.S. Pat. Nos. 4,448,784 and 4,450,171, pravastatin and related
compounds such as those disclosed in U.S. Pat. No.4,346,227, cerivastatin, mevastatin

and related compounds such as those disclosed in U.S. Pat. No. 3,983,140, velostatin,
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Step AN Step B NH B4bB12a Be-...".". NI*B Step C NNOO N NH3C1NN B12b0B12c 0 Bl12d N
[00140]Step A: A sample of B4b (5.55 g, 14.9 mmol) is treated with 4 M HO in dioxane (20 nil) and
aged for 1 Q288888 dtion is treated with water and the solvent is removBETVVHYEH7THE residue is
partitioned between ethyl acetate and 1 M NaOHOURS. The aqueous phase is isolated, extracted
once more with ethyl acetate and discarded. The combined organics are dried over MgSO4, filtered
and evaporated to afford B12a which is used without further purification; ESIMS ink for (M+H)+

C1OH15BrN30 calsdstdib2ddifausngs, 2b@v@statin, rosuvastatin and related statin compounds disclosed

in U.S. Pat. No. 5,753,675, rivastatin, pyrazole analogs of mevalonolactone derivatives as
disclosed in U.S. Pat. No. 4,613,610, indene analogs of mevalonolactone derivatives as
disclosed in PCT application WO 86/03488, 6-[2- (substituted-pyrrol-1-yl)-alkyl)pyran-2-
ones and derivatives thereof as disclosed in U.S. Pat. No. 4,647,576, Searle's SC-45355 (a
3- substituted pentanedioic acid derivative) dichloroacetate, imidazole analogs of
mevalonolactone as disclosed in PCT application WO 86/07054, 3- carboxy-2- hydroxy-
propane-phosphonic acid derivatives as disclosed in French Patent No. 2,596,393, 2,3-
disubstituted pyrrole, furan and thiophene derivatives as disclosed in European Patent
Application No. 0221025, naphthyl analogs of mevalonolactone as disclosed in U.S. Pat.
No. 4,686,237, octahydronaphthalenes such as disclosed in U.S. Pat. No. 4, 499,289, keto
analogs of mevinolin (Jovastatin) as disclosed in European Patent Application
No0.0,142,146 A2, and quinoline and pyridine derivatives disclosed in U.S. Pat. Nos.
5,506,219 and 5,691,322. In addition, phosphinic acid compounds useful in inhibiting
HMG CoA reductase suitable for use herein are disclosed in GB 2205837; squalene
synthase inhibitors; FXR (farnesoid X receptor) and LXR (liver X receptor) ligands;
cholestyramine; fibrates; nicotinic acid and aspirin;

[0069] ¢) an anti-obesity agent or appetite regulating agent such as a CB1 activity
modulator, melanocortin receptor (MC4R) agonists, melanin-concentrating hormone
receptor (MCHR) antagonists, growth hormone secretagogue receptor (GHSR)
antagonists, galanin receptor modulators, orexin antagonists, CCK agonists, GLP-1
agonists, and other Pre-proglucagon-derived peptides; NPY 1 or NPY5 antagonsist, NPY?2
and NPY4 modulators, corticotropin releasing factor agonists, histamine receptor-3 (H3)
modulators, aP2 inhibitors, PPAR gamma modulators, PPAR delta modulators, acetyl-
CoA carboxylase (ACC) inihibitors, 11-B-HSD-1 inhibitors, adinopectin receptor
modulators; beta 3 adrenergic agonists, such as AJ9677 (Takeda/Dainippon), L750355
(Merck), or CP331648 (Pfizer) or other known beta 3 agonists as disclosed in U.S. Pat.
Nos. 5,541,204, 5,770,615, 5, 491,134, 5,776,983 and 5,488,064, a thyroid receptor beta
modulator, such as a thyroid receptor ligand as disclosed in WO 97/21993 (U. Cal SF),
WO 99/00353 (KaroBio) and GB98/284425 (KaroBio), a SCD-1 inhibitor as disclosed in
WO2005011655, a lipase inhibitor, such as orlistat or ATL-962 (Alizyme), serotonin
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[00141]Step B: A solution of B12a (1 g, 3.7 mmol) Boc-gly (966 mg 5 5 mmol) and HOBt (596 mg, 4.4
mmol) in N-methylpynolidinone (5 mL) is treated with EDC (845 mg, 845 mg, 4.4 mmol) and stirred for
1 hour. The YA #84Fen diluted with ethyl acetate and extracted with watETARA¥&{HEY aqueous
sodium hydrogencarbonate twice. The organics are dried over MgSO4, filtered and evaporated. The
residue is treated with excess 4 M HC1 in dioxane and aged for 1 hour. The mixture is slurried with
ether and the solid is collected to afford B] 2b; ESIMS miz for (M+H)+C12H18BrN402 calcd.: 329.1,
found: 329.1. [004A42]Stapfisd RUSDENSIOD I BAMANARD B0k AR I A0REHIIILS (8 ML) is
treated with isobutyric anhydride (208 mg, 1.3 mmol) followed by triethylamine (360 mg, 3.6 mmol)
and stirred for 1 K@ PEASRSI SN ES EHOVAR SR aTEeRELRHING BHVRHBmERs S UNSERSethy| acetate and

saturated aqueoptﬁcs@dmémdm@eﬂﬁaf@mwﬁmﬁa&mue@maﬁmspmm sibxtrasiad once more
with ethyl acetate and discarded. The combined are dried ove S04, filtered an%
16 H

rrg?ﬁnlc ﬁJ)t/l

evaporated to a 87‘8 BRI R IR %‘Piﬂﬁﬁ‘@a‘ﬂdﬂ“ﬁ“ﬁ‘ RS BRREHE
-mBrN403 calcdas 3§9rimfoeidh398. & IﬁlﬁibéﬁjsmﬁE(oﬁlmtmummlﬂiﬂc%c(MIbAn@gﬂef mmol) in
m-xylene (2 mL) treated Wess 46 d heated to 140 C for 5
minutes and the Ihedn g)vr\gasglﬁ-e gélll Illjsﬁ{lgv% IPnear S(P%éc efrr?%to% 1?3161 86 Oollt%ﬁ%n 5%%et§tte in hexane. The
resulting materlaht:&;hﬁdatherﬂdunf@euhon e tativedHPLE. deaffopicBihide, E@Wl@amklﬁor (M+H)+
CI6H22BrN4OS ﬁ%ﬁganﬁgg &e;f%ﬁ{ﬁgraﬁ%ﬁe mbutraﬁﬁ(f?én st%t]'%exfenﬂuramme mazindol,
2-(012-methy1-2H-tetrazol-5-yDpiperidin-4-yEmethoxy)-5- (4-(methylsulfonyl)piperazin-1-yEpyrazine.
/-Th Ms-N N Nz NI&IXW{HMQ\NC[U@M%BW{%@W@@mﬂﬁpm@%moﬁzsoth@m@md for preparing
B3 from Aid eXC@F&l%H %Hnﬂeﬁﬂ Qtﬁﬁﬁﬁe ?ﬂ@ﬁéﬂtﬁ‘ﬁﬁﬁﬁft&ge&% RPESR&IER, IN NMR (400
MHz, CD4CN) S 7.84(d z, IH), 7.7 1.2 Hz, 1H), 4.10 ,4.10(d, J = 4.8 Hz, 2H),
4.02 (m, 2H), 3ﬁe(td9FEhSd9HMz 4H), 3.27 (1, J 3.9 Hz, 4H), 2.91 (dt, J = 21 9.6 Hz, 2H), 2.79 (s,

3H), 1.39 (ddd, jea BB, 9.3, 1 sty Mibndidadents sl ddTocp HluRE@8 (Menklditasiivie AM-H
C17H28N903S cacld.: 438.2, found 438.2 (M+1). [00145]Step A: To a stirred suspension of B12a

(200 mg, 0.74 nmﬁe%%e%éﬁ?f‘ﬁf‘w&jr%é]é?féﬁ%éﬁﬁtés 6“]?’3“5’ Cier?éaﬂ’(ﬁtof)hllﬁréfhrﬁ&% solvent of water
(0.1 mL) and dlCﬁ\}ﬁf@éﬁbﬁb&ﬁ&(&eﬂﬁhﬁl@h@eCalfg@@kﬂﬁﬁl cyanegendammide (93 mm,bﬁo‘iesmjm@é) in one
portion. The rea%tlon is then stlrr d atlroo re for14 h and ddltlongoag[‘[ﬁ l?romlde (93
mg, 0.89 mmol) RS KGR KREP nrﬁrrltagal vefrnolsg1 e rséréo ion'IS aiatERwith orbm e]t)ﬁatne (30 mL),
dried over MgS Q4 nidl zetdapmtaﬂagrtb l@hAblBﬂSfof tEﬁﬂMK{NPHaB&r@M@MM@ﬂ 297.0, found
297.0. [00146]851 OB The cru elﬁ%ﬁﬁ st rirbe1 O}Nléh t(ﬁgo' a2|d1ee(()1?J 2 2 mmol) and
ammonium chlori e’t‘fl? rous RI Nimeth ya[flérmaml mL) at 110C for 2
hours. Additiona$€38{ia Eﬂﬂ@(ﬂh@mg gZQWﬁ@IMﬂWmmumm@Tl@eom@mHigt 0.22) are
added. After stirting, qttﬁt@tqtatfaq%@tdsaﬂg%?&glpw%t@ PRRER{ATE: e REodG!: Thaafthite solid is
collected by filtration, washed with water {10 mL) and dgled In maw to afford Bl 11): NMR (400 MHz,
DMSO-d6) 68.41rlpersagan Ipsppzam [fngsgiqe 20d \IoaFan. i RAtEglg y gisagapHenip [HhiBigess (e H), 3.02
(dt, J= 2.1, 9.6 Hz, 2klirdn O3 :{Rird i1 k18 APR G 6B: 14 334 ReSlds 1T 63 ?begaaa’dilél&éizre% oFSIMS
(M+H)+ CI iHI5BrN70 calcd.: 340.0, found: 340.0. [00147 Step C: A mixture of 1313b (50 mg, 0.15

mmol) iodometh&leekerssyeh 652‘2%’#?&} %A@ nhi ool nnstapirilnadaisls

N,N-dimethylformpapiideitl, satalss St tesoaii apndannRMWRHAE 3 fours ddhir.sahemds evaporated in
vactio and the crude B13c is used without purification: ESIMS (M-FH)+ C|2HyBrN70 calcd 354.1,

found 354.0 (M-EjIrinong: calcism ehanehblaeksrs %yﬁhfbert’zedcma‘fhpeeeﬁfbﬁtﬂsﬁfﬁ IRABIBBy razinloxy

)methy Opiperidineadtigaifyaxmddpene, nifedipine, nisoldipine and verapamil; aldosterone receptor
antagonists; aldosterone synthase inhibitors; and dual ET/AII antagonist such as those

disclosed in WO 00/01389.

[0071] e) a HDL increasing compound;

[0072] f) Cholesterol absorption modulator such as Zetia® and KT6-971;
[0073] g) Apo-Al analogues and mimetics;

[0074] h) thrombin inhibitors such as Ximelagatran;
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[00148]By following a similar procedure as the one used for preparing B3 from Ala except substituting
4-nitrophenyl oxetan-3-y1 carbonate for isopropyl chlorofonnate in the first step, B14 is prepared:
ESINIS in/zVY? gAUB8YE19H30N5068 calcd: 456.2, found: 456.0. ExdiaHERRYS18pyI
44(5-(4-(methylsulfonyl)piperazin-l-yl)pyridin-2- yloxy)methyl)piperidine-l-carboxylate. -N \N-C-(
Ho"-"Th Nyo,r. 0 A lb Step A Hr NO.7 NyO C 1 a0 Example CI [001491Step A: A solution of
2-chloro-5-bromopyridine (344 mg, 1.8 mmol) and Alb (300 mg, 1.5 mmol) in dimethylformamide (3

mL) is treated wiigpiy-1 (43 Maidbs&- PRGN INRERACHAL IR AR RILAVRIIGHt. After
guenching by addition of water, the reaction is diluted with ethyl acetate. The organics are isolated and

extracted with wHi&f%nce md?é%ﬁgg%wlﬂﬁﬂ@é%%rﬁﬁ%%ﬂ MRy AP EaPfRETE Rt

[0077] k) estrogen, testosterone, a selective estrogen receptor modulator, a
selective androgen receptor modulator;

[0078] 1) a chemotherapeutic agent such as aromatase inhibitors e.g. femara, anti-
estrogens, topoisomerase | inhibitors, topoisomerase II inhibitors, microtubule active
agents, alkylating agents, antineoplastic antimetabolites, platin compounds, compounds
decreasing the protein kinase activity such as a PDGF receptor tyrosine kinase inhibitor
preferably Imatinib ( { N-{5-[4-(4-methyl-piperazino-methyl)-benzoylamido]-2-
methylphenyl }-4-(3-pyridyl)-2-pyrimidine-amine }) described in the European patent
application EP-A-0 564 409 as example 21 or 4-Methyl-N-[3-(4-methyl-imidazol-1-yl)-5-
trifluoromethyl-phenyl]-3-(4-pyridin-3-yl-pyrimidin-2-ylamino)-benzamide described in
the patent application WO 04/005281 as example 92; and

[0079] m) an agent interacting with a 5-HT; receptor and/or an agent interacting
with 5-HT), receptor such as tegaserod described in the US patent No. 5510353 as
example 13, tegaserod hydrogen maleate, cisapride, cilansetron;

[0080] n) an agent for treating tobacco abuse, e.g., nicotine receptor partial
agonists, bupropion hypochloride (also known under the tradename Zyban®) and nicotine
replacement therapies;

[0081] 0) an agent for treating erectile dysfunction, e.g., dopaminergic agents,
such as apomorphine), ADD/ADHD agents (e.g., Ritalin®, Strattera®, Concerta® and
Adderall®);

[0082] p) an agent for treating alcoholism, such as opioid antagonists (e.g.,
naltrexone (also known under the tradename ReVia®) and nalmefene), disulfiram (also
known under the tradename Antabuse®), and acamprosate (also known under the
tradename Campral®)). In addition, agents for reducing alcohol withdrawal symptoms
may also be co-administered, such as benzodiazepines, beta- blockers, clonidine,
carbamazepine, pregabalin, and gabapentin (Neurontin®);

[0083] q) other agents that are useful including anti-inflammatory agents (e.g.,
COX-2 inhibitors) ; antidepressants (e.g., fluoxetine hydrochloride (Prozac®)); cognitive

improvement agents (e.g., donepezil hydrochloride (Aircept®) and other
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purified on a silica gel column using a linear gradient of 0-50% ethyl acetate in hexane to afford CI b;
ESIMS ni/z for (M4k1-1)+C151-1220N203 calcd.: 313.1, found: 313.1. [001501Step B: By following a
similar Pd cB{HRY/B#8EEdure described for preparing B1 except substitutint® Pa288 7@ Yromide
coupling partner, B14 is prepared; I-1 NMR (CDC13, 400 MHz): 8 7.78 (d, J = 2.9, 1H), 7.18 (dd, J=
3.0, 8.9, 11-1), 6.69 (d, J= 8.9, 1H), 4.91 (m, 1H), 4.18 (m, 2H), 4.09 (d, J= 6.4, 2H), 3.38 (M, 4H),
3.17 (m, 4H), 2.84(s, 3H), 2.77(m, 2H), 1.96(m, 1H), 1.81 (m, 2H), 1.29(m, 2H), 1.24, d, J= 6.3, 61-1);
ESIMS miz for (MilleeRRddhaNARBRAICbarbfibRelQUREk ¢ 2., menEXABPIRER:JaRRIOPY!
4-06-(4-(methylsulfonyl)piperazin-l-yl)pyridazin3-y|pxypmethyl)piperiding;l-carboxylate. Mc ,SN N-410
(\ 0 - \-#1 N-N_ [Gerr5RHRDs fsneuwalRiA GRsISiSors Be g d RPN ONEPGERY JofBHaBARRI"E! from Alb
except substitutigrygs&csfiphloropyridazine for 2-chloro-5-bromopyridine in the first step, C2 is
prepared; 1H N DCI3, 400 MHz%: 87.04h%d, J=9.6, 1H), 6.88%id, J= 3.6, H), 4.91 g?r_% , 1H), 4.29
(na, 2H), 4.18 (m 21, 3.64 (1, HEICE3E APMARHIS L 1LY S55PRY'5 TN BRiyoh &4 (RUY @ 180 (in,
2H), 1.29 (in, 2Hhdriddsedsidatl§ abcepthblE SdME-.in/z for (M+H)1C19H32N505S calcd.: 442.2, found:

442.3. Exa 3:Iso I . : : . .

4406 (4-(momy i A £ pmenkBodienion ako proyides o a phaspaccutcnl copbintions e e, ke

2009 1(_)38974PC‘£‘I©/M[8WD$’ ﬁlﬂaig@pmmwmhomr@ sﬁth_laiflpcotiem asaliagd ekl bereinsind for
preparing Cl fro”ﬁ&%%%%?%?ﬁﬂ&%&%l Rl et O ORI MIAINE QL T CIOLR:- Rz P RRPYTidine in
the first step, C3 is prepared; 1H NMR (CDC13, 400 MHz): 8 8.38 (s, 2H), 4.91 (sept., J = 6.3 Hz, 1H),
4.23 (m, 5H), 3.50t(¢An 4p4ppg seangiucaiqys fog ity adBimistagen(m, 2H), 2.04 (m, 1H), 1.84 (m, 2H), 1.27
(m, 1 H), 1.24 (d, #5863 HZ, G tefrms MMRatUALREANS DL SRR3R eRdnd ol deelQUNd:

442 3. Example DI: (E)-isopropyl 4-(2-(6-(4-(methylsulfonyl)piperazin-lyl)py .
ridin-3-yl)vinyl)pigeHerf Sareia e e o CT[%EB@}*S‘@B%Stﬁ@%ﬁféh?é?@&f?fge&m%t?%ﬁ% in
dichloromethanel0Qnyb bisitieaiad Mdth el inn Al dseRriaRYh CRIQMIA MalR i Blana(Q3enth of a

1M solution) dropwise. The reaction is then stirred at room temperature for 2.5 hours and quenched
with saturated adife8EE SATHATNRINGEHGE LERABRIORfop ATLLUHALQR BLRLTRY MG t¥ aqueous
phase is extractgaos7¢e moraibraichloiameditaneantidistardediséheeambiiad Opgamas are
extracted once vvtﬁh 1M tC , once with satur%tgd .agu ous st?ldiumh drogencac{botnatg, dried over
MgSO4, filtered K r§\3‘épsofé) ad fo aff kDIt rﬁlzo,r?ora(ﬂ/loﬂﬁgw IORE A 130.1, found:
130.1. WO 200940888 Ed 82008407 4on{DDA64]Sté thB adki voldgficiénatahbdatiny solution of DIb
(9.9 g, 0.046 mol).and triethylarnine (6.7 nth, 0.048 mol) in dichlorornethane is treated with the
(ropwise adcltion Do Lo A R DT A A ARG 2 R P rixture
is treated with watep-agrhestedutchdvithidietsibro metheneliimMiamyahids trefpootdd, sdriged over MgSO4,
filtered and concepiratad; The cride matesiakis.Aluied inAgetgos (hmid andaddeddigpwise to a

slurry of lithium broniide (12 g, 0.138 mol) in acetone (50 mL). The reaction is healed to 35C and
maintained overfight. SR@eERbRhHABED AR peidtiie 2h BAE ACHUAI S ESHedMrEREE 2¢liluted with

ethyl acetate and washechWit Wale's TR ALIa0 BIRSE s Erdedsbdted WY LMPSRh @nd
concentrated. This residue is diluted in tetrahydrofuran (150 nth) and treated with the portionwise

addition of potas&fis tBheHitoc bR s gtionaysyt SRFSHINAT6H S Fogts oRES2tion is then

heated to 40 C apshipaintainad-owiighte Pneadhmeaaetianbagprestsd dekipp Mdapiperatuce
saturated aqueous ammonium chloride is introduced and the reaction extracted with Et20. Organics

are collected, dridi"B0EIIgBEI4 Yonesrrdredrasditivified via distilation (68-70 C, 180 nifon-) to
afford Die. ESIMS ni/z for

Processes for Making Compounds of the Invention

[0088] The present invention also includes processes for the preparation of
compounds of the invention. In the reactions described, it can be necessary to protect
reactive functional groups, for example hydroxy, amino, imino, thio or carboxy groups,

where these are desired in the final product, to avoid their unwanted participation in the
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(M--H )+ C11H20NO2 calcd.: 198.3 found: 198.1. [00155]Step C: A solution of Did (321 mg, 1.8
annol) and methanesulfonylpiperazine (300 mg, 1.8 mmol) in N-rnethylpyrrolidinone (2mL) is treated
with K2CON 8B 7# mmol) and heated to 160 C for 5 minutes. The reBERISRBER Hartitioned
between ethyl acetate and water and the organics are extracted with water again, dried over MgSO4,
filtered, evaporated and purified on silica gel using 0-100% ethyl acetate in hexane to afford Die; ES
IMS ni/z for (M+H1E CiOH1513rN302S calcd.: 320.0, found: 320.1. [00156]Step D: A solution of Die
(50 mg, 0.18 mmehsBif. (44 Mehfdrad AR R8N {5 10 st ADR-FOPAE@R6th standard

tri-tert-butylphosphonium tetrafluoroborate (3.2 mg, 0.011 inmol) and dicyclohexylmethylamine (72
mg, 0.37 mmol) IFREEAY XD 178t (5rets enddr- OV eisd e Brtesivg Bdftitioned
between ethyl acetaiaiammaaieranehhsvaganicsare Bdaracted with water once more, dried over
Mg504, filtered, rated and purified. on sjlica gel using a gradient of 0-100 % ethyl acetate in
exane 10 atford BETH Nt A DI ABO R 3 36T e oS PR B P SR 5 4. 11,
6.63 (d, J= 8.8, 1thY prent thvéatibh.BetiH)isGaBi9e(ddhelof G10inGIR, drHy,id Dprémiateltihd),tdedes (m, 2H),

3.67(m, 4H), 3.32(m. 4.1-1), 2.80%m 1-1), 2.80(s 31%%\% 2.23 (in 1He§§%?7 #m 21-11%, .38 (m, 21-1),
Toad 0= 6.2, eEB e O Rt S0 e i ol Rty
Example D2. Isoppoplunds of the present invention. The radicals in the schemes are as described in
4-(2-(6-(4-(methylsulfonyl)piperazin-l-yl)pyridin3-yl)ethyl)piperidine-1-carboxylate. [00157]A solution of
02 (25 mg, 0.057 mmol) in methanol (2 mL) is treated with 10% Pd/C (5 mg) and hydrogenated for 1
hour. The atmosphere is exchanged back for nitrogen and the reaction is filtered though a plug of
Celite(r) and the solvent is removed to afford B2eHiaNHeMEBC13, 400 MHZ): 8 8.02(d, J= 2.2. 1H),
7.35 (dd, J= 8.6, 2.4, 1H). 6.63 (d, J= 8.6, 1H), 4.90 (in, 1H), 4.12 (in, 2H), 3.62 (in, 4H), 3.32 (in, 4H),
2.80 (s. 3H). 2.68 (m, 2H). 2.52 (m, 2 )233?70 (m, 2H), 1.52 (m, 2H), #RA&)Z (m, 1H), 1.23 (d. J = 62, 6H),
1.12 (m, 2H); ESIMS m/z for (M+H)+ -135N4045¢alcd.: 439.2. foliAd: 439.3. Example D3.
(E)-Isopropy14-(2-(2-(4-(methysulfenyl)pi e@zin-l)fi)gyringgi_ré@Lyl %yppﬁ)eridine-l-carboxylate.
MeO,SN N [00158]By following a simitar proceduse iag the one us preparing D1 from Dla except
substituting 2-chloro-5-bromopyrimidiig for Did. D3 is prepared; IHMYIR (CDC11. 400 MHz): 8 8.38
(s. 2H), 6.18 (d, J = 16.2 Hz, 1H). 6.05 idd, ¥ =16.1, 6.6 Hz, 1H). 4.92 (m, 1H), 4.18 (m, 2H), 3.98 (m,
4H), 3.30 (m, 4H), 2.80 (s. 3H), 2.80 (i . 2.29 (m, 1H), 1.76 (m(lzﬁi ,1.38 (m, 2H), 1.24 (d, J =
6.2 Hz, 6H); ESIMS miz. for (M+H)§C§VQ%2 N504S %ﬂﬁ{d 438.2, l{nd: 438.3. Example EI.
5-Ethyl-2-(44(6-(4-(methylsulfonyl)pipefar t—%—yl)mﬁiw[wféwl@xy ethylRiperidin-l-y1)pyrimidine. NTh
N:\i_ ME()NA /0 G\\ Pd or Cu catalysis \_Mt2 R;

(Ia)

[0090] A compound of Formula Ia, where W, is nitrogen, can be prepared as in
reaction scheme I by reacting a compound of formula 3 (where X, refers to a chloride,
bromide, iodide, triflate, nonaflate, or the like) with a compound of the formula 2 (where
X, refers to a leaving group such as an aryl- or alkylsulfonate ester, halide, epoxide
where Rs is the oxygen of the epoxide, or other appropriate group familiar to one skilled
in the art) in a suitable solvent such as N,N-dimethylformamide, tetrahydrofuran and the
like in the presence of a suitable base such as Cs,CQO3, NaH or the like at an elevated
temperature of up to about 80°C to generate an intermediate of the formula 4. A
compound of the formula 5 (where C=X can be a C=0 or CH3) can be coupled with a
compound of the formula 4 using the Pd or Cu methodology known in the art (for
example, Shafir, A, Buchwald, S. F.; J. Am Chem. Soc. 2006, 128, 8742 and references
cited therein and Hartwig, J. F. Handbook of Organopalladium Chemistry for Organic
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INlloc Step A MeOnSN NMeG,SN/ 0 N=y /NTT B2Ma Step B MeG,SN N-*/ 0 \ ND Example El
[00159]Step A: A sample of B2 (202 mg, 0.445 mime is treated with 4 M HC1 in dioxane (3 mL) and
aged for 1 Q2988883 ent is then removed and the residue is partitioned el Hyl &tetate and
1 M NaOH. The aqueous phase is isolated, extracted once more with ethyl acetate and discarded.
The combined organics are dried over MgSO4, filtered and evaporated to afford Ha; ESIMS /wiz for
(M+H)+ C16F127N403S calcd.: 355.2, found: 355.2. [00160]Step B: The resulting material is treated
with 2-chloro-5-eylpygimicigri1 21 R, W0iR5 Mmabiefu! (12 Maa)- 863 mmals disarrgpylethylamine
(176 mg, 1.4 mmol) and N-methylpyrrolidinone (2 mL). The resulting solution is sealed in a reaction
vial and heated tB™86ROfPAIHH #10HRS TanF #MIRGE e Pt dhe TaticAl T ddmbs diluted with
ethyl acetate andsexifaciasd wihnveiesoRaRh Iyl HEdepioe e daiiaiethRg W e fimal
sodiumhydrogencarbonate once, dried over MgS04, filtered, evaporated and.purified on silica gel
g & Inear orTRRT G 6o ST o et I RESRRD O TG 6y SRR IHm 1 M HO to
afford El as the Hehaalt; 1H NMR (DMSO-d6, 400 MHz): 88.27 (s, 2H), 7.82 (d, J= 2.9, 1H), 7.50(m,
1H), 7.05 (m, 1H), 4.63 (n, 2H), 3.86(d. J= 6.4, 2H), 3.57 (in, 4H), 3.220. 4H), 2.91 (s. 3H), 2.91 (m,
2H). 2.43 (dd, J = 15.1, 7.6, 2H), 2.03 (s, 1H), 1.82 (m, 2H), 1.22 (m, 2H), 1.13 (dd, J= 7.6, 7.6, 36H);
ESIMS m/z for (M+11)+C22F133N603S calcd.: 461.2, found: 461.2. Example E2. 1-(Methy
Isulfony1)-4-(54(1-(5-(trifluoromethyl)py ridin&%ﬂeﬁ?&ﬁﬁ‘-‘&-{:‘l)methoxy Ipyridin-2-yllpiperazine. 'l-c'
N==Me02SN NA /0 1100161JBy following a similar procedure as the one used for preparing El from
B2 except substituting the follpwing procgidmaLojg Step B. E2 is prepared; 1100162JA sample of Ela

hydrochloride (900 mg, 2.3 m treated %t,h 2- chloro tr' luoromethylpyridine (501 mg, 2.76
mmol) K2CO3 (795 mg. 5.8 Mmol), Niinethydpytrelidi 10" miyand Water (8 mL) and heated in a
sealed vessel in a microwave r I at t:66itGaferd0 minu (e resulting suspension is treated with

ethyl acetate and water and filte¢gd. The € I #§'solid is washedTyith water and ethyl acetate,

dissolved in 1 M HC1 and Iyopr(iﬂ d toc@ﬁtg[qél sl NMR (CDC13, 400 MHz): 8 8.22 (m, 1H). 8.10

(dd, J= 9.8, 2.1 1H). 7.86(dd, J=$®, 2.9. 1H}s7.60 (d, J = 2.9. 1H). 7.53((d,)J= 9.8, 1H). 7.42(d, J=

9.1, 1H), 4.30 (in, 2H), 3. J= 6.2.141). 3.71 (m, 4H), 3.37 (m, 4H), 2.86{4\% 3H), 2.28 (in, 1H), 2.06
2.

(in, 2H), 1.57 (in, 2H); ESI z for (M+H)+C22H2 S0IS calcd.: 500.2.¥ound: 500.2.
Example E3. 1-Methylcyclop?opw&}4(5-(4-(methylsuég Ioipe -1 NTRy
yl)pyrazin-2-yloxy)methyl)piperidine- 1-car boxylate. \}zgpﬁ)f)\*/)NB StepRAN:\ MeO,SN NOw MeO,SN
N-1/4_ 4)-0 \-/ Heck > (Ib)

conditions

Ib: -CH=CH-

H,, Metal catalyst (Ib' CH.-CH
s-CHy-CH,-

[0091] A compound of the Formula Ib, wherein W, is N and L can be -CH=CH-
or -CH,-CH,-, can be prepared as in reaction scheme II. A compound of the formula 5
can be reacted with a compound of the formula 6 (where X, and Xy both independently
represent leaving groups such as F, Cl, Br, OTT, etc. with X; being the more reactive
group) using either the transition metal catalysis mentioned in scheme 1 or using a
stoichiometric base such as K,COs3, triethylamine and the like in a suitable solvent such
as N,N-dimethylformamide and the like at an elevated temperature to generate an
intermediate of the formula 7. Intermediate 7 can then be reacted with an olefin of the
formula & using heck reaction conditions (for example, Littke, A. F.; Fu, G. C, J. Am.
Chem. Soc. 2001, 123, 6989) to generate compounds where L is -(CH=CH)- which can

subsequently be reduced using hydrogen and a catalytic amount of a transition metal
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E3a E3b [00163]Step A: A sample of B4(745 mg, 0.16 mmol) is treated with 4 M HO in dioxane and
stirred for 3 hours. The solvent is decanted and the residue is lyophilized from water to afford E3a:
ESIMS m/z Y69 @0PI$89¢85H26N503S caled.: 356.2. found: 356.2. [00164] e/ BS2R0EAMMES of E3a
(181.8 mg, 0.46 mmol) is treated with N. N- dimethylformamide (1.5 mL). E3b (110 mg, 0.46 mmol)
and diisopropylethylamine (242 i.tL, 1.4 mmol) and stirred overnight. The reaction is then partitioned
between ethyl acetate and water and the organics are isolated, extracted with 1 M NaOH three times,
dried over MgSO4filignedcavan aedapshipaifiedarsiica getusinapdinearanadient of 0-100%
ethyl acetate in hexane to afford E3: 1H NNIR (CDC13. 400 MHz): 37.87 (d, J= 1.5. 1H). 7.62 (d, J=
1.4, 1H), 4.18 (in"295 908 had esgoupoEay be REofteANs 1088 Qrihapasticalssiqtined i5 ez in 2H), 1.93
(in, 1H), 1.80 (in,S2ndrp6f (He Invedebhndkhich.2xh (8 A2t t8d £iid, rin)pl £ (0,2 fifaBLMS m/z for
(M+H)+ C20H32N505S calcd.: 454 2.,foug%,45 2. Example F4.

5 Ethy1-2-(405. LA TR TSR BISHERB A P A ROH eS8 1y pyriricine.
Me(),SNN ND WO 20091038974PCT/U S2008/0751 45 [00165]By following a similar procedure as
the one used for preparing El from Ela excegteagbontbehepedtfor El a, E4 is prepared; 1H NM R
(CDCH, 400 MHz): 6 8.17 (s, 2H), 7.88 (d, J= 1.4, 1H), 7.63 (d, J= 1.5, 1H), 4.76 (m, 2H), 4.11 (d, J =
6.6, 2H), 3.52 (m, 4H), 3.37(m, 4H), 2.90(m, 2H), 2,82(s, 3H), 2.45 (dd, J= 15. , 2H)} 2,08 (m,
2H), 1.90 (m, 2H), 1.3¥{dad, J= 24:93:12.4, 4.2, ; 3,18 (dd, N&76, 7.6, 3_)—{,%7\5151}48 /Iz for (M+H)+
C2IF132N703S calcd¥: 4623 foure-—402.3. X! DIeES. 2=tt=5-Methylpyidin-2-
Opiperidin-4-yl)methoxy)J%6/(4- (methy Isulfonyl)pipenaZin-I-yl)py razine. => o/CN- jl [00166]A
mixture of E3a (103 mg@(G mmol), 2-bromo-5-ingghylpyridine (45.3 mg, 0.26 pl), Pd2dba3 (4.8
mg, 0.005 mmol) xantpho 1 mg, 0.016 mmol), sodium tert-butoxide (78 mg, 0.815 mmol) and

toluene (1.5 mL) iggpurgeg-4r nitrogen for inutes and heated jn an oil bath at 100 C overnight.
roomnemperature and djluted with wate Bm% ethyl acetate. The organics are

The reaction is cooled
dried over MgSO4, filtefe aporated and ftigifled b a gel chromatography using a
linear gradient of 0-100 % efhy! acetate in hex €2to afford BS:{H NMR ¢CDC13, 400 MHz): 6 8.01
(m, 1H), 7.88 (d, J= 14—HH—36 (m, 1H), 6.62 (d, J = 8.6, 1H}, %27 (m, 2H), 4.11 (d, J= 6.6, 1H),
3.53 (m, 4H), 3.37 (m, 4H), 2.820, 2H), 2.82(s. 3H), 2199 (s, 3H), 2.02 (m, 1H), 1.91 (m, 2H), 1.42 (m,
2H); ESIMS tn/z for (M+H)+ 021H3IN603S calcd.: 447.2, found: 447.3. Example E6.
1-Methylcyclopropyl
44(5-(4-(methylsulfonyl)piperazin-lyl)pyridin-2-yloxy)methyl)piperidine-I-carboxylate. rTh /(

[0092] A compound of the Formula Ic, in which Q is a heteroaryl group such as

1,2,4-oxadiazolyl (as shown) and W5 is N, can be prepared as in reaction scheme III by
reacting a compound of the formula 5 with cyanogen bromide in a suitable solvent
system such as aqueous Na,CO; and dichloromethane and the to generate a compound of
the formula 9. This intermediate can then be reacted with hydroxylamine in an
appropriate solvent such as ethanol and the like at an elevated temperature such as 60 °C
to furnish a compound of the formula 10. Intermediate 10 can then be reacted with a
compound of the formula 11 (where AE stands for an acid equivalent such as a
carboxylic acid, alkyl ester or activated ester such as an NHS ester and the like) using
any of the protocols known in the literature (such as Science of Synthesis 2004, 13, 127,
Tetrahedron Lett. 2006, 47, 3629 and J. Med. Chem. 2004, 47, 5821) to afford the
desired compounds of the formula Ic. In this scheme, it is understood that the groups

designated can be protected versions of the radicals defined in the Summary of the
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MeOnSN N/r0 0 WO 20091038974PCT/U 82008/0751 45 [00167]By following a similar procedure
as the one used for preparing E3 from B4 except substituting tert-butyl 44(5-(4-(nethylsulfonyl)
piperazin-l-yNRH8MIENHoxy)methyflpiperidine-l-carboxylate for B4, E6 is pP&JAFSAOPTHAY | 44(544-
(methyl sulfonyl) piperaz in-l-yl)pyridi n-2-y1 oxy)methyflpiperidi ne-l-carboxyl ate is prepared in an
analogous fashion to B4 except using 2-fluoro-5-bromopyridine instead of Aid; 1H NMR (CDC13, 400
MHz): 87.78 (d, J= 2.9, 11-1), 7.28 (dd, J= 8.9, 3.0, 11-1), 6.68 (d, J= 8.9, 1H), 4.18 (n, 2F1), 4.08 (d,
J= 6.5, 2H), 3.381{bnftbt.whibh £ ttHibpRoB3HE8 st In 2316 2 thels83) CRimpdadd, kO (M, 2H), 1.54
(s, 3H), 1.23 (m, 2H), 0.86 (ni, 2H), 0.61 (m, 2H); ES IMS in/z for (M+H)+ C211-133N405S calcd:
45.3.2, found: 45??.%‘?16“"“@&%&@‘@? o fiin Diddle st BedriMtsulfonyl)piperazin-I-y1)pyridin-2-
yloxy)methyl)piperidin-l-y1)pyrimidine. MeO,SN N-(( [00168]By following a similar procedure as the
one used for preparing El from Ela except substittiom§deetody| 44(5-(4-(methylsulfonyl)
piperazin-1-yl)pyridin-2- yloxy)methyl)piperidine-l-carboxylate for Ela, E7 is prepared,; tert-Butyl
44(544- (methyl sulfonyl) piperaz in-l-yl)pyridi n-2-y1 oxy)methyl)pipe igli ne-l-carboxyl ate is prepared
in an analogous fashion to B4 except using 2-f|uoro-5-bromopyridineG ad of Aid; 1H NMR (CDC13,
400 MHz): 68.16 (s, 2H), 7.78 (d, ﬁ—%@ 1H), 7.28 (ddic3=18.9, 3.0, £0.69 (d, J=9.0, 1H), 4.73 (in,
2H), 4.11 (d, J= 6.6, 1H), 3.3&16417,/1443!), B-d(in, 4H), 2.89 (% .83 (8,-3k]), 2.44 (dd, J=15.2, 7.6,
2H), 2.08 (In, 1H), 1.90 (In, 2H), 1.84{didd, J= 24.8, 12.4, 41, 2Hy, dd, J= 7.6, 7.6, 3H): ESIMS
ni/z for (M+HE C22H33N603S calcd?)461.2, found: 461.3. ExampES.
3-Isopropyl-5-(4-05-(4-(methylsulfonyl)piperazin-lyl)pyrazin-2-yloxy)methyl)piperidinThyl)-1,2,4-oxadia
zole. \ 0O-N McONnSN N -/N-<, N=.\\Step A NH N-W.OZSH\I\I* 0-0/ 1g(jZSN CS E3aE8a Step B\

0-N R—W;5' N \ q
— TR AE
4
R

[0093] A compound of the Formula Id can be prepared as in reaction scheme IV

by reacting a compound of the formula 9 with a compound of the formula 12 in a solvent
such as tetrahydrofuran or the like in the presence of a Lewis acid such as ZnCl, and the
like at an elevated temperature. In this scheme, it is understood that the groups
designated can be protected versions of the radicals defined in the Summary of the
Invention which can be deprotected and manipulated to the final compound after

completion of this scheme or in the middle of the scheme.
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MeO,SN N* /1-0 - Example E8 [00169]Step A: A cold (ice/water bath) solution of E3a (256 mg, 0.65
mmol) in dichloromethane (5 mL) is treated with a solution of 1C2C01 (298 mg, 2.2 mmol) in water (5
mL). The vighPotf8R/USAPdd solution is treated with a solution of cyanogen bF§ME2MYE W HHS, 0.72
mniol) in dichloromethane (2 niL) and the reaction is allowed to stir cold for 3 hours. The phases are
then separated and the organic phase is dried over MgSO4, filtered and evaporated to afford E8a
which is used without further purification; ES IMS trik for (M+H)+CIOH25N603S calcd.: 381.2, found:
381.1. [00170]Step B: A solution of E3a (215.5 mg, 0.57 mmol) in dioxane (2 mL) is treated with
N'-hydroxyisobutyrimidamide (86.8 mg, 0.85 RuawipmSdhénie 32 (115.8 mgL, 0.85 mmol) and stirred at
100 C overnight. The reaction is then partitioned between ethyl acetate and 1 M NaOH and the
organics are isolated, dried over MgSQ4, filtered, evaporated and purified on silica gel using a linear
gradient of 0-100% ethyl acetate in heflanegafford E8; 1H NMR (CDC12, 400 MHz): 87.88 (d, J =
1.4, 1H), 7.62 (d, J = 1.4, 1H), 4.1990i, 2H), 4.11 (d, J= 6.5, 2H), 3.53 (m, 4H), 3.37( R\g_')' 3.08 (ddd,

J=12.9,12.5,2.8, 2H) 7(m, 1H(_), 2.8 gz%%(!")' 2.03(m, 1(1!')—}\91 ™, 2H), 1.43 (dd Cl g 25.2,12.5,
4.4, 2H), 1.28 (d,gigvﬁb?ﬁEswi’émez. For (+H)+€-20132N704S caicd.: 466.2,fATNd: 466.3.
Example E9. 3-Isopro A| 44(5-fdemeathy Isulfgny pipera‘z—%’ﬁa- yl) 2=y 10XY )methyR4
bpiperidin-I-y1)-1,2,4-oxagksizole. 3\N-e-N McOn 3\1 0/ jty 100171]By1fllowing alsimifar procedure as
the one used for preparing E8 from B#&%kcept Aubskituting tert-butyl 4-((5-(4<{methylsulfonyl)
piperazin-1-yl)pyridin-2- onxy)methpripeIr'l Ne-t-c Nrbgftylate for B4, E9 is prepared: tert-Butyl
44(544- (methylsulfonyl) piperazin-l-yl)pyrid?ﬁ-z-y ay)methpriperidine-l-carboxylate is prepared in
an analogous fashion to B4 except using 2-tluoro-5-bromopyridine instead of Aid; 1H NMR (CDC13,
400 MHz): 87.78 (d, J= 2.9, 1H), 7.29 (dd, 9, 3.0,1H), 6.69/(d\J= 8.9, 1H), 4.17 (m, 2H), 4.13 (d,
J=6.5. 1H). 3.40 (m, 4H). 3.17 (m, 4k)-3:0F( ud,—%’f 9, 12.9(2 , 2H), 2.88 (m, 1H), 2.84 (s, 3H),
2.03 (m, | H), 1.91 (ni,a2Hdp 1R34:4ddd, J= 2\5—M 2.5\ 44NH), Y.28\d, J= 7.0, 3H); ESIMS ni/z for
(M-kH)+ C231-133N604S cafcd™465.2. found: 465.3. plg™ET®: 1-Methylcyclopropyl
4-((6-(4-(methylsulfonyl)piperazin- 1 - yl)py ridin-S-MIQxy)meﬂayl piperidine- 1-carboxylate. (rTh N-4'
MeO2SN NO 1001721By following a similar procedure as the one used for preparing E3 from B4
except substituting B2 for B4, EIO is prepared; 11-1 NMR (CDC13, 400 MHz): 67.90 (d, J= 2.9, 1H),
7.14 (dd, J=9.1, 3.0, 1H), 6.65 (d, J= 9.0, 1H), 4.12 (in, 2H), 3.77 (d, J= 6.3, 1H), 3.54 (in, 4H), 3.33
(in, 4H), 2.80 (s, 3H3§2.73 (in, 2H), 1.92 (m, 1H), 1.89 (m, 2H), 1.54 %.SéasH) 1.23 (in, 2H), 0.86 (in,
2H), 0.62 (in, 2H}"E81 Ms in/2 FOPRAUG)S! BsSiPaiNs 0B RIS Y IuBE I FoONES S Th01 731
Example El 1. 5-ls@propy N3 -(£#H6 1{¢brinet hy ikstdiotiyh) piperazinbly tomyitigl ineSnyptaxy pndthy

Bplpendln_l-yl)-]fozr’rﬁﬁ?ax 9 gs!latﬁ glle)r'otected glycine derivative of the formula 13 using appropriate

coupling reagents followed by deprotection and coupling with a carboxylate of the
formula 14 to generate an intermediate of the formula 15. This intermediate can then be
cyclized using Lawesson’s reagent or other thiotransfer/dehydrating agent in an
appropriate solvent such as xylene at an elevated temperature such as 130 °C to generate
the desired compound of the formula le. In this scheme, it is understood that the groups
designated can be protected versions of the radicals defined in the Summary of the
Invention which can be deprotected and manipulated to the final compound after

completion of this scheme or in the middle of the scheme.
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/- MeO,SN /-Th N-\ NilStep A MeO,SNN-(k. Me02SN/ 0 N=)_ N-UN\__of-C1 Elal1C1Ella N-OH
Step BN=y /Step C MeOnSNN -40NI In\__/k/ El Ib Example El | [00174]Step A: A mixture of ElallCI
(202.3 mg, OVO2MMBF¥3hd K2CO3 (143 mg, 1.0 mmol) in water (3 mL) is cBolEESRI &AM Er bath
temperature and treated dropwise with a solution of cyanogen bromide (60.3 mg, 0.57 mmol) in
dichlonnethane (3 mL) and stirred for 2 hours while cooled. The reaction is then diluted with
dichloromethane, extracted with water, dried over MgSO4, filtered and evaporated to afford Ella which
is used without further purification; ESIMS m/z for (M-FH)+ C171-26N503S calcd.: 380.2, found: 380.2.
[00175]Step B: A solution of Ella (152.4 mg, Re4ttiowrSahane Viydroxylamine (492 1.1L of a 50%
agueous solution, 0.80 mmol) in ethanol (2 mL) is heated to 60 C in a sealed vessel overnight. The
reaction is cooled to room temperature and the resulting sample of Ellb; ESIMS m/z for (M+H)+
C17H29N604S calcd.: 413.2, foyprg-
and isobutyric anhydride (5@ mg;,
10 minutes (-120 C). The reactio alyre, evaporated and partititioned
between ethyl acetate and saturate aqueous sodium hydrogericarbonate. The organics are isolated,
dried over MgSO4, filtered, evapOﬁ d and purified on silica gel ugigg a Iinear gradient of 0-100%
ethyl acetate in hexane and lyophilized from 1 M HC1 to afford Eli as an salt 1H NMR (CDCE,
400 MHz): .37.92 (d, J=3.0, | H), 7.16 (dd, J = 9.1, 3.0, 1H), 6.65 (d, J= ]!V HI -1), 4.06 (m, 2H),3.80
(d, J=6.4, 1H), 3.54 (m, 4H), 3.33 n14FD 3.07(m, 1 .92 (ddd, J = '\127 2.7, 1H), 2.80 (s,
3H), 2.73 (m, 21-1), 1.99 (m, |J;L),§L§§L¢m, 21-1R L. 3)-4734 CTP8H) ESIMS in/z for
(M+H)+ C21 lin N604S calcd.: 465.2; found: 453. 3 ample E12R52- (5 Fluo ropy
ridin-2-yl)pipe ridin-4- yI)methoxy) -5- qnethylsuIfonyl)plperaztm)-l -yl)py razine. rTh

7<;/N —R, H,, metal If olefin
R

s catalyst If alkane
19

[0095] A compound of the Formula If, can be prepared as in reaction scheme VI.
A ketone derivative of formula 16 can be reacted with an organometal reagent of formula
17 such as a Grignard reagent or the like to furnish after dehydration with an acid such as
TFA and the like, an olefin of the formula 18. This material can be deprotected with the
appropriate reagents followed by reaction with an electophile of the formula 19 where X;
can be a leaving group such as mesylate, halide or the like in an appropriate solvent such
as N,N-dimethylformamide or the like using a base such as Cs,CQOj; or the like to afford
If as the olefin. The olefin can then be reduced with a metal catalyst such as Pd/C or the
like with hydrogen gas or the appropriate hydrogen transfer reagent to afford If as an
alkane. In this scheme, it is understood that the groups designated can be protected
versions of the radicals defined in the Summary of the Invention which can be
deprotected and manipulated to the final compound after completion of this scheme or in

the middle of the scheme.
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Ms-NN (I F [00177]By following a similar procedure as the one used for preparing ES from E3a
except substituting 2-bromo-5-fluoropyridine for 2-bromo-5-methylpyridine and o
dicyclohexyNA 2892¢it$Ethoxybipheny1-4-yOphosphine for xantphos, EU is BfeHPH8EZIMS miz for

(M+Hr C20E128FN603S calcd: 451.2, found: 451.2. Example Fl.
3-Isopropy1-5-(4-06-(4-(methylsulfonyl)piperazin-1y1)pyridin-3-yloxy)methyl)piperidin-1-y1)-1,2,4-oxadi
azole HO Step AMsO B8aFla Step B \[ Step CN= Me02SNOBn OBn FIcFId Step D
Me02/ SN#----) NStep EN=\)_ MeO,SN N-c / 0\ (\ O-N
Reaction Scheme VII
—Q—OH
W{D—M —> R—W, A \ Q—OH
20 )

19)
(g
H,, metal C Ig olefin
catalyst Ig alkane
[0096] A compound of the Formula Ig, can be prepared as in reaction scheme VIL

A vinyl metal derivative of formula 19 (where M is B, Sn, Si, Mg, Zn or other metals
known to participate in metal catalyzed coupling reactions) can be reacted with a halide
of formula 21 (where X;refers to a chloride, bromide, iodide, triflate, nonaflate, or the
like) using an appropriate metal catalyst such as Pd with an appropriate liand system such
as familiar to those skilled in the art to generate an intermediate of formula 22. This
intermediate can then be alkylated with an intermediate of formula 18 as outlined in
scheme VI to afford Ig as an olefin. The olefin can then be reduced with a metal catalyst
such as Pd/C or the like with hydrogen gas or the appropriate hydrogen transfer reagent
to afford Ig as an alkane. Alternatively, Ig can be prepared by carrying out a metal
mediated coupling on a compound of formula 20 with a compound of formula 4 and
manipulating as before to get to the alkane. In this scheme, it is understood that the
groups designated can be protected versions of the radicals defined in the Summary of
the Invention which can be deprotected and manipulated to the final compound after

completion of this scheme or in the middle of the scheme.
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N-CN jkr [00178]Step A: By following a similar procedure as the one used for preparing B5c from B5b
except substituting B8a for B5b, Fla is prepared; ESIMS ink for (M+H) C12H22N304S calcd: 304.1,
found: 304. }rWP938%EH B: A solution of Fib (3.00 g, 23.0 mmol) and benPATHBAROP S mL, 25.5
mmol) in acetonitrile (50 ail) is treated with Cs2CO3 (15.0 g, 46.0 mmol) and the reaction mixture is
heated at 90 C for 2hours, cooled and filtered. The solvents are evaporated and the crude compound
purified on silica gel using a linear gradient of 0- 100% ethyl acetate in hexane to afford Flc; 11-I-NMR
(400 MHz, CDC13) 8 8.15 (dd, J = 0.8, 2.8 Readtign SchomenVHL) 7 39 (m, 1H), 7.25 (m, 2H), 5.12 (s,
2H); ESIMS calcd. for [M-kl-Ir C12H1 ICAO: 220.1 found: 220.1. [00180]Step C: Fie (2.67 g, 12.2
mmol), 1-methanesulfonyl piperazine (3 g, 18.3y mmol), Pd(OAc)2 (548 mg, 2.4 mmol),
((2-dicyclohexyl)phosphino)biphenyl (1.7 g, 4.8 ), NaOtBu (3.5 g, 36.6 mmol) and toluene (20
mL) are charged to a sealed flask and@&gassgd With bubbling Ar for 30 minutes. The mixture is
heated at 120 C for 18h, then is hot filtere# TghtemoPeBarticulates. The filter cakg)s washed with ethyl
acetate (10 mL) and water (20 mL) and the Rytr are combined and extracted Yvifh ethyl acetate (20

nth). The organic layer is e ted with IN HC128)x 20 mL discarded. E Ke _c}g]ig}{ayer is then
basified with NaOH anq-ex%%—mmgmylmaq—mmb -rggﬁai organic'layers are
combined, dried (MgSO4), ftgred and concentrated. The resiig is recrysﬁaﬂlized from ethyl acetate
/Hexane to provide FM; ESI calcd. for [M-I-Hr C17H22N30iS: 348.1 found: 348.1. [00181]Step D: A
solution of FM (1.3 g, 3.88 m 3I) in EtOH is treated with Pd/C (0.2 g of™.0%, wet). The reaction is
stirred under H2 (1 atmosphere) for 12 hours. The mixture is filtered and concentrated to provide Fle

which is used wit&(a%ﬁurther urification: EUS?II\@S calc forI[ -1-H[J C]dOH16N3 11S: 258.1 found:
258.1. [00182]Step :Aso|u§o%°%‘f’&‘l‘é‘%§ °mg, O m‘ﬁﬁowe dEfa (15, 2 g, 058 mmol) in N,
N-dimethylformaMiitieAT@npiuié of datedinith @s2EGH(LES5:ly | G167 witnokcantbirebeéd to 60 C
overnight. The reaglion @49891?%an[)%%ﬂrfﬁg‘l%ﬁ@{%?sQﬂlﬁtseﬁéﬁﬁl N AeRIBHS KHaatedith water,

dried over MgSO4, filtered, evaporated and purified by silica gel column chromatography using a
linear gradient ofil)ap aPPOathyP kieatarshnndshleconsththeriydppiizebafroand dadlkdford Fl as an
HC1 salt; 1H NMBHGERCHAM M) czh30h (iR hfid2dkal F @i8sdidhd il (Hledtl, 3.1
1H), 6.66 (d, J= 9.1, 1H), 4.20 (m, 2H), 3.81 (d, J= 6.3, 1 H), 3.54(m, 4H), 3.33 (m, 4H), 3.09 (m, 2H),
2.88 (m, 1H), 2.8hqdhsereupiriignater yan keppiricsed) varsiongaf Bigyadicds dgfiged inghea\y: ESIMS trr/z
for (M+H)+ C21 Y33MNERAS eRIbtlefHon FhionBeh BE& Brotectebr XM Ftatedt:BiHY kinal
44(5-(4-(methylsulfonyl)-1,4-diazepan-lyDpyrazin-2-yloxy)methyDpiperidine-1-carboxylate. N -
Me02SNION BFRIMSRINNG feBdietis pEViEy BRI 818D Bif¢IK 9§ the scheme.

Reaction Scheme IX

NC
(A_/Xg \2—6Q—OPG ON
RW " X, 20, g —w,," Y¥—o—ora
( }tz ty

(25) 27) (Ta) q
1. Deprotect t COH L _\N—R
————» R—W7 Q—oO 4
2.(19) Rs
3. Hydrolize B
I;
[0098] A compound of the Formula li, can be prepared as in reaction scheme IX.

A compound of formula 25 (Where X, and X, can be chosen from chloro, bromo, iodo,

mesylate, tosylate and the like) can be reacted with a compound of formula 26 using an
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NBcc Example Gl [00183]Step A: A mixture of B4b (307.5 mg, 0.83 nunol), homopiperazine (248.2
mg, 2.5 mmol), xantphos (28.7 mg, 0.050 mmol), sodium tert-butoxide 119 mg, 1.2 mmol) and toluene
(5 mL) is spR880NPHifrogen for 5 minutes and treated with Pd2dba3 (15PEMESHWEY7 Hifhol). The
reaction is then sealed and dipped into a pre-heated oil bath at 100 C. The reaction is stirred at this
temperature for 4 hours, cooled to room temperature, diluted with ethyl acetate and extracted with
water twice. The organics are dried over MgSO4, filtered, evaporated and purified on a silica gel
column using O- POt sHes Mdichindraingideol didoradhe, IES M apresriaha +ply20621 H35N403

calcd.: 391.3, foupgh 304X 1A @41RtaRBIA soMtian el Biaide? DIISHO SR Hrdichiaromethane

(0.25in L) is cooled to ice/water bath temperature and treated wijth triethylamine (37.4 mg, 0.37 mmol)
followed by methR&&EIRAYFENRIFL & RPS 4G 1133 i i P el e 41U AndRiermsditsattion is then
poured into watefcamd]eRTraChechwithiglichiaremiet haiepinded. it Agicomirnaoganiemadadried over

MgSO4, filtered, evaporated and a silica e column us 00% eth Iace e in hexane
o aford G1. 11 KN LEOC TR A0 s B0 SOt 5 ey S B o2 B BEEd i ory
4.14 (d, J=6.5, tHl)bQQQt‘(meczW)S@MD(d@ 3di61B, 8eB peH)) BASuMm YL 312@1@@2111)@.&8 (s, 3H),
2.73 (in, 2H), 2.07,(ig, g}«oﬂeaéd(uﬁd%m&uﬁ%eﬁ% M@ﬁﬂaﬁc@n%o%m ahea2difipietibn GSIMS m/z for

(M+H)+ C211-136N505 Icd.: 470.2, found: 370.2 (M-Boc+ Example G2 tert-Butyl
44(5-(3-(methyIstARSEAGKN Y erovicie qﬂt%ﬁ‘ghﬁﬁh 2-yloxy)methyl)piperidine-I-carboxylate. MsO
[00185]By following a similar procedure as the one used for preparing G1 from B4b except substituting
pyrrolidin-3-ol for homopiperazine, G2 is pre raeqi' 1 é}‘.MmFi: DCI3, 400 MHz): 87.82 (d, J =1.5. 1H),
7.38 (d, J= 1.5, 1H), 5.43 (in, 1H), 4.03 (in, 2 288’% JB%, 1H), 3.82 (in, 21H), 3.74 (dd, J= 12.4,
4.4, 1H), 3.58 (m, 2H), 3.05 (s, 3H), 2.72 (m, 2H), 2.47 (m, 1H), 2.33 (m, 1H), 1.93 (m, 1H), 1.79 (m,
2H), 1.46 (s, 9H), 1.26 (in, 2H); ESIMS tit/z fo7 @2Boc+H)+Ci5SH25N404S calcd.: 357.2, found: 357.2.

Example G3. Tert- butglo44(5 (4- (methylsulfony!gég;sendln %(}/I)pyrazm -2- L Reduce
onxy)methyI)plperldlne- lat wing roge ure-as-the-ane used for

preparing G 1 a from B4b sﬁtutlng 4-(niethylsulfon {dine for homepiperazine, G3 is
prepared; ESIMS (viz for (M- EBH+H)+ CIOH27N403S calcd: 355 2 (f\;u&g 355.2 Example G4.
1-Methylcyclopropyl 28)

44(5-(4-(methylsulfonyl)piperidin-1yl)pyrazin-2- onxy)methyI)plperldlne -I-carboxyla &)Q{VO
20091038974PCT/US2008/075145

PGO (19) y @ O~ @
S
(31) I

[0099] A compound of the Formula [j, can be prepared as in reaction scheme X. A
compound of formula 28 can be reacted with a compound of formula 29 (where X, can
be chosen from chloro, bromo, iodo, mesylate, tosylate and the like) using an appropriate
base such as cesium carbonate, sodium hydride, LDA and the like in an appropriate
solvent such as N,N-dimethylformamide, N-methylpyrrolidinone, DMSO,
tetrahydrofuran and the like to afford an intermediate of formula 30. This material can
then be reduced using an appropriate metal hydride such as LAH or BH; and then
functionalized with the appropriate electrophile R, X}, (where X}, can be chosen from
chloro, bromo, succinate, p-nitrophenyl and the like) to afford an intermediate of the
formula 31. This material can then be manipulated in a similar fashion to intermediate 18
in scheme VI to arrive at [;. In this scheme, it is understood that the groups designated

can be protected versions of the radicals defined in the Summary of the Invention which

41



[00187]By following a similar procedure as the one used for preparing E3 from B4 except substituting
G3 for B4, G4 is prepared; ESIMS fez for (M--Hr C21 F134N405S calcd: 454.2, found: 454.2.
Example HIXEEWBPRABA7¢2-(3-(4-(methylsulfonyl)piperazin-1-y1)-1,2,4- ~ PCT/US2008/075145
oxadiazol-5-yl)ethyl)piperidine-1-carboxylate. rTh Step ArmStep B McO,SN NHMeO,SNN-CN N-OH
Step C MeG,SN MeG,SN NH2 cExample HI rt [001881Step A: To a stirred a solution of potassium
carbonate (2.78 g, 200 mmol) ill water (20 mL) is added Ma (3.0 g, 18.3 mmol). The solution is cooled
to 10C. then a scolitibhdsPESasied ardraniniaca 1othe Smd eampetyid afesnersrplstivartd (0 mL) is added
dropwise over 3QRiheldien 8RGHAAIS Watineskigeroom temperature and stirred for 2 hours, then
extracted into dichloromethane. The organic layer is washed with 1N HC1 (30 mL), dried over MgS0O4,
filtered and concentrated. The product is used without further purification. [001891Step B: A solution of
Hlb (2.6 g, 13.7 mmol) and hydroxylamine (1Regetien Sehemat)¥A EtOH (10 mL) is heated in a sealed vial
at 90C for 12 hours. The mixture is concentrated in vacua to provide Ik, which is used without further
purification. WO 20091038974PCT/&_(J) 2008/0.751,45 [00190]Step C: A solution of
1-Boc-piperidin-4-ylpropionig acid acic’ (1 12misg, 0.44 mmol) anN- arﬁyl dimidiszéte (71 mg,

0.44 mmol) in N,N-dimet VI{B maynide (0.5 mL) s stirred at roghptemperature for 30 min'Hie (107 mg,
0.48 nunot) is addedpdhe te sealed and Re4ted at 115c@or urs. The rédoflefi¥ixture is
cooled, extracted into ethyl pegtate (10 mL), washed with water ( g)lo mL), then brine (10 mL). The
organic layer is dried over MRSOA4, filtered, concentrated, and purified by mass triggered reverse
phase HPLC to provide Ill; 1H NMRA{CDC13, 400 MHz): 64.10_(br.s, 2H), 3.59 (n), ﬁe 3.32(m, 41-1),
2.82(s, 31-1), 2.79G, J = 8 O N H), X68 (n),@h), 1.71 GmdH), \L. 9, 1. , 2H) ; ESIMS
m/z for (M-kEl+Na) CI9H33NE05SNa’ calcd--466.2 found: 468:2¢ mplé%ﬁ%‘utyl
4-(3-(3-(4-(methylsulfEA)piperaZin-l-y1)-1,2,4- oxadiazol-5-yl)propyip eridinelfl-carboxylate.
[00191]By following a similar 3#®cedure as the one used for preparing HI flom Hla except substituting
4-(1-Boc-piperidin-4-y1) butanoic acid for 1-Boc-piperidin-4-y1 propionic acid acid. H2 is prepared;
-EH NMR (CDC MHz); 34.08 (d, J.=13.2 Hz, 2H), 3.59 (in, 4H), 3.32 (in, 4H), 2.8 , 3H),
275t 9= 7.0 O 5 ce froieont (35 gl B PR D i e B e (s
9H), 1.42 (in, 1H)) toBb¢sn@ i) farmadlyipi, 244)beESikBerhiz for(tetdy NapH@2 GHBBNSO5SNG calcd.:
480.2, found: 4803, ¢ GG (-l (ReEthvipy a2 yhRiRQlEin: A RGBS

(methylsulfonybpiperazin-1-y1)-1,2,4-oxadiazole.
or the like followed by reaction with ammonia or an equivalent followed by reduction

with an appropriate reagent such as LAH or BHj; to afford an intermediate of the formula
33. This material can then be cyclized with formaldehyde and acid such as acetic acid or
the like followed by functionalization with an appropriate R; X}, (where X}, can be chosen
from chloro, bromo, succinate, p-nitrophenyl and the like) to afford an intermediate of
the formula 34. This material can then be manipulated in a similar fashion to
intermediate 18 in scheme VI to arrive at Iy. In this scheme, it is understood that the
groups designated can be protected versions of the radicals defined in the Summary of
the Invention which can be deprotected and manipulated to the final compound after

completion of this scheme or in the middle of the scheme.

[00101] Detailed descriptions of the synthesis of compounds of the Invention are

given in the Examples, infra.
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WO 20091038974PCT/U S2008/0751 45 0Step A 0=S-N NCCc -\NB oc I \-/ 0 n -S-N N-\Nil IV H2H3a
Step BN-ONjs'N 0.1 Nts Example H3 [00192]Step A: A solution of H2 (261 mg, 0.57 mmol) in
tetrahydrofu4h 38 HB§I&4reated with HC1 (5 nth of 4N in dioxane) and stirfedTaY$dWH e Serature for
1 hour. The reaction is concentrated, dissolved in dichloromethane (5 mL) and concentrated in vacua
to remove traces of acid and provide H3a, which is used without further purification; ESIMS m/z for
(M+H)+ C151-128N503S calcd 358 2, found 358 2. [00193]Step B H3a (53 mg, 0.15 mmol) and
2-chloro-5-ethy|- haeiilona 3: 5080 .[): AHS 5 AN BB ne (1 mL). Cesium
carbonate (120 g 937 mmR'lé%BS‘ﬂﬁfjo?ﬁ% e &%x?ﬁ@[;‘?gp%‘& hepigd ahdaRc iR 2 hours. The
reaction mixture Is cooled, filtered, and purified by mass triggered reverse phase HPLC to provide H3;
1H NMR (C Dc1@cm@ﬁh}4q—pgda®12rpr(§al2pb) Jeqengdthg feeg bpedorp Bl e gongreuadiyith 33 (m, 4H),

293 (dt. ) = 2.0, 332 2. RE 283 ab%o ZJC(BI«BEJné K4 2K At  phirBiddZadialy1-84 (M,
4H), 1.58 (m, 1H), 1.37 m 3H), 6 Hz, 3H; ESIMS m/z for (M+H)+ CilH34N703S calcd.:
464.2, found: 464C26Ptab @@ﬁﬁ%‘tﬂﬂsaiéBf)MﬁWRP‘(S‘igf@e(fﬂ&ﬁ%ﬂF&rﬁﬂﬁﬁPéF%ﬁ’?’ [SALfing 4-
oxadiazol-5-yl)praRybhRireddiigr beatbexmissend[@ih IRy rllowing psteilaplerasadudie as the one
used for preparing ill from HI a_except substituting H4b (s % e scheme below) for |

-Boc-piperidin-4-§1BFBISiBATE el Reid i e splifareg o W@%?EW?M%W@W&N%%S calcd.:

444.2, found: 48@r3pafkd u¥ing salts of the starting materials or intermediates.

[00103] The free acid or free base forms of the compounds of the invention can be
prepared from the corresponding base addition salt or acid addition salt from,
respectively. For example a compound of the invention in an acid addition salt form can
be converted to the corresponding free base by treating with a suitable base (e.g.,
ammonium hydroxide solution, sodium hydroxide, and the like). A compound of the
invention in a base addition salt form can be converted to the corresponding free acid by
treating with a suitable acid (e.g., hydrochloric acid, etc.).

[00104] Compounds of the invention in unoxidized form can be prepared from N-
oxides of compounds of the invention by treating with a reducing agent (e.g., sulfur,
sulfur dioxide, triphenyl phosphine, lithium borohydride, sodium borohydride, or the
like) in a suitable inert organic solvent (e.g. acetonitrile, ethanol, aqueous dioxane, or the
like) at O to 80 °C.

[00105] Prodrug derivatives of the compounds of the invention can be prepared by
methods known to those of ordinary skill in the art (e.g., for further details see Saulnier et
al., (1994), Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985). For example,
appropriate prodrugs can be prepared by reacting a non-derivatized compound of the
invention with a suitable carbamylating agent (e.g., 1,1-acyloxyalkylcarbanochloridate,
para-nitrophenyl carbonate, or the like).

[00106] Protected derivatives of the compounds of the invention can be made by
means known to those of ordinary skill in the art. A detailed description of techniques
applicable to the creation of protecting groups and their removal can be found in T. W.
Greene, “Protecting Groups in Organic Chemistry”, 3" edition, John Wiley and Sons,

Inc., 1999.
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ONH-HC10N 0 110)1 H4aH4b [00105]Commercially available I14a (20g. 96 mmol) is suspended in dry
dimethylacetamide (100 mL). Triethylamine (34 mL, 240 mmol) is added and the resulting mixture is
cooled in aYEHAERIB8Ath. A solution of isopropyl chloroformate in toluenePGIORZ08H T4Pis added
dropwise, forming a white precipitate. The suspension is stirred at room temperature for 18 hours,
then the white precipitate is filtered, washed with ethyl acetate, and discarded. The filtrate is
concentrated in memo to yield 114b. Example IL 3-Isopropyl-514-(2-(5-(4-(methy

Isulfonyl)piperazijpoi oH)thiazddpyligthiriresieisnd MLL@%&%BQ@%QL%M@Q&%%&& 6rrTh MeO,SN
N NHBoc Step E_ () C\ SO,McMcO,SNN C )0-N N-"vs-- N --L"--N \Step F N'() O h

formed during the process of the’invention, as solvates (e.g., hydrates) Hy rates of
compounds of the present invention can be conveniently prepared by recrystallization
from an aqueous/organic solvent mixture, using organic solvents such as dioxin,
tetrahydrofuran or methanol.
[00108] Compounds of the invention can be prepared as their individual
stereoisomers by reacting a racemic mixture of the compound with an optically active
resolving agent to form a pair of diastereoisomeric compounds, separating the
diastereomers and recovering the optically pure enantiomers. While resolution of
enantiomers can be carried out using covalent diastereomeric derivatives of the
compounds of the invention, dissociable complexes are preferred (e.g., crystalline
diastereomeric salts). Diastereomers have distinct physical properties (e.g., melting
points, boiling points, solubilities, reactivity, etc.) and can be readily separated by taking
advantage of these dissimilarities. The diastereomers can be separated by
chromatography, or preferably, by separation/resolution techniques based upon
differences in solubility. The optically pure enantiomer is then recovered, along with the
resolving agent, by any practical means that would not result in racemization. A more
detailed description of the techniques applicable to the resolution of stereoisomers of
compounds from their racemic mixture can be found in Jean Jacques, Andre Collet,
Samuel H. Wilen, “Enantiomers, Racemates and Resolutions”, John Wiley And Sons,
Inc., 1981.
[00109] In summary, the compounds of Formula I can be made by a process, which
involves:

(a) that of reaction schemes I to XI; and

(b) optionally converting a compound of the invention into a pharmaceutically
acceptable salt;

(c) optionally converting a salt form of a compound of the invention to a non-
salt form;

(d) optionally converting an unoxidized form of a compound of the invention

into a pharmaceutically acceptable N-oxide;
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Example li [00196]Step A: To a stirred a suspension of sodiumhydrogencarbonate (2.80 g, 33.3
mmol) in water (1.5 ml.) is added Ha hydrochloride salt (2.00g. 11.1 mmol) and dichloromethane (2
mL). The mi¥@rR99&/388idd in ice/water bath and stirred. A solution of cyandeHBrtidéSitu2 g 13 4
mmol) in dichloromethane (3 mL) is added over a period of | hour. The cold bath is removed and the
reaction is stirred overnight 0.33 g of Na2CO3 is added to ensure the reaction is basic. The reaction is
diluted with dichloromethane (20 mL), dried with MgSO4. The mixture is filtered, washed with
dichloromethane, and evaasaies:i%, @i MinE SIS TME forn(MrHnEAAE BNER faladiod89-1, found:
169.1. [00197]Step B: A solution of lib (1.87 g, 11.1 mmol) and N'-hydroxy isobutyrimidamide (1.70 g,
16.7 mmol) in etAY1HOXIE(46THL) is treated with a solution of ZnCI2 (16.7mL, IN in ether) dropwise.
A white precipitate is forncpfiigtStirioy akraomiteimpeiase n Loipbuiess theipregipitate stuck on
the flask and mage stirring difficult The solid is triturated with ether (40 mL) and stirred for 4 hours until
a yellow suspen SR8 %B%%lﬁ?eog.lslgﬁléergolid is collected by filtration, washed with ether (30 int) and
dried to give a yellow solig)wiithnis lysedwesitihgut purdicatitinetbe dhpaext dtdie; ink SIS ik, afor (M+Hr
C131-127N402 C&Igd.:agg][.l.(%,ﬂfognd: t%?#.ZfOThe igltrelggglevdiate material (422 mg) is treated with dioxane
(20 mL) and 4M in dioxane fﬁ?g nlf P)%ngrﬁ%a?ed to i’oadl% for 1 hour. The reaction is then cooled
to room temperature and(theogtbrely isorembred pidieugedidyetivedifitedmpithrethi/ rceiateiomd
extracted with 1 M HC1 twice, dried.over MgSO4, filtered and evaporated to afford 11c; ESIMS ink, for
(M+H)+ C131-124N302 calcd.: 254.2, found: 254.2. [00198]Step C: A solution of lie (368 mg, 1.45
mmol) in acetonitA18ImL) isnsefaiad WethrBEIRAhe L8NG, maghak 6 PABZEIP@4Y(258 mg, 1.8
mmol), TEMPO fa%scﬂ@g&;alé%@ﬁgeu&sla%rpﬁgkvﬁ\tﬁ%?@e@@oga@@g ﬁfaﬁ%(%mf‘? BUHRERIDRIR A 91 mmol)
and water (8mL). After all the reagents went into solution, 10% bleach (22 ILL, 0.03 mmol) is added
and the reaction 18 ¥ ar@vekisiiiedtn e bemmmsidisdamisted in mow and the resulting solution is

extracted with etppdpagtate angeaRMithe QAT AR dissRrdedns heosguanishhasasigenade acidic
(pH<1) with concentrated HC1 and extracted twice with eth%ll acetate and discarded. The combined

organics are driedPOVEPIREEH aREBTERAGEHRTPASHIBREHMTS SHBPAUMS EERRABHT for (M+H)+ C 13
F122N303 calcdin?&fién, fouin@a2&8et (R0 199]nteBods saluiianalylie: (256 mg, 1.4 mol) and
methanesulfonyl piperazine (258 mg, 1.6 mmol) in dichloromethane (4 nth) is treated with HOBt
hydrate (328 mg, 2.1 mmol) followed by EDC (356 mg, 1.9 mmol). After stirring for 3 hours, the
reaction is dilutqu i %@yl acetate and extracted with water, 1M HC1 and 1 M NaOH, dried over
MgSO4, filtered orated to afford 12f; ESIMS ink. for (M+H)+ CI2H24N305S calcd.: 322.1,
found: 339.9. [00@00]3iep E. Mespreyete oivddiio(388urtyr tx2mplifiedshweade tinnitid HHdC1 in dioxane
(4 mL) and aged 1 hout. The solvent is.r ved and the residue is tr d.with lid (298 mg, 1.1
mmol, HATG (503 S ) e e A R P e oot with
triethylamine (0.39 mL, 2.8 mmol) and stirred for 2 hours. The reaction is then diluted with 1M NaOH
and saturated with NaCI.ﬂgﬁlr[%giipanB%' 4;:?@)_(@(@_%@91&1;@%%% iAfgtate and discarded.
-

The combined organics are dried over MgSO4, filtered, evaporated and further purified on a UV
triggered HPLC t)@enaxy ynetiyhmipepidiag- Igarbpxahadt-isN605S calcd.: 471.2, found: 471.1. WO
20091038974PCT/US2008/075145 [00201]Step F. A suspension ofllg (354 mg, 0.75 mmol) and
Lawesson's reagent (304 mg, 0.75 mmol) in m-xylene (3 nth) is dipped info an oil bath which is
preheated to 140 C and stirred for 5 minutes. The reaction is yhen co ﬂ@ room temperature and
loaded onto silica gel and purified U}i{\%m 0 nt o‘l_O@?’o yl acetate to afford Fl; 1E1
NMR (CDC13, 400 MHz): 86.86 (s, 1 I-1), 4.12, (2\2H), 338 (m, 4H), 3.19 (m, 4H), 3.02 (m, 2H), 2.99
(m, 3H), 2.83 (s, 3H), 1.80 (m, 2H), 1.73 (dd, J= 15.3, 7.1, 21H), 1.40 (m, 1H), 1.24 (m, 21-1), 1.28 (d,
J=17.0, 6W; ESIMS miz. for (M+H)+ C20H331\1603S2 calcd.: 469.2, found: 469.1. Example J1:
Isopropyl 4-((4-(1-methanesulfony1-1,2,3,6- tetrahydropy ridin-4-y
Ephenoxy)methyl)piperidine-I-carboxylate.  J laJibJle
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0,0, JldJleExample J10 [00202]Step A: 4-Bromoanisole (4.5 mL, 36 0 mmol) is dissolved in dry
tetrahydrofuran (50 mL) and cooled to -78 C under nitrogen. A solution of nbutyllithium (1.6 M in
hexane (22 YY$hi003838%4mol) is slowly added with stirring. The mixture is sEfr@d 8B E,bt 2 hours.
A solution of Ma (7.28 g, 36.5 mmol) in dry letrahydrofuran (80 mL) under nitrogen is cooled to -78 C.
The suspension of organolithium prepared above is slowly cannulated with stirring into the solution of
ilia, using a 20-mL tetrahydrofuran rinse. The resulting mixture is stirred at -78 C for 30 minutes, then
at 0 C for 15 min. Additi n rategl ammoNIYM ghloride sajufipre ) and extraction with ethyl
acetate, washing with brine ald ggncentration in"vac ?ﬁfﬂ anofl. The resi iS-pdrified using a
linear gradient of 10-80% ethyl acetate in hexane to zgor Jib;NMR (CDC13, 400.13 MHz): 37.39 (d,
J=8.9 Hz, 2H), 6.89 (d, J= 8.81kiz, 2H), 3.99 (hr., 2Mdp 3.81 (s, 3H), 1.96 (brA2H), 1.71 (m, 4H), 1.49
(s, 9W; no mass spectrum could be obtained. [00203]Ste§38: To a solution of Jlb (6.29 g, 20 mmol) in
dichloromethane (120mL) is &t ifluoroacetic acid (ZO r\‘i\gl)?slowly, with stirring. The resulting
solution is stirred at roofi{®témpe for 3 hours. C3R&entratidnAditution with dichlorornethane (50
niL), washing with saturated aqueous gg(;@ydrggencarbonate Solatigmgrying over MgSO4 and
concentration yields Jic; 1H NM R (CDC13, OCT[]/13\M/HZ): 57.30 (d, J= 8.8 Hz,2H); 6.88 (d, J= 8.8 Hz,
2H), 5.93 (m, 1H), 3.82 (s, 5H), 3.40 (t, J= 6.0 HZ, 2H), 2.77 (m, 2H); ES IMS caltd. for CI2HIONO
(M-kli+) 190.1, found 190.0. [00204]Step &!dTo a solution of J1 ¢ (%,g,]ngle 1§ mmol) in dichloromethane
(80 mL) is added triethylarnine (4.5 mL, 32.0 mmol) in one portion. The resulting mixture is cooled in

an ice/water bath and methanesulfonyl chloride (1.75 ad-, 22.5 mime is added dropwise, with stifling,

over 5 minutes. ulting_solution. is stin-ed at.r erature for 30 min. The reaction mixture
o ticton 1 wato TTLUATL) arSt R e et A BBl SO e R TALY R e R
extracts are wask#omiijhssekiadteckiayiamori (10 ghidrtisagl e ostsoletidim gineduoyer Mg80O4, and

concentrated to yield.J1 d;.11-1 N CRPC-13,.400.13 3.7, J= 8.8 Hz, 2H), 6.88(d, J=

ot o o oaiph iSRS AR G Pl i ap AR M AR 2
(m, 2H); ESIMS séftitieior e 18EIBNO 8Bibrdip) 2EFormeoLRt: 36ans|00 208818 ptIoomsolution of Jid
(371 9, 13.9 mmgl) in.dishlepmethians (190, eates with Baron, bramide (5.0 it 51.9 mmol)

slowly and stin-ed at room temperature for 3 hours. The mixture is poured over crushed ice and, after

the ice melts, it islisareteriiain tnerlsrarietndie rArdSne g Wien dacorstag Heligutiyness to

sodiumhydrogencribonaie siRNDVRIBLdandc WA ammopipRchlogdedrying oxeMgSO4
and concentration %i{?ld Jle; 1H NMR,(CDC13, 400.13 MHz): 37.27 gd J =8.7 Hz, 2H), 6.81 (d, J=

8.7 Hz, 2H), 597 1) 418593 (4], 355 1 H2 3D +i2bihy, A8l (6319% Y403y HBe (s, 3H),
2.63 (M, 2H); ESIM$ calcga foHCIRIH IND3S N Hs#)) 264 8Lnho st 26 thdss[§R2a61StepIELA solution of
Jle (0.12 g, 0.47 mmol) in acetonitrile (3 nth) is treated with A Ic (0.16 g, 0.57 mmol) followed by
powdered cesiurd ¥&f58nate (0.20 g, 0.6 mmol) and stirred at 60 C for 5 hours. Cooling, filtration and

purification using@0as4}triggeSep Bversesphaisa bIRAIDG afftfds2)l] dirhdMnRIicBRSHB1HE0.13 MHZz):

37.30 (d, J= 8.7 Hz, 2H). 6.86 (d, J= 8.7 Hz, 2H), 5.97 (m. 1H), 4.92 3= 6.2 Hz, 1H), 4.19 (br,
o 365 tad. s Condt Loty B 25 S i sk PO e Bl dals 10 O
(m, 2H), 2.63 (2]t 9T oicel WieL1BGh au] et Ox LB ZN R 11251, ZH)pgdh (sl J= 6.2 Hz,
GH): ESIMS calogyof GR2E193NR06S (1) 4372 v 7.4, 109P0rEN foloua oyl

procedure as the one used for’ preparing J1 from HJla except substituting the appropriate
rnethanesulfonate férrigar et mpdetiySiap Enind/bhaumaivnamisorifadded tornetenidble, the

following examplﬁi%ﬁﬂ%@&’ kﬁﬁ%ﬁi&o%ﬁ%%%@&%ﬂ@ﬁ' ’ﬁ?é@ombined organic extracts
are washed with saturated ammonium chloride aqueous solution, dried over MgSQ,, and
concentrated to yield Algc; '"H NMR (CDCl3, 400.13 MHz): 84.74 (septet, J = 6.2 Hz,
1H), 4.07 (d, J = 6.4 Hz, 2H), 3.99 (d, /= 11.0 Hz, 2H), 3.17 (s, 3H), 2.51 (br, 2H), 1.88
(dd, J=1.6, 14.6 Hz, 2H), 1.68 (m, 1H), 1.18 (d, J = 6.2 Hz, 6H), 1.17 (m, 2H); ESIMS
caled. for C1;H2,NOsS (M+H™) 280.11, found 280.2.
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J2on ..,- s, 0 'N)LO-—-%": 0 ESIMS calcd. for C21 Ell IN205S (M+H+) 423 2, found 423.1. J302 S, -IN
0 ---/-%'N)L 0----% ' 4111 WI O | H NMR (CDC1;, 400.13 MHz): 67.30 (d, J= 8.7 Hz, 2H), 6.86 (d. J=
8.7 Hz, 2H) VeOZPMP3BEN} 4.92 (septet, J = 6.2 Hz, 114), 4.12 (br, 2H), 4.02PGTHS2808/035#53 95 (dd. J
= 2.6, 5.9 Hz, 2H), 3.52 (t, J , 5.8 Hz, 2H), 2.85 (s, 3H), 2 74 (m, 2H ), 2. 64 (m, 2 H), 1.85 On, 1H),
1.73 (dd, J = 1.0, 13.4 Hz, 2H), 1.24 (d, J= 6.2 Hz, 6H). 1.18 (m, 2H): ES1MS calcd. for
C.231135N2058 (M+H+) 451.2, found 451.2. J4 02 S, O crs.../...\---"si

[00115] Step C: A solution of Ale (0.42 g, 1.50 mmol) and 4-bromophenol (0.26
g, 1.50 mmol) in acetonitrile (5.0 mL) is treated with powdered cesium carbonate (0.60
g, 1.84 mmol) and the mixture is stirred at 65 °C for 16 hours. Cooling to room
temperature, filtration and concentration yields Ald; '"H NMR (CD(l3, 400.13 MHz): &
7.36 (d, J=9.0 Hz, 2H), 6.76 (d, J = 9.0 Hz, 2H), 4.91 (septet, J = 6.2 Hz, 1H), 4.19 (br,
2H), 3.76 (d, J = 6.4 Hz, 2H), 3.26 (br, 2H), 2.78 (m, 2H), 1.96 (m, 1H), 1.82 (dd, J =
1.6, 14.6 Hz, 2H), 1.30 (m, 2H), 1.28 (d, J = 6.2 Hz, 6H); ESIMS calcd. for
C16Hx3BINO; (M+H") 356.1, found 356.0.

[00116] Step D: A solution of Ald (0.55 g, 1.50 mmol), 4-methanesulfonyl-
piperazine (0.25 g, 1.52 mmol), and tri-#-butylphosphonium tetrafluoroborate (92.2 mg,
0.32 mmol) in dry dioxane (6mlL) is treated with powdered cesium carbonate (1.03 g,
3.16 mmol) and the mixture is degassed using argon. Tris(dibenzylidene
acetone)dipalladium(0) (0.15 g, 0.16 mmol) is added and the mixture is degassed again
with argon. The suspension is stirred vigorously under argon at 110 °C for 18hours.
Cooling, filtration and purification using mass-triggered reverse phase HPLC yields Al;
"H NMR (CDCl3, 400.13 MHz): §6.90 (d, J = 8.9 Hz, 2H), 6.84 (d, J = 8.9 Hz, 2H),
4.92 (septet, J = 6.2 Hz, 1H), 4.19 (br, 2H), 3.76 (d, J = 6.4 Hz, 2H), 3.39 (t, J = 3.9 Hz,
4H), 3.17 (t, J = 3.9 Hz, 4H), 2.83 (s, 1H), 2.77 (t, / = 11.2 Hz, 2H), 1.96 (m, 1H), 1.83
(dd, J=1.4,14.2 Hz, 2H), 1.27 (m, 2H), 1.24 (d, J = 6.2 Hz, 6H); ESIMS calcd. for
C21H34N305S (M+H™) 440.2, found 440.2.

[00117] By following a similar procedure as the one used for preparing A1 from

Ala except substituting the appropriate alcohol for Ala, the following examples are

obtained:
Example Structure Analytical data
02
- \N/\‘ O ESIMS calcd. for
Az K/N J\ J\ CoHaeN305S (M+H") 454.2,
\©\ /\/@ 0 found 454.2.
O
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....NOT-y 0 1H NMR (CDC13, 400.13 MHz): 5 7.29 (d, J = 8.7 Hz, 2H), 6.86 (d. | = 8.7 Hz, 2H), 5.97
(m, 1H), 4.91 (septet, J= 6.2 Hz. 1H). 4.13 (br, 2H), 3.52 (t, J = 5.8 Hz, 2H), 2.85 (s. 3H), 2.71 (m, 2E),
2.63 (m. 2HY@ ¥PYRI8PHM), 1.70 On. 5H), 1.42 On, 4H), 1.24 (d, f = 6 2 HzPETWRWSPASHE): ESIMS
calcd. for C241137N205S (M+H+) 465.2. found 465.1. J502 s.7.N lehi0--'c
0--...%1."------1."-----...--) ESIMS calcd. for c.514,9N,05s (M+H+) 479.3. f - ound479.1. J6 0 11 -S-N 11
o.\AD

0,
P S \N/\
K/N ESIMS calcd. for
A3 Co3HasN;OsS (M+H™) 468.2,
O

found 468.2.
Y
@]

02
S< .
“"°N ESIMS caled. for
CpHyoN;05S (M+H™) 482.2,

Ad Q\@\ /\/\/@ J?\O/k found 482.2.

Example B1: Isopropyl 4-((6-(4-(methylsulfonyl)piperazin-1-yl)pyridin-3-

yloxy)methyl)piperidine-1-carboxylate.

0
MeOZSN/DN i\] _/ o/_<:/\N_<04<

[00118] By following a similar procedure as the one used for preparing A1 from
Ala except substituting 2-chloro-5-hydroxypyridine for 4-bromophenol and performing
step D as follows, B1 is prepared,;

[00119] A flask is charged with Pd,dba; (6 mg, 0.006 mmol), xantphos (11 mg,
0.019 mmol), 1-(methylsulfonyl)piperazine (63 mg, 384 mmol), sodium fert-butoxide
(46 mg, 0.48 mmol), and a solution of isopropyl 4-((6-chloropyridin-3-
yloxy)methyl)piperidine- 1-carboxylate (100 mg, 0.32 mmol) in toluene (1mL). The
reaction is purged by bubbling nitrogen through the solution for 5 minutes and then
sealed. The reaction is then dipped into a pre-heated 100 °C bath and stirred at this
temperature for 3 hours. After cooling to room temperature, the reaction is treated with
ethyl acetate and water and the aqueous phase is isolated, washed with ethyl acetate once
more and discarded. The combined organics are dried over MgSQO, and the solvent is
removed. The residue is purified on a silica gel column using a linear gradient of 0-
100% ethyl acetate in hexane as eluent to afford B1; '"H NMR (CDCl;, 400 MHz): &
7.92(d,J=3.0,1H), 7.18 (dd, J = 3.0, 9.1, 1H), 6.67 (d, /=9.1, 1H), 4.91 (m, 1H), 4.20
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7-4(of 1H-NMR (400MHz. DM50- de) 57.37 (m. 2H). 6.90 (m. 2H), 6.08 (m, If), 3.70-4.05 (m, 6H), 2.92
(s, 3H), 2.75 On, 2H), 2.56 On, 2H), 1.91 (m, i E), 1.73 (m, 2E), 1.46 (s. 3H), 1.13 (m, 2H), 0.76 (in,
2H), 0.59 (iVORYO¥BENAS calcd. for C22HT;N202S (M+H7)449 2, found 4REEUS2099/7P4S_.N n O .
(\ N-0\ N-crly 'H-NIVIR (400MHz. DM50d6) 57.38 (m. 2H). 6.92 (m. 2H), 6.08 (in, 1H), 3.86 (in, 6H),
3.10 (h. 1H, I = 7.0 Hz), 2.92 (s, 3H), 2.91 (m, 2H), 2.56 (in, 2H), 1.97 (in, 1H), 1.82 (m, 2E), 1.30 (m,
211), 1.26 (d. 6H, J = 7.0 Hz): ES1MS calcd. for C22HT;N404S (M+H7)461 2, found 460.8.

(m, 2H), 3.78 (d, J = 6.4, 2H), 3.56 (i, 4H), 3.34 (m, 4H), 2.81 (s, 3H), 2.76 (m, 2H),

1.94 (m, 1H), 1.81 (m, 2H), 1.29 (m, 2H), 1.24, d, J = 6.2, 6H); ESIMS m/z for (M+H)"
CroH33N4O5S caled.: 441.2, found: 441.3.

Example B2. tert-Butyl 4-((6-(4-(methylsulfonyl)piperazin-1-yl)pyridin-3-
yloxy)methyl)piperidine-1-carboxylate.

ot

S\ N= /_CN_\<

MeO,SN N (@] @)
s

\ 7/

N= Step A N= /_CNBOC Step B
Br \ / OH —— Br \ / O —_—
B2a

B2b

MeO ZSNC/\N4<\\I_:/>7 (@] \_<:/\N _(O
+

Example B2

[00120] Step A: A solution of B2a (4.00 g, 23 mmol) and tert-butyl 4-
((methylsulfonyloxy)methyl)piperidine- 1-carboxylate (7.08 g, 24 mmol) in N-
methylpyrrolidinone (50 mL) is treated with Cs,CO3 (9.74 g, 30 mmol) and heated to 100
°C overnight. The reaction is then diluted with ethyl acetate, extracted with water 3
times, dried over MgSQy, filtered, evaoparted and crystallized from toluene/hexane to
afford B2b; ESIMS m/z for (M-tBu+H)" C,H;sB1N,O3 caled.: 315.0, found: 315.0.
[00121] Step B: Following the procedure for the palladium coupling outlined for
B1 above, substituting B2b for isopropyl 4-((6-chloropyridin-3-yloxy)methyl)piperidine-
1-carboxylate, B2 is prepared; '"H NMR (CDCl;, 400 MHz): 8791 (d,J=2.9, 1H),7.15
(dd, /=9.1, 3.1, 1H), 6.65 (d, J = 9.0, 1H), 4.15 (m, 2H), 3.78 (d, J = 6.4, 2H), 3.54 (m,
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0 Ms. 410 0 JIT, 7--%'190%- "T./N-2/".) 1H NMR (CDC13, 400.13 MHz): 57.25 (dd, J= 7.8,
8.2 Hz, 1H), 6.95 (dd, J = 2.2. 7.8 Hz, 1H), 6.89 (dd, J= 1.9. 2.2 Hz, 1H), 6.81 (dd, J= 1.9. 8.2 Hz, 1H),
6.07 (tt, J= WO Q38974 4.91 (septet, J = 6.2 Hz, 1H), 4.13 (hr. s, 2E), TOEURLURN7HE? (1, J=5.7
Hz, 2H), 2.86 (s, 3H), 2.73 (t, J = 12.4 Hz, 2H), 2.65 (m, 2H), 1.81 (m, 2H), 1.71 (d, J= 12.7 Hz, 2H),
1.46 (in, 1H), 1 41 (m, 2E), 1.24 td, 1 =6.3 Hz, 6H), 1.12 (ddd. J = 4.2, 12.7, 13.0 Hz, 2H); ES1IMS
calcd. for C24H7N20sS (M-FF111) 465.2, found 465.2. 1H NMR (CC!,, 400.13 MHz): 5 7.26 (dd, 1

=7.9, 8.1 Hz. 1H}H§.964{dm)ZH)D g ¢s, BH), 6898 bid 1198, (R 2 Hi 2. do ki, 6182 (dd,(L0@)0, 7.8
1.25 (m, 2H); ESIMS m/z for (M+H)" C»1H35N4OsS caled.: 455.2, found: 455.2.

Example B3: Isopropyl 4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

/N N=
MeOZSN\_/NAQ\;}—O \—<:/\N —<24<

[00122] By following a similar procedure as the one used for preparing B1 except
using 2-bromo-5-hydroxypyrazine as the heterocycle, B3 is prepared; "H NMR (CDCl;,
400 MHz): 87.87(d,J=1.4, 1H),7.62(d, J= 1.5, 1H), 4.92 (m, 1H), 4.18 (m, 2H),
4.08 (d, J=6.5,2H), 3.52 (m, 4H), 3.37 (m, 4H), 2.82 (s, 3H), 2.76 (m, 2H), 1.96 (m,
1H), 1.79 (m, 2H), 1.29 (m, 2H), 1.24, (d, J = 6.2, 6H); ESIMS m/z for (M+H)"
C19H3,N505S caled.: 442.2, found: 442.3.

Example B4: tert-Butyl 4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

+
MeOZSNCNAQ:I\}*O/_CN_QO

N= Step A N= /_CNBOC Step B
Br—ﬁ\; )—OH — > Br—Q\; )0 —
N N

Bda B4b

MeOZSNCN—QI\\I_:I\}—O \—<:/\N _<o+
0

Example B4
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02 Hz, 1H), 6.07 (m, 1H), 4.91 (septet, J = 6.2 Hz, 1H), 4.13J9 ---S'N ,),,This-...... ,Ny0.T.-- (br,
2H), 4.02 (t, 1 = 5.8 Hz, 2H), 3.97 (dd, / = 2.7, 6.0 Hz, 2H), 3.52 (t. J = 5.7 Hz, 2H), 2.86 (s, 3H), 2.74
(t, J = 12.4 WRRL%IBEY 66 (m, 2H), 1.80 (m, 2H), 1.74 (m, 3H), 1.24 (d,DEE2W$0E¥51.20 (m,
2H): ESIMS calcd. for C23H35N205S (M+H+) 451.2. found 451.2. Example J10: Isopropyl
44(4-(1-methanesulfonylpiperidin-4- yEphenoxy)methylMiperidine-1-carboxylate. [00208]A solution of
J1 (0.18 g. 0.4 mmol) in ethanol (10 mL) and ethyl acetate (2 mL) is treated with palladium(0) on
charcoal (5%, 0.12 g). The mixture is stirred under 1 atm hydrogen for 18 hours. Filtration,

concentration, and purification using mass-triggered reverse phase HPLC yields J9; 1H NMR (CDICN.
400.13 MHz): 6 ﬂ‘lﬁ%ﬂ, J = S Byifod wng 2 simglay procesiyse asdhe Qsiatd §or §TSPAENG 1), 4.16 (br,
2H), 3.83 (d, J= B BRaP LB orntitASB4s B2 B pAipired;63s (M S)im &, 32.1 Hz, 1H).

201 o 140 1 00070 8 080 Ly VR0 =5 .12 . 2SS
[00124] Step B: By following the procedure for the palladium coupling outlined
for the preparation of B1 except substituting B4b for isopropyl 4-((6-chloropyridin-3-
yloxy)methyl)piperidine- 1-carboxylate, B4 is prepared; '"H NMR (CDCls3, 400 MHz): &
7.87(d,J=12,1H),7.62 (d, J=1.2, 1H), 4.13 (m, 2H), 4.08 (d, J = 6.8, 2H), 3.52 (m,
4H), 3.37 (m, 4H), 2.82 (s, 3H), 2.72 (m, 2H), 1.93 (m, 1H), 1.46 (s, 9H), 1.26 (m, 2H);
ESIMS m/z for (M+H)" C,0H34N50sS caled.: 456.2, found: 456.2.

Example B5: 3-Cyclopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-
yDpyrazin-2-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole.

N
Ay~ O
MeO,SN N—@—O ‘<O/N

[00125] By following a similar procedure as the one used for preparing B3 from
B2a except substituting BS¢ (see scheme below) for B2a, BS is prepared; 'H NMR
(CDCl3, 400 MHz): §7.88 (d, J=1.3, 1H), 7.62 (d, J= 1.4, 1H), 4.16 (m, 2H), 4.10 (d, J
= 6.8, 2H), 3.53 (m, 4H), 3.37 (m, 4H), 3.05 (ddd, J = 12.9, 12.9, 2.8, 2H), 2.82 (s, 3H),
2.02 (m, 1H), 1.88 (m, 4H), 1.41 (m, 2H), 0.94 (m, 4H); ESIMS m/z for (M+H)"
Ca0H30N704S caled.: 464.2, found: 464.3.

NL Step A N’CN Step B
B —  —
HO HO
Ala B5a
HO O~N StepC  MsO O~y
A JW o A JW
N N

BSb B5c
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[00209]By following a similar procedure as the one used for preparing J10 from J1 except substituting
the olefin for intermediate J1 or by following a similar procedure as the one used for preparing JI from
J1 a except XY 4- (4- methoxyphenyl)piperidine or 4-(3-methoxyph&&HBR3eMIAeSr Mc, the
following examples are prepared; Example Structure Analytical data J11 02 S.". ---NO
cerem=.'NA.O"-----s, 0 ESIMS calcd. for C211-133N205S (M+Hj) 425.2,J12 02 S., ---'0,...---..N./.0 4111
0"..-r.-"-) ESIMS calcd. for C,3F137/9,0sS (M+Hj) 453.2, found 453.2. J13 O, ..--' S, 0 NyO1

[00126] Step A: A sample of Ala (10.19 g, 84.9 mmol) is treated with a solution
of K,CO3 (24.5 g, 177 mmol) in water (100 mL). The reaction is cooled in an ice/water
bath and treated with a solution of cyanogen bromide (10.31 g, 97.3 mmol) in
dichloromethane (100 mL) dropwise. After stirring for an hour, the organic layer is
isolated and the aqueous layer is extracted once more with dichloromethane. The
combined organic extracts are dried over MgSQy, filtered and evaporated to afford B5a;
ESIMS m/z for (M+H)" C7H13N,O caled.: 141.1, found: 141.1.

[00127] Step B: A solution of B5a (993 mg, 7.1 mmol), N'-hydroxycyclopropane
carboximidamide (1.064 g, 10.6 mmol) and ZnCl, (1.448 g, 10.6 mmol) in dioxane (25
mL) is heated to 100 °C overnight. The reaction is then evaporated to dryness and
partitioned between ethyl acetate and 1 M HCI. The organics are isolated, extracted with
1 M HCI once more, dried over MgSOQy, filtered, evaporated and purified by silica gel to
afford BSb; ESIMS m/z for (M+H)" C1;H1sN30; caled.: 224.1, found: 224.1.

[00128] Step C: A solution of B5b (278.4 mg, 1.25 mmol) and triethylamine (131
mg, 130 mmol) in dichloromethane (1 mL) is cooled in an ice/water bath, treated with
methanesulfonyl chloride (149 mg, 1.3 mmol) and stirred overnight. The reaction is
diluted with water and extracted with dichloromethane. The organics are dried over
MgSQ,, filtered, evaporated and purified on silica gel using a linear gradient of O to
100% ethyl acetate in hexane to afford ESc; ESIMS m/z for (M+H)" C12H20N304S caled.:
302.1, found: 302.1.

Example B6: 5-Cyclopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-1-
yDpyrazin-2-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole.

N
/. N= /‘CN%\QIA
MeO,SN N—@—O N-O

[00129] By following a similar procedure as the one used for BS except
substituting B6b (see scheme below) for BSb, B6 is obtained; "H NMR (CDCl3, 400
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0 ES1MS calcd. for c241-1,9N205s (M+1-11 467.3, found 467.2. J14 02 S., ..N() ----- "NjCO--rN’
ESIMS calcd. for 0,514,0"] found 48'oss (M+H) 481.3, 1.1. J15 0 6 -s-N 44/ 11-1-NMR (400MHz,
CDC13) 6 79 IPR2/988976 .83 (m, 2H), 4.12 (In. 211), 3.93 (In. 211), 3.77 (dPSIYUSZOWB/BTRIAS 2 81 (s,
3H), 2.75 (in. 2H), 2.55 (tt, 1H, | = 3.5, 12.1 Hz), 1.93 (In, 2H), 1.81 (In. 411), 1.55 (s, 3H), 1.26 (m,
2H), 0.86 (m, 2H), 0.62 (m, 2H). ESIMS calcd. for C23H35N205S (M+Hj) 451.2, found 451.2. 1 1\0
ON-/0-11 J16 0

MHz): §7.87 (d, J=1.5, 1H), 7.63 (d, J = 1.5, 1H), 4.10 (d, J = 6.8, 2H), 4.00 (m, 2H),
3.53 (m, 4H), 3.37 (m, 4H), 2.89 (ddd, J = 12.7, 12.7, 2.7, 2H), 2.82 (s, 3H), 2.00 (m,
1H), 1.86 (m, 4H), 1.40 (ddd, J =25.0, 12.4, 4.3, 2H), 1.14 (m, 4H); ESIMS m/z for
(M+H)" C20H29N704S caled.: 464.2, found: 464.3.

NH,

HO
N Step A N)\\N,OH Step B \_<:/\N ¢ /o
—_ —_ N
HO HO %

B5a B6a B6b

[00130] Step A: A solution of B5a (4.01 g, 28.6 mmol) and hydroxylamine (3.51
mL of a 50% by weight aqueous solution, 57.2 mmol) in ethanol (50 mL) is sealed and
heated to 60 °C overnight. The solvent is then removed to B6a; ESIMS m/z for (M+H)"
C7H6N30; caled.: 174.1, found: 174.1.

[00131] Step B: A solution of B6a (905 mg, 5.2 mmol) and 2,5-dioxopyrrolidin-1-
yl cyclopropanecarboxylate (957 mg, 5.2 mmol) in dioxane (50 mL) is heated to 80 °C
for 3 hours and then 70 °C overnight. The reaction is then cooled to room temperature,
concentrated and purified on silica gel using a linear gradient of 0-80% ethyl acetate in

hexane to afford B6b; ESIMS m/z for (M+H)" C11H15N30; caled.: 224.1, found: 224.1.

Example B7: 2-(4-(Methylsulfonyl)piperazin-1-yl)-5-((1-(5-
(trifluoromethyl)pyridin-2-yl)piperidin-4-yl)methoxy)pyrazine.

N=
gy O
MeO,SN N \_I?—o

[00132] By following a similar procedure as the one used for preparing B3 from
B2a except substituting B7a (see scheme below) for Alb, B7 is prepared; 'H NMR
(CDCl3, 400 MHz): 68.37 (m, 1H), 7.88 (d, /= 1.4, 1H), 7.63 (d, J = 1.4, 1H), 7.60 (dd,
J=9.1,2.5,1H),6.65 (d, J=9.1, 1H), 4.45 (m, 2H), 4.11 (d, J = 6.5, 1H), 3.53 (m, 4H),

53



/les-- N --.1L( fr"" 0 0,1 ESIMS calcd. for c",,H3,N205s (M+Hj) 439.2, found 439.1. J17 Ms., N 0 %N.,.
0 ESTMS calcd. for CT;HTTNTOS5S (M+W)453.2. found 453.1. J18 0 Ms .N..-""wr--"-. 40 0,......")
ES1MS calctOreePa8Ktboss (M+H111 467 3. found 467.1. J19 (17 1H-NMEETUBRMELTTNSOd6)
68.38 (in. 1H). 7.75 (dd. 1H. J = 2.5. 9.2 Hz). 7.16 (m. 2H), 6.96 (d. 1H, J = 9.2 Hz), 6.86 (M, 2H), 4.46
(m, 2H), 3.82 (d. 2H, | = 6.4 Hz), 3.65 (in, 2H), 2.95 (in, 2H), 2.88 (in, (s. 3H), 2.78 (M, 2H), 2.56 (it.
1H.J =3.5. 12.3 Hz), 2.07 (in, 1H), 1.83 (in, 4H), 1.62 (in, 2H), 1.24 (in, 2H). ESTMS calcd. for
C24H31F3N3033 {MentHih)4982fovinsl 487.8; 3H), 2.11 (m, 1H), 1.93 (m, 2H), 1.37 (ddd, J = 24.9,

12.5, 4.1, 2H); ESIMS m/z for (M+H)" C2;HasF3N60;3S caled.: 501.2, found: 501.3.

[00133] Step A: A mixture of Ala (522.5 mg, 4.5 mmol), 2-chloro-5-
trifluoromethylpyridine (1.19 g, 6.5 mmol) and K,CO3 (941 mg, 6.8 mmol) in N,N-
dimethylformamide (8 mL) is heated to 160 °C for 10 minutes, cooled to room
temperature and diluted with ethyl acetate and water. The organics are extracted with
water, dried over MgSO4, filtered, evaporated and purified on silica gel using a linear
gradient of 0 to 100% ethyl acetate in hexane to afford Bla; ESIMS m/z for (M+H)"
C12H;6F3N>O caled.: 261.1, found: 261.1.

Example B8: 5-Isopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-1-
yDhpyrazin-2-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole.

N\
O
MeO,SN N—@—O N~
__/ N

[00134] By following a similar procedure as the one used for preparing B6 from
Bo6b except substituting B8a (see scheme below) for B6b, B8 is prepared; "H NMR
(CDCl3, 400 MHz): § 7.88 (d, J=1.5, 1H), 7.63 (d, J= 1.5, 1H), 7.60 (dd, J=9.1, 2.5,
1H), 4.11 (d, J = 6.6, 1H), 3.53 (m, 4H), 3.37 (m, 4H), 3.07 (m, 1H), 2.92 (ddd, J = 12.7,
12.7,2.7,2H), 2.82 (s, 3H), 2.01 (m, 1H), 1.88 (m, 2H), 1.42 (m, 2H), 1.35(d, J=7.0,
6H); ESIMS m/z for (M+H)" C20H3:N704S caled.: 466.2, found: 466.2.

54



-S-Nii ()(/18- N- 41/ J20 (1? 1H-NMR (400MHz. DM80d6) 67.16 (m. 2H). 6.86 (m. 2H), 3.87 (m, 2H),
3.82 (d, 2H. J = 6.5 Hz). 3.65 (m. 2H). 3.10(h. 1H, J = 7.0Hz). 2.90 (m, 2H), 2.89 (s, 3H), 2.78 (m, 3H),
2.56 (tt, 1H,VQ-2808/0389117). 1.95 (m. 1H). 1.82 (m, 4H), 1.62 (m, 2H), 1.2BCHURN8A7568d. 6H, | =
7.0 Hz). ESIMS calcd. for C231-135N404S (M+H7) 463.2, found 463.2. 411 -rN\N--.0 ON -criy J21
9CI 1H-NMR (400MHz. DMSOd6) 68.54 (in. 1H). 8.16 (d, 1H. J = 2.0 Hz). 7.17 (m. 2H). 6.88 (in, 2H),
4.04 (in, 2H), 3.86 (d. 2H, | = 6.4 Hz), 3.65 (m 2H), 2.93 (m, 2H), 2.89 (s. 3H) 2.78 (in, 2H), 2.56 (it. in

J=3.5.12.2 Hz), 2.01 (m 1H), 1.86 (m, 4 1 62 (in, 2H), 1.43 (in, 2H) calcd. for
C241-110CIFTN)0)S (M+1-17) 532\2/@ gt LN \ - ON/C =3 LA,
ep A N
HO
6a B8a

[00135] Step A: A solution of B6a (460.3 mg, 2.7 mmol) and isobutyric anhydride
(420 mg, 2.7 mmol) in dioxane (3 mL) is heated to 150 °C for 5 minutes. The reaction is
cooled to room temperature and diluted with ethyl acetate and water. The organics are
isolated and washed once with water, dried over MgSQy, filtered, evaporated and
purified on silica using a linear gradient of ethyl acetate in hexane to afford B8a. A

satisfactory mass spectal analysis could not be obtained.

Example B9: Tetrahydro-2H-pyran-4-yl 4-((5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

0
MeOZSN/\:/\N—Q\N_:I?—OﬁCN _<o CO

[00136] By following a similar procedure as the one used for preparing B3 from
Ala except substituting 4-nitrophenyl tetrahydro-2H-pyran-4-yl carbonate for isopropyl
chloroformate in the first step, B9 is prepared; '"H NMR (CDCls, 400 MHz): 87.87 (d, J
=1.5,1H),7.62 (d, J= 1.5, 1H), 4.87 (m, 1H), 4.20 (m, 2H), 4.09 (d, /= 6.5, 1H), 3.89
(m, 2H), 3.57 (m, 2H), 3.54 (m, 4H), 3.46 (m, 4H), 2.82 (s, 3H), 2.80 (m, 2H), 1.95 (m,
3H), 1.82 (m, 2H), 1.67 (m, 3H), 1.28 (m, 2H); ESIMS m/z for (M+H)" C,1H34N506S
calcd.: 484.2, found: 484.2.

Example B10: (S)-Tetrahydrofuran-3-yl 4-((5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

0
MeOZSN/\:/\N—Q_:I\}—O/_CN _/<0n ) <;o
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-S-N 110 N---CI N j 1H-NMR (400MHz. DM80d6) 58.08 (d, 1H, J =2.5 Hz), 7.56 (dd, 1H, J = 2.7. 9.1
Hz). 7.16 (m, 2H), 6.87 (m, 3H), 4.29 (m, 2H), 3.81 (d, 2H, | = 6.4 Hz), 3.65 (in, 2H), 2.88 (s, 3H), 2.81
(m, 4H), 2.5WQ2WHI3$YH 4. 11.9 Hz), 2.00 (in, 1H), 1.82 (in, 4H), 1.62 (m B USBBREBH). ESIMS
calcd. for C231131C1N303S (M+H+) 464 2, found 464.2. J230ii-s-N110. V

[00137] By following a similar procedure as the one used for preparing B3 from
Ala except substituting (S)-4-nitrophenyl tetrahydrofuran-3-yl carbonate for isopropyl
chloroformate in the first step, B10 is prepared; '"H NMR (CDCl;, 400 MHz): 8§ 7.87 (d,
J=15,1H),7.62(d, J=1.5, 1H), 5.26 (m, 1H), 4.18 (m, 2H), 4.08 (d, J = 6.5, 1H), 3.89
(m, 4H), 3.53 (m, 4H), 3.47 (m, 4H), 2.82 (s, 3H), 2.80 (m, 2H), 2.17 (m, 1H), 2.00 (m,
2H), 1.82 (m, 2H), 1.27 (m, 2H); ESIMS m/z for (M+H)" Cp0H3;N50S calcd.: 470.2,
found: 470.2.

Example B11: (R)-Tetrahydrofuran-3-yl 4-((5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

/—C 4
MeOZSN/\:/\N I\\I:I?—o : o—<;O

[00138] By following a similar procedure as the one used for preparing B3 from
Ala except substituting (R)-4-nitrophenyl tetrahydrofuran-3-yl carbonate for isopropyl

chloroformate in the first step, B11 is prepared with data identical to B10.

Example B12: 2-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-
yl)pyrazin-2-yloxy)methyl)piperidin-1-yl)thiazole.

/N
MeOZSN/\:/\N—Qi\L_I?fo/_CN _<S\/|H/

[00139] By following a similar procedure as the one used for preparing B3 from
A1d except substituting B12d (see scheme below) for Ald, B12 is prepared; 'H NMR
(CDCl3, 400 MHz): & 7.88 (d, J=1.5, 1H), 7.63 (d, J= 1.5, 1H), 7.60 (dd, J=9.1, 2.5,
1H), 6.79 (s, 1H), 4.13 (d, J = 6.2, 1H), 3.53 (m, 4H), 3.46 (m, 2H), 3.37 (m, 4H), 3.14
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N---C1\\/ 1H-NMR (400MHz. DMSOd6) 57.50 (d, 1H, 1=9.6 Hz), 7.41 (d. 1H, | = 9.7 Hz), 7.16 (in,
2H), 6.87 (in, 2H), 4.37 (in, 2H), 3.82 (d. 2H, J = 6.4 Hz), 3.64 On. 2H), 2.96 on. 2H), 2.88 (s, 3H), 2.78
(m, 2H), 2.5WRLWHI3$Y B 4. 11.9 Hz), 2.06 (in, 1H), 1.84 (in. 4H), 1.62 (m EFHUEBBEEER). ESIMS
calcd. for C22HIOCIN401S (M+fr ) 465.2, found 465.2.  J 24 011 -S-N H 0 40 \i\Br N=\\- N / N4Br
1H-NIVIR (400MHz. DM50d6) 58.43 (s. 2H), 7.16 (m. 2H), 6.86 (in, 2H), 4.61 (in, 7H), 3.81 (d. 2H, | =
6.6 Hz), 3.65 (m, 2H), 2.93 (m, 2H), 2.88 (s, 3H), 2.78 (m, 2H), 2.55 (in, 1H), 2.05 (in, 1H), 1 82 (m,

4H), 1.62 (m, 2H}y1 32 (082K 3ESIS GaloshfaraF 221 sHHOBMASS M52 dofeund 508.9. 125

0ii-S-N 11 o0 404
ESIMS m/z for (M+H)" C,1H33N¢03S; caled.: 481.2, found: 481.2.

Br N

Br~_N | =

| ~ Step A _ Step B
Z —> N O _—
N O NH

NBoc

B4b B12a

Br N\ Br N\
| _ Step C | ]\
<
N o/\G N
N
\n/\NH cl

U

B12d

[00140] Step A: A sample of B4b (5.55 g, 14.9 mmol) is treated with 4 M HCl in
dioxane (20 ml) and aged for 1 hour. The reaction is treated with water and the solvent is
removed in vacuo. The residue is partitioned between ethyl acetate and 1 M
NaOHOURS. The aqueous phase is isolated, extracted once more with ethyl acetate and
discarded. The combined organics are dried over MgSQ,, filtered and evaporated to
afford B12a which is used without further purification; ESIMS m/z for (M+H)"
C10H15B1N3O caled.: 272.0, found: 272.0.

[00141] Step B: A solution of B12a (1 g, 3.7 mmol), Boc-gly (966 mg, 5.5 mmol)
and HOBt (596 mg, 4.4 mmol) in N-methylpyrrolidinone (5 mL) is treated with EDC
(845 mg, 845 mg, 4.4 mmol) and stirred for 1 hour. The reaction is then diluted with
ethyl acetate and extracted with water and saturated aqueous sodium hydrogencarbonate
twice. The organics are dried over MgSQy, filtered and evaporated. The residue is

treated with excess 4 M HCl in dioxane and aged for 1 hour. The mixture is slurried with
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N --(/ \D 1H-NMR (400MHz. DM50d6) 58.24 (s. 2H), 7.16 (in, 2H), 6.86 (m, 2H), 4.65 (m, 2H), 3.81 (|,
2H, J = 6.4 Hz), 3.65 (in, 2H), 2.87 (in, 2H), 2.89 (s, 3H), 2.78 (m, 2H) , 2.56 (tt. 1H, J = 3.5, 11.9 Hz),
2.42 (q. 2H,WE290844397H 03 (m, 1H), 1.82 (m, 4H), 1.62 (m, 2H), 1.20 (m, PEYUBAHEP7S45 5 = 7.6).
ES1MS calcd. for C2411)5N40S (M+T-17) 459.2, found 459.2. \W/\ J26011-S-N11 0l
1H-NMR (400MHz. DMSO0- d6) 58.07 (d, 1H, | = 3.1 Hz), 7.49 (ddd. 1H, | = 3.1, 8.4,9.2 Hz), 7.16 (m.
2H), 6.88 (m. 3H), 4.23 (m, 2H), 3.82 (d,

ether and the solid is collected to afford B12b; ESIMS m/z for (M+H)" C,,H;sBrN,O,

calcd.: 329.1, found: 329.1.

[00142] Step C: A suspension of B12b (400 mg, 1.1 mmol) in acetonitrile (8 mL)
is treated with isobutyric anhydride (208 mg, 1.3 mmol) followed by triethylamine (360
mg, 3.6 mmol) and stirred for 1 hour. The solvent is removed and the residue is
partitioned between ethyl acetate and saturated aqueous sodium hydrogencarbonate. The
aqueous phase is isolated, extracted once more with ethyl acetate and discarded. The
combined organics are dried over MgSQy, filtered and evaporated to afford B12¢ which
is used without further purification; ESIMS m/z for (M+H)" C16H24BrN,4O3 caled.: 399.1,
found: 399.1.

[00143] Step D: A solution of B12¢ (440 mg, 1.1 mmol) in m-xylene (2 mL) is
treated with Laewesson’s reagent (446 mmol, 1.1 mmol) and heated to 140 °C for 5
minutes and then purified on silica gel using a linear gradient of 0-100 % ethlyl acetate in
hexane. The resulting material is further purified on preperative HPLC to afford B12d;
ESIMS m/z for (M+H)" C16H2,BrN4OS calcd.: 397.1, found: 397.1.

Example B13: 2-((1-(2-methyl-2H-tetrazol-5-yl)piperidin-4-yl)methoxy)-5-
(4-(methylsulfonyl)piperazin-1-yl)pyrazine.

Nsp

oy O

Ms—N N )—o0 NN
N K\;N

[00144] By following a similar procedure as the one used for preparing B3 from
A1d except substituting B13e¢ (see scheme below) for Ald, B13 is prepared; "H NMR
(400 MHz, CDsCN) 6 7.84 (d, J = 0.9 Hz, 1H), 7.72 (d, J = 1.2 Hz, 1H), 4.10 (s, 3H),
4.10 (d, J = 4.8 Hz, 2H), 4.02 (m, 2H), 3.51 (t, J = 3.9 Hz, 4H), 3.27 (t, J = 3.9 Hz, 4H),
2.91(dt,J = 2.1,9.6 Hz, 2H), 2.79 (s, 3H), 1.39 (ddd, J = 3.3, 9.3, 16.8 Hz, 4H), 2.20 (t,
J = 5.4 Hz, 2H), 0.88 (m, 2H); ESIMS (M+H)" C17H,sNoO;3S cacld.: 438.2, found 438.2
(M+1).
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j-F /N 2H. J = 6.4 Hz). 3.65 (m. 2H). 2.89 (s, 31-1), 2.79 (in, 411), 2.57 (it. 114,1 = 3.5, 12.0 Hz),
1.98 (n, 1H), 1.82 (n, 4H), 1.62 (n, 2H), 1.27 (n, 2H). ES1MS calcd. for C2J-LIEN;:GAS (MLR') 448.2.
found 448.2WDPHPAINM 0 \O-N N-4, jci."... /N 11-1-NWIR (400MHz. CIEERNEI 26 TIm. 2H).
6.87 (m. 21), 3.99 On, 21E, 3.83 (d, 211. J = 6.4 Hz), 3.65 (In. 2H). 3.12(m, 2H), 2.89 (s, 311), 2.79
On, 31E, 2.56 (it. 1H, J= 3 5, 11 9 Hz). 1.99 (In, 1H), 1.84 (n, 411), 1.62 (n, 211), 1.31 On, 21E, 1.18
(d, 6H, J = 6.9 Hz). ES1MS calcd. for C2agsN404S (M+14+)463 2, found 463.2.

Br@_o - BT—Q\_I\{ o -
N

Bl2a B13a

NsN  StepC Nen
N— N—<\ | P N= N—<\ |
-NH B o N-NG
Br )—o N r‘ﬁ\_ /
\ K N

B13b B13c

[00145] Step A: To a stirred suspension of B12a (200 mg, 0.74 mmol) and
sodiumhydrogencarbonate (0.15 g, 1.78 mmol) in a mixed solvent of water (0.1 mL) and
dichloromethane (1 mL) at 0 °C is added cyanogen bromide (93 mg, 0.89 mmol) in one
portion. The reaction is then stirred at room temperature for 4 h and additional cyanogen
bromide (93 mg, 0.89 mmol) is added. After stirring overnight, the reaction is diluted
with dichloromethane (30 mL), dried over MgSQy, and evaporated to give B13a; ESIMS
(M+H)* C11H14B1N4O caled.: 297.0, found 297.0.

[00146] Step B: The above crude B13a is stirred with sodium azide (143 mg, 2.2
mmol) and ammonium chloride (117 mg, 0.22 mmol) in anhydrous N,N-
dimethylformamide (2 mL) at 110 °C for 2 hours. Additional sodium azide (143 mg, 2.2
mmol) and ammonium chloride (117 mg, 0.22) are added. After stirring overnight, water
is added slowly to precipitate the product. The off white solid is collected by filtration,
washed with water (10 mL) and dried in vacuo to afford B13b; 'H NMR (400 MHz,
DMSO-dg) 6 8.41 (d, J=1.2 Hz, 1H), 8.20 (d, / = 0.9 Hz, 1H), 4.18 (d, J = 5.1 Hz, 2H),
3.86 (m, 2H), 3.02 (dt, J = 2.1, 9.6 Hz, 2H), 2.03 (m, 1H), 1.81 (m, 2H), 1.34 (ddd, J =
3.3,9.6, 18.9 Hz, 2H); ESIMS (M+H)" C1;H;5B1N;O calcd.: 340.0, found: 340.0.
[00147] Step C: A mixture of B13b (50 mg, 0.15 mmol), iodomethane (14 ul.,
0.22 mmol) and K,CO; (28 mg, 0.25 mmol) in anhydrous N,N-dimethylformamide (1
mL) is stirred at room temperature for 3 hours. The solvent is evaporated in vacuo and
the crude B13c is used without purification: ESIMS (M+H)" C1,H;7BrN;O caled.: 354.1,
found 354.0 (M+1).
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J280HH O V K7-\\/4 N-N 11-1-NWIR (400MHz. DMSOd6) 58.10 (d, 1H, | = 10.0 Hz), 8.01 (d, 1H, J
=10.0 Hz), 7.17 (In, 211), 6.87 (In. 211), 4.31 (m, 211), 3.84 (d, 211 J = 6.4 Hz). 3.66 (m. 2H). 3.25
(m, 211), 2.8300310889%2478 (m, 211), 2.56 Ot, 1H, J = 3.4, 12.3 Hz). 2.16 (REWH20HY7I5211), 1.82
(m, 211), 1.62 (m, 211), 1.41 (n, 211), 1.32 (s, 911). ESIMS calcd. for C261119N403S (M+H+) 4863,
found 486.3. 101 J29

Example B14. Oxetan-3-yl 4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyrazin-
2-yloxy)methyl)piperidine-1-carboxylate

0
Ms—N/\___/\N I\\I :>—oﬁ<:/\N_/<o<>o
N

[00148] By following a similar procedure as the one used for preparing B3 from
Ala except substituting 4-nitrophenyl oxetan-3-yl carbonate for isopropyl chloroformate
in the first step, B14 is prepared; ESIMS m/z for (M+H)" C19H30N5O4S caled: 456.2,
found: 456.0.

Example C1: Isopropyl 4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyridin-2-
yloxy)methyl)piperidine-1-carboxylate.

MeOZSNCNQO \_<:/\N _<04<
(@]

Br SN

HO/\G‘I 0 o |N/ 0
Y ﬁﬁ

Alb Cla

Step B

~
" s Oy
MeO,SN N \ /0 O
/ N
Example C1
[00149] Step A: A solution of 2-chloro-5-bromopyridine (344 mg, 1.8 mmol) and
Alb (300 mg, 1.5 mmol) in dimethylformamide (3 mL) is treated with NaH (43 mg, 1.8
mmol) and the reaction is allowed to stir overnight. After quenching by addition of

water, the reaction is diluted with ethyl acetate. The organics are isolated and extracted

with water once more, dried over MgSQy, filtered and evaporated. The residue is
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OH-S-Nii04.0\ND_\ N-/F/N 11-1-NMR (400MHz. DMSQd6) 6 8.42 (d, 2H, | = 0.8 Hz), 7.16 (m,
211), 6.86 (n, 211), 4.60 (in, 211), 3.82 (d, 2H, J = 6.4 Hz), 3.65 (m, 2H), 2.91 (m, 211), 2.88 (s, 311),
2.78 (m, 2HYYO OV 5 = 3.5, 11.9 Hz). 2.03 (M. 1H). 1.82 (m, 411), 1.8STHSPENEIT (m, 2H).
ESIMS calcd. for C221130FN403S (M+11+) 449.2. found 448.8. Example J30:
214-((2-Bromo-4-(1-(methylsulfonyl)piperidin-4- yl)phenoxy)methyl)piperidin-I-y1)-5-fluoropyrimidine
[00210]This material is prepared when a large scale preparation of J28 from 4-(4-

methoxyphenyl)qjgﬁﬂgmﬁl insplageptdiluafelowingdbe spheme potined oy dbyigldachexreminated
byproduct in step D: 1H-NMR (400MHz, DMSO-d6) 8 8.43 (d, 2H, J = 0.8 Hz), 7.45 (d, 1H, J =2.1 Hz),

7.21 (dd, | H, J =2ardd g BIMS 4ng oMy Hy & aqu‘ézi)(r‘ﬁﬁl%)%*dift)&néﬁ 13-L'6.3 Hz), 3.65 (m,
2H), 2.93 (. 2HJ0B1B8) (5. 38R BTHIoB 591410 Jo0cHa) &7 BH), 184 (m,
4H), 1.62 (m, 2H), ESI S calcd . for C22H29BIENAGIS (M+H+) 827.1, found 527.1.
Example K1 : 1 - V‘Ig%él (% Sﬁgﬁu St ngxg; 2. %E %(: bromide coup 1ng partner, EFJ is prepared;

(methylsuIfonyEﬂipermmmpwsz}&-yl@@meihg/DrzlpelrIdi)né-HSO(&irbdwlh@eSQZ 1H), 6.60 (€1=\
MeO,SNN J=28.9,1H), 491 (m, 1H), 4.18 (m, 2H), 4.09 (d, J = 6.4, 2H), 3.38 (m, 4H), 3.17 (m,

4H), 2.84 (s, 3H), 2.77 (m, 2H), 1.96 (m, 1H), 1.81 (m, 2H), 1.29 (m, 2H), 1.24,d, J =

6.3, 6H); ESIMS m/z for (M+H)" C,0H33N,4OsS caled.: 441.2, found: 441.2.

Example C2: Isopropyl 4-((6-(4-(methylsulfonyl)piperazin-1-yl)pyridazin-
3-yloxy)methyl)piperidine-1-carboxylate.

MeO,SN N\/O
O

[00151] By following a similar procedure as the one used for preparing C1 from
A1lb except substituting 2,5-dichloropyridazine for 2-chloro-5-bromopyridine in the first
step, C2 is prepared; "H NMR (CDCls, 400 MHz): 87.04 (d, J=9.6, 1H), 6.88 (d, J =
9.6, 1H), 4.91 (m, 1H), 4.29 (m, 2H), 4.18 (m, 2H), 3.64 (m, 4H), 3.35 (m, 4H), 2.81 (s,
3H), 2.77 (m, 2H), 2.03 (m, 1H), 1.80 (m, 2H), 1.29 (m, 2H), 1.24,d, J = 6.4, 6H);
ESIMS m/z for (M+H)" C19H3,N50sS calcd.: 442.2, found: 442.3.

Example C3: Isopropyl 4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyrimidin-
2-yloxy)methyl)piperidine-1-carboxylate.

MeOSN 4<:/>—o\_<3_<4<
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\-IN Klc Step C n\ MeO,SNN \ Kid WO 20091038974PCT/US2008/075145 [002111Step A:
A solution of K]a (2.22 g, 10.4 mmol) and 2-bromo-5- hydroxypyrazine (2 g, 11.4 almal) in
N-methylpyPShdM811e8218 nth) is treated with K2CO3 (2.37 g, 17.1 mmol) aPeTHeRUE 5 dé5C
overnight. After cooling to room temperature, the reaction is diluted with ethyl acetate and extracted
with water twice. The organics are dried over MgSO4, filtered evaporated and purified by silica gel
using a linear gradient of 0-100% ethyl acetate in hexane to afford Klb; ESIMS nr/z for (M-1-1-1+) C15

H23 BrN304 calq@(1338.1, foppasiRRf=: 1Q0814peRBrby iallendnge.a similepRigcedutsas the one
used for preparing B] from isopropyl 44(6-chloropyridin-3-yloxy)methyl)piperidine-1-carboxylate except

substituting K | b PigssRS Sy P B Bo ERNEAHRAY A Heie- R repridies e is
prepared; ESIMSH&{zJostdp1 A3 1s bropaR@E HXMBOGD calcsho 4122, Br8iBgl( 4R 4[002k81Step C: : By
following a similar proced he ope u or preparing E3 from B4 except substityting K 1 ¢ B4,
Kid is prepared; E IR/I%Zh gfgf?2 é\ﬂ%g’lﬁl)iggc{%%%go%gg%a c%) 4%%?%, E’r?d.%;%’é%o%@l]smp D:
A solution of Kid (M51idy,1084 énmtdl) ik N ;a4 Hixre2hytforenarhide tHire RsaNSith:dimavwiinllfate (80

mg, 0.63 mmol) fall NaH, (3 1.25 nungl). After stirring at room temperature for 1 hour, the
reaction is treate %%%%ﬁéfﬁ%&éﬁ%@%%‘?&%@ organics are isolated, washed with water, dried
over MgSO4, filtered evaporated and purified by silica gel using a linear gradient of 50-100% ethyl
acetate in hexane to affo : i ,400.43 ' J=715Hz | H), 7.61 (d,
J= 1.4 Hz, | H), 4.20 (m, %1‘4 , lgﬁ%nw%l)g"%qs%ﬁ (4%3)9 @y‘%ﬁrﬁ}ﬁ%&%@’éﬂ%ﬁ? gl.13 (m, 2H), 2.82
(s, 31-1), 1.89 (mylpyridin:-35lpinylipiperidged -cbogydatqm, 21-1), 0.62 (m, 2H); ESIMS calcd. for
C21H341\1506S (M-kii) 484.2, found 484.1. Example K2: 1-methylcyclopropyl 4-hydroxy-4-06-(4-

(isobuty Isulfony 1)piperazin-l-yl)pyridin-B-yJLQ(y )ethy Dpiperidine-I-carboxy late. oll rTh. S-NN-1/4
MeO,SN N 0
N O_\\—CN% <
0

N O N O
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[00153] Step A: A solution of D1a (10 g, 0.077 mol) in dichloromethane (100 mL)
is treated with a solution of isopropyl chloroformate in toluene (93 mL of a 1M solution)
dropwise. The reaction is then stirred at room temperature for 2.5 hours and quenched
with saturated aqueous ammonium chloride solution. The phases are separated and the
aqueous phase is extracted once more with dichloromethane and discarded. The
combined organics are extracted once with 1M HCI, once with saturated aqueous
sodiumhydrogencarbonate, dried over MgSQ,, filtered and evaporated to afford D1b;
ESIMS m/z for (M+H)" C7H¢NO calcd.: 130.1, found: 130.1.
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/ () [00215]Step A: A solution of K2a (2.0 g, 11.5 mmol) and benzyl bromide (2.36 g, 13.8 mmol) in
N-rnethylpyrrolidinone (15 nth) is treated with K2C04 (2.38 g, 17.2 mmol) and stirred at 60 C
overnight. THE RP42418877¢ cooled to room temperature, diluted with ethyl acBfat&aH¥8%iratted with
water twice. The organics are then dried over MgSO4, filtered evaporated and purified on silica gel
using a linear gradient of 0- 100% ethyl acetate in hexane to afford K2b; 1H NMR (CDC14, 400.13
MHz): 38.13 (d, J= 3.1 Hz, 1H), 7.38 (m, 6H), 7.15 (dd, J= 3.2, 8.7 Hz, 1H), 5.09 (s, 2W; ESIMS for
(M+H)+C121-1, JgoNacalcd seqAm). AQuinsliia6 Q10931 6t Br Buiounslaostons fiaskdsicharged with
K2b (2.55 g, 9.65 mmol) Pd2dba4 (177 mg, 0.19 mmol), xantphos (335 mg, 0.58 mmol) and tert-butyl
piperazinel- carbcg%? 5%’3@‘%%7 ﬂ“GOrHﬁ?dB%HBWQBIWIBW@&Eﬁ@T% Wfﬁ% HRAARYSTS sparged with
dry nitrogen, treafed iwitloNasaiBied i3l gcHiéRianBmihseaed ndippad iniea fpre Reatedrhe0 T oil bath
and stirred for 2 hqurs. The re ct| is then ooled erature, ted with ethyl acetate and
extracted ith wAPWHCL G SRS R UL Gh ek DR Hterdd U ABBAEE and purfed
on silica gel usingo@lﬁdﬁategra:dtﬁmﬂﬁ«);ﬂiﬁl&)&&@hhylcameéatmmsdhéhamm&a aﬁmmhl@dnESdMS in/z; for
(M+H)11 C211-128N303 70. d 370,1. [Q02171Step G- A so of 970.mg, 2.2
mmol) in 1:1 TPAS dic If'ﬁérome a{lrﬁ%%g Bplslfaegté) % 1Tyhoulrt%agl)lrll r?anélo % ’soﬁa%n%o%eg 1Dl'he

resulting re5|dueasepmnmtﬁ§hebl)b§th¢ereapmhyb heetateo3ACLaml H@ihtaitvd awemhs p¥fese is collected
and the organics 3rg; expacted @Rce mare with. 4 M HEL and discamit e \ne i PiREd . Addeous

extracts are made basic with solid Na2C01 and extracted three times with dichloromethane. The

combined organivéed diidorairsr VhsSoaniirsd iecalinstededriafisevvdieOdientbromethane (10 mL)

and treated with tabylamINeridS fMie 3 TR IRIRWESRYISeRVIRNFRtTROML e ARG (452 Mg,
2.89 mmol). After stirring for 30 minutes, the reaction is dlluted with ethyl acetate, extracted with

saturated aqueoRSTSGRIIFSHdHIREALRR BsHte ERiON RS B1/8P meé}w RRBRE AR SYadeHated to

afford K2d; 1H NMR{CRGADrA0thdBHYRD) io A0/ 8 d ndaintathédZovbitl o 38 (58 (B thadiidd kdd, J= 3.2,
9.1 Hz, 1H), 6.64(d, J= 9.0 Hz, 1H), 5.04(s, 2H), 3.52(m, 4H), 3.37 (m, 4H) 2.76 (d, J = 6.6 Hz, 2H),

1.12 (d, J=6.7 K 059}0 E@H‘éefaliefé?l(ﬁ/l RGBS RAG S R EhLosds is “FHBHEF%‘E
[00218]Step D: Aes@twmmid{eadw(&aﬂzgx Zmi)gmm@b)wbeﬂaate@,l dﬁ@dnﬁythgSmngdﬂéhEﬁé@H)Z (50

mg) and hydrogenated | a(éaé S flltr elite(r) and
resubjected to hy ?i uerhé?lovﬁ‘%vl’tﬁl S/%b/d Iig&én ove mg?ﬁ%a’i{lg # ?y@ﬁ ér%%)ved by filtration
through Celite(r) WhﬁﬂMi&aMoM?v Thmdeslting material i |s slurrled in hexane, collected and

dried to afford MS r + C4g 4 03S ch , found: 300.1. [00219]Step
E: A solution of lig mg, mmo tlo izél %?1&3' ?nmo -methylpynolidinone (2 mL) is

treated with KZCGJ@I(@EW@OIO/@@W@B (éﬁl wigrrbd mn@@)@@bemlgﬁpyﬂfhbdimi@mﬁs)then cooled to
room temperaturg paritioned @@tg‘?ﬁf‘n?éhi' HAGRIGE. AN WAkEE 386 L HAKSH LR wajer once more.

The organics are dried over MgS3 4, filtered, evaporated, dissolved in dichloromethane (2 mL) and
treated with TFATERGH#RT) isxhest B@Iﬁrtr@%bwwem@ agsipenind vesboedithhergaeieaigue is dissolved in

dichloromethaneg{teRied WihwWaRh {288 ¢ PNNRYIO A ExaesSH JopiRvIamI g&ﬁ‘f&q Stigigd,overnight.

The reaction is then partitioned between ethyl acetate and water and extracted with water once more.

The organics are2gHEirg feti0Gstha! wesredn boamsr el AP perRIYIS4hica bt Hing a linear

gradient of 0-1008%,atbyhageitais hexaoertaaifard K2; 1H NM R (CDC13, 400.13 MHz): .3 7.93 (d,
J= 3.0 Hz, 1H), 718%dd J=3.1, 91Hz 1H), 6.65 (d, J=9.2 Hz, 1H 399%{ 2H§)377(s 2H), 3.52

(in, 4H), 3.37 (in,[9P63 20 (iteRD: 2 sotyton o DA Big 03 Spgh. D ( OP2 (n, 2H),
1.55 (m, 3H), 1. 112d§dbahﬁn7gﬂzomn&ﬁ7dl(&mzdeb); &@Rpﬁmﬂbﬁmﬁﬁ&ﬂﬁlmmbf@mwwm
C241-138N406S ¢ I d: 51 gﬂc{ E’c“%'lo ex g 220 E(>§§[1m L3<? (B’/% 1 me Lyclopropyl
3-hydroxy-4-((6- & u{nﬁréu onyllpi erazin- in-3 x%)m hy e neIf c(a yslate (O rTh
S-NVO heated to 120 °C for 1 hour. The reaction is then partitioned between ethyl acetate and

water and the organics are extracted with water once more, dried over MgSQy, filtered,

evaporated and purified on silica gel using a gradient of 0-100 % ethyl acetate in hexane

to afford D1; "H NMR (CDCls, 400 MHz): §8.11 (d, J=2.3, 1H), 7.57 (dd, J = 8.8, 2.4,

1H), 6.63 (d, J=8.8, 1H), 6.27 (d, /= 15.9, 1H), 5.99 (dd, /= 16.0, 6.9, 1H), 4.91 (m,
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LON- HO S-N\O 0 N 0 Example ICI [00221]Step A: A solution of K3a (420 nig, 1.4 nano]) (Hely. Chint
Acta 2004, 87, 2629) in EtOH containing 1% by volume TFA (150 mL) is hydrogenated in an H-Cube
apparatus aYVE0288588Hkres of FI, and 70 C. The solvent is then removed Bl ¥&0PELGHRIASs
co-evaporated twice with toluene, dissolved in dichloromethane (10 nth) and treated with E3b (342
mg, 1.4 mmol), excess triethylarnine and a few crystals of DMAP. The reaction is stirred overnight,
partitioned between ethyl acetate and saturated aqueous sodiumhydrogencarbonate and extracted

with satutated agugpys sediumncardPnRiamyisss The Aiganosarethensdrigkovesr MasOrifiltered
evaporated and purified on silica gel using a linear gradient of 0-100% ethyl acetate in hexane to
afford K3b; ESIMS' /2 1gH{M+15) Pt bxhbe’ cafcd: BPa B G 1a< Sau N Hdb S22l BS A solution
of K3b (333 mg, dattdans) pirdiedH 33 treated with a solution of Mg(OMe)2 (5.6 nth of a 0.57 M
solution, 3.2 mmol) and stirred for 1 hour. The reaction is then quenched with excess prewashed
Amberlite IR-120 H+ resin and filtered. The solvent is removed to afford K3c; ESIMS miz for (M+H)
C11H20NO04 calcd: 230.1Efanrpde P20Ido 0632 3|24 - @: (aadbiyltoloaly DpfdiortGarhg]l pripddimnol) in
dichloromethane*_()ﬁ]eﬂilEl)) IS o Fd-iﬂc%@l;cg paaigh and treated with a solution of PPh3 (114 mg, 0.44
mime in dichlorofn&thare Pipn{h e SoIttion 1S 'stirred for 15 minutes and treated with a solution of
K3c (50 mg, 0.22 mmol) and K2d (65 mg, 0.22 mmol) in dichloromethane (1.5 mL). The reaction is
sealed and heated to 50 C overnight. The reaction is cooled to room temperature and loaded onto a
silica gel column and purified using a Iinea%_gj:edie f 0-100% et cetate in hexane. The product
fractions are partitioned between ethyl@getate I 1. aqueous phase is collected and the
organics are extracted once more with 1 M\H€1 a iscarded. The combined aqueous extracts are
made basic with solid Na4CO3 and extracted three times with ethyl acetate. The combined organics
are dried over M@0 Ifiltered suidtiouapdr2t@d taea®fosd KiBjol) kh MMk {QDHB) A#0¢k4t8dMIHE): 87.93
(d, J= 2.9 Hz, 1H), . ﬁ =31,9.1H )s 6. ,JT 9 4.1 4.09(m, 1H),
4.03 (dd, J= 7.6, ?99%’ éé/gi )%578%11%35&\?%%%%%?&0%%i%‘?& ?r%miﬁ%,i 33‘?’:")‘%%51%‘383%% .f91r9 (m, 1H),
2.78(m, 1H), 2.76{togen &l Hilz,IQErqyi,GB.'@zf(h@,reﬂ-ﬂ}pogb@(m?&H)Cil @rd thelyolves (rmcrpiedl .55 (s,
3H). 112 (d, J= 6.7,y G59. 0 RRLRY o 082S EBIVID Lo o1 (0 G24H30N406S calcc:
511.3, found: 511.4. [00224] Example K4: (4-)-(cis)-1-Methyley clopropy | 4-0614- (isobuty
Isulfonyl)piperazibB-198ydidim 532y oM PRdthy L3t Rémail)) pideridinéHeat it o T $h S-N N-k,\

V0 [00225]A sqlutien, of ¢4 3n(22H)1a. 2 22, MO0 10 fth, Negdinmethydfospamige 2 M) 1.23 d, 7
=6.2, 6H), 1.12 (m, 2H); ESIMS m/z for (M+H)" C,;H35sN,O,S calcd.: 439.2, found:
4393,

Example D3. (E)-Isopropyl 4-(2-(2-(4-(methylsulfonyl)piperazin-1-
ylpyrimidin-5-yl)vinyl)piperidine-1-carboxylate.

[00158] By following a similar procedure as the one used for preparing D1 from

D1a except substituting 2-chloro-5-bromopyrimidine for D1d, D3 is prepared; "H NMR
(CDCl3, 400 MHz): 6 8.38 (s, 2H), 6.18 (d, J = 16.2 Hz, 1H), 6.05 (dd, J = 16.1, 6.6 Hz,
1H), 4.92 (m, 1H), 4.18 (m, 2H), 3.98 (m, 4H), 3.30 (m, 4H), 2.80 (s, 3H), 2.80 (m, 2H),
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is treated with excess (-100 uL) dimethylsulfate and excess (-40 mg) of NaH. The reaction is stirred for
1 hour and then diluted with ethyl acetate and water. The organics are isolated and washed once
more with WA E¥PVer MgSO4, filtered, evaporated and purified on siliRQYEPHYHY alAear
gradient of 0-100% ethyl acetate in hexane to afford 1(4; 1H NMR (CDC13, 400.13 MHz): 6 7.93 (d. J
= 2.9 Hz, 1H), 7.16 (dd. J= 3.0. 9.1 Hz, 1H), 6.64 (d, J = 9.1 Hz, 1H), 4.53 (m, 0.5H), 4.28 (m, 1H),
4.00 (m, 1.5 H), 3.78 (m, 1H), 3.52 (m, 4H), 3.75 (m, 7H), 2.76(d, J= 6.6 Hz, 2H), 2.72 (m, 2H), 2.32

(m, 1H), 2.03(m, AbH) (h; 39 360m185(3, B AG(MAN, L-18Adi~) 618 ESAIS A @87 (M, 2H), 0.61
(m, 2H); ESIMS miz for (M-klir C251-141N406S calcd: 525.3, found: 525.2. [00226] Example KS:

(4-)-(Trans)-1-mé]t\ﬂ§7%§ aptepyPelidxg4-BdundiddBdtylsulfonybpiperazin-l-ybpy
ridin-3-yloxy)methyl)piperidine-l-earboxylate [00227]By following a similar procedure as the one
used for preparing K3 from K3a exce bstjtuting the trans- isgmer of K3a (Hely. Chim. Acta
2004,87, 2629) for K3a, KZALH e%irgﬁ¥ﬁ%@£%&§ﬁ‘mﬁ‘%‘ E}?‘?fﬁﬁf‘(@%@@' 2, IN),
7.24 (dd, J= 3.0, AdkyImelly] piperidind =@A)pytimidined. 17 (m, 3H), 4.05 (m, 2H), 3.56 (m, H), 3.37 (m,

4H), 2.77 (d, J= 6.6 Hz, 2H), 2.72 (m, 1H), 2.58 (m, 1H), 2.31 (m, 1H), 1.90(m, 1H), 1.78 (m, IN), 1.55
(s, 3H), 1.40 (m, IN), 1.12 (d, J= 6.7 Hz, 6H), 0.87 (m, 2H), 0.61 (m, 2H); ESIMS miz for (M+H)+

C241-139N406S calcd: 511.3, found: 511.4. Example LI/:_I_-@N&%?T yl 4-46-formy 1-S-(4-
(methy Isulfony Opiperazin-l-yl)pwga@nﬁ%%llpi idine-i-edrboxylate. OHC 'CM MeO,SNN
\0 0 WO 20091038974PCT/U 82008/075145 | 8]A solution of E3 (109 mg, 0.24 mmol) in
N,N-dimethylfonnamide (2.2 mL) is treated with POC13 (165 mg, 1.1 mmol) and heated to 70 C for 2

hours. The reaction is then cooled to room temperature, quenched with water and diluted with ethyl
acetate. The organics are exracted with @V@@j&e more, dried over MgSQ4, filé?@@gorated and
purified by silica ge!w@izrgm r gradignt -1(3O%ret-hyll\,;ae@,czaggfa}3LI Xa af Li; IHNNIR
(CDC13, 400.13 MHz): 3993 (s, , 8.04 (s, 1H), 4.19 (d, J= 6.4 Hz/ 1H)}4715 (m, 2H), 3.50 (m, 4H),
3.43 (m, 4H), 2.83 (s, 3H), 2.74 (in, 2H), 1.97 (in, 1H), 1.81 (in, 2H), 1.55 (s, 3H), 1.27 (in, 2H), 0.86
(m, 2H), 0.62 (m, 2H); ESIMS cald? for C211-132N506S (M+H+) 482.2, f&lhd 482.1.  Example
L2: 1-Methylcyclopropyl 44(6-chloro-5-(4-

(methylsulfonyEpiperazin-l—yEg)txﬁzin-2-y|oxy)methyhpiperidine- rboxyate. €1 McO,SN N \ 0
IN-)jrcy —_— /—\ N= N—( p
MeOZSN\_/N \ / O N

Example E1

[00159] Step A: A sample of B2 (202 mg, 0.445 mmol) is treated with 4 M HCI in
dioxane (3 mL) and aged for 1 hour. The solvent is then removed and the residue is
partitioned between ethyl acetate and 1 M NaOH. The aqueous phase is isolated,
extracted once more with ethyl acetate and discarded. The combined organics are dried
over MgSQy,, filtered and evaporated to afford Ela; ESIMS m/; for (M+H)*
C16H27N4OsS caled.: 355.2, found: 355.2.

[00160] Step B: The resulting material is treated with 2-chloro-5-ethylpyrimidine
(121 mg, 0.85 mmol), Cul (12 mg, 0.063 mmol), diisopropylethylamine (176 mg, 1.4
mmol) and N-methylpyrrolidinone (2 mL). The resulting solution is sealed in a reaction
vial and heated to 160 °C for 10 minutes using a microwave reactor. The reaction is then
diluted with ethyl acetate and extracted with water once, 1 M HCI once and saturated
aqueous sodiumhydrogencarbonate once, dried over MgSQy, filtered, evaporated and

purified on silica gel using a linear gradient of 0-100% ethyl acetate in hexane followed
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[00229]By following a similar procedure as the one used for preparing Li from E3 except using NCS at
50 C in dichloroethane overnight as the reaction conditions, 1(5 is prepared; ESLMS ////z for (M+H)+
C20H31CINKO2E084R%87488 2, found: 487.7. Example MI: 1-MethylcycRSpt3pP08/075145
44(5-(4-(3-methoxy-3- oxopropylsulfonyl)piperazin-I-yEpyrazin-2-yloxy)methyl)piperidine-I-carboxylate.
ON\OOO=S-NNO/0-6 WO 20091038974PCT/U S2008/0751 45 Step A BrC-/rN 0\0Step B /NH O
Bl2aMla Mib O Step D 0 0=S-N N O MIc N i'T 47, fO

by lyophilization from 1 M HCI to afford E1 as the HCI salt; '"H NMR (DMSO-d6, 400
MHz): §8.27 (s, 2H), 7.82 (d, J=2.9, 1H), 7.50 (m, 1H), 7.05 (m, 1H), 4.63 (m, 2H),
3.86 (d, J=6.4,2H), 3.57 (m, 4H), 3.22 (m, 4H), 2.91 (s, 3H), 2.91 (m, 2H), 2.43 (dd, J
=15.1,7.6, 2H), 2.03 (s, 1H), 1.82 (m, 2H), 1.22 (m, 2H), 1.13 (dd, J = 7.6, 7.6, 36H);
ESIMS m/z for (M+H)" C»,H33N6O0;S caled.: 461.2, found: 461.2.

Example E2. 1-(Methylsulfonyl)-4-(5-((1-(5-(trifluoromethyl)pyridin-2-
yDpiperidin-4-yl)methoxy)pyridin-2-yl)piperazine.

MeozsN/_H\;ICIAQ\I\I_:/>—o/_<:>N4<\\I—:/>7CF3

7/

[00161] By following a similar procedure as the one used for preparing E1 from B2
except substituting the following procedure for Step B, E2 is prepared;

[00162] A sample of Ela hydrochloride (900 mg, 2.3 mmol) is treated with 2-
chloro-3-trifluoromethylpyridine (501 mg, 2.76 mmol), K,CO3 (795 mg, 5.8 mmol), N-
methylpyrrolidinone (10 mL) and water (8 mL) and heated in a sealed vessel in a
microwave reactor at 160 °C for 10 minutes. The resulting suspension is treated with
ethyl acetate and water and filtered. The resulting solid is washed with water and ethyl
acetate, dissolved in 1 M HCI and lyophilized to afford E2 ; '"H NMR (CDCl;, 400
MHz): §8.22 (m, 1H), 8.10 (dd, J=9.8, 2.3, 1H), 7.86 (dd, J=9.9, 2.9, 1H), 7.60 (d, J
=29,1H),7.53(d,J=9.8, 1H),7.42 (d, J=9.1, 1H), 4.30 (m, 2H), 3.94 (d, J = 6.2,
1H), 3.71 (m, 4H), 3.37 (m, 4H), 2.86 (s, 3H), 2.28 (m, 1H), 2.06 (m, 2H), 1.57 (m, 2H);
ESIMS m/z for (M+H)" C»,H»F3N505S caled.: 500.2, found: 500.2.

Example E3. 1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)piperazin-1-
ylpyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

-+
MeOZSN/\:/\N —{_:I\}— o/_CN_&o
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N=7 \ Example M1 [002301Step A: By following a similar procedure as the one used for preparing E3
from E3a except substituting B12a for E3a, Mla is prepared; ESIMS miez for (M+H)+ C351122BrN103
cakd: 371.2M8710°/83#27¢ [00231]Step B: : By following a similar procedurd @3B YWRA 54N for
preparing B1 from isopropyl 4-((6-chloropyridin-3-yloxy)methyl)piperidine-1-carboxylate except
substituting Mk for isopropyl 44(6-chloropyridin-3-yloxy)methyl)piperidine-1carboxylate and benzyl
piperazine-1-carboxylate for 1-(methylsulfonyl)piperazine, MTh is prepared; 1H NMR (400 MHz,
CDC13) 6 7.85 (d, J=1.5 Hz, 1H), 7.59 (d, J = 1.4 Hz, 1H), 7.35 (m, 5H), 5.16 (s, 2H), 4.18 (in, 2H),
4.06 (d, J= 6.6 Hz, 2H), 3.65 (m, 4H), 3.38 (m, 4H), 2.74 (in, 2H), 1.94 (in, 1H), 19 (in, 2H), 1.54 (s,
3H), 1.24 (m, 2H), 0.86 (m, 2H), 0.620. 2H); S m/z for (M+Hr C27H36N505 calgd~510.3, found:
510.0. [00232]Step C: A nﬁfwe‘&; Jh mgNB°968eprmol) and T0% (45?@”@thanol (5
mL) is purged with I—W?@S)Nmé\b 'X%Esoand then left o Stir at Foom Emperdture under an
atmosphere of H2 overnight. The crude reaction is then filtered through a pad of Celite(r) and Mk is
obtained with 95%-+ purity. ESIMSBa#/z for (M+H) C19H30N503 calcd: 37634 found: 376.0.
[00233]Step D: A solution of Mic (100 mg, 0.266 mmol) in dichloromethane (1 mL) is treated with
triethylamine (74.2 mL, 0.533 mmol) followed by methyl 3- (chIorosulfonyl)prop%noate (50 mg, 0.27
mmol) and stirred at room tem re for 4 hours. Tr}e_(irud%r_ action is th gon%entrated and

purified directly via a mass-dj ed HPLC to affiencsMl; 1 M 0 , C 8 7.86(d, J=1.5
Hz, 1H), 7.61 (d, J= 1.5 Hz, 4. 18 B\ 2H), 4.07 (A3~ 6. , 2H), 3.73 (s, 3H), 3.49 (m, 4H), 3.42
(m, 4H). 3.28 (t, J= 7.3 ¢y 2.85(t, J =7.7 Hz, 2H). 2.74 (mxagiplk L£03 (M, 1H), 1.81 (m, 2H), 1.54
(s, 3H), 1.24 (m, 2H), 0.86 (m, 2H)319.62 (m, 2H); ESIMS fez for (M-k11)+ C23H36N5078 calcd: 526.2,
found: 526.2. [00234]By following a similar procedure as the one used for preparing M1 from E 12a

except substituti merci vajl ulfonyl chiori f vl 3- (chlorosulf opanoate
(in the case of Mfggoglgsgg su bs?#t% r% a}éé%é)}é?p%rﬁ\%xa()?ﬂé ?o?@vﬁ%ﬁ gigpén{pﬁ%%&;‘rygt%%@?(j ;E)II{Exam ple

Structure Analytidiixdacandstisredpr No@s. Jhselvarss rsarie fod (eHesidugs AoPfENGA6S calcd:
535.2, M3 from water to afford E3a; ESIMS m/z for (M+H)* CsHasNsOsS caled.: 356.2, found:

356.2.

[00164] Step B: A sample of E3a (181.8 mg, 0.46 mmol) is treated with N, N-
dimethylformamide (1.5 mL), E3b (110 mg, 0.46 mmol) and diisopropylethylamine (242
UL, 1.4 mmol) and stirred overnight. The reaction is then partitioned between ethyl
acetate and water and the organics are isolated, extracted with 1 M NaOH three times,
dried over MgSQ.,, filtered, evaporated and purified on silica gel using a linear gradient
of 0-100% ethyl acetate in hexane to afford E3; '"H NMR (CDCl;, 400 MHz): 8 7.87 (d,
J=15,1H),7.62(d, J=1.4, 1H), 4.18 (m, 2H), 4.08 (d, J = 6.5, 2H), 3.52 (m, 4H), 3.36
(m, 4H), 2.82 (s, 3H), 2.72 (m, 2H), 1.93 (m, 1H), 1.80 (m, 2H), 1.56 (d, J=9.9, 3H),
1.23 (m, 2H), 0.87 (m, 2H), 0.62 (m,2H); ESIMS m/z for (M+H)" C20H3,N50sS caled.:
454.2, found: 454.2.

Example E4. 5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidin-1-yl)pyrimidine.
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7 .t,-NN- -,\ 0\ _cn ES1IMS m/z for (M)+ CoH"NsOsS calcd: 621.3, found: 621.7. M4 n.--,,, ,[?_,/-Th
)", \=1_,,"_0,>40 1.7 ESIMS m/z for (M+H)+ CI-1 22)2N705S calcd: 506.2, found: 506.2. li-sN
No MS Cl WPriWo/¢38974 PCT/US2008/075145

[00165] By following a similar procedure as the one used for preparing E1 from
Ela except substituting E3a for Ela, E4 is prepared; 'H NMR (CDCl3, 400 MHz):
8.17 (s, 2H),7.88 (d, J=1.4, 1H), 7.63 (d, J= 1.5, 1H), 4.76 (m, 2H), 4.11 (d, J = 6.6,
2H), 3.52 (m, 4H), 3.37 (m, 4H), 2.90 (m, 2H), 2.82 (s, 3H), 2.45 (dd, J = 15.2, 7.6, 2H),
2.08 (m, 2H), 1.90 (m, 2H), 1.33 (ddd, J =24.9,12.4,4.2,2H), 1.18 (dd, J = 7.6, 7.6,
3H); ESIMS m/z for (M+H)" C,;H3,N-0;S caled.: 462.2, found: 462.3.

Example ES. 2-((1-(5-Methylpyridin-2-yl)piperidin-4-yl)methoxy)-5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazine.

N=—
MQZSNCN—Q_?Q/_CN@

[00166] A mixture of E3a (103 mg, 0.26 mmol), 2-bromo-5-methylpyridine (45.3
mg, 0.26 mmol), Pd,dba; (4.8 mg, 0.005 mmol), xantphos (9.1 mg, 0.016 mmol),
sodium terr-butoxide (78 mg, 0.815 mmol) and toluene (1.5 mL) is purged with nitrogen
for 5 minutes and heated in an oil bath at 100 °C overnight. The reaction is cooled to
room temperature and diluted with water and ethyl acetate. The organics are dried over
MgSQ.,, filtered, evaporated and purified by silica gel column chromatography using a
linear gradient of 0-100 % ethyl acetate in hexane to afford ES; '"H NMR (CDCls, 400
MHz): §8.01 (m, 1H), 7.88 (d, J = 1.4, 1H), 7.30 (m, 1H), 6.62 (d, J = 8.6, 1H), 4.27 (m,
2H), 4.11 (d, J = 6.6, 1H), 3.53 (m, 4H), 3.37 (m, 4H), 2.82 (m, 2H), 2.82 (s, 3H), 2.19
(s, 3H), 2.02 (m, 1H), 1.91 (m, 2H), 1.42 (m, 2H); ESIMS m/z for (M+H)" C,1H31N603S
calcd.: 447.2, found: 447.3.

Example E6. 1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)piperazin-1-

&
ore: ~ O
MeO,SN N N\ 7/ o o
7/ N

yDpyridin-2-yloxy)methyl)piperidine-1-carboxylate.
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1H NMR (400 MHz, CD,C.N) 37.87 (d, J = 1.4 hz, 1H), 7.62 (d, .1- -1.5 Hz, 1H), 4.15 (m, 2H), 4.08 (d,
S = 6.6 Hz, 2H), 3.70 (t, J = 6.1 Hz, 2H), 3.51 (m, 4H), 3.43 (m, 4H), 3.11 (t, S = 7.4 Hz, 2H), 2.73 (m,
2H), 2.32 (MVORAY98% T, 1H), 1.79 (m, 211), 1.46 (s, 911), 1.26 (in, 2H); BSTUSMPATSI{MBoCc+H)+
C17t129C1N503S calcd: 418.2, found: 418.2. S-NN/nVO\\  ON N/

[00167] By following a similar procedure as the one used for preparing E3 from B4
except substituting terr-butyl 4-((5-(4-(methylsulfonyl) piperazin-1-yl)pyridin-2-
yloxy)methyl)piperidine- 1-carboxylate for B4, E6 is prepared; tert-Butyl 4-((5-(4-
(methylsulfonyl) piperazin-1-yl)pyridin-2-yloxy)methyl)piperidine-1-carboxylate is
prepared in an analogous fashion to B4 except using 2-fluoro-5-bromopyridine instead of
Ald; "H NMR (CDCl;, 400 MHz): §7.78 (d, J =2.9, 1H), 7.28 (dd, J = 8.9, 3.0, 1H),
6.68 (d, J=8.9, 1H), 4.18 (m, 2H), 4.08 (d, J = 6.5, 2H), 3.38 (m, 4H), 3.14 (m, 4H),
2.83 (s, 3H), 2.73 (m, 2H), 1.93 (m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.23 (m, 2H), 0.86
(m, 2H), 0.61 (m, 2H); ESIMS m/z for (M+H)" C,1H33N40sS caled: 453.2, found: 453.3.

Example E7. 5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyridin-2-
yloxy)methyl)piperidin-1-yl)pyrimidine.

-
o -8

[00168] By following a similar procedure as the one used for preparing E1 from
Ela except substituting tert-butyl 4-((5-(4-(methylsulfonyl) piperazin-1-yl)pyridin-2-
yloxy)methyl)piperidine- 1-carboxylate for Ela, E7 is prepared; ferz-Butyl 4-((5-(4-
(methylsulfonyl) piperazin-1-yl)pyridin-2-yloxy)methyl)piperidine-1-carboxylate is
prepared in an analogous fashion to B4 except using 2-fluoro-5-bromopyridine instead of
Ald; 'H NMR (CDCls, 400 MHz): §8.16 (s, 2H), 7.78 (d, J = 2.9, 1H), 7.28 (dd, J =
8.9, 3.0, 1H), 6.69 (d, J=9.0, 1H), 4.73 (m, 2H), 4.11 (d, J = 6.6, 1H), 3.38 (m, 4H),
3.14 (m, 4H), 2.89 (m, 2H), 2.83 (s, 3H), 2.44 (dd, J = 15.2, 7.6, 2H), 2.08 (m, 1H), 1.90
(m, 2H), 1.34 (ddd, J =24.8, 12.4, 4.1, 2H), 1.73 (dd, J = 7.6, 7.6, 3H); ESIMS m/z for
(M+H)" C,H33N¢OsS caled.: 461.2, found: 461.3.

Example E8. 3-1sopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-
yDpyrazin-2-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole.
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M6 CI\0 00 1H-NMR (400MHz, CDC13) 5 7.87 (d, J = 1.4 Hz, 1H), 7.63 (d, J = 1.4 Hz, 1H), 4.21
On, 2H), 4.08 (d, J= 6.5Hz, 2H), 3.70 (t, J = 6.1 Hz, 2H), 3.51 (m, 4H), 3.44 (in, 4H), 3.12 (m, 2H), 2.74
(dd, J = 12.3VQ2999938%H)), 2.32 (m, 2H), 1.95 (m, 1H), \iirTh - s -NN//  PCT/@S0p/075145

O~N
/N N= /—CN—<\|
MeOZSN\_/N—Q\;_I\}—O N/H/

StepA B
MeO,SN N—<__>— /_C MeO sN/\:/\NAQ\I\I_vo/_CN N

N
E3a E8a
O~N
Step B N= N—<\
—>  MeO,SN N \ _>—o N
N
Example E8

[00169] Step A: A cold (ice/water bath) solution of E3a (256 mg, 0.65 mmol) in
dichloromethane (5 mL) is treated with a solution of K,CO3 (298 mg, 2.2 mmol) in water
(5 mL). The vigorously stirred solution is treated with a solution of cyanogen bromide
(76.1 mg, 0.72 mmol) in dichloromethane (2 mL) and the reaction is allowed to stir cold
for 3 hours. The phases are then separated and the organic phase is dried over MgSQOy,,
filtered and evaporated to afford E8a which is used without further purification; ESIMS
m/z for (M+H)" C1sH2sNsOsS caled.: 381.2, found: 381.1.

[00170] Step B: A solution of E3a (215.5 mg, 0.57 mmol) in dioxane (2 mL) is
treated with N'-hydroxyisobutyrimidamide (86.8 mg, 0.85 mmol) and ZnCl, (115.8 mgL,
0.85 mmol) and stirred at 100 °C overnight. The reaction is then partitioned between
ethyl acetate and 1 M NaOH and the organics are isolated, dried over MgSQy, filtered,
evaporated and purified on silica gel using a linear gradient of 0-100% ethyl acetate in
hexane to afford ES; '"HNMR (CDCls, 400 MHz): 67.88(d,J=1.4, 1H),7.62(d, J=
1.4, 1H), 4.19 (m, 2H), 4.11 (d, J = 6.5, 2H), 3.53 (m, 4H), 3.37 (m, 4H), 3.08 (ddd, J =
12.9,12.9, 2.8, 2H), 2.87 (m, 1H), 2.82 (s, 3H), 2.03 (m, 1H), 1.91 (m, 2H), 1.43 (ddd, J
=25.2,12.5, 4.4,2H), 1.28 (d, J = 7.0, 3H); ESIMS m/z for (M+H)" C20H3,N70,4S caled.:
466.2, found: 466.3.
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WO 20091038974PCT/US2008/0751 45  1.79 (m. 2H),1.55 (s, 3H), 1.25 (in, 2H), 0.86 (in, 2H),

0.62 (m, 2H); ESIMS calcd. for C231-135C1N503S [MY 516.2. found 516.0. M7 0 -\H n S-NNii\VV / N )
WO 2009/038974 PCT/US2008/075145

Example E9. 3-1sopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-
yDpyridin-2-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole.

O~

N

ey O
MeO,SN N \I\? O

[00171] By following a similar procedure as the one used for preparing E8 from B4
except substituting terr-butyl 4-((5-(4-(methylsulfonyl) piperazin-1-yl)pyridin-2-
yloxy)methyl)piperidine- 1-carboxylate for B4, E9 is prepared; tert-Butyl 4-((5-(4-
(methylsulfonyl) piperazin-1-yl)pyridin-2-yloxy)methyl)piperidine-1-carboxylate is
prepared in an analogous fashion to B4 except using 2-fluoro-5-bromopyridine instead of
Ald; "H NMR (CDCl;, 400 MHz): §7.78 (d, J =2.9, 1H), 7.29 (dd, J = 8.9, 3.0, 1H),
6.69 (d, J=8.9, 1H), 4.17 (m, 2H), 4.13 (d, /= 6.5, 1H), 3.40 (m, 4H), 3.17 (m, 4H),
3.08 (ddd, J=12.9, 12.9, 2.8, 2H), 2.88 (m, 1H), 2.84 (s, 3H), 2.03 (m, 1H), 1.91 (m,
2H), 1.34 (ddd, J =25.1, 12.5, 4.4, 2H), 1.28 (d, J = 7.0, 3H); ESIMS m/z for (M+H)*
C21Ha3N6O4S caled.: 465.2, found: 465.3.

Example E10. 1-Methylcyclopropyl 4-((6-(4-(methylsulfonyl)piperazin-1-
yDpyridin-3-yloxy)methyl)piperidine-1-carboxylate.

-,
avVaVatha
MeO,SN N }\I / O O

[00172] By following a similar procedure as the one used for preparing E3 from B4
except substituting B2 for B4, E10 is prepared; '"H NMR (CDCl;, 400 MHz): 8 7.90 (d,
J=29,1H),7.14(dd, J=9.1, 3.0, 1H), 6.65 (d, J =9.0, 1H), 4.12 (m, 2H), 3.77 (d, J =
6.3, 1H), 3.54 (m, 4H), 3.33 (m, 4H), 2.80 (s, 3H), 2.73 (m, 2H), 1.92 (m, 1H), 1.89 (m,
2H), 1.54 (s, 3H), 1.23 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)"
C21Ha3N40sS caled.: 453.2, found: 453.2.

[00173]
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0 'H NMR (400 MHz, CD3CN) 67.89 (4, J = 1.4 Hz, 11-1), 7.82 (d, J = 1.2 Hz, 1H). 4.19 (m, 2H). 4.10
(d, 1 = 6.5 Hz. 2H). 3.51 (m. 8H). 2.93 (m, 2H), 2.74 (dd, J= 12.7, 12 0 Hz, 1H), 1.91 (m, 3H), 1.79 (m,
2H). 1.55 (SVOHP/B89h, 2H). 1.07 (t, | = 7.4 Hz. 3H). 0.86 (m. 2H). 0.62 BETAIPIRBITRAL ink for
(M+H)+ C22H36N305S calcd: 482.3 , found: 482.2. (\ N-/ 0 0 M80

Example E11. 5-Isopropyl-3-(4-((6-(4-(methylsulfonyl)piperazin-1-
yDpyridin-3-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole.

I\ N= NH Step A /—\ N= N-CN
MeOSN  N—\ =0 o MeO, SN N—\ =0
Ela'HCI1 Ella

i O
N= N—
Step B _<NH2 Stis Example E11

— MeOSN N~ O

Ell1b

[00174] Step A: A mixture of E1aHCI (202.3 mg, 0.52 mmol) and K,COj3 (143
mg, 1.0 mmol) in water (3 mL) is cooled to ice/water bath temperature and treated
dropwise with a solution of cyanogen bromide (60.3 mg, 0.57 mmol) in dichlormethane
(3 mL) and stirred for 2 hours while cooled. The reaction is then diluted with
dichloromethane, extracted with water, dried over MgSQy, filtered and evaporated to
afford E11a which is used without further purification; ESIMS m/z for (M+H)"
C17Ha6N50;S caled.: 380.2, found: 380.2.

[00175] Step B: A solution of E11a (152.4 mg, 0.40 mmol) and hydroxylamine
(492 uL of a 50% aqueous solution, 0.80 mmol) in ethanol (2 mL) is heated to 60 °C in a
sealed vessel overnight. The reaction is cooled to room temperature and the resulting
sample of E11b; ESIMS m/z for (M+H)" C17H20N¢O4S caled.: 413.2, found: 413.2.
[00176] Step C: A solution of E11b (134.2 mg, 0.32 mmol) and isobutyric
anhydride (50 mg, 0.32 mmol) in dioxane is heated at 400 W in a microwave reactor for

10 minutes (~120 °C). The reaction is cooled to room temperature, evaporated and
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I-\S-NV N 11/ 1H NMR (400 MHz, CD3CN) 37.96 (s. 1H). 7.91 (d, | = 1.4 Hz, 1H), 4.17 (In. 2H).
4.11 (4, J = 6.5 Hz, 2H). 3.58 (m, 4H). 3.54 (m, 4H). 3.01 (m, 2H). 2.74 (dd. J = 12.2, 11.9 Hz, 2H),
1.95 (in, 1HYYQ FW#38314). 1.55 (s, 3H). 1.40 (t, J = 7.4 Hz. 3H). 1.25 (m, 2PGTUSBOMHOPAS 0.62 (in,
2H), ESIMS tn/z for (M+1-if C21T4)4Ns05S calcd: 468 2 . found: 468.2. NOA-c_fc7p O

partititioned between ethyl acetate and saturated aqueous sodium hydrogencarbonate.
The organics are isolated, dried over MgSQy, filtered, evaporated and purified on silica
gel using a linear gradient of 0-100% ethyl acetate in hexane and lyophilized from 1 M
HCl to afford E11 as an HCl salt; 'H NMR (CDCl;, 400 MHz): 67.92 (d, J= 3.0, 1H),
7.16 (dd, J=9.1, 3.0, 1H), 6.65 (d, /= 9.1, 1H), 4.06 (m, 2H), 3.80 (d, /= 6.4, 1H), 3.54
(m, 4H), 3.33 (m, 4H), 3.07 (m, 1H), 2.92 (ddd, J = 12.7, 12.7, 2.7, 1H), 2.80 (s, 3H),
2.73 (m, 2H), 1.99 (m, 1H), 1.88 (m, 2H), 1.42 (m, 2H), 1.34 (d, J = 7.0, 6H); ESIMS
m/z for (M+H)" C1H33NgO4S caled.: 465.2, found: 453.3.

Example E12. 2-((1-(5-Fluoropyridin-2-yl)piperidin-4-yl)methoxy)-5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazine.

) fjﬂrCN{\q}F
N

[00177] By following a similar procedure as the one used for preparing ES from
E3a except substituting 2-bromo-5-fluoropyridine for 2-bromo-5-methylpyridine and
dicyclohexyl(2',6'-dimethoxybiphenyl-4-yl)phosphine for xantphos, E12 is prepared;
ESIMS m/z for (M+H)" C,0H»sFNgO5S caled: 451.2, found: 451.2.

Example F1. 3-Isopropyl-5-(4-((6-(4-(methylsulfonyl)piperazin-1-
yDpyridin-3-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiazole

/\ N=
MeOZSN\_/N@o \—<:/\N —<\O\|N
N/S/
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0 'HNMR (400 MHz, CD3CN) 67.91 (m. 2H). 4.18 (in, 2H), 4.11 (d, J = 6.5 Hz, 2H), 3.63 (m, 4H),
3.50 (in, 4H), 3.25 (sept., | = 1H). 1.78 (m, 2H). 1.55 (S. 3H). 1.37 (4, J = 6.9 Jz, 6H), 1.25 (m, 2H),
0.86 (m, 2HY O WIYRBLH); ESTMS ink for (M+H)+ C22H36N305S calcd: 48SPUSHIRE73E5.2. M9

Step A

HO, O~ MsQ, O~
N N
— S U A
N N
B8a Fla

Ch Step B CINX Step C S/ N= Step D
| — P — MeO,SN_ N )—OBn ——
N \/
A on OBn
Fl1b Flc F1d

~
-/
Fle Example F1

[00178] Step A: By following a similar procedure as the one used for preparing
B5c from BSb except substituting B8a for BSb, Fla is prepared; ESIMS m/z for (M+H)"
C12H2oN304S caled: 304.1, found: 304.1.

[00179] Step B: A solution of F1b (3.00 g, 23.0 mmol) and benzyl chloride (2.93
mL, 25.5 mmol) in acetonitrile (50 mL) is treated with Cs,CO; (15.0 g, 46.0 mmol) and
the reaction mixture is heated at 90 °C for 2hours, cooled and filtered. The solvents are
evaporated and the crude compound purified on silica gel using a linear gradient of O-
100% ethyl acetate in hexane to afford Flc; '"H-NMR (400 MHz, CDCl5) 6 8.15 (dd, J =
0.8, 2.8 Hz, 1H), 7.42 (m, 4H), 7.39 (m, 1H), 7.25 (m, 2H), 5.12 (s, 2H); ESIMS calcd.
for [M+H]" C1,H;;CINO: 220.1 found: 220.1.

[00180] Step C: Flc¢ (2.67 g, 12.2 mmol), 1-methanesulfonyl piperazine (3 g, 18.3
mmol), Pd(OAc), (548 mg, 2.4 mmol), ((2-dicyclohexyl)phosphino)biphenyl (1.7 g, 4.8
mmol), NaO7Bu (3.5 g, 36.6 mmol) and toluene (20 mL) are charged to a sealed flask
and degassed with bubbling Ar for 30 minutes. The mixture is heated at 120 °C for 18h,
then is hot filtered to remove particulates. The filter cake is washed with ethyl acetate
(10 mL) and water (20 mL) and the filtrates are combined and extracted with ethyl
acetate (20 mL). The organic layer is extracted with 1N HCI (3 x 20 mL) and discarded.
The acidic layer is then basified with NaOH and extracted with ethyl] acetate (3 x 20

mL). The remaining organic layers are combined, dried (MgSQ,), filtered and
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I () MIO () -/ 'H NMR (400 MHz, CD3CN) 67.89 (4, J = 1.4 1-1z, 111), 7.81 (d, J = 1.1 Hz,
111). 4.18 (m, 2H). 4.10 (d, | = 6.5 Hz. 2H). 3.53 (m. 4H). 6.6 Hz, 2H), 2.74 (m, 2H), 2.32 (in, 1H), 1.95
(in, 1H), 1.79QAN8975 (s, 3H). 1.24 (In, 2H), 1.12 (d, | = 0 iiC\ PCT/US2008/075145

concentrated. The residue is recrystallized from ethyl acetate /Hexane to provide F1d;
ESIMS calcd. for [M+H]" C17H»N305S: 348.1 found: 348.1.

[00181] Step D: A solution of F1d (1.3 g, 3.88 mmol) in EtOH is treated with Pd/C
(0.2 g of 10%, wet). The reaction is stirred under H, (1 atmosphere) for 12 hours. The
mixture is filtered and concentrated to provide Fle which is used without further
purification: ESIMS calcd. for [M+H]" C;,HsN305S: 258.1 found: 258.1.

[00182] Step E: A solution of Fle (97.7 mg, 0.38 mmol) and Fla (115.2 mg, 0.38
mmol) in N, N-dimethylformamide (1.5 mL) is treated with Cs,CO; (185.6 mg, 0.57
mmol) and heated to 60 °C overnight. The reaction is cooled to room temperature,
diluted with ethyl acetate, extracted with water, dried over MgSQy, filtered, evaporated
and purified by silica gel column chromatography using a linear gradient of 0 to 100%
ethyl acetate in hexane and then lyophilized from HCI to afford F1 as an HCl salt; 'H
NMR (CDCl3, 400 MHz): 6 8.01 (m, 0.5H), 7.92 (d, J = 2.8, 1H), 7.16 (dd, J = 9.1, 3.1,
1H), 6.66 (d, J =9.1, 1H), 4.20 (m, 2H), 3.81 (d, J = 6.3, 1H), 3.54 (m, 4H), 3.33 (m,
4H), 3.09 (m, 2H), 2.88 (m, 1H), 2.81 (s, 3H), 2.00 (m, 1H), 1.92 (m, 2H), 1.44 (m, 2H),
1.28 (d, J = 7.0, 3H); ESIMS m/z for (M+H)" C»1H33Ns04S caled.: 465.2, found: 465.3.

Example G1. tert-Butyl 4-((5-(4-(methylsulfonyl)-1,4-diazepan-1-
ylpyrazin-2-yloxy)methyl)piperidine- 1-carboxylate.

MeO SN\) _&3_ /_CN% j(
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Example G1

[00183] Step A: A mixture of B4b (307.5 mg, 0.83 mmol), homopiperazine (248.2
mg, 2.5 mmol), xantphos (28.7 mg, 0.050 mmol), sodium tert-butoxide 119 mg, 1.2
mmol) and toluene (5 mL) is sparged with nitrogen for 5 minutes and treated with
Pd,dba; (15.1 mg, 0.017 mmol). The reaction is then sealed and dipped into a pre-heated
oil bath at 100 °C. The reaction is stirred at this temperature for 4 hours, cooled to room
temperature, diluted with ethyl acetate and extracted with water twice. The organics are
dried over MgSQ,, filtered, evaporated and purified on a silica gel column using 0-10%
methanol in dichloromethane to afford Gla; ESIMS m/z for (M+H)" C,1H35N4O5 caled.:
391.3, found: 391.3.

[00184] Step B: A solution of G1a (139 mg, 3.6 mmol) in dichloromethane (0.25
m L) is cooled to ice/water bath temperature and treated with triethylamine (37.4 mg,
0.37 mmol) followed by methanesulfonyl chloride (42.3 mg, 0.37 mmol) and stirred
overnight. The reaction is then poured into water and extracted with dichloromethane
twice. The combined organics are dried over MgSQy, filtered, evaporated and purified
on a silica gel column using 0-100% ethyl acetate in hexane to afford G1; "H NMR
(CDCl3, 400 MHz): 87.79 (d, J=2.9, 1H), 7.49 (d, J= 1.5, 1H), 4.13 (m, 2H), 4.14 (d, J
=6.5, 1H), 3.82 (m, 2H), 3.74 (dd, J = 6.3,6.3, 2H), 3.49 (m, 2H), 3.26 (m, 2H), 2.78 (s,
3H), 2.73 (m, 2H), 2.07 (m, 2H), 1.94 (m, 1H), 1.79 (m, 1H), 1.46 (s, 9H), 1.25 (m, 2H);
ESIMS m/z for (M+H)" C,1H36N50sS caled.: 470.2, found: 370.2 (M-Boc+H™).
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WO 20091038974PCT/U S2008/0751 45 6.7 Hz, 6H,), 0.86 (n, 2H), 0.62 (in, 2H); ES1MS nils for
(M+HE C21H)sSN50sS calcd: 496.3 , found: 496.3. MIIO/N () \ () 1H NMR (400 MHz, CD1CN) 8 7.87
(d, .11= 1.5M492 290%)038Y2 (d, J = 1.5 Hz, 1H), 4.19 (m, 2H), 4.07 (d, J = 6.5R¢Z/BEYI8 G4 4H), 3.46
(n, 4H), 2.98 (n, 1H), 2.75 (dd, J = 12.2, 12.1 Hz, 2H), 2.03 (in, 1H), 1 80 (m, 1H), 1.79 on, 2H), 1.56
(m, 1H). 1.55 (s. 3H). 1.35 (d, J = 6.9 Hz, 3H), 1.26 (m, 2H), 1.03 (t, J = 7.5 hz, 3H), 0.87 (n, 2H). 0.62
(n, 2H); ESLMS ink for (M+H)4 C2)H6Ns05S calcd: 496.3 , found: 496.2. n S-NN iV

Example G2 tert-Butyl 4-((5-(3-(methylsulfonyloxy)pyrrolidin-1-
yDpyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

MSO\I::NAQI\\I;:I\?—O N O
\—C ‘<O %

[00185] By following a similar procedure as the one used for preparing G1 from
B4b except substituting pyrrolidin-3-ol for homopiperazine, G2 is prepared; 'H NMR
(CDCl;, 400 MHz): §7.82(d, J=1.5, 1H), 7.38 (d, J= 1.5, 1H), 5.43 (m, 1H), 4.03 (m,
2H), 4.06 (d, J = 6.6, 1H), 3.82 (m, 21H), 3.74 (dd, J = 12.4, 4.4, 1H), 3.58 (m, 2H), 3.05
(s, 3H), 2.72 (m, 2H), 2.47 (m, 1H), 2.33 (m, 1H), 1.93 (m, 1H), 1.79 (m, 2H), 1.46 (s,
OH), 1.26 (m, 2H); ESIMS m/z for (M-Boc+H)" C15H»sN4O4S caled.: 357.2, found:
357.2.

Example G3. Tert-butyl 4-((5-(4-(methylsulfonyl)piperidin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

_<O

ey O

11

0=S 4<:/\N 7 N—¢ o-—

| Q—

[00186] By following a similar procedure as the one used for preparing G1a from
B4b except substituting 4-(methylsulfonyl)piperidine for homopiperazine, G3 is

prepared; ESIMS m/z for (M-'Bu+H)* C;¢H,7N405S calcd: 355.2, found: 355.2

Example G4. 1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)piperidin-1-
ylpyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

O

FO
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[00187] By following a similar procedure as the one used for preparing E3 from B4
except substituting G3 for B4, G4 is prepared; ESIMS m/z for (M+H)" C»1H34N405S
calcd: 454.2, found: 454.2.

Example H1. fert-Butyl 4-(2-(3-(4-(methylsulfonyl)piperazin-1-yl)-1,2,4-
oxadiazol-5-yl)ethyl)piperidine-1-carboxylate.

/N N~q
MeO,SN  N—
_/ N

T

/ N\ Step A / \ Step B
MeO,SN NH — » MeO,SN N-CN ____ .
_/ _/

Hla H1b
7\ N~
S\ NOHSepC o N— |
MeO,SN. N—/ — TN W
Hle Example H1 Nw/o\//
O
[00188] Step A: To a stirred a solution of potassium carbonate (2.78 g, 20.0 mmol) in

water (20 mL) is added H1a (3.0 g, 18.3 mmol). The solution is cooled to 10 °C, then a
solution of cyanogen bromide (2.12 g, 20.0 mmol) in dichloromethane (20 mL) is added
dropwise over 30 min. The reaction is warmed to room temperature and stirred for 2 hours,
then extracted into dichloromethane. The organic layer is washed with 1N HCI (30 mL),
dried over MgSQ,, filtered and concentrated. The product is used without further
purification.

[00189] Step B: A solution of H1b (2.6 g, 13.7 mmol) and hydroxylamine (1 mL,
15.1 mmol) in EtOH (10 mL) is heated in a sealed vial at 90 °C for 12 hours. The mixture is

concentrated in vacuo to provide Hle, which is used without further purification.
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, N 0 i 'H-NMR (400MHz, CDC)) 6 7.87 (d. J = 1.4Hz, 1H), 7.62 (d, J = 1.4Hz, 1H), 4.20 (In, 2H), 4.08
(d, 1 = 6.5Hz, 2H). 3.52 (n, 4H). 3.45 (n, 2H). 3.13 (n, 2H). 2.74 (dd, (m. 2H),1.56 (s. 3H), 1.25 (in,
2H), 0.86 (MV9A9988th,2H):ESIMScalcd. C221-133F3N505S[M+h] 536 PCTAI A5 45

Example M13: 3-(4-(5-((1-((1-Methylcyclopropoxy)carbonyl)piperidin-4-
yl)methoxy)pyrazin-2-y1)piperazin-1-ylsulfonyl)propanoic acid. 0 rTh ()=S -NN 140-.1.1;\-1 ()
/N-04), [00235]A solution of Ml (18.8 mg, 0.035 mmol) in TETRAHYDROFURAN (1 mL) and water

(0.25 mL) is treajgdoih LIOKit3 MaA anatishsed -@verigibil s cprgfomieasiionisihemeangentrated
and purified directly via a mass-directed H PLC to afford M13. ESIMS ni/z for %M -kH)+

C22H341\1507 SRARY KD D-casbieiy! 81898 2pb07 36 eXhapne it A X-dimsthy esremidrdBy | 44(51443-

mL) is stirred at room temperature for 30 min. Hle (107 mg, 0.48 mmol) is added, the tube
is sealed and heated at 115 °C for 18 hours. The reaction mixture is cooled, extracted into
ethyl acetate (10 mL), washed with water (2 x 10 mL), then brine (10 mL). The organic
layer is dried over MgSQ,, filtered, concentrated, and purified by mass triggered reverse
phase HPLC to provide H1; '"H NMR (CDCls, 400 MHz): §4.10 (br.s, 2H), 3.59 (m, 4H),
3.32 (m, 4H), 2.82 (s, 3H), 2.79 (t, ] = 8.0 Hz, 2H), 2.68 (m, 2H), 1.71 (m, 4H), 1.46 (s,
OH), 1.15 (m, 2H) ; ESIMS m/z for (M+H+Na)* C19H33N50sSNa calcd.: 466.2, found:
466.2.

Example H2. tert-Butyl 4-(3-(3-(4-(methylsulfonyl)piperazin-1-yl)-1,2,4-
oxadiazol-5-yl)propyl)piperidine-1-carboxylate.

Aoy Ak
Ve N_«Nw ©

[00191] By following a similar procedure as the one used for preparing H1 from
H1a except substituting 4-(1-Boc-piperidin-4-yl) butanoic acid for 1-Boc-piperidin-4-yl
propionic acid acid, H2 is prepared; '"H NMR (CDCl;, 400 MHz): 04.08 (d,J=13.2 Hz,
2H), 3.59 (m, 4H), 3.32 (m, 4H), 2.82 (s, 3H), 2.75 (t, ] = 7.6 Hz, 2H), 2.68 (dt, ] = 2.4,
13.2 Hz, 2H), 1.80 (m, 2H), 1.68 (s, 1H), 1.65 (s, 1H), 1.46 (s, 9H), 1.42 (m, 1H), 1.34 (s,
2H), 1.11 (m, 2H) ; ESIMS m/z for M+H+Na)" C,0H35N50sSNa calcd.: 480.2, found:
480.3.

Example H3. 5-(3-(1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)propyl)-3-(4-
(methylsulfonyl)piperazin-1-yl)-1,2,4-oxadiazole.

N—N N—<’ /K/\/@i\;l
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hydro xy propy Isulfo ny Opiperazi n-1 -3. bpyrazi n-2 -yloxy) methybpiperidi ne- 1- earboxy late. O Il
rTh 0=S-N N 110") \-1 [00237]A solution of M1 (18.8 mg, 0.035 mmol) in 2 M LiBH4 in
tetrahydrofu4h 30HB§9é*heated to 50 C and stirred overnight. The crude rd4cHER2Q#R145
concentrated and purified directly via a mass-directed HPLC to afford M14. ESIMS in/z for (M+H)+
C22H361'4506S calcd: 498.2, found: 498.3. Example M15: 1-Methylcyclopropyl 44(54444-
hydroxyphenylsulfonyl)piperazin-1-ybpyrazin-2-yloxy)methybpiperidine-1- carboxylate. OrTh ()-(/
HOS-N N 00 11\ () [00238]A solution of M3 (44.5 mg, 0.071 mmol) in ethanol (2 mL) is treated with 5%
Pd/C (10 mg) and hydrogenated under atmospheric pressure overnight. The catalyst is removed by

filtration through Celite(r) éaﬁdel'Te\Ige pon is concgntréted ag@_gmﬁiegfgectly viaa mass-directed
HPLC to afford M15. ESIM$ /i/z‘for 5H33N506S galsds53 é\m@i@“ﬁ? Example
M16: 1-Methyleyelopropyl 44(51443- w2 H3a

eyanopropylsulfonyl)piperazin-I-yl)pyrazin-2-yloxy)methyl)piperidine-1- earbexylate. NC 0 S-N N\ () N
/() [00239]A solution of M6 (19 mg, 0.037 mmol) in N,N-Ig\i(r)nethylfo Nagmqu (0.5
I\

e}
Step B v

4
—_— O;S/N N’( -
\ N/ N

Example H3

[00192] Step A: A solution of H2 (261 mg, 0.57 mmol) in tetrahydrofuran (5 mL)
is treated with HCI (5 mL of 4N in dioxane) and stirred at room temperature for 1 hour.
The reaction is concentrated, dissolved in dichloromethane (5 mL) and concentrated in
vacuo to remove traces of acid and provide H3a, which is used without further
purification; ESIMS m/z for (M+H)* C5HsN505S caled.: 358.2, found: 358.2.

[00193] Step B: H3a (53 mg, 0.15 mmol) and 2-chloro-5-ethyl-pyrimidine (22 uL,
0.18 mmol) are dissolved in 1, 4-dioxane (1 mL). Cesium carbonate (120 mg, 0.37
mmol) is added and the tube is sealed and heated at 150 °C for 2 hours. The reaction
mixture is cooled, filtered, and purified by mass triggered reverse phase HPLC to
provide H3; 'H NMR (CDCl;3, 400 MHz): §8.27 (s, 2H), 4.70 (d, J = 13.2 Hz, 2H), 3.60
(m, 4H), 3.33 (m, 4H), 2.93 (dt, } = 2.0, 13.2 Hz, 2H), 2.83 (s, 3H), 2.77 (t, ] = 7.6 Hz,
2H), 2.51 (q,J =7.6 Hz, 2H), 1.84 (m, 4H), 1.58 (m, 1H), 1.37 (m, 3H), 1.22 (t, ] =7.6
Hz, 3H; ESIMS m/z for M+H)" C,;H34N705S calcd.: 464.2, found: 464.2.

Example H4. Isopropyl 4-(3-(3-(4-(methylsulfonyl)piperazin-1-yl)-1,2,4-
oxadiazol-5-yl)propyl)piperidine-1-carboxylate.

(@]
A 7\ Neo I /k

[00194] By following a similar procedure as the one used for preparing H1 from
H1a except substituting H4b (see scheme below) for 1-Boc-piperidin-4-yl propionic acid
acid, H4 is prepared; ESIMS m/z for (M+H)" C19H34N505S calcd.: 444.2, found: 480.3.

80



mL) is treated with KCN (3.6 mg, 0.055 mmol) and cesium carbonate (24 mg, 0.077 mmol) and heated
to 80 C for 1.5 hours. The reaction is then diluted with water and extracted with ethyl acetate three
times and d¥yPEHIEt*tice. The combined organics are dried over MgSORCHEYRWEYB)dtated and
purified by silica gel using a linear gradient of 50-100% ethyl acetate in hexane to afford M16. 1H
NMR (400 MHz, CDC13) 37.87 (d, J= 1.6 Hz, 1H), 7.62 (d, J= 1.6 Hz, 1H), 4.28-3.95 (in, 2H), 4.08 (d,
J =6.4 Hz, 2H), 3.53-3.50 (in, 4H), 3.44-3.42 (in, 4H), 3.07 (t, J = 6.8 Hz, 2H), 2.74 (br t, J= 12.0 Hz,
2H), 2.64 (t, J = 7.2 Hz, 2H), 2.24 (quintet, J = 7.2 Hz, 2H), 2.01-1.89 (m, 1H), 1.81-1.77 (in, 2H), 1.54
(s, 3H), 1.30-1.17 (in, 2H), 0.88-0.84 (in, 2H), 0.64-0.60 (in, 2H); ESIMS m/z fO@(M+H +
C23H35N605S calcd: 507 2, found; 07 2 Example M17: 1- Methylcyclop

44(5-(4-(3-(1H-tetrazol- 5%

yl)propylsulfonyl)piperazin=-¥<ylipyrazin-2- onxy)methyIIplper e- te. WO
20091038974PCT/U S2008/07g%.45 [00240]A solution of M16(12 mg O mmol) in isopropanol (0.1
nth) and water (0.3 mL) is treated with ZnBr2 (27 nig, 0.12 mmol) and NaN .3 (7.7 mg, 0.12 mmol) and
heated to 150 C Blpéﬁﬁi;ht. TRerasesiahyiavait ]é&lﬂ?ré%% Pyrinb ésfittereadrd puied directly via a
mass-directed HRlGd1aendid 1760 it NMRe(AAMMEZGR1 SN d83 dbedznk hiHzsubtiy 7.71 (d,

J= 1.6 Hz, 1H), 4.16-3.89 (m, 2H), 4.06 (d, J = 6.4 Hz, 2H), 3.49-3.46(m, 4H), 3.35-3.32 (m, 4H),
3.12-3.04 (m, 4H‘}“’E‘§il‘32c‘?81@ﬁn %‘ELI??/ ‘Za%t?téo%ﬁfﬂ?‘il?jl ‘if*fSPio??_Ll °r§ﬁ?fnftﬁ81(t§h§iel) 1.22-1.12
(m, 2H), 0.81-0.78.4m, P30)m0)60Qded dropwikt); et mﬁaeﬁﬁﬁdlwlﬂaieomaﬂsﬁelﬁﬁhl&@ﬁﬁeﬁaicd 550.3,

found: 550.3. Exam Ie M18 1- cIo py 1443- a sulfon

Epiperazin-I- yl)pyP VTR Mr il%ﬁﬁ élgfplqé Lléeﬁﬁ Cx@}t%?énléﬂe% -Wﬁe‘/f; 1002411A
solution of M6 (1ac3tang :ﬁl&almale& IMHN Nudiene tihyfannaaidedddnb yisidrBdted with NaN3 (42.7 mg,
0.67 mmol) and heated to 90 C overnight. The reaction is cooled to room temperature, partitioned
between water and ethyl acetate. The organics are exracted with water twice more, dried over
MgSO4, filtered evaporatﬁmmeﬂdriﬁdwbyowibé gel(2160r(g-tnhetbaitsgHaaidinipt®»400% ethyl acetate in
hexane to afford yph fz%rlrge}q @Iﬁy%%%ﬁi‘ﬂii?tl‘ ﬁ)disfglgg&idigz%manol (2 mL) and treated with 10%
Pd/C (20 mg) and ydrogena ed at room temperatlre overnight. The catalyst is removed by filtration
through Celite and the reaction is concentrated and purlfled directly via a mass-directed HPLC to
afford M18. 1H NMR (400 MHz, CD3CN) 3‘7’86 & 1.4 Hz, 1H) 7.61 (d, J=1.5Hz, 1H), 4.19 (m,
2H), 4.07 (d, J = 6.5 Hz, 2H), 350(|1?'$[‘°"3dsll)I 3. , 2H), 2.88 (t, J = 6.7 Hz, 2H), 2.74
(dd. J =13.0, 12.0 Hz, 2H), 1.98 (in, 3H), 1.79 (m 2H), 1 54 S, 24 (in, 2H), 0.86 (in, 2H), 0.62
(in, 2H); ESIMS in/z for (M+H)+ C22H37N605S calcd: 497.3, ou\flré)}ﬁ—g Example M19:
Tert-butyl 0~
41(5-(4-(3-acetoxypropylsulfonyl)piperazin-lyl)pyrazin-2-yloxy)methyl)piperidine-1-earboxylate.

\ 0 ON AcOS-N N/ 0 V/
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0 [00242]A solution of MS (154 mg, 0.30 mmol) in N,N-dimethylformamide (2 niL) is treated with
sodium acetate (73 nig, 0.89 mmol) and sodium iodide (45 fig, 0.30 mmol) and heated to 120 C
overnight. THE 424188774 cooled to room temperature, partitioned betweenREHASANY Rt acetate.
The organics are exracted with water twice more, dried over MgSO4, filtered evaporated and purified
by silica gel using a linear gradient of 0-100% ethyl acetate in dichlorornethane to afford M19; 1H
NMR (400 MHz, CD3CN) 37.87 (d, J = 1.4 Hz, IN), 7.83 (d, J = 1.5 Hz, IN), 4.20(t, J = 6.1 Hz, 2H),
1.14(m, 2H), 4.08(d, J = 6.6 Hp1F); 3: , 4815P 3. 44(af] , , 28pB74 (m, 2H), 2.19 (ni,
2H), 2.07 (s, 3H), 1.95 (ni, IN), 1.80 (m,RH)N.46 (s, 9H), 1.26 (M} ;\CENSIMS tri/z for (M-Boc+H)11
CI9H32N5055 calcd: 442.2 , found: #g2.3. Example M20: 1-Mettyylcyclopropyl 4454443-
methuxyprupylsulfunybpi perazin- 1-ybpyrazin-2-yloxy)methybpi peri dine - 1- carbuxylate. 0 \ 0 MeO\
N =>- 0 0 [00243]A solution of M6 (26 mg, 0.049 mmol) in mgthanol (1 niL) is treated with a 0.5 M
solution of sodium metHoxide"in nfethanol (0.2 inL s@plcmme) to 65 C overnight and at 95

C for 10 hours. The reaction is co m temperature, the sol regnoved in vacuo and the
crude residue is purified by silica gel using & Tinear gradient of 0-80% ethyl ic in hexane to afford
M20. 1H NMR (400 MHz, CDC13)%8 7.86(&" J = 1.2 Hz, 1H), 7.61 (d1d = 1.6 B¥, 1R). 4.15 (m, 2H).

4.07(d. J = 6.4 Hz, 2H), 3.49(m, 6H), 3.42 (n, 4H), 3.33 (s, 3H), 3.04 (M, 2H), 2.74(t, J = 12.4 Hz, 2H),
2.09 (n, 2H), 1 94(m, 1H), 1.79(d, J =124 I—gep%y), 1.54 (g;3H), - ﬂHBQCZEQP @.86(m, 2H), 0.62 (m,
2H); ESIMS ink for (M4-Hr CBHNWﬁgé?WMlMs&W@NS 2. Example M21:
1-Methylcyclopropyl 4-((5-(4-(3-(2-methyl-IlI-imidazol-1- ©
yOpropylsulfonyOpiperazin-l-yOpyrabia-2-yloxy)methyLpiperide-1-carboxylate. 0-NN/ihOAN0O N
47./0 [00244]A solution of M6 (53 mg, 0.10 mmol) in tetrak);Ldgrfuran N(1 mL) is treated

SoMe MeO,SN N%\ |
o-N s
s, 7
=

N N~ N Step F N

H B —
)’\/N
0

X

[00196] Step A: To a stirred a suspension of sodiumhydrogencarbonate (2.80 g, 33.3

° n1g Example 11

mmol) in water (1.5 mL) is added I1a hydrochloride salt (2.00 g, 11.1 mmol) and
dichloromethane (2 mL). The mixture is cooled in ice/water bath and stirred. A solution of
cyanogen bromide (1.42 g, 13.4 mmol) in dichloromethane (3 ml.) is added over a period of
1 hour. The cold bath is removed and the reaction is stirred overnight. 0.33 g of Na,CO3 is
added to ensure the reaction is basic. The reaction is diluted with dichloromethane (20 mL),
dried with MgSQ,4. The mixture is filtered, washed with dichloromethane, and evaporated to
give I1b; ESIMS m/; for (M+H)" CgH7N,O caled.: 169.1, found: 169.1.

[00197] Step B: A solution of I1b (1.87 g, 11.1 mmol) and N'-hydroxy
isobutyrimidamide (1.70 g, 16.7 mmol) in ethyl acetate (40 mL) is treated with a solution
of ZnCl, (16.7mL, 1N in ether) dropwise. A white precipitate is formed. After stirring at
room temperature for 15 minutes, the precipitate stuck on the flask and made stirring
difficult. The solid is triturated with ether (40 mL) and stirred for 4 hours until a yellow
suspension is obtained. The solid is collected by filtration, washed with ether (30 mL)

and dried to give a yellow solid which is used without purification for the next step;
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with 2-methylimidazole (8.5 mg, 0.10 mmol) and heated to 65 C overnight. The reaction is cooled to
room temperature, the solvent is removed in vacua and the crude residue is purified directly via a
mass-direct®PREP O3 Hiford M21.114 NMR (400 MHz, CD3CN) 87.86 (d, B-E/V204$01314457 62 (d, J
= 1.4 Hz, 1H), 7.29 (d, J = 2.0 Hz, 1H), 7.18 (d, J = 1.8 Hz, 1H), 4.34 (t, J = 7.0 Hz, 2H), 4.18 (in, 2H),
4.07 (d, J = 6.5 Hz, 2H), 3.51 (in, 4H), 3.41 (in, 4H), 2.93 (in, 2H), 2.83 (s, 3H), 2.74 (in, 2H), 2.42 (in,
2H), 1.94 (in, 1H), 1.79 (in, 2H), 1.54 (s, 3H), 1.25 (in, 2H), 0.86 (in, 2H), 0.62 (in, 2H); ESLMS m/z for
(M+H)+ C261-1400Kf5m/caledviabd T, ilouRdoD64da. . [0pR4 SRy fotlowinarihepipsadite for M21 using

the appropriate amine nucleophiles, the following examples are obtained: Example Structure

Analytical data "W ¥4 Bisss7 st 808075 #8428 tM HYZ M i013ns ©- NN 171 NM[
(400 MHz, CD3(M¥)t¢d86 (do Ic=fdr4 hbtur L ie Febdtith id theh.Soolddth rbai fempetaturd 4hdl (He J = 6.5 Hz,

(i, 5y 164 (n T 2 A SIE 5T 26 st s e il i Bs s

m/z for (M+1-)+ GRibd, 1 dMEBEEMgSO,, filtered and evaporated to afford I1¢; ESIMS m/z for (M+H)"
C13H4N30; caled.: 254.2, found: 254.2.
[00198] Step C: A solution of Il¢ (368 mg, 1.45 mmol) in acetonitrile (8 mL) is
treated with NaH,PO,4 (218 mg, 1.8 mmol), Na,HPO4 (258 mg, 1.8 mmol), TEMPO free
radical (16 mg, 0.1 mmol), NaClO, (328 mg of an 80% pure sample, 2.91 mmol) and
water (8mL). After all the reagents went into solution, 10% bleach (22 pL, 0.03 mmol)
is added and the reaction is stirred overnight. The acetonitrile is removed in vacuo and
the resulting solution is extracted with ethyl acetate once and the organics are discarded.
The aqueous phase is made acidic (pH<1) with concentrated HCI and extracted twice
with ethyl acetate and discarded. The combined organics are dried over MgS0O, and the
solvent is removed to afford I1d; ESIMS m/z for (M+H)" C13H»,N305 caled.: 268.2,
found: 268.1.
[00199] Step D. A solution of I1e (250 mg, 1.4 mol) and methanesulfonyl
piperazine (258 mg, 1.6 mmol) in dichloromethane (4 mL) is treated with HOBt hydrate
(328 mg, 2.1 mmol) followed by EDC (356 mg, 1.9 mmol). After stirring for 3 hours,
the reaction is diluted with ethyl acetate and extracted with water, IM HCl and 1 M
NaOH, dried over MgSQy,, filtered and evaporated to afford I12f ; ESIMS m/z for (M+H)*
C12H24N305S caled.: 322.1, found: 322.2.
[00200] Step E. A sample of I1f (388 mg, 1.2 mmol) is treated with 4 M HCI in
dioxane (4 mL) and aged for 1 hour. The solvent is removed and the residue is treated
with I1d (298 mg, 1.1 mmol), HATU (502 mg, 1.3 mmol) and N-methylpyrrolidinone (4
mL). The solution is then treated with triethylamine (0.39 mL, 2.8 mmol) and stirred for
2 hours. The reaction is then diluted with 1M NaOH and saturated with NaCl. The
resulting solution is extracted 4 times with ethyl acetate and discarded. The combined
organics are dried over MgSO4, filtered, evaporated and further purified on a UV
triggered HPLC to afford I1g; ESIMS m/z for (M+H)" C,0H35NOsS caled.: 471.2, found:
471.1.
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calcd: 551.3, found: 551.5. \ \A.) N-i</0-6 ON

WO 2009/038974 PCT/US2008/075145

[00201] Step F. A suspension of I1g (354 mg, 0.75 mmol) and Lawesson’s reagent
(304 mg, 0.75 mmol) in m-xylene (3 mL) is dipped into an oil bath which is preheated to
140 °C and stirred for 5 minutes. The reaction is then cooled to room temperature and
loaded onto silica gel and purified using a linear gradient of 0-100% ethyl acetate to
afford F1; '"H NMR (CDCls, 400 MHz): & 6.86 (s, 1H), 4.12, (2, 2H), 3.38 (m, 4H), 3.19
(m, 4H), 3.02 (m, 2H), 2.99 (m, 3H), 2.83 (s, 3H), 1.80 (m, 2H), 1.73 (dd, /= 15.3, 7.1,
21H), 1.40 (m, 1H), 1.24 (m, 2H), 1.28 (d, J = 7.0, 6H); ESIMS m/z for (M+H)"
Ca0Ha3N603S; caled.: 469.2, found: 469.1.

Example J1: Isopropyl 4-((4-(1-methanesulfonyl-1,2,3,6-
tetrahydropyridin-4-yl)phenoxy)methyl)piperidine-1-carboxylate.

e
o Yl

MeO MeO
OH
O\I\:> Step A Step B | Step C
_— N. —_— NH ——
No Boc
B

ocC

Jla Jib Jic
02
_S<
McO HO N |
N\%/ N\%/ o“@ )
: : )b
Jid Jle 0
Example J1

[00202] Step A: 4-Bromoanisole (4.5 mL, 36.0 mmol) is dissolved in dry
tetrahydrofuran (50 mL) and cooled to —78 °C under nitrogen. A solution of n-
butyllithium (1.6 M in hexane (22.0 mL, 35.2 mmol) is slowly added with stirring. The
mixture is stirred at —78 °C for 2 hours. A solution of J1a (7.28 g, 36.5 mmol) in dry
tetrahydrofuran (80 mL) under nitrogen is cooled to —78 °C. The suspension of

organolithium prepared above is slowly cannulated with stirring into the solution of J1a,
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M23 /-N\ ()- 1HNMR (400 MHz, CD;CN) 57.85 (d, J = 1.5 Hz, 1H), 7.61 (d, | = 1.5 Hz, 1H), 4.18
(in, 2H), 4.07 (d, J = 6.6 Hz, 2H), 3.51 (in, 411), 3.44 (m, 411), 3.18 (m, 211), 2.98 (in, 211), 2.74 (dd,
J =12.4, 12¥80 294389763 (s, 611), 2.30 (M, 211), 1.94 (in, 111), 1.79 (inPSTAYS0R07§141 1) 1.25
(in, 211), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS ;az for (M+H)+ C.24H41N605S calcd: 525.3 , found:
525.3. S-NN

using a 20-mL tetrahydrofuran rinse. The resulting mixture is stirred at —78 °C for 30
minutes, then at O °C for 15 min. Addition of saturated ammonium chloride solution (60
mL) and extraction with ethyl acetate, washing with brine and concentration in vacuo
yield an oil. The residue is purified using a linear gradient of 10-80% ethyl acetate in
hexane to afford J1b; 'H NMR (CDCl3, 400.13 MHz): 87.39 (d, J= 8.9 Hz, 2H), 6.89
(d, J=8.9 Hz, 2H), 3.99 (br., 2H), 3.81 (s, 3H), 1.96 (br, 2H), 1.71 (m, 4H), 1.49 (s, 9H);
no mass spectrum could be obtained.

[00203] Step B: To a solution of J1b (6.29 g, 20 mmol) in dichloromethane
(120mL) is added trifluoroacetic acid (20 mL), slowly, with stirring. The resulting
solution is stirred at room temperature for 3 hours. Concentration, dilution with
dichloromethane (50 mL), washing with saturated aqueous sodiumhydrogencarbonate
solution, drying over MgSO, and concentration yields J1¢; 'H NMR (CDCls, 400.13
MHz): 6 7.30 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 5.93 (m, 1H), 3.82 (s, 5H),
3.40 (t, J = 6.0 Hz, 2H), 2.77 (m, 2H); ESIMS calcd. for C1,H;sNO (M+H") 190.1, found
190.0.

[00204] Step C: To a solution of J1c¢ (3.41 g, 18 mmol) in dichloromethane (80
mL) is added triethylamine (4.5 mL, 32.0 mmol) in one portion. The resulting mixture is
cooled in an ice/water bath and methanesulfonyl chloride (1.75 mL, 22.5 mmol) is added
dropwise, with stirring, over 5 minutes. The resulting solution is stirred at room
temperature for 30 min. The reaction mixture is added to water (40 mL) and extracted
with dichloromethane (2 x 40 mL). The combined organic extracts are washed with
saturated ammonium chloride aqueous solution, dried over MgSQy, and concentrated to
yield J1d; "H NMR (CDCls, 400.13 MHz): §7.31 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.8
Hz, 2H), 5.98 (m, 1H), 3.96 (q, J = 3.2 Hz, 2H), 3.82 (s, 3H), 3.52 (t, /= 5.7 Hz, 2H),
2.86 (s, 3H), 2.64 (m, 2H); ESIMS calcd. for C;3H;sNO3S (M+H") 268.1, found 268.1.
[00205] Step D: A solution of J1d (3.71 g, 13.9 mmol) in dichloromethane (100
mL) is treated with boron tribromide (5.0 mL, 51.9 mmol) slowly and stirred at room
temperature for 3 hours. The mixture is poured over crushed ice and, after the ice melts,
it is extracted with dichloromethane. Washing with saturated aqueous
sodiumhydrogencarbonate solution, water, and saturated ammonium chloride, drying

over MgSQO, and concentration yield J1e; '"H NMR (CDCl;, 400.13 MHz): §7.27 (d, J
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u (\4)N 0

0 M-24  1HNMR (400 MHz,
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= 8.7 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 5.97 (m, 1H), 4.85 (s, 1H), 3.95 (q, / = 3.2 Hz,
2H), 3.52 (t, J = 5.7 Hz, 2H), 2.86 (s, 3H), 2.63 (m, 2H); ESIMS calcd. for C1,H;sNO3S
(M+H") 254.1, found 254.1.

[00206] Step E: A solution of J1e (0.12 g, 0.47 mmol) in acetonitrile (3 mL) is
treated with Ale (0.16 g, 0.57 mmol) followed by powdered cesium carbonate (0.20 g,
0.6 mmol) and stirred at 60 °C for 5 hours. Cooling, filtration and purification using
mass-triggered reverse phase HPLC affords J1; 'H NMR (CDCls, 400.13 MHz): § 7.30
(d, J=8.7Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 5.97 (m, 1H), 4.92 (septet, J = 6.2 Hz, 1H),
4.19 (br, 2H), 3.95 (dd, J = 2.6, 5.9 Hz, 2H), 3.81 (d, J = 6.3 Hz, 2H), 3.52 (t, J = 5.8 Hz,
2H), 2.85 (s, 3H), 2.78 (m, 2H), 2.63 (m, 2H), 1.97 (m, 1H), 1.83 (dd, /= 1.0, 13.4 Hz,
2H), 1.25 (m, 2H), 1.24 (d, J = 6.2 Hz, 6H); ESIMS calcd. for Co,H33N,05S (M+H")
437.2, found 437.1.

[00207] By following a similar procedure as the one used for preparing J1 from
HJ1a except substituting the appropriate methanesulfonate for intermediate Alc in Step

E and/or 3-bromoanisole for 4-bromoanisole, the following examples are prepared;

Example Structure Analytical data

S< .
N 0 ESIMS calcd. for
J2 | J /k Cy Hy N,O5S (M+H") 423.2,
/@ S found 423.1.
o

'H NMR (CDCls;, 400.13
MHz): &7.30(d, J=8.7 Hz,
2H), 6.86 (d, J =8.7 Hz, 2H),
5.97 (m, 1H), 4.92 (septet, J =
6.2 Hz, 1H), 4.12 (br, 2H),
4.02 (t,J =5.8,2H), 3.95 (dd,

-3 N o) J=2.6,5.9Hz, 2H), 3.52 (t, J
J3 J /k = 5.8 Hz, 2H), 2.85 (s, 3H),
N O 2.74 (m, 2H), 2.64 (m, 2H),
° 1.85 (m, 1H), 1.73 (dd, J =

1.0, 13.4 Hz, 2H), 1.24 (d, J =
6.2 Hz, 6H), 1.18 (m, 2H);
ESIMS calcd. for
Cy3HisN,05S (M+H™) 451.2,
found 451.2.
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CD;CN) 57.86 (d, J = 1.2 Hz, 1H), 7.82 (d, | = 1.6 Hz, 1H), 4.10 (d, J = 6.4 Hz, 2H), 4.07 (m, 2H), 3.55
2H), 3.15 (t, J = 7.2 Hz, 2H), 1.95 (m, 311), 1.78 (m, 211), 1.50 (s, 3H), 1.22 (m, 211), 0.79 (in, 211),

0.58 (in, 2HWVR 38377 for (M+H)+ C24H38N605S calcd: 522.3, found: FELUS2088(QR 14/

J4

'H NMR (CDCls;, 400.13
MHz): $7.29(d, J=8.7 Hz,
2H), 6.86 (d, J =8.7 Hz, 2H),
5.97 (m, 1H), 4.91 (septet, J =
6.2 Hz, 1H), 4.13 (br, 2H),
3.52 (t, J=5.8 Hz, 2H), 2.85
(s, 3H), 2.71 (m, 2H), 2.63
(m, 2H), 1.81 (m, 2H), 1.70
(m, 5H), 1.42 (m, 4H), 1.24
(d, J=6.2 Hz, 6H), 1.12 (m,
2H); ESIMS calcd. for
C,4Ha7N,O5S (M+H™) 465.2,
found 465.1.

J5

ESIMS calcd. for
C,sHaoN,O5S (M+H™) 479.3,
found 479.1.

Jo6

'H-NMR (400MHz, DMSO-
d6) 6 7.37 (m, 2H), 6.90 (m,
2H), 6.08 (m, 1H), 3.70-4.05
(m, 6H), 2.92 (s, 3H), 2.75
(m, 2H), 2.56 (m, 2H), 1.91
(m, 1H), 1.73 (m, 2H), 1.46
(s, 3H), 1.13 (m, 2H), 0.76
(m, 2H), 0.59 (m, 2H);
ESIMS calcd. for
C3HasN,O5S (M+H™) 449.2,
found 448.8.

J7

'H-NMR (400MHz, DMSO-
d6) 6 7.38 (m, 2H), 6.92 (m,
2H), 6.08 (m, 1H), 3.86 (m,
6H), 3.10 (h, 1H, ] =7.0 Hz),
2.92 (s, 3H), 2.91 (m, 2H),
2.56 (m, 2H), 1.97 (m, 1H),
1.82 (m, 2H), 1.30 (m, 2H),
1.26 (d, 6H, T =7.0 Hz);
ESIMS calcd. for
C3HasN,O,S (M+H™) 461.2,
found 460.8.

J8

'H NMR (CDCls,, 400.13
MHz): 6 7.25(dd, /=7.8, 8.2
Hz, 1H), 6.95(dd, /=2.2,7.8
Hz, 1H), 6.89(dd, /=1.9,2.2
Hz, 1H), 6.81 (dd, /=19, 8.2
Hz, 1H), 6.07 (tt, J=1.5, 3.5
Hz, 1H), 4.91 (septet, J= 6.2
Hz, 1H), 4.13 (br. s, 2H), 3.96
(m, 4H), 3.52 (t, J=5.7 Hz,
2H), 2.86 (s, 3H), 2.73 (t, J =
12.4 Hz, 2H), 2.65 (m, 2H),
1.81 (m, 2H), 1.71 (d, J =
12.7 Hz, 2H), 1.46 (m, 1H),
141 (m,2H),1.24 (d, ] =6.3
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0 M-25 0 IFINM R (400 MHz, CD3CN) 7.83 (d, J = 1.2 Hz, 1H), 7.71 (d, J = 1.6 Hz, 1H), 4.06 (d, J
= 6.8 Hz, 2H), 4.00 (m, 2H), 3.59 (M, 4H), 3.32 (M, 4H), 3.06 (M, 2H), 2.95 (m, 211), 2.74 (in, 2H),
2.10 (in, 11 WO248/88924H), 1.49 (s, 311), 1.17 (m, 2H), 0.79 (m, 211), 0.5FPGA/BAYO8/0SSMR-c /\0 N
\N/

Hz, 6H), 1.12 (ddd, J =4.2,
12.7, 13.0 Hz, 2H); ESIMS
caled. for Co4H3N,O5S
(M+H"*) 465.2, found 465.2.
'H NMR (CDCl,, 400.13
MHz): §7.26(dd, J=7.9,
8.1 Hz, 1H), 6.96 (d, /=17.8
Hz, 1H), 6.89(dd, /=1.8,2.2
Hz, 1H), 6.82 (dd, J=2.0,7.8

o Hz, 1H), 6.07 (m, 1H), 4.91
/Sf (septet, J = 6.2 Hz, 1H), 4.13
N (br, 2H), 4.02 (t, J = 5.8 Hz,

J9 o 2H), 3.97 (dd, J=2.7, 6.0 Hz,
\/\G‘T o 2H), 3.52 (t, T = 5.7 Hz, 2H),

hig j/ 2.86 (s, 3H), 2.74 (t, J=12.4

o Hz, 2H), 2.66 (m, 2H), 1.80
(m, 2H), 1.74 (m, 3H), 1.24
(d, J = 6.2 Hz, 6H), 1.20 (m,
2H); ESIMS calcd. for
Co3H3sN,OsS (M+H*) 451.2,
found 451.2.

Example J10: Isopropyl 4-((4-(1-methanesulfonylpiperidin-4-
yl)phenoxy)methyl)piperidine-1-carboxylate.

N e WS

[00208] A solution of J1 (0.18 g, 0.4 mmol) in ethanol (10 mL) and ethyl acetate (2
mL) is treated with palladium(0) on charcoal (5%, 0.12 g). The mixture is stirred under 1
atm hydrogen for 18 hours. Filtration, concentration, and purification using mass-
triggered reverse phase HPLC yields J9; 'H NMR (CDsCN, 400.13 MHz): 87.19 (d, J
= 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 4.95 (septet, J = 6.2 Hz, 1H), 4.16 (br, 2H), 3.83
(d, J=6.4 Hz, 2H), 3.78 (m, 2H), 2.81 (s, 3H), 2.78 (m, 4H), 2.61 (tt, J = 3.6, 12.1 Hz,
1H), 2.01 (m, 1H), 1.90 (m, 2H), 1.81 (m, 2H), 1.71 (m, 2H), 1.23 (d, J = 6.2 Hz, 6H),
1.22 (m, 2H); ESIMS calcd. for Co,H3sN,05S (M+H™) 439.2, found 439.2.

[00209] By following a similar procedure as the one used for preparing J10 from

J1 except substituting the olefin for intermediate J1 or by following a similar procedure
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WO 20091038974PCT/U8200810751 45 ESIMS m/z for (M+H)+ C.24H36F2N605S calcd: 558.2,
found: 559.2. Example M26: 1-Methylcyclopropy! 445-(4-(yinyLsulfonyhpiperazin-1-
yhpyruin-2-yXgEFE N piperidine-1-carboxylate. 0 ¢S-N N () () /V 0 [00248EBRHEHGF Mic (308 mg,
0.82 mmol) in tetrahydorfuran (4 mL) is cooled in an ice/water bath and treated with triethylamine (299
mg, 3.0 mmol) followed by 2-chloroethanesulfonyl chloride (401 mg, 2.5 mmol) added over 10
minutes. The reaction is stirred for an hour and then evaporated and partitioned between water and

ethyl acetate. Thg;gaRICs eR¥REAEAIMIMTWAIGI Swicepn@IR diad eygr MgSO4, filtered evaporated
and purified by silica gel usinq a linear gradient of 0-100% ethyl acetate in hexane to afford M26; NMR

(400 MHz, CD3CR X yphepylipiperiging of frf 37mphayyphenyyniperidipe for i ghefoowineg 1 . 1H).
4.19 (M, 2H). 3.8xfehples Bephdgareh). 3.54 (in, 4H), 3.34 (in, 4H), 3.08 (ddd, J = 13.1. 2.8, 2.8 Hz.

2H), 2.80 (s. 3H). 2.04 (m. 1H), 1.92 (in. 2H). 1.44 (in. 2H). 1.28 (in, 6H); ESIMS tniz for (M+H)+
C211-132N505S-caled:-466-2, found:- 466.2. Example M27: 1-Methyleyelopropyl 44(54442-

ethoxyethylsulBxawiperazin-1-yppyrazirSeeytoxsd methyl)piperidine1-earhedytidsl dia-N N/ 0 WO
20091038974PCT/U 82008/075] 45 [00247]By following a similar pfocedure as the one used for

preparing M20 from M@ exceptsybstituting M26 for M6®M2/Es prepargadis1lH.NMR (400 MHz,

CD3CN) 7.86(d.JAF 1.5 Hz, 1H), 7.611(d, 1= 1.5 Hz, 1H). 4118 (m, 2Hd), .02 akm6.6:Hz, 2H), 3.80(,
J =6.0 Hz, 2H), 3.51 (m, 6H), 3.43m, .24 {t, PE 5Q HZ, 2H),| Zovat ¢del0.J = 12.3, 12.4 Hz, 2H),
1.94 (m, 1H)} 1.79 (m, 2H), 1.54 (s, 3H), ), 1.17 (t, J = 7/0 Hz, 3H), 0.86 (m, 2H), 0.62 (m,
2H); ESIMS m/z for (M#H)+ €23H38N506S calcd: 512.3 , found: 512.6.

S<
<~ N o) ESIMS calcd. for
J12 J )\ Cy3HyN,058 (M+H"Y) 453.2,
/\/@ o found 453.2.
0

0,
P S<
ESIMS calcd. for
J13 C4H30N,05S (M+H™) 467.3,
O found 467.2.
N\H/O\(
O
0,

S<
N (0) ESIMS calcd. for
114 L )\ CosH, N,O5S (M+H™) 481.3,
N O found 481.1.
0

"H-NMR (400MHz, CDCl,) 3
7.11 (m, 2H), 6.83 (m, 2H),
4.12 (m, 2H), 3.93 (m, 2H),
3.77(d,2H,J=6.3 Hz), 2.81

_E_ND_QO o (s, 3H), 2.75 (m, 2H), 2.5 (tt,
J15 i \_CN_< 1H,1=3.5,12.1 Hz), 1.93
04{& (m, 2H), 1.81 (m, 4H), 1.55
(s, 3H), 1.26 (m, 2H), 0.86
(m, 2H), 0.62 (m, 2H).
ESIMS calcd. for

C23H3sN,05S (M+H™) 451.2,
found 451.2.

(@]
Ms N NJJ\OJ\ ESIMS caled. for
J16 o C1,H3sN,0s5S (M+H+) 439.2,
found 439.1.
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Example M28: I-Methylcyclopropy! 4-((5-(4-(2-(piperidin-1-
yOethylsulfonyl)piperazin-1-371)pyrazin-2-yloxy)methyppiperidine-1-carboxylate. ) S-N N 11\ / C)
[00248]A soYR3A8{R#2BH (27 mg, 0.058 mmol) in ethanol (0.5 niL) is treated ShtHP98AdNE5(13.3 mg,
0.12 mmol) and stirred at room temperture overnight. The reaction is diluted with
N,N-dimethylfonnamide and purified directly via a mass-directed HPLC to afford M27;NMR (400 MHz,

CD3CN) 87.
3.70 (in, 2H)
(in, 111), 1.2
551.3, found
M26 except
prepared;
ON-\. yn _C

7(d, J=]

4 Hz, 1H), 7.64 (d, J = 1.4 Hz, 1H), 4.19 (in

2H), 4.07 (d, J = 6.5 Hz, 2H),

3.49 (in, &
4 (in, 2H),
- 55113. [0
substituting
Example S

R, 4H), 2.75 (in, 4H), 1.93 (in, 6H)
0.86 (inl 2H), 0.6
N249]By 5 Iow
) & commercialijra

tructure Analytical data

(i, 2H); EQIMS m/z for (N
similar proceédure as the
ailable amin8 iperidin

WO 21)4)9/1)3897

1.80 (in, 2H), 1.54 (s, 3H), 1.45
N&iys GR6MH4A3N605S calcd:
oheHudedtSoYpiepating M28 from
&% Tollowing examples are
4PCT/U S2008/0751 45 M29 C\\

1=2)_ S1

J18

INVOK\ ¢ 4, __/a\ NI'i0 1IFINMR (460 MHz,

Ms~y NJ\O
O\@/O\/\/Q

ESIMS calcd. for
C,4HaoN,0O5S (M+H™) 467.3,
found 467.1.

J19

'"H-NMR (400MHz, DMSO-
d6) 6 8.38 (m, 1H), 7.75 (dd,
1H,J =2.5,9.2 Hz), 7.16 (m,
2H), 6.96 (d, 1H,J =9.2 Hz),
6.86 (m, 2H), 4.46 (m, 2H),
3.82(d, 2H, ] = 6.4 Hz), 3.65
(m, 2H), 2.95 (m, 2H), 2.88
(s, 3H), 2.78 (m, 2H), 2.56 (tt,
1H,J =3.5,12.3 Hz), 2.07
(m, 1H), 1.83 (m, 4H), 1.62
(m, 2H), 1.24 (m, 2H).
ESIMS calced. for

CoyH3 FsN; O3S (M+H")
498.2, found 497.8.

J20

"H-NMR (400MHz, DMSO-
d6) 8 7.16 (m, 2H), 6.86 (m,
2H), 3.87 (m, 2H), 3.82 (d,
2H, J = 6.5 Hz), 3.65 (m, 2H),
3.10(h, 1H, J = 7.0Hz), 2.90
(m, 2H), 2.89 (s, 3H), 2.78
(m, 3H), 2.56 (tt, 1H, ] = 3.4,
12.2 Hz), 1.95 (m, 1H), 1.82
(m, 4H), 1.62 (m, 2H), 1.29
(m, 2H), 1.26 (d, 6H, T =7.0
Hz). ESIMS calcd. for
Cy3H3sN,O,S (M+H") 463.2,
found 463.2.

J21

'H-NMR (400MHz, DMSO-
d6) 6 8.54 (m, 1H), 8.16 (d,
1H, T =2.0Hz), 7.17 (m, 2H),
6.88 (m, 2H), 4.04 (m, 2H),
3.86(d, 2H, ] = 6.4 Hz), 3.65
(m, 2H), 2.93 (m, 2H), 2.89
(s, 3H), 2.78 (m, 2H), 2.56 (tt,
1H,J =3.5,12.2 Hz), 2.01
(m, 1H), 1.86 (m, 4H), 1.62
(m, 2H), 1.43 (m, 2H).
ESIMS calcd. for
C,4H3,CIF3N;058 (M+HY)
532.2, found 531.9.
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CD3CN) 87.86 (s, 1H), 7.62 (s, 1H), 4.19 (m, 2H), 4.07 (d. J = 6.5 Hz, 2H), 3.97 (m, 5H), 3.49 (m, 5H),
3.42 On, 5H), 2.74 On, 211), 1.94 (m, 1 H), 1 .79 (m, 2H), 1.54 (s, 3H), 1.24 (m, 2H), 0.86 (in, 2H),
0.61 (in, 2); EQPIZBR THr (134+T-1)k C23FI4IN606S calcd: 553.3. found: SETAKMEYAAIHT N-\ 0/ 1H
NMR (400 MHz, CD3CN) 87.38 (s, 1H), 7.64 (s, 1H), 4.18 (in, 211), 4.07 (d. J = 6.5 Hz, 2H), 3.51 (m,
8H), 3.44 (m, 4H), 2.94 (s, 6H), 2.76 On, 211), 1.96 (m, 1H), 1.80 (m, 2H), 1.54 (s, 3H), 1.24 (m, 2H),

0.87 (in, 2H)
S-NNA HV

1H), 4.10 (d,
7H), 0.79 (m

0.62 (in,

H): ESTMS ink for (134+T-I)k C2;H39N603

calcd: 511.3. found: 5

1.2.

N/ M3
J=6.4 Hz
| 2H), 0.58

J22

I 1H NMR (400 MHz, CD3CN) 87.36 (:1. J =

. 2H), 4.07 (in, 2H), 3.55 2H), 1.95 (in, 3H), 1

) J=
28,0, 7 215071534
%&é@i?@%ﬁ%ﬁ

(m, 2H): ES1IMS ink for 04+1-0+ C24T418N

—C%QLC@

HIMB %P%W@%gg J

8.08Ld,

4.29 (m, 2H), 3.81 (d, 2H, J =
6.4 Hz), 3.65 (m, 2H), 2.88 (s,
3H), 2.81 (m, 4H), 2.56 (tt,
1H,J =34, 11.9 Hz), 2.00
(m, 1H), 1.82 (m, 4H), 1.62
(m, 2H), 1.25 (m, 2H).
ESIMS calcd. for

C,3H3 CIN;O5S (M+HY)
464.2, found 464.2.

= 1.6 Hz,
), 1.22 (m,
l. 523.2.

J23

"H-NMR (400MHz, DMSO-
d6) 8 7.50 (d, 1H, ] =9.6 Hz),
741(d, 1H,J=9.7Hz),7.16
(m, 2H), 6.87 (m, 2H), 4.37
(m, 2H),3.82 (d,2H,J =64
Hz), 3.64 (m, 2H), 2.96 (m,
2H), 2.88 (s, 3H), 2.78 (m,
2H),2.56 (tt, 1H,J=3.4,11.9
Hz), 2.06 (m, 1H), 1.84 (m,
4H), 1.62 (m, 2H), 1.29 (m,
2H). ESIMS calcd. for
C,,H3(CIN,O5S (M+H")
465.2, found 465.2.

J24

"H-NMR (400MHz, DMSO-
d6) 5 8.43 (s, 2H), 7.16 (m,
2H), 6.86 (m, 2H), 4.61 (m,
2H), 3.81 (d, 2H, ] = 6.6 Hz),
3.65 (m, 2H), 2.93 (m, 2H),
2.88 (s, 3H), 2.78 (m, 2H),
2.55 (m, 1H), 2.05 (m, 1H),
1.82 (m, 4H), 1.62 (m, 2H),
1.22 (m, 2H). ESIMS calcd.
for C22H30BIN403S (M+H+)
509.1, found 508.9.

J25

'"H-NMR (400MHz, DMSO-
d6) 5 8.24 (s, 2H), 7.16 (m,
2H), 6.86 (m, 2H), 4.65 (m,
2H), 3.81 (d, 2H, J = 6.4 Hz),
3.65 (m, 2H), 2.87 (m, 2H),
2.89 (s, 3H), 2.78 (m, 2H),
256 (tt, 1H, T = 3.5, 11.9 Hz),
242 (q,2H,J=7.6 Hz), 2.03
(m, 1H), 1.82 (m, 4H), 1.62
(m, 2H), 1.20 (m, 2H), 1.12 ,
3H, J =7.6). ESIMS calcd.
for C24H35N403S (M+H+)
459.2, found 459.2.

J26

"H-NMR (400MHz, DMSO-
d6) §8.07 (d, 1H, T = 3.1 Hz),
7.49 (ddd, 1H, T = 3.1, 8.4,9.2
Hz), 7.16 (m, 2H), 6.88 (m,
3H), 423 (m, 2H), 3.82 (d,
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S-NNui/0 0N M32F/0_i;v.' _N7N-\HC\- 1H NMR (400 MHz, CD;CN) 87.83 (d. J= 1.2
Hz, 1H), 7.71 (d, J = 1.6 Hz, 1H), 4.06 (d, J = 6.8 Hz, 2H), 4.00 (m, 2H), 3.59 (t, J = 12.4 Hz, 4H), 3.48
On, 4H) 3.3YBR%4$8 6 On 2H) , , 2.95 On 2H), 2.74 ,,, (m, 7H), 2.10 (MPAHYSIWEYFRIPH), 1.49 (
s, 3H), 1.17 (in, 2H), 0.79 (in, 2H), 0.59 (m, 2H); ESIMS nt/z for (M+H)+ C24H36F2N60,S calcd:

558.2, found: 559.2. S-NNAO aV ON/

2H, ] = 6.4 Hz), 3.65 (m, 2H),
2.89 (s, 3H), 2.79 (m, 4H),
2.57 (tt, 1H, T =3.5, 12.0 Hz),
1.98 (m, 1H), 1.82 (m, 4H),
1.62 (m, 2H), 1.27 (m, 2H).
ESIMS calcd. for

C,3H3 FN;O5S (M+HY) 448.2,
found 448.2.

J27 0

NKZJE/

"H-NMR (400MHz, DMSO-
d6) 8 7.16 (m, 2H), 6.87 (m,
2H), 3.99 (m, 2H), 3.83 (d,
2H, J = 6.4 Hz), 3.65 (m, 2H),
3.12(m, 2H), 2.89 (s, 3H),
2.79 (m, 3H), 2.56 (tt, 1H, ] =
3.5,11.9 Hz), 1.99 (m, 1H),
1.84 (m, 4H), 1.62 (m, 2H),
1.31 (m, 2H), 1.18 (d, 6H, J =
6.9 Hz). ESIMS calcd. for
Cy3H3sN,O,S (M+H") 463.2,
found 463.2.

J28 _E_ND_@O\_CNW

"H-NMR (400MHz, DMSO-
d6) 5 8.10 (d, 1H, T = 10.0
Hz), 8.01 (d, 1H, J = 10.0
Hz), 7.17 (m, 2H), 6.87 (m,
2H), 4.31 (m, 2H), 3.84 (d,
2H, ] = 6.4 Hz), 3.66 (m, 2H),
3.25 (m, 2H), 2.89 (s, 3H),
278 (m, 2H), 2.56 (tt, 1H, J =
3.4, 12.3 Hz), 2.16 (m, 1H),
1.92 (m, 2H), 1.82 (m, 2H),
1.62 (m, 2H), 1.41 (m, 2H),
1.32 (s, 9H). ESIMS calcd.
for C26H39N403S (M+H+)
486.3, found 486.3.

129 _E_NQ_Q

"H-NMR (400MHz, DMSO-
d6) 6 8.42 (d, 2H, ] = 0.8 Hz),
7.16 (m, 2H), 6.86 (m, 2H),
4.60 (m, 2H), 3.82 (d, 2H,J =
6.4 Hz), 3.65 (m, 2H), 2.91
(m, 2H), 2.88 (s, 3H), 2.78
(m, 2H), 2.56 (tt, 1H, J = 3.5,
11.9 Hz), 2.03 (m, 1H), 1.82
(m, 4H), 1.62 (m, 2H), 1.21
(m, 2H). ESIMS calcd. for
Cy,H3FN,O5S (M+H") 449.2,
found 448.8.

Example J30: 2-(4-((2-Bromo-4-(1-(methylsulfonyl)piperidin-4-

yl)phenoxy)methyl)piperidin-1-yl)-5-fluoropyrimidine
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Example M33: I-Methylcyclopropy! 4-((5-(4-((1-
(dimethylamino)cyclopropyl)methylsulfonyl)piperazin-I-yl)pyrazin-2-
yloxy)methyWYQ p&ta&  earboxylate. 0 rTh S-N/0  M33aM33bM33cM IS/ URASSANIP
[00250]Step A: A solution of M33a (5.0 g, 33 mmol) in acetic acid (50 mL) is treated with 30%
aqueous hydrogen peroxide (7.92 g of solution, 70 minol) and stirred at 100 C for 1 hour. The solvent
was then removed and the reaction was coevaporated with toluene 3 times. [00251]A sample of M33a

(4 g, 22 mmol) in tetrahydrofuran (40 mL)fSﬁ_sN%O N
a O
Br N

[00210] This material is prepared when a large scale preparation of J28 from 4-(4-
methoxyphenyl)piperidine in place of J1e¢ following the scheme outlined for J1 yielded a
brominated byproduct in step D: "H-NMR (400MHz, DMSO-d6) 5 8.43 (d, 2H, I = 0.8
Hz),7.45(d, 1H, J =2.1 Hz), 7.21 (dd, 1H, J =2.1, 8.6 Hz), 7.04 (d, 1H, ] = 8.6 Hz),
4.61 (m, 2H), 3.91 (d, 2H, J = 6.3 Hz), 3.65 (m, 2H), 2.93 (m, 2H), 2.89 (s, 3H), 2.77 (m,
2H), 2.59 (tt, 1H, J = 3.5, 12.0 Hz), 2.07 (m, 1H), 1.84 (m, 4H), 1.62 (m, 2H), 1.27 (m,
2H). ESIMS calcd. for C»,H»sBrFN,O;S (M+H™) 527.1, found 527.1.

Example K1: 1-Methylcyclopropyl 4-methoxy-4-((5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

o
/N N= /_b
MeOSN N —Q\;}—o NW/OK
0

HO
O
Step A N= Step B
—_— BI_Q\; /)0 N _
X : T
la © K1b ©

K

HO HO
MeO,SN N Nioﬁo —>Stepc MeO,SN N N:>—o/—\o
TN _Q\—I\{ N, 0 RN _Q\_I\{ N_ o
X rx
Klc O K1d O

O/
22 oo 3 -0 L)
—  MeO,SN N—Q_ )—0
N
NIV W o
Example K1 0
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an ice/water bath and treated with BuLi in hexane (13.2 mL of a 2 M solution 26 mmol) and stirred for
20 minutes. The resulting yellow solution is treated with paraformaldehyde (1.65 g. 55 mmol) and
allowed to sSYHXGPPRHR 4The reaction is then quenched with saturated aquBbBLaHAPRGANM chloride
and filtered through a pad of Celite(r) using ethyl acetate. The organics are isolated, dried over
MgSO4. filtered, evaporated and purified on silica gel using a linear gradient of 0-100% ethyl acetate
in hexane to afford M33b; 1H NMR (400 MHz, CDC13) 87.91 (m, 21-1), 7.68 On, | FL, 7.59 (m, 2H),

3.64 (d, J = 6.4 Hgo2H), 2.729¢g A} A Befutlodt dH K12 2D 6410M, BhbiYaRd Oiiesbls-ES IMS in/z for
(M+H)+ CIOH1303S calcd: 213.1, found: 213.0. [00252]Step B: A solution of M33b (4.2 g, 20 mmol) in

dichIoromethane%qﬂ?)y@zﬁga@%&\)v}tﬁ el s P ey Jidensioh Bb i isaedsyi8d in an
ice/water bath and,rteated metianasudonyt chlosite 60.95 eiedd sninaliel bsoERdLEABIS Stirred

overnight an allowed to come to room te ergtur TE;? reaction is then gyen hed with.aqueous 1 M
FICT and extractSh TR RS BAA LS A h YIS A0S GHET GNP S Hired,
evaporated and ffitie ratedivsithredieitiayd ethereBOaf filrerdd 33 aphiiviR] (hd(pddifizd &DAib4 e6l vsh: @n, 2H),

7.68(m, 1H), 7.59(m. 2H)..4.41 (s, 2H), 2,82(s, 3H). 1.80 (m, 2 ( : ESIMS p//z.for (M+H)+
C1t His0587 calt R Hat 00k St e a o R B Y TS o
N-dimgthylformio@(ﬂ&lﬁml_ﬂ)(ié qeéated&&i_ﬂh @gt@§§ﬁﬁﬂ.thioacetate (1.3 g, 11 mmol) and water (20 mL)
and stirred at 60 Gaygnioht stliersgeionis A e sl aeaiale and extiacis i yater twice.

The organics are Isolated, dried over MgSO4, filtered, evaporated and purified on'silica gel using a
linear gradient offmogmy ethilt-dceehterapyitdiarevioamoedminpsdding-| - KAPRXMTO Me¢Rt CDC13)

67.88 (M, 2H), 7 8Biuihd K b8 1%4(%@1&'3@&%@& hoRHIndiRP $Perrdible-+-02 (M, 2H); ES
IMS n//z for (M+H)+ Cd2H1504S2 calcd: 271.1, found: 271.0. [00254]Step D: A cold (ice/water bath)

solution of acetoRfRXEIE L dnerePr BYRMS iz, ford MmintiriblwdlaRed GHad A3 1giandg, 6.27

mmol), allowed tqstis for 5 minutes and treated dropwise with a solution of M33d (358 mg, 1.6 mmol)

in acetonitrile (419(40%. After 30 minutes of stirring, the reaction is diluted with diethyl ether and
extracted with brif€{dhter artie@trRdLINing iguli Aracedite srghn e Aredd8i L2 i ed over

MgSO4, filtered axtienafiarskMa3absilihd Kie B, €Mdli) préphd1PTUBIS2 ralad+20%.0, found:
294.9. [00255]St : old (ice/w bath) solution of Mlc (524 mg, 1.4 mmol) and triethylamine
L G I

(282 mg, 2.8 mm rometha reated with a solution of M33e (solution of the crude
from the last stedPO2diEhlornSeepdeA Solnkipniitdd1d (iting:, @f Stinrirg) th& rNaction is evaporated and

purified silica gel ysi linear gradient of 0- 100% et etate in ane t rd 1'.433f; ESIMS
iz for (vis - G2 gy e S R DR B B S 57 g
0.25 mind) in 2 M3d@imethylaminelinA&tattiydngfar sovpiRtenipedamiederid hantd: withtpotassiared

tert-butoxide (28 (g, 0:25 i ANASHTeHHObL N . TG IEaFHONIS PYARYIAIG s dilited, with
methanol and purified directly via a mass-directéd HPLC to afford M33; | H-NMR (400MHz, CDC13) 8

7.86(d, J= 1.4 HMgbs Fibar¢d eyaperatqd and myrifizobgilizpigeluomg @, iness gadienp ph S8 Hi(th, 4H),
3.39 (m, 4H), 3.0, REbhelird Aelddle 45 atrd RE- B1HMRHE B3/ 460 8BMilIA4 §M0dli, A=P{m, 2H),
1.55 (s, 3H), 1.25 (m, 2H;, 0.935m, 2H), 0.86 (m, 4H);

Hz, IH), 7.61 (d, J = 1.4 Hz, 1H), 4.20 (m, 2H), 3.91 (m, 2H), 3.54 (m, 4H), 3.37 (m,

4H), 3.29 (s, 3H), 3.13 (m, 2H), 2.82 (s, 3H), 1.89 (m, 2H), 1.55 (m, 2H), 1.55 s, 3H),

0.87 (m, 2H), 0.62 (m, 2H); ESIMS calcd. for C,1H34N506S (M+H") 484.2, found 484.1.

Example K2: 1-methylcyclopropyl 4-hydroxy-4-((6-(4-
(isobutylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-carboxylate.

G N=
{(IS)I_N/\:/\NAQ—O?{ZCN J(Z_%
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ESIMS calcd. for C25R41N605S [M+F] 537.3, found 537.4. [00257] [00258]By following the procedure
for M33 using the appropriate amine nucleophiles in step F, the following examples are obtained:
Example StWEx&180¥A4ytical data M34 BnHN11C\N=_/ S-NN-k, /ii\0 R¢TINBGEABI4RMR
(400MHz, CDC13) 6 7.86 (d, J = 1.5 Hz, 111), 7.61 (d, J = 1.5 Hz, 1H). 7.31 (in, 5H), 4.14 (in, 2H),
4.09 (d, 1 = 6.5 Hz, 2T-1), 3.83 (s, 2H), 3.49 (in, 4H). 3.38 (in, 4H), 3.062, 2.75 (m, 2H),1H), 1.79 (m,
2H), 1.55 (s, 3H), 1.26 (m, 2H), 0.92 (in, 2H). 0.87 (in, 2H), 0.71 (in, 2H), 0.62 (m, 211); ESTMS calcd
for C30H43N605S [M-FH]+ 599.3, found 599.5. M35 CN-. 0 iiC\N=_i s-N/N-(/0 \

)\O/\\S//O
BOCN/\ \N/\

B Nx Step A B Nx Step B K/ NNy Step C K/N Ns
OH = =
K2a

OBn OBn OBn

K2b K2c K2d

)\O/\\S/:O {9 N=
Step D N/\ Step E S—N N@O 0
= T T O
| HO O‘%

=
K2e of Example K2

[00215] Step A: A solution of K2a (2.0 g, 11.5 mmol) and benzyl bromide (2.36
g, 13.8 mmol) in N-methylpyrrolidinone (15 mL) is treated with K,CO3 (2.38 g, 17.2
mmol) and stirred at 60 °C overnight. The reaction is cooled to room temperature,
diluted with ethyl acetate and extracted with water twice. The organics are then dried
over MgSQy, filtered evaporated and purified on silica gel using a linear gradient of 0-
100% ethyl acetate in hexane to afford K2b; '"H NMR (CDCls, 400.13 MHz): 8§8.13 (d,
J=3.1Hz, 1H), 7.38 (m, 6H), 7.15 (dd, J = 3.2, 8.7 Hz, 1H), 5.09 (s, 2H); ESIMS m/z
for (M+H)* C;,H;;BrNO calcd: 264.0, found: 264.0.

[00216] Step B: A roundbottom flask is charged with K2b (2.55 g, 9.65 mmol),
Pd,dba; (177 mg, 0.19 mmol), xantphos (335 mg, 0.58 mmol) and tert-butyl piperazine-
1-carboxylate (2.16 g, 11.6 mmol) followed by dry toluene (30 mL). The flask is
sparged with dry nitrogen, treated with NaO7Bu (1.39 g, 14.5 mmol), sealed, dipped into
a pre heated 100 °C oil bath and stirred for 2 hours. The reaction is then cooled to room
temperature, diluted with ethyl acetate and extracted with water twice. The organics are
then dried over MgSQy, filtered evaporated and purified on silica gel using a linear
gradient of 0-100% ethyl acetate in hexane to afford K2¢; ESIMS m/z for (M+H)*
C11HasN30; caled: 370.2, found: 370.1.

[00217] Step C: A solution of K2¢ (970 mg, 2.2 mmol) in 1:1 TFA/
dichloromethane (10 mL) is aged for 1 hour and the solvent is removed. The resulting
residue is partitioned between ethyl acetate and 1 M HCI. The aqueous phase is collected

and the organics are extracted once more with 1 M HCI and discarded. The combined
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sLO N(\INOO _Ic7, 11-I-NMR (400MHz, CDC13) 6 7.86 (d, J = 1.4 Hz, 1H), 7.61 (d, J = 1.4 Hz,
1H), 3.82-4.21 On, 61-1), 4.07 (d, J = 6 5 Hz, 2H), 149 on, 7H), 3.41 (m. 5H), 2.74 (dd, J =12.5, 12.3
Hz, 21-1), 1992 H2{3$91479 (in, 2H), 1.55 (s, 3H), 1.24 (In, 6H), 0.86 (m, 2HEBE2YF/UEYS
ES1MScalcd.for C261441N605S[M+H]+ WO 20091038974PCT/U82008/0751 45 549.3, found 549.4.
Example M36: 1-Methylcyclopropyl 44(54441- aminocyclopropyl)methylsulfonyl)piperazin- 1-y 1)py
razin-2- y loxy)methyl)piperidine-I-carboxylate. NH, rTh S-N N A 0 0 [00259]A solution of M34 (29 mg,

0.048 rnmol) in efhanmpk CkMkiandaeRtiaacidi(l b dcogalrbwil ot Rdikeavssa type) and

hydrogenated at room pressure for 2 hours. The atmosphere is exchanged for nitrogen and the

catalyst is removEGSFomERAG i UgmeiBRtbersae Erutishoa e MerOuiseditiarfetiishol and
purified directly viasaaisgrdicatirshbtRlde (o ahforan¥@é:tddwNiMIR0ONIE 23 T 13)367.86 (d, J=

Lok 10 oL G PN S AT ST B0, g0
1.25 (m, 2H), 0.93)(imin2teR), theB6atmiontis )i b SiVMGicalbgl. don 42 3kiBiZNGOGH fiMutai¢d HL@isfound
ey yco A R AR oy Tt e SO SRR carbony e
OBnN Il IrTh \ A\ b&2d; 'H NMR (CDCls, 400.13 MHz): §7.99 (d, J = 2.8 Hz, 1H), 7.38 (m, 5H), 7.22
(dd, J=3.2,9.1 Hz, 1H), 6.64 (d, /= 9.0 Hz, 1H), 5.04 (s, 2H), 3.52 (m, 4H), 3.37 (m,
4H), 2.76 (d, J = 6.6 Hz, 2H), 1.12 (d, J = 6.7 Hz, 6H); ESIMS m/; for (M+H)"
Ca0HasN30sS caled: 390.2, found: 390.2.
[00218] Step D: A solution of K2d (0.80 g, 2.0 mmol) in ethanol (10 mL) is
treated with PA(OH), (50 mg) and hydrogenated overnight. The catalyst is removed by
filtration through Celite® and resubjected to hydrogenation with 100 mg of 10% Pd/C
overnight. The catalyst is removed by filtration through Celite® and the solvent is
removed. The resulting material is slurried in hexane, collected and dried to afford K2e;
ESIMS m/z for (M+H)" C13H»,N30;S caled: 300.1, found: 300.1.
[00219] Step E: A solution of K2e (75 mg, 0.25 mmol) and K1a (64 mg, 0.30
mmol) in N-methylpyrrolidinone (2 mL) is treated with K,CO3 (52 mg, 0.38 mmol) and
stirred at 80 °C overnight. The reaction is then cooled to room temperature, partitioned
between ethyl acetate and water and extracted with water once more. The organics are
dried over MgSQy, filtered, evaporated, dissolved in dichloromethane (2 mL) and treated
with TFA (2 mL). After stirring for 1 hour, the solvent is removed and the residue is
dissolved in dichloromethane, treated with E3b (59 mg, 0.25 mmol) and excess
triethylamine and stirred overnight. The reaction is then partitioned between ethyl
acetate and water and extracted with water once more. The organics are dried over
MgSQ,, filtered, evaporated and purified on silica gel using a linear gradient of 0-100%
ethyl acetate in hexane to afford K2; "H NMR (CDCls, 400.13 MHz): §7.93 (d, J = 3.0
Hz, 1H), 7.18 (dd, J = 3.1, 9.1 Hz, 1H), 6.65 (d, /= 9.2 Hz, 1H), 3.99 (m, 2H), 3.77 (s,
2H), 3.52 (m, 4H), 3.37 (m, 4H), 3.20 (m, 2H), 2.77 (d, J = 6.6 Hz, 2H), 2.32 (m, 1 H),
2.12 (s, 1H), 1.72 (m, 2H), 1.55 (m, 3H), 1.12 (d, J = 6.7 Hz, 6H), 0.87 (m, 2H), 0.63 (m,
2H); ESIMS m/z for (M+H)" C,4H33N4O¢S caled: 510.3, found: 511.5.
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WO 20091038974PCT/U 82008/0751 45 [00261]A solution of M331 (147 mg, 0.23 mmol) in benzyl
alcohol (1 mL) is treated with sodium hydride (12 mg, 0.5 mmol) and stirred for 24 hours. The reaction
is purified diPEA)N &8 Mass-directed HPLC to afford M37; IH-NMR (400MBETEBEB®Y 751484 (d, J= 1.4
Hz, 1H), 7.56 (d, J= 1.4 Hz, 1H), 7.25 (m, 5H), 4.55 (s, 2H), 4.20(m, 2H), 4.07(d, J= 6.5 Hz, 2H),
3.46(m, 8H), 3.31 (s, 2H), 2.75 (dd, J=12.3, 12.3 Hz, 2H), 1.94 (m, 1H), 1.80 (m, 2H), 1.54 (s, 3H),
1.25 (m, 2H), 1.08 (m, 2H), 0.87 (m, 4H), 0.62 (m, 2H); ESIMS calcd. for C301142N506S [M-kHr
600.3, found 600:GyA8§)262] Example M38: 1 -Methylcyclopropyl 4-((5-(4-((1-

hydroxycyclopropyl)methylsulfonyl)piperazin- 1 -yl)py razin-2- yloxy)methyl)piperidine-1-carboxylate.
OH[X ()iirThS-N'N\8 g"ﬂi@@'@ §=s@f(jﬁéﬂ%ﬂm‘a‘i{'z’icﬁé"rﬂb‘m!oy&éyﬁﬁﬂﬂ)‘ir(%ﬁ%hydrofuran (0.5

mL) is treated witix¢giniagsieniaipipeiaxiad (A)paidii2-pere i Bpipedidaies1eibinsg1dtbe reaction
is then treated with water (50 iff) and trimethylphosphine (9 111 _, of a 1 M solution in tetrahydrofuran,
0.009 mmol) and stirred at 45 C overnight. The reaction is diluted with ethyl acetate and washed with
water. The organics are dried ovethgggf, iltered gj poratgg and purified via a mass-directed HPLC

to afford M38; 1H-NMR (400MHz, CDE3067.8¥<4, 113,62 Js—H), @.18 (m, 2H), 4.07 (d, J= 6.5
Hz, 2H), 3.51 (m, 8H), 3.21 (s, 2H), 2.75dd-3 12.%42.4 Wz 2HN284 (bs, 1H), 1.94(m, 1H), 1.79
(m, 2H), 1.54 (s, 3H), 1.28 (m, 2H), 1.10 (m, 2H), 0.86 (m, 4H), 0.62 (rrP, ); ESIMS calcd. for

C23Hi6N506S [M+H] 510.2, found 510.4. [00264] Example M39: 1-Methylcyclopropyl 44(54442-
hydroxyethylsulfonyl)piperazin-1 -yl)py razin-2-yloxy)methyl)pipe ridine- 1- carboxylate 0 0.11 rTh

'S-N N HO
OAc OAc OH
OAc OAc OH
(S, Step A (S, Step B (S,
N N N
Bn O)\ 2 )\ 2

K3a K3b K3c

{9 S\ N= HQ
me PG
(6]

Example K3

[00221] Step A: A solution of K3a (420 mg, 1.4 mmol) (Helv. Chim. Acta 2004,
87, 2629) in EtOH containing 1% by volume TFA (150 mL) is hydrogenated in an H-
Cube apparatus at 50 atmospheres of H, and 70 °C. The solvent is then removed and the
residue is co-evaporated twice with toluene, dissolved in dichloromethane (10 mL) and
treated with E3b (342 mg, 1.4 mmol), excess triethylamine and a few crystals of DMAP.
The reaction is stirred overnight, partitioned between ethyl acetate and saturated aqueous
sodiumhydrogencarbonate and extracted with satutated aqueous sodium carbonate twice.
The organics are then dried over MgSOy, filtered evaporated and purified on silica gel
using a linear gradient of 0-100% ethyl acetate in hexane to afford K3b; ESIMS m/z for
(M+H)" C15sHx4NOg calcd: 314.2, found: 314.1.

[00222] Step B: A solution of K3b (333 mg, 1.1 mmol) in MeOH is treated with a
solution of Mg(OMe), (5.6 mL of a 0.57 M solution, 3.2 mmol) and stirred for 1 hour.

The reaction is then quenched with excess prewashed Amberlite IR-120 H resin and
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0.12 n N=\"S-INO\N-'HO 0 Example M39 Step A: By following a similar procedure as the
one used for preparing M1 from Mic except substituting benzyl 2-(chlorosulfonyBacetate for methyl 3-
(chlorosulfo®P) pPeH%R8%te, M39a is prepared; ESIMS trx/z for (M+H)+ C28MBNWFEEAfd: 588.3,
found: 588.2. Step B: A solution of M39a (20 mg, 0.034 mmol) in methanol (3 mL) is treated
with sodium borohydride (13 mg, 0.34 mmol) and heated at 80 C for 2 hours. The mixture is cooled,
diluted with water and extracted with ethyl acetate. The organic layer is washed with brine, dried

(Mg$04), filtered sg@peentrates s Priifiigd Ueina ARSI IBURISIre Ysr serphase, oo afford M39;
NMR (400 MHz, CDC13) 8 7.89 (d, J = 1.6 Hz, 1H), 7.64 (d, J = 1.6 Hz, 1H), 4.11 (s, 4H), 3.54 (m,

4H), 3.47 (m, 4H528S 23h1-FRNS 30 2H). 1.96 (in, 111), 1.82 (in, 2H), 1.57 (s, 3H), 1.28 (m, 2H),
0.89 (ni, 2H), 0.6f@EE232H); ESIPES: tixko feridiVbt A © 248134 NS06EneacH: HSfetoriRincle 484.2.
Example M40: 1

e LR S T ST T A S RGBT oA AT e dine--car

boxylate. Step BliehOsihidhi{no¢ckmIBxarpbelMida is stirreSteplA nfAnsadsitiod tofaied138a 440 nig, 0.068
annol) in dimethylformamij L) is ted with ium ¢ nate (50 0.36 mmol) and
D R R W R e AR S

methyl iodide (46S ?ng‘,OB.% min eaction Is then panr?itioned
between ethyl addtatmlandiwatestifhe orgadios! de wboHeEd Withewmagbr. it brineonliegdedraVigSO4,

filtered evaporated and Hsed, GIUde, 100 408 HRXLIIARs ey MRl Z0p iV GO RN R Gricd:

616.3, found: 616.3. By following a similar procedure as the one used for preparing M39 from
M39a except sulsstithiRgehobatstaig 20hemD Ehsriapdredtracdqunme radtinnag betwer3ygy .89 (d, J =

1.6 Hz, 1H), 7.62{gyleaddt WH@TDH%&% Bouk it HeoRtlleBafia (% SAnR 2R AER 348 (In, 4H),
2.76 (in, 2H), 1.97 (in, 1H), 1.81 (in, 2H), 1.57 (s, 3H), 1.40 (in, 6H), 1.27 (in. 2H), 0.89 (in, 2H), 0.64

(in, 2H): ESIMS Moyl H @ 2aiidisnasisgs thacambitedaqyerit S5 ot Fsakndavig prith
1-MethylcyclopropyliNndeitdddectaviex ela-8mes with ethyl acetate. The combined organics are

ey o s 2 s A vacdrmad B A K iy KRR YEh @ [ O SN N O
MHz): 67.93 (d, J=2.9 Hz, 1H), 7.17 (dd, J = 3.1, 9.1 Hz, 1H), 6.64 (d, J=9.1 Hz,
1H), 4.19 (m, 2H), 4.09 (m, 1H), 4.03 (dd, J= 7.6, 9.1 Hz, 1H), 3.84 (dd, J = 6.0, 9.1 Hz,
1H), 3.51 (m, 4H), 3.37 (m, 4H), 2.91 (m, 1H), 2.78 (m, 1H), 2.76 (d, J = 6.6 Hz, 2H),
2.32 (m, 1H), 2.00 (m, 1H), 1.86 (m, 1H), 1.68 (m, 1H), 1.55 (s, 3H), 1.12 (d, J = 6.7 Hz,
6H), 0.88 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C4H3oN4O6S caled: 511.3,
found: 511.4.
[00224]
Example K4: (+/-)-(cis)-1-Methylcyclopropyl 4-((6-(4-
(isobutylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)-3-methoxypiperidine-1-

carboxylate

/
{E_ N/\:/\N @OL?DN J(Z %

[00225] A solution of K3 (25 mg, 0.22 mmol) in N, N-dimethylformamide (2 mL)
is treated with excess (~100 uL) dimethylsulfate and excess (~40 mg) of NaH. The

reaction is stirred for 1 hour and then diluted with ethyl acetate and water. The organics
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/ ,>0Step AStep B IsSCNSO,CI M41aM41bM41c \ 0 Step CO ic\ 11> S-N NO/N-( 0 11 / 0 Example M41
[00265]Step A: A solution of M4 la (1.01 g, 3.9 mmol) in ethanol (25 niL) is treated with potassium
thiocyanate WA 7'ME 3% mmol) and stirred at reflux overnight. The solvent i THERPEAGVER to afford
M41b which is used crude. ESIMS n//z for ovi+Fir c6H loNos calcd: 144.1, found: 144.0. [00266]Step
B: A suspension of M411) (crude from step A) in water (5 mL) is cooled in an ice/water bath and
treated with a slow stream of chlorine gas for 30 minutes. The reaction is then extracted with diethyl

ether and the orggyicsiata Washadithcativied atwartaed e Riggtateriselution ipdawad by
saturated aqueous sodiumhyerICJencarbonate solution, The orﬁanics are then dried over Na2S0O4,

filtered and evap®tarButHedrS o ad Wingr Ware Ead Y mMNE Faxt reeldR eSS trr/z for
(M+H)+ C5H10008& c&led ABTMR faumdi; 185.03 (026 7/ 1Step (@, By iollewingia ingilad preceglure as

the one used for prepari | from Mlle except substituti 41¢ for methyl
3-(chiorosutforyiy Ik B WL 1S Lrell T AN CASONIE, CEig A%/ 8y 78 vz, 1h
7.62(d, J= 1.5 Hzpl, Hi{)436%2 (ch, 3HB.3 HZnR AN 4246, =64 Hz, ZHY) 242 2{n2 121}, 32.08.(d, J= 6.6
Hz, 2H), 3.53 (m Q(m, 4H) 5(s,,2 74.(dd, 1=12.4 12 4 Hz, 2H), 1.94 (m, 1H), 1.79
(. 211, 165 (o, 4 Lot Do B DAy S g o o S B or
C24H3sN506S [MSH|s 243, Gourioh 524) 2ESIM SEa fiop @/NVKY: CMBIhIOyE kand#as. 3, found:
4-((5-(4-(3-acetoxyz2,2- dimethylpropyl sulfonyl)piperazin-l-ybpyrazin-2-yloxy)methybpiperidine-1-
carboxylate. 0 H 04> S-N NO / Ac0S..0 Example M42 [00268]Step A: A solution of M42a (2 g 12
mmol) in N,N-dinl@&3#brmamide (7.2 mL) is treated with potassium thiocyanate (1.75 g, 18 mmol)

and stirred at 140 C for 4ghai{Sie K06 rg@gt_imgﬁlggp}ggtf&l@gfgbmg%%pogp_q_p(%[mi_oned between
[

diethyl ether and water. The aqueous phase is extracted with diethyl ether once more and discarded.
The combined o@&h’é@l&%fﬂw@@&f‘éﬁmk@l?ﬁﬂ’(@%‘é‘é;@9&?&?5@@&&%@%&5%@’%@@Irohr
apparatus to afford M42b; ESIMS miz for (M+H)+ C6HUNOS calcd: 146.1, found: 146.1.

o N= HQ,
{E_NCNQOLCN _{Z%

[00227] By following a similar procedure as the one used for preparing K3 from
K3a except substituting the trans- isomer of K3a (Helv. Chim. Acta 2004, 87, 2629) for
K3a, K5 is prepared; '"H NMR (CDCls, 400.13 MHz): §7.93 (d, J = 3.0 Hz, 1H), 7.24
(dd, J=3.0, 9.1 Hz, 1H), 6.69 (d, J = 9.2 Hz, 1H), 4.17 (m, 3H), 4.05 (m, 2H), 3.56 (m, 5
H), 3.37 (m, 4H), 2.77 (d, J = 6.6 Hz, 2H), 2.72 (m, 1H), 2.58 (m, 1H), 2.31 (m, 1H),
1.90 (m, 1H), 1.78 (m, 1H), 1.55 (s, 3H), 1.40 (m, 1H), 1.12 (d, J = 6.7 Hz, 6H), 0.87 (m,
2H), 0.61 (m, 2H); ESIMS m/z for (M+H)" Co4H30N406S caled: 511.3, found: 511.4.

Example L1: 1-methylcyclopropyl 4-((6-formyl-5-(4-
(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

OHC
/ \ N
MeO,SN N‘@*O O
SO
o
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[00269]Step B: A solution of M42b (1.54 g, 10.6 mmol) in pyridine (10 mL) is cooled in an ice/water
bath and treated with aetic anhydride (10 mL). The reaction is allowed to stir overnight as the ice bath
melts. The ¥R EMIEIoved and the residue is partitioned between ethy PAcCEIRE 4 Water. The
organics are washed with 1 M HC1 twice and then saturated aqueous sodiurnhydrogencarbonate
solution. The organics are then dried over MgSO4, filtered and evaporated to afford M42c which was
used crude in the next reaction; ESIMS tez for (M+H)+ C8H141\102S calcd: 188.1, found: 188.1.
[00270]Step C: By following a similar procedure as the one used for preparing M41 from M41b except
substituting M42c for M41b, M42 is obtained; 1H NMR (400 MHz, CD3CN) 8 7.86 (d, J = 1.4 Hz,
1H),7.61 (d, J = Jo6248] 1H), A.dQtibn ZHE%mD(dng(an Bty 24, Nw@i(ﬁ(éthglﬂ)nﬁaﬁﬁﬂmgﬁ'l) 3.37(m,

4H), 2.86(s, 2H), 2.73 (dd, J 208 S, 3 4 ( H), 1.54 (s,
3H), 1.27 (m, 2H5%ﬁZ ety g%%gfihg ‘E‘m ‘Qgﬁé ol fiﬁé{/l%k 1%
C261-142N507 Srealgon 5GBe3 cdohtddo ﬁﬁﬁnltemperaEJxarmiﬂech%lﬂh Mﬁl‘fmdn&dﬂlpedpyith ethyl
4-((5-(4-(3-hydro 2- dimethylpro Isulfo erazin-1:-31 - th ip ridine- 1 -
carboxylate. [O@%?Stﬁb RS g Eoﬁug Ion oafc&élg}&éy n%r . 6@%9 %rﬁof g(%(é? W%@of%%gn S mL)is
treated with lithivmahgdtesticiel Grundigd Gy 3t lmaes]) wng stimed macmedayf Thé0sGhasylisoetatromed and the

residue is p“”f'eﬂe‘}'&né'U&Qf%‘?hﬁ”‘i{%@ﬁ%&@@d'%é %‘?v]ﬁ%o"@ @93@ ?ﬁSaEE‘oL{‘ Eeﬁﬁ‘ﬁ fe afford
M43; 1H NMR (400 MHz, CD3CN) 6 4.17 (m, 2H),

4.07 (d, J = 6.5 Hg;, PH. &tz thh, AH§ @3?71%3 21@19m2@7) @4%91 2117)62@@ (s, éH)ﬂﬂ‘&@@%ﬁ; 2H)

1.94 (m, 2H), 1.8 N Hy, 8 2H), 0.62
(. 21, BB 1 T B O L B e

“Methylcycloprogid IMes:ietauderdiybs OnSeyButgRURoioynpibRrazin- | - y)py
razin-2-yloxy)methyl)piperidine- | - carboxylate. 0111"0 rTh S-N N O/ Aco Step A AcOStepBAO
Br2c... Brc M 44aM44bM44c  AcO Example M44

Example L2: 1-Methylcyclopropyl 4-((6-chloro-5-(4-

(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

Cl
/ \Y N
MeO,SN N‘@*O O
SO
O

[00229] By following a similar procedure as the one used for preparing L1 from E3
except using NCS at 50 °C in dichloroethane overnight as the reaction conditions, K5 is

prepared; ESIMS m/z for (M+H)™ C,0H3;CINsOsS caled: 488.2, found: 487.7.

Example M1: 1-Methylcyclopropyl 4-((5-(4-(3-methoxy-3-
oxopropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

OO—(IS?—N/_\N / I\{ (@] O
AT OOy
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[00272]Step A: A solution of M44a (1.48 g, 8.9 mmol) in dichloromethane (49 mL) is cooled in an
ice/water bath and treated with pyridine (913 mg, 12mmol) and acetyl chloride (868 nig, 11 mime and
the reactionWOABNEB G stir overnight as the ice bath melts. The reaction i8HESHWEACAET with
water. The organic phase is isolated, dried over MgSO4, filtered, evaporated and the residue is
purified on silica gel using a linear gradient of 0-100% ethyl acetate in hexane to afford M44b; A
satisfactory ESNS could not be obtained. [00273]Step B: A solution of M44b (750 mg, 3.6 mmol) in
N,N- dirnethylfromarnide (19-nth) |s cooled ing@p jce/w efpath and treated W'H}k tassium thioacetate
(410 mg, 3.6 mmol). The&re C_tl n9s stifre overrrrg 'ram N.Lo@etg acetate and water.
The organics are extracted with Water e more, dried over Mg and evaporated to afford
M44c which is used in the nextBit&p crude; ESIMS 1114: for (MNMai+ CO9HIONaOIS calcd: 227.1,
found: 227.0. WO 20091038974PCT/U 82008/0751 45 [00274]Step C: By following a similar
procedure as the one use for reparlng M32 from M32d exce tsubstituting 1'444c for M32d, M44 is
prepared; 1H-NMR &4 ) 6786 (d,d)= 1S¢IHZH§L IZ 1[3I) 4.20 (m, 2H),
4.07(d, J= 6.5 Hz, 2H), ‘S—E/O(mN M@ 02 (m, 2H9J2 741 Lxété , 2H), 2.22
(m, 2H), 1.98 (s, 3H), 1.96(m, 1H 1 80( H), (1 (s 3H), 1.48 (s, 6H 1.25 2HP);, 86 (m, 2H),
0.62 (m, 2H); ES1MS calcd. for HHSSNSOSS [MOACc] 508.3, found 5 c4 Example M45:
1-Methylcyclopropyl 44(5-(4-(3-hydroxy-3- methylbutylsulfonyl )piperazin- 1- yl)py

razin-2-yloxy)methyl)piperidine- Igai;bpxygate Q7N @ S-N_N /0 A solution of M44 (199 mg,
0.35 nunol) in methanol (3.9 mL)is treajled WithN40 m@ olution, 7 mmol) and
stirred for 2.5 hours. The reaction is cﬁJenched with saturated aguedus nium chloride and the

solvent is removed. The residue is dissolved in dichioggpethane and washed with water, dried over
MgSO4, filtered, evaporated and the residue is purlfled on silica gel using a linear gradient of 0-100%

ethyl acetate in to aff d M4 NMR Hz, CDC13) 6 7.86(d. S5 Hz,.111), 7.62(d,
J= 1.5Hz, 1H), 4@@%@ 2H), 8‘?(%” %YJ}HI 5 SR (5] i )fa%le OFn(“iﬁl)foé RS ES 5 74 (dd,
J=12.9, 12.7 Hzfi2M)E3a05cen0dubinit@i 3129 fom Em)Mlses(geemd:LEm(m PBHRIAEEHIA, 2H), 0.62

(n, 2H): ESIMS qalggl, fO A1 QBOR I+ 526.3, found 526.2. Example M46:
1- Methylcyclopropy1 _(32_(1_ ‘ -2, : 1

acetoxycycloproﬁ%@h&lsuff(ﬁﬁwﬁpeﬁa’zﬁﬁupy@ew&mﬂﬂzw&%ﬂ)ﬁtﬁﬂﬁﬁ?mp}w%élf_tpféa%b'é&ylate. 0
[ThS-NNVO Bjfrom isopropyl 4-((6-chloropyridin-3-yloxy)methyl)piperidine-1-carboxylate except

substituting M1a for isopropyl 4-((6-chloropyridin-3-yloxy)methyl)piperidine-1-
carboxylate and benzyl piperazine-1-carboxylate for 1-(methylsulfonyl)piperazine, M1b
is prepared; "H NMR (400 MHz, CDCl3) § 7.85 (d, J = 1.5 Hz, 1H), 7.59 (d, J = 1.4 Hz,
1H), 7.35 (m, 5H), 5.16 (s, 2H), 4.18 (m, 2H), 4.06 (d, J = 6.6 Hz, 2H), 3.65 (m, 4H),
3.38 (m, 4H), 2.74 (m, 2H), 1.94 (m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.24 (m, 2H), 0.86
(m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C»7H36N5sO5 calcd: 510.3, found: 510.0.
[00232] Step C: A mixture of M1b (494mg, 0.969 mmol) and 10% Pd/C (45 mg)
in ethanol (5 mL) is purged with H; (g) for 30 minutes and then left to stir at room
temperature under an atmosphere of H, overnight. The crude reaction is then filtered
through a pad of Celite® and M1c is obtained with 95%+ purity. ESIMS m/z for (M+H)*
C19H30N503 caled: 376.2, found: 376.0.

[00233] Step D: A solution of M1e¢ (100 mg, 0.266 mmol) in dichloromethane (1
mL) is treated with triethylamine (74.2 mL, 0.533 mmol) followed by methyl 3-
(chlorosulfonyl)propanoate (50 mg, 0.27 mmol) and stirred at room temperature for 4

hours. The crude reaction is then concentrated and purified directly via a mass-directed
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AcO MeO,1r.", Br StepOHBr 0 M46aM46b Example M46 [00275]Step A: A solution of M46a (1.99 g, 12
rnmol) in diethyl ether (40 mL) is treated with titanium(lV)isopropoxide (369 nig, 1.2 mmol) followed by
dropwise ad¥R3A81 & {tmagnesium bromide (8.8 mL of a 3 M solution in EHYPER7Id mmol).
The reaction is quenched into ice cold 10% sulfuric acid and the aqueous phase is extracted with
ether once more. The combined organics are dried over MgSO4, filtered, evaporated and the residue
is purified on silica gel using a linear gradient of 0- 100% ethyl acetate in hexane to afford 1'446b;

1H-NMR (400MHzZpiGDG 4858 M0 (S8adrs 708 M3, R @H) 5244 (&, /440, 24001(d 70673, 77=3 Hz, 2H),
0.78(m, 2H), 0.52(m, 2H); A satisfactory ESIMS spectrum could not be obtained. [00276]Step B: By

following asimilalr'?)ﬁ){: rél'ég(tﬁe%ﬁe%%%ﬁjfdrzp%p%ﬁr@M%ﬁl‘érﬁlﬂﬂe%é%%’e Kt iiﬁ’ting M46b
for M33c, M46 isqugpared; A+HzNMR 008Kz, COCAB)Y 8#)306.1d (d 714, Hg3 1)1 A6 1.4d, J= 1.4 Hz,
1H), 4.20 (in, 2H), 4,07(d, J= 6.5 Hz, 2H), 3 4H), 3.41 (m, 4H), 3. d, J=8.2 52,52 Hz,
2H), 2.74 (dd, J:%TZ. ,hk:%“lﬁfzgﬁﬁn?é. (3%%:({3]?8:6@,23?920% ﬁﬂ’z,%iﬁ’)%f(gg(gffsﬁ%,&f@@ﬁ(ln, 1H),
1.79 (in, 2H), 1.58.(81;3%N,$.28dn 526D, 88l (F262H), 0.86 (in, 2H), 0.76 (in, 2H), 0.62 (in, 2H); ESIMS

calcd. for C26H4014507S IIVI-FHTE 566.3, found 566.4. [00277]

Example M47: 1-Methy ley

elopropy | 4-((5-(4-(2-(1- hydroxy eyelopropyl)ethy Isulfonyl)piperazin-l-yl)py razin-2-
yloxy)methyDpipEM@#H-1-earBoxylateing)k sTihiBrNrd¢ediye/@s0hel Gne used BypieianiadvE Sinmilar

procedure as theggng used, fon Brapa
prepared; 1H-NNIR (400

t
H

43 fr ituyti 42. M47 is
7. CDC1 %%%é%ct%%%%ézggﬁéﬂsH??%%;%g?%Mlﬁ%@ Ié:'H). 4.19 (m.

2H). 4.08 (d, J = GEopsulfpnypspipeaieHin hactaei4yWy, dspisyhstipinz BFuR der NHapthe 12 3 Hz,

2H). 2.27 (bs, 1@,1}%‘9%@
0.62 (m. 2H), 0.56 (m. 2H); E

Example M4

- (R)-1-m

iesla%p

thyleyelopropyl 44(5-(4-(pyrrolidin-3-

Péd) 1.79 (m. 2H), 1.55 (s. 3H). 1.25 (m, 2H). 0.86 (m, 4H).
IMS calcd. for C24H38N506S 1M+H1+ 524.1 found 524.5.

ylsulfonyl)pi

9tRaiApleY
N

l)pyrazin-2-yloxy)mehyidniperidine-l-carboxylate

0 Qudiy il e 5-NN-ct

N-4)---O N\ 0

M2

OO

ESIMS m/z for (M+H)*
C24H35N6065 caled: 5352,
found: 535.2.

M3

o000y

ESIMS m/z for (M)*
C32H39N5065 caled: 6213,
found: 621.7.

M4

OO0

ESIMS m/z for (M+H)*
C22H32N705S caled: 5062,
found: 506.2.

MS

Cl

O
11

ﬁ—N\_/NAQ\;_I?—O \—CN «oj(

@)

"H NMR (400 MHz,
CD;CN) 3787 (d,T=14
hz, 1H), 7.62(d, T - 1.5 Hz,
1H), 4.15 (m, 2H), 4.08 (d, J
= 6.6 Hz, 2H), 3.70 (t, T =
6.1 Hz, 2H), 3.51 (m, 4H),
343 (m, 4H),3.11 (t, T =74
Hz, 2H), 2.73 (m, 2H), 2.32
(m, 2H), 1.94 (m, 1H), 1.79
(m, 2H), 1.46 (s, 9H), 1.26
(m, 2H); ESIMS m/z for (M-
Boc+H)* C;,H,,CIN5O,S
caled: 418.2, found: 418.2.

Mo6

Cl

'H-NMR (400MHz, CDCL,)
$ 7.87 (d, J = 1.4 Hz, 1H),
763 d, J = 1.4 Hz, 1H),
421 (m, 2H), 4.08 d, J =
6.5Hz, 2H), 3.70 (t, J = 6.1
Hz, 2H), 3.51 (m, 4H), 3.44
(m, 4H), 3.12 (m, 2H), 2.74
(dd, 7 = 12.3, 12.2 Hz, 2H),
2.32 (m, 2H), 1.95 (m, 1H),
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\/ 0 Step E r M48c: R=C bz Example M48: R=lI

annol) in dichloromethane (200 niL) is cooled in an ice/water bath and treated with
diisopropyle M85 4 niL, 54.3 mmol) followed by dropwise addition oPfEMEIEBIAYI chloride
(3.8 mL 50 mmol) The resulting solution is stirred at OC for 1 hour, concentrated and purified on silica
gel using a linear gradient of 0-100% ethyl acetate in hexane to afford M48b; ESIMS tr//z for (M-41)1'

C13H38NO05S calcd: 3

0.1, found: 300.0.

Step B: A solution of N

48b (14.1 g, 45 annol

Step A: A solution of 1M-48a (10 g, 45.2

and

thiolacetic agid (6.4 nilL|,

mmol) and heated at 6
acetate (3x).| The orgar
filtered, congentrated, &

90 mmol) in dimethylformamide (200 mL) is tre
DC for 14 hours. The mixture is diluted with water
lic layers are combined, washed with water (2x) a

and purified on silica gel using a linear gradient 0

aﬁe;cg @tﬁ@ské@ﬁ ;g@
eg@( xigclen Wi st
pel beine, @rigdsover M

I D10 detioy. acetate

g, 90

yl
gS04,
in

hexane to afford M48c;
C: A solution of N-chlor
is cooled in an ice/wate
acetonitrile (R0 niL) ove
and a saturated aqueo
aqueous sodiu iosu
golden oil; ES IMS //liz
solution of The (74 mg,
with diisopropylethylamn
is concentrated and pu

ES IMS a//z for (M-k C141-118NO3S calcd: 280.

osuccinimide (16.7 g, 125 mmol) in 2N HC1 (24

r bath and treated dropwise with a solution of M4

or 1-hqur. d’h Iutlon
Us sodi

hydro
Ifate anddzm \E_%Ele

for (M-41)11 C131-115C1NO4S Galcd: 3

oncentrated and partiti

0.2 mmol) and M48d (67 nig, 0.22 mmol) in dich
ine (69 kiL, 0.4 mmol) and stirred at room tempe

rified on silica gel using 0-100% ethyl acetate in
l-l/l’)’l\’l Rn7C r\alr\nl A2 2 friind:- RA2 9D

e S n. Phe orga
gSO7)\ilte n% concuﬂg

H FoUhdo2as .

ﬂgg’?%%‘fgf?ﬁm 1

13(91 ) TR ]'n

oae@lftzeiwﬁesn@thymc

Nk yerliss Mashéd wi

e]ﬁ’t?a]t%@}féz}ﬁb\hﬂ]e(rﬂ/l4
if:)

te
1257 2H), 1.07 (tg'
lorommethiaNe s Mibiis
raarefoi) SERE vz

hékdheGotafioPes Mige
Sfan éoundb%ﬂ#mn

Step
20 mL)

etate

th

8d as a
pD:A

treated
mixture
ESIMS

allz for (M-13-H+CS34
(104 mg, .16 mmol) in
for 14 hours| The mixtu
0-10% MeOH in dichlor
1H), 7.54(d,p= 1.2 Hz| 1
J=5.2,84HKz, 41), 2.8
S2008/0751)45 MB, 1.
ESIMS tez for (M+H)+
for making M48 from M
M48a and injsome cas
Example Structure A

TIJLTLUUT UTJY.J, TUUTTU. UTJY. L.

methanol (10 mL) is treated with Pd/C (10%, wet
re is filtered through Celite(r), concentrated, and

omethane to afford M48 1H NMR (400 MHz, CDO
z, 2H), 3.52 (m, 1H), 3.4(
),d1.98 (s, \

1 (m, 2H

4.0
30 (M \%@HM 08 H
87 (m, 184), \1—7@ H) 1\4‘8@

C21E137N6058 CaICd 509.3, found: 59 [002

48a using the appropriate commercially availabls

es performing reductive methylations, the followi
nalytical data M49 R, P liN N --"i- |

f\
Llul U1 I

p&;mﬁed on sijcaigeh,us
CHBY- 81?d719=(fd5 HJZ— 1.2
(%%D égg (3 450 (A4t
Vielpluletleetcient
049 (7, (1%121% 0535
78] By).followingrthezpro

e m ol
e s Pronel

C21H34N5055 calcd: 468. 2
found: 468.2.

48e

abaSlistan drider,batm H2

5ing
Hz,

3.07 (dd,
U

m, 2H);
cedure
ce of
red;

M9

O,

"H NMR (400 MHz,
CD;CN) 6 791 (m, 2H),
4.18 (m, 2H),4.11 (d,J =
6.5 Hz, 2H), 3.63 (m, 4H),
3.50 (m, 4H), 3.25 (sept., J =
6.8 Hz, 1H), 2.74 (dd, J =
12.2, 12.1 Hz, 2H), 1.94 (m,
1H), 1.78 (m, 2H), 1.55 (s,
3H), 1.37 (d, ] = 6.9 Jz, 6H),
1.25 (m, 2H), 0.86 (m, 2H),
0.62 (m, 2H); ESIMS m/z for
(M+H)* C,,H36N50sS caled:
482.2 , found: 482.2.

M10

O
1

S
I
O

_NC/\NAQ:I\}_O . O
—( < JD

'H NMR (400 MHz,
CD;CN)37.89(d, T=1.4
Hz, 1H), 7.81 (d, T=1.1 Hz,
1H), 4.18 (m, 2H), 4.10 (d, J
= 6.5 Hz, 2H), 3.53 (m, 4H),
3.47 (m, 4H),2.79 (d, T =
6.6 Hz, 2H), 2.74 (m, 2H),
2.32 (m, 1H), 1.95 (m, 1H),
1.78 (m, 2H), 1.55 (s, 3H),
1.24 (m, 2H), 1.12 (d, T =
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-......".NyoK 0 111 NMR (400 Mllz, CD,C1N) 57.82 (d. 1 =1 6 Hz, IH), 7.70 (d, | = 1.6 liz , 111), 4.06
(d, J = 6.8 Hz, 21-11, 4.00 (m, 21-11, 3.63 (m, 1H), 3.46 (m, 4H), 3.36 (in, 411), 3.12 (in, 211), 2.95
(111, 111), WO2M/0389%* 2.10 On, 51-11, 1.76 On, 2E11, 1.73 (s, 3H), 1.18CHUSHP3H 744N, 211),
0.59 (in, 211); ESTMS (n/z for (M+11)+ C231-137N605S calcd: 509.3. found: 509.2. M50 () 0,ii/-Th
I'S-NNN__/_/ 1H NMR (400 MHz, CDC13) 5 7.79 (d, J = 0.8 llz, 111), 7.54 (d, J = 0.8 Hz,

1H),4.01 (d,

= 4 8 Hz, 2H), 3.53 (m, IH), 3.49 (in, 911), 3.14 (in, 111), 3.08 (dd. | = 5.2, 8.4 H7, FE),

2.81 (m, 1H)
(m, 2H), 0.74
509.2. \0

| 2.68 (m,
) (in, 211),

PH), 2.08 On, 211), 2.00 (s, 211), 1.87 (in, 1H), 1
0.55 On, 2111; ESTMS Ink for (M+11)* C2-4-11

72 insErpe il
"NBESS Salch 2093

496.3 , found: 496.3.

%";Wf— S1maHs, 3

H), 1.18
found:

M11

AR
ﬁ—N N
(@]

4@_:1?_0 . O
—( < JD

'H NMR (400 MHz,
CD,CN)37.87(d,T=1.5
Hz, 1H), 7.62 (d, T = 1.5 Hz,
1H), 4.19 (m, 2H), 4.07 (d, T
= 6.5 Hz, 2H), 3.50 (m, 4H),
3.46 (m, 4H), 2.98 (m, 1H),
2.75(dd, 7 =12.2, 12.1 Hz,
2H), 2.03 (m, 1H), 1.80 (m,
1H), 1.79 (m, 2H), 1.56 (m,
1H), 1.55 (s, 3H), 1.35(d, J
=6.9 Hz, 3H), 1.26 (m, 2H),
1.03 (t, T =7.5 hz, 3H), 0.87
(m, 2H), 0.62 (m, 2H);
ESIMS m/z for (M+H)*
Cy3H3sNsOsS caled: 496.3 ,
found: 496.2.

M12

-+
E—N/DN s ?—o/_CN _<o

F3C—/_

'H-NMR (400MHz, CDCl,)
6 7.87 (d, J = 1.4Hz, 1H),
7.62 (d, J = 1.4Hz, 1H), 4.20
(m, 2H), 4.08 (d, J = 6.5Hz,
2H), 3.52 (m, 4H), 3.45 (m,
2H), 3.13 (m, 2H), 2.74 (dd,
J =122, 12.2 Hz, 2H), 2.66
(m, 2H), 1.94 (m, 1H), 1.79
(m, 2H), 1.56 (s, 3H), 1.25
(m, 2H), 0.86 (m, 2H), 0.62
(m, 2H); ESIMS calcd.
CnHzF3N505S [M+H]*
536.2, found 536.3.

Example M13: 3-(4-(5-((1-((1-Methylcyclopropoxy)

carbonyl)piperidin-4-

yDmethoxy)pyrazin-2-yl)piperazin-1-ylsulfonyl)propanoic acid.

[00235]

HO

<

JD

A solution of M1 (18.8 mg, 0.035 mmol) in TETRAHYDROFURAN (1

mL) and water (0.25 mL) is treated with LiOH (3 mg) and stirred overnight. The crude
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/IIN N/ () 0--S-NNN=\/()0.11,C\ I H NMR (400 MHz, CDC13) 8 7.79 (d, | = 1.2 llz, 111),
7.54 (d, J = 1.2 Hz, 1H),4.01 (d, 1 = 4 8 Hz, 2H), 3.64 (m, IH), 3.40 On, 811), 2.87 (m, 111), 2.73 (m,
1111, 2.67 (WOAIY03BHE (m, 1H), 2.31 (s, 3H), 2.09 (in, 211), 1.98 (s, 211 PATASHASHEHE 1.48 (s,
31-1), 1.18 (m, 2H), 0.79 (m, 2H), 0.55 (m, 2H); ESIMS ink for

reaction is then concentrated and purified directly via a mass-directed HPLC to afford
M13. ESIMS m/z for (M+H)" C2,H34N505S caled: 512.2, found: 512.3.
[00236]

Example M14: 1-Methylcyclopropyl 4-((5-(4-(3-
hydroxypropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

(@]
1
S_

LTI

[00237] A solution of M1 (18.8 mg, 0.035 mmol) in 2 M LiBH, in tetrahydrofuran
(1 mL) is heated to 50 °C and stirred overnight. The crude reaction is then concentrated
and purified directly via a mass-directed HPLC to afford M14. ESIMS m/z for (M+H)*
C22H36NsO6S caled: 498.2, found: 498.3.

Example M15: 1-Methylcyclopropyl 4-((5-(4-(4-
hydroxyphenylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

[00238] A solution of M3 (44.5 mg, 0.071 mmol) in ethanol (2 mL) is treated with
5% Pd/C (10 mg) and hydrogenated under atmospheric pressure overnight. The catalyst
is removed by filtration through Celite® and the reaction is concentrated and purified
directly via a mass-directed HPLC to afford M15. ESIMS m/z for (M+H)" CpsH33N506S
calcd: 531.2, found: 531.7.
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Example M16: 1-Methylcyclopropyl 4-((5-(4-(3-
cyanopropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

NC

O=wn=0

- N:\N —Q\N_:I?— (@] \_<:/\N _<Z *P

[00239] A solution of M6 (19 mg, 0.037 mmol) in N,N-dimethylformamide (0.5
mL) is treated with KCN (3.6 mg, 0.055 mmol) and cesium carbonate (24 mg, 0.077
mmol) and heated to 80 °C for 1.5 hours. The reaction is then diluted with water and
extracted with ethyl acetate three times and diethyl ether twice. The combined organics
are dried over MgSQ,, filtered evaporated and purified by silica gel using a linear
gradient of 50-100% ethyl acetate in hexane to afford M16. '"H NMR (400 MHz, CDCl3)
07.87(d,J=1.6 Hz, 1H), 7.62 (d, J= 1.6 Hz, 1H), 4.28-3.95 (m, 2H), 4.08 (d, /= 6.4
Hz, 2H), 3.53-3.50 (m, 4H), 3.44-3.42 (m, 4H), 3.07 (t, / = 6.8 Hz, 2H), 2.74 (br t, J =
12.0 Hz, 2H), 2.64 (t, J = 7.2 Hz, 2H), 2.24 (quintet, J = 7.2 Hz, 2H), 2.01-1.89 (m, 1H),
1.81-1.77 (m, 2H), 1.54 (s, 3H), 1.30-1.17 (m, 2H), 0.88-0.84 (m, 2H), 0.64-0.60 (m,
2H); ESIMS m/z for (M+H)" C»3H35NgOsS caled: 507.2, found: 507.2.

Example M17: 1-Methylcyclopropyl 4-((5-(4-(3-(1H-tetrazol-5-
yDpropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

HN~4
-N

O,

wn=0

o
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(M+H)+ C241-139N603S calcd: 523.3, found: 523.2. 1H NMR (400 MHz, CDC13) 8 7.79 (d, J =
1.2 11z, 111), 7.54 (d, J = 1.2 Hz, 1H),4.01 (d, J = 4.8 Hz, 2H), 3.64 (m, 1H), 3.40 0 ,C\N-  (m,
811), 2.87 (WO12P93/038734\52 '5 -NN / PCT/US2008/075145

[00240] A solution of M16 (12 mg, 0.024 mmol) in isopropanol (0.1 mL) and
water (0.3 mL) is treated with ZnBr, (27 mg, 0.12 mmol) and NaNj3 (7.7 mg, 0.12 mmol)
and heated to 150 °C overnight. The reaction is filtered through a syringe filter and
purified directly via a mass-directed HPLC to afford M17; '"H NMR (400 MHz, CD;CN)
07.83(d, J=1.6 Hz, 1H), 7.71 (d, J= 1.6 Hz, 1H), 4.16-3.89 (m, 2H), 4.06 (d, J = 6.4
Hz, 2H), 3.49-3.46 (m, 4H), 3.35-3.32 (m, 4H), 3.12-3.04 (m, 4H), 2.81-2.70 (m, 2H),
2.28-2.20 (m, 2H), 1.78-1.71 (m, 3H), 1.48 (s, 3H), 1.22-1.12 (m, 2H), 0.81-0.78 (m,
2H), 0.60-0.57 (m, 2H); ESIMS m/z for (M+H)" C»3H3sN¢OsS caled: 550.3, found:
550.3.

Example M18: 1-Methylcyclopropyl 4-((5-(4-(3-
aminopropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

O
O =
H,N \_/—:Cs:)— NCN —pr o/_<:/\N _<O *P

[00241] A solution of M6 (113 mg, 0.22 mmol) in N,N-dimethylformamide (1 mL)
is treated with NaN; (42.7 mg, 0.67 mmol) and heated to 90 °C overnight. The reaction
is cooled to room temperature, partitioned between water and ethyl acetate. The organics
are exracted with water twice more, dried over MgSQy, filtered evaporated and purified
by silica gel using a linear gradient of 0-100% ethyl acetate in hexane to afford the
intermediate azide which is dissolved in ethanol (1 mL) and treated with 10% Pd/C (20
mg) and hydrogenated at room temperature overnight. The catalyst is removed by
filtration through Celite® and the reaction is concentrated and purified directly via a
mass-directed HPLC to afford M18. 'H NMR (400 MHz, CD3CN) 8 7.86 (d, ] = 1.4 Hz,
1H), 7.61 (d, J = 1.5 Hz, 1H), 4.19 (m, 2H), 4.07 (d, ] = 6.5 Hz, 2H), 3.50 (m, 4H), 3.42
(m, 4H), 3.05 (m, 2H), 2.88 (t, J = 6.7 Hz, 2H), 2.74 (dd, J = 13.0, 12.0 Hz, 2H), 1.98 (m,
3H), 1.79 (m, 2H), 1.54 (s, 3H), 1.24 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z
for (M+H)" C»H37NsOsS caled: 497.3 , found: 497.6.
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0 (m, 1H),

\

/' N/ (m, 1H), 2.31 (s, 3H), 2.00 On, 211), 1.98 (s, 211), 1.72

WO 2009/038974 PCT/US2008/075145

Example M19: Tert-butyl 4-((5-(4-(3-acetoxypropylsulfonyl)piperazin-1-
yDpyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

AcO \_/—(:s):— NCN‘QS_?*O N_/<o74

[00242] A solution of M5 (154 mg, 0.30 mmol) in N,N-dimethylformamide (2 mL)
is treated with sodium acetate (73 mg, 0.89 mmol) and sodium iodide (45 mg, 0.30
mmol) and heated to 120 °C overnight . The reaction is cooled to room temperature,
partitioned between water and ethyl acetate. The organics are exracted with water twice
more, dried over MgSQy, filtered evaporated and purified by silica gel using a linear
gradient of 0-100% ethyl acetate in dichloromethane to afford M19; "H NMR (400
MHz, CD3;CN) 6 7.87 (d, J = 1.4 Hz, 1H), 7.83 (d, J = 1.5 Hz, 1H), 4.20 (t, J = 6.1 Hz,
2H), 1.14 (m, 2H), 4.08 (d, J = 6.6 Hz, 1H), 3.51 (m, 4H), 3.44 (m, 4H), 3.02 (m, 2H),
2.74 (m, 2H), 2.19 (m, 2H), 2.07 (s, 3H), 1.95 (m, 1H), 1.80 (m, 2H), 1.46 (s, 9H), 1.26
(m, 2H); ESIMS m/z for (M-Boc+H)" C19H3Ns5OsS caled: 442.2 , found: 442.3.

Example M20: 1-Methylcyclopropyl 4-((5-(4-(3-
methoxypropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

MeO

/" ‘NCNJQ?(CN%OJD

O=wn=0_

[00243] A solution of M6 (26 mg, 0.049 mmol) in methanol (1 mL) is treated with
a 0.5 M solution of sodium methoxide in methanol (0.2 mL, 0.1 mmol) and heated to 65

°C overnight and at 95 °C for 10 hours. The reaction is cooled to room temperature, the
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(in, 2H), 1.48 (s, 3H), 1.18 (in, 2H), 0.79 (in, 2H), 0.55

WO 2009/038974 PCT/US2008/075145

solvent is removed in vacuo and the crude residue is purified by silica gel using a linear
gradient of 0-80% ethyl acetate in hexane to afford M20. 'H NMR (400 MHz, CDCl;) &
7.86 (d, J =1.2 Hz, 1H), 7.61 (d,J = 1.6 Hz, 1H), 4.15 (m, 2H), 4.07 (d, ] = 6.4 Hz, 2H),
3.49 (m, 6H), 3.42 (m, 4H), 3.33 (s, 3H), 3.04 (m, 2H), 2.74 (t, ] = 12.4 Hz, 2H), 2.09
(m, 2H), 1.94 (m, 1H), 1.79 (d, J = 12.4 Hz, 2H), 1.54 (s, 3H), 1.24 (m, 2H), 0.86 (m,
2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C,3H37N504S calcd: 511.3, found: 512.2.

Example M21: 1-Methylcyclopropyl 4-((5-(4-(3-(2-methyl-1H-imidazol-1-
ylpropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

\_\—(IS?—N/_\N I\{ o O
5 {J ¢ JD

[00244] A solution of M6 (53 mg, 0.10 mmol) in tetrahydorfuran (1 mL) is treated
with 2-methylimidazole (8.5 mg, 0.10 mmol) and heated to 65 °C overnight. The
reaction is cooled to room temperature, the solvent is removed in vacuo and the crude
residue is purified directly via a mass-directed HPLC to afford M21.'H NMR (400 MHz,
CD3;CN) 87.86 (d, J = 1.4 Hz, 1H), 7.62 (d, J = 1.4 Hz, 1H), 7.29 (d, ] = 2.0 Hz, 1H),
7.18 (d, ] = 1.8 Hz, 1H), 4.34 (t, ] = 7.0 Hz, 2H), 4.18 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H),
3.51 (m, 4H), 3.41 (m, 4H), 2.93 (m, 2H), 2.83 (s, 3H), 2.74 (m, 2H), 2.42 (m, 2H), 1.94
(m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.25 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS
m/z for (M+H)" CysH40N-0sS caled: 562.3 , found: 562.5.

[00245] By following the procedure for M21 using the appropriate amine

nucleophiles, the following examples are obtained:

Example Structure Analytical data
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(in, 2H); ESIMS ink for (M+11)C241 139N605ti calcd: 523.3, found: 523.2. 11INMR (400

MHz, CDCI3) 8 7.78 (d, | = 1.0
WO 2009/038974 PCT/US2008/075145

"H NMR (400 MHz,
CD;CN) §7.85(d,T=14
Hz, 1H), 7.61 (d,T1=1.5

Hz, 1H), 4.18 (m, 2H), 4.07
O (d,T=6.5 Hz, 2H), 3.51 (m,
N o 4H), 3.43 (m, 4H), 3.19 (m,
\_\_n / A\ 6H),2.74 (dd, ] =12.4, 12.3
M22 g—

(m, 2H), 1.54 (s, 3H), 1.25
(m, 2H), 0.86 (m, 2H), 0.62
(m, 2H); ESIMS m/z for
(M+H)" C3sHysNgOsS
caled: 551.3 , found: 551.5.
"H NMR (400 MHz,
CD;CN)d7.85(d,T=1.5
Hz, 1H), 7.61 (d,T=1.5
Hz, 1H), 4.18 (m, 2H), 4.07
/ (d,J = 6.6 Hz, 2H), 3.51 (m,
—N 4H), 3.44 (m, 4H), 3.18 (m,
2H), 2.98 (m, 2H), 2.74 (dd,

/ N\ N=
M23 N N@—O 0 T=124,123, Hz, 2H),
A N \—CN—( 2.63 (s, 6H), 2.30 (m, 2H),
o%

N=—
N N@o 0 Hz, 2H), 2.36 (m, 2H), 2.08
R — N \—CN—( (m, 5H), 1.94 (m, 2H), 1.79
o~$

1.94 (m, 1H), 1.79 (m, 2H),
1.54 (s, 3H), 1.25 (m, 2H),
0.86 (m, 2H), 0.62 (m, 2H);
ESIMS m/z for (M+H)*
C,4Hy NgOsS caled: 525.3,
found: 525.3.
"H NMR (400 MHz,
CD;CN) $7.86(d, T=1.2
Hz, 1H),7.82 (4, T=1.6
Hz, 1H), 4.10 (d, T = 6.4
Hz, 2H), 4.07 (m, 2H), 3.55
(m, 2H), 3.41 (m, 2H), 3.15
V.24 <>N_\_ 4&} _P (t,J = 7.2 Hz, 4H), 3.01 (m,
- \_C _< 2H), 2.83 (m, 2H), 2.74 (m,
2H), 1.95 (m, 3H), 1.78 (m,
2H), 1.50 (s, 3H), 1.22 (m,
2H), 0.79 (m, 2H), 0.58 (m,
2H); ESIMS m/z for
(M+H)" CyH3sN6OsS
caled: 522.3, found: 523.2.
"H NMR (400 MHz,
CDsCN) $7.83(d, T=1.2
Hz, 1H),7.71 (4, T= 1.6
Hz, 1H), 4.06 (4, =6.8
Hz, 2H), 4.00 (m, 2H), 3.59
_>_ (t,] = 12.4 Hz, 4H), 3.48
_Q_ \_<:/\ (m, 4H), 3.32 (m, 4H), 3.06
(m, 2H), 2.95 (m, 2H), 2.74
(m, 2H), 2.10 (m, 1H), 1.76
(m, 2H), 1.49 (s, 3H), 1.17
(m, 2H), 0.79 (m, 2H), 0.59
(m, 2H);

>Cx

M-25
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Hz, 1H), 7.53 (d, | = 1.0 liz, 111), 4.09 (m, 111), 4.05 M53 0"(1:1-NC\WN\__// -()6 o (in,

2H),4.01 (d, | = 4.4 Hz, 2H), 3.40 (n, 4H), 3.38 On, 411), 2.67 On, 211), 1.94 (Er s, 1H), 1.87 (m, 1H),
1.71 WO 2009/038974 PCT/US2008/075145

ESIMS m/ for (M+H)*
C24H36F2N6055 caled:
558.2, found: 559.2.

Example M26: 1-Methylcyclopropyl 4-((5-(4-(vinylsulfonyl)piperazin-1-
ylpyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

1@*%

m:Q

7

[00246] A solution of M1e¢ (308 mg, 0.82 mmol) in tetrahydorfuran (4 mL) is
cooled in an ice/water bath and treated with triethylamine (299 mg, 3.0 mmol) followed
by 2-chloroethanesulfonyl chloride (401 mg, 2.5 mmol) added over 10 minutes. The
reaction is stirred for an hour and then evaporated and partitioned between water and
ethyl acetate. The organics are exracted with water twice more, dried over MgSQOy,
filtered evaporated and purified by silica gel using a linear gradient of 0-100% ethyl
acetate in hexane to afford M26; '"H NMR (400 MHz, CDsCN) § 7.91 (d, ] = 2.9Hz, 1H),
7.15(dd, J=9.1, 3.1 Hz, 1H), 6.65 (d, J =9.1 Hz, 1H), 4.19 (mm, 2H), 3.81 (d, ] = 6.3 Hz,
2H), 3.54 (m, 4H), 3.34 (m, 4H), 3.08 (ddd, J = 13.1, 2.8, 2.8 Hz, 2H), 2.80 (s, 3H), 2.04
(m, 1H), 1.92 (m, 2H), 1.44 (m, 2H), 1.28 (m, 6H); ESIMS m/z for (M+H)" C,1H3,N505S
calcd: 466.2, found: 466.2.

Example M27: 1-Methylcyclopropyl 4-((5-(4-(2-
ethoxyethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

jox O e, al
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[00247] By following a similar procedure as the one used for preparing M20 from
M6 except substituting M26 for M6, M27 is prepared; 'H NMR (400 MHz, CD3;CN) §
7.86 (d, J=1.5 Hz, 1H), 7.61 (d, J = 1.5 Hz, 1H), 4.18 (m, 2H), 4.07 (d, J = 6.6 Hz, 2H),
3.80(t, J = 6.0 Hz, 2H), 3.51 (m, 6H), 3.43 (m, 4H), 3.24 (t, ] = 5.9 Hz, 2H), 2.74 (dd, J
=12.3,12.0 Hz, 2H), 1.94 (m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.23 (m, 2H), 1.17 (t, ] =
7.0 Hz, 3H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C»;3H3sNs0S calcd:
512.3 , found: 512.6.

Example M28: 1-Methylcyclopropyl 4-((5-(4-(2-(piperidin-1-
yDethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

[00248] A solution of M26 (27 mg, 0.058 mmol) in ethanol (0.5 mL) is treated with
piperidine (13.3 mg, 0.12 mmol) and stirred at room temperture overnight. The reaction
is diluted with N,N-dimethylformamide and purified directly via a mass-directed HPLC
to afford M27; '"H NMR (400 MHz, CD;CN) 8 7.87 (d,J = 1.4 Hz, 1H), 7.64 (d, I = 1.4
Hz, 1H), 4.19 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H), 3.70 (m, 2H), 3.49 (m, 8H), 3.42 (m,
4H), 2.75 (m, 4H), 1.93 (m, 6H), 1.80 (m, 2H), 1.54 (s, 3H), 1.45 (m, 1H), 1.24 (m, 2H),
0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C26H43NOsS caled: 551.3, found:
551.3.

[00249] By following a similar procedure as the one used for preparing M28 from
M26 except substituting a commercially available amine for piperidine, the following

examples are prepared;

Example Structure Analytical data
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M29

I\
\_/_\_

_&3_\_61/\%

"H NMR (400 MHz,
CD;CN) § 7.86 (s, 1H),
7.62 (s, 1H), 4.19 (m, 2H),
4.07 (d, 7= 6.5 Hz, 2H),
3.97 (m, 5H), 3.49 (m, 5H),
3.42 (m, 5H), 2.74 (m, 2H),
1.94 (m, 1H), 1.79 (m, 2H),
1.54 (s, 3H), 1.24 (m, 2H),
0.86 (m, 2H), 0.61 (m, 2);
ESIMS m/z for (M+H)*
C,5Hy NgOgS caled: 553.3,
found: 553.2.

M30

/_\_

_<__>_\_<:/\_<~P

'"H NMR (400 MHz,
CD;CN) §7.88 (s, 1H),
7.64 (s, 1H), 4.18 (m, 2H),
4.07 (d, 7= 6.5 Hz, 2H),
3.51 (m, 8H), 3.44 (m, 4H),
2.94 (s, 6H), 2.76 (m, 2H),
1.96 (m, 1H), 1.80 (m, 2H),
1.54 (s, 3H), 1.24 (m, 2H),
0.87 (m, 2H), 0.62 (m, 2H);
ESIMS m/z for (M+H)*
C53H3gNgOsS caled: 511.3,
found: 511.2.

M31

CNx

Ngﬁ:y\_c o~

'H NMR (400 MHz,
CD;CN)67.86(d,T=1.2
Hz, 1H),7.82 (d,T=1.6
Hz, 1H),4.10(d,T=6.4
Hz, 2H), 4.07 (m, 2H), 3.55
(m, 2H), 3.41 (m, 2H), 3.15
(t,J =7.2 Hz, 4H), 3.01 (m,
2H), 2.83 (m, 2H), 2.74 (m,
2H), 1.95 (m, 3H), 1.78 (m,
2H), 1.50 (s, 3H), 1.22 (m,
2H), 0.79 (m, 2H), 0.58 (m,
2H); ESIMS m/z for
(M+H)" CyH3sNGOsS
caled: 522.3, found: 523.2.

M32

>Cx

_Q_?_ O\_CN_{)%

@]

'H NMR (400 MHz,
CD,CN) $§7.83(d, T=1.2
Hz, 1H), 7.71 (d, T = 1.6
Hz, 1H), 4.06 (d, ] = 6.8
Hz, 2H), 4.00 (m, 2H), 3.59
(t,T=12.4 Hz, 4H), 3.48
(m, 4H), 3.32 (m, 4H), 3.06
(m, 2H), 2.95 (m, 2H), 2.74
(m, 2H), 2.10 (m, 1H), 1.76
(m, 2H), 1.49 (s, 3H), 1.17
(m, 2H), 0.79 (m, 2H), 0.59
(m, 2H);

ESIMS m/z for (M+H)*
Co4H36F2NgOsS caled:
558.2, found: 559.2.
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(M+11)' C22H331'1603S caled: 495.2, found: 495.2. | HNMR (400 MHz, CDC13) 8 7.79 (d, | =

0.8 iz, 111), 7.53 (d, J = 0.8
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Example M33: 1-Methylcyclopropyl 4-((5-(4-((1-
(dimethylamino)cyclopropyl)methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

fat NgWe¥ ot

o
O

©\S Step A 0\\5,/0 Step B 0\\5,/0 Step C 0\\5,/0
A Py K OH P K OMs P K SAc

M33a M33b M33c M33d

o

0,0 PhOZS{“ /—\ N=

Step D ;S, so.c] StpE |S|_N N@—O 0

— ¥ § 2 —_— S n_/ N \_<:/\N_<
O—[

M33e M33f
\T v N N—<\I_=>—O 0
\ ; / E,
(o)
Example 33 {

Step F S—
—_—
(e}

[00250] Step A: A solution of M33a (5.0 g, 33 mmol) in acetic acid (50 mL) is
treated with 30% aqueous hydrogen peroxide (7.92 g of solution, 70 mmol) and stirred at
100 °C for 1 hour. The solvent was then removed and the reaction was coevaporated
with toluene 3 times.

[00251] A sample of M33a (4 g, 22 mmol) in tetrahydrofuran (40 mL) is cooled in
an ice/water bath and treated with BuLi in hexane (13.2 mL of a 2 M solution, 26 mmol)
and stirred for 20 minutes. The resulting yellow solution is treated with
paraformaldehyde (1.65 g, 55 mmol) and allowed to stir for 1 hour. The reaction is then
quenched with saturated aqueous ammonium chloride and filtered through a pad of

Celite® using ethyl acetate. The organics are isolated, dried over MgSQOy, filtered,
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Hz, 1H), 4.00 (d, J=4.4 ()- Hz, 2H), 3.85 (m, 1H), 3.57
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evaporated and purified on silica gel using a linear gradient of 0-100% ethyl acetate in
hexane to afford M33b; '"H NMR (400 MHz, CDCl3) § 7.91 (m, 2H), 7.68 (m, 1H), 7.59
(m, 2H), 3.64 (d, ] = 6.4 Hz, 2H), 2.72 (dd, ] = 6.4, 6.4 Hz, 1H), 1.64 (m, 2H), 1.07 (i,
2H); ESIMS m/z for (M+H)" C10H;305S caled: 213.1, found: 213.0.

[00252] Step B: A solution of M33b (4.2 g, 20 mmol) in dichloromethane (40
mL) is treated with triethylamine (3.0 g of solution, 30 mmol), cooled in an ice/water
bath and treated methanesulfonyl chloride (2.95 g, 26 mmol). The solution is stirred
overnight an allowed to come to room temperature. The reaction is then quenched with
aqueous 1 M HCI and extracted with dichloromethane twice. The organics are dried over
MgSOQOy, filtered, evaporated and triturated with diethyl ether to afford M33c; '"H NMR
(400 MHz, CDCl3) 6 7.92 (m, 2H), 7.68 (m, 1H), 7.59 (m, 2H), 4.41 (s, 2H), 2.82 (s,
3H), 1.80 (m, 2H), 1.21 (m, 2H); ESIMS m/z for (M+H)" C;1H;505S, caled: 291.0,
found: 291.0.

[00253] Step C: A solution of M33c (3 g, 10 mmol) in N, N-dimethylformide (30
mL) is treated with potassium thioacetate (1.3 g, 11 mmol) and water (20 mL) and stirred
at 60 °C overnight. The reaction is diluted with ethyl acetate and extracted with water
twice. The organics are isolated, dried over MgSQy, filtered, evaporated and purified on
silica gel using a linear gradient of 0-100% ethy] acetate in hexane to afford M33d; 'H
NMR (400 MHz, CDCl3) 6 7.88 (m, 2H), 7.69 (m, 1H), 7.59 (m, 2H), 3.26 (s, 2H), 2.26
(m, 3H), 1.68 (m, 2H), 1.02 (m, 2H); ESIMS m/z for (M+H)" C1,H;505S; caled: 271.1,
found: 271.0.

[00254] Step D: A cold (ice/water bath) solution of acetonitrile (2.1 mL) and 2 M
HCI (419 uL, 0.84 mmol) is treated with NCS (838 mg, 6.27 mmol), allowed to stir for 5
minutes and treated dropwise with a solution of M33d (358 mg, 1.6 mmol) in acetonitrile
(419 pL). After 30 minutes of stirring, the reaction is diluted with diethyl ether and
extracted with brine, water and saturated sodium thiosulfate. The organics are isolated,
dried over MgSQy, filtered and to afford M33e; ESIMS m/z for (M+H)" C10H2C104S,
calcd: 295.0, found: 294.9.

[00255] Step E: A cold (ice/water bath) solution of M1e¢ (524 mg, 1.4 mmol) and
triethylamine (282 mg, 2.8 mmol) in dichloromethane (5 mL) is treated with a solution of

M33e (solution of the crude from the last step) in dichlormethane (3 mL). After 2 hours
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of stirring, the reaction is evaporated and purified silica gel using a linear gradient of 0-

100% ethyl acetate in hexane to afford M33f; ESIMS m/; for (M+H)* Co9H40N507S,

calcd: 634.2, found: 634.2.
[00256]

Step F: A solution of M33f (157 mg, 0.25 mmol) in 2 M dimethylamine

in tetrahydrofuran (2 mL, 4 mmol) is treated with potassium fert-butoxide (28 mg, 0.25

mmol) and stirred for 1 hour. The reaction is evaporated, diluted with methanol and

purified directly via a mass-directed HPLC to afford M33; "H-NMR (400MHz, CDCl5) 3
7.86 (d, J=1.4Hz, 1H), 7.61 (d, /= 1.4 Hz, 1H), 4.20 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H),
3.50 (m, 4H), 3.39 (m, 4H), 3.07 (s, 2H), 2.74 (dd, J = 12.4, 12.3 Hz, 2H), 2.37 (s, 6H),
1.94 (m, 1H), 1.79 (m, 2H), 1.55 (s, 3H), 1.25 (m, 2H), 0.93 (m, 2H), 0.86 (m, 4H);

ESIMS calcd. for Cy5sH4NgOsS [M+H]* 537.3, found 537.4.

[00257]
[00258]

nucleophiles in step F, the following examples are obtained:

By following the procedure for M33 using the appropriate amine

Analytical data

2 M N?_OﬁCN‘ﬁ*&

TH-NMR (400MHz, CDCL,)
§7.86 (d, J = 1.5 Hz, 1H),
761 (d, J = 1.5 Hz, 1H),
7.31 (m, 5H), 4.14 (m, 2H),
4.09 (d, J = 6.5 Hz, 2H),
3.83 (s, 2H), 3.49 (m, 4H),
3.38 (m, 4H), 3.06 (s, 2H),
2.75 (m, 2H), 1.94 (m, 1H),
1.79 (m, 2H), 1.55 (s, 3H),
1.26 (m, 2H), 0.92 (m, 2H),
0.87 (m, 2H), 0.71 (m, 2H),
0.62 (m, 2H); ESIMS calcd.
for C30H43N6055 [M+H]+
599.3, found 599.5.

Example Structure
BnHN

M34 S—N N \
N/
0

N O

M35 <> S-N N

N/ 5

"H-NMR (400MHz, CDCl;)
5 7.86 (d, J = 1.4 Hz, 1H),
7.61 (d, J = 1.4 Hz, 1H),
3.82-4.21 (m, 6H), 4.07 (d,
J = 6.5 Hz, 2H), 3.49 (m,
7H), 3.41 (m, 5H), 2.74 (dd,
J =125, 12.3 Hz, 2H), 1.94
(m, 1H), 1.79 (m, 2H), 1.55
(s, 3H), 1.24 (m, 6H), 0.86
(m, 2H), 0.62 (m, 2H);
ESIMS caled. for
CoeHy N6OsS [M+H]"
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0 (s, 3H), 1.87 (m, 1H), 1.72
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| [ 549.3, found 549.4.

Example M36: 1-Methylcyclopropyl 4-((5-(4-((1-
aminocyclopropyl)methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

NH,

N o\ N=

(ISDI—N\_/NAQ\_:\}—O\_CN _/<o$
o

[00259] A solution of M34 (29 mg, 0.048 mmol) in ethanol (1 mL) and acetic acid
(0.1 mL) is treated with 10% Pd/C (Degussa type) and hydrogenated at room pressure for
2 hours. The atmosphere is exchanged for nitrogen and the catalyst is removed by
filtration through Celite®. The crude material is diluted with methanol and purified
directly via a mass-directed HPLC to afford M36; "H-NMR (400MHz, CDCl5) 6 7.86
(d,J=1.4Hz, 1H), 7.61 (d, /= 1.4 Hz, 1H), 4.20 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H), 3.50
(m, 4H), 3.39 (m, 4H), 3.07 (s, 2H), 2.74 (dd, J = 12.4, 12.3 Hz, 2H), 2.37 (s, 6H), 1.94
(m, 1H), 1.79 (m, 2H), 1.55 (s, 3H), 1.25 (m, 2H), 0.93 (m, 2H), 0.86 (m, 4H); ESIMS
caled. for C»3H37NsOsS [M+H]" 509.3, found 509.5.
[00260]

Example M37: 1-methylcyclopropyl 4-((5-(4-((1-
(benzyloxy)cyclopropyl)methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

OBn

AR

(ISDI_N\_/N_Q?O N O
() <« JD
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[00261] A solution of M33f (147 mg, 0.23 mmol) in benzyl alcohol (1 mL) is
treated with sodium hydride (12 mg, 0.5 mmol) and stirred for 24 hours. The reaction is
purified directly via a mass-directed HPLC to afford M37; '"H-.NMR (400MHz, CDCl3)
07.84(d, J=1.4Hz, 1H), 7.56 (d, J= 1.4 Hz, 1H), 7.25 (m, 5H), 4.55 (s, 2H), 4.20 (m,
2H), 4.07 (d, J = 6.5 Hz, 2H), 3.46 (m, 8H), 3.31 (s, 2H), 2.75 (dd, J = 12.3, 12.3 Hz,
2H), 1.94 (m, 1H), 1.80 (m, 2H), 1.54 (s, 3H), 1.25 (m, 2H), 1.08 (m, 2H), 0.87 (m, 4H),
0.62 (m, 2H); ESIMS calcd. for C30HN506S [M+H]" 600.3, found 600.5.
[00262]

Example M38: 1-Methylcyclopropyl 4-((5-(4-((1-
hydroxycyclopropyl)methylsulfonyl)piperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

OH

AR

(ISDI—N\_/NAQ}O Y 0
—( ) < JD

[00263] A solution of M33f (11.6 mg, 0.018 mmol) in tetrahydrofuran (0.5 mL) is
treated with potassium ferz-butoxide (2 mg, 0.02 mmol) and stirred for 5 minutes. The
reaction is then treated with water (50 pL) and trimethylphosphine (9 pLofa 1 M
solution in tetrahydrofuran, 0.009 mmol) and stirred at 45 °C overnight. The reaction is
diluted with ethyl acetate and washed with water. The organics are dried over MgSQy,,
filtered evaporated and purified via a mass-directed HPLC to afford M38; "H-NMR
(400MHz, CDCl3) 8 7.87 (s, 1H), 7.62 (s, 1H), 4.18 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H),
3.51 (m, 8H), 3.21 (s, 2H), 2.75 (dd, / =12.4, 12.4 Hz, 2H), 2.34 (bs, 1H), 1.94 (m, 1H),
1.79 (m, 2H), 1.54 (s, 3H), 1.28 (m, 2H), 1.10 (m, 2H), 0.86 (m, 4H), 0.62 (m, 2H);
ESIMS calcd. for Co3H36Ns06S [M+H]* 510.2, found 510.4.

[00264]
Example M39: 1-Methylcyclopropyl 4-((5-(4-(2-

hydroxyethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate
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(M+H)+ C23H37N603S calcd: 509.3, found: 509.2. 1H NMR (400 MHz, CDC13) 5 7.79 (d, J =

1.4 Hz, 1H), 7.53 (d, J = 1.4
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Example M39

Step A: By following a similar procedure as the one used for preparing
M1 from Ml¢ except substituting benzyl 2-(chlorosulfonyl)acetate for methyl 3-
(chlorosulfonyl)propanoate, M39a is prepared; ESIMS m/z for (M+H)" CosH3sN5s07S
calcd: 588.3, found: 588.2.

Step B: A solution of M39a (20 mg, 0.034 mmol) in methanol (3 mL) is
treated with sodium borohydride (13 mg, 0.34 mmol) and heated at 80 °C for 2 hours.
The mixture is cooled, diluted with water and extracted with ethyl acetate. The organic
layer is washed with brine, dried (MgSQ,), filtered, concentrated and purified using
mass-triggered reverse phase HPLC to afford M39; 'H NMR (400 MHz, CDCl;) § 7.89
(d,J=1.6 Hz, 1H), 7.64 (d, J = 1.6 Hz, 1H), 4.11 (s, 4H), 3.54 (m, 4H), 3.47 (m, 4H),
3.21 (m, 2H), 2.77 (m, 2H), 1.96 (m, 1H), 1.82 (m, 2H), 1.57 (s, 3H), 1.28 (m, 2H), 0.89
(m, 2H), 0.65 (m, 2H); ESIMS m/z for (M+H)" C,1H34N506S caled: 484.2, found: 484.2.

Example M40: 1-Methylcyclopropyl 4-((5-(4-(1-hydroxy-2-methylpropan-
2-ylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.
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Hz, 1H), 4.01(d,1=6.8 0 Hz, 2H), 3.75 (m, 2H), 3.43 0
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Step A ( M39a:R=H

M40a: R = Me
Step B -
[6]
Example M40

Step A: A solution of M39a (40 mg, 0.068 mmol) in dimethylformamide
(2 mL) is treated with potassium carbonate (50 mg, 0.36 mmol) and methyl iodide (46
mg, 0.32 mmol) and heated to 60 °C for 2 hours. The reaction is then partitioned
between ethyl acetate and water. The organics are washed with water and brine, dried
over MgSQy, filtered evaporated and used crude for the next step; ESIMS m/z for
(M+H)* C30H4Ns0-S caled: 616.3, found: 616.3.

By following a similar procedure as the one used for preparing M39 from
M39a except substituting M40a for M39a, M40 is prepared; 'H NMR (400 MHz,
CDCl3) 6 7.89 (d, J = 1.6 Hz, 1H), 7.62 (d, J = 1.6 Hz, 1H), 4.10 (d, J = 6.4 Hz, 2H),
3.75 (s, 2H), 3.59 (m, 4H), 3.48 (m, 4H), 2.76 (m, 2H), 1.97 (m, 1H), 1.81 (m, 2H), 1.57
(s, 3H), 1.40 (m, 6H), 1.27 (m, 2H), 0.89 (m, 2H), 0.64 (m, 2H); ESIMS m/z for (M+H)"
Ca3HasNsOgS caled: 512.3, found: 512.2.

Example M41: 1-Methylcyclopropyl 4-((5-(4-((3-methyloxetan-3-
yDmethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.
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O Step A O Step B O
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M4la M41b M4lc

o Example M41

[00265] Step A: A solution of M41a (1.01 g, 3.9 mmol) in ethanol (25 mL) is
treated with potassium thiocyanate (767 mg, 7.9 mmol) and stirred at reflux overnight.
The solvent is then removed to afford M41b which is used crude. ESIMS m/z for
(M+H)" C¢H10NOS calcd: 144.1, found: 144.0.

[00266] Step B: A suspension of M41b (crude from step A) in water (5 mL) is
cooled in an ice/water bath and treated with a slow stream of chlorine gas for 30 minutes.
The reaction is then extracted with diethyl ether and the organics are washed with
saturted aqueous sodium bisulfate solution followed by saturated aqueous
sodiumhydrogencarbonate solution. The organics are then dried over Na,SOy, filtered
and evaporated to afford M41b which was used crude in the next reaction; ESIMS m/z
for (M+H)" CsHoCIO5S calcd: 185.0, found: 185.0.

[00267] Step C: By following a similar procedure as the one used for preparing
M1 from M1¢ except substituting M41¢ for methyl 3-(chlorosulfonyl)propanoate, M41
is prepared; 'H-NMR (400MHz, CDCl3) & 7.87 (d, J = 1.4 Hz, 1H), 7.62 (d, J = 1.5 Hz,
1H), 4.64 (d, J = 6.3 Hz, 2H), 4.46 (d, J = 6.4 Hz, 2H), 4.22 (m, 2H), 4.08 (d, J = 6.6 Hz,
2H), 3.53 (m, 4H), 3.40 (m, 4H), 3.25 (s, 2H), 2.74 (dd, J = 12.4, 12.4 Hz, 2H), 1.94 (m,
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1H), 1.79 (m, 2H), 1.65 (s, 3H), 1.55 (s, 3H), 1.25 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H);
ESIMS caled. for C24H3sNsOgS [M+H]* 524.3, found 524.2.

Example M42: 1-Methylcyclopropyl 4-((5-(4-(3-acetoxy-2,2-
dimethylpropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

M42a M42b M42c
Step c /_C _<
Example M42

[00268] Step A: A solution of M42a (2 g, 12 mmol) in N,N-dimethylformamide
(7.2 mL) is treated with potassium thiocyanate (1.75 g, 18 mmol) and stirred at 140 °C
for 4 hours. The reaction is cooled to room temperature and partitioned between diethyl
ether and water. The aqueous phase is extracted with diethyl ether once more and
discarded. The combined organics are dried over MgSQy, filtered, evaporated and
distilled on a Kugelrohr apparatus to afford M42b; ESIMS m/z for (M+H)" CsH;,NOS
calcd: 146.1, found: 146.1.

[00269] Step B: A solution of M42b (1.54 g, 10.6 mmol) in pyridine (10 mL) is
cooled in an ice/water bath and treated with aetic anhydride (10 mL). The reaction is

allowed to stir overnight as the ice bath melts. The solvent is removed and the residue is
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(s, 311), 1.18 (in, 311), 0.79 (n, 2H), 0.54 (n, 21-1): ESIMS Ink for (M+H)+
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partitioned between ethyl acetate and water. The organics are washed with 1 M HCI
twice and then saturated aqueous sodiumhydrogencarbonate solution. The organics are
then dried over MgSQy, filtered and evaporated to afford M42¢ which was used crude in
the next reaction; ESIMS m/z for (M+H)" CsH4NO,S calcd: 188.1, found: 188.1.
[00270] Step C: By following a similar procedure as the one used for preparing
M41 from M41b except substituting M42¢ for M41b, M42 is obtained; '"H NMR (400
MHz, CD3;CN) 6 7.86 (d, J = 1.4 Hz, 1H), 7.61 (d, J = 1.4 Hz, 1H), 4.19 (m, 2H), 4.07 (d,
J =6.5Hz, 2H), 4.00 (s, 2H), 3.50 (m, 5H), 3.37 (m, 4H), 2.86 (s, 2H), 2.73 (dd, J = 12.4,
12.3 Hz, 2H), 2.08 (s, 3H), 1.94 (m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.27 (m, 2H), 1.22
(s, 6H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C26H4,Ns04S caled: 568.3 ,
found: 568.4.

Example M43: 1-Methylcyclopropyl 4-((5-(4-(3-hydroxy-2,2-
dimethylpropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

HO 0O N

[00271] Step A: A solution of M42 (48 mg, 0.085 mmol) in tetrahydrofuran (1.5
mL) is treated with lithium hydroxide (7 mg, 0.17 mmol) and stirred for 1 day. The
solvent is removed and the residue is purified on silica gel using a linear gradient of O-
100% ethyl acetate in hexane to afford M43; "H NMR (400 MHz, CD;CN) §7.89 (d, J =
1.4 Hz, 1H), 7.67 (s, 1H), 4.36 (s, 2H), 4.17 (m, 2H), 4.07 (d, J = 6.5 Hz, 2H), 3.51 (m,
4H), 3.37 (m, 4H), 2.87 (s, 2H), 2.76 (dd, J = 12.2, 11.6 Hz, 2H), 1.94 (m, 2H), 1.80 (m,
2H), 1.53 (s, 3H), 1.26 (m, 2H), 1.24 (s, 6H), 1.14 (s, 1H), 0.87 (m, 2H), 0.62 (m, 2H);
ESIMS m/z for (M+H)" Cp4H40N5O¢S caled: 526.3 , found: 526.2.
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C231137N603S calcd: 509.3, found: 509.2 WO 20091038974PCT/U82008/0751 45 M56 () O,n n "S-N
N 1H NMR (400 MHz, CDC13) 5 7.79 (d, J = 1.6 Hz, 1H), 7.53 (d, | = 1.6 Hz, 1H), 4.01 (d, | = 6.8 Hz,
2H), 3.42 (MVBRA%038Tih 411), 3.14 (d, J = 7.2 11z, IFT), 2.98 (in, 211), PET/H2P&P7519% (s, 3H),
1.87 (in, 111), 1.72 (in, 211), 1.48 (s, 311), 1.18 (in, 311), 0.80 (in, 2H), 0.54 (in, 2H): ESIMS ink for
(M+10+ C241L9N605S calcd: 523.3, found: 523.2 Example M57: 1-Methylcyclopropy!
44(5-(4-(2-(pyridin-3- yl)ethylsulfonybpiperazin-l-y1l)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate \ n

00 /NS-NN Example M44: 1-Methylcyclopropyl 4-((5-(4-(3-acetoxy-3-
methylbutylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-
carboxylate.

O
0 N= N
1
- 0 0
SN
AcO
Step A Step B
HO><\/ Br AcO Br ACO><\/SAC
Md4a M44b M44c
-
Step C i N N:>70/_CN_<O
—
AcO
Example M44

[00272] Step A: A solution of M44a (1.48 g, 8.9 mmol) in dichloromethane (49
mL) is cooled in an ice/water bath and treated with pyridine (913 mg, 12mmol) and
acetyl chloride (868 mg, 11 mmol) and the reaction is allowed to stir overnight as the ice
bath melts. The reaction is then quenched with water. The organic phase is isolated,
dried over MgSQ,, filtered, evaporated and the residue is purified on silica gel using a
linear gradient of 0-100% ethyl acetate in hexane to afford M44b; A satisfactory ESIMS
could not be obtained.

[00273] Step B: A solution of M44b (750 mg, 3.6 mmol) in N,N-
dimethylfromamide (10 mL) is cooled in an ice/water bath and treated with potassium
thioacetate (410 mg, 3.6 mmol). The reaction is stirred overnight and partitioned
between ethyl acetate and water. The organics are extracted with water once more, dried
over MgSQy,, filtered and evaporated to afford M44e¢ which is used in the next step crude;
ESIMS m/z for (M+Na)" CoH;6NaOsS caled: 227.1, found: 227.0.
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0 [00279]Step A: A sealed vessel containing M26 (50 mg, 0.11 mmol), 3- bromopyridine (10 RE, 0.11
mmol), Pd2dba3 (3.0 mg, 0.0032 mmol), tri-tbutylphosphonium tetrafluoroborate (2.0 mg, 0.0064
mmol), dicy®YSh#)IAEWYlamine (45 mL 021 mmol), and dioxane (1 mL) is HeEEPU81581¢5 overnight.
The reaction is cooled to room temperature and is diluted with water and extracted with ethyl acetate.
The organic phase is dried over MgSO4, filtered, evaporated, and purified on silica gel using a linear
gradient of O to 100% ethyl acetate in dichloromethane to afford M57a; ESIMS 1114: for (M+H)+

C26H34N605S ciesh4q43.2 siepied: B¢ iidA02801RkaR: BidaltiomebMakadiempinpigvious step
in ethanol (1mL) is sparged with H2 (g) for 30 minutes and then left under an a;mosl%here of H2 (g)

overnight. The redcadiPi Mfitd g sort ehitteiedddée fer LR Al A i ipeaass mEs¥ dRected HPLC
using a linear gradeenief, K0t 9Gs.ecetonitrilel inAvater 1% afioui-M37HE NMR.(CR&EHY00 MHz): 8

8.79(s, 1 H), 8.65 (m, | H), 8. 7.86 (d, J.=1.4 Hz, 1H), 7,68 (m, 1 H), 7.61 (d, J = 1.4 Hz, 1
. 4.30(m. 20 3 OBt 0 e m o S Bt A 255 G485, 32 . 21, 270
(m, 2H), 1.79 (12l 4.38)(2. BH)n, 2B, (n983+ B 10.869¢Gm2 tH)) OLED (m, 21);1BS (v SHinkifds (M-kI-E+
C26H37N605S calcd.: 545.3, foynd: 545.3. 158: | -Methyleye | 4-((5-(4-(2-(py
ridin-4- yI)ethylsu<a(;%r?{y}j%Eé&%ﬁyg%ﬁ%ﬁrﬁ&Eg@@;%%%b%%éﬁ%ﬁ%&%%@%gfé 00281]By
following a simila® prdceeRibefasnfbs@Bd preparation of M57 from M26 except substituting
4-bromopyridine for 3-bromopyridine, M58 is prepared; 11-i NMR (CDCE. 400 MHz): 8 8.80 (s. 2H),

7.87 (s, 1H). 7.74 (s. 2H). 7.63 (s, 1H). 4.20 (m, 2H). 4.07 (d. J = 6.5 Hz, 2H), 3.50 (m, 4H), 3.43 (m,
4H), 3.40 (m, 2H), 3.26 (FxamppleMA4s OmMethyicoddoprony #- 457 6H(A: indyoxysh (s, 3H), 1.24 (in, 2H),

0.86 (in, 2H), 0.6 MIBENIERIVS Bife SRR 2R 43ANGNaS A ptperdmaafound: 545.4.
Example M59: 1-M%t;k?yltwﬁgélopropéf%i-{(%(%-(4-sumyoylpipe?ﬁtzmingl- lﬁﬁﬁﬂ)
yI)pyrazin-2-y|ox9§‘ﬁmwmiﬂperidine-l-carboxylate OrTh H2N-S-N NIl /()  Mlc [00282]Step A: A
solution of chlorosulfonyl isocyanate (230 pl., 2.65 nano]) in n-

o<t

SO y#@ %
HO
A solution of M44 (199 mg, 0.35 mmol) in methanol (3.9 mL) is treated

with NaOMe (1.1 mL of a 6.4M solution, 7 mmol) and stirred for 2.5 hours. The
reaction is quenched with saturated aqueous ammonium chloride and the solvent is
removed. The residue is dissolved in dichloromethane and washed with water, dried
over MgSQ,, filtered, evaporated and the residue is purified on silica gel using a linear
gradient of 0-100% ethyl acetate in hexane to afford M45; '"H.NMR (400MHz, CDCl3)
0 7.86 (d, J=1.5Hz, 1H), 7.62 (d, J = 1.5Hz, 1H), 4.20 (m, 2H), 4.07 (d, J = 6.5 Hz,
2H), 3.50 (m, 4H), 3.44 (m, 4H), 3.09 (m, 2H), 2.74 (dd, J = 12.9, 12.7 Hz, 2H), 1.92-
2.01 (m, 3H), 1.79 (m, 2H), 1.55 (s, 3H), 1.27 (m, 8H), 0.86 (m, 2H), 0.62 (m, 2H);
ESIMS calcd. for C4Hs0N5O6S [M+H]" 526.3, found 526.2.

Example M46: 1-Methylcyclopropyl 4-((5-(4-(2-(1-

acetoxycyclopropyl)ethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.
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hexanes (2.4 nth) is added dropwise to a solution Mlc (1.0g, 2.7 mmol) in n-hexanes (5 mL) and
stirred at room temperature for 45 minutes. A solution of benzyl alcohol (27411L, 2.65 mmol) and
triethylarnin® &2W383747 mmol) in tetrahydrofuran (10 nth) is then introd Rt I¥EE1K&fter 2 hr.,
the reaction is treated with water and extracted with dichlorornethane. The organic phase is dried
(MgSO04), filtered, evaporated and chrornatographed on silica gel using a linear gradient of 0 to 100%
ethyl acetate in dichlorornethane to afford M59a. ESIMS in/z for (M-1-H C27 H37N607S calcd.: 589.2,
found: 589.3. [00283]Step B: A solution of M59a (300 mg, 0.509mmol) in,ethanol (5 mL) is treated with
5% Pd/C (30 mg) and subjected to a H2 (g) flush for inu}%{fh}qtﬁctl n is left under an
atmosphere of H, (g) overnight aw{ ere r Qetite(r) coneentrated to afford M59;
ESIMS ink, for (M+H)+CpajiN605S calcd.©455:2, foundN455.3. Example M60: ten-Butyl
4-((5-(4-(morphol inosulfonyl)pipéf&zin- 1- yl)py razin-2-y loxy )methyl)piperidine-I-carboxy late 0 0
N-S-N NV /() N NTh 112N-S-N N-kt ,9-0 \-/n N=\0O N-S-NNrO (H __A O [002841A sample of
M60a is prepared in an analogous manner to M30. A microwave reaction vial is charged M60a (64
mg, 0.14 mmol), 2-bromoethyl ether (18 RL, 0.14 mmol), potaggium carbonate (40 mg, 0.28 mmol)

and N,N-dimethylformamide (2 mL),l\éi?c:Ed}vaheMto WB’? minutes via microwave. The
reaction is cooled to room temperature apd poured over watér and extracted with ethyl acetate. The
organic phase is dried (MgSO4), filteredygi¢aporated, and pur§iagron silica gel using a linear gradient
of 0 to 100% ethyl acetate in hexane to afford M60; 1H NMR (CDC13, 400 MHz): *7.95 (s, 1H), 7.91

(s, 1H), 4.16 (m, 2H), 4.11 (d, J = 6.5 Hz, 2H), 3.74 (m, 4H), 3.53 ( H), %@ﬁ@m, HI), 3.27 (m, 5H),
2.73 (m, 2H), 1.96 (m,111), 1.78 (m, 2H), 1.46 (5794, 1%}&@% nilz for (MA-I-CO/Bur

C18H31N604S calcd.: 427.2, Y60ld: 427.2—5-N % o1 -Methylcyalopropyl
44(6-(4-(ethylsulfonyl)piperazin- 1- yl)gy Tidir>3-yloxy)methyl)pipe ridine-l-carboxylate 0\SC\-N O 0O
AcO

Example M46

[00275] Step A: A solution of M46a (1.99 g, 12 mmol) in diethyl ether (40 mL) is
treated with titanium(I'V)isopropoxide (369 mg, 1.2 mmol) followed by dropwise
addition of ethylmagnesium bromide (8.8 mL of a 3 M solution in diethyl ether, 26
mmol). The reaction is quenched into ice cold 10% sulfuric acid and the aqueous phase
is extracted with ether once more. The combined organics are dried over MgSQy,
filtered, evaporated and the residue is purified on silica gel using a linear gradient of 0-
100% ethyl acetate in hexane to afford M46b; "H.NMR (400MHz, CDCl5) 8 3.60 (dd, J
=7.3,7.3 Hz, 2H), 2.41 (s, 1H), 2.10 (dd, J = 7.3, 7.3 Hz, 2H), 0.78 (m, 2H), 0.52 (m,
2H); A satisfactory ESIMS spectrum could not be obtained.

[00276] Step B: By following a similar procedure as the one used for preparing
M33 from M33c except substituting M46b for M33c, M46 is prepared; 'H-NMR
(400MHz, CDCl3) 8 7.86 (d, J = 1.4 Hz, 1H), 7.61 (d, J = 1.4 Hz, 1H), 4.20 (m, 2H),
4.07 (d, J = 6.5 Hz, 2H), 3.49 (m, 4H), 3.41 (m, 4H), 3.11 (ddd, J =8.2, 5.2, 5.2 Hz, 2H),
2.74 (dd, J=12.2,12.0 Hz, 2H), 2.25 (ddd, J = 8.2, 4.7, 4.7 Hz, 2H), 2.00 (s, 3H), 1.94
(m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.25 (m, 2H), 0.93 (m, 2H), 0.86 (m, 2H), 0.76 (i,
2H), 0.62 (m, 2H); ESIMS calcd. for C,6H40N507S [M+H]" 566.3, found 566.4.

[00277]
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WO 20091038974PCT/U S2008/0751 45 M61 [00285]Step A: By following a similar procedure as for
the one used for the preparation of Mic from Blla except substituting BM for B12a, M61a is prepared;
ESIMS miz ¥ @M ¥2bH3iN403 calcd.: 375.2, found: 375.2. StepPATBPIRNFHG XA similar
procedure as the one used for preparing M1 from Mic except substituting M61a for MIc and
ethanesulfonyl chloride for methyl 3-(chlorosulfonyl)propanoate, M61 is prepared; 1H NNIR (400 MHz,
CD3CN) 8 7.80 (in, 1H), 7.26 (in, 1H), 6.65 (in, 1H), 4.05 (in, 2H), 3.70 (d, | = 6.3 Hz, 2H), 3.52 (in,
3H), 3.37 (in, 4H), 3.21 (ipxdip1end27€in- R A& Qb opyF4ald#dl@41Hz, 2H), 1.86 (in, 1H), 1.72 (in,

2H), 1.47 (s, 3H), 1.31 (t, | = 7.3 Hz, 3H), 1,17 (m, 2H), 0.79 (in, 2H), Q.55 (in, 2H); ESIMS Ink, for
(M+H)+ 022H35MS§E&‘F&PW§?‘.&"ﬂ%ﬂﬂ&?%&?’.‘??f%‘?&]‘éyﬁ%\mFig a similar procedure as for the

one used for the grpamip)pipdddiiomdidbayxeept substituting commercially available sulfonyl
chlorides for M61a, the following examples are obtained: Example Structure Analytical data M62 0 ()
1H NMR (400 MHz, CD3(iN) 7.88 (in, 111), 7.24 (in, 1H), 6.71 (in, 11-11), 4.13 (in, IFT), 3.78 (d, | =
6.3 Hz. 211). 3.59 (m. 311). 3.43 On, 291 12.2. 12.1 Hz. 211). 489 (my-343), 1.80 (in, 211), 1.55 (s,
3H), 1.24 (in, IFT), 1.07 (t, | = 7.4 Hz, 3H)7 0.86+(m, 2M5\0.62Ain, 21&)?@8 MS m/z. for IN="Th S

0 0

-NN-(ik/ ME_N\_/N \_/

HO

By following a similar procedure as the one used for preparing M43 from
M42 except substituting M46 for M42, M47 is prepared; "H.NMR (400MHz, CDCl3) 6
7.87(d,J=1.5Hz, 1H), 7.62 (d,J=1.4 Hz, 1H), 4.19 (m, 2H), 4.08 (d, J = 6.5 Hz, 2H),
3.51 (m, 4H), 3.43 (m, 4H), 3.21 (m, 2H), 2.74 (dd, J = 12.3, 12.3 Hz, 2H), 2.27 (bs,
1H), 2.08 (m, 2H), 1.94 (m, 1H), 1.79 (m, 2H), 1.55 (s, 3H), 1.25 (m, 2H), 0.86 (m, 4H),
0.62 (m, 2H), 0.56 (m, 2H); ESIMS calcd. for C,4H3sNs06S [M+H]" 524.3, found 524.5.

Example M48: (R)-1-methylcyclopropyl 4-((5-(4-(pyrrolidin-3-
ylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate

O N=
Oi!s'—N N \_>—o 0%
5O
HN 0

0
OH Oxll
Step A OMs  Step B ;S—< Step C S-a
CbzN

_— R — 0O —F
CbzN CbzN CbZN: )
M48a M48b M48¢ M48d
O
Step D OQg _ N/ \

e

G os T

M48e: R=Cbz
S E
@ F ( pxample M48: R=Fi
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AN \'N/ O (M+H)11C23H37N403S called: 481.2 , found: 481.2.

WO 2009/038974 PCT/US2008/075145

Step A: A solution of M48a (10 g, 45.2 mmol) in dichloromethane (200
mL) is cooled in an ice/water bath and treated with diisopropylethylamine (9.4 mL, 54.3
mmol) followed by dropwise addition of methanesulfonyl chloride (3.8 mL, 50 mmol).
The resulting solution is stirred at 0 °C for 1 hour, concentrated and purified on silica gel
using a linear gradient of 0-100% ethyl acetate in hexane to afford M48b; ESIMS m/z for
(M+H)" C;3H;sNOsS caled: 300.1, found: 300.0.

Step B: A solution of M48b (14.1 g, 45 mmol) and thiolacetic acid (6.4
mL, 90 mmol) in dimethylformamide (200 mL) is treated with Cs,CO3 (30 g, 90 mmol)
and heated at 60 °C for 14 hours. The mixture is diluted with water and extracted with
ethyl acetate (3x). The organic layers are combined, washed with water (2x) and brine,
dried over MgSQy, filtered, concentrated, and purified on silica gel using a linear
gradient of 0-100% ethyl acetate in hexane to afford M48¢; ESIMS m/z for (M+H)"
C14H1sNOs3S caled: 280.1, found: 280.0.

Step C: A solution of N-chlorosuccinimide (16.7 g, 125 mmol) in 2N HCl
(24 mL) and acetonitrile (120 mL) is cooled in an ice/water bath and treated dropwise
with a solution of M48¢ (9.2 g, 31 mmol) in acetonitrile (20 mL) over 1 hour. The
solution is concentrated and partitioned between ethyl acetate and a saturated aqueous
sodiumhydrogencarbonate solution. The organic layer iss washed with aqueous sodium
thiosulfate and brine, dried (MgSQ,), filtered and concentrated to provide M48d as a
golden oil; ESIMS m/z for (M+H)" C1,HsCINO,S caled: 304.0, found: 304.0.

Step D: A solution of M1e¢ (74 mg, 0.2 mmol) and M48d (67 mg, 0.22
mmol) in dichloromethane (5 mL) is treated with diisopropylethylamine (69 uL, 0.4
mmol) and stirred at room temperature for 3 hours. The mixture is concentrated and
purified on silica gel using 0-100% ethyl acetate in hexane to afford M48e; ESIMS m/z
for (M+H)" C31H43NgO+S caled: 643.3, found: 643.2.

Step E: A solution of M48e (104 mg, .16 mmol) in methanol (10 mL) is
treated with Pd/C (10%, wet) and stirred under 1 atm H, for 14 hours. The mixture is
filtered through Celite®, concentrated, and purified on silica gel using 0-10% MeOH in
dichloromethane to afford M48: 'H NMR (400 MHz, CDCl3) & 7.79 (d, J = 1.2 Hz, 1H),
7.54 (d,J=1.2 Hz, 1H), 4.01 (d, J = 4.8 Hz, 2H), 3.52 (m, 1H), 3.40 (m, 9H), 3.14 (m,
1H), 3.07 (dd, J = 5.2, 8.4 Hz, 1H), 2.80 (m, 1H), 2.67 (m, 2H), 2.08 (m, 2H), 1.98 (s,
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M63 0 0 1H NMR (400 MHz, CD3(iN) 7.89 (d, J = 2.8 llz, 111), 7.24 (m, 111), 6.67 (d, | = 8.9 Hz,

1H), 4.12 (in, 2H), 3.77 (d. J = 6.3 Hz, 211), 3.50 (m, 811), 3.22 (sept., | = 6.8 Hz, 111), 2.74 (dd, J =
12.4. 12.3 HYO2P9P¥E37dm 111), 1.80 (m, 211), 1.55 (s, 3H), 1.36 (d, | = 6 BGHYAUBLHRA758Tm, 2H),
0.86 (m. 2H), 0.62 (m, 2H): ES1IMS (n/z for (M+11)+ C2-,H37N403S calcd: 481.2 , found: 481.2. iirTh-
)_S-NN\/a\\ \ 0 N/

2H), 1.87 (m, 1H), 1.72 (m, 2H), 1.48 (s, 3H), 1.18 (m, 2H), 0.79 (m, 2H), 0.55 (m, 2H);

ESIMS m/z for (M+H)" C3H37NsOsS caled: 509.3, found: 509.2.

[00278] By following the procedure for making M48 from M48a using the

appropriate commercially available starting alcohols in place of M48a and in some cases

performing reductive methylations, the following examples are prepared;

Example

Structure

Analytical data

M49

"H NMR (400 MHz,
CD;CN) §7.82(d,J=1.6
Hz, 1H), 7.70 (d, T = 1.6
Hz, 1H), 4.06 (d, ] = 6.8
Hz, 2H), 4.00 (m, 2H), 3.63
(m, 1H), 3.46 (m, 4H), 3.36
(m, 4H), 3.12 (m, 2H), 2.95
(m, 1H), 2.77 (m, 3H), 2.10
(m, 5H), 1.76 (m, 2H), 1.73
(s, 3H), 1.18 (m, 2H), 0.79
(m, 2H), 0.59 (m, 2H);
ESIMS m/z for (M+H)*
Cy3H3NgOsS caled: 509.3,
found: 509.2.

M50

ol /1

8OOt

"H NMR (400 MHz,
CDCLy) & 7.79(d, T=0.8
Hz, 1H), 7.54 (d,7=0.8
Hz, 1H), 4.01 (d, T=4.8
Hz, 2H), 3.53 (m, 1H), 3.40
(m, 9H), 3.14 (m, 1H), 3.08
(dd, T =5.2, 8.4 Hz, 1H),
2.81 (m, 1H), 2.68 (m, 2H),
2.08 (m, 2H), 2.00 (s, 2H),
1.87 (m, 1H), 1.72 (m, 2H),
1.48 (s, 3H), 1.18 (m, 2H),
0.79 (m, 2H), 0.55 (m, 2H);
ESIMS m/z for (M+H)*
Cy3H3NgOsS caled: 509.3,
found: 509.2.

MS51

"H NMR (400 MHz,
CDCL) 6 7.79(d, T=1.2
Hz, 1H), 7.54 (d,T=1.2
Hz, 1H), 4.01 (d, T = 4.8
Hz, 2H), 3.64 (m, 1H), 3.40
(m, 8H), 2.87 (m, 1H), 2.73
(m, 1H), 2.67 (m, 2H), 2.61
(m, 1H), 2.31 (s, 3H), 2.00
(m, 2H), 1.98 (s, 2H), 1.72
(m, 2H), 1.48 (s, 3H), 1.18
(m, 2H), 0.79 (m, 2H), 0.55
(m, 2H); ESIMS m/z for
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M64 11/-ThN - ( S-NN-*/aV.3 0 0l1b, 1H NMR (400 MHz, CD3CN) 87.88 (m, 1H), 7.24 (in, 111), 6.71
(in, 111), 4.13 (in, 2H), 3.78 (d, J = 6.3 Hz, 211). 3.59 (m. 311). 3.40 On, 411), 3.29 On, 111), 2 77 (d,

| = 6.6 Hz, 2M9 2809938934 (m, 1H), 1.94 (m, 111), 1.80 (in, 211), 1.55 (s, 3HICVORU/VEHS1.12 (d, I
= 6.7 Hz, 6H), 0.86 (m, 2H), 0.62 (in, 211); ESIMS (n/z for (M+11)11(734HoN405S calcd: 495.3 .
found: 495.3. O0\N/ Example M65: I-Methy ley clopropy | 44(61443- hydroxy propylsulfony
Opiperazin-I-y Opyridin-3-yloxy)methyl)piperidine-1carboxy late HO

(M+H)" Cy4H3NgOsS
caled: 523.3, found: 523.2.

M52

T?OLCN_{D%

"H NMR (400 MHz,
CDCl3) 6 7.79(d,T=1.2
Hz, 1H), 7.54 d,T=1.2
Hz, 1H), 4.01 (d,T=4.8
Hz, 2H), 3.64 (m, 1H), 3.40
(m, 8H), 2.87 (m, 1H), 2.73
(m, 1H), 2.67 (m, 2H), 2.61
(m, 1H), 2.31 (s, 3H), 2.00
(m, 2H), 1.98 (s, 2H), 1.72
(m, 2H), 1.48 (s, 3H), 1.18
(m, 2H), 0.79 (m, 2H), 0.55
(m, 2H); ESIMS m/z for
(M+H)" Cy4H3NgOsS
caled: 523.3, found: 523.2.

MS53

"H NMR (400 MHz,
CDCl3) 6 7.78(d,T=1.0
Hz, 1H), 7.53 (d,T=1.0
Hz, 1H), 4.09 (m, 1H), 4.05
(m, 2H), 4.01 (d, T = 4.4 Hz,
2H), 3.40 (m, 4H), 3.38 (m,
4H), 2.67 (m, 2H), 1.94 (br
s, 1H), 1.87 (m, 1H), 1.71
(m, 2H), 1.48 (s, 3H), 1.18
(m, 2H), 0.79 (m, 2H), 0.55
(m, 2H); ESIMS m/z for
(M+H)" CH3sNgOsS
caled: 495.2, found: 495.2.

M54

"H NMR (400 MHz,
CDCl3) 6 7.79(d,T=0.8
Hz, 1H), 7.53 (d,T=0.8
Hz, 1H), 4.00 (d,T=4.4
Hz, 2H), 3.85 (m, 1H), 3.57
(m, 2H), 3.41 (m, 4H), 3.34
(m, 4H), 2.67 (m, 2H), 2.29
(s, 3H), 1.87 (m, 1H), 1.72
(m, 2H), 1.48 (s, 3H), 1.18
(m, 2H), 0.79 (m, 2H), 0.55
(m, 2H); ESIMS m/z for
(M+H)" C3H3NgOsS
caled: 509.3, found: 509.2.

M55

"H NMR (400 MHz,
CDCL) 8 7.79(d, T=14
Hz, 1H), 7.53 (d,T= 1.4
Hz, 1H), 4.01(d, T=6.8
Hz, 2H), 3.75 (m, 2H), 3.43
(m, 6H), 3.33 (m, 41, 3.16
(m, 2H), 2.67 (m, 2H), 1.87
(m, 1H), 1.72 (m, 2H), 1.48
(s, 3H), 1.18 (m, 3H), 0.79
(m, 2H), 0.54 (m, 2H);
ESIMS m/z for (M+H)*
C3H37NgOsS caled: 509.3,
found: 509.2
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ON-\S-NN-cV 0 WO 20091038974PCT/US2008/075145 N- FINC NO W \() Step A0 Mé6la C
M65a: C1 Step BR = rM65b: R =0Ac Step C Example 65: R =OH [00287]Step A: By following a similar
procedure 2% @M@ ¥téused for the preparation of M6 from Mile except sE6IHALPNBL1E for Mic,
M65a is prepared: ESIMS raiz for (M+H)+C23H36C1N402S calcd.: 515.2, found: 515.2. Step B: By
following a similar procedure as the one used for preparing M19 from M5 except substituting M65a for

M5, M65b is prepared; ESIMS nilz for (M--H )+ C25W9N407S calcd: 539. 3 found: 539.2.

Step

C.: By followi
M65b for M4
(dd, J=9.2,

4H), 3.08 (M|,
3H), 1.24 (m|
found: 497.3|

2H), 0.85
M56

ng a similgr procedure as the one used for preparing M43 floMh 9(&‘551 substituting
D, Example 65 is prepared: 'H NM R (400 MHz, CD3CN) .3 fg%l‘f JA50HZ 1), 7.19
2.8 Hz, 1H), 6.68 (d, J = 9.1 Hz, IH), 4.11 (m, 2H), 3.77 (m,

2H), 2.74 (dd, J = 12.3, 12.3 Hz, 2H), 2.08 (m, 2H), 1.92 (mii2bt)), 2 80n{miI2b1)3 1

(m, 2H)OQ%2 (_\ZWNES};MS nilz for (Mqﬁ

o

441')1 291,74k} 3.41 (m,
54 (s,
CREHEPN4O6S calédiz497.2 ,
2H), 2.98 (m, 2H), 2.69 (m,
2H), 2.25 (s, 3H), 1.87 (m,
1H), 1.72 (m, 2H), 1.48 (s,
3H), 1.18 (m, 3H), 0.80 (m,
2H), 0.54 (m, 2H); ESIMS
m/z for M+H)*
C,4H39NgOsS caled: 523.3,
found: 523.2

Example M57: 1-Methylcyclopropyl 4-((5-(4-(2-(pyridin-3-

yDethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate

[00279]

(@]

WaN R W e ot

\_S N Niw_\—@«% Step A
«% Step B

o)
MS57a
N\
v ) 11 O o
Example M57

Step A: A sealed vessel containing M26 (50 mg, 0.11 mmol), 3-

bromopyridine (10 puL, 0.11 mmol), Pd,dba; (3.0 mg, 0.0032 mmol), tri-t-

butylphosphonium tetrafluoroborate (2.0 mg, 0.0064 mmol), dicyclohexylmethylamine

(45 mL, 0.21 mmol), and dioxane (1 mL) is heated at 120 °C overnight. The reaction is
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Example M66: I-Methyley clopropy | 44(61443-
aminopropylsulfonyl)piperazinThyl)pyridin-3-yloxy)methyl)piperidine-1- carboxy late H. 0 S-NV 0

WO 200910%82PABE3$IT# S2008/0751 45 [00288]By following a similar prod&dtiFSXE387 M one used
for the preparation of M18 from M16 except substituting M65a for M16, M66 is prepared; ESIMS ni/z
for (M+Hr C23H3sN15058 calcd: 4963 , found: 4963. Example M67: 1 -Methy ley clopropy | 4-((6-
(4-(3-(azetidin- 1- yl)propylsulfonyl)piperazin-1 -yl)py ridin-3-yloxy)methyl)piperidine-l-carboxylate. C-7

N- il S-N N-Kk V\c&18a%d 2o dNr ko J1QRBO1RY fodioving arsimitarnmsederl aadosihe euawbised for the
preparation of M21 from M6 except substituting M65a for M21 and azetidine for 2-methylimidazole,

M67 is prepared: 1T TSRNGPRAOMES AEEMReYeliberesh qurperasd apd ppbied omrsiligieel 5 g 2 1y,
1H), 6.84 (d, J = &Ad1ziiddd) gfa@Crins B, 8086 dEy] sedatk tzdidhiprénRhbin: BH)o3d3M4Ta; 4H), 3.09 (t,

(. 300, 123 (n, BPINO.76 i SH1b 5SS B i TS Co61 141N505S calb
535.3, found: 53(082800290] Step BExaswipleMFVE7dMethyloy plopirap\stepliitettddadl (dadtidin-1-
yheyclopropyhmetiey!aRYHD RSB TR I iy RV M RIRRIANS SF 153 oxvlate.

overnight. The reaction is filtered over Celite®, concentrated, and purified by mass

directed HPLC using a linear gradient of 10 to 90% acetonitrile in water to afford M57;

"H NMR (CDCl;, 400 MHz): §8.79 (s, 1H), 8.65 (m, 1H), 8.09 (m, 1H), 7.86 (d, ] = 1.4

Hz, 1H), 7.68 (m, 1H), 7.61 (d, J = 1.4 Hz, 1H), 4.20 (m, 2H), 4.08 (d, J = 6.5 Hz, 2H),

3.50 (m, 4H), 3.42 (m, 2H), 3.33 (m, 2H), 3.24 (m, 2H), 2.74 (m, 2H), 1.79 (m, 2H), 1.55

(s, 3H), 1.25 (m, 3H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" Co6H37N6O0sS

calcd.: 545.3, found: 545.3.

Example M58: 1-Methylcyclopropyl 4-((5-(4-(2-(pyridin-4-
yDethylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate

NC/>_\—(Is)I N/_\N N:>—
SN —Q\; )—0 o%
0 N \—CN—ﬁo

[00281] By following a similar procedure as for the preparation of M57 from M26
except substituting 4-bromopyridine for 3-bromopyridine, M58 is prepared; "H NMR
(CDCl;, 400 MHz): 6 8.80 (s, 2H), 7.87 (s, 1H), 7.74 (s, 2H), 7.63 (s, 1H), 4.20 (m, 2H),
4.07 (d, J = 6.5 Hz, 2H), 3.50 (m, 4H), 3.43 (m, 4H), 3.40 (m, 2H), 3.26 (m, 2H), 2.74
(m, 2H), 1.94 (m, 1H), 1.78 (m, 2H), 1.54 (s, 3H), 1.24 (m, 2H), 0.86 (m, 2H), 0.62 (m,
2H); ESIMS m/z for (M+H)" C¢H37N6OsS caled.: 545.3, found: 545.4.

Example M59: 1-Methylcyclopropyl 4-((5-(4-sulfamoylpiperazin-1-
ylpyrazin-2-yloxy)methyl)piperidine-1-carboxylate
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WO 20091038974PCT/U S2008/0751 45 [00291]By following a similar procedure as for the one used
for the preparation of M35 from Mlc except substituting M61a for Ml ¢, M68 is prepared; 1H-NMR
(400MHz, Ce 30698924 (d, J= 2.9 Hz, 1H), 7.14 (dd. J = 9.1, 3.0 Hz, 1H), BEUYRRYE/GH45Z 1H),
4.13 (n, 2H), 3.77 (d, J= 6.3 Hz, 2H), 3.54 (m, 4H), 3.49 (m, 4H), 3.06(m, 4H), 3.01 (s, 2H), 2.74 (m,
2H), 1.91 (m, 2H), 1.85 (m, 2H), 1.80 (m, 2H), 1.55 (s, 3H), 1.25 (m, 2H), 0.86 (m, 4H), 0.70 (m, 2H),
0.62 (m, 2H); ESIMS calcd. for C27H42N505S [M+H] 548.3, found 548.4. Example M69: 1

-Methylcyclopropyl 44(6- (4-(2-hydrox 2- mhy ulfonyl)p|pera2| -ypy
ridin-3-yloxy)methyl)piperidine-lcarbiexyfat&\HO ON / 7P Orqé@ 02921A solution of MO (50
mg, 0.11 mmol) in tetrahydrofuran (3 mE) is cooled to -78C a eat excess butyllithium in hexane

(2M, 250 ilL). After stirring for 15 minutes, excess dry acetone is added and the reaction is stirred for
an additional 30 minutes. The reaction is quenched with saturated agueous ammonium chloride
solution, warmed to room temperature and partitioned between ethyl acetate and water. The organics
are isolated, dried over MgSO4, filtered, evap@}z;lzt‘ed and purlfled sili a | using a linear gradient of
0-100% ethyl acetate in hexane td™ffor , CD 7.90 (d, J = 2.8 Hz, tH),
7.15 (dd, J = 3.0, 9.1 Hz, 1H), 6.64 (d, J = 9. 1%2 1H)M.1 2H), 3.77 (d, J = 6.3 Hz, 2H), 3.52 (in,
5H), 3.36 (m, 4H), 3.04 (s, 2H), 2.73 (m, 2H), 1.9g4ip. 1H), 1.80 (in, 2H), 1.54 (s, 3H), 1.44 (s, 6H),
1.25 (m, 2H), 0.87 (in, 2H), 0.61 (m, 2H); ESIMS m/z for (M+H)+ C24H39N406S calcd: 511.3, found:
511.5. Example Ni: 1- Methylcycl propyl 445 fluoro-6-(4-

(methylsulfonyl)piperazin-I- yl)gﬁ/rﬁq\;nis ox A%tggglgerldme 1- cq;t%ylaié"ﬂ&o
20091038974PCT/U S2008/0751 45 II\N )-/ NCL<B N Nib ,OMs Step A1/0 N =y
NBoc step B Nlc

MS59a

_(';_ NAQ—X N—< %

Example M 59

[00282] Step A: A solution of chlorosulfonyl isocyanate (230 pL, 2.65 mmol) in n-
hexanes (2.4 mL) is added dropwise to a solution M1¢ (1.0g, 2.7 mmol) in n-hexanes (5
mL) and stirred at room temperature for 45 minutes. A solution of benzyl alcohol
(274uL, 2.65 mmol) and triethylamine (554 uL, 3.97 mmol) in tetrahydrofuran (10 mL)
is then introduced dropwise. After 2 hr., the reaction is treated with water and extracted
with dichloromethane. The organic phase is dried (MgSQ.), filtered, evaporated and
chromatographed on silica gel using a linear gradient of 0 to 100% ethyl acetate in
dichloromethane to afford M59a. ESIMS m/z for (M+H)" C27H37NgO7S caled.: 589.2,
found: 589.3.

[00283] Step B: A solution of M59a (300 mg, 0.509mmol) in ethanol (5 mL) is
treated with 5% Pd/C (30 mg) and subjected to a H, (g) flush for 30 minutes. The
reaction is left under an atmosphere of Hj (g) overnight and is then filtered over Celite®
and concentrated to afford M59; ESIMS m/z for (M+H)" C19H31N¢OsS caled.: 455.2,
found: 455.3.
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CbzN N \N=/)_0 NBoc step c MeO,SN N-S /0 NidF Example NI [00293]Step A: A solution of N la
(100 mg, 0.678 mmol) and Nib (219 mg, 0.746 mmol) in N-methylpyrrolidinone (2 mL) is treated with
Cs2C02 (3318018 Thmol) and heated to 80 T for 2 hours. The reactionfiS tHSR8887Fddm

temperature, diluted with ethyl acetate and extracted with water twice. The organics are dried over
MgSO4, filtered, evaporated and purified on silica using a linear gradient of 0 to 50% ethyl acetate in
hexanes to afford Nic. ESIMS 1114: for (M-1-H C16H23C1 EN202 calcd: 345.1, found: 289.0

(M-tBu+H+). [00294]Ste rRaRpENIB0i Ng:2 Biltylar- Rs0@e@hsephsiinesaiteny ppibteaAreParing B1 from
isopropyl 44(6-chloropyridin-3-yloxy)methyl)piperidine-1-carboxylate except substituting Nle for
isopropy! 44(6-cRIBRSABA-B R RD s bRIPssIdusal nersboxy I} xylate and benzyl
piperazine-I-carboxylate for 1-(methylsulfonyl)piperazine, NW is prepared; ESIMS rri,/z for (M+H)+
C28H28FN405 calcd: 529.3, found,529.2. [Op,ZQS]Ste;Q;éC: A solution of N%;Vl:%z mg, 0.25 mmol) in a

mixture of methanol and dioxane %( nt ,—jlsl:ﬂ_t)lis treatd 0 f 5% Pd7C and hydrogenated
overnight at balloon pressure. The osp)he}eﬂ/n the réactionm s th ‘eﬁ(ch nged back to N, and the
reaction is filtered through Celite(r) and the the solvent is removed. TheYesulting oil is coevaporated

with toluene twice, dissolved in dichloromethane (2 nth) containing triethylamine (51 mg, 0.50 mmol)
and treated with methgnegutfonykekloride (43 mg, Q.38 mmeh) aga smtiomﬁahgichloromethane (1 InL)
and stirred for 1 hd&ﬂ‘ﬁh@\@,{%_ﬁt_ moved andthe redctign ?sltft;e_a;fé.f!(\(\g% n&a_tm%r(gacgtlc acid
(3 niE). After 20 minuté&s of stlrrlng,l\ihe sol is‘removed and tffe reaction is coeva ted with
toluene twice and treated withMi#mlormethane (2 mL), E3b (71 mg, &8piatl) and excess
triethylamine. After 2 h of stirring, the reaction is diluted with ethyl acetate, extracted with 1 M NaOH
twice, saturated sodiumhydrc;%encarbonate once, dried over MFﬂSO4, filtered, evaporated and purified

on silica gel usinf%f&ar gratiareis g Moladersayrdietamrtogaamenasy RMRY% 400 MHz, CDC13)
87.73 (d, J = 2.5 iizrchwhh)e Yolbfidddhial s 21nrded Maidaa 144)md, DA mRI), 3.8R(doekhyd bz, 18H), 3.53 (m,

4H), 3.40 (n, 4H), ﬁ%és, SHQ 2.74 ﬁm, 2H), 1.95% I.b]]é%él%%é%’ ZHéT _55 (s BF%, 1.26 (m, 2H),
0.86 (ni, 2H), 0.62 (), 2)"ES St W?F&?%(Rﬂ?&iﬁ r(} 468 éél‘%&?e&h% 2 W80T 471.2.
Example 01: tert{Buiy)) dehfed4u{itethydsiol foity° -2k opiperazinsyé)pw 1azinFReyrdatonmaityicd piperidi
ne-1 -carboxy latg; rgoq}ftel}ln-{)g}‘a 1033 %QQeS NBOGRERALALNT VR ietﬁ:yrl] ZNNNB %eBoAfngnlg‘

phase is dried (MgSQy,), filtered, evaporated, and purified on silica gel using a linear

gradient of 0 to 100% ethyl acetate in hexane to afford M60; '"H NMR (CDCls, 400

MHz): §7.95 (s, 1H), 7.91 (s, 1H), 4.16 (m, 2H), 4.11 (d, J = 6.5 Hz, 2H), 3.74 (m, 4H),

3.53 (m, 6H), 3.44 (m, 1H), 3.27 (m, 5H), 2.73 (m, 2H), 1.96 (m, 1H), 1.78 (m, 2H), 1.46

(s, 9H), 1.26 (m, 2H). ESIMS m/z for (M+H-CO,Bu)* C;sH31NO4S caled.: 427.2, found:

427.2.

Example M61: 1-Methylcyclopropyl 4-((6-(4-(ethylsulfonyl)piperazin-1-
yDpyridin-3-yloxy)methyl)piperidine-1-carboxylate

LE_NCN@OLCN _\ﬂb
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Example 01 [00296]Step A: A sealable flask is charged with B4b (4.00 g, 11 mmol) and benzyl
3-oxopiperazine-1-carboxylate (3.02 g, 13 mmol), Pd2dba3 (295 nig, 0.32 mmol), Xantphos (560 mg,
0.97 mmol) W@PeRABBB (10.5 g, 32 mmol). The flask is evacuated and ba®&THIER W Bkt gen,
sealed, treated with dioxane (60 mL) and dipped into a preheated 120 C bathours. After 2 hours, the
reaction is cooled to room temperature, diluted with ethyl acetate and extracted with water twice. The
organics are dried over MgSO4, filtered, evaporated and purified on silica using a step gradient of 25,
50 and 75% ethyl acetate in hexanegto\afford Ola; ES IMS ni,/z for (M-Boc C22 H2sN504 calcd:
426.2, found: 426.1.&9@%3}@ B: W salfion 8¥BL a mg@myﬁl@@% ) is treated
with 10 mg of 5% Pd/C a ydrogenated at balloon pressuré ov ht. The catalyst is xemoved by
filtration through Celite(r) and tg,solvent is removed. The residue is cq%@?orated with toluene twice,
dissolved in dichloromethane (2 mL) and treated with excess triethylamine followed by
methanesulfonyl chloride (21 mg, 0.18 mmol) dissolved in di%@tha%e (2 mL). After 1 hour of
w
lin

stirring, the reaction is diluted wjth gthyl acetate-aqd extracte aie(twi . The organics are dried
over MgSO4, filtered, evaporated-and puriffedion ?m@n@a gra(djagﬁ of 30 to 100% ethyl
acetate in hexanes to afford 01; 1H NMR (200 z, CDC13) .3 8.66 (d, J= 1.4 Hz, 1H), 8.02(d, J=1.4
Hz, 1H), 4.19 (d, J= 6.5 Hz, 2H), 4.15 (m, 2H), 4.13 (s, 2H),M®8 (m, 2H), 3.68 (m, 2H), 2.92 (s, 3H),
2.74 (m, 2H), 1.98 (m, 1H), 1.79 (m, 2H), 1.46 (s, 9H), 1.27 (m, 2H); ESIMS miz for (M-kNa)+
C20F131N5Na06S calcd: 492.2, found: 492.2. Example 02: 1-Methylcyclopropyl
44(5-(4-(methylsUfB#91)-2- oXepipe Rz trlloping sl pressdureth idiirerisinecd feathoxylate. O\ 0 /<

N 11>"Vic2 SN/ 9&859[%9@&1%?9&{?&2%{5%{@9@&&& g Besiedmiinpilparacetic acid (1

mL) and aged for 20 minutes. The solvent is removed and the residue is treated with dichloromethane

(2 mL), excess tr@W%Wﬁ@%%@EQ@&S%@% eried- nirivof). faRSY Sfifring for 3 hours, the reaction is
diluted with ethyl acetate, extsagiec \g@th@d\&ﬁg@ﬂﬁﬂﬁp@&@&ﬁ[@@lﬁqﬁ{ymea%@g%gﬁﬁlgonate once,

dried over MgSO4, filtered, evaporated and purified on silica gel using a linear gradient of 0 to 100%
ethyl acetate in HEHRAE" MIRRIRREBE A e pdpsMAcendetapesiony) cligiledon ety 1y 1),
4.18 (d, J= 6.5 Hz,(2k)rehil (s fihpthdRe(iMEAH)  plePrdit. BHYVRGA00O MEH )T 12:081(S. Bét) (12,72 (m,

2H), 1.98 (m, 1 . m, , 1.54 (s, 3H),,1.25 ( ). 0.87 (M , Q.62 On, 2H); ES IMS iniz
for (M+H)+ CZO%N%%égnciﬁé :%4%8(.’%: %zﬂhébfgg.’?é%%% &3 qgl@%tt?ﬁ?@?%%é%éy :
4-((5-(2-0x0-4- (FpyrisuHOND piperaind-92) py, N2 (dkyl Yty IMiFEridine-1-8aiooxXylate. 0 0
SIS\ISINNVOy 95 (11 om), 1.47 (s, 3H), 1.31 (t, ] = 7.3 Hz, 3H), 1.17 (m, 2H), 0.79 (m, 2H), 0.55 (m,

2H); ESIMS m/z for (M+H)" C»,H35N4OsS caled: 467.2 , found: 467.2.

[00286] By following a similar procedure as for the one used for the preparation of
M61 from M61a except substituting commercially available sulfonyl chlorides for

M61a, the following examples are obtained:

Example Structure Analytical data

"H NMR (400 MHz,
CD;CN) §7.88 (m, 1H),
7.24 (m, 1H), 6.71 (m, 1H),
4.13 (m, 2H), 3.78 (d, T =

_\_9 7\ @ % 6.3 Hz, 2H), 3.59 (m, 3H),
S-N N 0 0 3.43 (m, 4H), 3.28 (m, 1H),
M62 R — \_7/ \_<:/\N‘< 2.91 (m, 2H), 2.74 (dd, T =
O 12.2, 12.1 Hz, 2H), 1.89 (m,
3H), 1.80 (m, 2H), 1.55 (s,
3H), 1.24 (m, 2H), 1.07 (t, T
= 7.4 Hz, 3H), 0.86 (m, 2H),
0.62 (m, 2H); ESIMS m/z for
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StepBOIINN Step C N=\ S-N N\ /2-0/ 0 V 0 Example 03 [002991Step A: By following a similar
procedure as the one used for preparing Ola from B4b except substituting Mk for B4 b, 03a is
prepared; ESRR8W{PAAHH(M+H)+ C22H34N506 calcd: 524.2, found: 524.2. F6FA6ISEHBISA solution
of 03a (3.01 g, 0.15 mmol) in MeOH (30 mL) is treated with 101 mg of 20% Pd(OH)2/C and
hydrogenated at balloon pressure for 5 hours. The catalyst is removed by filtration through Celite(r)
and the solvent is removed to afford 03b; ESIMS tniz for (M+H)+ C19H2814504calcd: 390.2, found:
390.1. [0030[L1Step C:|A solution of 03b (203 mg, 0.52 mmol) in dlChl(%W)eﬂ;Ydﬁé\I ZS%Cﬁﬂﬁ) Is treated

with triethyla nine (5u e, 054 IIIIIIUI} andn- plupculcauhuuyl chioride %NM&IE(?‘O.M‘T_IIIUHI) and stirred

for 4 hours. Then, another identical portion of triethylamine and n- prapmbggﬂfpgwkg:@lqu@eg is added and
the reaction |s stirred oyernight. The reaction mixture is then loaded directly,ontams siticasgel column

and eluted with a linear gradient of 0 to 100% ethyl acetate in hexane Q@J&f%?le@ZLWMVIR (400 MHz,
CDC13) 88.65 (d, J = 1.4 Hz, 1H), 8.02 (d, J = 1.4 Hz, 1H), 4.18 (d, J Zg 5534“;7 (m| 2H), 4.15

(s, 2H), 4.05(m, 2H), 3/70( 2H)/€1)1 (N=2H), 275 (dd, J@_? 1H), 1.89
Hz,
4 6.2

(m, 2H), 1.79 (mvigsd), 1.5 s..3 ,J&Sﬂ(m 32471)2}@ 62 (m, 2H);

ESIMS in/z fpr (M-k1-)+ C22I—%4145068 calcd: 496 1.93ERAAp IS O, 2H),

1-Methylcyclopropyl 44(5-(4-(isopropylsulfony1)-2- oxoplperazm 1 yl):?‘?é;)ﬂl{)z 31(;6 (2‘1{)1 0269

razin-2-yloxy)methyl)piperidine-I-carboxylate (m. 2H). 0.62 (m. 2H).

ESIMS m/z for (M+H)*
C23H37N405S calcd: 481.2 N
found: 481.2.

"H NMR (400 MHz,
CD;CN) & 7.88 (m, 1H),
7.24 (m, 1H), 6.71 (m, 1H),
4.13 (m, 2H), 3.78 (d, T =
6.3 Hz, 2H), 3.59 (m, 3H),

3.40 (m, 4H), 3.29 (m, 1H)
‘<j? //\ N= 277 (d, T = 6.6 Hz, 210),

Mo64 SN N O*P 2.74 (dd, T = 12.6, 12.6 Hz,

2H), 2.31 (m, 1H), 1.94 (m,
O 1H), 1.80 (m, 2H), 1.55 (s,
3H), 1.24 (m, 2H), 1.12 (d,J
= 6.7 Hz, 6H), 0.86 (m, 2H),
0.62 (m, 2H); ESIMS m/z for
(M+H)+ C24H39N405S caled:
495.3 , found: 495.3.

Example M65: 1-Methylcyclopropyl 4-((6-(4-(3-
hydroxypropylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-

carboxylate

HO

(0]

(:S):N NJ\\}LC_&%
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00 /.</0 S-NN/O ( OP. 011003021By following a similar procedure as the one used for preparing
03 from 03b except substituting 3-chloropropanesulfonyl chloride for n-propanesulfonyl chloride, 04 is
prepared; 1 QMR8 VHZz, CDC13) 6 8.65 (d, J = 1.4 Hz, 1H). 8.02 (d, PEHUPI98/4TaI42.21 (s.
2H), 4.19 (In. 2H), 4.19 (d, J = 6.5 Hz. 2H). 4.04 (In. 2H), 3.75 (m, 2H), 3.28 (sept., J = 6.8 Hz, 1H),
2.75 (dd, J =12.3, 12.3 Hz, 2H), 1.98 (m, 1H), 1.78 (In. 2H), 1.55 (s, 3H). 1.40 (d, J = 6.8 Hz, 6H).
1.26 (In. 2H). 0.87 (m, 2H). 0.62 (m, 2H); ESIMS 1114: for (M+H)+ C22E1341\1506S calcd: 496.2,

found: 496.2. Example 05: 1-Meth IW( sthloropropylsulfony1)-2- oxopiperazin-

1 -yhpy razin-2-y|oxy)methy|Ipipem bo e CI0b (%1 N(Q [00303]By following a

similar procedure as the one used forpreparirg 03 from 03b except substituting iso-propylsulfonyl

chloride for n-propylsulfonyl chloride, 05 is prepagggiiH-NMR (400MHz, CDC13) 8 8.65 (d, J= 1.4 Hz,

1H), 8.02 (d, J= 1.4Hz, 1H), 4.21 (in, 2H), 4.18 (d, J = 6.6 Hz, 2 H), 4.17 (s, 2H), 4.07 (in, 2H), 3.71 (in,

4H), 3.21 (in, 2H), 2.75 (dd, J= 124, 12.3 Hz, 2H), 2.33 (in, gﬂ)@{'( ) 1H), 1.79 (m, 2H), 1.55 (s,
for\C22H3

3H), 1.26 (m, 2H), 0.86 (m, 2H), 0.62 tin. 2HY; ES|MS Calcd; O%eusoas [M+H]+ 530.2,
found 530.3. [00304] Example 06: 1-Methyleycl@pro /-((5-(2-oxo-4-(3-( rrolidin-1-

yEpropylsulfonyl)piperazin-I-yEpyrazin-2-yloxy)methybpiperidine-1-earboxylate

p0 0 -"S-NN A solution of 05 (15 mgt,eolp oh IR DoN-dimethylfonnamide (700 ulL) is treated
with pyrrolidine (23 uL, 0.28 mmol) and supbje dgymicreyxave irradiation (200 C, 5 mm). The
solution is purified using mass directed sepe&rse phase HPLC to afford 06; 1H NMR (400 MHz, CDC13)
88.67(d, J = 1.2 Hz, 1H), 8.04(d, J = 1.2 Hz, 1HY*2mRI¢ 43 R88 1z, 2H), 4.18 (s, 2H), 4.07 (in, 2H),
3.72 (in, 2H), 3.18 (in, 2H), 2.77 (in, 2H). 2.66 (m, 2H), 2.59 (br s, 3H), 2.07 (m, 3H),1.83 (m, 5H), 1.57

(. 3), 1.28 Omygh 89 (3,210, Q57 5 A4 GRIMS A58 (Ve GRSHANORGS calc 565.3
preparation of M6 from M1¢ except substituting M61a for M1c¢, M65a is prepared;
ESIMS m/z for (M+H)" Cy3H36CIN4OsS caled.: 515.2, found: 515.2.

Step B: By following a similar procedure as the one used for preparing
M19 from MS except substituting M65a for MS, M65b is prepared; ESIMS m/z for
(M+H)" C,5H30N4O5S caled: 539.3 , found: 539.2.

Step C: By following a similar procedure as the one used for preparing
M43 from M42 except substituting M65b for M42, Example 65 is prepared; 'H NMR
(400 MHz, CD;CN) 6 7.88 (d, J = 3.0 Hz, 1H), 7.19 (dd, J = 9.2, 2.8 Hz, 1H), 6.68 (d, J =
9.1 Hz, 1H), 4.11 (m, 2H), 3.77 (m, 4H), 3.55 (m, 4H), 3.41 (m, 4H), 3.08 (m, 2H), 2.74
(dd, J =12.3,12.3 Hz, 2H), 2.08 (m, 2H), 1.92 (m, 2H), 1.80 (m, 2H), 1.54 (s, 3H), 1.24
(m, 2H), 0.85 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C23H37N406S caled: 497.2 ,
found: 497.3.

Example M66: 1-Methylcyclopropyl 4-((6-(4-(3-
aminopropylsulfonyl)piperazin- 1-yl)pyridin-3-yloxy)methyl)piperidine-1-

carboxylate
H,N

2 \—\—(S)I—N/_\N O O O
N/ @ \_CN_%*P

(@]
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[00305]By following a similar procedure as for the one used for the preparation of 06 from 05 except
substituting the appropriate amines for pyrrolidine, the following examples are obtained: 0700
0/N=\,11 -SXONPOIBIERG e /Th/A\-/N\CN-'/ ON-1 0 \-/ 'l NMR (4(30 MHz, EECUPEHEHE | = 1.6
H7,111), 8.04 (d. | =1.6 Hz. 111).4.20 (d, | = 64 Hz, 2H), 4.18 (s, 211), 4.07 (m, 211), 3.72 (M, 411).
3.32 (m, 8H), 3.15 (m, 2H), 2.77 (m, 21-1). 2.46 (m, 4H), 2.02 (m, 411), 1.80 (m, 211), 1.56 (S, 3H),
1.29 (m. 2H). 0.87 (m, 2H), 0.64 (m, 211); ESIMS r))/z for (M+10+ C261111N6078 calcd: 581.3,
found: 581.2. 08 Op 111NMR (400 MHz. CDC13) 5849 d, J = 1.411z, 111), 7.86 (d, J = 1.4 Hz,
11113.403 (d, | = 6.4 H7, 211), 4.00 (s, 211). 3.89 (m, 2H), 3.54 (m, 211(?, 2.97 (m, 211), 2.59 (m,
2H), 2 33 (m, 2H19R48] (s 6By ToHIWIRE ApNiPERRdwE s fosdheonsuprdfordheRrePr3tion PL (m, 211),
0.46 (m, 210; ESUNSSHJ /I (Mapt yibsikdind SBIOAL Ia8|od6s 3D phesdndSTAS. Ay @ot LAN- - S -

NNV'N-iN _//0 (M+H)" C»3H3sN5OsS caled: 496.3 , found: 496.3.

Example M67: 1-Methylcyclopropyl 4-((6-(4-(3-(azetidin-1-
yDpropylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-carboxylate.

]

N

\—\—(IS)I—N/_\N T O O
i\ @ \_CN_%*P

(@]

[00289] By following a similar procedure as for the one used for the preparation of
M21 from M6 except substituting M65a for M21 and azetidine for 2-methylimidazole,
M67 is prepared; '"H NMR (400 MHz, Acetone-dg) 8 7.91 (d, J = 3.2 Hz, 1H), 7.27 (dd, J
=3.2,9.2 Hz, 1H), 6.84 (d, J = 8.8 Hz, 1H), 4.06 (m, 2H), 3.85 (d, J = 6.4 Hz, 2H), 3.52
(m, 4H), 3.34 (m, 4H), 3.09 (t, J = 6.8 Hz, 4H), 3.05 (m, 2H), 2.80 (m, 2H), 2.44 (d,J =
6.8 Hz, 2H), 1.96 (m, 3H), 1.78 (m, 4H), 1.50 (s, 3H), 1.23 (m, 2H), 0.79 (m, 2H), 0.58
(m, 2H); ESIMS m/z for (M+H)" C¢H41N50sS caled: 535.3, found: 536.3.
[00290]

Example M68: 1-Methylcyclopropyl 4-((6-(4-((1-(azetidin-1-
yheyclopropyl)methylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-

carboxylate.

C/N/KE— NCN@—O \—CN «O%
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/ 0900 .11 0/N-(k_ N=\\ --s-.8-() \\A N( CN -1/0 ' H NMR (400 MHz. CD(71.3) 38.44 (d, | = 1.6 Hz,
111). 7.81 (d, 1 = 1.6 llz, 111), 3.98 (d, J = 6.8 11z, 211), 3.94 (s, 2113. 3 84 (m, 2H), 3.48 (m, 21-1).
2.98 (m, 3HYYO HYYAI8Y 81 m, 211 1H), 1.65 (m, 41-1). 1.34 (s. 3H). 1.05 (RCYIBFOBBEENH 211),
0.41 (m, 211); ESTMS rn/z for (M+H)4 (72511)9N606S calcd: 551 3, found: 551.3. 010 0 Oi<N- 0,11/
Fmt\jr/VNV-N Or. V' H NMR (400 MHz. CD(71.3) 38.51 (d, | = 1.2 Hz, 111). 7.88 (d, | = 1.2 liz, 111),
4.04 (d, J = 6.411z, 211), 4.01 (s, 2113. 391 (m, 3H), 3.56 (m, 211). 3.43 (t, | = 12.0 Hz, 4H), 2.97 (m

711376 (m 411)[d@391P: 11By fohSuiiMg 21ihlild: G (Ul bikhd Sndiddel fodBd Brepdiiibn 63 (M, 2H),
0.48 (m, 2H); ESIMS m/z for (M+11)T (72511)7F3N606S calcd; 587.3, found: 587.2.

M35 from M1c except substituting Mé61a for M1c, M68 is prepared; H-NMR

(400MHz, CDCl3) 8 7.92 (d, J=2.9 Hz, 1H), 7.14 (dd, /= 9.1, 3.0 Hz, 1H), 6.64 (d, J =

9.1 Hz, 1H), 4.13 (m, 2H), 3.77 (d, J = 6.3 Hz, 2H), 3.54 (m, 4H), 3.49 (m, 4H), 3.06 (m,

4H), 3.01 (s, 2H), 2.74 (m, 2H), 1.91 (m, 2H), 1.85 (m, 2H), 1.80 (m, 2H), 1.55 (s, 3H),

1.25 (m, 2H), 0.86 (m, 4H), 0.70 (m, 2H), 0.62 (m, 2H); ESIMS calcd. for C,7H4,N505S

[M+H]" 548.3, found 548.4.

Example M69: 1-Methylcyclopropyl 4-((6-(4-(2-hydroxy-2-
methylpropylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-

carboxylate

HX‘R S\ N=
OO et

[00292] A solution of E10 (50 mg, 0.11 mmol) in tetrahydrofuran (3 mL) is cooled
to —78 °C and treated excess butyllithium in hexane (2M, 250 uL). After stirring for 15
minutes, excess dry acetone is added and the reaction is stirred for an additional 30
minutes. The reaction is quenched with saturated aqueous ammonium chloride solution,
warmed to room temperature and partitioned between ethyl acetate and water. The
organics are isolated, dried over MgSQy, filtered, evaporated and purified on silica gel
using a linear gradient of 0-100% ethyl acetate in hexane to afford M69; "H NMR (400
MHz, CDCl3) § 7.90 (d, ] = 2.8 Hz, 1H), 7.15 (dd, ] = 3.0, 9.1 Hz, 1H), 6.64 (d, ] =9.1
Hz, 1H), 4.13 (m, 2H), 3.77 (d, J = 6.3 Hz, 2H), 3.52 (m, 5H), 3.36 (mm, 4H), 3.04 (s, 2H),
2.73 (m, 2H), 1.93 (m, 1H), 1.80 (m, 2H), 1.54 (s, 3H), 1.44 (s, 6H), 1.25 (m, 2H), 0.87
(m, 2H), 0.61 (m, 2H); ESIMS m/z for M+H)* C»4H39N4O¢S calcd: 511.3, found: 511.5.

Example N1: 1-Methylcyclopropyl 4-((5-fluoro-6-(4-
(methylsulfonyl)piperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-carboxylate
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011 0 -S-6N-Ct /)-0 \Oil> HOGj__/* N-\(N 4 /N7 IN-0 110 ' H NMR (400 MHz. CD(71.3) 38.57 (d, | = 1.4
Hz, 111). 7.95 (d, | = 1.4 H Z, 111), 4.12 (d, J = 6.411z, 211), 4.10 (s, 2113. 4 06 (m, 2H), 3.98 (m,
311). 3.64 (WMOANIBEY¢m, 211), 2.94 (m, 211), 2.68 (m, 211), 2.58 (m, 2HHCHURIRH0TIR 6,

10.4 Hz, 211). 1.95 (m, 411). 1.72 (m, 211), 1.48 (s, 311), 1.18 (m, 2H), 0.80 (m, 214), 0.56 (M, 2H);

ESIMS n)/z for (M+H)' C261141N608S calcd: 597.3, found: 597.3. 012 ------- iV N-"c..--,c 00 /NN O.!/
,5-NN N-c_ /)-O\ \-/N (/
L
Aoy
MeOZSN\_/N \ / O O
F

Cl N\ OMs Step A N= /_<:/\NB°° Step B
SR O A
=
F OH E
Nla N1b

Nlc

L
) O

CbzN N \ / [o} ——» MeO,SN N \ /

F Nld F Example N1

[00293] Step A: A solution of N1a (100 mg, 0.678 mmol) and N1b (219 mg, 0.746
mmol) in N-methylpyrrolidinone (2 mL) is treated with Cs,CO3 (331 mg, 1.01 mmol) and
heated to 80 °C for 2 hours. The reaction is cooled to room temperature, diluted with
ethyl acetate and extracted with water twice. The organics are dried over MgSQy,
filtered, evaporated and purified on silica using a linear gradient of 0 to 50% ethyl acetate
in hexanes to afford Nle. ESIMS m/z for (M+H)" C1sH»3Cl FN,Ojs caled: 345.1, found:
289.0 (M-Bu+H").

[00294] Step B: By following a similar procedure as the one used for preparing B1
from isopropyl 4-((6-chloropyridin-3-yloxy)methyl)piperidine-1-carboxylate except
substituting N1¢ for isopropyl 4-((6-chloropyridin-3-yloxy)methyl)piperidine-1-
carboxylate and benzyl piperazine-1-carboxylate for 1-(methylsulfonyl)piperazine, N1d
is prepared; ESIMS m/z for (M+H)" C,3H3sFN,4Os caled: 529.3, found: 529.2.

[00295] Step C: A solution of N1d (132 mg, 0.25 mmol) in a mixture of methanol
and dioxane (2 mL, 1:1) is treated with 10 mg of 5% Pd/C and hydrogenated overnight at
balloon pressure. The atmosphere in the reaction is then exchanged back to N, and the
reaction is filtered through Celite® and the the solvent is removed. The resulting oil is
coevaporated with toluene twice, dissolved in dichloromethane (2 mL) containing
triethylamine (51 mg, 0.50 mmol) and treated with methanesulfonyl chloride (43 mg,

0.38 mmol) as a solution in dichloromethane (1 mL) and stirred for 1 hour. The solvent
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\" () N-4'. /0l NMR (400 MHz. CDC13) 88.67 (d, J = 1.2 liz, 111), 8.04 (d, J = 1.2 Hz, 111), 7.54
(d, 1=1.6 H7, IT-T), 7.46 (d, | = 1.6 Hz, 111). 6.29 (m, 111), 4.35 (m, 211), 4.20 (d, J = 6.4 Hz, 211),
4.12 (s, 211VAEYPIB%EH), 3.68 (m, 211), 2.99 (M, 2H), 2.77 (m, 2H), 2.45 YAI/PRR0BBEA, 111),
1.82 (m, 211), 1.57 (s, 3H), 1.28 (m, 211), 0.89 (m, 2H), 0.64 (m, 2H); ESIMS ink for (M+11)+
C231136N706S calcd: 562.2, found: 562.3. Example 013: 1-Methylcyclopropyl
445-(2-0x0-4-(2-(pyrrolidin-1-

yflethylsulfonyl) pipesaaitsd abpié aibadnyiouyime thih pine ieinsrdscarbaxylagen. P30d38 0 0 /(1 N=\
0,11/ -"S-N N-S_4)-0 K\ Q N -'/ OExample 0130 Step A: A solution of 03b (600 mg, 1.51 mmol) in

dichloromethane M8\ i& oz R GAHeRE NGMeyst OB IBERRRHRds &2 T4 3 HHIHCAfd
2-chloroethanesuanydehieude ¢ihddwhicki&Hme o) @nyl EBH el fop 20tsaursndineneacdon mixture is

then loaded directly onto a sili | column.and eluted with g linear gradient of 0 to 100%, ethyl
acotate i hexand 3 AHONT 01 SHAe 16 5 e VBT (S NS B AR 380 5Kt 480.2.
Step B: A solutiowidf 0 Ma{DOb1 nvg@DSwmmaed)sisdNpNrdiragthyd foomanaicke (driel_disrthdgied, with
pynolidine (26 pL,,0.31 rnmol) and stirred.for 16 hours at room temperture. The sqlytion is purified
(g mass ooDIbi b e e BT BB B R e B L M6 (a0 -
1.4 Hz, 1 H), 8.04cktatd in Nedaplz, 'H NMR. LOQINMEH RO 61,7349, 372 FiHz2HY). 3.82 (@4, 2#), 3.04 (m,
2H). 2.75 (m. 6t 2.00,(g3 Wb .83 P A5 (3012 ZR(In, 21D Q9 oy (im, 20

ESIMS m/z for (M+H)+ C25H39N606S calcd: 551.3, found: 551.2. By following a similar procedure as
for the one used 3et2tte Pleparation BL013 Tram G134 &xtaptBubsitutingthé - ap prophki® 8fnines for

pyrrolidine, the following examples A& MNIRIREGor (M+H)* Cy H3,FN,O5S caled: 471.2, found:
4712.

Example O1: tert-Butyl 4-((5-(4-(methylsulfonyl)-2-oxopiperazin-1-
yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

o 3
MeOZSN/\:fN s :>70/_<3N _<o
N

N= /_<:>NBOC Step A /—<O N= /_<:/\NBOC
Br—&?—o — Csz\_/N—Q\;:?—O
0]

B4b 1a

= ~ o /_<:\N_<)74
MeOZSN\_/N—Q\_ / o 0

Example O1

[00296] Step A: A sealable flask is charged with B4b (4.00 g, 11 mmol) and
benzyl 3-oxopiperazine-1-carboxylate (3.02 g, 13 mmol), Pd,dbas (295 mg, 0.32 mmol),
Xantphos (560 mg, 0.97 mmol) and Cs,CO3 (10.5 g, 32 mmol). The flask is evacuated
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Ex. Structure Analytical data 014 0 Oi< 111INMR (400 M1lz, C'DC.13358.67 (d,J=1.4 11z, 111),
8.04 (d, J = 1.4 Hz, 1H), 4.20 (m, 4H), 4.06 (m, 3H), 3.73(2H), 3.26 (m, 2H), 2.84 On 211) 2.77 On,
211), 2.33 , YO O3B 82 (m, 2H), 1.57 (s, 3H), 1.28 (in, 2H), 0.89 (in, 2PET/HBABN73HT): ES1IMS
ink for (M+H)+ (72;H(7N606.5 calcd: 525.3, found: 525.2. N=?)_--.5-NN-4\_igK\ /0 A\ N\N-4, -NO\
015 0 0/ /e< ITT NMR (400 MHz, CDC13.) 38.68 (d. J = 1.2 Hz. 1H). 8.04 (d, | = 1.2 Hz, 111). 4.21
(m, 4H), 4.08 (m, 211), 3.72 (in, 611), 3.25 (in, 211), 2.88 On, 2H), 2.77 On, 2H), 2.53 (in, 4H), 2.00
(in, 1H), 1.81 (in,a3d bhcil SifelSwitl hirdedB (niedl 1baQ 8% 10 adkinO6d (D) 2id)aibped M@ iyedor (M+Hr

C25H3ONGO7S Ctzlie!gt%:dSng) 3C lf)gtlflr(])?l:rss%f't%'r 2Nh-ours, the reaction is cooled to room temperature,
diluted with ethyl acetate and extracted with water twice. The organics are dried over
MgSQ,, filtered, evaporated and purified on silica using a step gradient of 25, 50 and
75% ethyl acetate in hexanes to afford Ola; ESIMS m/z for (M-Boc+H)" CyH,sN50,
calcd: 426.2, found: 426.1.

[00297] Step B: A solution of Ola (80 mg, 0.15 mmol) in MeOH (2 mL) is treated
with 10 mg of 5% Pd/C and hydrogenated at balloon pressure overnight. The catalyst is
removed by filtration through Celite® and the solvent is removed. The residue is
coevaporated with toluene twice, dissolved in dichloromethane (2 mL) and treated with
excess triethylamine followed by methanesulfonyl chloride (21 mg, 0.18 mmol)
dissolved in dichloromethane (1 mL). After 1 hour of stirring, the reaction is diluted
with ethyl acetate and extracted with water twice. The organics are dried over MgSQy,
filtered, evaporated and purified on silica using a linear gradient of 30 to 100% ethyl
acetate in hexanes to afford O1; '"H NMR (400 MHz, CDCl5) 88.66 (d, J= 1.4 Hz, 1H),
8.02(d,J=1.4Hz, 1H), 4.19 (d, J = 6.5 Hz, 2H), 4.15 (m, 2H), 4.13 (s, 2H), 4.08 (i,
2H), 3.68 (m, 2H), 2.92 (s, 3H), 2.74 (m, 2H), 1.98 (m, 1H), 1.79 (m, 2H), 1.46 (s, 9H),
1.27 (m, 2H); ESIMS m/z for (M+Na)* C0H31Ns5NaOgS caled: 492.2, found: 492.2.

Example O2: 1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

0 . Y o%
MeOZSN/\:fN‘Q\_:I\}*O/_C _\<o

[00298] A sample of O1 (50 mg, 0.11 mmol) is treated with trifluoroacetic acid (1
mL) and aged for 20 minutes. The solvent is removed and the residue is treated with
dichloromethane (2 mL), excess triethylamine and E3b (30.3 mg, 0.13 mmol). After
stirring for 3 hours, the reaction is diluted with ethyl acetate, extracted with 1 M NaOH

twice, saturated sodiumhydrogencarbonate once, dried over MgSQ,, filtered, evaporated
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Q0,11 )\- ,AO\/._ /N /(N 01600/'\0\N/IHNMR (400 MHz. CDC13) 8 8.60 (d, J=1.2 liz,
111), 7.95 (d, J = 1.2 Hz, 111), 4.15 (F., 211). 4.12 (cl, | = 6.4 Hz, 2H), 3.97 (in, 21-1), 3.65 (m. 3H),
3.15 (n, 3H)WEGBMP3BENY 277 On, 211), 7.68 On, 211), 1.98 (m, 2H), 1.94RT/YRABY34A, 2H), 1.48
(s, 3H), 1.19 (m, 2H), 0.80 (in, 211), 0.55 (in, 211); ESIMS ink for (M+11)+ C241-1,7N606S calcd:
537.3, found: 567.3. N=5_

and purified on silica gel using a linear gradient of 0 to 100% ethyl acetate in hexane; 'H
NMR (400 MHz, CDCl3) 6 8.65 (d, /= 1.4 Hz, 1H), 8.02 (d, /= 1.4 Hz, 1H), 4.18 (d, J =
6.5 Hz, 2H), 4.12 (s, 2H), 4.12 (m, 2H), 4.07 (m, 2H), 3.67 (m, 2H), 2.93 (s, 3H), 2.72
(m, 2H), 1.98 (m, 1H), 1.79 (m, 2H), 1.54 (s, 3H), 1.25 (m, 2H), 0.87 (m, 2H), 0.62 (i,
2H); ESIMS m/z for (M+H)" C20H30N506S caled: 468.2, found: 468.1.

Example O3: 1-Methylcyclopropyl 4-((5-(2-0x0-4-
(propylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

0 4 wat
E—NC?NAQ\;?—O _<o

Br—g_?o Y 0 stepA CbzN NAQ;W—
> < % LC —’<O TD

Example O3

[00299] Step A: By following a similar procedure as the one used for preparing
O1la from B4b except substituting M1a for B4b, O3a is prepared; ESIMS m/z for
(M+H)" C»7H34N50¢ caled: 524.2, found: 524.2.

[00300] Step B: A solution of O3a (3.01 g, 0.15 mmol) in MeOH (30 mL) is
treated with 101 mg of 20% Pd(OH),/C and hydrogenated at balloon pressure for 5
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-S-NN-4_/g_ANNrThIS 01700 ( \OiNI-O0 lll NMR (400 MHz. CDC13) 38.68 (d. 1 =1 6 Hz.
1H). 8.04 (cl, 1 = 1.6 Hz, 111). 4.20 (m, 5H), 4.07 (m, 311), 3.74 (n, 211), 3.66 (t, J = 11.6 Hz, 411),
3.09 (m, 4HYYQ ZPPYMBIH), 2.00 (n, 1H), 1.81 (n, 2H), 1.57 (s, 311), 1.29 (NPSTDSHBIHMYH), 0.64
On, 2H); ESIMS ink for (M+H)+ C24H35F2N606S calcd: 573.2, found: 573.2. N=\ ()NO ...ri/ "S-N-*_
/1-j__IN

hours. The catalyst is removed by filtration through Celite® and the solvent is removed to

afford O3b; ESIMS m/z for (M+H)" C19H»sN504 calcd: 390.2, found: 390.1.

[00301] Step C: A solution of O3b (203 mg, 0.52 mmol) in dichloromethane (1.5

mL) is treated with triethylamine (55 mg, 0.54 mmol) and n-propanesulfonyl chloride (77

mg, 0.54 mmol) and stirred for 4 hours. Then, another identical portion of triethylamine

and n-propylsulfonyl chloride is added and the reaction is stirred overnight. The reaction

mixture is then loaded directly onto a silica gel column and eluted with a linear gradient

of 0 to 100% ethyl acetate in hexane to afford O3; "H NMR (400 MHz, CDCl3) § 8.65

(d,J=1.4Hz, 1H), 8.02 (d, J = 1.4 Hz, 1H), 4.18 (d, J = 6.5 Hz, 1H), 4.17 (m, 2H), 4.15

(s, 2H), 4.05 (m, 2H), 3.70 (m, 2H), 3.01 (m, 2H), 2.75 (dd, J = 12.3, 12.2 Hz, 2H), 1.98

(m, 1H), 1.89 (m, 2H), 1.79 (m, 2H), 1.55 (s, 3H), 1.26 (m, 2H), 1.09 (t, ] = 7.4 Hz, 3H),

0.86 (m, 2H), 0.62 (m, 2H); ESIMS m/z for (M+H)" C2H34Ns5O0¢S caled: 496.2, found:

496.2.

Example O4: 1-Methylcyclopropyl 4-((5-(4-(isopropylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate

0 A N
}E_N\—/NJ\&}#OLCN_&ZTD

[00302] By following a similar procedure as the one used for preparing O3 from
O3b except substituting 3-chloropropanesulfonyl chloride for n-propanesulfonyl
chloride, O4 is prepared; '"H NMR (400 MHz, CDCls) 8 8.65 (d,J = 1.4 Hz, 1H), 8.02 (d,
J=1.4Hz, 1H), 4.21 (s, 2H), 4.19 (m, 2H), 4.19 (d, J = 6.5 Hz, 2H), 4.04 (m, 2H), 3.75
(m, 2H), 3.28 (sept., J = 6.8 Hz, 1H), 2.75 (dd, J = 12.3, 12.3 Hz, 2H), 1.98 (m, 1H), 1.78
(m, 2H), 1.55 (s, 3H), 1.40 (d, J = 6.8 Hz, 6H), 1.26 (m, 2H), 0.87 (m, 2H), 0.62 (m, 2H);
ESIMS m/z for (M+H)" C,,H34N50¢S caled: 496.2, found: 496.2.

Example O5: 1-Methylcyclopropyl 4-((5-(4-(3-chloropropylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate
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c_i\F-\MEN 018 0 0,i1/N=\"S-N\O\7\ N A\ /--/-_t1too.RN OH (0\ 1'4-, . /0 IHNMR (400 MHz.
CDC13) 88.56 (I, J=1.411z, 111), 7.95 (d, J = 1.4 Hz, 111), 4.15 (F., 211). 4.12 (cl, | = 6.4 Hz, 2H),
4.03 (m, 21 %P 308803 73H), 3.66 (n, 2H), 3.26 (n, 2H), 2.95 (n, 411), 2.68 FEBYIVBAB N, | = 3.2,
10 Hz, 2H), 1.91 (m, IH), 1.72 (n, 2H), 1.48 (s, 3H), 1.20 (in, 211), 0.80 (in, 211), 0.56 (m, 2H); ESIMS
ink for (M+H)4 C25H39N608S calcd: 583.3. found: 583.3. 019 0

O

Lt

1
(@]

[00303] By following a similar procedure as the one used for preparing O3 from
O3b except substituting iso-propylsulfonyl chloride for n-propylsulfonyl chloride, OS5 is
prepared; 'H-NMR (400MHz, CDCl5) & 8.65 (d, J = 1.4 Hz, 1H), 8.02 (d, J = 1.4Hz, 1H),
4.21 (m, 2H), 4.18 (d, J = 6.6 Hz, 2 H), 4.17 (s, 2H), 4.07 (m, 2H), 3.71 (m, 4H), 3.21
(m, 2H), 2.75 (dd, J = 12.4, 12.3 Hz, 2H), 2.33 (m, 2H), 1.97 (m, 1H), 1.79 (m, 2H), 1.55
(s, 3H), 1.26 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS calcd. for C»,H33CIN5O6S
[M+H]" 530.2, found 530.3.

[00304]
Example O6: 1-Methylcyclopropyl 4-((5-(2-0x0-4-(3-(pyrrolidin-1-

yDpropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate

O*(ISDI—N/_{: N_/ 0 o)
CN_/_/ — _Q\__NB_ \_<3N_<o<P

A solution of O5 (15 mg, 0.03 mmol) in N,N-dimethylformamide (700 uL) is
treated with pyrrolidine (23 pL, 0.28 mmol) and subjected to microwave irradiation (200
°C, 5 min). The solution is purified using mass directed reverse phase HPLC to afford
06; 'H NMR (400 MHz, CDCl;) § 8.67 (d, J = 1.2 Hz, 1H), 8.04 (d, J = 1.2 Hz, 1H),
4.20 (d, J = 6.8 Hz, 2H), 4.18 (s, 2H), 4.07 (m, 2H), 3.72 (m, 2H), 3.18 (m, 2H), 2.77 (m,
2H), 2.66 (m, 2H), 2.59 (br s, 3H), 2.07 (m, 3H),1.83 (m, 5H), 1.57 (s, 3H), 1.28 (m, 2H),
0.89 (m, 2H), 0.65 (m, 2H); ESIMS m/z for (M+H)" C26H41N¢OgS calcd: 565.3, found:
565.2.

[00305] By following a similar procedure as for the one used for the preparation of
06 from OS except substituting the appropriate amines for pyrrolidine, the following

examples are obtained:
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0 \) IHNMR (400 MHz. CDC13) 68.55 (d. J = 1.2 Hz. 1H). 7.94 (d, | = 1.2 llz, 111), 7.48 (d, J = 2.0 liz,
111), 7.41 (d. J = 2 0 Hz, 1H), 6.19 (m, 1H), 4.52 (m, 2H), 4.11 (d. | = 6.4 HZ, , On, 211),
2H), 3.40 (MVORA0%988T92H), 1.91 (n, 1H), 1.72 (n, 2H), 1.48 (s, 311), 1.1PGAPRY8B73b4in, 2H),
0.56 (in, 2H); F,SIMS fez for (M+H)+ C24H34N1706S calcd: 548.2. found: 548.2. N=\ 0.11/ ---s -NN-N
N /0 Example 020: 1-methyleyelopropyl 445441(1-
(dimethylamino)eyelopropyl)methylsulfony1)-2-oxopiperazin-1-Apyrazin-2-

(k_/1-0\r ./ QN

yloxy)methyl)piperid

ine-1-earboxylate.

211)m,

Step A: A solution of piperazin-2-one (36.5 mg, 3.7 mmol)

in dichloromgthane

mg, 3.7 mmol) and §
dimethylformamide,
ESIMS tniz fpr (M+H

o7

10 mL) is treated with triethylamine (74 mg
stirred overnight. The solvent is removed ar
filtered and purified by mass triggered reve

f) C14H191.20552 %359.1, found:, 35
O
N \—CN—<O

SN N
o N—/_/
_/

» DL XmI o NiR!lomed HysM
dithelresidue.is@issokved |
S0P 1d affdvd g

rsé

gléS (s, 2H), 4.07 (m, 2H), 3.72
(m,’4H), 3.32 (m, 8H), 3.15 (m,
2H), 2.77 (m, 2H), 2.46 (m, 4H),
2.02 (m, 4H), 1.80 (m, 2H), 1.56
(s, 3H), 1.29 (m, 2H), 0.87 (m,
2H), 0.64 (m, 2H); ESIMS m/z for
(M+H)* C,6H4 NO4S caled: 581.3,
found: 581.2.

33e (108
N
20a;

08

\NA/—\/S_N\—/NK\—:I\?_O \—CN—(‘P

'H NMR (400 MHz, CDCl;) 6 8.49
d,J=14Hz, 1H),7.86 (d,T=1.4
Hz, 1H), 4.03 (d, ] = 6.4 Hz, 2H),
4.00 (s, 2H), 3.89 (m, 2H), 3.54
(m, 2H), 2.97 (m, 2H), 2.59 (m,
2H), 2.33 (m, 2H), 2.12 (s, 6H),
1.87 (m, 4H), 1.64 (m, 2H), 1.39
(s, 3H), 1.10 (m, 2H), 0.71 (m,
2H), 0.46 (m, 2H); ESIMS m/z for
(M+H)* C,4H3gNgOgS caled: 539.3,
found: 539.2.

09

(6]
Ozl
SS—N

N=

\
N

"H NMR (400 MHz, CDCl;) & 8.44
(d,T=1.6Hz, 1H),7.81 (d,T=1.6
Hz, 1H), 3.98 (d, ] = 6.8 Hz, 2H),
3.94 (s, 2H), 3.84 (m, 2H), 3.48
(m, 2H), 2.98 (m, 3H), 2.89 (m,
2H), 2.54 (m, 2H), 2.31 (m, 2H),
1.86 (m, 2H), 1.78 (m, 1H), 1.65
(m, 4H), 1.34 (s, 3H), 1.05 (m,
2H), 0.66 (m, 2H), 0.41 (m, 2H);
ESIMS m/z for (M+H)*
C,5H3gNgOgS caled: 551.3, found:
551.3.

010

"H NMR (400 MHz, CDCl;) 8 8.51
(d,T7=12Hz, 1H),7.88 (d,T=1.2
Hz, 1H), 4.04 (d, T = 6.4 Hz, 2H),
4.01 (s, 2H), 3.91 (m, 3H), 3.56
(m, 2H), 3.43 (t, ] = 12.0 Hz, 4H),
2.97 (m, 2H), 2.56 (m, 4H), 1.84
(m, 1H), 1.78 (m, 2H), 1.66 (m,
2H), 1.41 (s, 3H), 1.13 (m, 2H),
0.73 (m, 2H), 0.48 (m, 2H);
ESIMS m/z for M+H)*
C,5H37FNgOgS caled: 587.3,
found: 587.2.

0o11

THNMR (400 MHz, CDCLs) & 8.57
(d,T=14Hz, 1H), 795, T=14
Hz, 1H), 4.12 (d, T = 6.4 Hz, 21),
4.10 (s, 2H), 4.06 (m, 2H), 3.98
(m, 3H), 3.64 (m, 2H), 3.07 (m,
2H), 2.94 (m, 2H), 2.68 (m, 21),
2.58 (m, 2H), 2.43 (dd, T = 3.6,
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Step B: A solution of 020a (71.7 mg, 0.20 mmol) in 2 M dimethylamine in tetrahydrofuran solution (6
mL, 12 mmol) is treated with potassium tert-butoxide (34 mg, 0.30 mmol) and stirred for 1 hour at
room tempeXQré4H®B&Yent is removed and the residue is dissolved in dinR&tHVRSPASATILE, filtered
and purified by mass triggered reverse phase HPLC to afford 020a; ESIMS m/z for (M+H)+
C10H20N303S calcd: 262.1, found: 262.1.  Step C: By following a similar procedure as the one
used for preparing 03a from Mla except substituting 020b for benzyl 3-oxopiperazine-1-carboxylate,
020 is prepafed: 11{1-NMR (400MHz. CDC13) 6 8.65 (d, J= 1.4 |42, P!Er?}{)sléré( A0: BTAHZ. 1H). 4.25
(m, 2H), 4.19 (d. J=6.5 Hz, 2H), 4.17 (s. 2H), 4.04 (m. 2H), 3. 735;)531@%@%@5 gé%b ?}35 (dd. J = 15.2.
13.8 Hz, 2H). 2.29 (5, 6H). 1.98 (m, 1H), 1.80 (m, 2H), 1.55 (s, B fma2it): 0.88 (m, |6H), 0.62
(m, 2H); ESIMS calcd. for C25E119N606S [M+H] 551.3, found B5IH4N:0:S Exampie, 02id: 1
-Methylcyclopropyl 44(5-(4-(3-hydroxypropylsulfony1)-2- 97 3.

oxopiperazin-l-y1)py razin-2-y|oxy)methyl)piperidine-I-carboxyIa Mpg(“lgg/hﬁ‘ DCh) 3667 0 ji<
(3*S11-Ni N4{Cic 0 /| c 05: R=C11 Step A c 021a: R=OCHO Ste Step A: A
solution of 05 (2.76 g, 5.2 mmol), Nal (790 mg, 5.3 mmol) and <@dwm ]‘ermaig (11)0362@@15 5 mmol) in
dimethylformamide (30 mL) is heategrat 120C for 2 hours. The mixkr® is:dilutedowdth-wetter, extracted
with ethyl acg g)t 2x) and thesbrgani re yashed with @Brﬁ‘i‘é 4d?1é*d2(¥4 80, filtered and
concentrated t i‘? crlj)de/021\a—0vh| ¥s u in ext téph ?%QHT % atlon; ESIMS
m/z for (M+H)+ C23H34N508S calcd: 540.2, found:540.22  SigpiB;, §gjy§@p1g /@21a (crude from
the last step) in a 1:1L mixture of methanol and water (40 mL) is tBeatezkmthPdemmhyﬂrog<=ncarbonate
(2.2 g, 26.0 mmol) gnd stirred at room temperature for 1 hour. THéfix&ibelis X eracted with ethyl
acetate and the organics are washed with brine, dried (MgSO4 %fé’?g@%h‘ﬁ“@é%&aé?‘hrsﬁfezd The
residue is purfred-orrsitica getusing 0-10%6 methanotimdichioromethane toafford021;1H NMR (400
MHz, CDO03) FI 8.66 (d, J = 1.4 Hz, 1H), 8.04 (d, J = 1.4 Hz, 1H), 4.20 (m, 4H), 4.08 (m, 2H), 3.82 (m,
2H), 3.74 (m, 2H)E>@lzplerﬁ>12H) Methyleychunyopyl 2-((;21exoHaB-(pyrrelidind3 (m, 2H), 1.74 (t, J = 4.8
Hz, 1H), 1.60 (s, §| b%, ( 6:}5 8P é’ b _;_éﬁ,M§ for
(M-k1-1)+ C22H34 %chsglc% flz%ﬁlfgl]y %%%8?% xamp@% éﬂg{ﬁéhylcycloﬁﬁ)yl
41(5-(4-(3- acetoxypropylsulfonyl) -2- oxopiperazin- 1 -yl)py
razin-2-y|oxy)methyl)piperidine-I-carboxyIéite.

W

e
/_;S—N\_/N \ :\}*O\_CN%O%
@ e}

0
/_< N= /—<O N=
HN N_Q\__>_O O‘P i ke NN\ \ _>—o o%
— \—CN —QO —/ RS \_CN _<O
O3b O13a

N
Q Example 013

Step A: A solution of O3b (600 mg, 1.51 mmol) in dichloromethane (10 mL) is
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11 /N- AcO\ 0 S-NN/ () VO /o [00306]BYy following a similar procedure as the one used for preparing
M19 from M5 except substituting 05 for M5, 022 is prepared; 11-1-NMR (400MHz, CDC13) ti 8.65 (d,
J=1.4 Hz, M9 BEP7= 1.4 Hz, 1H), 4.19 (in, 8H), 4.06 (in, 2H), 3.72 (inPSHUBNB/AF14), 2.75
(dd, J=12.4, 12.4 Hz, 2H), 2.15-2.22 (in, 2H), 2.08 (s, 3H), 1.98 (in, 1H), 1.79 (in, 2H), 1.55 (s, 3H),
1.27 (in, 2H), 0.86 (in, 2H), 0.62 (in, 2H); ESIMS calcd. for C24H36N508S [M+H]+ 554.2, found 554.2.
Example 023: 1-Methylcyclopropyl 44(5444241-
hydroxycycloprofighethyishhoNydjsorsspsgetasiir iy bitkaZif2pmmol) and 2-chloroethanesulfonyl
yloxy)methyl)pipefidings F1oarhoxyiiaméiAnd QA2 43StenuA: BudodoyithasimilaiRspcedure as the
one used for pre?éa%‘% M46 from M46b except substituting piperazin-2-one for MIc and (%rifying by

HPLC, 023ais p fhireedy RpE Aiidiga sy €olymn aRGAIBEd KA Hinsgs eradisphat 59 100% " siep B:
By following a similgr prasedueasdhe gnedoesafagreparingpOda-friphmOViaexerstawastituting 023b
for benzyl 3-0xog{§&5a%(i)ﬂe-1z&@r90xylate, 023b is prepared; ESIMS calcd. for C26H38N508S [M+H]
580.2, found 580.3. §(i1ép A solution of 023b (37.4 mg, 0.65 mmol) in methanol (1 mL) and
water (0.1 mL) is treateBtepith: LiOI{Eon pfd) T34 (himag) BAd siinrddioPeMitihe tTHEormactidn(is then
purified directly by mass tigaerReNsIsEAR8SE HPHGIRAIRIE 0238 15 SIS Faledodal |
C24H38N508S [M+Hr 556.2, found 556.2.  Step D: A solution of 023c (20 mg, 0.036 mmol) in
dichloromethanettMPRLY TS treteR]uiifn Rpriliqd 3smeny 2 o-oe et sty dpeinhars-Siddpie pifiethylamine
(4.6 mg, 0.036 mp) arastitredENaRIEbCTHS sPyemtiis remeyediargotherresiduers, diggolved in
methanol and purified directly by mass tri gered reverse phase HPLC. 1H-NMR _(400MHz, CDC13)
58.64 (d, J= 1.4 ﬁu-%?ﬁli),‘%%é(%g S‘B’f@rg,%ﬁ; %:1.{253(%4,<§Hif2:z"‘d)i‘s€%ﬁ5?>4?1?&?ﬁ%>;&8% (rn, 2H),
3.73 (m, 2H), 3.3@n(dd), 0.83 (ur, 13,1553 HZ3RH). 28 (4, (2d), D 3N@n] 2k, Didz (AH)HZ. EBIMS1H). 2.07
(ddd. J=7.7.5.2,5.2 H +1.98 (m, 1H), 1.80 2 .55 (s, 3H), 1.26 (m, 2H), 0.86 (m, 4H),
0.62 (m, 2H), 0.5’%%?%@5%%@ (c}f;Sl %Jrr g‘fzﬁg}%@@“ﬁs%ﬁ?lrl]lz 538.2, found 538.8. Example
024: 1-Methylcyclopropyl 44(5-(4-(3-aminopropylsulfony1)-2- oxopiperazin- 1 -yl)py
razin-2-yloxy)methyllpiperidine-l-carboxylate. By following a similar procedure as the one used
for preparing M18 from M¥ éxbeptneubutitliting esdeie cfoodsions prepiretie premmre @iz,
CDC13) 6 8.45 (ko0 h BeochlibkiBitth theadpobifard ki 9Pk Hie Riibvdnd? (s, 2H), 3.86
(m. 2H), 3.51 (m. 2H). 2.96 (m. 2H). 2.68 (t. J = 6.8 Hz, 2H), 2.55 (m, 2H), 1.78 (m, 3H), 1.60 (m, 2H),
1.35 (s, 3H), 1.18(HPRIS &5 PBES, 2H), 0.67 (m. 2H). 0.42 (m. 2H): ESIMS m/z for (M+Hr
C221-115N606S calcd: 511.2, found: 511.2.

Analytical data
"HNMR (400 MHz, CDCls) & 8.67
(d,7=1.4Hz, 1H), 8.04 (d,J = 1.4
o Hz, 1H), 4.20 (m, 4H), 4.06 (m,
/—/< = 3H), 3.73 (m, 2H), 3.26 (m, 2H),
014 0N N \ _>—o o% 2.84 (m, 2H), 2.77 (m, 2H), 2.33 (s,

/—/ N/ N \—CN 6H), 2.00 (m, 1H), 1.82 (m, 2H),
0 1.57 (s, 3H), 1.28 (m, 2H), 0.89 (m,
\ 2H), 0.64 (m, 2H); ESIMS m/z for
(M+H)* Co3Hs:NgOgS caled: 525.3,
found: 525.2.

"H NMR (400 MHz, CDCLy) & 8.68
(d,T7=12Hz, 1H),8.04 (d, T=1.2

Ex. Structure

O ;
Hz, 1H), 4.21 (m, 4H), 4.08 (m,
O
osll_/ (N N= o o 2H), 3.72 (m, 6H), 3.25 (m, 2H),
- p
AR 2.88 (m, 2H), 2.77 (m, 2H), 2.53
015 N N \_CN%O (m, 411), 2.00 (m, 1H), 1.81 (m,
Q 2H), 1.57 (s, 3H), 1.28 (m, 2H),
5 0.89 (m, 2H), 0.64 (m, 2H); ESIMS

m/z for M+H)" CasHsoNgO-S caled:
567.3, found: 567.2.
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Example 025: 1-Methylcyclopropyl 445-(4-(2-(1,3-dioxoisoindolin-2-
yOethylsulfonyl)-2-oxopiperazin-l-yl)pyrazin-2-yloxy)methyl)piperidine-1- carboxylate. By following a
similar proc®fr8%4948E bne used for preparing 03 from 03b except substikfiHYS2008/075145
2-(1,3-dioxoisoindolin-2-yl)ethanesulfonyl chloride for npropanesulfonyl chloride. 025 is prepared;
-1FINMR (400 MHz, CDC13) 8 8.58 (d, J = 1.4 Hz, 11-1), 7.94(d, J = 1.4 Hz, 1H), 7.80 (m, 2H), 7.67
Hz, 2H) 2 68 (in, ZH) 1.94 (in, 1H),

(m, 2H), 4.1

(s, 7TH),

3.99 (m, 2H), 3.67 (m, 2H), 3.40 (t, J = 6.

1.73 (in, 2H)
C29H35N60
445-(4-(2-an
n0/0(0.11
hydrazine (8
mass-trigger
1H), 7.88 (d,
(m, 2H), 1.84
for (M+H)+

1.50 (3

BS calc

linoethy

"S-N 0
1Q16 0|

ed rever
J=14
b (M, 1H
1211-13

5, 31-1), 1.20 (m, 2H), 0.80 (m, 2H), 0.55 (rr
d: 627.2. found: 627.2. Example 026: 1-Mef

Isulfony )-2-0¥dpiperazinl -yl)py razin -2- y
N H Nl)l” Jém 025 15 mg
24 I) and/stlr s Iutl(

hase HPLC to afford 02 MR (44

; 1H), 4.05 (in, 4H), 3.92 (|n, 2H), 3.58(n

1), 1.66 (m, 2H), 1.41 (s, 3H), 1.13 (m, 2H),
3N606S calcd: 497.2, found: 497.2. Exam|

li]% Hz lH)795(dJWZJ

f?sp ), 4.12 (d T=
J;cm& methy, Qpipericisenl-¢
mmol)amelsiﬂfarwk((% miD) is |

)?1775@10%033@&@@8)61% pur

ey

@/Z%r(tmﬁm:zm(()m cdtd);
[80Roudd-Méfhy Icy clopro

!

4-45-(4-(2-amino-2-

oxopiperazin
-CH/ 0 \(

-1-yl)py

017

pxoethy Isulfony1)-2-
razin-2- onxy) hybplperldlne 1-carboxyla

"HNMR (400 MHz, CDCl3) & 8.68

{6 06 K GLE o R AN

3H), 3.74 (m, 2H), 3.66 (t, ] = 11.6
Hz, 4H), 3.09 (m, 4H), 2.77 (m,
2H), 2.00 (m, 1H), 1.81 (m, 2H),
1.57 (s, 3H), 1.29 (m, 2H), 0.89 (m,
2H), 0.64 (m, 2H); ESIMS m/z for
(M+H)+ C24H35F2N6068 caled:
573.2, found: 573.2.

018

"H NMR (400 MHz, CDCl;) § 8.56
(d,J=14Hz, 1H),795(d, T=14
Hz, 1H), 4.15 (s,2H), 4.12 (d, ] =
6.4 Hz, 2H), 4.03 (m, 2H), 3.98 (m,
2H), 3.66 (m, 2H), 3.26 (m, 2H),
2.95 (m, 4H), 2.68 (m, 2H), 2.48
(dd, T =3.2, 10 Hz, 2H), 1.91 (m,
1H), 1.72 (m, 2H), 1.48 (s, 3H),
1.20 (m, 2H), 0.80 (m, 2H), 0.56
(m, 2H); ESIMS m/z for (M+H)*
C,sH3gNgOgS caled: 583.3, found:
583.3.

019

o\(l? /—<O N=
/_\/S—N\_/N—Q\_}—O\_CN_(%

'H NMR (400 MHz, CDCls) 6 8.55
(d,J=12Hz, 1H),794 (d, I =1.2
Hz, 1H), 7.48 (d, ] = 2.0 Hz, 1H),
7.41(d, ] =2.0 Hz, 1H), 6.19 (m,
1H), 4.52 (m, 2H), 4.11 (d, T =64
Hz, 2H), 3.87 (s, 2H), 3.85 (m, 2H),
3.65 (m, 2H), 3.40 (m, 2H) 2.68 (m,
2H), 1.91 (m, 1H), 1.72 (m, 2H),
1.48 (s, 3H), 1.18 (m, 2H), 0.80 (m,
2H), 0.56 (m, 2H); ESIMS m/z for
(M+H)+ C24H34N706S caled: 5482,

found: 548.2.

Example 020: 1-methylcyclopropyl 4-((5-(4-((1-

(dimethylamino)cyclopropyl)methylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-

yloxy)methyl)piperidine-1-carboxylate.

149

1)+

arboxylate.
reated with
ified using
= 1.4 Hz,
2H), 2.61
ESIMS m/z

pyl

OHNN



Step A O\( N-' 0 03b027a: R=0Bn Step B 027b: R=OH 0 N=\ 0.11 'S-Nd-0 (() / N-4' INO 027c 0OMe
MeO ,11 /N=\ Step BO-N NINT-' Example 027 Step A: By following a similar procedure as the one
used for pref¥&#1§%9383M 03b except substituting benzyl 2-(chlorosulfonyYAcEIR# 98075145
n-propanesulfonyl chloride, 027a is prepared; ESIMS tn/z, for (M+H)+ CIBH36N505S calcd: 602.2,
found: 602.1. Step B: By following a similar procedure as the one used for preparing M48 from
M48e, 027b is prepared; 1H NMR (400 MHz, CDC13) 38.37 (d, J = 1.2 Hz, tH), 7.80(d, J = 1.2 Hz,
1H), 4.11 (s, 2H), 3.96 (m, 3H), 3.84 (m, gH), 3.9 (m, 2H), 2.53 (m, 2H), 1.76 (m, 1H), 1.57 (m, 2H),
1.32 (s, 3H), 1.05 (m, 2H), 0.64 (my 2H), 0.40 (M, 2i4); > IMS fez for (M51-1-1)+ C21H30N508S calcd:
512.2, found: 512.1. Step C; B-s0lufjomof. 0271 mg),ﬁ@qm@), ATU (89 mg 0 23 mmol)
and 2,4,6-trimethoxybenzylamine-H 33 mg, 0.14 mmol) in di rormﬁ%ne (10 mL) is treated with
diisopropylethylamine (61 pt, 0.35 mmol) and the mixture is stirred at room‘temperature for 14 hours.
The mixture is diluted with water and extracted with dichloromethane. The organics are dried, filtered,
and concentrated to provide 027c, which was used without further purification. ESIMS in/z; for (M+H)+
C311-43N6010S calcd: 691.3, found: 691.2. Step B: A solution of 027¢ (0.12 mmol) in
dichloromethane (2 InL) is treated with TFAI\)h((:)L gnL) ang aged for 1 hour at foom temperature. The
residue is concentratég ahd purified é%?;i)'lg massyiriggére revgrscgfﬁsg {0 afford 927; 1H NMR

(400 MHz, CDC13) %155 L IS4 Hz1H), 7.95Ydgd 271.61Hz, 1H:,4.19 G, 2Hl), Pg;i d, J=6.4 Hz,
2H), 3.99 (in, 2H), 3.90 (6:2H), 3.72 (in, 2H), 2.68 (in, }H%T.}BQ (m, 1H), 1.72 (m, 23-4)11.48(s, 31-1),
1.13 (m, 21-1), 0.80 (nM\i33¢), 0.55 (m, 2H); ESIMSO2fa for (M+H)+ C211131NBZRS calcd: 511.2,
found: 511.2. Example 028: 1-Methylcyclopropyl 4-05-(4-(2-(dimethylamino)-2- oxoethy
Isulfony1)-2-oxopiperazin-l-y1)py razin-2-36|oxy) hylgpiperidine-lcarboxylate.

StepC | S-N N _>7o 0
— N T XN \_CN_<
o%
Example 020

Step A: A solution of piperazin-2-one (36.5 mg, 3.7 mmol) in dichloromethane
(10 mL) is treated with triethylamine (74 mg, 0.73 mmol) followed by M33e (108 mg,
3.7 mmol) and stirred overnight. The solvent is removed and the residue is dissolved in
dimethylformamide, filtered and purified by mass triggered reverse phase HPLC to
afford 020a; ESIMS m/z for (M+H)" C14H9N>OsS; caled: 359.1, found: 359.0.

Step B: A solution of O20a (71.7 mg, 0.20 mmol) in 2 M dimethylamine in
tetrahydrofuran solution (6 mL, 12 mmol) is treated with potassium fert-butoxide (34 mg,
0.30 mmol) and stirred for 1 hour at room temperture The solvent is removed and the
residue is dissolved in dimethylformamide, filtered and purified by mass triggered
reverse phase HPLC to afford 020a; ESIMS m/z for (M+H)" C10HN30;3S caled: 262.1,
found: 262.1.

Step C: By following a similar procedure as the one used for preparing O3a
from M1a except substituting O20b for benzyl 3-oxopiperazine-1-carboxylate, 020 is
prepared; 'H-NMR (400MHz, CDCl5) & 8.65 (d, J = 1.4 Hz, 1H), 8.02 (d, J = 1.4Hz, 1H),
4.25 (m, 2H), 4.19 (d, J = 6.5 Hz, 2H), 4.17 (s, 2H), 4.04 (m, 2H), 3.70 (m, 2H), 3.16 (s,
2H), 2.75 (dd, J = 15.2, 13.8 Hz, 2H), 2.29 (s, 6H), 1.98 (m, 1H), 1.80 (m, 2H), 1.55 (s,
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/{OO0ONN()\\011>/N-(0--S-NN-N O By following a similar procedure as the one used for
preparing 027c from 027b except substituting dimethylamine-HO for 2,4,6-trimethoxybenzylamine-HC,
028 is prepaVFEPR{ORANE (400 MHz, CDC13) 88.67 (d, J = 1.6 Hz, 1F), 8.0B{HUSZBB7RIAS1H), 4.28
(s, 2H), 4.19 (in, 4H), 4.06 (in, 2H), 3.82 (s, 2H), 3.23 (s, 3H), 3.04 (s, 3H). 2.77 (m, 2H), 2.00 (m, 1H),
1.81 (m, 2H), 1.57 (s, 3H), 1.28 (m. 2H), 0.88 (m. 2H), 0.64 (in, 2H); ESIMS m/z for (M+H)+
C23H35N607S calcd: 539.2, found: 539.2. Example 029: 1-Methylcyclopropyl

4-05-(4-(1-(dimetyylamine); 22 i edrRg(ne>epy e }QHl)”fQQMk83&@%9@5%5@%&@@%@*” -2-
onxy)methyI)plpegijlg]efo%lrfzdasrts)%ylate (OON- 0.11//. 0--S-NV N

Example O21: 1-Methylcyclopropyl 4-((5-(4-(3-hydroxypropylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

o N=
Ooxll
=S—N N \ 4 0} O*P
SO O
R O

Step A C 05: R=Cl
021a: R=OCHO
Step B C

Example 021: R=OH

Step A: A solution of OS5 (2.76 g, 5.2 mmol), Nal (790 mg, 5.3 mmol) and
sodium formate (1.06 g, 15.6 mmol) in dimethylformamide (30 mL) is heated at 120 °C
for 2 hours. The mixture is diluted with water, extracted with ethyl acetate (2x) and the
organics are washed with water & brine, dried (MgSQOy), filtered and concentrated to
provide crude O21a, which is used in the next step without further purification; ESIMS
m/z for (M+H)" C»3H34N505S caled: 540.2, found: 540.2.

Step B: A solution of O21a (crude from the last step) in a 1:1 mixture of
methanol and water (40 mL) is treated with sodiumhydrogencarbonate (2.2 g, 26.0
mmol) and stirred at room temperature for 1 hour. The mixture is extracted with ethyl
acetate and the organics are washed with brine, dried (MgSQO,), filtered and concentrated.

The residue is purified on silica gel using 0-10% methanol in dichloromethane to afford
021; "H NMR (400 MHz, CDCl3) [ 8.66 (d, J = 1.4 Hz, 1H), 8.04 (d, J = 1.4 Hz, 1H),
4.20 (m, 4H), 4.08 (m, 2H), 3.82 (m, 2H), 3.74 (m, 2H), 3.22 (m, 2H), 2.77 (m, 2H), 2.12
(m, 2H), 2.00 (m, 1H), 1.83 (m, 2H), 1.74 (t, ] = 4.8 Hz, 1H), 1.60 (s, 2H), 1.57 (s, 3H),
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-N (,yss, /N-i, )\ Step AONN-0-O N-("13n:11- 0029ap 0 N=\0 Ozzli S-N N-0-01...tel, C _No
0"s1 LI\ -c\v,, N\O -(-.., VA Ni \-CMIC {r,-(.. \ -/NN-( HO2C //0 \ 029bExample 029 Step Ar A
solution of 0¥P2¢9UB#E 0.33 mmol) in dimethylformamide (5 mL) is treatdtC MU P84St #h
carbonate (138 fig, 1.0 mmol) and iodomethane (63 pL, 1.0 mmol) and heated at 70C for 1 hour. The
mixture is diluted with water and extracted with ethyl acetate. The organic layer is washed with water
and brine, dried (MgSO4), filtered and concentrated to provide 029a; ESIMS m/z for (M-k

C30H40N508S cated 3013, fegng:, 680 8:65 (m, 2H); ESIMS m/z for (M+H)* Cp,H3,N505S caled:
512.2, found: 512.2.

Example 022: 1-Methylcyclopropyl 4-((5-(4-(3-acetoxypropylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

o 4 pe
AcO \_/—ﬁ—N\_/N—Q\;}*O \—CN %o%

(@]

[00306] By following a similar procedure as the one used for preparing M19 from
M35 except substituting O5 for M5, 022 is prepared; "H-NMR (400MHz, CDCl;) § 8.65
(d,J=1.4Hz, 1H), 8.02 (d, /= 1.4 Hz, 1H), 4.19 (m, 8H), 4.06 (m, 2H), 3.72 (m, 2H),
3.12 (m, 2H), 2.75 (dd, J = 12.4, 12.4 Hz, 2H), 2.15-2.22 (m, 2H), 2.08 (s, 3H), 1.98 (m,
1H), 1.79 (m, 2H), 1.55 (s, 3H), 1.27 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS calcd.
for Co4H36N50sS [M+H]" 554.2, found 554.2.

Example 023: 1-Methylcyclopropyl 4-((5-(4-(2-(1-

hydroxycyclopropyl)ethylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.
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Step B: A solution of 029a (crude from Step A) and ammonium formate (-1 mmol) in methanol (5 mL)
is treated with Pd/C (wet, 10%) and heated at 80C for 1 hour. The mixture is cooled, filtered, and the
filtrate is wat Wi ater and ethyl acetate. The layers are separated anBGRY RYEMNSKYer is
washed with IN HC1 and brine, then dried over MgSO4, filtered and concentrated. The residue is
purified using mass-triggered reverse phase HPLC to afford 029b;NMR (400 MHz, CDC13) 6 8.61 (d,
J=1.6 Hz, 1H), 8.05 (d, J = 1.6 Hz, 1H), 4.43 (s, 2H), 4.21 (d, J = 6.4 Hz, 2H), 4.05 (in, 2H). 3.87 (br
S, 2H), 2.78 (m, 2H), 2.03 (m, 1}d), 1.82 (s, 6H), 1.5R(s. 3H),/ol.28 (m. 2H), 0.89 (in, 2H), 0.65 (in, 2H);
ESIMS m/z for (M+H)+ C23H34 S cal®er 5402y found; 54030  SedC: By following a similar
procedure as the one used for Préparing’027¢ from 027b é%(cht/sHQstituting dimethylamine-HC1 for
2,4,6-trimethoxybenzylamineHClgpg 029b for 027c, 02%&%§repared; NMR (400 MHz, CDC13) 68.51
(d, 1 =1.4 Hz. 1H). 7.87 (d, J = 1.4 Hz. 1H). 4.14 (s, 2H). 4.04 (d, J = 6.4 Hz, 2H). 3.88 (m. 2H). 3.66
(s, 2H), 2.60 (in, 2H), 1.84 (incdH), 1.65 (m, 2H), 1.54 (s, 6H), 1.41 (s, 6H), 1.11 (m, 2H), 0.73 (m, 2H),
0.48 (m, 2W; ESIMS m/z for + q,ZSIHSQNGGN calcd: 567.3, found: &ig/c2. Example 030:
1-Methylcyclopropyl 44(5- (4-(¥-am ,ﬂﬂ% ropan=R-ylsplfonyTI)-2-oxopiperazin- 1 -y 1)py
razin-2-y loxy )methy 1) pi pe ridine- P- carboxylate™ 0 () 1/NO\"S I,LN By following a similar
procedure as the one used for preparing 027 fr%QZYb except substit ting 029b for 027b, 030 is
prepared:NMR (400 MHz. CDC13) .3 8.66 (d, J =1.4 Hz, 1H), 8.03 (d, J = 1.4 Hz, 1H), 4.23 (s, 2H),
4.20J = 6.4 Hz, 2H), 4.02 (m, 2H), 3.78 (s, 2H), 2.77 (m. 2H), 2.00 (n. 1H), 1.81 (s. 6H). 1.57 (s. 3H).
1.27 (in, 2H), 0.89 (m, 2H), 0.6 (m, 2]518? SIMS m/z for (M+H)+ C23H35I§160]ZS calcd: 539.2, found:
539.2. Example 031: 1-Mgthyley €lopropy 1 H-‘S?;(%—(Z-(Z-tert-blcgtoxy;fi>
oxoethylamino)ethylsuIfonyl)-2-oxopigera\zim1§/§§p azin=2-y lo e;%&l)piperidine-l-carboxylate.

A solution of 013a (50 mg, 0.10 mmol), t-butylglycine-HC1 (1 g, B-62'mmol) and
diisopropylethylamine (108 4, 0.62 mmol) in me€¥ol (2 inL) and dimethylformamide (2 mL) and
stirred at room temperture for 4 hours. The mixture is diluted with water and extracted with ethyl
acetate. The organics are wamw hegbyine, dried over MgSO4, and filtered. The residue
is concentrated and purified Using massyrigge %e@e p HP4.C to afford 031; 11-1 NMR (400
MHz, CDC13) 8 8.66 (d, J = 1.2 Hz, dH)}8:04 (d-K= 1}@%@2 s, 4H), 4.07 (ni, 2H), 3.76 (ni,
2H), 3.48 (s, 2H), 3.40 (in, 2H), 3.28 (in, 2H), 2.77 (in, 2H), 2. OmQD%\,/%l.SZ Om 2H), 1.57 (s, 3H),
1.49 (s, 9H), 1.28 (ni, 2H), 0.89 (m, 2H), 0.64 (rﬁ?‘%‘ﬂ?,] 1MS trr/z for (M+H)+ C27H43N608S calcd:
611.3, found: 611.2. Example 032: 2-(2-(4-(54(14(1-Methylcyclopropoxy)carbonyl)piperidin-4-

yhmethoxy)pyrazifh g )-SR RS Bl SIS IAMINQIAGRIC 8P 0 9aRie Mas
from M46b except substituting piperazin-2-one for M1e¢ and purifying by HPLC, O23a is
prepared; ESIMS calcd. for C1;H;9N>OsS [M+H]" 291.1, found 291.1.

Step B: By following a similar procedure as the one used for preparing O3a
from M1a except substituting O23b for benzyl 3-oxopiperazine-1-carboxylate, O23b is
prepared; ESIMS calcd. for Co6H33NsOgS [M+H]" 580.2, found 580.3.

Step C: A solution of 023b (37.4 mg, 0.65 mmol) in methanol (1 mL) and
water (0.1 mL) is treated with LiOH (5.7 mg, 0.1 mmol) and stirred overnight. The
reaction is then purified directly by mass triggered reverse phase HPLC to afford 023c.
ESIMS calcd. for Cp4H35N505S [M+H]" 556.2, found 556.2.

Step D: A solution of 023c¢ (20 mg, 0.036 mmol) in dichloromethane (1 mL)
is treated with HATU (13.7 mg, 0.036 mmol) and N,N-diisopropylethylamine (4.6 mg,
0.036 mmol) and stirred overnight. The solvent is removed and the residue is dissolved in

methanol and purified directly by mass triggered reverse phase HPLC. 'H-NMR
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c\NO(N-e>0/-NNNH OHOO A solution of 031 (31 mg, 0.05 mmol) in dichloromethane (1 mL)
is treated with HC1 (1 mL of 4N in dioxane) and aged for 2 hours at room temperature. The mixture is
concentrate® QR4%8{1A87Ed using mass-triggered reverse phase HPLC to aff&fetHe288%%RMiR (400
MHz, CDC13) 8 8.51 (d, J = 1.4 Hz, 1H), 7.90 (d, J = 1.4 Hz, 1H), 4.01 (m, 4H), 3.88 (m, 2H), 3.46 (m,
8H), 2.69 (m, 2H), 1.88 (m, IFI), 1.69 (m, 2H), 1.47 (s, 3H), 1.18 (in, 2H), 0.80 (in, 2H), 0.55 (m, 2H);
ESIMS in/z for (M+H)+ C231-135N608S calcd: 555.2, found: 555.1. Example 033:

1- Methylcydoprqmbﬂﬁﬁé Cocrgsandinpethylsufonyd)-802 (d, 7 = 1.4 Hz, 1H), 4.25 (m, 2H),

oxopiperazin-1-yl)p razm 2 lox )methyl%flperldlne 1-carboxylate. 0 0 I( HN-NN N 0\(\ 011> N- y NHO
T1T A solutdbo2b L2e e bad HaHB S 35 Bmbthod b e. 17 Sarokbiidne nitrate

(13 mg, 0.066 mma))irvdiaethyiomamide3Ath) s7trgatas wish (duaopeowylestlzybmi% qL, 0.13

mime and stirred ey ratur . mixture is dilute
sodiumhydrogengﬁlgg%ﬁn]ré%a %i]f 1\%%#9@’ ;[ggté%_%edogr%&%éﬁﬁ; %C{Wagﬁioo\ﬁlth brine,
dried over MgSqm,fﬂté)n@SImcﬂndta”m@amﬁép@mﬁeMﬂgim&szmggé%cBreverse phase HPLC to
afford 033; 1H NMR (400 MHz, CDC-13)8 8.48(d, J = 1.4 Hz, 1H), 7.93 (d, J = 1.4 Hz, 1H), 4.11 (m,
4H), 4.06 (m, 2H), 3.92 (m, 2H), 3.62 (m, 3H), 2.68 (m, 2H), 1.80 (m,111), 1.72 (m, 2H), 1.18 (m, 3H),
0.80 (m, 21-0, 0.E8ampl2 P24 SIMSliyleydogrepil 8-« (S22 RN 8PP JaidtinyBR2, found: 539.2.

Example 034: 1-)\& I&;ﬁ%p{ %%-1(42?’10%%;9}4 yQﬂBlHQntintXéSi"QPB’ j’a" (Qxopiperazin- 1 -yl)py
m

razin-2-yloxy)methy plperldlne 3- carboxya A’ solution of 013a (62 mg, 0.13 annol) and
2-nitropropane (116 pL, 1.29 mmol) in methanol (0.5 mL) and tetrahydrofuran (1 mL) is treated with
1,8- diazabicyclo[5.4.0Jundec-7-ene (154 1.0 mmol) and stirred at room temperature for 14 hours.
The mixture is diluted with water, extra \g({(_gj atg and wash o%&&h brine. The organic
layer is dried (MgSO4), filtered, concentrate Ya.nd ag Ing 0-100% ethyl acetate in
dichloromethane to afford 034; ik R (400 MHz, CDC13) 88.394d,J5 1.4 Hz,1H),795(d,J=1.4
Hz, 1H), 4.11 (m, 41-0, 4.00 (m, 2H), 365 (m, 2H), 2.99 (m, 2H), 2.68 (m, 2H), 2.35 (m, 2H), 1.92
(m,111), 1.72 (m, 2H), 1.59 (s, 6H), 1.48 (s, 3H), 1.18 (in, 2H), 0.80 (M, 2H), 0.56 (m, 2H); ESIMS tii/z
for (M+Hr C24H34N608S €aicdi&6@L2 fouilar (56&2uE xarthplmO85:difohpethyricy Mbpfopy M6

44(5-(4-(3-amino;3- MethyIUMISHRY. RIRGEBZI01 1 H NMR (400 MHz, CDCl5) § 8.4
yhpyrazin-2- onxy mreEQ h)l/lbpl%e%(iﬁe 1- cargo%E%e D aBrz %d NMR (400 MHz, CDCly) 58.45
J=14Hz, 1H), 7.82 (d, J = 1.4 Hz, 1H), 3.99 (d, J = 6.8 Hz, 2H), 3.97 (s, 2H), 3.86
(m, 2H), 3.51 (m, 2H), 2.96 (m, 2H), 2.68 (t, ] = 6.8 Hz, 2H), 2.55 (m, 2H), 1.78 (m, 3H),
1.60 (m, 2H), 1.35 (s, 3H), 1.18 (br s, 2H), 1.06 (m, 2H), 0.67 (m, 2H), 0.42 (m, 2H);

ESIMS m/z for (M+H)" C2,H35NgO¢S caled: 511.2, found: 511.2.

Example O25: 1-Methylcyclopropyl 4-((5-(4-(2-(1,3-dioxoisoindolin-2-
yDethylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

s elvs evat

By following a similar procedure as the one used for preparing O3 from O3b
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N\ HONO A solution of 034 (105 mg, 0.18 annol) in a mixture of methanol (5 mL) and
tetrahydrofuran (4 mL) is treated with N1C12 (72 mg, 0.55 mmol) followed by sodium borohydride (21
mg, 0.55 mM&248§&7fesulting mixture is stirred at room temperature for ECAGF$MSSHikture is
diluted with ethyl acetate and filtered, then washed with saturated aqueous sodium
hydrogencarbonate and brine. The organic layer is dried (MgSO4), filtered, concentrated and purified
using mass-triggered reverse phase HPLC to afford 035; -EH NMR (400 MHz, CDC13) 8 8.63 (d, | =
1.2 Hz, 1H), 8.04gent=ubgipgng prj1.8-depraisgiadglindy 1 ptmnesyiqaylmbloride s, 2H), 3.74 (m, 2H),
3.27(m, 2H), 2.75(ipa Rk Di@n9PcfirbridE 020 fiep2El; H36VR @hD MEBS EDCRIY 81589(9: 6H), 0.88 (m,
2H), 0.64 (m, 2W; ESIMS tri/z for (M+H)+ C24H39N606S calcd; 539.3, found: 539.2. Example 036: 1
“Methy Icy clopropditiaiBhats? (dirhathyh&iinky:3:80 (m, 2R, 7.67 (m, 2H), 4.10'(s, 7TH), 3.99 (m,

methylbutylsulforyy)-2 coxenipaiaz o lay X)pyrazin- 2H)oxynetinH)pinesidinatly, carbaxylaie. A
solution of 035 (56.mg, Q.10.r D) ipdi If ide (2 mL).istreated with 1c9CO3 (43 mg, 0.31
minol) and iodorﬁé?ﬁ?ﬁe 31p2_81®)2%2r@§f§1}%g Iggfréégdg g r’o%ﬁr# %%%%%?g 6}‘§’er9 §€I§éurs. The mixture

is diluted with watestHeXtsQebethndtio &ty fawatadd/ And washed with water and brine. The organic
extracts are dried (MgSO4), filtered, concentrated and purified using mass-triggered reverse phase H
PLC to afford 036:NMR (400 MHz, CDC13) 8 8.66 (d, J = 1.2 Hz, tH), 8.04 (d, J = 1.2 Hz, 1H), 4.20(d,
J = 6.4 Hz, 2H), £33nple Q262 bi¥gthyieslapropyhd-afty 432> aminoethylspHangib:- 220 xpp2p8sagi-s, 4H),
2.02 (m, 3H), 1.8 ygl‘;l,)nh?i YRty pibEriditteli-datBotlYistebH), 0.88 (in, 2H), 0.64 (in, 2H);
EMMS m/z. for (M+H)+ C261-143N606S calcd: 567.3, found: 567.2. Example 037:
1-Methylcyclopropyl 4-((5-(4-(1-benzylpyrrolidin-3-ylsulfony1)-2-
oxopiperazin-l-yEpyrazin-2-yloxy)methyl)piperidjpe-1-carboxylate. A solution of 013a (96 mg, 0.20
mmol) and N-trimethylsilyl-N- cyanometfiylbenzyla (104 uL, 0.42 mmg@N.in acetonitrile (5 mL) is
treated with AgF (54 mg, 0.42 mmol) and hBated at 54‘?7 T, (?%xture is filtered, washed
with ethyl acetate, concentrated apg/purified on silica gel usingQ-1009%ethyl acetate in hexane to
afford 037: ESIMS m/z for (M+H)+ C30H43N606S calcd: 613.3, found: 613.2. Example 038:
1-Methylcyclopropyl 4-((5-(2-0x0-4-(pyrrolidin-3-

ylsulfonyl)piperazin-l-y) pyragisio2oA@nomethy hiinesislingrisarbmmiate: mL) is redeaaliion of 037 (45
mgq) in EtOH (5 mL) is hydrogenated in an H-cube(r) (Pd/C, 50 bar H2, 70C, 1 mL/min) device. The
residue is concemMSRA o Hidvide D28 RO MH e D64 g g5 EPny a4 di 1y, 7.95 (d,
J = 1.4 Hz, 1H), $ukifiéaysHd) nAS8r{paeRd ye %68 pias2 HPLE 50 dfford 9R63.410 KMR 1408 MHE3.2 Hz,

1H), 3.13 (m, 2H 1H), 2.6 2.0 (in, 2H), 1.89.(in, 1.73.(in,.5H), 1.48 (s, 3H),
1.1)8 (m, 2(;8, 08%%%2?32%%@6%?18 ﬁ‘(ﬂzé@\é%&gfrgr:(&ﬂ)‘rkﬁzlié%ﬁ@g) Nzé%g gga cd:} 3(2 four)1d:
523.2. Example 036: NEthyId)iopRsByb AA5a4 20 Adth iy blidiBs 3nylSiliohyo-an, 2H), 1.41
oxopiperazin-l-yhpysiazi nr2yloxpmmethylipipg rigisaq: cA XIS 10/ Ni M+ H)* CoiHisNeO6S

calcd: 497.2, found: 497.2.

Example O27: 1-Methylcyclopropyl 4-((5-(4-(2-amino-2-oxoethylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

0
¢ X N=
0. OS§-N N‘Q\__>—O o%
7/
H2N>—’ N \—CN—<O
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N () A solution of 038 (24 mg, 0.05 mmol) and paraformaldehyde (-0.25 mmol) in
1,2-dichloroethane (5 mL) was treated with acetic acid (50 u.L) and heated at 80 C for 1 hour.
NaBH(OAC)Y P2H4X§38Ho mmol) is added and the mixture is stirred at 80 E$3fERWAATEAI 2 hours.
The mixture is cooled, diluted with saturted aqueous sodiumhydrogencarbonate, and extracted with
dichloromethane (2x). The organic layers are dried over MgSO4, filtered, concentrated, and purified
using mass-triggered reverse phase HPLC to afford 039; 111 NMR (400 MHz, CDC13) 8 8.57 (d, J =

1.4 Hz, 111), 7.95 (d, 3 1,4 Hz, 1H), 4.17(d, J = 7.2 Hz, 2H), 4.12/d, 13_ 6.4 Hz, 2H), 3.71 (m, 3H),
2.86 (M, 1H), 26&4{%}3 s, 3H), 2. 2841 91% x{H)NL 02 48@5—{%!—1) 1.20
(m, 2H), 0.80 (m, 2HY; .55 %—@Mﬁ tn/z for (M+H)z|-/(324}=|3/7N S Cé“f@ nd: 537.2.
Example 040: 1-Methylcygkgpropy! 44(5-(4-{1-isobutylpyrrolidin-3- yIsBII nyl)se-

oxopiperazin-l-yl)pyrazin-2-yloxy)methyllpiperidine-1- carboxyE!alté (b% - > 'N- -c\/() By
following a similar procedure as the one used for preparing 039 from E except substituting
isobutyraldehyde for paraforrnaldehyde, 040 is prepared; 1H NMR (400 MHz, CDC13) 8 8.58 (d, J =
1.2 Hz, 1H), 7.94 (d, J = 1.2 Hz, 1H), 4. 18 Wl J 0 H), 4.12 (d, J =/4.4 Hz, 2H), 3.96 (n, 2H),
3.69 (n, 2H), 2.80 (n, 2H), 2.68 Gif? $H), R.55 (M‘%; %gw_g;)\sl m, 1H). 1.73 (m, 2H). 1.65
(m, 1H). 1.48 (s, 3H), 1.20 (m, 2H) 0.84Nm, 6H), 0.79 (m, 2H), 055 (M) 2H); ESIMS rniz. for (M--Hr
C27H4IN1606S calcd: 579.3, foundi©

By foftwing a similar procedure as the one used for
preparing M48 from M48a except suh ingrthe appropriate alcohol for 1\448a and 03b for Mlle,
followed in some cases by reductive ations as in the preparation of 039 and 040, the following
compounds are prepared; Ex.  Stifcture Analytlgal data 041 HN 0 O () -

SwtoR Q N_Q__»\_C_Q%

H2N

Example 027

Step A: By following a similar procedure as the one used for preparing O3
from O3b except substituting benzyl 2-(chlorosulfonyl)acetate for n-propanesulfonyl
chloride, O27a is prepared; ESIMS m/z for (M+H)" CpsH36NsOsS caled: 602.2, found:
602.1.

Step B: By following a similar procedure as the one used for preparing M48
from M48e, O27b is prepared; '"H NMR (400 MHz, CDCls) 8 8.37 (d, J = 1.2 Hz, 1H),
7.80 (d, J =1.2 Hz, 1H), 4.11 (s, 2H), 3.96 (m, 3H), 3.84 (m, SH), 3.59 (m, 2H), 2.53 (m,
2H), 1.76 (m, 1H), 1.57 (m, 2H), 1.32 (s, 3H), 1.05 (m, 2H), 0.64 (m, 2H), 0.40 (m, 2H);
ESIMS m/z for (M+H)" Cp1H30N5OsS caled: 512.2, found: 512.1.

Step C: A solution of O27b (60 mg, 0.12 mmol), HATU (89 mg, 0.23 mmol)
and 2,4,6-trimethoxybenzylamine-HCI (33 mg, 0.14 mmol) in dichloromethane (10 mL)
is treated with diisopropylethylamine (61 pL, 0.35 mmol) and the mixture is stirred at
room temperature for 14 hours. The mixture is diluted with water and extracted with
dichloromethane. The organics are dried, filtered, and concentrated to provide O27¢,
which was used without further purification. ESIMS m/z for (M+H)" C31H43NO10S
calcd: 691.3, found: 691.2.

Step B: A solution of O27¢ (0.12 mmol) in dichloromethane (2 mL) is
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\N\ NINMR (4(30 M112, CDC13) 6 8.58 (d, | =14 Hz. 114). 7.95 (d, | = 1.4 Hz, 111). 4.11 (m, 4H),
3.97 (m, 21E, 3.68 (m, 211), 3.60 (m, 1H), 3 39 (dd. | =4.0. 12.8 Hz, 1H), 3 10 (m, 21). 2.82 (m, 1H),
2.68 (m, 2HYYO WBYAI8IHM), 1.91 (s, 111), 1.72 (m, 211), 1.48 (s, 311), 1.20RAI/SRHW/BEH, 2H), 0.55
(m, 211); ESIMS n)/z for (M+H)I C231135N606S calcd: 523.2, found: 523.2. ,117 z\ / (/
\O N -4,

treated with TFA (1 mL) and aged for 1 hour at room temperature. The residue is

concentrated and purified using mass-triggered reverse phase HPLC to afford O27; 'H

NMR (400 MHz, CDCl3) 6 8.59 (d, J = 1.6 Hz, 1H), 7.95 (d, J = 1.6 Hz, 1H), 4.19 (s,

2H), 4.12 (d, J = 6.4 Hz, 2H), 3.99 (m, 2H), 3.90 (s, 2H), 3.72 (m, 2H), 2.68 (m, 3H),

1.89 (m, 1H), 1.72 (m, 2H), 1.48 (s, 3H), 1.13 (m, 2H), 0.80 (m, 2H), 0.55 (m, 2H);

ESIMS m/z for (M+H)" C,;H3;N¢O;S caled: 511.2, found: 511.2.

Example 028: 1-Methylcyclopropyl 4-((5-(4-(2-(dimethylamino)-2-
oxoethylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

oo
_O>_\/S—N\_/N AQ\—_I\}_ 0 \—CN—QO%

By following a similar procedure as the one used for preparing O27¢ from
027b except substituting dimethylamine-HCI for 2,4,6-trimethoxybenzylamine-HCI,
028 is prepared; 'H NMR (400 MHz, CDCl;) § 8.67 (d, J = 1.6 Hz, 1H), 8.03 (d, T = 1.6
Hz, 1H), 4.28 (s, 2H), 4.19 (m, 4H), 4.06 (m, 2H), 3.82 (s, 2H), 3.23 (s, 3H), 3.04 (s,
3H), 2.77 (m, 2H), 2.00 (m, 1H), 1.81 (m, 2H), 1.57 (s, 3H), 1.28 (m, 2H), 0.88 (m, 2H),
0.64 (m, 2H); ESIMS m/z for (M+H)" C»3H35NsO-S caled: 539.2, found: 539.2.

Example 029: 1-Methylcyclopropyl 4-((5-(4-(1-(dimethylamino)-2-
methyl-1-oxopropan-2-ylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

O
O

I N=
0) OQSI_N\_/NAQ\_?O\_CN«O%
O

\
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O O

¢ X y= ¢ X y=

OQQ—N\_/N—Q\__P}—O\_CN «O% Step A o st —N\_/N—Q\__I?—O \_<:/\N «O‘P

BnO [¢] BnO [¢]
027a 029a

Step B osll_ S'”pc O\\ES?—N/_é:I N_/ 0 o
HOC_$\_/—§__>—\_<:/\_<‘P _?—ﬁ \_/_Q\__I}_LCN—QO%

029 Example 029

Step A: A solution of 027a (200 mg, 0.33 mmol) in dimethylformamide (5
mL) is treated with potassium carbonate (138 mg, 1.0 mmol) and iodomethane (63 L,
1.0 mmol) and heated at 70 °C for 1 hour. The mixture is diluted with water and
extracted with ethyl acetate. The organic layer is washed with water and brine, dried
(MgSO0,), filtered and concentrated to provide 029a; ESIMS m/; for (M+H)*
C30H40N5OsS caled: 630.3, found: 630.3.

Step B: A solution of 029a (crude from Step A) and ammonium formate
(~1 mmol) in methanol (5 mL) is treated with Pd/C (wet, 10%) and heated at 80 °C for 1
hour. The mixture is cooled, filtered, and the filtrate is washed with water and ethyl
acetate. The layers are separated and the organic layer is washed with 1N HCI and brine,
then dried over MgSQy, filtered and concentrated. The residue is purified using mass-
triggered reverse phase HPLC to afford 029b; 'H NMR (400 MHz, CDCl3) § 8.61 (d, J
=1.6 Hz, 1H), 8.05 (d, J = 1.6 Hz, 1H), 4.43 (s, 2H), 4.21 (d, J = 6.4 Hz, 2H), 4.05 (m,
2H), 3.87 (br s, 2H), 2.78 (m, 2H), 2.03 (m, 1H), 1.82 (s, 6H), 1.57 (s, 3H), 1.28 (m, 2H),
0.89 (m, 2H), 0.65 (m, 2H); ESIMS m/z for (M+H)" C23H3,N5O0sS calcd: 540.2, found:
540.1.

Step C: By following a similar procedure as the one used for preparing O27¢
from O27b except substituting dimethylamine-HCI for 2,4,6-trimethoxybenzylamine-
HC1 and O29b for O27¢, 029 is prepared; "H NMR (400 MHz, CDCl3) §8.51 (d,J = 1.4
Hz, 1H), 7.87 (d, ] = 1.4 Hz, 1H), 4.14 (s, 2H), 4.04 (d, J = 6.4 Hz, 2H), 3.88 (m, 2H),
3.66 (s, 2H), 2.60 (m, 2H), 1.84 (m, 1H), 1.65 (m, 2H), 1.54 (s, 6H), 1.41 (s, 6H), 1.11
(m, 2H), 0.73 (m, 2H), 0.48 (m, 2H); ESIMS m/z for (M+H)™ C,5H39NO;S calcd: 567.3,
found: 567.2.
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01/ S-NN-\?/ NINMR (400 M112, CDC13) 6 8.58 (d, | = 1 4 Hz. 11). 7.95 (d, | = 1.4 Hz, 111).
4.11 (m, 4H), 3.97 (m, 21E, 3.68 (m, 211), 3.60 (m, 1H), 3 39 (dd. | = 4.0. 12.8 Hz, 1H), 3.10 (m, 2H).
2.82 (m, 1HYY9 BBYRI8IHM), 2.08 (m, 2H), 1.91 (s, 111), 1.72 (m, 211), 1.48 R THHIB/BEIH, 2H), 0.80
(m, 2H), 0.55 (m, 211); ESIMS n)/z for (M+H)I C231135N606S calcd: 523.2, found: 523.2. \N /

Example O30: 1-Methylcyclopropyl 4-((5-(4-(1-amino-2-methyl-1-
oxopropan-2-ylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

0
0 OQ('SDI N N N:>70 o%
- /
LSO
H,N o)

By following a similar procedure as the one used for preparing 027 from
027b except substituting 029b for 027b, O30 is prepared; '"H NMR (400 MHz, CDCl3)
08.66 (d, J = 1.4 Hz, 1H), 8.03 (d, J = 1.4 Hz, 1H), 4.23 (s, 2H), 4.20 (d, ] = 6.4 Hz, 2H),
4.02 (m, 2H), 3.78 (s, 2H), 2.77 (m, 2H), 2.00 (m, 1H), 1.81 (s, 6H), 1.57 (s, 3H), 1.27
(m, 2H), 0.89 (m, 2H), 0.64 (m, 2H); ESIMS m/z for (M+H)" C,3H35N05S caled: 539.2,
found: 539.2.

Example O31: 1-Methylcyclopropyl 4-((5-(4-(2-(2-tert-butoxy-2-
oxoethylamino)ethylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-
yloxy)methyl)piperidine-1-carboxylate.

O
Ol

G-
/_\/S—N\_/N—Q\_:?—o \—CN—{)%
BuOt{ v 0

@]

A solution of O13a (50 mg, 0.10 mmol), t-butylglycine-HCI1 (105 mg, 0.62
mmol) and diisopropylethylamine (108 pL, 0.62 mmol) in methanol (2 mL) and
dimethylformamide (2 mL) and stirred at room temperture for 14 hours. The mixture is
diluted with water and extracted with ethyl acetate. The organics are washed with water
then brine, dried over MgSQ,, and filtered. The residue is concentrated and purified

using mass-triggered reverse phase HPLC to afford O31; "H NMR (400 MHz, CDCl3) §
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8.66 (d, J =1.2 Hz, 1H), 8.04 (d, J = 1.2 Hz, 1H), 4.20 (s, 4H), 4.07 (m, 2H), 3.76 (i,
2H), 3.48 (s, 2H), 3.40 (m, 2H), 3.28 (m, 2H), 2.77 (m, 2H), 2.00 (m, 1H), 1.82 (m, 2H),
1.57 (s, 3H), 1.49 (s, 9H), 1.28 (m, 2H), 0.89 (m, 2H), 0.64 (m, 2H); ESIMS m/z for
(M+H)" C»7H43N6OsS caled: 611.3, found: 611.2.

Example 032: 2-(2-(4-(5-((1-((1-Methylcyclopropoxy)carbonyl)piperidin-4-
yDmethoxy)pyrazin-2-yl)-3-oxopiperazin-1-ylsulfonyl)ethylamino)acetic acid.

A solution of O31 (31 mg, 0.05 mmol) in dichloromethane (1 mL) is treated
with HCI (1 mL of 4N in dioxane) and aged for 2 hours at room temperature. The
mixture is concentrated and purified using mass-triggered reverse phase HPLC to afford
the 032; "H NMR (400 MHz, CDCl3) § 8.51 (d, J= 1.4 Hz, 1H), 7.90 (d, J = 1.4 Hz,
1H), 4.01 (m, 4H), 3.88 (m, 2H), 3.46 (m, 8H), 2.69 (m, 2H), 1.88 (m, 1H), 1.69 (m, 2H),
1.47 (s, 3H), 1.18 (m, 2H), 0.80 (m, 2H), 0.55 (m, 2H); ESIMS m/z for (M+H)"
Ca3H3sNgOsS caled: 555.2, found: 555.1.

Example O33: 1-Methylcyclopropyl 4-((5-(4-(2-guanidinoethylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

A solution of 026 (22 mg, 0.044 mmol) and 3,5-dimethoxypyrazole-1-

carboxamidine nitrate (13 mg, 0.066 mmol) in dimethylformamide (3 mL) is treated with
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N 0 N-/0 NI NMR (400 M112, cipc13) 58.45 (d, | =1 4 Hz. 11), 7.S2 (d, | = 1.4 Hz, 111). 3.98 (d, J:
= 6.4 Hz, 211), 3.95 (s, 21E, 3.85 (m, 211), 3.13 (m, 211), 2.89 (m, 4H). 2.61 511), 1.78 (m,
21E, 1.59 (M Q3100/43844m, 2H), 1.35 (s, 3l1), 1.115 (m, 21). 13.67 (m, 21)) PEWEHRISYPIES|IMS ;)/z
for (M-FIEI  C241-137N606S calcd: 537.3, found: 537.3. 044 0 0 N--\ -S-NN-(L /7-ON (/\ 0 'El
NMR (400 MHz. CDC13) 6 8.85 (d, | = 1.2 Hz, 111). 7.95 (d, | = 1.2 11z, 111), 4.11 (d, J = 6.4 11z,
21-1), 4.08 (s, 211), 3.98 (m, 2H), 3.62 (m, 2H), 3.04 (m, 2H), 2.68 111), 1.91 (m, 2H), 1.72 (m,
5H), 1.62 (m, 2Hyiisopspgleshianmined Gtz P13 oupolypndtyrey 85rean Sropyrra T fAs] hoyess (M+117
C2sH19NBO6S cared Radkis f@unel Roh: g1 8asQiumhydrogencarbonate and extracted with ethyl

acetate. The organic layer is washed with brine, dried over MgSQy, filtered,
concentrated and purified using mass-triggered reverse phase HPLC to afford O33; 'H
NMR (400 MHz, CDCl3) 6 8.48 (d,J=1.4 Hz, 1H), 7.93 (d,J = 1.4 Hz, 1H), 4.11 (m,
4H), 4.06 (m, 2H), 3.92 (m, 2H), 3.62 (m, 3H), 2.68 (m, 2H), 1.80 (m, 1H), 1.72 (m, 2H),
1.18 (m, 3H), 0.80 (m, 2H), 0.56 (m, 2H); ESIMS m/z for (M+H)" C,,H35N30¢S caled:
539.2, found: 539.2.

Example O34: 1-Methylcyclopropyl 4-((5-(4-(3-methyl-3-nitrobutylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

A solution of O13a (62 mg, 0.13 mmol) and 2-nitropropane (116 uL, 1.29
mmol) in methanol (0.5 mL) and tetrahydrofuran (1 mL) is treated with 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (154 uL, 1.03 mmol) and stirred at room temperature for
14 hours. The mixture is diluted with water, extracted with ethyl acetate, and washed
with brine. The organic layer is dried (MgSQ,), filtered, concentrated and purified on
silica gel using 0-100% ethy] acetate in dichloromethane to afford 034; "H NMR (400
MHz, CDCl3) 6 8.59 (d,J = 1.4 Hz, 1H),7.95 (d, J = 1.4 Hz, 1H), 4.11 (m, 4H), 4.00 (m,
2H), 3.65 (m, 2H), 2.99 (m, 2H), 2.68 (m, 2H), 2.35 (m, 2H), 1.92 (m, 1H), 1.72 (m, 2H),
1.59 (s, 6H), 1.48 (s, 3H), 1.18 (m, 2H), 0.80 (m, 2H), 0.56 (m, 2H); ESIMS m/z for
(M+H)" C24H37N6OsS caled: 569.2, found: 569.2.

Example O35: 1-Methylcyclopropyl 4-((5-(4-(3-amino-3-methylbutylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.
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\0 N/'H NMR (400 MHz, CDC!) S 8.57 (d, | = 1.2 Hz, 111). 7.94 (d, | = 1.2 llz, 111), 4.15 (m, 511),
3.99 (m, 211), 3.65 (m, 3H), 3.24 (m, 1H), 3.12 (dd. J = 4.0. 14.0 Hz, 111), 2.99 (m, 2H), (s, 3H).
1.20 (m. 2HYQ BYYH8Y™M), 0.56 (m, 211); ESIMS ni/z for (M+117 C241-1P¢BEHEBEIRY>537.3.
found: 537.3. 0,u/ N=\ H"S-NN-kt /)-0 s N\ 046 0 0 ,N=, (,0 NIN4 1t Hi NMR (400 MHz, CDGE) S
8.58 (d, | = 1.2 Hz, 111). 7.95 (d, | = 1.2 Hz, 111). 4.11 (d, | = 6.4 Hz. 211), 4.10 (s, 210, 3.99 (m, 211),
3.64(, 2H), 2.68 (m, 2H), 2.37 (s, 2E1). 2.20 (s. 211). 1.90 (m, 1E1), 1.74 (m, 411), 1.48 (s, 311), 1.20
(m, 211), 0.79 (m, 2H), 0.55 (m, 2H); ESIMS m fory\ﬂMg—i—l? C251139N606S calcd: 551.3, found:

551.2. )_NO -*_/ N ‘G

i IROT

A solution of O34 (105 mg, 0.18 mmol) in a mixture of methanol (5 mL) and
tetrahydrofuran (4 mL) is treated with NiCl, (72 mg, 0.55 mmol) followed by sodium
borohydride (21 mg, 0.55 mmol) and the resulting mixture is stirred at room temperature
for 3 hours. The mixture is diluted with ethyl acetate and filtered, then washed with
saturated aqueous sodium hydrogencarbonate and brine. The organic layer is dried
(MgS0.), filtered, concentrated and purified using mass-triggered reverse phase HPLC to
afford 035; "H NMR (400 MHz, CDCl3) 8 8.63 (d, J = 1.2 Hz, 1H), 8.04 (d, J = 1.2 Hz,
1H), 4.20 (d, J = 6.4 Hz, 2H), 4.18 (s, 2H), 4.05 (m, 2H), 3.74 (m, 2H), 3.27 (m, 2H),
2.75 (m, 2H), 2.00 (m, 3H), 1.80 (m, 2H), 1.56 (s, 3H), 1.35 (m, 2H), 1.29 (s, 6H), 0.88
(m, 2H), 0.64 (m, 2H); ESIMS m/z for (M+H)" C,4H39NgO¢S calcd: 539.3, found: 539.2.

Example 036: 1-Methylcyclopropyl 4-((5-(4-(3-(dimethylamino)-3-
methylbutylsulfonyl)-2-oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-

carboxylate.

A solution of O35 (56 mg, 0.10 mmol) in dimethylformamide (2 mL) is
treated with K,CO3 (43 mg, 0.31 mmol) and iodomethane (13 uL, 0.21 mmol) and stirred
at room temperature for 3 hours. The mixture is diluted with water, extracted with ethyl
acetate, and washed with water and brine. The organic extracts are dried (MgSQO,),
filtered, concentrated and purified using mass-triggered reverse phase HPLC to afford
036; "H NMR (400 MHz, CDCl3) § 8.66 (d, J = 1.2 Hz, 1H), 8.04 (d, ] = 1.2 Hz, 1H),
4.20 (d, ] = 6.4 Hz, 2H), 4.18 (s, 2H), 4.07 (m, 2H), 3.72 (m, 2H), 3.21 (m, 2H), 2.77 (m,
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NrA_AN\1 04700 N\ _")/O0rEINMR (400 MHz. CDC13) S 8.57 (s, 111), 7.95 (s, 111), 4.16 (m,
2H), 4.12 (m, 411), 4.02 (m, 2H), 3.97 (m, 2H), 3.82 (m, 2H), 3.66 011, 310, 2.682.04 (nT, 2H), 1.48
(s, 311). 1.18PAPEI§IH 80 (m, 210, 0.55 (m, 211); ESIMS ni/z for (M+1-)PEFVEAONTEIGS calcd:
509.2, found: 509.2. 0..ji/N-'S  V/ -NN\ (

2H), 2.35 (br s, 4H), 2.02 (m, 3H), 1.82 (m, 2H), 1.57 (s, 3H), 1.29 (m, 2H), 1.15 (brs,
6H), 0.88 (m, 2H), 0.64 (m, 2H); ESIMS m/z for (M+H)" C,6H43NsO6S caled: 567.3,
found: 567.2.

Example O37: 1-Methylcyclopropyl 4-((5-(4-(1-benzylpyrrolidin-3-ylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

OQE— NC?N‘Q}O \—<:/\N —QO%

A solution of O13a (96 mg, 0.20 mmol) and N-trimethylsilyl-N-
cyanomethylbenzylamine (104 pL, 0.42 mmol) in acetonitrile (5 mL) is treated with AgF
(54 mg, 0.42 mmol) and heated at 75 °C for 4 hours. The mixture is filtered, washed
with ethyl acetate, concentrated and purified on silica gel using 0-100% ethyl acetate in

hexane to afford O37; ESIMS m/z for (M+H)" C30H41NsOsS caled: 613.3, found: 613.2.

Example O38: 1-Methylcyclopropyl 4-((5-(2-0x0-4-(pyrrolidin-3-
ylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

HN

A solution of 037 (45 mg) in EtOH (5 mL) is hydrogenated in an H-cube®
(Pd/C, 50 bar H,, 70 °C, 1 mL/min) device. The residue is concentrated to provide Q038
"H NMR (400 MHz, CDCl3) § 8.58 (d, J = 1.4 Hz, 1H), 7.95 (d, J = 1.4 Hz, 1H), 4.11
(m, 4H), 3.98 (m, 2H), 3.68 (m, 2H), 3.50 (m, 1H), 3.40 (dd, J = 4.0, 13.2 Hz, 1H), 3.13
(m, 2H), 2.83 (m, 1H), 2.68 (m, 2H), 2.10 (m, 2H), 1.89 (m, 1H), 1.73 (m, 5H), 1.48 (s,
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048 0 0 0 \NI -(/0 Hi NMR (400 MHz, CDGE) S 8.57 (d, | = 1.0 Hz, 111). 7.95 (d, | = 1.0 Hz, 1E1).
4.14 (s, 211). 4.12 (d, J = 4.4 11z, 210, 3.96 (m, 210, 3.90 (m, 1H), 3.67 (m, 2H), 3.54 (m, 211). 3.44
(m, 2H), 2.69@ROP10BF93430 (s, 310, 1.91 (m, 111), 1.72 (m, 2H), 1.48 (s, 3BET{UBBAH07%14. 0.80 (m,
2E1), 0.55 (m, N-0..0/'S-NNV\__/'

3H), 1.18 (m, 2H), 0.80 (m, 2H), 0.56 (m, 2H); ESIMS m/z for (M+H)" C»3H35N¢06S
calcd: 523.2, found: 523.2.

Example 039: 1-Methylcyclopropyl 4-((5-(4-(1-methylpyrrolidin-3-ylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

O

0
N

SI—N\_/N _Q?_O\—CN _@*P

/N

A solution of O38 (24 mg, 0.05 mmol) and paraformaldehyde (~0.25
mmol) in 1,2-dichloroethane (5 mL) was treated with acetic acid (50 uL) and heated at
80 °C for 1 hour. NaBH(OAc)3 (20 mg, 0.09 mmol) is added and the mixture is stirred at
80 °C for an additional 2 hours. The mixture is cooled, diluted with saturted aqueous
sodiumhydrogencarbonate, and extracted with dichloromethane (2x). The organic layers
are dried over MgSQ,, filtered, concentrated, and purified using mass-triggered reverse
phase HPLC to afford O39; '"H NMR (400 MHz, CDCls) & 8.57 (d,J = 1.4 Hz, 1H),
795(d,J=1.4Hz, 1H),4.17 (d,J=7.2 Hz, 2H), 4.12 (d, ] = 6.4 Hz, 2H), 3.71 (m, 3H),
2.86 (m, 1H), 2.66 (m, 3H), 2.33 (s, 3H), 2.18 (m, 2H), 1.91 (m, 1H), 1.73 (m, 2H), 1.48
(s, 3H), 1.20 (m, 2H), 0.80 (m, 2H), 0.55 (m, 2H); ESIMS m/z for (M+H)" C,4H37Ns06S
calcd: 537.3, found: 537.2.

Example 040: 1-Methylcyclopropyl 4-((5-(4-(1-isobutylpyrrolidin-3-ylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

FCOoet

By following a similar procedure as the one used for preparing O39 from

038 except substituting isobutyraldehyde for paraformaldehyde, 040 is prepared; 'H
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21-1); ESIMS in/z for (M+H)+ C231135N606S calcd: 523.2, found: 523.2. 049 00 N 0.8/ i

WO 2009/038974

PCT/US2008/075145

NMR (400 MHz, CDCl5) § 8.58 (d, J = 1.2 Hz, 1H), 7.94 (d,J = 1.2 Hz, 1H), 4.18 (d, J
= 6.0 Hz, 2H), 4.12 (d, J = 4.4 Hz, 2H), 3.96 (m, 2H), 3.69 (m, 2H), 2.80 (m, 2H), 2.63

(m, 2H), 2.58 (m, 2H), 2.17 (m, 3H), 1.91 (m, 1H), 1.73 (m, 2H), 1.65 (m, 1H), 1.48 (s,
3H), 1.20 (m, 2H), 0.84 (m, 6H), 0.79 (m, 2H), 0.55 (m, 2H); ESIMS m/z for (M+H)*

C27H43N6OeS caled: 579.3, found: 579.2

By following a similar procedure as the one used for preparing M48 from

M48a except substituting the appropriate alcohol for M48a and O3b for M1c, followed

in some cases by reductive aminations as in the preparation of 039 and 040, the

following compounds are prepared;

Ex.

Structure

Analytical data

041

HN

"H NMR (400 MHz, CDCL;) &
8.58(d,I=14Hz, 1H),7.95(, T
= 1.4 Hz, 1H), 4.11 (m, 4H), 3.97
(m, 2H), 3.68 (m, 2H), 3.60 (m,
1H), 3.39 (dd, ] = 4.0, 12.8 Hz,
1H), 3.10 (m, 2H), 2.82 (m, 1H),
2.68 (m, 2H), 2.08 (m, 2H), 1.91
(s, 1H), 1.72 (m, 2H), 1.48 (s, 3H),
1.20 (m, 2H), 0.80 (m, 2H), 0.55
(m, 2H); ESIMS m/z for (M+ID)*
Ca3H35NgO6S caled: 523.2, found:
523.2.

042

"H NMR (400 MHz, CDCL;) &
8.58(d,I=14Hz, 1H),7.95(, T
= 1.4 Hz, 1H), 4.11 (m, 4H), 3.97
(m, 2H), 3.68 (m, 2H), 3.60 (m,
1H), 3.39 (dd, ] = 4.0, 12.8 Hz,
1H), 3.10 (m, 2H), 2.82 (m, 1H),
2.68 (m, 2H), 2.08 (m, 2H), 1.91
(s, 1H), 1.72 (m, 2H), 1.48 (s, 3H),
1.20 (m, 2H), 0.80 (m, 2H), 0.55
(m, 2H); ESIMS m/z for (M+ID)*
Ca3H35NgO6S caled: 523.2, found:
523.2.

043

THNMR (400 MHz, CDCL;) &
8.45(d,T=1.4Hz, 1H),7.82(d, T
=1.4THz, 1H),3.98 (d, T = 6.4 Oz,
2H), 3.95 (s, 2H), 3.85 (m, 21),
3.50 (m, 2H), 3.13 (m, 2H), 2.89
(m, 4H), 2.61 (m, 5H), 1.97 (m,
5H), 1.78 (m, 2H), 1.59 (m, 21),
1.44 (m, 2H), 1.35 (s, 3H), 1.05
(m, 2H), 0.67 (m, 2H), 0.43 (m,
2H); ESIMS m/z for (M+H)*
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*Il NMR (400 MHz, CDC13) 58.59 (d, J=1.2 llz, 11), 7.94 (d, J = 1.4 Hz, 1T-I), 4.12 (d, J = 6.8 Hz,
2H), 4.06 (s. 211). 3.98 (m, 2H), 3.77 (m, 211), 3.72 (m, 111), 3.62 1.90 (m, 111),1.73 (in, 211), 1.48
(s, 3f1), 1.20V@2081%38780 (m, 2H), 0.55 (m, 211); ESTMS m/z for (M+10+REBYSFYENEIES calcd:

523.2. found: 523.2. \OH --S-N N-c/ () \

EN /

0 050 () 0

I NMR (400 MHz. CDC13) 6 8.59 (d, J

= 1.6 iz, 11E, 7.94 (d, J = 1.6 Hz, 111), 4.12 (d, J = 6.8 Hz, 2H), 3.98 (m, 311). 3.72 (m, 1H),

Cy4H37NgO6S caled: 537.3, found:
537.3.

O
Ox

0 4 ne
ou| OO

O

'H NMR (400 MHz, CDCl;) &
8.85(d,J=12Hz 1H), 795, T
=1.2Hz, 1H), 4.11 (d, T = 6.4 Hz,
2H), 4.08 (s, 2H), 3.98 (m, 2H),
3.62 (m, 2H), 3.04 (m, 2H), 2.68
(m, 6H), 2.50 (m, 2H), 2.33 (s,
3H), 2.17 (m, 1H), 1.91 (m, 2H),
1.72 (m, 5H), 1.62 (m, 2H), 1.48
(s, 3H), 1.18 (m, 2H), 0.79 (m,
2H), 0.55 (m, 2H); ESIMS m/z for
(M+H)* C,5H3gNgOgS caled: 551.3,
found: 551.2.

045

'H NMR (400 MHz, CDCl;) &
8.57(d,I=12Hz, 1H), 7.94 (d, ]
= 1.2 Hz, 1H), 4.15 (m, 5H), 3.99
(m, 2H), 3.65 (m, 3H), 3.24 (m,
1H), 3.12 (dd, ] = 4.0, 14.0 Hz,
1H), 2.99 (m, 2H), 2.68 (m, 2H),
2.04 (m, 2H), 1.85 (m, 9H), 1.48
(s, 3H), 1.20 (m, 2H), 0.80 (m,
2H), 0.56 (m, 2H); ESIMS m/z for
(M+H)* C,,H37NgOgS caled: 537.3,
found: 537.3.

046 N

'HNMR (400 MHz, CDCl) &
8.58(d,J=12Hz, 1H),7.95(, T
=1.2Hz, 1H), 4.11 (d, T = 6.4 Hz,
2H), 4.10 (s, 2H), 3.99 (m, 2H),
3.64 (m, 2H), 2.68 (m, 2H), 2.37
(s, 2H), 2.20 (s, 2H), 1.90 (m, 1H),
1.74 (m, 4H), 1.48 (s, 3H), 1.20
(m, 2H), 0.79 (m, 2H), 0.55 (m,
2H); ESIMS m/z for (M+H)*
C,5H39NgOgS caled: 551.3, found:
551.2.

047

'H NMR (400 MHz, CDCl;) &
8.57 (s, 1H), 7.95 (s, 1H), 4.16 (m,
2H), 4.12 (m, 4H), 4.02 (m, 2H),
3.97 (m, 2H), 3.82 (m, 2H), 3.66
(m, 3H), 2.68 (m, 2H), 2.04 (m,
2H), 1.91 (m, 1H), 1.72 (m, 2H),
1.48 (s, 3H), 1.18 (m, 2H), 0.80
(m, 2H), 0.55 (m, 2H); ESIMS m/z
for (M+H)+ C22H33N6068 caled:
509.2, found: 509.2.

048

"H NMR (400 MHz, CDCL;) &
8.57(d,J=1.0 Hz, 1H), 7.95 (d, T
=1.0 Hz, 1H), 4.14 (s, 2H), 4.12
(d, T = 4.4 Hz, 2H), 3.96 (m, 2H),
3.90 (m, 1H), 3.67 (m, 2H), 3.54
(m, 2H), 3.44 (m, 2H), 2.68 (m,
2H), 2.30 (s, 3H), 1.91 (m, 1H),
1.72 (m, 2H), 1.48 (s, 31D, 1.18
(m, 2F1), 0.80 (m, 2H), 0.55 (m,
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3.62 (m, 211), 3.43 (m, 211), 3.23 (d T = 7.2 H7 211) 2.95 (m, 211), 2.84 (m, 1H), 2.68 (m, 2H), 2.23
(s, 311), 1.91 (m, 111), 1.72 (m, 2H), 1.48 (s, 311), 1.20 (m, 3H), 0.80 (m, 2H), 0.55 (m, 2H); ESIMS
m./z for (M2 BWBBIBYNG06S calcd: 537.3, found: 537.2. N .11/ 0S-N PERPRINEG7S14N-< /ri -
051 hO R/N yTh "™(/, s N-0-0\

2H); ESIMS mi/z for (M+H)*
Ca3H35NgO6S caled: 523.2, found:
523.2.

"H NMR (400 MHz, CDCL;) &
8.59(d, I=1.2Hz, 1H), 7.94 (d, ]
=1.4Hz, 1H), 4.12 (d, T = 6.8 Hz,
O 2H), 4.06 (s, 2H), 3.98 (m, 2H),

oﬁ /—< N:>_ 3.77 (m, 2H), 3.72 (m, 1H), 3.62
S—N N / O—{ (m, 2H), 3.44 (m, 2H), 3.26 (m,

(@]

049 D) N/ \ N \_CN‘Q 2H), 3.18 (m, 1H), 2.68 (m, 2H),

HN @] 1.90 (m, 1H), 1.73 (m, 2H), 1.48
(s, 3H), 1.20 (m, 3H), 0.80 (m,
2H), 0.55 (m, 2H); ESIMS m/z for
(M+H)+ C23H35N6068 caled: 5232,
found: 523.2.
'H NMR (400 MHz, CDCl;) &
8.59(d, I=1.6Hz, 1H), 7.94 (d, ]
=1.6 Hz, 1H), 4.12 (d, ] = 6.8 Hz,
0 2H), 3.98 (m, 3H), 3.72 (m, 1H),
3.62 (m, 2H), 3.43 (m, 2H), 3.23

0
Oxd_y N_<I:>,O O_< (d, T =7.2 Hz, 2H), 2.95 (m, 2H),
050 _/ N \_<:/\N_< 2.84 (m, 1H), 2.68 (m, 2H), 2.23
_N (s, 3H), 1.91 (m, 1H), 1.72 (m,
2H), 1.48 (s, 3H), 1.20 (m, 3H),
0.80 (m, 2H), 0.55 (m, 2H);
ESIMS m/z for (M+H)*
Cy4H37NgO6S caled: 537.3, found:
537.2.
'"H-NMR (400MHz, CDCL;) § 8.64
(d,J=14Hz, 1H),802(d, J=14

/_{O Hz, 1H), 423 (m, 2H), 4.19 (m,

0 N 2H), 4.06-4.06 (m, SH), 3.84 (m,

0 72\

8N —(__ o 2H), 3.76 (m, 2H), 2.74 (m, 2H),

051 Q A N—)_ \—CN—<O_§ 2.33 (m, 2H), 1.98 (m, 1H), 1.80
© (m, 2H), 1.55 (s, 3H), 1.26 (m,

2H), 0.86 (m, 2H), 0.62 (m, 2H);
ESIMS caled. for C23H34N507S
[M+H]* 524.2, found 524.3.
"H-NMR (400MHz, CDCL) § 8.65
(d,J=14Hz, 1H),802(d, J=14
Hz, 1H), 421 (m, 2H), 4.18 (d, J =
o 6.5 Hz, 2H), 4.11-4.16 (m, 2H),
o a 4 _(/—N\ 3.98-4.06 (m, 5H), 3.84 (m, 2H),
052 Q—ﬁ—u =)—o 0 3.76 (m, 2H), 2.75 (dd, J = 12.3,
o] N \—CN—< _§ 12.3 Hz, 2H), 2.33 (m, 2H), 1.97
(m, 1H), 1.79 (m, 2H), 1.55 (s,
3H), 1.26 (m, 2H), 0.86 (m, 2H),
0.62 (m, 2H); ESIMS calcd. for
C23H34N507S [M+H]+ 5242, found
524 4.
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I-J/NN_O0 ( \N<o_6/111-NMR (400M11z, C'DC.13) 58.64 (d, / = 1.4 Hz, 111),8.02(d, /=14
Hz, 111). 4.23 (rn, 21). 4.19 (m, 211), 4.06-4.06 (m, 511), 3.84 (m, 2H), 3.76 (m, 2f1), 2.74 (m, 2H),
2.33 (in 2H)WPIE/M38N 1.80 (m, 211), 1.55 (s, 311), 1.26 (m, 2H), 0.86 B¢ YIIVG/BEI, 211):
ESIMS calcd. for C23E134N307S [M+111+ 524.2, found 524.3. 052 N 00_ - /\Nk 7- \N-<0 _/06
111-NMR (400MHz, CDC13) 6 8.65 (d, J = 1.4 llz, 11E, 8.02 (d, J = 1.4 llz, 111), 4.21 (m, 211), 4.18

(d, J = 6.5 Hz, 2H), 4.11-4.16 (in, 2H), 3.98-4.06 (m, 511). 3.84 (m, 2H), 3.76 En, 211), 2.75 (dd, J =

12.3,12.3H
0.62 (m, 2H)
\-N O (0 1H-
411), 4.51 (If
(m, 21E, 1.5
IM+11J+ 51(
oxopiperazin

.2, found 510.2.
-I-y1)pyrazin-2-yloxy)methyl)piperidine-1-carboxylatg, ¢, .11,,N.0.S [M+H]* 510.2,

7, 2H), 2.33 (in, 211), 1.97 (m,1H),1.79(m.211).1.55 g;]%jilﬁé‘*i(?%@?(’rﬁ])@l)l@ﬁﬁse (m, 211),

' ESTMS calgd for C231134N307S [M+HE 524.2, § 554483 g iMN-0-0
NMR (400MBz-£BC L %@4! 1111)) 802 by, b dskizo 1), 4.93 (m,
,%)gf.o. 6.4 Hz0 1H),8.95-4'30 (M\814).8.75 (m,| 21 }.73.75 4m,226)p. 208 (m, 111), 1.79
5 (5, 31

1), 1.26 (m, 2H), 0.87 (m, 211). 0.63 (m, 211} 9ESINS. tdfcen h-G321132N303S
D

Example 054: 1-Methylcyclo %}%‘%&5’%@@%%‘%Ifonyl)-2-

found 510.2.

Example O54: 1-Methylcyclopropyl 4-((5-(4-(isopropylsulfonyl)-2-
oxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

(0]

(@]
(:):_N\_/N@O\_CN«ZTD

O
NBoc Step A /_< N= /_CNBOC Step B
— CbzN N (@] —_—

AR,
B2b 0O54a
o)
2 4 N=
/_/< N= NH Step C CbaN N@o o%
CbzN N@o — 7/ \_CN&
o)
054b 0O54c¢
o)
Step D HN N@O O_P Step E
ACATANG et
«o
054d
o)
o /4 n=
—S-N N@o 0
o (O
o)
Example 054
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N-OH 011: 1/ N-c/0 B2b054a 00 zN/O 7H Step )(N=)_ CCbzNCb 00 N-O 3./-S-NN

0-( -ck Example 054
WO 2009/038974 PCT/US2008/075145

[00308] Step A: : By following a similar procedure as the one used for preparing
O1la from B4b except substituting B2b for B4b, O54a is prepared; ESIMS m/z for
(M+H)" C,3H37N4O¢ caled: 525.3, found: 525.2.

[00309] Step B: A sample of O54a (200 mg, 0.38 mmol) is treated with
trifluoroacetic acid (3 mL) and aged for 30 minutes. The solvent is removed and the
reaction is treated with ethyl acetate and extracted with 1 M HCI three times. The
organics are discarded and the aqueous layer is made basic with solid Na,CO3 and
extracted with ethyl acetate three times. The combined organics are dried over MgSQOy,
filtered and evaporated to afford O54b; ESIMS m/z for (M+H)" C23H29N,4O; caled:
425.2, found: 425.2.

[00310] Step C: By following a similar procedure as the one used for preparing Q2
from O1 except substituting 054b for O1, O54c is prepared; ESIMS m/z for (M+H)"
CasH35N4Og caled: 523.3, found: 523.2.

[00311] Step D: By following a similar procedure as the one used for preparing O3b
from O3a except substituting O54¢ for O3a, 054d is prepared; ESIMS m/z for (M+H)"
CroH29N4Oy4 caled: 389.2, found: 389.2.

[00312] Step E: By following a similar procedure as the one used for preparing O3
from O3b except substituting O54d for O3b and methanesulfonyl chloride for n-
propanesulfonyl chloride, Q54 is prepared; '"H NMR (400 MHz, CDCl3) 6 8.00 (d, J =
2.9 Hz, 1H), 7.66 (d,J =9.0 Hz, 1H), 7.17 (dd, J =2.9, 9.0, 1H), 4.10 (m, 2H), 4.05 (m,
2H), 4.03 (s, 2H), 3.77 (d, J = 6.3 Hz, 2H), 3.58 (m, 2H), 2.48 (s, 3H), 2.69 (m, 2H), 1.90
(m, 1H), 1.74 (m, 2H), 1.48 (s, 3H), 1.20 (m, 2H)), 0.79 (m, 2H), 0.57 (m, 2H); ESIMS
m/z for (M+H)" C»;H31N406S caled: 467.2, found: 467.2.

[00313] By following a similar procedure as the one used for preparing 054 from
054d except substituting the appropriate sulfonyl chloride for methanesulfonyl chloride,

the following compounds are made;

Ex.

Structure Analytical data
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WO 20091038974PCT/U S2008/0751 45 [00308]Step A: : By following a similar procedure as the one
used for preparing Ola from B4b except substituting B2b for B4b, 054a is prepared; ESIMS tt//z for
(M+H)+ C28NHPROBE7dalcd: 525.3, found: 525.2. [00309]Step B: A sampRES H5488(%0d*hg, 0.38
mmol) is treated with trifluoroacetic acid (3 mL) and aged for 30 minutes. The solvent is removed and
the reaction is treated with ethyl acetate and extracted with 1 M NCI three times. The organics are

discarded an

d the aqueous layer is made basic with solid Na2CO4 and extracted W|th ethv

three times.
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4.08 (m, 2H), 3.84 (d, ] = 6.3 Hz,
2H), 3.73 (m, 2H), 3.27 (sept., I =
6.8 Hz, 1H),2.76 (dd, T = 12.3,
12.3 Hz, 2H), 1.97 (m, 1H), 1.82
(m, 2H), 1.55 (s, 3H), 1.40 (d, T =
6.8 Hz, 6H), 1.27 (m, 2H), 0.87
(m, 2H), 0.63 (m, 2H); ESIMS m/z
for (M+H)+ C23H35N406S caled.:
495.2, found: 495.6.
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/_\_ll /_<

o=

Aot

"H NMR (400 MHz, CDCl;) & 8.00
(d, J=2.8 Hz, 1H), 7.67 (d, I =9.2
Hz, 1H), 7.17 (dd, I =9.2, 3.2 Hz,
1H), 4.15 (m, 2H), 4.08 (m, 2H),
4.04 (m, 2H), 3.78 (d, ] = 6.4 Hz,
2H), 3.63 (m, 2H), 3.15 (m, 2H),
2.69 (t, ] = 12.4 Hz, 2H), 2.26 (m,
2H), 1.91 (m, 1H), 1.75(d, I =
12.4 Hz, 2H), 1.49 (s, 3H), 1.20
(m, 2H), 0.80 (m, 2H), 0.56 (m,
2H); ESIMS m/z for (M+H)*
Cy3H3yCIN, OgS caled.: 529.2,
found: 529.1.

Example O58: 1-Methylcyclopropyl 4-((6-(4-(3-hydroxypropylsulfonyl)-2-

oxopiperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-carboxylate.

/_\_II

||
O

N
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111NMR (400 MHz. CDC13) 88.07 (d, J = 2.9 11z, 111), 7.73 (d, J = 9.0 hz,111). 7.24 (dd. | = 9.0. 3.0
Hz, 111), 4.20 (m, 211). 4.13 (s, 211), 4.09 (m, 211), 3.84 (d, | = 6.3 Hz, 211), 3.68 (m, 210, 3.00 (m,
211), 1.98 (WORN938Y ¢m, 2H), 1.82 (m, 210, 1.55 (s, 311), 1.27 (m, 2H), BFEUR2Y807843 2 311).
0.87 (m, 211). 0.63 (m, 2H); ESIMS rn/z for (M+11)4 C231135N406S calcd.: 495.2, found: 495.6. \0
N- -\., S -NN-c./ N-<,/ ()

By following a similar procedure as the one used for preparing 021 from OS
except substituting Q57 for O35, 058 is prepared; 'H NMR (400 MHz, CD;CN) 8 8.09 (d,
J=2.1Hz, 1H), 7.65 (d, J = 6.9 Hz, 1H), 7.34 (dd, J = 3.0, 6.6 Hz, 1H), 4.02 (s, 2H),
4.01 (m, 2H), 3.96 (m, 2H), 3.90 (d, J = 4.8 Hz, 2H), 3.63 (m, 2H), 3.59 (dd, ] =4.5, 9.0
Hz, 2H), 3.16 (m, 2H), 2.79 (m, 3H), 1.92 (m, 1H), 1.77 (m, 2H), 1.49 (s, 3H), 1.19 (m,
2H), 0.80 (m, 2H), 0.59 (m, 2H); ESIMS m/z for (M+H)" C»3Hs4N405S calcd.: 511.2,
found: 511.1.

Example 059: 1-Methylcyclopropyl 4-((6-(4-(3-(azetidin-1-
yl)propylsulfonyl)-2-oxopiperazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-

carboxylate.

0 /—/<O N—
DN/—\_E_N\_/N@O \—CN «O*P

By following a similar procedure as the one used for preparing 016 from OS
except substituting 057 for 05, 059 is prepared; 'H NMR (400 MHz, CD;CN) & 8.09
(d, J=3.2 Hz, 1H), 7.66 (d, J =9.2 Hz, 1H), 7.33 (dd, ] =9.2, 3.2 Hz, 1H), 4.02 (m, 2H),
4.01 (m, 2H), 3.97 (m, 2H), 3.90 (d, J = 6.4 Hz, 2H), 3.63 (m, 2H), 3.41 (m, 2H), 3.19
(m, 2H), 2.70 (m, 4H), 2.10 (m, 4H), 1.80 (m, 4H), 1.49 (s, 3H), 1.20 (m, 2H), 0.80 (m,
2H), 0.59 (m, 2H); ESIMS m/z for (M+H)" C26H40N506S caled.: 550.3, found: 550.1.

Example O60: 1-(5-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-
yl)methoxy)pyrazin-2-yl)-4-(methylsulfonyl)piperazin-2-one.

O

O
—ﬁ—N N \ /0 N=
N G WA
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( 0056400 111NMR (400 MHz. CDC13) 68.07 (d, J = 2.7 11z, 111), 7.73 (d, J = 9.0 Hz, 111),
7.24 (dd. 1=90. 3.0 Hz, 1H), 4.18 (s. 2E1). 4.16 (m, 211), 4.08 (m, 211), 3.84 (d, J = 6.3 lIz, 2H), 3.73
(m, 211). 3. %0YB03FL42 3 1Iz, 210, 1.97 (m, 110, 1.82 (m, 211). 1.55 (sPSIHUR2M$/AI514S 6.8 Hz,
6H), 1.27 (rn, 2H), 0.87 (m, 210, 0.63 (M, 211); ESIMS tn/z for (M+11)4 C231135N406S calcd.:
495.2, found: 495.6. /\N-

N= /_CNBOC . B N:>_O _
Br‘&}—o Step A _Q\_Ié \_<:/\N_<\N:/>_/

B4b 060a
e
StepB  cpN N 0 -
Sl e N - (A
N
060b
StepC
= O gy
Example 060

[00314] Step A: By following a procedure similar to the one used for preparing E1
from Ela, except substituting B4b for Ela, O60a is prepared; ESIMS m/z for (M+H)*
C16H21BrNsO caled: 378.1, found: 378.1.

[00315] Step B: By following a procedure similar to the one used for preparing
O1la from B4b, except substituting O60a for B4b, O60b is prepared; ESIMS m/z for
(M+H)" Cp3H34N704 caled: 532.3, found: 532.2.

[00316] Step C: By following a procedure similar to the one used for preparing O3
from O3b, except substituting O60b for O3b, and methanesulfonyl chloride for n-
propanesulfonyl chloride, Q60 is prepared; '"H NMR (400 MHz, CDCl3) 6 8.65 (d, J =
1.4 Hz, 1H), 8.41 (s, 2H), 8.04 (d, ] = 1.4 Hz, 1H), 4.72 (m, 2H), 4.25 (d, ] = 6.4, 2H),
4.14 (s, 2H), 4.09 (m, 2H), 3.68 (m, 2H), 3.21 (m, 2H), 2.94 (s, 3H), 2.60 (dd, J = 15.2,
7.6, 2H), 2.22 (m, 1H), 2.05 (m, 2H), 1.48 (m, 2H), 1.26 (dd, J = 7.6, 7.6, 3H); ESIMS
m/z for (M+H)" C»1H29N704S caled: 476.2, found: 476.3.

Example O61: 1-(5-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-
yl)methoxy)pyridin-2-yl)-4-(methylsulfonyl)piperazin-2-one.

~+C @@N -
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[00317] By following a procedure similar to the one used for preparing 060 from
B4b, except substituting B2b for B4b, O61b is prepared; '"H NMR (400 MHz, CDCl3) §
8.18 (s, 2H), 8.09 (d, ] = 2.9 Hz, 1H), 7.73 (d,J =9.0 Hz, 1H), 7.25 (dd, J = 9.0, 2.9),
4.79 (m, 2H), 4.12 (m, 2H), 4.10 (s, 2H), 3.87 (d, J = 6.4, 2H), 3.64 (m, 2H), 2.92 (s, 3H),
2.91 (m, 2H), 2.46 (dd, J = 15.2, 7.6, 2H), 2.11 (m, 1H), 1.93 (m, 2H), 1.37 (m, 2H), 1.19
(dd, J =7.6, 7.6, 3H); ESIMS m/z for (M+H)" Cy,H3;NgO,S calcd: 475.2, found: 475.2.

Example 0O62: 1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)-2-
thioxopiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

S
O N=

——%—N NF{§:T>—O o—{>
0N N \_CN«O

[00318] A solution of O2 (121 mg, 0.26 mmol) in tetrahydrofuran (3 mL) is treated
with Lawesson’s reagent (115 mg, 0.29 mmol), sealed in a reaction vessel and stirred at
90 °C overnight. The reaction is cooled to room temperature, evaporated to dryness and
purified on silica gel using a linear gradient of 0-100% ethyl acetate in hexane to afford
062; 'H NMR (400 MHz, CDCl3) 8 8.39 (d, J = 1.3 Hz, 1H), 8.12 (d, J = 1.4 Hz, 1H),
4.58 (s, 2H), 4.21 (m, 2H), 4.21 (d, J = 6.5 Hz, 2H), 4.03 (m, 2H), 3.78 (m, 2H), 2.98 (s,
3H), 2.77 (m, 2H), 1.99 (m, 1H), 1.81 (m, 2H), 1.55 (s, 3H), 1.29 (m, 2H), 0.87 (m, 2H),
0.62 (m, 2H); ESIMS m/z for (M+Na)* C,0H,0N505S;Na calcd: 506.2, found: 506.1 (M+
Na®).

Example 063: 1-Methylcyclopropyl 4-((5-(2-(hydroxyimino)-4-
(methylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

N-OH 0
Q X N= N‘Q%
}%C_g_N&_JN_<§:2}_df_<C:> 0
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o O\ N-C/0\0 Ill NMR (400 MHz, CDC13) 58.00 (d, J = 2.8 H7, 111), 7.67 (d, | = 9.2 Hz, 111). 7.17
(dd.1=9.2. 3.2 Hz, 111), 4.15 (m, 210, 4.08 (m, 211), 4.04 (m, 2H), 3.78 (d, J = 6.4 Hz, 211), 3.63 (m,
211). 3.15 (WO2P99/038%41 91 (m, 1H). 1.75 (d, | = 12.4 Hz, 211). 1.49 (s. 31¢V/YS2HP$H724D, 0.80 (m,
211), 0.56 (m, 2H); ESTMS )(Liz for (M+E)T CI23EIT4CEN406S calcd.: 529.2, found: 529.1. i# o/\7/-

S-NVNN,n. 0/
oxopipe razin-1 |

Example 058: 1 -Methy Icy clopropyl 41(6-(4-(3-hydroxy propy Isulfony 1)-2-

)py rid i n-3-yloxy)methy Dpiperidine-1 -carboxylate. 0 // 0 N- HO O
[00319] A solution of 062 (30 mg, 0.062 mmol) in ethanol (1 mL) is treated with

hydroxylamine (7 puL of a 50% solution, 0.12 mmol) sealed in a reaction vessel and
stirred at 80 °C overnight. The reaction is cooled to room temperature and evaporated to
dryness to afford 63; '"H-NMR (400MHz, CDCls) § 8.46 (d, J = 1.4 Hz, 1H), 7.96 (d, J =
1.4Hz, 1H), 4.47 (s, 2H), 4.21 (m, 2H), 4.14 (d, J = 6.5 Hz, 2H), 3.87 (m, 2H), 3.62 (m,
2H), 3.52 (m, 1H), 2.92 (s, 3H), 2.74 (m, 2H), 1.95 (m, 1H), 1.79 (m, 2H), 1.55 (s, 3H),
1.26 (m, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS calcd. for CroH3;NsO6S [M+H]" 483.2,
found 483.4.

Example P1: tert-Butyl 4-((2,6-difluoro-4-(1-(methylsulfonyl)piperidin-4-
ylphenoxy)methyl)piperidine-1-carboxylate.

F
o}
11
—S$N o}
O \_CN_BOC
F
Step
o}
Step C _ Step D n
—S—N, o}
\_C © \_CN_BOC
F

Example P1

[00320] Step A: A mixture of Pla (1.67 g, 8 mmol), fert-butyl 4-
((methylsulfonyloxy)methyl)piperidine- 1-carboxylate (2.35 g, 8 mmol), and Cs,COj;
(3.91 g, 12 mmol) in N,N-dimethylformamide (30 mL) is heated at 90°C overnight. The
reaction mixture is poured into water (200 mL), extracted with ethyl acetate (3 x 50 mL),
washed with water (2 x 30 mL), dried (Na,SO,4) and concentrated to give P1b; ESIMS
caled. for C17H2,BrF,NNaQO; (M+Na)" 428.1, found 428.2. The product is used without
purification.

[00321] Step B: A mixture P1b (2.03 g, 5 mmol), pyridin-4-ylboronic acid (0.80
g, 6.5 mmol), Na,CO; (2.65, 25 mmol), and Pd(PPh3)4 (289 mg, 0.25 mmol) in water (13
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S-N NA\/ () By following a similar procedure as the one used for preparing 021 from 05 except
substituting 057 for 05,058 is prepared; 1H NMR (400 MHz, CD3CN) 6 8.09 (d, J = 2.1 Hz, 1H), 7.65
(d, J = 6.9 HYORMIH38N¢dd. J = 3.0. 6.6 Hz, 1H). 4.02(s, 2H), 4.01 (m, 2H)PETIBSEHSND143 90 (d, J =
4.8 Hz, 2H), 3.63 (m, 2H), 3.59 (dd, J = 4.5, 9.0 Hz, 2H), 3.16 (m, 2H), 2.79 (m, 3H), 1.92 (m, 1H),
1.77 (m, 2H), 1.49 (s, 3H), 1.19 (m, 2H), 0.80 (m, 2H), 0.59(m, 2H); ESIMS ni/z for (M--H )+
C23H54N407S calcd.: 511.2, found: 511.1. Example 059: 1-Methylcyclopropyl

41(6-(4-(3-(azetihn: Jadansapy isisliany 3 )s3oxepie 81821 By ckmyhPyntekR-Snvé@onyametipybriperigine- 1 -
carboxylate. 0// ) NN_S-N-cV 0O By following a similar procedure as the one used for
preparing 016 frdfii &S EREEB S ISSHETHE" WP(B‘F@%&Q)%@ SrEGCeH Wit BRI 9ia .3 EDCN) 6

8.09 (d, J = 3.2 Hpolhl)), iwhshdd vl Qa2 <138) mi. 3368l (N 759 9. a8 Lcblcehtrbed. (Ri1(pa,g&H). 4.01 (m,
2H), 3.97 (m, 2H), 3.9 %g J=64Hz, %Hg,%%GS S%Zag_’ 3%1é , 2%6129 g‘r%ﬁH) ﬁﬁ (m 4H).
2.10 (m. 4H). 180188 SR 215025 818D (R oISy U1sa (e S ESMS miz for
(M+H)+ C26H40NSAE SocalsH,; BHOG: (D) 8682 found Es@ample 060:
L{54(1s Etry il YRR A RO 5N S Y o plgerazin 2one
mmol) in EtOH (100ml) is hydrogenated using a 10% Pd/C cartridge on H-Cube (flow
ImL/min) at 70 atm and 90°C. To the resulting solution is added a saturated solution of
sodiumhydrogencarbonate (1 mL) and the EtOH is evaporated. To the residue is added
water (50 mL) and dichloromethane (30 mL). The aqueous phase is further extracted
with dichloromethane (2 x 30 mL) and discarded. The combined organics are dried over
Na,SO, and concentrated to yield P1d; ESIMS calcd. for CH33FoN,O3 (M+H)™ 411.2,
found 411.2.
[00323] Step D: Methanesulfonyl chloride (117 pL, 1.5 mmol) is added dropwise
to a cold (ice/water bath) solution P1d (411 mg, 1 mmol) and Et;N (418 ul., 3 mmol) in
dry dichloromethane (6 mL). The resulting solution is stirred at room temperature for 2
hours. The reaction mixture is added to water (40 mL) and extracted with
dichloromethane (3 x 40 mL). The combined organic layers are dried (Na,SO,) and
concentrated to yield P1; "H-NMR (600MHz, CDCl5) 66.74 (m, 2H), 4.14 (m, 2H), 3.94
(m, 4H), 2.82 (s, 3H), 2.75 (td, J = 12.1, 2.5 Hz, 4H), 2.53 (tt, } = 12.1, 3.6 Hz, 1H), 1.93
(m, 3H), 1.84 (m, 2H), 1.74 (m, 2H), 1.46 (s, 9H), 1.25 (qd, ] = 12.4, 4.2 Hz, 2H).
ESIMS calcd. for C1sH»7F>N>03S (M-Boc+H)™ 389.2, found 389.2.

[00324] By following a procedure similar to the one used for preparing P1 from
Pla, except substituting the appropriate commercially available halophenol for P1a, the

follwing examples are prepared;
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N_ /Br ONBoe Step A B4b 060a Step B 0 CbzNN cis 1\I/N-C) Step C060b 00 N-il/-S-NNAO "

0

WO 2009/038974

PCT/US2008/075145

P2

HO-Qo

TH-NMR (600MHz, CDCL,) 8 6.97 (m,
2H), 6.73 (d, T = 8.2 Hz, 1H), 4.15 (m,
2H), 3.92 (dt, T = 11.7, 2.1 Hz, 2H),
3.79 (d, T = 6.2 Hz, 2H), 2.81 (s, 3H),
275 (m, 4H), 2.52 (tt, T = 12.1, 3.6 Hz,
1H), 2.21 (s, 3H), 1.98 (m, 1H), 1.92
(m, 2H), 1.80 (m, 4H), 1.47 (s, 9H),
1.30 (qd, I = 12.4, 4.2 Hz, 2H). ESIMS
caled. for CioH5N,O3S (M-Boc+HD)*
367.2, found 367.2.

P3

_E_ND_QO LCN—QO{?

(€]

TH-NMR (600MHz, CDCl5) 5 7.02 (d, J
= 8.1 Hz, 1H), 6.43 (m, 2H), 4.15 (m,
2H), 3.91 (m, 2H), 3.79 (m, 5H), 2.94
(tt, T = 12.2, 3.4 Hz, 1H), 2.91 (s, 3H),
2.77 (m, 4H), 1.95 (m, 1H), 1.89 (m,
2H), 1.83 (m, 2H), 1.77 (m, 2H), 1.47
(s, 9H), 1.28 (qd, J = 12.4, 4.2 Hz, 2H).
ESIMS caled. for C19H31N204S (M-
Boc+H)* 383.2, found 383.2.

P4

TH-NMR (600MHz, CDCL,) 8 7.26 (s,
2H), 4.17 (m, 2H), 3.92 (m, 2H), 3.58
(d, 7 = 6.3 Hz, 2H), 2.81 (s, 3H), 2.75
(m, 4H), 2.48 (tt, T = 12.2, 3.6 Hz, 1H),
224 (s, 6H), 1.98 (m, 1H), 1.90 (m,
4H), 1.79 (m, 2H), 1.47 (s, 9H), 1.33
(qd, I = 12.4, 4.1 Hz, 2H). ESIMS
caled. for CoHa3N,058 (M-Boc+HD)*
381.2, found 381.2.

Ps

TH-NMR (600MHz, CDCL,) & 6.94 (s,
1H), 6.58 (s, 1H), 4.15 (m, 2H), 3.94
(m, 2H), 3.77 (d, ] = 6.2 Hz, 2H), 2.82
(s, 3H), 2.75 (m, 5H), 2.29 (s, 3H), 2.17
(s, 3H), 1.97 (m, 1H), 1.81 (m, 6H),
1.47 (s, 9H), 1.29 (m, 2H). ESIMS
caled. for CoHa3N,058 (M-Boc+HD)*
381.2, found 381.2.

P6

TH-NMR (400MHz, CDCl3) 8 7.63 (d, T
=24 Hz, 1H), 7.28 (dd, J =8.7,2.5 Hz,
1H), 6.89 (d, J = 8.6 Hz, 1H), 4.16 (m,
2H), 3.93 (m, 2H), 3.88 (s, 3H), 3.85
(d, T = 6.2 Hz, 2H), 2.82 (s, 3H), 2.75
(m, 4H0), 2.58 (tt, T = 12.1, 3.6 Hz, 1H),
1.74-2.07 (m, 7H), 1.46 (s, SH), 1.29
(m, 2H). ESIMS calcd. for
C20H31N2058 (M-BOC+H)+ 41 12, found
410.8.

P7

"H-NMR (400MHz, CDCl3) § 7.20 (d, J
=2.2Hz, 1H), 7.03 (dd, ] = 8.4,2.2 Hz,
1H), 6.85 (d, I = 8.5 Hz, 1H), 4.16 (m,
2H), 3.93 (m, 2H), 3.84 (d, ] = 6.4 Hz,
2H), 2.82 (s, 3H), 2.75 (m, 4H), 2.53
(tt, I =12.1, 3.6 Hz, 1H), 2.02 (m, 1H),
1.92 (m, 2H), 1.71 (m,4H), 1.46 (s,
9H), 1.29 (m, 2H). ESIMS calcd. for
C13H5CIN, O3S (M-Boc+H)* 387.2,
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Example 060 [00314]Step A: By following a procedure similar to the one used for preparing El from El
a, except substituting B4b for El a, 060a is prepared; ESIMS //Liz for (M+H)+ CIOH21BrN50 calcd:
378.1, found¥ 8 28°9/08§8%1 5]Step B: By following a procedure similar to the BE Y4887 Préparing Ola
from B4b, except substituting 060a for B4b, 060b is prepared; ESIMS tn/z. for (M-1-H C28H34N704
calcd: 532.3, found: 532.2. [00316]Step C: By following a procedure similar to the one used for

preparing 03 from 03b, except substituting 060b for 03b, a

nd methanesulfonyl chloride for

npropanesul

onvl ¢
nyi

hloride, 060 is prepared;'H NMR (400 N

nﬁqlﬂdé%@wm 38 65 m 1=1

1 Hz, 1H),

8.41 (s, 2H),

3.68 (M, 2H)|

Bit

(m, 2H), 1.26
Example 061
yl)methoxy)p
2009103897

8.04(
3.21

yridln

APCT

d, J= 1.4 Hz, ) 472(m 2H) 425(d
(nﬂnﬁz % 15.2,
J 7.6, 7.6, ' // | M-1-H
5-((1 -(5-Ethyl py r|m|d|n 2- yl)plperldln -4-

-2-y1)-4-(methylsulfonyl)piperazin-2-one.
U 82008/0751 45 [00317]By following &

Fa Ay Mtz 1) 8 (44
4 zg’i 3&@%@%% J%Eﬁz;@; (

@ﬁlzlslzZ@NﬁDdi;s caled), 426(2,
3H), 1.93 (m, 1H), 1.81 (m, 6H), 1.46

o it

e Si |Iar to he one u

(m, 2H),
m, 2H), 1.48
found: 476.3.

N WO
sed for

preparing 06
CDCH) 8.18
2H), 4.12 (n,
J=15.2,7.6
(M+H)+ C22
41(5-(4-(met
H-S-NN/()

O Tron

s, 2H
2H), 4
),

H311
hylsul

N B4D, except Substltutlng B2b Tor B4Db, (
8@9 d J— g Hz, 1H) 7.73(d, J=9
sy 2H)- 487k J = {&{}64(
219 (m, 1H) .93 (n, (n, 2H)
1604S calcd: 475.2, found 475 2.
fonyl)-2- thioxopiperazin-l-yl)py razin- 2

-XCMM)@;&?MB){M@BTHS imeshaar

B isRRIepare o) IS (@D
@Hz;zml), 7626103 .90, 2|
2?—4’)1%}@2" §( %{)23@%

the2
é)g Hbﬁz}{m’(m %é s

RibY.l&Y ©lop

381.2.

D MHz,

9), 4.79(m,
H), 2.46 (dd,
IMS rez for
opyl

boxy late. O

P10

O Qo€

"H-NMR (400MHz, CDCl3)  6.90 (m,
3H), 4.15 (m, 2H), 3.93 (m, 2H), 3.84
(d, T =6.5Hz, 2H), 2.82 (s, 3H), 2.75
(m, 4H), 2.54 (tt, I = 12.1, 3.6 Hz, 1H),
1.99 (m, 1H), 1.93 (m, 1H), 1.84 (m,
2H), 1.77 (m, 2H), 1.46 (s, 9H), 1.26
(m, 2H). ESIMS calcd. for
C13HoFN,05S (M-Boc+H)* 371.2,
found 371.2.

P11

TH-NMR (400MHz, CDCly) 5 7.39 (d, J
=2.1Hz, 1H), 7.30 (dd, T = 8.6, 2.1 Hz,
1H), 6.92 (d, J = 8.6 Hz, 1H), 4.16 (m,
2H), 3.94 (m, 2H), 3.85 (d, ] = 6.1 Hz,
2H), 2.82 (s, 3H), 2.76 (m, 4H), 2.60
(tt, T = 12.1, 3.6 Hz, 1H), 2.00(m, 1H),
1.94 (m, 2H), 1.82 (m, 4H), 1.46 (s,
9H), 1.27 (m, 2H). ESIMS calcd. for
C19H28F3N203S (M-BOC+H)+ 4212,

found 421.1.

Example P12: 2-(4-((2,6-Difluoro-4-(1-(methylsulfonyl)piperidin-4-

ylhphenoxy)methyl)piperidin-1-yl)-5-ethylpyrimidine.

[00325]

By following a procedure similar to the one used for preparing E1 from

B2, except substituting P1 for B2, P12 is prepared; "H.NMR (400MHz, CDCl5) 6 8.18
(s, 2H), 6.67 (d, ] = 9.2 Hz, 2H), 4.70 (m, 2H), 2.91 (dt, ] = 2.0, 12.4 Hz, 2H), 2.75 (s,
3H), 2.68 (dt, J = 2.4, 12.4 Hz, 2H), 2.43 (m, 3H), 2.01 (m, 3H), 1.70 (m, 2H), 1.31 (m,
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[00318]A solution of 02 (121 mg, 0.26 mmol) in tetrahydrofuran (3 mL) is treated with Lawesson's
reagent (115 mg, 0.29 mmol), sealed in a reaction vessel and stirred at 90 C overnight. The reaction is
cooled to ro¥R 8MNésatdre, evaporated to dryness and purified on silica g@ G REAE+yradient of
0-100% ethyl acetate in hexane to afford 062:1H NMR (400 MHz, CDC13) 88.39 (d, J = 1.3 Hz, 1H),
8.12 (d, J = 1.4 Hz, 1H), 4.58 (s, 2H), 4.21 (m, 2H), 4.21 (d, J = 6.5 Hz, 2H), 4.03 (m, 2H), 3.78 (in.
2H), 2.98 (s. 3H), 2.77 (in, 2H), 1.99 (in, 1H), 1.81 (in, 2H), 1.55 (s, 3H), 1.29 (m, 2H), 0.87 (M, 2H),
0.62 (m, 2H): ESHMS iz oy IM-eNa) 3 GRH3AAN5058 aNarsaled:, k6,2 (laungh S06 LidvkE Nat).
Example 063: 1-Methylcyclopropyl 44(5-(2-(hydroxyimino)-4-
(methylsuIfonyl)p‘fﬁé@dzin-1-y|)pyrazin-2-y|oxy)methyl)piperidine-l-carboxylate. N-011/ 0 H/ /N-\ /
HC-S-N NO iV () WO 20091038974PCT/U S2008/0751 45 [00319]A solution of 062 (30 nig, 0.062
mmol) in ethanol (1 mL) is treated, with roxylamine (7 p 0% solytign, 0.12 rnmol) sealed in a
reaction vessel and stirre Xgﬁ%%%eﬁmﬁ%g%%&gn}ig%%é ?5?’(;‘{6  temperature and
evaporated to drymetsylsutfiioyt) fipeditiNA4IBp a0k hizetE€ D Pipe) lided 6-(drboxylate Hz, IN), 7.96 (d, J=
1.4Hz, 1H), 4.47 (s, 2H), 4.21 (ni, 2H), 4.14 (d, J= 6.5 Hz, 2H), 3.87 (m, 2H), 3.62 (m, 2H), 3.52 (m,
1H), 2.92 (s, 3H), 2.74 (ni, 2H), 1.95 (ni, IN), 1.79 (ni, 2H), 1.55 (s, 3H), 1.26 (m, 2H), 0.86 (ni, 2H),
0.62 (ni, 2H); ESIMS calcd. for C201-131N606S [MkHr 433: i@ 483.4. Exampletert-Butyl

etyyl

44(2,6-diquoro-4-(1-(methyIsuIfonyl)pipﬁg@;@h ) piperidine-1-carboxylate. Step A
011BrflO \ FF/ Pl aPIl b '

[00326] By following a procedure similar to the one used for preparing E3 from
B4, except substituting P1 for B4, P12 is prepared; "H.NMR (400MHz, CDCl5) 6 6.74
(d, J=8.8 Hz, 2H), 4.22 (m, 2H), 3.95 (m, 4H), 2.83 (s, 3H), 2.76 (dt, ] =2.4, 12.0 Hz,
4H), 2.55 (tt, J = 3.6, 12.4 Hz, 1H), 1.94 (m, 3H), 1.85 (m, 2H), 1.78 (m, 2H), 1.56 (s,
3H), 1.26 (m, 2H), 0.87 (m, 2H), 0.63 (m, 2H); ESIMS calcd. for C,3H33F,N,0sS
[M+H]" 487.2, found 487.2.

Example P14: 3-(4-(4-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-
3,5-difluorophenyl)piperidin-1-ylsulfonyl)propyl acetate.

1l
O

F

F F
/_<:/\NBOC Step A O\\ /_<:/\NBOC Step B
HN (e} — O=S—N o —
F % F
Pid . Pl4a
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F F N=
2 ave 3 aaVad
0=8-N o Stepc  O=S—N o N
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F F
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Example P14
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[00320]Step A: A mixture of Ph (1.67 g, 8 mmol), tert-butyl
((methy1lsulfonyloxy)methy1)piperidine-1-carboxylate (2.35 g, 8 minol), and Cs2CO3 (3.91 g, 12
mmol) in N, N QAN mamide (30 mL) is heated at 90C overnight. The rBaEHER WS poured
into water (200 mL), extracted with ethyl acetate (3 x 50 niL), washed with water (2 x 30 mL), dried
(Na2S04) and concentrated to give Plb; ESIMS calcd. for Cy7H22BrF2NNa03 (M+Na)+ 428.1, found
428.2. The product is used without purification. [00321]Step B: A mixture Plb (2.03 g, 5 mmol)
pyridin-4-ylboronic acid (0.80 g, 6.5 mime, Na2CO3 (2.65, 25 mmol), and Pd(PPh3)4 (289 mg, 0.25
mmol) in water (13 mE) and DME (52 mE) ) is heated at 80C overnight under a nitrogen atmosphere.
The reaction mixture is concentrated, water (200 mE) added, extracted with ethyl acetate (3 x 100
mL). washed withoosaer (2 x ieph), grgsmt(méxm@mmgaﬁ@a gel chromatography

(0% to 5% gradl nt of MeOH in dic g Pie; ES | calcd, for C33F127F3N203
(M) 408 5. 1GR3 B0 55| SPTE RSlonrs S16 e SHOH T B ARG AT (116 Rl
1.59 mmol) in Et@eh@O@iilyishydrogeratet, 0sidgnand)UnPdéCrianirdgetoredzGuda (flow ImL/min) at

70 atm and 90C. To the resulting solution is added ed |um gencarbonate
(2 niL) and the E% IS evaglora?t% U{l e I%%llr ue i (nggguw tl\1/va5(§3r ?éé) m% &hd dic opgrnethane (30

niL). The aqueoL_@thhagmq:ﬁlﬁmhmeémvacﬁégSmrlfrdiu@htbaodr@thanea@dx 30errds)dands gisctieded. The
combined organigs g { dgé?qs?ﬁ’ £N%%fsﬁ?‘hf%ﬁpo?%QS%H@‘%H&P%E%%P&h%x&%W&f%?&%cﬁ?r

C22H33F2N203§M -1-1i) 411.2 ound 4171.2. [00323]Step D: Methanesulfonyl chloride (117 04, 1.5
mmol) is added %M@e(ﬂ@(ﬂvﬂém(@@)vﬁétéﬂﬁéﬂﬂm?tﬁlﬂﬁ PW.(4.9¢ mgQIﬂ)nﬁﬁal§f&,er{Et3|§I4(418 RL,

3 mmol) in dry dighlerqmathane)(8 pil), Fheseaylting soltian js stimedoal fponemperature for 2

hours. The reaction mixture is added to water (40 mL) and extracted with dichlorornethane (3 x 40

mL). The combingd otdanit thyet$: alr%‘bﬂédlma%%ﬁ% ahe édRdentthted (d (Reldib1!-GHINMR

(600MHz, CDC13}166.34 (noid}). & 1, (0p)2ERIM Déalen; 0, 82 (8, 8ldksdMitd J A 2.1, 2.5 Hz,
4H), 2.53 (it, J = 12.1, 3.6 Hz, 1H), 1.93 (m, 3H), 1.84 (m, 2H), 1.74(m, 2H), 1.46(s, 9H), 1.25 (qd, J =

12.4, 4.2 Hz, 2HF B 2RNGA: For CIBH27E2N203S (M-Boc-k1-1)+ 389.2, found 389.2. [00324]By
following a proceg@opglimilar $eeghB: cneolisRa wmwaﬂsnglg’bfmmﬂ?@a), BMQB{H @hsgiatirg the

TN -0 N/ LN (CO0A DR 8 Byt oI5 paE T S5 dﬁa%&iﬂ
211), 3.92 (dt. | 2Q 17?2 30111ISl7TBé.ﬂn)l,xﬁlﬁﬂs(dlee:d Gl 2utdd, vAHh) wAt&1(1(8 Iﬁ!])lz)n(?ei&a(md%ﬂ) 2.52 (.1,
=12.1.3.6 Hz, ethyl acetate (10 mL). The organic layer is washed with water (10 mL) and brine (10
mL), dried (MgSQ,), filtered and concentrated to provide P14b which is used without
further purification; ESIMS calcd. for Cy3H33F,N,O7S [M+H — C4Hg]" 519.2, found
519.2.

[00329] Step C: By following a procedure similar to the one used for preparing E1
from B2, except substituting P14b for B2, P14 is prepared; "H.NMR (400MHz, CDCl3)
0 8.36 (s, 2H), 6.76 (m, 2H), 4.76 (m, 2H), 4.22 (t, J = 6.4 Hz, 2H), 3.96 (m, 4H), 3.06
(m, 4H), 2.88 (dt, J = 2.4, 12.0 Hz, 2H), 2.56 (m, 3H), 2.17 (m, 3H), 2.11 (s, 3H), 2.04
(m, 2H), 1.97 (m, 2H), 1.71 (m, 2H), 1.42 (m, 2H), 1.24 (t, J = 7.6 Hz, 3H); ESIMS
caled. for CygH3oF>,N4OsS [M+H]" 581.3, found 581.2.

Example P15: 1-Methylcyclopropyl 4-((4-(1-(3-

acetoxypropylsulfonyl)piperidin-4-yl)-2,6-difluorophenoxy)methyl)piperidine-1-

carboxylate.

179



111), 2.21 (s, 311), 1.98 (m, 11E, 1.92 (m. 211), 1.80 (m. 411). 1.47 (5, 91). 1.30 (qd. | = 12.4, 4.2 Hz,
2H). ESIMS calcd. for C.191131N203S (M-Boc+IET 367 2. found 367.2. a0 \ o0 P30l -S-N1I () \
N-/ 111-NNWH® @09R#8Y24 CcDC.13) 6 7.02 (d, J = 8.1 H7, 111), 6.43 (m. 213 AA5WS/9BMN3 91 (m.
21-). 3.79 (m. 51-1). 2.94 (It, J = 12.2, 3.4 11z, 111), 2.91 (s, 311), 2.77 (M. 41). 1.95 (m. M). 1.89 (m,
211), 1.83 (m. 211). 1.77 (m. 211). 1.47 (s, 911), 1.28 (qd, J = 12.4, 4.2 11z, 211). ESINIS calcd. for
CITHTINTOTS (MBoc+Ht 383.2. found 383.2. . Me0 0

I _N}doﬁCN{JD

[00330] By following a procedure similar to the one used for preparing P14 from

=0

w1

o]

P1d, except substituting the procedure for preparing P13 from P1 for step C, P15 is
prepared; 'H-NMR (400MHz, CDCl3) § 6.75 (m, 2H), 4.22 (t, J = 6.0 Hz, 2H), 3.95 (m,
4H), 3.03 (m, 2H), 2.88 (dt, J = 2.4, 12.4 Hz, 2H), 2.76 (m, 2H), 2.57 (m, 1H), 2.17 (m,
2H), 2.09 (s, 3H), 1.92 (m, 2H), 1.88 (m, 2H), 1.72 (m, 2H), 1.56 (s, 3H), 1.25 (m, 2H),
0.87 (m, 2H), 0.63 (m, 2H); ESIMS calcd. for C,7H39F,N,0-S [M+H]* 573.2, found
573.2.

Example P16: 3-(4-(4-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-
3,5-difluorophenyl)piperidin-1-ylsulfonyl)propan-1-ol.

F

11
o

O OH
0=< P14 Example P16

[00331] A solution of P14 (30 mg, 0.05 mmol) in tetrahydrofuran (3 mL) is treated
with LiOH hydrate (50 mg, 1.2 mmol) and the mixture is heated at 90 °C for 12 hours.
The mixture is filtered, concentrated and purified by mass triggered reverse phase HPLC
to afford P16; '"H-NMR (400MHz, CDCl3) & 8.36 (s, 2H), 6.67 (m, 2H), 4.68 (m, 2H),
3.88 (m, 5SH), 3.74 (t, J = 5.6 Hz, 2H), 3.00 (m, 4H), 2.78 (dt, J = 2.4, 12.0 Hz, 2H), 2.45
(m, 3H), 2.17 (m, 3H), 2.11 (s, 3H), 2.04 (m, 4H), 1.97 (m, 2H), 1.84 (m, 2H), 1.65 (m,
2H), 1.31 (m, 2H), 1.47 (t, J = 7.6 Hz, 3H); ESIMS calcd. for C,6H37F,N,0,S [M+H]"
539.3, found 539.2.
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0 PAOH-S-N() N- /\ 0 0l 111-NMR (600M11z, CDC.13) 6 7.26 (s, 211), 4.17 (m. 211). 3.92 (m.
21). 3.58 (d, | = 6.3 Hz, 2H), 2.81 (s, 3H), 2.75 (M, 411), 2.48 (tt, J = 12.2, 3.6 llz, 11E, 2 24 (s. 611),
1.98 (m. 11)VP.3¢P38414), 1.79 (m. 211). 1.47 (s. 911). 1.33 (qd, J = 12.4 PATVY§P089751455)\mS
calcd for (720HT;TNI20)S (M-Boc+Ht 381.2. found 381.2. 5 P50a-s-Nii 0110\

Example P17: 1-Methylcyclopropyl 4-((2,6-difluoro-4-(1-(3-
hydroxypropylsulfonyl)piperidin-4-yl)phenoxy)methyl)piperidine-1-carboxylate.

1Oty

[00332] By following a procedure similar to the one used for preparing P16 from
P14, except substituting P15 for P14, P17 is prepared; "H.NMR (400MHz, CDCl5) 6
6.66 (m, 2H), 3.85 (m, 4H), 3.74 (t, J = 6.0 Hz, 2H), 3.02 (m, 2H), 2.79 (dt, J = 2.4, 12.0
Hz, 2H), 2.71 (m, 2H), 2.48 (m, 2H), 2.03 (m, 2H), 1.80 (m, 5H), 1.69 (m, 2H), 1.48 (s,
3H), 1.19 (m, 2H), 0.87 (m, 2H), 0.63 (m, 2H); ESIMS calcd. for C,5H37F,N,O6S
[M+H]" 531.2, found 531.2.

Example Q1: Isopropyl 4-((5-(1,2,3,6-tetrahydro-1-
methanesulfonylpyridin-4-yl)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate.

waﬂﬂ

Y ;ONTOY

R

Y wg‘Y

Q1b Example Q1

[00333] Step A: A solution of Alc (0.86 g, 3.1 mmol) and 2-bromo-5-
hydroxypyrazine (0.52 g, 3.0 mmol) in dry acetonitrile (7 mL) is treated with powdered

cesium carbonate (1.62 g, 5 mmol) and the mixture is stirred at 60 °C for 24 hours.
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\N/ 111-NMR (600M11z, CDC.13) 6 6.94 (s, 111), 6.58 (s, 111), 4.15 (m. 21). 3.94 (M. 2H), 3.77 (d,
J = 6.2 Hz, 2H), 2.82 (S, 311), 2.75 On, 511), 2.29 (s, 31E, 2.17 (S, 311), 1.97 (m. 111). 1.81 (m, 61).
1.47 (s. 911YV9 289(A38%#1). ESIMS calcd. for C201133NE035 (M-Boc+11)PGBYZ008(07e1481.2. 00
P60H-s-Nii0COMe0 a\ -N-/

Filtration, concentration, and purification on silica gel using a linear gradient of O to
100% ethyl acetate in hexane affords Qla; ESIMS calcd. for C14HyBrN3;O3 (M+H™)
358.1, found 358.0.

[00334] Step B: To a solution of Qla (83.5 mg, 0.2 mmol) in 1,2-
dimethoxyethane (1.5mL) are added tert-butyl 5,6-dihydro-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridine-1(2H)-carboxylate (66.7 mg, 0.2 mmol), powdered potassium
carbonate (0.10 g, 0.7 mmol), and water (0.5 g). The mixture is degassed using argon,
then tetrakis-(triphenylphosphino)palladium(0) (0.08g, 0.07 mmol) is added and the
mixture is heated to 180 °C for 5 min in a microwave reactor. Cooling, extraction with
ethyl acetate, washing with water and brine, drying over Na,SO,4 and concentration,
followed by purification on silica gel using a linear gradient of 5 to 70% ethyl acetate in
hexane affords Q1b; ESIMS calcd. for C,4H37N4Os (M+H™) 461.3, found 461.1.
[00335] Step C: To a solution of Q1b (0.2 mmol) in dioxane (2 mL) is added
hydrogen chloride in dioxane (4N, 1 mL), slowly, with stirring. The resulting solution is
stirred at room temperature for 4 hours. After removing the solvent, the residue is
dissolved in dichloromethane (3 mL) and treated with triethylamine (0.2 mL, 1.4 mmol).
Then methanesulfonyl chloride (0.04 mL, 0.5 mmol) is added dropwise, with stirring,
over 5 minutes. The resulting solution is stirred at room temperature for 2 hours. The
solvent is removed and the resiude is purified using mass-triggered reverse phase HPLC

to yield Q1; ESIMS calcd. for CooH3;N4OsS (M+H™) 439.2, found 439.1.

Example Q2: 1-Methylcyclopropyl 4-((6-(1,2,3,6-tetrahydro-1-
methanesulfonylpyridin-4-yl)pyridin-3-yloxy)methyl)piperidine-1-carboxylate.

I,
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111-NMR (400M11z, CDC.13) 6 7.63 (d, J = 2.4 H7, 111), 7.28 (dd. | =8 7. 2 5 Hz, 111), 6.89 (d, | =
8.6 Hz, 1H), 4.16 (in, 211), 3.93 (m, 211), 3.88 (s, 31E, 3.85 (d, J = 6.2 11z, 211), 2.82 (s, 311), 2.75
(m. 411), 2. 30003374 3.6 Hz. 111). 1.74-2.07 (m, 71-1). 1.46 (s, 9H), 1EGI(FP29BH7BENIS calcd.
for CTiTELINTOT,S (M-Boc+H) 411.2, found 410.8. 00 P7011-S-N() (30\-N-/ 'H-NMR
(400MHz, CDCI)) 67.20 (d, | = 2.2 Hz, 1H), 7.03 (dd. | = 8.4. 2.2 Hz, 111), 6.85 (d, J = 8.5 liz, 111),
4.16 (m, 211), 3.93 (m. 211) 3.84 (d, | = 6.4 H7, 21-), 2.82 (s, 3H), 2.75 (m 41-1). 2.53 (It, J = 12.1,

3.6 11z, 111), 2.02&}‘ 92 AngIO nyiH), 1.46 (%t%JBl) M 1)ESTMS calcd for
C18EI28CIN203S ( OBoc H
T K T K

Boc\
Boc\
Br N Step C N StepD
) T ¢

P
OH 7A

B2a O

—_—

seor w@ «%

Example Q2

[00336] Step A: A solution of Ala (0.51 g, 4.4 mmol) in dichloromethane (7 mL)
is treated with triethylamine (0.9 mL, 6.4 mmol) in one portion, followed by E3b (0.96 g,
4 mmol). The suspension is stirred at room temperature for 24 hours, diluted with more
dichloromethane (25 mL), washed with water, saturated aqueous
sodiumhydrogencarbonate (3 x 25 mL), and saturated aqueous ammonium chloride, dried
over MgS0, and concentrated to yield Q2a; "H NMR (CDCl3, 400.13 MHz): §4.13 (br.
s, 1H), 4.03 (br. s, 1H), 3.50 (m, 2H), 2.71 (t, /= 12 Hz, 2H), 1.67 (m, 3H), 1.38 (br. s,
1H), 1.54 (s, 3H), 1.14 (br. s, 2H), 0.86 (m, 2H), 0.62 (m, 2H); ESIMS calcd. for
C11HoNO3 (M+H") 214.1, found 214.1.

[00337] Step B: To a solution of Q2a (0.71 g, 3.4 mmol) in dichloromethane (20
mL) is added triethylamine (0.9 mL, 6.4 mmol) in one portion. The resulting mixture is
cooled in an ice/water bath and methanesulfonyl chloride (0.35 mL, 4.5 mmol) is added
slowly, with stirring. The bath is removed and the resulting solution is stirred at room
temperature for 2 hours. The reaction mixture is diluted with more dichloromethane (20
mL), washed with water and saturated aqueous ammonium chloride, dried over MgSQO,
and concentrated to yield Q2b; '"H NMR (CDCl;, 400.13 MHz): §4.22 (br. s, 2H), 4.07
(s, 2H), 3.23 (m, 1H), 3.17 (s, 3H), 2.72 (m, 2H), 1.92 (m, 1H), 1.74 (m, 2H), 1.54 (s,
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3H), 1.22 (br. s, 2H), 0.86 (m, 2H), 0.63 (m, 2H); ESIMS calcd. for C;;H»,NOsS (M+H™)
292.1, found 292.0.

[00338] Step C: To a solution of B2a (0.1 g, 0.6 mmol) in 1,2-dimethoxyethane
(1.5mL) is added tert-butyl 5,6-dihydro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yDpyridine-1(2H)-carboxylate (0.13 g, 0.4 mmol), powdered potassium carbonate (0.15
g, 1.1 mmol), and water (0.5 g). The mixture is degassed using argon, then tetrakis-
(triphenylphosphino)palladium(0) (0.08g, 0.07 mmol) is added and the mixture is heated
to 180 °C for 5 min in a microwave reactor. Cooling, extraction with ethyl acetate,
washing with water and brine, drying over Na,SO,4 and concentration, followed by
purification on silica gel using a linear gradient of 5 to 100% ethyl acetate in hexane
affords Q2¢. ESIMS calcd. for C15sH»;N,O3 (M+H™) 277.2, found 277.0.

[00339] Step D: A solution of Q2b (0.05 g, 0.17 mmol) and Q2¢ (0.04 g, 0.15
mmol) in dry acetonitrile (2 mL) is treated with powdered cesium carbonate (0.1 g, 0.3
mmol) and the mixture is stirred at 60 °C for 24 hours. Filtration, concentration, and
purification on silica gel using a linear gradient of O to 100% ethyl acetate in hexane
affords Q2d; ESIMS calcd. for C,sH3sN3Os (M+H™) 472.3, found 472.0.

[00340] Step E: To a solution of Q2d (0.15 mmol) in dioxane (2 mL) is added
hydrogen chloride in dioxane (4N, 0.5 mL), slowly, with stirring. The resulting solution
is stirred at room temperature for 4 hours. The solvent is removed and the residue is
dissolved in dichloromethane (3 mL) and treated with triethylamine (0.1 mL, 0.7 mmol)
followed by methanesulfonyl chloride (0.025 mL, 0.3 mmol) dropwise, with stirring,
over 5 minutes. The resulting solution is stirred at room temperature for 2 hours. The
solvent is removed and the resulting residue is purified by mass triggered HPLC to afford

Q2; ESIMS calcd. for C,,H3,N305S (M+H™) 450.2, found 450.1.

Example Q3: Isopropyl 4-(2-(6-(1,2,3,6-tetrahydro-1-
methanesulfonylpyridin-4-yl)pyridin-3-yloxy)ethyl)piperidine-1-carboxylate.

L
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1-I-NMR (400MHz, CDC)) 67.08 (d, | = 8.2 Hz. 1H), 6.71 (m. 211). 4.14 (m, 211), 3.94 (m, 211), 3.77
(d, J=6.4 11z, 211), 2.82 (s, 3H), 2.76 (m. 51). 2.31 (s. 311), 1.93 (m. 111). 1.81 (m. 61). 1.46 (s. 9H),
1.25 (m. 21 WORIM384nd. for C191131N203S (M-Boc+11)+ 367.2, found G FS20084714fs ( P9 0 ii
-s-No \ (111-NMR (400M11z, CDC13) 6 6.99 (d, J =8.8 Hz, 1H), 6.69 (d. J = 8.7 Hz, 1H), 4.16(m.
211). 3.95 (m. 211). 3.78(d, 1= 6.2 llz, 211), 2.72-2.84 (m, 811), 2.24 (s, 311), 2.18 (s, 3H), 1.83 (m.
71). 1.47 (s. 911), 1.30 (m. 211). ESIMS calcd. for C201133N203S (M-Boc+11)+ 381.2, found 381.2.
\O N- /o

[00341] By following a procedure similar to the one used for preparing Q1 from
Alc, except substituting isopropyl 4-(2-(methylsulfonyloxy)ethyl)piperidine-1-
carboxylate for Ale, Q3 is prepared; ESIMS caled. for CpH34N305S (M+H) 452.2,
found 452.1.

Example Q4: 2-(4-((5-(1,2,3,6-Tetrahydro-1-methanesulfonylpyridin-4-
yDpyrazin-2-yloxy)methyl)piperidin-1-yl)-5-ethylpyrimidine.

N
= N
‘e
L
N O
/\G\I )
T A
N\)\/
[00342] By following a procedure similar to the one used for preparing Q2 from

Ala, except substituting B4a for B2a in Step A and Q4b (see scheme below) for Q2b in
Step D, Q4 is prepared; ESIMS calcd. for CopH31NgO3S (M+H™) 459.2, found 459.1.

o sws ) sen )

NH - \W A - \W A

N~ N A
Ala Q4a Q4b

[00343] Step A: A solution of Ala (1.03 g, 9 mmol) and 2-chloro-5-
ethylpyrimidine (1.1 mL, 9 mmol) in dimethylacetamide (7 mL) is treated with powdered
cesium carbonate (4 g, 12.3 mmol) and the suspension is stirred at 75 °C for 48 hours.
The reaction is then diluted with water (150 mL) and extracted with ethyl acetate/diethyl
ether (1:1) (2 x 100 mL). The combined extracts are washed with water, saturated
aqueous ammonium chloride, and brine, dried over Na,SO,4 and concentrated to yield
Q4a; "HNMR (CDCls, 400.13 MHz): §8.16 (s, 2H), 4.74 (m, 2H), 3.53 (t, J = 5.9 Hz,
2H), 2.87 (td, J =13.2,2.4 Hz, 2H), 2.45 (q, J =7.6 Hz, 2H), 1.85 (mm, 2H), 1.77 (m, 1H),
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P100u-s-NHO () 1-1-1-NMR (400M1z, CDCI3) 6 6.90 (m, 311), 4.15 (m, 211), 3.93 (m, 210, 3.84
(d, 1 = 6.5 Hz, 2H), 2.82 (s, 3H), 2.75 (m. 4H), 2.54 (It | = 12.1, 3.6 Hz. 111). 1.99 (m, 111), 1.93 (m,
111), 1.84 (WO2P99/038974(m. 211). 1.46 (s. 91). 1.26 (m. 2H). ESIMS calcd PloFES8Y9E8147203S
(M-Boc+11)4 371.2, found 371.2. ah

1.44 (t, J=5.5Hz, 1H), 1.23 (m, 2H), 1.18 (t, J = 7.6 Hz, 3H); ESIMS calcd. for
C12H20N;0 (M+H™) 222.2, found 222.1.

[00344] Step B: To a solution of Q4a (0.92 g, 4.2 mmol) in dichloromethane (20
mL) is added triethylamine (1.0 mL, 7.1 mmol) in one portion. The resulting mixture is
cooled in an ice/water bathand methanesulfonyl chloride (0.45 mL, 5.8 mmol) is added
slowly, with stirring. The bath is removed and the resulting solution is stirred at room
temperature for 2 hours. The reaction mixture is diluted with more dichloromethane (20
mL), washed with water and saturated aqueous ammonium chloride, dried over MgSQO4
and concentrated to yield Q4b; 'H NMR (CDCls, 400.13 MHz): 'H NMR (CDCls,
400.13 MHz): 6 8.17 (s, 2H), 4.78 (m, 2H), 4.09 (d, J = 6.6 Hz, 2H), 3.02 (s, 3H), 2.88
(td, J=13.2,2.6 Hz, 2H), 2.46 (q, J =7.6 Hz, 2H), 2.05 (mm, 2H), 1.84 (m, 1H), 1.29 (ddd,
J=4.4,12.4,12.7 Hz, 2H), 1.19 (t, J = 7.6 Hz, 3H); ESIMS calcd. for C13H2oN303S
(M+H") 300.1, found 300.0.

Example Q5: 2-(4-((6-(1,2,3,6-Tetrahydro-1-methanesulfonylpyridin-4-
ylpyridin-3-yloxy)methyl)piperidin-1-yl)-5-ethylpyrimidine.

Ny Ve PaGet

[00345] By following a procedure similar to the one used for preparing Q2 from
Q2b, except substituting Q4b for Q2b, QS is prepared; ESIMS calcd. for C»3H3,NsO3S
(M+H") 458.2, found 458.1.

Example Q6: 2-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-5-(1-

methanesulfonylpiperidin-4-yl)pyrazine.

VA VAt S
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\)IN/O( PIOU-S-Nii0 FO 111-NMR (400M11z, CDC13) 67.39 (d, J =2.1 H7, 1H), 7 30 (dd.I = 8
6.2 1 Hz, 111), 6.92 (d, | = 8.6 H7, 1H), 4.16 (in, 211), 3.94 (m. 211). 3.85 (d, J = 6.1 Hz. 211), 2.82
(s, 311), 2. QAOVIE8Y 60 (1t. J = 12.1, 3.6 H7, 1H), 2.00(M, 1H), 1.94 (m BEHYS2088/4fR14911). 1.46
(s. 911), 1.27 (m, 211). ESIMS calcd. for C1gH2sF3N2038 (M-Boc+Ht 421 2. found 421.1. 41 \0 N-'
10 (

[00346] Example Q6 may be made from Q5 above, by hydrogenation with palladium

on carbon. However, an alternate synthesis is as follows:

© Step A TiO Step B QLQ
— | . 5B
“Cbz “Cbz \@

Q6a Q6b Q6¢

~

Cbz

N
BT\KQN Step C N \ /—<:/\N—</ \ Step D
— B~ _>—o N= -

N\/\OH =N

B4a Q6d

Cbz« Ms<
N | N
/N StepE /N
g\ . _ 1
N o/\G N o/\G
N_ _N
g Y
Qo6e Nx Example Q6 Na

[00347] Step A: A solution of diisopropylamine (2 mL, 14.2 mmol) in dry
tetrahydrofuran (10 mL) at —78 °C under nitrogen is treated with n-Butyllithium (2.46 M
solution in hexanes; 5 mL, 12.25 mmol) and the mixture is stirred for 15 min at —78 °C.
A solution of Q6a (2.55 g, 10.9 mmol) in dry tetrahydrofuran (25 mL) is slowly added
and stirring is continued at —78 °C for 2 hours. N-Phenyltriflimide (4.42 g, 12.4 mmol)
in dry tetrahydrofuran (25 mL) is added dropwise at —78 °C. The mixture is stirred at —
78 °C for 2.5 hours and at room temperature for 30 minutes. Dilution with ethyl acetate
(200 mL) and saturated aqueous ammonium chloride (50 mL), washing with water and
brine, drying over Na,SO, and concentration followed by purification on silica gel using
a linear gradient of 0 to 40% ethyl acetate in hexane affords Q6b; '"H NMR (CDCls;,
400.13 MHz): 6 7.3 - 7.4 (m, 5H), 5.78 (m, 1H), 5.16 (s, 2H), 4.13 (br. s, 2H), 3.72 (br.
s, 2H), 2.47 (br. s, 2H); ’FNMR (CDCl;, 376 MHz): 8-75.32; ESIMS calcd. for
C14H;5F3NOsS (M+H™) 366.1, found 366.1.

187



Example P12: 2-(4((2,6-Difluoro-4-(1-(methylsulfony Opiperidin-4- yl)phenoxy )methy 1)pipe ridin-
1-y1)-5-ethylpy rimidine. [00325]By following a procedure similar to the one used for preparing El from
B2, except BIHAMINEHA for B2, P12 is prepared; 1H-NMR (400MHz, CDESYHBWENSHEY) 6.67 (d,
J=9.2 Hz, 2H), 4.70 (in, 2H), 2.91 (dt, J = 2.0, 12.4 Hz, 2H), 2.75 (s, 3H), 2.68 (dt, J = 2.4, 12.4 Hz,
2H), 2.43 (in, 3H), 2.01 (in, 3H), 1.70 (in, 2H), 1.31 (in, 2H), 1.13 (t, J = 7.6 Hz, 3H); ESIMS calcd. for
024H33F2N403S [M+H] 495.2, found 495.2. Example P13: 1-Methylcyclopropyl 4-02,6-difluoro-4-(1-

(methylsulfony!) nigesadin-4-yliEeBoxsomeshy hpipe téaer. 3> caroxale in[0A37 61BN felkowing a
procedure similar to the one used for preparing E3 from B4, except substituting Pl for B4, P12 is
Propared; LH-NVRABRAH- LIPS b o5 Jrameliy! ey Aioshio iy 4o tmy, A1), 2.63 (s,
3H), 2.76 (dt, J =d2sdabbothidz141d)e, 24 Bnidl) JF1346 s HphehiapAddphinOfetrocaid Y0 bS8, (n42H), 1.78 (m,

2H), 1.56 (s, 3H), 1.2 2H), 0.87 (m, 2H),.0.63 tm, 2H): ES1IMS calcd, for C23H33F2N203S [M+H]
487.2, found 487‘??08’W&xﬁﬁ%ﬁé’%ﬂ%@%ﬁ?ﬁ?@%ﬁ%@ng%ﬁ?ﬁf‘ R ORI DB ethoxy)-
3,5-difluorophenyhpiplexidint - gluifd nyhphopy meetdten acd@iPiodaler 17.86 W@ 300810038 NE4PCT/U

S2008/0751 45 [00327]Step A: A, solution of Pld (200 0,42 mmol) and 3- chloropropanesulfonyl
chiorice (65 4. OB R oa OB A 15 s a o R e e TR 0 54
mmol) and the mixtigre 18 stirretkmtaonwidmpetaketetfowdshiog il e sk torebigndildtgd gvtlerwater (10

mL), extracted with dishlgrpmetiang, rigg Qves M%g&&ﬂi‘ﬁ[&goﬂ%i‘é& RIS Lf)e residue is

purified on silica gef using a linear gradient of 0 to 100% ethyl acetate in"hexane to affordP14a:

H-NMR (400M Heradipe 9By & 60 @hyacatein hagyna 1tidn Qol), 'S1¥Mb (GPS18 40 (3 J= 6.0 Hz,

2H), 3.04 (1, J= 63937, 8 2780 (Hltshi=2s4nl A H71 @1F) P02 0B R Dk 2 $94(Hn )73, 6,082 .4 Hz, 1H),
2.25 (m, 2H), 1.85 (m, 2H), 1.77 (m, 2?51.65, m, 2H), 1.39 (s, 9H), 1.18 (m, 2H); ESIMS calcd. for

C2111300 F2N208S {RHHL-28 41182 A5 5:5IMS fded o5mC BB BT A ¥dhdiibnest P4k (138 mg,
0.25 mmol), NaOfy i85 Mg, &€H C: A solution of Bda (0.84 g, 4.8 mmol) and intermediate Q4b (1.28

g, 4.3 mmol) in dry dimethylacetamide (25 mL) is treated with powdered cesium
carbonate (2.31 g, 7.1 mmol) and the mixture is stirred at 65 °C for 24 hours. Filtration,
concentration, and by purification on silica gel using a linear gradient of 10 to 50% ethyl
acetate in hexane affords Q4d; '"H NMR (CDCl3, 400.13 MHz): 8 8.17 (s, 2H), 8.16 (d,
J=14Hz, 1H), 8.02 (d, /=14 Hz, 1H), 4.77 (m, 2H), 4.17 (d, J = 6.6 Hz, 2H), 2.88 (td,
J=13.1,2.6 Hz, 2H), 2.46 (q, J =7.6 Hz, 2H), 2.10 (m, 2H), 1.89 (m, 1H), 1.34 (ddd, J =
4.3,12.4,12.6 Hz, 2H), 1.19 (t, J = 7.6 Hz, 3H); ESIMS calcd. for C;¢HyBrNsO (M+H")
378.1, found 378.1.

[00350] Step D: To a solution of Q6d (0.8 g, 2.1 mmol) in 1,2-dimethoxyethane (5
mL) is added intermediate Q6¢ (0.91 g, 2.7 mmol), powdered potassium carbonate (0.72
g, 5.2 mmol), and water (0.5 g). The mixture is degassed using argon, then tetrakis-
(triphenylphosphino)palladium(0) (0.23 g, 0.2 mmol) is added and the mixture is heated
to 180 °C for 20 min in a microwave reactor. Cooling, dilution with ethyl acetate, drying
over Na,SQ, and concentration, followed by purification on silica gel using a linear
gradient of 10 to 50% ethyl acetate in hexane affords Q6e; ESIMS calcd. for
CaoH35sNO3 (M+H™) 515.3, found 515.1.

[00351] Step E: A solution of Q6e (0.6 g, 1.2 mmol) in ethyl acetate (100 mL) and
ethanol (40 mL) is treated with palladium on carbon (5%; 0.85 g, 0.4 mmol) and the

mixture is saturated with hydrogen gas and is then stirred at room temperature under 1
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mmol) and Na! (38 mg, 0.25 mmol) in N,N-dimethylformamide (1 mL) is heated at 120 C for 2 hours.
The mixture is cooled, diluted with water (10 mL) and extracted with ethyl acetate (10 mL). The
organic layeV 2 3% hith water (10 mL) and brine (10 mL), dried (MgSOA THHRZWE/ W3S
concentrated to provide P14b which is used without further purification; ESIMS calcd. for
C23H33L2N207S [M+H - C4H8]+ 519.2, found 519.2. [00329]Step C: By following a procedure similar
to the one used for preparing El from B2, except substituting P1 4b for B2, P14 is prepared; 1H-NMR
(400MHz, CDC13).6,8R866So e o360 3 dhed- R iR 3lhe Jo8ifhHRsodbh D RHGM, 4H), 3.06
(m, 4H), 2.88 (dt, J =2.4, 12.0 Hz, 2H), 2.56(m, 3H), 2.17(m, 3H), 2.11 (s, 3H§ 2.04 (m, 2H), 1.97 (m,
2H), 1.71 (m, 2H.°1182 1 confeniraipp therep igue s dinelsi g iriamah s 0 gHaNRD 58 [M+141+
581.3, found 581teethylani¥au@enP 14 3 InMethyvensiaRupy 41dhdk ¢(3t5 mL, 1.9 mmol) is
acetoxypropylsulfonyEpiperidin-4-y1)-2,6-difluorophenoxy)methyl)piperidine-1- earboxy late
10033018y TollowiREF 1 BHEALATE SN e S KR AP DB B TERA R
substituting the prosgatareforipgepiariag gedBetnorh P66 Gteth @ aBlbd snpreparad;atidrdiQER (400MHzZ,
CDC13) 6 6.75 (i 422 (t J= 8. : : in 03 (in, 2H), 2.88 (dt, J= 2.4, 12.4 Hz,
2H), 2.76 (in, ZHESﬁﬁQ ‘(f‘%‘,‘%’—(ﬁf, éﬁ&%ﬁ@ﬁé&*éﬁ%%@%@ﬁn%) 1.88 (in, 2H), 1.72 (m, 2H),
1.56 (s, 3H), 1.25 (in, 2H), 0.87 (in, 2H), 0.63 (in, 2H); ESIMS calcd. for C27H39F2N207S [M+H]
573.2, found 573.2. =xampl 65 X - imidin-2,wFpiperidine4-yEmethoxy)-
3,5-dif|uorophenyl)pipericfﬁ'l‘ﬂ)‘/légu %]:nﬁ;%SE@gg@é@%%ﬂ%&@%ﬁ“ﬁ?@%@mxple P16 [00331]A
solution of P14 (3®pxyymethspinesidin-teiaidyettotmaingBliag,) is treated with LiIOH hydrate (50 mg, 1.2
mmol) and the mixture is heated at 90C for 12 hours. The mixture is filtered, concentrated and purified

by mass triggered reverse phase HPLC to afford P16; 11-1-NMR (4Q0MHz, CDC13) 68.36 (s, 2H),
6.67 (m, 2H), 4.68 (m, 2H), 3.88 (in, 5H) 374 (1,95 5.6#4}@3{%,—4H), 2.78 (dt, J=2.4,12.0
Hz, 2H), 2.45 (m, 3H), 217(m, 3H),M&N§§W@(—m, 4HY;1.97(w2H), 1.84(m, 2H), 1.65(m, 2H),
1.31 (in, 2H), 1.47 (t, J= 7.6 Hz, 3H); ES caltd for C26F137F2N404S [M+H] 539.3, found 539.2.
Example P17: 1-Methy leyelopropy | 4-02,6-difluo ro-4- (1- (3- hydroxy propy Isulfony

Opiperidin-4-yl)p[t®362) )mey Olpbperiglingdeeduoiyinieo the one used for preparing Q6 from
B4a, except substituting B2a for B4a in Step C, Q7 is prepared; ESIMS calcd. for
C23H34N505S (M+H™) 460.2, found 460.1.

Example Q8: 3-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-6-(1-

methanesulfonylpiperidin-4-yl)pyridazine.

Y AYat S
N=N
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[00332]By following a procedure similar to the one used for preparing P16 from P14, except
substituting P15 for P14, P17 is prepared; 1H-NNIR (400MHz, CDC13) 6 6.66 (in, 2H), 3.85 (in, 4H),
3.74 (t, J= VOORROYRPIZI02 (in, 2H), 2.79 (dt, J= 2.4, 12.0 Hz, 2H), 2.71 (inPSHYS2UWEMR1IPH), 2.03
(in, 2H), 1.80 (in, 5H), 1.69 (in, 2H), 1.48 (s, 3H), 1.19 (in, 2H), 0.87 (in, 2H), 0.63 (in, 2H); EMMS
calcd. for C25H37F2N206S [M+H]+ 531.2, found 531.2. Example Q1 : Isopropyl
445-(1,2,3,6-tetrahydro-1-

methanesulfonylpyridinid.- raziiegayloxy)methyl)pipefi Ng—é?'—c rboxydates Ms-N -N 10 s..,7N
yeti-()lao Ms,N...-s",, 135,/] 1WS@L@A@’W@ =y, Nyt QIboExample Qlo
[00333]Step A: A solution df Alé' (0.86 g, 3.1¥sind) and 2-bromo-5- hydroxypyrazine (0.52 g, 3.0
mind) in dry acetonitrile (7 Q82) is treated with powdere@8esium carbonate (1.62 g, 5 rnmol) and the
mixture is stirred at 60C for 24 hours. Filtration, conggntration, and purification on silica gel using a
linear gradient of 0 @z:L009% ethyl acetate in hexane affofds Qla; ESIMS calcd. for C14H21BrN203
ovi+En 358.1, found 358.0. [[00334]Step B: To a.solytion A8%5 mg, 0.2 rnmol) in 1,2-
dirnethoxyethane (1.5mL)-areyadded tert-butyl 5; v ydro-4-( 5 thy1-1,3,2-
dioxaborolan-2-yl)pyridine-1(2 (66.7 mg, 0.2 mmol), powdgredipotgssium carbonate
(0.10 g, 0.7 mmol), and water (0.5g). T ture is degassed using argor, thgf |
tetrakis-(triphenylphosphino)palladil{ig@) (0.0ﬁl\g\,g\?z{mmol) IS aﬂ:]a%% the NN s heated to
180 C for 5 min in a microwave reactor. CoolingXéxtraction with ethyl acetate, washing with water and
brine, drying over Na2S0O4 and concentration, followed by purification on silica gel using a linear
gradient of 5 to 70% ethyl acetate in hexane affords Qlb; ESIMS calcd. for C24H32N405 (M+1-r)
461.3, found 461003881335]Stegp @:: To @lsohumicnQFaQH40s 22k molp Inadibdad(2%¢h} i randdd
hydrogen chloridg, i digxane (AN, diltes SRVt SHERG, Ghed BSHURG SRR S sYrped at room
temperature for 4 hours. Aftér removing the solvent, the residue is dissolved in dichlorométhane (3
nth) and treated withngethiadibmeicguperisistirer g1 hel). "FHendayhakestimariilwinpmdd (ae4 mL, 0.5

mmol) is added qigpwips, MR-GHH AN O¥ET ROURUES- 15D IESHIIRNG SOUHQNTS Stredias, room
temperature for 2 hours. The solvent is removed and the resiude is purified using mass-triggered

reverse phase HPIRCERS§ioR ayd puptgpisnencdisore soeiingabgadimt Pl 19 WSz thytind 439.1.
Example Q2: 1-Methyelayreleeonyd As((58bl, ZBrvirtiamcdrach. metrsnesyionym), 7.67 «,
ridin-4-yl)pyridin-3-y lox )methg E6piperidine-l-carbox late. WO 20091038974PCT/US2008/075145
HO Step A J=92Hz 1H), 5.96 (d, J=9.2 Hz, 1H), 4.77 (m, 2H), 4.37 (d, J = 6.6 Hz, 2H), 2.90 (td,
J=13.1,2.6 Hz, 2H), 2.46 (q, J =7.6 Hz, 2H), 2.15 (m, 2H), 1.89 (m, 1H), 1.36 (ddd, J =
4.3,12.4,12.6 Hz, 2H), 1.19 (t, J = 7.6 Hz, 3H); ESIMS calcd. for Ci¢H,;CINsO (M+H™)
334.1, found 334.1.

[00354] Step B: To a solution of Q8b (0.11 g, 0.3 mmol) in 1,2-dimethoxyethane

(2 mL) is added intermediate Q6b (0.15 g, 0.4 mmol), powdered potassium carbonate
(0.18 g, 1.3 mmol), and water (0.5 g). The mixture is degassed using argon, then
tetrakis-(triphenylphosphino)palladium(0) (0.05 g, 0.04 mmol) is added and the mixture
is heated to 180 °C for 20 min in a microwave reactor. Cooling, dilution with ethyl
acetate, drying over Na,SO, and concentration, followed by purification on silica gel
using a linear gradient of 10 to 75% ethyl acetate in hexane affords Q8c; ESIMS calcd.
for CooH3sNgO3 (M+H™) 515.3, found 515.1.

[00355] Step C: A solution of Q8c (0.15 g, 0.3 mmol) in ethyl acetate (20 mL) and
ethanol (20 mL) is treated with palladium black on carbon (5%; 0.4 g, 0.2 mmol),

saturated with hydrogen and then stirred at room temperature under 1 atmosphere of
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[I1OStep B MsO Ny07("Ny07s,-- Q2a ()Q2b NH Ala Hoc Step E Ms-N \-(> Example Q2
[00336]Step A: A solution of Ala (0.51 g, 4.4 mmol) in dichloromethane (7 mL) is treated with
triethylamin& @®29%38874 mmol) in one portion, followed by E3b (0.96 g, 4 RfmdiS2448&0&¥dSension is
stirred at room temperature for 24 hours, diluted with more dichloromethane (25 mL), washed with
water, saturated aqueous sodiumhydrogencarbonate (3 x 25 mL), and saturated aqueous ammonium
chloride, dried over MgSO4 and concentrated to yield Q2a; 1H NMR (CDC13, 400.13 MHz): 6 4.13
(hr. s, 1H), 4.03 Qa8 gdithrd RO 431} e2ehdnlindthbliinspitdle YoP K{MhedbhetbB® ffe8d1H), 1.54 (s,
3H), 1.14 (br. s, 2H), 0.86 (in, 2H), 0,62 (in, 2H); ESIMS calcd. for C13H20NO3 (M+H+) 214.1, found
214.1. [00337]StEBWBL® LB fiitlieoresbeopseriraed Ahnimiingietisidisetiesia (20 mL) is added
triethylamine (0.QiidHLoG:Aemnmel)1im aneape wiehylda fe s Bing. Mixtuigds. cCORIBthivamise/water bath
and methanesulfonyl .chlori .35 mL, 4.5 mmol) is added slowly, with stirring. The bath is removed
2nd e resuting DO L Stie i APHSI PP ISHrS FN RS «SME S is chuted
with more dichlonoixibaneo2nmitgd wabspedfiedthsing ten and gadterbted ae peou SIRntronitfondchloride,
dried over MgSO4 A centrated to yi : C13,400.13 MHz): 6 4.22 (hr. s, 2H),
4.07 (s, 2H), 32?@%&%3%5%%%%%@%%%%@(%P‘?L“ﬁésl‘fgg(m 2H), 1.54 (s, 3H), 1.22
(hr. s, 21-1), 0.86 (m, 2H), 0.63 On, 2H); ESIMS calcd. for C12E122N05S (M+H+) 292.1, found 292.0.
[00338]Step C: To a solui (0.10,0.8] )1 (i 21N (Japmy-) is added
tert-butyl 5,6-dihydro-4-(4%%%%!?&%}%;%@&9:1&3%(%}3%%%%@ -%??gfr%wgyl(ZH)-carboxylate (0.13
g, 0.4 mmol), powkearearetbyhpiperidinrbyhateetylpy gimidingime, and water (0.5 g). The mixture is
degassed using argon, then tetrakis(triphenylphosphino)palladium(0) (0.08g, 0.07 mmol) is added and
the mixture is heated to 180 C for 5 min in a microwave reactor. Cogling, extraction with ethyl acetate,
washing with water and brine, drying ov a2Sp4.and cenﬂ;ra(on,\ wed by purification on silica
gel using a linear gradient of 5 to 1680%Nethyl-adetateg+o hex affordd Q2c. ESIMS calcd. for C15H21
N203 (WW1) 277.2, found 277.0. —N

By following a procedure similar to the one used for preparing Q8 from Q8a,
except substituting Cla for 8a, Q9 is prepared; ESIMS calcd. for C3H34N503S (M+H™)
460.2, found 460.2.

Example R1: 1-fert-Butyl 4-(4-(1-(methylsulfonyl)piperidin-4-yl)phenyl)

piperazine-1,4-dicarboxylate.

Rla R1b
MsN
MsN
Step C
AT 20
\\/N o
Rlc Example R1 \[(l/
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[00339]Step D: A solution of Q2b (0.05 g, 0.17 mmol) and Q2c (0.04 g, 0.15 mmol) in dry acetonitrile
(2 mL) is treated with powdered cesium carbonate (0.1 g, 0.3 mmol) and the mixture is stirred at 60 C
for 24 hoursERPAREB%dncentration, and purification on silica gel using a IFfeXPABEAI4F 0 to 100%
ethyl acetate in hexane affords Q2d; ESIMS calcd. for C26H38N305 (WW1) 472.3, found 472.0.
[00340]Step E: To a solution of Q2d (0.15 mmol) in dioxane (2 mL) is added hydrogen chloride in
dioxane (4N, 0.5 mL), slowly, with stirring. The resulting solution is stirred at room temperature for 4
hours. The solvent is removed and the residue is dissolved in dichloromethane (3 mL) and treated with
triethylamine (0.1 nth, 0.7 mind) followed by methanesulfonyl chloride (0.025 mL, 0.3 mmal) dropwise,

with stirring, ovel¥Wiiflutes. $i6@ s BRI GliS A st e ALYEEM RRIFENTEF S AGtES. The

solvent is removegcasldhe sierdling residuadsrplistiaaibycmassiiggered HRho tomiad @i ESIMS
calcd. for C22H321\12058.1(=I%/I§ﬁ%r) 450.2, found 450.1. Iﬁ?xam le Q3: Iso

ropyl
0 (2-(6-(1,2.3,6- A A SO RN A AN SR AT P - carboy
late. Ms, 184 W&acA00XK1038PFdRCI th SROMRYQceShd! bl D024 D] By ioHowin gracpreckaigrekidmilar to
the one used for preparin rom Alg.e t ituting. iso I +
ety iUy e e e TS TS N8 M AR o 0 o
C22F134N303S IM+FE) 452.2, found 452.1. Example Q4:

2-(4-((5-(1,2,3,6- ydro-Lymethanesylionyipiig ) and nitrophenyl
y1)pyrazin-2-yloxEE/f)art1§1et yIIpi;S(;ridin-I-yl)-5-ethyIpyr|Hmﬂi inrem.gl\/loss,9 IZn%l-(l)\l)lillnl ?ﬁo[%C%%Z]By following a

procedure similaePpEBIEeySé dib Ok pari YOS S arkepttmakstinith KB4 1308 24.in Step A

and Q4b (see schemg, REIPUALIR QAR RiSRd RIJSPISRALEHE RIM GACHh dREFHREE31INGO3S
(M-KEE) 459.2, found 459.1. HO NH Step A HO N

concentrated, and purified on silica gel using a linear gradient of 0 to 100% ethyl acetate
in hexane to afford Rle¢; ESIMS calcd. for C19H21N>OS [M+H]" 421.1, found 421.1.
[00358] Step C: A solution of R1e¢ (41 mg, 0.10 mmol), 1-Boc-piperazine (20 mg,
0.11 mmol) and triethylamine (68 uL, 0.50 mmol) in 1,2-dichloroethane (5 mL) is heated
at 50 °C for 12 hours. The mixture is concentrated in vacuo and purified purified using
mass-triggered reverse phase HPLC to afford R1,; "H.NMR (400MHz, CDCl5) 6 7.12 (d,
J=8.4Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 3.87 (m, 3H), 3.56 (m, 2H), 3.45 (m, 6H), 2.75
(s, 3H), 2.70 (m, 3H), 2.55 (m, 2H), 1.90 (m, 3H), 1.77 (m, 3H), 1.42 (s, 9H); ESIMS
caled. for C»H33N3NaOgS [M+Na]™ 490.2, found 490.1.

Example S1: N-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methyl)-4-(1-
(methylsulfonyl)piperidin-4-yl)aniline.
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Step B MsO N AlaQ4aQ4b [00343]Step A: A solution of Ala (1.03 g, 9 mmol) and 2-chloro-5-
ethylpyrimidine (1.1 mL, 9 mmol) in dimethylacetamide (7 mL) is treated with powdered cesium
carbonate (3V§ 292038#d1) and the suspension is stirred at 75 C for 48 houlf§ THRZ VARG His then
diluted with water (150 mL) and extracted with ethyl acetate/diethyl ether (1:1) (2 x 100 mL). The
combined extracts are washed with water, saturated aqueous ammonium chloride, and brine, dried
over Na2S0O4 and concentrated to yield Q4a: IFINMR (CDC13, 400.13 MHz) 38.16 (s, 2H), 4.74 (m,

2H), 3.53 (t, J= “9\_@-1 87 (teh =13 ymmw&”h@%b 5 (m, 2H), 1.77
(111, 1H), 1.44 (t, JA55 N2/ 1H), 1.23 (M2H)}418 (1, = 7.6 MZ, 3 o

C12H20N30 (M+FE) 22042, found 222.1. [003424]Step B: To a solution of @%a (0.92 g, 4.2 mmol) in
dichloromethane (20 mL) is added triethylarnine (1.0 mL, 7.1 mind) in one portion. The resulting

mixture is cooled in:am i%ﬁ@nd metflanesulfoaayl chlom nth, 5.8 mmol) is added
slowly, with stirring. The b Ve@nd-{\h(-y Sulting sglu rr 8_@0@ erature for 2
hours. The reaction mixture is diluted with moré dichloromethane (20 mL), wastfed ¥ith water and

saturated aqueous ammonium chictitle, dried over MgS04 and concentrat@f b yield Q4b; 1H NMR
(CDCE, 400.13 MHz): 1H NMR (CDC13 400 13 MHz): 88.17 (s, 2H), 4.78 (m 2H) 4.09 (d, J= 6.6 Hz,

2H), 3.02 (s, 3H) td, J=13. H) 2H) 1.84 (m, 1H),
1.29 (ddd, J= 44@%%1(127 P ‘i&%‘t"% d&é‘ ngéﬂmﬁcm &3H22N)03S (M+FE)
300.1, found 300d0:hlororEexlaan@[é @5) B-AAEEED, zqmaeﬁ@ﬁaqwmmm@mmdammmwgdzm-

yhpyridin-3-yloxy)meshybpip 5&&%{@ e PoflMRY e JOQRARIAN Lol ong NG SORT RS, RImilar to
the one used for preparing Q2 from Q2b, except substituting Q4b for Q 5 Is prepared; ESIMS

calcd. for czswzm@bsglqwmmsg@nm@mass pdded aps }fﬂéccgm < ltred thovh Celie”

2-((1-(5-Ethylpyripidigre=yhiperisin-yinehanya &ﬂsﬂ%eihﬁeﬁ%ﬂ@i@){ RIPEFiA-yhipyrazine. \N-e)
Ms-Nn N-N- WO 20091038974PCT/U $2008/075145 [00346]Example Q6 may be made from Q5

above, by hydrog"é?fé%?o‘ﬁ b\ﬁ%ﬁ%éﬂé’éﬁ?ﬁﬁl\s Sla; ESIMS calcd. for C12H18N3 (M+H") 220.1, found
220.1.

[00360] Step B: A mixture of S1a (318 mg, 1.5 mmol), tert-butyl 4-(4-
aminophenyl)piperidine-1-carboxylate (482 mg, 1.74 mmol), and NaBH(OAc)3 (636 mg,
3 mmol) in dichloromethane (7 mL) is stirred at room temperature for 5 hours. The
reaction is quenched with water (20 mL) and extracted with dichloromethane (3 x 20
mL), washed with water (20 mL), dried (Na,SO,), and concentrated. Purification on
silica gel using a linear gradient of O to 50% ethyl acetate in hexane to affords S1b;
ESIMS calcd. for CosHyoNsO, (M+H™) 480.3, found 480.4.

[00361] Step C: A solution of S1b (600 mg, 1.25 mmol) in MeOH (10 mL) is
treated with a 4 M solution of HCI in dioxane (25 mL, 100 mmol) and stirred at room
temperature overnight. The reaction mixture is concentrated, dioxane (20 mL) added and
concentrated again to form the hydrochloride salt of S1¢; ESIMS calcd. for Cy3H34N5s
(M+H") 380.3, found 380.3.

[00362] Step D: A cold (0°C) mixture of S1e (810 mg, 1.25 mmol) and
triethylamine (0.892 mL, 6.4 mmol) in dichloromethane (30 mL) is treated with
methanesulfonyl chloride (0.152 mL, 1.96 mmol) dropwise and stirred at room
temperature for 3 hours. Additional triethylamine (0.5 mL, 3.6 mmol) and

methanesulfonyl chloride (0.076 mL, 0.98 mmol) are added and the reaction is stirred at
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on carbon. However, an alternate synthesis is as follows: Q6a Step A If Q6b Step B ,Cbz fl Cbz Q6¢c
Step EMs, 1Q6e | N Example Q6 [00347]Step A: A solution of diisopropylamine (2 mL, 14.2 mind)
in dry tetrahY@3H9P4389@ mL) at -78 C under nitrogen is treated with n-Butyifitit#A¢8/246 M solution in
hexanes; 5 nth, 12.25 mmol) and the mixture is stirred for 15 min at -78 C. A solution of Q6a (2.55 g,
10.9 mind) in dry tetrahydrofuran (25 mL) is slowly added and stirring is continued at -78 C for 2 hours.
N-Phenyltriflimide (4.42 g, 12.4 mime in dry tetrahydrofuran (25 mL) is added dropwise at -78 C. The

mixture is stirred @bm {&fpdRfiReTdIAMERRNGALIANK. temneratidei {fusfRinwiaswiRilbiyyith ethyl
acetate (200 mL) and saturated aqueous ammonium chloride (50 mL), washing with water and brine,

drying over Na2 SSRIRY Wb dishpipasthatewt Iy Harifeshshvdih sirtst GO ubihgriedo¥sh gradient of 0
to 40% ethyl acetatssn, haxenariferds Qabi fldaidNMBI{ERS 3 404 Jehrie)piise. BIPII4 (M, 5H),

5.78(m, 1H), 5.16(s, 2H), 4. s, 2H), 3 s, 2H), 2.47 (hr. s_2W; 19F NMR (CRC13, 376
MHz): 3-75.32; Eggﬁﬁ% %!uc&ﬁg&&%é%éﬁ@?@ﬁ%ﬁ (:5,6%%", ?c?%fi&‘sé@f%lém’g%’
20091038974PCIAU G2QBB/OABUMS2H), 2.96 (m, 2H), 2.88 (s, 3H), 2.80 (m, 4H), 2.42 (q, J = 7.6 Hz,

2H), 1.84 (m, SH), 1.60 (m, 2H), 1.12 (m, 5H); ESIMS calcd. for CysHyeN50,S (M+H")

458.3, found 458.3.

Example S2: N-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methyl)-/V-
methyl-4-(1-(methylsulfonyl)piperidin-4-yl)aniline.

[00363] A solution of S1 (46 mg, 0.1 mmol) in tetrahydrofuran (1 mL) is added
dropwise to an ice-cold solution of 10% aqueous H,SO4 (0.2 mL) and 37% aqueous
formaldehyde (0.1 mL, 1.2 mmol) in tetrahydrofuran (0.5 mL). NaBH,4 (30 mg, 0.79
mmol) is added and the reaction mixture is warmed to room temperature. After stirring
for 30 minutes the reaction is quenched with 0.2 M NaOH (10 mL) and extracted with
ethyl acetate (3 x 15 mL), washed with brine (10 mL), dried over Na,SO, and
concentrated. The compound is purified using mass-triggered reverse phase HPLC to
afford S2; "H NMR (CDCls, 400 MHz): §8.23 (s, 2H), 7.08 (m, 2H), 6.68 (m, 2H), 4.60
(m, 2H), 3.64 (m, 2H), 3.19 (m, 2H), 2.92 (bs, 3H), 2.88 (s, 3H), 2.78 (m, 4H), 2.42 (q, J
=7.6 Hz, 2H), 1.93 (m, 1H), 1.81 (m, 2H), 1.62 (m, 4H), 1.12 (m, SH); ESIMS calcd. for
CysH3sN50,S (M+H™) 472.3, found 472.3.

Examples T1f and T1: 4-(4-((1-(5-fluoropyrimidin-2-yl)piperidin-4-
yDmethoxy)phenyl)-1-(methylsulfonyl)piperidine-4-carbonitrile and 4-(4-((1-(5-
fluoropyrimidin-2-yl)piperidin-4-yl)methoxy)phenyl)-1-(methylsulfonyl)piperidine-

4-carboxylic acid
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[00348]Step B: To a solution of Q6a (1.22 g, 3.3 mind) in 1,4-dioxane (25 mL) is added
4,4.5,5-tetramethyl1-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-1,3,2- dioxaborolane (1.02 g, 4
mmol), EE-b¥Q#8A¥RARHosphino)ferrocene (0.08 g, 0.14 mmol), [1,1' PCT/US2008/075145
-bis(diphenylphosphino)ferrocene]dichloropalladium(1 I) dichloromethane complex (0.11 g, 0.13 mmol)
and potassium acetate powder (1.26 g, 12.8 mmol). The mixture is degassed using argon and stirred
at 80 C for 18 hours. Cooling, diluting with water (50 mL), extraction with ethyl acetate, washing with
water and brine, drying over Na2S04 and concentration, followed by by purification on silica gel using
a linear gradient of 0 to 50% ethyl acetate in hexane affords Q6b;NMR (CDC13, 400.13 MHz): 87.3 -
7.4 (m, 5H), 6.5 (m, 1H), 5.16 (s, MT 4.05 (my 2H), 3.54 (m, 21-), 2.27 (br. s, 2H), 1.28 (s, 12H);
ESIMS calcd. for CI9H27BN04 (M-kW) 3441 , found 344.1. [00349]Step C: A solution of B4a (0.84 g,
4.8 mind) and intermediate Q4b (128 BHX in methylagetarnide (25 nth) is treated with
powdered cesium carbonate (2.31/9‘5/7? d the mi Pé"ré’sti -ed at 65 C for 24 hours.

joation on silicagel using a liNsef gradient of 10 to 50% ethyl

Filtration, concentration, and by purifi
acetate in hexane affords Q4d;NMR (CDC13, 400.13 MHz): 8 8.17(s, 2H), 8.16(d, J= 1.4 Hz, 1H), 8.02
(d, J= 1.4 Hz, IN), 4.77 (m, 2H), 4.17 (d, J= 6.6 Hz, 2H), 2.88 (td, J=13.1, 2.6 Hz, 2H), 2.46 (q, J =7.6
Hz, 2H), 2.10 (m, 2H), 1.89 (m, 1H), 1.34 (ddd, J= 4.3, 12,4, 12.6 Hz, 2H), 1.19 (t, J = 7.6 Hz, 3H);
ESIMS calcd. for C16F121BrN50 (M+Hz)0878 oun?ﬁﬂ@(g%]&ep D: To a solution of Q6d
(0.8 g, 2.1 mmol) in 1,2-dimethoxyethar s-aclded\ntermedidte Q6¢ (0.91 g, 2.7 mmol),
powdered potassium carbonate (02 g, 52 mitd), and water (0.5 g). The mixture is degassed using
argon, then tetrakis(triphenylphospp\'ﬁ\io)palladium(O)T(O.23 g, 0.2 mmol) is added and the mixture is
heated to 180 C for 20 min in a microwave reactor. Cooling, dilution with ethyl acetate, drying over
Na2S04 and concentration, followed by purification on silica gel using a linear gradient of 10 to 50%
ethyl acetate in hexane affords Q6e; ESIMS calgd. for C29H351\1603 ()|+H+) 515.3, found 515.1.

[00351]Step E: A §%%9§ (86 g, 1.2 innpolYinNethy, acedstte athsmol (40 nth) is
treated with palladium rbon (5%; 0.8549, Q)4 Frol) and the mixtupe i turated with hydrogen

gas and is then stirred agfgom temperatue undgi,l atmosphere of hydgggen for 3 hours. After
filtration of the reaction through a pad of Celite(r) and concentration the residue is dissolved in

dichloromethane (10 niL) and triethyl mine (0.6 mL, 4 3 mmol) dMethanesulfonyl chloride (0.15 mL, 1 9
mmol) is then slowly added, ﬁé!llc Aipaurs, theemﬁated and purified on
silica gel using a linear gradient.of 10 to 65% emT'aceta\te,xane to afford Q6. ESIMS calcd. for
CDH33N60IS (M+Er) 461.2,¥gund481.1.  Exampley; Tle
2-(44(6-(1-Methanesulfonylpiperidin-4-3.1)py ridin-3- y loxy)methyl)piperidin-l-y1)-5-ethy Ipy rimidine.
[00352]By following a grogedure similar to the one used for ring Q6 fro a. pt
, @ pC, Q7 prapared; E8IMS c%!gél J{Té@ﬁ?%ﬁﬂ 4602.
ple Q8: 3-((155-%&%&@%);3 erjdin Omethogﬁl)-&(l-

M

KI'AN CH/TY(/ SN"0 N=Frefple
(6]

substituting B2a for
found 460.1. OQSEX
methanesulfonytpigeridin-4-yBpYridazine.

[00364] Step A: To an ice-cold suspension of NaH (60% in oil, 120 mg, 3 mmol)
in anhydrous N, N-dimethylformamide (2 mL) is added T1a (142 uL, 1.05 mmol) and
stirred for 30 minutes under a nitrogen atmosphere. To the resulting brown solution is
added tert-butyl bis(2-chloroethyl)carbamate (242 mg, 1 mmol) in N,N-
dimethylformamide (0.2 mL) and the cooling bath is removed after 15 min. The reaction
mixture is heated overnight at 75 °C, cooled to room temperature and quenched with
water (1 mL). More water is added (50 mL) and the reaction is extracted with
dichlormethane (3 x 30 mL), dried over Na,SO, and concentrated. Purification on silica

gel using a linear gradient of 0 to 50% ethyl acetate in hexane to affords T1b; "H-NMR
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WO 20091038974PCT/U 82008/0751 45 AN ...1r.-..N-NNH'. Step A N.N-" CIC1,-01 \N=/ Q8aQ8b
Ms .N.--...," [00353]Step A: A solution of Q8a (0.64 g, 2.9 mmol) and Q4a (0.49 g, 3.3 mmol) in dry
dimethylace PO (BT is treated with powdered potassium carbonate (¢ HUS28081¥1and the
mixture is stirred at 150 C for 2 days. Cooling, dilution with water (100 mL), extraction with ethyl
acetate (2 x 100 mL), drying over Na2S0O4, filtration, concentration, and purification on silica gel using
a linear gradient of 10 to 100% ethyl acetate in hexane affords Q8b:NMR (CDC13, 400.13 MHz): 8

8.17 (s, 2H), 7.674sbMR A 2¥ita,) 1 1)36 8P teh) e &tz H)24 (Y em), 3H) @, 311(B 95 &6 Hz, 2H),
2.90 (td, J= 13.1, 2.6 Hz 2?, 2.46|(_%ZJ:7.6 Hz, 2H), 2.15(m, 2H), 1.89 (m,1f1), 1.36 (ddd, J= 4.3,
12.4, 12.6 Hz, 2Hi1 249 = $200%7 3H); ELI0s ta1tdOid 6813 150 RAHE84 1. found

334.1. [00354]Stenda; b0 @ SolNipmOof @BIND) 1EBg2 Oxduraegddn 1,2-dimethoxyethane (2 mL) is added
intermediate Q6 g, 0.4, mmol) howdered paotassium carbgonate (0.18 g, 1.3 mmol), and water
(0.5 6). The ot 1R e SISP IS AASOH SRR IORARES (o Ry AN 0.05 o
0.04 mmol) is adaéitdadibautiotofdliSihiedtexhte (BAIC om0 Minl ihareaiciowaverrehfiio?. Cooling,

dilution with ethy] acetate, drying over Na2SO4 and.concentratign, followed by purification gn silica gel
iy & near g AR o L0 8 TEE B TR A8 S G E SN R
C29H35N601 (Mdibkans (1) 3y b tonaffo i Tl U8 55 Stdql GorCs duthn® (MIBE) (D113 .go@8 mmol) in ethyl
acetate (20 mL) apdgthanol (20 mL) is treated with palladium black on carbon (5%; 0.4 g, 0.2 mmol),

saturated with hydrogen and then stirred at room temperature under 1 atmosphere of hydrogen for 6

hours. After excHa83#g the attewSphreotdfingy ik batidtioltioiné e (Augimal baidl of Celite(r) and
concentrated. The;sgsulfingQids gissoryed iR diahiaramatisnekifmb) Anfifittyiamine (0.3 mL, 2.1

mmol). Methanesulfonyl chloride (0.05 mL, 0.6 num’) is then slowly added, with stirring. After 2 hours,
the mixture is coftcdrpstatioantichlsriie dadsihg Middummelglral sy erle [pHALR NPLERdSaisie Q8;
ESIMS calcd. for,ClobINARI UM SVl ZrHOHREk#A bnxture isa¥aBARIEWAR: 24 (5%Ad
-Methgnesulfony Ipiperidin-4-3.1)py ridin-2- y on&@methy Bpiperidin- | -yI)-5-ethySIpy rir_nid_ine. By
following a procetE SR ththe Ine eed For Hribdridg e RRT s i aptstibStititing Cla for
8a, QI is prepared:H%MO, caltdofosnt2i3d 13 34MDTIR;(MIIMS ) 460 forfomd,#60,8.(M+HEXample RI:
1-tert-Butyl 4-(4-99-5(!’{1’e110h nlgaggr&yl)plperldln-4-yl)phenyl) piperazine-1,4-dicarboxylate.

[00367] Step D: A solution of T1d (208 mg, 0.7 mmol) in anhydrous

dichloromethane (3.5 mL) is cooled to -78 °C under nitrogen atmosphere and a 1M

solution of BBr; (3.5 mL, 3.5 mmol) in dichloromethane is added dropwise. The

reaction is stirred at room temperature overnight, then cooled to 0 °C and quenched with

MeOH (2 mL). The reaction mixture is repeatedly concentrated with MeOH (3 x 20 mL)

to afford Tle; ESIMS calced. for C13H17N>05S (M+H") 281.1, found 281.0.

[00368] Step E: A mixture of Tle (196 mg, 0.7 mmol), (1-(5-fluoropyrimidin-2-

ylpiperidin-4-yl)methyl methanesulfonate (202 mg, 0.7 mmol; prepared by following

the procedure for Q4a except using 2-chloro-5-fluoropyrimidine as the electrophile), and

Cs,CO;5 (456 mg, 1.4 mmol) in acetonitrile (10 mL) is heated to 70 °C for 48 hours. The

reaction mixture is concentrated and partitioned between water (20 mL) and ethyl

acetate, the aqueous phase is extracted with ethyl acetate (2 x 20 mL). The combined

organics are washed with water (2 x 10), dried over Na,SO4 and concentrated.

Purification on silica gel using a linear gradient of 0 to 60% ethyl acetate in hexane to

affords T1f; "H-NMR (400MHz, DMSO) 3 8.43 (d, J = 0.8 Hz, 2H), 7.46 (m, 2H), 7.00

(m, 2H), 4.61 (m, 2H), 3.87 (d, J = 6.4 Hz, 2H), 3.74 (m, 2H), 3.00 (m, 5H), 2.92 (m,

196



Rla WO 20091038974PCT/U S2008/0751 45 [00356]Step A: A solution of Rla (2.2 g, 8.2 mmol) in
dichloromethane (10 mL) is cooled in an ice/water bath and treated with neat BBr, (9.21 g, 37 mmol)
The reactiof%Q ?&d8874ce bath temperature for 10 minutes and at room t&AQPEFRNEFE4 hour. The
reaction is then poured on to crushed ice and allowed to quenchours. The resulting solid is collected
and dried to afford Rib; ESIMS calcd. for CI9H37NO3S (M+H+) 256.1, found 256.1. [00357]Step B: A
solution of Rib (100 mg, 0.39 mmol) and nitrophenyl chloroformate (87 mg, 0.43 mmol) in acetonitrile

(5 mL) is treated With 2GR D (HO8 MInD 31 Mwihand themidurers sivmnad atikaomrtemperature for 2

hours, then is filtered, concentrated, and gurified on silica gel using a linear gradient of 0 to 100% ethyl

acetate in hexan& b fORP R VESING $a1daU R84 8H31\1207S [M+Hr 421.1, found 421.1.
[00358]Step C: Acudedion of Bigp(tl Mo ool (3b-Beconpeiazion {29 KuH 0184 kyh and
triethylamine (68 pl, Q.50 mmaol) in 1,2-dichloroethane (5 mL) is heated at 50 C fqr. 1 urs. The
mixture is conceﬁﬁ)fgé\‘ge)cﬂr?'1 S AN #i@d’%%r dwﬁé?ﬁg? -fF%&aet?g rg%/ﬁr?ef%ﬁ?s%oﬁﬁmc to
afford RI; 1H-NMRh4@eMblznGRE1B RS (i) SN8HHD, FHH): 5:98 éeirdered. Sz @A (M, 3H),

3.56 (m, 2H), 3.4 6H), 2.75 (s,.3H), 2.70 (m, 3 55 ,1.90 (m, 3H . m, 3H), 1.42
o Eame A S ah B el T o g ST K, dode Rlesied AT
N-((L-(5-Ethylpyriesidine-B-yiiiodridingnghmissaytpdiretergmplthsd SURcRyd) e di: Ay NadRine. Nil /N-4

/ [00359]Step A(fowﬁg%ﬁgg%)(gﬁ‘mlg f.;n@rg)p[inz hy%o(g[? gﬁw@d@%ﬁt%ﬂ%@%) is added to
(1.018 ichlo

a solution of Dess-Martin periodinane (1. g, 2.4 mmol) in anhydrous romethane (10 mL) and

stirred overnight atltobps tendFebatite. 2R dihandihicrdf@thaHe 238t k) ifaddédmntHhe reaction
is filtered through Gelife(slanggaacenated-Cuiifisrtions M@ﬁgﬂggw%ﬁmﬁ@qar gradient of O to
50% ethyl acetate in hexane to affords SU; ESIMS calcd. for CI2H18N30 (M+H+) 220.1, found 220.1.
[00360]Step B: A mixture of Sla (318 mg, 1.5 mmol), tert-butyl 4-(4-

aminophenyl)piperidine-ExapRig\Wd el aethyley clopnopi iy ZsmdilegetddAc), (636 mg, 3 mmol) in
dichloromethane (ethyisaions Fsidinenygphtnexyapetndipiperidinekeashoryitenched with
water (20 mL) and extracted with dichloromethane {:3 x 20 mL), w%shed with water (20 mL), dried
(Na2S04), and concentrated. Purification on silica gel using a '%adient of 0 to 50% ethyl acetate

in hexane to affords Sib; ESIMS calcgy 8 VLN 3, found 480.4. [00361]Step C: A
solution of Sib (600 mg, 1 25 mmoHﬁLMe H (18L) is treated with a4 M solution of HC1 in dioxane
(25 mL, 100 mmol) and stirred at room?emperatureFovernight. The reaction mixture is concentrated,
dioxane (20 mL) added and concentrated again to form the hydrochloride salt of Sic; ESIMS calcd. for
C23H34N5 (M+H+) 380.3, found 380.3/100362]Step D: A cold f0C) miyture of Sic (810 mg, 1 25
mmol) and triethylaming-r 0,92 m%i,_6. m &SCiMIoé'p eo(sf@% theatgd with
methanesulfonyl chloride (O mL, 1 96 mmol) dropwise tirred at room temperature for 3
hours. Additional triethylamine (0.5pp, 3 6 mmol) and methanesulfogyl,chloride (0.076 mL, 0 98
mmol) are added and the reaction is stirred at room temperature for another 30 minutes. The reaction
is quenched with water (20 mL), extracted with dichIoFromethane (3 x 20 mL), washed with water (20
nth), dried over Na2S04, and goncgentrated. Purificagion using mgs triggered reverse phase HPLC
QZ

affords SI; 1H NMR (CDC13, Hz} 88724 405 H), (m, 2H), 4.61 (m, 2H), 3.64
(m, 2H), 2.96 (m, 2H), 2.88 (s, 3H), 2580 (MY4H),\242 (q, J = 7.6 Hz, 2H), 1.84 (m, 5H), 1.60 (m, 2H),
1.12 (m, 5H); ESIMS calcd. for C24H36N502S (M--Ft) 458.3, found 458.3. Example S2:

N-((l-(5-EthyIpyrimidin-2-yl)piperidin-4-yl)rréet Yoy methy1-4-(1-(methylsulfonyl)piperidin-4-yl)aniline.

-S- Step
0-S-NOWND/ Example Ul: R=Ms

[00370] Step A: By following a similar procedure as that used to prepare E3 from
E3a, except substituting P1b for E3a, Ula is prepared; ESIMS calcd. for
C17HBrF>NO; [M+H]": 404.1, found: 404.0.

[00371] Step B: By following a similar procedure as that used to prepare B2 from

B2b, except substituting benzyl azetidin-3-ylcarbamate for benzyl piperazine-1-
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[00363]A solution of Si (46 mg, 0.1 minol) in tetrahydrofuran (1 mL) is added dropwise to an ice-cold
solution of 10% aqueous H2S04 (0.2 mL) and 37% aqueous formaldehyde (0.1 mL, 1.2 mmol) in
tetrahydrofuf4h 3PEH#T4NaB H4 (30 nig, 0.79 minol) is added and the reafdUAMBE I Warmed to
room temperature. After stirring for 30 minutes the reaction is quenched with 0.2 M NaOH (10 mL) and
extracted with ethyl acetate (3 x 15 inL), washed with brine (10 mL), dried over Na2SO4 and
concentrated. The compound is purified using mass-triggered reverse phase HPLC to afford S2;
11-INMR (CDC13, 40 M 216852535t} iZ- 08 £iRe @ik hEBKingdhd i AkB Rhdbr3eaditn, 2H),
3.19 (m, 2H), 2.92 (bs, 3H), 2.88 (s 3I—SI), 2.78 (in @—Iﬁ% 2.42 (q,J =7.6 Hz 2I—§, 1.93 (in, 111), 1.81 (in,
2H), 1.62 (m, aHSOMERH ESINSealsd S rreel 5 Rt 5iMENIShES v 395 3. found 472.3,

Examples TIf andlod3721(4-((19kglaorspyondiding2rympipepididdire as that used to prepare G1 from

Poropyrmitin 20 LhSFRIR Y SRS B GAg 1) L R e ez SBEBAc acid

[00364]Step A: Ta%n dcé-c0ld Huspign<ien af, Nald.4ad20olin)oil 402600 M) 34 r2oraly s afkipdedbDs N,

N-dimethylformarnide L)d dTla ( L,,L.0 é) Q%b tigred.fo inutes.tnder a
nitrogen atmospt%@r%%%rpﬁé %IZI&?%?)Q( ’rgv_v]r?ﬁs%%ti%ﬁ) is§ ﬁérc?é) tgﬁ- '%t%/labqﬂs,z(;-%glc%%%’yﬁ arbamate
(242 mg, 1 mmoB.i N, Mdintettiycihanfide (01D alld2ddd/thd TddlimgBathid terdiduddlafter 15 min.
The reaction mix i ted [ ,;copled 10 r d.qu with
ater (L L. MOr TS A (0 L] e oo B e A IR (3 30
mL), dried over NXREOWZha. dovrbhirated. Purification on silica gel using a linear gradient of 0 to 50%
ethyl acetate in hexane to affords Tlb; 1H-NMR (400MHz, CDC13) 57.38 (m, 2H), 6.93 (m, 2H), 4.26
(m, 2H), 3.82 (s, 3H), 3.19 (m, 2H), 2.08 (d, J = 12.9 Hz, 2H), 1.90 (td, J = 13.0, 4.0 Hz, 2H), 1.48 (s,
9H); ESIMS calcd. for CgrmmeNzosmethxlavglamomy iR stiflwrpdististep B: To a solution of
Tlb (218 mg, 0.69Kthydprapdisdtonamideiaystidindey phenanyimestin Imperidiant693Ehexpates mmol)
and the reaction is stirred for 2 hours at room temperature. The solvent is removed and the residue is
coevaporated with dioxane (10 mL) to afford Tic; ESI ¥1S caled. 13H17N20 (M-kFr) 217.1, found
216.9. [00366]Step C: A cold (ice/watergpatll) 94 ofgTlc fnim%and triethylarnine (385 RL,
2.76 mmol) in dry dichloromethane ( ﬁ%) i$ treated with methanesulfonyl chloride (64 pL, 0.83
mmol) dropwise. The resulting solttion ¢s stirred at roém temperature overnight. The reaction mixture
is added to water (40 mL) and extracted with dichloromethane (3 x 40 mL). The combined organic
layers are dried over Na2S0O4 and concentrated to yield TN; ESIMS calcd. for C141119N203S (M-kW)
295.1, found 295.0. [00367]Step D: A solution of Tld (208 mg, 0.7 mmol) in anhydrous
dichloromethane (3.5 nth) is cooled to -78 C under nitrogen atmosphere and a 1M solution of BBr3

(3.5 mL, 3.5 mmelyif fichlorameshang is,addegd drontise. e [RagH9 RS SUred:RL1aore, temperature

overnight, then cooled to 0 C and quenched with MeOH (2 nth). The reaction mixture is repeatedly
concentrated witB¥vf@ORIRSuGEtRP Y aFtsHemikeiEsida Sos methapss dfesyl shipNdn 33 M+1-) 281.1,

found 281.0. [003agl5tap' :rdMRIXi8oMaL.T e B8 D ddd, fumod HEl AR flugropy Hmidin:g,
yflpiperidin-4-yl)methyl methanesulfonate (202 mg, 0.7 mmol; preparedé%y%followin the procedure for

Q4a except usind%%‘fﬁf@r&%-#ﬁ%r‘b%@ﬁﬁrﬁdﬁes z%ztl%g)el‘égf)r@p%lg?; aHet éf’@éz(lf H)y mmol) in
acetonitrile (10 ngyssdaeated o0 570 1% for4d bauss JEhearerctiam mistare 2$15.anzenkspiad/and
partitioned between water (20.mL) and ethyl acetate, the aqueous phase is extracted with ethyl
Beetate (2.x 20 L) ot Borh el Do Grd wdtFgbi Cee (30 107 chfect Vel NS4 and
concentrated. Puriiesltion, enl 5ibhay geluse lezlipHaroipadient 6f DHo, 60% BVl ficstatefén hexane to
affords T 1 f; 1H- , 8.43 = 0.8 Hz, 2H), 7.46 (m, 2H), 7.00 (in, 2H), 4.61
(in, 2H), 3.87 (d, glzﬁgéﬁélﬁ%g%@“%%f%é%ﬁﬂué%b (i, 5H), 2.92 On, 2H), 2.24 (m, 2H), 2.05 (M, 3H),
1.83 (m, 2H), 1.23 (m, 2H); ESIMS calcd. for C23H29FN503S (M+FE) 474.2, found 474.2.
[00369]Step F: A solutionof TIf(30.mg Ofg%g’]’,cmm ), and KQH_{193,ma, 6qmol) in
2-methoxyethan ;1 .‘5 | %@% ?’ g: Th i ixture is
acidified with 1 N%&%%%ﬂ@s ﬁ?%ex%cteor%/%h t lf%lce atee %55{ (F nlL(g. ‘Iehi;%g[)ﬁn%%&%lcf%rganics
are dried over Na2S04, and concentrated. The residue is purified using mass-triggered reverse phase
H PLC to afford TI; 1H-NMR (400MHz, DMSO-d6) 8 8.42 (d, J = 0.8 Hz, 2H), 7.30 (m, 2H), 6.92 (m,
2H), 4.60 (m, 2H), 3.83 (d, J = 6.4 Hz, 2H), 2.88 (m, 7H), 2.48 (m, 2H), 2.04 (m, 1H), 1.83 (m, 4H),
1.22 (m, 2H). ESIMS calcd. for C23H:0EN405S (M-k1-1+) 4912, found 493.1 Example UL:

1-methylcyclopropyl 442,6-difluoro-4-(3- 198
(methylsulfonamido)azetidinThyl)phenoxy)methyl)piperidine-1-carboxylate.




Step ¢ C LI Ib: R=H Example Ul: R=Ms [00370]Step A: By following a similar procedure as that used to
prepare E3 from E3a. except substituting PIb for E3a, Ula is prepared; ESIMS calcd. for
C17H21BrF2Q3YM#PT4+: 404.1. found: 404.0. [00371]Step B: By followiR§ HEmft405iétedure as
that used to prepare B2 from B2b, except substituting benzyl azetidin-3-ylcarbamate for benzyl
piperazine-1- carboxylate, Ul b is prepared; It is observed that the Cbz group is removed under
reaction conditions; ESIMS calcd. for C20H28E2N3031M+H+1 396.2, found 369.3. [003721Step C: By
following a similar procedure as that used to preparg G1 fr ‘Iﬁl except substituting Ul b for G | a,
U 1 is prepared; IN-NM R (400MHz, CDCZ3) 5. (}J))&_g@ 1485 (d, J=9.4 Hz, 1H), 4.40 (m,
1H), 4.20 (t, J= 7.5 Hz, 2H), 4.29-3&@'§m, ) (d,J=6.0 Hz,%H 3.65 (dd, J=5.3, 8.0 Hz, 2H),
3.00(s, 3H), 2.74 (t, J= 12.4 Hz, 2H), 4.9 (m, 1H), 1:82 (d, J= 13.1 Hz, 2H), 1.54(s, 3H), 1.22 (m, 2H),
0.86(t, J= 6.4 Hz, 2H), 0.62 (t, J= 6.4 Hz, 2H). ESIMS calcd. for C211130F2N3 05S [M4H+] 474.2,
found 474.1. Example U2: 1 -methy Icyclopropy | 4-02,6-difluoro-413-(2-
methylpropylsulfonamido)azetidin-I-yl)phenoxy)methyl)piperidine-I-carboxylate. [003731By following a
similar procedure as that used to prepare Ul from Ule, except substituting isobutanesulfonyl chloride

for methanesulfofggzghioride, 142 ippieRased: 113 MMID 490MIHaGReH3MERe -26u(d 0156 9.6 Hz, 2H),
4.87 (d, J= 9.5 Hz, 1H), 4.40 (m, 1H), 4.20 (t, J= 7.5 Hz, 2H§, 4.29-3.94 (m, 2H). 3.82 (d. J = 4.8 Hz,

m, 1 . o3 |
2H), 3.65 (dd. J:‘Bf?é%l}h%%@[}h%@&ﬂf@%{%H&fﬂéﬁj‘? Foitiddsdyodive (3apte (3186 7 Hz, 1H),
1.920, 1H), 1.83 (b dmdB & bl @it)od.. ShésnBib)e 1s 24 dWedabl)y kil 3166l Y o Gobiil ZnGid)at87 (t. IJ= 6.3
Eiéﬁq';?é 03t r:;@%-tyi”qg'g (;ﬁggg}gg'%yo?f?{' P A e e e b e woaien ra found 916.2.
4-02,6-difluoro-4disH{Nratiydnee tingl thel ko amiid o fahediding hyihpheirdomstbyOpifikecihe-I-carboxylate.
[00374]To a solution of Ul (25 nig,.0.05 mmal) and.iodpmethane (4 0.06.mmol) in dr
N cimethyrormaibaied 58 P e T I e delle AR 1 The
mixture is alloweaffordvedm SIDWAR tHOOMH 2GR SratuTd Antl Stiretltm Addiichainl Hour.Ghe. mixture is

partitioned betwegn yajer and dishlowrnethanes apdiihg organics washedwith prines drid over

MgSO4, filtered, evaporated and purified on silica gel using 0-50% ethyl acetate in dichloromethane to

afford U3; 11-1-NMRI200MHD; EBTE) 313.87¢dmi21y).61 ¥z () HA. 2 B3nel, 11) ! 0B, 235.7.8 Hz, 2H),

4.29-3.95 (in, 2H), 53,88 4dq. Joa B0 0PeP b6 aH) =381l 055, 9.82HZ. /203349 749). 3 B3 (S, 3H),
2.74 (in, 2H), 1.91 (in, 1H), 1.83 (d, J="13.4 Hz, 2H), 1.54 (s, 3H), 1.24 (m, 2H), 0.86(t, J= 6.3 Hz, 2H),

0.62(t, J= 6.3 Hz¢3feh. ferimad RO DI HU IBE2NS0BEA#H+] 488.2, found 488.2. Example U4:

1-methyleyclopropyl
444-(3-(N,2-dimethylpro ylsuIfonamido)azetidi%z%%-Z 6-diﬂuorophenoxy)methyl,liiﬁ)eridjn,e-I-earboxyIa

te. [00375]ByFABRING Y dimstesdenraryAd N memdprepyiifa ashidiRuting U2 for

Ul, U2 is prepgne2is difludidph A0t h@Riped)dine. D6éstbaxyaieHz, 2H), 4.77 (m, 1H), 4.04(t, J= 7.9
Hz, 2H), 4.25-3.96 (in, 2H), 3.87 (dd, J=5.6. 7.8 Hz, 2H), 3.81 (d, J= 6.3 Hz, 2H), 2.97 (s, 3H), 2.77 (d,
J=6.7 Hz, 2H), 2.74 (m, 2H). 2.24 (septet, J= 6.6 Hz, AH), 1.94(m, tH), 1.83 (d. J= 13.3 Hz. 2H),

1.54(s. 3H), \ N J%
N N O O
S;<>
o]

[00375] By following a similar procedure as that used to prepare U3 from Ul,
except substituting U2 for U1, U2 is prepared; 'H-NMR (400MHz, CDCl3) 8 5.96 (d, J =
9.7 Hz, 2H), 4.77 (m, 1H), 4.04 (t, J = 7.9 Hz, 2H), 4.25-3.96 (m, 2H), 3.87 (dd, J = 5.6,
7.8 Hz, 2H), 3.81 (d, J = 6.3 Hz, 2H), 2.97 (s, 3H), 2.77 (d, J = 6.7 Hz, 2H), 2.74 (m,
2H), 2.24 (septet, J = 6.6 Hz, 1H), 1.91 (m, 1H), 1.83 (d, /= 13.3 Hz, 2H), 1.54 (s, 3H),
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1.24 (m, 2H), 1.11 (d, J= 6.5 Hz, 6H), 0.86(t, J= 6.3 Hz, 2H), 0.61 (t, J= 6.3 Hz, 2H). ESIMS calcd. for
C251-138E2N305S [M+H] 530.3, found 530.2. Example US: 1-Methylcyclopropyl
4-45-(3-(meY)I12NgRE o) azetidin-1- yl)py razin-2-y loxy )methy Opiperidt GEUB28B5N )Y ate.

By following a similar procedure as that used to prepare MI from Mla, except substituting benzyl
azetidin-3-ylcarbamate for benzyl piperazine-I-carboxylate in step A and methanesulfonyl chloride for
methyl 3-(chlorosulfonyl)propanoate in step d, US is prepared; -EH NMR (400 MHz, CDC13) 8 7.72
(d, | = 1.4 Hz, 1H)27 24t F11-iHz= 44, 6R)(@.sb7: 92 k92 b e, ¥ 4.8, tmy 2H). 3.97
(d, J=6.4 Hz. 2H). 3.75 (in, 2H), 3.27 (s, 3H), 2.65 (m, 2H), 1.85 (In. 1H), 1.70 (In. 2H). 1.46 (s. 3H).
1.17 (m, 3H), 0. 7SI Ssaledo T GentTnEaN s i ﬁ?ro(ﬁfl-fRT-‘f)é%?L‘QHONSOSS calcd: 440.2, found:
440.2. Example U6: 1-Methylcyclopropyl 44(2,6-difluoro-4-(4- (methylsulfonyl)-2- oxopiperazin- 1
-yl)phenoxy) mettiy Aiprriskner MansicriHRo R i-h8l M\ AéhHuEnathido)azdditiowing a similar
procedure as that used to pre ar% 02 from,B4b ,exc?gt substituting PIb for B4b, U6 is prepared,;
1H-NMR (400MHYP3idEps? %E’??.‘?%‘W?Q‘Pﬁ?‘%ﬁ"(' ARG R®7 (. 2H), 3.53 (m, 2H), 3.05 (s, 3H),
2.75 (m. 2H), 1.88 (m. 2H), 1.74 (in, 2H), 1.46 (s, 3H), 1.14 (na, 2H), 0.76 (in, 2H), 0.59 (in, 2H);
ESIMS calcd. for C22H30E2N306SJN;+H] 502.2. found 502.2. Example Vi:

8-01-(5-Ethylpyrimidin-2-yEpiperidin®4-yl)methoxy)2-
(methylsulfonyl)-l,2,3,4-tetrahydropx;ﬁ\ai¢g§[E—2%‘]ei;%de : MA suspension of Via (2.26 g,
11.8 mmol) in methanol (20 mL) is treated with thidhyl chiokide fQ mL, 13.8 mmol) dropwise, with
stirring. The resulting mixture is stirred at room temperature Tor 18H; and then concentrated to
dryness. The resulting solid is triturated with 1:1 water/aqueous saturated sodiumhydrogencarbonate,
filtered, washed with waterPa 1gr‘i)veld tg Sagn orl\/rlbc' 1'I|r I\Alg/ltlﬁaétgl\élétco)d gp%@} I\gH : 311.80 (s, 1H),
7.37 (d, J= 8.9 Hz, 1H), 7.1 (4 2 B& HINTT proFenuueyabised 1o giepais M G M4 8.9 1z,
1H), 3.86 (s, 3H)¢3:6 (sbiiEIME larritifof-TrrFb e B lvenaw paeG 2infolnsdrbgelate in - Step
B: A solution of o146 A 51 U NN SIHACEIAMIAR (RE 1k pdieaieh wilp gowdlered

cesium carbonate% .31 ¢, 16.3 rnmo%and chloroacetonitrile (0.90 mL, 14 3 mmol) and the mixture is
stirred at 65 C foP2ésmetREdiodhing1B (MEmSStar8 dilltith Lith &5 dbetatd, Ghdshihg with
water (2x), saturafed AUETRIE ANNYaNILN 1m!mwﬁ(ﬁnd}t|)timgsdlfﬂjag{p\zm\é@,aml. filiration ar?d
concentration yie salid. resjdue.i rified on silica sing 5-30% ethy tate in hexanes
to afford Vie: I I-I ﬂ?ﬁ"(%%ég’, %oﬁsﬁﬁﬁ’ g%??%,gﬁﬂi HY ﬁlif’%ﬂ)?g.édég,( gi.f)olrﬂ; 1H), 7.12

(m, 2H), 5.59 (s, @1,-18) 3095 (8,2H), 8.87((s, 3H) ESBIY S6 dted MeHT I3EIZNZDS (MeEEY®25.1, found

245.0. Step G: V) R%Ig prepared from Vie according to the literature procedure described in
Bioorg. Med. Chem. Lett 2002, 12, 155-158; ESNS calcd. for C1211156120 (M+H+) 203.1, found
203.1. Step D: To a solution of VI d (0.58 g, 2.5 num') in dichloromethane (15 niL) is added

triethylarnine (O.ZEggiIm[ﬁerW@:oIi_M&ﬂ%%Q,uiggpo&g,\e“[Rggggmﬂl{p%t_g[@ﬂmﬂgqg]ﬂpoﬂp,j_cg/water bathand

methanesulfonyl chloride (0.25 aa4, 3.2 rnmol) i1s added dropwise, with stin-ing, over 5 minutes. The
bath is removed S¥PiRerpgdukivhrisneronmedtbeiparifbaen earbRyRite for 30 minutes. The reaction
mixture is added to water (40 mL) and extracted with dichlorornethane (2 x 40 mL). The combined
organic extracts are washed with saturated aqueousFammonium chloride solution, dried over MgS04,

and concentrated to yield Vie; ESIMS ca)nd\ for C131-112N203S (M+FKE) 281.1, found 281.2.
Step E: A solution of Vie (0.60 g, 2-smmol) it @ ometh (1 is treated with neat boron
tribromide (0.8 mL, 8.3 mrnol) at root te\m*p(era S Th%olu ion is stirred at room

temperature for 30 minutes. The reaction mikture is arefullyadded*o methanol (50 niL), treated with
solid Na2CO2 (0.4 g), filtered and concentrated to dryness. The crude Vii is used as such in the next
step; ES IMS calcd. for CI2§-| 203S (M+EE) 267.1, found 267.1. S : lution of Vii and
Qb (0.03 0, 0.1 mmol in 1Y BLCTRRA LD B W S Bt TR ot oo 0.1 o,
0.3 mmol) and thebwidtire: iRldtifoe B4, 15 G foeRdedoliSNMRraioNEhd MVSS-ditetteeBreverse phase

HPLC purificatio Qﬁi?@@(&%@ﬁ%ﬂ?&@ :j?szf‘('fl} 22%][3'59@58@'\415552)7%7(911221@” 5;? £f0- }Hﬁé

following a similar procedure for preparing VI from VI f except substituting

appropriate mesyldte(for2bab tHe(foiblihd £ompBBUIZc8. Bléh Arad{ E)dmdiSIMS calcd. for
C22H30F2N3068 [1\/I+H]+ 5022, found 502.2.
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Structure Analytical data '11NMR (C'DC13, 400.13 MHz):87.17 (d,/=8.8 H7, 1H), 7.03 (d. J=
2.3 Hz, 111). 6.85(dd, J=2.3,8.8 112, 111), 6.24 (d. 1= 0.7 Hz, 1H), 4.67 (s, 2H), 4.16 (br, 2H),
4.15 (.. V2 NKOR099/938974 PCT/US2008/075145

Example V1: 8-((1-(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy)-2-
(methylsulfonyl)-1,2,3,4-tetrahydropyrazino[ 1,2-alindole.

//\ N /\C\N N
Ms X o \« )\/
N
-0 A StepA ~© A Step B
coH —= CO,CH, —
N N
H H
Vla

Vi1b
/Omcozcm ep L HN/\\N Step 2
N \
(S o~
Vi Vid
L I
O OH
Ve Vif
N
Step F M=y - o N’Q%
N N

Example V1

Step A: A suspension of V1a (2.26 g, 11.8 mmol) in methanol (20 mL) is
treated with thionyl chloride (1.0 mL, 13.8 mmol) dropwise, with stirring. The resulting
mixture is stirred at room temperature for 18h, and then concentrated to dryness. The
resulting solid is triturated with 1:1 water/aqueous saturated sodiumhydrogencarbonate,
filtered, washed with water and dried to afford V1b; '"H NMR (DMSO-dg, 400.13 MHz):

0 11.80 (s, 1H), 7.37 (d, J=8.9 Hz, 1H), 7.11 (d, J = 2.2 Hz, 1H), 7.06 (d, J = 2.2 Hz,
1H), 6.92 (dd, J = 2.4, 8.9 Hz, 1H), 3.86 (s, 3H), 3.76 (s, 3H); ESIMS calcd. for
C11HuNO; (M+H™) 206.1, found 206.1.
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0 J= 5.4 Hz, 2H), 3.84 (in, 4H), 2.87 (s, 311), 2.76 (t, J=12.2 0 Hz, 2H), 1.98 (m, 1H), 1.85 (1., J=
12.6 Hz, 2H), 1.47 (s, 911), 1.28 (ddd, J= 4.7, 12.4, 12.4 Hz, 2H); ESIMS calcd. for C.231134N305S
(M+11+) MEA299858T464.1. V3 ms-N ill 0 ESIMS calcd. for C231132NREEUSABI75U62.2, ©
found 462.2.

Step B: A solution of V1b (1.86 g, 9.1 mmol) is in N,N-dimethylacetamide
(25 mL) is treated with powdered cesium carbonate (5.31 g, 16.3 mmol) and
chloroacetonitrile (0.90 mL, 14.3 mmol) and the mixture is stirred at 65 °C for 18 hours.
Cooling to room temperature, dilution with ethyl acetate, washing with water (2x),
saturated aqueous ammonium chloride and brine, drying over Na,;SQy, filtration and
concentration yields a solid. The residue is purified on silica gel using 5-30% ethyl
acetate in hexanes to afford Vle; '"H NMR (CDCls, 400.13 MHz): §7.33 (d, J=8.9 Hz,
1H), 7.30 (d, /= 1.0 Hz, 1H), 7.12 (m, 2H), 5.59 (s, 2H), 3.95 (s, 3H), 3.87 (s, 3H);
ESIMS calcd. for C13H;3N,03 (M+H™) 245.1, found 245.0.

Step C: V1d is prepared from V1e¢ according to the literature procedure
described in Bioorg. Med. Chem. Lett. 2002, 12, 155-158; ESIMS calcd. for C1,H;5N>O
(M+H") 203.1, found 203.1.

Step D: To a solution of V1d (0.58 g, 2.5 mmol) in dichloromethane (15 mL)
is added triethylamine (0.7 mL, 5 mmol) in one portion. The resulting mixture is cooled
in an ice/water bathand methanesulfonyl chloride (0.25 mL, 3.2 mmol) is added
dropwise, with stirring, over 5 minutes. The bath is removed and the resulting solution is
stirred at room temperature for 30 minutes. The reaction mixture is added to water (40
mL) and extracted with dichloromethane (2 x 40 mL). The combined organic extracts
are washed with saturated aqueous ammonium chloride solution, dried over MgSQO,, and
concentrated to yield Vle; ESIMS calcd. for Cy3H17N>03S (M+H") 281.1, found 281.2.

Step E: A solution of Vle (0.60 g, 2.1 mmol) in dichloromethane (15 mL) is
treated with neat boron tribromide (0.8 mL, 8.3 mmol) at room temperature. The
resulting solution is stirred at room temperature for 30 minutes. The reaction mixture is
carefully added to methanol (50 mL), treated with solid Na,CO; (0.4 g), filtered and
concentrated to dryness. The crude V1f is used as such in the next step; ESIMS calcd.
for C1pH1sN,03S (M+H™) 267.1, found 267.1.

Step F: A solution of V1f and Q4b (0.03 g, 0.1 mmol) in dry acetonitrile (2
mL) is treated with powdered cesium carbonate (0.1 g, 0.3 mmol) and the mixture is
stirred at 75 °C for 24 hours. Filtration and mass directed reverse phase HPLC

purification yields V1; ESIMS calcd. for Cp4H3,N503S (M+H") 470.2, found 470.1.
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Example V4: 741-(5-Ethylpyrimidin-2-yl)piperidin-4-y1)methoxy)-2-
(methylsulfony1)-1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridine. V4aV 4b  V4cV4d V4eV4fVag
Example VAVO 20848388747 suspension of V4a (3.99 g 19 4 mmol) is in dichfsr&HetiE B9 mL) is
treated with oxalyl chloride (1.8 mL, 21.3 mmol) slowly, with stirring, followed by dimethylfonnamide
(0.01 mL) The resulting mixture is stirred at room temperature for 1 hour, and then concentrated to
dryness to yield V4b; 11-1 NMR (CDC13, 400.13 MHz): 87.58 (t, J= 1.0 Hz, 1H), 7.37 (d, J= 8.6 Hz,
1H), 7.03 (d, J= 2.2 Hz, 1H)y o3 \(elth J5irRiiRr Brbobtford hDiih-2e (Shed Fob St N1 38 (G18H).

Step B: A solution of V4b (19.4 mmol) in dichloromethane (100 mL) is treated with ammonia gas by
slow bubbling thiSSgh tHEEfHHiRg B ARRSIPFEY SR iedor AR dhe foHE dne SemeRngs Erred in a closed
flask for 2 hours.plfRrgisulting suspension is filtered, the collected solids are washed with more
dichloromethane and air dried to yield V4c;NMR (CDC13, 400.13 MHz): 37.52 (t, J = 0.7 Hz, 1H), 7.43
(d, J = 8.6 Hz1H), 7.03(d J=2.2 Hz 1H), .92 (dd, J=2.2 8.6 Hz 1H) 5.61 (s 1H) 545 (s, 1H),
3.86 (s, 3H),|3G3ngle)+ 0.7 Hz, 2H); ESIStEucaied. for C1al2NO3 (M+HAna0gidalfaaead 206.1.

Step C: A solution of Vde (2.79 g, 13.6 mmol) in dry terrahydrofuran (E00midnsiireated with borane
solution in tefrahydrofuran (1.0 N; 50 mL, 50 mmol) and the resulting™MBtutidn i$dstin@8 liln a closed
flask overnight. The reaction mixture is carefully, treated with methanBp %dq%ﬁ_tj anhd'Coltentrated to
dryness. The residue is purified by silica gel chromatography using a :@q@’r}g@;@m f 20t0 100%

ethyl acetatd in hexanes to afford-\(4d; JH NMR (CRC13, 400.13 MHz)2187246 (s, 1), 1£.388(d, J= 8.6
Hz, 1H), 7.02(d, 4 2.2|Hz, 1 Hj, 6. =022€§;Hz, @%%.85{5,53&% 3163 ¢hrmstiRH), 3.14 (tt,
J=6.4, 6.8 Hz, 2H), 3.02(t, J= 6.4 HX ESIMS dj%rc MI."O?(ZM%?@?’.{?]F@S%C 192.1.
Step D: V4e |acetic acid salt is prepared from V4d according to the pr@@ezggrg}ggﬁ%ﬁﬁgﬁsm
W02000/020421, p. 15} .1H NMR (CDC13, 400.13 MHz): 37.30 (d, J5:8.pdlzadH). £;:99 4d, U= 2.2 Hz,
1H), 6.86 (dd, J= 2.2, 8.5 Hz, 1H), 3.88 (br. s, 2H), 3.85 (s, 3H), 3.06 (1 4J&.518; BEMBHI2.8% (M, 2H),

2.72(m, 1H);|ESIMS cdlcd. for C12E114NO2 (WM+) 204.1, found 20401 C:HNGEEMEHA solution of Ve
acetlc aCld S I+ /o_‘l O NN 7 mMmmal) in dic!ﬂlcrornmfhana (5 ni IS tran é&“’t\%ﬂip\um:&m?}!an‘nne { 2 mL’ 1.4

1)
LATL LU U, A\ ELLLLLRA"] LLAYA1RIZ1 DAY J IIII_/ o Tt viarroaireut T

N \
mmol) and ripethanesulfonic ar ydri@l 86 mime the m 8¢ t&@‘e . at room
temperature|for 1' Rour,| WaShinguwiti was cﬁjying r MgS and?%%%%?a ion flﬁe%%s VAL, .1H
NMR (CDC13;466-13-MHz):-37#29(d, 3=8:5Hz,1H); 6:98(d, I=2:2 Hz, 1H); 6:84(dd; 3= 2.2, 8.5
Hz, 1H), 3.84 (s, 3H), 2.77 (n, 2H), 2.73 (n, 2H), 2.54(s, 3H); ESIMS calcd. for C131-116NO4S (WW)
282.1, found 282.0. Step F: A solution of V41 (0.15 g, 0.5 mime in dichloromethane (5 mL) is
treated with neat boron tribromide (0.2 niL, 2.1 mmol) at room temperature. The resulting solution is

stirred at room tempef@¥amPieVdo miklissEtyipratmitin-fpinieeddn A pethasr 4 methanol (50
mL), treated with #QlighikaRH 92 Deéth-il{aredenrsrarieeitiplgshinedryness to afford V4g; ESIMS
calcd. for C12EI14N04S (M+H+) 268.1, found 268.1. Step G: A solution of V4g and Q4b (0.03 g,
0.1 mmol) in dry acetonitrile (2 mL) is treated with powdered cesium carbonate (0.08 g, 0.2 rnmol) and

the mixture is stirred at 75 C for 24 hours, F#tcation and di/rgct LC purification yields V4;
ESIMS calcd. for C241-132N404 VN H-+)\4 @ g@ =Example V5: 7-(1-(5-Ethy Ipy
rimidin-2-yl)piperidin-4-yloxy)-2- (methytsdlfonyt)-1,2,3,4-tetrahydrobenzofuro[2,3-c]py ridine. By

following a similar procedure as the one used for preparing V4 from V4g except substituting
1-(5-ethylpyrimidin-2-yl)piperidin-4-y1 methanesulfonate for Q4b the V5 is prepared: ESIMS calcd. for
C23FLIN404S (M+H+) 457.2, found 457.1.

N
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Biological Assays Generation of Stable Cell Line [00376]FIp-In-CHO cells (Invitrogen, Cat.# R758-07)
are maintained in Ham's F12 medium supplemented with 10% fetal bovine serum, 1% antibiotic
mixture and¥IWYe8amine. The cells are transfected with a DNA mixtur®ebt2ahtdg Ritian
GPR119 (11GPR119) or mouse GPR119 (mMGPR119) in the pcDNA5/FRT vector (Invitrogen) and the
p0G44 vector (Invitrogen) in a 1:9 ratio using Fugene6 (Roche), according to the manufacturer's
instructions. After 48 hours, the medium is changed to medium supplemented with 400 tig/mL
hygromycin B to initiate the selectioryof-8tbly transfected cells/Th&Yesultant cell lines are designated
CHO0-11GPR119 and CHO-nm:g respedtivaly. Cych Assay§%$PB377]To test tile activity of
compounds of the inventiQn GPR119, CHO- cells are harvested and
resuspended at 300,000 c8lis/mL in assay media (Ha?n's F12 medium plus 3% lipid-depleted fetal
bovine serum, 1 m1\4 3-isobutyfi4a-methyl-xanthine (IBM>XyurCells (5 (d) are placed in each well of a
white 1536-well plate. A compound of the invention (50 ilL) diluted in 100% dimethyl sulfoxide

diluted anti-cAMP-Cryptate,;He is covered andpgeubatettdor one hour at room temperature,
then read on an Envision plate reader (Perkin Elmer) using the 14TRF method with excitation at 337
nm, and emissions measured at $20 nm and 655 nm. [00378YA8tivity of compounds of the invention
on mouse GPR 119 is measured by a similallvr[smethod in 384-well plates. Cl140-mGPRII9 cells are
harvested and resuspendedPin assaygpegia at §00,608 cells/gyl, pO nINCe laced in each well of
a white 384-well plate Nnd ogrﬁe inventign @ dituted in is added to each
well and the plates are incubates at%?C for 30 minutest-cA Mlg\concentrations measured as above
except that 20 nE of diluted cAMP-XL665 followed by 20 nL diluted anti-cAMPCryptate is added to
each well. [00379]CompouY|‘H’s of the invention, in fr torm or in pharmaceUt‘i‘(,gally acceptable salt
form, produced a concentration-dependent increase in intracellular cAMP level. Compounds of the
invention show an EC50 of betwggit 1x10-5 X 1Q-1M, pref bIﬁ%SOOnM, more
preferably less than 100nM. The Toffowiagnabl @ ﬁqn/@ le of EC50 measurements
for compounds of the invention whereby +, “k-k represent EC50 ranges of >800nM,

200-800nM and <200nM, respectively: Compound SEHQL%% vaC50 Activity A3 8-t-N /ilk 0/----res--\.(-<
0+ .)C/-V\

Step A: A suspension of V4a (3.99 g, 19.4 mmol) is in dichloromethane (50 mL)
is treated with oxalyl chloride (1.8 mL, 21.3 mmol) slowly, with stirring, followed by
dimethylformamide (0.01 mL). The resulting mixture is stirred at room temperature for 1
hour, and then concentrated to dryness to yield V4b; "H NMR (CDCls, 400.13 MHz): §7.58
(t, J=1.0Hz, 1H), 7.37 (d, J = 8.6 Hz, 1H), 7.03 (d, /=2.2 Hz, 1H), 6.92 (dd, J=2.2, 8.6
Hz, 1H), 4.21 (d, J= 1.0 Hz, 2H), 3.84 (s, 3H).

Step B: A solution of V4b (19.4 mmol) in dichloromethane (100 mL) is treated
with ammonia gas by slow bubbling through the stirring solution for 5 minutes. The
resulting suspension is stirred in a closed flask for 2 hours. The resulting suspension is
filtered, the collected solids are washed with more dichloromethane and air dried to yield
Vde; "H NMR (CDCls, 400.13 MHz): §7.52 (t, J = 0.7 Hz, 1H), 7.43 (d, J = 8.6 Hz, 1H),
7.03 (d, J=2.2 Hz, 1H), 6.92 (dd, J =2.2, 8.6 Hz, 1H), 5.61 (s, 1H), 5.45 (s, 1H), 3.86 (s,
3H), 3.63 (d, J = 0.7 Hz, 2H); ESIMS calcd. for C;;H;,NO; (M+H") 206.1, found 206.1.
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Step C: A solution of V4¢ (2.79 g, 13.6 mmol) in dry tetrahydrofuran (100 mL) is
treated with borane solution in tetrahydrofuran (1.0 N; 50 mL, 50 mmol) and the resulting
solution is stirred in a closed flask overnight. The reaction mixture is carefully treated with
methanol (50 mL) and concentrated to dryness. The residue is purified by silica gel
chromatography using a linear gradient of 20 to 100% ethyl acetate in hexanes to afford
V4d; 'H NMR (CDCls, 400.13 MHz): 87.46 (s, 1H), 7.38 (d, J = 8.6 Hz, 1H), 7.02 (d, J =
2.2 Hz, 1H), 6.90 (dd, J = 2.2, 8.6 Hz, 1H), 3.85 (s, 3H), 3.63 (br. s, 2H), 3.14 (tt, /= 6.4, 6.8
Hz, 2H), 3.02 (t, J = 6.4 Hz, 2H); ESIMS calcd. for C;;HsNO, (M+H™) 192.1, found 192.1.

Step D: Vde acetic acid salt is prepared from V4d according to the procedure
described in W02000/020421, p. 15; '"H NMR (CDCls, 400.13 MHz): §7.30 (d, J = 8.5 Hz,
1H), 6.99 (d, /= 2.2 Hz, 1H), 6.86 (dd, J =2.2, 8.5 Hz, 1H), 3.88 (br. s, 2H), 3.85 (s, 3H),
3.06 (t, J = 5.8 Hz, 2H), 2.85 (m, 2H), 2.72 (m, 1H); ESIMS calcd. for C1,H14NO, (M+H™)
204.1, found 204.1.

Step E: A solution of V4e acetic acid salt (0.18 g, 0.7 mmol) in dichloromethane
(5 mL) is treated with triethylamine (0.2 mL, 1.4 mmol) and methanesulfonic anhydride
(0.15 g, 0.86 mmol) and the mixture is stirred at room temperature for 1 hour. Washing with
water, drying over MgSQO, and concentration yields V4f; "H NMR (CDCl3, 400.13 MHz): §
7.29 (d, J=8.5Hz, 1H), 6.98 (d, J=2.2 Hz, 1H), 6.84 (dd, /= 2.2, 8.5 Hz, 1H), 3.84 (s,
3H), 2.77 (m, 2H), 2.73 (m, 2H), 2.54 (s, 3H); ESIMS calcd. for C13H;sNO4S (M+H") 282.1,
found 282.0.

Step F: A solution of V4f (0.15 g, 0.5 mmol) in dichloromethane (5 mL) is treated
with neat boron tribromide (0.2 mL, 2.1 mmol) at room temperature. The resulting solution
is stirred at room temperature for 30 minutes. The reaction mixture is carefully added to
methanol (50 mL), treated with solid Na,COj; (0.4 g), filtered and concentrated to dryness to
afford Vdg; ESIMS calcd. for C1,H14NO,4S (M+H") 268.1, found 268.1.

Step G: A solution of V4g and Q4b (0.03 g, 0.1 mmol) in dry acetonitrile (2 mL)
is treated with powdered cesium carbonate (0.08 g, 0.2 mmol) and the mixture is stirred at 75
°C for 24 hours. Filtration and mass directed HPLC purification yields V4; ESIMS calcd.
for Co4H31N404S (M+H™) 471.2, found 471.2.
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Example V5: 7-(1-(5-Ethylpyrimidin-2-yl)piperidin-4-yloxy)-2-
(methylsulfonyl)-1,2,3,4-tetrahydrobenzofuro[2,3-c]pyridine.

o
MS\N\j_O/O
oy
vy

By following a similar procedure as the one used for preparing V4 from V4g
except substituting 1-(5-ethylpyrimidin-2-yl)piperidin-4-yl methanesulfonate for Q4b the V5§
is prepared; ESIMS calcd. for Co3H20N404S (M+H™) 457.2, found 457.1.

Biological Assays
Generation of Stable Cell Line
[00376] Flp-In-CHO cells (Invitrogen, Cat.# R758-07) are maintained in Ham’s F12
medium supplemented with 10% fetal bovine serum, 1% antibiotic mixture and 2 mM L-
glutamine. The cells are transfected with a DNA mixture containing human GPR119
(hGPR119) or mouse GPR119 (mGPR119) in the pcDNAS/FRT vector (Invitrogen) and the
pOG44 vector (Invitrogen) in a 1:9 ratio using Fugene6 (Roche), according to the
manufacturer’s instructions. After 48 hours, the medium is changed to medium supplemented
with 400 pg/mL hygromycin B to initiate the selection of stably transfected cells. The
resultant cell lines are designated CHO-hGPR 119 and CHO-mGPR119 respectively.

Cyclic AMP Assays

[00377] To test the activity of compounds of the invention on human GPR119, CHO-
hGPR119 cells are harvested and resuspended at 300,000 cells/mL in assay media (Ham’s
F12 medium plus 3% lipid-depleted fetal bovine serum, 1 mM 3-isobutyl-1-methyl-xanthine
(IBMX)). Cells (5 ul) are placed in each well of a white 1536-well plate. A compound of
the invention (50 nL) diluted in 100% dimethyl sulfoxide (DMSO) is added to each well and

the plates are incubated at 37°C for 30 minutes. cAMP concentrations are then measured
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using the cAMP dynamic 2 kit (Cisbio Bioassays) according to the manufacturer’s
instructions. 2.5 pL of diluted cAMP-XL665 is added to each well, followed by 2.5 uL.
diluted anti-cAMP-Cryptate. The plate is covered and incubated for one hour at room
temperature, then read on an Envision plate reader (Perkin Elmer) using the HTRF method
with excitation at 337 nm, and emissions measured at 620 nm and 655 nm.

[00378] Activity of compounds of the invention on mouse GPR119 is measured by a
similar method in 384-well plates. CHO-mGPR119 cells are harvested and resuspended in
assay media at 500,000 cells/mL. 50 pl cells are placed in each well of a white 384-well
plate. A compound of the invention (500 nL) diluted in 100% DMSO is added to each well
and the plates are incubated at 37°C for 30 minutes. cAMP concentrations are measured as
above except that 20 uL of diluted cAMP-XL665 followed by 20 pL diluted anti-cAMP-
Cryptate is added to each well.

[00379] Compounds of the invention, in free form or in pharmaceutically
acceptable salt form, produced a concentration-dependent increase in intracellular cAMP
level. Compounds of the invention show an ECsg of between 1x107 and 1x 10'10M,
preferably less than 500nM, more preferably less than 100nM. The following table
shows a non-limiting sample of ECsy, measurements for compounds of the invention
whereby +, ++ and +++ represent ECsy ranges of >800nM, 200-800nM and <200nM,

respectively:

Compound Structure ECsy Activity

» /g3 N\/:/\N\Q\O /\/\C\N\\S)O\( +

MeO,SN  N— )—0 0
O, |
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GLUTag GLP-1 assay

[00380] The effect of compounds of the invention on GLP-1 secretion can be studied
in GLUTag cells (a mouse entereoendocrine cell line that secretes GLP-1). GLUTag cells are
plated in poly-D-lysine-coated 96-well plates on day one in complete medium (DMEM/10%
FBS). On day two, the culture medium is replaced with a low glucose medium (DMEM/5.5
mM glucose/10% FBS). One day three, cells are washed twice and pre-incubated in glucose
free EBSS buffer (100 mM NaCl, 5 mM KCI, 0.8 mM MgSO,-7H,0, 1.65 mM
NaH,P0,-2H,0, 26 mM NaHCO,, 1.6 mM CaCl,, 0.1% fatty acid-free bovine serum
albumin, pH 7.35) for two hours at 37 °C with 5% CO,. After this pre-incubation period, the
cells are washed again with glucose free EBSS buffer, and then stimulated with a compound
of the invention at various concentrations in EBSS buffer plus 10 mM glucose and a DPP-4
inhibitor at 37 °C in the presence of 5% CO,. At the end of the incubation, the supernatants
are then collected and transferred to a HEK293 cell line that over expresses human GLP-1
receptor and a CRE-luciferase reporter construct. The CRE-luciferase construct expresses
luciferase gene under the control of a cAMP response element (CRE). GLP-1-stimulated
GLP-1 receptor leads to cAMP production, which in turn, up regulates luciferase expression.
The HEK293-GLP-1R reporter cells are plated the night before in white 384-well plates.
After incubation with the supernatants from GLUTag cells treated with a compound of the

invention, the HEK293-GLP-1R reporter cells are incubated at 37 °C in the presence of 5%
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CO, for 18 hours. Luciferase produced from the treatment is measured by the addition of
Steady-Glo reagent (Promega, Cat. # E2550). The ECs values are calculated with nonlinear

regression using Graphpad Prism.

HIT-T1S5 insulin assay

[00381] The effect of GPR119 agonist on insulin secretion is studied in HIT-T15 cells
(a hamster beta cell line that secrets insulin). HIT-T15 cells are obtained from ATCC and are
cultured in Ham’s F12 Kaighn’s medium plus 10% horse serum and 2.5% fetal bovine
serum. On day one, HIT-T15 cells are plated in 96-well plates and cultured for 24 hours and
then the medium is replaced with a low-glucose medium (RPMI 1640 medium supplemented
with 10% horse serum, 2.5% fetal bovine serum and 3.0 mM D-(+)-glucose). On day three,
the cells are washed twice and then pre-incubated with glucose-free Krebs—Ringer
bicarbonate buffer (KRBB) that contains 119 mM NaCl, 4.74 mM KCl1, 2.54 mM CaCl,,
1.19 mM KH,POq, 1.19 mM MgCl,, 25 mM NaHCO;, 10 mM HEPES and 0.1% fatty-acid-
free bovine serum albumin at pH 7.4. One hour later, the cells are washed again for three
times and incubated with a compound of the invention in KRBB plus 16.5 mM glucose for 3
hours at 37 °C. After a 5 minute centrifugation at 1,000 rpm, supernatant is removed from
each well and transferred into a separate plate for insulin measurement following the
instructions for Cisbio insulin HTRF assay kit (Cisbio, Cat. # 62INSPEC). The ECs, values

are calculated with nonlinear regression using Graphpad Prism.

GLP-1 Assav
[00382] Adult male wild-type C57BL/6J mice (age 9 weeks, JAX) are used as the

experimental animals. In all experiments, mice are housed in a 12 hour light/dark cycle
facility (light on from 5:00 a.m. to 5:00 p.m) and have access to food (Purina 5001) and
water ad libitum. Mice (8 per group) are randomized into treatment groups based on their
initial body weight. They are orally dosed with vehicle, DPP4 inhibitor alone, or DPP4
inhibitor and a compound of the invention, in a single dose. A glucose bolus (2 g/kg) is
delivered sixty minutes post dosing. A sample is collected 2 minutes post glucose bolus.
[00383] Plasma active GLP-1 is measured in C57BL/6 mice following a single oral

administration of increasing doses of a compound of the invention (3, 10 and 30 mg/kg).
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Animals are fasted for 16 hours prior to compound administration. Oral doses are
administered at approximately 10:00 am in a 75%PEG300:25%D5W suspension. Blood is
obtained (via retro-orbital bleeding) to measure plasma levels of active GLP-1.
Approximately 200 pL samples of blood are removed for analysis at 62 minutes post dosing
(2 minutes post glucose bolus). All data are expressed as the mean + SEM for each
experimental group of mice. Statistical analysis of data is performed using a one-way
ANOVA with a Bonferroni's Multiple Comparison Post Test (GraphPad Prism 4.02).
[00384] Treatment of mice with increasing doses of a compound of the invention (in
combination with a DPP4 inhibitor) results in increasing levels of plasma active GLP-1. The
magnitude of GLP-1 increase observed in the 10 mg/kg group demonstrate that some
compounds of the invention can increase circulating levels of active GLP-1 by about 2.2X

fold relative to the effect with a DPP4 inhibitor alone.

OGTT Assay
[00385] Adult male Zucker fa/fa rats (age 11 weeks, Charles River Labs) are used as

the experimental animals. In all experiments, rats are housed in a 12 hour light/dark cycle
facility (light on from 5:00 a.m. to 5:00 p.m) and have access to food (Purina 5001) and
water ad libitum. Rats (6 per group) are randomized into treatment groups based on their
initial body weight and are dosed (orally) with vehicle orally, a DPP4 inhibitor, or a
compound of the invention. Sixty minutes after dosing, a 3 g/kg glucose bolus is
administered.

[00386] A compound of the invention is dissolved in vehicle for dosing (orally using a
gavage needle) at a final concentration of 0.2, 2 or 6mg/mL. Oral doses are administered at
approximately 7:30 am in a 75%PEG300:25%D5W.

[00387] OGTT evaluations are performed in conscious rats that are 11 weeks of age.
The rats are fasted by removing food at 6pm the day before. A baseline blood sample is
taken at t = minus 60 minutes and the rats are then dosed orally with the a compound of the
invention. A baseline blood sample is taken at t = zero minutes and the animals are then
administered an oral glucose bolus (3 g/kg) immediately. Blood is obtained (via tail

bleeding) to measure blood glucose (using a glucometer). A single drop of blood from the
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tail is measured for glucose using a glucometer at t = -60, 0, 10, 30, 60, 90, 120 and 180
minutes.

[00388] The area under the curve (AUC) is calculated using the trapezoidal rule. All
data are expressed as the mean + sem for each experimental group of rats. Statistical analysis
of data is performed using a one-way ANOVA with a Bonferroni's Multiple Comparison
Post Test (GraphPad Prism 4.02).

[00389] Some compounds of the invention exhibit a clear dose-dependent effect on
improved glucose clearance at 3, 10, and 30 mg/kg (about 31%, about 48%, and about 56%
reduction in glucose AUC, respectively) when dosed in a 75% PEG300 / 25% D5W
formulation. The results demonstrate that some compounds of the invention can lower blood

glucose in response to glucose challenge.

[00390] It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be included within the spirit and
purview of this application and scope of the appended claims. All publications, patents,

and patent applications cited herein are hereby incorporated by reference for all purposes.
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We claim:
1. A compound of Formula I:

(R2) (R3)q

SINGY ST -
_/ R

5

or a pharmaceutically acceptable salt thereof; in which:

Q 1s a divalent radical selected from Cg_;jaryl, C;_;het-
eroaryl, C; qcycloalkyl and C,_gheterocycloalkyl;
wherein said aryl, heteroaryl, cycloalkyl or heterocy-
cloalkyl of Q is optionally substituted with up to 3 radi-
cals independently selected from halo, C,_.alkyl, halo-
substituted-C, _salkyk C, calkoxy, halo-substituted-
C,_salkoxy, —C(O)R,, and —C(O)OR,,;

wherein R, is selected from hydrogen and C, _salkyl;

ring A can have one ring carbon replaced by a —C(O)—;

L is selected from C, alkylene, C, salkenylene,
—(CH,),0—, —OC(O)(CH,),—, —C(O)O(CH,),—,
—NR,((CH,),— and —O(CH,), —; wherein
R, 1s selected from hydrogen and C, _calkyl;

n 1s selected from 0, 1, 2, 3, 4 and 5;

any alkyl of L. can be optionally substituted with 1 to 3
radicals independently selected from halo, C,;_salkyl,
halo-substituted-C,_.alkyl, C, _salkoxy, halo-substi-
tuted-C,_galkoxy, —C(O)R,, and —C(O)OR,;
wherein R, 1s selected from hydrogen and C,_.alkyl;

m 1s selected from 0, 1, 2, 3 and 4;

q is selected from 0, 1, 2, 3 and 4;
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R, 1s selected from - X;S(O), . X;R¢,, —X,;S(O)y5

X50Rq,, —X,5(0)g2X,C(0)Rs,, —X,5(0)y,X,C
(O)OR,,,  —X,5(0),.X,0C(OR,, and
—X,8(0),..NR¢ Rg,; wherein

X, 1s selected from a bond, O, NR,_, and C,_,alkylene;
wherein R, 1s selected from hydrogen and C,_calkyl;

X, 1s selected from a bond and C, _,alkylene;

R, 1s selected from hydrogen, halo, C,_.alkyl, C,_.alk-
enyl, Cg_ caryl, C;_;heteroaryl, C,_ gheterocy-
cloalkyl and C;_scycloalkyl; wherein said aryl, het-
eroaryl, cycloalkyl and heterocycloalkyl of Ry, is
optionally substituted with 1 to 3 radicals indepen-
dently selected from hydroxyl, halo, C,_salkyl, halo-
substituted-C,_calkyl, hydroxyl-substituted-
C, salkyl, cyano-substituted-C, calkyl, C,_.alkoxy,
halo-substituted-C,_qalkoxy and Cg_qaryl-C,_,
alkoxy; and

Ry, 1s selected from hydrogen and C, _salkyl;

R, and R; are independently selected from hydrogen, halo,

hydroxyl, C,_salkyl, halo-substituted-C, _salkyl,
hydroxyl-substituted-C,_calkyl, C,_calkoxy, halo-sub-
stituted-C,_calkoxy, —C(O)R,;., and —C(O)OR,s,,
wherein R, is selected from hydrogen and C,_calkyl;

R, 1s selected from Ry and — C(O)OR,; wherein R, is

selected from C, _qalkyl, C, ,aryl, C;_heteroaryl,
C;_gcycloalkyl and C;_gheterocycloalkyl; wherein said
aryl, heteroaryl, cycloalkyl or heterocycloalkyl of Ry is
optionally substituted with 1 to 3 radicals independently
selected from halo, C, calkyl, C,_scycloalkyl, C, _jhet-
erocycloalkyl, halo-substituted-C,_calkyl, hydroxyl-
substituted-C, _.alkyl, C,_.alkoxy and halo-substituted-
C,_salkoxy; and

R, 1s selected from hydrogen, C,_salkyl, halo-substituted-

C,_salkyl, hydroxyl-substituted-C,_calkyl, C,_salkoxy
and halo-substituted-C,_salkoxy.
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2. The compound of claim 1 of Formula Ia:
(T3)q
R—N A N—Q—L7<;/N—R4
__/ W/
in which:

Qisadivalent radical selected from C_; jaryl and C;_, ;het-
eroaryl; wherein said aryl and heteroaryl of Q is option-
ally substituted with up to 3 radicals independently
selected from halo, C, salkyl, halo-substituted-
C,.qalkyl, C,_alkoxy, halo-substituted-C,_.alkoxy,
—C(O)R,, and —C(O)OR,,; wherein R, is selected
from hydrogen and C,_salkyl.

3. The compound of claim 2 in which Q 1s a divalent radical
selected from phenyl, pyridinyl, pyrazinyl, pyridazinyl, pyri-
midinyl, 1,2,4-oxadiazolyl, and thiazolyl; wherein said phe-
nyl, pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl and thiaz-
olyl of Q 1s optionally substituted with up to 3 radicals
independently selected from halo, C, (alkyl, C,_alkoxy,
halo-substituted-C,_salkyl, —C(O)OR,, and —C(O)R,,;
wherein R, is selected from hydrogen and C, _salkyl.

4. The compound of claim 3 in which:

L is selected from —O(CH,),_,—, —(CH—CH)—,—OC

(O)— —NH(CH)os— —NCH;(CH;)o.4— and
—(CH2)1—4—'
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GLUTag GLP-1 assay [00380]The effect of compounds of the invention on GLP-1 secretion can be
studied in GLUTag cells (a mouse entereoendocrine cell line that secretes GLP-1). GLUTag cells are
plated in poly-D-lysine-coated 96-well plates on day one in complete medium (DMEM/10% FBS). On day
two, the culture medium is replaced With a Iow glucose medium (DMEM/5.5 mM glucose/10% FBS). One
day three, cells a We&b% %%%n‘g@ g free EBSS buffer (100 mM NaC1, 5 mM
KC1, 0.8 mM Mggm NaI 1 6 mM.CaC12, 0.1% fatty
acid-free bovine %ﬁ@.ﬁﬁﬁeé fpﬁ@)f 64his pre-incubation
period, the cells are %S(@)@gf}ﬁzﬁ(l@)@;ﬁ%e free-EBQES JpuifXr, @@(@R imugateld with a compound
of the invention at variog ncqqt tioRs in dyffer plus 10 mM glucose and a DPP-4 inhibitor at 37

C in the presence of 5%. Att 5% nd8t the |§§£ ati the Egﬁrnatents are then collected and
transferred to a HEKD931Se1RIRE R 3 ¢&eptor and a CRE-luciferase

reporter construct. T%g%ﬂ.tﬂm&émﬂn@mgmgsha]mmﬁg@eed@d@m control of a CAMP

response element (CR L1P $ latedizhR ??Rﬁhyp% GHen, which in turn, up
regulates luciferase ex ondll% Egﬁlﬁ 3 G P re ze;are # i?lght before in white

384-well plates. After i |n B WHRQRRIZO até?@%‘ﬂgﬁﬁi peEl]eQW a compound of the
invention, the HEK293-aié- mné@mbyhemeamLsmxécpapendm}themmdmylgf 5% CO2 for 18
hours. Luciferase prod ltr?ﬁ@?@ﬁﬂd?lﬁ@a%’(ﬁ%%if?? Q@ﬁ‘ﬁ%fyﬁﬁﬁ@‘ Glo reagent

(Promega, Cat # E255 he E -0 val are Galculated, w nlinear.r lon ysing Graphpad
Prism. HIT-T15 |nsuI|n L@?&ﬁﬁmdﬁ&ﬂ& bﬁ’ﬁ%ﬁﬁ?i ettﬁ)n is studied in
HIT-T15 cells (a hamstdr b@t& cedlmlmmdepetﬂaemlyi)selﬁctﬂi tesahydrasiad from ATCC and
are cultured in Ham's F]i?aﬂ(@lg(ﬂn sgr] mﬁq;ell%ﬁ FsgrRg@rum and 2.5% fetal bovine serum. On day

one, HIT-T15 cells a Iate d cultured f S then the medium is replaced
with a low-glucose p m %@i ?Oﬁp?)lrse serum, 2.5% fetal Sovme
serum and 3.0 Ini Ehe)cg}mmndrpia@ iz tﬂ;@ Eéhé%he washed twice and then pre-incubated with
glucose-free Krebelﬁgg%eﬂ)m@Q nfie putie (Lﬁf@ ans kﬂzﬁm@iﬂll\faghy 74 mIVIKC |, 2.54
mINJ CaC12, 1.19 aﬁﬁﬁi °ES and 0.1%

fatty-acidfree bovmgé %Yéé(tlé t])fgr%ﬁ%%t %i&%ﬁﬁm e.ce e’ V\iash agaln for three times
and incubated with Y AL nI?B{R BE IuEYL@@% uc@egf Y3 hours at 37 C. After

a 5 minute centrifugail@r H-powapiyl , stefsehyshnafusanyl oratasadn EHeidaransferred into a
separate plate for insig g@ﬁmremgrztj‘ pwwgl@j%mstgg@do tqbgﬁkpylhsqhg HTRF assay kit

(Cisbio, Cat. # 621N CSW lcul Tonl n using Graphpad
Prism. GLP-1 Assa d-t E[Iélé é@{are used as the
experimental anlmal e I are H‘Mﬁ EF%YJ =I|g e facility (light on
from 5:00 a.m. to 5: m ﬁ@témqla(\}eaad&eeﬂﬂy&duf (Ryrisopdoanahly walestatniselim. Mice (8 per

group) are randomIza@itmqtr&;a@weaﬂgcml@slhd%gsbm&iﬁﬂ nelletméﬂvﬁe@ﬂ HARy,are orally dosed

with vehicle, DPP4 i I{Rg ﬁqg SB r ang mpQ ﬂ%gf theyiqyentipy. in a single dose. A
glucose bolus (2 g/k H vere tS/ mlngl'z{eEJ éqét dos]?géﬂA sample s co ]ﬁ?(l:te minutes post
glucose bolus. [003 IQMQBX v P- | is measured in C57BL/6 mice following a single oral
administration of R@reaﬁabe@@eésfﬁoabbmdﬁog@nfandmeﬂa@ﬁxe ID and 30 mg/kg). Animals are

fasted for 16 hour3, pﬁhlet@@ d@i‘rmlmﬁ@tp@ew@t@@qe@ﬁie administered at approximately 10:00

amina 75%PEG Og@%% B t? |ng) to measure
plasma levels of acti % A%?ﬁﬁ % for analysis at 62
minutes post dosing {2MIRXELPEsegl %§¥ ean SENT for each
experimental grodﬁ@pmpy Slﬁtl@ﬁ%{(&ﬂ}@th@ﬂﬁatb]f@péﬁpm@wmhhﬁﬂ ph@y ANOVA with a
Bonferroni's Multlple@@gﬁmetm}ﬁ ﬁ@gﬂﬁ[@p}ﬂb@ﬂﬁgﬁgﬂ]&t@a [00384]Treatment of mice with

increasing doses f P or) results in
:ncreas:ng Ievels g u%[i:v 2C:‘l C1 QHF%:I %éj?ﬁBW 2 %M%?rl(g;le %%ﬁvged in thle IDI mg/kg

group demonstrate t eincrease C|rculat|n levels of active GLP- |
by about 2.2X foldyepropYd the(3redt (v zobrdsubivny bpipceamr kssh 5]Adult male
Zucker fa/fa rats (aggéﬁ%ﬁ?gqpe@gd.&b@hﬂﬁ)m@@ the experimental animals. In all
experiments, rats are housed in a 12 hour light/dark cycle facility (light on from 5:00 a.m. to 5:00 p.m) and
have access to food (Purina 5001) and water ad libitum. Rats (6 per group) are randomized into treatment
groups based on their initial body weight and are d (orally) with vehicle orally, a DPP4 inhibitor, or a
compound of the invention. Sixty minutes after dosing, a 3 g/kg glucose bolus is administered. [00386]A
compound of the invention is dissolved in vehicle for dosing (orally using a gavage needle) at a final
concentration of 0.2, 2 or 6mg/mL. Oral doses are administered at approximately 7:30 am in a



data are expressed as the mean sem for each experimental group of rats. Statistical analysis of data is
performed using a one-way ANOVA with a Bonferroni's Multiple Comparison Post Test (GraphPad Prism
4.02). [00389]Some compounds of the invention exhibit a clear dose-dependent effect on improved
glucose clearance at 3, 10, and 30 mg/kg (about 31% about 48%, and about 56% reduction in glucose
AUC, respectlvﬂ y) when dos 75% PEGﬂ&j farmulation. The results demonstrate that
some compoun §%Pﬁ%}{$ %t' @:Z g Y OHAEHY iy iallenge. [00390]t is
understood that thm&yﬁh%ﬂ)@mﬁmﬁm@ﬁﬂs—dﬁhﬁb@lﬁé@em are for illustrative purposes only and
that various moq@@ @s. IZ].]J g ﬁyyﬂb PYORS fg@fﬁ.qar q)??}sﬁlﬂed in the art and

are to be mcluded eA& yr evi/ Q th |cat| and fcgéae of thé appended claims. All
publications, paten H i %‘?gi 8%18 |n a %}&f f orated by reference for all
purposes. We cﬁ@ﬁ?r]?iuﬁydom oﬁ %Flb ﬁﬂﬁ IPEIaRinL 7&’ ALbr a pharmaceutically

acceptable salt the[mi-ﬁl-yv}mty dm&s&}le@mt’d)ty l@6e;10aryl, C3_10heteroaryl, C3_8
cycloalkyl and C ycIoaIkyI rieterocycloalkyl of Q is
optionally substf&? é ?;lrad(l} %r l@gﬁ@ﬁ%’lp’_‘%ﬁ ﬁg#%ﬂ)lléi

halosubstituted- Clpégﬂﬂ% avaiR ?ﬂﬂcx) EHRJ G AR, and C(O)ORZO wherein

R20 is selected testr Bpatwhen and &- é@&ﬁﬁ@@ﬁt@m%}meﬁﬂiﬂmépﬁbbd by aC(0); L is
selected from C1_ %"‘ﬁ,-g 68l m mﬁh@@ﬁi@;marb%@gq@az)
NR26(CH2), andg g}g}lR% ié §1 lﬂ I§ < selected from 0, 1, 2,
ky su rg ﬁ P pendently selected from
mwm%m%

3,4 and 5; any a
halo, C16alky1, haYcl C@éﬂ(‘oxy C(0)R22 and

C(0)0R22; wherelncﬁams]eglected from hydrogen and C1_6alkyl; mis selected from0, 1, 2, 3and 4; q is
B S S LA A 0 11900,
pyrazm 2-yloxy)methyl)piperidin-1-y1)-1,2,4-oxa-

diazole;

2-(4-(Methylsulfonyl)piperazin-1-y1)-5-((1-(5-(trifluo-
romethyl)pyridin-2-yl)piperidin-4-yl)methoxy)pyra-
zine;

5-Isopropyl-3-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)
pyrazin-2-yloxy)methyl)piperidin-1-yl)-1,2.4-oxadiaz-
ole;

Tetrahydro-2H-pyran-4-yl 4-((5-(4-(methylsulfonyl)pip-
erazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-car-
boxylate;

(S)-Tetrahydrofuran-3-yl 4-((5-(4-(methylsulfonyl)piper-
azin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-car-
boxylate;

(R)-Tetrahydrofuran-3-yl 4-((5-(4-(methyl sulfonyl)piper-
azin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-car-
boxylate;

2-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)
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(0)OR6a,XI S(0)0_2X20C(0)R6aand X1 S(0)0 2NR6,R6b ; wherein X1 is selected from a bond, 0, NR"
and Cl4alkylene; wherein R" is selected from hydrogen and C, _6alkyl; X2 is selected from a bond and CI
_4alkylene; R6a is selected from hydrogen, halo, C1_6alkyl, C2_6alkenyl, C6_1 oaryl, C31 oheteroaryl,
C3_ 8heterocycloalkyl and C3 8cyc|oa|ky| wherein said aryl, heteroaryl, cycloalkyl and heterocycloalkyl

of 126, is optio m@ﬁﬁlt@ ]w indehande lgﬁﬁlggtﬂbfrom hydroxyl, halo, Cl _6alkyl,
o el el e e S e
_6alkyl: R2 and R¥X f%&%@ ﬁ%ﬁl%}ﬁl&ﬁmﬁa%%— 'éfcl RYdRANGS1_6alkyl, halo-sub

stituted-C eﬁkw:‘tﬂlﬂelbwl substdu$- U -G rikth @ ]BLB]EﬁhD?jﬂ)@ﬂ ematzstﬁuﬂeqf't)l 6alkoxy, C(0)R23/

and C(O)OR23/ S@: _ 35%&!( gig?ﬁ 14a selected from R8 and
C(O)ORS; wh \ﬁ 8§|2$:i iﬂé} % i. ar 3 1ohet , C3. scycloalkyl and
C3_8heteroc QQWIPN/ eret é’l'g IB?F@@B' C Brr8 is optionally
substituted with dinLravl caty i peeldlmd-fﬂm@al?bm)qala@aﬂ(yl C3 _ 8CyCloalkyl, C3
_sheterocycl ulys tq9rkh-9al 6 alkoxy and
halo- substltug?d% Bgiis mf%GRgfls S %d from. gfﬁqgj 6alk q ?1 b}ﬁ}bstltutedﬂ 6 alkyl,
hydroxyl- substlt Fné%z/ily |t8 (Si/ﬁllt(%xy 2. The compound of
claim 1 of ForIﬁolpn@pﬁb)q 4&((\&&4&(&1&@@]3141 mwhpmpq&zm yh)padital selected from
C6_10aryl and C‘ﬁuﬁﬁlgege ﬁ?ﬁg@g p@fﬂﬁ@ﬂﬁ@g{%@k@]@t@otlonally substituted with up to
3 radicals ind g%ntl h-é %ﬁ‘i stltutedCI 6 C1l _6alkoxy, halo
-sub stituted- EES ﬂg}é R@) % Eeq]é%?élalfing drogen and Ci_6

alkyl. 3. The coRpBIHoA IV 2y mm@lém@ @mr w3l abfscted from phenyl pyridinyl,
ez pz::%%%;g 6*@4“%@%% vl prn
independently, qm[ed f?gg éﬂ@é f db stituted-C1,_ 6 Syl C(0)OR20 and
wherein R20 ﬁy @Wiﬁmﬂﬁm@bﬁtﬁl in which: L is

selected fromO((pja)ﬁmdﬁH-éHj)ﬂl)ﬁl@'leip@H@ﬁl@-l Nxambagymm and (CH2)1-4 5. The
compound of Slqrp N Yiahi (6-(4-(methylsulfonyl)piperazin-1-yl)pyri-
din-3-yloxy)methyl)piperidin-1-yl)pyrimidine;
1-(Methylsulfonyl)-4-(5-((1-(5-(trifluoromethyl)pyridin-
2-yDpiperidin-4-yl)methoxy)pyridin-2-yl)piperazine;
5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)
pyrazin-2-yloxy)methyl)piperidin-1-yl)pyrimidine;
2-((1-(5-Methylpyridin-2-yl)piperidin-4-yl)methoxy)-5-
(4-(methylsulfonyl)piperazin-1-yl)pyrazine;
1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)piperazin-
1-yD)pyridin-2-yloxy)methyl)piperidine-1-carboxylate;
5-Ethyl-2-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)pyri-
din-2-yloxy)methyl)piperidin-1-yl)pyrimidine;
3-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)
pyrazin-2-yloxy)methyl)piperidin-1-yl)-1,2,4-oxadiaz-
ole;
3-Isopropyl-5-(4-((5-(4-(methylsulfonyl)piperazin-1-yl)
pyridin-2-yloxy)methyl)piperidin-1-y1)-1,2,4-oxadiaz-
ole;
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R1 is selected fromS(0)0_2X2R6a, S(0)0_2X20R6a, S(0)0_2X2C(0)0R6a, S(0)0_2X20C(0)R6, and S
(0)0_2NR6a Rob ; wherein X2 is selected from a bond and C1_4alkylene; R6a is selected from hydrogen,
halo, methyl, ethyl, propyl, isopropyl, ethenyl, pyridinyl, pyrrolidinyl, piperidinyl, morpholino, isoxazolyl,
tetrazolyl, phenyl and imidazolyl; wherein said piperidinyl, pyridinyl, pyrrolidinyl, morpholino, isoxazolyl,

tetrazolyl, pheny, ﬁni%ﬁéz{(il | of.R5, is opti Qﬁ&y@:&%ﬁﬁ&%&h radi Ismde ezrgjﬁdr_wtly selected
e gy Lt e T
l, I | d d | l,
etyaroramy 4301 “ﬁéﬁéﬁ‘m‘i = @i{%ﬁ@ﬂf@%ﬁﬁ&ﬁf@% 2y 2 purany
pyrimidinyl, pyridinghypridiazidtyrdoatyimethplpipaeidindiotydbng, Q><4tamdadiagtxazolyl or

thiazolyl of R8 is optipnally substituted with 1 to 3 radicals independently selected from halo,
trifluoromethyl, |sop(? Syl t-butyl, methyl, ethyl and cyclopropyl and R5 is selected from hydrogen and

methoxy. 7. Thebditbe(peloiuairop seictind oyl inityalobey meﬁthOXY)-S-
: ?ﬁrrl?thﬂi?fé’r?igfﬁf Tﬁi@iﬁﬁﬁ%ﬂﬁpﬁéﬁﬁﬁp@ﬁ%ﬁ o e 15oprom]
4-(2-(4-(4-(methFisl soputimipeladinl 4 ) hér(nae thpisaridonydapipeieas ine preap))
e Emiiﬂiliﬁﬁ%ﬁﬁﬁ ?20%{%%%%%@ VBB 4 o
-(4-(methyl sul fonyll) perazm -1 -yhpyri - din-3 -yloxy)methyl)pip eridine-1 -carboxylate; tert-Butyl 4 -((6
gfm(aﬁilﬁgllfzwyﬁ p |pera2| Irz%(g')gg m%g‘?igﬁ mﬁﬁn@f& I%j xy ate%be Blu’ty E)lr(()(%y'?4((5 @
(methylsulfonyl)pl xadi @ZD w aateg -Cyclopropy1-5-(4-((5
Cyclopropy Z“{?*f TR @Wﬁ%ﬁﬂ%f%ﬁzﬁ s 1)
1,2,4-oxadiazole; 2 4%/&5111@3@ o y 3@&@;1& 1)py ine- 1-carb oxy
giggﬂ(ljlo(:ggﬁ;# Ym %%T%e{%‘;wlq ﬁ%ﬁz%%gﬁn@?bp Ihégﬁg)ﬁqﬁ %le2)4 -oxadiazol e;
meth ylsulfonyl)piperazin-1-yI)-1,2,4-oxadiazole;
Isopropyl 4-(3-(3-(4-(methylsulfonyl)piperazin-1-y1)-1,2,
4-oxadiazol-5-yl)propyl)piperidine-1-carboxylate;
3-Isopropyl-5-(4-(2-(5-(4-(methylsulfonyl)piperazin-1-
yDthiazol-2-yl)ethyl)piperidin-1-yl)-1,2,4-oxadiazole;
1-Methylcyclopropyl 4-methoxy-4-((5-(4-(methylsulfo-
nyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-
1-carboxylate;
1-Methylcyclopropyl 4-((6-formyl-5-(4-(methylsulfonyl)
piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-
carboxylate;
1-Methylcyclopropyl 4-((6-chloro-5-(4-(methylsulfonyl)
piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-
carboxylate;
1-Methylcyclopropyl 4-((5-(4-(3-methoxy-3-oxopropyl-
sulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)pip-
eridine-1-carboxylate;
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Tetrahydro-2H-pyran-4-y1 4 -((5 -(4 -(methyl sulfonyl)pip - erazin- 1 -yl)pyrazin-2-yloxy)methyl)pip
eridine-1 -c arboxylate ; (S)-Tetrahydrofuran-3 -y1 4 -((5 -(4-(methylsul fonyl)piperazin- 1
-yl)pyrazin-2-yloxy)methyl)pip eridine- 1 -c arboxylate ; (R)-Tetrahydrofuran-3-y1 44(5 -(4 -(methyl sul
fonyl)piperazin- 1 yI)pyrazm -2-yloxy)methyl)pip eridine- 1 -c arboxylate 2-1sopropyl-5 -(44(544 -(methyl

sulfonyl)p iper r i |-2H-tetrazo1-5
-y1)p iperi dm? 3:% E‘{ i@TS %ﬁ?@f‘@ﬁe Iﬁ@ gﬁéﬁ?%%} %@rﬁeg@ an-3 -y14-((5 -(4
_(methylsulfonyl)p ¥ e&h@;y Mﬁf@f&d%x% PARS bipEdt e}i I'9opropy! 4-((5
-(4- (methylsuIfonypmp@w@&@ldi)pyn din-2 -yloxy)methyl)p ip eridine- 1 carboxylate Isopropyl

4-((6-(4-(methy py r carboxylate
Isopropyl 4-((5 h( Mgm%gf in- 143133? Kd’sr{# rﬁi%%zﬁa e- 1 -carboxylate;
(E)-Isopropyl 4-(2- mfdmkﬁemy I)@Z@l‘é'r zM Elwib’r)ﬁ)}ﬁ N&Dibl -1 -carboxylate;
Isopropyl 4-(2- (6 ( @Mé&q:l_f@gy 1@2{@ -1 -yl)pyridin-3 yI)ethyI)plperldlne 1 -carboxylate;

(E)- Isopropyl4 eth sulfonyl imi vin eridine-1 -carboxylate; 5
-Ethy1-2-(4- ((6 Ol%ﬁa %ﬁ@ %e(rfgy%’? IG/VWZI ea{g%é EP nrll -yl)pyrimidine; 1
(Methylsulfonyly V(D Zi perigh yhateoxy)pyridin-2 -y1)pip

erazine ; 5 -Ethy1§4 pr pfzp.zqr/}_ Zij(.ﬂ)iréﬁpg g!p Igyﬂplp eridin- 1
yl)pyrlmldlne 2-(( r|d|n eridin 4 | 'sulfonyl)pip erazin- 1
%&ﬁ ﬂﬁ%ﬁ%@

-yl)pyrazine; 1 -M Wﬁ'n 2-yloxy)methyl)pip
eridine-1 carboxyﬁlﬂeﬁ- um (34}( at@, -(methyl sulfonyl)plperazm 1 -yh)pyri- din-2 -yloxy)methyl)p ip

eridin- 1 -ypyrmingthy lcyclopropyl  4-((5-(4-(2-morpholinoethylsulfo-

nyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-
1-carboxylate;

tert-Butyl 4-((5-(4-(3-chloropropylsulfonyl)piperazin-1-
yDpyrazin-2-yloxy)methyl)piperidine-1-carboxylate;

tert-Butyl 4-((5-(4-(3-acetoxypropylsulfonyl)piperazin-1-
yD)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate;

1-Methylcyclopropyl  4-((5-(4-(2-ethoxyethylsulfonyl)
piperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-
carboxylate;

1-Methylcyclopropyl 4-((5-(4-(3-(pyrrolidin-1-yl)propyl-
sulfonyl)piperazin-1-yl)pyrazin-2-yloxy)methyl)pip-
eridine-1-carboxylate;

1-Methylcyclopropyl 4-((5-(4-(3-(2-methyl-1H-1imidazol-
1-yDpropylsulfonyl)piperazin-1-yl)pyrazin-2-yloxy)
methyl)piperidine-1-carboxylate;

1-Methylcyclopropyl 4-((5-(4-(propylsulfonyl)piperazin-
1-yD)pyrazin-2-yloxy)methyl)piperidine-1-carboxylate;

1-Methylcyclopropyl 4-((5-(4-(ethylsulfonyl)piperazin-1-
yDpyrazin-2-yloxy)methyl)piperidine-1-carboxylate;

1-Methylcyclopropyl  4-((5-(4-(isopropylsulfonyl)piper-
azin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-car-
boxylate;
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3 -Isopropyl-5 -(4-((5-(4-(methylsulfonyl)piperazin-1 -y1) pyrazin-2-yloxy)methy1)pip eridin- 1 -y1)- 1
,2,4-oxadiaz- ole; 3 -Isopropyl-5 -(44544 -(methyl sulfonyl)p ip erazin-1 -y1) pyri din-2-yloxy)methyl)p ip
eridin- 1 -y1)- 1 ,2,4 -oxadiazole; 1 -Methylcyclopropyl 4-((6 -(4-(methylsulfonyl)piperazinl -yl)pyridin-3
-yloxy)methyl)piperidine- 1 carboxylate 5-Isopropyl-3 -(4-((6-(4-(methylsulfonyl)piperazin-1 -y1) pyridin-3

-yloxy)methyljpi iazol 5 yl)methoxy)-5 -
(4-(methyl sua ngplpe)r/gz#c E ;;e 3 ?;'soi;gS )(;45 @%ﬁw %%ﬁ?wqmﬁgpé;azm 1-yl1)
pyricin-3 -ylony ) EHYBRRE Y UV 23 Loveyizues &)@lw‘x HE-(d-{gRthy|
sulfonyl)plperaznb b tz 4-oxadiazol-5 -yflethyl)piperidine- 1 -carboxylate; tert-Butyl 4-(3 -(3
-(4-(methyl sulfom;l%xglrazm 1 -y1)-1,2, 4-oxadiazol-5 -yl)propyl)piperidine- 1 -carboxylate; 5-(3-(1 -(5

_Ethylpyrimidih-2Mishsderalopropi)-3 - 4Rtz <(soay Mf@mj)np;qmroxaduazole
Isopropyl 4-(3 -( t P Q viperidine- 1
-carboxylate; 3- I?s%loépitlé 5»1 MP%?L@ ?ag:[ub# ony% [ﬁeiri?ﬂjriﬁ %Zﬂyet azol-?&fp lethyppiperidin-1
-y1)-1,2,4- oxadibene tﬂethylcyclopropyl 4 - methoxy -4-((5 -(4-(methylsulfonyl)piperazin- 1

W metnyisuton g r%%?’@fiﬁ%%ﬁ% y 5%? 5??3“;‘90%%@-
-Methylcyclopro ny( pmpafazqm( y}ﬁay&mﬂ exyyorths iy pRpmethyppiperidine- 1
- carboxylate; 1 i\ @LI 1@ (.ﬁ s(4 -(3-methoxy-3 -oxopropylsulfonyl)piperazin- 1 -yl)pyrazin-2

-yloxy)methyl)piperidine- 1 car ate; 3 4 (1-((1-Methylcycl oprop.oxy) carb onyl) -p ip eridin4
_yl)methoxy) raMe thy) w@rkzp.rqulmf y%ﬂ)%o a‘i%rc(péfdﬁld méﬁrwd;)aéﬂbdﬁm (5-(4-3-1
H-tetrazol -5 -yl) | r zZi n 2 :1 -carboxylate; 1
-Methylcyclopro 'ﬂ?’l‘l}ppﬁif%?i‘% y gulylé%h%e%%gl ip3r212|n l@d@) ethyl)p ip eridine- 1
-carboxylate; 1 dbﬂ@ CQ)%F wy 5(4 -(2- (p |per|d|n 1 yl) ethyl sul - fonyl)pip erazin- 1 -y1

)pyrazin-2 -ylQopmst wwy@ I:arbgrx SriP 4T iiworphollnoethyl
y

sul fo - nyl)piperazin- 1 r%jﬁ% I)p | ne 1 -car Iate tert-Butyl
4-((5-(4-(3-chlordYd; vy M}m@ y plpen -car oxy]a e;

tert-Butyl  4-((5-(4- (morphohnosulfonyl)plperazm 1-yl)
pyrazin-2-yloxy)methyl)piperidine-1-carboxylate;

1-Methylcyclopropyl 4-((6-(4-(ethylsulfonyl)piperazin-1-
yDpyridin-3-yloxy)methyl)piperidine-1-carboxylate;

tert-Butyl 4-((5-(4-(methylsulfonyl)-2-oxopiperazin-1-yl)
pyrazin-2-yloxy)methyl)piperidine-1-carboxylate;

1-Methylcyclopropyl 4-((5-(4-(methylsulfonyl)-2-ox-
opiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-
carboxylate;

1-Methylcyclopropyl 4-((5-(2-oxo0-4-(propylsulfonyl)pip-
erazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-car-
boxylate;

1-Methylcyclopropyl 4-((5-(4-(isopropylsulfonyl)-2-ox-
opiperazin-1-yl)pyrazin-2-yloxy)methyl)piperidine-1-
carboxylate;

1-Methylcyclopropyl 4-((6-(2-ox0-4-(propylsulfonyl)pip-
erazin-1-yl)pyridin-3-yloxy)methyl)piperidine-1-car-
boxylate;

221



yl)pyrazin-2 -yloxy)methyl)p ip eridine- 1 -carboxylate; tert-Butyl 4 -((5 -(4- (3 -ac etoxypropy! sul
fonyl)piperazin- 1 - yl)pyrazin-2 -yloxy)methyl)p ip eridine- 1 -carboxylate; 1 -Methylcyclopropyl4- ((5 -(4-
(2 -ethoxyethyl sulfonyl) piperazin- 1 -y1 )pyrazin-2 -yloxy)methyl)pip eridine- 1 - carboxylate; 1
-Methylcyclopropyl 4 -((5 -(4 -(3 - (pyrroli din- 1 -yl)propyl - sul fonyl)p iperazin- 1 -yl)pyrazin-2

-yloxy)methyip gi‘@?{ iﬁtjg ate4 g?f%[q ldSuﬁg)ny 2@ methyl 1 H -imidazoll
1 MethycloprGRBRNAZH a@iﬁ%ﬁmﬁym %iﬁpe{p@mé? ppiperdine. 1

-carboxylate; 1-<Mﬁ1h apeqpyl4 -((5 -(4- (ethyl sulfonyl)plperazm 1 - yl)pyrazin-2 -yloxy)methyl)p ip

eridine- 1 -cafb ylﬁgf §5 3)% ﬂ'\?(?% ﬁgﬂ%&;iyg 1 -yl)pyrazin- 2
yloxy)methy p opro I SO ulfonyl)piper- azin- 1
-yl)pyrazin-2-yloRyjrdt idm g}}’gék\j g tgrg B 4-((5 -(4

-(sec-butylsul fhy()pipé ﬁa—z]E’[ lpmmndmyﬂnaglmwmhnﬂdﬁ}el)meﬁrbw late ; 1

Methylcyclopr ﬁ'(ﬂ(ﬁI@‘-( |§£ ﬁgﬂ?ﬁ' iBih-2-0
-yl)pyrazin- erld {E‘E th gro
4-((5-(4-(2- (p er z Ezyiiﬂ fé) dlne 1 -carboxylate; 1
Methylcycloprop&l) ]ﬁlﬁlafbdi;yd pn@ﬂlﬁamﬂ) )zpyzazmnyjln piperidine-1 -carboxylate;
tert-Butyl 4-((5- (6)(839) 3 gﬁlwffﬂiqﬁlfyrbgrb@)@qgg@ 2dylo>§y)methyl)p|r§:)er|d|ne (:jL carllaoxylate
1 -Methylcyc et sulfonyhp yridin-3-yloxy)met iperidine-
-carboxylate;te lﬁphg@ﬁ}y]’g sulfonyl%?ﬁogbgg }ﬁ ﬂ% & }yﬁp

|§§

pyrazin-2- onxy) mwpu@qramwcyd@p}a@mxfa Ml-lmethylsulfonyl) -2-0X-
opiperazin- 1 ylagyﬁm@th 1< aﬂ;@r@@@ﬂbog?rm%ylate 1 -Methylcyclopropyl 4 ((5

2- -4- |
Metyreycone e EREE J’bﬂé ‘%*’iﬂ@z% %ﬁﬁqﬁﬂﬁf%ﬁ)%?ﬁb e
-y1l)pyrazin-2- yﬂ&bﬁi&ﬁy&)ﬁlﬁ&fm It2 @@@aﬁ@@mm WW@WI‘Z yl)
-((6-(2-ox0-4- (pr@ny,@mfemhlydl]gpu@wmdlfy@pl/ndaf&yj@(yam@thyl)p|perld|ne 1 -carboxylate;

1-Methylcyclopropyl 4-({[5-(2-0x0-4-{[3-(1H-pyrazol-1-
yD)propane]sulfonyl}piperazin-1-yl)pyrazin-2-yl]
oxy tmethyl)piperidine-1-carboxylate;
1-Methylcyclopropyl 4-[({5-[2-0x0-4-(pyrrolidine-3-sul-
fonyl)piperazin-1-yl]pyrazin-2-yl }oxy)methyl]piperi-
dine-1-carboxylate;
1-Methylcyclopropyl 4-({[5-(4-{[(1-methylpyrrolidin-3-
yl)methane]sulfonyl }-2-oxopiperazin-1-yl)pyrazin-2-
yl]oxy }methyl)piperidine-1-carboxylate;
1-Methylcyclopropyl 4-({[5-(4-{[2-(azetidin-1-yl)ethane]
sulfonyl } -2-oxopiperazin-1-yl)pyrazin-2-yl]
oxy }methyl)piperidine-1-carboxylate;
1-Methylcyclopropyl 4-({[5-(2-0x0-4-{[2-(1H-pyrazol-1-
ylethane]sulfonyl} piperazin-1-y1)pyrazin-2-yl]
oxy }methyl)piperidine-1-carboxylate;
1-Methylcyclopropyl — 4-[({5-[4-(1-methylpyrrolidine-3-
sulfonyl)-2-oxopiperazin-1-yl]pyrazin-2-y1}oxy)me-
thyl]piperidine-1-carboxylate;
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1 -Methylcyclopropyl 4 46-(4-(i sopropylsulfony1)-2-oxop iperazin-1 -yl)pyridin-3 -yloxy)methyl)p iperidine-
1 - carb oxylate; 1 -(5 -((1 -(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy) pyrazin-2-y1)-4 -(methyl
sulfonyl)p ip erazin-2 -one; 1 -(5 -((1 -(5-Ethylpyrimidin-2-yl)piperidin-4-yl)methoxy) pyridin-2 -y1)-4
-(methyl sulfonyl)p i ip erazin-2 -one; 1 - Methylcyclopropyl 4-(1[5-(2-o0x0-4-{ [2-(pyrrolidin-1 -

l)ethane]sulfon - ra in carbox
i e (Rl
oxy Ime Ip erql G rroliaine
suI};onyI] gc?xc?plpenyln 1 IP@F{T ﬁémeth lipiperidine- I’Fﬁie oxylate; 1 Methy?gyclopropyl
441[5d (2- 2)(0 4ll Eh/[ze eh 1 ;%gj%gfi E][}%Sﬁ nilﬂﬂﬂ@%d me—zﬁ})g{gzm -2- g;iérxy Imithyl)p
ip eridine-1 -carfje; yl4- - l;[btmy azin-

I 2-yll oxy)meth b -M 244 { [(1
rng%rji)?rrol)l/dlr? X3y %ﬁﬂﬁ%%%gﬁlmerlyqﬁng éﬁlﬂbém 5%%@‘3’%6 ﬂéthyl)plpendme 1
-carboxylate; 1 - Medumlomam‘]l)@})(gﬂﬁ-‘(e { [2- (azetldln -1-yl)ethane] sulfonyl} -2- oxoplperazm -1

0 2 -yl hyleysl
2 (fﬁrizy'fazolyfl RRRE a@ﬁ% ﬁﬁ%ﬁ@éﬁﬁ (Jﬁyé‘ﬁ %]ﬁééfbﬁ%& carboxylate;
1 -Methylcycloprop -tyl q gind-Dxsopapeteezineipy iayira zyn pyrazin-2-yll

)methyl] d | (3,3 -dif tidin- 1
oomery £¢ﬁ’f§;;.2eﬁ;x%%3ﬁ£%ﬁ m@f@%@y S e
é&?thglﬁici()pggfﬁ/het ﬁ paﬁgﬁzl sulfoy( ESG((&E Elediazety matllﬂ)d)lpmil;(gz(r)npe;;ne/i]

iperi- di z -y
sulfony1}-2- oxoplpggzilféj gg)t Byl} Qgéja én&g %qﬁger?dlﬁﬁ)%rt%ga eW
1-Methylcyclopropy®X(y yn -rﬁalé SUNYI ;’11’;@2 -oxopiperazin- 1 -yOpyrazin-2-y11

1- Methylcyclopropyl 4-{[(5-{2-0x0-4-[(3S)-pyrrolidine-
3-sulfonyl]piperazin-1-yl }pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;

1-Methylcyclopropyl — 4-{[(5-{4-[(3S)-1-methylpyrroli-
dine-3-sulfonyl]piperazin-1-y1}pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;

1-Methylcyclopropyl — 4-{[(5-{4-[(3R)-1-methylpyrroli-
dine-3-sulfonyl]piperazin-1-yl }pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;

1-Methylcyclopropyl  4-{[(5-{4-[(3S)-pyrrolidine-3-sul-
fonyl]piperazin-1-yl}pyrazin-2-yl)oxy]
methyl } piperidine-1-carboxylate;

1-Methylcyclopropyl  4-{[(5-{4-[(3R)-pyrrolidine-3-sul-
fonyl]piperazin-1-yl }pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;

1-Methylcyclopropyl 4-{[(5-[4-(azetidine-3-sulfonyl)pip-
erazin-1-yl|pyrazin-2-yl}oxy)methyl]piperidine-1-car-
boxylate;
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oxy }methyl)piperidine-1 -carboxylate; 1-Methylcyclopropyl 4- { [(5-12-0x0-4- [(3S)-pyrrolidine- 3 -sulfonyll
piperazin-1 -yllpyrazin-2-yeoxy] methyl Ipiperidine- 1 -carboxylate; 1-Methylcyclopropyl 4 -{ [(5 -{4-[(3 S)-
1 -methylpyrrolidine-3 -sulfonyl]piperazin-1 -yllpyrazin-2-yl)oxy] methyl Ipiperidine- 1 -carboxylate;
1-Methylcyclopropyl 4- { [(5 f4- [(SR) 1 -methylpyrrolidine-3 -sulfonyl]piperazin-1 yIIpyrazin-2-ypoxy]
methy! Ipiperidne fettayhoy Iy pEBopT REEH Y Blcilitplidmey

sulfonyl]plpera2| az e 1 -carboxylate;1-Me ylcyclopropyl 4-{ [(5
-144 (3R)-pyrrolid ﬁéﬂ Eﬁ%f@ Bl ﬁ?mlp Byfarﬁ%#}ﬁj ERtide- 1 -carboxylate;

1- MEthyllcyclopropylat }( ]pap@mhaﬁ@ehemn @'@azm 1 -yl]pyrazin-2-ylloxy)methyl]piperidine-1
-carboxylate; - -

[(5-{2-0x0-4- [(pyrrolldln lfonyl[[g o ;Lm(1 (%ggfniwy 2 H(%St e?hyllplperldlne 1
-carboxylate; 1 - X Riper AZin- -ylh‘}/ razm- 22 ﬁ 7}4’

[4-(1-hydroxy-2- mEh I emﬁf&ﬂfbm/i) ]atbgl]pyrazm 2-y1 } oxy)methyl]piperidine- 1
-carboxylate; 1 lipyrazin-2-y1)oxy]
methyllplperldlne %a?[@sl{ﬂjé&%&cjéi yESQ Z}t{(f %?gzetldarﬁml %@H;ét‘hane)
sulfonyl]piperazinilY- Wiﬂ@@r}lﬁé] 5 rboxylate; 1 -Methylcyclopropyl 4-(f [5 -(4-
{[(- methylpyrroll@hieﬂa i tp@mﬁﬂﬁméomyééﬂa la%azm -l-yl)pyrazin-2-

yI]oxyImethyI)p arbaex ate 1 -Megh | 4- yrrolidine3
sulfonyl]plper E’Y&XE&% ] mﬁietéﬁlyé: (fédfrﬁlngﬁc@'glé %Tgl?%eigﬁglcyclopropyl 4- [(I 5-
[4-(1- methylazetl &ﬁf a&uztd -y Wrazmzi}ﬂyd gb)]ﬁé]hyl]plperldlne 1 -carboxylate; 1

Methylcyclopropyﬁllfet[l(l A%ﬁ%@{ﬂ@zp_t@ﬁ%éx @ 1)-2-oxopiperazin-I- yI]pyrazm -2-ylloxy)methyl]
t

piperidine-1 c p f[ (1-m th lazetidi 1),methane] sulfonyl}
-2- oxoplpera2| % {){ié |i[§{ G¥r1r ¢yclopropyl 4-(f [5

-(4-1[(1 - methylazyﬂl)i]na-lyamm]{méﬁ@hgdl tp)m[ﬂperazm)pl/@dl)p&rﬂkmyﬁﬂethyl)p|perldlne-l
-carboxylate; 1 - Eﬂwﬁyﬁﬁw #gii z %eL@SC @yedroxypyrrolldln -l-yl]propanel
sulfony1)-2-ox pyra piperi | carboxyl Methylcyclopropyl4-
[({ 5- [4-({2-[(3 Bk h‘aﬁé*} ?8%68@&%%1 -yllpyrazin-2 -yll
OXY)methyllplperltﬁnSLﬂ fcmyd@iqierazm 1-yl }pyrazm 2 -yl)oxy
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl 4-[({5-[4-(1-methylazetidine-3-sul-
fonyl)piperazin-1-yl]pyrazin-2-yl}oxy)methyl]piperi-
dine-1-carboxylate;
1-Methyleyclopropyl 4-[({5-[4-(1-methylazetidine-3-sul-
fonyl)-2-oxopiperazin-1-yl|pyrazin-2-yl }oxy)methyl]
piperidine-1-carboxylate;
1-Methylcyclopropyl 4-({[5-(4-{[(1-methylazetidin-3-y1)
methane]sulfonyl}-2-oxopiperazin-1-yl)pyrazin-2-yl]
oxy } methyl)piperidine-1-carboxylate;
1-Methyleyclopropyl 4-({[5-(4-{|(1-methylazetidin-3-y1)
methane]sulfonyl } piperazin-1-yl)pyrazin-2-yl]
oxy }methyl)piperidine-1-carboxylate;
1-Methyleyclopropyl — 4-[({5-[4-({3-[(3S,4S)-3,4-dihy-
droxypyrrolidin-1-yl]propane}sulfonyl)-2-oxopiper-
azin-1-yl]pyrazin-2-yl}oxy)methyl]piperidine-1-car-
boxylate;
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1 -Methylcyclopropyl 4- f [(5- {4- [(azetidin-3 -ylmethane) sulfonyl] -2-oxopiperazin- 1 -yllpyrazin-2-yl)oxy]
methyl }piperidine-1 -carboxylate; 1 -Methylcyclopropyl 4- { [(5-{2-0x0-4- [(pyrrolidin-2-yImethane)sulfonyl]
piperazin-1 -yllpyrazin-2-yl)oxy] methyl }piperidine-1 -carboxylate; 1 -Methylcyclopropyl 4-(f [5 - (2-0x0-4 -{
[3 - (pyrrolidin-1 - yl)propane] squonyIIplperazm 1 yepyrazm -2- yl] oxylmethyl)piperidine-1 -carboxylate; 1
Methylcyclo olin- ytg EF% l)pyrazin-2-yl]
oxylmethyl)pp;[ Mﬁé&iﬂg&m thi %pi gﬁﬂ%ﬂiéﬁhﬁ -y1) methane]

sulfonylipiperaziditgypypigirrol myl {:-oxXoptpeyaEpopyl 4-{ [5 -(4-

[3-(acetyloxy)pro ;5@%] Ime, ine-lI-carboxylate; 1
Payﬂ F?}{EZ}(}% Z%h %gglf ?¥ ox%ﬁ%%a?m%@l%sﬂzm 2-yeoxy]

Methylcyclopro %1
methyllplperldlng t%rboxylate 1- Methylcycloprop | 4-1 [(5-14- [(3 hydroxypropane)sulfonyl]
-2-oxopiperaznMuirsdeyc a0 piethy! iddGiné4-|(aretydia-B wémetmapedpy! 4-

[(5-12-0x0 -4- [(lﬁi g@- @ﬁ@o@ﬂmﬂml é}lpgffgﬁ[%ﬂi)pz ég‘?l%ﬁ,lg/)lpendme 1 -carboxylate;

1 -Methylcyclopro _éi ulfonyl]pip llpyrazin-2-yl)oxy]
methyl }plperldl %tﬁ#% g T

{5 (4-1](1- hydroxycyclo opyl) methane]
sulfonyl 1 plpé y):py@]anpzopy X 1- ][[E ﬁv‘l Icyclopropyl 4-(f

5 -(4-{ [2-(1- hxﬁefh%k@ IRYBe é?ﬁ%ﬂll iﬁg‘mélﬂbwyl?ﬂrﬁﬂ oxy Imethypp
iperidine- 1 carbox te eth {cyclo |4 enzyloxy) lo -"propyl] methane}
SR Sl
sulfonyep ip era yj))f w}é’zéb@ e-1-c rboxylate 1- Methylcyclopropyl4 (f[5
-(4- { [2-( 1 -h}eiskothgrp ]S Biperhz icknyll oxyl
methyl)plperldln%;]‘? ?@tg;@%plmga @i@@f@@fi 315,?; {%324 11(6 -14 - [ (2 - methylprop
ane) sulfonyl] p i II )jndln -3 i) OXY ipe f ex|-carboxylate; 1 -Methylcyclopropyl 4 -
1[(6 - 14- [(2-hy % fing? rﬁ-’yllp ridin-3 yI)oxy] methyl Ipiperi dine-
1 carboxylata 13)51 X t—f[ (I'IKG oil(m- Ipf@o ane) sulfonyl] p

ip erazin- 1 -yllp @t‘ﬂ sxﬂ])f@ﬂﬁﬂl U9 leyies %r%lzfiﬁbPXXJP i*ﬂ propyl 4-(f [544-1[3 (3,3
dlfluoroazetldlngg&% m %E@frgg é%‘?ﬁ 5??11 % 1 oxy ImetRypp iperidine- 1
-carboxylate; 1
Met yclopropyl 4- ({ 5-(4- —methyloxetan-3 yl)
methane ]sulfonyl}piperazin- -yl)pyrazm—Z-yl]
oxy tmethyl)piperidine-1-carboxylate;
1-Methylcyclopropyl  4-({[5-(4-{[3-(acetyloxy)propane]
sulfonyl } -2-oxopiperazin-1-yl)pyrazin-2-yl]
oxy tmethyl)piperidine-1-carboxylate;
1-Methylcyclopropyl 4-{[(5-{4-[(3-chloropropane)sulfo-
nyl]-2-oxopiperazin-1-yl}pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl 4-{[(5-{4-[(3-hydroxypropane)sul-
fonyl]-2-oxopiperazin-1-yl }pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl  4-{[(5-{2-0%0-4-[(3R)-0x0lane-3-
sulfonyl]piperazin-1-yl}pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl — 4-{[(5-{2-0x0-4-[(3S)-0x0lane-3-
sulfonyl]piperazin-1-yl}pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;
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pane] sulfonyllp iperazin- 1 -yl)pyrazin-2-yl] oxy Imethypp iperidine- 1 -carboxylate; 1 -Methylcyclopropyl
4- 1 [(5- {4 - [(3 -methoxyprop ane)sul - fonyl] piperazin- 1 -yllpyrazin-2-yl)oxy] methyl Ipiperi dine- 1
-carboxylate; 1 -Methylcyclopropyl 4 - 1 K6-144(3 -chloropropane)sulfonyl] -2 -oxopip erazin- 1 -y1
Ipyridin-3 -yl)oxy] methyl Ipiperi dine- 1 -carboxylate; 1 -Methylcyclopropy!

4-(1[5-(4 1[2 w @8 Dy &ZI ]1_\ﬂ PlPerid_ine-l
e W LR T B

44-(pyrrolidine-3&Xi¥ W 12111611 ﬁazr 0X ethyl] piperidine- 1 - carboxylate; 1
-Methyl cyc IODIWthyﬂEJ@/e(H)IﬁJE@p(}%lB Mk{@@qm j2-{ Lybstd ao@d haenfeipiro-iperazin- 1

-yepyrazin-2-yl] e ? ? pyl 4-{
[6-{4-[(3- hydroxygz&g’@%N azm %?Fygﬁ -y oxy] thyl 1 piperidine- 1
-carboxylate; 1 )pro- pane] sul fonyl} -2-0xop iperazin- 1
-yepyridin-3 -y ﬁlkélﬂlimé}d carb@x[/{ WXY cyclo-
4-[2,6-difluoro-4-f4- I elazh)nhén yprethglimigidii dine- 1 - carboxylate;
and 1 - I;/Ihetlhyl Cy: 5),?%&(1{%2%? t&ﬁfeg S%HJ% % plpera;zm 1 -yllpyrazin t2h -yll el
chebtie 3%2’ A ﬁxlﬁy&ﬁm o ﬁ@%ﬁmﬁﬁﬁ Etf, %ﬁ?ﬁ%ﬁ'{é‘é}"ﬁ&ﬁﬁ Recopiable oxcipiont,
9. A compound dM¥Heataane] sutanylh-2-osempetszsn- 1-yl)pyrazin-2-
yl]oxy}methyl)plperldme-l -carboxylate;
1-Methylcyclopropyl  (3S,48)-3-hydroxy-4-{[(6-{4-[(2-
methylpropane)sulfonyl]piperazin-1-y1}pyridin-3-y1)
oxy|methyl}piperidine-1-carboxylate;
1-Methylcyclopropyl — 4-{[(6-{4-[(2-hydroxy-2-methyl-
propane)sulfonyl]piperazin-1-yl}pyridin-3-y1)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl (3S,4R)-3-methoxy-4-{[(6-{4-[(2-
methylpropane)sulfonyl |piperazin-1-y1}pyridin-3-y1)
oxy|methyl}piperidine-1-carboxylate;
1-Methylcyclopropyl 4-({[5-(4-{[3-(3,3-difluoroazetidin-
1-yl)propane]sulfonyl }piperazin-1-yl)pyrazin-2-yl1]
oxy pmethyl)piperidine-1-carboxylate;
1-Methylcyclopropyl  4-({[5-(4-{|3-(azetidin-1-yl)pro-
pane|sulfonyl }piperazin-1-yl)pyrazin-2-yl|
oxy tmethyl)piperidine-1-carboxylate;
1-Methylcyclopropyl 4-{[(5-{4-[(3-methoxypropane)sul-
fonyl]piperazin-1-yl}pyrazin-2-yl)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl 4-{[(6-{4-[(3-chloropropane)sulfo-
nyl]-2-oxopiperazin-1-yl}pyridin-3-yl)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl 4-({[5-(4-{[2-(azetidin-1-y])ethane]
sulfonyl } piperazin-1-yl)pyrazin-2-yl]oxy }methyl)pip-
eridine-1-carboxylate;
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0 or a pharmaceutically acceptable salt thereof 10. A compound of the formula: Aro> -NO Il (N\/ A ora
pharmaceutically acceptable salt thereof 11. A compound of the formula: 0 ¢ S-NN 11 /--\ _e 0 0\111..\

_<0/IN 0,v, or a pharmaceutically acceptable salt thereof 12. A compound of the formula: or a
pharmaceutically acceptable salt thereof

1-Methylcyclopropyl — 4-({[6-(4-{[3-(azetidin-1-yl)pro-
pane|sulfonyl}piperazin-1-y1)pyridin-3-yl]
oxy }methyl)piperidine-1-carboxylate;
1-Methylcyclopropyl — 4-[({5-[4-(pyrrolidine-3-sulfony])
piperazin-1-yl]pyrazin-2-yl}oxy)methyl]piperidine-1-
carboxylate;
1-Methylcyclopropyl 4-({[5-(4-{[2-(3,3-difluoroazetidin-
1-yDethane]sulfonyl }piperazin-1-yl)pyrazin-2-yl]
oxy }methyl)piperidine-1-carboxylate;
1-Methylcyclopropyl  4-{[6-{4-[(3-hydroxypropane)sul-
fonyl]-2-oxopiperazin-1-yl}pyridin-3-y1l)oxy]
methyl }piperidine-1-carboxylate;
1-Methylcyclopropyl — 4-({[6-(4-{[3-(azetidin-1-y1)pro-
pane]sulfonyl}-2-oxopiperazin-1-yl)pyridin-3-y1]
oxy }methyl)piperidine-1-carboxylate;
I-Methylcyclopropyl 4-[2.6-difluoro-4-(4-methanesulfo-
nyl-2-oxopiperazin-1-yl)phenoxymethyl]piperidine-1-
carboxylate; and

1-Methylcyclopropyl — 4-[({5-[4-(oxetane-3-sulfonyl)-2-

oxopiperazin-1-yl|pyrazin-2-yl}oxy)methyl|piperi-
dine-1-carboxylate.

8. A pharmaceutical composition comprising a therapeuti-
cally effective amount of a compound of claim 1 in combi-
nation with a pharmaceutically acceptable excipient.

9. A compound of the formula:

FO-On ok

or a pharmaceutically acceptable salt thereof.
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13. A compound of the formula: or a pharmaceutically acceptable salt thereof 14. A compound of the
formula:0 0 -s-N N /0 A/<O ora pharmaceutically acceptable salt thereof 15. A compound of

the formula: or a pharmaceutically acceptable salt thereof 16. A compound of the formula: O N" ON- or
a pharmaceutically acceptable salt thereof 17.A compound of the formula:

10. A compound of the formula:

ATZ%NQW(I} O

I
0

or a pharmaceutically acceptable salt thereof.

11. A compound of the formula:

O —Q ?
{g (o _p

or a pharmaceutically acceptable salt thereof.

12. A compound of the formula:

Ot
\—C*ﬁv

or a pharmaceutically acceptable salt thereof.

HO
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or a pharmaceutically acceptable salt thereof

13. A compound of the formula:

><>_\_|| 1\_@4%

or a pharmaceutically acceptable salt thereof.

14. A compound of the formula:

Loy rOX”

O

or a pharmaceutically acceptable salt thereof.

15. A compound of the formula:

n ~ A \/GJQQ

\/\/\\ \/<O

or a pharmaceutically acceptable salt thereof.
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16. A compound of the formula:
OO
S — N
! )

or a pharmaceutically acceptable salt thereof.

17. A compound of the formula:

Sw@@ﬂv

or a pharmaceutically acceptable salt thereof.
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